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[�\�]_^a`4bc`Rdfe�`�e�dg^�dghji�^�bk^�i�l�m.n�oph+i�\.drqs]tbcu4]_vt]wixnko�y2l�^�]th.z{i�dfeU|}e�df~�eU]ti�]th.z�^�ns^�i�dg|r^���[8� ��� b�^<b�h�bceU�Q\�]��
i�dg��i�l.eUb�v�m�dg^���eU]w`�i�]toph!y�eUb�|�df~�o�e��B]thk��op|r`4l.i�dfe��xb�]tm�dgm+\�bceUm.~@bce�d�^�nsh�i�\.dg^U]t^f�0[�\�d<`4l�e�`Rop^�d<o�y)i�\�]t^a^�i�l�m�n
]t^'i�o�zpl4]tm.d�i�\.d�m.dfq�dgvto�`4|�dghjiro�y b�h.df~�m.dg^���eU]t`�i�]woph�vtb�h.zpl4bcz�d��fb�vtvwdgm��@vtl.dg^�`#dg�c���+dk~�b�hji��@vtl.dg^�`Rdg�
i�o�oc�#dfeai�\.d'^�dg|rb�hji�]t�f^ab�h�mki�\.d�\4]wzp\s�xvwdfq�dgv���oph�^�i�eUl���i�^ o�y�[��a�#��^Fi�o���oph��f]_^�dgvwn�b�h�m�b��f�fl.eUbci�dgvwn�m.dg^���eU]tu#d
��op|�`4v_]t�fbci�dgm�\4bceUm.~@bce�dF|�dg�Q\�b�h�]t^U|r^)b�h4mruRdg\�bgqs]wo�eU^g�¡ Fo¢~�dfq�dfeg£.~�d b�v_^�o0~@b�h�i@i�o'^�l�]wi�bcu�vwn���oph4^�i�eUb�]th�i�\.d
vtb�h.zpl4bcz�d0^�orbrm.dg^U��eU]w`�i�]woph��fb�h�u#d¤eUdgb�vt]t^�i�]t�fb�v_vwn�^�nsh�i�\�dg^�]w¥fdgm=�

[�\4]t^{e�dg^�dgbceU�Q\>]_^�|�o�i�]wqcbci�dgm¦uWn§i�\.d�`Rop^�^�]wu�]tvt]wi¨n�i�o©m.eUb�|�bci�]t�fb�vtvwn©e�dgm�l���d�\4bceUm.~@bce�d�m.dg^�]wzph¦i�]t|�d
i�\.e�opl�zp\�i�\.d<dgvwdfqªbci�]toph�o�y�\�bceUm�~�bce�d<m.dg^�]wzphkbcu4^�i�eUb���i�]woph4^Fb�h�m!z�e�dgbci�dfea]th�q�opvtq�dg|�dgh�i o�y�b�l.i�op|rbci�dgm�^�nshs�
i�\.dg^�]_^rb�h�m�q�dfeQ]�«��fbci�]woph�i�oWopvt^f�©¬%h­i�\.d!m.dg^U]wzph�®4o¯~°oph­±¡]wzpl�e�d�²c£@~)dkdgh�qs]t^�]woph�b�h©bceU�U\4]wi�dg��i�y�oW�fl4^�]th.z
i�\.da|rb¯³�o�eU]wixn�o�y�\�]t^)bci�i�dgh�i�]toph�]th�`4e�oWm4l��f]th.z0b�h{bceU�Q\�]wi�dg��i�l.eQb�v#^�`#dg�f]w«��fbci�]woph�l4^�]th.z�\�]wzp\s�xvwdfq�dgv#��oph�^�i�eQl���i�^
]th��@vtl.dg^�`Rdg�c�µ´¶^�`Rdg�f]�«#�fbci�]woph�]t^'y�l4vtvwn�m.dfu4l�z�z�dgm�]th�i�dfeQb���i�]wq�dgvwnLbci�i�\�]t^'\�]wzp\�vwdfq�dgv@o�yabcu4^�i�eUb���i�]toph�l�^·�
]th.z'b�l.i�op|rbci�]_�fb�vtvwn�z�dgh�dfeUbci�dgm!^�]_|<l�v_bci�o�eU^@b�h�m{��op|�`4l.i�dfe��xb�]_m.dgm{`�e�oWo�y-^�ns^�i�dg|r^f���§]wi�\{i�\�]_^�^�`#dg�f]w«��fbci�]woph
b�^ i�\.d�u4vtl.df`�eQ]th�if£�vwo¢~�dfe��xvwdfq�dgv��@vtl.dg^�`#dg�<m.dg^���eU]t`�i�]woph�^8o�y�o�`�i�]t|r]t¥fdgm!]t|�`�vwdg|�dghji�bci�]wophk^�`#dg�f]w«��fbci�]woph�^ �fb�h
uRd�z�dgh.dfeUbci�dgm­ujnµdg]wi�\.dfe�b�l�i�op|rbci�]t��o�e�\jl�|�b�hs�xm.eU]wq�dgh�|�dgb�h4^f�­[�\.d���o�e�eUdg��i�h.dg^�^�o�yFi�\.dk]t|�`4vwdg|rdgh�i�bª�
i�]woph�^�`Rdg�f]�«��fbci�]woph4^8�fb�hku#d<y¸o�eQ|rb�vtvwn{q�dfeU]�«�dgm!bczpb�]th�^�iFi�\.d�]th�]wi�]_b�v�bceU�U\4]wi�dg��i�l.eUb�v
^�`Rdg�f]�«��fbci�]woph!~8]wi�\.opl�iFb
vwdgh.z�i�\jnk¹�º�»�¼�½c¾�¿�¼¨À'º¸ÁUÁ2qªb�v_]tm�bci�]woph{`�eUoW��dg^�^g���)dfn�oph4m!i�\�]_^2^�i�bcz�d�£�\Wl�|rb�h�]_h�q�opvwq�dg|rdgh�i8]_^�vt]t|r]ti�dgm�i�o�\�]wzp\s�
vwdfq�dgv�zpl4]tm�b�h���d�£
^�l��U\�b�^0^�dgvwdg��i�]_h.z�oph.dro�y�i�\.drq�dfeQ]�«4dgm�m.dg^U]wzph�^ay�o�e0i�\.d�«#h�b�v�^�i�bcz�dg^<o�y@^�nWhji�\.dg^�]t^g�r[�\.d
`Ro�i�dgh�i�]_b�v¡e�dgm�l���i�]wophB]th�i�]t|rd�£=d��#o�e�i�b�h4mBeU]t^���~8]_vtv-dgh4bcu4vwd�\�bceUm.~@bce�d�^�opvtl�i�]woph�^Fi�o�u#dg��op|rdr��op|�`Rdfi�]wi�]wq�d
]th�|rb�hjn�bc`�`4vt]_�fbci�]woph�^�i�\�bci�~�d0�fl.e�eUdgh�i�vwn�dgh�m�l.eUd�]th�^�o�y�ix~@bce�d0b�^8b�h�dgh.zp]th.dfdfeU]_h.z���op|�`�e�op|r]_^�d��

[�o<l�h4m.dfeU^�i�b�h�mri�\.d8]t^�^Ul.dg^�]th�|rbc`�`4]th�za[8� �'i�o�\�bceUm.~@bce�d8^�i�eUl���i�l.e�dg^g£�~�dF^�i�l�m4]wdgmr[��a�'m.dg^���eU]t`�i�]woph�^
o�yRix~�o<`4e�oW��dg^U^�o�eU^f�¡[�\.d2«�eU^�i�]t^)b�^�]t|�`�vwd2^�]th.zpvwd��x��ns�fvwd�£Wh.ophs�Â`4]w`Rdgvt]_h.dgm0`4e�oW��dg^U^�o�eg£�b�h�m�i�\.d�o�i�\.dfe@]t^�b�`�e�oc�
��dg^�^�o�e¡~8]ti�\0|rb��Q\�]th.dfeU]tdg^�y�o�e�e�dfzp]_^�i�dfe�eUdgh�b�|r]th.zFb�h�m0opl�i·�Âo�y_�Âo�eUm�dfe
d�Ãsdg�fl.i�]woph��
[�\�d:ix~�o¤[�� ��m.dg^���eU]t`�i�]woph�^
~�dfe�d�m�dfq�dgvwo�`Rdgmkb�^ `4bce�iFo�y:b�e�dg^�dgbceU�Q\�]_h�i�o{|�osm.dgvt]th.z�\�bceUm.~@bce�d<^�nW^�i�dg|�^Fy�o�e y¸o�eU|�b�v-q�dfeU]w«��fbci�]woph-Ä�²c£#ÅcÆÂ�
[2~�o0d�ÃsdfeU�f]t^�dg^:~)dfeUdF��oph�m�l4��i�dgm�uWn'i�\�]t^:^�i�l�m.n��¡¬%h�i�\.d2«4eQ^�i�d�ÃsdfeU�f]t^�d�£W~)d b�m.o�`�i�dgm�i�\.dF^�nshji�bªÃro�y�Ç
bceQb�vtvwdgv
  b�^���dgv<��o�e<È�É+��ÄËÊ¯ÆÂ£@b�y�l4h���i�]woph�b�v2vtb�h�zpl�bcz�d�~8]wi�\­[�� ��^�dg|rb�h�i�]_�f^f£@i�o�dgh���osm.d�i�\.d![8� �#��^�o�y¤i�\�d�ix~�o
`�e�os��dg^�^�o�e'|�osm.dgvt^f�k��b�^�dgmLophµi�\�]_^�d�Ãs`#dfeQ]wdgh���d�£¡~)d{m.dfq�dgvwo�`Rdgmµ�@vtl.dg^�`Rdg��Ì¢ÍÎy�e�op|Ïb�^�i¨nWvt]t¥fdgmL^�l�u4^�dfi0o�y
È�ÉL��^a^�nWhji�bªÃ�b�h4m�^�dg|rb�h�i�]_�f^f����n!�fbce�dfy�l�vtvwn���oph�^�i�eUb�]th�]th�z�i�\.d'y�dgbci�l.e�dg^ o�y:i�\.d'vtb�h.zpl4bcz�d�£�b��@vtl�dg^�`Rdg��Ì¢Í
m.dg^���eQ]w`�i�]woph{h.o�i2oph�vtn�l�^�dg^2b�\4]wzp\s�xvwdfq�dgvRo�y
`�e�o�z�eUb�|�|r]th.z'bcu4^�i�eUb���i�]toph=£�u4l.i2]wi2b�vt^�or\�b�^�b��fvwdgbce8|�bc`�`4]th.z
i�o�\�bceUm.~@bce�d!^�i�eQl���i�l.e�dg^f�¦´ ^�b�h©b�m�m�dgm­uRdgh.d�«4if£2bL��v_l.dg^�`Rdg� Ì¢Í m.dg^���eU]w`4i�]woph�]t^�b�^�]_|<l�v_bci�o�e�o�y�]wi�^�dgvty
~8\.dghµd�Ãsdg�fl.i�dgm�b�^�b�È�É�`�e�o�z�eUb�|����Ð]wi�\�h.df~Fvwn�zpb�]th.dgm�l�h4m.dfeU^�i�b�h�m4]th.z!oph�vtb�h�zpl�bcz�d�e�dgÑWl�]we�dg|�dghji�^f£
]th�b+^�dg��oph�m�d�ÃWdfeU�f]_^�d�£:~�d�]thjq�dg^�i�]wzpbci�dgm­�@vtl�dg^�`Rdg�gÒ�~8\�]_�U\�l�^�dg^'i�\�d�^�nWhji�bªÃ�o�yaÓ¤ÄËÔªÆÂ£)u4l.i'`�e�o¯qW]_m.dg^�]wi�^
o¢~Fh�[�� �W�Âu4b�^�dgm�^�dg|rb�hji�]t�f^f�)´>�@vtl.dg^�`#dg� Ò m.dg^���eQ]w`�i�]woph{�fb�h!b�v_^�o�uRda]_h�i�dfe�`4e�dfi�dgm�m�]we�dg��i�vtn�b�^FÓ§��osm.d¤y�o�e
^�]t|�l�vtbci�]toph=£su4l.i2brm.dg^���eQ]w`�i�]woph�|�l�^�i2uRd¤b�l.zp|�dghji�dgm!uWn{b�m�m�]wi�]woph4b�v�~8eUbc`�`RdfeFÓ§��osm.dg^2i�ord�Ãsdg�fl.i�d��
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Instance 3Instance 2

Functional
Spec

Verify 
Correctness

Design
Spec
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Transform

Equiv.
Check

Hardware
Synthesis

Circuit
Design

1. TRS Specification
2. Verilog HDL
3. Synopsys HDL Compiler
4. FPGA place and route

±¡]wzpl.e�dr² � ´>  ]wzp\�vwn�´Fl�i�op|rbci�dgm!  bceUm.~@bce�d�� dg^�]wzph!±
vto¢~>l4^�]th.z�  ]wzp\s�xvwdfq�dgv=´Fu4^�i�eUb���i�]toph�^

�@vtl.dg^�`#dg��]_^�b�~�o�e��+]thB`�e�o�z�e�dg^U^f��[�\4]t^a`4bc`Rdfe�m.os�fl�|�dghji�^�i�\.d�«#h�m�]th.zp^ y�e�op|Gi¨~)ok`�e�dgvt]t|�]th�bce�n�d�ÃW�
dfeU�f]t^�dg^¤i�o!m.dfq�dgvwo�`�i�\.dr�@vtl.dg^�`Rdg�'bceU�U\4]wi�dg��i�l.eUb�v)m.dg^���eU]w`4i�]wophBvtb�h.zpl�bcz�d�oph+i�o�`Lo�y)i�\�dr^�nWhji�bªÃ+y¸eUop|Gix~�o
~�dgvtv��Â�sh.o¢~8h�vtb�h�zpl�bcz�dg^f��[�\�d�dg|�`�\�b�^�]t^<o�y8i�\�]_^<`�bc`#dfe�]t^<oph�i�\.d�vtb�h.zpl4bcz�d�eUdgÑjl�]te�dg|�dghji�^<y�o�e'd����f]wdghji
\�bceUm�~�bce�d�m�dg^���eU]w`�i�]toph�b�h�m�^�nsh�i�\�dg^�]t^f���sdg��i�]woph!Ô�«4eQ^�i2e�dfqs]wdf~8^2`�eQ]wo�e2~)o�eU�{]_h�|�oWm�dgvt]th.z�|r]t��eUo�`�e�os��dg^�^�o�e
bceU�Q\�]wi�dg��i�l.e�d�l�^�]th�z�[�� �#��^g��� ^�]th�z�i�\.dri¨~)oB[�� �+d�Ãsb�|r`4vwdg^�y�e�op| �Wdg��i�]wophLÔW£¡i�\.d�^�l.u4^�dgÑjl.dghji0^�dg��i�]toph�^
]tm.dghji�]wy�n+]t^�^�l.dg^0dgh���opl�hji�dfe�dgm�]th�opl�e0«4eQ^�i0^�i�l�m�n�]th�q�opvtqW]th�z!�@vtl.dg^�`Rdg��Ì¢Ía�B�Wdg��i�]woph�Ê{«4eQ^�i<m�]_^��fl�^�^�dg^0i�\.d
i�\.d0m�dg^���eU]w`�i�]toph�b�h4m�d�ÃWi�eQb���i�]woph�o�y�\�bceUm�~�bce�d�^�i�bci�d�dgvwdg|�dghji�^8]th�[8� �#��^f��¬·hk�Wdg��i�]toph�^2Åri�\.eQl��W£�~)d0i�\.dgh
m�]t^U�fl�^�^�dg^ i�\.dr]t^U^�l.dg^¤]thBm.dg^���eQ]wu4]th.z{��op|<u4]th�bci�]woph4b�v�vwo�zp]t�c�'¬%h��sdg��i�]woph
	j£-~�d�i�l.eUhBi�\.drbci�i�dghji�]woph�i�o�opl.e
d�Ãs`#dfeQ]wdgh���d�~8]wi�\���v_l.dg^�`Rdg� Ò �
[�\�d)`4bc`Rdfe���oph��fvtl4m.dg^
~8]wi�\�bFy�df~��fvwop^�]_h.z8e�dg|�bce��W^�]_h'�Wdg��i�]toph��W�:Ó�op|r`4vwdfi�d
�@vtl.dg^�`Rdg��Ì¢Í¦b�h�m��@vtl.dg^�`Rdg� Ò ^�opl.eQ��dg^2`�e�osm�l���dgm�]th{i�\4]t^2^�i�l�m.n{bce�d�]th4�fvtl�m.dgm{b�^8bc`4`#dgh4m�]t��dg^f�
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[�\.dam.dfq�dgvwo�`�|�dgh�i�o�y-�@vtl.dg^�`#dg�8z�e�df~§opl.i@o�y�i�\.d e�dg^�dgbceU�Q\{ujn�´8e�qs]th�m�b�h�m��s\.dghBÄ�²c£WÅcÆ=]th�|�osm.dgvt]th.z<��op|'�
`4vwd�Ã�bceU�Q\�]wi�dg��i�l.e�d<|�dg�U\�b�h4]t^�|r^2y�o�e�q�dfeU]w«��fbci�]woph��g�:[8\.dg]we�|�osm.dgvt]th�z�eUdg^�dgbceU�U\k]t^2u4b�^�dgm�oph�i�\.d0y¸o�eU|�b�vt]t^�|
o�y�i�dfeU| e�df~8eU]wi�]th.z{^�ns^�i�dg|r^f�r´ [��a����oph�^�]t^�i�^ao�y@b�^�dfi�o�y@i�dfeU|r^�b�h�m+b!^�dfi�o�y�e�df~�eU]wi�]_h.z�eQl�vwdg^f�'¬·h+i�\.d
bceU�Q\�]wi�dg��i�l.eUb�vF��oph�i�d�Ãsif£8i�dfeQ|r^�l�^Ul�b�vtvwnLe�df`�e�dg^�dghjiri�\.d�^�i�bci�d�o�yabL^�ns^�i�dg| b�h�m­i�\.d!eQl�vwdg^r^�`Rdg�f]wy�n�^�i�bci�d
i�eUb�h�^U]wi�]woph�^f��[�\�d z�dgh�dfeUb�v�^�i�eUl4��i�l.e�dao�y-e�df~8eU]wi�]th.z�eUl�vtdg^�]_^2b�^2y¸opv_vwo¢~8^g£W~F\.dfe�d���b�h�m����#bce�d¤i�dfeU|r^g£�b�h�m�È
]t^2b�`4e�dgm�]t�fbci�d �

������È
��������� �
�Wi�bceUi�]th.z�y�e�op| b�hk]_h�]wi�]tb�v=^�ns^�i�dg|¶i�dfeU|�£#e�df~�eU]ti�]th.zreUl4vwdg^�bce�d'bc`�`4vt]tdgm�i�o�i�eQb�h�^�y�o�eU|°i�\�d<^�ns^�i�dg| ��ophs�

«4zpl.eQbci�]woph!m.nsh�b�|r]_�fb�vtvwn��@´�eUl�vwd0�fb�hkuRd<l�^�dgm�i�o�eUdf~�eU]wi�d�bri�dfeU| ]wy¡i�\.d0eQl�vwd���^�`�bci�i�dfeUh=£��@£#|rbci��Q\.dg^ i�\.d
i�dfeU| o�e2oph.dao�y
]wi�^@^�l.u.�Âi�dfeU|�^f£.b�h�m�i�\.d¤��o�e�e�dg^�`Roph�m�]_h.z0`�eUdgm�]t�fbci�d¤]t^�i�eUl.d���[�\�dFi�dfeU| eUdg^�l�vwi�]th�z0y�e�op| i�\.d
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b�h�mLe�dfi�l.eUh4]th.z!b�hN5�7 - �)i-]_h.d!²�²{^�i�bci�dg^ < R�, G�G�� g / ^�\.opl�v_m�]th�m�d�ÃBi�\�d�e�dfzp]_^�i�dfe0«#vwd < RBujn+i�\�d�e�dfzp]_^�i�dfe
h�b�|�d < £�b�h�m�l4^�d D�IC+ - 3KJ<i�o0vwoWo��Wl�`�i�\�d2qªb�vtl�d2o�y�i�\.d2^�dgvtdg��i�dgm�^�i�bci�d�dgvtdg|�dgh�if�¡¬%i�^�\.opl�v_m<uRd@o�uWqW]wopl4^¡i�\�bci
]thjq�o��W]_h.z8i�\.d < R�, G�G�� g / ]thji�dfe�y�b���d2m.oWdg^
h.o�i
]_|�`4vwn¤b�hjn0^�]tm.d:d��#dg��i�^�oph<i�\.d@]thji�dfeUh�b�vW^�i�bci�dg^¡o�y M +�O�I(P0,0+4�-¬·h
��ophji�eUb�^�if£si�\.dFm�d�«�h�]wi�]woph'o�y < R g /�;
L0- +0m.oWdg^:]_|�`4vwn'b0^�i�bci�da�U\4b�h.z�d b�^�]th�m4]t�fbci�dgm�uWn�i�\.d D�F -CG0< +0o�`RdfeUbci�o�e
oph�vt]th�d<²�XW�:´ �f��o�eUm�]th�z�i�o'i�\.d¤��oph�^�i�eUb�]thji�^2^�dfi2]th��Wdg��i�]woph{Å.£si�\�]t^@]thji�dfe�y�b���da�fb�h4h.o�i2uRd ]thjq�o���dgm{y�e�op| i�\.d
`�e�dgm4]t�fbci�da`#o�eUi�]woph�o�y
b��@vtl.dg^�`#dg��Ì¯Í§eUl�vwd���[�\�da^U]wzph�bci�l.e�dao�y < R g /�;�L>- +�]t^�zp]wq�dgh�oph�v_]th.d'²gÔW£�y¸opv_vwo¢~�dgm{ujn
i�\.d�o�`#dfeQbci�]woph�b�v:m�d�«�h�]wi�]woph+]_h�vt]th.dg^�²gÊ�i�\.eQl�² 	j��i-]_h.d!²�X�^�i�bci�dg^<i�\4bci<]thjq�o��W]_h.z < R�g /C;�L0- +k�fb�l�^�dg^<i�\.d
^�i�bci�d<dgvwdg|�dghjif£4^�dgvwdg��i�dgm!ujn{]th�m.d�Ã.]th.z < R�~8]ti�\ < £.i�ori�bc��d<oph�i�\.d�h�df~¦qªb�v_l.d�£����

��nBe�dg^�i�eU]_��i�]th.z�]thji�dfeUb���i�]woph�^¤i�\�e�opl.zp\+b{~�dgvtv��xm.d�«�h�dgm+|�oWm4l�vwd']th�i�dfeUy�b���d�£�oph.d�|�osm�l�vwd'�fb�h+uRd�dgb�^�]tvtn
^�l.u�^�i�]wi�l.i�dgm�uWn<b�h.o�i�\.dfe¢£�b�^�vwoph.z¤b�^�i�\�d@^Ub�|�d�]thji�dfe�y�b���d�]_^�|rb�]thji�b�]th.dgm=�
[�\�]t^¡�fvwdgb�h�bcu4^�i�eUb���i�]woph�`�eUo¢qs]tm.dg^
b0|rdgb�h�^:y�o�e@]th�^�i�b�hji�]tbci�dF�f]teU�fl�]wi�dgvtdg|�dgh�i�^)y�e�op|Îb<m.dg^�]wzph�vt]wu�eQbce�n��¡Ó�dfeUi�b�]th��f]teU�fl�]wi�^�i�eQl���i�l.e�dg^f£svt]w��dF|�dg|'�
o�e�n{b�h�m�bceU]ti�\�|�dfi�]t�¤l�h4]wi�^f£.\�bgq�d<uRdfdgh�]th�q�dg^�i�]wzpbci�dgm!d�Ãsi�dgh�^�]tq�dgvwn�b�h4m�bce�d�bgqcb�]tvtbcu�vwd�b�^8\�]tzp\�vwnj�Âo�`�i�]t|r]w¥fdgm
m.e�o�`��x]th!�f]weQ�fl�]wi�^f�a´Fh�d�Ã.b���i¤m.dg^���eU]w`4i�]woph�o�y)i�\.d��f]teU�fl�]wi�^f�#]thji�dfeUh�b�vt^ ]t^ ]we�e�dgvwdfqcb�hji8i�o{i�\.d'^�]t|�l�vtbci�]woph�b�h�m
q�dfeU]�«#�fbci�]woph0o�y4i�\.d�|�b�]th0m.dg^U]wzph=�-¬·h�^�i�dgb�m�£�i�\.dg]we-y�l�h���i�]toph�b�vt]wi¨na�fb�h�uRd)ÑWl�]t�U�Wvtn��fbc`�i�l.e�dgm�]th0bFy�l�h���i�]woph�b�v_vwn
dgÑWl�]wqcb�vwdgh�i�|roWm�l4vwd2i�o0^�dfe�q�d b�^:b¤`�vtb���d8\.opvtm�dfe�l�h�i�]_v�^�nsh�i�\.dg^U]t^f� �ah.d2oph�vwn'h.dfdgm�^:i�o0^�\.o¯~­i�\.d8u#dg\4bgqs]wo�eUb�v
dgÑWl�]wqcb�vwdgh���d¤uRdfix~�dfdgh�i�\.d¤`�vtb���d0\.opvtm�dfe�|�oWm4l�vwdab�h�m�i�\.d0b���i�l4b�v��f]weU�fl�]ti�^2bci8i�\.d�]thji�dfe�y�b���d�uRopl�h�m�bceUn��
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� h�i�]tv�h.o¢~0£��@vtl.dg^�`Rdg�c��^F^�nWhji�bªÃ!\�b�^8u#o�eUe�o¢~�dgm!y�e�op|¶bry�l�h���i�]woph�b�v-vtb�h.zpl�bcz�d<~8]wi�\�[��a��^�dg|�b�h�i�]t�f^ ]wi�^�dgvty¨�
 Fo¢~�dfq�dfeg£:i�oB^�l.`�`Ro�e�i0i�\.d�^Ul.u4^�dfi<o�y8[�� �R��^0i�\�bci�~�d�bce�d{]thji�dfe�dg^�i�dgm�]thL^�nWhji�\.dg^�]t¥g]th.z.£�]wi<]_^0y�dgb�^�]wu4vtdri�o
]t|�`�vwdg|�dghji �@vtl.dg^�`#dg�']thBi�\�dr^�nWhji�bªÃBo�y�|rb�hjn�o�i�\.dfe¤`Ro�`4l�vtbce¤vtb�h.zpl4bcz�dg^f£�`�e�o¯qW]_m.dgm+^�op|�dr[��a�j�x^�`Rdg�f]�«��
d�Ãsi�dgh�^�]woph�^abce�dr|�b�m.d'i�o�i�\�d'v_b�h.zpl�bcz�dg^f�=o�eU]tzp]th�b�v
^�dg|rb�hji�]t�f^f��¬·h�i�\�]t^a^�dg��i�]woph=£=~�d'~8]tvtv-u�eU]wd�®�n!m.dg^���eU]tu#d
opl.e�d�Ãs`RdfeU]wdgh���d¤~F]wi�\��@vtl.dg^�`Rdg� Ò £4b�[�� ��vtb�h.zpl�bcz�d�~F]wi�\{i�\.d<Ó§vtb�h�zpl�bcz�d0^�nsh�i�bªÃR�

´ ^ab�hk^�nshji�\.dg^�]w¥gbcu4vtd<bceU�Q\�]wi�dg��i�l.eUb�v¡m.dg^U��eU]w`�i�]wophkvtb�h.zpl�bcz�d�£R�@vtl.dg^�`Rdg�gÒ�\4b�^Fi�\�d�^�b�|rd0«4eQ^�i·�Âo�eUm.dfe e�d��
ÑWl�]we�dg|�dghji�^8b�^a�@vtl.dg^�`#dg��Ì¯Ía���@vtl.dg^�`Rdg� Ò b�vtvto¢~8^8d�ÃW`4v_]t�f]wi8]tm�dgh�i�]�«#�fbci�]woph�o�y�^�i�bci�d�dgvwdg|�dghji�^a]th![8� �#��^f�2¬·h
b��@vtl.dg^�`Rdg� Ò m.dg^���eU]t`�i�]woph=£s[�� ��i�dfeQ|r^2]thji�dgh�m.dgm{i�o�uRd¤^�i�bci�d�dgvwdg|�dghji�^�bce�d�m�dg�fvtbce�dgm�b�^2zpvwo�u�b�vRqªbceU]_bcu4vwdg^
l�h�m�dfe�Ó ��^�^�nWhji�bªÃ#���@vtl.dg^�`#dg� Ò b�vt^�o¤|rbc��dg^�l4^�d@o�yRÓ ��^¡i¨nj`Rd2m.d�«�h�]ti�]woph0y�b��f]tvt]ti�]wdg^-i�o¤`4e�o¢qs]tm.d�i�\.d2|�dgb�h�^¡y�o�e
o�e�zpb�h�]t¥g]th.z�b�h4mkm.d�«#h�]th.zr\�]tdfeUbceU�U\4]t�fb�v-^�i�bci�d�^�i�eQl���i�l.e�dg^f� [-o{]tvtv_l�^�i�eUbci�d�i�\4]t^f£4i�\�d��@vtl.dg^�`#dg� Ò ��oWm.d�£#y�e�op|
´F`�`Rdgh�m�]�Ã � £�y�o�e:m.dg�fvtbceQ]th.z�b�h�mr]_h�^�i�b�hji�]tbci�]th.z¤i�\.d8i�bcz�z�dgm�e�dfzp]_^�i�dfe�«�vtd�l�^�dgm�uWneJ M ]t^�zp]wq�dgh�]th�±¡]wzpl�e�d@�W�
´Ðe�dfzp]t^�i�dfe�«�vwd2o�y�� L O
O
+ ;>M +�O0IQP>,�+ ixnW`Rd�]t^�]th4^�i�b�h�i�]_bci�dgm�oph�vt]_h.d�� o�y L��>/�< ��J=���s]th���d < +0O�I(P0,�+�]t^�m.dg�fv_bce�dgm
b�^0b!zpvwo�u4b�v�qcbceU]tbcu�vwd�£�]wi�]_^�d�Ãs`4vt]t�f]wi�vtn!]tm.dghji�]�«4dgm+b�^�b�^�i�bci�d�dgvwdg|�dghji0]th+i�\�d�^�ns^�i�dg|���[�\.dr^�i�eQl���i�l.e�dro�y
� L O
O
+ ;0M +�O0IQP0,0+F]t^
l�^�dfe�m.d�«�h.dgm<i�o¤uRd)b�h�bce�eQbgn0o�y�� L O�� L ,
g(+���^g�	� L O�� L ,
g�+ ]wi�^�dgvty�]t^¡b�h.o�i�\.dfe�l�^�dfe��xm�d�«�h.dgm
^�i�eUl4��i�l.e�d¤i�\�bci8�fb�hk��oph�i�b�]_h�b�`4]wdg��d¤o�y�m�bci�l4| o�y�dg]ti�\.dfe�� L O�o�e�� L ,
g�+rixnW`Rd��

i�]w��d�]th��@vtl.dg^�`Rdg��Ì¢Í¤£�i�\.d�y�o�eU|rbci2o�y�br�@vtl.dg^�`#dg� Ò eUl�vtda]_^�b�vt^�or^�nshji�b���i�]t�fb�vtvwn�dgh.y�o�eU��dgm�i�oruRd �
������È
�������]\W�����
[�\�da�@vtl�dg^�`Rdg� Ì¢Í e�dg^�i�eQ]t��i�]woph�i�\�bci�vt]t|�]wi�^@l.`=m�bci�]th.z<o�y
^�i�bci�d0dgvwdg|�dghji2i�o�~8]wi�\�]thI\W�����@b�vt^�o�bc`�`�vt]wdg^�i�o

�@vtl.dg^�`Rdg� Ò m.dg^U��eU]w`�i�]woph4^f��±¡]wzpl�e�d 	���ophji�b�]th�^<i�\.d�dgÑjl�]tqªb�vwdghji<�@vtl�dg^�`Rdg� Ò i�eUb�h�^�vtbci�]toph+o�y2i�\.dIL@È;QSNUT�	��
��±.o�e:��op|r`4bceU]t^�oph�£�i�\.d2^�b�|�dRL�È QSNUT�	@~�b�^¡d�Ãs`4vtb�]_h.dgm<]_h��sdg��i�]wophrÔab�h�m�i�\.dgh'i�eUb�h�^Uvtbci�dgm�]thji�oa�@vtl�dg^�`Rdg��Ì¢Í
]th��Wdg��i�]woph�Å.� � ´°eUl4vwd�]_hµ�@vtl�dg^�`Rdg� Ò i�bc��dg^�oph�i�\.d�^�nsh�i�bªÃ�o�yab�ÓÎy�l4h���i�]woph=��´�eUl4vwd{u#dfzp]_h�^�~8]wi�\�b
m.dg�fvtbceQbci�]woph�o�y-i�\.d8eUl4vwd���^)h4b�|�dFb�h�m�]wi�^)e�dfi�l.eUh�qªb�v_l.d8i¨nj`Rd����§\.dgh�b<eUl�vtd8]t^)ixnW`#dgm�i�o�e�dfi�l.eUh�b<h�ophs�Âq�op]tm
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±¡]wzpl.e�d�� � �@vtl�dg^�`Rdg� Ò  Fdgb�m.dfeF±¡]tvtd���e�dfzc«�vwd���\��)y�o�e8br�8dfzp]t^�i�dfe ±
]_vwd �!osm�l�vwd

qcb�vtl.d�£.]wi@]t|�`4vt]tdg^�i�\.d¤eUl4vwd8e�df`4e�dg^�dghji�^2��op|0u4]_h�bci�]woph�b�vRvwo�zp]t� b�h�m�^�\�opl�vtm�h.o�i2|�oWm4]wy¸nrb�hjn�^�i�bci�d¤dgvwdg|�dghji�^f�
�8l4vwdg^�e�df`4e�dg^�dghji�]th.zkbk^�i�bci�d{i�eUb�h�^�]ti�]woph�|�l�^�i<e�dfi�l.eUhLb � G P ; ��[�\.d�`�bci�i�dfeUh�i�dfeQ|�£ ��£¡o�y8b�eUl4vwd�]t^�h.o�i
m�]weUdg��i�vwn�e�df`�e�dg^�dgh�i�dgm�]th�i�\.d¤^�nshji�bªÃ�o�y-i�\�d eQl�vwdF]ti�^�dgvwy%��¬%h�^�i�dgb�m=£.��v_l.dg^�`Rdg� Ò b�^�^Ul�|�dg^�i�\�bci�b�vtv�eUl�vwdg^@\�b¢q�d
i�\.d0^Ub�|�d¤`4bci�i�dfeUh=£4~8\�]t�Q\���o�e�e�dg^�`Roph�m�^@i�o�i�\.d0vt]t^�i�o�y¡b�vtv�^�i�bci�d�i�dfeU|r^F]th{i�\.d�^�ns^�i�dg|�
��

�§]wi�\.opl.i'`4bci�i�dfeQh�|rbci��U\4]th.z.£:i�\�d{��oph4m�]wi�]wophµy�o�erbc`�`4vwns]th.z�bBeUl�vwd{]t^'`4l.eUdgvwn�m.dg�f]tm.dgmµuWnLi�\�d�eQl�vwd���^
`�e�dgm4]t�fbci�d�£ªÈ-��[�\�]t^�m.oWdg^@h.o�i@e�dgm�l���d i�\.da`Ro¢~�dfe2o�y-[�� �R��^�]_h��@vtl.dg^�`#dg� Ò ^�]th���d i�\.d¤��oph�m�]ti�]woph�^�m.dg^���eU]wuRdgm
uWn�b�`4bci�i�dfeUhÐ|rbci��U\Ð�fb�hÐb�vw~�b¢nW^�uRd�e�dg^�i�bci�dgmÐb�^�b�`�e�dgm4]t�fbci�d���[�\.d�`�eUdgm�]t�fbci�d�y�o�e G / F
g�h M g(,�++i�dg^�i�^
~8\.dfi�\�dfe�i�\.d2�fl.eUe�dgh�i
]th�^�i�eQl���i�]woph�vwoW�fbci�]toph<��ophji�b�]th�^¡b e�dfzp]t^�i�dfe��Âi�oc�Âe�dfzp]t^�i�dfe�^�l�u�i�eUb���i�]woph�]th�^�i�eQl���i�]woph���v_]th.dg^
Ô b�h�m'Êp�Q�
�§\.dgh�i�\�]t^�`�e�dgm4]t�fbci�d�]_^-i�eUl�d�£�i�\.d2^�i�bci�d2�U\�b�h.z�dg^�^�`#dg�f]w«4dgm0uWn_\W��������vt]th.dg^ � b�h�m �p�-bceUd@bc`4`4vt]wdgm=�
[�\.d<^�i�bci�d<�Q\�b�h.z�dg^Fo�y L@È�����NPOSQSNfT�	0]_h��fvtl�m.d¤l.`=m�bci�]_h.z < +�O0IQP0,0+rujn{i�\.d�eUdg^�l�vwi2o�y¡i�\.d0^Ul.u�i�eUb���i�]wophkb�h�m
]th���eUdg|�dgh�i�]_h.z / 38uWn � �
[8\.d2��oWm.d2^�dfzp|rdgh�i�^�\�o¢~8h�]th'±¡]wzpl.eUdO	8e�df`�eUdg^�dgh�i�^¡i�\�dRL�ÈkQSNfT�	@o�y'J�K�b�^�b ^U]th.zpvwd
]th�m�df`#dgh4m.dgh�i8eUl�vwd���´ ^am�]t^��fl�^U^�dgmk]_hB�Wdg��i�]toph XW£=i�o{\�dgvw`+]tm.dghji�]wy¸n�i�\�d'|�l.i�l�b�v_vwn�d�Ãs�fv_l�^�]wq�d�e�dgvtbci�]woph4^�\�]w`4^
uRdfix~�dfdgh!i�\�d�eUl�vwdg^g��i�\.d0�@vtl.dg^�`#dg� Ò m�dg^���eU]w`�i�]toph{o�ynJNKB]th�´F`�`Rdgh�m�]�Ã ���ËÅ�b���i�l�b�vtvwn{z�e�opl.`�^�b�vtv�^�dfq�dgh JNK
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