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KNC�ORaFi�KNORC�d�WRH=d�KNM^H�x�bGHmOXd4a�O´d�WRH7i�H(q�a�wFHmi�k�bRi�aRq�H(PXcRi�H(x4PXcRH$d�a±d�WRH$x�d�K'"hORH(x�x�H��uKrx�d�KNORC�E�Hmd�ÅÂHmHmO
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bRi�a�q�H(x�x�BFx�a�ORH	HmwFHmOudLZNcRM^bXKNORCÕB[Z�Z°d�WRH^x�H(¯FcRHmOXd�KrB[ZsxedjBDC�H(x�d�a$��K��5PXHmieKfwFHÖB=xyKNM^bXZNH4H���bRi�H(x�xyKNa�Otn²aFi
d�WRH�i�H(q�aDw�Hmi�kX\�d�KNM^H�PFKrx�d�i�KNERcRd�KNa�O^d�a�EGH>x�aQZfwFH(P^BDOGB[ZNkXd�KrqmB[Z�Zfk4a�i���K§K��@KfM`bXZfHmM`HmOud-d�WRH�C�HmORHmijB�Z�M^aRPXH�Zrx
aQnpHmi�i�a�i�\�Òmn9B[K�ZNcRi�Hm\�WGBDOGPFZ�KNORC$Å�KNd�W�xyKNM4cXZrBDd�KNa�OGxmT

�9O $*) ���(�#%y��d�WRH±H���b�Hmi�KNM^HmOud�B[ZÖPRBDd�BXÒ�x�djBQd�Krx�d�KrqmB[Z>M^Hmd�WRa�PRxt��K9T�H�T}�>x�BDM`bXZ§KNORC.BDOGP¼bGBDijBDM^Hmd�Hmi�\

�



H(xed�KNM7BDd�KNa�O=M^Hmd�WRaRPRx��&n²aFiÂq�WGBDijB�q�d�HmieK+��KNORC4d�WRH�d�KNM^H(x-aDn�n�BQcXZfd�PXHmd�H(q�deKfaFOh��xek�x�d�HmM3i�H(q�a�OX®GCFcRijBDd�KNa�Oh�
BQOGPÕq�aFM^bRcRdjBDd�KNa�Oti�H(q�aDw�Hmi�k$Å�Hmi�H4PFK}x�q�cGx�x�H(P±EGB�xeH(P�aFO�WGBDijPXÅ�BDi�H�n9BDcXZNd�KNO#,�H(q�d�KNa�OGx�KNO±d�WRH^GBDcXZNd�\
]@aDZNHmijBDOXd7{tcXZNd�KNbXZNH.-si�aRq�H(x�x�a�i$��!]�{/-��jTÎ�9O $ ���L�(��%9��d�WRH$i�H(q�aDw�Hmi�k�d�KNM^H(x`Å�Hmi�H$H(x�d�KNM7BQd�H(PÔn²aFi
Btb�auaDZNH(PX\9x�bGBQi�HºBQOGP10t\�M^aRPXcXZrBDi4i�H(PXcROGPRBDOXdÖxek�x�d�HmM7xmT$]�WRH=H&"�H(q�d�x�aDn�w�BQi�KNa�cGx�n9BDcXZNd�\�d�aDZNHmijBDOGq�H
n�H(BDd�cRi�H(x�a�O±!]�gÔÅÂHmi�HUPXH(x�q�i�KNE�H(P±d�WRHmi�H�T�A�aDÅ�Hmw�Hmi(�Rd�WRH	i�H(x�cXZNdjxLÅ�Hmi�H	CQKfwFHmO�KNO�B=x�bGH(q�K�®�q^BDbRbXZ�KN\
qmBQd�KNa�O<q�a�OXd�H��Rd	BDbRbXZNk�KNORC�x�bGBDd�KrB[Z�i�H(PXcROGPRBDOGq�k�aFOXZfk��&BDOGP�B�x�x�cRM^H(P±d�WGBQd�d�WRH^d�KNM^H^i�H(¯�cXKNi�H(P½n²aFi
H(BFq�W±x�djBDC�H�aDn&n�BQcXZfdÙÒ(Hmi�i�a�i�i�H(q�aDw�Hmi�k^Krx�BDbRbRi�a(�XKNM7BDd�H(P=d�a^EGH*KfO±B^PXHmd�Hmi�MÖKfOXKrx�deK}q�ijBQORC�H�T

�9O�d�WXKrx&bGBDbGHmi(�[Å�H�bRi�aFbGaux�H-d�a�HmwDB[ZNcGBDd�H�!]�g=BDOGB[ZNkudeK}qmB�Z§ZNk��Xq�a�wFHmi�KNORC>M^aXx�d(��K�n�ORaFd°B[Z�Z9�DbRijB�q�d�KrqmB[Z
n9BDcXZNd�\�d�aQZfHmi�BDOGq�H�M^H(q�WGBDOXKrx�M7x&EGB�xeH(P	aFOUd�WRHÂd�ijB�PXHma#"7E�Hmd�ÅÂHmHmO4d�HmM`bGa�ijB�ZÜBDOGP4x�bGBQd�KrB[Z�i�H(PXcROGPRBDOGq�k�T
ÈÔH�®Gijx�d@KNOuw�H(xed�KNCuBDd�H�d�WRHÂdeKfM`H(x&i�H(¯�cXKNi�H(PÖn�a�ipB�Z§ZRKNOGPFKNwFK}PXcGB�Zhn�BQcXZfd�\�Ò(Hmi�i�a�i�\GWGBDOGPFZ�KNORC^x�djBDC�H(xÙT°]�WRHmOh�
Å�H�djB[K�ZNa�i!d�WRH(xeHÂi�H(x�cXZNdjx!BDbRbRi�a�bRieK}BQd�H�ZNk	d�a�i�HmbRi�H(x�HmOXd�B[Z�ZGbGaXx�xyKNEXZNH�n�BQcXZfd�\�Ò(Hmi�i�a�i�\GWGBDOGPFZ�KNORC^x�q�HmOGBDi�KNaux
aFi7b�aDZ�K}q�KNH(xmT � ~ bGaDZ�Krq�k�Ò�x�q�HmOGBDi�KNaÄK}x$q�aFM^bGauxeH(PÉaDnUx�H(¯FcRHmOXd�KrB[Z>n9BDcXZNd�\�Ò(Hmi�i�a�i�\�WGBDOGPFZ�KfORC.x�djBDCFH(xmT��
2 cRi�BQOGB[ZNk�xyKrx`Krx=EGB�x�H(PÄa�O.d�WRHÕBFx�x�cRM^bRd�KNa�O¼d�WGBDd=d�WRH$ZrBDd�HmOGq�KfH(x|aDn�n9BDcXZNd�\�WGBDOGPFZ�KNORCÇx�djBQC�H(x7BQi�H
xed�a�q�WGB�x�deK}qLPXHmbGHmOGPFKNORC^cRbGaFO7d�WRHLijBDOGPXa�MÐq�WGBDi�B�q�d�Hmi�Krx�d�KrqmxsaDn�n�BDcXZNdmÒ[Hmi�i�a�i�PXHmd�H(q�deKfaFO��9aFi�B�ijBDOGPXaFM
Hmi�i�a�i�ZrBDd�HmOGq�k��*BQOGPÔn�BDcXZNd4EGHmWGB[wFKNa�ijxm�-d�WRH$B�q�d�KNw�H�PXcRijBDdeKfaFO<aDn�B$n9BDcXZNd^B�"hH(q�djx	xzKfCFOXK§®�qmBQOud�ZNkÉd�WRH
xecGqmq�H(x�x�Òmn9B[K�ZNcRi�H�aDn�B�x�bGBDd�KrB[ZN\�i�H(PXcROGPRBQOGq�k7M^Hmd�WRa�P=��K�T H�TN�DKNOGx�d�i�cGq�d�KNa�O7i�Hmd�i�k	aFi!bRi�a�C�ijBQM,i�aDZ�ZNEGB�q����jT2 cRi4i�H(xecXZfd�x�¹ d�WGBDd*n²aRq�cGx�a�OÉB�x�H(¯FcRHmOGq�H$aDn>Hmi�i�a�i�\�Òmn9B[K�ZNcRi�Hm\>WGBQOGPFZ§KNORC<xedjBDC�H(xJ¹ qmBDOÉB[Zrx�a±EGH
cGxeH(P=KNO�d�WRaXx�H�Å�H�Z§ZN\9PXHmw�H�ZNa�b�H(P±i�H�Z�KrBDEXK�Z�Kfd�k±a�i�PXHmbGHmOGPRBQEXK§Z�Krd�ktM^a�PXH�Zrx $ �X�R�R����%9T

�9O±V�H(q�d�KNa�O$�R�XC�HmORHmijB�Z�n9BDcXZNd�\�d�aQZfHmi�BDOGq�H�n�H(BDd�cRi�H(xÂBQi�HJPXH(x�q�i�KNEGH(P$EXk7q�ZrB�x�xzK§n�kFKfORC`n9BDcXZNd�\�d�aDZNHmijBDOGq�H
M`H(q�WGBDOXKrx�M=x�BDOGP�q�a�OGxyKrPXHmi�KNORC4d�WRH�d�ijB�PXHma#"^E�HmdzÅ�HmHmO4d�HmM^b�a�ijB[ZGBDOGP4x�bGBDdeK}B�Z�i�H(PXcROGPRBQOGq�k�T�V�H(q�d�KNa�O
�`H��GBDM4KNORH(x�d�WRH	H&"hH(q�djxLa�Otd�WRHU!]�gÔaDn!KNOGPFKNw�KrPXcGB[Z-n�BQcXZfd�\�WGBDOGPFZ�KfORC±x�djBDCFH(x�n�i�a�M d�WRH	aRqmq�cRi�i�HmOGq�H
aQnJBDOÉHmi�i�aFiUd�a�KNdjxÖi�H(q�aDw�Hmi�k���BDOGP´q�a�M4EXKNORH(x^d�WRH(x�H$i�H(x�cXZNdjx4d�aÕHmwDB[ZNcGBDd�H$d�WRH�!]LgÌaQnJB±C�HmORHmijB�Z
n9BDcXZNd�\�WGBDOGPFZ�KNORC�b�aDZ�Krq�k½q�aDw�HmieKfORC�B�Z§Z!bGaXx�xyKNEXZNH4n�BQcXZfd�\�WGBDOGPFZ�KfORC±x�djBDCFH(xmT��9O´V�H(q�d�KNa�O±�=ÅÂH4BDi�C�cRH*n²aFi
d�WRH�KfM`bGa�i�d�BDOGq�H>aQnp!]�g|KNOXn²a�i�M7BDd�KNa�O$d�a�d�WRH	PXH(xyKNC�O�BDOGP`w�B�Z§KrPRBDdeKfaFO�aDnhn9BDcXZNd�\�d�aQZfHmi�BDOud�q�a�OXd�i�aQZ§ZNHmi
q�aFM^bRcRd�HmijxmT�ÈÔH�bRi�H(x�HmOXd>d�WRHmi�HUBDOtH��ÜBDM`bXZfH�d�WGBDd>xeH�ZfH(q�d�x>BDO±BDbRbRi�a�bRieK}BQd�H�n9BDcXZNd�\�WGBDOGPFZ�KNORC�b�aDZ�K}q�k
EGBFx�H(P$a�O$d�WRH	!]�gtKNOXn²aFi�M7BDd�KNa�OhT-]�WRH	bGBDb�Hmi>q�a�OGq�ZNcGPXH(x�Å�KNd�W±x�a�M^H�i�HmM=BDi��Rx!KNOÔV�H(q�d�KNa�O ) T
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_�a�M^bRcRd�Hmi>x�kRx�d�HmM n�B[K�ZNcRi�H(x�aRqmq�cRiJPXcRH4d�a`Hmi�i�a�ijxÙ�RÅ�WXKrq�W�BDi�HUPXHmwFK}BQd�KNa�OGxLn²i�a�M d�WRH�bRi�a�C�ijBQM^\
xebGH(q�K�®GH(PÆE�HmWGB[w�KNa�ijxÙT ~ O.Hmi�i�a�i^Krx|d�WRH±M7BDOXK�n²H(xedjBDd�KNa�O¼aDnÖB½n�BQcXZfd$i�H(x�cXZNd�KNORCÉn�i�a�M q�a�M^bGaFORHmOud
PXH�n�H(q�djxm�&HmOXw�KNi�aFORM^HmOud�B[Z!KNOud�Hmien²Hmi�HmOGq�H(xÙ�°aFbGHmijBDd�a�i�a�i	PXH(xyKNC�O´M4Krx�djBD�FH(xmT4�9d*K}x�PXH(xyKNijBDEXZNH=d�a�x�H�ZNH(q�d
BQO7BDbRbRi�a�bRieK}BQd�H�bGaQZ§Krq�k7xea	B�x&d�a	q�a�OXd�KNOucRH�d�WRH�bRi�a�C�ijBDM`\9x�bGH(q�K�®GH(P�n�cROGq�d�KNa�OGx-Hmw�HmO4KNO^d�WRHLbRi�H(x�HmOGq�H
aQn°n9BDcXZNdjxmT

GBDcXZNd�\�d�aDZNHmijBDOGq�HLK}x�B�q�WXKNHmw�H(P`w�KrB4x�bGBDd�KrB[ZhBDOGP�Ò(a�i!d�HmM^bGa�i�B[Z�i�H(PXcROGPRBQOGq�k���K9T�H�T}��xek�x�d�HmM7BDd�Krq�BDOGP
EGB�Z}BQOGq�H(P^x�H�ZNH(q�d�KNa�O=aDnGbRi�a�d�H(q�deKfwFHÂi�H(PXcROGPRBDOGq�k^BDM^a�ORC�WGBDijPXÅ�BDi�HL�zB�PRPFKNd�KNa�OGB[Z�q�aFM^bGa�ORHmOXdjx�����x�aDn�d�\
Å�BDi�H^�zx�b�H(q�KrB[ZÂbRi�aFC�ijBDM7x �j�GBDOGPtd�KNM^H$�yi�HmbGHmd�KNd�KNa�O±aDn�a�bGHmi�BDd�KNa�OGx��jT�]�WucGxÙ�hPXH(xyKNC�O±M^Hmd�WRaRPXaDZNa�CDKNH(x
n�a�i�n9BDcXZNd�\�d�aDZNHmijBQOud�q�a�M^bRcRd�Hmi�x�BDi�H^q�WGBQijB�q�d�Hmi�K��mH(PtEXk�d�WRH4d�ijBFPXHma#"<EGHmd�Å�HmHmO�x�bGBDd�KrB[ZÂBQOGP�d�HmM^bGa�\
i�B[Z�i�H(PXcROGPRBDOGq�k�T�v�xyKNORC�d�WRH(x�H^d�Å�a$dzkXbGH(x*aDnÂi�H(PXcROGPRBDOGq�k���B`n9BDcXZNd�\�d�aDZNHmijBDOXdUq�aFM^bRcRd�Hmi�M4cGx�d	CFa
d�WRi�a�cRC�W$B�x�M7BQOuk7BFx�d�HmOºx�d�BDC�H(xsKNO$i�H(x�bGaFOGx�H	d�a�d�WRH�aRqmq�cRi�i�HmOGq�H	aQnpBDO=Hmi�i�a�i(�FKNOGq�ZNcGPFKNORC=n�BDcXZNd�ZNa�\
qmBQd�KNa�Oh�Xn9BDcXZNdJq�a�OX®GORHmM`HmOud(��n�BDcXZNd�M7B�x��FKNORCG�Ri�Hmd�i�k��Xi�aDZ�ZNEGB�q�����PFK}BQC�ORauxyKrxm��i�H(q�aDw�Hmi�k��Xi�H(x�d�BDi�d(�Xi�HmbGB[KNi
BQOGP^i�H�KNOXd�HmC�ijBQd�KNa�OhT�]�WRH�PXH(xyKNC�O$aDnhn9BDcXZNd�\�d�aQZfHmi�BDOud�q�a�M^bRcRd�Hmi�x!KNOXw�aDZNw�H(x�xeH�ZfH(q�deKfaFO$aDnpBDO$BDbRbRi�a�bRieKf\

�



BQd�H�n�B�K§ZNcRi�Hm\�WGBQOGPFZ§KNORCtbGaDZ�Krq�k�d�WGBQd5q�aFMUEXKNORH(x�x�a�M^H�aFi>B[Z�Z°aDn!d�WRH(x�H	x�d�BDC�H(xmT
V�bGBDd�KrB[Z!i�H(PXcROGPRBDOGq�k|K}x�q�ZrB�x�xyK�®GH(PtKNOud�a=d�Å�a7qmBDd�HmC�aFi�KNH(xm��x�djBDdeK}q�BDOGP�PXkXOGBDM4KrqDT�V�djBDdeK}q*i�H(PXcROR\

PRBQOGq�k��°B[Zrx�a$�XORaDÅ�O�B�x�M7B�x��FKNORC$i�H(PXcROGPRBDOGq�k��!qmBDO±M7B�xe��Hmi�i�aFORHma�cGx�i�H(x�cXZNdjx*Å�KNd�WRa�cRd	BDOXkÕPXH�ZrB[k
BFx�ZNa�ORC�B�x�B$M7B5,zaFi�KNdzk±aDn�bGBDi�d�Krq�KfbGBQOud4M^aRPXcXZNH(x=�9bRi�aRq�H(x�x�a�i�x�a�i�a�d�WRHmi^A�Ò[È q�a�M^bGaFORHmOudjx �*BQi�H
ORaFOXn�BDcXZNd�k�T$A�aDÅ�Hmw�Hmi(��d�WRH7B�x�x�aRq�KrBDd�H(P�xebGBDd�KrB[ZÂq�aux�d*Krx�WXKNC�Wh�&H�T�CGTN�@d�WRi�HmH$��n²a�cRiÙ�ÂM^aRPXcXZNH(x4BDi�H^i�Hm\
¯FcXKNi�H(PÔd�a7M=B�x��ÕB=ORaFOR\�6�k7�(BDOXd�KNORH$�86-k7�(BDOudeKfORHD�Ln�B�K§ZNcRi�HÖKfO´B$]�{±YÐ��9>{±Y��>x�kRx�d�HmMtT	]�WRH^d�KNM^H
aDw�Hmi�WRH(B�P±aDn�M7BDOGBQCDKNORC�i�H(PXcROGPRBDOXd	M`a�PXcXZNH(x�¹ n�a�i�H��ÜBDM`bXZfH��&w�aFd�KNORCÕBDOGP´x�kXOGq�WRi�aFOXK+�(BQd�KNa�O�¹
Krx�B[Zrx�a�q�a�OGxyKrPXHmijBDEXZNH`n²aFiJx�d�BDd�Krq�i�H(PXcROGPRBDOGq�k�T4l�kuOGBDMÖK}qÖi�H(PXcROGPRBDOGq�ktKrxLKfM`bXZfHmM`HmOud�H(PÔÅ�KNd�W�d�Å�a
xeH(¯�cRHmOXd�KrB[Z°B�q�d�KNa�OGxm�@n9BDcXZNdmÒ(Hmi�i�a�iÂPXHmd�H(q�deKfaFOºBDOGP`i�H(q�aDw�Hmi�k4aDnhd�WRH�q�a�OXdjBDM4KNOGBDd�H(P^q�a�M^bRcRdjBQd�KNa�OhT!�9O
PFKrx�d�i�KNERcRd�H(P�x�kRx�d�HmM7xÙ�RcRbGa�O�PXHmd�H(q�deKfaFOÕaQnÂBDO�Hmi�i�a�i�KNd�Krx�ORH(q�H(x�x�BDi�k�d�a4ZNa�qmBDd�HUd�WRH�n9BDcXZNdzk$M`a�PXcXZNH
E�H�n²aFi�H7i�HmbXZ}BFq�KfORCtKNd	Å5Kfd�WÓB=ORa�OXn9BDcXZNd�k�x�bGBDi�H�T ~ Zfd�WRa�cRC�W�d�WXKrx4BDbRbRi�aXB�q�W±M7B[k±EGH`M^a�i�H;:GH��XKNEXZNH
BQOGP=ZNH(x�x�H��RbGHmOGxyKNw�H4d�WGBDO±x�djBDdeK}q*i�H(PXcROGPRBDOGq�k��ÜKNdjx�q�aux�d�M=B(k$x�d�K�Z�Z!EGH4WXKNC�WÕPXcRH4d�a^d�WRH	bGaXx�xyKNEXK�Z§KNd�k
aQn5WGBFx�d�K�ZNkÕH�Z�KNM4KNOGBDd�KNORC´M^aRPXcXZfH(x�Å�KNd�W d�ijBDOGxzKfHmOXd�n9BDcXZNdjx�<�BDOGPtKNd	M=B(k�B[Zrx�a|KNOGq�i�H(B�x�H^d�WRH^i�H(q�aDwu\
Hmi�k�d�KNM^H^E�H(qmBDcGx�H^aQn!Kfd�x�PXHmbGHmOGPXHmOGq�H$a�O±d�KNM^Hm\9q�a�OGxecRM4KNORC$n9BDcXZNd�\�WGBDOGPFZ�KNORC½xedjBDC�H(x�x�cGq�W½BFxLn�BDcXZNd
PFKrBDCFORauxyKrxm��x�k�xed�HmM i�H(q�a�OX®GCFcRijBDd�KNa�Oh�GBQOGP=i�H(x�cRM^bRd�KNa�OtaDn°H��RH(q�cRd�KNa�OhT

]ha´aDw�Hmijq�a�M`H�d�WRH�BDE�a�wFHÕPFKrx�B�PXwDBDOud�BDC�H(xm��d�HmM^b�a�ijB[Z�i�H(PXcROGPRBDOGq�kÆqmBDO¼EGH�cGxeH(PÌEXkÇxzKfM`bXZfk
i�HmbGH(BDd�KNORC´a�i^B�q��uORaDÅ�ZNH(PXCDKNORC´M7B�q�WXKfORHta�bGHmi�BDd�KNa�OGx^BDd4wDBDi�KNa�cGxÖZfHmwFH�Z}xÙ��M4Krq�i�aF\�a�bGHmijBQd�KNa�O�Ò�xyKNORCDZNH
KNOGx�d�i�cGq�d�KNa�O.�9i�Hmd�i�kG����bRi�a�C�ijBQM x�HmC�M`HmOud`�9i�aDZ�ZNEGB�q��G�j�&a�i�d�WRH^HmOXd�KNi�H=bRi�a�C�ijBQM �9i�H(x�djBQi�dm�jT`�9OÔn�B�q�d[�
aFORH7aDn�d�WRH(xeH^i�H(q�aDw�Hmi�k�x�q�WRHmM^H(x�Krx4B[Zrx�atORHmH(PXH(P´d�a�i�H(xecRM^H^bRi�a�CFijBDM#H��RH(q�cRd�KNa�O´KNOÓqmB�xeH^aDn>PXku\
OGBQM4Krq�i�H(PXcROGPRBQOGq�k�T�]�WXKrx!d�HmM`bGa�ijB�Zf\�i�H(PXcROGPRBDOGq�k^M^Hmd�WRaRP4i�H(¯FcXKNi�H(x-WXKNC�W7q�aDw�HmijBDCFHÂaQnGn9BDcXZNdmÒ(Hmi�i�aFi
PXHmd�H(q�d�KNa�O7x�a	B�x@d�aLKNOuw�aF��H�d�WRH�i�H(q�aDw�Hmi�kUBFq�d�KNa�O^¯�cXKrq���ZNk�T��z]5WRH5x�BDM^H-Krx!B[Zrx�a�i�H(¯FcXKfi�H(P�n²aFipPXkXOGBDM4Krq
i�H(PXcROGPRBDOGq�k�T��^]�WRH>M=B[KNO�B�PXw�BDOXdjBDCFH(x�aQn°cGxyKNORC^d�HmM^b�a�ijB[Z�i�H(PXcROGPRBDOGq�k�BDi�H>ORa�d�a�OXZNk4KNdjxÂZfaDÅÆx�bGBD\
deK}B�ZLq�aXx�d	ERcRd^B[Zrx�atKNdjx�ZNaDÅ3i�H(q�aDw�Hmi�k�d�KNM^H`n²a�i�d�ijBDOGxzKfHmOXd�n�BQcXZfd�xmT�A�aDÅ�Hmw�Hmi(�@d�WRH=d�KNM^H�x�bGHmOXd�n²aFi
d�WXK}xLM^Hmd�WRaRP$Å�a�cXZrPtWGB[w�H�EGHmHmO±Å�B�x�d�H(P`KfO�qmB�xeH�aDn�bGHmi�M=BDORHmOud�a�i�ZNa�ORCF\£Z}BFx�d�KNORC$d�ijBDOGxzKfHmOXdLn�BDcXZNdjxÙ�
ÅLWXK}q�W�M=B(k`KNOGq�i�H(B�x�H�d�WRH�bRi�a�EGBQEXK§Z�KNd�k�aDn!PXkuOGBDMÖK}qJn�B�K§ZNcRi�H�T
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i�H(PXcROGPRBDOGq�ku\�M=BDOGBDC�HmM^HmOXd	aDw�Hmi�WRH(B�P��>BDi�H4x�WRaDÅ�OtKfO´@KfC�T!��n²a�i	xeHmw�HmijB[Z&n�BQcXZfd�\�d�aDZNHmijBDOGq�H^M`H(q�WGBD\
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BQdÂd�WRH	q�aux�d�aDnpx�bGBQd�KrB[Zhi�H(PXcROGPRBDOGq�k=Z�KN��H=0t\�M^aRPXcXZrBDi�i�H(PXcROGPRBDOGq�k�T-È.WRHmO$d�WRH�d�KNM4KNORCºq�a�OGxed�ijB[KNOXd
KNM^b�aux�H(PtEXk$d�WRHUq�a�OXd�i�aQZ§ZNH(PtbRi�aRq�H(x�x5K}x�ORaFd>d�KNC�WXd(�RÅ�H4qmBDOÕx�B[w�H�d�WRHUq�aux�d�aDnÂx�bGBQd�KrB[Z°i�H(PXcROGPRBDOGq�k
EXk=KNOGq�i�H(B�xyKNORCtd�HmM^bGaFijB[Z°i�H(PXcROGPRBQOGq�k<��K�T H�TN�GBÖZ}BQi�C�Hmi�d�KNM^H�n²a�iLi�Hmd�i�k���i�aDZ�ZNEGB�q�����a�iLi�H(x�djBDi�d�i�H(q�aDwu\
Hmi�kG�j�&Å�WXKrq�W<HmORWGBQOGq�H(x4d�WRH$x�k�xed�HmM !íx�BDEXK�Z�KNd�k�KNO´i�H(q�aDw�Hmi�KNORCtn²i�aFM³M^a�i�H^d�ijBDOGxzKfHmOXd�n9BDcXZNdjx�EGH�n�a�i�H
d�WRH$n9BDcXZNdzk´M^aRPXcXZNH(x7BDi�H$i�HmbXZrB�q�H(P¼Å�KNd�WÇx�bGBQi�H(xmTÉ�yOGq�i�H(B�xyKNORC´d�HmM^bGaFijB[Z>i�H(PXcROGPRBQOGq�k���WRa�Å�Hmw�Hmi[�
KNOGq�i�H(BFx�H(x�d�WRH	bGaXx�xyKNEXK�Z§KNd�k�aQnpM4Krx�xzKfORC=djB�xe�7PXH(B�PFZ�KNORH(x�a�i�PXkXOGBDM4Krq�n9B[K�ZNcRi�H�T

> �������	����
��������±�	���	��
��Q�t>���������	 !�³"$��
����	 &%

]�WRH$i�H(q�aDw�Hmi�k´bRi�aRq�H(x�x`d�WGBDd4EGHmCDKNOGx`n�i�a�M d�WRH$a�qmq�cRi�i�HmOGq�HÕaQn*BDOÉHmi�i�a�i^q�a�OGxyKrx�djx`aDn	x�Hmw�HmijB�Z
xedjBDC�H(xm��x�a�M^H�aDn�Å�WXKrq�W±PXHmbGHmOGP±aFO�H(B�q�W�a�d�WRHmi(�GBDOGPtd�WRH4!]�g±Krx�PXH�®GORH(P�B�x�d�WRH	d�KNM^H^x�b�HmOudLn²aFi
?�ù@âjæ�à�æ�ß�è�æ!ò�âjã�à�æ�ßDè�ì � ý&@¼â�ø�ørè�êÙûíæ�é�è�ã�à�ämì[â�áhì	æ�â�îDà�ì(â�ì�AråDà�ã�ò�è�ì[àzìmæ�B�è�é&øNà�á�è�éC�&@¼â�ø���àyûíç�ørè�ë�ûíê[ã�à�éÂè�ã�à÷�è�ê(é�à�ç�îmï�å�à�ã�ò�è�ì(à�ìmæhørè�êmûíæ�éED þjþ�FG�

�



3.Static/Hybrid redundancy

)

(rollback )

(n-modular redundancy)

Time redundancy

Space redundancy

2.Dynamic/Time redundancy

    (restart (including the case of replacement))

(retry

(+overhead)

as n increases.

 (+overhead)

1.Detection
(without recovery)

 scheme
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M`H(q�WGBDOXKrx�M=xmT

d�WRH^HmOudeKfi�H7i�H(q�aDw�Hmi�k�bRi�aRq�H(x�xmT$]�WXcGxm�°B�Z§Z�d�WRH7x�d�BDC�H(x�ORH(q�H(x�x�BDi�k±d�a$WGBDOGPFZNH=n9BDcXZNdjx�Òmn9B[K�ZNcRi�H(x�cRbGa�O
aRqmq�cRi�i�HmOGq�H4aDn!BDO$Hmi�i�a�i�x�WRa�cXZrP$E�HUx�d�cGPFKNH(PtBDOGP$d�WRH�KNi�H&"hH(q�djx5a�O$d�WRHU!]Lg±M4cGx�d�EGHUBQOGB[ZNkH�mH(P�T

�9OÌB±x�b�H(q�K§®�q±BDbRbXZ�KrqmBDd�KNa�O.q�a�OXd�H���d[�!d�WRH$i�H(q�aDw�Hmi�kÔd�KNM^H(x�ÅÂHmi�H$H(x�d�KNM7BDd�H(P½KNO $ �D���(�#%�EXkÓPXHm\
q�aFM^bGauxzKfORC=d�WRH*n�BDcXZNd�i�H(q�a�wFHmi�k7bRi�a�q�H(x�x5KNOud�a7x�djBDCFH(x�BDOGP�BQOGB[ZNkH��KNORC=d�WRH	H&"hH(q�djx�aQnpwDBDi�KNa�cGx5n�BDcXZNd�\
d�aDZNHmijBDOGq�HLn²H(BDd�cRi�H(x-a�O^d�WRH�!]�g!TFÈ�HJB�Z}xeaUcGxeHJB�xyKNM4K�Z}BQi>BDbRbRi�auBFq�W^d�a	d�WRH�bRi�a�EXZNHmM aDnhHmwDB[ZNcGBDd�KNORC
d�WRHÂ!]�g!�ÙERcRdhn�a�ihM^aFi�H�C�HmORHmi�B[Z�n9BDcXZNd�\�d�aDZNHmijBDOGq�H�x�d�ijBQd�HmCDKNH(xmT°Üa�i°q�a�M`bXZfHmd�HmORH(x�xm�Dd�WRH(x�H�BDbRbRi�auBFq�WRH(x
BQi�H	x�cRM^M7BQi�K��mH(P$EGH�ZNaDÅ	T
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-si�a�C�i�BDM1Krx�i�Hmb�a�i�d�H(P±d�a$WGB(wFHÖxeWRa�ÅLOÕb�a�d�HmOXd�KrB[ZÂE�HmORH�®Gdjx�aQn5d�WRH7PXkuOGBQM4Krq4i�cROR\�d�KNM^H=i�H(q�a�OX®GC�cR\
i�BDd�KNa�O=KNM^bXZ�KNH(P�EXk=d�WRH�bGaXaDZNH(PX\9x�bGBDi�H(x�BDbRbRi�aXB�q�Wh�Rx�cGq�W�B�x-KNOGq�i�H(BFx�H(P=n�cROGq�d�KNa�OGB[ZpB[wDB[K�Z}BQEXK§Z�KNd�kÕBDOGP
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xecRM^bRd�KNa�O�d�WGBQd�H(B�q�W½n�BDcXZNd�\�WGBQOGPFZ§KNORC�x�djBQC�H�¹ n�BQcXZfd4PXHmd�H(q�d�KNa�O�ÒmKrx�aQZ}BQd�KNa�Oh�&i�H(q�a�OX®GC�cRijBQd�KNa�Oh�°BDOGP
i�H(q�a�wFHmi�k�¹ i�H(¯FcXKNi�H(x&d�KNM^H-Å�KNd�WXKNOÖB�PXHmd�Hmi�MÖKfOXKrx�deK}q-ijBQORC�H�Th�yOUaFd�WRHmi°Å�a�i�PRxm�D��K��hBDO	cRbRb�Hmi!EGa�cROGP�aDn
PXHmd�H(q�d�KNa�O�ÒmKrx�aDZrBDd�KNa�O$deKfM`H�Å5BFx�PXHmd�Hmi�MÖKfORH(P=EXk^cGxyKNORC^B*n�B�K§ZN\£n9B�x�d�BDbRbRi�aXB�q�W`Å�KNd�W7WRH(B�Zfd�W$M^H(x�x�BDCFH(x
BQOGP4d�WRH>x�kRx�d�HmM»Krx�B�x�xecRM^H(P4d�a�cGx�H�B�q�a�M4EXKfOGBQd�KNa�O7aQn�q�a�OXd�KNOucRaFcGxC6-cXK�Zfd�\��9OR\9]@H(x�d��86-�z]J�j�DbGHmi�KNaRPFKrq
6-��]���BQOGP$BDbRbXZ�K}qmBQd�KNa�OR\£ZNHmw�H�Z5PXHmd�H(q�deKfaFO�ÒmKrx�aDZrBDd�KNa�O±M^Hmd�WRaRPRxm����K§K���d�WRH	i�H(q�a�OX®GC�cRijBDdeKfaFO�d�KNM^H(x�Å�Hmi�H
BFq�d�cGB[Z�ZNk^M^H(B�x�cRi�H(P4a�O=d�WRH>PXHmM^a�OGxed�ijBDd�KNa�O=x�k�xed�HmM,Å�KNd�W$q�aDZrP^EGB�q��XcRbGx&n�a�i�B	x�b�H(q�K�®�qLZfaXB�P^aQn�xyK��mH
�FI#�(�D\�EXKNd�Å�a�ijPRxm�hBQOGP���K§K�K��>i�H(q�a�wFHmi�k�aDn�d�WRH^BDbRbXZ�KrqmBDd�KNa�OÉq�a�PXH^Å�B�xLbGHmien²a�i�M^H(P±wFK}BtBDbRbXZ�KrqmBDd�KNa�O
q�WRH(q��ub�aDKNOud�KNORC±BDOGP$i�aQZ§ZNEGB�q����hBDOGP$d�WRH�i�H(¯FcXKfi�H(P±d�KNM^H	Å�B�xLBDbRbRi�a[�uKNM7BQd�H(P$d�a=EGH^B^xzKfORCQZfH=q�WRH(q��u\
b�aDKNOudLbGHmi�KNaRP�TÂ]�WRH�H��RbGH(q�d�H(P=i�H(PXcGq�d�KNa�O�aQnp!]�g|KNO$d�WRH�ORH���d ) ���(�*k�H(BDijx-Å�B�x�B�Z}xea^H(x�d�KNM7BDd�H(P^EXk
q�aFOGxyKrPXHmi�KNORC�x�cGq�W|KNM^bRi�aDw�HmM^HmOXd-n�B�q�d�a�ijx�B�x�d�WRi�a�cRC�WRbRcRd>BDOGP|M^HmM^a�i�k7qmBDbGB�q�KNd�KNH(xmT

�9O7BQORa�d�WRHmi�bGBQbGHmiÂPXH(B�Z§KNORC4Å�KNd�W=d�WRH�b�auaDZNH(PX\9x�bGBQi�H(x�x�k�xed�HmM $ ��%9�DwDBDi�KNa�cGxpn�BDcXZNd�\�d�aDZNHmijBDOGq�H�d�H(q�WR\
OXKr¯FcRH(x�q�aDw�Hmi�KNORC´EGa�d�WÇx�aDn�d�Å�BDi�H�BDOGPÄWGBDijPXÅ�BDi�H|K}x�x�cRH(x=Å�Hmi�HÕB�PRPXi�H(x�x�H(PÉEXk´n�a�q�cGxyKNORC¼a�OÌd�WRH�KNi
ZrBDd�HmOGq�KfH(xÙT ]�WXKrx=ÅÂaFi��ÌB[Zrx�aÌBDOGB[ZNk7�mH(P.d�WRH�!]�gÎKNO.d�WRH±bGaXaDZNH(PX\9x�bGBDi�H(x±x�kRx�d�HmM EGB�x�H(P¼a�O.d�WRH
i�H(x�cXZNdjx4aDn�d�WRH�l�Y�l�Vz-!i�a�C�ijBDM KNO $ �(��%9�!BDOGP½KfOGq�ZNcGPXH(P¼bGBDi�d4aDn�d�WRH=n9BDcXZNd�\�M7BFx���KNORC±M^Hmd�WRaRP´aDn
0t\�M^aRPXcXZrBDi4i�H(PXcROGPRBDOGq�k�Tz-&aux�xyKNEXZfH`n9BDcXZNdÖPXHmd�H(q�d�KNa�O�ÒmKrx�aDZrBDd�KNa�Oh�-i�H(q�a�OX®GCFcRijBDd�KNa�Oh�&i�H(q�aDw�Hmi�k��!BDOGP
n9BDcXZNd�\�M7BFx���KNORC|n²H(BDd�cRi�H(x�Å�Hmi�H^q�a�OGxyKrPXHmi�H(PÔd�atH��ÜBDMÖKfORH`d�WRH�KNi	H&"hH(q�djx�aFOÕd�WRH7!]�gÉÅLWXK§ZNH$q�a�OGxyKrPX\
HmieKfORCtd�WRH=_r-�v;x�bGHmH(PÔBDOGP±d�WRH4i�H�ZrBDd�KNw�H4ijBQd�H(x�aDn�n9BDcXZNd�aRqmq�cRi�i�HmOGq�H(x�KNO±KNOGPFKNwFK}PXcGB�ZLq�aFM^bGa�ORHmOXdjx
xecGq�W±B�x�M^HmM^aFi�k��X��Ò 2 �RERcGxeH(xm��BQOGP=bRi�a�q�H(x�x�a�ijxmT

{tHmM^a�i�k=a�i�PRBDdjBD\�bGBDd�W$bGBDi�KNd�k�q�WRH(q���KNORCG��Hmi�i�a�i�\9q�a�i�i�H(q�d�KNORC7M`HmM^a�i�k��Gq�WRH(q���x�cRMt��i�H(B�x�a�OGBQEXZfHm\
ORH(x�x°q�WRH(q��Rxm�[WRH(B[ZNd�W	M`H(x�x�BDC�H(xÙ�(PRBDdjBD\�d�kXbGH�q�WRH(q��Rxm�[Å�BDdjq�WGPXa�C�d�KNM^Hmi(�DBDOGP�bGHmi�KNaRPFKrqr6-��]�Å�Hmi�H!CDKNw�HmO
BFx�qmBDOGPFKrPRBDd�H�n�BQcXZfd	PXHmd�H(q�d�KNa�O�ÒmKrx�aDZrBDd�KNa�OÔM^H(q�WGBQOXK}xeM7xm��Å�WXK�ZNHºq�aQZ}P���Å�BDi�M���BQOGP�WRaFdJx�bGBQi�H(x�Å�Hmi�H
q�aFOGxyKrPXHmi�H(P|n²a�i�q�Z}BFx�xyK�n²kFKNORC$d�WRHUxek�x�d�HmM i�H(q�a�OX®GC�cRi�BDd�KNa�O�Å5Kfd�W�d�WRH�H(x�d�KNM7BDd�H(P$PRBQdjB4aDn�d�WRH	PXaDÅ�OR\
ZNauBFP7BDOGPUKfOXKNd�KrB[Z�K��(BDd�KNa�O±PXH�ZrB(kRx�PXHmb�HmOGPFKNORC7cRb�a�O7d�WRH�bRi�a�C�i�BDM3xyK��mH��XERcGx�x�b�HmH(P���BQOGP$_r--v.x�bGHmH(P�T
V�HmwFHmijB[Z	q�WGBDi�B�q�d�Hmi�Krx�d�Krqmx`aDn	q�WRH(q��ub�aDKNOudeKfORC.x�cGq�WÇB�x=q�a�OGxyKrx�d�HmOGq�k��5KNOGPXHmbGHmOGPXHmOGq�H���bRi�aFC�ijBDM^M`Hmi�\
d�ijBDOGx�bGBDi�HmOGq�k��GBDOGP$q�a�OXw�Hmijx�BQd�KNa�O$Å�Hmi�H�KNOud�i�a�PXcGq�H(PtÅ�KNd�W$d�WRH�M`Hmd�WRa�PRxLaDn�x�aDn�d�Å5BQi�H�i�Hm\�H��RH(q�cRd�KNa�O
BQOGP	i�aDZ�ZfEGBFq�����Å�WRHmi�HÂd�WRHÂdeKfM`HÂi�H(¯�cXKNi�H(P�n�a�i&d�WXKrx!i�H(q�aDw�Hmi�k�bRi�a�q�H(PXcRi�H�Å�B�x°BFx�x�cRM^H(P�d�a�EGH�B�xyKNORCDZNH
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aFO<E�a�d�WÔKfd�x	b�Hmi�KNa�P¼BDOGP´PXcRijBDd�KNa�OÔKrxUB�Z}xea½Btb�a�bRcXZrBDi^M^Hmd�WRaRPÔd�a$ZNaRqmBDd�H=n9BDcXZNdjxm�&a�OXZNk<d�WRH^®Gijxed
d�Å�a4d�kub�H(x�aDn!PXHmd�H(q�d�KNa�O±M^H(q�WGBDOXKrx�M7x�BDi�H	q�a�OGxyKrPXHmi�H(P|KNO�a�cRi>BQOGB[ZNk�xyKrxm��EGH(qmBQcGx�H	d�WRH�i�H(x�cXZNdjx�d�WucGx
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i�H(q�a�wFHmi�k7M`H(q�WGBDOXKrx�M=x�n�a�i�cXZNd�ijBD\�i�H�Z�KrBDEXZNH7x�kRx�d�HmM=x $ �#%9T

~ WGB#�(BDi�PXa�cGx-HmOuwFKNi�a�ORM^HmOXd(�FZ�Kf�FH�d�WRH>aFORH>i�H(xecXZfdeKfORCÖn²i�aFM o-{t�j��Å5K§Z�ZpB�"�H(q�d-d�WRH�HmOud�KNi�H	xek�x�d�HmM
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d�WGBDdr-&aDZ�Krq�k$��KrxsZNH(x�x-Z�KN��H�ZNk7d�WGBDO -&aQZ§Krq�k±��d�a�w�KNaDZrBDd�H�d�WRH>deKfMÖKfORC^q�a�OGxed�ijB[KNOXd(�R!]�g!Ï ~ Y�g!�XcROGPXHmi
d�WRHºBDE�aDw�H^q�WRauxeHmOÓq�a�OGPFKNd�KNa�OGxÙT -&aDZ�Krq�KfH(x`��BDOGP±�td�WGBDd�cGx�H^i�Hmd�i�kÕWGB[w�H`EGHmd�d�Hmi4PFKrx�d�i�KNERcRd�KNa�OGx^BFx
q�aFM^bGBDi�H(PÄd�a1-&aDZ�Krq�KNH(x��±BDOGPÌ�R�-Å�WXKrq�WÁx�BDd�Krxyn�kÉd�WRHÕq�a�OGxed�ijB[KNOXdå¤��&Æ × �(��	T.ALa�Å�Hmw�Hmi[��d�a´EGH
H&"hH(q�d�KNw�H���i�Hmd�i�k�cGxecGB[Z�Zfk±i�H(¯FcXKNi�H(x	PXH(PFKrqmBDd�H(P±WGBDijPXÅ�BDi�H4BDOGP|KNM^M^H(PFKrBDd�H^Hmi�i�a�i�PXHmd�H(q�d�KNa�OhT`�8(�aFd�H
d�WGBDd�d�WRH�M^H(BQO$Hmi�i�a�i�ZrBDd�HmOGq�k$aDn�-&aDZ�Krq�KNH(x��^BDOGP=�4KNOÕ@KNCGT���Krx>��û �����RT��

@KNCGT��7bXZNa�d�x�d�WRH^!]�g´Å�WXK�ZNH=w�BDi�kFKNORC�d�WRH4b�aDZ�K}q�kÔbGBDijBDM^Hmd�HmijxmT�È�H^B�PXaFbRd	B=M^a�i�H4B�qmq�cRijBDd�H
PFKrBDCFORauxyKrx4bRi�aRq�H(x�x4Å�KNd�WzÇ Æ ë ��ûí�X�X�pBQOGPÉq�WGBDORCFH7i�aQZ§ZNEGB�q��ÉBDOGP´i�Hmd�i�kÔbGaDZ�Krq�KNH(x^d�az0 Ù ë ) BDOGP¤ ÍºÐ ë �Ü�°i�H(x�bGH(q�d�KNw�H�ZNk�T´]�WRH7Hmi�i�a�i�\9PXHmd�H(q�deKfaFO<M^H(q�WGBDOXKrx�M7x`BDi�H$B[Zrx�a$KNM^bRi�aDw�H(PÔd�a�PXH(q�i�H(B�xeH7d�WRH
Hmi�i�a�i&ZrBDd�HmOGq�KNH(x�d�a^�[��BDOGP^��ûí�F�R�!n�a�i!E�a�d�W4n�cROGq�d�KNa�OR\!BDOGP^xyKNC�OGB[ZN\@ZNHmw�H�Z�M^H(q�WGBDOXKrx�M7xÙT!�9O^d�WXK}x�qmB�xeH��
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������������� ����!#"���$�%&!(')�*�+!#$�%&,.-/�)�0')1�2 3547698+:

@KNC�cRi�H	�R�C-si�a�EGBDEXK�Z�KNd�k�PFK}xed�i�KNERcRd�KNa�Otn²cROGq�deKfaFOGx��8--l�-�!aDns!]Lg±Å�KNd�W�q�aDZrP�xebGBDi�H(xmT

d�WRH^M^H(BDO�wDB[ZNcRH(x�aDn>!]�g´E�H(q�a�M^H$x�M7B[Z�ZNHmi(�@ERcRd	d�WRH^cRbRb�Hmi	E�a�cROGPRx�aDn5!]�g¼BDi�H4ORa�d	q�WGBDORC�H(P�T
]5WucGxm�XÅ�H�qmBDOºPXi�B(Å.d�WRH�x�BDM`HJq�a�OGq�ZNcGxyKNa�O±B�x�@KNCGTu�*KNO�x�H�ZNH(q�d�KNORCºBQOºBDbRbRi�a�bRi�KrBDd�HLn�BQcXZfd�\�WGBDOGPFZ�KfORC
b�aDZ�Krq�k�T

È�H^B[Zrx�aÕq�aFOGxyKrPXHmiUPFK'"hHmi�HmOud*n�BQcXZfd�bGBDijBDM`Hmd�Hmijxm�ÁÇ Ü BDOGPtd�WRH^M`H(BDO±w�B[ZNcRH=aDn5B�q�deKfwFH7PXcRijBDd�KNa�OBQi�HUq�WGBDORC�H(P|d�a7��ûí� ) BQOGP���ûí� ) �Ri�H(x�b�H(q�d�KNw�H�ZNk�T�VDKNOGq�H4d�WRH	d�HmM^bGa�i�B[ZN\�i�H(PXcROGPRBDOGq�kÕBQbRbRi�auB�q�WRH(x�CFHmd
E�Hmd�d�Hmi$cROGPXHmi�x�cGq�WÆq�a�OGPFKNd�KNa�OGxm��d�WRHÕ!]�ghx=aQn=-&aDZ�K}q�KNH(xt�R�>�R��BDOGPÉ�Ìq�ZNcGx�d�Hmi�x�M7B[Z�Z	w�B�ZfcRH(xÙ�JBFx
PXHmbXKrq�d�H(PÕKfO±@KNCGT ) T�A�aDÅ�Hmw�Hmi(�Xa�ORH4qmBDORORa�d�x�d�K�Z�ZpORHmCDZNH(q�d	x�aFM^H	b�aux�xyKNEXZNH^!]�ghx5Z}BQi�C�Hmi�d�WGBDO��(����
B�ZfE�H�KNd�Å�KNd�W�x�M7B[Z�Z°bRi�a�EGBDEXK�Z�KfdeKfH(xÙT

È.WRHmOÌd�WRH$WGBDi�PÌPXH(B�PFZ�KNORH/¤��&Æ=Krx^deKfCFWud4Z�KN��Hc¤��&Æ<Ï �(�;����ë ) �����j��ORaÔbGaDZ�Krq�kÇqmBDO¼M^HmHmd^d�WRH
deKfMÖKfORC�q�aFOGx�d�ijB[KNOXd(��!]�g!Ï ~ Y�g!T��9dLKrx�x�WRaDÅ�O$KNO�@KNCuxmT��ºBQOGP ) d�WGBDdLd�WRHU!]�gÉPXaXH(xLORa�dJq�WGBDORC�H
xzKfCFOXK§®�qmBQOud�ZNk�HmwFHmO�K�n�d�WRH4bGaDZ�Krq�k<BDOGP�Ò(aFi�n9BDcXZNd�bGBDijBDM`Hmd�Hmijx�BDi�H^q�WGBQORC�H(P�T4_�a�OGxzK}PXHmieKfORCtd�WRH�n�BFq�d
d�WGBDd!i�H(q�a�OX®GC�cRi�BDd�KNa�O�Krx!d�WRH�M^auxed!d�KNM^Hm\9q�a�OGx�cRM4KNORC4BDM^a�ORC	B[Z�ZGd�WRH-n9BDcXZNd�\�WGBDOGPFZ�KNORC^x�djBDC�H(xÙ�DÅÂH�cGx�H
Å�BDi�M3x�bGBDi�H(xsd�a	i�H(PXcGq�H�¤�ÍD��Å�WXKrq�Wºx��FHmÅ>x�xyKNC�OXK�®�qmBDOXd�ZNk=d�WRH�bRi�a�EGBQEXK§Z�KNd�k7PFKrx�d�i�KNERcRd�KNa�O=n�cROGq�d�KNa�OGx-aDn
d�WRHJ!]�g@x�d�a	d�WRH�i�KNC�WXd(�uB�x-x�WRaDÅ�O`KfO$@KNCGTR��Å�WRHmi�HJB[Z�ZhbGBDijBQM^Hmd�HmijxsERcRdr¤ Í BDi�H�d�WRHJx�BDM^H>B�xsd�WRaux�H
KNO±@KfC�TG�RT!�yO$d�WGBDd>qmB�xeH��]-&aDZ�Krq�KfH(x��4BDOGP|�7BDi�H	xecXKfd�BDEXZNH�n�a�i>x�kRx�d�HmM7x-Å�KNd�Wc¤��&Æ × ���*��ëÌ�����X�jT

��n�d�WRH�d�KNM4KNORC4q�a�OGx�d�ijB�KfOXd@K}x&deKfCFWud�Hmi[�DH�T�CGTN��¤ �&Æ ÏÉ�����(Å�H�qmBDOUq�aFOGq�ZfcGPXH�d�WGBDd!x�djBQd�Krq!i�H(PXcROGPRBDOGq�k
�ya�i�WRa�dUxebGBDi�H(x���MUcGxed�EGH=cGx�H(P<BQd�d�WRH^H��RbGHmOGx�H$aDn�x�bGBDd�KrB[Z�i�H(PXcROGPRBDOGq�k���xzKfOGq�H=ORa�b�aDZ�Krq�k�cGxyKNORC
PXkXOGBDM4Krq*a�i�d�HmM^b�a�ijB[Zhi�H(PXcROGPRBQOGq�kÕqmBDO�x�BQd�Krxyn²k=d�WRH	x�d�i�KNORC�HmOud�q�a�OGx�d�ijB�KfOXd(T
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������������� ����!#"���$�%&!(')�*�+!#$�%&,.-/�)�0')1�2 3547698+:

@KNC�cRi�HÂ���Z-�l�!x@aDn�d�WRH5!]LghxhÅ5Kfd�W	bGaQZ§Krq�k4bGBDijBQM^Hmd�HmijxhPFK'"hHmi�HmOXd&n²i�a�MÆd�WRauxeH�aDn�@KNCGT(�Ü�]Ç]Æ�ëÇ��û �X�u�
0;ÙKë ) �GBQOGP~¤ ÍºÐ ëÇ�RT
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������������� ����!#"���$�%&!(')�*�+!#$�%&,.-/�)�0')1�2 3547698+:

@KNC�cRi�H ) �Z--l�!x�aDnRd�WRHÂ!]�g`cROGPXHmi@n�BDcXZNd&HmOuwFKNi�a�ORM^HmOXdjx&PFK'"�Hmi�HmOud�n�i�a�MÎd�WRaux�H-aDnÜ@KNCGT[�R��Ç Ü ëÇ��ûí� )BQOGP>=`��¤ Ñ ���9d�WRH�M^H(BDO�B�q�d�KNw�H	PXcRi�BDd�KNa�O���ëÇ�øûí� ) T
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������������� ����!#"���$�%&!(')�*�+!#$�%&,.-/�)�0')1�2 3547698+:

@KNC�cRi�HÖ�Ü�Å-�l�!xLaDn�d�WRH^!]�ghx�Å�KNd�W�B`i�H(q�a�OX®GC�cRi�BDd�KNa�O�x�d�ijBQd�HmC�k$PFKþ"hHmi�HmOXd�n�i�a�M1d�WGBDd�aDnÂ@KNCGT��Ü�
Å�BDi�M xebGBDi�H(xmT

? @ *�	 !���	8�����

�9O±d�WXKrx�bGBDb�Hmi(�GÅ�H�Hmw�B[ZNcGBDd�H(P½d�WRHU!]�g½n�a�i>CFHmORHmijB[Z&n�B[K�ZNcRi�Hm\�WGBDOGPFZ�KNORC±bGaDZ�Krq�KNH(x�d�WGBDd>q�a�M4EXKNORH
d�HmM^bGa�i�B[ZsBQOGP�x�bGBDdeK}B�Zpi�H(PXcROGPRBQOGq�k�T�È�H�KNOXw�H(x�d�KNCuBQd�H(P±B[Z�Zpd�WRH*KNOGPFKfwFKrPXcGB[Z�n�BQcXZfd�\�WGBDOGPFZ�KfORC±x�djBDCFH(x
n�i�a�M Hmi�i�a�i7PXHmd�H(q�d�KNa�OÌd�a½Kfd�x7q�a�M`bXZfHmd�H�i�H(q�aDw�Hmi�k���BDOGPÄcGx�H(PÌx�aFM^H�PXHmd�Hmi�M4KNOXKrx�d�Krq�BQOGPÉijBDOGPXaFM
wDBDi�KrBDEXZNH(x-d�a�M^aRPXH�ZGd�WRH�d�KNM^H(x-x�bGHmOXd!n�a�i!d�WRH(xeH5xedjBDC�H(xmT!]�WXKrxpK}xpKNO7x�WGBDi�b=q�a�Oud�ijB�x�d&d�a�d�WRH�bRi�HmwFKNa�cGx
Å�a�i��	d�WGBDd-Hmw�B[ZNcGBDd�H(P4n9BDcXZNd�\�i�H(q�aDw�Hmi�k4d�KNM^H(xsÅ�KNd�W7xyKNM^bXZNH�M^aRPXH�Zrx-a�i�PXHmd�Hmi�M4KNOXKrx�d�Krq�PRBDd�B	q�aDZ�ZNH(q�d�H(P
n�i�a�M1H��RbGHmi�KNM^HmOXdjxmT ~ x�x�WRaDÅ�OtKfO�B=xyKNM^bXZNH^H��GBDM^bXZNH4¹ B[ZNd�WRa�cRC�Wtd�WRH4bGBDijBDM`Hmd�HmijxLcGx�H(P|KfO±d�WRH
H��GBDM^bXZNH�BDi�H>q�WRaux�HmO=BDi�EXKNd�ijBDieK§ZNk��Xd�WRH�KNi�q�WRaQK}q�H�Å�a�cXZrP4ORa�d�q�WGBDORCFH�d�WRH>q�a�OGq�ZNcGxyKNa�O$Å�H�WGB[w�H�PXijB[Å�O
¹ d�WRHtHmw�B[ZNcGBDd�H(PÆ!]�gÁK}x$BÔ��HmkÉd�a´d�WRH±x�H�ZNH(q�d�KNa�OÆaDnUBDO.BDbRbRi�a�bRieK}BQd�H$n9BDcXZNd�\�WGBDOGPFZ�KNORC.bGaDZ�Krq�k��
H(xebGH(q�KrB[Z�ZNk�n�a�i�i�H(B[ZN\�d�KNM^HUq�a�OXd�i�aQZ§ZNHmi>q�aFM^bRcRd�HmijxmT

~ ZNd�WRaFcRC�W$Å�HJB�x�x�cRM^H(P=d�WRH�ZrBDd�HmOGq�KNH(x�aQn°KNOGPFKNw�KrPXcGB[Z�x�djBQC�H(x-d�a4EGH	B[w�B[K�ZrBDEXZNH	EXk=M^H(B�x�cRi�KNORC^aFi
M`a�PXH�Z�KNORC�i�H�ZNHmw�BQOud4w�BQi�KrBDEXZNH(xm�!KNd*K}x*KNOÉi�H(B[Z�KNd�k<¯FcXKfd�HºPFK'Èºq�cXZNd^d�a$aFERdjB[KNO<d�WRH�Kfi^B�qmq�cRi�BDd�H^wDB[ZNcRH(xm�
xea�M^H�aQnGÅ�WXKrq�W^PXHmbGHmOGPÖa�O4H(B�q�W�a�d�WRHmi!BDOGP4B[Zrx�a�a�OUBDbRbXZ�KrqmBDd�KNa�OGxÙT!È�H�BDi�H�q�cRi�i�HmOXd�ZNk�KNOuwFH(x�d�KNCuBDd�KNORC
Å�B[kRx�d�a$Hmw�B[ZNcGBDd�H7a�i�M`a�PXH�Z�d�WRH`d�KNM^H(x	x�b�HmOud�a�O�d�WRHÖKfOGPFKNwFKrPXcGB[ZJx�djBQC�H(x�Å�WXK�ZNHºq�a�OGxzK}PXHmieKfORC±d�WRH
xek�x�d�HmM BDijq�WXKNd�H(q�d�cRi�H��Rd�B�x��=dzkXbGH���BDOGP=d�WRH�KNM^bXZNHmM^HmOXdjBDd�KNa�O±aDn°H(BFq�W±x�djBDC�H�T

]�WRHmi�H�BDi�H�B[Zrx�a>xeHmw�HmijB[Z�KNOXd�Hmi�H(x�deKfORC�i�H�ZrBDd�H(P*bRi�a�EXZNHmM7x@Å�a�i�d�W�n�cRi�d�WRHmi�KNOXw�H(x�d�KNCuBQd�KNa�Oh�[KNOGq�ZfcGPFKNORCG�

ô ~ Zfd�WRa�cRC�WÔKfd�Krx�ORa�dUB�ZfÅ�B[kRx�i�H(¯FcXKNi�H(PÉ�yEGH(qmBDcGx�H$aQne��n²a�i�H��ÜBQM^bXZNH���B�x�cGqmq�H(x�xyn²cXZ�d�HmM`bGa�ijB�Zf\
i�H(PXcROGPRBDOGq�kÉM`Hmd�WRa�PÓZ�Kf�FH�i�Hmd�i�kG�j�-x�k�xed�HmM i�H(q�a�OX®GCFcRijBDd�KNa�OÄK}x`C�HmORHmijB�Z§ZNkÉd�WRH$M`aux�d^d�KNM^Hm\
q�a�OGx�cRMÖKfORC$x�djBQC�H�aDn!n9BDcXZNd�\�Ò(Hmi�i�aFi�\!WGBDOGPFZ�KNORCGT�È�H4BDi�H	q�cRi�i�HmOud�ZNk±BDOGB[ZNkH��KNORC=d�WRH�ZrBDd�HmOGq�k�aDn

�D�



x�kRx�d�HmM i�H(q�a�OX®GC�cRijBDdeKfaFOh�GH��GBDM4KNOXKNORCÕB[Z�Z!aDn&Kfd�x�n�H(BDd�cRi�H(xÙ����K��5q�aDZrP���Å�BDi�M��GBQOGP$WRa�d�x�bGBDi�H(xÙ�
��K�K��UB�q�d�KNw�H=a�i4bGB�x�xzKfwFH$i�H(q�a�OX®GC�cRijBQd�KNa�OÌ��BDOGP´C�ijB�q�H�n�cXZ5PXHmCFijB�PRBDd�KNa�O�������K�K�K²�4q�a�M^bXZNH��uKNd�kÉaDn
x�Å�KNdjq�WXKNORC7BDOGPÖKNOXKfdeK}BQd�H(P$ERcXK�ZNd�\£KNOR\�d�H(x�d�KNORC=aDnpB�x�bGBDi�H�����KNw��pd�WRH>d�i�B�PXHma#"�EGHmd�Å�HmHmO$q�a�M^bRcRdjBD\
d�KNa�OGB[Z!qmBDbGB�q�KNd�kºBDOGP$xek�x�d�HmM i�H�Z�KrBDEXK�Z§KNd�k�B�x�x�aRq�KrBDd�H(P=Å�KNd�WtH(B�q�W$i�H(q�a�OX®GC�cRijBQd�KNa�O�x�d�ijBQd�HmC�k�T

ô �9dLKrx�KNM^b�a�i�djBDOXd�d�aºPXHmieKfwFH���K§n�bGaux�xyKNEXZfH��&B$q�ZNaux�H(PX\£n�a�i�M ¿ µ�¸�H���bRi�H(x�xyKNa�Otn²a�i�d�WRH4d�KNM^H^x�b�HmOud
n�a�i>H(BFq�WtKNOGPFKNw�KrPXcGB[Z>x�djBQC�H�T��9O�qmB�xeHÖBQOÕH��GB�q�d	q�ZNaux�H(PX\£n�a�i�M ¿ µ�¸�Krx*ORa�d>aFERdjB[KNOGBDEXZNH��°BDO�BDbR\
bRi�a[�XKfM=BDd�H�H��RbRi�H(x�xyKNa�O=M7B[k4EGH�cGx�H(P`d�a4PXHmd�Hmi�M4KNORH�BDOºBQbRbRi�a�bRi�KrBDd�H5n�BDcXZNd�\�Ò[Hmi�i�a�i�\&WGBDOGPFZ�KNORC
bGaQZ§Krq�k�T

ô ]�WRH	!]�g±x�d�i�a�ORCDZNk$PXHmbGHmOGPRxLcRbGa�O|n�BDcXZNd�q�aDw�HmijBDCFH��uÅLWXK}q�W$Å�B�x�B�x�x�cRM`H(P=d�a4EGHUB4q�a�OGxedjBDOXd
PXHmd�Hmi�MÖKfORH(P=EXk=d�WRHJPFKrBDCFORauxyKrx�x�djBQC�H�T!A�aDÅ�Hmw�Hmi(�Qn�BDcXZNd�q�aDw�HmijBDCFH�KrxsKNO�i�H(B[Z�KNd�k^ORa�d�xyKNM^bXZNH	d�a
PXHmd�Hmi�MÖKfORH	PXcRH�M=B[KNOXZfk$d�a	d�WRH�H&"hH(q�djx-aDn°M=BDOuk=q�a�cRbXZNH(P=d�H(x�d�KNORCRÒ�PXHmd�H(q�d�KNORC^M^Hmd�WRaRPRxmT�]�WRH
djB�xe�Õd�kXbGH7BQOGP�d�WRH`n9B[K�ZfcRi�H7aRqmq�cRi�i�HmOGq�H$ijBQd�H7B[Zrx�a±B�"hH(q�d�n9BDcXZNdUq�aDw�HmijBDCFH�T7È.WRHmO´bGHmi�KNaRPFKrq
PFKrBDC�ORauxeH(x^BDi�H$cGx�H(P��-d�WRHmi�H=Krx^B½d�ijB�PXHma#"ÌE�Hmd�ÅÂHmHmO.B�qmq�cRijB�q�k¼��n9BDcXZNd^q�a�wFHmijBDC�HD�	BDOGP´d�KNM^H
��n�i�H(¯FcRHmOGq�kÕBDOGP±PFKrBDC�ORauxzK}x*d�KNM^HD�jT��yd�KrxJKfM`bGa�i�d�BDOud�d�a$x�d�cGPXk±B[Z�Z�d�WRH�n�B�q�d�a�ijx�PXHmd�Hmi�M4KNOXKNORC
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