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

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

3'45363784

9:;<



����������	�
��
��
�����
�����������������
�����
��������	�����������
���������������
�

��	�
�����	���������	�
�������
������������
 �!"��� ##�	�����$�
���$��%

�&�'��()***()+�)�,�

����
���������-����		�
��!"��� ##������-���		�
�$���#����
���#�.�
�#�$�#%
�����
��������	�����������
��������������
���.�����������	�
��
��
�����
�����������������

!"��� ##�	�����$�
���$��%
�������
�����
������������-����		�
��/���������
����'�
���		���������$��0
�����������
���

!"��� ##������-���		�
�$���#����
���#�.�
�#�$�#%



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



0112342562
/2')$+(@(*2'P'0*2'D@($*>2'(*'@"*&(*0"'@2)#(2)$*&"I'-A('20&"%('G2**"'@"*&%"AA2&"'(A'@"*&$*0&"'
C%$DD"' A$ ' Q"*&( '%(&$*0&$'C(R'2&&$*+(#(A( '@"*' A2 ')2DD()2'@0%2=' &0&&2L(2= ' &$*$*+"'@"*&"'+$AA2'
C"DD(#(A(&S'D$)C%$'C%$D$*&$'+('$%%"%('"+'(*@")C%$*D("*(='$'+$AA$'*"L(&S'@G$'(*')$+(@(*2'D('D0DT
D$.0"*"'".*('.("%*"='*"*'C"DD"*"'2U$%)2%$'@G$'V02*&"'@"*&$*0&"'D(2'$D$*&$'+2'2U$%)2>("*('
@G$'C"DD2*"'%(D0A&2%$'"%2'"+'(*'Q0&0%"'*"*'@"%%$&&$I'-A('D&0+$*&('@G$'(*&$*+"*"'0&(A(>>2%$'V0$T
D&"'20D(A("'+(+2&&(@"'D"*"'C$%@(W'(*L(&2&('2'@"*&%"AA2%$'C%$DD"'('A"%"'+"@$*&('$'C%$DD"'A$'Q"*&('
20&"%$L"A('0X@(2A)$*&$'%(@"*"D@(0&$'".*('L"A&2'@G$'(*D"%.2'A"%"'0*'+0##("

3A')2&$%(2A$'+(+2&&(@"'@"*&$*0&"'(*'V0$D&Y"C$%2'L2'0&(A(>>2&"'(*'@"*.(0*>("*$'@"*'A$'A$>("*('$'
*"*'%2CC%$D$*&2'0*2'$D20%($*&$'+$D@%(>("*$'+$.A('2%.")$*&('"..$&&"'+$AA2'&%2&&2>("*$='$'*"*'
C0W'$DD$%$'@"*D(+$%2&"'(*'2A@0*')"+"'D"D&(&0&"'+('0*'&%2&&2&"

3'D()#"A('(*+(@2*"'(*+(@2*"'2'V02A('@"%D('('D(*."A('@2C(&"A('C%()2%(2)$*&$'2CC2%&$*."*"E

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

@"%D"'+('A20%$2'(*'3*Q$%)($%(D&(@2

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

@"%D"'+('A20%$2'(*'7D&$&%(@(2

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

@"%D"'+('A20%$2'(*'Z$@*(@G$'+('!2+("A".(2'[$+(@2'C$%'())2.(*('$'!2+("&$%2C(2

"-.%"/)+0

/2 ' @"**"&2>("*$ ' 0&(A(>>2&2 ' C$% ' ( ' *0)$%( ' D$.0$ ' (A ')"+$AA" ' (*&$%*2>("*2A$E ' (A ' C0*&" ' C$% ' ('
+$@()2A(='A2'L(%."A2'C$%'A$')(.A(2(2

/2'#(#A(".%2\2'%(C"%&2&2'2AA2'\*$'+('".*('@2C(&"A"'%(DC$@@G(2'0*(@2)$*&$'A$'C(R'()C"%&2*&('Q"*&('
0&(A(>>2&$'$'*"*'G2'@2%2&&$%$'+('@")CA$&$>>2

3 ' D(&( ' %(C"%&2&( ' D"*" 'V0$AA( ' +2 ' @0( ' P ' D&2&" '2&&(*&" ')2&$%(2A$ ' $ '*"* ' %2CC%$D$*&2*" ' ( ' D(&( ' +('
%(Q$%()$*&"'+$AAY2%.")$*&"'&%2&&2&"I'O*'@"*&%"AA"'+$AA2'0&(A(>>2#(A(&S'+$('1$+0'P'D&2&"'$U$&&02&"'
*$AA$'+2&$'%(C"%&2&$E'1$+0'*"*'C(R'Q0*>("*2*&('D"*"'D&2&('%$D(']*"*'@A(@@2#(A(^



#"10#2"&#%*"/'%/%&,%"#,%/%

82&"'2'1"A".*2'(A'9_'A0.A("';`a;I'/20%$2&"'(*'K@($*>$'1("A".(@G$I'b2'@"*D$.0(&"'(A'&(&"A"'+('
5"&&"%$'(*'!(@$%@2'(*'?(D("C2&"A".(2'C%$DD"'AYO*(L$%D(&S'+$.A('K&0+('+('1"A.*2'$'(A'&(&"A"'+('cG5'
(* ' 8$0%"D@($*>$ ' C%$DD" ' (A ' d2%"A(*De2 ' 3*D&(&0&$& ' fK&"@@"A)2= ' KL$>(2gI ' b2 ' A2L"%2&" ' @")$'
!(@$%@2&"%$= ' 5"@$*&$ ' $ ' B2C"-%0CC" ' +2A ' ;``< ' 2A ' 9::h ' C%$DD" ' (A ' d2%"A(*De2 ' 3*D&(&0&$&'
fK&"@@"A)2='KL$>(2gI'52A'9::h'%(@"C%$'(A'%0"A"'+('!(@$%@2&"%$'@"*Q$%)2&"'C%$DD"'A2'K@0"A2'+('
[$+(@(*2'$'BG(%0%.(2='*$AAYNA)2'[2&$%'O*(L$%D(&S'+('1"A".*2I'/$'%(@$%@G$'D@($*&(\@G$'2'@0('G2'
C2%&$@(C2&"'D"*"'D&2&$'DL"A&$' (*'@"AA2#"%2>("*( '@"*'3D&(&0&( '+( '!(@$%@2'$D&$%('$+' (&2A(2*(' fah'
C0##A(@2>("*( ' D0 ' %(L(D&$ ' (*&$%*2>("*2A(g ' *$A ' @2)C" ' +$AA2 ' *$0%"+$.$*$%2>("*$ ' f)"%#" ' +('
c2%e(*D"*'$')2A2&&(2'+('NA>G$()$%g='+(D&0%#('+$AAY0)"%$'$'+$AA2'C$%D"*2A(&S='&"DD(@",+(C$*+$*>2'
f2A@""A(D)"'$'+(C$*+$*>2'+2'*(@"&(*2g

+3%,%'1)#1%0#%

82&"'2'1"A".*2'(A'9_'.$**2("';`hiI'/20%$2&"'(*'[$+(@(*2'$'BG(%0%.(2I'c%"Q$DD"%$'"%+(*2%("'+('
c2&"A".(2'.$*$%2A$ '*$AAYNA)2'[2&$% 'O*(L$%D(&S'+( '1"A".*2= '5(C2%&()$*&"'+( 'K@($*>$'C$% ' A2'
j02A(&S '+$AA2 'k(&2'+( '!()(*(I '-(S'C%$D(+$*&$'+$A '@"%D"'+( 'D&0+( ' (* ' 3*Q$%)($%(D&(@2'*$AAYNA)2'
[2&$%'O*(L$%D(&S'+('1"A".*2'D$+$'+('!()(*(I'/$'%(@$%@G$'D@($*&(\@G$'2'@0('G2'C2%&$@(C2&"'D"*"'
D&2&$'DL"A&$'(*'@"AA2#"%2>("*$'@"*'*0)$%"D('3D&(&0&('(&2A(2*('$+'$D&$%('$+'G2**"'C"%&2&"'2'C(R'+('
l:'C0##A(@2>("*( 'D0'%(L(D&$ ' (*&$%*2>("*2A( ' f@(&2&$ '"A&%$'<:::'L"A&$g '*$A'@2)C"'+$AA$ ' &"DD(*$'
L$.$&2A(

)+2#%&!"++)1"#)2"#%
K('%(*.%2>(2' (* ')"+"'C2%&(@"A2%$' (A 'c%"QI '-(2*A0(.( '1(2.(= 'C%"Q$DD"%$'NA)2'[2&$%'+$AAYNA)2'
[2&$%'O*(L$%D(&S'+('1"A".*2'C$%'A2'%$L(D("*$'.$*$%2A$'+$AAY"C$%2'$'C$%'('C%$>("D('D0..$%()$*&(

K('%(*.%2>(2'A2'C%"QI'!"DD$AA2'+2AAY7A("'C$%'(A')2&$%(2A$'+(+2&&(@"'+2'@0('G2**"'C%$D"'(DC(%2>("*$'
*0)$%"D$'\.0%$



#%!"/"$!%*0/2%

-A('20&"%('D('D@0D2*"'C$%'A$'$L$*&02A(')2*@2&$'@(&2>("*('+$AA2'C%"L$*($*>2'+('2A@0*(')2&$%(2A('
0&(A(>>2&(='+$AA2'@0('"%(.(*$'D('P'C$%D2'&%2@@(2

j0$D&" ' A2L"%" ' P ' D&2&" ' C%$C2%2&" ' (* ' )2DD()2 ' C2%&$ ' @"* ' C%".%2))( ' "C$* ' D"0%@$ ' $+ ' (*'
C2%&(@"A2%$'@"*E'Q"*&Q"%.$m' .@G$)C2(*&m='.()Cm='(*eD@2C$m='A(#%$"X@$m='n)"Am=')"AD@%(C&m='
c"L!2Mm= ' %2D&$%<5m= ' $+ ' (*"A&%$ 'o@"+$m' fNCCA$mg= 'N@%"#2&m' fN+"#$mg ' D0 ' D(D&$)( ' "C$%2&(L('
e0#0*&0m='fB2*"*(@2Amg'[2@'"Dom'fNCCA$mg'$'k(%&02A#"pm'f7%2@A$mgI'K"*"'D&2&('0&(A(>>2&('Q"*&'
+$AA2'Q2)(.A(2'5$q2k0mI'NA@0*$'\.0%$'C%"L$*."*"'+2'C%$@$+$*&('L$%D("*('%$2A(>>2&$'(*'B"%$A'
5%2rm

/$ ' D&%0&&0%$ ' @G()(@G$ ' D"*" ' D&2&$ ' C$% ' A2 ' )2..("% ' C2%&$ ' "&&$*0&$ ' +2 ' @G$)DC(+$%I@")='
&%2DQ"%)2&$'(*'-@G$)C2(*&m'$+'$A2#"%2&$'@")$'\.0%$'(*'(*eD@2C$m



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

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

;I'-$*$%2A(2'CG2%)2@"A".(@2IIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIII ;
;I;I'38?4![34!4'B7[4'c!7?4KK3783KZN'f/4--4'8I'i<'54/'?411!N37'9::agE
/Y38?4![34!4'45'3'?N![NB3''IIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIII<
;I9I'3/'?N![NB7''''IIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIII h
;I<I'KZ7!3N'54/'?N![NB7'''IIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIII `
;IiI'Ncc!7BB3'84//4'38Z4863783'Z4!Nc4OZ3B3'N/Z4!8NZ3k3''''IIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIII ;;
;IhI'?N![NB7/7-3N'-484!N/4''''IIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIII ;<
;IaI'[4BBN83K[7'5sN63784'543'?N![NB3''''IIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIII;a
;I_I'4??4ZZ3'53'O8'?N![NB7''''IIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIII ;_
;IlI'?NK3'54//N'Kc4!3[48ZN63784'''IIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIII ;`
;I`I'?N![NB3'137Z4B87/7-3B3'''IIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIII 9:
;I;:I'BN!NZZ4!3KZ3Bb4'-484!N/3'54-/3'4??4ZZ3'53'O8'?N![NB7''''IIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIII9a
;I;;I'Z4KZ3'B78K3-/3NZ3IIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIII 9l
;I;9I'c!38B3cN/3'?78Z3'OZ3/366NZ4IIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIII9`

9I'/Y"%.2*(D)"'$'(A'Q2%)2@"IIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIII<<
9I;I'?N![NB7,B384Z3BNE'54?38363784''''IIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIII <h
9I9I'c!38B3cN/3'Z3c3'53'1N!!34!4''''IIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIII <a
9I<I'Z!NKc7!Z7'543'?N![NB3'NZZ!Nk4!K7'/4'[4[1!N84''''IIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIII i:
9IiI'c!38B3cN/3'?78Z3'OZ3/366NZ4IIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIh9

<I'/2'D"))(*(D&%2>("*$'+$('Q2%)2@(IIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIII h<
<I;I'/4'c!38B3cN/3'c!4cN!N63783'543'?N![NB3'''IIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIII hh
<I9I'k34'53'K7[[383KZ!N63784'''IIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIII a<
<I<I'K7[[383KZ!N63784'c4!'k3N'7!N/4'''IIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIII ai
<IiI'K7[[383KZ!N63784'c4!'k3N'KO1,/38-ON/4'''IIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIII a`
<IhI'K7[[383KZ!N63784'c4!'k3N'!4ZZN/4'''IIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIII _:
<IaI'K7[[383KZ!N63784'c4!'k3N'4857,kNKB7/N!4'''IIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIII _9
<I_I'K7[[383KZ!N63784'c4!'k3N'K7ZZ7,BOZN84N'7'38Z!N,[OKB7/N!4'''IIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIII _a
<IlI'K7[[383KZ!N63784'k3N'38Z!N,Z4BN/4'''IIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIII_l
<I`I'K7[[383KZ!N63784'c4!'k3N'c7/[78N!4'''IIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIII _`
<I;:I'K7[[383KZ!N63784'c4!'k3N'8NKN/4'''IIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIII l:
<I;;I'K7[[383KZ!N63784'c4!'k3N'Z!N8K,54![3BN'''IIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIII l;
<I;9I'K7[[383KZ!N63784'c4!'k34'Z7c3Bb4'''IIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIII l9
<I;<I'c!38B3cN/3'?78Z3'OZ3/366NZ4IIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIl<

iI'1(",+(DC"*(#(A(&S'$'+(D&%(#0>("*$'+$('Q2%)2@(IIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIlh
iI;I'/N'53KZ!31O63784'543'?N![NB3''''IIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIII l_
iI9I'54KZ387'543'?N![NB3''''IIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIII l`
iI<I'137,53Kc78313/3Zt''''IIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIII`:
iIiI'3/'k7/O[4'53'53KZ!31O63784'543'?N![NB3'''IIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIII `9
iIhI'/4-N[4'?N![NB7,c!7Z438N'c/NK[NZ3BN'''IIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIII `_
iIaI'?NZZ7!3'Bb4'[753?3BN87'/N'53KZ!31O63784'543'?N![NB3''''IIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIII ;:<
iI_I'c!38B3cN/3'?78Z3'OZ3/366NZ4IIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIII;:i

hI'[$&2#"A(D)"'+$('Q2%)2@(IIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIII;:h
hI;I'[4ZN17/3K[7'45'NZZ3k3Zt'543'?N![NB3''''IIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIII ;:_
hI9I'K3KZ4[3'[4ZN17/3B3'B738k7/Z3'84/'[4ZN17/3K[7'543'?N![NB3''''IIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIII ;:l
hI<I'B/NKK3?3BN63784'54//4'!4N63783'[4ZN17/3Bb4'''IIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIII ;:`
hIiI'385O63784'45'NZZ3kN63784'''IIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIII;;<
hIhI'!4N63783'54/'[4ZN17/3K[7'53'?NK4'33'''IIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIII ;9:
hIaI'4KB!463784''''IIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIII ;99
hI_I'4/3[38N63784'O!38N!3N'543'?N![NB3'4H7'543'/7!7'[4ZN17/3Z3''''IIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIII ;9<
hIlI'/N'B/4N!N8B4'53'O8'?N![NB7'''IIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIII;9_
hI`I'c!38B3cN/3'?78Z3'OZ3/366NZ4IIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIII;9l

aI'[$@@2*(D)('+('Q2%)2@",@(*$&(@2IIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIII ;9`
aI;I'?N![NB7,B384Z3BN''''IIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIII ;<;
aI9I'B384Z3BN'53'KB7[cN!KN'543'?N![NB3''''IIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIII ;<h
aI<I'B384Z3BN'54//N'K7[[383KZ!N63784'B78Z38ON''IIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIII ;<`
aIiI'K7[[383KZ!N63784'[O/Z3c/N'4'!N--3O8-3[48Z7'54//7'KZNZ7'KZN6378N!37''IIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIII;ii
aIhI'c!38B3cN/3'?78Z3'OZ3/366NZ4IIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIII;i_

_I'?2%)2@",+(*2)(@2IIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIII ;i`
_I;I'?N![NB7,538N[3BN''''IIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIII ;h;
_I9I'/O7-7'53'N63784'543'?N![NB3''''IIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIII ;h9
_I<I'!4B4ZZ7!3'543'?N![NB3''''IIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIII ;hh
_IiI'!4B4ZZ7!3'38Z!N,B4//O/N!3'''IIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIII ;a9
_IhI'38Z4!N63783'?N![NB7,!4B4ZZ7!4'''IIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIII ;a<



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

_IaI'NZZ3k3Zt'38Z!38K4BN'''IIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIII;ai
_I_I'?N![NB3'N-783KZ3'''IIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIII ;aa
_IlI'N-783KZ3'38k4!K3'''IIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIII ;a`
_I`I'N8ZN-783KZ3''''IIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIII;_:
_I;:I'c!38B3cN/3'?78Z3'OZ3/366NZ4IIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIII;_i

lI'N&&(L(&S'Q2%)2@"A".(@2IIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIII ;__
lI;I'NZZ3k3Zt'?N![NB7/7-3BN'''IIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIII ;_`
lI9I'3853B4'Z4!Nc4OZ3B7'4'c!7?3/3'53'K3BO!466N'45'4??3BNB3N''''IIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIII ;l:
lI<I'!4/N63784'Z!N'57K4'c!4KB!3ZZN'53'O8'?N![NB7'45'3/'KO7'4??4ZZ7'?N![NB7/7-3B7''IIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIII;li
lIiI'?NZZ7!3'384!48Z3'N/'?N![NB7'''IIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIII;lh
lIhI'?NZZ7!3'384!48Z3'N/'cN6348Z4''''IIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIII;ll
lIaI'[4BBN83K[3'54//4'38Z4!N63783'Z!N'?N![NB3'fN8ZN-783K[7'7'K384!-3K[7g''''IIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIII;`a
lI_I'c!38B3cN/3'?78Z3'OZ3/366NZ4IIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIII;``

`I'Z"DD(@(&S'+2'Q2%)2@(IIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIII 9:;
`I;I'53??4!48Z3'Z3c3'53'Z7KK3B3Zt'5N'?N![NB3''''IIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIII 9:<
`I9I'N//4!-3N'5N'?N![NB3''''IIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIII 9;:
`I<I'N/Z4!N63783'?3K37/7-3Bb4'5O!N8Z4'/N'-!Nk35N86N''''IIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIII9;_
`IiI'/N'53KZ!31O63784'N/'?4Z7E'3/'BNK7'54//N'Z4!NZ7-484K3'5N'ZN/357[354''''IIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIII 9;l
`IhI'K385!7[4'54/'1N[1387'-!3-37''''IIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIII 99<
`IaI'c!38B3cN/3'?78Z3'OZ3/366NZ4IIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIII99i



!"#$%&$'($')*+,*-%.%/$*'/"&"+*." 0*1$2%.%'34'5"&"+*.$*'16*+,*-%.%/$-*'7

,-,- '8"&"+*.$*'8"&"+*.$*''
9:*+,*-%.%/$-*9:*+,*-%.%/$-*

7'"($#$%&"'

8%9"+2%'8$,%&($&$:5$%+/$&$;'!<$/$'=*+9$"+$

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

;I'-$*$%2A(2'CG2%)2@"A".(@2IIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIII;
;I;I'38?4![34!4'B7[4'c!7?4KK3783KZN'f/4--4'8I'i<'54/'?411!N37'
9::agE
/Y38?4![34!4'45'3'?N![NB3''IIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIII <
343434'7&>"+,$"+"'"',"($-%?'$'>*+,*-$444444444444444444444444444444444444444444444444444444444444444444444444 @
3434A4'BC1"22$'%+/*&$##*2$D$'("..*'/"C2$%&"'("$'>*+,*-$444444444444444444444444444444444444444444444E
3434@4'!F$&>"+,$"+"'"'."'$&2"+*#$%&$'>*+,*-%G1*#$"&2"'"'>*+,*-%G>*+,*-%44444444444444444E
3434E4'0%&-.<C$%&$44444444444444444444444444444444444444444444444444444444444444444444444444444444444444444444444444444 E

;I9I'3/'?N![NB7''''IIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIII h
34A434'H*2<+*'("$'>*+,*-$444444444444444444444444444444444444444444444444444444444444444444444444444444444444444444 I
34A4A4'H%,"'("$'>*+,*-$44444444444444444444444444444444444444444444444444444444444444444444444444444444444444444444I
34A4@4'0.*CC$J-*#$%&"'("$'>*+,*-$444444444444444444444444444444444444444444444444444444444444444444444444444444K
34A4E4'!"/*.$2L'"'>*+,*-$4444444444444444444444444444444444444444444444444444444444444444444444444444444444444444444 K

;I<I'KZ7!3N'54/'?N![NB7'''IIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIII `
34@434'M*.'1+"1*+*2%'"2&$-%'2+*($#$%&*."'*.'>*+,*-%',%("+&%4444444444444444444444444444444443N

;IiI'Ncc!7BB3'84//4'38Z4863783'Z4!Nc4OZ3B3'N/Z4!8NZ3k3''''IIIIIIIIIII;;

34E434'O"($-$&*'P,"%1*2$-*''444444444444444444444444444444444444444444444444444444444444444444444444444444444 3A
;IhI'?N![NB7/7-3N'-484!N/4''''IIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIII;<
34Q434'O%($J-*#$%&$'$&(%22"'(*'>*+,*-$44444444444444444444444444444444444444444444444444444444444444444443@
34Q4A4'R2$.$##%'($'<&'>*+,*-%44444444444444444444444444444444444444444444444444444444444444444444444444444444444 3@
34Q4@4')*+,*-%:-$&"2$-*4444444444444444444444444444444444444444444444444444444444444444444444444444444444444444444 3E
34Q4E4')*+,*-%:($&*,$-*44444444444444444444444444444444444444444444444444444444444444444444444444444444444444444 3Q

;IaI'[4BBN83K[7'5sN63784'543'?N![NB3''''IIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIII;a
;I_I'4??4ZZ3'53'O8'?N![NB7''''IIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIII ;_
34K434'S+%J.$'($'"T-*-$*'"'C$-<+"##*444444444444444444444444444444444444444444444444444444444444444444444444 3U

;IlI'?NK3'54//N'Kc4!3[48ZN63784'''IIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIII;`
;I`I'?N![NB3'137Z4B87/7-3B3'''IIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIII 9:
34V434'S+$&-$1*.$'-*2"/%+$"'($'>*+,*-$'9$%2"-&%.%/$-$44444444444444444444444444444444444444444444444A3
34V4A4'!"'*&2$:-6$&$&"'-%,"'>*+,*-$'9$%2"-&%.%/$-$'*&2$:+"<,*2$-$''44444444444444444444444AE
34V4@4'B&2$-%+1$',%&%-.%&*.$'($'1+$,*'/"&"+*#$%&"''44444444444444444444444444444444444444444444444AQ

;I;:I'BN!NZZ4!3KZ3Bb4'-484!N/3'54-/3'4??4ZZ3'53'O8'?N![NB7''''I I9a
343N434'WX"22$'*-<2$;'-+%&$-$;'1+%&2$;'+$2*+(*2$4444444444444444444444444444444444444444444444444444444444AI



!"#$%&$'($')*+,*-%.%/$*'/"&"+*." 0*1$2%.%'34'5"&"+*.$*'16*+,*-%.%/$-*4';

343N4A4'WX"22$'($+"22$'"'"X"22$'$&($+"22$44444444444444444444444444444444444444444444444444444444444444444444 AI
343N4@4'WX"22$'1.*-"9%444444444444444444444444444444444444444444444444444444444444444444444444444444444444444444444 AK

;I;;I'Z4KZ3'B78K3-/3NZ3IIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIII 9l
;I;9I'c!38B3cN/3'?78Z3'OZ3/366NZ4IIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIII 9`



!"#$%&$'($')*+,*-%.%/$*'/"&"+*." 0*1$2%.%'34'5"&"+*.$*'16*+,*-%.%/$-*4'<

3434) 5+6",7$",")%(7")8,(6"--$(+$-'&)91"::")+4);<)#"1)6"==,&$()>??@AB

1C$+6",7$",")"#)$)6&,7&%$))

7=7=7='7=7=7=' >>5)23?>2325)23?>232''22''?2@>AB?2@>ABC'C'>>'')03?0A>)03?0A>

2234&(5$67&$6$!(*(!'&!*..80/!%&!5*678+/6$!+/!'.$+,/!,$6/0$8,&./!5/67/.*+*)&./!"%&!.*70$,$(9/!7$%&./1:!7/!%$#$!
!"#$%&'"%!"#()*"!"#$%&'"%!"#()*"!'*77&(&',6/6$!&!5/67/.&:!.*(*'.$6$!+$!&70+&./9&*(&!.;$!+/!'*77&(&',6/9&*($!%$+!5/67/.*!;/!
0$6!&+!0/9&$(,$:!7*(&,*6/6$!&+!'8*!',/,*!.+&(&.*:!$!6&.*(*'.$6($!$#$(,8/+&!#/6&/9&*(&

<(!=8$',*!7*%*!&+!7$%&.*!#$66>!/))&*6(/,*!7*7$(,*!0$6!7*7$(,*!$!0*,6>!$#$(,8/+7$(,$!/%$)8/6$!+/!
06$'.6&9&*($

22 34/,,*!%$++/!06$'.6&9&*($!?!%&!.*70$,$(9/!7$%&./!$!+/!'*77&(&',6/9&*($!?!%&!.*70$,$(9/!&(5$67&$6&',&./@

%/&$'1+%>"CC$%&$C2*'Y'+"C1%&C*9$."'(".."'*#$%&$'."/*2"'*.'1+%1+$%'*,9$2%%/&$'1+%>"CC$%&$C2*'Y'+"C1%&C*9$."'(".."'*#$%&$'."/*2"'*.'1+%1+$%'*,9$2%

A$6!=8$',*!7*,&#*:!6&78*#$6$!+$!.*78(&!./8'$!%&!$66*6$!?!&70*6,/(,$!0$6!&+!0/9&$(,$!$!0$6!$(,6/7B&!&!
06*5$''&*(&',&!7$%&.*!$%!&(5$67&$6$

34/%*9&*($!%$++/!&!+$,-%,)%*$.-()-%'/)!-%01234&!+$,-%,)%*$.-()-%'/)!-%01234!*:!/(.*6!7$)+&*:!%&!8(!'&',$7/!&(5*67/,&99/,*!&(,$)6/,*!
C7*(*%*'$D!%&7&(8&'.*(*!5*6,$7$(,$!&+!6&'.;&*!%&!$66*6$!+$)/,*!/++/!,6/'.6&9&*($!7/(8/+$

22 <(!/7B&,*!*'0$%/+&$6*@

.*'C%,,$&$C2+*#$%&"'("$'>*+,*-$'"Z'<&*'1+"C2*#$%&"'"C-.<C$D*,"&2"'$&>"+,$"+$C2$-*.*'C%,,$&$C2+*#$%&"'("$'>*+,*-$'"Z'<&*'1+"C2*#$%&"'"C-.<C$D*,"&2"'$&>"+,$"+$C2$-*

<+!06*5$''&*(&',/!&(5$67&$6$!%$#$!8,&+&99/6$@

1+%2%-%..$'"'1+%-"(<+"'C2*&(*+($##*2$'1"+'.*'/"C2$%&"'("$'>*+,*-$'$&',%(%'(*'<&$>%+,*+"'$'-%,1%+2*,"&2$'1+%2%-%..$'"'1+%-"(<+"'C2*&(*+($##*2$'1"+'.*'/"C2$%&"'("$'>*+,*-$'$&',%(%'(*'<&$>%+,*+"'$'-%,1%+2*,"&2$'
1+"C-+$22$D$1+"C-+$22$D$



!"#$%&$'($')*+,*-%.%/$*'/"&"+*." 0*1$2%.%'34'5"&"+*.$*'16*+,*-%.%/$-*4'D

7=7=;='7=7=;=' 00EF244>EF244>''B3805>6604>1>B3805>6604>1>''@2!!0@2!!0''82E4>B5282E4>B52''@2>@2>'')03?0A>)03?0A>

223E&(5$67&$6$!;/!&(!./6&.*!/(.;$!/'0$,,&!*6)/(&99/,&#&!.;$!6&)8/6%/(*!&!5/67/.&!$%!&+!+*6*!8,&+&99*@

/%$)8/,*!/006*##&)&*(/7$(,*!"$#&,/(%*!)+&!'06$.;&1

.*('$6#/9&*($!.*66$,,/

.*(,6*++*!0$6&*%&.*!%$++$!'./%$(9$!$!&(,$)6&,>!%$++$!.*(5$9&*(&

.*('$6#/9&*($!%$++$!(*,$!&(5*67/,&#$

7=7=<='7=7=<=' !G!G>5)23?>232>5)23?>232''22''!2!2''>542306>B5>>542306>B5>'')03?0AB)03?0ABHHF06>2542F06>2542''22'')03?0AB)03?0ABHH)03?0AB)03?0AB

22 <+!06*5$''&*(&',/!%$#$!/#$6$!,8,,$!+$!&(5*67/9&*(&!.;$!)+&!0$67$,,*(*!%&!6&.*(*'.$6$!$!7$,,$6$!&(!$#&%$(9/!+$!
$#$(,8/+&!&(,$6/9&*(&!,6/!5/67/.&!.;$!'&!'*(*!#$6&F./,$!%86/(,$!&+!6&.*#$6*

3E&(5$67&$6$!06*5$''&*(&',/!?!+/!F)86/!06*5$''&*(/+$!.;$!08G!$6*)/6$!/''&',$(9/!&(5$67&$6&',&./!0$6!=8/(,*!
6&)8/6%/!+$!&(,$6/9&*(&!5/67/.*+*)&.;$:!$%!&('$)(/6$!/&!0/9&$(,&!$!/++$!+*6*!5/7&)+&$!&+!6$+/,&#*!.*70*6,/7$(,*!%/!
/%*,,/6$:!'&/!%86/(,$!&+!6&.*#$6*!.;$!/+!06*06&*!%*7&.&+&*

7=7=D='7=7=D=' AAB5A!IE>B5>B5A!IE>B5>

34&(5$67&$6$!?@ %&6$,,/7$(,$!6$'0*('/B&+$!%$&!,6/,,/7$(,&!%$+!0/9&$(,$

,$(8,*!/!6&.*(*'.$6$!.*(!.*70$,$(9/!&!6&'.;&!$%!&!06*B+$7&!+$)/,&!/%!*)(&!06/,&./!,$6/0$8,&./

./0/.$!%&!56*(,$))&/6$!.*(!&77$%&/,$99/!+/!)6/#&,>!%$++$!&(,$6/9&*(&

&(!)6/%*!%&!%$'.6&#$6$!$%!8,&+&99/6$!.*7$!&(%&./,*6&!)+&!$H$,,&!*''$6#/,&



!"#$%&$'($')*+,*-%.%/$*'/"&"+*." 0*1$2%.%'34'5"&"+*.$*'16*+,*-%.%/$-*4'J

34>4) 51)6&,7&%()) ) )

!"#$%&%'$"()%(!"#$%&%'$"()%(5-.#-!"5-.#-!"

D+)6&,7&%()9#&1):,"%()!"#$%&'(),$7"#$(E)2"1"+(A)F/G)"--",")#"H+$'()%(7"E)/+&)-(-'&+I&)%J$7$%&)%(+)/+&)
-',/''/,&)+('&E)7&)#$2",-&)#&)+/',$7"+'$)()$+:,"#$"+'$)+&'/,&1$)#"11&)#$"'&E)")%J")F,(#/%")/+)&.&//0'&.&//0'
1$0+0($%01$0+0($%0)K/&+#()2$"+")-(77$+$-',&'&)&#)/+)(,:&+$-7()2$2"+'"

!"#$%&%'$"()%(!"#$%&%'$"()%(#$,)!)/-6$#$,)!)/-6$

D+)7"#$%$+&1")LB)/+&)F,"F&,&I$(+")%J$7$%&E)%J")F/G)%(+'"+",")/+()()F$M)6&,7&%$E)")%J")2$"+")
-(77$+$-',&'&)%(+)1N$+'"+I$(+")#$)F,(#/,,")/+)"O"''()'",&F"/'$%(

!"#$%&%'$"()%(!"#$%&%'$"()%((.)/!)()"%-**)7"(.)/!)()"%-**)7"

51)'",7$+")PF,$+%$F$()&''$2(Q)$+#$%&)/+&)-(-'&+I&)%J")F(--$"#")/+&)%",'&)&''$2$'R)=$(1(:$%&E)$+%1/#"+#()
'/''")1")-(-'&+I")#('&'")#$)"O"''()'",&F"/'$%()96&,7&%$AE)#$)"O"''()="+"H%()92$'&7$+"E)F,(S=$('$%$A)())#$)
"O"''()'(--$%()92"1"+$A4)5)F,$+%$F$)&''$2$)-(+()1&)F&,'")6&,7&%(1(:$%&7"+'")&''$2&)#"$)7"#$%&7"+'$

22I+,6$!/+!(.)/!)()"%-**)7"(.)/!)()"%-**)7":!&!7$%&.&(/+&!.*(,$()*(*!/+,6$!'*',/(9$!.*(!#/6&$!58(9&*(&@

$..&0&$(,&

',/B&+&99/(,&

'*+#$(,&



!"#$%&$'($')*+,*-%.%/$*'/"&"+*." 0*1$2%.%'34'5"&"+*.$*'16*+,*-%.%/$-*4'K

7=;=7='7=;=7=' 5504I3004I30''@2>@2>'')03?0A>)03?0A>

22<!5/67/.&!0*''*(*!$''$6$@

%&!*6&)&($!'&(,$,&./

'*',/(9$!.;&7&.;$!%&!*6&)&($!B&*+*)&./!"#$)$,/+$:!7&.6*B&./:!
/(&7/+$1

'*',/(9$!06*%*,,$!,6/7&,$!+4&()$)($6&/!)$($,&./!"5/67/.&!
B&*,$.(*+*)&.&1

&494?',%.2"'C%C2*&#"'-%,"'.Z$&C<.$&*'&494?',%.2"'C%C2*&#"'-%,"'.Z$&C<.$&*'
%'.*'2$+%[$&*;'C%&%'%+,%&$'"&(%/"&$'%'.*'2$+%[$&*;'C%&%'%+,%&$'"&(%/"&$'
,*'($D"&2*&%'>*+,*-$'&".',%,"&2%',*'($D"&2*&%'>*+,*-$'&".',%,"&2%'
$&'-<$'D"&/%&%'C%,,$&$C2+*2$'$&'-<$'D"&/%&%'C%,,$&$C2+*2$'
$&2"&#$%&*.,"&2"'*'C-%1%'C%C2$2<2$D%'$&2"&#$%&*.,"&2"'*'C-%1%'C%C2$2<2$D%'
%'2"+*1"<2$-%%'2"+*1"<2$-%

7=;=;='7=;=;=' 55B?2B?2''@2>@2>'')03?0A>)03?0A>

22J&/'.8(!5/67/.*!0*''&$%$!0&K!(*7&@

(*7$!.;&7&.*

(*7$!)$($6&.*!*!.*78($

(*7$!8L.&/+$

(*7$!.*77$6.&/+$

)$/<+*'3434'\2+<22<+*'("..*'
2"2+*-$-.$&*

M'N@
"OP:O/P:Q/P:RP:ST/P1-O-"%&7$,;U+/7&(*1-V:R:SW:ST:ST/-0$(,/&%6*''&-R-
7$,&+-S:SS-%&*''*-S:O:O/:Q:Q/:R:SS:ST/-*.,/&%6*-T-
,$,6/.$($./6B*''/7&%$!"(*7$!.;&7&.*1

,$,6/.&.+&(/!"(*7$!.*78($!$!(*7$!8L.&/+$1

X.6*7&.&(/Y:!A/(7&.&(/Y!"(*7$!.*77$6.&/+$1

*

+

+

*

+++++

+



!"#$%&$'($')*+,*-%.%/$*'/"&"+*." 0*1$2%.%'34'5"&"+*.$*'16*+,*-%.%/$-*4'L

7=;=<='7=;=<=' AA!0EE>)>A06>B52!0EE>)>A06>B52''@2>@2>'')03?0A>)03?0A>

22Z6/!+$!0&K!.*78(&:!,6*#&/7*!.+/''&F./9&*(&

$&'9*C"'*.'C$C2",*'*&*2%,$-%'C<'-<$'"C"+-$2*&%'.*'.%+%'*#$%&"'1+$&-$1*."]'"C4?$&'9*C"'*.'C$C2",*'*&*2%,$-%'C<'-<$'"C"+-$2*&%'.*'.%+%'*#$%&"'1+$&-$1*."]'"C4?

'&',$7/!./6%&*#/'.*+/6$

'&',$7/!)/',6*&(,$',&(/+$

'&',$7/!($6#*'*!.$(,6/+$

&&(!B/'$!/+!+*6*!&70&$)*!,$6/0$8,&.*[!$'N@(!B/'$!/+!+*6*!&70&$)*!,$6/0$8,&.*[!$'N@

/(,&B&*,&.&

/(,&%$06$''&#&

%&86$,&.&

7&'9*C"'*..*'.%+%'*#$%&"'JC$%.%/$-*'%',"--*&$C,%'($'*#$%&"]'"C4?7&'9*C"'*..*'.%+%'*#$%&"'JC$%.%/$-*'%',"--*&$C,%'($'*#$%&"]'"C4?

/(,&-.*+&($6)&.&

B+*../(,&!%$&!./(/+&!%$+!./+.&*

7=;=D='7=;=D=' !!280!>4M280!>4M''22'')03?0A>)03?0A>

22<!5/67/.&!0*''*(*!$''$6$@!

06$'.6&#&B&+&!"($.$''&,/(*!%&!06$'.6&9&*($!7$%&./1

(*(-06$'.6&#&B&+&!"5/67/.&!%/!B/(.*:!%D"+'26"'-%<&2"+:!IZJ1

$!&(*+,6$!0*''*(*!$''$6$

+$)/+&

(*(!+$)/+&@!'*',/(9$!%&!/B8'*!"%$,,$!/(.;$!6&.6$/9&*(/+&1



!"#$%&$'($')*+,*-%.%/$*'/"&"+*." 0*1$2%.%'34'5"&"+*.$*'16*+,*-%.%/$-*4'N

!"#$%&%'$"()%(!"#$%&%'$"()%(5-.#-!"6"8)-5-.#-!"6"8)-

.&)6&,7&%(1(:$&)F/G)"--",")#"H+$'&)%(7")1()-'/#$()#":1$)"O"''$)#"$)6&,7&%$)-/11")6/+I$(+$)#"$)-$-'"7$)
2$2"+'$

223/!5-.#-!"6"8)-%&($.)#$/*-6$5-.#-!"6"8)-%&($.)#$/*-6$!'&!*..80/!%$++*!',8%&*!%$+!7$../(&'7*!%&!/9&*($!%&!7*+$.*+$!(/,86/+&!*!
.;&7&.;$!%$,,$!5/67/.&

!"#$%&%'$"()%(!"#$%&%'$"()%(*"&&)!"6"8)-*"&&)!"6"8)-

.&)'(--$%(1(:$&)L)K/"11&)F&,'")#"11&)6&,7&%(1(:$&)%J")-'/#$&):1$)"O"''$)$+#"-$#",&'$)()F",$%(1(-$)#"$)
6&,7&%$E)$)7"%%&+$-7$)#$)'&1$)"O"''$)")1")%(+#$I$(+$)$+)%/$)K/"-'$)-$)2",$H%&+(

!"#$%&%'$"()%(!"#$%&%'$"()%(5-.#-!"9*$.-()-5-.#-!"9*$.-()-

.&)6&,7&%(S'",&F$&)L)K/"11&)F&,'")#"11&)6&,7&%(1(:$&)%J")-'/#$&)1N$7F$":()#"$)6&,7&%$)+"11&)F,"2"+I$(+"E)
+"11&)#$&:+(-$)")+"1)',&''&7"+'()#"11")7&1&''$"



!"#$%&$'($')*+,*-%.%/$*'/"&"+*." 0*1$2%.%'34'5"&"+*.$*'16*+,*-%.%/$-*4'O

34<4) T'(,$&)#"1)6&,7&%()) )

)$/<+*'34A4'\2%+$*'("..*'
>*+,*-%.%/$*?',$-&'+$"&'
"CC"&#$*."

!$9"+*,"&2"'2+*22%'(*'8*&/'
^ANN@_

7,,*/$&$'1<9.$-'#.-*$"'(*?'
&.,4&$64/%D;'`($-24&"2;'
,"/*4-6",4<24"";'
-."&("&$&/4a<,-4"(<;'
%$.C*&(1.*&2C4-%,;'*(*22*2"

http://www.oilsandplants.com/paracelsus.htm
http://clendening.kumc.edu/dc/pc/schmiedeberg.jpg
http://mega.chem.ut.ee/obki/keemia1/p/Rudolf_Buchheim.jpg
http://wdict.net/gallery/johann+jakob+wepfer/
http://www.nlm.nih.gov/hmd/greek/popup/images/galen_detail.jpg


!"#$%&$'($')*+,*-%.%/$*'/"&"+*." 0*1$2%.%'34'5"&"+*.$*'16*+,*-%.%/$-*4'7P

7=<=7='7=<=7=' @@0!0!''F32F0304BF32F0304B''245>AB245>AB''430@>6>B50!2430@>6>B50!2''0!0!'')03?0AB)03?0AB''?B@235B?B@235B

)$/<+*'34@4'M"+$D*2$'(*.'C*.$-"4')%/.$"'"'
-%+2"--$*'($'C*.$-"'C%&%',"&#$%&*2"'&"/.$'
*&2$-6$'2"C2$'*CC$+$;'C<,"+$'"('"/$#$'-%,"'
+$,"($%'1"+'(%.%+$'"'>"99+"

711%-+*2"'&"'("C-+$CC"'."'1+%1+$"2L'^b'*4'04_

7'&*2$D$'*,"+$&($'.$'<C*D*&%'-%,"'$&/+"($"&2"'
1+$&-$1"'&"$'2+*22*,"&2$',"($-$

!F"X"22%'Y'(%D<2%'*.'.%+%'-%&2"&<2%'$&'*-$(%'
C*.$-$.$-%?'$.'1+"-<+C%+"'("..F*C1$+$&*

H".'3KI@'."'1+%1+$"2L',"($-$&*.$'><+%&%'
C2<($*2"'(*'W(`*+('\2%."'$&'7&/6$.2"++*

!F"C2+*22%'*22$D%'($'-%+2"--$*;'-6$*,*2%'
C*.$-$&*;'><'$C%.*2%'&"..*'C<*'>%+,*'-+$C2*..$&*'
(*'c"&+$'!"+%<['&".'3UAU;'"'(*'8*X*"."'S$+$*;'
-6"'+$<C-d'$&'C"/<$2%'*'C"1*+*+"'.F*-$(%'&"..*'
C<*'>%+,*'1<+*

!*'C*.$-$&*'Y'*-$(*'^1c'A4E_'$&'C%.<#$%&"'
C*2<+*'$&'*-e<*;'(*'e<$?'*-$(%'C*.$-$.$-%

7&'3UVK')".$['c%X,*&&'-+"f'1"+'C$&2"C$'<&*'
>%+,*',%($J-*2*'("..*'C*.$-$&*'^("+$D*2*'$&'
e<"C2%'-*C%'(*..*'/0$)*&*'14_;'-6"'-*<C*D*'
,"&%'(*&&$'($/"C2$D$'("..F*-$(%'C*.$-$.$-%'
1<+%4'7.'&<%D%'>*+,*-%;'>%+,*.,"&2"'*-$(%'
*-"2$.:C*.$-$.$-%;'><'-6$*,*2%'*C1$+$&'(*..*'
=*g"+'B5'-6"'.%'1+%(<CC"?'><'$.'1+$,%'(".'
/+<11%'("$'>*+,*-$'*&2$:$&J*,,*2%+$'&%&'
C2"+%$("$'^"."'2,&).$#*+'*",$3$"4*--*,.)5'
#)6(2;'H\B7MC_

!$9"+*,"&2"'2+*22%'(*'<&*'."#$%&"'("..*'(%224'
8%CC"..*'M*..FP.$%



!"#$%&$'($')*+,*-%.%/$*'/"&"+*." 0*1$2%.%'34'5"&"+*.$*'16*+,*-%.%/$-*4'77

34;4) *FF,(%%$)+"11")$+'"+I$(+$)'",&F"/'$%$)&1'",+&'$2$)) ) )

22M'&',*(*!7*+,&!/006*..&:!($++$!&(,$(9&*(&!,$6/0$8,&.&:!/+,$6(/,&#&!/++/!7$%&.&(/!'.&$(,&F./!*..&%$(,/+$N!Z6/!.8&@

*..%1*2$*'^5+"/%+g'h*,"C;'3K@Q:3UA3_*..%1*2$*'^5+"/%+g'h*,"C;'3K@Q:3UA3_

$'N@!'/+/''&:!$7$,&.&!$!086)/(,&!8,&+&99/,&!F(*!/!'.*70/6'/!%$&!'&(,*7&

%,"%1*2$*'^c*6&",*&&;'3KQQ:3UE@_%,"%1*2$*'^c*6&",*&&;'3KQQ:3UE@_

\$,$.$*'C$,$.$9<C'-<+*&2<+!")%&)#)6)%!'.-/"%)%&)#)6)4)%&)#)6)%!'.-/"%)%&)#)6)4N!3/!+$))$!%$&!'&7&+&!$'06&7$!&+!.*(.$,,*!.;$!0$6!
.86/6$!8(/!7/+/,,&/!&+!7$%&.*!%$#$!8,&+&99/6$!8(/!7$%&.&(/!.;$!'&/!&(!)6/%*!%&!06*%866$!8(/!7/+/,,&/!
/6,&F.&/+$!/%!$''/!7*+,*!'&7&+$:!.;$!'&!'*',&,8&'.$!/%!$''/!0$6!0*&!'.*70/6&6$

+$!%*'&!%/!8,&+&99/6'&!%*#$#/(*!$''$6$!&+!7&(&7*!&(%&'0$('/B&+$!/!06*%866$!8(/!&(%&./9&*($!0$6.$,,&B&+$!
%$++E/9&*($!%$+!6&7$%&*:!$!(8++/!0&K:!&(!7*%*!%/!7&(&7&99/6$!*!/((8++/6$!)+&!$H$,,&!/##$6'&

+4/,,&#&,>!%&!8(!5/67/.*!#&$($!0*,$(9&/,/!%/++/!%&+8&9&*($!S@SWRW

,"($-$&"'*.2"+&*2$D"'%'i%.$C2$-6"j,"($-$&"'*.2"+&*2$D"'%'i%.$C2$-6"j

6&F8,*!%$+!7*%$++*!7$%&.*!"7/+/,,&/!%*#8,/!/%!/+,$6/9&*(&!%$&!(*67/+&!7$../(&'7&!F'&*+*)&.&1

'&!B/'/(*!'8+!7/+$''$6$!'*))$,,&#*!.;$!08*\ !$''$6$!.*++$)/,*!*!7$(*!/++/!.*(%&9&*($!0/,*+*)&./!

'*(*!./6/,,$6&99/,$!%/++/!7/(./(9/!%&!*))$,,&#&,>!0$6!+/!%$F(&9&*($!$!+/!#/+8,/9&*($!%$++/!0/,*+*)&/



!"#$%&$'($')*+,*-%.%/$*'/"&"+*." 0*1$2%.%'34'5"&"+*.$*'16*+,*-%.%/$-*4'7;

7=D=7='7=D=7=' ??2@>A>502@>A>50'B'B?2BF04>A0?2BF04>A0''''

$"'.-&.0*,$*'+*'#$+6$7$."&'8$&"&'#&,,*'0.,&"7*9'1&'0.,&"7&'2.".'#$+6$7$."$':'*':;;'<0.,&"7&'%&",&2$-*+$'.'0.,&"7&'=>'.'#$+6$7$."$'
:'*':;'<0.,&"7&'#&%$-*+$'.'0.,&"7&'?>9'!"'6"*'#$+6$7$."&'='6"*'0*),&'#$'2.2,*"7*'8$&"&'#$+6$,*'$"'@@'0*),$'#$'#$+6&",&'&'
26%%&22$8*-&",&'A#$"*-$77*,*BC'.88&).'*($,*,*'%."'D.)7*'2&%."#.'6"'0).%&#$-&",.'%E$*-*,.'#*(+$'.-&.0*,$'26%%622$."&F'$"'6"*'
#$+6$7$."&'?C'$"8&%&C'6"*'0*),&'#$'2.2,*"7*'8$&"&'#$+6$,*'$"'@'0*),$'#$'#$+6&",&'&'2.,,.0.2,*'0.$'*++*'2,&22*'A#$"*-$77*7$."&B

.("$'2.2,*"7*'.-&.0*,$%*'0).",*'0&)'+G$-0$&(.')$0.),*'$+',$0.'#$'#$+6$7$."&'&'+*'0.,&"7*9

!"'6"')$-&#$.'%."'0.,&"7*':H='+*'2.2,*"7*'.)$($"*)$*'I'2,*,*'#$+6$,*'0&)'#.#$%$'8.+,&C'.("$'8.+,*':'*':;;C'0&)'6"',.,*+&'#$'6"*'
0*),&'26':;;:H

6"*'0.,&"7*':H?C'D)&J6&",&'$"'.-&.0*,$*C'&J6$8*+&'*#'6"*'2.+67$."&'"&++*'J6*+&'+*'%."%&",)*7$."&'I'6"*'0*),&'26'6"'-$+$."&'#$'
-$+$."$'<:;:H>'%E&'&J6$8*+&'*#'&2&-0$.'*#'6"'-$++$-&,).'%6K.'26'-$++&'-&,)$'%6K$

"6-&).2$'0)&0*)*,$'.-&.0*,$%$'2.".'#$+6$,$'*'0.,&"7&'2$".'*'L;='&#'.+,)&

"&++*'0)*,$%*'.-&.0*,$%*'+&'0.,&"7&'='&'?'"."'2.".'%."2$#&)*,&'&J6$8*+&",$C'.88&).':='"."'I')$,&"6,.'&J6$8*+&",&'*'H?'#*+'
06",.'#$'8$2,*',&)*0&6,$%.C'2&KK&"&'+.'2$*'#*+'06",.'#$'8$2,*'#&++*'%E$-$%*'#&++&'2.+67$."$

22 :&&$.7-;)"/)%!.)*)!+$:&&$.7-;)"/)%!.)*)!+$

*'0.,&"7&'&+&8*,&'&'$"'0*),$%.+*)&'*'0*),$)&'0).0)$.'#*':H='.'#*+'HM?C'+&'+&(($'#&++*'%E$-$%*'0).8*".'%E&'$+'0).#.,,.'N"*+&'
I'%.2O'#$+6$,.'#*'"."'%.",&"&)&'0$P'"&006)&'6"*'-.+&%.+*'#&++*'2.2,*"7*'#$'0*),&"7*

$+'"6-&).'#$'-.+&%.+&'%.",&"6,.'$"'6"*'-.+&'#$'2.2,*"7*'I'N22*,.'#*+'"6-&).'#$'Q8.(*#).'%E&'I'6(6*+&'*'%$)%*':;HM'
-.+&%.+&R-.+&'<S9;HH:M:T@':;HL'-.+3:>

6"*'#$+6$7$."&':H='.'6"*'HM?'#&++*'2,&22*'-.+&'#$'2.2,*"7*')*(($6"(&'+$8&++$'#$'%."%&",)*7$."&'%E&'&J6$8*+(.".'*'6"*'
2.+*'-.+&%.+*'#&+'D*)-*%.9'1G&8&",6*+&'&U&,,.',&)*0&6,$%.'#&+')$-&#$.'.-&.0*,$%.C'0&),*",.C'"."'2*)&KK&'+&(*,.'*++*'
0)&2&"7*'N2$%*'#&+'D*)-*%.C'-*'*'J6*+%.2G*+,).C'%E&'(+$'2,&22$'2.2,&"$,.)$'#&++G.-&.0*,$*'"."'%*)*,,&)$77*".

(+$'.-&.0*,$'%)&#.".'"&++*'-&-.)$*'#&++G*%J6*

+&'-.+&%.+&'#&++V*%J6*'0&)'6"'#&,&)-$"*,.'0&)$.#.'#$',&-0.C'*"%E&'#.0.'"6-&).2&',)*2D.)-*7$."$'&'*'()*"#&'#$2,*"7*'
#*+'+6.(.'#$'.)$($"&C'%."2&)8&)&KK&).'6"*'(&.-&,)$*'-.+&%.+*)&'#&)$8*,*'#*(+$'&+&-&",$'%E$-$%$'%."'%6$'2.".'8&"6,&'*'
%.",*,,.9'/&%."#.'$'2.2,&"$,.)$'#$'J6&2,*',&.)$*C'6"*'0.22$K$+&'20$&(*7$."&'2,*'"&++*'%.&)&"7*'$",&)"*'#&$'%*-0$'
&+&,,).-*("&,$%$'0)&8$2,*'#*++*'&+&,,).#$"*-$%*'J6*",$2,$%*'<WX?>9'1*'2.+67$."&'#$+6$,*'%."2&)8&)&KK&'+G$"D.)-*7$."&'#&+'
0)$"%$0$.'*,,$8.'&'(+$'2,&22$'&U&,,$',&)*0&6,$%$'#$'6"*'#.2&'-*(($.)&9'/&"7*'+G&U&,,.'-&-.)$*'#&++G*%J6*C'+&'%."%&",)*7$."$'#$'
0)$"%$0$.'*,,$8.'$"'J6&2,&'2.+67$."$'*%J6.2&'2*)&KK&).'%.2O'K*22&C'#*'&22&)&'0)$8&'#$'&U&,,$',&)*0&6,$%$



!"#$%&$'($')*+,*-%.%/$*'/"&"+*." 0*1$2%.%'34'5"&"+*.$*'16*+,*-%.%/$-*4'7<

34U4) V&,7&%(1(:$&):"+",&1")) ) )

7=J=7='7=J=7=' ??B@>)>A06>B5>B@>)>A06>B5>''>5@B442>5@B442''@0@0'')03?0A>)03?0A>

22 ](!5/67/.*!08G!&(%866$@!
7*%&F./9&*(&!0*'&,&#$!0$6!+/!'/+8,$@!#$,)!-#$/*"#$,)!-#$/*"

7*%&F./9&*(&!($)/,&#$!0$6!+/!'/+8,$@!**"&&)!"%"%7$6$/""&&)!"%"%7$6$/"

7=J=;='7=J=;=' II4>!>66B4>!>66B''@>@>''I5I5'')03?0AB)03?0AB

22 3E8'*!%&!8(!5/67/.*!08G!/#$6$!8(*!'.*0*@
.86/,&#*

'&(,*7/,&.*

06*F+/,,&.*

%&/)(*',&.*

6&.6$/9&*(/+$!"%/!/B8'*1

,-./-0'(1"$".-2"

03.-4%5'('(
6%$4'/-4%0'

7.'#2-44%0'

)%-1$'64%0'

)$/<+*'34E4'\-%1%'("$'>*+,*-$



!"#$%&$'($')*+,*-%.%/$*'/"&"+*." 0*1$2%.%'34'5"&"+*.$*'16*+,*-%.%/$-*4'7D

7=J=<='7=J=<=' ))03?0AB03?0ABQQA>524>A0A>524>A0

!"#$%&%'$"()%(!"#$%&%'$"()%(5-.#-!"9!)/$*)!-5-.#-!"9!)/$*)!-

T$)#"H+$-%")6&,7&%(S%$+"'$%&)K/"11&)F&,'")#"11&)6&,7&%(1(:$&)%J")-$)(%%/F&)#$)&--(,=$7"+'(E)
#$-',$=/I$(+"E)7"'&=(1$-7()"#)"1$7$+&I$(+")#"$)6&,7&%$

22 3/!5/67/.*-.&($,&./!<(^8$(9/!+4/9&*($!,$6/0$8,&./!$!+/!,*''&.&,>

22 <(!0/6,&.*+/6$!+/!5/67/.*-.&($,&./!'&!*..80/!%&!7$../(&'7&!)$($6/+&!.;$!6$)*+/(*!+4/,,&#&,>!B&*+*)&./!%&!=8/+'&/'&!
_$(*B&*,&.*!=8/+&@

/''*6B&7$(,*

%&',6&B89&*($

7$,/B*+&'7*

$+&7&(/9&*($

!"#$%&%'$"()%(!"#$%&%'$"()%(<$/"=)"*)!"<$/"=)"*)!"

W(+)$1)'",7$+")X"+(=$('$%()-$)#"H+$-%")/+&)-(-'&+I&)%J$7$%&)%J")L)"-',&+"&)&1)-$-'"7&)=$(1(:$%(

22 3/!./,$)*6&/!%$)+&!_$(*B&*,&.&!&(.+8%$!&!5/67/.&:!&!.*(,/7&(/(,&!/7B&$(,/+&:!)+&!/)$(,&!./(.$6*)$(&:!)+&!&('$,,&.&%&:!&!
.*'7$,&.&:!7/!/(.;$!.*70*',&!%&!*6&)&($!(/,86/+$!$!.*70*',&!.;$!'&!*6&)&(/(*!0$6!+4/))&8(,/!%&!/%%&,&#&!.;&7&.&!*!
&(!'$)8&,*!/++/!.*,,86/!%$&!.&B&



!"#$%&$'($')*+,*-%.%/$*'/"&"+*." 0*1$2%.%'34'5"&"+*.$*'16*+,*-%.%/$-*4'7J

7=J=D='7=J=D=' ))03?0AB03?0ABQQ@>50?>A0@>50?>A0

!"#$%&%'$"()%(!"#$%&%'$"()%(5-.#-!"9,)/-#)!-5-.#-!"9,)/-#)!-

.&)2*)3*%04#$"*3$%*2*)3*%04#$"*3$%*)#"-%,$2")$1)7$../(&'7*!%4/9&*($!%$&!5/67/.&!/!+&#$++*!7*+$.*+/6$:!.$++8+/6$:!$!%&!,$''8,*

22 3/!5/67/.*%&(/7&./!&(!0/6,&.*+/6$!'&!*..80/!%&@
B$6'/)+&!.$++8+/6&!%$++4/9&*($!%$&!5/67/.&

&(,$6/9&*($!5/67/.*-6$.$,,*6$

/,,&#&,>!&(,6&('$./!%&!8(!5/67/.*

7$../(&'7&!%&!,6/'%89&*($!%$+!'$)(/+$



!"#$%&$'($')*+,*-%.%/$*'/"&"+*." 0*1$2%.%'34'5"&"+*.$*'16*+,*-%.%/$-*4'7K

34@4) Y"%%&+$-7()#N&I$(+")#"$)6&,7&%$)) ) )

22 <+!7$../(&'7*!%4/9&*($!%$&!5/67/.&!08G!$''$6$!.*('&%$6/,*!/&!'$)8$(,&!=8/,,6*!+&#$++&!%&!%&#$6'/!.*70+$''&,>@

'&',$7&!.*60*6$&

,$''8,&

.$++8+$

7*+$.*+$

k*9"..*'343?'O"--*&$C,%'(F*#$%&"'("$'>*+,*-$

#$!!-/)&#" ,$>/);)"/$ !"#("/$/*)%,$66-%.)&("&*-

'&',$7/ $H$,,*!'8++/!58(9&*($ !"!#$%"&"'#$()*#"+&,-%.)$!"&"&!"!#$%"&
,-//$(*#"&0$!12&!"!#$%*&'$)3-!-+&!"!#$%*&
,*)4"-53*!,-/*)$6

,$''8,* $H$,,*!'8++/!58(9&*($ $!12&$/$##)-5($'$!"+&,-'#)*7"-'$+&
!$,)$7"-'$+*##"3"#8&%$#*9-/",*&4$/&
#$!!:#-+&.)-/";$)*7"-'$+&$#,1

,$//:/* #)*!4:7"-'$ /$&!-!#*'7$&9"-,<"%",<$&/$(*#$&*/&
9$)!*(/"-&4$/&;*)%*,-&0$!12&,*'*/$&"-'",-+&
$'7"%*+&$#,16

%-/$,-/* &(,$)6/9&*($!.*(!&+!B$6'/)+&*!7*+$.*+/6$!
%$+!5/67/.*

=/&9$)!*(/"-&4$/&;*)%*,-&0$!12&)$,$##-)$+&
,*'*/$&9$)!*(/"-&%-/$,-/*)$&"-'",-+&
$'7"%*+&%-/$,-/*&4"&#)*!.-)#-6



!"#$%&$'($')*+,*-%.%/$*'/"&"+*." 0*1$2%.%'34'5"&"+*.$*'16*+,*-%.%/$-*4'7L

34Z4) [O"''$)#$)/+)6&,7&%()) ) )

k*9"..*'34A?'WX"22$'($'<&'>*+,*-%

$?$**)%*$.-($'*)!) $H$,,&!B$($F.&!/,,$'&!%/+!0/9&$(,$!$!6&.$6./,&!%/+!7$%&.*!.86/(,$

$?$**)%!"66-*$.-6)

$H$,,&!(*(!6&.$6./,&!$!)$($6/+7$(,$!(*(!8,&+&

(*(!($.$''/6&/7$(,$!,*''&.&

+$)/,&!/)+&!$H$,,&!,$6/0$8,&.&!0$6.;`!&(%*,,&!%/!8(!7$%$'&7*!7$../(&'7*!%&!/9&*($!"$'N@!
$H$,,*!B6/%&./6%&99/(,$!%&!8(!a-B+*../(,$!8'/,*!.*7$!/(,&0$6,$('&#*1

)+&!$H$,,&!.*++/,$6/+&!0*''*(*!$''$6$!$H$,,&!,$6/0$8,&.&!0$6!8(!/+,6*!0/9&$(,$!/H$,,*!%/!
%&H$6$(,$!0/,*+*)&/!"$'N@!$H$,,*!/(,&-/6&,7&.*!%&!8(!a-B+*../(,$1

$?$**)%*"&&)!)

$H$,,&!%/((*'&!%/!$#&,/6$!0*''*(*!$''$6$!%*#8,&!/++*!',$''*!7$../(&'7*!%&!/9&*($!%$)+&!
$H$,,&!,$6/0$8,&.&

$H$,,&!%/((*'&!%/!$#&,/6$!0*''*(*!$''$6$!%*#8,&!/!7$../(&'7&!%&H$6$(,&!%/+!
7$../(&'7*!%&!/9&*($!%$)+&!$H$,,&!,$6/0$8,&.&



!"#$%&$'($')*+,*-%.%/$*'/"&"+*." 0*1$2%.%'34'5"&"+*.$*'16*+,*-%.%/$-*4'7N

7=L=7='7=L=7=' FF3B)>!>3B)>!>''@>@>''2))>A0A>02))>A0A>0''22''E>AI32660E>AI32660

!"#$%&%'$%()%(!"#$%&%'$%()%((.">6"%,)%$@!-!)-%(.">6"%,)%$@!-!)-%"("((.">6"%,)%&)!'.$;;-(.">6"%,)%&)!'.$;;-

.C$+-$"7")#":1$)"O"''$)/'$1$)%(-'$'/$-%")$1)5)06+0'#$'&7%*%$*5)06+0'#$'&7%*%$*)#$)/+)F,$+%$F$()&''$2(

.C$+-$"7")#":1$)"O"''$)%(11&'",&1$)")'(--$%$)L)&11&)=&-")#"1)5)06+0'#$'8$%9)&::*5)06+0'#$'8$%9)&::*)#$)/+)6&,7&%(

223/!5*67/!5/67/.$8,&./:!+$!#&$!$!+$!7*%/+&,>!%&!'*77&(&',6/9&*($!%$+!7$%&.&(/+$!0*''*(*!&(!0/6,$!7*%&F./6$!&+!
06*F+*!%&!$L./.&/!$!'&.86$99/!%$+!06&(.&0&*!/,,&#*

$'N@!5*67$!5/67/.$8,&.;$!/!6&+/'.&*!7*%&F./,*!0$6!#&/!*6/+$!*!0/6$(,$6/+$!,$(%*(*!/!6&%866$!&+!0&..*!%&!
.*(.$(,6/9&*($!%$+!06&(.&0&*!/,,&#*!$!=8&(%&!6&%866$!&+!6&'.;&*!%&!$H$,,&!.*++/,$6/+&!*!,*''&.&!.*(.$(,6/9&*($-
%&0$(%$(,&N

$'N@!5*67$!*6/+&!/!6&+/'.&*!06*(,*!*!'*77&(&',6/9&*(&!$(%*#$(*'$!/!B*+*!0*''*(*!.*70*6,/6$!0&..;&!
$..$''&#&!%&!.*(.$(,6/9&*(&!0+/'7/,&.;$!$!,&''8,/+&!.*(!0*''&B&+$!.*70/6'/!%&!$H$,,&!,*''&.&

8-(#$"64.-(4".-7"34%0-8-(#$"64.-(4".-7"34%0-

22](!5/67/.*!#&$($!8,&+&99/,*!.*7$!7$%&.&(/+$!'$!+$!%*'&!8,&+&!0$6!&(%866$!)+&!$H$,,&!,$6/0$8,&.&!'*(*!&(5$6&*6&!/++$!
%*'&!.;$!&(%8.*(*!$H$,,&!%/((*'&!&(/..$,,/B&+&

0&K!?!/70&/!+/!%&',/(9/!56/!%*'&!,$6/0$8,&.;$!$!%*'&!,*''&.;$!&(/..$,,/B&+&!0&K!&+!7$%&.&(/+$!?!.*('&%$6/,*!
'&.86*@!>/$&*.-%*$.-($'*)!->/$&*.-%*$.-($'*)!-



!"#$%&$'($')*+,*-%.%/$*'/"&"+*." 0*1$2%.%'34'5"&"+*.$*'16*+,*-%.%/$-*4'7O

34\4) V&-$)#"11&)-F",$7"+'&I$(+")) )

A%
&"&*-/;-

)$/<+*'34Q4'M*..*'C$&2"C$'*..F*11+%D*#$%&"'1"+'.F<C%'2"+*1"<2$-%4'!$9"+*,"&2"'2+*22%'(*'!l..,*&&'^ANNN_'"'-.a"+4-%,

http://www.clker.com/cliparts/S/r/P/t/V/Z/orange-petri-dish-with-green-cells.svg


!"#$%&$'($')*+,*-%.%/$*'/"&"+*." 0*1$2%.%'34'5"&"+*.$*'16*+,*-%.%/$-*4';P

34]4) V&,7&%$)=$('"%+(1(:$%$)) )

22b$()*(*!06*%*,,&!/,,6/#$6'*!7$,*%&!B&*+*)&.&

$'N@!06*%89&*($!%&!/(,&B&*,&.&!*!%&!/(,&.*60&!7*(*.+*(/+&!/,,6/#$6'*!7&.6*6)/(&'7&

22 3/!06*%89&*($!%&!(."*$)/$(."*$)/$!6&.*7B&(/(,&!7$%&/(,$!06*.$''&!B&*,$.(*+*)&.&!"&()$)($6&/!)$($,&./1!)/6/(,&'.$!
+4*,,$(&7$(,*!%&!5/67/.&!06*,$&.&!"*67*(&:!$(9&7&:!5/,,*6&!%$++/!.*/)8+/9&*($:!$,.N1!/%!$+$#/,*!)6/%*!%&!086$99/!$!
'&.86$99/!&(!=8/(,*!06&#&!%&!.*(,/7&(/(,&!=8/+&!7).'&7).'&!*!/+,6&!/)$(,&!&(5$,,&#&

<(*+,6$:!0$67$,,$!%&!%&'0*66$!%$++$!.6$'.$(,&!=8/(,&,>!%&!5/67/.*!($.$''/6&$:!$+&7&(/(%*!+/!06$./6&$,>!
%$++4/006*##&)&*(/7$(,*!%/)+&!*6)/(&!/(&7/+&:!*:!/(.*6/!0&K!.6&,&.*:!87/(&:!8,&+&99/,&!&(!0/''/,*!0$6!+/!06*%89&*($!
%&!0/6,&.*+/6$!5/67/.&!

$'N@!+4&('8+&(/!87/(/!6&.*7B&(/(,$!/+!0*',*!%&!=8$++/!*,,$(8,/!%/+!0/(.6$/'!%&!B*#&(*!*!%&!'8&(*

+./'$"()"22-(0."60%4-+./'$"()"22-(0."60%4-

22c&!0/6,&.*+/6$!'&)(&F./,*!?!+/!06*%89&*($!0$6!#&/!B&*,$.(*+*)&./!%$++E*67*($!%$++/!.6$'.&,/!87/(*:!.;$!$''$(%*!
'0$.&$-'0$.&F.*:!&(!0/''/,*!0*,$#/!'*+*!$''$6$!$',6/,,*!%/++$!);&/(%*+$!0&,8&,/6&$!%&!./%/#$6&!87/(&:!8(&./!
'*6)$(,$!%&'0*(&B&+$
Z8,,/#&/!.&G!.*70*6,/#/!)6/#&!06*B+$7&@

C-*+C%'+"&($,"&2%'(".."'2"-&$-6"'"C2+*22$D"'C-*+C%'+"&($,"&2%'(".."'2"-&$-6"'"C2+*22$D"'

1"+$-%.%'($'2+*C,$CC$%&"'($'*/"&2$'1*2%/"&$1"+$-%.%'($'2+*C,$CC$%&"'($'*/"&2$'1*2%/"&$

$'N@!,6/'7&''&*(&!%/+!%*(/,*6$!/+!6&.$#$(,$!%&!06&*(&!.*(!.*('$)8$(,$!#".="%#".="%,)%B.$'*;5$6,*9C-D"=,)%B.$'*;5$6,*9C-D"=!
"8(/!5*67/!%&!$(.$5/+*0/,&/!'0*()&5*67$1!&(!8(/!/+,/!0$6.$(,8/+$!%&!0/9&$(,&!,6/,,/,&



!"#$%&$'($')*+,*-%.%/$*'/"&"+*." 0*1$2%.%'34'5"&"+*.$*'16*+,*-%.%/$-*4';7

7=O=7='7=O=7=' FF3>5A>F0!>3>5A>F0!>''A0428B3>2A0428B3>2''@>@>'')03?0A>)03?0A>''R>B42A5B!B8>A>R>B42A5B!B8>A>

22 /(,&.*60&

$(9&7&

*67*(&

5/,,*6&!%&!.6$'.&,/

.&,*.;&($

8"(0%4'09%$"8"(0%4'09%$"

22 3$!.&,*.;&($@

'*(*!#"6$!"6$%(."*$)!+$#"6$!"6$%(."*$)!+$!06*%*,,$!%/!#/6&!,&0&!%&!!$66'6$!$66'6$

#$()*(*!$'.6$,$!($+!7$99*!.&6.*',/(,$!%&!'*+&,*!&(!6&'0*',/!/%!8(*!&*)#"6"&*)#"6":!$%!&(!)6/%*!%&!7*%&F./6$!&+!
.*70*6,/7$(,*!%&!/+,6$!.$++8+$!&(%8.$(%*!(8*#$!/,,&#&,>!.*7$!6$0+&./9&*($:!%&H$6$(9&/7$(,*!$!7*6,$!
"'0$''*!/0*0,*'&1

;/((*!/9&*($!'&/!+*./+$!'&/!'&',$7&./

22 3$!.&,*.;&($!0*''*(*!=8&(%&!/#$6$!8(!$H$,,*!

-'*"!.)/"-'*"!.)/"!"7*%&F./(%*!&+!.*70*6,/7$(,*!%$++/!',$''/!.$++8+/!.;$!+E;/!'$.6$,/1

(-.-!.)/"(-.-!.)/"!"7*%&F./(*!&+!.*70*6,/7$(,*!%&!.$++8+$!/%&/.$(,&1

$/,"!.)/"$/,"!.)/"!"7*%&F./(%*!&+!.*70*6,/7$(,*!%&!.$++8+$!7*+,*!%&',/(,&!%/!+*6*1

d/((*!8(/!#&,/!7$%&/!)$($6/+7$(,$!%&!0*.;&!7&(8,&



!"#$%&$'($')*+,*-%.%/$*'/"&"+*." 0*1$2%.%'34'5"&"+*.$*'16*+,*-%.%/$-*4';;

^$7")'&=1"^$7")'&=1"()"22-(7."7-.-&%'$"()"%(7.%/%(,-./-0%(:%'4"0$'2'1%0%()"22-(7."7-.-&%'$"()"%(7.%/%(,-./-0%(:%'4"0$'2'1%0%

k*9"..*'34@?'Y$-&',*K+&'("..*'1+"1*+*#$%&"'("$'1+$,$'>*+,*-$'9$%2"-&%.%/$-$

-//" 5-.#-!" (-*"6"8)-%!"..$6-*-

SefT &('8+&(/ %&/B$,$!7$++&,*

SefQ *67*($!%$++/!.6$'.&,/ '*'"!%-&*)%-'",-

>?@A dg'Xh!6&.*7B&(/(,$!.*7$!#/..&(* $0/,&,$!g

>?@A5>?@? &(,$65$6*($-i
&(,$65$6*($-a
&(,$65$6*($-j

+$8.$7&$:!'/6.*7/!%&!k/0*'&!"X<cP1
'.+$6*'&!78+,&0+/
7/+/,,&/!)6/(8+*7/,*'/!.6*(&./

>?@B /,,&#/,*6$!%$+!0+/'7&(*)$(* %&''*+89&*($!%&!,6*7B&

>?@? 5/,,*6&!%$++/!.*/)8+/9&*($!b<<:!b<<<:!<l $7*F+&/

>?@? $6&,6*0*&$,&(/ /($7&/

>?@? "'#$)/$:,<"'$ ($*0+/'&$:!%&'*6%&(&!&778(&,/6&

>??C 06&7*!$'0$6&7$(,*!%&!,$6/0&/!)$(&./ &778(*%$F.&$(9/!.*7B&(/,/

>??> /+*&<.%-g2"'-%.%&g'C2$,<.*2$&/'>*-2%+ &(5$9&*(&!0*',-.;$7&*,$6/0&/

>??> /+*&<.%-g2":,%&%-g2"'-%.%&g'C2$,<.*2$&/'>*-2%+ #)*."*'#-&4"&%"4-//-

>??D 3*,,"'-&)",-%9"'*'#$ .$)#-!!$

>??E 5*++&,6*0&(/!! ,6/,,/7$(,*!%$++E&(5$6,&+&,>

FCCC /:#)-."'*&!
,-)"-(-'*4-#)-."'*&!

#)*##*%$'#-&4$//G"';$)#"/"#8&'$"&4$H,"#&4$/&IJ
#)*##*%$'#-&4$//G"';$)#"/"#*



!"#$%&$'($')*+,*-%.%/$*'/"&"+*." 0*1$2%.%'34'5"&"+*.$*'16*+,*-%.%/$-*4';<

;'/72"66%4<()"%(,-./-0%(:%'4"0$'2'1%0%;'/72"66%4<()"%(,-./-0%(:%'4"0$'2'1%0%

22 <!5/67/.&!B&*,$.(*+*)&.&!'*(*!0&K!)6/(%&!$!.*70+$''&!6&'0$,,*!/!=8$++&!.;&7&.&

!+)#)!) =)"*$!/"6"8)!)

/'0&6&(/!0N7N!SfW

&(,$65$6*($!a!0N7N!Se:WWW

)$/<+*'34I4'S*+*/%&"'($'-%,1."CC$2L'2+*'*C1$+$&*'
^C%1+*_'"'$&2"+>"+%&"'m'^([4_

7,,*/$&"'("..*'C2+<22<+*'1"+'.F$&2"+>"+%&"'3BR3'
^SM=;'1+%2"$&'(*2*'9*&a_;'n*+1<C*C'^3VVK_'%22"&<2*'
-%&'h,%.' ''"'S%D:8*g;'1"+'.F*-$(%'*-"2$.:C*.$-$.$-%'(*'
@QEE4,%.'^-6",C1$("+4-%,_

http://chemspider.com/
http://www.povray.org/
http://www.jmol.org/


!"#$%&$'($')*+,*-%.%/$*'/"&"+*." 0*1$2%.%'34'5"&"+*.$*'16*+,*-%.%/$-*4';D

7=O=;='7=O=;=' !!22''054>054>QQAS>5>52AS>5>52''AB?2AB?2'')03?0A>)03?0A>''R>B42A5B!B8>A>R>B42A5B!B8>A>''054>054>QQ32I?04>A>32I?04>A>''''

22m/67/.&!B&*,$.(*+*)&.&!'*(*!
',/,&!06*0*',&!0$6!&+!
,6/,,/7$(,*!%$++E/6,6&,$!
6$87/,*&%$@!/(,&.*60&!
&()$)($6&99/,&!$%!/+,6$!
06*,$&($!6&.*7B&(/(,&

B&2$-%+1$'-6$,"+$-$'B&2$-%+1$'-6$,"+$-$'
<%,%G2%1%'-%&2+%'kH):o<%,%G2%1%'-%&2+%'kH):o

&(^&_&7/BY

/%/+&787/BY

8"-"22%+"'(".'kH):o'8"-"22%+"'(".'kH):o'
."/*2%'*.'(%,$&$%')-'($'<&*'."/*2%'*.'(%,$&$%')-'($'<&*'
,%."-%.*'7/5'<,*&*,%."-%.*'7/5'<,*&*

$,/($6.$0,Y

B&2*/%&$C2*'("..Z7!:3B&2*/%&$C2*'("..Z7!:3

/(/n&(6/Y

)$/<+*'34K4')*+,*-$'2+*($#$%&*.$'"'
9$%2"-&%.%/$-$'*&2$:*+2+$2"4'7!?'
$&2"+."<-6$&*]'kH)?',6-.6)'
"&%).2$2'D*%,.)4')-?'>+*,,"&2%'
-+$C2*..$##*9$."]'7/5?'$,,<&%p
/.%9<.$&*'54

!$9"+*,"&2"'2+*22%'(*'8*&/'^AN33_



!"#$%&$'($')*+,*-%.%/$*'/"&"+*." 0*1$2%.%'34'5"&"+*.$*'16*+,*-%.%/$-*4';J

7=O=<='7=O=<=' 0054>AB3F>54>AB3F>''?B5BA!B50!>?B5BA!B50!>''@>@>''F3>?0F3>?0''8252306>B528252306>B52''''

)$/<+*'34U4'\2+<22<+*'9*C"'("/.$'*&2$-%+1$

!*'C2+<22<+*'9*C"'Y'e<"..*'(".."'
$,,<&%/.%9<.$&"'5'^7/5_

)*9?'D)*(-&",'*",$(&"'K$"#$"(;'
>+*,,"&2%'."/*&2"'.F*&2$/"&"]')-?'
>+*,,"&2%'-+$C2*..$##*9$."]'0!?'%."2,*",'
+$(E,;'1*+2"'-%C2*&2"'("..*'-*2"&*'."//"+*]'
0c^3:@_?'%."2,*",'E&*85;'(%,$&$%'-%C2*&2"'
("..*'-*2"&*'1"C*&2"

5.$'*&2$-%+1$',%&%-.%&*.$'1%CC%&%'
"CC"+"',<+$&$;'1+%D"&$"&2$'(*'-"..<."'
($'*.2+"'C1"-$";'<,*&$'"'
$&/"/&"+$##*2$'2+*&C:C1"-$"

"C4?'*&2$-%+1$'<,*&$##*2$;'-$%Y'-%&'
1%+#$%&$'($'-*2"&*'1"12$($-*'($'
1+%D"&$"&#*'(*'/"&$'<,*&$'"('
*.2+"'1%+#$%&$'1+%D"&$"&2$'(*'/"&$'
/"&"+*.,"&2"',<+$&$

S"+'D$*'9$%2"-&%.%/$-*'C$'1%CC%&%'1+%(<++"'
*&-6"'1%+#$%&$'($'*&2$-%+1%?

)*9'^,%&%D*."&2$_
^)*9_A'^($D*."&2$_
,%&%:-*2"&*'^,%&%D*."&2$_



!"#$%&$'($')*+,*-%.%/$*'/"&"+*." 0*1$2%.%'34'5"&"+*.$*'16*+,*-%.%/$-*4';K

343?4) W&,&''",$-'$%J"):"+",&1$)#":1$)"O"''$)#$)/+)6&,7&%()) ) )

7=7P=7='7=7P=7=' 22))244>))244>''0AI4>0AI4>T'T'A3B5>A>A3B5>A>T'T'F3B54>F3B54>T'T'3>403@04>3>403@04>

22 M$C2$&#$%&"'*22+*D"+C%'$.'+"/$,"'($'C%,,$&$C2+*#$%&"M$C2$&#$%&"'*22+*D"+C%'$.'+"/$,"'($'C%,,$&$C2+*#$%&"

$H$,,&!-!'*)-!'*)!"&77$%&/,&:!(*(!',/B&+&1!'*(*!)+&!$H$,,&!.;$!.*70/&*(*!%*0*!8(/!'&()*+/!'*77&(&',6/9&*($!
%$+!5/67/.*

$H$,,&!!."/)!)!."/)!)!".;$!.*70/&*(*!/!%&',/(9/!%&!,$70*1!'*(*!)+&!$H$,,&!.;$!'&!7/(&5$',/(*!'*+*!&(!6$+/9&*($!/!
,6/,,/7$(,&!6&0$,8,&!$!06*+8()/,&!"$'N@!$H$,,&!/(,&-%$06$''&#&:!$H$,,*!/(,&-&0$6,$('&#*!%$&!a-B+*../(,&1

M$C2$&#$%&"'*22+*D"+C%'.*'-%++".*#$%&"'2",1%+*."M$C2$&#$%&"'*22+*D"+C%'.*'-%++".*#$%&"'2",1%+*."

$H$,,&!(."/*)(."/*)!'&!7/(&5$',/(*!'$(9/!+/,$(9/!'&)(&F./,&#/

$H$,,&!.)*-.,-*).)*-.,-*)!'&!06$'$(,/(*!%*0*!8(!0$6&*%*!%&!+/,$(9/!#/6&/B&+$!%/!56/9&*($!%&!*6$!/!'$,,&7/($!*!7$'&

7=7P=;='7=7P=;=' 22))244>))244>''@>3244>@>3244>''22''2))244>2))244>''>5@>3244>>5@>3244>

22h+&!$H$,,&!%&!8(!5/67/.*!0*''*(*!$''$6$!&(,$606$,/,&!.*7$@

0%&C"/<"&#*'($+"22*'(".',"--*&$C,%'($'*#$%&"'(".'>*+,*-%0%&C"/<"&#*'($+"22*'(".',"--*&$C,%'($'*#$%&"'(".'>*+,*-%

$'N@!/9&*($!#/'*%&+/,/(,$!%&!8(!i-B+*../(,$!"$'N@!06/9*'&(/1!.*('$)8$(,$!/+!B+*..*!%$+!6$.$,,*6$!iS-
/%6$($6)&.*

0%&C"/<"&#*'$&($+"22*'%'+$q"CC*0%&C"/<"&#*'$&($+"22*'%'+$q"CC*

$'N@!+/!#/'*%&+/,/9&*($!/6,$6&*+/6$!&(%8.$!8(/!6&%89&*($!/.8,/!%$++/!06$''&*($!/6,$6&*'/!"AX1!.;$!&(($'./!
06*.$''&!/!>""(:9*-a!($)/,&#*!.*7$!+4/,,&#/9&*($!%$+!'&',$7/!6$(&(/-/()&*,$('&(/-/+%*',$6*($!"oXX1!$%!
/,,&#/9&*($!%$+!'&',$7/!($6#*'*!'&70/,&.*!"PpP1N!q8$',&!7$../(&'7&!&(%8.*(*!$H$,,*!+"9%<&(!"6&7B/+9*1!
'8++/!AX:!,/.;&./6%&/!$%!/87$(,*!%$++/!6&,$(9&*($!%&!'*%&*!$!/.=8/



!"#$%&$'($')*+,*-%.%/$*'/"&"+*." 0*1$2%.%'34'5"&"+*.$*'16*+,*-%.%/$-*4';L

7=7P=<='7=7P=<=' 22))244>))244>''F!0A2RBF!0A2RB

!"#$%&%'$"()%(!"#$%&%'$"()%((6-!$="(6-!$="

8",)F1&%"=()-$)$+'"+#")/+)7"#$%$+&1")%J"E)%(-'$'/$'()-(1()#&)"%%$F$"+'$)$+",'$E)$7$'&)$+)'/''$):1$)&-F"''$)
-"+-(,$&1$)96(,7&E)%(1(,"E)#$7"+-$(+"E)-&F(,"E)(#(,")444A)/+)F,(#(''()7"#$%$+&1")-"+I&)'/''&2$&)%(+'"+",")
$1)F,$+%$F$()&''$2(

!"#$%&%'$"()%(!"#$%&%'$"()%($?$**"%(6-!$="$?$**"%(6-!$="

_.N!"!##$%&'()!*$!"!##$%&'()!*$)L)1N"O"''()'",&F"/'$%()&-F"%$H%(E)F-$%(1(:$%()()F-$%(H-$(1(:$%(E)F,(#(''()#&11&)
-(77$+$-',&I$(+")#$)/+)F1&%"=(E)()1N"O"''()#$)/+&),"7$--$(+")-F(+'&+"&),$6",$'&)&1)F1&%"=(_)9TJ&F$,(E)
3]]ZA

223/!6&'0*',/!0+/.$B*!)&8',&F./!7$%&/7$(,$!*+,6$!&+!VQr!%$&!'8..$''&!,$6/0$8,&.&!$%!&(!/+.8($!0/,*+*)&$!*+,6$!&+!QW-
RWr!%$&!'8..$''&!"(*(!'*+*!'&(,*7&!*!0/,*+*)&$!%$++/!'5$6/!0'&.;&./:!7/!/(.;$!'&(,*7&!$!7/+/,,&$!*6)/(&.;$!.*7$!
+4/(/+)$'&/!.$(,6/+$!$!0$6&5$6&./1



!"#$%&$'($')*+,*-%.%/$*'/"&"+*." 0*1$2%.%'34'5"&"+*.$*'16*+,*-%.%/$-*4';N

34334) ^"-'$)%(+-$:1$&'$

0.*g2%&;'=4M4;'\2%-a;'r4H4;'0%%1"+;'\4'^ANNV_'=*C$-'S6*+,*-%.%/g'>%+'&<+C"C4'sb'"(4'W.C"D$"+

k"C2%'-%,1."2%4'0%,1+"&("'&%#$%&$'($'/"C2$%&"'$&>"+,$"+$C2$-*

0"..*;'\4'54;'M$'5$<.$%;'B4'O4;'5%+$%;'B4;'\-*/.$%&";')4'^AN3N_')*+,*-%.%/$*'/"&"+*."'"'C1"-$*."'1"+'."'.*<+""'C*&$2*+$"4'S$--$&;'S*(%D*

=<%&'2"C2%'*(*22%'1"+'."'.*<+"*'C*&$2*+$"'2+$"&&*.$

O",%;'O4;'M"'S%&2$;')4;'W*&($;'O4'^ANNU_')*+,*-%.%/$*'/"&"+*."'"'*11.$-*2*4'O%&(<##$'W($2%+";'=%.%/&*

P22$,%'2"C2%'($'>*+,*-%.%/$*'/"&"+*."'*(*22%'1"+'*,1.$*+"'."'-%&%C-"&#"

S*+a"+;'n4!4;'=.<,"&26*.;'M4n4;'=<[2%&;'74!4P4'^"(C4_'^ANNU_'5%%(,*&'t'5$.,*&FC'O*&<*.'%>'16*+,*-%.%/g'*&('26"+*1"<2$-C4's7 '"(4'
O-5+*`'c$..;'H"`'r%+a

!*'u9$99$*u'(".'>*+,*-%.%/%?'2"C2%'($'+$>"+$,"&2%'-%&2$&<*,"&2"'*//$%+&*2%'*&-6"'-%&'"($#$%&"'."'+$"&?'D"+C$%&"'+$(%22*

=+<&2%&;'!4;'06*9&"+;'=4B4;'n&%..,*&&;'=404'^"(C4_'^AN3A_'5%%(,*&'t'5$.,*&FC'k6"'16*+,*-%.%/$-*.'9*C$C'%>'26"+*1"<2$-C4 's77'"(4'
O-5+*`'c$..;'H"`'r%+a

!*'u9$99$*u'(".'>*+,*-%.%/%?'2"C2%'($'+$>"+$,"&2%'-%&2$&<*,"&2"'*//$%+&*2%'*&-6"'-%&'"($#$%&"'."'+$"&



!"#$%&$'($')*+,*-%.%/$*'/"&"+*." 0*1$2%.%'34'5"&"+*.$*'16*+,*-%.%/$-*4';O

343>4) 8,$+%$F&1$)6(+'$)/'$1$II&'"

M%,*/a;'54'^3V@Q_'W$&'="$2+*/'#<+'06",%26"+*1$"'("+'9*a2"+$".."&'7&>"a2$%&"&;'M"<2C-64'O"(4'vC-6+4;'I3;'AQN

W6+.$-6;'S4;'\*-6C;'c4'^3VNQ_'R"9"+'("&'O"-6*&$C,<C'("+'B&2$*,9%-"12%+`$+a<&/4'="+.$&"+'a.$&$C-6"'v%-6"&C-6+$>2'QQK:QQU'*&('INV:
I3A

).",$&/;'B4'^3VAV_'P&'26"'*&2$9*-2"+$*.'*-2$%&'%>'-<.2<+"C'%>'*'1"&$-$..<,'`$26'C1"-$*.'+">"+"&-"'2%'26"$+'<C"'$&'26"'$C%.*2$%&'%>'=4'
$&q<"&#*"4'=+4'h4'W[14'S*26%.4'3N;'KUN:KVN

n*+1<C*C;'O4;'H%.2";'O4;'="&2%&;'04=4;'O"$"+;'v4;'!$1C-%,9;'v4H4;'5%".#;'\4'^3VVK_'k6"'-+gC2*.'C2+<-2<+"'%>'6<,*&'$&2"+>"+%&'9"2*'*2'A4A'
w:+"C%.<2$%&4'S+%-4'H*2.4'B-*(4'\-$4'R\B'VE;'33U3@:33U3U

!*&/."g;'h4H4'^3VNQ_'P&'26"'+"*-2$%&'%>'-"..C'*&('%>'&"+D":"&($&/C'2%'-"+2*$&'1%$C%&C;'-6$"qg'*C'+"/*+(C'26"'+"*-2$%&'%>'C2+$*2"(',<C-."'2%'
&$-%2$&"'*&('2%'-<+*+"4'h4'S6gC$%.4'@@;'@KExE3@

!l..,*&&;'c4;'y$"/."+;'B4;'O%6+;'n4;'=$"/"+;'M4'^ANNN_'0.%+'*2.*C'%>'16*+,*-%.%/g4'77'"(4'k6$",";'\2<22/*+2

8*&/4'c4'S4;'M*."4'O4O4;'8$22"+4'h4'O4;'O%%+";'S4n4'^ANN@_'8*&/'t'M*."FC'S6*+,*-%.%/g4'b'"(4'06<+-6$..'!$D$&/C2%&";'!%&(%&

8*&/4'c4'S4;'M*."4'O4O4;'8$22"+4'h4'O4;').%`"+;'84h4'^AN33_'8*&/'t'M*."FC'S6*+,*-%.%/g4'b7'"(4'06<+-6$..'!$D$&/C2%&";'!%&(%&

\6*1$+%;'B4n4;'B+&"..;'n4O4;'8*g,%&(;'h4W4'^3VVK_'k6"'*22"&2$%&'9.$&a4'k+"&(C'0%/&$2$D"'\-$4'3;'AV3:AVI

b%&'c*6&",*&&'\4M'^3KVI_'b"+C<-6'l9"+'"$&'&"<"C'S+$&#$1'#<+'B<T&(<&/'("+'c"$.a+z>2"'("+'B+#&"$C<9C2*&#"&;'&"9C2'"$&$/"&'=.$-a"&'
*<>'($"'9$C6"+$/"&4'W+C2"+'k"$.'("C'B+2$a".C'$&'c<>".*&(C'h%<+&*.'3KVI;'774'=*&(;'M+$22"C'\2l-a;'\4'@V3:E@V



!"#$%&$'($')*+,*-%.%/$*'/"&"+*." 0*1$2%.%'34'5"&"+*.$*'16*+,*-%.%/$-*4'<P

=%4%(>":=%4%(>":

-6",C1$("+4-%, D$C$2*2%'$.'NQGNIGAN3A *--"CC$9$."'$.'3UGN@GAN3@

-."&("&$&/4a<,-4"(<{C-6,$"("9"+/ D$C$2*2%'$.'NEGNIGAN3A *--"CC$9$."'$.'3UGN@GAN3@

>(*4/%D{*DD$C${C<..*{C$-<+"##*{("${>*+,*-$ D$C$2*2%'$.'N3GN3GAN33 *--"CC$9$."'$.'3UGN@GAN3@

|,%.4%+/ D$C$2*2%'$.'NQGNIGAN3A *--"CC$9$."'$.'3UGN@GAN3@

,"/*4-6",4<24""{9<-66"$, D$C$2*2%'$.'NEGNIGAN3A *--"CC$9$."'$.'3UGN@GAN3@

&.,4&$64/%D{/*."&% D$C$2*2%'$.'NEGNIGAN3A *--"CC$9$."'$.'3UGN@GAN3@

%$.C*&(1.*&2C4-%,{1*+*-".C<C D$C$2*2%'$.'NEGNIGAN3A *--"CC$9$."'$.'3UGN@GAN3@

1"$4("{$&C2$2<2":1*<.:"6+.$-6{1*<.:"6+.$-6:1<9.$-*2$%&C D$C$2*2%'$.'33GNIGAN3A *--"CC$9$."'$.'3UGN@GAN3@

1%D+*g4%+/ D$C$2*2%'$.'NQGNIGAN3A *--"CC$9$."'$.'3UGN@GAN3@

`($-24&"2{`"1>"+ D$C$2*2%'$.'NEGNIGAN3A *--"CC$9$."'$.'3UGN@GAN3@

-.a"+4-%, D$C$2*2%'$.'AQGNKGAN3A *--"CC$9$."'$.'3UGN@GAN3@

$1*CD$4$2{."//"{E@ D$C$2*2%'$.AKG3NGAN3A *--"CC$9$."'$.'3UGN@GAN3@

http://www.ipasvi.it/archivio_news/download/566_1302051909_579.pdf
http://www.clker.com/cliparts/S/r/P/t/V/Z/orange-petri-dish-with-green-cells.svg
http://wdict.net/gallery/johann+jakob+wepfer/
http://www.povray.org/
http://www.pei.de/EN/institute-en/paul-ehrlich-en/publications/paul-ehrlich-publications-en.html
http://www.oilsandplants.com/paracelsus.htm
http://www.nlm.nih.gov/hmd/greek/popup/images/galen_detail.jpg
http://mega.chem.ut.ee/obki/keemia1/p/Rudolf_Buchheim.jpg
http://www.jmol.org/
http://www.fda.gov/Safety/MedWatch/SafetyInformation/SafetyAlertsforHumanMedicalProducts/default.htm
http://clendening.kumc.edu/dc/pc/schmiedeberg.jpg
http://chemspider.com/


!"#$%&$'($')*+,*-%.%/$*'/"&"+*." 0*1$2%.%'34'5"&"+*.$*'16*+,*-%.%/$-*4'<7



!"#$%&$'($')*+,*-%.%/$*'/"&"+*." 0*1$2%.%'34'5"&"+*.$*'16*+,*-%.%/$-*4'<;



!"#$%&$'($')*+,*-%.%/$*'/"&"+*." 0*1$2%.%'A4'!F%+/*&$C,%'"'$.'>*+,*-%4'<<

;-;- ''<=0)(*"$830'&'<=0)(*"$830'&'$+$+''
2*)3*%02*)3*%0

7'"($#$%&"'

8%9"+2%'8$,%&($&$:5$%+/$&$;'!<$/$'=*+9$"+$

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

9I'/Y"%.2*(D)"'$'(A'Q2%)2@"IIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIII<<
9I;I'?N![NB7,B384Z3BNE'54?38363784''''IIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIII <h
9I9I'c!38B3cN/3'Z3c3'53'1N!!34!4''''IIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIII <a
A4A434'O",9+*&*'-"..<.*+"44444444444444444444444444444444444444444444444444444444444444444444444444444444444444 @I
A4A4A4'!"'9*++$"+"'2+*'$'-%,1*+2$,"&2$'9$%.%/$-$444444444444444444444444444444444444444444444444444444 @K
A4A4@4'=*++$"+*'",*2%:"&-">*.$-*44444444444444444444444444444444444444444444444444444444444444444444444444444 @U

9I<I'Z!NKc7!Z7'543'?N![NB3'NZZ!Nk4!K7'/4'[4[1!N84''''IIIIIIIIIIIIIIi:

A4@434'!*'($X<C$%&"'C",1.$-"44444444444444444444444444444444444444444444444444444444444444444444444444444444444E3
A4@4A4')$.2+*#$%&"'*22+*D"+C%'.*',",9+*&*'-"..<.*+"44444444444444444444444444444444444444444444444 EK
A4@4@4'M$X<C$%&"'>*-$.$2*2*444444444444444444444444444444444444444444444444444444444444444444444444444444444444444 EU
A4@4E4'k+*C1%+2%'*22$D%44444444444444444444444444444444444444444444444444444444444444444444444444444444444444444444 EV
A4@4Q4'k+*C1%+2%'>*+,*-$'1"+'"&(%-$2%C$444444444444444444444444444444444444444444444444444444444444444444 QN
A4@4I4'S*CC*//$%'("$'>*+,*-$'*22+*D"+C%'."',",9+*&"'9$%.%/$-6"'$&'><&#$%&"'(".."'
.%+%'-*+*22"+$C2$-6"'-6$,$-%:JC$-6"4444444444444444444444444444444444444444444444444444444444444444444444444 Q3

9IiI'c!38B3cN/3'?78Z3'OZ3/366NZ4IIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIII h9



!"#$%&$'($')*+,*-%.%/$*'/"&"+*." 0*1$2%.%'A4'!F%+/*&$C,%'"'$.'>*+,*-%4'<D



!"#$%&$'($')*+,*-%.%/$*'/"&"+*." 0*1$2%.%'A4'!F%+/*&$C,%'"'$.'>*+,*-%4'<J

>434) V&,7&%(S%$+"'$%&B)#"H+$I$(+")) ) )

!"#$%&%'$"()%(!"#$%&%'$"()%(5-.#-!"9!)/$*)!-5-.#-!"9!)/$*)!-

T$)#"H+$-%")6&,7&%(S%$+"'$%&)K/"11&)
F&,'")#"11&)6&,7&%(1(:$&)%J")-$)(%%/F&)
#$)&--(,=$7"+'(E)#$-',$=/I$(+"E)
7"'&=(1$-7()"#)"1$7$+&I$(+")#"$)
6&,7&%$

)$/<+*'A434')*+,*-%:-$&"2$-*



!"#$%&$'($')*+,*-%.%/$*'/"&"+*." 0*1$2%.%'A4'!F%+/*&$C,%'"'$.'>*+,*-%4'<K

>4>4) 8,$+%$F&1$)'$F$)#$)=&,,$",")) ) )

;=;=7=';=;=7=' ??2?R30502?R3050''A2!!I!032A2!!I!032

223/!7$7B6/(/!.$++8+/6$!?!.*',&,8&,/!%/!8(!%*00&*!',6/,*!
5*'5*+&0&%&.*!"+$!,$',$!&%6*F+$!5*67/(*!+$!'80$6F.&!&(,$6(/!$%!
$',$6(/!$!+$!.*%$!&%6*5*B$!'&!8(&'.*(*!/+!.$(,6*!%$++/!
7$7B6/(/1

X+,6&!.*70*($(,&@!./6B*&%6/,&:!)+&.*+&0&%&:!)+&.*06*,$&($:!
.*+$',$6*+*!$!06*,$&($!0$6&5$6&.;$!"%&'0*',$!'8!$(,6/7B$!+$!
5/..$!%$++/!7$7B6/(/1!$!06*,$&($!&(,$)6/+&!",6/('-7$7B6/(/1

%(7F&,'$7"+'()
"X',&S%"11/1&,"

%(7F&,'$7"+'()
$+',&S%"11/1&,"

%&,=($#,&'$

:1$%(1$F$#$

%&+&1"

H=,")#"11&)
7&',$%")
"X',&S%"11/1&,"

H1&7"+'$)#"1)
%$'(-%J"1"',(

%(1"-'",(1(

223$!#"6$!"6$%-("6-.)#"6$!"6$%-("6-.)!;/((*!)+&!$+$,,6*(&!($)+&!*6B&,/+&!
7*+$.*+/6&!$=8/7$(,$!%&',6&B8&,&@!(*(!#&!?!0*+/6&99/9&*($!%&!
./6&./!,6/!+$!%&#$6'$!0/6,&!%$++/!7*+$.*+/N!P*(*!=8&(%&!&(!)6/%*!
%&!7$'.*+/6'&!.*(!&!+&0&%&!.;$!'*(*!/0*+/6&!"6)("&"6'=)6)6)("&"6'=)6)1

3$!#"6$!"6$%("6-.)#"6$!"6$%("6-.)!;/((*!)+&!$+$,,6*(&!($)+&!*6B&,/+&!
7*+$.*+/6&!0*+/6&99/,&!#$6'*!8(!(8.+$*:!+/'.&/(*!6$+/,&#/7$(,$!
'.*0$6,*!8(!/+,6*!(8.+$*[!=8$',*!)$($6/!8(/!%&',6&B89&*($!(*(!
*7*)$($/!%$++$!./6&.;$@!%/!=8&!&+!,$67&($!%&!0*+/6$N!P*(*!=8&(%&!
&(!)6/%*!%&!7$'.*+/6'&!.*(!+E/.=8/!.;$!?!0*+/6$!$''/!',$''/!
"),."&"6'=)6)),."&"6'=)6)1

22 3$!7$7B6/($!.$++8+/6&!;/((*!%8$!&(,$65/..$!.*(!&+!^8&%*!$_,6/-
.$++8+/6$!$!.*(!&+!+&=8&%*!&(,6/-.$++8+/6$!.*(!)6800&!0*+/6&!&%6*F+&

3/!.*70*($(,$!0*+/6$!&(,$6(/!)/6/(,&'.$!+E&70$67$/B&+&,>!%$++/!
7$7B6/(/!/++E/.=8/!$%!/&!'8*&!'*+8,&

)$/<+*'A4A4'\2+<22<+*'("..*',",9+*&*'-"..<.*+"



!"#$%&$'($')*+,*-%.%/$*'/"&"+*." 0*1$2%.%'34'!5%+/*&$6,%'"'$.'7*+,*-%4'!"

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

8*9"..*'34:;'<+$&-$1*.$'2$1$'($'9*++$"+"

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

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

5"#+$"!!%06+#,*$71*0#5*"#*$-+..',+$
!"#,*#0+8

#0+(*1-%)*-%2*%*(3,"//&%!",%*%4-,'-1*%5%
-66,-)",/&%#-%'"'.,-(-%1"##+#-,"

!'4*%%'.* ('!0%+ /!-7*%*(6",81"##+#-,*%-!",6*

1-!*##-,*%2"*%3#&'",+#*%"%2"##"%39*-(2&#"%
"/1,"6,*1*%"%/"1,"6,*1*

4"("/6,-6+," !-//-33*&%#*.",&%!",%:;%<=>$???%@#*'*6"%
1,*6*1&%-#.+'*(-%AB$???%C-D

)'..*+.'$+(',"9+#!+:'%*!' 1*0#5*"#*$-,.+,,+ *%4-,'-1*%-66,-)",/-(&%#"%'"'.,-("%
1"##+#-,*

!#-1"(6- -'!*-%/+!",E1*"%1-!*##-,"%#-//- #"(6-%"F+*#*.,-7*&("

!",*6&("& '-1+#" !-//-33*&%"//"(7*-#'"(6"%#*.",&



!"#$%&$'($')*+,*-%.%/$*'/"&"+*." 0*1$2%.%'34'!5%+/*&$6,%'"'$.'7*+,*-%4'!"

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

)$/8+*'3494':$;86$%&"'-*1$..*+"



!"#$%&$'($')*+,*-%.%/$*'/"&"+*." 0*1$2%.%'A4'!F%+/*&$C,%'"'$.'>*+,*-%4'<O

;-.-44".%64%09"()"22-(:-..%".-("/-4'?"$0",-2%0-;-.-44".%64%09"()"22-(:-..%".-("/-4'?"$0",-2%0-

223/!B/66&$6/!$7/,*-$(.$5/+&./!"gMM1!/00/6$!.*7$!$#*+8,/@

0$6!06*,$))$6$!&+!'&',$7/!($6#*'*!.$(,6/+$!"PpJ1!%/!$#$(,8/+&!'*',/(9$!,*''&.;$!".;$!'*(*!)$($6/+7$(,$!
&%6*'*+8B&+&1

0$6!06*,$))$6$!&+!PpJ!%/!&706*##&'&!/87$(,&!%&!'*',/(9$!.&6.*+/(,&!"($86*-,6/'7$,,&,*6&1

0$6!.*('$(,&6$!+E/+,&''&7/!.*70+$''&,>!.$++8+/6$!$!7*+$.*+/6$!%$+!PpJ:!$'.+8%$(%*!&+!.*(,6*++*!&778(&,/6&*

22 3/!0$67$/B&+&,>!%$++/!gMM!?!7/))&*6$

&(!'&,8/9&*(&!F'&*+*)&.;$@

$,/!($*(/,/+$

$,>!'$(&+$

&(!06*.$''&!0/,*+*)&.&!%$+!.$6#$++*:!,6/!.8&@

&(F/77/9&*(&

,6/87&

($*0+/'&$

8-(&'$-(09"/'?."0"44.%0"()"2(5'/%4'8-(&'$-(09"/'?."0"44.%0"()"2(5'/%4'

223E/6$/!%$+!PpJ!.;$!06$'$(,/!8(/!gMM!0$67$/B&+$!/(.;$!($++E/%8+,*!'/(*!?@
+/!;"/-%!+$#"9.$!$**.)!$%,$6%7"#)*";"/-%!+$#"9.$!$**.)!$%,$6%7"#)*"!"-6",%+"-"12%+'2+$//"+'#%&":!JZs1

223/!58(9&*($!%$++/!JZs!?!%&!.*('$(,&6$!/+!PpJ!%&!6&.$#$6$!&(5*67/9&*(&!'8++/!06$'$(9/!%&!7*+,$!'*',/(9$!($&!^8&%&!
$_,6/-.$6$B6/+&:!.*('$(,$(%*!=8&(%&!6$/9&*(&!/!>""(:9*-a

223/!JZs!6$(%$!0*''&B&+$!+4/9&*($!/++E&(,$6(*!%$+!PpJ!%&!8(/!'$6&$!%&!5/67/.&[!$'N@

$'N@!&+!%*70$6&%*($:!/(,/)*(&',/!6$.$,,*6&/+$!%$++/!%*0/7&(/:!.;$!(*(!08G!0/''/6$!gMM!7/!/..$%$!/++/!
JZs!$!06$#&$($!+/!(/8'$/!./8'/,/!%/!%*0/7&(/-/)*(&',&!.*7$!+E/0*7*6F(/!8,&+&99/,/!($+!7N!%&!A/6n&('*(1



!"#$%&$'($')*+,*-%.%/$*'/"&"+*." 0*1$2%.%'A4'!F%+/*&$C,%'"'$.'>*+,*-%4'DP

>4<4) ^,&-F(,'()#"$)6&,7&%$)&'',&2",-()1")7"7=,&+")) ) )

22J/,$)*6&$!06&(.&0/+&!%&!7*%/+&,>!%&!
,6/('&,*!/,,6/#$6'*!+/!7$7B6/(/!
.$++8+/6$@

2+*C1%+2%'1*CC$D%'^&%&'+$-6$"("'2+*C1%+2%'1*CC$D%'^&%&'+$-6$"("'
<C%'($'"&"+/$*_?<C%'($'"&"+/$*_?

%&H8'&*($!'$70+&.$

%&H8'&*($!5/.&+&,/,/

F+,6/9&*($

2+*C1%+2%'*22$D%'^+$-6$"("'<C%'($'2+*C1%+2%'*22$D%'^+$-6$"("'<C%'($'
"&"+/$*_?"&"+/$*_?

,6/'0*6,*!/,,&#*!06*06&/7$(,$!
%$,,*

$(%*.&,*'&!"$'N@!&('8+&(/1

)$/<+*'A4E4'k+*&C$2$'*22+*D"+C%'.*',",9+*&*'-"..<.*+"4'k8?'2+*C1%+2*2%+"G+"-"22%+"]'
)!?'>*+,*-%G.$/*&(%



!"#$%&$'($')*+,*-%.%/$*'/"&"+*." 0*1$2%.%'A4'!F%+/*&$C,%'"'$.'>*+,*-%4'D7

;=<=7=';=<=7=' !!00''@>))IE>B52@>))IE>B52''E2?F!>A2E2?F!>A2

22J/6/,,$6&!%$++/!)%@36%'$"(6"/72%0")%@36%'$"(6"/72%0"!%&!8(!5/67/.*!/,,6/#$6'*!+$!7$7B6/($!.$++8+/6&@

?!+/!7*%/+&,>!0&K!56$=8$(,$!%&!0/''/))&*!%$&!5/67/.&!/,,6/#$6'*!+$!7$7B6/($

/##&$($!/,,6/#$6'*!+/!0*69&*($!+&0&%&./!%$++/!7$7B6/(/

/##&$($!'$706$!'$.*(%*!)6/%&$(,$!%&!.*(.$(,6/9&*($

?!%&6$,,/7$(,$!06*0*69&*(/+$!/+!)6/%&$(,$!%&!.*(.$(,6/9&*($!$%!/++/!%&7$('&*($!%$++/!'80$65&.&$!%$++/!
7$7B6/(/

?!&(#$6'/7$(,$!06*0*69&*(/+$!/++*!'0$''*6$!%$++/!7$7B6/(/

?!,/(,*!0&K!6/0&%/!$!.*70+$,/!=8/(,*!0&K!&+!5/67/.*!?!+&0*'*+8B&+$

(*(!6&.;&$%$!.*('87*!%&!$($6)&/!%/!0/6,$!%$++/!.$++8+/

(*(!?!'$+$,,&#/!"(*(!%&0$(%$!%/+!,&0*!%&!5/67/.*!7/!'*+*!%/&!'8*&!./6/,,$6&!F'&.*-.;&7&.&1



!"#$%&$'($')*+,*-%.%/$*'/"&"+*." 0*1$2%.%'A4'!F%+/*&$C,%'"'$.'>*+,*-%4'D;

A$B3"$&-()"22-(0-.%0-("2"44.%0-(632(7-66-11%'(4.-$6?/"/:.-$-A$B3"$&-()"22-(0-.%0-("2"44.%0-(632(7-66-11%'(4.-$6?/"/:.-$-

22](!5/67/.*!0/''/!/,,6/#$6'*!+/!7$7B6/(/!0&K!6/0&%/7$(,$!'$!?!06&#*!%&!./6&./

0$6!8(!/.&%*!%$B*+$:!+/!5*67/!06&#/!%&!./6&./!dX!08G!/,,6/#$6'/6$!+$!7$7B6/($!7$(,6$!Xt!(*(!0/''/

0$6!8(/!B/'$!%$B*+$:!+/!5*67/!06&#/!%&!./6&./!g!0/''/!7$(,6$!+/!5*67/!./6&./!gdu!(*(!0/''/

C0%)%()":'2%C0%)%()":'2%

)$/<+*'A4Q4'S*CC*//$%'2+*&C:
,",9+*&*'($'*-$($'("9%.$4'
!$9"+*,"&2"'2+*22%'(*'c%`.*&('
^ANNQ_



!"#$%&$'($')*+,*-%.%/$*'/"&"+*." 0*1$2%.%'A4'!F%+/*&$C,%'"'$.'>*+,*-%4'D<

D-6%()":'2%D-6%()":'2%

)$/<+*'A4I4'S*CC*//$%'2+*&C:
,",9+*&*'($'9*C$'("9%.$4'
!$9"+*,"&2"'2+*22%'(*'c%`.*&('
^ANNQ_

E00"&%'$%(-22-(."1'2-E00"&%'$%(-22-(."1'2-

22M'N@!)+&!/(,&B&*,&.&!/77&(*-)+&.*'&%&.&!+/!.8&!7*+$.*+/!(*(!&*(&99/,/!?!'./6'/7$(,$!+&0*'*+8B&+$!"+/!06$'$(9/!%&!
)6800&!&(!)6/%*!%&!5*67/6$!+$)/7&!&%6*)$(*!6$(%$!&%6*F+&./!+/!7*+$.*+/1



!"#$%&$'($')*+,*-%.%/$*'/"&"+*." 0*1$2%.%'A4'!F%+/*&$C,%'"'$.'>*+,*-%4'DD

F'2-.%&&-&%'$"()"22"(/"/:.-$"F'2-.%&&-&%'$"()"22"(/"/:.-$"

22 3$!7$7B6/($!B&*+*)&.;$!'*(*!5*6,$7$(,$!0*+/6&99/,$!.*(!./6&.;$!$+$,,6*($)/,&#$!/..878+/,$!'8+!+/,*!
&(,$6(*!%$++/!7$7B6/(/!"%&H$6$(9/!%&!0*,$(9&/+$!%&!7$7B6/(/!%&!.&6./!vW-eW!7b1

q8$',/!./6/,,$6&',&./!?!7/(,$(8,/!%/!8(!'&',$7/!%&!./(/+&!&*(&.&!/,,&#&!$%!&70$%&'.$!+/!%&H8'&*($!0/''&#/!%&!
5/67/.&!&*(&99/,&!*!0*+/6&99/,&

A2(7A2(7!!-((-((

223/!.*(.$(,6/9&*($!$H$,,&#/!%$++/!5*67/!0$67$/B&+$!%$+!5/67/.*!($+!'8*!'&,*!%&!/''*6B&7$(,*!?!%$,$67&(/,/!%/++$!
.*(.$(,6/9&*(&!6$+/,&#$!%$++$!5*67$!./6&.;$!$!(*(!./6&.;$

<+!6/00*6,*!56/!+$!%8$!5*67$!%&0$(%$!%/+!0d!($+!'&,*!%&!/''*6B&7$(,*!$!%/++/!5*69/!%$++4/.&%*!*!%$++/!B/'$!
%$B*+$!6/006$'$(,/,/!%/+!7`-

<+!7`-!?!+/!7&'86/!%$++/!5*69/!%&!&(,$6/9&*($!%&!8(!.*70*',*!.*(!8(!06*,*($N!A&K!B/''*!?!&+!7`-!%&!8(!
5/67/.*:!0&K!5*6,$!?!+4/.&%*N!b&.$#$6'/:!0&K!/+,*!?!&+!7`-!0&K!5*6,$!?!+/!B/'$N!A$6!'$70+&F./6$:!&+!7`-!"&+!#/+*6$!
%&!0d!&(!.8&!&+!QWr!%$++/!7*+$.*+/!5/67/.*!?!06$'$(,$!($++/!'8/!5*67/!&*(&99/,/!$!&(%&./!&+!0d!'*06/!$!'*,,*!
&+!=8/+$!&+!5$(*7$(*!%$++4&(,6/00*+/7$(,*!&*(&.*!08G!&(^8$(9/6$!+$!./0/.&,>!%$+!5/67/.*!%&!/,,6/#$6'/6$!+$!
7$7B6/($!B&*+*)&.;$

)$/<+*'A4K4'7.'1n*4'
!$9"+*,"&2"'2+*22%'(*'
c%`.*&('^ANNQ_



!"#$%&$'($')*+,*-%.%/$*'/"&"+*." 0*1$2%.%'A4'!F%+/*&$C,%'"'$.'>*+,*-%4'DJ

A$B3"$&-()"2(7G("(2H%$4.-77'2-/"$4'(%'$%0'A$B3"$&-()"2(7G("(2H%$4.-77'2-/"$4'(%'$%0'((((

3/!&*(&99/9&*($!7*+$.*+/6$!&(^8$(9/

&+!0/''/))&*!/,,6/#$6'*!+/!7$7B6/(/

+/!%&',6&B89&*($!/++*!',/,*!',/9&*(/6&*!%$+!
5/67/.*!($&!#/6&!.*70/6,&7$(,&!/.=8*'&

<+!6/00*6,*!5/67/.*!&*(&99/,*w(*(!&*(&99/,*!
%&0$(%$!%/@

0n/!%$++/!7*+$.*+/

0d!%$+!.*70/6,&7$(,*

A*&.;`!'*+*!7*+$.*+$!(*(!&*(&99/,$!0/''/(*!+/!
7$7B6/(/:!'&!/#6>!8(/!%&',6&B89&*($!(*(!
8(&5*67$!'8&!%8$!+/,&!%$++/!7$7B6/(/!',$''/@

&!5/67/.&!/.&%&!'/6/((*!0&K!.*(.$(,6/,&!%/+!
+/,*!&(!.8&!'&!/BB&/!8(!0d!0&K!$+$#/,*

&!5/67/.&!B/'&.&!'/6/((*!0&K!.*(.$(,6/,&!
%/+!+/,*!&(!.8&!'&!/BB&/!8(!0d!0&K!B/''*

<+!5$(*7$(*!'&!.;&/7/@!)/*.-(("6-#$/*"%)/*.-(("6-#$/*"%
)"/)!")"/)!"

)$/<+*'A4U4'7%&$##*#$%&"'"'1c



!"#$%&$'($')*+,*-%.%/$*'/"&"+*." 0*1$2%.%'A4'!F%+/*&$C,%'"'$.'>*+,*-%4'DK

F."6"$&-()%(0'/7-.4%/"$4%(-()%5".6'(7G($"22I'.1-$%6/'F."6"$&-()%(0'/7-.4%/"$4%(-()%5".6'(7G($"22I'.1-$%6/'

22 3.)/-

X.&%&F./9&*($!%$++E86&(/@!/87$(,/!+4$'.6$9&*($!%&!B/'&!%$B*+&!$!6&%8.$!=8$++/!%&!/.&%&!%$B*+&!"$'N@!
7$,/75$,/7&(/1

X+./+&(&99/9&*($!%$++E86&(/@!;/!$H$,,*!*00*',*!.&*?!$'.6$9&*($!%&!/.&%&!%$B*+&!"$'N@!5$(*B/6B&,/+$!$!/'0&6&(/1

22 E6-&#-

X87$(,*!%$+!0d!0+/'7/,&.*!"$'N@!0$6!'*77&(&',6/9&*($!B&./6B*(/,*!%&!'*%&*1@!./8'/!7*#&7$(,*!%&!5/67/.&!
%$B*+7$(,$!/.&%&!#$6'*!&+!0+/'7/!$%!&+!PpJ1

o&%89&*($!%$+!0d!0+/'7/,&.*!"$'N@!0$6!'*77&(&',6/9&*($!%&!8(!&(&B&,*6$!/(&%6/'&!./6B*(&./1@!./8'/!
7*#&7$(,*!%&!5/67/.&!&(!8'.&,/!%/+!0+/'7/!$!%/+!PpJ



!"#$%&$'($')*+,*-%.%/$*'/"&"+*." 0*1$2%.%'A4'!F%+/*&$C,%'"'$.'>*+,*-%4'DL

;=<=;=';=<=;=' ))>!4306>B52>!4306>B52''04430123EB04430123EB''!0!0''?2?R3050?2?R3050''A2!!I!032A2!!I!032

22J/6/,,$6&!%$++/!>6*.-;)"/$>6*.-;)"/$!%&!8(!5/67/.*!/,,6/#$6'*!+$!7$7B6/($!.$++8+/6&@

/##&$($!/,,6/#$6'*!&!0*6&!&%6*F+&!06$'$(,&!($++/!0*69&*($!06*,$&./!%$++/!7$7B6/(/!($+!./'*!%&!7$7B6/($!
.$++8+/6&!*!($)+&!'0/9&!,6/!+$!.$++8+$!($+!./'*!%&!7$7B6/($!./0&++/6&

?!06*0*69&*(/+$!/&!)6/%&$(,&!%&!.*(.$(,6/9&*($!*!%&!./6&./!$+$,,6&./!*!%&!06$''&*($!*'7*,&./

?!,/(,*!0&K!.*70+$,/!=8/(,*!0&K!&+!5/67/.*!?!&%6*'*+8B&+$

(*(!6&.;&$%$!.*('87*!%&!$($6)&/!%/!0/6,$!%$++/!.$++8+/

(*(!?!'$+$,,&#/!"(*(!%&0$(%$!%/+!,&0*!%&!5/67/.*!7/!'*+*!%/&!'8*&!./6/,,$6&!F'&.*-.;&7&.&!$!%/++$!'8$!
,)#$/&)"/),)#$/&)"/):!&(,$'$!.*7$!&()*7B6*!',$6&.*1



!"#$%&$'($')*+,*-%.%/$*'/"&"+*." 0*1$2%.%'A4'!F%+/*&$C,%'"'$.'>*+,*-%4'DN

;=<=<=';=<=<=' @@>))IE>B52>))IE>B52'')0A>!>4040)0A>!>4040

22J/6/,,$6&!%$++/!,)?'&)"/$%5-!)6)*-*-,)?'&)"/$%5-!)6)*-*-!%&!8(!5/67/.*!/,,6/#$6'*!+$!7$7B6/($!.$++8+/6&@

/##&$($!/,,6/#$6'*!+/!0*69&*($!+&0&%&./!%$++/!7$7B6/(/

/##&$($!'$706$!'$.*(%*!)6/%&$(,$!%&!.*(.$(,6/9&*($

(*(!?!',6$,,/7$(,$!.*66$+/,/!/+!)6/%&$(,$!%&!.*(.$(,6/9&*($!"08G!.$''/6$!=8/(%*!&+!)6/%&$(,$!?!/(.*6/!
06$'$(,$1

(*(!%&0$(%$!%/+!)6/%*!%&!+&0*-!*!&%6*-'*+8B&+&,>!%$+!5/67/.*

(*(!6&.;&$%$!.*('87*!%&!$($6)&/!%/!0/6,$!%$++/!.$++8+/

6&.;&$%$!+/!06$'$(9/!%&!,6/'0*6,/,*6&

?!'$+$,,&#/!"&+!,6/'0*6,/,*6$!?!'0$.&F.*!0$6!7*+$.*+$!.*(!%$F(&,$!./6/,,$6&',&.;$!F'&.*-.;&7&.;$1

?!/(,/)*(&99/B&+$!".*70$,&,&#/7$(,$1!%/!0/6,$!%&!5/67/.&!/L(&!".&*?!.*(!./6/,,$6&',&.;$!F'&.*-.;&7&.;$!
'&7&+&1

?!'/,86/B&+$!"+/!=8/(,&,>!%&!5/67/.*!,6/'0*6,/,*!%&0$(%$!%/+!(87$6*!%&!,6/'0*6,/,*6&!%&'0*(&B&+&1



!"#$%&$'($')*+,*-%.%/$*'/"&"+*." 0*1$2%.%'A4'!F%+/*&$C,%'"'$.'>*+,*-%4'DO

;=<=D=';=<=D=' 4430EFB34B30EFB34B''044>1B044>1B

22J/6/,,$6&!%$+!*.-&(".*"%-**)7"*.-&(".*"%-**)7"!%&!8(!5/67/.*!/,,6/#$6'*!+$!7$7B6/($!.$++8+/6&@

/##&$($!)$($6/+7$(,$!/,,6/#$6'*!+/!0*69&*($!+&0&%&./!%$++/!7$7B6/(/

/##&$($!/(.;$!.*(,6*!)6/%&$(,$!%&!.*(.$(,6/9&*($

(*(!%&0$(%$!%/+!)6/%*!%&!+&0*-!*!&%6*-'*+8B&+&,>!%$+!5/67/.*

6&.;&$%$!.*('87*!%&!$($6)&/!%/!0/6,$!%$++/!.$++8+/

6&.;&$%$!+/!06$'$(9/!%&!0/6,&.*+/6&!7*+$.*+$!06*,$&.;$!%$,,$!,6/'0*6,/,*6&

?!'$+$,,&#*!"&+!,6/'0*6,/,*6$!?!'0$.&F.*!0$6!7*+$.*+$!',68,,86/+7$(,$!/L(&1

?!'/,86/B&+$!"+/!=8/(,&,>!%&!5/67/.*!,6/'0*6,/,*!%&0$(%$!%/+!(87$6*!%$&!,6/'0*6,/,*6&!%&'0*(&B&+&1

?!/(,/)*(&99/B&+$!".*70$,&,&#/7$(,$1!%/!0/6,$!%&!5/67/.&!/L(&



!"#$%&$'($')*+,*-%.%/$*'/"&"+*." 0*1$2%.%'A4'!F%+/*&$C,%'"'$.'>*+,*-%4'JP

;=<=J=';=<=J=' 4430EFB34B30EFB34B'')03?0A>)03?0A>''F23F23''25@BA>4BE>25@BA>4BE>

E$)'0%4'6%(/")%-4-()-(."0"44'.%E$)'0%4'6%(/")%-4-()-(."0"44'.%

)$/<+*'A4V4'W&(%-$2%C$',"($*2*'(*'+"-"22%+$



!"#$%&$'($')*+,*-%.%/$*'/"&"+*." 0*1$2%.%'A4'!F%+/*&$C,%'"'$.'>*+,*-%4'J7

;=<=K=';=<=K=' FF0EE088>B0EE088>B''@2>@2>'')03?0A>)03?0A>''04430123EB04430123EB''!2!2''?2?R3052?2?R3052''R>B!B8>AS2R>B!B8>AS2''>5>5'')I56>B52)I56>B52''@2!!2@2!!2''!B3B!B3B''
A0304423>E4>AS2A0304423>E4>AS2''AS>?>ABAS>?>ABQQ)>E>AS2)>E>AS2

k*9"..*'A4Q?'S*CC*//$%'("$'>*+,*-$'*22+*D"+C%'."',",9+*&"'9$%.%/$-6"'$&'><&#$%&"'(".."'.%+%'-*+*22"+$C2$-6"'-6$,$-%:JC$-6"

!"#"$$%#&'$&!(%)*%+),"#-"!.
/"''"00&.)"$$#"1%#'.)+%)-%-2#"3%)2&.+.0&!(%)/%#)
/#.!%''.)/"''&1.

!-!#*'7$2

"4)-!-/:9"/"

'-'&"-'"77*9"/"

,-'&4"*%$#)-&%-/$,-/*)$&"';$)"-)$&*&KL

$!12&*,M:*+&:)$*+&*/,--/&$#"/",-

>6*.-;)"/$>6*.-;)"/$&*##)*3$)!-&"&.-)"&4$//*&%$%9)*'*&,$//:/*)$&0$!12&
*,M:*.-)"'$6&$&4$//*&%$%9)*'*&,*."//*)$

$/$##)-/"#"&4$9-/"
$!12&/*&%*(("-)&.*)#$&4$"&;*)%*,"

,)?'&)"/$%&$#(6)!$,)?'&)"/$%&$#(6)!$!%$++/!5*67/!&(%&''*.&/,/N!<+!,6/'5$6&7$(,*!
%&0$(%$!%/+!0n/!%$++/!'*',/(9/!$!%/+!)6/%&$(,$!%&!0d!/&!%8$!+/,&!%$++/!
7$7B6/(/

(-&&-88)"%-**.-7$.&"%6$%#$#=.-/$%=)"6"8)!+$%($.%
*.-&(".*"

!-!#*'7$2

"4)-!-/:9"/"

'-'&"-'"77*#$

,-'&4"*%$#)-&%-/$,-/*)$&!:.$)"-)$&*&KL

$!12&(/:,-!-

,)?'&)"/$%5-!)6)*-*-,)?'&)"/$%5-!)6)*-*-&!$'7*&4"!.$'4"-&$'$)($#",-&.$)&%$77-&4"&:'&
#)*!.-)#*#-)$

*,"4"&$&9*!"&-)(*'",<$&"-'"77*#" *.-&(".*"%-**)7"*.-&(".*"%-**)7"&,-'&4"!.$'4"-&$'$)($#",-&%$4"*'#$&:'&
#)*!.-)#*#-)$

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



!"#$%&$'($')*+,*-%.%/$*'/"&"+*." 0*1$2%.%'A4'!F%+/*&$C,%'"'$.'>*+,*-%4'J;

>4;4) 8,$+%$F&1$)6(+'$)/'$1$II&'"

c%`.*&(;'84M4;'Og-"a;'O4h4;'c*+D"g;'84B;'06*,1";'S404'^ANNQ_'S6*+,*-%.%/g4'777'"(4'!$11$&-%22'v$..$*,C'*&('v$.a$&C;'S6$.*(".16$*

8*&/4'c4'S4;'M*."4'O4O4;'8$22"+4'h4'O4;').%`"+;'84h4'^AN33_'8*&/'t'M*."FC'S6*+,*-%.%/g4'b7'"(4'06<+-6$..'!$D$&/C2%&";'!%&(%&



!"#$%&$'($')*+,*-%.%/$*'/"&"+*." 0*1$2%.%'@4'!*'C%,,$&$C2+*#$%&"'("$'>*+,*-$4'J<

>->- '<*'8'<*'8033$"$8/)*:$0"&033$"$8/)*:$0"&''
#&$'2*)3*%$#&$'2*)3*%$

7'"($#$%&"'

8%9"+2%'8$,%&($&$:5$%+/$&$;'!<$/$'=*+9$"+$

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

<I'/2'D"))(*(D&%2>("*$'+$('Q2%)2@(IIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIh<
<I;I'/4'c!38B3cN/3'c!4cN!N63783'543'?N![NB3'''IIIIIIIIIIIIIIIIIIIIIIIIIIIIIIhh
@43434'S+"1*+*#$%&$'C%.$("'1"+'<C%'%+*."444444444444444444444444444444444444444444444444444444444444444444QI
@434A4'S+"1*+*#$%&$'.$e<$("'1"+'<C%'%+*."4444444444444444444444444444444444444444444444444444444444444444 QU
@434@4'S+"1*+*#$%&$'1"+'*11.$-*#$%&"'-<2*&"*444444444444444444444444444444444444444444444444444444444 QV
@434E4'S+"1*+*#$%&$'1"+'$&*.*#$%&"44444444444444444444444444444444444444444444444444444444444444444444444444 IN
@434Q4'S+"1*+*#$%&$'1+"CC<+$##*2"4444444444444444444444444444444444444444444444444444444444444444444444444444IN
@434I4'S+"1*+*#$%&$'1*+"&2"+*.$4444444444444444444444444444444444444444444444444444444444444444444444444444444 I3
@434K4'S+"1*+*#$%&$'*<+$-%.*+$;'&*C*.$'"'%+%:,<-%C*.$4444444444444444444444444444444444444444444444 I3
@434U4'S+"1*+*#$%&$'%>2*.,$-6"44444444444444444444444444444444444444444444444444444444444444444444444444444444 IA
@434V4'S+"1*+*#$%&$'C%,,$&$C2+*2"'*22+*D"+C%'."'-*D$2L'&*2<+*.$'$&>"+$%+$444444444444444IA

<I9I'k34'53'K7[[383KZ!N63784'''IIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIa<
<I<I'K7[[383KZ!N63784'c4!'k3N'7!N/4'''IIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIai
@4@434'b*+$"'1+"1*+*#$%&$'1"+'.*'C%,,$&$C2+*#$%&"'1"+'D$*'%+*."44444444444444444444444444444IQ
@4@4A4'b*&2*//$'("..*'C%,,$&$C2+*#$%&"'%+*."444444444444444444444444444444444444444444444444444444444 II
@4@4@4'\D*&2*//$'("..*'C%,,$&$C2+*#$%&"'%+*."4444444444444444444444444444444444444444444444444444444 II
@4@4E4')*22%+$'-6"'*.2"+*&%'*CC%+9$,"&2%'(".'>*+,*-%'C%,,$&$C2+*2%'1"+'%C4444444444IK

@4@4Q4')*+,*-$'1+$,*'("$'1*C2$;'(%1%'$'1*C2$'"'.%&2*&%'(*$'1*C2$444444444444444444444444444444IU
<IiI'K7[[383KZ!N63784'c4!'k3N'KO1,/38-ON/4'''IIIIIIIIIIIIIIIIIIIIIIIIIIIIa`
@4E434'b*&2*//$'("..*'C%,,$&$C2+*#$%&"'("$'>*+,*-$'1"+'D$*'C<9:.$&/<*."444444444444444IV
@4E4A4'\D*&2*//$'("..*'C%,,$&$C2+*#$%&"'C<9:.$&/<*."44444444444444444444444444444444444444444444 IV

<IhI'K7[[383KZ!N63784'c4!'k3N'!4ZZN/4'''IIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIII_:
@4Q434'BCC%+9$,"&2%'("$'>*+,*-$'D$*'+"22*."444444444444444444444444444444444444444444444444444444444444 KN
@4Q4A4'8*/$%&$'1"+'1+">"+$+"'.*'D$*'+"22*."444444444444444444444444444444444444444444444444444444444444444 K3
@4Q4@4'7&-%&D"&$"&2$'&"..*'C%,,$&$C2+*#$%&"'1"+'D$*'+"22*."44444444444444444444444444444444444K3

<IaI'K7[[383KZ!N63784'c4!'k3N'4857,kNKB7/N!4'''IIIIIIIIIIIIIIIIIIIIIII_9
@4I434'0*+*22"+$C2$-6"'/"&"+*.$44444444444444444444444444444444444444444444444444444444444444444444444444444444 KA
@4I4A4'\%,,$&$C2+*#$%&"'$&'9%.%'"'1"+'$&><C$%&"44444444444444444444444444444444444444444444444444444 K@
@4I4@4'P9$"22$D$'("..*'C%,,$&$C2+*#$%&"'"&(%:D*C-%.*+"444444444444444444444444444444444444444444 K@
@4I4E4'7&-%&D"&$"&2$'("..*'C%,,$&$C2+*#$%&"'"&(%:D*C-%.*+"4444444444444444444444444444444444 KE
@4I4Q4'\%,,$&$C2+*#$%&"'"&(%D"&%C*?'D*&2*//$'"('$&-%&D"&$"&2$'1%CC$9$.$4444444444444KQ
@4I4I4'\%,,$&$C2+*#$%&"'"&(%:*+2"+$%C*44444444444444444444444444444444444444444444444444444444444444444 KQ

<I_I'K7[[383KZ!N63784'c4!'k3N'K7ZZ7,BOZN84N'7'38Z!N,[OKB7/N!4'''
IIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIII _a



!"#$%&$'($')*+,*-%.%/$*'/"&"+*." 0*1$2%.%'@4'!*'C%,,$&$C2+*#$%&"'("$'>*+,*-$4'JD

@4K434'0*+*22"+$C2$-6"'/"&"+*.$44444444444444444444444444444444444444444444444444444444444444444444444444444444 KI
@4K4A4'b*&2*//$'("..*'C%,,$&$C2+*#$%&"'C%22%:-<2*&"*'%'$&2+*:,<C-%.*+"444444444444444KK
@4K4@4'7&-%&D"&$"&2$'("..*'C%,,$&$C2+*#$%&"'C%22%:-<2*&"*'%'$&2+*:,<C-%.*+"4444444KK

<IlI'K7[[383KZ!N63784'k3N'38Z!N,Z4BN/4'''IIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIII_l
@4U434'0*+*22"+$C2$-6"'/"&"+*.$'("..*'C%,,$&$C2+*#$%&"'1"+'D$*'$&2+*:2"-*."44444444444KU
@4U4A4'b*&2*//$44444444444444444444444444444444444444444444444444444444444444444444444444444444444444444444444444444444 KU
@4U4@4'\D*&2*//$444444444444444444444444444444444444444444444444444444444444444444444444444444444444444444444444444444 KU

<I`I'K7[[383KZ!N63784'c4!'k3N'c7/[78N!4'''IIIIIIIIIIIIIIIIIIIIIIIIIIIIIII_`
@4V434'0*+*22"+$C2$-6"'/"&"+*.$'("..*'C%,,$&$C2+*#$%&"'1"+'D$*'1%.,%&*+"4444444444444KV
@4V4A4'b*&2*//$44444444444444444444444444444444444444444444444444444444444444444444444444444444444444444444444444444444 KV
@4V4@4'\D*&2*//$444444444444444444444444444444444444444444444444444444444444444444444444444444444444444444444444444444 KV

<I;:I'K7[[383KZ!N63784'c4!'k3N'8NKN/4'''IIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIII l:

@43N434'0*+*22"+$C2$-6"'/"&"+*.$'("..*'C%,,$&$C2+*#$%&"'1"+'D$*'&*C*."44444444444444444UN
@43N4A4'b*&2*//$444444444444444444444444444444444444444444444444444444444444444444444444444444444444444444444444444444 UN
@43N4@4'\D*&2*//$4444444444444444444444444444444444444444444444444444444444444444444444444444444444444444444444444444 UN

<I;;I'K7[[383KZ!N63784'c4!'k3N'Z!N8K,54![3BN'''IIIIIIIIIIIIIIIIIIIIIIIl;
@433434'BCC%+9$,"&2%'("$'>*+,*-$'*22+*D"+C%'.*'-<2"4444444444444444444444444444444444444444444444U3
@4334A4'b*&2*//$444444444444444444444444444444444444444444444444444444444444444444444444444444444444444444444444444444 U3
@4334@4'\D*&2*//$4444444444444444444444444444444444444444444444444444444444444444444444444444444444444444444444444444 U3

<I;9I'K7[[383KZ!N63784'c4!'k34'Z7c3Bb4'''IIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIl9
@43A434'0*+*22"+$C2$-6"'(".."'C%,,$&$C2+*#$%&$'2%1$-6"4444444444444444444444444444444444444444444UA
@43A4A4'b*&2*//$444444444444444444444444444444444444444444444444444444444444444444444444444444444444444444444444444444 UA
@43A4@4'\D*&2*//$4444444444444444444444444444444444444444444444444444444444444444444444444444444444444444444444444444 UA

<I;<I'c!38B3cN/3'?78Z3'OZ3/366NZ4IIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIII l<



!"#$%&$'($')*+,*-%.%/$*'/"&"+*." 0*1$2%.%'@4'!*'C%,,$&$C2+*#$%&"'("$'>*+,*-$4'JJ

<434) .")F,$+%$F&1$)F,"F&,&I$(+$)#"$)6&,7&%$) ) )

k*9"..*'@4I?'W."&-%'(".."'1+$&-$1*.$'1+"1*+*#$%&$'("$'>*+,*-$

F)-%,)%&"##)/)&*.-;)"/$

A6$0/6/9&*(&!'*+&%$!0$6!8'*!*6/+$ .-/3$)"
."//-/$
(-%%$&4*&%*!#",*)$

,*.!:/$
,-';$##"

,-%.)$!!$
()*':/"

()*':/*#"
,"*/4"'"&-&,*,<$#

N)$.*)*7"-'"&/"M:"4$&.$)&:!-&-)*/$ !,")-.." $/"!") !-!.$'!"-'" $%:/!"-'"

N)$.*)*7"-'"&.$)&*../",*7"-'"&,:#*'$$ ,)$%$
/"'"%$'#"

.-%*#$
"%."*!#)"&$&,$)-##"

:'(:$'#" /-7"-'"

N)$.*)*7"-'"&.$)&"'*/*7"-'$ /"M:"4"&.$)&"'*/*7"-'$ /"M:"4"&.$)&
'$9:/"77*7"-'$

.)$.*)*7"-'"&

.)$!!:)"77*#$
.-/3$)"&.$)&
"'*/*7"-'$

N)$.*)*7"-'"&.)$!!:)"77*#$ !.)*O

N)$.*)*7"-'"&.*)$'#$)*/" .)$.*)*7"-'"&
"'"$##*9"/"

"';:!"-'"&
$'4-3$'-!$

,-',$'#)*#"&.$)&
.)$.*)*7"-'"&
"'"$##*9"/"

.-/3$)"&.$)&

.)$.*)*7"-'"&
"'"$##*9"/"

N)$.*)*7"-'"&*:)",-/*)"+&'*!*/"&$&-)-5
%:,-!*/"

,-//:##-)"
(*)(*)"!%"

/*3*(("&*:)",-/*)"
/*3*(("&'*!*/"

#*%.-'"&
*:)",-/*)"

#*%.-'"&'*!*/"

N)$.*)*7"-'"&-;#*/%",<$ ,-//")" "'!$)#"&-;#*/%"," 9*('"&-,:/*)"

N)$.*)*7"-'"&.$)&/$&,*3"#8&"';$)"-)" !:..-!#$
,*'4$/$##$

,*.!:/$&)$##*/"
-3:/"

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

"))"(*7"-'"



!"#$%&$'($')*+,*-%.%/$*'/"&"+*." 0*1$2%.%'@4'!*'C%,,$&$C2+*#$%&"'("$'>*+,*-$4'JK

<=7=7='<=7=7=' FF32F0306>B5>32F0306>B5>''EB!>@2EB!>@2''F23F23''IEBIEB''B30!2B30!2

22 E"67$.)E"67$.)@!'&!*,,$()*(*!%/++/!0*+#$6&99/9&*($!%&!C%6*);$D!#$)$,/+&:!/(&7/+&!$w*!7&($6/+&N!X!'$.*(%/!%$++/!
)6/(%$99/!%$&!)6/(8+&:!'&!'8%%&#&%*(*!&(@!7*+,*!F(&:!F(&:!7*%$6/,/7$(,$!F(&!$!)6*''*+/($

X+.8(&!06&(.&0&!/,,&#&:!'$!06$0/6/,&!&(!'*+89&*($:!'*(*!&(',/B&+&:!'*(*!0$6.&G!06$0/6/,&!&(!%8$!.*(5$9&*(&!'$0/6/,$@!
8(/!.*(,$($,$!+/!0*+#$6$:!8(/!.*(,$($(,$!&+!'*+#$(,$!0$6!8(/!'*+89&*($!$',$70*6/($/!"$'N@!/+.8(&!/(,&B&*,&.&1

22 G.-/'6-*)G.-/'6-*)@!%$6&#/(*!%/!7&'.$+$!*7*)$($$!%&!0*+#$6&!,6/,,/,$!&(!7*%*!,/+$!.;$!+$!0/6,&.$++$!%&!0*+#$6&!'&!
/))6$);&(*!&(!)6/($++&!0&K!)6/(%&

22 G.-/'6)G.-/'6)@!0&++*+$!0&..*+&''&7$:!%$+!0$'*!%&!VW-QW!7):!.*(,$($(,&!7$%&./7$(,&!/,,&#&!$!6&#$',&,$!%/!98..;$6*

22 B-(&'6$B-(&'6$@!5*67/9&*(&!'5$6&.;$!*!.&+&(%6&.;$!5/,,$!.*(!)$+/,&(/N!P*(*!%$,,$!.;$6/,&(&99/,$!+$!./0'8+$!6&#$',&,$!%&!
.;$6/,&(/:!&('*+8B&+&!($+!'8..*!)/',6&.*[!'*(*!%$,,$!.$++8+*'&99/,$!+$!./0'8+$!6&#$',&,$!%&!.$++8+*'/:!&('*+8B&+&!($+!
'8..*!)/',6&.*:!.;$!.$%*(*!+$(,/7$(,$!&+!5/67/.*!($++4/7B&$(,$!&(,$',&(/+$

22 B"/5$**)B"/5$**)@!'*(*!.*706$''$!6&#$',&,$!%&!98..;$6*

<+!6&#$',&7$(,*!'$6#$!/@

7/'.;$6/6$!&+!)8',*!$!+E*%*6$!')6/%$#*+$

06*,$))$6$!&+!5/67/.*!%/++/!06*%89&*($!/++/!'*77&(&',6/9&*($!"/%!$'$70&*!.*(,6*!+E87&%&,>!/,7*'5$6&./1N!

7/(,$($6$!($++/!',$''/!.*706$''/!'*',/(9$!,6/!+*6*!&(.*70/,&B&+&

.*('$(,&6$!+/!%&''*+89&*($!%$+!5/67/.*!&(!8(/!0/6,&.*+/6$!6$)&*($!%$+!,6/,,*!)/',6*&(,$',&(/+$!"$'N@!'*',/(9$!
/.&%*-'$('&B&+&!'$!+&B$6$!/!+&#$++*!%$++*!',*7/.*!0*,6$BB$6*!'8B&6$!&(/,,&#/9&*($1

X!'$.*(%/!%$+!,&0*!%&!6&#$',&7$(,*!'&!08G!.*(,6*++/6$!/(.;$!&+!,$70*!%&!%&''*+89&*($!%$++/!'*',/(9/!0$6!/#$6$!8(!
$H$,,*!0&K!*!7$(*!&77$%&/,*!($+!,$70*



!"#$%&$'($')*+,*-%.%/$*'/"&"+*." 0*1$2%.%'@4'!*'C%,,$&$C2+*#$%&"'("$'>*+,*-$4'JL

22 E)66"6$E)66"6$@!06$0/6/9&*(&!%&!5*67/!'5$6&./!.*',&,8&,$!%/!8(!7$%&./7$(,*!'*+&%*!*!+&=8&%*[!0*''*(*!$''$6$!6&#$',&,$!0$6!
8(/!0&K!+8()/!.*('$6#/9&*($

22 B"#(.$&&$B"#(.$&&$@!5*67$!*,,$(8,$!%/!.*706$''&*(&!%$+!5/67/.*[!($++/!.*706$''/:!*+,6$!/+!06&(.&0&*!/,,&#*:!.&!0*''*(*!
$''$6$!/(.;$!/+,6$!'*',/(9$!"+/,,*'*:!/7&%*:!'/../6*'*:!$,.N1!.;$!;/((*!%$&!.*70&,&!%&#$6'&:!.*7$!/87$(,/6$!+/!
7/''/!*!.*(,$($6$!'*',/(9$!+$)/(,&

p$++$!.*706$''$!'*(*!/(.;$!06$'$(,&!%$&!%&')6$)/(,&!.;$!'*(*!=8$++$!'*',/(9$!8'/,$!0$6!5/6!'x!.;$!8(/!#*+,/!
$(,6/,/!($++*!',*7/.*!+/!.*706$''/!'&!/06/!$!+&B$6&!&+!06&(.&0&*!/,,&#*[!0$6!#$+*.&99/6$!=8$',*!06*.$''*!'&!0*''*(*!
/))&8()$6$!'*',/(9$!*'7*,&./7$(,$!/,,&#$!.;$!6&.;&/7/(%*!/.=8/!%$,$67&(/(*!+E/0$6,86/!$!+/!%&')6$)/9&*($!
%$++/!.*706$''/!',$''/

3$!.*706$''$!0*''*(*!$''$6$@

(*(!6&#$',&,$

6&#$',&,$

$H$6#$'.$(,&

'*+8B&+&

%&'0$6'&B&+&

)/',6*-6$'&',$(,&

/!6&+/'.&*!7*%&F./,*

)$/<+*'@434'0%,1+"CC"'($'D*+$'-%.%+$4'
)%2%'($'8%CC;'\4'^ANNU_'-%&'.$-"&#*'
0%,,%&C4'0+"*2$D"'0%,,%&C'
B22+$9<2$%&:\6*+"'B.$a"'@4N'R&1%+2"('(*'
<1.%*(4`$a$,"($*4%+/G`$a$1"($*G-%,,%&
CG-G-3G)%<+{-%.%+C{%>{1$..C4|1/

22 G"##$%,-%#-&*)!-.$G"##$%,-%#-&*)!-.$@!06$0/6/9&*(&!.*(!8(/!B/'$!.*',&,8&,/!%/!)*77/:!%/!7/',&./6$!7/!(*(!&();&*,,&6$

22 W&%J"'-W&%J"'-!"*!.&/+%&(&1@!0&..*+&!6$.&0&$(,&!%&!*',&/!/!5*67/!%&!'./,*+&(/:!.;$!'&!6&$70&*(*!%$+!5/67/.*!'0*+#$6/,*N!
b/((*!%$)+8,&,&!,/+!=8/+&!%*0*!/#$6+&!&(87&%&,&

http://upload.wikimedia.org/wikipedia/commons/c/c1/Four_colors_of_pills.jpg
http://upload.wikimedia.org/wikipedia/commons/c/c1/Four_colors_of_pills.jpg


!"#$%&$'($')*+,*-%.%/$*'/"&"+*." 0*1$2%.%'@4'!*'C%,,$&$C2+*#$%&"'("$'>*+,*-$4'JN

<=7=;='<=7=;=' FF32F0306>B5>32F0306>B5>''!>UI>@2!>UI>@2''F23F23''IEBIEB''B30!2B30!2

22 1!)."(()1!)."(()@!'&!06$0/6/(*!'*+8B&+&99/(%*!RRQ!)!%&!'/../6*'*!&(!VVQ!)!
%4/.=8/!"TwV1:!0*6,/,/!/%!$B*++&9&*($:!0*&!F+,6/,/!/!.8&!'&!/))&8()$!8(!
5/67/.*

22 H6)&).H6)&).@!&(!$''&!?!06$'$(,$!$,/(*+*!.*7$!.*-'*+#$(,$!/../(,*!
/++4/.=8/

22 1"&($/&)"/)1"&($/&)"/)@!'&!*,,$()*(*!'*'0$(%$(%*!&(!/.=8/!8(!5/67/.*!
'*+&%*!&('*+8B&+$

22 H#'6&)"/)H#'6&)"/)@!'&!06$0/6/(*!'*'0$(%$(%*!&(!/.=8/!8(!5/67/.*!+&=8&%*!
.*(!$''/!7&'.&B&+$!)6/9&$!/++/!06$'$(9/!%&!'*',/(9$!',/B&+&99/,6&.&!.;$!
6&,/6%/(*!+/!'$0/6/9&*($!%$++$!%8$!5/'&

)$/<+*'@4A4'!%-*&($&*'("..*'1+$,*'+*11+"C"&2*#$%&"'("..F%1"+*'i!F".$C$+'
(F*,%+"j;',<C$-6"'($'5*"2*&%'M%&$##"22$4'7,,*/$&"'($'06K+$%'#.-*$"



!"#$%&$'($')*+,*-%.%/$*'/"&"+*." 0*1$2%.%'@4'!*'C%,,$&$C2+*#$%&"'("$'>*+,*-$4'JO

<=7=<='<=7=<=' FF32F0306>B5>32F0306>B5>''F23F23''0FF!>A06>B520FF!>A06>B52''AI40520AI40520

22 B.$#$B.$#$@!5*67$!/!.*('&',$(9/!7*++$:!.*(,$($(,&!=8/(,&,>!#/6&$!%&!&%6*+/,&

22 E"#-*$E"#-*$@!5*67$!%&!.*('&',$(9/!7*++$!0$6!+/!(/,86/!%$++*!',$''*!5/67/.*!$!0$6!+4$..&0&$(,$!.;$!08G!$''$6$!8(!
)6/''*!"+/(*+&(/:!#/'$++&(/:!.$6/:!$,.N1N!P*(*!5*67/,$!%/!'*',/(9$!)6/''$!7/!(*(!6$'&(*'$

22 3/8'$/*)3/8'$/*)@!.*7$!+$!0*7/,$:!7/!5*67/,$!%/!'*',/(9$!'&/!)6/''$!.;$!6$'&(*'$N!P*(*!8,&+&99/,&!0$6!+/!7$%&./9&*($!
&(!,$''8,&!/(.;$!0&K!%&',/+&!%$++E$0&%$67&%$:!%/,*!.;$!+/!(/,86/!)6/''/!B+*../!+/!,6/'0&6/9&*($!/87$(,/(%*!.*'x!+/!
%&+/,/9&*($!%$++*!',6/,*!.*6($/+$!$!0$67$,,$(%*!0$6,/(,*!8(!$H$,,*!'&',$7&.*

22 I";)"/)I";)"/)@!'*+89&*(&!/.=8*'$!*!&%6*-/+.**+&.;$!%&!'*',/(9$!8'/,$!0$6!+/#/6$!0/6,&!/77/+/,$!.*7$!&+!.8*&*!./0$++8,*

22 I)/)#$/*)I)/)#$/*)@!5*67$!'$7&^8&%$!.*',&,8&,$:!%/!*+&:!)6/''&:!'/0*(&!$!5/67/.&

22 1!+)'#$%1!+)'#$%#$,)!-*$#$,)!-*$@!06$0/6/9&*(&!.*',&,8&,$!%/!)6/(%&!#*+87&!%&!)/'!%&'0$6'*!&(!8(!+&=8&%*!)$($6/+7$(,$!
.*(,$($(,$!8(*!*!0&K!06&(.x0&!/,,&#&:!8(!,$('&*/,,&#*!.;$!/''&.86&!+/!+*6*!5*67/9&*($!$!#/6&!/+,6&!$..&0&$(,&N!P*(*!%&!
'*+&,*!%$',&(/,$!/%!$''$6$!/00+&./,$!'8++/!.8,$!*!'8++$!78.*'$

3$!'.;&87$!7$%&./,$!'&!5*67/(*!)$($6/+7$(,$!/+!7*7$(,*!%$++/!'*77&(&',6/9&*($!%/!8(/!06$0/6/9&*($!+&=8&%/!
.*(,$(8,/!&(!8(!.*(,$(&,*6$!06$''86&99/,*!0$6!8'*!'8!0$++$!)6/#$7$(,$!+$'/!$!'8!5$6&,$!/0$6,$:!'*(*!',$6&+&

22 B-*-(6-&#B-*-(6-&#))@!"%/+!)6$.*!yiz{|}i~�i1!.*',&,8&,&!%/!8(/!0/',/!.*70*',/!%&!'*',/(9$!#$)$,/+&!78.&++/)&(*'$:!
*+$*'$!*!/7&+/.$$:!.;$!#&$($!6/..*+,/!&(!)/69/!*!0/((*!'*,,&+$!$!/00+&./,/!0$6!+*!0&K!./+%/!'8++/!0$++$

22 J#()-&*.)%$%!$."**)%J#()-&*.)%$%!$."**)%#$,)!-*)#$,)!-*)@!'*(*!.*',&,8&,&!%/!7$'.*+/(9$!%&!.$6$:!6$'&($:!.*60&!)6/''&!($&!=8/+&!'*(*!
&(.*60*6/,&!7$%&./7$(,&N!d/((*!5*6,$!0*,$6$!/%$'&#*N!<!.$6*,,&!$'0+&./(*!$H$,,&!'&',$7&.&@!58()*(*!%/!'$6B/,*&!
/00+&./,&!'8++/!.8,$!$!6&+/'.&/(*!&+!5/67/.*!.*(!#$+*.&,>!.*(,6*++/,/:!/''&.86/(%*!0$6!8(!,$70*!%86$#*+$!&+!
7/(,$(&7$(,*!%&!.*(.$(,6/9&*(&!0+/'7/,&.;$!$L./.&



!"#$%&$'($')*+,*-%.%/$*'/"&"+*." 0*1$2%.%'@4'!*'C%,,$&$C2+*#$%&"'("$'>*+,*-$4'KP

<=7=D='<=7=D=' FF32F0306>B5>32F0306>B5>''F23F23''>50!06>B52>50!06>B52

22 I)K'),)%($.%)/-6-;)"/$I)K'),)%($.%)/-6-;)"/$@!'*+89&*(&!*!%&'0$6'&*(&!*!
06$0/6/9&*(&!%$',&(/,$!/%!$''$6$!#/0*6&99/,$!$%!&(/+/,$

22 I)K'),)%($.%/$='6);;-;)"/$I)K'),)%($.%/$='6);;-;)"/$@!'*+89&*(&!/.=8*'$:!
'*'0$('&*(&!*!$78+'&*(&!%$',&(/,$!/%!$''$6$!,6/'5*67/,$!
&(!/$6*'*+!,6/7&,$!($B8+&99/,*6&!/%!8(/!%/,/!#$+*.&,>!%&!
$6*)/9&*($

22 E.$(-.-;)"/)%(.$&&'.);;-*$%!"/%,"&-*".$E.$(-.-;)"/)%(.$&&'.);;-*$%!"/%,"&-*".$@!
'*+89&*(&:!'*'0$('&*(&!*!$78+'&*(&!5*6(&,$!&(!'0$.&/+&!
.*(,$(&,*6&!%*,/,&!%&!8(/!#/+#*+/!%*'/,6&.$!.;$!.*('$(,$!
8(/!0&K!/..86/,/!%$F(&9&*($!%$++/!%*'$

22 E"67$.)%($.%)/-6-;)"/$E"67$.)%($.%)/-6-;)"/$@!0*+#$6&!.;$!'&!'*77&(&',6/(*!
0$6!7$99*!%&!&(/+/,*6&!%&!0*+#$6$!'$../

)$/<+*'@4@4'\-6",*'($'<&'&"9<.$##*2%+"

<=7=J='<=7=J=' FF32F0306>B5>32F0306>B5>''F32EEI3>66042F32EEI3>66042

22 TF,&aTF,&a@!'*(*!06$'$(,/,$!&(!.*(,$(&,*6&!'0$.&/+&:!$67$,&.&!$!.*(,$($(,&!8(*!*!0&K!06&(.&0&!/,,&#&!'*,,*!06$''&*($!%&!8(!
)/'!+&=8$5/,,*!*!.*706$''*:!.;$!.*',&,8&'.$!&+!06*0$++$(,$N!3$!06$0/6/9&*(&!'*(*!6&+/'.&/,$!%/+!.*(,$(&,*6$!,6/7&,$!
8(/!#/+#*+/!&(!5*67/!%&!/$6*'*+!*!%&!'06899*!+&=8&%*!*!'$7&-'*+&%*



!"#$%&$'($')*+,*-%.%/$*'/"&"+*." 0*1$2%.%'@4'!*'C%,,$&$C2+*#$%&"'("$'>*+,*-$4'K7

<=7=K='<=7=K=' FF32F0306>B5>32F0306>B5>''F03254230!>F03254230!>

22 E.$(-.-;)"/)%)/)$**-=)6)E.$(-.-;)"/)%)/)$**-=)6)@!'*+89&*(&:!$78+'&*(&!*!'*'0$('&*(&!',$6&+&!06$0/6/,$!%&'.&*)+&$(%*:!$78+'&*(/(%*!*!
'*'0$(%$(%*!&+!06&(.&0&*!/,,&#*!$!=8/+8(=8$!'*',/(9/!/))&8(,/!&(!/.=8/!0$6!06$0/6/9&*(&!&(&$,,/B&+&

22 J/5'&)"/)%$/,"7$/"&$J/5'&)"/)%$/,"7$/"&$@!'*+89&*(&!/.=8*'$!*!$78+'&*(&:!.*(!/.=8/!.*7$!5/'$!.*(,&(8/:!',$6&+&:!&'*,*(&.;$!/+!
'/()8$!$!/0&6*)$($

22 B"/!$/*.-*)%($.%(.$(-.-;)"/)%)/)$**-=)6)B"/!$/*.-*)%($.%(.$(-.-;)"/)%)/)$**-=)6)@!'*+89&*(&!',$6&+&!0$6!06$0/6/9&*(&!&(&$,,/B&+&!%/!%&+8&6$

22 E"67$.)%($.%(.$(-.-;)"/)%)/)$**-=)6)E"67$.)%($.%(.$(-.-;)"/)%)/)$**-=)6)@!'*',/(9$!'*+&%$:!',$6&+&:!6&0/6,&,$!($&!+*6*!.*(,$(&,*6&!F(/+&:!.;$!%/((*!
+8*)*!/!'*+89&*(&!+&70&%$:!'$!/)&,/,$!.*(!&+!#*+87$!06$'.6&,,*!%&!+&=8&%*

<=7=L='<=7=L=' FF32F0306>B5>32F0306>B5>''0I3>AB!03>0I3>AB!03>T'T'50E0!>50E0!>''22''B3BB3BQQ?IABE0!>?IABE0!>

22 B"66'**".)B"66'**".)@!06$0/6/9&*(&!'.&6*00*'$!.;$!'&!/00+&./(*!.*(!0$(($++*!*!.*(!B/,8H*+*!%&!.*,*($!",*../,86$1!'8++$!
)$()&#$:!'8++$!,*('&++$!$!'8++$!0/6$,&!&(,$6($!%$++/!B*../

22 G-.8-.)&#)G-.8-.)&#)@!+&=8&%&!7$%&./,&!.;$!'$6#*(*!0$6!+/!.86/!%$++/!B*../!$!%$+!5/6&()$N!M''&!#$()*(*!0*6,/,&!&(!B*../!
'$(9/!$''$6$!%$)+8,&,&!7/!/)&,/,&!&(!B*../!',$''/!$!6&)$,,/,&!/++4$',$6(*

22 I-7-88)%-'.)!"6-.)I-7-88)%-'.)!"6-.)@!'*+89&*(&!/.=8*'$!.*(!8(!0d!$(,6*!&!+&7&,&!F'&*+*)&.&!%$',&(/,$!/++/!08+&9&/!%$+!7$/,*!
8%&,&#*!$',$6(*

22 I-7-88)%/-&-6)I-7-88)%/-&-6)@!'*+89&*(&!/.=8*'$!.*(!8(!0d!$(,6*!&!+&7&,&!F'&*+*)&.&!%$',&(/,$!/++/!08+&9&/!%$++$!./#&,>!(/'/+&

22 2-#("/)%-'.)!"6-.)2-#("/)%-'.)!"6-.)@!'*(*!&(,6*%*,,&!($+!7$/,*!8%&,&#*!$',$6(*

22 2-#("/)%/-&-6)2-#("/)%/-&-6)@!'*(*!&(,6*%*,,&!($++$!./#&,>!(/'/+&



!"#$%&$'($')*+,*-%.%/$*'/"&"+*." 0*1$2%.%'@4'!*'C%,,$&$C2+*#$%&"'("$'>*+,*-$4'K;

<=7=N='<=7=N=' FF32F0306>B5>32F0306>B5>''B)40!?>AS2B)40!?>AS2

22 B"66).)B"66).)@!"%/+!)6$.*!yÄ}}ÅÇÉÄÑ!1!06$0/6/9&*(&!7$%&./7$(,*'$!0$6!+/!.86/!%$)+&!*..;&N!A*''*(*!$''$6$!/.=8*'&!"%/!
&(',&++/6$!.*(!.*(,/)*..$1:!*+$*'&:!7*++&!"&(!=8$',*!./'*!'&!0/6+/!%&!0*7/,$!*5,/+7&.;$1!$!'*+&%&!"+/0&'!$!0*+#$6&!
F(&''&7$1

22 J/&$.*)%"5*-6#)!)J/&$.*)%"5*-6#)!)@!06$0/6/9&*(&!',$6&+&:!'*+&%$!*!'$7&-'*+&%$:!%$',&(/,$!/%!$''$6$!&('$6&,$!($+!'/..*!.*()&8(,&#/+$

22 L-8/)%"!'6-.)L-8/)%"!'6-.)@!'*+89&*(&!/.=8*'$!',$6&+&!%$',&(/,$!/!+/#/6$!*!B/)(/6$!)+&!*..;&

<=7=O='<=7=O=' FF32F0306>B5>32F0306>B5>''EB??>5>E43042EB??>5>E43042''04430123EB04430123EB''!2!2''A01>4MA01>4M''504I30!>504I30!>''>5)23>B3>>5)23>B3>

22 1'(("&*$1'(("&*$@!/00+&./9&*(&!/!5*67/!.*(&./:!.&+&(%6&./!*!/!,*60$%*!%/!/00+&./6$!0$6!#&/!6$,,/+$:!&+!.8&!$..&0&$(,$!"B866*!
%&!././*!$!)$+/,&(/1!5*(%$!/++/!,$70$6/,86/!.*60*6$/

22 B-(&'6$%.$**-6)B-(&'6$%.$**-6)@!06$0/6/9&*(&!'*+&%$!.*(!6&#$',&7$(,*!+8B6&F./(,$

22 B6)&*$.)M%$/*$."!6)&#)M%$/$#)B6)&*$.)M%$/*$."!6)&#)M%$/$#)@!'*+89&*(&!%&!5/67/.&!"/%!/9&*($!086)/(,$:!/',6&()$(,$:!%&'&(5$,,/(,$!*!
/(,&^*)&',&./1!.;$!#$()*(*!&(,6*%*,,$:!7$%&/(,$!/00*'&,*!/00/6$..;&*!0$6!#&/!/(/+$:!($++48+,&7/!0*69&*($!
%$++4&(,$',&(*!/++*!'.*0*!%&!/)&6$!+*./+7$(,$!'8!$''*

22 J..)8-;)"/)M%6-7-/,$M%&!+)'#$%$%*-#("/)J..)8-;)"/)M%6-7-/,$M%&!+)'#$%$%*-#("/)@!'*+89&*(&!*!$78+'&*(&!%&!5/67/.&!.;$!#$()*(*!0*6,/,$!7$%&/(,$!
/00*'&,&!/00/6$..;&!"&66&)/,*6&1!/!.*(,/,,*!.*(!78.*'$!"86$,6/:!#/)&(/:!8,$6*:!#$'.&./:!&(,$',&(*:!$..N1

22 B-/,$6$**$B-/,$6$**$@!/00+&./9&*(&!86$,6/+&!%&!5*67/!.&+&(%6&./!+8();$!Q-SW!.7!%$+!%&/7$,6*!%&!V-v!77

22 :7'6):7'6)@!/00+&./9&*(&!#/)&(/+&!%&!5*67/!*#8+/6$



!"#$%&$'($')*+,*-%.%/$*'/"&"+*." 0*1$2%.%'@4'!*'C%,,$&$C2+*#$%&"'("$'>*+,*-$4'K<

<4>4) b$")#$)-(77$+$-',&I$(+") ) )

k*9"..*'@4K?'b$"'($'C%,,$&$C2+*#$%&"

#",-6)*N %%%%%7)-

$'#$)*/$ *6/+$

'8B-+&()8/+$

6$,,/+$

.*)$'#$)*/$ $(%*-#/'.*+/6$

'*,,*-.8,/($/

&(,6/-78'.*+/6$

&(,6/-,$./+$

"'*/*#-)"* 0*+7*(/6$

(/'/+$

.$),:#*'$* ,6/('-%$67&./

#-.",* *..;&*

7$7B6/($!78.*'$
)$/<+*'@4E4'b$"'($'C%,,$&$C2+*#$%&"'1+$&-$1*.$'"'-%++".*#$%&"'-%&'."'D$"'($'($C2+$9<#$%&"4'
)+"--"'+%CC"?'-$+-%.*#$%&"'*+2"+$%C*]'>+"--"'9.<?'-$+-%.*#$%&"'D"&%C*]'>+"--"'/$*.."?'-$+-%.%'
"&2"+%:"1*2$-%]'$&'D$%.*?'".$,$&*#$%&"'+"&*."



!"#$%&$'($')*+,*-%.%/$*'/"&"+*." 0*1$2%.%'@4'!*'C%,,$&$C2+*#$%&"'("$'>*+,*-$4'KD

<4<4) T(77$+$-',&I$(+")F",)2$&)(,&1") ) )

223/!7/))&*6/(9/!%$&!5/67/.&!#&$($!/''8(,/!0$6!#&/!*6/+$!"+/!#&/!$(,$6/+$!0&K!.*78($1

3E/''*6B&7$(,*!/!'$)8&,*!%&!'*77&(&',6/9&*($!*6/+$@

C"/<"'."'."//$'/"&"+*.$'(".'1*CC*//$%'("$'>*+,*-$'*22+*D"+C%'."',",9+*&"C"/<"'."'."//$'/"&"+*.$'(".'1*CC*//$%'("$'>*+,*-$'*22+*D"+C%'."',",9+*&"

*DD$"&";'1"+'2<22"'."'C%C2*&#"'$&-.<C$'$'>*+,*-$;'1+$&-$1*.,"&2"'&"..Z$&2"C2$&%'2"&<"*DD$"&";'1"+'2<22"'."'C%C2*&#"'$&-.<C$'$'>*+,*-$;'1+$&-$1*.,"&2"'&"..Z$&2"C2$&%'2"&<"

Y',$&$,%'1+$,*'(".'1*CC*//$%'("..%'CJ&2"+"'1$.%+$-%'^C*.D%'"--"#$%&$_Y',$&$,%'1+$,*'(".'1*CC*//$%'("..%'CJ&2"+"'1$.%+$-%'^C*.D%'"--"#$%&$_

1<f'"CC"+"'$++"/%.*+"'"CC"&(%'$&q<"&#*2%'(*?1<f'"CC"+"'$++"/%.*+"'"CC"&(%'$&q<"&#*2%'(*?

+*!',/,*!%&!0&$($99/!%$+!#&'.$6$

+/!(/,86/!%$&!.&B&!&()$6&,&!.*(,$',8/+7$(,$

&+!)6/%*!%&!7*,&+&,>:!#/'.*+/6&99/9&*($!$!'$.6$9&*(&!&(,$',&(/+&

+48'*!.*(,$70*6/($*!%&!/+,6&!5/67/.&

Y'$&'/"&"+"'."&2%Y'$&'/"&"+"'."&2%

&(!)$($6$!&+!vQr!%$++/!%*'$!%$+!5/67/.*!'*77&(&',6/,/!0$6!#&/!*6/+$!?!/''*6B&,/!&(!S-V!;

08G!$''$6$!/..$+$6/,*!"'*77&(&',6/9&*($!/!',*7/.*!#8*,*!/''&$7$!/!8(/!'8L.&$(,$!=8/(,&,>!%&!/.=8/1

08G!$''$6$!6/++$(,/,*!"'*77&(&',6/9&*($!&(!06$0/6/9&*(&!/!.$''&*($!6&,/6%/,/1



!"#$%&$'($')*+,*-%.%/$*'/"&"+*." 0*1$2%.%'@4'!*'C%,,$&$C2+*#$%&"'("$'>*+,*-$4'KJ

<=<=7='<=<=7=' 1103>203>2''F32F0306>B5>F32F0306>B5>''F23F23''!0!0''EB??>5>E4306>B52EB??>5>E4306>B52''F23F23''1>01>0''B30!2B30!2

)$/<+*'@4Q4'BCC%+9$,"&2%'1"+'D$*'%+*."4'!$9"+*,"&2"'2+*22%'(*'!l..,*&&'^ANNN_

B4'7.'+$D"C2$,"&2%'C$'
C-$%/.$"'"&2+*&(%'&".'
(<%("&%;'.$9"+*&(%'$.'
>*+,*-%

=4'7.'>*+,*-%'C$'.$9"+*'1"+'
*#$%&"'*-$(*'&"..%'
C2%,*-%

04'7.'>*+,*-%'Y'$&/"+$2%'
/$L'.$9"+%

M4'$.'>*+,*-%'D$"&"'
.$9"+*2%'."&2*,"&2"'(*..*'
,*2+$-"

W4'$.'>*+,*-%'D$"&"'
.$9"+*2%'(%1%'<&'.<&/%'
2+*&C$2%'$&2"C2$&*."



!"#$%&$'($')*+,*-%.%/$*'/"&"+*." 0*1$2%.%'@4'!*'C%,,$&$C2+*#$%&"'("$'>*+,*-$4'KK

<=<=;='<=<=;=' 11054088>054088>''@2!!0@2!!0''EB??>5>E4306>B52EB??>5>E4306>B52''B30!2B30!2

223/!#&/!*6/+$!"1"+'%C1@

?!+/!0&K!/..$,,/B&+$!%/&!0/9&$(,&!"-%,1.$*&-"!7&)+&*6$1

?!+/!0&K!$.*(*7&./

?!+/!0&K!'&.86/

<=<=<='<=<=<=' EE1054088>1054088>''@2!!0@2!!0''EB??>5>E4306>B52EB??>5>E4306>B52''B30!2B30!2

223/!'*77&(&',6/9&*($!*6/+$@

($.$''&,/!%&!8(/!B8*(/!.**0$6/9&*($!%/!0/6,$!%$+!0/9&$(,$

08G!0*6,/6$!/!(/8'$/!$!#*7&,*!0$6!&66&,/9&*($!)/',6&./

(*(!08G!$''$6$!8'/,/!0$6!5/67/.&!.;$!#$()/(*!%&',68,,&!%/&!'8..;&!)/',6&.&

(*(!08G!$''$6$!8'/,/!0$6!5/67/.&!.;$!5*67&(*!.*(!&!.&B&!.*70+$''&!(*(!/''*6B&B&+&

(*(!08G!$''$6$!8'/,/!0$6!5/67/.&!.;$!#$()/(*!$',$'/7$(,$!7$,/B*+&99/,&!%/+!5$)/,*!/!5*67$!&(/,,&#$!
06&7/!%&!6/))&8()$6$!+/!.&6.*+/9&*($!)$($6/+$!"$H$,,*!%&!06&7*!0/''/))&*1

(*(!08G!$''$6$!8'/,/!&(!0/9&$(,&!(*(!.*++/B*6/(,&!*!.;$!(*(!'&/(*!&(!)6/%*!%&!%$)+8,&6$

#&!?!8(*!'./6'*!.*(,6*++*!%$++/!0*'*+*)&/!0*&.;`!+4/''*6B&7$(,*!08G!$''$6$!&66$)*+/6$

(*(!08G!$''$6$!8'/,/!&(!,$6/0&$!%&!$7$6)$(9/!0*&.;`!+4/''*6B&7$(,*!?!+$(,*



!"#$%&$'($')*+,*-%.%/$*'/"&"+*." 0*1$2%.%'@4'!*'C%,,$&$C2+*#$%&"'("$'>*+,*-$4'KL

<=<=D='<=<=D=' ))044B3>044B3>''AS2AS2''0!42305B0!42305B''0EEB3R>?254B0EEB3R>?254B''@2!@2!'')03?0AB)03?0AB''EB??>5>E4304BEB??>5>E4304B''?@A?@A''BCBC

22X+,$6/9&*($!%$++/!7*,&+&,>!)/',6*&(,$',&(/+$
M'N@

$7&.6/(&/!$!($86*0/,&/!%&/B$,&./!0*''*(*!%/6!+8*)*!/!6/++$(,/7$(,*!$!.*('$)8$(,$!',/'&!)/',6&./

+/!7*6F(/!&(%8.$!6/++$(,/7$(,*!%$++$!.*(,6/9&*(&!%$++/!78'.*+/,86/!&(,$',&(/+$!"06*06&$,>!/(,&-%&/66*&.;$1

8(*!',/,*!%&/66*&.*!/''*.&/,*!/%!/+,$6/,*!,6/('&,*!6&%8.$!+E/''*6B&7$(,*!%$+!5/67/.*

/+,$6/9&*(&!/(/,*7*-F'&*+*)&.;$!"$'N@!'0$''*!06$'$(,&!($++4/(9&/(*1!6/++$(,/(*!+E/''*6B&7$(,*

^8''*!$7/,&.*!'0+/(.(&.*!6&%*,,*!&(!',/,&!%&!&0*-#*+$7&/!*!'.*70$('*!./6%&/.*

22X+,$6/9&*(&!%$++4/''*6B&7$(,*!0$6!/87$(,*!%$+!,$70*!%&!'#8*,/7$(,*!)/',6&.*!0*''*(*!$''$6$!.*66$+/,$!.*(@
+$!%&7$('&*(&!%$++$!0/6,&.$++$!

+$!./6/,,$6&',&.;$!.;&7&.*-F'&.;$!%$++$!7*+$.*+$!%$+!5/67/.*

&+!,&0*!%&!5*678+/9&*($!5/67/.$8,&./



!"#$%&$'($')*+,*-%.%/$*'/"&"+*." 0*1$2%.%'@4'!*'C%,,$&$C2+*#$%&"'("$'>*+,*-$4'KN

<=<=J='<=<=J=' ))03?0A>03?0A>''F3>?0F3>?0''@2>@2>''F0E4>F0E4>T'T'@BFB@BFB''>>''F0E4>F0E4>''22''!B5405B!B5405B''@0>@0>''F0E4>F0E4>

22 7'1*#$"&2$'*'-<$'C%&%'C2*2$'1+"C-+$22$'>*+,*-$'1"+'D$*'%+*."'("D%&%'1+"C2*+"'*22"&#$%&"'*..Z$&($-*#$%&"'C"'.*'7'1*#$"&2$'*'-<$'C%&%'C2*2$'1+"C-+$22$'>*+,*-$'1"+'D$*'%+*."'("D%&%'1+"C2*+"'*22"&#$%&"'*..Z$&($-*#$%&"'C"'.*'
C%,,$&$C2+*#$%&"'("D"'"CC"+"'"X"22<*2C%,,$&$C2+*#$%&"'("D"'"CC"+"'"X"22<*2*'.%&2*&%'(*$'1*C2$'%'D$-$&%'*$'1*C2$'1"+'$'C"/<"&2$',%2$D$?*'.%&2*&%'(*$'1*C2$'%'D$-$&%'*$'1*C2$'1"+'$'C"/<"&2$',%2$D$?

+/!'*77&(&',6/9&*($!+*(,/(*!%/&!0/',&!.*70*6,/!8(!/''*6B&7$(,*!0&K!6/0&%*!$!.*70+$,*

#&!0*''*(*!$''$6$!%$++$!&(,$6/9&*(&!56/!&+!5/67/.*!$!)+&!/+&7$(,&!&()$6&,&

$'N@!,$,6/.&.+&($!'&!+$)/(*!/+!./+.&*!%$+!+/,,$!$!'8*&!%$6&#/,&!$!5*67/(*!.*70+$''&!.;$!(*(!#$()*(*!/''*6B&,&
$'N@!Ö/65/6&(!&(,$6/)&'.$!.*(!&+!'8..*!%&!7&6,&++*!"/87$(,/!+E/''*6B&7$(,*1
$'N@!&!J/Tu-/(,/)*(&',&!&(,$6/)&'.*(*!.*(!&+!'8..*!%&!0*70$+7*!"6&%89&*($!%$++E/''*6B&7$(,*1
$'N@!+4/+.**+!$,&+&.*!&(,$6/)&'.$!.*(!,8,,&!&!5/67/.&!%$+!'&',$7/!($6#*'*!.$(,6/+$!"PpJ1

0$6!5/67/.&!&66&,/(,&!+/!'*77&(&',6/9&*($!&(!#&.&(/(9/!%$&!0/',&!+&7&,/!&!5$(*7$(&!&66&,/,&#&!'$++$!78.*'$

!%64-$&-()-%(7-64%!%64-$&-()-%(7-64%

22 0$6!'*77&(&',6/9&*($!(.)#-%,$)%(-&*)(.)#-%,$)%(-&*)!'&!&(,$(%$!%/!VW!/!W!7&(8,&!06&7/!%$+!0/',*

0$6!'*77&(&',6/9&*($!,"("%)%(-&*),"("%)%(-&*)!'&!&(,$(%$!$(,6*!VW!7&(8,&!%*0*!&+!0/',*

0$6!'*77&(&',6/9&*($!6"/*-/"%,-)%(-&*)6"/*-/"%,-)%(-&*)!'&!&(,$(%$!V-O!*6$!06&7/!*!%*0*!&+!0/',*



!"#$%&$'($')*+,*-%.%/$*'/"&"+*." 0*1$2%.%'@4'!*'C%,,$&$C2+*#$%&"'("$'>*+,*-$4'KO

<4;4) T(77$+$-',&I$(+")F",)2$&)-/=S1$+:/&1") ) )

<=D=7='<=D=7=' 11054088>054088>''@2!!0@2!!0''EB??>5>E4306>B52EB??>5>E4306>B52''@2>@2>'')03?0A>)03?0A>''F23F23''1>01>0''EIREIRQQ!>58I0!2!>58I0!2

22X+.8(&!5/67/.&!"$'N@!(&,6/,&!*6)/(&.&:!*67*(&!',$6*&%$&:!/(/+)$'&.&!*00&/.$&1!0*''*(*!#$(&6!'*77&(&',6/,&!0$6!#&/!
'8B-+&()8/+$:!%*#$!+/!78.*'/!*6/+$!?!'*,,&+$!$!+/!#/'.*+/6&99/9&*($!?!/BB*(%/(,$!$!'80$6F.&/+$

+4/''*6B&7$(,*!?!6/0&%*

&+!5/67/.*!6/))&8()$!&+!.&6.*+*!)$($6/+$!'/+,/(%*!&+!F+,6*!$0/,&.*!"$!=8&(%&!+4$H$,,*!%&!06&7*!0/''/))&*1

'&!$#&,/!+/!0*''&B&+$!%&',689&*($!%/+!5/67/.*!%/!0/6,$!%$&!'8..;&!%&)$',&#&

'&!08G!$+&7&(/6$!&+!5/67/.*!6$'&%8*!8(/!#*+,/!6/))&8(,*!+4$H$,,*

<=D=;='<=D=;=' EE1054088>1054088>''@2!!0@2!!0''EB??>5>E4306>B52EB??>5>E4306>B52''EIREIRQQ!>58I0!2!>58I0!2

223/!'*77&(&',6/9&*($!'8B-+&()8/+$@

&"-"CC$2*'<&*'9<%&*'-%..*9%+*#$%&"'(*'1*+2"'(".'1*#$"&2"&"-"CC$2*'<&*'9<%&*'-%..*9%+*#$%&"'(*'1*+2"'(".'1*#$"&2"

$.'-%&2+%..%'("..*'1%C%.%/$*'Y'C-*+C%$.'-%&2+%..%'("..*'1%C%.%/$*'Y'C-*+C%

&%&'1<f'"CC"+"'<C*2*'1"+'>*+,*-$'-6"?&%&'1<f'"CC"+"'<C*2*'1"+'>*+,*-$'-6"?

(*(!'*(*!/''*6B&,&!%/++/!78.*'/!*6/+$

(*(!'&!'.&*+)*(*!6/0&%/7$(,$!&(!B*../

/BB&/(*!8(!'/0*6$!')6/%$#*+$

'&/(*!&66&,/(,&!0$6!+/!78.*'/



!"#$%&$'($')*+,*-%.%/$*'/"&"+*." 0*1$2%.%'@4'!*'C%,,$&$C2+*#$%&"'("$'>*+,*-$4'LP

<4U4) T(77$+$-',&I$(+")F",)2$&),"''&1") ) )

<=J=7='<=J=7=' 00EEB3R>?254BEEB3R>?254B''@2>@2>'')03?0A>)03?0A>''1>01>0''32440!232440!2

22J/6/,,$6&',&.;$!%$++E/''*6B&7$(,*!0$6!#&/!6$,,/+$@

'$)8$!+$!+$))&!)$($6/+&!%$+!0/''/))&*!%$&!5/67/.&!
/,,6/#$6'*!+$!7$7B6/($

?!&(!)$($6$!=8/(,&,/,&#/7$(,$!&(5$6&*6$!/!=8$++*!%$&!
5/67/.&!'*77&(&',6/,&!0$6!#&/!*6/+$!"+/!78.*'/!
%$++4/70*++/!6$,,/+$!$!%$+!'&)7/!;/!./0/.&,>!%&!
/''*6B&7$(,*!&(5$6&*6$!/!=8$++/!%$+!,$(8$1

?!7*+,*!#/6&/B&+$!%/!5/67/.*!/!5/67/.*

?!7*+,*!&(^8$(9/,*!%/++*!',/,*!%&!6&$70&7$(,*!
%$++4/70*++/!6$,,/+$

?!&(!)$($6$!+$(,*

&!5/67/.&!'*77&(&',6/,&!0$6!#&/!6$,,/+$!0*''*(*!
$#&,/6$!"7/!'*+*!0/69&/+7$(,$1!&+!F+,6*!$0/,&.*!$!
=8&(%&!+4$H$,,*!%&!06&7*!0/''/))&*!"'*+*!&+!0+$''*!
$7*66*&%/6&*!'80$6&*6$!?!,6&B8,/6&*!%$++/!#$(/!0*6,/:!
7$(,6$!+$!#$($!$7*66*&%/6&$!7$%&$!$!&(5$6&*6&!'*(*!
,6&B8,/6&$!%$++4&+&/./!&(,$6(/1

)$/<+*'@4I4'0$+-%.*#$%&"'D"&%C*'+"22*."



!"#$%&$'($')*+,*-%.%/$*'/"&"+*." 0*1$2%.%'@4'!*'C%,,$&$C2+*#$%&"'("$'>*+,*-$4'L7

<=J=;='<=J=;=' 3308>B5>08>B5>''F23F23''F32)23>32F32)23>32''!0!0''1>01>0''32440!232440!2

223/!#&/!6$,,/+$!?!8(4/+,$6(/,&#/!/++/!#&/!*6/+$!=8/(%*!=8$',48+,&7/!?!'.*('&)+&/B&+$!0$6@
06$'$(9/!%&!#*7&,*

0/9&$(,$!(*(!.*++/B*6/(,$!"$'N@!B/7B&(&1

%$)6/%/B&+&,>!%$+!5/67/.*!($&!^8&%&!%&)$',&#&!*!&(,$65$6$(9/!%$+!.&B*!.*(!+4/''*6B&7$(,*

7/+/,,&$!.;$!7*%&F./(*!+4/''*6B&7$(,*!)/',6*$(,$6&.*

6&+$#/(,$!$H$,,*!%&!06&7*!0/''/))&*

'/0*6$!')6/%$#*+$

<=J=<='<=J=<=' >>5AB5125>254>5AB5125>254>''52!!052!!0''EB??>5>E4306>B52EB??>5>E4306>B52''F23F23''1>01>0''32440!232440!2

22 %&#$6'&!5/67/.&!0*''*(*!./8'/6$!&66&,/9&*($!%$++/!78.*'/!6$,,/+$

?!7*+,*!&(^8$(9/,*!%/++*!',/,*!%&!6&$70&7$(,*!%$++4/70*++/!6$,,/+$



!"#$%&$'($')*+,*-%.%/$*'/"&"+*." 0*1$2%.%'@4'!*'C%,,$&$C2+*#$%&"'("$'>*+,*-$4'L;

<4@4) T(77$+$-',&I$(+")F",)2$&)"+#(S2&-%(1&,") ) )

22c&#$6'$!'*(*!+$!#&$!%&!'*77&(&',6/9&*($!$(%*-#/'.*+/6$@

$(%*#$(*'/!"&N#N!*!$N#N1

$(%*-/6,$6&*'/

&(,6/-./6%&/./

&(,6/-0$6&,*($/+$@!&(%&6$,,/!7/!$=8&0*++$(,$!/++/!#&/!$(%*#$(*'/

<=K=7='<=K=7=' AA0304423>E4>AS20304423>E4>AS2''825230!>825230!>

22c$#$!$''$6$!8,&+&99/,/!=8/(%*@

+4/''*6B&7$(,*!'&/!'./6'*!0$6!/+,6$!#&$

'&/!&70*''&B&+$!8,&+&99/6$!/+,6$!#&$!%&!'*77&(&',6/9&*($!"5/67/.&!&66&,/(,&:!0/9&$(,$!(*(!.*++/B*6/(,$:!$,.N1

'&/!($.$''/6&/!8(/!.*70/6'/!6/0&%/!%$++4$H$,,*!5/67/.*+*)&.*!",$6/0&$!%4$7$6)$(9/1

'&!%$'&%$6&!8(/!)6/(%$!/..86/,$99/!%&!%*'/))&*
(NBN@!+/!B&*-%&'0*(&B&+&,>!%$+!5/67/.*!'*77&(&',6/,*!&N#N!?!0/6&!/+!SWWr



!"#$%&$'($')*+,*-%.%/$*'/"&"+*." 0*1$2%.%'@4'!*'C%,,$&$C2+*#$%&"'("$'>*+,*-$4'L<

<=K=;='<=K=;=' EEB??>5>E4306>B52B??>5>E4306>B52''>5>5''RB!BRB!B''22''F23F23''>5)IE>B52>5)IE>B52

22p$++/!,$6/0&/!$(%*#$(*'/!+$!'*+89&*(&!$!&!5/67/.&!#$()*(*!&(&$,,/,&!&(!8(/!#$(/!$!&(,6*%*,,&:!.*'x:!%&6$,,/7$(,$!($+!
.&6.*+*!$7/,&.*

8(/!'*77&(&',6/9&*($!%&!8(!&)/8"6"%="6"&)/8"6"%="6").*('$(,$!%&!*,,$($6$!.*(.$(,6/9&*(&!0+/'7/,&.;$!7*+,*!
$+$#/,$!%&!5/67/.*
(NBN@!&+!0&..*!%&!.*(.$(,6/9&*($!.;$!'&!*,,&$($!($&!,$''8,&!%&0$(%$6>!%/++/!#$+*.&,>!%&!&(58'&*($

8(/!'*77&(&',6/9&*($!0$6!)/5'&)"/$%7$/"&-)/5'&)"/$%7$/"&-!.*',/(,$!$#&,/!&+!6/))&8()&7$(,*!%&!/+,&!0&..;&!%&!
.*(.$(,6/9&*($!0+/'7/,&./

<=K=<='<=K=<=' BBR>244>1>R>244>1>''@2!!0@2!!0''EB??>5>E4306>B52EB??>5>E4306>B52''25@B25@BQQ10EAB!03210EAB!032

223/!'*77&(&',6/9&*($!$(%*-#/'.*+/6$!'&!8,&+&99/!0$6@

6&06&',&(/6$!$!7/(,$($6$!&+!B&+/(.&*!%$&!+&=8&%&!$!%$)+&!$+$,,6*+&,&

'*77&(&',6/6$!5/67/.&

5*6(&6$!(8,6&$(,&

,6/'5*(%$6$!'/()8$!$%!$7*%$6&#/,&



!"#$%&$'($')*+,*-%.%/$*'/"&"+*." 0*1$2%.%'@4'!*'C%,,$&$C2+*#$%&"'("$'>*+,*-$4'LD

<=K=D='<=K=D=' >>5AB5125>254>5AB5125>254>''@2!!0@2!!0''EB??>5>E4306>B52EB??>5>E4306>B52''25@B25@BQQ10EAB!03210EAB!032

22 $7*66/)&$

',6/#/'&

&(5$9&*(&

$H$,,&!,*''&.&!+*./+&!"$'N@!^$B&+&!&(%*,,$!%/!/75*,$6&.&(/!g1!*!'&',$7&.&!"$'N@!$+$#/,$!.*(.$(,6/9&*(&!%&!5/67/.&!
/(,&-($*0+/',&.&:!/(,&-/6&,7&.&:!%&)&,/+&.&:!$,.N1

'*#6/-%*'/))&*

&(.*70/,&B&+&,>!,6/!5/67/.&!$!'*+89&*(&!#$&.*+/(,&

/++$6)&$

$H$,,&!%&6*70$(,&!'8+!.&6.*+*!"0$6!&(&$9&*(&!,6*00*!6/0&%$!%&!#*+87&!'&)(&F./,&#&1

$7B*+&/

&70*''&B&+&,>!%&!+&7&,/6$!+E/''*6B&7$(,*!&(!./'*!%&!$66*6$!%&!5/67/.*!*!%&!%*'/))&*



!"#$%&$'($')*+,*-%.%/$*'/"&"+*." 0*1$2%.%'@4'!*'C%,,$&$C2+*#$%&"'("$'>*+,*-$4'LJ

<=K=J='<=K=J=' EEB??>5>E4306>B52B??>5>E4306>B52''25@B125BE025@B125BE0C'C'1054088>1054088>''2@2@''>5AB5125>254>>5AB5125>254>''FBEE>R>!>FBEE>R>!>

22 "!#/(,/))&*'/@

'$!&+!5/67/.*!?!7*+,*!&66&,/(,$!0$6!&!,$''8,&!"'&!*,,&$($!8(/!&77$%&/,/!%&+8&9&*($!'0$.&$!'$!'&!8,&+&99/(*!#/'&!
%&!)6*''*!./+&B6*:!.*7$!/,,6/#$6'*!8(!./,$,$6$!#$(*'*!.$(,6/+$:!JbJ1

'$!&+!5/67/.*!(*(!?!/''*6B&,*!0$6!/+,6$!#&$

0$6!*,,$($6$!8(!6/0&%&''&7*!&(&9&*!%$++4$H$,,*

0$6!.*(,6*++/6$!/..86/,/7$(,$!+/!.*(.$(,6/9&*($!$7/,&./!%$+!5/67/.*

0$6!'*77&(&',6/6$!)6/(%&!=8/(,&,>!%&!+&=8&%&!

22 <(.*(#$(&$(,&!0*''&B&+&@

$H$,,&!%&6*70$(,&!'8+!.&6.*+*!"0$6!&(&$9&*($!,6*00*!6/0&%/!%&!)6/(%&!#*+87&1

$7B*+&/

&70*''&B&+&,>!%&!+&7&,/6$!+4/''*6B&7$(,*!&(!./'*!%&!$66*6&!%&!%*'/))&*

<=K=K='<=K=K=' EEB??>5>E4306>B52B??>5>E4306>B52''25@B25@BQQ03423>BE003423>BE0

223/!'*77&(&',6/9&*($!$(%*-/6,$6&*'/!?!&(%&./,/!($&!./'&!&(!.8&!'&!#*)+&/!6/))&8()$6$!+/!7/''&7/!.*(.$(,6/9&*($!&(!
8(!8(&.*!%$,$67&(/,*!%&',6$,,*!0$6&5$6&.*

22 3/!.*(,6*&(%&./9&*($!06&(.&0/+$!',/!($++/!.*70+$''&,>!%$++E/,,*!$!($&!6&'.;&!.*(($''&



!"#$%&$'($')*+,*-%.%/$*'/"&"+*." 0*1$2%.%'@4'!*'C%,,$&$C2+*#$%&"'("$'>*+,*-$4'LK

<4Z4) T(77$+$-',&I$(+")F",)2$&)-(''(S%/'&+"&)()$+',&S7/-%(1&,") ) )

<=L=7='<=L=7=' AA0304423>E4>AS20304423>E4>AS2''825230!>825230!>

2234/''*6B&7$(,*:!'&/!0$6!#&/!'*,,*-.8,/($/!.;$!&(,6/-78'.*+/6$:!/##&$($!/,,6/#$6'*!+4$(%*,$+&*!%$&!#/'&!./0&++/6&!"*!
%$&!#/'&!+&(5/,&.&1

34/''*6B&7$(,*!%&0$(%$!%/!7*+,&!5/,,*6&!=8/+&!&+!,&0*!%&!06$0/6/9&*($!5/67/.$8,&./:!+/!'*+8B&+&,>!%$+!5/67/.*!($+!
+&=8&%*!&(,$6',&9&/+$:!&+!^8''*!$7/,&.*

34/''*6B&7$(,*!?!&(!)$($6$!6/0&%*!"SW-VW!7&(1!0$6!#&/!&(,6/78'.*+/6$!"'0$.&$!'$!&+!0/9&$(,$!(*(!?!/!6&0*'*1:!8(!
0*4!7$(*!0$6!#&/!'*,,*.8,/($/!"'$706$!0&K!6/0&%*!%$++4/''*6B&7$(,*!1"+'%C1

22 34/''*6B&7$(,*!08G!$''$6$@
/..$+$6/,*!"7/''/))&*!$!6&'./+%/7$(,*!%$++/!0/6,$1

6&,/6%/,*!"6/H6$%%/7$(,*!%$++/!0/6,$:!/00+&./9&*($!%&!8(!+/..&*!$7*',/,&.*:!8'*!%&!#/'*.*',6&,,*6&:!8'*!%&!
06$0/6/9&*(&!6&,/6%*!*!%$0*'&,*1



!"#$%&$'($')*+,*-%.%/$*'/"&"+*." 0*1$2%.%'@4'!*'C%,,$&$C2+*#$%&"'("$'>*+,*-$4'LL

<=L=;='<=L=;=' 11054088>054088>''@2!!0@2!!0''EB??>5>E4306>B52EB??>5>E4306>B52''EB44BEB44BQQAI40520AI40520''BB''>5430>5430QQ?IEAB!032?IEAB!032

22 Ü!8(/!#&/!0/6$(,$6/+$!%&!5/.&+$!8,&+&99*!/(.;$!%/!0/6,$!%$+!0/9&$(,$!',$''*!*!%$+!-*+"'/$D"+!(*(!
06*5$''&*(&',/

<=L=<='<=L=<=' >>5AB5125>254>5AB5125>254>''@2!!0@2!!0''EB??>5>E4306>B52EB??>5>E4306>B52''EB44BEB44BQQAI40520AI40520''BB''>5430>5430QQ?IEAB!032?IEAB!032

22 %*+*6$!($+!08(,*!%&!&(&$9&*($

$7/,*7&

($.6*'&!"%$++/!.8,$:!%$+!,$''8,*!'*,,*-.8,/($*!*!78'.*+/6$1!

/'.$''*!',$6&+$!

0&)7$(,/9&*(&!

.*706*7&''&*($!%&!,6*(.;&!($6#*'&!

0*''&B&+&,>!%&!&(&$9&*($!&(,6/-#/'/+$!/..&%$(,/+$



!"#$%&$'($')*+,*-%.%/$*'/"&"+*." 0*1$2%.%'@4'!*'C%,,$&$C2+*#$%&"'("$'>*+,*-$4'LN

<4\4) T(77$+$-',&I$(+")2$&)$+',&S'"%&1") ) )

<=N=7='<=N=7=' AA0304423>E4>AS20304423>E4>AS2''825230!>825230!>''@2!!0@2!!0''EB??>5>E4306>B52EB??>5>E4306>B52''F23F23''1>01>0''>5430>5430QQ42A0!242A0!2

22A$6!'*77&(&',6/9&*($!&(,6/-,$./+$!'&!&(,$(%$!+/!'*77&(&',6/9&*($!%&!8(!5/67/.*!($++*!'0/9&*!'8B-/6/.(*&%$*

q8$',/!#&/!#&$($!8,&+&99/,/!0$6!+/!'*77&(&',6/9&*($!%&@

5/67/.&!0$6!+E&(%89&*($!%&!/($',$'&/!6$)&*(/+$

5/67/.&!/(/+)$'&.&!*00&*%&

*!0$6!&+!,6/,,/7$(,*!%&!0/,*+*)&$!/!./6&.*!%$+!'&',$7/!($6#*'*!.$(,6/+$

5/67/.&!/(,&-B/,,$6&.&

5/67/.&!/(,&-58()&(&

5/67/.&!/(,&-($*0+/',&.&

<=N=;='<=N=;=' 11054088>054088>

22A$67$,,$!&+!9g:1*CC!%$++/!B/66&$6/!$7/,*-$(.$5/+&./

<=N=<='<=N=<=' EE1054088>1054088>

22c&!.*70+$''/!/,,8/9&*($:!6&.;&$%$!.*70$,$(9$!7$%&.;$:!.*(!6&'.;&!%&!$66*6&!$%!$H$,,&!.*++/,$6/+&!+$)/,&!/++$!
06*.$%86$@!&(!0/6,&.*+/6$!0$6%&,/!%&!+&=8*6

A8G!$''$6$!%*+*6*'/!0$6!&+!0/9&$(,$



!"#$%&$'($')*+,*-%.%/$*'/"&"+*." 0*1$2%.%'@4'!*'C%,,$&$C2+*#$%&"'("$'>*+,*-$4'LO

<4]4) T(77$+$-',&I$(+")F",)2$&)F(17(+&,") ) )

<=O=7='<=O=7=' AA0304423>E4>AS20304423>E4>AS2''825230!>825230!>''@2!!0@2!!0''EB??>5>E4306>B52EB??>5>E4306>B52''F23F23''1>01>0''FB!?B5032FB!?B5032

22 X,,6/#$6'*!+/!#&/!0*+7*(/6$!"&(/+/,*6&/1!#$()*(*!'*77&(&',6/,&!5/67/.&!/%!$H$,,*!'&',$7&.*!.;$!'&!06$'$(,/(*!
/++*!',/,*!)/''*'*!*!($B8+&99/,*

/($',$,&.&!)$($6/+&

*''&)$(*

/+,6&!5/67/.&!($B8+&99/,&!"$'N@!&('8+&(/!0$6!/$6*'*+!&(!5/'$!%&!'0$6&7$(,/9&*($1

P$!&+!0*+7*($!?!+E*6)/(*!B$6'/)+&*!%$+!,6/,,/7$(,*:!=8$',/!#&/!%&!'*77&(&',6/9&*($!6&'8+,/!&+!7$,*%*!0&K!
/006*06&/,*

p$+!./'*!%&!5/67/.&!($B8+&99/,&:!&+!%&/7$,6*!%$++$!0/6,&.$++$!%$#$!$''$6$!0&..*+*!"&(5$6&*6$!/&!T!�71!0$6!6/))&8()$6$!
)+&!/+#$*+&!0*+7*(/6&

<=O=;='<=O=;=' 11054088>054088>

22J*('$(,$!8(!6/0&%*!/''*6B&7$(,*!0$6!+/!)6/(%$!'80$6F.&$!%&!B/66&$6/!/+#$*+*-./0&++/6$!%&'0*(&B&+$!$!0$6!)+&!$+$#/,&!
^8''&!$7/,&.&!$!+&(5/,&.&

J*('$(,$!+/!'*77&(&',6/9&*($!%&!5/67/.&!&(!5/'$!)/''*'/!*!%&!0/6,&.$++$!&(!/$6*'*+

<=O=<='<=O=<=' EE1054088>1054088>

22 p*(!.*('$(,$!8(!%*'/))&*!06$.&'*!/!./8'/!%$++/!=8*,/!$'0&6/,/:!.*(!+E$..$9&*($!%&!'*77&(&',6/9&*($!&(!
.&6.8&,*!.;&8'*!.*7$!/##&$($!%86/(,$!+$!06*.$%86$!/($',$'&*+*)&.;$

p*(!0*''*(*!$''$6$!$#&,/,&!0*''&B&+&!$H$,,&!'&',$7&.&!/(.;$!0$6!5/67/.&!.;$!(*(!/))&8()*(*!)+&!/+#$*+&



!"#$%&$'($')*+,*-%.%/$*'/"&"+*." 0*1$2%.%'@4'!*'C%,,$&$C2+*#$%&"'("$'>*+,*-$4'NP

<43?4) T(77$+$-',&I$(+")F",)2$&)+&-&1") ) )

<=7P=7='<=7P=7=' AA0304423>E4>AS20304423>E4>AS2''825230!>825230!>''@2!!0@2!!0''EB??>5>E4306>B52EB??>5>E4306>B52''F23F23''1>01>0''50E0!250E0!2

223/!'*77&(&',6/9&*($!0$6!#&/!(/'/+$!#&$($!8,&+&99/,/!0$6!5/67/.&!)/''*'&!*!'*,,*!5*67/!%&!0/6,&.$++$!+&=8&%$!$!'*+&%$!
'*'0$'$!($++4/6&/!"/$6*'*+1

34/''*6B&7$(,*!?!6/0&%*:!7/!%&!$(,&,>!#/6&/B&+$!&(!=8/(,*!%&0$(%$!%/++$!%&7$('&*(&!%$++$!0/6,&.$++$@

+$!0/6,&.$++$!.;$!6/))&8()*(*!0&K!$L.&$(,$7$(,$!)+&!/+#$*+&!0*+7*(/6&!;/((*!%&7$('&*(&!.*706$'$!,6/!WNT!!
$!T!�7

+$!0/6,&.$++$!%&!%&7$('&*(&!á!T!�7!'&!%$0*'&,/(*!($&!B6*(.;&!$!B6*(.;&*+&

+$!0/6,&.$++$!%&!%&7$('&*(&!à!WNT!�7!'.*70/&*(*!6/0&%/7$(,$!%/++4/+#$*+*!$!#$()*(*!$'0&6/,$

'$!+$!%&7$('&*(&!'*(*!*00*6,8($!&!5/67/.&!;/((*!'*+*!$H$,,&!+*./+&!"7/+/,,&$!0*+7*(/6&1

<=7P=;='<=7P=;=' 11054088>054088>

22 p*(!?!&(#/'&#/

P&!'/+,/!&+!F+,6*!$0/,&.*[!7/(./!=8&(%&!+4$H$,,*!%&!06&7*!0/''/))&*

<=7P=<='<=7P=<=' EE1054088>1054088>

22 MH$,,&!'&',$7&.&!(*(!%$'&%$6/,&



!"#$%&$'($')*+,*-%.%/$*'/"&"+*." 0*1$2%.%'@4'!*'C%,,$&$C2+*#$%&"'("$'>*+,*-$4'N7

<4334) T(77$+$-',&I$(+")F",)2$&)',&+-S#",7$%&) ) )

<=77=7='<=77=7=' 00EEB3R>?254BEEB3R>?254B''@2>@2>'')03?0A>)03?0A>''04430123EB04430123EB''!0!0''AI42AI42

223/!.8,$!&(,$)6/!?!/''/&!0*.*!0$67$/B&+$!/++/!7/))&*6!0/6,$!%$&!5/67/.&/!/!./8'/!%$++*!',6/,*!.*6($*

3/!.8,$!'&!.*70*6,/!.*7$!8(/!B/66&$6/!+&0*&%$/!$!0$6,/(,*!'*+*!5/67/.&!+&0*'*+8B&+&!0*''*(*!0/''/6$!0$6!
%&H8'&*($!'$70+&.$:!7/!&+!0/''/))&*!?!&(!)$($6$!7*+,*!+$(,*!$!=8/(,&,/,&#/7$(,$!+&7&,/,*

34/''*6B&7$(,*!?!7/))&*6$!/,,6/#$6'*!+$!);&/(%*+$!'8%*6&0/6$!$!'$B/.$$:!7/!6&7/($!'./6'*!$!&(.*',/(,$

34/''*6B&7$(,*!08G!$''$6$!/..$+$6/,*!7$%&/(,$@

'*'0$('&*($!%$+!5/67/.*!&(!#$&.*+&!*+$*'&

7/''/))&*!%$++/!.8,$

B$(%/))&*!*..+8'&#*!"5/#*6&'.$!+E/''*6B&7$(,*!%/!0/6,$!%$&!,$''8,&!+*./+&1

<=77=;='<=77=;=' 11054088>054088>

22 X''*6B&7$(,*!+$(,*!.;$!.*('$(,$!+&#$++&!.*',/(,&!%$+!5/67/.*

g$(!,*++$6/,*!$%!/..$,,/,*!%/+!0/9&$(,$

<=77=<='<=77=<=' EE1054088>1054088>

22 A6*.$%86/!%&!+8()/!%86/,/

A*.;&!5/67/.&!/%/,,&!/!=8$',/!#&/!%&!'*77&(&',6/9&*($

X''*6B&7$(,*!&706$.&'*!$!%&'.*(,&(8*

A*''&B&+&!$H$,,&!'&',$7&.&!&(!0/6,&.*+/6$!&(!06$'$(9/!%&!+$'&*(&!%$++/!.8,$



!"#$%&$'($')*+,*-%.%/$*'/"&"+*." 0*1$2%.%'@4'!*'C%,,$&$C2+*#$%&"'("$'>*+,*-$4'N;

<43>4) T(77$+$-',&I$(+")F",)2$")'(F$%J") ) )

<=7;=7='<=7;=7=' AA0304423>E4>AS20304423>E4>AS2''@2!!2@2!!2''EB??>5>E4306>B5>EB??>5>E4306>B5>''4BF>AS24BF>AS2

22P&!%$F(&'.$!'*77&(&',6/9&*($!0$6!#&/!,*0&./!+E/00+&./9&*($!%&!5/67/.&!/++/!.8,$:!/++$!78.*'$!*!/++/!.*()&8(,&#/!0$6!
*,,$($6$!$H$,,&!+*./+&

q8$',/!#&/!#&$($!8,&+&99/,/!0$6@

5/67/.&!*.8+&',&.&!".*++&6&!*!.6$7$!'*77&(&',6/,&!($+!'/..*!.*()&8(,&#/+$1

8()8$(,&:!.6$7/:!'.;&87$:!)$+:!./(%$+$,,$!/!+&#$++*!%$++$!78.*'$!%$++E*6$..;&*:!./#&,>!*6/+$:!./#&,>!78.*'$!
"$'N@!#/)&(/1

<=7;=;='<=7;=;=' 11054088>054088>

22 MH$,,*!.*(.$(,6/,*!($&!,$''8,&!&(,$6$''/,&

<=7;=<='<=7;=<=' EE1054088>1054088>

22 3/!'*77&(&',6/9&*($!,6/('-.8,/($/!%&!5/67/.&!0$6!*,,$($6$!$H$,,&!'*+*!+*./+&!(*(!$+&7&(/!+4/''*6B&7$(,*!
.;$!08G!%/6$!+8*)*!/%!$H$,,&!'&',$7&.&

X''*6B&7$(,*!%&'.*(,&(8*!$%!&706$.&'*

A*''&B&+&!$H$,,&!'&',$7&.&!"$'N@!.6&'&!&0$6,$('&#/!&(%*,,/!%/!5$(&+$56&(/!&(!)*..$!*.8+/6&1



!"#$%&$'($')*+,*-%.%/$*'/"&"+*." 0*1$2%.%'@4'!*'C%,,$&$C2+*#$%&"'("$'>*+,*-$4'N<

<43<4) 8,$+%$F&1$)6(+'$)/'$1$II&'"

=+<&2%&;'!4;'S*+a"+;'n4!4;'=.<,"&26*.;'M4n4;'=<[2%&;'74!4P4'^"(C4_'^ANNU_'5%%(,*&'t'5$.,*&FC'O*&<*.'%>'16*+,*-%.%/g'*&('26"+*1"<2$-C4'
b777'"(4'O-5+*`'c$..;'H"`'r%+a

c%`.*&(;'84M4;'Og-"a;'O4h4;'c*+D"g;'84B;'06*,1";'S404'^ANNQ_'S6*+,*-%.%/g4'777'"(4'!$11$&-%22'v$..$*,C'*&('v$.a$&C;'S6$.*(".16$*

!l..,*&&;'c4;'y$"/."+;'B4;'O%6+;'n4;'=$"/"+;'M4'^ANNN_'0.%+'*2.*C'%>'16*+,*-%.%/g4'77'"(4'k6$",";'\2<22/*+2

=%4%(>":=%4%(>":

`$a$1"($*G-%,,%&C{)%<+{-%.%+C{%>{1$..C4|1/ D$C$2*2%'$.'AUGN@GAN3@ *--"CC$9$."'$.'AUGN@GAN3@

2+"--*&$4$2GD%-*9%.*+$% D$C$2*2%'$.'NEGNEGAN3@ *--"CC$9$."'$.'NEGNEGAN3@

/*."&%2"-64%+/G("+,*2%.462, D$C$2*2%'$.'NEGNEGAN3@ *--"CC$9$."'$.'NEGNEGAN3@

http://www.galenotech.org/dermatol.htm
http://www.treccani.it/vocabolario
http://upload.wikimedia.org/wikipedia/commons/c/c1/Four_colors_of_pills.jpg


!"#$%&$'($')*+,*-%.%/$*'/"&"+*." 0*1$2%.%'@4'!*'C%,,$&$C2+*#$%&"'("$'>*+,*-$4'ND



!"#$%&$'($')*+,*-%.%/$*'/"&"+*." 0*1$2%.%'E4'=$%:($C1%&$9$.$2L'"'($C2+$9<#$%&"'("$'>*+,*-$4'NJ

D-D- ''E$04#$850"$1$+$/F'&E$04#$850"$1$+$/F'&''
#$8/)$19:$0"&'#&$'2*)3*%$#$8/)$19:$0"&'#&$'2*)3*%$

7'"($#$%&"'

8%9"+2%'8$,%&($&$:5$%+/$&$;'!<$/$'=*+9$"+$

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

iI'1(",+(DC"*(#(A(&S'$'+(D&%(#0>("*$'+$('Q2%)2@(IIIIIIIIIIIIIIIIIIIlh
iI;I'/N'53KZ!31O63784'543'?N![NB3''''IIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIl_
E43434'0%,"'-$+-%.*'.*'1*+2"'.$e<$(*'("..F%+/*&$C,%}4444444444444444444444444444444444444444444444 UU

iI9I'54KZ387'543'?N![NB3''''IIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIl`
iI<I'137,53Kc78313/3Zt''''IIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIII`:
E4@434')*22%+$'-6"'$&q<"&#*&%'.*'9$%:($C1%&$9$.$2L444444444444444444444444444444444444444444444444444 VN
E4@4A4'=$%:"e<$D*."&#*444444444444444444444444444444444444444444444444444444444444444444444444444444444444444444444 V3

iIiI'3/'k7/O[4'53'53KZ!31O63784'543'?N![NB3'''IIIIIIIIIIIIIIIIIIIIIIIIIIIII`9
E4E434'!$e<$($?'($C2+$9<#$%&"'"',%D$,"&2$4444444444444444444444444444444444444444444444444444444444444444VA
E4E4A4'b%.<,"'*11*+"&2"'($'($C2+$9<#$%&"'("$'>*+,*-$'&"..F%+/*&$C,%44444444444444444444V@

E4E4@4'R2$.$2L'1+*2$-*'(".'D%.<,"'*11*+"&2"'($'($C2+$9<#$%&"'b(444444444444444444444444444444VE
E4E4E4'M"2"+,$&*#$%&"'(".'D%.<,"'*11*+"&2"'($'($C2+$9<#$%&"'b(''4444444444444444444444444VQ
E4E4Q4'0%++".*#$%&"'2+*'b('"'$'-%,1*+2$,"&2$'2$CC<2*.$'-%$&D%.2$444444444444444444444444444444VI

iIhI'/4-N[4'?N![NB7,c!7Z438N'c/NK[NZ3BN'''IIIIIIIIIIIIIIIIIIIIIIIIIIIIIII`_
E4Q434'!"/*,"'("$'>*+,*-$'-%&'."'1+%2"$&"'1.*C,*2$-6"?'><&#$%&"44444444444444444444444444VK
E4Q4A4'0%&-"&2+*#$%&$'1.*C,*2$-6"'"'."/*,"'*.."'1+%2"$&"44444444444444444444444444444444444444VU
E4Q4@4'0*+*22"+$'(".'."/*,"'("$'>*+,*-$'-%&'."'1+%2"$&"'1.*C,*2$-6"4444444444444444444444VV
E4Q4E4'!F*.9<,$&*?'.*'1+$&-$1*."'1+%2"$&*'1.*C,*2$-*'."/*&2"'$'>*+,*-$''444444444444443NN
E4Q4Q4'0%,1"2$#$%&"'2+*'>*+,*-$'1"+'$.'."/*,"'-%&'."'1+%2"$&"'1.*C,*2$-6"4444444443NA

iIaI'?NZZ7!3'Bb4'[753?3BN87'/N'53KZ!31O63784'543'?N![NB3''''IIII;:<
iI_I'c!38B3cN/3'?78Z3'OZ3/366NZ4IIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIII ;:i



!"#$%&$'($')*+,*-%.%/$*'/"&"+*." 0*1$2%.%'E4'=$%:($C1%&$9$.$2L'"'($C2+$9<#$%&"'("$'>*+,*-$4'NK



!"#$%&$'($')*+,*-%.%/$*'/"&"+*." 0*1$2%.%'E4'=$%:($C1%&$9$.$2L'"'($C2+$9<#$%&"'("$'>*+,*-$4'NL

;434) .&)#$-',$=/I$(+")#"$)6&,7&%$)) ) )

223/!%&',6&B89&*($!%&!8(!5/67/.*!&(!8(!%/,*!,$''8,*!%&0$(%$!06&(.&0/+7$(,$!%/@

+&0*-'*+8B&+&,>!$!)6/%*!%&!&*(&99/9&*($!%$+!5/67/.*

$(,&,>!%$+!^8''*!$7/,&.*!($+!,$''8,*

+$)/7$!%$+!5/67/.*!/++$!06*,$&($!0+/'7/,&.;$

223/!%&',6&B89&*($!&(&9&/+$!%&!8(!5/67/.*!(*(!.*66&'0*(%$!($.$''/6&/7$(,$!/++/!'8/!%&',6&B89&*($!F(/+$!"5$(*7$(*!
%$++/!.),)&*.)=';)"/$.),)&*.)=';)"/$1

22 <+!5/67/.*!08G!.*(.$(,6/6'&!&(!8(!%/,*!%&',6$,,*!%$++4*6)/(&'7*!"%$0*'&,&!&(,6/-.$++8+/6&!*!$_,6/-.$++8+/6&1!$%!
$'$6.&,/6#&

8(!$H$,,*!5/67/.*+*)&.*

7/!0&K!'0$''*

8(!$H$,,*!,*''&.*!"$'N@!,$,6/.&.+&($!$!,$''8,*!*''$*1

*!($''8(!$H$,,*!"$'N@!B/6B&,86&.&!$!,$''8,*!/%&0*'*1



!"#$%&$'($')*+,*-%.%/$*'/"&"+*." 0*1$2%.%'E4'=$%:($C1%&$9$.$2L'"'($C2+$9<#$%&"'("$'>*+,*-$4'NN

D=7=7='D=7=7=' AAB?2B?2''A>3AB!0A>3AB!0''!0!0''F0342F0342''!>UI>@0!>UI>@0''@2!!@2!!GGB3805>E?BB3805>E?BVV

22<+!0+/'7/!6&.&6.*+/!&(!8(!,$70*!7*+,*!6/0&%*@!8(/!'*',/(9/!&(&$,,/,/!$(%*#$(/:!'&!7$'.*+/!$!6/))&8()$!8(/!
%&H8'&*($!8(&5*67$!($+!0+/'7/!($+!)&6*!%&!0*.;&''&7&!7&(8,&

<+!0+/'7/!&(*+,6$!#&$($!8+,6/F+,6/,*!%/+!6$($!7*+,$!#*+,$!*)(&!)&*6(*@!V!3!?!&+!#*+87$!0+/'7/,&.*:!SQW!3w%!&+!F+,6/,*!
)+*7$68+/6$:!=8&(%&!&+!0+/'7/!?!F+,6/,*!%/!VW!/!QW!#*+,$!/+!)&*6(*

=/&)",*%9"-&4"&*,M:*&P&.-"&4"&."Q&4"&F&I&*/&("-)'-

k*9"..*'E4U?'P+/*&$'"'q<CC%'",*2$-%4'M*'=*+9$"+$'^AN3A_

*$&&'*"
5.-;)"/$%,$66-%

8)**-*-%!-.,)-!-
O'&&"%$#-*)!"

5.-;)"/$%,)%($&"%
!".(".$"

)/,)!$%,)%
($.5'&)"/$%
*)&&'*-6$

0P4 IQ#)/ 0P4 0#IQ#)/QARR84

("6#"/) SWW QNOW SNQ OWW

.$/) TW SNTV WNQ VQW

5$8-*" TO SNQQ TNf fQ

!'".$ O WNTQ WNQ fO

!$.7$66" ST WNvQ TNW QQ

#'&!"6) TV WNfW OWNW Q

($66$ R WNOW SWNW Q

*$&&'*"%-,)("&" SW WNTQ SeNW V



!"#$%&$'($')*+,*-%.%/$*'/"&"+*." 0*1$2%.%'E4'=$%:($C1%&$9$.$2L'"'($C2+$9<#$%&"'("$'>*+,*-$4'NO

;4>4) !"-'$+()#"$)6&,7&%$)) ) )

<+!%$',&(*!%$&!5/67/.&!08G!$''$6$!
.*('&%$6/,*!($++$!'$)8$(,&!5/'&@

/''*6B&7$(,*!%/+!'&,*!%&!
'*77&(&',6/9&*($

%&',6&B89&*($!($++4*6)/(&'7*

7$,/B*+&'7*

$+&7&(/9&*($

)$/<+*'E434'7.'1.*C,*?'.<%/%'-"&2+*."'1"+'
$.'("C2$&%'("$'>*+,*-$4'

)+"--"'+%CC"?',%D$,"&2$'D"+C%'$.'
1.*C,*]'>+"--"'9.<?',%D$,"&2$'$&'<C-$2*'
(*.'1.*C,*'D"+C%'$'2"CC<2$]'>+"--"'
*+*&-$%&"?'-$+-%.%'"&2"+%:"1*2$-%

!$9"+*,"&2"'2+*22%'(*?'8*&/'^ANNK_



!"#$%&$'($')*+,*-%.%/$*'/"&"+*." 0*1$2%.%'E4'=$%:($C1%&$9$.$2L'"'($C2+$9<#$%&"'("$'>*+,*-$4'OP

;4<4) c$(S#$-F(+$=$1$'R)) ) )

!"#$%&%'$"()%(:%'?)%67'$%:%2%4<!"#$%&%'$"()%(:%'?)%67'$%:%2%4<

E$04#$850"$1$+$/FE$04#$850"$1$+$/F)L)1&)F",%"+'/&1")#$)#(-")-(77$+$-',&'&)96&,7&%()+(+)7(#$H%&'(A)%J"),&::$/+:")1&)
%$,%(1&I$(+")-$-'"7$%&

22M'$70&*!%&!B&*-%&'0*(&B&+&,>@
'*77&(&',6/,&!SWW!7)!%&!8(!5/67/.*!#&/!*6/+$

vW!7)!%&!=8$',*!5/67/.*!'*(*!/''*6B&,&!&(!5*67/!
&77*%&F./,/

0$6!.8&!+/!B&*-%&'0*(&B&+&,>!?!%$+!vWr
(NBN@!+/!B&*-%&'0*(&B&+&,>!%&!8(!5/67/.*!'*77&(&',6/,*!0$6!#&/!
$(%*#$(*'/!?!%$+!SWWrN!A$6!,8,,$!+$!/+,6$!#&$!+/!B&*-%&'0*(&B&+&,>!
'/6>!'$706$!7&(*6$!%$+!SWWr
3/!5*678+/9&*($!5/67/.$8,&./!$!+/!#&/!%&!'*77&(&',6/9&*($!
%$#*(*!$''$6$!&%*($$!0$6!5/#*6&6$!+/!7/''&7/!B&*-%&'0*(&B&+&,>!
%$+!5/67/.*

D=<=7='D=<=7=' ))044B3>044B3>''AS2AS2''>5)!I25605B>5)!I25605B''!0!0''R>BR>BQQ@>EFB5>R>!>4M@>EFB5>R>!>4M

22 â$,/B*+&'7*!$0/,&.*!%&!06&7*!0/''/))&*!

P*+8B&+&,>!%$+!5/67/.*

<(',/B&+&,>!.;&7&./

p/,86/!%$++/!06$0/6/9&*($!5/67/.$8,&./

)$/<+*'E4A4'=$%:($C1%&$9$.$2L'$&'><&#$%&"'("..*'D$*'($'
C%,,$&$C2+*#$%&"4'!$9"+*,"&2"'2+*22%'(*?'c%`.*&('
^ANNQ_4'BR0?'*)&*'6"#&)'%6)8&



!"#$%&$'($')*+,*-%.%/$*'/"&"+*." 0*1$2%.%'E4'=$%:($C1%&$9$.$2L'"'($C2+$9<#$%&"'("$'>*+,*-$4'O7

D=<=;='D=<=;=' RR>B>BQQ2UI>10!25602UI>10!2560

!"#$%&%'$"()%(:%'?"J3%5-2"$&-!"#$%&%'$"()%(:%'?"J3%5-2"$&-

!/")F,(#(''$)6&,7&%"/'$%$)-(+()%(+-$#",&'$)=$(S"K/$2&1"+'$E)&)F&,$'R)#$)&''$2$'R)$+',$+-"%&E)K/&+#()$)1(,()
F,(H1$)%(+%"+',&I$(+"S'"7F(E)(''"+/'$)%(+)1&)-'"--&)#(-")-(77$+$-',&'&E)-(+()%(-d)-$7$1$)%J")L)
$7F,(=&=$1")F,(#/%&+()#$O","+I"),$1"2&+'$)+":1$)"O"''$)'",&F"/'$%$)"e()&22",-$

22c8$!06$0/6/9&*(&!5/67/.$8,&.;$!'*(*@

.;&7&./7$(,$!$=8&#/+$(,&!'$!.*(,$()*(*!+*!',$''*!5/67/.*!/++$!',$''$!%*'&

B&*+*)&./7$(,$!$=8&#/+$(,&!'$!0*6,/(*!/++$!',$''$!.*(.$(,6/9&*(&!0+/'7/,&.;$!($+!,$70*:!=8/(%*!
'*77&(&',6/,$!/++*!',$''*!&(%&#&%8*

,$6/0$8,&./7$(,$!$=8&#/+$(,&!'$!%/((*!+*!',$''*!$H$,,*!,$6/0$8,&.*:!=8/(%*!'*77&(&',6/,$!/++*!',$''*!
&(%&#&%8*

223/!B&*-$=8&#/+$(9/!%&!%8$!5*67$!5/67/.$8,&.;$!?!0/6,&.*+/67$(,$!&70*6,/(,$!=8/(%*!&+!5/67/.*@
;/!8(!B/''*!&(%&.$!,$6/0$8,&.*

?!7*+,*!0*,$(,$

?!8'/,*!0$6!&+!,6/,,/7$(,*!*!+/!06$#$(9&*($!%&!0/,*+*)&$!)6/#&

22 5/67/.&!0$6!&!=8/+&!'*(*!%*.87$(,/,$!#/6&/9&*(&!6&+$#/(,&!%$++/!B&*-%&'0*(&B&+&,>!%*#8,$!/++/!5*67/!5/67/.$8,&./
$'N@!%&)*''&(/:!0/6/.$,/7*+*:!.+*6%&/9$0*''&%*:!5$(&,*&(/:!Ö/65/6&(



!"#$%&$'($')*+,*-%.%/$*'/"&"+*." 0*1$2%.%'E4'=$%:($C1%&$9$.$2L'"'($C2+$9<#$%&"'("$'>*+,*-$4'O;

;4;4) 51)2(1/7")#$)#$-',$=/I$(+")#"$)6&,7&%$)) )

D=D=7='D=D=7=' !!>UI>@>>UI>@>C'C'@>E43>RI6>B52@>E43>RI6>B52''22''?B1>?254>?B1>?254>

)$/<+*'E4@'^C%1+*_4'!$e<$($'"'C%.$($4'M*?'=*+9$"+$'^AN3A_

)$/<+*'E4E'^*'C&4_4'!$e<$($?'-%,1*+2$,"&2$4'M*?'=*+9$"+$'^AN3A_

K'5%/"$4%()"%(2%J3%)%K'5%/"$4%()"%(2%J3%)%

c/!8(!08(,*!%&!#&',*!*0$6/,&#*!'&!08G!)$($6/+&99/6$!=8/(,*!'$)8$@

&+!+&=8&%*!&(,6/-.$++8+/6$!.*78(&./!.*(!+E$',$6(*!/,,6/#$6'*!&+!+&=8&%*!
&(,$6',&9&/+$!%/!.8&!?!'$0/6/,*!%/++/!7$7B6/(/!.$++8+/6$

.&G!.;$!$(,6/!$%!$'.$!%/+!(*',6*!.*60*!0/''/!/,,6/#$6'*!&+!+&=8&%*!
&(,$6',&9&/+$:!.;$!?!&(!.*78(&./9&*($!.*(!&+!0+/'7/

&+!0+/'7/!$:!%&!.*('$)8$(9/:!&+!+&=8&%*!&(,$6',&9&/+$:!#$()*(*!,$(8,&!&(!
.*(,&(8*!6&.&6.*+*!%/++/!0*70/!./6%&/./@!)+&!'0/9&!&(,$6-.$++8+/6&!'*(*!
0$6.*6'&!%/!8(/!.*66$(,$!%&!^8&%*

m/!$..$9&*($!&+!+&=8&%*!.$5/+*-6/.;&%&/(*:!06*%*,,*!%/&!0+$''&!.*6&*&%$&:!.;$!;/!8(!
^8''*!&(!8'.&,/!%/+!PpJ!'*',$(8,*!%/++/!06$''&*($!%&!'$.6$9&*($



!"#$%&$'($')*+,*-%.%/$*'/"&"+*." 0*1$2%.%'E4'=$%:($C1%&$9$.$2L'"'($C2+$9<#$%&"'("$'>*+,*-$4'O<

D=D=;='D=D=;=' 11B!I?2B!I?2''0FF0325420FF032542''@>@>''@>E43>RI6>B52@>E43>RI6>B52''@2>@2>'')03?0A>)03?0A>''52!!52!!GGB3805>E?BB3805>E?B

!"#$%&%'$"()%(5'23/"(-77-."$4"()%()%64.%:3&%'$"()%(3$(,-./-0'!"#$%&%'$"()%(5'23/"(-77-."$4"()%()%64.%:3&%'$"()%(3$(,-./-0'

51)2(1/7")&FF&,"+'")#$)#$-',$=/I$(+")9b#A)#"$)6&,7&%$)+"11C(,:&+$-7()L)K/"1)2(1/7")9'"(,$%(A)%J")-&,"==")
+"%"--&,$()F",)%(+'"+",")1&)K/&+'$'R)#$)6&,7&%()F,"-"+'")+"11N(,:&+$-7()&11&)-'"--&)%(+%"+',&I$(+")#$)
K/"11&)F1&-7&'$%&

22 <!5/67/.&!'&!%&',6&B8&'.*(*!($&!#/6&!.*70/6,&7$(,&!&(!7*%*!%&'*7*)$($*@

-%,1*+2$,"&2%'1.*C,*2$-%?-%,1*+2$,"&2%'1.*C,*2$-%?

5/67/.&!.*(!$+$#/,*!0$'*!7*+$.*+/6$!*!.;$!'&!+$)/(*!/++$!06*,$&($!0+/'7/,&.;$!(*(!0*''*(*!0/''/6$!
/,,6/#$6'*!+$!%&'.*(,&(8&,>!$(%*,$+&/+&

.$e<$(%'"[2+*:-"..<.*+"?.$e<$(%'"[2+*:-"..<.*+"?

5/67/.&!.*(!B/''*!0$'*!7*+$.*+/6$!$%!&%6*F+&!.;$!(*(!0*''*(*!0/''/6$!+$!7$7B6/($!.$++8+/6&

*-e<*'-%+1%+"*'2%2*."?*-e<*'-%+1%+"*'2%2*."?

5/67/.&!.*(!B/''*!0$'*!7*+$.*+/6$!&%6*F+&

2"CC<2%'*($1%C%?2"CC<2%'*($1%C%?

5/67/.&!/+,/7$(,$!+&0*'*+8B&+&

*.2+$'C$2$?'*.2+$'C$2$?'2&/02&/0



!"#$%&$'($')*+,*-%.%/$*'/"&"+*." 0*1$2%.%'E4'=$%:($C1%&$9$.$2L'"'($C2+$9<#$%&"'("$'>*+,*-$4'OD

D=D=<='D=D=<=' II4>!>4M4>!>4M''F304>A0F304>A0''@2!@2!''1B!I?21B!I?2''0FF0325420FF032542''@>@>''@>E43>RI6>B52@>E43>RI6>B52'1'1((

22 L)(M(!N;

c@!=8/(,&,>!%&!5/67/.*!"%*'$1

J@!.*(.$(,6/9&*($!0+/'7/,&./

b%@!#*+87$!%&!%&',6&B89&*($!/00/6$(,$

22 0$6!.*(*'.$6$!+/!=8/(,&,>!%&!5/67/.*!06$'$(,$!($++E*6)/(&'7*@

L)(O(;(M(!

22 0$6!%$,$67&(/6$!&+!6$)&7$!,$6/0$8,&.*!*,,&7/+$!"%*'$!($.$''/6&/!/%!*,,$($6$!8(/!%/,/!.*(.$(,6/9&*($!
0+/'7/,&./!%$'&%$6/,/1

!NL)(M(;



!"#$%&$'($')*+,*-%.%/$*'/"&"+*." 0*1$2%.%'E4'=$%:($C1%&$9$.$2L'"'($C2+$9<#$%&"'("$'>*+,*-$4'OJ

D=D=D='D=D=D=' @@2423?>506>B522423?>506>B52''@2!@2!''1B!I?21B!I?2''0FF0325420FF032542''@>@>''@>E43>RI6>B52@>E43>RI6>B52'1'1((''''

22<+!b%!'&!%$,$67&(/!/,,6/#$6'*!+/!'*77&(&',6/9&*($!%&!8(/!%*'$!',/(%/6%!%&!8(!5/67/.*!.;$!&(&9&/+7$(,$!?!
.*(,$(8,*!&(,$6/7$(,$!($+!'&',$7/!#/'.*+/6$

P8..$''&#/7$(,$:!&+!5/67/.*!0/''/!%/+!0+/'7/!($++4&(,$6',&9&*!$!($++$!.$++8+$!%&7&(8$(%*!+/!'8/!.*(.$(,6/9&*($!
0+/'7/,&./

)$/<+*'E4Q4')*C$'($'($C2+$9<#$%&";'($'".$,$&*#$%&"'"'-*.-%.%'("..*'-%&-"&2+*#$%&"'$&$#$*."4'0N?'-%&-"&2+*#$%&"'$&$#$*."'1+"D$C2*'C"'.*'
($C2+$9<#$%&"'(".'>*+,*-%'>%CC"'C2*2*'$C2*&2*&"*4'M*2$'(*'c%`.*&('^ANNQ_



!"#$%&$'($')*+,*-%.%/$*'/"&"+*." 0*1$2%.%'E4'=$%:($C1%&$9$.$2L'"'($C2+$9<#$%&"'("$'>*+,*-$4'OK

D=D=J='D=D=J=' AAB332!06>B52B332!06>B52''430430'1'1((''22''>>''AB?F034>?254>AB?F034>?254>''4>EEI40!>4>EEI40!>''AB>51B!4>AB>51B!4>

k*9"..*'E4V?'0%++".*#$%&"'2+*'b(''"('$'-%,1*+2$,"&2$'2$CC<2*.$'-%$&D%.2$

F,%!-6!"6-*"
0I4

5-.#-!)
0$&$#()4

!"#(-.*)#$/*"%*)&&'*-6$%/$6%K'-6$%)6%5-.#-!"%S%,)&*.)=')*"

! $.*)"'*+&R*);*)"'+&;:)-!$%"4$ /"M:"4-&./*!%*#",-+&!"!#$%*&3*!,-/*)$

"#$%# *!.")"'*+&*%.","//"'*+&($'#*%","'* S:"4-&$T#)*5,$//:/*)$&0*,M:*&./*!%*#",*&$&/"M:"4-&"'#$)!#"7"*/$6

%#$&# .)$4'"!-/-'$+&*%-T","//"'* *,M:*&,-).-)$*&#-#*/$&0S:"4"&$T#)*5&$4&"'#)*5,$//:/*)"6

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

22 <+!#*+87$!/00/6$(,$!%&!%&',6&B89&*($!=8&(%&!?!8(/!7&'86/!.;$!(*(!.*66&'0*(%$!/%!8(!#*+87$!%&!8(!.*70/6,&7$(,*!
6$/+$



!"#$%&$'($')*+,*-%.%/$*'/"&"+*." 0*1$2%.%'E4'=$%:($C1%&$9$.$2L'"'($C2+$9<#$%&"'("$'>*+,*-$4'OL

;4U4) .":&7")6&,7&%(SF,('"$+&)F1&-7&'$%&)) )

22p$+!0+/'7/!&!5/67/.&!'&!0*''*(*!,6*#/6$!&(!%8$!5*67$@

5*67/!+&B$6/

5*67/!+$)/,/!")$($6/+7$(,$!/!06*,$&($1

22 3/!=8/(,&,>!%&!5/67/.*!+$)/,/!/%!8(/!06*,$&(/!%&0$(%$!%/@

+/!.*(.$(,6/9&*($!%&!5/67/.*!+&B$6*

+/!'8/!/L(&,>!0$6!&!'&,&!%&!+$)/7$!'8++$!06*,$&($

+/!.*(.$(,6/9&*($!%$++$!06*,$&($!/!.8&!'&!+$)/

D=J=7='D=J=7=' !!280?2280?2''@2>@2>'')03?0A>)03?0A>''AB5AB5''!2!2''F3B42>52F3B42>52''F!0E?04>AS2F!0E?04>AS2C'C')I56>B52)I56>B52

22<+!,6/'0*6,*!0+/'7/,&.*!%&!'*',/(9$!+$)/,$!/++$!06*,$&($!.*('$(,$!%&@

,6/'0*6,/6$!($+!'/()8$!%&!'*',/(9$!.*'x!+&0*F+$!%/!$''$6$!&('*+8B&+&!($++4/.=8/!0+/'7/,&./

6&%866$!+/!.*(.$(,6/9&*($!%&!5/67/.*!+&B$6*!($+!0+/'7/

7/(,$($6$!&+!)6/%&$(,$!%&!.*(.$(,6/9&*($!,6/!+87$!&(,$',&(/+$!$!0+/'7/!/87$(,/(%*!+4/''*6B&7$(,*!
&(,$',&(/+$

+&7&,/6$!+/!F+,6/9&*($!)+*7$68+/6$!"=8&(%&!+4$+&7&(/9&*($1!$%!&+!0/''/))&*!/,,6/#$6'*!+/!gMM!$!+/!0+/.$(,/

5*67/6$!.*70+$''&!5/67/.*-06*,$&(/!.;$!6/006$'$(,/(*!8(!%$0*'&,*!.&6.*+/(,$:!&+!=8/+$!+&B$6/!,/(,*!0&K!
5/67/.*!=8/(,*!0&K!5/67/.*!+&B$6*!#&$($!7$,/B*+&99/,*!*!$+&7&(/,*[!&+!+$)/7$!=8&(%&!%&7&(8&'.$!+4&(,$('&,>!
%$++4$H$,,*!5/67/.*+*)&.*:!7/!($!/87$(,/!+/!%86/,/

<+!,6/'0*6,*!0+/'7/,&.*!%&!'*',/(9$!+$)/,$!/++$!06*,$&($!?!./6/,,$6&99/,*!%/!+$)/7&!5/67/.*-06*,$&($!%&!(*67/!(*(-
'$+$,,&#&:!$!=8&(%&!5/67/.&!%&#$6'&!0*''*(*!.*70$,$6$!0$6!+$!',$''$!06*,$&($!"0*''&B&+&,>!%&!&()-;;-#$/*"&()-;;-#$/*"1



!"#$%&$'($')*+,*-%.%/$*'/"&"+*." 0*1$2%.%'E4'=$%:($C1%&$9$.$2L'"'($C2+$9<#$%&"'("$'>*+,*-$4'ON

D=J=;='D=J=;=' AAB5A254306>B5>B5A254306>B5>''F!0E?04>AS2F!0E?04>AS2''22''!280?2!280?2''0!!20!!2''F3B42>52F3B42>52

22p$+!0+/'7/:!/!.*(.$(,6/9&*(&!
,$6/0$8,&.;$:!+/!7/))&*6!0/6,$!
%$&!5/67/.&!'*(*!+$)/,&!/++$!
06*,$&($!0+/'7/,&.;$

,"($*,"&2"'.*'>+*#$%&"'($',"($*,"&2"'.*'>+*#$%&"'($'
>*+,*-%'.$9"+*'&"..*'>*+,*-%'.$9"+*'&"..*'
C%.<#$%&"'*-e<%C*'Y'9*CC*C%.<#$%&"'*-e<%C*'Y'9*CC*

.*'>%+,*'*22$D*'.*'>%+,*'*22$D*'
>*+,*-%.%/$-*,"&2"'Y'.*'>*+,*-%.%/$-*,"&2"'Y'.*'
1*+2"'.$9"+*1*+2"'.$9"+*

)$/<+*'E4I4'7,1%+2*&#*'(".'."/*,"'*.."'
1+%2"$&"'1"+'.F$&2"&C$2L'"'.*'(<+*2*'
("..F"X"22%'($'<&'>*+,*-%

!$9"+*,"&2"'2+*22%'(*?'!l..,*&&'^ANNN_



!"#$%&$'($')*+,*-%.%/$*'/"&"+*." 0*1$2%.%'E4'=$%:($C1%&$9$.$2L'"'($C2+$9<#$%&"'("$'>*+,*-$4'OO

D=J=<='D=J=<=' AA0304423>0304423>''@2!@2!''!280?2!280?2''@2>@2>'')03?0A>)03?0A>''AB5AB5''!2!2''F3B42>52F3B42>52''F!0E?04>AS2F!0E?04>AS2

22<!5/67/.&!'&!+$)/(*:!($++/!7/))&*6!0/6,$!%$&!./'&

/++E/+B87&(/!"'$!/.&%&1

/++/!)+&.*06*,$&(/!/.&%/!iS!"'$!B/'&.&1

223/!=8/(,&,>!%&!5/67/.*!+$)/,/!?!#/6&/B&+$!%/!5/67/.*!/!5/67/.*!"$'N@!B/6B&,/+$!Qr[!Ö/65/6&(!efr1

22 <+!+$)/7$!?:!'/+#*!6/6$!$..$9&*(&:!%$B*+$!$!6$#$6'&B&+$[!&+!.*70+$''*!5/67/.*-06*,$&(/!?!0$6.&G!5/.&+7$(,$!
%&''*.&/B&+$

223/!=8*,/!%&!5/67/.*!+$)/,/!?!&(!$=8&+&B6&*!.*(!+/!=8*,/!+&B$6/!($+!0+/'7/[!'$!=8$',/!.6$'.$:!.6$'.$!/(.;$!+/!=8*,/!
+$)/,/!F(*!/!8(!7/''&7*!"'/,86/9&*($!%$++/!./0/.&,>!%&!+$)/7$!%$++$!06*,$&($1

22 !*'e<%2*'($'>*+,*-%'."/*2*'*.."'1+%2"$&"'Y'>*+,*-%.%/$-*,"&2"'$&*22$D*!*'e<%2*'($'>*+,*-%'."/*2*'*.."'1+%2"$&"'Y'>*+,*-%.%/$-*,"&2"'$&*22$D*



!"#$%&$'($')*+,*-%.%/$*'/"&"+*." 0*1$2%.%'E4'=$%:($C1%&$9$.$2L'"'($C2+$9<#$%&"'("$'>*+,*-$4'7PP

D=J=D='D=J=D=' !G!G0!RI?>500!RI?>50C'C'!0!0''F3>5A>F0!2F3>5A>F0!2''F3B42>50F3B42>50''F!0E?04>A0F!0E?04>A0''!280542!280542''>>'')03?0A>)03?0A>''''

22 -2:3/%$-

PQ=(ä(P=
m!ã!5/67/.*!+&B$6*

P!ã!'&,*!%&!+$)/7$

mP!ã!.*70+$''*!5/67/.*-/+B87&(/

22J*(.$(,6/9&*($!/+B87&(/!($+!'/()8$@

?!%&!.&6./!WNR!77*+w3!"O!)wSWW!731

;/!%8$!'&,&!06&(.&0/+&!%&!+$)/7$!0$6!.8&!08G!+$)/6$!&!5/67/.&!F(*!/!SNT!77*+w3

0$6!+/!7/))&*6!0/6,$!%$&!5/67/.&!+/!.*(.$(,6/9&*($!0+/'7/,&./!6&.;&$',/!0$6!/#$6$!8(!$H$,,*!.+&(&.*!?!
7&(*6$!%&!SNT!77*+w3

($!.*('$)8$!.;$!&!'&,&!%&!+$)/7$!(*(!'*(*!'/,86/,&!$!+/!.*(.$(,6/9&*($!mP!"5/67/.*!+$)/,*1!#/6&/!&(!
7/(&$6/!%&6$,,/7$(,$!06*0*69&*(/+$!.*(!=8$++/!%&!m!"5/67/.*!+&B$6*1

&(!=8$',$!.*(%&9&*(&!%&!(*(!'/,86/9&*($!&+!'$)8$(,$!6/00*6,*!?!&(%&0$(%$(,$!%/++/!.*(.$(,6/9&*($!5/67/.*

RP=SNTRPSQRP=SU



!"#$%&$'($')*+,*-%.%/$*'/"&"+*." 0*1$2%.%'E4'=$%:($C1%&$9$.$2L'"'($C2+$9<#$%&"'("$'>*+,*-$4'7P7

E6"/7%'()%(.-77'.4'(4.-(,'./-(2%:".-("(,'./-(2"1-4-()%(3$(,-./-0'($"2(72-6/-((E6"/7%'()%(.-77'.4'(4.-(,'./-(2%:".-("(,'./-(2"1-4-()%(3$(,-./-0'($"2(72-6/-((

)$/<+*'E4K4')"&$.9<2*#%&"?'+*11%+2%'2+*'e<%2*'."/*2*'"'e<%2*'.$9"+*'$&'><&#$%&"'
("..*'-%&-"&2+*#$%&"'2%2*."4'M*2$'(*'8*&/'^ANNK_

22X87$(,/(%*!+/!.*(.$(,6/9&*($!%&!8(!5/67/.*!.*(!%*'$!
,$6/0$8,&./!#&.&(*!/++/!'/,86/9&*($!%$&!'&,&!%&!+$)/7$!
%$++E/+B87&(/:!'&!/87$(,/!&(!7*%*!(*(!+&($/6$!+/!.*(.$(,6/9&*($!
%$+!5/67/.*!+&B$6*



!"#$%&$'($')*+,*-%.%/$*'/"&"+*." 0*1$2%.%'E4'=$%:($C1%&$9$.$2L'"'($C2+$9<#$%&"'("$'>*+,*-$4'7P;

D=J=J='D=J=J=' AAB?F24>6>B52B?F24>6>B52''430430'')03)03?0A>?0A>''F23F23''>!>!''!280?2!280?2''AB5AB5''!2!2''F3B42>52F3B42>52''F!0E?04>AS2F!0E?04>AS2

;2-66%()%(,-./-0%(%$(.%,".%/"$4'(-2(2"1-/"(0'$(2"(7.'4"%$"(72-6/-4%09";2-66%()%(,-./-0%(%$(.%,".%/"$4'(-2(2"1-/"(0'$(2"(7.'4"%$"(72-6/-4%09"

22 T-.#-!)%,)%!6-&&$%JU +/!%*'$!8,&+&99/,/!%$+!5/67/.*!?!&(5$6&*6$!/++/!./0/.&,>!%&!+$)/7$!%$++4/+B87&(/

&!'&,&!%&!+$)/7$!'*(*!&(!$..$''*!6&'0$,,*!/+!5/67/.*!%&'0*(&B&+$!$!+/!=8*,/!%&!
5/67/.*!+$)/,/!?!/+,/!"+/!7/))&*6!0/6,$!%$&!.*70*',&!%&!8'*!.+&(&.*1

22 T-.#-!)%,)%!6-&&$%JJU &+!5/67/.*!?!'*77&(&',6/,*!&(!%*'&!7*+,*!'80$6&*6&!/+!(87$6*!%$&!'&,&!%&!+$)/7$!
%$++4/+B87&(/

+/!=8*,/!6$+/,&#/!/+!5/67/.*!+&B$6*!?!/+,/

=7%-&&-/"$4'()"%(,-./-0%=7%-&&-/"$4'()"%(,-./-0%

22p$+!./'*!%&!8(!5/67/.*!%&!.+/''$!<!'*77&(&',6/,*!&('&$7$!/%!8(!5/67/.*!%&!.+/''$!<<@

5/67/.*!%&!.+/''$!<!"$'N@!,*+B8,/7&%$:!'8+5/(&+86$$:!&('8+&(/1!'&!,6*#/!&(&9&/+7$(,$!0$6!&+!eQr!+$)/,*!$!0$6!&+!
Qr!+&B$6*

/++/!.*(,$70*6/($/!'*77&(&',6/9&*($!%&!8(!5/67/.*!%&!.+/''$!<<!"$'N@!8(!'8+5/7&%&.*1:!=8$',E8+,&7*!'0&/99/!
&+!5/67/.*!%&!.+/''$!<!%/+!+$)/7$!./8'/(%*!8(!6/0&%*!/87$(,*!0+/'7/,&.*!%$++/!=8*,/!+&B$6/!%$+!5/67/.*!%&!
.+/''$!<

A/7'.4-$&-()"22'(67%-&&-/"$4'()"%(,-./-0%A/7'.4-$&-()"22'(67%-&&-/"$4'()"%(,-./-0%

223*!'0&/99/7$(,*!%$&!5/67/.&!%/++$!06*,$&($!0+/'7/,&.;$!?!&70*6,/(,$!'$@

&+!5/67/.*!.;$!#&$($!'0&/99/,*!'&!,6*#/!&(&9&/+7$(,$!+$)/,*!0$6!*+,6$!&+!eWr

&+!0/9&$(,$!;/!8(/!6&%*,,/!./0/.&,>!%&!B&*-,6/'5*67/9&*($!$0/,&./!%$+!5/67/.*!'0&/99/,*

&+!5/67/.*!'0&/99/,*!;/!8(!&(%&.$!,$6/0$8,&.*!6&',6$,,*

&+!5/67/.*!'0&/99/,*!$!+*!'0&/99/(,$!&(,$6/)&'.*(*!5/67/.*-%&(/7&./7$(,$!"Ö/65/6&(!$!/'0&6&(/1



!"#$%&$'($')*+,*-%.%/$*'/"&"+*." 0*1$2%.%'E4'=$%:($C1%&$9$.$2L'"'($C2+$9<#$%&"'("$'>*+,*-$4'7P<

;4@4) V&''(,$)%J")7(#$H%&+()1&)#$-',$=/I$(+")#"$)6&,7&%$)) ) )

22P*(*!7*+,&!&!5/,,*6&!.;$!7*%&F./(*!+/!%&',6&B89&*($!%$&!5/67/.&@

W2LW2L

&0*-/+B87&($7&/!($++4/(9&/(*!$!($+!($*(/,*

06$'$(9/!%&!/+B87&(/!5$,/+$!/!6&%*,,/!./0/.&,>!%&!+$)/7$!($+!($*(/,*

06$'$(9/!%&!7$,/B*+&,&!$(%*)$(&!'0&/99/(,&!($++4/(9&/(*!$!($+!($*(/,*

5+*D$(*&#*5+*D$(*&#*

&0*-/+B87&($7&/

#/6&/9&*(&!($&!#*+87&!%$&!.*70/6,&7$(,&!%$++4/.=8/!.*60*6$/

S"+,*&"&#*'*'."22%S"+,*&"&#*'*'."22%

%$,$6&*6/7$(,*!%$++/!58(9&*($!.&6.*+/,*6&/

W1*2%1*2$"W1*2%1*2$"

&0*-/+B87&($7&/[!/..878+*!%&!7$,/B*+&,&!$(%*)$(&!'0&/99/(,&

H">+%1*2$"H">+%1*2$"

&0*-/+B87&($7&/[!6&%89&*($!%$++/!./0/.&,>!%&!+$)/7$!%$++/!/+B87&(/

RC2$%&$'/+*D$;',*.*22$"'$&>"22$D"'"'$&J*,,*2%+$";'2+*<,$;'$&2"+D"&2$'-6$+<+/$-$;'&"%1.*C$";'-%.$2"'<.-"+%C*RC2$%&$'/+*D$;',*.*22$"'$&>"22$D"'"'$&J*,,*2%+$";'2+*<,$;'$&2"+D"&2$'-6$+<+/$-$;'&"%1.*C$";'-%.$2"'<.-"+%C*

&0*-/+B87&($7&/

/87$(,*!%$++/!.*(.$(,6/9&*($!%&!*6*'*78.*&%$!"06*,$&(/!%$++/!5/'$!/.8,/!%$++4&(F/77/9&*($!.;$!+$)/!#/6&!
5/67/.&1



!"#$%&$'($')*+,*-%.%/$*'/"&"+*." 0*1$2%.%'E4'=$%:($C1%&$9$.$2L'"'($C2+$9<#$%&"'("$'>*+,*-$4'7PD

;4Z4) 8,$+%$F&1$)6(+'$)/'$1$II&'"

=*+9$"+$;'!4;'\2+%--6$;'W4'^AN3A_'!"#$%&$'($'S*2%.%/$*'/"&"+*."4'77'"('($/$2*."4''S%.%'\-$"&2$J-%':'M$(*22$-%'($'8$,$&$':'=$9.$%2"-*'
0"&2+*.$##*2*4'8$,$&$'7\=H'VKUUUVKI3KNAN'1<99.$-*2*'*..Z$&($+$##%'6221?GG*,C*-2*4<&$9%4$2G@E@KG''^444G@EAKG_''^444G@E@QG_

=+<&2%&;'!4;'S*+a"+;'n4!4;'=.<,"&26*.;'M4n4;'=<[2%&;'74!4P4'^"(C4_'^ANNU_'5%%(,*&'t'5$.,*&FC'O*&<*.'%>'16*+,*-%.%/g'*&('26"+*1"<2$-C4'
b777'"(4'O-5+*`'c$..;'H"`'r%+a

c%`.*&(;'84M4;'Og-"a;'O4h4;'c*+D"g;'84B;'06*,1";'S404'^ANNQ_'S6*+,*-%.%/g4'777'"(4'!$11$&-%22'v$..$*,C'*&('v$.a$&C;'S6$.*(".16$*

n%+"&;'54;'H<.,*&;'74;'06<(."g;'B4W4;'!%%-a";'04'^ANN@_')"2*.'*.-%6%.'C1"-2+<,'($C%+("+4'0*&*($*&'O"(4'BCC%-4'h4'3IV;'33U3:33UQ

!l..,*&&;'c4;'y$"/."+;'B4;'O%6+;'n4;'=$"/"+;'M4'^ANNN_'0.%+'*2.*C'%>'16*+,*-%.%/g4'77'"(4'k6$",";'\2<22/*+2

v*++"&;'n484;'=*C2;'84h4'^3VUN_'B.-%6%.'+".*2"('9$+26'(">"-2C?'*&'<1(*2"4'S<94'c"*.26'8"14'3N@;'I@U:IEA

=%4%(>":=%4%(>":

6221?GG*,C*-2*4<&$9%4$2G@' 'E@' 'K D$C$2*2%'$.'3QGNIGAN3A *--"CC$9$."'$.'A3GN@GAN3@

http://amsacta.unibo.it/3437
http://amsacta.unibo.it/3437
http://amsacta.unibo.it/3437


!"#$%&$'($')*+,*-%.%/$*'/"&"+*." 0*1$2%.%'Q4'O"2*9%.$C,%'("$'>*+,*-$4'7PJ

G-G- ''H&/*10+$830'#&$H&/*10+$830'#&$''
2*)3*%$2*)3*%$

7'"($#$%&"'

8%9"+2%'8$,%&($&$:5$%+/$&$;'!<$/$'=*+9$"+$

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

hI'[$&2#"A(D)"'+$('Q2%)2@(IIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIII;:h
hI;I'[4ZN17/3K[7'45'NZZ3k3Zt'543'?N![NB3''''IIIIIIIIIIIIIIIIIIIIIIIIIIIII;:_
hI9I'K3KZ4[3'[4ZN17/3B3'B738k7/Z3'84/'[4ZN17/3K[7'543'?N![NB3''''
IIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIII ;:l
hI<I'B/NKK3?3BN63784'54//4'!4N63783'[4ZN17/3Bb4'''IIIIIIIIIIIIIIIIII;:`
Q4@434'\2<($%'(".',"2*9%.$C,%'(".'>*+,*-%''444444444444444444444444444444444444444444444444444444444 33N
Q4@4A4'\2+<22<+"',%."-%.*+$'("..F%+/*&$C,%'-%$&D%.2"'&".',"2*9%.$C,%'("$'>*+,*-$
444444444444444444444444444444444444444444444444444444444444444444444444444444444444444444444444444444444444444444444444444444 333
Q4@4@4'0*,9$*,"&2%'($'*22$D$2L'*'C"/<$2%'($',"2*9%.$C,%444444444444444444444444444444444444433A

hIiI'385O63784'45'NZZ3kN63784'''IIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIII ;;<
Q4E434'7&(<#$%&"'DC4'*22$D*#$%&"4444444444444444444444444444444444444444444444444444444444444444444444444444433@
Q4E4A4'7.'-$2%-+%,%'SEQN4444444444444444444444444444444444444444444444444444444444444444444444444444444444444444 33E
Q4E4@4'7&(<#$%&"',"2*9%.$-*'"&#$,*2$-*4444444444444444444444444444444444444444444444444444444444444444 33K

Q4E4E4'7&$9$#$%&"',"2*9%.$-*4444444444444444444444444444444444444444444444444444444444444444444444444444444444 33U
Q4E4Q4'PCC$(*#$%&$'&%&',$-+%C%,$*.$444444444444444444444444444444444444444444444444444444444444444444444433V
Q4E4I4'B.-%%.'M"$(+%/"&*C$''4444444444444444444444444444444444444444444444444444444444444444444444444444444444 33V

hIhI'!4N63783'54/'[4ZN17/3K[7'53'?NK4'33'''IIIIIIIIIIIIIIIIIIIIIIIIIIIIIII ;9:
Q4Q434'8"*#$%&$'($'-%&$</*#$%&"444444444444444444444444444444444444444444444444444444444444444444444444444443AN
Q4Q4A4'0*+*22"+$'"'-%&C"/<"&#"'("..*'/.<-<+%&%:-%&$</*#$%&"4444444444444444444444444444443AN
Q4Q4@4'0$+-%.%'"&2"+%:"1*2$-%444444444444444444444444444444444444444444444444444444444444444444444444444444444 3A3

hIaI'4KB!463784''''IIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIII;99
hI_I'4/3[38N63784'O!38N!3N'543'?N![NB3'4H7'543'/7!7'[4ZN17/3Z3''''
IIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIII ;9<
hIlI'/N'B/4N!N8B4'53'O8'?N![NB7'''IIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIII ;9_
Q4U434'!*'-."*+*&-"'+"&*."'($'<&'>*+,*-%44444444444444444444444444444444444444444444444444444444444444 3AK

hI`I'c!38B3cN/3'?78Z3'OZ3/366NZ4IIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIII ;9l



!"#$%&$'($')*+,*-%.%/$*'/"&"+*." 0*1$2%.%'Q4'O"2*9%.$C,%'("$'>*+,*-$4'7PK



!"#$%&$'($')*+,*-%.%/$*'/"&"+*." 0*1$2%.%'Q4'O"2*9%.$C,%'("$'>*+,*-$4'7PL

U434) Y"'&=(1$-7()"#)&''$2$'R)#"$)6&,7&%$)) ) )

22 <!5/67/.&!8,&+&99/(*!&!06*.$''&!7$,/B*+&.&!F'&*+*)&.&!.;$!,$(%*(*!/!6$(%$6$!+$!7*+$.*+$!%$+!(*67/+$!7$,/B*+&'7*!!
0&K!&%6*'*+8B&+&!$!=8&(%&!0&K!5/.&+7$(,$!$+&7&(/B&+&

$'N@!)+&.86*(/9&*($!%$++/!B&+&68B&(/

X(.;$!&!5/67/.&!#$()*(*!$+&7&(/,&!0&K!6/0&%/7$(,$!$!(*(!'&!/..878+/(*!'$!6$'&!&%6*'*+8B&+&!/,,6/#$6'*!06*.$''&!
7$,/B*+&.&

3$!,6/'5*67/9&*(&!
7$,/B*+&.;$!.;$!&+!
.*70*',*!5/67/.*!'8B&'.$!
0*''*(*!0*6,/6$!/!V!$H$,,&!
'8++/!'8/!/,,&#&,>@

%&'/,,&#/9&*($!
7$,/B*+&./

/,,&#/9&*($!
7$,/B*+&./

./7B&*!%&!/,,&#&,>!
5/67/.*+*)&./

)$/<+*'Q434'WX"22$'(".'
,"2*9%.$C,%'C<..F*22$D$2L'("$'
>*+,*-$4'!$9"+*,"&2"'2+*22%'
(*.."'."#$%&$'("..*'M%224'
8%CC"..*'M*..FP.$%



!"#$%&$'($')*+,*-%.%/$*'/"&"+*." 0*1$2%.%'Q4'O"2*9%.$C,%'("$'>*+,*-$4'7PN

U4>4) T$-'"7$)7"'&=(1$%$)%($+2(1'$)+"1)7"'&=(1$-7()#"$)6&,7&%$)) ) )

22h+&!$(9&7&!%$08,/,&!/++$!B&*-,6/'5*67/9&*(&!
;/((*

8(/!'./6'/!'0$.&F.&,>

.;$!'&!,6/%8.$!&(

8(/!B/''/!$L.&$(9/!./,/+&,&./

.*70$('/,/!0$6G

%/+!+*6*!(87$6*!$+$#/,*

%/++/!+*6*!8B&=8&,>

)$/<+*'Q4A4'S+$&-$1*.$'C$C2",$',"2*9%.$-$'-%$&D%.2$'&".'
,"2*9%.$C,%'("$'>*+,*-$

5\c?'/.<2*2$%&"'+$(%22%'^2+$1"12$("'-%&2"&"&2"'
-$C2"$&*_



!"#$%&$'($')*+,*-%.%/$*'/"&"+*." 0*1$2%.%'Q4'O"2*9%.$C,%'("$'>*+,*-$4'7PO

U4<4) W1&--$H%&I$(+")#"11"),"&I$(+$)7"'&=(1$%J")) )

22 3$!6$/9&*(&!7$,/B*+&.;$!'&!.+/''&F./(*!.*7$@

6$/9&*(&!%&!5/'$!<

6$/9&*(&!%&!5/'$!<<

<(!)$($6/+$@

+$!6$/9&*(&!%&!5/'$!<!'*(*!6$/9&*(&!%&!5'/;)"/-6);;-;)"/$5'/;)"/-6);;-;)"/$

+$!6$/9&*(&!%&!5/'$!<<!'*(*!6$/9&*(&!%&!!"/)'8-;)"/$!"/)'8-;)"/$

22 V$-;)"/)%5-&$%JU%

'*(*!6$/9&*(&!%&!%$)6/%/9&*($!"!-*-="6)!+$!-*-="6)!+$1

3$!6$/9&*(&!%&!5/'$!<!7*%&F./(*!&+!.*70*',*!%&!0/6,$(9/@

7$%&/(,$!*''&%/9&*($:!6&%89&*($!*!&%6*+&'&

&(,6*%8.$(%*!*!+&B$6/(%*!8(!)6800*!0*+/6$!&%6*F+*

3$!6$/9&*(&!%&!5/'$!<!06*%8.*(*@

7$,/B*+&,&!.;$!0*''*(*!$''$6$!/,,&#&!*!&(/,,&#&

J&/'.8(!5/67/.*!08G!'8B&6$!8(/!*!0&K!%&!=8$',$!7*%&F./9&*(&

22 V$-;)"/)%,)%5-&$%JJU

'*(*!6$/9&*(&!%&!'&(,$'&!"-/-="6)!+$-/-="6)!+$1

+$!6$/9&*(&!%&!5/'$!<<!,6/'5$6&'.*(*!'8B',6/,&!$(%*)$(&!'8&!5/67/.&!*!'8&!7$,/B*+&,&!%$++/!5/'$!<
$'N@!+/!.*(&8)/9&*($!.*(!/.&%*!)+8.86*(&.*!*!.*(!'*+5/,&!%/!&(!)$($6$!.*70*',&!0&K!0*+/6&!$!&(/,,&#&



!"#$%&$'($')*+,*-%.%/$*'/"&"+*." 0*1$2%.%'Q4'O"2*9%.$C,%'("$'>*+,*-$4'77P

J=<=7='J=<=7=' EE4I@>B4I@>B''@2!@2!''?240RB!>E?B?240RB!>E?B''@2!@2!'')03?0AB)03?0AB''''

22 3*!',8%&*!%$+!7$,/B*+&'7*!%$+!5/67/.*!.*('$(,$@

%&!.*(*'.$6($!&+!7$../(&'7*!%4/9&*($

%&!.*(*'.$6($!&+!%$',&(*!/++4&(,$6(*!%$++4*6)/(&'7*

%&!06*)$,,/6$!7*%&F.;$!',68,,86/+&!0$6!0*,$6!7*%8+/6$!/!'.*0*!,$6/0$8,&.*!+/!6$'&',$(9/!/++$!',$''$!
6$/9&*(&!7$,/B*+&.;$

)$/<+*'Q4@4'\2+*2"/$"'&"..%'CD$.<11%'("$'
>*+,*-$'9*C*2"'C<.',"2*9%.$C,%4'!$9"+*,"&2"'
2+*22%'(*.."'."#$%&$'("..*'(%224'8%CC"..*'
M*..FP.$%



!"#$%&$'($')*+,*-%.%/$*'/"&"+*." 0*1$2%.%'Q4'O"2*9%.$C,%'("$'>*+,*-$4'777

J=<=;='J=<=;=' EE43I44I3243I44I32''?B!2AB!03>?B!2AB!03>''@2!!@2!!GGB3805>E?BB3805>E?B''AB>51B!42AB>51B!42''52!52!''?240RB!>E?B?240RB!>E?B''@2>@2>'')03?0A>)03?0A>

22 o$/9&*(&!%&!5/'$!<

)6800&!58(9&*(/+&99/(,&!0&K!.*78(&@

VWV+G

VWV=G

VWV;++G

VWV*GX

22 o$/9&*(&!%&!5/'$!<<

7*+$.*+$!$(%*)$($!"âM1!.;$!%*(/(*!8(/!0/6,$!%&!'$!',$''$!"å1!/)+&!_$(*-B&*,&.&!"lg1

YD(Q(KEZ(W(YDZ(Q(KE



!"#$%&$'($')*+,*-%.%/$*'/"&"+*." 0*1$2%.%'Q4'O"2*9%.$C,%'("$'>*+,*-$4'77;

J=<=<='J=<=<=' AA0?R>0?254B0?R>0?254B''@>@>''044>1>4M044>1>4M''00''E28I>4BE28I>4B''@>@>''?240RB!>E?B?240RB!>E?B

22 P0$''*!+$!6$/9&*(&!%&!5/'$!<!0*6,/(*!/++/!5*67/9&*($!%&!06*%*,,&!.;$!'*(*!0&K!6$/,,&#&!$!,/+#*+,/!0&K!,*''&.&!*!
./6.&(*)$(&.&!%$&!+*6*!5/67/.&!%4*6&)&($

3$!6$/9&*(&!%&!5/'$!<<!0*6,/(*!%&!(*67/!/++/!5*67/9&*($!%&!.*70*',&!&(/,,&#&

$..$9&*($@!&+!7&(*_&%&+!"/,,&#/,*6$!%$&!./(/+&!/+!0*,/''&*!8'/,*!0$6!+4&0$6,$('&*($!)6/#$1

)$/<+*'Q4E4'O"2*9%.$C,%'"'-*,9$*,"&2%'($'
*22$D$2L'("$'>*+,*-$



!"#$%&$'($')*+,*-%.%/$*'/"&"+*." 0*1$2%.%'Q4'O"2*9%.$C,%'("$'>*+,*-$4'77<

U4;4) 5+#/I$(+")"#)&''$2&I$(+")) )

J=D=7='J=D=7=' >>5@I6>B525@I6>B52''1E1E='='044>106>B52044>106>B52

)$/<+*'Q4Q4'7&(<#$%&"'829'*22$D*#$%&"

H".'/+*J-%'D"&/%&%'$&($-*2$'C%.%'$'1+%-"CC$'-6"'1%+2*&%'*('<&'*<,"&2%'^60')&(6+*,$.">'
("..F*22$D$2L'"&#$,*2$-*?'"C$C2%&%'$'1+%-"CC$'$&D"+C$'-6"'1%+2*&%'*..*'#.Z"')&(6+*,$."'
("..F*22$D$2L'"&#$,*2$-*

7&'/$*..%'$.'1+%-"CC%'($'$&(<#$%&"]'$&'*##<++%'$.'1+%-"CC%'($'*22$D*#$%&"]'$&'D"+("'$.'.$D"..%'($'
*22$D$2L'"&#$,*2$-*

22 <+!+&#$++*!%&!/,,&#&,>!$(9&7/,&./!#&$($!%$,$67&(/,*@

%/++E&(%89&*($!%/++E$'06$''&*($!)$(&./!.;$!08G!#$(&6!6$)*+/,/!0$6!&(%89&*($!*!'*006$''&*($!%$++/!
,6/'.6&9&*($

%/++E/,,&#/9&*($!%$++$!7*+$.*+$!%&!$(9&7/!.;$!08G!#$(&6!6$)*+/,/!%/!/,,&#/,*6&!$!'*006$''*6&



!"#$%&$'($')*+,*-%.%/$*'/"&"+*." 0*1$2%.%'Q4'O"2*9%.$C,%'("$'>*+,*-$4'77D

J=D=;='J=D=;=' >>!!''A>4BA3B?BA>4BA3B?B'FDJP'FDJP

A6'?"$&%/%()"2(0%4'0.'/'(F[\]A6'?"$&%/%()"2(0%4'0.'/'(F[\]

22 <+!.&,*.6*7*!AOQW!?!8(*!%$&!06&(.&0/+&!/,,*6&!($+!7$,/B*+&'7*!%$&!5/67/.&

P&!06$'$(,/!.*(!7*+,$!&'*5*67$!/%!/,,&#&,>!$(9&7/,&./!(*(!'*#6/00*(&B&+$!"'*(*!',/,&!&%$(,&F./,&!Qv!)$(&!%&#$6'&1

<!06&(.&0/+&!&'*-$(9&7&!AOQW!'*(*!",6/!0/6$(,$'&!r!%$&!5/67/.&!,6/'5*67/,&!%/++/!'&()*+/!&'*-5*67/1@

JåASXS BWEAXYBWEAXY 0YP40YP4 JåATXR

BWEYBZQARBWEYBZQAR 0A[P40A[P4 BWEYBAZBWEYBAZ 0A[P40A[P4 BWEY\]BWEY\] 0Y[P40Y[P4

BWEYXHABWEYXHA 0YP40YP4 ;ZF^C[;ZF^C[ T_]`UT_]`U JåAVXQ

JåAVXv JåAOX JåATg

;'?"$&%/%(")(%$)344'.%;'?"$&%/%(")(%$)344'.%

k*9"..*'Q43N?'0%:"&#$,$'"'$&(<22%+$4'W."&-%'*'C-%1%'($(*22$-%'$&'-%&2$&<*'"D%.<#$%&"

)&"$/;)#-U%BWEYBQBAR )&"$/;)#-U%BWEY\] )&"$/;)#-U%BWE^X_Q[

'8B',6/,&!.*78(& &(%8,,*6& '8B',6/,&!.*78(& &(%8,,*6& '8B',6/,&!.*78(& &(%8,,*6&

R*);*)"' ;$'-9*)9"#*/$ 4$!".)*%"'* - ,*)9*%*7$."'* ,*)9*%*7$."'*

;$'"#-"'* )";*%.","'* "%".)*%"'* - ,",/-!.-)"'* 4$!*%$#*!-'$

"9:.)-;$'$ - */-.$)"4-/- - $)"#)-%","'* ;$'-9*)9"#*/$

#-/9:#*%"4$ - .)-.*'-/-/- - 3$)*.*%"/ )";*%.","'*



!"#$%&$'($')*+,*-%.%/$*'/"&"+*." 0*1$2%.%'Q4'O"2*9%.$C,%'("$'>*+,*-$4'77J

;%4'0.'/'(F[\](^C[;%4'0.'/'(F[\](^C[

22 JåAVXO!?!6$'0*('/B&+$!%$+!7$,/B*+&'7*!%&!.&6./!&+!RWr!%&!,8,,&!&!5/67/.&!

6/006$'$(,/!.&6./!&+!Tfr!%$&!JåA!AOQW

06$'$(,$!/%!/+,/!.*(.$(,6/9&*(&!($++/!78.*'/!&(,$',&(/+$:!?!6$'0*('/B&+$!%$+!7$,/B*+&'7*!$H$,,*!06&7*!
0/''/))&*!0$6!5/67/.&!.*7$!.+*606*7/9&(/!$!&+!.+*(/9$0/7

B&*^/#*(*&%&!.*(,$(8,&!($+!!'8..*!%&!0*70$+7*!"0$2+<C'1*+*($C$1!6&%8.*(*!+4$'06$''&*($!%&!=8$',*!$(9&7/

#&$($!&(&B&,*!%/!0/6$..;&!5/67/.&!%&!8'*!.*78($:!/!#*+,$!5*6,$7$(,$:!0&K!'0$''*!'*+*!0/69&/+7$(,$

P-./-0%(09"(%$%:%60'$'(,'.4"/"$4"(;ZF^C[P-./-0%(09"(%$%:%60'$'(,'.4"/"$4"(;ZF^C[

22 *&2$9$%2$-$*&2$9$%2$-$

$6&,6*7&.&(/

.+/6&,6*7&.&(/

,$+&,6*7&.&(/

.+*6/75$(&.*+*

*/"&2$'*&2$:><&/$&$*/"&2$'*&2$:><&/$&$

n$,*.*(/9*+*

&,6/.*(/9*+*

*&2$:("1+"CC$D$*&2$:("1+"CC$D$

($5/9*+*($

$&$9$2%+$'(".."'1+%2"*C$$&$9$2%+$'(".."'1+%2"*C$

$'N@!5/67/.&!/(,&-d<b

)$/<+*'Q4I4'\2+<22<+*'($'-+$C2*..$'
(".'-$2%-+%,%'SEQN'@BE'."/*2%'*'
,"2$+*1%&"'"'1+%/"C2"+%&"4'
7,,*/$&"'%.--."'#.-*$"'(*'
`$a$,"($*4%+/{0rS@BE{SM=3vNW;'
(*2$'%+$/$&*.$'("..*'C2+<22<+*'^SM='
3vNW_'(*'v$..$*,C'^ANNE_

http://upload.wikimedia.org/wikipedia/commons/6/66/CYP3A4_PDB1W0E.png


!"#$%&$'($')*+,*-%.%/$*'/"&"+*." 0*1$2%.%'Q4'O"2*9%.$C,%'("$'>*+,*-$4'77K

P-44'.%(09"(%$B3"$&-$'(2-(637".?,-/%12%-()"2(0%4'0.'/'(F[\]P-44'.%(09"(%$B3"$&-$'(2-(637".?,-/%12%-()"2(0%4'0.'/'(F[\]

22 "2L"2L

C"CC%C"CC%

>*22%+$'*,9$"&2*.$4'WC4?>*22%+$'*,9$"&2*.$4'WC4?

587*!%&!'&)/6$,,/

&(=8&(/(,&!=8/+&!&%6*./6B86&!/6*7/,&.&

($"2*4'WC4?($"2*4'WC4?

/,,&#/,*6&@!0+<-$>"+*":!./6($!%&!7/(9*!7*+,*!/66*',&,/!/++/!B6/.$

&(&B&,*6&@!B&*-^/#*(*&%&!%$+!'8..*!%&!0*70$+7*

>*+,*-$4'WC4?>*+,*-$4'WC4?

&(%8,,*6&@!B/6B&,86&.&:!/(,&-.*(#8+'&#/(,&:!/(,&',/7&(&.&:!&0$6&.*:!/''8(9&*($!.6*(&./!%&!/+.**+

&(&B&,*6&@!$',6*)$(&:!.&7$,&%&(/:!/(,&.*/)8+/(,&:!/''8(9&*($!/.8,/!%&!/+.**+

>*22%+$'/"&"2$-$4'WC4?>*22%+$'/"&"2$-$4'WC4?

0*+&7*6F'7*!JåAcR@!($''8(!$H$,,*!%$++/!.*%$&(/!.;$!%$#$!$''$6$!I-%$7$,&+/,/!0$6!$''$6$!/,,&#/

0*+&7*6F'7*!JåATJe@!/''*.&/,*!/%!$H$,,&!+$,/+&!%$+!Ö/65/6&(

*.2"+*2*'><&#$%&*.$2L'"1*2$-*'^($/$<&%;'"1*2$2$;'2<,%+$'"1*2$-$_*.2"+*2*'><&#$%&*.$2L'"1*2$-*'^($/$<&%;'"1*2$2$;'2<,%+$'"1*2$-$_



!"#$%&$'($')*+,*-%.%/$*'/"&"+*." 0*1$2%.%'Q4'O"2*9%.$C,%'("$'>*+,*-$4'77L

J=D=<='J=D=<=' >>5@I6>B525@I6>B52''?240RB!>A0?240RB!>A0''256>?04>A0256>?04>A0

22 Z$70*6/($*!+&#$++*!#/6&/B&+$!%&!/+.8(&!$(9&7&!B&*-,6/'5*67/(,&!&(%*,,*!%/++/!$'0*'&9&*($!.6*(&./!/!'*',/(9$!
$(%*)$($!*!/!5/67/.&N!o&.;&$%$!,$70*!")&*6(&1!0$6!7/(&5$',/6'&!$!'.*70/6&6$

22 A8G!0*6,/6$!/@

6&%89&*($!%$++4$H$,,*!,$6/0$8,&.*

/87$(,*!%$++4$H$,,*!,$6/0$8,&.*

/87$(,*!%$++4$H$,,*!,*''&.*

A8G!$''$6$!/++/!B/'$!%&!5$(*7$(&!%&!/00/6$(,$!6$'&',$(9/!/++/!,$6/0&/

3/!06$'$(9/!%&!&(%8,,*6$!08G!0*6,/6$!/++/!'*77&(&',6/9&*($!%&!%*'&!$+$#/,$!%$+!5/67/.*!/''*.&/,*!.;$!%&#$(,/(*!
,*''&.;$!/++/!'*'0$('&*($!%$+!,6/,,/7$(,*!&(%8.$(,$!

M'$70&!%&!&(%8,,*6&@!5$(*B/6B&,/+$:!5$(&,*&(/:!./6B/7/9$0&(/:!5$(&+B8,/9*($:!/B8'*!.6*(&.*!%&!/+.**+:!&0$6&.*:!587*!
%&!'&)/6$,,/:!.&B&!.*,,&!/++/!B6/.$:!./#*+&(&!%&!g68_$++$'!$%!/+,6$!.68.&5$6$

E6"/7%()%(,-./-0%(09"(-3/"$4%$'(%2(/"4-:'2%6/'()%(-24.%(,-./-0%(7".(%$)3&%'$"("$&%/-4%0-E6"/7%()%(,-./-0%(09"(-3/"$4%$'(%2(/"4-:'2%6/'()%(-24.%(,-./-0%(7".(%$)3&%'$"("$&%/-4%0-

k*9"..*'Q433?'WC",1$'($'>*+,*-$'-6"'*<,"&2$&%'$.',"2*9%.$C,%'($'*.2+$'>*+,*-$

5-.#-!"%)/,'**".$ 5-.#-!"%)6%!')%#$*-="6)&#"%7)$/$%-'#$/*-*"

;$'"/9:#*7-'$&0*'#"5"'H*%%*#-)"-6 ,-)#"!-/-+&4"(-!!"'*

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

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

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



!"#$%&$'($')*+,*-%.%/$*'/"&"+*." 0*1$2%.%'Q4'O"2*9%.$C,%'("$'>*+,*-$4'77N

J=D=D='J=D=D=' >>5>R>6>B525>R>6>B52''?240RB!>A0?240RB!>A0

22 3E&(&B&9&*($!7$,/B*+&./!08G!$''$6$!%$'.6&,,/!.*7$!8(/!44"/7'.-$"-"/7'.-$"-!6&%89&*($!%$++4/,,&#&,>!%&!/+.8(&!$(9&7&!B&*-
,6/'5*67/(,&!%*#8,/!/@

&(&B&9&*($!.*70$,&,&#/!*!&66$#$6'&B&+$

/+,$6/,/!'&(,$'&!$(9&7/,&./

/+,$6/,/!%&'0*(&B&+&,>!%&!.*5/,,*6&

A8G!0*6,/6$!/@

/87$(,*!%$++4&(,$('&,>!$!%$++/!%86/,/!%$++4$H$,,*!,$6/0$8,&.*!$!,*''&.*

%&7&(89&*($!%$++4/,,&#&,>!5/67/.*-%&(/7&./!$w*!,*''&./!"&(!./'*!%&!06*-5/67/.&1

M'$70&!%&!&(&B&,*6&@!/(,&-58()&(&:!7/.6*+&%&:!.;&(&(/:!.&7$,&%&(/:!.+*6/75$(&.*+*:!5$(*,&/9&($:!/(,&%$06$''&#&!
'$6*,*(&($6)&.&:!a!B+*../(,&:!/+.**+!"8'*!/.8,*1:!B&*-^/#*(*&%&!%$+!'8..*!%&!0*70$+7*

22 X+.8(&!5/67/.&!'*(*@ &(&B&,*6&!/!,$70&!B6$#&

&(%8,,*6&!0$6!'*77&(&',6/9&*(&!06*+8()/,$

E6"/7%()%(,-./-0%(09"(%$%:%60'$'(%2(/"4-:'2%6/'()%(-24.%(,-./-0%E6"/7%()%(,-./-0%(09"(%$%:%60'$'(%2(/"4-:'2%6/'()%(-24.%(,-./-0%

k*9"..*'Q43A?'WC",1$'($'>*+,*-$'-6"'($,$&<$C-%&%'$.',"2*9%.$C,%'($'*.2+$'>*+,*-$

5-.#-!"%)/)=)*".$ 5-.#-!"%)6%!')%#$*-="6)&#"%7)$/$%)/)=)*"

,"%$#"4"'*&0*'#"5"!#*%"'",-&*'#"5JF6 4"*7$.*%+&R*);*)"'

4",:%*)-/- ;$'"#-"'*

4"!:/H)*% $#*'-/-+&;$'"#-"'*+&R*);*)"'

;$'"/9:#*7-'$&0;*)%*,-&*'#"5"'H*%%*#-)"-&'-'&!#$)-"4$-+&UVWX6 ;$'"#-"'*



!"#$%&$'($')*+,*-%.%/$*'/"&"+*." 0*1$2%.%'Q4'O"2*9%.$C,%'("$'>*+,*-$4'77O

J=D=J='J=D=J=' BBEE>@06>B5>EE>@06>B5>''5B55B5''?>A3BEB?>0!>?>A3BEB?>0!>

22 3$!6$/9&*(&!%&!*''&%*-6&%89&*($!(*(!'*(*!$'.+8'&#/7$(,$!
7&.6*'*7&/+&

/+.**+!%$&%6*)$(/'&

/+%$&%$!%$&%6*)$(/'&

_/(,&(/!*''&%/'&

%&/77&(/!*''&%/'&

7*(*-/77&(/!*''&%/'&

!"#$%&%'$"()%(/%0.'6'/%!"#$%&%'$"()%(/%0.'6'/%

5)7$%,(-(7$)-(+()-',/''/,")-/=S%"11/1&,$)%J")
#",$2&+()#&11&)6,&77"+'&I$(+")#"11")
2"-%$%(1")")#"11")%$-'",+"),"'$%(1()
"+#(F1&-7$%()#/,&+'")1&)/1',&S
%"+',$6/:&I$(+"B)+(+)"-$-'(+()%(7")'&1$)$+)
2$2(

J=D=K='J=D=K=' 00!ABB!!ABB!'@'@2>@3B8250E>2>@3B8250E>''''

22 Ü!8(!$(9&7/!06$'$(,$!=8/'&!$'.+8'&#/7$(,$!($++$!.$++8+$!0/6$(.;&7/+&!%$+!5$)/,*@

.*(#$6,$!$,/(*+*!&(!/.$,/+%$&%$

.*(#$6,$!7$,/(*+*!&(!5*67/+%$&%$

;G^;GX+G(Q(*C!
Q(a(;G^;G+(Q(*C!G(Q(G

Q

Ü!',6$,,/7$(,$!/''*.&/,*!/++/!/.$,/+%$&%$!%$&%6*)$(/'&

;G^;G+(Q(;'C(Q(*C!
Q(a(-0"4%2?;'C(Q(*C!G(Q(GQ

7$(,6$!+E/.$,/+%$&%$!".*7$!,8,,$!+$!/+%$&%&1!?!,*''&./:!+E/.$,&+-J*X!".*$(9&7/!X1!08G!$(,6/6$!($+!.&.+*!%&!
k6$B'!$%!$''$6$!7$,/B*+&99/,*

'*+/7$(,$!'$!+/!06*%89&*($!%&!/.$,&+-J*X!$..$%$!+/!./0/.&,>!%$+!.&.+*!%&!k6$B'!08G!.*(%$('/6$!%/(%*!
*6&)&($!/!.*60&!.;$,*(&.&!.;$!'*(*!0*,$(9&/+7$(,$!,*''&.&



!"#$%&$'($')*+,*-%.%/$*'/"&"+*." 0*1$2%.%'Q4'O"2*9%.$C,%'("$'>*+,*-$4'7;P

U4U4) f"&I$(+$)#"1)7"'&=(1$-7()#$)6&-")55)) )

J=J=7='J=J=7=' 33206>B5>206>B5>''@>@>''AB5>I806>B52AB5>I806>B52

22 P$!&+!7$,/B*+&,/!%$6&#/(,$!%/!5/'$!<!?!0*+/6$!"&%6*F+*1!08G!$''$6$!$'.6$,*!%/+!6$($

22 P$!&+!7$,/B*+&,/!%$6&#/(,$!%/!5/'$!<!?!/0*+/6$!"+&0*F+*1!08G!$''$6$!6&/''*6B&,*!%/+!,8B*+*!6$(/+$!0$6!.8&!+/!
.*(&8)/9&*($!.*(!8(!'8B',6/,*!$(%*)$(*!"$'N@!!/.&%*!)+8.86*(&.*:!/.&%*!'*+5*6&.*:!/.&%*!/.$,&.*:!*!8(!
/77&(*/.&%*1!%/!+8*)*!/!.*70*',&!0*+/6&!0&K!&%6*'*+8B&+&!.;$!0*''*(*!$''$6$!$+&7&(/,&!#&/!6$($

J=J=;='J=J=;=' AA0304423>0304423>''22''AB5E28I2562AB5E28I2562''@2!!0@2!!0''8!IAI3B5B8!IAI3B5BQQAB5>I806>B52AB5>I806>B52

22 3/!)+8.86*(*-.*(&8)/9&*($@

?!&+!06*.$''*!0&K!56$=8$(,$!%&!B&*-,6/'5*67/9&*($!%$&!5/67/.&

.*('&',$!($+!+$)/7$!,6/!/.&%*!)+8.86*(&.*!"%$6&#/,*!%/&!./6B*&%6/,&!%$++4*6)/(&'7*1!$!#/6&!)6800&!58(9&*(/+&!
%$+!5/67/.*!"/77&(&.*:!./6B*''&+&.*:!'8+F%6&+&.*:!5$(*+&.*:!/+.**+&.*1

#&$($!./,/+&99/,/!%/!$(9&7&!7&.6*'*7&/+&!$0/,&.&!"+$!)+8.86*(&+-,6/('5$6/'&1

08G!$''$6$!&('8L.&$(,$!"$,>!($*(/,/+$:!7/+/,,&$!$0/,&.;$:!$,.N1!$!06*#*./6$!%&!.*('$)8$(9/!'&(%6*7&!
7*6B*'$!"$'N@!'&(%6*7$!)6&)&/!%/!.+*6/75$(&.*+*1

<+!5/67/.*!)+8.86*(*-.*(&8)/,*@

%&#$(,/!0&K!&%6*'*+8B&+$!$!5/67/.*+*)&./7$(,$!&(/,,&#*:!,6/(($!6/6$!$..$9&*(&!"$'N@!+/!7*6F(/!R-
)+8.86*(&%$!.;$!?!R!#*+,$!0&K!0*,$(,$!%$++/!7*6F(/1

08G!0/''/6$!.*(!+/!B&+$!%/+!5$)/,*!/++4&(,$',&(*!%*#$!?!&%6*+&99/,*!%/++$!a-)+8.86*(&%/'&!"&(,$',&(/+&!$!
B/,,$6&.;$1!6&,*6(/(%*!+&B$6*!$!=8&(%&!6&/''*6B&B&+$!"$'N!F'&*+*)&.*@!.&6.*+*!$(,$6*-$0/,&.*!%$++/!B&+&68B&(/1



!"#$%&$'($')*+,*-%.%/$*'/"&"+*." 0*1$2%.%'Q4'O"2*9%.$C,%'("$'>*+,*-$4'7;7

J=J=<='J=J=<=' AA>3AB!B>3AB!B''25423B25423BQQ2F04>AB2F04>AB

%

3$!,/00$!%$+!.&6.*+*!$(,$6*-$0/,&.*@

(%1%'C%,,$&$C2+*#$%&"'%+*."'<&'(%1%'C%,,$&$C2+*#$%&"'%+*."'<&'
>*+,*-%'D$"&"'2+*C1%+2*2%;'D$*'>*+,*-%'D$"&"'2+*C1%+2*2%;'D$*'
D"&*'1%+2*;'*.'>"/*2%'^+"*#$%&$'D"&*'1%+2*;'*.'>"/*2%'^+"*#$%&$'
($'><&#$%&*.$##*#$%&"_($'><&#$%&*.$##*#$%&"_

*.'1c'JC$%.%/$-%'."',%."-%."'*.'1c'JC$%.%/$-%'."',%."-%."'
C%&%'2+*C>%+,*2"'$&'*-$($'"'C%&%'C%&%'2+*C>%+,*2"'$&'*-$($'"'C%&%'
1+"D*."&2","&2"'$%&$##*2"?'.*'1+"D*."&2","&2"'$%&$##*2"?'.*'
-*+$-*'&"/*2$D*'-%&>"+$C-"'<&*'-*+$-*'&"/*2$D*'-%&>"+$C-"'<&*'
*.2*'1%.*+$2L'^$&-*1*-$'($'*.2*'1%.*+$2L'^$&-*1*-$'($'
1*CC*+"'.*',",9+*&*_1*CC*+"'.*',",9+*&*_

e<"C2$'1+%(%22$'D"&/%&%'-%&$<:e<"C2$'1+%(%22$'D"&/%&%'-%&$<:
/*2$;'1%$'1*CC*&%'(*/.$'"1*2%-$2$'/*2$;'1%$'1*CC*&%'(*/.$'"1*2%-$2$'
*..F$&2"C2$&%'*22+*D"+C%'.*'9$."*..F$&2"C2$&%'*22+*D"+C%'.*'9$."

&"..F$&2"C2$&%;'$'1+%(%22$'P:&"..F$&2"C2$&%;'$'1+%(%22$'P:
/.<-<+%&*2$'1%CC%&%'"CC"+"'/.<-<+%&*2$'1%CC%&%'"CC"+"'
C-$CC$'1"+'*#$%&"'($'m:C-$CC$'1"+'*#$%&"'($'m:
/.<-<+%&$(*C$'9*22"+$-6"'("..*'/.<-<+%&$(*C$'9*22"+$-6"'("..*'
q%+*'$&2"C2$&*.";'1"+,"22"&(%'.*'q%+*'$&2"C2$&*.";'1"+,"22"&(%'.*'
.$9"+*#$%&"'($',%."-%."'(".'.$9"+*#$%&"'($',%."-%."'(".'
>*+,*-%'-6"'D"&/%&%'>*+,*-%'-6"'D"&/%&%'
+$*CC%+9$2"'*'.$D"..%'(".'-%.%&+$*CC%+9$2"'*'.$D"..%'(".'-%.%&

)$/<+*'Q4K4'0$+-%.%'"&2"+%:"1*2$-%

!$9"+*,"&2"'2+*22%'(*'!l..,*&&'^ANNN_



!"#$%&$'($')*+,*-%.%/$*'/"&"+*." 0*1$2%.%'Q4'O"2*9%.$C,%'("$'>*+,*-$4'7;;

U4@4) [-%,"I$(+")) ) )

6'//%$%64.-&%'$"

$/*$.-6$

(-.$/*$.-6$

=)"!"#(-.*)#$/*"%
(6-&#-*)!"

#$*-="6)&#"%
5$8-*"M%("6#"/$M%$*!`

$
&
!
.$
;
)"
/
$

,'./-(2"1-4-N(
,'./-(2%:".-

,'./-(%$-44%5-N(
,'./-(-44%5-

$&!.$;)"/$

5".#-%
6)=$.-%$%
-**)7-

=$.&-86)"%
,$66a-**)7)*N%
5-.#-!"6"8)!-

5".#-%
6)=$.-

5".#-%
6)=$.-

223E$'.6$9&*($!/##&$($!,6/7&,$

86&(/

5$.&

6$'0&6/9&*($

,6/'0&6/9&*($

+/,,$!7/,$6(*

22 3E$'.6$9&*($!%&!8(!5/67/.*!.*7-
0*6,/!8(!7*#&7$(,*!%$++*!',$''*!
*00*',*!/!=8$++*!.;$!+4/#$#/!
.*(%*,,*!($++/!'$%$!%4/9&*($

P&!;/!8(!6&,*6(*!%$+!5/67/.*!%/&!
,$''8,&!/+!'/()8$!0*&!8(!0/''/))&*!
%/+!'/()8$!/)+&!*6)/(&!%&!
$'.6$9&*($!$!&(F($!8(!0/''/))&*!
%/!=8$',&!/)+&!$'.6$,&!F'&*+*)&.&!
%$++4*6)/(&'7*N!3/!$'.6$9&*($!
.*',&,8&'.$:!/''&$7$!/++4/..878+*!
($&!%$0*'&,&!$!/++/!B&*-
,6/'5*67/9&*($!8(!7$99*!0$6!
/++*(,/(/6$!&+!5/67/.*!%/++/!'$%$!%&!
/9&*($!$:!0$6,/(,*:!0$6!0*66$!F($!
/+!'8*!$H$,,*!5/67/.*+*)&.*

)$/<+*'Q4U4'M"C2$&%'($'<&*'C%C2*&#*'*



!"#$%&$'($')*+,*-%.%/$*'/"&"+*." 0*1$2%.%'Q4'O"2*9%.$C,%'("$'>*+,*-$4'7;<

U4Z4) [1$7$+&I$(+")/,$+&,$&)#"$)6&,7&%$)"e()#"$)1(,()7"'&=(1$'$)) ) )

;-.-44".%()"22-("2%/%$-&%'$"(3.%$-.%-()"%(,-./-0%;-.-44".%()"22-("2%/%$-&%'$"(3.%$-.%-()"%(,-./-0%

223E$+&7&(/9&*($!86&(/6&/!%$&!5/67/.&!/##&$($!/+!($,,*!%&!,6$!$#$(,&@

J.2+*#$%&"'/.%,"+<.*+"J.2+*#$%&"'/.%,"+<.*+"

C"-+"#$%&"'2<9<.*+"C"-+"#$%&"'2<9<.*+"

+$*CC%+9$,"&2%'2<9<.*+"+$*CC%+9$,"&2%'2<9<.*+"



!"#$%&$'($')*+,*-%.%/$*'/"&"+*." 0*1$2%.%'Q4'O"2*9%.$C,%'("$'>*+,*-$4'7;D

)$/<+*'Q4V4'W.$,$&*#$%&"'<+$&*+$*4'!$9"+*,"&2"'2+*22%'(*'!l..,*&&'^ANNN_'"'=*+9$"+$'^AN3A_



!"#$%&$'($')*+,*-%.%/$*'/"&"+*." 0*1$2%.%'Q4'O"2*9%.$C,%'("$'>*+,*-$4'7;J

;-.-44".%()"22-(#24.-&%'$"(12'/".32-."()"%(,-./-0%;-.-44".%()"22-(#24.-&%'$"(12'/".32-."()"%(,-./-0%

22q8/(%*!&+!'/()8$!'.*66$!($++4/6,$6&/!)+*7$68+/6$!+/!=8*,/!%&!5/67/.*!+&B$6*!($+!0+/'7/!#$66>!F+,6/,/!%/+!)+*7$68+*!
/''&$7$!/)+&!/+,6&!.*',&,8$(,&!0+/'7/,&.&

p*(!#$66/((*!F+,6/,&@

+/!=8*,/!%&!5/67/.*!+$)/,/!/++$!06*,$&($

5/67/.&!%&!%&/7$,6*!7*+$.*+/6$!'80$6&*6$!/&!SWW!ç!"%&/7$,6*!%$&!0*6&!%$&!./0&++/6&!)+*7$68+/6&1

A*&.;`!'*+*!+/!=8*,/!+&B$6/!#&$($!F+,6/,/:!5/67/.&!,$(/.$7$(,$!+$)/,&!/++$!06*,$&($!0+/'7/,&.;$!#$66/((*!$'.6$,&!
0&K!+$(,/7$(,$!%/+!6$($

22 3/!#$+*.&,>!%&!F+,6/9&*($!)+*7$68+/6$!%&!8(!5/67/.*!%&0$(%$!06&(.&0/+7$(,$!%/++/!06$''&*($!%$+!'/()8$!
($++4/6,$6&*+/!)+*7$68+/6$N!<(!.*(%&9&*(&!',/(%/6%@

LbP(M(cX\(/8N/%$(.;$!?!&+!TWr!%&(PFV(M(_]](/8N/%$

bhmã!#$+*.&,>!F+,6/9&*($!)+*7$68+/6$[!mAoã!^8''*!0+/'7/,&.*!6$(/+$

;-.-44".%()"22-(6"0."&%'$"(43:32-."()"%(,-./-0%;-.-44".%()"22-(6"0."&%'$"(43:32-."()"%(,-./-0%

223/!'$.6$9&*($!,8B8+/6$!%$&!5/67/.&

?!8(!06*.$''*!%&!,6/'0*6,*!/,,&#*!"($++/!7/))&*6!0/6,$!%$&!./'&1

?!+*./+&99/,/!/!+&#$++*!%$+!,8B8+*!06*''&7/+$

%&0$(%$!%/++/!06$'$(9/!%&!%8$!'&',$7&!%&!,6/'0*6,*!"0$6!+$!B/'&!$!0$6!)+&!/.&%&1!'./6'/7$(,$!'0$.&F.&

0*&.;`!&!'&',$7&!;/((*!'./6'/!'0$.&F.&,>:!%&H$6$(,&!/.&%&!"*!%&H$6$(,&!B/'&1!0*''*(*!.*70$,$6$!0$6!&+!
'&',$7/!%&!,6/'0*6,*[!(*(!$'&',$!&(#$.$!.*70$,&9&*($!,6/!8(!/.&%*!$!8(/!B/'$

$(,6/7B&!&!'&',$7&!%&!,6/'0*6,*!'*(*!'/,86/B&+&!$!0$6,/(,*!*)(&!'*',/(9/:!$+&7&(/,/!%/!,/+$!'&',$7/:!;/!8(/!
'8/!7/''&7/!#$+*.&,>!%&!'$.6$9&*($!"Z7!ã!k<9<.*+',*[$,<,1



!"#$%&$'($')*+,*-%.%/$*'/"&"+*." 0*1$2%.%'Q4'O"2*9%.$C,%'("$'>*+,*-$4'7;K

;-.-44".%()"2(.%-66'.:%/"$4'(43:32-."()"%(;-.-44".%()"2(.%-66'.:%/"$4'(43:32-."()"%(

,-./-0%,-./-0%

$&!.$;)"/$%,$)%5-.#-!)%"%
,$)%#$*-="6)*)%,)%5-&$%A%$Q"%Y%
("6-.)%"%)"/);;-*)

22 &+!6&/''*6B&7$(,*!,8B8+/6$!%$&!5/67/.&@

*DD$"&"'*'.$D"..%'($'2<22%'$.'2<9<.%*DD$"&"'*'.$D"..%'($'2<22%'$.'2<9<.%

Y;'*'1*+$2L'($'*.2+"'-%&($#$%&$;'2*&2%'Y;'*'1*+$2L'($'*.2+"'-%&($#$%&$;'2*&2%'
,*//$%+"'e<*&2%',*//$%+"'Y'.*',*//$%+"'e<*&2%',*//$%+"'Y'.*'
.$1%:C%.<9$.$2L'(".'>*+,*-%.$1%:C%.<9$.$2L'(".'>*+,*-%

($1"&(";'1"+'>*+,*-$'-6"'C%&%'($1"&(";'1"+'>*+,*-$'-6"'C%&%'
"."22+%.$2$'("9%.$;'(*.'1c'("..Z<+$&*'"."22+%.$2$'("9%.$;'(*.'1c'("..Z<+$&*'
2<9<.*+"?2<9<.*+"?

&+!6&/''*6B&7$(,*!%$)+&!/.&%&!%$B*+&!
#$66>!5/#*6&,*!'$!&+!+*6*!0n!?!
7/))&*6$!%$+!0d!"86&(/!/.&%/1

&+!6&/''*6B&7$(,*!%$++$!B/'&!%$B*+&!
#$66>!5/#*6&,*!'$!&+!+*6*!0n!?!
7&(*6$!%$+!0d!"86&(/!B/'&./1

;-.-44".%()"%(,-./-0%("60."4%(0'$(2"(3.%$";-.-44".%()"%(,-./-0%("60."4%(0'$(2"(3.%$"

22 <!5/67/.&!*%!&!+*6*!7$,/B*+&,&!$'.6$,&!.*(!
+$!86&($!'*(*!0*+/6&!$w*!&*(&99/,&

)$/<+*'Q43N4'7.'+$*CC%+9$,"&2%'2<9<.*+"'("$'>*+,*-$



!"#$%&$'($')*+,*-%.%/$*'/"&"+*." 0*1$2%.%'Q4'O"2*9%.$C,%'("$'>*+,*-$4'7;L

U4\4) .&)%1"&,&+%")#$)/+)6&,7&%()) )

T$)#"H+$-%")%+&*)*"%&)#$)/+)6&,7&%()1&)K/&+'$'R)#$)F1&-7&)%J")2$"+")1$=",&'&)9%+&*)&#A)#&)K/"1)6&,7&%()
+"11N/+$'R)#$)'"7F()9"-F,"--&)$+)7.e7$+A

22 3/!-."*+*&-"!?!8(!&(%&.$!%$++/!#$+*.&,>!%&!'.*70/6'/!%&!8(!5/67/.*!%/+!0+/'7/

<!06*.$''&!.;$!0*6,/(*!/++/!'.*70/6'/!%&!8(!5/67/.*!%/++4*6)/(&'7*!/##$()*(*!06&(.&0/+7$(,$!($+!5$)/,*!"B&*-
,6/'5*67/9&*($:!J3M1!$!($+!6$($!"$'.6$9&*($:!J3o1N!X+,6&!*6)/(&!0*''*(*:!&(!7&'86/!7&(*6$:!.*(,6&B8&6$!/++/!
'.*70/6'/!%$+!5/67/.*!"J3X1N!3/!-."*+*&-"!,*,/+$!"2%2*.'9%(g'-."*+*&-"1!'/6>!/++*6/@!

;8(4'4-2"(M(;8V(Q(;8E(Q(;8C

3/!-."*+*&-"!,*,/+$!08*\ !$''$6$!%$F(&,/!%/@!

;8(M(0'64-$4"()%("2%/%$-&%'$"(T`"2U(O(L)

3/!-."*+*&-"!,*,/+$!$'06&7$!+/!56/9&*($!%&!b%!.;$!08*\ !$''$6$!086&F./,/!%/!=8$+!5/67/.*!($++48(&,>!%&!,$70*

J=N=7='J=N=7=' !!00''I<@JAJKI@I<@JAJKI@''3250!23250!2''@>@>''I5I5'')03?0AB)03?0AB

22 +/!#$+*.&,>!.*(!.8&!8(!5/67/.*!#&$($!$'.6$,*!%/+!6$($!#/6&/:!/!0/6&,>!%&!/+,6$!.*(%&9&*(&:!/!'$.*(%/!%$+!,&0*!
%$+!5/67/.*!',$''*

,/+$!#$+*.&,/\ !08G!$''$6$!7&'86/,/!%/++/!-."*+*&-"!6$(/+$

8(/!'*',/(9/!F+,6/,/!%/+!)+*7$68+*!$!(*(!6&/''*6B&,/!($!'$.6$,/!%/+!,8B8+*!/#6>!8(/!-."*+*&-"!6$(/+$!0/6&!
/!STQ!"=8/(,&,>!%&!0+/'7/!F+,6/,*!&(!8(!7&(8,*1

0$6,/(,*!5/67/.&!.*(!-."*+*&-"!6$(/+$!&(5$6&*6$!/!STQ!#$66/((*!.)-&&".=)*).)-&&".=)*)!%/+!,8B8+*:!5/67/.&!.*(!
-."*+*&-"!6$(/+$!'80$6&*6$!/!STQ!#$66/((*!&$!.$*)&$!.$*)!%/!,8B8+*



!"#$%&$'($')*+,*-%.%/$*'/"&"+*." 0*1$2%.%'Q4'O"2*9%.$C,%'("$'>*+,*-$4'7;N

U4]4) 8,$+%$F&1$)6(+'$)/'$1$II&'"

=*+9$"+$;'!4;'\2+%--6$;'W4'^AN3A_'!"#$%&$'($'S*2%.%/$*'/"&"+*."4'77'"('($/$2*."4''S%.%'\-$"&2$J-%':'M$(*22$-%'($'8$,$&$':'=$9.$%2"-*'
0"&2+*.$##*2*4'8$,$&$'7\=H'VKUUUVKI3KNAN'1<99.$-*2*'*..Z$&($+$##%'6221?GG*,C*-2*4<&$9%4$2G@E@KG''^444G@EAKG_''^444G@E@QG_

).%-a6*+2'MB4'M+</'7&2"+*-2$%&C?'0g2%-6+%,"'SEQN'M+</'7&2"+*-2$%&'k*9."4'7&($*&*'R&$D"+C$2g'\-6%%.'%>'O"($-$&"'^ANNV_4'W."-2+%&$-'
1<99.$-*2$%&'*2'6221?GG,"($-$&"4$<1<$4"(<G-.$&16*+,G(($CG2*9."4*C1[

c%`.*&(;'84M4;'Og-"a;'O4h4;'c*+D"g;'84B;'06*,1";'S404'^ANNQ_'S6*+,*-%.%/g4'777'"(4'!$11$&-%22'v$..$*,C'*&('v$.a$&C;'S6$.*(".16$*

!l..,*&&;'c4;'y$"/."+;'B4;'O%6+;'n4;'=$"/"+;'M4'^ANNN_'0%.%+'*2.*C'%>'16*+,*-%.%/g4'77'"(4'k6$",";'\2<22/*+2

v$..$*,C;'S4B4;'0%C,";'h4;'b$&a%D$-;'M4O4;'v*+(;'B4;'B&/%D";'c404;'M*g;'S4h4;'b%&+6"$&;'04;'k$-a.";'74h4;'h6%2$;'c4'^ANNE_'0+gC2*.'C2+<-2<+"C'%>'
6<,*&'-g2%-6+%,"'SEQN'@BE'9%<&('2%',"2g+*1%&"'*&('1+%/"C2"+%&"4'\-$"&-"'@NQ;'IU@:IUU

=%4%(>":=%4%(>":

,"($-$&"4$<1<$4"(<G-.$&16*+,G(($CG2*9."4*C1[ D$C$2*2%'$.'AIG3NGAN3A *--"CC$9$."'$.'ANGN@GAN3@

`$a$,"($*4%+/{0rS@BE{SM=3vNW D$C$2*2%'$.'AIG3NGAN3A *--"CC$9$."'$.'ANGN@GAN3@

*,C*-2*4-$94<&$9%4$2G@E@KKG D$C$2*2%'$.'AIGNVGAN3A *--"CC$9$."'$.'ANGN@GAN3@

http://amsacta.cib.unibo.it/34377/
http://upload.wikimedia.org/wikipedia/commons/6/66/CYP3A4_PDB1W0E.png
http://medicine.iupui.edu/clinpharm/ddis/table.aspx
http://medicine.iupui.edu/clinpharm/ddis/table.aspx
http://amsacta.unibo.it/3437/


!"#$%&$'($')*+,*-%.%/$*'/"&"+*." 0*1$2%.%'I4'O"--*&$C,$'($'>*+,*-%:-$&"2$-*4'7;O

L-L- 'H&%%*"$83$'#$'2'H&%%*"$83$'#$'2*)3*%04*)3*%04
%$"&/$%*%$"&/$%*

7'"($#$%&"'

8%9"+2%'8$,%&($&$:5$%+/$&$;'!<$/$'=*+9$"+$

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

aI'[$@@2*(D)('+('Q2%)2@",@(*$&(@2IIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIII;9`
aI;I'?N![NB7,B384Z3BN''''IIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIII ;<;
I43434'W,$D$2*'($'<&'>*+,*-%444444444444444444444444444444444444444444444444444444444444444444444444444444444 3@A

aI9I'B384Z3BN'53'KB7[cN!KN'543'?N![NB3''''IIIIIIIIIIIIIIIIIIIIIIIIIIIIIIII;<h
I4A434'0$&"2$-*'"'C%,,$&$C2+*#$%&"44444444444444444444444444444444444444444444444444444444444444444444444 3@Q
I4A4A4'0*+*22"+$'("..*'-$&"2$-*'($'1+$,%'%+($&"''4444444444444444444444444444444444444444444444444444 3@I
I4A4@4'0*+*22"+$'("..*'-$&"2$-*'($'%+($&"'N''44444444444444444444444444444444444444444444444444444444444 3@U

aI<I'B384Z3BN'54//N'K7[[383KZ!N63784'B78Z38ON''IIIIIIIIIIIIIIIIIIIII;<`

I4@434'7&q<"&#*'("..*'D".%-$2L'($'$&><C$%&"''4444444444444444444444444444444444444444444444444444444444 3EN
I4@4A4'7.'1"+$%(%'($'`*C6'%<2''4444444444444444444444444444444444444444444444444444444444444444444444444444444 3E3
I4@4@4'M%C"'($'-*+$-%''4444444444444444444444444444444444444444444444444444444444444444444444444444444444444444444 3EA
I4@4E4'!F*--<,<.%'($'>*+,*-$'&"..F%+/*&$C,%''44444444444444444444444444444444444444444444444444444443EA

aIiI'K7[[383KZ!N63784'[O/Z3c/N'4'!N--3O8-3[48Z7'54//7'KZNZ7'
KZN6378N!37''IIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIII ;ii
I4E434')*+,*-$'C%,,$&$C2+*2$'D$*'%+*."''44444444444444444444444444444444444444444444444444444444444444443EI

aIhI'c!38B3cN/3'?78Z3'OZ3/366NZ4IIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIII ;i_



!"#$%&$'($')*+,*-%.%/$*'/"&"+*." 0*1$2%.%'I4'O"--*&$C,$'($'>*+,*-%:-$&"2$-*4'7<P



!"#$%&$'($')*+,*-%.%/$*'/"&"+*." 0*1$2%.%'I4'O"--*&$C,$'($'>*+,*-%:-$&"2$-*4'7<7

@434) V&,7&%(S%$+"'$%&)) ) )

223/!5/67/.*-.&($,&./!%$'.6&#$!&!06*.$''&!.;$!
%$,$67&(/(*@

#$+*.&,>!/''*6B&7$(,*

#$+*.&,>!%&!%&',6&B89&*($

#$+*.&,>!%&!$+&7&(/9&*($

!"#$%&%'$"()%(,-./-0'?0%$"4%0-!"#$%&%'$"()%(,-./-0'?0%$"4%0-

.&)6&,7&%(S%$+"'$%&)-$)(%%/F&)#$)%&7=$&7"+'$)
K/&+'$'&'$2$)+"1)'"7F()-$&)#"11&)%(+%"+',&I$(+")
F1&-7&'$%&)-$&)#"11")K/&+'$'R)'('&1$)#"1)6&,7&%()
+"11N(,:&+$-7()$+)-":/$'()&11&)-/&)-(77$+$-',&I$(+"

223/!5/67/.*-.&($,&./!%$'.6&#$!&!06*.$''&!.;$!
%$,$67&(/(*@

#$+*.&,>!/''*6B&7$(,*

#$+*.&,>!%&!%&',6&B89&*($

#$+*.&,>!%&!$+&7&(/9&*($

22 ;3.5-(."2-4%5-(-22-(0'$0"$4.-&%'$"(;3.5-(."2-4%5-(-22-(0'$0"$4.-&%'$"(

72-6/-4%0-()%(3$(,-./-0'(%$(,3$&%'$"()"2(72-6/-4%0-()%(3$(,-./-0'(%$(,3$&%'$"()"2(

4"/7'4"/7'

)$/<+*'I434'B&(*,"&2%'2",1%+*."'("..*'-%&-"&2+*#$%&"'
1.*C,*2$-*'($'<&'>*+,*-%4'\%&%'$&($-*2$'.*'-%&-"&2+*#$%&"'
,*CC$,*'+*//$<&2*'^0,*[_;'$.'2",1%'&"-"CC*+$%'1"+'
+*//$<&/"+"'.*'-%&-"&2+*#$%&"',*CC$,*'^k,*[_'"'.F*+"*'C%22%:
-<+D*'^*)&*'6"#&)'%6)8&;'BR0_

!$9"+*,"&2"'2+*22%'(*.."'."#$%&$'("..*'(%224'8%CC"..*'M*..FP.$%



!"#$%&$'($')*+,*-%.%/$*'/"&"+*." 0*1$2%.%'I4'O"--*&$C,$'($'>*+,*-%:-$&"2$-*4'7<;

K=7=7='K=7=7=' 22?>1>40?>1>40''@>@>''I5I5'')03?0AB)03?0AB

!"#$%&%'$"()%("/%5%4-!"#$%&%'$"()%("/%5%4-

.N"7$2$'&)#$)/+)6&,7&%()L)/+)F&,&7"',()%J")2$"+")#"H+$'()%(7")1&)K/&+'$'R)#$)'"7F()+"%"--&,$&)&g+%Jh)
1&)-/&)%(+%"+',&I$(+")-$)#$7"II$)+"1)%(7F&,'$7"+'()#$),$6",$7"+'(

22 <!%8$!$#$(,&!.;$!%$,$67&(/(*!+/!%&7&(89&*($!%$++/!.*(.$(,6/9&*($!0+/'7/,&./!%&!5/67/.*!/,,&#*!'*(*@

7$,/B*+&'7*

$+&7&(/9&*($

3E$7&#&,/!%&!8(!5/67/.*!'&!6&5$6&'.$!'*+&,/7$(,$!/+!.*70/6,&7$(,*!%*#$!'&!'#*+)$!+/!'8/!/,,&#&,>!5/67/.*+*)&./

$'N@!+4$7&#&,/!($+!0+/'7/!%&!8(!5/67/.*!?!8(!0/6/7$,6*!.;$!#&$($!%$F(&,*!.*7$!+/!=8/(,&,>!%&!,$70*!
($.$''/6&/!/L(.;`!+/!.*(.$(,6/9&*($!0+/'7/,&./!%$+!5/67/.*!',$''*!'&!%&7$99&

22 3E$7&#&,/!?!8(!0/6/7$,6*!($.$''/6&*!0$6!./0&6$@

=8/(,*!,$70*!&+!5/67/.*!'/6>!06$'$(,$!/!+&#$++*!0+/'7/,&.*!/!.*(.$(,6/9&*(&!,$6/0$8,&.;$

=8/(,*!,$70*!'/6>!($.$''/6&*!0$6!$+&7&(/6$!=8/'&!.*70+$,/7$(,$!+/!=8/(,&,>!%&!5/67/.*!'*77&(&',6/,/



!"#$%&$'($')*+,*-%.%/$*'/"&"+*." 0*1$2%.%'I4'O"--*&$C,$'($'>*+,*-%:-$&"2$-*4'7<<

F-.-/"4.%(09"(%$B3"$&-$'(2I"/%5%4-F-.-/"4.%(09"(%$B3"$&-$'(2I"/%5%4-

22 <!0/6/7$,6&!.;$!&(^8$(9/(*!+4$7&#&,/!%&!8(!5/67/.*!'*(*@

+/!-."*+*&-"

&+!#*+87$!%&!%&',6&B89&*($

22 p$!.*('$)8$!.;$!/+,$6/(*!+E$7&#&,/!/,,$'/@

8(/!6&%89&*($!%$++/!-."*+*&-"!*!/87$(,*!%$+!#*+87$!%&!%&',6&B89&*($!.;$!/87$(,/(*!+4$7&#&,/!%&!8(!
5/67/.*

7*%&F./9&*(&!%&!.*(%&9&*(&!F'&*+*)&.;$!.;$!&(^8$(9/(*!&+!#*+87$!%&!%&',6&B89&*($

+/!%&7&(89&*($!%$++/!7/''/!7/)6/!&(!8(!0/9&$(,$!/(9&/(*!*!+E/87$(,*!%$++/!7/''/!)6/''/!&(!8(!*B$'*

/+,6$!.*(%&9&*(&!0/,*+*)&.;$



!"#$%&$'($')*+,*-%.%/$*'/"&"+*." 0*1$2%.%'I4'O"--*&$C,$'($'>*+,*-%:-$&"2$-*4'7<D

)$/<+*'I4A4'W,$D$2*'1.*C,*2$-*'($'*.-<&$'>*+,*-$'^*11+%CC$,*2*_4'&494?'.*'C-*.*'(".'2",1%'Y'.%/*+$2,$-*



!"#$%&$'($')*+,*-%.%/$*'/"&"+*." 0*1$2%.%'I4'O"--*&$C,$'($'>*+,*-%:-$&"2$-*4'7<J

@4>4) W$+"'$%&)#$)-%(7F&,-&)#"$)6&,7&%$)) ) )

223$!.&($,&.;$!06&(.&0/+&!%&!'.*70/6'/!%$&!5/67/.&!'*(*!%8$@

.&($,&./!%&!06&7*!*6%&($@!/%!*)(&!&(,$6#/++*!%&!,$70*!#&$($!$+&7&(/,/!8(/!0$6.$(,8/+$!.*',/(,$!"'&,8/9&*($!
0&K!.*78($1

.&($,&./!%&!*6%&($!9$6*@!/%!*)(&!&(,$6#/++*!%&!,$70*!#&$($!$+&7&(/,/!8(/!=8/(,&,>!.*',/(,$!")$($6/+7$(,$!&(!
'*77&(&',6/9&*(&!/%!/+,*!%*'/))&*1

K=;=7='K=;=7=' AA>524>A0>524>A0''22''EB??>5>E4306>B52EB??>5>E4306>B52

223/!.&($,&./!%&!'.*70/6'/!%$&!5/67/.&!%&0$(%$!%/++/!7*%/+&,>!%&!'*77&(&',6/9&*($@

22 \"&$%&)/8"6-

A$6!%*'$!'&()*+/!'&!&(,$(%$!8(/!%*'$!'*77&(&',6/,/!'&()*+/67$(,$!$!(*(!6&0$,8,/!06&7/!%$++*!'7/+,&7$(,*!%$++/!
%*'$!',$''/

22 J/5'&)"/$%!"/*)/'-

A$6!&(58'&*($!.*(,&(8/!'&!&(,$(%$!8(/!'*77&(&',6/9&*($!+$(,/!$!.*',/(,$!0$6!6/))&8()$6$!8(!$=8&+&B6&*!,6/!
5/67/.*!&(,6*%*,,*!$!5/67/.*!$+&7&(/,*

22 1"##)/)&*.-;)"/$%#'6*)(6-

A$6!'*77&(&',6/9&*($!78+,&0+/!'&!&(,$(%$!+/!'*77&(&',6/9&*($!%&!%*'&!%&'.6$,$!&(!06$'$(9/!%$+!5/67/.*!(*(!/(.*6/!
$+&7&(/,*@!+$!%*'&!'&!'*#6/00*()*(*!0/69&/+7$(,$

22 M*8N09/%0&#-6*)#$/*"4

A$6!`*C6%<2!'&!&(,$(%$!&+!,$70*!($.$''/6&*!0$6.;`!8(!5/67/.*!.*78(=8$!'*77&(&',6/,*!'&/!$+&7&(/,*



!"#$%&$'($')*+,*-%.%/$*'/"&"+*." 0*1$2%.%'I4'O"--*&$C,$'($'>*+,*-%:-$&"2$-*4'7<K

K=;=;='K=;=;=' AA0304423>0304423>''@2!!0@2!!0''A>524>A0A>524>A0''@>@>''F3>?BF3>?B''B3@>52B3@>52''''

22 P&!%&.$!.;$!+/!'.*70/6'/!%&!8(!5/67/.*!%/++4*6)/(&'7*!
'$)8$!8(/!.&($,&./!%&!06&7*!*6%&($!'$!8(/!
($.!$/*'-6$%!"&*-/*$($.!$/*'-6$%!"&*-/*$!%$++/!.*(.$(,6/9&*($!%&!=8$+!
5/67/.*!?!7$,/B*+&99/,/!*!$+&7&(/,/!($++48(&,>!%&!,$70*

+/!.86#/!%&!'.*70/6'/!;/!0$6.&G!8(!/(%/7$(,*!
$'0*($(9&/+$!

+E$7&#&,/!0+/'7/,&./!?!.*',/(,$:!.&*?!?!
&(%&0$(%$(,$!%/++/!.*(.$(,6/9&*($!%$+!5/67/.*!$!
=8&(%&!%/++/!%*'$!'*77&(&',6/,/!

+/!7/))&*6!0/6,$!%$&!5/67/.&!'.*70/6$!
%/++4*6)/(&'7*!'$)8$(%*!8(/!.&($,&./!%&!06&7*!
*6%&($

)$/<+*'I4@4'O%("..%'*('<&'-%,1*+2$,"&2%'^($C2+$9<#$%&"'
$C2*&2*&"*;'".$,$&*#$%&"'($'1+$,%'%+($&"_

M"-+","&2%',%&%:"C1%&"&#$*."'("..*'-%&-"&2+*#$%&"'
1.*C,*2$-*'($'<&'>*+,*-%

01~'�'1"+-"&2<*."'("..*'-%&-"&2+*#$%&"'1.*C,*2$-*



!"#$%&$'($')*+,*-%.%/$*'/"&"+*." 0*1$2%.%'I4'O"--*&$C,$'($'>*+,*-%:-$&"2$-*4'7<L

E2%/%$-&%'$"()%(7.%/'('.)%$"d(7".0"$43-2%(.%67"44'(-22H"/%5%4-E2%/%$-&%'$"()%(7.%/'('.)%$"d(7".0"$43-2%(.%67"44'(-22H"/%5%4-

k*9"..*'I43@?'S"+-"&2<*.$'("..*'e<*&2$2L'($'<&'>*+,*-%'".$,$&*2*'C"-%&(%'<&*'-$&"2$-*'($'1+$,%'%+($&"'(%1%'<&'(*2%'&<,"+%'($'",$D$2"'
1.*C,*2$-6"

34-%#.)*&)%-&1&$% /%#!%3$4"+%)*&),"#-"!.)%+&-&3"$"

S QW ã!QWr

V QW!u!TQ ãvQr

V QW!u!TQ!u!STNQ ã!fvNQr

O QW!u!TQ!u!STNQ!u!RNTQ ã!eVNvQr

Q QW!u!TQ!u!STNQ!u!RNTQ!u!VNSTQ ã!eRNer

R QW!u!TQ!u!STNQ!u!RNTQ!u!VNSTQ!u!SNQR ã!evNQ!r



!"#$%&$'($')*+,*-%.%/$*'/"&"+*." 0*1$2%.%'I4'O"--*&$C,$'($'>*+,*-%:-$&"2$-*4'7<N

K=;=<='K=;=<=' AA0304423>0304423>''@2!!0@2!!0''A>524>A0A>524>A0''@>@>''B3@>52B3@>52'P'''P''

22P&!%&.$!.;$!+/!'.*70/6'/!%&!8(!5/67/.*!%/++4*6)/(&'7*!'$)8$!8(/!
.&($,&./!%&!*6%&($!9$6*!=8/(%*!8(/!K'-/*)*NK'-/*)*N!.*',/(,$!%&!=8$+!
5/67/.*!?!7$,/B*+&99/,/!*!$+&7&(/,/!($++48(&,/\ !%&!,$70*N

Ü!+/!'&,8/9&*($!,&0&./!0$6!5/67/.&!'*77&(&',6/,&!/!%*'&!/+,$

+/!.86#/!%&!'.*70/6'/!%$+!5/67/.*!;/!0$6.&G!8(!/(%/7$(,*!
6$,,&+&($*

+4$7&#&,/!0+/'7/,&./!(*(!?!.*',/(,$!7/!%&6$,,/7$(,$!
06*0*69&*(/+$!/++/!.*(.$(,6/9&*($!".&*?!/++/!%*'$!
'*77&(&',6/,/1

%&#$6'&!5/67/.&!.;$!%&!(*67/!'$)8*(*!8(/!.&($,&./!%&!06&7*!
*6%&($!0/''/(*!/!8(/!.&($,&./!%&!*6%&($!9$6*!=8/(%*!+/!+*6*!
.*(.$(,6/9&*($!($++4*6)/(&'7*!'80$6/!8(/!.$6,/!'*)+&/

)$/<+*'I4E4'0$&"2$-*'($'%+($&"'N4'!$9"+*,"&2"'2+*22%'(*.."'."#$%&$'("..*'M%224'
8%CC"..*'(*..FP.$%



!"#$%&$'($')*+,*-%.%/$*'/"&"+*." 0*1$2%.%'I4'O"--*&$C,$'($'>*+,*-%:-$&"2$-*4'7<O

@4<4) W$+"'$%&)#"11&)-(77$+$-',&I$(+")%(+'$+/&))

22 J*(!&(58'&*($!$(%*#$(*'/!.*(,&(8/!+/!#$+*.&,>!%&!
&()6$''*!%&!8(!5/67/.*!($++4*6)/(&'7*!?!.*',/(,$

3/!=8/'&!,*,/+&,>!%$&!5/67/.&!'$)8$!8(/!.&($,&./!%&!
06&7*!*6%&($!.&*?!#&$($!7$,/B*+&99/,/!8(/!
($.!$/*'-6$($.!$/*'-6$!.*',/(,$!%$+!5/67/.*!0$6!8(&,>!%&!
,$70*

3/!.*(.$(,6/9&*($!$7/,&./!/87$(,/!F(*!/!.;$!+/!
#$+*.&,>!%&!$+&7&(/9&*($!%$+!5/67/.*!(*(!.*70$('/!+/!
#$+*.&,>!%&!&()6$''*!"',/,*!',/9&*(/6&*1

)$/<+*'I4Q4'\%,,$&$C2+*#$%&"'-%&2$&<*?'"C",1$%'+".*2$D%'*..F"2*&%.%4'
M*2$'(*?'8*&/'^AN33_



!"#$%&$'($')*+,*-%.%/$*'/"&"+*." 0*1$2%.%'I4'O"--*&$C,$'($'>*+,*-%:-$&"2$-*4'7DP

K=<=7='K=<=7=' >>5)!I25605)!I2560''@2!!0@2!!0''12!BA>4M12!BA>4M''@>@>''>5)IE>B52>5)IE>B52''''

223/!#$+*.&,>!%&!&(58'&*($!%$+!5/67/.*!&(^8$(9/!+/!.*(.$(,6/9&*($!
0+/'7/,&./!&(!7*%*!%&6$,,*

+*!',/,*!',/9&*(/6&*!?!6/))&8(,*!=8/(%*!+/!#$+*.&,>!%&!
'*77&(&',6/9&*($!?!8)8/+$!/++/!#$+*.&,>!%&!$+&7&(/9&*($

6/%%*00&/(%*!+/!#$+*.&,>!%&!&(58'&*($!'&!6/%%*00&/!+/!
.*(.$(,6/9&*($!0+/'7/,&./!F(/+$

0/,*+*)&$!6$(/+&!*!$0/,&.;$!/87$(,/(*!+/!.*(.$(,6/9&*($!
/++*!',/,*!',/9&*(/6&*!%$+!5/67/.*!%&7&(8$(%*!+/!
-."*+*&-"

)$/<+*'I4I4'b".%-$2L'($'$&><C$%&"4'!$9"+*,"&2"'2+*22%'(*'8*&/'^AN33_



!"#$%&$'($')*+,*-%.%/$*'/"&"+*." 0*1$2%.%'I4'O"--*&$C,$'($'>*+,*-%:-$&"2$-*4'7D7

K=<=;='K=<=;=' >>!!''F23>B@BF23>B@B''@>@>''MJCOMJCO''BPQBPQ''''

22q8/(%*!'&!&(,$66*70$!+4&(58'&*($!&(&9&/!&+!0$6&*%*!
%&!i&-J)(/'i&-J)(/'!"'7/+,&7$(,*1!.*(!8(!/(%/7$(,*!
,$70*6/+$!'&7&+$!/!=8$++*!*''$6#/,*!($+!
6/))&8()&7$(,*!%$++*!',/,*!',/9&*(/6&*

<+!'*+*!7$../(&'7*!06$'$(,$!?!=8$++*!%$++/!
$+&7&(/9&*($

)$/<+*'I4K4'S"+$%(%'($'Z*2E'.6,4'M*2$'(*'8*&/'^AN33_



!"#$%&$'($')*+,*-%.%/$*'/"&"+*." 0*1$2%.%'I4'O"--*&$C,$'($'>*+,*-%:-$&"2$-*4'7D;

K=<=<='K=<=<=' @@BE2BE2''@>@>''A03>ABA03>AB''''

22 p$+!./'*!&(!.8&!$'&',/!8(!6&,/6%*!($+!6/))&8()&7$(,*!%&!+&#$++&!0+/'7/,&.&!($.$''/6&!0$6!&(%866$!8(!$H$,,*!
5/67/.*+*)&.*:!(*(!/..$,,/B&+$!&(!./70*!.+&(&.*:!'&!'*77&(&',6/!/+!0/9&$(,$!8(/!,"&$%,)%!-.)!","&$%,)%!-.)!"!%$+!5/67/.*:!
'*,,*!5*67/!%&!%*'$!'&()*+/:!'$)8&,/!%/!8(/!&(58'&*($!#*+,/!/+!7/(,$(&7$(,*!%$++*!',/,*!',/9&*(/6&*@

!;(M(L)(é!J''

%*#$!c.!ã!%*'$!%&!./6&.*[!b%!ã!#*+87$!%&!%&',6&B89&*($[!J''!ã!.*(.$(,6/9&*($!0+/'7/,&./!%$+!5/67/.*!/++*!',/,*!
',/9&*(/6&*!%$'&%$6/,/

K=<=D='K=<=D=' !G!G0AAI?I!B0AAI?I!B''@>@>'')03?0A>)03?0A>''52!!52!!GGB3805>E?BB3805>E?B''''

22 A*&.;`!'$!8(!5/67/.*!'$)8$!8(/!.&($,&./!%&!06&7*!*6%&($!*..*66$!8(!,$70*!0/6&!/!O!#*+,$!+4$7&#&,/!0+/'7/,&./!0$6!
+/!'8/!=8/'&!'.*70/6'/!%/++4*6)/(&'7*:!=8/+'&/'&!&(,$6#/++*!,6/!+$!'*77&(&',6/9&*(&!&(5$6&*6$!/!,/+$!0$6&*%*!
0*6,$6>!/%!/..878+*!%$+!5/67/.*

&(!,/+!./'*!&(5/,,&!+/!.*(.$(,6/9&*($!%$+!5/67/.*!($++4*6)/(&'7*!.6$'.$!$'0*($(9&/+7$(,$!F(*!/!=8/(%*!+/!
=8/(,&,>!$+&7&(/,/!?!$=8&#/+$(,$!/!=8$++/!'*77&(&',6/,/!"',/,*!',/9&*(/6&*!*!1.*2"*<1

+/!#$+*.&,>!.*(!.8&!+*!',/,*!',/9&*(/6&*!#&$($!6/))&8(,*!%&0$(%$!%/++/!.*',/(,$!%&!$+&7&(/9&*($!%$+!5/67/.*!
"k$+1!.;$!?!&(#$6'/7$(,$!06*0*69&*(/+$!/++4$7&#&,/!0+/'7/,&./!%$+!5/67/.*!$%!?!&(%&0$(%$(,$!%/++/!%*'$!
'*77&(&',6/,/!$!%/++4&(,$6#/++*!,6/!+$!'*77&(&',6/9&*(&

'$70+&.&!./+.*+&!%&7*',6/(*!.;$!+*!',/,*!',/9&*(/6&*!"$'/,,/7$(,$!&+!eVNvQr!%$+!1.*2"*<1!#&$($!6/))&8(,*!&(!
8(!,$70*!8)8/+$!/!O!$7&#&,$!0+/'7/,&.;$



!"#$%&$'($')*+,*-%.%/$*'/"&"+*." 0*1$2%.%'I4'O"--*&$C,$'($'>*+,*-%:-$&"2$-*4'7D<

C003/32'()%(3$(,-./-0'($"22H'.1-$%6/'()'7'(6'//%$%64.-&%'$%(.%7"434"((C003/32'()%(3$(,-./-0'($"22H'.1-$%6/'()'7'(6'//%$%64.-&%'$%(.%7"434"((

k*9"..*'I43E?'B--<,<.%'($'>*+,*-%4'7.'k3GA'(".'>*+,*-%'Y'($'e<*22+%'%+"

J/*$.7-66"%*.-%6$%,"&)U%_%+ J/*$.7-66"%*.-%6$%,"&)U%b%+

K'-/*)*N%,$6%5-.#-!"%/$66a".8-/)&#" K'-/*)*N%,$6%5-.#-!"%/$66a".8-/)&#"

0+4 (.)#-%,$66-%,"&$ ,"("%6-%,"&$ 0+4 (.)#-%,$66-%,"&$ ,"("%6-%,"&$

R !"!! >C1CC R C1CC >C1CC

_ E1CC >E1CC

b B1EC >B1EC b F1EC >F1EC

AY @1BE >@1BE

A] ?1D@ >?1D@ A] D1>D >D1>D

YR ?1A? >?1A?

Y_ ?1@K >?1@K Y_ D1F@ D>1F@

Yb ?1?F >?1?F

^Y ?1?A >?1?A ^Y D1DF >D1DF

)/>/)*" >C1CC FC1CC )/>/)*" D1DD >D1DD



!"#$%&$'($')*+,*-%.%/$*'/"&"+*." 0*1$2%.%'I4'O"--*&$C,$'($'>*+,*-%:-$&"2$-*4'7DD

@4;4) T(77$+$-',&I$(+")7/1'$F1&)"),&::$/+:$7"+'()#"11()-'&'()-'&I$(+&,$())

22 )$/<+*'I4U4'\2*2%'C2*#$%&*+$%'(%1%'C%,,$&$C2+*#$%&"',<.2$1.*4'
M*2$'(*'8*&/'^AN33_

3/!'*77&(&',6/9&*($!/!%*'$!F''$!?!06$5$6&B&+$!
/++/!'*77&(&',6/9&*($!0$6!&(58'&*($!.*(,&(8/

<(!./'*!%&!'*77&(&',6/9&*($!$(%*#$(*'/!
'&()*+/!&+!,$70*!%&!%&7$99/7$(,*!(*(!%&0$(%$!
%/++/!%*'$!&(&$,,/,/

<(!./'*!%&!&(&$9&*($!78+,&0+$!'$!'&!&(&$,,/!8(!
5/67/.*!6&0$,8,/7$(,$!/!&(,$6#/++&!%&!,$70*!
6$)*+/6&!'&!6/))&8()$6>!+*!',/,*!',/9&*(/6&*!
"&(,$6#/++&!Q!#*+,$!7&(*6&!6&'0$,,*!/+!,$70*!%&!
%&7$99/7$(,*1



!"#$%&$'($')*+,*-%.%/$*'/"&"+*." 0*1$2%.%'I4'O"--*&$C,$'($'>*+,*-%:-$&"2$-*4'7DJ

;%$"4%0-()"%(."1%/%(-()'6"(#66-N-(%$4".5-22'()%(4"/7'(#66'((;%$"4%0-()"%(."1%/%(-()'6"(#66-N-(%$4".5-22'()%(4"/7'(#66'((

P$!'&!6&%8.$!+/!%*'$!%&!
5/67/.*!$!'&!
'*77&(&',6/(*!%*'&!0&K!
0&..*+&!/%!&(,$6#/++&!0&K!
B6$#&:!/!0/6&,>!%&!%*'$!
,*,/+$!'*77&(&',6/,/!'&!
6&%8.*(*!+$!^8,,8/9&*(&!
%&!.*(.$(,6/9&*($

)$/<+*'I4V4'0$&"2$-6"4'M*2$'(*'8*&/'^AN33_
^*_'0%&-"&2+*#$%&"'1.*C,*2$-*'"'(%C"]'^9_'%C-$..*#$%&$'("..*'-%&-"&2+*#$%&"'$&'><&#$%&"''("..*'
>+"e<"&#*'($'C%,,$&$C2+*#$%&"'*'(%C"'-%,1."CC$D*'JCC*



!"#$%&$'($')*+,*-%.%/$*'/"&"+*." 0*1$2%.%'I4'O"--*&$C,$'($'>*+,*-%:-$&"2$-*4'7DK

K=D=7='K=D=7=' ))03?0A>03?0A>''EB??>5>E4304>EB??>5>E4304>''1>01>0''B30!2B30!2''''

223$!./6/,,$6&',&.;$!06&(.&0/+&!%$&!5/67/.&!'*77&(&',6/,&!0$6!#&/!*6/+$!
"1"+'%C1!'*(*@

&!5/67/.&!'*77&(&',6/,&!#&/!*6/+$!'*(*!/''8(,&!'8++/!B/'$!%&!8(!
6$)&7$!/!%*'&!F''$!/!&(,$6#/++&!6$)*+/6&

+E/''*6B&7$(,*!%$&!5/67/.&!0$6!#&/!*6/+$!?!+$(,*

+/!.*(.$(,6/9&*($!0+/'7/,&./!%$+!5/67/.*!?!&(^8$(9/,/!'&/!%/++/!
#$+*.&,>!%&!/''*6B&7$(,*!'&/!%/++/!#$+*.&,>!%&!$+&7&(/9&*($

+/!'*77&(&',6/9&*($!*6/+$!6&0$,8,/!%/!+8*)*!/%!*'.&++/9&*(&!%$++$!
.*(.$(,6/9&*(&!0+/'7/,&.;$

8(/!'&()*+/!%*'$!%$+!5/67/.*!%/,/!0$6!#&/!*6/+$!%/!+8*)*!/%!8(!
'&()*+*!0&..*!%$++/!.*(.$(,6/9&*($!0+/'7/,&./!'$)8&,*!%/!8(!
06*)6$''&#*!%$.+&(*!%$&!+&#$++&!%$+!5/67/.*

)$/<+*'I43N4'0$&"2$-6"'(%1%'C%,,$&$C2+*#$%&"'%+*."4'M*2$'(*'8*&/'^AN33_



!"#$%&$'($')*+,*-%.%/$*'/"&"+*." 0*1$2%.%'I4'O"--*&$C,$'($'>*+,*-%:-$&"2$-*4'7DL

@4U4) 8,$+%$F&1$)6(+'$)/'$1$II&'"

c%`.*&(;'84M4;'Og-"a;'O4h4;'c*+D"g;'84B;'06*,1";'S404'^ANNQ_'S6*+,*-%.%/g4'777'"(4'!$11$&-%22'v$..$*,C'*&('v$.a$&C;'S6$.*(".16$*

!l..,*&&;'c4;'y$"/."+;'B4;'O%6+;'n4;'=$"/"+;'M4'^ANNN_'0%.%+'*2.*C'%>'16*+,*-%.%/g4'77'"(4'k6$",";'\2<22/*+2

P<C.*&("+;'h454'^3VU3_'M+</'26"+*1g'$&'26"'".("+.g4'B&&4'7&2"+&4'O"(4'VQ;'K33:KAA

8*&/4'c4'S4;'M*."4'O4O4;'8$22"+4'h4'O4;').%`"+;'84h4'^AN33_'8*&/'t'M*."FC'S6*+,*-%.%/g4'b7'"(4'06<+-6$..'!$D$&/C2%&";'!%&(%&

8$-6"g;'M4S4;'="&("+;'B4M4'^3VKK_'S6*+,*-%a$&"2-C'-%&C"e<"&-"C'%>'*/$&/4'B&&<4'8"D4'S6*+,*-%.4'k%[$-%.4'3K;'EV:IQ



!"#$%&$'($')*+,*-%.%/$*'/"&"+*." 0*1$2%.%'I4'O"--*&$C,$'($'>*+,*-%:-$&"2$-*4'7DN



!"#$%&$'($')*+,*-%.%/$*'/"&"+*." 0*1$2%.%'K4')*+,*-%:($&*,$-*4'7DO

R-R- ''S*)3*%04#$"*3$%*S*)3*%04#$"*3$%*

7'"($#$%&"'

8%9"+2%'8$,%&($&$:5$%+/$&$;'!<$/$'=*+9$"+$

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

_I'?2%)2@",+(*2)(@2IIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIII;i`
_I;I'?N![NB7,538N[3BN''''IIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIII ;h;
_I9I'/O7-7'53'N63784'543'?N![NB3''''IIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIII;h9
K4A434'!"'1+%2"$&"'-%,"'9"+C*/.$%'("$'>*+,*-$444444444444444444444444444444444444444444444444444444 3Q@
K4A4A4'7.'MHB'^/"&$_'-%,"'9"+C*/.$%'("$'>*+,*-$444444444444444444444444444444444444444444444444444 3Q@
K4A4@4'B.2+$'9"+C*/.$44444444444444444444444444444444444444444444444444444444444444444444444444444444444444444444444 3QE

_I<I'!4B4ZZ7!3'543'?N![NB3''''IIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIII;hh
K4@434'0.*CC$'($'+"-"22%+$'-"..<.*+$44444444444444444444444444444444444444444444444444444444444444444444444444 3QU
K4@4A4'8"-"22%+$'-*&*."444444444444444444444444444444444444444444444444444444444444444444444444444444444444444444 3IN

_IiI'!4B4ZZ7!3'38Z!N,B4//O/N!3'''IIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIII;a9
_IhI'38Z4!N63783'?N![NB7,!4B4ZZ7!4'''IIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIII;a<

_IaI'NZZ3k3Zt'38Z!38K4BN'''IIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIII ;ai
K4I434'BT&$2L;'*22$D$2L'$&2+$&C"-*;'"T-*-$*444444444444444444444444444444444444444444444444444444444444 3IE
K4I4A4'B/%&$C2$'1*+#$*.$444444444444444444444444444444444444444444444444444444444444444444444444444444444444444444 3IQ
K4I4@4'B22$D*#$%&"'-%C2$2<2$D*'("$'+"-"22%+$444444444444444444444444444444444444444444444444444444444444 3IQ

_I_I'?N![NB3'N-783KZ3'''IIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIII ;aa
K4K434'0<+D"'(%C":+$C1%C2*444444444444444444444444444444444444444444444444444444444444444444444444444444444444 3IK
K4K4A4'S%2"&#*'"('"T-*-$*'($'>*+,*-$'*/%&$C2$444444444444444444444444444444444444444444444444444444 3IU

_IlI'N-783KZ3'38k4!K3'''IIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIII ;a`
_I`I'N8ZN-783KZ3''''IIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIII;_:
K4V434'B&2*/%&$C2$'-%,1"2$2$D$4444444444444444444444444444444444444444444444444444444444444444444444444444444 3K3
K4V4A4'B&2*/%&$C2$'&%&'-%,1"2$2$D$444444444444444444444444444444444444444444444444444444444444444444444444 3KA

_I;:I'c!38B3cN/3'?78Z3'OZ3/366NZ4IIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIII ;_i



!"#$%&$'($')*+,*-%.%/$*'/"&"+*." 0*1$2%.%'K4')*+,*-%:($&*,$-*4'7JP



!"#$%&$'($')*+,*-%.%/$*'/"&"+*." 0*1$2%.%'K4')*+,*-%:($&*,$-*4'7J7

Z434) V&,7&%(S#$+&7$%&)) ) )

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

.&)6&,7&%(S#$+&7$%&)L)1()-'/#$()#":1$)"O"''$)=$(%J$7$%$)")H-$(1(:$%$)#"$)6&,7&%$)-/11C(,:&+$-7(E)"#)$1)1(,()
7"%%&+$-7()#C&I$(+"

223/!5/67/.*-%&(/7&./!'&!*..80/!=8&(%&!%&@

$("&2$J-*+"'$'C$2$'(Z*#$%&"'("$'>*+,*-$$("&2$J-*+"'$'C$2$'(Z*#$%&"'("$'>*+,*-$

(".$&"*+"'."'$&2"+*#$%&$'JC$-6"'"G%'-6$,$-6"'2+*'>*+,*-%'"'-"..<.*(".$&"*+"'."'$&2"+*#$%&$'JC$-6"'"G%'-6$,$-6"'2+*'>*+,*-%'"'-"..<.*

-*+*22"+$##*+"'.*'C"e<"&#*'-%,1."2*'>*+,*-%:"X"22%-*+*22"+$##*+"'.*'C"e<"&#*'-%,1."2*'>*+,*-%:"X"22%



!"#$%&$'($')*+,*-%.%/$*'/"&"+*." 0*1$2%.%'K4')*+,*-%:($&*,$-*4'7J;

Z4>4) ./(:()#$)&I$(+")#"$)6&,7&%$)) ) )

22h+&!$H$,,&!,$6/0$8,&.&!$!,*''&.&!%$&!5/67/.&!,6/))*(*!*6&)&($!%/++$!+*6*!&(,$6/9&*(&!.*(!7*+$.*+$!06$'$(,&!
($++4*6)/(&'7*

22 A$6!+*!0&K!&!5/67/.&!/)&'.*(*!.*7B&(/(%*'&!.*(!7/.6*7*+$.*+$!'0$.&F.;$!&(!7*%*!,/+$!%/!/+,$6/6($!+$!06*06&$,>!
B&*.;&7&.;$!$!B&*F'&.;$

!"#$%&%'$"()%(."0"44'."()%(3$(,-./-0'!"#$%&%'$"()%(."0"44'."()%(3$(,-./-0'

T$)#"H+$-%"))&%&//0)&')&%&//0)&'#$'9"'2*)3*%0#$'9"'2*)3*%0)$1)%(7F(+"+'")#$)/+&)%"11/1&)%J")$+'",&:$-%")%(+)/+)6&,7&%()
#&+#()$+$I$()&11&)%&'"+&)#$)"2"+'$)=$(%J$7$%$)%J")F(,'&+()&:1$)"O"''$)6&,7&%(1(:$%$

22 <!6$.$,,*6&!'&!%&H$6$(9&/(*!%/&!*.-&(".*-*".)*.-&(".*-*".)!"$'N@!/+B87&(/1

&!,6/'0*6,/,*6&!+$)/(*!&+!5/67/.*!$!7$%&/(*!+/!'8/!%&',6&B89&*($!7/!(*(!+/!'8/!/,,&#&,>!5/67/.*+*)&./

22 <!6$.$,,*6&!'&!%&H$6$(9&/(*!%/&!=$.&-86)%#"6$!"6-.)=$.&-86)%#"6$!"6-.)

](/!7*+$.*+/!B$6'/)+&*!'&!+$)/!.*(!8(!+&)/(%*!0$6!&(%866$!$H$,,&!'0$.&F.&N!](/!7*+$.*+/!B$6'/)+&*!08G!
$''$6$!%&!*6&)&($!$'*)$(/!*!$(%*)$(/



!"#$%&$'($')*+,*-%.%/$*'/"&"+*." 0*1$2%.%'K4')*+,*-%:($&*,$-*4'7J<

L=;=7='L=;=7=' !!22''F3B42>52F3B42>52''AB?2AB?2''R23E08!>BR23E08!>B''@2>@2>'')03?0A>)03?0A>

22 <!B$6'/)+&!06*,$&.&!0&K!.*78(&!%$&!5/67/.&!'*(*@

6$.$,,*6&

$(9&7&

,6/'0*6,/,*6&

./(/+&!&*(&.&

L=;=;='L=;=;=' >>!!'@50'W'@50'W825>825>X'X'AB?2AB?2''R23E08!>BR23E08!>B''@2>@2>'')03?0A>)03?0A>

22 A&K!6/6/7$(,$!&!5/67/.&:!%&6$,,/7$(,$!*!&(%&6$,,/7$(,$:!;/((*!.*7$!B$6'/)+&*!&+!cpX!.*(!$H$,,&!.;$!0*''*(*!
$''$6$@

/'0$.&F.&!"$'N@!78,/9&*(&!./'8/+&1

'0$.&F.&!"$'N@!/,,&#/9&*($!*!%&'/,,&#/9&*($!)$(&./1

H?$**)%,$66a$*-/"6"%*.-#)*$%6a)/,';)"/$%8$/)!-

,$2%/"&:*-2$D*2"(;'"[2+*-"..<.*+:*-2$D*2"('a$&*C"'<[X\>'&'"[2+*-"..<.*+'C$/&*.:+"/<.*2"('1+%2"$&'a$&*C"'<X]\>'0.22.".'
&22&)&')&20."2*K$+$'#&++*'"&6).0+*2,$%$,^'$"#.,,*'#*'*+%..+

+G&,*".+.'$"#6%&'&20)&22$."&'#$'$33&#$*/&+T'&*)+T'(&"&8$33&#$*/&+T'&*)+T'(&"&8'!X_'<-:>%C'&'"/+:3>'$"')&($."$'%&)&K)*+$'%E&'2.".'*22.%$*,&'
%."'$+'+"`*+('<()*,$N%*7$."&>

$"'%."#$7$."$'#$'"."3#$0&"#&"7*'<$",.22$%*7$."&'*+%..+$%*'*%6,*>'+V*,,$8*7$."&'#$'-:>%C'$"#.,,*'#*'6"*'2.--$"$2,)*7$."&'
*%6,*'#$'*+%..+'"."'I'[X\3#$0&"#&",&

$"'%."#$7$."$'#$'#$0&"#&"7*C'+V*6-&",.'#&++V&20)&22$."&'#$'-:>%C'$"#.,,*'#*'6"*'2.--$"$2,)*7$."&'*%6,*'#$'*+%..+C'I'
#$0&"#&",&'#*++&'[X\'0.$%E`'6"'0)&,)*,,*-&",.'%."'+G$"$K$,.)&'#&++&'[X\'ab:HSC')$2,*K$+$2%&'$'%*)*,,&)$'N2$.+.($%$



!"#$%&$'($')*+,*-%.%/$*'/"&"+*." 0*1$2%.%'K4')*+,*-%:($&*,$-*4'7JD

L=;=<='L=;=<=' 00!43>!43>''R23E08!>R23E08!>

22 X+.8(&!5/67/.&:!(*(!/)&'.*(*!/,,6/#$6'*!+4&(,$6/9&*($!.*(!8(!6$.$,,*6$!06*,$&.*

k*9"..*'K43Q?'WC",1$'($'-*2"/%+$"'($'>*+,*-$'-6"'&%&'<2$.$##*&%'<&'+"-"22%+"'
1+%2"$-%

!-*$8".)-%,)%5-.#-!) =$.&-86)"

*'#"5*,"4" "-'"&"4)-($'-&0JY6

4":)$#","&$&.)$.*)*#"&-!%-#"," JFZ

*($'#"&,<$/*'#"&"&%$#*//" %$#*//"&.$!*'#"&0U$+&[:+&$#,16

;*/!"&!:9!#)*#"&-&,-%.-!#" 9"-5.-/"%$)"&0\WV6



!"#$%&$'($')*+,*-%.%/$*'/"&"+*." 0*1$2%.%'K4')*+,*-%:($&*,$-*4'7JJ

Z4<4) f"%"''(,$)#"$)6&,7&%$)) ) )

22 <!6$.$,,*6&!'*(*!6$'0*('/B&+&!%$++/!'$+$,,&#&,>!%$++4/9&*($!5/67/.*+*)&./

22 <!6$.$,,*6&!%$,$67&(/(*!+$!6$+/9&*(&!=8/(,&,/,&#$!,6/!%*'$!$%!$H$,,&!5/67/.*+*)&.&

X+,$6/9&*(&!%$++/!58(9&*($!6$.$,,*6&/+$!"=8/(,&,/,&#$!*!=8/+&,/,&#$1!./8'/(*!/+,$6/9&*(&!($++E/,,&#&,>!%$&!5/67/.&

22 P*(*!6$.$,,*6&!0$6!&!5/67/.&!/%!$'N@

6$.$,,*6&!0$6!&!($86*,6/'7$,,&,*6&!$!)+&!*67*(&

$(9&7&

./(/+&!&*(&.&

/.&%&!(8.+$&.&



!"#$%&$'($')*+,*-%.%/$*'/"&"+*." 0*1$2%.%'K4')*+,*-%:($&*,$-*4'7JK

D".6-12%(7.'4"%0%()"%(,-./-0%D".6-12%(7.'4"%0%()"%(,-./-0%

)$/<+*'K434'="+C*/.$'1+%2"$-$'("$'>*+,*-$?'
,"%"''(,$,"%"''(,$

!$9"+*,"&2"'2+*22%'(*?'8*&/'^ANN@_

)$/<+*'K4A4'="+C*/.$'1+%2"$-$'("$'>*+,*-$?'%&+&1$)%&+&1$)
$(+$%$$(+$%$

!$9"+*,"&2"'2+*22%'(*?'8*&/'^ANN@_

WC",1$?
($$(+%1$&"'^*+,*-$'D*C%($.*2*2%+$_
9"&#%($*#"1$&"'^>*+,*-$'2+*&e<$..*&2$_
C<.>*&$.<+""'^>*+,*-$'*&2$:($*9"2$-$_
9*+9$2<+$-$

-%&2$&<*'&".'e<*(+%'C"/<"&2"



!"#$%&$'($')*+,*-%.%/$*'/"&"+*." 0*1$2%.%'K4')*+,*-%:($&*,$-*4'7JL

-%&2$&<*'(*.'e<*(+%'1+"-"("&2"

)$/<+*'K4@4'="+C*/.$'1+%2"$-$'("$'>*+,*-$?'"+I$7$"+I$7$

!$9"+*,"&2"'2+*22%'(*?'8*&/'^ANN@_

WC",1$?
&"%C2$/,$&*'^$&$9$2%+"'+"D"+C$9$."'("..*'
*-"2$.-%.$&:"C2"+*C$_
*C1$+$&*'^$&$9$2%+"'$++"D"+C$9$."'("..*'-$-.%:
%CC$/"&"C$_
q<%+%:<+*-$."'^>*.C%'C<9C2+*2%'*('*22$D$2L'
*&2$:&"%1.*C2$-*_

)$/<+*'K4E4'="+C*/.$'1+%2"$-$'("$'>*+,*-$?'
',&-F(,'&'(,$',&-F(,'&'(,$

!$9"+*,"&2"'2+*22%'(*?'8*&/'^ANN@_

WC",1$?
($<+"2$-$'("..F*&C*'^9.%--%'("..*'1%,1*'
H*ÄGnÄGA0.Å_
/.$-%C$($'-*+($%:*22$D$'^9.%--%'("..*'1%,1*'
H*ÄGnÄ_
%,"%1+*#%.%'^9.%--%'("..*'1%,1*'
1+%2%&$-*_



!"#$%&$'($')*+,*-%.%/$*'/"&"+*." 0*1$2%.%'K4')*+,*-%:($&*,$-*4'7JN

L=<=7='L=<=7=' AA!0EE>!0EE>''@>@>''32A244B3>32A244B3>''A2!!I!03>A2!!I!03>

)$/<+*'K4Q4'0.*CC$'($'+"-"22%+$'-"..<.*+$'"'D$"'-%++".*2"4'!$9"+*,"&2"'2+*22%'(*?'8*&/'^ANN@_



!"#$%&$'($')*+,*-%.%/$*'/"&"+*." 0*1$2%.%'K4')*+,*-%:($&*,$-*4'7JO

V"0"44'.%(64%/'2-4'.%(")(%$%:%4'.%(-44.-5".6'(2-(4.-6)3&%'$"()"22"(V"0"44'.%(64%/'2-4'.%(")(%$%:%4'.%(-44.-5".6'(2-(4.-6)3&%'$"()"22"(j)F,('"$+j)F,('"$+

)$/<+*'K4I4'8"-"22%+$'C2$,%.*2%+$'"('
$&$9$2%+$'*--%11$*2$'*.."'_'0).,&$"

!"'_'0).,&$"'^1+%2"$&"'5_'C%&%'
1+%2"$&"'2+*C(<22+$-$'($'C"/&*."'
1+"C"&2$'&".."',",9+*&"'-"..<.*+$

!"'_'0).,&$"'C%&%'*--%11$*2"'-%&'
+"-"22%+$'C<.."',",9+*&"

7.'/"&%,*'<,*&%'-%($J-*'1"+'-$+-*'
VQN'+"-"22%+$'*--%11$*2$'*.."'_'0).,&$"'
$&'/+*(%'($'+"*/$+"'*?

>%2%&$'^.<-"_
%+,%&$'"'>*22%+$'($'-+"C-$2*
>*+,*-$
*.2+$'.$/*&($'"&(%/"&$

22â/+58(9&*(/7$(,&!%$++$!#&$!%&!'$)(/+$!6$+/,$!/&!6$.$,,*6&!/..*00&/,&!/++$!5'1+%2"$&!"hAoJ:!5'1+%2"$&:-%<1."('
+"-"12%+1!'*(*!.*&(#*+,&!($++/!0/,*)$($'&!%&!7*+,$!.*(%&9&*(&!0/,*+*)&.;$N!X%!$'N@

%&/B$,$

.$.&,>

/++$6)&$

%$06$''&*($

%&5$,,&!./6%&*#/'.*+/6&

/+.8($!5*67$!%&!($*0+/'&/

22 b&$($!',&7/,*!.;$!0&K!%$++/!7$,>!%$&!6$.$,,*6&!.$++8+/6&!0$6!&!06&(.&0&!/,,&#&!5/67/.*+*)&.&!&(!8'*!*))&!'&/(*!6$.$,,*6&!
/..*00&/,&!/++$!5'1+%2"$&



!"#$%&$'($')*+,*-%.%/$*'/"&"+*." 0*1$2%.%'K4')*+,*-%:($&*,$-*4'7KP

L=<=;='L=<=;=' 332A244B3>2A244B3>''A050!2A050!2

22P*(*!6$.$,,*6&!./(/+$@

6$.$,,*6&!(&.*,&(&.&

6$.$,,*6&!hXgXX!"/.&%*!
j-/77&(*-B8,&66&.*1

6$.$,,*6&!0$6!+/!)+&.&(/

6$.$,,*6&!&*(*,6*0&!0$6!&+!
)+8,/77/,*

6$.$,,*6$!./(/+$!0$6!&+!
'*%&*w0*,/''&*

)$/<+*'K4K4'8"-"22%+"'-*&*."'1"+'
C%($%G1%2*CC$%4'\%($%'"&2+*;'1%2*CC$%'"C-"



!"#$%&$'($')*+,*-%.%/$*'/"&"+*." 0*1$2%.%'K4')*+,*-%:($&*,$-*4'7K7

V"0"44'."(0-$-2"()"2(bCDCV"0"44'."(0-$-2"()"2(bCDCCC

)$/<+*'K4U4'8"-"22%+"'-*&*."'
("..F*-$(%'*+*,,$&%:9<2$++$-%'
^5B=BB_'"'>*+,*-$'-6"'
$&2"+*/$C-%&%'-%&'"CC%

!$9"+*,"&2"'2+*22%'(*?'="."..$'
^ANNQ_



!"#$%&$'($')*+,*-%.%/$*'/"&"+*." 0*1$2%.%'K4')*+,*-%:($&*,$-*4'7K;

Z4;4) f"%"''(,$)$+',&S%"11/1&,$)) )

22 <!6$.$,,*6&!&(,6/-.$++8+/6&!
,6/'%8.*(*!&+!'$)(/+$!0*6,/,*!%/!
*67*(&!$!%/!/+,6&!7$%&/,*6&!
+&0*F+&.&@

*67*(&!',$6*&%$&!$!,&6*&%$&

/.&%*!6$,&(*&.*

#&,/7&(/!c

/+,6&

22 <!6$.$,,*6&!&(,6/-.$++8+/6&!
&(,$6/)&'.*(*!.*(!&+!)$(*7/:!
7*%&F./(%*!+4$'06$''&*($!
)$(&./!$!=8&(%&!+/!.*70*'&9&*($!
06*,$&./!%$++/!.$++8+/

)$/<+*'K4V4'8"-"22%+$'$&2+*:-"..<.*+$'
&<-."*+$4'8W8?'+"2$-%.%'"&(%1.*C,$-%'
+</%C%



!"#$%&$'($')*+,*-%.%/$*'/"&"+*." 0*1$2%.%'K4')*+,*-%:($&*,$-*4'7K<

Z4U4) 5+'",&I$(+$)6&,7&%(S,"%"''(,")) )

2234&(,$6/9&*($!56/!8(!5/67/.*!$!8(!6$.$,,*6$!%$,$67&(/!8(/!/,,&#/9&*($!*!8(/!(*(-/,,&#/B&+&,>!%$+!6$.$,,*6$

22 34&(,$6/9&*($!,6/!8(!5/67/.*!$!8(!
6$.$,,*6$!'$)8$!+/!+$))$!.;&7&./!
%$++4/9&*($!%&!7/''/

22 <+!5/67/.*!&(,$6/)&'.$!.*(!8(!
6$.$,,*6$!$!+4$H$,,*!6&'8+,/(,$!?!
06*0*69&*(/+$!/+!(87$6*!%$&!
6$.$,,*6&!*..80/,&

22 <+!+$)/7$!5/67/.*-6$.$,,*6$!?@

&-*'.-=)6$&-*'.-=)6$

&*$.$"9&($!)>!"&*$.$"9&($!)>!"

.$7$.&)=)6$.$7$.&)=)6$

)$/<+*'K43N4'7&2"+*#$%&"'>*+,*-%:+"-"22%+"?'*/%&$C2*'824'*&2*/%&$C2*4'!$9"+*,"&2"'
2+*22%'(*'8*&/'^ANN@_

8?'+"-"22%+"]'8Ç?'+"-"22%+"'*22$D*2%

22 !Z$&2"+*#$%&":>*+,*-%:+"-"22%+"'Y'+"C1%&C*9$."'("/.$'"X"22$'>*+,*-%.%/$-$'"'("/.$'"X"22$'$&("C$("+*2$'!Z$&2"+*#$%&":>*+,*-%:+"-"22%+"'Y'+"C1%&C*9$."'("/.$'"X"22$'>*+,*-%.%/$-$'"'("/.$'"X"22$'$&("C$("+*2$'

!Z$&2"+*#$%&"'2+*'>*+,*-%'"'+"-"22%+"'Y',"($*2*'(*'."/*,$'-6$,$-$'("9%.$'-%,"?'!Z$&2"+*#$%&"'2+*'>*+,*-%'"'+"-"22%+"'Y',"($*2*'(*'."/*,$'-6$,$-$'("9%.$'-%,"?'

0*(,&!&%6*)$(*

5*69$!%&!#/(!%$6!è//+'

&(,$6/9&*(&!&%6*5*B&.;$



!"#$%&$'($')*+,*-%.%/$*'/"&"+*." 0*1$2%.%'K4')*+,*-%:($&*,$-*4'7KD

Z4@4) *''$2$'R)$+',$+-"%&)) )

22 3E/,,&#&,>!&(,6&('$./!6&^$,,$!+/!./0/.&,>!%&!8(!5/67/.*!%&!%$,$67&(/6$!8(!$H$,,*!B&*+*)&.*

L=K=7='L=K=7=' 00))>5>4M))>5>4MT'T'044>1>4M044>1>4M''>543>5E2A0>543>5E2A0T'T'2))>A0A>02))>A0A>0

22 3E-@/)*N-@/)*N!%&!8(!5/67/.*!$'06&7$!+/!ê5*69/ê!.*(!.8&!&+!5/67/.*!'&!+$)/!/+!6$.$,,*6$@!8(!5/67/.*!.;$!'&!
.*7B&(/!êB$($ê!.*+!6$.$,,*6$!$!6&'8+,/!5*6,$7$(,$!+$)/,*:!0*''&$%$!8(/!$+$#/,/!/L(&,>!0$6!=8$+!6$.$,,*6$

m/67/.&!.;$!/)&'.*(*!'8!6$.$,,*6&!%$++*!',$''*!,&0*:!0*''*(*!0$6G!06*%866$!6&'0*',$!%&!%&H$6$(,$!$(,&,>!0$6!
+/!+*6*!%&#$6'/!-**)7)*N%)/*.)/&$!--**)7)*N%)/*.)/&$!-

3E/,,&#&,>!&(,6&('$./!?!+/!7&'86/!%$++/!6&'0*',/!7/''&7/!.;$!&+!5/67/.*!08G!06*%866$!"(*(!&(.6$7$(,/B&+$!
($0086$!'*77&(&',6/(%*+*!/!%*'&!7*+,*!0&K!/+,$1[!?!8(!0/6/7$,6*!0$6!%&',&()8$6$!5/67/.&!.;$!'&!+$)/(*!
/++*!',$''*!'&,*!6$.$,,*6&/+$!7/!(*(!06*%8.*(*!$H$,,&!8)8/+&@!$'06&7$!.&*?!+E$@!-!)-$@!-!)-!%$+!5/67/.*

c8$!5/67/.&!.;$!/)&'.*(*!'8)+&!',$''&!6$.$,,*6&!$!0*''&$%*(*!+/!',$''/!/L(&,>:!7/!%&#$6'/!/,,&#&,>!
&(,6&('$./!"*!$L./.&/1!6&.;&$%*(*!8(/!%&H$6$(,$!=8/(,&,>!%&!6$.$,,*6&!*..80/,&!0$6!06*%866$!+/!',$''/!
6&'0*',/:!&+!.;$!$=8&#/+$!/!%&6$!.;$!&+!5/67/.*!.*(!0&K!B/''/!/,,&#&,>!&(,6&('$./!"*!$L./.&/1!6&.;&$%$!8(!
7/))&*6!(87$6*!%&!6$.$,,*6&!*..80/,&!$!=8&(%&!8(/!%*'$!0&K!/+,/



!"#$%&$'($')*+,*-%.%/$*'/"&"+*." 0*1$2%.%'K4')*+,*-%:($&*,$-*4'7KJ

L=K=;='L=K=;=' 008B5>E4>8B5>E4>''F036>0!>F036>0!>

22 X+.8(&!/)*(&',&!(*(!'*(*!&(!)6/%*!%&!&(%866$!+/!6&'0*',/!7/''&7/!/!=8/+'&/'&!.*(.$(,6/9&*($!/!.8&!#$()*(*!
8,&+&99/,&

Z/+&!5/67/.&!'*(*!%$F(&,&!-8"/)&*)%(-.;)-6)-8"/)&*)%(-.;)-6)

A*''$))*(*!8(/!#)/".$%-**)7)*N%)/*.)/&$!-#)/".$%-**)7)*N%)/*.)/&$!-!*!#)/".$%$@!-!)-#)/".$%$@!-!)-

L=K=<='L=K=<=' 0044>106>B5244>106>B52''ABE4>4I4>10ABE4>4I4>10''@2>@2>''32A244B3>32A244B3>

22 o$.$,,*6&!.;$!&(!/''$(9/!%&!+&)/(%*!'*(*!F'&*+*)&./7$(,$!.*',&,8,&#/7$(,$!/,,&#/,&!"$'N@!6$.$,,*6&!0$6!
B$(9*%&/9$0&($:!./((/B&(*&%&:!%*0/7&(/1

o$.$,,*6&!.;$!&(!/''$(9/!%&!+&)/(%*!'/6$BB$6*!F'&*+*)&./7$(,$!&(/,,&#&:!0*''*(*!$''$6$!/,,&#/,&!0$6!8(/!
78,/9&*($@!/,,&#/9&*($!.*',&,8,&#/!0/,*+*)&./!"$'N@!/87$(,*!%$+!(87$6*!%&!6$.$,,*6&!a-/%6$($6)&.&1
<(!=8$',$!.*(%&9&*(&!8(!+&)/(%*!0*,6$BB$!6&%866$!&+!+&#$++*!%&!/,,&#/9&*($!.*',&,8,&#/



!"#$%&$'($')*+,*-%.%/$*'/"&"+*." 0*1$2%.%'K4')*+,*-%:($&*,$-*4'7KK

Z4Z4) V&,7&%$)&:(+$-'$)) )

22 P&!%$F(&'.$!-8"/)&*--8"/)&*-!8(!5/67/.*!.;$!'&!+$)/!/%!8(!6$.$,,*6$!$!)$($6/!8(/!6&'0*',/!B&*+*)&./

22 h$($6/+7$(,$!8(!/)*(&',/!6&06*%8.$!)+&!$H$,,&!%$&!.*70*',&!
$(%*)$(&!.*66$+/,&

34$(,&,>!%$++/!6&'0*',/!&(%*,,/!%&0$(%$!%/++/!.*(.$(,6/9&*($!%$+!
5/67/.*!/!+&#$++*!%$+!'&,*!6$.$,,*6&/+$:!.;$:!/!'8/!#*+,/:!?!
%&0$(%$(,$@

%/++/!%*'$!5/67/.*!'*77&(&',6/,/

%/++/!#$+*.&,>!/''*6B&7$(,*

%/&!./6/,,$6&!.;&7&.*-F'&.&!%$+!5/67/.*

22 3/!.&($,&./!%&!8(!5/67/.*!/)*(&',/!?!./6/,,$6&99/,/!%/!T!0/6/7$,6&!
06&(.&0/+&@

$H$,,*!7/''&7*

%*'$!$L./.$!7$%&/!"McQW:!"X"-2$D"'(%C"!QW1

)$/<+*'K4334'0$&"2$-*'($'<&'>*+,*-%'*/%&$C2*4'M*.."'."#$%&$'("..*'M%224'84'M*..FP.$%



!"#$%&$'($')*+,*-%.%/$*'/"&"+*." 0*1$2%.%'K4')*+,*-%:($&*,$-*4'7KL

L=L=7='L=L=7=' AAI312I312''@BE2@BE2QQ3>EFBE403>EFBE40

22 3$!.86#$!%*'$w6&'0*',/!.*('$(,*(*!%&!0/6/)*(/6$!$L./.&/!$!
0*,$(9/!%&!%8$!5/67/.&!%&#$6'&

22 34$H$,,*!%&!8(!5/67/.*!?!06*0*69&*(/+$!/+!(87$6*!%&!6$.$,,*6&!
*..80/,&:!=8&(%&!/87$(,/!/++4/87$(,/6$!%$++/!%*'$

.Z"X"22%',*CC$,%'C$'D"+$J-*'e<*&(%'2<22$'$'+"-"22%+$'C%&%'.Z"X"22%',*CC$,%'C$'D"+$J-*'e<*&(%'2<22$'$'+"-"22%+$'C%&%'
%--<1*2$%--<1*2$

)$/<+*'K43A4'0<+D*'(%C":+$C1%C2*?'1*+*/%&"'2+*'1%2"&#*'"('"T-*-$*'($'
*-"2$.-%.$&*'"'1+%1$%&$.-%.$&*

B-"2$.-%.$&*'^"&(%/"&*_'"'1+%1$%&$.-%.$&*'^"C%/"&*;'>*+,*-%_'*/$C-%&%'C<$'
,"("C$,$'+"-"22%+$

!$9"+*,"&2"'2+*22%'(*.."'."#$%&$'("..*'M%224'8%CC"..*'M*..FP.$%



!"#$%&$'($')*+,*-%.%/$*'/"&"+*." 0*1$2%.%'K4')*+,*-%:($&*,$-*4'7KN

L=L=;='L=L=;=' FFB42560B42560''2@2@''2))>A0A>02))>A0A>0''@>@>'')03?0A>)03?0A>''08B5>E4>08B5>E4>

22 3/!0*,$(9/!%&!8(!5/67/.*!.6$'.$!&(!7/(&$6/!&(#$6'/7$(,$!06*0*69&*(/+$!/++/!%*'$!6&.;&$',/!0$6!+E$H$,,*!
5/67/.*+*)&.*

3E$L./.&/!%&!8(!5/67/.*!.6$'.$!&(!58(9&*($!%$++E$H$,,*!7/''&7*!6/))&8()&B&+$!($++E/7B&,*!%$&!%*'/))&!8,&+&99/B&+&

)$/<+*'K43@4'S%2"&#*'($'<&'>*+,*-%

!$9"+*,"&2"'2+*22%'(*.."'."#$%&$'("..*'M%224'8%CC"..*'M*..FP.$%

)$/<+*'K43E4'WT-*-$*'($'<&'>*+,*-%

!$9"+*,"&2"'2+*22%'(*.."'."#$%&$'("..*'M%224'8%CC"..*'
M*..FP.$%



!"#$%&$'($')*+,*-%.%/$*'/"&"+*." 0*1$2%.%'K4')*+,*-%:($&*,$-*4'7KO

Z4\4) *:(+$-'$)$+2",-$)) )

22 X+.8(&!5/67/.&!0*''*(*!'0*',/6$!+4$=8&+&B6&*!/!5/#*6$!%$++/!5*67/!&(/,,&#/!%$+!6$.$,,*6$

$''&!;/((*!8(/!/+,/!/L(&,>!0$6!+/!5*67/!&(/,,&#/!%$+!6$.$,,*6$@!+$)/(%*'&!+*!B+*../(*!&(!=8$',*!',/,*

22 b$()*(*!.;&/7/,&@ *(0"$8/$*(0"$8/$''$"U&)8$$"U&)8$'^>*+,*-$'-%&'"T-*-$*'&"/*2$D*_'^>*+,*-$'-%&'"T-*-$*'&"/*2$D*_

0$6!%&',&()8$6+&!%/@ *(0"$8/$*(0"$8/$'^"T-*-$*'1%C$2$D*_'^"T-*-$*'1%C$2$D*_

*"/*(0"$8/$*"/*(0"$8/$'^"T-*-$*'#"+%_'^"T-*-$*'#"+%_

)$/<+*'K43Q4'B/%&$C2$'
$&D"+C$

M*2$'(*?'8*&/'^ANN@_



!"#$%&$'($')*+,*-%.%/$*'/"&"+*." 0*1$2%.%'K4')*+,*-%:($&*,$-*4'7LP

Z4]4) *+'&:(+$-'$)) ) )

!"#$%&%'$"()%(,-./-0'(-$4-1'$%64-!"#$%&%'$"()%(,-./-0'(-$4-1'$%64-

j1$)&+'&:(+$-'$)-(+()6&,7&%$)%J")-$)1":&+()%(+)&1'&)&g+$'R)&$),"%"''(,$E)7&)+(+)-(+()$+):,&#()#$)$+#/,,")
#$)F",)-h)/+&),$-F(-'&)=$(1(:$%&

22 34$H$,,*!5/67/.*+*)&.*!%&!8(!/(,/)*(&',/!?!%*#8,*!/++/!'8/!06*06&$,>!%&!&(&B&6$!+4$H$,,*!%$++4/)*(&',/!$(%*)$(*!
.;$!/)&'.$!/,,6/#$6'*!+*!',$''*!6$.$,,*6$

;2-66%#0-&%'$"()"%(,-./-0%(-$4-1'$%64%;2-66%#0-&%'$"()"%(,-./-0%(-$4-1'$%64%

22 <!5/67/.&!/(,/)*(&',&!0*''*(*!$''$6$@

-%,1"2$2$D$-%,1"2$2$D$

&%&'-%,1"2$2$D$'^*..%C2"+$-$_&%&'-%,1"2$2$D$'^*..%C2"+$-$_

22 3E/(,/)*(&'7*!%$&!5/67/.&!08G!$''$6$

/(,/)*(&'7*!.;&7&.*

/(,/)*(&'7*!5/67/.*-.&($,&.*

/(,/)*(&'7*!'8+!6$.$,,*6$

/(,/)*(&'7*!F'&*+*)&.*



!"#$%&$'($')*+,*-%.%/$*'/"&"+*." 0*1$2%.%'K4')*+,*-%:($&*,$-*4'7L7

L=O=7='L=O=7=' 005408B5>E4>5408B5>E4>''AB?F24>4>1>AB?F24>4>1>

22 h+&!/(,/)*(&',&!.*70$,&,&#&!'&!+$)/(*!6$#$6'&B&+7$(,$!
/++*!',$''*!'&,*!/!.8&!'&!+$)/!+4/)*(&',/N

3$!%8$!7*+$.*+$!0$6.&G!.*70$,*(*!0$6!8(!'&,*!
.*78($

22 ](!/(,/)*(&',/!.*70$,&,&#*!'0*',/!+/!.86#/!%*'$-!
6&'0*',/!%$++4/)*(&',/!#$6'*!%$',6/

X87$(,/(%*!+/!.*(.$(,6/9&*($!%&!/)*(&',/!'&!08G!
)$($6/6$!+*!',$''*!$H$,,*!7/''&7*!*,,$(8,*!&(!
/''$(9/!%$++4/(,/)*(&',/

](!/(,/)*(&',/!.*70$,&,&#*!6&%8.$!+/!0*,$(9/!
%$++4/)*(&',/

)$/<+*'K43I4'B&2*/%&$C,%'-%,1"2$2$D%?'C-6",*'^$&'*.2%'*'([4_]'
-$&"2$-*'^$&'9*CC%_4'0<+D*'(%C"'"X"22%'(".'>*+,*-%'*/%&$C2*'$&'
1+"C"&#*'($'(%C$'-+"C-"&2$'^(*'*'*('&_'($'>*+,*-%'*&2*/%&$C2*

!$9"+*,"&2"'2+*22%'(*.."'."#$%&$'("..*'M%224'8%CC"..*'M*..FP.$%



!"#$%&$'($')*+,*-%.%/$*'/"&"+*." 0*1$2%.%'K4')*+,*-%:($&*,$-*4'7L;

L=O=;='L=O=;=' 005408B5>E4>5408B5>E4>''5B55B5''AB?F24>4>1>AB?F24>4>1>

22 h+&!/(,/)*(&',&!(*(!.*70$,&,&#&!0*''*(*@

&(,$6/)&6$!&(!7*%*!&66$#$6'&B&+$!.*(!+*!
',$''*!'&,*!%$++4/)*(&',/

+$)/6'&!/%!8(!'&,*!%$+!6$.$,,*6$!%&#$6'*!%/!
=8$++*!*..80/,*!%/++4/)*(&',/!"7$../(&'7*!
/++*',$6&.*1

22 ](!/(,/)*(&',/!(*(!.*70$,&,&#*!%$06&7$!+4$H$,,*!
7/''&7*!*,,$(&B&+$!/(.;$!.*(!%*'&!$+$#/,$!
%$++4/)*(&',/!'$(9/!7*%&F./6($!+/!0*,$(9/

)$/<+*'K43K4'B&2*/%&$C,%'&%&'-%,1"2$2$D%?'C-6",*'^$&'*.2%'*'
([4_]'-$&"2$-*'^*'([_4'B?'>*+,*-%'*/%&$C2*]'0?'>*+,*-%'
*&2*/%&$C2*]'B8?'-%,1."CC%'*22$D%'>*+,*-%:+"-"22%+"]'B8=?'
-%,1."CC%'$&*22$D%'>*+,*-%:+"-"22%+"

!$9"+*,"&2"'2+*22%'(*.."'."#$%&$'("..*'M%224'8%CC"..*'M*..FP.$%



!"#$%&$'($')*+,*-%.%/$*'/"&"+*." 0*1$2%.%'K4')*+,*-%:($&*,$-*4'7L<

C$4-1'$%6/'(09%/%0'C$4-1'$%6/'(09%/%0'

22 P&!%$F(&'.$!/(,/)*(&'7*!.;&7&.*!+/!'&,8/9&*($!&(!.8&!%8$!'*',/(9$!'&!.*7B&(/(*!&(!'*+89&*($!$!+4$H$,,*!%$+!
5/67/.*!/,,&#*!#&$($!/((8++/,/

$'N@!/)$(,&!.;$+/(,&!%$&!7$,/++&!0$'/(,&

C$4-1'$%6/'(,-./-0'?0%$"4%0'C$4-1'$%6/'(,-./-0'?0%$"4%0'

22 P&!%$F(&'.$!/(,/)*(&'7*!5/67/.*-.&($,&.*!+/!'&,8/9&*($!&(!.8&!+4/(,/)*(&',/!6&%8.$!$L./.$7$(,$!+/!
.*(.$(,6/9&*($!%$+!5/67/.*!/,,&#*!/+!'8*!'&,*!%&!/9&*($

A8G!/##$(&6$!.*(@

/87$(,*!%$++/!#$+*.&,>!%&!%$)6/%/9&*($!7$,/B*+&./!%$+!5/67/.*!"$'N@!&+!5$(*B/6B&,/+$!6&%8.$!+E$H$,,*!
/(,&.*/)8+/(,$!%$+!Ö/65/6&(1

6&%89&*($!%$++E/''*6B&7$(,*!)/',6*&(,$',&(/+$

C$4-1'$%6/'(#6%'2'1%0'C$4-1'$%6/'(#6%'2'1%0'

22 c$'.6&#$!+4&(,$6/9&*($!%&!%8$!5/67/.&!+$!.8&!/9&*(&!*00*',$!'8++4*6)/(&'7*!,$(%*(*!/%!/((8++/6'&!6$.&06*./7$(,$

$'N@!

+E&',/7&(/!/)&'.$!'8&!6$.$,,*6&!%$++$!.$++8+$!0/6&$,/+&!%$++/!78.*'/!)/',6&./!0$6!&(%866$!'$.6$9&*($

+E!*7$*06/9*+*!B+*../!=8$',*!$H$,,*!/,,6/#$6'*!&(&B&9&*($!%$++/!0*70/!06*,*(&./

C$4-1'$%6/'(632(."0"44'."C$4-1'$%6/'(632(."0"44'."

22 h+&!/(,/)*(&',&!0*''*(*!/)&6$!'8+!6$.$,,*6$!.*(!%8$!7$../(&'7&!%&#$6'&:!06*%8.$(%*!8(!$H$,,*!C'*67*(,/B&+$D!*!
C&('*67*(,/B&+$D



!"#$%&$'($')*+,*-%.%/$*'/"&"+*." 0*1$2%.%'K4')*+,*-%:($&*,$-*4'7LD

Z43?4) 8,$+%$F&1$)6(+'$)/'$1$II&'"

="."..$;'M4;'!*,9"+2;'h4h4'^ANNQ_'H"<+%C2"+%$(C?'"&(%/"&%<C'+"/<.*2%+C'%>'26"'5B=BB'+"-"12%+4'H*24'8"D4'H"<+%C-$4'I;'QIQ:QKQ

H"D"C;'\484'8*,;'S4k4;'7g"&/*+;'84'^ANNA_'5'S+%2"$&'S*26`*gC4'\-$"&-"'@AVI;'3I@I:3I@V

8*&/4'c4'S4;'M*."4'O4O4;'8$22"+4'h4'O4;'O%%+";'S4n4'^ANN@_'8*&/'t'M*."FC'S6*+,*-%.%/g4'b'"(4'06<+-6$..'!$D$&/C2%&";'!%&(%&

=%4%(>":=%4%(>":

&"D"C{5{1+%2"$&{1*26`*gC{\-$"&-" D$C$2*2%'$.'A@G3NGAN3A *--"CC$9$."'$.'ANGN@GAN3@

`<{*CC*g{("D".%1,"&2{5:1+%2"$& D$C$2*2%'$.'A@G3NGAN3A *--"CC$9$."'$.'ANGN@GAN3@

http://books.google.it/books?id=qxKqC1aGLBIC&pg=PA265&redir_esc=y#v=onepage&q&f=false
http://www.sciencemag.org/content/296/5573/1636.full


!"#$%&$'($')*+,*-%.%/$*'/"&"+*." 0*1$2%.%'K4')*+,*-%:($&*,$-*4'7LJ



!"#$%&$'($')*+,*-%.%/$*'/"&"+*." 0*1$2%.%'K4')*+,*-%:($&*,$-*4'7LK



!"#$%&$'($')*+,*-%.%/$*'/"&"+*." 0*1$2%.%'U4'B22$D$2L'>*+,*-%.%/$-*4'7LL

V-V- ''J//$U$/F'2*)3*%0+0($%*J//$U$/F'2*)3*%0+0($%*

7'"($#$%&"'

8%9"+2%'8$,%&($&$:5$%+/$&$;'!<$/$'=*+9$"+$

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

lI'N&&(L(&S'Q2%)2@"A".(@2IIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIII ;__
lI;I'NZZ3k3Zt'?N![NB7/7-3BN'''IIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIII;_`
lI9I'3853B4'Z4!Nc4OZ3B7'4'c!7?3/3'53'K3BO!466N'45'4??3BNB3N''''III;l:
U4A434'7&($-"'2"+*1"<2$-%444444444444444444444444444444444444444444444444444444444444444444444444444444444444444 3UN
U4A4A4'S+%J.$'($'"T-*-$*'"'C$-<+"##*4444444444444444444444444444444444444444444444444444444444444444444444 3U3
U4A4@4'7.',*+/$&"'($'C$-<+"##*44444444444444444444444444444444444444444444444444444444444444444444444444444444 3UA

lI<I'!4/N63784'Z!N'57K4'c!4KB!3ZZN'53'O8'?N![NB7'45'3/'KO7'
4??4ZZ7'?N![NB7/7-3B7''IIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIII;li
U4@434'8".*#$%&"'(%C":-%&-"&2+*#$%&":$&2"&C$2L'("..F"X"22%44444444444444444444444444444444443UE

lIiI'?NZZ7!3'384!48Z3'N/'?N![NB7'''IIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIII ;lh
U4E434'k%.."+*&#*'>*+,*-%:-$&"2$-*444444444444444444444444444444444444444444444444444444444444444444444444 3UI
U4E4A4'k%.."+*&#*'>*+,*-%:($&*,$-*4444444444444444444444444444444444444444444444444444444444444444444444 3UI
U4E4@4'M"C"&C$9$.$##*#$%&"'("$'+"-"22%+$4444444444444444444444444444444444444444444444444444444444444444 3UK

lIhI'?NZZ7!3'384!48Z3'N/'cN6348Z4''''IIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIII ;ll
U4Q434'W,$D$2*'1.*C,*2$-*'(".'>*+,*-%'"('"2L'(".'1*#$"&2"44444444444444444444444444444444444 3UV

U4Q4A4'8$C1%C2"'>*+,*-%.%/$-6"'*9&%+,$'("2"+,$&*2"'/"&"2$-*,"&2"4444444444444444443VN
U4Q4@4'8$C1%C2"'>*+,*-%.%/$-*,"&2"'*9&%+,$'("2"+,$&*2"'(*'>*22%+$'1*2%.%/$-$'&%&'
-%++".*2$4444444444444444444444444444444444444444444444444444444444444444444444444444444444444444444444444444444444444444 3VA
U4Q4E4')*22%+$'($"2"2$-$4444444444444444444444444444444444444444444444444444444444444444444444444444444444444444444 3V@
U4Q4Q4'0%,1.$*&-"'(".'1*#$"&2"'*..*'2"+*1$*4444444444444444444444444444444444444444444444444444444444 3VE

lIaI'[4BBN83K[3'54//4'38Z4!N63783'Z!N'?N![NB3'fN8ZN-783K[7'7'
K384!-3K[7g''''IIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIII ;`a
U4I434'7&-%,1*2$9$.$2L'JC$-%:-6$,$-6"4444444444444444444444444444444444444444444444444444444444444444444 3VK
U4I4A4'7&2"+*#$%&$'*'.$D"..%'("..Z*CC%+9$,"&2%'/*C2+%:$&2"C2$&*."44444444444444444444444444443VK
U4I4@4'7&2"+*#$%&$'*'.$D"..%'(".'."/*,"'>*+,*-%:1+%2"$&"'1.*C,*2$-6"44444444444444444443VK
U4I4E4'7&2"+*#$%&$'*'.$D"..%'(".',"2*9%.$C,%'("$'>*+,*-$44444444444444444444444444444444444444443VU
U4I4Q4'7&2"+*#$%&$'*'.$D"..%'("..*'".$,$&*#$%&"'("$'>*+,*-$'1"+'D$*'+"&*."444444444444443VU
U4I4I4'7&2"+*#$%&$'*'.$D"..%'><&#$%&*."44444444444444444444444444444444444444444444444444444444444444444444 3VU
U4I4K4'7&2"+*#$%&$'*'.$D"..%'("..*'C"("'($'*#$%&"44444444444444444444444444444444444444444444444444444 3VU

lI_I'c!38B3cN/3'?78Z3'OZ3/366NZ4IIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIII ;``



!"#$%&$'($')*+,*-%.%/$*'/"&"+*." 0*1$2%.%'U4'B22$D$2L'>*+,*-%.%/$-*4'7LN



!"#$%&$'($')*+,*-%.%/$*'/"&"+*." 0*1$2%.%'U4'B22$D$2L'>*+,*-%.%/$-*4'7LO

\434) *''$2$'R)6&,7&%(1(:$%&)) )

22](!5/67/.*!08G!&(%866$@

7*%&F./9&*(&!0*'&,&#$!0$6!+/!'/+8,$@ #$,)!-#$/*"#$,)!-#$/*"

7*%&F./9&*(&!($)/,&#$!0$6!+/!'/+8,$@ 4'66%0'('(5"2"$'4'66%0'('(5"2"$'

223E&(,$6/9&*($!5/67/.*-6$.$,,*6$!?!
6$'0*('/B&+$!%$)+&!$H$,,&!,$6/0$8,&.&!$!
%$)+&!$H$,,&!,*''&.&!%$&!5/67/.&

8(,'$()"')$+'",&%'$(+"-)6&%$/+')8(,'$()"')$+'",&%'$(+"-)6&%$/+')
2"+"+/72"+"+/7!"06*5N!h&/(!38&)&!g&/)&1@!
3E/,,&#&,>!5/67/.*+*)&./!",*''&./!*!
,$6/0$8,&./1!?!',6$,,/7$(,$!%&0$(%$(,$!
%/++/!%*'$!$!%/++/!&(,$6/9&*($!.*(!
'*',/(9$!06$'$(,&!($++E*6)/(&'7*!%$+!
0/9&$(,$!"/+,6&!5/67/.&:!/+&7$(,&:!
'*',/(9$!/7B&$(,/+&1

)$/<+*'U434'8".*#$%&"'>*+,*-%:+"-"22%+":+$C1%C2*



!"#$%&$'($')*+,*-%.%/$*'/"&"+*." 0*1$2%.%'U4'B22$D$2L'>*+,*-%.%/$-*4'7NP

\4>4) 5+#$%")'",&F"/'$%()")F,(H1$)#$)-$%/,"II&)"#)"g%&%$&)) ) )

N=;=7='N=;=7=' >>5@>A25@>A2''4230F2I4>AB4230F2I4>AB

223E&(%&.$!,$6/0$8,&.*!?!8(!&(%&.$!%$++/!'&.86$99/!%&!8(!5/67/.*

<!5/67/.&!.;$!;/((*!8(!/+,*!&(%&.$!,$6/0$8,&.*!'*(*!7*+,*!7/($))$#*+&

&!5/67/.&!.;$!;/((*!8(!B/''*!&(%&.$!,$6/0$8,&.*!'*(*!0*.*!7/($))$#*+&

)$/<+*'U4A4'B.2%'"'9*CC%'$&($-"'
2"+*1"<2$-%'



!"#$%&$'($')*+,*-%.%/$*'/"&"+*." 0*1$2%.%'U4'B22$D$2L'>*+,*-%.%/$-*4'7N7

N=;=;='N=;=;=' FF3B)>!>3B)>!>''@>@>''2))>A0A>02))>A0A>0''22''E>AI32660E>AI32660

!"#$%&%'$%()%(!"#$%&%'$%()%((.">6"%,)%$@!-!)-%$%(.">6"%,)%&)!'.$;;-(.">6"%,)%$@!-!)-%$%(.">6"%,)%&)!'.$;;-

.C$+-$"7")#":1$)"O"''$)/'$1$)%(-'$'/$-%")$1)5)06+0'#$'&7%*%$*5)06+0'#$'&7%*%$*)#$)/+)F,$+%$F$()&''$2(

.C$+-$"7")#":1$)"O"''$)%(11&'",&1$)")'(--$%$)L)&11&)=&-")#"1)5)06+0'#$'8$%9)&::*5)06+0'#$'8$%9)&::*)#$)/+)6&,7&%(

223/!5*67/!5/67/.$8,&./:!+$!#&$!$!+$!7*%/+&,>!%&!'*77&(&',6/9&*($!%$+!7$%&.&(/+$!0*''*(*!&(!0/6,$!7*%&F./6$!&+!
06*F+*!%&!$L./.&/!$!'&.86$99/!%$+!06&(.&0&*!/,,&#*

$'N@!5*67$!5/67/.$8,&.;$!/!6&+/'.&*!7*%&F./,*!0$6!#&/!*6/+$!*!0/6$(,$6/+$!,$(%*(*!/!6&%866$!&+!0&..*!%&!
.*(.$(,6/9&*($!%$+!06&(.&0&*!/,,&#*!$!=8&(%&!6&%866$!&+!6&'.;&*!%&!$H$,,&!.*++/,$6/+&!*!,*''&.&!.*(.$(,6/9&*($-
%&0$(%$(,&

$'N@!5*67$!*6/+&!/!6&+/'.&*!06*(,*!*!'*77&(&',6/9&*(&!$(%*#$(*'$!/!B*+*!0*''*(*!.*70*6,/6$!0&..;&!
$..$''&#&!%&!.*(.$(,6/9&*(&!0+/'7/,&.;$!$!,&''8,/+&!.*(!0*''&B&+$!.*70/6'/!%&!$H$,,&!,*''&.&

22 ](!5/67/.*!#&$($!8,&+&99/,*!.*7$!7$%&.&(/+$!'$!+$!%*'&!8,&+&!0$6!&(%866$!)+&!$H$,,&!,$6/0$8,&.&!'*(*!&(5$6&*6&!/++$!
%*'&!.;$!&(%8.*(*!$H$,,&!%/((*'&

0&K!?!/70&/!+/!%&',/(9/!56/!%*'&!,$6/0$8,&.;$!$!%*'&!,*''&.;$!0&K!&+!7$%&.&(/+$!?!.*('&%$6/,*!'&.86*@!
>/$&*.-%*$.-($'*)!->/$&*.-%*$.-($'*)!-

22h+&!$H$,,&!/##$6'&!.;$!'&!.*('&%$6/(*!&(!=8$',/!#/+8,/9&*($!'*(*!=8$++&!&+!.8&!&70/,,*!'8+!0/9&$(,$!$..$%$!)+&!$H$,,&!
,$6/0$8,&.&!.$6./,&
$'N@!

(/8'$/!$!#*7&,*!+&$#&!'/6$BB$6*!8(!$H$,,*!'&)(&F./,&#*!0$6!8(!5/67/.*!/(,&-/(,&0&6$,&.*!&(!8(!.*(,$',*!%&!
5$BB6$!7*%$6/,/:!0*6,/(%*!/!'*'0$('&*($!%$++/!,$6/0&/

(/8'$/!$!#*7&,*:!/(.;$!'&)(&F./,&#&:!'*(*!$H$,,&!/..$,,/B&+&!($+!.*(,$',*!%&!8(/!,$6/0&/!/(,&-($*0+/',&./!$!
(*(!0*6,/(*!/!'*'0$('&*($!%$++/!,$6/0&/!',$''/



!"#$%&$'($')*+,*-%.%/$*'/"&"+*." 0*1$2%.%'U4'B22$D$2L'>*+,*-%.%/$-*4'7N;

N=;=<='N=;=<=' >>!!''?038>52?038>52''@>@>''E>AI32660E>AI32660

22<(%&.$!,$6/0$8,&.*@

eA(M(e!\]NE!\]

Z<@!26"+*1"<2$-'$&("[!"&(%&.$!,$6/0$8,&.*1

Zc@!26"+*1"<2$-'(%C"!"%*'$!,$6/0$8,&./1

Mc@!"X"-2$D"'(%C"!"%*'$!$L./.$1

2\% [R2\% A

22â/6)&($!%&!'&.86$99/@

K=(M(e!cNE!ff

âP@!7/6)&($!%&!'&.86$99/

)$/<+*'U4@4'7.',*+/$&"'($'C$-<+"##*

!$9"+*,"&2"'2+*22%'(*.."'."#$%&$'("..*'M%224'8%CC"..*'M*..FP.$%



!"#$%&$'($')*+,*-%.%/$*'/"&"+*." 0*1$2%.%'U4'B22$D$2L'>*+,*-%.%/$-*4'7N<

k*9"..*'U43I?'B.-<&$'$&($-$'2"+*1"<2$-$'^*11+%CC$,*2$_'($'$,1$"/%'-%,<&"'^+$>"+$2$'*..F<%,%'*(<.2%_

5-.#-!" ,"&$%$@!-!)$%0#84 ,"&$%6$*-6$%0#84 )/,)!$%*$.-($'*)!"

/%6$(/+&(/ S EC5>CC QW-SWW

,/-).)-%*7"'* SWW Q:WWW-SW:WWW QW-SWW

;$'"#-"'* SWW Q:WWW QW

%&/9$0/7 TW >+CCC QW

*!.")"'* S:WWW VW:WWW VW

0$(,*B/6B&,/+$ SWW >+CCC SW

&7&06/7&(/ VWW D+CCC SW

4"("#-!!"'* S V V

,<"'"4"'* SWW VWW V



!"#$%&$'($')*+,*-%.%/$*'/"&"+*." 0*1$2%.%'U4'B22$D$2L'>*+,*-%.%/$-*4'7ND

\4<4) f"1&I$(+")',&)#(-")F,"-%,$''&)#$)/+)6&,7&%()"#)$1)-/()"O"''()6&,7&%(1(:$%() )

N=<=7='N=<=7=' 332!06>B522!06>B52''@BE2@BE2QQAB5A254306>B52AB5A254306>B52QQ>5425E>4M>5425E>4M''@2!!@2!!GG2))244B2))244B

)$/<+*'U4E4'M%C":-%&-"&2+*#$%&":$&2"&C$2L'("..F"X"22%

!$9"+*,"&2"'2+*22%'(*.."'."#$%&$'("..*'M%224'8%CC"..*'M*..FP.$%



!"#$%&$'($')*+,*-%.%/$*'/"&"+*." 0*1$2%.%'U4'B22$D$2L'>*+,*-%.%/$-*4'7NJ

\4;4) V&''(,$)$+","+'$)&1)6&,7&%()) )

22 T".#'6-;)"/$%5-.#-!$'*)!-

$'N@!7*+,&!5/67/.&!#$()*(*!'*77&(&',6/,&!'*,,*!5*67/!%&!06*%*,,&!/!.$''&*($!06*+8()/,/!0$6!6&%866$!+$!
^8,,8/9&*(&!%$++$!.*(.$(,6/9&*(&!0+/'7/,&.;$!%$+!06&(.&0&*!/,,&#*!$!/87$(,/6$!+/!-%,1.$*&-"

22 1!+$#-%*$.-($'*)!"

$'N@!'.$+,/!%$+!7*7$(,*!%$++/!'*77&(&',6/9&*($!"$'N@!/(,&',/7&(&.&!06&7/!%&!.*6&./6'&!0$6!$H$,,*!'$%/,&#*:!
0'&.*',&7*+/(,&!($++$!*6$!%&86($1

22 2"66$.-/;-

P&!0/6+/!%&@

*"66$.-/;-%5-.#-!"9!)/$*)!-*"66$.-/;-%5-.#-!"9!)/$*)!-!=8/(%*!#&!?!8(/!%&7&(89&*($!%$++/!.*(.$(,6/9&*($!%$+!5/67/.*!($+!'&,*!
%&!/9&*($

*"66$.-/;-%5-.#-!"9,)/-#)!-*"66$.-/;-%5-.#-!"9,)/-#)!-!=8/(%*!'8B$(,6/!8(!5$(*7$(*!%&!/%/,,/7$(,*!.$++8+/6$

!"#$%&%'$"()%(!"#$%&%'$"()%(%(7F1$&+%"%(7F1$&+%"

.&)%.-0+$*"%&)#"-%,$2")$1),$-F"''()#&)F&,'")#"1)F&I$"+'")#"11&)'",&F$&)6&,7&%(1(:$%&



!"#$%&$'($')*+,*-%.%/$*'/"&"+*." 0*1$2%.%'U4'B22$D$2L'>*+,*-%.%/$-*4'7NK

N=D=7='N=D=7=' 44B!!230560B!!230560'')03?0AB)03?0ABQQA>524>A0A>524>A0

22P&!0/6+/!%&!,*++$6/(9/!5/67/.*-.&($,&./!=8/(%*!8(!5/67/.*!/)&'.$!'8!8(!*6)/(&'7*!6&%8.$(%*!&+!06*06&*!
/''*6B&7$(,*!*!/..$+$6/(%*!+/!#$+*.&,>!%&!$+&7&(/9&*($

M'N@

&!B/6B&,86&.&!',&7*+/(*!&+!06*06&*!7$,/B*+&'7*!&(%8.$(%*!8(!/87$(,*!%$)+&!$(9&7&!%$+!7$,/B*+&'7*!
%$08,/,&!/++/!+*6*!B&*-,6/'5*67/9&*($

N=D=;='N=D=;=' 44B!!230560B!!230560'')03?0AB)03?0ABQQ@>50?>A0@>50?>A0

22 P&!0/6+/!%&!,*++$6/(9/!5/67/.*-%&(/7&./!=8/(%*!+E*6)/(&'7*!'&!/%/,,/!/++/!06$'$(9/!.*(,&(8/,&#/!%$+!5/67/.*

Ü!8(!5$(*7$(*!56$=8$(,$!.*(@

7*6F(/:!/('&*+&,&.&:!/(5$,/7&(/!"/!+&#$++*!%$+!'&',$7/!($6#*'*!.$(,6/+$!"PpJ11

5/67/.&!=8/+&!&!aT-',&7*+/(,&!$!&!(&,6*-#/'*%&+/,/,*6&

3/!,*++$6/(9/!5/67/.*-%&(/7&./!'0$''*!%&0$(%$!%/!06*.$''&!%&!%$'$('&B&+&99/9&*($

M'N@

+E/%/,,/7$(,*!.$++8+/6$!"0+/',&.&,>!($86*(/+$1!&(!'$)8&,*!/!,6/,,/7$(,&!6&0$,8,&!.*(!5/67/.&!/)*(&',&!%&!
%$,$67&(/,&!'&',$7&!6$.$,,*6&/+&!/,,6/#$6'*!/(.;$!&+!5$(*7$(*!%$++/!(%`&'+"/<.*2$%&!%$&!6$.$,,*6&



!"#$%&$'($')*+,*-%.%/$*'/"&"+*." 0*1$2%.%'U4'B22$D$2L'>*+,*-%.%/$-*4'7NL

N=D=<='N=D=<=' @@2E25E>R>!>6606>B522E25E>R>!>6606>B52''@2>@2>''32A244B3>32A244B3>

22 P*77&(&',6/9&*(&!6&0$,8,$!*!.6*(&.;$!%&!8(!5/67/.*!"/)*(&',/!*!/(,/)*(&',/1!0*''*(*!&(%866$!./7B&/7$(,&!%$++/!
6$'0*('&#&,>!%$+!6$.$,,*6$

Ü!8(!'&',$7/!%&!06*,$9&*($!'&',$7&./!%/!8(/!',&7*+/9&*($!.*(,&(8/!.;$!08G!/66&#/6$!/%!&(%866$!7*6,$!.$++8+/6$!
0$6!/0*0,*'&

22 A$6%&,/!%&!./0/.&,>!%&!6&'0*(%$6$!/++4/)*(&',/

'$!+/!0$6%&,/!%&!./0/.&,>!?!'0$.&F./!%$+!6$.$,,*6$!/,,&#/,*!'&!0/6+/!%&!,$&$/&)=)6);;-;)"/$%"#"6"8-,$&$/&)=)6);;-;)"/$%"#"6"8-

'$!+4/,,&#/9&*($!06*+8()/,/!%&!8(!'&',$7/!'&!&(%8.$!8(/!0$6%&,/!%&!6&'0*',/!/(.;$!%&!/+,6&!6$.$,,*6&!'&!%&.$!
,$&$/&)=)6);;-;)"/$%$*$."6"8-,$&$/&)=)6);;-;)"/$%$*$."6"8-

e%7%()%()"6"$6%:%2%&&-&%'$"e%7%()%()"6"$6%:%2%&&-&%'$"

22 M'&',*(*!%&H$6$(,&!,&0&!%&!%$'$('&B&+&99/9&*($@

'$!+/!'*77&(&',6/9&*($!6&0$,8,/!*!.*(,&(8/,/!0*6,/!8(/!%&7&(89&*($!%$++4$H$,,*!'&!0/6+/!%&!*-!+)>6-&&)*-!+)>6-&&)

'$!+/!'*77&(&',6/9&*($!6&0$,8,/!*!.*(,&(8/,/!0*6,/!/%!8(/!%&7&(89&*($!%$&!6$.$,,*6&!'&!0/6+/!%&!#0W"4#0W"4
)&(9+*/$0")&(9+*/$0"

22 J/'*!/!0/6,$!?!6/006$'$(,/,*!%/&!.$!$**".)%7"6*-88)"9,)($/,$/*).$!$**".)%7"6*-88)"9,)($/,$/*)!%*0*!+/!',&7*+/9&*($!.;$!;/((*!8(!
,$70*!%&!+/,$(9/!06&7/!%&!0*,$6!$''$6$!6&/,,&#/,&!%&!(8*#*

<!6$.$,,*6&!&(!=8$',/!5/'$!'*(*!%$F(&,&!.$5.-**-.).$5.-**-.)!*!/"/%.$&("/&)7)/"/%.$&("/&)7)



!"#$%&$'($')*+,*-%.%/$*'/"&"+*." 0*1$2%.%'U4'B22$D$2L'>*+,*-%.%/$-*4'7NN

\4U4) V&''(,$)$+","+'$)&1)F&I$"+'")) ) )

22 5/,,*6&!)$($,&.& ',/,&!0/,*+*)&.&

5/,,*6&!%&$,$,&.& -%,1.$*&-"

0$'*!.*60*6$* ,$70$6/,86/!/7B&$(,/+$

$,> ',/,*!%&!6&$70&7$(,*!%$+!,8B*!)/',6*-$(,$6&.*

'$''* .*(%&9&*($!%&!+/#*6*!*!%&!6&0*'*!78'.*+/6$

)6/#&%/(9/ /00/6,$($(9/!$,(&./



!"#$%&$'($')*+,*-%.%/$*'/"&"+*." 0*1$2%.%'U4'B22$D$2L'>*+,*-%.%/$-*4'7NO

N=J=7='N=J=7=' 22?>1>40?>1>40''F!0E?04>A0F!0E?04>A0''@2!@2!'')03?0AB)03?0AB''2@2@''24M24M''@2!@2!''F06>2542F06>2542

k*9"..*'U43K?'b*+$*#$%&"'("..F",$D$2*'($'*.-<&$'>*+,*-$'&"$'1*#$"&2$'*&#$*&$4'M*2$'(*'P<C.*&("+'^3VU3_'"'8$-6"g'^3VKK_

5-.#-!"

8)"7-/)U%YR9^R%c

02AQY%$#-*)!"M%+4

-/;)-/)U%][9bR%c

056QY%$#-*)!"4M%+

5-**".$%,)%-66'/8-#$/*"

"!-'"*7"4$ SNOW SNQW SNSW

R*);*)"' VvNWW OONWW SNSe

#$#)*,",/"'* QNQW ONQW SNTR

;$'"/9:#*7-'$ fSNTW SWONRW SNTe

4"(-!!"'* QSNWW vVNWW SNOV

;$'*7-'$ STNWW SvNOW SNOv

;$'-9*)9"#*/$ vSNWW SWvNWW SNQS

%&&%6*',6$0,*7&.&(/ QNTW fNOW SNRT

/"4-,*"'* SNVO TNVV SNRV

,/-)4"*7$.-!!"4- fNeW SRNv SNvW

0$(&.&++&(/!h WNVQ WNRQ SNfR

n/(/7&.&(/ SNvf ONvW TNTQ

*%%"'-.")"'* VNWW SWNWW VNVV

4"*7$.*% TWNWW fWNWW ONWW



!"#$%&$'($')*+,*-%.%/$*'/"&"+*." 0*1$2%.%'U4'B22$D$2L'>*+,*-%.%/$-*4'7OP

N=J=;='N=J=;=' 33>EFBE42>EFBE42'')03?0AB!B8>AS2)03?0AB!B8>AS2''0R5B3?>0R5B3?>''@2423?>5042@2423?>5042''82524>A0?254282524>A0?2542

22â*%&F./,/!'&(,$'&!%&!$(9&7&

$'N@!&(/,,&#/,*6&!+$(,&!$!6/0&%&!%$++4&'*(&/9&%$

22â/(./,/!'&(,$'&!%&!$(9&7&

$'N@!%$F.&$(9/!%$++/!)+8.*'*-R-5*'5/,*!%$&%6*)$(/'&

22â/(./,*!/''*6B&7$(,*

$'N@!($++4/($7&/!0$6(&.&*'/!)&*#/(&+$!7/(./!&+!5/,,*6$!&(,6&('$.*!($.$''/6&*!0$6!+4/''*6B&7$(,*!&(,$',&(/+$!
%&!#&,/7&(/!gST@!6$'&',$(9/!/++/!'*77&(&',6/9&*($!*6/+$!%&!#&,/7&(/!gST

22 X+,$6/9&*(&!6$.$,,*6&/+&

$'@!6&%*,,*!(87$6*!%&!6$.$,,*6&!aT!($++$!#&$!/$6$$!%&!/'7/,&.&@!/'7/!B6*(.;&/+$

$'N@!%&'58(9&*($!%$&!6$.$,,*6&!&('8+&(&.&@!%&/B$,$!6$'&',$(,$!/++4&('8+&(/

$'N@!%&'58(9&*($!%$&!6$.$,,*6&!0$6!+$!3c3@!&0$6.*+$',$6*+$7&/!5/7&+&/6$



!"#$%&$'($')*+,*-%.%/$*'/"&"+*." 0*1$2%.%'U4'B22$D$2L'>*+,*-%.%/$-*4'7O7

P-./-0%(")(-24.%(,-44'.%(09"(7'66'$'(60-4"$-."(0.%6%("/'2%4%09"(%$(7-&%"$4%(0'$()"#0%"$&-()%(1230'6'?_?P-./-0%(")(-24.%(,-44'.%(09"(7'66'$'(60-4"$-."(0.%6%("/'2%4%09"(%$(7-&%"$4%(0'$()"#0%"$&-()%(1230'6'?_?

,'6,-4'()"%).'1"$-6%,'6,-4'()"%).'1"$-6%

22 5/67/.& 06&7/.;&(/!$%!/+,6&!/(,&7/+/6&.&!'&7&+&

/77&(*5$(/9*($

/.&%*!(/+&%&_&.*

(&,6*586/(,*&(/

'8+5/7&%&.&

.;&(&(/!$!.;&(&%&(/

22 /+&7$(,& 5/#$

22 0/,*+*)&$!.*(.*66$(,& /.&%*'&!%&/B$,&./

$0/,&,$

7*(*(8.+$*'&

0*+7*(&,&!$!'$,,&.$7&$!B/,,$6&.;$



!"#$%&$'($')*+,*-%.%/$*'/"&"+*." 0*1$2%.%'U4'B22$D$2L'>*+,*-%.%/$-*4'7O;

N=J=<='N=J=<=' 33>EFBE42>EFBE42'')03?0AB!B8>A0?2542)03?0AB!B8>A0?2542''0R5B3?>0R5B3?>''@2423?>5042@2423?>5042''@0@0'')044B3>)044B3>''F04B!B8>A>F04B!B8>A>''5B55B5''
AB332!04>AB332!04>

22 T$==.$T$==.$@!?!/87$(,/,*!&+!0/''/))&*!%&!7*+,&!5/67/.&!/,,6/#$6'*!+$!7$7B6/($

22 J/&'@!)$/;-%$(-*)!-%!."/)!-J/&'@!)$/;-%$(-*)!-%!."/)!-@!08G!$''$6$!%&7&(8&,*!&+!7$,/B*+&'7*!%$&!5/67/.&

22 J/&'@!)$/;-%.$/-6$%!."/)!-J/&'@!)$/;-%.$/-6$%!."/)!-@!?!%&7&(8&,/!+4$+&7&(/9&*($!%&!7*+,&!5/67/.&

A$6!=8/(,*!6&)8/6%/!+/!%&',6&B89&*($:!=8$',/!0/,*+*)&/!08G!&(%866$@

#/6&/9&*(&!%$+!0d!'&',$7&.*!"/.&%*'&!86$7&./!*!/+./+*'&!%/!&0*-n/+&$7&/1

6&%*,,/!./0/.&,>!+$)/7$!06*,$&($!0+/'7/,&.;$-5/67/.*:!/''*.&/,/!/++/!&0*-/+B87&($7&/

22 J/&'@!)$/;-%.$&().-*".)-%!."/)!-J/&'@!)$/;-%.$&().-*".)-%!."/)!-@!?!/87$(,/,*!+4$H$,,*!%&!5/67/.&!.;$!%$06&7*(*!&+!.$(,6*!6$'0&6/,*6&*

22 J($.*)."),)&#"J($.*)."),)&#"@!?!/87$(,/,*!+4$H$,,*!%$&!'&70/,&.*-7&7$,&.&

22 \)-=$*$\)-=$*$@!?!/87$(,/,*!+4$H$,,*!%&!5/67/.&!&0$6-)+&.$7&99/(,&



!"#$%&$'($')*+,*-%.%/$*'/"&"+*." 0*1$2%.%'U4'B22$D$2L'>*+,*-%.%/$-*4'7O<

N=J=D='N=J=D=' ))044B3>044B3>''@>2424>A>@>2424>A>

22 <!5/,,*6&!+$)/,&!/++E/''8(9&*($!%&!.&B&!.*706$(%*(*@

&(,$6/9&*($!,6/!/+&7$(,&!$!5/67/.&!.;$!/+,$6/(*!/''*6B&7$(,*!%$+!5/67/.*
$'N@!+/,,$!$!,$,6/.&.+&($

/++8()/7$(,*!,$70*!/''*6B&7$(,*!/!',*7/.*!#8*,*!"&(%*,,*!%/!8(*!'#8*,/7$(,*!)/',6&.*!6/++$(,/,*!%/++/!
'*77&(&',6/9&*($!%$+!5/67/.*!(*(!.*(!+/!)&8',/!=8/(,&,>!%&!/.=8/:!.&*?!.&6./!TWW!731

/87$(,*!%$++E/00*6,*!%&!'*',/(9$!$(%*)$($!"06*06&$!.*78(=8$!%$++E*6)/(&'7*1!$%!$'*)$($!"$',6/($$!
/++E*6)/(&'7*1!.;$!08G!/))6/#/6$!$w*!&(%866$!0/,*+*)&$

22 Ia)/8$&*)"/$%".-6$%,)%JdX:%0)/)=)*".)%,$66$%#"/"-##)/"9"&&),-&)4

+E&()$',&*($!*6/+$!%&!&(&B&,*6&!%$++$!<âXI!&(&B&'.$!&+!./,/B*+&'7*!%&!./,$.*+/7&($!$!'$6*,*(&(/

&(!/+.8(&!'*))$,,&!=8$',*!08G!06*#*./6$!.6&'&!&0$6,$('&#$!/(.;$!)6/#&

A$6,/(,*

+E/''8(9&*($!%&!<âXI!(*(!%$#$!$''$6$!/..*70/)(/,/!%/!/(,&%$06$''&#&!*!5/67/.&!/%!/9&*($!'&70/,&.*-
7&7$,&./

+E/''8(9&*($!%&!<âXI!.*7B&(/,/!.*(!/+&7$(,&!.;$!.*(,$()*(*!,&6/7&(/!08G!&(($'./6$!8(/!&(.6$9&*($!
$..$''&#/!%&!(*6/%6$(/+&(/



!"#$%&$'($')*+,*-%.%/$*'/"&"+*." 0*1$2%.%'U4'B22$D$2L'>*+,*-%.%/$-*4'7OD

N=J=J='N=J=J=' IIBH?<!JKI@BH?<!JKI@''@2!@2!''F06>2542F06>2542''0!!00!!0''4230F>04230F>0

!"#$%&%'$"()%(!"#$%&%'$"()%(%(7F1$&+%"%(7F1$&+%"

.&)%.-0+$*"%&)#"-%,$2")$1),$-F"''()#"11")F,(%"#/,")'",&F"/'$%J")#&)F&,'")#"1)F&I$"+'"

22 34/%$6$(9/!%$+!0/9&$(,$!/++/!,$6/0&/!5/67/.*+*)&./!?!5*(%/7$(,/+$!0$6!+/!6&8'.&,/!%$++/!',$''/

22 3/!#/6&/B&+&,>!%$++/!-%,1.$*&-"!/00*6,/!&706$#$%&B&+&,>!($++/!6&'0*',/!&(%&#&%8/+$!/++/!,$6/0&/!5/67/.*+*)&./

8(!5/67/.*!.*(!='"/-='"/-!-%,1.$*&-"!)$($6/!6&'0*',$!,$6/0$8,&.;$!*7*)$($$@!='"/-%-@,-=)6)*N='"/-%-@,-=)6)*N

8(!5/67/.*!.*(!60-.6-60-.6-!-%,1.$*&-"!)$($6/!6&'0*',$!,$6/0$8,&.;$!&706$#$%&B&+&@!60-.6-(-g)-:%2%4<60-.6-(-g)-:%2%4<

22 P&!*''$6#/(*!%$#&/9&*(&!%/++*!'.;$7/!.*('&)+&/,*!%/!0/6,$!%$+!0/9&$(,$!&(!0$6.$(,8/+&!.;$!#/6&/(*!%/+!TQr!/+!
RWr:!&(!%&#$6'$!'&,8/9&*(&

.*',*&-*2*'.*',*&-*2*'%(7F1$&+%"'Y'e<$&($'<&'1+%9.",*'C",1+"'1+"C"&2"'Y'e<$&($'<&'1+%9.",*'C",1+"'1+"C"&2"



!"#$%&$'($')*+,*-%.%/$*'/"&"+*." 0*1$2%.%'U4'B22$D$2L'>*+,*-%.%/$-*4'7OJ

;-36"()%(:-66-('(/-$0-4-(;-36"()%(:-66-('(/-$0-4-(%(7F1$&+%"%(7F1$&+%"

22 3$!./8'$!%&!8(/!B/''/!

!'*(*!)$($6/+7$(,$!%*#8,$!/@

7/(./(9/!%&!.*706$('&*($!%$++4&70*6,/(9/!%$+!5/67/.*

7/(./(9/!%&!.*706$('&*($!%$++*!'.*0*!0$6!&+!=8/+$!?!',/,*!06$'.6&,,*

7/(./(9/!%&!.*706$('&*($!%$++$!7*%/+&,>!%&!'*77&(&',6/9&*($

22 J/'*!0$6!./'*!'*(*!%/!#/+8,/6$!/(.;$@

5/,,*6&!$.*(*7&.&

&('*6)$(9/!%&!6$/9&*(&!/##$6'$

%&',86B&!%&!7$7*6&/!*!&(.86&/!#$6'*!&+!06*06&*!',/,*!%&!'/+8,$

'.*70/6'/!%$&!'&(,*7&!06&7/!%$+!.*70+$,/7$(,*!%$++/!.&.+*!,$6/0$8,&.*

6&,/6%*!%$++/!.*70/6'/!%$)+&!$H$,,&!/,,$'&

22 A$6,/(,*@

.*'.*'%(7F1$&+%"'(".'1*#$"&2"'&"$'-%&>+%&2$'($'<&*'2"+*1$*'>*+,*-%.%/$-*'($1"&("'$&',%(%'("-$C$D%''(".'1*#$"&2"'&"$'-%&>+%&2$'($'<&*'2"+*1$*'>*+,*-%.%/$-*'($1"&("'$&',%(%'("-$C$D%'
(*..F*11+%1+$*2"##*'(".."'$&>%+,*#$%&$'+$-"D<2"'(*.'1"+C%&*."'C*&$2*+$%(*..F*11+%1+$*2"##*'(".."'$&>%+,*#$%&$'+$-"D<2"'(*.'1"+C%&*."'C*&$2*+$%



!"#$%&$'($')*+,*-%.%/$*'/"&"+*." 0*1$2%.%'U4'B22$D$2L'>*+,*-%.%/$-*4'7OK

\4@4) Y"%%&+$-7$)#"11")$+'",&I$(+$)',&)6&,7&%$)9&+'&:(+$-7()()-$+",:$-7(A)) ) )

22 <!7$../(&'7&!%$++$!&(,$6/9&*(&!,6/!5/67/.&!0*''*(*!$''$6$!.+/''&F./,&!.*7$@

$&-%,1*2$9$.$2L'JC$-%:-6$,$-6"$&-%,1*2$9$.$2L'JC$-%:-6$,$-6"

$&2"+*#$%&$'*'.$D"..%'("..Z*CC%+9$,"&2%'/*C2+%:$&2"C2$&*."$&2"+*#$%&$'*'.$D"..%'("..Z*CC%+9$,"&2%'/*C2+%:$&2"C2$&*."

$&2"+*#$%&$'*'.$D"..%'(".'."/*,"'>*+,*-%:1+%2"$&"'1.*C,*2$-6"$&2"+*#$%&$'*'.$D"..%'(".'."/*,"'>*+,*-%:1+%2"$&"'1.*C,*2$-6"

$&2"+*#$%&$'*'.$D"..%'(".',"2*9%.$C,%'("$'>*+,*-$$&2"+*#$%&$'*'.$D"..%'(".',"2*9%.$C,%'("$'>*+,*-$

$&2"+*#$%&$'*'.$D"..%'("..*'".$,$&*#$%&"'("$'>*+,*-$'1"+'D$*'+"&*."$&2"+*#$%&$'*'.$D"..%'("..*'".$,$&*#$%&"'("$'>*+,*-$'1"+'D$*'+"&*."

$&2"+*#$%&$'*'.$D"..%'><&#$%&*."$&2"+*#$%&$'*'.$D"..%'><&#$%&*."

$&2"+*#$%&$'*'.$D"..%'("..*'C"("'($'*#$%&"$&2"+*#$%&$'*'.$D"..%'("..*'C"("'($'*#$%&"



!"#$%&$'($')*+,*-%.%/$*'/"&"+*." 0*1$2%.%'U4'B22$D$2L'>*+,*-%.%/$-*4'7OL

N=K=7='N=K=7=' >>5AB?F04>R>!>4M5AB?F04>R>!>4M'')>E>AB)>E>ABQQAS>?>AS2AS>?>AS2

22 o$/9&*(&!.;&7&.*-F'&.;$!&(!'$%$!%&!06$0/6/9&*($!5/67/.$8,&./!.;$!0*''*(*!0*6,/6$!/@!

&(/,,&#/9&*($!0$6!($8,6/+&99/9&*($!$w*!06$.&0&,/9&*($

,6/'5*67/9&*($!&(!'/+&!,*''&.&!"&(.*70/,&B&+&,>1
$'N@!(*6/%6$(/+&(/!u!'*%&*!B&./6B*(/,*

N=K=;='N=K=;=' >>542306>B5>542306>B5>''00''!>12!!B!>12!!B''@2!!@2!!YY0EEB3R>?254B0EEB3R>?254B''80E43B80E43BQQ>542E4>50!2>542E4>50!2

22 <(,$6/9&*(&!/!+&#$++*!%$++4/''*6B&7$(,*!)/',6*-&(,$',&(/+$@

./7B&/7$(,&!%$+!0d!%$+!.*(,$(8,*!)/',6&.*!*!&(,$',&(/+$

/9&*(&!'8+!,$70*!%&!'#8*,/7$(,*!)/',6&.*!$!'8++/!7*,&+&,/\ !&(,$',&(/+$

.*7B&(/9&*($!%&!5/67/.&!($+!+87$!&(,$',&(/+$!".;$+/9&*($:!/%'*6B&7$(,*1

$H$,,&!,*''&.&!'8+!,8B*!)/',6*$(,$6&.*

N=K=<='N=K=<=' >>542306>B5>542306>B5>''00''!>12!!B!>12!!B''@2!@2!''!280?2!280?2'')03?0AB)03?0ABQQF3B42>52F3B42>52''F!0E?04>AS2F!0E?04>AS2

22 M'N@!'0*',/7$(,*!%&!8(!5/67/.*!%/+!'8*!+$)/7$!.*(!+E/+B87&(/!.*(!.*('$)8$(,$!/87$(,*!%$++/!=8*,/!+&B$6/!
"=8*,/!/,,&#/1



!"#$%&$'($')*+,*-%.%/$*'/"&"+*." 0*1$2%.%'U4'B22$D$2L'>*+,*-%.%/$-*4'7ON

N=K=D='N=K=D=' >>542306>B5>542306>B5>''00''!>12!!B!>12!!B''@2!@2!''?240RB!>E?B?240RB!>E?B''@2>@2>'')03?0A>)03?0A>

22 M'N@! $,/(*+*!.;$!.*70$,$!0$6!+$!%$&%6*)$(/'&!$0/,&.;$

&(%89&*($!$(9&7/,&./!$0/,&./!%/!B/6B&,86&.&

N=K=J='N=K=J=' >>542306>B5>542306>B5>''00''!>12!!B!>12!!B''@2!!0@2!!0''2!>?>506>B522!>?>506>B52''@2>@2>'')03?0A>)03?0A>''F23F23''1>01>0''3250!23250!2

22 <(,$6/9&*(&!/!+&#$++*!%$++/!$+&7&(/9&*($!%$&!5/67/.&!0$6!#&/!6$(/+$@

&(&B&9&*($!.*70$,&,&#/!%$+!,6/'0*6,*!,8B8+/6$

./7B&/7$(,&!%$+!0d!86&(/6&*

./7B&/7$(,&!($++4$=8&+&B6&*!&%6*-'/+&(*

N=K=K='N=K=K=' >>542306>B5>542306>B5>''00''!>12!!B!>12!!B'')I56>B50!2)I56>B50!2

22 <(,$6/9&*(&!/!+&#$++*!58(9&*(/+$@

&!%8$!5/67/.&!/)&'.*(*!'8!*6)/(&:!/00/6/,&!*!'&',$7&!/#$(,&!58(9&*(&!'&($6)&.;$!*!*00*',$

N=K=L='N=K=L=' >>542306>B5>542306>B5>''00''!>12!!B!>12!!B''@2!!0@2!!0''E2@2E2@2''@>@>''06>B5206>B52

22 M'N@!+*!'0&/99/7$(,*!%$++E$6*&(/!$!5/67/.&!7*6F(*-'&7&+&!%/!,8,,&!&!'&,&!6$.$,,*6&/+&!"�:!y:!ë1!%/!0/6,$!%$+!(/+*_*($!
"p/6./(Y1!.;$!?!8(!/(,/)*(&',/!086*

&+!(/+*_*($!#&$($!8'/,*!&(!./'*!%&!%$06$''&*($!6$'0&6/,*6&/!%/!'*#6/-%*'/))&*!%&!$6*&(/!*%!/+,6$!'*',/(9$!
7*6F(*-'&7&+&

'&!08G!06$.&0&,/6$!8(/!'&(%6*7$!%/!/',&($(9/

(NBN@!+E$7&#&,/!%$+!(/+*_*($!?!0&K!B6$#$!%$++E$7&#&,/!%$++E$6*&(/@!?!=8&(%&!*BB+&)/,*6&*!&+!7*(&,*6/))&*!
.*(,&(8*!%$+!0/9&$(,$



!"#$%&$'($')*+,*-%.%/$*'/"&"+*." 0*1$2%.%'U4'B22$D$2L'>*+,*-%.%/$-*4'7OO

\4Z4) 8,$+%$F&1$)6(+'$)/'$1$II&'"

c%`.*&(;'84M4;'Og-"a;'O4h4;'c*+D"g;'84B;'06*,1";'S404'^ANNQ_'S6*+,*-%.%/g4'777'"(4'!$11$&-%22'v$..$*,C'*&('v$.a$&C;'S6$.*(".16$*

!l..,*&&;'c4;'y$"/."+;'B4;'O%6+;'n4;'=$"/"+;'M4'^ANNN_'0%.%+'*2.*C'%>'16*+,*-%.%/g4'77'"(4'k6$",";'\2<22/*+2

P<C.*&("+;'h454'^3VU3_'M+</'26"+*1g'$&'26"'".("+.g4'B&&4'7&2"+&4'O"(4'VQ;'K33:KAA

8$-6"g;'M4S4;'="&("+;'B4M4'^3VKK_'S6*+,*-%a$&"2-C'-%&C"e<"&-"C'%>'*/$&/4'B&&<4'8"D4'S6*+,*-%.4'k%[$-%.4'3K;'EV:IQ



!"#$%&$'($')*+,*-%.%/$*'/"&"+*." 0*1$2%.%'U4'B22$D$2L'>*+,*-%.%/$-*4';PP



!"#$%&$'($')*+,*-%.%/$*'/"&"+*." 0*1$2%.%'V4'k%CC$-$2L'(*'>*+,*-$4';P7

X-X- ''Q088$%$/F'#*'2*)3*%$Q088$%$/F'#*'2*)3*%$

7'"($#$%&"'

8%9"+2%'8$,%&($&$:5$%+/$&$;'!<$/$'=*+9$"+$

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

`I'Z"DD(@(&S'+2'Q2%)2@(IIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIII9:;
`I;I'53??4!48Z3'Z3c3'53'Z7KK3B3Zt'5N'?N![NB3''''IIIIIIIIIIIIIIIIIIIIIIIIII9:<
V43434'8"*#$%&$'*DD"+C"'*$'>*+,*-$444444444444444444444444444444444444444444444444444444444444444444444444 ANE
V434A4'BM8'B4444444444444444444444444444444444444444444444444444444444444444444444444444444444444444444444444444444444 ANQ
V434@4'BM8'=?'(%D<2"'*.'1*#$"&2"444444444444444444444444444444444444444444444444444444444444444444444444444ANU

`I9I'N//4!-3N'5N'?N![NB3''''IIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIII9;:
V4A434'8"*#$%&$'*.."+/$-6"'%'($'$1"+C"&C$9$.$2L4444444444444444444444444444444444444444444444444444444 A3N
V4A4A4'8"*#$%&$'*.."+/$-6"'($'7'2$1%444444444444444444444444444444444444444444444444444444444444444444444444 A33
V4A4@4'8"*#$%&$'*.."+/$-6"'($'77'2$1%44444444444444444444444444444444444444444444444444444444444444444444444 A3E
V4A4E4'8"*#$%&$'*.."+/$-6"'($'777'2$1%4444444444444444444444444444444444444444444444444444444444444444444444 A3Q
V4A4Q4'8"*#$%&$'*.."+/$-6"'($'7b'2$1%4444444444444444444444444444444444444444444444444444444444444444444444 A3I

V4A4I4'8"*#$%&$'*&*J.*22%$($4444444444444444444444444444444444444444444444444444444444444444444444444444444444 A3I
`I<I'N/Z4!N63783'?3K37/7-3Bb4'5O!N8Z4'/N'-!Nk35N86N''''IIIIIIIIIII9;_
`IiI'/N'53KZ!31O63784'N/'?4Z7E'3/'BNK7'54//N'Z4!NZ7-484K3'5N'
ZN/357[354''''IIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIII9;l
V4E434'\2%+$*'("..*'k*.$(%,$("4444444444444444444444444444444444444444444444444444444444444444444444444444444 A3U
V4E4A4'\2%+$*'("..*'k*.$(%,$("'77'C"-%&(%'$.'1+$,%'-%,<&$-*2%'("..*'($22*'
1+%(<22+$-"''4444444444444444444444444444444444444444444444444444444444444444444444444444444444444444444444444444444444 A3V
V4E4@4')%"2*.'*.-%6%.'C1"-2+<,'($C%+("+C'^)B\MC_444444444444444444444444444444444444444444444444 AAA

`IhI'K385!7[4'54/'1N[1387'-!3-37''''IIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIII99<
`IaI'c!38B3cN/3'?78Z3'OZ3/366NZ4IIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIII 99i



!"#$%&$'($')*+,*-%.%/$*'/"&"+*." 0*1$2%.%'V4'k%CC$-$2L'(*'>*+,*-$4';P;



!"#$%&$'($')*+,*-%.%/$*'/"&"+*." 0*1$2%.%'V4'k%CC$-$2L'(*'>*+,*-$4';P<

]434) !$O","+'$)'$F$)#$)'(--$%$'R)#&)6&,7&%$)) ) )

22 <!%&H$6$(,&!,&0&!%&!,*''&.&,>!%/!5/67/.&!".$-;)"/)%-77$.&$.$-;)"/)%-77$.&$1!0*''*(*!$''$6$!.+/''&F./,&!.*7$@

$H$,,&!.*++/,$6/+&

,*''&.&,>!%/!&0$6-%*'/))&*

&%&*'&(.6/'&/

/++$6)&/

5/67/.*-%&0$(%$(9/

,$6/,*)$($'&

./6.&(*)$($'&



!"#$%&$'($')*+,*-%.%/$*'/"&"+*." 0*1$2%.%'V4'k%CC$-$2L'(*'>*+,*-$4';PD

O=7=7='O=7=7=' 33206>B5>206>B5>''01123E201123E2''0>0>'')03?0A>)03?0A>

223$!6$/9&*(&!/##$6'$!"Xco1!6/006$'$(,/(*!8(!)6800*!%&!0/,*+*)&$!"#-6-**)$%)-*."8$/$#-6-**)$%)-*."8$/$:!.&*?!)$($6/,$!
%/++E&(,$6#$(,*!7$%&.*w'/(&,/6&*1!./6/,,$6&99/,$!%/!7/(&5$',/9&*(&!.+&(&.;$!$',6$7/7$(,$!#/6&/B&+&!0$6!=8/(,*!
6&)8/6%/!'&(,*7&:!%$.*6'*!$!06*)(*'&

A*''*(*!.*&(#*+)$6$!%&H$6$(,&!7$../(&'7&@

5/67/.*+*)&.&

&778(*+*)&.&

7$,/B*+&.&

)$($,&.&

P*(*!%&',&(,$!&(!,6$!,&0&@

X\V%XX\V%X@!6$/9&*(&!/##$6'$!%&!,&0*!X!"%*#8,$!/+!5/67/.*1!06$#$%&B&+&!$!'0$''*!$#&,/B&+&

X\V%LX\V%L@!6$/9&*(&!/##$6'$!%&!,&0*!g!"%*#8,$!/+!0/9&$(,$1!&)(*,$!*!(*(!.*(*'.&8,$

X\V%BX\V%B@!6$/9&*(&!/##$6'$!%&!,&0*!J!"$H$,,&!',/,&',&.&1!$#$(,&!'0*(,/($&



!"#$%&$'($')*+,*-%.%/$*'/"&"+*." 0*1$2%.%'V4'k%CC$-$2L'(*'>*+,*-$4';PJ

O=7=;='O=7=;=' 0@3'00@3'0

E00"66'()%(-&%'$"(,-./-0'2'1%0-(7.%$0%7-2"E00"66'()%(-&%'$"(,-./-0'2'1%0-(7.%$0%7-2"

22c*'/))&*!&(.*()68*N!M'N@

'*((*+$(9/!$..$''&#/!%/!B$(9*%&/9$0&($

.6&'&!&0*)+&.$7&.;$!%/!&('8+&(/

$7*66/)&$!%/!/(,&.*/)8+/(,&

(NBN@!=8$',&!$H$,,&!0*''*(*!06$'$(,/6'&!/(.;$!/!%*'&!,$6/0$8,&.;$

22 <(,$6/9&*(&!5/67/.*+*)&.;$!"'&/!5/67/.*-.&($,&.;$!.;$!5/67/.*-%&(/7&.;$1N!M'N@

$7*66/)&$!./8'/,$!%/++*!'0&/99/7$(,*!%&!/(,&.*/)8+/(,&!%/++$!06*,$&($!0+/'7/,&.;$!&(!'$)8&,*!/++/!
'*77&(&',6/9&*($!%&!mXpP!"5/67/.&!/(,&-^*)&',&.&!(*(!',$6*&%$&1

C!V(Cd("@"44%(0'22-4".-2%C!V(Cd("@"44%(0'22-4".-2%

22h+&!$5$55$**)%)/,$&),$.-*)5$**)%)/,$&),$.-*)!%&!8(!5/67/.*!06$'$(,&!)&>!/++$!%*'&!,$6/0$8,&.;$!%&!.*78($!8,&+&99*

.*70/&*(*!&(!8(/!0$6.$(,8/+$!#/6&/B&+$!%&!0/9&$(,&

.*70/&*(*!.*(!+/!7/))&*6!0/6,$!%$&!5/67/.&

.*70/&*(*!/(.;$!/++/!06&7/!'*77&(&',6/9&*($

06$'$(,/(*!8(/!6$+/9&*($!%*'$-$H$,,*

$'N@

&0*,$('&*($!*6,*',/,&./!%/!($86*+$,,&.&

'*((*+$(9/!%/!/(,&',/7&(&.&

%&/66$/!%/!.;&(&%&(/



!"#$%&$'($')*+,*-%.%/$*'/"&"+*." 0*1$2%.%'V4'k%CC$-$2L'(*'>*+,*-$4';PK

e'66%0%4<()-(%7".?)'6-11%'e'66%0%4<()-(%7".?)'6-11%'

22MH$,,&!&(%$'&%$6/,&!%&!8(!5/67/.*!.;$!.*70/&*(*!'*+*!0$6!%*'&!$+$#/,$:!&(!)$($6$!'80$6&*6&!/!=8$++$!,$6/0$8,&.;$

.*70/6$!&(!,8,,&!&!0/9&$(,&

.*70/6$!.*(!,8,,&!&!5/67/.&

.*70/6$!/(.;$!/++/!06&7/!'*77&(&',6/9&*($

?!06$'$(,$!8(/!6$+/9&*($!%*'$-$H$,,*

+/!,$6/0&/:!'$!0*''&B&+$:!'&!$H$,,8/!.*(!/(,/)*(&',&!'0$.&F.&!$!B+*../(%*:!*#$!0*''&B&+$:!8(!8+,$6&*6$!
/''*6B&7$(,*!%$++/!%*'$!'*77&(&',6/,/

$'N@

%$06$''&*($!6$'0&6/,*6&/!%/!B/6B&,86&.&

$7*66/)&$!%/!/(,&.*/)8+/(,&

.*(#8+'&*(&!%/!/.&%*!/.$,&+'/+&.&+&.*



!"#$%&$'($')*+,*-%.%/$*'/"&"+*." 0*1$2%.%'V4'k%CC$-$2L'(*'>*+,*-$4';PL

='5.-?)'6-11%'='5.-?)'6-11%'

22P&!%&',&()8*(*@

'*#6/-%*'/))&*!/''*+8,*

'*#6/-%*'/))&*!6$+/,&#*

22P*#6/-%*'/))&*!/''*+8,*!&77$%&/,*@!

$H$,,*!/##$6'*!%*#8,*!/++4/''8(9&*($!%&!%*'&!'80$6&*6&!/!=8$++$!,$6/0$8,&.;$!"$66*6$:!#*+*(,/6&*!*!
&(#*+*(,/6&*1

P*#6/-%*'/))&*!/''*+8,*!.878+/,&#*

%*#8,*!/!+$(,/!$'.6$9&*($!%$+!5/67/.*!$!.*('$)8$(,$!/87$(,*!%$++$!.*(.$(,6/9&*(&!($++4*6)/(&'7*!F(*!/!
+&#$++&!,*''&.&
$'N@!0$6!$7&#&,/!+8()/!%$+!06&(.&0&*!/,,&#*!"%&)&,/+$1

22P*#6/-%*'/))&*!6$+/,&#*!.*(!8(*!*!0&K!7$../(&'7&!5/67/.*-.&($,&.&!'*(*!/+,$6/,&@

6&%89&*($!%$&!7$../(&'7&!%$,*''&F./(,&!"7$,/B*+&'7*!$w*!$'.6$9&*($1

&(,$6/9&*(&!5/67/.*-%&(/7&.;$

'0&/99/7$(,*!%/+!+$)/7$!.*(!+$!06*,$&($!0+/'7/,&.;$

&(&B&9&*($!5/67/.*-7$,/B*+&./



!"#$%&$'($')*+,*-%.%/$*'/"&"+*." 0*1$2%.%'V4'k%CC$-$2L'(*'>*+,*-$4';PN

O=7=<='O=7=<=' 0@3'RC'0@3'RC'@B1I42@B1I42''0!0!''F06>2542F06>2542

22o$/9&*(&!%&!&(,*++$6/(9/!/''*.&/,$!/!.*(%&9&*(&

06$$'&',$(,&

&706$#$%&B&+&

(*(!%*'$-%&0$(%$(,&

22A*''*(*!$''$6$@

9*&*.$9*&*.$

$'N@ $'/(,$7&!.8,/($&!7&(*6&!%/!5/67/.&

>*2*.$>*2*.$

$'N@ 6$/9&*(&!/(/F+/,,&.;$

6$/9&*(&!.8,/($$!)6/#&!"$6&,$7/!78+,&5*67$!*!'&(%6*7$!%&!P,$5$('-í*;('*(:!($.6*+&'&!$0&%$67&./!*!
'&(%6*7$!%&!3U$++1

P&!%&#&%*(*!&(@

+"*#$%&$'(*'$($%C$&-+*C$*+"*#$%&$'(*'$($%C$&-+*C$*

+"*#$%&$'(*'*.."+/$*+"*#$%&$'(*'*.."+/$*



!"#$%&$'($')*+,*-%.%/$*'/"&"+*." 0*1$2%.%'V4'k%CC$-$2L'(*'>*+,*-$4';PO

A)%'6%$0.-6%-A)%'6%$0.-6%-

223E!&%&*'&(.6/'&/!?!8(/!6$/9&*($!/B(*67$!/%!8(!5/67/.*!)$($,&./7$(,$!%$,$67&(/,/@

.*70/6$!'*+*!.*(!/+.8(&!5/67/.&

.*70/6$!'*+*!&(!/+.8(&!0/9&$(,&

.*70/6$!/(.;$!/++/!06&7/!'*77&(&',6/9&*($

+/!)6/#&,>!%$++$!7/(&5$',/9&*(&!?!%*'$!%&0$(%$(,$

A)%'6%$0.-6%-()-(-24".-&%'$"(1"$%0-A)%'6%$0.-6%-()-(-24".-&%'$"(1"$%0-

k*9"..*'V43U?'!$C2*'-%&'D*.%+"'<&$-*,"&2"'($(*22$-%'"C",1.$J-*2$D%4'!*'.$C2*'(".."'+"*#$%&$'$($%C$&-+*C$-6"'Y'$&'-%&2$&<%'*//$%+&*,"&2%

,)5$**" 5-.#-!" 6$&)"/$

%$F.&,!%&!)+8.*'*-R-5*'5/,*!%$&%6*)$(/'&
'8+5/7&%&.&:!0/6/.$,/7*+*:!/'0&6&(/:!
.+*6/75$(&.*+*:!#&,/7&(/!k

.6&'&!$7*+&,&.;$

/+,$6/9&*(&!%$+!./(/+$!/+!J/Tu!($++$!FB6$!
78'.*+/6&

/+*,/(*:!06*,*''&%*!%4/9*,*:!$,$6$:!
'8..&(&+.*+&(/

&0$6,$67&/!7/+&)(/

%$F.&,!%&!86*0*6F(*)$(*-'&(,$,/'&!
"/87$(,*!%$++4X3X-'&(,$,/'&1

B/6B&,86&.&:!.+*6/75$(&.*+*:!
.+*6%&/9$0*''&%*:!5$(&,*&(/:!$',6*)$(&

0*6F6&/!/.8,/@!.*+&.;$!/%%*7&(/+&!$!
/+,$6/9&*(&!($86*+*)&.;$!%/!/..878+*!%&!
0*6F6&($!($&!,$''8,&!$!($+!PpJ

./6$(9/!%&!7$,/-$7*)+*B&(/!6$%8,,/'& 06&+*./&(/:!+&%*./&(/:!'8+5/7&%&.&:!(&,6&,& .&/(*'&!%/!7$,/-$7*)+*B&(/

./6$(9$!%&!pXcd-%$&%6*)$(/'& /(,&-0&6$,&.&:!/(,&-7/+/6&.&:!(&,6/,&:!(&,6&,&
.&/(*'&!%/!7$,/$7*)+*B&(/!$!6&,/6%*!
7$(,/+$

%$F.&,!%&!p-/.$,&+,6/('5$6/'& &'*(&/9&%$!"/(,&-,8B$6.*+/6$1 0*+&($#6&,$

6&%*,,/!'&(,$'&!%&!cpX!($+!7&%*++*!*''$* .+*6/75$(&.*+* /0+/'&/!%$+!7&%*++*!*''$*



!"#$%&$'($')*+,*-%.%/$*'/"&"+*." 0*1$2%.%'V4'k%CC$-$2L'(*'>*+,*-$4';7P

]4>4) *11",:$&)#&)6&,7&%$)) ) )

223E/++$6)&/!%/!5/67/.&!?!06*#*./,/!%/!6$/9&*(&!%&!&0$6'$('&B&+&,>!&778(*-7$%&/,$

&+!5/67/.*!*!&!'8*&!7$,/B*+&,&!'&!.*70*6,/(*!%/!/0,$(&!"/++$6)$(&1!+$)/(%*'&!/!8(/!06*,$&(/!0+/'7/,&./!*!
7$7B6/(/!.$++8+/6$:!.*70+$''*!.;$!58()$!%/!/(,&)$($!.*70+$,*

+/!6$/9&*($!;/!8(!%$.*6'*!,$70*6/+$!%&#$6'*!%/!=8$++*!%$++4$H$,,*!5/67/.*+*)&.*

+/!'$('&B&+&99/9&*($!$!+/!$#$(,8/+$!'8..$''&#/!6$/9&*($!/++$6)&./!0*''*(*!7/(&5$',/6'&!/(.;$!.*(!%*'&!
$',6$7/7$(,$!B/''$:!&('8L.&$(,&!/!06*%866$!$H$,,&!5/67/.*-%&(/7&.&

+/!6$/9&*($!(*(!?!.*66$+/,/!/)+&!$H$,,&!5/67/.*-%&(/7&.&!%$+!5/67/.*!$%!$\ !0/6/)*(/B&+$!/++$!6$/9&*(&!%&!
&0$6'$('&B&+&,>

O=;=7='O=;=7=' 33206>B5>206>B5>''0!!238>AS20!!238>AS2''BB''@>@>''>F23E25E>R>!>4M>F23E25E>R>!>4M

22 8"*#$%&$'$,,<&$2*+$"'^*&2$/"&":*&2$-%+1%_8"*#$%&$'$,,<&$2*+$"'^*&2$/"&":*&2$-%+1%_

5/67/.&!%&!$+$#/,*!0$'*!7*+$.*+/6$@!&+!0$'*!7*+$.*+/6$!$+$#/,*!08G!$''$6$!6/))&8(,*!/(.;$!.*(!&+!+$)/7$!/!
06*,$&($!0+/'7/,&.;$!*!7$7B6/($!.$++8+/6&

S+$,*'"C1%C$#$%&"?'C"&C$9$.$##*#$%&"'S+$,*'"C1%C$#$%&"?'C"&C$9$.$##*#$%&"'

06&7*!.*(,/,,*!.*(!&+!5/67/.*!*!.*(!',68,,86$!'&7&+&!"#$%&!7&7$,&'7*!/(,&)$(&.*1

6&'0*',/!&778(&,/6&/!87*6/+$!"/(,&.*60&1!$w*!.$++8+/6$

\"-%&(*'"C1%C$#$%&"?'+"*#$%&"'*.."+/$-*\"-%&(*'"C1%C$#$%&"?'+"*#$%&"'*.."+/$-*

/##&$($!%*0*!/+7$(*!S-T!'$,,&7/($!%/++/!'$('&B&+&99/9&*($!",$70*!($.$''/6&*!0$6!+/!6&'0*',/!&778(&,/6&/1

/##&$($!0$6!=8/(,&,>!.*'x!0&..*+$!%/!$''$6$!&(%&0$(%$(,$!%/++/!%*'$!'*77&(&',6/,/



!"#$%&$'($')*+,*-%.%/$*'/"&"+*." 0*1$2%.%'V4'k%CC$-$2L'(*'>*+,*-$4';77

O=;=;='O=;=;=' 33206>B5>206>B5>''0!!238>AS20!!238>AS2''@>@>'>''>'4>FB4>FB

F.')3&%'$"()%(A1EF.')3&%'$"()%(A1E

)$/<+*'V434'S+%(<#$%&"'
($'7/W



!"#$%&$'($')*+,*-%.%/$*'/"&"+*." 0*1$2%.%'V4'k%CC$-$2L'(*'>*+,*-$4';7;

8%:".-&%'$"()%(/")%-4'.%8%:".-&%'$"()%(/")%-4'.%

)$/<+*'V4A4'!$9"+*#$%&"'
($',"($*2%+$'(*'1*+2"'
(".."'-"..<."'/+*&<.%C"'
9*C%J."

SB)?'0+*,&+&,3*%,$8*,$"('
D*%,.)'^>*22%+"'*22$D*&2"'
."'1$*C2+$&"]'W0)?'
&.2$".0E$+'%E&-.,*%,$%'
D*%,.)'^>*22%+"'
-6",$%2*22$-%'1"+'/.$'
"%C$&%J.$_

E@"44%()"%(/")%-4'.%E@"44%()"%(/")%-4'.%

22MH$,,&!06&(.&0/+&!%&!/+.8(&!%$&!7$%&/,*6&@!%&!&(,$6$''$!0$6!+E/006*..&*!,$6/0$8,&.*@

)&*-#)/-

#/'*%&+/,/9&*($

/87$(,*!%$++/!0$67$/B&+&,>!#/'.*+/6$

EG\Y

B6*(.*-.*',6&9&*($

I2B_%$%I2\_

*6,&./6&/w/()&*$%$7/

$%$7/!%$++/!78.*'/



!"#$%&$'($')*+,*-%.%/$*'/"&"+*." 0*1$2%.%'V4'k%CC$-$2L'(*'>*+,*-$4';7<

C77.'00%(4".-7"34%0%(,-./-0'2'1%0%(-22"(0'/72%0-&%'$%(-22".1%09"()%(A(4%7'C77.'00%(4".-7"34%0%(,-./-0'2'1%0%(-22"(0'/72%0-&%'$%(-22".1%09"()%(A(4%7'

22 *(+"&"+/$-$*(+"&"+/$-$

/%6$(/+&(/

&'*06$(/+&(/!"*.$*C!&'*06*,$6$(*+*1

-%+2$C%&$-$-%+2$C%&$-$

&778(*-'*006$''*6&

/(,&-^*)&',&.&

'$('&B&+&99/(,&!/)+&!/%6$($6)&.&

*&2$C2*,$&$-$*&2$C2*,$&$-$

-+%,%/.$-*2%;'&"(%-+%,$.;'a"2%2$>"&"-+%,%/.$-*2%;'&"(%-+%,$.;'a"2%2$>"&"

*&2*/%&$C2$'"'$&$9$2%+$'C$&2"C$'."<-%2+$"&$*&2*/%&$C2$'"'$&$9$2%+$'C$&2"C$'."<-%2+$"&$

9/F6+8n/',!"B+*../!&!6$.$,,*6&!0$6!&!+$8.*,6&$(&1

7*(,$+8n/',!"B+*../!&!6$.$,,*6&!0$6!&!+$8.*,6&$(&1

9&+$8,*(!"&(&B&,*6$!%$++/!Q-+&0*-*''&)$(/'&1



!"#$%&$'($')*+,*-%.%/$*'/"&"+*." 0*1$2%.%'V4'k%CC$-$2L'(*'>*+,*-$4';7D

O=;=<='O=;=<=' 33206>B5>206>B5>''0!!238>AS20!!238>AS2''@>@>'>>''>>'4>FB4>FB

223$!6$/9&*(&!/++$6)&.;$!%&!<!,&0*!'*(*!./6/,,$6&99/,$!%/!6$/9&*(&!
.&,*,*''&.;$!/8,*-&778(&

<+!7$../(&'7*!.*70*6,/!&(!)$($6$!

+/!5*67/9&*($!%&!.*70+$''&!5/67/.*-.*70*($(,$!
.$++8+/6$

06*%89&*($!%&!/8,*-/(,&.*60&!<)h!*!<)â

/,,&#/9&*($!%$+!.*70+$7$(,*

+&'&!.$++8+/6$

223$!7/(&5$',/9&*(&!.+&(&.;$!0&K!.*78(&!'*(*@

/($7&/!$7*+&,&./

+808'!$6&,$7/,*'*

0*60*6/!,6*7B*.&,*0$(&./ )$/<+*'V4@4'71"+C"&C$9$.$2L'($'77'2$1%



!"#$%&$'($')*+,*-%.%/$*'/"&"+*." 0*1$2%.%'V4'k%CC$-$2L'(*'>*+,*-$4';7J

O=;=D='O=;=D=' 33206>B5>206>B5>''0!!238>AS20!!238>AS2''@>@>'>>>''>>>'4>FB4>FB

223$!6$/9&*(&!/++$6)&.;$!%&!<<<!,&0*!'*(*!./6/,,$6&99/,$!%/

5*67/9&*($!%&!.*70+$''&!5/67/.*-<)h:!5/67/.*-<)â!
.&6.*+/(,&

/,,&#/9&*($!.*70+$7$(,*

/))6$)/9&*($!0&/',6&(&./

%$)6/(8+/9&*($!7/',*.&,&

.;$7&*,/''&!($8,6*F+&

+&B$6/9&*($!.&,*.;&($!%/!7/.6*5/)&

22 3$!7/+/,,&$!/++$6)&.;$!%&!<<<!,&0*!/''87*(*!%&#$6'&!/'0$,,&!.+&(&.&@

7/+/,,&/!%/!'&$6*

#/'.8+&,$

5$(*7$(*!%&!X6,;8'

/6,6&,$

5$BB6$

$6&,$7/!78+,&5*67$

($.6*+&'&!$0&%$67&./!,*''&./!"'&(%6*7$!%&!3U$++1

)$/<+*'V4E4'71"+C"&C$9$.$2L'($'777'2$1%4')%+,*#$%&"'($'
$,,<&%:-%,1."CC$

22 <!5/67/.&!0&K!56$=8$(,$7$(,$!&70+&./,&!'*(*@ '8+5*(/7&%&.&

5$(&,*&(/!"*.$*C!%&5$(&+&%/(,*&(/1

0$(&.&++&(/



!"#$%&$'($')*+,*-%.%/$*'/"&"+*." 0*1$2%.%'V4'k%CC$-$2L'(*'>*+,*-$4';7K

O=;=J='O=;=J=' 33206>B5>206>B5>''0!!238>AS20!!238>AS2''@>@>'>1''>1'4>FB4>FB

22 3$!6$/9&*(&!/++$6)&.;$!<b!,&0*!#$()*(*!/(.;$!%$F(&,$!6&,/6%/,$!
0$6.;`!6&.;&$%*(*!/+7$(*!TO-Of!;!0$6!.*70/6&6$

P*(*!./6/,,$6&99/,$!%/

/,,&#/9&*($!%&!+&(5*.&,&!Z!$!7/.6*5/)&

+&B$6/9&*($!.&,*.;&($

)+&!/(,&.*60&!(*(!;/((*!8(!68*+*!%$,$67&(/(,$

$'N@!%$67/,&,$!%/!.*(,/,,*

)$/<+*'V4Q4'71"+C"&C$9$.$2L'($'7b'2$1%

O=;=K='O=;=K=' 33206>B5>206>B5>''050)>!044B>@>050)>!044B>@>

22 P*(*!%*#8,$!/+!6&+/'.&*!%$)+&!',$''&!7$%&/,*6&!/(/F+/''&!7/!/,,6/#$6'*!8(!7$../(&'7*!%&#$6'*!(*(!&778(&,/6&*

$'N@

/'0&6&(/:!mXpP

*00&*&%&

7$99&!%&!.*(,6/',*



!"#$%&$'($')*+,*-%.%/$*'/"&"+*." 0*1$2%.%'V4'k%CC$-$2L'(*'>*+,*-$4';7L

]4<4) *1'",&I$(+$)H-$(1(:$%J")#/,&+'")1&):,&2$#&+I&)) ) )

22 p$++/!7/%6$!%86/(,$!+/!)6/#&%/(9/!'&!&(',/86/(*!8(/!'$6&$!%&!7*%&F./9&*(&w/%/,,/7$(,&!F'&*+*)&.&!.;$!($!5/((*!
8(!'*))$,,*!%&#$6'*!%/+!08(,*!%&!#&',/!%$+!,6/,,/7$(,*!5/67/.*+*)&.*:!/(.;$!$%!*+,6$!/++/!06$'$(9/!%$+!5$,*

%&7&(89&*($!%$++/!#$+*.&,>!%&!'#8*,/7$(,*!)/',6&.*

/87$(,*!%$+!#*+87$!0+/'7/,&.*

/87$(,*!%$++4/.=8/!,*,/+$!%$+!.*60*

/87$(,*!%$+!,$''8,*!/%&0*'*

%&7&(89&*($!%$++$!/+B87&($!0+/'7/,&.;$

%&7&(89&*($!%$+!+$)/7$!.*(!+$!06*,$&($!0+/'7/,&.;$

/87$(,*!%$+!^8''*!6$(/+$

/87$(,*!%$++/!#$+*.&,>!%&!F+,6/9&*($!)+*7$68+/6$

/87$(,*!%$++4$+&7&(/9&*($!6$(/+$!%&!06*,$&($

;'$,.'$4'()"2(0'$63/'()%(,-./-0%(%$(1.-5%)-$&-($"12%(-$$%(cf_^("(cfhX;'$,.'$4'()"2(0'$63/'()%(,-./-0%(%$(1.-5%)-$&-($"12%(-$$%(cf_^("(cfhX

k*9"..*'V43V?'0%&C<,%'($'>*+,*-$'$&'/+*D$(*&#*

AZ]^ AZbY

%*(($!.;$!(*(!/''87*(*!5/67/.&!%86/(,$!,8,,/!+/!)6/#&%/(9/ TSNOr AF1E]

%*(($!.;$!(*(!/''87*(*!5/67/.&!%86/(,$!&+!06&7*!,6&7$',6$ vQNTr ?D1A]

%*(($!.;$!/''87*(*!5/67/.&!%86/(,$!+/!)6/#&%/(9/!'$(9/!&+!.*(,6*++*!%$+!7$%&.* RONOr @1@]



!"#$%&$'($')*+,*-%.%/$*'/"&"+*." 0*1$2%.%'V4'k%CC$-$2L'(*'>*+,*-$4';7N

]4;4) .&)#$-',$=/I$(+")&1)6"'(B)$1)%&-()#"11&)'",&'(:"+"-$)#&)'&1$#(7$#")) ) )

O=D=7='O=D=7=' EE4B3>04B3>0''@2!!0@2!!0'4'40!>@B?>@20!>@B?>@2

!+'D*)-*%.'8&""&'8&"#6,.',)*'+*'N"&'#&(+$'*""$'Gc;'&'+G$"$7$.'#&(+$'*""$'GS;'*++&'#.""&'$"%$",&'0&)'%*+-*)&'$+'-*+&22&)&'&'+*'
"*62&*'-*,,6,$"*'%*62*,&'#*++*'()*8$#*"7*9

?]Q[[Q'3'd6'6"'#)*--*'#$'0.),*,*'-."#$*+&e'$+'D*)-*%.'D6'%.--&)%$*+$77*,.'$"'J6*2$'c;'f*&2$'0)$-*'#$'&22&)&')$,$)*,.'#*+'
-&)%*,.'"&+':@S:9

1*'=E&-$&'_)6"&",*+C'8&)2.'+*'N"&'#&+':@cT'$"D.)-g'$'-&#$%$'#&++*'%.--&)%$*+$77*7$."&'#&+'26.'2&#*,$8.e'+*',*+$#.-$#&9

1*'#$,,*'%.-K$"g'$+'D*)-*%.'%."'*+,)$'0).#.,,$'D*)-*%&6,$%$'%.-&'+V*20$)$"*C'+*'D&"*%&,$"*C'$+'%E$"$".'&%%C',*",.'%E&'$',&#&2%E$'
*226"2&).',*+$#.-$#&'0&)'%6)*)&'#$2,6)K$'%.-&')*U)&##.)&C',.22&C'$"46&"7*C'"&)8.2$2-.C'"&8)*+($&C'&-$%)*"$*'&#'*2-*

h&+':@ci'+*'%*-0*("*'06KK+$%$,*)$*'#&+'A=.",&)(*"B'*226"2&'0).0.)7$."$'-*22$%%&e'c;'$"2&)7$."$'26++&')$8$2,&'-&#$%E&C'
H;;9;;;'+&,,&)&'$"8$*,&'*$'-&#$%$F'c;9;;;'A%$)%.+*)$',&)*0&6,$%E&B'D6).".'$"8$*,&'*$'-&#$%$'&'*$'D*)-*%$2,$9

h&++*'06KK+$%$,^'#&++*',*+$#.-$#&C'$"'2&(6$,.'%.--&)%$*+$77*,*'$"'0$P'#$'Mc'0*&2$C'2$'2.,,.+$"&*8*'+*'%.-0+&,*'*,.22$%$,^'#&+'
D*)-*%.9

!+':'Q(.2,.':@ci'*'M;9HMc'-&#$%$'[_'8&""&'$"8$*,.'6".'2,6#$.'#&+'#.,,.)'j+*2$69

h&++*'+&,,&)*'#$'*%%.-0*("*-&",.'+*'=E&-$&'_)6"&",*+'#&2%)$8&8*'$+'=.",&)(*"'%.-&'$+'-$(+$.)'D*)-*%.'#*'2.--$"$2,)*)&'*++&'
(&2,*",$'&'*++&'-*#)$'%E&'*++*,,*".e'D*)-*%.'%E&'A"."'#*""&(($*'"`'+*'-*#)&'"`'$+'K*-K$".B9

Y*+$'*U&)-*7$."$'2$'K*2*8*".'26++V*22&"7*'#&++*',.22$%$,^'*%6,*'#&++*',*+$#.-$#&C'-*'($^'*++.)*C'&'#*',&-0.'$'D*)-*%.+.($'
*8&8*".'%."2,*,*,.'%E&'6"*'K*22*',.22$%$,^'*%6,*'"."'&)*'6"*'(*)*"7$*'%E&'$+'D*)-*%.'%.",$"6*22&'*#'&22&)&'$"".%6.'J6*"#.'
*226",.')$0&,6,*-&",&

?6)*",&'6"'%."()&22.'#&$'0&#$*,)$'#&++*'_&)-*"$*'.%%$#&",*+&',&"6,.2$'*'?622&+#.)D'$+':i'".8&-K)&':@S:'2$'0*)+g'#$'6"*'
-$2,&)$.2*'&20+.2$."&'#$'D.%.-&+$*9

Q'#$%&-K)&'#&+':@S:'YE&'1*"%&,'06KK+$%g'6"*'+&,,&)*'#$'[%j)$#&'%E&'0).0."&8*'6"'0.22$K$+&'"&22.'#$'%*62*+$,^'D)*'*+,&)*7$."$'
#$'28$+600.'#&(+$'*),$'<D.%.-&+$*>'#$'K*-K$"$'"*,$'#*'-*#)$'%E&'*8&8*".'*226",.'$"'()*8$#*"7*'+*',*+$#.-$#&'&#'$+'D*)-*%.'2,&22.

!'-*+&22&)$'-*,,6,$"$'(&"&)*+-&",&'2$'0)&2&",*".'"&+'0&)$.#.'#$'(&2,*7$."&'$"'%6$'*88$&"&'$+'#$U&)&"7$*-&",.'#&++&'K)*%%$*



!"#$%&$'($')*+,*-%.%/$*'/"&"+*." 0*1$2%.%'V4'k%CC$-$2L'(*'>*+,*-$4';7O

O=D=;='O=D=;=' EE4B3>04B3>0''@2!!0@2!!0'4'40!>@B?>@20!>@B?>@2'>>''>>'E2AB5@BE2AB5@B''>!>!''F3>?BF3>?B''AB?I5>A04BAB?I5>A04B''@2!!0@2!!0''@>440@>440''F3B@I443>A2F3B@I443>A2''

k6"'2+*/"(g':'26"'C2%+g'$&'v"C2'5"+,*&g'^-%&2"+/*&4/+<&"&26*.{M$"{k+*/%"($"_

0%&2"+/*&;'26"'9+*&('&*,"'%>'*'C.""1$&/'1$..',*&<>*-2<+"('9g'5+l&"&26*.'5,9c;'-*<C"('26"'/+"*2"C2'2+*/"(g'$&'26"'6$C2%+g'%>'26"'
5"+,*&'16*+,*-"<2$-*.'$&(<C2+g4'7&'26"'.*2"'3VQNC'*&('"*+.g'3VINC;'*11+%[$,*2".g'Q;NNN'-6$.(+"&'$&'v"C2'5"+,*&g'`"+"'9%+&'`$26'
(">%+,$2$"C4'B11+%[$,*2".g'A;UNN'26*.$(%,$("'D$-2$,C'.$D"'$&'5"+,*&g'2%(*g4'B+%<&('3A;NNN'-6$.(+"&'`"+"'9%+&'`$26'C%,"'a$&('%>'
($C*9$.$2g'(<"'2%'(*,*/"'-*<C"('9g'26*.$(%,$("4'0%<&2."CC',%+"',$C-*++$*/"C;'`6$-6'`"+"&F2'+"-%+("('*C'-*<C"('9g'26*.$(%,$(";',"*&'
`"'-*&F2'*CC"CC'-%++"-2.g'26"'2+<"'C-*."'%>'26"'($C*C2"+4'WC2$,*2"C'1<2'26"'&<,9"+'%>'-6$.(+"&'*X"-2"('*2'*+%<&('AN;NNN4'WD"&'26$C'
(%"C&F2'2*a"'*--%<&2'%>'26"'>*,$.$"C'%>'26"'-6$.(+"&'*X"-2"(4

k6"'*-2$D"'(+</'C<9C2*&-"'$&'0%&2"+/*&'`*C'26*.$(%,$("4'5+l&"&26*.'%92*$&"('*'1*2"&2'>%+'26*.$(%,$("'$&'v"C2'5"+,*&g'$&'3VQE4'B2'
26*2'2$,";'26"'C2*&(*+(C'+"e<$+"('>%+'26"'("D".%1,"&2'%>'*',"($-$&"'`"+"'D"+g'($X"+"&2'2%'26"'`*g'26"g'*+"'2%(*g4'\1"-$J-'."/*.'
+"e<$+","&2C'>%+'26"'1+%2"-2$%&'%>'1*2$"&2C'C<-6'*C'*11.g'2%(*g'($('&%2'"[$C2'26"&'$&'v"C2'5"+,*&g4'k6"'1+$&-$1."'%>'C".>:,%&$2%+$&/'
*11.$"('$&C2"*(4

0%&2"+/*&'`*C'*D*$.*9."'%D"+'26"'-%<&2"+'$&'v"C2'5"+,*&'16*+,*-$"C'>+%,'3VQK'%&`*+(4'k6"'*-2$D"'(+</'C<9C2*&-";'26*.$(%,$(";'`*C'
*&'"X"-2$D"'C"(*2$D"'*&('6".1"('2%'$&(<-"'C.""14'72'*11"*+"('2%'9"'"[-"12$%&*..g'`"..'2%."+*2"(;'`*C'&%2'6*9$2:>%+,$&/;'*&('6*('.$22."'
1%2"&2$*.'>%+',$C<C"'>%+'C<$-$(*.'1<+1%C"C4'k6"'*(D"+2$C","&2C'>%+'26"'1+%(<-2'+"q"-2"('26"'-%&2",1%+*+g'C2*2"'%>'a&%`."(/"'*,%&/'
26"'"[1"+2'-%,,<&$2g?'uB',%,"&2'+"1."2"'`$26'&*2<+*.'6*+,%&g',*a"C'<C'`$C6'26"'C"-%&(C'`%<.('"[1*&(4'=<2'$2'<C<*..g'+",*$&C'&%'
,%+"'26*&'*',%,"&2'*&('*'q""2$&/'("C$+";'9"-*<C"'26"'+"C2."CC&"CC'%&-"'<C"><.'2%'26"',$&('(%,$&*2"C'<C'*&('-*<C"C'<C'2%'+%*,4'
0%&2"+/*&'/$D"C'1"*-"'*&('C.""14'k6$C'6*+,."CC',"($-$&"'(%"C'&%2'9<+("&'26"'.$D"+',"2*9%.$C,;'*X"-2C'&"$26"+'9.%%('1+"CC<+"'&%+'
-$+-<.*2$%&;'*&('$C'`"..'2%."+*2"('"D"&'9g'C"&C$2$D"'1*2$"&2C4'\.""1'*&('1"*-"?'0%&2"+/*&;'0%&2"+/*&'>%+2"u

k`%'($X"+"&2'C$("'"X"-2C'`"+"'+"1%+2"('>%+'26*.$(%,$("'$&'26"'>%..%`$&/'g"*+C4'k6"'J+C2'`*C'&"+D"'(*,*/"'$&'26"'6*&(C'*&('>""2'
^1%.g&"<+%1*26g_;'%>2"&'$&'26"'".("+.g4'5+l&"&26*.'+"-"$D"('26"'J+C2'C<-6'+"1%+2C'$&'P-2%9"+'3VQV4'B>2"+'+"D$"`$&/'*&('D"+$>g$&/'26$C'
C$("'"X"-2;'5+l&"&26*.'+"D$C"('26"'1*-a*/"'."*q"2'$&'3VI3'*&('*11.$"('>%+'1+"C-+$12$%&:%&.g'C2*2<C'>%+'26*.$(%,$("'$&'O*g'3VI34'k6"&;'
%&'3I'H%D",9"+'3VI3;'26"'c*,9<+/'1*"($*2+$-$*&'M+4'v$(<a$&('!"&#'D%$-"('6$C'C<C1$-$%&'26*2'*&'$&-+"*C"'$&'(">%+,$2$"C'$&'<&9%+&'
-6$.(+"&'`"+"'+".*2"('2%'26*.$(%,$("4'k6"'C*,"'C<C1$-$%&'`*C'"[1+"CC"('*'C6%+2'2$,"'.*2"+'9g'26"'B<C2+*.$*&'/g&*"-%.%/$C2'M+4'v$..$*,'
54'O-=+$("4'5+l&"&26*.'+"*-2"('1+%,12.g'*&('`$26(+"`'26"'(+</'>+%,'26"',*+a"2'`$26$&'3A'(*gC4'7&'*--%+(*&-"'`$26'$&(<C2+g'1+*-2$-"'
*2'26*2'2$,";'*'."22"+'`*C'C"&2'2%'(%-2%+C;'16*+,*-$C2C'*&('6%C1$2*.C'$&'v"C2'5"+,*&g'$&>%+,$&/'26",'%>'26"'`$26(+*`*.'*&('+"1%+2C'%>'
26"'C$("'"X"-2C4

72'`*C'&%2'<&2$.'3VIA;'*>2"+',*+a"2'+"-*..;'26*2'C-$"&2$C2C'C<--""("('$&'(",%&C2+*2$&/'26"'2"+*2%/"&$-$2g'^1+%1"&C$2g'2%'-*<C"'9$+26'
(">"-2C_'%>'26"'*-2$D"'(+</'C<9C2*&-"'26*.$(%,$("'$&'*&$,*.'C2<($"C'$&'`6$2"'H"`'y"*.*&('+*99$2C4'k6$C'"X"-2'$C'(",%&C2+*2"('$&'%&.g'
C%,"'*&$,*.C'*&('9+""(C4')%+'"[*,1.";'C%,"'%26"+'9+""(C'%>'+*99$2'(%'&%2'+"D"*.'26"'"X"-24

http://www.contergan.grunenthal.info/grt-ctg/GRT-CTG/Die_Fakten/Die_Tragoedie/152700063.jsp


!"#$%&$'($')*+,*-%.%/$*'/"&"+*." 0*1$2%.%'V4'k%CC$-$2L'(*'>*+,*-$4';;P

8'(65%2377'("(2-(,'0'/"2%-8'(65%2377'("(2-(,'0'/"2%-

)$/<+*'V4I4'=*,9$&$'*X"22$'(*'>%-%,".$*'O%($J-*2%'(*?'

K..kK$"(9.)(l,E*+$#.-$#&'<2"9>'&'
6"$8&)2$,5l.DlK)$2,.+l2%E..+l.Dl%E&-$2,)5'^([4_

)$/<+*'V4K4'S"+$%($'-+$2$-$'($'CD$.<11%'(".."'D*+$"'C2+<22<+"'*&*2%,$-6"'
("..F<%,%

http://www.chm.bris.ac.uk/motm/thalidomide/effects.html
http://bookbing.org/thalidomide-current-usage-recommendations-and-powerpoint/thalidomide-affected-children-swimming-pool/


!"#$%&$'($')*+,*-%.%/$*'/"&"+*." 0*1$2%.%'V4'k%CC$-$2L'(*'>*+,*-$4';;7

22 3/!6/.$7&99/9&*($!%$++/!,/+&%*7&%$!/##&$($!
'0*(,/($/7$(,$!/!0d!F'&*+*)&.*

3/!5*67/!c!".*(!$H$,,*!'$%/,&#*1!#&$($!6/.$7&99/,/!/!
5*67/!3!".*(!$H$,,*!,$6/,*)$(*1

)$/<+*'V4U4'\2"+"%-6$,$-*'("..*'2*.$(%,$("



!"#$%&$'($')*+,*-%.%/$*'/"&"+*." 0*1$2%.%'V4'k%CC$-$2L'(*'>*+,*-$4';;;

O=D=<='O=D=<=' SSB@QJ<B@QJ<''J<IBOB<J<IBOB<''C?@IQAPHC?@IQAPH''Y!CBAY@ACY!CBAY@AC''W)0E@W)0E@EEXX

22<!>%"2*.'*.-%6%.'C1"-2+<,'($C%+("+C!"mXPc'1!'*(*!%&5$,,&!%$+!($*(/,*!%*#8,&!/+!.*('87*!%&!/+.**+!%86/(,$!+/!
)6/#&%/(9/

22 <!mXPc'!.*706$(%*(*!%&#$6'$!0/,*+*)&$!=8/+&@

S*+2$*.')%"2*.'B.-%6%.'\g&(+%,"'^S)B\_

B.-%6%.:8".*2"('H"<+%("D".%1,"&2*.'M$C%+("+'^B8HM_

B.-%6%.:8".*2"('=$+26'M">"-2C'^B8=M_

)%"2*.'B.-%6%.'WX"-2'^)BW_

)$/<+*'V4V4'M*&&$'*.'>"2%'(*'*.-%.$C,%',*2"+&%4'
7,,*/$&$'(*?'2%[$1"($*4%+/{)B\M';'-%,":
%D"+42%G)B\G>*C-6*+462,;'1"%1."4<`"-4"(<4'
O%($J-*2%'(*'v*++"&'^3VUN_'"'n%+"&'^ANN@_

http://people.uwec.edu/piercech/FAS/FAS.._files/image002.gif
http://toxipedia.org/display/toxipedia/Fetal+Alcohol+Spectrum+Disorder+(FASD)


!"#$%&$'($')*+,*-%.%/$*'/"&"+*." 0*1$2%.%'V4'k%CC$-$2L'(*'>*+,*-$4';;<

]4U4) T$+#,(7")#"1)=&7=$+():,$:$()) ) )

223/!'&(%6*7$!%$+!B/7B&(*!)6&)&*!"/(.;$!.;&/7/,/!5+"g'Cg&(+%,"1!?!8(!6/6*!7/!)6/#$!$H$,,*!.*++/,$6/+$!.;$!'&!
#$6&F./!($&!($*(/,&!"'0$.&$!'$!06$7/,86&1!/!'$)8&,*!%$++/!'*77&(&',6/9&*($!$(%*#$(/!%$+!5/67/.*!/(,&B&*,&.*!
.+*6/75$(&.*+*

223/!'&(%6*7$!%$+!B/7B&(*!)6&)&*!?!%*#8,/!/%!8(/!7/(./(9/!%$++$!6$/9&*(&!%&!)+8.86*(/9&*($!($+!($*(/,*:!.;$!
0*6,/!/++E/..878+*!%&!7$,/B*+&,&!,*''&.&!%$+!.+*6/75$(&.*+*

c8$!'*(*!&!7$../(&'7&!F'&*0/,*+*)&.&!0*''&B&+7$(,$!&70+&./,&!($++*!'#&+800*!%$++/!'&(%6*7$!%$+!B/7B&(*!)6&)&*@

&+!'&',$7/!$(9&7/,&.*!]cA-)+8.86*(&+!,6/('5$6/'&!($&!($*(/,&!"'0$.&$!'$!06$7/,86&1!?!'./6'/7$(,$!06$'$(,$@!
%$#$!$''$6$!&(%*,,*!%/&!'8B',6/,&!"B&+&68B&(/:!$,.N1!$%!?!0$6.&G!&(./0/.$!%&!7$,/B*+&99/6$!8(!&706*##&'*!
'*#6/../6&.*!%&!5/67/.*

&('8L.&$(,$!$'.6$9&*($!6$(/+$!%$+!5/67/.*!(*(!.*(&8)/,*



!"#$%&$'($')*+,*-%.%/$*'/"&"+*." 0*1$2%.%'V4'k%CC$-$2L'(*'>*+,*-$4';;D

]4@4) 8,$+%$F&1$)6(+'$)/'$1$II&'"

c%`.*&(;'84M4;'Og-"a;'O4h4;'c*+D"g;'84B;'06*,1";'S404'^ANNQ_'S6*+,*-%.%/g4'777'"(4'!$11$&-%22'v$..$*,C'*&('v$.a$&C;'S6$.*(".16$*

!l..,*&&;'c4;'y$"/."+;'B4;'O%6+;'n4;'=$"/"+;'M4'^ANNN_'0%.%+'*2.*C'%>'16*+,*-%.%/g4'77'"(4'k6$",";'\2<22/*+2

[%!",5)&C'm9C'=E.."*)*C'!9'<H;;M>9'?)6(',.n$%$,5'$"',E&'"&."*,&9'j$.+9'h&."*,&'iSe'H:ioHH:

=+<&2%&;'!4'^"(4_'^ANNI_'S+%2"$&'Cg&26"C$C'$&6$9$2%+C'*&(',$C-"..*&"%<C'*&2$9*-2"+$*.'*/"&2C4'7&?'5%%(,*&'t'5$.,*&FC'k6"'
16*+,*-%.%/$-*.'9*C$C'%>'26"+*1"<2$-C4'77'"(4'O-5+*`:c$..;'H"`'r%+a

=%4%(>":=%4%(>":

9%%a9$&/4%+/{26*.$(%,$(" D$C$2*2%'$.'AEG3NGAN3A *--"CC$9$."'$.'A3GN@GAN3@

-%&2"+/*&4/+<&"&26*.{M$"{k+*/%"($" D$C$2*2%'$.'AEG3NGAN3A *--"CC$9$."'$.'A3GN@GAN3@

<&$D"+C$2g{%>{9+$C2%.{C-6%%.{%>{-6",$C2+g D$C$2*2%'$.'AEG3NGAN3A *--"CC$9$."'$.'A3GN@GAN3@

http://www.chm.bris.ac.uk/motm/thalidomide/effects.html
http://www.contergan.grunenthal.info/grt-ctg/GRT-CTG/Die_Fakten/Die_Tragoedie/152700063.jsp
http://bookbing.org/thalidomide-current-usage-recommendations-and-powerpoint/thalidomide-affected-children-swimming-pool/


m&(&,*!%&!.*70*66$!&(!o&7&(&!($+!7$'$!%&!/06&+$!TWSV


	1. Generalia pharmacologica
	1.1. Infermiere come Professionista (legge n. 43 del febbraio 2006): l'infermiere ed i farmaci 
	1.1.1. Infermiere e medico: i farmaci
	1.1.2. Aspetti organizzativi della gestione dei farmaci
	1.1.3. L'infermiere e le interazioni farmaco/paziente e farmaco/farmaco
	1.1.4. Conclusioni

	1.2. Il farmaco
	1.2.1. Natura dei farmaci
	1.2.2. Nome dei farmaci
	1.2.3. Classificazione dei farmaci
	1.2.4. Legalità e farmaci

	1.3. Storia del farmaco
	1.3.1. Dal preparato etnico tradizionale al farmaco moderno

	1.4. Approcci nelle intenzioni terapeutici alternativi
	1.4.1. Medicina Omeopatica

	1.5. Farmacologia generale
	1.5.1. Modificazioni indotte da farmaci
	1.5.2. Utilizzo di un farmaco
	1.5.3. Farmaco-cinetica
	1.5.4. Farmaco-dinamica

	1.6. Meccanismo d’azione dei farmaci
	1.7. Effetti di un farmaco
	1.7.1. Profili di efficacia e sicurezza

	1.8. Fasi della sperimentazione
	1.9. Farmaci biotecnologici
	1.9.1. Principali categorie di farmaci biotecnologici
	1.9.2. Le anti-chinine come farmaci biotecnologici anti-reumatici
	1.9.3. Anticorpi monoclonali di prima generazione

	1.10. Caratteristiche generali degli effetti di un farmaco
	1.10.1. Effetti acuti, cronici, pronti, ritardati
	1.10.2. Effetti diretti e effetti indiretti
	1.10.3. Effetti placebo

	1.11. Testi consigliati
	1.12. Principali fonti utilizzate

	2. L'organismo e il farmaco
	2.1. Farmaco-cinetica: definizione
	2.2. Principali tipi di barriere
	2.2.1. Membrana cellulare
	2.2.2. Le barriere tra i compartimenti biologici
	2.2.3. Barriera emato-encefalica

	2.3. Trasporto dei farmaci attraverso le membrane
	2.3.1. La diffusione semplice
	2.3.2. Filtrazione attraverso la membrana cellulare
	2.3.3. Diffusione facilitata
	2.3.4. Trasporto attivo
	2.3.5. Trasporto farmaci per endocitosi
	2.3.6. Passaggio dei farmaci attraverso le membrane biologiche in funzione delle loro caratteristiche chimico-fisiche

	2.4. Principali fonti utilizzate

	3. La somministrazione dei farmaci
	3.1. Le principali preparazioni dei farmaci
	3.1.1. Preparazioni solide per uso orale
	3.1.2. Preparazioni liquide per uso orale
	3.1.3. Preparazioni per applicazione cutanea
	3.1.4. Preparazioni per inalazione
	3.1.5. Preparazioni pressurizzate
	3.1.6. Preparazioni parenterali
	3.1.7. Preparazioni auricolari, nasali e oro-mucosali
	3.1.8. Preparazioni oftalmiche
	3.1.9. Preparazioni somministrate attraverso le cavità naturali inferiori

	3.2. Vie di somministrazione
	3.3. Somministrazione per via orale
	3.3.1. Varie preparazioni per la somministrazione per via orale
	3.3.2. Vantaggi della somministrazione orale
	3.3.3. Svantaggi della somministrazione orale
	3.3.4. Fattori che alterano assorbimento del farmaco somministrato per os
	3.3.5. Farmaci prima dei pasti, dopo i pasti e lontano dai pasti

	3.4. Somministrazione per via sub-linguale
	3.4.1. Vantaggi della somministrazione dei farmaci per via sub-linguale
	3.4.2. Svantaggi della somministrazione sub-linguale

	3.5. Somministrazione per via rettale
	3.5.1. Assorbimento dei farmaci via rettale
	3.5.2. Ragioni per preferire la via rettale
	3.5.3. Inconvenienti nella somministrazione per via rettale

	3.6. Somministrazione per via endo-vascolare
	3.6.1. Caratteristiche generali
	3.6.2. Somministrazione in bolo e per infusione
	3.6.3. Obiettivi della somministrazione endo-vascolare
	3.6.4. Inconvenienti della somministrazione endo-vascolare
	3.6.5. Somministrazione endovenosa: vantaggi ed inconvenienti possibili
	3.6.6. Somministrazione endo-arteriosa

	3.7. Somministrazione per via sotto-cutanea o intra-muscolare
	3.7.1. Caratteristiche generali
	3.7.2. Vantaggi della somministrazione sotto-cutanea o intra-muscolare
	3.7.3. Inconvenienti della somministrazione sotto-cutanea o intra-muscolare

	3.8. Somministrazione via intra-tecale
	3.8.1. Caratteristiche generali della somministrazione per via intra-tecale
	3.8.2. Vantaggi
	3.8.3. Svantaggi

	3.9. Somministrazione per via polmonare
	3.9.1. Caratteristiche generali della somministrazione per via polmonare
	3.9.2. Vantaggi
	3.9.3. Svantaggi

	3.10. Somministrazione per via nasale
	3.10.1. Caratteristiche generali della somministrazione per via nasale
	3.10.2. Vantaggi
	3.10.3. Svantaggi

	3.11. Somministrazione per via trans-dermica
	3.11.1. Assorbimento dei farmaci attraverso la cute
	3.11.2. Vantaggi
	3.11.3. Svantaggi

	3.12. Somministrazione per vie topiche
	3.12.1. Caratteristiche delle somministrazioni topiche
	3.12.2. Vantaggi
	3.12.3. Svantaggi

	3.13. Principali fonti utilizzate

	4. Bio-disponibilità e distribuzione dei farmaci
	4.1. La distribuzione dei farmaci
	4.1.1. Come circola la parte liquida dell'organismo?

	4.2. Destino dei farmaci
	4.3. Bio-disponibilità
	4.3.1. Fattori che influenzano la bio-disponibilità
	4.3.2. Bio-equivalenza

	4.4. Il volume di distribuzione dei farmaci
	4.4.1. Liquidi: distribuzione e movimenti
	4.4.2. Volume apparente di distribuzione dei farmaci nell'organismo
	4.4.3. Utilità pratica del volume apparente di distribuzione Vd
	4.4.4. Determinazione del volume apparente di distribuzione Vd
	4.4.5. Correlazione tra Vd e i compartimenti tissutali coinvolti

	4.5. Legame farmaco-proteina plasmatica
	4.5.1. Legame dei farmaci con le proteine plasmatiche: funzione
	4.5.2. Concentrazioni plasmatiche e legame alle proteine
	4.5.3. Caratteri del legame dei farmaci con le proteine plasmatiche
	4.5.4. L'albumina: la principale proteina plasmatica legante i farmaci 
	4.5.5. Competizione tra farmaci per il legame con le proteine plasmatiche

	4.6. Fattori che modificano la distribuzione dei farmaci
	4.7. Principali fonti utilizzate

	5. Metabolismo dei farmaci
	5.1. Metabolismo ed attività dei farmaci
	5.2. Sistemi metabolici coinvolti nel metabolismo dei farmaci
	5.3. Classificazione delle reazioni metaboliche
	5.3.1. Studio del metabolismo del farmaco
	5.3.2. Strutture molecolari dell'organismo coinvolte nel metabolismo dei farmaci
	5.3.3. Cambiamento di attività a seguito di metabolismo

	5.4. Induzione ed attivazione
	5.4.1. Induzione vs. attivazione
	5.4.2. Il citocromo P450
	5.4.3. Induzione metabolica enzimatica
	5.4.4. Inibizione metabolica
	5.4.5. Ossidazioni non microsomiali
	5.4.6. Alcool Deidrogenasi

	5.5. Reazioni del metabolismo di fase II
	5.5.1. Reazioni di coniugazione
	5.5.2. Caratteri e conseguenze della glucurono-coniugazione
	5.5.3. Circolo entero-epatico

	5.6. Escrezione
	5.7. Eliminazione urinaria dei farmaci e/o dei loro metaboliti
	5.8. La clearance di un farmaco
	5.8.1. La clearance renale di un farmaco

	5.9. Principali fonti utilizzate

	6. Meccanismi di farmaco-cinetica
	6.1. Farmaco-cinetica
	6.1.1. Emivita di un farmaco

	6.2. Cinetica di scomparsa dei farmaci
	6.2.1. Cinetica e somministrazione
	6.2.2. Caratteri della cinetica di primo ordine
	6.2.3. Caratteri della cinetica di ordine 0

	6.3. Cinetica della somministrazione continua
	6.3.1. Influenza della velocità di infusione
	6.3.2. Il periodo di wash out
	6.3.3. Dose di carico
	6.3.4. L'accumulo di farmaci nell'organismo

	6.4. Somministrazione multipla e raggiungimento dello stato stazionario
	6.4.1. Farmaci somministrati via orale

	6.5. Principali fonti utilizzate

	7. Farmaco-dinamica
	7.1. Farmaco-dinamica
	7.2. Luogo di azione dei farmaci
	7.2.1. Le proteine come bersaglio dei farmaci
	7.2.2. Il DNA (geni) come bersaglio dei farmaci
	7.2.3. Altri bersagli

	7.3. Recettori dei farmaci
	7.3.1. Classi di recettori cellulari
	7.3.2. Recettori canale

	7.4. Recettori intra-cellulari
	7.5. Interazioni farmaco-recettore
	7.6. Attività intrinseca
	7.6.1. Affinità, attività intrinseca, efficacia
	7.6.2. Agonisti parziali
	7.6.3. Attivazione costitutiva dei recettori

	7.7. Farmaci agonisti
	7.7.1. Curve dose-risposta
	7.7.2. Potenza ed efficacia di farmaci agonisti

	7.8. Agonisti inversi
	7.9. Antagonisti
	7.9.1. Antagonisti competitivi
	7.9.2. Antagonisti non competitivi

	7.10. Principali fonti utilizzate

	8. Attività farmacologica
	8.1. Attività farmacologica
	8.2. Indice terapeutico e profili di sicurezza ed efficacia
	8.2.1. Indice terapeutico
	8.2.2. Profili di efficacia e sicurezza
	8.2.3. Il margine di sicurezza

	8.3. Relazione tra dose prescritta di un farmaco ed il suo effetto farmacologico
	8.3.1. Relazione dose-concentrazione-intensità dell'effetto

	8.4. Fattori inerenti al farmaco
	8.4.1. Tolleranza farmaco-cinetica
	8.4.2. Tolleranza farmaco-dinamica
	8.4.3. Desensibilizzazione dei recettori

	8.5. Fattori inerenti al paziente
	8.5.1. Emivita plasmatica del farmaco ed età del paziente
	8.5.2. Risposte farmacologiche abnormi determinate geneticamente
	8.5.3. Risposte farmacologicamente abnormi determinate da fattori patologici non correlati
	8.5.4. Fattori dietetici
	8.5.5. Compliance del paziente alla terapia

	8.6. Meccanismi delle interazioni tra farmaci (antagonismo o sinergismo)
	8.6.1. Incompatibilità fisico-chimiche
	8.6.2. Interazioni a livello dell’assorbimento gastro-intestinale
	8.6.3. Interazioni a livello del legame farmaco-proteine plasmatiche
	8.6.4. Interazioni a livello del metabolismo dei farmaci
	8.6.5. Interazioni a livello della eliminazione dei farmaci per via renale
	8.6.6. Interazioni a livello funzionale
	8.6.7. Interazioni a livello della sede di azione

	8.7. Principali fonti utilizzate

	9. Tossicità da farmaci
	9.1. Differenti tipi di tossicità da farmaci
	9.1.1. Reazioni avverse ai farmaci
	9.1.2. ADR A
	9.1.3. ADR B: dovute al paziente

	9.2. Allergia da farmaci
	9.2.1. Reazioni allergiche o di ipersensibilità
	9.2.2. Reazioni allergiche di I tipo
	9.2.3. Reazioni allergiche di II tipo
	9.2.4. Reazioni allergiche di III tipo
	9.2.5. Reazioni allergiche di IV tipo
	9.2.6. Reazioni anafilattoidi

	9.3. Alterazioni fisiologiche durante la gravidanza
	9.4. La distribuzione al feto: il caso della teratogenesi da talidomide
	9.4.1. Storia della Talidomide
	9.4.2. Storia della Talidomide II secondo il primo comunicato della ditta produttrice
	9.4.3. Foetal alcohol spectrum disorders (FASDs)

	9.5. Sindrome del bambino grigio
	9.6. Principali fonti utilizzate


