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l54/676#8F§0{=q¶u@�r�gs£h stnHq�uH���gstk�l-q�f s£n@q�h n�h ��l�kpor�£h s¤m-u@fih
x nHorh stqr�&� x nH¦��£l[k%s¤f�h n�m�nHqZfih x o�m�h�h x l[l[f�n x fXo�¦g~D� x uH�r��f=h ��uvhÁ¥�st�£�Rf
u\h
stfX��d®kpor�£h st�r�tl°»�nec x l¢¸;ors x l�~
k�l[q@h�f-§���nHogh
s£q��P� x nH¦r�tl-kÍº�stq²h ��l x l[fXh|nv�Rh
�rlp��uH�Zl x ¡�»�n;c x nHogh
s£q�� x l-��l x f�h
nPkpor�£h s£~Ãm�nHqZfih x uHs£qrl¢�
»�nec���nHogh
s£q��;¼�l[�Hl[q²s£q®h
�rlporq�stm[uHfXh�m-u@fXl�s¤f ³ qrn\¥�q�h
nP¦Zl>� w ~Ãm�n@k��r�£l-h l�� x n@¦r�tl-k�uvq��®��u@f=¦6l-l[q
l-Çeh l-qZfXst�Hl[�£d�fih
o��gstl[�°¦ed>h ��l x l[f l[u x m��°m�n@k>k�orqrs£hidH§94î�v��88�Hst�Hl¢fyuvqPn\�@l x �es£l[¥¿nH��h �rl�k�uHs£q&� x n@�Zn;fXl¢�
»�nec x nHogh
s£qr�!uv�t�Hn x s£h �rk°f=¥���stm��ªh x d!h
nP½�qZ�ªu!��u\h
�¶¦Zl-hi¥0l[l-q¹u&f nHo x m�lpuHq��ªu!�gl[fXh stq�uvh stnHq¶qrng�gl
h
��u\h>f uvh s¤fi½�l¢f�u²f l�hpnH��m-nHq�fXh x uvstq;h
f[§!Ä�n x h
�rl&k�or�Âh
stm[uHfXhpm-u@fXl@¡2u®qeork�¦Zl x nv��»�nec x nHorh stqr�¶uv�t�HnH~
x s£h �rk°fÁ¦�uHf l[�¶nHqÆf stqr�H�tlH¡��go�uH�Ruvq��ªkpor�£h st�r�tl>k�l-h x stm[f|��u`�@lp¦6l-l[qÆ� x nH�6n@f l[�L§�cgs£qr�@�£l>k�l�h x s¤m�»�nec
k�or�£h s¤m-uHfXh x n@ogh stqr�²uv�t�Hn x s£h ��k�f���u`�@l>¦6l-l[qÆ� x n@�Zn;fXl¢�²��n x m-n@fXh54 �;:g¡��e¡��=<>8JuvqZ�¶��n x �gl-�¤u`d?4 :g¡@6[Ó�8D§
��o�uH�6k�l-h x stm�¦�uHf l[� x n@ogh stqr��uv�t�Hn x s£h �rk°fJ��u`�Hl�¦Zl[l-q!��n x kpor�¤u\h
l[�°��n x h
�rlÁ��nH�t�£n\¥�stqr�>m�nHk�¦rstq�u\h
s£n@q�fBA
m-n@fXhX~Ã�gl-�¤u`dC4D6[�g¡g�;Eg¡F6¢��86uHq��P�gl[�tu`d;~tzisÂh h l x 4 �v�r¡e�=<>8F§�Ä�n x h �rl=�@l-qrl x uH��m-u@fXl|nv�8h �rl�kpor�£h s£~Ãm�nHqZfih x uHs£qrl¢�
k�or�£h s¤m-uHfXh x nHogh
s£q��¬� x n@¦r�tl-kË¥��rstm��Åstqe�HnH�t�Hl¢f°kpo��Âh
s£�r�tl¹»�necÉk>l-h x stm[f-¡·n@qr�£dÉnHq�lªuv�t�Hn x s£h �rk ��uHf
¦6l-l[q¶� x nH�6n@f l[�®�gorlph n°h
�rl�m-nHk��r�tl�Çgs£hid!q�uvh o x l�nH�2h
�rs¤f|� x nH¦��£l[k�§=Î¶or�Âh
stm[uHfXh�{��ruH�gh st�HlpÎ¶or�Âh
s£���£l
Ì n@q�fXh x uvstq@h�f���nHorh stqr�¶{=�t�Hn x s£h �rk ºðÎ¶uHk�m x u;¼G4/6�<>80uvhXh l[k��gh
f�h n®½�q��k�or�£h st�r�£l®»�n;cÆm�nHqZfih x uHs£qrl¢�
�Zu\h �Zf=h
n&h
�rl�k�or�£h s¤m-uHfXh1k>l[kp¦6l x f|stqÆuHqªl-¯°m-s£l[q;hÁ¦rorhÁqrnHh1uH�£¥·u`dgf=n@�gh stk°uv�2k�uHqrqrl x §�}·�rl>k°uvstq
s¤�gl¢uªnH�ÁÎ¶uHk�m x uªstf>h
n¬m�nHk��rorh l�kpor�£h s£~Fm-nHq�fXh x uvstqrl¢�«f �rn x h l¢fih���u\h
��f�� x n@k h ��l®f nHo x m-l&qrng�gl�h n
l¢uHm��ª�rl[fXh stq�u\h
s£n@qªo�f s£q���u&orqrs¤m-uHfXhp»�n;c x nHogh
s£q���uH�£�@n x sÂh
�rk®¡�cruvk°m x u�4î�H�08F§p}·�rl�fXl-hÁnH�JnH¦rh
uvstqrl¢�
�Zu\h �Zf�stf�h
�rl-q©n@�gh stk�s£µ[l[�¿h n¬�gl-h l x k�stqrl¶ukpor�£h s¤m-u@fihPf or¦g~F� x uv�r�¿h �Zu\hPo�f l[f°u@f>��l-¥��£stq ³ f>� x nHk
h
�rl�½ x fXh1��u\h
��f1fXl-h1u@f��6n@f
f s£¦r�tlH§�Îªuvk°m x uP� x nH�6n@f l[f�u&� x l[l[�gd®�rl[o x stfXh s¤m�uH�r� x n@u@m��®h n®fXn@�£�@l�h ��stf
f l[m-nHq��!� x nH¦r�tl-k®§y}·�rl�¸;o�uH�£s£hidPnH��h
�rl�uv�r� x n`Çgstk�uvh stnHq!stf q&� h=� x n\�@l[�!uvq��&h �rl�fX�rn x h�m�n@k>stqr�>nv�2h �rl
� x n@�Zn;fXl¢�Æ� x l[l[�gd¹uv�t�Hn x s£h �rkÍm-uHq¬¦Zl!s£k�� x n\�Hl¢��§²}·�rs¤f���uH�Zl x �gl¢uv�¤f�¥�s£h �´k�or�Âh
s£���£l�m�nHqZfih x uHs£qrl¢�
»�nec¶k�or�£h s¤m-uHfXh x nHogh
s£qr�²� x n@¦r�£l[k ¥��rs¤m��¬m�n@q�fih
sÂh
ogh l¢f�nHq�l°nv��h �rlPk�n;fih�stq;h l x l[fXh stqr�²� x nH¦��£l[k�f1nH�
k�or�£h s£~Dn@¦gzil[m�h st�Hl°nH�rh stk>stµ[uvh stnHqstq¬qrl�hi¥�n x
³ ½�l[�t��§ � qh ��stf��Zuv�6l x ¡�¥�l°¥�s£�t�y��ngm-o�f-¡2l[f
f l-q;h s¤uv�t�£d@¡�n@q
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n@�gh stk�s£µ[s£q���h ��l�f l�h0nH��fX��n x h l[fXhJ��uvh ��fJh n>fXn@�£�@l�h ��l|kpo��Âh
s£�r�tl1m�nHqZfih x uHs£qrl¢�&»�n;c>k�or�Âh
stm[uHfXh x nHogh
s£q��
� x n@¦r�£l[k®§}·��l�f l�h�nv�|�Zu\h �Zf>m[uvq¿¦Zl�nH¦gh�uvstqrl[�«¦ed¬cruvk°m x u¶n x uHq;dk�or�Âh
s£���£l²m�n@q�fXh x uvstqrl[�¿»�nec
o�qrstm[uHfXh x nHogh
s£qr�¶uH�£�@n x sÂh
�rk®§ Ì n@q�fXs¤�gl x stqr�®h ��l&� x u`¥�¦�uHm ³ f1nv�=Î¶uHk°m x u�� f1� x l-l[�rdÆuv�t�Hn x s£h ��k�¡�¥0l
� x n@�Zn;fXl � Ì �={p¡�uvq²stk>� x n\�@l-k�l-q;h=�Hl x f stnHq²nv��h
�rl�� x l[l[�gd�uv�t�Hn x s£h �rk�uvqZ�²}�uH¦Znenv~X»ÁÎ¶� u°�@�£n@¦�uv�
n@�gh stk�s£µ¢u\h
s£n@q°¦�uHf l[��n@qPu�k�l�h
uv~D��l-o x stfXh s¤m=uH�r� x n@uHm���¡vq�uvk�l[�£d>nHq°h
�rl�h�uv¦6n;n>fXl¢u x m��L¡H}2uv¦6nenv~X»ÁÎ¶�
� x n\�es¤�gl[f·u�fXn@�£orh stnHq�¥��rstm��²m[uvq�¦Zl�m-�£n;fXl�h n�h
�rl�nH�gh
s£k°uH�LfXn@�£ogh
s£n@qL§
}·�rs¤f���uH�Zl x stf=n x �@uvq�s£µ[l[�Pu@f���nH�t�£n\¥=f[§ycel[m�h stnHq �>f �Zl¢m�s£½�l[f�h
�rl�kpo��Âh
s£�r�tl�m�n@q�fXh x uvstq@h�� x nH¦��£l[k�f

��n x orqrs¤m-u@fihyuvqZ��k�or�£h s¤m-uHfXh0»�n;c x n@ogh stqr��uvqZ�p� x n\�est�rl�uHq>n\�@l x �es£l[¥¬nv�8k>n;fihR� x nH�6n@f l[��uv�r� x n;uHm��rl¢f
h
n°h x l[uvh|h
�rl[f lp� x nH¦��£l[k�f[§|cel¢m"h stnHq Ó°� x l[f l-q;h
f�Î¶uvk°m x uPuH�£�@n x sÂh
�rk � x nH�6n@f l[��h
n!f nH�t�Hl�k�or�Âh
s£���£l
m-nHq�fXh x uvstq;hykpor�£h s¤m-u@fih x n@ogh stqr��� x nH¦r�tl-k®§�}·�rs¤f0f l[m�h stnHq�l-k��r��u@fXstµ-l¢fys£h
fJ¥0l¢u ³ �6nHstq;h
f0uvq���� x nH�6n@f l[f
f nHk�l=stk�� x n\�Hl-k�l[q@h�fR¥�s£h �rn@ogh0� x l¢u\hJm���uHqr�Hl¢f-§�cel[m�h stnHqP��� x n@�Zn;fXl¢fyu1��n x kpo��tuvh stnHq°nv�Lu�q�l-¥©� x nH¦g~
�tl-kÑuHs£k�stqr�°h n!nH�gh
s£k�stµ-lph �rl�kpor�£h s¤m-u@fih1fXor¦r~D� x uH�r�L¡rh
�rl�¾ÁÎÆc®� x nH¦r�tl-k®§�cel¢m"h
s£n@q E°stqe�Hl[fXh st�@uvh l¢f
��n\¥Òh ��l>� x n@¦r�£l[k nv�·nH�rh stk>stµ-stqr�®kpo��Âh
stm[uHfXh�f or¦g~F� x uv���ªkpoZfih�¦6l�h
uHm ³ �tl[�ÆsÂ�·stq�m x l-k�l-q;h�uv�yf l[u x m��
uH�£�@n x sÂh
�rk°f�u x l�uH�gn@�gh l¢�²uvq���s£h|� x nH�6n@f l[f � Ì �={p¡Zuvq®stq�m x l-k�l[q@h�uv��uH�£�@n x sÂh
�rk h
n&fXn@�£�@lÁh �rl>¾ÁÎÆc
� x n@¦r�£l[k®§Ácel¢m"h stnHq :&�gl¢f m x st¦Zl¢f=�rn\¥Ïh
�rl�h
l[m��rq�st¸;orl>nv�Rh�uv¦6n;n!fXl¢u x m��¶m-uvqª¦Zl�o�fXl¢�®h n!� x n\�;s¤�glpu
f nH�togh
s£n@q!h
n�h �rl�k�or�£h st�r�£l�m�nHqZfih x uHs£q;h�nH�gh
s£k°uH��kpo��Âh
stm[uHfXh x n@ogh stqr��� x nH¦r�tl-k §�cel¢m"h stnHq <�� x l[f l-q;h
f
f stkpor�¤u\h
s£n@q x l[f or�£h
f[§

� ���!�"���
	�������������������� #%��&������'��Ï�2��®���=,.�
� q�h ��stfRf l[m�h stnHqL¡v¥�l�¥�s£�t�g�Hst�Hl0��n x k°uv�g�gl�½ZqrsÂh
s£n@q�nv��k�or�Âh
sÂ~Ãm�n@q�fXh x uvstqrl[��»�n;c x nHorh stqr��� x n@¦r�£l[k°f-§2¨Æl
fXh
u x h1¦ed²h ��l>o�qrstm[uHfXh�m-uHf l�fXstq�m�l>l�Çgs¤fih
s£q��®uH�r� x n@u@m��²��n x kpo��Âh
s£�r�tl°m�n@q�fih x uHs£q;h1kpor�£h s¤m-u@fih x nHogh
s£q��
� x n@¦r�£l[k x l[f nH�togh stnHq!stf�¦ZuHf l[�!nHq!h �rl�orq�stm[uHfXh·k�or�£h s£~Fm-nHq�fXh x uvstqrl[� x nHogh
s£qr��f nH�togh stnHqL§

����� ��������� �"!$#&%('*)+%-,�!+����.
»�nec x nHorh stqr�1� x n@¦r�tl-kÒn x m�nHqZfih x uHs£q;hX~F¦�u@fXl¢� x n@ogh stqr��m�n@q�f stfXh
f�nH��½�q��rs£qr���Zu\h �>� x nHk�u�f nHo x m-l0qrng�gl
h
nPu��gl[fXh stq�u\h
s£n@q�h ��uvh|f uvh s¤fi½�l¢f·kpor�£h st�r�tl>»�n;c!m�n@q�fXh x uvstq@h�f-§ycestq�m-l1h �rs¤f·½�l[�t�®s¤f=¸;ors£h l�k°u\h
o x l@¡g¥0l
�@s£�@l|�rl x l1u���n x k°uH�8�rl�½�qrs£h stnHq!nv�Lh
�rl1� x nH¦r�tl-k�uHq��P¥�l��gl¢f m x st¦6lÁu>f uHk��r�£lÁnv��� x n@�Zn;fXl¢�Pf nH�togh stnHq�f
qZuvk�l-�td�h
�rl�cel[�Â�L{��ruH�gh st�Hl|Î¶or�Âh
sÂ~ Ì nHqZfih x uHs£q;hy��nHorh stqr�p{=�t�Hn x s£h ��k$ºNcruvk°m x u@¼ 4î�H�088fXstq�m-l�sÂhJs¤fyoZfXl¢�
u@f�u!¦�u@fXs¤f���n x kpor�£h s¤m-u@fihp»�n;c x n@ogh stqr��uv�t�Hn x s£h �rk�� x nH�6n@f l[�ªqrl�Çeh[§>cguvk��r�tl[fÁnv��uv¦rorqZ�ruvq;h1¥0n x ³
m[uvq�¦Zl1��n@orq���stq 4î�e¡�Ór¡ 6¢�e¡ 60Ee¡ 60:g¡ 6-��8�uvq��&h ��l-s x=x l-��l x l-q�m-l[f[§

/10324032 57698 �@�r�-�7: Ù�; �!Ù ��� 8<6>=@? � Ù � , Õ 
 ;1AJÕ � 83B �@�g� 8 Ù 6
{ »�n;c x n@ogh stqr�´f nH�togh stnHq©stqe�Hn@�£�@l[f>hi¥�n´m�nHk��6nHqrl[q;h
f>A¶h ��l x nHogh
s£qr�¬� x nHh ngm�n@�|uvq��¿h
�rl x nHogh
s£q��
uH�£�@n x sÂh
�rk®§�}·�rl0nH¦gzil¢m"h st�HlJnv�gh ��l x nHogh
s£qr�|� x nHh ngm�n@�Hs¤f�h
n|k°uvq�uH�HlJu`�\uHs£�¤uv¦r�tl x l[f nHo x m�l¢fL�gdeq�uvk�s¤m�s£hidH§
{|�£�eqrng�gl¢f2kpo�fXh2�Zu`�Hl0u x l[uv�ts¤fih
stmJ�;stl-¥«nv�Zu`�\uvst�¤uv¦r�tl x l[f nHo x m�l¢f�uHq���qrl-hi¥0n x ³ ogh
s£�ts£µ¢u\h
s£n@qpnv�6uv�t�;�tstq ³ f-§
}·�Zu\h	� f�¥��ed!h �rl x nHorh stqr��� x nHh ngm�n@���gl-½�qrl[f�h �rl�k>l¢m���uvq�stf k o�f l[�!h
n&�gs¤fih x st¦rogh
l�h �rs¤f=stqg��n x k°u\h
s£n@q
m[uv�t�£l¢�¹�£stq ³ fXh
uvh l°stqg��n x k°u\h
s£n@qL§!cenZ¡�u®�ts£q ³ ~Ãfih�u\h
l x nHorh stqr�¶fXoZm��¹u@f�s£q«¾1c w Ä 4 ÓH��80n x�w ��� � 4 Ó 6#8
s¤f�k°uvqZ�ru\h
n x d®h n²k°u ³ l>l[�Hl x d²qrng�glPf ��u x l°u®k°uv�¹nv��h �rl°q�l�hi¥�n x
³ h n@�Zn@�£n@�Hd¶uvqZ�ªh
�rlPu`�\uvst�tuH¦r�tl
x l[f nHo x m-l[f[§>C|f stqr��h
�rstf��ts£q ³ ~ÃfXh
u\h
l|stqg��n x k°u\h
s£n@qL¡;h �rl x n@ogh stqr�>uv�t�Hn x s£h �rk+m�n@k>��ogh l¢f0�Zu\h �ZfJ¦6l�hi¥�l-l[q
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u¹f nHo x m�l!qrng�gl²uvq��¿uÆ�gl¢fih
s£qZu\h stnHq¿qrng�gl�h ��uvh�u x l�¥�s£h �rstqÉ�rl�½�qrl¢�¿m-nHq�fXh x uvstq;h
f�n x nH�gh
s£k�stµ-l¢f>u
m-l x h
uHs£qÅm x sÂh
l x s£n@qL§^}·�rl²o�qrstm[uHfXh x n@ogh stqr�¬uv�t�Hn x s£h ��k�f°uvhXh
l-k��gh°h n´f nH�t�Hl�h
�rlªÎ²or�£h s£~ Ì nHq�fXh x uvstq;h
w uvh �¶ºðÎ Ì w ¼ wyx nH¦��£l[kÊuHq��F3`n x h �rl�Î²or�£h s£~ Ì n@q�fih x uHs£q;h�¾��gh
s£k°uH� w u\h
�¶ºðÎ Ì ¾ w ¼ wyx nH¦r�tl-k®§ � q°h �rl
��n@�£�tn\¥�stqr��¡�¥0l°¥�st�£�y½ x fXh�f �Zl¢m�s£��dÆf nHk�l°�ede�ZnHh �rl¢fXs¤f�o�f l[�Æh nÆfXn@�£�@l�h
�rl[f l°� x nH¦r�tl-k°f�uHq��Æh �rl[q¬¥0l
¥�st�t�Ll�Çg�r�¤uvstq&h
�rl�qrnHh
u\h
s£n@q!oZfXl¢�Ph
� x n@or�H��nHogh·h ��stf=f l[m�h stnHqL§��� * �� 	��#�#� �����&wJx n@�Zn;fXl¢�¹f nH�togh
s£n@q�f�uHf
f ork�l�h ��uvh�h �rl&qrl�hi¥�n x
³ ~FfXh
uvh l>s£qg��n x k°uvh stnHq©ºðu²f l�hpnH�
�tstq ³ �\uv�torl[f�¼�s¤f�h l-k��6n x u x s£�td&fXh
uvh s¤mÁuHq��!��uHf·¦6l-l[q®�rstfXh x s£¦�ogh l¢�!stq�h �rl�q�l�hi¥�n x
³ uvq��!stf�u@m-m-o x uvh l[�£d
k°uHs£q;h
uHs£q�l[��u\h�l[u@m��!qrng�gl�oZfXstqr�&»�n;c&�£stq ³ ~Ãfih�u\h l x nHogh
s£q��>� x nHh ngm�n@�tf[§��� * �� 	��#�#� ���	� }·�rlpk�n;fihÁ� x l¢¸;orl-q;h �td®o�f l[�¹»�nec®k�l�h x s¤m-fÁu x l�m[u\h l[�Hn x stµ-l¢�!stq;h n®uH�r�rsÂh
s£�@l�uvqZ�
k�stq�
`k°uvÇk�l-h x stm[f!ºð¦ZnHhXh �tl-q�l[m ³ n x m�n@q�m-u`�@l°k>l-h x stm[f
¼�§¹{Ñ»�n;c¬k>l-h x stm&stf>uH���gsÂh
s£�@lÆºðlH§ ��§t¡J�gl-�¤u`dH¡
zis£hXh
l x ¡gh ��l��£n@�@u x s£h �rk nH��h
�rl�� x nH¦�uH¦rst�£s£hidPnv�Rf o�m-m-l[f
fi��or�8h x uHq�f k>s¤f
fXstnHqZ¼0¥��rl[q�h �rl�¥�l-st�H�;hpº�nH��h
��u\h
k�l-h x stm¢¼�nH�6uÁ��uvh �>l[¸;o�uv�¤f2h nÁh
�rl=fXo�kÒnv�Zh �rl�»�nec�¥�l-st�H�;h
f2nv�6h ��l��tstq ³ fR�gl�½�q�s£qr�1h
��u\hR��uvh �L§ � q>h �rl
m[uHf lRnv�g¦6nvhXh
�£l[qrl[m ³ k�l�h x s¤m-f[¡¢h �rly¥�l-st�H�;h�nH�ru�»�n;c�k�l[u@fXo x lRnv�ru��Zu\h ��s¤f�h
�rlJk�stqrstkpork º�k°uvÇestkpo�k°¼
nH�yh ��lP»�nec²¥�l-st�H�;h
f1uH�£n@qr�Ph
�rl���u\h
�ÉºðlH§ ��§t¡Lu`�`uHs£�¤uv¦��£l>¦�uvqZ�g¥�st�gh �Z¼�§ Ì nHqZfih x uHs£q;h
f�nHq¹k�s£qÅº�k°uvÇr¼
»�nec°k�l[u@fXo x l¢f0m[uvq&l¢uHf s£�td°¦6l�h x l¢u\h
l[�P¦ed°n@k>s£hXh
s£q���uH�£�8�ts£q ³ f�ºNuvq��!�6n@f
fXst¦r�tdP�gstf
m�n@qrqrl¢m"h l¢�Pqrng�gl¢f
¼
¥���stm��¶�gn&qrnvh�f
u\h
stfX��d!h �rl x l¢¸@o�l[fXh l[��k�stq«º�k°u\Ç�¼Á»�n;c�m�n@q�fih x uHs£q;h�f-§ � q¶m�n@q;h x uHfXh[¡�m-nHq�fXh x uvstq;h
f�n@q
u@�r�gs£h st�Hl�»�necÆk>l¢uHf o x l[f�m[uvo�f l°k�n x l&�gs£¯°m-or�£h stl[f[§�=l-qZm�lH¡�¥�s£h �rn@ogh��tn@f
f�nH�·�@l-qrl x uH�£s£hidH¡�uv�t�·»�nec
k�l¢uHf o x l¢f·u x l1u@f f ork�l[�Ph n°¦6l�uH�r�rsÂh
s£�@lH§��� * �� 	��#�#� ���	� }·�rl�qrl-hi¥0n x ³ h
nH�6nH�tnH�@d�stfJk�ne�rl-�tl[��uHfyuHq�orq��gs x l¢m"h
l[��� x uv����������� ����� ¡H¥���l x l� s¤f1h
�rlPfXl-h�nv�·qrng�gl[fpuvq�� � stf�h �rlPf l�h�nH���ts£q ³ f[§P�Ju@m���£stq ³ � � ��������� s¤f�m���u x uHm�h l x stµ-l¢�¶¦ed ,
u@�r�gs£h st�Hl&»�n;c¶k�l�h x s¤m-f[§�cen®¥�l°uHf
fXngm�s¤u\h
lph
n�h �rl°�ts£q ³ uvq , ~F�gstk�l-q�f stnHq�uH�2�tstq ³ ¥�l-st�H�;h1�Hl[m�h n x nH�
, qrnHqg~Fqrl[�@u\h
s£�@l1»�nec°¥�l-st�H�;h
f! "$#&%�'�(*),+.- "0/1#�%2'3(4)5'7698�:<;,+ � ��� �>=<=?= � ,A@ §y}·�rl , »�n;c&m�nHqZfih x uHs£q;h
f
ºð¥��rs¤m��«u x l°h ��l&�ts£k�s£h
f�nv��h ��l&l-qZ�e~Nh
nv~Fl-q���\uH�£orl¢f�n@q¬h �rl!o�f l[�¬��uvh ��f�¼�u x l x l[� x l¢fXl[q;h l[�¹¦ed¹h �rl
m-nHq�fXh x uvstq;h��@l[m�h n x  B +.- BDC ' BFE '?GHG�GH' BJI	@ §KG�&L ���
���"������ Ì n@q�fXs¤�gl x stqr��u���uvh �NM nv�POÒm�n@k>�6n@f l[�&nv��u�f l�h·nv�2�£stq ³ f-¡;h
�rl ;RQ&S ¥�l-st�H�;h "D/ nH�M�stf|�gl�½�q�l[�®uHf>A

"0/�# M )J+ TUHV�W X5Y[Z]\ "0/1#�%2'3(4)
º 6¢¼

§R¨¹l�uv�¤f n>�gl-½�qrl1h
�rl�¥0l[s£�@�;h·nH��h
�rl���u\h
�²uHf
 "$# M )J+ TUHV�W X5Y[Z]\
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 � q�h
�rstf0m-u@fXl�¥�l=m�n@q�fXs¤�gl x h �rl|� x n@¦r�tl-kÐh n�½�qZ�
u&��u\h
��M+� x nHk u!fXn@o x m�lpq�ne�rl � h n!u��gl¢fih
s£q�uvh stnHq¶q�ne�rl � fXo�m��ªh ��uvh�h
�rlP»�n;c¶m-nHq�fXh x uvstq;h
f�u x l
x l[f �6l[m"h
l[� A

"D/1# M )gf B /ih �� � � �
��� ¡£§[§-§ , ºðÓ@¼
}·�rs¤f ³ s£q��Pnv�L��uvh ��f0stf·m[uv�t�£l¢�>��l[uHf st¦r�£l���u\h
�L§y}·�rl[d>k°u`d>¦ZlÁk°uvqed>��l[u@fXst¦r�tl|��uvh ��f?jesÂh�k>st�H�;h·¦Zl

stq;h l x l¢fih
s£qr�1h
n�½�q��L¡@� x nHkÐh ��l|fXl-h0nH�6��l¢uHf s£¦��£l=�Zu\h �Zf-¡@h �rl|��u\h
�Pk�s£qrstk�s£µ[s£q��pu�m�n;fihJ��orq�m"h
s£n@q � º w ¼�¡ �
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x l���l x fyh n>u��tl-qr�Hh �°��orqZm"h stnHq�¡gsÂh�m-uHq°¦Zl1uvqed>��orq�m�h stnHqPnH�Lh �rl�¥0l[s£�@�;h
f0¥ / � x n\�est�rl[��s£h�n@¦Zl[defyh n�h �rlm x s£h l x s¤u���n x �tl-qr�Hh �ªn x �gs¤fXh
uvqZm�lpstq¶�@l[m"h
n x uv�t�Hl-¦ x u�§�ceo�m��¹u°��u\h
�ªs¤f=h
�rl�f nH�togh
s£n@q¶nv�Rh
�rl>Î Ì ¾ w
� x n@¦r�£l[k�¥��rs¤m���m[uvq�¦Zl��rl�½�qrl¢�!��n x k�uH�£�td&u@f���nH�t�£n\¥=f[§

����� ��� �
	���������������������������������� �"!$#���	%�&�('�� ����)�� *��
� q�h �rs¤f�fXl¢m�n@q��pm[uHf lH¡¢h �rl·� x nH¦��£l[k s¤f�h n�½�q��>u|�Zu\h �^M,+y� x n@kÒu|f nHo x m�l0qrng�gl � h n1u��rl[fXh stq�u\h
s£n@q

q�ne�rl � f o�m��!h ��uvh>A
" / # M + )gf B / h �� � � �
��� �>=?=<=O, º��;¼

� # M,- )gf � # M )�. M�¡ M,-�f
u\h s¤fX��d;stqr�²º��e¼�¥��rl x l � s¤f=u>�£l[qr�vh
�&��o�q�m"h
s£n@q º!EH¼
}�ns£�t�£oZfih x uvh l®h ��l®Î Ì ¾ w � x n@¦r�£l[k®¡0�tl�h � f°m-nHq�f st�rl x h ��l®m[uHf l®nv�Á½�q��gstqr�kpor�£h s£~Ãm�nHqZfih x uHs£qrl¢�

�Zu\h �Zf·¥��rl x lÁh �rl�m-n@fXh���o�q�m"h
s£n@q0/2s¤f��Hst�Hl[q!¦ed A

/ # M ),+214365C87 / 7:9 "0/1# M )B / º":@¼

�|nvh
lyh �Zu\h�h
�rl0f nH�togh
s£n@q&º�n x h ��l0f nH�togh stnHq�f�¥��rl-q�h �rl x l�u x lykpor�£h st�r�tl0f �rn x h l¢fih2��u\h
��f�¼�nv�eh
�rl�Î Ì ¾ w
s¤f>qrnvh�qrl¢m�l[f
f
u x dÆl[�£l[k>l[q;h�nH�=h ��l w u x l�h
nªn@�gh stk°uv��fXl-h<;`§ � h°�gl-�6l-qZ�rf�nHq«h �rl��£l[qr�vh
�´��orqZm"h stnHq
u@�gnH�rh l[�&h n°l[�\uv�to�u\h
lÁk�or�£h s£~Fm-nHq�fXh x uvstqrl[�!fXn@�£orh stnHq�f[§=ºðÄ2st�Ho x l 6¢¼0s£�t�to�fih x uvh l¢f�h �rl x l-�¤u\h
s£n@q!¦6l�hi¥�l-l[q
h
�rl!f l�h>nv���6n@f
fXst¦r�tl&��uvh ��f�uvq����l¢uHf s£¦��£lP�Zu\h �Zfpstq¬h ��l!m-u@fXl&nv��hi¥�nªuH�r�rsÂh
s£�@lPk�l�h x s¤m-f&º>= +@? ¼"§}·��l���uvh ��f�u x l x l[� x l[f l-q;h l¢�Pstq&h
�rl1�r�tuHqL§��JuHm��!�Zn@s£q;h=m�n x x l[f �6nHq��rfJh n�u���u\h
� x l-� x l[f l-q;h
l[�°¦edPs£h
f
�@l[m�h n x&�BA �DC AFEHGFA §ycen�h �rl���l¢uHf s£¦��£l|f nH�togh
s£n@q�fJu x l�stq�f st�gl=h �rlÁf ¸;o�u x l G � � �>�7� § � q�h ��stf�m-u@fXl@¡H¥��rl[q
oZfXstqr��h �rlÁ�£l[qr�vh
�&��o�q�m"h
s£n@q��gl-½�qrl¢�Pstq¹º!:@¼"¡eh
�rlÁnH�gh
s£k°uv�Lf nH�togh
s£n@q�fJnH�Lh ��l1Î Ì ¾ w � x nH¦��£l[k+u x lÁstq
h
�rl>�Zl x stk�l�h l x nv�Rh ��l>k�stqrstk�uH���£l[qr�vh
�Æf
¸@oZu x l&º�stq��gs¤m-uvh l[�Æ¥�s£h �Æ�rnvhXh
l[�ª�£stqrl¢¼|¥��rs¤m��Æm-nHq;h
uHs£q�fÁu\h
k�n;fih�nHq�lÁl[�£l[k�l-q;h=nv��h �rl w u x l�h
n�nH�gh
s£k°uv�Lf l�h¢§

/103240�/ 57698 �@�r�-�7: Ù�; � Ù ��� 8369= A � Ù � , Õ 
´��� Õ � Ù , ��� 8 Ù 6
}·��l=Î Ì w uvq���Î Ì ¾ w � x nH¦r�tl-k°fyu x l�� w ~Fm-nHk��r�tl�h
l 4 <�8Zuvq��ph n�f nH�t�Hl�h
�rl-k®¡;�rl-o x s¤fih
stm·uv�t�Hn x s£h ��k�f
u x l�q�l-l[�rl[��§+4/6[��8��@s£�@l[f=u&fXo x �Hl[d&nH��k�n;fih|� x n@�Zn;fXl¢��uH�£�@n x sÂh
�rk°f=uvqZ�²m�nHk���u x l1h
�rl-k®§|}·��l�k°uvstq
s¤�gl¢u²o�f l[�¦edÆk�n;fih�uH�£�@n x sÂh
�rk°f�s¤f�h nª½�q��n@ogh>u²�tl-q��vh ���o�q�m"h
s£n@q´¥��rs¤m��´m-uvq¬¦6l&oZfXl¢�¹h nÆf
m-uHq
��l¢uHf s£¦��£lpf nH�togh
s£n@q�f-§|cgn�¡rh
�rlp� x n@¦r�£l[k$s¤fÁfXstk��r�£s£½�l¢��h n!uP� x n@¦r�tl-k$h ��uvh�s¤f|f nH�t�`uH¦r�tl�¦ed�uPf �rn x h
l[fXh
�Zu\h �!uv�t�Hn x s£h �rkÊfXo�m��!uHf ��s z ³ fXh x u�n xJI l-�t�tk�uHqPÄrn x �°uH�£�@n x sÂh
�rk°f�4 Ee¡@�;8D§J¾�qrl|nv��h ��l|k�n@fXh0� x nHk�s¤fi~
stqr�!� x n@�Zn;fXl¢�®uv�t�Hn x s£h �rk°f=s¤f|h �rl>}�orqZuv¦r�tl�{�m[m�o x uHm-d!Î²or�£h st�r�tl Ì n@q�fXh x uvstq@h�f|��n@ogh stqr�&{|�£�@n x sÂh
�rk
ºN}�uHk°m x u@¼"§b}�n¬fXn@�£�@l²Î Ì w � x nH¦r�tl-k®¡·}�uHk�m x u 4î�vÓ�8|oZfXl¢f�h �rl²q�nHqÅ�£stqrl¢u x �tl-qr�Hh �©m�n@kp¦rstq�u\h
s£n@q
¥�l-st�H�;h��Hst�Hl[q&stq¬º":@¼�§
}·�rl�¥�l-st�H�;h=�gl-½�qrl[��stq¹º!:@¼�¡r�Ho�u x uHq;h l-l¢f0h ��uvh MÒs¤f���l[uHf st¦r�£l@¡rs£�2s£h=�Hl x s£½�l[f>A

/ # M )gfLK º�<v¼
� quH�r�rsÂh
s£n@qÆnH�yh �rl�qrn@qÆ�tstqrl[u x ¥�l-st�H�;h¢¡L}�uHk�m x u&o�f l[fÁh ��l ³ ~ÃfX��n x h l[fXh��Zu\h �uv��� x n;uHm��?4D6#8F§ � h

s¤f°l¢f f l-q;h s¤uv�t�td´u�Hl x f s£n@q«nv� ��s z ³ fXh x u�� fPuv�t�Hn x s£h �rkÍh
��u\h&fXh n x l¢f>��n x l¢uHm��Éqrng�gl²k�n x l®f or¦g~F��uvh ��f
M è��`çJN�ê�éðçÃèD÷PO �¢èNì � ê�írþ[çÃèRìîñ�è��`ç0ñDçÃè�÷��Zó`÷"ó�ò`÷ � ìîó\ê
èNçiò �\ê
è �¢ñRQ �[ó¢÷RS�ìîó �=è �\ê
èRê �`ê
è ��TVUyìîñ�ò¢÷ � ìîó\ê
èDçiò1ù�W�ê

�\ê
è �XTHYZQ[S �`çióX\F]_^`T URacb \F]_^`THY a �£÷"éLì�d J�Q������eQ �

ú�ý2ûLú��
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optimal set

2

1

Set of

Ä�st�Ho x l 6;A w �¤uvq®st�£�to�fXh x u\h
s£n@q!nH��Î Ì w uHq��!Î Ì ¾ w � x n@¦r�£l[k°f�º ,�� �H¼

h
��uvq�zio�fXh�h
�rlPfX��n x h l[fXh�nHq�lH§&}·�rl[qL¡���n x l¢uHm��¹nv��h �rl¢fXl°��uvh ��f�h �rlP�Zu\h ��tl-qr�Hh ��Hst�Hl[q¦;dÉº":;¼Ástf
m[uv�¤m�or�¤u\h
l[��uHq��Áh �rl0nHqrlJ¥�sÂh
��k�s£qrstkpo�k �tl-q��vh ��s¤f2m�nHqZfXs¤�gl x l[�L§ � qp}2uvk°m x ur¡��1stf�� x l�~Ã�gl�½�q�l[��¡`¥��rst�£l
h
�rl1l�Çeh l[q�f s£n@q&nv�2}�uHk�m x u>uv�t�Hn x s£h ��k�¡gcel[�Â��{��ruv�gh
s£�@l�Î²or�£h st�r�£l Ì n@q�fih x uHs£q;h�f0��n@ogh stqr��{=�t�Hn x s£h �rk®¡
cruvk°m x u 4î�H�08F¡vm�n@q;h x nH�¤fLh
�rl0�\uH�£orl�nv����f l-�£�À~Fu@�ruv�gh
s£�@l-�tdH§2}·�rstf2k�l[uHq�f�h ��uvhR}2uvk°m x u|stf2nv�Z�Zn@�£deqrn@k>s¤uv�
m-nHk��r�tl�Çgs£hidH¡`¥��rst�£l·cguvk°m x u�s¤f�uvq�l-Çgu@m"h�uH�£�@n x sÂh
�rkÏuvq���s£h
f�m-nHk��r�tl�ÇgsÂhid1s¤f�l-Çg�Zn@qrl-q;h s¤uv�D§�}·��l0m��rn@stm-l
nH���Æstq}2uvk°m x u!stfpu&h x u@�gl�~Fn��´¦6l�hi¥�l-l[qÆ�6l x ��n x k°uvq�m-l°uvq��¹m�n@k>���£l-Çes£hidH§PcguHk°m x ur¡Ln@qÆh
�rl°nvh
�rl x
�Zuvq���¡R�@o�u x uvq;h
l-l[f�h nª½�q��«uª��l[u@fXst¦r�tl&��uvh �L¡JsÂ�|n@qrl&l-ÇgstfXh
f>uvq��«s£q«h ��uvh�m[uHf lPs£h�m-n x
x l¢fX�6nHq���f�h n
h
�rl&f �rn x h l¢fih��Zu\h �¬u@m-m�n x �rs£qr��h
n²h �rl!uH�gn@�gh l¢�Æ�tl-q��vh ���o�q�m"h
s£n@qL§�}�n x l[�goZm�l�h ��l&m�n@k>���£l-Çes£hidªnH�
h
�rlpuH�£�@n x sÂh
�rk®¡r}�uHk�m x u°uHq��²cguvk°m x u��gn@q&� hÁm�nHqZfXs¤�gl x �gnHk�stq�u\h
l[����u\h
��f[§�Î²n x l[n\�Hl x ¡estq 4î��6B8D¡�h �rl
uHogh ��n x f��gl-k�n@q�fih x uvh l�h
��u\h>cruvk°m x u²m-uHq¹¦6l&stk�� x n\�Hl[�Æo�f s£q��ªu���nHo x h �´m-nHq�m-l-�gh�nv���£nen ³ ~Ãuv��l[uH�L§
}·��stf!m�nHqZm�l-�rh!m-uHq©¦Zl¹m�nHqZfXs¤�gl x l[�Åu@fPuvqbu@�r�gs£h stnHq�uH�|k�l[m���uHqrs¤fXk h n x l[�ro�m�l®h
�rlÆf l[u x m��©f ��uHm-l
nH���6n@f
f s£¦r�tl°��uvh ��f�¦edÆ�£stk�sÂh
s£qr�¶h �rlPf l�h�nH�·�6n@f
f s£¦r�tl°��uvh ��f�oZfXstqr�²stqg��n x k°u\h stnHq¹nv��h ��l x l[k°uvstqrs£q��
f or¦g~F��uvh �1h n\¥·u x ��h �rl��gl[fXh stq�uvh stnHqL§2}·�rl0uHogh �rn x f�fX�rn\¥stqC4î��6#8;h ��uvh�h
�rlJstq�m�n x �6n x u\h
s£n@q�nH�gh �rl0�£nen ³ ~
uH�rl[u@�pstk�� x n\�Hl-k�l[q@h�f��£l¢uH�rf2h
n�u1�@uHs£q���u x h
stm-or�tu x �td�stq°�tu x �@l�q�l�hi¥�n x
³ f[§�}·�rl�f uHk>l�uHogh �rn x f�stq�4D6���8
l[�\uv�to�u\h
l�h ��l�m�n@k��r�£l-ÇgsÂhid®nv��»�nec x n@ogh stqr�Z§�}·�rl[d®uvhXh
l-k��ghÁh n!f �rn\¥ h �Zu\hÁh �rl�� w m�nHk��r�tl�h
l-qrl¢f f
nH�Jh
�rl°Î Ì w � x n@¦r�£l[kÑ�rstqr�Hl¢f1nHq¶��n@o x �ðuHm�h n x f[¡�q�uvk�l[�£d®h
�rl�orq��gl x �tdes£qr�!h n@�Zn@�£n@�Hd@¡��£stq ³ ¥�l-st�H�;h
f
h
��u\hpm[uvq� x n\¥�u x ¦rs£h x u x st�£d²�¤u x �Hl>n x �Zu`�Hl�uvqs£qr½�qrs£h lP� x uHq;o��tu x s£hidH¡Lu��Hl x dªqrl-�;u\h st�Hl°m-n x
x l[�tuvh stnHq
uHk�nHqr�ªh �rl®�ts£q ³ ¥�l-st�H�;h�f-¡JuHq��¬h
�rl®�\uv�torl[f>nv�|h �rl²m�n@q�fXh x uvstq@h�f-§´}·��l-d´u x �Ho�lPh �Zu\h°s£qÉ� x uHm�h s¤m�lH¡
h
�rl[f lpm-nHq��gs£h stnHqZf|u x l�orq��£s ³ l[�£d!h nPngm[m�o x fXstkpor�£h
uHqrl-n@o�f �£d®uvq���h
�rl x l���n x lp¦Zl[�£stl-�@l�h ��uvh�l-Çgu@m"h1»�nec
x nHorh stqr�°uv�t�Hn x s£h �rk f o�m��²uHf�cguvk°m x u�m-uHq�¦6lpu@�gnH�gh
l[��§g�=n\¥�l-�@l x ¡gs£q 4 ��8F¡rh ��l�uvogh
�rn x f=uHf
f l x h�h
��u\h
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l-ÇruHm"h=uH�£�@n x sÂh
�rk°f�m-uvq®qrnHh=¥0n x ³ s£q²n@qr�£stqrl�} x uv¯Pm��Jqr�Hstqrl-l x stqr�°l[q;�es x n@qrk�l-q;h�ºð�gl[�r�tn\d;k�l[q@h�½Zl-�¤�
nH�·»�n;c x n@ogh stqr��s£q¹� x uHm�h s¤m�l¢¼�§�}·�rl[d¶fX��n\¥ h � x nHo��H�Æf stkpor�¤u\h
s£n@q�f=h
��u\h��rl[o x stfXh s¤m�uv�t�Hn x s£h �rk°fÁu x l
k�n x l&f ors£h
uH¦r�£l&h n¹fXo�m��¿uvq´l[q;�es x n@qrk�l-q;h[§ceo�m��Éu¶�gl-¦Zu\h l®m-uHq¬qrnvh�¦6l!m�n@k��r�£l-h l¢�«uvqZ�´m-uHq´¦Zl
k�o�m���¥ x s£hXh
l-q²uv¦6nHogh¢§

���<� � ,�� !+� ��� �"! #&%('*)+%-,�!+����.���) %����	��
 ���� ����� ���>!+��% �
}�nPf �Zl¢m�s£��d!k�or�Âh
stm[uHfXh1»�n;c x nHogh
s£q���¡Zf
uvk�l��ede�ZnHh �rl¢fXs¤f�� x l[f l-q;h
l[�®uv¦6n\�Hl�u x l�u@�gnH�gh
l[��§·}·�rlpm-nHqg~
fXh x uvstq;hy�Hl¢m"h n x  B¬x l-� x l[f l-q;h
f2h
�rl=�ts£k�s£h
f�uv�t�£n\¥�l[�p��n x ��u\h
�°¥0l[s£�@�@h�f�� x nHkÐh �rl|f nHo x m-l�qrng�gl�h n�l[�Hl x d
k�l[kp¦6l x nv�Zh �rl�k�or�£h s¤m-uHfXhR� x nHor��§ � h x l-� x l[f l-q;h
f�h
�rl��£stk�sÂh�f2��n x l[q��e~Dh nv~Fl-qZ�p�\uv�torl¢fRuvq���qrnvhR��n x h �rl
f orkÊnv�L�\uv�torl¢fystq�h �rl�kpor�£h s¤m-u@fih0fXh x o�m�h o x lH§�}·�rl�m-nHq�fXh x uvstq;hy�Hl¢m"h n x  B s¤fJu@f f ork�l[�>h
n�¦Zl|h �rlÁf uHk�l
��n x uH�£�6kpor�£h s¤m-u@fih�k�l-kp¦6l x f[§ � qPh �rl|��nH�t�£n\¥�stqr��¡;¥�l=� x l[f l-q;hJ½ x fXh �tdph
�rl�l-ÇgsÂh
s£qr��� x nH¦r�tl-k°fJf �6l[m�s£½�l¢�
stq�h �rl��ts£h l x u\h
o x l|h
�rl-q®¥�l1��n x kpor�¤u\h
lÁu>qrl[¥B� x nH¦��£l[k �gl[uH�£stqr��¥�s£h �®kpor�£h s¤m-u@fih�»�nec x nHogh
s£q���§

/10�/1032 ���18 �-� 8369= 
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«�
Î¶or�Âh
stm[uHfXh�»�nec x nHogh
s£q��!� x nH¦��£l[k m�nHqZfXs¤fih�fÁnHq¶½Zq��gstqr�²u!f l�h1nv����u\h
��f�� x n@k u!q�ne�rl>f nHo x m�l���h n
� �gl¢fih
s£qZu\h stnHqÉqrng�gl¢f ��� #�� + K]'?G G G?'��9) § � q«h x u@�gs£h stnHq�uH��k�or�£h s¤m-uHfXh x nHogh
s£qr�Æh ��stfPf l�h°nH����uvh ��fm-n x
x l¢fX�6nHqZ�rf1h nu²h x l[l&¦rorh�stq´k�or�Âh
stm[uHfXhP»�nec x nHogh
s£qr�ÆsÂh�s¤fpqrnHh�m-nHk��ror�¤f n x s£�td¹u¶h x l-l@§ � q«h �rl
�@l-qrl x uH��m-uHf lH¡gs£h=m�n x x l[f �Zn@q��rf0h n°u�f or¦g~F� x uv�r��� +.#�� '�� )5' �! O�§"� s¤f x l-�@u x �rl[�&u@f·u>f l�h=nH�
�Zu\h �ZfR� x nHk#�|h n%$'&|¥��rs¤m��°o�f l=h ��l|�ts£q ³ f0s£q � §R}·�rl|k�or�Âh
stm[uHfXh0� x n@or��stf0�Hst�Hl[q°¦;d°u�f nHo x m-l|uvq��°u�rl[fXh stq�u\h
s£n@q�f l�h)(*� '�+ + (,$ C ' $ E ' G G?G ' $�-/.0. � § C=q��gl x fXoZm��!�ede�ZnHh �rl¢fXs¤f[¡eh � x l-l1� x nH¦r�tl-k°f�¥�l x l��n x k�or�¤u\h l¢�&stq 4/6�<08F§
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ÈÁst�Hl[q�0uvqZ� + ¡-½�qZ�X� #�� '�� ) f o�m��Áh ��uvh[¡[��n x l¢uHm��Á��u\h
��M # � ' $ & ) � x nHkY�Rh nZ$ & � +#5��+ K]'?G G G '���) A

" / # M )0f B / ��n x ;P+ K]'?G G G ' = ºð�@¼
�|nvh l�h ��uvh[¡6sÂ����n x u°m�l x h�uvstq[$ & � + q�n°��l[u@fXst¦r�tl���u\h
�²l�ÇgstfXh
f[¡rh
�rlp� x n@¦r�£l[k ��u@f=qrnHh|fXn@�£orh stnHqL§}�n>½�q��®u�fXn@�£orh stnHq!��n x h ��l x l[k�uHs£q�s£qr�°f or¦g~ÃfXl-h�nv�2�rl[fXh stq�u\h
s£n@q�f-¡\$�&�fX�rn@or�¤�!¦6l x l-k�n\�Hl¢�°� x nHk + §cgs£q�m-lH¡;h ��l1f or¦g~F� x uv���Pn x h �rl x nHogh
s£q���fXh x o�m"h
o x l1f nH�togh stnHqPnH��h
�rlÁÎ Ì Î � x nH¦��£l[kÊk�o�fXh���o��Â½��t�yºð�;¼"¡

h
�rs¤f�fXh x o�m�h o x lÁm-nHk��6n@f l[�°nH�2upf l�h�nH�L��l[u@fXst¦r�tl���uvh ��f0h
n>�gl¢fih
s£qZu\h stnHqZf0k°u`d°m�n@q;h
uvstq!m-dgm��tl[f[§2}·�rl¢fXl
m-dgm��tl[f��£l¢uH�²h
n x l[�go�q��ruvqZm�stl[f�¥��rl-qÆh �rl�fXh x o�m"h
o x l�stfÁo�f l[�¶h n®uHm��rstl-�@l�kpo��Âh
stm[uHfXh x nHogh
s£q���§�}·��u\h
s¤f·nH���Zn;fXl¢�Ph
n�h �rl�k�or�Âh
stm[uHfXh��r�rst�£n;fXn@�r�ed°¥��rstm��²uHs£k°f�h ��l�l�¯Pm�stl-q;h=o�f l1nv��kpor�£h s¤m-u@fih x l[f nHo x m�l¢f-§

132547698 :0;=<]<?>�@CB�8 D�EGF98 :^17N02?N�;�:_DR:'23`�DR:�EGK,:023a325:P:�SU@b1c`da"V
ÈÁst�Hl[qe�°uHq�� + ¡8½Zq��e� #f� 'U��)5' (�� 'U+ .g � ��n x ¥���stm���/ # � ) s¤f�k�stqrstkpork®§ /0s¤fÁu�m�n;fih1n x�tl-q��vh �>��orqZm"h stnHq°uHq��ps£hJm-uHq�¦Zl·h
�rl=f uHk�l��tl-q��vh �>��orqZm"h stnHq�¥��rs¤m���stf�oZfXl¢�p��n x »�n;cporqrs¤m-u@fih x nHogh
s£q��

�@s£�@l-q!¦;d :�§

/ # � ) + 14365/5h C Wjijiji W 9 # " / #
� )B / ) ¥��rl x l "0/1# � ),+ TUHV�W X5Y[Z0k "0/1#�%2'3(4)

º ; +DK�' G G?G`' =®ÄR¼ º �@¼

�|nvh
l°h ��uvh>f nHk�lPuH���gsÂh
s£�@lPk�l�h x s¤m-f�uHfp�rl-�¤u`dÆu x lPqrnHh�uH���gsÂh
s£�@l°��n x kpor�£h s¤m-u@fih>fXor¦r~D� x uH�r��f[§�}·�rl
f ork nH��h ��l��ts£q ³ �gl-�¤u`d°�\uv�torl[f�n@qPh ��lÁ�Zu\h �Zf0stq!u�kpo��Âh
stm[uHfXh�f or¦g~F� x uv���b� �gnel[f�qrnHh·m��Zu x uHm"h
l x s£µ[l
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h
�rl&»�n;cªm x sÂh
l x stuP��n x kpor�£h s¤m-u@fih x nHogh
s£q���§>¾�qr�td®h ��l>l[q��e~Dh nH~Dl[q��ª�gl[�tu`dgf�s£qÆh ��l�u@m-m-n x �gs£q��&��uvh ��f
u x lps£q;h l x l¢fih
s£q���§�}·�rl�Î w cg} n@�gh stk�s£µ¢u\h
s£n@qªm-uHqª¦6l�o�f l[�¶nHqr�td®s£qªh �rl�m-u@fXl�nv�0m-n@fXhX~F�£s ³ l�k�l-h x stm[f-¡
¥���l-q!h �rl�n\�@l x uv�t�6k�l-h x stm1�gl¢f m x st¦ZlÁh
�rl�m�n@k>k�orqrs¤m-uvh stnHq®m�n@fXh[§
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Ä�n x � 'U+ �@s£�@l-qL¡[½�q��X� #f� 'U� ) f o�m��Áh �Zu\h[¡[��n x l[uHm��1��uvh �AM # � ' $ & ) � x nHk ��h
n�$ & � +#���+ K�' G G?G`'��9) A

" / # M )Df B / ��n x ; +DK�' G?G G`' = uvq��0/XºNÎª¼0stf=k>stqrstkpork G º�6[�@¼
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}·��l�Î Ì Î � x n@¦r�tl-k �gl�½Zqrl[�°� x l[�;stnHoZfX�td°uvstk�fJh np½�q��!u x nHogh
s£qr��fih x o�m�h o x l�m-nHk��6n@f l[�°nH����l[uHf st¦r�£l
�Zu\h �Zf�� x nHkÒh �rl�f nHo x m�l�qrng�gl0h n1l[u@m����gl¢fih
s£q�uvh stnHq�f2qrng�gl¢f�sÂ�Zh �rl[d�l�Çgs¤fih�f-§�}·�rl·Î w cg}Éu\h h l[k>�rh
f2h n
k�stqrstk>stµ-l0h ��lJ� x l[f l-q;h l¢��qrn@qg~D�tstqrl[u x �tl-qr�Hh ����orqZm"h stnHq&/gh
� x n@or�H��nHogh�u=h x l-l0¥��rl x l[u@f�h ��l0Î Ì Î²¨bÎ
k�stqrstk>stµ-l¢f(/Zh � x nHo��H�rn@oghyu|��l¢uHf s£¦��£l x nHogh
s£q��1fXh x o�m�h o x lH§�Î²stqrs£k�stµ-stqr��f o�m��>u���orqZm"h stnHq���n x u�h x l-l�n x
x nHorh stqr�&fXh x o�m"h
o x l>�gnel[f�qrnvh1k°u\h�m��²h �rl>n x st�Hstq�uv��kpor�£h s¤m-u@fihÁ�r�rst�£n;fXn@�r�edH§ � q²�ðuHm�h[¡ x l[uv��kpor�£h s¤m-u@fih
x nHorh stqr���6nH�ts£h s¤m-fRuvstk°f�h �rl·k�s£q�s£k�stµ[u\h
s£n@q�nH�6uH�£�tngm-u\h
l[�pqrl�hi¥�n x
³1x l¢fXn@o x m-l[f[§L¨©s£h �rn@ogh0»�n;c�m x s£h l x s¤ur¡
h
�rl1nH�gh
s£k°uH�LfXn@�£ogh
s£n@q&��n x h �rs¤f�� x nH¦r�tl-k s¤f�h ��lpc;h l[s£qrl x h x l-lÁ¥��rs¤m��®m-nHq;h
uHs£qZfJh
�rl1k�s£qrstk°uv�Lm-n@fXh·nH�
q�l�hi¥�n x
³ �£stq ³ f-§ I ogh[¡Z¥��rl-qª»�n;c&qrl[l[�rf|nv��kpor�£h s¤m-u@fih=k�l-k�¦Zl x f·k�o�fXh|¦Zl�m-nHq�f s¤�gl x l[��¡rh �rl��@n@uv��nH�
u�kpo��Âh
stm[uHfXh=»�nec x n@ogh stqr�>uv�r� x n@u@m��Pm-uHq&¦6l�h
np½Zq��&u�k�s£qrstk°uv�8�rn@�!m�n@orq;h·f nH�togh
s£n@qP��or�£½��t�£stqr�>h �rl
�@s£�@l-qª»�n;c®m-nHq�fXh x uvstq;h
f[§���l[f �Zl¢m"h
s£qr�&h �rl¢fXl�m�nHqZfXs¤�gl x u\h
s£n@q�f[¡r¥0l�� x nH�6n@f l1h �rlp��n x kpor�¤u\h
s£n@q�nH�Rh �rl
��n@�£�tn\¥�stqr��n@�gh stk�s£µ¢u\h
s£n@q!� x nH¦��£l[k�§
¨¹l®uH�gn@�gh�h ��l�f
uvk�l&q�nvh
uvh stnHq�f[¡R�ede�ZnHh �rl¢fXs¤fpuHq��«�gl-½�qrs£h stnHq�f��Hst�Hl[q¬s£q¿� x l-�es£n@o�fpf l[m�h stnHq�f[§ � l�h

 # � ) ¦6l!h
�rl®qeorkp¦6l x nv���rnH��f>stq«h
�rl®kpor�£h s¤m-u@fih°f or¦g~F� x uv�r� � §R¨¹l®s£q;h x ng�go�m-l�uÆqrl-¥ k>l-h x stm
� / # � ) ¡eh �rl�m x s£h s¤m-uH���£l[qr�vh
�!nH��h
�rl�kpo��Âh
stm[uHfXh�f or¦g~F� x uv��� �Ê§ � / # � ) stf=�Hst�Hl-q!¦ed�A

� / # � ),+ 1 3 5
�� Z�� / # M # � ' $ & )�) º�6;6¢¼
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Ä�n x � '�+ �Hst�Hl-q�¡L½�q�� � #�� '�� ) f o�m��¹h ��uvhp��n x l[uHm����uvh �!M # � ' $�& ) � x n@k �Ph n $'& � +#�� +

K�' G?G G`'���) A
"0/�# M )gf B / ��n x ;P+DK]'?G G G ' = uHq�� 
 # � ) s¤f·k�s£q�s£k�ork G º�6¢�H¼

{ ��l[u@fXst¦r�tl�f or¦g~F� x uv���´fX�rn@or�¤�«f
u\h s¤fX��dÆh
�rl²m�n@q�fih x uHs£q;h�f�stq¿uv�t�·��u\h
��f[§&C|f s£qr�ªh �rl®k�l�h x s¤m � / # � )�rl�½�qrl¢��stq&º 676¢¼"¡`h
�rl0Î Ì Î²¨bÎ�� x nH¦��£l[k m[uvq�¦6ly��n x k�or�tuvh l¢��uHf�h �rl��gl�h
l x k>stq�uvh stnHq�nH�gu|kpor�£h s¤m-u@fih
f or¦g~F� x uv��� � f
u\h
stfX��des£q��®º�6[Ó;¼

� / # � )gf K uvq�� / # � ) stf�k�stqrstkpork G º�6[Ó@¼
C�fXstqr�®h
�rl � /·k�l�h x s¤mv¡�h ��l&Î Ì Î � Î.� x n@¦r�tl-k h
��u\h�¥0lP�Zu`�HlÁzio�fXh��gl�½Zqrl[�¬m-n x
x l¢fX�6nHq���fÁh n²½�qZ�
� ��� �H�0� f
u\h
stfX��des£q��®º�6-�e¼"§

� / # � )FfLK uvq�� 
 # � ) stf·k�stqrstkpork G º�6-�;¼
cenZ¡vh
n�fXork�k°u x stµ-lH¡@¥0l=m[uvq°�gl¢�go�m�l·h
��u\h�fXn@�£�estqr�Áh �rl=Î Ì Î�� x n@¦r�£l[k x l[f or�£h
f�stqPf uvh s¤fi��destqr�1h �rl

»�nec x l[¸;ors x l[k�l-q;h0nH��kpo��Âh
stm[uHfXh�k�l-k�¦Zl x f[§R}·�rl�Î w cg}^� x nH¦r�tl-k n@�gh stk�s£µ[l[f�nHqr�td&m-n@fXh0��orqZm"h stnHqZf-§
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Pareto
optimal
set

MCMLM

cl(M)cl=1cl(MCM)

h(MCMLM)

h(M)

h=h(MCM)

MCM = set of shortest paths

Ä2s£�@o x l�� A��=l-�¤u\h stnHq®¦6l�hi¥�l-l[q�Î Ì ÎÍuHq��!Î Ì Î � Î wyx nH¦r�tl-k°f�º , � ��¥�l-st�H�;h
f�¼

}·��l�Î Ì Î²¨bÎ nH�gh
s£k�stµ-l¢f|h
�rl�h nvh�uv�2¥0l[s£�@�;h�nv�Rh
�rl>kpor�£h s¤m-u@fih1fXor¦r~D� x uH�r�²¥��rst�£l�f uvh s¤fi��destqr�®»�nec
x l[¸;ors x l-k�l-q;h
f[§yÎ Ì Î � Î k>stqrstk�s£µ[l[f x l[f nHo x m-lÁuH�£�tngm-u\h
s£n@q�f�º��tstq ³ ogh
s£�tstµ[u\h
s£n@qZ¼·¥��rst�tl1��or�Â½Z�£�ts£q��°h �rl
»�necPq�l-l[��f-§
}�n�f �rn\¥ x l-�¤u\h
s£n@q�f �rs£�ª¦Zl-hi¥0l[l-q¶h
�rl°Î Ì ÎËuvq��¶h �rl°Î Ì Î � Î¬¡8¥0l>�Hst�Hl>stqÆÄ2s£�@o x l��!u&���tuHq

st�t�£o�fXh x u\h
s£n@q¬nv��h
�rl!�gs)�8l x l-q;h>f nH�togh stnHqZfpnH��h �rl¢fXl!� x n@¦r�tl-k°fpu@m-m�n x �rs£qr�®h
n¶h
�rl!m x s£h s¤m-uH�J�tl-qr�Hh � � /uHq��°h
n>h �rl1�rn@�!m�n@orq;h 
 §Jcen@�£ogh
s£n@q�f·�gl-��stm�h l[�!¦edP�6nHstq@h�f�s£q!h �rs¤f�f ��uHm-l���u`�@l��gs)�8l x l-q;h��rnH��m�nHo�q@h
uHq��²m x s£h s¤m-uv���£l[qr�vh
�¶�\uv�torl[f[§={=k�n@qr�Ph
�rl[f lpf nH�togh stnHq�f[¡Zh �rl x lpu x l�fXn@k>l�fXn@�£ogh
s£n@q�f=q�nvh��gn@k�s£q�uvh l¢�
¦edPnHh �rl x f�uHq���m�nHqZfih
sÂh
ogh l@¡�fXnZ¡eh �rl w u x l-h n>nH�gh
s£k°uv��fXl-h[§
� l�h	� f�m�n@q�fXs¤�gl x n@qrl0f nH�togh stnHq�º�������Z¼�nv��Î Ì Î � x n@¦r�tl-k ��u`�estqr��h ��l�k�stqrstk�uH�gm x sÂh
stm[uv�;�£l[qr�vh
�

º � / # ������ )�f�� / # � ) ��n x uH�£�Rf nH�togh stnHq�f)� nH�yh �rl x nHogh
s£qr��� x nH¦r�tl-kP¼�§pceo�m��Æu�f nH�togh stnHq¹m-uvqÆ¦Zl��n@orq��¿¦ed¿f nH�t�;stqr�Æh �rl¶Î Ì ¾ w ��n x uv�t�=�gl[fXh stq�u\h
s£n@q�f�o�f s£q��u¹k�or�Âh
sÂ~Ãm�n@q�fXh x uvstqrl[�¿fX�rn x h
l[fXh°��u\h
�
uH�£�@n x sÂh
�rk®§%��stf
m�n\�@l x s£qr�¶f nH�togh
s£n@q�f^���� B � � ��n x Î Ì Î � Î � x nH¦��£l[kÍm-nHq�f s¤fih�f�nHq´½�q��gstqr�Æu
f l[u x m��®uv�t�Hn x s£h ��k h ��uvh|f m[uvq�f=l�¯Pm�stl-q;h �tdPh
�rl x l[f l[u x m���fX��u@m�l@§J¨¹lpm-uHq�q�nvh s¤m�l1h
��u\h�h
�rs¤f x l[f l[u x m��
f ��u@m�lPm-uHq¦ZlP�tstk>s£h l¢�¹h n²h
�rl&f ��uHm-l°m�nHq;h�uvstqrs£q��¶fXor¦r~D� x uH�r��fX� ��u`�es£qr�²u²��nH�¬m�n@orq;h��£l¢f f1h
�rl-q

 # ���� � ) § � q;h
l x l[fXh stqr� x l[f l[u x m��°fX�ZuHm�l�stfJh ��l-qL¡e�ts£k�s£h l[�&¦ed�h
�rl1fXn@�£ogh
s£n@qb���� � ºðm-n x
x l¢fX�6nHq��g~stqr�ph n�h
�rlÁk>stqrstk°uv�8�\uv�torl|nH�Lh �rl1m x s£h s¤m-uv�6�tl-qr�Hh �Z¼Juvq��Ph �rl1fXn@�£orh stnHqb���� B � � ºNm�n x
x l[f �Zn@q��gstqr�
h
n�h �rlpk>stqrstk°uv����nH�²m�n@orq;h�¼"§�} x st�;s¤uv�t�tdPh ��l[f l��Zn@s£q;h
f|¦Zl[�£n@qr�@f�h n�h ��l w u x l�h n�n@�gh stk°uv��f l�h|stq®h ��stf
f ��u@m�l®º�s£�0h
�rl x lPu x l�k�or�£h st�r�£lPf nH�togh
s£n@q�f���n x h ��lPÎ Ì Î � x n@¦r�£l[k®¡LnHqrl�nH�0h
�rl-k s¤f�stqªh
�rl w u x l�h
n
n@�gh stk°uv��f l�h"¼"§�¨Æl�h �rstq ³ h ��uvh=h �rlpnvh ��l x f nH�togh stnHqZf�s£q�h
�rl w u x l�h
n°nH�gh
s£k°uv��fXl-h�u x l�uv�¤fXn°stq;h l x l[fXhX~
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stqr�Pm-nHk�� x nHk�stf stqr�PfXn@�£orh stnHq�f�¦�ogh|stq®h �rl���n@�£�tn\¥�stqr�°¥0l1��ngm-o�f=n@q¶uv�r� x n`Çgs£k°uvh l[��f nH�togh stnHq�f=nv��h �rl
Î Ì Î � Î � x nH¦r�tl-k®§

/10�/10�� + ��,ð� 8 �H�r�[� : Ù�; � Ù ��� 8369= A � Ù ��, Õ 
«�p� Õ � Ù , ��� 8 Ù 6
� q 4D6�<08D¡�h �rl>uvogh
�rn x f·� x n\�Hl[�!h
��u\h=h
�rl�½ x fXh=h � x l-l�� x n@¦r�£l[k°f=u x l�� w ~Ãm�n@k��r�£l-h l@§·}·��l-d®uv�¤fXnPf �rn\¥
h
��u\h|h ��uvh=h �rl�fXor¦r~D� x uH�r�[� f nH�togh stnHq²nH��h
�rl�Î Ì Î uvq��²Î Ì Î¶¨bÎÍ� x n@¦r�tl-k°f�s¤f=qrnHh|qrl[m-l[f
f u x d
u>h x l[l�¦rogh�h �rlpf nH�togh
s£n@q�nH��h
�rlpÎ w cg}Ïstf|uv�t¥�u`dgf�u>h x l-l@§ � q�h
�rlpf
uvk�l�¥·u`dH¡gnHq�lpm-uHq�� x n\�@l�h
��u\h
h
�rl°fXn@�£orh stnHqªnH�Jh
�rl°Î Ì Î � Î � x nH¦r�tl-kÑs¤f1qrnHh1q�l[m�l¢f f
u x d²uPh x l[lH§>}·�rl-d¶� x n@�Zn;fXl�uvq¹uv�t�Hn x s£h �rk
¥���stm��pf nH�t�Hl¢fLl-Çgu@m"h
�£d�h �rl·Î Ì Î � x n@¦r�tl-kÏuvq���uH�r� x n`Çgs£k°u\h
l[fLh �rl�Î Ì Î²¨bÎ�� x n@¦r�£l[k®§�}·�rl·f uHk�l
uH�£�@n x sÂh
�rk�m-uHq!¦6l�m�n@q�f st�gl x l¢�&u@f�uvq®uv�t�Hn x s£h �rk �@s£�@l-q!uHq�uH�r� x n@u@m��rl[�!fXn@�£ogh
s£n@q!nH��h
�rl�Î Ì Î � Î
� x n@¦r�£l[k®§�}·��stf=uH�£�@n x sÂh
�rk ¥�st�£�L¦6l��gs¤f m-o�f
fXl¢�&stq�h �rl�qrl-Çeh�f l[m�h stnHqL§

� � �������°��� ��É����,.�J���.����'�������	�®,
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Î¶or�Âh
s£���£l={��ruH�gh st�Hl�Î²o��Âh
s£�r�tl Ì nHqZfih x uHs£q;h
f���n@ogh stqr��{|�£�@n x sÂh
�rk ºðÎªuvk°m x u@¼�� x n\�est�gl¢f�fXn@�£ogh
s£n@q�f���n x
Î Ì Î�� x n@¦r�tl-kÐuHq��°m-uHq�¦Zl|m-nHq�f s¤�gl x l[��uHfJuvqPuv�t�Hn x s£h ��kÒ¥��rs¤m��PfXn@�£�@l·uH�r� x n`Çgs£k°u\h
l-�tdpÎ Ì Î²¨bÎ
� x n@¦r�£l[k 4D6�<>8F§·Î¶uvk°m x u�m�n@k>��ogh l¢f·h �rl�fXn@�£ogh
s£n@q®nv�2h �rl�k�or�£h st�r�£l�m�nHqZfih x uHs£qrl¢�&k�or�£h s¤m-uHfXh x nHogh
s£q��
� x n@¦r�£l[k�¦ed���nH�t�£n\¥�stqr��hi¥�n�fih
l-��f[§ � q�h �rl|½ x fih0fXh l[�L¡@h �rlÁfXl-h��¹nv�Lf �rn x h l¢fihJ�Zu\h �ZfR� x nHkÐh �rl|f nHo x m-l
q�ne�rlI�1h n°uH�£� � k�or�£h s¤m-uHfXh|�gl¢fih
s£q�uvh stnHq�k�l-kp¦6l x f�s¤f=m�n@k��rogh l¢��o�fXstqr�>h ��l�s£q;h x ng�go�m-l[�!qrnHqr~D�ts£q�l[u x�tl-q��vh �¶��orq�m"h
s£n@q /i§Á}·�rlpoZfXl¢�¶uv�t�Hn x s£h �rk�m�n x x l[f �6nHq��rf�h n&u&�£st�H�;h �td®k�ne�rsÂ½�l¢�²�Hl x f stnHq®nv�0cguHk°m x u
� x l¢fXl[q@h
l[�!s£q²f l[m�h stnHq¬ºN�r§/6@§ �@¼"§y}·�rl�f l[m-nHq���fih
l-�¶uHs£k°f�h ��l x l¢�go�m"h
s£n@q®nv�2h �rl x l[f or�£h stqr�°fXor¦r~D� x uH�r�
� f o�m��®h ��uvh=h ��l�n\�Hl x uH�£�8�tl-qr�Hh �®��orq�m�h stnHq¶s¤f x l[�goZm�l[�®¥�s£h ��nHogh|�estnH�¤u\h
s£qr�>h
�rl�m-nHq�fXh x uvstq;h
f[§ � stf
q�nvh=qrl¢m�l[f
f
u x d&u>h x l-l@§J�y�@l-q®sÂ�"� m�n x x l[f �Zn@q��rf0h n!u>h x l-lH¡rh �rs¤f�h x l[l�stf�q�nvh=qrl¢m�l[f
f
u x d&u�k�s£qrstk°uv�
�tl-q��vh ��h x l[lH§y}·�rs¤f·stf|�gorl1h n>h
�rl�� x l-l¢�gd&uv��� x n;uHm���uH�gn@�gh l¢�&¦ed°h
�rlpÎ¶uHk�m x u x l[�go�m�h stnHq®fih
l-�L§ � q
n x �rl x h n!�gl[m x l¢uHf l�h
�rlpq�l�hi¥�n x
³Px l¢f f nHo x m-l[f·o�f lH¡ZnHo x � x n@�Zn;fXs£h stnHq²m�n@q�m�l x qZf�h �rl�stk�� x n\�Hl-k�l[q@h=nH�
h
�rlJk�or�£h s¤m-uHfXhX~F� x uv��� x l¢�go�m"h
s£n@qL§2cgn|¥�lJ¥�st�£�g�gl¢uv�D¡¢stq�h
�rl x l[fXh�nH�rh ��stf2fXl¢m"h
s£n@qL¡\¥�sÂh
��h ��l0n@�gh stk�s£µ[s£qr�
fXh l[�L§

� 0324032 ? � Ù AJÕ �`� 8 Õ ���2� Õ ÚÅ� Ö + ��
´�H�`�Æ� Ù � Õ Ú��2�v� 8 Ù 6 �
}�n°fX�6l[m-sÂ��d&h �rl�n@�gh stk�s£µ[s£q��>� x ngm�l¢�go x lH¡eh
�rl�uvogh
�rn x f�nv�94/6�<>8 x l���l x l-qZm�l[��f nHk�l1� x n@�Zl x h
s£l¢f-§
{|ogh ��n x fym�n@q�fXs¤�gl x h ��uvhJhi¥�n���u\h
��fJM C # � ' $ C ) uHq�� M E # � ' $ E ) ��n x k+u�m�dgm��tlH¡@sÂ�L¦6nvh
�°��u\h
��fy�Zu`�Hl·hi¥�nq�ne�rl[fystq&m-nHk�k�nHqL§R} x st�estuH�£�tdH¡Hh �rl|½ x fXh0q�ne�rl|stq&m�n@k>k�n@q°stfyh �rl1fXn@o x m�l�qrng�gl)�H§ � ��h
�rl=hi¥�n���uvh ��f
�Zu`�Hl|k�n x l|h ��uHq&hi¥�npqrng�gl¢f�s£q®m�n@k>k�n@qL¡;h �rl x lÁstf·u>m�n@q�m-uvh l-qZu\h stnHq&nv��m-dem-�£l¢f0�rl�½�qrl¢�&¦edPu>fXl-h�nH�
m-nHk�k�nHq�qrng�gl[f�ºðqrng�gl[f�� / f o�m��²uHf·s£h=stf��gl[�rs¤m"h l¢��s£q²Ä2s£�@o x l1Ó;¼"§}·�rl1uvorh �rn x fJ� x n@�Zn;fXl¢�>h �rl�hi¥�n���nH�t�tn\¥�s£qr�p� x n@�Zl x h
s£l¢f|ºð� x n@�Zl x hid�6Áuvq��°� x n@�Zl x hid°�H¼J¥�stm��!u x l
� x n\�@l[�>s£q�4/6�<>88uHq��Pu x l=oZfXl¢�>h n x l[�ro�m�l�h
�rl1fXor¦r~D� x uH�r���nH¦gh�uvstqrl[��¦ed>h ��l=½ x fih�fih
l-�PnH��Î¶uvk°m x ur§

� �  *��O�#�R�^��� Ì nHq�f st�rl x hi¥�n1��u\h
��f,M C # � ' $ C ) uvqZ�^M E # � ' $ E ) ��n x k�stqr��u�m�dgm-�£l�¥�s£h ��h
�rl|m�n@k�k>n@qq�ne�rl��®h
��u\h=s¤f�k�n@fXh��rnH�Zf�u`¥�u`d�� x nHk �&ºðÄ2st�Ho x l1�;¼"§
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Ä2s£�@o x lÁÓ�A Ì nHq�m[u\h l[q�u\h
s£n@q&nH��m-dem-�£l¢f

� �. "�# M E # � ' $ E )�)��  "^# M E # � ' � )�) �  "^# M C # � ' � )�) f��  B h
�rl-q M E # � ' $ E ) k�u`dÅ¦6l x l x n@ogh l¢�Åh nM C # � ' � ) M E # � ' $ E ) ¥�sÂh
�rnHogh=�estnH�¤u\h
s£qr��h ��l�m�nHqZfih x uHs£q;h
f[§�|l x l�M C # � ' � ) M E # � ' $ E ) stq��gs¤m-u\h
l[f·h
�rl�m�n@q�m-uvh l[q�u\h
s£n@q!nH�2h
�rl1hi¥�n°��u\h
��f=uvqZ�&h
�rl x l-�¤u\h stnHq f �m-n x
x l¢fX�6nHqZ�rfyh
n�h �rl w u x l-h n��gnHk�stq�uvq�m-lH§

Ä2s£�@o x lÁ�FAR��l�~ x n@ogh stqr����uvh �!h � x nHor�@�!nHh �rl x �£stq ³ f·nv�2h ��l�kpor�£h s¤m-u@fih=f or¦g~F� x uv�r�

}·�rs¤f�� x nH�6l x hid¶s¤f1o�f l[�fXn�h
n x l[k>n\�@l>m-dgm��tl[f1nv��h ��l x l¢fXor�£h stqr�²k�or�Âh
stm[uHfXh�fXor¦r~D� x uH�r�L§�¨©�rl-q
x l-k�n\�estqr�>m-dgm��tl[f·s¤f·�Zn;f f s£¦��£l@¡eh �rl1h
nvh
uH�L¥�l-st�H�;h��@l[m�h n x s¤f x l[�go�m-l[��§

� �  *��O�#�R�� � ÈÁst�Hl-q¬u®��uvh � M # � ' $ ) ¥�s£h ��s£qh
�rlPm�n@q�fih x uHs£q;h�f1¥��rstm��¬m-nHq;h
uHs£q�fÁh
�rlPf or¦g~F��u\h
�M # � '��4) ¡@h �rl[q M # � '��*) uv�¤fXn��ts£l¢fy¥�s£h �rstq°h
�rl|m�n@q�fXh x uvstq@h�fR¦rogh�sÂh0stfJqrnvh�qrl[m-l[f
f u x d�h
�rl�f �rn x h
l[fXhy��u\h
�� x nHk qrng�glI�Áh n°q�ne�rl � §wyx nH�6l x hid¹��m[uvq¦ZlPuH�r�r�ts£l¢�Æh n¶f s£k��r�tsÂ��dÆh ��l°l�Çruvk�stq�u\h
s£n@qÆnH�·�gl¢fih
s£qZu\h stnHqqrng�gl¢f�¥��rs¤m��¬u x l
¥�s£h ��s£qªuP�tu x �@l x ��uvh �®h n\¥·u x �®u�½�q�uH���gl¢fih
s£qZu\h stnHq�§ � l�h�o�f|f or�r�6n@f l�h �Zu\h|h
�rl�qrng�gl � x l���l x l[q�m�l¢���l x l�s¤f·u>�rl[fXh stq�u\h
s£n@q&nv��h �rl1k�or�Âh
stm[uHfXh�� x n@or�L§Rcen�¡eh
�rl�fXo�¦g~D�Zu\h ��M # � '��4) ��or�£½��t�tf�h
�rl�m�nHqZfih x uHs£q;h
fuHq��ªm[uvqÆ¦Zl>o�f l[�ªh n x l¢uHm��ª�gl¢fih
s£qZu\h stnHq � § � �yh ��l�f �rn x h
l[fXhÁ��uvh �ª��n x � s£q �©s¤f�u&�Zu\h �¹�gs)�6l x l[q@h� x nHk M # � '��4) ¡�sÂh|m[uvq�¦Zl x l-k�n\�Hl¢�°� x nHk �«¥�s£h �rn@ogh|uH�r�rsÂh
s£n@q�uv�Lm-nHk��rogh�u\h stnHqZf-§
� q1h
�rly��n@�£�tn\¥�s£q���¡-¥�lJ�gl¢f m x st¦6lRh �rl0uv�r�r�ts¤m-u\h
s£n@q1nv�eh �rl¢fXlJ� x n@�Zl x h
s£l¢f�stq1h �rl x l¢�go�m"h
s£n@q�uv�t�Hn x s£h �rk

nH�2Î¶uHk°m x ur§

� 03240�/ + ��
«�v�\�ª� Õ Ú����H� 8 Ù 6 A � Ù � Õ Ú���� Õ
}·��l>�@n@uH�2nH�Jh
�rl x l¢�go�m�h stnHqÆfXh l[�stfÁh
n�n@¦gh
uHs£qu�fXor¦r~D� x uH�r�e� � x n@kÑh �rl°f l�h �b¦;dªnHk�sÂh h stqr�¶uHf
k°uHq;d®m�dgm-�£l¢f=uHf|�Zn;f f s£¦��£l�¥�s£h ��nHoghÁ�;stnH�¤u\h
s£q���h �rl>m�nHqZfih x uHs£q;h
f[§·}·�rlp� x ngm�l¢�go x l�stf|n x �@uvq�s£µ[l[��s£q¶u
� x l[l[�gd&k�uHqrqrl x §·}·�rl���uvh ��f|s£q®h
�rlpf l�h��Åu x l1l-ÇguHk�s£qrl¢�®nHqrl�uv�Àh l x h ��l�nvh
�rl x uHq��²u x l�uH�r�rl[��h n
�Ê§Á¨©�rst�£l �©s¤f|q�nvh�l[k��ghidH¡6h ��l>uH�£�@n x sÂh
�rk%m���n;n;fXl¢f�h
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f u x st�£d´h nh ��l²¦Zl¢fihÆºðn x ��l¢uHf s£¦r�tl¢¼
x l[�ro�m"h
s£n@qL§

� � ��B�/�O, �	������, �B��� �;0�#� ���� 	���� �(�/� ���
� �;�O�����
�����!�"���� >�7�#� �
� �#�"�7� ��	 �G� �;�O�/�O� =
{©f l[m-nHq��p� x n@¦r�tl-kÒqrnHhym��tl[u x �td1h x l[u\h
l[��s£q�Î¶uHk�m x uÁuv�t�Hn x s£h ��k stf x uvs¤f l[��¥���l-q�fXor¦r~D��uvh ��fRm[uvqg~

�rst�ruvh l�h
n°h ��lp�gl-�tl�h
s£n@q¶m�n@q@h�uvstq²�gl[fXh stq�u\h
s£n@q²k�l-kp¦6l x f[§·}�n°l�Çg�6n@f l�h ��stf|� x n@¦r�tl-k®¡��tl�h � f�m�nHqZfXs¤�gl x
h
�rl°l�ÇruHk>���£l�stq´Ä�st�Ho x l5:r§&cgor�r�6n@f l�h ��uvh�qrng�glg$²¦6l-�tnHqr�;fÁh n®h ��l°kpor�£h s¤m-u@fih�� x n@or�L§&cenZ¡�¥��rl[q
u@�r�gstqr��h ��l���u\h
�M C uvq��®u\�Àh
l x uv�r�r�tdes£q�� wyx n@�Zl x hid®�>nv�RÎ¶uvk°m x u�� x ngm�l¢�go x lH¡r��uvh �²stq�h �rl>fXl-h �
� x nHk f nHo x m-l�qrng�glg�>h
n!q�ne�rlW$®k�o�fXh1¦6l x l-k�n\�Hl¢��§p}·�rl x l-��n x lH¡8h ��l>n@qr�td²¥�u`d®h
n x l[u@m�� $�� x nHk
�!s¤f�h
� x nHor�@�¬��u\h
� M C §¹¨©�rl-qÉuH�r�gstqr� M E uvq��¬stq´h
�rl!m[uHf l&nH� x l x n@ogh stqr� M C h
� x n@or�H� M E ¡Rh �rl
x l-k�n\�@l[��fXor¦r~D��uvh �¶m-n x
x l¢fX�6nHq���f�h n # � ' $ '�� ) §=�=l-k�n\�es£qr�Pf o�m��¶uPf or¦g~F��uvh �²s¤fXq&� h|�6n@f
fXst¦r�tlpuHf=sÂhÁstfoZfXl¢��h n x l[u@m���q�ne�rl%$Z§�¾�qr�£d!h ��lp��u x h # $ '�� ) nH��h �rs¤f�f or¦g~F��uvh �¶m-uHq²¦ZlpnHk�sÂh h l¢��§|}·�rl x l[�ro�m"h
s£n@q�6n@f
f s£¦rst�tsÂh
s£l¢f�¥��rstm��¿kpo�fXh°¦Zl¶fXh oZ�gs£l¢�¿uHq��Ém�nHk���u x l¢�«u x l7A!�gl[�£l-h stnHqÉnv� # ��'	��'�� ) n x �gl-�tl�h
s£n@q¿nH�# $ '�� ) ¡Z�gl-�6l-q��rs£qr�°n@q!¥���l�h ��l x=wyx nH�6l x hid�6�s¤f x l¢fX�6l[m�h l[�!n x q�nvh[§

� � ��B�/�O,�������	�� �B�B�/���O���"�� ����7�O�  h ���=��,-�
� ��� *�����	=� �
��� ���B�����#� ��	 � ���#�#�������
�='C�#�!�#���B�������?=
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a b

d1 d2

1
4

6
1

1
1

1
5

5
1

Ä�st�Ho x l <(Ay}�¥�n�f �rn x h
l[fXh���uvh ��f=o�fXlÁh
�rl�f uHk�lÁl¢�g�Hl1stq�h �rl�n@�r�Zn;fXs£h l��gs x l[m"h
s£n@q

{|qrnvh
�rl x � x nH¦r�tl-k.nv��h
�rlÆm-dgm��tlªl-�tstk>stq�uvh stnHqb� x ngm�l¢�go x l¶nv�pÎ¶uHk°m x u¬stf&h �Zu\h&h
�rlªn x �rl x nH�
l-Çruvk�s£q�l[�!��u\h
��f�m-uHq!stqg±�orl[q�m�l1h
�rl�l�¯Pm-s£l[q�m�dPnH��h
�rl�� x ngm�l[�ro x l@§2Î¶n x lÁ� x l¢m�s¤fXl[�£�tdH¡eh
�rl1�£l[qr�vh
��nH�
h
�rl=½Zq�uv�t�£d���nHo�q��PfXh x o�m"h
o x l�uvq���h
�rl|qeork�¦Zl x nH�8�tstq ³ fJstq°h ��stf�fih x oZm"h o x l|�rl-�6l-q��°n@q�h �rlÁfXl[�£l¢m"h
s£n@q
n x �rl x nv�2��u\h
��f�stq ��§
�y�@l-q©s£��h �rl¹fXl[�£l¢m"h
s£n@q x l[f �6l[m"h�f°h
�rl¶n x �gl x �gl�½Zqrl[�Åstq^Î¶uHk�m x u�¡·s£qbm[uHf l[f°¥��rl[q©kpor�£h s¤m-u@fih

�rl[fXh stq�u\h
s£n@q�qeork�¦Zl x nHq�h �rl���uvh �°uvqZ�p��uvh �>�£l[qr�vh
�°u x lJh
�rl=f uHk�l0��n x fXl[�Hl x uH�@��uvh ��f[¡vh
�rl�fXl[�£l¢m"h
s£n@q
n x �rl x s£qr±�orl-qZm�l[f�h
�rl�nH¦rh
uvstqrl¢� x l[f or�Âh¢§y}�n�st�£�to�fXh x u\h
lH¡g�tl�h�o�f�f or�r�6n@f l�h
��u\h�hi¥�n>��u\h
��f0M C uHq���M E
m-nHq;h
uHs£q«h �rl®f
uvk�l!qeork�¦Zl x nv���rl[fXh stq�u\h
s£n@q«qrng�gl¢f²ºÀ��n x l-ÇguHk��r�£l�nHq��£d¬n@qrl¢¼�uvq��«h ��l x l�u x l!h �rl
f
uvk�l¶�tl-q��vh �Åh
nen�§�ceo�m��buHq©l�Çruvk��r�tl¶s¤fPst�£�to�fXh x u\h
l[�Åstq^Ä2s£�@o x lÆ�r§ � l-h!o�f!fXor���Zn;fXl²h
��u\h!h �rl
m-nHq�fXh x uvstq;hP�Hl¢m"h n x s¤f  B + - K[?4'ZK[? @ stq©h �rs¤f�m-uHf lªuHq��Åh �Zu\h�Îªuvk°m x u´m��rnen@f l[f°h �rlÆ��u\h
� M C u\h½ x fXh�h
n�u@�r�²h
n��Ê§p¨©�rl-qÆh �rl�uH���¶nv�gM E s¤f�l-Çruvk�s£q�l[��¡Lf s£qZm�l. "�# M C # � ' � C )�) �  "�# M E # � C ' $ E )�) +- K�� '�� @ ¡@h �rl1m�n@q�m-uvh l[q�u\h
s£n@qPnv��M C # � ' � C ) uvq�� M E # � C ' $ E ) �rn;l¢f�qrnvh�m�n x x l[f �Zn@q��>h n�up��l[uHf st¦r�£lÁ��uvh �L§cgnÆh
�rl x l[k�n\�Hl�nv� M E # � ' � C ) s¤f�qrnvh°�6n@f
fXst¦r�tl®uHq�� � m�n@q;h
uvstq�f>¦6nvh � M C uvq�� M E § � �ÁÎ¶uHk°m x um���n;n;fXl¢f$M E u\hp½ x fXh[¡JuHq��¬h
�rl®uH�r�«nv� M C s¤f>l�Çruvk�stqrl[�«u\h°uªf l[m�n@q��¬h
s£k�l@¡ynHqrl®m-uHq«fXh
u\h
l&h
��u\h "�# M E # � ' � C )3) �  "�# M C # � C ' $ C )3)J+ - � '"K K @ ¡ruvq���M C # � ' � C ) m[uvq�¦Zl x l-k�n\�@l[��§}·�rs¤f�� x nH¦r�tl-k l �6l¢m"h�f�h
�rl x l¢fXo��Âh
s£qr�1fXh x o�m"h
o x l�qrnHh2n@qr�£d�¥���l-q>l�Çruvk�stqrs£q��Ám-dem-�£l�l-�tstk>stq�uvh stnHqpnH�
h
�rl�hi¥0nÁm�n@q�fXs¤�gl x l¢����uvh ��f2¦roghyuH�tf n|h
�rl·l-�ts£k�stq�u\h
s£n@qpnH�Zuv�t�eh �rl�m-dem-�£l¢f�stqe�Hn@�£�@l[��¦edpuH�£�;h ��l·f �rn x h
l[fXh
�Zu\h �Zf-§�}�n¶��s£�@�r�£st�H�;h�h
�rstfps£qr±�orl-qZm�lH¡2�tl�hpo�fpm�nHqZfXs¤�gl x h �rlPl-Çruvk��r�tl°�Hst�Hl-q¹stq´Ä�st�Ho x l �®¥��rl x lPÓ
�Zu\h �Zf�º>M C ' M E ' M��`¼RnH��st�rl-q;h s¤m-uH�Z�tl-qr�Hh �&uHq��°¥�s£h �&h �rl1f uHk�l=qeorkp¦6l x nv��k�l[kp¦6l x f0u x l|m-nHq�f s¤�gl x l[��§¨¹l�� x n@�Zn;fXl&h nm�n@k>�Zu x lPhi¥�nÆf
m�l-qZu x s£sD§ � q´h ��l!½ x fXh>m[uHf lH¡y�tl�h�o�f�fXo��r�Zn;fXl!h �Zu\h>h �rl®fXl[�£l¢m"h
s£n@q
n x �rl x s¤fFM C ¡*M E uvq�� M��H§ � l�h0oZf0f or�r�6n@f l=h
��u\h  "�# M E # � ' $ E )�) �  "�# M E # � ' � C )3) �  "�# M C # � ' � C )3)	� �  BuHq��ÉfXn¬m�dgm-�£l®l-�tstk>stq�uvh stnHqÉstf�qrnHh°�Zn;f f s£¦��£l®¥��rl[q M E s¤f°uH�r�gl¢�´h
n M C §©{�h°uf l[m-nHq��«h stk�lH¡DM��
s¤f�uH���gl[�Æh n �Ê§ � l�h�o�fpfXor���Zn;fXl>h �Zu\h  "�# M C # � ' $ C )3) �  "�# M C # � ' � E )3) �  "^# M � # � ' � E )3)^f �  B uvqZ�
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S X

d2

2

5

6

3

3

6

7

4

P 2

Ä2s£�@o x l1��A Ì uHf lÁnH��hi¥�n>��u\h
��f�¥�s£h ��h �rl�f
uvk�l�m�n@q��gs£h stnHq!��n x f l-�tl[m�h stnHq

 "�# M � # � ' $ � )3) �  "�# M � # � ' � E )3) �  "�# M C # � ' � E )3)�f �  B §�}·��l-q�M � # � ' � E ) m-uHq¶¦Zl x l-k�n\�Hl¢��� x n@k�h �rlfXh x o�m�h o x lH§
� q«h �rl²f l[m�n@q��´f
m�l[q�u x s£nZ¡��£l-h�oZf>f or�r�6n@f lPh
��u\h>h ��l®f l-�tl[m�h stnHq´n x �rl x m�n x
x l[f �Zn@q��rf�h
n M � ¡FM C

uHq��NM E h �rl[q®h �rl x l�s¤f=u x l[�go�m�h stnHq®¥��rl[qNM C s¤f=uH���gl[�!h n M � u@f�M C # � ' � E ) m-uvq®¦6l x l-k�n\�Hl¢�°� x nHkh
�rl°fih x oZm"h o x l°uvqZ� $ C stf x l¢uHm��rl¢�²h � x n@or�H�ªh �rl°��uvh � M � # � ' � E ) M C # � E ' $ C ) §�¨©�rl[q¬uH�r�gstqr� M E ¡�um-dgm��tl # � ' � E ' � C ' � ) uv�r�6l[u x f�uHq��¹h �rlPuH�r�r�tstm[u\h
s£n@q¹nH� wJx n@�Zl x hid?6Pm[uvq¬�gl-h l x k�s£q�l°¥��rstm����u x h�nH�
h
�rl�m�dgm-�£l�m[uvq®¦Zl x l-k�n\�@l[��§ � l�h|o�f|fXor���Zn;fXl@¡g��n x h
�rstf�m-u@fXl@¡eh ��uvh  "$# M E # � ' $ E )�) �  "$# M E # � ' � C )�) � "�# M�� # � ' � E )3) �  "^# M C # � E ' � C )�)gf �  B uHq��°fXn�M E # � ' � C ) m-uvq°¦6l x l-k�n\�@l[��§�¨ÆlÁm-uvq°q�nvh s¤m�l=h ��uvhJh ��stfx l[�ro�m"h
s£n@q²¥�u@f=qrnHh|�Zn;f f st¦r�£l�¥��rl-qM E ¥�u@f=m�n@k>�Zu x l[��h n M C uvq���h
��u\h � f�¥��ed&h
�rl�m-dgm��tl�m-uHq²qrnvh
¦6l x l-k�n\�Hl¢�Pstq!h
�rlÁ½ x fih|f
m�l[q�u x s£nZ§
ÈÁl[qrl x uv�t�£d@¡g¥0l1m-uHq�fXh
uvh lÁh �Zu\h·h �rl�f l-�tl[m�h stnHq�n x �gl x nv�2��u\h
��f·stq �«s£qr±�orl-qZm�l[f�h
�rl x l¢fXo��Âh�¥��rl[q

wJx n@�Zl x hid 6¶uHq�� wyx nH�6l x hid¿�u x l²o�f l[�¿h n´u@m��rstl-�Hl x l[�goZm"h stnHqÅnH�Áh
�rl¶k�or�Âh
sÂ~Ãm�n@q�fXh x uvstqrl[� x n@oghX~
stqr�¶fXh x o�m"h
o x lH§&{��r�rs£qr�ª��u\h
��f�uvqZ� x l-k�n\�estqr� x l¢�gorq��ruHq�m�stl[f1stq�m x l[k>l[q;h
uv�t�tdªk°u`d¶� x l-�@l-q;hpfXn@k�l
x l-k�n\�\uv�6h
��u\h|m[uvq�¦Zl�u@m��rs£l[�Hl¢�Ps£�2nHh �rl x ��u\h
��f���u`�@l�¦6l-l[q®u@�r�gl¢��§


�� 
 '�,�
 
 � )��*%��7% , ) � � � ��� � ���
}·��l�f l[m�n@q��°fXh l-�°nH��Î¶uvk°m x u�uHs£k°fyh n x l[�ro�m�l�h
�rl�f l�h�nv��kpo��Âh
sÂ~Ãm�n@q�fih x uHs£q;hJ�Zu\h �ZfJm�n@k��rogh l¢��� x nHk
h
�rl1fXn@o x m-l|qrng�gl��h nph �rl � �gl[fXh stq�uvh stnHqPqrng�gl¢f�s£q!n x �gl x h n>� x n\�;s¤�gl|up��l[u@fXst¦r�tl�f nH�togh stnHq!nv��Î Ì Î� x n@¦r�£l[kÑuvq��¶uHqÆuH�r� x n`Çestk°u\h
l[�®fXn@�£orh stnHq¶h
n!Î Ì Î¶¨bÎ uvqZ�ªÎ Ì Î � Î � x nH¦r�tl-k°f[§�}·�rlp� x l[l[�gd
uH�£�@n x sÂh
�rk � x n@�Zn;fXl¢�¹h n¹l-�ts£k�stq�u\h
l!m-dem-�£l¢fp� x l¢fXl[q@h�f�f nHk�l�� x u`¥�¦ZuHm ³ f1h �Zu\h°m-uvq«¦Zl x l¢fXo�k>l¢�´uHf
��n@�£�tn\¥=f[§

� }·�rl1½ x fih�� x nH¦��£l[k s¤f x uHstf l[�!¥��rl-q®m�dgm-�£l¢f�u x l x l-k�n\�@l[��§ � q®Î¶uvk°m x ur¡gn@qr�tdPnHqrl1�6n@f
fXst¦rst�£s£hidstf|m��rl[m ³ l[�°h
n°l-�ts£k�stq�u\h
l�u>m-dgm��tlH§
� }·�rl�f l[m-nHq��>� x nH¦��£l[kÐs¤f x uvs¤fXl¢�>¥��rl-q&f nHk�l��ts£q ³ f�u x l�o�f l[��¦ed��gs �8l x l-q;hJ�Zu\h �Zfystq°h �rl�nH�r�6nv~fXs£h l��rs x l[m�h stnHqL§J}·��l�m x sÂh
l x s£n@q�m��rn@stm-l1nv�Rm�nHk�k�nHq�qrng�gl¢f�s£q�h
�rl���uvh � x l¢�go�m�h stnHq®uv�t�Hn x s£h �rk
fX��nHor�¤��¦Zl�f �Zl¢m�s£½�l[��uvqZ�&h
�rs¤f=m x sÂh
l x s£n@q&stqg±�orl[q�m�l¢f·h ��l x l¢�go�m�l¢�!fXh x o�m�h o x lH§
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P 1

P 2

P 2

S X 1

d2

d1

X 2

d3

S X 1

d2

d1

S X 1

d2

d1

X 2

d3

S

d1

X 2

d3

S X 1

d2

d1

X 2

d3

S X 1

d2

d1

X 2

d3

S X 1

d2

d1

X 2

d3

c yc le (s ,X 1) c an not be removed

A dd P 3

c yc le (s ,X 2) c an be removed

Delete P 3(s ,X 2)

cyc le (s ,X 2) can  be removed

Delete P 1(s ,X 2)

A dd P 2

A dd P 1 then P 2 then P 3 A dd P 3 then P 1 then P 2

cyc le (s ,X 1) can be removed

Delete P 2(s ,X 2)

Ä�st�Ho x l � AR{ f s£k��r�tl�m-u@fXl1nH��h � x l[lÁ�Zu\h �Zf·h n°uH���&h
ng�
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� }·�rl�h �rs x �«� x nH¦��£l[k stf�h
�rl®l-�Hl[q;h o�uH��l-ÇgstfXh l[q�m�l®nv�Ás£q;h
l x k>l¢�gs¤u\h l®�gl¢fih
s£q�uvh stnHqÉqrng�gl[f>stqÉu��u\h
�L§ÒÈÁl-qrl x uH�£�tdH¡·n@qr�£dÉu¬��u x hPnH�Áh
�rlªf or¦©��uvh ��fPm-nHk��6n@f s£qr�´u«m�dgm��tl¶m-uHqÉ¦6l x l-k�n\�@l[�
qrnvh�h
n²u �8l[m"h1h
�rl x l¢m�l[�gh stnHq¹nv�0h �rl°stq;h l x k�l[�gs¤u\h
l�qrng�gl[f[§°Î²or�£h st�r�£l°�6n@f
f s£¦rst�tsÂh
s£l¢f1kpo�fXh�¦Zl
l�Çruvk�stqrl[�L§

� }·�rl��¤uHfXhy� x n@¦r�tl-kÒs¤f�h ��l�n x �gl x u@�gnH�gh
l[��h n x l-k�n\�Hl�m-dem-�£l¢f�s£qr±�orl-qZm�l[fRh �rl�qeork�¦Zl x nv��m�dgm��tl[fx l[k�n\�Hl[�L§�}·��uvh�s¤fy�go�l·h nÁh �rl�stq�m x l[k>l[q;h
uv�ruH�r� x n@u@m���nv��Î¶uvk°m x u�o�f l[�>s£q x l-k�n\�es£q��Ám-dem-�£l¢f-§
}·�rl�½ x fih�h � x l[l|� x nH¦r�tl-k°f�m-uHq&¦6l�l¢uHf s£�td x l¢fXn@�£�@l[��¦ed�k�u ³ s£qr�>�tsÂh h �tl�k�ng�gs£½Zm-uvh stnHqPh
n�Î¶uHk°m x u

� x ngm�l¢�go x lR¥�sÂh
�rnHorh2m���uHqr�Hstqr��Î¶uvk°m x u·� x stq�m�st�r�tl[f[§ I ogh�h
n�h
u@m ³ �£l�h
�rlJ�¤uHfXh�� x nH¦r�tl-k®¡[h �rl�uv�r� x n;uHm��
k�o�fXh·¦6l x l-�es£l[¥0l¢�&¥���nH�t�£d&uHq���u��H�tnH¦�uH�6n@�gh stk�s£µ¢u\h
s£n@q!� x ngm�l¢�go x lÁs¤f·qrl[l[�gl¢��§

I l���n x l�� x n@�Zn;fXstqr�°uv�t�Hn x s£h �rk°f·stk�� x n\�estqr�°Î¶uvk°m x u x l[�go�m�h stnHq®� x ngm�l[�ro x l@¡r¥�l�kpo�fXh=½ x fih���n x ~
k�or�¤u\h lÁh
�rl�� x nH¦r�tl-k�nH�2n@�gh stk�s£µ[s£q��>k�or�£h s¤m-uHfXh=fXo�¦g~D� x uH�r�L§
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{�f&s£h®stf!� x l[f l-q;h l¢�©s£qbh �rl¹� x l-�es£n@o�f&f l[m�h stnHqL¡�Î¶uvk°m x u´m-nHk��rogh
l[f�u«f l�h®nv����l[u@fXst¦r�tlª��uvh ��f&h n
h
�rl¶�gl¢fih
s£q�uvh stnHq�f�nH�1u¹�@s£�@l-qÉkpor�£h s¤m-u@fih°� x nHo��L§b}·�rs¤f°fXl-h&m-uvqÅm�n@q;h
uvstq x l¢�gorq��ruHq�m�stl[f°uHq��¿h �rl
�rs£k�stq;orh stnHq´nH��h
�rl!f l�h�nv�=o�f l[��ts£q ³ f�s¤f�stq@h
l x l[fXh stqr�²h
nªfX�Zu x lPqrl�hi¥�n x
³ªx l[f nHo x m-l[f[§�}·�rl�fXl¢m�n@q��
fXh l[�nv��Î¶uvk°m x u�l�Çgl[m-ogh l¢f�u²f s£k��r�tl°� x l-l¢�gdªuv�t�Hn x s£h ��kÑh n¶�gstk�s£q�stf �h �rl!fXl-h�nv�·o�fXl¢�¹�£stq ³ f�uvqZ�
f nPs£h�s¤f|q�nvh�n@�gh stk°uv�D§=�y�ts£k�stq�u\h
s£q�� x l[�gorqZ�ruvq�m-s£l¢f�� x nHk$h �rl>kpo��Âh
sÂ~Ãm�n@q�fih x uHs£q;h=k�or�Âh
stm[uHfXh x nHogh
s£q��
fXh x o�m�h o x l�m-uvq�¦6l1��n x kpor�¤u\h
l[��uHf�uvq�nH�rh stk>stµ[uvh stnHq�� x nH¦r�tl-k®§
� q&h �rs¤f�fXl¢m"h
s£n@qL¡@¥�lÁ� x n@�Zn;fXlÁu���n x k�or�tuvh stnHqPnH�Lh ��l�¾��gh
s£k°uH�8Î¶or�Âh
stm[uHfXh�cgor¦g~iÈ x uH�r� wyx nH¦r�tl-k®§

{�fJs£h·¥�s£�t�Z¦6l1�gstf
m�oZf f l[�°stq°h
�rl|��n@�£�tn\¥�stqr��¡@h �rl�� x nH¦r�tl-k+s¤f0� w ~Fm-nHk��r�tl�h
lH¡gfXn�¥0lÁuvq�uH�£deµ[l|�gs)�6l x l[q@h
uH�r� x n@u@m��rl[fJh n°f nH�t�Hl�uv�r� x n`Çgstk�uvh l[�£d>h ��stf�� x n@¦r�£l[k®§
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ÈÁl[qrl x uv�t�tdH¡H�tl�h0o�fJf or�r�6n@f l·h ��uvh�u�f l�hJnH�8��l[uHf st¦r�£l|��u\h
��f�h n�h �rl|�rl[fXh stq�u\h
s£n@q�fynH��u1k�or�£h s¤m-uHfXhJ� x n@or�
s¤f�u`�`uHs£�¤uv¦��£lpº���n x l�ÇruHk>���£l7A�h
�rlÁf l�h�nv���-fX��n x h l[fXhJ��uvh ��f��=m-nHk��rogh
l[�&¦;dPcguHk°m x u@¼"§y¾�o x �Hn;uv��s¤f0h �rl
�@�£n@¦�uv�Rn@�gh stk�s£µ¢u\h
s£n@q¬nv��h �rs¤fpf l�h0A x l-k�n\�Hl>h ��lPk�n x l x l¢�gorq��ruHq�m�stl[f�¥�sÂh
�rnHogh��;stnH�¤u\h
s£q��®h �rl�»�nec
m-nHq�fXh x uvstq;h
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n!l¢uHm��ª�rl[fXh stq�u\h
s£n@qL§�}·�rl>�Hn@uH��s¤f�h n!½�q��e� u&f or¦g~F� x uv�r�ªnv�FO � nH�rh stk>stµ-stqr�º�k�stqrs£k�stµ-stqr�;¼ÁuHq
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x l¢fX�6nHq���qrl[m-l[f
f u x st�£d
h
n>h �rl�f nH�togh stnHq�nv�2h ��l�� x n@¦r�tl-k°f�Î Ì Î²¨bÎ n x Î Ì Î � Î l-�@l-q�sÂ�2h ��l�fXor¦r~D� x uH�r� O �®s¤f=m x l¢u\h l¢�
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n@q&h
�rl�¦�u@fXl1nv�2h ��l�fX�rn x h
l[fXh���u\h
��f-§R}�n°s£�t�to�fih x uvh lÁh �Zu\h[¡��£l-h�h �rl1h
nH�6nH�tnH�Hd°�@s£�@l-q�s£q²Ä2st�Ho x l 6[�>¦Zl
oZfXl¢��§ � �Lh �rl1f �rn x h l¢fihJ�Zu\h �Zf0u x lÁm�nHk��rorh l[�°� x n@k+h �rlÁfXn@o x m-lT�|h nph �rl1�gl¢fih
s£q�uvh stnHq�f $ C uHq��g$ E ¦ed
h
�rl=orq�stm[uHfXh�»�n;c x n@ogh stqr��uv�t�Hn x s£h ��k h �rl[q�h �rl�fXor¦r~D� x uH�r�^O � + (�M C +.# � '���' $ C )5' M E +.# � ' � ' $ E ) .s¤f�n@¦gh
uHs£q�l[�uHf1h
�rl!f l�h�nv�·��l[u@fXst¦r�tl°��u\h
��f-§²}·�rl!fX�rn x h
l[fXh�kpor�£h s¤m-u@fih>fih x o�m�h o x l¶ºðf nH�togh
s£n@q¬nv�·h �rl
Î Ì Î²¨bÎ uvq��uH�tf n�h �rlPÎ Ì Î � Î.� x nH¦r�tl-k s£qh
�rstfpm-uHf l¢¼1m-n x
x l¢fX�6nHqZ�rf�h n®h ��l°h x l-l°o�f stqr�®h �rl
m-l-q;h x uv�gq�ne�rl � §�}·�rstfyh x l-l=s¤fRn@ogh
f st�rl=nv�6h �rl|� x uv�r� O ��¡;f n�sÂh�m-uvq�qrnHhJ¦6l���nHorqZ��¦;d>uvqed x l[�ro�m"h
s£n@q� x nHk O �L§
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Ä2st�Ho x l 6[� Ayce��n x h l[fXh���u\h
��f�fXh x o�m"h
o x l1�gf|ce��n x h l[fXh�kpor�£h s¤m-u@fih=fXh x o�m"h
o x l

� q¹nHo x uvqZuv�tdef s¤f-¡Zh �rl°fXh
u x hÁ�Zn@s£q;h1stf1uvq¹u x ¦rs£h x u x d�f l�h �©nH�y��l[u@fXst¦r�tlp��uvh ��f1uvqZ�²h ��l�stqe�HnH�t�Hl¢�
� x uH�r��O � §Rcen�¡vn@o x nH¦rzil[m"h
s£�@l�m[uvq>qrnvhR¦6l·h nÁ½�q���h
�rl·nH�gh
s£k°uv�rf nH�togh
s£n@q>�gl-½�qrl¢�pstq>h �rl�Î Ì Î²¨bÎ
uHq���Î Ì Î � Î � x nH¦��£l[k�f·¦�ogh=nHqr�td°½�qZ�gs£q���h �rl�f or¦g~F� x uv�r�!¥�sÂh
�®k>stqrstk°uv���rn@�®m-nHorq;h��\uv�torlH§
}�n²fXn@�£�@lph
�rl!¾ÁÎªcª� x n@¦r�tl-k l-¯°m-s£l[q;h �tdH¡�f nHk�l x l¢�go�m�h stnHq�f1u x l>�Zn;f f s£¦��£l°uvqZ�ª¥�l�� x n@�Zn;fXl�h n

u@�gnH�rh�f nHk�l��gl-½�qrs£h stnHq�f=u@f0��nH�t�£n\¥=f[§
{Ðqrng�gl � � O �Æstf1u ��� ';��� L �������&��0�;� s£�JsÂh1s¤f|h
�rl�fXn@o x m-lpqrng�gl�n x u&�gl¢fih
s£qZu\h stnHqÆqrng�gl>n x u

¦ x uHq�m��rstqr��q�ne�rlPº���u`�estqr�>u°�rl-� x l-lÁk�n x lÁh ��uHq®�@¼"§
{ �B��';,5�O�F� stfÁu°��uvh �ªm-nHqrqrl¢m"h
s£qr�&hi¥0n&qrl-st�H�e¦6n x s£qr�Pf st�Hqrs£½Zm-uHq;h|qrng�gl[f�nv�JO ��§�{Êf l-�Hk�l[q@h�stf

m[uv�t�£l¢� ���#���"�O���/���!�"�� �O� ';, �B��� ¡rs£�RsÂh�f|�gl[�£l-h stnHq²stq�m x l[u@fXlÁh ��l�qeorkp¦6l x nv�Rm�nHq�qrl[m�h l[�²m-nHk��6nHqrl[q@h�f�stq
h
�rl�� x uv���ÆºÀh
�rl�u x h s¤m�o��tuvh stnHq�f�u x lÁqrnvh x l[�rorq��ruHq@h"¼"§
Ä�n x l-Çruvk��r�tlH¡�¥0l!m-uvq´m-nHq�f s¤�gl x h
�rl&l-Çruvk��r�tlPs£q¿Ä�st�Ho x l 676PuHf�u²� x uv�r�stq´¥��rs¤m��´nHq��£dÆh �rl

f st�Hqrs£½Zm-uHq;h·q�ne�rl[f�u x l x l[� x l[f l-q;h l¢��§ # � ' � C ) uHq�� # � C ' � E ) u x l1f l-�@k�l-q;h
f�m-nHq;h
uHs£qrstqr�>s£q;h
l x k>l¢�gs¤u\h lq�ne�rl[f·n x q�nvh[§ # ��� ' $ � ) ¡ # $�� ' $ E ) uvq�� # � � ' $�� ) u x l1u x h s¤m�or�¤u\h
s£n@q�f l-�@k>l[q;h
f�s£q�h
�rstf=� x uv�r�L§
$ � �����O���"�� �]� {Ò�ts£q ³ ¦6l-�tnHqr�;f�h nPh �rl�n@�gh stk°uv�2fXn@�£ogh
s£n@q²nv��h ��l�¾ÁÎªc�� x nH¦��£l[k$s£�Juvq��®n@qr�td&s£�

h
�rl�f l-�Hk�l[q@h=m-nHq;h
uHs£qrstqr�>sÂh=s¤f�stq&h
�rl�f nH�togh stnHqL§
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Ä2st�Ho x l 6;67A ��l[m-nHk��6n@f sÂh
s£n@q!nH��u�f l�h=nv�2��u\h
��f�stq�f l-�@k�l-q;h
f

cen�h
�rl°fXl-h �^nv�J�Zu\h �ZfÁh ��uvh1¥�l�uvstk�h n®nH�gh
s£k�stµ-l°m-uHqª¦6l°m�nHqZfXs¤�gl x l[�ªuHf1u®fXl-hÁnH��f l-�Hk�l[q@h�f-§
}·�eo�f[¡Hn@�gh stk�s£µ[s£q��Ák�or�£h s¤m-uHfXhJf or¦g~F� x uv�r��m�n@q�fXs¤fXh
f�nv���gl-h l x k�s£q�s£qr�1h
�rl|f l�hynH�8f l-�@k>l[q;h
f�nv�iO � h
��u\h
f �rn@or�t�&¦Zl x l-k�n\�Hl¢��§ � q!h ��stf·¥·u`dH¡eu!ºð� x nH¦�uH¦r�£d x l[�goZm�l[�Z¼J� x uH�r� O�� � m-nHq;h
uHs£qrstqr�ph �rl�f l-�Hk�l[q@h�fJnH�O � m-uvq�¦6l�l�Çruvk�stqrl[�&h nPf nH�t�Hl�h �rl�� x n@¦r�£l[k®§
{|qrnvh
�rl xyx l[�ro�m"h
s£n@q�nH��h ��l=fXl¢u x m���f ��uHm-l�s¤f��6n@f
fXst¦r�tl�¦ed>�gl�h
l[m"h
s£q���h
�rl=f l-�Hk�l[q@h�f�¥��rs¤m���¦6l-�tnHqr�

h
n¹uH�£��f nH�togh stnHqZf-§¬}·�rl¢fXl®fXl[�Hk�l-q;h�f�m[uvq«q�l-�Hl x ¦6l x l[k�n\�Hl[�L§Ä�n x l�Çruvk��r�tlH¡JsÂ�|¥�l x l-��l x h nÆh �rl
h
nH�6nH�tnH�@dÉnH��Ä2s£�@o x l 676H¡=h
�rl¬fXl[�Hk�l-q;h�f # � � ' $ � ) ¡ # $ � ' $ E ) ¡ # � � ' $ � ) uvqZ� � ��� �!���]� m[uvq^q�nvh²¦Zl
x l-k�n\�@l[��§

$ � �����O���"�� �*� }·��l!u x h s¤m�o��tuvh stnHq«f l-�@k>l[q;h
f�nv� O � � m-uHq´qrnvh�¦6l x l-k�n\�Hl¢�¬uvq��«¦Zl[�£n@qr�¶h
nÆuH�£�
f nH�togh
s£n@q�f-§
�|n\¥�¡@¦ed x l[k>n\�estqr�Á� x n@k O�� � uv�t�Zu x h
stm-or�tuvh stnHq°f l-�Hk�l[q@h�f-¡Hh �rlÁfXl¢u x m��°fX��u@m�l=m[uvq°¦6l x l¢�go�m-l[�>h n

u>� x uH�r� O � �� §y}·�rl�f nH�togh stnHq � f �rn@or�t�!¦6l1��nHorq���¦ed&m-nHkp¦�s£qrstqr�>h ��l x l[k�uHs£q�l[��fXl[�Hk�l-q;h
f�nH�PO � �� §
Ä x n@k h �rl��6nHstq;h�nv���estl-¥ nv�2sÂh�f�m�nHk��r�tl�Çgs£hidH¡eh
�rl�¾ÁÎªc&� x n@¦r�tl-k�s¤f·l[¸;orst�\uv�tl-q;h·h n>h �rl�n x st�Hstq�uH�

Î Ì Î²¨bÎ�uvq���Î Ì Î � Î�� x nH¦r�tl-k®§L½Zq��>h �rl�n@�gh stk°uv��f or¦g~F� x uv����nH� x l[�goZm�l[��� x uv���^O � �� º�stq�fih
l[u@�
nH� �y¼=f ��uvq�qrs£q��°h �rl�kpor�£h s¤m-u@fih�� x nHor�®¥�s£h � x l[f �Zl¢m"h�h n°h
�rl�»�nec®m�nHqZfih x uHs£q;h
f[§ � q²h ��lp¥�n x fih|m[uHf l
h
�rl�fXo�¦g~D� x uH�r�$O � m-n x
x l¢fX�6nHq���f�h n�h ��l�¥���nH�tl0� x uH�r��ObuHq���sÂ� x l¢�go�m"h
s£n@q�f�u x lJqrnHh2�6n@f
f s£¦r�tlH¡�O � �� +O � � + O � + O�§ � q²h ��stfÁm-u@fXl>¾ÁÎÆc®m�n x
x l[f �Zn@q��rf�l-Çgu@m"h
�£d&h nPh
�rlpn x st�Hstq�uH��Î Ì Î²¨bÎ 3vÎ Ì Î � Î
� x n@¦r�£l[kÐ¥���stm��!stf�� w ~Ãm�n@k��r�£l-h l-4/6�<>8D§y}·��l|stq@h
l x l[fXh0nH��h �rl x l¢�go�m�h stnHq�fyh ��uvh��@l-qrl x uH�£�td�h
�rlÁf stµ-l|nH�
h
�rl�f l[u x m��!f ��u@m�l�m-uHq!¦6l x l¢�go�m-l[��m�nHqZfXs¤�gl x uv¦��£d@§
}�n°½�q��²h �rl�nH�gh
s£k°uv��f nH�togh stnHq²nH�2h
�rl�¾ÁÎÆc�� x n@¦r�tl-k®¡Zl-Çg��uvo�fXh st�Hl�f l[u x m��²uH�£�@n x sÂh
�rk°f=m-uHq¶¦Zl

stk°uv�@s£qrl¢�©º�l[q;o�k>l x uvh stnHq¬nH�=l[uHm��¿m�nHk�¦rstq�u\h
s£n@q¬nv� x l[�gorqZ�ruvq;h�f l-�@k>l[q;h
f���n x l-Çruvk��r�tl¢¼"§ � l-h�o�f
m-nHq�f s¤�gl x h ��l>� x n@¦r�£l[kÑnv�0h �rl°f l-�tl[m"h
s£n@qÆn x �rl x ¥��rl-q¹l�Çruvk�stqrstqr��m-dgm��tl>l[�£stk�s£qZu\h stnHqÉºð�gl[qrnvh
l[�uHf
� x n@¦r�£l[k���s£q¶cel¢m"h
s£n@q®Ó�§ �@¼"§R}·�rs¤f�� x nH¦r�tl-k$m-uvq®qrnHh�¦Zl�u`�@nHs¤�gl[�&¥��rl-q²uH�rnH�gh
s£qr�°uHq�stq�m x l[k>l[q;h
uv�
� x l[l[�gd�uH�r� x n@u@m���¥��rl x l·l[uHm���º��tngm-uv�À¼2�gl[m-stf stnHqps¤fR�gl-½�qrs£h st�HlH§�{=q°uH�£�@n x sÂh
�rkÏ¥��rstm���h x l[uvh
f2�H�tnH¦Zuv�t�£d
h
�rl x l[�rorq��ruHq�m�d�� x nH¦r�tl-k%stf|h ��lpnHq��£d�¥�u`d!h nP½�q��®h
�rl�n@�gh stk°uv�2fXn@�£ogh
s£n@qL§|Ä�n x q�l�hi¥�n x
³ ogh
s£�ts£µ¢u\~
h
s£n@q¶�ro x �6n@f l[f[¡��ts£k�s£h l[�¶l�Çgl[m-ogh stnHq²h
s£k�l>uv�t�Hn x s£h �rk°f=u x l�q�l-l[�rl[��§ � k�� x n\�Hl[k�l-q;h=nv�Rh
�rl�Î¶uHk°m x u
uH�£�@n x sÂh
�rk®¡R�rl-o x s¤fih
stm!uvq��«k�l�h
uH�rl-o x s¤fih
stm!fXl¢u x m��«uv�t�Hn x s£h ��k�fp¥�sÂh
�«�ts£k�s£h l¢�«l-Çel¢m�ogh
s£n@q´h
s£k�l®u x l
m[uvq��rst�ruvh l!h n¹½�q��¿�Hneng�ÉfXn@�£ogh
s£n@q�f®º�¥�s£h �Å�tl[f
f x l[�rorq��ruHq�m�stl[f�¼���n x h �rlª¾ÁÎªc«� x nH¦r�tl-k®§É}·��u\h � f
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¥��ed¹s£q´h �rl!qrl�Çeh>f l[m�h stnHq�f[¡�¥0l!uvq�uH�£deµ-l@¡�½ x fXh[¡R�rn\¥Êh
�rl®¾ÁÎªc¹� x n@¦r�£l[k m[uvq´¦6l&�Zuvq��g�tl[�stq«uHq
stq�m x l[k>l[q;h
uv�Rk°uHqrqrl x uHq��Æh �rl[qL¡2¥0l°� x nH�6n@f l � Ì �={�¡2u!� x l[l[�gdÆuv�t�Hn x s£h �rkÑh
��u\h�l[qr��uHq�m�l¢f�fXn@k�l
nH��h
�rlpÎ¶uHk°m x u>� x u`¥�¦�u@m ³ f��rl�h
uHs£�tl[�®uH¦Zn\�@lH§y}·�rl>¾ÁÎÆc&� x n@¦r�£l[k s¤f·h ��l-q�h
u@m ³ �tl[�®�gs)�8l x l-q;h �td&¦ed
� x n@�Zn;fXstqr��uÁk�l�h�uv�rl[o x stfXh s¤mJ¦ZuHf l[�>uv�t�Hn x s£h �rk }2uv¦6n;nH~i»ÁÎª�´¥��rs¤m���¥�st�t�g¦Zl��gl¢f m x st¦Zl¢�pstq�fXl¢m"h stnHqG:r§

� 2 ���0�2�=,.���������$ ������� #%���!���J������
cgnH�t�;stqr�ph �rl�¾ÁÎªc�� x nH¦��£l[k+m-nHq�f s¤fih�fJn@q°½�q��gstqr��upf l�h·nv���tstq ³ fy� x nHkÊh ��lÁk�or�£h s¤m-uHfXh�f or¦r� x uH�r� O�� ��
h
n�¦Zl|nHk�sÂh h l¢��¥��rs£�tl���or�£½��t�£stqr��h
�rl=k�l-k�¦Zl x f x l¢¸@o�s x l-k�l-q;h�f-§ � q>h �rs¤fJf l[m�h stnHqL¡;m�dgm��tl x l[�go�m�h stnHq�¥�st�£�
¦6l�m�nHqZfXs¤�gl x l[�®stqÆuHqªstq�m x l-k�l[q@h�uv��uvq��¶� x l-l[�rd�k°uHqrqrl x ¦ed²uH�r�gstqr�&h �rl���l[u@fXst¦r�tl���uvh ��f�nv� �ÅnHqrl
uv�Àh l x h �rl�nHh �rl x h n>h �rl�k�or�£h s¤m-uHfXh x nHogh
s£qr��fXh x o�m"h
o x lX� uv� x l¢uH�gd°l-Çruvk�s£q�l[��§

����� � ���J�	� )d�� ,��4!+� % � � �Z� � � ����� � �>!�� ��� �  Z�� ! % !���� )+% , ! � � . �"! ) ,�� �
!+,�)d�

Ì n@q;h x u x s£�tdph
n�Î¶uHk°m x upuv�t�Hn x s£h ��k�¡;stq&nHo x � x nH�6n@f s£h stnHq°h
�rl x l[�ro�m"h
s£n@q&s¤f0uHq�uv�tdeµ-l[�&uvq��&l�Çgl[m-ogh l¢�
x l-�;u x �gstqr�&uv�t��h ��l>l-ÇgstfXh stqr����u\h
��f-¡�¥�s£h �¹¥��rs¤m��ªh
�rl�qrl-¥Ð��u\h
�¶��n x k°f�m�dgm-�£l¢f-§�cgn�¡8h ��l x l[�ro�m"h
s£n@q
� x ngm�l¢�go x l=s¤f x l[uH�£stµ-l¢�°¥�sÂh
�!uporqrs¤¸@o�lÁf
m-uHq°nv�Lh
�rl�q�l-¥©��uvh �P� x nHkÊh
�rl|�ðu x h
�rl[fXh�m-nHk�k�nHqPq�ne�rl=h n
h
�rl�nHq�l�¥��rstm���s¤fym��tn@f l[fXhRh n1h
�rl=f nHo x m�l@§�{�m-m-n x �gstqr�Áh n1h ��l=� x l[f l-q;h l¢� x l[�goZm"h stnHqZfRuvq���h n�fXstk��r�£s£��d
h
�rl&uHq�uv�tdgfXs¤f-¡Lh �rlP�Zu\h �Zf�s£q � uvqZ�ªh
�rlPqrl[¥Ð�Zu\h �´�rl-qrnHh l[� M I u x l��rl[m�n@k��Zn;fXl¢�Æstq´f l-�Hk�l[q@h�f-§
�0uHm��pf l-�@k>l[q;h : s¤f�m��Zu x uHm"h
l x s£µ[l[�1¦edÁhi¥0n�s£qr��n x k�uvh stnHq ALh �rl�¥0l[s£�@�;h  "$#&: ) uHq��1h
�rl0qeork�¦Zl x nH���ts£q ³ fº�h �rl1�rn@�&m�n@orq;h�¼ 
 #&: ) §J}·�rlÁqrl[¥^uH�r�rl[�P�Zu\h ��M I ��n x k°f�u�m�dgm��tlÁs£q��Ê¡;s£��s£h�l�Çgs¤fih�f0u>fXl-h�nH����uvh ��fM /
�
stq ����u`�estqr�pm�n@k�k>n@qPqrng�gl¢fJ¥�s£h ��M I nHh �rl x h
�rl-q&h �rl1f nHo x m�l=q�ne�rlH§ � l-h�� + ( � / '3;2+ K]'?GHG�G .¦6l=h
�rs¤f0f l�hJnH��m�n@k>k�n@q°qrng�gl[f0¦Zl-hi¥0l[l-q M I uvq��°h �rl���u\h
��fJuH� x l[u@�gdpstqb� º�nHh �rl x h
�rl-q°h
�rl�f nHo x m-l

q�ne�rl¢¼"§
}�npf s£k��r�tsÂ��d>h
�rl�uHq�uv�tdgfXs¤fRnv��h
�rl=l[�£stk�s£q�uvh stnHqPnH�Lu��Hst�Hl[qPm�dgm��tl M I # � ' � /[) M /� # � /1' � ) ¡;¥�l=� x nH�6n@f lf nHk�l�m�n@q;h x uHm"h
s£n@q�f[§
� {=�t��h
�rlpf l-�@k>l[q;h
f=nH��h �rl�q�l-¥ ��uvh �®��nH�t�tn\¥�s£qr��h
�rlpq�ne�rl � / m-uvq²¦6lpm-nHq;h x uHm�h l[��stqªuPf s£q��H�tlfXl[�Hk�l-q;h : \��	��
�

uvq��Ph �rlÁ¥�l-st�H�;h0�@l[m"h
n x uvq��P�rnH��m�nHo�q@h�k�l�h x s¤m|nH�Lh �rs¤f·m�n@q@h x u@m"h
l[�Pf l-�@k>l[q;h
m�n x x l[f �Zn@q��²h
n�h �rl°f ork nH�0¥�l-st�H�;hÁ�@l[m�h n x f1uvq��Æ�rn@�Æm�n@orq;h
f1nH�Jh ��lPm�nHqZm�l x qrl¢�ªf l-�Hk�l[q@h�f-§
� q«nHh �rl x ¥�n x �¤�rfBA�h
n¹�rl[m�s¤�gl�sÂ�Áu x l[�go�m�h stnHq¿stf>�6n@f
fXst¦r�tl&n x qrnHh>stq � / ¡yn@qr�tdh �rl!�ðu x h �rl¢fih�gl[fXh stq�uvh stnHq²fX��nHor�¤�&¦6l�m�n@q�f st�gl x l¢��§

� � q�h �rl=f
uvk�l�¥·u`dH¡\h
�rl|f or¦g~F��u\h
��nv�iM /� x nenHh l[�>u\h�� / m[uvq�¦Zl=m-nHq;h x uHm�h l¢�pstqPu�fXstqr�@�£l=f l-�@k>l[q;hh n�uvqZuv�td;µ[lJh
�rl��6n@f
fXst¦r�tl x l[�ro�m"h
s£n@q�f-§2}·�rl·¥0l[s£�@�;h x l-� x l¢fXl[q@h2h ��l�¥�l-st�H�;hRnv�Zh �rl�m x s£h s¤m-uH�g��u\h
�
� x n@k � / h n&h �rl��ðu x h �rl¢fih1�gl[fXh stq�uvh stnHq¶n@q M /� uHq��®h
�rl���nH�ªm-nHorq;hÁm-n x
x l¢fX�6nHqZ�rf�h
nPh ��l>f orknv���rnH�®m�n@orq;h
f·stq�h �rl�f or¦g~F��u\h
�L§
Ä2st�Ho x l 6¢��s£�t�to�fih x uvh l¢f�h �rl�m-nHq;h x uHm�h stnHq&stq²u�fXstk��r�£l�m[uHf lH§
}�n�l-qr�Zuvq�m-lym�dgm��tl x l¢�go�m�h stnHq1� x nem-l[�go x l@¡-¥�lR� x n@�Zn;fXl2h
n=l�Çeh l[q�� wyx nH�6l x hid 6=ºðf l-lyf l[m�h stnHq�Ór§D6H§D6¢¼�§

{Åq�l-¥ÅuH�r�gl¢�p�Zu\h � M I k°u`d��Zu`�Hl�m�n@k>k�n@q�qrng�gl¢f�¥�sÂh
�°k°uvqed�nH�¤����u\h
��fRstq�Î´§H}�n1l-ÇguHk�s£qrl�m-dem-�£l
l[�£stk�s£qZu\h stnHq�¡�¥0l�fih
o��gd²�rl x l�h � x l[l>m[uHf l[f[§�}·�rl>½ x fXh�m-uHf lpngm[m�o x f|¥���l-qÆh �rl�l�ÇruHk>stqrl¢�ªm�n@k�k>n@q
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C ontrac t s ub-paths  rooted at x i

S

xi

d

r
Pn

i+1

r
Po

i+1

Pn

dPo

S

xi

dPn

dPo

Ä2st�Ho x l 6¢��A Ì n@q@h x u@m"h
s£n@q&nv�Rm�n@k��Zn@qrl-q;h
f�stq�h �rl��@l-qrl x uH� x l[�ro�m"h
s£n@q®m[uHf l

q�ne�rl � / stf�stqM I uHq��®stq¶nHqr�td�nHqrl�n@�t�®�Zu\h ��§|}·�rl�f l[m-nHq��rlpm-u@fXl�s¤f|¥���l-q � / s¤f|stq M I uvq��®stqªu\h�tl[u@fih�hi¥0n!nvh
�rl x nH�¤�¶��uvh ��f[§Á}·��l��¤uHfXhÁm[uHf l�stfÁ¥��rl[qÆ�Pm-nHk�k�nHq¶q�ne�rl[fÁs£q�M I u x l�¥�sÂh
�rstqÆuvqªnH�¤�
�Zu\h �ZfRs£q�stqe�Hl x h l¢�pn x �rl x §�¨¹l�¥�s£�t�ZfXh o��rdpl[u@m��>m[uHf l�fXl[��u x u\h
l-�tdpuvq���¥�l�¥�s£�t�r� x nH�6n@f l�uvq°uv�r� x n;uHm��
stqe�Hn@�£�estqr�>uH�£�8h
�rl[f l�m-u@fXl¢f-§

_ �r� Õ 2 � � Õ;Ø ? �g�?a M I a2�r�°�¹� Ù 
 
 Ù 6 6 Ù Ú Õ®Ø 8 �?a Ù 6 , Ö 2 Ù ,NÚ A �g�<a M
�}·�rs¤f�m[uHf lRm�n x
x l[f �Zn@q��rf6h n·h
�rlyk�n x l2� x l¢¸;orl-q;h�m-u@fXl@§L¨©s£h �rn@ogh��tn@f
f8nv�e�Hl[qrl x uv�tsÂhid@¡-�tl�h�oZfLfXo��r�Zn;fXl

h
��u\h�h ��l|hi¥�np��uvh ��fDM I uvqZ� M
�
��n x k u>m�dgm��tl|¦6l�hi¥�l-l[qPh ��lÁf nHo x m�lT�1uvq��!uvqrnHh �rl x m-nHk�k�nHqPqrng�gl

� / § � l�h � � uvq�� � I ¦6l=h
�rl|�¤uHfXh0f s£�@qrsÂ½6m-uvq;hJq�ne�rl=¦Zl-��n x l � / ¡ x l¢fX�6l[m�h st�Hl[�£d@¡Hstq°h �rl�nH�¤�°��uvh � M � uvqZ�stq�h ��l|qrl[¥©nHqrl M I §��y�ts£k�stq�u\h
s£qr�ph �rl�m�dgm��tl M I # � ' � / ) M /� # � ' � / ) m[uvq°¦6l�u@m��rs£l[�Hl¢��¦ed��gl-�tl�h
s£q���nHqrlnH�Jh
�rl>hi¥0n®fXl[�Hk�l-q;h�f M I #�� I ' � / ) n x M /� #�� � ' � / ) ¥��rstm��¹� x l[m-l[�gl¢f � / x l¢fX�6l[m�h st�Hl[�£d®nHq M I uHq��¶n@qM /
�
§y}·�rl�f l-�Hk�l[q@h�M I #�� I ' � / ) m-uvq®¦6l�l-�ts£k�stq�u\h
l[��¡gs£�

 "^# M /� # � ' � /R)�) �  "^#�: \�� � 
�
)gf �  B

cgs£k�st�tu x �tdH¡eh
�rl�fXl[�Hk�l-q;h�M /
� #�� � ' � /[) m-uvq�¦6l�l-�ts£k�stq�u\h
l[��¡rs£�

 "�# M I # � ' � /[)3) �  "�#&: \��	��

�

)gf �  B
� �Lh
�rl�hi¥0n>m�nHqZ�gsÂh
s£n@q�fJu x l��Hl x s£½�l[�°f stkpor�£h
uHqrl-n@o�fX�td°uvq��°h �rl�hi¥0n�fXl[�Hk�l-q;h
f�u x l|m[uvq��gs¤�ruvh l[fJh n

h
�rlÁl-�ts£k�stq�u\h
s£n@qL¡Hh
�rl-q&h �rl1f l-�Hk�l[q@h·m�n x x l[f �Zn@q��gstqr�1h n�u���s£�@�rl x �@uvstqªº���n x l�Çruvk��r�tlH¡;h ��lÁf l-�@k>l[q;h
¥�s£h �^�rs£�@�rl x �rn@�^m�n@orq;h�¼Pf �rn@or�t�b¦Zl�gl-�tl�h
l[��§+}�n´s£�t�to�fih x uvh l¹fXo�m��Bu«m-u@fXl@¡��£l-h	� f!m-nHq�f s¤�gl x h �rl
l-Çruvk��r�tl�� x l¢fXl[q;h l[�®stq¶Ä2s£�@o x l56[Ór§ � �,M

�
fX��nHor�¤��¦Zl x l x n@ogh l¢�&h
� x nHor�@�NM I h nPl[�£stk�s£qZu\h l�m�dgm��tl�stq

� / ¡@nHqr�td�h �rl|f l-�@k�l-q;hy� x l[m�l¢�gstqr� � / m[uvq°¦6l x l-k�n\�Hl¢��h
n�l-q�f o x l·��n x ¥�u x �gstqr���ruvh
uÁh npqrng�gl[f � C ¡ � E
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uHq�� � � §�¨¹l x l[m[uv�t�rh �Zu\hJh
�rl[f l|q�ne�rl[fJm[uvqPq�nvhJ¦6lÁ�rstf
m�n@qrqrl[m�h l¢�°uHfRh
�rl-d°u x l=¥���l�h ��l x �rl[fXh stq�u\h
s£n@qq�ne�rl[f0n x ¦ x uHq�m��rstqr��qrng�gl¢f�¥��rstm��P��n x ¥�u x �°�ruvh
u�h n>nvh ��l x �gl[fXh stq�u\h
s£n@qPqrng�gl¢f-§ � qPh
�rlÁnvh ��l x m-uHf lH¡
l[�£stk�s£qZu\h stqr�!h �rl>¥��rn@�£l�fXo�¦g~D�Zu\h � # � ' � /R) � x nHk M I stf1uH�£�tn\¥0l¢�®l-�@l-qªs£�Jqrng�gl¢f1fXo�m��¹uHf ��� uHq�� � �l-ÇgstfXh[§ � q��ðu@m"h[¡�sÂ��h ��l[f l�qrng�gl[f�u x l��gl¢fih
s£q�uvh stnHq®qrng�gl¢f-¡r�Zu\h �Zf·��n x h
�rl[f l��gl[fXh stq�uvh stnHq�f·l-Çes¤fXh=s£q O �
u@f x l-k�n\�es£qr��f o�m��°��uvh ��f�� x nHkÐh ��l=s£q�sÂh
stuH��� x uv����O �Pngm-m�o x fRn@qr�td�u\�Àh
l x uH�r�gstqr�1h
�rl=qrl[¥É�Zu\h � M I §

S

dn

do

xi

Po

n1

n2 n3

S

dn

do

xi

Po

n1

n2 n3

S

dn

do

xi

Po

n1

n2 n3

n4

n5

R erouting old path 

through new path

R erouting new path 

through old path

n4

n5

n4

n5

Ä�st�Ho x l 6[Ó�A Ì dem-�£l x l[�goZm"h stnHq�¥��rl[q®f or¦g~F��uvh ��f�m-nHq;h
uHs£q�f·stq;h l x k�l[�rstuvh l��gl[fXh stq�uvh stnHq�ºNf
¼

_ �r� Õ / � � Õ;Ø ? �g�?a M I a2�r�°�¹� Ù 
 
 Ù 6 6 Ù Ú Õ®Ø 8 �?aÅ�� Õ � Ù � Ù ,NÚ A �g�<a��
� q²u>k�n x lÁ�@l-qrl x uH�Lm-u@fXl@¡eu°m-dgm��tlÁstqe�Hn@�£�@l[f�k�n x l�h
��uvq®n@qrl1nH�¤�&��uvh �L§0}·�rstf�m[uHf l1nem[m�o x f·¥��rl[q

h
�rl�m�n@k>k�n@q�qrng�gl·stf2stqph
�rl·qrl-¥��td�uH���gl[�p��u\h
�>uHq���stq�k�n x lJh ��uHq�n@qrl0n@�t�p��u\h
��fRuHf�s£h�s¤fR�gl[�rstm�h l¢�
stq²Ä2s£�@o x l 6[��§
� q�h ��stf=m[uHf lH¡rm-dem-�£l x l[�goZm"h stnHq®m-uHq!¦6l�uHm���s£l[�Hl[�&sÂ� A

� x l x n@ogh stqr�!h �rl�qrl[¥��£d¶u@�r�gl¢�ª��uvh �Æh � x nHo��H�¶n@qrl�nv�yh
�rl°l�Çgs¤fih
s£qr����uvh ��fÁs¤f1�Zn;f f s£¦��£l��gorl>h nu²m�n@k>k�n@q¹q�ne�rl � / A�h ��lPfXor¦r~D��uvh � M I # � ' � /R) stf�l[�£stk�s£qZu\h l¢�uvq��¹nHq�l°��u\h
�� x n@k h ��l°nH�¤���u\h
��f=m[uvq�¦Zl�o�f l[�&h n���n x ¥·u x �&��u\h
u�h
n�h
�rl�f l-�Hk�l[q@h : /�� C\ � §
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Ä2st�Ho x l 6-��A Ì n@q@h x u@m"h
s£n@q&nv�Rm�n@k��Zn@qrl-q;h
f�stq�h �rl��@l-qrl x uH� x l[�ro�m"h
s£n@q®m[uHf l

� x l x n@ogh stqr�°f nHk�l1nv�2h �rl�n@�t�!��uvh ��f·h
� x nHor�@�&h
�rl�qrl[¥��£d�uH�r�gl¢����u\h
�L§ � q�h ��uvh|m-u@fXl@¡�fXn@k�lÁnH�h �rl�fXl[�Hk�l-q;h
f�� x l[m-l[�gstqr� � / uvq���¦6l-�tnHqr�@s£qr�>h
nPu>f l�h=nH�2n@�t�!��uvh ��f=m[uvq�¦ZlpnHk�sÂh h l¢��§ � q�h �rl¦Zl¢fih|m[uHf lH¡ruH�£�8h
�rl�nH�¤����u\h
��f�m-uHq!¦6l x l x n@ogh l¢�Ph
� x nHor�@� M I §
¨¹l�f �rnHor�¤��qrnvh
stm-l1h ��uvh=h ��l�uv� x l¢uH�gdPl-ÇgsÂh
s£qr�Pm-dgm��tl[f·��n x k�l[��¦edPh
�rl�nH�¤����u\h
��f=m[uvq®qrnvh=¦6l�l[�£stk�sÂ~
qZu\h l¢�P¥�s£h �rn@ogh�h �rl�uH���gs£q��pnv��h �rl1qrl[¥b��u\h
�L§ � qP�ðu@m"h¢¡;¥���l-q®uH�r�gstqr�ph �rl¢fXlÁ��u\h
��f·uv�t�8l-�ts£k�stq�u\h
s£n@q
� x ngm�l¢�go x l[f���u`�@l�¦6l-l[q!h
l[fXh l¢��uHq���qrn�l-�ts£k�stq�u\h
s£n@q!¥·uHf·�6n@f
f s£¦r�tl�uHf�h
�rl�m�dgm��tl[f·�6l x f stfXh[§
cenZ¡Lh
n¶uHm��rstl-�@l�m-dgm��tl x l¢�go�m"h
s£n@qL¡�¥���nH�tl�f or¦g~F��uvh ��f�n x u®fXl-h�nv��fXl[�Hk�l-q;h
f�m[uvq¦6lPm-uvqZ�gst��u\h l

h
nªl[�£stk�s£q�uvh stnHqL§Æ¨©�rl-q«k>n x lPh ��uHq´nHqrl�m-uHq��gs¤�ru\h
lPh nªl-�ts£k�stq�u\h
s£n@q´l�Çgs¤fih�f-¡�h
�rl!m[uvq��gs¤�ruvh lPh
��u\h
n@�gh stk�s£µ[l[f�uvq«nH¦gzil¢m"h st�Hl!��orq�m�h stnHq �s¤f��gl-�tl�h
l[��§ I u@fXs¤m-uH�£�tdH¡���n x �´f �Zl¢m�s£½Zm-uvh stnHqL¡Rh
�rl x l®u x lPhi¥�n
l-Çeh x l-k�l��6n@f
f s£¦rst�tsÂh
s£l¢fBAÁk�s£qrstk�s£µ[l>h �rl°qeork�¦Zl x nH�0�ts£q ³ fÁo�f l[�ª��n x �ruvh
u!��n x ¥·u x �gs£q��Pn x k°u\Çgstk>stµ-l
h
�rl!¸;o�uH�£s£hidu\hph
�rl!�rl[fXh stq�u\h
s£n@q´qrng�gl[f[§ � q´n x �rl x h
nªk�s£q�s£k�stµ-lPh
�rl�q;o�kp¦6l x nH�=o�f l[�¬�ts£q ³ f[¡�¥0l
� x n@�Zn;fXl�h
�rl>l-�ts£k�stq�u\h
s£n@qªnv�Jh �rl�fXl[�Hk�l-q;hÁ¥�sÂh
�ª�¤u x �Hl x �rnH�Æm�nHo�q@h¢§ � q¶h ��l>m[uHf lpnv�0l[¸;o�uv�ts£hidH¡6h �rl
»�nec�m x s£h l x s¤uÁstfR�gs¤f
m�o�f
fXl¢��uHq��ph �rl=f nH�togh stnHq�¥��rs¤m��>�@o�u x uvq;h
l-l[f�h ��l=fXk°uv�t�tl x m x sÂh
stm[uv�g�\uv�torl���n x »�nec
m x s£h l x s¤u�s¤f�m��rn@f l-qL§R}·�rs¤f·�gl[m-stf stnHq&m[uvq&¦6l1fXl[l-q!u@f0u�kpo��Âh
sÂ~Ãm�n@q�fih x uHs£q�l[�°n@�gh stk�s£µ¢u\h stnHq&� x n@¦r�tl-k stq
h
�rl��r�¤uvq��rn@�>�gs¤fXh
uvqZm�l�uvq���m x s£h s¤m-uH�g�£l[qr�vh
�>�\uH�£orl@§R¾|h
�rl x f l-�tl[m�h stnHq�m x sÂh
l x stu1m[uvq>¦Zl=uH�tf n1� x n@�Zn;fXl¢�
¦�ogh�h �rs¤f�s¤f·nHogh=nH�2f
m�n@�Zl1nv��nHo x uvq�uH�£dgf stf[§_ �r� Õ � � � Õ;Ø ? �g�?a M I a���� / � Ù 
 
 Ù 6 6 Ù Ú Õ � Ø 8 �<aÊ�r� , Õ �r�[� Ù 6 Õ©Ù ,NÚ A �g�<a 836
8<6�� Õ �`� Õ Ú Ù �`Ú Õ �
{|qrnvh
�rl x s¤f
fXorl>h
��u\h�kpoZfih�¦6l°qrnvh�qrl[�H�tl[m�h l[�Æs¤f1h �rl°n x �rl x nv�·m�nHqZfXs¤�gl x l[�¹m�n@k�k>n@qªqrng�gl¢f�stq

h
�rl|n@�t�&uvq��°stqPh
�rlÁqrl-¥©��uvh �L§ � q�fXn@k>l x u x l=¦�ogh��6n@f
f s£¦r�tl�m[uHf l[f[¡vh
�rl�n x �rl x nH��m�n@k>k�n@qPqrng�gl[f0stq
h
�rl=n@�t�>��uvh ��fJs£qC��m-uHq�¦Zl|�rs �8l x l-q;hy� x nHk�h �rl[s x n x �gl x stq°h ��l=qrl-¥É��uvh �L§ � h0m[uvq°¦6l=l�Çruvk�stqrl[�>¦ed
�rl�h l¢m"h
s£qr�Ph �rl��Zn;fXs£h stnHq®nv�Rh
�rl�qrng�gl�� / s£q®h
�rl�hi¥�nP��u\h
��f|m-nHk���u x l¢�&h
n°h ��l�� x l[m�l¢�gstqr�&m�n@k�k>n@qq�ne�rl[f[§ � q´�ðu@m"h[¡2hi¥�nªqrng�gl¢f�k°u`d¹¦Zl[�£n@qr�¶h
n¶hi¥�n¶��u\h
��f�¦roghph
�rl-d¬u x lPoZfXl¢�¬s£q«s£qe�Hl x h
l[�n x �gl x §
}·�Zu\h�s¤f�h �rl�m-u@fXl�nv�yqrng�gl¢f � uvq�� � s£q¹Ä�st�Ho x l 60E�A � uHq�� � u x l�hi¥�n!m�n@k�k>n@q¶qrng�gl¢f|nH�FM C uvqZ�M E ¦rogh�h
�rl-d&u x lÁo�f l[�P� x n@k � h
n � s£qNM C uHq��P� x nHk � h n � stqNM E §y}·�rstf�f �6l[m�s¤uv��m[uHf l���u@f·uv� x l¢uH�gd¦6l-l[q&l[k>����uHf s£µ[l[��stq wyx nH¦��£l[k ��s£q�fXl¢m"h
s£n@q&Ór§î�g§Rcen�¡;¥��rl[q!m�n@q�f st�gl x stqr���pm�n@k>k�n@qPqrng�gl[f � / uvqZ�
� /�� C ¡rh �rl�n x �gl x uH�gn@�gh l¢�&�rl x l1s¤f�h �rl�n x �rl x nv��h �rl¢fXl�q�ne�rl[f·stq!h
�rl�qrl[¥^��uvh � M I §
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d1 d2

c

P1
P2

Ä2st�Ho x l 60E A ��l[m-nHk��6n@f sÂh
s£n@q!nH��u�f l�h=nv�2��u\h
��f�stq�f l-�@k�l-q;h
f

�y�tstk>stq�uvh stnHq¿fXh x u\h
l-�@dªkpoZfih>s£qe�Hn@�£�@lPuv�t�Jh
�rl!uH¦Zn\�@l°� x l[f l-q;h l¢�¬m-uHf l[f[§ � q¬h
�rlP��n@�£�tn\¥�stqr��¡2¥0l
� x n@�Zn;fXl·u1qrl-¥Åuv�t�Hn x s£h ��kÒl-qr�Zuvq�m-s£qr��Î¶uHk°m x u�k�l¢m���uvqrs¤f k�fRuHq��>m�nHqZfXs¤�gl x stqr��uv�t�eh nH�6nH�tnH�@dpm-u@fXl¢f-§

���<� ��
=��)+%	�"�� � � �J�R��� ���, �4! ��% ��� � . % ) � !���

I u@fXl¢�²nHq²h
�rl�� x l[m�l¢�gstqr�&l-Çe���£n x uvh stnHq²nv��m�dgm��tl x l[�goZm"h stnHq�¡6¥�l>� x n@�Zn;fXl � Ì �={�¡ � k�� x n\�Hl¢� Ì dem-�£l
�=l[�go�m�h stnHqP{|�£�@n x sÂh
�rkÐ¥���stm��P¦ x stqr�@fJfXn@k>l|s£k�� x n\�Hl[k>l[q;h
f�h
n�Î¶uHk�m x u�uH�£�@n x sÂh
�rkÒ��n x n@�gh stk�s£µ[s£qr�
»�necPk�or�£h s¤m-uHfXh x n@ogh stqr�°fXh x o�m"h
o x l@§
� Ì �={ uv�t�Hn x s£h �rk f or�r�6n@f l[f�h ��uvh�u���l[u@fXst¦r�tl°��u\h
�¹s¤f ³ qrn\¥�q¹� x nHk h
�rl&f nHo x m�l�qrng�glPh n²l[u@m��

�rl[fXh stq�u\h
s£n@q´nv��h
�rl!k�or�£h s¤m-uHfXh�� x nHor�L§¹}·�rl®fXl-h � nH��h �rl¢fXl���uvh ��fp��n x k°f�h
�rl!� x uH�r�!O � ¥��rs¤m��
m[uvqªm-nHq;h
uHs£q¹m�dgm��tl[f[§ � Ì �={+uv�t�Hn x s£h �rk°f�uvstk�f�h
n!l[�£stk�s£q�uvh l x l¢�gorq���uvq�m-s£l¢f=� x nHk%h ��stf�f l�h1nv�·»�nec
m-nHq�fXh x uvstqrl¢�1��u\h
��f-§2}·�rl x l[f or�£h�nv�gh
�rl�l-�ts£k�stq�u\h
s£n@q�� x ngm-l[�go x lys¤f�u�fXl-h�nH�r��u\h
��fJºNu|f l�h�nH�rkpor�£h s¤m-u@fih
h x l[l[f�¼1m�n@qrqrl[m�h stqr�®h ��l&�gl[fXh stq�uvh stnHq�f1h
n®h �rl!fXn@o x m-l�¥�sÂh
�¬�£l¢f f x l[�rorq��ruHq@h��tstq ³ f-§�Î²n x l-n\�@l x ¡�h �rl
uH�£�@n x sÂh
�rkÊkpo�fXh��@o�u x uvq;h
l-l�h
�rlÁf
u\h
stfX�ðuHm�h stnHqPnH�Lh ��l�»�nec°m�n@q�fih x uHs£q;h�fBA�h �rl1fXl-h�nH����uvh ��f[¡ x l¢fXor�£h0nH�
h
�rl|l[�£stk�s£qZu\h stnHq°� x ngm�l¢�go x lH¡@kpo�fXh0m�n@q;h
uvstqPu1��l¢uHf s£¦r�tl=��uvh �°��n x uH�£�6�gl[fXh stq�u\h
s£n@q°qrng�gl[fy��n x ¥��rstm��Pu
��l¢uHf s£¦��£l1��uvh �®l�Çgs¤fih�f·s£q�h ��l�s£qrs£h s¤uv��fXl-h[§ � q®nvh
�rl x ¥�n x �t��f-¡;h ��l��Hn@uH�8stf·h
n°�gl[m x l¢uHf l�h
�rl�qeorkp¦6l x nH�
�tstq ³ fRs£q�h
�rl x l[f or�£h stqr��fih x oZm"h o x l x l[f �Zl¢m"h
s£qr�1h
�rl=�@s£�@l-q°m�n@q�fih x uHs£q;h�fBA�½Zq��°uvqPuH�r� x n@uHm���l[�>fXn@�£ogh
s£n@q
nH��h
�rl�Î Ì Î � Î � x n@¦r�£l[k®§
{�f���n x Î¶uvk°m x u²uH�£�@n x sÂh
�rk®¡�h
�rl&stqr�rogh�f�nH��h �rl&uH�£�@n x sÂh
�rk u x l�h
�rlP��n@�£�tn\¥�stqr��§®¨¹l&fXo��r�Zn;fXl

h
��u\h�h �rl¶»�n;cm-nHq�fXh x uvstq;h
fp�Hl[m�h n x  B s¤f��Hst�Hl-q´uHq��h
�rl<=.�gstk�l-q�f s£n@q�uv���ts£q ³ �\uv�torl!�Hl[m�h n x f�u x l
³ qrn\¥�q&��n x l[u@m��P�ts£q ³ §R�Ju@m��&��uvh �NM�� � �¬s¤f·u���l[uHf st¦r�£lÁ��uvh �!� x n@k+h �rl�f nHo x m�l)�Áh n�u��rl[fXh stq�u\h
s£n@q
$�� � + ��n x � + K]'?GHG�G�' $Z§}·�rl�n@ogh ��ogh|nv��nHo x uv�t�Hn x s£h �rk�s¤f�u°f l�h�� m-nHq;h
uHs£q�s£qr����uvh ��f x n@ogh l¢��uvh��H§J�JuHm��®��uvh �²m�n\�@l x f
upfXor¦r~Ff l�h�nv���gl¢fih
s£q�uvh stnHqPq�ne�rl[f�uvq���h
�rl|o�qrs£n@qPnv��h
�rlÁ��u\h
��fJm-n\�Hl x f�h
�rl|h
nvh�uv�tsÂhid>nv���gl¢fih
s£qZu\h stnHqZf-§
}·��l x l[f or�Âh1m�n@q@h�uvstq¶nHq��£d���l[u@fXst¦r�tlp��uvh ��f|� x nHk%h �rl>fXn@o x m�l�qrng�gl�h n&h �rl>m�n\�@l x l[�²�gl¢fih
s£q�uvh stnHq�fÁuHf
s£h=¥�st�£�L¦6l��gn@qrl1¦;dPh �rl1��n@�£�tn\¥�s£q��>uH�£�@n x sÂh
�rk®§
cestk�s£�¤u x �td®h n²Î¶uvk°m x u�¡Zh
�rl°uv�t�Hn x s£h �rk � Ì �={Ê¥�n x
³ f|stq¹u!� x l-l¢�gd®k°uvqrqrl x uvq��ª� x ngm-l-l[��f�stqg~

m x l[k�l-q;h
uH�£�td®s£qªhi¥0n!�r��uHf l[f>A·½ x fih¢¡�fXl[�£l¢m"h stqr�®uP��uvh �ª��n x k �©h �rl[qÆuvhXh l[k��gh stqr�!h n®uH�r�ªsÂhÁh n!h �rl
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½Zq�uv� x nHorh stqr�Pfih x oZm"h o x l�¥��rst�tl x l[k�n\�;stqr�°uHf=kpo�m�� x l[�go�q��ruvqZm�stl[f=u@f��Zn;f f st¦r�£l@§�}·��l[f l��r��uHf l[f|u x l
�rl�h
uHs£�tl[�!stq!h
�rl1��nH�t�tn\¥�s£qr�Z§

�10�/1032 ? �g�<ab� Õ , Õ �H� 8 Ù 6
}�nª� x ngm�l¢f f�h �rl�stqr�rogh°fXl-h � nv�=��uvh ��f[¡y¥�l&� x nH�6n@f l°h ��l�f
uvk�l&� x ngm�l¢�go x lPnv�|f l-�tl[m�h stnHq«u@fps£h�stf
�rl�½�qrl¢�&stq!Îªuvk°m x ur§�Ärn x l¢uHm��!��u\h
� M � ¡eh �rl1l[q��Ph
n�l[q���»�nec°�tl-qr�Hh �0/ # M � ) uvqZ�°h ��l1�rl[fXh stq�u\h
s£n@qq�ne�rl[f�nHq�h ��l���u\h
�>u x l ³ qrn\¥�qL§2}·�rl=fXl[�£l¢m"h
s£n@q�nH��h ��l�qrl�ÇehR��u\h
�>h nÁh x l[uvh�s¤f�¦�u@fXl¢�pn@qph
�rl�qeorkp¦6l x
nH�ykpor�£h s¤m-u@fih�k>l[kp¦6l x f|� x l¢fXl[q@h�s£q²h
�rl>��u\h
�L§ w u\h
��f|¥�s£h �Æ�tu x �@l�qeorkp¦6l x nv�yk�or�Âh
stm[uHfXh|k�l-k�¦Zl x f
u x l�l�Çruvk�stqrl[�Æu\h1½ x fih¢§p}·�rs¤fÁs£k��r�ts£l¢fÁh ��uvh�h
�rl°fXl[�£l¢m"h
l[�¶�Zu\h �¹¥�st�£�Rm�n\�@l x uHfÁk°uvqed²�gl[fXh stq�uvh stnHq�f
u@f>�Zn;f f s£¦��£l@§ � q«h
�rl®m-uHf l�nv�|l¢¸@oZuv�tsÂhid¬n@q´h ��stf�k�l�h x s¤mv¡Jh �rl²uH�£�@n x sÂh
�rk m��rnen@f l[fph �rl®��uvh �«¥�s£h �
f k°uv�t�£l¢fih�»�nec²�tl-qr�Hh �L§&cenZ¡�u\h�u!½ x fih1h
s£k�l�h ��lPfXl-h�nv�0�Zu\h �Zf1� x n\¥=f|¥�s£h �¬f �rn x h l¢fih���uvh ��f�uHq��Æu
f �rn x h � ³ l x qrl-� ��s¤f�m x l[uvh l[�¶h n��ðuHm-s£�ts£h
u\h
lp��orh o x l°��u\h
�¹u@�r�gs£h stnHq�f[§ � ��h ��l x l�s¤f�uvq¹l[¸;o�uH�£s£hid²nHqÆh �rl
hi¥�nPk�l-q;h
s£n@qrl[�®k�l�h x s¤m-f[¡6¥0l�� x n@�Zn;fXl�h
n&f l-�tl[m"h x uHq��gn@k>�td�nHqrl�nH��h �rl�l[¸;o�uv�2��uvh ��f[§=�y�@l-q²s£�yh �rl
f l-�tl[m�h stnHq¬stqg±�orl[q�m�l¢f�h
�rl x l[f or�Âh�nv�·h �rl x l¢�go�m�h stnHqL¡�l�ÇruHk>stqrstqr�¶uv�t�J�6n@f
f s£¦r�tlPn x �gl x f1s¤f�l�Çg�Zl[q�f s£�@l
h
��u\h � f>¥��ed¬¥�l!� x nH�6n@f l°h
�rl x uHq��gnHk f l-�tl[m�h stnHqL§´{|�£�@n x sÂh
�rk �¶�@s£�@l[fph �rl�k�l�h�u\~Ãm�ng�gl&nH� � Ì �={
uH�£�@n x sÂh
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�rkÍ��n x nH�rh stk>stµ-stqr�«»�n;c´kpor�£h s¤m-u@fih x nHogh
s£q��
fXh x o�m�h o x lH§ I l-��n x l�� x l[f l-q;h
s£qr�&h �rl°uH�£�@n x sÂh
�rk�k>l¢m���uvq�stf k°f-¡�¥�l>�rl[f
m x s£¦6l�¦ x stl�±Zd®h �rl�¦�u@fXs¤m�m-nHqg~
m-l-�gh�f·nv�2h �rl1h�uv¦6nen�f l[u x m���§
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}2uv¦6nen«cel[u x m��És¤f&uk�l�h�u\~F�rl-o x s¤fih
stm²uH�r� x n@uHm��É� x nH�6n@f l[�¿¦edÅÈÁ�tn\�Hl x 4 ��8�h n«uH�£�tn\¥ �tngm-uH��f l[u x m��
k�l-h �rng�rf·h
n°n\�Hl x m-nHk�l��tngm-uH�LnH�gh
s£k°u�§J}·�rs¤f�k�l�h ��ne�®¥·uHf�uH�r�r�ts£l¢�®fXo�m[m�l¢f fX��or�t�£d&h nPf nH�t�Hl��gs)�6l x l[q@h
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m[uv��u@m�s£h stl[f�stq®u��gdeq�uHk�stmÁh
l-�tl[m�n@k�kporqrs¤m-uvh stnHq!qrl�hi¥�n x
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}·��l�¦�uHf stm�� x stq�m�st�r�tl�nv��}�uH¦Znen�cel[u x m���stfRh n��ro x f orl � ngm-uH�Zcel[u x m���¥��rl-q�l-�Hl x sÂhyl[q�m�n@orq;h l x fRu1�tngm-uv�
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nP� x l-�es£n@o�f �£d!�;s¤f sÂh
l[�²f nH�togh stnHq�f=stf
� x l[�Hl-q;h
l[�!¦;dPh �rl�o�f l�nv�2k�l-k�n x s£l¢f-¡rm[uv�t�£l¢�Ph�uv¦6nen°�£s¤fih�f-¡g¥���stm�� x l[m�n x �Ph �rl x l[m-l-q;h��rs¤fih
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f�f l[u x m��
f ��u@m�l|uHq��°s£h
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�rlÁf ��u@m�l=nH��uv�t���6n@f
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h
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s£n@q©nv��}2uv¦6n;nÉcel[u x m��L¡
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x l-q;h�fXn@�£ogh
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fÁh n
h
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� A ¼�§©}·�rl-qÉh ��l .X�tl[uHfXh�¥ x n@qr� /�f nH�togh
s£n@q«s¤f x l-h
uvstqrl¢�¿uHq��«¥�st�t��¦Zl²o�f l[�«h n¬m-nHk��rogh
l!h
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q�l-st�H�e¦Zn x ��n;ng�!fXl-h[§
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h
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�rl�� x nH¦��£l[k$uvqZ�&h
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�rl�½�qrl¢��§ªcenZ¡2�@s£�@l-q � h
�rl&f l�h>nv����u\h
�¬¥0l&kpo�fXh>�gl-h l x k�stqrlP¥��rs¤m��¬l-�tl-k�l-q;h�u x dÆf l-�Hk�l[q@h�f�nH� �
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s£h|�gl¢f m x st¦Zl¢��s£q²f l[m"h
s£n@q!�Z§/6`¼"§J{ f nH�togh
s£n@q�m-n x
x l¢fX�6nHq���fJh
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s£n@q!nH��h
�rl�o�f l[�®f l-�Hk�l[q@h�f-§
}�n x l[� x l[f l-q;h�h �rs¤fJf nH�togh stnHq�¡v¥0l=u@f f ngm�s¤u\h
lJh
n1h �rl x l[�ro�m�l¢�>f l�hynH�8f l-�@k�l-q;h
f � /·u1¦rs£h k°uv��nH���>¦�sÂh�f-¡
¥���l x l��ªs¤f|h
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�rl�m��rn@f l-q x l-�g~
x l[f l-q;h�u\h stnHq�¡;s£h|m�n x x l[f �6nHq��rf0h
n�h
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fÁn@q¶hi¥�n�fXh l[��f1� x l[f l-q;h l¢�¶stq
{|�£�@n x sÂh
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s£k�stµ-l x l�~
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�rl²� x uv�r�«nH¦gh�uvstqrl[�«� x n@k h ��l®f l�h
��¡�l�Çg��uHo�fXh st�Hlpf l[u x m��®uv�t�Hn x s£h �rk$n x h
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l�� x nHk O ��¡
h
�rlPn@�gh stk�s£µ[l[�¬� x uH�r�¬fXn@�£ogh
s£n@q¬nv�·h ��l®¾ÁÎªc¹� x nH¦��£l[k�§ � �·h
�rl&qeork�¦Zl x nv�=m-dem-�£l¢f�l-Çgm-l-l¢�rfpu���
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� x l[f �rnH�¤��¡Zh �rl[q¶h ��l�h
uH¦Znen�fXl¢u x m��®uH�£�@n x sÂh
�rk%stfÁuH�gn@�gh l¢�²l-�¤f l�uvq²l-Çg��uvo�fXh st�Hl>fXl¢u x m��²m-uvqªl[uHf st�£d
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� 6 A ���@� }·��lÁq�l�hi¥�n x
³ O +.#�� '��$) ¡Zu�� x n@or�	�P¥�s£h �®u�fXn@o x m�l�H¡Zm�nHqZfih x uHs£q;h
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�Zuvo�fXh st�Hl�l-qeork�l x u\h
s£n@q«nH�Áuv�t�=m�n@kp¦rstq�uvh stnHq�f�nv�1fXl[�Hk�l-q;h
f°f �rn@or�t�«¦Zl²�6l x ��n x k�l[�´h n¬�gl�h
l x k�s£qrl
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f l[u x m��PuH�£�@n x sÂh
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¨¹l²qrnvh
stm-l&h
��u\h°�ts ³ l®sÂh°s¤f°�gl�½�q�l[�É}�uH¦Znenv~X»ÁÎ¶��uvhXh
l-k��gh
f°h n¹nH�gh
s£k�stµ-l�h �rl®� x uH�r� O � ¦ed
m-nHq�f s¤�gl x s£q��&uv�t���Zu\h �Zf=��n@orq��¶¦ed�h ��l�orq�stm[uHfXh�»�n;c x nHorh stqr�!uHq��²qrnHh��ts ³ l�Î¶uHk�m x u!�gnel[f�¦ed®m-nHqg~
fXh x o�m�h stqr��h ��l�f or¦g~F� x uv�r�°f nH�togh stnHqC��stq�m x l-k�l[q@h�uv�t�£d@§2{|qPstq�m x l-k�l-q;h�uv�ZuH�r� x n@u@m���f �rn@or�t��¦6l|oZfXl¢�
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f
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s£n@q�f[§�¨©�rl[q¹u®f l�h�nv�·�gl[fXh stq�uvh stnHq¹qrng�gl[f K ¥�uHq@hÁh n
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k�or�£h s¤m-uHfXh x nHogh
s£q���§=cestq�m�lph �rl>fXl-h|nv�yf �rn x h l¢fih|�Zu\h �Zf|uv���r�£destqr�°h
�rl�� x l[f l-q;h l¢�®qrnHqr~D�ts£q�l[u x �£l[qr�vh
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��o�q�m"h
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n¬�Hl[qrl x u\h
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l[fXh|��uvh ��f·� x nHk�f nHo x m�l�qrng�gl�h n°l[u@m��¶�gl[fXh stq�uvh stnHq®qrng�glH§�}·�rl[q®��n x m�nHk���u x s¤f nHq
nH�Zh
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s£k�stµ[u\h
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�rk�uvq��¶}2uv¦6nenv~X»ÁÎ¶��§6}·�rl[f l�uH�£�@n x sÂh
�rk°f=¥�l x l x o�q¶nHqª�rs �8l x l-q;h x l[uH�£stµ[uvh stnHq²nH� � q@h
l x qrl�h
�ts ³ l x uvq��rnHk � x uv�r��f�s£k��r�tl-k�l[q@h
s£q����gl[� x l-lJm-nHq�fXh x uvstqrl[�1¨u\Çgk°uvq1h
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� x n@or��f�¥�l x l x uvq��rnHk��£d¹m��rn@f l-q¬stq¬h
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l[fXh>m-nHq�f stfXh l¢�nv�=�@l-qrl x uvh stqr�
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nH�6nH�tnH�@s£l¢f-§�}·�rl>�\uv�torl[f�nv�yh
�rl , �£stq ³ ¥�l-st�H�;h
f�¥�l x l�f
uvk��r�tl[�²� x nHk�stq��gl[�Zl[q��gl-q;h�orqrs£��n x k
�rstfXh x s£¦�ogh stnHq�fps£qh
�rl x uvq��Hl¶ºð��¡ � ���7�
,-��, ���
� � � ������� ¼"§¶}�nªf �rn\¥Ðh �rl!n\�Hl x uv�t�R�6l x ��n x k�uHq�m�l°nH�
h
�rl1� x nH�6n@f l[�PuH�£�@n x sÂh
�rk®¡;¥�l1uH�gn@�gh0h
� x l-l�h l[fXh
f·f
m�l[q�u x s£sD§ � qPh
�rlÁ��nH�t�£n\¥�stqr��¡e¥�l|½ x fXh·uHq�uv�tdeµ-l�h �rl
x l[f or�£h�f l�h x l�h
o x qrl[�¦ed¹h �rl!kpor�£h s£~Ãm�nHqZfih x uHs£q;hporq�stm[uHfXh x n@ogh stqr�ªuH�£�@n x sÂh
�rk h nªl[�\uv�to�u\h
l°h �rl�fXstµ-l
nH��h �rl>fXl¢m�nHqZ�²nH�gh
s£k�stµ[uvh stnHq�3 x l¢�go�m"h
s£n@q®� x n@¦r�tl-k®§=}·�rl�m-nHk��r�tl�Çgs£hid!nH�Rh �rl�nH�gh
s£k�stµ[u\h
s£n@q¶m-uHq¶¦Zl
m��Zu x uHm"h
l x s£µ[l[��¦ed�h �rl>qeorkp¦6l x nv� x l[�go�q��ruvqZm�stl[f|h ��uvhÁs¤f|¥��ed®¥�l�uvqZuv�td;µ[l�h ��l�qeork�¦Zl x nH�0m�dgm��tl[f
stq�h �rl�f l�h � §�}·�rl[qL¡r¥�l1m-nHk���u x lÁh ��l x l¢fXor�£h
f·nH��h
�rl�nH�rh stk>stµ[uvh stnHq�nv�2h �rl�n@¦gh
uHs£q�l[�®fXo�¦g~D� x uH�r� �
¦edPl-Çgl[m�orh stqr�°Î¶uvk°m x u�uvq��&h ��l�� x n@�Zn;fXl¢�&}2uv¦6nenv~X»ÁÎ¶��§
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n@�gh stk�s£µ¢u\h
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fLh �rl�k°u\Çgs£k�orkÏqeorkp¦6l x uvqZ�1h �rl·u`�Hl x uH�HlRqeork�¦Zl x nH�Zm�dgm��tl[f
nH�8h �rl�kpor�£h s¤m-u@fih0f or¦g~F� x uv����u@m-m-n x �gs£q���h
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�rl=qeorkp¦6l x nv�Lqrng�gl¢fynH�6h
�rl|¨u\Çgk°uvq�h
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h
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6¢�H�°q�ne�rl[fÁuvq��¶h �rl>kpor�£h s¤m-u@fihÁ� x nHor�Æm�nHq;h�uvstqrl[� <v�°k�l-k�¦Zl x f[§�}·�rl>m-nHq�fXh x uvstq;h|�ts£k�s£h
f1u x l�½rÇgl¢�
h
n°�@����n x ¨¹uvÇek°uHq�� x uH�r��f�uHq��!h n �H����n x �r�¤uvq�u x � x uv�r��f[§y}·�rl¢fXl��\uv�torl¢f=u x l�m��rn@f l-q®stq�n x �rl x h n
u@�ruv�rh0m�n@q�fih x uHs£q;h�fRh nph �rl�� x uv�r�Pm��Zu x uHm"h
l x stfXh s¤m-f[§ � q°�ðu@m"h¢¡;s£��m-nHq�fXh x uvstq;h
fyu x l�hi¥�n���u x �>h
n�f
u\h
stfX��dH¡
��l[¥©��l[u@fXst¦r�tl|��uvh ��f·u x l|��nHorq��!uvq��PsÂ��m-nHq�fXh x uvstq;h
f�u x l�hi¥�np�tn;n;fXl@¡ek�uHqed���l¢uHf s£¦��£l���u\h
��f�l�ÇgstfXh
f�uvqZ�
f n&m-dem-�£l¢f|m[uvq¶¦6lpl¢uHf s£�td!n@k�sÂh h l[�L§�}·��uvh	� f=¥��ed®¥0lpu@�`zio�fXhÁm-nHq�fXh x uvstq;h|�£stk�sÂh�f|�\uH�£orl>uHm[m�n x �gstqr��h n
h
�rl>o�fXl¢�®h n@�Zn@�£n@�Hd@§ � qªh �rl���nH�t�£n\¥�stqr�&Î���� 9 �� �°m-n x
x l¢fX�6nHq���f�h n&h �rl>nH�rh stk>stµ-l¢�¶k�or�Âh
stm[uHfXhÁf or¦g~
� x uH�r��nH¦gh�uvstqrl[�P¦;d°Î¶uHk°m x u�uvq��PÎ � �	�

� �
m-n x
x l¢fX�6nHq���f�h nph �rl�nH�gh
s£k�stµ-l[�Pkpor�£h s¤m-u@fih�nH¦gh�uvstqrl[��¦ed

}2uv¦6nenv~X»ÁÎ¶�^uH�£�@n x sÂh
�rk®§
}2uv¦��£lº 6`¼p�@s£�@l[fph �rl²u`�@l x uv�Hl!m�dgm��tl!qeork�¦Zl x s£q � ¡RÎ �
� 9 �� � uvqZ�«Î � �	�

� �
§�� 9

���� I # O ) m-n x
x l-~f �6nHq��rf�h
n!h
�rl�qeorkp¦6l x nv�·m�dgm��tl>l�ÇgstfXh stqr�®stqªh
�rl�� x uv�r� O�§°cenZ¡�� 9
���� I # � ) m�n x
x l[f �Zn@q��rf|h n�h �rlstqrs£h s¤uv�Ju`�@l x uv�@l�qeorkp¦6l x nH��m-dem-�£l@¡�� 9

���� I # � �
� 9 �� � ) uvq���� 9
���� I # � � �	� � � ) m�n x x l[f �Zn@q��²h
n®h �rl
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�|l�hi¥�n x
³ � 9
���� I # � ) � 9

���� I # � �
� 9 �� � ) � 9
���� I # � � �	� � � ¼¨¹uvÇgk�uHq Ór¡ : 6 ��¡ �H�;��: �r¡ � 6¢�=<

w �tuHq�uvs x l :r¡ E � ��¡ Ó �HÓ � �r¡ �@�@��6

}2uv¦r�tl56;AR�|orkp¦6l x nH�2m-dem-�£l¢f·s£q�h
�rl�nH�gh
s£k�stµ-l¢�!� x uH�r��Ay}2uv¦6nenv~X»ÁÎ¶�b�gf=Îªuvk°m x u
È x uv���&h
nH�6nH�tnH�Hd � / # � ) � / # � �
� 9 �� � ) � / # � � ��� � � ¼¨¹uvÇek°uHq �r¡�<�:�6[� ��¡ <v�@�v� �r¡�<�:7E;:
w �tuHq�uvs x l �r¡ �7EHÓ 6 ��¡ �=E �H� �r¡ �7EvÓ �

}�uH¦r�tl�� AR{��@l x uv�Hl1m x s£h s¤m-uv���tl-q��vh � Ay}�uH¦Znene»ÁÎª�b�gf�Î¶uvk°m x u

u`�@l x uv�@l0qeork�¦Zl x nH��m-dgm��tl=s£qPh �rl x n@ogh stqr�pfXh x o�m"h
o x l=nH¦gh�uvstqrl[�°uv�Àh l x l�Çgl¢m�ogh
s£qr��h �rlÁm�n x
x l[f �Zn@q��gstqr�
uH�£�@n x sÂh
�rk®§·¨Æl�qrnvh
stm-l�h ��uvhÁÎ¶uHk°m x u��Hst�Hl[f=�Hl-q�l x uv�t�£d!�Hneng� x l¢fXor�£h
f=��n x nH�gh
s£k�stµ-stqr�&m�dgm-�£l¢f-§=}·�rl
x l[f or�£h
fÁst�£�to�fXh x u\h l�h �Zu\h�}�uH¦Znenv~X»ÁÎ¶� x l-k�n\�@l[f[¡8uH�r� x n`Çgs£k°u\h
s£�@l-�tdH¡8uv�t�Rm�dgm��tl[fÁ¥��rl[qÆÎ¶uHk�m x u!m-uHq
�rn>s£h|uvqZ� x l-k�n\�Hl¢f�nvh ��l x m�dgm-�£l¢f�h ��uvh|Î¶uvk°m x u>m-uvq � h x l-k�n\�Hl@§
Ä�o x h
�rl x k�n x lH¡gs£�R¥0l�m�n@k���u x lH¡rf nH�togh stnHqZf·nH¦gh�uvstqrl[�!¦ed!Î¶uHk�m x u>uvqZ��}2uv¦6nenv~X»ÁÎ¶� uHm-m-n x �gstqr�

h
nÁh �rl=m x s£h s¤m-uH�g�£l[qr�vh
� �B� ºðÎÆ¼"¡vn@q�u`�@l x uv�@lH¡`}�uH¦Znenv~X»ÁÎ¶�«½�q���f nH�togh stnHq�f��Zu`�;stqr�1uÁ¦Zl-hXh l x �gs¤uvk�l�h
l x
h
��uvq¹fXn@�£orh stnHq�f���nHo�q��ª¦ed¶Î¶uHk°m x u&uHf�s£h1s¤f�f �rn\¥�q¶stq¹}2uv¦r�tl°�g§�¨¹l>uH�tf n�qrnvh
stm-l>�go x stqr�®fXstkpor�¤u\~
h
s£n@q�fph ��uvhph ��l!s£h l x uvh stnHq¬qeorkp¦6l x ¥��rl x l�}�uH¦Znenv~X»ÁÎ¶�Ê��n@orq��¬h
�rl&¦6l�h h l x f nH�togh
s£n@q´�gl-�6l-q���f�nH�
h
�rl>q;o�kp¦6l x nv�Jm�dgm-�£l¢f=h
��u\h1kpo�fXh�¦6l x l[k>n\�@l[��§ � q¶�ðu@m"h[¡8s£�yh ��l>f or¦g~F� x uv�r� � m�n@q@h�uvstq�f �¶m-dem-�£l¢f-¡
}2uv¦6nenv~X»ÁÎ¶�bl-Çgl[m�orh stnHq x l¢¸@o�s x l[f �!s£h l x u\h
s£n@q�f[§
}�n²m�nHqr½ x k�h
�rl°stk>� x n\�@l-k�l-q;h1¦ x n@or�H�;h1¦edª}�uH¦Znen�¦�uHf l[�¹uv�t�Hn x s£h ��k�m-nHk���u x l¢�²h n²Î¶uHk°m x u

uH�£�@n x sÂh
�rk®¡=¥�lÆm�n@k���u x l x nHogh
s£qr�Éfih x oZm"h o x lÆnH¦gh�uvstqrl[�^¦;d©}2uv¦6nenv~X»ÁÎ¶�%h nÉnHqrl¢f&n@¦gh
uHs£q�l[�©¦ed
Îªuvk°m x ur§�¨Æl=q�nvh s¤m�l=h ��uvhJs£q �7:r§ Ó�� nv�8h �rl�m-uHf l[f[¡H}2uv¦6nenv~X»ÁÎ¶�É�Hst�Hl[fRf nH�togh
s£n@q�fR��u`�estqr��u�m x s£h s¤m-uv�
�tl-q��vh �¬f �rn x h l x n x l¢¸;o�uv��h
n¶Î¶uvk°m x u²f nH�togh stnHq�f�uHq��¹s£q´Ó;�g¡ �=E��$nv�·h �rlPm[uHf l[f�}2uv¦6nen²uv�t�Hn x s£h �rk
�@s£�@l[f�f nH�togh stnHq�f��Zu`�;stqr�um x sÂh
stm[uv���tl-qr�Hh � �O� ºNÎª¼�fX��n x h l x h
��uvq¿h ��l²nHqrl®nH¦rh
uvstqrl¢�«¦ed«Î¶uHk°m x u
uH�£�@n x sÂh
�rk®§�Ä�l-¥ u x l�h ��l!m-u@fXl¢f°ºðÓ�¡ <���¼�¥��rl x l&Î¶uHk�m x u®�@s£�@l[f�¦6l�h h l xpx l[f or�Âh�f�uHm[m�n x �gstqr�®h
n²h �rl
m x s£h s¤m-uH���£l[qr�vh
� �B� ºðÎÆ¼"§
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�7E E �HÓ � :@�
�v� : Ó(< Ó Ev�
�=< Ó Ó;� E :@�
�HÓ < Ó�6 � :@�
{��@l x uv�Hl Ó;�g¡ �=E�� Ór¡ : �#� :@Ór¡ �7E��

� qÅqrl¢u x �£d«uH�£�=m[uHf l[f[¡0f nH�togh stnHqZf�nH¦gh�uvstqrl[�É¦ed«}2uv¦6n;n¦�u@fXl¢�¿uH�£�@n x sÂh
�rk x l[�goZm�l[f>h
�rl¶m x s£h s¤m-uv�
�tl-q��vh �²m-nHk���u x l[�&h nPÎªuvk°m x u�uv�t�Hn x s£h �rk®§y}2uv¦6n;n°¦ZuHf l[��uv�t�Hn x s£h �rk f o�m[m�l-l¢�rf·h
n�½�q���s£k�� x n\�es£q��
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}�uH¦r�tl1Ó�Ay}�uH¦Znen°f nH�togh stnHq�f�m-nHk���u x l¢�°h n°Î¶uHk°m x u>f nH�togh
s£n@q�f·uHm-m-n x �gstqr�ph
nPm x sÂh
stm[uv���tl-qr�Hh �

f nH�togh
s£n@q�f�stq!��l[¥ÏsÂh
l x u\h stnHqZf-§�{=�t�Lh ��l[f l x l¢fXo��Âh�f�k°u ³ l1h�uv¦6nen°¦�uHf l[�®uv�t�Hn x s£h ��k u��Hneng�®m-uvqZ�gst��u\h l
h
n�nH�gh
s£k�stµ-l�kpo��Âh
stm[uHfXh�f or¦g~F� x uv����f·uvq���fXn>h
nPuHm��rstl-�@l�k�or�Âh
sÂ~Ãm�n@q�fXh x uvstq@h|»�n;c x nHogh
s£qr�Z§

� �����0�������-��
� q�h
�rs¤fy��uH�Zl x ¡;¥0l=�rstf
m�o�f
f l[��stk>� x n\�@l-k�l-q;h
f�nH�8h �rl�kpor�£h s£~Fm-nHq�fXh x uvstq;hykpor�£h s¤m-u@fih x nHorh stqr�puv�t�Hn x s£h �r~
kÊ¦�u@fXl¢��n@qPuÁh
uH¦Znen�f l[u x m��°uv�t�Hn x s£h �rk®§2}·�rlÁ»�n;c x nHogh
s£q���� x n@¦r�tl-k�s¤f ³ qrn\¥�q°u@fyu�� w ~Fm-nHk��r�tl�h l
k�or�£h s£~Fm-nHq�fXh x uvstq;h�n@�gh stk�s£µ¢u\h
s£n@q�� x nH¦��£l[k�§2�RÇg��uHo�fih
s£�@l=fXl¢u x m���uH�£�@n x sÂh
�rk°f2uHq���u1� x l-l¢�gdpuv�t�Hn x s£h �r~
k ¥�l x lÁ� x n@�Zn;fXl¢��h n�½�q��&kpor�£h s¤m-u@fih�f or¦g~F� x uv�r��fJ��n x k�or�Âh
stm[uHfXh·m-nHk�kpo�qrstm[u\h
s£n@q�f x l[¸;ors x s£qr�°»�n;c8§
}·��l!l-Çe�Zuvo�fXh st�Hl�uv�t�Hn x s£h �rkÍs¤f�q�nvh°f m[uv�¤uv¦r�tl!uHq��«m[uvq´¦6l²uv�r�r�tstl[�´n@qr�td��n x �£stk�sÂh
l[�ÉfXstµ-l¢f-§´}·�rl
� x l[l[�gd¬uH�£�@n x sÂh
�rk Î¶uvk°m x uª� x n@�Zn;fXl¢���n x h
�rs¤f x nHorh stqr�Æ� x n@¦r�£l[k �gnel[f�qrnHh�h�u ³ l�u@�g�\uvq;h
uH�Hl&nH�
f stk>���£l1¦rogh��Zn;f f s£¦��£l x l[�go�m�h stnHq�f·nH��h
�rl�kpor�£h s¤m-u@fih|f or¦g~F� x uv���L§�¨¹l�� x nH�6n@f l � Ì �|{ uvq®s£qZm x l-k�l-qg~
h�uv�LuH�£�@n x sÂh
�rkÊh n°fXn@�£�@l|h
�rlp¾ÁÎªc°� x n@¦r�£l[k®§2�J�Hl-q�s£� � Ì �={ÏuvhXh l[k��gh
f�h
n�u`�@nHs¤�Pf nHk�l�nH�2Î¶uHk°m x u
¥�l[u ³ �Zn@s£q;h
f[¡6sÂh�m-uHqªqrnHh1u`�@nHs¤�®� x n@¦r�tl-k°f|nH�Js£h l x u\h
s£�@lpuv�t�Hn x s£h ��k�f[§�}�n!nH¦gh�uvstqªu!�Hneng�®h x uH�gl-~Dn*�2¡
¥�l�� x nH�6n@f l[�ªu!h�uv¦6n;n²f l[u x m��Æ¦�uHf l[�Æuv�t�Hn x s£h �rk®¡�}2uv¦6nenv~X»ÁÎ¶��¡6��n x h
�rl°m-uHf l[fÁ¥��rl[ql�Çg��uvoZfih
s£�@l
f l[u x m���s¤f�qrnvh��Zn;f f s£¦��£l@§·cestkpo��tuvh stnHq x l¢fXo��Âh�f|f �rn\¥bh
��u\h�u°½ x fXh �td&� x n@�Zn;fXl¢��¡�f �rn x h l¢fih=��uvh �²¦�u@fXl¢�
k�or�£h s¤m-uHfXh·� x uv�r�Ps¤f�nv�Àh
l-q&s x
x l¢�go�m�st¦r�tlH§ � � x l[�rorq��ruHq�m�stl[f0l�Çgs¤fih·s£q!h ��l�k�or�Âh
stm[uHfXh�� x uH�r�L¡;h ��l|h�uv¦6n;n
f l[u x m��¦�u@fXl¢�uv�t�Hn x s£h �rk l-�ts£k�stq�u\h
l[f�k�n x l&m-dgm��tl[f�h
��uvqh
�rl!Îªuvk°m x u²uv�t�Hn x s£h �rk®§ � q x uvq��gn@k��£d
�@l-qrl x uvh l¢�p� x uH�r��f[¡\h �rl�fXn@�£ogh
s£n@q�n@¦gh
uHs£q�l[�>¦edph
�rl·h
uH¦Znen�uv�t�Hn x s£h ��kÒ��uHfJu1�£l¢f fy�rstuHk>l-h l x h ��uHq�h �rl
f nH�togh
s£n@qª��n@orq��Æ¦;d¹Î¶uvk°m x u�§�ÈÁl[qrl x uv�t�£d@¡�u��£nen@�g~N� x l-l�f nH�togh stnHq¹¥�u@f���nHorq��¹stq¹h stk>l ) � � � stq¹h �rl
m[uHf l[f�¥��rl x l ��m�dgm-�£l¢f·¥0l x l��gl-h l[m�h l¢�!stq!h �rl�f l�h=nH�2f �rn x h l¢fih���uvh ��f[§

#%� �\�·�����!�����
4/6B81�|§ � § Ì �rnHq���¡!c8§>Î¶uH���gs£�¤ur¡�c8§�Î²n x �tl-d@¡�¾�qÊ½�q��gstqr�Òf s£q��H�tl�~ÃfXn@o x m-l©fXstqr�H�tlb�gl¢fih
s£q�uvh stnHq ³
f �rn x h
l[fXh·�Zu\h �Zf-¡��Z§ Ì nHk��rorh � qg�i§£¡6ce�Zl¢m�s¤uv� � f
f orl � Ì�Ì0� � �=Eg¡e�r�L§r�;�\~F�(<rº 6�� �7E@¼"§

4 ��8�c�§ Ì �rl-q�¡���§p�|uH� x fih
l[�eh¢¡P{=q ¾��Hl x �estl-¥ nH�¶»�o�uH�£s£hid;~DnH�À~Ãcgl x �;s¤m�lÉ��nHorh stqr� ��n x h
�rlb�=l-Ç;h
ÈÁl[qrl x u\h
s£n@q�=st�H�g~ice�6l-l¢�¶�=l-hi¥0n x ³ f>A wyx nH¦r�tl-k°f�uvq��ªcgnH�togh stnHq�f[¡�stq � �y�J�B�=l-hi¥0n x ³ ¡8ce�Zl¢m�s¤uv�
� f
f orl�nHq®} x uvqZfXk�s¤f f s£n@q!uHq�����s¤fih x st¦rogh
s£n@q�nH���rs£�@sÂh�uv� � s¤�gl[n�¡g�r�L§F:v�v~�< ��¡tº�6�� �H�@¼�§

4 Ó�8�c�§ Ì �rl-q¡���§r��uv� x fXh l[�gh[¡Z¾�q²Ä2s£q��rs£qr�°Î²o��Âh
sÂ~ Ì nHq�fXh x uvstqrl¢�&��uvh ��f[¡ � �y�J� � Ì�Ì ¡Lº 6�� �H�;¼"§

4 �;8�}1§ ��§ Ì n x k�l[qL¡ Ì §r�=§ � l-s¤f l x fXn@qª¡Z��§ � §��=s£�@l[fXh[¡ � q;h x ng�go�m�h stnHq!h nP{=�t�Hn x s£h ��k�f[¡rÎ � } wyx l[f
f-¡
Ì uHkp¦ x s¤�g�Hl@¡rÎ¶{�¡�ºD�v�@�H�@¼�§
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4 E�81�|§p¨ §!��s z ³ fXh x ur¡!{ qrnvh
l©nHqÊhi¥�n � x n@¦r�£l[k°f¬s£q m-nHqrqrl-Çgs£n@qÊ¥�s£h �+� x uH�r��f[¡&�=ork�l x s¤f m���l
Îªu\h ��l-k°u\h
s ³ ¡rqrnZ§ 6H¡g�r��§Z��: �\~i�7<(6@¡6º�6��=E �@¼�§

4 :�8�Î´§�Ä�uH�£n@ogh
f n@f[¡g{�§ I uvq�l x zil[ur¡g��§ w uHq ³ u\z�¡Z»�necgÎ � Ì AZ»�o�uH�£s£hid°nv�Rcel x �estm-l1f l-qZfXs£h st�Hl�Î²or�£h s¤m-u@fih
� q;h
l x qrl�h=� x nvh
n Ì n@�N¡estq®{ Ì ÎÍc � È Ì ¾ÁÎ¶Î´¡r�r�L§ 6[�H�H~ 6�EvÓr¡¤º 6 � �@�@¼"§

4 <�8�Î´§ ��§LÈ1u x l[dÆ¡���§ c8§ �@nH�rq�f nHq�¡ Ì n@k>��ogh l x f�uvq�� � q;h x u@m"h
uH¦rst�£s£hid A·{ÊÈÁors¤�glph
nPh
�rl�}·�rl[n x d!nH�
� w ~Ãm�nHk��r�tl�h
l-qrl¢f f[¡�Ä x l[l-k°uvqL¡�cruvq®Ä x uvq�m-stf
m�nZ¡8º�6��(< �@¼�§

4 ��8�Ä�§�ÈÁ�tn\�Hl x ¡8Ärogh
o x l w u\h
��f���n x � q;h l-�@l xÁwyx nH� x uvk�k�stqr�&uvqZ� � stq ³ f�h n®{ x h s£½Zm�s¤uv� � q;h l[�£�ts£�@l-q�m-lH¡
Ì n@k��rogh l x f�uHq��¶¾��Zl x uvh stnHq�f·��l¢fXl¢u x m���6¢Ór¡g�r�L§�EvÓHÓv~ Ev� ��¡�6��@�;:�§

4 ��81¨ §eÈÁnene� x s¤�g�Hl@¡H¨ §;��nH¦6l x h
f nHqL¡H¨ § �Z§ w �rst�£�tst��f=¡gc8§;cgs£�\u ³ ork°u x ¡]�|l-o x s¤fih
stm Ì n@q�fih x uHs£q;h ~ w u\h
�
�=nHogh
s£qr� ��l[m-stf stnHq²cedgfih
l-k®¡rstq wJx ngm�l[l[�gstqr�;f·nv�2h �rl�Ó x ��{=qrqeo�uH� Ì nHk�k�orqrs¤m-u\h
s£n@q��|l�hi¥�n x
³ f
uHq��²cel x �estm-l[f·��l¢fXl¢u x m�� Ì nHqr��l x l-q�m-l�º Ì ��cg� � �=EH¼"¡ � �y�y�=¡¤ºN�H�H�7E@¼"§

4D6[��8 � §��|l-q x st¸;orl@¡2Î´§ ��§ Ì n;fih�ur¡2c�§�Ä��rst�ru�¡R¾�§ Ì u x �tn@f[¡�Î¬§ I §��|o�u x h
lH¡P�=n@�g~D¦ed;~ �=nH�Î²or�£h s¤m-u@fih
�=nHogh
s£qr� wJx nHh ngm�n@�N¡ � q²{ Ì Î c � È Ì ¾ÁÎ¶Î¬¡g�r��§Z�\� �\~i�;E ��¡6ºD�v�@� 6¢¼�§

4D6;6B81Ä�§g�=¥·uvqr�©¡-��§0��s¤m���u x �rf[¡·ceh l-stqrl x } x l[l wyx n@¦r�tl-k®¡��=l�hi¥�n x
³ f-¡0�Hn@�N§0�@�g§yq�n�§�6@¡����L§ E7E`~Ã� ��¡
º�6�� �@�H¼�§

4D6¢��81{p§ �@ogh h qrl x ¡ I §�ceµ[�;s¤u\h
n\�gfXµ ³ sD¡ � §eÎ¶l[m-fÁ¡ � §g�=uvz ³ nZ¡ � uv� x uHqr�Hl|�=l-�¤u\Çru\h
s£n@q I uHf l[�&Î¶l�h ��ne�P��n x
h
�rl�»�n;c!��n@ogh stqr� wyx nH¦r�tl-k®¡ � �y�J� � �|Ä2¾ Ì ¾ÁÎ´¡LºN�v�@� 6`¼"§

4D6[Ó�8 �§ �@s¤ur¡��>§ � ��uvqr�Z¡���§ w s¤f f stqrnHoL¡ ��§ZÎªu ³e³ sN¡6{Ò�gs¤fih x st¦rogh
l[�²k�or�Âh
stm[uHfXh x nHogh
s£qr�°� x nHh ngm�n@����n x
x l[uH�Â~Dh stk�l1kpor�£h s¤m-u@fih|uH�r�r�tstm[u\h stnHqZf-¡estq Ì n@k��rogh l x �=l-hi¥0n x ³ f·Ó 6@¡g�r�L§D6[� 6-~ 676[��¡6º�6�� � �@¼�§

4D6-�;81Ä�§ {�§ �1orst�Zl x f[¡Z}1§ ��n x
³ k°uHµH¡�Î¬§ � x orqrµP¡ w § � uHqªÎ²stl-�H��l-k®¡6{|q¹¾��Hl x �estl-¥ nv� Ì nHqZfih x uHs£q;hX~
I u@fXl¢� w u\h �¬cel[�£l¢m"h stnHqÆ{=�t�Hn x s£h �rk°f���n x »�n;c²�=nHogh
s£qr�Z¡ � �y�y� Ì nHk�kpo�qrstm[u\h
s£n@q�f�Îªuv�@uHµ-stqrlH¡
�@nH�D§g�@��¡gqrn�§ 6`�g¡LºN�H�H�;�H¼"§

4D60E�81}1§ ��n x
³ k°uHµH¡HÎ¬§ � x orqrµ�¡gc8§e} x uv�@nHo��ru@f-¡@Î²or�£h s¤m�nHqZfih x uHs£qrl¢�&¾��gh stk°uv� w uvh �!cgl-�tl[m"h
s£n@q � �y�y�
� ��Ä2¾ Ì ¾ÁÎ¬¡LºD�v�@� 6¢¼�§
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4D6>:�81}1§ �|n x ³ k°uvµ@¡rÎ¬§ � x orqrµ@¡Zc8§6} x uv�@nHo��ru@f-¡g�y¯°m-s£l[q;h�{=�t�Hn x s£h �rk ��n x Ä2stq��gstqr�&u w uvh �¶ceor¦gzil¢m"h
h
nª}�¥0n¶{��r�rsÂh
s£�@l Ì nHq�fXh x uvstq;h
f[¡ � q Ì nHk��rorh l x Ì nHk�kporq�stm[u\h stnHqZf �Hn@o x q�uv�D¡ � n@�N§��7Eg¡��=nZ§�Ór¡
Ä�l-¦ x o�u x d¶¡g���L§Z�H�7E`~i�vÓ@�r¡¤ºN�v�@�@�@¼"§

4D6�<�81Ä�§ �1orst�Zl x f[¡ w § � §®Î²stl-�@�rl-k®¡¬Î¶uvk°m x u�A { Ì n@q�fXh x uvstqrl[�e~ I uHf l[�%Î²or�£h s¤m-u@fihB�=nHogh
s£qr�
{|�£�@n x sÂh
�rk®¡ � q Ì nHk��rogh
l x Ì nHk�k�orqrs¤m-u\h
s£n@q�f[¡ � nH�D§Z�;Er¡e�|n�§���¡g�r�L§��@� 6-~F��6[�r¡¤ºN�H�H�;�H¼"§

4D6[��8 � § w § ��nHk��6l-�t�tu�¡ ��§ Ì § w uHf
¸;o�uv�tlH¡|È>§ Ì § w nH�td;µ[n@f[¡|Î²or�£h s¤m-u@fih®��nHorh stqr�«��n x Î¶or�Âh
s£k�l¢�gstu
Ì n@k�kporqrs¤m-uvh stnHq

�
¡�s£q � �y�y� 3v{ Ì Î } x uHq�f u@m"h
s£n@q�f²nHqÐ�=l�hi¥�n x
³ s£q���¡ � nH�D§ 6H¡>�=n�§1Ór¡��r�L§

�H�;:v~Ã� �@�g¡¤º 6 � �@Ó@¼"§

4D6���81Ä�§={p§ �1ors£�6l x f¹¡ w § � uHqBÎ²stl-�@�rl-k®¡ Ì nHq��gs£h stnHqZf&h
��u\h � k���uHm�h®h �rl Ì nHk��r�tl�Çgs£hidÅnv�°»�nec
�=nHogh
s£qr�Z¡ � �J�y� 3\{ Ì Î } x uvq�f
uHm�h stnHq�f0nHq²�=l-hi¥0n x ³ stqr��¡e�@nH� 6[Ó(3`��¡�ºD�v�H�=EH¼�§

4î�v��8 w § � uvq!Î²s£l[�H�rl[k%ºðl[��§î¼"¡gÄ�§ {�§ �1orst�Zl x f[¡@}1§ �|n x ³ k°uvµ@¡HÎ¬§ � x o�qrµH¡eÎ¬§ Ì o x u@�gn�¡@�=§eÎ²nHq;h l[s x n�¡
�§>ÎªuHf s£�g~ I�x o�s£qL¡ ��§�cenH� �~ w u x l�h�ur¡¶¡®c8§�c��vq�m��rl[µ�~ ��� �Zl[µH¡�»�o�uH�£s£hid�nH�Æcel x �estm-lb��nHorh stqr��¡
Ì �Zuv�gh
l x Ó°s£q»�o�uv�tsÂhid�nv�JÄ�ogh o x l � q;h l x qrl-hÁcel x �estm-l[f[¡Z�-C�~ Ì ¾1cg}Ò��:@Ó°Ä�stq�uH�2��l[�Zn x h¢¡8l[�gs£h l¢�
¦ed®cek�s x qrn\�°l�h|uH�N§gstq¶ce� x s£q��Hl x � � Ì c®�v�=E�:�¡@�r��§��H�v~ 676�<e¡8ºN�H�H�@Ó@¼"§

4î��6B8 w § � uvq�Î²s£l[�H�rl[k ¡¹Ä0§!{�§��1orst�6l x f-¡ Ì n@q�m�l[�gh
fÅnH�¹�yÇgu@m"h »�nec���n@ogh stqr��{=�t�Hn x s£h ��k�~
f[¡ � �y�y� 3v{ Ì Î } x uvq�f
uHm�h stnHq�f0nHq²�|l�hi¥�n x
³ stqr�Z¡;�@nH�D§ 6¢�g¡gq�n�§�Eg¡�ºN�v�@�v�e¼"§

4î�H��8 w § � uvq®Î²s£l[�H�rl[k®¡ ��§ ��l��=l[�Hl�¡�Ä�§ {�§��1orst�6l x f-¡ �|nH�g~F¦ed@~ �=n@�®»�o�uH�£s£hidPnH��cel x �es¤m�l���nHorh stqr��¡
Ì n@k��rogh l x �=l-hi¥0n x ³ f[¡ � nH�D§rÓ=<e¡r�|n�§rÓv~D�Z¡g�r�L§r�;�=<¢~F�;�HÓr¡6ºN�v�@� 6`¼"§

4î�vÓ�8 �p§ ��l®�|l-�@l¹¡ w § � uvq©Î²stl-�@�rl-k®¡0}2uvk°m x u�A!{Ñ}�orq�uv¦��£l²{�m-m-o x uHm�d´Î¶or�Âh
s£���£l Ì nHqZfih x uHs£q;h
f
�=nHogh
s£qr�P{|�£�@n x sÂh
�rk®¡ Ì nHk��rogh
l x Ì n@k>k�orqrs¤m-uvh stnHq�f[¡ � nH�D§��vÓ�¡g�r�L§ :;:=<��(:(< �r¡6ºN�H�H�H�;¼"§

4î�\�;8�È>§��p§���nHoZf ³ uHf[¡ � § I uH�t�rs£qrl@¡PÎ²or�£h s¤m-u@fih¬��nHorh stqr�Ï¥�sÂh
�Ð�yqZ�e~Nh
nv~F�yq�� �|l[�tu`dÒuHq�� �|l[�tu`d
� u x s¤u\h
s£n@q Ì n@q�fXh x uvstq@h�f-¡estq � �y�y� �ecg{ Ì ¡ � nH�D§ 60Er¡r�=nZ§rÓr¡g�r�L§ZÓv�7:v~FÓ=E�:�¡tº�6�� �(<v¼�§

4î�;E�8 �p§LÄ�§�cruv�¤uvk°ur¡ �p§�c�§8�=l-l-�@l[f[¡ ��§ � stqrstnvh s¤f[¡��y�\uv�to�u\h
s£n@q¶nv�0Î¶or�Âh
stm[uHfXh1�=nHogh
s£qr�®{=�t�Hn x s£h ��k�f
��n x ��l¢uv�£~F}·stk�l Ì n@k�kporqrs¤m-uvh stnHqnHq �=st�H�r~Ãce�6l-l¢�¬�=l-hi¥0n x ³ f[¡Ls£q � �y�J� �;cg{ Ì ¡ � nH��6�Eg¡��|n�§
Ó�¡r�r�L§ ÓHÓ;�`~ÃÓv�(Eg¡Zº�6�� �=<v¼�§
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4î��:�8 � §e¨Æl[sN¡���§;�0fih x stqL¡g}·�rl�} x uH�gl-~Dn*�8fJnv��Î²or�£h s¤m-u@fih·} x l-l¢f0uHq��P{|�£�@n x sÂh
�rk°f-¡;s£q wyx nem-l-l¢�gs£q��@fynH�
h
�rl 6�� �H� � q;h l x q�uvh stnHq�uH� Ì nHqg��l x l[q�m�l!nHq Ì n@k>��ogh l x Ì n@k>k�orqrs¤m-uvh stnHq�f�uvq��¬�|l�hi¥�n x
³ f[¡��r�L§
6�<¢~i�\�Z¡8º�6�� �v�;¼�§

4î�7<�8 I §r¨uvq���¡��Z§ Ì § �=n@oL¡�Î²o��Âh
stm[uHfXh|��nHogh
s£q��Puvq���s£h
f�»�necP�RÇeh
l-q�f s£n@q A wyx nH¦r�tl-k°f[¡�{=�t�Hn x s£h ��k�f
uHq�� wyx nvh ngm-nH�¤f-¡estq � �J�y�b�=l-hi¥0n x ³ ¡g�r�L§��@�`~ÃÓ;:�¡g�H�H�@�r§

4î�v��8 �Z§ |oL¡gc8§ ��§ Ì ��s£oL¡gÄ�§;ÈÁ�tn\�Hl x }2uv¦roPf l[u x m��>��n x �gdeq�uvk�s¤m x nHogh
s£qr��m-nHk�kpo�qrstm[u\h
s£n@q�fRqrl-hi¥0n x ³
�rl[f s£�@qL¡�}�l-�tl[m�n@k�kporqrs¤m-uvh stnHq®cedgfih
l-k°f-¡��HnH�D§g�r§r����E7E`~�<;<e¡�º�6�� �(<v¼�§

4î� ��8 �Z§ �oL¡gc8§ �>§ Ì �rstoL¡eÄ0§eÈÁ�£n\�@l x ¾��gh
s£k�stµ-stqr�pu���stqr�H~ I uHf l[� wyx s£�\uvh l � s£qrl�}�l[�£l¢m�nHk�k�orqrs¤m-u\h
s£n@q
�|l�hi¥�n x
³ o�f s£q���}2uv¦6nenPcel[u x m��L¡gÎ¶uHq�uv�@l-k�l-q;h|cgm-s£l[q�m�l@¡g�HnH�D§g�=Er¡r�=n°Ór¡Lº�6�� � �@¼�§

4 ÓH��8�È>§L{|�Zn;fih
nH�tnH�6nHor�tn@f[¡ �p§8¨©st�£�¤uvk°f[¡�c8§ ��uvk°u\h¢¡8��§�ÈÁo�l x s£qL¡�{p§�¾ x �ru¶¡L}1§ wJx µ[d;�@s£l[q��ru�¡L»�nec
x nHorh stqr��k>l¢m���uvq�stf k°f�uvq��²¾1c w Ä«l�Çeh l[q�fXstnHqZf-¡r�=Ä Ì �;:=<�:r¡8º 6�� � �;¼"§

4 Ó 6B81}·��l|{R}�Î Ärn x o�k�¡ wyx s£�\u\h
l=qrl-hi¥0n x ³ ~Dh nv~Fqrl-hi¥0n x ³ stq@h
l x �ðuHm-l=fX�6l[m-sÂ½Zm[u\h
s£n@q>�@l x fXstnHq�6@§/6�º w �|� �
6@§/6`¼"¡ u\�À~F�rqrqrs£~Ã�H�7E7Eg§ �H�;�g¡ZºD�v�@�@�H¼�§
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2 � 6 �[� Ù Ú��2�v� 8 Ù 6 �

/ + ��,�� 8 ×`_pÙ 6 �-�[�`� 836 Õ Ú �&Ù ��� 8369=@? � Ù � , Õ 
´� �

�r§/6 C|qrs¤m-uHfXhÁ»�n;c x nHogh
s£qr� §�§1§�§1§�§�§Á§�§1§�§1§�§�§1§�§1§�§Á§�§1§�§�§1§�§1§�§1§�§�§Á§�§ �
�r§/6@§/6 C=qrs¤m-u@fih�»�n;c!��n@ogh stqr� wyx nH¦r�tl-k�ce�Zl¢m�s£½Zm-uvh stnHqÐ§Á§�§1§�§�§1§�§1§�§1§�§�§Á§�§ �
�r§/6@§ � C=qrs¤m-u@fih�»�n;c x nHogh
s£qr��� x nH¦��£l[k�f x l[f nH�togh
s£n@qP§1§�§Á§�§1§�§�§1§�§1§�§1§�§�§Á§�§ :

�r§ ��Î¶or�Âh
stm[uHfXhÁ»�n;c x n@ogh stqr�>� x nH¦r�tl-k f �6l[m�s£½Zm[u\h stnHqÉ§1§�§1§�§Á§�§1§�§�§1§�§1§�§1§�§�§Á§�§ �
�r§ �r§/6 �RÇgstfXh stqr��kpor�£h s¤m-u@fihÁ»�nec x nHorh stqr��� x n@¦r�tl-k°f §�§Á§�§1§�§�§1§�§1§�§1§�§�§Á§�§ �
�r§ �r§ � �=l-¥ � x nH�6n@f
uv�6��n x k�or�£h s¤m-uHfXh�»�n;c x n@ogh stqr� wyx nH¦r�tl-k §�§1§�§1§�§1§�§�§Á§�§ �
�r§ �r§ Ó Î²or�£h s¤m-uHfXh�»�n;c x n@ogh stqr��� x nH¦r�tl-k°f x l[f nH�togh stnHq §Á§�§1§�§�§1§�§1§�§1§�§�§Á§�§ 676

� � 6 ��, Ö � Õ¶Ù � + ��
´�H�\�ª��, = Ù � 8 �?a�
 2 2
Ó�§/6 ¾��@l x �es£l[¥bnv�2h �rl�Î¶uHk°m x u>uH�£�@n x sÂh
�rk §1§�§1§�§�§1§�§1§�§Á§�§1§�§�§1§�§1§�§1§�§�§Á§�§ 676
Ó�§/6@§/6 wyx n@�Zl x h
s£l¢f·o�f l[�!¦;d�Î¶uvk°m x uph n x l[�go�m�h stnHq�f §�§Á§�§1§�§�§1§�§1§�§1§�§�§Á§�§ 676
Ó�§/6@§ � Î¶uHk�m x u x l[�goZm"h stnHq�� x ngm�l[�ro x l§�§1§�§�§1§�§1§�§Á§�§1§�§�§1§�§1§�§1§�§�§Á§�§ 6`�

Ó�§ � ce�rn x h�uv�@l[f�nv��h �rl x l[�goZm"h stnHq�� x ngm�l[�ro x l1nH�2Î¶uHk�m x uÒ§�§Á§�§1§�§�§1§�§1§�§1§�§�§Á§�§ 6[�
Ó�§ Ó cgork�k�u x d&nv��nHo x uHq�uv�tdgfXs¤f §1§�§�§Á§�§1§�§1§�§�§1§�§1§�§Á§�§1§�§�§1§�§1§�§1§�§�§Á§�§ 6�<

� 
 A � 8 
 8�� 8<6>= + ��,�� 8 �H�r�[� ; ��� × = �\� A a b 
 + ; e ? � Ù ��, Õ 
 2��
�Z§/6 ¾��rh stk�uH��Î²or�£h s¤m-u@fih|ceo�¦g~ÃÈ x uv���¹ºF¾ÁÎªcr¼ wyx nH¦r�tl-k�A wyx nH¦��£l[k ��n x kpor�¤u\h
s£n@q®§�§�§Á§�§ 6 �

� � 6 �v� Õ 
 Õ 6 �[� , _pÖ ��, Õ �&Õ Ú����H� 8 Ù 6 / /
Er§/6 Ì dgm-�£l x l[�go�m�h stnHq®¥��rl[q�u>qrl[¥B��uvh �®s¤f�uH�r�gl¢�!h n>h �rl x nHorh stqr�°fih x o�m�h o x lÅ§1§�§�§Á§�§ �@�
Er§ � � k�� x n\�Hl¢� Ì dgm��tl���l¢�go�m"h
s£n@q�{|�£�@n x sÂh
�rk §1§�§�§1§�§1§�§Á§�§1§�§�§1§�§1§�§1§�§�§Á§�§ �;:

Er§ �r§/6 w uvh �²f l-�tl[m"h
s£n@q¶§�§1§�§1§�§�§Á§�§1§�§1§�§�§1§�§1§�§Á§�§1§�§�§1§�§1§�§1§�§�§Á§�§ �=<
Er§ �r§ � {��r�®u��Zu\h �!h n�h
�rl�f l�h�nv��kpor�£h s¤m-u@fih���uvh ��f&§1§�§Á§�§1§�§�§1§�§1§�§1§�§�§Á§�§ �H�
Er§ �r§ Ó Ärn x k°uv���gl¢f m x st�gh stnHq�nv� � Ì �={ uH�£�@n x sÂh
�rk §�§1§�§Á§�§1§�§�§1§�§1§�§1§�§�§Á§�§ÑÓ;�
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