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X=//!$*@%1,!#1* KF* KP7H* HK* RV7O*
Y5=1+*@%1,!#* KL* VF7O* KE* VK7H*

*
I1*'#*&%)*/!*1!!)*3$(0*#%/5!*HC*#+!$!*%$!*1'@)'3'&%)#*-'33!$!)&!1*')*#!$01*

(3*/='5-')@*%@!*/!#:!!)*;<;;1*(3*/(#+*&'#'!17*J+!*0!-'%)*/='5-')@*%@!*(3*
;<;;1* (3* 8B($#(* '1* HH* 9!%$1* (5-* :+!$!%1* ')* >'1/()* '1* LK* 9!%$1* (5-* 2#+!*
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:'#+*$!@%$-*#(*#+!*)=0/!$*(3*&+'5-$!)*B!$*;<;;C*#+!*0!-'%)*')*8B($#(*'1*QR*
4!$1=1* #+!*PP7O*(3*>'1/()C* #+(=@+* #+!* 35(($* 1B%&!*B!$*&+'5-* '1*0($!*($* 5!11*
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M#*#-%+%*!& N"5*+5& O(!15,&
I@& I=& IL& I@& I=& IL&

P.(<0(,)&#)%&H2%#*!J& @Q& ==& L=& GR& E@& @AE&
SCT&56&$'(<0*%,&"%*&F3FF& GU& KA& U=& U=& UQ& @==&
M<#2&#*%#&H-=J>"%*&$'(<0& @CQ& =CL& =CU& @CU& =CG& =CU&
&
V!& (+& $#,& 1%& !%%,& 6*5-& D#1<%& L9& +'%*%& #*%& ,5& !(),(6($#,+& 0(66%*%,$%!&

1%+:%%,&(,055*&%,4(*5,-%,+!&56&N"5*+5&#,0&O(!15,&F3FF!C&W%)#*0(,)&0#+#&
*%"5*+%0& (,&D#1<%&L9&5,%& !'5.<0&,5+%& +'#+& +'%&0(!+*(1.+(5,&56&-%#!.*%-%,+!&
:#!&"%*65*-%0&.!(,)&0#(<2&#4%*#)%&4#<.%!C&&
D#1<%&LC&3(!+*(1.+(5,&56&-%#!.*%-%,+!&56&+%-"%*#+.*%&#,0&*%<#+(4%&'.-(0(+2&(,&+'%&@E&F3FF!&
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M#*#-%+%*!& N"5*+5& O(!15,&
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X,055*&*%<#+(4%&'.-(0(+2&HYJ& GQ& E@& EE& GL& GE& EL&
N.+055*&+%-"%*#+.*%&HTFJ& Q& @R& @R& U& @R& @R&

N.+055*&*%<#+(4%&'.-(0(+2&HYJ& EE& KG& QA& K=& QR& QL&
Z(,0&4%<5$(+2&H[->'J& K& Q& @R& K& Q& @R&
&
D'%&#""<($#+(5,&56&+'%&M\D&+%$',(/.%&54%*&+'%&+:5&:%%[!&-%#!.*%-%,+&

"%*(50& (,& ]#,.#*2& =R@=& *%!.<+%0& (,& #(*& $'#,)%& *#+%!& +'#+& 4#*(%0& 1%+:%%,&
RCRA&'^@& #,0&@C@Q&'^@& (,&N"5*+5&#,0&1%+:%%,&RCR@&'^@&#,0&RCA@&'^@& (,&O(!15,&
H\()C&=JC&V!& (+&$#,&1%& !%%,& 6*5-&\().*%&=9& +'%&0(66%*%,$%!& (,&VF_&1%+:%%,&
N"5*+5& #,0& O(!15,& F3FF!& #*%& !(),(6($#,+& )(4%,& +'%& -%0(#,& 4#<.%!& #*%&
RC=&'^@&#,0&RC@L&'^@9&*%!"%$+(4%<2C&&

\5*&*%#!5,!&:'($'&#*%&.,$<%#*&+5&#.+'5*!9&+'%&VF_&4#<.%!&65.,0&(,&+'%&
F3FF& :(+'& -%$'#,($#<& 4%,+(<#+(5,& H#& !"%$(6($& 6<5:& *#+%& 56& RCRE& '^@& :#!&
%!+(-#+%0& 65*& #<<& 1.(<0(,)J& #*%& +'%& <5:%!+& #-5,)& N"5*+5& F3FF!C& D'(!& (!&
$5,+*#*2&+5&:'#+&%;"%$+%0&#!&-%$'#,($#<&4%,+(<#+(5,&(!&+2"($#<<2&#!!5$(#+%0&+5&
-5*%&%66($(%,+&4%,+(<#+(5,&?LBC&
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(,055*&#(*&/.#<(+2&"#*#-%+%*C&V!&*%6%**%0&#154%9&+'(!&!+.02&(!&"#*+&56&#&-#`5*&
*%!%#*$'& "*5`%$+& .,0%*+#[%,& +5& #,#<2a%& +'%& #!!5$(#+(5,& 1%+:%%,& 4%,+(<#+(5,&
*#+%!9&"5<<.+#,+&!5.*$%!&#,0&'%#<+'& (,&F3FF!&(,&M5*+.)#<&12&-%#,!&56& 6(%<0&
-%#!.*%-%,+!9& 1.(<0(,)& "'2!($#<& $'#*#$+%*(!+($!& #,0& $'(<0*%,& '%#<+'&
%4#<.#+(5,C& X,& !"(+%& 56& +'%& #4#(<#1(<(+2& 56& 6(%<0& -%#!.*%-%,+!& 56& $'%-($#<&

Paper ID 876
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@*5?(A((B&+(60&3(&/()#3#("&$$,86&')*'5(3&(#*$("1#'5,8(6,$(1&7$(.,#87$,)(*'(CDCC8(*'(E6&$3&(
!'(F(GA(#"3*4*32($&&.8=(#')(H*8%&'(!'(F(IJ(#"3*4*32($&&.8=?(K1,(8L7#$,8($,6$,8,'3(31,(

#$*31.,3*"(.,#'(

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

K1*8( ,+6,$*.,'3#0( 837)2( 6$&4*),8( ,4*),'",( 31#3( #*$( "1#'5,( $#3,8( *'(
CDCC8(&/(E6&$3&(#')(H*8%&'(#$,(4,$2(0&>?(M031&751(#*$("1#'5,($#3,8()7$*'5(
&""76#3*&'(6,$*&)8(*8('&3(N'&>'(!#8(31,($,87038(&/(MCO(#$,(#4,$#5,(4#07,8=-(
*3( *8( %,0*,4,)( 31#3( 87"1( "&')*3*&'8( #$,( 0*N,02( 3&( *'"$,#8,( "1*0)$,'( ,+6&87$,(
>1,'( 8&7$",8(&/("&'3#.*'#'38( #$,(6$,8,'3?(M8( #0$,#)2( $,/,$$,)-(#8( 31,()#3#(
"&00,"3,)( $,5#$)*'5( 31,(6$,8,'",(&/( "1,.*"#0( #')( *')&&$( "&'3#.*'#'38(>#8(
7'),$($,4*,>(#3(31,(3*.,(>1,'(31*8(#$3*"0,(>#8(>$*33,'-(*3(>#8('&3(6&88*%0,(3&(
"&.6#$,(4,'3*0#3*&'(.,#87$,.,'38(>*31( *')&&$(#*$(6&0073#'38?(O&>,4,$-( 31,(
*'*3*#0( 87$4,2( ),4,0&6,)( ,#$0*,$( &'( 31,( %#8*8( &/( 31,( CEA( "&'",'3$#3*&'8(
"&00,"3,)( $#')&.02( *'( 31,( 8#.,( %7*0)*'58-( 6$&4*),)( ,4*),'",( 31#3( PMQ( *8(
*'#),L7#3,(RST?(P3(>#8(#08&(/&7')(31#3(>*')&>8(31#3(1#4,($7%%,$(5#8N,38(1#4,(
1*51,$("&'",'3$#3*&'8(&/(CEA(31#'($&&.8(>*31(>*')&>8(>*31('&(5#8N,38(R;GT-(
#')( 31#3( $&&.8(>*31("#8,.,'3(>*')&>8(1#4,(1*51,$("&'",'3$#3*&'8(&/(CEA(
31#'( $&&.8( >*31( 80*)*'5( &$( 3*03*'5( >*')&>8?( P/( &',( #).*38( 0&>( 4,'3*0#3*&'(
$#3,8(#8( 31,("#78,(/&$(1*51(CEA("&'",'3$#3*&'8-(5*4,'( 31,(1*51,$(6,$",'3#5,(
&/(>*')&>8(>*31('&(5#8N,38(*'(E6&$3&(!G<U(4,$878(AGU=(#')(5*4,'(1*51,$(
6,$",'3#5,(&/("#8,.,'3(326,(>*')&>8(*'(H*8%&'(!I;?VU(4,$878(WI?SU=-(31,'(
31,8,(/*')*'58(#$,(#08&(8766&$3,)(%2(31,(6$,8,'3(837)2?(
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*O),/1/,&%-/.);/$)&=0=/;=>;)&1#+&)*'/"='/$%&=/+&,(=$%)&+=')*&-*/$%&'()&;)0);*&#1&
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#1&2CD&,#$,)$'+='/#$&#$)&*(#-;.&>)&=I=+)&#1&'()&1=,'&'(='&'()&.),=<&"=<&>)&
=;*#&.-)&'#&=/+&)B,(=$%)&I/'(&=.N=,)$'&,#"O=+'")$'*6&=&1=,'&I(/,(&.#)*&$#'&
%-=+=$'))&'()&+)"#0=;&#1&'()&/$.##+&=/+&O#;;-'=$'*?&

@$& *O/')& #1& '()& 1=,'& '(='& /'& I=*& $#'& O#**/>;)& '#& =,(/)0)& =& '+-)&
(#"#%)$)#-*& ./*'+/>-'/#$& #1& '+=,)+& )"/**/#$& /$& =;;& '()& >-/;./$%*& /$& '()&
O+)*)$'& *'-.<& G.-)& '#&,#"O;)B& ,#$1/%-+='/#$&#1&2322*&O(<*/,=;& *'+-,'-+)*&
=$.&'()&(/%(&,#*'&=**#,/=').H6&/'&/*&>);/)0).&'(='&+##"&'#&+##"&'+=$*1)+&#1&=/+&
I=*& +='()+& ;/"/').& /$& =0)+=%)?& @$.)).6& '(/*& (<O#'()*/*& /*& *-OO#+').& ><& '()&
+)*-;'*& #>'=/$).& /$& =& +),)$'& *'-.<& I()+)& 0)$'/;='/#$& */"-;='/#$*& I)+)&
O)+1#+").& '#%)'()+&I/'(&.),=<&#1&2CD& ,#$,)$'+='/#$& /$&#$)&#1& '()&2322*&
-$.)+&=$=;<*/*&/$&'()&O+)*)$'&I#+Q&45R:?&&
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S(/*&*'-.<&=/").&='&*-+0)</$%&'()&0)$'/;='/#$&,(=+=,')+/*'/,*&#1&=&$-">)+&
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'+=,)+& %=*& '),($/V-)& I(/,(& -*)*& O)+1;-#+#,=+>#$& '+=,)+& GWFSH& %=*)*?& S()&
")=*-+)")$'*& #1& '()& '+=,)+*& #0)+& =& O)+/#.& #1& 'I#& I))Q*& /$& M=$-=+<& DE5D&
+)*-;').&/$&=/+&,(=$%)&+=')*&G!2KH&'(='&0=+/).&>)'I))$&E?E8&(J5&=$.&5?5X&(J5&
/$&CO#+'#&=$.&>)'I))$&E?E5&(J5&=$.&E?85&(J5&/$&U/*>#$?&Y=*).&#$&'()*)&+)*-;'*&
#$)& ,=$& ,#$,;-.)& '(='& .-+/$%& '()& ")=*-+)")$'& O)+/#.*6& =;;& 2322*& (=.&
0)$'/;='/#$&+=')*&>);#I&'()&"/$/"-"&.)*/%$&0=;-)&#1&E?9&!2K&G#-'.##+&=/+&
/$'=Q)H&/$./,=').&><&SWYA&=*&.)1=-;'&'#&=0#/.&O##+&@!Z&45[:?&!;'(#-%(&'()&
+#;)& O;=<).& ><& ;#I& =/+& ,(=$%)& +=')*& #$& @!Z& =$.& ()=;'(& +)"=/$*& '#& >)&
.)"#$*'+=').6&/'&/*&>);/)0).&'(='&'(/*&O=O)+&O+)*)$'*&-*)1-;&/$*/%('*&+)%=+./$%&
'()&V-=;/'<&#1&0)$'/;='/#$&=$.&/'&"=<&();O&/.)$'/1</$%&'()&0)$'/;='/#$&*'+=')%/)*&
I(/,(&=+)&;/Q);<&'#&/"O+#0)&'()&@!Z&#1&2322*?&

," -&.%$/'012030%4)+

S()&=-'(#+*&%+=')1-;;<&=,Q$#I;).%)&'()&=**/*'=$,)&#1&W+#1?&\=$-);&W/$'#&
#1& ]*,#;=& L-O)+/#+& .)&S),$#;# W#+'-%=;6& O+#0/.).&
.-+/$%&'()&.)*/%$&#1&)BO)+/")$'=;&*'-.<?&&

F-$./$%& I=*& O+#0/.).& ><& '()& +)*)=+,(& O+#N),'& *-OO#+').& ><& '()&
F-$.=^_#&O=+=&=&2/`$,/=&)&

S),$#;#%/= 6&W+#N),'& WS32aL!bJ]L!a5EED[RaDEEX&G]cd@AKH?&&
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,7>*5+B58$*,BY$=<*$*5BF,*+?<*E$+78$+AA5*C,>$BE-F?<-B$,7$F*5B>2<<A$+C5&$HAA5*CE$Z"$JKLLZM$[[IO

[\N&$

!N#$%&$'?OT5+7.$H&$'?OH-+78.$U&$:&$R,AW5*?.$T&$4&$'<?<.$%&$R)+E.$/&$X+@,B$+78$1&$0&$RE<*Y<B&$

G78<<*$ +,*$ D)+A,?E$ ,7$ %<7?*5+A$ +*5+$ 8+EO>+*5>57?*5B.$ 4+7+8+&$ Q7@,*<7-57?+A$ ]5B5+*>2$ ""^$

JKL"KM$"OI&$
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:+85C++*8.$'&$:+7C5*.$S&$H785*B57.$T&$')785AA.$4&OR&$S<*752+C$+78$1&$',CBC++*8&$42,A8*57 B$
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!\#$T&$')785AA.$P&$:5@,7.$0&0&$U+a+*<==.$0&'&$4+,7.$0&T&$3,BY.$X&1&$R*,-B*)8.$3&$RE7?5AW5*C.$
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%+*?,7B.$4&$958*<.$9&$9+,fg<.$ T&$]<B+8<O9,7?<.$9&$:5,*,+O9,7?<.$X&$H5A575,.$H&$%5785B.$ T&$ 9&$
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