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&

& @(.0&.0(!&,-*A%".>&B&#(+&/(-!.&.*&.%!.&CD&/-*+&.0%&,*('.&*/&)(%<&*/&#1*)%9-*2'7&'#.2-#$&

%'%+8&-("0'%!!3&E0%'>&B&%'7%#)*-&.*&+*-%&/2$$8&#!!%!!&0*<&#1(*.("&/#".*-!&#'7&$(/%&0(!.*-8&.-#(.!&

(+,#".&#1*)%9-*2'7&'#.2-#$&%'%+8&-("0'%!!3&5%?.>&B&<($$&%?,$*-%&!%%7$('9&+*-.#$(.8&/-*+&/(-!.&#&

7#+#9%&,%-!,%".()%&#'7&.0%'&#'&566&,%-!,%".()%>&.#;('9&('.*&#""*2'.&.%+,*-#$&)#-(#.(*'3&&

F('#$$8>&B&('.%'7&.*&-%"*'"($%&.0%&+*-.#$(.8&18&#1*)%9-*2'7&'#.2-#$&%'%+8&-("0'%!!&

:G1*)%9-*2'7&&566=&<(.0&+*-.#$(.8&72%&.*&&1%$*<9-*2'7&#9%'.!&:4566=&('&#&'%<&"*'"%,.2#$&

+*7%$3&

&

&

&

&

&

&

&

&

&

&

&
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!

!

!

!

!

!

!

!

!

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

!

!

!

!

!

!

!

!

!

!

!

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

!"#$%&'()*$+'$,-./,-0112/-34&-%*"&-*5-6$74*8&9:-;9-<&7&%=;9;98-6"$97-%&>%?;7=&97-$9<-- --

<;:7%;@?7;*9-6$77&%9:-;9-$-A&:7&%9-$=$'*9;$9-5"**<6"$;9/-.4B-74&:;:-<;::&%7$7;*9-- --

:?@=;77&<-7*-74&-C%$<?$7&-D>4**"(E&A-F%?9:A;>G-H?78&%:,-E&A-I&%:&+/-

-

!%9*"<,-!/-J/,-K/-L$+9$%<,-$9<-C/-D/-C;"@&%7,-011M/-N?98$"-&9<*64+7&:-;9-<;>*7+"&<*9*?:-

9&*7%*6;>$"-7%&&:O-6$77&%9:-*5-$@?9<$9>&-$9<-<;#&%:;7+/-L+>*"*8;>$"-H&:&$%>4,-M1P,-

MP10(MP1Q/-

-

!?8:6?%8&%,-R/-S/,-M2TU/-D&&<";98-:?%#;#$"-*5-7%*6;>$"-7%&&-:6&>;&:-V-W97&%$>7;*9:-*5-<;:6&%:$"-

<;:7$9>&,-";847(8$6:,-$9<-6$74*8&9:/-J>*"*8+,-XP,-MQ1P(MQM0/-

-

!?8:6?%8&%,-R/-S/-$9<-Y/-3/-Z;"G;9:*9,-011Q/-Y*:7-:6&>;5;>;7+-*5-6$74*8&9;>-.+74;?=-:6&>;&:O-

W=6";>$7;*9:-5*%-7%&&-:6&>;&:-<;#&%:;7+/-F;*7%*6;>$,-[2,-Q10(Q1T/-

-

F$%<8&77,-H/-B/,-Z/-B/-F*A=$9,-H/-S$?5=$99,-$9<-D/-S/-D>4=;<7,-011P/-!-7&=6*%$"-$66%*$>4-*5-

";9G;98-$@*#&8%*?9<-$9<-@&"*A8%*?9<-&>*"*8+/-3%&9<:-;9-J>*"*8+-$9<-J#*"?7;*9,-01,-

X[U(XUM/-

-

F$%9&77,-Y/-)/-$9<-F/-F/-Y?97&%-M22T/-W""?:7%$7&<-8&9&%$-*5-;=6&%5&>7-5?98;/-W""?:7%$7&<-8&9&%$-*5-

;=6&%5&>7-5?98;-\J</-U]/--L$>L;""$9-.?@;>$7;*9,-E&A-^*%G/-

-

F&#&%,-I/-B/,-M22U/-N&&<@$>G-@&7A&&9-6"$97:-$9<-74&;%-:*;"->*==?9;7;&:-;9-$9-*"<-5;&"<-

>*==?9;7+/-J>*"*8+,-QP,-M2XP(M2QQ/-

-

F&#&%,-I/-B/,-S/-L/-Z&:7*#&%,-$9<-I/-!97*9*#;>:,-M22Q/-W9>*%6*%$7;98-74&-:*;"->*==?9;7+-;97*-

6"$97-6*6?"$7;*9-<+9$=;>:O-74&-?7;";7+-*5-74&-5&&<@$>G-$66%*$>4/-I*?%9$"-*5-J>*"*8+-TP,-

PXM(PQ[/-

-

F&#&%,-I/-B/,-0110/-Y*:7(:6&>;5;>;7+-*5-!L-5?98$"-6*6?"$7;*9-8%*A74-%$7&:->$9-8&9&%$7&-5&&<@$>G-

*9-6"$97-8%*A74/-."$97-$9<-D*;"-0UU,-0TM(021/-

-

F*9$9*=;,-C/,-N/-C;$99;9*,-$9<-D/-=$''*"&9;,-011P/-E&8$7;#&-6"$97(:*;"-5&&<@$>G-$9<-:6&>;&:-

>*&_;:7&9>&/-`;G*:-MMM,-[MM([0M/-

-

F*%%*%,-B/-I/,-B/-L/-B&)*98,-$9<-R/-!/-3%;6"&4*%9/-M2QX/--!9-W97%*<?>7;*9-7*-74&--

- ---D7?<+-*5-W9:&>7:/-Y*"7,-H;9&4$%7-a-Z;9:7*9,-E&A-^*%G/-

-

F%*A9,-b/S/,-$9<-!/-R/-C$98&,--M2T2/-B;55&%&97;$"--&55&>7:-*5-$@*#&(-$9<-@&"*A(8%*?9<--;9:&>7-

4&%@;#*%+-<?%;98-&$%"+-6"$97-:?>>&::;*9/-`;G*:,-PU,-XQ(QX/-

-

R$""$A$+,-H/-L/,-C/-R/-34&"&9,-!/-H*<%;8?&',-$9<-Z/-J/-Y*"@&9,-011U/-D*;"-@;*7$-$9<-&_*7;>-6"$97-

;9#$:;*9/-E$7?%&,-U0Q,-Q[M(Q[[/-



 11 

!"#$%&'()'*)'#+,'()'-)'!"#$%&'./01)'23#45+6',7+#8549':;'#'<$:354#"'$#5+=;:$>9<'<$>>'='?@#"A#<5:+':;'

<B>'C#+D>+=!:++>""'8:,>")''*8>$54#+'E#<A$#"59<&'.F1&'GH/=G00)'

'

!:85<#&'I)'2)&'J)'!)'KA"">$=I#+,#A&'2)'*6A5""#$&'#+,'2)'L)''JAMM>""&'FN.N)'*9788><$54'(>+95<7'

(>3>+,>+4>'2B#3>9'23>45>9'*MA+,#+4>9'5+'#'O$:354#"'O$>>'!:88A+5<7)'245>+4>&'PF/&'

PPN=PPF)'

'

!:++>""&'C)'J)&'./G.)'Q+'<B>'$:">':;'+#<A$#"'>+>85>9'5+'3$>@>+<5+6'4:83><5<5@>'>R4"A95:+'5+'9:8>'

8#$5+>'#+58#"9'#+,'5+'$#5+';:$>9<'<$>>9)'F/0SP.F)'T+'L)'C)'()'-:>$'#+,'U)'V)'U$#,W>""&'

>,5<:$9)'(7+#8549':;'+A8M>$9'5+'3:3A"#<5:+9)'!>+<$>';:$'*6$54A"<A$#"'LAM"54#<5:+'#+,'

(:4A8>+<#<5:+&'X#6>+5+6>+&'E><B>$"#+,9)'

'

!:++>""&'C)'J)&'./G0)'(5@>$95<7'5+'<$:354#"'$#5+';:$>9<9'#+,'4:$#"'$>>;9'='B56B',5@>$95<7':;'<$>>9'#+,'

4:$#"9'59'8#5+<#5+>,':+"7'5+'#'+:+'>YA5"5M$5A8'9<#<>)''245>+4>&'.//&'.PNF=.P.N)'

'

!:++>""&'C)'J)&'C)'U)'O$#4>7&'#+,'I)'C)'X>MM&'./01)'!:83>+9#<:$7'$>4$A5<8>+<&'6$:W<B&'#+,'

8:$<#"5<7'#9';#4<:$9'8#5+<#5+5+6'$#5+=;:$>9<'<$>>',5@>$95<7)'?4:":654#"'K:+:6$#3B9&'Z1&'

.1.=.H1)'

'

?B$>+;>",&'C)'U)&'-)'V#@5<&'#+,'[)'?"6>$98#&'FNNZ)'\>>,M#4%'5+'<B>'3"#+<=9:5"'979<>8)'*++A#"'

V>@5>W':;'?+@5$:+8>+<'#+,'V>9:A$4>9&'PN&'GZ=..Z)'

'

?""59&'K)'-)'#+,'C)'L)'?""59&'./0Z)'K54$:;A+65':+'"#+,'3"#+<9)'*+'5,>+<5;54#<5:+'B#+,M::%)'

K54$:;A+65':+'"#+,'3"#+<9)'*+'5,>+<5;54#<5:+'B#+,M::%)'K#4K5""#+'LAM54#<5:+&'E>W']:$%)'

'

?W>"&'C)'C)&'#+,'*)'C)'J5$>8#<B&'FNNZ)'L"#+<=3"#+<'5+<>$#4<5:+9'5+'<$:354#"'\:$>9<9)'T+'-5:<54'

5+<>$#4<5:+9'5+'<B>'<$:3549&'OB>5$'$:">'5+'<B>'8#5+<>+#+4>':;'93>45>9',5@>$95<7)'!#8M$5,6>'

^+5@>$95<7'L$>99&'!#8M$5,6>&'^[)'

'

U5"M>$<&'U)'2)&'[)'?)'J#$89&'()'E)'J#85""&'#+,'2)'L)'U5"M>$<&'FNN.)'?;;>4<9':;'9>>,"5+6'95D>&'?"'E5+:'

,$:A6B<&'9>>,"5+6',>+95<7&'#+,',59<#+4>'<:'+>#$>9<'4:+93>45;54'#,A"<':+'H=7>#$'9A$@5@#"':;'

Q4:<>#'WB5<>5'9>>,"5+69'5+'L#+#8#)'Q>4:":65#&'.FG&'ZN/=Z.H)'

'

U5"M>$<&'U)'2)&'FNNZ)'(58>+95:+9':;'3"#+<',59>#9>'5+'<$:354#"';:$>9<9)'-5:<54'5+<>$#4<5:+9'5+'<B>'

<$:3549_'<B>5$'$:">'5+'<B>'8#5+<>+#+4>':;'93>45>9',5@>$95<7&'!#8M$5,6>'L$>99'^+5@>$95<7&'

!#8M$5,6>&'^[)''

'

U5"M>$<&'U)'2)'#+,'!)'Q)'X>MM&'FNNG)'LB7":6>+><54'956+#"'5+'3"#+<'3#<B:6>+=B:9<'$#+6>)'

L$:4>>,5+69':;'<B>'E#<5:+#"'*4#,>87':;'245>+4>9':;'<B>'^+5<>,'2<#<>9':;'*8>$54#&'.N1&'

1/G/=1/0P)'

'

U5"M>$<&'U)'2)&'C)'U:$:93>&'#+,'I)'V7@#$,>+&'FNN0)'J:9<'#+,'B#M5<#<'3$>;>$>+4>9':;'3:"73:$>';A+65'

5+'K54$:+>95#+'<$:354#"';"::,>,';:$>9<9)'K74:":654#"'V>9>#$4B&'..F&'HG1=H0N)'
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!"##$%&'()'*)&'+,-.)'/$0%'12$0032$&'45'356$2$0%"74%$6'849%:2'"5'$;:#3%":5)'<4=:5:7>'456'

' !$:?241@>&'A:56:5&'B>0%)'C00:9)'/3D#"94%":5&'E&'FGHE-)'

'

!";5"0@&'<)'()&'+,,,)'I5'%@$'9430$0':8'?246"$5%0'"5'%2:1"94#'%2$$'6";$20"%>)'(:3254#':8'J9:#:?>&'KG&'

+,FH.+L)'

'

M4270&'N)'J)&'B)'()'O2"?@%&'I)'P4#6$2:5&'C)'M$25456$Q&'456'J)'C)'M$22$&'.LLL)'/$2;40";$'6$50"%>H

6$1$56$5%'2$923"%7$5%'$5@459$0'0$$6#"5?'6";$20"%>'"5'4'%2:1"94#'8:2$0%)'R4%32$&'ELE&'

E,FHE,S)'

'

M3#7$&'/)J)&'+,,E4)'T:6$5%'1:0%H6"01$204#'0$$6'12$64%":5'"5'?2400#456U'74?5"%36$'456'0:329$0'

:8';42"4%":5)'(:3254#':8'J9:#:?>&'K.&'-ESH-S.)''

'

M3#7$&'/)J)&'+,,ED)'B$$6#"5?'@$2D";:2>'"5'?2400#456U'2$#4%";$'"7149%':8';$2%$D24%$'456'

"5;$2%$D24%$'@$2D";:2$0)'(:3254#':8'J9:#:?>&'K.&'KGFHKKL)'

'

M3#7$&'/)'J)&'+,,-)'M$2D";:2$0'456'%@$'1$28:27459$':8'?2400#456'1#45%0U'C'9:7142"0:5':8'

42%@2:1:6&'7:##309'456'2:6$5%'@$2D";:2>)'(:3254#':8'J9:#:?>&'KE&'EFHS+)'

'

(45Q$5&'V)'M)&'+,GL)'M$2D";:2$0'456'537D$2':8'%2$$'01$9"$0'"5'%2:1"94#'8:2$0%0)'C7$2"945'

R4%324#"0%&'+LE&'SL+HS.K)'

'

($5W>5&'()'X)&'456'C)'*4"5D2"6?$'+,GK)'*":#:?>'456'14%@:#:?>':8'9$2$4#'1:Y6$2>'7"#6$Y0)'Z5'<@$'

/:Y6$2>'["#6$Y0&'.KF\F.+&'C946$7"9'/2$00&'A:56:5)''

'

N426:#&'/)&'R)'()'P:25"10&'[)'[)'A)';45'N$71$5&'()'[)'<)'*4W=HB9@:%745&'456'O)'M)']45'V$2'

/3%%$5&'.LLG)'["92:D$H7$6"4%$6'1#45%H0:"#'8$$6D49W'9430$0'@"0%:2"94#'9:5%"5?$59>'

$88$9%0'"5'1#45%'9:7735"%>'400$7D#>)'J9:#:?"94#'[:5:?241@0&'GG&'+EGH+-.)'

'

N#3?$2&'P)'!)&'()'O)'V4##"5?&'T)'J)'!4##$2>&'J)'B459@$Q&'P)'O$$W0H!4#"56:&'456'C)'J)'C25:#6&'.LLK)'

M:0%'?$5$24#"0%0'6:7"54%$'835?4#'9:7735"%"$0'400:9"4%$6'Y"%@'0$$60':8'8:32'5$:%2:1"94#'

1":5$$2'01$9"$0)'(:3254#':8'<2:1"94#'J9:#:?>&'.E&'FS+HFSE)'

'

N:D$&'T)'N)'456'P)'X)']2"$0$56:21&'.L++)'P:501$9"8"9'6$50"%>'6$1$56$59$'"5'0$$6#"5?0';42"$0'Y"%@'

01$9"$0'0@46$'%:#$2459$'"5'4'Y$%'%2:1"94#'8:2$0%)'J9:#:?>'A$%%$20&'+E&'SLFHS+L)'

'

N3#74%"0W"&'C)&'N)'M)'*$426&'()'T)'B%$;$50&'456'B)'[)'P:DD:#6&'.LLK)'/#45%H0:"#'8$$6D49W0U'4'7$%4H

454#>%"94#'2$;"$Y)'J9:#:?>'A$%%$20&'++&',KLH,,.)'

'

A47D$20&'()'M)'T)&'()'B)'P#42W&'456'*)'*$9W4?$&'.LL.)'V$50"%>H6$1$56$5%'7:2%4#"%>'456'%@$'

#4%"%36"54#'?246"$5%'"5'01$9"$0'6";$20"%>)'R4%32$&'E+G&'GF.HGFS)'

'

[45?45&'B)'C)&'J)'C)'M$22$&''456'()'V)'*$;$2&'.L+L)'B1$9"8"9"%>'D$%Y$$5'R$:%2:1"94#'%2$$'0$$6#"5?0'

456'%@$"2'835?4#'73%34#"0%0'#$460'%:'1#45%H0:"#'8$$6D49W)'J9:#:?>&',+&'.S,EH.-LF)'
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!"#$%&'()*+,-$../0120$.30420520567+/0899:20;6<+%$."+06=0>6?<0@$&'6A+.>0"6)B$%?+>0C?&'0>'$3+0

&6<+%$."+0$"%6>>0>@+"?+>06=0&%6@?"$<0&%++0>++3<?.A>20D"6<6A(/0:E/0F::G)F:E820

0

H$?.+/0420;20FEII20J6630C+70"6-@<+K?&(0$.30>@+"?+>03?B+%>?&(200L-+%?"$.0*$&,%$<?>&/0F99/0IM)NM20

0

4+(.6<3>/0O20P2/0L20H$"Q+%/0R20S20T+B+%/0$.30520#<$(/0899G20U%$>>%66&>0+"6<6A(V0H<$.&)-?"%67+)>6?<0

?.&+%$"&?6.>0$>03%?B+%>06=0@<$.&0"6--,.?&(0>&%,"&,%+0$.303(.$-?">20D"6<6A(/0:W/088:F)

88EF20

0

1&+B+.>/042T2/0FEI920H<$.&0H$&'6<6A(/0$.0L3B$."+30;%+$&?>+/0X6<20G20GMN)W8E20Y.0R2U20O6%>=$<<0$.30

L2D20S?-6.30Z+3>2[20L"$3+-?"0H%+>>/0*+C0\6%Q20

0

1,&&6./0T20#2/0FE:920;'+0#6+<6-("+&+>20J,.A?0?-@+%=+"&?0C?&'0@(".?3?$/0$"+%B,<?0$.30>&%6-$&$20

;'+0#6+<6-("+&+>20J,.A?0?-@+%=+"&?0C?&'0@(".?3?$/0$"+%B,<?0$.30>&%6-$&$205+C/001,%%+(/00

D.A<$.3V00!("6<6A?"$<0Y.>&?&,&+20

0

;+%76%A'/0R2/0*20H?&-$./0!201?<-$./0O201"'?"'&+%/0$.30X20H20*,.+]/0899820!$?.&+.$."+06=0&%++0

3?B+%>?&(0?.0&%6@?"$<0=6%+>&>201++303?>@+%>$<0$.30=%,A?B6%(V0+"6<6A(/0+B6<,&?6.0$.30

"6.>+%B$&?6.20;'?%30Y.&+%.$&?6.$<01(-@6>?,-)^6%Q>'6@06.0J%,A?B6%+>0$.301++30

S?>@+%>$</01$60H+3%6/0T%$]?</0I)FF0L,A,>&08999/0F)FN20

0

X$<+."?$/042/0O20T$<><+B/0$.30U20H$]0(0!?_6/0FEEW20O?A'0&%++0$<@'$03?B+%>?&(0?.0L-$]6.?$.0

0 D",$36%20T?63?B+%>?&(0$.30#6.>+%B$&?6./0G/08F`8:20

0

X$.03+%0O+?a3+./0!20U20L2/0120X+%Q$3+/0$.30120R203+0T%,?./0899:20!("6%%'?]$<0=,.A?0%+3,"+0&'+0

.+A$&?B+0+==+"&>06=0.?&%6A+.0+.%?"'-+.&06.0@<$.&0"6--,.?&(0>&%,"&,%+0?.03,.+0

A%$>><$.320U<67$<0#'$.A+0T?6<6A(/0FW/08I8I)8IGM20

0

^+77/0#20b20$.30S20420H+$%&/0FEEE201++3<?.A03+.>?&(03+@+.3+."+0@%6-6&+>0"6+K?>&+."+06=0

T6%.+$.0%$?.0=6%+>&0&%++>20D"6<6A(/0:9/0899I)89FN20

0

c'6,/0S20$.30520S20O(3+/0899F20O6>&)>@+"?=?"?&(/0'6>&)+K"<,>?B?&(/0$.30'6>&)%+",%%+."+0?.0>$@%67?"0

=,.A?20!("6<6A?"$<04+>+$%"'/0F9M/0FWWE)FWMN20

0

0

0
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!"#$%&'())(

!"##"$%&'((%)*(+,()%-")&%#"'(%./"0(1'"2$3%$.&2'.4%($(#5%)*(+,()%&-.$%)((34,$1)%"6%'.'(%

&'((%)*(+,()7%%

89%$(:%6.+(&%"6%&-(%;.$<($=!"$$(44%-5*"&-(),)>(

(

9?@AB9!A%

% A-(%;.$<($=!"$$(44%-5*"&-(),)%8;!>%,)%"$(%*"&($&,.4%#(+-.$,)#%&"%(C*4.,$%&-(%

#.,$&($.$+(%"6%-,1-%.4*-.%3,0('),&5%"6%&'((%)*(+,()%,$%&'"*,+.4%6"'()&)D%"*('.&,$1%&-'"21-%

3,66('($&,.4%*'())2'(%/5%$.&2'.4%($(#,()E%!"$)&'.,$&)%"$%&-(%*"*24.&,"$)%"6%+"##"$%)*(+,()%

+"243%.',)(%6'"#%.%1'(.&('%3,0('),&5%"6%$.&2'.4%($(#,()E%F%(0.42.&(3%&-,)%#(+-.$,)#%/5%.))()),$1%

3.#.1(%*.&&('$)%"$%4(.0()D%.)%.%*'"C5%6"'%$.&2'.4%($(#5%)*(+,()%,$%GG%)*(+,()E%@*(+,()%&-.&%

:('(%#"'(%+"##"$%"0('%&-(%4.)&%H%5(.')%-.3%#"'(%3,0(')(%3.#.1(%*.&&('$)%&-.$%'.'(%)*(+,()%

.6&('%+"''(+&,$1%6"'%./2$3.$+(D%,$3,+.&,$1%&-.&%+"##"$%&'((%)*(+,()%-")&%.%-,1-('%$.&2'.4%

($(#5%',+-$())E%933,&,"$.445D%$.&2'.4%($(#5%',+-$())%.4)"%,$+'(.)(3%:,&-%)*(+,()%)-.3(%

&"4('.$+(E%A"%#5%I$":4(31(D%&-,)%)&235%,)%&-(%6,')&%&-.&%)-":)%$.&2'.4%($(#5%',+-$())%,$+'(.)()%

:,&-%)*(+,()%./2$3.$+(%"6%-")&%)*(+,()D%"66(',$1%)2**"'&%6"'%.%$"0(4%,$&('*'(&.&,"$%"6%&-(%

;.$<($%=%!"$$(44%-5*"&-(),)E(

(

(

(

(

(
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!

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

)

*)+,-./01)23,4.56-)5-)76/,4.)+6883-5.9),+616:9)54;)<6=)+0-)<3->/,>4)67)>577,/,-.)4?,+5,4)

67)./,,4)+6@,A54.)5-)0)45-:1,)<,+.0/,B)*)831.5.3>,)67)<9?6.<,4,4)<0C,)D,,-)?/6?64,>).6),A?105-)

4?,+5,4)+6,A54.,-+,)D3.).<,)23,4.56-)/,805-4)3-/,461C,>)E(<,446-)FGGGHI)*86-:).<,)864.)

?/685-,-.)67),A?10-0.56-4)67)./,,)4?,+5,4)+6,A54.,-+,)54).<,)J0-K,-@(6--,11)<9?6.<,454)EJ0-K,-)

LMNGO)(6--,11)LMNLHEJ(HO)=<5+<)?/6?64,4)>54.0-+,)0->)>,-45.9@>,?,->,-.)-0.3/01),-,85,4)<0C,)

4./6-:)<64.)?/,7,/,-+,4)0->)>54?/6?6/.56-0.,19)0..0+P)4,,>4)0->)4,,>15-:4)67)+6886-)4?,+5,4)

-,0/)0>31.)./,,4)E5I,IO)0)+6883-5.9)+68?,-40.6/9)./,->)6/)((#)?,/)(6--,11),.)01I)LMQRHO)677,/5-:)

0)4.0D515K5-:)8,+<0-548)76/)4?,+5,4)+6,A54.,-+,)E(<,446-)FGGGHI)

)

)) "38,/634)4.3>5,4)<0C,)>6+38,-.,>)?0..,/-4)67)>54.0-+,)0->)>,-45.9@>,?,->,-.)

4,,>15-:)86/.015.9)E(10/P)0->)(10/P)LMQROO)S6D,)0->)T/5,4,->6/?)FGLLHO)D3.)7,=)<0C,)5>,-.575,>)

?0/.5+310/)0:,-.4)+0345-:)43+<)?0..,/-4)EU51D,/.)0->)V,DD)FGGNO)W+(0/.<9@",380--)0->)S6D,)

FGGQHI#<,)7,=)4.3>5,4).<0.)<0C,),A?15+5.19)5-+6/?6/0.,>)-0.3/01),-,85,4)<0C,)76+34,>)6-).<,)

0863-.)67)>080:,O)=<5+<):,-,/0119)5-+/,04,4)=5.<)5-+/,045-:)+6-4?,+575+)>,-45.9)E*3:4?3/:,/)

0->)S,119)LMQRX)Y+<31>.),.)01I)FGLGHO)D3.)/,10.56-4<5?4)=5.<)>54.0-+,)0/,)1,44)/,461C,>)

E*3:4?3/:,/)LMQRO)"6/:<03,/),.)01I)FGLGHI))

)

)) Y./6-:)<64.)?/,7,/,-+,)<04)D,,-)?/6?64,>)04)0)-,+,440/9)+6->5.56-)76/)-0.3/01),-,85,4)

.6)+6-4./05-).<,)?6?310.56-4)67)+6886-)4?,+5,4)EJ0-K,-)LMNGHI)Z6=,C,/O)-0.3/01),-,85,4)5-)
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!"#$!%&'()*$!+%,#!$+$-(.#$%+/,#$&0$"&*!*$12"&3$+/.$45.#$67789:$;#+.(/,$*&<#$*!3.(#*$!&$

)&/);3.#$!"+!$/+!3%+;$#/#<(#*$)&3;.$/&!$=#$%#*'&/*(=;#$0&%$.#/*(!5>.#'#/.#/!$<&%!+;(!5$

14+<(;!&/$#!$+;?$67879?$4&-#@#%:$;+)A$&0$*'#)(+;(B+!(&/$.&#*$/&!$<#+/$!"+!$/+!3%+;$#/#<(#*$.&$

/&!$"+@#$+$*!%&/,$"&*!$'%#0#%#/)#$+!$+$<&%#$;&)+;$*)+;#1C"&<'*&/$677D9:$+/.$!"#$E+/B#/>

F&//#;;$<#)"+/(*<$)&3;.$*!(;;$=#$&))3%%(/,?$G3%!"#%<&%#:$.(00#%#/!$';+/!$*'#)(#*$)+/$*"+%#$

/+!3%+;$#/#<(#*$=3!$#+)"$+**&)(+!(&/$)+/$%#*3;!$(/$.(00#%#/!$;#@#;*$&0$.+<+,#$12"&3$+/.$45.#$

67789?$C"3*:$,%#+!#%$.+<+,#$&/$)&<<&/$*##.;(/,*$%#;+H#*$!"#$)&/.(!(&/$!"+!$/+!3%+;$#/#<(#*$

=#$*!%()!;5$"&*!$#H);3*(@#?$

$F;&*#;5$%#;+!#.$*'#)(#*$)&3;.$'%&@(.#$#I3+;;5$*3(!+=;#$"&*!*$0&%$*'#)(+;(B#.$/+!3%+;$

#/#<(#*$+/.$!"3*$)&3;.$*"+%#$/+!3%+;$#/#<(#*$1J(;=#%!$+/.$K#==$677L9?$F&;#5$18MNO9$(*$

0%#I3#/!;5$)(!#.$+*$*"&-(/,$#@(.#/)#$!"+!$!%##$;(0#$"(*!&%5$!%+(!*$(/0;3#/)#$*3*)#'!(=(;(!5$!&$

/+!3%+;$#/#<(#*$1+;*&$*##$P)F+%!"5>Q#3<+//$+/.$R&=#$677N:$R&=#$+/.$S%(#*#/.&%'$67889:$=3!$

!"(*$*!3.5$+;*&$*3,,#*!*$!"#$(<'&%!+/)#$&0$'"5;&,#/#!()$.(*!+/)#*$&/$*3%@(@+;?$T(<(;+%;5:$&!"#%$

*!3.(#*$"+@#$)&/0(%<#.$!"#$(<'&%!+/)#$&0$;&&A(/,$=#5&/.$!"#$/&!(&/$&0$)&/*'#)(0()$+/.$

"#!#%&*'#)(0()$*'#)(#*$(/$3/.#%*!+/.(/,$/#,+!(@#$.#/*(!5$.#'#/.#/)#$1T!%+3**$#!$+;?$677U9?$

V"5;&,#/5$<+5$=#$*3))#**03;$+!$'%#.()!(/,$03/)!(&/+;$!%+(!*$=3!$+=(&!()$)&/.(!(&/*$)+/$"#+@(;5$

(/0;3#/)#$!"&*#$!%+(!*:$-"()"$(/$!3%/$-(;;$(/0;3#/)#$/+!3%+;$#/#<(#*?$C"3*:$+=(&!()$0+)!&%*$"+@#$!&$

=#$)&/*(.#%#.$-"#/$;&&A(/,$+!$';+/!$/+!3%+;$#/#<(#*?$

$

W(!!;#$%#*#+%)"$"+*:$"&-#@#%:$=##/$)&/.3)!#.$(/$!"#$!%&'()*$!&$3/.#%*!+/.$!"#$#00#)!*$&0$

+=(&!()$#/@(%&/<#/!+;$)&/.(!(&/*$&/$/+!3%+;$#/#<(#*$#@#/$!"&3,"$!"#$.(*#+*#$!%(+/,;#$1+$

*3(!+=;#$"&*!:$#/@(%&/<#/!+;$)&/.(!(&/*:$+/.$'%#*#/)#$&0$!"#$/+!3%+;$#/#<59$(*$-#;;$#*!+=;(*"#.$
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!"#$%&'%()$%#*+*$%&*,#-.&%#*$/0!%*#*/11%*$#$2)$#0)&)1%#0%3(%)*%*#)$#2!12#!(()0!)"3%#

45/1*'/(1%(#6789:;#<2!=%#.$2%(#*$/0!%*#>./"0#$2)$#)"#!"3(%)*%#!"#!(()0!)"3%#3)"##!"3(%)*%#

0)&)1%#?+#")$/()=#%"%&!%*#45=@)(%ABC.)+A)#%$#)=,#DEE8:,#F2%#%>>%3$#.>#)?!.$!3#>)3$.(*#&)+#@)(+#

<!$2#$()!$*#.>#$2%#2.*$#*'%3!%*G#>.(#%H)&'=%;#0(./12$#&)+#!"3(%)*%#@/="%()?!=!$+#$.#")$/()=#

%"%&!%*#!"#0(./12$B!"$.=%()"$#?/$#".$#0(./12$#$.=%()"$#*'%3!%*,#F2%#")$/(%#.>#$2%#2.*$#)=*.#

'=)+*#)"#!&'.($)"$#(.=%#)*#0!>>%(%"$#*'%3!%*#!"@%*$#!"#0!>>%(%"$#*$()$%1!%*,#I)*$B1(.<!"1#)"0#

'!."%%(#*'%3!%*#)(%#$2./12$#$.#!"@%*$#*!1"!>!3)"$=+#!"#1(.<$2#)"0#=!$$=%#!"#0%>%"*%*4J.=%+#%$#)=,#

678K:,#L"#3."$()*$;#*=.<B1(.<!"1#*2)0%#$.=%()"$#*'%3!%*#)(%#$2./12$#$.#!"@%*$#&.(%#!"#0%>%"*%*;#

?%3)/*%#=.**#.>#$!**/%#!*#&.(%#3.*$=+#$.#(%'=)3%#!"#$2%#=.<#=!12$#%"@!(."&%"$*#!"#<2!32#*2)0%#

$.=%()"$#*'%3!%*#.>$%"#.33/(#4J.=%+#%$#)=,#678K:,#I/($2%(&.(%;#%"@!(."&%"$)=#3."0!$!."*#)>>%3$#

'=)"$#$()!$*#4M(!12$#%$#)=,#DEE9:;#<2!32#!"#$/("#3)"#!">=/%"3%#$2%#(%*'."*%#$.#")$/()=#%"%&!%*#

4I!"%#%$#)=,#DEE9:,#5#$(%%#*'%3!%*#&)+#0%@%=.'#)#*$(."1%(#$.=%()"3%#$.#0)&)1%#<2%"#1(.<!"1#!"#)#

>)@.()?=%#%"@!(."&%"$;#<2%(%)*#$.=%()"3%#3)"#?%#0!&!"!*2%0#<2%"#1(.<!"1#!"#)#"."B>)@.()?=%#

%"@!(."&%"$#4I!"%#%$#)=,#DEE9:,#F2%(%>.(%;#!$#!*#!&'.($)"$#$.#3."*!0%(#")$/()=#%"%&!%*#!"#$2%#

3."$%H$#.>#)?!.$!3#)"0#?!.$!3#3."0!$!."*,#

#

# L"#$2!*#*$/0+;#L#$%*$#$2%#2+'.$2%*!*#$2)$#3.&&."#*%%0=!"1#*'%3!%*#2.*$#)#2!12%(#0!@%(*!$+#

.>#)?.@%1(./"0#")$/()=#%"%&!%*#$2)$#!"#$/("#&)+#=%)0#$.#)#0!*)0@)"$)1%,#N%3)/*%#.>#$2%#=)(1%#

"/&?%(#.>#'.$%"$!)=#")$/()=#%"%&!%*;#0)&)1%#')$$%("*#<%(%#/*%0#)*#)#'(.H+#>.(#")$/()=#%"%&+#

*'%3!%*#4J/(()".#%$#)=,#DE6E:,##L#'(%0!3$%0#)#2!12%(#*'%3!%*#0!@%(*!$+#.>#>.=!)(#")$/()=#%"%&!%*O#6:#

2.*$%0#?+#3.&&."#*'%3!%*#D:#<2%"#)#*'%3!%*#2)*#=.<%(#)@%()1%#0!*$)"3%*#$.#3."*'%3!>!3#$(%%*#P:#

<2%"#)#*'%3!%*#."#)@%()1%#2)*#=.<%(#'2+=.1%"%$!3#0!*$)"3%#?%$<%%"#"%!12?.(!"1#!"0!@!0/)=*;#9:#
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!"#$%&'()'*+'&%+,'("'+%+$*&'%#-.')*/('0%*/&%12%!"#$%$"3$')%*4')*3'%+-".%5')#"."#6%*/&%7-"+#8)'%

(-/&"#"-/+%'9,')"'/('&%:6%#$'%+,'("'+;%<"/*..60%=%$6,-#$'+">'&%#$*#%?2%*%$"3$')%+,'("'+%&"4')+"#6%

-5%5-."*)%/*#8)*.%'/'76%!-8.&%.'*&%#-%*/%"/()'*+'%"/%5-."*)%&*7*3';%

%

@ABCDEF%

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

%% B$"+%,)-G'(#%!*+%(-/&8(#'&%*#%H*%F'.4*%I"-.-3"(*.%F#*#"-/%"/%#$'%J#.*/#"(%H-!.*/&+%-5%

K-+#*%L"(*%MNOP%Q?RS0%TUP%OOR%V2;%B$'%(-)'%&*#*%+'#%(-/+"+#+%-5%5"4'%N%9%QOO%7%:'.#%#)*/+'(#+%

!$"($%!')'%'+#*:."+$'&%*()-++%*%+-".%3)*&"'/#%)',)'+'/#*#"4'%-5%7*G-)%+-".%#6,'+W%#$)''%#)*/+'(#+%

-/%)'+"&8*.%+-".+0%-/'%'*($%-/%-.&')%*/&%)'('/#%*..84"*.%+-".+;%%J..%/'!.6%3')7"/*#"/3%*/&%+8)4"4"/3%

!--&6%+''&."/3+%$*4'%:''/%+8)4'6'&%"/%NOOO%NX7
Q
%,.-#+%+6+#'7*#"(*..6%'4')6%+"9%!''Y+%+"/('%

QOOO%MZ-:'%*/&%[)"'+'/&-),%QONN2;%H"*/*%*/&%+7*..%,*.7%+''&."/3+%!')'%'9(.8&'&%$')'%:'(*8+'%

*&8.#+%!')'%/-#%7*,,'&;%J..%#)''+%M\%5"4'%(7%&"*7'#')2%!"#$"/%QO%7%-5%#$'%+''&."/3%]8*&)*#+%

!')'%7*,,'&%*/&%"&'/#"5"'&;%

%

&-.-/$%*-##$),'%

% <)-7%N^XQQ%_*/8*)6%QONO0%=%#--Y%,$-#-+%-5%'4')6%.'*5%-/%*..%+''&."/3+%!"#$"/%'*($%-5%#$'%

5"4'%#)*/+'(#+%M*%#-#*.%-5%T?`%+''&."/3+%-5%NN^%+,'("'+2;%J%!*#'),)--5%!$"#'%+$''#%-5%,*,')%!*+%

8+'&%*+%:*(Y3)-8/&;%I*+'&%-/%#$'%,$-#-3)*,$+0%&*7*3'%,*##')/+%!')'%4"+8*..6%*++'++'&%5-)%

'*($%+''&."/3%*/&%&"55')'/#"*#'&%8+"/3%#$'%5-..-!"/3%()"#')"*W%N2%,-+"#"-/%-5%#$'%&*7*3'%M';3;0%

'&3'%-)%7"&&.'%-5%.'*50%,)-9"7"#6%#-%,)"/(",*.%4'"/20%Q2%+$*,'%-5%#$'%&*7*3'%M)-8/&'&0%."/'*)%(8#0%

)'38.*)20%^2%+">'%-5%#$'%&*7*3'0%U2%(-.-)%M'+,'("*..6%)'.'4*/#%#-%&"+'*+'%*/&%,*#$-3'/+2%*/&%12%
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!"#$%&'$()*)*+&,#-%-,"$%)."),.&/,0"&"#%!0+#&1$)*.2&3$*$"%-")!*&"#%!0+#&4$-(&!%&.03$%(),)-4&+%-5)*+6&

/7)+0%$&89:2&;-<4$&89:69&

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

& =0%)*+&$-,#&,$*.0.&(%!>&?-@&ABBC&"!&=$,$><$%&AB:B2&'->-+$&!*&$-,#&.$$'4)*+&

D-.&$1-40-"$'&-*'&%$3!%"$'&-.&-&,-"$+!%),-4&1-%)-<4$&%$3%$.$*")*+&"#$&3$%,$*"-+$&!(&4$-(&

'->-+$9&;!&1-4)'-"$&"#$&,-"$+!%),-4&!<.$%1-")!*.2&3),"0%$.&!(&$-,#&4$-(&D$%$&"-E$*&)*&F-*0-%@&

AB:B&"!&,-4,04-"$&"#$&4$-(&-%$-&'->-+$'&-%$-&0.)*+&G)*7!4)-9&;#$*2&"#$&3#!"!&$.")>-"$.&D$%$&

,!>3-%$'&D)"#&"#$&,-"$+!%),-4&!<.$%1-")!*&/%
A
HB9I69&81$%-+$&'->-+$&$J3$%)$*,$'&<@&$-,#&

.3$,)$.&D-.&,-4,04-"$'&!1$%&"#$&,$*.0.$.&!(&ABBC&/.)J&>!*"#.&(%!>&?-@&ABBC&"!&=$,$><$%&

ABBC69&

&

!&../0(#12+"3(&#()+"0-+3(&#()+,")#&'4&

&& ;!&0*'$%."-*'&D#),#&(-,"!%.&3!"$*")-44@&)*(40$*,$&"#$&*0><$%&!(&'->-+$&3-""$%*.2&-&

3%!J@&(!%&*-"0%-4&$*$>@&%),#*$..2&K&>$-.0%$'&,!>>0*)"@2&-<)!"),&-*'&<)!"),&(-,"!%.&/;-<4$&89A69&

L$$'4)*+&-<0*'-*,$&(!%&-&.3$,)$.&D-.&-..$..$'&-.&"#$&>$-*&'$*.)"@&!(&.$$'4)*+.&3$%&>
A
&'0%)*+&

"#$&.->34)*+&3$%)!'9&8<0*'-*,$&!(&"%$$&.3$,)$.&D-.&-..$..$'&-.&"#$&-1$%-+$&*0><$%&!(&

,!*.3$,)(),&"%$$.&D)"#)*&-&%-')0.&!(&AB&>$"$%.&-%!0*'&$-,#&.$$'4)*+&!(&"#$&.3$,)$.2&-&"@3),-4&

*$)+#<!%#!!'&')."-*,$&-.&$.")>-"$'&<@&M!<$&-*'&N%)$.$*'!%3&/AB::69&;#$&.0>&!(&"%$$&<-.-4&

-%$-&D-.&0.$'&-.&-&.$,!*'&3%!J)&(!%&.3$,)$.&-<0*'-*,$&-"&"#$&"%$$&."-+$9&=)."-*,$&(%!>&3-%$*"&

"%$$&D-.&-..$..$'&-.&"#$&-1$%-+$&')."-*,$&(%!>&"#$&,4!.$."&-'04"&"%$$9&
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! "#!$%&'()$!(*!+&,-!,$$./()0!,+$1($,!1#'+#,(-(#)!()*/2$)1$.!)&-23&/!$)$'4!3(15)$,,6!7!

1&/12/&-$.!&).!-$,-$.!(*!,$$./()0!&82).&)1$,!#9$3!-5$!+&,-!12'2/&-(9$!#)$6!-:#6!-53$$6!;!)()$6!

-$)!4$&3,!:$3$!1#33$/&-$.!:(-5!)&-23&/!$)$'4!3(15)$,,<! !

! "#!$,-('&-$!$**$1-,!#*!&8(#-(1!*&1-#3,!#)!$)$'4!3(15)$,,6!7!2,$.!+3$9(#2,!'$&,23$'$)-,!

#*!1&)#+4!#+$))$,,!&).!,#(/!3$,#231$!&9&(/&8(/(-4!=>6!?6!@!&).!8&,$!1&-(#),A!=B#/,-$!$-!&/<!CDEFA!

-#!1&/12/&-$!-5$!'$&)!3$,#231$!1#).(-(#),!$%+$3($)1$.!84!$&15!,+$1($,<!G#(/!'#(,-23$!:&,!

'$&,23$.!$9$34!-$)!'$-$3,!&).!:&,!/()$&3/4!()-$3+#/&-$.!-#!$,-('&-$!-5$!,#(/!'#(,-23$!*#3!$&15!

,$$./()0!+/#-<!H()&//46!7!'$&,23$.!&-'#,+5$3(1!52'(.(-4!&-!E!'$-$3!5$(05-!&/#)0!-5$!-3&),$1-,!

*(9$!-('$,!.23()0!I+3(/!CDED<!!

! J,()0!,$$./()0!'#3-&/(-4!'#.$/,!=K#8$!&).!L3($,$).#3+6!CDEE!&).!2)+28/(,5$.!.&-&A6!7!

1&/12/&-$.!'#3-&/(-4!2).$3!EM!(33&.(&)1$!-#!3$+3$,$)-!,+$1($,!,5&.$!-#/$3&)1$<!@3$9(#2,!,-2.($,!

,-3$,,$.!-5$!('+#3-&)1$!#*!N2&)-(*4()0!-5$!&0$,!#*!/$&9$,!:5$)!&,,$,,()0!.&'&0$!8$1&2,$!#*!&)!

&112'2/&-(#)!$**$1-!=O#:'&)!EPQRA<!"#!-&S$!-5(,!()-#!&11#2)-6!7!2,$.!-5$!/(*$,+&)!#*!$&15!

().(9(.2&/!,$$./()0!-#!1&/12/&-$!-5$!&9$3&0$!/(*$,+&)!#*!-5$!,$$./()0!#*!$&15!,+$1($,6!3$1#0)(T()0!

-5&-!,$$./()0!/(*$,+&)!(,!&!1#&3,$!&++3#%('&-(#)!#*!/$&*!/(*$,+&)<!!

!

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

! J,()0!&!+54/#0$)$-(1!-3$$!1#),-321-$.!()!@54/#1#'!=U$88!$-!&/<!CDDQA6!7!1&/12/&-$.!&!

'&-3(%!#*!+54/#0$)$-(1!.(,-&)1$,!8$-:$$)!,$$./()0,!#*!&//!,+$1($,!+3$,$)-!()!-5$!-3&),$1-,!2,()0!

-5$!+&1S&0$!@(1&)-$!*#3!V<!7!2,$.!&)!&)0(#,+$3'!8&,$!-3$$!&9&(/&8/$!:(-5!-5$!)$:$,-!9$3,(#)!#*!
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+*33*&()-""(!6"+%"!(?<*&&"$$(@ABCD7(8*5"1"-4(%)(%!(%36*-).&)()*(&*)"()0.)()0"(.E,&#.&+"(

+.$+,$.)"#(.)()0"()-""(!).'"(5.!(&*)(.(!%'&%2%+.&)(6-"#%+)*-(*2(.E*1"'-*,&#(&.),-.$("&"3/(

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

-"!6*&!%1"()*(!""#$%&'(.E,&#.&+"()0.&(.#,$)(.E,&#.&+"7(8"-"4(3/(-"!,$)!(!,66*-)()0%!(&*1"$(

"9)"&!%*&(*2(F<(.&#("!6"+%.$$/(%)!(&"'.)%1"(#"&!%)/G#"6"&#"&)(6.))"-&(E,)(%)(%!(%36*-).&)()*(

6*%&)(*,)()0.)(;(#%#(&*)()"!)(50")0"-(.(0%'0"-(.3*,&)(*2(#.3.'"(-"!,$)!(%&(.(0%'0"-(3*-).$%)/(

-.)"7(;(.3(%&1"!)%'.)%&'()0*!"($%&H.'"!(%&(.(-"$.)"#(*&G'*%&'(!),#/(.&#(6-"$%3%&.-/(-"!,$)!(

!,66*-)(.(6*!%)%1"(+*--"$.)%*&(.3*&'(&.),-.$("&"3/(-%+0&"!!4(.3*,&)(*2(#.3.'"(?-
I
J(K7LCD4(

.&#(3*-).$%)/(-.)"(?M.+0"$*)(.&#(N*E"(IK@O4(%&(6-"64(.$!*(!""(P%+00*-&(")(.$7(IK@KD7((>0"(!)-*&'(

#%22"-"&+"(%&()0"(&,3E"-(*2(&.),-.$("&"3/(!6"+%"!(0*!)"#(E/(+*33*&(.&#(-.-"(!6"+%"!(

-"%&2*-+"!()0"(6*)"&)%.$$/(%36*-).&)(-*$"(*2(&.),-.$("&"3%"!(%&(+-".)%&'(.&#(3.%&).%&%&'(

#%1"-!%)/(?F.&Q"&(@ARK4(:%&"(")(.$7(IKKCD7((



 28 

!"#$%&'#()#*+#$,-!"#$%&'(#%)*&!+&'*,(,-&$-(,.$/"#$)#*#(01$23#+&#2$(#10/&,*2"&3$

4#/5##*$*0/6(01$#*#.7$(&+"*#22$0*%$23#+&#2$046*%0*+#$+,61%$#8310&*$&/2$%,.&*0*+#$

9:0(/2",(*;$<=>?@$0/$A0$B#1'0C$$D/2$%,.&*0*+#$"02$4##*$&*/#(3(#/#%$/,$(#261/$-(,.$&/2$"&)"$

/,1#(0*+#$,-$&*-#(/&1#$2,&1$0*%$0$5#0E$%(7$2#02,*$9:0(/2",(*$<=FG@;$46/$.7$(#261/2$26))#2/$/"0/$&/2$

1,5$*6.4#($,-$-,1&0($*0/6(01$#*#.7$23#+&#2$012,$+,61%$+,*/(&46/#$/,$&/2$"&)"$046*%0*+#C$$$A#0'#2$
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N#$+!"#"$%&*,4%A$,*%#*("'A*$-'%$,*0C,4%/'*"$*'(:*677O9*5"$2""#*,""/(%#!,*'#/*'/<($,*&+<(/*
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"#$%&'()*+,!-./.,!0123.!45&!&%)$6(#)+7'8!&9)$):8!);!<7=(!=&&>#+:!#+!('&&=.!?#)$):#97$!-)6'+7$!);!

(5&!@#++&7+!")9#&(8,!0A,!BCDEBD3.!

!
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,((9:%&'!6(-.$(!%5,!:),5!*(&,#,!%&!233K!;),!*)5('.$%*)::1!$(*.$9(9>!!

!

01%2-%)&"3*'("'2%&

! H5! 5+(!*.//#&%51! :(<(:8!,((9:%&'!,=(*%(,!)6#&9)&*(!;),!9(-%&(9!),!5+(!,#/!.-! 5+(!

6),):!)$(),!.-!*.&,=(*%-%*!)9#:5!5$((,!=$(,(&5!):.&'!5+(!-%<(!5$)&,(*5,! %&!.$9($!5.!5(,5!-.$!)!

LL?>!

!

0/"/-)/-2".&"'".4)%)&
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@+-;0;'>1,2+.')5'A<+.,@)')*+';)1)0;'5>')*+';++.2,-:'1)')*+'-+H)'@+-;0;F'
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B+))+<'1B2+')5'A<+.,@)'.+1.';++.2,-:;'3LGO',-'45.+2'G'C,)*'1-.'C,)*50)')*+',-)+<1@),5-'

B+)C++-'1:+'1-.'1B0-.1-@+'/+<;0;'GNO',-'45.+2'67F'
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 49 
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":,-()()3'2.1'*"-.3!,92(+'9!.+"##"#'+2,)3"'.6"!'.)&.3")(+'&(-"';<."3"',)*'=,!>$(#'
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.8'!,!"'#9"+("#4'=/'!"#$%&#';=.*"%'?B',!"'+.)#(#&")&'1(&2'LLK'#()+"'#9"+("#'1(&2'2(32"!',*$%&'
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!"%,&(.)#2(9'E"&1"")'*,-,3"',)*'#$!6(6,%';<"+0'GMNA7'=.99"!'"&',%'GMMG7'L.EE',)*'

O2(&2,-'GMMP7'Q"2!()3'"&',%4'GMMR7'H,!0"!',)*'Q(%E"!&'?@@RB4'K2$#7'%()0()3'*,-,3"',)*'

#$!6(6,%'2"%9'&.',**!"##'&2"'(-9,+&'.8'*,-,3"',&'&2"'+.--$)(&/'%"6"%'E/'$)*"!#&,)*()3'

12(+2'()*(6(*$,%'#""*%()3#'#$!6(6"'9,#&'&2"'#"+.)*'*"-.3!,92(+'E.&&%"')"+0#';&2"'8(!#&'.)"'
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(+!($+%)+$!,19"(&$1:$2*!:$#!,!)*$2*#$(1$!$+%)+$801-!-%2%(.$1:$,10(!2%(.<$-9($&12*2.$:10$(+*$

.19")*&($&**#2%")&7$="/*$/1(.2*#1"$0*&*0'*&$+!'*$-**"$*;+!9&(*#<$&**#2%")&$,!.$-*/1,*$

,10*$!"#$,10*$(12*0!"($(1$#!,!)*$>#*2?@!2$!"#$50!42*.$ABBCD7$E!,!)*$+!&$%"#%0*/($

"*)!(%'*$*::*/(&$1"$1(+*0$"1"?#!,!)*#$2*!:$!0*!$'%!$/+21018+.22$#*82*(%1"$>F!")*02$*($!27$

ABBAD<$#*/0*!&*$%"$8+1(1&."(+*(%/$!/(%'%(.$%"$0*,!%"%")$(%&&9*$#9*$(1$#!,!)*<$(+9&$1"/*$

&**#$0*&*0'*$%&$9&*#<$.19")$&**#2%")&$,!.$"1($-*$!-2*$(1$(12*0!(*$#!,!)*$>G1*)*$!"#$

H!0I9%&$ABBCD7$$

6+*$/+!")*$1:$(+*$*::*/($1:$#!,!)*$1"$,10(!2%(.$4%(+$&**#2%")$!)*$+%)+2%)+(&$(+*$

%,810(!"/*$1:$/1"&%#*0%")$1"(1)*"*(%/$/+!")*$%"$&**#2%")$0*&%&(!"/*$>#*:*"&*$!"#$

(12*0!"/*D$4+*"$(*&(%")$(+*$J5$!"#$(+*$556K$(+*&*$(+*10%*&$82!/*$"!(90!2$*"*,%*&$!"#$

#!,!)*$!($(+*$/*"(*0$1:$(+*$801/*&&$(+019)+$%"/0*!&*#$#!,!)*$!"#$(+9&$,10(!2%(.$%"$

/1,,1"$&**#2%")&7$L:$(+*$&**#2%")&$!0*$12#$*"19)+<$(+*"$#!,!)*$,!.$"1($%,8!/($(+*%0$

801-!-%2%(.$1:$&90'%'%")$!"#$(+9&$%($4%22$"1($%":29*"/*$(+*$/1,,9"%(.$&(09/(90*<$!"#$L$80181&*$

(+!($1(+*0$801/*&&*&$,%)+($-*/1,*$80*'!2*"($&9/+$!&$/1,8*(%(%1"$!"#$%"(*0!/(%1"&$4%(+$

!-%1(%/$:!/(10&$>%"(*0!/(%1"&$4%(+$&1%2<$&**$M%"*$*($!27$ABBND7$6+*0*:10*<$,.$0*&92(&$!0*$

/1"&%&(*"($4%(+$(+*$J5$!"#$%(&$556$%"(*080*(!(%1"$!($(+*$*!02%*0$2%:*$&(!)*&$1:$&**#2%")&7$$6+%&$

0*&92($&(0*&&*&$19($(+*$%,810(!"/*$1:$*;!,%"%")$(+*$.19")*&($%"#%'%#9!2&$4+*"$!&&*&&%")$(+*$

*::*/($1:$!-1'*)019"#$801/*&&*&$4+*"$1:(*"$&(9#%*&$9&*$OP/,$EGQ$%"#%'%#9!2&7$H.$:%"#%")&$

!##%(%1"!22.$%,82%*&$(+!($(+*$!-1'*)019"#$!&8*/($1:$REE$,!.$"1($-*$(+*$&(01")*&($

/1,,9"%(.$#0%'*0$!($(+*$&!82%")$!"#$(0**$&(!)*&<$!"#$%($,!.$*;82!%"$4+.$80*'%19&$&(9#%*&$:!%2$
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<./0%#788:';#788:*;#788=;#>1(%#%!#'/?#@AA:B?#

!

CDECFGHIDE#

#

# JK12#2!.$3#!%2!%$#!K%#&"(2%L.%(&%#")#)"/1'-#$'0',%#'($#2%%$/1(,#',%#"(#2%%$/1(,#

0"-!'/1!3?#5&&"-$1(,#!"#03#K36"!K%2%2;#K1,K#'0".(!#")#)"/1'-#$'0',%#1(&-%'2%2#2%%$/1(,#

0"-!'/1!3#-12M?#5/"(,#N1!K#03#6-%+1".2#2!.$3#4O'&K%/"!#'($#P"*%#@A7QB;#!K12#-%2./!#*-1(,2#

2.66"-!#)"-#*"!K#!K%#RC#'($#!K%#CCJ#)-"0#'(#'*"+%,-".($#('!.-'/#%(%03#$1+%-21!3#6"1(!#")#

+1%N?#J"#03#M("N/%$,%#!K12#12#!K%#)1-2!#!10%#!K'!#2.&K#'(#1(!%-6-%!'!1"(#")#!K%#RC#'($#CCJ#

K'2#*%%(#!%2!%$?#JK12#-%1()"-&%2#!K%#106"-!'(&%#")#!'M1(,#1(!"#'&&".(!#('!.-'/#%(%01%2#

NK%(#!%2!1(,#6"!%(!1'/#0%&K'(1202#)"-#!-%%#26%&1%2#&"%S12!%(&%#1(#!K%#!-"61&2#)-"0#'#

$1+%-21!3#6"1(!#")#+1%N?# 

 

"#$%&!'()(#T%2./!#")#!K%#6"2!%-1"-#$12!-1*.!1"(2#)"-#!K%#0%'(#6-"*'*1/1!3#")#0"-!'/1!3;#!K%#

$'0',%#%))%&!#'($#!K%#1(!%-'&!1"(#*%!N%%(#$'0',%#'($#',%#%))%&!#4U"$%/#7B?#

 

*+,-.#,&+! /&#0! ! !

0# VA?8W8A# A?@A:7#

2# 7?@W89# A?78X=#

'# VA?@WX@# A?AWXX#
 

 

 

 

"#$%&!'(1!T%2./!#")#!K%#6"2!%-1"-#$12!-1*.!1"(2#)"-#!K%#6'-'0%!%-2#1(#U"$%/#@#1(&/.$1(,#!K%#

1(!%-'&!1"(#*%!N%%(#26%&1%2#'*.($'(&%#'($#$'0',%?#

 

Estimates Mean !  

m 1.5698 0.5024 

s -0.1544 0.0581 

a 0.4618 0.3461 

b -0.3641 0.0985 

e 0.0338 0.0242 
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*
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9:=@&"(:'/9,*E'@>/"&*'<*H'=?@("(:'/"&*"/0*X>"?$:#"&*K("(:9(:#9)*P)*VQVGVNN,*

*

H'33)*Y,*K,*"/0*U,*X,*Z$:($"=*6LLQ,*[%>3:O'>%*0%=%*<'>="(:'/*'/*:/0:O:0@"&*(>%%9G"*(%9(G

#"9%,*\%#'&';:"*LV)*VLMGN54,*

*

H'//%&&)*E,*[,*6LP6,*\/*($%*>'&%*'<*/"(@>"&*%/%=:%9*:/*?>%O%/(:/;*#'=?%(:(:O%*%]#&@9:'/*:/*

9'=%*=">:/%*"/:="&9*"/0*:/*>":/*<'>%9(*(>%%9,*4LW*Q64*:/*-,*E,*8,*!'%>*"/0*X,*1,**

*

H'//%&&)*E,*[,)*6LPW,*8:O%>9:(A*:/*(>'?:#"&*>":/*<'>%9(9*"/0*#'>"&*>%%<9*G*$:;$*0:O%>9:(A*'<*(>%%9*

"/0*#'>"&9*:9*=":/(":/%0*'/&A*:/*"*/'/*%R@:&:3>:@=*9("(%,**K#:%/#%)*6LL)*6Q54G6Q65,*

*

H'//%&&)*E,*[,)*E,*X,*U>"#%A)*^,*E,*Z%33)*6LWV,*H'=?%/9"('>A*>%#>@:(=%/()*;>'D($*"/0*
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NV)*6V6G6MV,*

*

8%&G_"&)*.,*2,)*"/0*+,*E,*H>"D&%A)*455N,*C>%*;>"F:/;*:/#>%"9%>*9?%#:%9*3%((%>*('&%>"('>9*($"/*

0%#>%"9%>9B*C/*%]?%>:=%/("&*"99%99=%/(*'<*0%<'&:"(:'/*('&%>"/#%*:/*%:;$(*3>:(:9$*

;>"99&"/0*9?%#:%9,*E'@>/"&*'<*.#'';A)*LQ)*655NG656M,*

*

.:#$$'>/)*+,*-,)*1,*Y:&@9)*K,*X,*H'=?('/)*K,*.,*[">(&%A)*"/0*8,*S,*1,*-,*!@>9&%=*4565,*
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.#'&';A)*L6)*65L4G6656,*

*

S:/%)*-,*_,*C,)*I,*+%9'/%9)*"/0*-,*8,*H'&%A*455V,*[%>3:O'>%9*?>'='(%*$"3:("(*9?%#:"&:F"(:'/*3A*

(>%%9*:/*"="F'/:"/*<'>%9(9,*K#:%/#%)*Q5N)*MMQGMMN,*

*

X%$>:/;)*H,*C,)*Y,*K,*H'33)*%(*"&,*6LLP,*U$>%%GD"A*:/(%>"#(:'/9*"='/;*%#('=A#'>>$:F"&*

=@(@"&:9(9)*9#"&%*:/9%#(9)*"/0*>%9:9("/(*"/0*9@9#%?(:3&%*?:/A'/*?:/%9,*C=%>:#"/*

Y"(@>"&:9()*6VL)*W4VGWV6,*

*

[@&=%)*-,.,*6LLV",*1'0%/(*?'9(G0:9?%>9"&*9%%0*?>%0"(:'/*:/*;>"99&"/0T*=";/:(@0%*"/0*

9'@>#%9*'<*O">:"(:'/,*E'@>/"&*'<*.#'&';A)*W4)*MVNGMN4,**

*

[@&=%)*-,.,*6LLV3,*K%%0&:/;*$%>3:O'>A*:/*;>"99&"/0T*>%&"(:O%*:=?"#(*'<*O%>(%3>"(%*"/0*

:/O%>(%3>"(%*$%>3:O'>%9,*E'@>/"&*'<*.#'&';A)*W4)*WPQGWW5,*
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4.78.2926&'$2##"3;'456'.26%57'8%./012.?)'@2".54#'2:'*;2#2<?&'AB&'BCDE+)'
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J47".4#037'+IB&'EI+DEKA)'
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L2/%&'M)'L)'456'N)'O)'P.0%3%562.9&'KI++)')'N2539%;0:0;'6%5307?D6%9%56%5;%'05'3%%6#05<3'14.0%3'

Q078'39%;0%3'3846%'72#%.45;%'05'4'Q%7'7.290;4#':2.%37)'*;2#2<?'R%77%.3&'+B&'EIC=E+I)''

'

S299%.&'T)&'@)'U)'S07725&'V)'W)'Q80784$&'J)'T)'N2//&'456'L)'S)'N8.037%53%5'+,,+)'W%5%70;'

60::%.%57047025'456'8%7%.2F?<2307?'05'905?25'905%'4332;047%6'Q078'.%303745;%'72'

8%./012.?'456'%510.25$%574#D37.%33)'*12#"7025'BE&',A,D,,,)'

'

(4.X%.&'Y)'S)'456'W)'T)'W0#/%.7'KIIH)'Z8%5'78%.%'03'52'%3;49%='V8%'%::%;73'2:'547".4#'%5%$0%3'
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Table 4.3. (cont’d) 

 

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

!(#*&&

'(#"+)&

!,+#%-&&

'.%#*,)&

!"#/%&&

'"#,.)&

!**#*+&&

'./#%,)&

 

 

 
 

 

 

 
 

 
 

 

!"#$%&'()*)'012345615&76235689361:2&1;&3<4&4;;4=3&1;&2>4=642&?89:7?:=4&1:&@AA&?3&4?=<&%!

B4?52&6:345C?D&'(E&;51F&+"""&31&+"".G&+E&;51F&+""%&31&+""/)#&H<4&I62J452&4K34:7&31&3<4&

=54768D4&6:345C?D2#'
 

 



 77 

 

 

 

 

 

 

 

!"#$%&'()*!"#$%&'()$("*)%&()+,&)$-%"$."&/'"'..'0&"$."%1'0)'%"2+,-*2-0'"$-"344"2&"'20/"56

7'2(")-&'(829!"5:";<<<=";:";<<5=">:";<<;="!!!="5<:";<<?!"@/'"A)%B'(%"'C&2-*"&$"&/'"?D"

0('*)+9'")-&'(829%!"E'&&'(%"%/$A"A/'('"&/'"*)%&()+,&)$-%"2('"%)F-).)02-&97"*)..'('-&".($G"

'20/"$&/'(!"

 

 

 

 

 

 

 

 

 



 78 

 

 

 

 

 

 

 

 

!"#$%&'()*)!!"#$%&'()!*#&+##)!!,!-..!')!/0012!3#4&'5'#6!*7!8%9'8:8!;(&#)&'%$!):8*#3!(5!

4()<;#4'5'4!)#'=>*(3!;#3!<;#4'#<!?@%9A2!%)6!!%*:)6%)4#!(5!&>#!<;#4'#<B!C*:)6%)4#!

3#;3#<#)&<!&>#!$(=!&3%)<5(38%&'()!(5!&>#!<:8!(5!%6:$&!*%<%$!%3#%!D!EB!/001!'<!&>#!()$7!7#%3!

6:3')=!+>'4>!3%3#!<;#4'#<!%3#!5%F(3#6!4(8;%3#6!&(!4(88()!<;#4'#<B!-(&#!&>%&!#%4>!<;#4'#<!

#9;#3'#)4#!%)!')43#%<#!')!<:3F'F%$!6:#!&(!4()<;#4'5'4B!!

 

 

 

 

 

 

 

 

 



79 

 

!"#$%&'()()'!"#"$%&'(&")*&%**+,-./%&012&+*#+3&42&#,-5*6&-.&($.7"-'.&'(&-"%&+#8#/*&096&(':&*#7)&

%;*7-*%&")#"&<#%&7'88'.&*.'$/)&'5*:&")*&41&=*#:%&'(&+#"#&0.$8>*:&'(&%**+,-./%&#>'5*&?16@



 80 

Figure 4.4. (cont’d) 
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4&&(';$0+';=;)1);"$+;$+1+C&)+)#">;:1'+%"#&4)-+W:"'"09+/&))&#4+5H*+HHGEHH7-+

+

O"M&*+Y-+O-+1$(+3-+X-+R#;&4&$("#>*+HG55-+-+3"$4>&:;%;:+(&$4;)9E(&>&$(&$:&+;$+4&&(';$04+<1#;&4+

C;)A+4>&:;&4+4A1(&+)"'&#1$:&+;$+1+C&)+)#">;:1'+%"#&4)-+W:"'"09+/&))&#4*+5D*+FGZ[F5G-++

+

O?'=1);4T;*+N-*+O-+!-+,&1#(*+I-+Y-+B)&<&$4*+B-+Q-+3"MM"'(*+HGG7-+P'1$)E4";'+%&&(M1:T4[+1+=&)1E

1$1'9);:1'+#&<;&C-+W:"'"09+/&))&#4+55*+67GE66H-+

+

/;*+V-+!-*+Q-+S1$;=?#1*+1$(+P-+Q+BA1#>*+567L-+N$+&<1'?1);"$+"%+="'&:?'1#+:'":T+A9>")A&4;4+

?4;$0+=1==1';1$+K@N+4&\?&$:&4-+I"?#$1'+"%+Q"'&:?'1#+W<"'?);"$*HF*+ZZGEZDH-+

+

Q1$01$*+B-+N-*+W-+N-+!&##&*+1$(+I-+K-+,&<&#+HG5G1-+B>&:;%;:;)9+M&)C&&$+@&")#">;:1'+)#&&+

4&&(';$04+1$(+)A&;#+%?$01'+=?)?1';4)4+'&1(4+)"+>'1$)E4";'+%&&(M1:T-+W:"'"09+65*+HF6DE

H8GZ-+

+

Q1$01$*+B-+N-*+B-+N-+B:A$;)J&#*+W-+N-+!&##&*+O-+Q-+/-+Q1:T*+Q-+3-+R1'&$:;1*++

+ W-+]-+B1$:A&J*+1$(+I-+K-+,&<&#+HG5GM-+@&01);<&+>'1$)E4";'+%&&(M1:T+>#&(;:)4+)#&&E

4>&:;&4+#&'1);<&+1M?$(1$:&+;$+1+)#">;:1'+%"#&4)-+@1)?#&+D88*+LFHE^L5G-+

+

Q14)&#4*+2-+I-*+R-+O-+,#"C$*+1$(+N-+3-+21$0&*+566Z-+P'1$)+=&(;1)&(+;$)&#1:);"$4+M&)C&&$+

1M"<&E+1$(+M&'"CE0#"?$(+;$4&:)+A&#M;<"#&4-+.;T"4*+88*+5D7E5F5-+

+

Q:31#)A9E@&?=1$$*+B-+1$(+Y-+O-+O"M&+HGG7-+S"'&#1$:&+"%+4";'+>1)A"0&$4+:"E<1#;&4+C;)A+

4A1(&+)"'&#1$:&+1:#"44+4>&:;&4+"%+)#">;:1'+)#&&+4&&(';$04-+W:"'"09*+76*+577ZE576H-+

+

Q;T;*+S-*+Q-+^4A;"*+B-+X?T?;*+1$(+Q-+O"$("A+HG5G-+X?$:);"$1'+(;<&#4;)9+"%+=;:#"M;1'+

(&:"=>"4&#4+%1:;';)1)&4+>'1$)+:"&U;4)&$:&+;$+1+>'1$)E=;:#"M&E4";'+%&&(M1:T+="(&'-+

P#":&&(;$04+"%+)A&+@1);"$1'+N:1(&=9+"%+B:;&$:&4+"%+)A&+^$;)&(+B)1)&4+"%+N=&#;:1*+

5GL*+5DHF5E5DHF8-+
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!"#$%&'()*+*(,-.(/*(0*(1"23'(4567*(083932&(3:(;#3$<8,9(.#&(:3#=>;*(/--",9(?=@<=A(3:(083932&(

,-.(B&>;=C,;<8>'(4D'(6DE77*(

(

F<9>>3-'(B*(+*'(457G*(083932<8,9(,-.(=@39";<3-,#&(<-;=#,8;<3->(H=;A==-(#=$#3."8;<3-(3:(H==8%(

I,2">(><9@,;<8,(,-.(>==.(=,;<-2(,-<C,9>*(J<K3>'(LL'(4GDE46L*(

(

)=#,9,'(M*(/*'(/*(/*(/9C'(455N*(?=$#3."8;<@=(=83933:(H<#8%*(083932<8,9(!,-,2=C=-;'(OP'(4EO7*((

(

B=9,>'(Q*'(455D*(R&89<8($3$"9,;<3-(:9"8;",;<3->(3:(%=#H<@3#=>(,>(,-(=::=8;(3:(8&89<8(>==.(

8#3$$<-2(3:($9,-;>S(;%=(C,>;(.=$#=>><3-(%&$3;%=><>*(J<K3>'(7N'(PGDEP67*(

(

B<9,-.=#'(T*(/*'(45D7*(M=-><;&E.=$=-.=-;(83-;#39(3:(#=$#3."8;<@=(>"88=>>(<-(!"##$"%&$'()*"*(

U<3;#3$<8,'(4N'(P5PEP56*(

(

B<9@=#;3A-'(T*(V*'(,-.(1*(T*(M3">;'((455O*(W-;#3."8;<3-(;3($9,-;($3$"9,;<3-(H<3932&*((U9,8KA=99'(

JX:3#.*((

(

Q,-(U#==C=-(F*(455O*(B3<9>(,>(H<3;<8(83->;#"8;>(:,@3"#<-2(-=;($#<C,#&($#3."8;<@<;&*(

+=3.=#C,'(GD'47OEP44*(

(

Q,-(.=#(Y=<Z.=-'(!*(+*(/*'(B*(Q=#K,.='(,-.(B*(T*(M=(U#"<-'(PNN7*(!&83##%<[,9(:"-2<(#=."8=(;%=(

-=2,;<@=(=::=8;>(3:(-<;#32=-(=-#<8%C=-;(3-($9,-;(83CC"-<;&(>;#"8;"#=(<-(."-=(

2#,>>9,-.*(+93H,9(R%,-2=(U<3932&'(4L'(P6P6EP6OG*(

(

Q,-(.=#(Y=<Z.=-'(!*(+*(/*'(,-.(\*(?*(Y3#;3-'(PNN5*(B38<,9<>C(<-(>3<9](\%=(<C$3#;,-8=(3:(

C&83##%<[,9(:"-2,9(-=;A3#K>(:3#(:,8<9<;,;<3-(<-(-,;"#,9(=83>&>;=C>*(T3"#-,9(3:(

083932&'(5D'(44O5E44G5*(

(

Q,-(.=#()";;=-'(V*(Y*'(1*(0*(!*(Q=;'(T*(/*(Y,#@=&'(,-.(I*(1*(V,8K=#>'(PNN4*(1<-K<-2(,H3@=E(,-.(

H=93A2#3"-.(C"9;<;#3$%<8(<-;=#,8;<3->(3:($9,-;>'(%=#H<@3#=>'($,;%32=->'(,-.(;%=<#(

,-;,23-<>;>*(\#=-.>(<-(083932&(^(0@39";<3-'(46'(GLDEGGL*(

(

Q,-(.=#()";;=-'(V*(Y*'(PNNO*()9,-;(.=:=->=(H=93A2#3"-.(,-.(>$,;<3;=C$3#,9($#38=>>=>(<-(

-,;"#,9(@=2=;,;<3-*(083932&'(7L'(PP65EPP7N*(

(

Q=-(.=#()";;=-'(V*(Y*'(PNN5*(/(C"9;<;#3$%<8($=#>$=8;<@=(3-(;%=(:"-8;<3-<-2(,-.(=@39";<3-(3:(

:,8<9<;,;<3-(<-($9,-;(83CC"-<;<;=>*(T3"#-,9(3:(083932&'(5D'(44O4E44O7*(

(

Q,-(.=#()";;=-'(V*(Y*'(?*(M*(U,#.2=;;'()*(R*(?"<;=#'(V*(Y*(+*(Y39'(_*(!*(!=&=#'\*(!*(

U=[=C=#'(!*(/*(U#,.:3#.'(B*(R%#<>;=->=-'!*(U*(0$$<-2,'(\*(I"K,C<'(1*(Y=C=#<K'(T*(

!393:>K&'(!*(B8%`.9=#'R*(B8%=#H=#'(B*(a*(B;#,">>'(!*(Q3>'(,-.(M*(/*(V,#.9='(PNN5*(

0C$<#<8,9(,-.(;%=3#=;<8,9(8%,99=-2=>(<-(,H3@=2#3"-.EH=93A2#3"-.(=83932&*(

J=83932<,(464'(4EL*(

(

V,#.9='(M*(/*'(PNNP*(R3CC"-<;<=>(,-.(083>&>;=C>S(1<-K<-2(;%=(/H3@=2#3"-.(,-.(

U=93A2#3"-.(R3C$3-=-;>*()#<-8=;3-(b-<@=#><;&()#=>>'()#<-8=;3-'(FT*(

(
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!"#$%&'()*(+*'(,*()*(-"#$.&//'(0*(1*(2%3#454647'(8*(9&/"%"'(!*(8*(:"5($&#(;<//&5'("5$()*(8*(

!"%%'(=>>?*(@A4%4.3A"%(%35B".&7(C&/D&&5("C4:&.#4<5$("5$(C&%4D.#4<5$(C34/"*(

9A3&5A&'(E>?'(FG=HIFGEE*(

(

(!&CC'(J*(K*("5$()*(,*(;&"#/(FHHH*(9&&$%35.($&573/L($&M&5$&5A&(M#464/&7(A4&N37/&5A&(4O(

-4#5&"5(#"35(O4#&7/(/#&&7*(@A4%4.L(P>'(=>>GI=>FQ*(

(

!<'(J*(R*'("5$(!*(8*(S3'(FHPT*(@:3$&5A&(O4#(U3.U&#(#"/&7(4O(5<A%&4/3$&(7<C73/</345(35(#4$&5/(

/U"5(35(6"5*(;#4A&&$35.7(4O(/U&(1"/345"%(+A"$&6L(4O(9A3&5A&7(4O(/U&(V53/&$(9/"/&7(

4O(+6&#3A"'(P='(FQ?FIFQ?T*((

(

W"5.&#%'(+*(,*'(0*(X*(8"63%/45'('(Y*(0*(Z3%%&#'(+*(,*(J#4O/7'(2*(KNC4#4<.U'(Z*(,*(-&#&5C"<6'("5$(

@*(8*($&(S<A3"(=>>=*(R6M"A/(4O(O4%3:4#L(45(MU4/47L5/U&737(37(.#&"/&#(/U"5(/U&(7<6(4O(

3/7(U4%&7*(;#4A&&$35.7(4O(/U&(1"/345"%(+A"$&6L(4O(9A3&5A&7(4O(/U&(V53/&$(9/"/&7(4O(

+6&#3A"'(HH'(F>PPIF>HF*(

(

WU"5.'([*'(,*(\*(\"5.'(0*(Y"5.'(8*(\"5.'(9*(8<'("5$(]*(JU&5(=>F>*(;473/3:&(^&&$C"AB(C&/D&&5(

ZLA4##U3_"%(^<5.3("5$(;%"5/7(R5O%<&5A&7(;%"5/(R5:"7345(9<AA&77("5$(,&737/"5A&(/4(

R5:"7345*(;%47(K5&'(T*(
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!"#$%&'()(

!"#$%&'()*++,(%-.)'/0-,'-&+)&1&(+*2)')&#-&+$30'()4#,+()

)

)

)

567!859!)

(

( !:+)4'%-3+-'-&+)#;)3"#$%&'()3"++)*$+&%+*),%<+"*%31)"+4'%-*)')&:'((+-.%-.)$"#/(+4);#")

+&#(#.1=)>'-1)4#,+(*):'<+)/++-)$"#$#*+,)3#)+?$('%-)*$+&%+*)&#+?%*3+-&+)/03);+@):'<+)

%-&#"$#"'3+,)/+(#@."#0-,)'-,)'/#<+."#0-,)$"#&+**+*)@%3:%-)')3+4$#"'();"'4+@#"A=)B)

$"#$#*+)')&#-&+$30'()4#,+()3:'3)3%.:3*)3#.+3:+")'/#<+."#0-,)-'30"'()+-+41),%<+"*%31)@%3:)

3#3'()-+.'3%<+),+-*%31),+$+-,+-&+)3:'3)%*),#4%-'3+,)/1)/+(#@."#0-,)&#-*$+&%;%&)+;;+&3)

C6DDEF=)>1)4#,+()*0&&+**;0((1)$"+,%&3*)&#+?%*3+-&+)#;)3"++)*$+&%+*)'3)3:+)*++,(%-.)*3'.+)<%')

'/0-,'-&+)&1&(+*=)))

(

(

(

(

(

(

(

(

(

(

(

(

(

(

(

(

(

(

(

(

(

(

(

(

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

) )

) #*+,)+-./)01)2*304+2)5/66.34,)01)708)/4-)*+9*),5.2+.,)/:;4-/42.)+,)406)4.8<).20709+,6,)

*/=.):..4),6;->+49)505;7/6+04)2>27.,)103),.=.3/7)-.2/-.,)?@7604)ABCDE)F/2G36*;3)ABHIE)

ABJKE)#3/=+,)ABBKE)L/4-.3M..3)ABBNE)F;.77.3)ABBJE)O.33+.3.)ABBBE)DKKHE)P.33>M/4)DKKDQR)

$/3.),5.2+.,E)+427;-+49)/4+M/7,)?L/4-.3M..3)ABIDE)S/4,T+)ABIUE)$0,.4V8.+9)/4-)F07+40)

ABBJQE)5/6*09.4,E)/4-)2305)5.,6,)?G4-.3,04)/4-)F/>)ABBDQE)/3.)406)/78/>,)3/3.):;6)107708)

/)5/66.34)01)W+46.3M+66.46)3/3+6>X),;2*)6*/6)6*.>)3.M/+4)3/3.)103)/)7049)5.3+0-)01)6+M.)/4-)

6*.+3)/:;4-/42.).=.46;/77>).,2/7/6.,)103)/):3+.1)5.3+0-R)G)M/6*.M/6+2/7)/4/7>,+,)01)

W+46.3M+66.46)3/3+6>X),63.,,.-)6*/6)6*.)5.3+0-)01)6*.)2>27.)+,)+33.9;7/3):;6)6*/6)6*.).5+,0-.,)

01)3/3+6>)022;3,)/2203-+49)60)/)YNZD)508.3)7/8E)+4)8*+2*)6*.)709/3+6*M)01)6*.)13.[;.42+.,)01)

3/3+6>).5+,0-.,)+,)4.9/6+=.7>)7+4./37>)2033.7/6.-)60)6*.)709/3+6*M)01)6*.)6+M.),5.46)+4)3/3+6>E)

8+6*)/),705.)01)YNZD)?O.33+.3.)/4-)(/V.77.,)ABBBQR)W!46.3M+66.46)3/3+6>X)+,)406)6*.)047>)

/:;4-/42.)2>27.)6*/6)022;3,)+4)4/6;3.):;6)3.9;7/3)505;7/6+04,)/7,0)/55./3)-;.)60)4.9/6+=.)

1..-:/2T)7005):.68..4)680)03)M03.),5.2+.,)?P.33>M/4)DKKDQR)\+])2/;,.,)01)4.9/6+=.)

1..-:/2T)7005)*/=.):..4)53050,.-)60).]57/+4)505;7/6+04)2>27.,)?P.33>M/4)DKKDQ<)5*>,+2/7)

.11.26E)53.-/603).11.26)?^0T6/)ABDUE)L076.33/)ABDHQE)5/6*09.4).11.26)?G4-.3,04)/4-)F/>)

ABBDQE)57/46).11.26)?@7604)ABCDE)_+6.7T/)ABUJQE)M/6.34/7).11.26)/4-)9.4.6+2).11.26)23./6.)

0,2+77/6+04,):.68..4)*+9*)/4-)708)/:;4-/42.R)(>27.,)*/=.):..4)0:,.3=.-)+4)M/MM/7,)

?P0;6+4).6)/7R)DKKDE)S/4,T+)/4-)S.46604.4)DKKDQE):+3-,)?S;-,04).6)/7R)DKKDQE)1+,*)?O.33+.3.)

ABBBE)DKKHQ)/4-)+4,.26,)?F;4,6.3Y\8.4-,.4)DKKDE)$..=.)/4-)#;32*+4)DKKDQR)S08.=.3E)6*+,)

0,2+77/603>)5302.,,)+,),.4,+6+=.)60)6*.)06*.3)5302.,,.,)90=.34+49)505;7/6+04)-.M093/5*>)/4-)

2/4)./,+7>):.20M.)2*/06+2);4-.3)6*.)+417;.42.)01),602*/,6+2).4=+304M.46/7)17;26;/6+04)03)

042.)/--+49)/),;53/53.-/603)?&.3207.).6)/7R)DKAKQR))
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! "#$%&'()#$*#+!),-#$)#.%!./.0%'!*'!)#!*123&()#(!+3)0!*#!%.303+/!45&%,'!67789:!;<%!

,&)#.<!3=!%.303+/!(<)(!)((%12('!(3!-#$%&'()#$!<*+<!)02<)!(&%%!$*>%&'*(/!*#!(<%!(&32*.'!

(&)$*(*3#)00/!=3003?'!3#%!3=!(?3!)22&3).<%'@!%.303+*.)0!3&!%>30-(*3#)&/@!?*(<!(<%!=3&1%&!

)''%''*#+!#%+)(*>%!$%#'*(/!$%2%#$%#.%!4A3(B)!67CD@!E30(%&&)!67C89@!&%'3-&.%!2)&(*(*3#*#+!

4F).G&(<-&!67DH9@!3&!#)(-&)0!%#%1*%'!4I)#J%#!67KL@!M3##%00!67K69@!)#$!(<%!0)((%&!

*#(%+&)(*#+!2300*#)(3&'!3&!#)(-&)0!%#%1*%'!)#$!20)#(!.3N%>30-(*3#!4E)#!E)0%#!67KO9:!!

G..3&$*#+!(3!(<%!A3(B)NE30(%&&)!13$%0!4AE9@!)#!%.303+*.)0!13$%0@!-#$%&!'2%.*=*.!.3#$*(*3#'@!

2&%$)(3&'!)#$!2&%/!.)#!&%).<!)!2%&*3$*.@!'(),0%!%P-*0*,&*-1!4M<%#!CLL89:!!

Q#(%&).(*3#'!,%(?%%#!<3'('!)#$!#)(-&)0!%#%1*%'!)&%!%R2%.(%$!(3!%>30>%!-#$%&!

#)(-&)0!'%0%.(*3#!(<)(!*#.0-$%'!%.303+*.)0!'%0%.(*3#!4S&*(J!)#$!T*11'!677C9:!!U0)#('!)&%!(<%!

<3'(!(3!,3(<!),3>%!)#$!,%03?+&3-#$!#)(-&)0!%#%1*%':!;<-'@!%>30-(*3#)&/!)#$!%.303+*.)0!

2&%''-&%!?*00!).(!-23#!(<%!*#(%&).(*3#'!,%(?%%#!<3'(!)#$!,3(<!),3>%!)#$!,%03?+&3-#$!

%#%1*%':!Q!</23(<%'*J%!(<)(!'-.<!2&3.%''%'!)&%!3..-&&*#+!,%(?%%#!(&32*.)0!'%%$0*#+'!)#$!

(<%*&!),3>%!)#$!,%03?+&3-#$!%#%1*%':!Q!2&323'%!(<)(!$-%!(3!(<%'%!1%.<)#*'1'!(<%!

),-#$)#.%!3=!)!&)&%!'2%.*%'!?*00!*#.&%)'%!3>%&!%>30-(*3#)&/!)#$!%.303+*.)0!(*1%:!V3?%>%&@!*#!

)!&%'3-&.%N!)#$!'2).%N0*1*(%$!%#>*&3#1%#(@!'-.<!)'!)!?%(!(&32*.)0!=3&%'(@!*(!*'!#3(!23''*,0%!

=3&!-2!(3!OLL!<-#$&%$N(&%%!'2%.*%'!4E)0%#.*)!%(!)0!677W9@!(3!.3%R*'(!*#!%P-)00/!.3113#!

),-#$)#.%'!4V-(.<*#'3#!67WH9:!!;<%&%=3&%@!*=!%>30-(*3#)&/!)#$X3&!%.303+*.)0!'%0%.(*3#!

)003?'!)!13&%!*#=&%P-%#(!'2%.*%'!(3!,%.31%!13&%!.3113#@!(<%!1%.<)#*'1'!1-'(!,%!)0'3!

).(*#+!(3!&%$-.%!(<%!),-#$)#.%!3=!)!13&%!.3113#!'2%.*%':!Q#!)!(&32*.)0!=3&%'(@!(<*'!

$/#)1*'1!?3-0$!&%'-0(!*#!(&%%!'2%.*%'!),-#$)#.%!.3#(*#-)00/!=0-.(-)(*#+!3>%&!03#+N(%&1!

%>30-(*3#)&/!(*1%!)#$!'<3&(N(%&1!%.303+*.)0!(*1%!4;%&,3&+<!)(!)0:!CLLC@!Y*00'!%(!)0:!CLL89:!Q#!

(<*'!.<)2(%&@!Q!?3-0$!0*B%!(3!2&323'%!)!.3#.%2(-)0!13$%0!3=!'%%$0*#+!),-#$)#.%!$/#)1*.'!)(!

(<%!%.303+*.)0!'.)0%:!
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! "#$%!#&'()*+',$-!#$-!&).'/*+',$-!)$)01)2!3+)%!,3'$!2))-.1$*24!5).'/6!#$-!

#&'()*+',$-!7'00,$181)2!#+)!23#81#..%!2)3#+#8)-!&,8!(1#!89)1+!-1+)78!#$-!1$-1+)78!#781'$!'$!

3.#$82:!89)%!1$8)+#784!;$81.!89)!.#28!-)7#-)2:!2'1.!)7'.'*1282!/)+)!/'+<1$*!1$!1*$'+#$7)!'=!

#&'()*+',$-!3+'7)22)2:!#2!#&'()*+',$-!)7'.'*1282!1*$'+)-!&).'/*+',$-!'+*#$1202!

>?#+-.)!@AA@B4!C)()+#.!28,-1)2!2,**)28)-!89)!103'+8#$7)!'=!28,-%1$*!89)!1$8)+=#7)!'=!&).'/6!

#$-!#&'()*+',$-!)7'.'*%!>D18',2)<!#$-!?#.<)+!EFGF:!H#/8'$!EFFI:!J'$)2!#$-!H/#8'$!

EFFK:!?#+-.)!@AA@:!L)!L)%$!#$-!D#$!-)+!M,88)$!@AAK:!5#+-*)88!@AAK:!5#+-*)88!#$-!?#+-.)!

@AEAB:!%)8!$'!-)0'*+#3917!7%7.)!0'-).!9#2!210,.8#$)',2.%!1$7'+3'+#8)-!&).'/!#$-!

#&'()*+',$-!3+'7)22)24!N9)+)='+):!'$)!7',.-!#-#38!89)!HD!0'-).!8'!89)0!&%!2)3#+#81$*!89)!

3+)%!>2))-.1$*2!'=!-1==)+)$8!8+))!23)71)2B!=+'0!89)!#&'()*+',$-!#$-!&).'/*+',$-!
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01$(-$0&.$(*5$&3*3$=&?@AA&-0&)-,)&./4&2$38&'$9&*."2$>,3"/+#&+*4/3*%&$+$5-$0=&4)$&

*./+#*+($&#$(3$*0$0&5"3$&0%"9%86'

'

'

'

'

'
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!

!

!

!

!

"#$%&'!()*)!"#$%&'()!*+!(,-.'./0.-%!0($12(3!/4!52(!%$52(%$5.1$'!%*3('!.6!52(!1$)(!*+!57*!)((3'.68)!)&(1.()!952(!/'-(!$63!52(!0(3:!$63!$/*;(!

80*-63!6$5-0$'!(6(%4!&*&-'$5.*6!9/'$1<:=!>6!52(!0.825!9?:@!52(!/'-(!)((3'.68)!2$;(!$!80*752!$3;$65$8(!*+!AAB!1*%&$0(3!5*!52(!0(3!)((3'.68)!

9/CDEFGAHH:F!>6!52(!'(+5!9I:@!52(!/'-(!&*&-'$5.*6!2$)!$!80*752!$3;$65$8(!*+!CCJB!1*%&$0(3!5*!52(!0(3!2*)5@!52(!(,-.'./0.-%!.)!&(0.*3.1!/-5!

12$*5.1!9/CDCFAAHH:F!/JDEFKJGC@!!!DEFKAAJ@!!1DEFJAKL@!3CDEFAMEE@!3JDEFLELG@!(DEFGCKC@!0DEFCHEAF!N*0!.65(0&0(5$5.*6!*+!52(!0(+(0(61()!5*!1*'*0!

.6!52.)!$63!$''!*52(0!+.8-0()@!52(!0($3(0!.)!0(+(00(3!5*!52(!('(150*6.1!;(0).*6!*+!52.)!52().)F!
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!
!"#$%&'()*)'+,-.$/"-0'-1'/2&'34$05306&'-1'7&&5."0#'78&6"&7'9':;-7/'9<='1$06/"-0'-1'7&&5."0#'

78&6"&7'>':;-7/'><'-,&%'#&0&%3/"-0'/"?&)'@37&'A'-1'!"#$%&'()9)'!-%'"0/&%8%&/3/"-0'-1'/2&'

%&1&%&06&7'/-'6-.-%'"0'/2"7'305'3..'-/2&%'1"#$%&7='/2&'%&35&%'"7'%&1&%%&5'/-'/2&'&.&6/%-0"6'

,&%7"-0'-1'/2"7'/2&7"7)'
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!

!

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

!

!

!

!

!

!

!

!

!

!

!

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

!"#$%&'"()*+),+)-"#)*+),+),-.()/001+)2"3$456'7&)86&$-&$&)'3)97:-"&()8."-:64)-"#);'"5%'<+)

=>3'%#)?"6@$%&65.)A%$&&()=>3'%#+)

)

!7B&C7%B$%();+)D+()/0EF+)=33&C6"B)%$4%765:$"5)-%'7"#)5%'C64-<)5%$$&G;H-"B$&)6")4'H'%5)

#6&5-"4$)I65H)56:$+)=6J'&)KL()/E0G/0M+)

)

!7B&C7%B$%();+)D+()/0EF+)N$$#)#6&C$%&-<)'3)5H$)5%'C64-<)5%$$()A<-5.C'#67:)$<$B-"&()-"#)5H$)

$&4-C$)'3)65&)&$$#<6"B&)3%':)37"B-<)C-5H'B$"&+)O'7%"-<)'3)P4'<'B.)Q/()QR0GQQ/+)

)

!7B&C7%B$%();+)D+()/0EK+)N$$#<6"B)&7%@6@-<)'3)5%'C64-<)5%$$)&C$46$&G2"5$%-56'"&)'3)#6&C$%&-<)

#6&5-"4$()<6BH5)B-C&()-"#)C-5H'B$"&+)P4'<'B.)MR()/QLRG/Q/1+)

)

S-4H$<'5(),+)A+)P+()-"#)*+)D+)D'T$()1L/U+)8')&$$#<6"B&)'3)4'::'")5%'C64-<)5%$$)&C$46$&)H'&5)

:'%$)"-57%-<)$"$:.)&C$46$&)5H-")&$$#<6"B&)'3)%-%$)"$'5%'C64-<)5%$$)&C$46$&V)!)"$I)

6"5$%C%$5-56'")'3)5H$)O-"W$"G;'""$<<)H.C'5H$&6&+)2")C%$C)

)

S-4H$<'5(),+)A+)P+()-"#)*+)D+)D'T$()1L/U+)!#@-"5-B$)-"#)86&-#@-"5-B$)'3)T$6"B)-)%-%$)

5%'C64-<)&$$#<6"B)6")-)I$5)5%'C64-<)<'I<-"#)3'%$&5+)2")C%$C)

)

S-%T'&-()A+()/0QE+)9'&5)C-"5)$>C<'65-56'")T.)5H$)B.C&.):'5H)X.:-"5%6-)#6&C-%+)P"5':'<'B6-)

$>C$%6:$"5-<6&)$5)-CC<64-5-()1K()1EGFQ+)

)

S-%T'&-()A+()A+),-%56"-5()-"#),+)Y-<#@'B$<()/0EM+))8$@$<'C:$"5()3$47"#65.)-"#)&7%@6@-<)'3)

5H$)H$%T6@'%$)!"#$%&'($)*(+,$')-"#)5H$)"7:T$%)'3)C<-"5)&C$46$&)6")65&)#6$5+)P4'<'B64-<)

P"5':'<'B.()//()/GM+)

)

S-%#B$55()*+)8+()1LLR+)ZH$)T6'<'B.)'3)&'6<[)-)4'::7"65.)-"#)$4'&.&5$:)-CC%'-4H+)=>3'%#)

?"6@$%&65.)A%$&&()\$I)]'%J+)

)

S-%#B$55()*+)8+)-"#)8+)!+)Y-%#<$()1L/L+)!T'@$B%'7"#GT$<'IB%'7"#)<6"J-B$&+)S6'564)

6"5$%-456'"&()$4'&.&5$:)C%'4$&&$&()-"#)B<'T-<)4H-"B$+)=>3'%#)&$%6$&)6")$4'<'B.)-"#)

$@'<756'"()\$I)]'%J+)

)

S$@$%()O+)8+()1LL1+)9'&5G&C$4636465.)'3)!,)37"B-<)C'C7<-56'")B%'I5H)%-5$&)4-")B$"$%-5$)

3$$#T-4J)'")C<-"5)B%'I5H+)A<-"5)-"#)N'6<)1KK()1E/G10L+)

)

!"##$%&'()*+(),--,+)./012&34/')5$52"6)7)89")5&6"):/#)3#/0945)4'3"#&534/'6+);"<)=/#>()

?@:/#A)B'4C"#643$).#"66+)

)

!/134'()D+()E+)F+)G#"H6()I+)!//'63#&()*+)I+)J+)D4'52&4#)&'A)G+)J+)K/AL"6(),--,+)B'A"#63&'A4'L)

39")6'/<69/")K&#")E$52")3#9/1L9)M&#L"765&2")N4"2A)J@0"#4%"'36+)O')./012&34/')

E$52"6)P)89")5&6"):/#)3#/0945)4'3"#&534/'6+);"<)=/#>()?@:/#A)B'4C"#643$).#"66+)

)

!#/<'()Q+)G+)&'A)*+)E+)R&'L"()STUT+)V4::"#"'34&2)"::"53)/:)&H/C"7L#/1'A)&'A)H"2/<7

L#/1'A)4'6"53)9"#H4C/#$)A1#4'L)"&#2$)6155"664/'+)?4>/6()WX()YZ7ZY+)

)
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!"#$%&&'()*+),+)"-.)/+)/+)!"#0%1()2334+)5-$1"#0%6'7'6)89)7:-;"&)<"1'"$'=-)6=-$1'>:$%#)$=)

0&"-$?7:-;"&!"##$%&'(!)*!&!+#,-#*.)*#!/,&++0&*$1!2'303/4!567!898:88;1!

!

<=#*7!>1!?17!9@@;1!A#,B&*#*'#!&*$!/03%&0!&..,&'.)C).4!3"!&!$)+',#.#!BD0.)+-#')#+!E3.(&:

F30.#,,&!'3B-#.).)3*!-,#$&.3,:-,#4!+4+.#B+1!G--0)#$!H&.=#B&.)'+!&*$!<3B-D.&.)3*!

I597!8:I91!

!

<0&,(7!?1!G1!&*$!?1!J1!<0&,(7!IK561!L-&')*/!$4*&B)'+!3"!&!.,3-)'&0!,&)*:"3,#+.!.,##:2C&0D&.)3*!

3"!.=#!M&N#*:<3**#00!B3$#01!GB#,)'&*!O&.D,&0)+.!I967!P;K:P551!

!

<3B).&7!E1!L17!Q1!<1!HD00#,:E&*$&D7!L1!G/D)00&,7!&*$!L1!A1!!QD%%#007!9@I@1!G+4BB#.,)'!?#*+).4!

?#-#*$#*'#!L=&-#+!L-#')#+!G%D*$&*'#+!)*!&!R,3-)'&0!R,##!<3BBD*).41!L')#*'#!89K7!

88@:8891!

!

<3**#007!M1!Q17!IKPI1!S*!.=#!,30#!3"!*&.D,&0!#*#B)#+!)*!-,#C#*.)*/!'3B-#.).)C#!#T'0D+)3*!)*!

+3B#!B&,)*#!&*)B&0+!&*$!)*!,&)*!"3,#+.!.,##+1!9K5!8I9!)*!A1!M1!?1!J3#,!&*$!U1!V1!

U,&$W#007!#$).3,+1!?4*&B)'+!3"!*DB%#,+!)*-3-D0&.)3*+1!<#*.,#!"3,!G/,)'D0.D,&0!

AD%0)'&.)3*!&*$!?3'DB#*.&.)3*7X&/#*)*/#*7!O#.=#,0&*$+1!

!

<3**#007!M1!Q17!IKP51!?)C#,+).4!)*!.,3-)'&0!,&)*!"3,#+.+!&*$!'3,&0!,##"+!:!=)/=!$)C#,+).4!3"!.,##+!

&*$!'3,&0+!)+!B&)*.&)*#$!3*04!)*!&!*3*!#YD)0)%,)DB!+.&.#1!!L')#*'#7!IKK7!I8@9:I8I@1!

!

<3**#007!M1!Q17!M1!U1!R,&'#47!E1!M1!X#%%7!IK561!<3B-#*+&.3,4!,#',D).B#*.7!/,3W.=!&*$!

B3,.&0).4!&+!"&'.3,+!B&)*.&)*)*/!,&)*!"3,#+.!.,##!$)C#,+).41!2'303/)'&0!H3*3/,&-=+7!

Z67!I6I:I;61!

!

?#!?#4*7!U1!J17!&*$!X1!Q1!F&*!$#,!AD..#*7!9@@Z1!E)*()*/!&%3C#/,3D*$!&*$!%#03W/,3D*$!

$)C#,+).41!R,#*$+!)*!2'303/4!&*$!2C30D.)3*7!9@7!;9Z:;881!

!

?#,'30#7!>17!V1!>#,,)#,#7!&*$!L1!V)*&0$)7!9@I@1!<=&3.)'!V#$![D##*!'3#C30D.)3*!)*!.=,##:+-#')#+!

"33$!'=&)*+1!A,3'##$)*/+!3"!.=#!V34&0!L3')#.4!J:J)303/)'&0!L')#*'#+7!9PP7!989I:988@1!

!

2=,#*"#0$7!M1!U17!J1!V&C).7!&*$!\1!20/#,+B&7!9@@Z1!>##$%&'(!)*!.=#!-0&*.:+3)0!+4+.#B1!G**D&0!

V#C)#W!3"!2*C),3*B#*.!&*$!V#+3D,'#+!8@7!PZ:IIZ1!

!

@&$=-()!+)A+()BCD2+)E=&%#()F'6%)"-.)&%FF'-;#+)!&"1%.=-),1%##()GH7=1.+)

)

>#,,)#,#7!V1!&*$!J1!<&N#00#+7!IKKK1!]*)C#,+&0!-3W#,!0&W+!/3C#,*!)*.#,B)..#*.!,&,).4!)*!

'3BBD*).)#+!3"!)*.#,&'.)*/!+-#')#+1!2'303/47!5@7!IZ@Z:IZ9I1!

!

>#,,)#,#7!V17!G1!UD)3**#.7!&*$!^1!\D,(3C&7!9@@;1!R)B#+'&0#+!3"!-3-D0&.)3*!,&,).4!&*$!

'3BB3**#++!)*!,&*$3B!#*C),3*B#*.+1!R=#3,#.)'&0!A3-D0&.)3*!J)303/47!;K7!8ZI:8;;1!

!

>,).N7!V1!!L17!!&*$!21!E1!!L)BB+7!!IKK91!!A0&*.!,#+)+.&*'#!!.3!=#,:!%)C3,#+!!&*$!!-&.=3/#*+_!!

#'303/47!!#C30D.)3*7!!&*$!!/#*#.)'+1!]*)C#,+).4!!3"!!<=)'&/3!!A,#++7!!<=)'&/31!

!
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!"#$%&'()!*)+*(),*)-*)./&01()2()3()./0"##()/45)+*)6*).7$$%##()899:*)-;;%<'1)=;)1%%5#"4>)1"?%()-#)

3"4=)5&=7>@'()1%%5#"4>)5%41"'A()/45)5"1'/4<%)'=)4%/&%1')<=41B%<";"<)/57#')=4)CDA%/&)

17&E"E/#)=;)F<='%/)G@"'%")1%%5#"4>1)"4)6/4/0/*)F%<=#=>"/():8H()I9JDI:C*)

)

./##%''()+*)!*()2*)6&/'"()/45)K*)3*),#"&=4=0=1()899C*)L4E/1"E%)B#/4')17BB&%11%1)'@%)>&=G'@)=;)

4/'"E%)'&%%)1%%5#"4>1)$A)5"1&7B'"4>)$%#=G>&=745)07'7/#"101*)6#=1)M"=#=>A)N()H8HD

HO:*)

)

./00=45))2*+*())/45)P*),*)M&=G4()):JJQ*))2"1'7&$/4<%())B@%4=#=>A))/45)#";%D@"1'=&A))

<@/&/<'%&"1'"<1R));/<'=&1)"4;#7%4<"4>))5"1'/4<%S5%41"'AD5%B%45%4'))/''/<T))=4)'&=B"</#)

1%%51))/45)1%%5#"4>1*)L4R)3%G$%&A)2U())6&"41))..V())M&=G4))32))W%51X))2A4/0"<1))=;)

'&=B"</#)<=0074"'"%1*))M#/<TG%##())FY;=&5())I:DHQ*))

)

./41T"()L*():JQI*)+"4>#%D1B%<"%1)1B/'"/#)5A4/0"<1)0/A)<=4'&"E7'%)'=)#=4>D'%&0)&/&"'A)/45)

<=00=44%11*)-<=#=>A()CC()OOIDONO*)

)

./41T"()L*)/45).*).%4''=4%4()8998*)6=B7#/'"=4)<A#%1)=;)10/##)&=5%4'1)"4)Z%44=1</45"/*)L4)

6=B7#/'"=4)<A<#%1)[)V@%)</1%);=&)'&=B@"<)"4'%&/<'"=41*)3%G)\=&T()FY;=&5)]4"E%&1"'A)

6&%11*)

)

.=1@"?/T"(),*()+*)^/_"&=7()/45)+*)1/'=@"T=():JJH*)L0B/<'1)=;)1%<=45/&A)1%%5)5"1B%&1/#)/45)

@%&$"E=&A)=4)1%%5#"4>)17&E"E/#)"4)!"#$%&%#'(%)*+,-(-*)K=7&4/#)=;)P%>%'/'"=4)+<"%4<%()

Q()HOIDHN8*)

)

.=G%().*)Z*():JJ9*)+7&E"E/#)/45)>&=G'@)=;)_7E%4"#%)P"&=#/)17&"4/0%41"1)"4)6/4/0/D%;;%<'1)=;)

@%&$"E=&A)/45)</4=BA)<#=17&%*)K=7&4/#)=;)V&=B"</#)-<=#=>A()C()8IJD8Q9*)

)

.751=4()6*)K*()`*)6*)2=$1=4()/45)2*)3%G$=&4()8998*)6/&/1"'"<)G=&01)/45)B=B7#/'"=4)<A<#%1)=;)

&%5)>&=71%*)L4)6=B7#/'"=4)<A<#%1)[)V@%)</1%);&=)'&=B@"<)"4'%&/<'"=41*)FY;=&5)

]4"E%&1"'A)6&%11()3%G)\=&T*)

)

.7'<@"41=4()!*)-*():JNQ*)a"&<7#/&)</71/#)1A1'%01)"4)%<=#=>A*)`44/#1)=;)'@%)3%G)\=&T)

`</5%0A)=;)+<"%4<%1)I9()88:D8NC*)

)

K/4?%4()2*).*():JH9*).%&$"E=&%1)/45)470$%&)=;)'&%%)1B%<"%1)"4)'&=B"</#);=&%1'1*)`0%&"</4)

3/'7&/#"1'):9N()I9:DI8Q*)

)

K=4%1()2*)b*()/45)K*).*)b/G'=4():JJI*)b"4T"4>)1B%<"%1)/45)%<=1A1'%01*)a@/B0/4)/45)./##()

3%G)\=&T*)

)

,#"&=4=0=1()K*)3*()8998*)Z%%5$/<T)G"'@)1="#)$"='/)<=4'&"$7'%1)'=)B#/4')&/&"'A)/45)"4E/1"E%4%11)

"4)<=0074"'"%1*)3/'7&%)N:H()CHDH9*)

)

b/G'=4()K*).*():JJN*)^@/')5=)1B%<"%1)5=)"4)%<=1A1'%01c)F"T=1()H:()OCHDOHN*)

)

b='T/()`*)K*():J8I*)-#%0%4'1)=;)6@A1"</#)M"=#=>A()^"##"/01)/45)^"#T"41()M/#'"0=&%*)

)
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!"#$%&'(%)***+,*-*,)**./01,**234(5"&6378#3539:*3;*<3=8*>"%?58%<*67**73%&'8"<&8%7**#376;8%3(<*

;3%8<&<,*@#3539:)**A/)*0//BC./,*

*

!"#$%&'(%)*+,-,)*./C1,*D'8*&'83%:*3;*&'8*76#'8,*E7*234(5"&637*F63539:*"7G*@H35(&637*

IJ8>37&67)*+,)*8G,K)*.0/L.MC)*N:%"#(<8*O76H8%<6&:*2%8<<,**

*

!"#$%&'(%*+,)*./MP,*N48#68<*4"#Q679*"7G*#3=48&6&6H8*8R(656?%6(=*;3%*="7:*<48#68<,**

* D'83%,*234(5,*F635)*.).L..,**

*

!"79"7)*N,*$,)*@,*$,*-8%%8)*"7G*S,*T,*F8H8%)*UP.P",*N48#6;6#6&:*?8&>887*V83&%346#"5*&%88*

<88G5679<*"7G*&'86%*;(79"5*=(&("56<&<*58"G<*&3*45"7&B<365*;88G?"#Q,*@#3539:*/.)*U0/WB

UCPA,*

*

!"79"7)*N,*$,)*N,*$,*N#'76&X8%)*@,*$,*-8%%8)*Y,*!,*J,*!"#Q)*!,*Z,*["587#6")**

* @,*E,*N"7#'8X)*"7G*S,*T,*F8H8%)*UP.P?,*V89"&6H8*45"7&B<365*;88G?"#Q*4%8G6#&<*&%88B

<48#68<*%85"&6H8*"?(7G"7#8*67*"*&%346#"5*;3%8<&,*V"&(%8*WCC)*M0UBOM.P,*

*

!"<&8%<)*\,*S,)*[,*Y,*F%3>7)*"7G*$,*Z,*\"798)*.//A,*25"7&*=8G6"&8G*67&8%"#&637<*?8&>887*

?3H89%3(7G*"7G*?853>9%3(7G*67<8#&*'8%?6H3%8<,*]6Q3<)*CC)*.W1B.0.,*

*

!#Z"%&':BV8(="77)*N,*"7G*+,*Y,*Y3?8)*UPP1,*D358%"7#8*3;*<365*4"&'3987<*#3BH"%68<*>6&'*

<'"G8*&358%"7#8*"#%3<<*<48#68<*3;*&%346#"5*&%88*<88G5679<,*@#3539:)*1/)*.11AB.1/U,*

*

!(8558%)*J,*T,)*.//M,*D'83%8&6#"5*"7G*8=46%6#"5*8^"=67"&637*3;*G87<6&:BG8487G87&*<858#&637,*

$77("5*+8H68>*3;*@#3539:*"7G*N:<&8="&6#<*U1)*UC/BU11,*

*

!(7<&8%BN>87G<87)*!,)*UPPU,*D'8*%358*3;*67<8#&*4"%<6&36G<*67*434(5"&637<*#:#58<*3;*<4%(#8*

788G58=678%*67*T87="%Q,*E7*234(5"&637*#:#58<*L*&'8*#"<8*;3%*&%34'6#*67&8%"#&637<,*

V8>*_3%Q)*]^;3%G*O76H8%<6&:*2%8<<,*

*

2"#Q8%)*$,*"7G*Y,*Z5":)*UPPP,*N365*4"&'3987<*"7G*<4"&6"5*4"&&8%7<*3;*<88G5679*=3%&"56&:*67*"*

&8=48%"&8*&%88,*V"&(%8*WPW)*UM1BU1.,*

*

28&8%<)*-,*$,)*UPPA,*V869'?3(%B%89(5"&8G*=3%&"56&:`*&'8*67;5(87#8*3;*43<6&6H8*"7G*789"&6H8*

G87<6&:*G8487G87#8*37*&%88*434(5"&637<*67*<48#68<B%6#'*&%346#"5*;3%8<&<,*@#3539:*

J8&&8%<*C)*M0MBMC0,*

*

!"#$%&'()*+),+()-./0+)123$)'45$6#4)27)5258%'#"29)4#:86#8:$)"9)#;$)4;2:#<#$:3)6=6%$)27)#;$)

>:2?9)%$33"9@)"9)92:#;$:9),%'4&'+)A2%B)15:"9@)C':>2:)1=3524"')29)
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  0 1 2 3 4 5 6 7 8 9 

0  0.1360 0.1702 0.4657 0.4493 0.4220 0.7922 0.7128 0.4169 0.2414 

1   0.2194 0.5765 0.5593 0.3392 0.6498 0.8383 0.753 0.355 

2    0.06195  0.03375 0.1081 0.05 0.1738 0.1518 0.8627 

3     0.9173 0.9757 0.7474 0.9994 0.4442 0.1517 

4      0.8513 0.7642 0.966 0.5133 0.1408 

5       0.8525 0.9886 0.5511 0.2229 

6        0.8113 0.2333 0.06721 

7         0.3573 0.1930 

8          0.1813 
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  2000-2001 2002-2003 2004-2005 2006-2007 2008-2009 

2000-2001  0.3227 0.6139 0.9157 0.3824 
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2004-2005    0.9048 0.3388 

2006-2007     0.06966 

2008-2009           
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A multi-species Lokta Volttera model with variable BNDD






xi(k + 1) =xi(k)exp [bi(k)− BNDD(xi(k))xi(k)− c(k)y(k)] , i = 1, 2, · · · , n

y(k + 1) =y(k)exp

[
n∑

i=1

di(k)xi(k)− e(k)y(k)− r(k)

]

, (1.3)

BNDD(xi(k)) =xi(k)
2 − xi(k)α(k), i = 1, 2, · · · , n

The system is permanent

Lemma 1 If it exists l0 ∈ N such as xi(l0) ≤ xi(l0 + 1), then:

∀k ≥ l0, xi(k) ≤ pi, i = 1, 2, · · · , n

with pi = Ri exp [bui + (4/27)αu,3(k)], where Ri is a root of a polynome depending on αu

and bui .

Proof:
•First prove that:

∃j0 ∈ N xi(j0) ≤ xi(j0 + 1) =⇒ xi(j0 + 1) ≤ pi, i = 1, 2, · · · , n

From (1.3) we have:

0 ≤ bi(j0)− BNDD(xi(j0))xi(j0)− c(j0)y(j0)

0 ≤ bi(j0)− xi(j0)
3 + xi(j0)

2α(j0)− c(j0)y(j0)

0 ≤ bi(j0)− xi(j0)
3 + xi(j0)

2α(j0)

0 ≤ bui − xi(j0)
3 + xi(j0)

2αu

Let’s call Qi the polynome
Qi(x) = bui − x3 + x2αu

Then
deltai = −4αu,3bui − 27(bui )

2 ≤ 0

So it exists one unique real solution Ri such as

Qi(Ri) = 0

It can be shown that Ri ≥ 2α
u,3 . Ri depends only on αu and bui .

Further analyses of Qi show that

0 ≤ Qi(x) => x ≤ Ri
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Moreover Qi is maximal for x = 2αu

3 .
So

xi(j0) ≤ Ri

xi(j0 + 1) ≤ Ri exp

ñ
Qi(

2αu

3
)

ô
= Ri exp

î
bui + (4/27)αu,3

ó def
= pi

•Now we will prove the lemma by contradiction.
So let’s assume that it exists l0 ∈ N such as xi(l0) ≤ xi(l0 + 1), and that

∃w0 ∈ N, w0 ! l0 /xi(w0) ! pi

Let’s call w̃0 the smallest integer such as xi(w̃0) ! pi. Then

w̃0 ≥ l0 + 2

xi(w̃0 − 1) ≤ pi < xi(w̃0)

Thus
xi(w̃0 − 1) ≤ xi(w̃0)

We deduce from the first part of the proof: xi(w̃0) ≤ pi.

By contradiction
∀k ≥ l0, xi(k) ≤ pi, i = 1, 2, · · · , n

Theorem 1 For every solution (x1(k), · · · , xn(k), y(k)) of system (1.3), it exists k1 ∈ N
such that:

∀k ≥ k1 xi(k) ≤ pi, i = 1, 2, · · · , n (1)

∀k ≥ k1 y(k) ≤ q (2)

where pi are constant depending on αu and bui , and q is a constant depending on αu, bui , r
l, el, dui .

Proof: •The previous lemma proves the first result when it exists l0 ∈ N such as xi(l0) ≤
xi(l0 + 1). In this case k1 = l0.
Now we assume that such an integer l0 doesn’t exist. It means that xi(k + 1) < xi(k) for
all k ∈ N. As (xi(k))k is bounded under by 0, it admits a limit. Let’s call that limit x̄i.
By taking the limit in the ith equation of system (1.3), we get

lim
k→+∞

Ç
bi(k)− BNDD(xi(k))xi(k)− c(k)y(k))

å
= 0

Moreover
bi(k)−NDD(xi(k))xi(k)− c(k)y(k) ≤ Qi(xi(k))
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So
0 ≤ Qi(x̄i)

So we conclude that x̄i ≤ Ri. Note that Ri < pi. This leads to the existence of k1 ∈ N such
that ∀k ≥ k1 xi(k) ≤ pi. This complete the proof of (1).

•According to (1) there exists an integer k1 such that: xi(k) ≤ pi, ∀k ≥ k1. By using the
system we get for k ≥ k1

y(k + 1) ≤ y(k) exp

[
n∑

i=1

dui pi − rl − ely(k)

]

=
exp

ñ
∑n

i=1 d
u
i pi − rl

ô

el
ely(k) exp

î
−ely(k)

ó

Moreover
ely(k) exp

î
−ely(k)

ó
≤ 1

So we conclude that (y(k))k is bounded above, and we have:

∃k1 ∈ N ∀k ≥ k1 y(k) ≤
∑n

i=1 d
u
i (pi)− rl

el
def
= q

Lemma 2 We assume that
bli − cuq > 0 (H1)

If it exists an integer l0 ≥ k1 such as xi(l0) ≥ xi(l0 + 1), then:

∀k ≥ l0 xi(k) ≥ s̃i, i = 1, 2, · · · , n

with s̃i
def
= riexp

î
bli − p3i + p2iα

l − cuq
ó
. Where ri is a root of a polynome depending on αl,

bli, c
u, q.

Proof:
•First prove that there exists constants s̃i such that:

∃j0 ≥ k1 xi(j0) ≥ xi(j0 + 1) =⇒ xi(j0 + 1) ≥ s̃i, i = 1, 2, · · · , n

We assume it exists j0 ≥ k1 such as

xi(j0 + 1) ≤ xi(j0)

then from (1.3) we have

bi(j0)− BNDD(xi(j0))xi(j0)− c(j0)y(j0) ≤ 0

And from Theorem 1:
bli − xi(j0)

3 + xi(j0)
2αl − cuq ≤ 0

Let’s call Mi the polynome

Mi(x) = bli − x3 + x2αl − cuq
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Then
deltai = −4αl,3bli − 27(bli − cuq)2

Thanks to (H1) we have: deltai < 0. So it exists one unique real solution ri such as

Mi(ri) = 0

ri depends only on αl, cu, q. It can also be shown that ri ≥ 2αl

3 . Further analyses of Mi show
that Mi(x) ≤ 0 => x ≥ ri, and that Mi is decreasing for x ≥ ri.
So xi(j0) ≥ ri. Moreover we know that xi(j0) ≤ pi. If pi < ri we conclude that j0 doesn’t
exist. Otherwise we conclude that

xi(j0 + 1) ≥ riexp [Mi(pi)]
def
= s̃i, i = 1, 2, · · · , n

•Now we will prove the lemma by contradiction.
So let’s assume that it exists l0 ∈ N such as xi(l0) ≥ xi(l0 + 1), and that it exists w ! l0 + 1
such that xi(w) " s̃i.
Let’s call w0 the smallest w such as xi(w0) " s̃i.
Then

w0 ≥ l0 + 2

xi(w0) ≤ s̃i ≤ xi(w0 − 1)

Thus
xi(w0) ≤ xi(w0 − 1)

We deduce from the first part of the proof: xi(w0) ≥ s̃i, i = 1, 2, · · · , n.
The lemma is proved by contradiction.

Theorem 2 We assume that
bli − cuq > 0 (H1)

For every solution (x1(k), · · · , xn(k), y(k)) of system (1.3), it exists k2 ∈ N such that:

∀k ≥ k2 xi(k) ≥ p̃i, i = 1, 2, · · · , n (3)

∀k ≥ k2 y(k) ≥ q̃ (4)

where p̃i and q̃ are constant depending on bli, α
l, cu, αu, bui , e

l, dli.

Proof: •The previous lemma proves the first result when it exists l0 ∈ N such as xi(l0) ≥
xi(l0 + 1).
Now we assume that xi(k + 1) > xi(k) for all k ∈ N. As (xk)k is bounded above, it admits
a limit. Let’s call that limit xi.
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By taking the limit in the ith equation of system (1.3), we get

lim
k→+∞

Ç
bi(k)− BNDD(xi(k))xi(k)− c(k)y(k)

å
= 0

Moreover for large enough k ∈ N

bi(k)−NDD(xi(k))xi(k)− c(k)y(k) ≥ bli − xi(k)
3 + xi(k)

2αl − cuq = Mi(xi(k))

Leading to
Mi(xi) ≤ 0

So, thanks to the lemma, we have: xi ≥ ri.
As ri ≤ pi we know that Mi(pi) ≤ 0. So ri ≥ riexp [Mi(pi)] = s̃i. So there exists k2 ∈ N
such that ∀k ≥ k2 xi(k) ≥ 1

2 s̃i
def
= p̃i. This complete the proof of (3).

•In a first time let’s assume there exists l0 ∈ N such that y(l0) ≥ y(l0 + 1). Then:

y(l0) ≥ y(l0 + 1) ≥ y(l0) exp

[
n∑

i=1

dli(p̃i)− ru − euy(l0)

]

So,
∑n

i=1 d
l
i(p̃i)− ru − euy(l0) ≤ 0, leading to:

y(l0) ≥
∑n

i=1 d
l
i(p̃i)− ru

eu
def
= q̃

If such an integer l0 doesn’t exist, this means that (y(k))k is increasing. As it is bounded
above, it admits a limit denoted by ȳ. By taking the limit in the (n+i)th equation of system
(1.3), we get:

lim
k→+∞

Ç n∑

i=1

di(k)xi(k)− e(k)y(k)− r(k)

å
= 0

In particular there exists k2 ∈ N such that

∀k ≥ k2
n∑

i=1

di(k)xi(k)− e(k)y(k)− r(k) ≤ 1

So

∀k ≥ k2
n∑

i=1

dli(p̃i)− ru ≤
n∑

i=1

di(k)xi(k)− r(k) ≤ e(k)y(k) ≤ euy(k)

∀k ≥ k2 q̃ ≤ y(k)

The proof of (4) is achieved.
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Theorem 3 Stable positive equilibrium
Let’s two positive solutions of the system be

(x1, · · · , xn, y) and (Ûxi, · · · , Ûxn, Ûy)

such that
bli − cuq > 0 (H1)

max

(

1 + 3p3i

Ç
pi
p̃i

å3

+ 2αup2i

Ç
pi
p̃i

å2

, cuq
q

q̃

)

< 1 (H2)

∣∣∣∣∣1− elq̃

Ç
q̃

q

å∣∣∣∣∣+
n∑

i=1

dui pi

Ç
pi
p̃i

å
< 1 (H3)

Then we claim that

lim
k→+∞

Ä
y(k)− Ûy(k)

ä
= 0

lim
k→+∞

Ä
xi(k)−ıxi(k)

ä
= 0, i = 1, 2, · · · , n

Proof: Let
xi(k) = Ûxi(k) exp(ui(k))

y(k) = Ûy(k) exp(v(k))
Then we have

xi(k + 1) = Ûxi(k + 1) exp(ui(k + 1))

exp(ui(k + 1)) =
xi(k + 1)
Ûxi(k + 1)

From system (1.3)

exp(ui(k + 1)) =
xi(k) exp(bi(k)− xi(k)3 + xi(k)2α− c(k)y(k))
Ûxi(k) exp(bi(k)− Ûxi(k)3 + Ûxi(k)2α− c(k)Ûy(k))

=
Ûxi(k) exp(ui(k)) exp(bi(k)− Ûxi(k)3 exp(3ui(k)) + αÛxi(k)2 exp(2ui(k))− c(k)Ûy(k) exp(v(k)))

Ûxi(k) exp(bi(k)− Ûxi(k)3 + Ûxi(k)2α− c(k)Ûy(k))
= exp(ui(k)− Ûxi(k)

3(exp(3ui(k))− 1) +αÛxi(k)
2(exp(2ui(k))− 1)− c(k)Ûy(k)(exp(v(k))− 1))

So

ui(k+1) = ui(k)−Ûxi(k)
3(exp(3ui(k))−1)+αÛxi(k)

2(exp(2ui(k))−1)−c(k)Ûy(k)(exp(v(k))−1)

We demonstrate in the same way that

v(k + 1) = v(k) +
n∑

i=1

di(k)Ûxi(k)(exp(ui(k))− 1)− e(k)Ûy(k)(exp(v(k))− 1)

According to a Taylor’s formula, there exist θi,1, θi,2, θ in ]0, 1[ such that
exp(3ui(k))− 1 = 3ui(k) exp(3θi,1ui(k)),
exp(2ui(k))− 1 = 2ui(k) exp(2θi,2ui(k)), and exp(v(k))− 1 = v(k) exp(θv(k)). This implies:
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ui(k + 1) =

ui(k)
Ä
1− 3Ûxi(k)

3 exp(3θi,1ui(k)) + 2α(k)Ûxi(k)
2 exp(2θi,2ui(k))

ä
− c(k)v(k)Ûy(k) exp(θv(k))

v(k + 1) = v(k) [1− e(k)Ûy exp(θv(k))] +
n∑

i=1

di(k)Ûxi(k)ui(k) exp(θiui)

So

|ui(k + 1)| ≤| ui(k)|(1 + 3p3i

Ç
pi
p̃i

å3

+ 2αup2i

Ç
pi
p̃i

å2

) + cu|v(k)|q q
q̃

≤
(

max

[

1 + 3p3i

Ç
pi
p̃i

å3

+ 2αup2i

Ç
pi
p̃i

å2

, cuq
q

q̃

])

max(|v(k)|, |u1(k)|, · · · , |un(k)|)

And for v:

|v(k + 1)| ≤ |v(k)||1− elq̃

Ç
q̃

q

å
|+

n∑

i=1

dui pi|ui(k)|
Ç
pi
p̃i

å

≤
(∣∣∣∣∣1− elq̃

Ç
q̃

q

å∣∣∣∣∣+
n∑

i=1

dui pi

Ç
pi
p̃i

å)
max(|v(k)|, |u1(k)|, · · · , |un(k)|)

Let’s call and assume

λi = max

[

1 + 3p3i

Ç
pi
p̃i

å3

+ 2αup2i

Ç
pi
p̃i

å2

, cuq
q

q̃

]

< 1

δ =

∣∣∣∣∣1− elq̃

Ç
q̃

q

å∣∣∣∣∣+
n∑

i=1

dui pi

Ç
pi
p̃i

å
< 1

Let’s call ζ = max(λi, δ). We have ζ < 1. Then we get

max(|ui(k + 1)|, |v(k + 1)|) ≤ ζmax(|ui(k)|, |v(k)|)

So for k∗ ! k

max(|ui(k)|, |v(k)|) ≤ ζk−k∗max(|ui(k∗)|, |v(k∗)|)

Then by taking the limit we get: limk→+∞ max(|ui(k)|, |v(k)|) = 0.
So

lim
k→+∞

ui(k) = 0, i = 1, 2, · · · , n

lim
k→+∞

v(k) = 0

Which leads to

lim
k→+∞

(y(k)− Ûy(k)) = 0

lim
k→+∞

(xi(k)−ıxi(k)) = 0, i = 1, 2, · · · , n
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The positive solution of the system is stable.

There is a stable positive periodic solution
There exists a positive integer ω that is a common multiple of the period of all coefficients
of system (1.3).

Let’s notice Dn+1 = [p̃1, p1]× · · ·× [p̃n, pn]× [q̃, q].

We consider the application φ that maps an initial state (x1(0), · · · , xn(0), y(0)) ∈ Dn+1 to
the solution of system (1.3) at generation ω.

From theorem 1 and theorem 2, we demonstrated that the set Dn+1 is an invariant set of
system (1.3). So φ maps the compact set Dn+1 to itself. Therefore, according to the Brouwer
fixed point theorem, we know that the continuous application φ has a fixed point.

Moreover the solution of (1.3) passing through this fixed point is periodic.

From the theorem 3, we know that this positive periodic solution is stable. Therefore we
demonstrated that our system (1.3) has one stable positive periodic solution.
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