
!"#$%&'"()"#*+,&-*.%/0,$-/*1 23%4'/-+ 35/*/"%6!7"'8"#9:"8$9;;8( $+ <&$8&'&"!=)):$''"!%#()

D/&-2/'+,-./01/2*&-,2),#-*/&)0/>&)-2,"+

/1426"&,X32,))>"( /11%2"+34)*&5 32,%)*5&"')

A+,% ]"%4+,%4

$

! C# A+&%4J/&%

&

! C&%4 B/%

"

! >/C&%%/%4

*

! >/D&"%&%

$

2

$

A"'',4,"(O$&((/H&%5 O$&%-;"$*&*/"%9!/'/% .%/0,$-/*19A+&%4H+#% $"''&&9A+/%&6

2

&

)H+""'"(O$&%-;"$*&*/"%9)"#*+,&-*.%/0,$-/*19:&%J/%4 &$$$(#9A+/%&6

2

"

A"'',4,"(T/$O$&((/H<&%&4,P,%*9A/0/'T0/&*/"% .%/0,$-/*1 "(A+/%&9O/&%J/% "''"''9A+/%&6

2

*

A+&%4H+#% .$G&% I'&%%/%4 &%5 K,-,&$H+ A,%*,$9A+&%4H+#% $"''&(9A+/%&6

;6)-2"#-<O" /P;$"0,*+,*$&((/H,((/H/,%H1 "(*+,#$G&%

,E;$,--L&1 "((R$&P; &%5 H"%%,H*,5 5"L%-*$,&P/%*,$-,H*/"%9

&;$,R-/4%&'H"%*$"'P,*+"5 ("$/%*,$-,H*/"%-5"L%-*$,&P"(*+,

#$G&% ,E;$,--L&1 "((R$&P; L&-;$";"-,58M&-,5 "% *+,

&%&'1-/-"(*+,('"L5/-*$/G#*/"% H+&$&H*,$/-*/H-"(&% "((R$&P;

4$"#%5 ;"/%*-,H*/"%9&0,+/H','&%,H+&%4,5,'&1 P"5,'/% &%

"((R$&P; J#%H*/"% &$,&/-H"%-*$#H*,58 .-/%4 *+,*$&((/H

-+"HQL&0,*+,"$19&;$,R-/4%&'#;-*$,&PS#,#,',%4*+ P"5,'

&%5 -"$*/%4 &$,&',%4*+ P"5,'&$,,-*&G'/-+,58A"%-/5,$/%4 *+,

H"%-*$&/%*-"(*+,P&/% -/4%&'*/P/%4-&%5 S#,#,',%4*+

H"%-*$&/%*-9;$,R-/4%&'*/P/%4 ;&$&P,*,$-&%5 ;$,R-/4%&'-,**/%4

;"-/*/"% &$,";*/P/@,58O+,$,-#'*-"(&H&-,-*#51 -+"L*+&*

*+,;$,R-/4%&'P,*+"5 H&% -/4%/(/H&%*'1 /P;$"0,*+,H&;&H/*1 "(

*+,/%*,$-,H*/"% L/*+ &% "((R$&P; &%5 -/4%/(/H&%*'1 $,5#H,*+,

&0,$&4,0,+/H',5,'&18O+,,((,H*-"(*+,',(*R*#$% *$&((/H

;$";"$*/"%9*$&((/H0"'#P,9&%5 $&P; J#%H*/"% ',%4*+ "% *+,

P"5,'&$,-*#5/,5 *+$"#4+ %#P,$/H&'&%&'1-/-8O+,$,-#'*-

5,P"%-*$&*,*+,,((,H*/0,%,--&%5 &50&%*&4,"(*+,;$,R-/4%&'

P,*+"58

=,( >/20)<*$&((/H ,%4/%,,$/%4U "((R$&P;U ;$,R-/4%&'U

H"%%,H*,5 /%*,$-,H*/"%U*$&((/H-+"HQL&0,*+,"$1

?@A<$'8"#+#VJ8/--%8$''" ,%#()8&'&"8'$8''&

:,#,*B,0&'&$R$$R&*9:,B*),0&'&&R$$R'$8

!*/52"3.(<A+,% ]"%4+,%4 2$#%(!69P&',95"H*"$9;$"(,--"$9H1+-

J'#8,5#8H%8

C/4&0"-*/&*-,+)<:&*/"%&'F,1 KeW I$"4$&P "(A+/%& 2:"8

&'$#]XM$+'')'$69)H/,%*/(/H&%5 O,H+%"'"4/H&'W,0,'";/%4 I$"J,H*"(

!/'/% I$"0/%H,2:"8&'$#'&'$$'%!A68

D*-"-*/&<A+,% ]"%4+,%49C# A+&%4J/&%9C&%4 B/%9,*&'8A"%*$"'

P,*+"5 ("$/%*,$-,H*/"%-5"L%-*$,&P"(#$G&% ,E;$,--L&1 "((R$&P; #-/%4

;$,R-/4%&'-Y!Z8!"#$%&'"()"#*+,&-*.%/0,$-/*1 23%4'/-+ 35/*/"%69&'&"9

"#2$6[( $+8W\=[$'8"#+#VJ8/--%8$''" ,%#()8&'&"8'$8''&8

C

/*+ *+,/%H$,&-/%4 *$&((/H5,P&%59P&%1 H/*/,-

*+$"#4+"#**+,L"$'5 &$,H+""-/%4 *" H"%-*$#H*#$R

G&% ,E;$,--L&1-*" /P;$"0,P"G/'/*1

Y$Z

8O+,-,,E;$,--R

L&1-+&0,*" H"%%,H*L/*+ '"H&'-#$(&H,-*$,,*-0/&"%R&%5

"((R$&P;-8D"L,0,$9/% A+/%&95#,*" *+,'/P/*&*/"% "(

#$G&% '&%5 #-,9*+,5/-*&%H,G,*L,,% *+,"((R$&P; 4$"#%5

;"/%*&%5 *+,5"L%-*$,&P /%*,$-,H*/"% /-#-#&''1 0,$1

-+"$*

Y& "Z

8O+,"((R$&P;95"L%-*$,&P-/4%&'/@,5 /%*,$-,HR

*/"%9&%5 *+,/$H"%%,H*/%4 -,4P,%*-"(*,% H"%-*/*#*,&;"R

*,%*/&'G"**',%,HQ /% #$G&% $"&5 %,*L"$Q-

Y* +Z

8

!W#,*" *+,'/P/*,5 -;&H,G,*L,,% *+,"((R$&P; &%5

5"L%-*$,&P/%*,$-,H*/"%9S#,#,-&**+,5"L%-*$,&P/%*,$R

-,H*/"% 5#$/%4 *+,$,5 ;+&-,P&1 ,&-/'1 ;$,0,%**+,"((R

$&P; ,E/*/%4 *$&((/H($"P P,$4/%4 /%*" *+,/$*&$4,*&;R

;$"&H+ '&%,-8O+,S#,#,"% *+,"((R$&P; *+,% 4,%,$&*,-&

-;/''"0,$"%*" *+,P&/%-*$,&P "(#$G&% ,E;$,--L&1-

Y%Z

8

A"%0,$-,'19*+,;""$#*/'/@&*/"% "(*+,5"L%-*$,&P/%*,$R

-,H*/"% H&;&H/*1 P&1 "HH#$G,H&#-,-*$"%4 '&%,RH+&%4/%4

5,P&%5 G,*L,,% ,E;$,--L&1-&%5 -#$(&H,-*$,,**$&((/H/%R

5#H,-,E*$&5,'&1-&%5 ;$,0,%*-0,+/H',-($"P$,&H+/%4 *+,

5"L%-*$,&P-*"; '/%,5#$/%4 *+,4$,,% ;+&-,

Y(Z

8

!O" -"'0,*+,&G"0,;$"G',P-9*$&%-;"$*&*/"% $,-,&$H+,$-

+&0,G,,% /%0,-*/4&*/%4 0&$/"#-P,*+"5-8=% *+,,E/-*/%4

'/*,$&*#$,9*+,-,P,*+"5-P&/%'1 (&''/%*" *L" H&*,4"$/,-[

*/P,";*/P/@&*/"% P,*+"5-&%5 -;&H,";*/P/@&*/"% P,*+R

"5-8

!O/P,";*/P/@&*/"% P,*+"5-/P;$"0,*+,;,$("$P&%H,"(

/%*,$-,H*/"%-L/*+ "((R$&P;-G1 &5J#-*/%4 *+,/%*,$-,H*/"%

-/4%&'*/P/%4-8]&%4 ,*&'8

Y#Z

5,0,'";,5 &% /%*,4$&*,5

H"%*$"'-1-*,P8\%H,*+,"((R$&P; S#,#,,P,$4,-"%*"

*+,($,,L&19*+,$&P; ;$/"$/*1 -*$&*,41 L/''G,&5";*,58

D"L,0,$9*+,";*/P/@&*/"% "GJ,H*/0,-+"#'5 %"*G,*" "%R

'1 ("H#-"% /P;$"0/%4 *+,";,$&*/"%&';,$("$P&%H,"(*+,

,E;$,--L&1 *$&((/H('"L8THH"$5/%4'19<,--,$

Y$'Z

;$"R

;"-,5 &-H+,P,*" -"'0,*+,*$&((/HH"%4,-*/"% "("((R

$&P;-#-/%4 *+,,S#/*1 "((-,*8)/P/'&$'19>/P ,*&'8

Y$$Z

;$";"-,5 &P"5,'*+&*P/%/P/@,-*+,*"*&'5,'&1 */P,

#-/%4 &H1H',',%4*+ &%5 -/4%&'*/P,"% &% /%*,$-,H*/"% "(

&% &$*,$/&'5"L%-*$,&P8D"L,0,$9*+,*$&((/HH"%4,-*/"%

;$"G',P-*/'';,$-/-*-5#$/%4 *+,;,&Q ;,$/"5 G,H&#-,*+,-,

P,*+"5-(&/'*" -"'0,*+,-,$/"#-*$&((/HL,&0/%4 ;$"G',P

&P"%4 5/((,$,%*5/$,H*/"%-"(*$&((/H('"L-8

!);&*/&'";*/P/@&*/"% P,*+"5-P&/%'1 $,(,$*" *+,";*/R

P/@&*/"% "('&%,&--/4%P,%*&**+,5"L%-*$,&P /%*,$-,HR

*/"%8A+,% ,*&'8

Y$&Z

/%0,-*/4&*,5 *+,-&(,*1 /P;&H*-"(5#R

&'$/4+*R*#$% '&%,-8?+&" ,*&'8

Y$"Z

;$";"-,5 &% /%*,4$&*,5

5,-/4% P"5,'("$%"%R*$&5/*/"%&''&%,&--/4%P,%*&%5 -/4R

%&'";*/P/@&*/"% &*&% "((R$&P;8O+,#-,"(-;&*/&'";*/R

P/@&*/"% P,*+"5-H&% -/4%/(/H&%*'1 ,'/P/%&*,*+,;$"G',P

"(*$&((/HL,&0/%49L+/H+ H"#'5 G,#-,5 *" /P;$"0,*$&((/H

,((/H/,%H18D"L,0,$9*+,-,P,*+"5-+&0,-*$/H*$,S#/$,R

P,%*-("$*+,-;&H,"(&H"%%,H*,5 -,H*/"%8C+,% *+,5/-R

*&%H,"(*+,$&P; H"%%,H*,5 -,H*/"% /--+"$*9*+,S#,#,"(

-;,H/&''&%,-2,8489*+,',(*R*#$% '&%,/% *+,P/55',6/-



*"" '"%49L+/H+ L/'';$,0,%*0,+/H',-($"P H+&%4/%4

'&%,-9$,-#'*/%4 /% /%,((/H/,%*#*/'/@&*/"% "(-"P,'&%,-8

!=% *+/--*#519&H"P;',*,P,*+"5 L/*+ ;$,R-/4%&'-/-

;$";"-,5 *" ,'/P/%&*,*$&((/HL,&0/%4 &%5 *" /P;$"0,*+,

-,H*/"%b-"0,$&''";,$&*/"%&',((/H/,%H18 O+/-P,*+"5

P&/%'1 H"%-/-*-"(*+$,,;&$*-['&%,&--/4%P,%*-H+,P,9

-/4%&'*/P/%4 -H+,P,9&%5 '&1"#*-H+,P,8

EF?,)*5&D/&#,3-

!C+,% #-/%4 &;$,R-/4%&'/% &% /%*,$-,H*/"% L/*+ &% #;R

-*$,&P"((R$&P;9*+,;$,R-/4%&'H"#'5 G,-,*%,&$*+,"((R

$&P; 4$"#%5 ;"/%*9&--+"L% /% X/48$8T;$,R-/4%&'/-

#-,5 *" "$4&%/@,',(*R*#$% P"0,P,%*-&%5 *+$"#4+ *+,

P"0,P,%*#;-*$,&P "(*+,/%*,$-,H*/"% /% &50&%H,8T''

'&%,-/% *+,&$,&G,*L,,% *+,;$,R-/4%&'&%5 P&/% -/4%&'9

L+/H+ /-H&'',5 *+,f-"$*/%4 &$,&g9H"#'5 G,P&5,*" H"PR

;',*,'1 5/-H+&$4,*+,',(*R*#$% P"0,P,%*&%5 *+$"#4+

P"0,P,%*&'*,$%&*/0,'1 5#$/%4 G"*+ -#G;+&-,-

Y$*Z

8

C*5HEF=5,&"(#-/%4 &;$,R-/4%&'/% &% /%*,$-,H*/"% L/*+ &% #;R

-*$,&P"((R$&P;

!W,-;/*,*+,;$"P/-/%4 ,((,H*"(;$,R-/4%&'-/% $,"$4&%/R

@/%4 *$&((/H&%5 P/*/4&*/%4 L,&0/%4 P"0,P,%*-9*+,("'R

'"L/%4 H$/*/H&'/--#,-$,P&/% *" G,&55$,--,5[

!$6>&%,&--/4%P,%*8O+,#;-*$,&P*$&((/H('"L5/-*$/R

G#*/"% "(*+,/%*,$-,H*/"% L/*+ &% "((R$&P; /--;,H/&'8T*

*+/-*/P,9/(*+,*$&5/*/"%&''&%,&--/4%P,%*-H+,P,/-

&5";*,59*$&((/HL,&0/%4 G,H"P,--,$/"#-8O+,$,("$,9&

%,L'&%,&--/4%P,%*P,*+"5 -+"#'5 G,-,*#; &HH"$5/%4

*" *+,-,H*/"%b-*$&((/H&%5 4,"P,*$/HH+&$&H*,$/-*/H-8

!&6I"-/*/"% "(*+,;$,R-/4%&'8C+,% *+,#;-*$,&P"(&%

/%*,$-,H*/"% /-H"%%,H*,5 G1 &% "((R$&P;9*+,-,**/%4 "(

*+,;$,R-/4%&'/-'/P/*,58\% *+,"%,+&%59/(*+,;"-/*/"%

"(*+,;$,R-/4%&'/-*"" H'"-,*" *+,P&/% -/4%&'9/*L/''

',&5 *" *+,S#,#,"0,$('"L"(*+,-"$*/%4 &$,&9$,-#'*/%4

/% *+,L&-*,"(*+,;$,R-/4%&'4$,,% */P,8\% *+,"*+,$

+&%59/(*+,;$,R-/4%&''"H&*/"% /-*"" (&$($"P*+,P&/%

-/4%&'9/*L/''',&5 *" *+,L&-*,"(-;&H,$,-"#$H,-8

IFG,-./0

IHEF7"&,"))*5&+,&-

!=% *+,H"%0,%*/"%&''&%,&--/4%P,%*"(#$G&% /%*,$-,HR

*/"%-9*+,;$/%H/;',*+&**+,&''"H&*/"% "(*+,',(*R*#$%9

*+"#4+9&%5 $/4+*R*#$% '&%,--+"#'5 G,"$5,$,5 ($"P',(*

*" $/4+*/-"(*,% ("''"L,58D"L,0,$9L+,% *+,/%*,$-,HR

*/"% /-H"%%,H*,5 *" &% "((R$&P; 5#,*" *+,-;,H/&'('"L

5/-*$/G#*/"% H+&$&H*,$/-*/H-9*+,*$&5/*/"%&''&%,&--/4%P,%*

;'&% +&--,$/"#-*$&((/HL,&0/%48

!THH"$5/%4 *" 5/((,$,%*5,H/-/"%RP&Q/%4 ;$"H,--,-&%5

*+,/$/P;&H*-"% -#$$"#%5/%4 *$&((/H9'&%,RH+&%4/%4 P&R

%,#0,$-&$,#-#&''1 H'&--/(/,5 &-P&%5&*"$1 '&%,RH+&%4/%4

2<>A6&%5 5/-H$,*/"%&$1 '&%,RH+&%4/%4 2W>A68=% *+/-

;&;,$9L,&--#P,*+&**+,0,+/H','&%,RH+&%4/%4 ;$"H,--

/-&-("''"L-[X/$-*'190,+/H',-*&Q,<>A*" *+,/$*&$4,*

'&%,-5#,*" *+,%,,5 ("$-*$&*,4/H$"#*,H+"/H,-8),H"%5R

'19&(*,$<>A9*+,S#,#,',%4*+-"(5/((,$,%*'&%,-G,R

H"P,5/((,$,%*8W$/0,$-*&Q,W>A*" -,,Q G,**,$5$/0/%4

H"%5/*/"%-8X/%&''19*+,S#,#,',%4*+-"('&%,-L/*+ *+,

-&P,(#%H*/"% &$,*+,-&P,8

!M&-,5 "% *+,&G"0,&--#P;*/"%-9*+,($,S#,%H1 "(

<>A&%5 W>AH"#'5 G,H&'H#'&*,58O" (&H/'/*&*,*+,H&'R

H#'&*/"% "(*+,P"5,'9*+/-;&;,$&--#P,-*+&**+,5,'&1

H&#-,5 G1 W>A&%5 <>A/-&H"%-*&%*8O+#-9*+,'&%,R

H+&%4/%4 5,'&1 H&% G,H&'H#'&*,5 &-

O`

#

$

!

-̀ $

2P

$

-QL

-hQ 2$ hQ

-Q

66i

!!

%

$

!

-̀ $

2P

&

-QL

-hQ Q

-Q

6

2$6

L+,$,O/-*+,'&%,RH+&%4/%4 5,'&1U

#

&%5

%

5,%"*,*+,

5,'&1 (&H*"$-"(<>A&%5 W>A9$,-;,H*/0,'1UP

$

-QL

/%5/R

H&*,-*+,'&%,RH+&%4/%4 0"'#P,($"P'&%,-*" *+,Q'&%,

5#$/%4 -*&4,"%,UP

&

-QL

/%5/H&*,-*+,'&%,RH+&%4/%4 0"'#P,

($"P'&%,-*" '&%,Q5#$/%4 -*&4,*L"U&%5 ! /-*+,%#PR

G,$"('&%,-8

!C,5,(/%,P

>

9P

O

9&%5 P

K

&-*+,',(*R*#$% P"0,P,%*9

*+$"#4+ P"0,P,%*9&%5 $/4+*R*#$% P"0,P,%*0"'#P,5#$R

/%4 *+,;,&Q ;,$/"59$,-;,H*/0,'18O+,%#PG,$"(*+,

'&%,-L/*+ 5/((,$,%*(#%H*/"%--+"#'5 G,H&'H#'&*,5 G&-,5

"% *+,0"'#P,$&*/" &-

H

>

.K"#%5

!

P

>

P

>

0P

O

0P

( )
K

2&6

H

O

.K"#%5

!

P

O

P

>

0P

O

0P

( )
K

2"6

H

K

.! ,H

>

,H

O

2*6

L+,$,H

>

9H

O

9&%5 H

K

5,%"*,*+,%#PG,$-"(*+,',(*R*#$%

'&%,9*+$"#4+ '&%,9&%5 $/4+*R*#$% '&%,9$,-;,H*/0,'18

!O" -&0,*+,4$,,% */P,"(*+,/%*,$-,H*/"%9*+,$/4+*R

*#$% P"0,P,%*/-%"*H"%*$"'',58O+,$/4+*R*#$% '&%,/--,*

&**+,"#*,$P"-*"(*+,/%*,$-,H*/"% &;;$"&H+8O+,'"H&R

*/"%-"(*+,*+$"#4+ &%5 ',(*R*#$% '&%,-H"#'5 G,&5J#-*,5

&HH"$5/%4 *" *+,*$&((/H5,P&%58O+,*"*&'%#PG,$"(/%R

*,$-,H*/"% '&%,&--/4%P,%*;'&%-

&

H"#'5 G,H&'H#'&*,5 &-

&

.

2H

>

0H

O

6j

H

>

jH

O

j

2)6

!T-*+,'&%,RH+&%4/%4 5,'&1 /-%,4&*/0,'1 H"$$,'&*,5 L/*+

*+,/%*,$-,H*/"% ,((/H/,%H19*+,H"$$,-;"%5/%4 '&%,&--/4%R

#!A"%*$"'P,*+"5 ("$/%*,$-,H*/"%-5"L%-*$,&P"(#$G&% ,E;$,--L&1 "((R$&P; #-/%4 ;$,R-/4%&'-



P,%*-H+,P,L/*+ *+,-P&'',-*'&%,RH+&%4/%4 5,'&1 -+"#'5

G,-,',H*,58

O

"

.P/%YO2$69O2&69#$O%

&

&' %+&

L+,$,O

"

/%5/H&*,-*+,'&%,RH+&%4/%4 5,'&1 "(*+,-,',H*R

,5 '&%,&--/4%P,%*-H+,P,( O%Q& $,;$,-,%*-*+,'&%,R

H+&%4/%4 5,'&1 H"$$,-;"%5/%4 *" *+,'&%,&--/4%P,%*

-H+,P,Q8

!O" ;$,0,%*#%5,-/$&G',*$&((/HP,$4/%4 &H*/0/*/,-$ *+,

*"*&'%#PG,$"('&%,-&--/4%,5 *" ;,$P/*-#H+ &P"0,P,%*

/-'/P/*,5 G1 *+,%#PG,$"('&%,-&**+,H"$$,-;"%5/%4 $,R

H,/0/%4 ',48O+,-"$*/%4 &$,&H&% ,((,H*/0,'1 $,5#H,*+,

S#,#,',%4*+ &%5 /P;$"0,*+,,((/H/,%H1 "(-;&H,#*/'/@&R

*/"%

)$)'

8O+#-$ +/4+R-&*#$&*/"% '&%,--+"#'5 G,H"%*$"'',5

L+,% *+,%#PG,$"('&%,-&**+,H"$$,-;"%5/%4 $,H,/0/%4

',4 /-'/P/*,58

!=% &55/*/"%$ *" ,%-#$,*+,*$&((/H-&(,*1 &%5 ,((/H/,%H1

"(*+,-"$*/%4 &$,&$ *+,'&%,-H"%*$"'',5 G1 *+,;$,R-/4%&'

-+"#'5 G,&5J&H,%**" "%,&%"*+,$8<"$,"0,$$ *+,;$,R-/4R

%&''&%,-H"%*$"'',5 G1 *+,;$,R-/4%&'-+"#'5 H"%*&/% ',(*R

*#$% &%5 *+$"#4+ '&%,-8

IHIF8*5&"'-*+*&5

!=% *,$P-"(-/4%&'H"%*$"'$ *+,("''"L/%4 &-;,H*--+"#'5

G,%"*,5

)$)'

* X/$-*'1$ 5#,*" *+,-;,H/&'R'&%,&--/4%P,%*

5,-/4%$ *+,H"%('/H*G,*L,,% *+,*+$"#4+ P"0,P,%*&%5

',(*R*#$% P"0,P,%*-+"#'5 G,&0"/5,58),H"%5'1$ *" ,%R

-#$,&-&(,";,$&*/"%$ 0,+/H',-5$/0/%4 /%*" *+,-"$*/%4 &$R

,&-+"#'5 G,5/-H+&$4,5 5#$/%4 *+,H"$$,-;"%5/%4 ;+&-,"(

*+,P&/% -/4%&'8

!X/48& 5,;/H*-*+,-/4%&';+&-,("$*+,;$,R-/4%&'5,-/4%

&*&("#$R',4 -/4%&'/@,5 /%*,$-,H*/"%8=% -*&4,"%,$ *+,

*+$"#4+ P"0,P,%*-"% *+,-"#*+ &%5 %"$*+ ',4--*&$*-*"

G,5/-H+&$4,5 G1 *+,P&/% -/4%&'%P"0,P,%*-* &%5 % /%

X/48&&8T**+,-&P,*/P,$ *+,*+$"#4+ P"0,P,%*"% *+,

L,-*-*&$*-*" G,5/-H+&$4,5 G1 *+,;$,R-/4%&'%P"0,P,%*

$' /% X/48&&8=% -*&4,*L"$ *+,*+$"#4+ P"0,P,%*"% *+,

L,-*&%5 ,&-*',4--*&$*-*" G,5/-H+&$4,5 G1 *+,P&/% -/4R

%&'%P"0,P,%*-& &%5 + /% X/48& &$ &%5 *+,*+$"#4+

P"0,P,%*"% *+,L,-*H"%*/%#,-*" G,5/-H+&$4,5 G1 *+,

;$,R-/4%&'8T(*,$&L+/',$ *+,;$,R-/4%&'"% *+,L,-*',4

*#$%-$,58<,&%L+/',$ *+,P&/% -/4%&'H"%*/%#,-*" 5/-R

;'&1 &4$,,% '/4+*#%*/'*+,-"$*/%4 &$,&/-H',&$,58O+,

("''"L/%4 -*&4,-&$,-/P/'&$*" *+,(/$-**L" -*&4,-P,%R

*/"%,5 &G"0,8

!O" ,%-#$,*+,H""$5/%&*,5 ";,$&*/"% "(*+,;$,R-/4%&'

&%5 P&/% -/4%&'$ &H"PP"% H1H',',%4*+ -+"#'5 G,-,*8

%.;

P

$

0;

P

&

0;

P

"

0;

P

*

0*N %%&

%.;

;

$

0;

;

&

0

!

9

$

0

!

9

&

0&9

H

0&N %(&

9

H

.

(

-

0(

H

E

-

%#&

%&&

%G&

C*5HIF)/4%&'H"%*$"';'&% ("$*+,P&/% &%5 ;$,R-/4%&'-&**+,

-/4%&'/@,5 /%*,$-,H*/"% L/*+ &% #;-*$,&P "((R$&P;8

%&& O$&((/H

('"L-( %G& )/4%&';+&-,

L+,$,;

P

$

$ ;

P

&

$ ;

P

"

$ &%5 ;

P

*

&$,*+,5#$&*/"%-"(*+,P&/%

-/4%&';+&-,"%,$ ;+&-,*L"$ ;+&-,*+$,,$ &%5 ;+&-,("#$

/% &H1H',$ $,-;,H*/0,'1( % /%5/H&*,-*+,-/4%&'H1H',

',%4*+ "(*+,/%*,$-,H*/"%( N/-*+,H',&$&%H,*/P,("$&

;&/$"(H"%('/H*/%4 *$&((/HP"0,P,%*-$ L+/H+ /%H'#5,-*+,

&PG,$;,$/"5 &%5 &''R$,5 ;,$/"5( ;

;

$

&%5 ;

;

&

$,;$,-,%**+,

5#$&*/"%-"(*+,;$,R-/4%&';+&-,"%,&%5 ;+&-,*L" /% &

H1H',$ $,-;,H*/0,'1( ;

;

&

/%5/H&*,-*+,5#$&*/"% "(*+,;$,R

-/4%&';+&-,*L" /% &H1H',( 9

H

/-*+,5#$&*/"% "(*+,H',&$R

&%H,*/P,"(*+,-"$*/%4 &$,&(

!

9

$

/-*+,5#$&*/"% "(*+,

"((-,**/P,G,*L,,% *+,P&/% -/4%&';+&-,"%,&%5 ;$,R

-/4%&';+&-,"%,(

!

9

&

/-*+,5#$&*/"% "(*+,"((-,**/P,G,R

*L,,% *+,P&/% -/4%&';+&-,*+$,,&%5 ;$,R-/4%&';+&-,

*L"( E

-

5,%"*,-*+,P,&% -;,,5 "(0,+/H',-( (

-

/-*+,

',%4*+ "(*+,-"$*/%4 &$,&( &%5 (

H

$,;$,-,%*-*+,',%4*+ "(

*+,'&%,RH+&%4/%4 &$,&8

!O+,5#$&*/"% "(*+,;$,R-/4%&'4$,,% */P,/-H"%-*$&/%,5

G1 *+,P&/% -/4%&'*/P/%48

;

;

$

%

;

$

0;

&

0N,9

H

%$'&

;

;

&

%

;

P

"

0;

P

*

0N,9

H

%$$&

!O+,H&;&H/*1 "(&*&%5,P/%*,$-,H*/"% /-5,*,$P/%,5 G1

*+,;$,R-/4%&'H&;&H/*1 &%5 P&/% -/4%&'H&;&H/*18A"%-/5R

,$/%4 *$&((/H-&(,*1 &%5 ,((/H/,%H1$ *+,;$,R-/4%&'H&;&H/*1

-+"#'5 G,-,**" ',--*+&% &%5 H'"-,*" *+,P&/% -/4%&'H&R

;&H/*18O+,;$,R-/4%&'4$,,% */P,/-*+,P&E/P#P 0&'#,

L+,% *+,;$,R-/4%&'H&;&H/*1 /-,S#&'*" *+,P&/% -/4%&'

H&;&H/*18

'$ A+,% ]"%4+,%49C# A+&%4J/&%9C&%4 B/%9>/C&%%/%49&%5 >/D&"%&%!



;

;

$P&E

.

?

P

O

;

P

&

!

-

?

;

O

!

;

O

%$&&

;

;

&P&E

.

?

P

>

;

P

*

!

-

?

;

>

!

;

>

%$"&

L+,$,;

;

$P&E

&%5 ;

;

&P&E

&$,*+,P&E/P#P4$,,% 5#$&*/"%-"(

*+,*+$"#4+ &%5 ',(*R*#$% ;+&-,-"(*+,;$,R-/4%&'$ $,-;,HR

*/0,'1( ?

P

O

&%5 ?

P

>

$,;$,-,%**+,-&*#$&*/"% ('"L$&*,-"(*+,

*+$"#4+ &%5 ',(*R*#$% '&%,&**+,;$,R-/4%&'$ $,-;,H*/0,'1(

!

-

5,%"*,-*+,'&%,%#PG,$"(*+,-"$*/%4 &$,&( !

;

O

&%5 !

;

>

&$,*+,%#PG,$-"(*+$"#4+ &%5 ',(*R*#$% '&%,-&**+,;$,R

-/4%&'$ $,-;,H*/0,'18

!C+,% *+,P&/% -/4%&'/-H,$*&/%$ *+,'"%4,$*+,;$,R-/4R

%&'4$,,% */P,$ *+,4$,&*,$*+,H&;&H/*1 "(*+,L+"',/%R

*,$-,H*/"%8THH"$5/%4'1$ *+,;$,'/P/%&$1 H&'H#'&*/"% "(

*+,;$,R-/4%&'4$,,% */P,;

;

$/%/*/&'

&%5 ;

;

&/%/*/&'

/-&-("''"L-*

;

;

$/%/*/&'

.P/%+;

$

0;

&

0N,9

H

$;

;

$P&E

, %$*&

;

;

&/%/*/&'

.P/%+;

"

0;

*

0N,9

H

$;

;

&P&E

, %$)&

IHKFM/)*-*/&/1-.,32,%)*5&"'

!"#"$%&'()*+,-./01*2'(.3 40(0(/(-,2567-*2'.+-2

!O+,#;-*$,&P$"&5 -,4P,%*-+"#'5 G,'"%4,$*+&% *+,

-#P"(*+,',%4*+-"(*+,S#,#,4,%,$&*,5 G1 *+,;$,R-/4R

%&'8O+,&0,$&4,S#,#,',%4*+ 5#$/%4 *+,4$,,% ;+&-,

-*&4,H&% G,&%&'1@,5 #-/%4 *+,*$&((/H-+"HQL&0,*+,"$18

O" -/P;'/(1 *+,5/-H#--/"%$ L,&--#P,*+&**+,&$$/0&'"(

0,+/H',-L/*+/% "%,H1H',/-#%/("$P8M&-,5 "% *+/-&-R

-#P;*/"%$ +"LS#,#,-("$P&%5 5/-H+&$4,&*&-/4%&'/@,5

/%*,$-,H*/"% H&% G,&;;$"E/P&*,5$ &--+"L% /% X/48"8

C*5HKF)+"HQL&0,;$";&4&*/"% &**+,;$,R-*"; '/%,

!=% X/48"$ (

*;

/%5/H&*,-*+,5/-*&%H,G,*L,,% *+,"((R

$&P; *,$P/%&'&%5 ;$,R-*"; '/%,$ &%5 ,

;"S

&%5 ,

;-S

5,%"*,

*+,P&E/P#PS#,#,',%4*+-&**+,-#$(&H,-*$,,*&%5 "((R

$&P;$ $,-;,H*/0,'18=% &55/*/"%$ R

$

/-*+,S#,#,R("$P/%4

L&0,G,("$,*+,S#,#,$,&H+,-*+,"((R$&P; *,$P/%&'( R

&

/-*+,S#,#,R("$P/%4 L&0,"(*+,-#$(&H,-*$,,*&(*,$*+,

S#,#,$,&H+,-*+,"((R$&P; *,$P/%&'( R

"

/-*+,S#,#,R

("$P/%4 L&0,"(*+,"((R$&P; &(*,$*+,S#,#,$,&H+,-*+,

"((R$&P; *,$P/%&'( R

*

/-*+,S#,#,R5/-H+&$4/%4 L&0,$ &%5

9

;Q

/-*+,*/P,;&$&P,*,$$,S#/$,5 ("$*+,P"5,'H&'H#'&*/"%8

!=% *+,,&$'1 -*&4,"(*+,;$,R-/4%&'$,5 ;+&-,$ 0,+/H',-

($"P*+,-#$(&H,-*$,,*&%5 "((R$&P; H"#'5 H+&%4,'&%,-

G,("$,$,&H+/%4 *+,;$,R-*"; '/%,$ &%5 *+,S#,#,R("$P/%4

L&0,/-R

$

8C+,% *+,S#,#,$,&H+,-*+,$&P; *,$P/%&'$

5#,*" *+,G&$$/,$H&#-,5 G1 *+,S#,#,$ *+,-#$(&H,-*$,,*

*$&((/H&%5 "((R$&P; *$&((/H("$P&% /%5,;,%5,%*S#,#/%4

-1-*,P8C+,% *+,;$,R-/4%&'4$,,% '/4+**#$%-"%$ *+,

S#,#,-*&$*-*" 5/--/;&*,$ &%5 *+,5/--/;&*/%4 L&0,-;,,5

/-R

*

8C+,% *+,5/--/;&*/%4 L&0,$,&H+,-*+,,%5 "(*+,

S#,#,$ *+,4$"#%5 $"&5 &%5 "((R$&P; S#,#,#; *" *+,(&$R

*+,-*#;-*$,&P ;"-/*/"%8M&-,5 "% *+,*$&((/H-+"HQL&0,

*+,"$1$ *+,-;,,5-"(*+,("#$L&0,-H&% G,H&'H#'&*,5 &-

R

$

.

' ,P

&

-

J

,-

&

.

P

&

-

J

,-

&

%$+&

R

&

.

' ,P

"

-

J

,-

"

.

P

"

-

J

,-

"

%$%&

R

"

.

' ,P

-

-

J

,-

-

.

P

-

-

J

,-

-

%$(&

R

*

.

P

P

,'

-

P

,-

J

.

P

P

-

J

,-

P

%$#&

L+,$,P

&

&%5 -

&

&$,*+,&0,$&4,0"'#P,&%5 5,%-/*1 "(*+,

&$$/0&'('"L($"P*+,P"P,%**+,$,5 ;+&-,-*&$*-*" *+,

P"P,%**+,S#,#,$,&H+,-*+,"((R$&P; *,$P/%&'$ $,-;,HR

*/0,'1( P

"

&%5 -

"

5,%"*,*+,&0,$&4,0"'#P,&%5 5,%-/*1

"(*+,"((R$&P; &$$/0&'('"L($"P*+,P"P,%**+,S#,#,

$,&H+,-*+,"((R$&P; *,$P/%&'*" *+,P"P,%**+,4$,,%

;+&-,-*&$*-( P

-

&%5 -

-

/%5/H&*,*+,&0,$&4,0"'#P,&%5

5,%-/*1 "(*+,-#$(&H,-*$,,*&$$/0&'('"L($"P*+,P"P,%*

*+,S#,#,$,&H+,-*+,"((R$&P; *,$P/%&'*" *+,P"P,%*

*+,4$,,% ;+&-,-*&$*-$ $,-;,H*/0,'1( -

J

/-*+,J&P5,%-/*1(

E

(

/-*+,($,,('"L-;,,5( P

P

/-*+,P&E/P#P0"'#P,( -

P

/-*+,H$/*/H&'5,%-/*18

!M&-,5 "% *+,*$&((/H-+"HQL&0,*+,"$1$ *+,P&E/P#P

S#,#,',%4*+ &**+,"((R$&P; &%5 -#$(&H,-*$,,*H&% G,H&'R

H#'&*,5 &-

R

$

9

;$

.(

*;

%&'&

(

*;

0R

"

9

;"

.,

;-S

%&$&

R

*

9

;*

.,

;-S

%&&&

9

;$

09

;"

.'

;

09

;*

%&"&

,

;-S

.(

*;

0R

"

R

*

(

*;

,R

$

R

*

'

;

,R

$

(

*;

R

$

R

"

,R

$

R

( )
*

%&*&

(

*;

0R

&

9

;&

.,

;"S

%&)&

R

*

9

;)

.,

;"S

%&+&

9

;$

09

;&

.'

;

09

;)

%&%&

,

;"S

.(

*;

0R

&

R

*

(

*;

,R

$

R

*

'

;

,R

$

(

*;

R

$

R

&

,R

$

R

( )
*

%&(&

$$!A"%*$"'P,*+"5 ("$/%*,$-,H*/"%-5"L%-*$,&P"(#$G&% ,E;$,--L&1 "((R$&P; #-/%4 ;$,R-/4%&'-



L+,$,'

;

5,%"*,-*+,5#$&*/"% "(*+,;$,R-/4%&'4$,,%

;+&-,/% &H1H',8

!D/&)-2"*&-E!O" ,%-#$,*$&((/H";,$&*/"% -&(,*1 &**+,

#;-*$,&P/%*,$-,H*/"% &%5 *+,P&/%'/%,"(*+,,E;$,--L&1$

*+,&0&/'&G',S#,#,-;&H,&(*,$-,**/%4 *+,;$,R-/4%&'

-+"#'5 G,'&$4,$*+&% *+,P&E/P#P S#,#,',%4*+8O+,

&0&/'&G',S#,#,-;&H,H&% G,H&'H#'&*,5 G&-,5 "% *+,%#PR

G,$"("((R$&P; '&%,-8=(*+,%#PG,$"("((R$&P; '&%,-/-

4$,&*,$*+&% *L"$ 0,+/H',-H&% G,&''"L,5 *" S#,#,"% *+,

"((R$&P;( "*+,$L/-,$ 0,+/H',-&$,;$"+/G/*,5 ($"PS#,#,R

/%48

(

&

.

(

(

0(

*;

!!!

"

&

&

(

*;

!! !

"

{
.$

%&#&

(

&

&

,

;-5

%"'&

(

#/

&

,

;-S

%"$&

L+,$,(

&

5,%"*,-*+,&0&/'&G',S#,#,-;&H,("$0,+/H',

S#,#/%4( (

#/

/%5/H&*,-*+,5/-*&%H,($"P*+,#;-*$,&P/%R

*,$-,H*/"% *" *+,;$,R-/4%&'-*"; '/%,( &%5 (

(

5,%"*,-*+,

',%4*+ "(*+,"((R$&P;8

!"#"!%87'2+-,.'(./(-,2567-*2'.+-2

!O+,;$"H,--"(S#,#,("$P&*/"% &%5 5/-H+&$4,/% *+,

-"$*/%4 &$,&H&% G,&;;$"E/P&*,5$ &--+"L% /% X/48*8

G

$

$ G

&

$ &%5 G

"

5,%"*,*+,S#,#,R("$P/%4 L&0,-&*5/(R

(,$,%*-*&4,-( G

*

/%5/H&*,-*+,S#,#,R5/-H+&$4/%4 L&0,(

,

-S

/-*+,P&E/P#P S#,#,',%4*+ /% *+,-"$*/%4 &$,&( (

-

5,%"*,-*+,',%4*+ "(*+,-"$*/%4 &$,&( (

H

/%5/H&*,-*+,

',%4*+ "(*+,'&%,RH+&%4/%4 &$,&( &%5 9

PQ

/-*+,*/P,;&R

$&P,*,$$,S#/$,5 ("$*+,P"5,'H&'H#'&*/"%8

C*5HQF)+"HQL&0,;$";&4&*/"% /% *+,-"$*/%4 &$,&

!O+,-,$0/H,$&*,&**+,G,4/%%/%4 "(*+,4$,,% ;+&-,

-*&4,/-*+,-&*#$&*/"% ('"L$&*,?

;

$ &%5 *+,S#,#,R("$PR

/%4 L&0,/-G

$

8C+,% *+,-#$(&H,-*$,,*S#,#,/-H',&$,5$

*+,0,+/H',&$$/0&'('"L$&*,5,H$,&-,-$ &%5 *+,S#,#,R

("$P/%4 L&0,/-G

&

8 C+,% *+, "((R$&P; S#,#,/-

H',&$,5$ *+,0,+/H',&$$/0&'('"L$&*,5,H$,&-,-&4&/%$ &%5

*+,S#,#,R("$P/%4 &L&0,/-G

"

8T(*,$*+,P&/% -/4%&'

*#$%-4$,,%$ *+,S#,#,-*&$*-*" 5/-H+&$4,&%5 ("$P-&

S#,#,R5/-H+&$4/%4 L&0,G

*

8C+,% *+,S#,#,R5/-H+&$4/%4

L&0,$,&H+,-*+,("$P/%4 L&0,$ *+,S#,#,$,&H+,-*+,

(&$*+,-*#;-*$,&P;"-/*/"%8

!M&-,5 "% *+,*$&((/H-+"HQL&0,*+,"$1 &%5 4,"P,*$1

Q%"L',54,$ *+,P&E/P#PS#,#,',%4*+ /% *+,-"$*/%4 &$,&

H&% G,H&'H#'&*,5 &-

G

$

9

P$

0G

&

9

P&

0G

"

9

P"

.G

*

9

P*

%"&&

9

$

09

&

09

"

09

)

.9

*

0

!

;

;

%""&

E9

P)

.(

-

0(

H

%"*&

E9

P(

0G

$

9

P$

.(

-

0(

H

0,

;-S

%")&

E9

P#

0G

$

9

P$

0G

&

9

P&

.(

-

0(

H

0,

;"S

%"+&

9

P)

09

P$

.9

P+

09

P(

%"%&

9

P+

09

P%

09

P#

.9

P)

09

P$

09

P&

%"(&

9

P+

.9

;*

%"#&

9

P%

.9

;)

%*'&

9

P)

.

(

-

0(

H

E

%*$&

9

P+

.

(

*;

R

*

0

R

"

R

*

R

*

(

*;

,R

$

R

*

;

;$

,R

$

(

*;

R

$

R

"

,R

$

R

( )
*

%*&&

9

P%

.

(

*;

R

*

0

R

&

R

*

R

*

(

*;

,R

$

R

*

;

;$

,R

$

(

*;

R

$

R

&

,R

$

R

( )
*

%*"&

9

P$

.

(

-

0(

H

0,

;-S

,E)%(

-

0(

H

&VE,,

;-S

VR

*

'

E0G

$

%**&

9

P&

.

(

-

0(

H

0,

;"S

,G

$

9

P$

,E%9

P)

09

P$

,9

P+

,9

P%

&

E0G

&

%*)&

9

P"

.

G

*

%9

P$

09

P&

09

P)

,;

;L

& ,G

$

9

P$

,G

&

9

P&

G

"

,G

*

!

%*+&

,

-S

.G

$

9

P$

0G

&

9

P&

0G

"

9

P"

%*%&

!D/&)-2"*&-I!O" ,%-#$,*+,";,$&*/"%&',((/H/,%H1 "(

*+,/%*,$-,H*/"%$ *+,',%4*+ "(*+,-"$*/%4 &$,&-+"#'5 G,

4$,&*,$*+&% *+,',%4*+ "(*+,P&E/P#PS#,#,/% *+,-"$R

*/%4 &$,&8O&Q/%4 /%*" &HH"#%**+,0"'&*/'/*1 "(*+,*$&((/H

0"'#P,$ *+,-&(,*1 5/-*&%H,/--,*8M&-,5 "% *+,Q%"L%

',%4*+ "(*+,-"$*/%4 @"%,$ *+,'"H&*/"% "(*+,;$,R-/4%&'

-,**/%4 H&% G,5,*,$P/%,5$ ,E;$,--,5 &-*+,5/-*&%H,($"P

*+,5"L%-*$,&PP&/% -/4%&'-*"; '/%,8

(

-

&

,

-S

0(

&

%*(&

(.(

-

0(

H

%*#&

L+,$,(/%5/H&*,-*+,'"H&*/"% "(*+,;$,R-/4%&'8

!=% -#PP&$1$ H"%-/5,$/%4 *+,4,"P,*$/HH"%-*$&/%*-"(

*+,-,H*/"% &%5 *+,,((/H/,%H1 "(*+,/%*,$-,H*/"% &%5 *+,

P&/% '/%,"(*+,,E;$,--L&1$ *+,("''"L/%4 -*,;-&$,5,R

-/4%,5 *" -,',H**+,'"H&*/"% "(*+,;$,R-/4%&'-,**/%4*

!W,*,$P/%,*+,/%/*/&';$,R-/4%&'-,**/%4 ;"-/*/"% (&HR

&$ A+,% ]"%4+,%49C# A+&%4J/&%9C&%4 B/%9>/C&%%/%49&%5 >/D&"%&%!



H"$5/%4 *" A"%-*$&/%*&8

!A+,HQ L+,*+,$*+,#;-*$,&PS#,#/%4 ',%4*+ "(*+,;$,R

-/4%&'P,,*-A"%-*$&/%*$ L+,% *+,-"$*/%4 &$,&/-(8

!=(1,-$ 5,*,$P/%,(&-*+,;$,R-/4%&'-,**/%4 ;"-/*/"%( /(

%"*$ &5J#-**+,;$,R-/4%&'4$,,% '/4+*'/4+*/%4 */P,&%5 $,R

*#$% *" *+,(/$-*-*,;8

!W,*,$P/%,*+,;$,R-/4%&'4$,,% '/4+*-*&$**/P,

!

;

;

&%5

;$,R-/4%&'4$,,% */P,;

;

8

KFD"),8-40(

!TH&-,-*#51 L&-&;;'/,5 *" 0&'/5&*,*+,,((,H*/0,%,--

"(*+,H"%*$"'P,*+"58O+,/%*,$-,H*/"% "(?/1"# K"&5R

B/&%*&/K"&5 /% A+&%4H+#%$ A+/%&$ L&--,',H*,58O+,

4,"P,*$/H'&1"#*"(*+,/%*,$-,H*/"% /--+"L% /% X/48)%&&8

>/P/*,5 G1 '&%5 #-,$ *+,5/-*&%H,G,*L,,% *+,"((R$&P;

%&&

%G&

%H&

C*5HRF>&1"#*5,-/4%%#%/**P&8

%&& \$/4/%&''&1"#*( % G& ),;&R

$&*,',(*R*#$% 5,-/4% '&1"#*( %H& I$";"-,5 '&1"#*

*,$P/%&'&%5 *+,5"L%-*$,&P/%*,$-,H*/"% /-"%'1 $&( P8

O+,*$&((/H5,P&%5 5#$/%4 ;,&Q +"#$-L&--#$0,1,5 /%

\H*"G,$&'$#$ &--+"L% /% O&G8$8=% *+/--*#51$ *+,-&*R

#$&*/"% ('"L$&*,("$,0,$1 '&%,/-$ ('' 0,+V+$ &%5 *+,

5,-/4%,5 -;,,5 /-"' QPV+8

P"6HE!O$&((/H5,P&%5

>,4

7"'#P,V%0,+"+

,$

&

>,(* O+$"#4+ K/4+*

)"#*+ %-#$(&H,-*$,,*& "+# $ $'" $&*

)"#*+ %"((R$&P;& +*$ ('% $*&

:"$*+ #() $ ('* &+#

3&-* $*+ **) (#

C,-* $%% ")+ $*%

!O+,";*/P/@,5 '&1"#*("$*+,/%*,$-,H*/"% /-/''#-*$&*,5

/% X/48)%H&8O+,-"$*/%4 &$,&',%4*+ L&--,**" %) P$

&%5 *+,'&%,RH+&%4/%4 &$,&',%4*+ L&--,**" &' P8X/48+

/-*+,-/4%&'*/P/%48O+,-/4%&'*/P/%4 #%5,$*+,"$/4/%&'

'&1"#*-H+,P,L&-H&'H#'&*,5 G1 C,G-*,$8=% &55/*/"%$

*+,-,;&$&*,',(*R*#$% 5,-/4% L&--,*("$H"P;&$/-"%8O+,

/5,&"(*+,-,;&$&*,5 ',(*R*#$% 5,-/4% /-*" &55 -,0,$&'',(*R

*#$% '&%,-&**+,5"L%-*$,&P,%*$&%H,"(*+,"((R$&P;8

%&&

%G&

C*5HSF)/4%&'*/P/%4%#%/**-&8

%&& <&/% -/4%&'( %G& I$,R-/4%&'

!O+,7=))=< -/P#'&*/"% ;&HQ&4,,0&'#&*,5 *+,;,$("$PR

&%H,"(*+,/%*,$-,H*/"%8O+,&0,$&4,0,+/H',5,'&1 &%5 *"R

*&'*+$"#4+;#*&$,*+,;,$("$P&%H,/%5/H&*"$-#-,5 ("$*+,

,0&'#&*/"%8O+,H"P;&$/-"% $,-#'*-$ L+/H+ &$,*+,&0,$&4,

$,-#'*-"($' -/P#'&*/"% $#%-$ &$,-+"L% /% O&G-8& &%5 "8

P"6HI!I,$("$P&%H,H"P;&$/-"% "(5,'&1

-

K"&5 <"0,P,%*

A"%0,%*/"%&'

P,*+"5

),;&$&*,',(*R

*#$% P,*+"5

I$";"-,5

P,*+"5

!\((R$&P;!!

> *(8$ "&8$ &'8&

O %*8# #$8# *(8)

K "$8% "(8# "+8+

!)#$(&H,-*$,,*

> )'8& "'8* &%8"

O ()8# +)8$ "$8"

!T0,$&4,!! )*8# )%8% ""8$

P"6HK!I,$("$P&%H,H"P;&$/-"% "(*+$"#4+;#*0,+V+

K"&5 <"0,P,%*

A"%0,%*/"%&'

P,*+"5

),;&$&*,',(*R

*#$% P,*+"5

I$";"-,5

P,*+"5

)"#*+ ',4

> ("( ((* #'*

O $ ($( $ +## $ #**

K &*+ &** &*#

\0,$&''! & #'& & (&% " '#%

"$!A"%*$"'P,*+"5 ("$/%*,$-,H*/"%-5"L%-*$,&P"(#$G&% ,E;$,--L&1 "((R$&P; #-/%4 ;$,R-/4%&'-



!T--+"L% /% O&G-8& &%5 "$ *+,;$";"-,5 P,*+"5 L/*+

*+,;$,R-/4%&'$,5#H,5 *+,&0,$&4,5,'&18O+,&0,$&4,5,R

'&1 "(*+,',(*R*#$% ('"LH"P/%4 ($"P *+,"((R$&P; L&-

5,H$,&-,5 G1 "%8'%a *" *%8+(a8\% &0,$&4,$ *+,;$"R

;"-,5 P,*+"5 H&% $,'&*/0,'1 "G*&/% &"#8%$a *" *&8+"a

$,5#H*/"% /% *+,&0,$&4,5,'&18.%5,$*+,;$";"-,5 P,*+R

"5$ *+,"0,$&''*+$"#4+;#*L&-/P;$"0,5 G1 +8%&a *"

#8))a8O+,-,;&$&*,',(*R*#$% P,*+"5 H&% $,5#H,*+,5,R

'&1 "(',(*R*#$% 0,+/H',-$ G#*&**+,H"-*"(/%H$,&-/%4 *+,

5,'&1 "(*+$"#4+ 0,+/H',-8

QFO4+,2*#"';&"'()*)

!TH"P;$,+,%-/0,%#P,$/H&'&%&'1-/-L&-H"%5#H*,5 *"

/5,%*/(1 *+,G,-*#*/'/@&*/"% "(*+,;$";"-,5 P,*+"58T

("#$R',4 /%*,$-,H*/"% H"P;$/-/%4 $$ *$&((/H'&%,-"% ,&H+

',4 %-/E &;;$"&H+ '&%,-&%5 (/0,,E/*'&%,-& L&-#-,5 ("$

*+,&%&'1-,-8O+,%#PG,$"("((R$&P; '&%,-/-*L"8O+,

5,-/$,5 -;,,5 /-"' QPV+8O+,"((R$&P; ',%4*+ /-&'' P8

O+,*$&((/H0"'#P,"(*+,L,-*',4 /-& ''' 0,+V+8O+,

-,H*/"% ',%4*+ /-$*' P8O+,',(*R*#$% ;$";"$*/"% /% *+,

"((R$&P; ('"L/-'8"8

QHEFP2"11*#B/'4+,*+3"2-)

!O+,*$&((/H0"'#P,$&%4,-($"P )'a *" $)'a "(*+,

/%/*/&'0"'#P,$ &--+"L% /% X/48%%&&8O+,;$";"$*/"% "(

*+,',(*R*#$% *$&((/H&%5 *+,',%4*+ "(*+,H"%%,H*/%4 -,HR

*/"% L,$,-,**" '8" &%5 $*' P$ $,-;,H*/0,'18T--+"L%

/% X/48% %&&$ *+,&50&%*&4,"(*+,;$";"-,5 ;$,R-/4%&'

P,*+"5 /% 5,5#H/%4 5,'&1 L/''G,$,(',H*,5 P"$,-/4%/(/R

H&%*'1 L/*+ &% ,-H&'&*/"% /% *+,*$&((/H0"'#P,8O+,;,$R

H,%*&4,"(*+,5,H$,P,%*/% *+,&0,$&4,5,'&1 "G*&/%,5

H"#'5 G,5/0/5,5 /%*" *L" -*&4,-5,;,%5/%4 "% *+,/%R

H$,&-,/% *+,*$&((/H0"'#P,8X/$-*'1$ /(*+,*$&((/H0"'#P,

/-'"L%',--*+&% & ''' 0,+V+&$ *+,H"%0,%*/"%&'P,*+"5

&%5 -,;&$&*,',(*R*#$% P,*+"5 Q,,; *+,&0,$&4,5,'&1 &*&

'"L0&'#,8O+,G,%,(/*"(*+,;$";"-,5 P,*+"5 /% $,5#HR

/%4 &0,$&4,5,'&1 /-%"*-/4%/(/H&%*8),H"%5'1$ L+,% *+,

*$&((/H0"'#P,/-+/4+ %P"$,*+&% & ''' 0,+V+&$ *+,5,R

'&1 #%5,$*+,H"%0,%*/"%&'P,*+"5 $&;/5'1 /%H$,&-,-L/*+

*+,*$&((/H0"'#P,/%H$,&-,8D,%H,$ *+,-,;&$&*,',(*R*#$%

P,*+"5 /-G,**,$*+&% *+,H"%0,%*/"%&'P,*+"58O+,5,HR

$,P,%*/% *+,&0,$&4,5,'&1 "G*&/%,5 G1 *+,;$";"-,5

P,*+"5 $&;/5'1 4$"L-L/*+ *+,/%H$,&-,/% *+,*$&((/H0"'R

#P,8

QHIFP2"11*#0*)-2*64-*/&*+3"2-)

!O+,',(*R*#$% ;$";"$*/"% /% *+,"((R$&P; ('"LL&--,*

($"P'8$ *" '8%8O+,*$&((/H0"'#P,&%5 *+,',%4*+ "(*+,

H"%%,H*/%4 -,H*/"% L,$,-,**" $''a &%5 $*' P$ $,-;,HR

*/0,'18T--+"L% /% X/48% % G&$ ("$*+,H"%0,%*/"%&'

P,*+"5$ &-*+,;$";"$*/"% "(*+,',(*R*#$% *$&((/H/%H$,&R

-,-$ *+,5,'&1 "(*+,/%*,$-,H*/"% -/4%/(/H&%*'1 /%H$,&-,-8

W/((,$,%*($"P*+,H"%0,%*/"%&'P,*+"5$ *+,-,;&$&*,5

',(*R*#$% P,*+"5 /-P"$,-#/*&G',("$*+,+/4+ ',(*R*#$%

%&&

%G&

%H&

C*5HTF\;,$&*/"%&',((/H/,%H1 L/*+ 5/((,$,%*-H,%&$/"-8

%&&

O$&((/H0"'#P,/P;&$*-( %G& O$&((/H5/-*$/G#*/"% /P;&$*-( %H& >,%4*+ "(

*+,-,H*/"% /P;&$*-

*$&((/H('"L8C+,% *+,',(*R*#$% *$&((/H('"L/-'8%$ *+,

-,;&$&*,5 ',(*R*#$% P,*+"5 H&% ,((,H*/0,'1 $,5#H,*+,

0,+/H',5,'&1 &-H"P;&$,5 L/*+ *+,H"%0,%*/"%&'P,*+R

"58D"L,0,$$ *+,-,;&$&*,5 ',(*R*#$% P,*+"5 L/''

H&#-,&'&$4,5,'&1 L+,% *+,',(*R*#$% ;$";"$*/"% /-

-P&''8A"P;&$,5 L/*+ *+,&G"0,*L" P,*+"5-$ *+,5,R

'&1 "(*+,;$,R-/4%&'P,*+"5 ;$";"-,5 /% *+/-;&;,$/-

%"*-/4%/(/H&%*&-*+,;$";"$*/"% "(*+,',(*R*#$% ('"L/%R

H$,&-,-$ L+/H+ /%5/H&*,-*+&**+,;$,R-/4%&'P,*+"5 /-

$,'&*/0,'1 -*&G',8

QHKFD/&&,#-,0),#-*/&',&5-.*+3"2-)

!O" &--,--*+,-,H*/"% ',%4*+ /P;&$*-$ *+,',%4*+ "(*+,

H"%%,H*/%4 -,H*/"% L&--,**" $'' *" &'' P8O+,*$&((/H

0"'#P,&%5 *+,',(*R*#$% $&*/" L,$,-,**" $''a &%5 '8"$

*$ A+,% ]"%4+,%49C# A+&%4J/&%9C&%4 B/%9>/C&%%/%49&%5 >/D&"%&%!



$,-;,H*/0,'18O+,$,-#'*-&$,-+"L% /% X/48%%H&8X"$*+,

H"%0,%*/"%&'-H+,P,$ *+,',%4*+ "(*+,-,H*/"% +&-&4$,&*

,((,H*8C+,% *+,-,H*/"% /--+"$*%',--*+&% $*' P&$ 5#,

*" *+,'/P/*,5 /%*,$',&0/%4 5/-*&%H,$ *+,0,+/H',5,'&1-&$,

-/4%/(/H&%*8A"P;&$,5 L/*+ *+,H"%0,%*/"%&'P,*+"5 &%5

-,;&$&*,5 ',(*R*#$% P,*+"5$ *+,;$,R-/4%&'P,*+"5 ;$"R

;"-,5 /% *+/-;&;,$H&% ,((,H*/0,'1 &'',0/&*,*+,;$"G',P"(

0,+/H',,((/H/,%H1 $,5#H*/"% H&#-,5 G1 /%-#((/H/,%*L,&R

0/%4 ',%4*+8

RFD/&#'4)*/&)

!$& TH"%*$"'P,*+"5 L/*+ &;$,R-/4%&'/-;$";"-,5 *"

-"'0,*+,L,&0/%4 ;$"G',P&**+,/%*,$-,H*/"% 5"L%-*$,&P

"(&% ,E;$,--L&1 "((R$&P;8O+,'&%,RH+&%4/%4 5,'&1

P"5,'&%5 S#,#,P"5,'-&$,,-*&G'/-+,5 *" -#;;"$**+,

P,*+"58

!&& O+,H&-,-*#51 -+"L-*+&**+,;$,R-/4%&'P,*+"5 H&%

-/4%/(/H&%*'1 /P;$"0,*+,-,H*/"%b-"0,$&''";,$&*/%4 ,((/R

H/,%H18O+,"0,$&''*+$"#4+;#*/-/P;$"0,5 G1 +8%&a *"

#8))a$ $,-;,H*/0,'18O+,&0,$&4,5,'&1 /-$,5#H,5 G1

"#8%$a *" *&8+"a8O+,%#P,$/H&'&%&'1-/-$,-#'*-5,PR

"%-*$&*,*+,,((,H*/0,%,--&%5 &50&%*&4,"(*+,;$,R-/4%&'

P,*+"58

!"& =% ;$&H*/H,$ *+,*$&((/H('"L/-;$,R"$4&%/@,5 G1 *+,

;$,R-/4%&'L+,% *+,;$,R-/4%&'/--,*$ L+/H+ $,-#'*-/%

H+&%4,-/% *+,*$&((/H('"L$,',&-,H+&$&H*,$/-*/H-8O+#-$

*+,H"%0,%*/"%&'-/4%&'";*/P/@&*/"% P"5,'/-%"*&;;'/H&R

G',$ &%5 *+,P&/% -/4%&'*/P/%4 ;&$&P,*,$-%,,5 *" G,

(#$*+,$";*/P/@,58

:,1,2,&#,)

)$' W+&$/&T$ T5,'/D8:,#$&'%,*L"$Q P"5,'("$$&;/5 ("$,R

H&-*/%4 "(($,,L&1 '/%Q *$&0,'*/P,)!'8C!;&!44'&!; F@2

@,&A59&>!6>+F'9&+&A&5,N!94,,&;4!A4$ &''"$ ES%%V(&* +'%

+$"8W\=* $'8$'$+VJ8,%4&;;&/8&''"8'#8'$$8

)&' >/# ?$ D,!$ ?+&%4 A$ ,*&'8\;*/P&'"((R$&P; *,$P/%&'

'"H&*/%4 -*$&*,41 G&-,5 "% *$&((/H-&(,*1 &%5 ,((/H/,%H1

)!'8:'5!6@>'959&>! (4994'6* :B4N!94'!59&>!5,D>7'!5,>+

:'5!6@>'959&>! J4645'AB$ &'&' %)&* $ $&8W\=* $'8

$'('V$#*&%(+%8&'&'8$("#%$%8

)"' !/% )$ C&%4 WD$ C&%4 ><8O$&((/HH"%*$"'-*$&*,41

("$&-#$(&H,-*$,,*"% &% ,E;$,--L&1R&$*,$/&'H"$$/5"$)!'8

:6&!;B75 ?A&4!A4M:4AB!>,>;"$ &''# %+&* %%+ %($8

W\=* $'8$'$+V)$''%R'&$*%'#&%'$*(R(8

)*' <#k"@!A$ W&4&%@" AX8O+,G"**',%,HQ P,H+&%/-P

"(&($,,L&1 5/0,$4,)!'8:'5!6@>'959&>! J4645'AB I5'9

F* I>,&A"MI'5A9&A4$ &''&$ KS%+&* *(" )')8W\=*

$'8$'$+V)'#+)R()+*%'$&'''$%R#8

))' K#5J&%&Q&%"Q%&5 !8A&;&H/*1 H+&%4,P,H+&%/-P"(&5/R

0,$4,G"**',%,HQ )!'8:'5!6@>'959&>! J4645'AB J4A>'<*

D>7'!5,>+9B4:'5!6@>'959&>! J4645'AB K>5'<$ &'$&$

IITU%$&* &$ "'8W\=* $'8"$*$V&&%(R'"8

)+' );/'/";"#'"# T$ F"%*"$/%&Q/<$ I&;&4,"$4/"# <$ ,*&'8

<&H$"-H";/H*$&((/H('"L P"5,'0&'/5&*/"% &*H"%4,-*,5

($,,L&1 "((R$&P; &$,&-)!'8:'5!6@>'959&>! J4645'AB I5'9

%* C84';&!; :4AB!>,>;&46$ &'$*$ QE* $( &#8W\=* $'8

$'$+VJ8*$H8&'$*8'$8''#8

)%' ?+&%4 >$ C&%4 )$ A+,% A$ ,*&'8<"5,'/%4 '&%,RH+&%4,

$/-Q /% #$G&% ,E;$,--L&1 "((R$&P; &$,&G&-,5 "% %&*#$&'/-R

*/H5$/0/%4 5&*&)!'8D>7'!5,>+:469&!; 5!< CE5,759&>!$

&'&'$ QU%"&* &'$#'&+#8W\=* $'8$)&'V!O3&'$#'&+#8

)(' N#,%*+,$N$A",1P&%-!3$ <#%"@!A$ ,*&'8</*/4&*/%4

($,,L&1 "((R$&P; H"%4,-*/"%* T-#$(&H,-*$,,*-H""$5/%&R

*,5 &;;$"&H+ )!'8I'>A4<&52?>A&5,5!< K4B5E&>'5,?A&2

4!A46$ &'$&$ ET%$&* &% *"8W\=* $'8$'$+VJ8-G-;$"8

&'$$8'*8)'+8

)#' ]&%4 BX$ A+,%4 ]$ A+&%4 N>8=%*,4$&*/"% "(&5&;*/0,

-/4%&'H"%*$"'&%5 ($,,L&1 "((R$&P; ;$/"$/*1 H"%*$"'("$

H"PP#*/%4 H"$$/5"$-)!'8:'5!6@>'959&>! J4645'AB I5'9

%* C84';&!; :4AB!>,>;&46$ &'$($ US* "&( "*)8W\=*

$'8$'$+VJ8*$H8&'$%8$$8'$#8

)$'' <,--,$A8)/P#'&*/"% -*#5/,-"(*$&((/H";,$&*/"%-&*"0,$R

-&*#$&*,5$ H'"-,'1 -;&H,5 -/4%&'/@,5 /%*,$-,H*/"%-)!'8

:'5!6@>'959&>! J4645'AB J4A>'<* D>7'!5,>+9B4:'5!62

@>'959&>! J4645'AB K>5'<$ $##($ ESQS* $$) $&"8W\=*

$'8"$*$V$+*+R$*8

)$$' >/PF)$ F/P!D$ )+/% 3F8W,0,'";P,%*"("((R$&P;

H"%*$"'P"5,'*+$"#4+ -/4%&'";*/P/@&*/"%)!'8D>7'!5,>+

9B4S>'45! ?>A&49">+%&E&,C!;&!44'6$ &''%$ IT%*W&*

"%# "((8

)$&' A+,% B$d/]$ >/W$ ,*&'8W#&'$/4+*R*#$% '&%,-/% P/*/R

4&*/%4 L,&0/%4 H"%('/H*-&*($"%*&4,$"&5 /%*,$-,H*/"%-/%

;$"E/P/*1 *" "((R$&P;-)!'8:'5!6@>'959&>! I,5!!&!; M

:4AB!>,>;"$ &'$*$ KT%"&*"'% "$#8W\=* $'8$'('V

'"'($'+'8&'$*8(#%$&+8

)$"' ?+&" !$ >/# ]8=%*,4$&*,5 -/4%&'";*/P/@&*/"% &%5 %"%R

*$&5/*/"%&''&%,&--/4%P,%*("$#$G&% ($,,L&1 "((R$&P;

H"%4,-*/"% P/*/4&*/"%)!'8:'5!6@>'959&>! J4645'AB I5'9

%* C84';&!; :4AB!>,>;&46$ &'$+$ TK* &$# &"(8W\=*

$'8$'$+VJ8*$H8&'$+8$$8''"8

)$*' ?+&" !$ <&C$B# D8=%H$,&-/%4 *+,H&;&H/*1 "(*+,/%R

*,$-,H*/"% 5"L%-*$,&P"(*+,($,,L&1 "((R$&P; #-/%4 ;$,-R

/4%&'-)!'8%>8@794'2F&<4< %&E&,5!< N!+'569'7A97'4C!;&2

!44'&!;$ &'$%$ KI%(&* +%* +#'8W\=* $'8$$$$VP/H,8

$&&($8

)$)' ]&% AC$ !/&%4 D$B/,)]8A&;&H/*1 ";*/P/@&*/"% "(

&% /-"'&*,5 /%*,$-,H*/"% #%5,$*+,;+&-,-L&; -"$*/%4

-*$&*,41)!'8:'5!6@>'959&>! J4645'AB I5'9K* 349B><>2

,>;&A5,$ &'$*$ SW* () $'+8W\=* $'8$'$+VJ8*$G8

&'$"8$&8''$8

)$!A"%*$"'P,*+"5 ("$/%*,$-,H*/"%-5"L%-*$,&P"(#$G&% ,E;$,--L&1 "((R$&P; #-/%4 ;$,R-/4%&'-



基于预信号的城市快速路出口匝道衔接交叉口控制方法
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摘要!为了提高城市快速路出口匝道与下游衔接交叉口的通行效率!提出了一种基于预信号的出口匝道衔

接交叉口控制方法8分析流量流向分布特征!构建衔接区域换道延误计算模型%利用交通波理论!建立预信

号上游排队长度和排序区长度模型%考虑主信号配时参数约束和排队长度约束优化!得到预信号配时参数

以及预信号设置位置8案例分析结果表明!预信号方法可以显著提高衔接交叉口的通行能力!降低车均延

误8通过数值仿真研究了左转交通比例$交通流及匝道衔接段长度对模型的影响!证实了所提模型的有效性

和优越性8

关键词!交通工程%出口匝道%预信号%排序区%交通波理论

中图分类号!.*#$8"

+$ A+,% ]"%4+,%49C# A+&%4J/&%9C&%4 B/%9>/C&%%/%49&%5 >/D&"%&%!


