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H IJKLMNOPKQMJ
RST URV WXYZS[T\]X\W ]^_[X`_a T`ZS[ `WT_[`]Xb c b^ ]da ^e ]SX__Tb b^Z`] f TX]S
WTa`Z_TW [^ g\^]Taa WX[X e\^h ^_T UiR `_gY[ `_[^ ]bYa[T\a f ]T_[\^`Wa X_W
S`[a jXe[T\ \^XW `_e^\h X[`^_ `a \T]T`kTW e\^h [ST lmVno pq[T\_Xb ]^_[\^b b^Z`]
h X_XZTa [ST [\X_aeT\ ^e WX[X c T[rTT_ [ST ]SX__Tb b^Z`] X_W [S\TT sVt cYaTa
X_W Xba^ g\^k `WTa e^\ ^kT\Xbb ]^_[\^b ^e [ST ]SX__Tb b^Z`] o

U`b`]^_ a[\`g WX[X X\\`kTa k`X X_ UiR `_gY[ Xa X aT\`Ta ^e cu[Ta e^bb^r `_Z
X g\Ta]\`c TW WX[X e^\h X[ o v_ `_gY[ ltlw a[^\Ta [S`a WX[X `_ W^YcbTxcu[T
e^\h X[ e^\ bX[T\ \TXW^Y[ o y ST_ X_ pzp{RxURvmR a`Z_Xb `a \T]T`kTW e\^h
[ST ]^_[\^b b^Z`] f WX[X e\^h [ST ltlw `a \TXW X_W g\^]TaaTW `_[^ ]bYa[T\a X_W
[ST_ ]T_[\^`Wa k`X ag T]`Xb b^Z`] o RSTaT ]T_[\^`Wa X\T aXkTW `_ X aT]^_W ltlw
e^\ bX[T\ \TXW^Y[ cu [ST S`[ | b[T\ f X_^[ST\ cb^ ]d ^e ag T]`Xb b^Z`] o RST S`[
| b[T\ ]^hgX\Ta [ST ]T_[\^`Wa r `[S \^XW `_e^\h X[`^_ g\^k`WTW cu [ST l`c T\
m^XW VX\W f lmV f [^ WT[T\h `_T }S`[a~ o v e[T\ [ST Tq[T\_Xb ]^_[\^b b^Z`] SXa
\TXW [ST S`[ `_e^\h X[`^_ f [ST ]SX__Tb b^Z`] \TkT\[a [^ rX`[`_Z e^\ X_^[ST\
pzp{RxURvmR a`Z_Xb o

t_ XWW`[`^_ [^ `[a g\`h X\u eY_][`^_ ^e WT[T\h `_`_Z }S`[a~ f [ST ]SX__Tb
b^Z`] hYa[ ]\TX[T [ST bTkTb � f �� f WX[X X_W Xba^ [ST h^_`[^\TW WX[X o
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RST e^bb^r `_Z aT][`^_a g\^k `WT WT[X`bTW `_e^\h X[`^_ ^_ [ST ^gT\X[`^_ ^e
[ST ]SX__Tb b^Z`] o

� �� � ��K�
UiR `_gY[ WX[X `a \T]T`kTW Xa X aT\`Ta ^e cu[Ta `_ ]^_�Y_][`^_ r `[S X �� i�	
]b^ ]d f URm
w�R f [S\TT ]^_[\^b a`Z_Xba f Vvz � f 
vz � f �{�m
� � X_W X_
T\\^\ a`Z_Xb f pmmwm o pX]S WX[X cu[T `a kXb`W rST_ [ST ]^\\Tag ^_W`_Z 
vz �
X_W �{�m
� � a`Z_Xba X\T b^r X_W Vvz � `a S`ZS o y ST_ WX[X `a kXb`W f [ST
\`a`_Z TWZT ^e [ST ��i�	 ]b^ ]d f URm
w�R f a[^\Ta X cu[T ^e UiR WX[X gbYa
[ST pmmwm c`[ `_ X _`_T c`[ `_gY[ \TZ`a[T\ o Rr^ `_gY[ \TZ`a[T\a X\T _TTWTW
[^ a[^\T X gX`\ ^e UiR `_gY[ cu[Ta g\`^\ [^ [ST cu[Ta c T`_Z r \`[[T_ [^ [ST
UiR `_gY[ ltlw o

RST WX[X e^\h X[ ^e [ST UiR cu[T aT�YT_]T `a �
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UiR `_gY[ WX[X X\T a[^\TW `_ [ST `_gY[ ltlw Xa cu[T gX`\a jgbYa T\\^\
c`[an f X[ X_ T�T][`kT \X[T ^e @� o� i�	 f T_aY\`_Z [SX[ [ST r \`[`_Z \X[T W^Ta
_^[ Tq]TTW [ST \TXW^Y[ \X[T ^e �@ i�	 o

v aYZZTa[TW WX[X e^\h X[ e^\ ^_T cb^]d ^e UiR WX[X `_ [ST �� c`[ r `WT
UiR ltlw `a �
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pmmwm � `a Xaa^ ]`X[TW r `[S [ST h^\T a`Z_`|]X_[ cu[T X_W pmmwm @ r `[S
[ST bTaa a`Z_`|]X_[ cu[T o

v bb WX[X e\^h [ST UiR `a a[^\TW TqX][bu Xa \T]T`kTW jgbYa T\\^\ c`[an f
Tq]Tg[ e^\ [ST [\X`bT\ o RST [\X`bT\ \TgbX]Ta [ST aT]^_W V# r `[S X_ TkT_[
_YhcT\ f [ST a^Y\]T ^e rS`]S `a WTa]`c TW `_ [ST _Tq[ aT][`^_ o

{^[T [SX[ XWW`[`^_Xb V# |bbT\ cu[Ta e^bb^r `_Z [ST `_`[`Xb V#V# `_gY[ [\X`bT\
X\T _^[ r \`[[T_ [^ [ST ltlw o w_bu rST_ X _^_xV# UiR cu[T ^]]Y\a W^Ta
ltlw WX[X a[^\XZT \TaYhT o
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UiR WX[X W^ Ta _^[ X\\`kT r `[S X_u TkT_[ `WT_[`|]X[`^_ f cY[ [^ WT[T][ X_ TkT_[
h `ah X[]S c T[rTT_ lmV X_W UiR WX[X cb^]da f TkT_[ `WT_[`]X[`^_ _TTWa [^
c T XWWTW [^ TX]S UiR WX[X cb^ ]d < [S`a `a W^_T cu r \`[`_Z X_ TkT_[ _YhcT\
`_ [ST UiR [\X`bT\ r^\W o

t_ _^\h Xb ^g T\X[`^_ f [ST \T]T`g[ ^e lmV WX[X ]^_[X`_`_Z [ST TkT_[ _YhcT\
^]]Y\a kT\u ]b^aT `_ [`h T [^ [ST \T]T`g[ ^e [ST UiR WX[X e^\ [ST aXh T TkT_[ f
cY[ `[ ]X__^[ c T ZYX\X_[TTW [SX[ [ST TkT_[ _YhcT\ e\^h [ST lmV WX[X r `bb c T
\T]T`kTW cTe^\T [ST [\X`bT\ ^e UiR WX[X _TTWa [^ c T r \`[[T_ o R^ T_aY\T [SX[
[ST UiR [\X`bT\ SXa [ST Xaa^]`X[TW lmV TkT_[ _YhcT\ f X [`h T WTbXu e\^h [ST
a[X\[ ^e _^_xV# UiR WX[X X_W [ST r \`[`_Z ^e [ST [\X`bT\ [^ [ST UiR ltlw
`a _TTWTW o RS`a WTbXu `a ZT_T\X[TW cu X_ �xc `[ W^r_x]^Y_[T\ [SX[ `a g\TaT[
r `[S X W^r_b^XWXcbT [`h T WTbXu rST_ UiR WX[X `a \T]^Z_`	TW o y\`[`_Z ^e
[ST UiR [\X`bT\ rX`[a Y_[`b [ST WTbXu SXa Tqg`\TW X_W [ST_ `a r \`[[T_ r `[S
X_ TkT_[ _YhcT\ lmVxpzp{R [SX[ SXa c TT_ bX[]STW cu lmVxURvmR o v[ X
�@ i�	 ]b^ ]d \X[T f [ST h Xq`hYh WTbXu `a Xc ^Y[ � =aT]a o
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wck`^Yabuf `e lmVxURvmR ^]]Y\a c Te^\T [ST UiR WX[X cTZ`_a f _^ WTbXu `a
_TTWTW o v ba^ f Xa a^ ^_ Xa lmVxURvmR ^]]Y\a f [ST WTbXu ]X_ cT [T\h `_X[TW o
RSTaT [r^ ]^_W`[`^_a ]X_ cT X]]^h^WX[TW f r `[S X \TaYb[X_[ `h g\^kThT_[
`_ g T\e^\h X_]T f cu Xb[T\`_Z [ST rXu [ST WTbXu ]^Y_[T\ ^g T\X[Ta f Xa e^bb^r a �

^[S lmVxURvmR X_W [ST a[X\[ ^e UiR WX[X X\T Xbb^rTW [^ a[X\[ X_W \TaT[
[ST ]^Y_[T\ < rS`]STkT\ a`Z_Xb ^ ]]Y\a |\a[ a[X\[a [ST ]^Y_[T\ f [ST ^[ST\ a`Z_Xb
\TaT[[`_Z `[ o te c ^[S a`Z_Xba ^ ]]Y\ a`hYb[X_T^Yabuf [ST ]^Y_[T\ `a _^[ a[X\[TW o
y ST_ [ST UiR [\X`bT\ `a WT[T][TW f r \`[`_Z ^e [ST [\X`bT\ [^ [ST ltlw rX`[a
Y_[`b [ST ]^Y_[T\ `a `WbT jS^bWa X ]^Y_[ ^e 	T\^n o

t[ `a _^[ g ^aa`c bT [^ ]^_eYaT X V# |bbT\ cu[T r `[S X bTZXb UT�YT_]T\ t
 f
`_W`]X[`_Z [ST a[X\[ ^e X _Tr cb^]d ^e WX[X f c T]XYaT [ST UT�YT_]T\ t
 SXa X_
X][YXb h Xq `hYh kXbYT ^e Xc^Y[ ��# j�� STq n o
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 X[X a[^\TW `_ [ST UiR ltlw `a _^[ \TXW Y_[`b [ST a[X\[ ^e X_ TkT_[ SXa
c TT_ \T]^Z_`	TW o RS`a a[X\[x^exTkT_[ a`Z_Xb pzp{RxURvmR `a aT_[ cu [ST
]^_[\^b b^Z`] [SX[ \TXWa [ST lmV \^XW WX[X o 
Ta`WTa `_ `[`X[`_Z [ST ]bYa[T\`_Z
XbZ^\`[Sh f pzp{RxURvmR bX[]STa X _`_T c`[ r^\W f ��xVw{lt� f T`ZS[ c`[a
ag T]`eu `_Z rS`]S ^e [ST T`ZS[ [ug Ta ^e �� WX[X hYa[ c T a[^\TW WY\`_Z TkT_[
g\^ ]Taa`_Z f X_W ^_T c`[ ag T]`eu `_Z rST[ST\ ^\ _^[ [S`a `a X h ^_`[^\TW TkT_[ o
pzp{RxURvmR Xba^ ]XYaTa pzp{Rx
�U� [^ Z^ S`ZS f a`Z_Xbb`_Z [ST ]^_[\^b
b^Z`] [SX[ X_ TkT_[ `a ]Y\\T_[bu c T`_Z g\^ ]TaaTW o

t_ XWW`[`^_ [^ [ST UiR ltlw f [ST\T `a X aT]^_W ltlw [SX[ `a \TXW `_a[TXW
^e [ST UiR ltlw `e `_gY[ a`Z_Xb RpUR `a S`ZS o RS`a aT]^_W ltlw Xbb^r a [ST
]SX__Tb b^Z`] [^ c T [Ta[TW Ya`_Z a`hYbX[TW UiR WX[X o

$ %� �*0/5�5/0)*+ 89 : �*�20 	 ,0,

RST |\a[ r^\W \TXW e\^h [ST UiR ltlw f h `_Ya [ST pmmwm c`[a f `a aXkTW Xa
[ST Up
 t
 X_W [ST �
 t t
 o RSTaT t
 a X\T ]^hgX\TW r `[S Tqg T][TW kXbYTa
jW^r_b^XWTW gX\XhT[T\an f X ]^hgX\`a^_ h `ah X[]S aT[[`_Z X_ T\\^\ c`[ ii
X_W `_]\Th T_[`_Z X_ Xaa^ ]`X[TW T\\^\ ]^Y_[T\ YaTW e^\ h ^_`[^\`_Z o

RST _Tq[ UiR r^\W ]^_[X`_a [ST ]S`g _YhcT\ X_W X cu[T ^e 	T\^a f cY[ `e
[ST iU
 ^e [ST r^\W `a _^[ aT[ f ^\ `e [ST\T `a _^[ X cu[T ^e 	T\^a f ii `a aT[
X_W [ST Xaa^]`X[TW ]^Y_[T\ `_]\Th T_[TW o RST ]S`g _YhcT\ f X kXbYT e\^h # [^
� f `a ]^hgX\TW r `[S W^r_b^XWTW ]S`g \X_ZTa e^\ TX]S WX[X [ug T [^ WT[T\h `_T
`e [ST WX[X `a Xq `Xb f a[T\T^ ^\ �# WTZ\TT o v bb [S\TT WX[X [ug Ta X\T g\^]TaaTW
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`_[^ ]bYa[T\a X_W ]T_[\^`Wa f cY[ ^_bu Xq `Xb ]T_[\^`Wa X\T gXaaTW [^ [ST S`[
| b[T\ b^Z`] o

RST \Th X`_`_Z UiR r^\Wa X\T \TXW Xa cu[T gX`\a f [ST YggT\ cu[T c T`_Z
[ST a[\`g _YhcT\ j]XbbTW [ST ]SX__Tb t
 `_ [ST UiR WX[Xn X_W [ST b^rT\ cu[T
[ST WX[X kXbYT e\^h [ST a[\`g o RST |\a[ cu[T ^e [STaT gX`\a XbrXua SXa X_
iU
 ^e # o te RST iU
 `a �f [ST_ [S`a `_W`]X[Ta X _Tr ]S`g _YhcT\ X_W [ST
aT]^_W cu[T ^e [ST gX`\ aS^YbW cT 	T\^ Xa r `[S [ST `_`[`Xb ]S`g _YhcT\ o

te T`[ST\ T\\^\ c`[ e\^h X_u ltlw r^\W `a aT[ f [ST_ X_ T\\^\ c`[ Upmm `a
aT[ o

v a UiR a[\`g WX[X X\T \TXW e\^h [ST `_gY[ ltlw f a^hT g\Tg\^]Taa`_Z `a
g T\e^\h TW cTe^\T [ST WX[X X\T gXaaTW [^ [ST ]bYa[T\`_Z eY_][`^_ o

y ST_ X gX\[`]YbX\ a[\`g `_ X WT[T][^\ `a d_^r_ [^ cT cXW f `[a WX[X kXbYT
hYa[ c T `Z_^\TW j	T\^TWn o R^ W^ [S`a f X ���@�� b^^dYg [XcbT XWW\TaaTW
cu [ST e^Y\xc`[ ]S`g _YhcT\ X_W [ST aTkT_xc`[ a[\`g _YhcT\ `a TqXh `_TW [^
WT[T\h `_T [ST Z^^W�cXW a[X[Ya e^\ TX]S a[\`g o

RST kXbYT ^e TX]S Z^^W a[\`g hYa[ c T ]^\\T][TW e^\ ^� aT[ X_W a]XbT cu
]^_aYb[`_Z X aT]^_W b^^dYg [XcbT o RS`a `a X @�#��� [XcbT XWW\TaaTW cu [ST
e^Y\xc`[ ]S`g _YhcT\ X_W [ST T`ZS[ c`[ WX[X kXbYT o


^[S ^e [STaT [XcbTa e^\ TX]S ^e [ST UiR `_gY[a hYa[ c T `_`[`Xb`	TW g\`^\
[^ YaT ^e [ST URV ]X\W o
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ve[T\ [ST a[\`g WX[X SXkT c TT_ `_gY[ X_W g\Tg\^]TaaTW jcXW ]SX__Tba \T� T][TW f
WX[X ]^\\T][TW n f X ]bYa[T\`_Z XbZ^\`[Sh `a `_k^dTW o RST cXaTb`_T XbZ^\`[Sh
[\TX[a TkT\u ]^_[`ZY^Ya Z\^Yg ^e ]SX__Tba Xc ^kT X j|\a[n [S\TaS^bW Xa X ]bYax
[T\ o 
 TXW ]SX__Tba X\T [\TX[TW Xa SXk`_Z 	T\^ gYbaT ST`ZS[ o RST ]SX__Tb r `[S
[ST S`ZSTa[ gYbaT ST`ZS[ `_ [ST ]bYa[T\ `a [ST ]bYa[T\ ]T_[T\ o w_bu ]SX__Tba
SXk`_Z WX[X kXbYTa Xc ^kT X jaT]^_Wn [S\TaS^bW X\T Xbb^rTW [^ cT ]bYa[T\ ]T_x
[T\a o RST\T X\T aTgX\X[T [S\TaS^bWa e^\ Xq `Xb f a[T\T^ X_W �#xWTZ\TT ]SX__Tba <
[STaT X\T W^r_b^XWTW gX\XhT[T\a o

t_ XWW`[`^_ [^ `WT_[`eu `_Z ]bYa[T\a f [ST VbYa[T\ l `_WT\ ]Xb]YbX[Ta X gYbaTx
ST`ZS[ rT`ZS[TW T�T][`kT ]bYa[T\ ]T_[T\ f ]XbbTW X ]T_[\^`W f ]T_[T\TW ^_ [ST
]bYa[T\ ]T_[T\ o RST _`_T h ^a[ a`Z_`|]X_[ c`[a ^e [S`a ]T_[\^`W \TgbX]T [ST
aTkT_ c`[a ^e [ST ^\`Z`_Xb ]bYa[T\ ]T_[T\ f [ST T� T][ c T`_Z [SX[ ^e X e^Y\xe^bW
`h g\^kThT_[ `_ \Ta^bY[`^_ ^e [ST ]bYa[T\ ]T_[T\ o

v gYbaT X\TX j�� ��� n ^e [ST ]bYa[T\ `a ]Xb]YbX[TW cu aYhh `_Z [ST WX[X
kXbYTa e^\ [STaT 	 a[\`ga ^e TX]S ]bYa[T\ X_W ]^hgX\`_Z [STh [^ [S\TT W^r_x

�



b^XWTW [S\TaS^bW kXbYTa o Rr^ c`[a X\T aT[ [^ `_W`]X[T [ST ]bYa[T\ gYbaT X\TX
X]]^\W`_Z [^ [ST e^bb^r `_Z a]STh T �

c`[a �� ���
## � � �
#� � � � f � � ��# � � � f � ��
�� � ��

l^\ TX]S ]bYa[T\ f [ST ]T_[\^`W `_e^\h X[`^_ ]^_a`a[a ^e [r^ �� ��� c`[a f [ST
e^Y\xc`[ ]S`g t
 X_W [ST ]Xb]YbX[TW _`_Txc`[ ]T_[\^`W XWW\Taa o

vq`Xb ]T_[\^`Wa X\T a[^\TW `_ X ltlw e^\ aYcaT�YT_[ \TXW^Y[ [^ [ST S`[
| b[T\ o �# WTZ\TT ]T_[\^`Wa X\T a[^\TW `_ X aTgX\X[T ltlw e^\ \TXW^Y[ [^ [ST
� zT\[Tq VX\W f cY[ ^_bu `e � zT\[Tq \TXW^Y[ `a T_XcbTW o te ]T_[\^`W \TXW^Y[
[^ �� `a ag T]`|TW cu [ST �� ]^_|ZY\X[`^_ r^\W f [ST_ Xbb ]T_[\^`Wa X\T Xba^
a[^\TW `_ X_ �� ltlw o

$ %� � )0 � );0/5)*+

� `[ | b[T\`_Z ]^hgX\Ta ]T_[\^`Wa e\^h [ST ]bYa[T\ |_WT\ r `[S \^XW `_e^\h X[`^_
e\^h [ST lmV [^ WT[T\h `_T S`[a o RST \^XW `_e^\h X[`^_ `a aT_[ [^ X �@�d�@@
\^XW ��R Xa X aT\`Ta ^e �� c`[ kXbYTa f [ST _YhcT\ ^e kXbYTa bu `_Z cT[rTT_
# X_W �� o l\^h [S`a ��R [ST ]SX__Tb b^Z`] ^c[X`_a �� c`[ b^rT\ X_W YggT\
\X_ZT b`h `[a e^\ ]T_[\^`Wa f e^Y\ c`[a ag T]`eu `_Z [ST ]S`g _YhcT\ X_W aTkT_ c`[a
ag T]`eu `_Z [ST a[\`g o RSTaT \X_ZT b`h `[a X\T a[^\TW `_ ]^_aT]Y[`kTbu _YhcT\TW
\TZ`a[T\ gX`\a e^\ bX[T\ ]^hgX\`a^_ r `[S ]T_[\^`Wa o

v e[T\ [ST bXa[ \^XW kXbYT SXa c TT_ \T]T`kTW X_W [\X_abX[TW `_[^ \X_ZT
b`h `[a f [ST ]T_[\^`Wa a[^\TW `_ [ST Xq `Xb ]T_[\^`W ltlw X\T ]^hgX\TW ^_T X[
X [`h T r `[S Xbb ^e [ST \X_ZT b`h `[a o v_u ]T_[\^`W eXbb`_Z r `[S`_ ^_T ^e [ST
\X_ZTa \TaYb[a `_ a[^\`_Z X ]^\\Tag ^_W`_Z }S`[~ c`[ jYg [^ �� ^e [STaTn gbYa
Wp�Wq f Up
 f �
 t f [ST ]S`g _YhcT\ X_W _`_T c`[ a[\`g _YhcT\ `_ X �@ c`[
r `WT S`[ ltlw o Up
 `_ [ST ltlw r^\Wa `a \TWY]TW [^ X aTkT_ c`[ kXbYT cu
^h `[[`_Z c`[ � e\^h [ST ^\`Z`_Xb T`ZS[ c`[a ^e Up
 o v e[T\ [ST bXa[ ]T_[\^`W
SXa c TT_ YaTW `_ S`[ ZT_T\X[`^_ f X [\X`bT\ `a r \`[[T_ [^ [ST S`[ ltlw f [S`a
[\X`bT\ ]^_[X`_`_Z [ST TkT_[ _YhcT\ \TXW e\^h [ST lmV STXWT\ o RST [\X`bT\
`a `WT_[`|TW cu `[a �� }S`[~ c`[a c T`_Z 	T\^ o

RST TkT_[ _YhcT\ e\^h [ST ]T_[\^`W WX[X j[ST TkT_[ Xaa`Z_TW [^ [ST UiR
WX[Xn `a ]^hgX\TW r `[S [ST lmV TkT_[ _YhcT\ rST_ [ST ]T_[\^`W [\X`bT\ `a

�



\TXW o te [STaT TkT_[ _YhcT\a X\T _^[ [ST aXh T f X_ TkT_[ T\\^\ c`[ ppmm `a
aT[ o RS`a c`[ `a aT_[ [^ [ST ]^_[\^b b^Z`] X_W `a ^_bu ]bTX\TW Xe[T\ � x
w{p
Z^Ta S`ZS o

RST aXhT WX[X r \`[[T_ [^ [ST S`[ ltlw `a Xba^ r \`[[T_ [^ X_ �� ltlw <
[S`a `a _^[ [ST �� ltlw YaTW e^\ ^Y[gY[ ^e S`[ WX[X [^ �� cY[ \X[ST\ X_
`_[T\`h ltlw e\^h rS`]S [ST S`[ WX[X `a TqgX_WTW o RST �@ c`[ r `WT S`[ WX[X
`_ [S`a ltlw `a XY[^h X[`]Xbbu TqgX_WTW `_[^ `_W`k `WYXb �@ c`[ r `WT S`[a `_
[ST �� S`[ ltlw o va ^gg^aTW [^ [ST \X_W^h \TXW^Y[ ^e S`[a e\^h W`� T\T_[
]SX__Tba [^ [ST RlV f [ST TqgX_a`^_ ^e S`[a e^\ �� \TXW^Y[ hYa[ c T W^_T ^_
X gT\x]SX__Tb cXa`a o
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� `[ WX[X e^\ ^Y[gY[ [^ [ST RlV X_W �# WTZ\TT ]T_[\^`W WX[X e^\ ^Y[gY[ [^
[ST � zT\[Tq VX\W j�zVn X\T a[^\TW `_ ltlwa X_W [ST_ ^Y[gY[ [^ [ST ]^_[\^b
b^Z`] o 
 X[X `a ^_bu r \`[[T_ [^ [ST �# WTZ\TT ltlw `e [ST `_gY[ a`Z_Xb �zVx
p{v
�p `a S`ZS o 
 X[X `_ [STaT ltlwa `a XbrXua [T\h `_X[TW cu X [\X`bT\
r^\W Xe[T\ Xbb WX[X e^\ [ST ]Y\\T_[ TkT_[ SXa c TT_ g\^ ]TaaTW o RST\T `a _^
STXWT\ r^\W f cY[ [ST [\X`bT\ hYa[ XbrXua c T r \`[[T_ e^\ TX]S TkT_[ f TkT_ `e
[ST\T rXa _^ g\T]TW`_Z WX[X o

RST TkT_[ _YhcT\ `_ [ST [\X`bT\ `a [ST TkT_[ _YhcT\ e\^h [ST STXWT\ r^\W
^e [ST lmV WX[X o


 X[X e\^h [ST S`[ ltlw _TTWa [^ c T TqgX_WTW `_[^ `_W`k `WYXb S`[a Xa `[
`a ^Y[gY[ [^ [ST ]^_[\^b b^Z`] f a`_]T TX]S r^\W `_ [ST S`[ ltlw hXu ]^_[X`_
Yg [^ �� S`[a o

RST WX[X e^\h X[a e^\ S`[a X_W ]T_[\^`Wa aT_[ [^ [ST ]^_[\^b b^Z`] X\T �
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RST ^Y[gY[ ^e S`[ WX[X ^kT\ [ST �Vx
vRv b`_Ta ^ ]]Y\a `_ \Tag^_aT [^ h^x
h T_[X\u a`Z_Xb URvmRx� tR U e\^h [ST ]^_[\^b b^Z`] o RST ]SX__Tb [ST_ gYbba
`[a � x
w{p a`Z_Xb b^r X_W ^Y[gY[a `[a S`[a WX[X k`X �Vx
vRv f g\^k`WTW
[SX[ ]SX__Tb `a _^[ `_S`c`[TW cu X_ �Vx
�U� a`Z_Xb e\^h X_^[ST\ ]SX__Tb o

 X[X [^ �Vx
vRv `a T_XcbTW ^_bu rST_ 
�Uxp{v
�p `a S`ZS f [ST\Tcu
g\TkT_[`_Z Zb`[]STa X[ [ST [\X_a`[`^_ cT[rTT_ ]SX__Tb ar `[]S`_Z o � x
w{p
\ThX`_a b^r Y_[`b Xbb S `[a e^\ [SX[ ]SX__Tb SXkT c TT_ ^Y[gY[ [^ [ST ]^_[\^b
b^Z`] o

y ST_ Xbb � x
w{p a`Z_Xba X\T S`ZS f X_W `e �xp{v
�p `a S`ZS f [ST ]^_[\^b
b^Z`] ^Y[gY[a URvmRxVp{Rmwt
U [^ [ST ]SX__Tba f ]XYa`_Z [ST ]SX__Tba [^
aT[ [ST`\ Vx
w{p a`Z_Xba b^r X_W [^ ^Y[gY[ ]T_[\^`Wa o Vx
w{p \Th X`_a
b^r Y_[`b Xbb ]T_[\^`Wa e^\ [SX[ ]SX__Tb SXkT c TT_ ^Y[gY[ o


u ]^__T][`_Z [ST �Vx
�U� a`Z_Xb e\^h TX]S ]SX__Tb [^ [ST �Vxt{�
`_gY[a ^e [ST S`ZST\ _YhcT\TW ]SX__Tba f S `[ X_W ]T_[\^`W [\X_aeT\ e\^h Xbb
]SX__Tba ^ ]]Y\a r `[S^Y[ [ST _TTW ^e X_u eY\[ST\ a`Z_Xba e\^h [ST ]^_[\^b b^Z`] o

� � MJQKMLQJ� IJ �ML� �KQMJ
i^_`[^\`_Z `_e^\h X[`^_ `a bX[]STW rST_ [ST � � �YXb`|T\ r^\W e\^h [ST lmV
ag T]`|Ta X h^_`[^\`_Z TkT_[ X_W [ST ]SX__Tb b^Z`] SXa |_`aSTW g\^]Taa`_Z [ST
TkT_[ o RST X][YXb bX[]S`_Z ^e h ^_`[^\TW `_e^\h X[`^_ ^ ]]Y\a rST_ pzp{Rx

�U� Z^ Ta b^r o v c`[ `_ ��xVw{lt� ag T]`|Ta rST[ST\ ^\ _^[ [S`a `a X
h^_`[^\TW TkT_[ o

v a`Z_Xb iw{ e\^h [ST ]^_[\^b b^Z`] Xba^ ]XYaTa [ST bX[]S`_Z ^e h^_`[^\TW
`_e^\h X[`^_ f cY[ [S`a a`Z_Xb ]XYaTa `hhTW`X[T bX[]S`_Z X_W W^Ta _^[ WTg T_W
^_ [ST T_W ^e TkT_[ g\^ ]Taa`_Z o

v bb ^e [ST h^_`[^\TW WX[X ]^_a`a[a ^e \TZ`a[T\a jYaYXbbu ]^Y_[T\an o RSTaT
dTTg [\X]d ^e UiR T\\^\a f [ST _YhcT\ ^e ]T_[\^`Wa f T[] o y ST_ [ST ]^Y_[T\a
X\T bX[]STW f [ST ]^Y_[T\a [STh aTbkTa X\T ]bTX\TW cY[ ]^_[`_YT ^gT\X[`_Z f a^ X
bX[]STW \TXW^Y[ \TZ`a[T\ `a _TTWTW e^\ TX]S ]^Y_[T\ o

v bb ^e [ST h ^_`[^\`_Z \TZ`a[T\a aS^YbW c T X]]Taa`c bT Xa ]^_aT]Y[`kT h Th^\u
b^ ]X[`^_a a^ [SX[ [ST \TXW^Y[ ^e h ^_`[^\`_Z ]X_ cT W^_T `_ cY\a[ h^WT \X[ST\
[SX_ Xa X aT\`Ta ^e `_W`k `WYXb WX[X [\X_aeT\a o

RST h^_`[^\TW WX[X X\T �
� v @� c`[ UiR T\\^\ ]^Y_[ f [ST [^[Xb _YhcT\ ^e [`h Ta pmmwm `a S`ZS
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WY\`_Z `_gY[ ^e UiR WX[X o
� v @� c`[ UiR h `ah X[]S ]^Y_[ `_W`]X[`_Z [ST _YhcT\ ^e [`h Ta UiR
WX[X rXa \T]T`kTW r `[S X_ `_]^\\T][ STXWT\ f X h `ah X[]STW UT�YT_]T\
t
 X_W�^\ �
 t t
 o

� {`_T @� c`[ }]S`g~ ]^Y_[T\a f ^_T e^\ TX]S g^aa`c bT Uz� \TXW^Y[ ]S`g o
pX]S ^e [STaT `a `_]\Th T_[TW rST_TkT\ X a[\`g WX[X r^\W `a ^Y[gY[ e\^h
[SX[ gX\[`]YbX\ ]S`g o

� RST [^[Xb _YhcT\ ^e Xq `Xb ]T_[\^`Wa f @� c`[a o
� RST [^[Xb _YhcT\ ^e a[T\T^ ]T_[\^`Wa f @� c`[a o
� RST [^[Xb _YhcT\ ^e �#xWTZ\TT ]T_[\^`Wa f @� c`[a

� ����� � ���� ��K�
vb[S^YZS [ST g\`h X\u eY_][`^_ ^e [ST ]SX__Tb b^Z`] `a [ST ZT_T\X[`^_ ^e S`[
`_e^\h X[`^_ f `[ hYa[ Xba^ g\^k`WT e^\ aXk `_Z [ST `_[T\h TW`X[T `_e^\h X[`^_
YaTW `_ [ST S`[xZT_T\X[`_Z g\^ ]Taa Xa �� WX[X o RS`a `_[T\h TW`X[T `_e^\h X[`^_
]^_a`a[a ^e \Xr UiR WX[X f ]^\\T][TW UiR WX[X f ]bYa[T\a f ]T_[\^`Wa f T[] o pX]S
^e [STaT WX[X [ug Ta `a a[^\TW `_ X ltlw e^\ bX[T\ \TXW^Y[ cu [ST ]^_[\^b b^Z`] o
y ST_ X_ pzp{RxURvmR `a \T]T`kTW cu [ST ]SX__Tb b^Z`] f X [S`\[TT_ c`[ ��
]^_|ZY\X[`^_ r^\W f ��xVw{lt� f `a bX[]STW o RS`a ]^_|ZY\X[`^_ r^\W [Tbba
[ST ]SX__Tb b^Z`] rS`]S [ug Ta ^e �� WX[X hYa[ c T a[^\TW `_ ltlwa Xa [ST
b^Z`] g T\e^\h a `[a _^\h Xb TkT_[ g\^]Taa`_Z o

��xVw{lt� SXa [ST e^bb^r `_Z e^\h X[ �
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rST\T [ST h TX_`_Za ^e [ST kX\`^Ya c`[a X\T �

� iw{ � t_W`]X[Ta [SX[ [S`a `a X h^_`[^\TW TkT_[ f h TX_`_Z [SX[ h^_`[^\TW
kXbYTa hYa[ c T bX[]STW X[ [ST T_W ^e TkT_[ g\^]Taa`_Z o

� V�v{{p� � RST ]SX__Tb _YhcT\ [^ c T YaTW `_ ]^_�Y_][`^_ r `[S mwx
RvRp o
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� mwRvRp � v c`[ YaTW [^ b`h `[ [ST Xh^Y_[ ^e WX[X [^ c T aT_[ [^ �TkTb
� cu ^_bu Xbb^r `_Z WX[X e\^h ^_T ]SX__Tb [^ c T a[^\TW `_ �� ltlwa o
RS`a c`[ X� T][a Xbb WX[X Tq]Tg[ � tR U o y ST_ [S`a c`[ `a aT[ f V�v{{p�
ag T]`|Ta [ST ]SX__Tb [SX[ `a aYgg^aTW [^ a[^\T �� WX[X o

� � tR U � U[^\T S`[a o
� mvy � U[^\T \Xr WX[X e\^h [ST UiRa f WX[X rS`]S SXkT _^[ c TT_ ]^\x
\T][TW e^\ ^� aT[ ^\ ZX`_ ^\ | b[T\TW cu [ST cXW ]SX__Tb h Xad o

� Vwmm � U[^\T ]^\\T][TW WX[X f WX[X [SX[ SXkT c TT_ ]^\\T][TW e^\ ^� aT[
X_W ZX`_ o 
XW ]SX__Tba W^ _^[ ^]]Y\ `_ [STaT WX[X o

� V��URpm � U[^\T ]bYa[T\a X_W Xaa^ ]`X[TW a[\`ga o
� v� tv� f URpmpw f �# � U[^\T ]T_[\^`Wa e^\ Xq `Xb f a[T\T^ X_W �# WTZ\TT
a[\`ga o

� 
v
 � U[^\T [ST cXW ]SX__Tb b^^dYg [XcbT o
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RS`a aT][`^_ Z`kTa WX[X e^\h X[a e^\ [ST �� cY�T\a f TX]S cY�T\ c T`_Z X �@ c`[
r `WT ltlw o

pX]S cY� T\ h Xu ]^_[X`_ hYb[`g bT WX[X cb^ ]da je\^h h^\T [SX_ ^_T TkT_[n f
TX]S cb^]d c TZ`__`_Z r `[S X STXWT\ r^\W X_W T_W`_Z r `[S X [\X`bT\ r^\W o
RSTaT r^\Wa Tq `a[ TkT_ `e [ST\T `a _^ `_[T\kT_`_Z WX[X `_ [ST cY�T\ o RST h^a[
a`Z_`|]X_[ |kT c`[a ^e [ST STXWT\ r^\W `WT_[`|u [ST [ug T ^e WX[X `_ [ST cY� T\ f
\Xr WX[X f ]^\\T][TW WX[X f T[] o U^hT STXWT\ r^\Wa h Xu ]^_[X`_ XWW`[`^_Xb
`_e^\h X[`^_ aY]S Xa [ST UT�YT_]T\ t
 X_W �
 t t
 o RST h^a[ a`Z_`|]X_[ |kT
c`[a ^e TX]S [\X`bT\ r^\W X\T XbrXua ����# o RST [\X`bT\ Xba^ ]^_[X`_a X_ TkT_[
_YhcT\ f [ST TkT_[ _YhcT\ e\^h [ST [\X`bT\ r^\W ^e [ST UiR ltlw o RST iU

^e X_u `_[T\kT_`_Z r^\W f X WX[X r^\W f `a XbrXua X 	T\^ f Tq]Tg[ `_ [ST � tR U
cY� T\ o t_ [ST � tR U cY�T\ f RmvV� _YhcT\a Z\TX[T\ [SX_ � � r `bb \TaYb[ `_
[ST iU
 jc`[ � �n c T`_Z aT[ f cY[ [S`a r `bb _^[ g\TkT_[ [ST [\X`bT\ e\^h cT`_Z
\T]^Z_`	TW f a`_]T [ST [\X`bT\ r `bb SXkT `[a Ygg T\ e^Y\ c`[a aT[ o

v aa^]`X[TW r `[S TX]S �� ltlw `a X [S\TTxc`[ cb^ ]d ]^Y_[T\ f `_W`]X[`_Z [ST
_YhcT\ ^e ]^hgbT[T cb^ ]da ^e �� WX[X `_ [ST ltlw o RST �� \TXW^Y[ b^Z`]
YaTa [STaT cb^ ]d ]^Y_[T\a [^ T_aY\T [SX[ `[ ^_bu ^Y[gY[a ]^hgbT[T �� cb^]da
\X[ST\ [SX_ ZT[ WTbXuTW rX`[`_Z e^\ X ltlw [^ |bb o
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Upmm `a [ST T\\^\ c`[ aT[ rST_ [ST pmmwm a`Z_Xb e\^h [ST UiR `a S`ZS o

Upmm `_ [ST [\X`bT\ `_W`]X[Ta [SX[ Upmm rXa aT[ `_ X[ bTXa[ ^_T ^e [ST WX[X
cu[Ta o RS`a c`[ `a Xba^ `_]bYWTW r `[S WX[X Xa `[ gXaaTa [S\^YZS [ST _^\h Xb
WX[X g\^]Taa`_Z XbZ^\`[Sh a o

Up
 X_W �
 t X\T [ST TqgT][TW j^\ W^r_b^XWTWn gX\Xh T[T\a X_W _^[ [ST
kXbYTa e\^h [ST UiR WX[X a[\TXh o
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ii `a X c`[ [SX[ `a aT[ rST_ [ST UT�YT_]T\ t
 X_W �
 t t
 W^_ �[ h X[]S
[ST TqgT][TW kXbYTa jW^r_b^XWTW gX\XhT[T\an o t[ `a Xba^ aT[ `e [ST |\a[ ]S`g
_YhcT\ cu[T W^ Ta _^[ SXkT `[a i U
 aT[ ^\ `e [ST cu[T Xe[T\ X_u ]S`g _YhcT\
`a _^[ 	T\^ o Up
 X_W �
 t `_ [ST STXWT\ X_W [\X`bT\ r^\Wa X\T [ST gX\XhT[T\a
\TXW e\^h [ST UiR < [STu X\T _^[ [ST W^r_b^XWTW gX\XhT[T\a o UiR agT]`|Ta
^_T ^e [ST T`ZS[ UiR �a o R�sp `WT_[`|Ta [ST [ug T ^e UiR WX[X f Xq `Xb f a[T\T^
^\ �# WTZ\TT o

RST e^\h X[ e^\ R�sp `a �
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U�Upmm X_W i�ii o
l^bb^r `_Z TX]S ]bYa[T\ X\T [ST a[\`ga e\^h rS`]S [ST ]T_[\^`W ^e [ST ]bYa[T\

rXa ]Xb]YbX[TW o RST a[\`g SXk`_Z [ST bX\ZTa[ WX[X kXbYT `a [ST ]T_[T\ ^e [ST
]bYa[T\ f Xc ^Y[ rS`]S [ST ]T_[\^`W r `bb c T ]Xb]YbX[TW o R�mpU�w�
 � `a [ST
[S\TaS^bW [SX[ X a[\`g kXbYT hYa[ T�YXb ^\ Tq]TTW `_ ^\WT\ [^ c T `_]bYWTW `_
X ]bYa[T\ o URmts Vw�{R `a [ST _YhcT\ ^e a[\`ga `_ [ST ]bYa[T\ r `[S kXbYTa
T�YXb [^ ^\ Z\TX[T\ [SX_ R�mpU�w�
 �o R�mpU�w�
 @ `a [ST [S\TaS^bW
[SX[ X a[\`g kXbYT hYa[ T�YXb ^\ Tq]TTW `_ ^\WT\ [^ c T X ]bYa[T\ ]T_[T\ o


 `[ @� f [ST ��� c`[ f `_W`]X[Ta rST[ST\ � ^\ � a[\`ga r `bb c T YaTW `_ [ST
]T_[\^`W ]Xb]YbX[`^_ f X # `_W`]X[`_Z � a[\`ga X_W X � `_W`]X[`_Z � a[\`ga o


 `[ # `a YaTW [^ W`�T\T_[`X[T a[\`g r^\Wa e\^h ]bYa[T\ r^\Wa o
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RmvV� `a [ST [\X]d _YhcT\ e\^h [ST lmV < `[ SXa X g^aa`c bT \X_ZT ^e �

[^ �� o mpmm `a aT[ rST_ X_ T\\^\ ^]]Y\\TW rST_ \TXW`_Z \^XW WX[X e\^h [ST
lmV o
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URmtsU ]^_[X`_a [ST Z^^W�cXW c`[a e^\ �� ^e [ST g^aa`cbT �@� a[\`ga f X_W
ST_]T f [ST\T _TTW [^ c T T`ZS[ ^e [STaT e^\ Xbb �@� a[\`ga ^e TX]S ]S`g o �mw�s
`WT_[`|Ta [ST gX\[`]YbX\ Z\^Yg ^e �� a[\`ga o l^\ [ST _`_T g^aa`cbT ]S`ga f �@
WX[X r^\Wa X\T _TTWTW e^\ [ST ]^hgbT[T 
v
 URmts \TXW^Y[ o v }^_T~ c`[
`_W`]X[Ta X cXW a[\`g o

� %� � /,(620 6 � �� 	 ,0,

mTXW^Y[ ^e �� WX[X `a `_ `[`X[TW cu URvmRx�� f X [T_ c`[ r^\W e\^h [ST ]^_[\^b
b^Z`] ag T]`eu `_Z rS`]S �� ltlwa X\T [^ c T \TXW o v[ bTXa[ ^_T c`[ ^e [S`a r^\W `a
S`ZS o v bb ]SX__Tba _^r gYbb ��x
w{p b^r X_W [ST b^rTa[x_YhcT\TW ]SX__Tb
SXk`_Z X cb^]d ^e WX[X e^\ ^Y[gY[ ZT_T\X[Ta X_ ��x
�U� a`Z_Xb [^ [ST S`ZST\x
_YhcT\TW ]SX__Tba Xa X_ `_S`c`[ `_gY[ X_W Xba^ aT[a `[a ��x
�wV� a`Z_Xb
S`ZS [^ \T[X`_ ]^_[\^b ^e [ST ^Y[gY[ cYa f ��x
vRv f Y_[`b [ST ]^hgbT[T WX[X
cb^ ]d SXa c TT_ ^Y[gY[ o v[ [ST ]^hgbT[`^_ ^e [ST cb^]d [\X_aeT\ f ��x
�wV�
X_W ��x
�U� Z^ b^r f Xbb^r `_Z X_^[ST\ j^\ [ST aXh Tn ]SX__Tb ^\ [ST ]^_[\^b
b^Z`] [^ ^Y[gY[ X cb^ ]d ^e WX[X o y ST_ Xbb cb^ ]da e^\ X Z`kT_ ]SX__Tb SXkT
c TT_ ^Y[gY[ f [SX[ ]SX__Tb aT[a `[a ��x
w{p S`ZS Xa X a`Z_Xb [^ [ST ]^_[\^b
b^Z`] [SX[ Xbb cb^ ]da e^\ [SX[ ]SX__Tb SXkT c TT_ ^Y[gY[ o

v a r `[S S`[ X_W ]T_[\^`W ^Y[gY[ f [ST ��x
vRv b`_Ta aS^YbW ^_bu c T W\`kT_
rST_ a`Z_Xb 
�Uxp{v
�p `a S`ZS o

U`Z_Xb ��xy m f `a gYbbTW S`ZS rST_ WX[X `a g\TaT_[ ^_ ��x
vRv o
U`_]T [ST\T h Xu cT aTkT\Xb c b^ ]da ^e WX[X `_ TX]S ]SX__Tb f X g\`^\`[u

a]SThT hYa[ c T `hgbTh T_[TW r `[S`_ TX]S ]SX__Tb [^ ]^_[\^b [ST aTbT][`^_ ^e
[ST cb^]da o
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RST X[[X]STW |ZY\T aS^r a [ST `_[T\eX]T a`Z_Xba \T�Y`\TW e^\ TX]S aT[ ^e ]SX__Tb
b^Z`] o

RST UiR a`Z_Xba _TTW b`[[bT W`a]Yaa`^_ o UiR WX[X X_W [ST pmmwm c`[ X\T
a[^\TW `_ X_ UiR `_gY[ ltlw rST_ 
vz � X_W �{�m
� � X\T c ^[S b^r Y_[`b
[r^ ]^_aT]Y[`kT V# ]SX\X][T\a X\T \T]T`kTW o 
 X[X a[^\XZT `a ^_bu \TaYh TW
rST_ X _^_xV# ]SX\X][T\ `a \T]T`kTW o UiR t
 `a X [S\TT c`[ `WT_[`|]X[`^_
]^WT [SX[ `a SX\Wxr `\TW ^_ [ST WXYZS[T\]X\W o

RST \Th X`_`_Z `_[T\eX]T a`Z_Xba X\T �
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� V�pvm � v h^hT_[X\u `_gY[ [SX[ ]XYaTa Xbb ltlwa [^ c T \TaT[ o t[ Xba^
\TaT[a ^[ST\ c`[a _TTWTW [^ gY[ [ST ]SX__Tb b^Z`] `_ X_ `WbT a[X[T o

� UiRxpisR� � v b^Z`] bTkTb `_W`]X[`_Z X_ Thg[u UiR `_gY[ ltlw o
� lmVxURvmR � v h^hT_[X\u a`Z_Xb [SX[ ^ ]]Y\a rST_ X _Tr cb^]d ^e
lmV WX[X c TZ`_a X\\`k `_Z e\^h [ST lmV o

� lmVxpzp{R � v_ T`ZS[ c`[ TkT_[ _YhcT\ Xaa^]`X[TW r `[S _Tr lmV
WX[X o RS`a `a bX[]STW cu lmVxURvmR

� pzp{RxURvmR � v h^hT_[X\u a`Z_Xb j^_T ]b^ ]d gT\`^W n `_W`]X[`_Z
[SX[ lmV WX[X e^\ X_ TkT_[ `a Xc^Y[ [^ c T aT_[ [^ [ST ]SX__Tb b^Z`] o
RS`a aS^YbW aT[ X_ pzp{Rx
�U� c`[ rS`]S `_ [Y\_ aS^YbW ]XYaT [ST
\TXW`_Z ^e ^_T cb^ ]d ^e UiR WX[X Xa rTbb Xa `[a ]bYa[T\`_Z o

� iw{ � v h^hT_[X\u a`Z_Xb [SX[ ]XYaTa h^_`[^\TW WX[X [^ c T bX[]STW
`hhTW`X[Tbuo �X[]S`_Z W^Ta _^[ rX`[ e^\ [ST ]^hgbT[`^_ ^e TkT_[ g\^x
]Taa`_Z o

� mwv
 x
vRv � RS`a `a �� c`[ \^XW WX[X e\^h [ST lmV [SX[ `a YaTW Xa
[ST XWW\Taa e^\ [ST \^XW ��R o t[ `a Xba^ YaTW [^ \T]T`kT X_ TkT_[ _YhcT\
`_ ]^_�Y_][`^_ r `[S pzp{RxURvmR o

� mwv
 xy m � v h^hT_[X\u a`Z_Xb YaTW [^ bX[]S [ST @@ c`[a ^e WX[X e\^h
[ST \^XW ��R o

� m
 x��R � mTXW a`Z_Xb [^ [ST \^XW ��R o
� ymx��R � y\`[T a`Z_Xb [^ [ST \^XW ��R o
� mwv
 xp{
 � v h^hT_[X\u a`Z_Xb g\TaT_[ r `[S m^XW y\`[T [^ `_W`]X[T
[ST bXa[ \^XW e\^h [ST lmV o RS`a a`Z_Xb `_ `[`X[Ta [ST S`[ | b[T\`_Z ^g T\x
X[`^_ cu aT[[`_Z X � `[ax
Yau c`[ X_W `[ Xba^ \TaT[a [ST \^XW j^\ [\X]d n
]^Y_[T\ YaTW rST_ a[^\`_Z \^XW WX[X o

� pzp{Rx
�U� � v a`Z_Xb `_W`]X[`_Z [SX[ [ST ]SX__Tb b^Z`] `a g\^ ]Taa`_Z
WX[X e^\ X_ TkT_[ o RS`a a`Z_Xb Z^Ta S`ZS `hhTW`X[Tbu Xe[T\ pzp{Rx
URvmR Z^Ta S`ZS X_W ^_bu Z^Ta b^r Xe[T\ [ST TkT_[ SXa c TT_ g\^ ]TaaTW f
Xbb S `[a SXkT c TT_ WT[T\h `_TW X_W a[^\TW `_ [ST S`[ ltlw f Xbb �# WTx
Z\TT ]T_[\^`Wa SXkT c TT_ a[^\TW `_ [ST ]T_[\^`W ltlw X_W Xbb �� WX[X
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Tq]Tg[ S`[a SXkT c TT_ ZT_T\X[TW X_W a[^\TW `_ [ST`\ \Tag T][`kT ltlwa o
te h^_`[^\`_Z rXa \T�YTa[TW e^\ [ST TkT_[ f [ST_ [ST h^_`[^\TW WX[X `a
bX[]STW `hhTW`X[Tbu Xe[T\ [ST eXbb ^e pzp{Rx
�U� o

� �Vx
vRv � �@ WX[X b`_Ta [SX[ ^Y[gY[ S`[a ^\ ]T_[\^`Wa o
� �Vxym � v a`Z_Xb `_W`]X[`_Z [SX[ kXb`W WX[X Tq `a[a ^_ �Vx
vRv o
� � x
w{p � � x
w{p Z^Ta S`ZS rST_ [ST bXa[ S`[ e^\ ^_T TkT_[ SXa c TT_
^Y[gY[ e\^h [ST S`[ ltlw o

� v��x� x
w{p � v a`Z_Xb e\^h [ST ]^_[\^b b^Z`] `_W`]X[`_Z [SX[ � x
w{p
`a S`ZS e^\ Xbb ]SX__Tba o

� Vx
w{p � Vx
w{p Z^Ta S`ZS rST_ [ST bXa[ �# WTZ\TT ]T_[\^`W SXa
c TT_ ^Y[gY[ e\^h `[a ltlw o

� �Vx
�U� � RS`a `a X_ `_S`c`[ a`Z_Xb [SX[ `a aT_[ [^ Xbb ^e [ST S`ZST\
_YhcT\TW ]SX__Tba [^ `_S`c`[ [S^aT ]SX__Tba e\^h ^Y[gY[[`_Z WX[X o

� �Vxt{� � RSTaT X\T [ST aTkT_ `_S`c`[ `_gY[a [SX[ \T]T`kT `_S`c`[ a`Z_Xba
e\^h [ST b^rT\ ]SX__Tba o VSX__Tba # [S\^YZS � SXkT eTrT\ [SX_ aTkT_
`_S`c`[ a`Z_Xba e\^h b^rT\ ]SX__Tba f a^ [STaT Y_YaTW `_gY[a X\T r `\TW
b^r ^_ [ST URV h^[ST\c^X\W o

� ��xVw{lt� � RS`\[TT_ c`[a `_W`]X[`_Z �� WX[X [^ c T a[^\TW f gbYa ^_T c`[
`_W`]X[`_Z X h^_`[^\TW TkT_[ o RSTaT c`[a X\T bX[]STW cu [ST pzp{Rx
URvmR a`Z_Xb o

� URvmRx�� � v [T_ c`[ h ^h T_[X\u r^\W e\^h [ST ]^_[\^b b^Z`] [^ `_ `[`X[T
\TXW^Y[ ^e [ST �� ltlwa o pX]S c`[ ]^\\Tag^_Wa [^ ^_T ^e [ST �� ltlwa o

� ��x
vRv � �@ WX[X b`_Ta ]X\\u`_Z [ST ^Y[gY[ WX[X e\^h [ST �� ltlwa o
� ��xy m � v a`Z_Xb `_W`]X[`_Z [SX[ kXb`W WX[X Tq `a[a ^_ ��x
vRv o
� ��x
w{p � v a`Z_Xb `_W`]X[`_Z �� WX[X cb^]da SXkT c TT_ \TXW e\^h Xbb
^e [ST ltlwa e^\ ^_T TkT_[ o RS`a W^ Ta _^[ f S^rTkT\ f h TX_ [SX[ [ST
ltlwa X\T Thg[uo

� ��x
�U� � v_ `_S`c`[ a`Z_Xb aT_[ [^ Xbb S `ZST\ ]SX__Tba [^ `_S`c`[ [S^aT
]SX__Tba e\^h ^Y[gY[[`_Z WX[X o U`h `bX\ [^ �Vx
�U� o
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� ��xt{� �#x�� � U`h `bX\ [^ �Vxt{� �#x�� f cY[ r `[S X_ T`ZS[S c`[ e\^h [ST
]^_[\^b b^Z`] o

� ��x
�wV� � v a`Z_Xb [^ Xbb ^[ST\ ]SX__Tba X_W [^ [ST ]^_[\^b b^Z`]
`_W`]X[`_Z [SX[ [S`a ]SX__Tb `a ^Y[gY[[`_Z X cb^]d ^e WX[X X_W [SX[ _^
^[ST\ ]SX__Tb ^\ [ST ]^_[\^b b^Z`] `a Xbb^rTW [^ ^Y[gY[ WX[X Y_[`b [ST
cb^]d SXa c TT_ ]^hgbT[Tbu [\X_aeT\\TW o

� ��x
�wV� xt{ � RST aTkT_ ��x
�wV� a`Z_Xba e\^h [ST ^[ST\ ]SX__Tba o
� Up�pVR � v a`_ZbT c`[ `_gY[ YaTW [^ aTbT][ [ST b^Z`] e^\ r \`[`_Z ^\
\TXW`_Z h^_`[^\ X_W W^r_b^XWTW WX[X o

� ym f m
 f v

mpUU f 
vRv � V^_[\^b f XWW\Taa X_W WX[X a`Z_Xba YaTW
`_ ]^_�Y_][`^_ r `[S [ST Up�pVR `_gY[ o

� �zVxp{v
�p � v bTkTb `_gY[ e\^h [ST ]^_[\^b b^Z`] [SX[ T_XcbTa [ST
|bb`_Z ^e [ST �# WTZ\TT ]T_[\^`W ltlw r `[S WX[X e^\ [ST �zV o

� RpUR � v_ `_gY[ a`Z_Xb [SX[ ]XYaTa [ST [Ta[ ltlw [^ cT \TXW \X[ST\
[SX_ [ST UiR `_gY[ ltlw rST_ X _Tr TkT_[ `a g\^ ]TaaTW o

� 
�Uxp{v
�p � v �� � WY[u ]u]bT a`Z_Xb e^\ T_Xcb`_Z a`Z_Xba ^_[^ [ST
�� \TXW^Y[ cYa X_W [ST S`[a�]T_[\^`Wa o RS`a a`Z_Xb Tb`h `_X[Ta Zb`[]STa
cu g\TkT_[`_Z [ST ^kT\bXgg`_Z ^e cYa a`Z_Xba e\^h W`� T\T_[ ]SX__Tba o

� mpUpR � v g^rT\x^_ \TaT[ a`Z_Xb o

� �M�J �M�N�N ��L�� �K�L�
RST ]SX__Tb b^Z`] \T�Y`\Ta X ]^_a`WT\XcbT Xh ^Y_[ ^e W^r_b^XWTW `_e^\h X[`^_ <
[S`a ]^_a`a[a ^e b^^dYg [XcbTa j��Ran f gX\XhT[T\ kXbYTa X_W `_W`k `WYXb c`[a f
Xbb aT_[ [^ [ST ]SX__Tb b^Z`] k`X sVtx� o

RST W^r_b^XWTW `_e^\h X[`^_ `a �
� 
XW U[\`g ��R � RS`a `a X_ ���@�� [XcbT o t[ h Xu c T W^r_b^XWTW Xa ��
�@xc `[ r^\Wa o

� �X`_�w� aT[ ��R � v @�#��� X\\Xuo y ST_ XWW\TaaTW r `[S X e^Y\ c`[
]S`g _YhcT\ X_W X_ T`ZS[ c`[ WX[X kXbYT f `[ g\^k`WTa X ]^\\T][TW T`ZS[
c`[ ^Y[gY[ o
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� m^XW ��R � v �@�d�@@ X\\Xuo y ST_ XWW\TaaTW r `[S �� c`[a ^e \^XW
WX[X f `[ g\^k`WTa b^rT\ X_W Ygg T\ �� c`[ kXbYTa e^\ X]]Tg[XcbT ]T_[\^`Wa o
RS`a [XcbT `a _^[ XWW\TaaTW W`\T][bu cu [ST ]SX__Tb b^Z`] cY[ \X[ST\ k`X
[ST ]^_[\^b b^Z`] o

� RTa[ t_gY[ � [ST T`ZS[TT_ c`[ `_gY[ [^ [ST [Ta[ ltlw o RS`a ltlw `a
b^XWTW r `[S a`hYbX[TW UiR WX[X e^\ [Ta[ gY\g^aTa o

� 
 `aXcbT � v a`_ZbT c`[ YaTW [^ W`aXcbT Xbb _^\h Xb eY_][`^_`_Z ^e [ST
]SX__Tb b^Z`] o y ST_ aT[ f [ST ]SX__Tb b^Z`] \TXWa _^ UiR ^\ \^XW WX[X
X_W ZT_T\X[Ta _^ ^Y[gY[ WX[X o

� 
 TbXu � v_ T`ZS[ c`[ r^\W YaTW Xa [ST g\TaT[ ]^Y_[ e^\ [ST WTbXu ]^Y_[T\ o
� vq`Xb ��� � v c`[ YaTW [^ aTbT][ T`[ST\ [S\TT ^\ |kT XW� X]T_[ a[\`ga e^\
[ST Xq `Xb ]T_[\^`W ]Xb]YbX[`^_ o

� U[T\T^ ��� � v c`[ YaTW [^ aTbT][ T`[ST\ [S\TT ^\ |kT XW� X]T_[ a[\`ga e^\
[ST a[T\T^ ]T_[\^`W ]Xb]YbX[`^_ o

� �# 
 TZ\TT ��� � v c`[ YaTW [^ aTbT][ T`[ST\ [S\TT ^\ |kT XW� X]T_[ a[\`ga
e^\ [ST �# WTZ\TT ]T_[\^`W ]Xb]YbX[`^_ o

� vq`Xb mX_ZT � Rr^ e^Y\xc`[ ]S`g _YhcT\a ag T]`eu `_Z [ST |\a[ X_W bXa[
]S`ga g\^k`W`_Z Xq `Xb WX[X o

� U[T\T^ mX_ZT � Rr^ e^Y\xc`[ ]S`g _YhcT\a ag T]`eu `_Z [ST |\a[ X_W bXa[
]S`ga g\^k`W`_Z a[T\T^ WX[X o

� �# 
 TZ\TT mX_ZT � Rr^ e^Y\xc`[ ]S`g _YhcT\a ag T]`eu `_Z [ST |\a[ X_W
bXa[ ]S`ga g\^k`W`_Z �# WTZ\TT WX[X o

� vq`Xb RS\TaS^bW � � � RST |\a[ [S\TaS^bW e^\ Xq `Xb ]bYa[T\`_Z o
� vq`Xb RS\TaS^bW � @ � RST aT]^_W [S\TaS^bW e^\ Xq `Xb ]bYa[T\`_Z o
� U[T\T^ RS\TaS^bW � � � RST |\a[ [S\TaS^bW e^\ a[T\T^ ]bYa[T\`_Z o
� U[T\T^ RS\TaS^bW � @ � RST aT]^_W [S\TaS^bW e^\ a[T\T^ ]bYa[T\`_Z o
� �# 
 TZ\TT RS\TaS^bW � � � RST |\a[ [S\TaS^bW e^\ �# WTZ\TT ]bYa[T\`_Z o
� �# 
 TZ\TT RS\TaS^bW � @ � RST aT]^_W [S\TaS^bW e^\ �# WTZ\TT ]bYa[T\`_Z o
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� vq`Xb Wp �Wq RS\TaS^bW � @ � Wp�Wq [S\TaS^bW � @ e^\ Xq `Xb ]T_[\^`Wa o
� vq`Xb Wp �Wq RS\TaS^bW � � � Wp�Wq [S\TaS^bW � � e^\ Xq `Xb ]T_[\^`Wa o
� U[T\T^ Wp�Wq RS\TaS^bW � � � Wp�Wq [S\TaS^bW � � e^\ a[T\T^ ]T_[\^`Wa o
� U[T\T^ Wp�Wq RS\TaS^bW � @ � Wp�Wq [S\TaS^bW � @ e^\ a[T\T^ ]T_[\^`Wa o
� U[T\T^ Wp�Wq RS\TaS^bW � � � Wp�Wq [S\TaS^bW � � e^\ a[T\T^ ]T_[\^`Wa o
� �# 
 TZ\TT Wp�Wq RS\TaS^bW � � � Wp�Wq [S\TaS^bW � � e^\ �# WTZ\TT
]T_[\^`Wa o

� �# 
 TZ\TT Wp�Wq RS\TaS^bW � @ � Wp�Wq [S\TaS^bW � @ e^\ �# WTZ\TT
]T_[\^`Wa o
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]T_[\^`Wa o
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R^ \TWY]T [ST _YhcT\ ^e XWW\Taa c`[a _TTWTW e^\ W^r_b^XW`_Z [ST \^XW
��Ra f `_W`\T][ XWW\Taa`_Z `a YaTW k`X X_ XY[^x`_]\Th T_[ \TZ`a[T\ o RST XY[^x
`_]\Th T_[ \TZ`a[T\ `a `_ `[`Xbbu b^XWTW r `[S [ST ��R a[X\[`_Z XWW\Taa j_^\h Xbbu
	T\^n cu ^Y[gY[[`_Z [^ X gX\[`]YbX\ XWW\Taa `_ [ST ]SX__Tb XWW\Taa agX]T o
��R WX[X `a [ST_ r \`[[T_ j\TXWn [^ X aT]^_W XWW\Taa f [ST XY[^x`_]\Th T_[
\TZ`a[T\ c T`_Z `_]\Th T_[TW Xe[T\ TX]S r \`[T j\TXWn ^g T\X[`^_ o RST ��R `a
[SYa T� T][`kTbu X ltlw rST_ cT`_Z W^r_b^XWTW o

RST ]^_[\^b b^Z`] \X[ST\ [SX_ [ST ]SX__Tb b^Z`] aYggb`Ta [ST �� c`[ ��R
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