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����Îµ¼nLqBg`�^�`±³g`m3uxg!�@o^±¼u�g`m�qBwÂf.nL�HnL��g3nJ�`w@f.f�o^�^±À©
��nLqB±³w1�ÁnLo^qBw@f.naqBw1�+¹^w1��g�nL�5c�wL°®qBc^g'�^w@�^g`m�wL°®qBc^g'�Hn1uBnLµ³µ³g`µ
mBrOmBqBg�f[¶JÝOr@mBqYg�f �Dc^g�n�´@r����Huxw@�`g`mBmYg`m,cHn�´O±³�^�
�^±³müyYw1±³�@q�nL�^�Hu�g`mYmvmB�HnL�`g`mdn1u�g��^w�q®mYo^±²qYg`�.°Ðw@u
g`pO�^µ³w1±³qB±³�^��mBcHn1u�g`�#fsg�f�w@u�r��Hn1uBnLµ³µ³g`µ³±²m�f[¶����[qBc^g��`w��@q5uYn1u�r1¹L±³q
±³m¾°ÓnL±¼u�µ³r.mY± fs�^µ²g�qBw�mB�Hn���.mBg`´1g�uYnLµ^qBcHu�g�nL�^m¾qBw��`w��Hg��±³qBc.qBc^g�g`´1w1µ³o^qB±³w1�.wa°ºna�#±¼uBu�g`��o^µ n�u
�Hu�w1¬^µ³g�fÆw@uvf.nam5¯
�`w@f.f�o^�^±³��nLqB±³w1�Áµ¼nLqBg`�^�`±³g`m�¶!
Ó�ÊnL�^�^±³qB±³w1�+¹¾±²�^�^g�us�Hn1uBnLµ³µ³g`µ³±²m�f wL°�mBcHn1u�g`�Ff�g�f�w@uxr�f�o^µ³qB±³�Hu�wO�`g`mBmBw@u��^wO�^g`m
��nL�Á¬HgJg`p@�^µ³w1±³qBg`�Á¬OrÅmBg`´1g�uBnaµ
qBcHu�g�nL�^m,mBcHn�u�±³�^� qYc^g.m5n1f�gJf�g�f�w@u�r1¶�jdg�f�w1qBgJf�g�f�w@u�rQnL�`�`g`mBmBg`m���nL�Á¬Hg
mBg�u�´O±³�`g`�Å¬OrÂ�^g`�^±³��nLqBg`�QqBcHu�g�na�^m�¶3�¡ (¢(£�¤�£�¥�¦§£�¨§©«ª ��nL�Q¬Hg.o^mYg`� �^±¼u�g`�`qYµ²rQqBw[�Huxw1�@uBn1f��Hn1uBnLµ³µ³g`µ
±¼uBu�g`�1o^µ¼n1u
nL�^�^µ³±³��nLqB±³w1�^m"�î�	�
w@u�nLmËnJu�o^�OqB±¼f�g3¯ag�u��^g`µ�qYw.±¼f��^µ³g�f�g`�@q,�Hnaq5n�w@u4�`w1�Oq5u�w1µ+�Hn�uBnLµ³µ³g`µ��Hu�w��@uBn1f.fs±²�^�.f�wO�^g`µ³m
wL°�c^±³�1c^g�u4µ³g`´1g`µ+wL°
nL¬^mBq5uBna�`qB±³w1�.mBo^��cÂnLm��d +¢6£�¤�£�¥�¦§£�¨§©5h1¹ ¬^o^±²µ³q�w1�JqBw1�[wL°�naqBcO©«ª#�î�^¹6h��	�«¶

b¡c^g,g`p@g`�`o^qB±³w1�Qu�g`�^µ¼n�rJ°ÓnL�`±³µ³±³q�r[�^g`mB��u�±³¬Hg`��±²�QqBc^±³m,u�g`�HwOu�qd±²m,qYw.¬Hg��Hn1u�q�wL°vn��^g`¬^o^�1��±²�^�Jg`�O´@±¼u�w1�Hfsg`�@q
°Ðw@u¾�`µ²o^mYqBg�u�m�©Ã¬HnLmYg`�#�Hn1uYnLµ³µ²g`µºmBr@mYqBg�f�m�¶�bdc^±³m�g`�@´O±¼u�w1�Hf�g`�Oqd�±³µ³µ+±³�^�`µ²o^�^g.n��Hn1uBnaµ²µ³g`µ+�^g`¬^o^���1g�u¾¬HnLmBg`�[w1�JqBc^g
�`wOw@u��^±³�HnLqB±³w1�JwL°
µ²wO��nLµ+�^g`¬^o^���1g�u�m��%$	���`w@f.f'nL�^�^g`�#¬Or#n��OuBnL�^c^±³��nLµ6±³�@qBg�u«°ÓnL�`g1¶&
Ó�ÂnL�^�^±³qB±³w1�ÂqBw�qBc^g,qYg`p@qBoHnaµ
u�g`�Hu�g`mYg`�@q5naqB±³w1�QwL°�qBc^g.�^g`¬^o^�1�1g`���Hu�w1�@uBn�f �Hu�wL´O±³�^g`�Å¬@r�qBc^g.�Hn1uBnaµ²µ³g`µ¾�^g`¬^o^�1�1g�u`¹º±²q��±³µ³µd¬Hg.�§w1mBmB±³¬^µ³g[qBw
cHn�´1g3nJc^±³�1cQµ³g`´1g`µvu�g`�Huxg`mBg`�@q�nLqB±³w1�[wL°dqBc^g�g`pOg`�`o^qB±³w1�QwL°®qYc^g3�Huxw1�@uBn1fÉo^mB±³�^��qBc^g3t
n�yBl�´@±³mBoHnLµ³±³»�nLqB±³w1�QqBwOw1µ
�î�	�«¶Jbdc^g#f.nL±³�Åu�g�nLmYw1��°àw@u��Huxwz´O±³�^±³�^� n[u�g`�^µ¼n�rQmBr@mYqBg�f °àwOu,�d +¢6£�¤�£�¥�¦§£�¨ �Hu�w1�@uYn1f�m�±³m�qBwÂf.n1¯ag3�`rO�`µ³±³�
�^g`¬^o^�1�1±³�^�[�§w1mBmB±³¬^µ³g1¶,·Ê±³qBc^w�o^q,g`p@g`�`o^qB±³w1�Åu�g`�^µ¼n�r1¹6qBc^g�'��Hu�w1¬Hg�g�¿6g`�`q)(3��nLo^mYg`�Â¬OrÂqBc^g�o^mBg�wL°®nJ�^g`¬^o^�1�1g�u
±³m�µ³±¼¯Lg`µ³r[qBw��Hu�g`´1g`�Oq®�Huxw1�@uBn1f'f�g�u�m�°Ãu�w@fÉ¬Hg`±³�^�#nL¬^µ³g,qBw.u�g`�Huxw@�^o^�`g,g�uBuxw1�^g`w1o^mvg`pOg`�`o^qB±³w1�^m�nam¡f'nL�@r'qB±¼f�g`m
nLm¾�^g`�`g`mBm5n1u�r�qBw�±³�^g`�@qB±À°Ðr.qBc^g�wOu�±³�1±³�#wL°+qBc^g`±¼u¾g�uBu�wOu�m�¶+bdc^g�g`pOg`�`o^qB±³w1�[u�g`�^µ¼n�r34±²µ³µ+f.n1¯ag��Hw1mYmB±³¬^µ²g,qYw,�`w1µ³µ²g`�`q
q5uBna�`g`m#nL�^�F´O±²mYoHnLµ³±²»`g�qBc^g[g`p@g`�`o^qY±²w��ÊwL°�qBc^g[�Huxw1�@uBn1f ¬§g`±²�^�F�^g`¬^o^���1g`�F�^oHu�±³�^�ÍnÁu�g`�^µ¼n�r1g`�Fg`pOg`�`o^qB±³w1�+¹
�±³qBc^w1o^qddw@uBuxr@±³�^�.nL¬Hw�o^q®qYc^g,�`w1�^mB±³�^g�uBnL¬^µ³g,�Hg�uxqBoHu�¬HnLqB±³w1�J±³�@q�u�w@�^o^�`g`�[¬OrJqBc^g,´@±³mBoHnaµ²±³»�nLqY±²w��+¶

b¡c^g�g`pOg`�`o^qB±³w1�Âu�g`�^µ¼n�rÏfsg`�5cHnL�^±³m5fÉ±³m�¬HnLmYg`�[w1�[qBc^g�'*
Ð�^mBq5na�@q�jdg`�^µ¼n�r�(,qBg`��c^�^±��@o^g#�¼h��+�)���`w��@q5uxw1µH±³�O°Ðw@u ©
f.nLqY±²w��,±²m
u�g`�`w@ux�^g`�,�^oHu�±³�^�ËnL�,±³�^±³qB±¼nLµ^�^cHnLmYg1¹�qBc^±³m�±³�O°àw@uYf.nLqB±³w1��¬Hg`±³�^�,o^mBg`�,qBw¡°àw@ux�`g
mBo^¬^mBg!�Oo^g`�@q,'Bu�g`�^µ¼n�r1g`�-(
g`pOg`�`o^qB±³w1�^m�qBwÂg`pOg`�`o^qBg.�^g`qBg�uYf�±³�^±²mYqB±³��nLµ³µ²rÁ�±³qBc uxg`mB�Hg`�`q�qBw�qBc^g.±³�^±³qB±¼nLµ�u�g`�`w@u��^±³�^�H¶Âj¡g`�`w@u��^±³�^�QwL°�q5uBnL�`g`m
mBc^w1o^µ³�Q�Hg�uxqBoHu�¬HnLqBg��Hn1uBnLµ³µ³g`µ
g`pOg`�`o^qB±³w1�^m�nLm�µ²±³qBqYµ²gJnLm��§w1mBmB±³¬^µ³g.mBw[qYcHnLq�g�uYu�w@u�m��^w[�^w�q�´LnL�^±³mBc+¹+�^o^g�qBwJqBc^g
'��Hu�w1¬§g+(#g�¿�g`�`q.n1ux±²mY±²�^� °Óuxw@f�q5uYnL�`g#u�g`�`w@ux�^±²�^�§¹�4c^g`� u�g`�`w@u��^±³�^�ÅnL�Åg�uYu�w1�^g`w1o^m�g`p@g`�`o^qB±³w1�Á±³m.nLqBqBg�f��^qYg`�+¶
bdc^±³m�w1¬@yYg`�`qB±³´1g.±³m��^±ÀÑ#�`o^µ³q.qBw na�5c^±³g`´1gJ¬Hg`��nLo^mYg#wL°�qBc^gJ�±³�^gJ´zn1u�±³g`q�rQwL°��§w1mBmB±³¬^µ³g[±³�@qBg�uYnL�`qB±³w1�^m�¬§g`q�®g`g`�
qBc^g.qYcHu�g�nL�^m�wL°¡�d +¢6£�¤�£�¥�¦§£�¨§©«ª �Hu�w1�@uBn�f�m���4±²qYc^±²�Án[�^wO�^g.qBc^g`rÂ�`wOf.f�o^�^±²��naqBg�o^mB±³�^�ÂmBcHn1uxg`��fsg�f�w@u�r
nL�^�FmBrO�^��cHu�w1�^±³»�nLqB±³w1�Å�Hux± fs±²qY±²´�g`m.�c^±³µ³gÂqBcHu�g�na�^m3g`pOg`�`o^qB±³�^�Åw1�Á�^±À¿�g�u�g`�Oq.�^wO�^g`m.�`w@f.f�o^�^±³��nLqBg'qBcHu�w1o^�1c
f�g`mBm�nL�1g��HnLmBmB±³�^�H¶
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b¡c^g3�Huxw1�Hw1mYg`�Â±¼f��^µ³g�f�g`�Oq5nLqB±³w1�Q�`w@f�¬^±³�^g`m�°àg�naqBoHu�g`m�wL°®qBc^g����H¦�����£	���À�1�O¹��1� ��mBrOmBqBg�f �^g`´1g`µ³w1�§g`�Å±³�
qBc^g�~vÕ�
 ÝÂ�Ou�w1o^� naq�qBc^g�
��^±³´1g�uxmB±³q«r[wa°���c^g`�@q�[�c^±³�5cÅf.n�¯Lg`m�±³q,�Hw1mYmB±³¬^µ²g'qBw#u�g`�`w@ux� nL�^�Åu�g`�^µ¼n�r[mBcHn1u�g`�
f�g�f�wOu�r,�Hu�w1�@uYn1f�m�w1�.n,mBcHn1uxg`�sfsg�f�w@u�r�f�o^µ³qB±³�Hu�wO�`g`mBmBwOu��î���@¹1��� ����±³qBc.�^g`F�^g`´�g`µ²w��Hf�g`�@qYm�°àw@u
fsg`mBm5nL�1g
�HnLmBmY±²�^�'�`w@f.f�o^�^±³��nLqB±³w1�^m�¶

b¡c^g.w@u��@na�^±²»�naqB±³w1�ÅwL°�qBc^±³m#u�g`�§w@u�q,±³m.qBc^g'°Ðw1µ³µ²wL�±³�^�H¶�{4°àqBg�u�qBc^±³m�±²�Oq5u�wO�^o^�`qB±³w1�+¹�qBc^g[�d +¢6£�¤�£�¥�¦H£�¨§©«ª
nL�^�^µ³±³��nLqB±³w1�[�Hu�w��@uBn1f.fs±²�^�,±³�OqBg�u °ÃnL�`g�nL�^�JmBrOmBqBg�fÉ±¼f��^µ³g�f�g`�Oq5nLqB±³w1�[n1u�g��Huxg`mBg`�@qYg`�+¶�b¡c^g`�Ïn�m5¯Lg`qY�5c.wa°�qBc^g
g`pOg`�`o^qB±³w1�Êu�g`�^µ¼n�r f�g`��cHnL�^±³m5f wL°��¡ (¢(£�¤�£�¥�¦§£�¨§©«ª�±²m'�Hu�g`mBg`�OqBg`�+¶ bdc^g[�^g`mY±²���ÊnL�^� ±¼f��^µ³g�f�g`�Oq5nLqY±²w��FwL°
qBc^g.g`pOg`�`o^qB±³w1�Åu�g`�^µ¼n�r�°àw@u4qBc^g.mYcHn1u�g`�Åf�g�f�w@uxr[�Hu�±¼f�±³qB±³´1g`m�wL°��d +¢6£�¤�£�¥�¦H£�¨§©ÃwÂ±³m�qYc^g`�Å�^g`mB��u�±³¬Hg`�+¶Jbdc^g
�^g`pOq3mYg`�`qB±³w1�F±³m.�^g`�^±³��nLqBg`�ÊqYw qYc^gÏu�g`�`wOu��^±³�^��na�^�Êu�g`�^µ¼n�rO±³�^�ÅwL°�qYc^g[�^±²mYq5u�±³¬^o^qBg`�Êf�g�f�wOu�r�°ào^�^�`qB±³w1�^m'wL°
�d +¢6£�¤�£�¥�¦§£�¨§©«ª�¬§g�°àw@uxg,qBc^g,�`w1�^�`µ³o^mB±³w1�+¶
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�d +¢6£�¤�£�¥�¦§£�¨§©«ªÁ�Hu�w1�OuBn1f�m#n�u�gQg`p@g`�`o^qBg`�W¬OrÊ�^rO�Hn1f�±³��nLµ³µ³rWg`´1w1µ³´@±³�^�FmBg`qYm#wL°�±³�@qBg�ux�`w1�^�^g`�`qBg`�WqBcHu�g�nL�^m�¶
bdcHu�g�na�^m���na�,¬Hgv��uxg�nLqBg`��µ²wO��nLµ³µ³r,w@u6u�g�f�w1qYg`µ²r1¶ ���^�`g
��u�g�nLqBg`�+¹ qBcHu�g�nL�^m6��nL�^�^w1q6¬§g®f�±³�@uBnaqBg`�+¶+Õ6wO��nLµLqBcHu�g�nL�^m
�`w@f.f�o^�^±³��nLqBg,o^mY±²�^�JmBcHn1uxg`� f�g�f�wOu�r#nL�^��mBr@�^��cHu�w1�^±³»�nLqY±²w��[�Hu�±¼f�±³qB±³´1g`m�¶�j¡g�f�w1qBg,qBcHuxg�nL�^m��`w@f.f�o^�^±³��nLqBg
o^mB±³�^�#f�g`mYm5nL�1g��HnLmBmB±³�^�.qYcHu�w1o^�1c.�`wOf.f�o^�^±²��naqB±³w1�[�Hw@uxqBm��DC+±³�1oHuxg.h��`¶

b¡c^gË�d +¢6£�¤�£�¥�¦§£�¨§©«ªJnL�^�^µ³±³��nLqB±³w1�[�Hu�w1�OuBn1f.f�±³�^��±²�OqBg�u °ÃnL�`g�±³�^�`µ²o^�^g`m�nsµ n�u��1g��@oHf�¬Hg�u¡wL°+°Ðo^�^�`qB±³w1�^m��

EGF�HD�%Hü��*IHIJ1�^�%HüÛ2Fv�.�^g`�`µ¼n1uYnLqB±³w1�QwL°®��µ²w�¬HnLµ��§w@u�qBm,nL�^�QmBg�u�´O±³�`g`m�¶.~vna�5cQu�g�f�w1qBg�qBcHu�g�nL����u�g�nLqB±³w1�Åu�g!�Oo^g`mBq�±³�O©
�`µ²o^�^g`m¾qBc^g��Hn1fsg®wa°(n�mBg�u�´O±³�`g�nLmvn��Hn1uBn1f�g`qYg�u`¹`qBc^g�mYg�u�´@±³�`gd¬Hg`±³�^��qBc^g¾È�u�mBq�°Ðo^�^�`qB±³w1�.qYw,¬Hg�g`pOg`�`o^qBg`�
¬@r.qYc^g,�^g`ÔqBcHu�g�nL�J�c^g`�[±³q�±²m4��u�g�nLqBg`�+¶

KML���×O�HÜÊ�a��×O�^�%HüÛ2Fv��¬^µ³wO�Ì¯�±³�^��w@u
�^w1�'¬^µ²wO�`¯1±³�^�.u�g�f�w1qYg®qYcHu�g�nL����u�g�nLqB±³w1�'qBw,g`p@g`�`o^qYg��Hu�g`´O±²w�o^mBµ³r.�^g`�`µ¼n1u�g`�
mBg�u�´O±²�`g`m4w@u¾µ²wO��nLµ0�àmBµ¼n�´�g��
qBcHu�g�na�#��u�g�naqB±³w1�^m�¶&
Ðq�±³m,nLµ³mBw��Hw1mYmB±³¬^µ²g�qBw�qBg�uBf�±³�HnLqYg�qBc^g,�`oHuYu�g`�@qdqBcHuxg�nL�+¶

N6Ø)F
�AL���ÛOF�HPJ��^�%HüÛ2Fv���`µ¼nLmYmB±³��nLµdmBr@�^��cHu�w1�^±³»�nLqY±²w��Q°ào^�^�`qY±²w��^m3w��Íf�o^qBg`pOg`m�µ³wO�Ì¯�m�¹
�`w1�^�^±³qB±³w1�F´Ln1u�±¼nL¬^µ³g`m.nL�^�
mBg�f.nL�^c^w@uxg`m�¶

Q�Û � ��F�Hà�L�^�%HDÛOF
����¬^µ³wO�Ì¯�±³�^�,w@u6�^w1�,¬^µ³wO�Ì¯�±³�^��f�g`mBm5na�1g
�HnLmBmB±³�^���`wOf.f�o^�^±²��naqB±³w1�,�Hu�±¼f�±³qB±³´1g`m�o^mB±³�^��µ³wO��nLµ
'namBmBwO�`± naqBg`�[qBw.n�mB±³�^�1µ³g��^wO�^g,wL°�qYc^g,mBr@mYqBg�fRswOud�1µ³w1¬HnLµ6mBrOmBqBg�fÉ�±³�^g,�HwOu�qBm�¶

K¾× ���TS��AH UHü�%HIVH×^����mB±³�^�`g#f'nL�@rÂ�¡ (¢(£�¤�£�¥�¦§£�¨§©«ª[uxg!�@o^g`mBqYm�n1u�g��^w�� ¬^µ³wO�Ì¯�±³�^�H¹+±³q,±³m��§w1mBmB±³¬^µ³g.qBw[qYg`mBq�°Ðw@u
qBc^g,�`w@f��^µ³g`qB±³w1�[wL°
w1�^g,w@u¾mBg`´�g�uBnLµ6�^w1�[¬^µ³w@�`¯�±²�^�[u�g!�Oo^g`mBqBmXWO±³�ÂqYc^g,µ naqBqBg�u¾��nLmBg1¹^qYc^g,��nLµ³µ+mBo^�`�`g`g`�^m�±î°
w1�^g,wL°�qBc^g�uxg!�@o^g`mBqYm®cHnam®�`wOf��^µ³g`qBg`�+¶
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{��Hu�w1�@uBn�f�±²m4m5nL±³�[qBw�¬Hg_^a`cb/^%dGeOf�gIgihkjl^%b/^%dGm�nPe0npoBbDnDq¾±À°�qBc^g�uxg�±³m�w1�^µ³rJw1�^g��Hw1mBmY±²¬^µ³g�w1o^qB�^o^q¾°àwOuvg�na�5cJ±³�^�^o^q�¶
{Ê�Huxw1�@uBn1f¸±³m
m5nL±³��qBw�¬HgMnIe0b/^%dGeOf�gPgihMj ^%b/^rdBm�nIe0n�oGbDnsq�±À°+nL�^��w1�^µ³r�±î°6qBc^gd�Hu�w1�@uYn1f¸±²m
g`pOqBg�u��Hnaµ²µ³r��^g`qBg�uBf�±³�^±³mBqB±³�
nL�^�.±À°�qYc^g�mBg!�Oo^g`�^�`g�wL°+±³�^mBq5uxo^�`qB±³w1�^mvg�nL��c.qBcHuxg�nL��g`p@g`�`o^qBg`m�¹ naµ²w��^�,�±³qBc#qYc^g�´znLµ³o^g`mdwL°+qBc^g�w��Hg�uBnL�^�^m¾o^mBg`�
¬OrÅg�nL��c ±³�^mBq5uxo^�`qB±³w1� ±³m.�^g`qYg�uBf�±³�^±³mBqB±³���À����¶Q{ �Hu�w1�@uYn1f2±³m.�^w1�Á�^g`qBg�uBf�±³�^±³mBqB±³�[±À°�±³qBm.¬§g`cHn�´O±³w@u,�^w�q3w��^µ²r
�^g`�Hg`�^�^m'w1�F±³qBm�±²�^�^o^q�¶Ê|drO�`µ²±³�[�^g`¬^o^�1��±²�^�ÁnLmBmBoHf�g`m�qBcHnLq.n��Hu�w1�@uYn1f�g`pOg`�`o^qB±³w1�Á��nL�F¬HgJ°ÃnL±³qBcO°Ðo^µ²µ³rFu�g�©
g`pOg`�`o^qBg`�#nL�Or��OoHf�¬Hg�u�wL°6qB±¼f�g`m�¶
bdc^g�u�g�°Ðw@u�g1¹��^w1�.�^g`qBg�uYf�±³�^±²mYqB±³���Hn1uBnLµ³µ³g`µH�Huxw1�@uBn1fsm�n1u�gdcHn1u���qBw,�^g`¬^o^��¬@r
f�g�nL�^m
wa°��`rO�`µ²±³���^g`¬^o^�1�1±³�^�,¬Hg`��nao^mBg�mBo^¬^mBg!�Oo^g`�Oq
g`p@g`�`o^qB±³w1�^m
4±²qYc.±³�^g`�@qB±³��nLµ^±³�^�^o^qdn1u�gd�^w1q
�1oHn1uYnL�@qYg`g`��qBw
cHn�´1gdqBc^g�m5n�f�gd¬Hg`cHn�´@±³w@u ¶ut��^wL���mBw�oHu��`g`m
wL°+�^w1�^�^g`qBg�uBfs±²�^±³m5fÇn�u�g��+�`g�u�q�nL±³�.mBrOmBqBg�f���nLµ³µ³m��Dµ³± ¯ag�v	wAx	y{zA|u}�~
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C+±³�1oHu�g.h ��� g`mBm5nL��g,�HnLmBmB±³�^�.o^mB±³�^�.�§w@u�qBmd±³� �¡ (¢(£�¤�£�¥�¦§£�¨

nL�^�����������r|��cz
	 y	w
��}c~	�`¹�±²�OqBg�uBuxo^�^qBm�¹Oq5uBnL�^m�¹@mY±²���HnLµ³m�¹H�^w��O©Ã±²�^±³qB±¼nLµ³±³»`g`�Å´Ln1u�±¼nL¬^µ³g`m�¹§o^�^mBr@�^��cHu�w1�^±³»`g`�QnL�`�`g`mBmBg`m
qBw�mBcHn1uxg`�Âf�g�f�w@u�r � °Ðw@u¾�Hn1uBnaµ²µ³g`µ+�Huxw1�@uBn1fsm2�
nL�^�Âf�g`mBm�nL�1g�g`pO�5cHna�^�1g`m � °Ðw@u
�^±³mBq�u�±³¬^o^qBg`�[�Hu�w1�@uYn1f�m2�`¶

b¡c^g�u�g[g`p@±³mBqJg�¿�g`�`qY±²´�g nL�^� °ÓnL±¼u�µ³rÁg�Ñ#�`±³g`�@qJ�n�r@m.qYw u�g�f�wL´1gJqBc^g[mBw1oHux�`g`m.wL°��^w1�^�^g`qBg�uYf�±³�^±²m�f�qBcHnLq
nLµ³mBwJw@�`�`oHu�±³�QmBg!�Oo^g`�@qY± naµ��Hu�w��@uBn1f�m �vqBc^g�w1o^qY�^o^q�wL°v�^w��^�^g`qBg�uBf�±³�^±³mBqB±³��mBrOmBqBg�f ��nLµ³µ²m,��na� ¬§g�q5uBnL�`g`�5W§qBc^g
�^w1�^�^g`qBg�uYf�±³�^±²m�f2��nLo^mBg`�Q¬@r�±³�@qBg�uYu�o^�^qBm�¹§q5uBnL�^m,nL�^�QmB±³�1�HnLµ³m,��nL�Q¬§g3�^g�naµ²q,4±²qYcÅ¬@r[o^mY±²�^��qBc^g�qBg`��c^�^± �Oo^g
wL° 
Ó�@qYg�uBu�o^�^q®j¡g`�^µ n�r � h*� W@�^w��O©Ã±²�^±³qB±¼nLµ³±³»`g`�Â´Ln1u�±¼nL¬^µ³g`m�nL�^�J�HnL�^�1µ³±³�^���Hw1±³�OqBg�u�md��nL�J¬Hg��^g`qBg`�`qBg`�J¬@r'�HnL�Ì¯�nL�1g`m
µ³±¼¯Lg3tÒoHu�±À°àr��w@u 
Ó�^mB±³�1c@q��L¶®bdc^g,�^w��^�^g`qBg�uBf�±³�^±³m5fÎqBcHnaq�±³m�mB�§g`�`±ÀÈH�,°Ðw@ud�Hn1uBnaµ²µ³g`µ�na�^�Â�^±³mBq5u�±³¬^o^qBg`�[�Huxw1�@uBn1fsm
±³m,c^wL®g`´�g�u�f�o^�5c�cHn1u��^g�udqBwJ�^g�nLµ��±³qBcÂ�^oHux±²�^�[�^g`¬^o^���1±³�^�H¶,bdc^±³m�u�g`�Hw@uxq�o^�^±��@o^g`µ³r�°àwO�`o^mBg`m�w1�ÂmYw1µ³o^qB±³w1�^m
°Ðw@u¾qBc^g,�^w1�^�^g`qBg�uBfs±²�^±³m5f�qBcHnLqd±³m�mB�Hg`�`±ÀÈH��°àw@u¾�Hn1uYnLµ³µ²g`µ�nL�^�[�^±³mBq5u�±³¬^o^qBg`�[�Hu�w��@uBn1f�m�¶

b¡c^g�u�g�g`p@±³mBq,´Ln1u�±³w1o^m�mYw1oHu��`g`m,wL°d�^w1�Q�^g`qBg�uBf�±³�^±³m5f�±³� �¡ (¢(£�¤�£�¥�¦§£�¨
¶'{��`�`g`mBmBg`m�qBw[mBcHn1uxg`��fsg�f�w@u�r
f.n�rQ��u�g�nLqBg d flqB^ q��?eOj�nPbDn���e{o�4c^±²��cÁ��nL�Å¬Hg[wa°¡q�dw[�^±À¿�g�u�g`�Oq��`µ¼nLmBmBg`m�¶��Oh�eOq��	d���e0n��af�bDn���e d flqB^aoËn1u�g[uBnL�`g
�`w1�^�^±³qB±³w1�^m,qBcHnaq���nLo^mYg�qBc^g��Hu�w1�OuBn1fÉqBwJg`p@g`�`o^qBg��^w1�^�^g`qYg�uBf�±³�^±³mBqB±³��nLµ³µ³rÂ±³� n'¡n�r[qBcHnaq��nLm�±³�OqBg`�^�^g`�Q¬@r
qBc^g¾�Hu�w1�@uBn�f.f�g�u`¶6~�¶ �§¶`qBc^gv�`wOf��Hg`qB±³qB±³w1��¬Or,qBcHu�g�nL�^m�qBw�g`�@qYg�u+n���u�±³qB±³��nLµOmBg`�`qB±³w1��wOu+qBw�w1¬^q5na±²��n�mYg�f.nL�^c^w@u�g
��nLo^mBg`m�n�mBrO�^�5cHu�w��^±²»�naqB±³w1�ÏuYnL�`g1¶vbdc^g,w1qYc^g�u®uYnL�`g,�`w1�^�^±³qB±³w1�^m,n1u�g��^w1q�±³�@qYg`�^�^g`�Â¬Or#qBc^g,�Huxw1�@uBn1f'f�g�u
nL�^�
nLm.mYo^�5cÊn1uxg[¬^o^�1m.qBcHnLq�mBc^w�o^µ²�¸¬HgQu�g�f�wL´1g`�+¶Fbdc^g`mBg j f?b/f d f qG^Go �YC+±³�1oHu�gQ����n1u�g[qBc^gÂuxg`mBo^µ³q.wL°�nQµ¼nL�Ì¯
wL°d�Hu�w1�Hg�u4mBrO�^�5cHuxw1�^±³»�nLqB±³w1�+¶�½¾r na�^�^±²�^�[�Huxw1�Hg�u�mBrO�^��cHu�w1�^±³»�nLqB±³w1�+¹§�HnLq5nJuBnL�`g`m,��nL�ÅnLµ³�n�r@m4¬Hg#u�g�fswz´�g`�+¶
jdg�f�wL´O±³�^��mBrO�^��cHu�w1�^±³»�nLqB±³w1��uBnL�`g`m
f�g�nL�^m�qBcHnLq
n��Hu�w��@uBn1fW±³mvf.na�^gv�`w@f��^µ³g`qBg`µ³r��^g`qBg�uBf�±³�^±³mBqB±³�1¶
~
pO�`µ³o^�^±²�^�
mBrO�^�5cHuxw1�^±³»�nLqB±³w1� uYnL�`g`mËfsg�nL�^m�qYcHnLq��^rO�Hn1f�±³��nLµ
f.nL�Hna�1g�f�g`�Oq�qBg`��c^�^± �Oo^g`m,wL°v�Hn1uYnLµ³µ²g`µ��Hu�w1�OuBn1f�m�mYo^�5cÅnLm
µ³w@nL��¬HnLµ¼nL�^�`±³�^�,®w�o^µ²���^w�µ³w1�^��g�u+¬§gv�Hw�mBmB±³¬^µ³g��c^±³�5c�dw1o^µ³���`w1�Oq5uBnL�^±³�`q+qYc^gvw1¬@yYg`�`qB±³´1g`m+wa°��d +¢6£�¤�£�¥�¦§£�¨�©«ª^¶

b¡c^g�mBg`�`w��^�[mBw1oHu��`g,wL°��^w1�^�^g`qBg�uBf�±³�^±³m5fÎ±³�Q�d +¢6£�¤�£�¥�¦§£�¨�±²m,f�g`mBm�nL�1g��HnLmBmB±³�^�H¶&
Ð�Q�d +¢6£�¤�£�¥�¦H£�¨
¹^±³q
±³m��§w1mBmB±³¬^µ³g�qBw#u�g`�`g`±³´1g�f�g`mBm5na�1g`m¾°Óu�wOf 'BnL�Or#mBw�oHu��`g+(5¶�bdc^±³mËuxg`mBo^µ³qBm�±³�Ån.uBnL�`g,±À°¡n 'Bu�g`�`g`±³´@±³�^��(�qBcHuxg�nL�[��nL�
��c^w@w1mYg�°Ãu�w@f2�^±À¿6g�u�g`�@q�f�g`mBm5na�1g`m�¶.jdg`�^µ¼n�r1g`�Åg`pOg`�`o^qB±³w1�^m��^g`g`�ÁqBw[g`�^mBoHuxg.qBcHnLq�f�g`mYm5nL�1g`m,u�g`�`g`±³´1g`�Q°Ãu�w@f
'BnL�Or,mBw1oHu��`g+(vn1u�gdu�g`�`g`±³´1g`��±³�3qYc^gvm5n1fsgvw@u��^g�uºnLm��^oHux±²�^��qBc^g�u�g�°Ðg�u�g`�^�`g®uxg`�`w@u��^g`�,g`pOg`�`o^qB±³w1�+¶���w1�O©Ã¬^µ³wO�Ì¯�±³�^�
u�g!�Oo^g`mBqBmd±³�@q�u�w@�^o^�`g�°ÐoHu�qBc^g�u¡�^w1�O©Ã�^g`qBg�uBf�±³�^±³m5fÎmY±²�^�`g�qBc^g`r.cHn�´1g,qBw�¬§g3nLmBmYw@�`±¼nLqBg`�[4±²qYc[qBg`mBq¾°ào^�^�`qY±²w��^m�±³�

�������� "!�#�#�$�$�$&%�'�(���)+*-,�(�.�%�/�*-0
1 ������ "!�#�#�$�$�$&%� �(�'�(�2�*-3���%�/�*-0
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a=1
a=2

b=a

Cº±³�1oHu�g�����{ �Hu�w��@uBn1fÆ�`w1�@q�nL±³�^±²�^�.n jlf�b/f d f qG^¾w1�[´Ln1u�±¼nL¬^µ³g w^¶

w@u��^g�u�qBw��^g`qBg`�`q.qBc^g`±¼u��`w@f��^µ³g`qB±³w1�+¶���oHu�±³�^� u�g`�^µ¼n�r1¹
qBc^gJm5n1f�gJ�OoHf�¬§g�u�wL°���nLµ³µ³m.qBwQqBc^gJqBg`mBq�°Ðo^�^�`qB±³w1�^m
mBc^w1o^µ³�[¬§g�g`pOg`�`o^qBg`�+¶

����� �A:<(,+�>O: >O4�1 &O1 -�354 32@ �������"�c��� ����!�#a$


Ð��w@ux�^g�u6qBw�¬§g®�§w@u�q5na¬^µ²g
w��3n4µ n�u��1gv�OoHf�¬Hg�u6wa°H�^±î¿6g�u�g`�Oq��Hn1uYnLµ³µ²g`µO�^µ¼nLq�°Ðw@uBf�m�¹`qBc^g®�¡ (¢(£�¤�£�¥�¦§£�¨§©«ª,uxo^�@qB±¼f�g
¯Lg�u��^g`µ¾�nLm�± fs�^µ²g�fsg`�@qBg`�Áw1�FqBc^gJqBw1�ÁwL°�g`pO±²mYqB±³�^�ÅmBq5nL�^�Hn�u��ÅqBcHu�g�na�Åµ³±²¬HuYn1u�±³g`m.�`w@f��^µ³rO±³�^�ÅqBwÂqYc^gÂt�w1mB±³p
mBq5na�^�Hn1u����À�1�	�¡nL�^�ÅqYw[�`w@f.f�o^�^±³��nLqB±³w1�Qµ³±²¬HuYn1u�rÅ�Ât 
��î� ����¶#bºw[g�nLmBg.�§w@u�q5nL¬^±³µ³±³q�r1¹��d +¢6£�¤�£�¥�¦§£�¨¸±²m�¬^o^±³µ²q
o^mB±³�^��ndµ¼n�r1g�u�g`��nL�^�Hu�w@nL��c �DCº±³�1oHu�g®� �`¶�bdc^g¾µ¼n�r�g�u+w1��qBw1�,wL°HqYc^gvcHn1u��^�n1uxg �DmYcHn1u�g`�3fsg�f�w@u�r�na�^���^g`q�dw@uB¯-�
±³m,qBc^g3��t�
dµ¼n�r1g�u¡°àwOudmBg`�^�^±³�^�Âf�g`mBm5na�1g`m�nL�^��qBc^g3t�w1mY±²p[µ¼n�r1g�u¡°àwOud��u�g�nLqB±³�^�[nL�^�ÂmYr@�^��cHu�w1�^±³»`±³�^�[qBcHu�g�nL�^m�¶
bdc^gQt�w1mB±³pFµ³±²¬HuYn1u�rÊwa¿�g�u�m[f�o^qBg`p@g`m[nL�^�¸�`w1�^�^±³qB±³w1�W´zn1u�±¼nL¬^µ³g`mJ°Ðw@u�mBrO�^��cHu�w1�^±³»�nLqB±³w1�¸�^oHu��Hw1mYg`m�¶ 
Ð�WqBc^±³m
µ¼n�r1g�u`¹¾qBc^gÂt�w1mB±³p�°ào^�^�`qB±³w1�^m[n1u�g[u�g`�Hn1fsg`���J°ào^�^�`qY±²w��n1¯����
	WmB±¼f��^µ³rF��nLµ³µ³m[t�w1mB±³pÅ°Ðo^�^�`qB±³w1�����
	
¶
bdc^g
�d +¢6£�¤�£�¥�¦§£�¨Ô¯Lg�u��^g`µÐ¹
n t�g�u��^g`µÐ¹
±³m�¬^o^±³µ³q.w1�ÅqBw�� wL°�qBc^±³m�µ¼n�r1g�u�nL�^�+¹�¬HnLmY±²��naµ²µ³r1¹¾g`p@qYg`�^�^m�qBc^g[t�w1mB±³pÅnL�^�
�Ât 
,µ¼n�r1g�u�±³�Fq«dw�¡n�rOm���mBg�f.na�^c^w@u�g�°Ðo^�^�`qB±³w1�^m#n1uxgÏnL�^�^g`�FnL�^�Ên�qBcHu�g�na�Ín��n1u�g�´1g�u�mY±²w�� wL°�qBc^gÂ�Ât 

°Ðo^�^�`qB±³w1�^m�n�u�gv�Hu�wL´O±³�^g`�+¶�b¡c^gvµ¼nLqBqBg�uº±³m
�^g`�`g`mBm5n1uxrËnLm
f�w1mYq���t�
6±¼f��^µ³g�f�g`�Oq5nLqB±³w1��n1u�g¾�^w1q�qYcHu�g�nL�O©Ãm5n�°Ðg �DqBc^g
°Ðo^�^�`qB±³w1�^m�n1u�g4�^w1�Hu�g`g`�Oq5uBnL�Oq2�
nL�^�Âf�w�mBqvqBcHuxg�nL�O©Ãm5n�°Ðg��Ât 
¾± fs�^µ²g�fsg`�@q5naqB±³w1�^m�n1u�g��^w1qdqBcHu�g�nL�O©«n��n1u�g1¹�qBcHnLq
±³md¬^µ²wO�`¯.nLµ³µ6qBc^g�qBcHu�g�na�^mvwL°�n��^w@�^g"�D
4�^±³p.�Hu�wO�`g`mBm2��g�nL��c#qY± fsg�n�qBcHu�g�nL�.��naµ²µ³m�n�¬^µ³w@�`¯1±³�^���`w@f.f�o^�^±³��nLqB±³w1�
�Hu�±¼f�±³qB±³´1g1¶�b¡c^g�u�g�°àwOu�g,qBc^g.�d +¢6£�¤�£�¥�¦H£�¨§©«ª[¯Lg�u��^g`µ�q5uBnL�^mx°àw@uYf�m®nLµ³µ
¬^µ³wO�Ì¯�±³�^�[�`w@f.f�o^�^±³��nLqB±³w1�^m�±²�OqBwJ�^w1�O©
¬^µ³w@�`¯�±²�^��w1�^g`m��c^±³�5cFn1u�gJ�Hg�u °Ðw@uBfsg`�Å¬@rÁnÂ�`wOf.f�o^�^±²��naqB±³w1� �Hnag�f�w1�ÅqBcHuxg�nL�+¶Åbdc^±³m��HnLg�f�w1�Å�§g�u °Ðw@uBf�m
�^w1�O©Ã¬^µ³wO�Ì¯�±³�^�#�`w@f'f�o^�^±³��nLqY±²w��^m®w��[¬Hg`cHnLµÀ°vwL°
qBc^g,qBcHu�g�na�^m®��uxg�nLqBg`�[¬Or#qBc^g,o^mYg�ud�Hu�w1�@uYn1f nL�^�[��c^g`�`¯1md°Ðw@u
qBc^g,n1uBu�±³´LnLµHwL°+�`w@f'f�o^�^±³��nLqY±²w��^m®u�g`�1o^µ¼n1uxµ²r �Do^mY±²�^������������ v0z�� � �`¶�ÝO±¼f�±³µ¼n1u�µ³r1¹Hu�g�fsw1qBg�qBcHuxg�nL�.��u�g�nLqY±²w��^m®n1u�g
mBg�u�´O±³�`g`�#nLmBrO�^��cHu�w1�^w1o^mBµ³r,¬Or�mB�§g`�`±ÀÈH���HnLg�fsw1�^m�w��3qYc^g®��naµ²µ³g�u¾nL�^�.��nLµ³µ³g`g�mB±³�^g`m�¹�g`´1g`��±î°+qBc^g4��nLµ³µ²g�uÒqBcHu�g�nL��� m
u�g!�Oo^g`mBq�±²m
mYr@�^��cHu�w1�^w1o^m�¶�bdc^g¾µ n�r1g�u�w���qBw1�+¹LqYc^g®�d +¢6£�¤�£�¥�¦§£�¨§©«ª,µ¼n�r1g�u`¹�±¼f��^µ³g�f�g`�OqBm
qBc^g��d +¢6£�¤�£�¥�¦H£�¨§©«ª
nL�^�^µ³±³��nLqB±³w1���Hu�w1�@uBn�f.f�±³�^�,±³�@qBg�u«°ÓnL�`g1¹Oo^mB±³�^�.qYc^g�n t�g�u��^g`µ§°ào^�^�`qY±²w��HnLµ³±²qY±²g`m�¶
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bdc^g¾g`p@g`�`o^qB±³w1��u�g`�^µ¼n�r�mBrOmBqBg�f wL° �¡ (¢(£�¤�£�¥�¦§£�¨§©«ª4±³m
¬HnL�`¯Lg`�,¬@r,qYc^g
qBc^g`w@u�g`qB±³��nLµ�®wOuB¯dwL°&%vu�±³�dÕ6g`o �¼h $@¹Oh��	�«¶
bdc^g#f'nL±³�Íu�g`mYo^µ²qYm��Hu�g`mBg`�OqBg`�Q±³�Fc^±³mstÒc&�É�^±²mYmBg�u�q5nLqY±²w��Å��nL�Å¬§g#mBoHf'f.n1u�±³»`g`� nLm�°àw�µ²µ³wL�m�¶�Cº±¼u�mBq�wa°4naµ²µdn
°Ðw@uBf.nLµ��^g�ÈH�^±²qY±²w��3wa°HqBc^gdg!�@o^±³´znaµ²g`�^�`g4¬Hg`q�dg`g`��q�dw��Hu�w��@uBn1f¸g`pOg`�`o^qB±³w1�^m
±³m
�1±³´1g`�+¶�bdc^gd±³�OqBo^±³qB±³´1g�f�g�nL�^±³�^�
wL°
qBc^±³m��^g�ÈH�^±³qB±³w1�Q±³m�qBcHnLq�¹^q�dw�g`p@g`�`o^qY±²w��^m�� nL�^�'� wa°®n��Hn1uBnLµ³µ³g`µ��Hu�w1�@uBn�f tWn1u�g,g!�Oo^±³´znLµ³g`�Oq,±î°vg�na�5c�wL°
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qBc^g��Hu�wO�`g`mBmBg`m,g`pOg`�`o^qB±³�^�ÂqBc^g��Hu�w��@uBn1f t ¡naµ ¯�m,qBcHu�w�o^�1cÂqBc^g'm5n1f�g�mBg!�@o^g`�^�`g'wL°®mBq�nLqBg`m��^oHu�±³�^�[g�nL�5c�wL°
qBc^g�g`p@g`�`o^qB±³w1�^m�¶®bºdw.g!�@o^±³´LnLµ³g`�@q,g`pOg`�`o^qB±³w1�^m��±³µ³µ�qBc^g�u�g�°Ðw@u�g,�Hu�wO�^o^�`g�qBc^g,m�n1f�g�u�g`mBo^µ³q,nL�^� �Lw@u¾qBc^g�m5n1f�g
g�uBu�wOu��Dm2�`¶

b¡c^g`�ÍnQqYc^g`w@u�g�f[¹��1±³´O±²�^�ÁmBoOÑ#�`±³g`�Oq��`w1�^�^±³qB±³w1�^m�°Ðw@u�q«dw��Hu�w1�@uBn�f�g`pOg`�`o^qB±³w1�^m.qBwQ¬Hg[g!�Oo^±³´znLµ³g`�Oq�¹d±³m
�Hu�wL´1g`�+¶
bdc^±³m�qBc^g`wOu�g�fÎnLmBmBoHf�g`mdqBcHnaq®¬§w1qBcJg`p@g`�`o^qY±²w��^m�cHn�´1g,qBc^g,m5n1fsg�±³�^±³qB±¼nLµ+mBq�nLqBg,nL�^�[qBcHnLq�nLµ³µ+g`´1g`�OqBm
wL°
¬Hw1qYc[g`p@g`�`o^qB±³w1�^m�n1u�g�g`µ²g�fsg`�@q5n�u�r#g`´�g`�@qBmdmBo^��c[qBcHnLqdg�nL��c[g`´1g`�Oq��^g`�Hg`�^�^m�mBw1µ³g`µ³r[wL°�qYc^g,�Hu�g`´@±³w1o^m4mBq5nLqBg
wL°vqBc^g��Hu�wO�`g`mBm��c^g�u�g�qBc^g�g`´�g`�@q�q5n1¯Lg`m4�^µ na�`g1¶�·Ê±³qBcQqBc^g�nLmBmBoHfs�^qB±³w1�^m�nL¬§wz´�g1¹^�5Ú�ÛUS��^����* *D×%* S���Û��H����
×���×^�����%HüÛ2F��Á�^��×<S���Û0VH×^ÜÉ×�� ��HPVO��*D×	F+�'H��Â�%L�×Ô��×^�L×{S��%HDÛOF Û§�zÜº×@�FÛ��  ×^�`���	�H×^���+Ø ×O�H�AL Û��Â�%L�×
S���Û+�L×^�`��× �'�0F�Ü¸�%L�× S��^���%Hü��*�Û§�zÜº×@�JÛ	�,�H�1�L×^�`�'�`ÛÍ�GL��^��×^Ü  ×% Û§��ØF�L×%* *Ð�.�^��× HàÜº×	Fº�%Hà�L��*"HPFW�
ÛH�%L
×���×^�����%HüÛ2F��

b¡c^±²m�u�g`mBo^µ³q�±³m�o^mBg`�ÅqYwÂ±¼f��^µ³g�f�g`�Oq3qYc^g.g`p@g`�`o^qY±²w�� u�g`�^µ¼n�r�fsg`�5cHnL�^±³m5f wL°��d +¢6£�¤�£�¥�¦H£�¨§©«ª^¶ ��oHu�±³�^�
nL��±²�^±³qB±¼nLµ
g`pOg`�`o^qB±³w1�+¹§qBc^g.u�g`�`g`�^qB±³w1��w@u��^g�udwL°®fsg`mBm5nL�1g`m�nLm�dg`µ³µ
nLm�qYc^g�w@u��^g�u¡wL°®nL�`�`g`mBm�qBwJmBr@�^��cHu�w1�^±³»�n�©
qB±³w1�Fw1¬OyBg`�`qBm.n1uxgÂu�g`�`w@u��^g`�+¶ �4w1�FmBrO�^��cHu�w1�^±³»`g`�nL�`�`g`mYmBg`m.qBwQmBcHn1uxg`�Êf�g�f�w@u�rÁn1u�g[�^w1q#uxg`�`w@u��^g`�ÁmB±³�^�`g
qBc^±³m3uxg`�`w@u��^±³�^�Âdw1o^µ³�Å±³�^��u�g�nLmYg#qBc^g'g`p@g`�`o^qB±³w1��qB±¼f�g#n[µ³w1q.nL�^�Áu�g!�@o^±¼u�gJnL�Åg`�^w@uBfsw1o^m�n1f�w1o^�Oq,wL°�qB±¼f�g1¶
bdc^g�q5uBna�`g`m�n1u�g�o^mBg`�QqBw.°Ðw@u��`g�mBo^¬^mBg!�Oo^g`�@q,u�g`�^µ¼n�r1g`�Qg`p@g`�`o^qY±²w��^m�wL°v�Hn�uBnLµ³µ³g`µv�d +¢6£�¤�£�¥�¦§£�¨�©«ªJ�Hu�w1�@uBn�f�m�¹
°Ðo^µîÈHµ³µ³±³�^�[qBc^g,cOr@�§w1qBc^g`mBg`mdwL°�qYc^g,g!�@o^±³´znaµ²g`�^�`g�qBc^g`w@u�g�f #m5n1fsg�±³�^±³qB±¼nLµ+mBq�nLqBg1¹1�^w'o^m5nL�1g�wL°+°Ðo^�^�`qB±³w1�^m�mBo^��c
nLm�uBnL�^�^wOf6#nL�^�J�Hg�u °Ðw@uBf�±³�^���^w3�^w��#mBrO�^��cHu�w1�^±³»`g`�Ïna�`�`g`mBmdqBw�mBcHn�u�g`�Ïfsg�f�w@u�r1¹�qBw�¬§g,g!�@o^±³´znaµ²g`�Oq�qBw�qBc^g
±³�^±³qB±¼nLµ³µ²rÁu�g`�`w@u��^g`��g`p@g`�`o^qB±³w1�+¶�ÝO±²�^�`g��^w1�QmBrO�^��cHu�w1�^±³»`g`�ÅnL�`�`g`mBmBg`m�qBwJmBcHn1u�g`�Qf�g�f�w@u�r[n1u�g��^w1q,u�g`�`w@u��^g`�+¹
±³q.�±³µ³µd�^w1q�¬Hg[�Hw�mBmB±³¬^µ³gÂqBwQu�g`�^µ¼n�r��Hu�w1�@uBn�f�m,�Hu�g`mBg`�OqB±³�^�Q�HnLq5nÂuYnL�`g`m�¶ }4wLdg`´1g�u`¹+qYc^g#g`pOg`�`o^qB±³w1�Fu�g`�^µ¼n�r
f�g`��cHnL�^±³m5f���nL�.c^g`µ³�'ÈH�^�^±³�^��mBo^��c.g�uBu�wOu�m�¶�
D°+±³qv±³m¾�Hw1mBmY±²¬^µ³g�qBw�nL�HnL�^q
qYc^g�
1±¼bd±�uYnL�`gd�^g`qBg`�`qB±³w1�#f�g`��cHnL�^±³m5f
�î��� �+qBw#�¡ (¢(£�¤�£�¥�¦§£�¨§©«ª ¹@±³q��±³µ³µ+qBc^g`�[¬Hg,�§w1mBmB±³¬^µ³g�qYw.�^g`qBg`�`qd�HnLq5n�uBnL�`g`md�^oHu�±³�^�[u�g`�^µ¼n�r1g`�#g`pOg`�`o^qB±³w1�^m�¶ 
Ð�
nL�Or#��namBg1¹OmB±³�^�`g�qBc^g�u�g`�^µ¼n�r1g`�[�Hu�w��@uBn1fÆg`p@g`�`o^qB±³w1�[4±²µ³µ�¬Hg`cHn�´1g��^g`qBg�uBf�±³�^±³mBqB±³��nLµ³µ³r naq®µ³g�nLmYq�o^�@qY±²µºqBc^g�È�u�mBq
�HnLq5n[uYnL�`g1¹+±³q�mYc^w1o^µ³�Å¬HgJ�Hw1mYmB±³¬^µ²gJqBw[�§g�u °àwOuBf�u�g`�Hg�naqBg`�Åg`pOg`�`o^qB±³w1�^m�wL°¾°Ónao^µ²q�rQ�Hu�w1�OuBn1f�m�o^�OqB±³µvqYc^g�È�u�mBq
g�uBu�wOuvnL�^�[±³q�mBc^w1o^µ³�[¬Hg�f�o^��cJg�nLmB±³g�udqBw�±³�^g`�@qY±î°Ðr[±³q�¶
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·ÊcHnaq,qBwÂu�g`�`w@u���±³m3nL�Q±¼f��HwOu�q5nL�Oq �Oo^g`mBqB±³w1�+¶�bdc^g�±³�O°àwOuBf.nLqB±³w1�Qdg3uxg`�`w@u��Q�^±¼u�g`�`qBµ³rÅu�g`µ¼nLqBg`m�qBw[qBc^g�µ³g`´1g`µ
wL°vg!�Oo^±³´znLµ³g`�^�`gJqBcHnLq��±³µ³µvg`pO±³mBq�¬Hg`q�dg`g`� qYc^g3u�g`�`w@ux�^g`� nL�^�QqBc^g.u�g`�^µ¼n�r1g`�Âg`pOg`�`o^qB±³w1�+¶�
Ó�Å�d +¢6£�¤�£�¥�¦§£�¨�©
ªJ±³q�mBc^w1o^µ³�Å¬Hg'�Hw1mBmY±²¬^µ³gJqBw[q5uBna�`g3g`´�g`�@qBm�naq,qBc^g#nL�^�^µ³±³��nLqB±³w1�Å�Huxw1�@uBn1f'f�±³�^�.±³�@qBg�u«°ÓnL�`g'µ²g`´�g`µ �DC+±³�1oHuxg#���`¶
{�m3±³q��nLm��^g�fsw1�^mBq5uBnaqBg`�Q±²�Êna� g�n1uxµ²r��Hu�w1qBw1q�rO�Hg�¼h1hL¹dh�ª	�«¹�qBc^g[u�g`�`w@u��^±³�^�ÅnLq�qBc^±³m3µ³g`´1g`µdwL°,nL¬^mBq5uBna�`qB±³w1�
u�g`�^o^�`g`m.qYc^gÏn1fsw1o^�@q�wL°�±²�O°Ðw@uBf'nLqB±³w1�ÅqBwQ¬§g u�g`�`w@ux�^g`� �±³qBcFu�g`mB�§g`�`q.qBwQµ³wL®g�u�nL¬^mYq5uBnL�`qB±³w1��µ²g`´�g`µ²m'mB±³�^�`g
mBw@fsg.�`w@f.f�o^�^±³��nLqB±³w1�^m�¹�nLq�qYc^g#c^±³�1c^g`mBq�µ³g`´1g`µdwL°�nL¬^mBq�uBnL�`qB±³w1�+¹+u�g!�Oo^±¼u�gJmBg`´1g�uBnLµ
�`wOf.f�o^�^±²��naqB±³w1�^m3nLq�qBc^g
µ³wL®g`mYq®µ³g`´1g`µÐ¶v}4wLdg`´1g�u`¹1qYc^±²m4±²m��^w1q�n��1wOwO�#±³�^g�n��

� f�w1mBq��¡ (¢(£�¤�£�¥�¦§£�¨§©«ª4°Ðo^�^�`qB±³w1�^m
dw1o^µ³��cHn�´1gvqBw�¬Hg4±²�^mYq5u�oHf�g`�OqBg`�5WLnLm
±³�^�^±²��naqBg`��±²�'mBg`�`qB±³w1�.�^¹LqBc^g�u�g
g`p@±³mBq�nÂµ³w1q�wL°Ë�d +¢6£�¤�£�¥�¦§£�¨§©«ª °Ðo^�^�`qB±³w1�^m3nL�^�ÁqBc^±³m�dw1o^µ³� ±³�O´1w1µ³´1g.�OoHf�g�u�w1o^m�f�wO�^±îÈH��naqB±³w1�^m�¶ 
Ð�
nL�^�^±³qB±³w1�+¹L¬Hg`��nLo^mYg®wa°�qBc^g¾´zn1u�±³g`q�r�wa°H�Hw1mBmY±²¬^µ³g���namBg`m�¹LqBc^g�u�g¾dw1o^µ³�3¬§g�f.nL�Or,�^±î¿6g�u�g`�Oq
q«rO�Hg`m
wa°Hq5uBnL�`g`m
�c^w1mBg,f.nL�HnL��g�f�g`�@qdnLq�u�g`�`w@u��[nL�^�Âu�g`�^µ¼n�rJ®w�o^µ²�[µ³±¼¯Lg`µ³r[¬Hg,�`w�mBqBµ³r#±³��qB±¼f�g�nL�^�Âf�g�f�wOu�r1¶

� g�nL�5cJqB±¼f�g�n�°Ðo^�^�`qB±³w1�[±³m�nL�^�^g`��qBw.�d +¢6£�¤�£�¥�¦H£�¨§©«ª^¹^±³�^mBq5uxoHf�g`�@q�nLqB±³w1�.dw1o^µ³�[cHn�´1g�qBw�¬Hg3na�^�^g`�5W

� nLq+mBo^��c3ndc^±³�1c�µ³g`´1g`µÐ¹Lw1�^µ³r,qBc^gdnL�^�^µ³±²��naqB±³w1��±³mvu�g`�^µ¼n�r1g`�+¹��^w1q+qBc^gd�d +¢6£�¤�£�¥�¦§£�¨�©«ª�µ¼n�r1g�u�m+qYc^g�f�mBg`µ³´1g`m�¹
f.n1¯�±²�^� �D�`wOuBu�g`�`qB�^g`mBmdnL�^�[�Hg�u«°àw@uYf.nL�^�`g��
�^g`¬^o^���1±³�^�.wL°v�d +¢6£�¤�£�¥�¦§£�¨�±²qYmBg`µÀ°v± fs�Hw1mBmY±²¬^µ³g1¶

b�uBnL�`±³�^�,nLq
qBc^gdµ³wL®g`mYq��§w1mBmB±³¬^µ³g�µ¼n�r1g�u�±³m®nLµ³mBw�n��§w1mBmB±³¬^±³µ³±²q�r1¶vb�uBnL�`±³�^�,nLq
qBc^±³m
µ¼n�r1g�u
f.n1¯Lg`m�±³qv�§w1mBmB±³¬^µ³g�qBw
u�g`�^µ¼n�r#qYc^g,�c^w1µ³g,mBrOmBqBg�f���^w1q�w��^µ²r[qYc^g�nL�^�^µ³±²��naqB±³w1�Â¬^o^q�naµ²mYw.qBc^g��d +¢6£�¤�£�¥�¦§£�¨§©«ª�µ³±³¬HuBn1u�±³g`m�¶d}4wzdg`´1g�u ¹
±³q#±³mJ�`µ³g�n1u.qYcHnLq.qBc^±³mJ�`w@f�g`m.�±³qBcWnÅ�`w�mBq��[q5uYnL�`±³�^� nLµ³µËfsg�f�w@u�r uxg�°àg�u�g`�^�`g`mJ±³�@q�u�w@�^o^�`g`mJnL�Ê±³�OqBw1µ³g�uBnL¬^µ³g
wL´1g�u�c^g�nL�+¶Qbdc^g�u�g�°Ðw@u�g1¹�qBc^gJ�Hu�w1�§w1mBg`� uxg`�`w@u�� �1u�g`�^µ¼n�rÅf�g`��cHnL�^±³m5f q5uBnL�`g`m�nLµ³µ®g`´�g`�@qBm�nLq�qBc^g[nL¬^mBq5uBna�`qB±³w1�

.�. õ0/�"21�"<!



������������������������������������������������������������������������������������������

������������������������������

Athapascan application or Athapascan-1 layer

a0Cond

akCond akSema akMutex

a0Mutexa0Sema

shared memory network

akSend,...

a0Send,...

akpthread_cond

pthread_cond pthread_mutex

akpthread_mutex

MPI

rr-MPI

instrumentation

C+±³�1oHuxg3���
bdc^g,±³�^mBq5uxoHf�g`�@q�nLqB±³w1�.wL°v�d +¢6£�¤�£�¥�¦§£�¨�°Ðw@udu�g`�`w@u��O©«u�g`�^µ¼n�r
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µ³g`´1g`µ�u�g`�Huxg`mBg`�@qYg`�[w1� C+±³�1oHuxg3�^¶ �4w1qBg�qBcHnLq4qBc^±³m�µ³±²�^g��^wOg`m e���bºg`p@qBg`�^�J°Ãu�w@fÉqBc^g,µ³g�°Ðq�qYw3qYc^g3u�±³�1cOqdw1�[qBc^g
ÈH�1oHu�g1¹6f�g�nL�^±³�^�[qBcHnaq�mBw@f�g�g`´1g`�OqBmËf'n�rJ�HnLmBm�o^�^�^w1qB±³�`g`��°Ãu�w@f qBc^g3nL�^�^µ³±³��nLqB±³w1�Qµ¼n�r1g�u4qBw#qYc^g�cHn1u��^�n1uxg1¶
{�m�qBc^±³m,f�g�nL�^m�qBcHnLq�mYw@f�g�g`´�g`�@qBm4�±³µ²µ
�^w�q�¬Hg�q5uBna�`g`�+¹Hn�°ÃnL±³qBcO°Ðo^µ�uxg`�^µ n�rJ�±³µ³µ
�^w1q�¬§g��1oHn�uBnL�OqBg`g`�J°àwOu�nLµ³µ
�Hw�mBmB±³¬^µ³g�g`p@g`�`o^qY±²w��^m�¶�bdc^gd�^g`pOq�mYg`�`qB±³w1�^m
g`p@�^µ¼nL±³���cOr�qBc^±³m
��c^w1±³�`gd±²m
�^g`´�g�u�qBc^g`µ³g`mBm
nL�`�`g`�^q5nL¬^µ³g1¶
|dw@f��Hn�u�g`�
�±³qBc#n�u�g`�`w@u��^±³�^��nLqvqBc^g�nL�^�^µ³±²��naqB±³w1�#µ³g`´1g`µ �¼h�ª	�«¹�qBc^±³m®mYw1µ³o^qB±³w1�#u�g!�Oo^±¼u�g`mvqBc^g,u�g`�`w@ux�^±²�^�,wa°�°Ðg`dg�u�°Ðo^�^�`qB±³w1�^m�¹
¬^o^qdqBc^g`mBg4°ào^�^�`qY±²w��^m�n1u�g���naµ²µ³g`�Qf�w@u�gd°Ãu�g!�Oo^g`�@qYµ²r1¹O¬Or.qBc^g��`w@f.f�o^�^±³��nLqB±³w1�J�HnLg�f�w1�'qBcHu�g�nL�J±³�[�Hn1u�qB±³�`o^µ¼n1u`¶
}4wzdg`´1g�u(qBc^±³mv±³mv�^w1q
n��Hu�w1¬^µ³g�f�mB±³�^�`g�mYw1µ³o^qB±³w1�^m
dg�u�g¾°àw1o^�^��qBw�uxg`�^o^�`g®�HuYnLmBqB±³��nLµ³µ³r�qBc^g4�@oHf�¬Hg�uºwL°+u�g`�`w@u��^m
qBwÅ¬§g[�Hg�u °Ðw@uBfsg`�Á°àw@u�mBrO�^��cHu�w1�^±³»�nLqB±³w1� �DmBg`g[mBg`�`qY±²w�� �H¶¼h���nL�^�Êf�g`mYm5nL�1gJ�HnLmBmB±³�^�Å�`wOf.f�o^�^±²��naqB±³w1�^m �DmBg`g
mBg`�`qB±³w1�Å�^¶ � �`¶�Cº±²��oHu�g#�'mBc^wL�m�qBc^g�±³�^mBq5u�oHfsg`�@qBg`��µ¼n�r�g�u�m�wL°��d +¢6£�¤�£�¥�¦§£�¨���g1¶ �H¶;w���� �
�	v��cwly ���cz?x	yÅ±³m,�^w
µ³w1�^�1g�u�na�^w1qBc^g�u
�Hn�f�g�°àwOu�� �
�	v��cw?y ����z�x	y6¶�b¡c^g�°ào^�^�`qB±³w1� w���� �
�	v �cw y � �cz?x	yQcHnLmd¬Hg`�`wOf�g�n.u�g�nLµ§°Ðo^�^�`qB±³w1�
qBcHnLqd�§g�u °àwOuBf�md±³�^mBq5u�oHf�g`�Oq5nLqY±²w��#u�w1o^qB±³�^g`m�na�^�#��nLµ³µ³m!� �
�	v���w�y �"�cz�x{y�¶
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{�m�g`pO�^µ¼nL±³�^g`�3�Huxg`´@±³w1o^mBµ³r1¹1ndmYr@�^��cHu�w1�^±³»�nLqB±³w1��uYnL�`gv±³m
n��§w1mBmB±³¬^µ³gdmBw1oHu��`g
wL°H�^w����^g`qBg�uBfs±²�^±³m5f ±²�.n4�Hu�w1�@uYn1f[¹
¬^o^q.dgJ�^wÅ�^w1q��`w1�^mB±³�^g�u.nQmYr@�^��cHu�w1�^±³»�nLqB±³w1�FuBnL�`g[n�¬^o^�Å±À°ËqYc^g[�Hu�w1�@uBn�f�±³m.g`pOqBg�u��HnLµ³µ³r �^g`qYg�uBf�±³�^±³mBqB±³�1¶
�4g`´1g�u�qBc^g`µ³g`mBm�¹4qBc^gÅ�^w1�W�^g`qBg�uYf�±³�^±²m�f qBcHnLq[±³mÂ��nLo^mYg`�¬OrÊ±³q�wL°àqYg`��Huxg`´1g`�@qYm#�`rO�`µ³±²�Á�^g`¬^o^�1�1±³�^�FwL°�qBc^g
�Hu�w1�OuBn1f[¶Åbdc^g�uxg�°àw@uxg1¹�dgÂf�o^mBq.nLq�µ³g�nLmBq.u�g`�`w@ux� qBc^g[wOu��^g�u�±²�¸�c^±³�5cFmYr@�^��cHu�w1�^±³»�nLqB±³w1�Áw1�§g�uBnLqB±³w1�^m.n1u�g
g`pOg`�`o^qBg`�+¹HnL�^�[o^mBg,qYc^±²m4±²�O°Ðw@uBf'nLqB±³w1�J�^oHu�±³�^�#u�g`�^µ¼n�r��ÐnL�^�[�^g`¬^o^�1��±²�^�-�`¶

b¡c^g�u�g`�`w@u��'�^cHnLmBg�±²md�`µ³g�n1u�µ³r.qYc^gËf�w�mBq
�^±ÀÑ#�`o^µ³q��Hn1u�q¾wL°�n�u�g`�`w@ux� �1u�g`�^µ¼n�r�mBrOmBqBg�f[¶���oHu�±³�^�.u�g`�^µ¼n�r1¹�qBc^g
g`pOg`�`o^qB±³w1�ÅwL°�n[�Huxw1�@uBn1f���nL�Å¬HgJ�^g`µ¼n�r1g`� n1u�¬^±³q5uYn1u�±³µ³rÂ�±³qBc^w1o^q��5cHna�^�1±³�^�[qBc^g.w@u��^g�u�wa°¡mYr@�^��cHu�w1�^±³»�nLqB±³w1�
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w1�§g�uBnLqB±³w1�^m�¶$��oHu�±³�^�JqBc^g3u�g`�`wOu��[�^cHnLmBg1¹^qYc^±²m�±³m,�`g�u�q5nL±³�^µ³r[�^w1q�q�u�o^g1¶�bdc^g�wL´1g�uxc^g�nL�#��nao^mBg`�Â¬OrÂu�g`�`w@u��^±³�^�
n�q5uYnL�`g�mYc^w1o^µ³�[¬Hg3fs±²�^±¼f.naµ�qYw.µ³± fs±²q�qBc^g��Hu�w1¬§g,g�¿�g`�`q�¶

b¡c^g[q5uBnL�`±³�^�Q��nL�F¬Hg��^w1�^g[o^mB±³�^�ÅcHn1ux�^¡n�u�g �î� ��¹
mBwL°Ðq�¡n�u�g.w@u�cOr@¬Hu�±³�F�Hu�w�¬Hg`m�¶Êt¾u�w1¬HnL¬^µ³rÅqYc^gÂf�w1mBq
±¼f��HwOu�q5nL�Oq�±³mBmYo^g#±³�Fu�g`�`w@u�� �1uxg`�^µ n�r[±³m�qBc^g��@o^g`mYqB±³w1�Å�cHnLq�na�^�Åc^wL f�o^��cÅqBwÂuxg`�`w@u��Q�^oHu�±³�^�QqBc^g�±²�^±³qB±¼nLµ
g`pOg`�`o^qB±³w1�+¶�bdc^g�uxg�n1u�g�q�dw��Hw1mYmB±³¬^µ²g.nL�^�Huxw@nL��c^g`m�qBcHnLqd°Ðw@u��`g,g`pOg`�`o^qB±³w1�^m�wL°vn.�^w1���^g`qBg�uBf�±³�^±³mBqB±³���Hn1uBnLµ³µ³g`µ
�Hu�w1�OuBn1f�qYw ¬§g '�g!�Oo^±³´znLµ³g`�Oq)(ÏqYw�n�q5uBnL�`g`�Ág`p@g`�`o^qY±²w��+¶Êbdc^gJÈ�u�mBq�w1�^g[±³m.qYwÂ°Ðw@u��`g[qYc^g#qBcHuxg�nL�^m�qBw u�g�nL�
qBc^g�m5n1f�g�´znLµ³o^g`m,wL°vmBcHn�u�g`�Â´Ln1u�±¼nL¬^µ³g`mËnam��^oHu�±³�^�[qBc^g�q5uBnL�`g`��g`p@g`�`o^qY±²w��Â¬Or u�g`�`w@ux�^±²�^�'qBc^g�w@u�±³�1±³�HnLµ+´LnLµ³o^g
� q���e0b/^%e0bIo��Bfcoa^Bj ��d�j f�b/f�j�dGn���^%e d ^��)g�f�h��`¶+bdc^gdmBg`�`w1�^��w1�^g1¹Lo^mB±³�^�,qBc^g�u�g`mYo^µ²q
�Huxg`mBg`�@qYg`��±³�.mBg`�`qB±³w1�.�^¶ h
±³mvqBw
°Ðw@u��`g�qBc^g�qBcHuxg�nL�^mdqBw.nL�`�`g`mBm�qBc^g,mYcHn1u�g`�[´zn�u�±¼nL¬^µ³g`m�±³�ÂqBc^g,m5n�f�g,w@u��^g�udnLm��^oHux±²�^�'qBc^g,w@u�±³�1±³�HnLµ6g`pOg`�`o^qB±³w1�+¹
°Ðw@u��`±³�^�QqBc^g#´Ln1u�±¼nL¬^µ³g`m�qBwQo^�^�^g�u��1w�qBc^gÂf�wO�^±îÈH��naqB±³w1�^m�±²�FqYc^g#m5n�f�g.w@u��^g�u�nLm��^oHu�±³�^�ÅqBc^g[u�g`�`w@u����^cHnLmBg
����d j ^rdBnIe����GfAoa^Gj ��d q���e0bDd���g�j�dGn���^%e d ^��)g�f�h��`¶b¡c^gJÈ�u�mBq#nL�^�Huxw@nL��c ±³mJ�^w1q.�`w1�^mB±³�^g�u�g`� °àg�namB±³¬^µ²gQ¬§g`��nLo^mBg
±³q[µ³g�nL�^m[qBwÅcOo^�1gQq5uBnL�`gJÈHµ³g`m��Ðn��HnLq5nÁuBnLqYg[wL°#h ��½��Lm[w1�n ��{�� h1h ��$1�1ªQcHnam#¬§g`g`� uxg`�Hw@u�qYg`� �î��$ � �`¶
COw@u�qYo^�HnLqBg`µ³r1¹OqBc^g,mBg`�`w1�^�ÂnL�^�Huxw@nL��cÏnLµ³µ³wL�mdo^m�qBw��HuBn1f'nLqB±³��nLµ³µ³rÏu�g`�^o^�`g,qYc^g,q5uBnL�`g�mB±³»`g`m�¶

b¡c^g wL´1g�uxc^g�nL�Ê±³�Oq5u�wO�^o^�`g`�Ô¬@r¸qBc^gQq5uBnL�`±³�^�Êf�o^mBqJ¬Hg nam[m5f.nLµ³µ�nLm[�§w1mBmB±³¬^µ³g �à±²� qB±¼f�g �¼h1h �3nL�^�W±³�
mB�HnL�`g#�¼h��O¹�h��O¹��1�	� � ¶�bdc^g bDnPm ^ �	��^%d-� ^Gf j,mYc^w1o^µ³�Â¬Hg�m5f'nLµ³µ�qBw'�`± ux�`oHf�´�g`�@q,}�g`±³mBg`�O¬^o^�1m,nL�^�ÂqYw#µ³±¼f�±³q,qBc^g
�Hu�w1¬§gvg�¿6g`�`q�¶�bdc^g"o
� flqB^ ���c^%d-� ^Gf j�°àw@u(qBc^gvq5uYnL�`g�ÈHµ³g`m
mBc^w1o^µ³��¬§g®m�f.nLµ³µ1qBwOw�¬§g`��nLo^mBg��D± �+qBc^±³m�±³m
�^g`�`g`mBm5n1u�r�qBw
¬Hg�nL¬^µ³g®qYw�q5uYnL�`gvµ³w1�^��u�o^�^�^±³�^�,�Hu�w��@uBn1f[¹�nL�^� �D±³± ��mYqBw@u�±³�^��qBc^gdq5uBnL�`gÒÈHµ²g�u�g!�@o^±¼u�g`m
¬Hna�^�^�±³�^qBc+¹L�c^±³�5c.f�o^mBq
¬Hg,mYcHn1u�g`�.�±³qBcJqBc^g�q5n1u���g`q
�Hu�w1�@uBn�f[¶�
Ð�[�HuBna�`qB±³�`g1¹1mB�HnL�`g�wL´1g�u�c^g�nL�'��nL�#¬§g�q�uBnL�^g`�'°àw@uÒqB±¼f�g�wz´�g�u�c^g�nL��¬@r
o^mB±³�^�.�`w@fs�Hu�g`mBmB±³w1�+¶

b¡c^gvqBg`��c^�^±��@o^g`m��^g`´1g`µ³w1�Hg`��qBw4�^g�nLµ1�±³qBc.�d +¢6£�¤�£�¥�¦§£�¨§©«ª4mBr@�^��cHu�w1�^±³»�nLqY±²w���uBnL�`g`m
n1u�g
¬HnLmBg`��w1�3j��,ÕOb
�Ðjdg`�`w��^mBq5u�o^�`qB±³w1�[wa°ÒÕ+n�f��Hw@uxq�bd±¼f�g`mBq5n�f��^m2���î�1�O¹H�1� ¹H�^hL¹���ª@¹6�1�O¹H�^h �«¹HnL��w@u��^g�u�±³�^�L©Ã¬HnLmYg`�Âu�g`�`w@u�� �1uxg`�^µ n�r
f�g`qBc^wO�+¹
�c^g�uxg[w1�^µ³r qBc^g[�Hn�u�qB±¼nLµdw@u��^g�u�wL°,mBrO�^�5cHu�w��^±²»�naqB±³w1� w��Hg�uBnLqY±²w��^m3±³m.q�uBnL�`g`�+¶Fbdc^gÂf�g`qBc^wO� �î�1� �
cHnLm�qYc^g�nL�^´znL�Oq5nL��g�qBcHnLqd±³q��Huxw@�^o^�`g`m�m�f.nLµ³µ6q5uBnL�`g4ÈHµ³g`mËnL�^�[qYcHnLqd±²q�±³m�µ³g`mBm�±²�Oq5u�o^mY±²´�g,qBcHnL�[w1qBc^g�u¾g`pO±³mBqB±³�^�
f�g`qBc^wO�^m��î�1�	�«¶
�[wOu�g`wL´1g�u`¹1qYc^g�f�g`qBc^wO�ÏnLµ³µ³wL�m�qBc^g,o^mYg,wL°�n�mB±¼f��^µ³g��`w@f��Hu�g`mBmY±²w��#mB��c^g�f�g"�î��ª+���c^±³��c[��nL�
°ÐoHu�qBc^g�udu�g`�^o^�`g,qBc^g,q5uYnL�`g�ÈHµ³g`m�¶

x

y

max(x+1,y)

max(x+1,y)+1

=max(x+2,y+1)

max(x+1,y+1)

Lamport ROLT

x

y

Cº±³�1oHu�g � �
|dw@f��Hn1ux±²�^��Õ+n1f��§w@u�q�|dµ³wO�Ì¯�m��±³qBcÂj��,ÕObÔ|dµ³w@�`¯�m�¶

��oHux±²�^�JqBc^g�u�g`�`w@u����^cHnLmBg�dg��^wJ�^w1q�q�uBnL�`g�qYc^g�w@u��^g�u4wL°®nLµ³µ
mBrO�^��cHu�w1�^±³»�nLqB±³w1��w1�Hg�uBnaqB±³w1�^m�¶�{ÉmB��nLµ¼n1u
µ³w1�1±³��nLµd�`µ³w@�`¯Q±³m.nLqBq5na�5c^g`�ÅqYwÂg�nL��c mYr@�^��cHu�w1�^±³»�nLqB±³w1��w1�Hg�uBnaqB±³w1�+¶Âbdc^±³m�µ³w1�1±³��nLµd�`µ³w@�`¯Q±³m#nL�`qBoHnaµ²µ³r na�Åw1�O©
qB±¼f�±³»�nLqB±³w1�Fwa°�qBc^gJ�`µ namBmB±³��nLµ�Õ+n1f��§w@u�q.|dµ³wO�Ì¯ � h��	� �àmBg`g Cº±³�1oHu�g� � ¶ Õ+n1fs�Hw@u�q�nLmBmB±³�1�^m�µ³w1�1±³��nLµd�`µ³wO�Ì¯�m.qBw
qBcHu�g�na�^m�¹@nL�^�[�`µ³wO�Ì¯�m�n1u�g��`w@f.f�o^�^±³��nLqBg`�J¬Hg`q�dg`g`�#qYcHu�g�nL�.¬Or#�^±³�1��r@¬HnL�`¯�±²�^��qBc^g�fÉw1�JqBc^g,f�g`mBm5na�1g`mvqBc^g`r
g`pO�5cHnL�^��g1¶�{É�5cHn1uYnL�`qBg�u�±³mBqB±³��wL°¡nJf�g`mBm5na�1g�±³m�qYcHnLq�±³q�±²m�nJ�`w��^mBoHf.nL¬^µ³g1¹6±³q�±³m���uxg�nLqBg`�Â¬Or nJmYg`�^�^g�u`¹+nL�^�
�`w1�^mBoHfsg`�[¬@r[n.u�g`�`g`±³´1g�u`¶
~Ò´1g�u�r#f�g`mYm5nL�1g�±³mËn��^g`�f�g`mBm5nL��g�¬Or#�^g�ÈH�^±³qB±³w1�+¶�
Ð�[mYcHn1u�g`�Âf�g�f�wOu�r��Hn1uBnLµ³µ³g`µ
�Hu�w1�OuBn1f�m�¹�qBcHu�g�na�^m��`w@f'f�o^�^±³��nLqYg®¬Or.f�g�nL�^m
wL°+mBcHn�u�g`��´zn1u�±¼nL¬^µ³g`m�¹�¬^o^qvmBcHn�u�g`�.´zn�u�±¼nL¬^µ³g`m®n1u�gd�^w1q¾�`w1�^mBoHf�©
nL¬^µ³g`m�¹O¬^o^q���nL�J¬Hg�uxg`�`r@�`µ³g`�+¹HnL�^�[n�´znLµ³o^g,qBcHnaq®±³md�u�±³qBqYg`�#¬Or.w1�^g,qBcHuxg�nL�.��nL�[¬§gËu�g�na�#¬OrÏf�o^µ³qB±³�^µ³g,w1qBc^g�u
qBcHu�g�na�^m�¶ COoHu�qYc^g�uBf�w@u�g1¹ qBc^g�mBcHn1u�g`��µ²wO��nLqB±³w1�^m�qBcHnLq�n1u�g�o^mYg`� ¬Or[mBrO�^�5cHuxw1�^±³»�nLqB±³w1�Âw��Hg�uBnLqY±²w��^m �DqBc^g�w1�^g`m
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qBcHnLq�dg�¡na�@q�qBw[q5uBna�`g���n1uxg3g`±³qBc^g�u��u�±³qBqBg`�QqBw��ÐnLm�±³m�qBc^g���nLmYg.�±³qBcÅn��L©Ãw1�§g�uBnLqB±³w1� �`¹6wOu,n1u�g,È�uxmBq�u�g�nL�+¹
nL�^�[qBc^g`���u�±³qBqBg`� �ÐnLm4±²m4qBc^g���nLmYg,�±³qBcÂn�L©Ãw1�§g�uBnLqB±³w1� � ¶v}�g`�^�`g1¹§n.mBrO�^��cHu�w1�^±³»�nLqB±³w1�Jw1�Hg�uYnLqB±³w1�[±³m�nLµ³�n�r@m
n oa^%eOjl^%d�¹®nL�^�FmYw@f�g`qB±¼f�g`m�n'd ^BqG^%n �c^rd�nL�^�Ên oa^reOj ^%d�¶Fbdc^g[µ¼nLqBqBg�u��`w@f�¬^±²�HnaqB±³w1� � d ^GqG^%n �c^%d,nL�^� oa^reOj ^%d)�
±³m,±³� j��,Õ@b��`w1�^mY±²�^g�uxg`��nam�w1�^g�mB±³�^�1µ³g�g`´1g`�Oq�¹§�c^±³�5cQcHnLm,q�dw#nL�^´LnL�@q�nL�1g`m����D± ��qBc^g3Õºn1f��HwOu�q��`µ³wO�Ì¯�m�n1u�g
±³�^��u�g�f�g`�OqBg`� fsw@u�g,mBµ³wL�µ³r1¹�na�^� �à±²± �4qBc^g�u�g�n1u�g,µ³g`mBm,g`´1g`�OqBm�qBwJ¬Hg�q5uYnL�`g`�+¹Hu�g`�^o^�`±³�^�JqBc^g�mB±³»`g�wL°vqBc^g�q5uBnL�`g
ÈHµ³g`m�¶

{ °ÐoHu�qBc^g�udw1�^qY± fs±²»�naqB±³w1�+¹O�c^±³�5c�±²m,n��`w1�^mYg!�@o^g`�^�`g�wL°�qYc^g3u�g`�`rO�`µ¼nL¬^µ³g��HnLqBoHuxg�wL°
qBc^g�mBcHn1u�g`�[´Ln1u�±¼nL¬^µ³g`m
nLm¾�`w@f.f�o^�^±³��nLqB±³w1�.��cHnL�^�^g`µ³m�±³mdqBcHnLq®Õºn1f��HwOu�qv�`µ³wO�Ì¯�md�^w��^w1qdcHn�´1g�qBw�¬Hg��^±³�1�1rO¬HnL�Ì¯ag`�.w1�JqBc^gËfsg`mBm5nL�1g`m�¹
¬^o^q���nL�[¬Hg��Hg�uBf.na�^g`�@qBµ³rÂnLqYq5nL��c^g`�#qBw'qBc^g,mBcHn1u�g`�[´Ln1u�±¼nL¬^µ³g`m�¶�}�g`�^�`g1¹^�^w�q�w1�^µ³r[qBc^g�qYcHu�g�nL�^m�n1uxg,�1±³´1g`�Ân
Õ+n1fs�Hw@u�q6�`µ³wO�Ì¯§¹�¬^o^q�nLµ³mBw�qBc^g
mBcHn�u�g`�,´zn1ux± na¬^µ²g`mºqBcHnLq�n1uxg�o^mBg`��°àwOuHmYr@�^��cHu�w1�^±³»�nLqB±³w1�,�^oHux�Hw1mBg`m��DmYg�f.nL�^c^w@u�g`m�¹
f�o^qBg`pOg`m�¹O�`w1�^�^±³qB±³w1�[´zn1ux± na¬^µ²g`m�¹^g`qB�1¶%�`¶
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(b)

Cº±³�1oHu�g����
j0�,ÕOb��^o^�§�HnLqB±³�^�.qBc^g,mY��nLµ¼n1u¾�`µ²wO�`¯1m�¶

�ºôaö ñÃó��DìîðBõLí6ðBõ �DëLö+íÐó�þ®öºíÐù�õ��Ðë�ñÃðBõ�ì���ó)�DìîðYõ � óYñÐìîóBø$�îö
óBñÃö���ðYõ�õLö����Ðö�÷4ø�ùvóYõ¡óYñÐñÃðBï #�ô1ðYì õ��Dì õzý �³ñÃð5þ �DëLö+íÐù�õ��Óë�ñÃð�õ�ì���ó)�DìîðYõ[ðBô1ö ñÃó)�DìîðYõ �Dëzó��vð<������ñÐñÃö�÷���ñÃí	� �Ðð �DëLö�õLö�.<�¾íÐù�õ��Óë�ñÃðYõ�ì���ó)�DìîðYõ ðYô1ö ñÃó)�DìîðYõÏðYõ �Dëzó��díÐù�õ��Ðë�ñÃðBõ�ì���ó)�DìîðYõ
� óBñÐìîóYø��îö��

b¡c^g�µ³w1�1±³��nLµ
�`µ³wO�Ì¯�m�n1u�g�o^�H�HnLqBg`�ÅnLm4°Ðw1µ³µ²wL�m �d�c^g`�ÅnJmBr@�^��cHu�w1�^±³»�nLqY±²w��Âg`´1g`�Oq�q�n1¯Lg`m��^µ¼nL�`g1¹º¬Hw1qBc�qBc^g
µ³w1�1±³��nLµ§�`µ²wO�`¯�wL°�qBc^g4qBcHu�g�nL�.g`pOg`�`o^qB±³�^��qBc^g�g`´1g`�@q�¹@nL�^�JqBc^g�µ³w1�1±³��nLµ6�`µ³wO�Ì¯�wa°(qYc^g�mBrO�^��cHu�w1�^±³»�nLqB±³w1�.´Ln1u�±¼nL¬^µ³g
n1u�g'±²�^��uxg�f�g`�@qYg`�+¶Åbdc^g`� qYc^g#�Hu�wO�`g`mBmBwOu,nL�^� qYc^g#mBrO�^��cHu�w1�^±³»�nLqB±³w1�Å´Ln1u�±¼nL¬^µ³gÂn1u�g oBh�eOq��	d���e0n��a^GjJ¬@rQ¬§w1qBc
mBqBwOu�±³�^�3qYc^g�f.nLpO± f�oHfÉwL°�qYc^g,q«dw��`µ²wO�`¯J´znLµ³o^g`m�nLm4qBc^g,�^g`W�`w@f.f�w1�Jµ³w1�1±³��nLµ+�`µ³wO�Ì¯'´znaµ²o^g�DCº±²��oHu�g��^¶în��	�

�	��
�� ���������������� ����
����	��� �"!$#
� �&%�±³m
qBc^gd�^g`Á´znLµ³o^g1¹��Ê±³m
qBc^gvw�µ²��´LnLµ³o^g��`¶
bdc^±³mvf�g`qBc^wO��wL°Ho^�§�HnLqB±³�^�,qBc^gdmB��nLµ¼n1uº�`µ³w@�`¯1m�±³m
�^w1q�g`p nL�`qYµ²r

qBc^g,m5n�f�gËnam�qBc^g,f�g`qBc^wO�[�Hu�w1�Hw�mBg`�#¬Or[Õ+n1f��§w@u�q��¼h�� �«¹^¬^o^q�±³m�cHnLm4qBc^g�m�n1f�g,�`w1�^mB±³mBqYg`�^�`r.�Hu�w1�§g�u�qB±³g`m�¶
b¡c^g
g`p@g`�`o^qB±³w1�,q�uBnL�`g`m6�`w1�^mB±³mBq+wa° ndmYg!�@o^g`�^�`g¾wL° qY± fsg`mBq5n1f��^m�¹5w��^g
q5uBnL�`g
�§g�u6qBcHu�g�nL�+¶�
Ó��w@ux�^g�uHqYw�u�g`�^o^�`g

qBc^g�n1f�w1o^�OqdwL°�±³�O°Ðw@uBf.naqB±³w1�[qBw.mBqYw@u�g1¹^�^w1q4qBc^g3nL�`qYoHnLµ6qB±¼f�g`mBq5n1fs�^m�¹O¬^o^q�qBc^g�qB±¼f�g`mBq5n�f��#±³�^��u�g�fsg`�@qBm,n1u�g
mBqBwOu�g`�+¶[bdc^±³m�±³�O°àwOuBf.nLqB±³w1����nL�Å¬Hg'°ÐoHu�qBc^g�u,u�g`�^o^�`g`�Á¬@rQmB�^µ³±³qBqB±³�^�QqBc^g.±³�^��u�g�fsg`�@qBm�±³�@qBwÅn �^g`qBg�uBf�±³�^±³mBqB±³�
±³�^��u�g�f�g`�Oq �DqBc^g#f�w�mBq��`w@f'f�w1�Å��nLmYg���'�h��`¹
nL�^�FnÂ�^w��^�^g`qBg�uBf�±³�^±³mBqB±³�J±²�^��uxg�f�g`�@q �Ðna� o^�§�HnLqBgJ�^o^g#qBwQn
mBrO�^�5cHuxw1�^±³»�nLqB±³w1��´zn1ux± na¬^µ²g�qBcHnLq
cHnamvn,c^±³�1c^g�u
µ³w1��±²��naµH�`µ³w@�`¯�´znLµ³o^g����DC+±³�1oHuxg��^¶ ¬ �`¶ 
Ð�J�Hu�±³�^�`±³�^µ²g1¹OmBqYw@u�±³�^�,qBc^g
�^w1�^�^g`qBg�uYf�±³�^±²mYqB±³��±³�^��u�g�f�g`�OqBm¾�Hg�u
�Huxw@�`g`mBmYw@u�±³m®mYoOÑ#�`±³g`�@qdqBw�nLµ³µ²wLWn,�`w@uBuxg`�`qvu�g`�^µ¼n�r.nLm¾qBc^g��^g`qBg�uBf�±³�^±³mBqB±³�
±³�^��u�g�f�g`�OqBm���nL�J¬Hg�u�g`�`w@f��^o^qYg`�+¶

� � .�� �




Ó���À�^h ��±³q�±³md�Hu�wL´1g`�.qBcHnLq¾µ³w1�1�1±³�^��w��^µ²r'qBc^g�mYr@�^��cHu�w1�^±³»�nLqB±³w1�'w1�Hg�uBnaqB±³w1�^m
°Ðw@u
4c^±²��c[qBc^g��^w��^�^g`qBg�uBf�±³�O©
±³mBqB±³�J±²�^��uxg�f�g`�@qYm�n1u�g.�^w1�^»`g�uxw��D± �,mBqB±³µ³µ®naµ²µ³wL�m�n[�`w@uBuxg`�`qËu�g`�^µ¼n�r1¹ �D±³± �,�^wOg`m3nLo^qBwOf.nLqB±³��nLµ³µ³rÂg`µ³±¼f�±³�HnLqBgJqBc^g
q5u�±³´O±¼nLµ6q5uBnL�^mB±³qB±³´1g,wOu��^g�u�±³�^�1m�¹,�D±³±²± ��nLµ³µ³wz4md°àwOu®na�[g�Ñ#�`±³g`�@q��`wOf��Hu�g`mBmB±³w1�JmB��c^g�f�g1¶

bºw��1g`q�n�°ÃnL±³qBcO°ào^µ+u�g`�^µ¼n�r1¹^±³q�±³m�mBoOÑJ�`±²g`�Oq�qBw�mBq�nLµ³µ+g�nL��c#mBrO�^��cHu�w1�^±³»�nLqB±³w1�Jw1�Hg�uYnLqB±³w1�[o^�OqB±³µ(naµ²µºmBr@�^��cHu�wL©
�^±³»�nLqB±³w1�[w1�§g�uBnLqB±³w1�^md�±³qBcÂnsm5f.nLµ³µ³g�udqB±¼f�g`mBq�n1f��JcHn�´�g�¬§g`g`�[g`p@g`�`o^qBg`�+¶
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��oHu�±³�^�ÂqYc^gÏu�g`�`wOu��Q�^cHnLmBgJ®gJf�±³�1c@q��`w1�^mB±³�^g�u,qYwÂµ³w1�QqBc^g.mBg!�Oo^g`�^�`gJwL°�Õ+n1f��§w@u�q�qY± fsg`mBq5n1f��^m�°Ðw@u�g�nL��c
qBcHu�g�na�+¶�ÝOo^�^�§w1mBg�n�qYcHu�g�nL�[nL�HnL�^qBmdqBc^g�°Ðw1µ³µ³wz4±²�^��mBg!�Oo^g`�^�`g�wa°�qB±¼f�g`mBq5n�f��^m��

� � # ��� ��� �	� �	
 �	� � # � � # # � #�� � #� � #���� #�
 � #�� �	� # ��h��

D°+dg�µ³w1�,g�nL��c.qB±¼f�g`mYq5n1f���nLm®n,�1��¬^±³qv�OoHf�¬§g�u`¹LqBc^±³m®na�^�Hu�w@nL��c�®w�o^µ²���1g`�^g�uYnLqBg�nL�#n1fsw1o^�@q�wL°+�HnLq5n4qBw�¬Hg
µ³w1�1�1g`�[wa° #����� ��� � ¬OrOqBg`m�¹O�c^±³�5c[±³m�qBc^g�m5n1f�g�nLm¾°Ðw@u�
Ð�^mBq�nL�@q�jdg`�^µ¼n�r �¼h��	�«¶�·Ê±³qBc�qBc^gËj��,ÕOb fsg`qBc^w@�
w1�^µ³r,ndmBo^¬^mBg`q+wa° nLµ³µ1qY± fsg`mBq5n1f��^m6n1u�g
µ³w1�1��g`��nL�^�,qBc^g�u�g�°Ðw@u�g+m�f.nLµ³µ³g�u6q5uBnL�`g`m6�±³µ³µO¬Hgv��g`�^g�uBnLqBg`�+¶+bdc^gvfsg`qBc^w@�
±³m�¬HnamBg`�Âw1��qBc^g�w�¬^mBg�u�´znaqB±³w1�[qBcHnLq�±³�Qf�w1mBq���namBg`m�¹^qBc^g��`µ³w@�`¯J±³m�nLo^�@f�g`�OqBg`�[¬Or#w1�^g1¹§�`w@uBuxg`mB�Hw1�^�^±³�^�.qYw#n
�^g`qBg�uBfs±²�^±³mBqY±²��±³�^��u�g�f�g`�Oq�¶�ÝO±³�^�`g.qYc^g�m5n1fsg��^g`qBg�uBfs±²�^±³mBqY±²��o^�§�HnLqBg.nLµ³�1w@u�±³qBcHf ±³m,o^mBg`�Q�^oHu�±³�^�Âu�g`�^µ¼n�r1¹6®g
�^w1��� q¾cHn�´1gdqBw�µ³w1��qBc^w1mBg�o^�§�HnLqBg`m�¶
}4wL®g`´�g�u`¹�qYc^g��^w1�^�^g`qYg�uBf�±³�^±³mBqB±³��±³�^��u�g�f�g`�OqBm®f�o^mBq¾¬Hg�µ³w1�1�1g`�.±³�Jw@u��^g�u
qBwJ¬Hg.nL¬^µ³g.qBw[u�g`�`w1�^mYq5u�o^�`q�qBc^g�w@ux±²��±²�Hnaµ�Õ+n�f��Hw@uxq�qB±¼f�g`mBq5n�f��^m�¶,bdcOo^m�¹Hdg�w1�^µ³rÂcHn�´1g�qBwJµ²w��ÂnL�Âo^�§�HnLqBg
wL°®n[Õ+n�f��Hw@uxq��`µ³w@�`¯H¹6±À°dqBc^g�±³�^��u�g�f�g`�Oq,±³m,µ¼n1u��1g�u4qBcHnL��w1�^g1¶,bdc^g�u�g�°Ðw@u�g1¹§qBc^g3j��,ÕObÇf�g`qBc^wO�Âµ³w1�1m�n'�HnL±¼u
wL°
qB±¼f�g`mBq5n�f��^md�c^g`�ÂqBc^g,�^±À¿6g�u�g`�^�`g�¬Hg`q�dg`g`�[qBc^g�fÎ±³m�µ¼n1ux�1g�udqBcHnL�[w��^g1¶®ÝOwH¹ °àw@u¡qBc^g�nL¬HwL´1g,g`p^n1f��^µ³g�®g
��nL�[µ³w1�

� � �	� � � � � �	� ��� � #�� � #� � � � #� � #�� � � � #�� �	� # ��� �Ð���
bdc^±³m�qB±¼f�g1¹Hdg�w1�^µ³rÂ�^g`g`���������� � � � ¬Or@qBg`m�¶�½vr�w1�^µ³r[µ³w1�1�1±³�^�JqBc^±³m�mBo^¬^mYg`q�¹Hdg�w1¬^q5nL±³�ÂnJu�g`�^o^�`qB±³w1�
�¶îu ¶ q�¶�
Ó�^mBq5nL�Oq�jdg`�^µ¼n�r1¶.bdc^g#j��,Õ@bÉf�g`qBc^wO�Åf.n1¯Lg`m�±³q��Hw�mBmB±³¬^µ³g#qBw[u�g`�^o^�`g.qYc^g3�OoHf�¬Hg�u�wL°dµ³w1�Âg`�Oq5u�±³g`m�¶
}4wzdg`´1g�u ¹�g�nL��cJµ²w���g`�Oq5u�r�mBqB±³µ³µ�u�g!�Oo^±¼u�g`m��1�,¬^±³qBm�¶ �4wLFdg��±³µ³µ�q�u�r�qBw3u�g`�^o^�`g�qBc^g��OoHf�¬Hg�uÒwL°+¬^±²qYmv°Ðw@u�g�nL��c
µ³w1�.g`�Oq5u�r1¹^nL�^�[w1¬^q�nL±³�ÏnL�Âna�^�^±²qY±²w��HnLµ+u�g`�^o^�`qB±³w1�[wL°
qBc^g,q5uBna�`g`m�¶

·¸±³qBc#qYc^gËj��,ÕObÔf�g`qBc^wO�Ïn�µ³±²mYq�wL°��@uxwz4±²�^�,�OoHf�¬Hg�u�mdcHnLmdqBw�¬Hg,q5uYnL�`g`�+¶�ÝOo^��cÏn�µ³±³mBq���nL�J¬Hg,g`�^�`wO�^g`�
´1g�u�r'g�Ñ#�`±³g`�@qBµ³rÂn�°ÐqBg�u¾nL�^�^µ³r@±³�^�[n�q5uBnL�^mx°àw@uYf.nLq�±³w1�+¶+bdc^g,q5uBna�^m�°àwOuBf.nLq�±³w1�.±³m�¬HnLmYg`�[w1�[q�®w�°Óna�`qBm��

� qBc^g
È�u�mYq�±³qBg�f wL°�n��HnL±¼uºwL°H�@oHf�¬§g�u�m�±³mvnLµ³�n�r@mºµ n�u��1g�uºqBcHnL��wOu+g!�OoHnLµOqBw�qBc^gdµ¼nLmBq�±³qBg�f�±³�3qYc^gv�Hu�g`´O±³w1o^m
�HnL±¼u%W

� °àw@u¾g�nL��cJ�HnL±¼u � � ��� �`¹���±²m�nLµ³¡n�rOmd�@u�g�nLqBg�uÒqBcHnL� � ! #1¶
bdc^±³m�f�g�na�^m�qBcHnLq¾®g,��na�[q5uBnL�^m�°Ðw@uBf�qYc^g,µ²±³mBq

� � ��� � � ��� �	� � � ��� �	� �
±³�@qYw.qBc^g,µ³±³mBq

� � ���! �  "� � � ���  #� ���$ �  #� � � ���  #� ���% �  &� ���
COw@udqYc^g,g`p n1fs�^µ²g,dg�w1¬^q5nL±³�[qBc^g,µ³±³mBq

� � � � � � � � � # � � �  � # � � � � � � � � � � � � � �Ð���
~Òp@�§g�u�±¼f�g`�OqBm��`w��^�^o^�`qBg`�Åw1�Q�^±À¿�g�u�g`�Oq�g`p^n1f��^µ³g`m,mBc^wLÇqBcHnaq�qBc^g'�@oHf�¬Hg�uxm,®g�w1¬^q�nL±³� ¬OrÂo^mY±²�^��qBc^±³m

q5uBna�^m�°àwOuBf.nLqB±³w1�Ân�u�g.´1g�u�r�m5f.nLµ³µÐ¶
Ð��°Óna�`q�¹+n[mB±¼f��^µ³g[f�g`qBc^wO�Å±³m�o^mBg`�ÅqBw[g`�^�`wO�^g#qYc^g.±³�^��u�g�f�g`�OqBm�wL°dqBc^g
µ³w1�1±³��nLµ
qB±¼f�g�©ÃmYq5n1f��^m�±³� nL�Qg`´1g`� f�wOu�g��`w@fs�HnL�`q��n�r1¶ 
D°®qYc^g.±³�^��u�g�f�g`�Oq,±²m�m5f.nLµ³µ³g�u�qBcHnL�Å�1���.dg�o^mBg.�
¬^±³qBm�qYw[�u�±³qBg�±³q3qYw[qBc^g�µ²w��[ÈHµ³g1¶
D°�qBc^g.±³�^��u�g�f�g`�Oq,±³m�µ n�u��1g�u�qBcHnL�Å�1� �H¹6dg3o^mYg"�@ªJ¬^±³qBm���qBc^g.´LnLµ³o^g#�1�1�
�Ð��©Ã¬^±³q2�4°Ðw1µ³µ³wL®g`�Q¬OrÂqBc^g�±³�^��u�g�f�g`�Oq �Ð�1�z©Ã¬^±²q+�`¶3b¡c^±²m�±³m3nJ´1g�u�r�mB±¼f��^µ³g.�`w@f��Huxg`mBmB±³w1� naµ²��w@u�±³qBcHf[¹+nLµ³µ³wL�±³�^�
qBc^g,µ³w1�1±³��nLµ6�`µ³wO�Ì¯�m�qYw3¬§g,�`w@�^g`�QnL�^�[�^g`�`wO�^g`�[´1g�u�r�°ÃnLmBq�¶

.�. õ0/�"21�"<!
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bdc^±³m�mBg`�`qB±³w1�[g`pO�^µ na±²�^m,±³���^g`q5nL±³µ+c^wLÔqBw.o^�§�HnLqBg,qBc^g�µ³w1�1±³��nLµ+�`µ³wO�Ì¯�m�nLq�qYc^g�g`pO�^µ²±³�`±³q �Ðf�o^qBg`pOg`m�¹O�`w1�^�^±³qB±³w1�
´zn�u�±¼nL¬^µ³g`m�nL�^�ÂmBg�f'nL�^c^w@u�g`m2�dnL�^��±¼f��^µ³±²�`±³q�DqBcHu�g�nL�[��uxg�nLqB±³w1�ÂnL�^��g`p@±³q2�4mBrO�^�5cHu�w��^±²»�naqB±³w1�[w1�Hg�uYnLqB±³w1�^m�¶�
Ð�O©
°Ðw@uBf.nLqY±²w�� w�� u�g`�^µ¼n�r@±³�^�QqBc^g`mBg'°ào^�^�`qY±²w��^m�±³m.nLµ³mBwQ�1±³´1g`�+¶ b¡c^g#f.nL±³�Á�HnLq5n[q�rO�Hg`m�o^mBg`� ±³�FqBc^gs°àw1µ³µ³wL�±³�^�
n1u�g��

v v ��� �
�	v�� w�y��A|�� ���
	 � �§�.mBq5uxo^�`qBoHu�g�±²�^�`µ³o^�^±³�^�[n��Hw1mY±²p[f�o^qBg`p#nL�^�[±³qBm�nLmBmBwO�`±¼nLqBg`�[µ³w1�1±³��nLµ6�`µ³w@�`¯§¶
v v ��� �
�	v�� w�y���� zAx y ���^�.mYq5u�o^�`qBoHu�g4±²�^�`µ³o^�^±³�^�Ân��Hw1mY±²pJ�`w1�^�^±³qB±³w1�J´zn1ux± na¬^µ²g�na�^�[±²qYm¡namBmBwO�`± naqBg`�#µ³w1��±²��naµ��`µ³wO�Ì¯

�DmBg`g�mBg`�`qB±³w1��H¶î� ¶î���`¶

bdc^g�f'nL±³�3�Hnaq5n�mBq5u�o^�`qYoHu�gdo^mBg`�.�^oHu�±³�^��qYc^g¡uxg`�^µ n�r��^cHnLmBgd±³m®n�q5nL¬^µ³g��`w1�Oq5nL±³�^±³�^�,qBc^g��`oHuYu�g`�@q
´LnLµ³o^g`mvwL°6qBc^g
µ³w1�1±³��nLµ��`µ³w@�`¯1m�wL°vqBc^g�qBcHu�g�nL�^m4wL°�qYc^g��^wO�^g1¶Ë~¾nL��c[qBcHu�g�nL�Qu�g�nL�^m�nL�^���u�±³qBg`m�±³qBm�wL��[µ³w1��±²��naµ��`µ³wO�Ì¯J´LnLµ³o^g
nL�^�Âu�g�na�^m®qYc^g�´LnLµ³o^g`m�wL°�qBc^g,µ³w1�1±³��nLµ6�`µ³w@�`¯1m4wL°�qBc^g,w1qYc^g�uvqYcHu�g�nL�^mdwL°�qBc^g,�^wO�^g1¶�{��`�`g`mBmBg`m4qBw�qBc^±³m�q5nL¬^µ³g,±³m
�Hu�w1qYg`�`qBg`�#¬Or[n�µ³wO�Ì¯§¶�
Ó�ÂqBc^g�qBg`pOq�¹OqBc^g�°àw�µ²µ³wL�±³�^��°Ðo^�^�`qB±³w1�^m�n1uxg�o^mBg`���

�%x �Av��%|��%x�� �����O�.qBc^±³md°ào^�^�`qY±²w��[±²�^��uxg�f�g`�@qYm�qBc^g,qBcHu�g�na��� mvµ³w1�1±³��nLµº�`µ²wO�`¯H¶
�cw���� �����1�JqBc^±³m�°ào^�^�`qB±³w1�Áo^�H�HnaqBg`m�qBc^g#µ³w1��±²��naµ®�`µ³wO�Ì¯�m�wL°�¬§w1qBcÅqBc^gJqBcHu�g�na� g`pOg`�`o^qB±³�^�QqBc^g.°Ðo^�^�`qB±³w1�FnL�^�

qBc^g,w1¬@yYg`�`qd±²�O´1w1µ³´1g`�+¶ 
Ðq�q5n1¯Lg`mdqBc^g,w1µ³�[µ³w1�1±³��nLµº�`µ²wO�`¯JwL°�¬§w1qBc+¹Oq5n1¯ag`m®qYc^g�f.nLpO± f�oHf[¹^nL�^�^m4w1�^g�nL�^�
o^�H�HnLqBg`m�qBc^g��`µ³w@�`¯�wL°v¬Hw�qBcQqBc^g�qBcHu�g�nL�QnL�^�QqBc^g�w1¬@yYg`�`q�¶�bdc^±³m�°Ðo^�^�`qB±³w1�Q±²m�w1�^µ³rÂg`pOg`�`o^qBg`�Q�^oHu�±³�^�
qBc^g.u�g`�`w@u��Q�^cHnLmBg1¶"
à°®qBc^g'±²�^��uxg�f�g`�@q,wa°®qBc^g.�`µ³wO�Ì¯ wL°®qYc^g.qBcHu�g�nL��±³m�µ¼n1u��1g�u�qYcHnL�Qw1�^g1¹+dg�µ³w1�[qBc^g
±²�^��uxg�f�g`�@q��DmYg`g�°àoHu�qYc^g�u*�`¶

v�� ��cw � � �{v��§�.qBc^±³m�°ào^�^�`qY±²w��Å�5c^g`�`¯�m�±À°�qBc^g��`oHuBu�g`�Oq�qYcHu�g�nL�Q��nL�Q�Hu�wO�`g`g`� 4±²qYc ±³qBm,�`oHuYu�g`�@q�µ³w1�1±³��nLµ
�`µ³wO�Ì¯§¶
b+w��^w.qBc^±³m�¹ qBc^g,qB±¼f�g`mBq5n�f��.±³m��`wOf��Hn1u�g`�J�±³qBc[qBc^g,�`µ³wO�Ì¯�m�wL°�naµ²µºqBc^g,w1qBc^g�u¾qBcHu�g�na�^m�¶&
D°
qBc^g,qBcHu�g�nL�
g`p@g`�`o^qB±³�^� v�� ���cw � ���lv �[cHnLm¾qBc^g�m5f.nLµ³µ³g`mBqv�`µ³wO�Ì¯s±²qd�Hu�wO�`g`g`�^m�¹�±î°
�^w1q¾qBc^g�qBcHu�g�na�.�1wOg`mvqBw�mBµ³g`g`�+¶vbdc^±³m
°ào^�^�`qB±³w1�[±³m�w��^µ²rJg`pOg`�`o^qBg`�[�^oHu�±³�^�#qYc^gËu�g`�^µ¼n�rJ�^cHnLmBg1¶

v�� ��cw � �Ax ��	 �^�#qYc^±²m�°Ðo^�^�`qB±³w1�Q��nLµ³�`o^µ¼nLqBg`m,qBc^g��^g`pOq�qY± fsg`mBq5n1f�� °àwOu�qBc^g��`oHuBuxg`�@q�qBcHu�g�nL� � °Ãu�w@fÎqBc^g�±³�O°Ðw@u ©
f.nLqB±³w1�Qu�g`�`w@u��^g`�Q�^oHu�±³�^�ÂqYc^gsuxg`�`w@u��Q�^cHnLmBg��,nL�^�Ån��n1¯Lg`�^m�qYc^g.qBcHu�g�nL���±³qBcÅqBc^g�m5f'nLµ³µ²g`mYq,µ²w��1±³��nLµ
�`µ²wO�`¯H¶
bdc^±³m4°ào^�^�`qB±³w1�[±³m�naµ²mYw.w1�^µ³r#g`pOg`�`o^qBg`�[�^oHu�±³�^�#uxg`�^µ n�r;W

��������� KML���×O�HÜ Q���×@�^�%HDÛOFW�0F
Ü�� �)HD�
bdc^g���u�g�nLqB±³w1�FwL°3n�qBcHu�g�nL� �Dw������
� ���cw�!� �QnL�^�¸qBc^g3yYw1±³�^±³�^� wL°�n�qBcHu�g�nL� �Dw"��#cz �%x$���?w%!�� �Qn1uxg[± fs�^µ²±³�`±³q
mBrO�^�5cHuxw1�^±³»�nLqB±³w1�Q�Hw1±³�OqBm �YC+±³�1oHu�gJ�����,nLµ³µvg`´1g`�OqBm,g`pOg`�`o^qBg`�Å¬Or n �^g`�µ³r ��uxg�nLqBg`�QqBcHu�g�nL�QcHnL�^�§g`�ÅmBq5ux±²�`qYµ²r
n�°ÐqBg�u'qBc^gQg`p@g`�`o^qB±³w1�WwL° w"������� �&�?w�!�nL�^�WqBc^gQg`´1g`�OqBmJg`p@g`�`o^qYg`�¬OrnÁqYcHu�g�nL�nz°àqBg�u'qBc^g�g`p@g`�`o^qB±³w1� wL°
w���#�z �%x&��� w�!� cHnL�^�§g`�FmBq5u�±³�`qBµ³rFn�°ÐqBg�u�nLµ³µ�qYc^g#g`´1g`�OqBm�wL°,qBc^gJqBcHu�g�nL�ÁqBcHnLq��^±³g`� �Do^mB±³�^� w��%'�	�����( � v�� w�y��`¶
{�µ²qYc^w1o^�1cQ±³q�±³m��^w1q��^g`�`g`mBm5n1uxr[qBwÂu�g`�`w@u��QqBc^g`mYg.g`´1g`�OqBm�°àwOu�n �`w@uBu�g`�`q,u�g`�^µ¼n�r1¹+±³q�±³m��^g`�`g`mYm5n1u�r °àw@u,j��,ÕOb
qBcHnLq¾qBc^g,�`µ³w@�`¯�m¡n�u�g�o^�§�HnLqBg`�+¶
~�¶ �H¶1±³� Cº±²��oHu�g�$�qBc^g��`µ³wO�Ì¯�m�n1uxg��^w1q¾o^�H�HnLqYg`�ÂnLqdqBcHu�g�nL�.��uxg�nLqB±³w1�Jw@u
g`pO±³q�¶
bdc^±³m��±³µ³µ�µ²g�na�[qBw��^g�nL�^µ³w@�`¯J�^oHu�±³�^�#u�g`�^µ¼n�r ��qBc^g,g`´�g`�@qdw1�[qBcHuxg�nL� h#�DqB±¼f�g`mBq5n�f���)�h��
cHnam®qYw3¬§g�g`pOg`�`o^qBg`�
¬Hg�°Ðw@u�g[qYc^g[mBg`�`w1�^�Êg`´�g`�@q�w1�FqBc^g�mBg`�`w1�^�FqBcHuxg�nL� �DqB±¼f�g`mBq�n1f���),�����c^±³µ²g�qBc^g*'�	�� ��(
�	v�cwly +$#�z��%x���� w�!�
�`w1o^�^µ³g[�^g�f.nL�^�^ms°àw@u�qBc^g[w1�^�§w1mB±³qBg[w@u��^g�ux±²�^�§¶ bdc^g�u�g�°Ðw@u�g1¹�qBc^gJµ³w1�1±³��nLµ��`µ³wO�Ì¯�m#n1uxg#o^�§�HnLqBg`�Á�^oHu�±³�^�ÅqBc^g
u�g`�`w@ux� �^cHnLmYg1¶ ��w�qBg[c^wL®g`´�g�u,qBcHnLq�±³qJ±²mTF�Û§�Â�^g`�`g`mBm5n�u�rÅqBwQg`�O°Ðw@u��`gÂnQ�nL±³q��`w1�^�^±³qB±³w1� �à¬HnLmBg`�Áw1�FqBc^g
µ³w1�1±³��nLµ6�`µ³w@�`¯�m2�¾�^oHu�±³�^�3qYc^gËu�g`�^µ¼n�r.�^cHnLmYg���qYc^g�w1�§g�uBnLqB±³w1�^mdn1u�g��Hu�w1�§g�u�µ³r.mBrO�^�5cHu�w��^±²»`g`�J±³�Ân��^g`qBg�uBf�±³�^±³mBqB±³�
�n�r1¶ ���^g3f�o^mBqdc^wLdg`´1g�u
g`pOg`�`o^qBg�n�v � ���cw � �Ax"�
	 ��}�~�qYw3o^�§�HnLqBg,qBc^g,µ³w1��±²��naµ+�`µ³w@�`¯H¶
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JoinSlave

NewSlave

ExitThread

Cº±³�1oHu�g���� 
Ãf��^µ³±³�`±³q�mBrO�^��cHu�w1�^±³»�nLqB±³w1�J±³� �d +¢6£�¤�£�¥�¦§£�¨&�
qBcHuxg�nL�#��uxg�nLqB±³w1�ÂnL�^�[g`pO±³q�¶

T2T1

JoinSlave

NewSlave

ExitThread
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2

C+±³�1oHuxg $���{Çu�g`�`w@u��^g`�Jg`p@g`�`o^qY±²w��[qBcHnLqd�±³µ³µ�µ³g�nL�[qBw��^g�nL�^µ³wO�Ì¯'�^oHu�±³�^�[u�g`�^µ¼n�r1¶
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Cº±²��oHu�gÏ� � �4g`mBqBg`�Ff�o^qBg`pÂw1�§g�uBnLqB±³w1�^m�µ³g�nL�^±³�^� qYwÂ�^g�nL�^µ³wO�Ì¯ ��qYc^g#g`pOg`�`o^qB±³w1�Á±²�ÁqBc^g.µ³g�°Ðq�ÈH�1oHu�g.µ³g�nL�^m�qBw
�^g�nL�^µ³wO�Ì¯'�^oHu�±³�^�#u�g`�^µ¼n�r �¾n��`±¼u��`o^µ¼n1ud�^g`�Hg`�^�^g`�^�`rÂn�u�±³mBg`m�¶
b�uYnL�`±³�^�.qBc^g,o^�^µ³w@�`¯'w1�Hg�uBnaqB±³w1�^m�nLµ³µ²g`´O±¼nLqBg`m�qBc^±³m
�Dg`pOg`�`o^qB±³w1�[�^g`�^±³�`qBg`�Â±³�[qBc^g�ux±²��c@q¾ÈH�1oHu�g�� ¶

��������� ) ���`× �6×^�
�[o^qYg`p@g`m,n1u�g�nLµ³�n�r@m4o^mBg`�Â±³m��HnL±¼u�m��¾qBc^g�m5n�f�g,qBcHu�g�nL�[g`pOg`�`o^qBg`m�qYc^g_g �Xq��ËnL�^���	e0g �Xq����Hu�wO�`g`�^oHu�g`m�¶�COwOu�n
�`w@uBuxg`�`qvu�g`�^µ¼n�r1¹�dg�cHn�´1g�qBw�q5uBnL�`gdqBc^g�wOu��^g�u
wL°+qBc^g4µ²wO�`¯�w1�Hg�uYnLqB±³w1�^m�¶ 
ÐqvmYg`g�f�mvo^�^�^g`�`g`mBm�n1u�r�qBw3uxg`�`w@u���qBc^g
w@u��^g�u4wL°vqBc^g�o^�^µ³wO�Ì¯2W�nLm�o^�^µ³w@�`¯�w1�Hg�uYnLqB±³w1�^m,nLµ³¡n�rOmd°Ðw1µ³µ²wL n'µ³w@�`¯[w1�§g�uBnLqB±³w1�+¹+na�^�Â�^w[w1qBc^g�u4w1�§g�uBnLqB±³w1�^m
w1�FqBc^gJm5n1fsgÏf�o^qBg`pÅ��na�F±²�OqBg�u�´�g`�^g1¶Í}4wLdg`´1g�u`¹+qYc^±²m'µ²g�na�FqBwQ�^g�nL�^µ³w@�`¯Å±À°3nL�FnL�^�^µ³±³��nLqB±³w1�Fo^mBg`m'�^g`mBqBg`�
µ³w@�`¯-�Lo^�^µ³w@�`¯Å�Hna± uxm�¶ COw@u'g`p n�f��^µ³g1¹vqBc^g[µ³g�°Ðq.g`pOg`�`o^qB±³w1�F±³� Cº±²��oHu�g �Qµ³g�nL�^mJqBwQ�^g�nL�^µ³wO�Ì¯��^oHu�±³�^�Íuxg`�^µ n�r1¹
�c^±³µ³g#qYc^gsux±²��c@q,g`pOg`�`o^qB±³w1�Å�^wOg`m��^w1q�¶.bdc^g.µ¼nLqBqBg�u�g`pOg`�`o^qB±³w1� naµ²mYw[o^�H�HnLqBg`m�qBc^g�µ³w1�1±³��nLµv�`µ³wO�Ì¯QnLq,o^�^µ³wO�Ì¯
w1�§g�uBnLqB±³w1�^m�¶ ��w�qBg�c^wzdg`´1g�u4qBcHnLq,qYc^g`mBg.o^�H�HnaqBg`m3n1uxgsnaµ²�n�rOm,�^g`qBg�uBf�±³�^±³mBqB±³�1¹
nL�^�Åc^g`�^�`g.qYc^g`r�n�u�g.�^g`´1g�u
u�g`�`w@ux�^g`�+¶

b¡c^g�±³�^mBq5uxoHf�g`�@qYg`� w���� �
�{v��cwly ��|"�&���
	 ��� z����3±³m�mBc^wL���±³��b�nL¬^µ³g�hvna�^�,qBc^g�±³�^mBq�u�oHf�g`�OqBg`� w���� � �	v��cw�y����
|�� � ��	 �
� x��cz�� �Å±³m�mBc^wL��J±²�Qb�na¬^µ²g��^¶

b�nL¬^µ³g.h��¾bdc^g�±³�^mBq�u�oHf�g`�OqBg`�Ân1¯��^qBcHu�g�nL�	��f�o^qBg`p
�dµ³w@�`¯��Hu�w@�`g`�^oHuxg1¶
u�g`�`w@u�� u�g`�^µ¼n�r

v�� ��cw � � �{v��=}X~��
� �
�	v �cw�y �?|������ 	 �$�cz�� �,}X~�� � �
�{v��cw�y �?|�������	 �$��z � �,}X~��
�cw���� �����)}�~� v�� ��cw � �Ax ��	 ��}�~�

b�nL¬^µ³g����
bdc^g,±³�^mBq�u�oHf�g`�OqBg`�Ïn�¯1�^qBcHuxg�nL�	��f�o^qBg`p��do^�^µ³wO�Ì¯§¶
u�g`�`wOu�� u�g`�^µ¼n�r
�cw&��� �����;}c~ v�� ��cw � � �{v��=}X~��
|�� ����	 �
�lx �cz�� �,}X~�� |�� � ��	 �
� x��cz�� �,}X~
�

v�� ��cw � �Ax ��	 ��}�~�

��������� Q�ÛOF
Ü5HD�%HDÛOF��,�^�AHü�^��*D× �
|dw1�^�^±³qB±³w1�J´zn�u�±¼nL¬^µ³g`m®mYc^w1o^µ³�ÏnLµ³�n�r@m¾¬Hg,o^mBg`�J±³�#�`w��^�^g`�`qB±³w1�#4±²qYcÏn�f�o^qBg`p6¶ 
Ð�[qYc^g`w@u�r1¹1n��Hu�wO�`g`�^oHu�g�w��#n
�`g�u�q5na±²���`w1�^�^±³qB±³w1��´Ln1u�±¼nL¬^µ³g���nL��w1�^µ³r�¬§gdg`p@g`�`o^qBg`�'�c^g`��qBc^gd�`w@uBu�g`mB�§w1�^�^±³�^�Ëf�o^qBg`p,±³m¾c^g`µ²�+¶
bdc^g¾°Ðo^�^�`qB±³w1�
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T1 T2

lock

unlock
signal

unlock

wait

lock

Cº±²��oHu�g�����b¡c^gËnL�`qYoHnLµHmBrO�^��cHu�w1�^±³»�nLqB±³w1�.g`´�g`�@qBm¾�^oHu�±³�^�.n � �
�	v��cw?y ��� zAx0y ���0w � �[© � �
�	v���w�y ���cz�x{y ��� ���lx w��
�HnL±¼u`¶

� �
�{v��cw�y ���cz?x	y���� w&� ���±³µ²µOo^�^µ³w@�`¯4qBc^gvf�o^qBg`p�nL�^�,�nL±³q§°àwOu�n � �
�	v���w�y ���cz�x{y ��� ���lx w���w@u�� �
�{v��cw�y���� zAx y ���	w ���6¶

D°
n��`w��^�^±²qY±²w��#±³mdmB±³�1�HnLµ³g`� � �
�	v���w�y �"�?zAx0y �"�	w ���Â�±³µ³µ+u�g�©«nL�!�Oo^±¼u�g�qBc^g,f�o^qBg`p.nL�^�#�Huxw@�`g`g`���àmBg`g Cº±³�1oHu�g,���`¶

Ð� °Óna�`q�¹®f'n1¯1±³�^�FnQ�`w1�^�^±³qB±³w1�Wq5u�o^g[��na�Ê¬HgQu�g`�@n1ux�^g`�ÊnLm.�^g`µ³±³´1g�u�±³�^�ÊnQmB±³�1�HnLµÐ¶ {�mJmBo^��c+¹d±²qJ±³m#�^w�q#u�g�©
nLµ³µ³rÂn�mBrO�^�5cHuxw1�^±³»�nLqB±³w1�[�Hw�±²�OqXW§qBc^g,mBrO�^�5cHuxw1�^±³»�nLqB±³w1�[mBc^w1o^µ³�QnLµ³¡n�rOmd¬Hg��§g�u °Ðw@uBf�g`�[o^mB±³�^�.qYc^g3nLmBmYw@�`±¼nLqBg`�
f�o^qBg`p6¶Êbdc^g�u�g�°Ðw@u�g1¹
±³qJmBc^w1o^µ³�F¬Hg�mBoOÑ#�`±³g`�Oq#qBwQµ³w1�ÅqYc^gÂw@u��^g�ux±²�^�QwL°,qBc^gQf�o^qYg`pÅw1�Hg�uYnLqB±³w1�^m�¶ COwOu�qBc^g
� �
�{v��cw�y ���cz?x	y���� w&� �¸�Hu�w@�`g`�^oHuxg1¹
qBc^g"'�c^±³�^�^g`�-(Âµ³w@�`¯ na�^�Fo^�^µ²wO�`¯Åw1�§g�uBnLqB±³w1�^m�cHn�´1gJqBwQ¬Hg[µ³w1�1��g`�+¹vnL�^�
u�g`�^µ¼n�r1g`�+¹^nLm�dg`µ³µÐ¶ ��g`µ³±²´�g�u�±³�^�#nL�^�Ân��nL±³qB±³�^�3qYc^g,mB±³�1�HnLµ6±³m�c^wLdg`´1g�u
�^w'µ²w��^�1g�u¾�^g`�`g`mBm5n1u�r1¶

}4wLdg`´1g�u`¹�±³qÏf.n�rÅwO�`�`oHu�qBcHnaq3qYc^g � �
�{v��cw�y ���cz?x	y���� � � x w��F±³m.�^w1�^gÂ4±²qYc^w1o^q�qBc^gÂµ³wO�Ì¯�¬Hg`±³�^�Fc^g`µ³�+¶
{�µ²qYc^w1o^�1cQ±³q�±³m��^w1q�uxg`�`w@f.f�g`�^�^g`�+¹6±³q�±³m�nLµ³µ²wLdg`�Q¬@rQqBc^g.ÝOw1µ¼n1ux±²m � �
�	v �cw�yÁµ²±³¬HuBn�u�rÅnL�^�QqBc^±³m��Hw�mBmB±³¬^±³µ²±³q�r
±³mËna�`qBoHnLµ³µ³r[o^mBg`�Â¬Or[qBc^g3�¡ (¢(£�¤�£�¥�¦§£�¨§©«ª'±¼f��^µ³g�f�g`�Oq5nLqB±³w1�+¶�bºw.�`w1�§g34±²qYc[qBc^±³m��Hu�w�¬^µ²g�f ¹HqBc^g��`w1�^�^±³qB±³w1�
´zn�u�±¼nL¬^µ³g®�Hnaq5ndmBq5uxo^�`qBoHu�g
±³mvf�wO�^±îÈHg`��mBw�qBcHnLqº±²q
±³m��Hw1mYmB±³¬^µ²g4qBw�±³�^�^±³��nLqBg��c^g`qYc^g�u+nL�^w1qBc^g�u(qBcHu�g�nL��±²m
�nL±³qB±³�^�
�^oHu�±³�^��qBc^g�u�g`�`wOu��.�^cHnLmBg1¹�±³�[�c^±³�5cJ��nLmBg�qYc^g�µ³w1�1±³��nLµ§�`µ³w@�`¯�wL°+qBc^g�mY±²���HnLµ³±²�^�'qBcHu�g�nL��±³m�mBrO�^�5cHuxw1�^±³»`g`�.�±³qBc
qBc^g,µ³w1�1±³��nLµ6�`µ³wO�Ì¯JwL°�qBc^g�f�o^qBg`p�¶
bdc^±³m�±³m��^w�q��^g`�`g`mBm5n1uxr.±À°��^w.qYcHu�g�nL�J±²m��nL±³qB±³�^�.nL�^�[qBc^g,mB±³�1�HnLµ6±³m�µ²w�mBq�¶

b¡c^g.±³�^mBq5u�oHf�g`�OqBg`� � �
�	v��cw?y � ��z�x	y����0w � �H¹ � �
�	v �cw�y ���cz?x	y ��� ���lx w�� nL�^� � � �	v��cw�y���� zAx0y � �{v z wly � w�� �
�Hu�wO�`g`�^oHu�g`m�n1uxg�mBc^wL��J±³� b�nL¬^µ³g`m��^¹ �.nL�^�Â� ¶

b�na¬^µ²g�� ��b¡c^g,±²�^mYq5u�oHf�g`�OqBg`� w���� �
�	v��cw?y ��� zAx0y �"�	w�� � �Huxw@�`g`�^oHu�g1¶
u�g`�`w@ux� u�g`�^µ¼n�r
�cw���� �����5}X~�� v�� ���cw � ���lv ��}�~�
�czAx{y ���A|�� ���	�� |�� ����	 +�� �ax	y����cw ����� � � w � � �
�	v���w�y �c| � ���	��
�{x��?z"���u}�~�

w �
�	v���w�y �	���	w ��� �%x �
� + v�� ���cw � ��x� 	��=}X~��
� �
�{v��cw�y���� zAx y ���	w ���=}X~��
�czAx{y ���A|�� ���	�� ����� +����	z � �{w �����%x �

wAx � | z?v���� + v�� ���cw � ���lv ��}�~�
�cw���� �&���)}�~� � �
�	v���w�y �c| � ���	���� z����=}c~�

v�� ���cw � ��x� 	��=}X~��

������� � N�×% �0S�L�ÛH��×^�
{�m.mBg�f.nL�^c^wOu�g`m#n1u�gJ¬^o^±³µ³q[w1�FqBw1�FwL°�f�o^qBg`pOg`m#nL�^�Ê�`w��^�^±²qY±²w��Ê´zn�u�±¼nL¬^µ³g`mÏnL�^�FqYc^g`mBg[q�®wÅn1uxg[�Hu�w1�Hg�uxµ²r
u�g`�^µ¼n�r1g`�+¹OqBc^g�u�g,±³m��^w.�^g`g`�[qYw.±³�^mBq5u�oHf�g`�OqdqBc^g�mBg�f.nL�^c^w@uxg��Hu�wO�`g`�^oHu�g`m�qYc^g�f�mBg`µ³´1g`m�¶
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b�nL¬^µ³g�� �
bdc^g,±³�^mBq�u�oHf�g`�OqBg`� w���� �
�	v �?w�y � �cz?x	y���� ��� x0w$�J�Hu�w@�`g`�^oHuxg1¶
uxg`�`w@u�� u�g`�^µ¼n�r
� 	 } �czAx{y ���A|�� ����	)~ �cw���� �����5} � zAx y� �A|�� ���	5~ v�� ��cw � � �{v��=}X~��
�"����� �%x �Xv��r|��%x �������)}c~ v�� ��cw � �Ax ��	 ��}�~�
� �
�	v��cw?y ��� zAx0y ��� ���lx w$�;}c~�

b�nL¬^µ³g����vbdc^g,±³�^mBq�u�oHf�g`�OqBg`� w���� �
�	v �cw y � �cz?x	y����0v	z	w?y �cw ���Q�Hu�wO�`g`�^oHu�g1¶
uxg`�`w@u�� u�g`�^µ¼n�r
� 	 } �czAx{y ���A|�� ����	)~ �cw���� �����5} � zAx y� �A|�� ���	5~ v�� ��cw � � �{v��=}X~��
�"����� �%x �Xv��r|��%x �������)}c~ v�� ��cw � �Ax ��	 ��}�~�
� �
�	v��cw?y ��� zAx0y ���0v	z{w�y ��w ���=}X~��
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{�m
qBc^g�mBg`�^�^±³�^�3na�^�suxg`�`g`±²´O±³�^��wL°+f�g`mBm5na�1g`m�±³m¾�^w1�^g�o^mB±³�^���Ât 
�na�^�#n,f�o^qBg`p,±³mv�@uBna¬^¬Hg`���c^±³µ³g�g`pOg`�`o^qB±³�^�
nL�Å�Ât 
¾°Ðo^�^�`qB±³w1�!�Dw1�^g�mB±³�^�1µ³g.f�o^qYg`pJ°àw@u�nLµ³µ
qBc^g.�Ât 
¾°Ðo^�^�`qB±³w1�^m2�`¹6qBc^g�g`pOg`�`o^qB±³w1�QwL°vqBc^g`mBg�°Ðo^�^�`qB±³w1�^m,±³m
mBg�u�±¼nLµ³±³»`g`�+¶.�[w�mBq��Ât 
d±¼f��^µ³g�f�g`�@q�nLqB±³w1�^m�n1u�g��^w1q�qBcHu�g�na�O©Ãm5n�°Ðg3nL�^�Q±À°®qBc^±³m�±²m,qYc^g3��namBg�qBc^g`r n1uxg�o^mBoHnLµ³µ³r
�^w1qdqBcHu�g�na�O©«n��n1uxg1¹LqBcHnLqd±³m�qBc^g,o^mBg,wL°vn�¬^µ³w@�`¯1±³�^�J�`w@f.f�o^�^±³��nLqB±³w1�J�Hu�±¼f�±³qB±³´1g,¬Or#w1�^g,wa°�qBc^g,qBcHu�g�na�^m®wa°�n
�^wO�^g�±³m�µ³±¼¯Lg`µ³r#qYw�¬^µ³w@�`¯.nLµ³µ6qBc^g�w1qBc^g�uÒqBcHu�g�nL�^m¾wL°+qBc^g��^wO�^g1¶
b+w.n�´1w1±³�.mYo^�5cJ¬^µ³w@�`¯1±³�^�H¹^nLµ³µ6�`w@f.f�o^�^±³��nLqB±³w1�
�Hu�±¼f�±³qB±³´1g`mdn1u�g�±¼f��^µ³g�f�g`�OqBg`�[nLm
�^w1�.¬^µ³wO�Ì¯�±³�^�suxg!�@o^g`mBqYm�¶�COoHu�qYc^g�u
�Hu�w1�Ou�g`mBmBg`m
wL°6qBc^g��`w@f.f�o^�^±³��nLqB±³w1�^mvn1u�g
qBc^g`�Qf.nL�HnL�1g`�[¬OrÂn�mB�§g`�`±¼nLµ��`wOf.f�o^�^±²��naqB±³w1�[�HnLg�f�w1��qBcHu�g�nL�+¹ o^mB±³�^�Ïf.na±²�^µ³r[qBc^g ���&��� ��� v0z����[°Ðo^�^�`qB±³w1�
nL�^�ÂnL�[±³�OqBg�u��HnLµ6�HnLq�n�mYq5u�o^�`qBoHu�g4��nLµ³µ²g`��� w ��� �	� z?x ���
	 � �DmBg`g,mBg`�`qB±³w1�^m��^¶î��na�^�Â�^¶ � �`¶

{�m,qBc^g#f�o^qBg`p�w1�Hg�uYnLqB±³w1�^m�n1u�g'q5uBnL�`g`�Q�^oHu�±³�^�ÂqYc^g#u�g`�`w@u��Q�^cHnLmYg1¹+qBc^g.m�n1f�g�mBg�u�±¼nLµ¾w@u��^g�u�±³�^�[�±³µ³µd¬Hg
±¼f��Hw�mBg`�,�^oHu�±³�^��qYc^gvu�g`�^µ¼n�r��^cHnLmBg1¶5Cº±³�1oHu�g�h�ªdmBc^wL�m�¹�w1�,qYc^g
µ²g�°Ðq�¹Ln�u�g`�`w@ux�^g`��g`pOg`�`o^qB±³w1�3na�^�+¹`w1�,qBc^gvu�±³�1cOq�¹
qBc^g�mBg�u�±¼nLµ³±³»`g`� u�g�©Ãg`pOg`�`o^qB±³w1�+¶�}4wLdg`´1g�u`¹^qBc^±³m,±³m��^w�q�mBoOÑJ�`±²g`�Oq�°Ðw@u�n'�^g`qBg�uBfs±²�^±³mBqY±²�Ju�g`�^µ¼n�r,���Huxw@f�±³mB�`o^w1o^m
u�g`�`g`±³´1g�w1�Hg�uBnaqB±³w1�^mËna�^�ÂqBg`mBq¡°ào^�^�`qB±³w1�^m,u�g!�Oo^±¼u�g�mB�§g`�`±¼nLµvnLqBqBg`�OqB±³w1�+¶�bdc^g�°àw�µ²µ³wL�±³�^�JmBg`�`qB±³w1�^m�g`p@�^µ¼nL±³�QqBc^±³m
±³�Â�@uxg�nLqBg�u
�^g`q�nL±³µà¶
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�Ât 
�o^mBg`m�C 
�C�����cHnL�^�^g`µ³mv°Ðw@u�±³qBmd�`w@f.f�o^�^±³��nLqB±³w1�+¶�bdc^±³m�f�g�nL�^mvqYcHnLqv±À°�n�qBcHu�g�nL�.mYg`�^�^m®q�dw�f�g`mBm�nL�1g`m
qBw
n'�Hw@u�q�z¹6qBc^g.f�g`mYm5nL�1g`m�4±²µ³µ
¬§g#u�g`�`g`±³´1g`�Q±³� qYc^g3m�n1f�g�wOu��^g�u`¶�{�m,qYc^g�mBg`�^�^±³�^�Âwa°®f�g`mBm5nL��g`m�¬@r��^±À¿�g�u�g`�Oq
qBcHu�g�na�^m�w��,qBc^gvm5n�f�g��^wO�^g®n�u�g�mYg�u�±¼nLµ³±²»`g`��qBc^±³m�fsg�nL�^m+qBcHnLq+n�uxg`�^µ n�r1g`�,g`pOg`�`o^qB±³w1���±³µ²µ��^g`µ²±³´1g�uºqBc^gvf�g`mYm5nL�1g`m
±³��qBc^gdw@u��^g�uºqBc^g`r,dg�u�gvmBg`�Oq�¹{n ��b�� ^rh��,^%d ^*oa^re0b �rh b��0^�oaf?mk^"e��Xjl^`¶�{�m�qBc^gdmBg`�^��g`´1g`�OqBm�w1���^±À¿�g�uxg`�@q
�^wO�^g`m
n1u�g��^w1qdw@u��^g�uxg`�+¹@nL�^�Jc^g`�^�`g,�^w1q�u�g`�`w@u��^g`�+¹O��n1uxg�mBc^w1o^µ³�[¬Hg,q�n1¯Lg`�JqBcHnLqvqYc^g`r#n1u�g,u�g`�`g`±³´1g`�[±³�[qBc^g��`w@uBu�g`�`q
w@u��^g�u ¶�bdc^±³m�u�g!�Oo^± uxg`m�nL�Q±²�OqBg�u�´�g`�@qB±³w1�QnLq�qBc^g.u�g`�`g`±³´@±³�^�ÂmY±²�^g.nL�^�Q�^w1q�naq�qBc^g�mBg`�^�^±³�^�[mB±³�^g1¶.bdc^g�uxg�°àw@uxg1¹
qBc^g,mBg`�^�[w��Hg�uBnLqY±²w��^m®�^g`g`�[�^w�q�¬Hg,��cHnL�^�1g`�J°Ðw@udn.u�g`�`w@ux� �1u�g`�^µ¼n�rsfsg`�5cHnL�^±³m5f ¶
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qBcHu�g�na� �Yw��	� w �r| zAx �`¶d{�m
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Cº±²��oHu�g[h�ª���jdg`�^µ¼n�r@±³�^���Ðux±²��c@qdÈH��oHu�g���n'�Hu�g`´O±³w1o^mBµ³rÂu�g`�`w@u��^g`��g`p@g`�`o^qY±²w�� �àµ²g�°Ðq4ÈH�1oHu�g��4mBg�u�±¼nLµ³±³»`g`m,qBc^g�mBrO�O©
��cHu�w1�^±³»�nLqB±³w1�Jw1�Hg�uYnLqB±³w1�^md±³�ÂqBc^g,m5n�f�g�wOu��^g�udnLm��^oHu�±³�^�.qBc^g�uxg`�`w@u��^g`�Jg`p@g`�`o^qB±³w1�+¶

u�g`�^µ¼n�r1g`�.±³�[qBc^g��`wOuBu�g`�`qvwOu��^g�u`¶ �4w1qBg4qBcHnLqvqYc^±²md�±³µ³µ6�^w1qvµ³g�nL�JqBw��^g�nL�^µ³w@�`¯��^oHu�±³�^�.u�g`�^µ¼n�r1¶�~4¶ �H¶{C+±³�1oHu�g�h1h
mBc^wLÊqYcHu�g`g��^wO�^g`m��
n,qBcHu�g�na�3w��#qBc^g¡È�u�mBqv�^wO�^g�mBg`�^�^m®n�f�g`mBm�nL�1gdqBw�qYc^g�qBc^±¼u��J�^w@�^g,nL�^�#n�qBcHu�g�nL�.w��.qBc^g
mBg`�`w1�^�Q�^wO�^g.mBg`�^�Ån[f�g`mBm�nL�1g�qYw f�e���b�� ^rd��HwOu�q,w1�QqBc^g�qBc^±¼u��Å�^wO�^g1¶ ����qBc^g�qBc^±¼u��Q�^w@�^g1¹ºq«dwJ�^±À¿�g�u�g`�Oq
qBcHu�g�na�^mËu�g`�`g`±³´1g�qBc^g`mYgsfsg`mBm5nL�1g`m�¶ ��oHu�±³�^�[qBc^g.u�g`�`g`±³´1g�w1�Hg�uYnLqB±³w1�+¹§qBc^g��HnLg�f�w1�Åf�o^qBg`p[±³m,�@uBnL¬^¬§g`�+¹+nL�^�
c^g`�^�`g�qBc^g`mBg,u�g`�`g`±³´1g�w��Hg�uBnLqY±²w��^m®n1u�g4w@u��^g�u�g`�#na�^�#q5uYnL�`g`�+¶ ��oHu�±³�^��u�g`�^µ¼n�r1¹OqBc^g4m5n1f�g�wOu��^g�u�±³�^��±²md±¼f��§w1mBg`�
w1�QqBc^g`mBg�u�g`�`g`±³´1g�w1�Hg�uYnLqB±³w1�+¶,ÝOo^�^�Hw1mYg1¹6�^oHu�±³�^�Âu�g`�^µ¼n�r1¹6qYc^g�È�uxmBq�qYcHu�g�nL�Âw��ÂqBc^g.u�g`�`g`±³´O±²�^�[�^wO�^g�q5u�±³g`m,qBw
g`pOg`�`o^qBg.±³qBm.u�g`�`g`±³´1gJw1�Hg�uBnaqB±³w1��È�u�mBq �YC+±³�1oHu�g�h����`¶[bdc^g#uxg`�^µ n�rÅf�g`��cHnL�^±³m5f�4±²µ³µd�Hu�g`´1g`�Oq�qYc^±²m�¹�na�^�ÅqBc^±³m
u�g`�`g`±³´1g�w1�Hg�uBnaqB±³w1�F�±³µ³µ�¬§g mYq5nLµ³µ³g`�+¹dqB±³µ²µ�qBc^gQu�g`�`g`±³´1gÂw1�§g�uBnLqB±³w1�Fwa°ËqBc^g�mBg`�`w1�^�¸qBcHu�g�nL�F±³mJg`p@g`�`o^qBg`� �Dw@u
mBo^¬Hf�±³qBqYg`�Â±³�Q��nLmBg�wa°�w���������������!�� � ¶ �4w1qBg�qBcHnLq�qBc^g�È�u�mBq�qBcHu�g�nL�[±³m,mBq�nLµ³µ²g`� �G^ ����d ^d�@uYnL¬^¬^±³�^�#qBc^g�f�o^qBg`p
nL�^��g`�@qBg�ux±²�^�'qBc^g�¯Lg�u��^g`µÐ¶d{�m�µ³w1�^�#nam�qBc^g�¯ag�u��^g`µ+±³m��`w��^�`g�u��^g`�+¹^qBc^g�u�g`�`g`±³´1g�w1�§g�uBnLqB±³w1�^m�n1u�g,g`pOg`�`o^qBg`�[±³�
qBc^g��`w@uBu�g`�`q¾w@u��^g�u`¹OnL�^�Jc^g`�^�`g,qBc^g�±³�OqBg�u��HnLµ6¯Lg�u��^g`µ6mBq5uxo^�`qBoHu�g`mv4±²µ³µ6¬Hg,¬^o^±³µ³q�±³�[qBc^g�m5n1f�g�w@u��^g�u¾nLmd�^oHu�±³�^�
qBc^g,w@ux±²��±²�Hnaµ�g`pOg`�`o^qB±³w1�+¶
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tvuxw1¬^µ³g�f�mv�±³µ³µ6c^wL®g`´�g�u
n1u�±³mBg�±À°�qBc^g,u�g`�`g`±³´1g�w��Hg�uBnLqY±²w��.±³m®�Huxw@f�±³mB�`o^w1o^m�¶�bdc^±³mdw@�`�`oHu�m¾±À°�qBc^g�u�g`�`g`±³´1g�g`´�g`�@q
�^wOg`m®�^w�q®mY�Hg`�`±À°àr[n,mYw1oHu��`g��^w@�^g�¬^o^q�nLµ³µ²wL�mdqBc^g,f�g`mBm�nL�1g�qBw�¬§g�mBg`�Oq¾°Óuxw@f nL�Or��^w@�^g �àmB�Hg`�`±ÀÈHg`�[¬Or.o^mB±³�^�
qBc^g�mB�Hg`�`±¼nLµ6mBr^f�¬Hw1µ�� ����x � � z%�	v �
�ÏnLmdmBw1oHux�`g��^w@�^g�� ¶uCº±³�1oHu�g.h���mBc^wL�mdnL�Jg`p n1fs�^µ²g���q�dw�qBcHuxg�nL�^mvw1�Jq�dw
�^±À¿�g�u�g`�Oqv�^wO�^g`mvmYg`�^�#n�f�g`mYm5nL�1gdqBw,qBc^g oaf�m ^
�§w@u�q
w1�Jn�qBc^±¼u��.�^wO�^g1¶ ���JqBc^±³mv�^wO�^g1¹1q�dw�qBcHu�g�nL�^m
g`pOg`�`o^qBg
n[�Huxw@f�±³mB�`o^w1o^m�u�g`�`g`±³´1gJw1�§g�uBnLqB±³w1�+¶Jbdc^g�u�g�°Ðw@u�g1¹+¬§w1qBcÅqYcHu�g�nL�^m,��nL� uxg`�`g`±²´�g#g`±³qBc^g�u�wL°�qBc^g.q�dwÏf�g`mYm5nL�1g`m
mBg`�Oq�¶�{�µ³qBc^w�o^�1cÂqBc^g�w@u��^g�u�±³�^�JwL°vqBc^g.u�g`�`g`±³´1g�w1�Hg�uBnaqB±³w1�^m�±³m,µ³w1�1��g`�+¹HqBc^±³m,±³m,�^w1q�mBoOÑ#�`±³g`�OqËnLm�qBc^g�nL�`qBoHnLµ
w@u��^g�u�±³�F�c^±³��cÅqBc^g[f�g`mBm5na�1g`m�n1uBu�±³´1g.nLq�qBc^g.�^wO�^g`m�±²m��^w1q3¯��^wL��+¶[bdc^±³m�w@u��^g�u�±³�^�Â±³m�w1�^µ³r ¯1�^wL�� f�eOj
�Hu�g`mBg�ux´1g`�#±À°vqBc^g�fsg`mBm5nL�1g`mdn1uBu�±³´1g4°Ãu�w@fÉqBc^g,m5n1fsg��^wO�^g1¹HnLm�mYc^wz4�#±³� Cº±³�1oHu�g.h��§¶ 
Ó�ÂqBcHnaq®��namBg�n��`w@uBu�g`�`q
u�g`�^µ¼n�rÅ±³m.�Hw�mBmB±³¬^µ³g1¶ 
à°�qBc^g[f�g`mBm5na�1g`m3n1uxg#mBg`�Oq�¬@r��^±î¿6g�u�g`�Oq.�^w@�^g`m�¹vnL�^�^±³qB±³w1�HnLµd±³�O°àwOuBf.nLqB±³w1��cHnLm�qBwQ¬Hg
u�g`�`w@ux�^g`�+¶

{4q,qBc^g#¯Lg�u��^g`µ¾µ¼n�r�g�u`¹�u�g`�`g`±³´1gJw1�§g�uBnLqB±³w1�^m�n1uxg.±¼f��^µ³g�f�g`�@qYg`� ¬OrQqBc^g_w�����������!Á°Ðo^�^�`qB±³w1�+¹��c^±³�5c���nLµ³µ²m
���&������������!H¶ ���&��� ��������!�¡nam�±³�^mBq5u�oHf�g`�OqBg`�[¬§w1qBc[qBw#uxg`�`w@u��[qBc^g�mBw1oHu��`g,wL°vnJf�g`mBm5nL��g1¹@±À°d±²q���nL�[¬§g3mYg`�@q
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Cº±²��oHu�g[h�����j¡g`�^µ n�rQ�^cHnLmBg��4qBc^g.u�g`�`g`±³´1g�w1�Hg�uYnLqB±³w1�Â¬OrÂqYc^g�È�uxmBq�qYcHu�g�nL�Âw�� qYc^g3qYc^± ux� �^wO�^g�±³m,mBq5nLµ³µ³g`� nLm
qBc^g�u�g`�`g`±³´1g,w��Hg�uBnLqY±²w��#¬Or#qYc^g,mBg`�`w1�^�[qBcHu�g�na�#cHnLmdqBw'�Hu�w@�`g`g`�JÈ�uxmBq�¶

¬Or�na�@r��^w@�^g1¹�nL�^� nL�Åw��Hg�uBnLqY±²w�� �OoHf�¬Hg�u`¶Jbdc^g�w1�Hg�uYnLqB±³w1�Q�@oHf�¬§g�u,±³m�qBw[¬§g#o^mYg`�Å¬@rQmBo^¬^mYg!�@o^g`�Oq,qBg`mBq
�Hu�±¼f�±³qB±³´1g`m,nL�^�ÂmYqBw@u�g`�J�±³qBcÂqYc^g3nL�`qBoHnaµ�mYw1oHu��`g,�^wO�^g1¹H±³�QqBc^g��0w ��� �	�lzAx ���	 �QwL°vqYc^g�nLmBmBwO�`±¼nLqBg`�Âu�g!�Oo^g`mBq�¹
�c^g`�ÅqYc^gsfsg`mBm5nL�1g�n1uBu�±³´1g`m �àmBg`g�mBg`�`qB±³w1�Å�^¶ � � ¶3ÝO±³�^�`gJqBc^g.n1uBu�±³´znaµ
wL°®qBc^g�g`pO�Hg`�`qBg`�Áf�g`mBm5nL��g3f�±³�1cOq,q5n1¯Lg
�^µ¼nL�`g[n�°àqYg�u�n[µ¼n1ux�1g.�OoHf�¬§g�u,wL°�qBg`mYq3u�g!�Oo^g`mBqBm�DmBg`g.mBg`�`qY±²w�� �^¶ � � ¹+±³q�±²m��^g`�`g`mBm�n1u�rQqBw o���dBb�qBc^g#q�uBnL�`g�ÈHµ³g
¬Hg�°Ðw@u�gÂuxg`�^µ n�r1¹
mYwÅqBcHnLq.nLm�mBwOw1�ÊnLm�qBc^g ��������������� !¸±²mJ�Hg�u«°àw@uYf�g`�+¹
qBc^gJ±³�^g`�@qB±ÀÈH��nLqY±²w��ÊwL°�qYc^g[g�f�±³qBqB±³�^�
�^wO�^g1¹
�^oHu�±³�^�QqBc^gÏuxg`�`w@u��^g`�Ág`p@g`�`o^qB±³w1�+¹Ò��nL� ¬§g.°Ðg`qB��c^g`�Å°Ãu�w@f qBc^gJq5uBnL�`g�ÈHµ³g1¶Átvu�wL´O±²mY±²w��Íf�o^mBq�nLµ³mBwQ¬Hg
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Cº±²��oHu�g,h����6{Êu�g�©Ãg`pOg`�`o^qB±³w1��qBcHnLq+±³m
�^w1�^�^g`qYg�uBf�±³�^±³mBqB±³�d±î°Hw��^g®wOu6¬Hw1qYcsuxg`�`g`±²´�gvw1�§g�uBnLqB±³w1�^m
n1u�g
�Hu�wOf�±³mB�`o^w1o^m�¶

f.nL�^g4qBw3u�g`�`wOu��.qBc^g��OoHf�¬Hg�uÒwL°�qBg`mBqYmvnLmBmBwO�`±¼nLqBg`�.qBw�qBc^g�u�g!�Oo^g`mBq�¶
b�nL¬^µ³gË��mBc^wL�mvqYc^g�±³�^mBq5u�oHf�g`�OqBg`�.�`wO�^g
°Ðw@u ���&������������!H¶

Ó�[qBc^g,qBg`pOqdqBc^g�°àw�µ²µ³wL�±³�^��°Ðo^�^�`qB±³w1�^m�n1uxg�o^mBg`���

�����?x�� |�����v^�J�1g`qBm�n��@oHf�¬Hg�u®°Óu�wOf qYc^g�q5uYnL�`g�ÈHµ³g W

��� �?x�� |�����v^�J�^o^qBm�n��@oHf�¬§g�u®naq�qBc^g�c^g�nL�[wL°
qBc^g,q5uBnL�`g4ÈHµ³g1¶
����� � z����Xv0w ��cz?xH�Ïu�g`qYoHu��^m®n.uxg!�@o^g`mBqd�OoHf�¬Hg�udqBw�¬§g�o^mBg`�ÂnLm�nL�[±³�^g`�OqB±ÀÈHg�u�wa°�nL�Â�Ât 
vu�g!�Oo^g`mBq�¶

b¡c^g ���&��� � v	z�� �[cHnLm,n.mB±¼f�±³µ¼n1u�¬§g`cHn�´O±³w@udqBw"���&����������!�±²�Q��nLmYg�qBc^g�±²�^�^±³��nLqYg`� mYw1oHu��`g,�^wO�^g3±³m
���������
����� ����� � � ��'6¹�±²���c^±³�5cQ��nLmYg�qBc^g�mBw1oHu��`g,�^g`g`�^m�qBwJ¬Hg3uxg`�`w@u��^g`�+¶�b�nL¬^µ³g3�'mBc^wL�m�qYc^g�±³�^mBq5u�oHfsg`�@qBg`�[�`wO�^g
°Ðw@u ���&����� � v	z ��� ¶
��qYc^g�u.q�rO�Hg`mJwL° '��Hu�w@f�±³mB�`o^w�o^m)(#°Ðo^�^�`qB±³w1�^m[n1u�g w���(���� � � x � �����
�������6¹�qYwÅqBg`mBqJ±À°snÁu�g!�@o^g`mYq#cHnLm'ÈH�O©

±³mBc^g`�+¹�nL�^� w�� � w ��� �?x&�	� ���
� ��� �H¹�qBwÅ�nL±³q�o^�@qY±²µ�n uxg!�@o^g`mBqsÈH�^±²mYc^g`m�¶Êbdc^g`mBgJ°Ðo^�^�`qB±³w1�^m.�^w��^w1q��^g`g`�ÊqBw
¬HgJ±³�^mBq5u�oHfsg`�@qBg`��mB±³�^�`g#qBc^g`rÅn1uxg.±¼f��^µ³g�f�g`�@qYg`� ¬OrQ��nLµ³µ²m�qBw'���&���%(������Êu�g!�Oo^g`mBqBm��c^±³�5cFn1u�g'qBc^g�f�mBg`µ³´1g`m
±³�^mBq5u�oHfsg`�@qBg`�+¶
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bºg`mBq�°Ðo^�^�`qB±³w1�^m�u�g!�Oo^±¼u�g�mY�Hg`�`±¼nLµvnLqBqYg`�@qB±³w1�+¶,bdc^g�°ào^�^�`qY±²w�� w"��(������ ��� � �"��� �Å´1g�ux±îÈHg`m,±À°�n#u�g!�Oo^g`mBq�±³m��`w@f�©
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mBqBwOu�g`�Â¬OrQ¬^µ²wO�`¯1m�¹ºg�nL��c ¬^µ³wO�Ì¯�¬§g`±²�^���Hu�wO�^o^�`g`�Å¬@rQnJmB±³�^�1µ³g#qYcHu�g�nL�+¹6±³qBm,mB±³»`gJ¬Hg`±³�^�Âµ³±¼f�±³qBg`�Á¬@r�qBc^g�mB±³»`g
wL°
qBc^g�q�uBnL�`g,¬^oO¿�g�u,naµ²µ³wO��nLqBg`��qBw.g�nL��cÂqBcHuxg�nL�+¶®b¡c^g,È�u�mBq4q«dw�dw@u��^m�wa°�g�nL��cÂ¬^µ³wO�Ì¯J±³�^�^±³��nLqBg�qBc^g�qBcHu�g�nL�
�OoHf�¬§g�u�na�^� qYc^g��OoHf�¬§g�u�wa°®¬Or@qBg`m�wL°vqBc^g�¬^µ³w@�`¯H¶�bdc^g.f�g`mBm5nL��g,�HnLmBmB±³�^�[q5uBna�`g`m�n1u�g�mBqBw@u�g`�QnLm�'�´@±¼u�qBoHnaµ%(
qBcHu�g�na�ÍªQq�uBnL�`g`m�¶Fbdc^g`mBgÂfsg`mBm5nL�1gJ�HnLmBmY±²�^��q5uBnL�`g`m��^g`g`�ÊqYw ¬§gÂmBwOu�qBg`�Á¬Hg�°Ðw@u�g[g`pOg`�`o^qB±³w1�Êu�g`�^µ¼n�r1¶Êbdc^±³m
mBw@uxqB±³�^�3±³m��^w1�^g,w1�^�`g1¹^nLq�qYc^g,¬Hg`�1±³�^�^±³�^�#wa°�qBc^g�È�u�mBq�u�g`�^µ¼n�r�g`�#g`pOg`�`o^qB±³w1�+¶vbºw.µ³±¼f�±³q�qBc^g,�OoHf�¬Hg�u¾wL°
q5uBnL�`g
ÈHµ³g`m�¹1qYc^g®±³�^±³qB±¼nLµ+nL�^��ÈH�HnLµ^´LnLµ³o^g`mvwL°6qBc^gdµ²w��1±³��nLµ^�`µ³w@�`¯1m¾wL°�qYc^g®qYcHu�g�nL�^m�wL°�qBc^g4�^w@�^g�n1u�gdmBqYw@u�g`�3nam�'�´@±¼u�qBoHnaµ%(
qBcHu�g�na�^mËh�nL�^�Â��q5uBnL�`g`m�¹^nLqdqBc^g,g`�^�[wa°�qBc^g�q5uBna�`g�ÈHµ³g1¶
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bdc^g��d +¢6£�¤�£�¥�¦§£�¨�©«ªJg`p@g`�`o^qB±³w1�Qu�g`�^µ¼n�rÂf�g`�5cHna�^±²m�f �nLm�qYg`mBqBg`�Âw��ÂmBg`´1g�uYnLµ+qBwLrJ�Hu�w1�@uBn�f�m¾°àg�nLqYoHu�±³�^�#nLµ³µ
�Hw�mBmB±³¬^µ³g3��namBg`m�wa°v�^w1�Q�^g`qBg�uBf�±³�^±³m5f wL°®�d +¢6£�¤�£�¥�¦H£�¨§©«ª^¶�
Óq��nLm�naµ²mYw[qBg`mBqBg`�[w1�QqBc^g�n�´znL±³µ¼nL¬^µ³g��Hu�w1�@uBn�f
g`p^n1f��^µ³g`mvwL°6qBc^g��d +¢6£�¤�£�¥�¦H£�¨§©«ª,�^±³mBq5ux±²¬^o^qY±²w��+¶�
Ðq
�nLmvnLµ³mBw,o^mYg`�.qBw,�^g`¬^o^��qYc^g��d +¢6£�¤�£�¥�¦H£�¨§©5h�mBrOmBqBg�f ¹
�c^±³��csuxg`�Hu�g`mBg`�OqBm�n�µ¼n1ux�1g��d +¢6£�¤�£�¥�¦§£�¨�©«ª��Hu�w1�@uBn�f�HqYc^±²m
�nLm
nL��w1�^�§w@u�qBo^�^±³q�r,qBw��^±²mY�`wz´�g�u�mBw@f�gdf�±³mBmB±³�^�
°Ðg�nLqBoHu�g`mdwL°�qYc^g,�`oHuBu�g`�Oq®±¼f��^µ³g�f�g`�Oq5nLqY±²w��[mBo^�5cÂnam®¬§g`±³�^�ÏnL¬^µ³g,qBw'm5n�´1g�q�uBnL�`g`mvwa°���uBnamBc^±³�^�3�Huxw1�@uBn1fsm�¶


4�.qBw,�^wL�¹�qBc^g�mB±³»`g�wa°(qYc^g�u�g`�`w@u��^g`�'q5uBnL�`g`mvu�g�f'nL±³�^g`�.µ³± fs±²qYg`�ÏnLm¾dg`µ²µ6nLmvqYc^g�wL´1g�u�c^g�nL��wL°�u�g`�`w@u��^±³�^�H¶
ÝOoHu��Hu�±³mB±³�^�1µ³r1¹6qBc^g�u�g`�^µ¼n�r1g`�Âg`pOg`�`o^qB±³w1�^m,dg�u�g�°ÃnLmBqBg�udqYcHnL�ÂqBc^g��`w@uBu�g`mY�Hw1�^�^±³�^�[u�g`�`w@u��[g`pOg`�`o^qB±³w1�+¶,ÝOo^�5cQn
�^c^g`�^w@f�g`�^w�� �`w@fsg`m��Hu�w1¬Hna¬^µ²r�°Óu�wOf2qBc^g#¬§g`cHn�´@±³w@u�wL°�qBc^gJ�HnLg�f�w1��qBcHu�g�nL�+¶Qbdc^gJ�HnLg�f�w1�ÅqYcHu�g�nL�Å�nLm
�^g`mB±³�1�^g`��qBw.w1�^qB±¼f�±³»`g�qBc^g,�Hg�u °Ðw@uBf'nL�^�`g`mdwL°��`wOf.f�o^�^±²��naqB±³w1�^m�¹OqBcHnLqd±³m�qYw#u�g`�^o^�`g�qYc^g`± u¡µ naqBg`�^�`r1¶®ÝO±³�^�`g�±³q
±³m�mB�5c^g`�^o^µ³g`�Á¬@rÅÝOw1µ¼n1ux±²m�nLm3na�Åw@u��^±³�Hn1u�r�qBcHu�g�nL�+¹º±³q�q5n1¯ag`m�nL�Å±¼f��HwOu�q5nL�Oq,�Hu�w1�§w@u�qB±³w1�QwL°�|�t,
ÉqB±¼f�g�°Ðw@u
�^w1���`w@f��^o^qYg®±³�OqBg`�^mB±³´1g��Huxw1�@uBn1fsm�¶�ÝO±³�^�`g,f�w1mBq�qBg`mBq
�Huxw1�@uBn1fsm+o^mBg`�.mBw�°Ãn1u�n1u�gd�`w@f.f�o^�^±³��nLqB±³w1��±³�OqBg`�^mB±³´1g
�Hu�w1�OuBn1f�m�¹LqYc^g,�`w@f.f�o^�^±³��nLqB±³w1�.�HnLg�fsw1�#qYcHu�g�nL�J±²m�nL�`qB±³´znLqYg`�J°Óu�g!�Oo^g`�OqBµ³r1¶�·¸c^g`� nL�`qY±²´LnLqBg`�+¹On�µ¼n1u��1g��Hn1u�q
wL°
±³qBm�nL�`qB±³´O±³q«rJ±³m��Huxw1¬^±³�^�.�`w@f.f�o^�^±³��nLqB±³w1�^m�na�^�[qBg`mBqB±³�^��°Ðw@u¾qBc^g,�`w@f��^µ³g`qB±³w1��wL°
¬^µ²wO�`¯1±³�^�[�Ât�
¾u�g!�Oo^g`mBqBm�¶
��oHu�±³�^�Åu�g`�^µ¼n�r1g`� g`pOg`�`o^qB±³w1�^m�¹¾f�w1mBq�wL°�qBc^gJ��nLµ³µ³m.qBw ���&��� �������¸w@u ���&�����{v	z�� �Ín1u�gJu�g`�^µ¼nL�`g`�F¬@r�mB±¼f��^µ³g
±³�@qYg`�1g�u¾�`w@f��Hn1u�±³mBw��^m�¹O�c^±³�5cÂf�±³�1cOqdg`p@�^µ¼nL±³��qBc^g,�Hg�u °Ðw@uBf'nL�^�`g��OnL±³�^m�¶

COo^qYoHu�g�dw@uY¯��`w1�^�`g�u��^md±³�@qYg`�@uBnLqB±³�^��qBc^g�u�g`�`w@u��O©«uxg`�^µ n�r�±³�[qBc^g��d +¢6£�¤�£�¥�¦§£�¨§©«ª��^g`¬^o^�1��g�uv¬§g`±³�^�.¬^o^±³µ²q
mBw�qBcHnLq�q5uBnL�`±³�^�,nL�^��´@±³mBoHnaµ²±³»�nLqY±²w��3wa°H�Hu�w1�@uBn�f�m+��nL��¬Hg��§g�u °àwOuBf�g`�,�^oHu�±³�^��u�g`�^µ¼n�r1g`��g`p@g`�`o^qY±²w��^m�¶+{��^w1qBc^g�u
±³�@qYg�u�g`mBqB±³�^�Âg`pOqBg`�^mB±³w1��®w�o^µ²��¬HgJqBw nL�Hna�^q,qBc^g 
1±¼bd±�uBnL�`g��^g`qBg`�`qY±²w�� qBwOw1µ �î� ���®qYwÂw1qBc^g�u��^µ¼nLqx°àw@uYf�m,qBcHnLq
ÝO�Hn1u��`m,mYwÂqBcHnLq,±³q���nL�Å¬Hg'o^mBg`� ±³�Å�`w���yBo^�^�`qB±³w1���±³qBcÅqBc^g.g`pOg`�`o^qB±³w1� uxg`�^µ n�rQw1�ÅqYc^g3�^µ¼nLqx°àw@uYf�m�u�o^�^�^±³�^�
�d +¢6£�¤�£�¥�¦§£�¨§©«ª�w@u4�d +¢6£�¤�£�¥�¦§£�¨�©5h"�î�	���Hu�w1�OuBn1f�m�¶
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�¼h � t�¶î��¶îj,¶§{�o^�^g`�Hnag�u�q�nL�^�ÂÕ
¶ 
H¶�Õ(g`´ u�w�o@�¶�
Ð�OqBg�uBuxo^�^q�u�g`�^µ¼n�r �dn.�^g`¬^o^���1±³�^�Ïf�g`qYc^w@�J°Ðw@ud�Hn1uYnLµ³µ²g`µ��Hu�wL©
�@uYn1f�mv4±²qYc[±²�OqBg�uBuxo^�^qBm�¶�� nsqrd�� �)d��XqG^Go o���d o f�eOj�� nsqrd��AoBhAoBb/^%m o5¹�h�� �xh�ª����î�Lª^ha�� hÌ� ¹���g`�`g�f�¬§g�u�h��1���H¶

�î� � �,n�´O±²� C¾¶�½dnL�`w1�ÅnL�^�ÅÝOg`qBcÁ|dw1�Hg`�U��w1µ³�^mBqBg`±³�+¶#}�n1u��^�n1u�g�©«namBmB±³mBqBg`�Âu�g`�^µ¼n�rÂwa°¡f�o^µ³qB±³�Hu�w@�`g`mYmBw@u��Hu�wL©
�@uYn1f�m�¶���d �AqB^G^Gj�nPe��?o � � b�� ^������
	������� ��d �Ao��&� � ��e���f�d f�gPg�^rg9f?eOj��Mn�oBbDdGn
� �{b/^Bj�� ^ � � � � nIe���� �
� ���
ginpo�� ^Gj nIe��
��� ��������� �!" ��bDnDqG^Go5¹O�1� ��h�� ���¼h����A �Lª1� ¹ ��g`�`g�f�¬Hg�u�h��1�^h1¶

�î� ��t�¶ ©«~4¶@½¾g�u��Hn1u��.nL�^� ��¶1b�u�r@mYq5uBn1f[¶§jdg`�Hw@uxqvw1�#n�t
n1uBnLµ³µ³g`µ�� w1µ³g`�`o^µ¼n1u$��r@�Hn1fs±²�`m�
Ãf��^µ³g�f�g`�Oq5nLqY±²w��+¶�
Ð�
��f�d f�gPg�^rg#� ��m ���{bDnPe���¹H½¾w1�^�+¹O��g�uBf.na�@r1¹^�Ân�rÂh��1��$^¶

� � � 
H¶^½du�±¼nLq�¹�
Y¶ ��±³�^»`¬^oHu��§¹HnL�^�[�Å¶^t
nLmB±³�+¶$�Mb�� f �OfAoaqGf�e%�'&(� ^ �X^%d ^reOqB^�f�eOj*)5oa^rd�� f�e��0f�g o5¶
Õ+�Â|¾© 
 �[{ ��¹
½�¶ît�¶^�1�^¹{C6©«�1��ª��Hh �,uxg`�^w1¬^µ³g3|dg`�^g`p#� ¹ ��n1u���c h��1�1�^¶6cOqBqB���%� �L��d©«na�HnL�Bc^g1¶ ±¼f.nL�§¶ °Ãu*��mBwL°Dq«dn1u g��1nLq�cHª��O¶

�î� � 
H¶^½du�±¼nLq�¹�
Y¶O��±³�^»`¬^oHu��H¹H��¶ t
namB±³�+¹ na�^�Ï½�¶HtÒµ naqBg�nLo+¶+{4qBcHnL�HnLmB��na�#u�o^�OqB±¼f�g �
~�Ñ#�`±³g`�^�`r.°Ðw@u¾±¼uBu�g`�1o^µ¼n1u
�Hu�w�¬^µ²g�fsm�¶�
Ð�+��d��XqG^G^Bj�nIe���o � � b�� ^-, �	d�� �Of�d�. /�01� ��e �X^%d ^%eOqG^`¹��HnL�1g`mv�1��ªA �1�1� ¹zt
nLmYm5nLo+¹ ��g�uBf.na�@r1¹L{�o^�
h�����$^¶@ÝO�Hux±²�^��g�u��
g�u�µ¼nL�H¶

�î� � ��g�u�mYw1� ��¶}�¶Ê|�n�´LnLµ³c^g`± uxwH¹ C^uBnL� w1±³m �,naµ²±³µ�g1¹ na�^� 
1g�nL�O©«Õ6w1o^±³m�jdwO��c+¶ {�qBcHnL�HnLmY��nL�O©
h���t
n1uYnLµ³µ²g`µ[tvuxw1�@uBn1f'f�±³�^�Ô�±³qBcÎ{�mYr@�^��cHu�w1�^w1o^mFb�nLm5¯�m�¶ 
Ð�2��d��XqG^B^Gj�nIe���o � � b�� ^43;f�g�^5� �	gibDn6�
b��	d ^Gf j ^Gj���d�� � d f�m�m�nIe��7� ��d �Xo-�&� ��¹ �vnLµ³g1¹ 
�ÝO{�¹+yBo^�^gFh��1���^¶�c@qBqY���%���L�4d©«n��HnL�5c^g1¶ ± f'n��§¶ °àu*���1g�u ©
mBw��^���L�^o^¬^µ³±²��naqB±³w1�^m2�Lr@naµ²g����^¶ �^m�¶ ��»1¶

�%$ � 
H¶^|,¶^|do^�^cHn ¹ 
H¶^Õ6w1oHuxg`�^�`wH¹^nL�^�Ïb�¶@{��Oq5nLwH¶6{��#g`pO�Hg�ux± fsg`�@qd±³�[qBwOw1µH±³�OqBg`�@uBnLqY±²w����+qBc^g��^�^¬^���Hn1uBnLµ³µ³g`µ
nL�^�Q�^±³mBq5ux±²¬^o^qYg`�Å�^g`¬^o^�1�1g�u`¶ 
Ð�ÅÝ6¶6·Ê±³�OqBg�u�t�¶6�[±³µ³µ²±³�@na�+¹
g`�^±³qBw@u`¹98 � f � � ^Gf�d nIe;: � �	dGeOf�g � � �OhAoBb/^rm o
�Md q �	nPb/^Gq%b �{d ^<���	�O^Bqrnsf�g=� o o �0^ ��e+8"� ��g o f�eOj!,�e �AnPd���e0m ^re0bIo ����d�� f�d f�gIg�^%g=��d��XqG^Go oGnPe���¶�~
µ³mBg`´O±³g�u
ÝO�`±²g`�^�`g1¹
h�����$^¶

�î� ��½�¶6�^g ��µ³±³´1g`±¼uBnQÝOqBg`±³� nL�^� 
H¶�|dcHnLmBmB±³�Q�^g_t�g�u���w@f.f�g�nLo^p6¶�
Ó�@qBg�uYnL�`qB±³´1g�´@±³mBoHnaµ²±³m5naqB±³w1�Åg`�O´@±¼u�w1�Hfsg`�@q
wL°®f�o^µ³qB±À©ÃqBcHu�g�na�^g`�Â�Hn1uBnaµ²µ³g`µ��Hu�w1�@uYn1f�m�¶�
Ð�>� f?d f?gPg�^%g�� ��m ���{bDnPe��%?1@��{eOj f�m ^re0b/f�g oA�B� ���;g nDqGf�bDn �?e{o f�eOj
 ^��>�MnPd ^Gq%bDn���e{o5¶^~
µ³mBg`´O±³g�u`¹+h�����$^¶

�î� ��t�g�uBuxr {�¶v~¾f.uBnLqBcÁnL�^� �,n�´O±³� {�¶
t
nL�^oHn^¶Å{�o^qBw@f'nLqB±³�.�^g`qBg`�`qB±³w1�Fwa°��^w1�^�^g`qBg�uBfs±²�Hna�`rÅ±³�F�Hn1uBnLµ³µ³g`µ
�Hu�w��@uBn1f�m�¶���d��XqG^B^Gj�nIe���o � � b�� ^��
��� ���C���B�D���	����C����� �E� ��d �Xo���� ���?eF� f?d f?gPg�^%g;f�eOj�� npoBbDdGn � �	b/^Gj
� ^ � � � � nIe���� ��� �rgin�o��0^BjTnPe��
��� ���C���B�D��" ��bDnDqB^ao5¹@���,��h����î���A �L�^¹ 
@nL�OoHn1u�r[h����1�^¶

�¼h�ª �Ë{�¶�C^na�1w1q#nL�^� 
H¶d|dcHnLmBmB±³�¸�^g t�g�u��1wOf.f�g�nLo^p6¶ COwOuBf.nLµ�na�^�Êg`pO�Hg�u�±¼f�g`�Oq5nLµ�´LnLµ³±³�HnLqB±³w1�WwL°3nQµ³wLd©
wL´1g�u�c^g�na�.g`p@g`�`o^qY±²w��Ïu�g`�^µ¼n�r#f�g`��cHnL�^±³m5f[¶ 
Ð� � GIH f?dBnDj�n6��J(GK�MginL�=f�eOj
�9GD� f � e��lo o ��e%��^Bj�nIb ��d oA��, �{d �M�
��f�dN. /PO�� f�d f�gIg�^%gQ��d��XqG^Go oGnPe��R� � ��g �	m ^S/=TPT � ���#
� �H¹^�HnL�1g`m,h���$c�h�$1�^¹L{�o^�1o^mBq,h����1�^¶

�¼h1h �Ë{�¶)C^na�1w1q�nL�^� 
H¶6|dcHnLmBmB±³���^g t�g�u��1wOf.f�g�nLo^p6¶®ÝOrOmBqBg�f'nLqB±³��nLmBmBg`mYm5f�g`�Oq�wL°vqBc^g�wz´�g�u�c^g�nL�JwL°vq5uBnL�`±³�^�
�Hn1uYnLµ³µ²g`µ��Hu�w1�OuBn1f�m�¶�
Ð�U,VGW�XGZYuf � f?b/f[�_^Bj�nIb ��d\�
��d��XqG^B^Gj�nIe���o � � b�� ^F] b��^, �{d �?m nDq%d��_� ��d �Ao��&� � ��e
��f�d f�gPg�^rg)f�eOj��Mn�oGbDdBn
� �{b/^Bj �)d��XqG^Go oBnPe��R�������`. /=T[��a�d f �{fPGD�b,�,B,#	�� �H¹�
@nL�OoHn1u�rÂh����1�^¶

�¼h�� � 
*COw1mBqBg�u`¹O|,¶0t�g`mBmBg`µ¼f.nL�+¹^nL�^�[Ý6¶^b+o^g`�`¯Lg1¶�bdc^g��^g`pOo^m�nL�^�Huxw@nL��c.qBw�±³�OqBg`�@uBnaqB±³�^�3f�o^µ³qB±³qBcHu�g�nL�^±³�^�.nL�^�
�`w@f'f�o^�^±³��nLqY±²w��+¶V: � �{dBeOf?g � ��� f?d f?gPg�^%g;f�eOj�� npoBbDdGn � �	b/^GjF� ��m ���{bDnIe��1¹H��$ ��h����%$�ªA �L�^¹Oh��1�1�^¶

�¼h�� � C¾¶)�,naµ²±³µ�g1¹ 
§¶ ©«Õ
¶6jdw@��c+¹O��¶;��¶�}�¶H|�n�´LnLµ³c^g`± uxwH¹HnL�^�Q�Å¶ ��w@u�g`±³µ³µ²g1¶d{Ç��g`�^g�uBnLµ+f�wO�^o^µ n�udmB�Hg`�`±ÀÈH��nLqY±²w��
°Ðw@u¾�^±³mBq5u�±³¬^o^qBg`�[mB��c^g`�^o^µ³g�u�m�¶�
Ó�c��f q%bd. /�e1¹^t
n1u�±³m�¹{C^uBnL�^�`g1¶¼¹ ���`q�h��1�1� ¶
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�¼h�� �Ë{�µu��g`±³mBq�¹6{��Hn1f ½¾g`�1o^g`µ³±³�+¹ 
@nL�`¯ ��w1�^�@n1uYuBn^¹1·Qg`±³��c^g`�^� 
1±¼nL�^�H¹6jdw1¬§g�u�q,�ÂnL�^��c^g�¯H¹6nL�^� �vnL±³�^r ÝOo^�O©
�^g�uBn�f[¶���� ��� )5o%^%d�. oF� �{nsj ^ f�eOj+��^ �X^%d ^%eOqG^1� f�e��0f�g³¶ �,n1¯Qjd±³�^�1g ��nLqB±³w1�HnLµvÕ+na¬Hw@uBnaqBw@u�r1¹��,n1¯
jd±³�^�1g1¹§b+g`�^�^g`mBmYg`g���$1�1�^h�¹@�Ân�rQh��1���§¶

�¼h�� ��Õ6g`mYµ²±³g#Õºn1f��HwOu�q�¶dbd±¼f�g1¹H�`µ³wO�Ì¯�m�¹6nL�^�ÂqYc^g�w@u��^g�ux±²�^�JwL°
g`´1g`�OqBm�±³�Qn.�^±³mBq5ux±²¬^o^qYg`� mYr@mBqYg�f[¶S� ��m�m �{e0nL�
qGf�bDn���e{o � � b�� ^��
���Â¹H�^h � $ ���î�1�1�r �L�1� ¹ 
1o^µ³rÅh�� $1�^¶

�¼h�� ��bdc^wOf.nLm 
§¶ Õ(g�½vµ¼nL�^��na�^� 
1w�c^�Ï��¶H�[g`µ³µ³w@u ©«|�uxoHf.f�g`r6¶ ��g`¬^o^�1�1±³�^���Hn1uBnLµ³µ³g`µ6�Hu�w1�@uBn�f�m
�±³qBc
Ð�^mBq5na�@q
jdg`�^µ¼n�r1¶��b,B,�, 82d f�e{oaf qrbDn ��e{o �?e;� ��m ���{b/^%d o5¹H|®©«�1� � � �	� � $^h  �1�1�^¹�{��Hu�±³µvh��1��$ ¶

�¼h�$ ��~4¶@Õ6g`o+¹�{3¶OÝO�5c^±³�Hg�u ¹ na�^�.{3¶�	ºuBn1f��^±³�^±Ð¶+~
pOg`�`o^qB±³w1�#jdg`�^µ¼n�r�w1� ��±³mBq5ux±²¬^o^qYg`�#�[g�f�wOu�r�{Ëu���c^±³qBg`�`qBoHu�g`m�¶

Ó� ��d �AqB^G^Gj�nPe��?o � �Mb�� ^�� eOj1�b,B,�, �Ohcm ���AoBn �	m ��e � f�d f�gIg�^%gOf�eOj1�MnpoBbDdBn
� �{b/^Gj1��d��XqG^Go oBnPe���¹1�HnL��g`m�h�ª1�c
h1h��^¹ �,nLµ³µ¼nLm�¹2
�ÝO{�¹���g`�`g�f�¬§g�u,h��1��ª^¶

�¼h�� ��~¾u�±³�3Õ6g`o+¶-�9f d ^a`?^Gq �{bDn ��e �)nD^%dGd ^�f�e�� �	g�f�nId ^�j ^ g fTm�n�o%^ f � � �?nPe0b�j ^ao �)d�� � d f�m�m ^Go � f�d f�gIg5g�^Go5¶dt
c&�
qBc^g`mY±²m�¹^�`w1µ³g�t�w1µ³r@qYg`�5c^�^±��Oo^g CÁ�ÂuBnLµ³g,�^g�Õ+nLo^m5na�^�^g1¹�h��1�1�^¶ 
Ð� C^uxg`�^�5c+¶

�¼h�� ��~¾u�±³�3Õ6g`o+¹6{��^�Hu�l3ÝO��c^±³�Hg�u`¹+na�^�Â{�¬H�^g`µ³�nLcHnL¬ 	ºuBn1f��^±³�^±Ð¶�~�Ñ#�`±³g`�Oq�g`pOg`�`o^qB±³w1�Åu�g`�^µ¼n�r#qYg`�5c^�^±��Oo^g�°Ðw@u
�^±³mBq5ux±²¬^o^qYg`��fsg�f�w@u�r[n1u���c^±³qBg`�`qBoHu�g`m�¶ 
Ó�>��d��XqG^B^Gj�nIe���o�,B���c�����R� �)^Gq���eOj�, �{d�� � ^Gf�e>� ��e �r^rd ^%eOqG^ ��e
�Mn�oGbDdBn
� �{b/^Bj�� ^%m ��dGhF� ��m ���{bDnPe���¹^�HnL�1g`m��^h��A �1���§¶1ÝO�Hu�±³�^�1g�u © �
g�u�µ¼nL�H¹6h����^h1¶

�î�1ª ��Õ
¶ 
H¶�Õ(g`´ u�w�o@ na�^� t�¶î��¶îj,¶^{�o^�^g`�HnLg�u�q�¶�� ±³�^± fs±²»`±³�^�QqBc^g,µ³w1�JmB±³»`g�°àw@u¡g`p@g`�`o^qB±³w1�Qu�g`�^µ¼n�r[wL°vmBcHn1u�g`�O©
f�g�fsw@u�r��Hu�w1�@uYn1f�m�¶ 
Ó�Â½du�o^�^w3½¾o^��c@¬§g�u��1g�uvna�^� 
1g`�^m �
w1µ¼¯Lg�u�q�¹�g`�^±²qYw@u�m�¹Q� f�d f�gIg�^%g%��d��AqB^ao oBnIe�� ?!� ����
� �!� /C]��	�M�!�B�
�#�B¹^Õ ��|�Ý[�1���H¹O�HnL��g`m $��A ��$^¹O½¾g�u�µ³±²�Q}�g`±³�^g`µ³¬Hg�ux�H¹+h��1� �H¶@ÝO�Hu�±³�^�1g�u«© �
g�u�µ¼nL�H¶

�î�^h ��Õ6oH¯ 
H¶�Õ6g`´^u�w1oO�¹�t�w@g`�HuBn�nL�Å�Å¶�{�o^�^g`�Hnag�u�q�¹�na�^� 
@nL�F�Å¶ �vnL�Í|4n1f��Hg`�^c^w�o^q�¶#~Òp@g`�`o^qB±³w1�Áu�g`�^µ¼n�r
�±³qBcJ�`w@f��Hna�`q
µ²w��1m
°Ðw@u
mYcHn1u�g`�O©«f�g�f�wOu�r��Hu�w��@uBn1f�m�¶ 
Ð�[|,¶	��±¼uBnao^µ²q�¹@g`�^±³qBwOu`¹ � ���)ginDqBf�bDn���e{o�nIe�� f�d f�gIg�^%g
f�eOj(� npoBbDdGn � �	b/^Gj�� �?m��
�	bDnIe��1¹-
/C 
ÃtFb�uBnL�^m5nL�`qY±²w��^m�{4© ��� ��|dw@f��^o^qBg�u�ÝO�`±³g`�^�`gËna�^�#b+g`��c^�^w1µ³w1�1r1¹��HnL�1g`m
h����A�h����§¶1~
µ³mBg`´O±²g�u4ÝO�`±²g`�^�`g�½�¶ �3¶ ¹&�4w@u�qYcO©«}�w1µ³µ¼nL�^�+¹6h��1� �H¶

�î�1� ��Õ6oH¯ 
H¶�Õ6g`´^u�w1oO�¹�t�w@g`�HuBn�nL�Å�Å¶+{�o^�^g`�HnLg�u�q�¹�nL�^� 
@nL� ��¶��vnL�F|�n1fs�Hg`�^c^w1o^q�¶'{ �^g` q�uBnL�`g.nL�^�
u�g`�^µ¼n�rÂmYr@mBqYg�f °àw@u4mBcHn1uxg`��fsg�f�w@u�r[�Hu�w��@uBn1f�m�¬HnLmBg`�Qw1�ÅÕ+n�f��Hw@uxq�|dµ³w@�`¯1m�¶ 
Ó�E��d �AqB^G^Gj�nPe��?o � �kb��0^
�)^Gq��?eOj-, �{d �?m nDq%d��
� ��d �Xo-�&� � ��e
��f�d f�gIg ^rg f�eOj-� npoBbDdGn � �	b/^Gj-��d��AqB^ao oBnIe��1¹`�HnL��g`m�� $^hG-� $1�^¶*
 ~v~v~�|dw@f�©
�^o^qBg�u4ÝOw@�`±³g`q�rÏt¾u�g`mBm�¹ 
@nL�OoHn1u�rÂh��1���H¶

�î�1� ��Õ6oH¯ 
§¶�Õ6g`´^u�w1oO nL�^� t�w@g`�HuYn1nL�Â�Å¶Àj,¶H{�o^�^g`�HnLg�u�q�¶��[±³�^±¼f�±³»`±²�^��qBc^g�µ³w1�JmB±³»`g,°Ðw@udg`pOg`�`o^qB±³w1�Qu�g`�^µ¼n�r
wL°
mBcHn1uxg`�O©«f�g�f�w@u�r��Hu�w1�@uYn1f�m�¶�b+g`��c^�^±³��nLµ+u�g`�Hw@uxq�¹0
��^±³´1g�u�mY±²qYg`±²q4qBg ��g`�@q�¹ ~¾Õ�
ÃÝ6¹2COg`¬Hu�oHn1u�±vh��1���H¶

�î��� ��� g`mBm5nL�1gQt
nLmBmB±³�^� 
Ð�OqBg�u °ÃnL�`g COwOu�oHf[¹ 
4�^±³´1g�u�mB±³q�rÊwa°3b+g`�^�^g`mBmYg`g1¹ t��^wLp@´O±³µ³µ²g1¹�b+g`�^�^g`mBmYg`g1¶4�F�B� ?9�
� ^ao oaf �{^<� ��fAo oBnIe�� �Ob/f�eOjlf�d jL¹���n�rÂh��1���§¶

�î�1� � C^uBna�H¯ � o^g`µ²µ³g�u`¶ { µ³±³¬HuBn1uxrF± fs�^µ²g�fsg`�@q5naqB±³w1�FwL°�t��,Ý�
 �2qBcHu�g�na�^m.o^�^�^g�u 
 � 
 �3¶ 
Ð�_��d��Xq[G � � b��0^
��nIe0b/^%dF) ��,B���� � ��e �X^%d ^%eOqG^`¹O�HnL��g`m¡���A �Hh1¹OÝ^nL� ��±³g`�1wH¹^|d{�¹�
@nL�OoHn1u�rÂh����1�^¶

�î�1� ��jdw�¬Hg�u�q�}�¶î½�¶ ��g`qY»`g�u`¶ ���^qB±¼f.naµ
q5uBnL�`±³�^�ÂnL�^� uxg`�^µ n�r °àw@u��^g`¬^o^���1±³�^�ÂmBcHn1uxg`�O©«f�g�f�w@u�r[�Hn�uBnLµ³µ³g`µv�Hu�wL©
�@uYn1f�m�¶!
Ó� ��d �AqB^G^Gj�nPe��?o(�
���
	����� � ��d �Xo��&� � ��e^��f�d f�gPg�^rg f?eOj*� npoBbDdGn � �	b/^Gj�� ^ � � � � nIe��1¹¾�HnL�1g`m
hG6h1h1¹@��n�r h����1�^¶

�î��$ � ��¶�t
na� nL�^�Î�Å¶.Õ6±³�OqBw1�+¶ ÝOo^�^�§w@u�qB±³�^�Çjdg`´1g�u�mYg~
pOg`�`o^qB±³w1�ÉwL° t
n1uBnLµ³µ³g`µ#t¾u�w1�@uBn�f�m�¶ 
Ó� ���C���
��� ���	����C����� �E� ��d �Xo-�&� � ��e+� f�d f�gIg�^%g)f?eOj�� nIbDdBn
� �{b/^Gj1� ^ � �	� �lnPe���¹@�Hna�1g`m,h������h��1�^¹1�Ân�rÂh��1�1�^¶
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�î�1� ����¶@jdw1�^mYmBg�nL�^�.Õ
¶OÕ6g`´ uxw1o@�¶^{��'g`p@�§g�u�±¼f�g`�@q�nLµ^g`´znLµ³oHnLqY±²w��.wL°(n�u�g`�^µ¼n�r3f�g`qBc^wO��°àwOu�mBcHn1u�g`�#fsg�f�w@u�r
�Hu�w��@uBn1f�m�¶ 
Ð� ~4¶����î}4w1µ³µ¼nL�^�^g�u`¹;��¶îj,¶ 
1w�o^¬Hg�u�q�¹;C¾¶ 
H¶+t�g`qBg�u�m�¹&��¶�b�u�rOmBq5uBn�f[¹0t�¶ ��g3½¾w1mBmB��c^g�u�g1¹6nL�^�

H¶ �vnL�Ô|�n1fs�Hg`�^c^w1o^q�¹¾g`�^±³qBw@u�m�¹�� f�d f�gIg�^%g�� ��m ���{bDnPe��%? �Ob/f�b/^�� � �<� b��0^<� � dBb f�eOj � ^%d o
�O^BqrbDn���^Go5¹¾�HnL�1g`m
�1���A �@ª1� ¶���w@uxqBcO©«}�w�µ²µ¼nL�^�+¹0��g`�Oq�¹6h��1�1� ¶

�î�1� ����¶vjdw1�^mBmYgÂnL�^�ÊÕ
¶vÕ6g`´^u�w1oO�¶ ���ÊqYc^g[± fs�^µ²g�fsg`�@q5naqB±³w1�FwL°ËnÅuxg`�^µ n�rFf�g`��cHnL�^±³m5f[¶ 
Ð�WÕ
¶v½¾w1o^�1g1¹
t�¶�C^uBnL±³�1�^±¼nLo^�+¹1{�¶L�[±³�1�^w1qBqYg1¹1nL�^��3¶Ljdw1¬§g�u�q�¹Lg`�^±³qBw@u�m�¹P��d �AqB^G^Gj�nPe��?o � � , �	d��[� � f�d�� /PTL¹L´1w�µ²oHfsg®Õ ��|�Ý
h1h��1�^¹1�Hna�1g`m $1ªA $1� ¶@ÝO�Hu�±³�^�1g�u © �
g�uxµ na�H¹^Õ6r1w1�+¹O{�o^�1o^mBq,h��1�1� ¶

�î�1ª ����¶�jdw1�^mBmBg1¹�ÕÒ¶�Õ6g`´ uxw1o@�¹�nL�^� t�¶�½dnLmBqY± nag`�^m�¶ ~�Ñ#�`±³g`�@qJ�`w@�^±³�^�FwL°�g`p@g`�`o^qY±²w��O©Ãq5uBnL�`g`m.wa°��Hn1uBnLµ³µ³g`µ
�Hu�w��@uBn1f�m�¶ 
Ð� 
H¶
t�¶��
g`g`�+¹�g`�^±³qBw@u`¹���d �AqB^G^Gj�nPe��?o � ��b�� ^���d��[�9� �#� 	^�b,B,B,"a ^reO^%g � `^� ��d �Xo��&� � ��e
�=nId q �	nIbIoA���OhAoBb/^rm o f?eOj �On �leOf�gD��d��AqB^ao oBnIe��1¹1�Hna�1g`m��1�^hG ���1�^¶1Ý^bd·�¹O
�q�u�g`�5cOq�¹O�Ân1u���cÅh��1���^¶

�î�^h ��� ±²��c^±³g`µ�jdw1�^mBmBg1¶�{��Åg�Ñ#�`±³g`�Oq,±¼f��^µ³g�f�g`�@q�nLqB±³w1�ÅwL°�n[u�g`�^µ¼n�r f�g`��cHnL�^±³m5f[¶"
Ó�^� f�d f�gIg�^%g�� ��m ���	bDnIe�� ?
�"� �%b �,f�d ^<�#�Md q��{nPb/^Gq%b �{d ^Go f�eOj � � ^%d f�bDnIe�� �OhAoBb/^rm o�G¼¹ �HnL�1g`m�h�h��A�h����^¶���g`�Hn1u�q5fsg`�@q
wL°
|dw@f��^o^qBg�u¾ÝO�`±À©
g`�^�`g1¹H|¡µ nao^mBqBcHnLµÐ¹0��g�uBf.nL�Or1¹���wOw@u��^4± y�¯§¹ ��n�rÂh��1��$ ¶

�î�1� ��� ±²��c^±³g`µvjdw1�^mBmYg1¶vjdg`�`�^µ¼n�r �dnL�[±³�@qYg`�@uBnLqBg`�J�HuBnL�`qY±²��naµ(uxg`�`w@u�� �1u�g`�^µ¼n�r�mBrOmBqBg�f[¶vbºg`��c^�^±²��naµ�jdg`�HwOu�q��M�
��$z©«ª1�^¹@~¾Õ�
ÃÝ6¹ ���`qBw1¬Hg�u�h��1��$^¶

�î�1� ��� ±²��c^±³g`µ®jdw��^mBmBg3na�^� t�wOg`� ��g3½¾w1mYmB�5c^g�uxg1¶�{��Âw1�O©ÃqBc^g�©�$Hr �,naq5n.j�nL�`g��g`qBg`�`qBw@u®°àw@u4j�~v|�t¾Õ6{ ��¹Hn
jdg`�`wOu�� �1jdg`�^µ¼n�rÏÝOrOmBqBg�fÆ°Ðw@udt
n1uBnLµ³µ³g`µ+tvu�w��@uBn1f�m�¶ 
Ó�c��d��AqB^G^Bj?nPe��?o � � b�� ^��PT?b����
��� �Ohcm ���AoBn �	m ��e
� �O^%d f�bDnIe�� �OhAoBb/^%m o���dBnIeOq%n �)g�^Go5¹O�HnL��g �Dw��Ï| ��� ¹ Ý^na±²�Oq�©«��nLµ³wH¹����`qBw1¬Hg�u�h��1��$^¶

�î��� ��� ±²��c^±³g`µ3jdw��^mBmBg na�^� t�wOg`� ��gQ½¾w1mBmB��c^g�u�g1¶ 
�± b 
*��b�uBnL�`±³�^� �[g�fsw@u�rÊjdg�°Ðg�u�g`�^�`g`mJ°Ðw@u �,nLq5n�j�nL�`g
��g`qBg`�`qY±²w��+¶ 
Ð�>��f�d f�gPg�^rg$� ��m ���	bDnIe�� ?(@��{eOj f�m ^%e0b/f�g oA�B� ���)ginDqBf�bDn���e{o f�eOj  ^�� � nId ^BqrbDn ��e{o�¶H~
µ³mBg`´O±³g�u`¹
h�����$^¶
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Unit é de recherche INRIA Rocquencourt, Domaine de Voluceau, Rocquencourt, BP 105, 78153 LE CHESNAY Cedex
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