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BDC�EGFIHJCLKMFNEGFIC�OPFIQRKMKTSUFJV�Q�W�EXHJHNKMY@HNZ
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BDC�EGFdHJCLKMFJEGFdgdZPV�rGY5SLZPHdC�O�klK�K	��EGFJHNKMY>gdKT^NK�EXHdSLZPHcatZP^}HJCLKIuLS�O_SLoTEiO_rsFJV�]�]RZP^JHDZ�
RKT^NKMY
Q`e
�\�JnAB ��� HJCLK�]�^NZPh�^�O_W0a|ZP^�atV�SLYLO_W�KTSwH�O_rR^NKMFNK�O_^No�C@FJ]�ZPSLF�ZP^NKMY�Qwe�HJCLK\f\ZP^JgdKTh�EiO_S
� o�OPY�KTW eUZ_a}nAoTEGKTSLoMK+O_SLY���KTHJHNKT^NFyO_SLY~n`H�O_HNZPEXr����dHJC�O_S��~O_rXrqZ_a HJCLZ�FNK EXSwklZPrXklKMYUatZP^
]�^NZ�k`EGY�EXS�h�W�K8HJCLK8ZP]�]�ZP^JHJV�S�EXHme<HNZ�gdZP^J�@ZPS@HJC�EGF
HJCLKMFNEGF��
�LZP^@QRKTEXS�h$W e"FJV�]RKT^JkAEGFNZP^pY�V�^JEXS�h$HJCLK'a|ZPV�^UO_SLY O:C�O_rva�elK�O_^pEXH@HNZ`ZP�"HNZ:uLS�EGFJC
HJC�EGF}]�^NZ_�JKMoTH � ��FJEXSLoMKT^NKTrXe�HJC�O_S���� ^NZ_a��cn`EXh�SLKy�}�JKTrGFJHJ^JV�]��cn`CLK\H�O_V�h�CwHIW�K\HJCLKyO_^JHIZ_a
FNoTEGKTS`HJEvu�oc^NKMF�K�O_^NoNC�EXS*hlKTSLKT^�O_rLO_SLY HJCLK u�KTrGY+Z_aLSLZPSLKMzwV�EXrXEXQ�^JEXV�W�HJCLKT^JW�ZAY�e`S�O_W�EGoMFxEXS
]�O_^JHJEGoTV�riO_^����\KT^ SLKTklKT^�� KTSLY�EXS�h8K	
sZP^JHqHNZ�V�SLY�KT^NFJH�O_SLY HJCLK�atV�SLYLO_W�KTSwH�O_r�W�KMo�C�O_S�EGFJW�F
Z_a{f�O_HJV�^NK5EGF�O�FNZPV�^NoMK5Z_a{h�^NK�O_H�EXSLFJ]�EX^�O_HJEGZPS��=��CLZP]RK g}K>W O�e�oMZPS`HJEXSwVLK<gdZP^J�AEXS�h
HNZPhlKTHJCLKT^
EXSUHJCLK�elK�O_^NF
HNZ�oMZPW�K��
�}gdZPV�rGY=O_rGFNZ rXEX�lK8HNZ HJC�O_S���� ^NZ_a��
[\EGoN�p�DKMY�K�O_V��pa|ZP^\OPoTHJEXS�h@OPF{W epoMZ_� FJV�]�KT^JkAEGFNZP^
O_SLY6a|ZP^<FNC�O_^JEXS�h C�O_]�]�EXrXe"Z_a+C�EGF@FNKMKTW�EXS�h�rXe6EXS�uLS�EXHNK'�ASLZ�gIrGKMY�hlK Z_a ]�Cwe�FJEGoMFpO_SLY
W O_HJCLKTW O_HJEGoMF�� �LV�^JHJCLKT^JW�ZP^NK � �xO_W;h�^�O_HNK¡a V�r�atZP^�HJCLK\OPFNFJEGFJH�O_SLoMK{�qC�O�klK
hlZPHJHNKTS a ^NZPW
� ^NZ_a�� �q���P^JS��\O�a|FJ����ZPrGY<ZPSpoTriOPFNFJEGo�O_r HJCLKT^JW�Z`Y�eAS�O_W�EGoMF{EXS@HJEXW�KMF�Z_a oMZPS�atVLFJEGZPS��
�LZP^�h�EXkAEXS�h'HJCLK>]�^NZ_�JKMoTH�O_S EXSLY�VLFJHJ^JEiO_rIEXS�]�V�H � �yHJC�O_S��:�{ZPhlKT^
�\O_SLF�KTS O_H n`H�O_HNZPEXr
��KMFNK�O_^NoNC6b}KTS`HNKT^ O_H��{ZPHJklZPrXr � B ^NZPSLY�CLKTEXW!�"��K<FJV�]�]�rXEGKMY$SLKMoMKMFNF�O_^Je EXS�a|ZP^JW O_HJEGZPS
O_QRZPV�H HJCLKD]�^NZP]�O_SLK
Y�KTCwe�Y�^NZPhlKTS�O_HJEGZPS5]�^NZ`oMKMFNF�O_SLY�CLKTrX]RKMY��lKMKT]�EXS�h8HJCLKD^JEXh�C`H a|Z`oTVLF
ZPS@HJCLKy]�^NZAoMKMFNF
ZP]�HJEXW�E$#�O_HJEGZPS�]�O_^JH��
� rXr HJCLK�^NKMFJV�rXHNFyHJC�O_H O_^NK�]�^NKMF�KTSwHNKMY EXS=HJC�EGF8HJCLKMFJEGFygdKT^NK ZPQ�H�O_EXSLKMY=Qwe']RKT^�atZP^JW�EXS�h
S`V�W�KT^JEGo�O_r\o�O_rGoTV�riO_HJEGZPSLF � O_SLY6O=FJH�O_Q�rGK�O_SLY$gdKTrXrv� KMz`V�EX]�]�KMY"oMZPW�]�V�HNKT^�a�OPoTEXrXEXH e-O_H
[�KT]�O_^JHJW�KTSwHDZ_a bdCLKTW�EGFJHJ^Je�W OPY�KIHJCLK{o�O_rGoTV�riO_HJEGZPSLFd]RZ�FNFJEXQ�rGK�� �xO_W;Y�KMKT]�rXe�h�^�O_HNK¡a V�r
HNZ>B KT^t�JK �}^JV�klZPrXrqatZP^�O_]�]�^NKMoTEiO_HJEXS�h5HJCLK*kPO_rXVLK Z_acoMZPW�]�V�HNKT^NF\EXS~FNoTEGKTS`HJEvu�o*g}ZP^J� � OPF
g}KTrXr}OPFya|ZP^8oT^NK�O_HJEXS�h=O5a ^JEGKTSLY�rXe O_HJW�Z�FJ]�CLKT^NK<O_W�ZPS�hUHJCLK FJH�O%
-O_H*[�KT]�O_^JHJW�KTSwH�Z_a
bdCLKTW�EGFJHJ^Je&�
� W�ZPS�h�W*e@oMZPrXrGK�O_h�VLKMF � �cgIEGFJCpHNZ�HJC�O_S��<� EXkAEXSLY!'lZPC�O_S�SLKMFNFNKTS�EXS@]�O_^JHJEGoTV�riO_^��}��V�^
oMZPV�S`HJrGKMFNF FNoTEGKTSwHJEvu�oDY�EGFNoTVLFNFNEGZPSLF ^NK�O_rXrXe*oMZPS`HJ^JEXQ�V�HNKMY�HNZ�FNC�O_]�KcW*e8HJCLZPV�h�C`HNF ZPS W O_H��
HNKT^NF{^NKTriO_HNKMYpHNZ KTS`HJ^NZP]we@]�^NZAY�VLoTHJEGZPS�W�EXS�EXW�E$#�O_HJEGZPSLF(�{��KTrGKTEXS�Y�K8��Z`KTE �JKT^\O_SLY�� O_^NF
f�V�W�W�KMYLO_r � gICLZ<QRZPHJC=gdZP^J�lKMY ZPS FJV�Q��JKMoTHNF�^NKTriO_HNKMY=HNZ<W e�HJCLKMFJEGF � riOMe~HJCLK+atZPV�S��
YLO_HJEGZPS5a|ZP^dHJCLK\]�^NKMFNKTS`H}g}ZP^J�)� ��HJC�O_S�� HJCLKTW9Q�ZPHJC>a|ZP^dHJCLKTEX^IK	
sZP^JH�� � H}^NK�O_rXrXe W OPY�K
O�Y�E*
sKT^NKTSLoMK��
BDC�O_S���F HNZyO_rXrLZ_a W*e a|ZP^JW�KT^ O_SLY�]�^NKMF�KTSwH�oMZPrXrGK�O_h�VLKMFdO_H HJCLKI[�KT]�O_^JHJW�KTSwHdZ_asbdCLKTW��
EGFJHJ^Je+a|ZP^�HJCLKTEX^dK	
sZP^JH�EXS>W O_�`EXS�h HJCLK{YLO_EXrXe�rXEvatK\O_H�HJCLK{Y�KT]�O_^JHJW�KTS`HDW�ZP^NK{KTSP�JZ�ewO_Q�rGK��
� O_^NF*� ^JEX���y�{W�EGFNFyHJCLZ�FNK�YLO_EXrXe'oNCLKMF�F*O_SLY o�O_�lK�FNKMFNFNEGZPSLF�gdK�VLFNKMY'HNZ<C�O�klK�QRK¡atZP^NK
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rXEva|K\hlZPHIHNZ`Z�FNKT^JEGZPVLF�� �}O_rGFNZ+gIEGFJC<HNZ�HJC�O_S�� W e>]�O_^NKTS`HNFDatZP^DHNK�OPo�C�EXS�h�W�K�HJCLK�kPO_rXVLK
Z_a{KMY�VLo�O_HJEGZPS����6EXHJCLZPV�H+EXH � �\gdZPV�rGY:SLZPH+C�OMklK>hlZPSLK HNZ'O@V�S�EXklKT^NFJEXHme EXS:HJCLK�uL^NFJH
]�riOPoMK��
�xEXS�O_rXrXe � �DC�OPYpHJCLK8h�^NK�O_H�a|ZP^JHJV�SLK8HNZ�g}ZP^J��OPF�O�h�VLKMFJH{^NKMF�K�O_^NoNCLKT^8O_H{HJCLK f\O_HJEGZPS�O_r
�mSLFJHJEXHJV�HNK�Z_a � Y�kPO_SLoMKMY �mSLY�VLFJHJ^JEiO_rdnAoTEGKTSLoMK O_SLY=BqKMoNC�SLZPrGZPh�e EXS BqFJV��AV�Q�O � 'wO_]�O_S��
�mS�HJCLK
� SLKT^Jh�e`� K�� oTEGKTSwH
bdCLKTW�EGo�O_r�n`eAFJHNKTW�F}�\^NZPV�] � rGK�OPY Qwe�[\^��xf�O_��O_EXg}O � �xFJ]RKTSwH
uLklK~gdZPSLY�KT^�atV�r�W�ZPSwHJCLF���BDCLK~CLZ�FJ]�EXH�O_rXEXHme"O_SLY"hlKTSLKT^NZ�FJEXHme6��^NKMoMKTEXklKMY6at^NZPW&W e
oMZPrXrGK�O_h�VLKMF\O_SLY<a ^JEGKTSLY�F{HJCLKT^NKyg}OPF
HJ^JV�rXe5EXSLoT^NKMY�EXQ�rGK��dB Z�HJCLKTW �dF�O�e��
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BDCLK<ZPQ��JKMoTHJEXklK5Z_a�HJC�EGF�HJCLKMFJEGF+g}OPF�HNZUa V�^JHJCLKT^�Y�KTklKTrGZP]$O�W�KTHJCLZ`Y�ZPrGZPh�e atZP^�W�EXS�Ev�
W�E$#MEXS�h�HJCLK\KTSwHJ^NZP]we5]�^NZAY�VLoTHJEGZPS<Z_axFJEXS�h�rGK\O_SLY<oMZPS�SLKMoTHNKMY<oNCLKTW�EGo�O_rs]�^NZAoMKMFNF}V�S�EXHNF��
�"CLKTS�o�CLKTW�EGo�O_rq]�^NZAoMKMFNF{KMz`V�EX]�W�KTSwH�EGF�Y�KMFJEXh�SLKMY�O_SLY�ZP]�KT^�O_HNKMY'O_H{HJCLK*rGZ�gdKMFNH\KTS��
HJ^NZP]`e ]�^NZAY�VLoTHJEGZPSp]�Z�F�FJEXQ�rGK � HJCLK\KTSLKT^Jh�e<K�� oTEGKTSLoTe<Z_aqHJCLK�KMzwV�EX]�W�KTS`H
EGFIKTS�C�O_SLoMKMY �
� K+C�OMklK�atZPV�SLY�a|ZP^�FNEXS�h�rGK�]�^NZ`oMKMFNF�V�S�EXHNF�HJC�O_HyHJCLK�KTS`HJ^NZP]we']�^NZAY�VLoTHJEGZPS oMZPV�rGY=Q�K
^NKMY�VLoMKMYUgIEXHJCpV�]pHNZ �������w��� � h�EXklKTSUHJCLK8Y�KTh�^NKMKMF\Z_aqat^NKMKMY�ZPW EXSUHJCLK8ZP]�HJEXW�E$#�O_HJEGZPS��
�mS']�^NZ`oMKMFNF�KMF � ZPV�^y^NKMFJV�rXHNFyEXSLY�EGo�O_HNKMY HJC�O_H*KTklKTS=Q�EXh�hlKT^8^NKMY�VLoTHJEGZPSLF*gdKT^NK�]RZ�FNFJEXQ�rGK��
BDCLK5FJH�O_HNKMF�Z_a{W�EXS�EXW*V�W KTS`HJ^NZP]we:]�^NZ`Y�VLoTHJEGZPS g}KT^NK@FJHJVLY�EGKMY:O_SLY:EXW�]RZP^JH�O_SwH�]�O��
^�O_W�KTHNKT^NF a|ZP^ ZPQ�H�O_EXS�EXS�h=FJEXh�S�Evu�o�O_SwH�^NKMY�VLoTHJEGZPSLF+EXS:HJCLK>KTS`HJ^NZP]we ]�^NZAY�VLoTHJEGZPS:gdKT^NK
EGY�KTS`HJEvu�KMY ���DZPHJC=a ^NZPW FNVLFJH�O_EXS�O_Q�EXrXEXH e O_SLY=KMoMZPSLZPW�EGo�O_rckAEGKTgI]RZPEXSwHNF8�ASLZ�gIrGKMY�hlK>Z_a
KTSLKT^Jh�e<K�� oTEGKTSwH\Y�KMFJEXh�S�O_SLYpZP]RKT^�O_HJEGZPS�O_^NKyEXW�]RZP^JH�O_SwH��
�mSpFNZPW�K8Z_a HJCLK8FJe�FJHNKTW�FIg}K8FJHJVLY�EGKMY � SLZPSLKMz`V�EXrXEXQ�^JEXV�W HJCLKT^JW�ZAY�eAS�O_W�EGoMF{gDOPF
VLFNKMY
HNZ W�Z`Y�KTr�HJCLKUKTSwHJ^NZP]`e-]�^NZAY�VLoTHJEGZPS����mS(bdC�O_]�HNKT^@� � gdK�hwOMklK'O=Q�^JEGK¡a8EXSwHJ^NZAY�VLo¡�
HJEGZPS/HNZ Y�E*
sKT^NKTSwHpEXSLY�VLFNHJ^JEiO_r O_]�]�rXEGo�O_HJEGZPSLFUZ_a+SLZPSLKMzwV�EXrXEXQ�^JEXV�W HJCLKT^JW�Z`Y�eAS�O_W�EGoMF��
BDCLK>rXEXS�� QRKTH gdKMKTS rGZAo�O_rDHJ^�O_SLFJ]RZP^JH ]�CLKTSLZPW�KTS�O=O_SLY Z�klKT^�O_rXrIFJe�FJHNKTW Y�KMFNoT^JEX]�HJEGZPS
W O_�lKMFISLZPSLKMz`V�EXrXEXQ�^JEXV�W HJCLKT^JW�ZAY�e`S�O_W�EGoMF\O+VLFNK¡atV�r�HNZAZPrRa|ZP^}V�SLY�KT^NFNH�O_SLY�EXS�h>Y�KMFJEXh�S
Z_a oNCLKTW�EGo�O_rq]�^NZ`oMKMFNF
V�S�EXHNF��
� KyY�KTklKTrGZP]RKMYpHJCLKyW�KTHJCLZAY�ZPrGZPh�e@Z_axW�EXS�EXW�E$#�O_HJEGZPS'Z_a KTSwHJ^NZP]we@]�^NZAY�VLoTHJEGZPSUEXS�FNKTkw�
KT^�O_rxFJHNKT]LF�� �xEX^NFJH � g}K+O_S�O_rXe #�KMY~O_SLY�ZP]�HJEXW�E$#�KMYUHJCLK KTSwHJ^NZP]`eU]�^NZAY�VLoTHJEGZPS~Z_a�FJEXS�h�rGK
V�S�EXHNF��<B gdZ O_rXHNKT^JS�O_HJEXklK�oMZPSLoMKT]�HNF�Z_ayOPY�EiO_Q�O_HJEGoUY�EGFJHJEXrXriO_HJEGZPS��IY�EiO_Q�O_HJEGoUO_SLY CLK�O_H��
EXS`HNKTh�^�O_HNKMY6Y�EGFJHJEXrXriO_HJEGZPS � gdKT^NK~O_S�O_rXe #�KMY(O_SLY-ZP]�HJEXW�E$#�KMY"EXS(bdC�O_]�HNKT^@£=HNZ:¤��/� S
Y�EiO_Q�O_HJEGo Y�EGFJHJEXrXriO_HJEGZPS � CLK�O_H{K	��oNC�O_S�hlK*EGF{O_rXrGZ�g}KMY~O_rGZPS�h>HJCLK8oMZPrXV�W�S � O_SLYpEXH
EGFIHJC�EGF
a|K�O_HJV�^NKDHJC�O_H EXSLoT^NK�OPFNKMF HJCLK
KTSLKT^Jh�e�K�� oTEGKTSLoTe�Z_a HJCLKIY�EGFJHJEXrXriO_HJEGZPS>oMZPrXV�W�S�� � S bdC�O_]��
HNKT^ £ � gdK a|ZPV�SLYyCLZ�g�O}h�EXklKTS O_^NK�OIZ_a�CLK�O_H�HJ^�O_SLF�a|KT^ FJCLZPV�rGYyQRK ZP]�HJEXW O_rXrXeyY�EGFJHJ^JEXQ�V�HNKMY
O_W�ZPS�h>HJCLK8HJ^�OMe�F�EXS~O�oMZPrXV�W�S~FNKT]�O_^�O_HJEXS�h@O�W�E*��HJV�^NK*Z_a�]�^NZP]weArGKTSLK�O_SLYp]�^NZP]�O_SLK��
BDCLK\^NKMFJV�rXHNFIFJCLZ�gdKMY@HJC�O_HICLK�O_H
K	��oNC�O_S�hlK�gDOPFIW�Z�FJHDEXW�]RZP^JH�O_SwH{ZPS<HJCLK�HJ^�OMe�FIoTrGZ�FNK
HNZUHJCLK ^NKTQRZPEXrGKT^�O_SLY:oMZPSLY�KTSLFNKT^��~� S bdC�O_]�HNKT^��'O_SLY ¤ � gdK5FJHJVLY�EGKMY CLZ�g9HJCLK>KTS��
HJ^NZP]`e~]�^NZAY�VLoTHJEGZPS Z_a{O5CLK�O_H���EXSwHNKTh�^�O_HNKMY Y�EGFJHJEXrXriO_HJEGZPS�oMZPrXV�W�S�FNKT]�O_^�O_HJEXS�h�Q�KTS #�KTSLK
O_SLY6HNZPrXVLKTSLK~g}OPF5EXS��LVLKTSLoMKMY(Qwe-o�C�O_S�h�EXS�h H g}Z�EXW�]RZP^JH�O_SwH@FJe�FJHNKTW ]�O_^�O_W�KTHNKT^NF��
BDCLK�HmgdZ�]�O_^�O_W�KTHNKT^NF�gdKT^NK8HJCLKy^�O_HJEGZ�QRKTH gdKMKTS�HJCLKy]�^NKMFNFJV�^NK8EXS@HJCLKy^NKMoTHJEva eAEXS�h>O_SLY
FJHJ^JEX]�]�EXS�hpF�KMoTHJEGZPS O_SLY'HJCLK�HNZPH�O_r�^�O_HNK�Z_adCLK�O_HyHJ^�O_SLF�a|KT^y]RKT^8�yKTrXk`EXS��
	���
���
������	��� S
bdC�O_]�HNKT^�� � 	���
���
���� gDOPF�KTklKTS�rXepY�EGFJHJ^JEXQ�V�HNKMY�EXSUHJCLK oMZPrXV�W�S��IBDCLK8^NKMFJV�rXHNF\FJCLZ�gdKMY
HJC�O_H8HJCLKT^NK�g}OPF�O_S V�]�]�KT^+O_SLY O<rGZ�g}KT^ QRZPV�SLY ZPS HJCLK�]�^NKMFNFJV�^NK�^�O_HJEGZ � atZP^*gIC�EGoNC
HJCLK{CLK�O_H���EXSwHNKTh�^�O_HNKMY<oMZPrXV�W�S>C�OPY<O�rGZ�gdKT^IKTSwHJ^NZP]`e�]�^NZ`Y�VLoTHJEGZPS5HJC�O_S5HJCLK�OPY�EiO_Q�O_HJEGo
oMZPrXV�W�S�� � rGZ�gdKT^\Q�ZPV�SLY�g}OPF�O_rGFNZ�atZPV�SLY�ZPS�	���
���
���� �I�mS'bdC�O_]�HNKT^y¤ � gdK�O_rXrGZ�g}KMY
HJCLK�	���
���
����RHNZ Y�EGFJHJ^JEXQ�V�HNK�EXHNF�KTrvaqEXS@O_S<ZP]�HJEXW O_rsgDOMe&�dBDC�EGF}KTS�O_Q�rGKMY@KTklKTS<rGZ�gdKT^{KTS��
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HJ^NZP]`e>]�^NZAY�VLoTHJEGZPSLF{O_SLY<gIEGY�KTSLKMY<HJCLK�^�O_S�hlKyZ_a HJCLK�HmgdZ�]�O_^�O_W�KTHNKT^NFIa|ZP^DgIC�EGoNC@HJCLK
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n`EXSLoMK<O_SLoTEGKTSwH�HJEXW�KMF 
 O_S:C�OPF*HJ^JEGKMY�HNZUK	��]�riO_EXS:HJCLK ]�CLKTSLZPW�KTS�O~Z_a{f�O_HJV�^NK5O_SLY
VLFNK��ASLZ�gIrGKMY�hlK=Y�KT^JEXklKMY6a ^NZPW HJC�EGF5HNZ:C�EGF5Q�KTSLK¡uLH����L^NZPW HJCLK�uL^NFJH5VLFNK'Z_a8uL^NK �
HNZ~HJCLK<riO_HNKMFJH�Y�KTklKTrGZP]�W�KTSwH>EXS W�KMY�EGo�O_r
HNKMoNC�SLZPrGZPh�e � gdK<C�O�klK<]�V�H�HNZ~VLFNK@O~kPOPFJH
S`V�W*QRKT^�Z_a}Y�EGFNoMZ�klKT^JEGKMF��yBDCLKMF�K+F�oTEGKTSwHJEvu�o�OPoNC�EGKTklKTW�KTS`HNFya|ZP^JW HJCLK+Q�OPFJEGF�ZPS~gIC�EGoNC
ZPV�^8W�ZAY�KT^JS gDOMe Z_aIrXEva|K�EGF8Q�V�EXrXH��5� H FNKMKTW�F8HJC�O_H HJCLK�FNK�O_^NoNC atZP^*SLKTg0�ASLZ�gIrGKMY�hlK
O_SLY<EXHNF{O_]�]�rXEGo�O_HJEGZPS�EGF{O_SUKTklKT^JriOPFJHJEXS�h5zwVLKMFNH��
�mS=W O_Swe=^NKTh�EGZPSLF+Z_aIHJCLK � ZP^JrGY � HJCLK�HNKMoNC�SLZPrGZPh�EGo�O_rIY�KTklKTrGZP]�W�KTSwH�C�OPF*rGK�OPY HNZUO_S
EXSLoT^NK�OPFNKMY:FNKTSLFNK>Z_a
gdKTrva�O_^NK5O_W�ZPS�h~W�Z�FJH+]�KMZP]�rGK��Uf�KTg W�KMY�EGo�O_r}KMz`V�EX]�W�KTSwH�O_SLY
HJ^NK�O_HJW�KTS`HNF�h�EXklK*W O_S`ep]�KMZP]�rGK QRKTHJHNKT^�O_SLY~rGZPS�hlKT^\rXEXklKMF�gIC�EXrGK W O_Swe�FNKT^Jk`EGoMKMFyO_SLY
O_]�]�rXEiO_SLoMKMF W O_�lK�ZPV�^ YLO_EXrXe�rXEXklKMFsW�ZP^NK�oMZPW�a|ZP^JH�O_Q�rGK�� B Z
FNZPW�KcK	�AHNKTS`H � HJCLK�F�oTEGKTSwHJEvu�o
Y�KTklKTrGZP]�W�KTS`H{EGF
Y�^JEXklKTS�Qwe<K�OPoNCpEXSLY�EXkAEGY�V�O_r�� F{gIEGFNC<atZP^IC�EXh�CLKT^
g}KTrva|O_^NK��
� oMoMZP^NY�EXS�h\HNZ
HJCLK�a|O_W�ZPVLF C�EGKT^�O_^NoNCwe+Z_a�SLKMKMY�FqoT^NK�O_HNKMY Qwe 
 OPFJrGZ�g �tFNKMKcK�� h � 
 OPFJrGZ�g
�����l�P��� � � O*CwV�W O_S@QRKTEXS�h C�OPFDSLKMKMY�F}HJC�O_H}a�O_rXrRZPS`HNZ uLklK\Y�E*
sKT^NKTSwHDrGKTklKTrGF � gICLKT^NK\HJCLK
ZPSLKMF�O_H�HJCLK5rGZ�g}KT^ rGKTklKTrGF�C�O�klK@HNZ'Q�K<F�O_HJEGFJu�KMY�QRK¡a|ZP^NK<HJCLZ�FNK<ZPS HJCLK<C�EXh�CLKT^�rGKTkw�
KTrGF��-� S$FNZAoTEGKTHJEGKMF�gICLKT^NKUHJCLK@Q�OPFJEGo@SLKMKMY�F � rXEX�lK<atZAZAY � g}O_HNKT^ � F�KMoTV�^JEXH e KTHNo�� � O_^NK
W�KTH � atV�^JHJCLKT^*EXSLoT^NK�OPFNK>EXS HJCLK gdKTrva�O_^NK EGF oTrGZ�FNKTrXe=^NKTriO_HNKMY HNZUgIC�O_H 
 OPFJrGZ�g;o�O_rXrGKMY
FNKTrva �mOPoTHJV�O_rXE$#�O_HJEGZPS�� �LZP^�W O_Swe�]�KMZP]�rGK>HNZAYLOMe � FNKTrva �mOPoTHJV�O_rXE$#�O_HJEGZPS EGF+rXEXS��lKMY:HNZUHJCLK
O�kPO_EXriO_Q�EXrXEXHme�Z_a{OpgIEGY�K>^�O_S�hlK5Z_aIoMZPW�W�ZAY�EXHJEGKMF�O_SLY F�KT^Jk`EGoMKMF��U� S:f�ZP^JgDOMe � a|ZP^*EXS��
FJH�O_SLoMK � ]RKMZP]�rGKIK	��]�KMoTH HNZ�uLSLY�CLZPH g}O_HNKT^dO_SLY�KTrGKMoTHJ^JEGoTEXH e�EXS�HJCLKTEX^ CLZPVLFNK � S`V�W�KT^NZPVLF
KTrGKMoTHJ^JEGo�O_rIO_]�]�rXEiO_SLoMKMF � OPF8g}KTrXrDOPF ZPSLK ZP^ F�KTklKT^�O_rdo�O_^NF��pnAZPW�K F�KT^Jk`EGoMKMF�O_SLY oMZPW��
W�ZAY�EXHJEGKMF}W O_�lKMF}ZPV�^}rXEva|K
W�ZP^NK�oMZPW�atZP^JH�O_Q�rGK � gIC�EXrGK�ZPHJCLKT^NF}CLKTrX]>VLF}HNZ*]�V�^NFJVLK\g}OMe�F
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Z_a F�KTrva �mOPoTHJV�O_rXE$#�O_HJEGZPS�� � aLQ�OPFJEGodSLKMKMY�F�O_^NKcW�KTH � HJCLK}]�^NZAY�VLoTHJEGZPS�Z_a�oMZPW�W�Z`Y�EXHJEGKMF�O_SLY
FNKT^JkAEGoMKMFIEXS@HJCLKyFNZAoTEGKTH e@OPF
O+gICLZPrGK � EGFI^NKTriO_HNKMYpHNZ�HJCLK�gdKTrva�O_^NK8K	�A]RKT^JEGKTSLoMKMYUO_W�ZPS�h
HJCLKy]RKMZP]�rGK�� � FNoNCLKTW O_HJEGo*EXrXrXVLFJHJ^�O_HJEGZPSUZ_a HJC�EGFI^NKTriO_HJEGZPSUEGF
FNCLZ�gISpEXS!�xEXh �����X��� � H�O

and services

Welfare

Production of commodities

Time
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oMKT^JH�O_EXS5HJEXW�K � EXSLoT^NK�OPF�KMY�]�^NZAY�VLoTHJEGZPS>^NKMFJV�rXHNFdEXS C�EXh�CLKT^dgdKTrva�O_^NK � Q�V�H}OPF�HJEXW�K{]�OPFNFNKMF
HJCLK ]�^NZ`Y�VLoTHJEGZPS'W VLFJH�O_rGF�Z�EXSLoT^NK�OPFNK HNZ W O_EXS`H�O_EXS'HJCLK F�O_W�K rGKTklKTr Z_a�gdKTrva�O_^NK���BDCLK
V�SLY�KT^JrXeAEXS�h�a|ZP^NoMK�a|ZP^
HJC�EGF{Y�KTklKTrGZP]�W�KTS`H�EGFIHJCLK KMoMZPSLZPW�EGo�O_r h�^NZ�gIHJC�Z_a HJCLK8FNZAoTEGKTH e&�
�mSUO+at^NKMKyW O_^J�lKTH{KMoMZPSLZPW�EGo*FNeAFJHNKTW � KMoMZPSLZPW�EGo*h�^NZ�gIHJC~EGF{O+SLKMoMKMFNFJEXHme5atZP^
HJCLK*FJeAFJ�
HNKTW HNZUa V�SLoTHJEGZPS��=�mS O�oMZPW�W O_SLY KMoMZPSLZPW�EGo@FJe�FJHNKTW � h�^NZ�gIHJC W�EXh�C`H�Z`oMoTV�^ � Q�V�H
EXH\EGF{SLZPHyO_S=O_QLFNZPrXV�HNK*SLKMoMKMF�FJEXH e � � W�YLO_W KTH�O_r��R���������	�\BDCLK KMoMZPSLZPW�EGo+h�^NZ�gIHJC'EGF
o�O_VLFJEXS�hUVLFyHNZ<]�^NZ`Y�VLoMK�W�ZP^NK O_SLY'W�ZP^NK�oMZPW�W�ZAY�EXHJEGKMF O_SLY FNKT^JkAEGoMKMF � KTklKTS Eva}HJC�EGF
h�EXklKMFdVLF�SLZ*C�EXh�CLKT^cgdKTrva�O_^NK�� BDC�EGFdHJEXW�K¡� Y�KT]�KTSLY�KTS`H}QRKTC�OMkAEGZP^crGK�OPY�FdVLF�HNZ*W O_�lK
HJCLK
a|ZPrXrGZ�gIEXS�h>H gdZ>ZPQLFNKT^Jk�O_HJEGZPSLF
Z_axC`V�W O_S~OPoTHJEXkAEXHJEGKMF��

��� � FyC`V�W O_SLF � g}K�C�OMklK SLKMKMY�F*O_SLY=gIEGFJCLKMFyatZP^8oMZPW�W�ZAY�EXHJEGKMF O_SLY F�KT^Jk`EGoMKMFyHNZ
h�EXklK�VLFIOPF}C�EXh�CpO+zwV�O_rXEXHme Z_a rXEva|K�OPF}]RZ�FNFJEXQ�rGK�� BDCLKT^NK�FNKMKTW�FDHNZ Q�K	.�3%&M�K=%��1A)�U
1���3�.~HNZ�HJCLKyHJCLKMFNK8SLKMKMY�FDatZP^IC`V�W O_SLF\OPF�O+h�^NZPV�]�OPFIHJEXW�Ky]�OPFNF�KMF��

���IBDCLKT^NK*O_^NK &M�K=%��1R��8<]RZ�FNFJEXQ�EXrXEXHJEGKMFIHNZ�F O_HJEGF�a e>HJCLKMFNK�SLKMKMY�F��

�mS@HJCLKyrXEGFJHIQRKTrGZ�g O_^NK8FNZPW�K�klKT^Je<k`EGFNEXQ�rGK�rXEXW�EXH�O_HJEGZPSLF\O_SLY@]�^NZPQ�rGKTW�F{gdK8a|OPoMK�gICLKTS
HJ^JeAEXS�h�HNZ�EXSLoT^NK�OPFNKyHJCLK8gdKTrva�O_^NK8Z_aV)>&K&x^NKTh�EGZPSLF{Z_a HJCLK � ZP^JrGYs�

W n`CLZP^JH�O_hlK*ZP^IriOPoN�@Z_a oTrGK�O_Spg}O_HNKT^��
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W �sEXW�EXHNKMYp^NKMFNKT^JklZPEX^NF{Z_aqa|Z�FNFJEXrRatVLKTrGF��

W [\KMoT^NK�OPFNEXS�h>OMk�O_EXriO_Q�EXrXEXH epZ_a W O_HNKT^JEiO_rGF�� E�� K8oMZP]�]RKT^ �	�

W �{EXh�C@rGKTklKTrGF\O_SLY@EXSLoT^NK�OPFJEXS�h KTW�EGFNFNEGZPSLF
Z_axh�^NKMKTS�CLZPVLF�K8hwOPFNKMF��


 O_Swe�H eA]�KMF8Z_a}rXEXW�EXH�O_HJEGZPSLF O_^NK�oMZPV�]�rGKMY=Y�EX^NKMoTHJrXe'HNZ<KTSLKT^Jh�e'O�kPO_EXriO_Q�EXrXEXHme&� �LZP^yEXS��
FJH�O_SLoMK � W�Z�FJH W O_HNKT^JEiO_rGFco�O_S�QRK}Q�^NZPV�h�CwHcQ�OPo�� HNZ8O\VLF�K¡a V�r�FJH�O_HNKDHJC�^NZPV�h�C�^NKMoTe�oTrXEXS�h �
O_SLY oTrGK�O_S g}O_HNKT^�o�O_S QRK>]�^NZAY�VLoMKMY�a ^NZPW FNK�O�g}O_HNKT^ � ]�^NZ�kAEGY�KMY KTSLZPV�h�C KTSLKT^Jh�e�EGF
O�kPO_EXriO_Q�rGK��D�mSpHJC�EGF{FNKTSLF�K � HJCLK O�kPO_EXriO_Q�EXrXEXHmeUZ_a�KTSLKT^Jh�e@EGF{O�W�ZP^NK�atV�SLYLO_W�KTSwH�O_r rXEXW�Ev�
H�O_HJEGZPSpHJC�O_S�ZPHJCLKT^
rXEXW�EXH�O_HJEGZPSLF��
� oTHJV�O_rXrXe � g}K5Y�ZUSLZPH riOPo�� KTSLKT^Jh�e EXS:EXHNFNKTrva � HJCLK ]�^NZPQ�rGKTW EGF HJC�O_H g}K riOPo�� �/+*�"('��&
KTSLKT^Jh�e&�<BDC�EGF8EGF K	�A]�riO_EXSLKMY gdKTrXrdHJC�^NZPV�h�C�HmgdZ~Z_aDHJCLK�W�Z�FJH8atV�SLYLO_W�KTSwH�O_r}riOMg
F+Z_a
f�O_HJV�^NK � S�O_W�KTrXeUHJCLK �xEX^NFJH�O_SLY'nAKMoMZPSLY�� O�g2Z_acBDCLKT^JW�ZAY�e`S�O_W�EGoMF(���mS~FNCLZP^JH � HJCLK
uL^NFJHcriOMg6FNH�O_HNKMF�HJC�O_HcKTSLKT^Jh�e�EGF�oMZPSLF�KT^JklKMY � gIC�EXrGK{HJCLK{FNKMoMZPSLY�riO�g6FJH�O_HNKMFcHJC�O_HcgICLKTS
KTSLKT^Jh�e oNC�O_S�hlKMF>a|ZP^JW � EXHNF>O_Q�EXrXEXH e HNZ�Y�Z=gdZP^J� EGF ^NKMY�VLoMKMY � � HJ�AEXSLF����������	�(BDCLK
]�^NZAY�VLoTHJEGZPS�Z_aIHJCLK�oMZPW�W�ZAY�EXHJEGKMF+O_SLY�FNKT^JkAEGoMKMF8HJC�O_H8g}K�C�OMklK h�^NZ�gIS OPoMoTVLFJHNZPW�KMY
HNZ � Z_a HNKTS5EXSwklZPrXklK\HJ^�O_SLF�a|KT^dZ_a KTSLKT^Jh�e�a ^NZPW O8FJH�O_HNK\Z_a�C�EXh�C<zwV�O_rXEXHme � C�EXh�CpO_Q�EXrXEXH e�HNZ
Y�Z5gdZP^J� ��HNZ@O5FJH�O_HNK�Z_adrGZ�g�z`V�O_rXEXH e&���LZP^�EXSLFJH�O_SLoMK � gICLKTS=g}K�Y�^JEXklK�O>o�O_^ � ]�KTHJ^NZPr
� C�EXh�Cpz`V�O_rXEXH e �}EGFIoMZPSwklKT^JHNKMYUEXSwHNZ�CLK�O_H\O_SLY@K	�AC�O_VLFJH � rGZ�g z`V�O_rXEXH e �	�dbdV�^J^NKTSwHJrXe � gdK
O_^NK�^NKMY�VLoTEXS�h>HJCLKyzwV�O_rXEXHme<Z_a HJCLKyKTSLKT^Jh�e<gdKyVLF�K�EXSUO+a|OPFNH}]�OPoMK�� 
 Z�FJH
Z_a ZPV�^
C�EXh�C
z`V�O_rXEXH e:KTSLKT^Jh�e EGF+atZPV�SLY�EXS HJCLK>atZP^JW Z_a
a|Z�FNFJEXrda VLKTrGF�O_SLY:^�OPY�EGZlOPoTHJEXklK<W O_HNKT^JEiO_rGF �
O_SLY<HJCLKMFNK*FNZPV�^NoMKMF{O_^NKySLZPH
^NKTSLKTgDO_Q�rGK��
� klKT^Je5EXW�]RZP^JH�O_SwH{oMZPSLoMKT]�HIEXS@HJC�EGFD^NKMFJ]RKMoTHDEGFIFJVLFJH�O_EXS�O_Q�rGKyY�KTklKTrGZP]�W�KTS`H�� �xKT^JC�O_]LF
HJCLK\W�Z�FJHD^JEXhlZP^NZPVLFIY�K¡uLS�EXHJEGZPSUFNZ*a�O_^}C�OPF}QRKMKTS<h�EXklKTS@Qwe>[\^�� � S�hlKTriO 
 KT^J�lKTrsgIC�EXrGK
FJCLK�g}OPF�O �yKT^JW O_S 
 EXS�EGFJHNKT^@Z_a HJCLK'� S`k`EX^NZPS�W�KTS`H � f\O_HJV�^NK b}ZPSLF�KT^JkPO_HJEGZPS O_SLY
f�VLoTrGK�O_^�n�O�atKTHme�����n`VLFJH�O_EXS�O_Q�rGK Y�KTklKTrGZP]�W�KTS`H�FNKMKT��F@HNZ ^NKMoMZPSLoTEXrGK KTS`k`EX^NZPS�W�KTS`H�O_r
]�^NZPHNKMoTHJEGZPS O_SLY Y�KTklKTrGZP]�W�KTSwH �cEXHyW�K�O_SLF*SLZPHJC�EXS�h�W�ZP^NK�HJC�O_S VLFJEXS�hU^NKMFNZPV�^NoMKMF8SLZ
a�OPFJHNKT^<HJC�O_S/HJCLKTe"o�O_S(^NKThlKTSLKT^�O_HNK HJCLKTW�FNKTrXklKMF � O_SLY(^NKTrGK�OPFJEXS�h$]RZPrXrXV�H�O_SwHNF@HNZ SLZ
h�^NK�O_HNKT^ K	�AHNKTS`H HJC�O_S S�O_HJV�^�O_r�^NKMFNZPV�^NoMKMF o�O_S�OPFNFJEXW�EXriO_HNKdHJCLKTW���� 
 KT^J�lKTr����������	� BDC�EGF
O_rGFNZ<O_]�]�rXEGKMF�HNZ5HJCLK+VLFNK�Z_acC�EXh�C=zwV�O_rXEXHme~KTSLKT^Jh�e&� � F\rGZPS�hpOPF�W�Z�FJH\Z_aDZPV�^yKTSLKT^Jh�e
EGFIFJV�]�]�rXEGKMY5at^NZPW9a|Z�FNFJEXr�a VLKTrGF � HJCLK�]�^NZAY�VLoTHJEGZPSUZ_aqatZP^IEXSLFJH�O_SLoMKyo�O_^JQRZPSpY�EGZ ��EGY�KygIEXrXr
QRK
rXEXS��lKMY5HNZ HJCLK{h�rGZPQ�O_rsKTSLKT^Jh�e oMZPS`klKT^NFJEGZPS�� � H}HJCLK{W�ZPW�KTS`H � W O_Swe5FNoTEGKTSwHJEGFJHNFIO_^NK
oMZPSLoMKT^JSLKMY'O_Q�ZPV�H�HJCLK*�cO_^JHJC�� FyO_Q�EXrXEXHme@HNZ>OPFNFJEXW�EXriO_HNK HJCLK*KTW�EXHJHNKMY~o�O_^JQRZPS�Y�EGZ ��EGY�K��
�mH{W O�eUQRK*EXW�]RZ�FNFJEXQ�rGK HNZ5O_^J^JEXklK�O_HyO Y�KTklKTrGZP]�W�KTS`H8HJC�O_H�EGF�FNVLFJH�O_EXS�O_Q�rGK � Q�V�H�EXH�EGF
ZPV�^
ZPQ�rXEXhwO_HJEGZPSpHNZ�HJ^Je&�c� S<HNKT^JW�F
Z_a �xEXh �s���X� � HJCLKT^NK�EGFIHJCLKTSUO+rXEXW�EXHDatZP^I]�^NZAY�VLoTHJEGZPS
Z_a}atZP^*EXSLFJH�O_SLoMK�o�O_^JQRZPS�Y�EGZ ��EGY�K�HJC�O_H+o�O_S�SLZPH*QRK�oT^NZ�FNFNKMY � � SLZPHJCLKT^*EGF�FJVLK�EGF8HJC�O_H
gIC�O_H gdK}HNZAYLOMe8^NKThwO_^NY�OPF O_S�KTSLKT^Jh�e FNZPV�^NoMK}W O�e*C�OMklKDZP]�HJEGZPS�O_r�VLFNKMFxEXS+HJCLKda V�HJV�^NK��
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�mHyEGF�HJCLKT^NK¡atZP^NK�EXW�]�ZP^JH�O_S`H8HNZ<VLFNK�OPF�rXEXHJHJrGK OPF�]RZ�FNFJEXQ�rGK�Z_a}^NKMFNZPV�^NoMKMF8HJC�O_H*O_^NK�SLZPH
^NKTSLKTgDO_Q�rGK��
BqZ ^NK�OPo�C'O rGKTklKTrqZ_acY�KTklKTrGZP]�W�KTS`HyHJC�O_H\o�O_S�Q�K o�O_rXrGKMY~OPF\FJVLFJH�O_EXS�O_Q�rGK�OPF{]RZ�FNFJEXQ�rGK �
g}KyC�OMklK*HNZ+atZPrXrGZ�g�H g}Z>O_]�]�^NZlOPoNCLKMF � QRZPHJCUZ_a KMz`V�O_rsEXW�]RZP^JH�O_SLoMK��

W � K�W VLFJHDY�KTklKTrGZP]@g}OMe�F}HNZ ZPQ�H�O_EXS<C�EXh�C@z`V�O_rXEXH e>KTSLKT^Jh�e>ZPHJCLKT^}HJC�O_S<HJC�^NZPV�h�C
atZ�FNFNEXrRa VLKTrGF � ^NKTSLKTgDO_Q�rGK*KTSLKT^Jh�e@FNZPV�^NoMKMF �	�

W � K�W*VLFJHI^NKMY�VLoMKyHJCLK\^�O_HNK8O_HIgIC�EGo�CpgdK�rGZ�gdKT^
HJCLKyz`V�O_rXEXH e<Z_aqHJCLKyKTSLKT^Jh�e5gdK
HJ^�O_SLF�atZP^JW O_SLY@HJCwVLF{W O_�lKyEXHIQ�K�VLF�K¡a V�rsrGZPS�hlKT^��

� klKTS Eva�W�ZP^NK<C�EXh�C$zwV�O_rXEXHme�KTSLKT^Jh�e g}KT^NKpFJV�]�]�rXEGKMY�at^NZPW ^NKTSLKTgDO_Q�rGKpFNZPV�^NoMKMF�rXEX�lK
Q�EGZPW OPFNF � HJCLK>oMZPS`klKT^NFJEGZPS Z_a{KTSLKT^Jh�e gdZPV�rGY:SLZPH+SLKMoMKMFNF�O_^JEXrXe=QRKMoMZPW�K>a ^JEGKTSLY�rXe=HNZ_�
gDO_^NYpHJCLK8KTS`k`EX^NZPS�W�KTS`H�� 
 Z�FJH{KTSLKT^Jh�e@o�O_^J^JEGKT^NF�oMZPSwH�O_EXS�FN]�KMoTEGKMF{HJC�O_H
gIEXrXr�^NK�OPoTH{HNZ
a|ZP^JW KTSwkAEX^NZPS�W�KTSwH�O_rXrXe'C�O_^JW�a V�r ]�^NZAY�VLoTHNF�V�]RZPS'oMZPW Q�VLFJHJEGZPS � rXEX�lK�fy� � �	�8�DKTHJHNKT^
HNKMo�C�SLZPrGZPh�e@EGF
oTrGK�O_^JrXe<SLKMKMY�KMY@HNZ�]�V�H{O_rXHNKT^JS�O_HJEXklK*KTSLKT^Jh�e@FNZPV�^NoMKMF{EXSwHNZ�VLF�K��
�mH�EGF�SLKTklKT^JHJCLKTrGKMFNF�EXW�]RZP^JH�O_SwH>HNZ'HJ^Je HNZ=W O_�lK<HJCLKpW�Z�FJH�ZPV�H�Z_a\HJCLK@F�ZPV�^NoMKMF�gdK
O_rX^NK�OPY�e C�O�klK �|O_SLY�gIEXrXr�uLSLY�EXS HJCLK�a V�HJV�^NK �	� � K�HJCLKT^NK¡a|ZP^NK�a|ZAoTVLF*ZPV�^�O_HJHNKTSwHJEGZPS
OPoMoMZP^NY�EXS�h�rXe8EXS HJC�EGF�HJCLKMFJEGFqQweyY�KTklKTrGZP]�EXS�h8ODW�KTHJCLZAY�ZPrGZPh�eya|ZP^�EXSLoT^NK�OPFJEXS�h\HJCLKT�'. ������L
��� 0*�:�'. 0�L5Z_a ]�^NZAoMKMFNFNKMFIgICLKT^NK8KTSLKT^Jh�e<EGFDHJ^�O_SLF�a|ZP^JW�KMY �
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BDCLK\HJCLKT^JW�ZAY�e`S�O_W�EGo�W�K�O_S�EXS�h�Z_a O*]�^NZAoMKMFNF}EGFIO+oNC�O_S�hlKyZ_axFNH�O_HNK �tFJVLo�CUOPFDK	�A]�O_S��
FJEGZPS � � O@oNC�O_S�hlK EXS=]�Cwe�FJEGo�O_rdFNH�O_HNK �tFJVLoNC�OPF*W�KTrXHJEXS�hUZP^yat^NKMK #MEXS�h � � ZP^*OpoNCLKTW�EGo�O_r
o�C�O_S�hlK�EXS~gIC�EGo�C=SLKTg�FJV�QLFJH�O_SLoMKMF8O_^NK+]�^NZ`Y�VLoMKMY~at^NZPW ZPrGY � � ]�^NZAoMKMFNF\HJC�O_HyY�Z`KMF
$ 3��BP EGF�ZPSLK HJC�O_Hyo�O_S�QRK8VLF�KMYUHNZ5oNC�O_S�hlK+HJCLK+CLKTEXh�CwHyZ_adO gdKTEXh�CwH8F�ZPW�KTgICLKT^NK EXS
HJCLK5FJV�^J^NZPV�SLY�EXS�hlF��~��aIHJCLK>CLKTEXh�CwH�Z_a
HJC�EGF gdKTEXh�CwH�EGF+Y�KMoT^NK�OPFNKMY � g}ZP^J� EGF Y�ZPSLK 3�.
HJCLK8FNeAFJHNKTW O_SLY@g}K8Y�K¡uLSLKyHJC�EGF{gdZP^J�@OPFI]�Z�FNEXHJEXklK � atZP^IEXSLFNH�O_SLoMK*O+HJV�^JQ�EXSLK �	�c� aqHJCLK
g}ZP^J� EGF*SLKThwO_HJEXklK � HJCLK CLKTEXh�C`H+Z_a
HJCLK>gdKTEXh�C`H�gIEXrXrcEXSLoT^NK�OPFNK@O_SLY g}ZP^J� EGF+Y�ZPSLK&%�L
HJCLK8FNeAFJHNKTW � a|ZP^IEXSLFJH�O_SLoMK*O_SpKTS�h�EXSLK �	�
nAKTklKT^�O_r�Y�K¡uLS�EXHJEGZPSLF Z_a<KTSLKT^Jh�e?K�� oTEGKTSLoTe K	�AEGFNH � Q�V�H=HJCLKTe2o�O_S2Q�^NZlOPY�rXe2QRK�Y�Ev�
kAEGY�KMY<EXSwHNZ�HmgdZ>o�O_HNKThlZP^JEGKMF � Q�OPFNKMY@ZPS@HJCLK\uL^NFJH{O_SLYUFNKMoMZPSLY<riOMg Z_axHJCLKT^JW�Z`Y�eAS�O_W��
EGoMF ��n`W�EXHJC O_SLY��cO_S�f�KMFNF������l� �	�
�xZP]�V�riO_^JrXe=FJ]�K�O_�AEXS�h � HJCLK+uL^NFJHyriO�g0K�� oTEGKTSLoTEGKMF
O_^NK ^�O_HJEGZ�F\Q�KTHmgdKMKTS'HJC�O_H�g}K*gDO_SwH8O_SLY�gIC�O_H�g}K*C�O�klK*HNZ>]�OMeUKTSLKT^Jh�e`��gIEGFNK HNZ�hlKTH
EXH��@BDCLK>FNKMoMZPSLY riO�g K�� oTEGKTSLoTEGKMF�O_^NK�^�O_HJEGZ�F QRKTH gdKMKTS:gIC�O_H+gdK�hlKTH�O_SLY gIC�O_H gdK
oMZPV�rGY C�O�klKphlZPHJHNKTS6Eva\HJCLK@]�^NZAoMKMFNF�gDOPF Y�ZPSLK@^NKTklKT^NFNEXQ�rXe � HJCLKpHJCLKMZP^NKTHJEGo�O_rXrXe Q�KMFJH
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]RZ�FNFJEXQ�rGK\g}O�e �	�dBDCLK�W O���ZP^�Y�E*
RKT^NKTSLoMKyQRKTH g}KMKTSUHJCLK�HmgdZ�Hme`]RKMFDEGFIHJC�O_H{F�KMoMZPSLY<riOMg
K�� oTEGKTSLoTEGKMF
F OMe>F�ZPW�KTHJC�EXS�h O_Q�ZPV�HIHJCLK�z`V�O_rXEXH e<Z_aqHJCLK�KTSLKT^Jh�e<O_SLY<EXHNF
O_Q�EXrXEXHme>HNZ�Y�Z
VLFNK¡atV�rsgdZP^J� � gIC�EXrGK�uL^NFNHIriOMg K�� oTEGKTSLoTEGKMF\Y�Z�SLZPH��
�LZP^
O ]�^NZAoMKMFNFDgICLKT^NK�gdZP^J�>EGFIY�ZPSLKyZPS5HJCLK�FJe�FJHNKTW � � � HJCLK\F�KMoMZPSLY<riOMg�K�� oTEGKTSLoTe �
+�
�
 � EGF
Y�K¡uLSLKMYUOPF ��n`W�EXHJC'O_SLY �cO_SUf�KMF�Fy�����l� �¡�

+�
�
�� � � $ �
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gICLKT^NK � � $ � EGFIHJCLKy^NKTklKT^NFJEXQ�rGK8gdZP^J�<SLKMKMY�KMY@HNZ�o�O_^J^Je<ZPV�H
HJCLKy]�^NZAoMKMFNF��
BqZ@KTkPO_rXV�O_HNK�HJCLK�F�KMoMZPSLY=riOMg0KTSLKT^Jh�e'K�� oTEGKTSLoTe � gdK�SLKMKMY'HNZ<�ASLZ�g�HJCLK�W�EXS�EXW V�W
�tZP^
W O%��EXW*V�W �IgdZP^J�<HJC�O_H�o�O_SUQ�K�VLFNKMY �tZP^
]�^NZ`Y�VLoMKMY �IQwe<HJCLK8FJe�FJHNKTW gIC�EXrGK8]�KT^��
a|ZP^JW�EXS�h'EXHNF�H�OPFJ�AF � o¡a�� �cz �������X� �	� b}ZPW�]�O_^NKMY HNZ�HJCLKpOPoTHJV�O_rDg}ZP^J��HJC�O_H�EGF+VLFNKMY
�tZP^�]�^NZAY�VLoMKMY ��QweUHJCLK�FNeAFJHNKTW � HJCLK�Y�E*
sKT^NKTSLoMK�EGF�o�O_rXrGKMY'HJCLK
& 3Q+�1 $ 3��BP%� � ^NKTk`EGKTg
Z_a
HJC�EGF HNKT^JW EGF h�EXklKTS Qwe f\KTklKT^NF�O_SLY nAK�OPY�KT^ �������_� �	��BDCLK>rGZ�FJH+gdZP^J� EGF+o�O_VLFNKMY
Q`e=EX^J^NKTklKT^NFJEXQ�EXrXEXHJEGKMF � a ^JEGoTHJEGZPS �8EXS:HJ^�O_SLFJ]�ZP^JH�Z_aIa|ZP^*EXSLFJH�O_SLoMK>CLK�O_H � W OPFNF�O_SLY W�Z_�
W�KTS`HJV�W EXS=HJCLK�FJe�FJHNKTW � gIC�EGo�C rGZ�g}KT^NF*HJCLK>O_Q�EXrXEXH e'HNZpZPQ�H�O_EXS g}ZP^J��at^NZPW KTSLKT^Jh�e&�
�"CLKTS OU]�^NZAoMKMFNF ZAoMoTV�^NF+^NKTklKT^NFJEXQ�rXe � HJCLKT^NK@O_^NK5SLZ�FNVLoNC:rGZ�FNFNKMF � O_SLY�HJCLK<KTSwHJ^NZP]we
EXSLoT^NK�OPFNK�EXS<HJCLK{V�S�EXklKT^NF�K�EGF #�KT^NZ � �\Z�g}KTklKT^ � SLZ ^NK�O_r�]�^NZAoMKMFNF}EGFd^NKTklKT^NFNEXQ�rGK � O_SLY5HJCLK
KTS`HJ^NZP]we@EXSUHJCLK8V�S�EXklKT^NFNK8gIEXrXr O_rXg}OMe�F�EXSLoT^NK�OPFNK8QRKMo�O_VLFNK8Z_acO_Swe<]�^NZAoMKMFNF{ZAoMoTV�^J^JEXS�h �
BDCLK>EXSLoT^NK�OPFNK>EXS:KTS`HJ^NZP]we ]RKT^+V�S�EXH+Z_a
HJEXW�K5EGF+o�O_rXrGKMY�HJCLK4�'.�1���3B6�LN6���328��90*1��:3�.6ZP^
FNZPW�KTHJEXW�KMF
HJCLK �'.�1���3B6�L,6��53 8�� 021���3�.4��)>1R� ZP^	�'.�1���3B6�L%� �'. ���5)>1��:3�. �
BDCLK{atZPrXrGZ�gIEXS�h�K	��O_W�]�rGK\FJCLZ�g
F}HJCLK�S�O_HJV�^NK�Z_aqO_S>EX^J^NKTklKT^NFJEXQ�rGK\]�^NZAoMKMFNF�� � o�O_^DY�^JEXkw�
EXS�h8O_rGZPS�hyHJCLK}^NZlOPY+C�OPF�O�oMKT^JH�O_EXS�W�KMo�C�O_S�EGo�O_r�ZP^ �`EXSLKTHJEGoIKTSLKT^Jh�e+Y�VLKDHNZ\EXHNF klKTrGZ`oTEXHme
O_SLY<W OPFNF(� �6CLKTSUHJCLK8Y�^JEXklKT^
EGFIQ�^JEXS�h�EXS�h>HJCLK8o�O_^
HNZ�O�oMZPW�]�rGKTHNK*C�O_rXH � O_rXrsHJC�EGF{KTS��
KT^Jh�e�EGF�HJ^�O_SLF�atZP^JW�KMY'EXS`HNZ@HJCLKT^JW O_r�KTSLKT^Jh�e~HJC�O_HyEGF�CLK�O_HJEXS�hpHJCLK+Q�^�O_�lKMF � HJEX^NKMF*O_SLY
^NZlOPY � � a HNKT^dOygIC�EXrGK � HJCLK
HJCLKT^JW O_r�KTSLKT^Jh�e�C�OPF�QRKMKTS oMZPW�]�rGKTHNKTrXe�HJ^�O_SLF�a|KT^J^NKMY�HNZyHJCLK
KTS`k`EX^NZPS�W�KTS`H��
� S~O�^NKTklKT^NFJEXQ�rGK*gdZP^JrGY � HJCLK*o�O_^�FNCLZPV�rGYpQRK*O_Q�rGK8HNZ ^NKThwO_EXSUEXHNF{FN]�KMKMY
��VLFJH{Q`e�O_QLFNZP^JQ�EXS�h@HJCLK CLK�O_H\a ^NZPW HJCLK KTS`k`EX^NZPS�W�KTS`H O_hwO_EXS O_SLYUHJ^�O_SLFJatZP^JW EXH\EXSwHNZ
�AEXSLKTHJEGo8KTSLKT^Jh�e&�c[\VLKyHNZ�HJCLK8EX^J^NKTklKT^NFJEXQ�EXrXEXHJEGKMF{EXSUHJCLK8FJe�FJHNKTW � HJC�EGF{o�O_S�SLZPH
QRKyY�ZPSLK �
HJCLKyz`V�O_rXEXH e@Z_a HJCLK8KTSLKT^Jh�e<EXS�]�V�H
HNZ�HJCLK8o�O_^IC�OPF{FNV�S��lKTS � ]�KT^JW O_SLKTS`HJrXe&�
BDCLKUEX^J^NKTklKT^NFJEXQ�EXrXEXHJEGKMF5EXS"O=]�^NZAoMKMFNF � ^NKT]�^NKMFNKTS`HNKMY-Q`e HJCLKUKTS`HJ^NZP]we-]�^NZAY�VLoTHJEGZPS � EGF
^NKTriO_HNKMY@HNZ�HJCLK8rGZ�FJHIgdZP^J�<HJC�^NZPV�h�CUHJCLK+��ZPV�ew��n`HNZAY�ZPriO�HJCLKMZP^NKTW �t�DK��NO_S ������¢_Q �¡�
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gICLKT^NK � � ����
yEGF HJCLK5rGZ�FJH+gdZP^J� � ��� EGF+HJCLK5HNKTW�]RKT^�O_HJV�^NK@Z_a{HJCLK<KTSwkAEX^NZPS�W�KTSwH>O_SLY�������� 	 �
��� EGF8HJCLK>KTSwHJ^NZP]we ]�^NZ`Y�VLoTHJEGZPS��@�mSwHJ^NZAY�VLoMKMY EXS���z � �����X� � � gdK ZPQ�H�O_EXS O<uLS�O_r
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K	��]�^NKMFNFJEGZPS@a|ZP^IHJCLKyK�� oTEGKTSLoTeR�
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� a HJCLKyW O_HNKT^JEiO_rqEXS�]�V�H�O_SLYUZPV�HJ]�V�H � OPF
g}KTrXrxOPF
HJCLKTEX^�HJCLKT^JW�Z`Y�eAS�O_W�EGo�O_r FJH�O_HNKMF�O_^NK
u ��KMY � HJCLK*W O%�AEXW V�W FNKMoMZPSLYUriOMg K�� oTEGKTSLoTe@EGFIa|ZPV�SLYpQ`e@W�EXS�EXW�E$#MEXS�h>HJCLK KTSwHJ^NZP]we
]�^NZAY�VLoTHJEGZPS�� �\Z�gdKTklKT^ � u �AEXS�h<HJCLK+W O_HNKT^JEiO_r EXS�]�V�H8O_SLY~ZPV�HJ]�V�H�gIEXrXr EXS'W O_Swe~FJeAFJ�
HNKTW�FDrGK�OPY<HNZ�O_S<V�SLY�KMFJEX^NKMY<^NKMY�VLoTHJEGZPSpEXS@HJCLK�Y�KTh�^NKMKMF
Z_aqa ^NKMKMY�ZPW OPF�FNZ`oTEiO_HNKMY5gIEXHJC
HJCLK�ZP]�HJEXW�E$#�O_HJEGZPS�����aRHJCLK
W O_HNKT^JEiO_r EXS�]�V�H}O_SLY>ZPV�HJ]�V�H}O_^NKISLZPHcu ��KMY � HJCLK
^NKTklKT^NFJEXQ�rGK
g}ZP^J�*gIEXrXrASLZPHqQRKdoMZPSLFNH�O_SwH KTEXHJCLKT^�� � S+FJVLoNC�o�OPFNKMF � W�EXS�EXW V�W�KTSwHJ^NZP]we ]�^NZ`Y�VLoTHJEGZPS�EGF
SLZPHcKMz`V�EXk�O_rGKTSwHcgIEXHJC W O%�AEXW V�W;FNKMoMZPSLY�riO�g6K�� oTEGKTSLoTe&� � KIgIEXrXr FJHJVLY�e HJCLK{KTSwHJ^NZP]we
]�^NZAY�VLoTHJEGZPS�^�O_HJCLKT^\HJC�O_S~HJCLK*K�� oTEGKTSLoTe&�\BDCLKT^NK+O_^NK*H gdZ5^NK�OPFNZPSLF{a|ZP^{HJC�EGF�� �xEX^NFJHJrXe �
HJCLK<KTSwHJ^NZP]`e�]�^NZAY�VLoTHJEGZPS EGF�Y�EX^NKMoTHJrXe ^NKTriO_HNKMY:HNZ~]�Cwe�FJEGo�O_rD]�CLKTSLZPW�KTS�O~rXEX�lK �LV���KMF
O_SLY:a|ZP^NoMKMF�EXS HJCLK@FJe�FJHNKTW!�:BDC�EGF�o�O_S-O_rXrGZ�g a|ZP^�EXSwHNKT^NKMFNHJEXS�h oNC�O_^�OPoTHNKT^JE$#�O_HJEGZPS(Z_a
HJCLK\FJe�FJHNKTW�EXS5HJCLK{FJH�O_HNK\Z_a�W�EXS�EXW*V�W KTSwHJ^NZP]`e ]�^NZAY�VLoTHJEGZPS�� BDCLK�KTSLKT^Jh�e>K�� oTEGKTSLoTe
C�OPF{SLZ FJVLo�CU]�Cwe�FJEGo�O_rqEXSwHNKT^J]�^NKTH�O_HJEGZPS��\nAKMoMZPSLY�rXe � HJCLK*KTSLKT^Jh�epK�� oTEGKTSLoTe@EGF�O�]�^NZP]��
KT^JHme5HJC�O_H\Y�KT]�KTSLY�F{ZPS@a|OPoTHNZP^NF{HJC�O_H�O_^NKySLZPH�^NKTriO_HNKMY@HNZ�HJCLKyEX^J^NKTklKT^NFJEXQ�EXrXEXHJEGKMF\EXS@HJCLK
FJe�FJHNKTW � rXEX�lK ��� �	��BDCLK�KTSwHJ^NZP]we']�^NZAY�VLoTHJEGZPS � ZPS=HJCLK�ZPHJCLKT^*C�O_SLY � EGF*O_S O_QLFNZPrXV�HNK
]�^NZP]RKT^JH e&� � K>oMZPSLFJEGY�KT^+HJC�EGF+O_S OPY�kPO_S`H�O_hlK>FJEXSLoMK HJCLK ^NKMFNV�rXHJEXS�h~O_S�O_rXe�FJEGF*gIEXrXrdQ�K
W�ZP^NKyhlKTSLKT^�O_r��
BDCLK8O_EXW Z_aqHJC�EGF
gdZP^J� EGFDHNZ�EXSLoT^NK�OPF�K�HJCLK\KTSLKT^Jh�e<K�� oTEGKTSLoTe5Qwe5O_S�O_rXe�FJEGF
O_SLY<W�EXS�Ev�
W�E$#�O_HJEGZPS'Z_a�HJCLK KTS`HJ^NZP]wep]�^NZAY�VLoTHJEGZPS�� �L^NZPW HJCLK HJCLKMZP^JepZ_a�SLZPSLKMzwV�EXrXEXQ�^JEXV�W HJCLKT^��
W�ZAY�e`S�O_W�EGoMF � EXH EGF ]�Z�F�FJEXQ�rGK}HNZ�^NKTriO_HNKDHJCLKIKTSwHJ^NZP]we�]�^NZAY�VLoTHJEGZPS�HNZ��LV���KMF�O_SLY+atZP^NoMKMF
EXS6O_S`e:FNeAFJHNKTW EXS"O'FJeAFNHNKTW O_HJEGo@W O_S�SLKT^�� � Q�^JEGK¡a�Z�klKT^Jk`EGKTg Z_a\SLZPSLKMz`V�EXrXEXQ�^JEXV�W
HJCLKT^JW�ZAY�e`S�O_W�EGoMF�O_SLY-EXHNF5]RZPHNKTSwHJEiO_ryVLFNK�EXS(EXSLY�VLFJHJ^JEiO_r8O_]�]�rXEGo�O_HJEGZPSLF@EGF5h�EXklKTS"EXS
bdC�O_]�HNKT^����
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j�SwHJEXrxHJC�EGF\]�ZPEXS`H � g}K C�O�klK ZPS�rXe�Y�K�O_rXH�gIEXHJC~HJCLK*KTSLKT^Jh�eUK�� oTEGKTSLoTe~Z_a�]�^NZ`oMKMF�FNKMF{EXS
hlKTSLKT^�O_r�HNKT^JW�F�O_SLY<gdK�SLZ�g S�O_^J^NZ�g ZPV�^
FNoMZP]RK\HNZ�HJ^NK�O_H
HJCLKyKTSLKT^Jh�e<K�� oTEGKTSLoTe<O_SLY
EX^J^NKTklKT^NFJEXQ�EXrXEXHJEGKMFyZ_a�o�CLKTW�EGo�O_rxEXSLY�VLFNHJ^JEiO_rqV�S�EXHNF�O_SLYU]�^NZAoMKMFNFNKMF(�IBDCLK*]�V�^J]RZ�FNK*Z_a EXS��
Y�VLFJHJ^JEiO_r�]�^NZAoMKMFNFNKMFxEGFxHNZ\HJ^�O_SLF�atZP^JW ^�O�g W O_HNKT^JEiO_rGF EXSwHNZyY�KMFJEX^NKMY+]�^NZAY�VLoTHNF��qBqZ�W�Z�klK
at^NZPW ^�OMg�W O_HNKT^JEiO_rGFyHNZ5]�^NZAY�VLoTHNFyHJC�^NZPV�h�C=HJCLK+]�^NZ`oMKMFNFyFNH�O_HNK+FN]�OPoMK � ^NKMzwV�EX^NKMF�HJCLK
VLFNK+Z_adO_]�]�^NZP]�^JEiO_HNK+]�^NZ`oMKMF�F�V�S�EXHNFyO_SLY�EXH\O_rGFNZ>EXSwklZPrXklKMF�HJ^�O_SLFJatKT^yO_SLYUHJ^�O_SLFJatZP^JW O��
HJEGZPS~Z_acKTSLKT^Jh�e&�{��S~O�g}ZP^JrGY�gIEGY�K�FNo�O_rGK � HJCLK oNCLKTW�EGo�O_r EXSLY�VLFJHJ^Je@EGF
^NKMFN]�ZPSLFJEXQ�rGK8atZP^
O5riO_^JhlK�FNC�O_^NK�Z_adHJCLK�HNZPH�O_r�oMZPSLFJV�W�]�HJEGZPS:Z_adC�EXh�C z`V�O_rXEXH e'KTSLKT^Jh�e&���mS=HJCLK�j{S�EXHNKMY
n`H�O_HNKMF � HJCLK~]�^NZ`Y�VLoTHJEGZPS�Z_a o�CLKTW�EGo�O_rGFpEGF5HJCLK'FNKMoMZPSLY"riO_^JhlKMFJH<EXSLY�VLFJHJ^JEiO_r�VLFNKT^@Z_a
KTSLKT^Jh�e���bdCLKTW�EGo�O_r 
 O_SwV�a�OPoTHJV�^NKT^NF � FNFNZAoTEiO_HJEGZPS ���������	�
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BqZ�EXW�]�^NZ�klK8HJCLK�]RKT^�a|ZP^JW O_SLoMK8Z_axK�OPo�Cp]�^NZ`oMKMF�FDV�S�EXH�O_SLY<CLZ�g�HJCLKTe5gdZP^J�5HNZPhlKTHJCLKT^
HNZ@OPoNC�EGKTklK�HJCLKTEX^8Y�KMFJEXh�S�O_HNKMY=hlZlO_r � EXH�EGFyoMZPW�W�ZPS HNZ5]RKT^�atZP^JW FNZPW�K+�AEXSLY=Z_a}ZP]�HJEv�
W�E$#�O_HJEGZPS�� � oMoMZP^NY�EXS�h HNZ���Y�hwO_^\KTH{O_r�� �|������� �DHmgdZ �lKTe5KTrGKTW�KTS`HNF�o�C�O_^�OPoTHNKT^JE$#�K+O_S`e
ZP]�HJEXW�E$#�O_HJEGZPS�]�^NZPQ�rGKTWp�

W ��Q���KMoTHJEXklK�atV�SLoTHJEGZPS��

W b}ZPSLFJHJ^�O_EXSwHNF\O_SLY@kPO_^JEiO_Q�rGKMF(�

BDCLKMFNK\KTrGKTW�KTSwHNF{Y�KTHNKT^JW�EXSLK�riO_^JhlKTrXe gIC�O_HD�`EXSLY<Z_a W�KTHJCLZAY�F
O_SLY>HNZ`ZPrGFDHJC�O_HIo�O_S<Q�K
VLFNKMY<HNZ�]RKT^�a|ZP^JW HJCLK8ZP]�HJEXW�E$#�O_HJEGZPS��

+�� >	�#+ �
1�
����(!'�H( � 5 �����(!'�&�%�
BDCLK�ZPQ���KMoTHJEXklK
a V�SLoTHJEGZPS5EGFdO8W O_HJCLKTW O_HJEGo�O_r�^NKTriO_HJEGZPS>Q�KTHmgdKMKTS<HJCLK
]�O_^�O_W�KTHNKT^NFIO_SLY
k�O_^JEiO_Q�rGKMF8Y�KMFNoT^JEXQ�EXS�hpHJCLK FJeAFNHNKTW O_SLY HJCLK�oNCLZ�FNKTS ]RKT^�a|ZP^JW O_SLoMK�oT^JEXHNKT^JEiO����mH8Y�Z`KMF
SLZPH<Y�KT]�KTSLY"ZPS"gICLKTHJCLKT^@HJCLK�ZP]�HJEXW�E$#�O_HJEGZPS/EGF5o�O_^J^JEGKMY(ZPV�H5ZPS�O FNEXS�h�rGK�]�^NZAoMKMFNF
V�S�EXH�ZP^\ZPS=O ]�^NZ`oMKMFNF(� � Q�^NZlOPY'FNKT]�O_^�O_HJEGZPS=o�O_S~Q�K W OPY�K*QRKTH g}KMKTS=HJC�^NKMK+�`EXSLY~Z_a
ZPQ��JKMoTHJEXklK8atV�SLoTHJEGZPSLF��D��oMZPSLZPW ew� � KTSLKT^Jh�e`� � O_SLYUW O_HNKT^JEiO_rv��Q�OPFNKMY�a V�SLoTHJEGZPSLF � �xKTHNKT^NF
O_SLY=BDEXW�W�KT^JC�O_VLF5������� �	��BDCLK�rXEGFJHyQRKTrGZ�g0oMZPS`H�O_EXSLF F�ZPW�K�oMZPW�W�ZPS ZP]�HJEXW�E$#�O_HJEGZPS
H�OPFJ��F � Y�EXkAEGY�KMY@EXSwHNZ�HJCLK8HJC�^NKMKy�`EXSLY�F{Z_a ZPQ��JKMoTHJEXklK��
� �@������� ! ' 
 EXS�EXW*V�W9]�O�e`Q�OPo���]�KT^JEGZAY � W O%��EXW*V�W9SLKTHd]�^NKMFNKTSwH}kPO_rXVLK � W O%��EXW*V�W
EXS`HNKT^JS�O_rx^�O_HNK+Z_a�^NKTHJV�^JS � W�EXS�EXW*V�W oMZ�FJH�Z_acZP]RKT^�O_HJEGZPS � O_SLY�W�EXS�EXW*V�W oMZ�FNH\Z_acZP]��
KT^�O_HJEGZPS�O_SLYUKMzwV�EX]�W�KTS`H�oMZ�FJH �t��Y�hwO_^\KTH{O_r���������� �	�
� � ���"�E! ' 
 O%�AEXW V�W ��W�EXS�EXW*V�W g}ZP^J� ZP^ KTSLKT^Jh�e ZPV�HJ]�V�H ��EXS�]�V�H � W O%��EXW*V�W uL^NFJH
riO�g"KTSLKT^Jh�e K�� oTEGKTSLoTe � W O%��EXW*V�W F�KMoMZPSLY riO�g"K�� oTEGKTSLoTe � W�EXS�EXW V�W rGZ�FNFdZ_axK	��KT^Jh�e �
O_SLY<W�EXS�EXW V�W KTS`HJ^NZP]we@]�^NZAY�VLoTHJEGZPS��
� � !$���2�&�6� ' 
 O%��EXW*V�W ]�^NZAY�VLoTHJEGZPS � W�EXS�EXW V�W VLFNK�Z_aI^�OMg W O_HNKT^JEiO_rGF � O_SLY W�EXS�Ev�
W V�W g}OPFJHNK8]�^NZ`Y�VLoTHJEGZPS��
bdC�O_]�HNKT^NF+£5HNZU�@O_^NK�O_rXrcY�K�O_rXEXS�hpgIEXHJC HJCLK�KTS`HJ^NZP]we=]�^NZAY�VLoTHJEGZPS:OPFyHJCLK�ZPQ��JKMoTHJEXklK
atV�SLoTHJEGZPSUa|ZP^yO_rXrxZPV�^�ZP]�HJEXW�E$#�O_HJEGZPSLF�� � FJV�QLFJH�O_S`HJEiO_r�O_W�ZPV�SwH8Z_a�gdZP^J��C�OPFyO_rX^NK�OPY�e
QRKMKTS=Y�ZPSLK�HNZ<W�EXS�EXW�E$#�K�HJCLK�KTSwHJ^NZP]`e~]�^NZAY�VLoTHJEGZPS EXS FNKTrGKMoTHNKMY']�^NZAoMKMFNF�V�S�EXHNF�� � K
FJC�O_rXrLoMZPS`HJEXSwVLK�HJC�EGF�K	
sZP^JH�� ��K�O_H�K	��oNC�O_S�hlKT^NF�� 'lZPC�O_S�SLKMFNFNKTS5KTHcO_r��w��������� � ]�rXV�hP� ��Z�g
^NK�OPoTHNZP^NF��t�}��KTrGFNHJ^JV�]>KTHdO_r��A������� � 'lZPC�O_S�SLKMFNF�KTS<O_SLY>�}��KTrGFJHJ^JV�]5������� � f�V�W�W�KMYLO_r KTH
O_r���������£ � �����_� � � O_SLY@Q�EXS�O_^Je<HJ^�OMe@Y�EGFJHJEXrXriO_HJEGZPSLF � �t[�K8�{ZAKTE �JKT^�O_SLYp�}�JKTrGFJHJ^JV�]~������� �
[�K8��Z`KTE �JKT^\KTH�O_r�� ��������� � O_^NK8V�S�EXHNF�HJC�O_H{C�O�klK*QRKMKTS�ZP]�HJEXW�E$#�KMY ��nAKTklKT^�O_r ]�EGKMoMKMF�Z_a
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]�^NZAoMKMFNFyKMz`V�EX]�W�KTSwH*oMKTS`HJ^�O_r�EXS=W�KMoNC�O_S�EGo�O_r}KTS�h�EXSLKMKT^JEXS�hUoMZPSwHNK	��HNFyC�OMklK>O_rGFNZ<Q�KMKTS
ZP]�HJEXW�E$#�KMYUQwe<�}K��NO_S�O_SLY �cO_^JhwOPF���������¤�� � �DK��JO_S ��������¢�O�� � �DK��JO_SpKTH�O_r�����������¢��	�
BDCLK\KTSwHJ^NZP]`e ]�^NZAY�VLoTHJEGZPS5EXS5FNKTklKT^�O_r�V�S�EXHNFdEXS<oMZPS�SLKMoTHJEGZPS<C�OPFcV�S`HJEXrRSLZ�g(ZPS�rXe�Q�KMKTS
W�EXS�EXW�E$#�KMY Qwe=[�K��{ZAKTE ��KT^ KTH*O_r�� �|�����_��Q ��EXS O@FNHJVLY�e~Z_aDa|ZPV�^�u ��KMYA��QRKMY=^NK�OPoTHNZP^NF
O_SLY<uLklK8CLK�O_H
K	��o�C�O_S�hlKT^NF{EXSpFNKT^JEGKMF(�
� oMZPSLoMKT]�H+EGY�KTSwHJEGo�O_r}HNZpHJCLK>KTSwHJ^NZP]we�]�^NZ`Y�VLoTHJEGZPS:EGF HJCLK�rGZ�FNF Z_a{K	��KT^Jh�e ��n #�O_^Jh�V�H
KTH O_r��
���������	�"nAKTklKT^�O_r�O_V�HJCLZP^NF�C�O�klKpQRKMKTS$Y�K�O_rXEXS�h gIEXHJC$g}O�eAF HNZ=W�EXS�EXW�E$#�K@HJCLK
rGZ�FNF5Z_a*K	��KT^Jh�e EXS-]�^NZAoMKMFNF V�S�EXHNF@O_SLY-]�^NZ`oMKMFNF�KMF �t��ZPH�OPF~������¤ � ��EXSLY�KT^JEXS��-KTH5O_r��
������¢ � �}VLY�EXW O_SUO_SLY<�mFNC�EGYLO>������� � ��^�OMklKTriO_SLYpO_SLYU�\EGFJrGZ_a}������� � nAZP^JEXSpKTHIO_r���������� �
b}ZP^JSLKTrXEGFNF�KTS O_SLY:�DZ`KT^NKTW O'������� �	�=n`VLoNC ZP]�HJEXW�E$#�O_HJEGZPSLF O_^NK>KMz`V�EXk�O_rGKTSwH+HNZUW�EXS�Ev�
W�E$#�O_HJEGZPS~Z_a KTS`HJ^NZP]wep]�^NZAY�VLoTHJEGZPS�� �\Z�g}KTklKT^ � EXHIEGF\O+HNKTSLY�KTSLoTe@EXS@HJCLKyrXEXHNKT^�O_HJV�^NK*HNZ
VLFNK HJCLK+gdZP^NY � ZP]�HJEXW�E$#�O_HJEGZPS��sgICLKTS'EXS~a�OPoTH�SLZ<Y�KTH�O_EXrGKMY'W O_HJCLKTW O_HJEGo�O_r�ZP]�HJEXW�E$#�O��
HJEGZPS C�OPF*Q�KMKTS ]�KT^�a|ZP^JW�KMY �>BDCLK�HNKT^JW � K	��KT^Jh�e=O_S�O_rXe�FJEGF �REGF Z_a HNKTS:O<W�ZP^NK�]�^NKMoTEGFNK
HNKT^JW � OPF{HJC�EGF�EXSwklZPrXklKMF\EGY�KTS`HJEvu�o�O_HJEGZPS Z_a�HJCLK8W O��JZP^�rGZ�FNF�KMF{Z_acK	��KT^Jh�e@gIEXHJCLZPV�H�O_S`e
OPoTHJV�O_r ZP]�HJEXW�E$#�O_HJEGZPS��

+�� >	� / )*��� %#!$�"�4�#� !$% �4���J(;�1�2�&�G1 � ��%
� rXW�Z�FJH*O_rXrcZP]�HJEXW�E$#�O_HJEGZPS�]�^NZPQ�rGKTW�F8^NKTriO_HNKMY HNZ<]�C`eAFNEGo�O_rcFJe�FJHNKTW�F8O_^NK�a|ZP^JW*V�riO_HNKMY
gIEXHJC2oMZPSLFJHJ^�O_EXSwHNF�� BDCLK oMZPSLFJHJ^�O_EXS`HNF�o�O_S?Q�K=oTriOPF�FJEvu�KMY OPFUKMz`V�O_rXEXH e�oMZPSLFNHJ^�O_EXSwHNF
O_SLY �_ZP^+EXSLKMzwV�O_rXEXHme oMZPSLFJHJ^�O_EXS`HNF��p�mS ]�^JEXSLoTEX]�rGK � O_S�KMz`V�O_rXEXH e oMZPSLFNHJ^�O_EXSwH�O_rXrGZ�g
F atZP^
HJCLK\KTrXEXW�EXS�O_HJEGZPS@Z_a ZPSLK
k�O_^JEiO_Q�rGK
at^NZPW;HJCLK{W O_HJCLKTW O_HJEGo�O_r�Y�KMFNoT^JEX]�HJEGZPS<Z_a�HJCLK{]�^NZPQ��
rGKTW!�$BDC�EGF rGK�OPY�F�EXS hlKTSLKT^�O_r�HNZ O'W�ZP^NKpoMZPW�]�rGK	�$ZPQ���KMoTHJEXklK@a V�SLoTHJEGZPS � Q�V�H�gIEXHJC
a|KTgdKT^�Y�KMoTEGFJEGZPS k�O_^JEiO_Q�rGKMF�� BDCLK5EXSLKMz`V�O_rXEXH e oMZPSLFJHJ^�O_EXSwHNF�Y�Z~EXS hlKTSLKT^�O_rDSLZPH�O%
RKMoTH
HJCLK SwV�W*QRKT^�Z_aDk�O_^JEiO_Q�rGKMF��<���LO_W�]�rGKMF�Z_aIKMz`V�O_rXEXH e oMZPSLFNHJ^�O_EXSwHNF�O_^NK�HJCLK KMz`V�O_HJEGZPSLF
HJC�O_H W O_�lK�V�] HJCLK�]�Cwe�FJEGo�O_rcW�ZAY�KTrdZ_aIHJCLK FNeAFJHNKTW � gIC�EXrGK�EXSLKMz`V�O_rXEXH e oMZPSLFNHJ^�O_EXSwHNF
Z_atHNKTS�OPoTH{OPFIV�]�]RKT^�O_SLY@rGZ�gdKT^{QRZPV�SLY�F
ZPSpHJCLK�k�O_^JEiO_Q�rGKMF��
BDCLK�k�O_^JEiO_Q�rGKMF O_SLY HJCLK�oMZPSLFJHJ^�O_EXSwHNF+o�O_S QRK�KTEXHJCLKT^ 0�3>.�1��K.�� 3��/+>ZP^N8��K+�0*����1R� �5� HyEGF
EXW�]RZP^JH�O_SwH5HNZ FNKT]�O_^�O_HNKUQ�KTHmgdKMKTS(oMZPSwHJEXSwVLZPVLF@O_SLY6Y�EGFNoT^NKTHNKpk�O_^JEiO_Q�rGKMF FJEXSLoMKUHJCLKTe
Y�KTW O_SLY-O~oMZPW�]�rGKTHNKTrXe Y�E*
RKT^NKTS`H�HJ^NK�O_HJW�KTSwH EXS$ZP]�HJEXW�E$#�O_HJEGZPSLF�� BDCLK<O_]�]RK�O_^�O_SLoMK
Z_a�Y�EGFNoT^NKTHNK*kPO_^JEiO_Q�rGKMF�O_SLYUoMZPSLFJHJ^�O_EXS`HNFyO_^NK8VLFJV�O_rXrXe5a|ZPV�SLYpEXS�ZP]�HJEXW�E$#�O_HJEGZPSLF\gICLKT^NK
ZP]�HJEXW O_r}rGZ`o�O_HJEGZPS O_SLY=SwV�W Q�KT^�Z_aDatKMKMY ]�ZPEXS`HNF+O_SLY EXSwHNKT^NoMZPS�SLKMoTHJEGZPS$Z_aIV�S�EXHNF O_^NK
FNZPV�h�C`H���BDCLK<]�^NZAoMKMFNF�V�S�EXHNF�HJC�O_H�W O_�lK<V�]$O�]�^NZAoMKMFNF�O_SLY CLZ�g HJCLKTe O_^NK5EXSwHNKT^��
oMZPS�SLKMoTHNKMY6EGF�o�O_rXrGKMY$HJCLK +B� 69�'�B+'1��'� 021��/���&�/�mS$hlKTSLKT^�O_r � ZP]�HJEXW�E$#�O_HJEGZPSLF5gICLKT^NK@HJCLK
FJV�]RKT^NFJHJ^JVLoTHJV�^NKIEGF EXSLoTrXVLY�KMY>O_W�ZPS�hyHJCLKDkPO_^JEiO_Q�rGKMFcO_^NKIK	��HJ^NKTW�KTrXe�Y�KTW O_SLY�EXS�h � oMZPW��
]�V�H�O_HJEGZPS�O_rXrXepFJ]RK�O_�AEXS�h �
��Y�K�O_rXrXe � OD]�^NZ`oMKMF�F�ZP]�HJEXW�E$#�O_HJEGZPS ]�^NZPQ�rGKTW � ^NKThwO_^NY�rGKMFNFxZ_aLZPQ���KMoTHJEXklK�a V�SLoTHJEGZPS � FJCLZPV�rGY
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oMZPS`H�O_EXS'O�riO_^JhlK EXS�EXHJEiO_rqFNV�]�KT^NFJHJ^JVLoTHJV�^NK*HNZ KTSLFJV�^NK*HJC�O_H\O_rXrq]�Z�FNFNEXQ�rGKy]�^NZ`oMKMF�F�O_rXHNKT^��
S�O_HJEXklKMF5O_^NKUKTk�O_rXV�O_HNKMY �/BDCLKUoMZPW*Q�EXS�O_HNZP^JEiO_ryoMZPW�]�rGK	��EXH e EGF>K	�AHJ^NKTW�KTrXe riO_^JhlKpatZP^
]�^NZAoMKMFNF ��Z�g�FJCLKMKTHNFyZ_adKTklKTS'W�ZAY�KT^�O_HNK�FJE$#�KMF � FNZ5EXH�EGF\SLZPH�]�^�OPoTHJEGo�O_rXrXe~]�Z�FNFNEXQ�rGK*HNZ
ZP]�HJEXW�E$#�K+riO_^JhlK�FJV�]RKT^NFJHJ^JVLoTHJV�^NKMF�� 
 O_Swe'O_V�HJCLZP^NF�C�OMklK�Y�KTkAEGFNKMYUS`V�W�KT^JEGo�O_rcFJHJ^�O_HNK¡�
h�EGKMFDHNZ+^NKMY�VLoMK�HJCLK�oMZPW*Q�EXS�O_HNZP^JEiO_rxoMZPW�]�rGK	�AEXHme ���\^NZ�F�FJW O_S�SUO_SLY@[yO_EGoNCLKTSLY�H*������¢ �
�\KTelKTS5O_SLY5�8O_rXEXHJklKTSwH�#�K	
 �����l� � �"EXrX�lKTSLY�ZP^�aqKTH}O_r�� ������� ��� O_W�ZP^�O+O_SLY@�\^NZ�FNFJW O_S�S
�������_Q � O � � O_]�O_rGK	�LO_SLY�^JE O_SLY!��EGFJHJEX�lZP]�ZPV�rGZ�F ������� � �IO_VLKT^�O_SLYUn`HJEGoNC�rXW O_EX^����������	�
� K
FNC�O_rXrL^NKMY�VLoMKIHJCLK
oMZPW Q�EXS�O_HNZP^JEiO_rRoMZPW�]�rGK	��EXH e�HNZ8EXHNF W�EXS�EXW*V�W Qwe+u ��EXS�h8HJCLK
FJV��
]RKT^NFJHJ^JVLoTHJV�^NK�Z_a HJCLK�]�^NZ`oMKMFNF}EXSUbdC�O_]�HNKT^{� � BDC�EGFDKTrXEXW�EXS�O_HNKMF
O_rXrRY�EGF�oT^NKTHNK�k�O_^JEiO_Q�rGKMF
at^NZPW HJCLK�ZP]�HJEXW�E$#�O_HJEGZPS ]�^NZPQ�rGKTW � HJC`VLFyQ�^JEXS�h�EXS�hpHJCLK+a|Z`oTVLFyKTS`HJEX^NKTrXe�HNZ@ZP]RKT^�O_HJEXS�h
oMZPSLY�EXHJEGZPSLF<O_SLY$HNZ F�ZPW�KpK	�AHNKTS`H>V�S�EXH>Y�KMFJEXh�SLF��(BDCLKpY�^�OMgIQ�OPo��-EGF�HJC�O_H>SLZ SLKTg
FJV�]RKT^NFJHJ^JVLoTHJV�^NKMFIW O�e<Q�K\a|ZPV�SLYpY�EX^NKMoTHJrXe5a ^NZPW HJCLK*ZP]�HJEXW�E$#�O_HJEGZPS��

+�� >	�L> �
B !'�#��� �@� !'�&��� %#!$�"� !$����� ��%
� a HNKT^ C�O�k`EXS�h+oTriOPFNFJEvu�KMY�HJCLK{ZP]�HJEXW�E$#�O_HJEGZPS>]�^NZPQ�rGKTW � HJCLK{O_]�]�^NZP]�^JEiO_HNK\FNZPrXV�HJEGZPS ]�^NZ_�
oMKMY�V�^NK+EGF\FNKTrGKMoTHNKMY �*��]�HJEXW�E$#�O_HJEGZPS=EGF\HJCLK�OPoTH�Z_adZPQ�H�O_EXS�EXS�h@HJCLK Q�KMFNH�^NKMFJV�rXH\V�SLY�KT^
h�EXklKTS~oTEX^NoTV�W�FJH�O_SLoMKMF��IBDCLK*ZP]�HJEXW V�W FNKMKT�`EXS�h W�KTHJCLZ`Y�F�O_^NK O_rGFNZ �`SLZ�gIS~OPF<= )�1�� U
�'=@)>1��:0�)�&96��53D���5)>=?=%�"./�
1R��0��/.J���*�9�B+&�InAZPW�K8Z_a HJCLKyW�Z�FJH
gIEGY�KTrXe<VLFNKMY<W�KTHJCLZAY�F�O_^NK
rXEGFJHNKMY<QRKTrGZ�g �t��OPZ@������¢��¡�

W bDO_rGoTV�rXVLF
W�KTHJCLZAY�F
W bDO_rGoTV�rXVLF{Z_a kPO_^JEiO_HJEGZPSLF

W f�ZPS�rXEXSLK�O_^
]�^NZPh�^�O_W�W�EXS�h

W �sEXSLK�O_^
]�^NZPh�^�O_W�W�EXS�h
W [�eAS�O_W�EGoy]�^NZPh�^�O_W�W�EXS�h

W 
 E*��KMY<EXSwHNKThlKT^�]�^NZPh�^�O_W�W�EXS�h � 
 � ��� � 
 ��f � � �
W ��KTSLKTHJEGo �_� klZPrXV�HJEGZPS�O_^Je�O_rXhlZP^JEXHJC�W�F

BDCLKMFNK+W�KTHJCLZAY�FyO_^NK�O_rXr g}KTrXr �`SLZ�gIS O_SLY~Y�KMF�oT^JEXQ�KMY~EXS'W�Z�FJH\Q�ZAZP�AF�ZPS=ZP]�HJEXW�E$#�O��
HJEGZPS(HJCLKMZP^Je �t�\OPZ(������¢ � �cY�hwO_^pKTH@O_r��I������� � f\Z`oMKMYLO_r8O_SLY �=^JEXh�CwH ���������	�0f�Z
FJEXS�h�rGK�HNKMoNC�S�EGz`VLK'o�O_S/FNZPrXklK�KTklKT^Je6ZP]�HJEXW�E$#�O_HJEGZPS/]�^NZPQ�rGKTW O_SLY6EXH5EGF>HJCLK�S�O_HJV�^NK
Z_a ZPQ���KMoTHJEXklK8a V�SLoTHJEGZPS � kPO_^JEiO_Q�rGKMF�O_SLY@]RZ�FNFJEXQ�rGK8oMZPSLFNHJ^�O_EXSwHNF\HJC�O_H{Y�KTHNKT^JW�EXSLK gIC�EGoNC
HNKMo�C�S�EGzwVLKyHNZ�VLFNK����mHIEGFI]�Z�F�FJEXQ�rGK�HNZ�FNZPrXklK8FJEXW�]�rGK*ZP]�HJEXW�E$#�O_HJEGZPSU]�^NZPQ�rGKTW�F�O_S�O_rXe`HJEv�
o�O_rXrXe � Hme`]�EGo�O_rXrXe�gIEXHJC5HJCLK�O_EGY>Z_a o�O_rGoTV�rXVLF}W�KTHJCLZAY�FdZP^Do�O_rGoTV�rXVLFDZ_a�kPO_^JEiO_HJEGZPSLF � � Q�V�H
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a|ZP^cW�Z�FJHd]�^NZPQ�rGKTW�F
OPFNFNZAoTEiO_HNKMY�gIEXHJC<oNCLKTW�EGo�O_rR]�^NZAoMKMFNFdKMz`V�EX]�W�KTSwH}EXH}EGFdK�� oTEGKTS`H}HNZ
FNZPrXklK�HJCLK�ZP]�HJEXW�E$#�O_HJEGZPS�]�^NZPQ�rGKTW SwV�W�KT^JEGo�O_rXrXe ZPS�oMZPW�]�V�HNKT^NF��<n`EXSLoMK�HJCLK�FJVLoMoMKMFNF
Z_aIW O_HJCLKTW O_HJEGo�O_r}]�^NZPh�^�O_W�W�EXS�h�EGF*riO_^JhlKTrXe'Y�KT]RKTSLY�KTSwH+V�]RZPS K�� oTEGKTSwH�O_SLY FJH�O_Q�rGK
S`V�W�KT^JEGo�O_rc^NZPV�HJEXSLKMF � SLKTg�W�KTHJCLZ`Y�F O_^NK�oMZPSLFJH�O_SwHJrXe'QRKTEXS�hpY�KTklKTrGZP]�KMY � f�KTg0O_rXhlZ_�
^JEXHJC�W�F W O�e FNZPrXklKd]�^NZPQ�rGKTW�F ^NKTriO_HNKMY�HNZ{EXS`klKT^NFJEGZPS�Z_a �\KMFNFJEiO_SLF � W O_HJ^JE*� gIEXHJC�FNKMoMZPSLY
Y�KT^JEXk�O_HJEXklKMF � � FJrGZ�g2oMZPS`klKT^JhlKTSLoMK�Y�VLK*HNZ � O_H�W�EXS�EXW*V�W�F � ]�O_^�O_rXrGKTr�ZP]�HJEXW�E$#�O_HJEGZPS ZP^
SLZPS�� oMZPS`klK	� ZP]�HJEXW�E$#�O_HJEGZPS � �yO_S�Y�KT^ ��KMK�KTHcO_r��w������� � �{ZAY�^JEXh�VLK #T� B ZP^�O_rRKTHcO_r��w������� �
��EXh�CUO_SLYp�{ZAoNCLK ������¤ � �sVLoTEiO�KTH�O_r��s������¢��	�
�mSUW O_S`eUo�OPFNKMF � CLZ�g}KTklKT^ � EXH�EGF�O�HJEXW�K+oMZPSLFJV�W�EXS�hpO%
sO_EX^\HNZ�uLSLY~KTklKTS=O�rGZAo�O_rqZP]��
HJEXW V�W ZPS=W�Z`Y�KT^JS=oMZPW�]�V�HNKT^NF��+BDC�EGF�C�OPF�rGKMY~HNZ>HJCLK�Y�KTklKTrGZP]�W�KTS`H*FJ]RKMoTEiO_r �`EXSLY�F
Z_a�ZP]�HJEXW�E$#�O_HJEGZPS6FJHJ^�O_HNKTh�EGKMF � o�O_rXrGKMY � �'���B�K+'1��:0 =@�*1���328Q+ �t��Y�hwO_^ KTH�O_r���������� � � HJCLK
W�K�O_S�EXS�h+Z_aRCLKTV�^JEGFNHJEGo
W�KTHJCLZAY�F�EXS Y�KMFJEXh�S5O_SLY ZP]�HJEXW�E$#�O_HJEGZPS<Z_aso�CLKTW�EGo�O_r�]�^NZAoMKMFNFNKMF
C�OPF�O~W�ZP^NK@FJ]RKMoTEvu�o5W�K�O_S�EXS�h HJC�O_S EXS HJCLK5u�KTrGY Z_a�S`V�W�KT^JEGo�O_r�ZP]�HJEXW�E$#�O_HJEGZPSLF�EXS
hlKTSLKT^�O_r��	��n`VLoNC=W�KTHJCLZAY�F8O_EXW HNZ<FNZPrXklK+HJCLK�ZP]�HJEXW�E$#�O_HJEGZPS=]�^NZPQ�rGKTW�FygIEXHJC=FJEXW�]�rGK¡�
HNZ_��VLFNK�^JV�rGKMF � Z_a HNKTS@Q�OPFNKMY@ZPS<]�C`eAFJEGo�O_r��_o�CLKTW�EGo�O_rq�ASLZ�gIrGKMY�hlK � ]�^NZ�kAEGY�EXS�h KMFJHJEXW O_HNKMF
a|ZP^
HJCLK8ZP]�HJEXW V�W!�dBDC�EGF{^NKMzwV�EX^NKMF{W*VLoNC�rGKMFNF
oMZPW�]�V�H�O_HJEGZPS�O_r K	
RZP^JH � Q�V�H{Y�Z`KMF�ZPS�rXe
]�^NZ�k`EGY�K�O_S~O_]�]�^NZ��AEXW O_HNKMY'FNZPrXV�HJEGZPS~HNZ�HJCLK ZP]�HJEXW�E$#�O_HJEGZPS~]�^NZPQ�rGKTW!��BDCLK8W�Z�FJH{a|O��
W�ZPVLFyW�KTHJCLZAY'EGF�HJCLK�]�EXSLoNC HNKMoNC�SLZPrGZPh�e Y�KTklKTrGZP]RKMY'Qwe'j{W�KMYLO<KTH*O_r�� �����l�P����O_SLY
�sEXS�S�CLZ�
 �����l�P���	�/��HJCLKT^ W�KTHJCLZAY�F>O_EXW HNZ=^NKMY�VLoMKpHJCLKpoMZPW Q�EXS�O_HNZP^JEiO_ryoMZPW�]�rGK	�`�
EXHme$Z_a8HJCLKpEXS�EXHJEiO_r�FJV�]�KT^NFNHJ^JVLoTHJV�^NKMF EXS 
 � ��� � 
 �mf ���;]�^NZPQ�rGKTW�F � 
 O_^NKMo�C�O_r�O_SLY
�8O_rXEXHJklKTS`H�#�K	
-�����l� � ��^�OMk�O_SP�JO>O_SLYU�\riOMkAEGo������l� � �\Z�FJHJ^JV�]UKTH{O_r�� ������� �	�
�\KTV�^JEGFJHJEGoIW�KTHJCLZAY�FcO_^NKDEXS�hlKTSLKT^�O_r O_]�]�^NZ��AEXW O_HNK\O_SLY�riO_^JhlKTrXe�zwV�O_rXEXH�O_HJEXklKIW�KTHJCLZAY�F �
gIC�EXrGKUgdK~FNKMKT� HNZ'uLSLY$HJCLK�ZP]�HJEXW*V�W W�ZP^NK�OPoMoTV�^�O_HNKTrXe&� � KpgIEXrXr{HJCLKT^NK¡a|ZP^NKUVLFNK
FNKTklKT^�O_r W O_HJCLKTW O_HJEGo�O_rd]�^NZPh�^�O_W�W�EXS�hpHNKMoNC�S�EGz`VLKMFya|ZP^�HJCLK�ZP]�HJEXW�E$#�O_HJEGZPS ]�^NZPQ�rGKTW�F
EXS bdC�O_]�HNKT^8£>HNZ<� �*��S�rXe�klKT^Jep^NKMoMKTSwHJrXe~C�OMklK�oMZPW�W�KT^NoTEiO_r ��Z�g FNCLKMKTH�FNEXW*V�riO_HNZP^NF
rXEX�lK � n �c��f � rXVLF@O_SLY �c�I� �_����Q�KMKTS(KMzwV�EX]�]RKMY6gIEXHJC"ZP]�HJEXW�E$#�O_HJEGZPS(HNZAZPrGF gIEXHJC
rXEXW�EXHNKMY']RZ�FNFJEXQ�EXrXEXHJEGKMF��+b}ZPSLFNKMzwVLKTS`HJrXe � gdK�o�CLZ`Z�F�K HNZ5W�ZAY�KTr�O_SLY~ZP]�HJEXW�E$#�K�]�^NZAoMKMFNF
V�S�EXHNF � QRZPHJC+FNEXS�h�rGK}O_SLY+oMZPS�SLKMoTHNKMY � HJC�^NZPV�h�C�ZPHJCLKT^qW�K�O_SLF(�qBqZ{C�O�klKdC�EXh�C�rXe K�� oTEGKTSwH
ZP]�HJEXW�E$#�O_HJEGZPS@HNZAZPrGF}O�kPO_EXriO_Q�rGK\g}K�gIEXrXr�VLFNK{HJCLK 
 O_HJriO_Q<]�^NZPh�^�O_W�W�EXS�h�KTS`k`EX^NZPS�W�KTS`H
]�^NZ�k`EGY�KMY�Qwe 
 O_HJC � ZP^J��F �mSLo�� � Y�^�OMgIQ�OPo�� EGF8HJC�O_H gdK>C�OMklK>HNZpEXW�]�rGKTW�KTS`H HJCLK
]�C`eAFJEGo�O_r\W�ZAY�KTrGF a|ZP^ HJCLK~Y�E*
sKT^NKTSwH<]�^NZ`oMKMF�F V�S�EXHNF>Qwe-ZPV�^NF�KTrXklKMF�� �\Z�g}KTklKT^ � HJC�EGF
O_rGFNZpO_rXrGZ�g
FyVLFyHNZ<VLFNK+rGKMFNFyoMZPW�W�ZPS � Q�V�H*FJHJEXrXr EXSwHNKT^NKMFNHJEXS�h�Y�KTh�^NKMKMF8Z_ada ^NKMKMY�ZPW EXS
V�S�EXHIY�KMFJEXh�S � atZP^}EXSLFJH�O_SLoMK\HJCLK\Y�EiO_Q�O_HJEGoyY�EGFJHJEXrXriO_HJEGZPS@oMZPrXV�W�S5EXSpbdC�O_]�HNKT^{£+O_SLY HJCLK
CLK�O_H���EXS`HNKTh�^�O_HNKMY�oMZPrXV�W�S�EXS�bdC�O_]�HNKT^NF
�>O_SLYU¤��	�
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BDCLKyO_EXW Z_a HJC�EGFIHJCLKMFNEGFdEGFDHNZ�Y�KTklKTrGZP]�O W�KTHJCLZAY�ZPrGZPh�e<O_SLY5HNZAZPrGFDHJC�O_H
o�O_S<Q�K\VLFNKMY
HNZ5EXSLoT^NK�OPFNK�HJCLK�FNKMoMZPSLY~riOMg�KTSLKT^Jh�e'K�� oTEGKTSLoTe'Z_adFJEXS�h�rGK�O_SLY'oMZPS�SLKMoTHNKMY 0�� ��=?�:0�)�&
]�^NZAoMKMFNF\V�S�EXHNF��8BqZ>HJCLK+QRKMFJH�Z_a}ZPV�^��`SLZ�gIrGKMY�hlK � HJC�EGF\C�OPF�SLZPH�Q�KMKTS=Y�ZPSLK atZP^yoMZPS��
SLKMoTHNKMY�V�S�EXHNF\Q�K¡a|ZP^NK��{BDCLK W�KTHJCLZ`Y�ZPrGZPh�e~oMZPSLoMKT^JSLFyO_S�O_rXeAFJEGFyO_SLY�W�EXS�EXW�E$#�O_HJEGZPS Z_a
HJCLK}KTSwHJ^NZP]`e ]�^NZAY�VLoTHJEGZPS�EXS�HJCLKdFJe�FJHNKTW�FxV�SLY�KT^ oMZPSLFJEGY�KT^�O_HJEGZPS�� B Z�uLSLY+HJCLKDFJH�O_HNKDZ_a
W�EXS�EXW V�W KTSwHJ^NZP]`e~]�^NZAY�VLoTHJEGZPS � g}K�FJC�O_rXr VLFNK+W O_HJCLKTW O_HJEGo�O_rc]�^NZPh�^�O_W�W�EXS�hUHNKMoNC��
S�EGz`VLKMF�� ��ZP^\Y�KTklKTrGZP]�W�KTS`H*O_SLY~O_]�]�rXEGo�O_HJEGZPS']�V�^J]RZ�FNKMF\O k�O_^Je`EXS�h5SwV�W Q�KT^yZ_a�V�S�EXHNF
at^NZPW HJCLKI]�^NZP]�O_SLK
Y�KTCwe�Y�^NZPhlKTS�O_HJEGZPS ]�^NZAoMKMFNF Q�OPFNKMY�ZPS ��EXSLY�KMFcY�KMFJEXh�S �t�{e`HJHNKT^cO_SLY
���PrXH{���������DFJC�O_rXr Q�K�VLFNKMY<EXSUHJCLKyY�E*
RKT^NKTS`H�oNC�O_]�HNKT^NF(�
BDCLK@KTS`HJ^NZP]we ]�^NZAY�VLoTHJEGZPS$EGF�V�S�EGzwVLKTrXe Y�K¡uLSLKMY at^NZPW SLZPSLKMz`V�EXrXEXQ�^JEXV�W HJCLKT^JW�ZAY�ew�
S�O_W�EGoMFcO_SLY�o�O_S�QRKIo�O_rGoTV�riO_HNKMY�at^NZPW�HJCLKDrGZ`o�O_r�HJ^�O_SLFN]�ZP^JH ]�^NZAoMKMFNFNKMF EXS O_S`e�FNeAFJHNKTW!�
��KMFJV�rXHNFya|ZPV�SLY Q`e=W�EXS�EXW�E$#MEXS�h'HJCLK>KTS`HJ^NZP]we ]�^NZAY�VLoTHJEGZPS O_^NK QRKMFJH*V�SLY�KT^NFNHNZ`ZAY EXS
rXEXh�C`HDZ_a�HJCLK��LV���KMFDO_SLY a|ZP^NoMKMFdEXS5HJCLK\FJeAFNHNKTW!�x�mSpbdC�O_]�HNKT^I�*gdK\h�EXklK�O8Q�^JEGK¡aqEXSwHJ^NZ_�
Y�VLoTHJEGZPS HNZ<HJCLKMF�K�oMZPSLoMKT]�HNF O_SLY=CLZ�g�HJCLKTe~o�O_S=QRK�VLFNKMY~a|ZP^yEXSLY�VLFJHJ^JEiO_r�]�V�^J]RZ�FNKMF��
BDC�EGFIh�EXklKMF�O�]�KT^NFN]�KMoTHJEXklK\a|ZP^
HJCLKyZPHJCLKT^\bdC�O_]�HNKT^NF\£���� �
��]�HJEXW�E$#�O_HJEGZPS-Z_a\FJEXS�h�rGK<V�S�EXHNF�W OMe:Z_a HNKTS ]�^NZAY�VLoMK5^NKMFJV�rXHNF�HJC�O_H O_^NK<ZP]�HJEXW O_rDatZP^
HJC�O_H
V�S�EXH � Q�V�H
SLZPHIa|ZP^
HJCLKy]�^NZAoMKMFNF{OPF{O�gICLZPrGK �|OPFNFJV�W�EXS�h�HJCLKTepO_^NKy]�O_^JH{Z_a�ZPSLK �	�
f\ZPSLKTHJCLKTrGKMFNF � HJCLKTe O_^NK{g}KTrXr�FNV�EXHNKMY�a|ZP^dFJHJVLY�EGKMFdHJC�O_HduLSLY gIC�O_H}EXW�]�OPoTHdV�S�EXHDY�KMFJEXh�S
O_SLY�hlKMZPW�KTHJ^Je � OPF+gdKTrXr
OPF+FNZPW�K>ZP]RKT^�O_HJEXS�h'kPO_^JEiO_Q�rGKMF�C�O�klK<ZPS�HJCLK5KTSwHJ^NZP]`e�]�^NZ_�
Y�VLoTHJEGZPS Z_a
HJCLK V�S�EXH��~�mS bdC�O_]�HNKT^�£@g}K W�EXS�EXW�E$#�K5HJCLK5KTSwHJ^NZP]we�]�^NZ`Y�VLoTHJEGZPS Z_a�O
Y�EiO_Q�O_HJEGo}Q�EXS�O_^Je+HJ^�OMe Y�EGFNHJEXrXriO_HJEGZPS�oMZPrXV�W�S � FNKT]�O_^�O_HJEXS�hy]�^NZP]�O_SLK
O_SLY+]�^NZP]weArGKTSLK�� B Z
uLSLY@HJCLK*ZP]�HJEXW*V�W � gdK*O_]�]�rXeUO�SLZPS�rXEXSLK�O_^{]�^NZPh�^�O_W�W�EXS�h5HNKMoNC�S�EGz`VLK � rGK�OPFJH�� F�zwV�O_^NK
^NKTh�^NKMFNFNEGZPS �+gIEXHJC-EXSLKMz`V�O_rXEXH e$oMZPSLFJHJ^�O_EXS`HNF��"BDC�EGF�HNKMoNC�S�EGz`VLK�H�O_�lKMF�EXS6O'klKT^Je K����
oTEGKTS`H�g}OMe OPY�k�O_SwH�O_hlK@Z_a{a�OPoTH+HJC�O_H�HJCLK5KTS`HJ^NZP]we ]�^NZAY�VLoTHJEGZPS EGF HJCLK@FNV�W Z_a\ZPS�rXe
]RZ�FJEXHJEXklK�HNKT^JW�F(� � O_^JhlK ^NKMY�VLoTHJEGZPSLF�EXS�HJCLK KTS`HJ^NZP]we ]�^NZAY�VLoTHJEGZPS o�O_S QRK ZPQ�H�O_EXSLKMY
Q`e�Y�EGFJHJ^JEXQ�V�HJEXS�h HJCLK5CLK�O_H�K	��oNC�O_S�hlKUO_^NK�O'O_W�ZPS�h=HJCLK<HJ^�O�eAF�EXS-O_S ZP]�HJEXW O_r
gDOMe&�
��V�^JHJCLKT^JW�ZP^NK � HJCLK�HNZPH�O_r�CLK�O_HdHJ^�O_SLF�atKT^DO_^NK�O O_SLY HJCLK
S`V�W*QRKT^}Z_a�HJ^�O�eAFdC�OMklK�OyriO_^JhlK
EXW�]�OPoTH{ZPS@HJCLK8W�EXS�EXW*V�W KTS`HJ^NZP]we@]�^NZAY�VLoTHJEGZPS�Z_a�O�Y�EGFJHJEXrXriO_HJEGZPS�oMZPrXV�W�S��
� S<OPY�k�O_SLoMKMYpY�EGFJHJEXrXriO_HJEGZPS@HNKMo�C�SLZPrGZPh�e<EGFDHJCLK�EXS`HNKT^JS�O_r�CLK�O_H���EXSwHNKTh�^�O_HNKMY�Y�EGFJHJEXrXriO_HJEGZPS
oMZPrXV�W�S � �\�m[\E b �dgICLKT^NKyCLK�O_HIEGF
HJ^�O_SLF�atKT^J^NKMY5at^NZPW HJCLKyHNZP]pFNKMoTHJEGZPS@HNZ�HJCLK8Q�ZPHJHNZPW
FNKMoTHJEGZPS�Z_a HJCLK*oMZPrXV�W�S�HJC�^NZPV�h�C~Y�EX^NKMoTH{HJCLKT^JW O_rqoMZPS`H�OPoTH��I� S�bdC�O_]�HNKT^\�>O_SLYU¤�gdK
FJHJVLY�eUCLZ�g HJCLK KTS`HJ^NZP]we~]�^NZ`Y�VLoTHJEGZPS=EXS~HJC�EGF\�`EXSLY'Z_adoMZPrXV�W�S'EGFyO%
sKMoTHNKMY�Q`eUFNZPW�K
oT^JVLoTEiO_rRZP]�KT^�O_HJEXS�h+]�O_^�O_W�KTHNKT^NFIO_SLY CLZ�g6HJCLK\ZP]�HJEXW O_rRY�EGFJHJ^JEXQ�V�HJEGZPS@Z_aR^�O_HNKMFDZ_a�CLK�O_H
HJ^�O_SLF�a|KT^yFJCLZPV�rGY'QRK��+�mS bdC�O_]�HNKT^ ¤>gdK�VLF�K�O5SLZPS�rXEXSLK�O_^*]�^NZPh�^�O_W�W�EXS�hUHNKMoNC�S�EGz`VLK
�tFNKMz`VLKTSwHJEiO_r�z`V�OPY�^�O_HJEGop]�^NZPh�^�O_W�W�EXS�h �>gIEXHJC-QRZPHJC6KMz`V�O_rXEXH e-O_SLY6EXSLKMz`V�O_rXEXH e-oMZPS��
FJHJ^�O_EXS`HNF8HNZ5uLSLY=HJCLK ZP]�HJEXW*V�W!� BDCLK�Q�EXS�O_^Je~W�E*��HJV�^NK�Z_aDQ�KTS #�KTSLK>O_SLY=HNZPrXVLKTSLK�EGF
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FJHJVLY�EGKMYpHNZ�KTS�O_Q�rGK*oMZPW�]�O_^JEGFNZPS�gIEXHJCUZPHJCLKT^
g}ZP^J�AF��dBDCLKyW�KTHJCLZAYpHJCwVLF�KMFJH�O_Q�rXEGFJCLKMY
EGF
K�OPFNEXrXe5oMZPS`klKT^JHNKMYUHNZ O a|ZP^JW HJC�O_H
W O_�lKMF
EXH{FJV�EXH�O_Q�rGKyHNZ�VLF�K�EXSpHJCLK8ZP]�HJEXW�E$#�O_HJEGZPS
Z_a HJCLKy]�^NZP]�O_SLK8Y�KTC`eAY�^NZPhlKTS�O_HJEGZPS~]�^NZ`oMKMF�F��
BDCLKUCLK�O_^JH5Z_ayW�Z�FJH>]�^NZ`oMKMFNF�KMF EGF HJCLKp^NK�OPoTHNZP^ �tF �>O_^NZPV�SLY-gIC�EGo�C6HJCLKU^NKMFJH>Z_ayHJCLK
]�^NZAoMKMFNF EGFxVLFJV�O_rXrXe Y�KMFNEXh�SLKMY � ��ZP^ u ��KMY+EXS�rGKTH oMZPSLY�EXHJEGZPSLF � g}KDW�EXS�EXW�E$#�KDHJCLKDKTSwHJ^NZP]we
]�^NZAY�VLoTHJEGZPS Z_a}O CLK�O_H8K	��o�C�O_S�hlKT^ � O�]�rXV�hP� ��Z�g�^NK�OPoTHNZP^ � O_SLY=O�CLK�O_H8K	��oNC�O_S�hlKT^yEXS
FNKT^JEGKMF8EXS:bdC�O_]�HNKT^ ¢���BDC�EGF*oMZPS�uLh�V�^�O_HJEGZPS:Z_a}V�S�EXHNF*rGKTHNFyVLF�uLSLY=HJCLK�ZP]�HJEXW O_rdg}O�e
HNZ CLK�O_H �_oMZ`ZPrxHJCLK*]�^NZP]�O_SLK+Y�KTCwe�Y�^NZPhlKTS�O_HJEGZPS=^NK�OPoTHNZP^\Qwe@H�O_�AEXS�h>EXS`HNZ5OPoMoMZPV�S`H�HJCLK
KTS`HJ^NZP]we~]�^NZ`Y�VLoMKMY~EXS'CLK�O_HyK	��o�C�O_S�hlKT^NF�V�]�� FJHJ^NK�O_W O_SLY�Y�Z�gIS�� FJHJ^NK�O_W!�*BDCLK�FJH�O_HNK
Z_a W�EXS�EXW V�W KTSwHJ^NZP]`e>]�^NZAY�VLoTHJEGZPS@EGFdatZPV�SLY5HJC�^NZPV�h�CUO oMZPW*Q�EXS�O_HJEGZPS~Z_aqo�O_rGoTV�rXVLFIZ_a
k�O_^JEiO_HJEGZPSLF�O_SLY@SLZPS�rXEXSLK�O_^{]�^NZPh�^�O_W�W�EXS�h>gIEXHJCUoMZPSLFNHJ^�O_EXSwHNF��
�mS>HJCLK�uLS�O_r�o�C�O_]�HNKT^IEXS5HJCLK\HJCLKMFJEGF � bdC�O_]�HNKT^{� � gdK�W�EXS�EXW�E$#�K�HJCLK�KTS`HJ^NZP]we5]�^NZ`Y�VLo¡�
HJEGZPS@Z_axO FJEXW�]�rXEvu�KMY<klKT^NFJEGZPS@Z_a HJCLK\]�^NZP]�O_SLK�Y�KTCwe�Y�^NZPhlKTS�O_HJEGZPSp]�^NZAoMKMFNF�� � ^NK�OPoTHNZP^
gIEXHJC�klKT^Je'FNEXW�EXriO_^*]�^NZP]RKT^JHJEGKMF+OPFyHJCLK>ZPSLK�EXS:bdC�O_]�HNKT^�¢@EGFyVLF�KMY �5BDC�EGF*h�EXklKMF8HJCLK
ZP]�HJEXW O_rDZP]�KT^�O_HJEXS�h~oMZPSLY�EXHJEGZPSLF Z_a{O_rXrdHJCLK�]�^NZ`oMKMF�F8V�S�EXHNF � OPF8g}KTrXr}OPF FNZPW�K�Y�KMFJEXh�S
]�O_^�O_W�KTHNKT^NF��-BDC�EGF�EXS�atZP^JW O_HJEGZPS6o�O_S$Q�K<EXW�]RZP^JH�O_SwH EXS EXHNFNKTrva � Q�V�H�EXH�EGF�ZPV�^�hlZlO_r
HNZpO_SLFJg}KT^*FNZPW�K�]�O_^JHJEGoTV�riO_^JrXe'EXSwHNKT^NKMFNHJEXS�h�z`VLKMFJHJEGZPSLF*O_QRZPV�HyHJCLK�g}OMe'HJC�EGFy]�^NZAoMKMFNF
FJCLZPV�rGY<QRKyZP]RKT^�O_HNKMY � � klKT^Je<FJEXW�]�rXEvu�KMYpFNo�CLKTW O_HJEGoy]�EGoTHJV�^NK8Z_a�O�oNCLKTW�EGo�O_r�]�^NZAoMKMFNF
EGF*h�EXklKTS EXS �xEXh �d��� ��� � atHNKT^8HJCLK�a|KMKMY EGF*W�E*��KMY gIEXHJC:O@^NKMoTe�oTrGK FNHJ^NK�O_W � EXH+KTSwHNKT^NF

Feed
Reactor Separation

Recycle

By−product

Product
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ZPSLK�ZP^\W�ZP^NK ^NK�OPoTHNZP^NF(�8BDCLK+^NK�OPoTHNZP^ �tF ��o�O_S~QRK+ZP]�KT^�O_HNKMY=O_SLY'Y�KMFJEXh�SLKMY~HNZ5h�EXklK�O
C�EXh�C:ZP^8rGZ�g0Y�KTh�^NKMK>Z_a
oMZPSwklKT^NFJEGZPS � O_SLY=HJC�EGF*gIEXrXrcZ_a HNKTS�EXS��LVLKTSLoMK�HJCLK�F�KTrGKMoTHJEXk`EXHme
EXS<HJCLK\^NK�OPoTHJEGZPSLF���BqZ ]�^NZAY�VLoMK8O ]�^NZ`Y�VLoTHIZ_axO h�EXklKTS@]�V�^JEXHme � Qwe`��]�^NZ`Y�VLoTHNFIW VLFJHDQ�K
FNKT]�O_^�O_HNKMY=a ^NZPW HJCLK�]�^NZAY�VLoTH8EXS O5FNKT]�O_^�O_HJEGZPS FNKMoTHJEGZPS���BDC�EGFyhlKTSLKT^�O_r riO�elZPV�H*Z_aIO
o�CLKTW�EGo�O_r ]�^NZAoMKMFNFIrGK�OPY�F
VLF
HNZ�OPFJ�>HJCLKyatZPrXrGZ�gIEXS�h zwVLKMFNHJEGZPSLF��

W �6CLKT^NKyEXSUHJCLK�]�^NZ`oMKMFNF�O_^NKyHJCLKyh�^NK�O_HNKMFJH
rGZ�F�FNKMFIZ_a K	��KT^Jh�e4<
W �6C�O_H
EGF
HJCLK8ZP]�HJEXW O_r�^NKMoTe�oTrGK���Z�g oMZPW�]�O_^NKMYUHNZ+atKMKMY ��Z�g <
W �6C�O_H
EGF
HJCLK8ZP]�HJEXW O_r oMZPSwklKT^NFNEGZPS~O_SLYpFNKTrGKMoTHJEXkAEXH e<EXS@HJCLKy^NK�OPoTHNZP^ �tF � <
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W �6C�O_HDZPHJCLKT^D]�O_^�O_W�KTHNKT^NF{O_^NK\EXW�]�ZP^JH�O_S`HDatZP^DZPQ�H�O_EXS�EXS�h�O_S<K�� oTEGKTS`HI]�^NZ`oMKMF�F=<
W �6C�EGo�C@]�^NKTW�EGFNKMF{O_SLYpOPFNFJV�W�]�HJEGZPSLF�O_^NK�SLKMoMKMFNF�O_^Je5HNZ�W O_�lK�EXSpZP^NY�KT^DatZP^
ZPV�^
W�KTHJCLZ`Y�ZPrGZPh�e<HNZ�g}ZP^J�<ZPSUO�]�^NZ`oMKMFNF <

�mS bdC�O_]�HNKT^ �pgdK5HJ^Je=HNZ=O_SLFJgdKT^+HJCLKMFNK5zwVLKMFJHJEGZPSLF+Q`e W�EXS�EXW�E$#MEXS�h=HJCLK>oMZPW Q�EXSLKMY
KTS`HJ^NZP]we ]�^NZAY�VLoTHJEGZPS6Z_a8O_rXr{HJCLK@V�S�EXHNF EXS6O~]�^NZ`oMKMF�F�HJC�O_H oMZPS`klKT^JHNF ]�^NZP]�O_SLKUEXSwHNZ
]�^NZP]`e`rGKTSLK��8BqZ>uLSLY�HJCLK�FJH�O_HNK�Z_acW�EXS�EXW V�W KTSwHJ^NZP]`e�]�^NZAY�VLoTHJEGZPS � gdK�KTW�]�rGZ�e�HJCLK
F�O_W�K\ZP]�HJEXW�E$#�O_HJEGZPS@HNKMoNC�S�EGz`VLKyOPF}EXS@bdC�O_]�HNKT^{¤���O FNKMzwVLKTS`HJEiO_rszwV�OPY�^�O_HJEGo\]�^NZPh�^�O_W��
W�EXS�h�HNKMo�C�S�EGzwVLK8gIEXHJCpQ�ZPHJC�KMzwV�O_rXEXHme@O_SLY<EXSLKMz`V�O_rXEXH epoMZPSLFNHJ^�O_EXSwHNF��
�cOPo�C oNC�O_]�HNKT^ C�OPFyQRKMKTS=gI^JEXHJHNKTS�OPFyEXSLY�KT]RKTSLY�KTSwH*]�O_^JHNF O_SLY O_^NK�]�V�Q�rXEGFJCLKMY=EXS ZP^
FJV�Q�W�EXHJHNKMYpHNZ�EXSwHNKT^JS�O_HJEGZPS�O_r ��ZPV�^JS�O_rGF �_oMZPS�a|KT^NKTSLoMKMF�gIEXHJCp^NKTk`EGKTg?FJeAFNHNKTW�F��
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f\ZPSLKMzwV�EXrXEXQ�^JEXV�W HJCLKT^JW�Z`Y�eAS�O_W�EGoMF �tf���B��
Z�
RKT^NF�O�FJe�FJHNKTW O_HJEGoyg}O�e@HNZ�Y�KT^JEXklKyHJCLK
rGZAo�O_rcKTSwHJ^NZP]`e=]�^NZ`Y�VLoTHJEGZPS�^�O_HNK � ? � Z_a
O@FJe�FJHNKTW!��BDCLK�HNZPH�O_rdKTSwHJ^NZP]we ]�^NZ`Y�VLoTHJEGZPS
^�O_HNK\EGF}HJCLK\EXSwHNKTh�^�O_r�Z_aqHJCLK\rGZAo�O_r�KTS`HJ^NZP]we<]�^NZAY�VLoTHJEGZPS5^�O_HNK�Z�klKT^IHJCLK�klZPrXV�W�K � � � Z_a
HJCLK8FNeAFJHNKTW � Q�V�H � EXS�O�FNH�O_HJEGZPS�O_^JepFJH�O_HNK � EXH
EGF�O_rGFNZ KMz`V�O_r�HNZ�HJCLK8KTS`HJ^NZP]we �LV��pZPV�H �
" �& � W�EXSwVLF{HJCLK8KTSwHJ^NZP]`e �LV��5EXS`HNZ�HJCLK8FJe�FJHNKTW � " �& �� � ���� � �

� � ����� ? � � � " �&�� " �&���� �|���X� �

BDCLKIKTS`HJ^NZP]we �LV��+Y�E*
sKT^NKTSLoMK � O_SLY�HJCLKDEXSwHNKTh�^�O_r Z�klKT^ ? � o�O_S�QRK}o�O_rGoTV�riO_HNKMY�EXSLY�KT]�KTS��
Y�KTS`HJrXe � O_SLYUW*VLFJH\h�EXklK8HJCLK F�O_W�K O_SLFNgdKT^��
BDCLK+KTSwHJ^NZP]`ep]�^NZ`Y�VLoTHJEGZPS~^�O_HNK hlZ�klKT^JSLF
HJCLKyHJ^�O_SLFN]�ZP^JH
]�^NZAoMKMFNFNKMFDHJC�O_H{H�O_�lKy]�riOPoMKyEXSpHJCLKyFJe�FJHNKTW!� � KyC�O�klK��

? ��� . "%. � . ��� �|��� ���

gICLKT^NK�"%.�O_SLY�� .�O_^NKyoMZPSP��V�hwO_HNK �LV��A�|atZP^NoMK�]�O_EX^NF��c�cOPoNC �LV��5EGF{O+rXEXSLK�O_^�oMZPW*Q�EXS�O��
HJEGZPSUZ_a�O_rXrRa|ZP^NoMKMF��

"%. � � 0 -/.10���0 �|��� £��

BDC�EGF\W�K�O_SLF�HJC�O_Hyf��cB?h�EXklKMF �LV��'KMzwV�O_HJEGZPSLF\EXS O_h�^NKMKTW�KTSwHygIEXHJC'HJCLK�FNKMoMZPSLY~riOMg
Z_acHJCLKT^JW�ZAY�eAS�O_W�EGoMF � O_SLY~HJC�O_H�HJCLK+HJCLKMZP^JeUZ�
sKT^�O>]RZ�FNFJEXQ�EXrXEXHmepHJC�^NZPV�h�C=��z � �|���X� �
HNZ�o�CLKMoN�5a|ZP^
oMZPSLFJEGFJHNKTSLoTe<EXS@HJCLKyHJCLKyW�ZAY�KTrGFIHJC�O_H�O_^NKyVLF�KMY �
BDCLK VLFNK¡a V�rXSLKMF�F*Z_a
f��cB�HNZUY�KMF�oT^JEXQ�K EXSLY�VLFJHJ^JEiO_rc]�^NZPQ�rGKTW�F+C�OPF8QRKMKTS�z`VLKMFJHJEGZPSLKMY �
QRKMo�O_VLFNKDHJCLKMFNK}]�^NZPQ�rGKTW�FdO_^NK}at^NKMz`VLKTSwHJrXe+SLZPS���rXEXSLK�O_^�� � H EGF HJCLKTS�EXW�]RZP^JH�O_SwH�HNZ��ASLZ�g
HJC�O_H\HJCLK��LV��`�|a|ZP^NoMK*^NKTriO_HJEGZPSLF\EXS'��z)� �|��� £���Y�KMFNoT^JEXQRK+O_rGF�Z SLZPS���rXEXSLK�O_^�]�CLKTSLZPW�KTS�O��
BDCLK}]�CLKTSLZPW�KTSLZPrGZPh�EGo�O_r oMZAK�� oTEGKTSwHNF -/.10Do�O_S+atZP^ EXSLFJH�O_SLoMK}QRKcatV�SLoTHJEGZPSLF Z_a�HJCLKIFJH�O_HNK
k�O_^JEiO_Q�rGKMF�� �}e~EXSLoTrXVLY�EXS�hUEXS`HNKT^JS�O_rck�O_^JEiO_Q�rGKMF8EXS=HJCLK�HJCLKT^JW�ZAY�e`S�O_W�EGo>Y�KMFNoT^JEX]�HJEGZPS �
ZPSLK+o�O_S�K	��HNKTSLYUHJCLK+O_]�]�rXEGo�O_HJEGZPS=Z_acf���B HNZ5OPoTHJEXk�O_HNKMY�]�^NZ`oMKMFNF�KMF�� �LZP^\HJCLKMFNK8^NK�O��
FNZPSLF � f\��B O_]�]�K�O_^NF\HNZAYLOMe�OPF�O�SLZPS���rXEXSLK�O_^8O_SLY�klKT^NF�O_HJEXrGK HJCLKMZP^JepHJC�O_H�O_]�]�rXEGKMF�HNZ
W O_S`e ]�^�OPoTHJEGo�O_r}oMZPSLY�EXHJEGZPSLF � ��O�atFN���JZPrGY O_SLY �\O_HJ���JKU������¤ � �{��Ft�JZP^NY�K KTH�O_r��q������� �
�}�JKTrGFJHJ^JV�] O_SLY8�DKMY�K�O_V��*������� � �DKMY�K�O_V���������¢ � �DKMY�K�O_V��*O_SLY 
 O�#MV�^x������� � �{KTh�VLKT^�O
O_SLY5�
V�Q�Es������� � �xKT^NK #T� 
 OPY�^JEGYpKTH}O_r��������_� � ��EXriO_^IO_SLY>�{V�Q�ER������� � �{��F|��ZP^NY�K\KTH}O_r��
������� �	�
�mH{EGF�O�W�EGFNV�SLY�KT^NFJH�O_SLY�EXS�h<HJC�O_H{HJCLK �LV��UKMz`V�O_HJEGZPSLF\SLKMKMYUQRKyrXEXSLK�O_^�ZPSUHJCLK
h�rGZPQ�O_r�rGKTklKTr �t[\KTW�EX^NKTr ���������	�
BDCLKIHNZPH�O_r KTSwHJ^NZP]we�]�^NZAY�VLoTHJEGZPS ^�O_HNKDHJEXW�KMFcHJCLKDHNKTW�]�KT^�O_HJV�^NK�Z_a�HJCLK
KTS`k`EX^NZPS�W�KTS`HcEGF
KMz`V�O_r�HNZ�HJCLK}K	��KT^Jh�e Y�KMFNHJ^JVLoTHJEGZPS�^�O_HNK}EXS�O�]�^NZAoMKMFNF�� � ^NZAoMKMFNFNKMF gIEXHJC�FJW O_rXr�rGZ�FNFNKMF EXS
K	��KT^Jh�e � C�O�klKdO}C�EXh�C*F�KMoMZPSLYyriOMg:K�� oTEGKTSLoTe&� � C�EXh�C*FNKMoMZPSLY8riOMg K�� oTEGKTSLoTe � ZP^ K	��KT^Jh�e



�9
���� � � �	� �B� � �	�����,� � � ���R����� � ��� ��� � ���

K�� oTEGKTSLoTe � EGF
FNKTrGY�ZPW O�FN]�KMoTEvu�o8O_EXW EXSU]�^NZ`oMKMFNF{Y�KMFJEXh�S�� � SpEXSLoT^NK�OPFJEXS�h�g}ZP^JrGY�gIEGY�K
oMZPSLoMKT^JS atZP^}bI� � KTW�EGFNFJEGZPS�W O�e�oNC�O_S�hlK�HJC�EGF�� 
 V�rXHJEv� ZPQ��JKMoTHJEXklK{ZP]�HJEXW�E$#�O_HJEGZPS � gIEXHJCFJW O_rXrdKTSwHJ^NZP]we=]�^NZAY�VLoTHJEGZPS OPF8ZPSLK�H�O_^JhlKTH � W OMe'HJCLKTS QRK�EXS`HNKT^NKMFJHJEXS�hUEXS o�CLKTW�EGo�O_r
KTS�h�EXSLKMKT^JEXS�h5Y�KMFJEXh�S��

� ��� � � � ����� � � � ����� � ��
�� � ����#�� �
	���� �
f\ZPSLKMzwV�EXrXEXQ�^JEXV�W;HJCLKT^JW�Z`Y�eAS�O_W�EGoMF}g}OPFcatZPV�SLY�KMY Qwe ��SLF�O_hlKT^�������£���O � Q �	��BDCLK
HJCLK¡�
ZP^Je"g}OPFUa V�^JHJCLKT^�KTriO_Q�ZP^�O_HNKMY Qwe�[�K��\^NZAZPHUO_SLY 
 O�#MV�^ �������_� �pO_SLY � ^JEXhlZPh�EXSLK
������¤�¤��	� BDCLK<HJCLKMZP^Je:EGF�Q�OPFNKMY ZPS HJCLK<CweA]RZPHJCLKMFJEGF�Z_a�rGZAo�O_r
KMz`V�EXrXEXQ�^JEXV�Wp� � klZPrv�
V�W�K=KTrGKTW�KTS`HpEXS�O:SLZPSLKMzwV�EXrXEXQ�^JEXV�W FNeAFJHNKTW EGF<EXS/rGZAo�O_ryKMzwV�EXrXEXQ�^JEXV�W � gICLKTS/HJCLK
SLZP^JW O_r HJCLKT^JW�ZAY�e`S�O_W�EGo�^NKTriO_HJEGZPSLF8O_]�]�rXepHNZ5HJCLK+KTrGKTW�KTSwH�� � k`EGY�KTSLoMK+EGF�KTW�KT^Jh�EXS�h
HJC�O_HDW O_Swe@FJe�FJHNKTW�FDZ_aqEXS`HNKT^NKMFJH
HNZ+HJCLK�]�^NZAoMKMFNFDEXSLY�VLFJHJ^Je � O_^NK�EXS<rGZ`o�O_r�KMz`V�EXrXEXQ�^JEXV�W
Q`eUHJC�EGF8oT^JEXHNKT^JEGZPS � ��O�a|FJ���JZPrGY=O_SLY=��O_HJ����K5������¤ � ����Ft��ZP^NY�K�KTH*O_r��s���������	� ��SLF�O_hlKT^
]�^NKMFNoT^JEXQRKMY5HJC�O_H
K�OPoNC �LV��5Q�K�oMZPS�SLKMoTHNKMY@HNZ+EXHNFIoMZPSP��V�hwO_HNK\atZP^NoMK\kAEiO*HJCLKyK	��HNKTSLFJEXklK
k�O_^JEiO_Q�rGK{HJC�O_HIY�K¡uLSLKMFDHJCLK��LV�� ����SLF�O_hlKT^y����£���O � Q � b}ZPrGKTW O_SpO_SLY<B�^JVLKMFNY�KTrXr ����¢����	�
��SLF�O_hlKT^+OPFNFJV�W�KMY=HJC�O_H HJCLK�kPO_^JEiO_Q�rGKMF+O_SLY=HJCLK�^�O_HNK�riOMg
F gdKT^NK�HJCLK>F�O_W�K�ZPS HJCLK
W OPoT^NZ�FNoMZP]�EGo O_SLY<HJCLKyW�EGoT^NZ�FNoMZP]�EGoyrGKTklKTr ��HJC�EGF
EGFDHJCLKyFNZ_� o�O_rXrGKMY@^NKTh�^NKMFNFJEGZPSUCweA]�ZPHJC��
KMFJEGF(�?j\FJEXS�h O_rGFNZ:HJCLK~OPFNFNV�W�]�HJEGZPS(Z_a W�EGoT^NZ�FNoMZP]�EGo'^NKTklKT^NFJEXQ�EXrXEXH e � CLK�]�^NZ�klKMY(HJCLK
^NKMoTEX]�^NZAo�O_r�^NKTriO_HJEGZPSLF

-/.10 � -	0 . �|��� � �

BDCLKMFNK'OPFNFJV�W�]�HJEGZPSLF<^NKMFNHJ^JEGoTH5HJCLK~k�O_rXEGY�EXH e"Z_a+f\��B � Q�V�HpOPF@FJH�O_HNKMY(O_QRZ�klK � HJCLKTe
C�O�klK+O�gIEGY�K*^�O_S�hlK+Z_a�kPO_rXEGY�EXHme&�{�mH{C�OPF�rGZPS�h>QRKMKTSU�ASLZ�gIS'HJC�O_H�HJCLK f�OMkAEGKT^���n`HNZP�lKMF
KMz`V�O_HJEGZPSLF�O_^NK oMZPSwH�O_EXSLKMY�EXS�f\��B �t[�K �\^NZAZPH\O_SLY 
 O�#MV�^+�����_� �	�If���B�C�OPF{W�ZP^NK
^NKMoMKTS`HJrXe�Q�KMKTS<K	��HNKTSLY�KMY>HNZ+Y�K�O_r�gIEXHJC>HJ^�O_SLFJ]RZP^JHIOPoT^NZ�FNFDFJV�^�a|OPoMKMF��t�DKMY�K�O_V���������¢�� �
HNZ�zwV�O_S`HJV�W�W�KMoNC�O_S�EGo�O_rLFJe�FJHNKTW�F �t�DKMY�K�O_V���O_SLY 
 O�#MV�^ ������� � � O_SLY+HNZ�W�KMFNZ�FNoMZP]�EGo
FJe�FJHNKTW�F �t�{KTh�VLKT^�O'O_SLY:�
V�Q�EI������� � �xKT^NK #T� 
 OPY�^JEGY$KTH�O_r��}�����_� � ��EXriO_^�O_SLY:�
V�Q�E
������� �	� � K~C�OMklK=o�CLZ�FNKTS(HNZ:EXrXrXVLFJHJ^�O_HNK=f��cB gIEXHJC/o�OPFNKMF<Z_a*HJ^�O_SLFN]�ZP^JH<HJC�^NZPV�h�C
FJV�^�a�OPoMKMFIEXS@HJCLK�a|ZPrXrGZ�gIEXS�h>FNKMoTHJEGZPSLF��

� ��� ��� � � ����� � ��
 ��� � � � �
� � � � ��� � ����� ���
� C�OPF�KcHJ^�O_SLFJEXHJEGZPSLF O_^NK}oMKTSwHJ^�O_r�EXS+W O_Swe8EXSLY�VLFJHJ^JEiO_r�]�^NZPQ�rGKTW�F � a|ZP^xEXSLFJH�O_SLoMKcEXS�Y�EGFJHJEXrv�
riO_HJEGZPS � O_QLFNZP^J]�HJEGZPS � oMZPSLY�KTSLF�O_HJEGZPS � W O_SwV�a�OPoTHJV�^NK�Z_a�rXEGzwV�EGY�S�O_HJV�^�O_rqhwOPF � O_SLYUW*V�rv�
HJEX]�C�OPFNK ��Z�g � � K FNC�O_rXrcVLFNK�HJCLK rXEGzwV�EGY ��k�O_]RZP^*HJ^�O_SLFJEXHJEGZPS�HNZpEXrXrXVLFJHJ^�O_HNK HJCLK�Q�OPFJEGo
C`e`]RZPHJCLKMFNKMF O_SLY�VLFNK¡atV�rXSLKMFNF*Z_a
f\��B�a|ZP^ FNV�^�a|OPoMKMF � O@^NKTriO_HJEXklKTrXe=SLKTg9O_]�]�rXEGo�O_HJEGZPS��
�LZP^+O_]�]�rXEGo�O_HJEGZPSLF8HNZ@CLZPW�ZPhlKTSLKMZPVLF ]�C�OPFNKMFyEXH8EGF8^NK¡atKT^J^NKMY=HNZ<HJCLK�Q�OPFJEGo�rXEXHNKT^�O_HJV�^NK �
FNKMK*nAKMoTHJEGZPS~��� ���
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����Ft��ZP^NY�K:KTH O_r�� �|������� �~FNHJVLY�EGKMY?HJCLK:]�C�OPFNK�HJ^�O_SLFJEXHJEGZPS�EXS�O6]�V�^NK �LV�EGY � VLFJEXS�h
SLZPSLKMz`V�EXrXEXQ�^JEXV�W�W�ZPrGKMoTV�riO_^cY�eAS�O_W�EGoMF FJEXW*V�riO_HJEGZPSLF �tf�� 
 [ �	��BDCLKDf�� 
 [6W�KTHJCLZ`Y
FNZPrXklKMF}f\KTgIHNZPS�� FdKMz`V�O_HJEGZPSLFDZ_aRW�ZPHJEGZPS>a|ZP^dFNKTklKT^�O_r�HJCLZPVLF�O_SLY>]�O_^JHJEGoTrGKMFdEXS<O_S EXW O_hP�
EXS�O_^Je�Q�Z�� � FNKMK ��O�atFN���JZPrGY �|���������{a|ZP^8O>^NKTk`EGKTg � BDCLK�]�O_^JHJEGoTrGKMFyEXSwHNKT^�OPoTHNKMY=gIEXHJC O
��KTS�S�O_^NYA� 'wZPSLKMFdHme`]RKD]�O_EX^�]RZPHNKTSwHJEiO_r�� BDCLKI]�C�OPF�KIY�EiO_h�^�O_W O_SLY�HJCLK
FJV�^�a�OPoMKDHNKTSLFJEGZPS
OPFyO�a V�SLoTHJEGZPS=Z_acHNKTW�]RKT^�O_HJV�^NK�Z_acHJCLK�FJe�FJHNKTW gDOPF\uL^NFJHyY�KTHNKT^JW�EXSLKMY �t�{��Ft�JZP^NY�K KTH
O_r��R���������	��BDCLK+KTSLY�F\Z_acHJCLK Q�Z��UgdKT^NK+HJCLKTS'HJCLKT^JW�Z�FJH�O_HJHNKMY~HNZ>h�EXklK�O_S'KTSLZP^JW�ZPVLF
HNKTW�]RKT^�O_HJV�^NK8h�^�OPY�EGKTS`H�� �LZP^�O_^JhlZPS���rXEX�lK*]�O_^JHJEGoTrGKMF
HJCLKyh�^�OPY�EGKTS`H{gDOPF*�����M����W!��BDCLK
HNKTW�]RKT^�O_HJV�^NKMF�Z_a HJCLK KTSLY�F{g}KT^NK+O_rGF�Z oNCLZ�F�KTS�FNZ HJC�O_H\O�rXEGz`V�EGYA��k�O_]�ZP^�EXSwHNKT^�a�OPoMK KMF��
H�O_Q�rXEGFJCLKMY5EXHNFNKTrva�� BDCLK{]RZ�FJEXHJEGZPS<Z_a�HJCLK�FNV�^�a|OPoMK{g}OPF}HJCLKTS@Y�KTHNKT^JW�EXSLKMY � OPoMoMZP^NY�EXS�h+HNZ
�xEXh � ���X���DBDCLK*FJV�^�a�OPoMK8FJH�O_^JHNKMYUgICLKT^NK8HJCLK KMzwV�O_HJEGZPS~Z_a FNH�O_HNK�atZP^{HJCLK8k�O_]�ZP^
gDOPF{SLZ
rGZPS�hlKT^�k�O_rXEGY � O_SLY~KTSLY�KMY~gICLKT^NK+HJCLK+Y�KTSLFNEXH epEXS~HJCLK+rXEGzwV�EGY�]�C�OPFNK+FJH�O_^JHNKMY~HNZ k�O_^Je
EXS�O+rXEXSLK�O_^{g}OMe&�

0 10 20 30 40 50 60 70
0

0.5

1

1.5

2

2.5

3

3.5
x 10

4

����������� ��!"� ���?�'.9+'�"1�LNC )��'��)>1��:3�.4)�0���3Q+D+	) .�3>.JUR�K+�3>1��9�'�B=@)�&����	�
� 0D��&K& $ �"1��
���'.J.�)>�58�U
�/3�. �B+,+A6 & �". �H6 )���1���0�& �B+2! � � �%���>1R�'.9+'��3>. 35(,1��9� +'�/�"(*)�0D�	�K+ �".�8��:0�)>1R��8 $ ��1��

CQ�'��1��:0�)�& %�)��D+2!

�mH�g}OPFxKMFJH�O_Q�rXEGFJCLKMY HJC�O_H HJCLKdFJV�^�a�OPoMK�g}OPFqEXS*rGZAo�O_r`KMz`V�EXrXEXQ�^JEXV�Wp� BDCLKdFJV�^�a�OPoMK�HNKTSLFJEGZPS
o�O_rGoTV�riO_HNKMY*atZP^ HJCLK�FJe�FJHNKTW�gIEXHJC+OIh�^�OPY�EGKTSwH � g}OPF EXSLY�KMKMY8HJCLKdF�O_W�KcOPFsa|ZP^�HJCLK�FNeAFJHNKTW
EXS<h�rGZPQ�O_r KMz`V�EXrXEXQ�^JEXV�W O_H
O+h�EXklKTS@HNKTW�]�KT^�O_HJV�^NK � F�KMK �xEXh ����� ��� BDCLK��LV���KMF}atZP^DCLK�O_H



�9
�� ��� � ���9� ��� �*� ��� � ��� � � ���B� � ��� ��� ��� � ���

75 80 85 90 95 100 105 110 115
0

1

2

3

4

5

6

7
x 10

−3

With gradient
Global equi.
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O_SLY@W OPF�F{OPoT^NZ�FNFIHJCLK8FNV�^�a|OPoMKyo�O_SpQRK�gI^JEXHJHNKTS��

" ') � � 3 ) ) � ���� 	 � 3 )�� ����� 7
7 ; � � � 	

�|��� ¤��

" � � 3 � ) � ���� 	 � 3 ��� ����� 7
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gIEXHJC�HJCLK8FJV�^�a�OPoMKyHJ^�O_SLF�a|KT^�oMZAK�� oTEGKTSwHNF 3 . 7 �dBDCLK*oMZAK�� oTEGKTSwHNF\ZPQ�KTe@��z)���|��� � � �cBDCLK
riOPFJH+KMzwV�O_HJEGZPS F�O�eAF HJC�O_H�KTkPO_]RZP^�O_HJEGZPS:ZP^+oMZPSLY�KTSLF�O_HJEGZPS H�O_�lKMF+]�riOPoMK � gICLKTS�HJCLKT^NK
EGF O=HJCLKT^JW O_r
a|ZP^NoMK �|O=Y�E*
sKT^NKTSLoMK@EXS$EXSwklKT^NF�KpHNKTW�]RKT^�O_HJV�^NK � � O_SLY �_ZP^ gICLKTS$HJCLKT^NK
EGF�OUo�CLKTW�EGo�O_rD]�ZPHNKTS`HJEiO_r
Y�E*
RKT^NKTSLoMK � HJCLK ]�^NKMF�FJV�^NK>Z_a�HJCLK k�O_]�ZP^+Y�E*
RKT^NF at^NZPW HJCLK
F�O_HJV�^�O_HJEGZPS=]�^NKMF�FJV�^NK�O_H\HJCLK+HNKTW�]RKT^�O_HJV�^NK�Z_adHJCLK+rXEGz`V�EGY �	�*BDCLK uL^NFJHyKMzwV�O_HJEGZPS=o�O_S
QRK�^NKMo�OPFJH
EXS`HNZ

" ') � � / � � � : ; " �|��� � �

�\KT^NK / EGF<HJCLK=FNH�O_HJEGZPS�O_^Je(FNH�O_HNK'HJCLKT^JW O_r*oMZPSLY�VLoTHJEXk`EXHme � O_SLY : ; EGF<HJCLK=CLK�O_HpZ_a
HJ^�O_SLF�a|KT^��yBDCLK+^NKMFJV�rXHNF�Z_acHJCLK�FJEXW*V�riO_HJEGZPSLF\a|ZP^ / O_SLY : ; O_^NK+FJCLZ�gIS OPFyO�a V�SLoTHJEGZPS
Z_a FJV�^�a�OPoMK�HNKTSLFJEGZPS>EXS��xEXhlF������ £ �|O��cO_SLY<��� £ � Q �	��BDCLK�HJ^�O_SLF�a|KT^doMZAK�� oTEGKTSwHNFIY�KMoT^NK�OPFNK
EXS W O_h�S�EXHJVLY�K<OPF8g}K�W�Z�klK at^NZPW HJCLK�oT^JEXHJEGo�O_rc]RZPEXSwH EXS HJCLK�]�C�OPF�K�Y�EiO_h�^�O_W � #�KT^NZ
FJV�^�a�OPoMK}HNKTSLFJEGZPS � HNZ\HJCLKdHJ^JEX]�rGKD]RZPEXSwH�� W O%��EXW*V�W�FJV�^�a�OPoMK}HNKTSLFJEGZPS �	� � HxEGF ^NK�OPFNZPS�O_Q�rGK
HJC�O_H�HJCLK�FJV�^�a�OPoMK*QRKMoMZPW�KMF�W�ZP^NK+^NKMFJEGFJHJEXklK�O_H�C�EXh�C=FJV�^�a�OPoMK+HNKTSLFJEGZPSLF��yBDCLK+^NKMFJV�rXHNF
O_^NK
oMZPW�]�O_^NKMY�HNZ8oMZPW�]�V�H�O_HJEGZPSLF�at^NZPW��AEXSLKTHJEGoIHJCLKMZP^Je�EXS�HJCLK
F�O_W�K}uLh�V�^NKMF�� ��EXSLKTHJEGo
HJCLKMZP^Je=]�^NKMY�EGoTHNF+]�^NZP]RKT^JHJEGKMF8a|ZP^*C�O_^NY�FJ]�CLKT^NKMF+O_SLY:Y�EXrXV�HNK�hwOPF�KMF��@� SLY�KMKMY � g}K>FNKMK
at^NZPW HJCLK�uLh�V�^NKMF � HJC�O_H+HJCLK<oTrGZ�FNKT^�ZPSLK<oMZPW�KMF�HNZ�HJCLK>HJ^JEX]�rGK5]RZPEXSwH � HJCLK>oTrGZ�FNKT^�EGF
HJCLK5O_h�^NKMKTW�KTSwH+Q�KTHmgdKMKTS:HJCLKMZP^Je O_SLY FJEXW V�riO_HJEGZPSLF��@BDCLK�CLK�O_H+Z_aDHJ^�O_SLFJatKT^*o�O_S�Q�K
FJEXh�S�Evu�o�O_S`H � EXHNF W�EXS�EXW V�W�k�O_rXVLKDCLKT^NKdEGF���� �2Z_a�HJCLK}CLK�O_H�Z_aRKTk�O_]�ZP^�O_HJEGZPS�� BDCLKDriOPFJH
HNKT^JW�EGFxat^NKMz`VLKTSwHJrXe�SLKTh�rGKMoTHNKMY�EXS�HJCLKT^JW O_rLW�ZAY�KTrXEXS�h*Z_aREXSwHNKT^�a�OPoMKIHJ^�O_SLFJ]RZP^JH�� � S�HJC�EGF
o�OPFNK � EXH*gDOPFya|ZPV�SLY HJC�O_H HJCLK �LV�� KMzwV�O_HJEGZPSLF gdKT^NK>rXEXSLK�O_^*EXS HJCLK�a|ZP^NoMKMF � KTklKTS atZP^
riO_^JhlK�h�^�OPY�EGKTS`HNF�� �mH\g}OPFyHJC`VLF�SLZPH\SLKMoMKMF�F�O_^JeUHNZ<EXS`klZP�lK�O SLZPS���rXEXSLK�O_^8Y�KT]RKTSLY�KTSLoMK
ZPSpHJCLK\a|ZP^NoMKMF � rXEX�lKyEXHIEGF{Y�ZPSLKyEXSUFJH�O_HJEGFJHJEGo�O_rs^�O_HNK8HJCLKMZP^Je � � O_S�h>O_SLY � O_^NY ���������	�
�sEXHJHJrGKcFJeAFNHNKTW O_HJEGo EXS�atZP^JW O_HJEGZPS*EGFs�`SLZ�gIS+O_QRZPV�H�FJV�^�a�OPoMK HJ^�O_SLF�atKT^qoMZ`K�� oTEGKTS`HNF��qBDCLKT^NK
O_^NKyEXSLY�EGo�O_HJEGZPSLF\HJC�O_H
HJCLK FJV�^�a�OPoMKyHJ^�O_SLF�a|KT^{oMZ`K�� oTEGKTS`HNF{W O�epY�KT]�KTSLYUZPSUHJCLKy^�O_S�hlK
Z_aR]�O_^JHJEGoTrGK
EXS`HNKT^�OPoTHJEGZPS �t�}�JKTrGFJHJ^JV�] KTHdO_r��`������£��	� BDCLK
KTSwHJ^NZP]`e�]�^NZ`Y�VLoTHJEGZPS>^�O_HNKI]�KT^
W � Z_aDO_^NK�O � o�O_S=Q�K+C�EXh�C'a|ZP^�HJCLK�FJV�^�a|OPoMK � W�K�O_S�EXS�hpHJC�O_HyHJCLK�FJV�^�a�OPoMK�oMZPSLY�VLoTHJEXkw�
EXHme~]RKT^yW EGF8FNW O_rXrGKT^*HJC�O_S HJCLK�oMZPSLY�VLoTHJEXkAEXH e Z_aDHJCLK�CLZPW�ZPhlKTSLKMZPVLF ]�C�OPFNKMF����}V�H �
FJEXSLoMK�HJCLK�CLZPW�ZPhlKTSLKMZPVLF*]�C�OPFNKMF*O_^NK�HJC�EGo��lKT^8HJC�O_S=HJCLK�FJV�^�a�OPoMK � HJCLKMFNK�]�C�OPFNKMF�gIEXrXr
FJHJEXrXrch�EXklK�HJCLK Y�ZPW�EXS�O_HJEXS�h~HNZPH�O_rcoMZPSwHJ^JEXQ�V�HJEGZPS HNZ@HJCLK KTSwHJ^NZP]we ]�^NZ`Y�VLoTHJEGZPS:Z_a}HJCLK
FJe�FJHNKTW �t�}�JKTrGFJHJ^JV�]�O_SLYp[�Ky��Z`KTE �JKT^�������£��	�
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� ��� ��� � � � # ����� � ��� 	 ��� 
 � � ��� � ��������� ��� � � # � ���
[\EGFJHJEXrXriO_HJEGZPS oMZPrXV�W�SLF O_^NK�W OPY�K�HNZ@FNKT]�O_^�O_HNK O_HyrGK�OPFJHyHmgdZ�Y�E*
RKT^NKTS`H*oMZPW�]�ZPSLKTS`HNF��
BDCLKT^NK O_^NK�F�KTklKT^�O_rcY�E*
RKT^NKTS`H*Hme`]RKMF8Z_aIoMZPrXV�W�SLF���BDCLK OPFNFNV�W�]�HJEGZPS Z_aDKMz`V�EXrXEXQ�^JEXV�W
QRKTH g}KMKTS HJCLK�rXEGz`V�EGY�O_SLY kPO_]RZP^8HJC�O_H*rGK�O�klK K�OPo�C HJ^�OMe � EGF FJHJEXrXr�EXS�oMZPW�W�ZPS�VLFNK�HNZ
W�ZAY�KTrdHJ^�O�e�Y�EGFJHJEXrXriO_HJEGZPS�� BDCLK>g}ZP^J��Z_a���^JEGFNC�S�O~O_SLY � KMFNF�KTrXEXS�h�C �������l� �+FNCLZ�g
F �
CLZ�gdKTklKT^ � HJC�O_H�SLZPSLKMz`V�EXrXEXQ�^JEXV�W W�Z`Y�KTrGF�h�EXklK*^NKMFNV�rXHNF
HJC�O_HyO_^NK8klKT^JepY�E*
sKT^NKTSwH�a ^NZPW
HJCLZ�FNKyZPQ�H�O_EXSLKMYUgIEXHJCpHJCLKyKMz`V�EXrXEXQ�^JEXV�W OPFNFJV�W�]�HJEGZPS��
� Y�KMFNoT^JEX]�HJEGZPS�oMZPSLFJEGFNHNKTSwH
gIEXHJCpf\��B � EGFIHJCLK 
 O%��gdKTrXrv��n`HNK¡a�O_S�KMz`V�O_HJEGZPSLF �t��^JEGFJC�S�O
O_SLY � KMFNFNKTrXEXS�h�C6�����l� �	�U� S�HJCLK>O_]�]�rXEGo�O_HJEGZPS Z_a 
 O%��gdKTrXrv��n`HNK¡a�O_SLF�KMzwV�O_HJEGZPSLF � ZPSLK
at^NKMzwVLKTS`HJrXe SLKTh�rGKMoTHNF HJCLK@CLK�O_H>Z_a�HJ^�O_SLFJatKT^ � :<; �-BDC�EGF>OPF�FJV�W�]�HJEGZPS-W O�e:QRK@hlZAZ`Y
a|ZP^8hwOPFNKMF��5�mH8EGF8rGKMFNF*hlZ`ZAY'a|ZP^8rXEGz`V�EGY W�E*��HJV�^NKMF � ��O�atFJ���JZPrGY ���������	� � oMoMZP^NY�EXS�h�HNZ
nAKMoTHJEGZPS=£ � EXH�EGF{rXEX�lKTrXeUHJC�O_H�HJCLK CLK�O_H�Z_a�HJ^�O_SLF�a|KT^\]�riOMe�F\O_S~EXW�]�ZP^JH�O_S`H�^NZPrGK*EXS �LV��
KMz`V�O_HJEGZPSLF�a|ZP^cEXS`HNKT^�a|OPoMK�HJ^�O_SLFJ]RZP^JH��c��rXEXk`EGKT^��|������£���FNCLZ�gdKMY>HJC�O_Hda|O_EXrXV�^NK{HNZ8EXSLoTrXVLY�K
HJCLK{CLK�O_H}Z_a�HJ^�O_SLF�a|KT^}rGK�OPY�FdHNZ+O_S5KT^J^NZP^}V�]5HNZ ��� ��EXS>HJCLK{CLK�O_H �LV�� o�O_rGoTV�riO_HNKMY>atZP^
FNZPW�K�Hme`]�EGo�O_r ]�C�OPFNKyHJ^�O_SLFJEXHJEGZPSUoMZPSLY�EXHJEGZPSLF(�
BDCLK�KTSwHJ^NZP]`e�]�^NZAY�VLoTHJEGZPS'^�O_HNK � O_SLY~HJCLK+oMZPW�]�rGKTHNK�F�KTH\Z_aDKMzwV�O_HJEGZPSLF�HJC�O_H\a|ZPrXrGZ�g
F �
o�O_S6Q�KUW�Z�FJH5oMZPS`klKTS�EGKTSwHJrXe"gI^JEXHJHNKTS-a|ZP^ HJCLK�rXEGz`V�EGY$uLrXW � HJCLKUEXSwHNKT^�a�OPoMK=O_SLY-HJCLK
k�O_]�ZP^{uLrXW EXS~FNKT^JEGKMF �t�}KMY�K�O_V��'O_SLY��}�JKTrGFJHJ^JV�]=������£��	� �xEXrXW riO�elKT^NF�Z_a�HJC�EGoN�ASLKMFNFNKMF
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*�� O_SLY *�� EXS�HJCLK}rXEGzwV�EGY�O_SLY�HJCLK}k�O_]�ZP^�O_^NK}EXrXrXVLFJHJ^�O_HNKMY�EXS
�xEXh �x��� � � �"EXHJC�oMZPSLFNH�O_SwH
�LV���KMF � EXS'FNH�O_HJEGZPS�O_^Je~FJH�O_HNKMF �
HJCLK+EXS`HNKTh�^�O_HJEGZPS EGFyK�OPFJe&�8BDCLK�O_]�]�^NZlOPoNC g}OPFyo�O_rXrGKMY
HJCLKDEXS`HNKTh�^�O_HNKMY�EXSwHNKT^�a�OPoMK�O_]�]�^NZlOPo�C �t�DKMY�K�O_V�� O_SLY��}��KTrGFNHJ^JV�]>������£��	���LZP^�HJCLKIHJC�^NKMK
riO�elKT^NF�HJCLKIEXS`HNKTh�^�O_HNKMY>Z�klKT^�O_rXrLa|ZP^NoMKIEGF HJCLK
FJV�W;Z_a�HJCLKIEXS`HNKTh�^�O_HNKMY�a|ZP^NoMK{OPoT^NZ�FNFcK�OPoNC
riO�elKT^��

� � �� � � � �	 � �� � � � ��
 � � �� � � � �	 � �� �
�
� : 0��� � � �	 � : 0��� � � ��
 � � :

0
��� � � �	 � : 0��� �|��� ���

�"EXHJC oMZPSLFJH�O_SwH �LV���KMF Z_aDKTSLKT^Jh�e O_SLY=W OPF�FyHJC�^NZPV�h�C HJCLK�EXS`HNKT^�a|OPoMK5O_SLY OPY_�NOPoMKTSwH
uLrXW�F � HJCLK Z�klKT^�O_rXrd^NKMFNEGFJH�O_SLoMK oMZAK�� oTEGKTSwHNF gdKT^NK5Y�K¡uLSLKMY HJC�^NZPV�h�C:HJCLK�]�O_^NKTS`HJCLKMFJEGF
EXS@HJCLK�a|ZPrXrGZ�gIEXS�h>KMzwV�O_HJEGZPSLF��

� � �� � � � � 	 
 �$ $ � � �$ $ � � 	 
 �$ $ � "%$ � �� 7���� � � 	 
 �$ 7 � � �$ 7 � � 	 
 �$ 7 � " 7
� ��� : 0� � � � � 	 
 �0 $ � � �0 $ � � 	 
 �0 $ � "%$ � ��7���� � � 	 
 ��
 $0 7 � � � 
 $0 7 � � 	 
 � 
 $0 7 � " 7 �|��� ���

�"EXHJC HJCLKMFNK{^NKTriO_HJEGZPSLF � HJCLK{oMZPW Q�EXSLKMY uLrXW�FIO_SLY EXSwHNKT^�a�OPoMK�EGFc^NKThwO_^NY�KMY@OPF}O_S � K	
RKMo¡�
HJEXklK+EXSwHNKT^�a�OPoMK � �+BDCLKT^NK�EGF�SLZ<SLKMKMY~HNZpOPFNFNV�W�K ]�C�OPF�K+KMz`V�EXrXEXQ�^JEXV�W QRKTH gdKMKTS rXEGzwV�EGY
O_SLY>kPO_]RZP^�� BDCLK�KTSwHJ^NZP]`e ]�^NZAY�VLoTHJEGZPS@^�O_HNK\o�O_S@O_rXHNKT^JS�O_HJEXklKTrXe5Q�K\K	�A]�^NKMF�FNKMY Q`e HJCLK
W�K�OPFJV�^�O_Q�rGKDCLK�O_H �LV��+EXS�HJCLK}kPO_]RZP^�O_SLY �LV���KMF Z_a�W OPFNF��t�}��KTrGFNHJ^JV�]�KTHcO_r��P������£ � �DK¡�
Y�K�O_V��@O_SLY@�}��KTrGFJHJ^JV�]p������£��	��BDC�EGF{FNKTHIZ_a �LV��5KMz`V�O_HJEGZPSLFIgDOPFDVLFNKMY<HNZ�K	�A]�riO_EXS@HJCLK
KTS`HJ^NZP]we~]�^NZ`Y�VLoTHJEGZPS=EXS'HJ^�OMe~Y�EGFJHJEXrXriO_HJEGZPS oMZPrXV�W�SLF�� � H\C�OPF\SLZPHyelKTH\QRKMKTS'VLFNKMYUatZP^
]�^NKMY�EGoTHJEXklK�]�V�^J]RZ�FNKMF � CLZ�g}KTklKT^�� 
 VLoNC'gdZP^J��^NKTW O_EXSLF�HNZ5EXSLoTrXVLY�K HJCLKMF�K+KMz`V�O_HJEGZPSLF
EXSUO�FNZ_atH gDO_^NK8HJC�O_H
EGF
VLFNK¡a V�rRa|ZP^IEXSLY�VLFJHJ^JEiO_r�]�V�^J]RZ�FNKMF��

� ��� ������� ��� ����
���� � ��� ����� � � � � ��� �
	 ��� � ��������� �
� ]�^NZ`oMKMF�F � S�O_HJV�^�O_r ZP^cEXSLY�VLFJHJ^JEiO_r � a|ZPrXrGZ�g
FDO\]�O_HJC QRKTH g}KMKTS>FJH�O_HNKMF(�x�mS�HJCLKIEXSLY�VLFNHJ^Je
HJC�EGF\EGF\o�O_rXrGKMY � HJCLK+]�O_HJC=Z_acZP]RKT^�O_HJEGZPS � � � ^JEXhlZPh�EXSLK ������¤�¤��{EXSwklKMFJHJEXhwO_HNKMY'HJCLK+Y�EGFNFJEv�
]�O_HJEGZPS Z_aIKTSLKT^Jh�e'EXS�O<FJe�FJHNKTW ZPV�H*Z_a
KMz`V�EXrXEXQ�^JEXV�W � O_SLY'a|ZPV�SLY=HJC�O_H8HJCLK KTSwHJ^NZP]we
]�^NZAY�VLoTHJEGZPS>^�O_HNK�g}OPFIO_HIOyW�EXS�EXW V�W EXS5HJCLK\FJH�O_HJEGZPS�O_^Je FJH�O_HNK\oTrGZ�FNK
HNZ h�rGZPQ�O_rRKMzwV�Ev�
rXEXQ�^JEXV�W!� � rGFNZ5nAo�CLKMoNC`HNKT^ ������¢l� �{hwOMklK�O kPO_^JEiO_HJEGZPS�O_r a|ZP^JW*V�riO_HJEGZPS Z_a�HJCLK+]�^NZPQ�rGKTW
Q`e'F�ZPrXk`EXS�hpHJCLK�]�O_^JHJEiO_rdY�E*
sKT^NKTSwHJEiO_rdKMz`V�O_HJEGZPSLF gIC�EGoNC ^NKMFNV�rXHNKMY'a ^NZPW FJV�QLFJHJEXHJV�HJEXS�h
HJCLK �LV��6KMz`V�O_HJEGZPSLF>EXS`HNZ:HJCLK�oMZPSLFNKT^Jk�O_HJEGZPS/KMzwV�O_HJEGZPSLF � O_SLY"oMZPS�uL^JW�KMY6HJC�O_H<HJCLK
KTS`HJ^NZP]we ]�^NZAY�VLoTHJEGZPS:g}OPF+W�EXS�EXW*V�W EXS�HJCLK>FJH�O_HJEGZPS�O_^Je�FJH�O_HNK � ]�^NZ�kAEGY�KMY:HJC�O_H HJCLK
]�CLKTSLZPW�KTSLZPrGZPh�EGo�O_r{oMZAK�� oTEGKTSwHNF�gdKT^NK@oMZPSLFJH�O_S`H�� BDC�EGF�W OMe�C�OMklK@FJHJ^NKTS�h�HJCLKTSLKMY$O
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QRKTrXEGK¡a HJC�O_H}]�^NZ`oMKMFNF�KMFcSLKMKMY5QRK
h�rGZPQ�O_rXrXe rXEXSLK�O_^ �t�DKMY�K�O_V��~������¢�� � EXS<ZP^NY�KT^da|ZP^df\��B
HNZ>Q�K*VLFNK¡atV�r � O_S'OPFNFJV�W�]�HJEGZPS'gIC�EGoNC~gdZPV�rGY~rXEXW�EXH\HJCLK+O_]�]�rXEGo�O_Q�EXrXEXHme�Z_acHJCLK*HJCLKMZP^Je
FNKT^JEGZPVLFNrXe&�
�\O_HJCLKT^�HJC�O_S>OPFJ�AEXS�h�atZP^ HJCLK
hlKTSLKT^�O_rLS�O_HJV�^NK
Z_a�OyFJe�FJHNKTW�HJC�O_H�Y�EGFNFJEX]�O_HNKMFdKTSLKT^Jh�e�O_H
FJH�O_HJEGZPS�O_^Je�FJH�O_HNK � rXEX�lK � ^JEXhlZPh�EXSLK\O_SLY5nAo�CLKMoNCwHNKT^DY�EGY � gdKDuLSLY�EXHcW�ZP^NK�O_]�]�^NZP]�^JEiO_HNK �
O_H}rGK�OPFJH�a|ZP^}EXSLY�VLFJHJ^JEiO_r ]�V�^J]RZ�FNKMF � HNZ�OPFJ� O_Q�ZPV�H}HJCLK�S�O_HJV�^NK�Z_a HJCLK\ZP]RKT^�O_HJEXS�h ]�O_HJC �
h�EXklKTS~oMKT^JH�O_EXSUoMZPSLFJHJ^�O_EXSwHNF(� � H eA]�EGo�O_rqK	�LO_W�]�rGKyg}ZPV�rGYpQRK�� ��Z�g?o�O_Spg}KyW�EXS�EXW�E$#�K
HJCLK KTSwHJ^NZP]weU]�^NZ`Y�VLoTHJEGZPS'Z_acO�FJe�FJHNKTW gIC�EXrGK8g}K*W O_EXS`H�O_EXS'O�h�EXklKTSU]�^NZAY�VLoTHJEGZPS �tZP^
CLK�O_H�K	��o�C�O_S�hlK � < BDCLK+FNZPrXV�HJEGZPS'HNZ HJC�EGF\W�EXS�EXW�E$#�O_HJEGZPS']�^NZPQ�rGKTW o�O_S�QRK*atZPV�SLYUatZP^
oMZPSLY�EXHJEGZPSLF a|O_^�a ^NZPW h�rGZPQ�O_r\KMzwV�EXrXEXQ�^JEXV�W � O_SLY-EGF�EGF Y�E*
sKT^NKTSwH a ^NZPW&HJCLKpFNZPrXV�HJEGZPS
a|ZPV�SLY@Qwe � ^JEXhlZPh�EXSLK ������¤�¤��IZP^�nAoNCLKMo�CwHNKT^ ������¢l� �	�
BDCLK'z`VLKMFJHJEGZPS"Z_a*oMZPSLFNHJ^�O_EXSLKMY/ZP]�HJEXW�E$#�O_HJEGZPS/EGF>FJH�O_SLYLO_^NY�rXe(O_SLFJgdKT^NKMY"Q`e6� V�rGKT^��
� O_h�^�O_S�hlK=ZP]�HJEXW�E$#�O_HJEGZPSLF(�0�}e a|ZP^JW*V�riO_HJEXS�h$HJCLK~]�^NZPQ�rGKTW gIEXHJC�ZP]�HJEXW O_ryoMZPSwHJ^NZPr
HJCLKMZP^Je � 'lZPC�O_S�SLKMFNF�KTS@O_SLY5�}�JKTrGFJHJ^JV�]��|����������K	��]�riO_EXSLKMY5HJC�O_HdHJCLK � �\O_W�EXrXHNZPS�EiO_S ��Z_a
HJCLK*]�^NZPQ�rGKTW gDOPF�oMZPSLFJH�O_S`H � EXS~O�FNHJVLY�e<Z_a�o�CLKTW�EGo�O_rx^NK�OPoTHNZP^NF(�IBDCLK*HNZPH�O_rxKTSwHJ^NZP]we
]�^NZAY�VLoTHJEGZPS(atZP^pO�]�rXV�h ��Z�g ^NK�OPoTHNZP^@gDOPF@gI^JEXHJHNKTS OPFpO a V�SLoTHJEGZPS�Z_a�O:]�Z�FJEXHJEGZPS
Y�KT]RKTSLY�KTSwH\FJH�O_HNK�kPO_^JEiO_Q�rGK8klKMoTHNZP^ � � � 	 � O_SLYpHJCLKyoMZPSwHJ^NZPr k�O_^JEiO_Q�rGK � � � 	� ������ � �

� � ������ ? � � � � 	 2 � � � 	 	 � � �|���X�����

BDCLK ��O_W�EXrXHNZPS�EiO_Spa|ZP^IHJCLK�]�^NZPQ�rGKTW gDOPF{oMZPSLFJHJ^JVLoTHNKMY

� � � � � 	 2 � � � 	 	 � ? � /10 � � �� � � � /65 � � 7� � � �
�� . /6749 � � , .� � 	 �|���X��� �

BDCLK FNZPrXV�HJEGZPSUHNZ�HJCLK*]�^NZPQ�rGKTW EGF{h�EXklKTSUQweU� ���������
Y�E*
RKT^NKTS`HJEiO_rxKMz`V�O_HJEGZPSLFIa|ZP^
HJCLK
HNKTW�]RKT^�O_HJV�^NK � ]�^NKMFNFNV�^NK � Y�KTh�^NKMKMF
Z_a oMZPS`klKT^NFJEGZPS � O_SLYpZ_axHJCLK � O_h�^�O_S�hlK8W V�rXHJEX]�rXEGKT^NF �
� � 2 7 2 , . � /10324/65 O_SLY /6749 � � gIEXHJC~]�O_^JHJEiO_rqY�KT^JEXk�O_HJEXklKMF�Z_a � � gICLKT^NK�� EGF
HJCLK*SwV�W��
QRKT^*Z_aI^NK�OPoTHJEGZPSLF*QRKTH g}KMKTS�HJCLK>oMZPW�]�ZPSLKTS`HNF � 'lZPC�O_S�SLKMFNFNKTS O_SLY �}�JKTrGFJHJ^JV�]:���������	�
BDCLK8oMZPSLFNH�O_SwH ��O_W�EXrXHNZPS�EiO_SUZ_a HJCLKyHJC�EGFI]�^NZPQ�rGKTW g}OPF
^NKMY�VLoMKMYpHNZ O�FNZPrXV�HJEGZPSpgIEXHJC
0�3>.9+'1A)�.�1H�'.�1��53B6 L,6���328��90*1��:3�. � ? � EXSUHJCLK*o�OPFNK8Z_a�O�CLK�O_H�K	��o�C�O_S�hlK*]�^NZAoMKMFNF��dj�FJEXS�h
f\��B � EXHdg}OPFDO_rGFNZya|ZPV�SLY�HJC�O_HdHJC�O_HcHJC�EGF}FNZPrXV�HJEGZPS gDOPFIO_]�]�^NZ ��EXW O_HNKMY Q`e O8FNZPrXV�HJEGZPS
gIEXHJCUoMZPSLFNH�O_SwH�Y�^JEXkAEXS�h�a|ZP^NoMK � � .�� 'lZPC�O_S�SLKMFNFNKTS~KTH�O_r��L���������	� �\Z�g?HNZ�^NK�O_rXE$#�K8HJC�EGF
EXSp]�^�OPoTHJEGoMK � ^NKTW O_EXSLF
HNZ�QRKyFNZPrXklKMY �

� ��� � ��� � ��
�� ��� ��� ����� � � 
 � � ��� � ��������� � � � � # � ���
�LZP^yO_S=OPY�EiO_Q�O_HJEGo Y�EGFJHJEXrXriO_HJEGZPS=oMZPrXV�W�S'FNKT]�O_^�O_HJEXS�hpO�Q�EXS�O_^JepW�E*��HJV�^NK � HJCLK*]�O_HJC'Z_a
ZP]RKT^�O_HJEGZPS�EGF FJCLZ�gIS�HJC�^NZPV�h�C5O 
 o�bDO_QRK¡� BDC�EGKTrGK
Y�EiO_h�^�O_W�EXS �xEXh �P��� ¤ �|O��	� BDCLKIoMZPW��
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]RZ�FJEXHJEGZPSLF
EXSUHJCLKyrXEGzwV�EGY~O_SLY@k�O_]�ZP^{FNHJ^NK�O_W�F�O_H{Y�E*
sKT^NKTSwH\HJ^�OMe�F�O_^NK8FNCLZ�gIS�� �sEXSLK�O_^
ZP]RKT^�O_HJEXS�hUrXEXSLKMF ^NKMFJV�rXH8gICLKTS:HJCLK�CLK�O_HNF+Z_aDk�O_]RZP^JEGF�O_HJEGZPS�Z_aIHJCLK�HmgdZ~oMZPW�]�ZPSLKTS`HNF
O_^NK KMzwV�O_r�� �LZP^�O$8��:) %�)>1��:0 Y�EGFJHJEXrXriO_HJEGZPS~oMZPrXV�W�S �t�{EXklKT^NZ>������� � � CLZ�g}KTklKT^ � HJCLK ZP]��
KT^�O_HJEXS�hprXEXSLKMF+O_^NK�oTV�^JklKMY�O_SLY HNKTSLY=HNZ<a|ZPrXrGZ�g0HJCLK KMzwV�EXrXEXQ�^JEXV�W rXEXSLK � OPF*FNCLZ�gIS EXS
�xEXh �w��� ¤ � Q �	� BDC�EGFc�`EXSLY�Z_a�ZP]RKT^�O_HJEGZPS EGF ]RZ�FNFJEXQ�rGKIEvaRCLK�O_HcEGFdOPY�Y�KMY ZP^�gIEXHJCLY�^�O�gIS5ZPS
K�OPo�C�HJ^�O�e&� � F�O�oMZPSLFNKMz`VLKTSLoMK � HJCLK+KTSwHJ^NZP]we~]�^NZAY�VLoTHJEGZPS~^�O_HNK EXS~HJCLK oMZPrXV�W�S']�rXVLF
CLK�O_H
K	��oNC�O_S�hlKT^NF\Y�KMoT^NK�OPFNKMF��

1

Equ
ili

br
ium

 cu
rv

e

O
pe

ra
tin

g 
lin

e

x

y

0

1

Operating lin
e

�������
( + ������
"+-%

1

Equ
ili

br
ium

 cu
rv

e

Ope
rat

ing
 li

ne
s

1

y

0 x

��� ��� + ������
"+-%

�������/��� ��!������ ��)�=G6�& �B+?35(<3B6J�'�5)�1��K./� &M�K. �B+<35(<)�. )�8��:) %�)>1��:0%)�.�8 ) 8>��) %�)>1���0 0D3�& ��=%.

� ^NKMY�VLoTHJEGZPS�Z_a�£���� EXS@HJCLK8KTSwHJ^NZP]`e@]�^NZ`Y�VLoTHJEGZPSU^�O_HNKyg}OPF�ZPQ�H�O_EXSLKMY � atZP^\O+Q�EXS�O_^Je
FNKT]�O_^�O_HJEGZPS<Z_a QRKTS #�KTSLK\O_SLY5HNZPrXVLKTSLK\EXS@O8KMz`V�EXW�ZPriO_^}W�E*��HJV�^NK���BDCLK�CLK�O_HDOPY�Y�KMY<ZPS
K�OPo�C HJ^�OMe'EXS�HJCLK�ZP]�HJEXW O_r}Y�EiO_Q�O_HJEGo>oMZPrXV�W�S:O_SLY HJCLK�oMZP^J^NKMFJ]RZPSLY�EXS�h�k�O_]�ZP^ ��Z�g
F
O_^NKyFJCLZ�gISpEXS��xEXh �L��� ¢���BDCLKy^NKMFNV�rXHNFDatZP^IHJCLKyoMZP^J^NKMFN]�ZPSLY�EXS�h<OPY�EiO_Q�O_HJEGo*oMZPrXV�W�S�O_^NK
O_rGFNZ FJCLZ�gISUatZP^{oMZPW�]�O_^JEGF�ZPS��IBDCLK8W�Z�FJH
EXW�]RZP^JH�O_SwH\HJ^�OMe�FIa|ZP^�Y�EGFNHJ^JEXQ�V�HNKMYpCLK�O_HJEXS�h
g}KT^NKyHJCLKyHJ^�OMe�F
oTrGZ�FNKMFNHIHNZ�HJCLKy^NKTQRZPEXrGKT^�O_SLY@oMZPSLY�KTSLFNKT^��
� SLKTg Y�KMFJEXh�S�HJC�O_H+H�O_�lKMF+HJCLK k�O_^JeAEXS�hUk�O_]�ZP^ ��Z�g
F�EXSwHNZ'OPoMoMZPV�SwH�gDOPF ]�^NZP]RZ�FNKMY
�t[�K
��Z`KTE �JKT^}KTHDO_r��`�����_��Q �	� BDCLK�K	
RKMoTH}Z_aRHJCLK\oNC�O_S�h�EXS�h+Cwe�Y�^NZAY�e`S�O_W�EGo\oMZPSLY�EXHJEGZPSLF
gDOPF�SLZPH�elKTHyK	��]�rGZP^NKMY �y� H\EGF�FJHJEXrXrqHNZAZ5K�O_^JrXeUHNZ5oMZPSLoTrXVLY�K�ZPS�HJCLK+]�^NKMoTEGFNK�ZPV�HNoMZPW�K
Z_asHJCLKMFNK�ZP]�HJEXW�E$#�O_HJEGZPS<FNHJVLY�EGKMF � FNEXSLoMK�O_rGFNZ*HJCLK�OPFNFJV�W�]�HJEGZPS<Z_a KMz`V�EXrXEXQ�^JEXV�W ZPS5K�OPoNC
HJ^�O�e@g}OPF�VLFNKMYpEXS�HJCLK8W�ZAY�KTr�� � ^NZPh�^NKMFNF\EXSUHJCLK*W�KTHJCLZ`Y�F\Z_adnAKMoTHJEGZPS'��� �>W OMeprGK�OPY
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HNZ�EXW�]�^NZ�klKTW�KTS`HNF�EXS HJCLK�atV�HJV�^NK��=�mH EGF�Y�ZAoTV�W�KTSwHNKMY HJC�O_H�HJCLK rGZ�FNH g}ZP^J��o�O_S Q�K
^NKMY�VLoMKMY � Q�V�H+HJCLK<EXSLoT^NK�OPF�KMY�EXS`klKMFJHJW�KTSwH>oMZ�FJHNF�O_^NK5elKTH+SLZPH�oTriO_^JEvu�KMY ��� H+EGF�SLKTkw�
KT^JHJCLKTrGKMFNF\EXW�]RZP^JH�O_SwH�HNZ>V�SLY�KT^NFJH�O_SLY~HJCLK*HJCLKT^JW�ZAY�e`S�O_W�EGo�oMZPSLY�EXHJEGZPSLF�a|ZP^\ZP]�HJEXW O_r
]RKT^�atZP^JW O_SLoMK � EXSLY�KT]�KTSLY�KTS`H\Z_a HNKMoNC�S�EGo�O_rv� KMoMZPSLZPW�EGo�oMZPSLFJEGY�KT^�O_HJEGZPSLF��

� ��� � ��� � ��
�� ��� ��� ����� � � � ��� � � � � � ��� � � ����� �
BDCLKIKTS`HJ^NZP]we�]�^NZ`Y�VLoTHJEGZPS�Z_asO\FJV�rva V�^ Y�EGZ��AEGY�KIZ��AEGYLO_HJEGZPS �tK	��ZPHJCLKT^JW�EGo �x^NK�OPoTHNZP^ gIEXHJC
CLK�O_HIK	��oNC�O_S�hlKT^NFDg}OPF}W�EXS�EXW�E$#�KMY<EXS5H g}Z+Y�E*
sKT^NKTSwHIo�OPFNKMF �t[�K\�{ZAKTE ��KT^IKTHIO_r��A�����_�wO �
'lZPC�O_S�SLKMF�FNKTS'O_SLY��}��KTrGFNHJ^JV�]~�����_��Q �	�
bDOPFNK �*g}OPF\O�a|ZPV�^
Q�KMYU^NK�OPoTHNZP^{gIEXHJC�EXSwHNKT^��
W�KMY�EiO_HNK5CLK�O_H K	��oNC�O_S�hlKT^NF�Z_a�Oph�EXklKTS�HNZPH�O_rIO_^NK�O �t[\K5�{ZAKTE �JKT^+KTH�O_r��x�����_�wO�� � FNKMK
�xEXh � ��� � ��BDCLK\KTSwHJ^NZP]`e>]�^NZAY�VLoTHJEGZPS@^�O_HNK{gDOPFIo�O_rGoTV�riO_HNKMY5a ^NZPW HJCLK�KTSwHJ^NZP]`e>Q�O_riO_SLoMK
Z�klKT^xHJCLKDFJe�FJHNKTW!� � rXrAEXS�rGKTH�O_SLY�ZPV�HJrGKTH ��Z�g oMZPSLY�EXHJEGZPSLF gdKT^NK}�lKT]�H oMZPSLFJH�O_SwH � K	��oMKT]�H
HJCLK*]�^NKMFNFJV�^NK O_H{HJCLK*ZPV�HJrGKTH��IBDCLK8]�^NZPQ�rGKTW g}OPF�HNZ�uLSLYUHJCLK8EXS�rGKTH\O_SLY�ZPV�HJrGKTH{HNKTW��
]RKT^�O_HJV�^NKMF*Z_aIHJCLK�EXS`HNKT^JW�KMY�EiO_HNK>CLK�O_H K	��o�C�O_S�hlKT^NF��pn`VLoNC g}KT^NK�a|ZPV�SLY � O_SLY FJCLZ�gIS
HNZ�h�EXklK8O�F�OMkAEXS�h�Z_aD��¢�� � � EXS@HJCLKyrGZ�FJH
K	��KT^Jh�e&�
bDOPFNK��>g}OPF8O>Hme`]�EGo�O_r ]�rXV�h ��Z�g�^NK�OPoTHNZP^ygIEXHJC'HNKTW�]RKT^�O_HJV�^NK�]�^NZ_uLrGKMF8OPFyFJCLZ�gIS=EXS
�xEXh � ��� � �|O�� � 'lZPC�O_S�SLKMFNFNKTS O_SLY �}�JKTrGFJHJ^JV�]:�����_��Q �	�UBDCLK KTSwHJ^NZP]`e ]�^NZAY�VLoTHJEGZPS�^�O_HNK
gDOPF�o�O_rGoTV�riO_HNKMY�at^NZPW f\��B ��BDCLKIoMZAZPriO_SwH HNKTW�]RKT^�O_HJV�^NKI]�^NZ_uLrGKDHJC�O_H hwOMklK
W�EXS�EXW*V�W
KTS`HJ^NZP]we�]�^NZAY�VLoTHJEGZPS ^�O_HNKDg}OPFdY�KTHNKT^JW�EXSLKMY ���mS�rGKTHcO_SLY�ZPV�HJrGKTHcoMZPSLY�EXHJEGZPSLFdgdKT^NKI�lKT]�H
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oMZPSLFJH�O_S`H � O_SLY~FNZ�gDOPF{HJCLK+O_^NK�O�Z_a CLK�O_H�K	��o�C�O_S�hlK��
BDCLK8QRZPrGY@rXEXSLKMF�EXS��xEXh � ��� � � Q �
^NKT]�^NKMFNKTS`H{O+o�OPFNK{gIEXHJC=��� � FJW O_rXrGKT^IK	��KT^Jh�e�rGZ�FNF�� �mS5HJCLK�SLK	��HIo�OPFNK�HJC�^NKMK\oMZPSLFNH�O_SwH
QRZPEXrXEXS�h>rXEGz`V�EGY�F�gdKT^NK VLFNKMY�OPF�oMZ`ZPriO_S`H��{BDCLK8rGKTS�h�HJC=O_SLY�HNKTW�]�KT^�O_HJV�^NK+Z_a�HJCLK8CLK�O_H
K	��oNC�O_S�hlKT^NF5gdKT^NK~FNKTH a ^NKMKUHNZ k�O_^Je&�/BDCLKp^NKMFJV�rXH5EGF FJCLZ�gIS6Q`e HJCLKph�^�O�e$rXEXSLKMF EXS
�xEXh � ��� � � Q �	� BDCLK<rGKTS�h�HJC$Z_a{HJCLK@oMZAZPrGKT^NF�O_^NK5h�EXklKTS Qwe�HJCLK>klKT^JHJEGo�O_rIrXEXSLKMF�EXS HJCLK
uLh�V�^NK � O_SLY�HJCLKTEX^�HNKTW�]RKT^�O_HJV�^NK
EGFdFJCLZ�gIS ZPS HJCLK{ZP^NY�EXS�O_HNK�O%��EGF��xBDCLKIrGZ�FJH�g}ZP^J��g}OPF
SLZ�g�^NKMY�VLoMKMYpQ`e<O_QRZPV�H\� � � 'lZPC�O_S�SLKMF�FNKTS�O_SLYp�}�JKTrGFJHJ^JV�]������_��Q �	�
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 ������� #�� ��� �
� KDC�O�klKIY�EGFNoTVLFNFNKMY�EXS�HJC�EGF�o�C�O_]�HNKT^ � Qwe+^NK¡a|KT^J^JEXS�hyHNZ8O
a|KTg$FNKTrGKMoTHNKMY�K	�LO_W�]�rGKMF � HJC�O_H

W BDCLK
KTSwHJ^NZP]`e�]�^NZ`Y�VLoTHJEGZPS>EGF EXW�]�ZP^JH�O_S`H�a|ZP^cO�]�^NZP]�KT^�Y�K¡uLS�EXHJEGZPS5Z_a �LV���KMFcO_SLY
atZP^NoMKMF�EXS SLZPSLKMz`V�EXrXEXQ�^JEXV�W&FNeAFJHNKTW�F�HJC�O_H O_^NK<^NKTrGKTk�O_SwH HNZ'HJCLK<EXSLY�VLFJHJ^Je&� �
C�EXh�CLKT^\OPoMoTV�^�OPoTe<EXS@HJCLK��LV���KMF
o�O_SpQRKyZPQ�H�O_EXSLKMY@VLFJEXS�h f\��B �

W f���B(o�O_S5Q�K�VLFNKMY>HNZ Y�KMF�oT^JEXQ�K�HJ^�O_SLFJ]RZP^JH}Z_a CLK�O_H
O_SLY>W OPFNF}EXS>HJCLK�]�^NKMFNKTSLoMK
Z_a FJV�QLFNH�O_SwHJEiO_r h�^�OPY�EGKTS`HNF{EXSpFNeAFJHNKTW�FIa|O_^Dat^NZPW h�rGZPQ�O_r KMz`V�EXrXEXQ�^JEXV�W!�

W B�^�O_SLFJ]RZP^JH Z_aICLK�O_H O_SLY=W OPF�F OPoT^NZ�FNF*EXSwHNKT^�a�OPoMKMF*o�O_S QRK�Y�KMFNoT^JEXQRKMY gIEXHJCLZPV�H
VLFJEXS�h>OPFNFJV�W�]�HJEGZPSLF�Z_a KMz`V�EXrXEXQ�^JEXV�W O_H
HJCLK�]�C�OPF�KyQ�ZPV�SLYLO_^Je&�
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W ���A]�^NKMF�FJEGZPSLF}atZP^DHJCLKyKTS`HJ^NZP]we<]�^NZ`Y�VLoTHJEGZPS@^�O_HNKyo�O_SpF�KT^JklK�OPFDW�K�O_S�EXS�hPatV�r ZPQ��
��KMoTHca V�SLoTHJEGZPSLFdEXS>ZP]�HJEXW�E$#�O_HJEGZPSLF��cf���B6Z�
RKT^NFdEXSLFJEXh�C`HdEXS`HNZ*HJCLK{S�O_HJV�^NK�Z_a�HJCLK
FNZPrXV�HJEGZPSpQwe<oNC�O_^�OPoTHNKT^JE$#MEXS�h<HJCLKyFJe�FJHNKTW � F � 2 ? ZP^ � . �

BDCLKMFNK ]�^NZP]�KT^JHJEGKMF+Z_a{f\��B�W O�e ]�^NZ�klK>VLFNK¡atV�r�a|ZP^8W�Z`Y�KTrXEXS�h=O_SLY:Y�KMFJEXh�S�Z_a
W�ZP^NK
KTSLKT^Jh�e<K�� oTEGKTSwH\oNCLKTW�EGo�O_r ]�^NZAoMKMFNFNKMF
EXSpHJCLK\a V�HJV�^NK��
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Reactor (pressure)
Reactor (heat)
Reactor (reactions)
Heat exchanger 2
Heat exchanger 1
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