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*
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Panchromatic 
. one grey level 
  value per pixel 

Multispectral  
. 2-10 bands 
. limited 
  spectral info 

Hyperspectral 
. tens or hundreds of 
  narrow bands 
. detailed spectral info 
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Schönefeld airport 
Landsat 
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Reykjavik 
Ikonos 
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Sunnyvale airport 
Quickbird 
Multispectral diversity 
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4=-)-2*@0-#'$04*5"($0-404*#:0*&54($5<5"-)%"*%@*#:0*#:0<-)(*(2-4404*20-&5"9*
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&0#-524^*

M0%<0#$5(-2*@0-#'$04*-"&*4=-)-2*&0#-524*-$0*=0$(0=#'-227*459"5G(-"#*-"&*#:07*:-E0*
#%*B0*=$040$E0&*

K:0*4=-)-2*5"@%$<-)%"*:-4*#%*B0*=$%=0$27*<%&020&*5"*#:0*-"-27454*

IJ#$-(#*#:0*5"@%$<-)E0*(%<=%"0"#4*\0F9FV*B7*$0&'(5"9*#:0*5<-90*(%<=20J5#7^+
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IJ-<=204*%@**
1#$'(#'$5"9*I20<0"#4*\1I4^F*!*

B! B! [ ])()( ff BBB !"# != [ ])()( ff BBB !"# !=B! )( ffWTH !"=

M0"0$-2*;0U'5$0<0"#4*!"#$%&'()%"*%"*+%$=:%2%95(-2*>=0$-#%$4*!"#$%&'()%"*%"*+%$=:%2%95(-2*>=0$-#%$4*M0"0$-2*;0U'5$0<0"#4*!"#$%&'()%"*%"*+%$=:%2%95(-2*>=0$-#%$4*!"#$%&'()%"*%"*+%$=:%2%95(-2*>=0$-#%$4*!"#$%&'()%"*%"*+%$=:%2%95(-2*>=0$-#%$4*M0"0$-2*;0U'5$0<0"#4*!"#$%&'()%"*%"*+%$=:%2%95(-2*>=0$-#%$4*!"#$%&'()%"*%"*+%$=:%2%95(-2*>=0$-#%$4*!"#$%&'()%"*%"*+%$=:%2%95(-2*>=0$-#%$4*M0"0$-2*;0U'5$0<0"#4*!"#$%&'()%"*%"*+%$=:%2%95(-2*>=0$-#%$4*
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+%$=:%2%95(-2*3%""0(#0&*/52#0$4*

K:07*05#:0$*(%<=20#027*$0<%E0*%$*0")$027*=$040$E0*-*4#$'(#'$0*5"*#:0*5<-90*
*

+
\%3;+-"+,"2+-(62"#2+6%*$3+"7+62#1)21#36+,"#+(,2#"-1)3+,3H+3-'36+

+
>E?\.C]X+VL<+\:X+.^.]_>?>+LV+PX<_+:?`:+<X>L]E\?L^+RP:<S+?!.`X>*

+%$=:%2%95(-2*3%""0(#0&*/52#0$4*

Closing  with a connected filter Original VHR image Opening S5#:*-*(%""0(#0&*G2#0$ Morphological closing Morphological opening 

Examples of conventional Morphological operators and Connected Filters 
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**!"#$%"&"'()*&+Z+./#(0123+4#"5&36+
+%$=:%2%95(-2*3%""0(#0&*/52#0$4*M0"0$-2*;0U'5$0<0"#4*+%$=:%2%95(-2*3%""0(#0&*/52#0$4*+%$=:%2%95(-2*3%""0(#0&*/52#0$4*M0"0$-2*;0U'5$0<0"#4*+%$=:%2%95(-2*3%""0(#0&*/52#0$4*+%$=:%2%95(-2*3%""0(#0&*/52#0$4*M0"0$-2*;0U'5$0<0"#4*+%$=:%2%95(-2*3%""0(#0&*/52#0$4*+%$=:%2%95(-2*3%""0(#0&*/52#0$4*M0"0$-2*;0U'5$0<0"#4*+%$=:%2%95(-2*3%""0(#0&*/52#0$4*
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KS%*4#0=*=$%(0&'$0D*
WF! I$%45%"_H52-)%"*
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L#('(,*&+?=*'3+

+%$=:%2%95(-2*3%""0(#0&*/52#0$4*M0"0$-2*;0U'5$0<0"#4*+%$=:%2%95(-2*3%""0(#0&*/52#0$4*+%$=:%2%95(-2*3%""0(#0&*/52#0$4*M0"0$-2*;0U'5$0<0"#4*+%$=:%2%95(-2*3%""0(#0&*/52#0$4*+%$=:%2%95(-2*3%""0(#0&*/52#0$4*+%$=:%2%95(-2*3%""0(#0&*/52#0$4*M0"0$-2*;0U'5$0<0"#4*+%$=:%2%95(-2*3%""0(#0&*/52#0$4*+%$=:%2%95(-2*3%""0(#0&*/52#0$4*+%$=:%2%95(-2*3%""0(#0&*/52#0$4*M0"0$-2*;0U'5$0<0"#4*+%$=:%2%95(-2*3%""0(#0&*/52#0$4*

**!"#$%"&"'()*&+Z+./#(0123+4#"5&36+
+%$=:%2%95(-2*3%""0(#0&*/52#0$4*M0"0$-2*;0U'5$0<0"#4*+%$=:%2%95(-2*3%""0(#0&*/52#0$4*+%$=:%2%95(-2*3%""0(#0&*/52#0$4*M0"0$-2*;0U'5$0<0"#4*+%$=:%2%95(-2*3%""0(#0&*/52#0$4*+%$=:%2%95(-2*3%""0(#0&*/52#0$4*M0"0$-2*;0U'5$0<0"#4*+%$=:%2%95(-2*3%""0(#0&*/52#0$4*+%$=:%2%95(-2*3%""0(#0&*/52#0$4*M0"0$-2*;0U'5$0<0"#4*+%$=:%2%95(-2*3%""0(#0&*/52#0$4*
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!&0<=%#0"(0*=$%=0$#7*
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*
*
*
+%$=:%2%95(-2*>=0"5"9*
*
*
>=0"5"9*B7*$0(%"4#$'()%"*
*
*
M0%&045(*;0(%"4#$'()%"*
*
*
*
*
*

;0(%"4#$'()%"*,$%(044*

[ ])()( ff BBB !"# !=

!"#$%&$%"'()*+,"(-*./0 

Iterative Process 
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!"#$%&'()%"*
!4+*,-+.V+
/0-#'$0*1020()%"*
3%"(2'45%"4*



+%$=:%2%95(-2*,$%G204*

*
Y:0"*&0-25"9*S5#:*$0-2*5<-904*5#*54*&5a('2#*#%*5&0")@7*-*45"920*
G2#0$*=-$-<0#0$*4'5#-B20*#%*:-"&20*-22*#:0*%B]0(#4*5"*#:0*5<-90*
*
*
,0$@%$<*-*<'2)20E02*-"-27454*B7*'45"9*40E0$-2*E-2'04*@%$*#:0*
G2#0$*=-$-<0#0$4F*L'52&*-*4#-([*%@*5<-904*S5#:*&5R0$0"#*&09$004*
%@*G2#0$5"9*
*
*

!"#$%"&"'()*&+4#"5&3+R!4S+

+F*,04-$045*-"&*bF*.F*L0"0&5[#44%"V*c.*"0S*-==$%-(:*@%$*#:0*<%$=:%2%95(-2*409<0"#-)%"*%@*:59:Z$04%2')%"*4-#0225#0*5<-90$7Vd*?777"
@+*):*ABC):"C)"D/C:A(/)A/"*)<"E/-C=/"6/):().V*E%2F*eXV*"%F*`V*==F*eNXZe`NV*`NNWF*

+%$=:%2%95(-2*3%""0(#0&*/52#0$4*M0"0$-2*;0U'5$0<0"#4*+%$=:%2%95(-2*3%""0(#0&*/52#0$4*+%$=:%2%95(-2*3%""0(#0&*/52#0$4*M0"0$-2*;0U'5$0<0"#4*+%$=:%2%95(-2*3%""0(#0&*/52#0$4*+%$=:%2%95(-2*3%""0(#0&*/52#0$4*+%$=:%2%95(-2*3%""0(#0&*/52#0$4*M0"0$-2*;0U'5$0<0"#4*+%$=:%2%95(-2*3%""0(#0&*/52#0$4*+%$=:%2%95(-2*3%""0(#0&*/52#0$4*+%$=:%2%95(-2*3%""0(#0&*/52#0$4*M0"0$-2*;0U'5$0<0"#4*+%$=:%2%95(-2*3%""0(#0&*/52#0$4*
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Attribute filters operate only on the connected components (regions of  
 
Attribute filters operate only on the connected components (regions of connected 
iso-level pixels) according to a criterion T which evaluates an attribute  A against a 
threshold V. 

Attribute filters are based on the following operations: 
"! Compute attribute for each connected component in the image; 
"! Keep the components that satisfy the criterion (e.gFV*W"X*V0L"
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!"#$%&'()%"*
!4+*,-+.V+
/0-#'$0*1020()%"*
3%"(2'45%"4*



;04'2#4D*32-445G(-)%"*.(('$-(504*

PCs EMP EAP  
area 

EAP 
diagonal 

EAP 
inertia 

EAP 
std 

EAP 
all 

Features 4 36 36 36 36 36 144 

OA (%) 70.42 80.71 92.32 86.84 76.26 78.68 89.89 

AA (%) 79.25 86.64 92.00 88.00 84.68 86.27 90.25 

Kappa 0.63 0.75 0.90 0.82 0.70 0.73 0.87 

LF3#*&&+.))1#*);+klm+



**!"#$%"&"'()*&+Z+./#(0123+4#"5&36+
;04'2#4D*32-445G(-)%"*.(('$-(504*;04'2#4D*32-445G(-)%"*.(('$-(504*+%$=:%2%95(-2*3%""0(#0&*/52#0$4*;04'2#4D*32-445G(-)%"*.(('$-(504*M0"0$-2*;0U'5$0<0"#4*;04'2#4D*32-445G(-)%"*.(('$-(504*+%$=:%2%95(-2*3%""0(#0&*/52#0$4*;04'2#4D*32-445G(-)%"*.(('$-(504*;04'2#4D*32-445G(-)%"*.(('$-(504*+%$=:%2%95(-2*3%""0(#0&*/52#0$4*;04'2#4D*32-445G(-)%"*.(('$-(504*M0"0$-2*;0U'5$0<0"#4*;04'2#4D*32-445G(-)%"*.(('$-(504*+%$=:%2%95(-2*3%""0(#0&*/52#0$4*;04'2#4D*32-445G(-)%"*.(('$-(504*;04'2#4D*32-445G(-)%"*.(('$-(504*+%$=:%2%95(-2*3%""0(#0&*/52#0$4*;04'2#4D*32-445G(-)%"*.(('$-(504*M0"0$-2*;0U'5$0<0"#4*;04'2#4D*32-445G(-)%"*.(('$-(504*+%$=:%2%95(-2*3%""0(#0&*/52#0$4*;04'2#4D*32-445G(-)%"*.(('$-(504*+%$=:%2%95(-2*3%""0(#0&*/52#0$4*M0"0$-2*;0U'5$0<0"#4*+%$=:%2%95(-2*3%""0(#0&*/52#0$4*;04'2#4D*32-445G(-)%"*.(('$-(504*+%$=:%2%95(-2*3%""0(#0&*/52#0$4*;04'2#4D*32-445G(-)%"*.(('$-(504*M0"0$-2*;0U'5$0<0"#4*;04'2#4D*32-445G(-)%"*.(('$-(504*+%$=:%2%95(-2*3%""0(#0&*/52#0$4*;04'2#4D*32-445G(-)%"*.(('$-(504*

!"#$%&'()%"*
!4+*,-+.V+
/0-#'$0*1020()%"*
3%"(2'45%"4*



;04'2#4D*32-445G(-)%"*+-=4*

16+*
>.D*nK@cKo*

;-"&%<*/%$04#*
>.D*jK@aao*

K:0<-)(*(2-4404D*\#336b+!3*-"Hb+!32*&b+`#*F3&b+C#()D6b+C*#3+>"(&b+.6$%*&2b+C(21=3,b+>%*-"H@*

32-445G(-)%"*<-=4*%B#-5"0&*B7*(%"45&0$5"9*%"27*#:0*4=0(#$-2*(:-""024F*

+-J5<'<*C5[025:%%&*
>.D*jc@Ojo*

+%$=:%2%95(-2*3%""0(#0&*/52#0$4*M0"0$-2*;0U'5$0<0"#4*+%$=:%2%95(-2*3%""0(#0&*/52#0$4*;04'2#4D*32-445G(-)%"*+-=4+%$=:%2%95(-2*3%""0(#0&*/52#0$4*;04'2#4D*32-445G(-)%"*+-=4;04'2#4D*32-445G(-)%"*+-=4+%$=:%2%95(-2*3%""0(#0&*/52#0$4*;04'2#4D*32-445G(-)%"*+-=4M0"0$-2*;0U'5$0<0"#4*;04'2#4D*32-445G(-)%"*+-=4+%$=:%2%95(-2*3%""0(#0&*/52#0$4*;04'2#4D*32-445G(-)%"*+-=4

32-445G(-)%"*<-=4*%B#-5"0&*B7*(%"45&0$5"9*%"27*#:0*4=0(#$-2*(:-""024F*

+%$=:%2%95(-2*3%""0(#0&*/52#0$4*;04'2#4D*32-445G(-)%"*+-=4+%$=:%2%95(-2*3%""0(#0&*/52#0$4*;04'2#4D*32-445G(-)%"*+-=4;04'2#4D*32-445G(-)%"*+-=4+%$=:%2%95(-2*3%""0(#0&*/52#0$4*;04'2#4D*32-445G(-)%"*+-=4M0"0$-2*;0U'5$0<0"#4*;04'2#4D*32-445G(-)%"*+-=4+%$=:%2%95(-2*3%""0(#0&*/52#0$4*;04'2#4D*32-445G(-)%"*+-=4+%$=:%2%95(-2*3%""0(#0&*/52#0$4*;04'2#4D*32-445G(-)%"*+-=4+%$=:%2%95(-2*3%""0(#0&*/52#0$4*;04'2#4D*32-445G(-)%"*+-=4;04'2#4D*32-445G(-)%"*+-=4+%$=:%2%95(-2*3%""0(#0&*/52#0$4*;04'2#4D*32-445G(-)%"*+-=4M0"0$-2*;0U'5$0<0"#4*;04'2#4D*32-445G(-)%"*+-=4+%$=:%2%95(-2*3%""0(#0&*/52#0$4*;04'2#4D*32-445G(-)%"*+-=4

**!"#$%"&"'()*&+Z+./#(0123+4#"5&36+
;04'2#4D*32-445G(-)%"*+-=4;04'2#4D*32-445G(-)%"*+-=4+%$=:%2%95(-2*3%""0(#0&*/52#0$4*;04'2#4D*32-445G(-)%"*+-=4M0"0$-2*;0U'5$0<0"#4*;04'2#4D*32-445G(-)%"*+-=4+%$=:%2%95(-2*3%""0(#0&*/52#0$4*;04'2#4D*32-445G(-)%"*+-=4;04'2#4D*32-445G(-)%"*+-=4+%$=:%2%95(-2*3%""0(#0&*/52#0$4*;04'2#4D*32-445G(-)%"*+-=4M0"0$-2*;0U'5$0<0"#4*;04'2#4D*32-445G(-)%"*+-=4+%$=:%2%95(-2*3%""0(#0&*/52#0$4*;04'2#4D*32-445G(-)%"*+-=4;04'2#4D*32-445G(-)%"*+-=4+%$=:%2%95(-2*3%""0(#0&*/52#0$4*;04'2#4D*32-445G(-)%"*+-=4M0"0$-2*;0U'5$0<0"#4*;04'2#4D*32-445G(-)%"*+-=4+%$=:%2%95(-2*3%""0(#0&*/52#0$4*;04'2#4D*32-445G(-)%"*+-=4;04'2#4D*32-445G(-)%"*+-=4+%$=:%2%95(-2*3%""0(#0&*/52#0$4*;04'2#4D*32-445G(-)%"*+-=4M0"0$-2*;0U'5$0<0"#4*;04'2#4D*32-445G(-)%"*+-=4+%$=:%2%95(-2*3%""0(#0&*/52#0$4*;04'2#4D*32-445G(-)%"*+-=4

!"#$%&'()%"*
!4+*,-+.V+
/0-#'$0*1020()%"*
3%"(2'45%"4*



.A$5B'#0*/52#0$4*j*87=0$4=0(#$-2*&-#-40#*

1=0(#$-2*%"27*\h*,34^*
>.D*jc@OMo*

I+,*
>.D*nc@jKo*

I.,-22*
>.D*ni@nio*

K:0<-)(*(2-4404D*\#336b+!3*-"Hb+!32*&b+`#*F3&b+C#()D6b+C*#3+>"(&b+.6$%*&2b+C(21=3,b+>%*-"H@*

+%$=:%2%95(-2*3%""0(#0&*/52#0$4*M0"0$-2*;0U'5$0<0"#4**&-#-40#*+%$=:%2%95(-2*3%""0(#0&*/52#0$4*87=0$4=0(#$-2+%$=:%2%95(-2*3%""0(#0&*/52#0$4*87=0$4=0(#$-2*&-#-40#*+%$=:%2%95(-2*3%""0(#0&*/52#0$4**&-#-40#*87=0$4=0(#$-2+%$=:%2%95(-2*3%""0(#0&*/52#0$4*87=0$4=0(#$-2M0"0$-2*;0U'5$0<0"#4*87=0$4=0(#$-2+%$=:%2%95(-2*3%""0(#0&*/52#0$4*87=0$4=0(#$-2*&-#-40#*+%$=:%2%95(-2*3%""0(#0&*/52#0$4*87=0$4=0(#$-2+%$=:%2%95(-2*3%""0(#0&*/52#0$4*87=0$4=0(#$-2*&-#-40#*+%$=:%2%95(-2*3%""0(#0&*/52#0$4**&-#-40#*87=0$4=0(#$-2+%$=:%2%95(-2*3%""0(#0&*/52#0$4*87=0$4=0(#$-2M0"0$-2*;0U'5$0<0"#4*87=0$4=0(#$-2+%$=:%2%95(-2*3%""0(#0&*/52#0$4*87=0$4=0(#$-2*&-#-40#*+%$=:%2%95(-2*3%""0(#0&*/52#0$4*87=0$4=0(#$-2+%$=:%2%95(-2*3%""0(#0&*/52#0$4*87=0$4=0(#$-2*&-#-40#*+%$=:%2%95(-2*3%""0(#0&*/52#0$4**&-#-40#*87=0$4=0(#$-2+%$=:%2%95(-2*3%""0(#0&*/52#0$4*87=0$4=0(#$-2M0"0$-2*;0U'5$0<0"#4*87=0$4=0(#$-2+%$=:%2%95(-2*3%""0(#0&*/52#0$4*87=0$4=0(#$-2

**!"#$%"&"'()*&+Z+./#(0123+4#"5&36+
87=0$4=0(#$-2+%$=:%2%95(-2*3%""0(#0&*/52#0$4*87=0$4=0(#$-2M0"0$-2*;0U'5$0<0"#4*87=0$4=0(#$-2+%$=:%2%95(-2*3%""0(#0&*/52#0$4*87=0$4=0(#$-287=0$4=0(#$-2+%$=:%2%95(-2*3%""0(#0&*/52#0$4*87=0$4=0(#$-2M0"0$-2*;0U'5$0<0"#4*87=0$4=0(#$-2+%$=:%2%95(-2*3%""0(#0&*/52#0$4*87=0$4=0(#$-287=0$4=0(#$-2+%$=:%2%95(-2*3%""0(#0&*/52#0$4*87=0$4=0(#$-2M0"0$-2*;0U'5$0<0"#4*87=0$4=0(#$-2+%$=:%2%95(-2*3%""0(#0&*/52#0$4*87=0$4=0(#$-287=0$4=0(#$-2+%$=:%2%95(-2*3%""0(#0&*/52#0$4*87=0$4=0(#$-2M0"0$-2*;0U'5$0<0"#4*87=0$4=0(#$-2+%$=:%2%95(-2*3%""0(#0&*/52#0$4*87=0$4=0(#$-2

!"#$%&'()%"*
!4+*,-+.V+
/0-#'$0*1020()%"*
3%"(2'45%"4*



+F*H-22-*+'$-V*bF*.F*L0"0&5[#44%"V*LF*Y-4[0V*-"&*CF*L$'??%"0V*cIJ#0"&0&*=$%G204*S5#:*<%$=:%2%95(-2*-A$5B'#0*G2#0$4*@%$*#:0*-"-27454*%@*
:7=0$4=0(#$-2*&-#-Vd*?)=/+)*BC)*P"ZCK+)*P"C!"E/-C=/"6/):().V*E%2F*eWV*"%F*``V*==F*gXfgjgXXWV*l%EF*`NWNF*

X1 X1 
X1 X1 XXXXX1 X1 X

X1 X1 
X1 X1 XXXXX1 1 1 1 X1 X

.,*
X1 

87=0$4=0(#$-2*
!<-90 

X 

.,*

32-445G(-)%"*
+-= 

.,*

3%"45&0$-)%"4*@%$*32-445G(-)%"*S5#:*I.,*

32-445G(-)%"*

X1 
X1 X1 XXXXX1 X1 X1AP

nAP

2AP

.A$5B'#0*
=$%G20*1 

.A$5B'#0*
=$%G20*n 

,$5"(5=-2*
3%<=%"0"#*
."-27454*

PC1 

PC2 

PCn 

XY23,-3-+./#(0123+4#"5&3 
4#"0&3=o*
K:0*:59:*

&5<0"45%"-25#7*%@*
#:0*&-#-*(-"*
$0&'(0*#:0*

90"0$-25?-)%"*
(-=-B525)04*%@*#:0*

(2-445G0$F*

K:0*
&5<0"45%"-25#7*%@*
#:0*@0-#'$04*54*

0E0"*5"($0-40&*5@*-*
<'2)=20**

-A$5B'#04*-"-27454*
54*=0$@%$<0&*S5#:*
40E0$-2*I.,4F*

+%$=:%2%95(-2*3%""0(#0&*/52#0$4*M0"0$-2*;0U'5$0<0"#4*3%"45&0$-)%"4*@%$*32-445G(-)%"*S5#:*I.,*3%"45&0$-)%"4*@%$*32-445G(-)%"*S5#:*I.,*+%$=:%2%95(-2*3%""0(#0&*/52#0$4*3%"45&0$-)%"4*@%$*32-445G(-)%"*S5#:*I.,*3%"45&0$-)%"4*@%$*32-445G(-)%"*S5#:*I.,*+%$=:%2%95(-2*3%""0(#0&*/52#0$4*3%"45&0$-)%"4*@%$*32-445G(-)%"*S5#:*I.,*M0"0$-2*;0U'5$0<0"#4*3%"45&0$-)%"4*@%$*32-445G(-)%"*S5#:*I.,*+%$=:%2%95(-2*3%""0(#0&*/52#0$4*3%"45&0$-)%"4*@%$*32-445G(-)%"*S5#:*I.,*

XY23,-3-+./#(0123+4#"5&3

3%"45&0$-)%"4*@%$*32-445G(-)%"*S5#:*I.,*3%"45&0$-)%"4*@%$*32-445G(-)%"*S5#:*I.,*+%$=:%2%95(-2*3%""0(#0&*/52#0$4*3%"45&0$-)%"4*@%$*32-445G(-)%"*S5#:*I.,*3%"45&0$-)%"4*@%$*32-445G(-)%"*S5#:*I.,*+%$=:%2%95(-2*3%""0(#0&*/52#0$4*3%"45&0$-)%"4*@%$*32-445G(-)%"*S5#:*I.,*M0"0$-2*;0U'5$0<0"#4*3%"45&0$-)%"4*@%$*32-445G(-)%"*S5#:*I.,*+%$=:%2%95(-2*3%""0(#0&*/52#0$4*3%"45&0$-)%"4*@%$*32-445G(-)%"*S5#:*I.,*3%"45&0$-)%"4*@%$*32-445G(-)%"*S5#:*I.,*+%$=:%2%95(-2*3%""0(#0&*/52#0$4*3%"45&0$-)%"4*@%$*32-445G(-)%"*S5#:*I.,*+%$=:%2%95(-2*3%""0(#0&*/52#0$4*3%"45&0$-)%"4*@%$*32-445G(-)%"*S5#:*I.,*+%$=:%2%95(-2*3%""0(#0&*/52#0$4*M0"0$-2*;0U'5$0<0"#4*+%$=:%2%95(-2*3%""0(#0&*/52#0$4*3%"45&0$-)%"4*@%$*32-445G(-)%"*S5#:*I.,*+%$=:%2%95(-2*3%""0(#0&*/52#0$4*3%"45&0$-)%"4*@%$*32-445G(-)%"*S5#:*I.,*M0"0$-2*;0U'5$0<0"#4*3%"45&0$-)%"4*@%$*32-445G(-)%"*S5#:*I.,*+%$=:%2%95(-2*3%""0(#0&*/52#0$4*3%"45&0$-)%"4*@%$*32-445G(-)%"*S5#:*I.,*

XY23,-3-+./#(0123+4#"5&3XY23,-3-+./#(0123+4#"5&3

**!"#$%"&"'()*&+Z+./#(0123+4#"5&36+


!"#$%&'()%"*
!4+*,-+.V+
/0-#'$0*1020()%"*
3%"(2'45%"4*



K:0* $0&'()%"*%@* #:0*&5<0"45%"-25#7*%@* #:0*&-#-*(-"*B0*=0$@%$<0&* *B7*-*/0-#'$0*
IJ#$-()%"*\/I^*#0(:"5U'0F*

*
"! W(6)#(=(,*,2+.,*&;6(6+V3*21#3+XY2#*)9",+RW.VXS+

"! ,-$-<0#$5(*#0(:"5U'0F*
"! IJ#$-(#*#:0*@0-#'$04*#:-#*<-J5<5?0*-*($5#0$5%"*B-40&*%"*#:0*S5#:5"*-"&*B0#S00"*4(-A0$*

<-#$5(04*#:-#*04)<-#04*#:0*40=-$-B525#7*%@*#:0*(2-4404*&54#$5B')%"4F*
"! 32-4404*-44'<0&*#%*B0*M-'445-"F*

*

"! W3)(6(",+C"1,-*#;+V3*21#3+XY2#*)9",+RWCVXS+
"! l%"*=-$-<0#$5(*#0(:"5U'0F*
"! /0-#'$04*(%<='#0&*-4*&5$0()%"*%$#:%9%"-2*#%*#:0*&0(545%"*B%'"&-$7F*
"! ;0U'5$04*-*459"5G(-"#*"'<B0$*%@*#$-5"5"9*4-<=204*@%$*-*=$%=0$*04)<-)%"*%@*#:0*&0(545%"*

B%'"&-$7F*
*

"! ^",[p3('%23-+V3*21#3+XY2#*)9",+R^pVXS+
"! 3%<B5"-)%"*%@*H./I*-"&*HL/IF*
"! K:0* 40=-$-B525#7* ($5#0$5%"* 54* (%<='#0&* %"* "%"Z=-$-<0#$5(*S5#:5"* -"&* B0#S00"* 4(-A0$*

<-#$5(04F*
"! L-40&*%"*#:0*(%"(0=#*%@*S059:#0&*<0-"4*\4-<=204*S059:#0&*-((%$&5"9*#%*#:05$*&54#-"(0*

#%*#:0*&0(545%"*B%'"&-$7^F*
*

/0-#'$0*IJ#$-()%"*K0(:"5U'04*+%$=:%2%95(-2*3%""0(#0&*/52#0$4*M0"0$-2*;0U'5$0<0"#4*+%$=:%2%95(-2*3%""0(#0&*/52#0$4*/0-#'$0*IJ#$-()%"*K0(:"5U'04*+%$=:%2%95(-2*3%""0(#0&*/52#0$4*/0-#'$0*IJ#$-()%"*K0(:"5U'04*/0-#'$0*IJ#$-()%"*K0(:"5U'04*+%$=:%2%95(-2*3%""0(#0&*/52#0$4*/0-#'$0*IJ#$-()%"*K0(:"5U'04*M0"0$-2*;0U'5$0<0"#4*/0-#'$0*IJ#$-()%"*K0(:"5U'04*+%$=:%2%95(-2*3%""0(#0&*/52#0$4*/0-#'$0*IJ#$-()%"*K0(:"5U'04*

K:0* $0&'()%"*%@* #:0*&5<0"45%"-25#7*%@* #:0*&-#-*(-"*B0*=0$@%$<0&* *B7*-*/0-#'$0*

+%$=:%2%95(-2*3%""0(#0&*/52#0$4*/0-#'$0*IJ#$-()%"*K0(:"5U'04*+%$=:%2%95(-2*3%""0(#0&*/52#0$4*/0-#'$0*IJ#$-()%"*K0(:"5U'04*/0-#'$0*IJ#$-()%"*K0(:"5U'04*+%$=:%2%95(-2*3%""0(#0&*/52#0$4*/0-#'$0*IJ#$-()%"*K0(:"5U'04*M0"0$-2*;0U'5$0<0"#4*/0-#'$0*IJ#$-()%"*K0(:"5U'04*+%$=:%2%95(-2*3%""0(#0&*/52#0$4*/0-#'$0*IJ#$-()%"*K0(:"5U'04*+%$=:%2%95(-2*3%""0(#0&*/52#0$4*/0-#'$0*IJ#$-()%"*K0(:"5U'04*+%$=:%2%95(-2*3%""0(#0&*/52#0$4*/0-#'$0*IJ#$-()%"*K0(:"5U'04*/0-#'$0*IJ#$-()%"*K0(:"5U'04*+%$=:%2%95(-2*3%""0(#0&*/52#0$4*/0-#'$0*IJ#$-()%"*K0(:"5U'04*M0"0$-2*;0U'5$0<0"#4*/0-#'$0*IJ#$-()%"*K0(:"5U'04*+%$=:%2%95(-2*3%""0(#0&*/52#0$4*/0-#'$0*IJ#$-()%"*K0(:"5U'04*

K:0* $0&'()%"*%@* #:0*&5<0"45%"-25#7*%@* #:0*&-#-*(-"*B0*=0$@%$<0&* *B7*-*K:0* $0&'()%"*%@* #:0*&5<0"45%"-25#7*%@* #:0*&-#-*(-"*B0*=0$@%$<0&* *B7*-*

**!"#$%"&"'()*&+Z+./#(0123+4#"5&36+
/0-#'$0*IJ#$-()%"*K0(:"5U'04*/0-#'$0*IJ#$-()%"*K0(:"5U'04*+%$=:%2%95(-2*3%""0(#0&*/52#0$4*/0-#'$0*IJ#$-()%"*K0(:"5U'04*M0"0$-2*;0U'5$0<0"#4*/0-#'$0*IJ#$-()%"*K0(:"5U'04*+%$=:%2%95(-2*3%""0(#0&*/52#0$4*/0-#'$0*IJ#$-()%"*K0(:"5U'04*/0-#'$0*IJ#$-()%"*K0(:"5U'04*+%$=:%2%95(-2*3%""0(#0&*/52#0$4*/0-#'$0*IJ#$-()%"*K0(:"5U'04*M0"0$-2*;0U'5$0<0"#4*/0-#'$0*IJ#$-()%"*K0(:"5U'04*+%$=:%2%95(-2*3%""0(#0&*/52#0$4*/0-#'$0*IJ#$-()%"*K0(:"5U'04*/0-#'$0*IJ#$-()%"*K0(:"5U'04*+%$=:%2%95(-2*3%""0(#0&*/52#0$4*/0-#'$0*IJ#$-()%"*K0(:"5U'04*M0"0$-2*;0U'5$0<0"#4*/0-#'$0*IJ#$-()%"*K0(:"5U'04*+%$=:%2%95(-2*3%""0(#0&*/52#0$4*/0-#'$0*IJ#$-()%"*K0(:"5U'04*/0-#'$0*IJ#$-()%"*K0(:"5U'04*+%$=:%2%95(-2*3%""0(#0&*/52#0$4*/0-#'$0*IJ#$-()%"*K0(:"5U'04*M0"0$-2*;0U'5$0<0"#4*/0-#'$0*IJ#$-()%"*K0(:"5U'04*+%$=:%2%95(-2*3%""0(#0&*/52#0$4*/0-#'$0*IJ#$-()%"*K0(:"5U'04*

!"#$%&'()%"*
!4+*,-+.V+
/0-#'$0*1020()%"*
3%"(2'45%"4*



X1 X1 
X1 X1 XXXXX1 X1 X

X1 X1 
X1 X1 XXXXX1 1 1 1 X1 X

I.,W*
X1 

87=0$4=0(#$-2*
!<-90 

X 

I.,*

32-445G(-)%"*
+-= 

I.,`*

.$(:5#0(#'$0*S5#:*/I*

32-445G(-)%"*

X1 
X1 X1 XXXXX1 X1 X

IJ#0"&0&*
.A$5B'#0*
=$%G20*1 

IJ#0"&0&*
.A$5B'#0*
,$%G20*n 

/0-#'$0*
IJ#$-()%"*

1EAP

2EAP

nEAP

X.4*&& 

+F*H-22-*+'$-V*bF*.F*L0"0&5[#44%"*-"&*CF*L$'??%"0V*c32-445G(-)%"*%@*87=0$4=0(#$-2*!<-904*S5#:*IJ#0"&0&*.A$5B'#0*,$%G204*-"&*/0-#'$0*
IJ#$-()%"*K0(:"5U'04Vk*Y+CAL"?777"?DWE66"4%2%V*`NWNV*==F*fO*jfXF*

+%$=:%2%95(-2*3%""0(#0&*/52#0$4*M0"0$-2*;0U'5$0<0"#4*+%$=:%2%95(-2*3%""0(#0&*/52#0$4*+%$=:%2%95(-2*3%""0(#0&*/52#0$4*M0"0$-2*;0U'5$0<0"#4*+%$=:%2%95(-2*3%""0(#0&*/52#0$4*.$(:5#0(#'$0*S5#:*/I*+%$=:%2%95(-2*3%""0(#0&*/52#0$4*.$(:5#0(#'$0*S5#:*/I*M0"0$-2*;0U'5$0<0"#4*.$(:5#0(#'$0*S5#:*/I*+%$=:%2%95(-2*3%""0(#0&*/52#0$4*.$(:5#0(#'$0*S5#:*/I*+%$=:%2%95(-2*3%""0(#0&*/52#0$4*+%$=:%2%95(-2*3%""0(#0&*/52#0$4*M0"0$-2*;0U'5$0<0"#4*+%$=:%2%95(-2*3%""0(#0&*/52#0$4*.$(:5#0(#'$0*S5#:*/I*+%$=:%2%95(-2*3%""0(#0&*/52#0$4*.$(:5#0(#'$0*S5#:*/I*M0"0$-2*;0U'5$0<0"#4*.$(:5#0(#'$0*S5#:*/I*+%$=:%2%95(-2*3%""0(#0&*/52#0$4*.$(:5#0(#'$0*S5#:*/I*+%$=:%2%95(-2*3%""0(#0&*/52#0$4*+%$=:%2%95(-2*3%""0(#0&*/52#0$4*M0"0$-2*;0U'5$0<0"#4*+%$=:%2%95(-2*3%""0(#0&*/52#0$4*.$(:5#0(#'$0*S5#:*/I*+%$=:%2%95(-2*3%""0(#0&*/52#0$4*.$(:5#0(#'$0*S5#:*/I*M0"0$-2*;0U'5$0<0"#4*.$(:5#0(#'$0*S5#:*/I*+%$=:%2%95(-2*3%""0(#0&*/52#0$4*.$(:5#0(#'$0*S5#:*/I*

**!"#$%"&"'()*&+Z+./#(0123+4#"5&36+
.$(:5#0(#'$0*S5#:*/I*.$(:5#0(#'$0*S5#:*/I*+%$=:%2%95(-2*3%""0(#0&*/52#0$4*.$(:5#0(#'$0*S5#:*/I*M0"0$-2*;0U'5$0<0"#4*.$(:5#0(#'$0*S5#:*/I*+%$=:%2%95(-2*3%""0(#0&*/52#0$4*.$(:5#0(#'$0*S5#:*/I*.$(:5#0(#'$0*S5#:*/I*+%$=:%2%95(-2*3%""0(#0&*/52#0$4*.$(:5#0(#'$0*S5#:*/I*M0"0$-2*;0U'5$0<0"#4*.$(:5#0(#'$0*S5#:*/I*+%$=:%2%95(-2*3%""0(#0&*/52#0$4*.$(:5#0(#'$0*S5#:*/I*.$(:5#0(#'$0*S5#:*/I*+%$=:%2%95(-2*3%""0(#0&*/52#0$4*.$(:5#0(#'$0*S5#:*/I*M0"0$-2*;0U'5$0<0"#4*.$(:5#0(#'$0*S5#:*/I*+%$=:%2%95(-2*3%""0(#0&*/52#0$4*.$(:5#0(#'$0*S5#:*/I*+%$=:%2%95(-2*3%""0(#0&*/52#0$4*M0"0$-2*;0U'5$0<0"#4*+%$=:%2%95(-2*3%""0(#0&*/52#0$4*.$(:5#0(#'$0*S5#:*/I*+%$=:%2%95(-2*3%""0(#0&*/52#0$4*.$(:5#0(#'$0*S5#:*/I*M0"0$-2*;0U'5$0<0"#4*.$(:5#0(#'$0*S5#:*/I*+%$=:%2%95(-2*3%""0(#0&*/52#0$4*.$(:5#0(#'$0*S5#:*/I*

!"#$%&'()%"*
!4+*,-+.V+
/0-#'$0*1020()%"*
3%"(2'45%"4*



H0459"*%@*IJ=0$5<0"#4*

*
"! .A$5B'#0*,$%G204*B'52#*B7*@%'$*-A$5B'#04*%"*#:0*G$4#*h*,34F*

•! .$0-*\"*q*WNNV*gNNV*WNNNV*gNNN^*
•! C0"9#:*H5-9%"-2*%@*#:0*B%'"&5"9*B%J*\"*q*WNV*`gV*gNV*WNN^*
•! +%<0"#*%@*5"0$)-*\"*q*NF`V*NFeV*NFhV*NFg^*
•! 1#-"&-$&*&0E5-)%"*\"*q*`NV*eNV*hNV*gN^*

"! /0-#'$0*IJ#$-()%"*K0(:"5U'04D*H./IV*HL/IV*lY/IF*

"! 32-445G0$D*;-"&%<*/%$04#*\WNN*#$004^V*+-J5<'<*C5[025:%%&F*

"! ,$%#%(%2*@%$*-(('$-(7*-44044<0"#D*>E0$-22*.(('$-(7*\(%<='#0&*%"*#:0*#04#*40#^F*

87=0$4=0(#$-2* 5<-90* \OWNJehN* =5J024^* %@* #:0* (5#7* %@* ,-E5-*
-(U'5$0&*B7*;>1!1ZNe**
WNe*4=0(#$-2*B-"&4V*90%<0#$5(-2*$04%2')%"*%@*WFe**P<QF*
+
K:0<-)(* (2-4404D* \#336b+!3*-"Hb+!32*&b+ `#*F3&b+ C#()D6b+ C*#3+ >"(&b+
.6$%*&2b+C(21=3,b+>%*-"H@*

K$'0*(%2%$*!<-90* K04#*40#*

H-#-*40#*H04($5=)%"D*

IJ=0$5<0"#-2*10#*'=D*

+%$=:%2%95(-2*3%""0(#0&*/52#0$4*M0"0$-2*;0U'5$0<0"#4*+%$=:%2%95(-2*3%""0(#0&*/52#0$4*+%$=:%2%95(-2*3%""0(#0&*/52#0$4*M0"0$-2*;0U'5$0<0"#4*+%$=:%2%95(-2*3%""0(#0&*/52#0$4*H0459"*%@*IJ=0$5<0"#4*+%$=:%2%95(-2*3%""0(#0&*/52#0$4*H0459"*%@*IJ=0$5<0"#4*M0"0$-2*;0U'5$0<0"#4*H0459"*%@*IJ=0$5<0"#4*+%$=:%2%95(-2*3%""0(#0&*/52#0$4*H0459"*%@*IJ=0$5<0"#4*+%$=:%2%95(-2*3%""0(#0&*/52#0$4*+%$=:%2%95(-2*3%""0(#0&*/52#0$4*M0"0$-2*;0U'5$0<0"#4*+%$=:%2%95(-2*3%""0(#0&*/52#0$4*H0459"*%@*IJ=0$5<0"#4*+%$=:%2%95(-2*3%""0(#0&*/52#0$4*H0459"*%@*IJ=0$5<0"#4*M0"0$-2*;0U'5$0<0"#4*H0459"*%@*IJ=0$5<0"#4*+%$=:%2%95(-2*3%""0(#0&*/52#0$4*H0459"*%@*IJ=0$5<0"#4*+%$=:%2%95(-2*3%""0(#0&*/52#0$4*+%$=:%2%95(-2*3%""0(#0&*/52#0$4*M0"0$-2*;0U'5$0<0"#4*+%$=:%2%95(-2*3%""0(#0&*/52#0$4*H0459"*%@*IJ=0$5<0"#4*+%$=:%2%95(-2*3%""0(#0&*/52#0$4*H0459"*%@*IJ=0$5<0"#4*M0"0$-2*;0U'5$0<0"#4*H0459"*%@*IJ=0$5<0"#4*+%$=:%2%95(-2*3%""0(#0&*/52#0$4*H0459"*%@*IJ=0$5<0"#4*

**!"#$%"&"'()*&+Z+./#(0123+4#"5&36+
H0459"*%@*IJ=0$5<0"#4*H0459"*%@*IJ=0$5<0"#4*+%$=:%2%95(-2*3%""0(#0&*/52#0$4*H0459"*%@*IJ=0$5<0"#4*M0"0$-2*;0U'5$0<0"#4*H0459"*%@*IJ=0$5<0"#4*+%$=:%2%95(-2*3%""0(#0&*/52#0$4*H0459"*%@*IJ=0$5<0"#4*H0459"*%@*IJ=0$5<0"#4*+%$=:%2%95(-2*3%""0(#0&*/52#0$4*H0459"*%@*IJ=0$5<0"#4*M0"0$-2*;0U'5$0<0"#4*H0459"*%@*IJ=0$5<0"#4*+%$=:%2%95(-2*3%""0(#0&*/52#0$4*H0459"*%@*IJ=0$5<0"#4*H0459"*%@*IJ=0$5<0"#4*+%$=:%2%95(-2*3%""0(#0&*/52#0$4*H0459"*%@*IJ=0$5<0"#4*M0"0$-2*;0U'5$0<0"#4*H0459"*%@*IJ=0$5<0"#4*+%$=:%2%95(-2*3%""0(#0&*/52#0$4*H0459"*%@*IJ=0$5<0"#4*H0459"*%@*IJ=0$5<0"#4*+%$=:%2%95(-2*3%""0(#0&*/52#0$4*H0459"*%@*IJ=0$5<0"#4*M0"0$-2*;0U'5$0<0"#4*H0459"*%@*IJ=0$5<0"#4*+%$=:%2%95(-2*3%""0(#0&*/52#0$4*H0459"*%@*IJ=0$5<0"#4*
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;04'2#4D*32-445G(-)%"*.(('$-(504*

FE Technique Classifier EAPa X.4- X.4( X.46 X.4*&& 

EAP with NO FE 
ML jM@MK af@cf jN@cn fO@NO aO@Ki+

RF ic@ii na@aa nM@iO nK@aO ni@jK 

EAP with DAFE 
ML ni@ij+RjS nO@an+RnS nO@fa+RKcS+ nf@OK+RnS iK@On+RKKS 

RF iM@an+RMcS+ ic@KN+RMfS+ ic@nO+RNfS+ na@fM+RKOS+ ia@cK+RKMKS 

EAP with DBFE 
ML nn@ai+RaS nM@NN+RnS nK@Oj+RjS nf@Kn+RfS+ nN@nc+RKKS 

RF nn@ai+RNcS nf@cj+RNaS nM@Mc+RNaS+ nj@ff+RMcS+ iO@fc+RnKS 

EAP with NWFE 
ML ni@iN+RKOS+ nN@cN+ROS nj@fO+RKcS+ nn@ff+RKMS+ iK@Kn+RKKS 

RF iM@ii+RMOS+ nj@Mf+RNcS iN@Oj+RMjS+ ji@nN+RfS iK@ni+ROKS 

K:0*"'<B0$*%@*@0-#'$04*95E5"9*#:0*:59:04#*-(('$-(504*54*$0=%$#0&*5"*B$-([0#4F*

LF3#*&&+.))1#*);+klm+



**!"#$%"&"'()*&+Z+./#(0123+4#"5&36+
;04'2#4D*32-445G(-)%"*.(('$-(504*;04'2#4D*32-445G(-)%"*.(('$-(504*+%$=:%2%95(-2*3%""0(#0&*/52#0$4*;04'2#4D*32-445G(-)%"*.(('$-(504*M0"0$-2*;0U'5$0<0"#4*;04'2#4D*32-445G(-)%"*.(('$-(504*+%$=:%2%95(-2*3%""0(#0&*/52#0$4*;04'2#4D*32-445G(-)%"*.(('$-(504*;04'2#4D*32-445G(-)%"*.(('$-(504*+%$=:%2%95(-2*3%""0(#0&*/52#0$4*;04'2#4D*32-445G(-)%"*.(('$-(504*M0"0$-2*;0U'5$0<0"#4*;04'2#4D*32-445G(-)%"*.(('$-(504*+%$=:%2%95(-2*3%""0(#0&*/52#0$4*;04'2#4D*32-445G(-)%"*.(('$-(504*;04'2#4D*32-445G(-)%"*.(('$-(504*+%$=:%2%95(-2*3%""0(#0&*/52#0$4*;04'2#4D*32-445G(-)%"*.(('$-(504*M0"0$-2*;0U'5$0<0"#4*;04'2#4D*32-445G(-)%"*.(('$-(504*+%$=:%2%95(-2*3%""0(#0&*/52#0$4*;04'2#4D*32-445G(-)%"*.(('$-(504*+%$=:%2%95(-2*3%""0(#0&*/52#0$4*M0"0$-2*;0U'5$0<0"#4*+%$=:%2%95(-2*3%""0(#0&*/52#0$4*;04'2#4D*32-445G(-)%"*.(('$-(504*+%$=:%2%95(-2*3%""0(#0&*/52#0$4*;04'2#4D*32-445G(-)%"*.(('$-(504*M0"0$-2*;0U'5$0<0"#4*;04'2#4D*32-445G(-)%"*.(('$-(504*+%$=:%2%95(-2*3%""0(#0&*/52#0$4*;04'2#4D*32-445G(-)%"*.(('$-(504*

!"#$%&'()%"*
!4+*,-+.V+
/0-#'$0*1020()%"*
3%"(2'45%"4*



;04'2#4D*32-445G(-)%"*+-=4*

I.,-22*S5#:*H./I*
>.D*ia@cKo*

1=0(#$-2*(:-""024*
>.D*jK@aao*

I.,-22*S5#:*HL/I*
>.D*iO@fco*

I.,-22*S5#:*lY/I*
>.D*iK@nio*

32-445G(-)%"*+-=4*%B#-5"0&*S5#:*-*;-"&%<*/%$04#*32-445G0$F*

K:0<-)(*(2-4404D*\#336b+!3*-"Hb+!32*&b+`#*F3&b+C#()D6b+C*#3+>"(&b+.6$%*&2b+C(21=3,b+>%*-"H@*

+%$=:%2%95(-2*3%""0(#0&*/52#0$4*M0"0$-2*;0U'5$0<0"#4*+%$=:%2%95(-2*3%""0(#0&*/52#0$4*;04'2#4D*32-445G(-)%"*+-=4*+%$=:%2%95(-2*3%""0(#0&*/52#0$4*;04'2#4D*32-445G(-)%"*+-=4*;04'2#4D*32-445G(-)%"*+-=4*+%$=:%2%95(-2*3%""0(#0&*/52#0$4*;04'2#4D*32-445G(-)%"*+-=4*M0"0$-2*;0U'5$0<0"#4*;04'2#4D*32-445G(-)%"*+-=4*+%$=:%2%95(-2*3%""0(#0&*/52#0$4*;04'2#4D*32-445G(-)%"*+-=4*+%$=:%2%95(-2*3%""0(#0&*/52#0$4*;04'2#4D*32-445G(-)%"*+-=4*+%$=:%2%95(-2*3%""0(#0&*/52#0$4*;04'2#4D*32-445G(-)%"*+-=4*;04'2#4D*32-445G(-)%"*+-=4*+%$=:%2%95(-2*3%""0(#0&*/52#0$4*;04'2#4D*32-445G(-)%"*+-=4*M0"0$-2*;0U'5$0<0"#4*;04'2#4D*32-445G(-)%"*+-=4*+%$=:%2%95(-2*3%""0(#0&*/52#0$4*;04'2#4D*32-445G(-)%"*+-=4*+%$=:%2%95(-2*3%""0(#0&*/52#0$4*;04'2#4D*32-445G(-)%"*+-=4*+%$=:%2%95(-2*3%""0(#0&*/52#0$4*;04'2#4D*32-445G(-)%"*+-=4*;04'2#4D*32-445G(-)%"*+-=4*+%$=:%2%95(-2*3%""0(#0&*/52#0$4*;04'2#4D*32-445G(-)%"*+-=4*M0"0$-2*;0U'5$0<0"#4*;04'2#4D*32-445G(-)%"*+-=4*+%$=:%2%95(-2*3%""0(#0&*/52#0$4*;04'2#4D*32-445G(-)%"*+-=4*

**!"#$%"&"'()*&+Z+./#(0123+4#"5&36+
;04'2#4D*32-445G(-)%"*+-=4*;04'2#4D*32-445G(-)%"*+-=4*+%$=:%2%95(-2*3%""0(#0&*/52#0$4*;04'2#4D*32-445G(-)%"*+-=4*M0"0$-2*;0U'5$0<0"#4*;04'2#4D*32-445G(-)%"*+-=4*+%$=:%2%95(-2*3%""0(#0&*/52#0$4*;04'2#4D*32-445G(-)%"*+-=4*;04'2#4D*32-445G(-)%"*+-=4*+%$=:%2%95(-2*3%""0(#0&*/52#0$4*;04'2#4D*32-445G(-)%"*+-=4*M0"0$-2*;0U'5$0<0"#4*;04'2#4D*32-445G(-)%"*+-=4*+%$=:%2%95(-2*3%""0(#0&*/52#0$4*;04'2#4D*32-445G(-)%"*+-=4*;04'2#4D*32-445G(-)%"*+-=4*+%$=:%2%95(-2*3%""0(#0&*/52#0$4*;04'2#4D*32-445G(-)%"*+-=4*M0"0$-2*;0U'5$0<0"#4*;04'2#4D*32-445G(-)%"*+-=4*+%$=:%2%95(-2*3%""0(#0&*/52#0$4*;04'2#4D*32-445G(-)%"*+-=4*;04'2#4D*32-445G(-)%"*+-=4*+%$=:%2%95(-2*3%""0(#0&*/52#0$4*;04'2#4D*32-445G(-)%"*+-=4*M0"0$-2*;0U'5$0<0"#4*;04'2#4D*32-445G(-)%"*+-=4*+%$=:%2%95(-2*3%""0(#0&*/52#0$4*;04'2#4D*32-445G(-)%"*+-=4*

!"#$%&'()%"*
!4+*,-+.V+
/0-#'$0*1020()%"*
3%"(2'45%"4*



K

**L12&(,3+

!"#$%&'()%"*
!! *60$7*859:*;04%2')%"*;0<%#0*10"45"9*
!! *87=0$4=0(#$-2*!<-90$7*

M

L$9=(q3-+V3*21#3+>3&3)9",+7"#+./#(0123+V(&23#6+
!! :!]+.&'"#(2%=+
!! .46+*,-+>$3)2#*&+?,7"#=*9",Q+.12"=*9)+F6@+!*,1*&+

N

3%"(2'45%"4*O

!"#$%&'()%"*
+,*-"&*./*
V3*21#3+>3&3)9",+
3%"(2'45%"4*

+%$=:%2%95(-2*,$%G204*-"&*.A$5B'#0*/52#0$4**
!!+%$=:%2%95(-2*-"&*.A$5B'#0*,$%G204*@%$*15"920*H-#-*3:-""024*
!! *IJ#0"&0&*+%$=:%2%95(-2*-"&*.A$5B'#0*,$%G204*



gX*

+>;,8>C>M!3.C*
>,I;.K>;1*

.,*
\%"0*
20E02^*

./*

.A$5B'#0D*.$0-*



ON*

+>;,8>C>M!3.C*
>,I;.K>;1*

*
.,*
\"Z*
20E02^*

./*
*

I.,*

.A$5B'#0D*.$0-*



OW*

+>;,8>C>M!3.C*
>,I;.K>;1*

.,*
\"Z*
20E02^*

./*

I.,*

.,*
\"Z*
20E02^*

./*
*

I.,*

I+.,*

.A$5B'#0D*.$0-* .A$5B'#0D*1#-"&-$&*H0E5-)%"*

]*=0-*+
>\+WP+K+

]*=0-*+
>\+WP+M+

]*=0-*+
.#3*+K+

]*=0-*+
.#3*+M+



,$%B20<*1#-#0<0"#*

8%S*(%'2&*S0*(%<='#0*-'#%<-)(-227*#:0*E-2'04*%@*#:040*
#:$04:%2&4*5"*%$&0$*#%*(%"4#$'(#*#:0*-A$5B'#0*=$%G204v*

O`*

]*=0-*+
>\+WP+K+

]*=0-*+
>\+WP+M+

]*=0-*+
.#3*+K+

]*=0-*+
.#3*+M+

{ }!! "#$=# )((:)( fattrfxf x

V[*
\%3+*(=+(6+2"+*,6H3#+2%(6+d1369",+

.==$%-(:*B-40&*%"*#:0*4020()%"*%@*
-A$5B'#04*
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