
!"#$%&"'(&)(*&+*"&,-"$(+)(,."(',/()+&(,."(01*#&2(
!"#$%&%'%()#$"#*%+,)#-"#.%/+,)#0"#$%'%1%'/)#*0*)#$12'23%)#4%5%&#

!"#61%&,)#$"#7+,2)#$"#8,9/1:/+%)#460;7)#$,'%/)#4%5%&

!"#$%&'$(
#;-#59,5<9+/<1#,=#+:<#1<>,&?#@$A#+%&'#=,9#+:<#4BC6;D#

:%E<# 3<<&#F<%129<?# %+# *0*"# $:<# 9<G2/9<?# =H%+&<11# %&?#
1+%3/H/+I#,=#+:<#%>><H<9%+/&J#=/<H?#,=#+:<#1<>,&?#+%&'#:%E<#
3<<&#,3+%/&<?#3I# +:<# +2&/&J#,=# +:<# 5,1+B>,25H<91)#K:,1<#
1:%5<1#K<9<#F,?/=/<?# +,# +2&<# +:<# 9<1,&%&+# =9<G2<&>I# +,#
LMN8!O"#D,&1<G2<&+HI#K<#:%E<#>,&=/9F<?#+:<#=,HH,K/&JP#
QRS#+:<#%>:/<E<?#=H%+&<11#,=#+:<#=/<H?#/1#T"UV#/&#F%W/F2F#
?<E/%+/,&)#QMS#+:<#1+%3/H/O<?#=/<H?#>%&#3<%9#+:<#5<9+293%+/,&#
,=#%#MUV#+/H+#,=#+:<#=/<H?#?/1+9/32+/,&"#
#

-3,&+'%2,-+3(
$:<# 4BC6;D# >,&1/1+1# ,=# %# RXRB8<Y# H/&%>)# %# LBZ<Y#

9%5/?# >I>H<# 1I&>:9,+9,&# %&?# %# UTBZ<Y# 1I&>:9,+9,&"# $:<#
RXRB8<Y#/&[<>+/,&#H/&%>#/1#>,F59/1<?#,=#%&#!\#/,&#1,29><)#
%# 9%?/,B=9<G2<&>I# G2%?925,H<# Q;-]S# H/&%>)# %# ?9/=+B+23<#
H/&%># Q@$AS)#%#1<5%9%+<?#@$A#Q^@$AS#%&?#1<E<9%H#3<%F#
+9%&15,9+#H/&<1"#$:<#H/&%>#K/HH#3<#<W+<&?<?#+,#,3+%/&#%#NTTB
8<Y# 3<%F# 3I# %??/&J# +:<# %&&2H%9# >,25H<?# 1+92>+29<#
Q6D^S# H/&%># %+# +:<#?,K&1+9<%F#,=# +:<#^@$A# /&# +:<# &<W+#
5:%1<#,=#+:<#59,[<>+"#
$:<# 6HE%9<OB+I5<# @$A# %>><H<9%+<1# +:<# !\# /,&# 3<%F#

=9,F#L#+,#UT#8<Y"#7+#>,&1/1+1#,=#+:9<<#/&?<5<&?<&+#+%&'1#
,=#K:/>:#+:<#H<&J+:#/1#%3,2+#_#F"#-29+:<9F,9<#<%>:#+%&'#
/1# >,F59/1<?# ,=# +:9<<# 1:,9+# 2&/+# +%&'1# Q%3,2+# L# F# /&#
H<&J+:S"#$:<# /&1/?<#?/%F<+<9#,=# +:<# +%&'# /1#U`T#FF"#$:<#
9<1,&%&+# =9<G2<&>I# /1# LMN# 8!O"# 0%>:# ?9/=+# +23<# Q@$S#
%>>,FF,?%+<1# %# +2&%3H<# <H<>+9,F%J&<+/># G2%?925,H<#
F%J&<+"#
6+# +:/1# 1+%J<# +:<#%11<F3H/&J#,=#%HH#@$1#=,9# +:<#@$ABM#

%&?# +:<# @$ABL# :%1# 3<<&# >,F5H<+<?"# 8,9<,E<9# +:<# =/91+#
+%&'#Q@$ABRS#%H9<%?I#%>><H<9%+<1#%#L#8<Y#3<%F#=9,F#+:<#
;-]#25# +,# %&# <&<9JI#,=#MT#8<Y#%+#*0*#aRb"#^,F<#;-#
59,5<9+/<1#K<9<#%H9<%?I#?<1>9/3<?#/&#+:<#9<=<9<&><#aMb"#
-,9#+:<#1<>,&?#@$A#+%&'#Q@$ABMS)#K:/>:#/1#?<1/J&<?#+,#

%>><H<9%+<# +:<# 3<%F# =9,F# MT# +,# Lc# 8<Y)# 1,F<# ;-#
59,5<9+/<1# :%E<# 3<<&# F<%129<?"# 6# 2&/=,9F# %>><H<9%+/&J#
=/<H?#:%1#3<<&#%>:/<E<?#3I#+:<#=/&<#%?[21+F<&+#,=#+:<#5,1+#
>,25H<91# %&?# +:<# =/W<?# +2&<91"# $:<# =/<H?# 1+%3/H/O%+/,&# 3I#
+:<# 5,1+B>,25H<91# %J%/&1+# 5<9+293%+/,&1# :%1# 3<<&#
>,&=/9F<?#%H1,"##7&#,9?<9#+,#%>:/<E<#+:<#1+%3/H/O<?B2&/=,9F#
?/1+9/32+/,&# ,=# +:<# %E<9%J<# =/<H?# %+# +:<# =/&%H# +%9J<+#
=9<G2<&>I# ,=# LMN8!O)# +:<# =,HH,K/&J# +<>:&/G2<1# :%E<#
3<<&#%55H/<?#=,9#+:<#5,1+B>,25H<9#+2&/&JP#QRS#&,&B2&/=,9F#
/&1<9+/,&# H<&J+:# ,=# +:<# 5,1+B>,25H<91# =9,F# +:<# +%&'#K%HHd#
QMS#/&>9<F<&+#,=#?/%F<+<9#,=#%HH#5,1+B>,25H<91#,=#+:<#K%HH#
1/?<"#
#-29+:<9F,9<# F<%129<F<&+1# ,=# ;-# 59,5<9+/<1# ,=# +:<#

+:/9?# +%&'# Q@$ABLS# K:/>:# K/HH# 3<# 21<?# =,9# 3<%F#
%>><H<9%+/,&#=9,F#Lc#8<Y#+,#UT#8<Y)#:%1#3<<&#1+%9+<?"#

#

$,&%2,%&"(+)((
,."(',/14(#3'(,."(',/15(

$:<# 1<>,&?# @$A# +%&'# >,&1/1+1# ,=# NM# =2HHB1/O<# ?9/=+#
+23<1)# NM# 5,1+B>,25H<91# %&?# RT# =/W<?# +2&<91"# e,9<#
?/%F<+<9#,=#+:<#@$#/1#MM#FF"#$:<#+:/9?#@$A#+%&'#>,&1/1+1#
,=# M`# =2HH# 1/O<# ?9/=+# +23<1)# M`# 5,1+B>,25H<91# %&?# X# =/W<?#
+2&<91"# e,9<# ?/%F<+<9# ,=# +:<# @$# /1# M`# FF"# e,+:# +%&'1#
:%E<# +K,# F,E%3H<# +2&<91# %&?# +K,# :%H=# ?9/=+# +23<1"# $:<#
H%I,2+#,=# +:<# +2&<91# %&?# +:<# /&52+# >,25H<91# %9<# 1:,K&# /&#
=/J29<#R"#$:<#=/91+#%&?#+:<#+:/9?#2&/+# +%&'1#=,9#+:<#@$ABM#
%&?# +:<1<# =,9# @$ABL# :%E<# =,29# %&?# +:9<<# =/W<?# +2&<91)#
9<15<>+/E<HI"# $:<# 1<>,&?# 2&/+# +%&'# :%1# +K,# =/W<?# +2&<91#
%&?# +K,#F,E%3H<#,&<1"#@/%F<+<9#,=# +:<# +2&<9# /1#_T#FF"#
$:<9<#%9<# +K,#5,9+1# =,9# +:<# /&52+# >,25H<91# /&# +:<# +%&'# /&#
,9?<9#+,#9<?2><#+:<#;-#5,K<9#5<9#>,25H<9"#0%>:#>,25H<9#/1#
H,>%+<?#%+#,&<#=,29+:#,=#+:<#+,+%H#H<&J+:#=9,F#+:<#<&?#5H%+<#
/&#,9?<9#+,#12559<11#+:<#<W>/+%+/,&#,=#+:<#$8TRR#F,?<"#
#

#
-/J29<#RP#A%I,2+#,=#+2&<91"#

,%3-36(+)(,."(',/14(
!)*+#$,-.$(/0($1-(T+.-%#(
$:<#%>><H<9%+/&JB=/<H?#F<%129<F<&+#=,9# +:<#@$ABM#:%1#

3<<&# ?,&<# 3I# 21/&J# %# 3<%?B52HH# 5<9+293%+/,&# +<>:&/G2<#
aLb"# 7&/+/%H# =/<H?#?/1+9/32+/,&#,=# +:<#$8TRT#F,?<#K/+:,2+#
+:<# +2&<91# %&?# +:<# 5,1+B>,25H<91# /1# 1:,K&# 3I# +:<# 1G2%9<#
F%9'1# /&# =/J29<# M"# $:<# ,9?/&%+<# ,=# =/J29<# M# 1:,K1# +:<#
&,9F%H/O<?#<H<>+9/>#=/<H?#,=#<%>:#J%5"#$:<#@$ABM#+%&'#:%1#
+K,#F,E%3H<#+2&<91#%&?#RT#=/W<?#,&<1#%1#?<1>9/3<?#%3,E<"#
$:<# H<&J+:# ,=# <%>:# =/W<?# +2&<9#K%1# %?[21+<?# /&# ,9?<9# +,#
+2&<# +:<# 9<1,&%&+# =9<G2<&>I# %&?# +,# ,3+%/&# +:<# 2&/=,9F#
%>><H<9%+/&J#=/<H?#%H,&J#+:<#3<%F#%W/1"#Q@29/&J#+:<#+2&/&J)#
+:<#f=/W<?f#+2&<91#%9<#9<5H%><?#3I#+:<#fF,E%3H<f#F,?<H"#S##

ggggggggggggggggggggggggggggggggggggggggggg#
(:/9,'%O2"+%&%'%h'<'"[5#
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$:<#+%9J<+#=9<G2<&>I#,=#+2&<9#+2&/&J#/1#LML"`UT#8!O"#$:<#
?/==<9<&><# /&# +:<# =9<G2<&>I# =9,F# +:<# ,5<9%+/&J# 5,/&+# ,=#
LMN#8!O# /1# >,F5<&1%+<?# 3I# +:<# <==<>+1# ,=# /&1<9+/,&# ,=#
5,1+B>,25H<91)# ?/<H<>+9/># >,&1+%&+# ,=# +:<# %/9)# +:<#
?<=,9F%+/,&#,=#+:<#@$#3I#+:<#;-#H,11<1#,&#+:<#@$#129=%><#
%&?# +:<# :<%+# =9,F# +:<# F%J&<+# /&# @$1"# !,K<E<9)# +:<#
F<%129<?# 9<1,&%&+# =9<G2<&>I# /1# LML"RTU# 8!O)# K:/>:#
9<G2/9<1#XTFF#/&1<9+/,&#/&#%E<9%J<#,=#%HH#+2&<91"#7+#F<%&1#
+:%+# +:<# <==<>+# ,=# +2&<9# /1# /&12==/>/<&+# +,# +2&<# +:<#
%>><H<9%+/&J# =/<H?"# $:<# 9<%1,&1# %9<# %1# =,HH,K1P# QRS# +:<#
F%W/F2F#<==<>+/E<#H<&J+:#,=#,29#+2&<9#/1#%3,2+#RTT#FF)#
QMS#:,K<E<9#/+#K%1#>,&=/9F<?#3I#+:<#F<%129<F<&+#+:%+#+:<#
F%W/F2F# +2&<9# H<&J+:# K:/>:# /1# 9<G2/9<?# +,# ,3+%/&# +:<#
2&/=,9F# =/<H?# /1# %559,W/F%+<HI# NT# FF# H,&J<9# +:%&# +:<#
%E<9%J<#/&1<9+/,&#H<&J+:#,=#+:<#+2&<91"#

#
-/J29< MP#-/<H?#?/1+9/32+/,&#(before and after tuning
+:<#+2&<91S"#

#
-/J29<#LP#^:%5<#,=#F,?/=/<?#5,1+B>,25H<9"#

#
$:<9<=,9<)#K<#F,?/=/<?# +:<#?<1/J&#,=# 5,1+B>,25H<91# /&#

,9?<9# +,# /&>9<%1<# +:<# 9<1,&%&+# =9<G2<&>I"#$:<# ?<1/J&1# ,=#
+:<#5,1+B>,25H<9#%9<#1:,K&# /&# =/J29<#L"#$:<#<==<>+#,=# +:<#
1:%5<# ,=# +:<# 5,1+B>,25H<9# Q=/J29<# LS# ,&# +:<# 9<1,&%&+#
=9<G2<&>I# K%1# %H9<%?I# >,&=/9F<?# 3I# +:<# +2&/&J# ,=# +:<#
@$ABR"#7&#+:<#@$ABR#,&<#+:/9?#,=#+:<#5,1+B>,25H<91#K<9<#
F,?/=/<?"#!,K<E<9)#%HH#5,1+B>,25H<91#:%?# +,#3<#F,?/=/<?#
/&#+:<#@$ABM)#1/&><#+:<#,31<9E<?#=9<G2<&>I#?/==<9<&><#=,9#
+:<#@$ABM#K%1#F2>:#H%9J<9#+:%&#+:%+#=,9#+:<#@$ABR"#
61# %# 9<12H+)# +:<# 9<1,&%&+# =9<G2<&>I# 3<>%F<# LML"`UL#

8!O# %=+<9# +2&/&J# +:<# +2&<91"#$:<# /&1<9+/,&# H<&J+:#,=# +:<#
+2&<9#/1#1:,K&#6#/&#+%3H<#R"#$:<#%>><H<9%+/&J#=/<H?#/&#+:/1#
>%1<#/1#9<59<1<&+<?#3I#+:<#>9,11<1#QiS#/&#=/J29<#M"#
6=+<9#+2&/&J#+:<#+2&<91)#+:<#F<%129<?#2&H,%?<?#]#Q#]T#S#

E%H2<# /1# NcTTT)# K:/>:# /1# %3,2+# XNV# ,=# +:<# >%H>2H%+<?#
E%H2<"# $:<# ]T# E%H2<# /1# 12==/>/<&+HI# :/J:# =,9# +:<#
%>><H<9%+/&J#>%E/+/<1"#

!)*+#$,-.$(/0($1-(P/#$3C/+24-%#(
$:<# H<&J+:# ,=# +:<# 5,1+B>,25H<91# :%1# 3<<&# %?[21+<?# 3I#

+:<#F<%129<F<&+#,=#+:<#?/1+9/32+/,&#,=#+:<#%E<9%J<#<H<>+9/>#
=/<H?# =,9# <%>:# J%5# %H,&J# +:<# 3<%F# %W/1# K/+:# +2&<9#
5<9+293%+/,&"# $K,# '/&?1# ,=# +:<# +2&<9# 5<9+293%+/,&# K<9<#
%55H/<?"#e,+:#,=# +2&<9#5<9+293%+/,&1#F%'<#%#MU#V# +/H+# ,=#
+:<#=/<H?#?/1+9/32+/,&#K/+:,2+#5,1+B>,25H<91"#$:<#5<9+293<?#
=/<H?# ?/1+9/32+/,&1# K/+:,2+# 5,1+B>,25H<91# %9<# 1:,K&# /&#
=/J29<#N"#
$:<# /&/+/%H# %?[21+F<&+# ,=# +:<# 5,1+B>,25H<91# :%1# 3<<&#

?,&<# 3I# '<<5/&J# 25# +:<# H<&J+:# ,=# %HH# 5,1+B>,25H<91#
>,&1+%&+"# $:<# 9<12H+1# %9<# 1:,K&# /&# =/J29<# U# 6S"# $:<#
,9?/&%+<#,=#=/J29<#U#/1#1+%3/H/+I#5%9%F<+<9#K:/>:#/1#?<=/&<?#
%1# %&# ;8^# ,=# ?/==<9<&><# 3<+K<<&# 5<9+293<?# %&?# &,&B
5<9+293<?#<H<>+9/>#=/<H?1#,=#<%>:#><HH"#
#

#
F<%&1# ?/==<9<&><# ,=# %>><H<9%+/&J# =/<H?# 3<+K<<&#

5<9+293<?#%&?#&,&B5<9+293<?#%+#+:<#&B+:#><HH"#
#
7&# ,9?<9# +,# ,3+%/&# +:<# 3<1+# 1+%3/H/O%+/,&# %J%/&1+# +:<#

5<9+293%+/,&1)# +:<# =/&<# +2&/&J# ,=# 5,1+B>,25H<9# H<&J+:# :%1#
3<<&# +9/<?"# $:<# H<&J+:# ,=# 5,1+B>,25H<91# K%1# E%9/<?# =,9#
<%>:# 2&/+# +%&'"# -/J29<# U# eS# 1:,K1# +:<# 9<12H+1# ,=# +:<#
1+%3/H/+I#5%9%F<+<9#?<1>9/3<?#%3,E<#=,9#+:<#=/&<#+2&/&J#,=#
+:<# 5,1+B>,25H<9"# 6BZ# %+# %31>/11%# /&# =/J29<# U# F<%&1#
/&1<9+/,&# 5%++<9&1# %1# 1:,K&# /&# +%3H<# M"# $:21)# +:<# 3<1+#
1+%3/H/O%+/,&# %J%/&1+# 5<9+293%+/,&1# /1# %>:/<E<?# 3I# +:<#
5%++<9&#0"###
$:<#=/<H?#?/1+9/32+/,&1#1:,K&#/&#=/J29<#N#%9<#>:%&J<?#+,#

,&<1#1:,K&#/&#=/J29<#`#3I# +:<#5,1+B>,25H<91#K/+:#5%++<9&#
0"#7&#=/J29<#`#+:<#<==<>+#,=#5<9+293%+/,&1#1:,K&#/&#=/J29<#N#
:%1#3<<&#12559<11<?"##
#
$%3H<#RP#7&1<9+/,&#H<&J+:#,=#+2&<9#
# -R# -M# -L# -N# -U# -`# -c# -X# -_# -RT# 6R# 6M#

6# `T# NX# XL# cU# RN# NL# `U# X`# cU# XU# N`# L_#

e# `U# UL# XX# XT# RN# NL# `T# XR# cT# XT# N`# L_#

D# UU# NL# cX# cT# RN# NL# cU# _U# XU# _N# N`# L_#

6P#2&/=,9F#?/1+9/32+/,&# # # aFFb#
eP#25K%9?#5<9+293%+/,&# ###########-WP#WB+:#=/W<?#+2&<9#
DP#?,K&K%9?#5<9+293%+/,&############6WP#WB+:#F,E%3H<#+2&<9#

#
-/J29<#NP#-/<H?#?/1+9/32+/,&#K/+:,2+#5,1+B>,25H<91"#
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#
-/J29<#UP#^+%3/H/+I#5%9%F<+<9#=,9#<%>:#/&1<9+/,&#5%++<9&#
,=#5,1+B>,25H<91"#

#
$%3H<#MP#7&1<9+/,&#5%++<9&1#,=#5,1+B>,25H<91#

#
7&1<9+/,&#H<&J+:#,=#5,1+B>,25H<91QFFS#

# j&/+#+%&'#R#
QRBR`S#

j&/+#+%&'M#
QRcBM_S#

j&/+#+%&'#L#
QLTBNMS#

6# RX`# RXU# RXN
e# RX`# RXU# RXL
D# RX`# RXN# RXL
@# RXU# RXN# RXL
0# RXU# RXN# RXM
-# RXU# RXL# RXM
Z# RXN# RXL# RXM

#
#

#
-/J29<#`P#-/<H?#?/1+9/32+/,&#K/+:#5,1+B>,25H<91"#

#

6=+<9#%?[21+/&J#+:<#5,1+B>,25H<9k1#H<&J+:#=/&<HI)#+:<#+%31#
,=#%#5%9+#,=#5,1+B>,25H<91#K<9<#+/H+<?#/&#,9?<9#+,#/F59,E<#
+:<# 2&/=,9F/+I# ,=# +:<# =/<H?# ?/1+9/32+/,&"# -/&%HHI#
?/1+9/32+/,&# ,=# %>><H<9%+/&J# =/<H?# K/+:,2+# 5<9+293%+/,&# /1#
%>:/<E<?# Q=/J29<# cS"# $:<# F%W/F2F# ?<E/%+/,&# %&?# +:<#
1+%&?%9?# ?<E/%+/,&# ,=# +:<# ?/1+9/32+/,&# %9<# %559,W/F%+<HI#
T"UV#%&?#T"R`V)# 9<15<>+/E<HI"#$:<#<==<>+#,=#5<9+293%+/,&#
,&#+:<#=/<H?#?/1+9/32+/,&#/1#%1#1F%HH#%1#Q=/J29<#`S"#
#

#

2+32/%$-+3(
$:<# ;-# 59,5<9+/<1# :%E<# 3<<&#F<%129<?# =,9# @$ABM# ,=#

+:<#4BC6;D#H/&%>"#61#%#9<12H+)# 12==/>/<&+HI#:/J:#]T#E%H2<#
,=# %3,2+# NcTTT# :%1# 3<<&# >,&=/9F<?"# $:<# E%H2<# /1# F,9<#
+:%&# XTV# ,=# +:<# >%H>2H%+<?# ,&<"# $:<# 1+%3/H/O<?# %&?#
2&/=,9F#%>><H<9%+/&J# =/<H?#:%1#3<<&# %>:/<E<?#3I# +:<# =/&<#
%?[21+F<&+# ,=# 5,1+B>,25H<9k1# H<&J+:# %&?# 9,+%+/,&# ,=# +%31"#
$:<#1+%&?%9?#?<E/%+/,&#,=#+:<#=/<H?#?/1+9/32+/,&#/1#T"R`V"#
$:<#F<%129<F<&+#,=#+:<#;-#59,5<9+/<1#=,9#@$ABL#/1#/&#

59,J9<11"#

&")"&"32"$(
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=,9# +:<# 4BC6;Df)# C;nD"# n-# C6DMTTL)# C,9+H%&?)#
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#
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