
HAL Id: hal-03607913
https://hal.science/hal-03607913

Submitted on 14 Mar 2022

HAL is a multi-disciplinary open access
archive for the deposit and dissemination of sci-
entific research documents, whether they are pub-
lished or not. The documents may come from
teaching and research institutions in France or
abroad, or from public or private research centers.

L’archive ouverte pluridisciplinaire HAL, est
destinée au dépôt et à la diffusion de documents
scientifiques de niveau recherche, publiés ou non,
émanant des établissements d’enseignement et de
recherche français ou étrangers, des laboratoires
publics ou privés.

Normality of a non-linear transformation of AR
parameters: application to reflection and cepstrum

coefficients
Jean-Yves Tourneret

To cite this version:
Jean-Yves Tourneret. Normality of a non-linear transformation of AR parameters: application
to reflection and cepstrum coefficients. Signal Processing, 1997, 6 (1), pp.1-14. �10.1016/S0165-
1684(97)00112-6�. �hal-03607913�

https://hal.science/hal-03607913
https://hal.archives-ouvertes.fr


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

1$"$#,',".2 /11%&3$'&!* '! 0,4,3'&!* $*5 6,1.'"7#

6!,83&,*'.9

 !"#$%&!' ()*+#!+!,

-./--01(2345/-

6 +*! 7"89:;!<

=>?@> ()*<)*'!A B+"#:!

(!<C D==E F G> FH H= >I

B"JC D==E F G> FH H6 =@

!$8"9<C ,)*+#!+!K<!#@L!#'!!9;,LM+

 *#! FA >NN@

 !"#$ %#

#&' ()*( '+ ,-./'0 1)2*',( 2-..'* 3'*4 3) 5-6((7-. 7+ *4)8 -,) .'.97.)-,98

,)9-*)/: #46(;  6*',)<,)((71) = $> ?-,-0)*),( -./ ,)@)2*7'. 2')A27).* =,)(?:

2)?(*,60 2')A27).*> )(*70-*',( 2-..'* 3'*4 3) 5-6((7-. +', - B.7*) .603), '+

 



 !"#$% & '()%*%+, "( - % -."!-(+ (/ 01 #!+!"%-%+ !23 +%4%5-.(2 5(%65.%2- 

7+% #& 5%# -+8" 5(%65.%2- 9 !+% :!8  .!2 ! ;"#-(-.5!$$;& <=8 , -=% 3. -+.>8-.(2

(/ 01 #!+!"%-%+ !23 +%4%5-.(2 5(%65.%2- 7+% #& 5%# -+8" 5(%65.%2-9 % -."!-% 

!+% 5$( % -( :!8  .!2 /(+ $!+?%  !"#$% &

<=. #!#%+  -83.% -=% @5$( %2%  A >%-)%%2 -=% :!8  .!2 3. -+.>8-.(2 !23

-=% @2(2B$.2%!+ -+!2 /(+"!-.(2 (/ :!8  .!2 01 #!+!"%-%+ A 3. -+.>8-.(2& 0

2%) 3. -!25% . 3%C2%3 )=.5= . >! %3 (2 -=% <!;$(+ %D#!2 .(2 (/ -=% 2(2B$.2%!+

-+!2 /(+"!-.(2& <=. @<!;$(+A 3. -!25% 5!$$%3  B3. -!25% . 8 %3 -( "%! 8+% -=%

3%*.!-.(2 /+(" -=% :!8  .!2 3. -+.>8-.(2 (/ +%4%5-.(2 5(%65.%2- !23 5%# -+8"

5(%65.%2-  -!-. -.5 & 0 5("#!+. (2 . #+% %2-%3 >%-)%%2 -=. 3. -!25% !23 E8$$B

>!5FG 3.*%+?%25%& <=% "!.2 !3*!2-!?% (/ -=%  B3. -!25% ).-= +% #%5- -( (-=%+

3. -!25% . ! *%+;  ."#$% 5$( %3 /(+" %D#+%  .(2 (/ -=% 3%*.!-.(2 /+(" 2(+"!$B

.-;& <=. 5$( %3 /(+" %D#+%  .(2  =() -=!- -=% 5(2*%+?%25% (/ -=% +%4%5-.(2 !23

5%# -+8" 5(%65.%2- 3. -+.>8-.(2 -( .- ! ;"#-(-.5 :!8  .!2 3. -+.>8-.(2 7)=%2

-=% 28">%+ (/  !"#$% -%23 -( .2C2.-;9 3%#%23 (2 -=% #( .-.(2 (/ 01 "(3%$

#($% .2 -=% 82.- 5.+5$%&

1HIJKH

L%8D *%5-%8+ !$M!-(.+% $.M #!+ 3% +%$!-.(2 2(2B$.2M!.+% 2% #%8*%2- N-+%

 ."8$-!2M"%2- :!8  .%2 & O%--% #+(#+.M-M ."#$.P8% P8% $% % -."!-%8+ 3% 

#!+!"Q-+% 08-(1M?+%  ./ 7019 %- 3% 5(%65.%2- 3% +M4%D.(2 7+% #& 5(%6B

5.%2- 5%# -+!8D9 2% #%8*%2- N-+%  ."8$-!2M"%2- :!8  .%2 #(8+ 82 2(">+% C2.

3GM5=!2-.$$(2 & O%#%23!2-, $! #$8#!+- 3% 5% % -."!-%8+  (2- ! ;"#-(-.P8%"%2-

 



 !"##$%&#' ()&*+ ,)"- "& ./-!&01 &)23-% 045*6!&7$88)&#+ 8! 8)$ 0%# %#7$2!7%"-#

0%# ,!-!297-%# :; %7 0%# *)%<*$%&7# 0% -5=%>$)& ?-%#,' *)%<*$%&7# *%,#7-!">@

%#7 ,-)*6% 0% 8! 8)$ &)-2!8%'

A%7 !-7$*8% 57"0$% 8! 0$#7!&*% %&7-% 8! 8)$ &)-2!8% %7 8! 8)$ 0% *)%<*$%&7# 8$5#

!"> ,!-!297-%# :; ,!- "&% 7-!&#B)-25% &)&C8$&5!$-%' D&% &)"E%88% 0$#7!&*%

3!#5% #"- "& 05E%8),,%2%&7 0% F!G8)- 0% 8! &)&C8$&5!-$75 %#7 57"0$5%' A%77%

0$#7!&*% !,,%85%  C0$#7!&*% ,%-2%7 0% 057%-2$&%- 8%# 5*!-7# %&7-% 8! 8)$ 0%#

*)%<*$%&7# 0% -5=%>$)& ?-%#,' *)%<*$%&7# *%,#7-!">@ %7 8! 8)$ &)-2!8%' D&%

*)2,!-$#)& %&7-% 8!  C0$#7!&*% %7 8! 0$E%-/%&*% 0% H"883!*I %#7 ,-5#%&75%' J%

,-$&*$,!8 !E!&7!/% 0% 8!  C0$#7!&*% ,!- -!,,)-7 !"> !"7-%# 0$#7!&*%# %#7 K"4%88%

,%-2%7 04)37%&$- "&% %>,-%##$)& !&!8G7$K"% 7-9# #$2,8% 0%# 5*!-7# %&7-% "&%

8)$ %7 8! 8)$ &)-2!8%' A%77% %>,-%##$)& !&!8G7$K"% ,%-2%7 0% 2)&7-%- K"% 8!

*)&E%-/%&*% 0% 8! 8)$ 0%# *)%<*$%&7# 0% -5=%>$)& %7 0%# *)%<*$%&7# *%,#7-!">

E%-# 8! 8)$ &)-2!8% ?8)-#K"% 8% &)23-% 045*6!&7$88)&# 7%&0 E%-# 84$&L&$@ 05,%&0

0% 8! ,)#$7$)& 0%# ,)8%# 0" 2)098% :; 0!&# 8% *%-*8% "&$75'

HMNOP;(Q

R)&C !"##$!& S-)*%##%#+ :; ,!-!2%7%-#+ ;%=%*7$)& A)%<*$%&7#+ A%,#7-"2

A)%<*$%&7#+ S!77%-& ;%*)/&$7$)&+ M#7$2!7$)&

 



 !  !"#$%&'"($!

 !"!#$%&' #&!(#%!'$) *'+ #!,)$-./ #&!(#%!'$) *-! '&'0%'!*-01 -!0*$!+ $& 2.$&-!3-!))%4!

52 6 ,*-*/!$!-)7 89!)! '&':0%'!*- -!0*$%&') +!;'! * +%<!&/&-,9%)/ 5%$ %) &'!:$&:&'! &'$&

*,,-&,-%*$! ).=)!$)> *'+ $9! ?.'#$%&' *'+ %$) %'4!-)! *-! #&'$%'.&.)01 +%<!-!'$%*=0!67 89!

@*#&=%*' &? $9%) $-*')?&-/*$%&' 5*) A!00 *) 9%39!-:&-+!- +!-%4*$%4!)6 #*' =! #&')$-.#$!+ !B:

,0%#%$017 89%) &=)!-4*$%&' 9*) $A& #&')!C.!'#!) %' )*"(+,"($! -./$#0 1A9!-! $9! 2 

,*-*/!$!-) 9*4! $& =! !)$%/*$!+ )%'#! $9!1 *-! +!$!-/%'%)$%#6D

  !"#$%&%'( )'*+$&',%D ?&- * 0*-3! #0*)) &? /!$9&+) =*)!+ &' )!#&'+:&-+!- *'+E&- 9%39!-:

&-+!- )$*$%)$%#) 5*.$&#&--!0*$%&' /!$9&+> #&4*-%*'#! /!$9&+> F.-3 /!$9&+> 777 6> $9! !)$%:

/*$!+ 2 ,*-*/!$!- 4!#$&-

 

 #*' =! )9&A' $& ?&-/ *' *)1/,$&$%#*001 '&-/*0 )!C.!'#! &?

!)$%/*$&-) &? $9! G$-.!H 2 ,*-*/!$!- 4!#$&-  5.'+!- *,,-&,-%*$! /&/!'$ #&'+%$%&') ?&-

$9! %''&4*$%&'6D

!

!  

 

 "  !

 

 

!  !

!

 

  !

!

"

" !#"

""

!

 !"

$ #$ %&' ()*+', -. $/*01'$2 !

!

"

#$ %&' 3,#4#(5 (-#$' 4/,#/(6'2 " !#" #$ %&' 78 0,-6'$$ 6-4/,#/(6'

*/%,#9 /(3

 

 3'(-%'$ 6-(4',5'(6' #( 3#$%,#+)%#-(: ;-,'-4',2 #. %&' #((-4/%#-( &/$ / <(#%'

.-),%&=-,3', *-*'(%2 #% #$ 0-$$#+1' %- 3'*-($%,/%' %&/% >?@A

#$%

!  !

$%

"

!

#

#" #" !

#

#" #"

#

$

& !

!

"

" !#"

""

 ?"

7001B#(5 / ,'5)1/,  3#C','(%#/+1' D#%& / (-(=$#(5)1/, E/6-+#/(" */00#(5 & %-

#
# B#'13$ /(

/$B*0%-%#6/11B (-,*/1 $'F)'(6' & !

#

#" -. & !#"A

#

$ '& !

#

#"" & !#"(

 

 

!  !

!

 

  !

!

"

'" !#"

""

'

#

!

 G"

H



 !"# $#%$&

 !"

   !

 !

 

#" $

!
#% " $#%& #" $

!
#% " $#%&

!

"

' $

!

"

%& $#%

""

%

!

'()

*#+,+ % - % .%$,-/ 0+12+0 -2 '3(45 67 899)7 :#- 6,;6+,$< "%2 =+ #+!,- $-"%>>< 0+,-?+0 =<

>-2+%,- !"#   

 

!! $%&'(   !! )*+,

-&"./0'/"(123 4/5/6(!&" 6&/76!/"(. $"8 6/9.(4': 6&/76!/"(. $4/ $.2:9(&(!6$112 ;$'..!$",

  ! "#$%&'(!()* +),-'!) (< ='99&./ (>/ :$9 !. 1&6$112 !"?/4(!%1/, @>/"3 (>/ 94&%$%!1!(2

8/".!(2 A'"6(!&" B98AC &A   

 

!! 6$" %/ 8/8'6/8 A4&: (>/ 98A &A

 

!, =!"6/ (>/2 $4/ 1!"D/8 %2

"&"E1!"/$4 4/1$(!&".3

 

! $"8   

 

!! 6$""&( %&(> %/ ;$'..!$", F/?/4(>/1/..3 (>/ 98AG. &A

 

! $"8

  

 

!! $4/ ?/42 61&./ (& ;$'..!$" A&4 $ 1$4#/ "':%/4 &A .$:91/. %/6$'./ &A (>/ 94&9/4(!/. BHC

$"8 BIC, =!:!1$4123 (>/ 6&?$4!$"6/ :$(4!6/. &A

 

! $"8   

 

!! 6$" %/ $994&J!:$(/8 %2

 

 

 

 

  !!

  
 !" "

!

!

#  !!

  
#

"

# $%&'%()*+%,-# ./$  , $0% !123%$ /. & 2',%& 3%( 1&% /. )4% '$/'%$)*%& 567

 !" 5879

:,, )4% '$/'%$)*%& "%&($*3%"  3/+% ( ! 3% 0%!%$ ,*;%" )/  !""#$% &#'()%*"*(%+ <4% :=

' $ 2%)%$&  $% $ !"/2 *! ' ))%$! $%(/0!*)*/!  '',*( )*/!&9 </ "%$*+% )4% /')*2 , > -%&* !

?, &&*@%$# )4% '". /. "!# 4 & )/ 3% A!/B!# (/!"*)*/!%" /! % (4 (, && 9 :((/$"*!0 )/ 5CDE# '9

667#  !" #$% &'()&( " *+)#(% ,"*-& . &- (* (//)+/)&( " #+,"% 0+) (* &#/+) (* -& $( &+*1 '&231

 !" 4(-" 5!")"  !" 0"( $)"- '"4 +)- 0+) ( 6&'"* 4%(-- ()" 4+* &*$+$- '(%$",1 #&%,%. 4+))$/ ",

'")-&+*- +0 ( -&*6%"  ./&4(% +) /)+ + ./" #"(* '"4 +)3  !"# $!" %"&$'(") &(" )$&$*)$*+&,,-

*#."/"#."#$ &#. !&0" $!" )&1" 0&(*&#+"  

 

2 $!" +30&(*&#+" 1&$(*4 3% "&+! +,&)) *) 3% $!" %3(1

 

 

! 5! 6"*#7 $!" *."#$*$- 1&$(*489  !"# $!" %"&$'(") &(" #3$ *#."/"#."#$2 $!" +30&(*&#+"

1&$(*4 3% "&+! +,&)) *) #3 ,3#7"( .*&73#&,9 :$ +&# $!"# 6" "4/("))". &) "

 

  

 

"9 " *) &

'#*$ #3(1 1&$(*4 &#.  

 

*) $!" 0&(*&#+" 3% $!" +,&)) 5)31"$*1") +&,,". ;*$!*#<+,&)) )+&$$"(8

=



 !"#$ %& '"(& )*+ ,-..-/012 -34+56780-14 971 8*+1 3+ :7;+<

  !"#$%&%'( )'*+$&',%<

=%%.>012 7 5+2?.75 :7%%012  8-  !! >0+.;4 7 4+@?+19+  "!# 4?9* 8*78<

$

"

% "!#  "#

 

#&

!

!

"  

"

 

  !"!

 

!

 !"

#$%&

!"#

!  

$

#

!

$

 

%% &&'  % &'

"

'( %% &&' % &'

"

'(

 

!

) !"!

 

 '"

()*+* '

"

) $ &&' #$% ! ,- .)* /#.+,0 %*1$*% ,$  2345 67 899"7

!  ! "#$%&' ! "# $"%&'!"(  

  !! !" #$%&'$( ') ! *+ & ,),-%!,$&# '#&,".)#/&'!),0 1)# & ,),-2$#) 3&#!&,4$ "

 

5   !!

4&,,)' *$ 6&7""!&,0 8)9$3$#5 .)# & "/&%% 3&%7$ ). "

 

5 ':$ ;(. &,( 4)3&#!&,4$ /&'#!< ).   !!

&#$ 3$#+ 4%)"$ ') 6&7""!&, &,( #$#

 

#$";$4'!3$%+ *$4&7"$ ). ':$ ;#);$#'!$" =>? &,( =@?0

1)# *#$3!'+ !, 9:&' .)%%)9"5 ':$ A$,$#!4 '$#/" BC"'!/&'!), D&"$E &#$ 7"$( 9:$,$3$# FG

;&#&/$'$#" &#$ ($'$#/!,!"'!4 &,( BH&''$#, G$4)A,!'!), D&"$E 9:$,$3$# FG ;&#&/$'$#" &#$

#&,()/0 8)9$3$#5 & 7,!I$( ,)'&'!), !" 7"$( .)# ':$ FG ;&#&/$'$# 3$4')# 

 !, $"'!/&'!), ':$)#+5 ':$ FG ;#)4$"" !" & 6&7""!&, 3$4')# ! 9!': /$&, %

!

" &  !! &,(

4)3&#!&,4$ /&'#!< $

!

"

"

 

 

 

 

  
 

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

!

 # !!" $"1 $

!

 %

!

$ $ 2&!"*

$ -"!% ")'3 3$%'!45

60& ,$-++!$" $++-3#%!)" 7)' ! 87)' /0!(0 %0& '&9&(%!)" ()&:(!&"%+ $"1 (&#+%'-3 ()&7;

<(!&"%+ ($"")% 2& ,$-++!$"= ($" 2& >-+%!<&1 2? +)3& )7 %0& #'&.!)-+ #')#&'%!&+5 @" 3$"?

#'$(%!($A $##A!($%!)"+ 3)'&).&' BC #$'$3&%&' 0!+%)*'$3+ 0$.& $ ,$-++!$" +0$#& ()"%'$'?

%) '&9&(%!)" $"1 (&#+%'-3 ()&:(!&"%+ 8DEFG #5 EHH= 8DEIG #5 EJH= DEKG5

H



 !"# $%$&' #()*"&# (!& +,-.#&/&##0 1&(2&&/ (!& *"#('"1)("./ .3   !! %/* (!& 4%)##"%/

53.' % 67&* /)81&' .3 #%8$-&# " .' % 67&* 9%'"%/,& #

 

: %# % 3)/,("./ .3 $

 

%/* %

 

; <&,("./

== $'&#&/(# % '&,)'#"9& 2%> (. *&(&'8"/& (!& $*3 .3 '&?&,("./ ,.&@,"&/(# %/* ,&$#(')8

,.&@,"&/(# %# 3)/,("./# .3 (!& $*3 .3 (!& AB $%'%8&(&' 9&,(.'; <&,("./ === 3.'8)-%(&# (!&

$'.1-&8 %/* *&6/&# % /&2 *"#(%/,&C *&/.(&* %# & D*"#(%/,&C 1&(2&&/ (!& #(%("#(",# .3   !!

%/* 4%)##"%/; =/ #&,("./# =E %/* EC (!&&D*"#(%/,& "# )#&* (. *&'"9& % ,-.#&* 3.'8 &7$'&##"./

.3 (!& +,-.#&/&##0 1&(2&&/ '&?&,("./ %/* ,&$#(')8 ,.&@,"&/( *"#('"1)("./ %/* 4%)##"%/;

  ! "#$%#&'()* +*, -#./'012 -)#$$(&(#*' .,$

 !" #$%& '($& $")*+,% &!" $"(,"$ -. ( $"/0$%*1" 2(3 -. ,"&"$)*+*+4 &!" $"5"/&*-+ (+, /"'6

%&$0) /-"7/*"+& ',. (% ( .0+/&*-+ -. &!" 89 '($()"&"$ 1"/&-$ ',.:  !" $"%0;&% -. &!*% %"/&*-+

<2!*/! 2"$" #$%& ,"$*1", *+ =>?@A 2*;; B" 0%", *+ %"/&*-+% CD (+, D &- /-)'0&" &!" E0;;B(/F

,*1"$4"+/" B"&2""+ &!" $"5"/&*-+ (+, /"'%&$0) /-"7/*"+& ',. (+, G(0%%*(+:

8: 9"5"/&*-+ H-"7/*"+& ',.

9"5"/&*-+ /-"7/*"+&%  

 

($" ;*+F", &- 89 '($()"&"$% !

 

(//-$,*+4 &- &!" .-;;-2*+4 $";(&*-+%I

"  !# $$$# % !

 !!

 

 !

 

!  "  &! ! !

 " "!

 

 

#

  !

!

    !
 

 

  !

  !

      !
 

!

"

  !! """! # $

!!"

!

 %

!

 !"

#$% &'(')% !"#  

  !

!

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

 %! 12 3'(!) '"(!"45  %!#! +$"$3! !"# $"!  %! 12 +$"$3! !"#. /'" $  "5  %!#! +$"$3! !"#

$"!  %! "!6!, &'* ,'!-,&!* #. 7%! 8!, '"#

 

 

  !

"

! ###!  

  !

 

!

,$*  %!* 9! ,'3+: !( "!,:"#&8!); <'"

=



  ! !" ###" !  !"# $% &'!'#()(!* '+, -./ 012/ -'34 *)(& '55"6* )4( ,()(!#7+')7"+ " "+(

!(8(3)7"+ 3"(937(+) $

 

 %

  !

 

/ :")( )4'); 7+ #'+< '5="!7)4#* *>34 '* ?>!=@* '5="!7)4#; $%

&'!'#()(!* '!( 3"#&>)(,  !"# !(8(3)7"+ 3"(937(+)*/ A"6(B(!; )47* ,"(* +") &!(B(+) -./

012 )" C( *')7*D(,/

E(+")(

&

 

 

 

%

 !!

!

" %

 ! "!

! "

" ###" %

  !

 

" %

  !

  "

" %

  !

  #

" ###" %

  !

"

!

0F2

G47* B(3)"! 3'+ C( *&57) 7+)" )6" &'!)*H

! )4( D!*) "+( 4'* !  " ! 3"#&"+(+)* (.>'5 )" )4( !  " ! !(8(3)7"+ 3"(937(+)*H

 

%

 !!

!

" %

 ! "!

! "

" ###" %

  !

 

!

 #$

!

" ###" $

 

$ 0I2

! )4( *(3"+, "+( 4'*   ! 3"#&"+(+)*H

 

%

  !

  "

" %

  !

  #

" ###" %

  !

"

!

0JK2

L+ &'!)73>5'!;  "!   !; &

 

7* )4( $% &'!'#()(! B(3)"! &

!

; 64"*( &, 7* '**>#(, )"

C( M+"6+/ N"!   !; &

 

7* )4( !(8(3)7"+ 3"(937(+) B(3)"! &

"

; 64"*( &, 7* >+M+"6+/ G4(

!  "! D!*) 3"#&"+(+)* " B(3)"!* &

 

'+, &

  "

'!( (.>'5 '+, )4(   ! 5'*) "+(* '!( 57+M(, C<

!(5')7"+* 012 64734 3'+ C( 7+B(!)(,/ G4( O'3"C7'+ " )4( "+(P)"P"+( )!'+* "!#')7"+ C()6((+

&

 

'+, &

  "

3'+ )4(+ C( 3"#&>)(, 0 "! #"!( ,()'75* *(( QJRS2/ L '

 

%(

!

" (

! ""###"

(

"

& ,(+")(* )4(

&, " &

 

; )4( &, " &

  "

3'+ C( 3"#&>)(, 67)4 )4(  "55"67+= !(5')7"+*H

!  ",,

'

  "

%(

!

" ###" (

"

&  

"

! (

#

 

 

   !"!#

 

 

!

!

 

 

 !!"

#$%& !

 

 !!

"

" ######" !

 

" !

  !

" !

 

!

!

" ###" !

!$

!

 

!

  !

#'

(



   ! "

!

    "!

# $$$# "

 

! "  # $ "

 

!

 

#  "

!

 

!

"  !#"!
!

 

 

"

  

!

#$%&

'()* "

  

"

 

"

!

# $$$$$$# "

 

# "

   $ "

 

"

 

# $$$#  # $ "

 

! "

 "!

# $$$# "

 $

"

 

"

   !
+, - ."/ 01 % () 2.)(0"/3 4/("5 #$$& ."6 #$%&3 )* 2 7 8)(0" 80 98( ") ! 8)02 :61 8." ; 

80-:4) 6 120- )* <= :.2.- ) 2 ! 8)02 :61>

+> ? :/)24- ?0 98( ") :61

? :/)24- 80 98( ")/ .2 @("A 6 )0 <= :.2.- ) 2/ .88026("5 )0 )* 10@@0'("5 "0" !"#$%&

&$!%'"(#)*

    !  "

 

! ! #

 

!

   
 

!! 

$"

!

#

  !
 % !  "

 

! !

"

 

!! 

" ! $# "

  !#! +,-.

/"'0 "

 

! !#

 

1 2' ") (34"(5) 6&(7 891 +,-. '0%' %!! '0$ "#6(&7%'"(# :(#'%"#$; "# <= >%&%7$ 

'$&) ") "# '0$ ! ?&)' :$>)'&57 :($@:"$#')A 7%"#!B 3$:%5)$ (6 '0$ (#$ '( (#$ '&%#)6(&7%'"(#

3$'/$$# '0$)$ '/( ?#"'$ ;"7$#)"(# )$') (6 >%&%7$'$&)1 2# 7()' %>>!":%'"(#)A (#!B '0$ ! ?&)'

:$>)'&57 :($@:"$#') %&$ '0$# :(#)";$&$;1 C0$ ! ?&)' &$!%'"(#) +,-. :%# 3$ /&"''$# "# '0$

6(!!(/"#D 6(&7*

"

 

! !#

 

$ &

   "# ' (((' #   # +,E.

#

 

! !"

 

$ )

   "" ' (((' "   #
&

   %#; )

   3$"#D '/( >(!B#(7"%! 65#:'"(#) /"'0  !% 4%&"%3!$) #

 

' (((' #

   %#; "

 

' (((' "

   
&$)>$:'"4$!B1 F&(7 '0$ 6(&7 (6 $95%'"(#) +,E.A '0$ G%:(3"%# 7%'&"H (6 '0$ (#$ '( (#$ '&%#) 

6(&7%'"(# 3$'/$$# '0$ '/( 4$:'(&) # ! "#

 

' (((' #

"

# %#; " ! ""

 

' (((' "

"

# ") %# 5>>$& '&"%#D5!%&

I



 !"#$%& '()*+ ,$!-).!/ "+# * !#+ +01!/ ")   2 3(+ ,+"+# $.!." )4 "($*  !"#$% $* 5).*+6

01+."/7 +01!/ ") !  "

 

2 3(+ 5+8*"#1 5)+95$+." 8,4  !!

 

" ###" !

 

" 5!. "(+. :+ ,+"+# $.+,

4#) "(+ ;< 8!#! +"+# 8,4 $ !!

 

" ###" !

 

"=

 !!

 

" ###" !

 

" # $ ! !

 

" ###" !

 

$ %

   !! 

" ###" !

   "" >?@A

3(+ 41.5"$).* &

!

!., %

!

5!. :+ ,+"+# $.+, #+51#*$B+/7 1*$.- +01!"$).* >?CA >4)#  )#+ ,+"!$/*

*++ D?@E&D?FEA2

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

 !"# $%&'!"()& *)'+))" ,!"$-. /!,%!*0)&1 &2(3 !& '3) 4200*!(5 $%/),6)"() -, '3) 73!'8

'!(3!,##! $%&'!"()1 (!" *) 2&)$ '- .)!&2,) '3) (0-&)")&& *)'+))"   !! 9$: ;+3)" %' (!" *)

$)'),.%")$< !"$ '3) =!2&&%!" 9$: >?@A B&%"6 '3) ,)&20'& -: '3) 9,)/%-2& &)('%-"1 ! C(0-&)")&&D

.)!&2,) *)'+))" '3) ,)E)('%-" !"$ ()9&',2. (-)F(%)"' $%&',%*2'%-" !"$ =!2&&%!" (!" '3)"

*) $),%/)$A G-+)/),1 '3)&) $%&'!"()& $)9)"$ -" "

 

!"$ #

 

'3,-263 "-"80%")!, ;%" 6)"),!0

%"')6,!0< ,)0!'%-"& +3%(3 !,) $%F(20' '- &'2$#A H" '3%& 9!,'1 ! ")+ $%&'!"()1 +3%(3 $)9)"$&

-" "

 

!"$ #

 

*# /),# &%.90) ,)0!'%-"&1 %& 9,)&)"')$A I-, &%.90%(%'#1 '3) 9!'')," ,)(-6"%'%-"

(!&) :-, +3%(3 #

 

" $

 

# %& (-"&%$),)$A G-+)/),1 '3) ,)&20'& (!" *) )J')"$)$ )!&%0# '- '3)

)&'%.!'%-" (!&) :-, +3%(3 #

 

"

!

 

 

"

%

  
 !"# $%&'( )$ *#$%*)+%#' %, %"# $#%  ,- ./*)/01#$ !

$/%)$-()23 %"# %4, -,11,4)23 +,2')%),2$5

 " !  ! #

 

!

" $

 

!

 

!

% #" 6789

$%& '()

  !!

"

#

$

$

$#

 

!

$

$

$

"*

%

&

 " 

% #" 67:9

7;



 !"#!$%&' '!(#')*#+, -.+/#(#.+' 0123 !+/ 0143 !"& -5!"!-(&"#6&/ $* (5&#" 7.7&+(' 0819:;  !

"#$%! &' ()*+ +,-(*.'/  *+ 0 (10'+2.130(*.' 21.3  !

 

*'(.  ! 4 ! *+ (), 56 3.7,8 .17,1%

0'7 (), 91+( (:. 7,1*;0(*;,+ .2  ""#/ 7,'.(,7 <=  

 

""# 0'7  

  

""#/ ,>*+( *' 0 ',*?)<.1)..7

.2 #

!

! &' (), -0+, .2 0 (10'+2.130(*.'  ""# $ % 

 

""#$ %%%$  

"

""#&

#

21.3  !

 

*'(.  !

"

/ (), #

(10'+2.130(*.'+  

$

""# / &  !'$ %%%$#" -0' <, -.'+*7,1,7 +, 010(,8=! &' :)0( 2.88.:+/ (),

+,@A,'-, .2 ;01*0<8,+ !'

%

" -.';,1?,+ *'  1.<0<*8*(= (. B,1./ :1*((,' '

%

$ (

 

"'#/ *2

#) * ( )*+

%!!

+ %$'

%

$ * )& $ ( 4CD%

E), +,@A,'-, !'

%

" *+ <.A'7,7 *'  1.<0<*8*(=/ :1*((,' '

%

$ ,

 

"'#/ *2

#) * ( %-")# * ( +A-) ()0( + %$'

%

$ * -")#& . ) 2.1 088 / 4C#%

&' (), ,+(*30(*.' -0+,/ (), -.;01*0'-, 30(1*> .2 (), 56  1.-,++ " *+ .2 (), 2.13 0

!

$ /

"

0

+A-) ()0(

"&#

!

$ ,

 

"/# 4"$%

:)*-) 3,0'+ ()0(

 

%

""&#

!

# *+ <.A'7,7 *'  1.<0<*8*(=! 5--.17*'? (. 4FGH/  ! "C$%/   !!

 !"#$% $&' ()**)+#,- . /*)0 '12 ,%#),%3

  !! "   "

 

! #  

 

 "

 

!  ! "

 

! # #

!

 $! 4567

  !! "   "

 

! #  

 

 "

 

!  ! "

 

! #

$

%

 

  

 "

 

!  ! "

 

% ! "

 

! # #

!

 

$

 

 

 !!"

#$% &'()*+,+-'. '/ +$% 0%&'.1 '21%2 1%2-3,+-3%  

  

 !

 

!  " !

 

# " !

 

! &,. 4% (,1% /2'(

+$% 5%00-,. $  "! '/ +$% +2,.0/'2(,+-'.   0%% 678 )9 "#$"9 :'2 , +2,.0/'2(,+-'. /2'( %&

!

-.+' %&;  

  

 !

 

! -0 1%<.%1 4=>

 

  

 !

 

!  %# &! ' %

"

$  "! &  !7"

??



 !"#   !!"#

 !

$

"

 

#

"$

 

"$

!

$ %&$'( )**+ ,-. )*/+ 01,- "#," "#1 2,-.30 415"32(

%

"

 # !!" # !$

$

" #  

!$

$

" !! $
$

"#

%

"

 

 

  !!   "

 

!  

 

 "

 

!  ! "

 

! "

#

 

  

 "

 

!  ! "

 

# ! "

 

!

!

 !"#$%&$ '" (%!)*)'+',- ,! .$%!/ 0!% 12*++ #*+3$1 !4 $5 ,6$ #*%'*)+$ %

!

 $

 

! '1 "$&+'&')+$ 7',6

%$1($ , ,! ,6$ ,6%$$ 8%1, ,$%21 '" 9::;/ <"=$% ,6$1$  !"=','!"15 ,6$ >*311'*" !% "!"?>*311'*"

"*,3%$ !4 ,6$ %*"=!2 #$ ,!%   !! '1 =3$ ,! ,6$ ,7! 4!++!7'"& ,$%21@

&

"

$  

 

 "

 

!  ! "

 

! 9:A;

'&

"

$

"

#

 

  

 "

 

!  ! "

 

# ! "

 

! 9:B;

C" 76*, 4!++!715 ,! 2*D$ 16!%,$%5 7$ 7'++ 7%',$ & *"= '&5 '"1,$*= !4 &

"

*"= '&

"

/ C4

,6$ =$#$+!(2$", 9:E; %$=3 $1 ,!   !!   "

 

!  &5 ,6$%$ $F'1,1 * +'"$*% %$+*,'!" )$,7$$"

  !!!   "

 

! *"= !!"

 

/ G6$1$ ,7! #$ ,!%1 *%$ ,6$" )!,6 >*311'*"/ H" ,6$ !,6$% 6*"=5

76$" ,6$ 1$ !"= !%=$% ,$%2 '& '1 "!, "$&+'&')+$5 ,6$ #$ ,!%   !! !   "

 

! '1 "! +!"&$%

>*311'*"/

I$8"$ ,6$ 4!++!7'"& ='1,*" $ )$,7$$" #*%'*)+$1 ( *"= ) JEKL@

* (#) ! $

  

"

#!"

#

#

#+

#

$

!+

#

%

#

#

#

,%

9:K;

G6'1 ='1,*" $  !2$1 4%!2 ,6$ -

"

"!%2 *((+'$= ,! '"8"',$ 1$M3$" $1 !4 ,6$ 4!%2

"#

 !

 

 

 !

" ###"

" #

!

!

!

 

$!

" ###  !"#

$%&'% ())*(+, -(./+(001 &- .%* 2*3*04)5*-. 46 .%* '%(+('.*+&,.&' 6/-'.&4- &- .*+5, 46 &.,

545*-.,7 8- 9*-*+(0: % &, -4. ( 2&,.(-'* ;*'(/,* .$4 2&<*+*-. +(-245 3(+&(;0*, '(- %(3* .%*

=!



 !"# "$"#%& '()* +, -./, 01& 2!34!56#  !&4 784%9 :$%;4&4$% '-</ !%; '-=/ !3# :>!3!:&#34?#;

58 &>#43 "$"#%&  1:> &>!&  4 ! ;4 &!%:# $% !, @$3 ! A!1  4!% 2#:&$3 "B 2!34!56# # !%;

# $# 5#6$%9 &$ &>#  #& ! C4&> % !   , D++#%;4E D &>#%  >$C &>!&F

"#$

 

 

  

 %#&# $#& ! "#$

 

 

  

! 

 

  !

 

 !

!

!

!!

 

!

 !

 

!""!

!

!

! " #  !"#

$%&  !"# '( ') *++,-.*)+/ 0'12 12/ *(3451,1'+ ),-4*6'13 ,7 " $#% ./8)/. ') $%&  9#& :')+/

# '( ;*<(('*)= $$%&%&'%% +*) >/ /?5-/((/. *(

$$%&%&'%% "

#

 

  !

$

 

& (

"

)

##

#

 !@#

0'12 $

 

" *

"

)

# 

#

& A,- (4*66 B*6</( ,7 )= $$%&%& '%% +*) >/ *55-,?'4*1/. >3 12/ 8-(1

7/0 1/-4( ')  !@# (<+2 12*1

$$%&%&'%%  

#

 

  !

$

 

 CD#

E)  CD#= $

#

'( 12/ 8-(1 $

 

./5/).')F ,) 12/ GH 4,./6 5,6/(  (// *55/).'+/( I *). J 7,- 12/

/?5-/((',) ,7 $

#

') 12/ +*(/ ,7 -/K/+1',) *). +/5(1-<4 +,/L+'/)1(#& :'4'6*-63= ') /(1'4*1',)=

$$%&%&'%% +*) >/ /?5-/((/. *(M

$$%&%&'%% "

#

 

  !

$

 

& (

$

 

+

#

%

 

#

 

  !

$

 

 CN#

0'12 $

 

" *

"

!

$

 

 

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

%&* /0)%.0#1%0$" $2 $  %" ("/ %&* 3(1))0(" 4*5% )*'%0$") 1)* 67) 89:; ("/ 89<; %$ )%1/= %&*

'$">*.?*"'* $2 %&* .*@*'%0$" '$*A'0*"% ("/ '*B)%.1C '$*A'0*"% /0)%.0#1%0$" %$ %&* 3(1))0("

() ( 21"'%0$" $2 %&* B$)0%0$" $2 %&* DE C$/*, B$,*) 0" %&* 1"0% '0.',* 

<9



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

 !" #$%&'$($)*+ , -,.##$,/ "0,' #0(!/1 !"10" 23 &,",%0)0" 40()!"  $# (!/#$10"015 !   ! " "

 

(,/ 60 07&"0##01 ,# , 8./()$!/ !8 )9! (!/:.;,)01 (!%&'07 &!'0# #

 

" $%

!"

,/1 #

!

" $%

  !

 !"# $#%$  

"

 ! "! #$%"# ! &#& '#( )(*("$+,- ",(."+(-$ /("$,) $ + 0+-1(2 $, $#( 34

5%)%6($() /("$,) 7+$# $#( -,-80+-(%) $)%- 9,)6%$+,- $  

 

"

 

 !"

!

# %

"

 

#

& '#(  (",-2 )(*("$+,-

",(."+(-$ :(+-; <%!  +%-= ,-0> $#( ?) $ ,-( + ",- +2()(2  !"# $#%$

& !%&  

%

 

' ( %

"

@A !

"#$ %&'( ($&)'  

 

*+ ,-'. /01! 2+3 /04! /5#*6# 67&&$'87+3 (7 (#$ %&'( &$9$6(*7+ 67$:6*$+(!

62+ (#$+ ;$ 3$($&)*+$3 2' 2 <=+6(*7+ 7< ! 2+3 " /'$$ >88$+3*? @!A

B2(($&+ C$67D+*(*7+ E2'$

 

 

 #

!

 

 

 

 

 

 !!$
!!

"#$"

%& ' !

!

(

"

 $

 !

%& ' !

!

(

!

 

 

 

 

 

/00!

 

!

 

#

#

! %& ' !

!

(

$

 

 

 

 

&!$

!

!!

!

!

"#$

!

"'

!

$

  

$

!!

' !$

!

 !

" !

& ' !

!

"

!  &!! "#$" !

& ' !

!

"

$

 !

$

!!

 

 

 

 

/0F!

,'(*)2(*7+ E2'$

 

 

 ) /0G!

 

!

 

%& !

!

(

!

!%

!

%& ' !

!

(

#

#

!

& ' !

!

"

!  *!! "#$! "$

/0H!

I*D#$& 7&3$& ($&)' 62+ ;$ 3$&*J$3 *+ 2 '*)*K2& 52L ;=(M <7& K2&D$ +=);$& 7< '2)8K$'M

 %&'& ' (&( 62+ ;$ 288&7?*)2($3 ;L (#$ %&'(  

 

. "#*' 8&78$&(L *' *KK='(&2($3 *+ N*D. &

4F



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

 

12/"*+"3/3) 4+"'!  "#  

 

  

!

1#/**'# 4+"'!  )  

03"2*+/" /0 !  "# " 0/& *-' ( **'&" &'2/,"+*+/" 2 )'5 6" *-+) 2 )'% *-' #+)* "2'  !#$# %#"

2 " $'  ((&/7+8 *'# $9 *-' :&)* *'&8  

 

5

;-' . &+ *+/") /0  !#$#  %#"  )  03"2*+/" /0 !  "# " 0/& *-' ')*+8 *+/" 2 )'  &'

(4/**'# +" <+,5 #  !  "# $!5 6" $/*- 2 )')% *-' #+)* "2' $'*=''" *-' &'>'2*+/" 2/'?2+'"*

#+)*&+$3*+/"  "# *-' @ 3))+ " +) .'&9 )8 44 =-'" *-' AB 8/#'4 (/4')  &' 24/)' */ *-' 3"+*

2+&24'5

;/ )-/= *-' '?2+'"29 /0 /3& #+)* "2'% *-' . &+ *+/") /0  !#$# %#"  &' 2/8( &'# =+*-

*-' C344$ 2D #+.'&,'"2' $'*=''" *-' :&)* &'>'2*+/" 2/'?2+'"* (#0 1#'*'&8+"'# +" *-' :&)*

( &* /0 *-' ( ('&!  "# *-' @ 3))+ "5 ;-' C344$ 2D #+.'&,'"2' $'*=''" *=/ . &+ $4') &  "#

' % =+*- &')('2*+.' (#0E) (

 

 "# (

!

% +) #':"'# $9F

 

 

!(

 

$ (

!

" $

 

"#

%(

!

!)" (

 

!)"& '(

(

!

!)"

(

 

!)"

 ) 1GH!

<+,)5 )  "# * )-/= *- * *-' I3 4+* *+.' $'- .+/& /0 *-' *=/  ((&/ 2-') +) .'&9 )+8+4 &5

;-' 4/='& *-'  !#$#  %#"% *-' 4/='& *-' #+)* "2' $'*=''" *-' &'>'2*+/" 2/'?2+'"*

#+)*&+$3*+/"  "# *-' @ 3))+ "5 ;-3)% *-+) #+)* "2' +) .'&9 4/= =-'" *-' AB 8/#'4 (/4')

 &' 24/)' */ *-' 3"+* 2+&24'5 ;-' *-&'' #+8'")+/" 4 23&.') (4/**'# +" <+, +% #')2&+$+", *-'

. &+ *+/") /0  !#$# %#"  )  03"2*+/" /0 !  "# "% 2/":&8 *-+) &')34*5

;-+) )'2*+/" )-/=) *- * *-' 2/".'&,'"2' /0 *-' &'>'2*+/" 2/'?2+'"* (#0 */ *-' @ 3))+ "

1=-'" *-' "38$'& /0 ) 8(4') *'"#) */ +":"+*9 +" *-' J)*+8 *+/" 2 )' /& =-'" *-' . &+ "2'

*'"#) */ K'&/ +" *-' L **'&" B'2/,"+*+/" 2 )'! +) &'4 *'# */ *-' AB 8/#'4 (/4' (/)+*+/" +"

*-' 3"+* 2+&24'5 M/")'I3'"*49% *-'  " 49)+) /0 *-' AB 8/#'4 (/4' (/)+*+/" +" *-' 3"+* 2+&24'

 44/=) 3) */ #'*'&8+"' =-'*-'& *-' &'>'2*+/" 2/'?2+'"* #+)*&+$3*+/" 2 " $'  ((&/7+8 *'#

NO



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

 ! "##$%&'(%)* () +,#-(./0 +),11%&%,*(-

 !" #"$%&' %('"( $")#*(+, $%"-$."&* /"$*%(  .# 0.&1"' *% 23 )4(4,"*"(# 5.*! *!" &%&6

0.&"4( *(4&#7%(,4*.%&   

  !

 

" !

!

!

 

!

!

!

 

 

 

8  !" 9(#* $")#*(+, $%"-$."&* :".&; <4+##.4&=

%&0> *!" #"$%&' %&" .# $%&#.'"("' #+$! *!4*?

# "!#   !

!

!

$

%

!

!

 

@ABC

 !" 9(#* *"(,# .& DE#8 @AFC 4&' @AGC @5!.$! $%(("#)%&' *% *!" #"$%&' $")#*(+, $%"-$."&*C

$4& *!"& :" '"*"(,.&"' 4# 4 7+&$*.%& %7 $ 4&' % @#"" 2))"&'.H IC?

J4**"(& 3"$%;&.*.%& I4#"

&

 

 

'

!

 

  

%

@AKC

&

!

 '

"

 

  

 

  

!

"

#

$

 

!

 !

"   

  

 

 !

! %&'""   

!

  

!

!

%&'

!

""

#

(

 

  

 

!!

!

 !"#

$%&'()&'*+ ,)%-

#

 

)

#

$$

"

# !

"

#

 !.#

#

!

)

 *#  %

!

!

+

!

!$

!

"

*# %

!

!

+

!

$

!

$

 !

!

%&'

!

""

#

(

%

"

%

 

*# %

!

+

!

$

!

$

#

$

%

 

"  *# %

!

+ *# "%

!

+

!

! %&'"

%

 !/#

0'12-3 *34-3 &-3(% 5)+ 6- 4-3'7-4 '+ ) %'('8)3 9): 6;&< =*3 8)31- +;(6-3 *= %)(>8-%< #*&'&"

(&+ 5)+ 6- )>>3*?'()&-4 6: &2- @3%& &-3(% '+  A"# )+4  A.#B C2'% >3*>-3&: '% '88;%&3)&-4

.D



 ! " #$  %& %!' (&) *+,*+-+!. !# ./+ 0%* %. 1!- 12  

 

3'1..+' 4 !+&)  

 

!  

!

351!. !616- 4 !+&

%!'

"

 

 # 

 

 

35*1-- 4 !+& %- % 26!5. 1! 12 ! %!' " 21* ./+ ,%..+*! *+51#! . 1! 5%-+$ 7/+ 8*-.

.+*9  

 

'1+- !1. '+,+!' 1! ! %!' "$ 7/+ ' -.%!5+  "#$#!%## 5%! (+ %,,*1: 9%.+' (;

./+ .<1 8*-. .+*9-  ! 3=>&$

?! ./+ +-. 9%. 1! 5%-+) 2*19 @A$ 3BC& %!' 3BD&)  

 

3'1..+' 4 !+& '+,+!'- 1! ! (6. !1.

1! "$ E!+ .+*9  ! 3=C&  - ./+! -6F5 +!. .1 '+-5* (+ ./+ +0146. 1! 12  "#$# ! %## %- %

26!5. 1! 12 ./+ 91'646-) %-  .  -  446-.*%.+'  ! " #$ $ %&$ "1* ./+ 0%* %. 1!- 12  "#$#!%##

%- % 26!5. 1! 12 ./+ ,/%-+) " #$ $ (& -/1<- ./%. .<1 .+*9-  ! 3DG& /%0+ .1 (+ 51!- '+*+'$

71 -/1< ./+ +F5 +!5; 12 16* 9+./1') ./+ 0%* %. 1!- 12  "#$#! %## %*+ 519,%*+' 3 !

./+ ,%..+*! *+51#! . 1! 5%-+& < ./ ./+ H644(%5I ' 0+*#+!5+ (+.<++! ./+ -+51!' 5+,-.*69

51+F5 +!. ,'2 %!' ./+ J%6-- %!$ " #-$  %!' % -/1< ./%. ./+ .<1 %,,*1%5/+- 4+%' .1 - 9 4%*

*+-64.-$ 7/+ 51!0+*#+!5+ 12 ./+ 5+,-.*69 51+F5 +!. ' -.* (6. 1! .1 ./+ J%6-- %!  - ' K+*+!.

 ! ./+ .<1 5%-+-L

  ! ./+ ,%..+*! *+51#! . 1! 5%-+) ./+ 541-+* .1 ./+ 1* # ! ./+ MN 91'+4 ,14+-) ./+ 41<+*

./+ ' -.%!5+ (+.<++! ./+ 5+,-.*69 51+F5 +!. ' -.* (6. 1! %!' ./+ J%6-- %!$

  ! ./+ +-. 9%. 1! 5%-+) ./+ 541-+* .1 ./+ 6! . 5 *54+ ./+ MN 91'+4 ,14+-) ./+ 41<+* ./+

' -.%!5+ (+.<++! ./+ 5+,-.*69 51+F5 +!. ' -.* (6. 1! %!' ./+ J%6-- %!

7/+ ./*++ ' 9+!- 1!%4 56*0+- ,41..+'  ! " # &) '+-5* ( !# ./+ 0%* %. 1!- 12  "#$#!%##

%- % 26!5. 1! 12 ! %!' ") 51!8*9 ./+-+ *+-64.-$

7/ - -+5. 1! -/1<- ./%. ./+ 51!0+*#+!5+ 12 ./+ 5+,-.*69 51+F5 +!. ,'2 .1 ./+ J%6-- %!

3</+! ./+ !69(+* 12 -%9,4+- .+!'- .1  !8! .;  ! ./+ @-. 9%. 1! 5%-+ 1* </+! ./+ 0%* %!5+

.+!'- .1 O+*1  ! ./+ P%..+*! N+51#! . 1! 5%-+&  - *+4%.+' .1 ./+ MN 91'+4 ,14+ ,1- . 1!  !

CQ



 !" #$% &%'&(") *+$,"-#"$ (./  !" 0$0(.,%, +1  !" 23 4+5"( 6+(" 6+,% %+$ %$  !" #$% &%'&("

0((+7, #,  + 5" "'4%$" 7!" !"'  !" &"6, '#4 &+"8&%"$ 5%, '%9# %+$ &0$ 9" 066'+:%40 "5

9.  !" ;0#,,%0$ +' $+ )

 !" #$%&'()*$%

 !" #$%&'$()&$*+ *, - +*+./$+"-' &'-+%,*'0-&$*+ *, 1-)%%$-+ 23 4-'-0"&"'% 5-++*& ("

1-)%%$-+6  !"  .#$%&-+5" ("&7""+ &!$% #$%&'$()&$*+ -+# 1-)%%$-+8 (-%"# *+ &!"  -9/*'

":4-+%$*+ *, &!" +*+./$+"-'$&98 $% #";+"#6  !"  .#$%&-+5" $% )%"# &* 0"-%)'" &!" #"<$-.

&$*+% ,'*0 &!" +*'0-/ #$%&'$()&$*+ *, '"="5&$*+ 5*">5$"+& -+# 5"4%&')0 5*">5$"+& %&-&$%&$5%6

?&!"' 0"&!*#% %)5! -% &!" ":4-+%$*+% $+ @#A"7*'&! *' 1'-0.B!-'/$"' %"'$"% 5*)/# (" )%"#

-% 7"//6 C*7"<"'8 &!" 0-$+ -#<-+&-A" *, &!"  .#$%&-+5" $% - <"'9 %$04/" 5/*%"# ,*'0 ":.

4'"%%$*+ *, &!"%" #"<$-&$*+% -% - ,)+5&$*+ *, &!" 23 4-'-0"&"' <"5&*' 0"-+ -+# 5*<-'$-+5"

0-&'$:6  !$% 5/*%"# ,*'0 ":4'"%%$*+ %!*7% &!-& &!" #$%&-+5" ("&7""+ '"="5&$*+ *' 5"4%&')0

5*">5$"+& %&-&$%&$5% -+# 1-)%%$-+ #"4"+#%8 (9 <"'9 %$04/" '"/-&$*+%8 *+ &!" 4*%$&$*+ *, &!"

23 0*#"/ 4*/"% $+ &!" )+$& 5$'5/"6 D)5! - '"%)/& $% *, A'"-& $+&"'"%& $+ "%&$0-&$*+ &!"*'9 -+#

$+ 4-&&"'+ '"5*A+$&$*+E

F+ "%&$0-&$*+ &!"*'98 $& %!*7% &!-& &!" +)0("' *, %-04/"% +"5"%%-'9 &* -44'*:$0-&" &!"

'"="5&$*+ 5*">5$"+& -+# 5"4%&')0 5*">5$"+& #$%&'$()&$*+ (9 &!" 1-)%%$-+ $% #$'"5&/9 '"/-&"#

&* &!" 4*%$&$*+ *, &!" 23 0*#"/ 4*/"% $+ &!" )+$& 5$'5/"6

F+ 4-&&"'+ '"5*A+$&$*+8 &!"  .#$%&-+5" #"4"+#% *+ &!" 5/-%% <-'$-+5" ()& *+ &!" 4*%$&$*+

*, &!" 23 0*#"/ 4*/"% $+ &!" )+$& 5$'5/" -% 7"//6  !$% -//*7% )% &* #"&"'0$+" $+ 7!$5! 5-%"%

&!" 1-)%%$-+ -44'*:$0-&$*+ 5-+ (" )%"# ,*' '"="5&$*+ -+# 5"4%&')0 5*">5$"+&%6  !$% $%

GH



 !"# $%&'"()*(+ ,$*-! ) .*! /*'01!23! '4 (5! &)")%!(!" &24 $, *'( *!-!,,)"# 4'" (5! '&($%)1

6)#!,$)* -1),,$.!"7

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

85)*/, (' '9"  $,$('" 4"'% (5! :; <"'4!,,'" =!$1 6!",5)27 >$, 5!1& ,$3*$.-)*(1# $%&"' !2

(5! "!)2)?$1$(# '4 (5! &)&!"7 85)*/, (' @7 A),()*$B+ 67 C)-)D!+ A7 E)$15!, )*2 (' (5! (0'

)*'*#%'9, "!4!"!!F, 4'" (5!$" 5!1&491 -'%%!*(, )*2 ,933!,($'*,7

GH



 !!"#$%&  

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

,123 45567829 31:;3 <14< =4>24?@63  478   ! 34<23AB <16 A:@@:;27C 6DE4<2:7F

!"#

   

"$ #  ! % &!"#

   

! 

 

  !

 

  

 

 

  

 

!

   

! "!

 

 

 ! "  !"#

$%& '()*+(,(-./ -01 '-23. (' &1'-&(,-13 -% -01 -&45'6%&)4-(%5' ! 6&%) #$

#

(5-% #$7 8,,%&39

(5: -% -01 6%&) %6 -01 ,%;4&(45,1 )4-&(< "

$

! #

!

"/ $ ! !

 

%%

$

& %& %
$

& 453 '$ !

"

!

!

  

%%

$

& %& %
$

( & %
$

& ,%5;1&:1 (5 )145 '=24&1 453 -015 (5 3('-&(>2-(%5 -% "7 ?01 ,04&9

4,-1&(@4-(%5 %6 -01 ,%5;1&:15,1 (5 3('-&(>2-(%5 321 -% A1;. +143' -%B

'()

% #

)

!

*

&'!

"

! *  + ! #$  !!#

'()

% #

)

!

*

&'"!

"

! *  + ! #$  !C#

D(5,1 & (' E42''(45/ ;4&(4>+1' $ 453 '$ >1+%5: -% -01 '1-   !"# !  ! $%& '()*+, -.

/0123

"

 

#

  !

!

 

  

"

"!"

$

"

!

"%&#

"

'$

&  %& '452

"

 

#

# #! $!$

!

 

  

"

"!"

$

"

! $!

"%&#

"

'$

&  %& '462

#7%873

'()

%!%

  

"

"!"

"%&#

"

'$

#

$

"

!

!$

"

! $!

$

 * &  %& '492

:;. '492 <7$&= ">3

'()

%!%

  

"

"!"

+

'$

%

%

%$

"

!

!$

"

! $!

%

%

%  * '402

/1



   !"#$% &

'() *+,+$(" (-  

 

-(. .!-/!'+$(" '(!--$'$!"+0

$1 2345 6778194:; 238 <=52 >?>8125 ?@ A6=46BC85 ! 619 !  "! 6=8 9828=>4189 @?=

=8D8E24?1 E?8FE48125 41 238 E658 ?@ 6 58E?19 ?=98= ,. >?98CG 04>4C6= =85HC25 E61 B8 ?B264189

@?= 34I38= ?=98= ,. >?98C5G ,. 76=6>828=5 619 =8D8E24?1 E?8FE48125 6=8 C41J89 BK 238

@?CC?L41I =8C624?15M

 

!

!

!

"

#

 

#

!

#

$

$

$

%

!

 

!

!

!

"

!

 

 "!

!

$

!

#

$

$

$

%

NOPQ

+38 58E?19 =8D8E24?1 E?8FE4812 B841I R6H55461; ?1CK 238 <=52 ?18 45 E?15498=89 5HE3 2362M

% "$# !

$

 

$  $

!

NOSQ

% "&

!

# !

&

 

$  &

!

NOTQ

L423 &

!

!

 

!

!

!

"

&

 

&

!

#

$

$

$

%

! ' "$#G +38 <=52 619 58E?19 ?=98= 98=4A624A85 ?@ % E61 2381 B8

E?>7H289M

%

 

  

 

! "

 

!

!

!

"

 

 !!

 

 !

 

" !!

!

#

!

#

$

$

$

%

 !"#

!

!!

 

  

 

! "

 

!

!

!

"

#

  

" !!

!

#

!

  

" !!

!

#

!

$!

 

" !!

!

#

"

#

$

$

$

%

 !$#

%&'()*+,-  .$# (,/  .!# 01(/ )+2

" " !

!

  

 

!  #  
 

 !

!

 

  
 

" # 

!

   

$!

!

  
!

 

$" # 

!

 

!

 !!"

"# !

"

%

$

  

$ 

 

 $!  
 

% !  
 

 !

 

 

$!

!

  
!

 

!  $!

 

  
 

 $!

!

  
!

 $" # 

!

 

$" # 

!

 

"

 !#"

$%



 !" #$#"%&' $(  ! )*% +" ,"&"-#.%", *' * (/%)&.$% $( &!" 01 2*-*#"&"- )$3*-.*%)" #*&-.4

"

 

5

 6*&&"-% 1")$7%.&.$% )*'" "

 

 #

 

 

!

!

!

"

$

!!

$

! 

$

! 

$

  

#

$

$

$

%

 !" ($88$9.%7 -"8*&.$%'

%

&

!&

 

!'

 

"

 

'

 #

 

$

  

% #!&

!

!'

!

" !&

 

!'

 

"$  #

 

$

! 

:;<=

8"*, &$>

% ! !"  (

!

 #

 

'

!

$

  

! $

! 

!% &'

 

"

!% &'

 

"

"

:; !

"#$%# %&' () )*+,)--). &- & /0'%1$2' 2/ 1#) 34 52.)6 +26)-7

  !"! " #

 

 #$%

  

$%&& %
 !

 ' ( $

!

!

 ' ( $

!

!

"

89:!

;1 $- ")66 <'2"' 1#&1 #$=#), 2,.), 525)'1- 2/ 1#) >&0--$&' .$-1,$(01$2' %&' () .)1),?

5$'). &- & /0'%1$2' 2/ $1- 5)&' &'. %2@&,$&'%) 5&1,$* A ;' +&,1$%06&,B /2, '  !'( #"

&'. )  )*7

 

 

 *

 

#+

 

!

! # 

!

" +

 

 

 *

!

#+

!

!

! #!

!

"

 #) ( '!,

#

 

),

#

! #!

C$=#), 2,.), 525)'1- 2/ !" %&' 1#)' () %25+01).A D2, $'-1&'%)B 1#) 1#,)) /2662"$'=

,)6&1$2'-

 

 

 *

!

#+

!

!

$

!

" -#

$

%

!

!!

 

 

 *

 

#+

 

!

!

 *

!

#+

!

!

!

!

" #

$

 %

  

%

!!

( #%

!

 !

!

 

 

 *

 

#+

 

!  *

!

#+

!

!

"

!

" -#

$

%

 !

%

!!

8EF!

GG



 !"# $%&

 

 

 

!

!

! "# $"

 

%

"

 
!

!

!&#

 

  

"

 

#

$

 

#

##

#

  

$ !#

 

# 

"

"# $"

 

%

 

 '"

#

"# $"

 

% #

# 

#

  

!

!

!

"

'()*

! +,$-."$-%/ 0",! $

 

 

!

 

 

 

 

  
 !" #$"%& '()*&" !+ ,$)-#&,. /0& 1"$)&"23$! 4!('5 !+ /0& 63 -"!7&,, 7$' *& (,&5

+!" !

!

8

!

!

 

!

"

 

#

 

#

"

 

  
 

 

 

 

   
 !"#

 

 

$%&  

!

$'( )*+ ,$)'-.(/ *0-.0 &(1(%& +% )0( 23 1$'$,()(' 4(.)+' !

!

5678 9% )0(

.$/( +: $ /(.+%& +'&(' 23 1'+.(//; <=8  !"# >($&/ )+?

"

!

 

!

#

!

"

"

"

#

!  !!

!

!

 

"!  !
!

#

!

 

"!  !
!

# ! !!

!

$

%

%

%

&

 !@#

A0B/?

$

 

 

!

 

"!  !!

!

# !
 

"!  !
!

# "! $!

!

#

# "! $!

!

#

"

 %  !C#

$

!

 

"!  !
!

#

!

'

"! $!

!

#

!  !!

 

 

&#

!

"! $!

!

#

#

 !D#

"@



 !!"#$% !

!"#$%&'&(") "*  

 

*"+ !,$-&+%# !",**(!(,)&-

&./0 122345/6 537389/430 7.3 :807 9;93470 ;< =18/1>?30 ! 145 !  "! <;8 @32078A9

@;3B@/3470 /4 7.3 @103 ;< 1 03@;45 ;8538 '+9;53?C '+ 2181937380 145 @32078A9 @;3B@/3470

183 ?/4D35 >E 7.3 <;??;F/4G 83?17/;40H

 

!

!

!

"

#

 

#

 

#

$

$

$

%

!

 

!

!

!

"

 $
! $

 

 

!

 

$

 

!

#

$

$

$

%

IJJK

&./0 ?3150 7;H

% "$# !  $
 

 

$

%

$

 

!

IJLK

% "&

!

# !  &
 

 

$

%

&

 

!

IJMK

F/7. &

!

!

 

!

!

!

"

&

!

&

 

#

$

$

$

%

! ' "$#C &.3 :807 145 03@;45 ;8538 538/=17/=30 ;< % @14 7.34 >3

@;92A735H

%

 

"&

!

# !

 

!

!

!

"

&

! $ #$$$% IJNK

%

  

"&

!

# !

 

!

!

!

"

$ &

& &

#

$

$

$

%

ILOK

,PA17/;40 IQ ! "#$ %&'! ()"$ *+,

  !

 

!"

 

" !# "
 

"   !#
 

 "
 

" #"

 

!#

 

 "
 

" %-.!

$  

$

%

!

  

!"

 

" !# "
 

% # "
 

"  

$

%

!#

 

 "
 

"

!

%-&!

& 



 ! "#$% &'("$)*+'( )'%,- "#, "#$(. /(.,( .,($0'"$0, /1  $% 2,(/ %*)# "#'" ! $% ,3')"+4 ,5*'+ "/

  "! "#"$# 6"#, "#$(. '!. #$7#,( /(.,( ",(8% $! 699: '(, ,5*'+ "/ 2,(/:; <#, 8/8,!"%

/1

#

# '!. #" $# )'! =, .,",(8$!,. '% ' 1*!)"$/! /1 "#, >? &'('8,",( )/0'($'!), 8'"($3

%

 

;

 @'"",(! ?,)/7!$"$/! )'%, %

 

$ &

 

 

!

!

!

"

!

!!

!

! 

!

! 

!

  

#

$

$

$

%

A5; 6BC: '!. 6B9: +,'. "/D

'

!

$ (  $#! $

&

 

!

!!

%

6BE:

&

%

&

&

&(

 

 !

 

 

 !" " !#!#

!

!

! $

%$

 

%

!

""

&

 !"#

$%& '() *+,' '&+- ./ &"!'!  !# 0) /)' 0&1&/0 )/ '%& 23 -)0&4 1)4&,5 $%& '%.+0

'&+- ./ &"!'!  !# 0&1&/0, )/ '%& '%.+0 -)-&/', )6 78+.894&, ! 8/0  !:

'

(

!

!

!"" !

#

#  %"" !

!

#!#  %"

"

 !#!

!

 
!

!

!  !;#

<' =8/ 9& &>1+&,,&0 8,:

)$

$

%

#

""

'(

 $

 

#

%%

!

""

(

!

*+,

!

) 

'

-

%

""

%

!!

$

 $

 

#

'

!

%

!

"!

 %%

""

%

"!

( *+,)

$

 !?#

%&/=&

&

!

$ $

 

%

%%

!

""

&

 %%

!

""

(

!

*+,

!

) 

'

-

%

""

%

!!

 

'

!

%

!

"!

 %%

""

%

"!

( *+,)

&

 !!#

 @,'.-8'.)/ A8,& *

 

$

 

 

 

 

 

  
 !" #$%&' #$(& )*+ #$,& -./0+1

!

 

 

! " 

 

"#

#$2&

3,



 

 

 

! "#  !

 

 

$

 

%"

 

&

"# !

 

 

$

 

"

 

 

  

 

!"#

 

!$

%

&

!

$

"

 

'% "

!

(

!

#

!

 

%

)

"

 

$  '% "

!

( '% $"

!

(

!

 !"#!

!

 !"#

$%



 !"!#!$%!&

 !" #$ %&''()*++(, - !"#$%&' ('$")*'" +,* -!.%$/ 0*,&'""!%. $%1 0$##'*% 2'&,.%!#!,%3. /*01

2&+ 3456(''*20, )5+$ !7, 2

 

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

012 3# 4)-5!  !"#$%$&'#& ()&"*'+*'$$%,' -.'/&*01 2$&%30&'$45 67) 899:;< => ?@:@A<@A*<! B=;#

1! 9

 

$! ""# %/&'CD1! .&E%#

0$2 F# G# HA:-;)@! 6#&*"7)/&%"# 8 19(#01:$' ;)3<*%=)' >0&*%/%'11' '& 8 19?.&%3%$0&%"#! I:<'

<=9! .&/1#

0%2 F# J# 4-=*5K);; :9L M# (:BA<! @%3' -'*%'$A @B'"*: 0#7 >'&B"7$# N)K O=-5P ?"-A9Q)-'

R)-;:Q! .&&.! 19L SL#

0C2 T# H-:+)-! >0&B'30&%/01 >'&B"7$ "C -&0&%$&%/$4 F-A9*)@=9 U9AB# F-)<<! .&% #

0 2 M# V# (WL:! D0&&'*# !10$$%E/0&%"# 0#7 -/'#' (#01:$%$! XA;)Y! N)K O=-5! .&E$#

0E2 ?# 3:Y :9L J# I:57=W;! ZV9 @7) ?@:@A<@A*< => @7) S<@A+:@)L M)[)*@A=9 H=)\*A)9@< =>

:9 8W@=-)Q-)<<AB) F-=*)<<!] 6222 @*0#$F (/")$&F4 -.''/B4 -%+F D*"/F! B=;# $.! 9

 

 ! ""#

.%%E'.%CC! ()*)+,)- .&/%#

0/2 4# -̂A)L;:9L)-! ZV9 @7) H=+"W@:@A=9 => @7) H-:+)-'M:= 4=W9L >=- 8MI8 F:-:+)@)-

S<@A+:@A=9!] 6222 @*0#$F (/")$&F4 -.''/B4 -%+F D*"/F! B=;# $1! 9

 

 ! ""# E1.'E1E! 8WQW<@

.&/%#

0&2 S# _W5:*<! !B0*0/&'*%$&%/ C)#/&%"#$! G-A\9! _=9L=9! .&ED#

0.D2 H# I:A;7)<! ZI=L`;A<:@A=9 )@ H=+"-)<<A=9 Lab9@)->`-=Q-:++)<!] F7# (# LA<<)-@:@A=9!

9

 

$.D! bNF 6=W;=W<)! -̂:9*)! .&&D#

0..2 J# I# I)9L);! Z6W@=-A:; =9 TAQ7)-'V-L)- ?@:@A<@A*< c?")*@-:d A9 ?AQ9:; F-=*)<<A9Q :9L

1E



 !"#$% &'$()!* &'$()$#+,-. /$"0.#" -12  (%$ 344.+,-#+(1"56  !"#$ "% &'( )***+ 7(.8

9:5 1

 

;5 448 <9=>;?@5 A-),' B::B8

CB<D E8 F(0G.-15 H/$,(11-+""-1,$ 30#(%-#+I0$ 2$  +J1-0K L M7(.0#+(1 N(1#+10$56 F'8 O8

2+""$)#-#+(15 1

 

@B=5 PQF &(0.(0"$5 R)-1,$5 B::B8

CB;D 38 /S1!+5 ,-.#/. 0(1  !"2-23.3&41+ O01(25 R)-1,$5 B:TT8

CBUD V8W8 &(0)1$)$#5 -12 X8 Y-,-Z$5 H #02! ([ #'$ ,(04.$ \N$4"#)0% N($],+$1#5 ^>QQ

/0.$_56  !"#$ "% 5&' )*** 6"!71'"8 "9 :&-&$ -90 ;!!-<  !"#$ =::; >?@A5 448 ;@9>

;T?5 `0$G$,5 V01$ <T><:5 B::U8

CB@D V8W8 &(0)1$)$#5 -12 X8 Y-,-Z$5 Ha1 #'$ "#-#+"#+," ([ $"#+%-#$2 ,$4"#)0% -12 )$b$,#+(1

,($],+$1#" ([ -1 -0#()$J)$""+7$ 4)(,$""56  +J1-. 4)(,$""+1J5 c(.8 U;5 Q( ;5 A-! B::@8

CBTD V8W8 &(0)1$)$# -12 X8 Y-,-Z$5 H #-#+"#+,-. "#02! ([ )$b$,#+(1 ,($],+$1#" 2$)+7$2 [)(%

- )-12(% 3/ 4)(,$""56 F)(,8 ([ PN3  Fd:@5 448 B9?:>B9B<5 O$#)(+#5 A-! =>B<5 B::@8

CB9D V8W8 &(0)1$)$# -12 X8 Y-,-Z$5 HN(17$)J$1,$ /-#$ ([ #'$ N$4"#)0% N($],+$1# O+"#)+G>

0#+(1 #( #'$ e-0""+-156 F)(,8 ([ #'$ PMMM f()^8 (1 Ea 5 448 <??><?;5 e+)(1-5  4-+15

V01$ B<>BU5 B::@8

<=



0 0.2 0.4 0.6 0.8 1
3

4

5

6

7

8
x 10

-3

Modulus

d
(G

,G
+

N
G

)

0 0.2 0.4 0.6 0.8 1
3

4

5

6

7

8
x 10

-3

Modulus

d
(G

,G
+

N
G

)

 !"

0 180 360

1

3

5

7

x 10
-3

Phase

d
(G

,G
+

N
G

)

9

 #"

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

 

 

 !

 

  !"

  

 

!

!

!

"

 ! "

! "  

#

$

$

$

%

 !"# $# ! #"# " $ $"% %&' ()* +',( '*-*.(!&/ .&*0.!*/( #%% 1, 1 %2/.(!&/ &% &

&

' &

 

 

'

#(% 1, 1 %2/.(!&/ &% '

&

& &

!

"

'

 .&/(!/2&2, 3!/* 4 !

!

5 6&((*6 3!/* 4 !

!

$ !

"

!

"#



0 0.2 0.4 0.6 0.8 1

0

1

2

3

4

5

x 10
-5

d
(G

,G
+

N
G

)

Modulus

 !"

0 180 360
0.6

1

1.4

1.8

x 10
-5

Phase

d
(G

,G
+

N
G

)

 #"

$%&'(!&')* +!%,

 

 

 

!

 

 

 

 

  
! "  !""! #

 

 !

 !"# $# $ #%!%$&%% %&' ()* +',( '*-*.(!&/ .&*0.!*/( #'% 1, 1 %2/.(!&/ &% (

 

)  

 

!

 

#*% 1, 1 %2/.(!&/ &% )

!

(  

"

 

 

  !"#$"%!%& '$"( )  

 

* +!##(+ '$"( )  

 

  

 

!

"#



0 360

0.02

0.01

0

180

Phase

K
u

llb
a

c
k
 D

iv
e

rg
e

n
c
e

0 0.5 1

0.02

0.01

modulus

K
u

llb
a

c
k
 D

iv
e

rg
e

n
c
e

 !"

0 360

0.02

0.01

0

180

Phase

K
u

llb
a

c
k
 D

iv
e

rg
e

n
c
e

 #"

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

 

 

 !

 

  !"

   !!
!

"

! ""#

""# !

#

$

$

$

%

 !"# $# %!&'("')*' +, -.//01*2 0'34'') 35' 6(73 ('8'*3!+) *+'9*!')3 :;, 1); <1.77!1)

$#% 17 1 ,.)*3!+) +, $

 

  

 

 

 

!!"  !  "#$%&'($ ("  

!

"  

!

"

 

 !



0
100

200
300

1

0.5

0
0

0.002

0.004

0.006

0.008

0.01

PhaseModulus

d
(G

,G
+

N
G

)

 !"

0
100

200
300

1

0.5

0
0

1

2

3

4

5

x 10
-5

PhaseModulus

d
(G

,G
+

N
G

)

 #"

$ !" #"   !"! ! #!" $%& '() *&+' &),)-' %. -%)/- ).' 0+ 0 $1.-' %. %$ $ 0.2 %

 &" 30'')&. 4)-%!. ' %. 50+)  '" 6+' 70' %. -0+)

%&



0 0.2 0.4 0.6 0.8 1

5

5.05

5.1

5.15

x 10
-3

Modulus

d
(G

,G
+

N
G

)

1 term

2 terms

3 terms

 !"

0

1.00

1.02

1.04

Phase

d
(G

,G
+

N
G

)

x 10
-2

180 360

2 terms

3 terms

1 term

 #"

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

 

 

 !

 

  !"

   !!
!

"

! ""#

""# !

#

 

 

 

!

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

"

& #

 

 

#

 '" 3+ 3 %0-,(!&- &% &

"

% #

!

"

#

  



d
(G

,G
+

N
G

)

0 0.2 0.4 0.6 0.8 1
0

1

2

3

4

5

Modulus

x 10 -3

 !"

-3

0 180 360

4.70

4.75
x 10

Phase

d
(G

,G
+

N
G

)

 #"

$%&'(!&')* +!%,

 

 

 

!

 

 

 

 

  
! "  !""! #

 

 

 !

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

 

)  

!

!

 

#*% 3+ 3 %0-,(!&- &% )

!

(  

"

 

 

 !"#$%! &'(%) $

"

* +,(-'(.,.# &'(%) $

"

$ $

 

/

 !



x 10
-3

0 0.2 0.4 0.6 0.8 1

Modulus

0.1

0.5

1.0

1.5

2.0

d
(G

,G
+

N
G

)

 !"

x 10
-3

0.1

0.5

1.0

1.5

2.0

d
(G

,G
+

N
G

)

0

Phase

180 360

 #"

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

 

 

 !

 

  !"

   !!
!

"

! ""#

""# !

#

$

$

$

%

 !"# $# %!&'("')*' +, -.//01*2 0'34'') 35' 6'*+)7 *'863(.9 *+':*!')3 87, 1)7 35'

;1.66!1) $#% 16 1 ,.)*3!+) +, $

&

%  

 

 

 

  !  !  "#$%&'($ (" !

 

" "

 

 

!

 !



0
100

200
300

0

0.5

1
0.05

0.06

0.07

0.08

0.09

Phase

Modulus

d
(G

,G
+

N
G

)

 !"

0
100

200
300

1

0.5

0
0

2

4

6

x 10
-3

Phase
Modulus

d
(G

,G
+

N
G

)

 #"

$ !" #"   !"!! #!" $%& '() *)+%,- +).*'&/0 +%)1+ ),' 2* 2 $/,+' %, %$ $ !%& %

 &" 32'')&, 4)+%!, ' %, 52*)  '" 6*' 02' %, +2*)

'(


