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<m��� ��j!��l6W`W`_bj!lf�&��^olfJ�K!¥�dt^ =���dt^��{lt��_b Il{YZ_�d6[ �p�¨�p�p�¨�p�¨�p�Q�p�¨�p�p�¨�p�¨�p�¨�p�p�Q�p� C6r
<m� v�� G2l{Y$_��(�{lf��_b Il{YZ_�d6[²�Alt_��bW����p�¨�p�p�Q�p�¨�p�¨�p�p�¨�p�¨�p�Q�p�¨�p�p�¨�p�¨�p�¨�p�p�Q�p� C,v

<m� vI��� �OK�uI\I}t}6_�[m}�YZdVdt�bW���dt^�Y`GmK¨YZlf[m}tK![,Y�J�dX XK �p�¨�p�Q�p�¨�p�p�¨�p�¨�p�¨�p�p�Q�p� C6s
<m� vI� v �OK�uI\I}t}6_�[m}�YZdVdt�bW���dt^�Y`GmKp^`K��tK!^oW`KOJ�dX XK �p�¨�p�Q�p�¨�p�p�¨�p�¨�p�¨�p�p�Q�p� C6s

<m� s IÈJ�iI^Zd{�V_�[m}| X_��±K!^ZK![,Y`_bl{YZK� 0iI^Zdt}t^olfJ�W �¨�p�¨�p�p�¨�p�¨�p�Q�p�¨�p�p�¨�p�¨�p�¨�p�p�Q�p� CVx
<m� sm��� IÈ[m XK!K* 0_�[ml6j¡YZ_��6KD�{lf^Z_blfuI��K�W<�Q�p�¨�p�¨�p�p�¨�p�¨�p�Q�p�¨�p�p�¨�p�¨�p�¨�p�p�Q�p� C6z
<m� sm� v ��_�[IK�lt^$jgdX XKQ��^olf}tJ�K�[6YoW �p�Q�p�¨�p�¨�p�p�¨�p�¨�p�Q�p�¨�p�p�¨�p�¨�p�¨�p�p�Q�p� C6z
<m� sm� s �$\XYZdf¾Èlt 8e�d6_�[,Y$jgdX XKQ��^olf}tJ�K�[6YoW �p�¨�p�p�¨�p�¨�p�Q�p�¨�p�p�¨�p�¨�p�¨�p�p�Q�p� CL<
<m� sm� w I Y`K!^ol{YZ_��6KD^ZK�W`dt��\XYZ_�d6[mW �p�p�Q�p�¨�p�¨�p�p�¨�p�¨�p�Q�p�¨�p�p�¨�p�¨�p�¨�p�p�Q�p� CL<
<m� sm� F c�dVdtimW�¥�_�Y`G�IÈ[m IK!i&K![m XK�[,Y I Y`K!^ol{YZ_�d6[mW �p�¨�p�¨�p�Q�p�¨�p�p�¨�p�¨�p�¨�p�p�Q�p� xfr
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�*rI��� IÈ[2jg��\m XK�W�¤mj!dtJ�J�K![,YZW�¤Ilf[m 0 XK*jg�blf^ol{Y`_�dt[2WO�p�¨�p�p�¨�p�¨�p�Q�p�¨�p�p�¨�p�¨�p�¨�p�p�Q�p� xtv
�*rI�Ív �D_�^`K*j¡Y`_��tK*W �Q�p�¨�p�p�¨�p�¨�p�¨�p�p�Q�p�¨�p�¨�p�p�¨�p�¨�p�Q�p�¨�p�p�¨�p�¨�p�¨�p�p�Q�p� xtv
�*rI� s IÈ[miI\XY$�blf[I}6\mlf}6K�Wp�p�p�¨�p�¨�p�¨�p�p�Q�p�¨�p�¨�p�p�¨�p�¨�p�Q�p�¨�p�p�¨�p�¨�p�¨�p�p�Q�p� xtv
�*rI� w c(d6_�[,Y`K�^ZW�lt[m 0 XUV[mlfJ�_bjplf����dXj!lfY`_�dt[ �p�¨�p�¨�p�p�¨�p�¨�p�Q�p�¨�p�p�¨�p�¨�p�¨�p�p�Q�p� xfs
�*rI� F c´lt^Zlt����K!�.iI^Zdt}6^ZltJ�J|_�[I} �¨�p�¨�p�p�Q�p�¨�p�¨�p�p�¨�p�¨�p�Q�p�¨�p�p�¨�p�¨�p�¨�p�p�Q�p� xfs
�*rI� C F�GmKMk�K�j!dtJ�iI\XYZKg¾È�$����W�YZ^ZlfY`K!}6U£�p�p�Q�p�¨�p�¨�p�p�¨�p�¨�p�Q�p�¨�p�p�¨�p�¨�p�¨�p�p�Q�p� xfs
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 � � ^ a �p�¨�p�¨�p�p�Q�p�¨�p�¨�p�p�¨�p�¨�p�Q�p�¨�p�p�¨�p�¨�p�¨�p�p�Q�p� x
v F�GmKMk�K�j!dtJ�iI\XYZKg¾È�$����W�YZ^ZlfY`K!}6U£�p�p�Q�p�¨�p�¨�p�p�¨�p�¨�p�Q�p�¨�p�p�¨�p�¨�p�¨�p�p�Q�p� �*r
s F�GmK<S,Y`d6^`K!¾ �O����WnY`^ol{YZK!}tU �¨�p�¨�p�p�Q�p�¨�p�¨�p�p�¨�p�¨�p�Q�p�¨�p�p�¨�p�¨�p�¨�p�p�Q�p� �*r
w � GmK�j>=Vi2d6_�[,YZ_�[I}�_�[0Y`GIKMj!dt[,Y`Kdb,YoW�df�´k$��lf[m £SX� �p�¨�p�Q�p�¨�p�p�¨�p�¨�p�¨�p�p�Q�p� �6�
F � GmK�j>=Vi2d6_�[,YZ_�[I}�d6[0j�lf����W�_�[ �t���I�m�.����� ^ZK!�6K!^oWnKQ�O� �p�Q�p�¨�p�p�¨�p�¨�p�¨�p�p�Q�p� �8v
C LDlfJ�K�W�dt�´ I_ª�±K!^ZK![,Y`_bl{YZK� 0WnUVJ�u2d6��W<�Q�p�¨�p�¨�p�p�¨�p�¨�p�Q�p�¨�p�p�¨�p�¨�p�¨�p�p�Q�p� ��w
x �D_��&K�^`K�[6YZ_�lfY`K* 0�Ql{Yol�F�UVi&K�W �¨�p�p�Q�p�¨�p�¨�p�p�¨�p�¨�p�Q�p�¨�p�p�¨�p�¨�p�¨�p�p�Q�p� �iF
z �D_��&K�^`K�[6YZ_�lfY`_�dt[£df�´l�Wn_�J�iI��KMl6W`W`_�}t[IJ�K![,Y �¨�p�p�¨�p�¨�p�Q�p�¨�p�p�¨�p�¨�p�¨�p�p�Q�p� �{x
< �D_��&K�^`K�[6YZ_�lfY`_�dt[£df�´lf[£lf^Z^Zl8U¯l6W`W`_�}t[IJ�K![,Y �¨�p�p�¨�p�¨�p�Q�p�¨�p�p�¨�p�¨�p�¨�p�p�Q�p� �{x
�*r IÈ[2W�YZ^`\mjgY`_�dt[mW�W`_�J|im��_�©2j!lfY`_�dt[mW� I\IK¨Y`d���j¡YZ_��V_�Y�U��O[mlf��UXWn_bW �p�¨�p�p�¨�p�¨�p�¨�p�p�Q�p� �*z
�6� �E�&K*j¡YOdt�(��j¡YZ_��V_�Y�U��O[mlf��UXWn_bW�dt[£l�jgdtJ�iI��KgYZKpiI^ZdVj!K� X\m^`KD�Q�p�¨�p�p�¨�p�¨�p�¨�p�p�Q�p� �D<
�8v �D_��&K�^`K�[6YZ_�lfY`_�dt[£df�hY`GIK¨¿2d{¥Àdf�Ejgd6[,Y`^Zdt���p�¨�p�p�¨�p�¨�p�Q�p�¨�p�p�¨�p�¨�p�¨�p�p�Q�p��vI�
�*s �D_��&K�^`K�[6YZ_�lfY`_�dt[£df� I ¾�³�iI^ZdVj!K� X\m^`K¨j!lt���bW!¤IW`GId{¥�_�[I}�¥�lt^`[m_�[I}|J�K�WZW`lt}tK*W �p�¨�p�p�Q�p��v6v
��w �D_��&K�^`K�[6YZ_�lfY`_�dt[£df�(iI^ZdVj!K� X\m^`Kpj!lt���bW��p�¨�p�¨�p�p�¨�p�¨�p�Q�p�¨�p�p�¨�p�¨�p�¨�p�p�Q�p��vfw
�iF �D_��&K�^`K�[6YZ_�lfY`_�dt[£J�dX XK!�._�[£iI^`K*WnK�[mjgK¨dt�E³D�tK�^`��d6l6 X_�[I} �p�Q�p�¨�p�p�¨�p�¨�p�¨�p�p�Q�p��v C
�DC �D_��&K�^`K�[6YZ_�lfY`_�dt[£df�EP£dX X\I�blf^$cE^Zdt}6^ZltJ�WÀ�p�¨�p�p�¨�p�¨�p�Q�p�¨�p�p�¨�p�¨�p�¨�p�p�Q�p��v,x
�{x P¶\I�ªYZ_ª¾È�D_�^ZK�jgY`_�dt[mlt�±YZlf[m}tK![,Y$ X_��&K�^`K�[,Y`_bl{Y`_�dt[ �p�p�¨�p�¨�p�Q�p�¨�p�p�¨�p�¨�p�¨�p�p�Q�p��v <
�*z k$K!J�d{�V_�[I}�\I[m[IK�j!K�WZW`lt^`U¯WnY`d6^Zlt}tK$YZGI^Zdt\I}6G �VU,W	X	Y	X\Z\[ U ^`X>a¨lt[mlf��UXWn_bW��¨�p�¨�p�p�Q�p� sm�
�D< �¨lfY`GIK�^`_�[I}�_�[mW�YZ^`\2j¡Y`_�dt[2W�lf[m �_�J�iI^Zd{�V_�[m}|��dXj!lt��_�Y�U�Y`GI^Zdt\m}tG0_�[mWnY`^Z\mjgY`_�dt[mW�^ZK!d6^Z XK�^`_�[I} s,v
vtr �DKgYZK�jgY`_�dt[¶lf[m £j!dt^Z^`K*j¡Y`_�dt[²df�Elf��_�l6Wn_�[I}|_�[0Y`GmKp^`K��tK!^oW`KOJ�dX XK �p�p�¨�p�¨�p�¨�p�p�Q�p� s6s
vI� G2ltjgY`dt^Z_�°!_�[I}| I\IiI��_�j�l{Y`KMj!dtJ�iI\XYol{YZ_�d6[mW�Y`GI^Zdt\m}tG0J|_�[I_�J�lf��W`iI��_ªY`Y`_�[I} �p�¨�p�¨�p�p�Q�p� s6s
v6v k$K!J�d{�V_�[I}�\mW`K!��K�WZW� XK*lt 0lt 8e�d6_�[,Y$jgdX XK �p�¨�p�p�¨�p�¨�p�Q�p�¨�p�p�¨�p�¨�p�¨�p�p�Q�p� stw
vts 	DF$P�c�_�[6YZK!^`�Altj!KD��d6^ �t���m�I�.���h� _�[IiI\IY0�p�¨�p�p�¨�p�¨�p�Q�p�¨�p�p�¨�p�¨�p�¨�p�p�Q�p�2Ffw
vfw 	DF$P�c�_�[6YZK!^`�Altj!KD��d6^ �t���m�I�.���h� d6\XY`im\XY �¨�p�p�¨�p�¨�p�Q�p�¨�p�p�¨�p�¨�p�¨�p�p�Q�p�2FLF
vLF ³D�6K!^olf���.lf^ojoGI_ªYZK�jgY`\I^ZKDdt� �t���I�m�.����� �¨�p�¨�p�p�¨�p�¨�p�Q�p�¨�p�p�¨�p�¨�p�¨�p�p�Q�p�2F,x
v C F�_�J�KMlf[m �J�K!J�dt^ZU²j!dt[mW`\IJ�iXY`_�dt[0dt[¶W`_ b��8lt��_b IlfY`_�dt[£jgdX XK�W �p�p�¨�p�¨�p�¨�p�p�Q�p�2Ftz
v,x IÈ[,YZK!^Z[mlf���Ql{Yol4G(��d{¥ lt[mlf��UV°!K�W�[mK!K� IK� �u,U��O� _�[ �t���m�I�.���h� �p�¨�p�¨�p�¨�p�p�Q�p�2F <
vtz SX\IuI^Zdt\XYZ_�[IK¨��^olfJ�K�¥�d6^`=|��dt^��{lt��_b Il{YZ_�d6[�dt�´ IK!^Z_��{l{YZ_��6K�W �Q�p�¨�p�p�¨�p�¨�p�¨�p�p�Q�p� Cm�
v < SX\IuI^Zdt\XYZ_�[IK¨��^olfJ�K�¥�d6^`=|��dt^$ IK!uI\I}6}t_�[I}|Y`GIK¨Yolf[I}6K![,Y$jgdX XK �¨�p�p�¨�p�¨�p�¨�p�p�Q�p� Ctw
s6r SXiI��_�Y$K�bXK*jg\XYZ_�d6[0dt��YZGIKM XdfY$im^`dX X\mjgY�Y`K�WnYÀ�¨�p�p�¨�p�¨�p�Q�p�¨�p�p�¨�p�¨�p�¨�p�p�Q�p� C�F
sm� c�^`dXjgK* X\I^ZKpj!lf���bW�_�[mW`K!^`Y`K* ¯��d6^$Wnim��_�YO XdfY$im^`dX X\mjgY�Y`K�WnY£�p�Q�p�¨�p�p�¨�p�¨�p�¨�p�p�Q�p� CLC
s,v ³DiIY`_�J|_�°�lfY`_�dt[0df�Elt 8e�d6_�[,Y+I I ¾ c�dVd6imW �p�¨�p�¨�p�p�¨�p�¨�p�Q�p�¨�p�p�¨�p�¨�p�¨�p�p�Q�p� xfr
s6s c´lt^nYZ��U²lt\XY`d6J�l{Y`_bjQ^`K��tK�^ZW`KQ I_ª�±K!^ZK![,Y`_bl{YZ_�d6[²��d6^
���È¾ ��dVdtimW²�Q�p�¨�p�p�¨�p�¨�p�¨�p�p�Q�p� xX�
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¥�_�Y`Gmdt\XYO}6dt_�[I}¯uml6j>=¯YZd�Y`GIK| X_bW`j!^`K!Y`_�°�l{YZ_�d6[¶W�YZK!i��$�D� YZ^Zlt[mW���d6^`J�W$l¯iI^`d6}t^olfJ YZGml{Y¨jgd6J|im\XY`K*W$dt^
W`_�J<\I�bl{YZK�W�l�J�l{YZGIK!J�l{YZ_�j�lf���6K�jgY`dt^���\m[mj¡YZ_�d6[¶_�[,Y`d¯l�[mK!¥ iI^Zdt}t^olfJ§YZGml{YQjgdtJ�iI\IY`K�WO XK!^Z_��{lfY`_��tK�W�dt�
YZGI_bWE��\I[mjgY`_�dt[���Gm\I^nYZGIK!^�_�[X��d6^`J�lfY`_�dt[�lfu&dt\XY��O�Àj�lf[�u&K$��dt\m[m |_�[�YZGIK$J�dt[Id6}t^olfiIG����DF��±lf[m �_�[�Y`GIK
j!dt����K*j¡YZ_�d6[ df��lf^`Y`_bjg��K�WO��^`d6J�Y`GIK�iml6W�Yp�O� j!dt[X��K�^`K�[mjgK*W���� CI¤.vI¤TFX¤.s�� �<F�GIK*WnK�lf^`Y`_bjg��K�W¨jgd{�6K!^DJ|d,W�Y
YZdtiI_bj!W$^`K���lfY`K� ²Y`d¯�D�<¤m��^`d6J�YZGIK!d6^`K!Y`_bj!lf��a,\IK*W�YZ_�d6[mW�_�[¶jgdtJ�iI\IY`K!^DW`j!_�K�[mjgKMlt[m 0[,\mJ|K�^`_bj!lt��W`j!_�K�[mjgK
YZd��O��YZdVdt�bW� XK!�6K!��dtiIJ�K![,Y�lf[m 0_�[m X\mWnY`^Z_blf��lfimiI��_bj!lfY`_�dt[mW��

�D� _�W�l<im^`d6}t^olfJ YZ^Zlt[mWn��dt^ZJ�lfY`_�dt[�¤Vlf[2 �_�W�YZGIK!^ZKg��d6^`KDi2K�^n��d6^`J�K� ¯u,U�W`df�µY�¥�lf^ZK�Y`dVd6��W�Wn_�J�_��blf^�Y`d
j!dtJ�iI_���K�^ZW�d6^$imlt^Zlt����K!��_�°�K!^oW!��F�GI_�WO_�W�Y`GIKM\2WnK�^�� W�}t\m_� XK¨YZd �t�h�I�I�.���h� ¤2lt[¶�O� Y`dVdt��¥�_�Y`G l�WnY`^Zdt[m}
��dXj!\mW�dt[�Y`GIK$¬�^`X��iXd^>ZdX QJ|dX XK6¤VY`GmlfY$jgdtJ�iI\IY`K�W � ^ � a!	KX
�V[KZ¡��³D\I^�}6\I_� IK!��_�[IKQ_�[²YZGI_�W� IK!�tK���d6iIJ�K![,Y�_�W
YZd�^ZK!\2WnKQlf[m ¯Y`^olf[mW`i2d,WnK$Y`K�joGm[Idt��dt}6U���^ZdtJ YZGIKpjgdtJ�iI_��bl{Y`_�dt[¯©mK!�b ����"�±Y`d��O��¤X_�[²dt^o XK�^�YZd<iI^ZdX X\mjgK
K�#¯jg_�K![,Y$ X_ª�±K!^ZK![,YZ_�lfY`K� £j!dV IKDYZGml{YOj�lf[£jgd6J|i&KgYZKp¥�_ªYZG£Gmlf[m X¾ j!dV IK� 0 XK!^Z_��{lfY`_��tK�W��
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�6K!^oWn_�dt[ vI� r _�W�YZGml{Y�iI^Zdt}t^olfJ W`dt\I^ojgK*WM_�[%$�&�' � ' �h�)(+* �Ívtv��$lt^`K0ltj!j!K!iXYZK�  _�[ l6 I X_�Y`_�dt[ Y`d,$�&�'.-
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YZGIK²�D� J�dX XK!����dt^�l6 8e�dt_�[,Y<jgdX XK*W!�£F�GIK!^ZK²lt^`K|Y�¥�d¶¥�l8UXW¨YZd¶\mWnK �t���I�m�.����� ¤(K�_ªYZGIK!^�ltW<l¶W`GIK����
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=V[Id{¥�[0iI^ZdtuI��K!J�W�lf[2 ²��\m^nYZGIK!^$ XK��tK���d6iIJ�K![,YZW�YZd�j!dtJ�K¨_�[ �6���I�I�.�h��� �

Ð�Ñ(Ò�ÐµÓ



���������	��
������� x

� � � � ��� � � � � � ��� � � � � �±
��

~ ��� ¼ ���I����� � ��� ¸ � ¸	� �����X�
� ¼�� � ¼�¼ �

� � � ¸ � �t���I�m�.����� �6K!^oWn_�dt[£vX���
� �X� ¸ ¼� �����*������� lt[V\mlf^ZU¯vfrtr,v
~ � � ¸ �!� ¼ �{�6� ³Q XUXWZWn]�K��6�Íx
~|½(½h� ¸ �*�t��������� 9
���?9!5 � 8��������� �! 9�"�#���� 5�!27$�+5�% 7 �'& �)(?:

9+*�¸ ����� ����� ¸ �6� �O� k�K!�6K!^oWnK6¤IFhlt[I}tK�[6Y*¤�EEK�j¡YZdt^$F(lf[I}6K![,Y�¤Ik$K�WnY`^Z\mj¡YZ\I^ZlfY`_�dt[
�²¸�,&¸ �{� ¸ � ¼ ½ ¸ 9 ���8�I� ¸�-m¹ � S,Y`d6^`K!¾ �O��� ¤ � GIK�j>=Vi&dt_�[,Y`_�[I}�dt[£j!lf���bW
~ *.* �/���t�m� � ¸C¼�� � $<&)' � ' ���)(+* ¤ $<&)' � ' ��� /+/ ¤Ilf[m 0dt�b XK�^
� � * � ¸ � ¸	� ���X�
� ¼� A � ��- �h� -&¸ �6� <6r�021 �)36� ¤���r�054
~ , �6� ���I�.� �/�µ� ¹ �7� l8�{l�j!��l6W`W`K�W���dt^ c�_�[V\ b0lf[m ¶SVd6��lt^`_bW!¤Vd6^��:K�u£W`K!^Z�tK�^

� � � ¸ � � � � � ¸ �I����� ¸ �6� F�U,i&Kg¾ � GIK*j>=,_�[I}2¤Vk$K�lt X¾ �C^`_�YnYZK![¶�$[2lf��UVW`_bW!¤
GIdt^Z¥�lf^o ²lf[2 98�ltj>=V¥�lf^o ¯��j¡YZ_��V_�Y�Ut¤m�� {e�dt_�[6Y c�_��6K![IK*W`W�lt[mlf��UXWn_bW!¤XF�8�kp¤mk$K� X\mj!K� £SV[mltimWnGmdfYZW

G(_�}6\I^ZK���: �t���I�m�.����� � Z �`
 � �_^`a

Gmdt^�^`K*lt XK�^ZWE¥�Gmd#=V[Id{¥ �O� lf[m �dtY`GIK�^��D��YZdVdt�bW!¤,GIK!^ZKO_bW�l�a,\I_�j>=� XK*W`j!^`_�iXY`_�dt[�dt� �6���I�I�.�h��� ¤
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�O\XY`d6J�l{Y`_bj�dt^E�$��}td6^`_�Y`GmJ|_bj��O_��&K�^`K�[,Y`_bl{Y`_�dt[£«A�D�Q®´ I_ª�±K!^ZK![,Y`_bl{YZK�W��V^ U � ^ ���,Z¡�(�O[��O� Y`dVd6�VYZl_=6K�W´ltW
_�[IiI\IY�l|Wnd6\I^ojgKDj!dtJ�iI\XYZK!^�iI^Zdt}t^olfJ��|Y`GmlfY�¤X}6_��6K![²l��tK*j¡Y`d6^�lt^`}6\IJ�K![,Y����	� 
���Xj!dtJ�iI\XYZK�W�Wnd6J�K
�6K�jgY`dt^���\I[mj¡YZ_�d6[����À¢���������� 
����,F�GmKD�O� YZd,d6�m}6K![IK�^ZlfY`K�W�lp[IK�¥�Wnd6\I^Zj!K�iI^Zdt}t^olfJ Y`GmlfY�¤V}t_��tK�[
YZGIK¯lf^Z}t\mJ|K�[,Y����jgd6J|im\XY`K*WpWnd6J|K¯ IK!^Z_��{l{YZ_��6K�W¨dt��¢��NIÈ[ l¶W`K![mW`Kt¤(lf[��O��Y`dVdt��u&K!G2l8�tK�W¨�blf^Z}tK���U
��_ =tK�lpjgd6J|im_���K!^*¤f¥�GI_bjoG|©m^ZWnY�\I[m IK!^oW�Yolf[m IWEY`GIK�J�K�lt[I_�[I}pdf�&Y`GIK�d6^`_�}t_�[mlt�XiI^`d6}t^olfJ£¤{^ZK!iI^ZK�W`K![,YZW(_�Y�_�[
lt[²_�[,Y`K!^Z[mlt�2��d6^`J£¤Vi&K!^`��dt^ZJ�W�lt[mlf��UXWnK*WEY`d�}6KgY�l� XK�K!i&K!^�\I[m IK!^oW�Yolf[m X_�[I}2¤Vlt[m ¯}6K![IK�^ZlfY`K*W�lt[²dtuIe�K�j¡Y
j!dX XKt�EF�GIKpJ�lf_�[¶ X_��&K�^`K�[mjgK*W���^`d6J l�jgdtJ�iI_���K!^$lf^ZK�:

� Y`GIK J|K*lf[I_�[I} dt�QYZGIK d6uXe�K�jgY²jgdX XK _bW¯ X_��&K�^`K�[,Y¯��^`d6J YZGIK W`dt\I^ojgK6� �O�� XKg©2[IK�W¯Y`GI_bW¯[IK�¥
J�K�lf[m_�[I}�l6W�l�J�lfY`GIK�J�lfY`_bj!lt�±Y`^olf[mWn��dt^ZJ�l{Y`_�dt[C«A X_��±K!^ZK![,Y`_bl{YZ_�d6[2®�dt[�Y`GIKpd6^`_�}t_�[mlt�2��\m[mj¡YZ_�d6[��

� Y`GIK<iI^`dX X\2jgK� �dtuIe�K�j¡YOj!dX XKp_�W�}6K![IK�^Zlt����U¯[IdtY$_�[£J�ltjoGm_�[IKQ��d6^`J£¤IuI\IYO^ZlfY`GIK�^�_�[ W`dt\I^ojgKD��dt^ZJ
lf},lf_�[��EF�GI_�W� X_��±K!^ZK![mj!KQ_bW�_�[�iI^Z_�[mjg_�iI��KDJ�_�[Idt^*¤XuI\XY�J�d6WnY�\mWnK�^ZW�iI^ZKg��K�^�Y`d�WnK�KDYZGIK¨^`K*Wn\m�ªYoW�dt�
 X_��&K�^`K�[6YZ_�lfY`_�dt[¯_�[�YZGIK!_�^��Al8�6dt^Z_ªYZK$Wnd6\I^ojgK��blf[I}6\mlf}6Kt¤6lt[m �YZGI_�W�lf����d{¥$W´Y`GIKQjgd6J|im_���K!^*¤6�bl{YZK!^�dt[�¤
Y`d�^Z\I[�Y`GIKp\mW`\mlt�.dtiXYZ_�J�_�°�l{YZ_�d6[0WnY`K�imW�d6[²YZGIKM X_��&K�^`K�[6YZ_�lfY`K* 0j!dX XKt�

� GVU0_�W$W`\mjoG£l|Y`^olf[mWn��dt^ZJ�l{YZ_�d6[�i&d6WZWn_�uI��K�� �O� l6j¡YZ\mlf����U²^`K���_�K�W�d6[¶l�[V\IJ�u2K�^$df��«�^ZK�l6Wnd6[mlfum��K8®
l6W`W`\IJ�iXYZ_�d6[mW�d6[�Y`GIKDiI^Zdt}t^olfJ��±�,FhdMu&K!}t_�[¯¥�_�Y`G�¤X�D�¦l6W`W`\IJ�K�W�Y`GmlfY���^ZK!iI^ZK�W`K![,YZW�lf���2_�YZW�i2d,W`W`_�uI��K
^Z\I[X¾ Y`_�J�K�WnK*a,\IK![mj!K�W.dt�X_�[mWnY`^Z\mjgY`_�dt[mW�¤*lt[m ¨_�Y�¥�_����t_�[¨�AltjgYh X_��&K�^`K�[,Y`_bl{Y`K´YZGIK�W`K�W`K�a,\IK�[mjgK*W!��F�GmK!^ZKg��dt^ZKt¤
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 I_ª�±K!^ZK![,Y`_bl{YZK� �im^`d6}t^olfJ£�NIÈ[�dfY`GmK!^�¥�d6^Z IW�¤!��_bW� X_ª�±K!^ZK![,YZ_�lfY`K� ¯dt[I��U�iI_�K*jgK�¥�_�W`Kt� � bXi&K!^Z_�K�[mjgKQWnGId{¥$W
YZGml{Y�YZGI_bW�_�W�^ZK�l6Wnd6[mlfum��KD_�[£J�d6WnYOj!l6WnK*W!¤Xlf[2 ²}6dt_�[I}|��\I^nYZGIK!^�_bW$WnY`_����hlf[0dti&K![0^`K*WnK*lf^ojoG²iI^ZdtuI��K!J£�

F�GIK�[�¤.lf[VU£WnK*a6\mK![mj!K<df��_�[mWnY`^Z\mj¡YZ_�d6[mW$_bWD_� XK�[,Y`_�©mK�  ¥�_ªYZG l²j!dtJ�i2d,Wn_�Y`_�dt[¶dt���tK*j¡Y`d6^$��\I[2j¡Y`_�dt[2W!¤
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¥�GmK!^ZK²K�l6joG;3=< _�W�Y`GmK�K���K�J|K�[,YZlf^ZUC��\I[mjgY`_�dt[ _�J�iI��K!J�K![,YZK�  u,U�_�[mWnY`^Z\mj¡YZ_�d6[>�+</��IÈ[ }tK�[IK!^olf� ¤´Y`GIK
��\m[mj¡YZ_�d6[mW(_�J�iI��K!J�K![,YZK� MuVU¨YZGIK�lt^`_�Y`GmJ|K!Y`_bj�d6i2K�^ZlfY`_�dt[mWhdf�XYZGIK�im^`d6}t^olfJ�J�_�[I}O��lt[I}t\mlt}tK�lt^`K�_�[2 XK!K* 
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l6W`W`\IJ�iXYZ_�d6[�_bW��tK�^`_�©mK� �_�[0J�d,W�Y$j!l6WnK*W!�
G(_�[mlf����U6¤X�O�¦Wn_�J�iI��U�ltiIiI��_�K*WEY`GmKQjoGmlt_�[�^Z\I��K�Y`d�dtuXYolf_�[¯ XK!^Z_��8lfY`_��tK*W�df��¢���I ��¥�KO¥�^Z_ªYZK���dt^�WnGmdt^`Y

� < Y`GIK��{lf��\IK�WQdt��lf���´�{lf^Z_�ltuI��K*WDlf�µY`K�^QK*ltjoG:_�[mWnY`^Z\mjgY`_�dt[�� < ±_?� Kt���@?A�B� lt[m �� < ��3 < �C� <$67% �(
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WnY`d6^Zlt}tK��8^ZK�jgd6J�iI\XYZlfY`_�dt[pYZ^Zl6 XKg¾ df��_�[�d6^Z XK�^EY`d<u2K$^ZK�lt����U<K�#¯jg_�K![,Y��EF�GI_bWEYZ^Zl6 XKg¾ df�²_bW�j�lf����K*  ��� X������
� U�	 �V[�	 � �f�¨F�GIK�_� XK*l¯_bW$YZd�W`K!��K�jgYDdt[mKMdt^QJ�lf[VU0W`\IuX¾ imlt^nYoW���df�EYZGIK<iI^Zdt}6^ZltJ �±¤&i2d,W`W`_�um��U£[IK*W�YZK� .�
Gmdt^(K�l6joG��2¤8dt[IK�j!lt[�W`imlf^ZK�W`dtJ�K�^`K�i2K*l{Y`K* M^ZK�j!dtJ�iI\XYol{Y`_�dt[<_�[�Y`GIK�k$� j!l6WnK6¤QW`dtJ�K�J|K�J�dt^ZUp_�[�Y`GIK
SI� j!l6WnK6¤2l{YOY`GIK<j!d6WnYOdf�E^ZK!J�K!J�u2K�^`_�[I}¯l/Z � �
�lZ���U_[?¤±_ � K6��K![Id6\I}tG£�{lf^Z_�ltuI��K�W�YZd¯u2K|lfuI��K¨Y`d²^`K*W�Yolf^`Y
KdbXK�jg\IY`_�dt[���^`d6J lO}6_��6K![|i2d6_�[,Y*�´SVi&K�j!_ª©&j!lf����UM_�[|YZGIK$k$� j!l6WnK6¤{Y`GIK�W`[mlfi2WnGIdtYE_�W(Yol_=tK�[|lfY´Y`GIK�K�[m <dt�
�2¤V_�[�d6^Z XK�^�YZd�^ZK� I\mjgKDY`GIK¨��K![I}tY`G�df�h^ZK�j!dtJ�iI\XYol{YZ_�d6[²WnK*a,\IK![mj!K�W���SVUVJ|J�K!Y`^Z_�j�lf����U�_�[²YZGIKMSX� j!ltW`Kt¤
YZGIKDW`[mltimWnGmdfY�_bW�Yol_=tK�[¯l{Y�YZGIKOu&K!}6_�[m[I_�[m}<df�	��WndMY`GmlfY�Y`GmKO_�[I_ªYZ_�lt�m��d6^`¥�lf^o �Wn¥�K!K�i� XdVK�W�[Id<WnY`dt^olf}6K
lfYDlf��� ¤muI\XY¨lf[¶Kdb,YZ^Zl¯^`\I[¶dt���¯¥�_����(u&K� Xd6[IKM�bl{Y`K�^�¤mY`GI_bW�YZ_�J�K�¥�_ªYZG W�YZdt^olf}6Kt�QGh_�}t\m^`KMw²_�����\2W�YZ^ZlfY`K�W
joGmK�j>=Vi2d6_�[,YZ_�[I}²��dt^Qu2dtY`G�k$� lf[m CSX�§W�YZ^ZlfY`K!}6_�K*W!¤&��d6^Dd6[IK|W`_�[I}t��K�joGIK*j>=Vi2d6_�[,Y`K*  W`\IuX¾ imlf^`Y|«]"�� *(®
l6W�¥�K�����l6W���dt^�[IK*W�YZK� £joGIK*j>=,i&dt_�[,Y`K* ¯imlt^nYoWp« "�� * ,*®g�

Recompute-All : Store-All :

Ckp :

Ckp*:

S{ S{

Gh_�}t\m^`K¨w�: � GIK*j>=Vi2d6_�[,Y`_�[I}�_�[�YZGIKMjgd6[,Y`K�bVYoW�df�(kO��lf[m £SX�
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IÈ[,Y`K�^`K*W�YZ_�[m}t��Ut¤E©m}2�hw�W`GId{¥$WMYZGml{Y�¥�GIK�[ Y`GmK0[V\IJ�u2K�^�dt�DjoGIK*j>=,i&dt_�[,YZW�_�[2jg^ZK�ltW`K�W�¤´Y`GmK�d{�6K!^olf���
WnY`^Z\mjgY`\I^ZK�dt�IY`GIK�l6 8e�dt_�[,Y(iI^Zdt}6^ZltJ u&K�j!dtJ�K�W´W`_�J�_���lt^�¤{lt[m <W`dQ Id$Y`GmK�j!d6WnYZWh_�[|K�bVYZ^ZlO^`K*jgdtJ�iI\IYZl{YZ_�d6[
lt[m CWn[mltimW`GIdfYpW�YZdt^olf}6Kt�<F�GIK� X_��±K!^ZK![mj!K|��_�K�W¨_�[:YZGIK�WnJ�lt����K!^¨iI^Zdt}6^ZltJ i2lf^`YZW�«AW`GId{¥�[C_�[C}t^ZK!U¶d6[
©2}m�mwV®�_�[ ¥�GI_bjoG£Y`GIK�iI\I^ZK<k$� d6^QSX� W�YZ^ZlfY`K!}6U²_bWDltiIiI��_�K* .�$NOW`\mlt����Ut¤2Y`GIK*WnK<imlf^`YZWDlf^ZK¨Y`GIK|Wn_�°!KMdt�
l|iI^ZdXjgK* X\I^ZKQj�lf���?¤ml|��dVdti0u2dX XU6¤Idt^�K��tK![£l|umltW`_bjDum��dXj>=¯dt�h_�[mW�YZ^`\2j¡Y`_�dt[2W!�

�6���I�I�.�h��� \2WnK*W�Y`GmK�SX��W�YZ^ZlfY`K�}tU£lf[m  ltiIiI��_�K*WOjoGIK*j>=Vi2d6_�[,Y`_�[I}�YZd²iI^ZdXjgK* X\I^ZK²«AW`\IuI^Zdt\XYZ_�[mK<dt^
��\m[mj¡YZ_�d6[2®|j!lf���bW!� F�Gm_�W|_bW�_�����\mWnY`^ol{YZK�  dt[ ©2}t\I^ZK FI¤�dt[ ¥�GI_bjoG ¥�K0 IKg©m[IK£W`dtJ�K��6dXj!lfum\I��lt^`U�lf[2 

A

B

C

D

A A

B

C

D D D B B

C C C

x : original form of x

x : forward sweep for x

x : backward sweep for x

: take snapshot

: use snapshot

Gh_�}t\m^`K#F	: � GIK*j>=Vi2d6_�[,Y`_�[I}�dt[£j!lt���bW�_�[ �6���I�I������� ^ZK!�tK�^ZW`KD�D�

}6^ZltiIGI_bj!lt��[IdfYol{YZ_�d6[mW!� ��bVK*jg\XYZ_�d6[ df�Ol iI^`dXj!K� X\I^ZK��C_�[ _ªYoW<d6^`_�}t_�[mlf����dt^ZJ�_bW�W`GId{¥�[ l6W��±� F�GIK
��U_^87 � ^`a Z87�X>X �2¤�_ � K6��K�bXK�j!\XY`_�dt[ dt��� lf\I}6J|K�[,Y`K�  ¥�_ªYZG WnY`dt^olf}6K�df�$�{lf^Z_blfuI��K�W<dt[ YZGIK0WnYZl6j>=²e�\2W�Y
u&Kg��d6^`KOY`GIK�U¯lf^ZKOd{�6K!^Z¥�^`_�YnYZK![�¤6_�W�W`GId{¥�[²ltW @� � �VF�GmK ��� ��� 7 � ^`a4Z87�X>X �2¤X_ � K6�´l6j¡YZ\mlf�.jgd6J�iI\XYZlfY`_�dt[¯dt�
YZGIK�}t^olt X_�K![,Yhdt���±¤8¥�GI_bjoG<i&dtimW(�{lf��\IK�Wh��^ZdtJ YZGIK�WnYZl6j>=p¥�GIK![<Y`GIK�UMlf^ZK�[mK!K� IK� pYZdD^ZK�WnY`d6^`K�Y`GIK � <V� W!¤
_bW¨WnGmd{¥�[:ltW > @� � � _ªYZG:[Id£joGIK*j>=,i&dt_�[,Y`_�[I}m¤&YZGIK�lt 8e�d6_�[,Y¨iI^`d6}t^olfJ _�W�e�\mWnY � � @� � & > @� � �t���m�I�.���h�
ltiIiI��_�K*W�joGIK�j>=Vi&dt_�[6YZ_�[m}MY`d|K!�6K!^ZU�j!lf���&Y`d�l<\2WnK�^�im^`dXjgK* X\I^ZKDj�lf���?¤XW`\mjoG�l6W��¯_�[��±�XcE^ZdXjgK� I\I^`K	�¯¥�_����
u&K¨^`\m[07 	�[���U	� [�W�YZdt^olf}6KD X\I^Z_�[I} @� � � � GIK![�Y`GmKQu2ltj>=V¥�lt^Z �W`¥�K!K!i > @� ^`K*ltjoGIK*W
�.¤V_ªY�^Z\I[mW @� � ¤X_?� Kt���
lt}6lt_�[0uI\XYDY`GI_bW�YZ_�J�KM¥�_�Y`G WnY`d6^Zlt}tK¨lf[m 0YZGIK![¶_�J�J�K� X_bl{YZK!��U�_�YD^Z\I[mW�YZGIKMuml6j>=V¥�lt^Z 0Wn¥�K!K�i > @� lf[2 
©2[mlf����U:Y`GmK²^ZK�WnY�df� > @� �(�D\IiI��_bj!l{YZK²KdbVK*jg\XYZ_�d6[ df�� ^ZK�a,\I_�^`K*W¨Y`GmlfY|W`dtJ�K¯�{lf^Z_blfuI��K�W<\mWnK* �uVU�� «Al
Z � � �lZ�� U [`®�u&K<WnY`d6^`K* .� G(_�}t\I^ZKeF�WnGmd{¥$W�Y`GIK<^`K*Wn\I��Y`_�[I}¯ X_��±K!^ZK![,Y`_bl{YZK� £j!lt����}6^ZltiIG���d6^Olf[£KdbXltJ�iI��K
_�[I_�Y`_blf�hiI^`d6}t^olfJ�j�lf����}t^olfiIG���I �´Y`GIK<iI^`d6}t^olfJ£� W�j�lf����}t^olfimG0_bW$l6j¡Y`\2lf����U0l�¥�K�����u2lf�blf[mj!K� £j!lt���.YZ^`K�Kt¤
YZGIK J�K!J�d6^`U Wn_�°!K l6W�¥�K����QltW�YZGIK j!dtJ�iI\XYol{Y`_�dt[ YZ_�J�K ^ZK�a,\I_�^`K*  ��dt^�YZGIK ^ZK!�tK�^ZW`K¶ X_��&K�^`K�[6YZ_�lfY`K* 
im^`d6}t^olfJ§}t^Zd{¥�dt[m��U¯��_ =tKQY`GIKM IK!iXYZG0dt�hYZGIK¨dt^Z_�}6_�[2lf�.j!lt���±YZ^`K�Kt¤I_ � K6�E��_ =tKQYZGIKp��d6}6lt^`_�Y`GIJ dt��YZGIKMWn_�°!K
dt� �±¤I¥�GI_bjoG0_�W$WZl{YZ_�Wn�AltjgY`d6^`U6�

��� � � � ��� � � ���
IÈ[ J�lf[VU ^ZK�lt�$Wn_�Y`\mlfY`_�dt[mW�¤�YZGIK¶K![2 V¾ \2WnK�^ZW|df�p�O��[IK!K*  d6[I��U Y`GIK  IK!^Z_��{l{YZ_��6K�W|df�¨Wnd6J�K£W`K!��K�jgY`K* 
d6\XY`im\XYZWQdf���0¥�_�Y`GC^ZK�W`i2K*j¡YOYZd0W`dtJ�K|WnK���K*j¡Y`K*  _�[IiI\XYoW¨df� �±� � Gml{YZK!�6K!^DY`GIK� X_��&K�^`K�[6YZ_�lfY`_�dt[:J|dX XK
«�YZlt[I}tK�[6Y*¤6^ZK!�6K!^oWnK6¤����!�o®¡¤fYZGIK�W`K$^ZK�WnY`^Z_�jgY`_�dt[mW�lf����d{¥ YZGIKD�D�ÀYZdVdt�IYZd<iI^ZdX X\mj!KDlpJ�\mjoG¯J�dt^ZK$K"#¯j!_�K�[6Y
 I_ª�±K!^ZK![,Y`_bl{YZK� £iI^Zdt}6^ZltJ£� ��W`W`K![,Y`_blf����Ut¤2© bX_�[I}0Wnd6J�KM_�[miI\XYZWQlf[2 £[IK!}6��K*j¡Y`_�[I}²W`dtJ�KMd6\XY`im\XYZWQlf����d{¥$W
�D��YZd¯e�\mWnY<��d6^`}6KgY�ltu2d6\XY|W`K!�6K!^olf�E_�[,Y`K!^ZJ�K� X_bl{YZK� X_��±K!^ZK![,Y`_bl{YZK� ��{lf^Z_�ltuI��K�W�� F�GI_�W�Gml6WpY�¥�d J�lf_�[
j!dt[mW`K�a,\IK�[mjgK*W :

Ð�Ñ(Ò�ÐµÓ



���������	��
������� �*s

� WnK��tK�^Zlt�� I_ª�±K!^ZK![,Y`_bl{YZK�  �{lf^Z_�ltuI��K�WDe�\mWnY� X_bW`ltiIi2K*lf^|��^ZdtJ YZGIK  X_��&K�^`K�[,Y`_bl{Y`K*  j!dX XKt¤�u2K*j!lt\mWnK
Y`GIK�U�¥�_����.jgd6[6Yolf_�[�K!_�Y`GIK�^�[,\m���&dt^�\mW`K!��K�WZW� XK�^`_��{l{YZ_��6K�W��´P£K�J�dt^ZU�\mWZlf}6KOdt�.Y`GIK¨ X_��&K�^`K�[6YZ_�lfY`K* 
jgdX XKpu&K�j!dtJ�K�W�W`J�lf����K�^��

� WnK��tK�^Zlt�± I_ª�±K!^ZK![,Y`_bl{YZK� �_�[2W�YZ^`\mjgY`_�dt[mW�lt^`KpW`_�J�iI��_�©mK� �dt^�K�^Zl6WnK* ¯u&K�j!lt\mW`KQd6[IK¨df�(Y`GIK�_�^$ IK!^Z_��{l{¾
Y`_��tK¯lt^`}6\IJ�K![,YZWQGml6Wpl =,[md{¥�[ YZ^`_��V_�lt�E�8lt��\mKt�	� bXK�j!\XY`_�dt[CYZ_�J�K�df��Y`GIK� X_ª�±K!^ZK![,YZ_�lfY`K� CjgdX XK
u2K*jgd6J|K*W�WnGmdt^`Y`K!^*�

c�_ =6K²J�d6WnY�dtY`GIK�^|�D� Y`dVdt�bW!¤ �6���I�I������� G2ltW|l W`i2K*jg_�©2j�lt[mlf��UXWn_bW�¤ =V[Id{¥�[ ltW � ��[	���	�[ � �	� �	 �iZ
	 Z¡¤
YZGml{YO IKgY`K*j¡YoW�Y`GIK*WnKMW`_ªYZ\ml{YZ_�d6[mW�¤VY`GIK�^`K!��dt^ZK¨lt����d{¥�_�[I}<��d6^$l|u2K!YnY`K�^O X_��&K�^`K�[,Y`_bl{Y`K* �j!dX XKt�

�6���I�I�.�h��� lf����d{¥$W$Y`GIK�K![2 V¾ \2WnK�^OYZd0W`i2K*jg_���U£Y`GmlfYQd6[I��U Wnd6J|K�dt\XYZiI\XYp�{lf^Z_�ltuI��K�W<«�Y`GIKM¬ aLX � X
� �
aLX
�V[×n®�J<\mWnY�u&Kp X_��&K�^`K�[6YZ_�lfY`K* ¯¥�_�Y`G0^`K*Wni&K�jgY�YZd�d6[I��U¯W`dtJ�KQ_�[miI\XY��{lf^Z_�ltuI��K*WD«�Y`GIK$¬<	 � a X � X��haLX
�V[×n®¡�
�CK�W`l8U¨YZGml{YE�{lf^Z_blfuI��K��!aLX � X��haiZ�U ���<¥�GIK![�Y`GIK� XK�^`_��{l{YZ_��6K�dt���p¥�_�Y`G|^`K*Wni&K�jgY(YZd��p_�W´[IdtY´Y`^Z_��V_blf����U
[V\I��� � �CK$W`l8UMY`GmlfY�lD�{lt^`_blfuI��K�_�W�¬<�	� ^
	KX>ao�_��._ªY� XK�i2K�[m IWEd6[|lfY���K*ltWnYEdt[IK�_�[m XK!i&K![2 XK![,Y�� � d6[,�6K!^oWnK���U
¥�K�W`l8U£YZGml{YMl��8lt^`_blfum��K|_�W�¬ ��ZdX � �� �_���l{Yp��K�l6W�Y¨dt[IK� XK�i2K�[m XK![,Y< XK�i2K�[m IW¨d6[ _�Y��fGh_�[mlt����Ut¤�¥�K�W`l8U
YZGml{YQl��{lf^Z_�ltuI��Kp_bW�¬�� �d[�	�� X M_���_ªYQ_�WDl{Y$YZGIK�WZlfJ�KpYZ_�J�KM�{lt^`_�K�  � �hap\2WnK!��\I�?�+IÈ[ Y`GIK|Wni&K�j!_�lt�hj!l6WnKpdt�
YZGIK$Yolf[I}6K![,Y�J�dX XKt¤V_�Y�_bW�K*ltW`U<YZd�joGIK*j>=<YZGml{Y�¥�GIK![²�8lt^`_blfum��K���_bW�[mdfY��{lf^Z_�K� ¯lfY�W`dtJ�K$iI�bltj!K$_�[²Y`GIK
im^`d6}t^olfJ£¤VY`GIK�[¶_ªYoWO XK�^`_��{l{YZ_��6K )� l{YOY`GI_bW$iI�bltj!Kp_�WDjgK�^nYolf_�[I��U�[V\I��� � � dt[V�tK�^ZW`K!��U�¥�GIK�[¶�8lt^`_blfum��K	��_�W
[mdfYE\mW`Kg��\I� ¤fYZGIK![�¥�GmlfY`K!�6K!^´YZGIK��{lf��\IK�df� )� ¤tY`GI_bWE�{lf��\IK� XdVK�W´[IdtY�J�l{YnYZK!^´��d6^´Y`GIK�©m[2lf�X^ZK�W`\I�ªY*�´SXU,J|¾
J�K!Y`^Z_�jD^`K*ltW`dt[I_�[I}<ltiIiI��_�K*W���dt^�Y`GIKQ^ZK!�tK�^ZW`KOJ�dX XKQdf�h�D� :Xd6umW`K!^Z�,_�[I}<Y`GmlfY� X_��±K!^ZK![,Y`_bl{YZK� ¯�{lt^`_blfuI��K�W
}6d�\IimWnY`^ZK�lfJ£¤X¥�KpWnK�K¨Y`GmlfYOl�\2WnK���K*W`W��{lf^Z_blfuI��K¨GmltW�l|[V\I���� XK!^Z_��8lfY`_��tK6¤X_�[£dfYZGIK!^�¥�dt^o IW�YZGIKpimlf^`Y`_blf�
 IK!^Z_��{l{YZ_��6K<dt��Y`GmK|d6\XY`im\XYp¥�_ªYZG:^ZK�W`i2K*j¡YQY`d0Y`Gm_�WQ�{lf^Z_�ltuI��K�_bWQ[,\m��� � � d6[,�6K!^oWnK���U � d6[,�6K!^oWnK���U0¥�GIK�[
�{lt^`_blfuI��K
�:_bWp[IdtY<�{lf^Z_�K* .¤hY`GIK�[ ¥�Gml{YZK!�tK�^¨Y`GIK²�8lt��\mK¯df� � ¤�YZGI_�W<�{lf��\IK² XdVK�WM[IdfY<J�lfYnY`K�^p��dt^<Y`GIK
©2[mlf�±^ZK�W`\I�ªY*� �t���m�I�.���h� ¥�_�����W`_�J|im��_���U�Y`GmK¨ I_ª�±K!^ZK![,Y`_bl{YZK� ²iI^`d6}t^olfJ ltj�jgd6^Z X_�[I}6��U6¤,lt[m �W`K�jgY`_�dt[�wm� F
KdbXiI��lt_�[2W�dt[0K�bIlfJ�iI��K�W�GId{¥À�Alf^�YZGI_�WOWn_�J�iI��_�©2j�l{Y`_�dt[£j!lt[�}6dm�

��jgY`_��,_�Y�UMlf[2lf��UVW`_bW�_bW�}6��d6umlf�±« � � ����z��µ®g¤f^`\m[I[I_�[I}Od6[MY`GmK�j!dtJ�iI��KgY`K�j!lt���V}t^olfimGMu2K���d{¥�YZGIK�Y`dtimJ|d,W�Y
 I_ª�±K!^ZK![,Y`_bl{YZK�  iI^`dXj!K� X\I^ZKt�MF�Gm_�WQ_bW¨¥�G,U£YZGIK!^ZK|_�WQ[Id�¬nW`K!i2lf^ol{Y`K|jgd6J|im_��bl{YZ_�d6[V<_�[C�O� :.Y`GmK�¥�GId6��K
j�lf����}6^ZltiIG J�\mW�Y�u&K0lt[mlf��UV°!K� �}6��d6umlf����U:��d6^|l }tdVdX  ltjgY`_��V_ªY�U lt[mlf��UXWn_bW!� c�K!Y�� W<KdbXiI��lt_�[ _�[ J�dt^ZK
 IKgYZlt_��':�l6j¡YZ_��V_�Y�UClt[mlf��UXWn_bW¨iI^Zdtimlt}6l{YZK�WQYZGIK¯_�[X��dt^ZJ�l{Y`_�dt[ ¥�GmKgY`GmK!^MK*ltjoG��{lf^Z_�ltuI��K¯ IK!i&K![m IW�dt[ lt[
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IÈ[¯Y`GI_bW�j�ltW`K$Utd6\¯J<\2W�Y�jg^ZK�l{YZK�Y`Gm_�W�©m��KDlf[2 �iI\XY�_ªY�_�[¯Y`GIK¨ X_�^`K*j¡Y`d6^`U�¥�GIK!^ZKDj!dtJ�iI_���lfY`_�dt[�_bW�J�l6 XKt�
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¥�Gm_�joG�YZl =tK�W�U6dt\¯YZd|Y`GIK �t�h�I�I�.���h� _�[Iim\XY�imlf}6KQd6^���dt^ZJ0¤XW`GId{¥�[0dt[¯©2}t\I^ZKMvfsI�´L$dtY`_bjgKQY`G2l{Y�Y`Gm_�W
_�[,Y`K�^n�Al6jgKp}t_��tK*W�Y`GmKM\mW`K!^Ol6j!jgK*W`W$dt[I��U¯YZd�Y`GIKM��\I[m IltJ|K�[,YZlf�hdtiXYZ_�d6[mW�dt�(YZGIK<j!dtJ�J�lf[m V¾ ��_�[IK �6���I� -
������� ��SXi2K*jg_�©2j!lt����Ut¤VYZGIKp¥�K�u�_�[,Y`K�^n�Al6jgK¨��K!YZW�YZGIKp\mW`K!^$W`i2K*jg_���U¯Y`GmK¨W`dt\m^Zj!K¨lt[m �_�[mj!��\2 XK¨©m��K�W�¤VY`GIK�_�^
�blf[m}t\mlt}tKt¤,YZGIKM^Zd,dtY�iI^`dXj!K� X\I^ZKt¤VYZGIKM XK�i2K�[m XK![,YoW!¤mY`GIKp_�[m XK�i2K�[m XK![,YoW!¤&lf[m �©m[mlf����U¯Y`GmKM X_ª�±K!^ZK![,YZ_ª¾
lfY`_�dt[0J�dV IKt��³D[0Y`GmKpdfY`GmK!^$Gmlt[m .¤I��_�uI^Zlt^`U�©2��K*W$lfu&dt\XY$um��l6j>=6¾ u&dib¯iI^`dXj!K� X\I^ZK�W�¤Xdt\IY`iI\XYD��lt[I}t\mlt}tK6¤
W`\ #fbXK�W�df�h I_ª�±K!^ZK![,Y`_bl{YZK� ��{lt^`_blfuI��K�W�¤Vlf[m �d6iXY`_�J�_�°*l{YZ_�d6[²��K!�tK���W�j!lt[I[IdfY�u&KQW`i2K*jg_�©mK� ²lf[m ¯Y`GIK�^`K!��dt^ZK
^ZKgYolf_�[²YZGIK!_�^$ XK!�Alf\I��Y$�{lf��\IK�W��
G(_�����_�[m}�Y`GIK �6���I�I�.�h��� ^`K*a,\IK�WnY���dt^ZJ jgd6[mWn_bWnYZW�df�´Wn_ b�WnY`K�imW!¤m�,_bW`_�uI��K¨dt[0©m}6\I^`Kpvfsm�
�t��� ^Zl6 X_�d|um\XYnYZdt[¶WnK���K*j¡YoW�Y`GIKp_�[IiI\XY$�blf[m}t\mlt}tKDY`GIK�[�¤
vX��Y`GIK�[IK�bVYhWnY`K�iMlf����d{¥$W&YZGIK�\mW`K!^.YZd�\IiI��d6l6 Qlt���t[IK�j!K�WZW`lt^`UOW`dt\m^Zj!Kh©2��K*W!¤�[���	 Z [	��fX��  ZdU � �  U�� a�	 � �
[ � X�	 � �� �laLX��  X�Z¡�hLOdfY`_bjgK�Y`GmlfY���d6^hW`K�jg\m^`_�Y�UD^ZK�l6Wnd6[mW�¤�K*ltjoGQ©m��K�J<\2W�Y(u2K�\IiI��d6lt IK� pW`K!imlt^ZlfY`K!��Ut¤
¥�GI_bjoG¯J�l8U�\I[I��dt^`Y`\I[mlfY`K���U|J�l_=tK$Y`GIKDiI^`dXj!K�WZWEY`K* X_�dt\mW��´SXdt\I^ojgK�©2��K*W�lt[m �_�[2jg��\m XK$©2��K*W�J�\mW�Y
u2Kp\miI��d,lt XK* ²_�[0Y�¥�d�W`K!imlt^ZlfY`KQu2dibXK*W!�

sI��F�GIK¨Y`Gm_�^o £W�YZK!i0_�W�YZd|©m����_�[0Y`GmKp[mlfJ�K¨df�(Y`GIKp^ZdVdfY�iI^ZdXjgK� I\I^`K6¤
wm��F�GIKp��d6\I^nYZG¶W�YZK!i¶_bW�Y`d�©2���h_�[0Y`GmKM[mlfJ�K*W�df��lf���� XK�i2K�[m XK�[6YDdt\XYZiI\XYO�{lf^Z_blfuI��K�W�W`K!imlt^ZlfY`K* ²uVU
¥�GI_�Y`KMW`imltj!K

FX��F�GIK�©I�µYZG�WnY`K�i:_bWQY`d0©m����_�[ YZGIK�[mltJ|K*W¨df��lf���E_�[m IK!i&K![m XK�[,YM_�[Iim\XYM�{lf^Z_�ltuI��K*WDW`K!i2lf^ol{Y`K*  uVU
¥�GI_�Y`KMW`imltj!K

CI��F�GIKMW`_ bVY`G¶lt[m ²�bltWnY$W�YZK!i¶W`K!��K�j¡YoW�Y`GIKM I_ª�±K!^ZK![,Y`_bl{YZ_�d6[�J�dX XKMlt[m ¯YZ^`_�}t}6K!^oW� X_ª�±K!^ZK![,YZ_�lfY`_�dt[��
SVY`K!i2W�sm¤Xwm¤Xlf[2 !F�j!lf[�u2KpW`=V_�iIi&K� �¤X_�[�¥�GI_�joG£j!l6WnKOY`GIK¨\mW`\mlt�± IKg�Alf\m�ªY$lf[2Wn¥�K!^oW�lt^`KDYZl =tK![�¤,^ZK�W`i&K�j¡¾
YZ_��6K!��U�Y`GIKDY`d6iIJ�d6WnY�im^`dXjgK* X\I^ZKO_�[¯YZGIKpj!lf���±}t^olfiIG�¤tYZGIKD��_bW�Y�df�(lf���&d6\XY`im\XYZW�df��Y`GI_bW�iI^`dXj!K� X\I^ZKO¥�_�Y`G
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�D\I^Z_�[I} Y`GIK�\IiI��d6l6 X_�[m} W�YZK!i vI¤ =tK!K�i _�[ J�_�[m  Y`GmlfY|lf����©m��K*WpYZ^Zl8�6K!��d6[�Y`GIK!IÈ[,Y`K!^Z[IK!Y<Y`d:dt\I^
W`K!^Z�tK�^D_�[ SVdtimGI_�lf¾ �O[,Y`_�i2d6��_bW!��F�GI_bWMjgd6[I[IK*j¡Y`_�dt[:_�WM[IdfYpK![2jg^ZU,iIY`K� :[Id6^piI^`dtY`K*j¡Y`K* .� �:K�¥�_�����=6K!K�i
U6dt\I^h©m��K�WEj!dt[X©2 IK![,Y`_blf� ¤fuI\XY�¥�K�j!lf[m[IdfYE}t\2lf^olf[,Y`K�K�Y`GmK!UM¥�_����X[mdfYEu2K$W`iI_�K� �dt[<Y`GIK�¥�K!u��SI �±W`K�j!\I^Z_ªY�U
dt�hU6dt\I^�©m��K�W�J�lfYnY`K�^ZW�¤I Xd{¥�[I��d6l6  �6���I�I�.�h��� dt[£Utd6\I^���dXj�lf��W`UVWnY`K�J£�

³D[:Y`GIK|_�[IiI\XYMimlt}tK0«µ©m}6\I^`K�vfs,®¡¤.¥�K�K�[mjgd6\I^olf}tKMY`GIK�\mW`K!^QY`d0^ZK!}t_bWnY`K!^DY`d0YZGIK [ �
� X�� �La X � ��Z�Xd^>Z
J�lt_���_�[m}���_�WnY�¤�Y`d£u2Kf=6K!iXY¨_�[I��dt^ZJ|K* :ltu2d6\XY¨_�J�iI^Zd{�tK�J|K�[,YZWQlf[m :[IK!¥  XK!�6K!��dtiIJ�K�[6YoW!��F�GI_�WQ_bW¨[IdfY
j!dtJ�iI\I�bW`dt^ZU�Y`d�\mW`K¨Y`GIK�WnK�^`�6K!^*¤,um\XYO_�YOGIK!��imW�\2W�Y`d�=V[Id{¥ dt\I^�\mW`K!^oW�u&KgY`Y`K!^*��F�GmK!^ZKQ_bW$lt��W`d�l���_�[ =
YZd|Y`GIKpd6[X¾ ��_�[IKp XdXjg\IJ�K![,Yol{Y`_�dt[0df�(Y`GmK¨Y`dVdt� �
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«?W�YZK!i C6®g¤.Y`GIK �6���I�I�.�h��� WnK�^`�6K!^DW`K![2 IWQY`GIK� X_��±K!^ZK![,Y`_bl{YZ_�d6[ dt\IY`iI\XYp_�[Cl0[IK�¥ ¥�K!uCimlf}6Kt¤�W`GId{¥�[
d6[ ©m}t\I^ZK v{w2�¦F�Gm_�W�}6^ZltiIGI_bj!lt�$\mW`K!^¯_�[,Y`K!^`�Altj!K¶GIK!��imW�KdbIlfJ�_�[mK �t���m�I�.���h� dt\XYZiI\XY�¤�KdbXGI_�um_ªYZ_�[I}

Gh_�}t\m^`KMv{w : 	OF$P�c�_�[,Y`K!^`�Altj!KQ��dt^ �t�h�I�I�.���h� dt\XYZiI\XY

j!dt^Z^`K*Wni&dt[2 XK![mj!KDu&KgY�¥�K!K�[£dt^Z_�}6_�[mlt��lf[m £ X_��±K!^ZK![,Y`_bl{YZK� £jgdX XK6¤mltW�¥�K!����l6W�¥�lt^`[I_�[I}�J�K�WZW`lt}tK*W!��F�GIK
WZlfJ�K$_�[,Y`K�^n�Al6jgK$_bW�\2WnK* �¥�GIK![¯Y`GIKD\mWnK�^�l6 I IW�Y`GIK � & �$( :¨d6iXY`_�dt[�YZdMY`GmKDjgd6J�J�lt[m V¾ ��_�[IK �+5�!27��+5�% 72�

F�GIK���dt\m^�YZdtip��^olfJ�K�W(W`GId{¥CY`GIK�dt^Z_�}6_�[2lf�tim^`d6}t^olfJÀd6[pY`GmK���Kg�µY*¤tlf[m pY`GIK� X_��&K�^`K�[6YZ_�lfY`K* piI^Zdt}t^olfJ
d6[�Y`GIK²^`_�}tG,Y��¶F�GIK¯Y�¥�d£YZdti ��^olfJ�K�W<WnGId{¥�Y`GmK�j!lt����}t^olfiIGmW�¤´lf[m CYZGIK¯J�_� m X��K²��^ZltJ�K�WMW`GId{¥ Y`GIK
$<&)' � ' ��� W`dt\I^ojgK�df�IYZGIK�WnK���K*j¡Y`K* <W`\IuI^Zdt\XYZ_�[mKt�(SXK!��K�j¡YZ_�[m}QlOiI^`dXj!K� X\I^ZK�[2lfJ�K�_�[�lDj!lt���V}t^olfimG¨��^ZltJ|K
YZ^`_�}t}6K!^oW¨ X_�W`iI�bl8U¶df��Y`GI_bWpiI^ZdXjgK* X\I^ZKt� WpWnd6\I^Zj!K�_�[CY`GIK���^olfJ�K�u&K!��d{¥p�²SVK!��K�jgY`_�[I} lf[C_�[2W�YZ^`\mjgY`_�dt[�_�[
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W`dt\m^Zj!KO��^olfJ�Kt�
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��^ZdtJ Y`GmK�d6\XY`iI\IYD_�[6YZK!^`�Altj!KMimlf}6Kt¤2Y`d�}td¯uml6j>=²YZd¯YZGIK<_�[IiI\XY¨_�[6YZK!^`�Altj!KMimlf}6KM¥�_�Y`GId6\XYQ��dVd6W`_�[m}�Y`GIK
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G(_�}t\I^ZK v FCW`\IJ�J�lt^`_�°!K*W|Y`GIK lt^ZjoGm_ªYZK�j¡YZ\I^ZK0dt� �t���I�m�.����� �À��Y�Y`GIK:Wnd6\I^Zj!K��blf[m}t\mlt}tK£��K��tK��?¤�Y`GIK
_�[IiI\IYOimlf^oW`K!^oW�lf[m �Y`GmKMdt\XYZiI\XY�¬niI^ZKgY`Y�U6¾ iI^Z_�[,YZK!^oWÈplf^ZK¨j!��K*lf^Z��U0WnK�imlf^ol{YZK� ²��^`d6J�YZGIK#=tK�^`[mK!� ¤I¥�GI_bjoG
d6[I��U,=V[Id{¥$W�lt[²lfu2W�YZ^Zl6j¡Y��blf[I}6\mlf}6K$j!lf����K� �	��«���dt^´¬ IÈJ�i&K!^ol{Y`_��tK	c�lf[m}t\mlt}tK¡n®¡�NI� XK�lt����Ut¤�	��j!dt[,YZlt_�[mW
lt����YZGIK W`K!J�lf[,Y`_bj£jgd6[mW�YZ^`\2j¡YZW|YZGml{Y¯KdbX_�WnY¯_�[ Y`GmK¶J|d,W�Y²j!dtJ�J�dt[ _�J�i&K!^ol{YZ_��6K0�blf[m}t\mlt}tK�W|¥�K¶lf^ZK
Yolf^Z}tK!Y`_�[I} l{Y*¤�_ � K6�:YZGIK4$�&�' � ' ��� W|lf[2  Y`GmK 42W���F�GmK!=6K!^Z[IK!��df� �t���I�m�.����� _�W�lt[:¬ IÈJ�i&K!^ol{YZ_��6K
chlf[I}6\mlf}6KQ�O[mlf��UV°!K�^�¡¤,Y`GmlfY$uI\I_��� IWOl � lf�����Q^ZltiIG�dt�hYZGIKpiI^Zdt}6^ZltJ0¤V¥�_�Y`G¶lfG(��d{¥ �Q^ZltiIG0��dt^�K�l6joG
im^`dXjgK* X\I^ZKt�´F�GI_bW =tK�^`[mK!�m_bW�^ZK�W`i&dt[mW`_�um��K���d6^�lt���2}tK![mK!^olf�IiI\m^`i&d6W`KOlf[2lf��U,°�K�W�¤6W`\mjoG¯ltW�k�K�l6 V¾ �:^Z_ªY`Y`K�[
lt[mlf��UXWn_bW�dt^�i&dt_�[,Y`K!^$�O[mlf��UXWn_bW��

F�GI^Zdt\m}tG¶lf[¶�Oc I�d6[£Y`d6i0dt�´Y`GI_bW =6K!^Z[IK!��«A¥�GI_�joG¶_bW�J�l8UVu2Kp[mdfYDl6W$jg��K�lt^n¾Èjg\XY$l6W�_ªYQWnGId6\I�b m®¡¤2_�W
um\I_���Y¨Y`GIK��O�§K�[I}t_�[IK�W�YZ^`_bj¡YZ��U W`i&K�l_=V_�[I}m�7I Yp_�J�iI��K�J�K![,YZWQYZGIK|�D�$¾ÈW`i2K*jg_�©2j�lf[mlt��UXW`K�W�¤±lt[m  um\I_��b IW
YZGIK¶ X_��&K�^`K�[6YZ_�lfY`K*  j�lf����}t^olfiIG lf[m  ¿md{¥ }6^ZltiIGmW�umltj>= _�[,Y`d:Y`GIK�=6K!^Z[IK!� � �CK¶jg�blf_�J Y`G2l{Y¯dfYZGIK!^
YZdVdt�bW�j!dt\I�b �u2K¨uI\I_���Y�Y`GI_bW�¥�l8U�d6[²YZdti0df��YZGIKMWZlfJ�K	=6K!^Z[IK!� �EF�GIKO=tK�^`[IK��±_�W�YZGIK![£lfuI��KQY`d�W`K![m ²Y`GIK
 I_ª�±K!^ZK![,Y`_bl{YZK�  ��¯iI^`d6}t^olfJ�WEYZd|Y`GIK¨iI^ZKgY`Y�U6¾ iI^Z_�[,YZK!^�df��YZGIKplfiIim^`d6iI^`_bl{YZKO�blf[I}6\mlf}6Kt�´L$dtY`_bjgKplf�bWnd|_�[
YZGIKOJ�_b I X��KDu&dfY`Y`d6J dt�.©m}t\m^`KDvLFQY`GmK�¬nuI�bltj>=,¾ u&dib|W`_�}t[mlfY`\I^ZK�W�o¤t¥�GI_�joG�W�Yolf[m IW���dt^�Y`GIKQ\mW`K!^`¾ ¥�^Z_�YnY`K�[
��_�uI^Zlt^`U�©2��K*W� XK�WZjg^Z_�u&K� 0_�[¶WnK*j¡Y`_�dt[ CI�Ív

trees  (IL) trees  (IL)

XXX parser

C parser (C)

Fortran95 parser (C)

Fortran77 parser (C)
Black-box signatures

XXX printer

C printer

Fortran95 printer (Java)

Fortran77 printer (Java)

other tool

Imperative Language Analyzer (Java)

Differentiation Engine (Java)

User Interface (Java / XHTML)

API

G(_�}6\I^ZKpvLF	:�³D�tK�^Zlt���±lf^ojoGI_�Y`K*j¡Y`\m^`K¨df� �6���I�I�.�h���

F�GIK¯joG2lf_�[ df��lf[2lf��UVW`K�WOY`G2l{YM��K�lt  Y`d¶ X_��±K!^ZK![,Y`_bl{YZK� :iI^`d6}t^olfJ�WD_�WMW`GId{¥�[:dt[:©m}t\I^ZK¯v6xX�|F�GIK
YZdtiIJ�d,W�Y$Gmlt�ª�E_bWO Xd6[IKp_�[mWn_b XKpYZGIK��D�$¾ _�[m XK!i&K![2 XK![,Y	=6K!^Z[IK!� ¤mlt[m �Y`GIK�u2dtYnY`d6J G2lf���´_bW$ Xd6[IKM_�[mW`_� XK
YZGIK��O� K![m}t_�[IKt� Gh_�}t\m^`K�v6x�_�����\mWnY`^ol{YZK�W�Y`GIK�imlt^nYZ_�lt�6d6^Z IK!^hj!dtJ�_�[I}$��^ZdtJ YZGIK� IK!i&K![m XK�[mjg_�K�W(u&KgY�¥�K!K�[
YZGIKMlf[2lf��UVW`K�W��

SVd6J�K�dt�$Y`GIK*WnK0lf[mlt��UXW`K�W|lf^ZK²J�dt^ZK�YZ_�J�K¶jgd6[mWn\mJ|_�[I} Y`Gmlt[ dfYZGIK!^oW�:¯chd6_�[,YZK!^oW!¤��DK!i&K![m IK![mj!Ut¤
lt[m 0�O_��&K�^`K�[,Y`_blfuI��Kp�OK�i2K�[m XK![2jgUt���O����Y`GIK*WnKplf[2lf��UVW`K�W�l6j¡Y`\2lf����U�iI^Zdti2lf}6lfY`KOY`GI^Zdt\I}6G²YZGIK¨iI^Zdt}t^olfJ
l�im_�K*jgKMdt�E ml{YZlf¾?¿2d{¥À_�[X��dt^ZJ�l{Y`_�dt[�����YOK*ltjoG£��dVj�l{YZ_�d6[0_�[¶YZGIKMiI^Zdt}6^ZltJ0¤X_ � Kt��u2K!��dt^ZKpdt^Olf�µY`K�^OK�l6joG
_�[mWnY`^Z\mj¡YZ_�d6[�¤fYZGI_bW� IlfYZl{¾ ¿md{¥ _�[X��d6^`J�lfY`_�dt[�ltWZWndXjg_bl{YZK�WElt[|K���K�J�K![,YZlt^`U�iI_�K*jgK�dt�±_�[X��d6^`J�l{YZ_�d6[<YZdMK�l6joG
l6j!j!K�WZWn_�uI��K$�{lf^Z_�ltuI��K6� Gmdt^�J|d,W�Y�lf[mlt��UXW`K�WD«Ak�K*lt V¾ �:^Z_�YnY`K�[�¤X��j¡YZ_��V_�Y�Ut¤X�� 8e�dt_�[,Y c�_��6K![IK*W`W�¤,F�8�kp¤Vlf[2 
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�� {e�dt_�[6Y �C^`_�YnYZK![2®g¤�Y`Gm_�W|K!��K!J�K�[6Yolf^ZU�iI_�K*jgK0df�O_�[X��d6^`J�l{YZ_�d6[ _bW|l Gmlf[2 V��\I��df�Du2dVdt��K�lt[mW�� ³D[ Y`GIK
dtY`GIK�^$Gmlt[m ���dt^Oc(dt_�[,Y`K�^ZW�¤m�DK!i&K![m XK�[mjgU6¤&lt[m £�O_��±K!^ZK![,Y`_blfuI��K<�DK!i&K![m IK![mj!U²YZGI_�WOK!��K!J�K![,Yolf^ZU¯iI_�K�jgK
dt�E_�[X��d6^`J�lfY`_�dt[¶_bW$_�YZW`K!����l��tK*j¡Y`d6^$df�Eu&dVdt��K�lf[2W!¤2dt[IKp��d6^OK*ltjoG ltj�jgK*W`W`_�um��Kp�{lf^Z_blfuI��Kt��F�GIKM^ZK�l6Wnd6[£_�W
YZGml{Y� XK!i&K![m IK![mj!U�lt[mlf��UXWn_bW�¤f��dt^�_�[2W�Yolf[mj!Kt¤VjgdtJ�iI\IY`K�W���dt^�K�ltjoG��{lf^Z_blfuI��Kt¤tY`GIKD��_bW�Y�df��lf���m�{lt^`_blfuI��K�W�_ªY
 IK!i&K![m IWOdt[���F�GIKMim^`d6imlf},l{Y`K* ²im_�K*jgK�WOdf�E_�[X��dt^ZJ�l{Y`_�dt[¶lt^`K¨�blf^Z}tK!^*¤XYZGIK!_�^OJ�lf[m_�iI\m��lfY`_�dt[£_�WDWn��d{¥�K!^*�
F�GmK| X_��±K!^ZK![,Y`_bl{YZ_�d6[ Y`_�J�K�_�WDY`GmK!^ZKg��dt^ZK� IdtJ�_�[2l{Y`K*  uVU£Y`GmK�W`K<YZGI^`K�K|lt[mlf��UXWnK*W!¤±¥�GId,WnK�jgd6J�iI��KdbX_ªY�U
_bW|}t^Zd6WZWn��U YZGIK£[V\IJ<u&K!^|df�O_�[mWnY`^Z\mj¡YZ_�d6[mW|_�[ Y`GIK0iI^Zdt}6^ZltJ0¤(YZ_�J�K�W�YZGIK¶W`a,\mlt^`K¯dt�$Y`GmK�[V\IJ�u2K�^|dt�
 IK�jg�blf^ZK� ²�{lf^Z_�ltuI��K*W!�

Fhd¶Y`K�^`J�_�[ml{YZK�Y`Gm_�W|WnK*j¡YZ_�d6[�¤´��K!Y<\mWM_�����\mWnY`^ol{YZK�Y`GmK²i&K!^`��dt^ZJ�lt[mjgK*Wpdf��YZGIK� X_��±K!^ZK![,Y`_bl{YZK�  jgdX XK
_�YZW`K!����¤�d6[ W`K!�6K!^olf��K�bIlfJ�iI��K�W�j!dtJ�_�[m} ��^ZdtJ �blf^Z}tK�^`K*lf��lfimiI��_bj!lfY`_�dt[mW�� IÈ[ Y`GIK�dt^ZUt¤EYZGIK0YZlt[I}tK�[6Y
 I_ª�±K!^ZK![,Y`_bl{YZK� �jgdX XKDWnGId6\I�b |YZl_=6K$lpWnJ�lt���2J<\I��Y`_�iI��K<«As¨YZdpw,®´dt�±Y`GIK�YZ_�J�K$dt�±Y`GIK$d6^`_�}t_�[mlt�mjgdX XK6¤6lf[2 
YZGIK|^`K��tK!^oW`K� X_��&K�^`K�[,Y`_bl{Y`K*  j!dV IK|W`GIdt\m�� :lf�bWnd�YZl =tK<w�Y`d�F¯Y`_�J|K*WQY`GIK|YZ_�J�K|df��YZGIK|dt^Z_�}6_�[mlt�(j!dX XKt�
IÈ[:iI^oltj¡YZ_�j!Kt¤&Y`GmK|^ZK!�6K!^oWnK�jgdX XK|J�l8U0Yol_=tK|J<\2joG ��dt[I}6K!^Ou&K�j�lf\mW`K�Y`GIK*WnK|K�WnY`_�J�l{Y`_�dt[2WQ Id�[IdtYDYol_=6K
_�[,Y`d0ltj!j!dt\I[,Y$YZGIK�j!d6WnYDdt��W�YZdt^Z_�[I}²_�[,Y`K�^`J�K* X_�lfY`KM�{lt^`_blfuI��K�W�¤&��K!YQlf��dt[mKpY`GIK�jgd,W�YDdf��joGIK*j>=,i&dt_�[,Y`_�[I}m¤
¥�Gm_�joG£_bW�[IK�lt^`��U²lf��¥�l8UVW�[IK*jgK*W`WZlf^ZU « � ��WnK*j¡Y`_�dt[¶sm� v6®¡��L$K��tK�^nYZGIK!��K�WZW!¤VYZGIKp^ZK!�tK�^ZW`KQJ|dX XKp^ZK!J�lt_�[mW�l
�6K!^ZU²_�[,Y`K!^ZK�WnY`_�[I}²joGmdt_bjgK¨Y`d²dtuXYolf_�[£Y`GIK| XK!^Z_��{lfY`_��tK�W$df��l¯W`J�lt���h[V\IJ<u&K!^Ddf��dt\IY`iI\XYoW$¥�_�Y`G ^ZK�W`i&K�j¡Y
YZd�l��blf^Z}tK¨[V\IJ�u2K�^�df�h_�[IiI\IYZW��

LOltJ|K�: ����� � �������.� �����*� ��!� � � ������ � 3 � ��� � �����

�Od6J�lt_�[+: � � 
 � � 
 � ��Xd^
�fU � �V[	 �\Z � �_^`U �hU!� � � ���
 X��_^
Y*«��I® : rI� zLF vI� sL< vX� C,x �t�6� v6v �t� ztr rI� rtr6r6v6x
Y*« )�I® : �t� C < xX���{x FX� F6x �*vI� vts sI� ztr rI� rtrm��str

Y*« )�X®��*Y8« �I® : vI� r sI� r vX��� �6��� vX��� w2� z
Y*« �I® : wm� C6v vfwm�×x{z ��rI� < < vtvI� <L< sLFI�Íxfr rI� rtr,v6xV�

Y*« �X®��*Y8« �I® : FI� w �*rI� w wm��� vI� r � <m� z �*rI� r
P£K�J�dt^ZU±« �V® : <m� w v F < sts6sfw �DCI� F vtstr rm���

G(_�}t\I^ZKMv_C�:´F�_�J�Kplf[m 0J�K!J�dt^ZU²j!dt[mW`\IJ�iXY`_�dt[0dt[£W`_ b²�{lt��_b Il{YZ_�d6[0j!dX XK�W

G(_�}t\I^ZK v_CCWnGId{¥$W�YZGIK0Y`_�J|K*W�_�[ W`K�j!dt[m IW�lt[m  YZGIK£J�K!J�dt^ZU jgd6[mWn\mJ|iIY`_�dt[ ��dt^�_�[,YZK!^ZJ|K* X_bl{Y`K
�{lt^`_blfuI��K�W.lt[m ¨Wn[2lfimW`GIdfYoW._�[pJ|K�}6ltu,U,YZK�W���P£K�l6Wn\I^ZK!J�K�[6YoW.¥�K!^ZK(J�l6 XK�dt[pl � 4M^Z\I[I[I_�[I} c�_�[V\ b.¤�¥�_�Y`G
� ��� dt^ � � $�jgd6J|im_���K!^oW!¤Ilt[m  �{dt^�dt[£l
	 ��� ¥�dt^ =XW�Yol{Y`_�dt[�¥�_ªYZG£Y`GIK�	 ��� 8����¯jgdtJ�iI_���K!^*� � Gmlf[I}6_�[m}
YZGIKMjgd6J�iI_���K!^$ Id,K*Wn[�� Y$joGmlt[I}tKQY`GmKp^ZlfY`_�d6W�Wn_�}t[m_ª©2j�lf[,Y`��Ut�
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Useful
previous
results

Analysis

Result

LEGEND :
Tree protocol

reader

Program
internal representation

Type Checking

Symbol Tables
and Types

Pointer
analysis

Pointer
destinations

Read-Written
analysis

Read-Written sets

Detection of
Aliasing

Error messages

Detection of
Uninitialized variables

Error messages

Dependency
analysis

Dependencies

Differentiable
Dependency analysis

Diff. dependencies

Activity analysis
(Varied and Useful)

Active variables

Adjoint Liveness
analysis

dead adjoint code

TBR
analysis

Required variables

Adjoint Written
analysis

Optimal snapshots

Tangent
AD

Tangent program

Reverse
AD

Adjoint program

G(_�}t\I^ZKMv6x	: IÈ[,YZK!^Z[mlf���Ql{Yol4G(��d{¥ lt[mlf��UV°!K�W�[IK�K� XK* 0u,U��O� _�[ �t���I�m�.�����
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c�KgY*� W��Al6jgKM_�Y�¤ �t���m�I�.���h� ¥�_�����iI^Zdtu2lfuI��U²[IdtYOiI^ZdX X\mjgKMl�i&K!^`��K�jgYD X_��&K�^`K�[,Y`_bl{Y`K* £iI^Zdt}t^olfJ l{Y�©m^oW�Y
YZ^`U6�����µYZK!^O�O\XY`d6J�l{Y`_bjp�D_ª�±K!^ZK![,Y`_bl{YZ_�d6[�¤ml|�{lf��_� ml{Y`_�dt[¶WnY`K�i0_bW�[IK*jgK*W`WZlf^ZU�Y`d¯joGIK*j>=�Y`GmKM XK!^Z_��{lfY`_��tK�W
j!dtJ�iI\XYZK� .�´SVK�jgY`_�dt[7<I���EiI^Zdti&d6W`K�W.l���^olfJ�K!¥�dt^ =�Y`dOi2K�^n��d6^`J YZGI_bW��{lf��_� ml{Y`_�dt[����OW���d6[I}$ltW±�{lf��_b Il{YZ_�d6[
 Id,K*Wn[�� Y£¥�d6^`=±¤�YZGIKCK![m V¾ \mW`K!^0J<\mWnY£_� XK�[,Y`_���U Y`GIKCiI^ZdtuI��K!J lt[m  _���i&d6WZWn_�uI��K J�dX X_���U Y`GIKC_�[IiI\XY
im^`d6}t^olfJ�YZd²W`dt���tKpYZGIK<iI^Zdtum��K�J0�QSVK�jgY`_�dt[ <m� v� IK�WZjg^Z_�u&K�W$Y`GIK�J|d,W�YD��^`K*a,\IK![,YDim^`d6uI��K�J�W���dt\m[m .��I Y
J�l8U£GmltiIi2K�[ YZGml{YpUtd6\¶©m[m :lf[:\I[ =V[Id{¥�[ iI^Zdtum��K�J _�[ Y`GIK�Wnd6\I^ojgK<im^`dX X\mj!K�  u,U �t���I�m�.����� :O_�[
YZGI_bW$j!l6WnK6¤,im��K*ltW`K�=6K!K�i�\mW$_�[X��d6^`J�K* ²uVU²W`K![m I_�[I}¯l|J�lf_��±Y`d

�+5�!27$�25�% 7�� :29�#)�# � #� $! � 9
���?9!5 � 8��
� GmK![¶YZGIK�j!dtJ�iI\XYZK�   IK!^Z_��{l{YZ_��6K�W$lt^`KM©m[mlf����U£j!dt^Z^`K*j¡Y*¤m_�YDJ�l8U�u&K|}tdVdX 0Y`d�joGmK�j>=0¥�GIKgYZGIK!^¨Wnd6J�K
¥�K!����¾ =V[Id{¥�[ _�J�iI^Zd{�tK�J|K�[,YZW�lf^ZK0ltiIiI��_�j�lfuI��K0Y`d�YZGIK  X_��&K�^`K�[6YZ_�lfY`K*  j!dV IKt��F�GI_bW�_�W� IK�WZjg^Z_�u&K�  _�[
W`K�jgY`_�dt[ <I� sI�

����� � ���5�	� � � � � � � � �	!$� � # ��
 � # ��� � � ����� ����#�
k$K�j!lt����_�[I}|Y`GIKp[IdtYZlfY`_�dt[mW�dt�´W`K�jgY`_�dt[£sI¤X¥�KM X_ª�±K!^ZK![,YZ_�lfY`Kpl|iI^`d6}t^olfJ �²Y`GmlfYOjgdtJ�iI\IY`K�W�l���\I[2j¡Y`_�dt[
¢�¤X¥�_�Y`G£_�[IiI\XY:� �	� 
 � lt[m 0dt\XYZiI\XY �B� ¢��C���I��� 
 � �
� �bltWZWn_bj!lt����Ut¤*dt[mK��{lf��_� ml{Y`K*W�YZGIK�^ZK�W`\I��YZW�df�XY`GmK�Yolf[I}6K![,Y�J�dX XK�uVUpjgd6J|i2lf^Z_�[I}$Y`GIK�J¦¥�_�Y`G| X_��,_b XK* 
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 I_�WZltjgY`_��8lfY`_�[I}$d6iXY`_�J�_�°*l{Y`_�dt[2W�¥�_�Y`GpYZGIK � �� � $!	�?9 (QdtiXYZ_�d6[¯« � ��W`K�j¡YZ_�d6[#CI���*®g�TI �XY`GIK�iI^ZdtuI��K!J lfiIi&K�lt^ZW
d6[I��U¯¥�_ªYZG¶Wnd6J|K¨d6iXY`_�J�_�°*l{Y`_�dt[�¤X_ªY$_bW$l|iI^ZK�jg_�dt\2W�_�[m X_bj!lfY`_�dt[£Utd6\�j�lf[£}t_��tKQ\mW�;

�À��l6W�Y�}6K![IK�^Zlt�X^`K�J�lf^ =<u&Kg��dt^ZK$¥�K�K�bIlfJ�_�[IKOW`i2K*jg_�©2j!lt����U� XK!uI\m}t}t_�[I}pdt�&YZGIK�Yolf[I}6K![,Y�J�dX XKOlf[2 
dt��Y`GmK|^ZK!�6K!^oWnK<J|dX XK|_bWQY`GmlfY �6���I�I�.�h��� J�l =tK*WOGVUVi2dtY`GIK*WnK*WQdt[ YZGIK�J�K!J�dt^ZU¶Wn_�°!K|dXj!jg\miI_�K*  uVU
im^`_�J�_ªYZ_��6K� ml{YZlDY�UVi&K�W�� Gmdt^´K�bIlfJ�iI��K�l ���	� �
��� � ���T�� � ����Q[,\mJ<u&K!^E_bWEWn\Iimi2d,WnK* MYZd¨YZl_=6K�zQuVU,Y`K*W!�
F�Gm_�WO_�W$j!^`\2jg_blf�.��d6^DW`dt���,_�[I}�K�a,\I_��{lf��K![mj!K�WDlf[¶ X_��&K�^`K�[6YQWniI��_�YnY`_�[I},W$df��l�}6_��6K![P���!3 3����±¤Ilf[m 0_�[¶Y`GIK
^ZK!�6K!^oWnK�J�dV IK�Y`GI_bW�jgd6[m X_�Y`_�dt[mW(YZGIK�¥�l8UMlD�{lt^`_blfuI��K�_�W ��� ���VK� <lt[m A���=�Vi&K� .�SI � �t���I�m�.����� W`_�°�K�GVU6¾
i&dfYZGIK�W`K�WElt^`K� X_��&K�^`K�[,Y(��^ZdtJ Y`GIK�ltjgY`\mlt�IWn_�°!K*W(dt[�Y`GIK�Yolf^Z}tKgYElf^ojoGI_�Y`K*j¡Y`\m^`K6¤8Y`GIK�[�YZGIK� X_��&K�^`K�[6YZ_�lfY`K* 
im^`d6}t^olfJ _bW���_ =6K!��UMYZd<jg^oltW`G¶«AW`K!}tJ�K�[6Yol{YZ_�d6[��Alt\I��Yo®Ed6^�}t_��tK�¥�^Zdt[m}p^`K*Wn\I��YZW�� IÈ[�Y`GIK��*��?9�� #)� �?9)% �?9��
 I_�^ZK�jgY`dt^ZUMdt�2YZGIK$W�Yolf[m mlf^o <_�[mWnYZlf���bl{Y`_�dt[�¤fY`GmK�� 7�#)� 3+7
( ��9 � 7$iI^Zdt}6^ZltJ j!lt[|GmK!��i|U6dt\�©m[m �d6\XYEY`GIK*WnK
l6j¡YZ\mlf��Wn_�°!K*W!¤´lf[m  Y`GIK � 9V¤ � �&¤´lf[2  � %��Cjgd6J|J�lt[m ���_�[IK�dtiXYZ_�d6[mWMJ�\mW�Y�u2K�\mWnK* CY`d:J|dX X_���UCY`GIK
 IKg�Alf\m�ªYOjoGId6_�j!K�W�df� �6���I�I�.�h��� ltj�jgdt^o X_�[I}t��Ut�

��� % �K� ��¸ � � -- � �+- � ¼�¼ �A� � ¼ �¯�
� ¸ �*� �+-&¸	� �	� ¼ ½ ¸
Gmdt^¨YZGIK�YZlt[I}tK�[6YpJ�dX XKt¤�¥�K¯ XK��V_�W`K� Cl0¥�l8U£YZd¶��dXj!lfY`K|Y`GmK�dt^Z_�}6_�[:iI��l6jgK�df��Y`GmK|J�_bWnJ�lfYZjoG��¯F�GIK
}6K![IK�^Zlt��_b XK*l _bW�Y`dC^`\I[ Y�¥�dCjgd6J|im\XYZlfY`_�dt[mW|df�Q XK!^Z_��{lfY`_��tK�W�¤�\mW`_�[I}:�D_��V_b XK�  �D_ª�±K!^ZK![mj!K�W|dt[ dt[IK
G2lf[m .¤V\mW`_�[I} �t���m�I�.���h� � W�Yolf[I}6K![,Y�j!dX XKDd6[²YZGIKQdfY`GmK!^�Gmlf[2 .¤IjoGIK�j>=V_�[I}<_�[,Y`K�^`J�K� I_�lfY`K¨ XK!^Z_��{lfY`_��tK�W
d6[¶Y`GmKM¿mU lfYDiI�bltj!K�WOW`K!��K�jgY`K* ¶uVU�YZGIK|\mWnK�^��QF�GIK�©m^ZWnYQ I_ª�±K!^ZK![mj!K<iI^Zdtu2lfuI��U�_�[m X_bj!lfY`K*WO¥�GIK�^`K<Y`GIK
um\I}���_�K�W���F�GI_bWQ_�Wp XdXj!\IJ�K![,Y`K*  _�[ YZGIKQ�\E�lf��_b Il{YZ_�d6[ �<W`K�jgY`_�dt[:df��YZGIK�GX��� imlf}6K�_�[ �t���I�m�.����� � W
¥�K!u0imlt}tKt¤Il6W�_ªY$J�l8U¯K��td6���6KD¥�_�Y`G0Y`_�J�Kt� I Y$_bW�[IK*jgK*W`WZlf^ZU�Y`d�J�dX X_ª��U²Y`GIK¨YZK�WnYn¾ u2K* 0df�(©m}t\I^ZKMvfz�ltW
KdbXiI��lt_�[mK� 0_�[£YZGIK ��E�lf��_� ml{Y`_�dt[ �DW`K�jgY`_�dt[�¤2UV_�K��� X_�[I}¯¥�G2l{Y$_bWOW`GId{¥�[£dt[£©m}6\I^`K<v <I� � dtJ�iI\XYZ_�[m}�Y`GIK
�D_��,_b XK* ¯ X_��&K�^`K�[mjgK*W�^ZK�a,\I_�^`K*W�ltW�\mWn\2lf�2lp©m^ZWnY�^Z\I[�df��im^`dXjgK* X\I^ZK ����m¤fum\XY�¥�KOj�lf���	��*�����M_�[mWnY`K*lt .¤
¥�Gm_�joG0lf[VUV¥�l8U|lf�bWnd|jgdtJ�iI\IY`K�W�YZGIKDd6\XY`im\XY�dt����*�I¤,uI\XY�_�[�lt m X_ªYZ_�d6[�WnY`d6^`K*W�YZGIKD_�[,Y`K�^`J�K� I_�lfY`KO�{lt�ª¾
\mK�W¨WnK���K*j¡YZK� :u,U£YZGIK�\mW`K!^¨_�[6YZd0l²©m��K�j!lf����K�  7$!�# �+5 : �27�#X�QF�GmK�W`K�j!dt[m  ^`\m[:dt� ����*���£Kg�±K�jgY`_��tK!��U
j!dtJ�iI\XYZK�W�YZGIK¨YZlt[I}tK�[,YO XK!^Z_��{lfY`_��tK�W�¤Ilf[2 �_�[¶lt I I_ªYZ_�d6[�YZd�Y`GmlfY$iI^Zdt}t^ZK�WZW`_��6K!��U|^ZK�j!d{�tK�^ZW�K�l6joG��{lt��\IK
WnY`d6^`K*  _�[ 7�!�# �+5 : �27�#X¤2\mW`K�W¨_�Y¨Y`d6}tKgYZGIK!^¨¥�_�Y`GCY`GmK|im^`K*WnK�[6Yp_�[,Y`K!^ZJ�K� X_bl{YZK��{lt��\IK|YZd£j!dtJ�iI\XYZK�Y`GIK
 IK!^Z_��{l{YZ_��6Kp¥�_ªYZG �D_��V_b XK�  �D_��&K�^`K�[mjgK*W!¤±lf[m £_�J�J�K� X_bl{YZK!��U0j!dtJ�imlf^ZK�W$_ªYQ¥�_ªYZG£Y`GIK<YZlf[m}tK![,YD IK!^Z_��{l{¾
YZ_��6KOlf[2 �jgdtJ�iI�blf_�[�¥�GIK![¯Y`GIKO I_ª�±K!^ZK![mj!K$_bW�J�dt^ZK�Y`G2lf[ 7�!�# � 7��6 2���O_bWnY`_�[mj¡YZ_�d6[¯u2K!Y�¥�K�K![�YZGIK�W`K�Y�¥�d
u&K!G2l8�,_�dt^oW�df� ��*�*����_bW�J�lt XKDY`GI^Zdt\m}tG¯YZGIK¨}t��dtumlt�! & 5�#;7�_�[,Y`K�}tK�^��´��Y$lf[VU�iI�bltjgKQ_�[²YZGIKMWnd6\I^ojgKOdt�
��*�*���&¤mUtdt\¶J�l8U£WnK���K*j¡Y¨l¯�{lf��\IK�W`d�YZGml{YQ_ªYoWD XK�^`_��{l{YZ_��6KM_�WQjoGIK*j>=tK� £¥�_�Y`G Y`GIK|lfu&d{�tKpJ�K�joG2lf[I_bWnJ£¤
W`_�J|im��U¯uVU�_�[mW`K!^`Y`_�[I}�iI^ZdXjgK� I\I^`K¨j!lt���bW���_ =6KDYZGIK¨��dt����d{¥�_�[I} :

";5 : : � � �T��� �T���  � � � � � ���JY���� ����� � ��� � ��� �	%��1Y��NY1W��
¥�Gm_�joG¶¥�_����´jgd6J�imlf^ZKMl{YO^Z\I[X¾ Y`_�J�KMYZGIK<�D_��V_b XK�  �D_��&K�^`K�[mjgK*WDlt[m 0Y`GIK<YZlt[I}tK�[6YQ XK!^Z_��{lfY`_��tK�W$df�EK!��Kg¾
J�K�[6YoWM�¨YZd ��r�dt�Elt^`^ol8U �£lf[m 0iI^Z_�[,YDl¯J|K*W`WZlf}6K¨_ª�´Y`GmK!U£ X_ª�±K!^*��F�GIK�W`KMiI^ZdXjgK* X\I^ZK�W�lf^ZKpiI^Zd{�V_� XK* 
_�[0Y`GIK �*��?9�� #)� �?9)% �?9��< X_�^ZK�j¡YZdt^ZU�df�hY`GIKMWnYZlt[m Ilf^o �_�[mWnYZlt���bl{YZ_�d6[��
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� ¸ � ¸�,2¸ �{� ¸ � ¼ ½ ¸
�DW¨\mW`\mlf� ¤.Y`Gm_�[I},WMlf^ZK|[IdfYMW`d0K*ltW`U£��dt^¨YZGIK�^`K��tK�^ZW`K<J�dX XKt¤huI\XYM¥�K�lf�bWnd£ XK!�V_bWnK* :l0^Z\m X_�J�K![,YZlt^`U
 I_��V_b XKg¾Èlf[m X¾ j!dt[ma,\IK�^�lfimiI^`d,ltjoG YZd:^Z\I[ Y`GIK£ XdtYn¾ iI^`dX X\2j¡Y|Y`K�WnY�dt[ imlf^`YZW�df�DY`GIK£iI^ZdXjgK* X\I^ZK ��*�I�
8�\I},WDj�lf[ Y`GV\mW¨u&K|��dXj!lfY`K�  iI^ZK�jg_bW`K!��Ut¤±_�[�l�^`K���lfY`_��tK!��U¶WnJ�lt���´imlt^nY¨df��YZGIK�iI^Zdt}t^olfJ£¤.lf[2  J�l8U¶u2K
YZ^Zl6j>=tK* < Xd{¥�[�J�dt^ZK�K�ltW`_���U6�´SV\miIi2d,WnK�¥�K�joGIdVd6W`K���dXj!lfY`_�dt[mW����!���� !  ��_�[M¬ÈYZGIK�J�_� I I��K$dt�È ��*�*���±¤
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¥�_�Y`G�d6u,�V_�dt\mWpj!dt^Z^`K*Wni&dt[2 X_�[m}�i&dt_�[,YZWp_�[mW`_� XK¯Y`GIK�uml6j>=V¥�lt^Z :Wn¥�K!K�iCdt� ��*�*���±�.F�GIK¯j!dt[mWnY`^olf_�[,Yp_�W
YZGml{Y�l{Y�K*ltjoG ���t¤6lf���2l6j¡YZ_��6K��8lt^`_blfum��K*W�lf^ZK��V_�W`_�um��K�:h_�[�dfYZGIK!^�¥�dt^o IW�¤t[IdMl6j¡YZ_��6K��8lt^`_blfum��K$j�lf[�u&K$_�[¯l
j!dtJ�J�dt[M¥�Gm_�joG�_�W([IdtY´ XK*jg�blf^ZK� Mlt[m M�V_bWn_�uI��K���d6^ ���t�´F�GI_bWh_bW�Y`GIK�J�d6WnY´WnY`^Z_�[I}tK�[6Y(^`K*W�YZ^`_bj¡YZ_�d6[Mdt[<Y`GIK
ltiIiI^Zd6l6joG�� � lt���&Y`GmK�W`KQ�{lt^`_blfuI��K�W�� � ¤Ilf[m ²¥�KQ¥�_�����ltWZW`\IJ�KOYZGIK!U¯lt^`KOY`GIK¨K!��K!J�K�[6YoW�df�(lt[�lt^`^ol8U)� 	
��d6^�W`_�J�iI��_bjg_�Y�U|_�[�YZGIKD XK*W`j!^`_�iXYZ_�d6[�dt[I��Ut��SVK!Y �/?�YZdpY`GIKD�tK�^`U|u2K�}t_�[I[I_�[I}<dt� ��*�m¤6lt[m  � - Y`dM_�YZW��tK�^`U
K�[m .� �:KDlf^ZK�}6dt_�[I}QY`dp^Z\I[|Y`GIK$ XdtYn¾ iI^ZdV I\mj¡Y´Y`K*W�Y�d6[�K�ltjoG|iI_�K�j!K�df� ��*�DYZGml{Y�}6dVK�W(��^ZdtJ l¨��dXj!l{YZ_�d6[
� � Y`d � � 9 % � ��l6joG<YZ_�J�K�K�bXK*jg\XYZ_�d6[|dt� ��*�*���¨^ZK�l6joGIK�W´lQ��dXj�l{Y`_�dt[ � � ¤tlf���m XK�^`_��{l{YZ_��6K�W )� � lf^ZK�W�YZdt^ZK� .¤
lt[m �YZGIKp XdfY�iI^ZdX X\mjgY��1)� � 9 )� �=�´_bW�jgd6J|im\XY`K* �lt[m ²im^`_�[,Y`K� �� � d6[V�tK!^oW`K!��Ut¤,K�ltjoG²Y`_�J�KQKdbXK�jg\IY`_�dt[²dt�
YZGIKMuml6j>=V¥�lt^Z �Wn¥�K!K�i0dt�´Y`GIK<l6 8e�dt_�[,Y ��*�����¯^ZK�l6joGIK�W�YZGIK<jgd6^`^ZK�W`i&dt[m X_�[I}���dVj�l{YZ_�d6[ ���t¤mY`GIK<WnY`d6^`K* 
�{lt��\IKQdf� )� �Q_�W�^ZKgY`^Z_�K!�tK* .¤V_ªYoW� XdfY�iI^ZdV I\mj¡Y�¥�_�Y`G¯YZGIK¨iI^ZK�W`K![,Y � ��«�¥�GI_bjoG�_bW�}td6_�[I}�\IimWnY`^ZK�ltJ ¥�_�Y`G
YZGIK¯lt {e�dt_�[6Y<j!dX XK*®Q_bWMjgd6J�iI\XY`K* �lf[m CiI^Z_�[,YZK� .¤´lf[m C�bltWnYpuI\XY<[IdtYM��K*ltWnY � � _bWpd{�6K!^Z¥�^`_�YnYZK![ ¥�_�Y`G
YZGIKpjgd6[6YZK![,YZW�dt� )� � � G(_�}6\I^ZKQs6r�_�����\mWnY`^ol{YZK�W�Y`GmKpJ|K*joGmlf[m_�W`J : � lt����¢ � Y`GIK¨��\I[2j¡Y`_�dt[0_�J|im��K�J|K�[,Y`K� 
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uVU:Y`GIK²��^Zlt}tJ�K![,YMdt� ��*�¶u2K!Y�¥�K�K![ � � lf[m  � � 9 % � �O\m^`_�[I} ��*�*���&¤±YZGIK�j!dX XK���^olf}tJ�K�[6Y )¢ � ��^ZdtJ
� � Y`d � � 9 % jgd6J�iI\XY`K*W!¤���^ZdtJ _�YZW¯_�[Iim\XY¯YZlt[I}tK�[,Y� I_�^ZK�jgY`_�dt[ )� � ¤�_�YZW�d6\XY`iI\IY¯YZlt[I}tK�[6Y¯ XK�^`_��{l{YZ_��6K
)� � 9 % � ¢ D� ��� �=� H*)� �f���O\m^`_�[I} ��*�*���±¤tY`GIK¨jgdX XKO��^Zlt}tJ�K![,Y ¢ �$��^`d6J ��� 9 %$YZd ���Djgd6J|im\XY`K*W!¤,��^ZdtJ
_�YZWM_�[Iim\XY � � 9 % ¥�Gm_�joG�Gml6W�e�\mW�Y�u2K�K![ jgd6J|im��K!Y`K!��U d{�6K!^Z¥�^`_�YnYZK![ Y`d jgd6[,YZlf_�[ )� � 9 % ¤�Y`GIK�}6^Zl6 X_�K�[,Y
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