
HAL Id: inria-00073983
https://inria.hal.science/inria-00073983v1

Submitted on 24 May 2006

HAL is a multi-disciplinary open access
archive for the deposit and dissemination of sci-
entific research documents, whether they are pub-
lished or not. The documents may come from
teaching and research institutions in France or
abroad, or from public or private research centers.

L’archive ouverte pluridisciplinaire HAL, est
destinée au dépôt et à la diffusion de documents
scientifiques de niveau recherche, publiés ou non,
émanant des établissements d’enseignement et de
recherche français ou étrangers, des laboratoires
publics ou privés.

Subpixel Image Registration by Estimating the
Polyphase Decomposition of the Cross Power Spectrum

Hassan Shekarforoush, Marc Berthod, Josiane Zerubia

To cite this version:
Hassan Shekarforoush, Marc Berthod, Josiane Zerubia. Subpixel Image Registration by Estimating
the Polyphase Decomposition of the Cross Power Spectrum. RR-2707, INRIA. 1995. �inria-00073983�

https://inria.hal.science/inria-00073983v1
https://hal.archives-ouvertes.fr


IS
S

N
 0

24
9-

63
99

ap por t  
de  r ech er ch e 

INSTITUT NATIONAL DE RECHERCHE EN INFORMATIQUE ET EN AUTOMATIQUE

Subpixel Image Registration by Estimating the
Polyphase Decomposition of the

Cross Power Spectrum

Hassan Shekarforoush, Marc Berthod, Josiane Zerubia

N˚ 2707
Novembre 1995

PROGRAMME 4





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

,-!��	$���+*�.��
 / 
01!�� ��!�� �	� �	!�" !.23� +�


45�6!�� �7,8!9:
�� �;��
01���<���

=*>@?A?B>DCFEHG�IKJ@>DL)MONDLBNDP�?�G�QSR6T'>DLBU�VWIKL)X�G�N�Y�QZQSR\[]N@?�^_>DC�I�`1IKL)P(a(^_>bQZQcQ

d�eOfAgAeih�j�jWkml�n o\fBpqfArtsvuxwyk{z|s}j~h)gAkbk	r<�Ksv��s}fB�
d�etfB�_k�r1dD���x�<�i�

omh)�|�qfAeOr��Kk�etk)���|k�ei���yk���S�{�)�x��n �mf)�{k�j�p|etk��	�A�B��n ��l��qh�gBk)�

���H�c�)�) |¡A�{¢H�£j�k�rt�yfS�f�¤Hetk	gAs¥�_rtk�eOs}�|g�s¦j~h�gBk)��h�r��_w|p|�|s¦§Kk�¨©hB���cw|eihA�cª��qhB� pqk�k����|eOfA�qf{�_k)�Dz
« �|s¥���*�Sf{k)�m�|fBrbetk)�_fAeOrbrtf�s¦�KrOk�et�qfB¨¥h�rOs}fB�@¬1�6�|k�j�k�rO�|fS�;sv�\pqhB��k)��fB�*rt�|k��|�qhB��k��cfBetetk	¨¥h�
rts¦fA�~j�k�rO�|fS��h��®�#sv�6etk�j#h�et¯Bh)p|¨}ª�eOfAp|wq�_r<rtf��cfBeteOk�¨¥h)rtk)�.�yfAs¥�_k�h��q��w|�|s°¤±fAeOj5�Bh�etsvh�rOs}fA�®�6f�¤
¨}w|jWs}�qh)�q�ck{¬D²³k1�qh��{k<���yf « ��rt�®h�r(rt�|k1�Zetf{�O���´f « k�e����qk)�crOetw|j8f�¤©r « f�s}j~h)gAk)�ZzA�ZfA�Sr�h�s¦�|s}�yg
��w|py�|s}§Sk�¨@�_�|sµ¤±ri�czSs¥�6h��qfA¨}ªS�|�qhB��k��Kk)�ZfAj��qf{�_s}rOs}fA��f�¤¶h·1s}e�hB�b�Kk�¨¦r�hb¤±w|�q�crOs}fA�]¬(¸6ª�k)��rOs}j~h)rt
s}�|g�rt�yk�_w|j5f)¤��qfA¨¦ªK�y�qhA�_k��cfBj��qfA�|k��Sr��6fB�|k���h��~rO�|k��%�Kk�rOk�etj�s¦�|k¹��w|p|�ys}§Sk�¨@�_�|sµ¤±ri�<h�¨}fB�|g
k)hA���%h�§Ss¥�Z¬
º�»{¼@½t¾�¿q�)ÀÁ�A¢�eOk�gAsv��rOe�h�rOs}fB�@z<�|�qhA�_k³�cfAeOetk�¨vh�rOs}fA�]z6�qfA¨}ªS�|�qhB��kÂ�Kk)�cfBj��qf{�_s}rts¦fA�@zÃ��w|p|p®h��q�
�Kk)�cfBj��qf{�_s}rts¦fA�@zy�Kf « �q�th)j��|¨¦s}�|g

ÄÆÅÈÇÉËÊ_Ì�Í ÇÉ ÎÁÏ¦Ê_ÐÒÑ�Ó

Ô_Õ)ÖÒÕ)×_ØZÙ�ÚÜÛÁÖ±ÝcÞ)Õ)ß°Ù)à ßâá)Ú±ß°Ù�à ã}Ú
ÔËÔ_äA×_Ú±åÒÕ)Ý)æ)ÛÁÖ±ÝcÞ)Õ)ß°Ù)à ßâá)Ú±ß°Ù�à ã}Ú
ÔËÔËÔ_ç_×�Ú±è)ä)ß°ÙcÛHÖÒÝZÞ)Õ�ßéÙ�à ßêá�Ú±ß°Ù)à ã¦Ú
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�cfAeOe��k�¨vh�rOs}fA�Â�Kk��|�®hA��k zÁu{w|s�f�!©etk�w|�|k�etfApywq��rOk)�t�_k.eOk�j~h�eiuxw®h�p|¨¦k�h�wÂp|etw|s¦r��cfBete��k	¨��k�k�r"�h�¨vh
�Bh�etsvh�rOs}fA���Kk¨¦w|j�s¦�qh��q�Zk{¬S�mfAwq�1h��{fA�q�1� �k�jWfA�Srte��k uxw|k�¨¦k�_�qk)�crteOk��Kk��|wys¥�t�Oh��q�Zk��ceOfAs¥���k��Kk
�Kk�w|§�s}j#h�gAk � �_fAwq�_Òk ���qh)�KrOs}¨¦¨}fA�y�#�k�k)��k�r��cfB�KrOk��qh��Sr<�Sk)�6� �k ��h�¨vh�gAk � �_fAwq�_Ò�ys}§Sk�¨}svuxw|k �¶k ��r6wy�|k
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�KfA�®��fApyrtk��Swq�6k��~k)�_rts}j#h��Sr6¨¥h��_fAj�jWkb�Kk �<�cfAj��qf �th��Srtk �6�´fB¨}ªS�|�qhB��k)�Z¬
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�Ëj~h)gAk�etk	gAs¥�_rteih�rts¦fA�³s¥��h���k)�O��k��Srtsvh�¨�eOk)u{w|s}eOk�j�k��Sr6¤±fAeÈ��k��{k�eih�¨�s¦j~h�gBk�h��qh)¨}ªy��sv��s¥�O��w|k �
��wq����hB�Ártk	j��qfAe�h)¨S���®h��|gBk<�Kk�rOk)�crOs}fA�]z)��rtk	etk�f<j~h)r����|s}�yg|z�j�fBrts}fB��h��qh)¨}ªy��s¥�Hh��®��j~h)�KªbfBrt�|k	e
s}j~h)gAk���k uxw|k	�q�ck�h)�qh�¨¦ª|�_s¥�Z¬ 0*h)�Kª~f�¤�rO�|k)��k��|etfBp|¨}k	j~�6etk)u{w|s¦etk�fA�|¨¦ª~etk�gBs¥��rOe�h)rts}fB�³h�r1�|s}§Sk�¨
¨}k��{k	¨�� ����� 7��Ëz « �|s}¨¦kbfArO�|k�ei��� % ���â����� ;���� �����°�cl	���°���
���µ��7
�H�Kk��qk��q��fB��rt�yk��t�ck	�|k�etk�gBs¥��rOe�h)rts}fB�
h�r¹��w|py�|s}§Sk�¨@hB���cw|eihA�cª ¬

�6�|k¹j�f{�_r<�cfBj�j�fA�y¨}ªw®��k)��h)�|�|eOf{hA���;¤±fBe1��w|py�|s}§Sk�¨qetk�gBs¥�_rte�h)rts¦fA�%�cfA�®��s¥�_r��6f)¤�s¦�KrOk�et�qfA
¨¥h)rts}�ygs}j#h�gAk �¶�yets}fBe6rOfetk	gAs¥�_rteih�rts¦fA�@¬y�mj�fB�|g{�_r rO�|s¥���c¨¥hB�t�(f�¤�h�¨¦gAfBets}rO�|j~� « k ��h����yfAr�h)p|¨}ª
j�k��Srts¦fA���@�ZfAeteOk�¨¥h)rts¦fA�³s}�Srtk�eO�´fB¨¥h)rts}fB�� l	���µ�)���Üz s¦�KrOk��q�_s}r_ª~s}�Srtk�eO�´fB¨¥h)rts}fB���µ�)���Üz �y�qhA�_k~�cfAeOetk�
¨¥h)rts}fB��s¦�KrOk�et�qfB¨¥h�rOs}fB���µ� % ���µ�)�
�(h��®� rO�|k�gAk�fBj�k�rOets¥�bj�k	rt�|fS�|��� ���Ü¬@�Ërbs¥�1fApS�Ks¦fAwq�mrO�qh�r�rO�|k
hA���Zw|e�hB�cª~f�¤(rO�|k)��k�j�k�rO�|fS�|�<�Kk��qk��®�|�\�ys}gA�y¨}ª~fA�%rt�|kÈuxwqh)¨}s¦r�ªWf�¤(rO�|k�s}�Srtk�eO�´fB¨¥h)rts}fB�*h)¨}gAfB
ets¦rt�|j*¬

0�k�rO�|fS�|�ÁrO�qh�r¶�Kfb�|fBr�wq��k<s¦�KrOk�et�qfB¨¥h�rOs}fB��¤±fAe¶hA���|s}k��Ss}�ygb�_w|p|�|s¦§Kk�¨ShB���cw|eihA�cª z��qh��{k�p´k	k��
j�fAeOk��O��h�ei�ck�s}�*rO�|k�¨}s¦rtrtk	e�h�rOw|etk ¬ 0�f ��rbf)¤<rt�yk)��k�j�k�rt�yfS�|�czDeOk�¨}ª~fB��rO�|k��Ks !©k�etk��Srtsvh�¨H�|etfB
�qk�etrOs}k)�Áf)¤©s}j~h)gAk ¤±eih�j�k ��� 7����°�����Ü¬A�6�yk<j~h�s¦�s¥�Sk)hms}��rt�|k1�Ss !©k�etk	�KrOs¥h�¨Sj�k�rO�|fS�|�Ásv� rOf�etk�¨vh�rtk
rt�|k �Ks !©k�eOk��q�ck<pqk�r « k	k��.s¦j~h�gBk\¤±eih�j�k �Ártf�rt�|kbs¦�KrOk��q�_s}r_ª�gAe�hB�Ks}k	�Kr�f�¤Hrt�ykmeOkc¤±k�etk	�q�ck<s}j#h�gAk
� 7
�Ë¬|�1¨}rtk	et�qh)rts}�{k	¨}ª{z)h��Hh�ªK¨¦fAe<�_k�ets¦k)� k	§K�qh)�q��s¦fA��f)¤�rO�|k1s}j~h)gAs}�ygk)u{wqh�rOs}fB�~��h��Wp´k¹wq��k)�.¤±fBe
rt�|sv�m�|w|eO�qf{��k�� ;��Ü¬q�6�|k�etkÈh�eOk{z´�yf « k��{k�e	zq��k��{k�eih�¨H�Ks��~�Zw|¨}rOs}k)�<hB�t��fS�Zs¥h�rOk)� « s}rO�*�Ks !©k�etk��Srtsvh�¨
j�k�rO�|fS�|���|rO�|k�ª~�	h���fB�|¨}ª~pqkw®��k)� « �|k���rO�|k�s}�Srtk�e_¤±e�h)j�kb�Ss¥���y¨¥hA�Zk�j�k��Sr���h�etk��{k�etªW��j#h�¨}¨Üz
s}j~h)gAk(gAeihA�Ks¦k��SrÁsv� fB�|¨}ªÈh��|�|eOf)§Ks¦j~h�rOk)�bwq��s¦�|g��®�|s}rOk<�Ks !Dk	etk��q�Zk jWk�rt�|fS�y�Áh)�q���q�qh)¨}¨}ª¹rt�|k)�_k
j�k�rO�|fS�|�<k�§K�ys}p|s¦r<�|s}gB�*��k	�q��s¦rts}�Ss}r_ª�rtf��|fAsv��kÈ�Kw|krOf.�yfAs¥�_k�h)j��|¨}s°¤±ªKs¦�|g�¤±k h�rtwyetkf)¤��Kk�eOs}�Bh�
rts¦�{kbfA�qk�eih�rtfBe��Z¬

�m�yfArt�yk�eb�Z¨¥hA�O�bf�¤Ãh�¨¦gAfAeOs}rO�|j~�1h�etk�rt�yf{��k�rO�qh�r�h)etk�pqhB��k)��fB��fB�|rts¦j�s¥�Oh�rts¦fA�%j�k�rt�yfS�|�c¬
�mj�fB�|g{�_r6rt�yk)��k��Z¨¥hA�O�6f�¤�h)¨}gAfBets¦rt�|j~� « k��	h��%uxwyfArtk��µ���
���°��;	�Ëz « �|sv���#�Kf��|fAr<w®��kbs¦�KrOk�et�qfA
¨¥h)rts}fB�;¤±fBe1��w|p|�ys}§Sk�¨DeOk�gAsv��rteih�rOs}fA�]¬

�Ë�*rt�yk¤±fA¨}¨¦f « s}�|g~�_k)�crOs}fA�®�cz « k « s}¨}¨Hp|eOs}k��qª��Kk)�O�cets¦p´k�rO�|k��|�qhB��kW�cfAeOetk�¨vh�rOs}fA�*jWk�rt�|fS�
¤±fA¨¦¨}f « k)��pSª�rt�|k1j�k�rO�|fS���yetk)�_k��KrOk)��|k�eOk�s}�]¬A²�k1�qh��{k¹h�¨¥�_fs¦�q�c¨}w®�Kk)����fBj�k<k�eOetfAeÃh��qh)¨}ªy��sv�
« �|s¥��� « s}¨¦¨Drt�yk���¤±fA¨}¨¦f « rO�|k�k�§K�qk�eOs}j�k	�Krih�¨|eOk)��w|¨¦r��<h)�q�;rO�|k��cfA�q�Z¨}wq�_s}fA�]¬
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�6�|k1s¥�Sk)hbp´k	�|s}�q��rt�ys¥��j�k�rO�|fS� �µ�B�����µ� % �|s¥�(u{w|s}rOkb�_s}j��|¨¦k<h)�q��sv��pqhA�_k)�.fA�Wrt�|k�#|fAw|eOs}k�e

���|s°¤±r6rO�|k�fAeOk�j �µ���
�©h��q��rt�ykm¤ÜhA�cr�rt�qh)r ¤±fBe6r « f�s}j~h)gAk)� « s}rO�~��fBj�k¹�Kk�gAeOk�k1f�¤¶�cfA�|gBetw|k	�q�ck{z
rt�|k ��s}gB�qh�¨©�qf « k�e6s¦��rt�yk�s}eÃ�cetf �t� �qf « k	e<���qk)�Zrtetwyj sv� j�f ��rt¨¦ª��cfB�q�ck��Srteih�rOk)�.s}�Wh��cfB�|k�etk	�Kr
�qk)h�¯³¨}fS��h)rtk)�³h�r�rt�|k��qfBs}�Srf�¤Ãetk�gBs¥�_rte�h)rts¦fA� « �|s}¨¦k.rO�|k.�yfAs¥�_k.�qf « k	e�sv���Ks¥�_rtets¦p|w|rOk)��e�h)�|
�KfAjW¨}ª�s}�%��fBj�kbs}�®�cfA�|k	etk��Sr6�qk)h)¯|�Z¬D�6�|sv�<��h��~pqk��Sk)�t�ceOs}pqk)��hB�Ã¤±fB¨}¨¦f « � �

�Dk�r%$'&)(+*-,/.�0(h)�q�1$'2)(+*-,/.�0�pqk�r « f¤±w|�q�crOs}fB�q�m�Sk��q�|k)��fB��� o 2 h��q� �
3546$7&)(8*-,/.90;:=<?>�&)(A@CBD,E@CF603546$ 2 (8*-,/.90;:=<?> 2 (A@ B ,E@ F 0

« �|k�eOkG3#�Kk��|fBrtk)�6rO�|kH#®fBw|ets¦k�e<rteih��q�Ë¤±fAeOj*¬
�Dk�r1h)¨¥�_f � $'2)(+*-,/.�0�<I$7&)(+*KJ�*�L),;.GJ�.6LM0 (t�60

�6�|k���hA���cfBe��Ks¦�|g�rtfN#|fAw|eOs}k�e1�_�|sµ¤±r<rO�|k�fBetk�j �>�2O(P@CBQ,E@CF60�<R>�&)(A@CBD,E@CF60�S/T�UWV)X B/Y�Z V6[ F+Y]\ (Ë�D0
81emk)u{w|s¦�Ah)¨}k��Srt¨¦ª � >�2O(P@CBD,]@CF^0_>a`& (P@CBD,]@CF^0b >�2O(P@CBD,]@CF^0_> `& (P@CBD,]@CF^0 b <cS TdUeV)X B/Y�Z V6[ F8Yd\ ( % 0
« �|k�eOkgfW�Kk��yfArtk � rO�|k��cfBj��|¨}k	§��ZfA�A�_w|g h�rOk�h)�q� rO�|k�¨}kc¤±r1�qh��®����sv�Kk�s¥�meOkc¤±k�eOk)��rtf%hA�brO�|k
�cetf �t�<�qf « k�e1���qk)�Zrtetwyj5f�¤(rO�|k�r « f¤±w|�q�Zrts}fB�q�c¬

�Ër�sv�#�yf « h���s}jW�|¨}k%j~h�rOrtk�e�rtf �Kk�rOk�etjWs}�|k5* L h)�q�h. L z<��s¦�q�ck*rO�|k�s¦�K�{k	e���ki#|fAw|eOs}k�e
rteih��q�Ë¤±fAetj:f)¤(rt�|k�eOs}gA�Sr<�qh)�q���_s¥�Kkbsv�<h.·1s}e�hB���Kk�¨}rih�¤±w|�q�crOs}fB���Zk��KrOk�etk ��h�rH(+* L ,;. L 0 �

3�j &lk >�2O(P@CBQ,E@CF60C> `& (P@CBQ,E@CF60b >�2O(P@CBQ,E@CF60C> `& (P@CBQ,E@CF60 bnm <?3�j &ho S/TdUeV)X B/Y�Z V6[ F8Y]\Pp <Rqr(8*�L),/.6LM0 (ÒlQ0
�Ë�~�|e�hB�crtsv�ck{z « �|k��%�Kk)h)¨}s}�yg « s}rt�~s¦j~h�gBk)�czs$7&1h��q�5$72bh)etk�fA�|¨¦ª~���qk)�Zs �qk)��s¦� �®�|s}rOk�_snt�k

�Ks¥�O�cetk	rtsnt	k)�.h)eteih ªy�c¬yo\k	�|¨¥hB�cs}�|g�rO�|ku#|fAw|eOs}k�e(rOe�h��®� ¤±fAeOj5pSª�s}r����q�|s¦rtk��_snt�k¹�Ks¥�O�cetk	rtk1�{k�e��_s}fA�
���?M����
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« �|s}¨¦k1hA�O��w|j�s¦�|gb�qk�eOs}fS�Ksv�\k�§Srtk	�q��s¦fA��f�¤©s¦j~h�gBk)��h��®�.h)¨¥��f�eOk��|¨¥hB�cs}�ygbrt�|k1·1s}e�hB�m�Sk�¨}rih\¤±w|�q�c
rts¦fA��pSª*rt�|k�w|�|s¦rs¦j��|w|¨v��k{z|s¦r�qhB��pqk�k��Â���|f « � �µ�B���(rt�®h�rrO�|kWh�pqf)�{k�etk)�_w|¨}ri����rts¦¨}¨��yfA¨¥�©z
�Kk)�_�|s}rOkrt�yk��qk�eOs}fS�Ksv�cs}r_ª~hB�t�_w|j��|rOs}fA�%h)�q��rt�|k�¤ÜhA�cr<rO�qh�r¹rtetwy�q��h�rOk)���Ss¥�t�Zetk�rOku#|fAw|eOs}k�e¹�cfA
k��#�cs}k��Sr���h�eOk�k	j��|¨}f)ª{k)�©¬

#Ás¦gAw|eOk������|f « �bh)�*k�§yh�j��|¨¦kbf�¤�r « fWh�k	ets¥h)¨Ás¦j~h�gBk)�<�Ksv���|¨vhA�ck)�~pKª (O���r,	� % 0\h�¨}fB�|g�rO�|k
r « f%h�§Sk)�c¬H�6�|kW�|�qhA�_k��ZfAeteOk�¨¥h)rts¦fA�³j�k�rt�yfS���qhA���Kk�rtk �crtk)��rO�|kW�cfAeOetk)�_�´fB�q�Kk��®�ck « s}rO�|fAwyr
k�eteOfAe¹hA�<��h)��pqk���k�k	�#¤±eOfAj�#Hs}gAwyetk�� (Ü�^0�¬

(Üh 0 (±p�0

(Ü�^0
#Ás}gBw|etkW�	�-(Üh 0 � (Òp�0�h)k�etsvh�¨@s}j#h�gAk � « s}rt�%�Ksv���|¨vhA�ck	j�k��Sr��6h)¨}fB�|g.pqfBrt�³h�§Sk)�Zz-(Ë�^0(rO�|k��ceOf{�O�
�qf « k�e¹���qk)�crOetw|j (±rteih��q�Ë¤±k�etk)��s¦���_�qh�rOs¥h)¨H�KfAj~h)s}��0
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	 ���1�����
� � � �=�%!
�6�|kWh�pqf)�{k�j�k	�KrOs}fA�yk)��j�k�rO�|fS���qhA��h~etk�j#h�et¯Bh)p|¨}k�eOfAp|wq�_rt�|k �t�rtf��cfAeOetk�¨vh�rOk)� �yfAs¥�_k

h��q��yfA�Sw|�|sµ¤±fBetj3rts¦j�k��Bh�eOªKs¦�|g1s}¨}¨¦w|j�s¦�qh�rOs}fA�]z�j#h�¯Ss}�|g<s¦rÁj�fBetk�h��y�|etfB�|etsvh�rtk<s¦��j�f{�_rÁ�|eihA�c
rtsv��h�¨©h��y�|¨}sv��h�rOs}fA�®�6�cfBj��qh�eOk)��rtf��Z¨¥hA�O��sv��h�¨©�ceOf{�t�<�ZfAeteOk�¨¥h)rts¦fA��j�k�rt�yfS�D¬S¸6k)��sv�Kk)�czBwq��s¦�|grO�|k
�cfA�S�{fA¨¦w|rts¦fA��rO�|k�fBetk�j*z@s¦r���h)� pqk�k hA��s¦¨}ªÂ���|f « ��rt�®h�r�rt�yk;jWk�rt�|fS�³��h)� �®h��q�K¨¦k~p|¨}w|eOetk)�
s}j~h)gAk)�Zzq��s¦�q�ck�rt�|k�p|¨}wyetets¦�|g�¯{k�et�|k	¨ « fAwy¨¥�;pqk)�ZfAj�k�h�j.w|¨¦rts¦�|¨}sv�ch)rts}�{k<¤ÜhA�ZrtfAe1s}�%rt�|kÈ���qk)�c
rteih�¨��KfAj~h)s}�~h)�q� « fAw|¨v���Ah)�|s¥�_��s¦�;k uxwqh)rts¦fA� (ÒlQ0�¬
mf « k��{k�e�z�s¦��rt�|k¹�Ksv�t�ceOk�rtkÃ��hA�_kmk)u{wqh)rts}fB�1(Ü� 0Hs¥�HfA�|¨¦ª��Ah)¨}sv�Dz�s°¤@rO�|k1���|s°¤±r(�{k)�crtfBe�(8*�L6,/.^LO0

s¥�mf)¤(s}�Srtk	gAk�e1�Bh�¨}wyk)�c¬©�6�|k�eOkc¤±fAeOk{z « �yk��*h)�|�|¨}s¦k)�;rOf~�Ksv�t�ceOk�rtk�s}j#h�gAk �cz|rt�ykj�k�rO�|fS� « fAw|¨v�
¤Üh�s¦¨�rtf��Kk�rtk �crm�yfA�|±s}�Srtk�gBk�e���w|py�|s}§Sk�¨(�_�|sµ¤±ri�c¬@�6�|k�fA�y¨}ª*h)�|�|eOf{hA���@z@�|eOfA�qf{�_k)��s}�³rt�yk�¨}s}rOk�
e�h)rtw|eOk{z´¤±fAe hA�|h)�|rts¦�|g~rt�|k�j�k	rt�|fS��¤±fAe���w|py�|s}§Sk�¨Hk)��rOs}j~h)rts}fB�~s¥�mrO�|k�wq��k�f)¤�s}�Srtk�eO�´fB¨¥h)rts}fB�
j�k�rO�|fS�|� �µ� % ���°���
�Ë¬

�5�_k)�cfB�q��s}j��qfAeOr�h)�Kr�s¥�t�_w|k�rOf*�´fBs}�Sr�fAw|r�h)pqfAw|r�rt�|k~�|�®hA��k%�cfBeteOk�¨¥h)rts}fB��j�k�rO�|fS��sv�
rt�qh)r�z(hB�.��h)��p´k%�_k�k���¤±etfBj #Ás}gBw|etk³�'(Ë�^0izÁrt�yk;s¦�K�{k	e���kN#|fAw|eOs}k�e�rOe�h)�q� ¤±fBetj�f)¤�rt�|k%�ceOf{�O�
�qf « k�e<�_�qk)�crteOw|j h�¨ « h�ª|�(�cfB�Krih�s}�®�6h�_s}�|gB¨}k¹�cfA�yk�etk��Sr(�qk)h�¯©z|h)r6rt�ykm�qfAs¦�Kr�f�¤HeOk�gAsv��rteih�rOs}fA�]z
�cfAeOetk)�_�qfA�q�Ks¦�|g�rtfÈ��s¦gA�qh)¨D�qf « k�e	zKh)�q���_fAj�k1s}�q�ZfA�|k�eOk��Sr��qk)h�¯y� « �|sv���W��h)��pqk�hA�O��w|j�k ��rOf
pqk��Ksv��rteOs}p|wyrtk)���|fBetj~h)¨}¨}ª�f)�{k�e1h�j�k)h��W�Ah)¨}w|k�f)¤�t�k�eOf��µ�A���Ü¬|�6�|kÈh�j��y¨}s}rOwq�Kkbf)¤(rt�yk�ZfA�|k�
etk��Sr1�´k h�¯�sv�mh��Ks¦etk)�cr1j�k)hB��w|eOk�f�¤(rO�|k��Kk	gAetk	kf�¤Ã�cfB�|gAeOw|k��q�Zkpqk�r « k�k	�;rO�|kr « f�s}j~h)gAk)�Z¬
0�fAeOk��|eOk)�cs¥�_k�¨}ª z rO�|k~�qf « k�e�s}��rO�|k*�cfB�|k�eOk��Kr��qk)h�¯ �cfBetetk ���qfA�q�y�.rtf*rO�|k��qk�ei�ck��Sr�h�gBk~f�¤
f)�{k�et¨vh��|�|s¦�|g*h)etk)hB�cz « �|s}¨¦k.rO�|k.�qf « k	es}�Âs}�q�cfB�|k�eOk��Kr��qk)h)¯|���cfAeOetk)�_�´fB�q��rtf*rO�|k.�qk�ei�ck��|
r�h)gAkf)¤(�|fB�|Òf)�{k�eO¨¥h)�|�|s}�yg�h�etk hA�c¬

�Ë� �µ�B���H��fBj�kbk�eOetfBe1h��qh)¨}ªy��k)�<f�¤�rt�|k�j�k	rt�|fS���qh��{kbpqk�k��~�|eOf)�Ksv�Kk)�D¬
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0�fBrts}�Bh)rtk)��pSª³��k)h)e����|s}�yg#¤±fBe�h;j�k�rO�|fS� « �|sv���*k�j�pqfS�Ks}k �bhA�K�Bh)�Krih�gAk ��f�¤1rO�|k��|�qhA�_k
�cfAeOetk�¨vh�rOs}fA��j�k	rt�|fS���Sk)�t�ceOs}pqk)��h�pqf)�{k{z « k « s}¨¦¨ s¦�K�{k ��rts¦g{h)rtk{z@�|k�eOk�s}�]zÁrt�yk;�qf �t��s¦p|s}¨¦s}r_ª³f�¤
k�§Srte�hB�crts¦�|gW��w|p|�ys}§Sk�¨�(±s}k{¬|�yfA�|±s}�Srtk�gBk�eM0Ã�Ksv���|¨vhA�ck�jWk��Kri� pqk�r « k	k��~r « f�s}j#h�gAk �6wq��s¦�|g�rt�yk�s}e
�cetf �t��qf « k�e��_�qk)�crteOw|j*¬C#|fAe�rO�|s¥���|w|et�qf ��k{z « k « s}¨¦¨<hA�O��w|jWk.rO�qh�r	z(h�r���fBj�kW��r�h)gAk{z�r « f
s}j~h)gAk)� « s}rt��s}�Srtk	gAk�eH�Bh�¨}wykb�Ksv���|¨vhA�ck	j�k��Sr��Dpqk�r « k�k	��rt�|k�j�z��qh��{k<pqk�k��W�Kf « �q�Oh�j��|¨¦k)�Dz)etk�
�Kwq�cs¦�|gbrO�|k<�cfBeteOk)���qfA�®�Kk��q�ck�pqk�r « k�k���rO�|k�j3rtf��_w|p|�|s¦§Kk	¨{�Ah)¨}w|k �c¬B� ��rt�|k(¤±fA¨¦¨}f « s}�|g¹��k �crts¦fA�@z
« k « s¦¨}¨Ëz|rO�|k�eOkc¤±fAeOk{z´k	§|h)j�s}�|k�rO�|k��ceOf{�O� �qf « k	e����qk)�crOetw|j:f)¤<r « f~�Sf « �®�th�jW�|¨}k)�~s}j~h)gAk)�Z¬
·mf « �q�th)j��|¨¦s}�|gyz « �|sv��� ��h��£pqk³�_k�k��£hB��h��qfA¨¦ªK�y�qhA�_k��Kk �cfAj��qf ��s}rOs}fB� s¦�£rt�|k����qk)�crOe�h)¨
�KfAj#h�s}�~sv�<�Ks¥�O�cwq�t�_k)��s}� �µ� ���µ�	���D¤±fAe<j�w|¨¦rts¥�Ss}j�k��q��s¦fA�qh)¨q��hB��k)�Z¬

�%��� 	 �����/�����d����������
.(fB�q��sv�Kk�e�r « f¹s}j~h)gAk)�Zz6$ (+*-,/.�0Hh)�q� $C(+*�JN*�LM,;. J .6LM0iz « �|k�eOk<rt�|k1�Ksv���|¨vhA�ck	j�k��SrD�{k)�crOfAe(+*�L6,/.6LM01s¥��h��Âs}�Srtk�gBk�e��Ah)¨}w|k � �{k)�ZrtfAe	¬ �Dk�r�h�¨v��f531(8$ (+*-,/.�0d0u< > (P@CB',E@CF60�h��®� 3 (8$ (8* J*�L6,/. JN.6LM0d0�<R> (P@CB',E@CF60dS *���(���(A@CB6*�L�J @CF .^LO0d0��Kk��yfArtk<rO�|k�s¦e(�Ks¥�O�cetk	rtk #|fBw|ets¦k�e�rteih��q�Ë¤±fAeOj~�c¬

�6�|k��~rt�yk�ZfAeteOk)���qfB�q�Ks}�yg��Ks¥�O�cetk�rOku#|fAw|eOs}k�e�rteih��q�Ë¤±fAetj#�6h ¤±rOk�e1�Kf « �q�Oh�j��|¨¦s}�|g�rt�|k¹s}j~h)gAk)�
pKª*¤ÜhA�ZrtfAei�f�¤�� h��®�
	 h)¨}fB�|g *�h��q��.³h�§Sk)��eOk)���qk)�crOs}�{k�¨¦ª{z « s¦¨}¨(pqk�gAs¦�{k���pSª�(Ü��k�k �°� �
�µ�	�	� 0 �

� &)(P@�B ,E@��F 0�< �
��	

� j &�
��� L � j

&
�
��� L > (P@��B ,E@�F 0 (Ë�D0

h��q� �
� 2)(A@ �B ,E@ �F 0�< �

��	
� j &�
��� L � j

&
�
��� L > (P@ �B ,E@ �F 0�S *�� (���(P@ �B *9L�J @ �F .^LO0d0 (�7D0

« �|k�eOk @ �B < V X� J 2�� �� zr@ �F < V [� J 2�� �� h��q��� &mh)�q��� 21h�eOk�rt�|k��Kf « �q�Oh�j��|¨¦k)�~���qk)�crOe�hS¬
�6�|k	etkc¤±fBetk{zDrO�|kW�cetf �t���qf « k	e�_�qk)�crteOw|j f�¤1rO�|kW�Kf « �q�th)j��|¨}k ��s}j~h)gAk)� « s¦¨}¨(pqk.gBs}�{k��

pKª �
 (P@ �B ,E@ �F 0 < &

�!�#" � j &��� L " � j &��� L > (A@ �B ,E@ �F 0dS *���(���(A@ �B *�L�J @ �F .^L)0d0&
�!�#" � j &��� L " � j &��� L > (P@ �B ,E@ �F 0< � j &�

��� L � j
&

�
��� L$ �%� (A@�B ,E@�F 0dS *���(&� (A@�B *�L�J @�F .6L)0d0 (��'0
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« �|k�eOk

$ � � (P@ �B ,]@ �F 0�< > (A@ �B ,E@ �F 0
" � j &��� L " � j &��� L > (P@ �B ,]@ �F 0 (�;D0

.(fBj��qh�eOs}�|gÂrt�|k³h)p´f)�{k*eOk)��w|¨¦r�� « s¦rt� rt�|f ��k³s}� ���qh��]¬6��f�¤ �µ�	���bfB� rO�|k*�qfA¨}ªS�|�qhB��k
rteih��q�Ë¤±fAetj7f�¤��_s}gB�qh�¨v�cz « k��|fArOs¥�ck�rO�qh�rbrO�|k��cetf �t�m�qf « k	e1���qk)�crOetw|j:f�¤¶r « f��Sf « �®�th�jW�|¨}k)�
s}j~h)gAk)�@s¥�Zz�jWk�etk�¨¦ª{z�h1�´fB¨}ªS�|�qhB��k1�Kk)�ZfAj��qf{�_s}rOs}fA��f�¤]h �q¨}rOk�etk ��·1s}e�hB�<�Kk�¨¦r�h6¤±w|�q�crOs}fA�]¬ mk�eOk{z
rt�|k��q¨}rOk�e�� $ � � (P@ �B ,E@ �F 0(�	h���pqkbk)hB��s¦¨}ª�s¥�Kk��Srts��qk)�pSª��_w|pq�_rts}rOw|rts¦�|gp®hA��¯.rO�|km�Bh)¨}w|k)�(f�¤C@ �Bh��q� @ �F h��q��etk h�eteih��|gBs}�|gWk)uxw®h�rts¦fA� (�;D0 �

$ � � (P@�B ,]@�F 0 � j &�
��� L � j

&
�
��� L > ( @ B� J � ���

� , @ F	 J � ���
	 0�<R> ( @ B� J � ���

� , @ F	 J � ���
	 0 (Ë�D0

« �|k�eOk �	� � � 2�2�2�� 
£� �Hh��q� ��� � � 2*2�2�	�
£���Ü¬
�Ër6sv�6fApS�Ks¦fAwq�6¤±etfBj5rt�ys¥�6¨¥hB��r<k)u{wqh)rts}fB��rO�qh�r �

$ � � (P@ �B ,E@ �F 0�<� � sµ¤ ( � < � �b�b· � < � 0
� fBrt�|k	e « s¥�_k (t�	� 0

�@f*s¥�Sk��KrOsµ¤±ª*rO�|k�pqh)�q� « s¥�Srt��f�¤¹k)hA��� �q¨¦rtk�e $ � � zÁeOk)��h�¨¦¨(rt�qh)r�p´fBrt��@ B h��q� @ F h)etk�s¦�

(ËhD0 (±p�0
#Ás¦gAw|eOk� �-(ËhD0<�_�qh�rOs¥h�¨@eOk)���qfB�q��k�f�¤(f)�{k�eih�¨ �®¨}rtk	e�z�(±p�0�¤±etk uxw|k	�q�cª�etk)�_�´fB�q��k
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� �Q,�� � �Üz|h��®�;�|k��®�ck �r@ �B � � 2�� �� , �� J 2�� �� �Hh)�q� @ �F � � 2�� �� , 2��� J 2�� �� �Ü¬

�Ë�.¤ÜhB�cr�z{s}r�s¥� « k�¨¦¨´¯S�|f « � �°���	�DrO�qh�r��q¨}rOk�ets¦�|g�h��Sf « �®�th�jW�|¨}k)��s}j#h�gAk1wq�_s}�|g�h�pqh��|¯Wf�¤
�q¨}rOk�e��Dsv�Dk)u{w|s}�Bh�¨¦k��SrDrtf �q¨¦rtk�eOs}�|g<rO�|k(w|�q�th)j��|¨¦k)�m�{k�ei��s}fB��pKª�h1��s¦�|gA¨¦k(w|�q�th)j��|¨¦k)���q¨¦rtk�e]h��q�
rt�|k	���Sf « �®�th�jW�|¨}s¦�|g�rt�|k�fAwyrt�|w|r	¬|�6�|sv�<��h��#h�¨¥�_f�pqk�k hA��s¦¨}ª��{k�eOs �qk �Dz{s}��fBw|e<�_k�rtw|�]z « �|k�eOk
rt�|k¹�ceOf{�t���qf « k�e��_�´k �crteOw|j's¥�(h�·ms}eihA�1�Kk�¨¦r�h\¤±w|�®�crts¦fA� �q¨}rOk�etk)�pSª�h���s¦�|gA¨¦k<w|�q�th)j��|¨¦k)���q¨}
rtk�eH¤±fA¨}¨¦f « k)�bpSª�Sf « �®�th�jW�|¨}s¦�|gmrO�|k6fBw|rt�yw|r�¬D#Hs}gAwyetk<�¹���|f « �ÁrO�|k1���qh)rtsvh�¨y�KfAj~h)s}�Èh��q�rO�|k
¤±etk)u{w|k��®�cª��KfAj~h)s}��etk)�_�´fB�q��k1f�¤]�_wq����h �q¨}rOk�e�(Ühb�A����s¦�q�¶¤±wy�q�crts¦fA��s¦��rt�|kÃ���qh)rts¥h)¨q�KfBj~h�s¦��0�¬
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F(u{wqh�rOs}fA�R(_�70�zHs¥�Kk h�¨}¨¦ª{z@�|etf)�Ss¥�Kk ��rt�yk��Zetf{�O��qf « k�e����qk)�Zrtetwyj f)¤br « f³�Sf « �®�th�jW�|¨}k)�

s}j~h)gAk)�Z¬�²�k³�_�|fAwy¨¥�Dz(�|f « k��{k	e�z��qfAs¦�Kr�fBw|r�rO�qh�r�rO�|k�eOk�¨¥h)rts¦fA� �yfA¨¥�y�.w|�q�Kk	e.�qk�eOs}fS�Ksv�cs}r_ª
hA�O��w|j��yrts}fB� h��q���|k��®�ck{z ¤±fBe�r « f*etk h�¨<s}j#h�gAk � « s¦rt� ��wyp|�|s}§Sk�¨Ã���|s°¤±r��cz���s¦�q�ck~rt�|kWs}j~h)gAk)�
h�eOk�fA�|¨¦ª�fApq�_k�et�{k �;s}�%fA�|k��qk�ets¦fS�Dz « k��_�|fAw|¨v�;k�§S�qk)�cr¹��fBj�k�hA�|�Ks¦rts¦�{k��yfAs¥�_k��Kwykrtf��|fB�|
f)�{k�et¨vh��|�qk)��eOk�gAs¦fA�q�Z¬@�6�|s¥�¹hA�|�Ks¦rts¦�{k�|fBs¥��k « s¦¨}¨Hpqk�hA�t�_w|j�k)��rOf~p´k��Ss¥��rOets¦p|w|rtk �;�|fBetj~h)¨}ª
f)�{k�e�h�j�k)h)���Bh�¨¦w|k�f�¤ t�k�etfyz@hA� « hA�brt�|k��	hA��k�¤±fAe¹s}�Srtk�gBk�e��Ksv���|¨vhA�ck�jWk��Kri� �µ�B���Ë¬]� �*fBrt�|k	e
« fBe��|�Zz « k « s¦¨}¨]hA�t�_w|j�kbrOf.�®h �{k �3�j & (  $# (P@ �B ,E@ �F 0d0�<I3�j & (  (P@ �B ,]@ �F 0�0-J&%�(+*-,/.�0 (t�B�^0
« �|k�eOk'%�(+*-,/.�01s¥��h1t�k	etf�jWk)h���(¹h)wq�t�_s¥h�� �|fAsv��k%h��®�  $# s¥�rO�|k~�ceOf{�O���qf « k�eÈ���qk)�crOetw|j
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�Ë��gAk	�|k�e�h)¨ËzArO�|k<�|eOfAp|¨¦k�j �cfAwy¨¥�pqkmk hA��s¦¨}ªÈ��fA¨¦�{k)�sµ¤ « kb�cfBw|¨¥�k ��rts¦j~h�rOk6rO�|k<�qfA¨}ªS�|�qhB��k
�cfAjW�´fB�|k��Sr��Áf)¤@rO�|k1�cetf �t�Á�qf « k	e6�_�qk)�crteOw|j*z�s¦� « �|s¥������hA�_k<rt�|k<�yetfApy¨}k�j « fAwy¨¥�etk �Kwq�ck<rOf
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Non-overlapped  Area

Overlapped Area

in image 1

Non-overlapped  Area
in image 2

maximum width = 1 pixel
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f�¤(k uxwqh)rts¦fA� (O��� 0�rtf�h��_k�r<f�¤��qfAs¦�Kri�c¬q�mfBrtk{zS�|f « k��{k�e	z{rt�qh)rmeOk)��w|¨¦r�� « s}¨}¨©pqk�jWfAetk¹etk�¨¦s¥h�py¨}k
sµ¤¹k)u{wqh�rOs}fA�R(O��� 0�s¥��h)�|�|¨¦s}k)��rtf*�qfBs}�Sr�� « �|k�etk~rO�|k%��s}gB�qh�¨<�qf « k	e�s¥�j�f ��rt¨¦ª��ZfA�q�ck	�KrOe�h�
rtk)� (Ë�_k�k��|k�§Sr1��k)�crOs}fB��0�¬y� �~¤ÜhA�cr6¤±fBemr « f�s}j~h)gAk)� « s¦rt�%�Ks¥�_�|¨¥hB�ck�j�k	�Kri� h)rb�_w|p|�|s¦§Kk	¨DfAei�Kk�e	z
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²³k « s}¨}¨©k�§S�|¨¥h)s}��rO�|k�j�k�rt�yfS�#w®��s}�yg�h���k	§|h)j��|¨}k �
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� � � ( � (�� J *9L)0�0� (�� J�*�L)0 < �6(t�',�� 0�6(Ë�Q,�� 0 � � � ( � *�LM0� *�L (Ë�B� 0
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�^(Ü�r,��D0�
��^(O�7,��D0 (Ë�B� 0
« �|k�eOk�� *i< B/Y

� sv�\rO�|k��_w|p|�|s¦§Kk�¨H�Ss¥���y¨¥hA�Zk�j�k��Sr<h)¨}fA�yg�rt�|kH*|Üh�§Ss¥�c¬©�mfBrtkrO�qh�r	z´�yf�¯K�yf « 
¨}k)�SgAkf)¤(rt�yk�Sf « �®�th�jW�|¨}s¦�|g�e�h)rtk � s¥�<etk)u{w|s¦etk)�D¬y�mfArOk�h�¨¥�_f.rO�qh�r1r « fW��fB¨}w|rOs}fA�®� « s¦¨}¨@pqk
fAp|rih�s¦�|k)�D¬��6�|s¥��h�j�p|s}gBw|s}r_ª~s¥���Kw|kWrtf�rO�|k�s¥��fBrteOfA�|sv��¤±fAeOj f�¤ �6(+*-,/.�0bh)�q�DzHs}�*¤ÜhA�cr	z fB�|¨}ª
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s¥�6�|sv�ck�¨¦ª��Kk �t�ceOs}pqk)��pKª�k)u{wqh�rOs}fB�q�G(_�70�h)�q� (O��� 0Ãh�pqf)�{k{¬
�{s¦�q�ck « k��qh��{k�hA�t�_w|j�k)�~h.�yfAetj#h�¨H�Ksv��rteOs}p|wyrts}fB��f)¤(rt�|k��|fAsv��k�h)etfAwy�q�*h�jWk)h��~�Bh�¨¦w|k

f�¤�t	k�etfyzKrt�yk��yetfAp®h�p|s¦¨}s}r_ª�rO�qh�r<rO�|k��|fAsv��k��Ah)¨}w|k�k�§y�ck�k �|� 	 # « s}¨¦¨Dpqk�gAs}�{k	��pKª �
�����)( %�0 < �� � � � #������� S *�� k 
 % 2

� � 2# m
	 %< �� � � � #��
&� � S *�� k 
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� � 2# m 	 % (Ë� % 0
�6�|k�¨¥hB��r<k)u{wqh�¨¦s}r_ª�s¥�<�Sw|k�rtf��|fBetj~h)¨}snt h�rts¦fA��f�¤�rt�|k��ceOf{�O�6�´f « k�e1���qk)�crOetw|j pqk�r « k�k	� t�k�eOf
h��q�~fA�|k ¬

81�~rt�|k�fBrt�|k�e<�®h��q�Dzqs}�~rO�|s¥�6s¦�KrOk�et�Bh�¨Üz « k���h�� « ets¦rtkbrO�|kb¤±fA¨}¨¦f « s}�|g�s¦�|k)u{wqh�¨¦s}r_ª �
�� � � � #��

&��� S)*�� k 
 % 2
� � 2# m	 % � �� � � � #��

&��� % S *�� k 
 % 2
� � 2# m
	 % (Ë�)lr0

�6�|sv�6s}�|k uxwqh)¨}s¦r�ª¤±fB¨}¨¦f « ��¤±etfBj5rt�|kb¤ÜhB�cr<rt�qh)r�z|s¦��rt�|k�s¦�KrOk�et�Bh�¨ « �|k�eOkbrt�|k�s¦�KrOk�gAeih�¨D�®hA�
pqk�k���rih�¯{k��]z|rt�|k�s}�Srtk�gBe�h��®�#fB�*rt�|k�¨¦kc¤±r<�qh��®�*��s¥�Sk�sv�mh)¨ « h ªy�6¨¥h)etgBk�emrO�qh��*rO�|k�s}�Srtk�gBe�h)�q�
fA��rO�|k6eOs}gA�SrH�qh��q���_s¥�Kk ¬A�6�|k	etkc¤±fBetk���w|p®��rts¦rtw|rOs}�|g¹k)uxw®h�rts¦fA�N(Ë� % 0@s}�SrtfH(Ë�)lr0Hh)�q���cfBj��|w|rOs}�|g
rt�|k�s¦�KrOk�gAeih�¨@fA�%rt�|k�eOs}gA�Sr6�®h��q�%��s¥�Sk{z « k « s}¨¦¨DfBp|r�h)s}���

�����)( %�0
�

� #� � � k S *�� k 
 	 2� � 2# m 
�S *�� k 
�� � 2# m�m (Ë�B� 0
�m�q�~h ¤±rOk�e1etk)h)ete�h)�|gAs¦�|gWh��q�%��s}jW�|¨}s°¤±ªKs°�|gyz « k « s}¨¦¨@�qh��{k �

	
2# � 
¹� � 2# � � k � � � � � �6( %�0� #

J�S *�� k 
�� � 2# m�m (Ë� 7 0
�6�|k	etkc¤±fBetk{zA¤±fAe1�_j~h�¨¦¨q�|etfBpqh�p|s¦¨}s¦r�ª��Bh�¨¦w|k)��� ��� ( %�0�z « k���h)��etk�jWf��{k<�yfAs¥�_k�pKª�rt�|eOk)���yfA¨}

�Ks}�yg�fBw|r6�Bh)¨}w|k)��pqk�¨¦f « 	 # ¬S�@f���|f{f ��k�hb�Bh�¨¦w|k\¤±fBe������)(�%90izA�|fArOkmrO�qh�r�rt�|k<s¦�|k)u{wqh�¨¦s}r_ª (Ë� 7 0
s¥�6fB�|¨}ª��Bh)¨}s¥��s°¤ � � � � � ��� (�%90

� #
J S)*�� k 
��� � 2# m � � (Ë�{�70

M�M áON*PRQ�SRQ



��7 ��� ���C
�� �����*"�� "��!�	��
� ��� 
����� "���
�� ��� 
��R�����#�

81e�� � � �)( %�0 � � #� � � k � 
�S)*�� k 
��� � 2# m�m (Ë� ; 0
�6�|k�eOkc¤±fAeOk{z�rt�|k%w|�|�qk�e�pqfAw|�q�£f�¤ � ��� (�%90�s¥�¤±fAw|�®� pSª �_w|pq�_rts}rOw|rts¦�|g³rt�|k%w|�|�qk�e�p´fBw|�q�
f�¤�rO�|k~�|fAsv��k~�Bh�eOs¥h��®�ck~s}�R(Ë� ; 0�¬(�Ër�sv�fApS�Ks¦fAwq�rO�qh�r�rt�|kWets}gB�Kr��®h��q� ��s¥�Sk;f)¤brO�|k%h�pqf)�{k
s}�|k uxwqh)¨}s¦r�ª�s¥�<h)¨ « h ªy�6s}� � �r,�� �Ë¬
� &8����
��\�)� 
"~���.����
�(���	� �

�Ë�.fBe��Kk�e(rOf��{k	etsµ¤±ª¹k�§K�qk�eOs}j�k	�Krih�¨}¨¦ªmrO�|k¹h�¨}gBfAeOs}rt�yj*zA�_fAj�k1h)etrOs �qrOs¥h�¨¦¨}ª����ysµ¤±rtk �s}j~h)gAk)� « k�etk
gAk��yk�e�h)rtk)�~wq��s¦�|g�rt�|kb¤±fB¨}¨}f « s¦�|g�j�fS�Kk�¨ �$��-<����	�
��� < ¤±e�h�jWk �Sw|j�pqk�e (Ë�B� 0

« �|k	etk��
��s¥��h��|s}gB� eOk)��fB¨}w|rOs}fB��s}j~h)gAkW���|s°¤±rtk)�³pKªÂ�Ks !©k�eOk��Sr�Bh�¨¦w|k)�cz��³s¥�h�py¨}w|eOets}�yg
¯{k�et�yk�¨�h��q�� �Kk��|fBrtk)��rt�|k#�cfA�S�{fA¨¦w|rts¦fA�@¬��³�qhA�pqk�k	��s}�SrteOfS�Kwq�ck)�³rtf*�Sk�j�fA�®��rteih�rOk.rO�|k
�qf{�t�_s}p|s¦¨}s¦r�ªWf�¤�r�h�¯Ss}�yg.s¦�KrOf�hA�	�cfAw|�Sr1rt�|k��qfAs¦�Kr1�_�|etk)hB�#¤±w|�®�crts¦fA�~f�¤�rt�|k�s¦j~h�gBs}�|g��_ª|�_rtk�j*¬

�6�|k	etkc¤±fBetk{z{k)hB����¤±e�h)j�k%$ � s¥� fBp|r�h)s}�|k �.pKªW���ysµ¤±rts¦�|g�h�|s}gB��etk ��fA¨¦w|rts¦fA��s}j~h)gAk<¤±fA¨¦¨}f « k)�
pKªW�cfB�K�{fB¨}w|rOs}fA�Wh��®���Kf « �q�th)j��|¨¦s}�|gy¬K�6�ykbe�h)rtkbf)¤��Kf « �q�th)j��|¨}s¦�|g�h)¨}fB�|gk)hB���#�Ks}j�k	�q��s¦fA�
s¥��¨¥h)etgAk	e�rt�qh)� rt�yk��_�|sµ¤±r��Bh�¨¦w|k)����f³rt�®h�r�rt�|k~etk ��w|¨¦rts}�yg³�Kf « �q�th)j��|¨}k � s¦j~h�gBk)��ZfA�Sr�h�s¦�
��w|py�|s}§Sk�¨����|s°¤±r��Z¬Á�1fArtkWrt�qh)r�z@�|f�¯S�|f « ¨}k �KgAk�f)¤1rt�|k�p|¨¦w|eteOs}�|g~¯{k�eO�|k�¨�sv��etk uxw|s¦etk)�;¤±fBerO�|k
etk�gBs¥�_rte�h)rts¦fA�@¬@�6�ykfA�y¨}ª*hB�t�_w|j��|rOs}fA�%j~hA�SkfA���~sv�mrt�®h�rbs¦r��<etk)�_�´fB�q��k�s¥�<s}�S�Bh�eOs¥h��Sr<¤±etfAj
fA�|k�¤±e�h)j�kbrtf�h)�|fArO�|k�e	¬

�6�|k�h)¨}gAfBets¦rt�|j « hA�<rtk)�_rtk)�~fA�%��k	�{k�e�h)¨@s}j~h)gAk)�(f�¤��Ks !©k�etk��Sr<�qh)rtw|eOk{¬�#Ás}gBw|etk�ly¬q���|f « �
h���k	§|h)j��|¨}k(f)¤@r « f�h�k	ets¥h)¨|s}j#h�gAk � « s}rO����w|p|�ys}§Sk�¨q���ysµ¤±r���pqk�r « k	k���rt�|k	j*¬7#Hs}gAwyetk<l (Ë�^0 h��q�(Ë� 0��_�|f « rO�|k�s¦e(�cetf �t�Á�qf « k	e(���qk)�crOetw|j8s}��rO�|k1���qh)rtsvh�¨q�KfBj~h�s¦��|eOs}fBe6h)�q��h ¤±rOk�e�eOk�j�f)�Bh�¨Sf�¤
�|fAsv��k{¬ �mfArOkmrO�qh�r	z{�Kw|k1rtf�rt�yk1��w|p|�ys}§Sk�¨|�qh)rtw|eOkmf)¤DrO�|k¹�cfAeOetk)�_�´fB�q�Kk��®�ck{zArO�|k�etk<sv�Á�|fÈ��s}�ygA¨}k
�cfA�yk�etk��Sr6�qk)h)¯1(ÜhA� « hA� rO�|k���hB��km¤±fBe6s¦�KrOk�gAk�e��Ksv���|¨vhA�ck	j�k��Sr�� 0i¬A�Ë�q�_rtk)hB�DzKrO�|k��_s}gA�®h�¨D�qf « k	e
s¥�(�Ksv��rteOs}p|wyrtk)�s¦��rt�|k<¤±fAeOj'f�¤@�qfB¨}ªS�|�qhA�_kb�ZfAj��qfA�yk��Kri�Áf�¤ h��A·��_s}�q� ¤±w|�®�crts¦fA���ck��Srtk	etk)��h)r
rt�|k��qfBs}�Srbf�¤\�cfAeOetk)�_�´fB�q�Kk��®�ck{¬@�6�|sv�m�qhB� pqk�k	�³���|f « �@zDjWfAetk��|etfBj�s}�yk��KrO¨}ª{zSs}�i#Ás}gBw|etk��Sz
« �|k�eOk�hat�f{fAj s}��rO�|k�h�etk h � 
 % , % � � � 
 % , % �qf�¤ #Ás}gBw|etkbl (Ü� 0(�qhB�6p´k	k��~�Ksv���|¨vh ª{k �g(±etk)��h)¨}¨
rt�qh)rm�yk�g{h)rts}�{k¹�|s}§Sk�¨D�Bh)¨}w|k)�1h�eOk��Kw|k�rtf��qk�ets¦fS�Ks¥�cs¦r_ª 0i¬

���?M����



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

#Ás¦gAw|eOk.l (Ë� 0 h��q� (Òk70 �Ks¥�_�|¨¥h�ª*rt�yk��ceOf{�O��´f « k�e��_�´k �crteOw|j s}��rO�|kW���qk)�crOe�h�¨Ã�KfAj#h�s}�(ÒfB�|¨}ª�rt�|k¹etk)h)¨D�qh)etr��/0�zSp´kZ¤±fAetk h��q�~h ¤±rOk�e6eOk�j�f)�Bh�¨|f)¤��yfAs¥�_k{z{etk)�_�qk)�crts¦�{k�¨}ª ¬�81�|kb�	h��~�|fArOs¥�ck
rt�|k��yetk)�_k��q�ck�f�¤<jWfAetk�rt�qh)�*fA�|k��qk)h�¯%s}�*rO�|k����qk)�crOe�h)¨(�KfAj#h�s}��hA�brt�yk�etk)h)¨Á�qh)etr�f�¤�rO�|k
���qk)�crOetw|j sv�b�|fAr�h��³k�§yhA�cr �cf{�_s}�|k�¤±w|�q�crOs}fB�@zDp|w|r�h�rteOs}gBfA�|fBj�k�rteOs¥���´fB¨}ªS�|fAjWs¥h�¨ (Ë��wyj f�¤
« k�s¦gA�Srtk)���cf ��s}�yk)� 0i¬´�{s¦�q�ck1rt�|k�h)j��|¨¦s}rtw®�Kk<f�¤�h��_s}�q�6¤±w|�q�crOs}fB��etk)�Swq�ck)�(e�h��ys¥�K¨¦ª�hA� « k¹�qh�eOr
¤±etfBj s¦r���Zk��KrOetk{z@s¦r�sv��fBpK�Ss}fBwq�rt�qh)r��_fAj�k�rtk�eOj~�b�qh��{k.pqk�k	��rt�|eOk)���yfA¨¥�Sk)��fAwyr�hA�rt�yk�s}e
h�j��y¨}s}rOwq�Kk)�(�cfBw|¨¥���|fAr<pqk��Ksv��rOs}�|gBw|s¥�_�|k)� « s¦rt��rO�qh�r�f�¤��|fAsv��k{¬ mf « k��{k�e	z{�Kw|k¹rtfrO�|kb¨vh�etgBk
�Bh�¨}wyk�f)¤<�S�bo rt�|k�j~h��_fBets¦r�ª�f)¤�rO�|k���s¦gA�qh)¨Á�qf « k�e<sv�6etk)�Zf��{k	etk)� « s¦rt�~�|fW�Ks �#�cw|¨¦r_ª{¬

�Ë� #Ás}gBw|etk 7Sz��_fAj�k�f�¤1rO�|k.s¦j~h�gBk)�brtf « �|sv���³rt�yk~h�¨¦gAfAeOs}rO�|j « hA��h��|�|¨¦s}k)�*�qhB�p´k	k��
���|f « �@¬H�6�|k�h)¨}gBfAets¦rt�|j « hB�bh�¨v��f~rtk)�_rtk)�~fA�³j~h��Sª�fBrt�|k�e�s¦j~h�gBk)�6s}�q�Z¨}wq�Ks¦�|g�s¦�q�Kf{fAe h��q�
fAw|ri�Kf{fAe¹etfApqfBrts¥�bk��S�Ss}etfB�|j�k��Sr��Zz « s}rO�%��fAjWkbf�¤�rt�|k�eOk)��w|¨¦r��<�_w|j�j~h)etsnt	k)�s}�%�Hh�p|¨¦k��A¬|²³k
�qh��{k%h�¨¥�_f�rOk)��rOk)� rO�|k~j�k�rO�|fS��fA� j#h��Sª�s¦j~h�gBk)� « s}rO� �Ss !©k�etk	�Kr��KªS�qh)j�s¥�.eih��|gBk)��h��q�
j�fS�Ks��qk)��o (¹¸3�cfBj.p|s¦�qh�rOs}fB�q�c¬qo<k)��wy¨}r��1fA�*rt�yk��Sd 8b��s¦j~h�gBk{z®¤±fBebs}�®��r�h)�q�ck{z©h�eOk����|f « �
s}�5#Ás¦gAw|eOk��Èh��®�;r�h)p|¨}k �K¬

M�M áON*PRQ�SRQ



��; ��� ���C
�� �����*"�� "��!�	��
� ��� 
����� "���
�� ��� 
��R�����#�

(ËhD0 (Òp 0

(Ë�^0 (Ë��0

(Òk70 (¥¤O0
#Ás}gBw|etk1l ��(Üh 0 � (Òp�0¶h�k�eOs¥h�¨qs¦j~h�gBk)� « s}rO���_w|p|�|s¦§Kk	¨q�Ks¥�_�|¨¥hB�ck�j�k	�Kri�czQ(Ë�^0 � (Ü� 0��cetf �t� �qf « k	e
���qk)�crOe�h<pqkc¤±fAeOk6h)�q�h�¤±rtk�e@�yfAs¥�_k(etk�j�f)�Bh�¨Q(Ü���qh)rts¥h)¨S�KfAj#h�s}� 0�z7(Ü� 0 � (±k70©�ceOf{�t�@�qf « k�eH�_�´k �crteih
pqkc¤±fAeOk�h��®��h ¤±rOk�e<�|fBs¥��k�eOk�j�f)�Bh�¨C(+#|fAwyets}k	e1�KfAj~h)s}�~�fB�|¨}ª�eOk)h�¨@�®h�etri� 0

���?M����



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

#Ás}gBw|etk�� �q� t	f{fAj:s}�~rt�ykh)etk)h « �yk�etk�rt�yk�_s}gB�qh�¨H�qf « k�e<s¥�6jWf{��rO¨}ªW�cfA�®�ck��Srte�h)rtk)�

(Ëh 0 (±p�0 (Ü�^0
#Ás}gBw|etk57 �´�{fBj�kbf�¤HrO�|k�s}j~h)gAk)��w|k ��k)�.¤±fAe<k	§K�qk�eOs}j�k��Sr�h)rts¦fA���Q(ËhD0 � (Òp 0�z|h)k�etsvh�¨©s}j~h)gAk)�(f�¤
dÁk��Sr�h)gAfA��h��q�%d�h�eOs¥�Zz-(Ë�^0�h.�Sd 8¹���Oh�rtk	¨}¨}s¦rtkbs¦j~h�gBk

M�M áON*PRQ�SRQ



�A� ��� ���C
�� �����*"�� "��!�	��
� ��� 
����� "���
�� ��� 
��R�����#�

� j#h�gAk (�� *-, � .90 F �_rts¦j~h�rOk)�(Ë�S¬â�A�Sz|Ë�S¬â�B� 0 (Ü�K¬ l�;KzqË�S¬â�S�^0
dÁk��Sr�h�gBfA� (Ë�K¬ê�A�SzD�S¬â�A�D0 (Ë�K¬ê�!;Szq�K¬ l � 0(ÒÜ�K¬ê�A�Sz´Ü�K¬ê�A� 0 (±Ë�S¬â�B�KzqË�S¬â�A�D0(Ë�K¬ê�Kzê�K¬µ� � 0 (Ë�S¬â�Kzq�S¬ ;B� 0(Ë�S¬}��7{�{zqË�S¬â�D0 (Ë�S¬}�	�A�KzqÜ�K¬ l � 0
d�h)etsv� (Ë�K¬ 7x� zD�S¬â�A�D0 (Ë�K¬ 7A�Szq�K¬ % % 0(ÒÜ�K¬ %!% z|Ü�K¬¦��7{�70 (±Ë�S¬ % �KzqË�S¬}���D0(Ë�K¬ %!% zD�S¬ %!% 0 (Ë�S¬ % �B�Kz©�K¬ % � 0(Ë�K¬ ; % zD�S¬â�A�D0 (Ë�K¬ ;�lyzq�K¬â� ; 0
�xd 8¹� (Ë�S¬ %!% z|Ë�S¬â�B� 0 (Ü�K¬ % l|zqË�S¬â�B� 0(ÒÜ�K¬ ; % z©�K¬¦��7x�'0 (ÒÜ�K¬ ; % zD�S¬}���S�^0(Ë�K¬ê�A�SzD�S¬ %!% 0 (Ë�K¬ % �Szq�K¬ % % 0

�Áh)p|¨}k��	�q�Hh�py¨}k�f�¤(eOk)��wy¨}r��

���?M����



���������	��
����������
���
����	����� �!���#"�$ �K�

(ËhD0 (Òp 0
#Ás}gBw|etk%� ��(ËhD0 � (Òp�0¹r « f%�th)rtk�¨¦¨}s}rOk.s¦j~h�gBk)� « s¦rt��h)etrts��©�csvh�¨}¨¦ª�j�fS�Ss �qk)�*�SªK�qh)j�s¥�eih��|gBk)�
h��q�%o (¹¸ �cfBj.pys}�qh)rts}fB�q�

�Ëj~h)gAk ( � *-, � .�0 F �_rts¦j~h�rOk)�(Ë�K¬ ; % zq�K¬â�B� 0 (Ë�S¬ ; % zq�K¬ % �D0
�xd 8¹� (Ë�S¬ %!% z|Ë�S¬â�B� 0 (Ü�K¬ % l|z|Ü�K¬ê� % 0(ÒÜ�K¬ ; % zD�S¬}��7{�70 (±Ë�S¬ ;�lyzD�S¬}�	� 0(Ë�K¬ê�A�Szq�K¬ % % 0 (Ë�S¬â�B�Kzq�K¬ % lQ0

�Áh)p|¨}k�� �|�Hh�p|¨¦k�f)¤�eOk)��wy¨}r���¤±fAe<s¦j~h�gBk)� « s}rt�%�Ks !©k�etk��Sr<�SªK�qh)j�s¥�6eih��|gBk)�1h��q�~o (¹¸£�cfAj�p|s¦
�qh�rOs}fB�q�

M�M áON*PRQ�SRQ



�A� ��� ���C
�� �����*"�� "��!�	��
� ��� 
����� "���
�� ��� 
��R�����#�

� 45!�"�0¹���³�(�	!#"

� j�k�rO�|fS��f)¤��Kk	rtk�eOj�s}�|s¦�|g~�_w|p|�|s¦§Kk�¨Ã���|s°¤±r���p´k	r « k�k���r « f�s}j#h�gAk ���qhB�p´k	k����|eOfA�qf{�_k)�Dz
�|k�eOk�s}�@z « �|s¥�����Sf{k)���|fBreOk)��fBetr�rtf%s}�Srtk�eO�´fB¨¥h)rts}fB�@¬H�6�|k�j�k�rt�yfS� sv� p®hA��k ��fA�³rt�|kW�|�qhA�_k
�cfAeOetk�¨vh�rOs}fA�³j�k�rO�|fS�Dz@h)�q�*s¥�b�|etf)�{k)��rOf~p´k��{k�eOª�etfBp|wq�_r�rOf%�cfAeOetk�¨vh�rtk � �|fBs¥�_k�h��q��¨¦w|j�s¦
�qh��®�ck6�Bh�eOs¥h)rts}fB�q�c¬)�1fArtk(rO�qh�r	z�j�k�rt�yfS�|�Drt�qh)rÁeOk�¨}ª1fA��s}�Srtk�eO�qfA¨¥h)rts¦fA� « fBw|¨¥�bwq�_wqh�¨¦¨}ªbeOk)uxwys}etk
h��*s¦�KrOk�et�qfA¨vh�rOs}fA�~pSª~h�¤ÜhB�crtfBemf)¤1���B�Kzqsµ¤(fB�|k�|k	k)�|�czK¤±fBemk	§|h)j��|¨}k zKh)�*hB���cw|eihA�cª~f�¤¶w|��rOf
�*��s¦gA�|s��©��h��Sr �qgAwyetk)�Z¬�o<k)��w|¨¦r�� « fBw|¨¥�©zÁfApS�Ss}fAw®��¨}ª zD�|s}gB�|¨}ªÂ�Kk��qk��®��fA��rO�|k�s}�Srtk�eO�´fB¨¥h)rts}fB�
j�k�rO�|fS�D¬

�m¨¦rt�|fBw|gA�]z�fAw|e(h)�qh�¨¦ª|�_k)�@j~h�ªb�_k�k�j�rOfbpqk6k�¨vh�pqfAeih�rtk �Dz�rO�|k<hB�crtw®h�¨yh�¨}gBfAeOs}rt�yj�s¥�@�qh�ei�K¨}ª
j�fAeOk��cfBj��|¨}sv��h�rOk)��rt�qh)�;rO�|k��|�qhB��k��ZfAeteOk�¨¥h)rts¦fA��j�k	rt�|fS�D¬y�6�|k�fA�|¨¦ª�f)�{k�et�yk)hA�~�cfBj��|w|rih�
rts¦fA�q�<h)etkb�|fBs¥�_kbetk�jWf��Bh)¨Dh)�q�.rO�|k���h)¨¥�cw|¨vh�rOs}fA�Wf�¤Hrt�yk����|s°¤±r��%(�� * , � .�0�z « �ys¥���~h�eOkbrteOs}�Ss¥h�¨Ü¬
�6�|k�eOkc¤±fAeOk{z rO�|k*�_�qk�k)� f)¤�rt�|k�h�¨}gBfAeOs}rt�yj*zÁj~h)s}�|¨¦ª��Kk��qk��®�|��fB�£rt�|ki#|fAw|eOs}k�e�rOe�h��®� ¤±fAeOj
fA�qk�eih�rts¦fA�q�Zz®¤±fBe « �ys¥��� « k��qh��{k�k�j��|¨¦f)ª{k)�rt�|kH#�#�� h)¨}gAfBets¦rt�|j*¬

�6�|k hA���cwye�hA�Zª.f)¤�rO�|kbetk ��w|¨¦r��czS�Kk	�´k	�q�|�6fA�~rO�|kb�|fBs¥��k¹�Ah)etsvh��q�ck zKfAe<jWfAetk1�|eOk)�cs¥�_k�¨}ª�fB�
rt�|k¹��s¦gA�qh)¨DrOf�|fBs¥��k1e�h)rts¦f|¬S�Ë�.fBrt�|k�e « fBe��|�Zz « k « fAw|¨v�.k�§S�qk)�cr�¨¦k)�t�(hA�	�cw|e�h)rtk1etk)�_w|¨}ri�(hA� « k
h��|�yetf{hB���³rt�yk.¨¦f « k�e1¨}s}jWs}r<f�¤�rO�|k���s¦gA�qh)¨ rOf��|fBs¥��k�e�h)rts¦f|¬D²³k « s}¨¦¨Ás¦�K�{k)�_rts¦g{h�rOkrO�|s¥�msv�t�_w|k
s}��¤±w|rOw|etk « fBet¯©¬

���?M����



���������	��
����������
���
����	����� �!���#"�$ � %

��
�2{
��6
"�0\
È�

�µ� ���¬q�¬q�m¯Bh��q�_w*h)�q�*o�¬q��¬ bhA�|�yhA�D¬ � ��� � �#��
 �*"!� � � �#"�$ � � ��$ �!� ��
��"�� � " �*� � �#"�$ ¬��b��h�
�Sk�j�s¥�1d�etk)�O�<�Ë�q�A¬}z©���B�A�K¬

� �
� .1¬ �¬A¸6k	et�q�_rtk�s¦�@z)��¬ �¬���h��qh)¨Ëz{·�¬(�@h��Ks¦�@z{h��®� F<¬�.1¬�81¨v��fA�]¬D� gBk�fAj�k	rtetsv�(h��|�|eOf{hB���
rOf���w|py�|s}§Sk�¨@etk	gAs¥�_rteih�rts¦fA�%hA�	�cw|e�hB�cª{¬������ ��� zSl{� � %!% l
	 % 7A�Sz �	�!;{�{¬

� % �30�¬S¸6k�eOrt�|fS�©z ¬q�{�|k�¯Bh�e_¤±fAeOfAwq�_�@zC0�¬K²³k�etj#h��@zSh��®���|¬�qk�etwyp|s¥hS¬�o<k)�cfA�®��rteOwq�crOs}fA�Wf�¤
�ys}gA�~eOk)��fB¨}w|rOs}fA� % �;�Ss¥�_wqh�¨©s}�K¤±fBetj~h)rts¦fA�@¬H�Ë� � � " � ����� �O� zS�qh�gBk)� 7A�)l
	 7A�x� zÁ�{k)h)rtrO¨}k{z
²ÂhA�_�|s}�ygArtfB�@zH���A�)l|¬

� l �6:È¬K��¬|·m�{fBe����|k��|¯{fy¬Á¸6fBw|�q�|�(fA� (Ë�Sk�rtk�eOj�s}�ys¥��rOs¥�^0]�cfBetetk	¨¥h�rOs}fB�.¤±w|�q�crOs}fB�q� « s}rO�~h��|�y¨}s}
�	h�rts¦fA�q�6rOf.eOk�gAsv��rOe�h�rOs}fB�@¬ ������� � � ��$ � � ��� �1� zq�r(Ü� 0 �â�A� 7�	x�K� % z(���!; % ¬

� �
��b¬D�®¬ mwqh��yg|z|k)�Ks¦rtfBe�¬ ��������
�� 
���� 
�$��R
�� � " �R
 ��*�#$!�G��$ � ���!$ ��������� �R
�$ 
�� $ �!�����*�	� ¬
� �|ets¦�|gAk�eO :(k�eO¨¥h)g|zD�	�!;B�K¬<�bh)rtf��b�S�Ah)�q�ck)���{rOwq�Kª~�Ë�q�_rts¦rtw|rOk{¬

� 7
��b¬<�q¬ 1wqh��|g h)�q�£o�¬���¬6�<�Oh�sÜ¬ ��������
 � 
���� 
�$��R
�� $ �!�����*�	��� � "!� �#"�$��O��� �#���!���#"�$ z
���qh)�|rtk�e¹�Azq�qh�gBk)����	q�*;K¬<�{�|eOs}�|gBk�et�:(k�et¨vh�g|z@�	�!;S�A¬

�é� �30�¬)�Ëeih��|syh��q���q¬BdÁk�¨}k	g|¬K�{wy�´k	et±etk)�_fA¨}wyrts}fB�¤±etfBjFs¦j~h�gBk���k)u{w|k��q�Zk)�c¬{�@k)���|�|sv��h�¨So<k��qfAeOr
;B��_�{z©�6�|k mk�p|eOk « �m�|s}�{k	e���s¦r_ªf�¤ �Ak�etwq�Oh�¨¦k�j*z!�Aw|�|k���� ;A�S¬

� ;
�30�¬©�Ëe�h)�|s(h��®� �q¬]dÁk�¨}k	g|¬��Ëj��|eOf��Ss}�yg.eOk)��fB¨}w|rOs}fA�*pSª�s¦j~h�gBkeOk�gAsv��rteih�rOs}fA�]¬�� � �R��� ����!�
�9" ��
� �5��$�� ��������
"� � " �R
 ��*�#$ � zq� % ( % 0 �â� % ��	x� % �Kz?0*h�ª��	�A�K�B¬

� �
�·�¬#�bk�eOk��@z{�q¬{dÁk�¨¦k�g|zBh��®��o�¬{¸6eihA�|hS¬q�Ëj~h�gBk<��k uxw|k	�q�ck6k	�|�qh��®�ck�j�k��SrDw®��s}�yg�_w|p|±�|s}§Sk�¨
�Ss¥���y¨¥hA�Zk�j�k��Sr�¬@�Ë� � � " � �$��� �O� z|�qh�gBk)�b��l{�%	|�	l�7Kz]�m�|�%�metpqfBe�z��Aw|�|k���� ;!;K¬

�µ�	���.�®¬qdÁ¬�� s¦j:h��®��²�k��y&�(w*�{w@¬b�{w|py�|s}§Sk�¨HhA�	�cw|e�hB�cª�s¦j~h�gBk�eOk�gAsv��rOe�h�rOs}fB��pSª~���qk)�crOetw|j
�	h��q�ck	¨}¨¥h)rts¦fA�@¬�� � � � " � � � � � � �'� zq�qh�gBk)����� % 	q�	�!7KzH�Sh��i#®eih��q�_s¥�O�cf|z@�	�A� % ¬

�µ�B��� .1¬S·¬!�bw|gB¨}s}�Wh��®��·¬ .1¬ ms¦�|k)�Z¬D�6�|k¹�|�qhA�_k��cfBetetk	¨¥h�rOs}fB�.s¦j~h�gBk1h�¨}s¦gA�|jWk��KrHj�k�rO�|fS�D¬
�Ë� � � " � � ��$�� ��� "�$ � � "�$ � � �R
��R$C
���������$ � � " �*� 
�(� z|�qh�gBk)����7 % 	q�*7A�Kz����x� �K¬

�µ�	������¬|d�h)�´fBw|¨}sv�c¬ ��� ��$ �!�)� $ �!�����*�	� ¬O0*� (1e�h «  ms}¨¦¨@¸6f{fA¯1.(fAj��qh)�Kª zD���{�A� ¬

M�M áON*PRQ�SRQ



��l ��� ���C
�� �����*"�� "��!�	��
� ��� 
����� "���
�� ��� 
��R�����#�

�µ� % � �|¬��|¬©dÁk)h)e��_fA�@z@·�¬ .1¬ ms}�yk)�czD�q¬ (1fB¨}f{�_j~h��]zDh)�q� .1¬D·�¬ �bw|gB¨}s}�]¬ :¹s¥�Kk�f�eih�rOks}j#h�gAk
�ZfAeteOk�¨¥h)rts¦fA���|eOfS�ck)�O��fAe	¬6�Ë� � � " � � �'�O���"� �R���C� ����!� �#"�$ �5" ���5� ��� � �!� ��������
 � � " �R
 ��*�#$!� z
�®h�gAk ���	�x� 	x�A�B�Kz��	�x�A� ¬

�µ�Zl	���¬®� �|k�¯Bh�e_¤±fAetfBwq���]zC0�¬K¸6k	etrt�yfS�Dz|h)�q� �|¬ qk	etw|p|svhK¬ % �~�_w|�qk�et±etk)�_fA¨¦w|rts¦fA��wq�_s}�|g�gBk��|k�
eih�¨¦snt�k)�W�th�jW�|¨}s¦�|gk�§S�qh)�q��s¦fA�@¬(�Ë� � � ��� z|²ÂhA�_�|s}�ygArtfB�*·6.1z@�	�A�B�K¬

�µ�	�����¬Á�{�|k�¯Bh)e�¤±fAeOfAwq�_�@z 0�¬H¸6k�eOrt�|fS�©z@h��q� �|¬ qk	etw|p|svhK¬~�{w|p|±�|s}§Sk�¨�eOk)�cfB�q��rOetwq�crOs}fB��f)¤¹h
�Bh)ets¥h)p|¨}k h�¨}pqk)�Sf.¨vh�j�p´k	etrtsvh��W��w|e_¤ÜhA�ck ¬(� � � � ����zK�{fB¨}w|jWk�Bz|�qh�gBk)� % �x� 	 % �*7Kz��	�A�B�K¬

�µ�*7����¬x�{�yk�¯Bh�e�¤±fBetfBwq���@z 0�¬{¸6k�eOrt�|fS�Dz �|¬ qk�etwyp|s¥hSz{h��q�/0�¬A²³k�etj#h��@¬D�{wyp|Ò�ys}§Sk�¨|pqh�ª{k)�_s¥h��
k ��rts¦j~h�rOs}fB��f�¤¶h�¨}pqk)�Sf�h��®�#�yk�s}gB�Kr	¬ ��$�� 
��R$ �!���#"�$ �!� � "����R$ �!��" � � "�� ��� � 
�� � �	�*�#"�$ zKrOf
h)�|�qk)h�e	¬

�µ�)��� � s��6svh�� h��q� 0�¬<�¬ mwy�|�q�c¬ �m¨¦gAfBets}rO�|j~��¤±fBe%��w|p|�ys}§Sk�¨betk	gAs¥�_rteih�rts¦fA�@¬ ����� ��� z
% � �ê�A�A�%	S�B� % z����!; 7K¬

�µ�*;���o�¬H�<�th)s<h��®� �b¬ mw®h��|gy¬ 0�w|¨}rOsµ¤±eih�j�k�s}j~h)gAk�etk ��rtfBe�h)rts}fB� h��q��eOk�gAsv��rOe�h�rOs}fB�@¬ � ��	 �
� "�� � � � �	� � ��� � � � " � �°z©�Az@��� ;�ly¬

�µ�	����0�¬ :(k�rOrtk�eO¨}s(h)�q� �|¬��bf)�AhB�ck��Ss¥�A¬�� ��	D
� 
�#� ��$�� � �������$ � � " ���#$!� ¬³d�etk��Srtsv�ck bh�¨¦¨Ëz
�	�A�B�K¬

���?M����
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