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aInvY ¬�¥�b�­�¬{£ £Vdwb�­u¬{¤gb ¯0Y�¬WYxa�«gnb«y¤q¢u¥�bpYIs ¯5§�¥G¬=¤^b ¯fY.¤�¯�«�¢Pd ¢�­»¤�_vb�¬{¦Vd ¢+§�¢-«�¯fh9§�­ ¢�­ ¯fYI�xe0h9²
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[9b ¤�®D¤q®9¢G¬{£9£ §�¯5£9§gb�¬=¤q¢�§q¢�«�¯0h9§�­ ¢�¥G¬0Y ¬We5¢u¥!¢PYU¤ «gnb«y¤q¢u¥ ¤q¯�b ¥!£Vd ¢�¥!¢PYU¤ ¤q®9¢G¬{£9£xdwb�­u¬{²
¤gb ¯0Y�� «�Y9¢u¤\[4¯5§g]!¤q§q¬0Y «cs ¢u§�«�¬WYxa.­ ¯5¥1£xhb¤q¬{¤gb ¯0Y ¬0dj¤q¬�«g]b«Pt
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h9¥!¢PYU¤Z[F¢�bwYU¤q§�¯IaIh ­u¢�¬.¤�¢�¥1£xd ¬{¤�¢~s ¯�§�«�­�®9¢�aIhVdpbwYxe�k�¬{§�¬{¥!¢ ¤q¢u§�¡v[4¢�¢u£,¬{£ £Vdwb�­u¬{¤gb ¯0Y «
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£Vhb¤5a9¬=¤�¬�«�® ¬{§^bwYxeD��t � ¢3® ¬`_5¢Zab¢�«gbpe0Y9¢�a ¬�e�¢RY9¢u§�¬Wd�«q­�®9¢�aIhVdpbwYVe�¬Wdpe�¯�§^b ¤�®9¥ ¤�® ¬{¤ ­u¬0Y
¬0a ¬{£b¤�¤q¯�q §gbra)¢PYv_vb §�¯fY9¥!¢PYU¤q«�¬0YxaFh «�¢�¬¡_=¬{§^b ¢u¤\n&¯Ws�«�¤�§�¬=¤�¢Re0b ¢�«�¬0Yxa ®9¢Ph §gb�«y¤^b ­�«�¤q¯
¬�«q«gbwefY)¤q¬�«g]b«3¬0Yxa{a9¬{¤q¬ ¤q¯&§q¢�«�¯0h9§�­ ¢-«Pt ��YE¯�§¢ab¢u§3¤�¯ ¢P_=¬Wdph ¬=¤q¢�¬0YxaE­ ¯5¥!£ ¬{§q¢G¤�® ¯5«�¢
®9¢Rh9§gb�«�¤gb�­u«>[4¢�® ¬`_�¢�¦xhVbwd ¤G¬&«gb ¥>hVd ¬{¤�¯5§�¬�«3£ ¬{§�¤�¯0s�¤�®9¢�¤�¢�¥!£Vd ¬{¤�¢ft|�h®9¢�«gb ¥>hVd ¬{¤�¯5§
¥G¬W]5¢�«5b ¤�£�¯U«�«gb ¦xd ¢!¤q¯.§�¬{£xbpaIdpn ­u¯0YxaVh ­»¤Zd�¬{§^e�¢�Yvh9¥3¦H¢u§�«+¯Wsh¢
�b£H¢u§^b ¥!¢PYU¤�«�bwY,¬�_=¬{§^b�²
¢ ¤\n�¯Ws�¢PYv_vb §�¯fY9¥!¢PYU¤q«Rt'£�h9§�«�¤q¬�§�¤^bwYxeG£�¯fbwYU¤�[h¬�«F¤q¯$h «�¢�[9bpab¢Rdwn�¬�­�­ ¢�£b¤�¢�a�® ¢Ph9§^b «�¤gb�­u«
¤�®�¬=¤6® ¬`_5¢F¦H¢u¢RY!£9§�¯5£�¯U«�¢�a1bpY!¤�® ¢9dwb ¤�¤q¢u§�¬=¤gh §�¢M¬0Yxa1_5¢PYU¤gh §�¢9b ¥!£9§�¯T_5¢u¥!¢PYU¤�«�efbw_5¢PY1¯0h9§
q §^bpa,¬0Yxa,¬{£9£xdwb�­u¬{¤gb ¯0Y,¥!¯Iab¢Pd t��h®Vb�«1ab¯b­
h ¥1¢RYU¤�£9§q¢�«�¢PYU¤q«�¤�®9¢�b ¥!£Vd ¢u¥!¢PYU¤�¬=¤gb ¯0Yd¯Ws
¯0h § «gb ¥>hVd ¬{¤�¯5§ ¬WYoa ¢
�b£Vd�¬WbpY « ®9¯T[¤b�¤5[9bwdpd(¦�¢�h «�¢Ra�¤q¯ ¯�¦9¤q¬WbpY�Y9¢R[<§�¢-«�¢-¬{§�­�®�§�¢-«chVd ¤q«
bpY�¤q®9¢5� ¢Rdpa.¯Ws�q §gbra�«�­�® ¢RaIhVdpbpYVext
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ab¢-«3¬{£ £Vdwb�­u¬{¤gb ¯0Y «1ab¢G¤\ns£�¢�k�¬{§�¬{¥!¢ ¤q¢u§�²w¡v[F¢u¢�£ � ab¢�«�¬{£9£Vdpb�­u¬=¤^b ¯fY «�­u¯0Y «�¤gb ¤gh!�¢u¢�«1a-� hxY
e�§�¬WYoa$Y9¯5¥3¦9§q¢�ab¢+¤@7¬5­�®9¢�«�ab¢�­�¬Wd�­
hVd-bpYxa��¢�£�¢RYxa9¬0Y5¤q¢�«h£H¯0hV_=¬0Y5¤�£ ¬�§�¤�¬We5¢u§9ab¢�«'�H­�®Vb ¢�§q«
a-� ¢PYU¤�§��¢�¢���tb°�¯0h «M¬`_5¯0Y «h­u¯0Y A­Ph�hVY ¬0dwe5¯�§^b�¤q®9¥!¢5a?� ¯5§^ab¯fYVY ¬0Y ­ ¢�¥1¢RYU¤'e �¢PY!�¢u§�¬Wd�­�¬{£ ¬�¦Vd ¢
ab¢1¤�¢RYVb §�­ ¯�¥!£b¤q¢�ab¢�«+¥!¯IaIbw��­u¬{¤gb ¯0Y «5ab¢G«�¤�§^h ­»¤^h9§�¢!¯fh�ab¢!£H¢u§gs ¯�§q¥!¬0Y ­ ¢-«5ab¢~d � ¢PYv_vb�²
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­u¬0h «�¢Zd ¯U¬0as²�b ¥3¦ ¬0d ¬0Y ­ ¢�[�®9¢�§�¢-¬�«M«�¥G¬Wdpd�¦ ¬{¤q­�®9¢-«�d ¢�¬fa�¤�¯�®xbwe5®D¯T_�¢�§�®9¢-¬0a�¦Vhb¤�¬�­�®Vb ¢P_5¢
e�¯s¯Ia�d ¯U¬0as²´¦ ¬0d ¬0Y ­ ¢ft � ¢>ab¢�­Pbpab¢�a,Y9¯{¤�¤�¯�h «�¢3«gh ­�® ¬!¥1¯Iab¢Rd?s ¯5§M¯0h9§ ­ ¯�¥!£Vh9¤q¬=¤^b ¯fY ¬Wd
¢PYv_vb §�¯fY9¥!¢PYU¤*s ¯5§h¤\[4¯1§q¢�¬�«�¯0Y�«Pt X b §�«y¤�ms¤�®9¢�­u¯0Y ­u¢u£b¤�¯0s(¬>�V�b¢Ra�¯T_�¢�§�®9¢-¬0a~s ¯5§�¦ ¬=¤�­�®9¢�«
¯Wsj¤�¬�«g]s«Ab «*aIbw}G­PhVd ¤4¤q¯9�\h «�¤gbws n�bpY ¬1q §^braG¢PYv_vb §q¯0Y ¥1¢RYU¤ ¬�« ­u¯0YVY ¢�­»¤^bw_vb ¤\n3¤q¯1aIb#�H¢�§�¢RY ­ ¢
§q¢�«�¯0h9§�­ ¢-«5b «�aIb�«�£ ¬�§q¬{¤�¢ft�¡s¢-­ ¯fYxa-m>¢P_5¢PY)¤�® ¯0hVe5®)¤�®9¢�¦ ¬=¤�­�®,¥1¯Iab¢RdAb�«�¬�£9£Vdpb ­�¬{¦Vd ¢!¤�¯
«�¯�¥!¢G«ch9¦�«�¢u¤�¯Ws ¤q®9¢�¬{£ £Vdwb�­u¬{¤gb ¯0Y «5[F¢G¬{§q¢G­ ¯0Y�«cbrab¢u§^bpYVe�b ¤1ab¯s¢�«ZY9¯{¤�«�¢u¢u¥ e�¢RY9¢u§�¬Wdpdwn
¬{£ £Vdwb�­u¬�¦Vd ¢ bpY�¯0h9§ «�¢u¤�¤gbpYVe¡� ¢ft eot�¤�® ¢5�V�b¢Ra.¯T_�¢�§�®9¢-¬0a�¬�«q«ch9¥!£b¤^b ¯fY�b�«9_vb ¯0d�¬=¤�¢�ax��t �h®xb «
b�«�¥!¯5«�¤gdpn(aIh9¢+¤q¯!¤�®9¢�s ¬5­»¤�¤q® ¬=¤M¯fh9§�¥!¯va9¢Pd#£ ¬`nb«�«�£�¢-­
b�¬Wd#¬{¤�¤�¢RYU¤gb ¯0Y.¤�¯$a9¬{¤q¬!«�¤�¯�§�¬We5¢
b�«�«gh9¢�«RmIbpY�¬�_vb ¢P[A¤�¯!¦�¢RbwYxeG¥1¯5§�¢ §q¢�¬Wdpb�«y¤^b ­0t
��§�¢-­ ¢PYU¤+§�¢Ps ¢u§q¢PY ­u¢1­u¯0Y ­u¢u§^YVbpYVe�¤q®9¢G«�­�®9¢�aIhVdpbwYxe�¯0sAbwYoab¢u£H¢PYxa9¢PYU¤+¤q¬�«g]b« [9b�¤q®9¯0hb¤
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X bpe0h9§q¢!¨!$��M£9£xdwb�­u¬{¤gb ¯0Y�¥!¯va9¢Pd

¦ ¬{¤q­�®E«q­�®9¢RaIhxdwbpYVe�b�« � �9¨ � ¬WYoaFb�¤�b «�¬¡e�¯s¯Ia,«�¯fh9§�­ ¢G¯Ws�­u¯�¥!¥!¯0YVdpn h�«�¢�a,®9¢Ph §gb�«y¤^b ­�«Pt
�h® ¬{¤F£ ¬�£�¢�§�­ ¯0Y�«cbrab¢u§�«F¬�«q­�®9¢RaVhVd ¢�§F¤�® ¬{¤h§q¢�¬5­»¤�«6¤q¯>bpY ­ ¯5¥~bwYVe1§q¢RyDh9¢�«�¤q«F¯fYb²V¤q®9¢ ² (xn!¯�§
¤�®�¬=¤M£9§q¯b­ ¢�«q«�¢�«'e�§q¯0h9£�«h¯Ws §q¢RyDh9¢-«y¤�«�¬=¤�¬�¤gb ¥!¢0t �´¤�b�«h¤q®9¢�«�¢-­ ¯fYxa ¥!¯Iab¢�¯0s(¢P�s¢-­
hb¤^b ¯fY
¤�®�¬=¤3­u¬0Y)¦�¢�¬�£9£Vdpb ¢�a&¤q¯ ¯0h9§�[F¯�§^]D«gbwY ­u¢�bwY)¯fh9§�­
h9§q§q¢PYU¤�¥!¯va9¢Pd [F¢~bwYVb ¤gb�¬Wdpdpn ]vY9¯T[
¬WdpdH¤�®9¢ ¤�¬�«g]s«4¤q® ¬=¤�¬{§q¢�¤q¯�¦H¢+£�¢�§cs ¯5§�¥!¢�a-t��h®9¢ ¥!¯Iab¢Rd-bwY�� � ¨ � mIhxYVdwbp]�¢+¯fh9§q«Rmvab¯s¢�«'Y9¯{¤
¤q¬0]�¢�bpYU¤�¯�¬�­�­ ¯fhVYU¤�a9¬=¤�¬G«y¤q¯�§�¬We�¢�¬0Yxa,a9¬=¤�¬G«�® ¬�§gbpYVe�b�«�«gh9¢-«Pt � ¢�£ §�¯5£�¯U«�¢�¬�«�¤�§�¬=¤q¢Pe0n
s ¯�§5ab¢-­
braIbwYxe�¯fY ¤�®9¢�bpY5¤q¢u§^_=¬Wd�«�¦H¢ ¤\[F¢u¢RY&¯0h § «q­�®9¢RaVhVdwbpYVe�¢P_�¢RYU¤q«�� «�¢u¢G¡s¢�­ ¤gb ¯0Y "Vt µxt ¨`�
¬Wb ¥~bwYxe ¬=¤ ¬�­�­ ¯fhVYU¤gbpYVezs ¯�§�¤�® ¢Fq §^bpa bwY�«y¤�¬{¦Vbpdwb ¤\n [�®9¢�§�¢-¬�«G¤q®9¢)«�­�®9¢�aIhVdpbwYxed¢P_5¢PYU¤q«
bpY�� � ¨ � ¬�§�¢�¦ ¬5«�¢�a ¯0Y+¤q¬5«c]�bwYU¤q¢u§�²´¬�§�§^bw_=¬0d�¤^b ¥!¢-«Pt � ¢*ab¢�«q­ §^b ¦H¢�¯�£9¤gb ¥�bp��¬{¤gb ¯0Y+¤q¢�­�®VYVbryDh9¢�«
¤�®�¬=¤M¬{§q¢�§q¢Pd ¢P_=¬WYU¤�bwY�¬>_Db ¢P[ ¤�¯G¬WY.¬�­»¤^h ¬WdJb ¥!£Vd ¢�¥!¢PYU¤q¬{¤gb ¯0Y.¯Ws#¤q®9¢�«�­�®9¢�aIhVd ¢u§h¯0Y ¤�®9¢
q §^bpa ¬0Yxa ¬Wd�«�¯G£ §�¯5£�¯U«�¢�Y9¢R[ ®9¢Ph9§^b�«y¤^b ­�«�¤�®�¬=¤ ¬�§�¢3¬fa9¬{£9¤�¢Ra�¤q¯ ¬(q §^bpa�¢RYD_vb §�¯fY9¥!¢PYU¤Rt
�h®9¢1«cb ¥1hVd�¬=¤^b ¯fY §�¢-«chxd�¤�«�bpY � � ¨ � ¬5«�«gh9¥!¢�¤q§ghVY�­u¬=¤q¢Ra q+¬0h «q«cb�¬WY¡aIb�«y¤q§gb ¦Vhb¤^b ¯fY¡s ¯�§�¤q¬5«c]
¢
�b¢-­
hb¤^b ¯fY!¤gb ¥1¢-«A[�® ¢u§q¢�¬�« [4¢�a9¢�«gbwefY9¢Ra!¯fh9§4«gb ¥>hVd�¬=¤�¯5§�¤�¯3£�¢�§cs ¯5§�¥ «cb ¥1hxd ¬{¤gb ¯0Y «A[9b�¤q®
¬�­ ¤gh ¬0d>¤�§�¬�­u¢�«�s §�¯5¥ §q¢�¬Wd>¥!¢�¬5«ch §�¢�¥1¢RYU¤q«~� ¢ft eot>s §q¯�¥ ¤q®9¢�° � ¡x��t X bpY ¬Wdpdwnfm�[F¢1¬0dwd ¯T[
aInvY ¬�¥�b�­u¬0dwdpnD­�® ¬0YVe0bpYVe$Yvh9¥�¦�¢�§�¯Ws §q¢�«�¯0h9§�­ ¢-«1�V¬�­u­u¯0hVYU¤^bwYVe(s ¯�§+§q¢�«�¯0h9§�­ ¢1s ¬Wbpdwh9§q¢�« ¯�§
¬0axaIb�¤^b ¯fY «¢��t
X bwY�¬WdpdwnfmF¬FYvh9¥�¦�¢�§G¯Ws+§�¢-­ ¢PYU¤�§q¢
s ¢�§�¢RY ­ ¢-«1¬faVab§q¢�«q«1¤�®9¢�yDh9¢-«y¤^b ¯fY ¯Ws�«cb ¥1hVd�¬=¤^bwYxe

®9¢u¤�¢u§q¯0e5¢PY9¢�¯0h «�aVb «�¤�§^b ¦xhb¤�¢�aG¢PYv_vb §q¯0Y ¥1¢RYU¤ s ¯�§�¤q®9¢�£xh9§�£H¯5«�¢M¯0sj¢R_=¬Wdph ¬=¤^bwYVe�«�­�®9¢�aIhVdpbwYxe
«�¤�§�¬=¤�¢Re0b ¢�«Rt��h®9¢�¥1¯�¤gbp_=¬=¤gb ¯0Y~s ¯5§ «gb ¥>hVd ¬{¤gb ¯0Y�b�«�¤q® ¬=¤4¬5d�¬{§^e�¢9Yvh9¥�¦�¢�§ ¯0sH£H¢u§gs ¯�§q¥G¬WY ­u¢
a9¬{¤q¬ ­u¬WYZ¦H¢.¯5¦b¤q¬0bwY ¢Ra _�¢u§^n{yDhVb�­¢]DdpnE¬WYoaj[9b ¤�®�¨ � ��� §q¢u£9§q¯IaIh ­
b ¦Vbpdwb ¤\n0t u ¯T[F¢P_5¢u§�m
¯0Yxdwn�¬�s ¢R[<£9§�¯0�y¢�­ ¤q«M£ §�¯T_vbrab¢3¬�­ ¤gh ¬0d�b ¥!£Vd ¢�¥!¢PYU¤q¬{¤gb ¯0Y «Rt���¥1¯fYVe «gh ­�®D£9§q¯W�y¢-­»¤�«M¯0Y ¢
­u¬0Y�¥!¢PYU¤gb ¯0Y�34§^b�­¢]s« � ³�¨ � ¬WYxa�£ «q­
hxd ¬0Y5¤ ��¨ � t#3F§^b ­¢]b« «�¢u¢�¥G«�¤�¯�¦�¢ ¥!¯�§q¢�e5¢PY9¢�§q¬0d ¬�«*b�¤
b�«�ab¢�«gbpe0Y9¢�a�¤q¯G¦�¢�¢P�U¤q¢PY «gb ¦Vd ¢�¬0Yxa�­u¬0Y�bpYU¤�¢Re�§�¬=¤�¢ _=¬{§^b ¯fh «�­ ¯5¥!£�¯fY9¢PYU¤q«�bpY�¤�® ¢�«cb ¥1hb²
d�¬=¤gb ¯0Y�tN�h® ¢�«cb ¥1hVd�¬=¤q¯�§F¤�®�¬=¤�[F¢ ®�¬`_�¢5ab¢P_5¢Pd ¯�£H¢Ra(s ¯�§�¯0h §F£xh9§�£H¯5«�¢�� «�¢u¢3¡s¢-­»¤^b ¯fY FIt ¨`�
ab¯s¢�«'Y9¯�¤h¬0b ¥ ¬{¤F£ §�¯T_vbraIbwYxe�¬>e�¢PY ¢u§�¬Wd-q §gbra «gb ¥>hVd�¬=¤�¯5§F¬0Yxa$b�«F§�¢-¬Wdpdwn1¤�¬Wbpd ¯5§�¢�a!¤�¯1¯0h9§
¬{£ £Vdwb�­u¬{¤gb ¯0Y�s §�¬{¥!¢R[4¯5§g]�� £ ¬�§q¬�¥1¢u¤�¢�§�²w«c[F¢u¢�£~s ¯�§'Y9¯T[���t X h9¤�®9¢�§�¥!¯�§q¢�¯fh9§h¬{£9£9§q¯5¬5­�®~b «
¢P_5¢PYU¤�²�ab§^bw_5¢PY�[�®9¢u§q¢�¬5« 3F§gb�­¢]b«�h «�¢-«9yDh9¢PhVbpYVe!¤q®9¢u¯5§gnftA�´¤�­ ¯fhVdra�¦H¢ZbpYU¤�¢u§q¢�«�¤gbpYVe!¤q¯�«�¢�¢
®9¯T[ ¬~s §�¬{¥!¢P[F¯�§^]$dpbw]5¢ 3F§gb�­¢]b«PmV[�® ¢PY¡b ¤ ¦H¢�­ ¯5¥!¢�«M¬`_=¬Wbpd�¬{¦Vd ¢0m ­u¯0hVdra�¦H¢1h «�¢Ra�s ¯5§M¯0h9§
£Vh9§q£H¯5«�¢�«Rt
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¤�®�¬=¤�¬�¤�¬�«g] §ghxY « ¯0Y ¬�«gbwYxe0d ¢�®9¯U«y¤�� Y ¯�bpYU¤�§�¬=²f¤q¬�«g]�£ ¬{§�¬Wdpd ¢Pdpb «�¥$��t X bpe0h9§q¢�¨~ab¢�£Vb ­ ¤q«
¯0h §h¬�£9£Vdpb ­�¬=¤^b ¯fY�¥!¯va9¢Pd#¬WYoa «�®9¯T[M«4¬0Y�¢P�9¬{¥!£Vd ¢ ¯0s�bwY £Vhb¤��xd ¢+«�® ¬�§gbpYVe�¬�¥!¯0YVe3¤q¬�«g]b«Pt

' ( �#��
�� � 
 ���

� ¢1_vb ¢R[�¤�®9¢>e�§^bpa ¬`_=¬Wbpd�¬{¦Vd ¢+¤�¯G¤q®9¢1h�«�¢�§ ¬�« ¬�«�¢ ¤�¯0s�­Pdwh�«y¤q¢u§�«)	+*-,"�.,/���0������� 1�¤q® ¬=¤ ¬{§q¢
¬�­�­ ¢-«�«gb ¦xd ¢�_Db�¬32�Y9¢ ¤\[F¯�§^]~dwbpYV]b«*a9¢PY9¯�¤�¢Ra4	�5�,+�.,/����������� 1Dt i*dph «�¤�¢�§�61­u¯0YU¤q¬0bwY «879, ®9¯5«�¤q«
¤�®�¬=¤ ­u¬0Y�¦H¢9h «�¢Ra1s ¯�§6­u¯�¥!£Vhb¤�¬=¤gb ¯0Y 20[F¢�a9¢PY9¯�¤�¢h¤�® ¢�«�¢F® ¯5«�¤q«�	�:;,<� 1=�+1������������ >�?Tt�� ® ¯5«�¤
­u¬0Y!¦�¢M¬0YDn�­ ¯�¥!£Vh9¤gbpYVe�£Vd�¬=¤cs ¯5§�¥,m0s §�¯5¥�¬+«cbpYVefd ¢u²f£9§q¯b­ ¢-«�«�¯�§�[4¯5§g]b«�¤q¬{¤gb ¯0Y�¤q¯�¬WY 
�k*k
«gns«�¤�¢�¥G«Pmb¬WYoa ­u¬0Y�¦H¢ ¥G¬fab¢ ¬`_=¬Wbpd�¬{¦Vd ¢�bpY(bpYU¤�¢u§�¬�­ ¤gbp_�¢ ¯�§F¦ ¬=¤�­�® ¥!¯Iab¢0t��h®9¢5aIb#�H¢�§�¢RY5¤
¥!¯Iab¢PdIs ¯5§�bwYU¤q¢u§�¬�­»¤^bw_5¢4¯5§�¦ ¬=¤�­�®!¥1¯Iab¢�«�®9¯0hxdpa1¦H¢�¢PY ­�¬{£ «ghVd�¬=¤�¢�a1bpY!¯0h9§9�09;:,:��>:v���)� �~�
�
�¢�)� ���T������� «�¢u¢3¡s¢-­»¤^b ¯fY "It Q �h¬WYoa�b�«9Y9¯�¤�£ ¬�§�¤M¯0s(¯fh9§M¥!¯Iab¢Pd £�¢�§�²w«�¢ft � ¢�¬Wdpd ¯T[ s ¯�§ ¬
aInvY ¬�¥�b�­'Yvh9¥3¦H¢u§�¯0sj¬`_=¬Wbpd�¬{¦Vd ¢4® ¯5«�¤q«N[9b ¤�®VbpYG¬ ­Pdwh�«y¤q¢u§6¬�«N[F¢Pdpd9¬�«>¬5aInvY ¬�¥�b�­�Yvh9¥3¦H¢u§
¯Ws6­Pdwh «�¤�¢�§q«Rt���Y&¬0axaIb�¤^b ¯fY¡[4¢�¬5«�«gh9¥!¢�¤q® ¬=¤ ¬ «�® ¬�§�¢�a�«y¤q¯�§�¬We�¢ s ¬5­
bpdwb ¤\n,b « ¬`_�¬0bwd�¬{¦xd ¢�¬=¤
¢�¬5­�®1­Pdwh�«y¤q¢u§6«�¯+¤�® ¬{¤��xd ¢-«�­u¬0Y1¦H¢M«�® ¬{§q¢Ra1¬{¥!¯0Yxe ¤q®9¢�£9§q¯b­ ¢�«q«�¢�«(§ghxYVYVbpYVe�¯0Y~aIb#�H¢�§�¢RY5¤
®9¯U«y¤�«�bpY�¤�® ¢F­Pdwh «�¤�¢�§Rt X §q¯�¥¤Y9¯T[)¯T[9YZ[F¢A[9bpdwds­u¬0dwdU®9¯U«y¤�« ¬0Yxa�Y9¢u¤\[4¯5§g]�dwbpYV]b«'�g���?*�9I�-5¢���
¬WYoa ¬0dwd�¬{§q¢!­ ¯0Y�­ ¢u£9¤gh ¬0dwdpn ¥!¯va9¢Pd ¢Ra ¬�« X � X £ «Rt X bwefh9§q¢ Q ab¢�£Vb ­ ¤q« ¤q®Vb «+¥!¯Iab¢Rd t��#¢ ¤
h «N�\h�«y¤^b s n.¬WYxa�aIb�«�­Ph «�«M¯0h9§�¬�«q«gh9¥!£b¤gb ¯0Y «Rt
X §q¯�¥�Y ¯T[ ¯T[9Y?mv[4¢ [9bpdwd#­�¬Wdpd�¤q®9¢5h «�¢u§�� «F®9¯U«y¤F¤�®9¢I*W��� �8�>:otA�h®9¢�¬�«q«ch ¥1£9¤gb ¯0Y�¤q® ¬=¤

¤�® ¢u§q¢�b « ¢
�9¬�­ ¤gdpnd¯fY9¢¡dwbpYV] ¦H¢ ¤\[F¢u¢PYZ¤q®9¢&¯5§gbpe0bpY ¬WYxaZ¢�¬5­�® ­
dph «�¤�¢u§(b «(Y9¯{¤ ¢RYU¤gb §�¢Rdwn
§q¢�¬Wdpb�«y¤^b ­0t u ¯T[F¢P_5¢u§�mxb ¤�b�«�e5¢PY9¢�§q¬0dwdpn�¤�®9¢1­u¬�«�¢�¤q® ¬=¤ ¤�®9¢!­ ¯5¥!£Vd ¢P�Ib�¤\n.¯Ws §q¢�¬0d�Y9¢u¤\[4¯5§g]
bpYIs §q¬5«y¤q§gh�­»¤gh §�¢-«6£9§q¢�­Pdwhxa9¢�«�¤q®9¢�h�«�¢ ¯Ws�¤�§�¬�­ ¤q¬�¦Vd ¢�¥1¯Iab¢Rd «Rt X ¯5§AbpY «y¤�¬WY ­u¢0m5¤�®9¢ £H¯5«q«cb ¦Vd ¢
aInvY ¬�¥�b�­�§q¯0hb¤^bwYxe�¯Ws�¥!¢�«q«�¬0e�¢-«9bwY ¬WY¡��YU¤�¢�§gY9¢u¤ «�¢ ¤�¤gbpYVe ­u¬0YVY9¯�¤�¦�¢1­u¬�£b¤gh9§q¢Ra�¦vn.¯0h9§
¥!¯Iab¢Pd t � ¢�a9¯�Y9¯{¤ ®�¬`_�¢�b ¥!¥!¢RaVb ¬{¤�¢M£Vd�¬WY�«>¤�¯�¥!¯T_�¢h¤q¯T[F¬�§^a «>¥1¯5§�¢�­u¯�¥!£Vd ¢
��¥!¯Iab¢Rd «
¯Ws(¤�® ¢�Y9¢ ¤\[F¯�§^]�¬WYxa.­
d�¬Wb ¥ ¤q® ¬=¤�¯fh9§�¥!¯va9¢Pd�«ghI}�­ ¢-«'s ¯�§�¯0h §�£Vh9§q£�¯U«�¢ft
�h®9¢+«y¤q¯�§�¬We5¢�bwYVs §q¬5«y¤q§gh ­ ¤gh9§q¢M¤q® ¬=¤9[F¢ §q¢RyDhVb §q¢ ¬=¤F¤�® ¢ ­Pdwh «�¤�¢�§�d ¢R_�¢Pd�­�¬WY ¦H¢ b ¥!£Vd ¢ ²

¥!¢PYU¤�¢�a¡bpY _=¬{§^b ¯fh «9[h¬`nb«�bpY ­
dphxaIbpYVe�aVb «�¤�§^b ¦xhb¤�¢�a,�xd ¢1«gnb«y¤q¢u¥G«1�V° X ¡Jm-� X ¡Jmj¢ ¤�­Wt ��¯�§
d ¯T[4¢�§�²�d ¢R_�¢RdJs ¬�­
bpdpb�¤^b ¢-« � ¨% Imjµ � t�k6§q¯IaIh ­»¤^b ¯fY ­
dph «y¤q¢u§�«�h «gh ¬0dwdpn�£ §�¯T_vbrab¢�¬=¤�d ¢�¬5«y¤ ¯0Y9¢�¯0s
¤�® ¢�«�¢9s ¬�­Pbwdpb�¤^b ¢-«Pt X ¯�§6¤q®9¢�¤^b ¥!¢�¦H¢PbpYVe>[4¢�¬5«�«gh9¥!¢h¤�®�¬=¤F«�¤�¯5§q¬0e�¢�«�£ ¬�­u¢�b «AbwYV�xYVb ¤�¢�¯5§ bpY
¯{¤q®9¢u§�[4¯5§^a9«F¤q® ¬=¤�b ¤�b�«M¬Wdp[h¬`ns«h£H¯5«q«gb ¦Vd ¢+¤�¯�«�¤�¯5§�¢�¬0YDn(�xd ¢�[9b�¤q®VbwYD¬0Yvn�­
dph «�¤�¢�§RtA�h®xb «
¥G¬`n�Y ¯{¤ ¦H¢3§q¢�¬0dwb�«�¤gb�­�bwY&§�¢-¬Wd�¢RYv_Db §q¯0Y9¥!¢PYU¤�«9s ¯�§ ­ ¢�§�¤�¬WbpYD«�­u¢PY ¬�§gb ¯5«Z� ¥1hVd ¤gb £Vd ¢1¬�£9£Vdpb�²
­u¬{¤gb ¯0Y «3«�® ¬�§gbpYVe�¤q®9¢�«�¤�¯5§q¬0e�¢0m(«�¢R_�¢�§q¬0d�¢
�s¤�§q¢u¥!¢Pdpn|d ¬�§ge5¢~a ¬=¤q¬¡�xd ¢fm>¢ ¤q­0t �
t u ¯T[F¢P_5¢u§�m
¤q¬0]vbwYVeFbpYU¤�¯E¬�­�­ ¯fhVYU¤~dpb ¥�b ¤�¢�a «y¤q¯�§�¬We5¢�[F¯0hVdraZ§�¢�yDhVb §q¢.¤�®9¢¡bpYv_�¢-«y¤^bweU¬=¤gb ¯0YZ¯Ws�aIb#�H¢�§�²
¢PYU¤�£H¯0dpb�­
b ¢�«1� �V�b¢Ra¡yDh9¯�¤q¬Vm�§�¢�£Vd�¬�­ ¢�¥!¢PYU¤M£�¯fdwb�­
nfm�¢u¤q­0t �.¬WYoa,[4¢�d ¢�¬`_5¢+¤�®Vb�«9s ¯5§�s hb¤^h9§�¢
[F¯�§^]�t u ¯T[F¢P_5¢u§�mW[4¢�e0bp_�¢�¢Pd ¢u¥!¢RY5¤�«�s ¯5§6¦VhVbpdpaVbwYVe�®9¢Ph §gb�«y¤^b ­�«>¤�®�¬=¤*[F¢�¢
�b£H¢�­ ¤4¦H¢M¥!¯�§q¢
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X bwefh9§�¢ Q $�q §^bra�¥!¯Iab¢Rd

¬{£ £Vdwb�­u¬�¦Vd ¢ bpY ¬�dwb ¥~b�¤q¢Ra�«y¤q¯�§�¬We5¢ «�¢ ¤�¤gbpYVext
£�Y9¢.­u¬WYjY9¯{¤^b ­u¢ ¯0Y X bwefh9§�¢ Q ¤q® ¬=¤~[4¢�ab¯ Y ¯{¤!¥1¯Iab¢Rd�Y9¢ ¤\[F¯�§^]�dpbpYV]b«3¦H¢ ¤\[F¢u¢RY

­
dph «�¤�¢�§q«Rt u ¯T[4¢R_�¢u§�mJbwY)¬.§�¢-¬Wd>¢PYv_vb §�¯fY9¥!¢PYU¤Rm�®9¯U«y¤�« ¯0YFaIb��j¢u§q¢PYU¤�­
dph «�¤�¢�§q«+­ ¯fhVdra&¢P�U²
­�® ¬0YVe�¢A�xd ¢-«NaIb §q¢�­ ¤gdpn�§q¬{¤�®9¢�§�¤q® ¬WY�¯�¦b¤�¬WbpYVbpYVe�¤q®9¢u¥¤s §q¯�¥ ¤q®9¢Pb §>¯�§^bwefbwY�¬WdDd ¯b­u¬{¤gb ¯0Y(� ¢0t ext
¯0Y�«�¤�¯�§�¬We5¢ ¬{¤�¤q¬5­�®9¢Ra ¤�¯1¤q®9¢+¯�§^bwefbwYo�
t � ¢�d ¢�¬`_5¢M¤�®xb «9]vbpYxa�¯Ws £H¯5«q«gb ¦Vbpdpb�¤^b ¢-«'s ¯�§�s hb¤^h9§�¢
[F¯�§^]�tG¡vb ¥~bwd�¬{§^dwnfm?[F¢~a9¯�Y ¯{¤�¥!¯Iab¢Pd Y ¢ ¤\[F¯�§^]D­ ¯0YxY9¢�­ ¤gb ¯0Y « [9b ¤�®VbpY,¬.­Pdwh�«y¤q¢u§�t~�h®xb «
b ¥1£xdwb ¢�« ¤�®�¬=¤�[F¢4­�¬WYVY ¯{¤ ¥!¯Iab¢RdU­u¯0YU¤�¢RY5¤^b ¯fYZ[�®9¢RY�¥1hVd ¤gb £Vd ¢4® ¯5«�¤q«�bwY�¤q®9¢h«�¬�¥1¢F­
dph «�¤�¢u§
¤�§^n1¤�¯!¬�­�­ ¢�«q«�¤q®9¢+«�® ¬�§�¢�a�«�¤�¯�§�¬We5¢0t��h®9¢ ¢P�b£�¢-­»¤q¬{¤gb ¯0Y$b�« ¤�® ¬{¤h«gbwY�­ ¢ [4¢ ¬{§q¢M£9§^b ¥G¬{§^bpdwn
¤q¬�§ge5¢ ¤�¤gbpYVe�[9brab¢u²´¬�§�¢-¬�Y9¢u¤\[4¯5§g]b«Rm�¤q®9¢h¦�¯�¤�¤^d ¢RY9¢�­¢]�¯0soY9¢u¤\[4¯5§g] ¤�§�¬WY�«\s ¢�§q«>«�®9¯0hVdra�¦H¢F¤�®9¢
dpbwYV]b« ¦H¢ ¤\[F¢u¢PYD¤�®9¢1¯�§^bwefbwYD¬0Yxa ¤q®9¢!­
dph «y¤q¢u§�«PtG
 ¯Iab¢RdwbpYVe�bwYU¤�§�¬=²w­
dph «�¤�¢�§ ­ ¯fYU¤�¢PYU¤^b ¯fY¡b «
d ¢
sn¤9s ¯�§�s h9¤gh9§q¢�¥!¯va9¢Pd�«Pt
�F¤#¤q®Vb « £H¯0bpY5¤�[4¢Aa9¯�Y9¯{¤�b ¥!£H¯5«�¢4¬WYvn ­ ¯0Y�«y¤q§q¬0bwYU¤q«#¯0Y+¤�® ¢ £H¢u§gs ¯�§q¥!¬0Y ­ ¢6­�®�¬{§�¬�­»¤q¢u§�²

b�«y¤^b ­�«�� ¦H¯{¤q®!«�¤q¬{¤gb�­�¬WYxa~aInvY ¬�¥~b ­��(¯Ws ¤q®9¢�aIb#�j¢u§q¢PY ­u¢F§q¢�«�¯0h §q­u¢�«�bwY1¤q®9¢�e�§^bra�� Y9¢ ¤\[F¯�§^]b«
¬WYoa ® ¯5«�¤q«¢��t � ¢��\h�«y¤3§q¢RyDhVb §q¢!¤�® ¬{¤�¤�®9¢�§�¢G¦H¢ ¬,[h¬`n ¤�¯&¯�¦b¤�¬WbpY)«�¯�¥!¢G¢-«y¤^b ¥G¬=¤q¢�«�¯0s
¤�® ¢�­Ph9§q§�¢RY5¤!¬�­�®Vb ¢P_=¬�¦Vd ¢.£H¢u§gs ¯�§q¥!¬0Y ­ ¢�¯0Y ¢�¬�­�® §�¢-«�¯fh9§�­ ¢ � ¢0t ext{bpY ­
dphxaIbpYVe)£H¯5«q«cb ¦Vd ¢
yDh9¢Ph ¢>[h¬Wb ¤gbpYVe�¤^b ¥!¢-« ¬0Yxa&¬5­»¤^h ¬Wd>­ ¯5¥1£xhb¤q¬{¤gb ¯0YD¤^b ¥!¢-«^�
t�£�h9§+«�­�®9¢�aIhVdpbwYxe�ab¢-­
b�«cb ¯0Y «
¬{§q¢3¦�¬�«�¢RaD¯fY ¤�® ¯5«�¢�¢-«y¤^b ¥G¬=¤q¢�«Rt � ¢~ab¯�Y9¯{¤5b ¥1£H¯5«�¢!¬WYvn ­ ¯0Y�«y¤q§q¬0bwYU¤q« ¯0Y&¤�®9¢!¬�­�­
hb²
§�¬�­
n1¯Ws�¤�®9¢-«�¢ ¢�«�¤gb ¥G¬=¤�¢-«Pt u ¯T[F¢P_5¢u§�mfbws�efh ¬{§�¬WYU¤�¢�¢�«�¯fYG¤�® ¢ ¢-«y¤^b ¥G¬=¤q¢�«R�b¬�­u­Ph9§�¬�­
b ¢�« ¬{§q¢
¬`_=¬Wbpd ¬�¦Vd ¢�¯0h §h«q­�®9¢�aIhVd ¢u§�«�® ¯0hVdra ¦H¢�¬{¦Vd ¢ ¤�¯!¥G¬W]�¢ h «�¢+¯Ws#¤q®9¢u¥,t ¡s¢�¢�¡b¢�­»¤^b ¯fY�"Vt Q s ¯�§
¬�aIb «q­
h�«�«gb ¯fYD¯Ws ¤�®9¢1¢�«�¤gb ¥G¬=¤gb ¯0Y £9§q¯s­u¢RaIh §�¢-«Pt � ¢�¦H¢Pdpb ¢R_�¢�¤�® ¬{¤+¤�®9¢!«cb ¥!£Vdpb s nvbpYVe.¬5«y²
«gh9¥!£b¤gb ¯0Y «NbpY1¯0h9§Ne�§^bra�¥!¯Iab¢Pdb¥G¬W]5¢*b ¤�£�¯U«�«gb ¦Vd ¢4¤�¯+¯5¦b¤q¬0bwY>bwYVb ¤gb�¬Wdb¥!¢-¬WYVbpYVeWs hxdb§�¢-«chVd ¤q«
[�®Vbpd ¢�]5¢u¢�£VbwYxe�¤q®9¢�«gb ¥>hVd ¬{¤gb ¯0Y.§�¢-¬�«�¯0Y ¬�¦Vdpn!«gb ¥1£xd ¢ft
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��YZ¤�®9¢�a9¢�«q­ §^b £b¤^b ¯fY ¯0s ¯fh9§�¬{£ £Vdwb�­u¬{¤gb ¯0YZ¥!¯va9¢Pd�bpY ¡s¢�­ ¤gb ¯0Y ¨0m'[4¢¡aIbra Y9¯{¤ «�£H¢�­
bws n
¬WYvnU¤�®xbwYVe)¬{¦H¯0h9¤1¤q®9¢ £H¯5«q«cb ¦Vd ¢5/Ta9¢�«gb §�¬{¦Vd ¢ � *�5¢�T�)�6*�:x��¯0s�¤�® ¢�bpY9£Vh9¤ ¬WYxa ¯0hb¤q£Vhb¤~�xd ¢�«
¤�¯&¤�®9¢�aIb#�H¢�§�¢RY5¤�¤q¬5«c]b«Rt ��«1s ¬{§!¬�«1bwY9£xhb¤>�od ¢-«3¬{§q¢ ­u¯0Y ­u¢u§^Y9¢Ra-m(¤q®9¢u§q¢�¬�§�¢�¥>hVd ¤gb £Vd ¢
«q­ ¢PY�¬{§^b ¯U«Pt X ¯5§5Y9¯T[ [F¢>[9bpdwd�¬5«�«gh9¥!¢3¤q® ¬=¤�¬Wdpd>¤�® ¢>bpY9£Vhb¤5�xd ¢�«Rm#¯0sA]vY9¯T[9Y «gbw��¢�«Rm�¬{§q¢
bpYVb�¤^b ¬0dwdpn�¬`_�¬0bwd�¬{¦xd ¢+¤q¯G¤�®9¢3¯�§^bwefbwY�2H¬WYxa ¬5­u­u¯�§¢aIbwYxe�¤q¯�¯0h § ­
h §�§q¢PYU¤�¬�«q«gh9¥!£b¤gb ¯0Y ¯0sNY ¯

µ



bpY5¤q¢u§�²´­Pdwh�«y¤q¢u§M­ ¯5¥!¥1hVYVb�­u¬{¤gb ¯0Yz�V¡b¢�­»¤^b ¯fY�³D��m ¤�®9¢3¯�§^bwefbwY�b «�¤�®9¢RY�¤�®9¢�¯fYVdpn «cb ¤�¢�¤�® ¬{¤�b «
¬Wh9¤�®9¯5§gbp�u¢�a+¤�¯ aIb «�¤�§^b ¦Vhb¤�¢'bpY9£Vhb¤��xd ¢�«Rt X h9¤gh9§q¢F«q­ ¢RY ¬{§^b ¯5«-[9bpdwdvbpY ­
dphxab¢h­u¬5«�¢-«?[�®9¢�§�¢ ¤�®9¢
bpY9£Vhb¤��xd ¢�«h¬{§q¢�¬0d §q¢�¬faIn�aIb «�¤�§^b ¦Vhb¤�¢�a ¬0Yxa�£H¯5«q«cb ¦Vdpn�aIh9£Vdpb ­�¬=¤q¢Ra ¬{¤�aVb��j¢u§q¢PYU¤�d ¯b­u¬{¤gb ¯0Y «
� ¢ft eot � ¢�¦ «�¢�§g_5¢u§�« ¯T_5¢u§F¤�®9¢���YU¤q¢u§^Y9¢ ¤��F¦�¢Ps ¯�§q¢+¬1§^hVY�¯Ws ¤�®9¢�¬�£9£Vdpb ­�¬=¤gb ¯0Y�t
� ¢!­Ph9§q§�¢RY5¤^dwnD¬5«�«gh9¥!¢1¤�® ¬{¤+¤�®9¢!¯0h9¤�£Vhb¤��od ¢-«5e�¢PY ¢u§�¬=¤�¢�aD¦vn ¤q®9¢1¤q¬�«g]b«+¥1h «�¤�¦�¢

§q¢ ¤gh §gY9¢�aZ¤�¯d¤�®9¢ ¯�§^bwefbwY?t4£�¤q®9¢u§�«q­ ¢PY�¬{§^b ¯U«~bwY ­Pdwhoab¢ ¯fY9¢�«([�®9¢u§q¢ ¤q®9¢&¯fhb¤�£Vh9¤(�xd ¢�«
¥1h�«y¤!¦�¢�§�¢u²�aVb §q¢�­ ¤�¢Ra,¤�¯&¯�¤�®9¢�§>d ¯b­u¬{¤gb ¯0Y «�� ¢0t ext|s ¯5§3£H¯5«�¤�²´£9§�¯b­u¢�«q«cbpYVeD¯5§1«�¤�¯5§q¬0e�¢�bpY
a9¬{¤q¬{¦�¬�«�¢�«¢� ¬0Yxa�¬{§q¢�d ¢
sn¤9s ¯5§�s hb¤gh9§q¢�[F¯�§^]�t > ¢u£H¢PYxaVbwYVeG¯fY ¤q®9¢�¬{£ £Vdwb�­u¬{¤gb ¯0Y?ms¤q®9¢�«gbw��¢
¯WsH¤�® ¢�¯0hb¤q£Vhb¤ e�¢RY9¢u§�¬=¤q¢Ra�¦vn3¬ ¤q¬�«g]3¥G¬`nZY ¯{¤�¦�¢9]vY9¯T[9Y!¬=²´£9§^b ¯5§gb t � ¢M­ ¯fY «gbpab¢�§�­u¬�«�¢�«
[�®9¢�§�¢�¤�®9¢G«gbw��¢�¯0s4¢-¬�­�®D¯fhb¤�£Vh9¤��xd ¢-« b « ]vY9¯T[9Y?m�¯5§+­�¬�«�¢�«�[�®9¢u§q¢�¤�®9¢G«gbw��¢�« ¥1h «�¤�¦�¢
¢�«�¤gb ¥G¬=¤q¢RaF� «�¢u¢�¡s¢-­»¤gb ¯0Y
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�h®9¢~ab¢�«gbpe0Y&¯0s ¥!¯5«�¤+«q­�®9¢�aIhVdpbwYVe�¬Wdpe�¯5§gb ¤�® ¥!«�b�« ¦�¬�«�¢Ra ¯fYD¤�® ¢>s ¬5­»¤ ¤�® ¬{¤~�9*W�~� ¢-«y¤^b�²
¥G¬=¤q¢ ¯0s�¤q®9¢�§ghxYVYVbpYVe1¤gb ¥1¢+¯0s>¬3¤q¬5«c]�¯fY.¬1§q¢�«�¯0h9§�­ ¢�b «�¬`_=¬0bwd�¬{¦Vd ¢0t��h®Vb�«�b�«h¢�«�£�¢-­
b�¬Wdpdwn
¤�§^h9¢�[�®9¢PY ¤�®9¢&¤q¬�«g]b«�¤q¯ «q­�®9¢RaVhVd ¢ ¢
�b®Vb ¦Vb ¤�ab¢�£�¢RYxab¢PY�­
b ¢�«Rt ��Y ¤�®9¢)­u¬5«�¢D¯0sZbwYoab¢ ²
£H¢PYxab¢RYU¤1¤�¬�«g]b«Pm>¤q®9¢u§q¢.¬�§�¢.«�­�® ¢u¥!¢�«!«gh ­�® ¬5«�«gb ¥!£Vd ¢�[4¯5§g]U²�yfh ¢Ph9¢.¬Wdpe�¯�§^b ¤�®9¥G«(� ¢0t ext
«�¢Pdwsn²´«q­�®9¢RaVhVdwbpYVe � Q � � �M¯�§�[F¯�§^]U²´«�¤�¢-¬WdpbwYxe�«y¤q§q¬{¤�¢Pefb ¢-« � ¨�¨Wm � F � ¤�®�¬=¤ ¥G¬`n�Y9¯{¤ Y9¢u¢�aD¬WYvn
¬=²´£9§^b ¯5§gb�]vY9¯T[9d ¢RaIe5¢1¬�¦�¯fhb¤+¤�®9¢G¢P�s£H¢�­ ¤�¢�a §^hVYVYxbwYVe�¤gb ¥!¢G¯Ws4¤�®9¢!¤�¬�«g]s« ¤q¯.¦H¢�«q­�®9¢Ras²
hVd ¢Ra-t�¡vbpY ­u¢�¤�® ¢3¤�¬{§^e�¢ ¤+¬{£9£xdwb�­u¬{¤gb ¯0Y «�s ¯�§ ¤�®Vb�« [4¯5§g]�¬{§q¢3­ ¯5¥!£�¯U«�¢�a ¯Ws bpYxab¢�£�¢RYxab¢PYU¤
¤q¬5«c]b«Rmj¯0Y9¢�¥!¬`n¡[F¯0Yoab¢u§�[�®Dn¡[F¢1£ ¬`n ¬=¤�¤q¢PYU¤gb ¯0YD¤�¯.£�¢�§cs ¯5§�¥G¬WY�­ ¢3¢-«y¤^b ¥G¬{¤gb ¯0YD¤q¢�­�®b²
YVbryDh9¢�«Rt'�h® ¢�� §�«y¤�§q¢�¬5«�¯fY(s ¯5§�¤q¬0]vbwYVe(bwYU¤�¯�¬5­u­u¯0hVYU¤M§^hVYVYVbpYVeG¤^b ¥!¢�¢-«y¤^b ¥G¬=¤q¢�«9b�«�¤q® ¬=¤
¤�® ¢�«�¢u¤�¯WsF¤q¬�«g]b«�¬WYxa)¬`_=¬Wbpd�¬{¦Vd ¢!®9¯5«�¤q«+¥G¬`nD¢P�s®xb ¦Vb ¤���� : � �"� �
�~�V¬�«�ab¢P�xY9¢�aFbwY � �9¨ � ��t
�h®Vb�« ¥1¢-¬WY «�¤�®�¬=¤�aIb��j¢u§q¢PYU¤+§�¢-«�¯fh9§�­ ¢�« ¬{§q¢3¦H¢�«�¤�s ¯5§ aVb��j¢u§q¢PYU¤ ¤q¬�«g]b«Pt5�´¤5b « ¯0sn¤�¢PY|ab¢ ²
«gb §�¬{¦Vd ¢ ¤�¯�¬5«�«gbwefY.¬1¤�¬�«g]�¯0Y.¤q®9¢�¥G¬�­�®VbpY9¢+¤�®�¬=¤M£H¢u§gs ¯�§q¥!«�b�¤�¤q®9¢5s ¬�«�¤�¢-«y¤�m9¤�®�¬=¤�b�«h¤�®9¢
¯0Y ¢Z[9b�¤q®D¤q®9¢�«�¥G¬Wdpd ¢-«y¤�¢-«y¤^b ¥G¬{¤�¢RaD§ghVYxYVbwYxeG¤gb ¥!¢Zs ¯�§ ¤�®�¬=¤�¤�¬�«g]Jt���¯�]�¢u¢�£ ¯0h9§�[4¯5§g]
e�¢RY9¢u§�¬WdH¬WYxa�¬{£9£xdwb�­u¬�¦Vd ¢�¤�¯!¬Z[9brab¢ _�¬�§gb ¢ ¤\n!¯0s ¬{£9£xdwb�­u¬{¤gb ¯0Y «A[4¢ ¤�®9¢RY(Y9¢�¢Ra�¤�¯1¢
�b£Vd ¯0b ¤
£H¯5«q«cb ¦Vd ¢ ¬T}�YVb ¤gb ¢�«Rt �h®9¢ «�¢�­u¯0Yxa)§q¢�¬5«�¯fYFb «�¤�® ¬{¤Rm�bpYd¬¡_vb ¢R[ ¤�¯D£9§q¯IaIh ­PbwYVe ¬ ¥!¯�§q¢
§q¢�¬Wdpb�«y¤^b ­ ¥!¯va9¢Pd mV[4¢�­u¯0Y «gbpa9¢u§�Y9¢ ¤\[F¯�§^]~dwbpYV]b«�¬�«h§q¢�«�¯0h §q­u¢�«F¬WYxa.«ch ¦�aIbp_vbpa9¢�¢�¬�­�® ¤q¬5«c]
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����� � 
 %��
	 ����#&�
£�h9§�«q­�®9¢RaIhxd ¢�§+¬5«�«gbpe0Y «+¬ ¤q¬�«g]��$
F¯0YU¤�¯�«�¯5¥!¢1® ¯5«�¤ :;,/� 1It X ¯�§ ¤�®9¢1¤�¬�«g] ¤�¯.¢
�b¢�­Phb¤�¢
¯0Y&¤�® ¬{¤ ® ¯5«�¤Rm#¬Wdpd(¤�®9¢~bpY9£Vhb¤5�xd ¢�« bpY �.
4¥>h «�¤+¦H¢1£9§�¢-«�¢RYU¤ bpYD¤q®9¢G«�® ¬�§�¢�aD«�¤�¯�§�¬We5¢3¬=¤
­
dph «�¤�¢�§8* , t>¡s¯5¥!¢�¯WsH¤�®9¢-«�¢��xd ¢�«6¥!¬`n�¬Wd §�¢-¬0aIn�¦H¢h¤�® ¢u§q¢Z� s §q¯�¥ £ §�¢R_Db ¯0h�«��od ¢�¤q§q¬0Y «cs ¢u§�«
s ¯�§�¯{¤q®9¢u§3¤q¬�«g]b«^�
m6¬WYxa,«�¯�¥!¢�¥G¬`nFY9¢�¢Ra ¤�¯ ¦�¢ ¤�§�¬WY «cs ¢u§q¢Ra|s §q¯�¥ ¤q®9¢ ¯5§gbpe0bpY?t��h®9¢RY
¤�® ¢�¬�­ ¤gh ¬0d�­ ¯5¥!£Vhb¤q¬{¤gb ¯0YD­�¬WY�¤q¬0]�¢�£xd ¬5­ ¢3¬0Yxa,b�¤�«M¯fhb¤�£Vh9¤ ¥1h�«y¤�¦H¢3§q¢ ¤^h9§^Y9¢Ra.¤q¯G¤�®9¢
¯�§^bpe0bpY��V«�¢�¢�¡s¢�­ ¤gb ¯0Y�"It ¨��
t��h®9¢�¢P�b¢�­
h9¤gb ¯0Y!¯Ws�¬ ¤q¬5«c]3� 
 ¯fY
: ,<� 1 ­u¬WY!¦H¢9_vb ¢R[4¢�a1¬{¤�¤�®9¢
¢
�b¢-­
hb¤^b ¯fY&¯WsF¬�«gb ¥!£Vd ¢~ab¢u£H¢PYxa9¢PY ­Pn�e�§�¬{£9®&¯Ws4«gh9¦b²f¤q¬5«c]b«Rmj¬5«5ab¢u£Vb�­»¤q¢Ra�bwY X bwefh9§�¢1³xt
�h®9¢F«ch9¦9²V¤�¬�«g]s«�s ¯�§�bwY £Vhb¤6¬WYxa�¯0hb¤q£Vhb¤��xd ¢ ¤�§�¬WY «cs ¢u§�«#¥>h «�¤(¦H¢F«q­�®9¢�aIhVd ¢Ra�¯fY3¬�Y9¢u¤\[4¯5§g]
dpbwYV]�¤q¯�«�¯�¥!¢�­Pdwh�«y¤q¢u§+¬WYxa�¤q®9¢!­ ¢PYU¤q§q¬0d ­ ¯5¥!£Vhb¤q¬{¤gb ¯0Y ¬0d�¤�¬�«g]�¥1h «�¤ ¦H¢�«q­�®9¢�aIhVd ¢RaD¯fY
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Computation

Input file transfers
for files  that are not
on cluster Cj

Output file transfer

X bpe0h §�¢+³ $��(¬�«g]�� 
 ¯0Y.®9¯5«�¤ : ,/� 1

��� ���"���#�! 	
��¨�� U � ������O � � 
����
� Q � ­u§�¢-¬=¤q¢+¬�Y9¢R[¤q+¬0YU¤�¤ i4® ¬�§�¤�m��
� �f� ) � Q � SxU'& ­
h9§q§q¢PYU¤gdpn�§^hVYVYVbpYVeG«ch ¦b²V¤�¬�«g]

U � ��� ��O � ¬WY.¢�«�¤gb ¥G¬=¤�¢�¯0s�¤q®9¢�­ ¯5¥1£xd ¢u¤gb ¯0Y�¤gb ¥1¢
�xdpd?bwY.¤q®9¢�­ ¯5§�§q¢�«�£�¯fYxaIbpYVe!«cd ¯{¤�«�bwY��

� ³D� M � N � UWO ¬!«gh9¦ «�¢ ¤M¯Ws(¤�® ¢+¤q¬�«g]b«4¤�® ¬{¤M® ¬`_�¢5Y9¯�¤�«�¤q¬�§�¤q¢Ra�¢
�b¢�­Phb¤gb ¯0Y $��
� "0� U � ������O �	�
�Vµf� � - O � N ¢�¬5­�® ®9¯U«y¤M® ¬5«h¦�¢�¢PY ¬�«q«gbwefY9¢Ra([4¯5§g]�¬Wsn¤�¢u§ ��

����� �

h «�¢ & � ��Q � MPO � UfM ¤q¯�¬�«q«cbpe0Y.«cd ¯{¤�«�bwY�� s ¯�§h¤�¬�«g]s«�bpY �
� FW� ­u¯0Yv_�¢�§�¤
�4bwYU¤�¯�dpb�«y¤�«h¯WsNbwY «�¤�§^h ­ ¤gb ¯0Y «

�

X bpe0h9§q¢ ";$ ¡b­�®9¢�aIhVdpbwYxe!¬0dwe5¯�§^b�¤q®9¥

¬1£9§q¯s­u¢�«q«�¯5§�bwY.¤�®�¬=¤M­
dph «�¤�¢u§�t���Y.¤�®9¢�­Ph9§q§�¢RY5¤9b ¥!£Vd ¢�¥!¢PYU¤q¬{¤gb ¯0Y.¯Ws(¤�®9¢ZkF¡I� «�¯Wsn¤\[h¬{§q¢
¬WYoa,¯Ws9b ¤q«>bwYU¤�¢�§q¬5­»¤^b ¯fYz[9b�¤q® q §^bpa,­u¯�¥!£�¯fY9¢PYU¤�«�¤q®9¢�«�£Vdpb�¤�¤gbpYVe&¯0sM¢�¬�­�®)¤�¬�«g] ¯0s�¤�®9¢
¬{£ £Vdwb�­u¬{¤gb ¯0YFbpY5¤q¯&¬¡ab¢�£�¢RYxab¢PY�­
nFe�§�¬{£9® ¯WsM«gh9¦b²f¤q¬5«c]b«�­�¬WY)¦�¢ ¢�¬�«gbpdwn ¬�­u­u¯�¥!¯Ia9¬=¤q¢Ra-m
¬WYoa([F¢�¬WYU¤gb�­
b £ ¬{¤�¢ ¤�®Vb�«h¤q¯1¦H¢+¤�® ¢�­u¬�«�¢ s ¯�§�s hb¤^h9§q¢�b ¥!£Vd ¢u¥!¢PYU¤�¬=¤gb ¯0Y�«�¬�«�[F¢Pdpd t

��� � ����# 
� ���#������
�!� ��� � � ��� � � � 	
� ¢F¬5«�«gh9¥!¢6¤q® ¬=¤>¬=¤>¢�¬�­�®�«q­�®9¢�aIhVdpbwYVe ¢P_5¢PYU¤ ¯fh9§(«q­�®9¢�aIhVd ¢u§(® ¬�«(¬�­�­ ¢�«q«�¤q¯ $A� br�#¤�® ¢F­Ph9§�²
§q¢PYU¤ ¤q¯�£H¯0d ¯0e0n�¯Ws#¤q®9¢�e5§gbra¡� Yvh9¥�¦�¢�§4¯0s�­
dph «�¤�¢u§�«RmfYvh9¥�¦�¢�§4¯0s#®9¯5«�¤q«*bwY�¤�®9¯U«�¢ ­
dph «y¤q¢u§�«Pm
Y9¢u¤\[4¯5§g]�dpbpYV]b«^��2�� bwb �+¤q®9¢�Yvh9¥3¦H¢u§�¬WYxaFd ¯b­u¬=¤^b ¯fY «+¯Ws�­ ¯5£Vb ¢�«�¯0s'bpY9£Vhb¤>�xd ¢�«%2�� bwbpb � ¤�®9¢
dpb «�¤ ¯Ws�«gh9¦b²f¤q¬�«g]b«G­
h9§q§q¢PYU¤gdpnd§^hVYVYVbpYVeot �h®Vb�«�b�«�Y ¬=¤^h9§�¬Wd9s §q¯�¥ ¬WY�b ¥!£Vd ¢u¥!¢RY5¤�¬=¤^b ¯fY
«�¤q¬WYoab£�¯fbwYU¤�t
X bwefh9§q¢ "E«�®9¯T[M«1¤q®9¢�e5¢PY9¢�§q¬0dM«c]5¢Pd ¢ ¤�¯fY ¯Ws ¤�®9¢&«q­�®9¢�aIhVdpbwYVeE¬0dwe5¯�§^b�¤q®9¥,t ��¢ ¤$h «

e�¯D¤�®9§q¯0hVe5®E¬Wdpd6¤q®9¢�«�¤�¢�£ «1bpYv_�¯fdw_5¢Ra-t�� «�«gh9¥~bwYxe ¤�® ¬{¤3¤q®9¢�­�¬Wdpd ¤q¯ ��� �
�����#�! �¤�¬W]5¢�«
£Vd�¬�­u¢ ¬=¤�¤�®9¢�� ¤q® «�­�® ¢RaIhVdpbpYVeD¢P_5¢PYU¤Rm�«�¤�¢�£ �y¨`��¯Ws�¤q®9¢�¬0dwe5¯�§^b�¤q®9¥ ab¢ ¤q¢u§q¥�bpY9¢-«Z[�®9¢RY
¤�® ¢�Y ¢
�s¤+«q­�®9¢�aIhVdpbwYVe�¢P_5¢PYU¤+«�®9¯fhVdpa&¯b­u­
h §�� ¦Dn ­ ¯�¥!£Vh9¤gbpYVe ��
����P��t1k>¯U«�«gb ¦xd ¢>[F¬`nb«M¯0s
£H¢u§gs ¯�§q¥�bpYVe+¤q® ¬=¤4­u¯�¥!£Vhb¤�¬=¤^b ¯fY!¬�§�¢�£ §�¢-«�¢RY5¤q¢Ra!¬WYoa�aVb «q­
h «q«�¢Ra�bwY ¡b¢�­»¤^b ¯fY "It µVt ¨0t>¡U¤�¢�£
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Resources
t
i
m
e

L 1 L 2 H 1,1 HH HH1,2 2,1 2,2 2,3

network
 links

   hosts
(cluster 2)

   hosts
(cluster 1)

X bwefh9§q¢+µ $ ¡b¬{¥!£Vd ¢Zq+¬WYU¤�¤�­�®�¬{§�¤

� Q � ­ ¯0Y�«cb�«y¤�« bwY)­ §q¢�¬{¤gbpYVe.¬,q+¬WYU¤�¤�­�®�¬{§�¤�� ¨u³ � [9b ¤�®)¬�«+¥G¬0YDnD­u¯0dph9¥~Y «+¬�« §q¢�«�¯0h9§�­ ¢-«
� ® ¯5«�¤q«�¬0YxajY ¢ ¤\[F¯�§^]{dwbpYV]b«¢��t ��¢ ¤$h «�Y ¯{¤�¢.¤q® ¬=¤$bpY ¤�®9¢D­�¬�«�¢�¯Ws�¬ ¥>hVd ¤gb £9§�¯b­u¢�«q«�¯5§
­ ¯5¥!£Vhb¤gbpYVe §�¢-«�¯fh9§�­ ¢0mN[F¢([F¯0hVdra,® ¬`_5¢G¤�¯)­ §q¢�¬{¤�¢.¬�«�¥!¬0Yvn)­u¯0dph9¥~Y «>bwYd¤�®9¢¡q+¬WYU¤�¤
­�® ¬�§�¤G¬�«!£9§q¯b­ ¢-«�«�¯�§�«�¬`_=¬0bwd�¬{¦Vd ¢.¯0Y ¤�® ¬{¤�®9¯5«�¤Rt��h®9¢ q+¬WYU¤�¤G­�®�¬{§�¤~[9bpdpd�¦�¢¡h «�¢Ra bpY
¤�® ¢ §q¢�«�¤�¯Ws ¤�®9¢�¬Wdpe�¯5§gb ¤�® ¥ ¤�¯G«y¤q¯�§q¢�¤�¬�«g]U²f£9§q¯b­ ¢-«�«�¯�§F¬�«q«cbpe0Y9¥!¢RY5¤�«Pt X bwefh9§q¢ µ!«�®9¯T[M«h¬
«q¬{¥!£Vd ¢�q+¬0YU¤�¤�­�® ¬{§�¤�¬�«q«�¯b­
b�¬=¤q¢Ra [9b�¤q® ¬�e�§^bra&­ ¯5¥!£�¯U«�¢�a&¯0s ¤\[F¯.­Pdwh «�¤�¢�§q«5[9b ¤�® ¤\[F¯
¬WYoa3¤q®9§q¢u¢�®9¯U«y¤�«NbwYG¢-¬�­�®!­
dph «y¤q¢u§6§q¢�«�£H¢�­»¤^bw_5¢Pdpn(�n¤q®9¢M¯�¤�®9¢�§�¢Pd ¢u¥!¢PYU¤q« bwY1¤�® ¢9�xe0h §�¢�[9bpdwd
¦H¢�¢
�b£Vd�¬WbpY9¢Ra�d ¬{¤�¢�§¢�
t

¡U¤q¢u£ � �f��¤q¬0]�¢-« ­�¬{§q¢�¯0s6¤�®9¢1¤�¬�«g]s«�¤�®�¬=¤�¬{§q¢1­Ph9§q§�¢RY5¤^dwn�§^hVYVYVbpYVeotZ��YD¤q®9¢G­
h9§q§�¢RYU¤
_�¢�§q«gb ¯0Y1¯Wsj¯0h9§ «q­�®9¢�aIhVdpbwYVe�¬0dwe5¯�§^b�¤q®9¥ [F¢�ab¯�Y9¯�¤4¬Wdpd ¯T[d¤q¬5«c]�¥�bpe�§�¬=¤^b ¯fY?t��h®xb « ¥1¢-¬WY «
¤�®�¬=¤�¯fY ­ ¢.¬D«gh9¦b²f¤q¬�«g] ® ¬�«�¦�¢�¢PYd«�¤q¬�§�¤q¢Ra,¯fYE¬D§q¢�«�¯0h9§�­ ¢�b ¤>[9bpdpdF­u¯�¥!£Vd ¢ ¤�¢�¯0Y,¤q® ¬=¤
§q¢�«�¯0h9§�­ ¢�hVYVd ¢�«q«F¤�®9¢+§q¢�«�¯0h9§�­ ¢�s ¬Wbpd «Rt��h®9¢Zq+¬WYU¤�¤M­�® ¬�§�¤h¥1h «�¤�¦�¢�«�¢u¢RY�¬�«h¬0Y�ab§�¬`[9bpYVe
¦H¯5¬{§¢a¡s ¯5§ ¤�®9¢>s hb¤gh §�¢!¯Ws4¤�®9¢!­ ¯5¥!£Vhb¤q¬{¤gb ¯0Y)¬WYxa ¬�«+«gh ­�®?m�¯0Y ¢�¥>h «y¤ � §�«y¤�ab§�¬`[L¢Pd ¢ ²
¥!¢PYU¤q«M¤�® ¬{¤�­u¬0Y�Y ¯{¤�¦H¢3­�® ¬0YVe�¢�a-m «gh ­�® ¬�«h¤q®9¢�«ch ¦b²V¤�¬�«g]b«M¬Wd §�¢-¬0aIn §ghVYxYVbwYxext u ¢PY ­u¢0m
s ¯�§+¢-¬�­�® §ghVYxYVbwYxe.«gh9¦b²f¤q¬5«c] ¯fY9¢!¥1h «�¤�¢�«�¤gb ¥!¬{¤�¢~[�®9¢RY�b ¤Zb «5e5¯0bpYVe�¤q¯ ­ ¯�¥!£Vd ¢ ¤q¢G¬�­»²
­ ¯5§^aVbwYVe ¤q¯,¥1¢u¤�®9¯Ia9«G¤�® ¬{¤([4¢�§�¢,bpYU¤�§q¯vaVh ­ ¢�a bpY ¡s¢�­ ¤gb ¯0Y "It Q ¬WYxa bpY «�¢u§�¤$b�¤(bpYZ¤�®9¢
q+¬WYU¤�¤F­�® ¬�§�¤�t(°�¯�«gh9¦ «�¢RyDh9¢PYU¤4«gh9¦b²f¤q¬5«c]!¬�«q«gbwefY9¥!¢PYU¤A[9bpdwdH¯b­u­
h £Dn1¤q®9¢ «gd ¯�¤q« ¯s­�­
h9£xb ¢�a
¦vn�­Ph9§�§q¢PYU¤^dwn�§ghVYxYVbwYxe�«ch9¦9²V¤�¬�«g]s«Rt °�¯{¤q¢�¤�® ¬{¤ [4¢9_vb ¢P[Z¤�® ¢�£9§�¯b­u¢�«q«�¯5§�d ¯U¬0a�e�¢RY9¢u§�¬=¤q¢Ra
¦vn3£9§q¯b­ ¢-«�«�¢�«(¤q® ¬=¤ ¬�§�¢�Y9¯�¤ £ ¬{§�¤�¯Wsj¯0h9§4¬{£9£Vdpb�­u¬=¤^b ¯fYG¬�« 7¢��5 ,P�0�-*�9;: ��d ¯5¬fa-m{¤q® ¬=¤ b�«6¬�« ¬
£9§q¯b­ ¢�«q«�¯�§6«gd ¯T[�ab¯T[9Y!¯T_5¢u§�[�®Vb�­�®�[4¢�® ¬`_�¢9Y9¯�­ ¯0YU¤q§�¯fd t��h®9¢M§^hVYVYVbpYVe�¤^b ¥!¢�¢-«y¤^b ¥G¬{¤�¢�«
¬Wb ¥ ¬{¤�¤q¬W]vbpYVe~bwYU¤q¯!¬5­u­u¯0hVYU¤h¤�® ¬{¤�d ¯U¬0a(s ¯�§M­u¯�¥!£Vd ¢ ¤gb ¯0Y�¤gb ¥!¢�£9§q¢RaIb�­»¤^b ¯fY «Pt
��[F¯&¢
�9¬�¥1£xd ¢-«�¯0s�§^hVYVYVbpYVe)«ch9¦9²V¤�¬�«g]s«!¬�§�¢.«�®9¯T[9Y ¯0Y X bpe0h §�¢.µ ¬5«�¦xd ¬5­¢]5² �xdpd ¢�a

§q¢�­»¤�¬WYVefd ¢-«�bpY,«cd ¯{¤�«+¬=¤+¤�®9¢!¦H¢PefbwYVYxbwYVe�¯0s ¤�® ¢!­�®�¬{§�¤Rt~£�Y�­ ¢!«y¤q¢u£����f� ® ¬5« ¦�¢�¢PY)£�¢�§�²
s ¯�§q¥!¢Ra-mxb�¤�¦H¢�­u¯�¥!¢�«M£�¯U«�«gb ¦xd ¢+¤q¯G£Vd ¬0Y ¬�«q«cbpe0Y9¥!¢RY5¤�«h¯Ws�Y9¢R[�«gh9¦b²f¤q¬5«c]b«F¤�¯G§q¢�«�¯0h §q­u¢�«Rt
�h®9¢�Yvh9¥3¦H¢u§!¯Ws §�¢-«�¯fh9§q­u¢�«1bwYd¤�®9¢¡q+¬WYU¤�¤G­�® ¬�§�¤!¬WYxaE¤�®9¢,Yvh9¥3¦H¢u§1¯Ws�hVY «q­�®9¢RaIhxd ¢�a
¤q¬5«c]b«+¥G¬`n ¦H¢G¦�¯�¤�®|s ¬Wb §gdpn�d�¬{§^e�¢!¬WYxa ¥G¬`nD®9¢RY ­ ¢!¥G¬W]5¢�¤q®9¢�«q­�®9¢RaIhxdwbpYVe ¬Wdpe�¯5§gb ¤�®9¥
¤�¯s¯!¢
�b£H¢PY «gbp_�¢ b s�b�¤�[F¢u§q¢�¤q¯1­u¯0Y «gbrab¢u§F¤�® ¢u¥�¬0dwd t6¡U¤�¢�£ «�� ³v�F¬Wb ¥!«�¬{¤�¦9§gbpYVefbwYVe!¬1«�¯fdwhb²
¤gb ¯0Y!¤q¯�¤q®Vb « £9§q¯�¦Vd ¢u¥ [�®9¢PY(b�¤h¬{§^b «�¢�«�¦vn!¬Wdpd ¯T[9bpYVe�¯fYVdwn!¬�«gh9¦ «�¢ ¤ ¯0s�¤�®9¢�hVY «q­�®9¢RaIhxd ¢�a
¤q¬5«c]b«F¤q¯G¦�¢3­u¯0Y «gbrab¢u§q¢Ra-t �h® ¢�­�®9¯0b�­ ¢+¯Ws(¤�®xb «M«gh9¦ «�¢ ¤�«Pm�«�¬`n��1mVab¢u£H¢PYxa «M¯0Y.¤q®9¢�­ ¯5¥�²
£Vd ¢
�Ib ¤\n�¯0s�¤�®9¢�a9¢�­
b�«gb ¯fYG¥!¬0]vbwYVe3£9§�¯b­u¢�«q«�£�¢�§cs ¯5§�¥!¢�a~bwY «�¤�¢�£�� µD�6¬WYoa!¯0Y!¤�® ¢�Yvh9¥3¦H¢u§
¯WsF¬`_�¬0bwd�¬{¦xd ¢�®9¯5«�¤q«Rt�°M¯{¤q¢3¤q® ¬=¤�¢R_�¢PYD¤�®9¯fhVe�®&¤�®9¢�§�¢�b « Y9¯�¤q¬5«c]�¯5§^ab¢�§gbpYVe$bpY ¯0h9§+¬{£b²
£Vdpb ­�¬=¤^b ¯fY «Pmj¤q®9¢G­�®9¯0b�­ ¢�¯Ws � «�® ¯0hVdra ¤�¬W]�¢�bpY5¤q¯.¬5­u­u¯0hVYU¤ £H¯5«q«gb ¦Vd ¢�bwY9£xhb¤5�xd ¢G«�® ¬{§^bpYVe
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¦H¢ ¤\[F¢u¢PY ¤q¬5«c]b«Rt u ¢Ph9§^b�«y¤^b ­�«As ¯5§h¥!¬0]vbwYVe3¤�® ¬{¤M­�®9¯0b�­ ¢ ¬{§q¢ aIb�«q­
h «q«�¢�a$bpY.¡s¢-­»¤^b ¯fY�"Vt µxt Q t
�h®9¢F§�¢-«y¤�¯0s9¤�®9¢�«q­�®9¢RaVhVdwbpYVe+¬Wdpe�¯5§gb ¤�®9¥L­u¯0Y «gbrab¢u§�«#¤q®9¢F¤q¬5«c]b«�bwY � ¬0Yxa3¬5«�«gbpe0Y�«gd ¯{¤q«

¤�¯ ¤q®9¢Pb § «gh9¦b²f¤q¬�«g]b«NbwY�¤�® ¢M­ ¯0dph9¥~Y «�¯0s ¤q®9¢�q+¬WYU¤�¤ ­�®�¬{§�¤�s ¯5§�®9¯5«�¤q«�¬0Yxa1­ ¯�§q§q¢�«�£�¯fYxaIbpYVe
Y9¢u¤\[4¯5§g]�dwbpYV]b«Pt��h® ¢�­�® ¬�§�¤�e5¢ ¤q«M¤�®9¢RY¡�xdpd ¢�aD¬Wd ¯0Yxe!¤�®9¢3¤gb ¥1¢1¬T�Ib�«M¬�«M¤�®9¢1«�­�®9¢�aIhVdpbwYxe
¬Wdpe�¯5§gb ¤�® ¥C¥!¬0]�¢-«+£9§�¯fe�§q¢�«q«PtG¡b¬�¥1£xd ¢G¬�«q«gbwefY9¥!¢PYU¤q«�¬�§�¢!«�® ¯T[9Y ¯fY X bpe0h9§q¢GµVt�¡vbpY ­ ¢
¤�® ¢�«q­�®9¢RaIhxdwbpYVe�¬0dwe5¯�§^b�¤q®9¥�[9bpdpd(¦H¢�­�¬Wdpd ¢�a ¬WeU¬WbpYD¬=¤ ��
����Wmob ¤5b «�Y9¯{¤ Y9¢�­u¢�«q«�¬�§gn�¤�¯ ¬5«y²
«gbwefY «gd ¯�¤q«�bwY ¤�® ¢¡q+¬0YU¤�¤�­�® ¬{§�¤1s ¯5§G«ch9¦9²V¤�¬�«g]s«�¤q® ¬=¤�[F¯0hVdrad«�¤q¬�§�¤G¬Tsn¤q¢u§ ��

� �Ttj�h®xb «
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X ¯5§(¬0dwds¤q®9§q¢u¢h«y¤q§q¬{¤�¢Pefb ¢-«�[F¢'Y9¢u¢�a�¤q¯ ­�®9¯U«�¢4¤�® ¢'bpYVb ¤gb�¬Wdv_=¬Wdph9¢'s ¯�§ �/� � � �0t i4®9¯s¯5«gbwYxe¬ ­ ¯0Y�«�¢�§g_=¬=¤^bw_5¢(_=¬Wdph9¢�s ¯�§G«�¤�§�¬=¤�¢Re0n �V¡ Q �1¬WYxa �V¡;�D�>b «!¬�e�¯s¯Iad­�®9¯fb ­u¢.«gbwY�­ ¢�b�¤�[9bpdwd

¦H¢ ¬0dwd ¯T[4¢�a ¤�¯jbpY ­u§�¢-¬�«�¢&¬�« ¤�®9¢ ¢
�b¢�­Phb¤gb ¯0Y ¥!¬0]�¢-«�£9§q¯0e5§�¢-«�«Rt �8£H¯5«q«gb ¦Vbpdpb�¤\n b « ¤�¯
ab¢u¤�¢u§q¥~bwY ¢ ¤q®9¢.­u¯5«�¤�¯0sM¤�®9¢�«q­�®9¢RaIhxdwbpYVe)¬Wdpe�¯�§^b ¤�®9¥?¬WYxa «y¤�¬{§�¤>[9b ¤�®d¤�®9¢�¥G¬T�Ib ¥1h9¥
¬Wdpd ¯T[4¢�a ­�¬WdpdwbpYVe¡s §q¢RyDh9¢RY ­
n)¯fY)¤�®9¢�¯�§^bwefbwY=� ¢0t ext�[9b ¤�®d¬ h «�¢u§�²´«�£�¢-­
bw� ¢Ra)£H¢u§�­ ¢RYU¤q¬We5¢
¯Ws>¤q®9¢�i'kAl<¬0dwd ¯T[F¢Ra�s ¯�§�«q­�®9¢�aIhVdpbwYVev��t X ¯5§�«y¤q§q¬{¤�¢Re0n��f¡j¨��9[4¢�[9bpdwd�h «�¢3¬~Yvh9¥3¦H¢u§M¯0s
_=¬Wdph9¢�«�bpY�¯0h9§M«gb ¥1hVd�¬=¤^b ¯fY «Pt
�h®9¢!«y¤q§q¬{¤�¢Re0b ¢�« ab¢�«q­ §^b ¦H¢Ra ¬{¦H¯T_�¢1a9¯�Y9¯�¤ ¢P�b£Vdwb�­
b ¤gdpn ¤�¬W]�¢>bwYU¤q¯.¬5­u­ ¯fhVYU¤ ¤q®9¢>s ¬�­»¤

¤�®�¬=¤�¤q®9¢1Yvh9¥�¦�¢�§�¯0s6§�¢-«�¯fh9§q­u¢�«9b�«�aVnDY�¬{¥~b ­0t��h®9¢>b ¥!£H¯�§�¤q¬WYU¤ ­�¬�«�¢Zb�«�[�®9¢RY¡Y9¢P[<§q¢ ²
«�¯0h9§�­ ¢-«�¦H¢�­u¯�¥!¢�¬`_=¬Wbpd�¬{¦Vd ¢1bpY&¦H¢ ¤\[F¢u¢RY «q­�®9¢RaIhxdwbpYVe.¢P_�¢RYU¤q«Rt5�F¤ ¤�® ¢�¥!¯�¥!¢RY5¤�mj¤�®9¢-«�¢
§q¢�«�¯0h9§�­ ¢-«Z[F¯0hVdrad«�¤q¬`nzbraId ¢�hVYU¤^bwdh¤q®9¢,Y9¢
�s¤G«�­�®9¢�aIhVdpbwYxe ¢R_�¢PYU¤�t{� [h¬`n ¤�¯ £9§q¢P_�¢RYU¤
¤�®xb «1b «+¤q¯D­u¬0dwd#��� ����� �#�! �¢�¬5­�® ¤gb ¥!¢$Y9¢P[ §q¢�«�¯0h9§�­ ¢-« ¬�§�¢G¬faVab¢Ra?t��h®Vb�«�b�«�¬�£9§�¬�­»¤^b�²
­u¬0d6«�¯fdwh9¤gb ¯0Y&¦H¢�­�¬Wh «�¢~b�¤Zb�«+¢�¬5«cn�¤q¯,b ¥!£Vd ¢u¥!¢PYU¤3¬0Yxa&¦H¢�­�¬Wh «�¢~[4¢�ab¯,Y9¯�¤�¢
�b£�¢-­»¤+¤�¯
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® ¬`_5¢3§q¢�«�¯0h9§�­ ¢-«�¬0axab¢Ra�¤q¯s¯�¯0sn¤�¢PY�t � ®9¢PY §�¢-«�¯fh9§q­u¢�«�¦�¢-­ ¯�¥!¢�hVY ¬`_=¬Wbpd�¬{¦Vd ¢0mJb ¤+«�¢u¢�¥!«
§q¢�¬�«�¯0Y�¬{¦Vd ¢�¤q¯~[F¬0b�¤9s ¯5§h¤�®9¢�Y9¢P�s¤�«�­�®9¢�aIhVdpbwYxe1¢R_�¢RY5¤M§�¬=¤q®9¢u§F¤q® ¬WY�§q¢ ²w«�­�®9¢�aIhVdpbwYxext � ¢
«gb ¥>hVd ¬{¤�¢ ¢PYv_vb §q¯0Y9¥!¢RY5¤�«A[9b ¤�®�_=¬{§^nDbpYVe�§q¢�«�¯0h §q­u¢M£�¯s¯fd «F¬WYxa�­ ¯5¥1£�¬{§q¢�«y¤q§q¬{¤�¢Re0b ¢�«�¤q® ¬=¤
Y9¢R_�¢u§+§q¢ ²w«�­�® ¢RaIhVd ¢0m�§�¢u²´«q­�®9¢RaVhVd ¢>s ¯�§+§q¢�«�¯0h9§�­ ¢!­ §q¢�¬{¤gb ¯0Y «RmJs ¯�§�§q¢�«�¯0h §q­u¢>ab¢Rd ¢u¤gb ¯0Y «Rm#¯�§
s ¯�§�¦H¯{¤q®?t
��« [4¢M¥!¢RY5¤^b ¯fY9¢Ra�bpY ¡s¢�­ ¤gb ¯0Y "Vt �xmW[4¢�ab¯�Y9¯{¤F¬�«q«ch9¥!¢h¤q® ¬=¤ §^hVYVYxbwYVe+¤q®9¢�«q­�®9¢RaVhVd�²

bpYVe.¬0dwe5¯�§^b�¤q®9¥ b «�bpY «y¤�¬WYU¤q¬0Y9¢u¯fh « ¦Vhb¤+¤�® ¬{¤ ¯fYD¤q®9¢1­u¯0YU¤�§�¬{§^n�¤�®9¢!­ ¯5¥1£xhb¤q¬{¤gb ¯0Y&¥G¬`n
¥G¬W]5¢ £9§q¯0e5§�¢-«�«'aIh9§^bpYVeG¬1­�¬WdpdH¤�¯ ��� �
�����#�! Dt��h®9¢ZaIbw}�­
hVd ¤\n$[9b ¤�®9¯fhb¤�¤�® ¬{¤M¬�«q«ch9¥!£b²
¤gb ¯0YD­u¯�¥!¢�«9s §�¯5¥ ¤q®9¢�s ¬�­ ¤M¤�®�¬=¤�[F¢�® ¬`_�¢�Y ¯ ¬�­�­
h9§�¬�­Pn$e0h ¬�§q¬0YU¤�¢u¢+¯fY�¤q®9¢3¢-«y¤^b ¥G¬{¤�¢�«
s ¯�§+¤q®9¢G­ ¯5¥1£xd ¢u¤gb ¯0Y ¤gb ¥1¢G¯0sF­Ph9§�§q¢PYU¤^dwn §^hVYVYVbpYVe «gh9¦b²f¤q¬�«g]b«~� «�¢u¢�¡s¢�­ ¤gb ¯0Y4"It Q �
t��h®9¢
brab¢�¬�b «(¤q®9¢PY!«gb ¥!£Vdpn�¤�¯ d ¢�¬`_�¢!;�¬�s ¢P[ ; ¯Ws�¤�®9¢h£9§q¢P_vb ¯0h «gdpn+«q­�®9¢�aIhVd ¢Ra3¤q¬�«g]b«�hVYU¤�¯0h�­�®9¢Ra-m
«�¯ ¤q® ¬=¤5b sh¬ §q¢�«�¯0h §q­u¢3¦H¢�­ ¯5¥!¢�«+¬`_=¬Wbpd ¬�¦Vd ¢>[�®Vbpd ¢ ��� �
�����#�! �b�«M§^hVYVYxbwYVe�b ¤�­�¬WY «y¤�¬{§�¤
¯0Y)£9§q¢P_vb ¯0h «gdpn «q­�®9¢RaIhxd ¢�a&¤�¬�«g]b«Pt��h®Vb «�¤�¢�­�®xYVbpyDh9¢ ¥!¬`n £9§q¯T_�¢~h «�¢
s hVd ¤�¯D¬`_�¯fbpa�braId ¢
¤gb ¥!¢�bpY!¤�®9¢ ­u¬�«�¢�¯Ws�¬�«q­�®9¢RaVhVdwbpYVe�¬0dwe5¯�§^b�¤q®9¥L¤q® ¬=¤ §^hVY «�s ¯�§4¬5Y ¯0Y�Y9¢Re0dpbwefb ¦Vd ¢M¬{¥!¯fhVYU¤
¯Ws�¤^b ¥!¢|� «�¢u¢�¡s¢-­»¤^b ¯fYG"It �f�
t � ¢�£�¢�§cs ¯5§�¥?«cb ¥1hxd ¬{¤gb ¯0Y «+¤q¯&¢R_�¬0dwh�¬=¤�¢�¤�®9¢�_�¬0dwbraIb ¤\n ¯0s
«gh ­�®d¬�¤q¢�­�®VYVbryDh9¢0t X §q¯�¥ ¤�® ¢(b ¥1£xd ¢�¥1¢RYU¤q¬=¤^b ¯fYE£H¯0bpY5¤!¯Ws�_vb ¢P[�m>¯0Y ¢Z�\h «�¤�Y ¢u¢Ra «�¤�¯
® ¬`_5¢ ¤q®9¢�«q­�®9¢RaIhxdwbpYVeG¬Wdpe�¯5§gb ¤�®9¥ ­�® ¢�­¢]�¯fY.«gh9¦b²f¤q¬5«c] ­u¯�¥!£Vd ¢ ¤^b ¯fY «h§�¢Re0hVd�¬{§^dpn0t��h®Vb�«�b «
Y9¯�¤�¬0Y b�«�«gh9¢�e0bp_�¢RYD¤�® ¢!¬�§q­�®xb�¤q¢�­»¤^h9§q¢�¯0s ¯0h9§�«�¯Wsn¤\[h¬{§q¢��V«�¢�¢G¡b¢�­»¤^b ¯fY µD��¬0Yxa ­u¬WY ¦�¢
b ¥1£xd ¢�¥1¢RYU¤�¢Ra�[9b ¤�®9¯fhb¤�aIbw}�­
hVd ¤gb ¢�«Rt
�h®9¢�aIb «q­
h�«�«gb ¯fY¡bwYD¤�®Vb�« «�¢�­ ¤gb ¯0YD¥G¬`n�Y9¯{¤ ¦�¢�§�¢Rd ¢R_=¬WYU¤�s ¯�§+«�¯�¥!¢Z_�¢�§q«gb ¯0Y «�¯0s�¤�®9¢

«q­�®9¢RaIhxdwbpYVe�¬Wdpe�¯5§gb ¤�® ¥L¤�®�¬=¤*ab¢�¥G¬WYxa�_�¢�§gn>dwb ¤�¤^d ¢ ­ ¯�¥!£Vh9¤q¬=¤^b ¯fY�¬WYxa�[F¢�¤q¬0]�¢h¤q®Vb «AbwYU¤q¯
¬�­�­ ¯fhVYU¤�bpY�¯0h9§�«gb ¥>hVd�¬=¤gb ¯0Y�«Pt

����� ��� �J� 	 ��U � - + O%& � � SVM�� M^M ��SVU �
¡U¤q¢u£ «�� ³v�h¯Ws�¤q®9¢3«q­�®9¢RaIhxdwbpYVe ¬0dwe5¯�§^b�¤q®9¥ ¬0dwd ¯T[M«�§q¢RaIh�­»¤gb ¯0Y�«�¯Ws�¤q®9¢1Yvh9¥�¦�¢�§�¯Ws>¤�¬�«g]s«
­ ¯fY «gbpab¢�§�¢�a ¦vn.¤�®9¢G¬Wdpe�¯5§gb ¤�® ¥�t5k�¬{§�¬{¥!¢u¤�¢u§�²w«c[F¢u¢�£�¬�£9£Vdpb ­�¬=¤^b ¯fY « ­u¯0YU¤q¬0bwY _�¢u§^n,d ¬�§ge5¢
Yvh9¥3¦H¢u§�¯Ws(¤q¬�«g]b«Pm9¬0Yxa�¬WY ¬{£ £Vdwb�­u¬{¤gb ¯0Y.¤�®�¬=¤�­ ¯fY «gb «�¤q«h¯0s ¤q¢PY «�¯Ws(¤�®9¯fh «�¬0Yxa9«h¯0s ¤�¬�«g]s«
[9bpdwd9Y9¯�¤1¦H¢,hVY9§q¢�¬0dwb�«y¤^b ­(bwY ¤�® ¢�­Pd ¯U«�¢(s hb¤gh §�¢ft � ®9¢RY ­ ¯fYIs §q¯0YU¤�¢�a{[9b ¤�® «ch ­�® d ¬�§ge5¢
Yvh9¥3¦H¢u§�«h¯Ws ¤q¬5«c]b«Rm9«�¯5¥1¢�«q­�®9¢RaVhVdwbpYVe!®9¢Rh9§gb�«�¤gb�­u«h¥G¬`n�d ¢-¬0a�¤�¯!£9§q¯�®xb ¦Vb ¤gbp_�¢+¢P�s¢-­
hb¤^b ¯fY
¤gb ¥!¢�«>� ¯Ws>¤q®9¢3«q­�®9¢RaIhxdwbpYVe�¬Wdpe�¯5§gb ¤�® ¥��
t X ¯�§�bpY «�¤q¬WY�­ ¢0mH¬�­ ¯5¥!¥1¯fY�¦�¢�® ¬`_vb ¯5§�s ¯�§�«�¤�¢�£
� µD�(¯WsH¤�®9¢ ¬Wdpe�¯�§^b ¤�®9¥ [F¯0hxdpa�¦�¢M¤�¯�bpY «�£H¢�­ ¤6¤�® ¢9[�®9¯0d ¢h¤q¬5«c]3«�£ ¬5­ ¢�s ¯�§�¢-¬�­�®1¤q¬5«c] /=®9¯5«�¤
¬�«q«gbwefY9¥!¢PYU¤Rt�� _�¢RY1¤�®9¯fhVe�®~b ¤Ab «6£�¯U«�«gb ¦xd ¢�¤q¯�dwb ¥~b�¤ ¤�®9¢�Yvh9¥�¦�¢�§6¯Ws�¬�«q«gbwefY9¥!¢PYU¤q«>¤q¯�¦�¢
£H¢u§gs ¯�§q¥1¢�a(� ¦Dn1d ¯T[F¢u§^bwYxe�¤�®9¢ � _=¬0dwh9¢�¬5« ¢P�b£Vd ¬0bwY ¢RaZbpYG¡s¢�­ ¤gb ¯0Y "Vt "f��m{¢P�s¤�§q¢u¥!¢Pdpn�d ¬�§ge5¢
¤q¬5«c]�«�£ ¬�­u¢�«M­u¯0hVdra�¦�¢1¬G£9§q¯�¦Vd ¢u¥,t9�h®9¢�§�¢3¬�§�¢�«�¢P_5¢u§�¬Wd�£H¯5«q«cb ¦Vbpdwb ¤gb ¢�«�s ¯�§�dwb ¥~b�¤^bwYVe ¤�®9¢
Yvh9¥3¦H¢u§ ¯Wss¤q¬5«c]b«RtN£�Y9¢4­u¬WY�­�® ¯5«�¢��E¬�«#¬�§�¬WYoab¯�¥ «ch ¦ «�¢u¤�¯Wsv�V�b¢�a�«cbp�u¢ ¯Wss¤�®9¢F«�¢u¤�¯Ws ¬0dwd
¤q¬5«c]b«Rt �h®Vb�«�¥G¬`n ­u¬0h «�¢�£ §�¯5¦Vd ¢�¥G«h¦�¢-­u¬Wh�«�¢+¢
�b£Vd ¯0b ¤q¬�¦Vd ¢�£ ¬=¤�¤�¢u§^Y «�bpY.¤�®9¢�¤�¬�«g] «�£ ¬�­u¢
¥G¬`n3¦H¢9bwefY9¯�§q¢Ra?t���Y9¯{¤q®9¢u§6£H¯5«q«gb ¦Vbpdpb�¤\n>b «>¤q¯3«�¢Pd ¢�­»¤ «gh9¦ «�¢ ¤�«�[9b ¤�®�¬+¥G¬T�Ib ¥!¬0dVYvh9¥3¦H¢u§
¯WsH¤q¬5«c]b«6«�® ¬�§gbpYVe�¬=¤ d ¢�¬5«y¤6¯fY9¢��w�T� �f�AbwY £Vhb¤ �xd ¢9bpY�¬5_Db ¢P[ ¤�¯3¥!¬W�Ib ¥~bp�PbpYVe�a9¬=¤�¬+§�¢u² h «�¢0t
¡vh ­�®�¬�®9¢Ph9§^b�«y¤^b ­ [9bpdwd�£9§q¯�¦�¬{¦VdpnG¦�¢+¢?�H¢-­»¤gbp_�¢5bpY�dpb ¥�b ¤�¢�as²w«y¤q¯�§�¬We�¢ ¢PYv_vb §�¯fY9¥!¢PYU¤q« � d ¢
sn¤
¬�«As hb¤^h9§�¢�[4¯5§g]>s ¯�§*Y9¯T[���t��h®9¢ «cbp�u¢ ¯Ws � a9¢u£H¢PYxa9«4¯0Y�¤�®9¢+­ ¯5¥1£xd ¢P�vb ¤\n1¯Ws�«�¤�¢u£|� µD��bpY
¤�® ¢+¬0dwe5¯�§^b�¤q®9¥ ¬�«'[F¢Pdpdj¬5«F¯0Y�¤q®9¢5Yvh9¥3¦H¢u§h¯Ws(®9¯5«�¤q«Rt � ¢ £H¢u§gs ¯�§q¥ ¬Zs ¢R[A«gb ¥>hVd ¬{¤gb ¯0Y «
¤�¯�hVYxa9¢u§�«y¤�¬WYxa�¤q®9¢�b ¥!£ ¬5­»¤+¯Ws6¤�¬�«g]5²w«�£ ¬�­u¢�§�¢�aIh ­ ¤gb ¯0Y&¯fY ¤�® ¢1«q­�®9¢RaVhVdwbpYVe�¬Wdpe�¯5§gb ¤�®9¥
§^hVYVYVbpYVe1¤gb ¥!¢�¬WYxa�¤�® ¢�_�¬0dwbraIb ¤\n�¯Ws(¤�® ¢�«�­�®9¢�aIhVd ¢0t
£�Y9¢M­u¯0hVdra�¤�®VbpYV]3¯0s#¬Wd�«�¯5dpb ¥~b ¤gbpYVe�¤�® ¢9YDh ¥3¦H¢u§6¯0sj® ¯5«�¤q«NbpYG¯�§¢ab¢u§>¤q¯�­
hb¤*a9¯T[9Y1¯fY

¤�® ¢ ­ ¯5¥!£Vhb¤q¬{¤gb ¯0Y!¤^b ¥!¢�s ¯5§ ��� ����� �#�! vt��h®Vb�«Ab�« Y ¯{¤F¬5«6¢-¬�«gn�¤�¯��\h «�¤gbws n0t���Yxab¢�¢Ra-m5¤�®xb «
[F¯0hVdra(d ¢�¬`_5¢+®9¯5«�¤q«�braId ¢�[�®Vb ­�®,bpY,e�¢PY ¢u§�¬WdJb «�Y9¯{¤�ab¢-«cb §q¬�¦Vd ¢�s ¯5§h¤�®9¢�¬{£9£Vdpb�­u¬=¤^b ¯fY|� ¤�®9¢
¤�§�¬0a9¢ ²´¯8��b�«�bpY.¦H¢ ¤\[F¢u¢RY §ghxYVYVbpYVe�¬WY�¢
�b£H¢PY «gbp_�¢�«q­�®9¢RaIhxdwbpYVe�¬Wdpe�¯5§gb ¤�® ¥ ¯�§9Y9¯�¤�h «gbwYxe
«�¯�¥!¢G¯Ws�¤q®9¢�§q¢�«�¯0h9§�­ ¢-«�¬`_�¬0bwd�¬{¦xd ¢!¤q¯ ¤�®9¢�¬{£9£Vdpb�­u¬=¤^b ¯fYo��t 3F¢�«gbrab¢�«Rm�s §q¯�¥?¬�£9§�¬�­ ¤gb�­u¬Wd
«�¤q¬WYoab£�¯fbwYU¤�m�[4¢|ab¯jY ¯{¤�¢
�b£�¢-­»¤.¯0h9§�b ¥!£Vd ¢u¥!¢RY5¤�¬=¤^b ¯fY ¤�¯ h «�¢ £9§q¯�®Vb ¦Vb ¤gbp_�¢Pdpn�d ¬�§ge5¢
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Yvh9¥3¦H¢u§�«h¯Ws>®9¯U«y¤�«�� ¯�§M¬{¤9d ¢-¬�«�¤�bpY.¤�®9¢�­Pd ¯U«�¢ s hb¤^h9§q¢���t

����� ��� � SVM������ � MRO � � N � UWO �6� - � � ��Q � MRO � U
��Y ¤�®Vb�«�«�¢�­ ¤gb ¯0Y|[4¢�ab¢-«�­u§gb ¦�¢!¤q®9¢G¥G¬WbpY ® ¢Ph9§^b «�¤gb�­u« s ¯5§�¦VhVbpdpaVbwYVeD¬ «q­�®9¢�aIhVd ¢>s ¯5§+¤�®9¢
¬{£ £Vdwb�­u¬{¤gb ¯0Y?m�¤�® ¢3¯0Y ¢�«�¤q® ¬=¤+­u¬0Y ¦�¢>h «�¢�a¡bpY&«y¤q¢u£j�Vµf�M¯Ws>¤�®9¢1«�­�® ¢RaIhVdpbpYVe ¬Wdpe�¯5§gb ¤�® ¥�t
��dpdH¤�®9¢ ®9¢Rh9§gb�«�¤gb�­u« ¤�® ¬{¤'[F¢ ­u¯0Y «gbpa9¢u§4¬0b ¥ ¬{¤*b ¤�¢�§q¬{¤gbp_�¢PdpnG­�®9¯s¯5«gbwYxe�¤q¬5«c] /�® ¯5«�¤4¬�«q«cbpe0Y9²
¥!¢PYU¤q«Rt X ¯5§�¥G¬WdJab¢-«�­u§gb £b¤gb ¯0Y�¯Ws�¬0dwdH¤�® ¢ ®9¢Rh9§^b «�¤gb�­u«4¥!¢PYU¤gb ¯0Y9¢�a�®9¢�§�¢-¬Tsn¤q¢u§h¬{§q¢�e0bp_�¢RY$bpY
�M£ £�¢RYxaIbw��i�t

� &�Q � � U � � � � - & � ��Q � MRO � U0M
�h®9§q¢u¢!®9¢Rh9§gb�«�¤gb�­u« s ¯�§�­u¯�¥!£Vd ¢ ¤q¢Pdpn bpYxab¢u£H¢PYoab¢PYU¤�¤q¬5«c]b«�� Y9¯D«ch ¦b²V¤�¬�«g]b«Pm-Y9¯¡bpY9£Vh9¤��xd ¢
«�® ¬{§^bwYxeD��¬�§�¢�£9§�¯5£�¯U«�¢�aFbwY � � ¨ � t|�h®9¢Rn,¬{§q¢ ¦ ¬5«�¢�a,¯0Y{[F¯�§^]|bwY�� Q " � � bwY [�®Vb�­�®,¤�®9¢
«q­�®9¢RaIhxdwbpYVe £ §�¯5¦Vd ¢�¥ b�« §�¢-­ ¯0efYVbp�u¢Ra ¬5«�°�k�²w­ ¯�¥!£Vd ¢ ¤q¢��
t��h®9¢-«�¢�®9¢Ph9§^b�«y¤^b ­�« ¬�§�¢3­�¬Wdpd ¢�a
§q¢�«�£�¢-­»¤gbp_�¢Rdwn����>: 1�� �>:xm�� �
	 1����>:omH¬0Yxa 1,9����
�g�R�f�Pt � ¢3§q¢
s ¢u§M¤�¯ � �9¨ � s ¯�§�¤�®9¢Rb § ­ ¯5¥�²
£Vd ¢ ¤q¢Zab¢�«q­ §^b £9¤gb ¯0Y�¬WYxa�[4¢��\h�«y¤�ab¢-«�­u§gb ¦H¢ ¤q®9¢�¥G¬WbpY,bpab¢-¬�«Rt
�h®9¢ K ��- M<� � - ®9¢Rh9§gb�«�¤gb�­u«F­ ¯0Y�«cbrab¢u§�« ¬0dwd�¤�® ¢�¤�¬�«g]s«AbwY � ¬WYxa$s ¯�§F¢�¬5­�®!¤q¬�«g]G­ ¯5¥�²
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­ ¯5¥!£Vd ¢u¤�¢�s §q¢u¢�ab¯�¥�s ¯�§�­�® ¯U¯U«cbpYVe1¤�® ¢3«�¢RYxaIbpYVe�¯5§^ab¢�§Rt*�h®9¢3«�¤�§�¬=¤�¢Re0n$[F¢Zh «�¢�¬Wb ¥G«M¬=¤
¥G¬T�Ib ¥�bp�PbpYVe1�xd ¢�d ¯b­�¬Wdpb�¤\nft X ¯�§F¢�¬5­�®~�xd ¢ [F¢�ab¢P�xY9¢�b ¤q« 9v�P�P�D�4¬�« ¤�®9¢ Yvh9¥3¦H¢u§F¯Ws�¤�¬�«g]s«
¤�®�¬=¤h® ¬`_�¢�Y ¯{¤�«y¤�¬{§�¤�¢Ra!¢P�b¢�­
h9¤gb ¯0Y�¬0YxaG¥G¬W]5¢�h «�¢�¯0s�¤�® ¬{¤*�od ¢ft*£�h9§4«q­�®9¢RaVhVd ¢�§4¯5§^a9¢u§�«
¤�® ¢ bpY9£Vh9¤9�xd ¢-«4¤�§�¬WY «cs ¢u§�«F¦Dn$a9¢�­ §q¢�¬5«cbpYVe>h «�¬0e�¢ft���Y.¯{¤q®9¢u§F¤�¢�§�¥G«Rmv�xd ¢�«F¤�®�¬=¤h® ¬`_�¢ ¤�®9¢
®Vbpe�®9¢-«y¤h£9§q¯�¦ ¬�¦Vbpdwb ¤\n!¯Ws�¦H¢PbpYVe1§�¢u² h «�¢Ra ¬{§q¢ «�¢PYU¤*��§q«�¤Rt ª ¢-­u¬Wdpd�¤�® ¬{¤h¬0Y(bpY9£Vhb¤��xd ¢ ¥G¬`n
Y9¯�¤�Y9¢u¢�a�¤q¯G¦�¢�«�¢PYU¤M¬=¤�¬0dwd-bws�b ¤q«�¬Wd §�¢-¬0aInG£9§q¢�«�¢PYU¤�¯0Y�¤�® ¢+¤q¬{§^e�¢u¤�§�¢�¥1¯�¤�¢�­
dph «�¤�¢�§Rt

����� ��� KJ	�S���O�SIO �"�,- O ����-�� 
 � � UWO � 	�� � N S � M
¡U¤q¢u£�� FW� ¯Ws�¯fh9§h«�­�®9¢�aIhVdpbwYxe�¬Wdpe�¯5§gb ¤�® ¥ ­u¯0Yv_�¢�§�¤�«�¤q®9¢5q+¬0YU¤�¤�­�® ¬{§�¤*bpYU¤�¯�«�¢RyDh9¢RY ­ ¢-« ¯0s
«gh9¦b²f¤q¬�«g]b«�s ¯5§ ¢-¬�­�®D§q¢�«�¯0h §q­u¢0t5�h®9¢>b ¥!£Vd ¢u¥!¢PYU¤q¬{¤gb ¯0Y ¯Ws�¤�® ¢!«q­�®9¢�aIhVd ¢u§ b «�¤�®9¢RY «gh9£b²
£H¯5«�¢Ra!¤q¯1e�¯�¤�®9§q¯0hVe5®!¤�®9¢-«�¢ «�¢�yDh9¢PY ­u¢�«AbwY�¯�§¢ab¢u§�¤q¯1d�¬WhVY�­�® «ch ¦b²V¤�¬�«g]b«Pt���­u­u¯�§¢aIbpYVe�¤�¯
¤�® ¢3¤�¬�«g] ¥1¯Iab¢RdNbwY)¡s¢�­ ¤gb ¯0Y�"Vt ³ ¤�®9¢�§�¢1¬{§q¢�«�¯�¥!¢>a9¢u£H¢PYxab¢RY ­
b ¢�«+¦H¢ ¤\[F¢u¢RY&«gh9¦b²f¤q¬�«g]b«Pm
¬WYoa1¤�®9¢-«�¢�a9¢u£H¢PYxab¢RY ­
b ¢�«A[4¢�§�¢h¤�¬W]5¢PY�bpY5¤q¯3¬�­�­ ¯fhVYU¤ [�®9¢PYG¦VhxbwdraIbpYVe�¤q®9¢�q+¬WYU¤�¤4­�® ¬{§�¤Rm
¬WYoa�® ¢PY ­u¢Z[�®9¢PY ¦xhVbwdraIbpYVe!¤�® ¢3«�¢�yDh9¢PY ­u¢�«Rt u ¯T[4¢R_�¢u§�mVaIh9¢�¤�¯�hVY9£ §�¢�aIb ­ ¤�¢�a�§�¢-«�¯fh9§q­u¢
¦H¢u® ¬`_vb ¯�§�«Pm-b ¤Zb «+£H¯5«q«gb ¦Vd ¢1¤�® ¬{¤�¤�®9¢�«gh9¦b²f¤q¬5«c] ¯5§^a9¢u§^bwYVe,ab¢-­
brab¢Ra|[�®9¢RY ¦VhxbwdraIbpYVe�¤�®9¢
q+¬WYU¤�¤!­�® ¬�§�¤1£9§q¢�­
dphxab¢-«�¤�®9¢.¢
�b¢�­Phb¤gb ¯0Yd¯Ws «gh9¦b²f¤q¬5«c]b«3¤�® ¬{¤!­u¯0hVdraE¦H¢�¢P�b¢�­
h9¤�¢Rajb ¥1²
¥!¢RaIb�¬=¤q¢Pdpn0t¡��YFs ¬5­»¤Rm(¤q®Vb «1«�®9¯0hVdra)® ¬�£9£�¢RY,¯0YVdpn�s ¯�§1Y ¢ ¤\[F¯�§^] dpbwYV]b«�¬WYxa|s ¯5§3¯0h9¤�£Vhb¤
�xd ¢�«Rt���¢ ¤�h�« ­Pd ¬�§gbws n ¤q®Vb�«�[9b ¤�® ¬WYD¢P�b¬�¥!£Vd ¢ft ¡b¬`n�¤�® ¬{¤ ¬0YD¯0hb¤q£Vhb¤ �xd ¢1b�« «q­�®9¢RaVhVd ¢�a
s ¯�§�§�¢u¤�§^b ¢R_�¬0d�¯0Y�¬~Y9¢ ¤\[F¯�§^]$dpbwYx] ¦H¢
s ¯�§q¢+¤�® ¢+¤�§�¬WY «cs ¢u§�¯0s>¬0Y�bpY9£Vh9¤��xd ¢�_Db�¬1¤�®�¬=¤�dpbwYV]Jt
°M¯T[�mvbws#¤�® ¢ «gh9¦b²f¤q¬5«c]�e�¢RY9¢u§�¬=¤^bwYVe3¤�®9¢ ¯0h9¤�£Vhb¤'�xd ¢�b�«F§ghVYxYVbwYxe1d�¬=¤�¢fmU¤�®9¢ Y9¢ ¤\[F¯�§^]�dwbpYV]
«�¤q¬`nb«�braId ¢�[�®9¢PY>b�¤6­ ¯fhVdra3«�¢PYxa�¤�®9¢�bpY9£Vhb¤N�xd ¢0tN� «gb ¥1£xd ¢�[h¬`n ¯0s�«�¯0dp_DbpYVe�¤�®Vb�«>£9§q¯�¦Vd ¢u¥
[F¯0hVdra+¤�® ¢PY3¦H¢4¤�¯ ¬0dw[h¬`nb«#«�¤q¬{§�¤�¤q®9¢*� §q«�¤ £H¯5«q«gb ¦Vd ¢4«gh9¦b²f¤q¬5«c]5bpY�¬ «�¢�yfh ¢PY ­u¢0m�¯�§(¬=¤Nd ¢-¬�«�¤
s ¯�§ �xd ¢1¤�§�¬WY «cs ¢u§�«Rt1��Y ¯0h9§+¢
�9¬�¥1£xd ¢fm-b�¤�[F¯0hVdra&¥!¢-¬WY «�¢PYoaIbwYxe�¤q®9¢~bwY £Vhb¤��xd ¢!¦�¢Ps ¯�§q¢
§q¢ ¤�§^b ¢P_vbwYxe ¤q®9¢!¯0hb¤q£Vhb¤��xd ¢0t u ¯T[F¢P_5¢u§�mH¤�®Vb�«�¥!¯IaIb ��¢�« ¤�® ¢1¯5§^a9¢u§^bwYVe,ab¢-­
brab¢Ra ¦vn ¤�®9¢
«q­�®9¢RaIhxdwbpYVe.®9¢Ph9§^b�«y¤^b ­�« ¬0YxaD¥G¬`n ® ¬`_5¢>ab§�¬{¥G¬{¤gb�­3«gbpab¢!¢?�H¢-­»¤q« ¯fYD¤�® ¢1¯T_5¢u§�¬Wdpd�§^hVY&¯0s
¤�® ¢�¬{£9£xdwb�­u¬{¤gb ¯0Y�25¢�«�£�¢-­
b�¬Wdpdwn>b sj¤�® ¢�¤q¬5«c]3¤�® ¬{¤A[F¬5«�¦Vd ¯b­¢]DbpYVe+¤q®9¢�«�¢RyDh9¢PY�­ ¢9[h¬�«NbpY~s ¬�­»¤
_�¢�§gnD­Pd ¯U«�¢�¤�¯�­ ¯5¥!£Vd ¢u¤gb ¯0Y?t$£�h9§�«gb ¥>hVd ¬{¤gb ¯0Y&¤�§^b ¢-«+¦�¯�¤�®)«y¤q§q¬{¤�¢Pefb ¢-«~� £9§q¢�«�¢u§^_vbwYVe ¤�®9¢
¯�§¢ab¢�§ ¯5§�¬Wdpd ¯T[9bpYVe.¯0hb¤�²f¯0sn²f¯5§^ab¢�§ ¢P�b¢�­
h9¤gb ¯0Yo� ¬�« [F¢Pdpd6¬�«+®vns¦9§^bpa&¯0Y9¢-« ¤�¯,bwYv_5¢�«�¤gbpe5¬=¤q¢
¤�® ¢Pb §�b ¥!£ ¬5­»¤�¯0Y.¤q®9¢�¬{£9£xdwb�­u¬{¤gb ¯0Y?� «F¥!¬0]�¢-«�£ ¬0Y?t
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£�h9§,[F¯�§^] b�«.¥1¯�¤gbp_=¬=¤�¢�a ¦vn §q¢�¬0d ¬�£9£Vdpb ­�¬=¤gb ¯0Y�«�¤q® ¬=¤¡Y9¢�¢Ra ¤q¯ ¢P�b£Vd ¯fb�¤.¤�® ¢zq §^bra-� «
­ ¯5¥!£Vhb¤q¬{¤gb ¯0Y ¬0d>£�¯T[F¢u§ ¤�¯¡b ¤q« s hxdwd ¢�«�¤Rt � ¢�¬{§q¢1­Ph9§�§q¢PYU¤^dwn¡[F¯�§^]vbwYVe�bpY ­u¯0dpd ¬�¦�¯5§q¬{¤gb ¯0Y
[9b ¤�® ¤\[4¯|aIb��j¢u§q¢PYU¤G§q¢�«�¢�¬{§�­�®zbpY «y¤^b�¤^hb¤gb ¯0Y�«�¯fYE¤\[F¯ §q¢�¬0d�²�[F¯�§^dpa,¬�£9£Vdpb ­�¬=¤gb ¯0Y�«Pt 3F¯{¤q®
¤�® ¢�«�¢�¬{£9£Vdpb�­u¬=¤^b ¯fY « �9¤ZbpY)¯0h9§3¬�£9£Vdpb ­�¬=¤^b ¯fY ¥!¯Iab¢Pd4¬WYxa)­u¬0Y&¤q®9¢u§q¢
s ¯5§�¢!¦H¢PY9¢P�9¤Zs §q¯�¥
¯0h §M«�­�®9¢�aIhVd ¢u§�t
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Grid Information
Services

Grid
Operating system

Application
Description

Forecasting
ServicesScheduler

(1)

(2) (3)

(4)

X bpe0h §�¢ F.$�k�¬�§q¬�¥1¢u¤�¢�§h¡v[F¢u¢�£¡��¢�¥1£xd ¬{¤�¢��w¥!£Vd ¢u¥!¢PYU¤q¬{¤gb ¯0Y

�y° ¡ Q > � � "Vm ��³ � a9¢P_�¢Rd ¯5£�¢�a ¬=¤�°�� ¡I�"�M¥!¢-« ª ¢-«�¢-¬{§�­�® i4¢PYU¤�¢�§(b�« ¬E«�¯Wsn¤\[h¬{§q¢
¬{£ £Vdwb�­u¬{¤gb ¯0Y�¤q® ¬=¤+¬Wb ¥!« ¬=¤ «�¯0dp_vbwYxeG¤�®9¢>bwY�­ ¯�¥!£9§q¢�«q«gb ¦Vd ¢�°�¬`_vb ¢u§�²w¡s¤�¯0]5¢�«h¢�yfh�¬=¤gb ¯0Y�«�bpY
¤\[F¯{²�aIb ¥!¢RY «cb ¯0Y�¬Wd e5¢PY9¢�§q¬0dwbp�u¢�a ­u¯s¯�§¢aIbwY�¬=¤�¢-«�s ¯5§3¦H¯{¤�® «y¤q¢�¬0aVn5²w«�¤q¬=¤q¢ ¬WYoa ¤gb ¥1¢�_=¬{§^nU²
bpYVe
( ¯T[�t��h®Vb «1«�¯Wsn¤\[h¬{§q¢ ­u¬0Y)¤�®9¢RYd¥!¢(h «�¢Ra{bwYE¥G¬0YDn�(xhxbpa,¥!¢-­�® ¬WYVb�­u«3¥!¯va9¢PdpbwYVe
£9§q¯�¦Vd ¢u¥G«�� ¢ft eot3¬Wb §cs ¯fbwd(¥!¯Iab¢PdpbwYxe.¬{¤+°�� ¡I� ��t��h®9¢!­ ¯Iab¢�b�« ¥!¯U«y¤^dwn¡[�§^b�¤�¤�¢RY bpY X ¯5§�²
¤�§�¬WY F!F{� [9b ¤�® ¬�s ¢R[ i §q¯0hb¤^bwY ¢�«¢�3¬0Yxad­Ph9§�§q¢PYU¤~�y° ¡ Q > h «�¢u§�«3§^hVYd¯fYE¤q§q¬faIb�¤^b ¯fY ¬Wd
«gh9£�¢�§q­u¯�¥!£Vhb¤q¢u§�«$� i4§�¬`n�� �f��m ¡xq �Z£ §^bpe0bpY Q!�!� � � ¯�§ZY ¢ ¤\[F¯�§^]&¯Ws�[F¯�§^]s«�¤q¬{¤gb ¯0Y «Rt(�´¤
«�¢u¢u¥G«�¤�® ¬{¤�d�¬{§^e�¢u²´«q­u¬0d ¢!§^hVY «�¯0s��y° ¡ Q >8[9bwdpd4§q¢RyDhVb §q¢!¤�®9¢�h «�¢ ¯Ws�¥G¬WYvn � ® ¢ ¤�¢�§�¯fe�¢u²
Y9¯fh «^� aIb�«�¤�§^b ¦Vh9¤�¢Ra §q¢�«�¯0h9§�­ ¢-«�s ¯5§�­ ¯5¥1£xhb¤q¬{¤gb ¯0Y)¬WYxa)«�¤�¯�§�¬We5¢0mj¯�§�bpY)¯{¤q®9¢u§5[F¯�§¢a9«Pm ¬
q §^bpa)¢RYD_vb §�¯fY9¥!¢PYU¤Rt��y° ¡ Q >�a9¯U¢-«ZY9¯�¤3¢
�b®Vb ¦Vb ¤�¬WYvn|a9¬=¤�¬=²w«�® ¬�§gbpYVe�£ ¬{¤�¤�¢�§gY�«�¬{¥!¯0Yxe
­ ¯5¥!£Vhb¤q¬{¤gb ¯0Y�¤q¬5«c] ¬{¤�¤�®9¢�¥!¯5¥1¢RYU¤Rt


�i4¢Rdwd � �5©Ims³ �5� mIab¢P_5¢Pd ¯�£H¢Ra�¬=¤ ¤q®9¢�¡b¬Wdp]~��Y «y¤^b�¤^hb¤�¢�¬0Yxa!¤�® ¢ � ¢u§q§gn�¡s¢c�\Y9¯T[M«g]DbJ��¬�¦
¬=¤(i4¯�§^Y9¢Rdwd9l�Yxbw_5¢u§�«cb ¤\n,¬WYxajb «!¬�e�¢PY ¢u§�¬Wdh«cb ¥1hVd�¬=¤q¯�§>s ¯�§G­ ¢RdwdphVd�¬{§1¥~b ­u§�¯5£9®vns«gb ¯0d ¯0e0nft

�i4¢Rdwd�h «�¢�« 
 ¯0YU¤q¢,iF¬{§^d ¯�aIb#��h�«cb ¯0YZ¬WYxaE­�® ¢u¥~b ­�¬WdF§�¢-¬�­ ¤gb ¯0Yd¬0dwe5¯�§^b�¤q®9¥G«ZbpYG��> ¤�¯
«gb ¥>hVd ¬{¤�¢1¤�® ¢!­u¯�¥!£Vd ¢
�D¦Vb ¯b­�®9¢u¥~b�­u¬0d�bwYU¤�¢�§q¬5­»¤^b ¯fY «�¯0s4¥!¯0d ¢�­PhVd ¢�«5bpY «cbrab¢G¬WYoa&¯fhb¤q«gbpa9¢
¯Ws�dpbp_DbpYVe ­ ¢Pdpd�«PtF��«1¬D
 ¯fYU¤�¢,iF¬�§gd ¯&«gb ¥>hVd�¬=¤gb ¯0Y�m 
�i4¢Pdpd4¥>h «�¤1§^hVY{d�¬{§^e�¢$Yvh9¥�¦�¢�§q«
¯Ws�brab¢PYU¤^b ­�¬Wd mxbpYxab¢u£H¢PYoab¢PYU¤ «gb ¥1hVd�¬=¤^b ¯fY «�s ¯�§�aIb��j¢u§q¢PYU¤�_=¬0dwh9¢-«M¯0sNb ¤q«�§q¬0Yxab¯5¥�Yvh9¥3¦H¢u§
e�¢RY9¢u§�¬=¤q¯�§�«�¢u¢Ra?t�l�Yxdwbp]�¢$�y° ¡ Q >>m 
|i4¢Pdpd�¤q¬5«c]b«�h «gh ¬0dwdpn «�® ¬{§q¢~d ¬�§ge5¢�a9¬=¤�¬��xd ¢-«3¬0Yxa
¢
�b£Vd ¯0b ¤gbpYVe1¤�®xb «�£�¬=¤�¤q¢u§^Y�b�«h¤q®9¢�]�¢RnG¤�¯!£H¢u§gs ¯�§q¥!¬0Y ­ ¢5bpY ¬>[9brab¢Rdwn(aVb «�¤�§^b ¦xhb¤�¢�a,e�§^bpa-t
� ¢6¢
�b£H¢�­»¤ ¤�®9¢-«�¢6¤\[4¯�¬�£9£Vdpb ­�¬=¤^b ¯fY «j¤�¯ ¦�¢4¬9e�¯s¯Ia ¤�¢-«y¤q¦�¢�a5s ¯�§ ¯0h9§-��§q«�¤ ¬=¤�¤�¢�¥1£9¤(¬=¤

ab¢-«cbpe0YVbpYVe1¤�® ¢Zk�¬{§�¬{¥!¢ ¤q¢u§�¡v[4¢�¢u£,��¢�¥!£Vd ¬{¤�¢ft��y° ¡ Q ><® ¬�«�¬!«gb ¥!£Vd ¢u§M«�¤�§^h ­ ¤gh9§q¢ ¤�® ¬0Y

�i4¢Rdwd m6¬WYxa,¤�®Vb�«1[9bpdpdF¬0dwd ¯T[ h «�¤q¯ «�¢u¢�® ¯T[ ¯0h9§1«�­�®9¢�aIhVdpbwYxe&¬Wdpe�¯5§gb ¤�®9¥?¬�­�­ ¯5¥1¥!¯�²
a9¬{¤�¢�«'aIb#�H¢�§�¢RYU¤F¬{£ £Vdwb�­u¬{¤gb ¯0Y «RtA£�¤�®9¢�§F¬�£9£Vdpb ­�¬=¤^b ¯fY « bpY ¯�¤�®9¢�§ � ¢Rdpa9«F¯0s�­ ¯�¥!£Vh9¤q¬=¤^b ¯fY ¬Wd
«q­
b ¢PY ­u¢M¬{§q¢h¬0d «�¯+¦�¢RbwYxe3­ ¯fY «cbrab¢�§�¢�a-t(¡b°�k � Q ¨ � m5¬+£ ¬5­¢]=¬We�¢*s ¯�§F¡s¢u¥~b ²´°�¯0Yb²�k�¬{§�¬{¥!¢ ¤q§gb�­
¤gb ¥!¢G«�¢�§gb ¢�«+¬WY�¬Wdpns«gb�«�[9b ¤�® ¥G¬WYvnD¬{£9£xdwb�­u¬{¤gb ¯0Y bpY ¢�­ ¯fY9¯�¥~b�­u«Rm-[9bwdpd�£9§q¯�¦ ¬�¦Vdpn.¦H¢!¯0h9§
Y9¢P�U¤�¤�¬{§^e�¢u¤Rt

¨-©
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X bwefh9§q¢ F�ab¢�£Vb�­»¤q«(¤q®9¢9e�¢RY9¢u§�¬Wdb¬�§q­�®Vb ¤�¢-­»¤^h9§�¢h¯0s ¤�® ¢�� §q«�¤�b ¥!£Vd ¢u¥!¢RY5¤�¬=¤^b ¯fY�¯0s�¤q®9¢�k4¡I�5t
�h®9¢!«�­�® ¢RaIhVd ¢u§5b�« ¤�®9¢1¥G¬WbpY�s ¯b­
h « ¯0s6¤�®Vb�«5[F¯�§^]�¬0Yxa�b ¤5b « ¤�® ¢!­u¢PYU¤�§�¬Wd(£Vb ¢�­u¢�¯0s ¯0h9§
«�¯Wsn¤\[h¬{§q¢0t��´¤*bwYU¤�¢�§q¬5­»¤�«�[9b�¤q®!¤�®9¢�¯0hb¤�«cbrab¢�[F¯�§^dpa>_vb ¬�³�«cb ¥!£Vd ¢�bwYU¤�¢�§cs ¬5­ ¢-«>¤�¯�³1aVb «�¤gbpY ­»¤
­ ¯5¥!£�¯fY9¢PYU¤q«Rt,��YU¤�¢u§gs ¬�­u¢ �y¨`�5b�«�¤�¯D¤�®9¢.¬{£9£Vdpb�­u¬=¤^b ¯fY,¬WYxaFb ¤q«>e�¯U¬Wd�b�«�¤�¯ £ ¬�«q«+¤q¯ ¤�®9¢
«q­�®9¢RaIhxd ¢�§ ¬0dwd>¬`_=¬Wbpd ¬�¦Vd ¢>bwYVs ¯�§q¥!¬{¤gb ¯0Y&¬�¦�¯fhb¤�¤q®9¢!¬{£9£Vdpb�­u¬=¤^b ¯fY&«�¤�§^h ­»¤^h9§�¢,� Yvh9¥�¦�¢�§ ¯0s
¤q¬5«c]b«Rm`bwY9£xhb¤0/=¯0hb¤q£Vhb¤��xd ¢-«PmTh�«�¢�§ ¢-«y¤^b ¥G¬=¤q¢�« ¯Ws9¤�¬�«g]+¢
�b¢�­Phb¤gb ¯0Y�¤^b ¥!¢-«Pm=¢u¤q­Wt ��tN�h®9¢�§�¢F¬{§q¢
¤\[F¯�bwYU¤�¢�§cs ¬5­ ¢-«�¤�¯�¤�®9¢�q §^bra $�bpYU¤�¢�§cs ¬5­ ¢1� Q �Nb�«�¤q¯�¤�® ¢�q §gbra!¯�£H¢u§�¬=¤^bwYxe�«cnb«�¤�¢u¥ � s ¯5§?�y¯5¦
d�¬WhVY ­�®xbwYVeoms¥1¯fYVb ¤�¯�§^bpYVexmb­u¬0Y ­ ¢Rdwd�¬=¤^b ¯fY ¬WYoa�a9¬{¤q¬�¥!¯T_�¢u¥!¢RY5¤�«^� [�®9¢u§q¢�¬5«AbpYU¤�¢�§cs ¬5­ ¢~���f�
b�«!¤�¯{bpYIs ¯5§�¥G¬=¤^b ¯fY «�¢�§g_vb�­ ¢�«¡� s ¯�§�q §^braZ¤�¯�£H¯0d ¯0efn0m'Yvh9¥3¦H¢u§�¯0s�§�¢-«�¯fh9§q­u¢�«Rm4«�¤q¬{¤gh «G¯0s
§q¢�«�¯0h9§�­ ¢-«Pm ¢ ¤�­Wt ��t X bwY�¬WdpdwnfmxbpY5¤q¢u§gs ¬�­u¢~� ³D��b�«h¤q¯~s ¯�§q¢�­u¬5«y¤^bwYxe!«�¢u§^_vb ­u¢�«4¤�®�¬=¤ ­�¬WY�¦�¢�h�«�¢�a
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£Vd ¢ ¤^b ¯fYo��t���Y ¯{¤�® ¢u§'b « ¤�¯�¤q®9¢ ¬�£9£Vdpb ­�¬=¤^b ¯fY � ab¢-«�­u§gb £b¤^b ¯fYG¯Ws�¤q¬5«c]!«�¤�§^h ­»¤^h9§�¢-«PmDbpY9£Vhb¤*�xd ¢
«gbw��¢�«¢��t|£�¤q®9¢u§�«�¬{§q¢G¤q¯�[�® ¬=¤�[4¢�­u¬WdpdAbpYIs ¯5§�¥G¬=¤^b ¯fYE«�¢�§g_vb�­ ¢-«(� ¢ft eotD° � ¡V�Zs ¯�§�¥!¢�¬=²
«gh9§�¢�¥!¢PYU¤q«�¯0s6¬`_�¬0bwd�¬{¦xd ¢+§q¢�«�¯0h9§�­ ¢+£H¢u§gs ¯�§q¥!¬0Y ­ ¢fm9¯�§M¤�¯�s ¯5§�¢-­u¬�«�¤M«�¢�§g_vb�­ ¢-«�� ¢0t ext�° � ¡
s ¯�§q¢�­�¬�«�¤gbpYVeG¥!¯IaIhVd ¢�«¢��t�£�Y9¢3­�¬WY�¤q®9¢PY�[�§^b ¤�¢�¬ «�­�®9¢�aIhVd ¢u§�¬0Yxa�§^hVY¡b�¤ bwY «cb ¥1hVd�¬=¤^b ¯fY
¥!¯Iab¢�¦vn!£VdphVe0efbwYVe1bwY � � � 9I�w�W���8�9e5§gbra�¬0Yxa�¬{£ £Vdwb�­u¬{¤gb ¯0Y�_vb�¬�¤�® ¢ «�¤q¬WYoa9¬{§¢a~bwYU¤q¢u§gs ¬�­ ¢-«Pt
�h®Vb�«�b «�¬>_�¢�§gn�­u¯0Yv_�¢RYVb ¢PYU¤�a9¢�«gbwefY ¦H¢�­u¬0h «�¢!$�� b �4¯0Y ­u¢�¬�«q­�®9¢RaVhVd ¢�§h® ¬�«h¦H¢u¢RY�[�§^b�¤�¤�¢RY
¬WYoa�¤q¢�«�¤�¢Ra>bpY!«gb ¥1hVd�¬=¤^b ¯fY1b ¤ ­u¬WY�¦�¢�§q¢ ²�h «�¢Ra�¬�«Nb�«�s ¯�§>§�¢-¬Wdb¬{£ £Vdwb�­u¬{¤gb ¯0Y «%2x� bwb �NaIb#�H¢�§�¢RY5¤
«gb ¥>hVd ¬{¤gb ¯0Y «>¯0s�¤q®9¢9e�§^bra1­�¬WY1¦�¢�¢�¬�«gbpdwnZb ¥!£Vd ¢u¥!¢PYU¤�¢�a!¬�«�d ¯0YVe�¬5«(¤�®9¢Rn1b ¥1£xd ¢�¥1¢RYU¤6¤�®9¢
«�¤q¬WYoa9¬{§¢a�bwYU¤�¢�§cs ¬5­ ¢ 2�� bwbpbr�>¤�®9¢ ¬�­»¤^h ¬Wd §ghVYxYVbwYxe�¤gb ¥!¢M¯Wsj¤�® ¢ «q­�®9¢RaIhxdwbpYVe�¬Wdpe�¯5§gb ¤�® ¥�­u¬0Y
¦H¢�§�¢-¬Wdpb «�¤gb�­u¬0dwdpnG¢P_=¬Wdph ¬{¤�¢Ra|� ¬5«�¯�£ £�¯U«�¢�a�¤q¯��\h�«y¤M£9§q¯T_vbpaVbwYVeG¬!­ ¯5¥!£Vd ¢P�Ib�¤\n�¥!¢-¬�«gh9§�¢`��t
�h®9¢�«gb ¥>hVd�¬=¤�¯5§�b�«�ab¢-«cbpe0Y9¢�a�«�¯G¤q® ¬=¤ ¬{§q¦Vb�¤q§q¬�§gn ¥1¯Iab¢Rd «�­u¬WY ¦H¢Zh «�¢Ra�s ¯5§�e�§^bra�bpYb²

s ¯�§q¥G¬=¤^b ¯fY=� i'kAl ¬�­u­u¢�«q«Zab¢Rd ¬`nb«�¬0Yxazd ¯5¬0a «Pm�Y9¢ ¤\[F¯�§^] d�¬=¤q¢PY ­Pb ¢-«3¬0Yxa)¦ ¬WYoaI[9bpab¤�® «¢��t
�´¤Zb�«+¤�®9¢�§�¢Ps ¯�§q¢!£�¯U«�«gb ¦xd ¢1¤�¯D«gb ¥1hVd�¬=¤q¢�bwYxaVbw_vbraIh ¬Wd £ ¬{§�¤q«+¯0s ¤�® ¢$e�§^bpa�bpYIs ¯�§q¥G¬=¤gb ¯0Y)¬�«
­ ¯fY «�¤q¬WYU¤ _�¬0dwh ¢�«Rm�§�¬WYxa9¯�¥8_�¬�§gb�¬{¦xd ¢-«�«q¬{¥!£Vd ¢Ra,s §q¯�¥C¬{§q¦Vb ¤�§�¬{§^n�aIb�«�¤�§^b ¦Vh9¤gb ¯0Y «Rmj¯�§+¬{§�²
¦Vb ¤�§�¬{§^n,¤gb ¥!¢D«�¢�§gb ¢�«¡� ¢0t ext�s §q¯�¥ ° � ¡ ¥!¢�¬�«gh9§q¢u¥!¢PYU¤�«!¯0Y ¬�­»¤^h ¬Wd «cnb«�¤�¢u¥G«¢��t £�h9§
«gb ¥>hVd ¬{¤�¯5§ ¬0d «�¯�¥G¬0]�¢�«�b ¤+£H¯5«q«gb ¦Vd ¢�¤�¯ «cb ¥1hxd ¬{¤�¢!«�­u¢PY ¬�§gb ¯5«�bwY|[�®Vb�­�®&®9¯U«y¤�« ¯�§+¢PYU¤gb §q¢
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d�¬=¤�¢+¢RYD_vb §�¯fY9¥!¢PYU¤q«�[�® ¢u§q¢ §q¢�«�¯0h §q­u¢�«F¬{§q¢ ¤q§q¬0Y «gb ¢RY5¤�«Pt
�h®9¢~ab¢�«q­ §^b £b¤gb ¯0YD¯0s6¤�® ¢!«gb ¥1hVd�¬=¤q¢Ra&¬�£9£Vdpb ­�¬=¤^b ¯fY�b « £ ¬5«�«�¢Ra ¤�¯�¤�®9¢G«q­�®9¢RaIhxd ¢�§�_vb�¬

¤�® ¢ «�¤q¬WYoa9¬{§¢a bpY5¤q¢u§gs ¬�­u¢0t u ¯T[4¢R_�¢u§�m�bwY�«cb ¥1hxd ¬{¤gb ¯0Y ¥!¯Iab¢D¤q®9¢ «q­�®9¢�aIhVd ¢u§ §q¢�­u¢Pbp_�¢-«
¬0axaIb�¤^b ¯fY ¬Wd�bwYIs ¯5§�¥G¬{¤gb ¯0Y ­ ¯fY ­ ¢�§gYVbpYVezbpY9£Vhb¤�¬WYxaZ£H¯5«q«cb ¦Vdpn ¯fhb¤�£xhb¤$�xd ¢&«gbw��¢�«��V«cbpY ­ ¢
Y9¯�¬�­ ¤gh ¬0d��xd ¢�« ¢P�vb�«�¤¢� ¬�«�[4¢Rdwd�¬�«�bpYIs ¯�§q¥G¬=¤gb ¯0Y ¬{¦H¯0hb¤ ¤q¬5«c]U²´®9¯5«�¤ ¬W}~Yxb�¤^b ¢-«��V«�¢�¢!¡b¢�­»²
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do_plan()

linkTemporaryFIFOs

do_schedule()

sched_new_host()
sched_new_work()
sched_work_done()
sched_work_failed()
sched_host_failed()
sched_disk_failed()
sched_fileTransfer_done()

do_store()

cancel_computation()
do_computation()
do_retrieve()
do_remove()
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X bpe0h9§q¢!¨�¨!$�� �H¢-­»¤M¯Ws>«�®�¬{§q¢Ra(�xd ¢�«gbp�u¢+¯0Y,aIb#�H¢�§�¢RY5¤�«q­�®9¢�aIhVdpbwYVeG«�¤�§�¬=¤q¢Pe0b ¢�«

F � � ¬`_=¬0bwd�¬{¦Vd ¢�®9¯U«y¤�«Pms¬WYxa1¤\[F¢Pdp_�¢ � ��� ¬`_=¬Wbpd ¬�¦Vd ¢�® ¯5«�¤q«RtN��dwdoY9¢ ¤\[F¯�§^]�dwbpYV]b«�s §q¯�¥�¤�®9¢
¯�§^bpe0bpY!¤�¯�¤q®9¢ ­Pdwh «�¤�¢�§F¬�§�¢9brab¢RY5¤^b ­�¬Wdj¬WYxa�a9¢Pdpbw_5¢u§4¬�­ ¯fY «y¤�¬WYU¤�¨ ��� ¦DnU¤q¢5/=« ¦ ¬WYoaI[9bpab¤�®?t
�h®9¢�§�¢ ¬{§q¢�Y9¯�¤F®9¯U«y¤*s ¬Wbpdwh §�¢-«'aVh9§gbpYVe3¤�®9¢ §ghxY ¯Ws�¤q®9¢�¬{£9£xdwb�­u¬{¤gb ¯0Y?tN�h®Vb�«F«gnU¤�¢�¥�b «*Y9¯{¤
_�¢�§gn�§�¢-¬Wdpb «�¤gb�­+«cbpY ­u¢�¤�®9¢�§�¢1b «9Y ¯�i'kAl ¯5§�Y9¢ ¤\[F¯�§^]$d ¯5¬fa (oh ­»¤^h ¬=¤^b ¯fY «Pt u ¯T[4¢R_�¢u§�mI[F¢
¦H¢Pdpb ¢R_�¢M¤q® ¬=¤�«gh ­�®�«cnb«�¤�¢�¥!«4£9§q¯T_vbpab¢ ¬0ab¢�yfh�¬=¤�¢�bwYxb�¤^b ¬0doefhVbpa ¬WY ­u¢�s ¯�§ ¤�®9¢ hVYxa9¢u§�«y¤�¬WYxas²
bpYVe�¯0s4«q­�®9¢RaIhxdwbpYVe�¬0dwe5¯�§^b�¤q®9¥G«P�H¦H¢u® ¬`_vb ¯�§�«Pt X hb¤^h9§q¢�[F¯�§^]�[9bwdpdNbwY ­Pdwhoab¢!¢
�b£�¢�§gb ¥!¢PYU¤q«
[9b ¤�®�¥!¯�§q¢M§q¢�¬0dwb�«y¤^b ­�e�§^bpa!¢RYD_vb §�¯fY9¥!¢PYU¤q«RtN�h®9¢ ¬�£9£Vdpb ­�¬=¤gb ¯0Y�[F¢�«gb ¥>hVd�¬=¤�¢�aG­ ¯fY «cb�«�¤q«6¯0s
³ � � ¤q¬5«c]b«6«gh9¦JaIbw_vbrab¢Ra$bwYU¤�¯  J5</;9;:O,T�(¯0s�" � ¤q¬5«c]b«Rt��(¬�«g]b«�[9b�¤q®VbpYG¤�®9¢ «�¬�¥!¢M­�®DhxYV]1¬0dwd
«�® ¬{§q¢3¯fY9¢>d�¬{§^e�¢>bwY £Vhb¤5�xd ¢!¬0Yxa&¬0dwd(¤�¬�«g]s« ¯Ws ¤�®9¢G¬{£ £Vdwb�­u¬{¤gb ¯0Y&¤q¬W]5¢�¤\[F¯�Y ¯0Yb²w«�®�¬{§q¢Ra
bpY9£Vhb¤5�xd ¢�«Rt>�4¬�­�® ¤�¬�«g]s« £9§q¯IaIh ­ ¢-« ¯0Y9¢1¯0hb¤q£Vhb¤5�xd ¢0t�� ¬5«c]b«R�H­u¯�¥!£Vhb¤�¬=¤gb ¯0Y&¤gb ¥!¢�«5bpY
«�¢�­ ¯fYxa9«!¬{§q¢�hVYVbws ¯�§q¥1¢Rdwn{aVb «�¤�§^b ¦xhb¤�¢�ad¯fYd¤q®9¢,bwYU¤�¢�§g_=¬0d � © � m ¨5¨ ��� t{�h®9¢ «gbw��¢�«1¯Ws ¤�®9¢
hVYb²w«�® ¬{§q¢Ra bwY £Vhb¤$�xd ¢&¬0YxaZ¯0hb¤q£Vhb¤��xd ¢�«(bwY � ¦vnU¤�¢�« ¬{§q¢�hxYVb s ¯5§�¥~dpn aIb�«�¤�§^b ¦Vh9¤�¢Ra ¯fY
¤�® ¢¡bwYU¤�¢�§g_=¬0d �  xm ¨ Q5� t �h®Vb�«G«gb ¥>hVd ¬{¤gb ¯0Y ¬�«q«ch ¥1¢-«1£�¢�§cs ¢-­»¤gdpn ¬5­u­Ph9§q¬{¤�¢.§ghxYVYVbpYVe ¤gb ¥1¢
¢�«�¤gb ¥G¬=¤q¢�«5s ¯5§�¬Wdpd «gh9¦b²f¤q¬5«c]b«�¬0Yxa��xd ¢-«3¬�§�¢!¤q§q¬0Y «\s ¢�§�¢�a&¯fYzY9¢ ¤\[F¯�§^]�dpbwYx]s«3¯0Y,¬,� §�«�¤
¬`_=¬Wbpd ¬�¦Vd ¢ ¦ ¬�«gb « � «�¢u¢ ¡s¢-­»¤^b ¯fY�"It µVt "0��t �h®9¢ e�§�¬{£9®�b�«�¯�¦9¤q¬WbpY9¢�a ¦vn «cb ¥1hxd ¬{¤gbpYVed«gb �
®9¢Rh9§gb�«�¤gb�­u«'s ¯�§9bpY ­u§�¢-¬�«gbwYVe!«gbw��¢�«h¯Ws(¤�® ¢�«�® ¬�§�¢�a(bpY9£Vh9¤9�xd ¢-«Pt
�h®9¢>� §�«y¤+¯�¦ «�¢u§^_=¬=¤^b ¯fY¡b « ¤q® ¬=¤ ¤�®9¢~[F¯�§^]Iyfh ¢Ph9¢(� u � ��d ¢�¬fa9«�¤�¯�_�¢u§^n�¦ ¬0a&£�¢�§cs ¯5§�²

¥G¬WY ­u¢ ¦H¢�­�¬Wh «�¢ b�¤�­u¬0YVY9¯{¤F¤q¬0]�¢ ¬0aI_=¬WYU¤�¬We�¢ ¯Ws#¤q®9¢ bwY9£xhb¤��xd ¢+«�® ¬{§^bwYxe1[9b ¤�®VbpY.­�®vhVYx]s«
¯Ws4¤q¬5«c]b« bwY ¤�® ¢!¬�£9£Vdpb ­�¬=¤^b ¯fY?t>�h®9¢G«q¬{¥!¢�b « ¤q§gh9¢!¯0s ¤�® ¢1¦�¬�«gb ­>_�¢�§q«gb ¯fYD¯Ws�¡vh%�j¢u§�¬We5¢
� u �f��«gbpY ­ ¢$b ¤�­u¯�¥!£Vhb¤q¢�«3«gh%�j¢u§�¬We5¢�_=¬0dwh9¢-«3¬{¤�¤�®9¢�®9¯5«�¤Zd ¢R_�¢Rd ¬WYxaFY ¯{¤�¬{¤�¤�®9¢�­
dph «y²
¤�¢�§�d ¢P_5¢Pd�� «�¢u¢!¡s¢�­ ¤gb ¯0Y�"Vt µxt �D��t ��dpd>­Ph9§^_�¢�« ¬{§q¢�£ «�¢Phxa9¯{²�dwbpY9¢�¬�§�¦Vh9¤�s ¯5§�¤q®9¢ 
&¬T�s²f¥~bpY
®9¢Rh9§gb�«�¤gb�­(� u Q �
t5�h® ¢�®9¢Rh9§^b «�¤gb�­u«�d ¢-¬0aIbpYVeG¤q¯�¦H¢�«�¤ £H¢u§gs ¯�§q¥G¬WY ­u¢Zs ¯5§ ¬0dwd��xd ¢�«gbw��¢�« ¬{§q¢
���s¤q¢PYxab¢�ad¡vh%�j¢u§�¬We5¢�� u ³D��¬WYxaE¡vh��H¢�§q¬0e�¢$�g�$� u ©D��t|�h®9¢E
¡bpYb²´¥�bpYE®9¢Rh9§^b «�¤gb�­ � u ¨��
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s ¬Wbpd�«�¤q¯ ­u¬�£b¤gh §�¢ ¬0dwd*�xd ¢�¬5­u­ ¢-«�«3£ ¬=¤�¤�¢�§gY «�¬WYxaE®9¢PY ­u¢(d ¢�¬fa9«�¤q¯ [F¯�§�«�¢G£H¢u§gs ¯�§q¥G¬WY ­u¢
¤�®�¬WY «ch��H¢�§q¬0e�¢ ²´¦ ¬5«�¢�aG¯0Y9¢-«Pt
�#¢u¤�h�«,Y9¯{¤q¢ ¤q¯ bpYU¤�¢�§�¢-«y¤^bwYVe s ¬�­ ¤q« ¬�¦�¯fhb¤�¤q® ¬=¤ ¢P�b¬�¥!£Vd ¢ft X b §q«�¤Rm §q¬0Yxab¯5¥�bp�u¢�a

®9¢Rh9§gb�«�¤gb�­u« � u "f��mZ� u µf�
mZ� u F0��mZ� u  f�$d ¢�aZ¤�¯{brab¢RY5¤^b ­�¬Wd £�¢�§cs ¯5§�¥G¬WY�­ ¢D¬�«G¤�®9¢Rb §�Y9¯0Yb²
§�¬WYxab¯5¥~bw��¢Ra1­ ¯0hxY5¤q¢u§q£ ¬{§�¤q«Rt�k §�¯T_vbpYVe ¯5§ aIb�«�£9§q¯T_vbwYxe�¤q®9¢9h «�¢
s hVdpY9¢�«q«�¯0sH§�¬WYxa9¯�¥~��¬{¤gb ¯0Y
bpY.¯fh9§�s §�¬{¥!¢P[F¯�§^]�[9bwdpd�¦H¢+¤�® ¢�¯�¦I�y¢-­»¤M¯Ws�s hb¤^h9§�¢�[F¯�§^]Jt ¡s¢�­u¯0Yxa?m�
D¬T�s²´¥~bwYF� u Q �h¢P�U²
®Vb ¦Vb ¤q« ¬!£�¢-­
hVdpb ¬�§�¦H¢u® ¬`_vb ¯�§�t X ¯�§ «�® ¬�§�¢�a��xd ¢1«cbp�u¢-«�³  �!� � ¦D¬0Yxa ©�µ �!� � ¦¡b�¤ nvb ¢Rdpa9«
¤�® ¢M«�¬�¥1¢�£H¢u§gs ¯�§q¥G¬WY ­u¢�¬�«(¤�® ¢�«ch��H¢�§q¬0e�¢ ²´¦ ¬5«�¢F®9¢Ph §gb�«y¤^b ­�«PtN�h®9¢M¬Ws ¯�§q¢u¥!¢PYU¤gb ¯0Y ¢Ra�k>¢u§^d
«q­ §^b £b¤�«4¬0dwd ¯T[�bwY9²�ab¢�£b¤�®�¢
�b£Vd ¯0b §q¬{¤gb ¯0YG¯0s#¤�®9¢5a9¬{¤q¬{¦�¬�«�¢�¬WYxa$bwY�£ ¬{§�¤gb�­
hVd�¬{§F¬3­u¯�¥!£Vd ¢ ¤�¢
ab¢-«�­u§gb £b¤gb ¯0Y ¯0s ¢-¬�­�® ¬{£9£Vdpb�­u¬=¤^b ¯fY?� «!§ghVY�t ���9¬�¥�bpYVbpYVe,«ch�­�®�a ¬=¤q¬�s ¯5§G¤�®9¢¡d�¬�«�¤G¤\[F¯
§^hVY «M¯0s+
D¬T�s²´¥~bwYD§q¢P_5¢�¬0d «h¤q® ¬=¤ ¤�®9¢>e�¯s¯Ia�£�¢�§cs ¯5§�¥G¬0Y ­ ¢�¯0s b�¤�« «q­�®9¢�aIhVd ¢Zb « aIh9¢3¤�¯.¬
«�£�¢-­
b�¬Wd braIb ¯5«gnDY�­ §�¬�«gb «+¯0s4¤q®9¢ ¬{£ £Vdwb�­u¬{¤gb ¯0Y?� «�«�¤�§^h ­»¤^h9§q¢�_s«Rt�¤q®9¢$e5§gbra-� «+¤�¯5£�¯fd ¯fe0n0t(��Y
¯{¤q®9¢u§'[F¯�§¢a9«Pm5¤�®�¬=¤h¦�¢�® ¬`_vb ¯5§F­�¬WYVY9¯�¤4¦H¢+¯�¦ «�¢u§^_�¢�a~bwY ¤�®9¢ e�¢RY9¢u§�¬Wdj­u¬5«�¢ft>¡vh�­�®�¬�£ ®9¢ ²
Y9¯5¥1¢RY9¯0Y,«�®9¯T[M« ¤�®�¬=¤�­�¬{§q¢1¥>h «�¤3¦�¢�¤q¬W]5¢PYF[�®9¢RY|bpYU¤�¢�§�£9§q¢ ¤^bwYxeD«cb ¥1hVd�¬=¤^b ¯fY)§�¢-«chVd ¤q«
¬WYoa ¤�®�¬=¤+¯0YVdpnD¬([9brab¢�_=¬{§^b ¢u¤\n.¯0s §q¢�«ghVd�¤�« [9bwdpd>£9§�¯T_5¢�¥!¢�¬0YVbwYxeWs hVd�[�®9¢RY ­u¯�¥!£ ¬{§^bpYVe
®9¢Rh9§gb�«�¤gb�­u«Rt���Y+¤�®xb « ¢
�9¬{¥!£Vd ¢0m=­�® ¬0YVe0bpYVeM¬�s ¢R[)£ ¬{§�¬{¥!¢ ¤q¢u§�«-bpY�¤�®9¢*e�§^bpa5ab¢-«�­u§gb £b¤^b ¯fY5�xd ¢
[F¯0hVdra�­u¬0h «�¢$
D¬T�s²´¥~bwY?� «4£�¢�§cs ¯5§�¥G¬WY�­ ¢�­Ph9§�¢R_�¢�¤q¯3¦H¢�dpbpY9¢�¬�§Rms«�¯5¥!¢P[�®9¢�§�¢�bpY�¦H¢ ¤\[F¢u¢RY

¡bpYb²´¥�bpY?� «M¬WYoa.¡vh��H¢�§q¬0e�¢0� «�­
h §g_5¢ ¬0Yxa�¤�®Vb�«M«�¢u¢u¥G«F¤q¯1¦H¢+¤�® ¢�e�¢PY ¢u§�¬Wd#­u¬5«�¢ft
� _5¢PY ¤�®9¯fhVe�®Z¤q®9¢ £Vh9§q£�¯U«�¢ ¯0s ¤q®Vb�«$ab¯b­
h9¥!¢RY5¤�b «�Y ¯{¤G¤�¯,£ §�¢-«�¢RY5¤$Y ¢P[ §�¢-«chVd ¤q«

­ ¯fY ­ ¢�§gYxbwYVe�«q­�®9¢RaIhxdwbpYVe�®9¢Ph §gb�«y¤^b ­�«+¦Vhb¤�§�¬=¤q®9¢u§+¤q¯,a9¢�«q­ §^b ¦H¢G¯0h9§5bpYVb ¤gb�¬Wd6¥!¯Iab¢Pd�«�¬0Yxa
¤�® ¢~s §q¬�¥1¢R[4¯5§g]�¤q® ¬=¤>[9bwdpd6¢PY�¬{¦Vd ¢�h «+¤q¯ £Vh «�® §q¢�«�¢�¬�§q­�® s h9§�¤�®9¢�§Rm�¤�®9¢-«�¢~� §�«�¤�§�¢-«chVd ¤q«
¬{§q¢3¢RY ­ ¯fh9§�¬We0bpYVe ¬0Yxa�bpYxaIb�­u¬{¤�¢�¤�® ¬{¤�«cb ¥1hVd�¬=¤^b ¯fY&­u¬0Y bpYxab¢�¢RaD£ §�¯T_vbrab¢1bpY «gbwe5®5¤5[�®9¢RY
ab¢R_�¢Pd ¯�£xbwYVeG¬!«q­�®9¢RaIhxdwbpYVeG¬Wdpe�¯5§gb ¤�®9¥ s ¯5§h¤�®9¢1q §^bra-t

� � ����� �%� 
��B���

�h®9¢ £Vh §�£H¯5«�¢�¯Ws ¯fh9§G§q¢�«�¢�¬{§�­�®{b�«!¤�¯)¢R_�¬0dwh�¬=¤�¢D¬0YxaZ­ ¯�¥!£ ¬�§�¢,aIb#�H¢�§�¢RYU¤ «�­�®9¢�aIhVdpbwYxe
«�¤�§�¬=¤�¢Re0b ¢�«5s ¯5§�¬¡efbw_5¢PYE­Pd ¬5«�«3¯Ws�¬{£ £Vdwb�­u¬{¤gb ¯0Y «Rm�b t ¢0tD£�¬{§�¬{¥!¢ ¤q¢u§�²´«g[4¢�¢u£ «Rm�bpY{e5§gbra)¢PYb²
_vb §q¯0Y ¥1¢RYU¤q«Rt�¡Ib ¥>hVd ¬{¤gb ¯0Y&«�¢u¢�¥!¢Ra ¤q®9¢!¬{£9£9§q¯�£ §gb�¬=¤q¢Z[F¬`n.¤q¯ ¤�¬�­¢]vd ¢3¤�®Vb�« £9§q¯�¦Vd ¢u¥C¬�«
� b �4§ghxYVYVbpYVe!§�¢-¬Wdj¬{£9£Vdpb�­u¬=¤^b ¯fY «F¯0Y�§�¢-¬Wdj¢PYv_vb §q¯0Y ¥1¢RYU¤q«*b «h¢P�U¤q§�¢�¥!¢Pdpn!¤gb ¥1¢�­u¯0Y «gh9¥~bwYxe
¬WYoa$[h¬�«�¤�¢�«F­ ¯5¥!£Vhb¤q¬{¤gb ¯0Y ¬0dH¬0Yxa$Y ¢ ¤\[F¯�§^]1§q¢�«�¯0h §q­u¢�«%2�� bwb �6§q¢�¬0dj¢PYv_vb §q¯0Y9¥!¢RY5¤F¥G¬W]�¢�b�¤
_�¢�§gn5aIbw}�­
hVd ¤ ¤q¯ ¯5¦b¤q¬0bwY3§�¢�£9§�¯IaIh�­
b ¦Vd ¢4¬WYxa3¥1¢-¬WYVbpYVe0s hVdU­u¯�¥!£ ¬�§gb�«�¯fY�§�¢-«chxd�¤�«B2V� bwbpbr��§q¢�¬Wd
¢PYv_vb §�¯fY9¥!¢PYU¤q«(¬{§q¢*Y ¯{¤6¬�«(£ ¬�§q¬�¥1¢u¤�¢�§gbp��¬�¦Vd ¢F¬�«>«gb ¥>hVd ¬{¤�¢�a�¯0Y ¢�«Rt�£�h9§�� §�«�¤�b ¥!£Vd ¢�¥!¢PYb²
¤q¬{¤gb ¯0Y�¯0s�¬�«gb ¥1hVd�¬=¤q¯�§�[h¬�«�ab¢ ¤�¬Wbpd ¢�aZbpY�¡s¢-­»¤gb ¯0Y F�¬0Yxa�® ¬5«�¦H¢u¢RYZh «�¢Ra�¤q¯�¯5¦b¤q¬0bwYZbpYVb ¤gb�¬Wd
§q¢�«ghVd�¤�«Pt6¡s¯5¥!¢ ¯0s�¤�® ¢�«�¢ §q¢�«ghVd ¤q«'[4¢�§�¢ £9§q¢�«�¢PYU¤�¢�a$bpY�¡b¢�­»¤^b ¯fY� 1¬WYxa ¤�® ¢PnG£9§q¯T_vbpab¢ ¢Pd ¢ ²
¥!¢PYU¤q«�s ¯�§�­u¯�¥!£ ¬�§gb�«�¯fY�¯0s aIb��j¢u§q¢PYU¤M¤�¬�«g] /�®9¯U«y¤M«�¢Pd ¢�­»¤^b ¯fY�®9¢Ph9§^b�«y¤^b ­�«Pt��h®9¢�¤\[F¯G¦ ¬�«gb�­
d ¢�«q«�¯fY « d ¢�¬�§gY9¢�a1¤�®9¢�§�¢�[4¢�§�¢�¤�® ¬{¤ � br�A[4¯5§g]IyDh9¢Rh9¢�«�¤�§�¬=¤�¢Re0b ¢�«6¬�§�¢�Y9¯{¤'[4¢Rdwdj¬0a ¬{£b¤q¢Ra1¤�¯
¯0h §>¬�£9£Vdpb ­�¬=¤^b ¯fY «�[�®9¢PY1¤�® ¢u§q¢F¬�§�¢'�xd ¢ ²w«�®�¬{§^bwYVe £ ¬=¤�¤�¢�§gY «%2x� bwb �>«ch��H¢�§q¬0e�¢ ²´¦ ¬5«�¢�a�®9¢Ph §gb�«y²
¤gb�­u« ¬{§q¢�¥!¯�§q¢�¬0a9¬�£b¤�¢�a ¤q¯G¤�® ¢�¢
�b£Vd ¯0b ¤q¬{¤gb ¯0Y «ch�­�®��od ¢u²´«�® ¬{§^bpYVe!£ ¬=¤�¤�¢u§^Y «Rt'�h® ¯5«�¢�¬{§q¢
¯0YxdwnG¯fh9§�_�¢u§^n�� §�«y¤h¢
�b£H¢u§^b ¥!¢PYU¤�«F¬0YxaG¤q®9¢u§q¢+¬{§q¢ ­u¯0hVYU¤gd ¢�«q«4£�¯U«�«gb ¦xbwdpb�¤^b ¢-«PmIbpY�¤q¢u§q¥G«4¯0s
e�§^bra�¢PYv_vb §q¯0Y9¥!¢RY5¤�«�¬0YxaD¬{£ £Vdwb�­u¬{¤gb ¯0YD«�¤�§^h ­»¤^h9§q¢�«Rmxs ¯5§�s h9§�¤�®9¢�§ «gb ¥1hVd�¬=¤^b ¯fY «Pt5£ ¦b¤q¬0bwYb²
bpYVe>Y ¢P[ §q¢�«ghVd ¤q«F¬WYxa £9§�¯T_vbraIbpYVe�¥!¢�¬0YVbwYxeWs hVdJbpY5¤q¢u§q£9§q¢ ¤q¬{¤gb ¯0Y «4¬{§q¢�e5¯0bpYVe�¤q¯�¦H¢ ¯fY9¢�¯0s
¤�® ¢5s ¯s­Ph «�¢�«h¯Ws>¯0h §9h9£H­u¯�¥~bpYVe!§�¢-«�¢-¬{§�­�®?t
�h®9¢�§�¢�¬{§q¢+¥G¬WYvn$[h¬`ns«'bpY,[�®Vb ­�®.¤q®9¢�«cb ¥1hxd ¬{¤�¯�§�b ¤q«�¢Pdws6­u¬WY.¦H¢�¢
�s¤�¢RYxab¢Ra?t � ¢�¬0d�²

§q¢�¬0aVn�¥!¢PYU¤gb ¯0Y ¢Ra ¤�®�¬=¤ «�¯�¥!¢�s ¢-¬=¤gh §�¢-«?ab¢�«q­ §^b ¦�¢�a5bwY3¡s¢-­»¤^b ¯fY "�[4¢�§�¢�Y ¯{¤�b ¥!£Vd ¢�¥!¢PYU¤�¢�a
bpY!¤�®9¢ «cb ¥1hVd�¬=¤q¯�§ ¬5«�¯Ws?Y ¯T[�t��w¥!£Vd ¢u¥!¢PYU¤^bwYVe�¤�®9¯U«�¢9s ¢-¬=¤^h9§�¢-«�[9bpdwdH¥G¬W]�¢9b ¤4£H¯5«q«gb ¦Vd ¢h¤�¯
«�¤ghxaIn3¤�®9¢�b ¥!£ ¬5­»¤6¯WsJ_=¬{§^b ¯fh «�s ¬�­ ¤�¯�§�«>¯0Y1¤q®9¢h¤q¬5«c] /�® ¯5«�¤�«�¢Pd ¢�­ ¤gb ¯0YG«q­�®9¢RaIhxdwbpYVe+®9¢Ph §gb�«y²
¤gb�­u«Rt �h®9¢-«�¢(s ¬�­ ¤�¯�§�«�bpY ­
dphxab¢�¦Vhb¤!¬{§q¢$Y9¯{¤�dwb ¥~b�¤q¢Ra)¤q¯�yDh ¬0dwb ¤\n ¯0s9bwYIs ¯5§�¥G¬{¤gb ¯0Y=� «�¢u¢
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