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7$63#5-50*';% *#57#5% F-60*#/% 0'N*63-50*'% F0-% /./5$3S% -'1%
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=#61"$/%$'<*#'5$6$1%M=$'%-55$3750'+%5*%30'$%5=0/%0'N*63-50*'%

0'% -'% $NN*65% 5*% ?$55$6% #'1$6/5-'1% N-0"#6$% <=-6-<5$60/50</% -'1%
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3-'#N-<5#6$6/% -'1% *7$6-50'+% /./5$3/;% -3*'+/5% *5=$6%
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f*6% 5=0/%/5#1.% 5=$%!"#$%&$'$()%/./5$3% "*+/% N6*3%A#'$%_
61
;%

G[[`% 5*% A-'#-6.%\
5=
;% G[[^%M$6$%*?/$6F$1I%f*6% -776*C03-5$".%

5=$%N06/5%5M*%3*'5=/%*N%5=0/%76*<$//;%5=$%/./5$3%M-/%<*3760/$1%

*N% _G;Z^e% 1#-"S76*<$//*6% '*1$/I% % f*6% 5=$% 6$3-0'1$6% *N% 5=$%

/5#1.;%5=$%/./5$3%M-/%<*3760/$1%*N%^`;`_^%'*1$/I%K#60'+%5=0/%

503$;%5=$6$%M$6$%\;Z\Z;]^_%3$//-+$/%/$'5%5*%5=$%"*+;%M05=%$-<=%

3$//-+$%<*'5-0'0'+%5=$%503$;%"*<-50*';%J,H%*6%9L));%N-<0"05.;%

/$F$605.;%-'1%$F$'5%1$/<60750*'%0'N*63-50*'%/=*M'%0'%f0+#6$%:I%

)*<-50*'/% -6$% 1$'*5$1% ?.% <*1$/% M=0<=% 6$76$/$'5% -% 7-650<#"-6%

=-61M-6$% <*37*'$'5;% /#<=% -/% -% <*37#5$% '*1$% BJ[[SY[S9[S

@TA[GSL[:D;% -'% 4(E% '*1$% BJGGSY[S9[S4TA:eSL[:D;% -% /$6F0<$%

<-61%BJGGSY[SHD;%-%"0'>%<-61%BJ[[SY:S):D;%-%'*1$%<-61%BJ[[S

Y[S9[D;%-%3017"-'$%0'%-%6-<>%BJ[[SY[D;%*6%-%6-<>%-5% 5=$%G
'1
%

7*/050*'%0'%5=$%:
/5
%6*M%BJ[:DI%%

2=$%N-<0"05.%F-60-?"$;%N*#'1%0'%$F$6.%"*+%$'56.;%0'10<-5$/%5=$%

=-61M-6$% *6% /$6F0<$% -NN$<5$1% ?.% 5=$% <*66$/7*'10'+% 6$7*65$1%

$F$'5% c\dI% 2=0/% F-"#$% <-'% ?$% <=-6-<5$60R$1% 0'5*% *'$% *N% :[%

5.7$/T% YY@H;%,PP;% b8J98);% )49b@,JK;% K4H@EV8Jh;%

YE942EJ;% O,JKa,J8;% @Y@H;% !&)Y,H28J;% -'1%

H8JVi982I% YY@H% /5-'1/% N*6% 3017"-'$% 3-'-+$3$'5% -'1%

<*'56*"% /$6F0<$;% -'1%@Y@H% /5-'1/% N*6% <*6$%3-'-+$3$'5% -'1%

<*'56*"%/./5$3I%b8J98)%0'10<-5$/%$F$'5/%6$"-5$1%5*%=-61M-6$%

0'/56#<50*'% -'1%1-5-%3-'07#"-50*'I%K4H@EV8Jh% 0/% -% /$6F0<$%

5=-5% 3*'05*6/% =-61M-6$% <=-'+$/I% YE942EJ% 0/% -'*5=$6%

<*'56*"% /./5$3% <*37*'$'5% M=0<=% 76*F01$/% F-60*#/% =-61M-6$%

/5-5#/% 3$560</;% /#<=% -/% 5$37$6-5#6$I% !&)Y,H28J% 0/% -%

/$6F0<$% 5=-5% <*'56*"/% 5=$% YY@HI% ,"/*% 6$7*65$1% 0'% 5=$% "*+%

3$//-+$/%-6$%^%/$F$605.%"$F$"/T%49fE;%a,J949&;%H8V8J8;%

8JJEJ;%f,2,);%-'1%f,4)LJ8I%

%

4")4")

Authorized licensed use limited to: Oak Ridge National Laboratory. Downloaded on August 16,2010 at 15:48:01 UTC from IEEE Xplore.  Restrictions apply. 



%

f0+#6$%:%%Y$//-+$%8C-37"$/%

%
%

2,!)8%:%%9LY!8J%Ef%Y8HH,&8H%P8J%f,@4)42h%

E)/.-.%#! F3'5&4!02!G&$$)8&$!

YY@H% ee;]_[%

,PP% GGe;`_^%

b8J98)% \;_G\;]^Z%

)49b@,JK% :;:Z[%

K4H@EV8Jh% ]Z;:ZG%

YE942EJ% :;^e:%

O,JKa,J8% `;:\e%

@Y@H% G::%

!&)Y,H28J% :\`%

H8JVi982% _%

2,!)8%G%9LY!8J%Ef%Y8HH,&8H%P8J%H8V8J42h%)8V8)%

"&1&4.%#!B&1&-! F3'5&4!02!G&$$)8&$!

49fE% _;Z_`;eG_%

a,J949&% G_;_`Z%

H8V8J8% :];G:_%

8JJEJ% ::G;_``%

f,2,)% e``;`[:%

f,4)LJ8% :;Z:\%

%

,/% *#5"0'$1% 0'% 2-?"$% :% -'1% 2-?"$% G;% ]:g% *N% 3$//-+$/%

<*'5-0'$1% 0'% 5=$% "*+% -6$% +$'$6-5$1% ?.% 5=$% b8J98)% N-<0"05.;%

-'1% Z]g%*N%3$//-+$/% -6$% *N% 5=$% 49fE% /$F$605.% "$F$";% /*%M$%

<-'%0'N$6%5=-5%3*/5%b8J98)%3$//-+$/%-6$%*N%49fE%/$F$605.I%

,"/*;% Gg% *N% -""% 3$//-+$/% M$6$% +$'$6-5$1% ?.% 5=$%

K4H@EV8Jh;% YE942EJ;% -'1% O,JKa,J8% N-<0"050$/;%

M=0<=% 0'10<-5$%=-61M-6$%-?'*63-"05.;% -'1%\g%*N%-""% "*+%1-5-%

M-/% +$'$6-5$1% ?.% ,PPI% 2=$6$N*6$;% M$% <-'% -"/*% 0'N$6% 5=-5%

-77"0<-50*'% N-0"#6$/% -6$% 3*6$% "0>$".% 5*% *<<#6% 5=-'% =-61M-6$%

N-0"#6$/I%O*M$F$6;%5=0/%-//#3750*'%'$$1/%N#65=$6%*?/$6F-50*'/%

5*%F$60N.I%

a$% 10/6$+-61% 3$//-+$/% *60+0'-50'+% N6*3% 5=$% 49fE;%

a,J949&;% H8V8J8;% -'1% 8JJEJ% /$F$605.% "$F$"/% ?$<-#/$%

*#6% +*-"% 0/% 5*% $C<"#/0F$".% -'-".R$% 5=$% !"#$% &$'$()% N-0"#6$%

?$=-F0*6I%2=$%f,4)LJ8% "$F$"%M-/% -'-".R$1% ?$<-#/$;% 0'% 5=0/%

"*+;% 5=$% 3$//-+$/% 0'% 5=0/% "$F$"% M$6$% 76*1#<$1% *'".% ?.% 5=$%

=-61M-6$% 3*'05*60'+% N-<0"050$/% B!&)Y,H28J% -'1%

YE942EJDI%,"/*;%1#60'+%5=$%N-0"#6$%01$'50N0<-50*'%76*<$//%M$%

*?/$6F$1% 5=-5% 5=$6$% -6$% /*3$%$F$'5% 1$/<60750*'/% "-?$"$1%M05=%

f,2,)%/$F$605.%5=-5%0'10<-5$%'*'SN-5-"%$F$'5/;%/#<=%-/%LA3*+/M'

N28#AA+*&' %O%/18+#*PI% ,/% /#<=;% M$% -//#3$1% 5=-5% -""% N-0"#6$%

$F$'5/%M$6$% "*<-5$1%M05=0'% 5=$%f,2,)%*6%f,4)LJ8%/$F$605.%

"$F$"/I% K$5-0"/% *N% 5=$% 1-5-% <"$-'0'+% 76*<$//% -6$% N*#'1% 0'% 5=$%

N*""*M0'+%/$<50*'I%

!)L8%&898()%)E&%,9,)hH4H%,9K%42H%E!H8JV,24E9H%

,N5$6% 5=$%3$//-+$/% 5-++$1%M05=% /$F$605.% "$F$"/% *5=$6% 5=-'%

f,2,)% -'1% f,4)LJ8% M$6$% 10/<-61$1;% 5=$% 5*5-"% '#3?$6% *N%

3$//-+$/% "*<-5$1% M05=0'% 5=$% "*+% M-/% 6$1#<$1% 5*% e`Z;G:`;%

M=0<=% 0/% -6*#'1% :eI[`g% *N% 5=$% 5*5-"% '#3?$6% *N% *60+0'-"%

3$//-+$/I%EN%5=$/$;%*'".%[IGg%-6$%5-++$1%-/%f,4)LJ8S"$F$"I%

9$C5;% M$% +$'$6-5$1% -'1% /5#10$1% -% /5-50/50<-"% /#33-6.% *N% 5=$%

503$%?$5M$$'%f,2,)%3$//-+$/% -'1% 503$%?$5M$$'%f,4)LJ8%

3$//-+$/I%2=$%6$/#"5/%-6$%76$/$'5$1%0'%2-?"$%_I%

2,!)8%_%!)L8%&898()%24Y8%!82a889%f,2,)%EJ%f,4)LJ8%Y8HH,&8H%

HLYY,Jh%

:.'&!?&%<&&*!EH:HB!G&$$)8&$!

9#3?$6%*N%3$//-+$/% e``;`[:%

Y0'03#3% [%/$<*'1%

Y-C03#3% _[_;``_%/$<*'1/%!%_I`%1-./%

Y$-'% G:I^e_%/$<*'1/%

Y$10-'% [%/$<*'1%

:.'&!?&%<&&*!EH=BIJK!G&$$)8&$!

9#3?$6%*N%3$//-+$/% :;Z:\%

Y0'03#3% [%/$<*'1%

Y-C03#3% _;_eG;G\^%/$<*'1/%!%_]%1-./%

Y$-'% e:]GIZ:`%/$<*'1/%!%GIGe%=*#6/%

Y$10-'% [%/$<*'1%

%

2=$% 6$/#"50'+% 3$-'% /#++$/5/% 5=-5% f,2,)% -'1% f,4)LJ8%

3$//-+$/% -6$% +$'$6-5$1% -5% -'% 0'<6$10?".% =0+=% N6$Q#$'<.I%

f#65=$6;% -%3$10-'% F-"#$% *N% [% /$<*'1/% N*6% ?*5=% 503$% ?$5M$$'%

f,2,)% 3$//-+$/% -'1% 503$% ?$5M$$'% f,4)LJ8% 3$//-+$/%

<*'N063/%5=-5%3*6$%5=-'%=-"N%*N%5=$/$%3$//-+$/%-6$%+$'$6-5$1%

-5%-"3*/5%5=$%/-3$%503$I%

,N5$6% N#65=$6% -'-"./0/;% 05% M-/% N*#'1% 5=-5% 5=$6$% $C0/5$1% -%

'#3?$6% *N% f,2,)S5-++$1% 3$//-+$/% 5=-5% 101% '*5;% 0'% N-<5;%

/#++$/5% "$+0503-5$% N-0"#6$/I% f*6% $C-37"$;% L&13,3*8%%B' B383'

/3/5%' H$#/F' 8#1/5P;% L28#,%' #A%,38+#*QQQQQQ!P;% -'1%

L+*28,1/8+#*' 3BB,%22' 2A3/%QQ?P% -6$% -""% 5-++$1% -/% f,2,);%

?#5%1*%'*5%6$/#"5% 0'%5=$%/./5$3%$'5$60'+%-%<*376*30/$1%/5-5$I%

O*M$F$6;% 3-'.% *5=$6% 3$//-+$/j/#<=% -/% LR#S%,'

B%3/8+738%BP;' LF%,*%$' 8%,@+*38%BP% -'1% L0128,%' @#1*8'

T<U0)DPK/56*'+".%/#++$/5$1%56-<$-?"$%N-0"#6$/I%

4'%-11050*';% 05%M-/%10/<*F$6$1% 5=-5% 0'%3-'.%<-/$/;% -% /0'+"$%

f,2,)% -'1% f,4)LJ8% 3$//-+$% 0/% 6$7$-5$1".% -'1% 3-//0F$".%

6$7*65$1I%f*6%$C-37"$;%_\^%f,4)LJ8%$'560$/;% <*'5-0'0'+% 5=$%

3$//-+$% L4%@A%,381,%' E7%,' 0+@+8' #*' $+*F' /3,Bk% M$6$%

6$7$5050F$".% 6$7*65$1% N6*3% G[[`S::S[ZS:GIGeI`e% 5*% G[[`S::S

[ZS:GI_ZIG[% B*F$6%`[G%/$<*'1/DI%2=$%3$//-+$%M-/%+$'$6-5$1%

-"3*/5%$F$6.%5M*%/$<*'1/I%

4"'4"'
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%

2=#/;%?$N*6$%-'.%N#65=$6%76*<$//0'+;%5=$%6$7$-5$1%3$//-+$/%

/=*#"1% ?$% 10/<-61$1;% -'1% *'".% 5=$% 0'050-"% 3$//-+$% 0'10<-50'+%

5=$%$F$'5%/=*#"1%?$%6$5-0'$1I%%

L&2.*.%.0*%,%"-55$6%3$//-+$%BYGD%0/%/-01%5*%?$%-%6$7$5050*'%*N%

-'%*60+0'-"%3$//-+$%BY:D%0N%-'1%*'".%0NT%

0D! Y:%=-/%5=$%/-3$%5$C5%1$/<60750*'%-/%YG;%

00D! ?*5=% Y:% -'1% YG% -6$% +$'$6-5$1% N6*3% 5=$% /-3$%

/*#6<$;%%

000D! 5=$%503$%M05=0'%M=0<=%?*5=%Y:%-'1%YG%-6$%/$'5%5*%

5=$%"*+%0/%"$//%5=-'%-%+0F$'%503$%5=6$/=*"1;%*6%5=$6$%

0/% -% 3$//-+$% Yl% /#<=% 5=-5% YG% 0/% 5=$% 6$7$-5$1%

3$//-+$%*N%Yl%-'1%Yl%0/%5=$%6$7$-5$1%3$//-+$%*N%

Y:%

P"$-/$% '*5$% 5=-5% 5=0/% 6$7$5050F$% 6$"-50*'/=07% ?$5M$$'%

3$//-+$/%=-/%-%56-'/050F$%76*7$65.I%2=-5%0/;%0N%M$%=-F$%-%/$5%*N%

5=6$$% 01$'50<-"%3$//-+$/%Y:;%YG% -'1%Y_;%M05=%YG% ?$0'+% -%

6$7$5050*'%*N%Y:%-'1%Y_%?$0'+% -% 6$7$5050*'%*N%YG;% 5=$'%Y_%

M0""%-"/*%?$%3$//-+$%6$7$5050*'%*N%Y:I%2=0/%5$<='0Q#$%3-.%?$%

6$N$66$1%-/%5$37*6-"%N0"5$60'+%BN0"5$6%?.%503$DI%

V-60*#/% 503$% 5=6$/=*"1/% N*6% <*'1#<50'+% 6$7$-5$1% 3$//-+$%

$"030'-50*'% -6$% -"/*% 0'F$/50+-5$1I%,3-R0'+".;% -N5$6% -77".0'+%

503$% 5=6$/=*"1/;% F-6.0'+% N6*3% :% /$<*'1% 5*% ]% =*#6/;% 5=$%

6$/#"50'+% 1-5-/$5/% -6$% 01$'50<-"% 5*% *'$% -'*5=$6I%2=0/% 0'10<-5$/%

5=-5% 5=$6$% 0/% '*% 5M*% 01$'50<-"% $F$'5/% B1$5$630'$1% ?.% 5=$%

3$//-+$/D%*<<#660'+%-5%5=$%/-3$%'*1$%0'%]S=*#6%7$60*1I%

%,N5$6% 7$6N*630'+% 6$7$-5$1% 3$//-+$% $"030'-50*'% N*6% $-<=%

/*#6<$;% M$% 5=$'% N#65=$6% -'-".R$1% 5=$% "*+% N0"$/% ?.% 3-'#-"".%

*?5-0'0'+%-""%3$//-+$%7-55$6'/;%/*3$%*N%M=0<=%"0/5$1%0'%2-?"$%

\%-'1%2,!)8%`%-5%5=$%$'1%*N%5=0/%3-'#/<6075I%2=$6$%-6$%G`^%5*5-"%

3$//-+$%7-55$6'/%-5%5=$%f,2,)%-'1%f,4)LJ8%/$F$605.%"$F$"/;%

M=0<=% -6$% -F-0"-?"$% *'"0'$% -5% c:\dI% O*M$F$6;% #'"0>$% *5=$6%

/./5$3% "*+%/5#10$/;% /7-50-"% N0"5$60'+jM=0<=%<*3?0'$/% /030"-6%

N-0"#6$/% +$'$6-5$1% ?.% 7=./0<-"".% <"*/$% '*1$/j0/% '*5%

<*'1#<5$1%-/%M$%30+=5%"*/$%/*3$%1$5-0"%?.%1*0'+%/*I%

2=6*#+=%N#65=$6%*?/$6F-50*';%M$%N*#'1%5=-5%/*3$%3$//-+$/%

/56*'+".% /#++$/5% N-0"#6$% $F$'5/;% /*3$% <*'F0'<0'+".% /#++$/5%

'*'SN-0"#6$;% -'1% 5=$% 6$/5% -6$% #'1$5$630'$1I% 2=$% 3$//-+$/%

/#++$/50'+% N-0"#6$% $F$'5/% -6$% "0/5$1% 0'% 2-?"$% \% BG:;Z``% 5*5-"%

3$//-+$/%M05=%G\%7-55$6'/D;%-'1%5=$%3$//-+$/%/#++$/50'+%'*'S

N-0"#6$% $F$'5/% -6$% /=*M'% 0'% 2,!)8% `% B:\];\e_% 5*5-"% 3$//-+$/%

M05=% \:% 7-55$6'/DI% a$% N#65=$6% $/503-5$% !"#$% &$'$()% N-0"#6$%

?$=-F0*6I% 2=$% N-0"#6$% ?$=-F0*6% <-'% ?$% $/503-5$1% ?.%

1$5$630'0'+% 85%' S#,28' %OA%/8%B' H%537+#,;% -'1% 85%' H%28'

%OA%/8%B'H%537+#,%-/%1$N0'$1%?$"*MI%%

45%' H%28' %OA%/8%B' (3+$1,%' H%537+#,% <*#"1% ?$% *?5-0'$1% ?.%

/$"$<50'+%*'".%3$//-+$/%5=-5%/#++$/5%N-0"#6$;%-'1%10/<-610'+%-""%

3$//-+$/%5=-5%/#++$/5%#'1$5$630'$1%*6%'*'SN-0"#6$I%4'%6$-"05.;%

/*3$% #'1$5$630'$1% 3$//-+$/% 30+=5% 0'10<-5$% N-0"#6$I% H*;%

*75030/50<-"".%10/<-610'+%-""%*N%5=$3%0/%5=$%?$/5%<-/$%*N%/./5$3%

?$=-F0*6I%a$% <-""% 5=$% ?$/5% $C7$<5$1% N-0"#6$% ?$=-F0*6% 1-5-/$5%

V).4I%

E'%5=$%*5=$6%=-'1;%85%'S#,28'%OA%/8%B'(3+$1,%'H%537+#,'<-'%

?$%1$5$630'$1%?.%/$"$<50'+%3$//-+$/%5=-5%/#++$/5%N-0"#6$;%-'1%

7$//030/50<-"".% 56$-50'+% -""% #'1$5$630'$1%3$//-+$/% -/% N-0"#6$%

0'10<-5*6/I%2=0/% 1-5-/$5% 0/% 5=$'% <*37*/$1% *N% ?*5=% 5=$% N-0"#6$%

/#++$/50'+% 3$//-+$/% -'1% -""% #'1$5$630'$1% 3$//-+$/I% 2=$%

M*6/5%$C7$<5$1%N-0"#6$%?$=-F0*6%1-5-/$5%0/%<-""$1%WE:.4I%

,N5$6% 5=$% 1-5-/$5/% V).4% -'1% WE:.4' M$6$% N*63$1;% M$%

/5#10$1%3$//-+$%N6$Q#$'<.% 0'%?*5=%1-5-/$5/I%2=$%/<-55$6%7"*5/%

0'%f0+#6$%G%-'1%f0+#6$%\%0""#/56-5$%5=$%*<<#66$'<$%*N%3$//-+$/%

0'% 5=$% V).4% -'1% WE:.4' 1-5-/$5/;% 6$/7$<50F$".I% 4'% ?*5=%

+6-7=/;%5=$%CS-C$/%1$'*5$%5=$%L94m%503$/5-37;%-'1%5=$%.S-C$/%

1$'*5$%5=$%9*1$%4KI%2=$%"$F$"%*N%1-6>'$//%*N%5=$%7"*5%6$N"$<5/%

5=$%'#3?$6%*N%3$//-+$/%+$'$6-5$1%0'%5=-5%7$60*1%*N%503$%*F$6%

5=-5% +6*#7% *N% '*1$/I% P"$-/$% '*5$% 5=-5% 5=$6$% -6$% ?-'1S"0>$%

7-55$6'/%0'%5=$%+6-7=/I%E'$%=*60R*'5-"%?-'1%6$76$/$'5/%-%+6*#7%

*N%$0+=5%6-<>/I%E?/$6F-'5".;%?*5=%/<-55$6%7"*5/%6$N"$<5%-%/./5$3%

#7+6-1$%$F$'5;%M=0<=%?$+-'%0'%,#+#/5%G[[`I%%

%

%

f0+#6$%G%H<-55$6%7"*5%*N%3$//-+$%*<<#66$'<$%0'%5=$%1-5-/$5%V).4I%K-6>$6%-6$-%

0""#/56-5$/%3*6$%3$//-+$%1$'/05.I%

%

%

f0+#6$% _% O0/5*+6-3% *N% 3$//-+$% 503$/5-37% 0'% 5=$% 1-5-/$5% V).4% /=*M0'+%

3$//-+$%1$'/05.%?.%503$I%

4"&4"&
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%

%

f0+#6$% \% H<-55$6% 7"*5% *N%3$//-+$% *<<#66$'<$% B1-5-/$5%WE:.4DI% K-6>$6% -6$-%

0""#/56-5$/%3*6$%3$//-+$%1$'/05.I%

%

f0+#6$% `% O0/5*+6-3% *N% 3$//-+$% 503$/5-37% B1-5-/$5% WE:.4D% /=*M0'+%

3$//-+$%1$'/05.%?.%503$I%

%

4'% -11050*';% 3$//-+$% *<<#66$'<$% 7-55$6'/% 0'% ?*5=% +6-7=/%

/#++$/5%5=-5%3*/5%*N%5=$%+$'$6-5$1%3$//-+$/%-6$%6$"-5$1%-3*'+%

'*1$/% M05=0'% 5=$% /-3$% +6*#7% *N% 6-<>/I% H*3$% 3$//-+$/% -6$%

6$"-5$1%5*%-""%'*1$/%0'%5=$%/./5$3I%2=$%/<-55$6%7"*5%*N%5=$%V).4%

1-5-/$5%Bf0+#6$%GD%/#++$/5/%5=-5%$-6".%0'%'$M%'*1$%1$7"*.3$'5%

3-'.% N-0"#6$S/#++$/50'+% 3$//-+$/% M$6$% +$'$6-5$1n% =*M$F$6;%

5=$% /<-55$6% 7"*5% *N% 5=$%WE:.4' 1-5-/$5% Bf0+#6$% \D% 1*$/% '*5%

3-0'5-0'% 5=0/% <=-6-<5$60/50<I% 2=0/% 0/% 7*//0?".% ?$<-#/$% /*3$%

3$//-+$/% 0'% 5=$% WE:.4% 1-5-/$5% -6$% '*5% <-#/$1% ?.% N-0"#6$%

$F$'5/I% Y*6$*F$6;% 5=$% =0/5*+6-3/% *N% 3$//-+$% *<<#66$'<$%

N6$Q#$'<.%/=*M'%0'%f0+#6$%_%-'1%f0+#6$%`%/#++$/5%5=$%=0+=$/5%

3$//-+$%F*"#3$%*<<#6/%M=$'%5=$%503$/5-37%6-'+$/%N6*3%A#'$%

:_
5=
;%G[[`%:ZT[[T[[%5*%A#'$%:\

5=
;%G[[`%G[T\^T\[%B:::eZ[[[[[%

5*%:::ee[[[[[%0'%L94m%503$/5-37DI4'%N-<5;%5=$%=0+=$/5%?-6%0'%

5=$%f0+#6$%`%0/%=0+=$6%5=-'%:G[;[[[%<*#'5/;%?#5%M$%"0305%5=$%.S

-C0/%#7%5*%G[;[[[%5*%>$$7%?*5=%+6-7=/%-5%5=$%/-3$%/<-"$I%2=0/%

/$5% *N% 3$//-+$/% 0/% 6$76$/$'5$1% 0'% 5=$% <06<"$/% 0'% ?*5=% /<-55$6%

7"*5/% Bf0+#6$% G% -'1% f0+#6$% \DI%2=$% /<-55$6% 7"*5/% -"/*% /#++$/5%

5=-5%-6*#'1%5=-5%503$;%3*/5%*N%5=$%3$//-+$/%-6$%<*30'+%N6*3%-%

+6*#7%"*<-5$1%'$-6%'*1$%4K%_[[[[I%

8H24Y,249&%24Y8%2E%4928JJLP2%

4'% -11050*'% 5*% -'-".R0'+% !"#$% &$'$()% N-0"#6$% ?$=-F0*6;%

-'*5=$6% *?W$<50F$% *N% 5=0/% 7-7$6% 0/% 5*% /5#1.% -77"0<-50*'%

0'5$66#750*'% 0'N*63-50*'% N6*3% 5=$% "*+% N0"$/I% 2=$% 503$% 5*%

0'5$66#75% B224D% 0/% 1$N0'$1% ?.% 5=$% 1#6-50*'% ?$5M$$'% 5=$% 503$%

5=-5% 5=$% -77"0<-50*'% 0/% ?$0'+% 6$/5*6$1% BN6*3% 76$F0*#/%

0'5$66#750*'D% -'1% 5=$% 503$% 5=-5% 05% $'<*#'5$6/% -'*5=$6%

0'5$66#750*'I%

2*% $/503-5$% 5=$% 503$% 5*% 0'5$66#75% B224D;% M$% 76*<$//$1% 5=$%

503$%?$5M$$'%3$//-+$%1-5-%*N%5=$%V).4%-'1%WE:.4%1-5-/$5/%

?.% 3->0'+% 5M*% -//#3750*'/T% % N06/5;% 5=$% /./5$3% =-/% -% <$65-0'%

-3*#'5% *N% 503$% 5*% 6$7-06% B22JD;% -'1% /$<*'1;% -% +0F$'%

-77"0<-50*'% #50"0R$/% -""% '*1$/% M05=0'% 5=$% /./5$3I% 4N% 5=$% 503$%

?$5M$$'% 5M*%<*'/$<#50F$%3$//-+$/% 0/% "$//% 5=-'%-%+0F$'%22J;%

5=$% "-55$6% N-0"#6$%<-'%'*% "*'+$6%-NN$<5% 5=$%-77"0<-50*'%?$<-#/$%

5=$% /./5$3% 0/% ?$0'+% 6$7-06$1% -'1% 0/% '*% "*'+$6% 0'% 76*1#<50*'%

3*1$c:[dI%&0F$'%-%503$%5*%6$7-06;%M$%5=$'%1$60F$%5=$%224%N*6%

-'%-77"0<-50*'%F0-%5=$%N*""*M0'+%-"+*605=3T%

%

49PL2T%Y$//-+$%503$/5-37/%B8!;%8>;%o;8*D%%

% %%%%203$%5*%6$7-06%B44:D%

EL2PL2T%203$%5*%0'5$66#75/%B44U!;%44U>;%o;44UFD%%

[T%F%p%[%

:T%f*6%+p%:%5*%'S:%1*%

GT%% 0N%B8+X!S%8+D%q44:%5=$'%

_T% F%p%Fr:%

\T% 44UF%p%8+X!s%B8+%r%44:D%

`T% $"/$%

^T% %%%%%%%%2=0/%N-0"#6$%M0""%'*5%-NN$<5%-'%-77"0<-50*';%

% ?$<-#/$%5=$6$%M0""%?$%-'*5=$6%N-0"#6$%

% ?$N*6$%5=0/%N-0"#6$%=-/%?$$'%N0C$1I%

%

%

f0+#6$% ^% Y$-'% 503$% 5*% 0'5$66#75% *N% 1-5-/$5%V).4% -'1% 1-5-/$5%WE:.4% ?.%

F-6.0'+%503$%5*%6$7-06I%

4""4""
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%

%

f0+#6$% Z% @=-'+$% *N% 3$-'% 503$% 5*% 0'5$66#75% *N% 1-5-/$5%V).4% -'1%WE:.4;%

F-6.0'+%?.%503$%5*%6$7-06%

,/%M$%3-.% '*5% ?$% -?"$% 5*% 76$1$5$630'$% 5=$% $C-<5% 503$% 5*%

6$7-06%B22JD;%M$%5=$'%1*%5=$%$C7$603$'5/%?.%F-6.0'+%5=$%22J%

-'1% /$$% =*M% 05% -NN$<5% 5*% 5=$% 224I%a$% F-6.% 5=$% 22J% N6*3% `%

30'#5$/%5*%e%=*#6/jM05=%-%`S30'#5$%/5$7%/0R$I%,N5$6%*?5-0'0'+%

3#"507"$% /$5/% *N% 224% <*66$/7*'10'+% 5*% $-<=% 22J;% M$% /5#1.%

5=$06%/$'/050F05.%5*%22J%?.%0'F$/50+-50'+%5=$%<=-'+$/%*'%3$-'%

503$% 5*% 0'5$66#75% BY224D% 0'% $-<=% /$5I%2=$% 6$/#"50'+%Y224% 0'%

?*5=%WE:.4'-'1%V).4%1-5-/$5/%-N5$6%-77".0'+%F-60*#/%22J/%

-6$% 1$70<5$1% 0'% f0+#6$% ^;% -'1% 5=$% <=-'+$/% *N% Y224% -6$%

0""#/56-5$1%0'%f0+#6$%ZI%2=$%<=-'+$%6-5$%*N%Y224%*N%5=$%V).4%

1-5-/$5% <*'5-0'/% 3*6$% N"#<5#-50*'% 5=-'% 5=-5% *N% 5=$% WE:.4%

1-5-/$5%?$<-#/$%5=$%3$//-+$/%0'%5=$%WE:.4%1-5-/$5%-6$%3*6$%

10/560?#5$1% -'1% =-F$% 3-'.% 3*6$% $'560$/% 5=-'% 5=*/$% 0'% 5=$%

V).4'1-5-/$5%B6$<-""%f0+#6$%G%-'1%f0+#6$%\DI%2=#/;%+0F$'%/3-""%

22J% F-"#$/% 3-'.% 3$//-+$/% 0'% 5=$% WE:.4% 1-5-/$5% -6$%

10/<-61$1;% M=0"$% N$M$6% 3$//-+$/% 0'% 5=$% V).4% 1-5-/$5% -6$%

10/7*/$1I% !*5=% +6-7=/% /#++$/5% 5=-5% 5=$6$% 0/% '*% 16-3-50<%

<=-'+$%0'%Y224%N*6%22J/%+6$-5$6%5=-'%G[%30'#5$/I%

)*+0<-"".;%5=$%<=-'+$/%0'%22J%M*#"1%-NN$<5%5=$%224;%-/%5=$%

503$% 5=-5% 5=$% -77"0<-50*'% ?$0'+% 6$/5*6$1% M0""% ?$% <=-'+$1I%

O*M$F$6;%M$%30+=5%'*5%?$%-?"$%5*%1$5$630'$%M=0<=%106$<50*'%

5=$% 22J% M0""% -NN$<5% 5=$% 224I% f*6% $C-37"$;% 1$<6$-/0'+% 22J%

30+=5% 6$/#"5% 0'% 0'<6$-/0'+%224%?.%-""*M0'+% 5=$%-77"0<-50*'% 5*%

?$% 6$/5*6$1% $-6"0$6;% *6% 05% 30+=5% 6$/#"5% 0'% 1$<6$-/0'+% 224% -/%

3*6$% N-0"#6$/% <-'% ?$% -<<*#'5$1% N*6% 5=$% 0'5$66#750*'% B"$//%

N-0"#6$/%?$0'+%10/<-61$1%0'%5=$%224%$/503-50*'%-"+*605=3DI%2=$%

-NN$<50*'%*N%5=$%22J%5*%5=$%224%1$7$'1/%$'506$".%*'%5=$%1-5-I%

O*M$F$6;%N*6%5=$%1-5-/$5%M$%=-F$;%G[%30'#5$/%503$%5*%6$7-06%

M*#"1%?$%/#NN0<0$'5%5*%$/503-5$%224%0'%?*5=%1-5-/$5/I%2=$';%0'%

5=$%N#5#6$%M*6>;%M$%<-'%#/$%5=0/%$/503-5$1%224%-/%0'N*63-50*'%

0'% <=$<>7*0'5(6$/5-65% 3*1$"% M$% 1$F$"*7$1% c::d% B?.% 56$-50'+%

224%-/%-%6-'1*3%F-60-?"$%-'1%$/503-5$%05/%76*?-?0"05.%N#'<50*'%

-'1%7"#+%05%0'5*%5=$%3*1$"DI%

@E9@)LH4E9%,9K%fL2LJ8%aEJbH%

4'%<*'<"#/0*';%!"#$%&$'$()%"*+%-'-"./0/%BA#'$%_
61
;%G[[`%5*%

A-'#-6.% \
5=
;% G[[^D% =-/% ?$$'% <*'1#<5$1% -'1% 5=$% 6$/#"5/% N6*3%

5=0/% -'-"./0/% =-F$% ?$$'% *#5"0'$1% 0'% 5=0/% 7-7$6I% 2=$/$% 6$/#"5/%

/#++$/5% 5=-5% 5=$% f,2,)% /$F$605.% "$F$"% <*'5-0'/% 3-'.% '*'S

/$F$6$% $F$'5% 3$//-+$/I% 4'% N-<5;% 5=$6$% -6$% '#3$6*#/%

#'1$5$630'$1% 3$//-+$/% 0'% 5=0/% /$F$605.% "$F$"I% 2=0/% 0'10<-5$/%

5=-5% /./5$3% "*+/%'$$1% 5*%?$%3*6$% 0'N*63-50F$;% /56#<5#6-"% -'1%

/5-'1-610R$1% /*% 5=-5% /$F$6$% $F$'5/% <-'% ?$% $-/0".% *?5-0'$1I%

Y$//-+$/% 0'% 5=$% "*+% -6$% -"/*% 6$7$-5$1".% +$'$6-5$1% -5% /#<=% -%

=0+=% 6-5$% 5=-5% #/0'+% :% /$<*'1% 5*% 56-'/050F$".% $"030'-5$%

1#7"0<-5$% 3$//-+$/% B5$37*6-"% N0"5$60'+D% 0/% /#NN0<0$'5I%

Y*6$*F$6;% 3$//-+$/% +$'$6-5$1% ?.% 7=./0<-"".% '$-6?.% '*1$/%

/$$3% 5*% ?$% 6$"$F-'5".% 0'5$6-<50F$I% H7-50-"% N0"5$60'+% 5$<='0Q#$%

M-/%'*5%-77"0$1%-/%M$%-6$%<*'<$6'$1%M05=%76$/$6F0'+%5=$%"*<-"%

$F$'5/%*N%$-<=%'*1$%N*6%N#5#6$%/5#1.%0'%'*1$%1$7$'1$'<0$/I%

!*5=% *75030/50<% -'1% 7$//030/50<% 7$6/7$<50F$/% =-F$% ?$$'%

-77"0$1% 5*% /5#1.% -'1% $/503-5$% 5=$% $C56$3$% N-0"#6$% ?$=-F0*6/I%

!$/5%-'1%M*6/5%<-/$%?$=-F0*6%1*%'*5%<*'F$6+$;% 037".0'+% 5=-5%

5=$6$% -6$% 3-'.% #'1$5$630'$1% 3$//-+$/% <-#/0'+% 10NN$6$'<$/%

?$5M$$'% 5=$% 5M*% 1-5-/$5/I% 8F$'% 5=*#+=;% 5=$06% 7-55$6'/% *N% 5=$%

3$-'%224% <*66$/7*'10'+% 5*% 5=$%22J%-6$% /030"-6I%,77"0<-50*'%

503$% 5*% 0'5$66#75% =-/% ?$$'% $/503-5$1% #/0'+% F-60*#/% 503$% 5*%

6$7-06I%2=$%6$/#"5/%N6*3%*#6%1-5-%/#++$/5%5=-5%#/0'+%G[%30'#5$/%

22J% 0/% /#NN0<0$'5I% 4'% N#5#6$% M*6>/;% 5=$% *?5-0'$1%224%M0""% ?$%

N#65=$6% 0'F$/50+-5$1% 0'% *7503-"% <=$<>7*0'5% 3*1$"% c::d% -'1%

0'5$""0+$'5% W*?% /<=$1#"0'+% -"+*605=3% 1$F$"*73$'5% c:GdI% % 4'%

-11050*';% M$% -6$% N*630'+% 5=$% J$/0"0$'<$% @*'/*650#3% 5*%

/5-'1-610R$%J,H%0'N*63-50*'%-'1%<*""$<50*'%3$5=*1/I%K$5-0"/%

*N%5=$%<*'/*650#3%<-'%?$%N*#'1%-5%=557T((6$/0"$0$'<$I"-5$<=I$1#%

J8f8J89@8H%

c:d! E"0'$6;%AI%H5$-6"$.I%ta=-5%H#7$6<*37#5$6/%H-.T%,%H5#1.%*N%f0F$%H./5$3%

)*+/kI% 4'% P6*<$$10'+/% *N% 5=$% 4'5$6'-50*'-"% @*'N$6$'<$% *'%K$7$'1-?"$%
H./5$3/%-'1%9$5M*6>/%BKH9D;%G`SGe%A#'$%G[[Z;%77T`Z`%s%`e\I%

cGd! hI%)0-'+;%hI%u=-'+;%OI%m0*'+;%JI%H-=**I%t,'%,1-750F$%H$3-'50<%f0"5$6%

N*6% !"#$% &$'$()% f-0"#6$% )*+% ,'-"./0/kI% P-6-""$"% -'1% K0/560?#5$1%
P6*<$//0'+% H.37*/0#3;%G[[ZI% 4PKPH% G[[ZI% 4888% 4'5$6'-50*'-";% G^S_[%

Y-6<=%G[[Z;%77T%:Se%

c_d! hI% )0-'+;% hI% u=-'+;% ,I% H0F-/#?6-3-'0-3;% JI% H-=**;% AI% Y*6$06-;% YI%
&#75-;%tf0"5$60'+%N-0"#6$% "*+/%N*6%-%!"#$+$'$()%76*5*5.7$k;%K$7$'1-?"$%

H./5$3/% -'1% 9$5M*6>/;% G[[`I% KH9% G[[`I% P6*<$$10'+/I% 4'5$6'-50*'-"%

@*'N$6$'<$%*'%Ge%A#'$S:%A#".%G[[`%77I%\Z^%s%\e`I%
c\d! PI%&#W6-50;%hI% )0;% uI% )-';% JI%2=->#6;% -'1% AI%a=05$;% t,%Y$5-S)$-6'0'+%

f-0"#6$% P6$10<5*6% N*6% !"#$% &$'$()% H./5$3/k;% 4'5$6'-50*'-"% @*'N$6$'<$%

*'%P-6-""$"%P6*<$//0'+;%G[[Z%B4@PP%G[[ZD;%77T%\[S\ZI%
c`d! &I,"3-/0;%JI%!$""*N-55*;%AI%!6#'=$6*5*;%@I%@-/<-F-";%AI%&I%@-/5*'*/;%)I%

@$R$;%PI%@6#3"$F;%@I%@I%86M-.;%AI%&-+"0-'*;%KI%)0$?$6;%mI%Y-65*6$"";%AI%

8I% Y*6$06-;%,I% H-'*30F-% -'1% bI% H56-#//;% t,'% EF$6F0$M% *N% 5=$% !"#$%
&$'$()% H./5$3% H*N5M-6$% E6+-'0R-50*'k;% 8#6*SP-6% G[[_;% P-6-""$"%

P6*<$//0'+%BG[[_D;%77I`\_S```%

c^d! H$<#6$%@*37#50'+%f-<0"05.;%O0+=%P$6N*63-'<$%@*37#50'+%-5%)-M6$'<$%
)0F$63*6$%9-50*'-"%)-?*6-5*6.;%=557/T((<*37#50'+I""'"I+*F(v%

/$5p6$/*#6<$/w7-+$pH@fi6$/*#6<$/x?"#$+$'$"%

cZd! H<=6*$1$6% -'1% &I% &0?/*';% t,% "-6+$S/<-"$% /5#1.% *N% N-0"#6$/% 0'% =0+=S
7$6N*63-'<$S<*37#50'+% /./5$3/;k% 0'% P6*<$$10'+/% *N% 5=$% G[[^%

4'5$6'-50*'-"% @*'N$6$'<$% *'% K$7$'1-?"$% H./5$3/% -'1% 9$5M*6>/;% A#'$%

G[[^I%
ced! JI%H-=**;%,I%H0F-/#?6-3-'0-3;%YI%HQ#0""-'5$;%-'1%hI%u=-'+;% tf-0"#6$%

K-5-%,'-"./0/%*N%-%)-6+$SH<-"$%O$5$6*+$'$*#/%H$6F$6%8'F06*'3$'5Ik;%4'%

P6*<$$10'+/% *N% 5=$% G[[\% 4'5$6'-50*'-"% @*'N$6$'<$% *'% K$7$'1-?"$%
H./5$3/%-'1%9$5M*6>/;%7-+$/%_e]S_]e;%G[[\I%

c]d! 2*7%`[[%/#7$6%<*37#50'+%/05$/n%=557T((MMMI5*7`[[I*6+%

c:[d! AI% H5$-6"$.I% K$!'0'+% -'1% 3$-/#60'+% /#7$6<*37#5$6% J$"0-?0"05.;%
,F-0"-?0"05.;% -'1% H$6F0<$-?0"05.% BJ,HDI% 4'% P6*<$$10'+/% *N% 5=$% )0'#C%

4"#4"#
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%

@"#/5$6/% 4'/505#5$% @*'N$6$'<$;% G[[`I% H$$%

=557T((MMMI</I/-'10-I+*F(yW6/5$-6(6-/I%
c::d! hI%)0#;%JI%9-//-6;%@I%!I%)$-'+/#>/#';%9I%9->/0'$=-?**';%YI%P-#';%-'1%

HI%)I%H<*55;%t,'%*7503-"%<=$<>7*0'5(6$/5-65%3*1$"%N*6%-%"-6+$%/<-"$%=0+=%

7$6N*63-'<$% <*37#50'+% /./5$3;k% 0'% 4'5$6'-50*'-"% P-6-""$"% -'1%
K0/560?#5$1%P6*<$//0'+%H.37*/0#3;%,760"%G[[e%

c:Gd! 9I%JI%&*55#3#>>-"-%-'1%@I%)$-'+/#>/#'%-'1%JI%9-//-6%-'1%HI%)I%H<*55;%

tJ$"0-?0"05.S,M-6$% J$/*#6<$% ,""*<-50*'% 0'% OP@% H./5$3/;k% 0'%
P6*<$$10'+% *N% 5=$% z4888{% 4'5$6'-50*'-"% @*'N$6$'<$% *'% @"#/5$6%

@*37#50'+;%G[[Z%

c:_d! AI% H5$-6"$.% -'1% ,I% AI% E"0'$6;% t!-1% a*61/T% f0'10'+% f-#"5/% 0'% H70605|/%
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