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a k � phk � p tµ� p *h�� k�f jwgÞb�¸ *h q  p q²koiQj+& lo* d+p q²&P¸ t php t��)  l � d-j �c�l�l� q  p�p * fh&©j * &cf  p
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q  p�f d�p Æt & è t q � g·j �8l � & * k l k�p tz* k�g � q²k�f  j *� q  pe¸cfhg * g'j+g l� pWj lyt phphk*�É&  pWq tµ� pWq  pfhd�p Æt & è q ´� f tµ� q ×* t k l�l�×��É* f t é �c & �c q²d � f t q tz* k�g � q²& f gÞ& * t��)NÑXT _ Ò|á/%D+* *�q²d � f t q tµ* k�g ��� p�k �)� k � j tµ* k�n  q tµ� p l� p t ¸c¸ l k�j tz* k�g � p t q � g·j, � f t~� q  d�j �c�l�l� gìq  pVj ��É*;t k �c p gÞ&Ib£5+b  q  p b�k l�l k  fhpVq  q²k�p�¸�g)phk * k$	êpVb�g � k l� pUq²g)kon ��É* 5 * f  p  f n·k�p �¸  & * 5 * f  q²&   �¸ l &cphk  &cfhp=f t k�phg � p á
�<t ¸cf  b�k � f  q�� ��É* f r�l�l� p  p *ål �  è k�p *��� j  q  j �c b�k � p l g ��� p ��É* f  phgÞ&cfhj r+*q  p * k �Õtz* k�g ��� j  �É&ckËp  ¸cf g·q²&ck *V�Õtµ* &cf �l�l� b ��É* q tµ� pV& � f d�p Æt &1q o� f t~� q �* t k l�l�Þá´ tµ� pU& � j t p * 0·¸ck*�É& �ct n  j q  p=j +�É*;t k �² p=q  ��� &©q²p=q²d+¸ l gA0½d+p=q t~� pU& �1lyt f �Þ +*n t p *� *� f f t k ���cl�Å� g)b � f  b�gA0 �� q  p t & * p ��½* f  & �c phg)&cf�j r+* & �c q  p * k �©tµ* k�g �¸�gÞ&cf f t 	 t j+k l� b ��½* q²d+¸ t php  f 10 á m �c fh&c¸ * &cf  q �� � k�b�¸�gÞf *� �É& �l�l k �� ph&cfD& �Q*h�lj �c b�k � ¸  & *=��É* f t é �c f=& � d-j �c j á
�<t j+g �c�c j * k�n'k * d�q  p ��� &©q²p  p * & �Pt & * f  ¸cfhg �cl$� b  q  p�fhd�p Æt & è t q � g'jEq 

� f t~� q �*;t k l�l�Þá %'k l¶tÅ* g)¸¬g l g � k  q²&�fhd�p Æt &  p *D* f � pDd *�+� q²& o� d�g � f t ¸ � k*�É&  b ��É* +*�É& 4l� p ��� &©q·po�É&²kÂ0L¸ t f * kyj+k�¸ ��É*��c phg �É* ¸ t p t php �>4� g)b � f  & è �©l¶t q²k�p *;tµ� j 4l� pphd�¸ t f t~�½* ¸  & * q·d�¸ t php  f lyt f �) b ��É*Dlyt ¸�g)f * d  f t q²k�g á ´ tµ� p j å* 0·¸  q  fhd�p Æt & l� p��� &©q²p@p�g �É* phgÞ&²n ��É* q²d-j+g �c�c j * d�p +*6l � k � 	êg)fhb tµ* k�g � q²&Efhg)& *;t?�) ¸  k �c  tµ* *� k � q²f l� p ��� &©q²p l� p4¸ l &cprd l g)k �Þ� d+p á ç *�� b�5�b  phk>j +*h*h k � 	êg)fhb tz* k�g � t fhfhkon ���l�l� ¸  & *q²d (1 \5 * f  g � phg l$�+*hÞám �cEt & * f  f t k�phg �� p *=l� ph&cfhj+g¢ */� d � d+fhdr¸ t f l� p=¸cfhg * g'j+g l� påq  fhg)& *;t?�ÞÞáÊ�  p¸cfhg * g'j+g l� p�q  fhg)& *;t?�Þ ¸cfhg t j * k$	êp � d ��� f ��É* & � ph&cf�j+g
¢ *å���*� fhb  q 7�Õtµ� q  ¸ t p vp t~�É*hÀw* q�� d �c f � k  j �Õt �É&  	êgÞk�p,�É&�� & � j �Õtµ���Þ b ��É*�t l k  &ªq t~� p lyt±* gÞ¸�g l g � k q²&uf d�p Æt & á ç �u D +*�� j �Õt �É& E��� &©quq²g)k * f  j tµl j+& l� f�p te* t��²l� q  f gÞ& *;t?�Þr*���Õtµ�É*j+g)b�¸ *� q²&±j �Õtµ���Þ b ��É*Æá ´  ¸ l &cp �T�� f t k�phg � q Wlyt b�g � k l k * d�k l 	 t & * fhd-q·&ck�f Wlyt¸�d�fhk�g·q  q  p�b�k�p  p� W(øgÞ&²f�¸�g)&cf �½t f�q  fF& ��� g �Ô* t & è q  f  b�k�p  q  b  php t��) p á
�ßl &cp4¸²fhd-j+k�phd�b ��É*�� q  prb  p�p t?�Þ pEq  j+g �½* f�� l� ¸ l &cp(	¶fhd��É& ��½* prphg �½*4 è k � d�pr¸�gÞ&cfb t k �É*h�� k�f l � k � 	êgÞf b tz* k�g � ph&cf lytÅ* g)¸�g l g � k Óí j  pDb  php t?�Þ p}¸cf g·q²&ck�p ��É* & � ph&cf�j+g
¢ *q  j+g �½* f�� l� q  p l k �� p á´ t~� p�& �W�� n·k�f g �c�c b ��É* b�g � k l� q F� f tµ� q U* t k l�l��Þl� p�¸²fhg * g·j+g l� pDq  fhg)& *;t?�Þfhd t j * k$	êp  è k �)��É* �É&�� & � j �c b�k � phg)k * q²d-jwgÞ&²n  f * j+g)b�¸ l$�+*� b ��É*rt n tµ�É* & �c d+n ��·v* & �l�l�V* f tµ� phb�k�php�k�g � q  b  php t?�)Þá
a k � phk � & ����� &©qed+b +*h*h &cfß¸  & *}tµ*h*h�� q²f Ul g ���µv*� b�¸²pV¸�gÞ&cfã�½&  l� j �c b�k � phgÞk * * fhg)&²n½d á ´  ¸ l &cp �²l �  è k�p *��� j  q  l g ��� pUj �c b�k � p �¸  & *  è k �Þ f q �� g)&²n �l�l� p f  j �c f�j �² pVq  fhg)& *� p +* ¸cf g·q²&ck�f Åt k � phk¬& � ph&cf�j+g
¢ * q l¶t;�Õt~� q  ¸ t p�p tµ�É*�Åw* q Ål � d �c f � k Þá

� g)&cf f d�phgÞ&©q²f  j  pV¸cfhg �cl$� b  p � g � ¸  & *V è k �) fV¸ t f  è  b�¸ l� l � t & � b ��É* tµ* k�g �q >lytâ> g �c q 8* f t~� p�bek�phphk�g � f t q²k�g=q ß* g)&cp l� p ��� &©q²p t?�©� q  f d-q²&ck�f >l�ß� g)b � f  q p t & * p��É&�� & � b  php t?�Þ q²gÞk * 	 t k�f  ¸�gÞ&²f tz*h*h k � q²f  p t q  p * k �Õtz* k�g �Tá½sut k�p t & � b ��É*h fl¶t=> g �² q V* f tµ� phb�k�php�k�g � q  p ��� &©q²p�¸  & * p�� t n½d�f  f�q²k�iWj+k l� n½g)k�f>k�b�¸�gÞphphk �cl� q tµ� pj  f * t k � p�j t p á ç � ¸ l &cp �<l � t & � b ��É*;tz* k�g � q �lyt4> g �c q W* f tµ� phb�k�php�k�g � f t q²k�gÀq  p
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��� &cq²pUn t�t j�j+fhg?é * f Ålyt j+g � phgÞb�b tµ* k�g � q�� d �c f � k Þá

% g �c�©t k�php tµ�É*4l� p l k�b�k *;tz* k�g � pEq  p4¸  f1	êg)fhb tµ� j  pEq tµ� p l� p4fhd�p Æt & è t q � g'jWq 
� f tµ� q D*;t k l�l��~� g)&cp � gÞ&cp8phgÞbeb  p8k �É* d�f  php�d+p� �q  p *� j �c� k*�É&  p��½&ck²¸  &²n ��É* g�DËf k�fq  pEphg l & * k�g � p\ Lj  f * t k � pFq  j  pE¸cf g �cl$� b  p á a gÞ&cp4¸ �� phg � p;�É& Wl� pE¸²fhg * g·jwg l� p
�Õt phd�p6ph&cf lyt ¸�g)p�k * k�g ��+*6lyt beg � k l k * d q  p ��� &©q²p6phg �½* b�k  & è t q t ¸ * d�p t & è fhd�p Æt & èq (� f tµ� q r*;t k l�l� �É&  j  & è p (�Õt p tµ�É* & � k*�É&  b +�É* ph&cf l � d *;tµ* q  j �Õt �É& rl k �� q²&f d�p Æt &£j+gÞbe¸ l�w*A� gÞ&¦b£5�b  q�� & �c f gÞ& *h ¸ t f * kyj+& l k � f Þá�a k � phk �D� gÞ&cpI¸cfhg)¸�gÞphg � pq tµ� p j +*h*h�*���� p  & �c phg l & * k�g �.�©t phd  ph&cf lyt b�g � k l k * d�q  p ��� &©q²p á a gÞ&cpD¸ �� phg � p�½& �l� b�g)&²n  b ��É* q  p ��� &©q²pÅ¸cfhd�p ��É*h & �² gÞ¸c¸�g)f * & � k * d , ÃÆÎ��¶»'ÃuÇÂî�¹<¾@Ã�Ã�»¾<È'Ì6�¶¿©ÝÞ»·Ç�¼À¾���¹@Ç »�Ñ×¿ÕÇ@Î¶Â'ÄÆ»Jï°¿©Ì@Ì@ÄÆÊ�Ì@ÄµÎ¶ÈÉ»�ðÊñU¿��¶Ê�ÄzÃP�¶»·Ã�¿��¶íÕÊ�ÄµÎy¼zÁ@Ñ×»'ÃP¾<»ÄÆÊ¬¹T¼-¿cíÕ»ÀÌ8»·¹TÛ�»²Ç�¼W»·Ç°¼zÎêÄÆ»·Ä�Ì@ÄÆÊ�[<¼ á�a k � phk �©l� p ��� &©q²p=nÞg �É* p  q²d�¸ lyt j  fåp �l g �& � p j � d�b t ¸cfhd-q²d �©� k t@�©� q  b +* * f W�� ¸ lyt j  & � bed-j tµ� k�phb  q  f �� q �>wv n½g)&cp��½* f � & è � q²g �É*4l��� & *)�©�Õt~l> p * q�� t phph&cf  fr& �c j+gÞbebF& � k�j tµ* k�g ���Õt��cl� q tµ� p l�f d�p Æt & á�%} bed-j t~� k�phb �� �  b�¸�5-j �c ¸ t p l� p ��� &©q²pVq�� t j�jwgÞb�¸ l k�fVq�� t & * f  p * É)j �² p �b t k�p  è k �Þ p  & l� b ��½* �É&�� k l p�p  q²d�¸ lyt j ��É* p �l g � & � p�j � d�b t �½& t~� quk l p�� t�� k * q j+g)b�bE& � kC�½&  f á a g * f �t f�j � k *h j * &cf �~�Õt phd  ph&cfDj  b�d�j t~� k�phb �É p * fhg � &cp *h n·k�p v  vn'k�p=q Ål¶t b�g � k l k * drq  p ��� &©q²p +*åt phph&cf  & � ¸ t php t��)  l � d-j �c�l�l�r iWj t j Þá´ t~� p l� j t q²f  q  p8fhd+p Æt & è beg � k l� p t q � g'j q â� f tµ� q D*;t k l�l��~� g)&cp8¸cfhg)¸�gÞphg � pq tµ� p�j w*h*�Å*+��� p  & �cEt fhj � k *� j * &cf  q  j+g �É* f1� l� q  b�g � k l k * d +* q  p tµl$� g)fhk *+� b  pq  fhg)& *;t?�Þ� j+g �Êò &cp�¸�g)&cf t php�&cf  få& �c'� g �c�c �É& tµl k * dFq  j+g)b�bF& � k�j tz* k�g ��� q t~� p& �±�� n·k�fhg �c�c b ��½* gì l� pFq²d-j+g �c�c è k�g � pFp�g �É* 	êf d��É& ��É*h p w* g
ì l� pF¸²fhg * g·jwg l� pq  f gÞ& * t��)� è k�p * t~�½* p �� b�g·q Wt q � g·jFp�� t n � f ��É* q²k�iWj+k l� b ��É*4t ¸c¸ l k�j t?�cl� p áÂ%D* f t n t k l  php t 0  q  fhd�phgÞ&©q·f  j  f * t k � p�q  p1¸cfhg �cl*� b  p�q  j  pLf d�p Æt & è ¸ t f1& �ct ¸c¸cfhg'j �c �É&ck j+g � j  f �crlyt b�g � k l k * drq  j  pU¸ t f * k�j+k�¸ tµ�É* p á

�(��ó ¡®MVJ 24365ß7I0BS ?19¨ô�9+0O0 :�5}CE.F:<369+KL?�:@9+CE.1S
�T p * f t n t & è t &Àp  k � q²& � f gÞ&c¸ �s�a a�ç < �¬õ´«�¥E¦ÍËÕÎ7æ!Ï�Ù�ç�«A®7ö/÷7ø�ù�«?Ûxà��'Ñ ]Y Òq '" ç < 8ú�üû+±�©¬ÎEÛ¨±2Î^©�÷�±�³�¦²±2ÎxÎEÛ¨¦²±�³uø�Ì@xà\ýÇ«@Ûx®xÎ?� ¸cf gÞ¸�g)p ��É* q  p�phg l & * k�g � p�¸�g)&cf l�f gÞ& * t��) q t~� p l� pVfhd+p Æt & è b�g � k l� p t q � g'j áÊ%D ¸ �� q t~�½* j  p * f t n t & è j+g � phkyq � f ��É*phg)&²n ��É* q  p�f d�p Æt & è t n  j4& �c4* g)¸�g l g � k F* g * t~l� b +�É* j+g �c�c j * d Þá�d f � q tµ� p j  f v* t k � pDj t p � j  p�p�g l & * k�g � p}p�g �É* q·k�iWj+k l� pâ t ¸c¸ l kC�½&  f á�% �  p *}l� j t p � g *;t b�b ��½* q  pf d�p Æt & è q )� f tµ� q  *;t k l�l�  \	 t k �cl� j+g �c�c j * k�n'k * d ��É* f Ål� p ��� &©q²p á´ t~� p4j +*h*he*+��� p �T� gÞ&cp4j+g � p�k�q²d�f g � p l� j t p4q  fhd+p Æt & è g
ì l� p ��� &©q²prphg �½*phg)&²n ��É*�* f � p d l g)k �)� d�p l� p & � p q  p t & * f  p<j+f d tµ�É*@t k � phkÞ& �c8* g)¸�g l g � k  q²d-j+g �c�c j * d )á
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a g * f £� & * ¸cf k � jwk�¸ tµl� p * q�� t phph&cf  f4& �c j+g)b�bE& � kyj tµ* k�g �±��É* f �l� p4¸ t f * k�j+k�¸ t~�É* pq²&Lfhd�p Æt & á´ t~� p j F* 0·¸  q  fhd�p Æt & �¬lyt jwg �c�Õt k�p�p tµ� j  q  p�¸�gÞphk * k�g � pÅq  p ��� &©q²p  p *� p vp ��É* k �l�l� ¸�gÞ&cf ��Æt &cj+gÞ&c¸ªq�� t ¸c¸ l kyj tz* k�g � p�q t~� p l� p1fhd�p Æt & è p t~� p �©l á�a k � phk�g �p�� tz*h*��� qþ j  �½& ul� p ��� &©q²pIq²& fhd�p Æt & p�g)k ��É* d��É&ck�¸�d+p t n  juq  pIq·k�ph¸�g)p�k * k$	êpq �l g·j t~l k�p tz* k�g �Tá ç ��� d � d�f t~lë� ¸ l &cphk  &cfhpFp10·p *+� b  p�q Ql g·j tµl k�p tz* k�g � p�phg �É* ¸cf gÞ¸�g vphd�påq tµ� p l¶t�l k *h* d�f tz* &cf 
� ¸ t fhb�k l� p+�É& �l p ,²l�'�)� % ��ÿ9Ë$«�¥xÌ�Ë��9«@¨¦ª©Í¦ë«?±Ê¦²±�³�Ø�ä?E©¬Î¨¯.�E�l� pUp10·p *+� b  pVq Ål g'j t~l k�p tµ* k�g ���©t phd�pVp�&²f l � k � 	êf t p * f &©j * &cf �Ñ}S
g?Òü�·+*Ul� pVp�0'p *�� b  pUq l g'j tµl k�p tµ* k�g �ut q � g'j Ñ6g R Òxá
a/�©� q  ¸cfhg)¸�gÞp  fW& �cut f�j � k *� j * &cf  q  fhg)& *;t?�Þ� iWj t j �>� gÞ&²p t n½g � pWd * & vq²k�d l� b�g)&²n  b ��É* q  p ��� &©q²p á a gÞ&cp�¸ +� phg � p£�É& 1l� b�g)&²n  b +�É* f  ¸cf d�p ��É*�& � 	 t j *� &cfEk�b�¸�g)f *;tµ�É* ¸�gÞ&cf l � t b�d l k�g)f tz* k�g � q  pF¸  f1	êg)fhb tµ� j  p�q�� & � fhd�p Æt & t q

� g·j á9a k � phk �V� gÞ&cpL¸cfhg)¸�g)p�g � p�& �c t f�j � k *h j * &cf  q  j+g �É* f1� l� q  pLb�g)&²n  b ��½* pq  p ��� &©q·påb�g � k l� p á�%}+*h*�Et f�j � k *h j * &cf 4 p * j+gÞbe¸ l*�w*� b ��½* q²k�p * fhk � &cd 4+*�t p10 �·vj � fhg �c� j
�  p * v  v q²k�f  �É& Fl� p�b�gÞ&·n  b ��½* p q  p ��� &©q²p �c q²d+¸ �� q ��É* ¸ t p q�� & �c
� gÞf l g �) j+g)b�bF& �cÞá ç � j+g �É* f  ¸ t f * k ��� g)&cp t n½g � prbek�p �� ¸ lyt j  & � b�d-j tµ� k�phb q  f �� q �>wv n½g)&cp ��É* f �l� p ��� &©q²p q²&�f d�p Æt & á��T pDf �� q �>wv n½g)&cpDg �É*Dl k  &Iq tµ� p j  f v*;t k �² p > g �c p q El � �� n·k�fhg �c�c b ��É* n  f p l� p+�É& �l�l� p l� p ��� &©q²p�p  q²d�¸ lyt j ��É* ¸�gÞ&cfj+g)b�bF& � k*�É&  f á��T b�g)&²n  b ��É* q  p ��� &©q²p6n  fhp8j  p > g �c p  p * q²d �©� k·¸ t f6& �etµl$� g vfhk *+� b )á ´ t~� p j  p > g �c p �'l� p ��� &©q²pDp  fhg �É*  4¸�g)f * d  f t q²k�g l� p & � pVq  p t & * f  p +*j t ¸ t��cl� p8q  j+g)b�bE& � kC�½&  f á
� fxÉ~j   l � & * k l k�p tµ* k�g � q  p > g �c p8q  f �� q �>wv n½g)&cp �zl � k �·v	êg)fhb tz* k�g � q  l g·j tµl k�p tµ* k�g � q  p ��� &©q²pV¸�g)&cfhf t 5 * f rt ¸c¸cfhg è k�b tz* kon Þá�a k � phk �·� g * f t fhj � k *� j * &cf W p * ¸ l &cp4f g � &cp *hW+*4 è k �) p  & l� b ��É* �É& �l� p ��� &©q²pEjwg �c�Õt k�p�p ��½*l� &cfU¸�gÞphk * k�g � q  	 t
ò g ��t ¸c¸cf g è k�b tµ* k�n Þá´ t~� p � g * f Et f�j � k *� j * &cf �©l� p ��� &©q²p �c p  q²d�¸ lyt j ��É* ¸ t påq t~� p * gÞ& *hrlyt�* g v¸�g l g � k  q²&1f d�p Æt &Ib t k�p p  & l� b ��É* q tµ� pVq  p > g �c pV¸cf d-q²d �©� k  pF l � t n t~� j ÞáÊ%} j+kfhd-q²&ck *El� p  D +* pFq Wl¶t b�g � k l k * d�j t f l� ph&cf�jwg¢ * q�¢ t & è b�k�p  p\ e(§gÞ&cf  p *�t k � phkl k�b�k * d á m �cåt & * f  j+g � phd��É& �� j  q Ul � & * k l k�p tz* k�g � q  j  p > g �c p  p *�lyt fhd-q²&©j * k�g � q l¶t j+g � p�g)b�b tz* k�g � q el � d �c f � k �+* q elyt.�Õtµ� q  ¸ t php t~�½*� j t f lyt.> g �c q �* f t~� p vb�k�p�phk�g � q  p ��� &©q²pQ¸  & * 5 * f  f d-q²&ck *�Þá�%D+* *� jwg �É* f t k �½*� ¸  & *W* g)& *� 	êg)k�pÐ5 * f f �l É~j � d Þá

� g)&cf�beg �É* f  f l¶t 	 t k�p t�� k l k * dLq 1� g)p tµl$� g)fhk *+� b  p � gÞ&²p t nÞg � p�k�b�¸ lyt~�É* d1& �phk�bE& l¶tz*� &²f ��Àl¶tµ���½t��) � t n t²á�%D�lyt�� g)&cp t ¸  f b�k�prq E*� p *� f +* q  b  ph&cf  f l� p¸  f�	¶gÞfhb t~� j  p6q �� g * f Dt f�j � k *� j * &cf �w*@�� ph&ck *� q�� t~�Õtµl 0·p  f l� p@f d�ph& l�* tµ* p<g �²*h�� &cp á´  ¸ l &cp � q  p *� p * p6f d �l p8g �½* d * d  D  j * &cd�p t n  jDq  p8f g � g * p �T�� g s k � q²p * g)fhbep Ñ ] V?Òj+g �Êò &cp +* ¸cf g � f t b�b�d�pU¸�g)&cfUphk�bF& l� f � g)p tµl$� g)fhk *+� b  p á
�T p<j+g �É* f k � & * k�g � pT¸cfhk � j+k�¸ t~l� p<q  j +*h*hß*���� p  ¸  &²n ��É* 5 * f  f d�p�&²b�d�p j+gÞbeb  ph&ck *�,
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� j+g � j  ¸ * k�g � q�� & �crt fhj � k *� j * &cf  q  jwg �É* f�� l� q  pVb�g)&²n  b ��½* p t@�©� q�� t b�d vl k�g)f  f l� pQ¸  f1	êgÞf b tµ� j  p�q  j+gÞb�bE& � k�j tµ* k�g � q t~� pW& � fhd+p -t &°b�g � k l�Pt q
� g·j í

� d * &©q  q�� & �c4t fhj � k *� j * &cf  * g l d�f t~�½*�4t & è ¸ tµ�c�c p í
� & �c ¸ l¶tz*�;v 	¶gÞf b  q  *� p * pU¸�g)&cf=q  pUb  ph&cf  påq  ¸  f1	êg)fhb tµ� j Þá

�(��� «�:<36?15�:@?I3@0BAL? AICW5D?1J 0U.F:
� g)&cf8d * &©q²k  f l� f gÞ& * t��) q t~� p l� pßfhd�p Æt & è t q � g·j +* ¸cfhd+p ��½*� f � g)pßphg l & * k�g � p �� g)&cp t nÞg � pEq�� t?� gÞfhq±d * &©q²k�d�q²kÕD¬d�f ��É* p * f t n t & è  è k�p *;tµ�É* p á�a k � p�k � l� j �Õt ¸ck * f .T¸cf d�p ��É*� & �c j lyt phphk � j tµ* k�g � q  p fhd�p Æt & è p tµ� p �©lË+* & �c q  p j+f k�¸ * k�g � q  p *� j �c� g vl g � k  p�& * k l k�phd  p á2�T j �Õt ¸ck * f \W ¸²fhd�p ��É*h & � d *;tz* q Fl � t f * ph&cf l¶t ¸cf g �cl d�b tz* k*�É& q²&Qfhg)& *;t?�Þ q t~� p l� pDfhd�p Æt & è t q � g'j á��T pD¸²fhg * g·jwg l� pVq  fhg)& *;t?�Þ 0�phg �É* ¸cfhd�p ��·v* d�p�p +l g �Pl� &cf�beg·q  q�� gÞ¸�d�f tµ* k�g � ¸cf g t j * kon 
� fhd t j * kon  g)& � 0 � fhk�q Þá��8t f t k l�l� &cfhp �lyt beg � k l k * d  p * & �c j t f t j * d�fhk�p * k*�É&  k�b�¸�g)f * t~�É*h q  p fhd�p Æt & è t q � g·j á�a k � phk �Ël�j �Õt ¸ck * f  ] q²g �c�c & � d * tµ* q El � t f * ph&cf lyt beg � k l k * d�q tµ� p l� p�fhd�p Æt & è t q � g·j w*¸ l &cp}¸cfhd-j+k�phd�b ��É* ph&cf l� p}b�g·q ��l� p q  b�g � k l k * då& * k l k�phd�pD¸�g)&cf l� pDphk�bE& l¶tz* k�g � p q  p¸cf g * g·j+g l� påq  fhg)& *;t?�ÞÞá´ t~� p lyt ph&ck *� q ×l¶t *+��� p �V� g)&cp t n½g � pLd * &©q²k�d l¶t bek�p ×�� � &²n·f  q�� & �ct f�j � k *h j * &cf  q  j+g �É* f1� l� q  b�g)&²n  b ��É* p=¸�g)&cf t b�d l k�g)f  f l� p�¸  f�	êg)fhb tµ� j  p�q f gÞ& * t��)Þá&� gÞ&cfFj �lyt��@l� j �Õt ¸ck * f èS k �É* fhg'q²&ck *elyt ¸cfhg �cl d�b tµ* kC�½&  q �lyt b�g � k l k * d+* q  p  D +* p=�É&�� �l�l� ¸  & *Åt nÞgÞk�f�p�&²f l� f gÞ& * t��)Þá�%D ¸cfhg �cl*� b F� �  p * ¸ t p �� j+g)f * f � p�d * &cq²k�d +* ph&cp�j+k *� q  ¸ l &cp +� ¸ l &cp}k �É* d�f�5 *-á�%D j �Õt ¸ck * f  ¸cf d�p +�É*��t &cp�phk � g * f t ¸c¸cfhg'j �c q²&r¸cfhg �cl$� b >+* p�k * & >� g * f >* f t n t k l ¸ t f f t ¸c¸�g)f *6t & è * f t n t & è ¸cf d�p ��É* d�pq tµ� p l� p�j �Õt ¸ck * f  pe¸cf d-j+d-q ��½* p �6� g *;t b�b ��É* q tµ� p l¶t j l¶t php  q  pe¸²fhg * g·j+g l� p�q j+g �É* f�� l� q  p8begÞ&²n  b ��É* p �x®x«@¯!°�¤�ËX�«?Û¨äâ°�Ûx«�©ü«A®x«
Ëª�E� q²d �©� k  ¸ t fÓ: tµ*�> k�p +*>tµl á q t~� p

Ñ6W _ Òxá�T j �Õt ¸ck * f /S p  f *�+� b£5�b  *� be¸cp�q Ul k �����É* f � q�� & �c ¸ t f *��Þl� p�j �Õt ¸ck * f  p�½&ckc¸cfhd+p ��½*���É*ßl� f gÞ& * t��)V+*>lyt b�g � k l k * d +*A� q�� t & * f  ¸ t f *A�~l� p>j �Õt ¸ck * f  pßph&ck�n tµ�É* p�½&ckT¸cfhd�p ��½*���É*U� g * f  j+g �É* fhk � & * k�g ��áa g * f �t f�j � k *h j * &cf  q  j+g �É* f�� l� q  b�g)&²n  b +�É* p  p * ¸cf d�p ��É* d   �¸ t f * k�fÅq²&j �Õt ¸ck * f �g²á�%} j �Õt ¸ck * f  q²d-j+f k *rl � �� n·k�fhg �c�c b ��É*A��l��* 0'¸  q  f d�p Æt & t q � g·j w** gÞ& *h p l� p � 0·¸�g *+��� p  påq Å� g * f  d * &©q Þá��T j �Õt ¸ck * f  _ ¸²fhd�p ��É*hrlyt b�g·q²d l k�p tµ* k�g �q Ål¶tF* g)¸�g l g � k 4+* & � ¸cf  b�k  f tµl$� g)fhk *+� b  q�� g)f�q²g �c�Õt~� j  b ��É* q  b�gÞ&²n  b ��É* pq tµ� pQj +* *�ut f�j � k *� j * &cf )á ´ kÕD¬d�f ��½*� pW¸cfhg)¸cfhk�d * d+pQd�b tµ�Õtµ�É* q  j +*h*h b�g'q²d l k�p tÆv* k�g �1+*Ul� &cf pU¸cf  &²n  pâ0�phg �½*åt &cp�phk�q²g �c� d  p á ç � ph&ck *h� q²kÕDËd+f ��É*h p t b�d l k�gÞf tµ* k�g � pq �l � tµl$� g)fhk *+� b  k � k * k t~l phg �É* ¸cfhd�p ��É* d  prq t~� p l� j �Õt ¸ck * f �Vcá�%D p t b�d l k�gÞf tµ* k�g � p



QÊê ØÔ�Ë¼ÆÄµ¹<Ý)¼z¹<ÄÆ»�¾6¹ ¾ ÊTÝÉ¹@Ñ×»·Ç�¼ Q�Q

t�� g)& * k�php ��É*  �& �L� g)&²n �l<tµl$� g)fhk *+� b r+� fhk�j � kT¸�g)&cfã5 * f  * g l d�f t~�É*åt & è ¸ t~�c�c p á
� g)&cfFd+n t~l &  f � g * f �* f t n t k l��@� gÞ&²p t nÞg � p  D  j * &cd1q  p *� p * p á»�T j �Õt ¸ck * f  b¸cfhd�p ��É*h j  p *h p * p +*6l� p6b  ph&cf  p6q  ¸  f�	¶gÞf b t~� j  p á m �c q  p�j+fhk�¸ * k�g � q Dlyt ¸ lytµ*hwv	êg)fhb  �½& D� gÞ&cp t n½g � p6b�k�p D�� ¸ lyt j D+* q  p6p�k�bF& l¶tz* k�g � p»0  p * 	 t k *h�)t k � phk��É&�� & �ct~�Õtµl 0·p  q  pUfhd�ph& lo*;tz* p áç ���c���cl� j �Õt ¸ck * f  R�Y q²g �c�c & �c j+g � j l &cphk�g � ph&cf � g * f Å* f t n t k lT+* k � j l & * q  pph& ��) p * k�g � p +* ¸  fhph¸  j * kon  p=¸�g)&cf l� p * f t n t & è 	ê& * &cfhp á
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�¬.F:@3<CQA1?15>:69+CE.
´ t~� p l� j+g �É*h è *h q²&ðq²d+n �l g)¸c¸  b ��É* q  p�fhd�p Æt & è q  j+g)b�bF& � k�j tz* k�g ���@l� pfhd�p Æt & è b�g � k l� p�j+g �c�Õt k�php ��É* & �cQ* f � p � f tµ� q  ¸�g)¸c& l¶t fhk * d , q tµ� p l� p � &cf Æt & èt n  j l� p fhd�p Æt & è p tµ� p �©l� k 8 k8g)& 3}l & +* gÉg *���� q tµ� pÅq  p l k  & è ¸c& �²l k�j+p t n  j l� p

� g * ph¸�g * p4gÞ& �� q²d�¸ lyt j  b ��É*7� f+É)j Qt & �)� æ % +*���� k ��É* � *���� f+É)j Qt & è f d�p Æt & èq �* d l d�¸ � g � k  q )W
� b o� d � d+f tz* k�g �Tá��T pV¸cfhk è q  n·k ��c�c+�É* q  ¸ l &cp �� ¸ l &cp t?� g)f vq t��²l� p �<l� pE¸  f�	¶gÞfhb t~� j  p +*El� pFq²d � k * p t & � b ��É*h��É*A�T* gÞ& * j+g)b�b Wl� pEf d�p Æt & èq²gÞb  p * k*�É&  p w*=l�r� g)b � f  q�� & * k l k�p tµ*h &cfhp á
�T q²g)b t k �c q  påfhd�p Æt & è p tµ� p �©l6t q � g·j4ph&cp�j+k *� & � k �É* d+f�5 * ¸ t f * k�j+& l k  f á��<tph¸�d-j+k � j+k * dFq  j Å* 0'¸  q  fhd+p Æt & è  p * �É&�� k l � � t��� phgÞk � q�� t &©j+& �c k � 	êf t p * fh&cj * &cf 

� è   l � k � n  f p  q�� t & * f  p * 0'¸  p4q  f d�p -t &³p tµ� p �©l j+gÞb�b �l�Ð� % s��
�)� æ %P¸ t f è  b�¸ l�Þá ´ tµ� p l� ¸cfhk � j+k�¸ � & � f d�p Æt &�p tµ� p �©l�t q � g'j  p * 	 t j+k l� w* f t ¸ck�q   Eq²d v¸ l g@0  f +* p  pßjwgÞb�¸�g)p t~�½* p8phg �É*6* gÞ&²p l k � f  p>q  p  q²d�¸ lyt j  f á ´  j  pßq²d�¸ lyt j  b ��É* p �phgÞ&²n ��É* k�b�¸cf d+n·k�phk �cl� p � f d�p�& l�*h��É* q  p * g)¸¬g l g � k  pQq�0 �Õt b�k*�É&  p�ph&cp�j  ¸ * k �cl� pQq j �Õtµ���Þ f=phg)&²n ��É*U+* f t ¸ck�q  b +�É*Æá
� gÞf p+�É&  q  & è j+g)b�¸�gÞp tµ�É* p q²&Qfhd�p Æt & � � t fhf k�n ��É* ¸ t p9 4j+g)b�bF& � kC�É&  f q²k�f  j v*� b +�É*A� q  p ��� &©q²pÅk �É*h fhb�d-q·k t k�f  pÅ¸  &²n ��½*Et k�q  f( t j �² b�k �c frq  pÅb  php t��) p á

� g)&cf=j  * 0·¸  q  fhd�p Æt & è �²l� pU¸cf g * g·j+g l� påq  f gÞ& * t��) j lyt phphk*�É&  p t ¸c¸ l kC�É&²d�påq tµ� pl� pef d�p Æt & è �©lyt k�f  peq  n·k ��c�c+�É* k �c iQj t j  p á ´ � g
ì lyt�� d-j  phphk * d1q  ¸cf gÞ¸�g)p  feq � gÞ&·n Æt & è ¸²fhg * g·j+g l� pQq  fhg)& *;t?�Þ j t ¸ t?�cl� pQq  f d�¸�g � q²f   Àj  p �� p�g)k � pWph¸�d-j+k v
� �É&  p +* �½&ckD¸cf ��c�c+�É*e�� j+g)b�¸ *� q  p�¸ t f t b �+* f  p *��l p��É& �l¶t beg � k l k * d � & �c¸�gÞphphk �cl�4t p10·b�d * fhk  q  p l k �� p � q  p ��� &©q²påj t j � d�p �cw* j á´ t~� p}j  j+g �É*� è *��És�a a�ç < �|s g � k l�/a q vü� g·j a�ç < f gÞf1� �9Ñ ]Y ÒÕ p * & ��� fhg)&c¸ 
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q r* f t n t k l q²g �½*�l�'� & *� p * q E� gÞf b tµl k�p  f l� p!	êg � j * k�g �c�Õt~l k * d�p t & � kon Æt & " � q  p¸cf g * g·j+g l� pQq  f gÞ& * t��)�t q t ¸ * d�p t & è * g)¸�g l g � k  p�p *;tz* k*�É&  p w* q�0 �Õt b�k*�É&  pWq  pf d�p Æt & è p tµ� p �©l áÊ�T pUk�p�ph&  pã	êg � q t b ��É*;tµl� påq  j+g � j  ¸ * k�g � phg �É*F�Õt phd  p=ph&cf=j  f v* t k �c pWj t f t j * d�fhk�p * k*�É&  p�¸cfhg)¸cf  p t & è k �É*h f�	 t j  p�p t~� p �©lë�ß+* ph&cf l� 	 t k * �É& Llyt* gÞ¸�g l g � k  q  p ��� &cq²p ¸  & * 	 t k�f  	 t j   4& �c q�0 �Õt b�k*�É& Åt j�j+fh& 
� q²&  t &IbegÞ&²n wvb ��É* g)&4 eq2� t & * f  pã	 t j *h &cfhp á
%D j �Õt ¸ck * f  ¸cf d�p +�É*� ph&©j�j+k � j *� b ��É* & �c j lyt php�k � j tz* k�g � q  p@fhd�p Æt & è b�g � k l� p á

%}+*h*h j l¶t php�k � j tz* k�g �I p * 	 t k *� p �l g � q  p j+fhk *+� f  p � d�g � f t ¸ � k*�É&  p +*}* gÞ¸�g l g � kC�½&  p á
"xl f  ¸cf d�p ��É*�Vt &cphphk l� p8¸cfhk � j+k�¸ tµl� p *h j �c� g l g � k  p +*ßl� p8b�g·q  pßq  j+g)b�bF& � k�j tz* k�g �& * k l k�phd�p q tµ� p l� p�f d�p -t & è t q � g·j á��8t fhbek@j  p *h j �c� g l g � k  p �23}l & +* g'g *+�u+*o" ç�ç>ç
V Y T²á RR ¸  &²n ��É* 5 * f  & * k l k�phd�pß¸�g)&cf8k�be¸ l d+b ��É*� f l� p tµl$� g)fhk *+� b  p � ¸cf d�p +�É* d�pßq t~� pl� p=j �Õt ¸²k * f  p g�+*FV�� q t~� p=q  pUfhg � g * p=j+g)b�b  q tµ� p Ñ}g _ � ] V?Òxá

ó£��� ]¢H+2ES S 9! �5D2Å:@9+CE. AI0US�3@MUS 0V2E?#" ST2E.1S$ �H
�T p�fhd+p Æt & è p tµ� p �cl ¸  &²n ��É* 5 * f  j l¶t phphd�p�p +l g � ¸ l &²p�k  &cf pej+fhk *+� f  p á&�6t f b�kj  & è v j+k � & �c j lyt phphk � j tµ* k�g � �©t�� k * & +l�l� j+g � j  f �c4l � d *h�� q²& 7� d�g � f t ¸ � k*�É& Þá2%}+*h*hj lyt php�k � j tz* k�g �� p *=lyt p�&²k�n tµ�É*��,
� l� p � ��a a �&%.¦²Û+Î�Ë$Î¨x'�9ÎEÛx�«?±2Ì�Ë�æ/Û+ÎxÌoö7Î^©Íù�«@Û¨à�� p  f  p * f  k �Þ�c+�É*  q  p>¸�g)f v* d  p�q  �É& �l �½&  p�b �+* f  på¸�gÞ&cf�b +*h* f E�� f �lytµ* k�g � q  p�g � ( +* p�¸  f p�g �c�c�l p
�Ï* d l d�¸ � g �c� gÞfhq²k �Õtµ*h &cf � j lyt n·k  f � phg)&cfhk�p ��� ´ a;� g)f  k l�l�+* *� p t~� p �©l á�á�á ��í

� l� p � �Âa a �(%.¦²Û+Î�Ë$Îxx&ßÂ«A®xÌ
Ë@æFÛxÎ+Ìãö(Î^©Íù�«@Û¨à�� j+g)&²n·f ��½* �É& �l �É&  p<q²k >Æt k �c p<q b �+* f  p � & �I��É* f  ¸�� *A� & �c ¸ t f * k  q o� É * k�b ��É*-á�á�áU�>+* phg �É* p�g)&²n +�É* & * k l k�phd�p¸�gÞ&cfQf t j�j+g)f�q  f�& � d��É&ck�¸  b ��½* b�g � k l�Àt & fhd�p Æt &¦q ul � +�É* f  ¸cfhk�p B���l%¸�gÞf *;t?�cl�
��� ´ aEá�á�áU��í
� l� p � s�a a �&%.¦²Û+Î�Ë$Î¨x£õ´Î^©ÍÛ+«x°Ê«
ËX¦ª©¬Ì?±�æFÛxÎxÌ,ö7Î^©Íùl«?Û¨à�� jwgÞ&²n·f ��É* �É& +l �É&  p�'k l g)b �+* f  pU¸�gÞ&cfUg�DËf k�fU& � p  f n·k�j  q�� t j�j � p t & � kon Æt &�q�� & �c n·k l�l�Óí
� l� p ���¡a a �(%Ð¦²Û+Î�Ë$Î¨x�%.¦�Ï�Î!æ/Û+ÎxÌ\ö7ÎE©Íù�«?Ûxà�� n½g �½*�t &�q �l  á
m �c q  & è k � b  j l¶t phphk � j tµ* k�g ��� b�g)k � pej l¶t phphkC�½& 1+* g)f *+� g � g �Õtµl�  lyt ¸²fhd-j+d vq +�É*�� j+g � phk�p *h  Àj lyt phphk �© f l� p�f d�p Æt & è p tµ� p �©l p �l g ��lytu* gÞ¸�g l g � k L+*�l � k � 	êf tzvp * f &©j * &²f  & * k l k�phd Þá�%} p * g)¸�g l g � k  p4k l�l &cp * f d  pEq t~� p lyt.��� &cf iT²á R � t�� g)& * k�php ��É*  lyt j lyt p�phk � j tz* k�g � ph&ckon t~�É*hW,
� ¼-Ê¬Ì8Ê¬�¶Ê�í¬Î¶»�¼-Ê©¼-¿��¶»·Ñ×»·Ç�¼FÝÞÊ¬Ç@Ç »'Ý)¼-ÈÉ»uà j �Õt �É& å��� &©q�¸  & * j+g)b�bF& � k*�É&  ft n  j1j �Õt j+& � q  p t & * f  p ��� &©q²p*) ¦�Ì & ��l k �� q²k�f  j *Æá#%} ¸ �� q tµ�É*A�8+� j t p
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q  fh&c¸ * &²f  q�� & ��l k �����½* f  q  & è ��� &©q²p �8lyt j+gÞbebF& � k�j tµ* k�g ����½* f 1 & èq  n·k ��É* k�b�¸�g)phphk �cl�Þá ´ t~� pDj  j t p � �É& tµ� qW& �Q��� &©qWp  q²d�¸ lyt j � k l 	 t & * �É& * g)&cp l� p t & * f  p l� 	 t p�p ��½*�t &²p�phkT¸�g)&cfF�É& Ål� fhd�p Æt &�f  p *� jwg �c�c è �í
� ¼-Ê�ÌßÊ¬�¶ÊÕíËÎ¶»rÒ�Ã+¼Æ¿²¼zÎ¶Ê¬Ç�¾<»rÍ<¿©Ã�»�à * g)&cp l� p ��� &©q·p g �½* & �rl k �� n  f pT& �r��� &cq¸cfhk � j+k�¸ tµlF� p * tµ* k�g � q \�Õt p @� ¸ t f l� �É& �l ¸ t php ��É*Ål� prj+gÞbebF& � k�j tz* k�g � p áÂ%D��� &©q  p *�l� ¸�gÞk �É* q  ¸ t php t��) ¸¬g)&cf�j+g)b�bF& � kC�É&  f t n  jr& �Àt & * f 4��� &©q áç � j t p=q  ¸ t~�c�c q Ålyt p *;tz* k�g � q )�Õt p �²l� fhd�p Æt &�q  n·k +�É* k � g)¸�d�f tµ�É*Æá ç �j t pVq  q²d�¸ l¶t j  b ��½* q�� & ����� &©q � p t j+g)b�bE& � kyj tµ* k�g �Lt n  j l� p t & * f  p ¸  & *5 * f  k �½*� f fhg)b�¸c& �í
� ¼-Ê�ÌßÊ¬�¶ÊÕíËÎ¶»ZÒ ÄÆÊ¬¹T¼-¿cíÕ»`ÎÏÇ�¼-»·ÄµÇT»\à l� f d�p Æt &  p *è�Õt phdÀph&cfI& � fhg)& *;t?�Þk �É*� f �cI��É* f  p  p�b  b � f  p áÓ%D+* *�Lt f�j � k *� j * &cf  ¸  f b +* q�� d+n·k *� f l� p�k �·vj+g � n½d � k ��É* påq  p=q  & è * gÞ¸�g l g � k  p=¸cfhd�j+d-q ��É*h p í
� ¼-Ê�ÌßÊ¬�¶ÊÕíËÎ¶»£Á�Ü Í@ÄµÎê¾<»�à j
�  p * & �cI* g)¸�g l g � k  �É&ckUjwgÞb � k �c & �cI* gÞ¸�g l g � k 
�©lyt k�f  j+g)b�b �* gÞ¸�g l g � k  ¸cfhk � j+k�¸ t~l�Å+* q  p l k �� pUp tµ� p �cl 	êg)fhb tµ�É*VlytE* g)¸�g vl g � k  p  j+g � q t k�f Þá&% g)b�b � è  b�¸ l� q  j +* *��* gÞ¸�g l g � k 
� g � ¸  & * j+k *� f l�fhd�p Æt & � % s±á

� ¼-Ê�ÌßÊ¬�¶ÊÕíËÎ¶»�¾<È'ÝÞÊ¬Ç@Ç »'Ý)¼-ÈÉ»×à q tµ� pVj +*h*hÅt fhj � k *� j * &cf �'l� p ��� &cq²pVphg �É* 	¶fhd v�É&  beb ��É*(� gÞf pEq  ¸�gÞf * d  f t q²k�g l� pr& � pEq  p t & * f  p +*4l� fhd�p Æt &  p *4��
� d � d�f tµl q²d-j+g �c�c j * d á��6t f  è  b�¸ l�� q tµ� p l� p�fhd�p Æt & è t q � g·jIq .� f t~� q *;t k l�l��ßl� p ��� &©q²p�phg �É* phg)&²n ��É* q²d-j+g �c�c j * d�pÐ ×j t &cp  q �lyt¡� f tµ� q  q²k�p v*;tµ� j  �É&ck l� p=phd�¸ t f � b t k�p t &cphphk q Ål� &cfUb�g � k l k * d á

´ t~� pÅj +* *�F*+��� p �¬� g)&cpÅd * &©q²k�g � p l� j t prq  p f d�p Æt & è q \� f tµ� q F*;t k l�l�Wt n  j& �c�* gÞ¸�g l g � k  q²d-j+g �c�c j * d ÞáÂa k � phk �T� g)&cp � g)&cp4k �É* d�f  php�g � p t & è ¸�g)phphk � k l k * d�pFq 	 t k�f  j+gÞb�bE& � k*�É&  f ��½* f D & è � � k�b�¸�g)f *h �É& �l p ��� &©q²p8q²&Ffhd+p Æt &�q tµ� p8& �E*h b�¸cp
� gÞf � d � gÞ&�fhd-q²&ck�f Vl�V� g)b � f  q  p t & * p � d-j  php t k�f  pß¸�g)&cf��½&�� & � b  php t?�ÞUtz*h*� k �)�cp t q  p * k �Õtz* k�g ��á

ó£�+ó � 0U5ß71.ICEH+C4RE9+0US�AI0�3@MUS 0V2E?#" ST2E.1S$ �H
%}+*h*� p  j * k�g � ¸cfhd�p ��½*�ul� p�¸cf k � jwk�¸ tµl� p *� j �c� g l g � k  p�p tµ� p �©l �É&ckå¸  &²n ��É*b +*h* f Å+�,� &²n·f Ål� p=k�q²d  p=q²d+n �l g)¸c¸�d  påq t~� p=j +*h*h *+��� p Þá
�T jwg � j  ¸ * q  fhd+p -t & l g·j tµl p tµ� p �©lV p *�� d�q²& �� phg)k � q�� g
D¬fhk�f l� p�b£5�b  pp  f n·k�j  pÐ�É& �l� pQf d�p Æt & è �©lyt k�f  p á ç �É* f Ll� p �ú��a a +*#� ��a a k l= è k�p *� ¸ l & vphk  &cf prp * t~� q t fhq²p *��l p7�É& i3�l & w* g'g *+����" ç>ç�ç V Y T·á R
R g)& : "`� ç>æ ��a a � �É&ckß¸  f vb +*h*h��É*rt & è ��� &©q²pÅb�g � k l� pÅq  p fhd�p Æt & è p tµ� p �©l q  j+g)b�bF& � k*�É&  f ��É* f � & èq t~� p�& � b£5�b  f d�p Æt &�q�� t j+j � p � j
�  p * v  v q²k�f  �É&  q  & è ��� &©q²pe& * k l k�p tµ�É*�3}l & wv
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* gÉg *�� ¸  &²n +�É* j+g)b�bF& � k*�É&  f ��½* f P & è � b t k�pI¸�gÞ&cf1j+g)b�bF& � k*�É&  f t n  jÀq  p��� &©q²p t ¸²¸ t f *���Õtµ�É*  & � f d�p Æt &i�½&ck©& * k l k�p /" ç�ç�ç V Y T·á R
R � k l 	 t & * ¸ t php  f>¸ t f l� p¸cfhg * g'j+g l� påq  p=j+g)&©j �c p=ph&c¸�d�f k  &²f  påj+g)b�b  < %â�W�?" � gÞ& m�´ �@á
`baT`ba�c dfe=gih1jHk'k�jml

�T p *;tµ� q t f�q 3}l & +* gÉg *+� Ñ R Ò¬t d * d=b�k�p �� ¸ l¶t j  k � k * k t~l� b ��½* ¸ t f ç f kyj+phphg � f wv(øg)k �½*D�� R�bb V ¸ t f>& �i� fhg)&c¸  q U* f t n t k l fhd�& � k�php t~�½* ¸ l &cphk  &cfhp � f tµ� q²p}k � q²&cp * f k �l pq²g �½*�a/�Þ f � a g�Ék t��»" 3Ds �8s k�j+fhg)phg	 *A�»"§�½*��lë�8s g * g)fhg lytuw* < g)p � k �Õt²á&3}l & +* gÉg *�� p * & �c=*h j �c� g l g � k  p t~� p �©l �É&ckÊ	êg � j * k�g �c�c q tµ� p lyt)�Õtµ� q  q  	êfhd��½& �� j  q  p T�� ]
� : >Þá ç l�l� ¸  fhb +* q�� tµ* *� k � q²f e+� 	ê& l�l q²&c¸ l� è R g Y
Y d-j �©t~���) pr¸ t f p  j+g � q  p4j �É&ck}q²g �c�cIt & �©�Õt~lë� �É& tµ� q±g � ��²l*� n �l� pEk � 	êgÞf b tz* k�g � pFq  j+g �É* f1� l�� & � q²d � k *q�� �� n·k�f g � R b ^�Ét¡� k * ¸ t f�p  j+g � q  �|s�� ¸cp �E� b t k�p t n  j1& �c ¸�gÞf * d  	 t k �cl� q �É& �l �É&  p=b �+* f  pUp  & l� b ��É*ÆáÊ3}l & +* gÉg *+� f  ¸�g)p  ph&cf l� p=j+g)&©j �c p=ph&ckon t~�½*� p ,

� j+g)&©j �c ¸ � 0'p�k*�É&  f t q²k�g á2a & � kon Æt &À¸ � 0·phk*�É& ��3}l & +* gÉg *�� & * k l k�p elytW*� j �·v� g l g � k  ¸ t fFp t & * q  	êf d��É& �� j è8 :�%c% �¬ý�Û+Îx§E¤�ÎE±�®Eäon7«x°�¦²±�³ Ø
°�ÛxÎxÌÏ4Ø°ÊÎ+®^Ù
©ÍÛ¨¤�¯Ð�wá�3}l & +* gÉg *+� ¸  fhb +* q  j+g � p * f &ck�f  q  ¸ +* k * p�fhd�p Æt & è ¸  fhphg �c�c�l p á
�T fhd�p Æt &1q o�Õt p Åt ¸c¸ �l d °�¦�®x«@±2Î^©> p * 	êg)fhb�d�q2� & � b t é * f  �É&ck�¸  & *Ut q·b�k v� k�p * f  f�¸ l &cphk  &cf p  p�j lyt n  p á��<t j+gÞbebF& � k�j tz* k�g �Q p * q²k�f  j *�å��É* f ål� b t é * f +* & �� p�j lyt n V+*ßl� p  p�j lyt n  p �c ¸  &²n ��É* ¸ t pßj+gÞbebF& � k*�É&  f ��½* f   & è á
�  p¸�d�fhk�¸ � d�f kC�½&  p  p j l¶t n  pV¸  &²n +�É*åt n½g)k�f ¸ l &cphk  &cf p=b t é * f  p �²+*Vl� p=q²kÕDËd�f ��É* p¸ck�j+g �²+* pr¸  &²n ��É* q²g � j�5 * f  f �l k�d�p ��É* f e & è á��T fhd�p Æt & t k � p�kÓ	¶gÞf b�d  p *t ¸c¸ �l dÅ& �¡�®xÌ�©ë©¬ÎEÛ¨±2ÎE©=� f d�p -t &�j �Õt é � d ��í

� j+g)&©j �c#p/Ì@�Î�¥xÌ?±2Ï~á�%}+*h*� j+g)&©j �c ¸  fhb w* q  q²d �©� k�f * fhg)k�p * 0·¸  p�q rl k +� p ,l� p l k t k�phg � pr% %ãd��¬Ø�ä�±�®¨ç~Û+«?±2«?¤�rq#«?±Ê±�Îx®^©Í¦�«@±�Ù¨Ü�Û¨¦�ÎE±Ê©¬ÎxÏ�� ¸�gÞ&²f l � t &©q·k�g � gÞ&t &©q²k�g +* q·g �c� d  p �¨�ål� p l k t k�phg � p a/%â� ��æo¨ä�±�®¨ç~Ûx«@±2«?¤�sq#«?±Ê±�Îx®^©Í¦�«@±�Ë$Î¨x?�¸�g)&cf l� p�q²g �c� d  p +*1����©�£l� p l k t k�p�g � p�q ¡�Õt p  ¸�g)&cf * g)& *�Àlyt��) p * k�g �q  p=j+g �c�c è k�g � p t &Lp  k � q²&L¸ck�j+g �²+*Çí
� ß�¦²±�à;õ´Ì@±2Ì�³~ÎEÛt�#Û+«�©¬«A®x«
Ë á�%} ¸cf g * g·j+g l�Å p * f  ph¸�g � p t��cl� q  l¶t ph&c¸  f n·k�phk�g �q  pLq²kÕDËd+f ��É*h p�j+g �c�c è k�g � p � q Àl � t & *+�c��É* k � j tµ* k�g � q  p t ¸c¸ t f  k l p � +* q²&j � kÕD¬f  b ��½*ÆáA"xl��� f  d �½t~l� b +�É*@l� p<b�k�p  p �� n  k l�l� q  p@q²kÕD¬d�f ��½* p t ¸c¸ t f  k l p í
� ß�¦²±�à�ßÂÌ?ä~Î¨Ûuq�«?±�©ÍÛ+«
ËoÌ?±2Ï�æ/Ï�Ìx°�©¬Ì?©Í¦�«?±wvÍßyx�q�æt��z~áã%}+*h*� j+g)&©j �c ¸  f b +*l � t q t ¸ * tµ* k�g � q  p�¸cfhg * g·jwg l� p q  p jwgÞ&©j �c p�ph&c¸�d�fhk  &cf  p � j+gÞb�b  < %â�W�?"`�l�t &Lfhd�p Æt & 3}l & +* g'g *+�Tá
�<t ¸cf gÞ¸�g)phk * k�g ��3}l & +* gÉg *��Wt d * d ¸cfhk�p V�� j+g)b�¸ *� ¸ t f l � " ç�ç>ç q t~� p l�â� fhg)&c¸ q E* f t n t k l»V Y T²á R S �É&ck@p�� g'j�j+&c¸  q Flyt p * t~� q t fhq²k�p tz* k�g � q  p�f d�p Æt & è ¸  fhphg �c�c�l p �



Q � ·!¸�¹»º�¼���¾ n����£Á������ ¹ Å���� ¹ ¿�����È��

� ��a a �(%.¦ÝÛxÎ�ËÕÎ¨x{�9ÎEÛx�«?±Ê±�Ì
ËÊæ/Û+ÎxÌ\ö7Î^©ªù�«?Ûxà��wá
`'aT`baT` |(}*}~} �U�J`'a�cUc

�<t�� g)fhb 9" ç�ç�ç V Y T²á RR �ë" % d��?" ç %�VV Y Tzv R
R � j+g �c� &  phg)&cp l�V� g)b � k 8 k �(%Ð¦ªÙ
Û+Î�Ë$Î¨+lýÓ¦�Ï�Î^ËU¦ª©Íä��lÑXS@Ò² p * & � p *;t~� q t fhqFk �É*� f �Õtz* k�g �Õtµl q²d�j+fhkon tµ�É*8l� pßj t f t j * d�f k�p * kC�É&  pq�� & � fhd+p Æt & l g·j tµl p t~� p �©lâ��� ��a a �;á��<t�� g)fhb  k � k * k tµl�;" ç>ç�ç V Y T·á R
R g�DËf  q  pq²d � k * p�q  R g)& T s�� ¸cp á�T p>f d+n·k�phk�g � p t ¸²¸�gÞf * d  pl l¶t�� gÞf b  k � k * k tµl� ¸  fhb +* *���½*¸�g)&cf lyt�� g)fhb �V Y T²á RR � q�� tµ* *� k � q²f  q  pÅq²d � k * prq £S·áUSQ+* R
R s�� ¸cp á��<tQ� gÞf b 
V Y T²á RR t g�DËf  & � q·d � k * q �S ] s4� ¸cp6q tµ� p lytã�½t b�b  q  pÇ	êfhd��É& �� j  p S/� : >ß*;tµ� q²k�p�½& ålytÅ� gÞf b /V Y T²á R
R � g
D¬f  & � q²d � k * q oS ] s�� ¸cpDq t~� p l¶t)�½t b�b  q  	êf d��É& �� j  pq !T·á ] �o��>Þá~�<tÅ� gÞf b /V Y T·á R
R p�� tz*h*;t j �c  rq²d �©� k�f l� pDjwgÞ&©j �c p �Õt p�p  p}q²&Wb�g·q ��l�
d % " ¸�g)&cfU& �cÅl k t k�phg � p t~� p �©l f t q²k�ge& * k l k�p t~�½* q  p=g � q  pUd l� j * fhg)b t?�Þ� d * k*�É&  p á

�<t j+gÞ&cj �c ¸ � 0·phk*�É&  q²d �©� k *�lyt b�g'q²& lytµ* k�g � q  p�g � q  p�f t q²k�g'd l� j * fhk*�É&  p w*¸cf gÞ¸�g)p �* f gÞk�p * 0'¸  pEq  jwg·q t?�Þ q �l � k � 	¶gÞf b tµ* k�g �Tá ç l�l� q²d �©� k *Ft &cphphk l� pEj t f t j v* d�fhk�p * k*�É&  p q Fl¶t p�k �)�Õt~l k�p tµ* k�g � ¸�g)&cf l¶t�* f tµ� phb�k�p�phk�g � q  q²g �c� d  p á��<t b�d *+� g'q q�� t j+j � på& * k l k�p�d r p * ¸cf g·j �c q²&�p * t~� q t fhq ç *+�c f �c+*ÆáÊ�T p * t~� q t f�q V Y T·á R
R q²d �©� k *q  & è beg·q  pUg)¸�d�f tz* g)k�f  p ,
� l� b�g'q  k � 	êf t p * f &©j * &cf  q t~� p l� �É& �l�l� p ��� &©q²p}phg �É* j+g �c�c j * d+p9 r& � ¸�g)k �É*q�� t j�j � p � d-j  php t k�f  ¸�g)&cf\�É&  q  & è beg � k l� p�j+gÞb�bE& � k*�É& ��É*-á ç � 	 t k * j  p¸�gÞk �É* pIq�� t j�j � p�p  f n ��É* q  ¸�g)k �½* q  ¸ t php t��) ¸�g)&cf l� p�j+g)b�bF& � kyj tz* k�g � p��É* f El� p ��� &©q²p á�"xl pA� t�� k *o� d � d�f t~l� b +�É* q²&ub�g·q  ¸ t f�q²d�	 t & * q  p�j t f *� p
V Y T·á R
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l¶t 	êf d��É& �� j Ft 0 tµ�É* & �²4l g ��� &  &cf�q�� g � q  ¸ l &cpå¸ +* k *h� j �l�l�wv j+k  p * ¸ l &cpåp �� p�k �cl�t & è g � p *;t j l� p áÊ� � t fhj � k *� j * &cf  q��U:=k�¸  f �Âa a f  ¸�g)p  ph&cf l� p=j+g)&©j �c p=ph&ckon tµ�É*h p ,
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� lyt j+g)&©j �c�l k t k�phg � q  q²g �c� d  p)�É&ck»	 t k * l��l k ��À��½* f Fl� p�¸�gÞk �É* pÅq�� t j�j � p +*l� p *� f b�k �Õt & è b�g � k l� p á ç l�l� k � j l & *�l� p�	êg � j * k�g � p�q�� t j�j � p t &�b�d-q²k t�� q * f t~� phb�k�phphk�g ��+* q ��) p * k�g � q �lyt j+g �c�c è k�g �Tá�%D+* *� j+g)&©j �c� p * q²kon·k�phd �� q  & è phg)&cp v jwgÞ&©j �c p �@lyt p�g)&cp v j+gÞ&cj �c,%la!% ��qÇç�Ì?±Ê±�Î�Ë�æ!®x®xÎxx�q�«?±�©ÍÛ+«
Ëª��É&ck=j+g)fhf  ph¸�g � q� lyt ¸ t f * k  ¸ � 0·phkC�É&  q �lytP*� j �²� kC�½&  q�� t j�j � p �Í�) p * k�g �q  på¸²fhg �²l*� b  p l k�d�p t &uj tµ�Õt~lÂ�c f *+> k ��Pt k � p�kÇ�É& Å* g)& *�rlyte* f tµ� phb�k�phphk�g ��+*fhd-j  ¸ * k�g ��� w*4l¶t phgÞ&cp v j+g)&©j �c�s�a/% �É&ck>j+g)fhf  ph¸�g � q  l¶t ¸ t f * k Wl g � k*�É& �phgÞk *}lyt b�k�p å�� 	êgÞf b  q ålytÅ* f t b �½l� fhg)& *;t?�) k �É*� f �c�Él� p tµl*� g)fhk *+� b  pDq j+g ��� q ��É* k tµl k * d �@lyt��) p * k�g � q  ¸cfhk�gÞf k * d � -�g'% � +*Fl � k � p  f * k�g � +*Fl� f +* f t k *q  pUp *;tz* k�g � p á
� lyt j+g)&©j �c q²k *h q  j+g � n  f �)�� j Þá ç l�l�Vt q  & è 	êg � j * k�g � p6¸cfhk � j+k�¸ t~l� p ,zl � t q t ¸ v*;tz* k�g � q  p�p  f n·k�j  pÅq  b tµ� q²d�p ¸ t f l� pÅj+g)&©j �c p �Õt & *� p t & è p  f n·k�j  p ¸cf g v¸�g)p�d�p8¸ t f lyt j+g)&©j �c q  l k t k�p�g � q  pßq²g �c� d  p �~+*8* gÞ& *h lyt ¸ t f * k  	êf t?� b ��É* tzv* k�g ��� f d t php  b �clyt?�ÞÅ+*ã� gÞ&cf f t?�Þ�©t?�©� q2� t q t ¸ *h f l� p * f t b  p=q Å� � k�b�¸�gÞf *��É& �l fhd�p Æt &�¸�g)&cf l� * f tµ� ph¸�gÞf * ph&cf l� fhd�p Æt &4:=k�¸  f ��a a T·á
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�T p�p  j * k�g � p�¸cf d-j+d-q ��½*� p�¸cf d�p +�É*���É*�l� p * g)¸�g l g � k  p +*�l� p *� j �²� g l g � k  p=�É&ck¸  &²n ��½* 5 * f  b�k�p  p +�Ð� &²n·f  q t~� pD& � fhd�p Æt &�p t~� p �©lËt@�©� �É&  p  pD¸ t f * k�j+k�¸ t~�É* p¸c&ck�p�p ��½* j+g)b�bE& � kC�½&  f á
� gÞ&cf@d *;t?�cl k�f6& �c jwgÞb�bE& � k�j tµ* k�g � q t~� pßq }*h�l p6fhd�p Æt & è �g � ¸  & * q²k�p * k ��� &  fåq  & è t ¸c¸cf g·j �c p á
�<t ¸cf  b�k � f  j+g � p�k�p *�  t n½g)k�f�f  j+g)&cfhp) Qq  p p * tµ* k�g � p q ;�Õt p  j+g)b�b  q tµ� pl� pQfhd+p Æt & è  Àk � 	êf t p * f &©j * &cf  j �l�l & l¶t k�f Þá m � ¸cf g �cl$� b  q tµ� pQj L* 0'¸  q  j+g)b vbF& � k�j tz* k�g �£ p * j �l &ckÅq²& ç�Ì?±�Ï�«��ã� �É&ck j+g � q²&ck *  l¶t ¸  f *� q  q²g �c� d  pLg)&  

l � t & � b ��½*;tz* k�g � q  p�q²d lyt k�p�q r* f t~� phb�k�phphk�g ��l g)fhp�q²&Pj �Õt~���) b +�É* q  p *;tz* k�g � q 
�Õt p  � j �Õtµ���Þ b ��É* q  j �l�l & l�@�wá m � t & * f  ¸cfhg �cl$� b L p * q�¢ t &|	 t k * �É&  q tµ� pj  f * t k � p�j t p � k l<� �  p * ¸ t p=¸�gÞphphk �cl� q  q·d�¸ l gA0  få& �c k � 	êf t p * fh&©j * &²f (� è r+* q tµ� pq�� t & * f  pßj t pßj  q²d�¸ l gÞk  b +�É* ¸  & * p�� t n½d�f  f * f gÞ¸�jwg¢ *h & è á ´ t~� pßj +*h*�}*+��� p D� g)&cp�cÅ� gÞ&cpUphgÞb�b  pU¸ t p=k �É* d�f  phphd�p! �j  * 0'¸  q  f d�p Æt & è ám �cut & * f  phg l & * k�g � j+g � phk�p *h  ´	êg)fhb  fW& � fhd�p Æt & t q � g'j áâ%}+*h*� p  j+g � q t ¸c¸²fhg·j �c k�b�¸ l kC�½&  �É& ål� p}& * k l k�p tz*� &cf p q²g)kon ��É* 5 * f  ¸cf15 * pâ t j �c b�k �c fDq  p}¸ tzv
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� k l 0 t=��Æt & vj+g)&c¸×q��  è  b�¸ l� p(�É&ck6pA� t q t ¸ *�+�É*Å�Õtµ* &cf �l�l� b ��É*4t &Àb�g·q �+l�4µ p tµ� p k � 	¶f t p * fh&©j v* &cf ,� è  ¶ á�% �  p *Q� g *;t b�b ��É*  ³j L* 0·¸  q  j+gÞbebF& � k�j tz* k�g � �É& �� gÞ&cp � gÞ&cpphg)b�b  p�k �É* d�f  phphd�pÅq tµ� pÅj +* *�E*+��� p Þá�� &ck�p+�É& Fl� pÅj+g)b�¸�gÞp tµ�É* p q F*h�l p�fhd�p Æt & èt j �c bek �c��½* q  p=¸ t �É& +* p � k l l� &cfF	 t & * q·g � jrq  p=¸cfhg * g'j+g l� p�q  f gÞ& * t��)Et q t ¸ * d�p¸�g)&cf l� &cfE¸  f b +*h* f  q  ¸cf �� q²f  q  pEq²d-j+k�p�k�g � p á��T j �©t ¸ck * f  ph&ckon tµ�É* ¸cfhd+p ��½*�l� pU¸cfhk � j+k�¸ t & è ¸cfhg * g·jwg l� p  è k�p *;tµ�É* p ��Llyt b tz* k � f Þá
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m � f d�p -t &±b�g � k l��t q � g'j � s�a a�ç < �� p * & �±�� p  b �²l� q W��� &©q²p4p tµ� p �©lj+g � p * k * & t~�½* & � fhd�p Æt &�p tµ� p l � t k�q  q�� & �c k � 	êf t p * fh&©j * &²f è� è  g)&°q�� & �c�t q·b�k v� k�p * f tz* k�g � j ��É* f tµl k�phd Þá ´ � & �c 	 t
ò g � � d � d�f t~l� & �Ps�a a�ç < � æ 8�%úT
S Y�R �7Ñ}T�g�Ò p j+g)b�¸�gÞp  q  q²k�p�¸�g)phk * k*	¶p � ��� &cq²p � ¸�gÞf *;tz* k$	êp��½&ckÕphg �É* j t f t j * d�fhk�phd�p}¸ t f�q  p l k�b�k * tzv* k�g � p�q  j t ¸ t j+k * dEq Å* f t k *� b +�É*åw* q  b�d�b�g)k�f Þá�a k � phk � k l �² p  f t ¸ t på¸�g)phphk �cl��É&�� & �F��� &©qEb t k �É* k ��c�cDl� p6k � 	êg)fhb tz* k�g � pßq  fhg)& *;t?�Þ ¸�gÞ&cf * g)&cp l� p ��� &©q²p8q tµ� p& �;� f t~� qEfhd�p Æt & á ´ t~� p6& � fhd�p Æt & t q � g'j � phk·q  & è ��� &©q²p@n  & l���É* jwgÞb�bE& � k*�É&  f+* �½&�� k l p �² phg �É* ¸ t p�q tµ� p l¶t�> g �c q r* f tµ� phb�k�p�phk�g � p tµ� p �cl<l � & � q 4l � t & * f 
� k l p�c ¸�gÞ&²fhfhg �É* j+gÞbebF& � k*�É&  f)�É&  phkßq�� t & * f  p ��� &©q²p � ¸ t f * k�j+k�¸ t~�½* d �Étµl� b ��É*4t &fhd�p Æt & t q � g·j � phg �É* q²k�ph¸�gÞphd�p= t j �c b�k �c f�q  p�¸ t �É& +* p�¸�gÞ&cf  & è , j  p ��� &©q²p	êg � j * k�g �c�c��É*�tµl gÞf påj+g)b�b  fhgÞ& *� &cf påjwgÞb�b  k l� p * k l�l &cp * f d4q tµ� p l¶t;��� &cf 7W²á R á
%} j �Õt ¸ck * f  ¸cf d�p ��É*�Àl¶t ¸cfhg �cl d�b tz* k*�É&  q  pLfhd�p Æt & è t q � g'j +* j  f *;t k � p¸cfhg * g'j+g l� pF�É&ckËp�g �É* ¸cfhg)¸�gÞphd�p w* q²d+n +l g)¸c¸�d�pU¸ t f l�=� fhg)&c¸  q �* f t n t k l s�a a�ç <t &Pp  k � q Fl � " ç < 8 á æ d-j  b�b +�É*A� j \� fhg)&c¸  q E* f t n t k lßt f +*��� & l� p�¸cfhg * g'j+g l� p
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V ] �=Ñ}S Y Ò|á´ t~� pQj +*h*h�*���� p �>� g)&cp � g)&cpQk �É* d�f  phphg � p t &°fhg)& *;t?�Þ q tµ� pQ& ��* 0'¸  ¸ t f v* k�j+& l k  fIq  fhd+p -t & t q � g'j á#a k � phk � k l d * t k * k �É* d�f  php t~�½* q2� d * &cq²k  f lyt ¸�g)phphk �cl k * dq�� & * k l k�p  f l� pQ¸cfhg * g'j+g l� p�q  fhg)& * t��)� è k�p *;tµ�É* pW¸�gÞ&cf�n½g)k�fWp�� k l pQp�� t q t ¸ *;t k ��½*  � g * f  phk * & tµ* k�g �Tá
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�T p s�a a�ç < p1g �É* ¸ l &cphk  &cfhp�j t f t j * d�fhk�p * k*�É&  p��É&ckÅq²g)k�n ��É* 5 * f  ¸cfhk�p  p ��j+g)b�¸ *hÅl g)fhp+�É&�� g � j+g � phkyq � f rl� &cf=j+g � j  ¸ * k�g ��+*Ul� &²fåq·d�¸ l g)k  b ��É*4,
� * g)¸�g l g � k  p6q�0 �Õt b�k*�É&  p ,-lyt * gÞ¸�g l g � k  q·&4fhd+p -t & � �É&ck  p *<��(� d � d�f tµl bF& lo* k vp t & * p/� � ¸  & * j �Õtµ���Þ f t~l d tz* g)k�f  b ��½*A� f t ¸ck�q  b ��É*A�Õ+* q  b tµ� k � f  k�b�¸²fhd vn·k�p�k �cl�Þá ç l�l� ¸  & * 5 * f  j+g)b�¸�gÞphd  q Ul k +� p � k�q²k�f  j * k�g �c�c�l p +* & � k�q²k�f  j * k�g �·v�c�l p í
� l k �� p�q  j t ¸ t j+k * d�p1n t f k t?�cl� p +* j+g �É* f t k �É*h pLph&cf l¶t * t k l�l� q Àl¶t �Õt~� q ;v¸ t php tµ�É*��,cl� p l k �� p=p tµ� p �©l g �É* q  påj t ¸ t j+k * d�påp �� phk �cl� b ��É* k � 	êd�fhk  &cf  po l� &cfhpDj+g �É* f  ¸ t f * k  pDj�É �cl d  p á ç � gÞ& * f �½l� q·d � k * q  pDj+g)b�bE& � kyj tµ* k�g � p}p t~� p
�©l© p *ß* f � pßn t f k t��cl�U�� 	êg � j * k�g � q Ulyt�*� j �c� g l g � k  & * k l k�phd � q Ulyt�* g)¸�g l g � k q²&Lfhd�p Æt & +* j á�í

� j+g �É* f t k �É*� p�q�� d �c f � k  , j  f * t k � pQg)& * g)&cp l� p ��� &©q²pQq t~� pQ& � s4a a�ç <¸  &²n ��½* 	êg � j * k�g �c�c f t n  j�q  p �Õtµ* *� f k  prg)& q2� t & * f  prbeg@0 �� prd�¸c&ck�p t��cl� p¸�gÞ&cf l� &cfVd �c f � k ÞáÊ� g)&cfUj  p ��� &©q²p � & �c j t ¸ t j+k * d l k�b�k * d  q�� d �² f � k  ¸  & *5 * f �lyt j+g �É* f t k �É*h�lyt ¸ l &cp4phk �)� k � j tµ* k�n Ww* p�g � & * k l k�p tz* k�g � q  n·f t 5 * f  f wv
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� k lT�cÅl � t n t k * ¸ t p=q²d (  �f �ò & �c+*
� k l n·k ��É* q Ål� f  j  n½g)k�f=q�� & �L��� &©qLq²g �½* k l� p * & � f �lyt k�pUbF& lo* k�¸�g)k �É*-á

� g)&cfUb t k �½*��� k�f/ �(øg)&cf * g)& *� p l� pUk � 	¶gÞf b tµ* k�g � p � d-j  p�p t k�f  p t &�j � g)k è q  p=f �lyt k�pbF& lo* k�¸�gÞk �É* p � b t k�p t &cphphk t &Wj tµl j+& l q Ulyt * t��cl� q  f gÞ& * t��)�Þl� p ��� &©q²p do� % æ g �½*
�� phgÞk � q  p�� d-j �Õt~���Þ f=q  pUk � 	êgÞf b tz* k�g � pU¸�d�fhk�g·q·kC�É&  b ��É*4,

� ¸�g)&cf p�� k � 	êg)fhb  f<q·&4¸²fhg·j �c nÞgÞk�phk �©t��)Þá@�T p ��� &©q²p do� % æ +� n½g)k +�É* ¸�d�fhk�g'q²k v�É&  b ��É* q  påb  php t��) p�q·k * p=: ç �Â��d j+g �É*�+�Õt~�É*�lyt�l k�p *� q 4l� &cf pånÞgÞk�phk � p á
%D p�b  php t��) p�¸  fhb +*h*h��É*  Àj �Õt j+& � q  j � gÞk�phk�fephg ���� p  b �cl� q  f �lyt k�pbF& lo* k�¸�g)k �½* p í

� ¸�g)&cf q²d-j lyt f  fD¸�d�fhk�g·q²k*�É&  b ��É* q tµ� p l� fhd+p Æt & l� pDphgÞ&cp vx�� p  b �²l� p q  n½g)k vphk �©t��) �½&  j+g � p * k * & ��É*�l� p>f +l¶t k�p>bF& lo* k�¸�g)k �É* p á�%} q  & è k � b V* 0·¸  q  b  p vp t��) q (do� % æ p�g �É*Vt ¸c¸ �l d�p b  php t��) p < %Ö�Aø�«x°Ê«
ËÕ«+³�ä~q�«?±�©ÍÛ+«
Ëª�wá��  &cfVq²k$	 v
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Relais multipoints

^#È�_ ¼ W²áUT � æ �lyt k�p=bE& lo* k�¸�gÞk �É* p
	ê&cphk�g �L p * g)¸ * k�b�k�phd  ¸ t f l� pUf �lyt k�p=bF& l�* k�¸�g)k �É* p á

%D p k � 	êg)fhb tµ* k�g � p g�D¬f ��É* & �c j t f *h q²&�fhd+p -t &Ij+g �É*�+�Õt~�½*D* g)&cp l� p ��� &cq²p w*& �u�� p  b �cl� ¸ t f * k �l q  p l k �� p � b t k�p�p�&²i�p t~�½* ¸�gÞ&cf lyt j+g � p * f &©j * k�g � q  p *;t��²l� pq  fhg)& *;t?�)Þá�%��Õt �É& e*;t?�cl� q  fhg)& *;t?�Þ� p * j tµl jw& l d  ¸ t f4j �Õt j+& � q  p ��� &©q²p w*l� fhg)& *;t?�) q  p q²g �c� d  p�pA�  D  j * &  p t & * ¸ t f�p t & * p t~� p l � k �É*� f n ��½* k�g � q �do� % æq²g �É*=l� f�� l� p�� t fhf15 *�  lyt b�k�p   �(§gÞ&cfUq  p * t��cl� p=q  fhg)& *;t?�Þ q Ål¶t ¸ck l�("`�@á
�baT`ba�� ËÌk<µÍkJe=k<¿<Î £�¥�¤3¤3h�¸¹¥=¦i§�jm¥=kU¦ dÏ§J¤Ðh� kJ¦ �uhÒÑJhÒ²Ó¤Ðh�Ô?�*§�jml

Õ kU²HÖÏ§<²·Q¥�¦¨¿
�T ¸²fhg * g·j+g l� ø�«x°Ê«
Ë$«�³�ä\×o¦Ýx�ÎE¯;¦²±2Ì?©Í¦�«?±�p/Ì@�ÎxÏ�«?±�á9Î ) ÎEÛx�Î^ÙE�9Ì�©ªç£ýÂ«?Û¨ù�Ì?Û+Ï?¦Ý±�³� g * d < 3 æ ��8eÑXS Y ÒË p * & � ¸cfhg * g'j+g l� ¸²fhg t j * k*	� 4d *;tz* q �l k +� pã�É&ck t php�&²f  & � fhg)& v* t��) ¸ t f�p t & * p�ph&cf l� p�j �c b�k � p l� p�¸ l &cp jwgÞ&cf * pån  f p�& �c q  p * k �Õtz* k�g �Tá < 3 æ ��8 p *F�©t phdÅph&cf=q  & è b�d�j t~� k�phb  p ,
� & � ¸�g)&cf lyt q²d-j+g)&²n  f *� q  p<n½g)k�phk � p&�É&ck'p  	 t k * ¸ t f6& � d-j �Õtµ���) q  b  php t��) p: ç �Â��d q²k * p=q²k$D¬d�f ��É* k �l p
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� +* & ��t & * f  ¸�gÞ&cf lyt q²d-j+g)&²n  f *h q ÅlytF* gÞ¸�g l g � k r+*Ul� j tµl j+& l q  fhg)& *� p á
� g)&cf lyt4�Þ p * k�g � q Ilyt�* g)¸�g l g � k � j �Õt �½& I��� &©qðj tµl j+& l� & ��t f � f  	êg)&cf � k�php tµ�É*q  p j �c b�k � p�n  f p * g)&cp l� p ��� &cq²p t j+j  php�k �cl� p á2�T j tµl j+& l p  	 t k *  �¸ t f * k�f�q�� & �ck � 	êgÞf b tz* k�g � ¸ t f * k �l�l� p * g'jx�Þd  q t~� p p tW*;t?�cl� q F* g)¸�g l g � k ��+* �� & * k l k�p t~�É* & �cn t fhk tµ�É*� q 1l � tµl*� g)fhk *+� b  q  ´ k (`�Ép * f tBÑXT b Ò|á&a k � phk �8l� p t f � f  p�q  q  & è n½g)k�phk � p¸  &²n ��½*=t n½g)k�f j  f * t k �c p phk�b�k l k * &©q  p á�� g)&cfDd+n'k *h f j �lyt�� b t k�p t &cp�phk¬¸�g)&cfDfhd-q²&ck�f l�V* f t?� jUq  j+g �½* f�� l�� j �Õt �½& =��� &©qe¸cfhg)¸ t?�Þ p  & l� b +�É* & �c ¸ t f * k  q  phg �Qt f � f  �p  pVn½g)k�phk � p ám ����� &©q < 3 æ ��8À b�¸ l g)k  q  p�b  php t��) p}q²kÕDËd�f ��É* k �l pDq  b�k�p  p� V(§gÞ&cf>¸�gÞ&cf*��� k�f * gÞ&cp l� p n½g)k�phk � p t &³j+g)&cf tµ�É* ph&cf l� prj �Õtµ���) b ��É* prq  p�g �±t f � f ÞáÇ%l�Õt �É& ��� &©q4¸  & * d �Étµl� b ��É* 	¶gÞ&cf � k�f@q  p@k � 	êg)fhb tz* k�g � p t qcq²k * k�g �c�c+l�l� p6p�&cf lytV* gÞ¸�g l g � k �+* d+n ��½* & �l�l� b ��É* p�&cf * g)& *� l¶tå* gÞ¸�g l g � k ÞáR× l � k � p * t fßq /do� % æ gìej �Õt �É& V��� &cqj � g)k�phk * & � phgÞ&cp �� p  b �²l� q  p  p�n½g)k�phk � p j+g)b�b  q  p}f �lyt k�p}bF& lo* k�¸�gÞk �É*�� < 3 æ �Ó8 è k �Þ q  j �Õt �É& ���� &©q��É&�� k l q²d *h fhb�k �c pA� k lD p * & � f �lyt k�p � ¸ � f  q t~� p l � t f � f @�¸�gÞ&cfU& ��t & * f Å��� &©q á

�i�A� ¤±0US�N13@CÅ:@CW5}CEH+0US"AI0�3@CE?Q:<24R40�3@MV2E5�:@9/¢)S
a &Ej+g �É* f t k�f  q  p<¸cf g * g·j+g l� p@¸cfhg t j * k*	¶p»�É&ck½b +*h*h��É*  ß(§gÞ&cf l� &cf p@k � 	êg)fhb tz* k�g � pq  f gÞ& * t��) p�0'p * d�b tz* k*�É&  b ��½*A�>l� pQ¸cfhg * g'j+g l� p�fhd t j * k*	¶p�d *;t?�cl k�php ��É*�l� p�fhg)& *� p& � k*�É&  b ��½*  lyt q  b tµ� q Þá�a k � phk �>l� pQ¸²fhg * g·jwg l� p�q  fhg)& *;t?�Þ f d t j * k$	êpQg)& l� p¸cfhg * g'j+g l� p µ  lyt q  b tµ� q  ¶ðj+fhd +�É*W+* b t k �É* k +�c�c��É* q  pWfhg)& *� pWp  & l� b ��É*phk=j �lytÀ p *�� d-j  php t k�f Þá#"xl p  php t 0 ��É* q ,�Ét f�q  f +* q  b t k �É*h�� k�f l� p�fhg)& *� p l� p¸ l &cpEj+gÞ&cf *� pÅn  fhp * g)& *� p l� pEq  p * k �Õtz* k�g � p4& * k l k�phd  p áÇ�<t q²d-j+g)&²n  f *� q  p4fhg)& *� p¸  & * 5 * f U* f � p � g)&cfhb tµ� q � ¸ t f * k�j+& l k � f  b ��É* ¸�gÞ&cf l� p�fhd�p Æt & è q F� f t~� q =* t k l�l�Þám � p�j � d�b t q  	êg � j * k�g �c�c b +�É* q  j e* 0·¸  q  ¸cfhg * g'j+g l� p  p * b�g �É* fhd�q tµ� p lyt

�Ê� &²f (Wcá}Wcá-�& tµ� q�& �c fhg)& *�E p *�� d�j  php t k�f � & �² ¸cfhg'j+d-q²&cf '�)l g �Õtµl� q  q²d-j+g)&²n  f *� q fhg)& *�Å p *=l¶tµ� j+d  ¸�g)&cf * fhg)&²n  f l� j �c b�k � n  fhpU& �c q  p * k �Õtz* k�g � ph¸�d-j+k � �É&  q²g �É*l¶t fhg)& *�� p * k � j+g �c� & ÞáÂ�<t q²d�j+gÞ&²n  f *h q  prfhg)& *� p  p *(�Õt�� k * & �l�l� b ��½* 	 t k *����& * k l k�p tµ�É*�l� p�b�d�j t~� k�phb  p�j lyt php�k*�É&  p�q  q²kÕDË&cphk�g � �+¥EÛx«�Ì�Ï�®xÌ@E©��wáã�6t f  è  b�¸ l��q t~� p l¶t ��� &cf �W²áXW��|t�E� phk l�1��� &©q S n  & * j+g)b�bF& � k*�É&  f t n  j l�1��� &©q D +*�É&�� k l¬�c j+g �c�Õt é * ¸ t p q  f gÞ& *� n  f p D �²tµl g)fhp S 	 t k * & �c q²kÕDË&²p�k�g � q  ¸ t �É& w* pVq q²d-j+g)&²n  f *� q tµ� p l� f d�p Æt & á ´ � p9�É& �l����� &©q D f �ò gÞk * & � ¸ t �É& +* q  q²kÕDË&cphk�g ���t~l g)fhpUk l f �� nÞgÞk  & � ¸ t �É& +* fhd�¸�g � p  ¸�gÞ&²f tµ�c� g � j  f t & ��� &©q S �½&�� & �c fhg)& *�rtd * d * f gÞ&²nÞd n  f p D � k l�l &cp * fhdrq tµ� p lyt;��� &cf 7W²áXW��Í���1�wá
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Réponse de la decouverte de routeDécouverte de route par diffusion

D

S

Source

Dest. Dest.

Source

(a) (b)

^#ÈM_ ¼ W²áXW � ´ d-j+g)&²n  f *� q  f gÞ& *� & * k l k�phd  ¸ t f l� pU¸cfhg * g'j+g l� p=f Æt j * k*	¶p

�ba��³a�c £ØÎ³¦i§J¸w¥�¬¾©'kJgi²·¬�hÙ�ukJg³jm¥�¦¨¿
�T ¸cfhg * g'j+g l�£×oä�±2Ì?¯;¦�®(Ø�«?¤�Û+®xÎ(á9«?¤�©ª¦²±�³I� g * d ´ % æ Ñ ] T�� R�] Òü� & * k l k�p 4l� fhg)& v* t��) ¸ t f lyt phgÞ&cfhj ,�`�«@¤�Û+®xÎ\Û+«?¤�©Í¦Ý±�³��;á % �l g � j +* *�F*h j �c� k*�É& � p�k6& �À��� &©qun  & *�� n½gA0  f}& � ¸ t �É& w*  Å& �1t & * f ���� &©q �Él¶t p�g)&cf�j  q²&Q¸ t �½& +* j+g � p * fh&ck * & �c f gÞ& *hq tµ� p l � ��·v|* 5 *h q²&À¸ t �É& +*�� q²g �²�Õt~�É* l � t q²f  php  q  j �Õt �É& ���� &©qÀq tµ� p l� fhd+p Æt &¸ t f l� �É& �lUl� ¸ t �É& +* q  n·f t k * 5 * f ut j �c b�k � d t@�©� q2� tz*h*� k � q²f �lyt q  p * k �Õtz* k�g �Tá

�<t phgÞ&cfhj  b +*E è ¸ l kyj+k *� b ��É* j +*h*� fhg)& *� q tµ� p l � +�·vx* 5 *� q²&±¸ t �É& +*E+*r* f tµ� p vb +*1tµl g)fhp l� ¸ t �É& +* n·k t phg � k �½*� f�	 t j  fhd�p Æt & t & ¸cf  bek  f ��� &©qþ ×& � p t & *Æá-�& tµ� q�& ����� &©q�f �ò gÞk *�l� ¸ t �½& +*A� phk<j 4��� &©q � �  p * ¸ t p lyt q  p * k �Õtµ* k�g �4�c�Õt~l��k lV+�cl*� n  q Ll � ��·v|* 5 *� q²&�¸ t �É& w* p t ¸cf gÞ¸cf �t q²f  php Lw*e* f tµ� p�b +* phk�b�¸ l� b ��½*l� ¸ t �É& +*4t &×¸cf g·j �Õt k � p t & * k�q ��É* k � d�q t~� p l � ��'vx* 5 *� q²&×¸ t �É& +*-áÂ%D ¸cfhg'j  phph&cpj+g �É* k � &  (ø&²px�½&��U 4j  �É& �l� ¸ t �É& +*Utµ* *� k �Þ�² p t q  p * k �Õtµ* k�g �Tá�%��Õt �É& ���� &©qQb�g v
� k l� ¸ t f * k�j+k�¸ t~�É*=t &Ifhd�p Æt & t q � g'j b t k �É* k ��É* & � j t j �c q  f gÞ& *h pUq tµ� p lyt �É& +l�l�k l b�d�begÞf k�p 4l� p�f gÞ& *h po�½&�� k l6tQt ¸c¸cf k�p  p�¸ �� q t~�É*�l� p�q²kÕD¬d�f ��½* p t j �c bek �c b ��É* p�½&�� k l>t 	 t k * p á -�& tµ� qP& �À��� &©q �� n½g)k  & � ¸ t �½& +*  Q& �³t & * f F��� &©q �Ëlyt phgÞ&²f�j j+g �É* f�� l� q�� t�� g)f�q³p t b�d+b�gÞk�f  j t j �c ¸�gÞ&cf * fhg)&²n  fr& �c fhg)& *� n  f p l¶t q  p * k �Õtzv* k�g �Tá %'k & �c f gÞ& *h4 p *=* f gÞ&·n½d �©lyt phg)&cf�j  & * k l k�p  j +* *� fhg)& *� ¸�g)&cf * f t~� phb +* * f l� ¸ t �É& w*Æá %'k � g ���cl � d�b +* *� &cfU& * k l k�p Ål� b�d-j tµ� k�phb  q  q·d-j+gÞ&²n  f *h q  fhg)& *�ÞáÊ�T¸cf g * g·j+g l� ´ % æ p  j+g)b�¸�g)p  q²g � jrq  q  & è bed-j t~� k�phb  p , q²d-j+g)&²n  f *� q  fhg)& *� p+* b t k �É*h��Õtµ� j  q  f gÞ& *h p á

%D ¸cfhg * g'j+g l� q²d-jwgÞ&²n'f  q  pQfhg)& *� p. lyt q  b tµ� q u+� k � g � q t~�É*�l� fhd+p Æt &q�� & �c 	 t
ò g � j+g �É* f�� l d ´� ¸ t f  è  b�¸ l�I��� b�¸ l gA0 tµ�É* & � j �Õt b�¸ øÂ¦²¯�Îè©¬«4ß»¦ ) Î



Ø ê Ø³��»'Ã�Ì@ÄÆÊ©¼-ÊTÝÞÊ¬�¶»'ÃW¾ »uÄÆÊË¹�¼Æ¿cíÕ»uÄÆÈ'¿©Ý)¼zÎ��xÃ ÖÊ�

v^ø9ø2ß�z q t~� p l � ��·v|* 5 *� q  ¸ t �½& +*E�wá ´ tµ� p lyt q²d-j+g)&²n  f *� q  pWfhg)& *� p �ßl����� &cqphgÞ&cfhj  q²k$D¬&cp  & � ¸ t �É& w*;á(Ü¼Ú9ø�÷Öá9÷tÛÌÚ�÷#ØÓø q tµ� p l� �É& �l6l� p ��� &cq²p)�É&�� k l8t* f t n  fhphd�p@p�� �� f �� k�p * f ��É*-á m �c 	êg)k�p&�½&�� & �4*��l ¸ t �É& +*ßtz*h*h k �½*6lyt q  p * k �Õtz* k�g ��� j +l�l�wvj+k�f d�¸�g � q t n  j=& � ¸ t �É& w*/á)ÜÌÚ9ø2÷�á9÷W�ÓßWÜ �É&ck�j+g)¸ck  phk�be¸ l� b ��É*}l¶t fhg)& *� q²&¸ t �½& +*Fá(Ü¼Ú9ø2÷�á9÷tÛÌÚ�÷#ØÓø�+*}l � t j �c b�k �cå�� p �� p�k � n  fhp Þá~�<t bed�b�g)k�f  j t j �cq  pEfhg)& *� pFq  j �Õt �É& Q��� &©q±fhd-q²&²k *El� j+g
¢ *E+*Flyt 	êfhd��É& �� j  q Qlyt q²d-jwgÞ&²n  f *�q  pFfhg)& *� p á&%l�Õt �É& ���� &©q±p * g·j+� Ql� pFf gÞ& *h p�j+g �c� &  p��É& t~� q±k l t j �c b�k �c q  p¸ t �½& +* p8q  fhd�¸�g � p /á(Ü¼Ú9ø�÷�á9÷J��ßWÜ á
%D p8f gÞ& *h p6phg �É* & * k l k�p�d  p8¸ t f l� p8¸ t �É& +* pq  q²g �c� d  p á
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á)Ülá/� ¸�g)&cfÅj �Õt �É&  q  p * k �Õtz* k�g � k �Õt j�j  phphk �cl� k � j l &cp  q tµ� p l� ¸ t �É& +*��Ël����� &cqq²d *� f b�k �c phk l�Q��� &©q±phgÞ&²f�j  q²& ¸ t �É& +*iá)Ü¼Ú9ø�÷r÷láãá)Ülá\ p * phg � ¸cf g·j �©t k �p t & * n  fhp=j w*h*� q  p * k �Õtz* k�g �Tá< g)& * j+gÞb�b  ´ % æ ��a/d ´ { 	 t k *}�� phg)f *h �É&  j �Õt �½& =��� &©q t 0 tµ�É* & �c fhg)& *�n  f p lyt q  p * k �Õtµ* k�g � ¸c&ck�p�p  fhd�¸�g � q²f   I& �c q  b tµ� q  q  fhg)& *�Þá�a/d ´ { & * k l k�p d �½t~l� b ��É* & �cF*� j �c� k*�É& �t ¸c¸ �l d  d-j � d t~� j  q  fhg)& *�,� Û+«?¤�©¬ÎiÎ�áE°�¦²Û¨ä�� p �l g �×lytzv�É& �l�l� & �c=��É* f d  q ålyt * t��cl� q  f gÞ& * t��)= è ¸ck�f �t ¸cf � p}& �c ¸�d�f k�g'q  ¸cfhd-q·d *� f b�k v
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� d Þá�×Ôlyt��©� q  j �l�l�wv j+k½& �c q²d-j+g)&²n  f *� q  fhg)& *� q²gÞk * 5 * f ßlyt~� j+d Þá�×Ôl¶t q²kÕD¬d�f �� j q²&Ô¸²fhg * g·j+g l��do� % æ �@l� pF¸cfhg * g'j+g l� p ´ % æ +*\a/d ´ {��cÐ�½t f t~�É* k�php ��É* ¸ t p�q  pj �c b�k � p l� p�¸ l &cp}jwgÞ&cf * p á�%} ¸ �� q tµ�É*A� & �c d+n t~l & tz* k�g � q  p>¸  f�	êg)fhb tµ� j  p Ñ R^] � R@_ Ò¸cf gÞ&²n  �É& ål� p l g ��� &  &²fhpVq  pDf gÞ& *h p q²d-j+g)&²n  f *� pDphg �É*��Õt?� k * & �l�l� b ��É* ¸cf g·j �² pq  j �l�l� p * fhg)&²n½d  p�q tµ� p l� p�¸cfhg * g'j+g l� pl�É&ck©& * k l k�p ��É*}l� p�j �c b�k � p l� p�¸ l &cp}j+g)&cf * p á
�i�Câ ¤³0US"N13@CÅ:<CW5DCEHw0=S�7¼ãQKL3@9�AI0=S

�T p=¸cfhg * g'j+g l� p � 0 � fhk�q  påj+gÞb � k �c��É*ål� p=b�d-j tµ� k�p�b  p�q  f gÞ& * t��) q  p=¸cfhg * g vj+g l� p4¸cfhg t j * k*	¶p w* f d t j * k$	êp áÇ"xl p4& * k l k�p ��½* & � ¸cf g * g·j+g l� ¸cf g t j * k*	 ¸�g)&cfEjwg �c�Õt é * f l� p n½g)k�phk � p �  �q  & è gÞ& * fhg)k�pVp t & * p �}+*=t &�q +l  �q  j +*h*h)> g �c ¸cf d-q²d �©� k �cl� ¸cfhg v* g·j+g l�ã� 0 � fhk�q  & * k l k�p  q  p *� j �c� kC�½&  p>q  ¸cfhg * g'j+g l� pßfhd t j * k*	¶p>¸�g)&cfßq²d-j+gÞ&·n·fhk�f>q  pf gÞ& *h p á��  fhd�p Æt &  p * q·d-j+gÞ&c¸�d �� ¸ l &cphk  &²fhp > g �c p +*ålyt q·d-j+gÞ&²n  f *h q  påfhg)& *� p p *Et k � phk t bed l k�g)fhd Þá %'kß& �³��� &©q×f �ò g)k * & �c f  �É&�5 *h q  f  j �c f�j �c fhd t j * kon 
� k l¸  & * q²d *h fhbek �c fÅphk l¶t q  p * k �Õtz* k�g �³ p * & � q  p  p n½g)k�phk � p � fxÉ~j   l¶t�*h j �c� k*�É& ¸cf g t j * kon  & * k l k�phd  ¸�g)&cf j+g �c�Õt é * f  p  p�n½g)k�phk � p á %'k � g ��� k l ¸  & *rt j �c b�k �c f lyt f wv�½&�5 *� n  fhp l� p t & * f  p > g �c pWp tµ� pWk�b�¸ l k*�É&  f l� p ��� &©q²pW¸ t f * k�j+k�¸ tµ�É* pQq tµ� pQp t
> g �cÞá»%} p4¸cfhg * g'j+g l� p4pA� t q t ¸ *h��É*'� k ��Ôt & è � f t~� q²p4f d�p -t & è b t k�p4k l p4g �½*�t &cphp�k�� ¸ t f * k El� p�k � j+g � n½d � k ��½* p�q  p�¸cf g * g·j+g l� p�¸cf g t j * k$	êp w* fhd t j * k$	êp , ¸ t f  è  be¸ l�l� j+g¢ * q  q²d-j+g)&²n  f *h q r� g)&²n +l�l� p=f gÞ& *h p=f  p *� k�b�¸�g)f *;tµ�É*Æá
�ba�äia�c åÍkJ¦ihÙ�ukJg³jm¥�¦¨¿æ��²mk�jHkb¬�kJe

�T ¸cfhg * g'j+g l�{ç»«@±2Îâáã«?¤�©Í¦²±�³��#Ûx«?©¬«A®x«
ËÂÑ6W�S@Ò ¸  & * 5 * f  j lyt p�phdVj+g)b�b  ¸cf g * g·j+g l�q  fhg)& *;t?�)ã� 0 � fhk�q  fhd t j * k*	 � ¸cf g t j * k$	 á�% g)b�b  phg ��� g)b l � k � q·kC�É& � k lc p *��Õt phdVp�&²fl� j+g � j  ¸ * q  p > g �c p �ª�Ê� &cf FW²á ] �wá m �c9> g �² q  fhg)& *;t?�)U p * q²d �©� k  ¸�g)&cf>j �Õt �É& ��� &cq +* l� p > g �c p q  p ��� &©q²p}n½g)k�phk � pDp  f  jwgÞ&²n·f ��É*-á�a k � phk �'lyt7> g �c q�� & ����� &©qk � j l & *Ul� p ��� &©q²pã�É&ckËp�g �É*  Fb�g)k � pUq  ρ p t & * p á��  p ��� &©q²pUq tµ� pU& �c)> g �c phg �½*q²kon·k�phd�p ��°��� &©q²p�¸¬d+fhk�¸ � d�fhk*�É&  p +*W��� &©q²pWk �É* d�fhk  &cfhp á#�8t f  è  b�¸ l�� q tµ� p lyt
�Ê� &cf ÐWcá ] �<l� p ��� &cq²p ���� f k�p 6 � 7 +* 8

phg �É* q  p ��� &©q²pF¸�d�fhk�¸ � d�f kC�½&  p +*Fl� p��� &cq²p 1 � 2 � 3 � 4 +* 5
p�g �É* q  p ��� &©q·p=k �É* d+fhk  &cfhpU¸�gÞ&cf lyt\> g �c q²& ��� &©q S á�T ¸cf g * g·j+g l� h æ � & * k l k�p  & � ¸cf g * g·j+g l� ¸cf g t j * k$	 l g'j t~lUt ¸c¸ �l d û+±�©ÍÛ�æ)ÙëÞA«?±2Î

á9«?¤�©Í¦²±�³t�lÛ+«�©¬«A®x«�Ë1vÍû æoá³��z ¸¬g)&cf l� f gÞ& * t��) n  fhp l� pßq  p * k �Õtz* k�g � pÓ�É&²k·p }* fhg)&²n ��É* l � k �É* d�fhk  &cf q ål¶t(> g �c�+* & �It & * f  ¸cf g * g·j+g l� t ¸c¸ �l d û+±�©²÷lÛ^ÙëÞA«@±2Î/áã«?¤�©Í¦²±�³¼�#Ûx«?Ù
©¬«�®x«
Ë<vÍû1÷#á³��z ¸�gÞ&²f l� fhg)& *;t?�Þ fhd t j * k$	 ��É* f Ål� p > g �c p áÊ�T 	 t k * �É& ÅlytF* g)¸�g l g � k q�� & �c;> g �²�l g·j t~l� phg)k * j+g �²� & � ¸  fhb +*  h æ � q F�c ¸ t p & * k l k�p  f q  q²kÕDË&²p�k�g �¸�g)&cf}q²d�j+gÞ&²n'fhk�f�& �c fhg)& *�Ul g'j tµl�)á·sut k�pl�É& tµ� q�& �c q²d�j+gÞ&²n  f *hF�Þl g �Õt~l� q  f gÞ& *h
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^#ÈM_ ¼ W²á ] � h g �c q  fhg)& *;t?�Þ4t n  j ρ = 2

 p *D� d-j  php t k�f � h æ � & * k l k�p ål� j+g � j  ¸ * q �¥x«@ÛxÏ�Î¨Ûx®xÌAE© á�%} p  f n·kyj  q  f gÞ& * t��)å p *	êg)&cf � k ¸ t f l� ¸cfhg * g'j+g l� q  fhd�phg l & * k�g ��p/«?Û+Ï�ÎEÛ+®xÌ@E©èvTp�á³��z~áÓ%}�l &ck v j+k & * k l k�p Il� pk � 	êgÞf b tz* k�g � p�ph&cf lyte* g)¸�g l g � k  	¶gÞ&cf � k  p�¸ t f "üa æ � ¸�gÞ&²f�j+g � p * fh&ck�f 4l¶t�l k�p *� q  p��� &©q²p}¸�d�fhk�¸ � d�fhk*�É&  p t k � phk��É& ålyt 	 t
ò g � q ål� p tµ* *� k � q²f Þá�3 æ �  p * & * k l k�phdå¸�gÞ&cft j �c b�k �c f l¶t q²kÕDË&cphk�g � q  p=f  �É&�5 *h p=q  q²d�j+gÞ&²n  f *h q  fhg)& *� p=q t~� p l� f d�p -t & á´ t~� p4& � f d�p Æt & t q � g·j � g � ¸  & * ph&c¸c¸�g)p  f;�É& Qlyt ¸ l &cp � f tµ� q  ¸ t f * k  q²&* f t@� j  p * q·k�f k � d  n  fhprq  p ��� &©q²prnÞgÞk�phk � p á ´ tµ� p4& �c£> g �c�l k�bek * d �Tl � ��½* f +* k +�q  l � k � 	êg)fhb tµ* k�g � q  f gÞ& *;t��)� p * ¸ l &cp9	 t j+k l�)á ´  ¸ l &cp �²lyt �É& tµ�É* k * dÅq �l � k � 	¶gÞf b tzv* k�g � q  fhg)& *;t?�) �É&ck � �  p * ( t b t k�pV& * k l k�phd   p * fhd-q²&ck *hrt &Ib�k � k�bE&cb á��T p ��� &©q²p¸ l &cp l g)k �½*;t k � p ¸  &·n ��É* 5 * f etz*h*� k �É* p t n  j l� fhg)& *;t?�) fhd t j * k$	 á2� &ck�p+�É& E* g)&cp l� p��� &©q²pVp * g·j+� ��É* q  b t~� k � f  ¸cf g t j * kon  l � k � 	¶gÞfhb tµ* k�g �1l g'j tµl� q  f gÞ& * t��)�·l� pUq wvb tµ� q  prq  f gÞ& *h pÅ¸  &²n ��É* 5 * f  	 t k *� pÅ¸ l &cp  iWj t j  b ��É* p tµ� pÅk �É*� fhfhg �Þ f * gÞ&²pl� p ��� &©q²pVq²&�fhd�p Æt & á��T j+gÞb�¸�g)f *h b ��É* q  h æ �Ô p *Ut q t ¸ * tµ* k*	 +* k l q²d�¸ �� qIq l¶t j+g ����� &cf tµ* k�g � j+g)&cf tµ�É*� q²&Lfhd�p Æt & +* q²&�j+g)b�¸�g)f *h b ��É* q  p=& * k l k�p tµ*h &cfhp á

�i�Né ��MUS ?IJ M
< g)&cp l� p=¸cfhg * g'j+g l� på¸cf d�p ��É* d�påq tµ� p�j  j �Õt ¸ck * f  phg �É* q²k�p * f k � &cd+p áÊa k � phk ��t & vj+& ��� �  p * q²d+¸ �� q t~�½* q�� & �c k � 	¶f t p * fh&©j * &cf .� è 1+* k l pe¸  &²n ��É* p�� t q t ¸ *h f t & èj �Õtµ���Þ b ��É* pVq å* g)¸�g l g � k Þá��8t fhb�k¬j  p ¸cfhg * g'j+g l� p �Êdo� % æ ��a!d ´ { +* h æ � phg �½*l� p�¸cf  b�k  f p=�É&ck@g �É* 	 t k *�l � g � ( +* q�� & � æ 8»% �¬áãÎx§¨¤�Î¨E©#ýÂ«?Ûêq#«?¯;¯iÎE±�©²?�wá2do� % æt\�� phg)k � q�� d-j �Õt~���) p=¸�d�f k�g'q²k*�É&  påq  b  php t��) p=q  j+g �É* f�� l�� ¸�gÞ&²fUb t k �½*��� k�f l� pfhg)& *� pVn  f p=j �Õt �É& r��� &©q do� % æ q²&Lfhd+p Æt & á
a!d ´ { ¸  & * 5 * f  j+g � phkyq²d�f dVj+g)b�b }l¶t n  fhphk�g � fhd t j * k�n  q²&�¸cf g * g·j+g l� ´ % ´ {�á
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a/d ´ { & * k l k�p  & � b�d-j tµ� k�p�b  q  q²d�j+gÞ&²n  f *h q  fhg)& *� p�phk�b�k lyt k�f   ´ % æ � b t k�p& � ¸ t �É& +* ´ % æ q²gÞk * j+g �É*�+� k�f * gÞ& *�Ql � k � 	êg)fhb tz* k�g � q²&±fhg)& *;t?�Þ�T*;tµ� q²k�p\�½&�� & �¸ t �É& +*£a/d ´ { j+g �É* k ��½* p  & l� b ��É*�l � t q²f  php  q 1lyt q  p * k �Õtz* k�g �Tá ´ % æ q  p�g �j+g * d  p * ¸cf d+n·&ª¸�g)&cf�q  pLfhd�p Æt & è gì l� p ��� &©q²p�beg � k l� p�p  q²d�¸ lyt j ��É*ut n  jq  p n·k *� php  pVb�g'q²d�fhd  pV¸ t f f t ¸²¸�gÞf *  lytEl¶tz*��� j  q  p * f t~� phb�k�phphk�g � q  p ¸ t �É& w* p áç ���©��� h æ � q²kon·k�p �l� f d�p Æt & +� q²k$D¬d�f +�É*� p > g �c p áÓ%}+*h*h1t ¸c¸cfhg'j �c ¸  & * 5 * f t ¸c¸cfhg)¸cf k�d  ¸�gÞ&²f l� p * gÞ¸�g l g � k  p�q �� f t~� q L*;t k l�l�ÞáU×®l � k �É* d�fhk  &cfQq  p > g �c p �>l�f gÞ& * t��)r p * ¸cfhg t j * k$	 * t~� q²k�p!�É&�� ��É* f rl� p > g �c påk l  p * f d t j * k$	 t n  j ��Æt &©j+g)&c¸uq phk�b�k l¶t fhk * d+p t n  j a!d ´ {Z+* ´ % æ á
�<t * t��cl�/W²á R fhd+p�&cb =l� p�¸cfhk � j+k�¸ tµl� p}j t f t j * d�fhk�p * k*�É&  pDq  p�¸cfhg * g'j+g l� p�¸cfhd�p ��·v* d�påq t~� p=j  j �Õt ¸ck * f Þá

ë VT2SBE2@;=2/5:9�Kì 5í,SKTKT9 ë VT2�,S;CBO8ZîïK ð�D�,S;CBO86îñK ò�]@F�VE8ZP@9ó 2/ô õ<ö�õÒ÷ øyùmö�ð 0�ú1ð ë±û õ<ö�ð ü�øõÒ÷ ý&ð ëõy8ZKMBEVE86F?X@D 2/X�8 2/X�8 2/X�8 2/X�8 2/X�8 2!X?8ö�,S>�KÒF(2!X?;�5:9 2/X�8 2/X�8 2/X�8 2/X�8 2/X�8 2!X?8ë 5ZX�KT869AX@VOKVE2!X@BE9AK 4&2/K�þKE8:FR5:9AK
>@2/> >@2/> >@2/> 2/X�8 >@2/> 2!X?8

ÿ 9AKTKO,Y7!9AK P@9;�2/>!BEV � 5:9Ý4&D=þVO8:2@P�8���X@9�K
2/X�8 2/X�8 2/X�8 >@2/> >@2/> 2!X?8

ì \�2/8 � P@9AKVE2!X@BE9AK ë 56X?K;=2/X@VTB;O\�9Aô'8Z>
ë 56X?K;=2/X�V�B;C\@9Aô'8Z>

ë 5ZX�K;=2/X@V�B;O\@9�ô'86>
ë 56X?K;=2/X�V�B;C\@9Aô'8Z> �

ë 56X?K;=2/X@V�B;O\�9Aô'8Z> �
ë 5ZX�K;=2/X@V�B;O\@9Aôb86>��ð�D�,S;CBO862!>³I�5í,ô'2!F?865Z8 BED � >�îï2!VEôL9�VÝP��¡,YX@BEVT9AKÝ>@�<X?P�K4&2/X@V·ôb,S8Z>!BE9A>?8:V·X�>�9�BC,YF?5691P@9VT2/X�BC,Y7!9<;=2/\@DAVT9A>!BE9

� BO865Z86KT9A>!B1P�9AK�P�DA;=2/X�þ	 9�V�BE9AK�P@9�VE2!X@BE9AK ì 2!ôJF?8Z>?,S86K�þ2!> P@9AKP@9AX��
j ¹ � ¼ W²á R � % t f t j * d�fhk�p * k*�É&  påq  pU¸cf g * g·j+g l� p�q  fhg)& *;t?�Þ4t q � g'j

� ë ,SK�îï2SVO;=DAôL9�>!B�2!F@BE9A>�X�
��øX?8ÐP?,S>�K�5Z,��2/>�9<562�;A,S569��?ô³,S86KÒ4&,YK�îí2!VE;=D�ôL9A>/B�9A>tP@9�\@2!VEK�
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m � ¸²fhg * g·j+g l� q²g)k * 5 * f F è t bek � d�q tµ� pÅq  pÅj+g � q²k * k�g � pÅf d tµl k�p *� p�¸cf ��Õtµ�É* ��j+g)b�¸ *� � b t k�pW¸ t p l k�b�k * d  p. � & �c�> g �c q L* f t~� phb�k�phphk�g � n t f k t?�cl���� f t k�phg �q�� & �c ¸�g)php�k �cl� ¸²fhd�p �� j  q�� g � p *;t j l� p �'l �  ph¸ t j  bed�b�g)k�f �l k�bek * d�¸�gÞ&cf l� p * g·j+� t?�Þq  pUb  p�p t?�Þ p � q  pUbeg·q ��l� p=q �* f t?� j q  q²g �c� d  p �²+* q  pVb�g)&²n  b ��½* pVfhd t~l k�p *h pq  p ��� &©q²p�b�g � k l� p � j
�  p * v  v q²k�f � & � b�g'q ��l� q  b�g � k l k * d áÓ"xlV è k�p *� ¸ l &cphk  &cfhpb�g·q ��l� p>q  b�g � k l k * dã�É&ck²f  ¸²fhd�p ��É*�+�É*>l� p ��� &©q²pßb�g � k l� p>q²g �É*>l� pßb�g)&²n  b ��½* pphg �É* k � q·d�¸ �� q tµ�É* p l� p8& � p8q  p t & * f  p � Þá6�©á b�g·q ��l� p8q  b�g � k l k * dVq�� ��É* k * d �xÎE±�©ª¦ª©Íä
¯i«�¥¨¦ÍËU¦ª©ªä4¯i«AÏÎ�ËX?��+* ¸ l &cphk  &cf pEb�g'q ��l� p4f  ¸²fhd�p ��É* t~�É*4l� p ��� &©q²prb�g � k l� pEq²g �É*l� p}b�gÞ&²n  b ��É* p}q²d�¸ �� q ��É*Dl� p}& � p}q  p t & * f  p t ¸c¸ �l d�p}b�g'q ��l� p q  b�g � k l k * d�q 
� f gÞ&c¸ ��ü³�Û+«?¤A°´¯�«�¥E¦ÍËU¦²©Íä�¯i«AÏÎ�ËX?�;á

%} j �Õt ¸ck * f  ¸cfhd�p ��É*h�l� pDb�g'q ��l� pVq  b�g � k l k * d  è k�p * t~�½* pD& * k l k�phd�p ¸�g)&cf l � d+n tzvl & tµ* k�g � q  pE¸  f1	êgÞf b tµ� j  pFq�� & � ¸cf g * g·j+g l� q  fhg)& *;t?�)It q � g·j áÇ�<t p  j * k�g � ] áXT¸cfhd�p ��É*hFl� p b�g'q ��l� pÅq  beg � k l k * deq2� ��É* k * d ��* t~� q·k�p=�É& Flyt p  j * k�g � ] á}W ¸cf d�p ��É*�l� pFb�g'q ��l� p�q  b�g � k l k * d�q i� f gÞ&c¸ )á < g)&cpFj  pFbeg·q ��l� pEphg �É* k l�l &cp * f d�pF¸ t fFq  p
�Ê� &²f  p á ç ���©��� & �c q²k�p�j+&cphphk�g � p�&²f8j  p8b�g·q ��l� p  p * ¸cf d�p +�É* d  q t~� p lyt p  j * k�g � ] á ]t k � phkÂ�É&�� & �1*;t?�cl�-t &Lfhd-j t ¸ck * & lytµ* k*	6q  påj t f t j * d+fhk�p * kC�½&  påq  j  pUb�g·q ��l� p á
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â.��� � CWA��UH+0US"A10�J C4KL9�H+9;:@M
a/�©� q  p�k�bF& l� frj+gÞb�¸ l*�+*h b ��É* & �³� gÞ&²n Æt &³¸cfhg * g'j+g l� ¸�g)&cfr& � fhd�p Æt & t q

� g'j � k l8 p * k�b�¸�d+f tz* k$	Dq�� & * k l k�p  f & � b�g·q ��l� q  beg � k l k * d£�É&ck6f  ¸cf d�p +�É*�� è t j *�wvb ��É*�l� p ��� &©q²p�b�g � k l� pl�½&ck l � & * k l k�p  f g �É* ¸ t f lyt p�&ck *hÞá�% �  p * p  & l� b ��É* q tµ� p}j * 0·¸  q  p jwd �Õt f k�g£�É&�� k l� p * ¸�g)php�k �cl� q  q²d *� f b�k �c fUphk l� ¸cfhg * g'j+g l� ¸cfhg)¸�gÞphdÅp  f t& * k l� �½& t~� qIk l p  f t b�k�p ��è� &²n·f Þá�a j * & �l�l� b ��É* k l 0 t q  & è * 0·¸  p=q  b�g'q ��l� pq  b�g � k l k * d & * k l k�p�d+p>q tµ� p lyt p�k�bF& lytz* k�g � q  p8fhd�p Æt & è � ¸ t p6p  & l� b ��É* q  p8fhd�p Æt & èt q � g·j ��,
� b�g·q ��l� påq  * f t j  p �1©ªÛxÌ�®xÎ)¯i«�Ï�Î�ËX?�¨�
� b�g·q ��l� p=p�0 �É*+� d * kC�½&  p �`¨ä�±Ê©ªç�Î^©Í¦�®)¯i«�Ï�Î�ËX?�;á
�T p�b�g'q ��l� pDq U* f t j  p>p�g �É*�l� p�b�g'q ��l� pDq  b�g � k l k * d/�½&ck©p�g �É* g � p  f n½d+p}q t~� pl� p p10·p *+� b  p�fhd �l p á��T p * f t j  po	êgÞ&²f � k�php ��½* q  p k � 	¶gÞf b tz* k�g � p ¸cf d-j+k�p  p � ¸ t f * k�j+& vl k � f  b ��É* �É& t~� q +l�l� p k�b�¸ l k*�É& ��½* & �¡� f tµ� q � gÞb � f  q  ¸ t f * kyj+k�¸ tµ�É* p ¸ �� q tµ�É*& �² ¸�d�fhk�g·q  q�� g � p  f n tz* k�g �Pl g ��� & Þá�%} ¸ �� q tµ�É*�� q F� g)&²n Æt & è �� n'k�f g �c�c b ��É* pq  f d�p Æt & � ¸ t f  è  be¸ l� l� pUf d�p Æt & è t q � g·j �}�c p�g �É* ¸ t p9	 t j+k l� b ��É* beg·q²d l k�phd�pphk l� p * f t j  p � � g �½* ¸ t pQd * d �� j+g)f  j+fhd�d  p á ´ tµ� p�j �* 0·¸  q  phk * & tz* k�g ��� k lU p *� d�j  php t k�f  q�� & * k l k�p  f l� pÅb�g'q ��l� pÅp10 �É*�� d * k*�É&  p(�É&ck  p�p t k ��É* q  f  ¸cf d�p ��É*� f l� pj+g)b�¸�g)f *h b ��É* p=q  p ��� &©q²pUb�g � k l� pUp tµ� p l � & * k l k�p tz* k�g � q  p * f t j  p ám � b�g'q ��l� q  b�g � k l k * d³q²gÞk *� p�p t 0  fLq�� k�bek *h f l� pLb�g)&²n  b ��É* pLq  n·f t k�p��� &cq²p<beg � k l� p áA�T p<j �Õtµ���) b ��É* p<q  n·k *� php >+* q  q²k�f  j * k�g � q²gÞkon +�É* p  ¸cf g·q²&ck�f q tµ� pßq  pß¸�d�f k�g'q  p>q D*h b�¸cp8f t k�p�g �c�Õt?�cl� p á�8t f  è  b�¸ l��~� g)&cp �² n½gÞ&cq²fhk�g � p8¸ t p�½&�� & �×��� &©qÀb�g � k l� p  q²d�¸ lyt j  ph&cfrq  p l k �)�c p4q²fhg)k *� p7 �n·k *� php  j+g � p * t~�É*hQt &j+g)&cf p=q  l¶t phk�bF& lytz* k�g �I* gÞ& *� ��É* k � f  j t f l� pVn·f t k�p ��� &©q²pUb�g � k l� p �c p  q²d�¸ lytÆvj  f t k ��½* ¸ t påq2� & �c 	 t
ò g � phk�f  p * f  k �½*�Þá·{ gÞk�j+k l� pUp  ¸ * beg·q ��l� pUp10 �É*+� d * k*�É&  p=q beg � k l k * deq�� ��½* k * d�¸�g)&cf l� p f d�p Æt & è t q � g'j �`¨ä?±�©ªç�Î^©Í¦ë®iÎE±�©Í¦²©Íäè¯�«�¥E¦ÍËX¦ª©Íäè¯i«�Ï�Î�ËX?��½&ckTp  fhg �É* ¸cfhd�p ��É* d�p ,
� õ´«AÏ���ËÕÎ�Ï�Î4¯i«�¥¨¦ÍËU¦ª©¬Ô�ÏÎ�°�Û+«?¯iÎ¨±2Ì�Ï�Î´Ì
Ë$ÔxÌ?©¬«?¦²Û+Îð, & � beg·q ��l� q  b�g � k l k * dphk�b�¸ l� �É&ckTj � gÞk�phk * q  p=q²k�f  j * k�g � p +* q  pVn·k *� php  påq  	 t
ò g ��t~l d tz* g)k�f Þá
� õ´«AÏ���ËÕÎ;Ï�Î)¯i«¥E¦ÍËU¦ª©üÔ\ÏÎâ°�Ûx«@¯iÎE±�Ì�Ï�Î;Ì
ËÕÔxÌ�©¬«?¦ÝÛxÎ;Ì ) Îx®�°ÊÌ?¤��Îe, & � beg·q ��l� �É&ckk � j l & * q  pU¸ t &²p  p ��É* f Ål� påj �Õt~���) b ��½* p=q  q²k�f  j * k�g ��+* q  n'k *h php )á
� õ´«AÏ���ËÕÎãÏÎl¯�«�¥E¦ªËU¦ª©¬Ô9Ï�Î9Ï?¦²Û+Îx®^©Í¦ë«?±ÐÌ�Ë$ÔxÌ�©¬«?¦ÝÛxÎ=, & � beg·q ��l� �É&ck	êg)f�j >l� p ��� &©q²pb�g � k l� po ep  q²d�¸ lyt j  f=n  f p l� p � g)f�q²påq²&�p  j *h &cfåq  phk�bF& lytz* k�g �ut n tµ�É* q j �Õtµ���Þ fåq  q²k�f  j * k�g �L+* q  n·k *� php Þá
� ßÇÎo¯�«AÏ���Ë$Î7Ï�Îo¯i«¥E¦ÍËU¦²©¬Ô'Ï�Ì?±�!¤�±2ÎoÛxÔü³�¦ë«?±¡Ï�Î!¨¦²¯\¤�Ë$Ì�©Í¦ë«?±4¦ÍËÝËU¦²¯;¦ª©¬ÔxÎe, & � b�g v
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q ��l� �É&ck¬j+g � n  f * k * & � p  j *� &cf T ´ f  j *;tµ��� & l¶t k�f  q  phk�bF& lytz* k�g ��+� p  j *h &cfq  phk�bF& lytµ* k�g ���� 	¶gÞf b  q  * g)f �� ©¬«?Û+Î^Ù�xç�Ìx°ÊÎ+ÏÊ�;á
� ßÇÎ ¯i«AÏ���Ë$ÎuÏ�Î�¯�«�¥E¦ÍËX¦ª©¬ÔuÏ�Î ÿFÌ?¤�xEÙ�õ´Ì@Û¨à« ) , & � b�g'q ��l� �É&²k & * k l k�p  & �¸ t f t b �+* f  q�� t j�j+g)f�qu¸�gÞ&cf j �Õtµ���Þ f l � t ph¸  j *4tµl d tµ* gÞk�f  q tµ� p l� b�g·q �+l� q b�g � k l k * d á
� ßÇÌ ) ÎEÛx¨¦ë«?±.°�Û+«�¥xÌ�¥E¦ÍËX¦ÝE©¬Î£Ï?¤ ¯i«AÏ��^Ë$Î�ÏÎ/°�Û+«?¯�ÎE±2Ì�Ï�Î£Ì�Ë$ÔxÌ�©¬«?¦ÝÛxÎ�, & � b�g'q ��l��É&ckD& * k l k�p  & �ð�� p  b �cl� q  ¸cfhg �Õt?� k l k * d�p�¸¬g)&cfeq²d *� fhbek �c f lyt ¸cf g·j �Õt k �c¸�g)p�k * k�g � q�� & ����� &cqLb�g � k l�)á
� ßÇÎ\¯�«AÏ���Ë$ÎiÏ�Î\¯i«�¥E¦ªËU¦ª©¬ÔÐÏ�Î¨'�Îx®^©ª¦�«?±��Ï�Î ) ¦ÍË²ËÕÎ�, & � p  j *� &cfÅq  p�k�bF& l¶tz* k�g ��É&ck�f  ¸cf d�p ��É*�Ål� pUfh&  p=q tµ� p=& �c n·k l�l�Þá
� g)&cf�phk�bF& l� f�& � fhd+p -t & t q � g·j � k l  è k�p *�Lt &cphphkVq  peb�g'q ��l� p�q  beg � k l k * dq '� f gÞ&c¸ .�ü³�Û+«?¤A° ¯�«�¥E¦ÍËX¦ª©ÍäÐ¯i«AÏ�Î^ËX?� �É&ck@¸  fhb +* *���É* q  p�k�bF& l� f�q  p�p�k * & tz* k�g � pgì l� p�q²d-j+k�phk�g � peq  p ��� &©q²p�q²d�¸ �� q ��½* q  p t & * f  p ��� &cq²p�beg � k l� peq²&Ôb�5�b 

� f gÞ&c¸ )ác{ g)kyj+k��É& �l �É&  p=& � påq  j  p=b�g'q ��l� p ,
� ßÇÎF¯�«AÏ���Ë$Î=Î�áE°Ê«?±2Î¨±�©Í¦�Î�Ë�Ì
Ë$ÔxÌ�©ü«?¦²Û+Î)®x«?Û¨Û+Ô�Ë$Ô4, j
�  p * & � b�g'q ��l� q  b�g � k l k * dåq 
� fhg)&c¸  �É&ckË& * k l k�p  & �c 	êg � j * k�g � b tµ*�� d�b tz* k*�É&  ¸�g)&cf � d � d�f  f l� pUb�g)&²n wvb ��É* p=q  	 t�ò g � j+g)fhf d l d Þá

� ßÇÎ\¯�«AÏ���ËÕÎÐÏ�Î\¯�«�¥E¦ÍËX¦ª©¬ÔiÏ�ÎÐ®x«�Ë$«?±Ê±�ÎL, j��  p * & � b�g'q ��l� g
ì l � +� p  b �cl� q  p��� &©q²prbeg � k l� p(	êg)fhb +�É* & �c jwg l g �c�²�+* p  q²d�¸ lyt j ��É* & � k*	¶gÞf b�d�b ��É*r��t n tµ�É* q t~� p=& �c q²k�f  j * k�g � ¸ t f * kyj+& l k � f )á
� ßÇÎi¯i«AÏ��^Ë$Î�Ï�ÎÐ¯i«¥E¦ÍËU¦²©¬Ô4Ï�Î�®x«@¯\¯;¤�±2Ì?¤�©¬ÔÐ±2«?¯�Ì�Ï�ÎÀ, q tµ� pej  b�g'q ��l�� & ��� p  b �cl� q Q��� &©q²pEbeg � k l� pFp  q²d�¸ lyt j ��É*F�� p  b �cl� q�� & �±�� q²fhg)k *  �& �t & * f Þá
� ßÇÎ4¯�«AÏ���Ë$Î´Ï�Î4¯�«�¥E¦ÍËU¦²©¬Ô�Ï�Î£°Ê«?¤�Û¨¨¤�¦ª©¬ÎÔ, & � b�g'q ��l� g
ì¦& �¦�� p  b �cl� q ��� &©q²pUb�g � k l� p=ph&ckon ��½* & �c j+k �cl� ¸ t f * k�j+& l k � f Þá
� ßÇÎè¯i«AÏ���Ë$Î�Ï�Îè¯i«�¥¨¦ÍËU¦ª©¬Ô�Ï�� ¤�±|³�Û+«?¤@°�Î�Ì ) Î+®\°Ê«?¦²±Ê©\Ï�Î,Û+Ô� ^ÔEÛxÎE±�®xÎ±, q tµ� pQj b�g'q ��l�� & �|� fhg)&c¸  q L��� &©q²pWph&ck *Wl� j �c b�k � ¸ t f�j+g)&cfh&�¸ t f�& � j ��É* f 
� ��� &©q �Dl g � kC�½&  q²& � fhgÞ&²¸ Þá

â.�+ó ¤±0US�J CWA��UH+0US�A10�J C4KL9�H�9;:<M�A³¥ø0U.F:@9;:<M
%}+*h*� p  j * k�g ��� ¸cfhd+p ��½*��l� pÅp  ¸ * beg·q ��l� prq  b�g � k l k * d�q�� ��½* k * d��É&ck6g �½* d * d¸cfhg)¸�gÞphd�p8¸�gÞ&cf l � d+n tµl & tµ* k�g � q  p8¸  f�	êg)fhb t~� j  p>q�� & � ¸cf g * g·j+g l� q  fhd+p Æt & t q � g·j á

�T pFq  & è ¸cf  bek  f pEb�g'q ��l� pE¸cfhd�p ��½* d�p � l� b�g·q ��l� q  ¸cf gÞb +�Õt q �t~l d tz* g)k�f Q+*l� beg·q ��l� q  b�g � k l k * d q  ¸cfhg)b ��Õt q Åtµl d tz* g)k�f Åt n  j�¸ t &cp  phg �É* ¸ t fhb�k l� p ¸ l &cp
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& * k l k�phd�p t j * & �l�l� b ��É*-á

ä¨aT`ba�c ��hÙ¸Ýk³���e=hÙihÙ¸wk��t¥�e=¥Oj��¾ih°µQ²mkJ¸Ýh�¦¨§JihÙ§Ue ��§�jHkJ¥C²mh
�T b�g·q �+l� q  b�g � k l k * duq  ¸²fhg)b ��Õt q Àtµl d tµ* gÞk�f �� g * d æ � sus �¬áãÌ@±2Ï�«?¯

%\Ì
ËXà õ´«�¥E¦ÍËX¦ª©ÍäBõ´«AÏ�Î�Ëª��Ñ R S?Ò4t d * d³q²d-j+fhk * ¸�g)&cf l¶t ¸cf  bek � f  	êgÞk�p�b tµ*�� d�b tz* k v�½&  b ��É* ¸ t f ç k � p *h k �ð�� R�b T
g²áÓ� &ck�p+�É& .�¬-t &©j+g)&c¸�q�� +�É* k * d�peq t~� p l¶t��Õtµ* &cf p  q²d�¸ l¶t j ��½* q  b t~� k � f I è * f15�b  b ��½* k�b�¸cfhdwn·k�phk �cl��8l� æ � sPs t d * dLq²dwn wvl g)¸c¸�då¸�g)&cf�k�b�k *� f�j  b�gÞ&²n  b ��É*� fhf tz* k*�É& Þá ´ tµ� p}j  b�g'q ��l�
� & �W��� &©q�b�g � k l�p  q²d+¸ l¶t j  q  phg �¦�� q²f gÞk *�t j * & �l  & �¦� g)&²n +l��� q²fhg)k *1�� j � g)k�phk�php t~�É*Lt~l d tÆv* gÞk�f  b ��É* & �c q²k�f  j * k�g � +* & �c n'k *h php  q  q²d�¸ lyt j  b ��É*Æá/�T p � g)&²n �l�l� p�n·k v*h php �+* q·k�f  j * k�g � phg �É*W* gÞ& *h p l� p�q  & è j � gÞk�phk  p�q t~� pQq  pQk �É*� f n tµl�l� pQ¸cfhd-q²d v
�©� k�p � [speedmin..speedmax] +* [0..2π]

f  p�¸  j * kon  b ��½*Æá�%��Õt �É&  b�gÞ&²n  b ��É*p  ¸cf g·q²&ck *Åt &Pj+g)&cfhp�q�� & � k �½*� f n tµl�l� q 4*� be¸cp�j+g � p *;t~�½* t g)&uph&cfå& �c q²k�p * t~� j j+g � p *;tµ�É*� d * f t n  f p�d  t &Iq �l  Eq  p+�É& +l pD& �c�� g)&²n �l�l� q²k�f  j * k�g ��+* & �c�� g)&²n �l�l�n'k *h php  phg �½* j � g)k�phk  p á %'k6& �À��� &©qÀb�g � k l� �É&ck8p  q²d�¸ lyt j  p �l g � j  b�g'q ��l�Wt f vf k�n   lyt 	êf g �½* k � f  q Qlyt�> g �c q  phk�bE& l¶tz* k�g ��� k l f �� g � q²k * jwg �É* f Q�l�l�1t n  jW& �tµ���)l� q²d *h fhb�k � d�¸ t f l¶t q²k�f  j * k�g � q�� k � j+k�q �� j ÞáÂ� e��� &©q×b�g � k l� jwg �É* k � &  p�g �q²d+¸ l¶t j  b +�É* ph&ckon t~�É* j Å� gÞ&²n Æt &�j �c b�k � j+g)b�b  l� b�g �É* f Ålyt;�Ê� &cf  ] á R á

Frontière
de la zone

^#ÈM_ ¼ ] á R � s g·q �+l� q  b�g � k l k * d4q  ¸cf gÞb ��©t q 4tµl d tz* g)k�f 
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�T b�g·q �+l�âTÆv ´ q  æ � sus� p * & � b�g·q �+l��l¶t f �) b ��É* f d�¸ tµ� q²& +* & * k l k�phd Ñ}W Y Ò��+* j+g �c� &�¸ t f�	¶gÞk�p=phg)&cp l�Å� gÞb q²& ¯�«?¤ ) ÎE¯�ÎE±�©UpâÛ+«?ùÓ±Ê¦ëÎE±Õá�� gÞ&²fUphg � & * k l k�p tz* k�g ���l� b�g'q ��l�� p * ¸ t f�	êg)k�p�phk�b�¸ l k � d ál%} b�g'q ��l�� p * p tµ� p�b�d�b�g)k�f  j t f lyt n·k *� p�p +*Elyt q²k�f  j * k�g � j+g)&cf tµ�É*� pFq�� & � ��� &©q³b�g � k l� phg �É* k � q·d�¸ �� q tµ�É*� pFq  p4n·k *� p�p +* q²k�f  j * k�g � ¸cfhd-j+d�q ��É*� p áÓ%} j+kD¸  & * ¸cfhg'q²&ck�f  q  pFb�gÞ&·n  b ��½* pF¸  &Ôfhd t~l k�p *h p*��l p7�É&  q  p t f f�5 * prphg)&©q t k � p +* q  prf +* gÞ&²fhp7 t~���Þl�Qt k � & � nÞgÞk�f lytÐ�Ê� &cf  ] á R �;á´ � t & * f  p8b�g'q ��l� p �~*h�l p��É&  l� b�g'q ��l� q  beg � k l k * dUq F�Åt &cphp v sut f��)gzn4f  ¸cf d�p ��É* d lyt p  j * k�g � ] áUT·áUS�� ¸  &²n ��É* j+g)fhf k �) f=j  p t~� g)b tµl k  p á
äiaT`baT` ��h ¸wkb!��e=h ¨h ¸wk"�Q¥�e�¥Ej#� ih µQ²mkJ¸Ýh�¦i§Uih §Ue ��§�jHkJ¥C²mh

§�ÑJh�¬�µQ§Jgi¤3h
�T b�g'q ��l� q  b�g � k l k * drq  ¸cfhg)b ��Õt q Etµl d tz* gÞk�f Et n  j ¸ t &cp r� g * d æ � ¸ sPs

�`á9Ì?±2Ï�«@¯ %�Ì?äx°Ê«?¦²±Ê©�õ´«¥E¦ÍËU¦²©Íä£õ¡«AÏ�Î�Ëª�oÑ R S@Ò k � j l & * q  p *h b�¸cpUq  ¸ t &cp Å��É* f  l� pj �Õtµ���Þ b ��É* p�q  q²k�f  j * k�g �u+*!� g)&Àq  n'k *h php ÐÑ ] T?Ò|á m ����� &©q�b�g � k l� j+gÞbeb �� j ���tµ* *��� q tµ�É* q t~� pU& �L�� q²fhg)k * ¸ �� q tµ�É* & �c j  f *;t k �c ¸�d�fhk�g'q  q  *� be¸cp � j
�  p * v v q²k�f 
� & �1*� b�¸cp=q  ¸ t &cp @�wá

$$%%

changement de direction
Temps de pause dans chaque

^#È�_ ¼ ] áXT � s g'q ��l� q  b�g � k l k * drq  ¸cfhg)b ��Õt q 4t~l d tz* g)k�f Et n  j ¸ t &cp 
%}+*h*� ¸�d+fhk�g·q  q �*h b�¸cp  è ¸ck�fhd ��l�e��� &©qÀb�g � k l� j � g)k�phk * & �c q  p * k �©tµ* k�g �t~l d tz* g)k�f V+* & �c n·k *� php  & � k$	êg)fhb�d�b ��É* q²k�p * fhk � &cd  q t~� p [minspeed..maxspeed] á
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�TE��� &cqup  q²d�¸ lyt j �t~l g)fhpån  fhp l¶t�� gÞ&·n �l�l� q  p * k �Õtz* k�g � j � g)k�phk et n  j l¶t n·k *� php j � gÞk�phk )á1× l � t fhfhkon½d � k l 	 t k * & �c ¸ t &cp  ¸ �� q tµ�É* & �c ¸�d�f k�g'q  q F*h b�¸cp q²d �©� k �t n t~�½* q  f  jwgÞb�b �� j  f l� ¸cfhg'j  php�&²p á
�<t7�Ê� &cf  ] áUT k l�l &²p * f  l� q²d�¸ lyt j  b ��É* q�� & �I��� &©qIb�g � k l� p�&ckon t~�½*Vl� b�g·q ��l�æ � ¸ sus á2�T b�g'q ��l� æ � ¸ sus f  php  b �cl��t &Pb�g·q �+l� æ � sus phk l�F*h b�¸cp q ¸ t &cp Å p *=� & l�+* minspeed = speedmin +* maxspeed = speedmax á æ � ¸ sus p * d �½t~l� b +�É* & � b�g'q ��l��lyt f �Þ b +�É* fhd�¸ tµ� q²& +* p�g)&²n ��½* & * k l k�phd�¸�gÞ&cf l � d+n t~l & tÆv* k�g � q  pU¸  f�	¶gÞf b t~� j  påq  p tµl$� g)fhk *+� b  p +* q  pU¸cfhg * g'j+g l� p=q  fhg)& *;t?�Þ)á ´ t~� p lytb t (øg)fhk * d q  p *� p * p8q  ¸  f1	êg)fhb tµ� j  �É&ck·& * k l k�p ��É*8l� b�g'q ��l� æ � ¸ sus �zl� p ��� &©q²pbeg � k l� p=phg �É* q�� t�� g)f�qLq²k�p * fhk � &cd�p t~l d tz* g)k�f  b ��É* q tµ� p l� p  j *h &cf=q  phk�bE& l¶tz* k�g �Tá

ä¨aT`ba�� ��hÙ¸Ýk³���e=hÙihÙ¸wk��t¥�e=¥Oj��¾ihÙQ¥C²mh�¬±jm¥=kJ¦®§Je&��§�jHkJ¥=²mh
�T b�g'q ��l� q  beg � k l k * d�q  q²k�f  j * k�g �±tµl d tµ* gÞk�f e� g * d æ=´ sus �¬áãÌ?±�Ï�«?¯ ×o¦ªÙ

Û+Îx®^©Í¦ë«?±iõ´«�¥E¦ªËU¦ª©Íä)õ´«AÏ�Î^ËÍ��Ñ R S@Ò�t d * dUj+f d�dV¸�gÞ&cfßph&cf b�g �É*� f l� ¸cfhg �cl*� b  q 'ÏÎE±�¨¦ª©ªä
ùlÌ ) Î¨ q²&³b�g·q ��l� æ � ¸ sus±á m �c n t?� &  q  q �� phk * d �xÏ�Î¨±�¨¦ª©Íä�ùlÌ ) Î?�� p *4l� f wv
� fhg)&c¸  b ��½* q  p ��� &©q²p�q tµ� p>& �e�� q²fhg)k * q²&�p  j *h &cf�q  phk�bF& lytµ* k�g �Tá ´ t~� p l� j t pq²&Ib�g·q ��l� æ � ¸ susu� j  j+kËp  ¸cf g·q²&ck * ¸cf � pUq²&1j ��½* f  q²&1p  j *� &cfVq  p�k�bF& lytz* k�g �j t f lyt ¸cf g �Õt?� k l k * d;�É&�� & �u��� &©q�b�g � k l� j � g)k�phk�php  & �cE� g)&²n �l�l� q  p * k �Õtµ* k�g � �É&ck p * phk * &cd  q tµ� p l� j ��½* f  q²&�p  j *� &cf�q  phk�bF& lytµ* k�g ��� g)&�& �c q  p * k �Õtz* k�g � �É&ck
 è k �)Il� begÞ&²n  b ��É* ¸ t f l� j +�É* f  q²&Ôp  j *� &cf �@ p *\� f t~� q Þá�a k � phk �@l� p ��� &©q²pbeg � k l� p=p  b �cl���É* j+g � n  f �) f � p  q²k�ph¸  f p  f +* j+g � n  f �Þ f �� j+g)f Þá

�T beg·q ��l� æ=´ sPs^t d * dåq²d+n �l gÞ¸c¸�d t@�©� q�� d+n·k *� f�j V* 0·¸  q  j+gÞbe¸�gÞf *� b ��½*+* 	 t nÞgÞf k�p  f}& �Q� gÞb � f  p  b�k v j+g � p * t~�É* q  n½g)k�phk � pD¸ �� q tµ�É*D* gÞ& *��lyt phk�bE& l¶tz* k�g �Tá´ tµ� pÅj  beg·q ��l��¬l� p ��� &©q²p�b�g � k l� pÅj � gÞk�phk�php ��É* & �² q²k�f  j * k�g �³tµl d tµ* g)k�f F+* k l pp  q²d�¸ lyt j ��É* j+g)b�b  q t~� p l� b�g'q ��l� æ � sus n  fhp lyt 	êfhg �É* k � f  q²&×p  j *h &cfÅq phk�bF& lytz* k�g � q t~� pßj +*h*h q²k�f  j * k�g �Tá m �c 	êg)k�pÓ�É& Vlyt 	¶fhg �É* k � f   p *�tµ* *� k �É*�
�~l�V��� &©q	 t k * & �c ¸ t &cp  ¸ �� q tµ�É* & ��*� b�¸cpå¸cfhd-q·d �©� k � j � g)k�phk * & �cFt & * f  q²k�f  j * k�g � q t~� p& ��tµ���)l��� ��½* f  0 +* 360
q �� fhd�p �D+* jwg �É* k � & rl� ¸cfhg'j  phph&cp á

�<t��Ê� &cf  ] áXW b�g �½* f  & �P è  be¸ l� q  q²d+¸ l¶t j  b ��½* q�� & �P��� &©qub�g � k l� �É&ckj+g)b�b +� j =t &�j ��É* f  q²&ep  j *� &cfßq  phk�bF& lytz* k�g ���)�� & * k l k�p tµ�É*>l� beg·q ��l� æ=´ sus á
�T pU¸�g)k �É* p=q t~� p l¶t'�Ê� &cf  k l�l &cp * f ��É*=l � t fhf k�nÞd  q²& ��� &©q� lyt 	êfhg �É* k � f  g
ì �Õt ¸cf � pt n½g)k�fã	 t k * & �c ¸ t &cp �c+* k l j � g)k�phk * & �cÅ� gÞ&²n �l�l� q²k�f  j * k�g �Tá

"xlß è k�p *hWt &cphphkß& �c n  fhphk�g � b�g'q²k � d  q²&×b�g'q ��l� æ=´ sus q t~� p l¶t �É& �l�l��l� p��� &cq²pEjwg �É* k � & ��É*  Lj � gÞk�phk�frq  p4q²k�f  j * k�g � p t~l d tz* g)k�f  p4b t k�p �l�l� p �c phg �É* ¸ l &cp	¶gÞfhj+d  p}q  p  q²d�¸ l¶t j  f>n  fhp lyt 	êfhg �É* k � f  q²&�p  j *h &cf�q  phk�bF& lytµ* k�g ��t n t~�½* q  pA� t f vf15 *� f +* j �Õtµ���) f=q  q·k�f  j * k�g ��á�� g)&cfVd+n·k *� fUj �lyt��²l�Å��� &cqLj � g)k�phk * & �c q²k�f  j * k�g �tµl d tµ* gÞk�f Ww* & �±�� q²f gÞk *Ð� g)&±¸�g)k �½*E� �É& �l �É&  ¸ t f * q t~� p4j +*h*h q²k�f  j * k�g � q²&±q²d v
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''((
Frontière
de la zone

^#ÈM_ ¼ ] áXW � s g·q ��l� q  beg � k l k * d4q  q²k�f  j * k�g �utµl d tµ* gÞk�f 
¸ lyt j  b ��É*Æá2�T���� &©q�	 t k *rt~l g)fhp & �c ¸ t &cp   �j +* �� q²f gÞk *4t n t~�½* q  j � g)k�phk�f & �c� gÞ&·n �l�l� q²k�f  j * k�g �Ôt~l d tz* g)k�f Þá&%}+*h*h beg·q²k � j tz* k�g � q²&±b�g·q ��l� æ=´ sus ¸²fhg·q²&²k *q  p8beg·q ��l� pßq  b�g)&²n  b +�É* �½&ck·¸�g)&cfhf t k ��É* 5 * f  phk�bE& l d�p6¸ t f l� b�g'q ��l� æ � sPs�� 0 t (øg)& *;tµ�É* q  p *� b�¸cp=q  ¸ t &cp Þá
äiaT`ba�ä ��h�¸Ýkb!��eCh�¨h�¸wk��t¥�e=¥Oj���i§U¦Q¤ gQ¦ihØ²#��¿U¥=kJ¦ ¨h�¤3¥�¸ gie=§yÔ

j·¥CkJ¦»¥=e�e�¥=¸¹¥Ej#�Òh
� g)&cf l� b�g'q ��l� q  b�g � k l k * d�q t~� p & �c fhd � k�g � q  phk�bF& lytz* k�g � k l�l k�b�k * d e� g * d

3 % a sus �=p/«?¤�±2Ï�Ë$Î¨+ÐØÊ¦²¯\¤�Ë$Ì�©Í¦ë«?± æFÛxÎ+Ì�õ´«�¥E¦ªËU¦ª©Íä�õ´«AÏ�Î^ËÍ�iÑ R S?Ò��8lyt q²k�f  j * k�g ��+*l¶t n·k *� php  j+g)&cf tµ�É*� q²&�b�g)&²n  b ��½* q²d�¸ �� q ��É* q  pQq²k�f  j * k�g �°+* n·k *h php  ¸cfhd vj+d-q ��É*h pEq²& ��� &©q×b�g � k l�Þá m � n  j *� &²f4q  n·k *� php  v = (v, θ)  p * & * k l k�p�d�¸�g)&cfq²d-j+fhk�f Wl� q²d�¸ lyt j  b ��½* q  n·k *� php  v +* q  q²k�f  j * k�g � θ áÇ�<t ¸�gÞphk * k�g � q·& ��� &cq p * f  ¸cfhd�p ��É* d  j+g)b�b  (x, y) á��T n  j *� &cf=q  n·k *� php r+*ålyt ¸�g)p�k * k�g � phg �½* bek�p! (øg)&cf t ¸cf � p=j �Õt �É&  ∆t
& � k * drq  *� b�¸cpUp �l g �Ll� pF	¶gÞf bF& l� pUph&ck�n tµ�É*� p ,

v(t+ ∆t) = min[max(v(t) + ∆v, 0), Vmax]
θ(t+ ∆t) = θ(t) + ∆θ

x(t+ ∆t) = x(t) + v(t) cos θ(t)
y(t+ ∆t) = y(t) + v(t) sin θ(t)
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g
ì
Vmax

 p *}l¶t n·k *� php  b t è k�bF&cb q²d �©� k  q t~� p lyt phk�bE& l¶tz* k�g ��� ∆v  p *}l� j �Õtµ���)wvb ��É* q ålyt n·k *� php  �É&ck  p * & � k*	¶gÞf b�d�b ��½* q²k�p * fhk � &cd å+�É* f  [−Amax ∗∆t, Amax ∗
∆t] � Amax  p *El � t j�j+d l d�f tz* k�g � b t è k�bF&cb�q�� & � ��� &©q±b�g � k l� q²g �c� d � ∆θ  p *Fl�j �Õt~���) b ��½* q �lyt q²k�f  j * k�g � �½&ck  p * & � k$	êg)fhb�d�b ��É* q²k�p * f k � &cd }��É* f  [−α∗∆t, α∗
∆t] �Õ+* α  p *�l� j �Õt~���) b ��½*Åt~��� & lyt k�f  b t è k�bF&cb^q t~� p l� �É& +l6l�E��� &©q�p  q²d v¸ lyt j Þá

)*))*)++Sortie de la frontière
l’autre coté
Entrée de

^lÈ�_ ¼ ] á ] � s g'q ��l� q  b�g � k l k * drq tµ� p=& �c fhd � k�g � q  phk�bE& l¶tz* k�g � k l�l k�b�k * d

�T b�g'q ��l��3 % a sus  p * q²kÕDËd+f ��É* q  pebeg·q ��l� pe¸cfhd�j+d-q ��É* pWq tµ� p lyt 	 t�ò g �q²g �É*Qlyt 	¶fhg �É* k � f  q²&°p  j *� &cf�q  phk�bF& lytz* k�g �° p * ¸cfhk�p ��� j+g)b�¸ *h � nÞgÞk�f lyt¡�²v
� &cf  ] á ] �wá ´ tµ� p * gÞ&cp l� pÅbeg·q ��l� p4q  b�g � k l k * deb ��½* k�g �c� d�pÅ¸cf d-j+d-q  b�b ��É*Ål� p��� &cq²p µ p  f -,Ê�+*�+�É* ¶Pg)& t fhf�5 *���É* q  p  q²d�¸ lyt j  fr& �c 	êg)k�p7�É&�� k l p tz*h*� k �)�c��É*lyt 	êf g �É* k � f Þá ´ t~� p l� b�g'q ��l�.3 % a sus l� p ��� &©q²p'�É&ck tz*h*h k �)�c��É*Elyt 	êf g �½* k � f j+g �É* k � & ��É* q  p  q²d�¸ lyt j  f +* fhd t ¸c¸ t f t k�php ��É* q²& j^� * d�g)¸c¸�g)phdPq²&°p  j *� &cfQq phk�bF& lytz* k�g � q�� g
ì l � k�b�¸cf  p�phk�g � �½& �l� p  j *� &cfDq  phk�bE& l¶tz* k�g �I p * k l�l k�b�k * d á�%} b�g vq �+l� ¸  & * 5 * f  & * k l k�phd=¸�g)&cf�phk�bE& l� f�& � fhd�p Æt &Qq F� f tµ� q U*;t k l�l� q U* 0'¸ b� s�a ag)& ���¡a a á
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äiaT`ba/. ��h¾¸Ýkb!��e=h¾¨h10�§UgQ¤3¤(Ô�2 §U²m½Uk�Ñ
�T beg·q ��l� q  b�g � k l k * dÅq 7�Åt &cphp vøsut f��ÞgÆn Ñ R S@Ò<t d * d ¸cf gÞ¸�g)phd ¸�gÞ&cf l¶t phk�bF& vl¶tz* k�g � q�� & � fhd�p Æt & �l% % �C�ãÎEÛx�«?±�±2Ì
ËUq�«?¯\¯;¤�±�¦�®xÌ�©Í¦ë«?±�)Ø�ÎEÛ ) ¦�®xÎ¨@�^Ñ ] S@Òü� b t k�påk l@tt &cphphk¬d * d�& * k l k�phd�¸�g)&cf lyt p�k�bF& lytz* k�g � q�� & � ¸cf g * g·j+g l� q  fhg)& *;t?�Þ t q � g'j Ñ}gS?Òxá�%Db�g·q ��l�rt d * dÅj+g �Êò &L¸�g)&cfVp�� t q t ¸ *h f t & è q²kÕD¬d�f ��½* p � kon Æt & è q�� t ph¸  j *�tµl d tµ* gÞk�f �¸ t f l � k �É*h fhb�d-q·k t k�f  q�� & � ¸ t f t b �+* f  q�� t j�j+g)f�q �1©Í¤�±Ê¦²±�³o°ÊÌ@ÛxÌ?¯�Î^©¬ÎEÛ�;á��T pDb�g)&²n wvb ��É* p � d � d�fhd�p ¸ t f j  b�g'q ��l� d+n'k *h��É* l� p t fhf15 * pDphg)&©q t k � p * gÞ& *D�� d *;tµ�É* ¸cf g·j �cq Ål¶t f d tµl k * d á

^lÈ�_ ¼ ] áXS � �T b�g·q �+l� q '�Åt &cp�p vøsut f��ÞgÆn
"x� k * k t~l� b ��½*A� & �c n·k *� p�p e+* & �c q²k�f  j * k�g � phg �É*4t phphk �)� d  p7 1j �Õt �É& ���� &cqb�g � k l�Þá·× k �É*� f n tµl�l� q Å*h b�¸cp � è � & � b�g)&²n  b ��É* p  ¸cf g·q²&ck * �É&ckTb +*  �(øg)&cfl¶t n·k *� php �+* lyt q²k�f  j * k�g � q  j �Õt �É& ���� &©q á��ßl &cp ¸cfhd-j+k�phd�b ��É*��Ëlyt n tµl� &cfÅq �lytn·k *� php 4+*ålyt q²k�f  j * k�g �Pt & n v k � b  k �½*� f n tµl�l� q r*h b�¸cp  p * j t~l j+& l d E+� 	êg � j * k�g �q  p}n tµl� &²fhp q ålyt n·k *� php å+* q ål¶t q²k�f  j * k�g � q²& (n− 1) vü� b  k �É*� f n t~l�l� q =*� be¸cp+* q�� & �c n t fhk t?�cl�4t~l d tz* g)k�f �c�� & * k l k�p t~�½*ål� pUd��É& tz* k�g � pUp�&ckon t~�½*� p ,

sn = αsn−1 + (1− α)s+
√

(1− α2)sxn−1

dn = αdn−1 + (1− α)d+
√

(1− α2)dxn−1gì
sn

+* dn p�g �É* l� p � g)&²n �l�l� p n·k *� p�p �+* q²k�f  j * k�g � q²& ��� &©qIbeg � k l�  l � k � p *;tµ�É*
n í α � 0 ≤ α ≤ 1 �Õ p *ål� ¸ t f t b �+* f  q�� t j�j+gÞfhq�& * k l k�phd4¸�gÞ&cf l � t ph¸  j * tµl d tµ* gÞk�f Óí s
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+* d phg �É* q  prj+g � p * t~�É*h pÅf  ¸cf d�p ��É*;tµ�É*rlyt n tµl� &cfÅb�gA0 +�c�c q el¶t n·k *� php e+* q lyt q²k�f  j * k�g � �É& tµ� q n→∞ í·w* sxn−1 dxn−1

phg �É* q  p n t f k t?�cl� p t~l d tz* g)k�f  p=q�� & �cq²k�p * f k � & * k�g � q /� t &cphp áR× j �Õt �½&  k �½*� f n tµl�l� q D*� b�¸²p �µl¶t ¸cfhg'j �Õt k �c q  p * k �Õtz* k�g � p * j tµl jw& l d ��� & * k l k�p t~�É* l¶t q  p * k �Õtz* k�g ���·lyt n·k *h p�p �+*Vlyt q²k�f  j * k�g � j+gÞ&cf t~�½*� pVq²&begÞ&²n  b ��É*-á��8l &²pV¸²fhd-j+k�phd�b ��É*�� ¸ �� q tµ�É* & � k �É*� f n tµl�l� q �*h b�¸cp n �'lyt ¸�g)p�k * k�g �q�� & �L��� &©q1b�g � k l�r p * q²g �c� d  ¸ t f l� p=d��É& tz* k�g � p=ph&ckon t~�É*h p ,
xn = xn−1 + sn−1 cos dn−1

yn = yn−1 + sn−1 sin dn−1g
ì
(xn, yn) +* (xn−1, yn−1)

phg �É* f  ph¸  j * k�n  b ��É*Ål� pÅj+g'g)f�q²g �c� d  p x +* y q �lyt¸�g)phk * k�g � q²& ��� &©q t & è n v k � b �+* (n − 1) vü� b  k �É*� f n t~l�l� p �Ë+* sn−1
� dn−1

phg �½*lyt n·k *� p�p Å+*Ul¶t q·k�f  j * k�g � q²& ��� &©q1b�g � k l� ¸ �� q tµ�É*=l� (n− 1) vü� b  k �É*� f n t~l�l�Þá
ä¨aT`ba43 ��§ ÑJh�²·¤3¥=kJ¦ªµQ²mk"�i§"�t¥=e�¥�¤(jHh¹ig ¸Ýkb!��eChwih µQ²mkJ¸Ýh�¦i§J¨h

§Je&��§�jHkJ¥=²mh
�<t n  fhphk�g � ¸cf g �Õt?� k l k�p *� q²&�b�g·q �+l� q  ¸cf gÞb +�Õt q Utµl d tz* g)k�f �~� g * d � æ � sus

�C�lÛ+«�¥xÌ�¥¨¦ÍËU¦ÝE©ª¦�®�Ú�Î¨Û¨¨¦ë«?±´«� /á9Ì?±2Ï«?¯ %�Ì
ËXà'õ¡«�¥E¦ÍËU¦²©Íä\õ´«AÏ�Î�Ëª�/Ñ R S?Ò�� & * k l k�p  & �c b tÆv* fhk�j  q  ¸cfhg �Õt�� k l k * d�pV¸�gÞ&²fUq·d *� f b�k �c f l¶t ¸�g)phk * k�g � q�� & �I��� &©q�b�g � k l�  lyt ¸cfhg vj �Õt k �c k * d�f tz* k�g ��� �É&²k  p * f  ¸cfhd+p ��½* d  ¸ t f * f gÞk�p}q²k$D¬d�f ��É* p�d *;tz* p�¸�g)&cf lyt ¸�g)p�k * k�g �
x +*�* fhg)k�pÅq²kÕD¬d�f ��½* p d * tµ* p ¸�gÞ&cf lyt ¸�g)phk * k�g � y á�� � d *;tz* 0

f  ¸cf d�p ��É*�Fl¶t ¸�g)p�k * k�g �j+g)&cf t~�É*h'� x gÞ& y � ¸�gÞ&cf>& �W��� &©q�b�g � k l� q²g �c� d �½l � d * tµ* 1
f  ¸cfhd�p ��É*hUl¶t ¸�g)p�k * k�g �¸cf d-j+d-q ��½*�i� x g)& y �}+*=l � d * tµ* 2

f  ¸cfhd�p ��É*hrlyt ¸cf g·j �Õt k �c ¸�g)p�k * k�g � q²& ��� &©q1p�� k lj+g �É* k � &   Fp  q²d+¸ l¶t j  f=q tµ� p lyt b£5+b  q²k�f  j * k�g �Tá
�<t b tz* fhk�j  q  ¸cf g �©t�� k l k * d�p=& * k l k�phd r p *r,

P =



P (0, 0) P (0, 1) P (0, 2)
P (1, 0) P (1, 1) P (1, 2)
P (2, 0) P (2, 1) P (2, 2)




g
ìWj �Õt �É&  d l d�b ��½* P (a, b)
f  ¸cf d�p ��É*�Vl¶t ¸cfhg �Õt?� k l k * d/�É&�� & ����� &©qeb�g � k l� ¸ t php q Ål � d * tµ* a  l � d *;tz* b á��  pUn tµl� &²fhpåq  j +* *� b tz* fhk�j  phg �É* & * k l k�phd  p=¸�gÞ&cf lyt b�k�p  F(øg)&cf4q Wl � �� p  b �cl� q  p4¸�g)phk * k�g � p x +* y q²& ��� &©q áÂ�<tÐ�Ê� &cf  ] áXg q²g �c�c & � è  b�¸ l� q �* f t (  j * gÞk�f  q²&Fq²d�¸ lyt j  b ��É* q�� & �F��� &©qEb�g � k l� & * k l k�p tµ�É* j  beg·q ��l�Þá

%} b�g'q ��l�U p * ¸  &Wf d t~l k�p *h ¸ t f>f t ¸c¸�g)f *}t & è beg·q ��l� p æ � ¸ sus g)& æ � sPs j t fl� pIb�g)&²n  b ��½* p�¸cfhg'q²&ck * p1phg �É* ¸cfhg �Õt�� k l k�p *h p +* ¸ t p tµl d tµ* g)k�f  pLj+g)b�b  j
�  p *¸ l & * � *=l� j t påq tµ� p lyt ¸cf tµ* kC�½& Þá
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^lÈ�_ ¼ ] á}g � {� f phk�g � ¸cfhg �Õt?� k l k�p *� q²&Lb�g'q ��l� q  ¸cf gÞb +�Õt q 4t~l d tz* g)k�f 
äiaT`ba65 ��h¾¸Ýkb!��e=h¾¨h¾¸Ýk"�t¥=e�¥Oj��¾ih�¤¶¤Ðh�¬±jm¥=kJ¦i¤u¨h°Ñ³¥�e=e=h

´ t~� p l� b�g·q ��l� q  beg � k l k * dWq  pÅp  j * k�g � p4q  n·k l�l��� g * d % % sus ��q�¦ª©Íä,�Î+®^Ù
©Í¦�«?±�¯i«¥E¦ÍËU¦ª©ªä4¯�«AÏ�Î�Ëª��Ñ R S@Ò�l� p  j *h &cf4q  phk�bE& l¶tz* k�g �± p * & � fhd�p Æt &±f gÞ& * k  f(�É&ckf  ¸cf d�p ��É*� & �c p  j * k�g � q�� & �c n·k l�l� g
ì×g � n  & * d *;t?�cl k�fr& � f d�p Æt & t q � g'j á��  pfh&  p +*Dl� p l k�b�k *� pDq  n'k *h php  phg �É* q²d�¸ �� q t~�É*h p q ål¶t n·k l�l� �½& �l � g � p�k�bF& l�Þá��8t f è  b�¸ l��)l� p>fh&  pß¸  &²n ��É* 	¶gÞfhb  fß& �c9� f k l�l� q t~� p l� j ��É* f  n·k l�l�åt n  jV& �² fhg)& *� � f tµ� q  n·k *� php  ¸cf � p=q Ålyt 	êf g �½* k � f  q²&1p  j *� &cfUq  phk�bE& lytµ* k�g � ¸�g)&cfUf  ¸cfhd�p ��·v*� fr& �c�� gÞ&©j l��t & * gÞ&cf4q Wl¶t n·k l�l�Þá»%l�Õt �½& Q��� &©q±j+gÞbeb �� j Wlyt phk�bF& lytµ* k�g �  & � ¸�gÞk �É* q²d �©� k�ph&cfr& �c j  f *;t k �c f & W+* j � g)k�p�k *�tµl g)fhp tµl d tµ* gÞk�f  b ��É* & �c q  p v* k �Õtz* k�g ��� d �Étµl� b ��É* f  ¸cfhd�p ��½* d  ¸ t f�& � ¸�gÞk �É* ph&cfF& �c f &  �É& +l j+g � �É& ´� n½g)k�f
�Ê� &²f  ] á _ �;á

� � tµl$� g)fhk *+� b  q²&�b�g)&²n  b ��É*A� q Vlyt q  p * k �©tµ* k�g � jwgÞ&cf t~�É*h  l¶t�� g)&²n �l�l� q  p v* k �Õtz* k�g ���²l g·j tµl k�p  & � j �² b�k � j+g)fhf  ph¸¬g � q tµ�É*åt & *� b�¸²p=q  n½gA0 t?�)Ål� ¸ l &²p=j+g)&cf *��É* f rl� påq  & è ¸�gÞk �É* p á ç � gÞ& * f � g � ¸  & * j+g � phkyq²d�f  fåq�� t & * f  påj t f t j * d�fhk�p * k*�É&  p*��l�l� p7�É&�� & �cel k�bek *h q  n·k *� p�p �+* & �c q·k�p *;tµ� j  b�k � k�bF&cb ��É* f  q  & è ��� &©q²p á
a ¸cf � p l � t fhfhkon½d   lyt q  p * k �Õtz* k�g ���©l�4��� &©qLb�g � k l� 	 t k * & �c ¸ t &cp  ¸ �� q tµ�É* & �c¸�d�fhk�g·q  q r*h b�¸cp�q²d �©� k � ¸c&ck�p�k l j � g)k�phk * tµl d tz* g)k�f  b ��½* & �²�t & * f  q  p * k �©tµ* k�g �+* f d�¸ �+*�Ål� ¸cf g·j  phph&cp á

%} b�g'q ��l� 	¶gÞ&cf � k * q  pÅb�g)&²n  b +�É* p fhd tµl k�p *� pÅ¸�g)&cfÅ& �c ¸ t f * k  q�� & �c n·k l�l�¸c&ck�px�½&�� k l�l k�b�k *� 	êg)f *� b ��É*}l� j+g)b�¸�g)f *h b ��É* q  pDq²d�¸ lyt j  b ��É* p q  p ��� &©q²p}beg v
� k l� p á ´ t~� p l¶t ¸cf tz* k*�É& �cl� p ��� &©q²p � � g �É* ¸ t p lyt j t ¸ t j+k * d4q  p  q²d�¸ lyt j  f l k � f wv
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^#È�_ ¼ ] á _ � s g'q ��l� q  b�g � k l k * d4q  p=p  j * k�g � påq  n'k l�l�
b ��É* p t~� prj+g � phk�q²d�f  f l� pÅg � p *;t j l� p +*Ål� pÅf ���)l� b ��É* prq²& * f t@� j á ç � g)& * f �Ël� p
�)�� p *��� q ��½*  Åq²d�¸ lyt j  f}q tµ� pDq  p}beg·q ��l� p�p  b �clyt��cl� p �� j+g � q·&ck�p tµ�É*  * f t n  f plyt n·k l�l� g)& �� b t f�j �Õtµ�É*  * f t n  fhpe& � j t b�¸²&cp á&�  	 t k * q�� g �cl k �Þ f * g)& *���� &©qbeg � k l�  p�&ckon·f  q  p}j �c b�k � p�¸cfhd-q·d �©� k�p t & � b ��É*h f t lyt b�gA0 +�c�c q²& � g)b � f  q p t & * p=q tµ� p l� pUp�k�bF& lytz* k�g � p á

â.��� � CWA��UH+0US"A10�J C4KL9�H+9;:@MOA10�R43@CE?INP0
�<t p  j * k�g � ] áUT�� ¸cf d�p ��É*�el� prb�g·q �+l� p4q  b�g � k l k * d��É&ckßphk�bE& l���½*4l� p ��� &©q²pq²g �É*�l� p�j+g)b�¸�gÞf *� b +�É* påphg �É* jwgÞb�¸ l$�+*h b ��É* k � q²d�¸ �� q tµ�É* p á�%} ¸ �� q tµ�É*A� q t~� p& � f d�p Æt & t q � g·j � k l 0 tÐ��Æt &©j+gÞ&c¸³q  phk * & tµ* k�g � prg
ì×k lß p *Å� d-j  php t k�f  q  b�g vq²d l k�p  f l� j+g)b�¸�g)f *h b ��É* q  p ��� &©q²p,�É& tµ� q¦k l p1p  q²d�¸ lyt j ��É*L�� p  b �cl�Þá9�6t f è  b�¸ l�� q t~� pV& � p�j+d �Õt fhk�g�b�k l k *;t k�f � & �è� fhg)&c¸  q  phg l q tµ* pV¸  & *V D  j * &  f & �cbek�phphk�g � q tµ� på& �c ¸ t f * k  q r*� f f t k �ut?�©� q  q²d * fh&²k�f  q  påb�k �c p t~�É* k�¸  fhphg �c�²�l��j t ¸ * &cf  f l� p t p�p t k l�lytµ�É* p +�c�c b�k�p � gÞ& * f t n t k l�l� fDp�k�b�¸ l� b +�É*V�� p  b �cl� q2� & �c 	 tÆv

ò g � j+gÉgÞ¸�d�f tµ* k�n  ¸�g)&cf t j�j+gÞbe¸ l k�fF& �cQ* É)j �c j+g)b�bF& �cÞáÇa/�©� q  b�g·q·d l k�p  f�q *h�l�l� p>phk * & tz* k�g � p � & � beg·q ��l� q  b�g � k l k * d=q ã� fhg)&c¸ U p *>� d-j  php t k�f  ¸�gÞ&cfßphk�bE& l� fj w*h*� j t f t j * d�fhk�p * k*�É&  j+gÉgÞ¸�d+f tz* kon Þá
%Dw*h*� p  j * k�g � ¸cfhd�p ��É*h j+k � �Åb�g'q ��l� pßq  beg � k l k * dVq �� f gÞ&c¸ Þá -�& tµ* f  q�� ��É* f  & è � q²g �É*Ål� ¸ l &cp � d � d�f tµlß p *Ål� b�g·q ��l� q elyt beg � k l k * d�q �� fhg)&c¸ Wt n  j�¸�g)k �É*q  fhd^	êd�f �� j '� æ �l�Ås��¨� phg �É* d * fhgÞk *h b ��É*�l k�d+p á ç �� D +*��Þl� p>b�g·q ��l� p}q  b�g � k l k * d
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q  j+g l g �c�c� q  j+g)b�bF& �Õt & * d � gÞb t q �w* ¸�g)&cfhph&ck *� ¸  &²n ��É* 5 * f  b�k�p ��Ð� &²n·f ��1*;tµ�É* �É&  j t pUph¸¬d�j+k t & è q²&Lbeg·q ��l� æ �l�Ås±á
äia��³a�c ��h¾¸Ýkb!��e=hÙh87³µÍkU¦ih�¦Jjm¥=h�eÌ§Ue ��§�jHkJ¥C²mh¾¬�kU²m²#��e �

m � q  pW¸²f  b�k  fhp�beg·q ��l� pWq  b�g � k l k * d�q ,� fhg)&c¸  ¸cfhg)¸�gÞphd  p *Wl� b�g'q ��l� è ¸�g �c��É* k �l©t~l d tz* g)k�f  j+g)fhf d l d �~� g * d ç % æ sus �¬÷�áE°Ê«?±2ÎE±Ê©Í¦�Ì
Ë�q#«?Û¨ÛxÎ^Ë$Ì�©¬ÎxÏoá9Ì?±2Ï�«@¯
õ´«�¥E¦ªËU¦ª©Íä õ´«AÏÎ�Ëª�4Ñ R S@Òxá9%} beg·q ��l� & * k l k�p  & �c 	êg � j * k�g � q  begÞ&²n  b ��É* ¸�gÞ&cfj+fhd  f l� p=b�g)&²n  b ��É* p=q²& ��� &©qLbeg � k l�Þá � *;tµ�É* q²g �c� d  & �c ¸�g)p�k * k�g � q²& ��� &cqgÞ&Qq²& � fhg)&c¸ �t & *h b�¸cp t �½l� n  j *� &cf −→b (t)  p * & * k l k�phd=¸¬g)&cf�q²d �©� k�f lyt ¸cfhg'j �Õt k �c¸�gÞphk * k�g � q²& ��� &©q1gÞ&�q²& � f gÞ&²¸ 4t & *� b�¸cp t+ 1 � −→b (t+ 1) ,

−→
b (t+ 1) =

−→
b (t)e−

1
τ + (σ

√
1− (e−

1
τ )2)r

gì
τ t (ø&cp *hLl�1*;t & è q  j �Õtµ���) b ��É* q Ll � �� q²fhg)k * ¸²fhd-j+d-q ��½* q²& ��� &©qN Pphg �� gÞ&·n �lD�� q²fhg)k *-á m � τ ¸ +* k * phk �Þ� k �© & ��� f t~� qÔj �Õt~���Þ b ��É*A�<*;tµ� q²k�p��É&  r  p *& �c n t fhk t?�cl�)�Ét &cphp�k ��c�c4t~l d tz* g)k�f Et n  j�n t fhk t~� j  σ á

äia��³aT` 2 kb!��e=h¾¨h¾¸Ýk"�t¥=e�¥Oj��¾ihÙ¬�kJeCkJ¦Q¦¨h
�T b�g·q �+l� q  b�g � k l k * dÔq  j+g l g �c�c � g * d % sus ��q�«
ËU¤�¯;±Jõ¡«�¥E¦ÍËU¦²©Íä|õ´«�Ù

Ï�Î�Ëª�/Ñ R S?Ò p�� t n � f  & * k l� ¸�gÞ&cfDb�g'q²d l k�p  f & �² f  j �c f�j �c ph&cf l�å*� f f t k �Tá�%} b�g'q ��l�f  ¸cf d�p ��É*� & �4�� p  b �cl� q ���� &©q²p@b�g � k l� p»�É&ckÉp  q²d�¸ lyt j ��É*��Þl g �Õtµl� b ��É*@�� ¸ tzvf tµl�l$��l�Å�� ph&ck�n tµ�É* & ��t è  q²g �c� d � ¸ t f  è  b�¸ l�� & �c l k �)�c q  p�g l q tµ* pUb t fhj �Õt~�½*�� p  b �cl� n  fhp l� &cf ��c�c bekVgÞ&�q  pegÞ¸�d+f tz* k�g � pWq  f  j �c f�j �c ¸�g)&cf�q²d�p t j * kon  fq  p�b�k �c p t~�É* k�¸  f phg �c�c+l²�;á m �²Fl d �
� f  b�g'q²k � j tz* k�g � q²&Pb�g·q �+l�£% sPs ¸  f b +*t & è ��� &©q²pEb�g � k l� p�q  p  ph&ckon·f �� ¸ t f  è  be¸ l�� & � � f gÞ&c¸  b t fhj �Õtµ�É*F��u�©l�k � q²k ��²�c@�wá�� gÞ&cf l � k�be¸ l¶tµ�É*;tz* k�g � q  j  b�g'q ��l�� & �c ¸cf  b�k � f .� f k l�l���ü³�Û¨¦�Ï�� q fhd�	¶d�f �� j �� 	êg)fhb t~�É* & �c j+g l g �c�c q r��� &cq²p=b�g � k l� p �D p * q²d �©� k iÑXS�V�Ò|áç � ph&ck *�
� j �Õt �É& r��� &©q � nÞgÞk�f ��� &cf  ] á}V~�D p * ¸ lyt jwd4¸ t fUf t ¸²¸�gÞf *  ephg � ¸�gÞk �É*q  fhd^	êd�f +� j  q t~� p lyt´� f k l�l� q  fhd�	¶d�f �� j �í g � ¸  f b +*It~l g)fhp t & ��� &©q°b�g � k l�q  p  q²d+¸ l¶t j  f tµl d tµ* gÞk�f  b ��É*Wt & * g)&cf�q  phg � ¸�gÞk �É* q  f d�	êd�f �� j  & * k l k�p tµ�É* & �q  pLb�g'q ��l� p�q  b�g � k l k * d³q�� ��É* k * dÀf  ¸cf d�p +�É* d�p�q tµ� p lyt p  j * k�g � ] áUT � q tµ� p lytl k * * d�f tz* &cf � g � ¸²fhgÞ¸�g)p  q�� & * k l k�p  f l� b�g'q ��l� q  ¸cfhg)b ��Õt q Wtµl d tµ* gÞk�f  æ � sPs¸cfhd�p ��É* d�q t~� p l¶t p  j * k�g � ] áUT·á R �wá��T�� g)&²n Æt &I¸�g)k �É* q  fhd�	êd�f �� j  ¸�gÞ&cfD& �I��� &cqb�g � k l�r p * q²d �©� k j+g)b�b e,
±2ÎEù:97Û+Ô� �ÔEÛ+ÎE±2®+Î;9ã°Ê«?¦Ý±�©=< «
ËÕÏ>97Û+Ô� �ÔEÛ+ÎE±2®+Î;9ã°Ê«?¦Ý±�©!? Ì�Ï ) Ì@±2®xÎ;9 ) Îx®^©¬«?Û
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Point de référence

Noeud mobile

angle

Grille de référence

^#ÈM_ ¼ ] áXV � s g·q ��lRQ q Q b�g � k l k * drq Q j+g l gTSUS Q
g
ì «
Ë$Ï>9(ÛxÔ� ^ÔEÛxÎ¨±2®xÎ;9ã°�«?¦²±�©VQXW *�l � t S©j+k Q SQ¸�g)kRS * q Q f d�	êd�f Q S©j Q�Q+*=Ì�Ï ) Ì?±2®xÎ;9 ) Îx®^©¬«@ÛYQXW *&USÀq²d-j tµlyt��TQ,�+«��â�Î^©�� ¸cfhd-q·d � Sck&�É&ck8q²d�¸ l¶t j Q�lyti� fhk l�lZQ q Q fhd�	êd+f Q S©j QÞá2�[Q q²d-j tµlyt��TQ¸cf d-q²d � Sck QXW * j t~l j+& l d=¸ t f l � kRS *\Q fhb�d-q²k t k�f Q q�� &US Q q²k W * t S©j Qåtµl d tµ* gÞk�f Q]Qw* q�� &US t S �)lZQtµl d tµ* gÞk�f Q^Q S * f Q 0 Qw* π ¸c&ck W �É& QElZQ b�gÞ&²n Q b Q S *_W\Q 	 t k *_W;Q & lZQ b Q S * q t S W�l � t è Q q Q¸cf g � f QXW\W k�g�S á�� &ck W �½& Q lRQ b£5�b Q q²d-j tµl¶t?�TQ`QXW * & * k l k W d�¸�g)&cfVj �Õt �É& Q S � &©qIbeg � k lRQ�lyt\� fhk l�lZQ q Q fhd�	¶d�f Q S©j QaQXW * &US QÅl k � S Q q²f gÞk *;Q)á
ä¨a��³a�� ��h ¸Ýkb!��eCh ¨h ¸Ýk"�t¥=e�¥Oj�� ih ¬�kJ¸w¸ gQ¦i§Ug³j�� ¦¨kJ¸w§J¨hb �dce2f2 g

% g)b�b Q�lRQXW S²gÞb t q QXW �É&ck W;Q q²d�¸ lyt j Q S * q�� &US Q S©q·fhgÞk *  ×&US t & * f Q��lRQ b�g vq �+lZQ q Q�lyt j+g)b�bE&US t & * d!ScgÞb t q Q a % sus �üö7«?¯�Ì�Ï?¦�®Ìq#«@¯\¯;¤�±Ê¦ª©ªä;õ´«�¥¨¦ÍËU¦ª©Íä'õ´«?Ù
ÏÎ�ËÍ��Ñ R S��&S�V�Ò f Q ¸cfhd W\Q S *\Q q QXW;� fhgÞ&²¸ QXW q Q S � &©q b�g � k lRQXW �É&ck W\Q q²d�¸ lyt j Q S *hQ S vW\Q b �clZQ q�� &US×¸�g)kRS *  l � t & * f QÞá ´ t S W j �Õt �É& Q j+g)b�bF&#S t & * d �ËlRQXW kRS©q²kon·k�q²& W b t kRS v* k Q SUS Q S *6lZQ &²f6¸cf gÞ¸cf QiQXW ¸ t j Q ¸ Q f W gTSUS Q�l gìEk lRWVW\Q q²d�¸ lyt j Q S * q Q b t Sck � f QVt~l d tz* g)k�f QÞá´ Q Scg)b � f Q & W\QXW�t ¸c¸ l kyj tz* k�gTS W_Q è k Wh*\Q S * ¸�g)&cf�j QÅ* 0·¸ Q q QjW j+dXS t fhk�g � ¸ t f Q è Q b�¸ lRQ�&US � fhg)&c¸ Q q2� kRS©q²k�n'kyq²& W!Q S * f t kZS�q Q n·k W k *;Q fU&USLbF& W d Q)á´ t S WFlRQ beg·q ��lRQ a % sus � j �Õt �É& Q S � &©q & * k l k W;Q &USðq QXW beg·q ��lRQXW q Q beg � k vl k * dIq�� Q S * k * dQ¸cfhd W\Q S * d W q t S WFl¶tkW\Q j * k�gTS ] áXT�� ¸�g)&cf Q f f Q f t & * g)&cf�q�� &USÔ¸�g)kZS * q Qf d�	êd�f Q S©j Q q²gTSUScd á -�& t Scq lRQ ¸�g)kZS * q Q fhd�	¶d�f Q S©j Q j �Õt S �TQ�É* g)& W}lZQ-W S � &©q W b�g � k lRQXWq t S WelRQ.� f gÞ&c¸ Q�W\Q q²d�¸ lyt j Q S * n Q f W�lZQ Scg)&²n Q-t & W\Q j *;Q &cfeq²d � Sck ¸ t f lRQ ¸�gÞkRS * q Q
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^#ÈM_ ¼ ] á b � s g·q �+lZQ q Q b�g � k l k * d4q Q j+g)b�bF&US t & * daScgÞb t q Q
fhd�	¶d�f Q S©j QlQ+* j+g)b�b Q S©j Q S *  Q f f Q f t & * gÞ&cfEq²&mScgÞ&²n QÆt & ¸�g)kZS * q Q f d�	êd�f Q S©j Q��ª�²v
� &cf Q ] á b �wá��[QXW ¸ t f t b �+* f QXW ¸�g)&cf lZQ b�g'q ��lRQ q Q b�g � k l k * dWq�� Q S * k * dWq²d � Sck W\W\Q S *  �É& Q�l�lRQ q²k W * t S©j Q &USnS � &©q1b�g � k lRQ ¸ Q & *�Q fhf Q f t & * gÞ&cf=q²&L¸�g)kZS * q Q f d�	êd�f Q S©j QÞá

% gÞb�¸ t fhd t &�beg·q ��lRQ q Q beg � k l k * dEq Q j+g l gTSUS Q\% sPs g
ìuj �©t �É& Q S � &©q t &US¸�gÞkRS * q Q fhd^	êd�f Q S©j Q kRS©q²k�n'kyq²& Q�l��ÕlRQXW S � &©q W q t S W=lZQ b�g'q ��lRQ q Q b�g � k l k * doScg)b t q Qa %Vsus ¸ t f *;t?�TQ S * &USL¸�g)kZS * q Q f d�	êd�f Q S©j Q j+gÞb�bE&US á
äia��³a�ä ��h¾¸Ýkb!��e=h¾¨h¾¸Ýk"�t¥=e�¥Oj��¾ih°µÍkJg¨²·¤Hgi¥OjHh

�[Q b�g'q ��lZQ q Q b�g � k l k * d�q Q ¸�g)&cf W &ck *;Q� S²g * d �>sPs �=�#¤�Ûx¨¤ÊÎèõ´«�¥¨¦ÍËU¦ª©ªä´õ´«�Ù
Ï�Î�Ëª�9ÑXS�V�Ò���Q-W;W t k Q q Q f Q ¸cf d W\Q S *;Q f � jwgÞb�b Q�W gTSpScg)b l � kRS©q²k*�É& Q� q QXW S � &cq W beg � k lRQXW�É&ck W &ckon Q S * &US Q j+k �clZQ ¸ t f * k�j+& l k � f QÞá

%Q b�g·q ��lZQ j+gTS W k Wh*\Q=Q S�&US Q d��É& tz* k�g�Seq Q b�k W;Q  �(øgÞ&²f W k�b�¸ lRQ ¸�g)&cf lyt S²gÞ&²n Q�l�lRQ¸�g W k * k�g�S�q Q j �Õt �É& Q S � &cq ,
±�ÎEùq99°Ê«@¨¦ª©Í¦ë«?±r<å«
Ë$Ï>99°Ê«@¨¦ª©ª¦�«?±s?rÌ�®x®xÎ^Ë$ÎEÛ+Ì�©Í¦�«?±�vü©¬Ì?Û�³~Î^©#Ù/«
ËÕÏ>9ã°Ê«A¨¦ª©Í¦�«@±&zk?

ÛxÌ@±2Ï�«?¯o9 ) Îx®^©ü«?Û
gì Ì�®+®xÎ�Ë$ÎEÛ+Ì�©Í¦�«@±�vü©¬Ì?Û�³~Î^©ëÙ1«�Ë$Ï>9ã°�«@¨¦ª©Í¦ë«?±&z�QXW *El � kZS�	êgÞf b tz* k�g�S W &cf lRQ b�gÞ&²n Q b Q S * q²&S � &©qð¸�g)&cf W &ckon·k �VQ+*èÛ+Ì?±2Ï�«?¯o9 ) Îx®E©¬«?ÛtQXW * &US�q²d-j tµlyt��TQu�+«��â�Î^©��Et~l d tz* g)k�f Q ¸�gÞ&cfj �Õt �É& Q S � &©q á&�<t n tµlRQ &cfeq Q�Û+Ì?±�Ï�«?¯j9 ) Îx®^©¬«@ÛtQXW * g �²*;Q SÉ& Q ¸ t fF&USðb�g'q ��lZQ q Qb�g � k l k * d4q�� Q S * k * d Q+*=l � tuW ¸ Q j *�t~l d tz* g)k�f Q q QXW S � &cq W�QXW *=l k�b�k * d t@� S�q Q b t kRS *;Q Sck�f&USLj �#Q b�kRS Q iWj t j Q q²&�S � &cqI¸�gÞ&²f W &ckon·k á��<t7�Ê� &cf Q ] á R�Y k l�l & W * f Q lRQ q²d�¸ lyt j Q b Q S *
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^lÈ�_ ¼ ] á R�Y � �[Q b�g'q ��lRQ q Q b�g � k l k * drq Q ¸�g)&cf W &ck *;Q
q�� &US � fhg)&c¸ Q q Q S � &©q Wi�4Q SeScgÞk�frq t S WrlytÐ�Ê� &cf Q@� �É&²k>¸�g)&cf W &ckon Q S *4lZQ S � &©q Q S
�clyt S©j á�%iQ b�g'q ��lRQXW�QXW *U* f �XW f d t~l k W *;QaQ+*=lyt f ��Q b Q S * f d�¸ t S©q·&�q t S W=lyt ¸cf tµ* kC�½& QÞá
ä¨a��³a/. ��h¾¸wkb���e=h ¨h ¸Ýk"�t¥�e=¥Oj�� wvMgQ¦®¿U²mkJgiµ�h¾§�ÑJh�¬ µ�kJ¥�¦JjØ¨h

²#��x;��²mh�¦Q¬�h
�[Q b�g'q ��lRQ q Q b�g � k l k * deq�� &US � f gÞ&c¸ Q�t n Q jF¸�g)kRS * q Q fhd^	êd�f Q Scj Q Scg * d æ �l�Ås

�¬áãÎ� ^ÎEÛ+ÎE±2®xÎr�ã«?¦Ý±�©£ÿâÛ+«?¤A°�õ´«�¥E¦ÍËX¦ª©Íä�õ´«AÏ�Î^ËÍ�iÑ R S��&S
V?Ò f Q ¸cf d W\Q S *;QIlRQ begÞ&²n Q b Q S *tµl d tµ* gÞk�f Q q�� &US � f gÞ&c¸ Q q Q S � &©q WWt & W\W k � k Q S|�É& QIlZQ begÞ&²n Q b Q S *Wtµl d tµ* gÞk�f Q q Qj �Õt �É& Q S � &cqÅkRS©q²kon·k�q²& Q�l�lZQ b Q S * q t S W lRQÓ� fhg)&c¸ QFÑ}W b Ò|á��[QXW b�g)&²n Q b Q S *;W q²& � fhg)&c¸ QW gTS *»�Õt�W d WVW &cf lZQ j �UQ b�kRSF¸ t f�j+g)&cfh&F¸ t f6&USFj Q S * f Q q²& � fhg)&c¸ Q �É&ck QXWh* & * k l k W dD¸�g)&cfj tµl j+& lRQ f lRQ b�g)&²n Q b Q S * q²& � f gÞ&c¸ Q ¸ t f l � kRS *\Q fhb�d-q·k t k�f Q q�� &USWn Q j *;Q &cfDq Q begÞ&²n Qwvb Q S * −−→GM �½&ckT¸ Q & * 5 * f Q j � gÞk W k tµl d tz* g)k�f Q b Q S * g)&,5 * f Q ¸cfhd-q²d � Sck á
�[Q b�g)&²n Q b Q S * q²& j Q S * f Q q²& � fhg)&c¸ Q j t f t j * d�fhk W\Q j+g)b�¸ l$�+*;Q b Q S *�lRQ b�g)& vn Q b Q S * q QkW g�S � f gÞ&c¸ Q��Ïl¶t q²k�f Q j * k�g�S Q+*Qlyt n·k *;QXW\W\Q@�1ál�[QXW S � &©q W kZScq²k�n'kyq²& Q+lZWW\Q q²d�¸ lyt j Q S *Wt~l d tz* g)k�f Q b Q S * ¸ t fFf t ¸c¸�g)f *  lZQ &cf W ¸cfhg)¸cf QXW ¸�gÞkRS *\W q Q fhd�	¶d�f Q S©j Q¸cf d-q²d � Sck W�� q·g�S *UlZQXW b�g)&²n Q b Q S *;W q²d+¸ Q S©q Q S * q²&Lb�gÞ&²n Q b Q S * q²& � fhg)&c¸ QÞá
�<tN�Ê� &cf Q ] á R
R k l�l & W * f QðlZQ b�gÞ&·n Q b Q S * q QBW S � &©q W & * k l k W;t S *ÀlZQ b�g·q ��lZQæ �#�Ås±á2a kRS W k �  l � kRS W *;t S * t �¬lRQXW)W ¸�gÞkRS *\W S²gÞk�f W f Q ¸cfhd W\Q S *\Q S * lZQXW ¸�g)kRS *;W q Q fhd v	¶d�f Q S©j Q
� RP (t) � ¸�g)&cf lRQXW�* f gÞk W S � &cq WÆá��[Q beg·q ��lRQ æ �l�Ås & * k l k W\Q�lRQ n Q j *\Q &cf

−−→
GM

¸�g)&cfEj tµl j+& lRQ f lZQ-W Scg)&²n QÆt & è ¸�gÞkRS *;W q Q fhd�	êd+f Q S©j Q� RP (t + 1) �  l � kZS W * t S *
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RP(t)

RP(t+1)

GM

RM

Noeud mobile

^#ÈM_ ¼ ] á R
R � s g)&²n Q b Q S *;W q Q(W S � &cq W & * k l k W t S *=lRQ b�g'q ��lZQ æ �l�Ås
t + 1 á��<t Scg)&²n Q�l�lRQ ¸�g W k * k�gTSÀq Q j �Õt �½& Q S � &©q QXW *Åtµl g)f W j tµl j+& l d Q ¸ t f lytpW gÞbeb Qn Q j * gÞf k Q�l�lRQ q²&�n Q j *;Q &²f −−→GM t n Q j1&USðn Q j *;Q &cf tµl d tz* g)k�f Q q Q b�g)&²n Q b Q S *A� −−→RM á
�<tel gTS � & Q &cfåq Q −−→RM QXW * &US²k*	¶gÞfhbed�b Q S * q·k W * f k � &cd Q q t S W &US�q²k W �½& Q �É&ck t ¸�gÞ&cfj Q S * f Q RP (t + 1) ��* t S©q²k W �½& QyW t q²k�f Q j * k�gTS QXW * &#Sck*	¶gÞf b�d�b Q S * q²k W * fhk � &cd Q q t S W
[0..2π] á�[Q b�g'q ��lRQ æ �l�Ås�t d * dÅj+g�S ò &L¸�gÞ&cf9	 t k�f Q 	 t j Q  Fq QXW�W j+dXS t f k�g WU*\Q�lRW �É&�� &US Qt n tµlyt S©j �#Q�t ¸cf �XW>lyt �½& Q�l�lRQ &US Q d��½&ck�¸ Q q Q]W\Q j+g)&cf W"W\Q j+g)b�¸�g W t S * q�� � &cb t kRS W"Q+* q Qj � k Q S W��Æ* f t n t k l�lRQ S * j+g'g)¸�d�f tz* kon Q b Q S *Æá?�[QXW�� &ckyq Q-W»� &cb t kRS W9� j Q S * f QXW q QXW�� f gÞ&c¸ QXW¨�*;Q S©q Q S *  q²d � S²k�f�&US¦j �UQ bekZS � dXScd�f tµl ¸c&ck W �É&�� k lRW j+gTSUS t k W\W\Q S *.�Õt�� k * & Q�l�lRQ b Q S *l � Q S©q²f gÞk *@t ¸c¸cf g è k�b tz* k$	·q QXW n·k�j * k�b QXW-á@%l�Õt jw&US4q QXW j � k Q S W j+f d Q�W gTSÅ¸cfhg)¸cf Q j �#Q b�kRSt~l d tz* g)k�f QEt & * g)&cf=q²& W\Q j *;Q &cf � dXScd+f tµl j � gÞk W kT¸ t f lRQ &cf Wã� &²kyq QXWã� &cb t kZS W-á
äia��³a43 ��h¾¸Ýkb!��e=h¾¨h¾¸Ýk"�t¥=e�¥Oj��Ù§�ÑWh�¬�k"�Q¤(jm§J¬1eCh�¤

�[Q b�g'q ��lRQ q Q b�g � k l k * d t n Q jEg �UW *;t j lRQXW�Ñ ]ÊR Ò�t d * dejwg�S ò &À¸�g)&cf b�g·q·d l k W\Q f lZQb�g)&²n Q b Q S * q Q-W S � &©q W b�g � k lRQXW q t S WUlRQXWV*\Q fhf t kRS W �É&ckËf QXW\W\Q b �clRQ S *  �q QXW * g)¸�g v
� f t ¸ � k QXW fhd Q�l�lZQ-WÆá ´ QXW g � ( Q+*;W b�g·q·d l k W\Q S *ElRQXW'� É * k�b Q S *;WjQ+* q�� t & * f QXWjWh* fh&©j * &cf QXW�É&ck Q b�¸�5-j �UQ S * lRQXW b�g)&²n Q b Q S *;W q QXW S � &©q W���t kRS W k»�É& QElZQ &²f * f t S W b�k W\W k�gTS W t S W
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�©l á ç SLb�g'q²d l k W t S * &US *;Q�lË*;Q f f t kZS � &USL& * k l k W tz*;Q &cfU¸ Q & * q²d � Sck�f lZQ-W ¸�g W k * k�gTS W��clZQXW	¶gÞf b QXWaQw*ÅlZQ-W *;t k l�lRQXW q Q j QXW g � ( Q+*;W-áÂ%Q beg·q ��lRQ ¸ Q & * b t Sck�¸c& lRQ frq QXW 	¶gÞfhb QXWaQw*q Q-W ¸�g W k * k�g�S W t f � k * f t k�f QXW ¸�g)&cf lRQXW g � ( Q+*;W�� ¸ Q fhb Q+*h*;t S * q Q b�g·q·d l k W\Q f �zQÆt &©j+g)&c¸q Q *\Q fhf t kRS W f d Q�lRW-á
�[Q q Q & è k � b Q jwgÞb�¸�g W t S * q·&Lb�g·q ��lRQ q Q beg � k l k * d QXW * &US � f t ¸ �UQ q Q begÞ&²n Qwvb Q S * �½&ckßf Q ¸cfhd W\Q S *;QelRQXW q²d�¸ l¶t j Q b Q S *;W q Q-W S � &cq WÆáÇ%Q�� f t ¸ �UQ ¸ l¶t S t k�f Q{QXW *rlRQq²k t?� f t b�b Q q Qr{ g)fhgTScg�| q Q-W j+g)kZS W q QXW g �UW *;t j lRQXW\� lRQXW�t f15 *;QXW!W g�S * q QXW!W;Q^� b Q S *;W�½&ck W gTS *  4&US Q q·k W *;t S©j Q d �½t~lRQ q QXW q Q & è j+g)kRS W q�� &US�g �#Wh* t j lRQ@�;á�a kRS W k � j Q b�g·q ��lZQQXW *��ÕtuW d W &cf l � kRS * &ck * k�gTSe�½& Q�lRQXW j �UQ b�kRS W�*\Q S©q Q S *  W\Q q²d � Sck�fi Àb�k v q²k W * t S©j QQ S * f Q�lRQXW\� É * k�b Q S *\W�t q~( t j Q S *\WÆáÓ%Q beg·q ��lRQ ¸ Q f b Q+* d �½t~lRQ b Q S *elRQ begÞ&²n Q b Q S *¸ t f l � kRS * d�fhk Q &cf=q QXWã� É * k�b Q S *;W-á
�[QL* f gÞk W k � b Q j+g)b�¸�g W t S * q²&°b�g'q ��lRQkQXW *WlZQ j � g)k è q QXW fhg)& *;QXW-á��[QXW S � &©q W& * k l k W\Q S *UlZQ-W j �UQ b�kRS WVlZQ-W ¸ l & W j+g)&cf *\W7�}Q S *;Q fhb Q q Q l gTS � & Q &cf Q &©j l kyq²k Q SUS Q@� ¸�g)&cfW\Q q²d�¸ lyt j Q f Q S * f Q q Q & è ¸�gÞkRS *\W q²& � f t ¸ �UQ q²&ðb�g)&²n Q b Q S *A� j
� QXW * v  v q²k�f Q �½&�� k lZWW &ckon Q S *VlRQ j �UQ bekZS lZQ ¸ l & W j+g)&cf * q t S W lZQ q·k t?� f t beb Q q Qå{ gÞfhgTScg�| á���Q ¸ lyt j Q b Q S *q Q-W g � ( Q+*;W!Qw* q QXW j �UQ b�kRS WålZQ-W f Q�l k t S *_W gTS * j t~l j+& l d W t &uq²d � & * q Q4lythW k�bF& lytz* k�g�SQ+* S Q j �Õt S �TQ S * ¸ tuW ¸ Q S©q t S *8* g)& *;Q l¶t!W k�bF& lytz* k�g�S á�[QXW S � &©q W�W gTS * q²k W * fhk � &cd W�t &

�ÕtuW t fhq lZQDl gTS � q QXW j �UQ b�kRS W�� k lZW j � g)k W k W\W\Q S * &US Q q Q-Wh* kZS tµ* k�gTS Q+* ¸²&ck W~W\Q q²d+¸ l¶t j Q S *n Q f W j Qw*h*;Q q QXW * kRS tµ* k�gTS Q S W &ckon t S *6lRQ j �UQ b�kRS lRQ ¸ l & W j+g)&cf *  U¸ t f * k�f6q QW t ¸�g W k * k�gTSj+g)&cf t S *\QÞá

^lÈ�_ ¼ ] á R T � s g)&²n Q b Q S *;Wåt n Q j g �UW *;t j lZQ-W & * k l k W t S *=lZQ q²k t?� f t b�b Q q Q { g)fhgTScg�|
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a kRS W k � j �Õt �½& Q S � &©q�j tµl jw& lZQ�lRQ j �UQ b�kRS lRQ ¸ l & W j+g)&cf *=W &cf lRQ!� f t ¸ �#Q j+f d�d�¸ t flZQ-W j �UQ b�kRS W^Q+* ¸c&ck W^W\Q q²d�¸ lyt j Q n Q f W j Q+*h*\Q q QXW * kZS tz* k�gTS Q S & * k l k W t S *FlRQ j �#Q b�kRSj tµl j+& l d ál� g)f W �É&�� k låtµ* *;Q kRS *lW t q QXW * kRS tz* k�gTS ��lRQ S � &©qN	 t k * &US Q ¸ t & W;Q ¸�gÞ&²fQ&US Qj Q f * t kRS Q ¸�d�f k�g'q Q q Q=*\Q b�¸ W-á~"xl j � g)k W k * t~l gÞf W &US Q S²gÞ&²n Q�l�lRQ q QXW * kRS tz* k�g�S � j tµl j+& lRQålZQj �UQ b�kRS lRQ ¸ l & W j+g)&cf * ¸�gÞ&cf l � tz*h*\Q kZScq²f Q��Q+* f Q ¸cf Q S©q lZQ begÞ&²n Q b Q S *-á���Q-W S � &©q W¸ Q &²n Q S *W\Q q²d�¸ lyt j Q f� l � kRS * d�fhk Q &cf}q QXWl� É * k�b Q S *;W j t f lRQ ¸ l & W j+g)&cf * j �UQ b�kRS Q S * f Qq Q & è Q S©q²f gÞk *;W ¸ Q & *�Q è k ��Q f lRQ ¸ tuW;W t?��Q ¸ t f l � kZS * d�f k Q &cf=q�� &US � É * k�b Q S *-á
â.�=â ¡/9�S 5D?1S<S 9+CE. S ?I3 H+0US�J CWA��UH+0US"AI0�J C4KL9�H�9;:<M

�<t ¸ Q f1	êgÞf b t S©j Q q�� &USW¸cf g * g·j+g lRQ q Q fhd W\QÆt & t q � g'jU¸ Q & * j �Õt S �TQ f�q Q b t Sck � f QW k � Sck � j tµ* k�n Q �É& t S©qWk l�QXW *�*;QXW * d t n Q jåq²kÕD¬d�f Q S *\W b�g·q �+lZQXW q Q b�g � k l k * d � b t k WDt & W\W k�É& t S©q lZQ b�5�b Q b�g·q ��lRQ q Q b�g � k l k * d Q-Wh* & * k l k W d t n Q jPq·k$D¬d�f Q S *;W ¸ t f t b �+* f QXW-á´ Q ¸ l & W��VlRQ j � g)k è q�� &USªb�g'q ��lRQeQ è k �TQ &USªb�g'q ��lZQ q QÀ* f t@� j×q Q q²gTSUScd QXW �É&ckkZS , & Q S©j QWt & W\W k lyt ¸ Q f�	¶gÞf b t Scj Q q²&×¸cf g * g·j+g lZQ)áÂ�8t f Q è Q b�¸ lRQ� �É& t S©qÀg�S W k�bF& lZQ&US�beg·q ��lRQ q Q b�g � k l k * dLq Q.� fhg)&c¸ Q�8l � dwn tµl & tµ* k�gTS�q²&ð¸cfhg * g'j+g lRQ q Q n'f t ¸cf Q S©q²f QQ S�j+gÞb�¸ *;QIl � tuW ¸ Q j *�l g'j t~l q�� &US Q ¸ t f * k Q q²& * f t@� jè l � kZS * d�fhk Q &cfeq²& � fhg)&c¸ QÞá&�<t¸ Q f�	¶gÞfhb t S©j Q q�� &US ¸cfhg * g'j+g lRQ q Q fhd W\QÆt & t q � g·j�q Q n·f t k * 5 * f Q d+n tµl &cd QÀt n Q j lZQb�g·q ��lZQ q Q b�g � k l k * d=�É&ck QXW *VlRQ ¸ l & W ¸cfhg'j �UQ q²& W jwdXS t f k�g�f d Q�l ¸cf d+n·& � j Q �É&ckË¸ Q & *	 t j+k l k *;Q f lZQ q²d+n Q�l g)¸c¸ Q b Q S * q·&L¸cfhg * g·jwg lRQ q Q fhd W;Q-t & t q � g'j á
�[Q beg·q ��lRQ q Q b�g � k l k * d�q Q ¸cfhg)b Q S t q Q�tµl d tµ* gÞk�f Q� æ � susu�>t n Q jI&US�¸ Q+* k *¸ t f t b �+* f Q q�� Q S * fhd QB� q²k W *;t S©j Q gÞ& *;Q b�¸ W¨� ¸cfhg'q²&ck * &US b�g)&²n Q b Q S *è3 f g f Sck Q SQ+*A��Q S¦j+gTS W d��É& Q S©j Q� d+n tµl & Q 	êgTS©q t b Q S * t~lRQ b Q S * &US fhd W;Q-t & W *;tz* k*�É& Q �½& t S©q k lQXW * & * k l k W dE¸�g)&cf l � d+n tµl & tµ* k�gTSPq QElyt ¸ Q f1	êgÞf b t S©j QÞá2�6t fåj+g�S * f Q
�¬t n Q j l � & * k l k W tµ* k�gTSq�� &US � f t S©q³¸ t f t b �+* f Q q2� Q S * fhd Q�TlRQ b�g'q ��lZQ æ � sus f QXW;W\Q b �clZQQt &³b�g·q ��lZQ q Qb�g � k l k * d æ � ¸ sus�W k©gTS£0 t (øg)& *;Q q QXW>*;Q b�¸ W q Q ¸ t & W\QÞá��<t q²k$D¬d�f Q S©j Q ¸cfhkRS©j+k�¸ tµlZQQ S * f Q j QXW q Q & è b�g'q ��lRQXWaQXW * �½& QelRQXW S � &©q WaW k�bF& lyt S *ÅlRQ b�g·q �+lZQ æ � ¸ sus g�S *¸ l & W>*;Q Scq t S©j Q  W\Qã� fhg)&c¸ Q f t &Wj Q S * f Q q²& W\Q j *\Q &cf�q Q]W k�bE& lytµ* k�gTS � �É& QUlRQXW S � &©q WW k�bE& l¶t S *ÅlZQ b�g·q ��lZQ æ � sus±á��[Q b�g'q ��lZQ æ � ¸ susfQXW * & * k l k W d�q t S W(�zQ-t &©j+g)&c¸q�� d * &©q QXW q Q ¸cfhg * g·jwg lRQXW q Q f d W\QÆt & t q � g'j á�"xl�QXW *=,�Q è k �clZQ
�UQw* k l�W\Q b �clRQ j+f d Q fUq Q-Wb�g·q ��lZQXW q Q beg � k l k * dDfhd tµl k W *;QXW-á m SFkRS©j+gTSÉn½dXSck Q S * q Q j Q b�g'q ��lRQ=Q-Wh*6lyt=l k � S Q q²f gÞk *;Qq²&°b�g)&²n Q b Q S *pW &ckon·kU¸ t f lRQ S � &©q�b�g � k lZQ �½&ck W;Q q²d�¸ lyt j Q n Q f W�lyt ¸cf g·j �Õt kRS Qq QXW * kRS tz* k�g�S�j � gÞk W k Q)á
�[Q beg·q ��lRQ q Q b�g � k l k * dÅq Q q²k�f Q j * k�g�S tµl d tµ* gÞk�f Q� æ=´ susu�#QXW * &US1b�g'q ��lRQ ¸ Q &fhd tµl k W *;Q ¸ t f�j Q �É&�� k lzQXW * ¸ Q &�¸cfhg �Õt��clRQ �É& Q�lRQXW q²k W ¸�g W k * k$	 W=W\Q q²k W ¸ Q f W\Q f t k Q S *Ut~l d tÆv* g)k�f Q b Q S * q t S W4* g)& *FlRQlW\Q j *;Q &cf � &US � É * k�b Q S * g)& &US Q n·k l�lZQ@�;á ç S±gÞ& * f Q� k l�QXW *¸ Q &�¸cfhg �Õt��clRQ �É&�� k lRW 	 Q fhgTS * &#S Q ¸ t & W\QjW\Q & lRQ b Q S * t & � g)f�q�q Q4lyt 	êfhgTS * k � f Q q�� &US
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W\Q j *\Q &cf á��[Q beg·q ��lRQ q Q q²k�f Q j * k�gTS t~l d tz* g)k�f Q beg·q²k � d ¸ Q f b Q+*=t & è S � &©q W q Q 	 t k�f Q&US Q ¸ t & W;Q]Q+* q Q j �Õt S �TQ f}q Q q²k�f Q j * k�g�S t n t S * q�� tµ* *;Q kRS©q²f Q=lyt 	êfhgTS * k � f Q q·& W\Q j *\Q &cfq Q`W k�bE& l¶tz* k�gTS á�%Q ¸ Q S©q t S *A� j Qw*h*;Q n Q f W k�gTS QXW * kyq Q S * k*�É& Q4t &Lb�g'q ��lRQ q Q b�g � k l k * dq Q ¸cf gÞb Q S t q Q4tµl d tz* g)k�f Q� æ � sPsu�#Q Sè0 t (øg)& *;t S * q QXWV*;Q be¸ W q Q ¸ t & W\QÞá
�[Q b�g·q ��lZQ q Q b�g � k l k * drq t S W &US Q fhd � k�g�S�q QaW k�bF& lytµ* k�gTSLk l�l k�bek * d Q��3 % a susu�	¶gÞ&cf�Sck * q Q-W b�g·q ��lZQ-W q Q b�g)&²n Q b Q S *rt & è �½& Q�lRW gTSÀ¸�gÞ&cf f t k *aW � tz*h*\Q S©q²f Q q t S WÅlytf d t~l k * d á ç S�g)& * f Q
� j Q b�g'q ��lRQjQXW *ålRQjW\Q & l �É&ck ¸ Q fhb Q+*�t & è S � &©q W b�g � k lZQXW q QjW\Qq²k W ¸ Q f W\Q f q t S W�lRQwW\Q j *;Q &cf ��Q SPd l k�b�kRS t S * lZQ-W`Q D Q+*\W q QFlyt 	êf g�S * k � f QwW &cf l � d+n t~l & tÆv* k�gTSuq QXW ¸ Q f1	êg)fhb t S©j QXW-á2%Q ¸ Q S©q t S *A�ÕlZQXW!Q D Q+*;W!W\Q j+g�S©q t k�f QXW �É&ck W\Q ¸cfhg'q²&ck�f t k Q S *Q S ¸ Q f b Q+*h* t S *�t & è S � &©q W b�g � k lRQXW q QlW\Q q²d�¸ lyt j Q f t & * g)&cfFq�� &US * g)f Q�� ©¬«?Û¨¤�?�¸�g)&cfhf t k Q S * 5 * f Q j+gTS W k�q²d�f t?�clZQ-WÆá��8t f Q è Q b�¸ lRQ� &US�S � &©qPb�g � k lRQ �½&ck W\Q q²d�¸ lyt j Qq t S WElyt b£5+b Q q²k�f Q j * k�gTS±n Q f W &USmS � &©q W *;tz* k*�É& Q q Q n·k Q S©q²f tkW gTS³n½g)k W kRSB L¸ l & vW k Q &cf W f Q ¸cfhk W;Q-WÆá
�[Q beg·q ��lRQ q Q b�g � k l k * d �Åt & W\W vøsPt f��)gzn�	êg)&cf\Sck * q QXW beg·q ��lRQXW q Q begÞ&²n Q b Q S *t & è �É& Q�lZW gTS�¸�gÞ&²fhf t k *_W � tz*h*;Q Scq²f Q q t S Wålyt fhd tµl k * d W k<q Q-W ¸ t f t b �w* f QXW�t ¸c¸cf gÞ¸cf k�d WW gTS * j � g)k W k W-á ç S°gÞ& * f Q�ßl¶t b�d *+� g'q Q & * k l k W d Q ¸�gÞ&²fi	¶gÞfhj Q f lZQXW S � &©q W  ×¸ t f * k�fl g)kZS±q QXW(� gÞfhq W q²& W\Q j *\Q &cf4q Q{W k�bF& lytµ* k�gTS � d+n·k *;t S *Et kRS W k lRQXWjQ D Q+*;W q²& � g)f�q³q QW\Q j *\Q &cf �QXWh* kZS * d�f Q-W;W t S *;QÞás 5�b QiW k lRQ b�g'q ��lRQ ¸cfhg �Õt�� k l k W *\Q q Q ¸cfhg)b Q S t q QVtµl d tµ* g)k�f Q�
� æ � susu� 	êg)&cf\Sck *q Q-W b�gÞ&²n Q b Q S *\W t & è �É& Q�lRW gTSP¸�g)&cfhf t k *`W � tz*h*\Q S©q²f Q q t S W�l¶t f d t~l k * d � j � gÞk W k�f q QXW¸ t f t b �+* f QXWåt ¸c¸cfhg)¸cfhk�d W ¸�g)&cf W t b tz* f kyj Q q Q ¸cfhg �Õt�� k l k * dr¸ Q & * 5 * f Q q²koiQj+k lRQÞá
�[Q b�g'q ��lRQ q Q b�g � k l k * d×q QXW�W\Q j * k�g�S W q Q n·k l�lRQ�ã% % susu�iW\Q b �clRQ jwfhd Q f1q QXWbegÞ&²n Q b Q S *\W f d t~l k W *;QXW ¸�gÞ&cf<&US QW\Q j * k�g�SFq�� &US Q n·k l�lRQ� ¸²&ck W �É&�� k l'l k�bek *\QW d+n � f Q b Q S *lRQ j+g)b�¸�gÞf *;Q b Q S * q Q-W q²d�¸ lyt j Q b Q S *\W q QXW S � &©q4b�g � k lZQXW-á
%QXW S � &©q W S�� gTS * ¸ t�W@lytj t ¸ t j+k * dUq�� Q fhf Q f l k � f Q b Q S *~W;t S W~W\Q=W gÞ&©j+k Q fßq QXW g �UW *;t j lRQXW�Q+* q�� t & * f QXW f ���)lZQ b Q S *;Wq Q * f t?� j á
% gTS©j Q f�S t S *UlRQXW jwkZSÊ��b�g'q ��lZQ-W�W 0�S *�� d * k*�É& QXW q Q beg � k l k * dÅq Qo� fhgÞ&²¸ Q ¸�g)&cf lZQXWf d W\QÆt & è t q � g·j � gTSL¸�g)&cf f t k * q²k�f Q �É& Q lRQ b�g'q ��lRQaQ è ¸�g�S Q S * k Q�l<tµl d tµ* gÞk�f Q jwgÞfhf d l d �ç % æ susu��W\Q b �clZQ q²d-j+fhk�f QE*�� d�g)fhk*�É& Q b Q S *�* gÞ& *Åt & * f Q b�g'q ��lZQ q Q b�g � k l k * d á�%Qwv¸ Q Scq t S *��<lZQ j � gÞk è q QXW n t~lRQ &cf Wet ¸c¸cfhg)¸cfhk�d QXW ¸�g)&cf lRQXW ¸ t f t b �+* f Q-W τ Q+* σ � n½g)k�fW\Q j * k�gTS ] áXW²á R �_Q-Wh*�� ¸cf QXW �É& Q@� k�b�¸�g W\W k �clRQÞáÂ�[QXW b�g'q ��lRQXW q Q j+g l g�SUS Q
� q Qelyt j+g)b vbE&US t & * doScg)b t q QoQ+* q Q ¸�gÞ&cf W &ck *\QjW gTS * q QXW b�g·q �+lZQXW & * k lRQXW ¸�g)&cfåq QXW�W j+dXS t fhk�g Wf d t~l k W *;QXWwW ¸�d-jwk � �½& QXW-á»��Q-W beg·q ��lRQXW q Q b�g)&²n Q b Q S * �É&�� k lRW 	êg)&cf\Sck W\W;Q S * ¸ Q &²n Q S *5 * f Q g �²*;Q S'& WwQ SÔj �©t S �TQÆt S *FlZQXW ¸ t f t b �+* f QXWEl k�d Wet & b�g'q ��lZQ q�� &US � f gÞ&c¸ QIt n Q j¸�g)kRS * q Q f d�	êd�f Q S©j QÐ� æ �#�Ås��wá ç S � S � &US�beg·q ��lRQ q Q beg � k l k * dEq�� Q S * k * dEq²g)k * 5 * f Qj+gTS ò &�Scg�S W\Q & lRQ b Q S * ¸�g)&cfÅb t Sck�¸²& lZQ f lRQ begÞ&²n Q b Q S * q�� &US � fhg)&c¸ Q q Q S � &©q Wbeg � k lRQXW�� b t k WFt & W\W k lZQ b�g)&²n Q b Q S * q Q-W S � &©q W kRS©q²kon·k�q²& Q�l�lRQ b Q S *  l � kRS * d�fhk Q &cfq²& � fhg)&c¸ QÞá
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�<tV* t��clRQ ] á R ¸cf d W\Q S *;Q q Q b t Sck � f Q j+g)b�¸ t j *;Q�lZQXW ¸cfhkRS©j+k�¸ tµlZQXW j t f t j * d�f k W * kC�É& QXWA�j+g)b�b Q�lyt n·k *;QXW\W\Q�Ëlyt q²k�f Q j * k�g�S Q+*Ålyt S tz* &cf Q,� fhd tµl k W *\Q g)&À¸ t�W¨� q QXW beg·q ��lRQXW q Qb�g � k l k * d á
%Q �É& Q * g)& W j QXW b�g'q ��lRQXW q Q beg � k l k * drg�S *�Q S�j+g)b�bF&US QXW * �É& QrlRQXW b�g'q ��lRQXW�É&�� k lRW j+fhd Q S * S QjW gTS * ¸ tuW Scd-j QXW;W t k�f Q b Q S * j+g)b�¸ t f t?�clRQXW t & è b�gÞ&·n Q b Q S *;W q t S Wl¶t f d t~l k * d á ç S�¸ t f * k�j+& l k Q f �ÕlRQXW/�TQ S W!W &cfåq Q-W j t b�¸c& W &USckon Q f W k * t k�f QXW g)&�q t S W q Q-Wj Q S * f QXW j+g)b�b Q f�j+k t & è S QnW\Q q²d�¸ lyt j Q S *�� dXScd�f tµlRQ b Q S * ¸ t�W{Q S�q²k�f Q j * k�gTS WQt~l d tÆv* g)k�f QXW-á�"§lRW=*\Q S©q Q S *  �j � gÞk W k�f=&US Q q Q-Wh* kZS tz* k�gTS W ¸�d�j+k � �½& QjQ+*  W &ck�n'f Q &USuj �#Q b�kRS

� k Q S�q²d � S²kÕ¸�g)&cf tz*h*;Q kRS©q²f Q j Q+*h*;Q q QXW * kRS tµ* k�gTS á~�[Q j � g)k è q²&Qj �UQ b�kRS QXW * kZS , & Q S©j+d¸ t f lZQXW n½g)k QXWoQ+*rlZQXW g �UW * t j lRQXW ¸²fhd W\Q S *\WÆáÂ�8t f Q è Q b�¸ lRQ�[W &cfr&US±j t b�¸c& W &USckon Q f vW k * t k�f Q�8lRQXW kRS©q²kon·k�q²& W b t fhj �UQ S *�� dXScd+f tµlZQ b Q S *pW &cf lZQXW j �UQ b�kRS W �É&²k W g�S * 	 t k *\W¸�gÞ&cfUf Q+l k Q f Q S W\Q b �clRQrlRQXWF� É * k�b Q S *;W q²&�j t b�¸c& WA�²* t S©q·k W �½& Q j Q f *;t kRS W kZScq²k�n'kyq²& W¸ Q &²n Q S *`Q b�¸cfh&US *;Q f�q QXW j �UQ bekZS W  * f t n Q f W�lRQXW ¸ Q�l gÞ& W\QXW-á ç SP¸ l & W��¬lRQXW q QXW * kRS tÆv* k�g�S W S Q!W g�S *}* 0·¸ck*�É& Q b Q S * ¸ t�WVtµl d tµ* gÞk�f Q-WA� b t k WiW gTS * q QXW�� É * k�b Q S *\W�� q QXW��Õt S©j Wq t S W &USL¸ t f�j � g)&�q�� t & * f QXW�Q S©q²fhg)k *\W�W ¸�d-j+k � �É& QXW q t S W=lRQ j t b�¸c& W-á
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r öV�Åù#õ�û�éwöV�$Quù#ð\ñ\é-,zé-ðl��ùUé (xi, yi)

, vi , θi , (xj, yj)
, vj , θj ,�� 0 ≤ θi, θj < 2π (]ô\øTõ�ðñ\éXô\îzé>ê�ð\ï � é+*{éXõ�ð�öRéXôê-ø�ø�ñ\û#ø�õUõ#óXéXô�,�öAQ � ïRð\éXô\ô\é�é-ð"ö�Qaû#ïRñ\éXê�ð;ïRø�õlû�ép*{øTù � ék*{éXõ�ð"îzø�ùUñöZé-ôoõ)faù�û#ô i é-ð j ,¢QuöRø�ñ�ôoöAQ�û#ùUñ\óXé Dt
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Dt =
−(ab+ cd) +

√
(a2 + c2)r2 − (ad− bc)2

a2 + c2

ø-Ý
a = vi cos θi − vj cos θj

b = xi − xj
c = vi sin θi − vj sin θj

d = yi − yj
2ÿï vi = vj

é-ð θi = θj
,�Q�öRøTñ\ô Dt
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*^ùUöRð\ï¥{ ô�Quù#ð;ô�,[öRéXôoñ\øTù#ð;éXô^û�ñ\øTïRð\éXôjô\ø�õ�ðjîUöRùUôjék»pê�QTê-é-ôjîzø�ùUñw*{ïRõUï�*hïZô\éXñoöV��ùUô"QuúTélû#éöV�Åó-õUéXñ\úTïZée¼ �

Y �Om¦<>Y\!i%&]¦=xB?:>Õy9���Õ�: i
xi
0IhI<>�"!i%#!�<�9���<�Õ_YC��9�%}B?:�Õÿ9��ÕI: i

xi−1
B\% xi+1

0)hI<>�"!i%#!�<�9)�e: B"�l9��ÕI:>� i− 1 Bk% i+ 1
g ∈ (0, 1] 0�:�Õ_=�h�!i9_m - � �k%�<>Y7 �[Z��]\�


B"9I[�<�'¦B"Y xi ��Õ�^x[�<>!��"!i9)� i− 1 Bk% i+ 1YCB���B\[�<>!iY xi−1
Bk% xi+1��B\% x′i = (xi−1 _ xi+1)/2��B�: û�h;�¥� ��B\Y#" xi + g(x′i − xi)`��a
 � ����<�9I[�B"Y}m¦B\9¤��B

& �i�ã¼ t_�u� ¾ £_öRú�øTñ\ï¾ð;ì)*héaôS�ÿõ�êíìUñ\øTõUéoû#ébHYø�öZû#éXõ¦d�é-ñ\úxQ ðHQ�öV�
· õ÷õ)f`ù�û÷ê�Quö ê�ùUöZé^ö�Qpû#ïRô�ð"Quõ�ê-ée*{ø���éXõUõUéjéXõ�ð;ñ\éjô\éXôYû#éXù�ý � øTïZô\ïRõUô�,zé-ð_ïRö:ô;é^û#ó\{îUöAQ�ê-éU�4é�ðoõUé{ô�Quù#ð;éhî�Quô"( � éXñ\ôoê-éhîzøTïZõ�ð��où�é¡*{øTù � ék*{éXõ�ðaéXô�ðoñ�QuöZéXõ�ð;ï�øTù Q ð\ð\óXõÿùUó

�C: ��=�hIB�:I("�¦�ié-ð�ð;é�Quð�ð;óXõÿù�Q ð;ïRøTõpéXô�ð�ù#ð;ïRöRïZô\óXé�îzøTùUñ�öRï�*{ï¾ð;éXñ"öRéXô�øTô;ê-ïZöRöAQuð\ïRø�õUô��VQ�öRöRéXñ"ñ\é\{ð\ø�ùUñ`Q�ù#ð\ø�ùUñqû;�ÅùUõjîzø�ïRõ�ð"(o��ùUï�îzéXù � éXõ�ðqô\é�îUñ\øÿû#ùUïZñ�éé-ð���ùUï_QuùUú-*héXõ�ð;éXõ�ðqöAQ�û#ïZô�ð�Q�õ�ê-éî�Quñ;ê�ø�ùUñ�ùUéoî�Quñ]öRéXô]õ)faù�û#ô��
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X
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X
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& �i�9¼ t/�©t ¾ 0_óXîUöAQ�ê-é+*{éXõ�ð_û#éXô]õ)faù�û#ô]ñ\éXöAQuïZô
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Y �Om¦<�Y"!&%&]¦=�B?:�Õy99�Õ�: i
�]`dc 7]5 `I
 � �M�§�$!��\%}B\9e� �B\9�Y�BC��B\[���9�% xi−1

- ��!iYCB L = TrueB\9�Y�BC��B\[���9�% xi+1

- ��!iYCB R = TrueB\9�Y�BC��B\[���9�% movingi−1

- ��!iYCB L = FalseB\9�Y�BC��B\[���9�% movingi+1

- ��!iYCB R = False

L Bk% R 0¢[���Y"!�� �+�¥B"�3!�9�%�B\Y"9;B"�e��<�<���û�B\9)9;B"�
movingi

0�=�B"������m¦Bl�"!�mE9;�����>9�%f�\ÕIBe��Bw99�Õ�: i ��<�=�=xB\9¤��B�"?��B?: û}h;��� ��B\Y
xi
0IhI<��"!&%#!�<>9���<�Õ|Y��>9�%�B?:>Õy9���Õ�: i

xi−1
Bk% xi+1

0IhI<��"!&%#!�<>9)��: B��39���Õ�:>� i− 1 Bk% i+ 1
g ∈ (0, 1] 0r:�Õ|=Hh�!�9_m - �-�k%�<�Y7 �[Z��g\�


B\9I[�<�' B\Y xi ��Õ�^x[E<�!��"!i9/� i− 1 Bk% i+ 17 �hZ��g\�

�$!A�\%�B\9e� �`��a
 � � (L&&R) == TrueB\9I[�<�' B\Y movingi ��Õ�^�[�<�!��"!�9)� i− 1 Bk% i+ 1��Bk%�i%jfk¢���u��B"ýr7ljfk¢���©�+B

��Bk% x′i = (xi−1 _ xi+1)/2��B?: û�h¤��� ��B\Yl[�B\Y�� xi + g(x′i − xi)7 �hZ��g\�

�$!A�\%�B\9e� �`��a
 � ����Y\Y"!i[EB\Y�B\9¸%�B\=�h��e��<�Y\9¤û`O��
 � ���<�9I[EB\Y}m¦B"9;��B
& �i�9¼ t/�GF ¾ £_öZúTøTñ\ï¾ð;ì)*{éªQuô	��õ�êíìUñ�ø�õUéoû#ébHYøTö û#é-õ|dzéXñ\úxQuð�Q�öV�

ù[éXô?QuöZúTøTñ\ï¾ð;ì)*{é-ôyû#ó\W�õUïZô\ô\éXõ�ð^öRéXô^ø�îzóXñCQuð\ïZøTõUôwû#éXô^õ)faù�û#ô^ïRõ�ð;é-ñS*{ó>û#ïAQuïZñ�éXô���ùUïô\éXñ � é-õ�ðoû#éyñ\é-ö�QuïRôaé-ðªQuô\ô\ùUñ\éXõ�ð`öAQ�ê-øTõUõUé>ê�ð;ï � ï¾ð;óhé-õ�ð;ñ\éyû#éXù�ýëõ)faù�û#ô � ø�ïRô\ïRõUô��o�iéXöAQ
�#QuïRð���ùUéaîzéXõ�ûIQ�õ�ð�öZéoû#óXîUöAQ�ê-é+*{éXõ�ð�,Uö�Q�� øTõ�ê�ð;ïRø�õ#õ�Q�öRï¾ð;ójû#ùkêíìUé+*hïZõnõo��éXô�ð�î�Quô!ê-ø�*?{



ô�ô ·!¸�¹»ºÇ¼����������o��¹o�r���I���l���;�i�|�A���

îUñ�ø-*hïZô\été-ð§��ùUé÷êíì�QE��ùUé÷õ/faù�ûT*�Q�ïRõ�ð;ïRéXõ�ðlð\ø�ù��&ø�ùUñ�ôüöRéëê-øTõ�ð�QTê�ðMQ � é>êtê-éXôüû#éXù�ý
� ø�ïRô\ïZõ#ôHQ>W�õkû#éoê�QuöZê-ùUöRéXñ]ô"QwõUøTù � éXöRöRéjû#éXô�ð\ïZõ�Q ð;ïRøTõo���iéXô�QuöRú�øTñ\ï¾ð;ì)*héXô�îUñ�éXõUõUéXõ�ð]éXõê-ø�*{î#ð\éoû#éXô]ñ\óXô\é�Quù�ýnû#éXõUô\éXôHQ � é>ê`ùUõÿ� øTñ�ð�û#éXúTñ\óoû#éoê-øTõUõUé>ê�ð;ï � ï¾ð;ó-�

ù��$QuöZúTøTñ\ï¾ð;ì)*{éwQ�ô	��õ�ê;ìUñ\øTõUéoû#é`ö�QeW�úTùUñ�éªt/�GFyõUé`ô;ùUî#îzø�ô\éaî�Quô]ùUõUé`ïRõ)� øTñS*xQ ð;ïRø�õúTöRø-d�QuöRé_ô\ùUñöRéXôõ)faù�û#ôiû#ùlñ�óXô\é�Q�ùo, *xQuïZôé ý#ïZúTé_û#é_êíì�QE��ùUé!õ)faù�ûx��ùo��ïRözñ�é	� øTïZúTõUé_ô�QîzøTô\ïRð\ïZøTõnûIQ�õUô�ùUõ�ð\é+*{îUô5d�øTñ\õ#ó-� · õ�ô;øTù�ê-ï8îzøTð\éXõ�ð;ïRéXö[û#éaê�é-ð�QuöRú�øTñ\ï¾ð;ì)*hé-,I
wê�Q�ù#ô;éû#é�ô�Q õIQuð;ù#ñ\é�Q�ô	��õ�ê;ìUñ\øTõUé-,�éXô�ðköRé�d#öZøÿê�Q�úTéT��:-B�� :/��<���j)(\,5*�Q�ïRônöZéXôUQ�ù�ð;éXùUñ\ô�LÅòTòEPîUñ�ø�ù � éXõ�ð���ùUé!ô\ï�öAQ`ð;ñCQ�õUôS*{ïRô\ô;ïRøTõüû#éXôz*{éXô\ô�Quú�éXô�éXô�ðzW�Q�dUöRé-,_QuöZøTñ\ôöV�$QuöRú�øTñ\ï¾ð;ì)*hé!éXô�ðô�QuõUôpd#öZøÿê�Q�úTé-�
Þ5ß�à�ßnm á¿â�âHã/ä8åIæ�ç è�ç ê�ëN ç;ìEC%Bkß

0�Q�õUôeLO��FEP�,Iù[ïZõké�ð�QuöV��ó-ð\ù�û#ïZéXõ�ð!öRéoîUñ\ø�dUö�~+*{éjû#éañ\éXõ�û#é+ò\{ � ø�ùUô!û#éXôHQuú�é-õ�ð;ôp*{ø�{
dUïRöRéXô���ñ ö�ô��©Q�úTïRð�û#ùyê-ø�*{îzøTñ�ð;é+*héXõ�ð�ê-øTöZöRé>ê�ð\ï��zû;�ÅùUõwú�ñ\øTùUîzé�û#é n > 1 Quú�éXõ�ð;ô�*hø-dUïRöRéXô
��ùUï�ô\é!û�óXîUö�Q�ê-éXõ�ð=ûIQuõUô�ùUõpîUöAQ�õo�|�iì�QE��ùUéHQuú�éXõ�ð*{ø�dUïZöRé�éXô�ðê�Q�îIQEdUöRé_û#é!ê�ø�õUõ�Q�óZð;ñ\éöRéXô�îzøTô\ïRð\ïZøTõUô]û#éXôpQ�ù�ð;ñ\éXô¨Q�úTéXõ�ð\ô8*{ø�dUïZöRéXô¨��ù#ï8ô;é_ð;ñ�ø�ù � éXõ�ð]ûIQuõUô�ô�QÿºªòXøTõUéaû#é`û#ó\{ð\é>ê�ð;ïRøTõÿ¼y�1��B\9)��!i9_m�YCB}mE!�<�9o(	o\�|ù[é!îUñ\ø�dUö�~k*{éYû#é!ñ\éXõ�û#é+ò"{ � ø�ùUôéXô;ô�QuïRéYû#éYû�ókW�õUïRñiùUõUéô�ð;ñCQuð\óXúTïZé�ºoöRø�ê�QuöRéª¼pû#é`ê-øTõ�ð\ñSR�öRéYîzøTùUñ=êíì�QE��ùUé3Quú�éXõ�ð¨��ùUï�,ÿô�QuõUô=ùUõUé`ê�ø-*�*^ùUõUïZê�Q>{ð\ïZøTõKQ�ê�ð;ï � é]éXõ�ð\ñ\é]öRéXô�Q�úTéXõ�ð\ô�,�öRéXô�ø�dUöRïZúTé�î�Q�ñ"öAQ`ô\ùUïRð\é�
aô\é]ñ\éXõ�û�ñ\é�ûIQ�õUô�ù#õpéXõ�û#ñ�ø�ï¾ðõUøTõëô\îzó>ê-ï�WUó-�Zù[éXùUñYïRõ�ð\óXñS�-ð`éXô�ðYé�ýUê-öRùUô\ï � é+*{éXõ�ðaöAQüê-øTõ�ê-éXî#ð\ïZøTõ�û#éXôYô�ð;ñ�Q ð;óXúTïRéXô3��ùUïû#ïZê�ð\éXõ�ð���ù�Quõ�ûké-ð_ø�ÝtöZéXô�Q�úTéXõ�ð\ôYû#øTï � éXõ�ð_ô\é^û#óXî#ö�Q�ê-éXñ���£_ïRõUô\ïV,�ïRöZô!õUéjð\ñ�QuïRð\éXõ�ð!î�Q�ôöAQ��#Q�'�ø�õ�û#øTõ�ð`öRéXô�*xQ�õ)faù � ñ\éXôYô\øTõ�ð`é\g8é>ê�ð\ùUóXéXô`ñ�óXéXöRöZé+*héXõ�ð`øTùëöAQx�#Qp'-øTõ�û#øTõ�ðYöZéXôê-øTöRöZïRô\ïRø�õUô�ô\ø�õ�ð]ó � ï¾ð;óXé-ô��)qøTùUñjñ\ó-ô;øTù�û#ñ\épöZépîUñ\ø�dUö�~+*{é-,:û#éXù�ý�ð1��îzéXô^û#élô\øTöZù�ð;ïRø�õUô^ô\ø�õ�ð^îUñ\óXô\éXõ�ð\óXéXô��`ù�QîUñ�é+*{ï�~Xñ\é_ñ\é-îzø�ô\é_ô\ùUñiùUõüô;êíìUó+*xQoô	��õ�êíìUñ�ø�õ#é-,�ê��ÅéXô�ð�{�
�{&û#ïRñ\é_ô\ùUñiöAQjô	��õUêíìUñ\øTõUïRô"Q ð;ïRøTõ
*^ù#ð;ùUéXöRöRéwû�é^êíì�Q���ùUé�Q�úTéXõ�ðH*hø-dUïRöRé?Q � é>êaùUõUé^ì#ø�ñ\öRøTú�éjúTöZø�d�QuöZé��¤ù�Qpû#é-ù�ý#ï�~+*{éjô;ø�{öRù#ð;ïRøTõ éXô�ðpùUõ ô;êíì#ó+*xQ�QuôS�ÿõ�êíìUñ\øTõUéU��ù#ï�ñ�éXîzøTô;énô\ùUñpû#éXôpô�ð;ñCQuð\óXú�ïRéXô¸º÷öRø�ê�QuöZé-ôM¼
��ùUï:ô\øTõ�ð_ïRõ�û#óXîzéXõUûIQ�õ�ð\éXôYöRéXô!ùUõUéXô_û#éXô�Q�ù�ð;ñ\éXô�,�ê��ÅéXô�ð	{1
�{&û#ïZñ�éjô�Q�õUô!ñ\ók� óXñ\éXõUê-é?
hùUõUéìUøTñ\öRøTú�éaú�öRø�d�Q�öRé-�)qøTùUñ"ô;é]ñ\éXõ�û#ñ�éH
aùUõ{ñ\éXõ�û#ékò\{ � ø�ù#ô5Q � é>ê]öRéXô�Quù#ð;ñ\éXôzQ�úTéXõ�ð;ô�,�êíì�QE��ùUéHQuú�éXõ�ð�é�ý#ó\{ê-ù�ð;éYùUõUé`ô\ó���ùUéXõ�ê-éaû#é�*xQuõ)faù � ñ�éXô��\%}<�h¤D	��9;:�D#m¦<E�)�iì�Q�ê-ùUõUé`û#é`ê-éXô8*xQuõ)faù � ñ�éXôpQöRïRéXùüûIQuõUôùUõpïZõ�ð;éXñ � QuöZöRé_û#é]ð;é+*hîUô���ù#ï�éXô�ðiû#ï � ïRô;ó�éXõüû#éXùÿýpô\øTùUô	{ ïRõ�ð\éXñ � Q�öRöRéXôiê-ø�õUô\ó\{ê-ù�ð;ï�� ô���ù[éoîUñ�é+*{ïRéXñHQuîUîzéXöRójîzóXñ�ïZøÿû#é^û�éjû#ó-ð;é>ê ð;ïRø�õ �1��B\9/�"!i9_m3h)B\Y\!V<�:)(=é-ô\ð�ùUõkïRõ�ð\éXñ�{
� QuöZöRé{û#éyöZøTõUúTùUéXùUñlW#ý#é τD îzéXõ�ûIQuõ�ðoöRé���ùUé-ö�öV�$Quú�é-õ�ðoéXô�ðaï�*�*hø-dUïRöRé-�où[éhû#éXù�ý#ï�~+*{é
qrIs t:uwv4xzy|{:}[~gt;}[� �]~�y���t:~�v���}��3�zxGt;��t:�+v��g�v�t:�v?t:�fx�y|�3�?�:uwt	~]�tl�gt	u4y��gv��?t:u4y(��t	~�v�u��=�,y��t�+t	���3x�tQ��}[�]�%xGt:uMy���t:~�v�u%��}��3�zxGt:u��:�h�3�G���	u��]tf�:y��wv�t:u%���h�+�z�����#xzy�{:}�~]tf�gt4�g�v�t:�v��G}[~ �������D�D �¡D�

¢ ¡£ ¢  ¤£+¥��?��£+¥h¡(¦Ot:u§va�]~K�]�zu?�h�]t¨�gtM��y�©[}[~K��s t:~�ª]�G��}�~b«�«(���¬t�vdx�yQ{�}[~]tM�]t%v���y�~]u?�f��u?u��G}[~;t	u§va�]~�]��u��h�]t��]tM��«��Q�E�gt���y�©[}[~�gt	~®x¯s°y��3uwt:~3�t��6s }��pu§vDy���xGt
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Q�îUîzé-öZó`îzóXñ\ïRø�û#éaû#él*xQuõ)faù � ñ\é¡��=���9;B\Õ|[�B\Y\!�9_m�hIB\Y"!�<�:)(\,�éXô�ð�ùUõ�ïRõ�ð;éXñ � QuöRöZéaû#é`öRøTõ_{ú�ùUé-ùUñ � Quñ\ïAQEdUöRéYîzéXõ�ûIQuõ�ð�öRé���ùUéXö�öV�$Quú�éXõ�ð�ô\éYû#óXîUöAQTê-é`û#éYô�QjîzøTô\ïRð\ïZøTõ�ê-øTùUñ�Quõ�ð;é � éXñ\ôô�QoîUñ�ø�êíìIQ�ïRõUé!îzø�ô\ï¾ð;ïRø�õo�|ù[éXô�îzø�ô\ï¾ð;ïRø�õUôô\ù�êXê-éXô\ô\ï � éXôiîzøTùUñêíì�QE��ùUé�Q�úTéXõ�ðô\ø�õ�ð3�"]/<�!&D
�"!�B"�hû#éwð;é-öZöRéyô;øTñ�ð\é¡��ùo��éXöRöZéXô`ô\ø�ïRéXõ�ðwQ�ù¸*�Q ý#ï�*wù)* 
 rM ùUõUï¾ð;óXô`öV�ÅùUõUéhû#éyöV�$Quù#ð;ñ�é-,ø-Ý rM éXô\ð!ùUõUé^û#ïZô�ð�Q�õ�ê-éjîzø�ô\ï¾ð;ï � éjîUñ\óXû#ókW�õUïRé^ïRõ)� óXñ\ïRéXùUñ�é?Q�ùtñCQ+��ø�õ÷û�éjô"Q¡òXøTõUéwû#éû#ó-ð;é>ê ð;ïRø�õ r � � õ�îUöZù#ô�,�ïZö~é-ô\ð`ô\ùUîUîzø�ô\ó¡��ùUéyîzøTùUñaêíì�QE��ùUé�Q�úTéXõ�ð i ø�õ�êíìUøTïRô\ïRðaùUõ#é
� QuöRéXùUñ τMi

> 0 ,IQ�îUîzé-öZóXé`ð;é+*hîUô�û�é3*xQuõ)faù � ñ\é-,/��ùUï�éXô�ð�Q�ô\ô\é+òaúTñ�Quõ�û#éaîzøTùUñ8�#QuïZñ�ééXõ�ô\ø�ñ�ð;é¡��ùUéyöRéhû#óXîUöAQTê-ék*{éXõ�ðoû#éwö��©Q�úTéXõ�ð i éXõ�ð;ñ�éhû#éXùÿýëîzø�ô\ï¾ð;ïRøTõUôaô\ù�êXê-éXô\ô\ï � éXôaô\é
�#QuïRðHQuùÿ*xQ ý#ï�*wù)* éXõ τMi

ô;éXê-ø�õ�û�éXô��
0�Q�õUô�öZéaê�Q�ô]ô	��õ�ê;ìUñ\øTõUé-,#öZé-ô�ð;é+*{îUô]û#él*xQ�õ)faù � ñ\é`îzø�ùUñ=ð;øTùUô]öRéXô�Quú�é-õ�ð;ô]ô\ø�õ�ðöZé-ô3*��+*{é-ô�, τM �;n:ø�ùUô`öZé-ôªQ�úTéXõ�ð\ôaô\éyô	��õ�êíìUñ\øTõUïRô\éXõ�ðoûIQuõUôaöRéhô\éXõUô3��ùUéyð\ø�ù#ôaô\ø�õ�ðï�*¡*{ø-d#ïZöRéXô_îzéXõ�ûIQ�õ�ðYöRéXô_îzóXñ\ïRø�û#é-ô`û#éwû#ó-ð\é>ê�ð;ïRøTõëé�ð_ð\ø�ùUô_ô\é^û#óXîUöAQTê-é-õ�ðYô;é-ùUöZé+*héXõ�ðîzéXõ�ûIQuõ�ð�öZéXô]îzóXñ\ïRø�û#é-ô_û#é3*�Q�õ)faù � ñ\é-,UöRéXôC��ùUéXöRöRéXô�ø�õ�ð�ùUõUéoû#ùUñ�óXé3W�ý#é τM �
0�Q�õUô�öRé!ê�Quô�Q�ô	��õ�ê;ìUñ\øTõUé-,�îzøTùUñê;ì�Q���ùUé�QuúTéXõ�ð i ,�ö��©Q ý�é!û#ù{ð;é+*hîUô�îzéXù#ðz��ð;ñ\é�û#ï¥{

� ïRô;ó"ûIQuõUô�ù#õUé"ô\ó���ù#éXõ�ê-é�ûZ��ïRõ�ð;éXñ � QuöRöZéXô�û#é�ð\é+*{îUô [0, ti1), [ti1, ti2), ..., [ti(ki−1)), tiki), ...êíì�Q�ê-ùUõsû#é{öZøTõUúTùUéXùUñ τD + τMi

ø�Ý τD > τMi

�`�iì�QE��ùUépïZõ�ð;éXñ � QuöRöZé [ti(ki−1)), tiki)éXô�ðkê-øTõUô�ð;ï¾ð;ùUó�ûZ�ÅùUõUé�îzóXñ�ïZøÿû#éeû#é�û#ó-ð;é>ê�ð\ïZøTõ û#é�öZøTõUúTùUéXùUñ§W#ý#é τD
îzéXõ�û)Q�õ�ðnöAQ>{

��ùUéXöRöRé{öV�$QuúTéXõ�ðaéXô\ðaï�*�*{ø�dUïRöZé�,�ô\ùUï � ïRé{ûZ�ÅùUõUéyîzóXñ\ïRø�û#é{û#é?*xQ�õ/faù � ñ\éhûZ�ÅùUõUéhû#ùUñ\óXé
*xQ ý#ï�*^ù)* τMi

îzéXõ�ûIQuõ�ð�öAQE��ùUéXöRöZéaöV�$Quú�éXõ�ð i ô;éaû#óXîUöAQ�ê-é-� Ü �+*{é`ô;ï�ð;øTùUô]öRéXô�Q�úTéXõ�ð\ôù#ð;ïRöRïZô\éXõ�ð`öRé�*��+*héjð;é+*{îUô τD ,zïZöRôYøTî�~Xñ\éXõ�ð`û#é�*xQuõUï�~-ñ\é¡Quô	��õ�êíìUñ�ø�õUéyûIQuõUôYöZé^ô;éXõ#ôø-ÝhöRéXô~ð;é+*hîUô ti1, ti2, ..., i ∈ 1, 2, ..., n õUé�ô\ø�õ�ð"î�Quô"ê-øTñ\ñ\ó-öZóXô���£_ïRõUô\ïV,TöAQYô�ð;ñCQuð\óXú�ïRé]û#éêíì�QE��ùUéªQ�úTéXõ�ð]î�é-ù#ðp�-ð;ñ�éaï�*{îUöRó+*{éXõ�ð\óXéaïRõ�û#óXîzéXõ�ûIQ�*�*{éXõ�ð_û�éXôHQuù#ð;ñ�éXô]ô�Q�õUô]öV�$QuïZû#éûZ�ÅùUõUéaìUøTñ\öRøTú�éaú�öRø-dIQ�öRé-�
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*hø�ù � é+*{éXõ�ð\ô�û#éXô�õ)faùUû#ô�îzéXù � éXõ�ð]ê-øTù � ñ\ïRñ=øTù�õUøTõüð;øTù#ð;éYöAQjð;øTîzøTöZøTú�ïRéaû#ù�ñ\ó-ô;é�Quùé-ð]ïZöRô�ô\éoû#óXî#ö�Q�ê-éXõ�ð!û#é3*xQuõUï�~Xñ\éaïRõ�û#óXîzéXõ�ûIQuõ�ð;éoöV�ÅùUõkû#éaöV�$Quù#ð;ñ�é-�
0e�$Q�dzø�ñ\ûZ,>õUøTùUô�ô\ùUîUîzøTô;øTõUô���ùUé�ö�Qið\ø�îzøTöRø�úTïZé�û#ùañ\óXô\é�QuùoéXô�ð[ð;ñ	~Xô[ö�Quñ\úTé"é-ð���ùo��éXöRöZééXô�ð�û#ï � ïZô\óXéaéXõÿòXøTõUéXô���0�QuõUô!ê;ì�Q���ù#é3òXø�õUéaô\éoû#óXîUöAQ�ê-éoùUõ�ô;é-ùUö[õ)faù�ûZ�)ù�Q?òXøTõUéoû#éð\ñ�QuõUôS*{ïZô\ô\ïRø�õ û#éXô�õ)faù�û#ô�éXô\ð§dzé�Q�ù�ê�ø�ùUî îUöRùUô�îzé-ð\ï¾ð;é�ê-ø-*hî�Q�ñ�óXé�
rö�Qeð"Q�ïRöRöRé�û#éöAQlð\ø�îzøTöRø�úTïRépû#ù�ñ�óXô\é�Q�ùo�¤£_ïZõUô\ïV,�êíì�QE��ùUéyõ)faù�ûëîzéXù#ðoê-ø�*�*^ùUõUïA��ùUéXñ`ùUõUï���ùUé+*{é-õ�ð

Q � éXê÷öRéXô�õ)faùUû#ôM��ùUï_ô\éëû#óXîUöAQ�ê-éXõ�ðnûIQuõUô�öRéXô§òXøTõUéXôMQTûE�	Q�ê-éXõ�ð;éXô��5ù[éXôüîzø�ïRõ�ð\ô�û#éê-ø�*�*^ùUõUï ê+Quð\ïZøTõmô\ø�õ�ð^îUñ�ó>û#ókW�õUïRô����iéXöAQnîzéXù#ðwô\éx�&Q�ïRñ\épéXõmù#ð;ïRöRïZô�Quõ�ðwîIQ�ñjé�ý#é+*hîUöZéû#é-ôQHK)z2ÿ�[ö¨�¥< �����S÷8<>�"!i%#!�<�9)!i9_m G '��\%�B\=K(Vø�ùpû#ï�g�óXñ�éXõ�ð;éXô*{ó-ð\ìUø�û�éXôû#é�öRø�ê�QuöZïRô�Q ð;ïRø�õ
LXF),¤t�N),�F-v�P}� Ã øTùUôYô\ùUîUîzøTô\ø�õUô3QuùUô;ô\ï���ùo�ÅéXõ�ð\ñ\éwû#éXù�ýtõ)faù�û#ôYïRöqé�ý#ïRô\ð\é^ð\ø�ù��&ø�ùUñ�ôYùUõê;ìUé+*{ïRõ���ùUï#öZéXô~ñ\éXöRïZé��¦�iø�*�*{é=öZé-ô"õ)faùUû#ô"ô\øTõ�ð�öAQYîUöRùUî�Quñ�ð�û�ùyð;é+*{îUô�û#ó>ê-øTõUõUé>ê�ð;ó-ô�,ê-é{êíìUé+*hïZõ�õo��éXô\ðoîIQ�ôaùUõUé{ô\ùUï¾ð;é{û#éhöZïRéXõUôjû#é{ê-ø�*�*wùUõUïZê�Q ð;ïRø�õUô�,Z*xQuïZôaùUõeêíìUé+*{ïRõñ�óXéXö��}îUì¦��ô\ï���ùUé>(iû)Q�õUô�ö�Qjð;øTîzø�öRøTú�ïRé-�/£_ù#ð;ñ�é+*{éXõ�ð]û#ï¾ð�,�ïZö8é�ý#ïRô�ð;éYð;øTù�� øTùUñ\ô�ùUõUé`ô\ùUï¾ð;éû#épòXøTõUéXô���ùUï�îzéXù#ðñ�éXöZïRéXñû#éXù�ý{õ)faù�û#ôô\é_û�óXîUö�Qp'�Quõ�ð=ûIQuõUôiû#éXù�ý�òXøTõUéXôiû#ïRô�ð;ïRõ�ê�ð;éXô��



ôZÂè. ÄªÑ¤Ç�Ð-ÉUæ¢Ë�Í¡É ËKÇoÑ�Ë�Æ/Ë>ÒiÑ¤Ç ±I�
ø í¨ç�´°â;B1ç

ù�QÿW�úTùUñ\é�F/��bpïZöRöRùUô\ð\ñ\élöAQnð;øTîzø�öRø�úTïRé�ûZ�ÅùUõrð\éXöñ\ó-ô;é�Quùo�d)�Q�ñ	*{ïûZ�$Quù#ð;ñ�éXôwïRõ)� øTñ�{
*xQ ð;ïRø�õUô�,�é-öZöRé^ïRõ�û#ï���ùUé���ùUé 4 õ)faù�û�ô_ô\ø�õ�ðlQ ð\ð"Q�êíìUóXô�Q�ùÿýyòXø�õUé-ôH£�,��H,;� é-ðl0Ùø-ÝïZöRô�ô;éoû#óXîUöAQTê-éXõ�ð!é-ð�É ø�ù�Q�êXê-ø�*{îUöRïZô\ô\éXõ�ð_û#ï � éXñ�ô\éXô]ð"ø�êíìUéXô���ù[éXô�õ)faù�û�ô_û#é-ô�ò-ø�õUéXôp£é-ð��døTõ�ðjù#õeîzø�ïRõ�ð^û#éhñ\éXõ�ê-øTõ�ð\ñ\é{éXõrê-ø�*�*^ùUõeé-ðoöRéXôoõ)faù�û#ôjû#éXôwòXøTõUéXôª£ é-ð��îzéXù � éXõ�ð!ê-ø-*¡*wùUõUï���ùUéXñ3[�!V�{öRéXô�õ)faù�û�ô!û#éXô¨òXøTõUéXôH� é-ð�0��
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& �i�ã¼ F/��b ¾ � ý#é+*{îUöRéoû#éañ\óXô\é�Quù
� õrñ\ó�QuöRïRð\ó-,:ê-éXô^îzø�ïRõ�ð\ôwû#élñ�éXõ�ê-øTõ�ð;ñ�éXô^ô\ø�õ�ð^î#öZù#ðSRTðwû#éXôeòXøTõUéXôwû#épñ\éXõ�ê-øTõ�ð;ñ�é-,ê��ÅéXô�ð�{�
�{&û#ïRñ\ép��ùUé�öZéXô"õ)faù�û#ô"îzéXù � éXõ�ð�ô\é]ñCQ�îUîUñ�ø�ê;ìUéXño� ùUôC��ùo�©
`ê-ép��ùo�ÅïRöRô"ô;é=ð;ñ\øTù � éXõ�ðûIQ�õ#ô�öZéXùUñ�ôròXøTõUéXô"û#éið;ñCQ�õUôS*{ïRô\ô\ïZøTõ�Q�W�õhû#é=îzø�ù � ø�ïRñ�óXêíì�QuõUú�éXñ�û#éXô�*{éXô\ô"QuúTéXô���)qøTùUñö�Q5*{øÿû#óXöRïZô�Q ð;ïRø�õjû#ùoîUñ�ø-dUö�~+*{é�, ê-éXô¢òXøTõUéXô:û#é"ñ�éXõ�ê-øTõ�ð;ñ�éXô�ô\éXñ\øTõ�ð�îUñ\óXô\éXõ�ð\óXéXô:ê-ø�*�*{éû#éXô!îzøTïZõ�ð\ô_û#éjñ�éXõ�ê-ø�õ�ð;ñ\é�� � õtékg�é-ð�,zê�éXô�òXø�õ#éXô_ó-ð�Q�õ�ð�dzé�Q�ùUê-ø�ùUîtîUöRùUô!îzé-ð;ï¾ð;éXôH��ùUéöZé-ô�òXø�õUé-ôYø-Ýëô\éwû#óXîUöAQTê�éXõ�ð`öRéXôYõ)faù�û#ô�,�ê-é-ð\ð\é�*{øÿû#óXöRïZô�Q ð;ïRøTõ�î�QuñYû#éXôYîzøTïRõ�ð;ôYõo�©QE�A{

� é>ê�ð\é^î�Quô_öRé^îUñ�ø-dUö�~+*{éwû�éwê-ø�*�*wùUõUïZê�Q ð;ïRø�õtéXõ÷úTóXõUóXñCQ�öV�¤ñ ö � Q��#QuöRöZøTïRñH*xQuïZõ�ð;éXõ�Quõ�ðð;ñ\øTù � éXñ{ùUõ øTñ;û#øTõUõ�Quõ�ê-é+*{éXõ�ðüû#éXô�*{øTù � ék*{éXõ�ð;ôpû�éXôpõ)faù�û#ôpîzøTùUñxQ�ô\ô\ùUñ\éXñ{ùUõUéê-ø�*�*wùUõUïZê�Q ð;ïRø�õnéXõy*hø�û#éªQ�û�ìUø�ê`éXõ�ð\ñ\éaöRéXô�õ/faù�û#ô!û#ùnñ�óXô;é�Q�ùo�
àx¬(¹ ® äjánçz³f¿�â`µ ³iâAá�äaâ ± âqè-ä^á

�é-ð\ð;ékô\é>ê�ð\ïZøTõ ê�ø-*�*héXõ�ê-étîIQ�ñpöAQ�îUñ�óXô\éXõ�ð"Q ð;ïRøTõ û#éU��ùUéXö���ùUéXôlõ#øTð�Quð;ïRøTõUôlô\ùUñöZé�ê-ø-*hîzø�ñ�ð\é+*{éXõ�ðkû#ù ôS�ÿô\ðS~+*{éëé-ðnû#ókW�õUï¾ðnöRéXôÿò-ø�õUéXô�é-ð�öRéXô�îzøTïZõ�ð\ônû#é�ñ\éXõ�û#ékò\{
� øTùUôH��ùUï�ô\øTõ�ð�
höAQ¡d�Q�ô\éjû#éjô�Q¡*{øÿû#óXöRïZô�Q ð;ïRø�õZ� � õUô\ùUï¾ð;é-,�éXöRöZéjïRõ�ð\ñ\øÿû#ùUïRð!öRéª*{øÿû/~XöRéû#éXô�õ)faù�û#ô�é-ð�ùUõUéaì¦��îzø�ð;ì)~Xô\éoô\ùUñ]öZéXù#ñp*{øTù � é+*héXõ�ð����iéXô!ê-øTõ�ê-éXî#ð\ô�é-ð!õ#øTð"Q ð;ïRøTõUôô\éXñ\øTõ�ðoù#ð;ïRöRïZô\óXôjûIQuõUôoöAQ�ô\ùUï¾ð;épû�é{öAQüð;ì)~-ô;é���ù�Quõ�û�ø�õ�ïRõ�ð;ñ�ø�û#ùUïRñ�Q�öAQ§*{ø�û#óXöRïAQuð\ïZøTõû#ùüôS�ÿô\ðS~+*{é-,�öZéXô8QuöZúTøTñ\ï¾ð;ì)*{éXô=ûZ�ÅøTñ;û#øTõUõ�Q�õUê-é+*{éXõ�ð¨QuïZõ#ô;ï;��ùUé_öRéXùUñ�ô¨Q�*{óXöRïZøTñ�Q ð;ïRøTõUô��
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� õw�#QuïRð�, ê-éXô�îzøTïRõ�ð;ô:û#é"ñ\é-õ�û#é+ò\{ � øTùUô:ô\øTõ�ðqû�éXô�îzø�ïRõ�ð;ô:ûZ�ÅïRõ�ð\éXñ\ô\é>ê�ð\ïZøTõoéXõ�ð;ñ�é"öRéXô¢òXø�õ#éXôû#ùëîUöAQ�õo�;ñ ö��#Quù#ð`õUø�ð;éXñl��ùUéyûIQ�õ#ô`ùUõ�îzøTïZõ�ðoû#éwñ\éXõUû#é+ò\{ � øTùUô`öZéXôYõ)faù�û#ô`îzéXù � é-õ�ð
Q�êXê-ø�*{îUöRïZñYîUöRùUô\ïZéXùUñ�ô`ð�øTê;ìUéXô�,�ö�QlîUñ\ïRõ�ê-ïRî�QuöZéhûZ��éXõ�ð;ñ�éyéXöRöRéXô`ô\éXñ�Qüû#éyê-ø-*¡*wùUõUï���ùUéXñ��
0e�$Quù#ð;ñ�éXô�QTê�ð\ï � ïRð\óXô�,qê�ø-*�*hépî�Q�ñoé�ý#é+*{îUöRépöZépñ\éXêíì�Quñ\ú�ék*{éXõ�ðwû#éXôªd�Q ð\ð;éXñ�ïZé-ô^øTùmöRéô\øTõ�ûIQuú�éYû#é_öV��éXõ � ïRñ\øTõUõUé+*{éXõ�ð=î�Q�ñiû#ï¥g�óXñ\éXõ�ð;ô=ê�Q�î�ð;éXùUñ\ô�,�îzéXù � é-õ�ð=óXú Q�öRé+*{é-õ�ð¨Q � øTïRñöRïRéXùo�Ü Q�öRúTñ\ó�ê-éK��ùo��ø�õ Qkô\ùUîUîzøTô\óüîzø�ù#ñwöRéüô	��ô�ðS~+*{éüûIQuõUôwöAQkô\é>ê�ð\ïZøTõ F/��b��Çò/,:ïZö�éXô�ðð\ø�ù��&ø�ùUñ�ô{îzø�ô\ô\ï�d#öZékû#é�ð;ñ�ø�ù � éXñhùUõ øTñ;û#øTõUõ�Q�õ�ê�é+*{éXõ�ðlûIQuõUô{öZé���ùUéXö�û#éXù�ý õ)faù�û#ô�,
��ùUï`º�ð;ìUóXøTñ\ï���ùUé+*héXõ�ð�¼^îzéXù � éXõ�ð"ô\é�ñ\éXõ�ê-øTõ�ð;ñ�éXñ�,�õUé�ô;é]ê-ñ�ø�ïRô\éXõ�ðo�	Q�*xQuïZô�� �iéXöAQ � éXù�ðû#ïRñ\é8��ùo�ÅïRöUõo��éXô�ð"î�Quô~ð;øTù�� øTùUñ\ô�îzøTô;ô\ï�dUöRé�ûZ�©Q�ô\ô\ùUñ\éXñ~ùUõUé]ê-ø�*�*wùUõUïZê�Q ð;ïRø�õhéXõ�ð;ñ\é�û#éXù�ýõ)faùUû#ôaûIQuõUô`ùUõ÷ð\é+*{îUô�dzøTñ\õUó-�¤£_ïRõUô\ïV,�ïZöqéXô�ð`îzø�ô\ô\ï�dUöRéhû#é^ð;ñ�ø�ù � éXñYùUõëøTñ;û#øTõUõ�Q�õ|{ê-ék*{éXõ�ð�û�éXô¨*{øTù � ék*{éXõ�ð;ô�û#éXô�õ)faù�û#ô]ô\éXöRø�õ�öRé���ùUéXö�öRéXô�õ)faù�û#ô]õUé`ô\é`ñ\éXõUê-ø�õ�ð\ñ\éXõ�ð
��QE*xQuïRô��¤0lQuõUôYê-éwê�Quô�,�õUøTùUôYû#ïRñ\øTõUôl��ùUé^öRé^ô	��ô�ðS~+*{éjéXô�ðHdUöRø_��ùUó§� - Y�<�@�B\9o(\��ù[éedUù�ð
W�õIQ�ö�û#éYõUø�ð;ñ\éYô\ø�öRù#ð\ïZøTõ�ô\éXñCQwûZ�$Quô\ô;ùUñ�éXñ8��ùUéYöV�ÅøTñ;û#øTõUõ�Quõ�ê-é+*{éXõ�ð�û#éXô5*{ø�ù � é+*{éXõ�ð\ôû#é-ô]õ)faùUû#ô]õo�©QEdzøTù#ð;ïRñ�Qwî�Quôp
wù#õ�ôS�ÿô\ðS~+*{é�dUöZø|��ùUó-� � õ/W�õo,UûIQuõUô�ö�Q^ô\ùUïRð\éaû#éaê-é-ð�ð;éð\ì)~Xô\é-,�öRéXô�ð;éXñS*héXô3º`ñ\óXô\é�QuùM¼hé-ðwºYôS�ÿô\ðS~+*{él¼yô;øTõ�ðù#ð;ïRöZïRô\óXô=û#é��&Q�'-øTõlïZõ�û#ï¥g�óXñ\éXõ�ð;é-�
ã8ß?>8ß?> ì ¶��;NHë�ì/ä%N è�çoï	�;äMN�çoïÔç;ì�è�çoïÔâwäë�Nì/ï

èpç ã/ç�N�è�ç
�=õgôäîHï
ù�QnöRø�ê+Q�öRïRô"Q ð;ïRøTõméXô\ðjéXô\ô\éXõ�ð\ïZé-öZöRélîzøTùUñªdzé�Quù�ê-øTùUîsûZ�©Q�îUîUöRïZê�Q ð;ïRø�õUôwûIQuõUôjöZéXôoñ\ó\{ô\é�Quù�ý Q�ûeìUø�ê��`0�QuõUôoð;øTùUôjöZé-ô^ô	��ô�ðC~+*{é-ô^û#épöRø�ê�QuöRïZô�Q ð;ïRø�õsê-ø�*�*{é1ö�÷ G øTù L©tpFEPé-ðéLGF/bkP�,ÿùUõUé_éXñ�ñ\éXùUñ���ùUï8û#ó-îzéXõ�û�û#é_öV�ÅéXõ � ïZñ�ø�õUõUék*{éXõ�ð�û#øTïRð5�-ð\ñ\é_îUñ�ïZô\é_éXõ�ê-ø�*{î#ð;é-�

ù[é ö¨÷ G éXô�ð`ñ�éXö�Q ð;ï � é+*héXõ�ð`îUñ�ó>ê-ïRôl*�Q�ïRôYïRöVé�ý#ïRú�éwöAQ � ïZô\ï�dUïRöZï¾ð;óyû#éwô\éXôYô"Q ð;éXöRöRïRð\éXô`é�ð
QuïRõUô\ï:ïRö�éXô�ð_ïRõUék»pê�Q�ê-é?
höV��ïZõ�ð\óXñ\ïRéXùUñ!û#éXô�d�ø ð;ï�*{éXõ�ð\ô�� � õtîUöRùUô�,�ïZö�éXô�ð_ê-ø�X#ð;éXù�ý;��ù[éXôô	��ô�ðC~k*{éXô`d�Q�ô\óXôVô\ùUñ:ö���ïZõ)� ñ�Quô\ð\ñ\ù�ê�ð\ùUñ\éô;øTõ�ðVîzøTùUñqö�Q�îUöRùUî�Quñ�ð~û#éXô�ð;ïRõUóXôr
p� ø�õ�ê�ð\ïZøTõUõUéXñ

wöV�ÅïRõ�ð;ó-ñ\ïRéXùUñ�û#éXô¨d�ø ð;ï�*{éXõ�ð\ô]é-ð�ïRöRô�øTõ�ð]ùUõUé3*xQuñ\úTéoûZ�ÅéXñ�ñ\éXùUñ]û#éw��ùUéXöA��ùUéXôp*�~�ð;ñ\éXô��
ù[éXôiô	��ô�ðS~+*{éXôiû#é_öRø�ê�QuöRïZô�Q ð;ïRø�õÿQ�ûlì#ø�ê!îzéXù � éXõ�ðiî�Q�ñ	� øTïZô��#QuïRñ\éYû#éXôié-ñ\ñ\éXùUñ�ô=û#é!öZøÿê�Q�{öRïRô"Q ð;ïRøTõ�ï�*{îzø�ñ�ð"Quõ�ð;éXô`û#ùUéXô3Q�ùÿý �&QTê�ð\éXùUñ\ôYéXõ � ïZñ�ø�õUõUék*{éXõ�ð"Quù�ý¸Q�g�é>ê�ð�Q�õ�ðwQuïRõUô\ïVöZéXô
*héXô;ù#ñ\éXô�û#éXô]îzø�ô\ï¾ð;ïRø�õUô��



ôZÂè. ÄªÑ¤Ç�Ð-ÉUæ¢Ë�Í¡É ËKÇoÑ�Ë�Æ/Ë>ÒiÑ¤Ç ±=±

0�Q�õUô�õUøTð\ñ\éoô\ø�öRù#ð\ïZøTõo,�öAQ{ê-ø�*�*wùUõUïZê�Q ð;ïRø�õkéXõ�ð;ñ�éjû#éXù�ýnõ)faù�û#ô�QuùUñ�QhöRïRéXù÷ûIQuõUôû#éXô�òXøTõUéXô=û#é!ñ�éXõ�û#é+ò\{ � ø�ùUô��¦£_ïRõUô\ï�,�éXöRöRé_é�ý�ïZúTéYû#é-ôiõ)faù�û#ôiû#é_ê-ø�õUõ�Q�óZð;ñ\é!ô;é-ùUöZé+*héXõ�ðöZé-ùUñ^îzøTô;ï¾ð\ïZøTõ Q�îUî#ñ\ø>ý#ï�*�Quð\ï � é-��n�Q�õ�û�ïZô���ùUéüûIQuõUô^öRéXô?Q�ù�ð;ñ\éXôoð;ñCQ � Quù�ýeöZéXôjõ)faù�û#ôû#ø�ï � é-õ�ð�ê-øTõUõ�Q�óZð;ñ\étöRéXùUñ\ôpîzø�ô\ï¾ð;ïRø�õUôlé�ýIQ�ê�ð;éXô�,�ûIQuõUôlõUøTð\ñ\é�Q�ñ\êíìUï¾ð;é>ê�ð\ùUñ\é-,"ïZö�ô\ù/»hð
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�¥<CmEÕ�B?<>Õy[�<>!��"!i9)ý���[���9�%5: B?�C<�9�%#!i9)Õ�B\Yl��<�9�: û�h¤��� ��B\=�B\9�%V�
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� É Ì �Uædé�ÆIÐ-É_Ê�É/Ç�Ë

�iì�QE��ùUé�õ)faùUû ô\é�û#óXîUöAQTê-é�ûIQuõUôyô"QUòXøTõUé�éXõ�ð\ñ\éüöZéXôyîzøTïRõ�ð;ôhû#é�ñ�éXõ�û#é+ò\{ � øTùUô��
�élû#óXîUöAQ�ê-é+*{éXõ�ðwê-øTõUô�ð;ï¾ð;ùUépùUõUé{ð�øTêíìUéxQ � é>ê{ùUõUélû#ùUñ�óXéx��ùUï"ïZõ�ê�öZù#ð^öRé{ð;é+*hîUô^û#éû#ó-îUö�Q�ê-é+*{é-õ�ð`*xQuïZô`Q�ùUô\ô\ï�ö�Q]û#ùUñ\ó-éûZ�$Quù#ð;ñ�éXô:îUñ\øÿê-éXô\ô\ùUô`��ùo�ÅùUõoõ)faù�ûoîzéXù#ð:é�ý#ó>ê-ù#ð\éXñê-ø�*�*{é�, î�Q�ñqé ý#é+*{îUöRé-, ô\ø�õ�û#é-ñVöV�ÅéXõ � ïZñ�ø�õ#õUé+*{éXõ�ðVø�ù^ñ�Quô\ô\é+*�dUöRéXñVû#éXôVïRõ)� øTñS*�Quð\ïZøTõUô��

0�Q�õUôYùUõëîzøTïRõ�ðaû#é^ñ\éXõ�û#ékò\{ � øTùUô�,zùUõëõ)faù�ûtô��©Q�ñ�ñS�-ð\éwé-ð3Q ð\ð;é-õ�û÷îzøTùUñYñ\éXõ�ê�ø�õ_{ð\ñ\éXñoô\ø�õ � øTïRô;ïRõrô��ÅïRö�éXô�ðjöZépîUñ\ék*{ïZé-ñ�
UQuñ\ñ\ï � é-ñ��`�ié-ð�ð;é{ð"ø�êíìUépéXô�ð^ñ�éXîUñ\óXô\éXõ�ð;óXépî�QuñöAQtîUñ�ï�*hïRð\ï � é�Á��>!&%	� � ûIQuõUôyöRéXô¡Q�öRúTø�ñ�ïRð\ì)*{éXô��r2ÿï5
töV�$Quñ\ñ�ï � óXé�ûZ�ÅùUõmõ)faù�û û)Q�õUôwùUõîzøTïRõ�ð_û#éjñ�éXõ�û#é+ò\{ � øTùUô�,�ïRöo��ð;ñ�ø�ù � éoô\ø�õ � øTïZô\ïRõo,�QuöZøTñ\ôHQ�îUñ	~Xô!ùUõUéoó � é-õ�ð;ùUéXöRöRé^ê-ø�*?{
*^ùUõUïZê�Quð\ïZøTõo,8öRéXôoû#éXùÿýëõ)faù�û#ôoû#óXê-öZé-õ�êíìUéXõ�ðaöRé¡*{øTù � ék*{éXõ�ð � é-ñ\ô`öZé-ùUñ\ô`îzø�ïRõ�ð;ôaû#éñ�éXõ�û#é+ò\{ � øTùUôYô\ùUï � Quõ�ð;ô_ñ\éXô\îzé>ê�ð;ï�� ô��Z�ié-ð�ð;éjð"øTê;ìUéwéXô�ðYñ\éXîUñ�óXô\éXõ�ð;ó-éwî�Q�ñ_öAQpîUñ\ï�*{ï¾ð;ï � é
9¤<E%#! - 'S� � ûIQuõUô]öZéXô�QuöZúTø�ñ�ï¾ð;ì)*{éXô��

0�Q�õUô�öZéoô	��ô�ðS~+*{é-,�ê-éXñ�ð�Q�ïRõUéXô]ð"ø�êíìUéXô!ê-ø-*¡*{éoöRéjû#óXîUöAQTê�é+*{éXõ�ð!é-ð�ö�Qhê-ø�*�*wùUõUï½{ê�Q ð;ïRøTõkîzéXù � éXõ�ðHQ � øTïRñ]öZïRéXùnéXõnî�Q�ñCQ�öRö�~XöRé-�
� É_ÍWæ�Æ�Ç`Ç¢É|Í

· õpõ)faù�û�*{ø�dUïZöRé�îzéXù#ðô\ù)dUïZñ�û#éXôiû#ó+�&Q�ïRöRö�Quõ�ê-éXô��_0�Q�õ#ôiê-é-ð\ð\é]ð;ì)~Xô\é�õUøTùUôiê-øTõUô\ï¥{û#ó-ñ\øTõUô_öRéXôYû#ó+�&Q�ïRöRö�Quõ�ê-éXôYî�Quñ�Quñ\ñ	�-ð�,�î�Quñ!é�ý�é+*{îUöRé-,���ù�Quõ�ûtöAQ{ô\øTùUñ;ê-é^ûZ�Åó-õUéXñ\úTïZéjéXô�ðóXî#ùUïZô\óXé-�!�_ù�Q�õUûyùUõyõ)faù�ûwð;ø�*�dzé=éXõyî�Q�õ#õUé-,TïRö#õUé=îzéXù#ð�îUöRùUô�î�Q�ñ\ê-øTùUñ\ïRñ�ô\éXô~îzø�ïRõ�ð;ôû#éYñ\éXõ�û#é+ò\{ � ø�ùUô�� · õ�õ)faù�û�îzéXù#ð]ô\é`ñ�ó-ð"Q�dUöRïZñpQuîUñS~-ô]ùUõUé`î�QuõUõUé-,#îIQ�ñ=é�ý#é+*{îUöRé`î�QuñùUõ#éoïRõ�ð;é-ñ � éXõ�ð;ïRø�õné�ý�ð\óXñ\ïRéXùUñ\é��4ñ�é>êíì�Quñ\úTé+*{éXõ�ð!û#é3d�Q ð\ð;éXñ�ïZé-ô\("�
àx¬�Ç "$# µ�æ§´ #

�ié]êíìIQ�îUï¾ð;ñ�é]ïRõ�ð\ñ\øÿû#ùUïRð"öRéXô�îUñ\ø�dUö�~+*{éXô�é-ð"öRéXô�*{ø�ð;ï � Quð\ïRø�õUô���ùUïUõUøTùUô�ø�õ�ðzQ�*{éXõUó

^öV�ÅïZû#óXéaûZ�Åù#ð\ïZöRïRô\éXñ�öAQ�*hø-dUïRöRïRð\ó`îzø�ùUñ¨QE*{ó-öZïRøTñ\éXñ�öRéXô�îzéXñS� ø�ñ	*xQuõ�ê-éXô�ûZ��ùUõ�ñ�óXô\é�Q�ùyQ�ûìUøÿê�� Ã øTùUôjê-ø�õUô\ïZû#óXñ�ø�õUô^û#éXôoñ\ó-ô;é�Quù�ý�Q�û�ìUø�ê{û#é{ú�ñCQ�õUû#éhð"Q�ïRöRöRépø�ÝröRéXôjû#ïRô\ð�Q�õ�ê�éXô
q&%§x+t�g�zu§v�t��]t:u8~('��]�3u���h�]t�~g}[�3u8~gtOxGt:u,�}[~]u����g�:�?}[~]uS��y�u�*)�}[~]�Dv���}�~3~3y�~�v,+Ix¯s y��z�gtO�gt���y�~3~gt	y��+�uw}[xzy����?t:u:�
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éXõ�ð;ñ�éyöRéXô`õ)faù�û#ô`ô\ø�õ�ð3dzé�Q�ù�ê-øTùUî�îUöZùUô`úTñ�Quõ�û#éXô3��ùUéyöRéXùUñ�òXø�õUéyû#éwð;ñCQ�õUôS*{ïRô\ô\ïZøTõo�
0lQuõUôhê-éüð���îzé�û#é�ñ�óXô\é�Q�ù�ýmöZéXôyõ)faù�û#ôyô\øTõ�ðyîUöRù#ðCR�ð{û#ó>ê-øTõUõUé>ê�ð\óXôhé-ðyó-ð"Q�dUöZïRñyùUõUéê-ø�*�*wùUõUïZê�Q ð;ïRø�õpéXõ�ð;ñ�é�éXù�ý{ñ�éXîUñ\óXô\éXõ�ð;é�ùUõlû#ókW¢� Ã ø�ùUô�Q � ø�õUô�ô\ùUîUîzøTô;ó���ùUé!ê;ì�Q���ùUéõ)faù�ûeô\épû#óXîUöAQ�ê-élûIQ�õ#ôjô�Q�îUñ�ø�îUñ�é�òXøTõUépû#ùrîUöAQuõo�o£_ïRõUô;ïV,[õUøTùUô�Q � øTõUôjé-ô;ô�Q+��ópû#éð;ïRñ\éXñqîUñ�ø�WUð~û#éö�Qp*{ø�dUïRöZï¾ð\ó=û#éXôVõ)faù�û#ôVé-õwöRéXô�� øTñ('�Quõ�ðr
�ô\é=û#ó-îUö�Q�ê-éXñ � éXñ\ôVû#éXô�òXøTõUéXôû#élñ�éXõ�û#é+ò\{ � øTùUô^éXõ�ð;ñ\épöRéXùUñ\ôªòXø�õUé-ôwû#éüû#ó-îUö�Q�ê-é+*{é-õ�ð�,�ø-ÝrïRöZô^îzé-ù � éXõ�ðwê-ø�*�*wùUõUï½{
��ùUéXñ+�_�ié-ôzòXøTõUéXô�î�é-ù � éXõ�ðz��ð;ñ\é!û#ó\W�õUïZé-ôî�Q�ñ"öZé!û#ïAQ�úTñ�Q�*�*{é�û#ép4"øTñ\øTõUø�`��ùUïzû#ï � ïRô\éùUõsîUöAQuõðQ � é>ê n îzø�ïRõ�ð\ôM�4öRéXôwõ)faù�û#ôyû#ùmñ\óXô\é�Quù�(oéXõ n îzø�ö¥��úTø�õUéXôyê-ø�õ � é�ý#éXô����iéêíì�QuîUïRð\ñ\éjîUñ\ó-ô;éXõ�ð;é�QuùUô\ô;ï�öRéª*{ø�û/~-öZé^û#éXô!õ)faù�û#ôH��ùUï�� ø�ñ	*{éXõ�ð!öRéjñ\óXô\é�Quù ��ùUéjõUøTùUôê-øTõUô;ïZû#óXñ�ø�õUôiéXõ�û#ókW�õUïRô\ô"Quõ�ðiöZéXô=ê-øTõ�û#ï¾ð;ïRø�õ#ô�û#é_öAQjê-ø�õUô\ø�*�*xQ ð;ïRø�õ#ô=ûZ�ÅóXõUéXñ�ú�ïRé-,ÿöRéXùUñê-ø�*�*wùUõUïZê�Q ð;ïRø�õo,UöRéXùUñ�û#óXî#ö�Q�ê-é+*{éXõ�ð!é-ð]öZéXù#ñ\ô]ð�øTê;ìUéXô��
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à�áwâqã:älå�æ�ç"âVè-ä^á
0�Q�õUô"ùUõ{éXõ � ïZñ�ø�õUõUék*{éXõ�ð"ð;ñ	~Xô�û_��õ�Q�*{ï���ùUé�ê-ø-*¡*{é]öRéXô�ñ�óXô\é�Q�ùÿýxQ�ûhìUø�êE,�ø�Ý{öRéXôîUñ\ø�dUö�~+*{éXôqû#é�ê-ø�*�*^ùUõUï ê+Quð\ïZøTõjô\øTõ�ð�� ñ\ó���ù#éXõ�ð;ô`
]ê�QuùUô\éû�ùjìIQ�ù#ðqû#é-ú�ñ�óû�é*hø-dUïRöRïRð\óø�ù�û#é�*xQ�õI��ùUéaû;�ÅóXõUéXñ�ú�ïRé-,�ö�Q^ñ�ø-dUùUô�ð\éXô\ô;éYéXô�ð=ð\ñS~Xô=ï�*hîzø�ñ�ð"Quõ�ð;é-�_£_ïRõUô\ïV,�ö�Qwê+Q�î�Q�ê-ï¾ð;óûZ�$Q�ûIQuî#ð"Q ð;ïRø�õ�
!öAQ_û_��õ�Q�*{ïA��ùUé�û#ùwñ\óXô\é�Quù�Q>W�õhûZ�$Q ð\ð\éXïRõ�û#ñ\é=ùUõyº!ê-ø�*{îzøTñ�ð\é+*{éXõ�ð¼õUø�ñ	*xQuözé-ð=û#éXôîzéXñS� ø�ñ	*xQ�õ�ê�éXôiñ�QuïZô\øTõUõ�Q�dUöZéXô�,�� øTùUé\{6ð	{ ïRözùUõüñ	R�öRé�*xQ�� éXùUñûIQ�õUôõUøTð\ñ\é

*{ø�û�óXöZïRô�Quð\ïZøTõo�
�é�ê;ì�Q�îUï¾ð;ñ�é]îUñ�óXô\éXõ�ð;é�öAQ�*{øÿû#óXöZïRô�Q ð;ïRø�õpû#ùhîUñ\ø�dUö�~+*{é-� Ã øTùUô"é-ô;ô�Q+��øTõUô"û#é�ê-ø�*?{

dUïRõUéXñqöAQ¨*hø-dUïRöRïRð\óé-ðqöAQ]ñ�ø-dUùUô�ð\éXô\ô;éû#é�õUø�ð;ñ\é�ô\øTöRù#ð;ïRø�õ?Q>W�õ^û#é�ö�Q]ñ�éXõ�û#ñ\é�Q�ûIQuî#ð"Q�dUöZé-�
ù�Qÿd�Q�ô\élû#élõUø�ð;ñ�élô;êíìUó+*�QnéXô�ð^öZélê-ø�õ�ð;ñSRTöRéüû#élöAQÿ*{ø�dUïRöZï¾ð;ó��`n:øTù#ð;é+� ø�ïRô�,�õUø�ùUôjéXô	{ô�Q���ø�õUôû#é]õUé�î�Quôdzé�Quù�ê-øTùUîüê-øTõ�ð;ñCQ�ïRõ�û#ñ�é�öZé-ôz*hø�ù � é+*{éXõ�ð\ôû#éXô"õ)faù�û#ô�Q�WUõlû#é�õUéî�Q�ôYõÿùUïRñ\éwö�Qüû_�ÿõ�QE*hïA��ù#éhû#ùëñ\óXô\é�Quùo�¤£_ïRõUô\ï�,�õUøTùUô`éXô\ô�Q+��øTõUôaû;�$Quô;ô\ùUñ�éXñYùUõëð\é+*{îUô
dzø�ñ�õUó{û#éhöAQlð;ñCQ�õUôS*{ïRô\ô;ïRøTõeû#éXô3*{é-ô;ô�Quú�é-ôaéXõ�*{é�ð\ð"Quõ�ð`éXõ�faù � ñ�éhùUõ¸*{ó>ê�QuõUïZôS*{éû#éhñ\éXõ�û�é+ò\{ � øTùUôª��ù�Q�õ�û�ïRö~ô��$Quú�ï¾ðoû#é{ê-ø�*�*wùUõUï���ùUéXñ+� Ã ø�ùUôaó � QuöRùUø�õUôoûIQuõUôoê-é{ê�QuôöZéjû#óXöAQ�ïRô_û#éjöAQyð;ñCQ�õUôS*{ïRô\ô;ïRøTõ÷û#é-ô�*{éXô\ô�Q�úTéXô!é-ð!öAQhöRø�õUúTùUéXùUñ_û#é-ô!ñ\øTù#ð;éXô���0!éoîUöZùUô�,õUøTð\ñ\ée*{ó>ê�QuõUïRôC*héyû#øTïRð��-ð\ñ\é^ó>ê-ø�õ#ø-*{é^éXõëó-õUéXñ\úTïZéM�CB\9;B\Y�mE'�D	B43 �"!�B\9�%S(\� Ü ïRõUï�*hïZô\éXñöZé-ôYû#óXî#ö�Q�ê-é+*{éXõ�ð;ô�,�ùUõUé^û#éXô!ñCQ�ïRô\ø�õUô!îUñ\ïRõ�ê-ïRî�QuöZé-ô`û�éjöAQpê-øTõUô\ø-*�*�Quð\ïZøTõ÷ûZ�Åó-õUéXñ\úTïZé-,îzéXù#ð�ñ\éXõ�û�ñ\éaöZé3*{ó>ê+Q�õUïRôS*{éaîUöRùUô�ék»pê�Q�ê-é-�

�épêíì�QuîUïRð\ñ\épê-ø�*�*{éXõ�ê�é{î�Q�ñaîUñ\ó-ô;éXõ�ð;éXñaö�Q§*{øÿû#óXöRïZô�Q ð;ïRø�õrû#é{ö�Qüð;øTîzøTöZøTú�ïRélû#ùñ\óXô\é�Quùyé-ð~ïRõ�ð;ñ\øÿû#ùUï¾ð�ùUõ¡Q�öRúTø�ñ�ïRð\ì)*{é�ûZ��ø�ñ\û#ø�õ#õ�Q�õ�ê-ék*{éXõ�ð"û#éXô�*hø�ù � é+*{éXõ�ð\ô�ûIQuõUô~öAQô\é>ê�ð;ïRø�õÿ÷|�Çò/� · õUé_ô\óXñ\ïRéYû#é!îUñ\øTîUñ\ïRó-ð;óXôiô\ùUñiê-é-ð�ð;éH*{øÿû#óXöRïZô�Q ð;ïRø�õüéXô�ðiîUñ\óXô\éXõ�ð\óXéYûIQuõUôö�Q�ô\é>ê�ð;ïRøTõþ÷_�O�I��ù�Q�ô\é>ê�ð\ïZøTõþ÷_�©t�ú�ó-õUóXñ�QuöZïRô\étõ#øTð\ñ\é�QuöRú�øTñ\ï¾ð;ì)*{éné-ðpö�Q�ô\é>ê�ð;ïRøTõþ÷_�GFû#ókW�õUï¾ðpùUõ ô;êíìUó+*�Q�û#é�ñ\øTù#ð"Quú�ékûIQuõUô{öRénñ\óXô\é�Quùo� � õ/W�õo,�ùUõ ñ\óXô\ù)*{ókê�ø�õ�ê-öRù#ðlê-é
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ê;ì�Q�îUï¾ð;ñ�é-�
; ¬+ < äpå # ½Xè+µ ± âVè�ä^á ånæ ¿�ãqä>= ½@?8´ ³
Ã øTùUôUQ � øTõUôkê-øTõUô\ï û#óXñ�óeê-ø-*�*héëð;øTî�øTöRø�úTïRérû#ù ñ\óXô\é�Quù ùUõ îUöAQuõ 2D ,=ø�Ý ùUõéXõ#ô;é+*edUöRékû#é�õ)faù�û�ô�*{ø�dUïRöZéXôhéXô�ðpû#óXîUöRø���ó-�2ÿéXöRøTõ ê-éÿ��ùUé�õUøTùUôxQ � ø�õUôhô\ùUîUîzøTô;óûIQuõUôhöAQëô\é>ê�ð\ïRø�õ¬F/��b��Çò/,~öAQtð;øTîzøTöZøTú�ïRékû�ù ñ\óXô\é�Quùo,~û#ø�õ�ê�öRé�îUöAQuõo,~ô\éXñ�Q÷û#ï � ïZô\óXé�éXõ

òXøTõUéXô��|0�QuõUô�öAQaîUñCQuð\ïA��ùUé-,�ê�é-ð\ð;é�û#ï � ïZô\ïRøTõlîzøTùUñ\ñ�Ql�-ð\ñ\é�û#óXîzéXõ�ûIQuõ�ð;é!û#éXô�ñ\éXô\ô\øTùUñ;ê-éXôû#é-ô"õ)faù�û�ôzQuïRõUô\ïI��ùUé]û#é�öRéXùUñ\ô"ê�Quñ�Q�ê�ð;ó-ñ\ïRô\ð\ïA��ùUéXô��6):ø�ù#ñ�öV�ÅïRõUô�ð"Quõ�ð�,�öRéXô"ø�dUô�ð"Q�ê-öRéXô��ùUïîzéXù � éXõ�ð��-ð;ñ\é�îUñ\óXô\éXõ�ð\ô�ûIQuõUô�öV�Åé-õ � ïRñ\øTõUõUé+*{éXõ�ðû#ù{ñ\ó-ô;é�Quù{õUé]ô\øTõ�ð"î�Q�ô�ê-øTõUô\ïZû#óXñ\óXô��� õ^û#ï � ïRô�Q�õ�ðqöZé�îUöAQuõ^éXõªòXøTõUéXô�, ïRö�îzéXù�ð�Q�ñ�ñ\ï � éXñ���ùo�ÅùUõUéòXøTõUé�Q�ï¾ðqî#öZùUôqûZ��ùUõ^îzøTïRõ�ðûZ��ïRõ�ð;éXñ�ô;é>ê ð;ïRø�õ�Q � é>êyû;�$Quù#ð;ñ\é-ô3ò-ø�õUéXô��;£_ù�ð;ñ\é+*héXõ�ðaû#ï¾ð�,�ùUõ�õ)faù�ûëîzéXù#ðªQ � øTïRñ`î#öZù_{ô\ïRéXùUñ\ô�îzø�ïRõ�ð;ô]û#é`ñ\éXõ�û#é+ò"{ � ø�ùUô��)ñ ö�ô��$QuúTïRð�û#øTõ�ê�*xQ�ïRõ�ð\éXõ�Q�õ�ð�û#é`ð\ñ\øTù � éXñ=ùUõ�ø�ñ\û#ø�õ_{õ�Quõ�ê-é+*héXõ�ð`û#éXô�*{øTù � ék*{éXõ�ð;ôYû#é-ôYõ)faù�û#ô�� Ã ø�ð;ñ\é^ïZû#óXéwê-ø�õUô\ïRô�ð;é¡
�� ø�ñ\ê-éXñYêíì�QE��ùUéõ)faùUû¡
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` !&�`B	^�!��\%�BwÕ_9 ûk%}�E% q : ��9)�ª�:� ��Õ_%�<�=x��%�B¨hI<�Õ_Y?�"])���"Õ�B¨hI<>!i9�%¨: BªYCB\9;:-B�@kD}[�<�Õ¦� e:>Õy9���Õ�: nk ��÷8<�Õ|Y��"])� �\Õ|9�:�� B\9�%#YCB?B\Õ�^ÿ<�9�9;<E%�B label(q) = σ(e) �` !&�zB	^�!A�\%�B�Õ_9;B�%#Y��>9)�"!&%#!V<�9 t ∈ Tk : Bx�:� ûk%��E%3:-BK�¥� ��B+� σ(ei)
"U�:� ûk%}�E%3: Bx���-��B+�

σ(ej)` �"! σ(ei) < σ(ej)
Bk%|�\Õ%� !#�r9�� B:^�!��\%�BwhI���M:�� û\%��E% q ∈ Qk

%�Bk���\Õ�B σ(ei) <
label(q) < σ(ej)

ý5<>Õ
` �"! σ(ei) = max{label(q), q ∈ Qk} Bk% σ(ej) = min{label(q), q ∈ Qk} �` ��� ûk%��E%�!i9I!&%&!�����: Bª�:� ��Õ_%�<�=��E%�B?B"�\% ik = min{label(q), q ∈ Qk} �

ù�Q?W�ú�ù#ñ\é?÷|�u�pñ�éXîUñ\óXô\éXõ�ð;éjöRéXôHQ�ù#ð\ø-*xQ ð;é-ô!öRø�ê�Quù�ýZ,�ø-d#ð\éXõÿùUô�
hî�Quñ�ð\ïZñ!û#éoöAQhõÿù_{
*hóXñ\ø�ð"Q ð;ïRø�õkû#ùnúTñ�QuîUìUéjû�éaö�Q�WUú�ùUñ�é�÷|�Çò/,UîzøTùUñ�êíì�QE��ùUéaõ)faù�ûZ�
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& �i�9¼ ÷_�O� ¾ ù[éXôHQuù#ð;ø�*xQ ð;éXô]öRø�ê�Quù�ý
ù[éXô�ð;ñ�QuõUô\ï¾ð;ïRø�õUô"éXõ�ð\ñ\é]öRéXô"ó-ð"Q ð;ô�û)Q�õUô�ê-éXôzQuù#ð;ø�*xQuð\éXô"öRø�ê�Quù�ýhô;ù#ï � éXõ�ð�ùUõ{øTñ;û#ñ�éê-ñ�ø�ïRô\ô�Q�õ�ðkû#éXîUùUïRônöRéXùUñ\ô�ó-ð�Quð\ô�ïZõUï¾ð;ïAQuù�ý ñ�éXô\îzé>ê�ð;ï�� ô�îzø�ùUñ�êíì�QE��ùUé�õ)faù�ûZ�8ñ ö��#Quù#ðõUø�ð;é-ñ�öV�Åó���ùUï � Q�öRéXõ�ê-é!ó�ð"Quð�ÉuîzøTïRõ�ðiû#é�ñ�éXõ�û#é+ò\{ � øTùUôé�ð�ð\ñ�QuõUô;ï¾ð;ïRøTõ�É�*hø�ù � é+*{éXõ�ð�éXõ�ð;ñ�éû#é-ù�ýjîzøTïZõ�ð;ôVû#é�ñ\éXõ�û#ékò\{ � øTùUô��>ù��ÅéXõUô\é+*edUöZéû#éXô�Q�ù#ð\ø-*xQ ð;éXô:öZøÿê�Quù�ýjñ\éXî#ñ\óXô\éXõ�ð;é�öV�ÅéXõ_{ô\é+*edUöZéhû#éXô`ó-ð�Quð;ô`öRø�ê�Quù�ý�û�ù�ô	��ô�ðS~+*{é-� � õ�ékg�é-ð�,8ïRöRôaïRõ�û#ï���ùUéXõ�ðaø�Ý�ô\éwð;ñ�ø�ù � éyùUõ
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õ)faù�û�îzéXõ�ûIQuõ�ð�öRéaî�Quñ;ê-øTùUñ\ô�û�éaô\éXô]îzø�ïRõ�ð\ô!û�éañ\éXõ�û�é+ò\{ � øTùUô��)ñ öZô]ô\éXñ � ïRñ\øTõ�ð�Q�ùUô\ô\ï¢
û#ókW�õUïRñ�ùUõÿQ�ù#ð\ñ\é3Q�ù#ð\ø-*xQ ð;é¡� � øTïRñ=ô\é>ê�ð;ïRøTõU÷_�O�|(z��ùUï8ñ�éXîUñ\óXô\éXõ�ð;éXñ�Q^öV�Åó�ð"Quð�úTöRø-d�Quö[û#ùô	��ô�ðC~+*{éw
hêíì�QE��ùUéaïZõUô�ð�Q�õ�ð��
ñ ö��#Quù#ðiõUøTð\éXñ8QuùUô\ô\ï¤��ùo�$Quù�û#ókdUù#ð�,ÿêíì�QE��ùUé_õ)faù�ûlé-ô\ðiïRõUï¾ð;ïAQ�öRïRô\ó`ûIQuõUôiô\ø�õlîzø�ïRõ�ðû#é_ñ\éXõUû#é+ò\{ � øTùUô8Q��¦Q�õ�ðiöRé_î#öZùUôiîzé-ð\ïRðiõÿù)*{óXñ�øI�¦£_ïRõUô\ïV,ÿøTõMQjû/~XôiöRéYû#ó+d#ù#ð¨QuùK*{øTïZõ#ôû#éXù�ýlõ)faù�û�ô�ûIQuõUôiöRéH*��+*{é!îzøTïZõ�ð=û#é_ñ\éXõUû#é+ò\{ � øTùUô�,�ê-é-öZùUï�õ�ù)*{óXñ\ø�ð;ó�Q � é>ê 1 �/�iéXöAQ

Q�ô\ô\ùUñ\é]öRé!û#ó>ê�öZéXõ�ê;ìUé+*{éXõ�ðû#éXô*hø�ù � é+*{éXõ�ð\ôê+Q�ñ+,�û/~Xô�öRé!û�óXî�Q�ñ�ð�ïZö)��QuùUñ�Q`ê-éXôû#éXù�ýõ)faù�û#ô?��ùUï � øTõ�ðwô\é�û#ó-îUö�Q�ê-éXñ � éXñ\ô^öRéXùUñ\ô^î�øTïRõ�ð;ôwû#éüñ\é-õ�û#é+ò\{ � øTùUôwô\ùUï � Q�õ�ð\ôyûIQuõUôöZé-ùUñ\ô{ø�ñ\û#ñ\éXô{ñ\é-ô;îzéXê�ð;ï�� ô��M)qøTùUñhö���é�ý#é+*{îUöRékû#énöAQ W�úTùUñ\é�÷|�u�),�ô\ï�øTõþê�ø�õUô\ïZû/~Xñ\énöRéXôõ)faù�û#ô a é-ð b ,�QuöRø�ñ\ôw¹)qøTùUñ_öRé^õ)faù�û a ¹�ö��©Q�ù#ð\ø-*�Quð\é^öZøÿê�Q�ö Aa éXô�ðYöV�ÅéXõUô\é+*�d#öZéwûZ�Åó-ð�Quð\ô Qa = {1, 9} ,zé-ðû#é`ð;ñ�QuõUô\ïRð\ïRø�õUô Ta = {1→ 9, 9→ 1} ,�û#øTõ�êoû#é-ù�ý�ó-ð"Q ð;ô]é-ð!û#é-ù�ý�ð;ñ�QuõUô\ï¾ð;ïRø�õUô��)qøTùUñ`öRéyõ)faù�û b ¹�öV�$Quù#ð;ø�*xQ ð;éyöZøÿê�Quö Ab éXô�ðaöV�Åé-õUô;ék*�dUöRéhûZ�Åó-ð�Quð;ô Qb = {1, 2} ,8é-ðû#é`ð;ñ�QuõUô\ïRð\ïRø�õUô Tb = {1→ 2, 2→ 1} ,Uû#ø�õ�êaû#éXù�ý�ó-ð�Quð\ô]é-ð!û#éXù�ý�ð\ñ�QuõUô;ï¾ð;ïRøTõUô��
£_ù÷û#óXî�Quñ�ð!öRéXô!õ)faù�û#ô a é-ð b ô\øTõ�ð_ûIQ�õ#ô_öV�Åó-ð�Quð_û#éw*��+*{éoö�Q�dzéXö 1 ,�ê-ée��ùUï�ô\ïZúTõUï¥W�é
��ùo�ÅïRöRô�ô\øTõ�ð�ûIQuõUô=öZéH*��+*{é_îzøTïZõ�ð�û#éYñ\é-õ�û#é+ò\{ � øTùUô��/ù[é_õ)faù�û a � Q�QuöRø�ñ�ô=ô;éYû#ïRñ\ïRú�éXñ
� éXñ�ô{öRénîzøTïRõ�ðlû#é�ñ\éXõ�û�é+ò\{ � øTùUô 9 ,~ð�Q�õ�û#ïRô���ùUé b � Qëô\énû#ïZñ�ïRú�éXñ � éXñ�ô{öRénîzøTïRõ�ðlû#éñ\éXõ�û#ékò\{ � ø�ù#ô 2 �

; ¬:Ç a ½k²jäjãqè â ¯ ´ ³*å.b äjãVå�ä^á�á ± á�ç�³8´ ³]áwâ
ù��$Quñ;ê;ìUïRð\é>ê�ð;ùUñ�é^û#é^ê�ø�õ�ð\ñSRTöZéjû#éª*{ø�dUïRöZï¾ð;óe��ùUéjöV�ÅøTõ � éXù#ð!ó-ð�QEd#öZïRñ!é-ô\ð�d�Quô\óXéjô\ùUñö�Qx*{øÿû#óXöRïZô�Q ð;ïRø�õ�û#ù�ô	��ô�ðC~k*{éwî�Q�ñYöRéyú�ñCQ�îUì#éhû#éXô`îzøTïZõ�ð;ôaû#éyñ\é-õ�û#é+ò\{ � øTùUô�,8ô�Qlõÿù_{

*{óXñ\ø�ð"Q ð;ïRøTõ�QuöRó�Quð\ø�ïRñ\éüé-ðyöRéK*{ó>ê�QuõUïRôS*{é�û#éXôyñ�éXõ�û#é+ò\{ � øTùUô��a)�Quñ?Q�ïRöRöZéXù#ñ\ô�,VöRéXô¡Q�ù_{ð;ø�*xQ ð;éXô�öZøÿê�Quù�ý Q � é>ê÷öRéXô�ó���ùUï � QuöRéXõ�ê-éXô�ó-ð"Q ð�É îzø�ïRõ�ðnû#éëñ\éXõUû#é+ò\{ � øTùUô�é-ðüð;ñ�QuõUô\ï¥{ð;ïRø�õ=É�*{øTù � é+*héXõ�ð�,#ñ\éXîUñ�óXô\éXõ�ð;éXõ�ð]ð;ø�ð"QuöZék*{éXõ�ð�öV�Åó�ð"Quð�û#éoêíì�QE��ùUéaõ)faù�ûZ�
�é-ð\ð;é8Q�ñ\êíìUï¾ð;é>ê�ð\ùUñ\é � QH��ð;ñ\é5*hïZô\é=é-õhî#ö�Q�ê-é¨
_î�Quñ�ð\ïZñ~ûZ�ÅùUõ¡Q�öRúTø�ñ�ïRð\ì)*{é8��ùUé=õUøTùUô

Q � ø�õ#ôyê-ø�õ,'-ùmé-ð?��ùUïiû#ókW�õUï¾ðyöAQy*xQuõUï�~Xñ�é�û#øTõ�ðwöRéXôwõ)faù�û#ô � øTõ�ðwô\éüû#óXîUöAQTê-éXñ+��ù�Qô�ð;ñ�Q ð;óXúTïRé�û#éx*{ø�ù � é+*{éXõ�ðwû#éXôwõ)faù�û#ôwô\éXñCQtê-ø�*{îUö�~-ð;é+*{éXõ�ðyû#ïZô�ð\ñ\ï�dUùUóXé�ê�Quñ^öZéXùUñ�ôû#ó>ê-ïRô\ïZøTõUô�õUéaô;øTõ�ð]î�Q�ô]ô	��õ�êíì#ñ\ø�õ#ïZô\óXéXô�îIQ�ñ]ùUõ#éoìUøTñ\öRøTú�éaú�öRø�d�Q�öRé-�
�é-ð�QuöRú�øTñ\ï¾ð;ì)*hé]éXô�ð�ð;ø�ð"QuöZé+*héXõ�ðzQ�ô	��õ�ê;ìUñ\øTõUé]î�Quñ"öRéXô�*{øTù � é+*héXõ�ð;ô"û#éXô�õ)faù�û#ôê�QuñVîUöRùUô\ïRéXùUñ\ôVõ)faùUû#ôVîzéXù � é-õ�ðVô;éiû#ó-îUö�Q�ê-éXñqéXõwî�Quñ�QuöRö�~XöRé-� � õ^îUöZùUô�, îzéXõUûIQ�õ�ðVöRéiñ�ø�ù_{ð"Quú�é_ûZ��ùUõx*{éXô\ô�Quú�é-,�öRéXôõ)faù�û#ôïZõ�ð\éXñS*hó>û#ï�QuïRñ\éXôõUé!ô\øTõ�ðî�Q�ôø�dUöRïZúTóXô=û#é!ô���ø�êXê-ùUîzé-ñô\éXùUöZék*{éXõ�ðaû#ù�ñ�ø�ù#ð�Q�úTéhû�éhê-é�*{éXô\ô�Q�úTéwî�Q�ñ�ð;ïZê-ùUöRïZé-ñ�,;*xQuïRô`ïRöRô`îzéXù � éXõ�ðªQ�êXê-ø�*{îUöRïRñûZ�$Quù#ð;ñ�éXôð"ø�êíìUéXôiî�QuñS*{ïzöZé-ô���ùUéXöZöRéXô=î�Quñ�ð\ï ê-ïRîzéXñió � é-õ�ð;ùUéXöRöRé+*{éXõ�ð8
jùUõUélQuù#ð;ñ�é!ð;ñCQ�õUô�{

*{ïRô;ô\ïRøTõþû�éÿ*{éXô\ô"QuúTé-�0!ékê-énîzøTïZõ�ðüû�é � ùUé-,�öV�©Q�öRú�øTñ\ï¾ð;ì/*{éké-ô\ð{óXú Q�öRé+*{éXõ�ðKQ�ô	��õ_{êíìUñ\øTõUé{î�QuñoöAQnê-ø�*�*^ùUõUï ê+Quð\ïZøTõeéXõ�ð;ñ�é{öRéXôoõ)faù�û#ôoî�Q�ñ\ê-é���ùo��éXõ Quð�ð;éXõ�ûIQuõ�ðe��ùo�ÅùUõ
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*héXô;ô�Quú�éªQuñ\ñ�ï � éª
yô�Qyû#éXô�ð;ïRõ�Quð\ïZøTõo,�ûZ�$Quù#ð;ñ�éXô�ê-ø-*�*^ùUõUïZê�Quð\ïZøTõUô�îzé-ù � éXõ�ðHQ � øTïRñ]öRïZéXùï�*{îUöRï���ù�Quõ�ð!û#éXô�õ)faùUû#ô���ù#ï � ïRéXõUõUéXõ�ð!ûZ�©QTê;ìUé+*{ïRõUéXñ]ùUõÿ*{éXô\ô�Q�úTé-�
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�����

û��"])��9|m¦B\Y�: B��3=xB�������m¦B"���,� !&�;'MB\9��I�
9;<E%#! - '8� � � ��� :-û��+��B\9;�"]/Be�¥Bw=x<>Õ_[�B\=�B\9�%�[�B\Y"�w��B8hI<>!i9�%5: BwYC:�[��"Õ|!i[���9I%��� �"!�Õ_9 =�B"������m B m B"�\%�Y�B:�+Õ 
�������� ���§: B��\%#!i9;�E%&!�<�9�: B m B"�\% nk 
�����%#YC��!&%�B\Y m ����è���

��<�9)��B"Y\[�B"Y m hI<�Õ_Y3YC<�Õ/%}��m¦B9����%$ ������%$ ���
��<�9�%#!�9IÕ�B\Yª�¥Bw=x<>Õ_[�B\=�B\9�%[�B"Y"�w��B8hI<>!i9�%8:-BwYCB\9;: B�@\D}[�<�Õ|���"Õ|!i[���9I%p��������
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& �&�9¼ ÷|�$t ¾ ù��$QuöZúTøTñ\ï¾ð;ì)*{éoûZ��ø�ñ\û#ø�õUõ�Quõ�ê-é+*héXõ�ð!û#ùnõ)faù�û nk
ù[éXô�õ)faù�û#ô�îzéXù � éXõ�ðnêíìUøTïZô\ïRñnû#éëõUé�î�Quô�ô\é�û#óXîUöAQTê-é-ñ�ð;øTù#ð�öZé÷ð;é+*{î#ô�,z*xQ�ïRôô\éXùUöRé+*{éXõ�ð5��ù�Quõ�ûlïRözô��$QuúTïRð=û#é�ð\ñ�QuõUôC*hé-ð\ð\ñ\é!ùUõx*{é-ô;ô�Quú�éH��ùUï�õUó>ê-éXô\ô\ïRð\é_öRéXùUñî�Quñ�ð;ï½{ê-ïRî�Q ð;ïRø�õnûIQ�õ#ô]öRé`ñ\øTù#ð"QuúTé-�)ù[éXô8*{øTù � é+*{é-õ�ð;ô]û�éXô]õ)faù�û#ô�ô\éXñ�ø�õ�ð�öZé-ô¨*¡�+*{éXô�îzøTùUñöRéXôû#ï¥g�óXñ\éXõ�ð\ô*{øÿû/~XöZé-ôiû#é�ð\ñ�Q�W�ê�û#øTõ�ð�ø�õ{î�Q�ñ�öZé�ûIQuõUô�ö�Q`ô\é>ê�ð\ïZøTõKt_��b��-£_ïZõ#ô;ïV, ��ùUé�öRé

*hø�û/~XöRéaû#é_ð\ñ�Q>W�ê_ô;øTï¾ð3¹�ù#õUé`ô\éXùUöRé`îIQ�ïRñ\é`û#éYô;øTùUñ\ê-é\{&û#éXô�ð;ïRõ�Quð\ïZøTõ��1�"!�9_m-��B�À¨<�Á�(\,�øTùîUöRùUô\ïRéXùUñ\ôYî�Q�ïRñ\é-ô`ô\ø�ùUñ\ê-é\{&û#éXô�ð;ïRõ�Q ð;ïRø�õð��=�Õ)�Ö%#! À¨<�Á���(\,�øTùëîUöRùUô\ïRéXùUñ\ô`ô\øTùUñ;ê-éXôYé-ðYùUõUéû#é-ô\ð\ïZõ�Q ð;ïRøTõT�/û#ï¾ð;é���<�9;���>�\%S(",�öRé{ô;ê;ìUó+*xQ�û#é¡*{øTù � é+*{éXõ�ðoñ\éXô�ð\é{öRé¡*��+*{é-�Zù�©Q�öRúTøE{ñ�ïRð\ì)*{élûZ�ÅøTñ;û#øTõUõ�Quõ�ê-é+*{éXõ�ð;ôwû#éXôª*{ø�ù � é+*{éXõ�ð\ôjîzø�ùUñjùUõrõ)faù�û nk
éXô�ð^îUñ\ó-ô;éXõ�ð;óûIQuõUô]ö�QeW�ú�ùUñ�ée÷_�©t/�HYñ�ø�ê-éHQuù�*{ó>ê�QuõUïRôS*{é!û#é�îzøTïZõ�ð;ôû#é�ñ\éXõ�û�é+ò\{ � øTùUô�,�öRéXôõ/faù�û#ôîzé-ù � éXõ�ð�ù#ð;ïRöZïRô\éXñùUõ#éYîzé-ð;ï¾ð;é�òXøTõUé`û#é_ð\ñ�QuõUôS*{ïRô;ô\ïRø�õ¸�1�"=����i��%#Y��>9)�"=?!A���"!�<�9yYC��9_m¦B�("�_ù�Qjñ\ó>û#ù�ê�ð\ïZøTõ�û#éöAQ3òXø�õ#é_û#é�ð\ñ�QuõUôS*{ïRô;ô\ïRø�õKQaîzø�ùUñê-øTõUô\ó���ùUéXõ�ê�é_öAQoê-ø�õUô\éXñ � Q ð;ïRøTõ�û#é�öV�ÅóXõUéXñ�ú�ïRé!é-ðiû#éöAQ�d�Q�õUû#é�î�Quô\ô�Q�õ�ð\éª�����>9;:�Ár!V:E%&]�(qé-õ�*xQuïZõ�ð;éXõ�Quõ�ð�é-õ�*��+*{é=ð;ék*{îUô"öAQaê�ø�õUõUé>ê ð;ï � ï¾ð;óû#ùnñ�óXô\é�Q�ùo�
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; ¬gf h ãqäÀ¿�ãVè # â # µ å�æ ã # µo³ ± æ
ù��$QuöRú�øTñ\ï¾ð;ì)*{éYû#é_öAQ3W�ú�ùUñ�é3÷_�©tjïRõ�ð;ñ\øÿû#ùUï¾ð=ùUõüøTñ;û#øTõUõ�Quõ�ê-é+*{éXõ�ð=îzøTùUñiöRéXô5*{øTù_{

� é+*{é-õ�ð;ôlû#éXôpõ)faù�û#ôx*hø-dUïRöRéXô��5�éXîzéXõ�ûIQuõ�ð�,�ïRöp�#Quù�û#ñCQ�îUñ\øTù � éXñx��ù#é÷ê�é-ðlø�ñ\û#ø�õ_{õ�Q�õUê-é+*{éXõ�ðpQuô;ô\ùUñ�é3��ùo�ÅïRö8õo�O�§QuùUñ�Q^î�Quô]û#é�dUöRø�ê�Quú�é��C: B�� :/�¥<��"j)(�ûIQ�õ#ô�öZéYñ\óXô\é�Quùo�I2ÿïê-éXöAQtó-ð"QuïRðwöZé�ê�Quô�,�QuöZøTñ\ôwöRéXô�*{éXô\ô�Q�úTéXôwîzø�ùUñ�ñ�QuïZé-õ�ðyõUéüî�Q�ô��-ð\ñ\éMQ�êíìUé+*hïZõUó-ôhûIQuõUôùUõeð;é+*hîUôªdzøTñ\õUólûZ��ùUõUépô\ø�ùUñ\ê-éK
�ùUõUélû#éXô�ð;ïRõ�Q ð;ïRø�õo�I):øTùUñoîUñ\øTù � éXñoö��©QEdUô\éXõ�ê�éüû#é
dUöRø�ê�Quú�éyõUø�ùUôYõUø�ùUôYô;ø�*�*{éXôYô\éXñ � ïZô`û#éXôwQ�ù�ð;ø�*xQuð\éXô`öRø�ê+Q�ù�ý�û#ó>ê�ñ\ï¾ð;ôaûIQuõUô`ö�Qlô\é>ê"{ð;ïRø�õ ÷|��b��¢�ié-ôªQuù#ð;ø�*xQuð\éXô�,Z��ùUï~ñ\éXîUñ�óXô\éXõ�ð;éXõ�ðoöRéXôaó-ð�Quð\ôaöRø�ê�Quù�ý�û#ù�ô	��ô�ðC~k*{é-,8ô\ø�õ�ðùUõÿ*{ø>��éXõnîUùUïRô\ô�Q�õ�ð]îzø�ùUñ]ïRõ�ð\ñ\ø�û#ù#ïZñ�éoé-ð�î#ñ\ø�ù � éXñ�öZéXô]îUñ\øTîUñ\ïRó-ð;ó-ô!û#ùnñ\ó-ô;é�Quùo�)qøTùUñ�ê-éXöAQ_,TõUø�ùUô~ïZõ�ð\ñ\øÿû#ùUïZô\øTõUô�û;�$Q�dzø�ñ;ûyöAQ_õUøTð\ïZøTõ{ûZ�$Quù#ð;ø�*xQ ð;é=îUñ\øÿû#ùUïRð���ñVð"Q�õ�ðû#ø�õ#õUóhùUõ�éXõUô\é+*�dUöRéhûZ�$Quù#ð;ø�*xQ ð;éXô`öZøÿê�Quù�ý Ak = {Qk, Tk, ik} (k ∈ [1..M ]) öRéXùUñ
Q�ù#ð\ø-*�Quð\éaîUñ\øÿû#ùUïRð�éXô�ð�ê-ø�õUô�ð\ñ\ùUï¾ð!ê-ø-*¡*{éaô\ùUï¾ðª¹

` ��B"�3û\%��E%&�¨��<�9�%�: B"� M D}Õ>h;�¥Bk%: B"�lûk%��E%i�3: B��3��Õ/%}<�=x�E%}B"����<�����Õ�^ (q1, ..., qM) ∈
Q1 × . . . ×QM` �:� ûk%}�E%!�9I!&%#!V����B"�\%z�:� ûk%}�E%8��<>=HhI<>��ûe: Bª%}<�Õ|�w��B"�eûk%��E%&�l!i9)!&%#!��>Õ�^ÿ: B"�e��Õ_%�<�=x��%�B"�
��<�����Õ�^ (i1, ..., iM)` !#�wB	^�!��\%}B�Õ|9;B�%#Y��>9)�"!&%#!V<�9°B\9�%#YCBÔ: B\Õ�^ û\%��E%&� Q = (q1, . . . , qM) Bk% Q′ =
(q′1, . . . , q

′
M) : B��:� ��Õ/%�<�=��E%�B�h�Y�<�:>Õ_!&%8�"!HBk%8��B"Õ)��B\=�B\9�%8�"!p��� ûk%��E% Q Bk%H��� ûk%��E%

Q′ :�! úji\YCB\9�%���B\Õ)��B"=xB\9�%¤hI��Y3��B"�wûk%��E%&�w: Bª: B\Õ�^K��Õ/%�<>=x�E%�B��3��<�����Õ�^ Ai Bk% Aj%�B+���"Õ�Bw: ��9/� Q ý label(qi) = label(qj)
Bk%�%�B+�9�\Õ�Bw:-��9)���¥B"�3��Õ_%�<�=x��%�B"� Ai Bk%

Aj !#�`B	^E!��\%�B"ý�Y�B"��hIB��k%#!i[EB\=xB\9I%&ýÕ|9;Bª%#Y��>9)�"!&%#!V<�9 :-B��:� û\%��E% qi " q′i Bk%8: B��:� ûk%��E%
qj
" q′j �lkB\%V%�Bª%&Y���9/�"!&%#!�<>9��lh)<�Õ_Yª���-��B+� {label(qi)} �

�é-ðªQ�ù#ð\ø-*xQ ð;é?*{øÿû#óXöRïZô\éhöV�Åó � ø�öRù#ð;ïRøTõeû#éhöV�Åó-ð�QuðaúTöZø�d�Quö"û#ù�ô	��ô�ðC~+*{é�
�ê;ì�Q���ùUéïZõ#ô\ð�Q�õ�ð�� � õwé\g8é-ð�,ué-õ¡Q�õIQ�ö¥��ô�Q�õ�ð�êíì�Q�ê-ùUõyû#éô;é-ôVó-ð"Q ð;ô�, øTõwéXô�ð�ê+Q�î�Q�dUöRé�û�éiô�Q � ø�ïRñqø-Ýô\é^ð\ñ\øTù � éwêíì�QE��ùUé^õ)faù�û 
lê;ì�Q���ù#éwïRõUô�ð"Quõ�ð�� · õUéjð;ñ�QuõUô\ïRð\ïZøTõëûIQ�õUôYê-é-ð3Quù#ð;ø�*xQ ð;éñ\éXîUñ�óXô\éXõ�ð;éoéXõkékg8é�ð!ùUõ÷ê;ì�Q�õUúTé+*{éXõ�ðYû#éoîzøTô;ï¾ð;ïRøTõ÷ûZ�$QuùU*hø�ïRõUô!û#éXù�ýnõ)faù�û#ô_ûIQuõUôöZéañ�óXô;é�Q�ùo�
0�Q�õUô�ùUõ îUñ�é+*{ïRéXñüð;ék*{îUô�,8Q>W�õ û#é *{ïRõUï�*{ïZô\éXñ�öRéXô�ð\ñ�QuõUô\ïRð\ïZøTõUô�,iõUø�ùUôÿQ � ø�õ#ôêíìUøTïZô\ïoû�é�ñ\éXîUñ�óXô;é-õ�ð;éXñ�öZé-ô�ð;ñ�QuõUô\ïRð\ïRø�õUônø�Ý ô\éXùUöRé+*héXõ�ðtû#é-ù�ý Q�ù#ð\ø-*�Quð\éXônöZøÿê�Quù�ýêíì�QuõUú�é-õ�ðpûZ�Åó-ð�Quð���£_ù#ð\ñ\é+*{é-õ�ð{û#ï¾ð�,�ûIQuõUôhöRénô	��ô�ðS~+*{é-,VùUõ ô\éXùUö=ó � ~XõUé+*héXõ�ðU�}ñ\éXõ_{ê-øTõ�ð;ñ\é{û)Q�õUôaùUõ�îzøTïRõ�ðjû#éyñ\éXõ�û#é+ò\{ � ø�ùUô"(_é-ô\ðaîUñ\ïRôaéXõ�ê-ø-*{î�ð;é�
üö�QK� ø�ïRô���)qøTùUñ`öRéXô

Q�ù#ð\ø-*�Quð\éXô=öRø�ê+Q�ù�ý�û#é_öAQwW�úTùUñ\é3÷_�O�I,�öZéXù#ñ¨Quù#ð;ø�*xQ ð;é_îUñ�ø�û#ùUï¾ð�éXô�ðiñ\éXîUñ�óXô\éXõ�ð;óYûIQuõUôö�QeW�ú�ùUñ�ée÷_�GF)�
0�Q�õUôaê-é-ðªQ�ù�ð;ø-*�Quð\éyô;øTõ�ðaîUñ�óXô\éXõ�ð;ó-ôaô\éXùUöRé+*{éXõ�ðaöRéXôaó-ð�Quð\ôªQ�êXê-éXô\ô\ï�dUöZé-ôjû#éXîUùUïRôö���ó-ð"Q ðnïRõUï¾ð;ïAQ�ö (1, 1, 2, 4, 3, 5, 7) � � õ é\g8é-ð�,=öV�$Quù#ð;ø�*xQ ð;é�îUñ\øÿû#ùUï¾ðkê-ø-*{î#öZé-ðUQ 576
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1, 1, 2, 4, 3, 5, 7
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& �i�9¼ ÷|�Ö÷ ¾ £!ù#ð;ø�*xQuð\éaîUñ�ø�û#ùUï¾ð
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& �i�9¼ ÷_�uc ¾ £_ù#ð;ñ�éaõÿù)*{óXñ�øTð�Quð\ïZøTõkû#ùnú�ñCQ�î#ìUéjû#éXô]îzøTïZõ�ð\ô!û#éañ�éXõ�û#é+ò\{ � øTùUô
ó-ð"Q ð;ô�*xQuïRô�,qûIQ�õ#ôwö�QÿW�úTùUñ\éÿ÷|��F/,:õUéüô\øTõ�ðwîUñ\óXô\éXõ�ð;óXô?��ùUélöZé-ô 9 ó�ð"Q ð;ô¡Q�êXê-éXô\ô\ï�dUöZéXôû#éXîUùUïRô!ê-é-ð�ó�ð"Q ð�ïZõ#ïRð\ï�QuöV�)qøTùUñ"õUøTô"ð;éXô�ð;ô�,TõUø�ùUô�Q � øTõUôê�ø�õ,'-ùpù#õUé�îUöAQuð\é\{}� ø�ñ	*{é!û#é]ô\ï�*wùUöAQuð\ïZøTõlû#é]ñ\óXô\é�Quù
QTû�ìUøÿêhé�ðª��ùUï~ô\éXñ�QüîUñ\óXô\éXõ�ð;óXé{ûIQuõUôaöZé{êíì�QuîUï¾ð;ñ�é�N/�¢�ié-ðaø�ù#ð\ïZö�û#ïRô;îzøTô\épûZ��ùUõUéhïZõ_{ð;éXñ	�#Q�ê-éhúTñ�QuîUìUïA��ùUé���ùUïVî�é-ñS*{é-ðoû�éhñ�éXîUñ\óXô\éXõ�ð\éXñ`öRéXôªQuù#ð;ø�*xQ ð;éXô`îUñ\øÿû#ùUïRð\ôoê-ø�*�*{éïZöRöRùUô�ð;ñ\óûIQuõUôqöAQ8W�úTùUñ\é5÷_�$÷_���ié-ð�Quù#ð;ø�*xQ ð;é�éXô�ðqöRé*��+*{ézQ � é>ê�ê-éXöRùUïÿû#éöAQ8W�úTùUñ�é8÷|��F/,
*xQuïZô]ïRö[õo�$Q>»lê;ìUéaî�Q�ô]öRéXô�öAQEdzé-öZô!û#éXô�ð;ñCQ�õUô\ï¾ð;ïRø�õ#ô��

�é-ðwQ�ù#ð\ø-*�Quð\éyîUñ�ø�û#ùUï¾ðaé-ô\ðYú�óXõUó-ñ\ó�
lîIQ�ñ�ð\ïRñ`û#éyöAQlõÿù)*{óXñ�øTð�Quð\ïZøTõ�û#é-ô`îzøTïZõ�ð\ôû#é�ñ\éXõ�û#é+ò\{ � ø�ùUô�,���ùUï=ê-ø�*�*{é�õUøTùUôyö��©Q � ø�õUôyõUø�ð;ó�éXô�ð�QuöRó�Quð\ø�ïRñ\é-��ù��$Quù#ð;ø�*xQ ð;é�û#éö�QÔW�úTùUñ\é ÷_�GF éXô�ðkñ\éXöAQ ð;ï � é+*{éXõ�ðkô;ï�*{îUöRé-,8*xQuïZô�,�îzøTùUñnùUõUé Quù#ð;ñ�éeõÿù)*hóXñ\ø�ð"Q ð;ïRø�õû#éXô{îzø�ïRõ�ð;ôpû#énñ\éXõ�û�é+ò\{ � øTùUô��4øTù û#éXôxQ�ñ	�-ð;éXôpû#ù úTñ�QuîUìUékû#éXô{îzø�ïRõ�ð;ôpû#énñ\éXõ�û#ékò\{
� øTùUô"(!øTõ�îzéXù�ðaø�d#ð;éXõUïRñ`ùUõ�Q�ù�ð;ø-*�Quð\éyîUñ�ø�û#ùUï¾ð`ð\ø�ù#ðw
x�&Q�ï¾ðoû#ï¥g�óXñ\éXõ�ðoû#éyê-éXöRùUï�û#éö�Q�W�ú�ùUñ�é�÷_�$÷_��£_ïZõUô\ïV,�ùUõUé¡Q�ù�ð;ñ\éwõ�ù)*{óXñ\ø�ð"Q ð;ïRøTõ�ê-ø�*�*{éwê-éXöRöZéwñ\éXîUñ\ó-ô;é-õ�ð;óyûIQuõUô`öAQ
W�ú�ù#ñ\éx÷|�©c/,oQEdzøTù#ð;ï¾ðe
üù#õ�Quù#ð;ø�*xQ ð;éyîUñ\øÿû#ùUïRðªQ+�|Quõ�ð 39 ó-ð"Q ð;ôwQTêXê-é-ô;ô\ï�dUöRéXôjû#éXîUù#ïZôô\ø�õnó-ð"Q ð�ïRõUï¾ð;ïAQuö��

ù��$Quù#ð;ø�*xQ ð;é"îUñ\øÿû#ùUï¾ðqîzøTùUñ:ê-é-ð\ð\é�õUøTù � é-öZöRé�õÿù)*{óXñ�øTð�Quð\ïZøTõo,>ú�ó-õUóXñ\ó"î�Q�ñ�öAQ�îUöAQuð\é\{
� øTñS*{éoû#é`ð\éXô�ð�éXô�ð�ñ�éXîUñ\óXô\éXõ�ð\óoûIQuõUô�öAQ�W�úTùUñ\ée÷_�uN)�
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& �i�9¼ ÷_�uN ¾ ù��$Quù#ð;ø�*xQuð\éaîUñ\øÿû#ùUï¾ð�îzø�ùUñ]öV�$Quù#ð;ñ�éaõÿù)*{óXñ�øTð�Quð\ïZøTõ
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0�Q�õUô`ê-é-ð3Quù#ð;ø�*xQuð\é-,zö���ó-ð"Q ð`ïRõUï¾ð;ïAQ�ö (1, 1, 2, 3, 2, 3, 4) éXõëìIQ�ù#ð`û#éwöAQ�W�úTùUñ\é-,;Qð;ñ\øTïRô^ô;ùUêXê-éXô\ô\éXùUñ\ô§¹ (4, 5, 2, 3, 2, 3, 4) , (1, 1, 5, 3, 6, 3, 4) é�ð (1, 1, 2, 6, 2, 7, 4) é-ðû#éXù�ý�îUñ\ó>û�ó>ê-éXô\ô\éXùUñ\ô (1, 1, 2, 3, 9, 3, 9) é-ð (1, 5, 5, 3, 2, 3, 4) �0�Q�õUô!ê-éXô�Quù#ð;ø�*xQ ð;éXô�îUñ\øÿû#ùUïRð\ô�,zêíìIQ���ùUéoó-ð�Quð�QhùUõkô\ù�êXê-éXô\ô\éXùUñ!ê-ée��ùUï�îUñ\øTù � é
��ùUéüöZéüô	��ô�ðC~+*héüõo�Åé-ô\ð���QE*xQuïRô?dUöRø_��ùUó-� � õsîUöRùUô�,`��ùUéXö���ùUé�ô\øTï¾ðyöZé�êíìUé+*{ïRõ �4ô\ùUï¾ð;éûZ�Åó-ð�Quð\ô"(_ô\ùUï � ï"û)Q�õUôoê-éXôªQuù#ð;ø�*xQuð\éXô�,8ø�õ�îzéXù#ðoê-ø�õ#ô\ð�Quð\éXñaîUöRùUôaø�ù¸*{ø�ïRõUôaô\ï�*hîUöZé\{
*{éXõ�ðK��ùUétöZéXôlõ)faù�û#ôlð;ñCQ � éXñ\ô\éXõ�ðpð;øTùUôlöZéXù#ñ\ôüîzøTïZõ�ð\ô�û#étñ\éXõ�û#é+ò"{ � ø�ù#ôMQ�îUñ	~XôüùUõõUø-*edUñ\é3dzøTñ\õUóoû#é`ð;ñCQ�õUô\ï¾ð;ïRø�õUô��

ù[é �#Quï¾ðnû#é÷õUé�ê-øTõUô\ï û#ó-ñ\éXñM��ùZ�ÅùUõ ó � ~XõUé+*{éXõ�ðy
röAQ�� øTïZô�õo�$QuùUñ�QÔQuù�ê-ùUõ ékg�é-ðô\ùUñjöZéXôjîUñ\øTîUñ\ïRó-ð;óXô^û#ùmô	��ô�ðC~+*hé-�`0�Q�õ#ôwê-éüê�Quô�,�öV�$Quù#ð;ø�*xQ ð;élîUñ�ø�û#ùUï¾ð?QuùUñ�Qÿ*{øTïZõ#ôûZ�Åó-ð�Quð\ô�� � õ^ékg�é-ð�, éXõwñ�ó�Q�öRï¾ð;óiöRéXôVð\é+*{îUô~û�éiî�Quñ;ê-øTùUñ\ôVéXõ�ð\ñ\é=û#é-ù�ý^îzøTïZõ�ð;ô~û#éiñ\éXõ�û#ékò\{
� øTùUôyô\ø�õ�ðwð;ñ	~Xôhû#ï¥g�óXñ\éXõ�ð;ôyîzøTùUñyöRéXôhû�ï�g�óXñ\é-õ�ð;ôyõ)faù�û�ô�� Ã ó�Quõ)*{øTïRõUô�,qöV�$Quù#ð;ø�*xQ ð;éîUñ\øÿû#ùUï¾ðyó�ð"Quõ�ðwù#õUé§QEdUô�ð;ñCQTê ð;ïRø�õsû#ùmô	��ô�ðS~+*{é-,�ïZö�õo�©Q�ô\ô\ø�ê�ïZélî�Q�ô^öRépð;ék*{îUô?Q�dUô\ø�öRù
Q�ù�ýüð;ñCQ�õUô\ï¾ð;ïRø�õUô��/£_ïRõUô\ï�,#ïRö�éXô�ð�ð;øTù�� øTùUñ\ô]îzøTô\ô;ï�dUöRéoû#éoê-øTõUô\ï û#óXñ�éXñ]û#éXù�ý�ð\ñ�QuõUô;ï¾ð;ïRøTõUôô\ùUñ�û#éXô]îzø�ïRõ�ð\ô!û#éañ\éXõ�û#ékò\{ � øTùUô!û#ïRô�ð;ïRõ�ê�ð;ô��� õ ó-ð;ù�û#ïAQuõ�ðpöV�$Quù#ð;ø�*xQ ð;énîUñ�ø�û#ùUï¾ðpõUøTùUôxQ � ø�õ#ôpî#ù õUø�ù#ôpñ�éXõ�û#ñ�étê�ø-*{î�ð;ékû#éîUöRùUô;ïRéXùUñ�ôiîUñ\øTîUñ\ïRó-ð;ó-ô=û#ùlô	��ô�ðC~+*{é��|ù�QaîUñ\øTîzø�ô\ï¾ð;ïRø�õüû#é / <�9�D&m¨��<�����m¦B¨m-��<-�����8û#ó>ê-ñ�ïRðöZé!ô	��ô�ðC~+*hé!éXõlú�óXõUó-ñ�Quö�ð"Quõ�û#ïZô���ùUé_ê-éXöRöRéYû#é / <�9ID&mp�¥<�����m¦Bl�¥<������8û#ó>ê-ñ�ïRðiöRé_ê-ø-*hî�øTñ�{ð;é+*{é-õ�ð!û#é-ô�õ)faù�û#ô]éXõnî�Q�ñ�ð;ïZê-ùUöRïZéXñ+�
cwÎ�Ñ�ærÑ�Í�ÒAË>Ò�Ñ;Ç Ã	Y\nÿÑ;Ç�S*o é�ÑoÐ�ÆIÈ�ÉUÈ�é�Ñ,F�Æ=é^]Zp Õ�B+����Bf�\Õ�Br��<�!&%¤���p9IÕ|=xû\YC<E%��E%&!�<�9x��])<�!&D
�"!�B�hI<�Õ_YH��B"��hI<>!i9�%&�l: B�YCB\9;: B�@kD}[E<�Õ|��ý¢�"!`�:� <�Y�:-<�9I9;��9¤��B\=xB\9I%:-B"�3:-û�h;��� �CB\=xB\9�%i�l: B"�
9��ÕI:>��B"�\%���<�9)�\%&Y\Õ|!&%�B\9 Y�B"��hIB��k%���9I%¡��� ���Om¦<>Y\!i%&]¦=xB�:�� <�YC: <�9I9;�>9;��B\=�B\9�%�: B¸�¥�rq�D
mEÕ_YCBtsu�wv�ýz��Bl�"'��\%xi\=�Bw9�� B"�\%=!+��=x�>!����+��<g�"Õ�ûe�
Ã øTùUô?QuöZöRøTõUô^õUøTùUô^ñ\ók� óXñ\é-ñK��B\9 !i%����$!��"Õ�B�(w
�öV�Åé�ý#é+*hîUöZélû#épö�Q§W�ú�ùUñ�éM÷|�©cUQ � é>ê{ô\ø�õ
Q�ù#ð\ø-*�Quð\éaîUñ�ø�û#ùUï¾ð�û#éaöAQeW�úTùUñ\éª÷|�©NyîzøTùUñ�ïZöRöRùUô�ð;ñ\é-ñ]öAQwîUñ�éXù � éaû#éaê-é-ð\ð\éaîUñ�ø�î#ñ\ïRó-ð;ó-�
cwÎ�É*ÆOç�É £�W�õþû#étîUñ\øTù � éXñx��ù#étöRétôS�ÿô\ðS~+*{ékõo�ÅéXô�ðª�	Q�*xQ�ïRôxdUöRø_��ùUó-,�ïZö�ô\ù/»hð�û#éîUñ\øTù � éXñ§��ùUé�ê;ì�Q���ùUéëó-ð"Q ð�û#éëöV�$Quù#ð;ø�*xQ ð;éëîUñ�ø�û#ùUï¾ð�,5Quð�ð;éXïRõ�ðÿ
rî�Q�ñ�ð;ïRñ�û�éëö���ó-ð"Q ðïZõ#ïRð\ï�QuöV,�Qyù#õnô;ù�ê-ê-éXô\ô;é-ùUñ��

0e�$Q�dzø�ñ\ûZ,�ö���ó-ð"Q ðüïRõUïRð\ï�Quö_û#é÷öV�©Q�ù#ð\ø-*xQ ð;étîUñ�ø�û#ùUï¾ðMQ�ð\ø�ù��&ø�ùUñ�ôüùUõþô\ù�êXê-éXô\ô\éXùUñ��� õsékg8é�ð�,qî�Quñwö�Q÷ê�ø�õUô�ð;ñ�ù�ê�ð;ïRøTõ û#éüö��©Q�ù#ð\ø-*�Quð\é�îUñ�ø�û#ùUï¾ð�,VûIQuõUôhê-é-ðyó-ð�Quðwð\ø�ù#ôyöRéXô
Q�ù#ð\ø-*�Quð\éXô�öZøÿê�Quù�ý ô\ø�õ�ð�ûIQuõUô�öRéXùUñ\ô�ó-ð�Quð\ô�ïZõ#ïRð\ï�Quù�ý é-ð�û#éXù�ý ûZ��éXõ�ð\ñ\é÷éXù�ý ô\ø�õ�ðûIQ�õ#ô`ùUõ�ó�ð"Q ðaû#éwö�Q�dzéXö 1 ��£_ïZõUô\ïV,�ïRöVé�ý#ïRô\ð\é¡Q�ù *{øTïZõUôYùUõUé^ð;ñ�QuõUô\ïRð\ïRø�õ�
lî�Quñ�ð;ïRñ`û#éö���ó-ð"Q ð�ïRõUïRð\ï�Quö�û#éaöV�$Quù#ð;ø�*xQuð\éaîUñ\øÿû#ùUï¾ð!û#éoöAQ�dzéXö {1} �Ü Q�ïRõ�ð\éXõ�Quõ�ð�,uïZö_�&Q�ù#ð~îUñ�ø�ù � éXñr��ùUé-,E��ùUéXö/��ùUéiô;øTï¾ð�öV��ó-ð"Q ð�û#é=öV�$Quù#ð;ø�*xQ ð;é=î#ñ\ø�û#ù#ïRð
Quð�ð;éXïRõ�ðH
wî�Quñ�ð;ïRñ�û#éaöV�Åó-ð�Quð�ïRõUï¾ð;ïAQuö�,�ê-é-ð�ó�ð"Q ðHQyùUõnô\ù�êXê-é-ô;ô\éXùUñ+�
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)qøTùUñ�ê-ép�#QuïRñ\é-,�ïRö�ô\ù/»hðû#é�îUñ\øTù � é-ñz��ù#é!êíì�QE��ùUé�ó-ð�Quð�Q ð\ð;éXïRõ�ð�
`î�Quñ�ð\ïZñ�û#é�öV�Åó�ð"Q ðïRõUï¾ð;ïAQ�ö�é-ô\ð:ùUõoó-ð"Q ðqïRõUï¾ð;ïAQ�ö�îzø�ùUñ�ùUõUé�Quù#ð;ñ\é"õÿù)*{óXñ�øTð�Quð\ïZøTõe��ù#ï�î#ñ\ø�û�ùUïRðqöRélº�*��+*{é�¼
Quù#ð;ø�*xQ ð;é��&*{ø�û#ùUöRø�öRéXôhó-ð"Q ð;ôhïRõUïRð\ïAQ�ù�ý é-ð{öRéXôhö�Q�dzéXöRô\("�r£_ïRõUô\ïV,�ê-é-ð{ó�ð"Q ðxQ�ù#ñ�Q�Quù
*hø�ïRõUô{ùUõ ô\ù�êXê-é-ô;ô\éXùUñ+�%)�Quñhñ�ó>ê-ùUñ\ñ�éXõ�ê-é-,~øTõ îUñ�ø�ù � éÿ��ùUénêíì�QE��ùUénó�ð"Q ðxQuð�ð;éXïRõ�ðx
î�Quñ�ð\ïZñ"û#é]öV�Åó-ð�Quð"ïRõUïRð\ï�Quö�éXô�ð"ùUõ{ó-ð"Q ð"ïZõUï¾ð;ïAQuö�îzø�ùUñ"ù#õUé�Q�ù�ð;ñ\é�õÿù)*{óXñ�øTð"Q ð;ïRøTõ{é-ð�û#ø�õ�êïRö�Q¡Q�ùÿ*{øTïRõUô�ùUõnô\ù�êXê�éXô;ô\éXùUñ+�

2ÿùUîUîzøTô;øTõUôH��ùUé-,�ûIQuõUô�öV�Åó-ð"Q ð!ïRõUï¾ð;ïAQuö:û#éoöV�$Quù#ð;ø�*xQ ð;éoîUñ�ø�û#ùUï¾ð�,Uø�õ�QhêíìUøTïRô;ï[ùUõUéð\ñ�QuõUô\ïRð\ïZøTõ {p} ��ùUï~ï�*hîUöZï���ùUéyöZé-ôªQ�ù#ð\ø-*xQ ð;éXô`öZøÿê�Quù�ý Ai é-ð Aj �¢�iéXôaû#éXù�ý�Quù#ð;ø�{
*�Quð\éXô�öZøÿê�Quù�ý{ô;øTõ�ð�,�î�Quñ�û#ókW�õUï¾ð;ïRø�õo,�ûIQuõUôiû�éXô�ó-ð"Q ð;ô�Q+�|Quõ�ð�öZé¨*��+*{é]ö�Q�dzéXöV,¦��ùUï�éXô�ðûZ�©Q�ïRöRöZé-ùUñ\ô!öZéoîUöRùUô!îzé-ð;ï¾ð!ö�Q�dzéXö p û#éoöRéXùUñ\ô!ó-ð�Quð\ô���0lQuõUô�ð\ø�ùUô�öZé-ô_ê�Q�ô�,�öAQyð;ñCQ�õUô\ï¾ð;ïRø�õ
{1} îzéXù�ð���ð;ñ\éoê;ìUø�ïRô\ïZé�,)*xQ�ïRô]ïZö�îzéXù#ð�éXõné�ý#ïRô�ð;éXñ�ûZ�©Q�ù#ð\ñ\éXô]îzøTô\ô;ï�dUöRéXô��÷¨�>Y?B:^|B\=Hh;�¥B"ýZh)<�Õ_Yª���¡9IÕ_=�û\Y�<�%��E%#!�<>9�: Bª���yq`mEÕ|Y�B/su�wz�ýz��B"���>Õ/%�<�=��E%�B"�w��<�����Õ�^
��<>9�%_h�Y�û���B\9�%�û"�¨: ��9)�8���{q�mEÕ_YCB|su�4}�~!�EkB"�p�>Õ/%�<�=��E%�B"��m¦û\9�i\YCB\9�%¢��� ��Õ/%}<�=x�E%}B�h�YC<�:�Õ_!i%
:-Bª�¥��q`mEÕ_YCB�su�H�K��[�B��ª��<�=?=�Beûk%��E%r!i9)!&%#!��E� (1, 1, 2, 3, 2, 3, 4) � Y ��<�Y���ý p = 1 ý p = 2<>Õ p = 3 �

a 1

c

d

e

f

g 9
2

3

4

5

5

b 1

6

2

4 7

7 83

6 8 9

& �i�ã¼ ÷|��b�v ¾ £_ù#ð;ø�*xQ ð;éXô�öZøÿê�Q�ùÿý
2ÿøTïRð N öRénõUø�*�dUñ\é�ð;ø�ð"Quö]û#éXô{îzøTïZõ�ð;ôpû#énñ\é-õ�û#é+ò\{ � øTùUô{é-ð{ô\ùUîUîzø�ô\øTõUôx��ùUénöAQñ�éXõÿù)*{óXñ�øTð�Quð\ïZøTõnô\ùUï � Quõ�ð;éaô\øTïRðHQuîUîUöRïA��ùUóXée
wð\ø�ù#ô�öRéXô�îzøTïRõ�ð;ô�û#éañ\éXõ�û#é+ò"{ � ø�ù#ôª¹
¾ ô\ï[öV�Åó-ð"Q ð q QwöZéaöAQ�dzéXö k , k > p ,IQ�öRøTñ\ô�ô\øTõnõUø�ù � é�QuùköAQEdzéXö[é-ô\ð k − 1 ë¾ ö���ó-ð"Q ð!û#éaöAQEdzéXö p î#ñ\éXõ�û�öRéoöAQ�dzéXö N ë¾ ô\ïZõUøTõköRéaö�Q�dzéXö�û#éaöV�Åó-ð�Quð�õUéaêíì�Q�õ#ú�éaî�Q�ô
G !��:� <�9T��<�9)��!�:!i\YCBK��B��§��Õ/%�<>=x�E%�B"����<�����Õ�^ Ad Bk% Af ýlB\% p = 3 ýl����<�Y��x�:� ûk%��E%

:-Bw��� ��B+� 3 h�YCB\9;:���Bw�¥� ��B+� 9 ��i�B"�ªû\%��E%&�ª: B3��� ��B+��!�9 - û\Y"!�B\Õ|Yb" 3 9;Bª�"])��9_m¦B"9�%;hI���ªBk%
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a 1

c

d

e

f

g

8

2

b 1

2

3

3

4

4

9 5

5 7

9 76

86

& �i�ã¼ ÷|��b�b ¾ £_ù#ð;ø�*xQ ð;éXô]öRø�ê+Q�ù�ýyQ�îUñ	~Xô]ö�Qyõ�ù)*{óXñ\ø�ð"Q ð;ïRøTõ
��B\Õ�^M: Be���-��B+� k > 3 h�YCB\9;:�YC<�9�%z��Be�¥� ��B+� k − 1 �0e�$Q�dzø�ñ\ûZ,�ê-øTõUô;ïZû#óXñ�ø�õUôöRéXô�Quù#ð;ø�*xQuð\éXô�öZøÿê�Quù�ýlû#ï¥g8ó-ñ\éXõ�ð\ôiû�é Ai é-ð Aj QuîUñS~-ôöAQõUø�ù � éXöRöZé=õÿù)*hóXñ\ø�ð"Q ð;ïRø�õo�-2/Q�êíì�Quõ�ðr��ùUéiöZéXô�Quù#ð;ø�*xQ ð;éXôVöZøÿê�Quù�ý Ai é-ð Aj ó-ð�Q�ïRéXõ�ð~öRéXôô\éXùUöZô5Q+�|Quõ�ð�ùUõló-ð�Quð5Q � é>ê]öRé!öAQEdzéXö p o é-ð���ù#é!öAQaõUø�ù � éXöRöZé!õ�ù)*{óXñ\ø�ð"Q ð;ïRøTõüê-øTõUô\éXñ � éö���ø�ñ\û#ñ\éüû�éXô^öAQEdzéXöRôwû#éXô?Quù#ð;ñ\éXôjó-ð"Q ð;ô�,:ê-éXô?Quù#ð;ø�*xQ ð;éXôjô;øTõ�ð^öRéXôe*��+*{é-ô���ù#éüê-éXù�ý
��Quù#ð;ø�*xQ ð;éXô"(5��ùUï�QuùUñ�QuïZéXõ�ð�ó-ð;óaø�d#ð;éXõ�ùUôHQ � é>êaê-é-ð�ð;éaõUøTù � éXöRöRéoõÿù)*{ó-ñ\ø�ð"Quð\ïRø�õo�Y !�9)�"!�ý�hI<>Õ_Y¡9;<E%#YCB§B:^|B\=Hh;�¥B"ý���B��K��Õ/%}<�=x�E%}B"����<�����Õ�^ Aa ý Ab ý Ac ý Ae Bk% Ag9;B��"])�>9_m¦B\9�%�hI�>���V��B\Õ/�©�W�\ÕIB+� �\ÕIB"�?��� �CB+�©���"])��9|m¦B\9�%�=x�>!��?��B"�¡��Õ/%�<�=��E%�B"�w��<�9�%8��B"�
=tA\=�B"� � ��÷8<�Õ_Y�9;<E%#YCBeB	^|B\=�h;��B"ý���B"���ª9;<�Õ|[�B���Õ�^�����Õ_%�<�=��E%�B"�3��<�����Õ�^¡��<�9�%rYCB�h�YCûkD
��B\9�%�û���: ��9/�ª����q`mEÕ|Y�Bts(�4}!}��

Ü Q�ïRõ�ð\éXõ�Quõ�ð�,=ê�ø-*{î�Quñ\øTõUô�öRéXôÿQuù#ð;ø�*xQuð\éXô Ai é�ð Aj Q�î#ñS~Xô�öV�$QuîUîUöZïZê�Q ð;ïRøTõ û#éö�QnõUøTù � éXöRöZélõÿù)*hóXñ\ø�ð"Q ð;ïRø�õÔQ � é>êlê-éXù�ýrû#élöAQkõÿù)*{ó-ñ\ø�ð"Q ð;ïRø�õmïRõUï¾ð;ïAQ�öRé-�`ù��ÅøTñ;û�ñ\éüû#éî�Q�ñ\ê-øTùUñ\ô"û#éXô�ó-ð�Quð\ô�éXô�ð�ñ�éXô;îzéXê�ð;ó]ûZ��ùUõUé8*xQuõUï�~Xñ\éªº_ê-ïRñ;ê�ùUö�QuïRñ\é�¼ ,E*�Q�ïRô�öV�Åó�ð"Quð�ïRõUï¾ð;ïAQ�ö
Qwêíì�QuõUúTó-� � õ�é\g8é-ð�,�öRé`õUøTù � éXö8ó-ð�Quð�ïRõUï¾ð;ïAQ�ö�ûIQuõUô]ê;ì�QTê-ùUõ�û#éaê�éXôpQuù#ð;ø�*xQuð\éXôpQuîUñS~-ôñ\éXõÿù/*{óXñ\ø�ð"Q ð;ïRø�õnéXô�ð�öRéaô\ù�êXê-éXô\ô\éXùUñ�û#é p îUùUïRôC��ùo��ïZö�QwöZéaöAQEdzéXö[öRéaîUöZùUô]îzé-ð;ï¾ð��

÷8<�Õ|Y�9;<�%#Y�B�B	^|B"=Hh;��B�ý���<�=�hI��YC<�9)����B"�¸��Õ/%�<�=��E%�B"����<�����Õ�^ Ad Bk% Af : B ���
q`mEÕ|Y�B>su�4}�~���[�B�����B"�H��Õ/%�<�=��E%�B"� Ad Bk% Af : B�����q`mEÕ_YCB�s(�4}!}��8iÀ� <>Y�:�YCB�: Brh)��Y���<>Õ_Y��
B"�\%�Y�B"�}h)B��k%�û¨����Õ - �\ÕIB"ý)hI<�Õ_Y Ad �:� ûk%���%`!i9)!&%#!��E�Eh�YCB\9;:e��B��¥� ��B+� 5 B\%�hI<>Õ_YH�:� ��Õ/%�<�=��E%�B
Af ýz�:� ûk%��E%!i9)!&%#!��E�|h�Y�B\9¤:���Be��� ��Bk� 6 �ù��$Quù#ð;ø�*xQ ð;é]îUñ�ø�û#ùUï¾ð�Q��¦Q�õ�ð"ô\ù)dUï�ö�QYñ\éXõÿù)*hóXñ\ø�ð"Q ð;ïRø�õ{éXô�ð�öRép*¡�+*{éª�VQ�ù�ýhöAQ�dzéXöZô
qg�I~ y#u��g�]��}[u?�|�h�]t|�py�~3u��]~ ��}[��~[v®�gtK��t:~]�gt�{\�¯ª�}[�3u����xd~�s © y��h�]t|�]t:�+� ~e'��3�]u��+�]�Iu?t�?t	~]�}[~�v��?t	~�v	���IxG}���u:]���T����t�+Qx s �:�+�]�Gª�y�x�t:~]��t%�vDy(vg�(��}[��~[vI�gt%�?t:~]�]t�{g�¯ª[}[�]u����xU~6s ©lyQ�+�gt
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tv
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îUñ	~Xô"(3��ùUépö��©Q�ù#ð\ø-*xQ ð;épîUñ\øÿû#ùUïRð���ùUépö���ø�õrîzéXù#ð^ø-d#ð\éXõUïZñ�
nî�Quñ�ð;ïRñ^û#éXô?Quù#ð;ø�*xQ ð;éXôöRøÿê�Q�ù�ýüïRõUï¾ð;ïAQuù�ýüéXõ�öRéXùUñ��#QuïRô"Quõ�ð=ô\ù)dUïRñ=öAQª*��+*hé_ñ\éXõÿù)*hóXñ\ø�ð"Q ð;ïRø�õo�_ù�Qjô\éXùUöRé`ê;ìUø�ô\é
��ùUï�êíì�QuõUúTéoéXô�ð�öV��ó-ð"Q ð�ïRõUïRð\ï�Quö�û#éaö��©Q�ù�ð;ø�*xQuð\éaîUñ\øÿû#ùUï¾ð��

ù��Åó-ð�QuðjïRõUï¾ð;ïAQ�ö�û#é{ö��©Q�ù#ð\ø-*�Quð;é{îUñ�ø�û#ùUï¾ð�Q��¦Q�õ�ðoô\ù)dUï"öAQ�ñ\éXõÿù)*{ó-ñ\ø�ð"Q ð;ïRø�õeéXô�ðjöAQñ�éXõÿù)*{óXñ�øTð�Quð\ïZøTõwû#ù^ô;ù�ê-ê-éXô\ô;é-ùUñ�, î�Quñqö�Q�ð;ñ�QuõUô\ï¾ð;ïRø�õ {p} , û#éö���ó-ð"Q ðVïRõUïRð\ï�Quö�û#éö��©Q�ù#ð\øE{
*�Quð\éYîUñ�ø�û#ùUï¾ð�ø�ñ�ïZúTïRõ�Q�öV� � õ�é\g8é-ð�,�ô\éXùUöRô=öZéXô=ó-ð�Quð\ô=ïZõ#ïRð\ï�Quù�ý�û�éXô¨Q�ù#ð\ø-*�Quð;é-ô=öZøÿê�Q�ùÿý
Ai é-ð Aj ø�õ�ð�êíì�QuõUúTó��/ê-éYô;øTõ�ð�û#ó-ô;øTñS*xQuïRô]öRéXô�ô;ùUêXê-éXô\ô;é-ùUñ\ô�û#é p (�é-ð�,�ô;ï8ø�õ�ô\ùUï¾ð]öAQð\ñ�QuõUô\ïRð\ïZøTõ {p} ûIQ�õ#ô^öV�$Quù#ð;ø�*xQ ð;épîUñ\øÿû#ùUï¾ð^ïZõ#ïRð\ï�QuöH�4øTùmûIQuõUô^öV�©Q�ù#ð\ø-*xQ ð;épî#ñ\ø�û#ù#ïRðû#é-ôMQuù#ð;ø�*xQ ð;éXôlöRøÿê�Q�ù�ýþû#étöAQ�W�úTùUñ�é¸÷_��b�v (\,�ð;øTùUôlöZéXô§Quù#ð;ø�*xQ ð;éXô�,û#ï¥g�óXñ\éXõ�ð;ôüû#é
Ai é-ð Aj ,�ñ�éXô�ð;éXõ�ð_ûIQuõUô_öRéXùUñ�ô!ó-ð"Q ð;ô!ïRõUïRð\ï�Quù�ýké-ð�, Ai é-ð Aj ,�Q � Quõ�ê-éXõ�ð_ûIQ�õUô!öRéXùUñ\ôó-ð�Quð\ôlQ � é>êjöZé^îUöRùUô_îzé-ð;ï¾ðYö�Q�dzéXöVûIQuõUôYöAQpõUøTù � é-öZöRéwõÿù/*{óXñ\ø�ð"Q ð;ïRø�õZ�Z�iéXô_ó-ð"Q ð;ô_ô\øTõ�ð�,î�Quñ"ê-øTõUô\ð\ñ\ù�ê�ð\ïZøTõo,�öRéXùUñ�ô�õ#ø�ù � é�Q�ù�ýyó-ð"Q ð;ô"ïRõUï¾ð;ïAQuù�ýZ�-£_ïRõUô\ï�, QuîUñS~Xô"öAQYð\ñ�QuõUô\ïRð\ïZøTõ {p}ð\ø�ùUôVöRéXôrQuù#ð;ø�*xQ ð;éXôVô\øTõ�ð~ûIQ�õ#ô~öV�Åó-ð�QuðVïRõUï¾ð;ïAQ�ö�û#ókW�õUï�î�QuñqöAQ!õUøTù � éXöRöRé=õ�ù)*{óXñ\ø�ð"Q ð;ïRøTõo�

1,1,2,3,2,3,4

1,1,5,3,6,3,44,5,2,3,2,3,4 1,1,2,6,2,7,4

{1} {2}
{3}

1,1,2,9,2,9,3

1,1,4,9,5,9,33,4,2,9,2,9,3 1,1,2,5,2,6,3

{1} {2} {9}

p = 3

N = 9

Renumérotation

état initial

Renumérotation

nouvel état initial

& �&�9¼ ÷|��b�ö ¾ £!ù#ð;ø�*xQuð\éXô]îUñ\øÿû#ùUï¾ð;ô
÷¨<>Õ_Y�9;<E%&Y�BªB	^|B\=�h;��B"ý: ��9/�3�¥��q`mEÕ|Y�B�su�:}(�ÿB"9y]/��Õ/%zB"�\%�Y�B�h�Y�û"��B"9�%�û�Õ_9¤B�hI�>Yk%#!VB
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ËdÅ
Ì »uÅÇÅLÍ�¿ÎÁ�»Ï½!Ðu¸�¾V½ÑÅLÍ�¿ÎÁ�Ò�ÓVÔ�Ð�º!»eÊÕ»uÅ�¾V½ÂÖ

Ð�¿Ø× »{¿\Ù Ð�¿@× Ú
Ð�¿Ø× »{¿xÛ Ð�¿@× Ü
Ð�¿Ø× »{¿®Ü Ð�¿®Ý Ü
Ð�¿Ø× »{¿\Þ Ð�¿®Ý Ú
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Ð{¿@× Í Ð{¿@× ×
Ð{¿@× º Ð{¿@× Ù
Ð{¿@× Á Ð{¿®Ý á
Ð{¿@× » Ð{¿@× Ú
Ð{¿@× â Ð{¿®Ý Û
Ð{¿@× Æ Ð{¿®Ý ã
Ð{¿®Ý Í Ð{¿@× ã
Ð{¿®Ý º Ð{¿@× Û
Ð{¿®Ý Á Ð{¿®Ý Ú
Ð{¿®Ý » Ð{¿®Ý Û
Ð{¿®Ý â Ð{¿®Ý Ù
Ð{¿®Ý Æ Ð{¿®Ý ×
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� øTùUôaû#ùëõ)faù�ûëû#éXô�ð;ïRõ�Quð\ïZøTõo�o�iéXô_ð"Q�dUöZé-ôaû#éwñ\ø�ù�ð"Quú�éwó � ï¾ð;éXõ�ð`ö�Qlñ�é>û#ø�õUûIQ�õ�ê-éhû#é-ôêíìUé+*{ïRõUô��



Ã|õ�� Ø®Ù�¹»ºÇ¼65��87��aÝ`���|�:9�¹/���i�aÛJÝ`����¹����&º����|�����i�



Ê Ëåä Ì*Ý,æÏÎèç é

ê ë ì�íEî�ï Î ä æ î
ï Ñå2 Ôðç í Õ ä í�ñÈï Î î æ Ë ë ç

òÕó�ôöõ ÷tøúùúû�ô8ü@÷�ó

Ãyýþ�ÿlÿ±ý *¡*�� ÿ *xQ��������	��Q�����
�Q��Q�d���� ÿ�� ��
 ý � ÿ ��� þ ����� þ � ý � �Âý ����Q���
��	���	��� � � ÿ
� ýþ�� �	���	��� ÿ�� � ÿ �/f þ��Âÿ���� þ ���� ÿ ��Q þ Q ��!�ý 
¸d�Q ÿ  ÿ±þ �"�AQ � � � � ÿ � ý � �Âþ ���AQ��
�	��ò ý ��� ÿ$# �%��� ý � �Âý ����Q���
��	�&�	���'� ÿ �wd�Q ÿ  ÿ±þ � þ ���&� þ �� 	� ý ��Q���� ý ��Q��( �Q)� ý ����� � � ÿ
� ý ����� ÿ*� �+���	� � �kò\{ �!ýþ�ÿ$#
) ýþ �,�"Q����$-�� ý�þÂÿ Q �!ý � ÿ 
 ý � ÿ �"Q)�� /. þ �'� ý�þ ��� ÿ ��� ÿ � þ �� 	� ý �10���� ý � ÿ � ý�ÿ±ÿ ��2��(� ÿ ���

��� ý3�Âþ � ÿ �	�����40 ÿ�� � ÿlý � �Âý ���40���
��	���	��� ÿ  5. þ � � 0���	��� ÿ5#�6 �	�7�10��� ÿlý � �Âý ���40���
��	������� ÿÿ±ý ���*���	�����(� þ � ÿ . þ � ��� 0 þ ����� ÿ � ýþ �*�7 �Âþ �����/��� ÿ8�  	���90
��	���	��� ÿ - �:� 0 þ ����� ÿ � ý�þ �;�� =<�Âþ �����>�?0@� ý ��A þ � þ � � � ÿ � ý�þ ��� ÿúý�þ � ý�þ ��0 þ AB���	�����	�"��� � �	AC�7 �Âþ �40��0���� 	�(� ÿ ���D ��� þ�ÿ �(� þ � ÿ ��øB
 ! � ÿ �	���40��10��(��E	���)F � 0� ÿ ���'�7 ÿ �$0 þG#
)H0��I0����(��� þ � ÿ -�� ý ������0���
 ! �J���5
=� þ �7� �Âý ���HKL0�����MKN0
��O0 þQPR�  	KN0����(�90���
�� ÿS�Âþ�ÿ7T�ÿ ��E	��� #

ù � 0��(A ý ���J� ! ��� �Âý ��� �Âý ��
*���7�	� � ���8�	�U
 ý �������8��� ÿ ��0����� ÿ . þ �V�V� þ�� �	����0�7��� � �	�5-3
��
. þ �G� � � ÿ �;�40 ÿ ���'
50 ÿ � ýþ �O� � ��� ÿ �10��� #

6 �W
 ! 0����������S� ÿ �X
 ý ��� ýÿ  � �S. þ 0)�����S��0�,����� ÿ5# ùY0����7�	����E	���S�40��7����� D ÿ �5
=��� ý �/Z #([ F
���� ÿ �	�����O�(� ÿ 0�� ��(� ý �10)��� ý � ÿ . þ � ÿBý ���SKN0������ ÿ � ý�þ �%0 þ AB���	�����	�S��� � �	AB�� �Âþ �40��10��(�� =<
�(� ÿ ��� � 0� ÿ �(�;�7 ÿ �50 þG# ùY0 � � þ3P �(E����*�40��7���(� D ÿ �5
=��� ý �\Z # ö�FH���7 ÿ �	����� þ ���80�& 	�(� ý �10$<
��� ý � � �O�90�� þ �� �� ý �]0���� ý � � � ÿ � ý �(��� ÿW� �����	� � �+ò]< ��ý�þÂÿ 0�^�� � �O�7 �Âþ �����O��� ÿW�  	���?0
��=<
���	��� ÿ �(� þ �����(� ÿ �	���� �Âþ � ÿ 0�����0��(� ÿ �G�?0&
 ý � ÿBý ���\0)��� ý � � �'� �  	���	�7AC��� # ùY0_��� ý � ÿ ��E	���
�40�,����� D ÿ �5
=��� ý �UZ #a` FI���� ÿ �	�����*��� ÿ 0��� 	��� ý �10)��� ý � ÿ KL0�J��� ÿ � ý�þ �M�7�	� � �7�8� � 0��A ý ���J� ! ���
�(�������?0��O� ý �� 	�10����U0 þQP ��0����� ÿ5# ùY0 ÿ �5
=��� ý �bZ #dc ���� ÿ �	����� þ ����
 ý ����0��0� ÿ±ý �e0 � �5
þ �f0��A ý �7��� ! ���R0 þ � ý < ÿ �]0�2����(� ÿ 0��� #Vg ��^��G-��?0 ÿ �5
]��� ý �hZ #ji KL0�J� þ ���7 5
50������ þ �?0)����K � � ÿ
��� ý ������ ��� ÿ*� �+� ý �����/0��(A ý ���J� ! ���+��� þ ���� ÿ±þ ���'
 ý ��
�� þ �*
��'
 ! 0���������� #



k4k|õ Ø®Ù�¹»ºÇ¼Yl:monRprq4s3tLudß�¹�votLuaÛYwWÝyxzs�ÞX¹ys3{Iudßot?v�ÙXp�x
|\}	~ a�� #O� ü@÷>õX�|ôöü@÷�ó øúù �"�>õX� �	�@#O� ü�� � �

6 �=����� ÿ �5
=��� ý �'���� ÿ �	�����I��� ÿ 0�& 	�(� ý �10)��� ý � ��þ �40��0���� 	�(� ÿ ��� #$g ���(� �  �^����J� ��� 0�2 ý � �
�90�� ý ��� ý � � ����0�10����( ��(� ÿ ��� � 0� ÿ ������ ÿ �$0 þ ���R���7 ÿ �	�����\� � 0��A ý �7��� ! ��� � �\�����	����Aþ ���(��� ÿ  �� ý�þ ��
 ý � ý �7 ���� ÿ 0�������� ÿ���þ AB�10�� ! � � � ÿ � ý �(��� ÿ�� �8����� � �	�=< �!ýþ�ÿ5#�g ���(�8�(����� ý <�Âþ ���*�90&� ý ��� ý � � �'� � 0 þ � ý �\0)���'��� ýQ�Âþ �J�8
 ý ���������*��� þ ��� ÿ  ������ ÿ8� �'��� ý ���7�( =�� ÿyÿBþ �
���+�40�7�10��(�� 	��� ÿ �&� #
���,�S�,� �b���o�,���S���H�����W�*�e�;�o���'�����1�I��� �W�*¡¢�o�b£O���,���,���W�W�����¤¡¢�W���y¥

���H�����S�
¦ � ÿ�ý � �Âý ���40���
��	���	��� ÿ . þ ���V�	�7���������	���;§ � � þQP D ý�þ ��� þ�ÿ FM
 ýþ ����� ÿ;� �r��¨ þ��Âÿ� � ÿ �/���	��
 ý �������	�;��� � � ÿ � �  	���90
��	�8�	�h�������'������� ÿ D 
 � � ÿ �7<�§$< � �(�7�/�	�f�40��10����(E��(�)F� �	� ÿ �(� þ � ÿ � ý ����� ÿ©� �&���	� � �	�]< �!ý�þÂÿ ��� ÿ �V�5
]����K ÿ - ÿ �	�R2����	���'��� þ�ÿ 0 � 0����� ÿ � ýþ � ý �Q<

���(�&� ÿ �	� D � 0�� ÿ 
��\
50 ÿ ����������� ÿ �	�]Fr�90«ªU�?0)���	��
��"¬AB� ý 240��(� � � ÿ 
 ý ��� þ ���9
50)��� ý � ÿ
�40��&�10���� ý �,�\0 þQP ý � �Âý ���40���
��	�&�	��� ÿ . þ ��K ý ��
��	�����(� ÿ ��¨ þ��Âÿ § ÿ � �  	���90
��	� ÿ  =<
. þ �	�������	���(�����	��� D �(� ÿ�þ � ÿ 0�����E ÿ �(� ÿ 0 þ ����� ÿ F #:® ���	� ý � ÿ � � � P ��������� � �R�90�^�A þ ���R¯ #d`
��� ÿBý �zAB�10� ! � � ��� ý �(��� ÿ©� ���7�	� � �	�=< �!ýþ�ÿ � þ �� 	� ý �� C-����	���� ÿ ������ ��(
�� � 0� ÿ �90U^�<
A þ ���WZ #�[ D 0�F #�° � ý � þ ���(��� ÿ � þ ���M0 þ �����S� þ �� 	� ý �10���� ý �G-$
 ý ����� � 0� ÿ �90�^�A þ �7�%Z #([ D 2VF=-
0�� ý � ÿ � � 0 þ � ý �\0)���+��� ý3�Âþ �J�;���� ÿ �	���� � 0� ÿ �90R^�A þ ���'Z #a± D 2VF ÿ �	�10 � �J²: 	�7�	��� #

³´
µ¶ ·¸

¹º

»;»;»;»
»;»;»;»
»;»;»;»

¼;¼;¼;¼
¼;¼;¼;¼
¼;¼;¼;¼

½;½;½;½
½;½;½;½
½;½;½;½

¾;¾;¾;¾
¾;¾;¾;¾
¾;¾;¾;¾

¿;¿;¿;¿
¿;¿;¿;¿
¿;¿;¿;¿

À;À;À;À
À;À;À;À
À;À;À;ÀÁ;Á;Á;Á
Á;Á;Á;Á
Á;Á;Á;Á

Â;Â;Â;Â
Â;Â;Â;Â
Â;Â;Â;Â

B

A

1

4 2

3

D

C

Ã(Ä�ÅYÆXÇ)È�É,ÊÌË]Í�Ä�ÍÏÎaË�ÐÎaÐ)ÎdÍÑÎjÄ]ÒaÓ

Ô;ÔÕ
Ö× Ø;ØÙ

Ú;ÚÛ

Ü;Ü;Ü;Ü
Ü;Ü;Ü;Ü
Ü;Ü;Ü;Ü

Ý;Ý;Ý;Ý
Ý;Ý;Ý;Ý
Ý;Ý;Ý;Ý

Þ;Þ;Þ;Þ
Þ;Þ;Þ;Þ
Þ;Þ;Þ;Þ

ß;ß;ß;ß
ß;ß;ß;ß
ß;ß;ß;ß

à;à;à;à;à
à;à;à;à;à
à;à;à;à;à

á;á;á;á
á;á;á;á
á;á;á;áâ;â;â;â;â

â;â;â;â;â
â;â;â;â;â

ã;ã;ã;ã
ã;ã;ã;ã
ã;ã;ã;ã

B

A

1

4

2

3
D

C

Ã�äCÅRåXÇ5ÍÏÊÌÓ�Ð	Ç)È�É�æÊÏË1Í�Ä�ÍÑÎaË=Ð
ç tè{�é Z #�[8êUgyP �	�&���(� � �+AB�10�� ! � ÿ*� �+� ý ����� ÿ;� �+���	� � �	�]< ��ý�þ�ÿ

¦S� 0 þ � ý �\0)��� � �'�?0_^�A þ ���/Z #j± D 2VF����������(. þ � � � ÿ � ý�þQ� �	���	��� ÿyÿ  	. þ �	�����(�	� ÿ5#¢g �
��²¢���5- � 0�� ÿ 
����W0 þ � ý �\0)���C-� ýþ �I
 ! 0. þ �� ��10��I����� �ëT 0�. þG� þ �����40���� � ����¨ þ��ÂÿI� 0� ÿ
���_���	���_� ý ����� � �&�7�	� � �	�=< ��ý�þ�ÿ -¢�]0�� � � ÿ . þ �_��� ÿ 0 þ ���7� ÿ ��¨ þ��Âÿ|ÿ±ý ���+�	�z0��7���	������ 0�� ÿ �(� þ � ÿ � ý ����� ÿ;� �'�7�	� � �	�=< ��ý�þ�ÿ5#



ì�íÌkhî"ïðQñLò?óVô$õ�ö)ò?ó¢÷eøXùbúYõ�ô$õVñLñ?ðQñLòèû$ïü k4k4k

1,1,2,2

1,1,3,44,3,2,2

1,3,3,2

4,3,3,4

4,1,2,4

Ã9Ä�ÅHåXÇ$ÍÌË�ÈOÄ�ÍÌÓOý)ÊÌË$þ)Ç�ÎÿÍ%ýBË�Ç$Ê%ÒjÄrÐ5Ç5æÈ�É,ÊÌË]Í�Ä�ÍÑÎdË�Ð8þ$ÓIÒ Ä ��� Ç)ÊÌÓ����	��Ã9Ä�Å

1,1,2,3 4,2,2,3

4,1,3,34,1,2,4

Ã�äBÅ åXÇ$ÍÌË�ÈOÄ�ÍÏÓ ý)ÊÌË$þ)Ç)ÎdÍýBË�Ç$Ê�ÒjÄ+Ð5Ç)È�É,ÊÌË]Í�Ä�ÍÑÎaË�Ð&þ$ÓÒjÄ �
� Ç$ÊÌÓ����	��Ã�äBÅ
ç tè{Oé Z #j±'ê"gXP �	������� ��� 0 þ � ý �\0)��� ÿ

®öýþ �8�� �Âþ �(�7�R�?0 �90����	��
�� � � ÿ 
 ý ��� þ ���(
50)��� ý � ÿ -V� � � �  ��_� ÿ � �Âý ��
 ��� ������� ý3�Âþ �(�7��Âþ �40��0���� 	�(� ÿ ��� � 0�� ÿ ��� ÿ7T�ÿ ��E���� #G6 �R�40��10��(�� 	��� ÿ �&�&
 ý �7��� ÿ � ý � � 0 þ � ý�þ�� �	���	���� �/��� þ�ÿ8��� þ �f
 ý�þ ����� � �/��¨ þ��Âÿ �	���40��0����E	�(� #¢®öýþ � �  �^������*���/��0��0���� 	�(� ÿ ��� � 0�� ÿ
�(�+�7 ÿ �50 þ � ýþ�ÿ ������� ýQ�Âþ � ÿ±ý � ÿ �?0 �  �^����J��� ý � ÿ±þ � � 0�������
 ü��y÷Xò9ö�ò?ó¢÷������������������������ �!�#"$�	%!&('*),+-��./&0�1)2�("�&3)����4&�%*)657&3)��8�#)9':)9.;57&�%:���
'*<�%!.8&=+-)9� >@?(<����A�#)�&B+-)C.EDF�;+
&G��)9��HI)9.;5A&3)C��)9.A?(<�.�5J��)9�=)9.:'*K9':)L5M)9'=�;&ONP��.Q��<
%R.;5
+-)Q��)9.A+-)(S9TUH <���&V��<
���W?�X8�-Y9��)@?�<��
�A�1)MZ-[

®öýþ ���(����� ý3�Âþ �����z�(�z�40��10��(�� 	��� ÿ �&� � 0� ÿ ���z�� ÿ �$0 þ -O� ý�þÂÿ 0 �!ý � ÿDþ �����(� ÿ  þ ���! � þ ��� ÿ ���(. þ ��240 ÿ  	� ÿBþ �/�90h
 ý � ý �10)��� ý � � � ÿ 0�������� ÿ_�Âþ AB�10�� ! � #H6 ������� ! � þ ��� ÿ ���9. þ �

 ý � ÿ � ÿ ���>§@
 ý � ý ���	����� ÿ 0�������� ÿ"�Âþ]\ �(���;X8)2+-)�&��8<�%R.;5^&_+-)`�()9.E+-)(S6TUH <��a& 0 � �	
 þ �
� ý �©2��������(����� þ � � �f
 ý�þ ��� þ � ÿ -%§ 
 ý � � �J��� ý � . þ � � � þQP 0�������� ÿ 0 � �5
��90z�&�	���

 ýþ �(� þ �+���&�40�,�]0�AC�	���'�40 ÿ �����&�	��� ÿ±ý �&����� #�¦S�d! � þ ��� ÿ ���9. þ ����� ý � ýÿ � . þ �b� ñ?ü3ûõ4ô�c�ö5ü3û�d;õaeVõ4÷¢ö_ñ?õï2cQïübfCó¢ùXñ?üQùYô-ghfBó¢ô)ô$ü3û5úHó:÷oøYüQ÷¢öji>øoüQû©ô$ü�÷kfCó¢÷Vö)ô$ü3ûWlGùXò
û	ü úYô$óGøyùXòèû	üQ÷Vö øYü ïõV÷YòRm3ô$üfû$òLï>ùYñ?ö5õ4÷oð�ü4í

® � þ�ÿ ���� 5
�� ÿ  	���	���5-:�?0U
 ý � ý �10)��� ý � ��þ AB�10�� ! � � � ÿ � ý ����� ÿ'� �&�7�	� � �	�=< �!ýþ�ÿ � ÿ ��  �^������/
 ý ����� ÿ±þ �J�n�
 ü��y÷Xò9ö�ò?ó¢÷porq�s/ó:ñ?óVô$õ�ö�ò?ó¢÷utwv;%

G = (V,E)
)�&95A�#) \ ���(�;X8)x+-)�&y�8<�%R.;5^&V+-)F��)9.A+z)(S6T

H <���&�{=� �#<��(&W��.E)*?(< �#<
�(�I5^%P<�.|+z)�&:����K65M)�&�+-)
G

)�&95x��.A)C}6<�.A?65J%~<�.
Φ : E → [1..φ]

{
5M)$�R�1)@Y9�;)O&(%

Φ(e1) = Φ(e2)
� �#<��(&

e1
)65
e2

.y� <�.�5����
&j+-)O&$<�'@':)65C)9.0?(<�'@'W��.E[
�U� Ð)ÓSÄ1Ê~��ÍÏÓHÉ��	Ç)Î��=Ä1Ç$Íh�MÇ�Ð*ýBË�ÎjÐ=ÍYþ)ÓHÊÌÓ�Ð)þ$Ó��,æ��=Ë�Ç
���



k4k�� �������YéYl:monRprq4s3tLu��y��votLuu�G���yxzsz���ys3{Iu��ot?vk�Xp�x

 üa�H÷Xò9ö)ò?ó¢÷eì�q���ó¢ï��Xô$ü�fI�Yô$ó¢ïõ�ö)òRlGùoü8twv;%
G = (V,E)

)�&95:�#) \ ���(�;X/)�+-)�&
��<
%R.;5^&`+-)b��)9.A+-)(S6TPH <���&`?(< �#<���"�)�.���)�&U��)(?65M��.�5n�#�,+-"J ¡.8%^5J%P<
.�¢6{W� �#<
��&b�#)b.A<�':£9�()
?�X-�(<�':�I5J%~Y9�;)W+-)

G
)�&95¤�#��H �I�#)9���O'W%R.�%!'@��'¥�-?�?()M�E5M"()x��<����

φ
[

¦ �>��� ý 2���E	��� � �>�90«
 ý � ý ��0���� ý � � � ÿ 0�������� ÿ���� þ ��AC��0� ! �� ÿ � þ ����� ý 2���E	���¦8® <�
 ý �&���(�=�W§ ` Z�¨ #V6 �	�V�	� � 0����$-��90 �  	� ý � ÿ ����0���� ý �h
 ý � ÿ ��� þ 
=��� � � �Âþ � !  ý ��E	�&� � �
�����	����A©§d¯BZI¨G�V�	���&��� � �'
 ý � ý �7�	�O���+AB�10�� ! �+�	�U���	��� ÿ � ý � T � ý ���90��Y0 � �5
+0 þ ��� þ�ÿ ���
� ý �R2��7�+��������� þ � � �'
 ý�þ ��� þ �O��� þ�ÿyþ ��� #

���,�S�~ª «2¬;�G�S�/G� � �:� �W�¯®I�S���Ñ�/¬8��� �*�]° �¯±��,�B®
6 �=����� ÿ �5
]��� ý � ���� ÿ �	�����R���©� !  ý �7E	��� � �©�8�(�	����A����r� � � �  	� � � ÿ 0 ���7� þ�� �RKN0��J���

�	� þ ������� ÿ 0���� þ �h0���A ý ���J� ! ��� � � gS��ÿ AB�	�V² #�³ ��´Mµ ÿ ���10R���=¶ ýÿ7T�þ �907· # ·*0 ý § ± ZI¨ #�¦ �
� !  ý ��E	��� � �/�����	����A ÿBþ �*�90\
 ý � ý �10)��� ý � � � ÿ 0�������� ÿr�:� þ �fAC��0� ! �©� ý �Q< ý �7�(�	���� ©� ÿ �
��� ÿ±þ � � 0����n�
¸ �oü�óVô$ü�ïü@k,q ¸ �Gð3óVô�mQïü øoü©¹�ò!º3òL÷k»ytwvy<�%R5

n
�#)�.A<�'*£��()�'*�$> %!'*� ��+-)(&x����K65M)�&

+�� ��.w&3<
'@':)65¼+k� ��. \ ���(�;X8)@.A<
.;T�<���%P)9.;5U"�{x&3��./&*����5M<IT�?9�-?$�#)�&:)65C&3��./&*����K65M)�&W'W�8�½T
5J%��A�#)�&O)9.;5J��)Q+-)��z>W&3<�'W'*)65^&3[;¾��#<��(&

n+ 1
?(<��/�#)9���(&B&��6¿,&3)9.�5À��<����h}$��%R��)���.A)Q?(< �1<IT

���I5J%~<�.Á+-)�&B�
�(K65U)�&({y5M)$�!�#)=Y9�;)L�1)�&B����K65M)�&L�-+¯Â3�-?()�.;5M)�&L��%P)9.;5h+z)�&B?(<��/�#)9���(&B+�%ÄÃ="9��)9.;5M)�&3[
Å ���/����� þ�� � � �©
��/� !  ý �7E	���©�V� þ ���������/KN0������©�	� þ �����(� ÿ 0��� þ � 0��A ý ���J� ! ��� � �


 ý � ý ��0���� ý � #�6 �=�O0��(A ý ���J� ! ����
 ý ��������
��8�40��M��� ÿlÿBý ������� ÿ���þ AC��0� ! � ÿ 0�� ÿ 0���=��� ÿ
���80
´ ý�þ ���'��� ÿ 0�������� ÿyþ ���'�40�� þ ��� #8Æ 
 ! 0. þ �' ��10�V�C-�� � 0��A ý �7��� ! ���/
 ý � ÿ ��� þ ��� þ ���

 ý � ý ��0���� ý �«� ý�þ �R�(�UAB�10�� ! ��0 � �	
��?0h� ýþ�� �	������0����=���". þ � � ���	��� ��� �����7��0�´ ýþ �� 	��§
�40��7���(� � �r�?0_
 ý � ý �10)��� ý �����7 5
� � �	����� #V° �G
��	�90R� ÿ �O�� 5
=� ÿ±ÿ 0������C-��V�	� � 0���� þ ���+ ��]0��V�C-
���:� ÿ ��� ý�ÿ±ÿ ��2��(� � �r� ý3� �J^��	����� ÿ 
 ýþ ��� þ � ÿ�� �r
��	�7�10����� ÿ 0�������� ÿ � ýþ �����7 ÿ �	� � �	� þ ���

 ý � ý ��0���� ý � � 0��� � � #Å ���R ��]0��V�&
 ý ���&�	��
��&0 � �5
 þ � AC��0� ! �_
 ý � ý �� ýzÇ ý �z0�´ ý�þ ��� þ ���&0��������_� ý �

 ý � ý �7 	� #�¦ � KN0��J��. þ � ��� � ý �R2��7� � �>
 ýþ ��� þ � ÿ"� � ÿ � ý ����2��(� ÿ��  	�40 ÿ±ÿ � �(� � ý �R2��7�
� 0 P ��� þ � ��� 0�������� ÿI��� þ � ÿ±ý �&����� D ý � þ �����(� ÿ � n+1 
 ý�þ ��� þ � ÿ F]-C0 ÿ±ÿBþ ����. þ ��
 ! 0B. þ �ÿ±ý ��������0r� ýþ ´ ýþ � ÿ�þ ���8
 ýþ �(� þ � � �J���&ªr����2����r¬C-3
 � � ÿ �7<�§$< � �(�7� þ ���8
 ý�þ ��� þ �M. þ �V� � 0
�40 ÿ �	��
 ý ���' =�� /0)�����7�(2 þ  ��©0 þQP 0�������� ÿ*�  �´7§&
 ý � ý �� 	� ÿ;� �'
�� ÿBý ������� #¦S� � P � ÿ ���	��
�� � � ÿ 
 ý�þ �(� þ � ÿ ª��(��2��7� ÿ ¬&�V�	�7����� � � �Âý �����	��§ þ ���80�7����� XY � ý �

 ý � ý �7 	�C- þ ����
 ý�þ ��� þ � x ���	�(��� . þG� �(� T 0 þ ��0�0 þ ��� þ�ÿ þ �z
 ý ��È���� � � 
 ýþ �(� þ � ÿ -G�40��
� P �	������� � 0�� ÿ ��� ÿBý ���&��� X � ��
=��������0�������� #�° �¢
����?0'� ÿ �M���8
50 ÿ -����V� ÿ �M� ýÿ±ÿ ��2���� � �
�7 ÿ±ý�þ�� �7�����O
 ý �/È��J�S�	� �  5
 ý � ý �10����S� � 0 þ ���7�;0�������� � ��
 ý�þ ��� þ � x ÿBý �7�10��� �Âþ�ÿ±ý �&�����
X
#



ì�íÌkhî"ïðQñLò?óVô$õ�ö)ò?ó¢÷eøXùbúYõ�ô$õVñLñ?ðQñLòèû$ïü k4k�É

®öýþ �f�7 ÿ±ý�þ�� �7� ��� ÿ 
 ý �/È���� ÿ>� �«
 ýþ ��� þ � ÿ>� 0�� ÿ ��� ÿ ÿBý �����=� ÿ -*� � 0��A ý ���J� ! ���

 ý � ÿ � � E	�7�C-%�	�����7� � � þQP ÿ±ý �&����� ÿ X �=� Y - � � ÿ 
 ! �	����� ÿ 
 ý �����	��Ê50������40� Y -� �J²: 	�7�	��� ÿO� ��� � 0�7����� XY - �Âý �����?0R
 ý � ý �10)��� ý � ÿ 0���� ÿ KL0�J���?0©AC��0�&�\0���7� (xy)∗ #�° �=<� ý � ³ �Ë´¯µ ÿ ���10R����·;0 ý § ± Z�¨Ñ-�
�� ÿ 
 ý ��È���� ÿ �V� þ�� �	���;�����7�+����� ýþ�ÿ±ÿ  ÿ ´ þ�ÿ . þG� §_
��'. þG� ��� ÿ� � ÿ �40��10�� ÿBÿ �	�����	����� � �	� ÿ 0���M�(� ÿ 
 ýþ ��� þ � ÿ�� 0�� ÿ ����
 ! �	�����zª/0�J���	�7�� +¬ x− y 
 ý �_<���	��Ê50������40�� Y ýþ �	� ÿ±þ ���������\0������90©
 ýþ ��� þ � � �8� � 0�7������. þ �:
50 þ�ÿ �r
 ý �/È��J�������	�
���	�90���Ê50���*� � 0���A ý ���J� ! �&� #

X Y X Y

y y

x

x

x

y

x

x

x

y
y

yZ Z

Ã9Ä�ÅEÌXÉ�Í,Ë�ÒdË=ÊÑÄ�ÍÑÎdË�Ð

X Y X Y

y y

x

x

x

x

y

x
y

y

x

z z

Ã�äBÅ�Î¢Ë�ÒaË=ÊÑÄ�ÍÏÎaË�Ð*Ó7Ð�ÎaÐ6�=Ó7ÊP�ÏÄ]Ð�ÍYÒdÓ���Í�Ë�Ç)ÒaÓ7Ç$ÊU�
ç tè{Oé Z #a`/ê�6�ý � ý �10)��� ý � ÿ ��� ý ��� � 0���A ý ���J� ! �&� � �r�����	����A

¦ 08^�A þ ���OZ #d` ���7 ÿ �	����� � � þQP 
50 ÿS� �;
 ý � ý �10���� ý � ÿ �	� ý �&� � 0��A ý �7��� ! ��� � �������	����A #³ 0�� ÿ �90"^�A þ ���\Z #a` D 0CF=-G�?0�
 ýþ �(� þ � y � ÿ � �Âý ���� 	��§�� � 0�������� XY #X® ý�þ �/�7 ÿBýþ�� �7��(� 
 ý ��È���� � � 
 ý�þ ��� þ � �ÂþZÿ±ý ������� X - ý � �  5
 ý � ý ��� � � 0�������� XZ . þ �r0 � 0�J�U ��� 



k4k-Ï �������YéYl:monRprq4s3tLu��y��votLuu�G���yxzsz���ys3{Iu��ot?vk�Xp�x


 ý � ý �7 	�R0 þ �40��0 � 0�����0 � �5
+�?0&
 ý�þ ��� þ � y #V® ýþ �;�(� � � þQP �(E	�&�©
50 ÿ -����	���� ÿ ������ � 0� ÿ�90h^�A þ ����Z #a` D 2VF]-y�?0 
 ýþ ��� þ � x � ÿ � �Âý ���� 	��§f� � 0�������� XY ���&��� ÿ 
 ýþ ��� þ � ÿ�ÿ±ý ���
��� � �	� ÿ  	� ÿ�ÿ±þ �O���/
 ! �	����� (xy)∗ #
���,�S�JÐ Ñ�W���S���H�����W� �:�|Ò8����Ò*�����:�Q�o�

¦ 0�
 ý � ý �10)��� ý � � ���90*^�A þ ����Z #dc D 0CFY� ÿ � ý 2Q���	� þ ���	��0�������(. þ 0����S� � 0���A ý ���J� ! �&� � �
�����	����A ÿ±þ �y����AB�10�� ! � � �M�90;^�A þ �7��Z #([ D 0CF #�Ó � ý � ÿ 
 ýþ �(� þ � ÿ6ý ���H ��� þ ������� ÿ  	� ÿ � ýþ �y�90

 ý � ý ��0���� ý � #�¦ � ÿ 0����=��� ÿ ���� ÿ �	���� 	� ÿ �	�"AB�10 ÿ (A,B), (C,D) - � 0�� ÿ �?0/^�A þ �7�+Z #ÿc D 0�Fý ���R�90h�������U
 ý�þ ��� þ �	-Y�]0�� � � ÿ . þ ����� ÿ_� � þQP 0 þ ����� ÿ 0�������� ÿ - (A,D), (B,C)

ý ���� � þQP 0 þ ����� ÿ 
 ý�þ ��� þ � ÿ8� �J²¢ 	���	����� ÿ5#¢6 �������/
 ý � ý �10)��� ý �h� � � ÿ �*�40 ÿ �?0_���	�����(� þ ���'� ý�ÿ <ÿ ��2����>
	0�	-M
��fAB�10�� ! �f�V� þ �U������� 
 ý � ý �7 >0 � �5
 � � þQP 
 ý�þ ��� þ � ÿ5#¤Ô �(� ÿ �Ì-%��� ÿ 0���=��� ÿ
(A,B), (C,D) -S�V� þ�� �����"0 ��ý ���\�90z���	�&�f
 ý�þ �(� þ �\������� ÿ 0�7����� ÿ (A,D), (B,C)þ ��� � � þQP ��E	���_
 ýþ ��� þ �r
 ý �����©�(�X� ÿ ��� ý ������ � 0�� ÿ �?0�^�A þ ���_Z #dc D 2VF #ÀÔ ��� ÿ �Ì- ÿBý �
� ý �R2��7�'
 ! � ý � 0����9. þ �'� ÿ � 2

#

Õ�Õ�Õ�Õ�Õ
Õ�Õ�Õ�Õ�Õ
Ö�Ö�Ö�Ö
Ö�Ö�Ö�Ö

×�×�×�×
×�×�×�×
Ø�Ø�Ø�Ø
Ø�Ø�Ø�Ø

B

A

D

CÙÚ

ÛÜ

ÝÞ

ßà

Ã9Ä�ÅÀá�â5Ó7È�ý�ÒaÓyþ)Ó�Í�Ë�ÒaË]æÊÑÄ�ÍÑÎaË�Ð8þ)Ç � ÊÑÄ1ý�ã$Ó

ä�ä�ä�ä�ä
ä�ä�ä�ä�ä
å�å�å�å
å�å�å�å

æ�æ�æ�æ
æ�æ�æ�æ
ç�ç�ç�ç
ç�ç�ç�ç

B

A

D

Cèé

êë

ìí

îï

Ã�äBÅñðXÊÑÄ1ýIã$ÓòÍ�Ë�ÒdË=ÊÌÉÄ���Ó�Í�ó¤Í�Ë�Ç�ÒdÓ7Ç)ÊP�

ç tL{�é Z #dcRê"6lý � ý ��0���� ý � ÿ*�Âþ AB�10�� ! �
Ô � ý � ÿ -C�?0r� þ �� 	� ý �]0)��� ý �\��� ýQ�Âþ �J���;�40�S�?0'
 ý � ý ��0���� ý �\� ÿ � �  �^����(�*
 ý �&��� ÿ±þ �����

 üa�H÷Xò9ö)ò?ó¢÷�ô�õV5M��.;5�+-<
.�.A"()=��.E)Q?(<I�#<����I5J%P<
.�+-)�&ö����K65M)�&ö+�� \ ���(�;X8)ö+-)���<�%R.;5R&ö+-)
��)9.A+z)(S6TUH <���&�{F�#�7.8��'*"��(<I5U�I5J%P<�.0+-)W?�)�&j����K65M)�&¼&3)¡}$��%^5x+-)O':��.�%P÷9��)Wøù?()WY��;)W?()$�R�1)�&
Y9��%V<�.�5V�#�7'*K9':)@?(<��8�1)9���W��%P)�.;5C+-)�&ö.���'*"9��<
&W?(<�./&3"(?9�/5^%Ä}�&3[

¦ �'
 !�ý � P"� �r� � ý � � ��� � � ÿ 
 ýþ ��� þ � ÿ � ÿ �;0�� $0)� ý �(�7� #4® ý�þ ���(�rAB�10�� ! �'
 ý � ý �7 � �r�90
^�A þ ����Z #ÿc D 0�F ý �R� þ �� 	� ý ��� ��� 0�2 ý � � ��� ÿ 0�7����� ÿ ���_AC��0 ÿ -. þ � ý ���H�?0*���	����
 ýþ �(� þ �5-



ì�íÌkhî"ïðQñLò?óVô$õ�ö)ò?ó¢÷eøXùbúYõ�ô$õVñLñ?ðQñLòèû$ïü k4k�ú

0 � �5
 1 ��� 2
#Ig � ÿBþ �J���"��� ÿ 0�������� ÿ �	�«� ý �(�������(�� ÿ AB�10 ÿ 0 � �	
 3 ���_� þ � ÿ 
=�	�(��� ÿ 0 � �5


� ý �������(���� ÿ 4
#�¦ �+�� ÿBþ �J�10��O� ÿ �O�(�rAC��0� ! � � �+�90©^�A þ ���+Z #ai D 0�F #�¦ 0R�����������5
 ! ���(. þ �

�V� þ �'������� 0��������(. þ  	��� ýþ �+� þ �� 	� ý �����r�(�&AB�10�� ! ��
 ý � ý �7 \0 � �	
 � � þQP 
 ý�þ ��� þ � ÿ/� �
�?0©^�A þ �7�'Z #ai D 2VF #�¦ �+�7 ÿ±þ ���10��;� ÿ �O���'AB�10�� ! � � �+�?0©^�A þ �7�'Z #ai D 2VF #

û�û�û�û�û
û�û�û�û�û
ü�ü�ü�ü
ü�ü�ü�ü

ý�ý�ý�ý
ý�ý�ý�ý
þ�þ�þ�þ
þ�þ�þ�þ

B

A

D

C

1

2

3

4

ÿ�

��

��

��

Ã9Ä�Å��3Ó � ÊÑÄ1ý�ã$ÓRþ$Ó©Ò Ä	
� Ç$ÊÌÓF��� 
�Ã9Ä�ÅAÍ�Ë�ÒdË=ÊÌÉ

���������
���������
���
���

�������
�������
�������
�������

B

A

D

C

1

2

3

4

��

��

��

��

Ã�äCÅGðyÊÑÄ1ý�ã$Ó¤Í,Ë�ÒdË=ÊÌÉWÓ�ÍÐ5Ç)ÈMÉ7ÊÌË]ÍÏÉ

ç tè{Oé���� i'ê���� � � �! #"%$ �'&)(*�+*-, �! ��).)/
¦  10 � � � �% 2"3$ �4&z��*5, �% ��.)/6 \��� �3��* $7" *)& / &8*)9;: � � "< #"%$ �'&5:>=?* $A@4 �7/ & "3/ §10B/	���7/� / �C "^ ,4* �3/ ���ED'F  'G =?* $H/ ( "/�C 9 /I$��(�7/ * �3/ &8*)9�: � � "< #"%$ �'& ��*J, �% �).)/ 9 � 9 / ( $S�C 

0 � � � �! #"%$ �'&-&LK / ( ";�M ( �C 9 /I$��(�7/ * �N//� �4(3( $EO��7/ � � /B"3"%/ &)�'* @'/	���E/ (3� �P"%/ � / &8*)9�: � � "! #Q
"%$ �'& $ & È * / & 0B/��! � $��3/>0R"3/ 9 / & ";�7/ &)�4* @S/	� � � ���'&)&  & 0B/ 9 / & " � / (�9��4* @S/ 9 / & " (;� / (& ¨ *���( � � /	�C �@'/ * " � $��3/ =?* /\�C T0 �49�9U*)& $E0> #"%$ �4&«�  &)( �7/\� :I( /V * / &  ������7$ =S*  & "
� K  � ,4� �N$7"3. 9 / � /'�C R^ ,'* �N/UW � i OM (%:X(3* �O�C &)�4* @S/��(�7/ &8*)9;: � � "< #"%$ �'&LY @' Z0!.M &), /	� �[  \$ & "3/ &  & "]$��G�N/ ( "%//§_��� �'* @'/	� =?* / ( $G�7/ , �% �).)/X/ ( "]0 � � � � :  I@S/>0 *)&-&��'9 O��3/9 $ & $ 9^*)9 � /_0 �4* �7/ * � (>Y  �� � � ( �` &8*)9�: � � "! 2"3$ �4&X� O+"%/ &8* /a@4 ���� �Q��* $��3/ *)& ª 9 /I$��(�7/ * �� � ���'&�&  & 0B/ 9 / & "�¬��3/	�C #"%$A@S/ 9 / & "b * �M ��! ��(� : �7$ (%9 / �
®c�4* � 9 / (3* �3/	���7/_�M ��! ��(� : �7$ (39 / �  &)( �7/_� :I( /V *LYd�'&5* "3$(�7$ ( / ��� ���/5M<
'*�I5M)��;�(<�+
��%^5

?(<�'=�A�#)65e� � /B"] * " �'9  2"3/X/ ( " ��: ^ & $f0 �49�9 / (%* $A"n�
 ü��y÷Xò9ö�ò?ó¢÷ k8g�q,î"ùGö5ó¢ïõ�ö5üfúXô$óGøyùXò9ö:fBó:ïzúXñèü�öItihV.p�(�-��)$�R�1)����/5U<�'*�I5U)W�À��<IT
+���%R5:?(<�'=�A�#)65R{n��. ���/5U<�'*�I5U)��À�(<3+���%^5�?�<�.;5M)9.E��.;5W5M<���5M)�&��#)�&`5J����./&�%^5J%P<
.8&©H � �	%~+-)�&
+k� ��.w"65M�I5xø���.0���/5J��)�[

���'9 �M �� : §"� K  * " �'9  2"3/ ��� �3��* $7" � / �C ( />0R"3$ �4& W � cjY 0B/ &)�4* @S/��k * " �49  #"%/l Y
/ & ��� *)(>Y " �'* "3/ ( �7/ ( "��! &)( $A"%$ �'&)( @4 ��E$ � / (��mKn*)&o: "< #"f§ *�&  * "��3/ � ®  �p/Rq�/ 9 ���E/



k4k�� �������YéYl:monRprq4s3tLu��y��votLuu�G���yxzsz���ys3{Iu��ot?vk�Xp�x

� K  * " �49  #"%/r��� �Q��* $7"r0 �49 ���7/B"O� �4* ���C &8*�9�: � � "< #"%$ �'&"� /r�` /^ ,4* �3/ �)�7DSF  SG F �4*�� / (
^ ,4* �3/ ( ��� i F  'Gk/B" ��� i F OMG3Gk/ ( "r0B/	� * $G�3/	��� :I( / & " :'�  &)( �C R^ ,4* �3/ ��� ¯ �

1,1,2,2

4,3,2,2 1,1,3,4

1,3,3,2 4,1,2,4

4,3,3,4

{1} {2}

{1}{2}

{3}
{1,2} {3,4}

{4}

ç tè{�é��)� ¯ ê*Ôb* " �49  #"%/+��� �Q��* $A"]0 �49 ���7/B"
³  &)( 0R/B"1 * " �'9  #"%/-$���st � / * qu"��! &�( $A"%$ �4&)( F / & �7$ ,'& / ( � � $ & "%$���� :I( G � Ç �E/ (& ¨ *���( ��/ * @S/ & " ( /f�3/ & 0 �4& "��N/	�l/B" ( / ��: ���C \0B/	�1/ & �j �% ���Ev��E/ � Ô ^ &�� /xwy \0B$��E$A"%/	�

�C &)� "< #"%$ �4& � �4* �z0B/B"^ * " �49  2"3/ Y �7/ ( "��! &)( $7"3$ �4&)(  * � �4& "{0 �'9�9 /&�` 2O�/	� Y �7/&�` 2O�/	���* � � $ & " � /f�3/ &�� /	�RQ|@ �4*)(1� Ç �7/ (1& ¨ *���(1( / �N/ & 0 �4& "��3/ & " � ®  ��l/Rq�/ 9 ���7/ Y � �4* �
� K  * " �49  #"%/ � /;�C r^ ,4* �3/ ��� ¯ Y �C }"��! &)( $A"%$ �4&\� /;� Kn: "! 2" (1, 1, 2, 2) §r� Kn: "! 2" (4, 3, 3, 4) * �! R� �'* �;�C 2O�/	� {1, 2} �~ � (>K  , $A" 9  2$ & "3/ &  & " � /Z"�� �4* @S/	���E/ 9 /I$��(�7/ * � � � ���4&)&  & 0R/ 9 / & "+� �4(3( $EO��7/ =?* $
���N/ &�� / & 0 �'9 ��"%/"�7/��M ��! ���� : �E$ (39 / � ®��'* �;0B/	�C Ya&��'*)( 0 �'9�9 / & Ê �'&�( �M �� ���4&)& /	�&)� "��N/ ��: ^ & $A"%$ �'&��mKn*)&�9 /I$����7/ * � � � ���4&)&  & 0B/ 9 / & "j�
 üa�H÷Xò9ö)ò?ó¢÷ k4k�hV.b���-��)$�R�1)C'*)9%^�R�#)9����<���+-<�.�.E��.A?()9':)9.;5���<����L�#)����
�(� �!�#"$�	% &�'*)�{y��.
<
�(+-<
.�.A��.A?�)9'*)9.�5�5U)$�EY9��)B&3<�.`���/5M<�':�I5M)¡�À�(<3+���%^5¡?(<�'��E�#)65�?(<
.;5J%P)9.�5h��.�?9�a?6�#)O+-<�.�5
�1�*�#<�. \ �;)9���W)�&95�'@%!.�%R':� �#)QH�%!&jø�H�% &W+-)Q5M<���&n�1)�&W<���+-<�.8.A��.A?()�'*)9.;5R&x��<�&(&�%P£$�#)(&3[

~�& " * $A"%$A@S/ 9 / & " YL( $W�C �� �'&),4* / * � ��* 0Rs�0��7/6/ ( " 9 $ & $ 9  �7/ Y  �� � � ( 0!.j =?* / & ¨ *��
�M ��%0 �'* �P"k" �'*)(�( / ( � � $ & " (�� /*�3/ &�� /	�<Q�@ �'*)(  ����Nv (k*)&l&��'9 O��3/ 9 $ & $ 9U*)9 � / (  * " ( �� /	�C 9 $ & $ 9 $ ( /©�7/ ( 0 �'9;9U*)& $E0> 2"3$ �'&)( /B"8�C 60 �4&)(3�'9;9  2"3$ �4& � //� Kn:I& /	� , $E/ � ¦  ���� � Q
� �4( $7"3$ �4&�(3* $A@' & "%/ ��: ^ & $A";�C R� �'&),4* / * � ��* 0Rs�0��7/ 9 $ & $ 9  ��G�j ���! ���� � �N"*§R�` U0 � � � Q
�% 2"3$ �4&�� / (  �7�B"%/ (;��*�, �! ��).)/ � / ( � � $ & " (*� /+�N/ &�� /	�RQ|@ �4*)( � ·r �����/	� �'&)( $E0B$ =?*LK�*)& /&?*)9�: � � "< #"%$ �4& / ( "O�3/	��� :I( / & " : /+�M �� *)& /Xw �4& 0R"%$ �4& σ 0 �'9�9 / �  &)( �7/{0%.M �)$A"��N/^W �



ì�íÌkhî"ïðQñLò?óVô$õ�ö)ò?ó¢÷eøXùbúYõ�ô$õVñLñ?ðQñLòèû$ïü k4k/o

� ô$óVúIóVû$ò9ö)ò?ó:÷ Ï õV5M��.�5G+-<�.8.A"V��. \ ���(�;X8)
G
{y�#�ö�1<�. \ ��)9���L+���?9�a?$�#)¤'@%R.8%R'*� �/+�� ��.

� ':)9%J�R�#)����@<
�(+-<
.�.A��.E?()9'*)9.�5H�0)�&95x" \ � �#)W���©.E<�'*£9��)W?�Xa��<�'*�I5^%PY9�;)W+-)
G
[

� ô$üQùL�Vü ®��'* ����� �4* @S/	�f0R/B"3"%/I��� � � �4( $7"3$ �4&LY $��'w� * " �  &)(f*)& ���3/ 9 $E/��m"%/ 9 � ( ��� �'* Q
@S/	� =?*LK $��'/Rq�$ ( "3/ �  &)( � K  * " �49  #"%/S��� �Q��* $A"c0 �49 ���7/B" *)& 0Rs+0��E/ �mK�*)& /S� �4&),4* / * � :I,  ��7/
 *T&)�49 O��N/^0%.�� �49  #"%$ =?* / ��*T, �! ��).)/ � ga&)(3* $7"3/ Y $���w� * "*��� �4* @S/�� =?* /{0B/^0Rs�0��7/{/ ( "9 $ & $ 9  � �³^K  2O � � �mYf(3* ��� �'(3�4&)(U=?* / �7/ &)�49 O��N/�0!.�� �49  #"%$ =?* / � / G / ( " φmin � Ô � � � ( $��/Rq�$ ( "%/ *)& /}0 � � � �! #"%$ �'&"� / (  �7�B"%/ ( Φmin : E → [1..φmin]

� ° $ ki / ( "��7/ &)�'9 O��3/ � / ( �7�B"%/ (8� /^0 �'* �7/ * � i Y  �� � � (]�4&T&)� "3/ ei1, . . . , eiki �E/ (  ����B"%/ (8� /^0 �'* �7/ * � i � Æ �M ��N"%$��� /Z0B/B"3"3/Z0 � � � �! #"%$ �'&��'&>��: ^ & $7"r�C (3* $A"%/ F 0!.)/ 9 $ & G (3* $A@4 & "3/ � /^"��! &)( $A"%$ �'&)(r�  &)(
� K  * " �49  2"3/'��� �Q��* $7"]0 �49 ���7/B"n�
{e1

1, . . . , e
1
k1
}, . . . , {eφmin1 , . . . , eφminkφmin

} "3/	���E/ =?* / ∀e ∈ E ( $ Φmin(e) = i �  � � � (
∃j ∈ [1..ki], e = eij

� � /��` 6@S/ * " � $��3/ =S*LK $���/Rq�$ ( "%/ *)& / (%* $A"3/ � /U"��! &)( $A"3$ �4&)(+�  &)(
� K  * " �49  2"3/���� �Q�+* $7"�0 �49 ���7/B" � Ç �7/ (  �7�B"%/ (H�  &)( 0!.M =?* /�"��% &)( $A"%$ �'& {ei1, . . . , eiki} Y�'& "S�C 9 � 9 /�0 �'* �7/ * � i F 0 < i ≤ φmin

G � ³  &)(�*)& /�"3/	���E/�"��! &)( $7"3$ �4& �7/ ( �N/ & 0 �'& "��3/ (
/ & "��N/'�7/ (]& ¨ *���( ��/ * @S/ & "� I@ � $��;�7$E/ * / &-9 � 9 /X"3/ 9 � ( 0> �� � / * q-0 �'* ���E/ (r& /zw �4& "
�M ( $ & "3/	�N@'/ & $(�o�7/ (�9 � 9 / (f& ¨ *���( � � /B"N"%/ (%* $7"3/H/ ( " *)& 0Rs�0��7/W�M ��%0B/ =S*LK /	���7/�0 �4& "%$7/ & "
" �4*)( �7/ ( � � $ & " (�� /��N/ &�� /	�RQ|@ �4*)(�� � ga& /�²�/R" YQ�  &)( 0B/R"3"%/ (3* $A"%/ ( /]"�� �4* @S/ & "k" �4* "%/ (
�E/ ( 0 �4* �E/ * � (*� / 1 § φmin Y����4& 0�" �4* "%/ ( �7/ (  ����B"3/ (*��*�, �! ��).)/ G �� /�0Rs�0��7/�/ ( " *)& 0Rs�0��7/k@4 �7$ � / �  &)( � K  * " �49  #"%/���� �Q�+* $7"�0 �'9 ���E/R"I� �4* �H�C &8*)9�: � � Q
"< #"%$ �'& σ 0> �� σ(e1) < σ(e2)

( $ Φmin(e1) ≤ Φmin(e2)
F �M ���C �+: ^ & $A"%$ �'&�� G � ~ ��/ ( "*)& 0Rs�0��7/;0> �� Y �M � ��: ^ & $A"%$ �4&LY $(��/ ( "r�M (3(3: �M ���" �'*)(�( / ( � � $ & " (+� /R�3/ &�� /	�<Q�@ �'*)(>Y(3�'&�: "! 2"/^ &  �H/ ( " :I,  ��§ (3�'&�: "! 2"^$ & $7"3$` ���/B"Z0%.M =S* /p ����B"3/ � / G &LK s� ����M ��! V�C"=?*LKn*�& /6w � $ ( � ~ �_/ ( "z@4 ��E$ � / � * $ (!=S*LK $��W�3/ ( ��/I0R"%/ � Kn� � � �N/ � / ( "��! &)( $A"%$ �4&)(©� / (  * " � Q9  #"%/ ( � � 0> * q � ~ ��/ ( " : @+$ � / & " � /;0 �4&)( "�� * $��N/ *)& /U"%/	���7/ &?*)9�: � � "< #"%$ �4& σ , �!�\0B/�§

�` ��: ^ & $A"%$ �'&-� �� <����¤�#) \ ���(�;X8)x+-)V�#�G  \ ����)k��[`�8N�£UZL&3<�.*�
�/5M<�':�I5M)��À��<�+���%^5�?(<�'=�A�#)65y)�&95�?()$�	��%A+-)
�#��  \ ����)���[��z[�v;%�+-��./&L?()65G�
�/5M<�':�I5M)�{k<
. ?(<�./&�%P+-÷9��)C�1)B?9�a?$�1)

(1, 1, 2, 2)
{
(4, 3, 3, 4)

{
�#)�&:5J����.8&�%R5J%P<�.8& Y���%C&3)O�À��<�+���% &3)9.;5O+-�
.8& ?()Á?9�-?$�#)�&3<�.;5X� {1, 2}, {3, 4} [��n��.8&:�#�
  \ ���()6��[C�8N�£MZ
{B�1)�&*����K65M)�&

1
)65

2
&3<
%^5

(A,B), (C,D)
<�.;5B�#�Á'*K�'*)ù?(<��/�#)9����[a�k)�&

����K65M)�&
3
)65

4
{¡&3<�%^5

(A,D), (B,C)
<�.;5L�
��&(&�%F�#�:'*K9':)7?(<
�8�#)9����{x+�%ÄÃ�"9��)9.;5U)7+-)j�#�

?(<��8�1)9���j+-)�&j�
�(K65M)(&
(A,B), (C,D)

[���)�&O5J����.8&(%^5J%P<�./&¡}$<���'*)9.�5���.0?9�-?$�#)OHI� �	%P+-)W+z)
��� ����5M<�':�I5M)`��HI)(?Á�#<�. \ ��)9���

2
Y9��%O)�&95O�#)ù.A<�':£9�()©?�X-�(<�':�I5J%PY��;)©+�� \ �(�(��X8)©+-)Á�#�

  \ ���()^�a[`�8N�£MZ-[
�
Φmin(e)

þ$Ë�Ð)Ð$ÓSÒjÄVÍ,Ë�Ç)ÒdÓ�Ç$Êoþ)ÓIÒE� Ä1Ê~�,ÍÌÓIÓ9� �� Ð8ýBË�ÎaÐ�ÍYþ$ÓIÊÌÓ7Ð)þ)Ó���æ���Ë�Ç
�GÉ��5Ç)ÎË�=Ä]Ç5Í��MÇ)Ð$ÓWÄ1Ê~��ÍÏÓ9�



k4k3ì �������YéYl:monRprq4s3tLu��y��votLuu�G���yxzsz���ys3{Iu��ot?vk�Xp�x

~ ��w� * " 9  \$ & "3/ &  & "r��� �'* @'/	� =?* /R�7/Z0Rs�0=�E/ ��: ^ & $ �  &)( �7/R�M �% , �! ��).)/_��� : 0 : Q� / & " F �mKn*)& /�� �4&),'* / * � :I,  ��7/� *¡&)�49 O��3/l0!.�� �'9  #"%$ =?* /#GX/ ( " *)& 0Rs�0��7/ 9 $ & $ 9  �� �®��'* �l0B/	�C Y�(3* ��� �4(%�4&)( �7/50 �'& "��! 2$(�N/ Y 0 K / ( "PQ,§VQ � $��3/ =?*LK $(�b/<q�$ ( "3/ *)&¢� � ���4&)&  & 0B/RQ9 / & " F &?*)9�: � � "< #"%$ �4& G*� �'* �r�7/ =?* /	�a$���/<q�$ ( "3/ �  &)( � K  * " �49  #"%/_��� �3��* $7"z0 �49 ���7/B"*)& 0Rs+0��E/ Y*���4& "��` � �4&),'* / * � φ / ( "-$ & w : �3$7/ * �3/� *£&)�49 O��N/J0!.�� �49  #"%$ =?* / � °?� $A"
{e1

1, ..e
1
k1
} Y �7�E� Y {eφ1 , ..eφkφ} 0B/x0Rs�0��7/ � ~ �]/ ( "lw� 40B$��7/ � / 9��4& "��N/	� Y §�M �P"%$�� � /h�C ��: ^ & $7"3$ �4& � /U� K  * " �'9  2"3/"��� �Q��* $A"60 �49 ���7/B" Y�=S* /�0%.M =S* /- ����B"%/ � / G  ����M ��! V�C"*)& /6/B" *)& / ( / * �E/6w � $ (©�  &)( 0B/60Rs�0��7/ � g "^0B/	�C "�M �30B/ =S* /�0B/60Rs�0��7/6/ ( " 9 $ & $ 9  �

/B"O�M �30B/ =?*LK $��L/Rq+$ ( "%/ &): 0R/ (%(  2$��3/ 9 / & " *)& 0Rs+0��E/ {e1}, . . . , {eN} "%/	� =?* / N = |E|/B" σ(ei) = i
� Ô � � � (>Y Φ(eij) = i / ( " *)& /X0 � � � �! #"%$ �4& @' ��7$ � / � / (  ����B"%/ (�* "3$(�7$ (  & " φ �~ �cs� * �% \$A" �+�'& 0 *)& /;0 � � � �! 2"3$ �'&  >@'/>0 *)&�&)�'9 O��3/Z0!.�� �'9  #"%$ =?* /_��� *)( ��/B"3$7" =?* /

φmin
0B/ =?* $ &LK / ( ";�M ( � �'(3( $EO��E/z/R"]0 �4& "��N/ � $A";� K .?sQ� � "%.)v ( / �Ô $ &)( $ Y �C _� �'&),4* / * � ��* 0Rs�0��7/ 9 $ & $ 9  ��L/ ( " :B,  ��E/{ *�&��'9 O��3/z0!.�� �'9  #"%$ =?* / � / G �

2

� /R"3"%/8��� � ���3$ : " :b9��4& "��3/ =?* / ( $ �4& wy 2$7" *)& /�0 � � � �% 2"3$ �4&"� / (  ����R"%/ (���*�, �% �).)/� / ( � � $ & " (�� //�3/ &�� /	�RQ|@ �4*)( /B"b/ &�(%* $A"%/ *)& / &8*)9�: � � "! 2"3$ �4&T( /	� �4& �C ��: ^ & $7"3$ �4&��)Y
 �� � � (��'&1� O�"%$7/ & " *)& 0Rs�0��7/ 9 $ & $ 9  � �  &)( � K  * " �49  2"3/���� �Q��* $A"�0 �49 ���7/B" � ³  &)( 0B/
0Rs+0��E/ 9 $ & $ 9  �� Y����'& "%�C '� �'&),4* / * ��/ ( " :B,  ��E/� *�&)�'9 O��3/b0%.�� �49  #"%$ =?* / ��*�, �! ��.)/ Y*)&19  Vq�$ 9U*)9 � /b"<�\0!.)/ ( ��/ * "r I@ � $(�M�E$7/ * / & �M ��! ����Ev��E/ � � /�� :I(3* �7"! 2" 9��4& "��3/ ���'& 0=S* /��C &8*)9;: � � "< #"%$ �'&¤� O�"%/ &8* /6 I@S/>0_� K  �� ,4� �N$A"%. 9 / � /�0 � � � �% 2"3$ �4& ��/ * "^ ��� � �N"3/	�� / (  9�: �7$ � �! #"%$ �4&)( §_� K /Rq : 0 * "%$ �4&h� /+� K  � ,4� �N$7"3. 9 / �mKn� � ���4&)&  & 0B/ 9 / & " �

|\}3¥ ¦¨§r©pªp«_¬�B®^¯ ©U� � � «�®^¯ � ®/� � � ¬�B®^¯ ©U� �S°±§�¯"��²c³^=�
® / &��  & "o�7/ ( "%/ ( " (>YI&)�4*)(f&)�'*)(f(3�49�9 / (  ���/	��Ê *)(>YV=?* /H0B/	�P"< 2$ & / (f&8*)9;: � � "< #"%$ �'&)(� / ( � � $ & " ("� /f�3/ &�� /	�<Q�@ �'*)( ��/ * @S/ & " � $ 9 $ &?* /	�U�7/ ("��: ���C \0B/ 9 / & " (�� / (l& ¨ *���( �� /B"3"3/ � $ 9 $ &?* "%$ �'& ��/ * "_/ & "��! V� & /	� *)& /�� :5��* 0R"%$ �4& � /��C �0 �'&)(3�49�9  #"%$ �4& � /�� K�:I& /	�PQ, $7/ � Ô $ &)( $ Y 0B/B"N"%/ ( />0R"%$ �4& ��� :B( / & "%/ *)& / 9�: "%. �3� //� �4* � &8*)9;: � � "%/	�;�E/ ( � � $ & " (�� /

�N/ &�� /	�RQ|@ �4*)(;� / (r& ¨ *���( �

���~ª��,� �b���o�,���S���H�����W� �*� ��� ��£*� �����H�Q�H�����W�
�k�49�9 /}$��m/ ( " (3�4* �E$ ,4&):/�  &)( �C ( />0R"3$ �'& W � ±_��* 0!.M ��$7"��3/^W Y �C &8*)9�: � � "! 2"3$ �4&� / ( � � $ & " (M� /8�3/ &�� /	�RQ|@ �4*)( / ( "�0 �49 ���EvR"%/ 9 / & "� � :  #" � $(�N/ � g�& wy 2$7" Y 0B/B"3"3/ &8*)9;: � � Q

"! 2"3$ �4&  )²�/>0R"3/+�7/ (*��: ���` \0B/ 9 / & " (*� / (�& ¨ *���(>Yj=?* $ (3�4& " *)& wy 40<"%/ * ��$ 9 � � �N"! & " � /
�C ;0 �4&)(3�'9;9  2"3$ �'&�� /+� Kn:I& /	� , $7/ �



ì�í!�¤´ ðQøXùGfBö)ò?ó:÷�øYü ñ?õ0fCó¢÷Yû	ó¢ï ïõ�ö)ò?ó¢÷eøoü ñ±µJðQ÷oü3ô�»¢òèü k4k�ô

���'&)( $ ��: � �4&)( � K /Rq�/ 9 ���7/ �+* � :I( /V *  I@S/>0 (3�4&�� $C , �% 9�9 / � /O� � � �4&)�\¶y� /;�` }·�Q,'* �N/%¯ � ±;� /W�C ( />0R"3$ �4& ¯ � ± � ±�Y �3/	��� :I( / & " : $E0B$ �  &)( �` �· ,4* �3/ �)� W � År& / &8*)9;: � � "< #"%$ �'&
 � :  #" � $(�N/ � / (3�'&T, �% �).�/ � /©� � $ & " (�� /©�N/ &�� /	�RQ|@ �'*)( ��/ * "8�B"��N/U0B/��(�7/©�3/	��� :I( / & " : /�  &�( �C U· ,4* �3/ �)�n�-F / &�, �% ( �7/ , �! ��).)/ � / ( � � $ & " (*� /+�3/ &�� /��RQ|@ �'*�( G �

Point de rdv.

Noeud

ç tè{�é��)� W êUg q�/ 9 ���E/ � / � $C , �% 9�9 / � /+� � � �4&)�4¶
° $ �4& 0 �'&)( $ � v	�3/r�E/ & ¨ *�� n7

Y  �� � � ( �C ^"��% �´¸/>0R" � $��3/ �+* �M ��%0 �'* � (;� / ( / ( � � $ & " (� /+�N/ &�� /	�RQ|@ �4*)( / ( "O�3/	��� :I( / & " : /X/ & Èjv>0!.)/ (�, �3$ ( / (O�  &�( �` ^· ,4* �3/ �)�n� �'*  , �! &�� $�  &�( �` -· ,'* �N/ ��� � � � / & ¨ *�� @4 h�R"��3/l$ & $A"%$C �7$ (%:"�  &)(Z(3�'& ��� *)( ��/B"3$7"_� � $ & " � /
�3/ &�� /��RQ|@ �'*�( 4

Y /B"�@4 R�M �30 �'* �N$(� ( / ( � � $ & " (*� /+�N/ &�� /	�RQ|@ �4*)(;�  &)( � K�� � � �3/ Y
4 → 5 → 10 → 11 → 12 → 4

Y �3/ ( ��/>0<"< & "�� K  �� ,'� �3$A"%. 9 / � / ( � � $ & " (r� //�3/ &�� /	�<Q
@ �4*)( �³  &)( �` @���% 2"3$ =?* / *)& /�"3/	�(�7/�"��! �´¸/I0R" � $(�N/ &LK / ( ""�j ( "��3v ( wy I@ � �! 2O��E/50> �1/	���7/&): 0B/ (3( $A"%/ � / (_��: ���C \0B/ 9 / & " (Z(3* ����� :I9 / & "! \$��3/ ( � Ô $ &)( $ Yc*)& /�"��! �´±/>0R" � $��3/ =?* $ (3* $A"
�E/ ( / &)(;� / (  \$ ,4* $(���7/ (;�mKn*)& / 9;�'& "��3/ Y8�'* �7/X0 �4& "��% \$��3/ Y+( /	�! 2$A"O��� *)( 0 �4& @S/ &  2O��7/z0> ��
/	���E/O� �4* ���! 2$A" � $ 9 $ &8* /	�S�C � $ ( "! & 0R/ � /O�M ��%0 �4* � ( �8¹ & ��/ * " ���4& 0 Y4(  &)( 0!.M &), /	�S�C &  2" * �3/ � /&� K  �� ,'� �3$A"%. 9 / � / ( � � $ & " (/� /&�N/ &�� /	�RQ|@ �4*)(>Y 0!. � $ ( $�� *)& / &8*)9;: � � "< #"%$ �'&=?* $ (3* $A";�7/ ( / &�(*� / (  2$ ,4* $��(�7/ (*�mKn*)& / 9��4& "��3/ �®c�4* �U0B/	�C Yc�'& 0%. � $ ( $7"; * .M (  �� ��*)&¡& ¨ *�� /B" �'&¡&8*�9�: � � "%/ ( / ( � � $ & " (_� /
�3/ &�� /��RQ|@ �'*�(f�  &)( �7/ ( / &)(�� / (  2$ ,4* $��(�7/ (f�mK�*)& / 9��4& "��3/ � °8� $A" nk 0B/ & ¨ *�� /B"
p1, p2, ..., pi

*)& / (3: �N$E/¡0�� � $ (3(  & "3/ �mK / & "3$7/	� ( � �'( $A"%$7w (>Y �C &8*�9�: � � "< #"%$ �'& � / ( / (
� � $ & " (�� />�3/ &�� /	�RQ|@ �'*)( � ga&)(%* $7"3/ Y��'& 0 �4& "%$ &8* /5/ &º&8*)9�: � � "! & ""�7/ ( � � $ & " (���*



k��jg �������YéYl:monRprq4s3tLu��y��votLuu�G���yxzsz���ys3{Iu��ot?vk�Xp�x

4

67

9

10

5

16
14

18

20
19

1
2

3 12

1117

13
15

8

n7

ç tè{OéL���»� êhg q�/ 9 ���E/ � / � $C , �! 9�9 / � /©� � � �'&)�\¶  >@'/>0©�E/ , �! ��).)/ � / ( � � $ & " (+� /
�N/ &�� /	�RQ|@ �4*)(

4

6
10

5

3 12

11

n
7

7

ç tè{�é��)� �©ê År& /+�M ��N"%$7/ � /+� K /Rq�/ 9 ���E/+��� : 0 :5� / & "b , �% &�� $



ì�í!�¤´ ðQøXùGfBö)ò?ó:÷�øYü ñ?õ0fCó¢÷Yû	ó¢ï ïõ�ö)ò?ó¢÷eøoü ñ±µJðQ÷oü3ô�»¢òèü k���k

n
7

10

11 13

14

15
16

20
7

ç tL{�ém���EDI¼ ê©År& /©�M ��N"3$E/ ��*f� $` , �! 9�9 / � //� � � �'&��4¶  I@S/I0/�E/ , �! ��).)/ � / ( � � $ & " (� /+�3/ &�� /	�RQ|@ �'*)(

& ¨ *��½=?* $;�M ��N"! , /h�7/h� � $ & " � /��3/ &�� /��RQ|@ �'*�( pi  >@'/>0��7/ & ¨ *�� nk
� °8� $A" nl 0B/& ¨ *�� /B" pi, pi+1, ..., pi+j

�C &?*)9�: � � "< #"%$ �4&b� / ( / ( � � $ & " (\� /��3/ &�� /	�RQ|@ �'*)( � ¦  &8*)9�: � � "! 2"3$ �4& 0 �'& "3$ &?* /�/ & 0!. � $ ( $ (3(  & "Z0 �49�9 /���� � 0!.M \$ &�& ¨ *�� 0B/	� * $ =?* $W�M ��PQ
"< , /©�7/©� � $ & " � /©�3/ &�� /��RQ|@ �4*)( pi+j  I@S/>0 nl �  &)( �7/ ( / &)(��4* �E/ ( / &)( $ & @S/	� ( / � / ( \$ ,4* $(���7/ (%�mK�*)& / 9;�'& "��3/ F / & /�²d/B"S�7/ ( / &)(S� /O�C &8*)9;: � � "< #"%$ �'&���: ��/ &�����* wy \$A" =?* /�mK  * "��N/'� � $ & " (;� / nl ��/ * @S/ & " �+: ´7§_�B"��3/ &8*)9;: � � " :I( G �° $S" �4*)( �7/ ( � � $ & " (y� /k0B/ & ¨ *��z(%�4& " ��: ´7§ &8*)9�: � � " :I(>Y  � � � (c�'& 0!. � $ ( $7"y�7/ & ¨ *��=?* $3�M ��N"< , /M�7/M� � $ & " � /%�3/ &�� /��RQ|@ �4*)( pi+j−1

 >@'/>0 nl Y /B"� \$ &)( $ � / (3* $A"%/ � Æ �C �· &_� /
0B/M��� � 0 :5��: 0B/��N"< 2$ &)(a& ¨ *���(  * � �'& "H�7/ * � ( � � $ & " (H� /%�3/ &�� /��RQ|@ �4*)(a&?*)9�: � � " :I(y�  &)(
�E/ ( / &)(R� / (  \$ ,'* $(���7/ (&�mK�*)& / 9��4& "��N/ Y 0R/	�N"< 2$ &)(_�  &)( �7/ ( / &)( $ & @'/	� ( /�/B"Z0R/	�N"< 2$ &)(�  &�(z*)&¤� � � �N/ =?* /	�E0 �4&j=?* / � ¦  �@S/	� ( $ �4&z��*¤, �% �).)/ � /&�` �· ,4* �3/ ���»� Ym&8*)9�: � � " :( /	� �4& 0R/B"3"%/ &)�4* @S/��(�7/ 9�: "3. �Q� /X/ ( "O�3/	��� :I( / & " : / �  &)( �C U· ,4* �N/ ���EDI¼)�³  &)( 0B/60> (>Y �7/��M ��%0 �4* � (/� / ( � � $ & " (©� /��N/ &�� /	�RQ|@ �4*)(/��*¾& ¨ *�� n7

/ ( "{w� \$A"� /�w�  Ê �4& ª{0B$��30 * �` 2$��3/'¬ F 10→ 13→ 14→ 15→ 16→ 10 GH0R/ =?* $V��/ * "�� :5��* $��3/�E/ (*��: ���C \0B/ 9 / & " ( �~ ��wy * " &)� "%/�� =?* /-0B/B"3"3/ 9�: "3. �Q� / � / &8*)9�: � � "< 2"3$ �'&u&LK / ( " �M ( 0 �49 �M #"%$7O��7/
 >@'/>0�� K .)/ * �N$ ( "3$ =?* / � /��` �0 � � � �! #"%$ �'& � ¦ /60!. � $¿q � / � K .)/ * �3$ ( "%$ =?* /�§ * "%$��E$ ( /	�/��/ * "
�B"��N/]wy 2$A"%/ ( /�� �4& � Kn: "3/ &���* / � /;�C X" � � � � �', $E/ ��* � :B( /V * � ° $4�C }"< 2$(���7/ � /;�` }" � � � � �4, $E/



k��;� �������YéYl:monRprq4s3tLu��y��votLuu�G���yxzsz���ys3{Iu��ot?vk�Xp�x

/ ( "H0 �'&�( $ ��: �% \O��7/ Y � K .)/ * �3$ ( "%$ =?* / � /;�C &?*)9�: � � "< #"%$ �4& ��/ * "W�B"��3/�0!. � $ ( $7/;� �4* �S�7$ 9 $AQ
"3/	�*�E/ (���: ���C 40R/ 9 / & " ( � � /	��/ &��  & " Y�( $�O�/V * 0 �'* � � / 9 / (3(  , / ( 0B$��%0 * �7/ & " �  &)( �7/
� :I( /V *LY  �� � � ( � K .)/ * �N$ ( "3$ =?* / � /��` �0 � � � �! 2"3$ �'& ��/ * "I�B"��3/���� *)(  �  ���" : /�� �4* �H�7$ 9 $7"3/	�
�7/ ��: �C \$ � /XO �4* "r/ & O �'* " � /+�C U"��! &)(39 $ (3( $ �'&�� / (r9 / (3(  , / ( �

|\}PÀ Á�®©�R§�² � ¯�«%� � ª�Â ©1§�Ã � 	�	� � ¯�«%� �
° /	� �'& �7/ 9��Q� v��E/ � / (_& ¨ *���(H=?* / &��'*)(  I@ �4&)( $ & "�� �3��* $A" �  &)( �C ( />0<"%$ �'& ¯ � ± ��Ä Y*)&p& ¨ *��p9�� O)$��E/r��/ * " (3* O)$�� � / (;��: wy 2$��(�C & 0B/ ( � ³  &)( 0B/B"3"3/}"%.)v ( / Y�&)�4*)( 0 �4&)( $ ��: Q

� �'&)( �7/ (R��: w� \$����` & 0B/ ( �M �^ �7���B" Y �M �z/Rq�/ 9 ���7/ =?*  &�� �C (3�'* �%0B/ �mKn:I& /	� , $E/ �mKn*)&& ¨ *�� / ( " : � * $ (%: / � � /B"3"3/ ( />0R"%$ �4& ��� :I( / & "%/ &)� "��N/X ����� � 0%.)/r� �4* ��wy 2$(�N/�wy \0B/'§ � /
"3/	� (3� �P"%/ � /_�M &)& / (+�  &)( �7/_� :I( /V * � ¦r�4*)( $ & "�� �Q�+* $ (3�4&)(X*)&�&)�4* @S/	�� �� ,4� �3$A"%. 9 /
" � � : �! & "b * q"�M &)& / (  \$ &)( $ =S* /'�` &)� "%$ �'&h� /'� K  * " �49  #"%/'��� �Q��* $A"b0 �49 ���7/B"r"%/ 9 Q
� � �3$ (3: � � /B"X * " �49  2"3/ Y 0 �4&)( "�� * $A"'§��M �P"%$�� � /R� K  * " �49  2"3/R��� �Q��* $7"}0 �'9 ���E/B" Y / ( "* "3$(�7$ (3: � �'* �S��� �4* @S/	� *)& /O��� � ���3$ : " :�(%* �S� Kn: "< #"%� � 0I � F �  &)(�=?* /	��� � $ & " � /;�N/ &�� /	�RQ
@ �'*)(�( /}"�� �4* @S/+�7/ & ¨ *�� § *)& $ &�( "! & " ���4&)&): G � /z0%.M =S* / & ¨ *����  &)( �7/+� :I( /V * �

���JÐO�,� Å©� ®S�o�C�����W���*�o��Ò8�W�*�*�o�
¦r� "��3/ ( "��% 2" :I, $7/ � /_�M �30 �4* � ('� / ( � � $ & " ('� /_�3/ &�� /	�RQ|@ �4*)( ��� :B( / & " : / �  &)( �C 

· ,4* �3/�W �ÇÆ &LK / ( "\�M ( " � � : �! & "%/x * q �M &)& / ( ��È & /�²d/B" Y_( $ *)&t& ¨ *�� " �49 O�/-/ &
�M &)& / Y " �4*)( �7/ (  * "��N/ (z& ¨ *��+( �3/ ( "%/	� �'& "zO�� �+=?*):B( � * $ (%=?*LK $�� (z( /	� �4& "z/ &  2"N"%/ & "3/
� : 0 * � ( $A@S/ 9 / & "_�7/ (U*)&)(_� / (  * "��3/ ( � �k�49�9 /6" �4*)( �7/ (Z& ¨ *���(U(3�4& "ZO�� �8=?*):I(>Yc*)&& ¨ *��5& /_��/ * "+�M ('��:5��* $��N/&� � 0> ��E/ 9 / & " ( $y�E/ & ¨ *��5=?*LK $��_ #"3"3/ &�� / ( "�" �49 O : / &
�M &)& / �'*�(>K $��� #"3"3/ &�� � * $� *)(%( $ *)&  * "��N/ & ¨ *�� �®  ��^/<q�/ 9 ���7/ Y � �4* � *)& � :I( /V * w � � 9�:\� / =?*  #"��3/ & ¨ *���(>Y �3/	��� :I( / & " : �j �©�7/, �! ��).)/ � / ( � � $ & " (R� / �3/ &�� /	�RQ|@ �4*)(R� /\�C p· ,4* �3/ �)�7D'D ( $W�7/ & ¨ *�� D " �49 O�/6/ &
�M &)& /R��/ &��  & " (3�'& �M �30 �'* � (r��* � � $ & " � /R�N/ &�� /	�RQ|@ �4*)( 4  * � � $ & " � /R�N/ &�� /	�RQ
@ �'*)( 2

Y  �� � � ( �7/ & ¨ *�� C & /�� �'* �7�! h�M (U(  I@ � $�� ( $�0 K / ( " D =?* $k/ ( "U" �49 O : / &
�M &)& / �4*p( $ D  #"3"3/ &�� �7/ & ¨ *�� A =?* $:� �4* ���! 2$A"O� * $L *)(3( $:�B"��3/b" �49 O : / & �M &)& / �® / &��  & "R�E/ (Z( $ 9U* �C #"%$ �'&)(U(3* � � $J² : �3/ & " ( /Rq�/ 9 ���7/ (_� /�� :B( /> *  � . � 0 Yc&)�'*)(
 I@ �4&)( �3/ 9  � =?*):�=S* /=� ( $��E/ (y��* � : / (X� / ( "<�\0!.)/ ( NP':<���H )9':)9.;5^&2Éx5±Ê-?�X/)�&C�-?(?(<�'=�A�	%P)(&
)9.�5J��)j+-)9� >ö��<�%!.;5^&Q+-)ö��)9.A+-)�S6TUH <���&UZ (3�'& " � / ( 0 �4&)( "< & "%/ (VY  � � � ( �E/�� :I( /> * � �4* ���% 
 #"3"3/I$ &�� �3/ *)&�: "< #" ( "< 2O��7/ � � /B" : "< #" ( "< 2O��7/X/ ( " ��: · & $f0 �49�9 / (%* $A"n�
 üa�H÷Xò9ö)ò?ó¢÷ÌË�� qNÍ;ö5õ�ö\û�ö5õ;�Xñ?ü�tÏÎk.�"65U�I5�&�5M�-£$�#)b?(<�����)�&U��<�.E+2ø`��.�"65M�I5Q+��w&���&�T
5M÷�'*)W+-��.8&Q�#)(Y9�;)6�A%J�G)�&95y��<
&(&�%~£$�#)W+-)C�À��"9H <
%R�U�



ì�í É ¸ ó¢ñèð3ô$õ4÷GfCühõVùLÐ øYð8ÑÏõVòLñLñ?õ4÷GfCü3û Ë���É

ÒlÒÓ

ÔÕ Ö×

ØlØÙ

ÚlÚlÚlÚ
ÚlÚlÚlÚ
ÛlÛlÛlÛ
ÛlÛlÛlÛ

ÜlÜlÜlÜ
ÜlÜlÜlÜ
ÜlÜlÜlÜ

ÝlÝlÝlÝ
ÝlÝlÝlÝ
ÝlÝlÝlÝ

ÞlÞlÞlÞlÞ
ÞlÞlÞlÞlÞ
ÞlÞlÞlÞlÞ

ßlßlßlß
ßlßlßlß
ßlßlßlßàlàlàlàlà

àlàlàlàlà
álálálá
áláláláB

A

1

4 2

3

D

C

çHâäã é��)�7D'D êU¦ / , �% �).)/ � / ( � � $ & " (*� /+�3/ &�� /	�RQ|@ �4*)(

å [�æV��)$�A.AD��;+7&3)��(�:�#)C�;�()9'W%P)9�Wøù�I5~5M)9%!.A+���)Q��.:��<�%R.�5C+-)Q��)9.A+z)(S6TUH <��a&3[
ç [��F<
'*£9%P)�.w+-)Q5M)9'��;&ö%J�AHI� �I5~5M)�.A+���)C��<
���O�()�.A?(<�.;5J��)9�ö&$<�.�H <
%!&�%R.E[
Ô $ &)( $ Y � Kn: "< #" ( "! \O��7/k0 � ���3/ ( � �4&�� § *)& 0Rs�0��7/ �  &)( � K  * " �49  #"%/%��� �Q��* $7"a0 �'9 ���7/B"=?* $� *)& /M� �4&),'* / * �c·�q�/ � � /k0Rs�0��7/M��/	� 9 /B" � / ��: "3/>0R"%/	�X�7/ ( �M &�& / ( �4È & /�²d/B" Y��  &)(

� K�: "< #" ( "< 2O��7/ YV( $ *)&{& ¨ *��{& /W�3/ & 0 �4& "��N/W�M (c(3�4& @ � $ ( $ &  ���Nv (c(3�4& "%/ 9 � (Y�mK  #"3"3/ & "%/
��� :5��: · & $ Y $��*� �'* �7�! ��: "%/I0R"%/	�\� � 0> ��E/ 9 / & " =?* /�0R/f�7$E/ & � /�0 �'9�9^*)& $E0> 2"3$ �4& / ( "
" �49 O : �®  ��r/<q�/ 9 ���7/ Yj( $ *)&T& ¨ *�� / ( "�" �4* ´ �'* � ( �7//���3/ 9 $7/	�8§6 ����N$7@'/	� �  &)(]*)& � � $ & "� />�3/ &�� /��RQ|@ �'*�( /B" =?* /¾ ����3v (p*)& "%/ 9 � ( ��� :5��: · & $}$(� & /�@ � $A"��M (p(3�'& @ � $ ( $ &
 �7�3$A@S/	� Y  �� � � ( $��Q��/ * " ��:5�+* $(�N/ =?* /k0B//ªO�7$7/ & ¬ &LK /Rq+$ ( "%/M��� *)( � ¦  9 � 9 /k0 �'& 0=� *)( $ �'&
��/ * "R�B"��3/ ��:5��* $A"%/ ( $%�7/ & ¨ *�� / ( " (%* ��� �4(3: §x ����3$A@S/�� � / * q�$7v 9 / �  &)( �E/\� � $ & "� / �N/ &�� /	�RQ|@ �'*)( /B" =?* / =S*  &�� $��� �7�3$A@S/�$�� &LK s�"�� �'* @'/��M ({(3�4& @ � $ ( $ & � Ô $ &�( $ Y $��
� �'* �7�! ;0 �4& "3$ &?* /	�*§� \0I0 �49 ���7$(� ( / ( "<�\0!.)/ ( �®c�4* �awy 2$(�N/�wy \0B/r * q ��: �3$A@S/ (S�mK . � �7� �', / Y $(� (3*�è " =?* /��7/ (�& ¨ *���(�( s & 0!.�� �'& $ ( / & "
�E/ * � ( . � �7� �', / (6=S*  &�� $�� (�( /"�N/ & 0 �4& "��N/ & " �  &)(;*)& � � $ & " � /"�3/ &�� /	�<Q�@ �'*)( � ®  ��
/Rq�/ 9 ���E/ Y'(3* ��� �4(%�4&)(�=?* / � / * q & ¨ *���( ni /B" nj ( /O�N/ & 0 �4& "��N/ & "W� �'* �S�C r���N/ 9 $7v	�3/w � $ (  * � � $ & " � /W�N/ &�� /	�RQ|@ �'*)( pk §O� K $ &)( "< & " t /B"X� �4* �Y�` � / * q�$7v 9 /Hw � $ ( §O� K $ &)( "< & "
t + T

� Ô � � � (VY �7/ * ��"�� � $ ( $7v 9 /+�3/ & 0 �4& "��3/^ * �! _�7$E/ * §_� K $ &)( "! & " t+ 2T /B"b \$ &)( $ � /(3* $7"3/ � ¦ / (_& ¨ *���( ni /B" nj ( s & 0!.�� �4& $ ( / & "S�7/ * � ( . � ��� �4, / ( §�� K $ &)( "< & " t+T
Y
t+2T/B"U 2$ &)( $ � / (3* $7"3/ � Ô $ &)( $ Y �C ��: �3$A@S/ � /�� K . � �7� �', /6/ & "��3/ ni /B" nj / ( " &):B, �7$ , /V 2O��7/�M ���! ���� � �P"8§ T �³ /W��� *)(>Y>&)�4*)( " � � : � �4&)(�*)& / 9  � , / �mK /	���3/ * �o� �'* �o�7/ (X��* � : / (X� / (f9��4* @S/ 9 / & " (

/B"�/ 9 �V�>0!. �4&)( �E/ (�& ¨ *���(M� / =?* $A"3"3/	�W�E/ ( � � $ & " (M� /;�3/ &�� /	�RQ|@ �'*)(  I@' & "%�7/ (M��* � : / (
��� :5��: · & $E/ (S� / (a9��4* @S/ 9 / & " ( /B" � / ( "%/ 9 � (H�mK  #"3"3/ & "%/ �  &)( 0B/ ( � � $ & " (I� /��3/ &�� /��RQ
@ �4*)( ��È & ��K  * "��3/Z"%/	� 9 / (>Ym*)&¤& ¨ *�� ni  #"3"%/ &�� ´ *)(%=?*LK  *z��: �C \$ (z9  #q+$ 9^*)9é(3�'&



Ë��/Ï �������Yé�ê�ëfìUí}îMï â�ð �y��ñ â�ð �G����ò¾ïz����ï ã�ð � â ñk�cí�ò

@ � $ ( $ & nj  I@4 & " � / =?* $A"3"%/�� (%�4& � � $ & " � /R�N/ &�� /	�RQ|@ �4*)( � [  \$ (�( $ nj  �7�3$A@S/Z I@4 & "� K /<q��)$��! 2"3$ �'&�� /]0B/ ��: �C \$ (>Y  �� � � ( $(� ( 0 �49�9^*)& $ =S* / & "H" �4* " � / (3* $A"%/ � � /��` }@'/ * " � $��3/=S* /+�` Z0 �'9�9^*)& $E0> 2"3$ �4&  R�7$E/ *  * ��� *)( "%ó\" �Ô $ &)( $ Y � �'* � ,4: �3/	�S�7/ ( /	�7�3/ * � (VY4&)�'*)(  >@ �'&)( ·�q : �E/ (%�+* � : / (W� / ( "<�\0!.)/ ( / & "��N/;�7/��: �M �P" �mKn*)& � � $ & " � /O�3/ &�� /	�RQ|@ �'*)( /R"%� K  �7�3$A@ : /] * � � $ & " � /O�3/ &�� /��RQ|@ �4*)(H(3* $7@4 & "��*t9 � 9 / & ¨ *�� � � /	�C &LK / ( "\�M ( @Q�! 2$ 9 / & " *)& / &)�4* @S/	���7/f�3/ ( "��3$E0R"%$ �'& � * $ (%=?* /
 * �M ��! I@4 & " &)�4*)(  >@ �'&)( ·�q : �7/ ( � � $ & " (*� /+�3/ &�� /	�RQ|@ �4*)( /B"O�E/ * �O�j �%0 �'* � ( �¦r�4*)(  I@ �4&)(  �´ �4* " : 0B/ (�&)�4* @S/V * q"�M ��! 9 vB"��N/ ( § &)� "��3/z � ,'� �3$A"%. 9 / �mK�� � ���'& Q&  & 0B/ 9 / & " � / (}9��4* @S/ 9 / & " ( F · ,'* �N/6W �ÇÆ G � ¦ / &)�4* @S/	�� �� ,4� �3$A"%. 9 / =S* $�$ & 0�� * "r�C 
" � � : �! & 0B/{ * q"�M &)& / ( / ( ";��� :I( / & " :'�  &)( �C U· ,4* �3/ ���ED ± �

ôBõ %R.8%^5J%P�I�	%!&3)9�
nk

+-��.8&¼&3<�.:��<�%!.;5C+-)O�()9.E+-)(S6TUH <��a&j��H )(?n�#)C�A����&x��)65J%R5F.8��'*"9��<cö
÷Võ�ø?ù)ú ?�X/�-Y9�;)x��<�%R.�5C+-)O�()9.E+-)(S6TUH <��a&j+-)

nk
+z��.8&n��� <���+���)@)65C)�.w£(<���?$�#)^û ù

ü>õ ýþø ��.�.AD��;+ )�&95x)9.0�I5~5M)9.�5M)@+-�
.8&W?()x��<�%R.�5C+-)Q��)9.E+-)(S6TUH <��a&zÿ�������4õ "(?�X/��. \ )9�j+-)�&O':)�&(&3� \ )(&ö&�� %J�A� )9.w�cö�Iõ .A<�5J%Ä}(�/N#Zcö	�
��+z"(?$�#)9.A?(X8)j�1)Q':<���H )�'*)9.;5�H )9�(&n�#)x��<�%R.�5C+-)Q��+�Hj&���%RHI��.;5�Bõ ýþø &�%¡��.�'*)�&(&$� \ )
m

)�&95F��)�$�Tÿ�������!õ ý¿ø �#�ù+-)�&95J%R.E�I5J%P<
.w+-)
m

)�&95
nk

ÿ�������>õ 5J����%^5U)9�
m
ö�Iõ �
�����

ô��Bõ ?(<�./&3)9��H )9�
m

��<����n�#)Q��<��/5M� \ )dö
ôBôBõ ����û ýþø
ô!÷Võ ���_û ý¿ø
ô<ü>õ �¯Â$<��/5M)9�n�#)O�()�&95U)@+
�`5M)9'=�;&W+�� �I5~5M)�.;5M)@ø:�#�:5±Ê-?(X8)ö&���%RH �
.;5M)dö
ô��4õ ?(<�.�5J%R.���)9�n�#)Q':<���H )�'*)9.;5�H )9�(&n�#)x��<�%R.�5C+-)Q��)9.A+z)(S6TUH <��a&¼&���%RH �
.;5\ö
ô��Iõ �������
ô��Bõ � � ý ���ù5M)9'���&W+k� �I5J5M)9.;5M)W+-)

nk
�8�
&W)�>9�À%R��"Uû ù

ô��!õ � ��%^5�N1Zcö	�
�;�()�&95U)@)9.0�I5~5U)9.;5M)W+-)j��� ���/5J��)Q.AD��;+ +-�
.8&j?()C��<�%!.;5C+-)O�(+
H
ô��>õ ���_û � � ý ���
ô��Iõ �¯Â$<��/5M)9�n�#)O�()�&95U)@+
�`5M)9'=�;&W+�� �I5~5M)�.;5M)@ø:�#�:5±Ê-?(X8)ö&���%RH �
.;5M)dö
÷��Bõ ?(<�.�5J%R.���)9�n�#)Q':<���H )�'*)9.;5�H )9�(&n�#)x��<�%R.�5C+-)Q��)9.A+z)(S6TUH <��a&¼&���%RH �
.;5\ö
÷VôBõ ����û ý¿ø
÷B÷Võ ���_û ø?ù�ú
çHâ�ã é����ED ±/êùÔ � ,4� �N$7"3. 9 / �mK�� � ���'&)&  & 0B/ 9 / & "�" � � : �% & "b * q"�M &)& / (;��*-& ¨ *�� nk

� / &)�4* @S/	�f � ,4� �3$A"3. 9 /{0%.M &), / ��* ���N/ 9 $7/	� �  &)(;� / * q- ( ��/>0R" ( �



ì�í É ¸ ó¢ñèð3ô$õ4÷GfCühõVùLÐ øYð8ÑÏõVòLñLñ?õ4÷GfCü3û Ë��;ú

êi=?*  &��T*)&�& ¨ *�� / ( "��7/©���3/ 9 $7/	�} ����N$7@ :R�  &�(�*)& � � $ & " � /©�3/ &�� /��RQ|@ �'*�(VY $��
 #"3"%/ &��T(3�'& @ � $ ( $ & 0 �'9�9 / �  &)( �7/R���N/ 9 $7/	�X �� ,'� �3$A"%. 9 / Yd9  2$ (b( $X�C ��* � : /
� : /��(�7/ � /��` �"<�\0!.)/p �´ �4* " : /p * "3/ 9 � (R�mK  #"3"%/ & "%/ ��: �M (3( /U�C ��* � : /�" � "< ��E/
��� :	��: · & $7/ � /f�` ¾"!�40!.�/ Y  � � � ( �7/ & ¨ *��i=?* $7"N"%/f�7/ � � $ & " � /f�3/ &�� /	�RQ|@ �4*)(F �7$ ,'& / ± ¼ Gk/B"r0 �4&)( $ � v	�N/ =?* / (3�4& @ � $ ( $ & / ( "�" �49 O : / & �M &)& / �êi=?*  &��¡*)& & ¨ *�� =?* $A"3"3/"�7/U� � $ & " � /"�N/ &�� /	�RQ|@ �'*)(  >@4 & "&�C ��* � : /l" � "< ��E/
��� :	��: · & $7/ � /&�` l"<�\0!.)/ F �E$ ,4& / ( D"! /B" D � G Y �7/��3/ ( "3/ ��* "3/ 9 � ('� /��C 1"<�\0!.)/
0 �4* �! & "%/l/ ( "; �´ �4* " : §h�C ��* � : /���� :5�+: · & $7/ � /��C -"<�\0!.)/ (3* $A@4 & "3/ F �7$ ,4& / (D#! /B" D � G � Ô $ &)( $ Y �E/ ( "%/ 9 � ({(%�4& " &)�'& Q±0 � ��� : � :I( /B"©�7/ (^& ¨ *��+(^� ��v	�3/ & " � /9  & $7v	�3/{ ( s & 0%.�� �4& / �

®c�4* �z$��(� *)( "��N/	�/� K /Rq : 0 * "%$ �'&@� /�0B/B"U �� ,4� �3$A"%. 9 / Y ���3/ &)�4&)( 0 �'9�9 /6/Rq+/ 9 ���7/ �E/, �% �).�/ � / ( � � $ & " ( � / �3/ &�� /	�RQ|@ �'*)(T&8*)9�: � � " : ��� :B( / & " :@�  &)( �` · ,4* �3/ �)�7D"!��� /B"N"%/T· ,'* �N/ �N/	��� :I( / & "3/ *)&¢, �% �).)/ � / � � $ & " ("� / �N/ &�� /	�RQ|@ �'*)(1&8*)9;: � � " : F ·�Q,'* �N/ �)�7D"!)F  'G3G� I@S/I0 (%�4&�, �! ��.)/ � / (*��: ���C \0B/ 9 / & " ( F · ,'* �N/ ���ED#!)F O�G3G �

$%$&

'( )%)*

+%+,

-%-%-%-
-%-%-%-
.%.%.%.
.%.%.%.

/%/%/%/
/%/%/%/
0%0%0%0
0%0%0%0

1%1%1%1%1
1%1%1%1%1
2%2%2%2
2%2%2%2

3%3%3%3%3
3%3%3%3%3
4%4%4%4
4%4%4%4B

A

1

4

2

3
D

C

5�6�7©ð98:6<;Iã�=?>�=A@B;�C�DFE�G:@B>H=8I=AEH>H=�J�KML�C�NH@

OP QR

STUV
D

A

B1 2

34

3 3 4

4

5 C 5
7

7
5XW�7 ð98:6<;�ã�=Y>H=A@Z>H[�;]\^6�_�=�K` =AE�G:@

aHâ�ãcb ���ED#!edxÈ q�/ 9 ���7/ � / , �! ��).)/ � /R� � $ & "gf � /_�N/ &�� /	�RQ|@ �'* f}/B"hf �4&5, �! ��).)/ � /�f��: ���C 40B/ 9 / & "f
i /#f- ��%0�f ��*i, �% �).�/ � /�f ��: ���C 40B/ 9 / & "gfjf �'& "1@' �� *): f�� �4* �U�3/	��� : f3/ & "%/	�U�7/#f��* � : /�f � /#f_"!�40%.)/#fH/ & "��3/O�7/#fW� � $ & "gf � /O�3/ &�� /	�RQ|@ �4* f �lk  ��_/Rq+/ 9 ���7/ Y � �4* �S�7/ &nmX*��

D �` ��* � : / � /#f�"!�40%.)/#fl/ & "��3/of%/�f�� � $ & "f � /f�3/ &�� /	�RQ|@ �4* fl/#fN" � / 7
*)& $A" : f � /

"%/ 9 �pf �nq $Aq �'& f *)& / 9  � , / �mK /	���N/ * � � / 2
*)& $A" : f � /X"3/ 9 �nf �r � � �Af Y f3/	� �'& � K  �� ,4� �N$7"3. 9 / Y �7/#f &pmX*�� f A /R" B f �4& "b$ & $7"3$` ��7$Mf : f �  & f8�7//� � $ & "



Ëtsvu wyx{z}| b ê�ëfìUí}îMï â�ð}~ z�ñ â�ð����e� ò¾ï���z�ï ã�ð}~fâ ñ�xcí�ò
� /+�3/ &�� /	�RQ|@ �'* f 1

Y
C
�  & f*�7/'� � $ & " 2 /B" D �  & f 3

� r ���Nv#f;�C &�N/ & 0 �4& "��N/ �  & f;�E/
� � $ & " 1  I@S/>0 B Y A f3/ ��: ���C 40B/k@S/	�AfH�7/�� � $ & " � /M�3/ &�� /	�RQ|@ �4* f 4

��� $(�+/#fN"H�7/����N/ 9 $7/	��  ����3$A@S/��a/B"_ #"3"%/ &�� �7/ &nmX*�� D �
� * ��� � f �4& f =?* /�f �4& "%/ 9 �nf �mK  2"N"%/ & "3/ �  & f 4 f � $A"
13
*)& $7" : f � /�"%/ 9 �nf � r $ & f3$ Y � �4* �y�7/ &nmX*�� A �C r"!�40%.)/�� 9��4* @S/ 9 / & "c@S/	�Afy�7/�� � $ & "� /��3/ &�� /	�RQ|@ �'* f 4 � "%/ 9 �nf ��K  #"3"%/ & "%/ �  & f��E/r� � $ & " � /r�3/ &�� /	�RQ|@ �4* f 4 � 9  �� , /�mK /	���N/ * �c�� *)& / ��* � : / � / 3 + 13 + 2 = 18

*)& $A" : f � /]"3/ 9 �nf � r � � �f Y f3$d0B/]"3/ 9 �nf
/#fN" ��: �M �ff : /B" A &LK  R�j �f�@ * D  ����N$7@'/	� Y  �� � �Af�$(�L0 �4& f3$ � v	�3/ =?* / D /#fN"�" �49 O : / &
�M &)& / ��� $ &)�4&LY f3$o�7/ &nmX*�� D  ����3$A@S/ �  & f*�7/'� � $ & " � //�N/ &�� /	�RQ|@ �'* f 4  ���Nv#f Y �M ��/Rq+/ 9 ���7/ Y 17

*)& $A" : f � /b"%/ 9 �nf Y  �� � �Af��E/��3/#fN"%/ ��* "3/ 9 �nf � /r�C {"<�\0!.)/ Y 0 K /#fN"PQ � Q � $��3/
18 − 17 = 1

*)& $A" :�� /U"%/ 9 �nf Y /#fN"{ ]� �4* " : � �C �"<�\0!.)/�f * $A@4 & "3/�0 K /#fN"PQ � Q � $��3/ � �C 
"!�40%.)/e� 9��4* @S/ 9 / & "�@S/��f%�E/*� � $ & " � /8�N/ &�� /	�RQ|@ �4* f 1 � "%/ 9 �nf �mK  2"N"%/ & "%/ �  & fM�7/
� � $ & " � /+�3/ &�� /	�RQ|@ �'* f 1 � 9  �� , / �mK /	���N/ * �y� �
[  2$ & "%/ &  & "�$��mwy * " ��:I9��4& "��3/�� =?* /+� K�: "< #"�fN"< 2O��7/ ��* � : f3/V *LY�� Opf%/	�P@ :+�  & f��E/#f

/Rq+/ 9 ���7/#f Y � �'* �7�! ©�B"��N/ ,':B&): �! ��E$Xf : � &LK $ 9 � � �N"3/ =S* /	�:� : f3/V * /R" =S*LK $���/#fN"�� � fgf3$7O��7/� / ��:I9  �7�3/	���E/#f &nmX*�� f �  & fr0B/B" : "! 2" �i_Kn: "! 2"jfN"< 2O��7/ ��* fNstfN"%v 9 /�/�f3"l"��3v#f1$ 9 � � �N"< & " Y 0I � �  & f�0B/R" : "! 2"U� K�� � � �3/�mK  �7�3$A@ : /U * q�� � $ & "f � //�3/ &�� /	�RQ|@ �4* f �  & f8� K  * " �49  #"%//��� �3��* $A"��N/#fN"%//�7/ 9 � 9 / �k � * f\��� : 0B$Xf :I9 / & " Y f3$r" �4* f��7/#f &nmX*�� f��3/�f���/>0<"%/ & "�� K  �� ,4� �N$A"%. 9 / � /#f�� � $ & "gf � /
�N/ &�� /	�RQ|@ �4* f � />�` J· ,4* �3/ ���ED"� Y  � � �Af �  & f *)& � � $ & " � />�3/ &�� /��RQ|@ �'* f ���4&)&):'Y
$��_s� * �! p" �4* � �4* �f©�7/ 9 � 9 / &nmX*���=?* $k ����3$A@S/	�% ��7/\���N/ 9 $7/	� F �'*@� / * q�$7v 9 /#GX/R"
" �'* � �'* �Af f �4& @ � $Xf3$ &�=?* $M ����3$A@S/	�% ��7/ � / * q�$7v 9 / F �4* ���N/ 9 $7/	�<G� * O �4* " �mKn*)& "%/ 9 �nf
0 �4& fN"< & " �t�  & f�0B/�0> ]f Y 0 �4&)&  2$Mff! & "�� Kn� � � �3/ � /e�}@+$Xf3$7"3/�� � /#fM� � $ & "f � /��N/ &�� /	�RQ
@ �'* f Y+�'& ��/ * " ��: "3/>0R"%/����E/#f��M &)& /#f �  & f��E/hfNstfN"%v 9 / �nk �'* � : " *�� $E/	��� Kn: "! 2"cf3"! \O��7/��* fNstfN"3v 9 / Y��4& $ & "�� �Q��* $A" �mK  \O � � � �C &)� "%$ �4&«� /�� K  * " �49  2"3/���� �Q��* $A";0 �49 ���7/B"
"3/ 9 � � �3$Xf : ���  & f;0B/B"� * " �'9  #"%/ Y��'&  ]� �4* "%/ *)& /l@' ��3$C 2O��7/ � /l"%/ 9 �nf� * q : "< #"gf
� � 0> * q =?* $�0 �49 � � f%/ & "��7/#f : "! 2"gf � /©� K  * " �49  #"%/©��� �3��* $A" ��È & f * $A"%/ �'& � $Xf%0�� : "3$Xf%/
�7/;"3/ 9 �nf+�3/	��� : f3/ & " : �M �z0B/B"N"%/Z@' ��3$C 2O��E/ � � /	�` � * �% U� �'* �X/��d/B"'� K  *),'9 / & "< #"%$ �'&��*p&)�49 O��3/ �mKn: "< #"gf � /z0B/ &)�'* @'/	�f * " �'9  #"%/r�M ����! ���� � �P" � � K  * " �'9  #"%/r��� �3��* $A" �i  ��: · & $A"%$ �'&�� /'� K  * " �49  #"%/+��� �Q��* $A"]0 �49 ���7/B"�"%/ 9 � � �3$Xf : /#fN";�C �f * $A@' & "%/e�
���l��� ò9ö)ò?ó � Ë �¢¡A£�¤Gö5ó�¥õ�ö �§¦ ô$ó{¨}¤Xò9öª©Có�¥ ¦ ñ � ö�ö � ¥ ¦ ó¢ô�ò¬«#n®ih�¯ª°<±
±v²#³´³X²c°]µp¶·¹¸Hº ° · ²h±¼» ¸�½ µ ¾ ·À¿<¸]º ±�³X² ·Á· ² º ± ¸ »�¾´Â"Ã�Äcµt¯Å°]µ ·¹¸]º ° · ²À±Æ» ¸"½ µt¾ ·À¿<¸]º ±Ç³X² ·À½ °]¯nÂe³X²<È�µv²#³¸ ¯¢°�É ¸ µ · ²ªµt¯�²ªÊ�°]»�¾Ë°
Ì#³Í² ½ ² · ² º ±¼Â ø ¿�Î °
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Ã:Ól°�³yøe³X° ½ µt»gÃ<² ½ ²�³Í° · Ê ¿<Î ² ½�¸ ¯ · ³X²�± ¸ ¾¬¯ ·Ô½ ²»<²�¯ ½ ²<Õ�¶:Ê ¸ µ Â ½ ²�Â · ¾¬¯�° · ¾ ¸ ¯Ö²�Â · ¯vµ º Ã�» ¸�· Ã
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ÄÁ² ·×· ²#³�È�µØÒ ¾�³�¯	Ò ²AÑ�¾´Â · ²Ù±v°�Â
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[4,1],[2,1],[2,1],[3,2]

[4,2],[2,2],[2,1],[3,2] [4,3],[2,3],[2,1],[3,2]

[1,1],[1,4],[2,1],[3,2]

[1,1],[1,3],[2,1],[3,2]

[1,1],[1,2],[2,1],[3,2] [1,1],[1,1],[2,1],[3,1]

[4,3],[1,1],[3,1],[3,2]

[4,3],[1,2],[3,2],[3,2]

[4,3],[1,3],[2,1],[4,1][1,1],[1,4],[2,1],[3,1]
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�7/ &nmX*�� A  2"N"%/ &�� 3

*)& $A" : f � /�"%/ 9 �nf �  & f_�7/U� � $ & " � /��3/ &�� /	�RQ|@ �4* f 4
��k � * f

��� : 0B$Xf :I9 / & " Y � K  ����N$7@ : / ��*¤&pmX*�� A �  & f+�7/&� � $ & " � /_�3/ &�� /	�RQ|@ �'* f 4 /#fN"+�3/	��� : Qf3/ & " : /W�M ��Y� Kn: "! 2" ([4, 3], [2, 3], [2, 1], [3, 2])
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