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PA´ �}� �½�]tpv}���§���]�¶¼½_R�}tp_R_Rg¨«9s�i{tpn�P}ª´�´(´�´�´(´�´(´�´'´(´�´�´(´�´(´�´�´(´'´�´(´�´(´�´�´(´�´(´'´�`��nQ
x(´§`ÇZ�[]_ R�v}�]gpnhtri{�§��n,J¿iknrtp�³l2vk¦ �AoAgqnr_R^ x(´§`V´(´�´'´(´�´�´(´�´(´�´�´(´'´�´(´�´(´�´�´(´�´(´'´�`}`%Q
x(´ ��xc��� s�v}gpgh��¢¡��_ �mÈ�j�i{tp_ �Aj]¢]^/iknrtp�³l ´�´�´(´�´(´�´'´(´�´�´(´�´(´�´�´(´'´�´(´�´(´�´�´(´�´(´'´�`}`S�
x(´ y Z�v{nri{���³o �f�]��^&vA~]j]�Áikt �mÈ�j�i{tp_ �mj]¢]^/iknrtp�³l ´�´'´(´�´�´(´�´(´�´�´(´'´�´(´�´(´�´�´(´�´(´'´�`}` �
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PA´§` � � dfx �mv{��j¡nh��v}�]g ´�´�´(´�´'´(´�´(´�´�´(´�´(´�´'´(´�´�´(´�´(´�´�´(´'´�´(´�´(´�´�´(´�´(´'´ih}y
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Z�[]_fz]thv}¢¡��_R^ v{¦ ^&���]�§^/�§ÉR�§�]�½nh[]_�th_R�{��gpnh_Rtuth_	È�j]��tp_R^&_R��n¥¦¬v{t¯�}_Rtqnr�§�Ji{��gpnhtri{�§�}[�npÏ �����¡_��RvA~]_���«Cgp���]�{��_���gpghj]_
z]thvA�R_	ghgpv}thgr"��g"i{� v}��~ z]tpv}¢]�§_R^ z]tpvS�{_R� Ê½sOÏÄ�Rv{^/z]�§_	nh_4�§� � �m_�nW�nPk£¹¦¬v{t"�{_R�]_	tri{��¼�xf¾'g	´ �µ� ghj¡�<[
^®ik�<[]���]_	gR��nr[¡_(��iknr_	�]�R�§_Rg�v{¦Onh[]_�v}zÀ_	triknh��v}�¡g���_	th_Mikghghj¡^/_	~±j]�]�³nJ��i{�¡~¿[]_	�]�R_�nr[]_��RvA~]_�v}z¡nh��^&��ÉJi*nr��v{�
nr_	�<[]�]��È�j]_	gc�¥_Rth_�¦¬vm�	j]gh�§�]�®v{�±th_	~]j]�	���]�&nr[]_���j]^M¢|_Rtfv{¦1_�lm_	�Rj¡nh_R~»v}z|_Rthiknr�§v}�]gR´�xc�±v{z¡nr�§^®i{�¸th_R�{��gpnh_Rt
i{���§vm�Riknr�§v}�'�Ji{�¨¢À_�_	�§nh[]_Rt�Ñ��]~]�§�]�¹i{�¨v}th~]_	t�¦¬v}t�nr[]_¥v}z|_Rtri*nr��v{�]g����³nr[¶i½^/�§�]��^Mj¡^���j]^M¢|_RtOvk¦�th_R�{��gpnh_RtpgR�
v}tMÑ¡lm���¡�Gnr[]�§gMv}th~¡_Rtai{�]~²^&���¡��^&��ÉR�§�]�2nr[]_-ik^/v}j¡��nMv{¦fghz]�§�����	vm~¡_2����nrtpvm~]j¡�R_R~¸´ � �²nr[¡_2�Ji{gp_-��[¡_Rth_
nr[]_º¼c¼¹¾��§g�i©nrtp_R_@«Ci{th�³nr[]^&_	nh���"_�lmz]tp_Rghgp��v}� ¦¬v}t/���]gqn<i{�¡�R_�W�fnh[]_Gv}zmnr��^/i{��th_	�}��gqnr_	t�i{�§��vA�Jiknh��v}�°�Ji{�
¢À_®�Rv}^&z]j¡nh_R~ª�§�ªzÀv{�§oA�]v}^&�Ái{�O�Rv}^&z]��_Wlm�§nÄo}´¿Z�[]_�z]tpv}¢]�§_R^ v{¦�^&���]�§^/�§ÉR���¡��nr[]_/�Aj¡^M¢À_	tMv{¦�tp_R�}�§gpnr_	thg
�]_R_	~]_R~»nhv®_	�ki{�§j�iknh_Mi{�¿_�lmz]th_	ghgp��v}�Gnhth_R_(���§nr[¡v}j¡n½ghz]�§����g���i{gcÑ�tpgpncth_Rgpv}�§�{_R~»¢�o±Êci{�*iknri±��Êci{��Q��*£Oi{�]~
df_	~]ÉR�§_ wpv���gh������d�_R~3Qnh*£¤´ �m_	nh[]��i{�]~ �½���§^®ik�(_Wlmnh_R�]~¡_R~anr[�iknOth_	ghj]�³n¯����� � �c�{�k£Anrv¹^&���]�§^/�§ÉR_¯nh[]_�i{^&v}j]��n
v{¦�ghz]�§��� �	vm~]_'�]_	_R~]_	~¿nhv&_��ki{��j�i*nr_'i{�-_�lmz]tp_Rgpgh��v{�¿nrtp_R_k���}�§�{_R�¿i¶Ñml¡_	~±��j]^M¢|_Rt�v{¦�th_	�}��gqnr_	thgR´

� � z¡��z|_R���§�]_R~ i{th�<[¡�§nr_	�	nhj]th_	gR�Mgpv}^/_©v}zÀ_	triknh��v}�¡g±�Jik� []i��{_@i ~]_R��iJo ¢]jmnGnr[]_²�	vm~¡_ª��gGgqnr�§���'���§�mÏ
_Ji{t	´;I¥o i{ghgpj]^/�§�]�ªnr[]ikn�nr[¡_Rth_º�§g��]v@v{nr[¡_Rt2_�lmz]�§���	�§n�z]i{tri{�§��_	����gp^ ��� nh[]_»�}_R�¡_Rtri*nr_R~ �	vm~]_»_Wlm�R_Rzmn
���©nh[]_®z¡��z|_R���§�]_{��ghv}^&_®tp_R��iknr_	~V�¥v}th�ºnrtp_Jiknhg¨nr[]_/th_	�}��gqnr_Rt¨i{���§vm�Riknr�§v}�ºz]thv{¢]��_	^�j¡�]~]_Rt�nr[]�§gMi{gpghj]^&zmÏ
nr�§v}�©���'suÌ�hePA�|suÌ�h¡`k���'_	g�h �*£¤´�ÌO���]~¡���]�ai{�¿v}z¡nh��^/i{�¸tp_R�}�§gpnr_	tfi{���§vm�Riknr�§v}�®¦¬v}t�_�lmz]tp_Rgpgh��v{�±nrtp_R_Rg����§nh[±i
~]_R��iJo}_R~»�§v�i{~"v{¦�`¨[]i{gc¢|_R_	�»z]thv��}_	~ºi/z|v}�§oA�]v{^/��i{� z]tpv}¢]��_	^$���V� suÌ�h¡`{���'suÌ�heP�£¤´½Ì�v}t½~¡_R�ÁiJoAgc��i{th�{_Rt
nr[�ik�V`}�mnr[]_'z]tpv}¢]��_	^ gqnr���§� th_	^®ik���2~]�³Ë/�	j]�§nR´

Î �³nr[�nh[]_'����nrtpvm~]j¡�	nr�§v}�2v{¦�^Mj]�³nr��z¡��_f��ghgpj]_'z]thvA�R_	ghgpv}thg¨« � � � Î i{�]~"ghj¡zÀ_	thgh�Ri{�Áikt�z]thvA�R_	ghghv{thg<W��nr[]_
gh_	^®i{��nh���1v{¦Anr[]_uv}z|_Rthiknr�§v}�]g��<[�ik�]�}_R~¹·�nh[]_R�§t��Áiknh_R�]�	��_Rg�¢|_R�Ri{^&_1�]v{n�j]�]�³n�i{�]~'�A��gh�§¢]��_�nrv�nr[]_u�	v}^/z¡����_	thg	´
�m���¡�R_®nh[]_�v}z|_Rthiknr�§v}�]g��Ji{�²¢|_�_�lm_	�Rj¡nh_R~@���ªz]i{tri{�§��_	�¤��nr[]_��	vm~¡_�v}z¡nh��^&��ÉJi*nr��v{�ºnh_R�<[]�¡��È�j]_Rg¶^&���{triknh_R~
nrv���i{th~]g¶^&���¡��^&��ÉR�§�]�2nr[]_/nrv{nri{��gp�<[]_R~]j¡��_�nr�§^/_/¢�oª��^&z]�§_R^&_R��nr�§�]�¿_�Ë&�R��_	��nagh�<[]_	~]j]���§�]�Gnr_	�<[]�]�§ÈAj¡_RgR´
Z�[]_ctp_R�}�§gpnh_RtLi{���§vm�Riknr�§v}�M¢|_R�Ri{^/_�nh[]_R�/�Rv}�]gqnrthi{���]_	~/¢�oanr[¡_fnhv{n<i{�¡gh�<[]_	~]j]��_fnr�§^/_k´�I�v{nh[&nh[]_fz]thv}¢¡��_R^&g
v{¦ ^&���¡��^&��ÉR�§�]�½nh[]_fth_R�{��gpnh_Rtuth_	È�j]��tp_R^&_R��n¥���³nr[/i'Ñml¡_	~/nhv{n<i{��gp�<[]_R~¡j]��_fnr��^&_{��v{tL^&���¡��^&��ÉR�§�]�½nh[]_�nrv{nri{�
gh�<[]_	~]j]�§_(nr�§^/_½���§nr[¿i¶Ñ¡lm_R~±��j]^¨¢À_	t½v{¦�th_	�}��gqnr_	thg���i{gfz]tpvS�{_R�±ÊcsOÏÄ[�ikth~V� SL¾ � heP*£��J��_	�{_R�¿¦¬v{t½¼�xf¾¹gR´
]½v��¥_	�}_	tR���§�Gghv}^&_¨gpzÀ_	�R��i{���Ri{gh_	gR�¸�¥_M�Ri{�Gghv{�§�}_(nr[]�§gcz]tpv}¢]��_	^ ���§nr[±i®z|v}�§oA�]v}^&�Áik���Rv}^&z]��_Wlm�§nÄo}´½Ì�v}t
���]gqn<i{�¡�R_{�\J"_R��_	��gµ�§�²� J±¼,hnhk£¯��iJ�}_ai®z|v}�§oA�]v{^/��i{��i{���}v{th�§nh[]^��[]�§�<[»z]thvA~]j]�	_R~4i{�»v}z¡nh��^/i{��gh�<[]_	~]j]��_
v{¦�i¨¢]�§��i{tpo&nrtp_R_µ�{�§�}_	�-i¨Ñ¡lm_R~-��j]^M¢|_Rt�vk¦�tp_R�}�§gpnh_Rthg¸·¯nr[]_cnhth_	_µ^Mj]gqn��]v{n��	v}��n<i{�§��j]��iktpo�v{zÀ_	triknh��v}�]g	�
nr[]_a��iknr_	�]�	o¿v{¦Lnr[]_¶v}z|_Rthiknr�§v}�]gµ^¨j]gpn'¢|_2`}��i{�]~Gnh[]_a^®ik�<[]���]_¨��gµtp_Rgpnhth�§�	nr_	~»nrv-��gpghj]_¶�]v-^&v}th_(nr[�i{�

� )�������� �"!$#�(&%(')#*��p,+.-/-103254�-6���"-678+:9;��<5-/=>- p5-*4?�@��-67A#1�373-�BC (#p,DE�>#1�6F3��<5-6�"-/254��>+5GH-*I;�J� 4�-�)K'MLN#1��IO2�GP-*�"->B
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v}�]_¹^&_R^&v}tpo&v}z|_Rthiknr�§v}�-i{�]~2v{�]_'i{th�³nr[]^&_	nh���fv}z|_Rtri*nr��v{��zÀ_	t�nr�§^/_½gh��vknJ´a]f_¹[�i{g�i{�§ghvMgpv}�§�{_R~-th_	�R_R��nh�§o
nr[]_'ghi{^/_'z]tpv}¢]�§_R^ ¢¡j¡n����§nr[-z]�§zÀ_	���§�]_R~2�§v�i{~]g��§�º� J¿_	�Á�¡`	£¤´
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Z�[]��g¥th_	zÀv}tqn¥i{~]~]tp_Rghg¥nr[]_fz]thv{¢]��_	^�v{¦�th_	�}��gqnr_	t¥z]tp_Rgpghj]tp_µ���&�	oA�R�§���f~�iknri�~]_	zÀ_	�]~]_	�]�R_¹�}thi{z][]gc«9¼c¼¹¾'gr��
���§nh[ ^Mj]�§nh��z]�§_¿tp_R�}�§gpnh_Rthg/nÄomz|_Rg-ik�]~ �]v@i{gpghj]^&z¡nr�§v}� i{¢|v}j¡n®v}zÀ_	triknh��v}� �Áiknh_R�]�	��_Rg	´ �¹j¡t2i{��^ �§g/nrv
� j]�¡�Rv}j]z¡��_��'nh[]_�th_R�{��gpnh_Rtpg½�	v}�]gpnhtri{�§��nrgµik�]~Gi{�§��vA�Jiknh��v}�/¦¬thv}^nh[]_(gp�<[]_R~¡j]���§�]�®z]tpvm�	_RgpgR´�Z�[]_¨z¡th���¡�R��z]i{�
th_Ri{ghv}�"��g¥nr[�ikn�nh[]_¹th_	�}��gqnr_	t�i{���§vm�Riknr�§v}�®z¡thvA�R_Rgpg���g�^&v}th_c��^&zÀv}tqn<i{��nR�¡i{g�ik�"v{z¡nr�§^/�§ÉJiknh��v}�&��gpghj]_k�]nr[�i{�
�RvA~]_�gp�<[]_R~]j¡�����¡�]´ºZ�[]��gM�§g¨¢|_R�Ri{j]gh_�nh[]_2�RvA~]_�z|_Rtq¦¬v}th^/i{�]�	_®�§g(¦Ci{tM^&v}tp_®gh_	�]gh�³nr�³�}_®nhvGnr[]_�^&_R^&v}tqo
i{�R�	_Rgpg½nr[]i{�2nrv¶nr[]_¹Ñ��¡_�ÏÄ�{tri{�§�2gh�<[]_	~]j]���§�]��·Li¶�Ji{�<[]_�^&��ghg�z¡th_	�{_R��nrgfnr[]_'z]tpvm�	_Rgpghv}t�¦¬thv{^i{�<[]�§_	�A���¡�/i
[]���{[±~¡oA��i{^&��� � ��s��|_	�}_	�»�§¦¯nh[]_Mgp�<[]_R~]j¡��_Rtc[�i{gc_WlAnrtrik�	nr_	~»�§nciknµ�	v}^&z]���§_'nh��^&_{´ �µj]tµikz]z]thv}i{�<[G��g�nrv
n<i{�k_(�§��nrvai{�	�Rv}j]��n�nr[¡_�tp_R�}�§gpnh_Rthg��	v}�]gpnhtri{�§��nrg�¢|_	¦¬v}tp_'nh[]_'�RvA~]_¹gh�<[¡_R~]j]�§���]�a���§nh[]v}j¡n�[�j]tqnr�§�]�¶nr[]_ � ��s
v}t�th_	gpnrtp����nr���¡�Mnr[]_'gh�<[¡_R~]j]�§_Rt	´

�µj]t��¥v}tp�-i{~]~]tp_Rghgp_Rg�nÄ��v&~]���¸_	th_R��nf�}�§v}¢�i{�Àgh�<[]_	^/_	gf¦¬v}t�[]i{�]~]�§���]�Mnh[]_'th_R�{��gpnh_Rtpgf�	v}�]gqnrtrik����nrg ·
`}´�nr[¡_Mth_	�}��gqnr_Rtpgµ�Rv{�]gpnhtri{�§��nhgµi{tp_(nri{�{_	�4�§��nrv�ik�R�Rv{j]��n¹¢À_�¦¬v}th_¨�RvA~]_¨gp�<[]_R~]j¡�����¡�����§nr[¡v}j¡nµ�Ri{thtqoA���]�
v}j¡n�i{��oath_	�}��gqnr_	t¥ik����vA�Ji*nr��v{� �{gp_R_µÌ����}j]tp_¹`}´³`}´ im´¯Z�[]_fz]j]thz|v}gp_½�§gLnhv(_	�]ghj]tp_½nh[�iknunr[]_fgh�<[¡_R~]j]�§���]�
z]tpvm�	_Rghg¶���§���L�]v{n¶tp_RÈ�j]��tp_�^&v}th_�tp_R�}�§gpnh_Rthg(nr[�i{�²nh[]_�v}�]_	gaiJ�{ik���Áik¢]��_&���ªnh[]_®n<ikth�}_�n¶z]thvA�R_	ghgpv}tR�
i{�]~°[]_	�]�R_-nr[]_"ghj¡¢]gh_	ÈAj¡_R��n2th_	�}��gqnr_	tai{���§vm�Riknr�§v}�©�¥v}j]��~°�]v{na�§��nrthvA~]j]�	_-ghz]�§�����	vm~]_k´ � �°v}tp~]_Rt
nrv®i{�<[]�§_	�}_(nr[]_	gh_M�}v}i{��g	���¥_Mgqnrj]~¡o"nr[¡_(nÄ�¥v��]v{nh��v}�]g���[]�§�<[G~]_	Ñ]�]_¨nr[¡_¨th_	�}��gqnr_	thgcz¡th_Rgpghj]tp_Mv{¦ui
¼µ¼¹¾@·
«9i��nr[¡_¹th_R�{��gpnh_Rt�ghiknrj]thiknr�§v}�º«Cd��]¥��[¡���<[-��g�nh[]_'^®iSl¡�§^Mj]^���j]^M¢|_Rt�v{¦�tp_R�}�§gpnr_	thg�tp_RÈ�j]��tp_R~-¦¬v}t

i{��oGgpv{¦ÃnÄ��i{th_az]�§zÀ_	�����¡_R~±gp�<[]_R~¡j]��_av{¦unr[¡_a¼µ¼¹¾¶´ � ¦Lnh[]��g½¦Ci{�	nhv}tµ��gc��_Rgpgµnr[�ik�ºnh[]_¶��j]^M¢|_Rt
v{¦¥iJ�ki{����i{¢]��_(th_	�}��gqnr_Rtpg'ÂÇ«¬gh_	_®ÌO�§�}j]tp_�`}´ �m´ i}��¸nh[]_R�ºnr[]_atp_R�}�§gpnr_	tµz]tp_Rghgpj]th_&[�i{g'�]v-_ �¸_	�	nrg
v}�2nr[¡_¹gh�<[]_	~]j]��_	tR�|i{�]~2nh[]_�¼µ¼¹¾ ��g���_	¦Ãnfikg��§n��§gR´ ]½v��¥_	�{_RtR�|�§¦�nh[]_¹griknhj]tri*nr��v{�2_�lm�R_	_R~]gcÂ
«Cgp_R_aÌO�§�}j]tp_®`}´ �m´�¢���¸�¥_&i{~]~»gp_Rth��i{�¯ikth�Rgc����nrv�nh[]_¶¼µ¼¹¾�nrv2th_	~]j]�	_&�³nµ¢|_R�§vS��nh[]_M���§^/�³n½Â
��[]�§��_µ^&���]�§^/�§ÉR�§�]��nh[]_'���]�	th_Ri{gh_'v{¦�nr[]_'�	th�§nh���Ri{�¸��om�	��_��

«C¢��nr[¡_¨th_	�}��gqnr_	tcghjmË/�	��_	�]�	oª«9dfÌ1���[]���<[»�§gfnh[]_¨^&���]�§^Mj]^��j]^¨¢À_	tcv{¦1tp_R�}�§gpnh_Rthg½th_	ÈAj¡��th_	~±nrv
z]j]tpghj]_½nr[]_½�Rv}^&z]j¡nriknr�§v}�®v{¦¸nr[]_½��vAv}z ´ � ¦�nh[]��gL¦Ci{�	nhv}tL_�lm�R_	_R~]g�Â�«¬gh_R_µÌO���}j¡th_�`}´ �A´ �J���nr[]_	�
ghz¡�����¥�RvA~]_2�Jik�]�]v{na¢|_-iJ�}v}�§~]_R~ ´VÎ©_2�§��nhthvA~]j]�	_�nr[]_	gh_-�]_	� ^/_	^/v{tpo©i{�R�	_Rghg&v}z|_Rthiknr�§v}�]g
����nhvanh[]_�¼µ¼¹¾ �§�2v}th~]_	t�nrvath_	~]j]�R_(Â
	 ¢|_R�§vS��ÂM´

Z�[]_"z]th�§�]�R�§z�i{�¥^/v{nh�§�kiknh��v}�4¦¬v}tMnr[]�§gai{z]z]tpv�i{�<[°��gMnh[�iknanr[]_2tp_R�}�§gpnh_Rthga�	v}�]gpnhtri{�§��nrga���@^&vm~]_	th�
z]tpvm�	_Rghgpv}thg½i{tp_¹gh��^&z]�§_Rt�nh[�i{�2nr[]_'tp_Rghv{j]th�	_Rgf�Rv}�]gqnrthi{����nrg�¢|_R�Ri{j]gh_¹nh[]_Rtp_(ikth_¹¦¬_	� zÀv}gpgh�§¢]��_µ�	v}�mÏ
Ñ��}j¡triknh��v}�]g¸·/nr[¡_2�Aj¡^M¢À_	t¶v{¦fth_	�}��gqnr_Rtpg¶�Ji{�@¢|_-y��m� Q{�»v}t®`S���¡�ui{�¡~@nh[]_2th_	�}��gqnr_	t¨nÄoAzÀ_	ganh[�ikn
�¥_¨�}_	�]_Rthi{���³o�¦¬vm�	j]gcv{�Gi{tp_(�	�Ái{gpgh�§Ñ]_R~Gikg½�§��nh_R�}_	tR����v�i*nJ�|�}j�i{tp~]gR��_	nh�{´ ]½v��¥_	�{_RtR�¸th_Rgpv}j]tp�R_¨�	v}�mÏ
gpnhtri{�§��nrg�i{th_a�§_Rghg'�	v}^/z]i{tri{¢¡��_{´"SLik�<[©z]tpvm�	_Rghgpv}t'[�i{g��§nhg¹vS���4z]tpv}zÀ_	tpnh��_Rg	´aZ�[]��g'v}¢]�§���}_	gµj]g¹nrv
th_	~]v4�RvA~]_2gh�<[]_	~]j]�§���]�»¦¬v}t¶_Ri{�<[°nri{th�{_	naz]tpvm�	_Rghgpv}tR´²Î �³nr[ªnr[¡��gai{z]z¡thv�i{�<[¸�L�¥_-�Ji{�°^/vA~]�³¦Ão©i
¼µ¼¹¾ gpj]�<[ºnr[�ikn'�³n'griknh��gqÑ�_Rgµnh[]_ath_R�{��gpnh_Rtpg¹�Rv}�]gqnrthi{����nrg¹¦¬v}t'i®��[¡v}��_¶gp_	n�v{¦¥z]thvA�R_	ghghv{thg'���§nr[ºi
��j]^M¢|_Rt¯vk¦¸iJ�ki{�§�Ái{¢]�§_uth_R�{��gpnh_Rtpg¯��_	ghg1v}t�_RÈ�j�i{�¡nhv¹th_	�}��gqnr_Rt�griknhj]tri*nr��v{� ´ �µj]tOi{z]z]tpv�i{�<[a��g�zÀv}tqn<i{¢¡��_
gh�§�]�R_¨i®��vkn½vk¦1�Rv}^&z]�§��_Rtpg(«C�}�	�(¦¬v}tf���]gqn<i{�¡�R_��j]gh_	gcnr[¡_¨grik^/_'Ñ�thgqnµgqnr_Rz¡gµv{¦1�	v}^/z¡���Ái*nr��v{�4«Cz�i{tpgqÏ
���¡�]�}����nh_Rth^&_R~¡�Áiknh_��RvA~]_��}_	�]_Rthiknr�§v}�ai{�]~av}z¡nh��^&��ÉRiknr�§v}����S¢]jmnLi'~¡� �À_Rth_	��n � ��s©¢�i{�<�k_R�]~&¦¬v}t¯�RvA~]_
v}z¡nh��^&��ÉRiknr�§v}�2i{�]~¿�}_R�¡_Rtri*nr��v{�"¦¬v}tf_Jik�<[¿n<ikth�}_�ncz]tpvm�	_Rgpghv}t	´�Z�[]��g½i{z]z]tpv�i{�<[¿�Ji{�¿¢À_(i{z]z]�§��_	~¿v}�

(*) o+(*,
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nr[¡_½�§��nh_Rtp^/_	~]�Áiknh_��RvA~]_f��_	�{_R��nrv�~]_	�R��~¡_f¦¬v}tutp_R�}�§gpnr_	tLi{���§vm�Riknr�§v}�¨���§nh[]v}j¡nL�§�]�Rtp_Ji{gp���]�'nr[]_f�Rtp�§nh���Jik�
z�iknh[º�§¦LzÀv{ghgh�§¢]��_k´¨xf¦Ãnr_Rtµnh[�iknR� nr[]_ � ��s ¢]i{�<�{_	�]~©�Ri{�ºgh�<[]_	~]j]��_/i{�]~ºv}zmnr��^&��É	_�nh[]_a�RvA~]_M¦¬v}t¹i
ghz|_R�	�§Ñ��¹nri{th�}_�nfz]thvA�R_	ghghv{tR´

�m´�nr[¡_¿gp_R�Rv{�]~ i{z¡z]thv�ik�<[ �Rv{�]gh�§gpnrg&v{¦c�Ji{tptpoA���]�ºv}jmn&nh[]_"�	oA�R�§���-th_	�}��gqnr_Rt&i{�§��vA�Jiknh��v}�V¢À_�¦¬v}th_"�RvA~]_
gh�<[¡_R~]j]�§���]�Æj]�]~]_	t±i²Ñ¡lm_R~ ��gpghj]_4triknh_ºv{¦¶i@ghv{¦ÃnÄ��i{tp_Vz]�§zÀ_	���§�]_R~ gp�<[]_R~]j¡��_{´ Z�[]��g-nr_	�<[]�]��È�j]_
����nhthvA~]j]�R_	gcgpv}^/_(i{��nr� ÏÄ~]_	zÀ_	�]~]_	�]�R�§_Rgc¢|_	nÄ�¥_R_	�»nr[]_(v}zÀ_	triknh��v}�¡gf¢|_R�Ri{j]gp_Mv{¦¯nh[]_¨tp_R�}�§gpnr_	t½tp_Rj]gp_{´
�µj]t�z]j]tpzÀv}gp_(�§g�nr[�i*nfnh[]_'����nrtpvm~¡j]�R_	~±i{��nh�³ÏÄ~¡_Rz|_R�]~]_	�]�R�§_Rg�~]v&�]v{nfz]tp_	�}_	��ncnr[¡_�gp�<[]_R~¡j]��_	tf¦¬tpv}^
i{�<[]�§_	�A���¡�/i¶Ñ¡lm_R~"���¡�§nr��iknr�§v}�®�§��nr_Rtq�ki{�¸¦¬v}t�nh[]_'��vAv}z ´

Z�[]��g"th_	zÀv{tpn-��g-v}tp��i{�]�§ÉR_	~ ikg"¦¬v}�§��v���g · R�[�ikz¡nr_	tG�²����nrtpvm~¡j]�R_	g"v{j]t-��vAv}z ^/vA~]_R�µi{�]~ tp_R�Ri{���§g�nr[]_
ghv{¦ÃnÄ��i{tp_&z¡��z|_R���§�]���¡�/v}zmnr��^&��ÉRiknr�§v}�-nr_R�<[¡�]��È�j]_k´ � �ºghj]�<[4z|_Rth�§vm~¡����gh�<[]_	~]j]��_	gR�����³¦¬_	nh��^&_(�§��nh_Rtq�{ik��gc^/iJo
¢À_a�	��th�	j]�ÁiktR´¨ÎV_&i{��gpv2th_R�Ri{����nr[]_a�	oA�	�����atp_R�}�§gpnr_	t¹th_	ÈAj¡��th_	^/_	��n¨ik�]~4i{���§vm�Riknr�§v}�±v{¦�i �AÎ s�gh�<[¡_R~]j]�§_{´
Z�[]_-�	oA�R�§���2tp_R�}�§gpnr_	t¶griknhj]tri*nr��v{�°�§gM~]_�Ñ��]_R~ i{�]~@gpnhj]~]�§_R~°��� R�[�i{zmnr_Rt&y¡�u��[]_	th_2��_-�}�³�}_2nr[¡_2_�l¡i{�	n
¦¬v}th^¨j]�Áiknh��v}�²«Cj]gp���]�"����nr_	�}_Rt'�§���]_Ri{t¹z]thv{�}tri{^&^&���]���i{�]~©i2[]_Rj]tp��gqnr���	g¹¦¬v}t'�Rv}^&z]j¡nh���]�2nr[¡��g'È�j�i{��nr�³nÄo}´
df_	~]j]�	���]�Gnh[]_�gri*nrj]thiknr�§v}�ª¢�o²i{~¡~]���]�¿_�lAnrthiºi{th�	gM��g(gpnrj¡~]��_	~²���©nh[]��gM�<[]i{z¡nr_	t¨nrvAv]´ R¥oA�R�§���/th_R�{��gpnh_Rt
ghj¡Ë&�	��_R�¡�	oa��g1~¡_	Ñ��]_	~�i{�¡~/gqnrj]~]�§_R~&���[R�[�ikz¡nr_	tL�¡´¯x []_Rj¡th��gqnr�§��¦¬v}t1���]gp_Rtqnr���¡��gpz]���§�¡�	vm~]_�nhv�tp_R~]j¡�R_�nr[]_
ghj¡Ë&�	��_R�¡�	o"��g�~]_	gh�	th��¢|_R~¸´ R�[�ikz¡nr_	t�P¶gpnhj]~]�§_Rg�nr[]_'��om�	���§��tp_R�}�§gpnh_Rt�i{�§��vA�Jiknh��v}�/¢À_�¦¬v}th_'�RvA~]_'gh�<[¡_R~]j]�§���]�
j]�]~]_	t®i»Ñ¡lm_R~Æ_�lm_R�	j¡nr�§v}� thiknr_k´ I�_�¦¬v}th_-�	v}�]�R�§j]~]�§�]�]�u��_"z]th_	gh_	��n/nr[]_"^/iSwpv}tM�¥v}th�²�§�@nh[]_-Ñ�_R�§~Æv{¦
th_	�}��gqnr_Rtfi{�§��vA�Jiknh��v}�/���?R�[�ikz¡nr_	t�Q¡´

Register AllocationScheduling 

Register Saturation Analysis

Reducing Register Saturation 

DDG

Extended DDG

DDG

DDG with antidependencies

Scheduling 

Schedule Independant Register Allocation

(a) Register Saturation before Scheduling
and Register Allocation

(b) Register Allocation before Scheduling

ÌO�§�}j]th_¨`}´§`{· �Anr_	z]g½vk¦¯d�_R�}�§gpnh_Rt�s1th_	ghghj¡th_¨x½��i{�³omgp��g�i{�¡~jJ±ik��i{�}_	^/_	��n
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R
RS

RF

RS

RS

RF

RF

(c) Unavoidable Spill Code(b) Possible Spill Code Insertion(a) Null Register Pressure

reduced by
adding arcs

reduced by
spilling

Ì����}j]tp_M`}´ �m·ud�_R�}�§gpnr_	tfsutp_Rgpghj]tp_"R�v}�mÑ��}j]thiknr�§v}�]g

(*) o+(*,
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Z�[]��gf�<[�i{zmnr_Rtf����nhthvA~]j]�R_	g�v}j]t½¼µ¼¹¾ ^&vm~]_	�¤´ � nf�Rv}�¡gh��gqnrgfv{¦¯�§�]�]_	th^&v}gpn��§vmv}z¡g����³nr[]v{j¡n�¢]trik�]�<[]_Rg	´�xcg
���±nh[]_¶i{��oA�R���§�(�Ri{gh_k� v}j]t½^/vA~]_	���§gcghjmË/�	��_	��nh�§o¿�}_R�¡_Rth�§�(nhv�¢À_Mi{z]z]�§��_R~"nrv�¢|v{nh[Ggpnriknr�§�¨i{�¡~»~¡oA��i{^&���
��gpghj]_½z]thvA�R_	ghghv{thgR´¯ÎV_½i{��gpv(tp_R�Jik����ghv{¦ÃnÄ��i{tp_½z]�§zÀ_	���§�]���]�&«��AÎ sLL^&_	nh[]vm~/i{�]~/[]v�� nr[¡��gLgpnrthiknr_	�{oa��� ��jmÏ
_R�]�	_Rg'i®��iknr_�th_	�}��gqnr_	tµi{�§��vA�Jiknh��v}� ´�Z�[¡_Mth_	�}��gqnr_Rt½�]_R_	~º��gfgh���§�}[�nr�³o-~]� �À_Rtp_R��nµ�§�G�	oA�R�§���(gh�<[]_	~]j]��_	g¹gh�§�]�R_
���³¦¬_	nr�§^/_��§��nr_Rtq�ki{��g¥¢À_	�Rv}^&_c��om�	���§�{´OÎV_µz]tp_Rgh_	��nfi{������n ��sª¦¬v}tp^Mj]��iknr�§v}�¶¦¬v}t��³n¥���³nr[��������	��
��u�ki{th��i{¢]�§_Rg
i{�]~�������	����������
����Rv{�]gpnhtri{�§��nhgR���}�³�}_	�±i&¼µ¼¹¾���������������´LZ�[]_�gh��É	_'v{¦�nh[]_��Rv}�]gqnrthi{����nrg�^/iknrtp�³l���g
¢À_�nhnh_Rt¯nr[]i{�Mnr[]_��	v}^&z]��_Wl¡�³nÄo�v{¦�nr[]_�_Wl¡�§gpnh���]�µnh_R�<[]�]�§È�j]_Rg1��[]�§�<[¶���]�	��j]~]_�i{�¶���]�³nr��iknr�§v}�(�§��nr_Rtq�ki{�A¦Cik�	nrv{tR´

Z�[¡��g��<[]i{z¡nr_	t���g¥v}th��ik�]��É	_R~2i{g¥¦¬v}���§vS��g	´ �m_	�	nh��v}�"�m´³`µ~]_�Ñ��]_	g�v}j]t��§vmv{z�^/vA~]_	�O«Ã���§nh[]v}j¡n�¢]tri{�¡�<[]_Rgr
i{�]~»z]tp_Rgp_R��nrg¹v}j¡tc�]v{nriknr�§v}�]g	´ �mv{¦ÃnÄ��i{tp_Mz]��z|_R�§���]�§�]�¶nr_	�<[]�]��È�j]_¶�§g½~¡_Rgh�	th�§¢À_	~»��� �m_	�	nh��v}�º�A´ �m´fÎ©_¨gh_R_
nr[�i*n/gpj]�<[ z|_Rtp��vA~]���2gp�<[]_R~¡j]���§�]�4nh_R�<[]�¡��È�j]_"^®i{�k_Rg&�R�§th�Rj¡�Ái{t¨nh[]_2�ki{��j]_	ga���§¦¬_�nr�§^/_	gM����nr_	tp�ki{�§gR´²Z�[�j]gR�
nr[]_/th_	�}��gqnr_Rt'tp_RÈ�j]��tp_R^&_R��nJ��gpnhj]~]��_	~ª��� �m_	�	nr�§v}�²�A´ y¡����g'~]_�Ñ��]_	~²���Vi¿�	oA�	�����az�i*nhnr_	th� ´�ÎV_®z¡th_Rgp_R��n¶i
^/_�nr[]vA~�¦¬v}t��	v}^/z¡j¡nr�§�]�M�§n�¢�o®~]_R�	v}^&zÀv}gp���]�Mnh[]_¹�R�§th�	j]�Ái{t¥���³¦¬_	nr�§^/_f����nh_Rtp�ki{�§g�����nhvMnÄ��va�R��i{ghgp_Rg ·1nh[]v}gh_
��[]���<[4ghz]i{�»nr[]_¶��[]v}�§_ �AÎ s �k_Rth�¡_R�f«C�	v}thtp_RgpzÀv}�¡~4nhv"~¡� �À_Rth_	��n'���]gqn<i{�]�	_Rg'v{¦unr[¡_&ghi{^&_¶gpn<i*nr_R^&_R��n<��
i{�]~ nr[¡v}gh_G��[]�§�<[ ghz�ik� i©¦¬thi{�	nh��v}� v{¦'nr[]_G^&v{nh�§¦ ´�ÎV_G�}�§�{_ºi{� _�l¡i{��n2¦¬v}th^¨j]�Áiknh��v}�°v{¦'nr[¡_G�	oA�R�§���
th_	�}��gqnr_Rt¥th_	ÈAj¡��th_	^/_	��n�i{�	�Rv}tp~]���]��nrv¨i{�2i{tp¢]�§nhtri{tqo �AÎ s@gh�<[]_	~]j]��_cj]gh�§�]�¨�§��nh_R�}_	t�z]tpv}�}thi{^/^&���¡�]´�Z�[]��g
����n ��sªgqomgqnr_	^Å�§gLj¡gh_R~®���/¦¬j¡tpnr[¡_RtL�<[�i{z¡nh_RthgL¦¬v}t¥i{��i{�³omÉ	���]�'��om�	���§�½tp_R�}�§gpnr_	tugriknhj]triknh��v}�/i{�]~/ghj¡Ë&�	��_R�¡�	o}´
ÌO���]i{���³o}��¢À_�¦¬v}th_/�Rv}�]�	��j]~¡���]�±���³nr[ªgpv}^&_®th_	^®ikth��gR���A_R�	nh��v}�²�m´ �±z]th_	gh_R��nhg&[¡vS�ÍiGtp_R�}�§gpnh_RtMik����vA�Ji*nr��v{�
�Ji{�"¢|_�¢¡j]���³n��	oA�R�§���Ri{���³o/v{�±i{�"i{�§th_Ri{~¡o�gp�<[]_R~¡j]��_	~G��vAv}z ´

� 
�	 � �! ¿ 2�W���	%( -� �( -! " %'���'����%( "�

x���vAv}z4«¬���³nr[]v}jmn�¢]tri{�¡�<[]_Rgr��§�"v{j]t�gpnhj]~¡o-��g�tp_Rz]tp_Rgp_R��nr_	~G¢�o-i&�{tri{z][#�����$�%���&��'(��)*��ghj¡�<[¿nr[]ikn�·
+ � �§g�nh[]_�gp_	nOv{¦]nr[¡_�gpnriknr_	^/_	��nrgO�§��nh[]_��§vmv{z(¢|vm~mo}´�Sui{�<[¨gpn<i*nr_R^&_R��n-,¶[�i{g�i½�Ái*nr_R�¡�	o/.1032��4,5�7698¡´
Z�[]_��§�]gpnri{�]�R_�vk¦|nh[]_�gpnriknr_	^/_	��n%,G«Ci{�¶v}z|_Rthiknr�§v}���vk¦|nh[]_��§nh_Rthiknr�§v}��: �§g¯�]v{nh_R~;,<�=:$��´�ILoM~]_�¦Ci{j]�§nR�
nr[¡_�v{zÀ_	triknh��v}��,¿~]_R�]vknr_Rg�nr[¡_�v{zÀ_	triknh��v}��,<�=:$� �

+ ����g�nh[]_'gh_	nfv{¦�z]tp_R�R_	~]_R�¡�R_¨�	v}�]gqnrtrik����nrg(«C~]ikn<i¶~]_	zÀ_	�]~]_R�¡�R_Rg½v}t�v{nr[¡_Rt�gh_	th��i{� �Rv{�]gpnhtri{�§��nhg< �
+ '>��?@����g�nh[]_'�Áiknh_R�]��o�v{¦�nr[]_�i{tp�A?(����nh_Rtp^/g�v{¦�z]thvA�R_	ghgpv}t��R��vA�<����om�	��_	g �
+ )B��?@�®��g�nh[]_»~]�§gpn<ik�]�R_»v{¦�nr[¡_ºi{th�C?º��� nh_Rth^&g2v{¦���j]^M¢|_Rt-v{¦��§nh_Rthiknr�§v}�]gR´ � ¦D)<�=?@�E6F8¡�fnr[]_
~]_	zÀ_	�]~]_R�¡�R_D?���g��Ri{���§_R~ ��$%$�7 �&��� � �	�&� ´1x �{ik����~®gh�<[]_	~]j]��_AG4^Mj]gpnfghiknr�§gp¦Ão½·

H ?I���4,<�KJL�NM� O G;�4,P�4:Q�R�S�T'>��?@�!UVG;�=J*�=:*�T)<�=?@�K�R�
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Î©_-�	v}�]gh�§~]_Rt&iGn<ikth�}_�n&i{th�<[]�³nr_	�	nrj¡th_2���§nh[°^¨j]�§nh��z]�§_®th_	�}��gqnr_	thgMnÄoAzÀ_	gR����[¡_Rth_���~]_R�¡v{nr_	g&nh[]_2gh_�n®v{¦
th_	�}��gqnr_RtfnÄoAzÀ_	ga«¬¦¬v}t½���]gqn<i{�¡�R_{��� ���@:��52���� .
	@0 2��k�´½ÎV_¨^/i{�k_Mi®~]���¸_	th_	�]�R_(¢À_�nÄ��_	_R�ºgpnriknr_	^/_	��nhg¹i{�]~
z]th_	�R_	~]_R�]�	_¨�	v}�]gpnhtri{�§��nrg�~]_Rz|_R�¡~]���]�&�§¦�nh[]_	o-tp_	¦¬_Rt�nhva�ki{�§j]_Rg�nhva¢À_'gpnhv}th_	~¿�§�-th_R�{��gpnh_Rtpgfv{t��]v{n�·
`}´ ���� ���§g¹nr[]_&gh_�n¨v{¦¥�ki{��j]_	g¹nrv±¢|_agpnhv}th_	~©���4th_	�}��gqnr_	thg'v{¦�nÄoAz|_&2�M���´/ÎV_&�Rv}�]gp��~]_	t�nh[�ikn�_Jik�<[
gpnriknr_	^/_	��n , MC� ��th�§nh_Rg�����nhv/i*n½^&v}gqn�v}�]_'th_	�}��gqnr_Rt�vk¦¯i¶nÄoAzÀ_ 2!M��®´LZ�[¡_(gqn<iknh_R^&_R��nrg���[]���<[
~]_�Ñ��]_f^Mj]�§nh��z]�§_L�ki{�§j]_Rg¯���³nr[a~]���¸_	th_R��n1nÄoAz|_RgLi{th_fi{�	�R_	z¡nr_	~/�§�¶v}j]t1^&vm~]_	�]� �/nr[]_�o¶~]v'�]v{nu~¡_	Ñ��]_
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(a) circular life intervals inside the motif (b) unroll the motif twice to get exact interference patterns

(c) interference graph of the acylic intervals
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(b) Overlapping the Iterations
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(e) Adding one row of nops ... (f) ... does not increment the register need
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(a) Allocated Loop kernel

(b) Distinct Values in the RRF
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¢�oº�R��tp�Rj]��i{t¹����nh_Rtp�ki{�§gR´axc�4����nh_R�}_	t�z¡thv}�}thi{^&^/�§�]��^&vm~]_	�O���§nh[Vtp_R~]j¡�R_R~©�Rv}�]gqnrthi{����nrg'^/iknrtp�³l±gh�§ÉR_&��g
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Î [¡����_¹�§vm�Ri{� tp_R�}�§gpnr_	tcik����vA�Ji*nr��v{��v{¦1ik��th_Ri{~¡o2gp�<[]_R~¡j]��_	~»¼�xf¾'gf��g�_Jikgpo}�|�	oA�	�����'tp_R�}�§gpnr_	tcik����vA�Ji*nr��v{�
v{¦�^/vA~]j]�§v(gp�<[]_R~¡j]��_	~¿�§vmv}z¡g¥�§g�gh�§���}[�nr�³oa~]� �À_Rtp_R��nJ´ �A���]�	_c���³¦¬_	nh��^&_f�§��nr_Rtq�ki{��g�i{th_µ�	��tp�Rj]��i{tR�Aghv}^&_cgqn<iknh_�Ï
^/_	��nrg¹^/i�o±z]thvA~]j]�	_¶����nr_	tp¦¬_	th���¡�®�ki{��j]_	g¹���]gp��~]_�nr[]_¶^&v{nh�§¦ ´¹Î©_¨^Mj]gpn'j¡�]thv}�§��nh[]_¶��vAv}z±nhv2_�lmz]���§�R�³nr�§o
i{~]~]tp_Rgpg�nh[]_Rgp_&~¡��gpnh���]��nµ�ki{��j¡_Rg'i{�]~»nhv¿ik����vA�Ji*nr_(nh[]_R^�nrv2~]���¸_	th_R��n'tp_R�}�§gpnr_	thg	´¶x nr[]_	v}th_�nr���Ri{��¦¬thi{^&_�Ï
��v{th�����Ji{�§��_	~M^/_	_	nh���]�µ�{tri{z][�� S��\J heP¡��S �\J h}�m�{~¡Î S��\J hnhm� ��_R��hnQ*£9�{¦¬v}tp^Mj]�Ái*nr_Rg�nr[]_�_�l¡i{�	nuj¡�]thv}�§���§�]�
~]_R�{th_R_�~]_	zÀ_	�]~]���¡�&v{�±i¶�R�§th�	j]�§n�~]_	�Rv}^&z|v}gh�³nr��v{��v{¦�JG¾a´

�µz¡nh��^&��É	���]��nr[]_�j¡�]thv}�§���§�]�c~]_	�}th_	_���g1iµ~]�³Ë&�Rj]�³n¯n<i{gp��´¯x [�i{tp~¡��ikth_�¦¬_Ji*nrj]tp_{���Ji{�§��_	~Mthv{nriknr�§�]�µtp_R�}�§gqÏ
nr_	t�Ñ���_k�]i{�§��v���g�nrvaiJ�{v}��~2j]�¡thv}�§�����¡�(nr[¡_¹�{_Rtp�]_R�9´1x ghj¡Ë&�	��_R��n��	v}�]~]�³nr��v{�®¦¬v}t���om�	���§�µth_	�}��gqnr_Rt�ik����vA�Ji*nr��v{�
���§nh[ J¿x�� � � �,S tp_R�}�§gpnr_	thgµv{�ºi2d½dfÌ ��g½nr[]_M_Wlm��gpnh_R�]�	_av{¦Li�[�i{^&���³nrv}�]��i{�-�R�§th�Rj¡�§nµ�§�Gnr[]_mJG¾a´ � ¦L�§n
~]vA_Rg��]v{nf_�lm�§gpnJ�]�¥_'�Ji{�"�Rtp_Jiknh_'�§n�¢�o2j]gp���]�av}�]_'_Wlmnhtriath_	�}��gqnr_Rt	´

Êf_�lAn��<[�ikz¡nr_	t�gpnrj¡~]��_	g��	oA�R�§���µd �®~]_��}v{nh_R~-nrvM�k_R_Rz"th_	�}��gqnr_	t�z]th_	ghgpj]th_¹j]�¡~]_Rt��	v}��nrthv{�¸¢|_	¦¬v}tp_ �AÎ s
gh�<[]_	~]j]�§���]�]´

c d
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c d
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b

c d
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b
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(0)
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(0)

(a) Original Graph (b) Shift Coefficients (c) Retimed Graph
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ÌO���}j¡th_��m´³`}`}· �Lik����~"¾¹trikz]["df_�nr��^&���¡�
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Z�[]��gf�<[�i{zmnr_Rtf~]_	gh�Rtp��¢|_Rg½v}j]t���v{th�-v}�"�	oA�R�§���'th_	�}��gqnr_Rtfgri*nrj]thiknr�§v}�V«	R�d �]�� ZSu���*£9´�ÎV_�z¡thv��A��~]_(i{���{vkÏ
th�³nr[]^&g�i{�¡~�����n ��s²^&vm~]_	��gunrvM�<[¡_R�<���³¦�th_	�}��gqnr_Rt¥�Rv}�¡gpnrthi{����nhg�i{th_½v}¢]gpv}��_�nr_¶«¬griknh��gqÑ�_R~�L¢À_�¦¬v}th_½gh�<[]_	~]j]�³Ï
���]�¡´¯xcgL���anr[]_½i{��om�	���§�f�Ri{gh_k�Anh[]��gLz]tpv}¢]��_	^ ��gLÊ½s¯Ï �Rv}^&z]�§_	nr_k´OÎV_½gp[]v�� []v�� ��_½[�i{�]~¡��_�nr[]_½ÊcsOÏ [�i{th~
z]thv{¢]��_	^�v{¦½th_R~¡j]�R�§�]�-R�d��²j]�]~]_	t¶nr[]_-���§^/�³n¨vk¦µiJ�ki{����i{¢]�§_®th_	�}��gqnr_	thgR´²Z�[¡��ga�<[�i{z¡nh_Rta��^&z]tpvS�{_Rg&i{�]~
v��}_Rtp�Rv}^&_Rgf~]thi���¢]i{�<��gcv{¦�v}j]t�z]tp_	�A��v{j]g���v}tp�2v}�-��vAv}z]g��§�4��Z�Z��}�{£9´

Z�[¡��gf�<[�i{z¡nh_Rtc�§g�v}th��ik�]��É	_R~Gikgf¦¬v}�§��v���gR´��m_R��nr�§v}�Gy¡´³`¨gp[]v���gc[]v�� �¥_¨�	v}^/z¡j¡nr_�R�d��|´�ÎV_¨z¡thv��A��~]_
i{�a_�l¡i{��n1¦¬v}th^Mj¡�Áiknh��v}��¢�i{gp_R~av}�¶����nh_R�}_	t¯z]thv{�}tri{^&^&���]�]´�ÎV_�i{�§ghv¹z]tp_Rgh_	��nLi{�&i{z]z]tpv�lm�§^®iknh�§�{_�^&_	nr[¡vm~
nr[�i*n¨~]_	�Rv}^&z|v}gh_	g�nh[]_/z¡thv}¢]�§_R^ �§��nhv2nÄ��vGz]i{tpnhgR´�Z�[]_aÑ�tpgpn(z�i{tpnR�O¢�ikgh_R~Vv}�©�§��nr_R�{_Rt'z]thv{�}tri{^&^&���]�]�
��vAv}��g¨¦¬v}t¨i±�{ik����~Vth_�nr��^&���¡�¿nr[]iknM^/i*lm��^&��É	_Rg(nh[]_��§��nh_Rtq¦¬_Rth_	�]�R_	gav{¦�~]��gqnr�§�]�	n¨���]gqn<i{�]�	_Rg¶v{¦�nh[]_�grik^/_
gpnriknr_	^/_	��nR´uZ�[]_'gh_R�	v}�]~¿z�i{tpnR�]¢�i{gp_R~"v}�¿i{���}v{th�§nh[]^&���fi{z]z]tpvJl¡�§^®i*nr��v{� �m^/i*lm��^&��É	_Rg�nh[]_'����nr_	tp¦¬_	th_R�¡�R_Rg
v{¦�~]��gqnr���¡�	n�gqn<iknh_R^&_R��nrg	´ �A_R�	nh��v}�"y¡´ �¨gpnhj]~]�§_Rg�nr[]_¹z¡thv}¢]�§_R^Åv{¦ R�d���th_	~]j]��nr��v{�"j¡�]~]_Rtfi¨Ñ¡lm_	~±�Rtp�§nh���Jik�
�R�§th�Rj¡�§nJ´ I¥_	¦¬v}tp_¹�Rv}�]�	��j]~¡���]�]�m��_�gh[]v�� ghv}^&_'_�lmzÀ_	th�§^/_	��nhg���� �m_R��nr�§v}�"y¡´ ym´

��_�n7��� �������&��'(��)*��¢À_ci¨��vAv}z ´¯Z�[¡_µ�	oA�R�§���½th_R�{��gpnh_Rt¥griknhj]triknh��v}�»«	R�d �]L�§g¥nr[¡_µ^®iSl¡�§^®ik��th_R�{��gpnh_Rt
th_	ÈAj¡��th_	^/_	��nf¦¬v{t�i{���¸�ki{�§��~�gpv{¦ÃnÄ��i{th_�z]��z|_R�§���]_	~2gh�<[]_	~]j]�§_Rg ·

	�Â���� �=����� �����E ��� � ' � 	(Â32 E� �=���
��[]_Rtp_ 	�Â32 E� ���/�M��gMnr[¡_"��oA�R���§�-th_R�{��gpnh_Rta�]_	_R~ vk¦½nÄoAz|_9� ¦¬v}tMnr[¡_ ��Î s gh�<[]_	~]j]��_#G¯´°x$ghv{¦ÃnÄ��i{th_
z]��z|_R�§���]_	~»gh�<[]_	~]j]�§_a��[¡���<[4�]_R_	~]g¹nr[]_¶^/i*lm��^Mj¡^���j]^M¢|_Rt¹vk¦�tp_R�}�§gpnr_	thg¹�§gµ�Ji{�§��_	~ºi �.���'���&���'�#���?/ 0 �
�%��23�&���4��� ´OZ�[]_µ_�lm�	_Rghgp�§�{_µ�{ik��j]_	gµ«¬^®i*lm�§^Mj]^ �ki{�§j]_Rg¥gh��^¨j]�§nri{�]_Rv{j]gh�³oai{���³�}_Ju�§��i(ghiknrj¡triknh���]�(gh�<[]_	~]j]��_
i{th_'�Ri{���§_R~ �.���'�4� ���'�#�����(�����N��� ´
% k Ó�× � Ó � U & C ��$ � 7 ���'�#��� �#23�����e�����	� ���	����������� �.���'�4� ���'�	$(�?$ ) � ���	����������� �'� 73� 2!M9� ��� � � �&��$ � 7 ����� �$#

!(� × ×#" �

Z�[]_�z¡thvAv{¦�¢|_R�Rv{^/_	g¨v}¢��A��v}j¡g¨¢�o4th_R~¡j]�R�§�]�±nrv"nr[]_&nr[]_®i{�	oA�	�����/�Ji{gp_G� Z�v{j��¡`J~ ��Z�v}j��¡`J�k�
Z�v}j��¡`�i*£¤´¹Z�v�Ñ¡lGnh[]_M�§~]_Ji{g	�¸�¥_Mn<i{�k_¨nr[]_¶�	�Ái{gpgµv{¦1nh[]_M~�iknri�~]_Rz|_R�¡~]_R�]�	_a�}tri{z¡[]g¹i{gµ~¡_�Ï
gh�	th�§¢À_	~(�§�(Ì����}j]tp_1y¡´³`1·�nr[]_	th_Li{th_1�¡v{n�����nr_	tqÏÄ�³nr_	triknh��v}� �]vS�ªi{th�	g�v{¦mnh[]_uth_	�}��gqnr_Rt��	v}�]gp��~]_	th_R~
nÄoAzÀ_®«C�¡v �]vS� ��vAv}z2�Jikthth�§_R~-~]_	zÀ_	�]~]_R�¡�R_Rgr

H ?/M �  � � O )<�=?@��� 8
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source

sink

DAG

λ=0

λ=0

λ=1

ÌO�§�}j]tp_¹y¡´³`}· R��Ái{gpg�v{¦ ��vAv}z]g����§nh[-�]v&s�v}gpgh��¢¡��_ � nr_	triknh��v}� �c�}_	th��i{z]z]�§�]�

i{�]~ ��� ��� ��� �¤´�_{´ci{��o±^&vA~]j]��v/gh�<[]_	~]j]�§_¶�Ji{�]�¡v{nµv��}_	th��i{zGnr[]_(�§nh_Rtri*nr��v{�]gR´½xc��o±^&v{nh�§¦
v}�]�³o©�	v}�]gp��gpnhgav{¦fv}�]_2�§nh_Rthiknr�§v}�©v{¦�nh[]_2v}th�§�}���]i{�u��vAv}z ´ �mv]�¯nr[¡_2�	oA�R�§���2th_	�}��gqnr_	tM�]_R_	~Æ�§g
gpnhth�§�	nr�³o¶~]_�Ñ��]_R~®¢�o¶nh[]_f����nr_	tp¦¬_Rtp_R�]�	_½¢|_	nÄ�¥_R_	��nr[]_��ki{�§j]_RgL���]gp��~]_�nh[]_fv}th�§�}����ik�¡��vAv}za¢|vm~¡o{�
��[]�§�<["�§g�nr[]_¹^/i*lm��^/i{��th_	�}��gqnr_	t��]_R_	~"¦¬v}t¥nr[]_'i{��oA�R���§�¹gh�<[]_	~]j]�§_Rg�v{¦�nr[]_'�§vmv}z®¢ÀvA~¡o}´1Z�[¡��g
z]tpv}¢]��_	^ [�ikgf¢|_R_	�±z]tpv��}_R�±ÊcsOÏÄ�	v}^&z]��_�nr_µ�§�V� Z�Z��}�{£9´

�

Z�[]_��]_�lAnfgh_	�	nr�§v}�"z]th_	gh_R��nhgc[]v�� �¥_'�Rv}^&z]j¡nh_ R�d��À´

� 
�	 � %�� 5"�����	 -� � �®�����R��
���(�	� ����� .®�¹�����¯�¹����%¨ 

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

I�_	¦¬v{th_u�Rv}^&z]j¡nh���]�¥nr[]_u_�l¡i{��n R�d��À�	��_u^Mj]gqn�Ñ�thgqn��]v{nr_¯nh[�ikn�nh[]_1_�l¡i{��n�^/i*lm��^/i{�*th_	�}��gqnr_Rt�tp_RÈ�j]�§th_R^&_R��n
^®iJo(�]v{n1_Wlm��gpnR´¯Z�[]�§g¯��g	�{¦¬v}tO�§�]gpnri{�]�	_{�}nr[¡_��Ji{gp_�¦¬v}t1i{��oA�R���§��¼µ¼µ¾'gf«
����� � 8�W´�ÎV_��Ji{�¶nh[]_Rv}tp_	nh���Jik���§o
gh�<[]_	~]j]�§_¨i{�§�|nh[]_¹�ki{��j]_	g�v{¦�i{���À�§nh_Rtri*nr��v{�]g��§�2z�i{trik����_	�¤´�xcghgpj]^&���]�¶�§�¡Ñ��]�³nr_µ��j]^M¢|_Rt�vk¦O�³nr_Rthiknr�§v}�]g	�Anh[]��g
^®iJo²�§_Ji{~¸�L�§�²nr[]_	v}tpo{�LnhvVik�Æ�§�¡Ñ��]�³nr_���j]^M¢|_Rtav{¦f�ki{��j¡_Rg¶gh�§^Mj]�³n<i{�]_	v}j]gp�§o©i{���³�}_{´²x½ga^/_	��nh��v}�¡_R~@���
R�[�i{z¡nh_RtM�m���§�¡Ñ��]�³nr_ � ��s�~]_R�{th_R_&��g��]v{n��	v}�]gh�§~]_Rtp_R~ª�§� ��Î s�gh���¡�R_a��_&¦¬vm�	j]g(v{�©¢]j]�§��~]�§�]�-i-�{_Rtp�]_R�
«Cgpv{¦ÃnÄ��ikth_�z]��z|_R�§���]_	~2��vAv}z��´OZ�[]_R� �]�¥_�gh_	n������ � /{´

Ì�j]tqnr[]_	th^&v}th_k�À�³¦¯�¥_¶~]v��]v{nc¢Àv{j]�]~���¸nh[]_¨nrvkn<i{��gh�<[¡_R~]j]�§_Mnr�§^/_�v{¦uv}�]_(v}th�§�}���]i{���§nh_Rtri*nr��v{� ��nr[]_	�
nr[]_�^/i*lm��^/i{�¸��j]^M¢|_Rtfv{¦Oz�i{trik����_	� �§nh_Rthiknr�§v}�]g�«�� � ' �������*�^/iJo2¢À_����mÑ��]�§nh_{´ � �±v{nh[]_Rt��¥v}th~¡gR�|_	�}_	�G�§¦
��_�gh_�n������ � /}�]nr[¡_�_Wl¡i{�	nf^/i*lm��^/i{�Àtp_R�}�§gpnh_Rt�th_	ÈAj¡��th_	^/_	��n½^/iJo��]vkn�_�lm��gqn½�³¦���_�~]va�]v{nf¢|v}j]�]~ ��´

Ì�v}t(nr[]_	gh_"th_Jikghv}�]g	�¥�¥_¿¢|v}j]�¡~°v{j]taz]thv}¢¡��_R^ ¢�o²�Rv}^&z]j¡nh���]�»nh[]_-�	oA�R�§���2th_	�}��gqnr_	t¶griknhj]triknh��v}�@v{¦
i2ghj]¢]gp_	n�� � �=���	� �I�=���W´MZ�[�ikn'�§gR� �¥_&�	v}^&z]j¡nr_Mnh[]_¶^/i*lm��^/i{��tp_R�}�§gpnh_Rtµtp_RÈ�j]��tp_R^&_R��n'¦¬v}t¹i{�§���ki{�§��~
ghv{¦ÃnÄ��i{tp_�z]��z|_R�§���]_	~¨gh�<[¡_R~]j]�§_Rg¯���³nr[Mnr[¡_�z]thv{zÀ_	tpnÄo�nr[�iknOnr[]_�nhv{n<ik�mgp�<[]_R~]j¡��_�nr�§^/_Lv{¦�v}�¡_��§nh_Rtri*nr��v{�¨~]vA_Rg
�]v{n�_Wlm�R_R_	~ ��´1Z�[]�§g���g�i{z]z]tpv}z]tp�Áiknh_½¦¬v}t¥j]gR�]gp���]�	_cnr[¡_µ~]v}^/i{���/gh_�n�v{¦��ki{th��i{¢]��_	g�^Mj¡gpn�¢|_µ¢|v}j]�]~¡_R~-���
v}j]t�����n ��s@¦¬v}th^¨j]�Áiknh��v}�¸´

Z�[¡_�_Wl¡i{�	n�¦¬v}tp^Mj]�Ái*nr��v{��v{¦�R�d��2�Rv}^&z]j¡nriknr�§v}�2��g�~¡_Rth�³�}_	~"¦¬tpv}^ �m_	�	nr�§v}�¿�m´ y¡´§`1·

J¿i*lm��^&��ÉR_ �� ���7� ����� ��&����4� � � $ ��� &�������� I ��& $ �"��	 ��� � ���%� �
� � � � �  � ��� �
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ghj]¢�wp_R�	n½nrv¶nr[¡_'�ki{tp�Ái{¢¡��_Rg�i{�]~"�Rv}�]gqnrthi{����nrg�~¡_	Ñ��]_	~±�§� �A_R�	nh��v}�¿�m´ y¡´³`}´

Z�[¡_�gh�§ÉR_¥v{¦�nr[]_¥^/vA~]_	�A�§gN�������� � ����
����ki{th��i{¢]��_	g�i{�]~&����� �#� � ������ ��� 
����	v}�]gqnrtrik����nrg�« �m_	�	nr�§v}�a�m´ y¡´³`�v}�
z�i{�}_f�k���´�Z�[]_��RvA_	Ë&�R�§_R��nrg1v{¦|nr[¡_��Rv}�]gqnrthi{����nrg1^/iknhth�³l¨i{tp_�i{�§�¡¢|v}j]�]~]_	~a¢�o�� � �/)�� ���  ����[]_Rtp_ )�� �����g'nr[]_/^®iSl¡�§^®ik�¯~]_Rz|_R�¡~]_R�]�	_2~]��gqn<i{�¡�R_®�§�4nh[]_®�§vmv{z ´�Z�vG�Rv}^&z]j¡nh_ R�d �À����_/�§nh_Rtri*nr_anr[]_/���]�³nr�Ái*nr��v{�
����nr_	tp�ki{� Æ¦¬tpv}^ ��&nhv �� ��� � �����¤´�_{´@�¥_¿�	th_Ji*nr_¿i4^&vm~¡_R��¦¬v}t¶_Ri{�<[ �M � �� � � �¤´ÆZ�[]_"th_R�{��gpnh_Rt
griknhj]tri*nr��v{�±��gfnr[]_(^®iSl¡�§^®ik��ghv}�§j¡nr�§v}�¿vk¦ui{����nh[]_Rgp_M^/vA~]_	��gR´fZ�[]�§gc^&_	nr[¡vm~¿^®iJo"�����}v{�§�}_�nrv�gpv}�§�{_(nhvmv
^®ik��o±����n ��s ^/vA~]_	��gR´ ]½v��¥_	�{_RtR���¥_&�Ri{�º�Rv}�¡gh��~¡_Rt'i®nr�§�}[�n¹j]z]z|_Rt ÏÄ¢|v}j]�]~¸´¨Z�[]_¶¦¬v}�§��v������]�/�Rv}tpv}����i{tpo
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(b) Spilling for eliminating the values
traversing the iterations

(a) Inter-iterations values (c) Spilling for reducing the number
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<>�Q�[µq¼t< F 9[µD=G9[²l<vELµ F < F 9[=CÁvEKBtÁD9[J F B#E,�H�QBsOÔ;�;@?|R�9QJ,¶CEKBtJKBt= FrÃ 8 ² F BtE)·CB F BtEK½/9[=C9Q=UÁ F AUB¸�º¹! �½Gµ F 9�²«Àq¼#9QEL¼#¯qÊ
�N<>E)�[9[²xB F 9Q½GB:9[= F BtEd¿b<>�QJ�<>EKB�¼tµD½G¶C�QB F B#�[Ë/·CB#�H=UBt· Ã�Ä ² F AUB�¯U=C·CBtEK�[ËV9Q=UÁ/AH<bEL·U´T<>ELB�·CµVBtJ�=Cµ F 9[½/¶U�QBt½GBt= F <
;@;�?TÀ{´TBs½¸¯CJ F ¯U=CELµD�[� F ACBv�[µqµD¶�<>=C·âEKBt=H<>½GB F ACBv¼#µD¶C9QB#JMµ>²|¿b<>�[¯CBtJM9[=XµDEK·CBtE F µu<r¿DµD9[·â¼tµD=�EH9Q¼ F J Ã�Ä =
F ACB�¶CEKBtJLB#=C¼tB¸µ>²|</;@;�?TÀC´�BjµD=U�[Ë5¼tµ>=CJL9[·CBtE F ACB�½Gµ F 9�²1´�9 F ACµ>¯ F ¯C=CELµ>�Q�Q9[=CÁv²xµDE�¼#ËV¼#�Q9Q¼�ELB#ÁD9QJ F B#E@<b�Q�QµV¼r<ÚÊ
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F 9[µD= ÃTä AUBj¶CEKµDÆC�[Bt½ Æ�Bt¼tµ>½/B#J F µG� F <>�[� F ACB�¼t9[EL¼#¯C�N<>E)9[= F BtEd¿b<>�QJ�9Q= F µ6<�¼#ËV�Q9[=C·CB#E�´�AUBtELBj9 F J@<ÚãU9[J@9[J F ACB
F 9[½/BzO~9[= F BtEK½/J�µ>²)¼#�QµV¼wÌâ¼#ËV¼t�[BtJ�R�´�AC9[�QB�½G9Q=C9[½/9[¾t9Q=UÁ69 F Jj¼#9QEK¼t¯C½�²xBtEKBt=C¼#B6<>J�JLAUµÚ´�=»9Q=»�qBt¼ F 9Qµ>=]n Ã ` Ã � Ã
@}ãU¶�BtEK9Q½GBt= F <b�1EKBtJK¯C� F J:JLAUµÚ´ F AH< F 9Q= ����� µ>² F ACB�¼r<>JKBtJ#À F AUB¸Áo<>9[=59Q= F BtEK½/J�µ>²2EKBtÂº¯C9[ELBt·�ELBtÁ>9QJ F BtEKJ@µD=
</;�;�?Ö9QJ)=Cµ F JK9QÁD=C9��H¼r<b= F ¼#µD½G¶H<>ELB#· F µ��QµVµD¶u¯C=CEKµD�Q�[9Q=CÁUÀqÆC¯ F�F ACB�¼tµV·CB�9QJ)½GµDELB:¼tµD½G¶H<>¼ FrÃ

/¥Û{¨ Ù��¸ØCÑÚ�i/¥£ÔÕZ�S_~ØqÙÚ£~Û�¢�Û{¨kMNMS��¦ +�Ý8/©ª��U m ¯CB#J F BtEK´T<>�[·âehg}i>kV\ m � �U_DnÚaH9[= F ELµV·C¯C¼#Bt· F AUB)¼tµD=C¼#Bt¶ F
µ>² � e�� � Çhg«e � � � �Hehk �"! e F µs9Q½G¶CELµS¿DB F ACB�EKBtÁD9[J F B#E,ELB#¯CJLB�Æ�B F ´�BtB#=z9 F BtEL< F 9[µD=CJ Ã2ÄÅF 9QJ,<vJLB F µb²lEKBtÁD9[J F BtELJ�<b�Q�Qµ¡Ê
¼r< F Bt· F µ��Q9�²xB F 9[½/B#J,9Q= F BtEK¿b<>�[J,´�9 F ACµD¯ F ¼#µD=CJL9[·CBtEK9Q=CÁG¼tµ>¶C9QB#J�µb²l¿b<>�[¯CBtJ Ã�ÄÅF 9QJ�9[=C·CBtB#·�<�JLµ>E F µ>²lJLµ>² F ´T<>ELB
JL9[½v¯C�N< F 9Qµ>=¸µ>²ß<MELµ F < F 9[=CÁ�ELB#ÁD9QJ F B#E}�H�QB Ã2ä ACB#9QE|<>¶U¶CELµo<b¼wA/¼#µD=CJL9[J F J|µ>²¥<M¿b<>EK9N<>= F µb²ßÁDEL<>¶CA�¼tµ>�QµDEK9Q=CÁ�´�9 F A
½v¯C� F 9Q¶U�QB:¼#µD�Qµ>ELJtÀUJL9Q=U¼tB�½v¯C� F 9Q¶U�QB�¶CAoËqJK9Q¼t<>��ELB#ÁD9QJ F BtEKJ�½6<rË%Æ�B�<>JLJK9QÁD=UBt· F µ F AUB�JL<>½GBM¿><b�Q¯CB F µGAUµD�Q·5<>�[�
9 F J,¼tµD¶U9QBtJ Ã|Ä = F ACB�¶CEKBtJKBt=C¼#Bjµ>²1<�;�;@?�À F ACB�¼tµV·CB�9QJTBr<>JK9Q�[ËGÁDB#=CBtEL< F B#·	´�9 F ACµ>¯ F �[µqµD¶6¯C=CELµ>�Q�Q9[=CÁ Ã ( F AqÊ
BtEd´�9QJLBbÀ F ACB#Ë�9[= F ELµV·C¯C¼#B)½/µS¿>B@µD¶�BtEL< F 9[µD=CJ F µ�JK9Q½v¯U�N< F B)<j;�;�?TÀ>´�AC9[¼wA6½/<SË¸9Q=C¼#ELBt<>JLB F AUBWGIGv<b=C·/½/<rË
=CBtB#·�EKBtJL¼wAUBt·C¯C�[9Q=CÁ F AUB�¼#µq·UB�9�² F ACB#JLB�½/µS¿DB�µD¶�BtEL< F 9[µD=CJ,·Uµ/=Cµ F � F 9Q= F µ F AUB�ÌbBtEK=CBt� Ã

Ò��V�oÙÚ£~¢bacÝ%Ñ¡Øf,} 1�Z¦d7$c�Ò ª�<¥Þ*cÐ��_ ª�T¥Þw7$c�Ò ª��IÞ*.Z137hc�Ò ª{ªU 8 ¼#µD½G¶C�QB F B F ACBtµ>ELB F 9Q¼t<>�1²xEL<>½GBhÊ
´Tµ>ELÌâµD=±¼#ËV¼t�[9Q¼�ELB#ÁD9QJ F B#Ej<b�Q�QµV¼r< F 9Qµ>=�´,<bJj½/<>·CB�ÆoË @|9QJLB#=ºÆIB#9QJj<>=C·ÍW©B#�N<>9 F \ @�W.W�_�CqÀ1W©B#�N_ K Àb@ÐWPWz_ 1qÀ
·U¹?@ÐW.W�_D_>a Ã/ä ACBhËZ9Q= F EKµq·U¯C¼tB F AUBG½GBtB F 9[=CÁ5ÁDE�<>¶UAÍJ F EL¯U¼ F ¯UELBG·CB#�H=UBt·»9[=Ö�VBt¼ F 9QµD=Ín Ã ` ÃGä ACB#ËZJKACµS´
ACµS´ F µu<>��´,<rËVJ:�H=C·Z</¼#ËV¼t�[9Q¼¸EKBtÁD9[J F BtE�<>�[�QµV¼r< F 9QµD=%´�9 F A � EKBtÁD9[J F B#ELJM9�²2´�BsJL¯ /G¼t9[Bt= F ��Ë�¯U=CELµD�[� F ACBs<>�§Ê
ELBt<>·UËGJL¼wACB#·C¯C�[Bt·5�V¹! Ö½Gµ F 9[² Ã1ä ACB#ËG¶CEKµq¼#BtBt·/ÆoË/·UBt¼tµ>½/¶�µDJL9[=CÁ F ACB�½GBtB F 9Q=CÁ�ÁDEL<>¶CAG9Q= F µ�Bt�[Bt½GBt= F <>EdË
¼t9[EL¼t¯U9 F J#Àß9[=�´�AC9Q¼wAZBt<>¼wAâ¼t9[EL¼t¯U9 F ¼#µDELEKBtJK¶IµD=U· F µ5<6EKBt¯CJKBs¶H< FLF BtEK= Ã�ä ACBv·CEL<S´�ÆC<>¼wÌ�´T<>J F AC< FMF AUBv¯C=qÊ
ELµD�[�Q9[=CÁ:²~<>¼ F µDE|·CB#¶IB#=C·CB#·%µD= F ACB�¼#9QEL¼#¯C9 F ·UBt¼tµ>½/¶�µDJL9 F 9[µD=¥Ào<>=U·/9 F ´,<bJ�·C9 /G¼t¯C� F|F µ�JL¯C¼#¼tB#Bt·%9[=��C=C·C9Q=UÁj<
¼t9[EL¼t¯U9 F ·CB#¼tµD½G¶Iµ>JL9 F 9QµD=j´�9 F A/<�½/9[=C9Q½G9Q¾#Bt·v¯U=CELµD�[�Q9[=CÁ@²~<>¼ F µDE Ã ®@µS´�B#¿>BtEtÀq9Q= F ACB@¶UELBtJKBt=C¼#B@µb²¥<�ELµ F < F 9[=CÁ
ELB#ÁD9QJ F BtE��H�[B>À1<5¼#ËV¼t�[9Q¼�ELB#ÁD9QJ F BtE�<>�[�QµV¼r< F 9QµD=�½6<rËâÆ�B�·CµD=CBs´�9 F ACµD¯ F ¯C=UELµD�[�Q9Q=UÁâ\áW�B#�N_ K a�9�² F ACB�½/B#B F 9Q=CÁ
ÁDE�<b¶CA ¼#µD= F <>9[=CBt· <>=�AH<>½G9Q� F µD=U9N<>=Ö¼#9QEK¼t¯C9 FrÃ�Ä ²�=Uµ»JL¯U¼wA ¼t9QEK¼t¯C9 F 9QJG¶CELB#JLBt= F À F ACB#Ëp=CB#Bt· <±ELµ F < F 9[=CÁ
ELB#ÁD9QJ F BtE)�H�[BM´�9 F A ��I $�9[=CJ F Br<>·	µ>²���ELB#ÁD9QJ F B#ELJ F µGÆC¯C9[�Q·5<s¼#ËV¼#�Q9Q¼�EKBtÁD9[J F BtE�<>�Q�[µq¼t< F 9[µD= Ã

�6��� � 3¸�5$T�#05*��#3j�
ä AC9QJ�¼wAH<>¶ F BtEj¶CELB#JLB#= F Jv½GµDJ F µ>²)EKBt�Q< F B#·±´�µDELÌZ9[= F ACBG�CBt�Q·±µ>²)EKBtÁD9[J F BtE�¶CELB#JLJK¯CELB%9[=Í½GµV·C¯C�Qµ5JK¼wACBt·qÊ
¯C�QB#·â�QµVµD¶CJ Ã ¹cAC9Q�[B¸=CµuJ F ¯C·UË�AH<>J�Æ�BtB#=â·CµD=CBs9[=X¼#ËV¼t�[9Q¼vEKBtÁD9[J F BtEMJL< F ¯CEL< F 9[µD=â<>=U·âJL¯ /G¼t9[Bt=C¼hËPO~<>JM²~<>E
<>JM´�BsÌV=UµÚ´@R À�½6<b=ºËzJ F E�< F BtÁD9[BtJMEKBt��Ë�µD=âJK¼wACBt·U¯C�Q9[=CÁ%´�9 F AZ<%�Q9Q½G9 F Bt·	=º¯C½vÆ�BtEMµ>²�EKBtÁD9[J F B#ELJ Ã ;�BtÁ>9QJ F BtE
8 �[�QµV¼r< F 9QµD=%µb²}JK¯C¼wA�¶C9[¶IB#�Q9[=CBt·u�[µqµD¶UJT´�9 F A!��¿b<>�Q¯CB#J�JL9Q½¸¯C� F <>=CBtµ>¯CJL��Ë%<>�[9[¿>B�=CBtB#·CJ �ÓELB#ÁD9QJ F B#ELJ�9[²l�QµVµD¶
¯C=CEKµD�Q�[9Q=CÁ�9QJ:<>¶C¶C�[9QB#·¥À{µDE:< F ½GµDJ F � I $v9[= F ACB¸¶CEKBtJKBt=C¼#Bsµ>²Ð<%;�;@? Ox´�9 F ACµD¯ F �[µqµD¶	¯C=CEKµD�Q�[9Q=CÁoR Ã 8 ��Ê
½/µ>J F <>�[� F B#¼wAC=C9QÂº¯CB#JT·CB#JL¼#EL9QÆ�Bt·G9Q= F AC9QJ|¼wAH<b¶ F B#E�·Cµ�=Cµ F ¼#µD=CJK9Q·CB#E�=UBt9 F ACBtEÐ½v¯U� F 9[¶C�QB�ELB#ÁD9QJ F BtE F ËV¶�BtJ�=CµDE
Bhãq¶C�[9Q¼t9 F ·CB#�N<rËVJ@9[=uELBr<b·C9Q=CÁs²xEKµD½�<>=U·	´�EK9 F 9[=CÁs9Q= F µGEKBtÁD9[J F BtELJ#ÀC´�AC9Q�[BMµD¯CE�½Gµq·UBt�ß·Uµ Ã

(M¯CE�<>¶U¶CELµo<b¼wA%9QJÐ·C9�°ßB#ELBt= F JL9[=C¼tB�9 FÐF <bÌ>BtJ�9Q= F µj<>¼#¼tµD¯C= F ELB#ÁD9QJ F BtE�¼tµ>=CJ F E�<>9[= F J�¶UEL9Qµ>E F µ¸JK¼wACBt·U¯C�Q9[=CÁ Ã
ä ´�µp½6<>9[=�J F E�< F BtÁD9[BtJ%AC<S¿>BÍÆ�BtB#=cBhãq¶C�Qµ>ELBt· Ã ?}9[ELJ F À F ACB U,;@�c<b=C· U,;@?�<>=C<>�[ËVJL9[J%Bt=C<>ÆC�QB#Ju¯CJ F µ
ÁD¯H<>EL<>= F B#B F ACBsB ãU9[J F Bt=C¼#BGµb²T< F �QBt<>J F µ>=CBv¿b<>�Q9[·Z�V¹! fJK¼wACBt·U¯C�QB�¯C=C·UBtE�<6�UãqBt·±=º¯C½vÆ�BtE�µ>²�EKBtÁD9[J F B#ELJ
´�9 F A6<>=/µD¶ F 9Q½G9Q¾tB#·s¼tEK9 F 9[¼r<>�U¼t9QEK¼t¯C9 FrÃlä ACBt=¥ÀV´TB�¼r<b=%<>¶C¶U�[ËsJK¼wACBt·C¯U�Q9Q=UÁ¸<>=U·6ELB#ÁD9QJ F B#E�<b�Q�QµV¼r< F 9Qµ>=v9Q=G<>=oË
µDEL·UBtE|´TB�´T<>= FrÃ2ä ACB�JLB#¼tµD=U·6J F E�< F BtÁ>Ë5O � Ä ; 8 R}¼#µD=CJL9[J F J�9[=�<>¶C¶C��Ëq9[=CÁ�¼#ËV¼t�[9Q¼)EKBtÁD9[J F B#EÐ<>�Q�[µq¼t< F 9[µD=¥À¡¶CEL9[µDE
F µGJL¼wACB#·C¯C�[9Q=CÁCÀU·C9QEKBt¼ F �[Ë69Q= F µ F AUB m:m�� ´�AC9Q�[B�½/9[=C9Q½G9Q¾#9Q=CÁ F ACB�¼tEL9 F 9[¼r<>�I¼t9QEK¼t¯C9 FrÃ
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ä AC9QJ�´�µDELÌâ<b·C·CELB#JLJKBtJ F ACB�¶CELµDÆU�QBt½ µ>²,EKBtÁD9[J F B#E�¶CELB#JLJK¯CELB/9Q=±JL9Q½G¶C�[Bv�QµVµD¶CJ�9[=C·CBt¶�Bt=U·CBt= F ��Ëâ²xELµD½ F ACB
JL¼wACB#·C¯C�[9Q=CÁj¶CELµV¼tB#JLJ Ã (M¯CE�<>9[½�9[J F µ�ÁD9[¿>B@<�AC9[ÁDACBtEÐ¶CEK9QµDEK9 F Ë F µ F ACB�ELB#ÁD9QJ F B#E�<b�Q�QµV¼r< F 9Qµ>=¸9Q=GµDEK·CBtE F µ�BhãºÊ
¶C�Qµ>9 F < F,F AUBMÆIB#J F,F ACBMEKBtÁD9[J F B#ELJ)<r¿b<>9[�N<>ÆC�[B�9Q= F ACB F <>EKÁDB F ¶CELµV¼tB#JLJKµDE ÃÐä ACBMEKBtÁD9[J F BtE,¶CEKBtJKJL¯CEKB�9QJ,·CBh�H=CB#·
<>J�< F EL9Q¶U�QB F ¼tµD=UJL9QJ F 9[=CÁ%9Q= F ACBvJL< F ¯UE�< F 9QµD=¥À F ACBsJK¯ /G¼t9[Bt=C¼hËâ<>=C· F ACBs=º¯C½vÆ�BtEMµb²�<S¿b<>9[�N<>ÆU�QB�ELBtÁ>9QJ F BtEKJ Ã
� 9�¿DB#= F ACB#JLB F AUELBtB@²~<>¼ F µDELJ#ÀU´TB:AH<r¿DB�Bt=UµD¯CÁDAu9[=U²xµDEL½/< F 9QµD= F µvÁ>¯H<>E�<b= F BtB�Æ�B#²xµDEKB F ACBMJL¼wAUBt·C¯C�[9Q=CÁ F AH< F
F ACB��QµVµD¶5¶�BtEK²xµ>EL½/<>=C¼tB�´�µD¯C�[·zµDE�=Cµ F JK¯U°IBtE�²xELµD½ F ACB�ELBtÁ>9QJ F BtEKJ�¼#µD=CJ F E�<b9Q= F J ÃTä ´Tµ6<>¶C¶CEKµo<>¼wACB#J:AH<r¿DB
ÆIB#Bt=zJ F ¯U·C9QB#·�ÎT<>·U·C9Q=CÁ�JKBtEL9Q<>�©<>EK¼tJ�ÆIBh²xµDELB F ACBjJK¼wACBt·U¯C�Q9[=CÁ F µ��Q9Q½G9 F�F ACB�¼hËq¼#�Q9[¼�EKBtÁD9[J F BtE�ELB#ÂV¯U9QELB#½/B#= F À
µDE�<>�Q�[µq¼t< F 9[=CÁ F ACB@ELB#ÁD9QJ F BtEKJ�Æ�B#²xµ>ELB F ACB�JL¼wACB#·C¯C�Q9[=CÁ Ã|Ä =%Æ�µ F A6¼r<bJLBtJ#Àq´�B:½G9Q=C9[½/9[¾tB F ACB:9[=C¼tEKBr<>JKB:µ>² F ACB
¼tEK9 F 9[¼r<>�I¼#ËV¼t�[B F µ�ELBt·U¯C¼tB F ACB Ä W© �[µDJLJ Ã

(M¯CE:<>EL¼wAU9 F B#¼ F ¯CELBs½Gµq·UBt�1AH<>JMEKBtÁD¯C�Q<>E:EKBtÁD9[J F BtE:JKB F J Ã ®@µS´�B#¿DB#EtÀ©9Q=�JLµD½GBs<>EK¼wAC9 F Bt¼ F ¯CELB#JtÀ F ACBsELB#ÁbÊ
9QJ F BtE F Ëq¶�BtJ�<bELB%=Cµ F ¼r<>=UµD=C9Q¼t<>� À}9 Ã B Ã JLµ>½/B%µ>¶IB#E�< F 9QµD=CJj¼r<>=]AC<S¿>B F ACBu¼wAUµD9Q¼#B%µ>²)´�EL9 F 9[=CÁX9Q= F µX½/µ>ELB
F AH<b=»µD=CB�EKBtÁD9[J F B#E�JLB FtÃ ¹ÍB/¼t<>=Z²xµDE�9Q=CJ F <>=C¼#B�·CBt¼#9Q·CB/< F�F ACB�Æ�BtÁD9[=C=C9[=CÁu²xµDE F ACB�ELB#ÁD9QJ F B#E F ËV¶�B F AH< F
</¿b<>�Q¯UB¸¶CEKµq·C¯U¼tBtJ#ÀßÆC¯ FMF AC9[J�´�µD¯C�[·XELB#J F EL9Q¼ F:F ACBs<>ÆC9[�Q9 F Ë%µ>²Ð¯CJK9Q=CÁ6½/µDEKB¸<r¿b<>9[�N<>ÆC�[B�ELB#ÁD9QJ F BtEKJMJL9[=C¼tB�´TB
¼r<>=U=Cµ F ÌV=UµÚ´ç< F <b·U¿b<>=C¼tB5´�AC9[¼wA ELB#ÁD9QJ F B#E F ËV¶�B�9[JGJK¯C9 F <>ÆC�[B%²xµDEG<Z¿b<>�[¯CB Ã 8 =Cµ F ACBtE/<>¶C¶UELµo<>¼wA�¼r<>=
ÆIB/<>=Í9 F B#E�< F 9[¿>BGJ F EL< F B#Á>Ë:Î�´TB/¼r<>=Í¯CJLB6<	AUBt¯CEK9QJ F 9Q¼ F µ	·CB#¼t9Q·UB%< F�F AUB/Æ�BtÁD9[=C=C9[=CÁ59Q=Z´�AC9Q¼wAÍELBtÁ>9QJ F BtE
F ËV¶IBuEKBtJL9[·CBtJv<z¿b<>�Q¯CBbÀ|<>=C· F EKË F µz� F¸F ACB%ELB#ÁD9QJ F B#ELJ¸¼#µD=CJ F E�<b9Q= F J¸²xµ>Ev<>�[� F ACB%EKBtÁD9[J F B#E F ËV¶�BtJv²xµDE F ACB
�UãqBt·Í·CBt¼#9QJL9[µD= Ã�Ä ²,=Uµ F À19 F BtE�< F BsµS¿DB#E¸<>=Uµ F ACB#E�·CBt¼#9QJL9[µD= Ã ®@µS´�B#¿>BtEtÀ F ACBG=º¯C½vÆ�BtE�µ>²�¼wACµD9[¼tBtJ�½/<SËXÆIB
¼tµD½¸ÆC9Q=H< F µDEdËz9[=�²x¯C=C¼ F 9[µD=Xµ>² F ACBv=º¯C½vÆ�BtE�µ>²ÐEKBtÁD9[J F BtE F ËV¶�BtJ Ã ¹ÍBv¼r<b=â¼t9QEK¼t¯C½j¿DBt= FMF AC9QJ:¶CELµDÆU�QBt½�ÆoË
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