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!"#$%&%&'( ) *+,-.%,( /+0%,*+(12--+.3( !02.' %&'(2&4(12--+.3( !+**( )562*%72-%"&(%&(
8 &+(!%.,6%-(
!
!"#$%#&'(#)&! *&!#%+,)-&."& " #*&/"01#("&/"(#++#2 &$*"3%+4)&5#+1,67&! *&849:,6&;%<:,67&! %

!
! ""#$%%&!%'!()*+),,-+)*.!/,0#123&,!4)+5,-2+36.!/,0#123&,.!47 !
#"8,91-3:,)3 !%'!;13$,:13+#2.!<$62+#!1)=!(&,#3-+#1&!()*+),,-+)*.!/%-3$>:?-+1!4)+5,-2+36.!/,0#123&,.!47 !
$""#$%%&!%'!@%:9>3+)*.!()*+),,-+)*!A!8+*+31&!B,#$)%&%*+,2.!B,,22+=,!4)+5,-2+36.!;+==&,2?-%>*$.!47 !
%C1+:,)* D0>E )%-3$>:?-+1D1#D>F!
!
!

!" #$%&'$(!)*+'$%,'-.+/,'*+#-0)1#2-%+34,%+-&5-65"6&%7-"&$$+%8-'/&%9+%-45,$-&57-&-"&$$+%8-:&5&9+:+5$-#8#$+:-0;<=2-45,$-$/&$-
"&*&5'+#-$/+-.6*$&9+-*+.+*#->6%-+&'/-"&$$+%8-'+**?-=6->&%-"6$/- 45,$#-&%+-$@6-'6:A*+$+*8-&4$&%B,'-A6@+%-+*+'$%65,'#-#8#$+:#?-
C/,#-A&A+%-A%+#+5$#-&-',%'4,$-$/&$-6A+%&$+#-&#-&-"&$$+%8-'/&%9+%-@/+5-$/+-)1-,#-'655+'$+7-$6-$/+-9%,7-&57-&#-&-.6*$&9+-"&*&5'+%-
@/+5-$/+-)1-,#-7%,.,59?-C/4#D-$/+-A%6A6#+7-',%'4,$-4$,*,#+#-$@6->45'$,65#-,5-65+-&57-$/+%+>6%+-+*,:,5&$+#-$/+-5++7-6>-/&.,59-
$@6-&4$&%B,'-45,$#-%+74',59-'6:A*+E,$8- &57-%+74'$,65- ,5- '6:A65+5$- '645$?-C/+- A%6A6#+7- ',%'4,$- 6A+%&$+#- &#- &- >*8"&'B-
'65.+%$+%- &57- &'/,+.+#- A6@+%- >&'$6%- '6%%+'$,65- 74%,59- "&$$+%8- '/&%9,59?- C/+- '65#$&5$F'4%%+5$- '65#$&5$F.6*$&9+- 0GGHG12-
'/&%9,59-:+$/67-,#-+:A*68+7-$6-'/&%9+-$/+-"&$$+%,+#?-I6@+.+%D-$6-*,:,$-$/+-54:"+%-6>-#+5#6%#-$/&$-@,**-"+-+:A*68+7-&#-&-
%+#4*$-6>-.&%8,59-'+**#-74%,59-'/&%9,59D-$/+-"&$$+%8-'4%%+5$-,#-+#$,:&$+7-4#,59-&-#,59*+-'4%%+5$-$%&5#74'+%-&57-+:"+77,59-&-
'65.+%$+%-:67+*-,5-$/+-'65$%6**+%?-C/+-6A+%&$,65-6>-$/+-',%'4,$-,#-A%+#+5$+7-,5-7+$&,*-&57-,#-#4AA6%$+7-"8-#,:4*&$,65-%+#4*$#?-
!- *&"6%&$6%8- A%6$6$8A+- ,#- "4,*$- $6- .+%,>8- $/+- +>>+'$,.+5+##- 6>- $/+- A%6A6#+7- $6A6*698!")EA+%,:+5$- %+#4*$#- #/6@- $/&$- $/+-
A%6A6#+7-:+$/67-A%6.,7+#-&5-,5$+9%&$+7-#6*4$,65-6>-65F"6&%7-'/&%9,59-&57-.6*$&9+-+34&*,#&$,65?-!
!

!" # $%&'()*+&,(%#
B-1)29%-313+%)! ,&,#3-+'+#13+%)! +2! 1)! +),5+31?&,! 3-,)=!

=>,!3%!3$,!+)#-,12,=!*&%?1&!=-+5,!3%01-=2!3$,!1=%93+%)!%'!&%0!
#1-?%)! 5,$+#&,2! 3%! -,=>#,! 3$,! *-,,)$%>2,! ,'',#3D! G3! +2!
9-%H,#3,=! 3$13! '%-! :1)6!199&+#13+%)2! 3-1=+3+%)1&! +)3,-)1&!
#%:?>23+%)!,)*+),2!IG@(2J!0+&&!*-1=>1&&6!?,!9$12,=!%>3!12!1!
:1+)23-,1:!:,1)2!%'!3-1)29%-313+%)!1)=!0+&&!?,!-,9&1#,=!?6!
$6?-+=! 1)=! '>&&6! ,&,#3-+#! 5,$+#&,2! +)! %-=,-! 3%! -,=>#,! @K#!
,:+22+%)2!LM.!NOD!;%23!#>--,)3!$6?-+=!,&,#3-+#!5,$+#&,2!IC(P2J!
1)=! ,&,#3-+#! 5,$+#&,2! I(P2J! 1-,! 9%0,-,=! ?6! &+3$+>:Q+%)!
?133,-6!91#F2.!0$+#$!$15,!1!$+*$Q9%0,-!=,)2+36!1)=!&%)*,-!
#6#&,!&+5,2!#%:91-,=!3%!%3$,-!?133,-6!3,#$)%&%*+,2!LRQSOD!G)!
9-1#3+#1&!199&+#13+%)2.!,1#$!91#F!+2!369+#1&&6!:1=,!'-%:!:1)6!
?133,-6! #,&&2! #%)),#3,=! +)! 2,-+,2! I%-! 1! 2,-+,2Q91-1&&,&!
#%:?+)13+%)J!3%!1#$+,5,!1!$+*$,-!5%&31*,D!C%0,5,-.!=>,!3%!
:1)>'1#3>-+)*! 3%&,-1)#,2! 1)=! #$,:+#1&! 9-%#,22,2.! 3$,!
29,#+'+#13+%)2!%'!+)=+5+=>1&!#,&&2!+)!1!91#F!51-6D!T'3,-!#6#&+)*!
3$,!#,&&2!3$-%>*$!2,5,-1&!#$1-*,2.!5%&31*,2!?,30,,)!#,&&2!#1)!
?,#%:,! :+2:13#$,= D! B$,-,'%-,.! 1! ?133,-6! :1)1*,:,)3!
2623,:! IU;"J! :>23! ?,! ,:9&%6,=! 3%! 1#3+5,&6! :%)+3%-! 1)=!
?1&1)#,!3$,!5%&31*,!1#-%22!3$,!#,&&2!12!0,&&!12!9-%5+=,!21',36!
1)=!&%)*,5+36!LVQMWOD!8+'',-,)3!369,2!%'!9122+5,!1)=!1#3+5,!
?1&1)#+)*! 3%9%&%*+,2! $15,! ?,,)! 2>::1-+2,=! +)!LMSQMXOD! G)!
1==+3+%).!%)?%1-=!?133,-6!#$1-*,-2!1-,!-,Y>+-,=!+)!C(P2Z(P2!
3%!#$1-*,!3$,!&+3$+>:Q+%)!?133,-6!91#FD!B$+2!#$1-*,-!#%)5,-32!
T@! *-+=! 5%&31*,! +)3%! 1! #%)3-%&&1?&,! 8@! %>39>3! 5%&31*,! 3%!
:13#$! 3$,! 2313,! %'! #$1-*,! %'! 3$,! ?133,-6! 91#FD!B$,! #>--,)3!
3-,)=!?6!3$,!K(;!+2!3%!$15,!3$,!U;"!1)=!%)?%1-=!#$1-*,-!12!
30%!2,91-13,!#+-#>+32D!B$,!,Y>1&+213+%)!#+-#>+3!+)3,*-13,=!0+3$!
3-1)2'%-:,-! #%::%)&6! -,Y>+-,2! )>:,-%>2! 20+3#$,2! 1)=!
:>&3+9&,!3-1)2'%-:,-!0+)=+)*2.!0$+#$!$12!3$,!=+21=51)31*,2!
%'!&1-*,!5%&>:,!1)=!,[91)2+%)!=+''+#>&36D!;1)6!:,3$%=2!%'!
+:9-%5+)*!3$,!3-1)2'%-:,-!,Y>1&+\13+%)!$15,!?,,)!9-%9%2,=!
+)!LM]QNMO.!2>#$!12!1!'%-01-=Q'&6?1#F!,Y>1&+\13+%)!#%)5,-3,-!
0+3$! :>&3+Q0+)=+)*! +)! LM]O.! #%)5,)3+%)1&! :>&3+! 0+)=+)*!

3%9%&%*6!LNÔ! 1)=! $1&'Q?-+=*,! #%)5,-3,-2!,Y>1&+\,-! 3$13!
-,=>#,2! 3$,! )>:?,-! %'! 0+)=+)*2! LNMOD!C%0,5,-.! 1&&! 3$,!
1'%-,:,)3+%),=! #%)'+*>-13+%)2! 1==!#%:9&,[+36! 1)=!,[3-1!
0,+*$3!3%!3$,!5,$+#&,.!0$+#$!-,2>&32!+)!1)!+)#-,12,=!#%23!1)=!
-,=>#,=!,''+#+,)#6D!

G)! %-=,-! 3%! -,=>#,!3$,!#%:9&,[+36.! 3$,! #%)#,93! %'!
:>&3+Q'>)#3+%)1&! 9%0,-! ,&,#3-%)+#2! 2623,:2! #1)! ?,! 199&+,=!
0$,-,!%)&6!%),!#%)2%&+=13,=!#+-#>+3!+2!>2,=!3%!#%)=>#3!?133,-6!
#$1-*+)*! 1)=! ?133,-6!#$1-*,! ,Y>1&+\13+%)D!B$+2!#%)#,93!
+)5%&5,2! :%=+'6+)*! 3$,! ?133,-6! #$1-*,-! 3%!1#$+,5,! =>1&!
'>)#3+%)2! %'! #$1-*+)*! 1)=! ?133,-6! :1)1*,:,)3D!B$,-,'%-, .!
,&+:+)13+)*!1! 2,91-13,! %)?%1-=! #$1-*,-! >)+3!%-! 3$,! U;" D!
",5,-1&! 9-%9%21&2! $15,! ?,,)! 9>?&+2$,=! +)! 3$,! &+3,-13>-,! 3%!
+)#&>=,!1==+3+%)1&!'>)#3+%)1&+36!+)!U;"!LNN.!NWOD!!G)!LNNO!1!
?+Q=+-,#3+%)1&! ?133,-6! #$1-*,-!+2! 9-%9%2,=! 0+3$! 1! :%=>&1-!
+)3,*-13,=!,Y>1&+\13+%)!#+-#>+3!+)!0$+#$!3$,!?133,-6!#,&&2!1-,!
#%)),#3,=! 3%! 3$,! *-+=! 5+1! 1! '>&&Q?-+=*,! -,#3+'+,-.! 1! 8@Z8@!
#%)5,-3,-!1)=!1!*-%>9!%'!20+3#$,2D!B$,!:1+)!=-10?1#F!+2!3$13!
3$,! #+-#>+3!2,&,#32! 1! #,&&!0+3$! 3$,! &%0,-! 5%&31*,!&,5,&! 1)=!
#$1-*,2!+3!1)=!3$,)!3,-:+)13,2!3$,!#$1-*+)*!9-%#,22!%)#,!3$,!
:1[+:>:! 5%&31*, ! 3$-,2$%&=! +2! -,1#$,=D!B$>2.! -13$,-! 3$1)!
#$1-*+)*! 1&&! #,&&2! +)! 2,-+,2! 2+:>&31),%>2&6.! ,1#$! #,&&! +2!
#$1-*,=! +)=+5+=>1&&6! 5+1! 3$,! #%)5,-3,-D! C%0,5,-.! %)#,! 3$,!
5,$+#&,!+2!>)9&>**,=.!)%!5%&31*,!,Y>1&+\13+%)!1#-%22!3$,!#,&&2!
#1)!31F,!9&1#,!=>,!3%!3$,!#$%2,)!#+-#>+3!3%9%&%*6D!!

T)%3$,-!23>=6!9-%9%2,2!1!?133,-6!#$1-*,-!3$13!+)#&>=,2!
1! 5%&31*,! 2%>-#,! 1)=! 1! )%)Q=+22+913+5,! 2$>)3! 3$13! #1)! ?,!
#>23%:+\,=!3%!#$1-*,!1)6!)>:?,-!%'!?133,-+,2!LNROD!B$+2!)%)Q
=+22+913+5,!2$>)3!#+-#>+3!#%)2+232!%'!1!91+-!%'!3-1)2+23%-2!1)=!
1)!+)=>#3%-!3$13!+2!#%)'+*>-,=!12!1!?>#FQ?%%23!#%)5,-3,-!3%!
#%)),#3!0+3$!,1#$!91+-!%'!?133,-+,2D!G)!2>#$!1!#%)'+*>-13+%).!
3$,!#+-#>+3!#1)!?,!>2,=!3%!#$1-*,!3$,!?133,-6!12!1!-,*>&1-!(P!
#$1-*,-! 0$,)! +3! +2!#%)),#3,=! 3%! 3$,! *-+=_! :,1)0$+&,.! +3! +2!
#191?&,!%'!?1&1)#+)*!#,&&!5%&31*,2!3$-%>*$!3$,!2$>)3,=!?>#FQ
?%%23!#%)5,-3,-2!0$,)!3$,!#+-#>+3!+2!>)9&>**,=D!C%0,5,-.!3$,!
#+-#>+3! >2,=! '%-! 5%&31*,! ?1&1)#+)*! 1)=! 3$,! #+-#>+3! >2,=! '%-!



N!
"

?133,-6!#$1-*+)*!=%,2!)%3!2$1-,!1)6!#%:9%),)32.!1)=!12!2>#$.!
1#3! 12! 30%! +)=,9,)=,)3! #+-#>+32! $15+)*! =+'',-,)3! '>)#3+%)2D!
B$,-,'%-,.! 3$+2! +2! )%3! 3->&6! 1! :>&3+Q'>)#3+%)1&! 9%0,-!
,&,#3-%)+#2!2623,:D!!

B$+2!919,-!9-%9%2,2!1)!+)3,*-13,=!2+)*&,!231*,!?133,-6!
#$1-*,-Z#$1-*,!,Y>1&+\13+%)! #+-#>+3!'%-!C(P2Z(P2D!`$,)!3$,!
5,$+#&,!+2!2313+#!1)=!#%)),#3,=!3%!3$,!*-+=.!3$,!9-%9%2,=!#+-#>+3!
%9,-13,2! 12! 1! #%)5,)3+%)1&! #$1-*,-D! `$,)! 3$,! 5,$+#&,! +2!
%9,-13+%)1&.! +D,D! )%3! #%)),#3,=! 3%! 3$,! *-+=.! 3$,! #+-#>+3! +2!
#%)3-%&&,=! 3%! ->)! 12! 1! #%)5,)3+%)1&! 5%&31*,! ,Y>1&+\,-D! B$,!
=,2+*)!%'!2>#$!1!#+-#>+3!3$,-,'%-,!9-%5+=,2!T@Z8@!#%)5,-2+%).!
*1&51)+#! +2%&13+%)! ?,30,,)! 3$,! *-+=! 1)=! 3$,! ?133,-6.! 1)=!
#$1-*,!,Y>1&+\13+%)D!B$,!:1+)!#%)3-+?>3+%)2!%'!3$+2!919,-!1-,a!
MJ!8,5,&%9:,)3!%'!2+)*&,!231*,!#$1-*,-Z#$1-*,! ,Y>1&+213+%)!
#+-#>+3!>2+)*!%)&6!30%!0+)=+)*!3-1)2'%-:,-D!NJ!T&&%0+)*!)!
)>:?,-! %'! #,&&2! 3%! ?,! 1==,=! ?6! 2+:9&6! :%=+'6+)*! 3$,! #,&&!
2,&,#3%-D! RJ! G)3-%=>#+)*! 1! #%)3-%&! 23->#3>-,! 3%! +:9-%5,! 3$,!
%5,-1&&!2623,:!9,-'%-:1)#,.!'&,[+?+&+36!1)=!9-%5+=,!=,2+-1?&,!
#$1-*,-Z#$1-*,! ,Y>1&+213+%)! +)3,-1#3+%)D!T&2%.! 3$, ! #%)3-%&!
23-13,*6!'%-!#$1-*,!,Y>1&+\13+%)!+2!+)#%-9%-13,=!+)!3$,!#$1-*,-!
#%)3-%&!1&*%-+3$:D!

B$,!-,23!%'!3$,!919,-!+2!%-*1)+\,=!12!'%&&%02a!",#3+%)!
GG! 9-,2,)32! 3$,! #+-#>+3! 3%9%&%*6.! '>)=1:,)31&! %9,-13+%)1&!
:%=,2!1)=!2+:>&13+%)!5,-+'+#13+%)D!G)!2,#3+%)!GGG.!1!#%)3-%&!
1&*%-+3$:! #%)2+23+)*! %'! 1! #%)231)3Q#>--,)3Q#%)231)3Q5%&31*,!
I@@Q@PJ!#$1-*+)*!1&*%-+3$:!0+3$!9%0,-!'1#3%-!#%)3-%&!I<b@J!
+2! 9-%9%2,=! 1)=! =,:%)23-13,=D! ",#3+%)! GP! =,2#-+?,2! 3$,!
51&+=13+%)! %'! 3$,! 9-%9%2,=! #+-#>+3! 1)=! #%)3-%&! 1&*%-+3$:2!
3$-%>*$!3$,!#%)23->#3+%)!1)=!%9,-13+%)!%'!1!'>&&6!'>)#3+%)1&!
9-%3%369,D!b+)1&&6.!",#3+%)!P!2>::1-+\,2!&,22%)2!=-10)!'-%:!
3$+2!0%-FD!

ND! -'(.(/0)#1,'+*,&#2(.(3(456#7.0'8&,(%#8%)#
9,:*38&,(%/ !

B$,! 9-%9%2,=! ?133,-6! #$1-*,-! +)3,*-13,=! 0+3$! 1)!
,Y>1&+\13+%)!#+-#>+3!+2!9-,2,)3,=!+)!b+*D!MD!B$,!#+-#>+3!#1)!?,!
2>?Q=+5+=,=! +)3%! '%>-! 91-32a! 3$,! -,#3+'+,-.! 3$,! +2%&13,=!
#%)5,-3,-.! 3$,! 0+)=+)*! 2,&,#3%-! 1)=! 3$,! #,&&! 2,&,#3%-D! b%-!
c,5,&!M!>)+=+-,#3+%)1&!(P!#$1-*,-2.!+3!+2!#%::%)!3%!1==!1!
2+)*&,Q9$12,!'>&&Q015,!=+%=,!?-+=*,!-,#3+'+,-!3%!3$,!*-+=Q2+=,!
+)!%-=,-!3%!#%)5,-3!T@!+)9>3!+)3%!8@!LMdOD!B$,! -,#3+'+,-!+2!
'%&&%0,=!=+-,#3&6!?6!1)!+2%&13,=!#%)5,-3,-!0$+#$!#%)2+232!%'!1!
3$-,,Q0+)=+)*!3-1)2'%-:,-!1)=!1!3-1)2+23%-!3$13!+2!#%)),#3,=!
+)!2,-+,2!3%!3$,!9-+:1-6!0+)=+)*D!B$,!9-+:1-6!0+)=+)*!1)=!
3$,! 30%! 2,#%)=1-6! 0+)=+)*2! 1-,!-,5,-2, Q#%>9&,=! %)! %),!
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In the demagnetizing period (Fig. 2 (b)), S1 is turned 

off. The energy stored in the transformer is released to the 
target cell B1 from the secondary winding Ns_1 through S2 and 
the antiparallel diode of S3 in the winding selector, as well as 
SC1 and SC2 in the cell selector. The current in Ns_1 is gradually 
decreasing from ,,-./ . If the current reaches zero as the coil 
magnetomotive force (MMF) has collapsed, B1 will not start 
discharging because S3 in the winding selector is not turned 
ON. 
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C,-,.!+3!+2!122>:,=!3$13!A"!$12!1!$+*$,-!+)+3+1&!5%&31*,!
3$1)!A#D!T)!,Y>1&+\13+%)!#6#&,!#%:9-+2,2!3$-,,!2>?Q+)3,-51&2a!!
:1*),3+\+)*.!=,1= Q3+:,!1)=!=,:1*),3+\+)*!9,-+%=2D!<-+)#+91&!
F,6!015,'%-:2!'%-!3$,!,Y>1&+\13+%)!1-,!2$%0)!+)!Fig. 2 (c). !!
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During this period, SC1 and SC2 MOSFETs in the cell 
selector are conducting. Meanwhile, S3 in the winding 
selector is also turned on, and with the body diode of S2 
providing a path for current flow from cell B1 to the secondary 
winding of the transformer. Thus, energy from B1 is directly 
transferred into the transformer secondary winding Ns_1. In 
essence, the coil Ns_1 serve as an inductive energy storage 
device. The equivalent circuit for this period is presented in 
Fig. 4(a). 

!"B"!$?(/' 4;,7($>!" 4!0"2#$
The overlapping of magnetizing and demagnetizing 

period causes short-circuit of the battery cells. For example, 
if SC3 is turned ON before SC1 is turned off, B1 and B2 will be 
shorted via Bus_A. Consequently, a dead-time period must 
be added between the magnetizing and the demagnetizing 
periods for safety. The length of the dead-time period depends 
on the switching characteristics of the MOSFETs. In this 
paper, dead-time in both simulations and experimental tests 
are set to 1 µs.$$

!"B"B$?(7/01(;,<,10$= (+,&'$>!04!1"2#$
The energy stored in the transformer secondary 

winding Ns_1 is now released to the sink battery B3. S4 in the 
winding selector and SC3, SC4 in the cell selector, are gated 
ON so that a demagnetizing current iLs_2 can flow from the 
bottom secondary winding Ns_2 through S4 and the body diode 
of S5, and SC3 to the sink cell. The equivalent circuit of this 
period is shown in Fig. 4 (b).$
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4)&+F,!3$,!9-,5+%>2!'%>-!%9,-13+%)1&!:%=,2!+)!0$+#$!
3$,! #+-#>+3!%9,-13,2!12!1! '&6?1#F!#%)5,-3,-.! +)! ;%=,!S.! 3$,!
#+-#>+3!%9,-13,2!12!1!?>#FQ?%%23!#%)5,-3,-D!b>-3$,-:%-,.!2+)#,!
3$,-,!+2!%)&6!%),!2,#%)=1-6!#%+&!+)5%&5,=!I%3$,-!#%+&2!1-,!%9,)!
#+-#>+3J.!+3!+2!#%)2+=,-,=!12!1!2+)*&,!#%+&!+)=>#3%-!-13$,-!3$1)!
?,+)*!#%>9&,=!3%!%3$,-!0+)=+)*2D!B$,!?1&1)#+)*!9-%#,22!#1)!
1&2%! ?,! =+5+=,=! +)3%! 3$-,,! 9,-+%=2a! 3$,! +)=>#3%-! #$1-*+)*!
9,-+%=.!3$,!=,1=Q3+:,.!1)=!3$,!+)=>#3%-!=+2#$1-*+)*!9,-+%=D!
<-+)#+91&!F,6!015,'%-:2! '%-!3$,! ,Y>1&+\13+%)!1-,!2$%0)!+)!
Fig. 2 (c). !!
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8>-+)*!3$+2!3+:,.!A"!+2!#%)),#3,=!3%!3$,!3%9!2,#%)=1-6!
0+)=+)*!P+," "0+3$!F'" !1)=!F'%!+)!3$,!#,&&!2,&,#3%-!*13,=!K/!
IFig. 2 (a))D!F#"+)!3$,!0+)=+)*!2,&,#3%-!+2!1&2%!#%)=>#3+)*.!3%!
9-%5+=,!1!#>--,)3!'&%0!913$!'-%:!A" "3%!#$1-*,!3$,!3-1)2'%-:,-!
0+)=+)*!P+,"D!`+3$+)!3$+2!9,-+%=.!3$,!#%+&!+2!23%-+)*!:1*),3+#!
,),-*6!+)!3$,!3-1)2'%-:,-!#%-,D!
$
!"E"!$?(/' 4;,7($>!" 4!0")$$

T2! :,)3+%),=! 9-,5+%>2&6.! 1)6! %5,-&19! %'! 3$,!
#%)=>#3+)*!%'!;K"b(B2!:16!$15,!1)!+:91#3!%)!3$,!?133,-6!
#,&&2!1)=!3-1)2+23%-2D!B$+2!+2!1&2%!3->,!+)!3$+2!%9,-13+%)!:%=,_!
$,)#,.!1!=,1=Q3+:,!+2!),#,221-6D!T3!3+:,!!" .!3$,!#,&&!2,&,#3%-.!
F'" B!+2!20+3#$,=!%''D!
$
!"E"B$G1'6H;&+$',:H./+0,10$=(+,&'$>!04!1")$$

T3!!0!F'# !+2!20+3#$,=!K/.!F#!#%)3+)>,2!3%!#%)=>#3.!1)=!
3$,-,'%-,! 3$,! 2+)F! #,&&!A%! +2! +)! 2,-+,2! 0+3$! 3$,! 2,#%)=1-6!
0+)=+)*!P+," !IFig. 2 (b))D!B$>2.!3$,!,),-*6!23%-,=!+)!3$,!#%-,!
+2!-,&,12,=!3%!A%D!T&3$%>*$!+3!+2!)%3!,22,)3+1&!'%-!3$,!#%)5,-3,-!
3%!%9,-13,!+)!=+2#%)3+)>%>2!#%)=>#3+%)!:%=,!I8@;J!'%-!3$+2!
%9,-13+)*! :%=,!Q!9-%5+=+)*! 3$,! ),[3! 9,-+%=! +2! +)! 3$,! 21:,!
%9,-13+)*!:%=,!Q!0$,)!:%5+)*!?,30,,)!:%=,2!3$,!#%-,!:>23!
?,! =,:1*),3+\,=.! 3$,! 122>:93+%)! +2! 3$13! 3$,! #%)5,-3,-! +2!
%9,-13,=!+)!8@;D!B$>2.!3$,!#-+3+#1&!=>36!#6#&,!2$%0)!+)!!ISJ!
#1)!?,!199&+,=!3%!3$+2!%9,-13+)*!:%=,D!B$,!2%>-#,!#,&&2!1)=!
2+)F! #,&&2! +)5%&5,=! 12! 0,&&! 12! 3$,! #%--,29%)=+)*! 20+3#$+)*!
2313,2!+)!3$+2!:%=,!1-,!1&2%!+)#&>=,=!+)!B1?&,!GGD!!

B$>2.!3%!#%9,!0+3$!3$,!+:?1&1)#,!%'!:>&3+9&,!#,&&2.!3$,!
9-%9%2,=!#+-#>+3!#1)!%9,-13,!12!1!:1+)2!#$1-*,-!1)=!%)&6!3%!
#$1-*,!3$,!#,&&2!3$13!$15,!&%0,-!5%&31*,D!T&3,-)13+5,&6.!3$,!$
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!
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!
;3?!

!
;1?!

!"#$%4!M9*-82+'0,!1-#1*-,!/$#!'9*2+-:2,-$0!/#$)!A"!,$!A%!/$#!
-0(*1,$#K!()* !152#6-06!%'#-$(L!(+*!(-&152#6-06!%'#-$(L!(,* !O'4!
$%'#2,-$02+!728'/$#)&!
#+-#>+3!#1)!%9,-13,!12!1)!,Y>1&+2,-.!>2+)*!#,&&2!3$13!$15,!$+*$,-!
5%&31*,!3%!#$1-*,!3$,!-,23!#,&&2D!G)!%3$,-!0%-=2.!3$,!9-%9%2,=!
#+-#>+3!#1)!?1&1)#,!3$,!5%&31*,!1#-%22!3$,!#,&&2!+)!30%!0162a!
5%&31*,!?1&1)#+)*!12!1!#$1-*,-!1)=!5%&31*,!?1&1)#+)*!12!1)!
,Y>1&+2,-D!`$,)!3$,!#+-#>+3!+2!#%)),#3,=!3%!1!9%0,-!2>99&6.!+3!
#1)!#$%%2,!3$,!31-*,3!#,&&Z#,&&2!0+3$!3$,!0+)=+)*!2,&,#3%-!1)=!
3$,! #,&&! 2,&,#3%-! 0%-F+)*! 3%*,3$,-D! C,)#,.! #,&&Z#,&&2! 0+3$!
$+*$,-!5%&31*,!0%>&=!?,!?69122,=.!1)=!#,&&Z#,&&2!0+3$!&%0,-!
5%&31*,!#1)!?,!#$1-*,=D!G)!3$+2!016.!3$,!5%&31*,!=+'',-,)#,!
?,30,,)! #,&&2! 0+&&! ?,! -,=>#,=D! B$,! #%:?+)13+%)2! %'! 31-*,3!
#,&&Z#,&&2!$15,!?,,)!=,:%)23-13,=!+)!B1?&,!G!+)!3$,!919,-D!B$,!
#+-#>+3!#1)!1&2%!?1&1)#,!3$,!5%&31*,!12!1)!,Y>1&+213+%)!#+-#>+3D!
G3!#1)!%9,-13,!12!,+3$,-!'&6?1#F!#%)5,-3,-Q?12,=!,Y>1&+2,-.!%-!
?>#FQ?%%23! #%)5,-3,-Q?12,=! ,Y>1&+2,-D! ",#3+%)! NDR.! NDW! 1)=!
NDS! +)! 3$,! 919,-! *15,! ,[1:9&,2! '%-! 3$,! 3$-,,! ,Y>1&+213+%)!
%9,-13+%)1&! :%=,2.! 0$+#$! =,:%)23-13,! 3$13! ,),-*6! #1)! ?,!
3-1)2',--,=! '-%:! %),! #,&&! 3%! 1)%3$,-! +)! 3$,! 91#F.! 0+3$! 3$,!
0+)=+)*! 2,&,#3%-! 1)=! 3$,! #,&&! 2,&,#3%-! 0%-F+)*! 3%*,3$,-D!
b>-3$,-:%-,.!3$,!2%>-#,!1)=!31-*,3!#1)!?,!1!#,&&!23-+)*.!3$,!
#%:?+)13+%)2!%'!3$,!#,&&2!$15,!?,,)!2$%0)!+)!B1?&,!GGD!
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;" # -<1#=#11 >1?#1(%&'(330'#@('#2A0#-'(.(/0)#
1,'+*,& #

B%! #%:9&6! 0+3$! G(((! 1)=! "%#+,36! %'! T>3%:%3+5,!
()*+),,-2!I"T(J!231)=1-=2.!+3!+2!#%::%)!9-1#3+#,!3%!+)#&>=,!
1!9%0,-! '1#3%-!#%--,#3+%)!I<b@J!#+-#>+3! '%-!%)?%1-=!?133,-6!
#$1-*,-2!0$,)!3$,6!1-,!#%)),#3,=!3%!3$,!9%0,-!*-+=!LNSQNXOD!
T2!3$,!9-%9%2,=!#+-#>+3!%9,-13,2!12!1!'&6?1#F!#%)5,-3,-!=>-+)*!
?133,-6!#$1-*+)*.!%),!2+*)+'+#1)3!1=51)31*,!%'!3$,!9-%9%2,=!
3%9%&%*6! +2! 3$,! #191?+&+36! %'! 1#$+,5+)*! <b@! 0+3$%>3! >2+)*!
1==+3+%)1&!+)=>#3%-2.!=+%=,2!%-!20+3#$,2D!!!

b+*D!V!2$%02!3$,!=+1*-1:!%'!3$,!9-%9%2,=!#+-#>+3!0+3$!
3$,! <b@Q#%)231)3! #>--,)3! I@@J! 1)=! #%)231)3! 5%&31*,! I@PJ!
#%)3-%&&,-D!B$,!#%)3-%&&,-!#%)2+232!%'!'%>-!'>)#3+%)1&!?&%#F2a!
3$,!%>3,-!5%&31*,!&%%9.!3$,!%>3,-!#>--,)3!&%%9.!3$,!+)),-!#>--,)3!
&%%9.!1)=!3$,!<`;!:%=>&13%-D!!

"
!"#$%5!I-26#2)!$/!,5'!%#$%$&'(!1-#1*-,!7-,5!,5'!"WQ.QQ.
QX!1$0,#$++'#@!

G3!+2!#%::%)!9-1#3+#,!3%!#$1-*,!?133,-+,2!>2+)*!1!@@Q
@P! '%-:13! 0$,-,?6! +)!3$,! ,1-&6!231*,! %'! ?133,-6! #$1-*+)*!
0$,)!#,&&!5%&31*,2!1-,!'1-!?,&%0!3$,!:1[+:>:!1&&%01?&,!#,&&!
5%&31*,.!1!@@!+2!199&+,=!I13!3$,!=,2+-,=!@Q-13,JD!b+*D!V!1&2%!
2$%02!3$,!<b@Q@@!#%)3-%&!:%=,!'%-!3$,!9-%9%2,=!#+-#>+3D!G)!
@@!:%=,!3$,!#$1-*+)*!#>--,)3!#%>&=!?,! :,12>-,=! '-%:!3$,!
2,#%)=1-6! 2+=,_! $%0,5,-.! 2+)#,! 3$,! 3%9%&%*6! 1&&%02! 51-+,=!
)>:?,-2!%'!#,&&2!3%!?,!#$1-*,=.!9&1#+)*!3$,!#>--,)3!3-1)2=>#,-!
%)!3$,!2,#%)=1-6!2+=,!:16!)%3!?,!%93+:1&D!G)23,1=.!?6!>2+)*!
3$,! 9-+:1-6! 2+=,! #>--,)3! 3-1)2=>#,-! #%:?+),=! 0+3$! 3$,!
F)%0&,=*,! %'! 3$,! 3-1)2'%-:,-! 3>-)2! -13+%.! 12! 0,&&! 12! 3$,!
)>:?,-!%'!#,&&2!?,+)*!#$1-*,=!3$,!2,#%)=1-6!#>--,)3!#1)!?,!
,23+:13,=! 3$-%>*$! ,:?,==+)*! 1! #%)5,-3,-! :%=,&! +)! 3$,!
#%)3-%&&,-D! G)! 3$+2! 016.! %)&6! %),! 9-+:1-6! #>--,)3! 2,)2%-! +2!
-,Y>+-,=!'%-!3$,!,)3+-,!2623,:!#%)3-%&D!B$,!%>3,-!#%)3-%&!&%%9!
-,*>&13+)*!3$,!#>--,)3!&,5,&!1)=!3$,!+)),-!&%%9!-,*>&13+)*!3$,!
#>--,)3!,)5,&%9,!:,1)2!3$,!#%)3-%&&,-!F,,92!3$,!#+-#>+3!13!3$,!
@@!%>39>3!0+3$!1!$+*$!+)9>3!9%0,-!'1#3%-D!!

B$,! %>3,-! 5%&31*,! &%%9! 1+:2! 3%! #%:91-,! 3$,! #+-#>+3!
%>39>3!5%&31*,!0+3$!1!5%&31*,!-,',-,)#,!?,'%-, !-,*>&13+)*!3$,!
5%&31*,!,--%-D!B$,-,'%-,.!3$+2!#%)3-%&&,-!+2!1&2%!-,*1-=,=!12!3$,!
<b@Q@P!#%)3-%&&,-.!1)=!+3!#1)!?,!>2,=!+)!3$,!&13,-!231*,!%'!

?133,-6! #$1-*+)*! 0$,)! #,&&! 5%&31*,2! 199-%1#$! 3$,! >99,-!
5%&31*,!&+:+3.!1)=!@P!#$1-*+)*!+2!=,:1)=,=! LN] QRMOD!!

B$,! 5%&31*,2! %'! ,1#$! #,&&! 1-,! :,12>-,=.! 1)=! 1)!
15,-1*,=!51&>,!) ! !+2!#1&#>&13,=!12!3$,!%>39>3!5%&31*,!%'!3$,!
2623,:D!"+)#,.!12!2,3!?6!3$,!#%)3-%&!1&*%-+3$:.!3$,!)>:?,-!%'!
#,&&2!+)!3$,!#$1-*+)*!2313,!+2!=,3,-:+),=!?6!3$,!2313>2!%'!#,&&2!
1)=!3$,! '>&&6!#$1-*,=!#,&&2!0+&&!?,!?69122,=!+)!3$,!#+-#>+3D!
B$>2.!>2+)*!3$,!15,-1*,!5%&31*,!+)23,1=!%'!3$,!%5,-1&&!%>39>3!
5%&31*,!1&&%02!1=19313+%)!3%!3$,!-,',-,)#,!+)!3$,!%>3,-!5%&31*,!
&%%9D!!G)!3$+2!016.!3$,!-,',-,)#,!#1)!?,!2,3!12!3$,!>99,-!5%&31*,!
&+:+3! %'! %),! ?133,-6! #,&&2! )%! :133,-! $%0! :1)6! #,&&2! 1-,!
#$1-*+)*D!B$,!15,-1*,!5%&31*,!+2!#%:91-,=!0+3$!3$,!?133,-6!
231#F!-,',-,)#,!5%&31*,!X-). .!9-%=>#+)*!3$,!#%)3-%&!2+*)1&!X(/-*.!
0$+#$!+2!:>&3+9&+,=!?6!3$,!-,*>&13,=!+)9>3!5%&31*,!) ()

6 D!B$>2.!
3$,! #>--,)3! -,',-,)#,! Y-). ! #%)31+)2! 3$,! +)'%-:13+%)! %'! 3$,!
,)5,&%9,! 1)=! 3$,! *,),-13,=! 8@! #%:9%),)32! %'! 3$,! ?133,-6!
91#FD!G)!3$,!+)),-!#>--,)3!&%%9.!,7-8 +2!#%:91-,=!0+3$!3$,!!

"
!"#$%6!W+$7!152#,!$/!,5'!%#$%$&'(!1$0,#$+!2+6$#-,5)@!

-,*>&13,=!#>--,)3!%()
6 1)=!3$,!,--%-!+2!#%)3-%&&,=!?6!3$,!#>--,)3!

&%%9!<G!#%)3-%&&,-D!B$,! #%)3-%&&,=!2+*)1&!+2!3$,)! ',=!+)3%!1!
<`;!:%=>&13%-!3%!=-+5,!3$,!F>!+)!3$,!#+-#>+3D!

B$,! '&%0!#$1-3!%'!3$,!9-%9%2,=!#%)3-%&!1&*%-+3$:!+2!
9-,2,)3,=!+)!b+*D!dD!B$,!#,&&2!5%&31*,2!1-,! '+-23!:,12>-,=!3%!
=,3,-:+),!3$,!#%)3-%&&,-!0$,3$,-!3%!->)!+)!<b@Q@@!%-!<b@Q
@P!:%=,D!G'!3$,!5%&31*,!%'!1)6!#,&&!+2!>)=,-!3$,!3$-,2$%&=!
5%&31*,.! 3$,! <b@Q@@! #%)3-%&&,-!+2! 1#3+513,=.! #$1-*+)*! 3$,!
?133,-+,2!13!3$,!=,2+-,=!@Q-13,D!B$,!0+)=+)*!2,&,#3%-!1)=!#,&&2!
2,&,#3%-! 0+&&! 0%-F! 3%*,3$,-! 3%! ?69122! #,&&2! 3$13! -,1#$! 3$,!
3$-,2$%&=! 5%&31*,D! K)#,! 1&&! 3$,! #,&&2! -,1#$! 3$,! 3$-,2$%&=!
5%&31*,.!3$,!#%)3-%&&,-!+2!20+3#$,=!3%!<b@Q@P!#%)3-%&!:%=,!
3%!#$1-*,!3$,!#,&&2!0+3$!1!=,#-,12,=!#$1-*+)*!#>--,)3D!`$,)!
+)=+5+=>1&! #,&&2! -,1#$! 3$,! >99,-! 5%&31*,! &+:+3.! 3$,! 0+)=+)*!
2,&,#3%-!1)=!#,&&2!2,&,#3%-!0+&&!0%-F!3%*,3$,-!3%!?69122!3$,!
'>&&6!#$1-*,=!#,&&2!1)=!:1F,!3$,!#%)5,-3,-!3%!#$1-*,!3$,!-,23!
%'!3$,!#,&&2D!B$>2.!+)!3+:,!1&&!3$,!#,&&2!#1)!?,!#$1-*,=!3%!3$,!
21:,! >99,-! 5%&31*,!&+:+3D!B$,-,! +2! ),#,221-+&6!1!$623,-,2+2!
1-%>)=! 3$,! @@Q@P! =,#+2+%)! 9%+)3! 3%! 15%+=! 3$,! #%)3-%&&,-!
&%2+)*!231?+&+36!13!3$,!3$-,2$%&=D!!

B$,! 9-%9%2,=! #+-#>+3! 1)=! 3$,! #%)3-%&&,-! $15,! ?,,)!
2+:>&13,=!>2+)*!3$,!2%'301-,!<c(@"D!B$,!91-1:,3,-2!+)!3$,!
2+:>&13+%)!:%=,&!1-,!9-,2,)3,=!+)!B1?&,!GGGD!
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/)+01%222%Z'4!%2#2)','#&!-0!,5'!&-)*+2,-$0!)$('+%
9.%.4'0'%) ! :.($') !

&'()*%+,-./%$ "$01%234%5067%
8*9,:;'*<)*=:%/.*,:%*9/+'$ !!>! %
?9@,)/+A%B,C.A/9,A)%D&$ $50.6 %

3)EE:=%A9-9A+/9,A)$ "00F%
3)EE:=%*):+:/9,A)$ 0G0!!H%

!
b+*D!X!2$%02!3$,!+)9>3!#>--,)3!1)=!#,&&!5%&31*,2!%'!1!

#%:9&,3,!2+:>&13,=!<b@Q@@Q@P!#$1-*,!9-%#,22!%'!'+5,!#,&&2D!
G)! 3$+2! 2+:>&13+%).! +3! 012! 122>:,=! 3$13! '+5,! #,&&2! $15,!
=+'',-,)3! +)+3+1&! 5%&31*,! '-%:! RDNP! 3%! RDVPD! B%! 215,! 3$,!
2+:>&13+%)! 3+:,.! 3$,! #191#+31)#,! 51&>,2! %'! 3$,! #,&&2! 1-,!
-,=>#,=! 3%! N^^! bD! U12,=! %)! 3$+2! 2#,)1-+%.! 3$,! 3$-,2$%&=!
5%&31*,! '%-! ,1#$!#,&&!1)=!3$,!>99,-!5%&31*,!&+:+3!1-,!2,3!13!
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