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[ II] !MATERIALS AND METHODS 
,
2.1 . Object abstraction  
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0-'/)-/'$!#*45(&%!1!/&(6/$!(5$&-(.($'7!8'1)-()14!&*-(*&!*.!1&!*39$)-!(0!:$,-!
3'*152!(&;*4;(&%!+*4$)/41'!*39$)-0!1&5!<+()0! 51-1!*39$)-07!<+()0!5 1-1!
*39$)-02! (&! -#$! .*44*=(&%! '$.$''$5! -*! 10! >'$)*'50?2!(&;*4;$! 1&@! -@,$! *.!
+1)#(&$! '$15134$! 51-1! '$4$;1&-! .*' ! *'! %$&$'1-$5! (&! -#$! )*/'0$! *.!
$A,$'(+$&-14! ,'*)$5/'$07! "@,()14! '$)*'50! (&)4/5$! '1=! 51-1! +1-'()$02 !
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1&14@0(0! '$0/4-0! B3$(&%! -#$! )*'$! *.! */'! (&-$%'1-(*&! )*&)$,-C2! ;14(51-(*&!
'$0/4-02!*'! 01+,4$!0,$)(.()1-(*&07!D*4$)/41'! *39$)-0! *&! -#$! *-#$'!#1& 5!
1'$! 5$.(&$5! 10! :&*=&! 1&5! =$44! 1&&*-1-$5!%$&$0! *'! ,'*-$(&0! B3/-!
)*&)$,-/144@! +1@! 3$! $A,1&5$5! .*'! 140*! (&)4/5(&%! EFG2! +$-13*4(-$02!
$-)7C7! H*'! $1)#! *39$)-! +$-151-1! 1'$! ,'*;(5$ 5! 144*=(&%! ./'-#$'!
)#1'1)-$'(I1-(*&!*.! -#$!*39$)-!)1-$%*'@7!F$A-2!-#$!$..$)-(;$ !%!'&$'&!*.!1&!
*39$)-! (0! %(;$&7! D*4$)/41'! )*&-$&-! (&;*4;$0! 1&&*-1-(*&! 51-1! $7%7!
0,$)(.@(&%!1!%$&$J0!./&)-(*&14!-$'+0!*'! ,'*-$(&!(&-$'1)-(*&!51-1 7!<+()0!
' $)*'5! )*&-$&-! (0! (&! 1! .('0-! ,41)$! )#1'1)-$'(I$5! 3@! -#$! 4$;$4! *.!
%'1&/41'(-@2! =#$'$!)*&-$&-! *.! 1&! (&5(;(5/14! '$)*'5 ! +1@! (&;*4;$! 41'%$!
,'*.(4(&%!+1-'()$0!)*;$'(&%!1&!$&-('$!<+()0!0)'$$&(&%!$A,$'(+$&-2!+1@!
'$0$+34$! '$0/4-0! ,'*.(4$0! .'*+! )10$ K)*&-'*4! 0-/5($02! *'! +1@! ,'* ;(5$!
(&5(;(5/14!+*4$)/41'! .$1-/'$0!1&5!-#$('!0,$)(.()!$A,'$00(*&!;14/$!.*/&5!
(&!1!,1'-()/41'!$A, $'(+$&-7!G!-#('5!+19*'!$4$+$&-!(0!($)*&+!', !=#()#!,/-!
*39$)-0!B1&5!-#$('!)*&-$&-C!(&-*!)*&-$A-7!E$41-(*&0!1%1(&!.*44*=!-#$!51-1!
0-'/)-/'$! )*&)$,-2! =#$'$! &$ A-! -*! 1! /&(6/$! (5$&-(.($'! +$-151-1! 1'$!
,'*;(5$57! E$41-(*&! 0,$)(.()! +$-151-1! +1(&4@!(&)4/5$! 1! 0,$)(.() 1-(*&! *.!
-#$! -@,$! 1&5! ./'-#$'! $5%$!)*&-$&-! 10! 5('$)-(*&14(-@2! 0*/')$ ! B$A,4()(-4@!
3/(4-!*'!(+,4()(-4@!)*+,/-$5C2!*'!$;(5$&)$!4$;$47!
!

!
2.2 . Technical implementation  
!
"#$! L1;1! M&-$','(0$! 841-.*'+ ! B#--,NOO91;170/&7)*+O91;1$$C2! /-(4(I(&%! 1!
,*0- K'$41-(*&14! 1,,'* 1)#! 10! 51-1! .*/&51-(*& 2! ,'*;(5$0! 1&! $..()($&-!
,41-.*'+!.*' ! (+,4$+$&-(&%!*39$)-!*'($&-$5!)*&)$,-0 !10!5(0)/00$5!#$'$ 7!
"#(0!,41-.*'+ !0/,,*'-0!5@&1+()!51-1!+*5$40!-$)#&()144@!$&134$5!;(1!-#$!
P*&-$&-! E$,*0(-*'@! .*'! L1;1 ! BLPEC2! )*+,4$+$&-$5! 3@! Q4100.(0#! 10!
1,,4( )1-(*&! 0$';$'7! <&! -# $! 0$';$'! 0(5$! -#$! M&-$','(0$! L1; 1! R$1&!
)*+,*& $&-!1')#(-$)-/'$!0$1+4$004@!0/,,*'-0 !1&!1')#(-$)-/'14!5$0(%&!.*'!
0$,1'1-(&%!1,,4()1-(*&!4*%()!1&5! ,'$0$&-1-(*&!4*%()7!G,1)#$!L1):'133(-!
10! 1! '$.$'$&)$! (+,4$+$&-1-(*&! *.! LPE! ,'*;(5$0! ./'-#$'! . /&)-(*&14(-@!
(&)4/5(&%! ;$'0(*&(&%! 1&5! ./44! -$A-! 0$1')#7! L1;1! S$';$'! H1)$0! +1@! 3$!
/0$5!.*'!(+,4$+$&-(&%!-#$!)4($&-!0(5$7!
!
!
2.3. Public domain sources  
!
S*.-=1'$! ,41-.*'+02! +*5/4$02! 10! =$44! 10! +*4$)/41'! )*&-$&-! &$)$001'@!
.*'! '$14(I(&%! -#$! -$)#&()14! 31):3*&$! *.! -#$! )*&)$,-! ,'$0$&-$5! (&! -#(0!
=*':! 1'$! 1;1(4134$! (&! -#$! ,/34()! 5*+1(&7! "#$! LPE! '$.$'$&)$! G,1)#$!
L1):'133(-!(0!.*/&5!1-! #--,NOO91):'133(-71,1)#$7*'%2!L1;1!S$';$'!H1)$0!(0!
.*/&5! 1-! #--,NOO91;170/&7)*+O91;1$$O91;10$';$'.1)$0 7! G! +1&(.*45! *.!
+*5/4$0! .*'! 0/,,*'-(&%! 51-1! ,'*)$00(&%! =*':.4*=0! (0! ,'*;(5$5! 3@!
"1;$'&1! B #--,NOO===7-1;$'&17*'%7/:C2! =(-#! -#$! "1;$'&1! $&%(&$! 140*!
$+3$55$5!(&!L1;17!R(*+1'-2!1;1(4134$!1-!#--,NOO===73(*+1'-7*'%2!)1&!3$!
)/0-*+(I$5!.*'!0/,,*'-(&%!- #$!51-1!+1&1%$+$&-!0(5$2!1&5!155(-(*&144@!
1! =$30(-$! )1&! 3$! )*&.(%/'$5! .*'! ,'*;(5(&%! /0$'! (&-$'.1)$07! R(*+1'-!
./'-#$'!144*=0!(&-$'.1)(&%!;(1!=$3!0$';()$0!.*'!#1&54(&%!41'%$!51-1!0$-07!
G0! *39$)-0! 1'$! '$,'$0$&-$5! (&! -#$('! )*&-$A-! ;(0/14(I1-(*&! *.! '$0/4-(&%!
&$-=*':0!(0!$00$&-(14!.*'!0/,,*'-(&% !(&-$','$-1-(*&7!Q$#4$&3*'%!$-!147!TUV!
'$)$&-4@!,'*;(5$5!1!'$;($=!*&!<+()0!;(0/14(I1-(*&!-**402!=(-#!P@-*0)1,$!
B#--,NOO===7)@-*0)1,$7*'%C!10!1! ,'*+(&$&-!$A1+,4$7!P@-*0)1,$!144*=0!
1&! $A-$&5$5! 5$.(&(-(*&! 1&5! 5(0,41@! *.! &*5$! B'$)*'5C! -@,$02! &$)$001'@!
.*'! ;(0/14(I(&%! #$-$'*%$&$*/0! )*&-$&-! 0,1&&(&%! .'*+! )4(&()14! 01+,4$!
&*5$0! -*! +*4$)/41'! .$1-/'$! &*5$07 ! W(..$'$&-! -@,$0! *.! +*4$)/41'!
(&-$'1)-(*&! &$-=*':0! 1'$! 1;1(4134$! .*'! 5*=&4*152! (&)4/5(&%! ,'*)$5/'14!
(&-$'1)-(*&0! .'*+! XMQQ! B#--,NOO===7%$&*+$79,O:$%%C! 1&5! 8GF"YME!
B#--,NOO===7,1&-#$'537*'%C2! ,#@0()14! (&-$'1)-(*&0! B3*-#! $A,$'(+$&-144@!
5$-$'+(&$5! 10! =$44! 10! ,'$5()-$5C! .'*+! -#$! +$-1 K51-1310$! <8YZW!
B#--,NOO*,#(57/-*'*&-*7)1O*,#(5;[7[\] C2! *'! (&-$'1)-(*&! &$-=*':0!
)*&0*4(51-$5! .'*+! +/4-(,4$! 0*/')$0! 10! S"EZFQ! B #--,NOO0-'(&%7$+3475$C7!
H*'! 100/'(&%! )*#$'$&)$! *&! -#$! &1+$! 0,1 )$! 4$;$4! .*'! +*4$)/41'!
'$.$'$&)$! &$-=*':0! 10! =$44! 10! +*4$)/41'! .$1-/'$0! )*+(&%! .'*+! -#$!
;1'(*/0! <+()0! 4$;$40! 1! '$.$'$&)$! &1+$0,1)$! #10! -*! 3$! 0$4$)-$5! 1&5 !

'$%/41'4@! /,51-$57!S*/')$! ,'*;(5( &%! 3'*15! )*;$'1%$! *.! .$1-/'$0! 1'$!
.*/&5! =(-# ! ^FZ8E<"! B #--,NOO===7/&(,'*-7*'%C! *'! FPRZ!
B#--,NOO===7&)3(7&4+7&(#7%*;O'$.0$6C7!
!
!

[ III] !RESULTS 
 
3.1. Omics record  consolidation  
!
b%'! ,'*'2#+! -<1'+$!.-2! @/#+&! 50$0! +-*&-3#50$#-*!#&! 0! 2'+-25!
2'>2'&'*$#*,! 50$0! 0$! 0*=! ,#?'*! 3'?'3! -.! 5'$0#3;! 'B,B!
+%020+$'2#L#*,!0*!'*$#2'!$20*&+2#>$-/#+&!>2-.#3'!-2!-*3=!0!&#*,3'!
.'0$)2'! 0*5! #$&!0&&-+#0$'5! 'R>2'&&#-*! ?03)'B! Y-2! '0+%! 2'+-25!
/'$050$0! /0=! <'! >2-?#5'5! .-2! .)2$%'2! +%020+$'2#L0$#-*! -.! $%'!
2'+-25!+-*$'*$B! Y)2$%'2/-2' ! -<1'+$! 2'30$#-*&! +0*! <'! <)#3$! .-2!
#*$2-5)+#*,! 5'>'*5'*+#'&! <'$4''*! 2'+-25&B! "#$%&'()*+!
>2-?#5'&!0*!'R0/>3'!&+%'/'!-.!$%'!2'+-25!E*-5'I!0*5!2'30$#-*!
E'5,'I!+-*+'>$B!

!
!
!
!
!
!
!
!
!
!
!
!

!
'
'

'
8$6*'9:'; (&"'7)&'"&6"'#()#"-.'<(5' 37)&2$)6'5"#(5&+'(<' '
'
=>$#+' ?(5@<2(?+*' F$G, H>I47/='>, J4=2%, ?K, /3, L7'>J, =&/>M,
'3N?(N'3<,J=2:0,%(/3O,4E%&4JJ'?3,&/P , :/=/ , /3:, /3/(0J'J,&4J2(=J ,
:/=/ 5, FQG, D?&7/(, &4%&4J43=/='?3, ?K, =I4,P?&MK(?P, /J, 3?:4, /3:,
4:<4, >?3>4%=, P'=I, 4/>I, ?9R4>=, 43>?:4:, /J, /, :/=/, J=&2>=2&4,
I?(:'3<, /, 23'S24, ':43='K'4&, /3:, /, %/&/74=4&, ('J=, FTG,
U4%&4J43=/='?3, ?K, =I4, >?3>4%=, '3, V.W, FV3'K'4:, .?:4('3<,
W/3<2/<4O,I==%8XXPPP527(5?&<G5!
!
@/#+&!>2-+'5)2'&!.-33-4!0! ,'*'2#+!>2-+'&&!0&! 'R'/>3#.#'5!#*!
Y#,)2'! 8CB! Y#2&$! 0! &$)5=! >30*!#&! &>'+#.#'5! 5'.#*#*,! $%'! +0&'H
+-*$2-3! &'$)>! 2'.3'+$#*,! $%'! +3#*#+03! %=>-$%'&#&;! /'$%-5-3-,=!
)&'5;! '$+B![0&'5! -* ! $%'! 5'.#*#$#-*! -.! +0&'&! 0*5! +-*$2-3&!
&0/>3'&! 02'! 3#*A'5! 4%#+%! '..'+$#?'3=! )*5'2,-! &+2''*#*,! 0&!
&>'+#.#'5!#*!$%'!&$)5=!>30*B!Q()#?03'*$!$-!&$)5=!>30*&!&0/>3'&!
02'! 2'>2'&'*$'5! 0&! 2'+-25&! E%-35#*,! &0/>3'! &-)2+';! $=>';!
0/-)*$! 0?0#30<3';! '$+B! 0&! /'$050$0! 0*5! +-*$'*$IB! Y2'()'*$3=!
&0/>3'&!02'!-2,0*#L'5!#*!5'5#+0$'5!50$0<0&'&!0*5!/0=! -*3=!<'!
3#*A'5! #*$-! 0*!@/#+&! 2'+-25! /0*0,'/'*$ !?#0!)*#()'! &0/>3'!
#5'*$#.#'2&B! "%'*! 2'$2#'?#*,! @/#+&! >2-.#3'&! .2-/! $%'! >)<3#+!
5-/0#*! $%'! 3'?'3! -.! 5'$0#3! 2',025#*,!&0/>3'H&>'+#.#+! +3#*#+03!
50$0! #&! .2'()'*$3=! &>02&'! 0*5! $=>#+033=! 3#/#$'5! $-! +3#*#+03!
+0$',-2#'&G&$0,'&!.-2!$%'!5#&'0&'B!
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QR'+)$#*,! 'R>'2#/'*$03! >2-.#3#*,! 2'&)3$&! #*! 0*! 'R>2'&&#-*!
2'+-25! E'B,B! 204! 50$0! /0$2#R! -.! +0&'! 0*5! +-*$2-3! &0/>3'&I;!
4%#+%! 0.$'2! &$0$#&$#+03! 0*03=&#&! 3'05&! $-! 0! 2'&)3$&!2'+-25! -*3=!
3#&$#*,! &#,*#.#+0*$3=! 5#..'2'*$#033=! 2',)30$'5! .'0$)2'&! 4%'*!
+-/>02#*,! +0&'! 0*5! +-*$2-3! ,2-)>B! b=>#+033=! &)+%! 0! 2'&)3$&!
>2-.#3'! #&! <0&'5! -*! 0! >'2H.'0$)2'! &$0$#&$#+03! $'&$! #*+3)5#*,!
+-22'+$#-*! .-2! /)3$#>3'! $'&$#*,B! C3$%-),%! &)<&$0*$#03!
5#..'2'*+'&! #*! 'R>'2#/'*$03! >2-+'5)2'&! 02'! '?#5'*$! $%#&!<0&#+!
4-2A.3-4! #&!.-33-4'5! <=! /-&$! @/#+&! $20+A&! 0&&'&&#*,!
+-*$#*)-)&!+-*+'*$20$#-*!?03)'&!E0!.0+$!03&-!<'+-/#*,!'?#5'*$!
4%'*!+-/>02#*,!]VC]Q!0*5!]VCTQ!.-2!$20*&+2#>$-/#+&!0*5!
>2-$'-/#+&;!2'&>'+$#?'3=IB!
!
@*! 0*! 0<&$20+$! 3'?'3! EY#,)2'! 8[I!0! ,20>%! 2'>2'&'*$0$#-*!
<'+-/'&! .'0&#<3';! %-35#*,! *-5'&! +%020+$'2#L'5! <=! 2'+-25!
#5'*$#.#'2&!EUVWI!0*5!'5,'&!&>'+#.#'5!<=!'5,'!#5'*$#.#'2&!EQVW;!
#*!$%'!'R0/>3'!+0&'!<'#*,! 5#2'+$'5IB!Q0+%!*-5'!0*5!'0+%!'5,'!
#&!0++-/>0*#'5!<=!0!50$0!&$2)+$)2'!%-35#*,!0!)*#()'!#5'*$#.#'2B!
V*! $%'! +0&'! -.! *-5'&! /'$050$0! 0*5! $%'! +-*$'*$! 0&! &)+%! 02'!
&$-2'5! #*! $%'! 50$0! &$2)+$)2';! .-2! '5,'&! $%'! *-5'! #5'*$#.#'2&!
&>'+#.=#*,!$%'!+-**'+$#?#$=!?#0! *-5'!VW&!0&!4'33!0&! /'$050$0!
E5#2'+$#-*03#$=;!$=>'! -.! '5,';! '$+BI! 02'! >2-?#5'5B! Y-2! *-5'&!
#*5#?#5)03!+-*$'*$! /0=! <'! 2'>2'&'*$'5! 0$! 02<#$202=! 3'?'3&! -.!
,20*)302#$=! E&>0**#*,! .2-/! 4%-3'! >2-.#3'! /0$2#+'&! $-! &#*,3'!
.'0$)2'&I! 5'>'*5#*,! -*! &)<&'()'*$! 2'&-3)$#-*! *''5&! #*!
0*03=&#&B! ^-4'?'2;! 2'&-3)$#-*! -*! $%'! 3'?'3! -.! #*5#?#5)03!
.'0$)2'&!#&!/0*50$-2=!#*!?#2$)033=!033!0*03=&#&!>2-+'5)2'&B!Y-2!
>20+$#+0<#3#$=!#&&)'&! '*+0>&)30$#-*!-.! '*$#2'!>2-.#3'&;!0220=&!-.!
>2-.#3'&;! -2! 0*03=&#&! 2'&)3$! ?'+$-2&! 0>>'02&! >2'.'20<3'B! b%#&!
0>>2-0+%!&#,*#.#+0*$3=!2'5)+'&!+-/>3'R#$=!-*!$%'!2'+-25!3'?'3!
0*5!'0&'&!)>3-05!0*5!/0*0,'/'*$; !<)$!&$#33!>2-?#5'&!0++'&&!$-!
#*5#?#5)03! .'0$)2'&! 4%'*! )&#*,!2'+-25!$'/>30$'&!E4%'2'! 'B,B!
.'0$)2'! 0*5! 0&&-+#0$'5! 'R>2'&&#-*! ?03)'! 2'&#5'! #*! 5'.#*'5!
+-*$'*$!3-+0$#-*&IB!

!
@/#+&! #*$',20$#-*! *0$)2033=! 5'/0*5&!0! +-/<#*0$#-*! -.!
>2-.#3#*,! '..-2$&;! 'R'/>302#3=! &%-4*! #*!"#$%&'(), +B! b%'!
&#$)0$#-*! ,#?'*! #*! Y#,)2'! 6C! #&! 5'.#*'5! <=! #*5#?#5)03! &$)5=!
>30*&! VHVVV;! 2'&>'+$#?'! &+2''*#*,! >2-.#3'&! E'B,B! 204! 50$0I! 0*5!
2'&)3$&! E3#&$! -.! &#,*#.#+0*$3=! 5#..'2'*$! .'0$)2'&! -*! $%'!
$20*&+2#>$-/';! >2-$'-/'! 0*5! /'$0<-3-/'! 3'?'3 IB! ])3$#>3'!
2'&)3$!.#3'&!/0=!<'!,'*'20$'5!E&''!03&-!$%'!P]e!#*!Y#,)2'!8aI!
'B,B! <=! ?02=#*,! &$0$#&$#+03! >2-+'5)2'&! )&'5! .-2! 0*03=L#*,! 0!
,#?'*! +0&'H+-*$2-3! ,2-)>;! -2! <=! ?02=#*,! $%'! 0&&#,*/'*$! -.!
&0/>3'&!0&!+0&'!0*5!+-*$2-3B!!
V*!0*!#5'03!&'$$#*,!$%'!&$)5#'&!02'! .'5! .2-/! 0!&#*,3'!&0/>3' !G!
+3#*#+03! 5'&+2#>$-2!2'>-&#$-2=! E.'0&#<3'! .-2!'R>3#+#$3=!5'&#,*'5!
+2-&&H@/#+&I;!-2!%0?'!$-!<'! 'R$20+$'5!$-!$%'!' R$'*$!>-&&#<3'!#.!
.'5! .2-/! >)<3#+! 5-/0#*! @/#+&! >2-.#3#*,! E'B,B! ,0$%'2#*,!
0?0#30<3'! @/#+&! &$)5#'&! 2',025#*,! 0! &>'+#.#+! +3#*#+03!
%=>-$%'&#&IB!O0$)2033=;!0!5'5#+0$'5!&$)5=!4#33!>2-?#5'!0! /-2'!
+-/>3'$' !0*5!+-%'2'*$!&'$!-.!2'+-25&;!0&!$%'&'!2'.3'+$!'R>3#+#$3=!
5'.#*'5! #*+3)&#-*! +2#$'2#0! .-+)&#*,! -*! 0! &>'+#.#+! +3#*#+03!
%=>-$%'&#&B!!
!
!
!
!
!

!
!
!
!
!
!
!
!
!
!

!
!

!
'
8$6*' A:' ;(&"' 7)&' "&6"' #()#"-.' <(5' #5(++ B=>$#+*' F$G,
H>I47/='>, J4=2%, ?K, =I&44, '3:'N':2/(, L7'>J, =&/>MJ, K4:, 90, =P?,
J/7%(4,J?2&>4J5,FQG,D?&7/(,&4%&4J43=/='?3,?K,=I4,L7'>J,=&/>MJ,
<'N43, '3, F$G, K2&=I4&, '3>(2:'3<, =P?, '7%('>'=, &4(/='?3J, F6YZ[*O,
6YZ[)G5!
'
a'2$0#*3=;!2'+-25!$=>'&!02'!*-$!3#/#$'5!$-!$%'!'R0/>3'&!,#?'*!#*!
Y#,)2' !8!0*5!6B!Y)2$%'2!2'+-25!$=>'&!-.!?03)'!#*+3)5'!&+#'*$#.#+!
2'.'2'*+'& ;! &$0*5025! ->'20$#*,! >2-+'5)2'&;! -2! 'R>'2#/'*$03!
?03#50$#-*! 50$0! E#*+3)5#*,! <-$%;! >2-.#3'! ?03#50$#-*! 0&! 4'33! 0&!
+-/>3'/'*$02=! 50$0! 'B,B! +-/#*,! .2-/! (%3.(#'2! 0*5! (%3.(.2 !
/-5'3&!-.!$%'!+3#*#+03!&'$$#*,I;!0/-*,!-$%'2&B!
!
"#$%&'()- +!>2-?#5'&!0*!#/>3'/'*$0$#-*!'R0/>3'!.-2!-2,0*#L#*,!
$%'! +-22'&>-*5#*,!2'+-25! /0*0,'/'*$B! b%#&! 2'.'2'*+'!
#/>3'/'*$0$#-*!-2,0*#L'&!2'+-25&!03-*,!&>'+#.#+!@/#+&!$20+A&!
EY#,)2'! JCI;! 0*5! '&&'*$#03! 2'+-25&! &>'+#.=#*,! $%'!&$)5=!
&>'+#.#+0$#-*&! 0*5! 2'&)3$&! EY#,)2'! J[IB! Y-2! '0+%!2'+-25!
/'$050$0!0&! 4'33! 0&! 'R>3#+#$! 3#*A&! <'$4''*! 2'+-25&! E#*! $%'!
'R0/>3'! 3#*A#*,! $20*&+2#>$-/#+&! 204! 50$0! 0*5! 0*03=&#&! 50$0;!
Y#,)2'!Ja I!+0*!<'!&>'+#.#'5B!C33!2'30$#-*&!&>'+#.#'5!#*!Y#,)2'!
8C!0*5!6C!02'!*41)(/(#;!0&!&)+%!5'.#*'5!<=!$%'!)&'2!5'>-&#$#*,!
$%'! 2'+-25&;! 0*5! 2'.3'+$! $%'! 3-,#+03! &$2)+$)2'! -.! @/#+&!
>2-+'5)2'&B!@.!+'*$203!2'3'?0*+'!%'2'!#&!$%0$!$%'!@/#+&!$20+A&!
02'! 52#?'*! 0&!#*5'>'*5'*$ ! >2-+'&&'&;! #*! 0! .#2&$! >30+'! -*3=!
E'R>3#+#$3=I!3#*A'5!#.!)&#*,!1-#*$!&0/>3'&!E0*5!/-2'!,'*'2#+!<=!
.-+)&#*,!-*!-*' !&>'+#.#+!+3#*#+03!%=>-$%'&#&IB!
!
^-4'?'2;!.)2$%'2! (51)(/(#!2'30$#-*&!02'!>2'&'*$!#*!$%'!+-33'+$#-*!
-.! 2'+-25&! EY#,)2'! 6[IB! @*'! &'$! -.! 2'30$#-*&! /0=!<'! 5'2#?'5!
.2-/! 1-#*$! /'$050$0! EQVWf8I! )&'5! .-2! +%020+$'2#L#*,!2'+-25&!
E'B,B!)&#*,!$%'!&0/'!$#&&)'!$=>'I;!0*5!0!&'+-*5!&'$!-.!2'30$#-*&!
/0=! <'! 5'2#?'5! .2-/! $%'! 2'+-25! +-*$'*$! 0&! &)+%! EQVWf6IF!
K-.$402'! .20/'4-2A&! 0&! g0+A20<<#$! >2-?#5'! .)33! #*5'R#*, ! -.!
2'+-25&!.-2!$'R$!&'02+%;!0*5!<=!$%#&!/'+%0*#&/!2'+-25&!+0*!<'!
3#*A'5!'B,B!<0&'5!-*!_-?'2033!&#/#302#$=`;!-2!&>'+#.#+033=!<=!'B,B!
#*?-A#*,! -*! 1-#*$!/-3'+)302! #5'*$#.#'2&! #*! .'0$)2'! 3#&$&B!
U'3'?0*$! 'R0/>3'&! #*+3)5'! &%02'5! ,'*'! -2! >2-$'#*! #5'*$#.#'2&!
.-2! 'R$20+$#*,! 2'30$#-*&!'B,B!<'$4''* ! $20*&+2#>$-/#+&! 0*5!
>2-$'-/#+&!>2-.#3'&B!

!
!
!
!
!
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!
!
!
!
!
!
!
!
!
!

8$6*' C:' DE7>-2"' 27F(0.' <(5' #5(++ B=>$#+' 5"#(5&'
>7)76">"). *' F$G, U4%?J'=?&0, J=&2>=2&4, '3N?(N'3<, =I&44, L7'>J,
=&/>MJ,/3:,/,>('3'>/(,J/7%(4,&4%?J'=?&05,FQG,U4>?&:J,/JJ'<34:,=?,
/,J%4>'K'>,L7'>J,=&/>M,FJ44,D'<2&4,*$G5,FTG,6E/7%(4,74=/:/=/,
>/=4<?&'4J, K?&, /, =&/3J>&'%=?7'>J, &/P, :/=/, &4>?&:, '3>(2:'3<, /3,
4E%('>'=,&4(/='?3,94=P443,=&/3J>&'%=?7'>J,&/P,:/=/,/3:,/3/(0J'J,
:/=/5 !
!
C**-$0$#-*!-.!2'30$#-*&!+'2$0#*3=!,-'& !.02!<'=-*5!$%'!'R0/>3'&!
>2-?#5'5!%'2';!0&!*)/'2-)&!>2-1'+$!&>'+#.#+!$'2/!3#&$&!/0=!<'!
)&'5B!U'3'?0*$! 'R0/>3'&! #*+3)5'! 2'30$#-*&! /0>>#*,! <0&'5! -*!
5#&'0&'H.'0$)2'! -2! .'0$)2'H52), ! 0&&-+#0$#-*&F! C! 2'&)3$&! .#3'!
2'+-25! /0=! <'! /#*'5! .-2! -++)22'*+'! -.! ,'*'! -2! >2-$'#*!
#5'*$#.#'2&!4#$%!A*-4*!3#*A&!$-!5#&'0&'&!E'B,B!)$#3#L#*,!@]V]!
50$0;!%$$>FGG444B*+<#B*3/B*#%B,-?G-/#/I;!0*5!#.!#5'*$#.#'5!$%'!
5#&'0&'&!+0*!<'!055'5!0&!/'$050$0!$-!$%'!2'+-25B!V*!0!*'R$!&$'>!
2'30$#-*&!<'$4''*!2'+-25&!+0*!<'!<)#3$!<0&'5!-*!+-H-++)22'*+'!
-.! 5#&'0&'! 0&&-+#0$#-*&B! C! +-/>020<3'! >2-+'5)2'! /0=! <'!
2'3'?0*$!.-2!A*-4*!52),H$02,'$!0&&-+#0$#-*&!0&!'B,B!>2-?#5'5!<=!
KbVba^! 98\ :B! h'$! 0*-$%'2! 2'3'?0*$! >2-+'5)2'! #&!$-! 3#*A!
&+#'*$#.#+! >)<3#+0$#-*&! $-! 2'+-25&! ?#0!>)<3#+0$#-*H.'0$)2'!
#*.-2/0$#-*!'B,B!/#*'5!.2-/!]QWeVOQ !967:B!

!
  
3.2. Omics feature consolidation  
!
Q()#?03'*$! $-! $%'! ,20>%! +-*+'>$! .-2! 2'>2'&'*$#*,! @/#+&!
4-2A.3-4&! 03&-! /-3'+)302! .'0$)2'&! +0*! <'! +-*&-3#50$'5B! V*! 0!
&$0*5025!@/#+&!&'$)>!0!.'0$)2'!5'*-$'&!0!2'3'?0*$!-<1'+$!E,'*';!
$20*&+2#>$;!>2-$'#*;! '$+BI!&'>020$#*,!+0&'&!0*5!+-*$2-3&!)$#3#L#*,!
0! &$0$#&$#+03! /'0&)2'B! b%'! $=>#+03! 2'>2'&'*$0$#-*! -.! .'0$)2'&!
#*+3)5#*,! $%'#2! 2'30$#-*&! #&! ,20>%&;! 4#$%! >2-$'#*H>2-$'#*!
#*$'20+$#-*!*'$4-2A&!ETTV&I!0&!4'33!A*-4*! 'R0/>3' !968:B!TTV&!
02'! )&)033=!&>'+#.#+!2',025#*,!$%'!$=>'! -.!2'30$#-*;! 'B,B!V*$C+$!
*'$4-2A&! '*+-5'! >%=&#+03!E)*5#2'+$'5I!#*$'20+$#-*&!966:;!
4%'2'0&! dQDD! 2'>2'&'*$&! >2-+'5)203! #*.-2/0$#-*! 03&-!
#*+3)5#*,!'5,'! 5#2'+$#-*03#$=! 96J:B! "'! 5'2#?'5! $%'! %)/0*!
>2-$'-/'! #*$'20+$#-*! *'$4-2A! -/#+&OQb! 4%#+%! +-/<#*'&!
&#,*#.#+0*$! 0**-$0$#-*! 4#$%! 2'30$#-*&! /-5'3#*,B! U'.K'( !
E%$$>FGG444B*+<#B*3/B*#%B,-?G2'.&'(I! #&!)&'5! 0&! 2'.'2'*+'!
&-)2+'! .-2!%)/0*! ,'*'&!0*5!>2-$'#*&!>2-?#5#*,!0<-)$!6S;777!
-<1'+$&! E+-*&#5'2#*,! 0! +0*-*#+03! &'()'*+'! &'$! -.! ,'*'&! 0*5!
>2-$'#*&IB! Y-2! '0+%! ,'*'G>2-$'#*! 5''>! 0**-$0$#-*! 40&!
>'2.-2/'5 ! )$#3#L#*,! >)<3#+! 5-/0#*! &-)2+'&;! #*+3)5#*,! $#&&)'!
&>'+#.#+!2'.'2'*+'! ,'*'! 'R>2'&&#-*; ! ?02#-)&! &-)2+'&! .-2!
.)*+$#-*03! 0**-$0$#-*! 0&! D'*'! @*$-3-,#'&;!/0*#.-35! >2-$'#*!
#*$'20+$#-*!50$0!&-)2+'&!0*5!.)2$%'2!>2-$'#*!+%020+$'2#L0$#-*!0&!
&)<+'33)302!3-+0$#-*;!0/-*,!-$%'2&B!C55#$#-*033=!$20*&+2#>$#-*03!

+-*$2-3!-*!$%'!3'?'3! -.!$20*&+2#>$#-*! .0+$-2&!0*5! /#UOC&!40&!
055'5B!!
b'+%*#+033=;!50$0!&$2)+$)2'&!4'2'! )&'5;! '0+%!%-35#*,!0!)*#()'!
#5'*$#.#'2!3#*A#*,!$-!0!,'*'G>2-$'#*;!0*5!&$-2#*,!$%'!0**-$0$#-*!
50$0! 0&! +-*$'*$B! @*! $%'! <0&#&! -.! $%'! ,'*'G>2-$'#*H&>'+#.#+!
+-*$'*$!0!>0#2H4#&'!2'30$#-*!&+-2'!40&!+-/>)$'5!4%#+%!/0=!<'!
#*$'2>2'$'5!0&!5'>'*5'*+=!2'&$#*,!-*!$%'!#*5#?#5)03!0**-$0$#-*!
,#?'*!#*!$%'!+-*$'*$B!Y-2!.)2$%'2!5'$0#3&!-*!-/#+&OQb!4'!2'.'2!
$-!96N:B! C! &+%'/0$#+! 30=-)$! -.!$%'! +-*&$2)+$#-*! >2#*+#>3'! #&!
,#?'*!#*!"#$%&'(). +B!
!
!
!
!
!
!
!
!
!
!
!

!
8$6*' G:' 4()#"-.' (<' 7' >(2"#0275' <"7.05"' 7))(.7.$()' 657-3 *'
H$G,Z/=/,J=&2>=2&4J,J%4>'K'4:,90,23'S24,':43='K'4&J,/3:,4E=43:4:,
/33?=/='?3,J4&N4, /J,9/J'J,K?&,>?7%2='3<, :4%43:43>0,P4'<I=J5,
FQG,\4=P?&M, &4%&4J43=/='?3, I?(:'3<, 7?(4>2(/&, 3?:4J, /3:,
P4'<I=4:, 4:<4JO, PI4&4, P4'<I=J, /&4, :4('34/=4:, K&?7, <'N43,
/33?=/='?3, 4E47%(/&'(0, JI?P3, K?&, =P?, 4:<4J, F6YZ["O, 6YZ[]G,
F'3:'N':2/(,>?3=&'92='?3J,>?7'3<,K&?78,^6_8, ='JJ24,J%4>'K'>,<434,
4E%&4JJ'?3+, @D8, R?'3=, =&/3J>&'%='?3, K/>=?&, 9'3:'3<, J'=4J+, Y\@8,
%&?=4'3#%&?=4'3,'3=4&/>='?3JG5,
!
O'R$! $-! +-*&-3#50$'5! 0**-$0$#-*! $%'! .'0$)2'! 2'>2'&'*$0$#-*!
,#?'*! #*! Y#,)2'! N!>2-?#5'&! $%'! ->>-2$)*#$=! .-2! 0)$-/0$'5!
2'30$#-*&! /-5'3#*,B! C33! +-*$'*$! 0&&-+#0$'5! 4#$%! /-3'+)302!
*-5'&!#&!>020/'$'2#L'5!0&!#*>)$!.-2!0*!'/>#2#+03!/'$0.)*+$#-*!6!
4%#+%! 033-4&! +-/>)$#*,!>0#2H4#&'! 5'>'*5'*+#'&! <'$4''*!
/-3'+)302! .'0$)2'&B! b%'! /'$0.)*+$#-*! #*$',20$'&! &#/#302#$=!
/'0&)2'&! 0&! +-22'30$#-*! +-'..#+#'*$&! .-2! $#&&)'! &>'+#.#+! ,'*'!
'R>2'&&#-*!>2-.#3'&;!0&!4'33!0&!5'>'*5'*+=!/'0&)2'&!0&!A*-4*!
>2-$'#*! #*$'20+$#-*!E'B,B! +-/#*,! .2-/! V*$0+$! -2! dQDDI! .-2! 0!
,#?'*! >0#2B! b%'! 2'&)3$#*,! >020/'$'2!+!"#! 0>>2-R#/0$'&! 0*!
0,,2',0$'!5'>'*5'*+=!<'$4''*!/-3'+)302!.'0$)2'& ;!0*5!0&!$%#&!
#&! 5-*'! .-2! 033! .'0$)2'&! 0! +-/>3'$'! /0$2#R! 0*5! ,20>%! 2'&)3$&B!
b%#&! ,20>%! +0*! *-4! <'! )&'5! .-2!/0>>#*,! 0*03=&#&! 2'&)3$&!
+-/#*,!.2-/!$%'!?02#-)&!@/#+&!$20+A&B!

!
!

3.3. Integrating records and features !
!
@<?#-)&3=!$%'! 2'>2'&'*$0$#-*! -.!/)3$#>3'!@/#+&! 4-2A.3-4&;!
<)$! 03&-! $%'! &=&$'/! 0*03=L'5!<=! @/#+&! 0&! &)+%;! *0/'3=! 0*!
'R$'*5'5! E03$%-),%! .02! .2-/! <'#*,! +-/>3'$'I! 0&&'&&/'*$! -.!
/-3'+)302! '*$#$#'&! /0=!<'!2'>2'&'*$'5!0&!*-5'&!E+-*$'*$I!0*5!
'5,'&!E2'30$#-*&IB!
@*! $%#&! <0&#&! 0*! #*$',20$#-*! -.! <-$%! &$2)+$)2'&! #&! 0*! -<?#-)&!
*'R$!&$'>;!0&!&+%'/0$#+033=!&%-4*!#*!"#$%&'()/ +B!
!
!
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!
!
!
!
!
!
!
!
!
!
!
!
!
!
!

!
'
8$6*' I :' J)."657.$)6' =>$#+ ' 5"+02.+' &7.7' ()' 7 ' >(2"#0275'
<"7.05"' 657-3 *' H$G,U4>?&:, :/=/, J=&2>=2&4J, 7?:4(, FJ44, /(J?,
D'<2&4,)QG,/3:,FQG,K4/=2&4,:/=/,J=&2>=2&4,FJ44,/(J?, D'<2&4,BQG,
'3=4&('3M4:,?3,/,R?'3=,3/74,J%/>4,(4N4(,F4:<4 ,<'N43,'3,&4:G5,
!
@/#+&! ->'20$'&! -*! /-3'+)302! *0/'! &>0+'&;! 4#$%! ,'*'! 0*5!
>2-$'#*! VW&! 0&! $%'! /-&$! >2'?03'*$! 2'.'2'*+'! &>0+'&B!
W'+-/>-&#*,! 033! 50$0! #*$-! 2'+-25&! 4#$%! )*#()'! #5'*$#.#'2&!
*0$)2033=!&)>>-2$&!<)#35#*,!2'30$#-*&!<'$4''*!$%'!@/#+&!2'+-25!
&$2)+$)2'! 0*5! $%'! /-3'+)302! .'0$)2'! &$2)+$)2'B! Y2-/! $%#&!
+-*+'>$! 0! >'2&#&$'*$! 2'30$#-*&! /0>>#*,! .-2! @/#+&! 2'&)3$&!
#*$',20$#-*! '/'2,'& ;! '/<'55#*,! &0/>3'! &>0+';! 'R>'2#/'*$03!
>2-+'5)2'! 3-,#+&;! 0*5! /-3'+)302! .'0$)2'! 30*5&+0>'B! Y'0$)2'&!
#5'*$#.#'5! 0&! 2'3'?0*$! -*! $%'!2'+-25! 3'?'3! E&$-2'5! #*! @/#+&!
2'&)3$!2'+-25&I!%0?'!0!5#2'+$!2'>2'&'*$0$#-*!-*!$%'!.'0$)2'!,20>%!
0*5!?#+'!?'2&0B!
!
C&!.-2!033!2'30$#-*03!/-5'3&!()'2=#*,!#&!*0$)2033=!&)>>-2$'5!<=!
$%'! >2'&'*$'5! +-*+'>$B! ^-4'?'2;! ='$! 0*-$%'2! /-2'! >-4'2.)3!
$=>'! -.! ()'2=#*,! <'+- /'&! .'0&#<3';! *0/'3=! &)<,20>%!
'R$20+$#-*B!C*! 'R0/>3'!&)<,20>%!#&!&+%'/0$#+033=!5'>#+$'5!#*!
"#$%&'()0+B!
!
!
!
!
!
!
!
!
!
!
!
!
!
!
!
!
!
'

'

8$6*' K:' ;7%$67.$)6' $)' =>$#+' 5"#(5&' 7)&' >(2"#0275' <"7.05"'
+-7#" *, D?&, /, %/&='>2(/&, L7'>J, =&/>M, 4E%('>'=, &4(/='?3J, /&4,
%&?N':4:,K&?7,J/7%(4,&4>?&:J,=?,J=2:0,%(/3O,K2&=I4&,=?,&/P,:/=/ ,
/3:,&4J2(=J,:/=/5,$,J%4>'K'>,K4/=2&4,?K,'3=4&4J=,F<434YZG,<'N43,'3,
&4J2(=J, :/=/, JI?PJ, /3, '7%('>'=, ('3M, =?,/, &4J2(=J, &4>?&:, K&?7, /,
J4>?3:, L7'>J, =&/>MO, /3:,?3, =I4, 7?(4>2(/&, (4N4(, 4S2'N/(43>0,
P'=I,.YZ[YYYO,PI'>I,K2&=I4&,JI?PJ,J=&?3<,:4%43:43>0,=?,.YZ[Y,
F/3:,7/0,('3M,=?,/, &4J2(=,%&?K'(4,>?7'3<,K&?7,/,:'KK4&43=,L7'>J,
=&/>MG5,
,
]'2,#*, ! $%'! 2'+-25! 0*5! .'0$)2'! +-*+'>$&! $20?'2&'&! $%'!
$205#$#-*03! ()'2=#*,! #*! 2'30$#-*03! 50$0<0&'&! #*$-! 0*03=&#&! -.!
&)<,20>%&B!b%'!'R0/>3'!>2-?#5'5!#*!Y#,)2'!X!)&'&!0!>02$#+)302!
.'0$)2'! .2-/!0*!@/#+&!0*03=&#&!2'&)3$&! .#3'!0&!&$02$!>-#*$B!Y-2!
$%#&! .'0$)2'! 0*! #/>3#+#$! 3#*A! $-! 0! &'+-*5! 2'&)3$&! .#3'! +-/#*,!
.2-/!0!5#..'2'*$!@/#+&!$20+A!#&!5'$'+$'5!4%#+%!033-4&!$20+A#*,!
$%'!>0$%!)>&$2'0/!$%#&!&'+-*5!$20+AB!
C$! $%'! &0/'! $#/'! 5-4*&$2'0/! 0*03=&#&! #*$-! $%'! /-3'+)302!
.'0$)2'! &>0+'! <'+-/'&! 0/'*0<3'B! ^'2'! 2'30$#-*&! 2'&$! -*!
+-/>)$'5!5'>'*5'*+#'&!<0&'5!-*!<2-05!.'0$)2'!0**-$0$#-*B!Y-2!
$%'! 'R0/>3'!+0&'!0!&$2-*,!3#*A!$-!0!&'+-*5! /-3'+)302! .'0$)2'!
/0=! <'! .-33-4'5 ! 4 %#+%!#$&'3.!'?'*$)033=!/0=! %0?'! <'+-/'!
'?#5'*$! 0$! &-/'! -$%'2!3'?'3! E'B,B! 0*! 0&&-+#0$'5! &+#'*$#.#+!
>)<3#+0$#-*I!#*!0!&'+-*5!@/#+&!$20+AB!
!
!
!
!
3.4. Example case !
!
"'! #*! $%'! .-33-4#*,! 'R'/>3#.=! $%'! >2'&'*$'5! +-*+'>$! .-2!
@/#+&! >2-.#3#*,! -.!+%2-*#+! A#5*'=! 5#&'0&'! EadWI;!0! 5#&'0&'!
+%020+$'2#L'5!<=!>2-,2'&&#?'!3-&&!-.!A#5*'=!.)*+$#-*B!adW!%0&!
<''*! 'R$'*&#?'3=! &$)5#'5! -*! ?02#-)&! @/#+&! 3'?'3&! 4#$%! 0*!
#/>2'&&#?'! +-*&-3#50$#-*! '..-2$! -*! $%'! $20*&+2#>$-/#+&! 3'?'3!
>2-?#5'5! <=! $%'! *'>%2-/#*'! 50$0<0&'!
E%$$>FGG444B*'>%2-/#*' B-2,IB! O'R$! $-! 5#0<'$#+! *'>%2->0$%=!
EWOI! 0*5! %=>'2$'*&#?'! *'>%2-&+3'2-&#&! -$%'2! E/0#*3=!
%#&$->0$%-3-,#+03I! +30&&#.#+0$#-*&! +%020+$'2#L'! $%'!$=>'&! -.!
adW;! #*+3)5#*,! V,C! *'>%2#$#&;! .-+03! &',/'*$03!
,3-/'2)3-&+3'2-&#&;! /'/<20*'-)&! ,3-/'2)3-*'>%2#$#&;! 0*5!
/#*#/ 03! +%0*,'! 5#&'0&'B! Y-2! $%'&'!$=>'&! -.! adW!&>'+#.#+!
>2-.#3'&! -*! $20*&+2#>$! 0*5! >2-$'-/'! 3'?'3! 02'! 0?0#30<3'!#*! $%'!
>)<3#+! 5-/0#*;! 033! 5'2#?'5! -*! 5#&'0&'H$=>'! &>'+#.#+! +0&'H
+-*$2-3! @/#+&! >2-.#3#*,! 96S:B! P$#3#L#*,! $%'! +2-&&H@/#+&!
#*$',20$#-*!+-*+'>$!-)$3#*'5!0<-?'!>2-?#5'&!0!,20>%!&%-4*!#*!
9Y#,)2'!M:B!
!
!
!
!
!
!
!
!
!
!
!
!
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'
8$6*' L:' J)."657."&' =>$#+' <(5' #35()$#' @$&)"F' &$+"7+" *,
H/7%(4, >(/JJ'K'>/='?3, 'J, %&?N':4:, 90, =I4, I'J=?%/=I?(?<'>/(,
&4%&4J43=/='?3, ?K, =I4, :'J4/J4, FZ\8, :'/94='>, 34%I&?%/=I0+, Y<$8,
Y<$, 34%I&'='J+, DH^8, K?>/(, J4<743=/(, <(?74&2(?J>(4&?J'J+,.^8,
7479&/34?2J, <(?74&2(?J>(4&?J'J+, .T8, 7'3'7/(, >I/3<4,
:'J4/J4GO, 4/>I, =0%4, 43=4&'3<, %&?=4?7'>JO, =&/3J>&'%=?7'>JO, ?&,
9?=I5,H=&?3<,/&&?PJ, '3:'>/=4,%/=IJ,('3M'3<,J/7%(4,=0%4O,L7'>J,
=&/>MO,/3:,7?(4>2(/&,K4/=2&4,J%/>4,F<'N43,90,<434,J079?(JG5,,
,
V*!$%#&! 'R0/>3'!@/#+&!>2-.#3#*,!#&!#*+3)5'5! .-2!?02#-)&!$=>'&!
-.!adW;!4#$%! .'0$)2'!3#&$&! .2-/!>2-$'-/#+&!+%020+$'2#L#*,!033!
.#?'! 2'>2'&'*$0$#-*&! 4%'*! +-/>02'5! $-! /0$+%'5!E%'03$%=I!
+-*$2-3&;!0*5!$%2''!+-*5#$#-*&!+%020+$'2#L'5!<=!$20*&+2#>$-/#+&B!
V/>3#+#$!3#*A#*,!-.!@/#+&!2'&)3$!>2-.#3'&!&%-4&!CT@C8!1-#*$3=!
#5'*$#.#'5! <=! >2-$'-/#+&! 0*5! $20*&+2#>$-/#+&! 4%'*!-*3=!
+-*&#5'2#*,!$%'! adW! $=>'! YKDB!C*03=L#*,! CT@C8! -*! $%'!
3'?'3! -.! $%'!>2-$'#*!#*$'20+$#-*! *'$4-2A&!0!>0$%!#*+3)5#*,!$%'!
/-3'+)302! #5'*$#.#'2&! YDC;! c" Y;! a@e8XC8;! b^[KJ! 0*5!
a@eNCN!0*5!a@e8SC8!<'+-/'&!'?#5'*$!E0*5!033!-.!$%'&'!02'!
#5'*$#.#'5! 0&!&#,*#.#+0*$3=! 5#..'2'*$#033=! 'R>2'&&'5! <=! $%'!

$20*&+2#>$-/#+&! $20+AI;! 4%'2'! a@e8SC8! #&!055#$#-*033=!
#5'*$#.#'5!0&!&#,*#.#+0*$3=!0..'+$'5!.-2!033!$=>'&!-.!adW!-*!$%'!
<0&#&! -.! >2-$'-/#+&! &+2''*#*,! 2'&)3$&B! a-*&'()'*$3= ;! 03&-!
/#*#/03!+%0*,'!5#&'0&'!3#*A&!#*$-!$%#&!*'$4-2AB!V*$'2'&$#*,!$-!
*-$'! %'2'! #&! $%0$! .2-/! 0! +3#*#+03! >'2&>'+$#?'! /#*#/03! +%0*,'!
5#&'0&'! >2'&'*$&! +-/>020<3'! $-! >2-3-*,'5! &',/'*$03!
,3-/'2)3-& +3'2-&#&B!!
!
b%#&! @/#+&! 2'&)3$&! 0**-$0$#-*! /0=! <'! .)2$%'2! 'R$'*5'5! <=!
#*+3)5#*,!,'*'$#+!&$)5#'&!-*!adW!96X:!#5'*$#.=#*,!)2-/-5)3#*!
EP]@WI! 0&! 0..'+$'5B! P]@W! #$&'3.! #&! .-)*5!0&! 5#..'2'*$#033=!
2',)30$'5! <=! $%'! $20*&+2#>$-/#+&! &$)5#'&;! 0*5! &%-4&! -*! $%'!
/-3'+)30 2!,20>%!3'?'3!0!&%-2$'&$!>0$%!$-!CT@C8!E?#0!aUT!0*5!
CT@C6I;! <)$! 03&-! $-! a@e8SC8! E?#0! aUT;! YO8;! 0*5!
a@eSC8IB!

!
!
!
 
 

 
 

 
[ IV] !DISCUSSION 
!
@/#+&!>2-+'5)2'&! %0?'! 2'0+%'5! 0! 3'?'3! -.! /0$)2#$=! '*0<3#*,!
#/>3'/'* $0$#-*! #*! &$0*5025! 30<-20$-2#'&;!0*5! <2-05! &+03'!
0>>3#+0$#-*! #&! &''*! #*!$20*&30$#-*03! 0*5!+3#*#+03! 2'&'02+%B!
K$0*5025&!%0?'!<''*!5'2#?'5!.-2!/-&$!@/#+&!$20+A&!#*+3)5#*,!
<-$%! 'R>'2#/'*$03! 5'&#,*!0&! 4'33! 0&! 'R'+)$#-*;! 0*5!
2'>2-5)+#<#3#$=!-.!@/#+&!&+2''*#*,!&%-4&!&0$#&.0+$-2=!2'&)3$&B!
^-4'?'2;! #*$',20$#-*! -.! 2'&)3$&! .2-/! 5#..'2'*$!@/#+&! $20+A&!
0*5!5-/0#*&;!<)$! '?'* !-.! 2'&)3$&!+-/#*,! .2-/ !@/#+&!&$)5#'&!
.-+)&#*,! -*! $%'! ?'2=! &0/'! 3'?'3! -.! /-3'+)302! -2,0*#L0$#-*!
'R>'2#'*+'! &%-2$+-/#*,&B! "'! +-*&#5'2! $4-! / 0#*! #&&)'&! 0&!
2'3'?0*$B! b%'! .#2&$! #&! /0#*$0#*#*,!&$2#+$! +-%'2'*+'! -*! $%'!
'R>'2#/'*$03!&#5'!#*!>02$#+)302!2',025#*,!&0/>3'!#*+3)&#-*!0*5!
>2-+'&&#*,! +2#$'2#0B! K>'+#.#+033=! 4%'*! 0552'&&#*,!+-/>3'R!
&#$)0$#-*&!0&!%)/0*!5#&'0&'&!0!&$2#+$!5'.#*#$#-*! -.!$%'!+3#*#+03!
%=>-$%'&#&;! 0&&-+#0$'5! +3#*#+03! >020/'$'2&;!0*5! -)$+-/' !%0?'!
$-! <'! +3-&'3=! &%02'5! .-2!#*5#?#5)03! @/#+&! $20+A&! 0#/'5! .-2!
#*$',20$#-*B!Y-2!#33)&$20$#*,!$%#&!#&&)'!$%'!+3#*#+03!>2'&'*$0$#-*!
-.!_+%2-*#+!A#5*'=!5#&'0&'` !96M:!/0=!<'! )&'5 ;!4%#+%!0&!$'2/!
#*+3)5'&! ?02#-)&! +0)&0$#?'! +-*5#$#-*&! 0*5! -*! $%'! 3'?'3! -.!
-)$+-/'! /0=! #*?-3?'! ?02#-)&! >020/'$'2&! 0&!3'?'3&! -.!
03<)/#*)2#0;!+2'0$#*#*' ;! -2! ,3-/'2)302! .#3$20$#-*! 20$'B! @/#+&!
#*$',20$#-*!.-2!_+%2-*#+!A#5*'=!5#&'0&'` !4#33!+'2$0#*3=!>2-?#5'!
0! .02! 3'&&! +-%'2'*$! >#+$)2'! -*! $%'! /-3'+)302! 3'?'3! $%0*! )&#*,!
&$)5#'&! 0552'&&#*,!&>'+#.#+!$=>'! 0*5! &>'+#.#+! &$0,'! -.! $%'!
5#&'0&'B!@/#+&!>2-+'5)2'&! .-33-4#*,!&)+%!&$2#+$!#*+3)&#-*!02'!
+'2$0#*3=! 3'&&! .2'()'*$3=! .-)*5! #*! $%'! >)<3#+! 5-/0#*!
'/>%0&#L#*,!$%'!#/>-2$0*+'!-.!5'5#+0$'5!@/#+&!0>>2-0+%'&B!
!
b%'!&'+-*5! /01-2!#&&)'! #&!50$0!%0*53#*,!+-*+'>$&!&)>>-2$#*,!
@/#+&!4-2A.3-4&!-*! $%'!'*$#2'!3'?'3! -.! 0**-$0$#-*;!&>0**#*,!
.2-/! $%'! +3#*#+03! 50$0! &>'+$2)/! $-! $%'! #*5#?#5)03! @/#+&!

>2-.#3'&! 0*5! 2'3'?0*$! .'0$)2'&! 2'&)3$#*,! .2-/! $%'! /0*#.-35! -.!
5#..'2'*$! 0*03=&#&! >2-+'5)2'&B! C&! /'*$#-*'5! 0<-?'! 5#&'0&'H
&>'+#.#+!@/ #+&! 2'>-&#$-2#'&! &3-43=! '/'2,';! 03&-! #*+3)5#*,! $-!
&-/'! 'R$'*$!/'$050$0!#*.-2/0$#-*!0&!&0/>3'!&>'+#.#+0$#-*&!-*!
$%'! +3#*#+03! 3'?'3B! ^-4'?'2;! /-&$! -.! >2'&'*$3=! .-)*5! 5#&'0&'!
&>'+#.#+! 2'>-&#$-2#'&! #*! $%'! >)<3#+! 5-/0#*! 02'! $--! <2-05! #*!
&+->';!%0/>'2! /'$050$0! 0$!0*! 05'()0$' ! 3'?'3! -.! 5'$0#3;! 0*5!
/-&$3=! #*+3)5'! -*3=! 0! &>'+#.#+!@/#+&! 5-/0#* ! E4#$%!
$20*&+2#>$-/'!>2-.#3'&!0&!$%'!/-&$!0<)*50*$!$=>'IB!
!
!
"'!#*!$%#&!4-2A!>2'&'*$!0*!@/#+&!#*$',20$#-*!+-*+'>$!+-?'2#*,!
<-$%;!$%'!50$0!&>'+$2)/! -.!@/#+&!$20+A&!0&!4'33!0&!>'2&#&$'*$!
/0>>#*, !$-! /-3'+)302!0**-$0$#-*B!W0$0!/0*0,'/'*$ !+-*+'>$&!
.-2! @/#+&!#*! 0! .#2&$! >30+'! *''5! 0! &>'+#.#+0$#-*! 2',025#*,!
,20*)302#$=! -.! 50$0! 2'>2'&'*$0$#-*B! e0<-20$-2=! V*.-2/0$#-*!
]0*0,'/'*$! K=&$'/&! EeV]KI! %0?'! <''*! 5'&#,*'5! .-2! 03&-!
+-?'2#*,!@/#+&!96Z:B! -̂4'?'2;!.2-/!$%'!<0+A,2-)*5!-.!eV]K!
&#,*#.#+0*$!&$0*5025#L0$#-*!-.!4-2A.3-4&!#&!0&&)/'5!4%#+%!.-2!
#*5#?#5)03!@/#+&!$20+A&! 0>>'02&! /0*0,'0<3'! <)$! .-2! +2-&&H
@/#+&!#&!5#..#+)3$!$-! /0#*$0#*!E0*5! .-2!2'>-&#$-2#'&!<)#3$! .2-/!
>)<3#+!5-/0#*!#&!/'2'3=! #/>-&&#<3'!$-!0+%#'?'IB!Y-2!%0*53#*,!
$%#&!#&&)'!4'!>2->-&'!0!2'+-25!+-*+'>$;!.-2/033=!2'>2'&'*$'5!0&!
50$0! &$2)+$)2'! /0*0,#*,! +-*$'*$! 0$! 02<#$202=! 3'?'3&! -.!
,20*)302#$=;! 4%'2'! $'/>30$'&! &'2?'! .-2! &$0*5025#L#*,!
'R>'2#/'*$03! 5'&#,*! 0*5! 'R'+)$#-*B! b%#&! 50$0! '*+0>&)30$#-*!
>2-?#5'&!'0&=!050>$#-*!$-!'R>0*5#*,!&+->'!E'B,B!#.!='$!0*-$%'2!
@/#+&!$20+A!<'+-/'&!0?0#30<3'!0*5!*''5&!#*$',20$#-*I;!<)$!03&-!
033-4&!0!2'>2'&'*$0$#-*!-.!$%'!'*$#2'!@/#+&!4-2A.3-4!#*+3)5#*,!
&$)5=! >30*&;! &0/>3'! 2'>-&#$-2#'&;! >2-+'5)2'! 5-+)/'*$0$#-*;!
204!50$0!.#3'&;!0&!4'33!0&!0*03=&#&!2'&)3$&!0*5!?'2#.#+0$#-*!50$0B!
b%'! >2->-&'5!@/#+&! 0**-$0$#-*!+-*+'>$! $0A'&;! *'R$! $-! 50$0!
2'>2'&'*$0$#-*;!+02'!-.!0*-$%'2!+'*$203!0&>'+$;!*0/'3=!2'30$#-*&!
/-5'3#*,B ! P*#()'3=! 2'.'2'*+'5! -<1'+$&! 033-4! 'R>3#+#$!
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5'.#*#$#-*!-.!2'30$#-*!E0&!204!50$0!.#3'!0*5!0&&-+#0$'5!0*03=&#&!
.#3'E&II;!0*5!#.!#/>3'/'*$'5!#*!0!>2->'2! '*?#2-*/'*$!>2-?#5'&!
#/>3#+#$!2'30$#-*&!/-5'3#*,B!b%'!30$$'2!#&!-.!>02$#+)302!2'3'?0*+'!
-*!$%'!3'?'3!-.!+2-&&H@/#+&!50$0!#*$'2>2'$0$#-*B!
b%'!+-/<#*0$#-*!-.!@/#+&!>2-+'5)2'!0**-$0$#-*!0*5!2'30$#-*&!
/-5'3#*,! $20?'2&'&! $%'! +-*+'>$! #*$-! 0! A*-43'5,'!
2'>2'&'*$0$#-*! .20/'4-2A;! .-2/033=!2'>2'&'*$'5!0&!,20>%!4#$%!
+-*$'*$! E*-5'&I! #*! $%'#2! +-*$'R$! E'5,'&IB! K)+%! 0! 5'&#,*!
*0$)2033=!'*0<3'&! #*$',20$#-*! 4#$%! /-3'+)302! ,20>%&! 4#$%!
,'*'&G>2-$'#*&! <'#*,! $%'! >2'5-/#*0*$! 3'?'3&! .-2! 50$0!
#*$'2>2'$0$#-*!E4%'2'! 'B,B! /'$0<-3#$'&!02'!/0>>'5!$-!#*?-3?'5!

'*L=/'& ;! -2! KOT! 50$0! $-! 0..'+$'5! ,'*'&! #*+3)5#*,! $%'#2!
2',)30$-2=!2',#-*&IB!c02#-)&!/-3'+)302!,20>%&!2'&$#*,!-*!5''>!
0**-$0$#-*!%0?'!<''*!5'2#?'5!4#$%!-/#+&OQb!96N:!-2!KbUVOD!
96\:! 0&! >2-$-$=>#+03! 2'.'2'*+'B! ]'2,#*,! @/#+&! ,20>%&! 0*5!
/-3'+)302! ,20>%&! '*0<3'&! 'R$'*5'5! ()'2=#*,! )$#3#L#*,!
/'$%-5-3-,#'&! >2-?#5'5! <=! ,20>%! $%'-2=! 9J7:B!b%'! +-*+'>$!
5#&+)&&'5!0<-?'!033-4&!'R$20+$#*,!&)<,20>%&!0*5!>0$%&!3#*A#*,!
/- 3'+)302!.'0$)2'&!$-!$%'#2!*'#,%<-2%--5!-*!$%'!/-3'+)302;!$%'!
@/#+&!$20+A&;!0*5!$%'!&0/>3'!&>'+#.#+0$#-*&!E+3#*#+03I!3'?'3B!
!

!
!
[ V] !CONCLUSION 
!
@/#+&!#*$',20$#-*!+3'023=!<'02&!$%'!>-$'*$#03!-.!'R>0*5#*,!-)2!
)*5'2&$0*5#*,!-.!+-/>3'R!5#&'0&'&;!0*5!&)<&$0*$#03! '..-2$&!.-2!
<2#5,#*,! @/#+&! 3'?'3&! %0?'! 032'05=! <''*! 2'>-2$'5!
96;\;87;6S;J8:B! ^-4'?'2;! .-2! <)#35#*,!5'&+2#>$#?'!/-5'3&!
+%020+$'2#L#*,! 5#&'0&'&! 0$! $%'! #*$'2.0+'! -.! +3#*#+03!
&>'+#.#+0$#-*&!0*5! /-3'+)302!>2-+'&&'&!#*!$%'!2'03/! -.!%#,%'2!
-25'2! &$2)+$)2'&! 0&!>2->-&'5! .-2! .-2/03! 0*5! <#-+%'/#+03!
&=&$'/&!9J6:!/-2'!.)*50/'*$03!#&&)'&!%0?'!$-!<'!$0+A3'5B!"'!
+-*&#5'2! 0**-$0$#-*! 0*5! 2'30$#-*&! /-5'3#*,! '/<'55'5! #*!
.3'R#<3'! 50$0! 0*5! A*-43'5,'! /0*0,'/'*$! .20/'4-2A&! 0&! 0!
.)*50/'*$! .-2! +-*+#&'!+2-&&H@/#+&!50$0!#*$'2>2'$0$#-*! -*!$%'!
3'?'3!-.!5'&+2#>$#?'!,20>%&B!@*3=!0&!+0$03-,)#*,! '..-2$&!-*!$%'!
/-3'+)302! 3'?'3! 'R>0*5;! 0*5! $%'! *)/<'2! -.! 5#..'2'*$! @/#+&!
&+2''*&! -*! &>'+#.#+033=! 5'.#*'5! +3#*#+03! '$#-3-,#'&! #*+2'0&';!
/-5'3!<)#35#*,!#*!$%'!2'03/!-.!K=&$'/&![#-3-,=!0*5!K=&$'/&!
]'5 #+#*'!4#33!<'+-/'!0/'*0<3'B!!

!
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POA^BCBDO98!

"C$!! H,&(7! EF! Q*)'(&7! _8! "9:#:$! `7+&5! '>(! EY%^X! N),'(,0+47!
+;(&'+=+4*'+,&7! ;*'*M*7(! =,)! K&,W-(;5(! ;+74,L()<! *&;! ;*'*!
*&*-<7+78!+&#:,-9(+,*(;4,* !C:?A9@ODP:O8!

"O$!! Y(M>*&! QF! 6>*-+=*Z6*7N+! aF! E)+-/7K<! HF! ('! *-8! "#@@O$!!
1(&(6*);7A!+&'(5)*'+&5!+&=,)0*'+,&!*M,/'!5(&(7F!N),'(+&7!*&;!
;+7(*7(78!T)(&;7!1(&('!#PA#CP8!

"B$!! Y>,;(7! ^YF! S/! HF! 2>*&K()! [F! ('! *-8! "9::?$!b\6bQ%\XA! *!
4*&4()! 0+4),*))*<! ;*'*M*7(! *&;! +&'(5)*'(;! ;*'* Z0+&+&5!
N-*'=,)08!!&,0*"94"!CA#DC8!

"@$!! 1(>-(&M,)5! \F! bc^,&,5>/(! 2%F! I*-+5*! \2F! ('! *-8! "9:#:$!
a+7/*-+R*'+,&!,=!,0+47!;*'*!=,)!7<7'(07!M+,-,5<8!!"#(+&#:,-9 !
OAVCDCB8!

"#: $!! J>&! J6F! T(W*)+! QF! E,,&! 6Z2F! ('! *-8! "9::C$! T>(! 6-+&+4*-!
JNN-+4*'+,&7!,=!*!2<7'(07!JNN),*4>8!<=,>(+&- !PA(9:@8!

"##$!! Q*0*&,L*! _F! 6,==(<! JHF! 24,''! 6XF! ('! *-8! "9:#:$! T*)5(' Z
(&)+4>0(&'! 7')*'(5+(7! =,)! &(]'Z5(&()*'+,&! 7(3/(&4+&58! !"#(
+&#:,-9 !OA###DB8!

"#9$!! 2'*;-()! EdF! E),>*7K*! 2HF! d,)7'! 6aF! ('! *-8!"9::@$! ^(=+&+&5!
5(&(7A! *! 4,0N/'*'+,&*-! =)*0(W,)K8! ?:&,%@( ;4,974! #9BA#CVD
O:8!

"#P$!! Y,7(&M-,,0! [YF! ^)(7R()! TYF! E>(*7*&'! QF! ('! *-8!"9:#:$!
X\6b^X!W>,-( Z5(&,0(!;*'*!+&!'>(!`626!1(&,0(!I),W7()8 !
!$7*&47(874-9(1&9!PBA^C9:DV8!

"#?$!! T*<-,) ! 6d! "9::O$! E),5)(77! +&! 7'*&;*);7! =,)! )(N,)'+&5! ,0+47!
;*'*8 !)$%%(A046(3%$5(3497,2(3&2&*!#:A9V?DCP8!

"#V$!! Q(>'*! T2F! e*K>*)K+&! 2bF! 1*;M/)<! 1_! ('! *-8! "9::C$!
XN+7'(0,-,5+4*-! +77/(7! +&! ,0+47! *&;! >+5>Z;+0(&7+,&*-!
M+,-,5<A! 5+L(! '>(! N(,N-(! W>*'! '>(<! W*&'8! <:@94,*( B&6,C479!
9BA9?DP98!

"#C$!! Q,))+7,&!\F!6,4>)*&(!1F!d*)/3/(!\F!('!*-8!"9::C$ !6,&4(N'!,=!
2*0N-(!+&!bQ%62!T(4>&,-,5<8!A+D)> !#: A#9ODPO8!

"#O$!! I*--! 6JF! I)*R0*! J 8! "9::C$! Q1X^! 7'*&;*);7A! W,)K! +&!
N),5)(778!bQ%62!#:A#PBD??8!

"#B$!! f/*4K(&M/7>!H8! "9::@$!^*'*! )(N,)'+&5!7'*&;*);7A!0*K+&5! '>(!
'>+&57!W(!/7(!M(''()8!B&6,C&(+&-!9VA###8!

"#@$!! [/>&!QF!2RK-*)4R<K!^F!d)*&4(74>+&+!JF!('!*-8!"9:#:$!2T%T6.!
9A! *&! +&'()*4'+,&! &('W,)K!;*'*M*7(! =,)! 70*--! 0,-(4/-(7! *&;!
N),'(+&78!!$7*&47(874-9(1&9!PBA^VV9ZC8!

"9: $!! Q*',7!2F!J))*+7!HEF!Q*+*ZY,;)+5/(7!HF!('!*-8!"9:#:$!6,&4(N'Z
M*7(;!3/()<!(]N*&7+,&!=,)!)(')+(L+&5!5(&(!)(-*'(;!N/M-+4*'+,&7!
=),0!QX^_%\X8!;+)(;4,46E,%C"#479!##A9#98!

"9#$!! J-M()5>+&*!_F!.g=()!TF!a*&,&+!Q8!"9::@$!Q,-(4/-*)!&('W,)K7!
*&;!7<7'(0Z-(L(-!N),N()'+(78!'(;4,#&7:6,* !#??A99?DPP8!

"99$!! J)*&;*! IF! J4>/'>*&! EF! J-*0 Zd*)/3/(! SF! ('! *-8! "9:#:$! T>(!
%&'J4'!0,-(4/-*)!+&'()*4'+,&! ;*'*M*7(!+&!9:#:8!!$7*&47(874-9(
1&9!PBA^V9VDP#8!

"9P$!! [*&(>+7*!QF!1,', !2F!d/)/0+4>+!QF! ('! *-8! "9:#:$! [X11!=,)!
)(N)(7(&'*'+,&! *&;! *&*-<7+7! ,=! 0,-(4/-*)! &('W,)K7! +&L,-L+&5!
;+7(*7(7!*&;!;)/578!!$7*&47(874-9(1&9!PBA^PVVZC:8!

"9?$!! I()&'>*-()! JF! Q/(>-M()5()! %F! d(4>('(! YF! ('! *-8!"9::@$! J!
;(N(&;(&4<! 5)*N>! *NN),*4>! =,)! '>(!*&*-<7+7! ,=! ;+==()(&'+*-!
5(&(!(]N)(77+,&!N),=+-(78!+,*(;4,9@9#!VA#O9:ZP#8!
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"9V$!! E()4,! EF! Qh>-M()5()! %F! Q*<()! 1! ('! *-8!"9:#:$! _+&K+&5!
')*&74)+N',0+4! *&;! N),'(,0+4! ;*'*! ,&! '>(! -(L(-! ,=! N),'(+&!
+&'()*4'+,&!&('W,)K78!.*&7#%,0:,%&949!P#A#OB:Z#OB@8!

"9C$!! [g''5(& ! JF! E*''*),! 6F! Ig5()! 6JF! ('! *-8! "9:#:$! \(W! -,4+!
*77,4+*'(;! W+'>! K+;&(<! =/&4'+,&! *&;! 4>),&+4! K+;&(<! ;+7(*7(8!
!"#(B&6&#!?9APOCZB?8!

"9O$!! _(L(<! J2F! J7',)! I6F! 2'(L(&7! _JF! ('! *-8! "9:#:$! 6>),&+4!
K+;&(<!;+7(*7(F!;+*M('(7F!*&;!><N()'(&7+,&A!W>*'c7!+&!*!&*0(i!
F4-6&@(D6#!OBA#@Z998!

"9B$!! G+7>*)'! ^28! "9::O$! 6/))(&'! N),5)(77! +&! 4,0N/'*'+,&*-!
0('*M,-,0+478!;%4&E(;4,46E,%C!BA9O@Z@P8!

"9@$!! L,&!Q()+&5!6F!H(&7(&!_HF![/>&!QF!('!*-8!"9::C$!2TY%\1!OZZ
)(4(&'! ;(L(-,N0(&'7! +&! '>(! +&'(5)*'+,&! *&;! N)(;+4'+,&! ,=!
N),'(+&!+&'()*4'+,&78!!$7*&47(874-9(1&9!PVA^PVBZC98!

"P:$!! E-*'R()!JF!E()4,!EF!_/K*7!JF!('!*-8!"9::O$!6>*)*4'()+R*'+,&!,=!
N),'(+&Z+&'()*4'+,&! &('W,)K7! +&! '/0,)78! ;+)( ;4,46E,%C"#479!
BA99?8!

"P#$!! \+MM(!Y[F![,</'h)K!QF!6>*&4(!QY8!"9:#:$!J&!+&'(5)*'+L(!Z
,0+47!*NN),*4>!',!+;(&'+=<!=/&4'+,&*-!7/MZ&('W,)K7!+&!>/0*&!
4,-,)(4'*-!4*&4()8!<=,>(),C0$#(;4,* !CA(#:::CP@8!

"P9$!! Y*70/77(&! 2F! I**7! \JF! Q*<()! IF! ('! *-8! "9::#$! J&7*'R! =,)!
;<&*0+4*-!>+()*)4>+(78!8%#4E474"*(=4E&!OA!P9@DVP8!
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