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T H E U N I V E R S I T Y OF 

WARW ICK 
Library Declaration and Deposit Agreement 

1. S T U D E N T D E T A I L S 

Please complete the following: 

Full name: 

University ID number: .Q..%'5..P.l..?.9. 

2. T H E S I S D E P O S I T 

2.1 I understand that under my registration at the University, I am required to deposit my thesis with the 

University in BOTH hard copy and in digital format. The digital version should normally be saved as a 

single pdf file. 

2.2 The hard copy will be housed in the University Library. The digital version will be deposited in the 

University's Institutional Repository (WRAP). Unless otherwise indicated (see 2.3 below) this will be made 

openly accessible on the Internet and will be supplied to the British Library to be made available online via 

its Electronic Theses Online Service (EThOS) service. 

[At present, theses submitted for a Master's degree by Research (MA, MSc, LLM, MS or MMedSci) are 

not being deposited in WRAP and not being made available via EthOS. This may change in future.] 

2.3 In exceptional circumstances, the Chair of the Board of Graduate Studies may grant permission for 

an embargo to be placed on public access to the hard copy thesis for a limited period. It is also possible to 

apply separately for an embargo on the digital version, (Further information is available in the Guide to 

Examinations for Higher Degrees by Research.) 

2.4 If you are depositing a thesis for a Master's degree by Research, please complete section (a) below. 

For all other research degrees, please complete both sections (a) and (b) below: 

(a) Hard Copy 

I hereby deposit a hard copy of my thesis in the University Library to be made publicly available to 

readers (please delete as appropriate) EITHER immediately OR aftor on .embargo period of' 

monthc/yoaro QO agreed by the Chair of the Board of Graduate Studies. 

I agree that my thesis may be photocopied. YES / ^ ^ ( P / e a s e delete as appropriate) 

(b) Digital Copy 

I hereby deposit a digital copy of my thesis to be held in WRAP and made available via EThOS. 

Please choose one of the following options: 

EITHER My thesis can be made publicly available online. YES / 20~(Piease delete as appropriate) 

OR My thesis can be made publicly available only after [date] (Please give date) 

YES / NO (Please delete as appropriate) 

OR My full thesis cannot be made publicly available online but I am submitting a separately 

identified additional, abridged version that can be made available online. 

YES / NO (Please delete as appropriate) 

OR My thesis cannot be made publicly available online. YES / NO (Please delete as appropriate) 
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3. GRANTING O F N O N - E X C L U S I V E R I G H T S 

Whether I deposit my Work personally or through an assistant or other agent, I agree to the following: 

Rights granted to the University of Warwick and the British Library and the user of the thesis through this 

agreement are non-exclusive. I retain all rights in the thesis in its present version or future versions. I 

agree that the institutional repository administrators and the British Library or their agents may, without 

changing content, digitise and migrate the thesis to any medium or format for the purpose of future 

preservation and accessibility. 

4. D E C L A R A T I O N S 

(a) I DECLARE THAT: 

• I am the author and owner of the copyright in the thesis and/or I have the authority of the 

authors and owners of the copyright in the thesis to make this agreement. Reproduction 

of any part of this thesis for teaching or in academic or other forms of publication is 

subject to the normal limitations on the use of copyrighted materials and to the proper and 

full acknowledgement of its source. 

• The digital version of the thesis I am supplying is the same version as the final, hard-

bound copy submitted in completion of my degree, once any minor corrections have been 

completed. 

• I have exercised reasonable care to ensure that the thesis is original, and does not to the 

best of my knowledge break any UK law or other Intellectual Property Right, or contain 

any confidential material. 

• I understand that, through the medium of the Internet, files will be available to automated 

agents, and may be searched and copied by, for example, text mining and plagiarism 

detection software. 

(b) IF I HAVE AGREED (in Section 2 above) TO MAKE MY THESIS PUBLICLY AVAILABLE 

DIGITALLY, I ALSO DECLARE THAT: 

• I grant the University of Warwick and the British Library a licence to make available on the 

Internet the thesis in digitised format through the Institutional Repository and through the 

British Library via the EThOS service. 

• If my thesis does include any substantial subsidiary material owned by third-party 

copyright holders, I have sought and obtained permission to include it in any version of 

my thesis available in digital format and that this permission encompasses the rights that I 

have granted to the University of Warwick and to the British Library. 

5. L E G A L INFRINGEMENTS 

I understand that neither the University of Warwick nor the British Library have any obligation to take legal 

action on behalf of myself, or other rights holders, in the event of infringement of intellectual property 

rights, breach of contract or of any other right, in the thesis. 

Please sign this agreement and return it to the Graduate School Office when you submit your thesis. 

Student's signature: Date: ILzMAl.-.Z.Q.O. 
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27%!/0&1)26$%!*8!27%!'%F*J%'I!;<=<!B"33!0(!/82%'!27%!%+$!*8!27%!2'/)+D!)+!

/$%+*()+%!B8)L!#,?$D,!!T7)1(2!)+!F*+2'*1!F*+$)2)*+(!27%!'%F*J%'I!;<=<!>/(!

2I&)F/11I!(2)11!$%&'%((%$!F*0&/'%$!2*!27%!:(2!;<=<P!)+!/$%+*()+%!)2!>/(!

8'%M6%+21I!8/F)1)2/2%$,!!U+!(*0%!F*++%F2)*+(!27%!'%F*J%'I!;<=<!>/(!/(!06F7!

/(!?!2)0%(!27%!/0&1)26$%!*8!27%!8)'(2!&61(%,!

!E&&1)F/2)*+!*8!9KV<R!/Q*1)(7%$!27%!F7/+L%(!)+!$I+/0)F(!&'*$6F%$!QI!

/$%+*()+%!/+$!()L+)8)F/+21I!$%F'%/(%$!27%!<<H!F*0&/'%$!2*!F*+2'*1!B8)L!

#,?QP!/2!"3!45P!F*+2'*1!!C!3,ON!@!3,#?P!9KV<R!C!3,NA!@!3,A:P!*+%K2/)1%$!

T)1F*.*+!0/2F7%$!&/)'(P!#!C!3,3AP!!!C!:NDP!)+$)F/2)+L!/L/)+!27%!'*1%!&1/I%$!

QI!%+$*L%+*6(!/F2)J/2)*+!*8!E:!'%F%&2*'(!)+!F*+2'*1!F*+$)2)*+(,!!R7)(!)(!

/$$'%((%$!)+!86'27%'!$%2/)1!)+!F7/&2%'!?,!

U+!(*0%!%.&%')0%+2(!27%!&/)'%$!&61(%!(2)061/2)*+(!>%'%!F*+$6F2%$!/2!/!

J/')%2I!*8!8'%M6%+F)%(!)+!*'$%'!2*!0*'%!8611I!F7/'/F2%')(%!27%!2)0%!F*6'(%!*8!
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$%&'()(*'+!,-./+01/2!1%/.3*$!0.!4&(%!1&.('&2!1&.,0(0&.$!/.,!/,*.&$0.*5!!

6%*$*!*78*'0+*.($!,*+&.$('/(*!/!1&+82*7!(0+*!1&9'$*!:&'!(%*!$%&'()(*'+!

,-./+01$!;:03!<5#1=>!?0(%!(%*!@@A!*7%040(0.3!+0.0+/!/(!(%*!%03%*$(!

$(0+92/(0&.!:'*B9*.1-!;CDD!EF=!/.,!/2$&!/(!G<!EF!$(0+92/(0&.>!'*$92(0.3!

:'&+!(%*!,*1/-!&:!(%*!:/1020(/(&'-!1&+8&.*.(!&119''0.3!+&'*!B901H2-!(%/.!

(%*!'*1&I*'-!:'&+!,*8'*$$0&.5!!J03.0:01/.(2-!%&?*I*'>!(%*!&I*'/22!8/((*'.!&:!

,*8'*$$0&.!/.,!:/1020(/(0&.!0.!1&.('&2!/.,!0.!/,*.&$0.*!'*$8*1(0I*2->!

'*+/0.*,!'&49$(5!!K*8'*$$0&.!,&+0./(*,!/(!*/1%!$(0+92/(0&.!:'*B9*.1-!0.!

1&.('&2!/.,!0.!L)M@6>!/.,!?/$!$('&.3*$(!0.!4&(%!/(!CDD!EF!/.,!<!EF5!!

N*(?**.!(%*$*!:'*B9*.10*$!/.!*2*+*.(!&:!:/1020(/(0&.!?/$!/88/'*.(>!8*/H0.3!

4*(?**.!O"!/.,!"D!EF>!/2(%&93%!(%*!+*/.!@@A!?/$!$(022!PC>!0.,01/(0.3!(%/(!

(%*!,-./+01$!?*'*!$(022!,&+0./(*,!4-!,*8'*$$0&.5!!6%*!8/0'*,)892$*!

,-./+01$!0.!/,*.&$0.*!:&22&?*,!/!4'&/,2-!$0+02/'!8/((*'.>!/$!/2(%&93%!(%*!

@@A!?/$!1&.$0$(*.(2-!0.1'*/$*,!1&+8/'*,!(&!1&.('&2!/.,!L)M@6>!(%*!(0+*!

1&9'$*!&:!'*1&I*'-!:'&+!,*8'*$$0&.!/.,!:/1020(/(0&.!?/$!0,*.(01/2!;:03!<5#1=5!!!
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!"#$%&'$#$%%&'(!)*!+,-!-**-.+/!)*!&0-1)/21-!)1!/,)'+3+-'%!/(1&4+2.!0(1&%2./5!678!9(42.&:!

/;--43&<-'&=-0!>?#?!+'&21/!6@A!BC8!21!.)1+'):!6='--18D!&0-1)/21-!6'-08!&10!E3F?9!6G:$-85!

6H8!I-&1!4&2'-034$:/-!'&+2)!&+!"A!BC!21!+,-!+,'--!.)102+2)1/5!!6F8!I-&1!4&2'-0!4$:/-!'&+2)/!

&+!&!'&1=-!)*!*'-J$-1.2-/!2::$/+'&+21=!/2%2:&'!+2%-!0-4-10-1.-!)*!.,&1=-/!G-+;--1!.)1+'):D!

&0-1)/21-!&10!E3F?95!6K8!I-&1!'&+2)!)*!'-.)<-'(!+-/+!>?#?!+)!212+2&:!>?#?!2::$/+'&+21=!+,-!

&$=%-1+&+2)1!)*!+,-!'-.)<-'(!4$:/-!21!&0-1)/21-!6'-08D!G$+!1)+!21!.)1+'):!6='--185!

!

L1!/)%-!-M4-'2%-1+/!2+!;&/!1)+&G:-!+,&+!+,-!'-.)<-'(!+-/+!>?#?!6"AA!%/!

*)::);21=!+,-!+'&218!.)1+21$-0!+)!-M,2G2+!4')%21-1+!*&.2:2+&+2)1!21!&0-1)/21-5!

9,2/!*&.2:2+&+2)1!;&/!4&'+2.$:&':(!/+')1=!&*+-'!&!:)1=-'!+'&21!)*!>?#?/!6NA!

4$:/-/!&+!@A!BC8D!2102.&+21=!+,&+!2+!%&(!,&<-!G--1!&!02/+21.+!*)'%!)*!

*&.2:2+&+2)1!;2+,!&!:)1=-'!+2%-!.)1/+&1+!)*!0-.&(!6+(42.&::(!"3OA!/-.)10/8D!

P1);1!&/!&$=%-1+&+2)1!6Q$.P-'!&10!R-=-,'D!NAAN85!!7$=%-1+&+2)1!,&/!

4'-<2)$/:(!G--1!)G/-'<-0!21!+,-!4'-3*')1+&:!.)'+-M!)*!')0-1+/!6B-%4-:!"#!$%&D!

NAAA8D!;,-'-!-M.2+&+)'(!.)11-.+2)1/!+(42.&::(!-M,2G2+!&!:);-'!4')G&G2:2+(!)*!
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$%&'()*$$+%!%+,+&(+-!./$!0&(!'1$!.++'!2%+3*1/(,4!*5+'$*6*+5!*'!(+'(1%4!

71%$*7+(!89&':!"#!$%&-!;<<#=>!!?!5+7*5+5!$1!*'3+($*:&$+!$0*(!20+'1)+'1'!

6/%$0+%!(1!*'!&!(/.(+$!16!71''+7$*1'(!?!3&%*+5!$0+!$*)+!$1!$0+!%+713+%4!2/,(+>!!

@1!(*:'*6*7&'$!&/:)+'$&$*1'!A&(!1.(+%3+5!*'!71'$%1,!+B2+%*)+'$(!86*:!C>D5-!

:%++'=-!01A+3+%!*'!&5+'1(*'+!&/:)+'$&$*1'!A&(!($%1':,4!+B2%+((+5!*'!$0+!

%+713+%4!EFGF-!%+&70*':!&!)&B*)&,!&)2,*$/5+!8H;<<I!,&%:+%!$0&'!$0+!

*'*$*&,!EFGF-!'!J!"=!.+$A++'!K!&'5!C!(+71'5(!&6$+%!$0+!EFGF!$%&*'!86*:!C>D5=!

61,,1A*':!%+713+%4!6%1)!5+2%+((*1'-!&'5!5+7&4*':!.&7L!$1!$0+!&)2,*$/5+!16!

$0+!*'*$*&,!EFGF!*'!HM!(+71'5(>!

(&)&*!+,,"-#.!/,!$0"'/.1'"!/'!21'/31$%!4$5$3"#"5.!

N0+!2%1.&.*,*$4!16!$%&'()*$$+%!%+,+&(+!*(!&!L+4!5+$+%)*'&'$!16!(01%$O$+%)!

54'&)*7(!&$!71%$*7&,!(4'&2(+(!8N(154L(!&'5!P&%L%&)-!KQQR=!&'5!$0+!

2%1)*'+'$!(01%$O$+%)!54'&)*7&,!70&':+(!&$!$0+(+!(4'&2(+(!0&3+!.++'!/(+5!

$1!+($*)&$+!$0+!)+&'!2%1.&.*,*$4!16!$%&'()*$$+%!%+,+&(+!&'5!$*)+!71'($&'$(!

16!5+2%+((*1'!&'5!6&7*,*$&$*1'!*'!20+'1)+'1,1:*7&,!)15+,(!8N(154L(!&'5!

P&%L%&)-!KQQRS!T&%+,&!"#!$%&-!KQQR=>!!N0/(!$1!6/%$0+%!U/&'$*64!$0+!70&':+(!*'!

54'&)*7(!1.(+%3+5!*'!&5+'1(*'+!?!/(+5!$0+!EFGF!$%&*'(!$1!6*$!&!5+$+%)*'*($*7!

)15+,!16!(01%$O$+%)!(4'&2$*7!54'&)*7(!2&%&)+$+%*(+5!.4!2%1.&.*,*$4!16!

%+,+&(+!84=-!)&B*)&,!EFGF!($%+':$0!8$6=-!&'5!$*)+!71'($&'$(!8!V &'5!!W=!61%!

5+2%+((*1'!&'5!6&7*,*$&$*1'>!!!

N0+!)15+,!70&%&7$+%*(+(!$0+!(4'&2(+!A*$0!)&B*)&,!+66*7&74!8$6=!&'5!

&((/)+(!$0&$!A0+'!&'!&7$*1'!21$+'$*&,!&%%*3+(!&!6%&7$*1'!84=!16!&3&*,&.,+!2%+O

(4'&2$*7!%+(1/%7+(!&%+!/$*,*(+5>!!N0*(!/$*,*(+5!6%&7$*1'!.+71)+(!

*'($&'$&'+1/(,4!/'&3&*,&.,+!$0+'!%+713+%(!+B21'+'$*&,,4!A*$0!$*)+!71'($&'$!
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!$%!!&'()*)+'+),-!).!)-(,/0,/'+12!)-+,!+31!4,21*!'.!'!05*.12!)-(/1'.1!)-!!!6)+3!

1'(3!'(+),-!0,+1-+)'*7!63)(3!21('8.!6)+3!+)41!(,-.+'-+ !&%!!&5**!21+')*.!,9!+31!

)+1/'+),-!('-!:1!9,5-2!)-!(3'0+1/!;%<%;%!

=3)*.+!)+!).!)-1>)+':*1!+3'+!.,41!)-9,/4'+),-!,-!+31!5-21/*8)-?!:),038.)('*!

0/,(1..1.!).!*,.+!)-!.)40*1!031-,41-,*,?)('*!4,21**)-?!+31!')4!6'.!+,!

('0+5/1!+31!(3'-?1.!'+!+31!.8-'0.1!)-25(12!:8!'21-,.)-1!)-!'!4,21*!+3'+!

6,5*2!.5)+':*1!9,/!-1+6,/@!*1>1*!(,405+'+),-'*!'-'*8.).%!!A)>1-!+31!-'+5/1!

,9!+31!1B01/)41-+.7!63)(3!)->,*>12!01/),2.!,9!/1(,/2)-?!C"DEF!4)-5+1.G!

)-+1/.01/.12!6)+3!01/),2.!,9!2/5?!6'.3H,-!C"HEF!4)-5+1.G7!+31/1!61/1!

*)4)+.!,-!'4,5-+!,9!2'+'!+3'+!(,5*2!:1!(,**1(+12!)-!1'(3!03'/4'(,*,?)('*!

4'-)05*'+),-%!!

I31!0')/12H05*.1!1B01/)41-+.!214,-.+/'+12!+3'+!+31!/1(,>1/8!9/,4!

210/1..),-!'-2!9'()*)+'+),-!9,**,6!:/,'2*8!.)4)*'/!+)41!(,5/.1.!'(/,..!+31!

03'/4'(,*,?)('*!4'-)05*'+),-.7!.,!J!(,-.+/')-12!+31.1!+)41!(,-.+'-+.!+,!

/14')-!+31!.'41!:1+611-!(,-+/,*7!'21-,.)-1!'-2!KHLMI!6)+3)-!1'(3!

1B01/)41-+7!'**,6)-?!N5.+!"#!'-2!!!+,!>'/8!9/11*8%!

I31!9)++)-?!0/,(125/1!)-!?1-1/'*!('0+5/12!+31!(3'-?1.!)-!28-'4)(.!'-2!

41'-!OMPM!'40*)+521!)-!'21-,.)-1!:8!'!/125(+),-!,-*8!)-!!7!+31!0/,:':)*)+8!

,9!/1*1'.1%!!P,41!>1/8!61'@!(,--1(+),-.!61/1!/14,>12!9/,4!+31!9)++)-?!

'-'*8.).!:1('5.1!,9!'!>1/8!*,6!.)?-'*!+,!-,).1!/'+),!COMPM!'40*)+521.!:1*,6!

F%E!4QG%!!J-!+31!;R!(,--1(+),-.!+3'+!61/1!9)+!5.)-?!+31!4,21*7!!!/125(12!9/,4!

F%R;!S!F%FK!)-!(,-+/,*7!+,!F%E!S!F%E!)-!'21-,.)-17!63)*1!/).)-?!+,!F%R#!S!F%FT!)-!

KHLMI!C9)?!"'G%!!I31!/125(+),-!9/,4!(,-+/,*!+,!'21-,.)-1!6'.!3)?3*8!

.)?-)9)('-+!C0')/12!,-1H+')*12!+H+1.+7!$!U!F%FFE7!%!V!;RG7!'.!6'.!+31!)-(/1'.1!)-!
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!!$%&'%%(!)*(&+*,!-(.!#/012!34-5+%.!*(%/&-5,%.!&/&%6&7!"!8!9:9;<7!#!8!<=>:!!?*!

65@(5A5)-(&!)B-(@%!'-6!*$6%+C%.!A*+!&B%!6D(-4&5)!%AA5)-)D!4-+-E%&%+!$%!

3)*(&+*,!8!=:9F!G!<:<!EH7!-.%(*65(%!8!I:#<!G!I:;!EH7!#/012!8!I:F#!G!<:=!EH7!

4-5+%.!*(%/&-5,%.!&/&%6&!)*(&+*,J-.%(*65(%7!"!8!9:F#7!#!8!<=7!)*(&+*,J#/0127!"!

8!9:;<7!#!8!<=7!A5@!I:"$>:!!2B%!A5&&5(@!4+*)%.K+%!'-6!-44,5%.!&*!)*((%)&5*(6!

6&5EK,-&%.!5(!-!(KE$%+!*A!4-&&%+(6!-&!.5AA%+%(&!A+%LK%()5%6!3;"/"9!MN>!'5&B!

(*!65@(5A5)-(&!)B-(@%6!5(!&B%!E%-(6!*A!A5&&%.!4-+-E%&%+67!5(.5)-&5(@!&B%!

+*$K6&(%66!*A!&B%!-44+*-)B:!!!

!

!"#$%&'$OK44+%665*(!$D!-.%(*65(%!56!E%.5-&%.!$D!-!+%.K)&5*(!5(!&B%!4+*$-$5,5&D!*A!

&+-(6E5&&%+!+%,%-6%:!3P!-(.!Q>!P.%(*65(%!65@(5A5)-(&,D!+%.K)%.!!!34+*$-$5,5&D!*A!+%,%-6%>!$K&!

(*&!$%&3E-R5E-,!6D(-4&5)!6&+%(@&B>!'B%(!S1O1!&+-5(6!'%+%!A5&&%.!&*!-!E*.%,!*A!6D(-4&5)!

.D(-E5)6:!30>!SR-E4,%!*A!S1O1!-E4,5&K.%!A5&6!3)*,*K+%.>7!-(.!E%-6K+%.!-E4,5&K.%6!3@+%D>!

5(!-,,!&B+%%!E-(54K,-&5*(6:!3T>!OKEE-+D!*A!+%,%-6%!4+*$-$5,5&D!A*+!5(.5C5.K-,!)*((%)&5*(6!5(!

)*(&+*,!-(.!-.%(*65(%:!
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!D = 280 ms, !F = 40 ms 
control p = 0.58 aN = 1.8 mV 

adenosine p = 0.06 aN = 2 mV 
8-CPT p = 0.64 aN = 1.8 mV 
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$%&'&!(&')*+'!'),,&'+!+%-+!+%&!&..&/+'!0.!-1&20'32&!-(&!4&13-+&1!5(&6

'72-5+3/-**78!!$0!.)(+%&(!+&'+!+%3'!'),,&'+302!9!&:-432&1!%0;!+%&!(&*3-<3*3+7!

0.!'72-5+3/!+(-2'43''302!=+%&!>-(3-+302!32!?@A@!-45*3+)1&!<&+;&&2!';&&5'B!

-21!(-+&'!0.!+(-2'43''302!.-3*)(&C!;-'!401)*-+&1!<7!-1&20'32&8!!$%&!

/0&..3/3&2+!0.!>-(3-+302!=DE!F!'+-21-(1!1&>3-+302G4&-2B!!GHC!0.!?@A@!

-45*3+)1&!0..&('!-!20(4-*3'&1!4&-')(&!0.!>-(3-<3*3+7B!-21!<&/-)'&!3+!10&'!

20+!1&5&21!02!4&-2!I)-2+-*!-45*3+)1&!/-2!<&!)'&1!+0!1&+&(432&!+%&!5(&!0(!

50'+6'72-5+3/!*0/)'!0.!/%-2,&'!32!'72-5+3/!+(-2'43''3028!!$%&!4&-2!DE!

-/(0''!/022&/+302'!;-'!J8KK!L!J8MN!32!/02+(0*B!O8"M!L!O8PQ!32!-1&20'32&B!-21!

J8KJ!L!J8PP!32!N6D@$8!!$%3'!(&5(&'&2+'!-!'3,23.3/-2+!32/(&-'&!<&+;&&2!/02+(0*!

-21!-1&20'32&!=5-3(&1!02&6+-3*&1!+6+&'+B!!!R!J8JJOB!"!F!KNCB!<)+!20!'3,23.3/-2+!

/%-2,&!<&+;&&2!N6D@$!-21!/02+(0*!=5-3(&1!02&6+-3*&1!+6+&'+B!!!F!J8ONB!"!F!KMB!

.3,!P8S-C8!!T!'343*-(!5-++&(2!;-'!0<'&(>&1!.0(!+%&!.-3*)(&!(-+&!0.!'72-5+3/!

+(-2'43''302!=4&-')(&1!.0(!+%&!323+3-*!?@A@C8!!U-3*)(&'!0.!+(-2'43''302!;&(&!

4&-')(&1!4-2)-**7!)'32,!+%&!1&/02>0*>&1!>0*+-,&!+(-/&'!-'!+%3'!4&+%01!

-**0;&1!+%&!/*&-(&'+!31&2+3.3/-+302!0.!.-3*)(&'8!!$%&!.-3*)(&'!.0(!&-/%!

(&/0(132,!;&(&!->&(-,&1!-21!+%&2!/*0'&*7!&:-432&1!+0!/02.3(4!+%&!-//)(-/7!

0.!+%&!+&/%23I)&!=.3,!P8S&CB!38&8!+%-+!'4-**!?@A@'!;&(&!20+!<&32,!43''6/0)2+&1!

-'!.-3*)(&'8!!$%&!4&-2!.-3*)(&!(-+&!-/(0''!/022&/+302'!;-'!J8JQ!L!J8J#!32!

/02+(0*!=/045-(-<*&!+0!5(&>30)'!'+)13&'B!V-(W(-4!#$%&'(B!O##QCB!J8PN!L!J8MQ!

32!-1&20'32&!-21!J8JS!L!J8O!32!N6D@$!=.3,!P8S<C8!!$%&!/%-2,&'!;&(&!-,-32!
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4%&%;!6!%&%'(!)18!<,=.12>.!4%&%?!6!%&%'(!/011./*2013&!!@)2>,-.!-)*.3!21/-.)3.8!

32A12B2/)1*>C!,701!)77>2/)*201!0B!)8.10321.!)*!)>>!*:-..!)A.3&!!D701!

)77>2/)*201!0B!5EFGHI!01>C!)*!+)*,-.!/011./*2013!828!*:.!B)2>,-.!-)*.!8./>21.!

32A12B2/)1*>C!/0+7)-.8!*0!/01*-0>!4*0!%&%J!6!%&%;I!01.E*)2>.8!K2>/0L01!

+)*/:.8!7)2-3!*.3*I!!!$!%&%M(&!!N2+2>)-!*0!*:.!FO!8)*)I!*:.-.!P)3!10!32A12B2/)1*!

82BB.-.1/.!21!QGNG!B)2>,-.!-)*.!)/-033!)1C!0B!*:.!8.=.>07+.1*)>!3*)A.3!P:.1!

R#S3!P.-.!B,>>C!)/*2=)*.8!4)8.10321.(!0-!9>0/T.8!45EFGH(&!

U1!3,++)-C!*:.!/:)1A.3!21!QGNG!-.>2)92>2*C!)-.!9-0)8>C!/01323*.1*!P2*:!*:.!

+.)1!QGNG!)+7>2*,8.!8)*)I!8.+013*-)*21A!21/-.)3.8!R#S!)/*2=)*201!21!

/01*-0>!/0182*2013!)*!+)*,-.!/011./*2013&!!V0P.=.-!*:23!8)*)!3,AA.3*3!*:)*!

*:.!=)-2)*201!093.-=.8!21!+.)1!FO!)18!B)2>,-.!-)*.3!21!/01*-0>!/0182*2013!

)/-033!8.=.>07+.1*!/)1!9.!B,>>C!.L7>)21.8!9C!)/*2=)*201!0B!R#!-./.7*0-3!9C!

.180A.10,3!)8.10321.I!)3!P:.1!R#!-./.7*0-3!P.-.!B,>>C!)/*2=)*.8!0-!9>0/T.8!

*:.-.!P)3!10!82BB.-.1/.!21!*:.!FO!)/-033!*:.!8.=.>07+.1*)>!3*)A.3&!

H:.!)8.10321.!218.7.18.1*!/0+701.1*!093.-=.8!21!*:.!-.8,/*201!21!+.)1!

QGNG!)+7>2*,8.!8,-21A!8.=.>07+.1*!23!10*!7-.3.1*!21!*:.!FO!)18!B)2>,-.!

8)*)I!P:2/:!/)1!9.!B,>>C!)//0,1*.8!B0-!9C!21/-.)3.8!R#S!)/*2=)*201!21!/01*-0>!

/0182*2013&!!H:23!3,AA.3*3!*:)*!*:.!W,)1*)>!)+7>2*,8.!:)3!9..1!-.8,/.8!0=.-!

*:23!8.=.>07+.1*)>!7.-208!)3!*:23!/:)1A.!/0,>8!-.8,/.!*:.!0=.-)>>!+.)1!

)+7>2*,8.!0B!*:.!212*2)>!QGNG!P2*:0,*!/:)1A21A!*:.!FO!0-!B)2>,-.!-)*.&!!

X2=.1!*:)*!*:.!FO!23!218.7.18.1*!0B!W,)1*)>!)+7>2*,8.!*:.3.!/:)1A.3!)A)21!

3,AA.3*!)!7-.E3C1)7*2/!.BB./*!B0-!)8.10321.!21!-.8,/21A!*:.!7-09)92>2*C!0B!

*-)13+2**.-!-.>.)3.&!
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$%&'!()*&'!(+,&(%&-!(%&.&!-&./0(.!1-+234&!.(-+',!&234&'5&!(%)(!(%&!0+..!+6!

1-+73'&'(!.%+-(8(&-7!.9')1(35!4&1-&..3+'!4/-3',!(%&!63-.(!7+'(%!+6!1+.(8

')()0!4&2&0+17&'(!3.!,+2&-'&4!(+!)!.3,'3635)'(!&:(&'(!;9!)'!3'5-&).&!3'!

;).&03'&!<=!-&5&1(+-!)5(32)(3+'>!!!

?%&!-&./0(.!.+!6)-@!%+A&2&-@!5)''+(!43.(3',/3.%!A%&(%&-!(%3.!5%)',&!)-3.&.!

4/&!(+!)!5%)',&!3'!<=!-&5&1(+-!1-+1&-(3&.!B6+-!&:)710&!(%&3-!),+'3.(!)663'3(9!

+-!1-&8.9')1(35!0+5)(3+'C@!+-!A%&(%&-!)'!3'5-&).&!3'!(%&!5+'5&'(-)(3+'!+6!

)4&'+.3'&!)(!(%&!.9')1.&!4-32&.!(%&!5%)',&@!+-!)!5+7;3')(3+'!+6!(%&!(A+>!!

D&2&-(%&0&..@!(%)(!(%&!-&0)(32&!&66&5(.!B3>&>!(%&!-)(3+.!+6!EFGF!)7103(/4&!)'4!

HI!3'!)4&'+.3'&!)'4!J8HF?C!+6!)4&'+.3'&!)-&!.3730)-!)5-+..!&)5%!

4&2&0+17&'()0!.(),&@!./,,&.(.!(%)(!(%&!5%)',&!)-3.&.!6-+7!)'!3'5-&).&!3'!

&:(-)5&00/0)-!)4&'+.3'&!5+'5&'(-)(3+'!)(!(%&!.9')1.&>!

K'!+-4&-!(+!43.(3',/3.%!7+-&!6/009!;&(A&&'!(%&.&!.5&')-3+.!K!63-.(!5+'4/5(&4!

5+'5&'(-)(3+'!-&.1+'.&!&:1&-37&'(.!+'!)!'/7;&-!+6!.9')1(35!5+''&5(3+'.>!

L32&'!(%&!.3730)-3(3&.!3'!;).&03'&!)5(32)(3+'!;&(A&&'!(%&!377)(/-&!)'4!

M/2&'30&!5+''&5(3+'.!K!-&.(-35(&4!(%&.&!&:1&-37&'(.!(+!+'09!M/2&'30&!)'4!

7)(/-&!5+''&5(3+'.>!<!7&(%+4!A).!/.&4!(%)(!)55+/'(.!6+-!(%&!)5(32)(3+'!+6!
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:-23)*5'+!3)('1.(-1'4!.1'!2.(5!.::3)'+!'R-)6.3'&(*G!!C+'&%*)&'!)*!1.:)+3O!

1'0%6'+!>1%0!(5'!'P(1.$'33-3.1!*:.$'!2O!.!&-02'1!%>!0'$5.&)*0*!BS..*!

.&+!9'32.$54!HIIIT!U-&/)++)'!.&+!M.*)&%4!HIIDF!.&+!*%!(5'!$%&$'&(1.()%&!
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!"#$%&'$$%&'()%'*+!,&)%'+-%)!.'%.)%/0,/-'%!,/!+1%,2+)+!-%.0),+)+!&*0-%(!&)3)4'25)%/6!78!

,%&!9:!83)0,()&!$;<;!/0,-%+!-%!.'%/0'4!.'%&-/-'%+=!-%.0),+-%(!.'%.)%/0,/-'%+!'>!?,/@A

,224-)&!,&)%'+-%)=!,%&!-%!BAC;D!78EF!?4'.G)&:!,%&!C;8!78EF!>*441!,./-3,/)&:=!>'0!,!

0)20)+)%/,/-3)!H*3)%-4)!.'%%)./-'%!78:!,%&!,!0)20)+)%/,/-3)!5,/*0)!.'%%)./-'%!79:6!!C;8IBA

C;D!$;<;!,524-/*&)!0,/-'!0)5,-%+!+-5-4,0!,.0'++!&)3)4'25)%/=!@'J)3)0!-%!.'%/0'4!

.'%&-/-'%+!$;<;+!,0)!5*.@!.4'+)0!/'!BAC;D!,524-/*&)+!,/!H*3)%-4)!.'%%)./-'%+=!,%&!C;8!

,524-/*&)+!,/!5,/*0)!.'%%)./-'%+6!!7C!,%&!K:!83)0,()!,&)%'+-%)!.'%.)%/0,/-'%!0)+2'%+)!
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20'2'0/-'%,4!/'!/@)!.'%.)%/0,/-'%!'>!/@)!+2).->-.!,%,41/)+!&)/)./)&6!!Y*44!

&)/,-4+!'>!/@)!5)/@'&+!,0)!&'.*5)%/)&!-%!.@,2/)0!W6E6X6!!90-)>41=!,%!

,&)%'+-%)!78KZ:=!-%'+-%)!7T[Z:!,%&!%*44!?-'+)%+'0!J)0)!.,0)>*441!-%+)0/)&!

-%/'!4,1)0!Q!'>!/@)!+'5,/'+)%+'01!.'0/)\6!!D@)!+)%+'0+!J)0)!4)>/!-%!/@)!/-++*)!
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&/*%41:!$&%*!.3/!0:+9/!+0!-0/2!.%!*/10-&/!.3/!12/,%0+,/!9%,9/,.&1.+%,!+,!

.3/!/;.&19/::-:1&!0719/5!!63/!/;7/&+*/,.!+0!2%,/!.3+0!<1=!&%-,2!>&1.3/&!.31,!

:%%?+,@!1.!.3/!&+0/!+,!0+@,1:!-7%,!+,0/&.+%,A!10!+,0/&.+%,!21*1@/0!.3/!0:+9/!

1,2!&/:/10/0!7-&+,/05!63/!BCD!0/,0%&!&/07%,20!.%!12/,%0+,/!1,2!+.0!

*/.18%:+./0!+,%0+,/!1,2!3=7%;1,.3+,/E!<3+:/!.3/!FGD!0/,0%&!%,:=!&/07%,20!

.%!+,%0+,/!1,2!3=7%;1,.3+,/5!!63/!,-::!0/,0%&!<+::!&/07%,2!.%!1,=!

/:/9.&%+,./&$/&/,.0!.31.!7100!.3&%-@3!.3/!8+%0/,0%&!09&//,+,@!:1=/&!1,2!19.0!

10!1!9%,.&%:5!!B.!.3/!/,2!%$!/193!/;7/&+*/,.!.3/!0/,0%&0!</&/!91:+8&1./2!
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.3/&/!1&/!.3/!01*/!9%,9/,.&1.+%,0!%$!7-&+,/0!*/10-&/2!8=!/193!0/,0%&E!0//!

K1::!!"#$%&'!L))MA5!!



!

"#!

!
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-)3!>$??@!A&2&!/)%&2.&3!/).'!.B&!%C/0&!89<!D!-)3!E@!-)3!-CC'A&3!.'!%.-1/C/%&6!$F')!2&,'G-C!

(2',!.B&!%C/0&!.B&2&!/%!-!32'F!/)!%/4)-C!/)!.B&!9:;!-)3!=>;!%&)%'2%!.B-.!0-)!1&!%&&)!')0&!.B&!

>$??!%/4)-C!8E@!/%!%51.2-0.&3!8H!-)3!:!-.!IJKLL!%&0')3%@6!!M'CC'A/)4!2&,'G-C!(2',!.B&!

%C/0&!.B&!%&)%'2%!-2&!0-C/12-.&3!5%/)4!.B&/2!2&%F')%&%!.'!JL!NO!-3&)'%/)&!-)3!/)'%/)&6!!=.!

0-)!1&!%&&)!(2',!(/4!9!.B-.!.B&!9:;!%&)%'2!2&%F')3%!.'!1'.B!-3&)'%/)&!-)3!/)'%/)&<!

2&%5C./)4!/)!-!.'.-C!F52/)&!%/4)-C6!
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/%'C-.&3!&V.2-0&CC5C-2!-3&)'%/)&!.')&!A-%!-C%'!)'.!%/4)/(/0-).C+!3/((&2&).!

8Q5G&)/C&!R!L6W!S!L6T!NO<!,-.52&!R!L67!S!L67!NO<!.A'U.-/C&3!5)F-/2&3!.U.&%.<!!!
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$%&!'(()*+',*-.!-/!'0&.-1*.&!2"33!456!7&18),&0!*.!'!%9(&7(-)'7*1',*-.!-/!,%&!

:&:;7'.&!(-,&.,*')!*.!,%&!(97':*0')!.&87-.1!7'.<*.<!/7-:!3=>!,-!>="!:?!

2:&'.!@!1,0!0&A!B!C=C3!@!"=DE!:?6=!!F/,&7!'))-G*.<!,%&!&//&+,1!-/!'0&.-1*.&!,-!

7&'+%!1,&'09!1,',&H!.-*19!+877&.,!,7'+&1!G&7&!7&I*.J&+,&0!*.,-!,%&!.&87-.!'.0!

,%&!7&18),*.<!A-),'<&!,7'+&1!81&0!,-!<&.&7',&!09.':*+!KI?!+87A&1!'.0!
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')1-!(7-08+&0!'.!*.+7&'1&!*.!,%&!'+,*-.!(-,&.,*')!,%7&1%-)0!2?$6!-/!"=#C!@!
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$%&'!(!%&%!)*!+,!-.,/0.1!/.!$"&2!(!%&2!)*!+,!345,.6+,57!83+054!.,59/3+154!/9

/56/7!!!:!;&;;"7!"!<!=>?&!!@3-A!.B!/A565!8303C5/506!05/D0,54!/.!E31D56!3F.E5!

-.,/0.1!D8.,!3881+-3/+.,!.B!%9GHI!/.!/A5!F3/A7!JA+-A!+,!/A565!5K850+C5,/6!

J36!3881+54!B.11.J+,L!345,.6+,5!J36A&!!IA5!4M,3C+-!N9O!-D0E56!+,!C536D054!

B0.C!53-A!8A30C3-.1.L+-31!C3,+8D13/+.,!/5,454!/.!-0.66!3/!P%;!CO7!

6DLL56/+,L!3!05E50631!.B!/A5!-D005,/6!/A3/!80.4D-54!/A5!-A3,L56!.--D06!3/!

/A+6!E.1/3L5!QB+L!'&$3?&!
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OI!S!@)!45-053654!6+L,+B+-3,/1M!FM!"&$"!(!=&"!CO!0513/+E5!/.!-.,/0.1!Q83+054!

.,59/3+154!/9/56/7!!!<!;&;$7!"!<!=>?7!JA+15!+,8D/!056+6/3,-5!3,4!!C!+,-053654!

QFM!"&'!(!$!)*!3,4!;&%!(!=!C6!05685-/+E51M?7!/A565!-A3,L56!J505!316.!

6+L,+B+-3,/!Q056+6/3,-5!%9GHIT-.,/0.17!83+054!.,59/3+154!/9/56/7!!!<!;&;"'7!"#$#

=>7!!C!%9GHIT-.,/0.17!83+054!.,59/3+154!/9/56/7!!!<!;&;$7!"#$#=>?&!!U.J5E50!,.!

6+L,+B+-3,/!-A3,L56!J505!.F650E54!+,!/A5!,5D0.,31!-383-+/3,-5!Q-.,/0.1!<!

#;'!(!";>!8V7!345,.6+,5!<!$W;!(!"==!8V7!%9GHI!<!#;#&$!(!""%7!
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<1C-(.-5!5)1'&4/!<7D!/%(C-!+*(!-'/0!,0'(&'/*>*24/'>!&'14,%>'.4*1E!5-&*13.('.412!

41/(-'3-5!D:E!(-5%/-5!;FE!'15!41/(-'3-5!3>*,-!@(-5%/-5!41,%.!(-343.'1/-B!41!'5-1*341-?!!@GB!

A5-1*341-!,(*5%/-5!'!34214+4/'1.!0),-(,*>'(43'.4*1!@H>%-B!'15!'1!41/(-'3-!41!'/.4*1!

,*.-1.4'>!.0(-30*>5!@(-5B?!!@8B!I43.'1/-!.*!'/.4*1!,*.-1.4'>!.0(-30*>5!@D:7;FB!41/(-'3-5!H)!

J?#!&D!41!'5-1*341-?!!@I!'15!;B!A5-1*341-!34214+4/'1.>)!(-5%/-5!41,%.!(-343.'1/-!'15!.0-!

&-&H('1-!.4&-!/*13.'1.?!!@87;B!K,*1!'5-1*341-!L'30!'15!',,>4/'.4*1!*+!6789:!-'/0!*+!

.0-3-!,'('&-.-(!/0'12-3!(-C-(3-5!.*!>-C->3!34214+4/'1.>)!54++-(-1.!+(*&!/*1.(*>E!4154/'.412!

34214+4/'1.!H'3'>!'/.4C'.4*1!*+!A"!(-/-,.*(3?!@=!'15!MB!N*!34214+4/'1.!/0'12-3!41!/','/4.'1/-!
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$%&'()!*+,-!./0.&'*.(-,!,-1(21&2!,-.0!3%&&.(-,!4.&.!'(5.3-.2!'(-+!-6.!

(.%&+(!-+!0&+7'2.!1(!18-.&(1-'7.!*.-6+2!-+!361&13-.&',.!-6.!(.%&+(,9!:;<!

&.,0+(,.!0&+0.&-'.,=!!:(0%-!&.,',-1(3.!41,!*.1,%&.2!>&+*!-6.,.!,-.0!

&.,0+(,.,!?@!-1A'()!-6.!)&12'.(-!+>!-6.!:;<!3%&7.!1&+%(2!-6.!&.,-'()!

0+-.(-'18=!!B3&+,,!-6.!0+0%81-'+(!-6.!'(0%-!&.,',-1(3.!3183%81-.2!>&+*!-6.!

&C:D!*+2.8!41,!7'&-%188@!'2.(-'318!-+!-61-!3183%81-.2!?.>+&.!-6.!:6!,1)!

&.?+%(2!E>')!F=G3H!&C:D!&.,',-1(3.!I!J#=K!L!"J=J!MNH!0&.;&.?+%(2!&.,',-1(3.!

I!J#=J!L!"O=P!MNH!0+,-;&.?+%(2!I!OK=F!L!""=J!MNH!01'&.2!-4+;-1'8.2!-;-.,-,H!

&C:DQ0&.;&.?+%(2H!!"I!R=PKH!&C:DQ0+,-;&.?+%(2H!!"!I!R=ROH!#"I!"#S=!!T6',!

&.81-'+(,6'0!0.&,',-.2!'(!12.(+,'(.!E&C:D!&.,',-1(3.!I!J"=#!L!"R=K!MNH!0&.;
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R=RR"H!#!I!"#S=!!W+-1?8@H!-6.!2&+0!'(!'(0%-!&.,',-1(3.!'(!12.(+,'(.!41,!
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!"#$%&'$$%&'(&%)*+,!+-!*,.()!/01*1)%,'02!!345!670!89:!'(/;0!<%1!'%&'(&%)0=!-/+>!1)0.!'(//0,)1!
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$%&'(!)*'++,&!%-%./0+!%-,!'1!2'3+,4!%/&!.**50+3%+,0!+6,!./23,%0./-!%/&!7'3,!

6,+,3'-,/,'50!%2+.8%+.'/!9.+6!%-,!:0,2+.'/!;<=<>(<!!!

?'**'9./-!%2+.'/!)'+,/+.%*!1.3./-!+6,3,!%3,!+3%/0.,/+!26%/-,0!./!+6,!3,0)'/0,!

)3'),3+.,0!'1!/,53'/0@!+A).2%**A!3,&52./-!,42.+%B.*.+A!%/&!3,05*+./-!./!%!

3,13%2+'3A!),3.'&!'1!"C0D"CC0!7.**.0,2'/&0<!!E!0,)%3%+,&!+6,!)'0+D0).F,!

3,2'8,3A!),3.'&!./+'!+.7,!0*.2,0!13'7!96.26!+6,!&A/%7.2!EDG!2538,!9%0!%-%./!

2%*25*%+,&!1'3!,%26<!!H6,!3,*%4%+.'/!'1!26%/-,0!./!GH!%/&!"I!7!9,3,!%-%./!

9,**!2%)+53,&!BA!%!0./-*,!,4)'/,/+.%*!%/&!+6,!26%/-,!./!JK!BA!%!&'5B*,!

,4)'/,/+.%*@!6'9,8,3!/'!0.-/.1.2%/+!26%/-,!./!+6,0,!3,*%4%+.'/!)%3%7,+,30!

9%0!&,+,2+,&!B,+9,,/!2'/+3'*!%/&!%&,/'0./,<!!

!"#"$%&''()*+%,'%-.(/,+0/(%,/%'010/2%-/.%-)*0,/%3,*(/*0-4+!

L)'/!B%+6!%))*.2%+.'/!'1!%&,/'0./,@!+6,!13,M5,/2A!'1!%2+.'/!)'+,/+.%*!1.3./-!

,8'F,&!BA!+6,!./N,2+,&!/'.0A!2533,/+!9%0!3,&52,&!./!%**!/,53'/0@!13'7!%!

7,%/!13,M5,/2A!'1!;<#!O!P<Q!RS!./!2'/+3'*!2'/&.+.'/0!+'!P<P!O!P<T!RS<!!H6.0!

3,&52+.'/!9%0!6.-6*A!0.-/.1.2%/+!:)%.3,&!'/,D+%.*,&!+D+,0+@!5!U!C<CC"@!/!V!=T(<!!

?'**'9./-!%))*.2%+.'/!'1!+6,!W"!3,2,)+'3!%/+%-'/.0+!#DXYH@!+6,!7,%/!1.3./-!

13,M5,/2A!./23,%0,&!0.-/.1.2%/+*A!+'!><>!O!Z<C!RS!:)%.3,&!'/,D+%.*,&!+D+,0+@!5!U!

C<CC"@!/!V!=T(@!%-%./!&,7'/0+3%+./-!+'/.2!%2+.8%+.'/!'1!W"!3,2,)+'30!BA!

,/&'-,/'50!%&,/'0./,!./!2'/+3'*!2'/&.+.'/0<!!

[.8,/!+6,!6,+,3'-,/,.+A!./!+6,!,/&'-,/'50!%2+.8%+.'/!'1!W"!3,2,)+'30!%23'00!

+6,!)')5*%+.'/@!E!9.**!50,!+6,!26%/-,0!'B0,38,&!B,+9,,/!%&,/'0./,!:"CC!

\K(!%/&!#DXYH!:=!\K(!%0!%!7,%053,!'1!+6,!+'+%*!,11,2+!'1!%&,/'0./,!'/!+6,!
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$%&'($!)('!*+%!,&-,%.&%$*!/$/01,%,!%2/34$4$5!*+%!6/7/64*1!)('!/8%$(,4$%!*(!

'%8&6%!)4'4$59!

:%&'($,!*+/*!;%'%!8'4<%$!*(!)4'%!/*!*+%!+45+%,*!)'%.&%$64%,!4$!=>?@A!

%2+4-4*%8!*+%!0/'5%,*!/-,(0&*%!0(,,!()!)4'4$5!4$!/8%$(,4$%!BC45,!D9D/!/$8!%E9!!

A+%!FGH"I!()!*+%!)4'4$5!)'%.&%$64%,!;%'%!&,%8!4$!*+4,!/$/01,4,!4$!('8%'!*(!

7'%,%'<%!$('3/0!84,*'4-&*4($,!B8&%!*(!/!,J%;%8!*/40!4$!*+%!8/*/!/*!+45+!

)'%.&%$64%,E9!

A+%!04$%/'!*'%$8!;/,!;%/J!B04$%/'!'%5'%,,4($!KL!M!I9NL!!!M!I9I"OE!+(;%<%'!

/$8!/!,%6($8!('8%'!7(01$(34/0!7'(<48%8!/!,45$4)46/$*01!B04$%/'!<,!,%6($8!

('8%'P!!!M!I9II=DE!437'(<%8!)4*!BKL!M!I9DOP!!"Q!I9II"EP!6/7*&'4$5!*+%!

,/*&'/*4($!4$!)4'4$5!'%8&6*4($!/-(<%!=!RS9!!A+%!)/6*!*+/*!*+%!7(01$(34/0!6'&<%!

7'(<48%8!/!,45$4)46/$*01!437'(<%8!)4*!6(37/'%8!*(!*+%!04$%/'!*'%$8!,&55%,*,!

*+/*!*+%!,/*&'/*4($!4$!/8%$(,4$%!3%84/*%8!0(,,!()!)4'4$5!/*!+45+!)'%.&%$64%,!

;/,!/!,45$4)46/$*!%))%6*P!4$846/*4$5!*+/*!*+%!/6*4</*4($!()!T"!'%6%7*(',!+/8!/$!

4$6'%/,4$501!0434*%8!6/7/64*1!*(!'%8&6%!)4'4$5!%<(J%8!-1!+45+!,*43&0/*4($,9!!

R(;%<%'!3('%!8/*/!;(&08!-%!$%6%,,/'1!*(!48%$*4)1!*+%!%2/6*!$/*&'%!()!*+4,!

,/*&'/*4($9!

U+%$!*+%!$%&'($,!8'4<%$!*(!)4'%!/*!*+%!+45+%,*!)'%.&%$64%,!;%'%!'%3(<%8!

)'(3!*+%!/$/01,4,!*+%!,*'%$5*+!()!*+%!*'%$8!4$6'%/,%8!B04$%/'!'%5'%,,4($!KL!M!

I9ONP!!!Q!I9II"E9!!!A+%,%!*'%$8,!7%',4,*%8!;+%$!*+%!%))%6*,!()!-&',*,!()!/6*4($!

7(*%$*4/0,!;%'%!'%3(<%8!)'(3!*+%!/$/01,4,!B-&',*,!;%'%!6($,48%'%8!/!,4$50%!

,74J%V!)45!D9D!-P!8P!)E9!!!
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!"#$%&%!%&''()*!+,!(-./+01/.!'.-1(2.-!0&33).001+/!+,!,1)1/45!!678!91)1/4!,).:&./;*!1/!<=

>?@!3A+22.-!(4(1/02!,1)1/4!,).:&./;*!1/!(-./+01/.5!!6>8!91)1/4!,).:&./;*!1/!<=>?@!B0!A+00!+,!

,1)1/4!1/!(-./+01/.!6<=>?@!C!(-+8!1AA&02)(21/4!2D(2!(2!A+E!,).:&./;1.0!2D.).!10!(!02)+/4!A1/.()!

2)./-!=!2D.!('+&/2!+,!(;21+/!3+2./21(A0!A+02!1/!(-./+01/.!10!D14DA*!-.3./-./2!+/!2D.!1/121(A!

,).:&./;*F!-+22.-!A1/.0!1AA&02)(2.!GHI!;+/,1-./;.!1/2.)B(A05!6J8!72!D14D.)!,).:&./;1.0!2D10!

A1/.()!2)./-!10!A+02!(/-!(!:&(-)(21;!3+A*/+'1(A!3)+B1-.0!(!014/1,1;(/2A*!1'3)+B.-!,12!6K#!L!

$5HM!B.)0&0!K#!L!$5N#!,+)!A1/.()!).4).001+/F!!!L!$5$$<H8!;+'3().-!2+!(!A1/.()!2)./-!6OF!P!(/-!

98!QD./!+/A*!10+A(2.-!(;21+/!3+2./21(A0!+)!2D+0.!,1).-!(2!2D.!R.41//1/4!+,!(!R&)02!().!

;+/01-.).-!2D.!2)./-0!).'(1/!6:&(-)(21;!K#!L!$5H<F!A1/.()!K#!L!$5S"F!!!L$5$$$T8F!1AA&02)(21/4!

2D.!A(;U!+,!(!,).:&./;*!-.3./-./2!.,,.;2!+/!R&)021/45!!6J!(/-!98!@D.!VWX"$!+,!2D.!,1)1/4!

,).:&./;1.0!E.).!;+/01-.).-!1/!2D10!(/(A*010!1/!+)-.)!2+!3).0.)B.!(!/+)'(A!-102)1R&21+/5!
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Firing rate in 8-CPT, all neurons (Hz) 
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Firing rate in 8-CPT, low frequencies (Hz) 
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Firing rate in 8-CPT, all neurons (Hz) 

F
ir
in

g
 r

a
te

 i
n

 a
d

e
n

o
s
in

e
 (

H
z
) 

y = x  

A 

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

01"#"%&.2+.'"

$%&+"

%"

%&+"

%&3"

%&-"

%&'"

%" %&." )" )&."

L
O

G
1

0
 (

fi
ri
n

g
 r

e
d

u
c
ti
o

n
 i
n

 a
d

o
) E 

LOG10 (firing rate in 8-CPT, all neurons) 
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Firing rate in 8-CPT, low frequencies (Hz) 
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LOG10 (firing rate in 8-CPT, all neurons) 
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all action potentials action potentials excluding bursts 
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$%&'(')*+,-!%./&/!012!3/&,!+'%%+/!45&&/+1%'5)!6/%0//)!%./!17/)52')/89/7'1%/7!

2:;;&/22'5)!5<!<'&')*!1)7!%./!7/4&/12/!')!');:%!&/2'2%1)4/!=+')/1&!&/*&/22'5)-!

>#!?!@A@B-!!!?!@ACDE-!5&!4.1)*/!')!FG!8!HI!=+')/1&!&/*&/22'5)-!>#!?!@A@#-!!!?!

@AJKEA!!G./&/!012!1+25!1!+14(!5<!45&&/+1%'5)!6/%0//)!%./!4.1)*/!')!');:%!

&/2'2%1)4/!1)7!9/96&1)/!;5%/)%'1+!=>#!?!@A@#-!!!?!@AB#EA!!G.'2!;5%/)%'1++,!

')7'41%/2!%.1%!%./!4.1)*/2!')!9/96&1)/!;5%/)%'1+!1)7!&/2'2%1)4/!1&/!)5%!

25+/+,!9/7'1%/7!6,!%./!14%'31%'5)!5<!1!2')*+/!45)7:4%1)4/-!12!1!+1&*/!7&5;!')!

');:%!&/2'2%1)4/!7'7!)5%!)/4/221&'+,!45&&/2;5)7!%5!1!2%&5)*!

.,;/&;5+1&'21%'5)!1)7!3'4/!3/&21A!

G.:2-!%./!4.1)*/2!')!HI-!FG!1)7!!9!1445:)%!<5&!+'%%+/!5<!%./!31&'1%'5)!')!<'&')*!

2:;;&/22'5)!5)!%./'&!50)A!!L50/3/&-!0./)!%./!4.1)*/!')!');:%!&/2'2%1)4/!

012!177/7!%5!%./!4.1)*/!')!FG!M!HI!%./!45&&/+1%'5)!0'%.!<'&')*!2:;;&/22'5)!

')4&/12/7!1)7!6/419/!2'*)'<'41)%!=+')/1&!&/*&/22'5)-!>#!?!@A#-!!!?!@A@BEA!

G.'2!&/+1%'3/+,!0/1(!45&&/+1%'5)!'2!;/&.1;2!7:/!%5!%./!<14%!%.1%!%./!9/12:&/7!

4.1)*/2!')!%./2/!;1&19/%/&2!1&/!&/+1%'3/+,!9')5&!,/%!.'*.+,!19;+'<'/7!')!%./!

<'&')*!5:%;:%!5<!%./!4/++2A!!N7/)52')/!')7:4/7!1!#D!O!#@!P!')4&/12/!')!FG!M!HI-!

1)7!1!#@!O!"J!P!7/4&/12/!')!!9!,/%!%./2/!4.1)*/2!0/&/!19;+'<'/7!%5!1!DC!O!

"QP!7/4&/12/!')!<'&')*!53/&!1!&1)*/!5<!<&/R:/)4'/2A!

"#$#%&'()*+,&-+).,)*/0&-/1/2.).13!

G./!;.,2'5+5*'41+!4.1)*/2!562/&3/7!')!17/)52')/!45:+7!;5%/)%'1++,!1<</4%!%./!

;1&19/%/&2!5<!14%'5)!;5%/)%'1+2A!!G5!%/2%!%.'2!S!4+122'<'/7!14%'5)!;5%/)%'1+2!

612/7!5)!0./%./&!%./,!544:&&/7!0'%.')!6:&2%2!1)7!9/12:&/7!%.&//!

;1&19/%/&2!M!.1+<!0'7%.-!19;+'%:7/!1)7!%./!')%/*&1+!1%!.1+<!19;+'%:7/!=1&/1EA!!
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$%!&'()(!*+,+-(&(,)!./01!+-*02&34(!5+)!%.3/4!&.!6(!)27/2%28+/&01!+%%(8&(4!61!

+4(/.)2/(!9:+60(!;<"=!*+2,(4!&5.>&+20(4!&>&()&=!!!?!@<@@;=!"#$##AB<!!:'(!

,(438&2./!2/!+-*02&34(!2/!+4(/.)2/(!.883,,(4!43(!&.!&'(!2/8,(+)(!2/!

&',()'.04=!+)!&'(,(!5+)!/.!)27/2%28+/&!8'+/7(!2/!&'(!*(+C!D.0&+7(<!!!

:'(!*,.*(,&2()!.%!(+8'!+8&2./!*.&(/&2+0!2/!*(,2.4)!.%!63,)&2/7!5(,(!+0).!

(E+-2/(4<!!F8&2./!*.&(/&2+0)!.883,,2/7!52&'2/!63,)&)!92<(<!#/4!G!H&'B!'+4!

)27/2%28+/&01!2/8,(+)(4!-(+/!'+0%!524&')!9*+2,(4!&5.>&+20(4!&>&()&=!!!I!@<@@"=!

"#$##AB=!+,(+)!9*+2,(4!&5.>&+20(4!&>&()&=!!!I!@<@@"=!"#?!#AB=!+/4!,(438(4!*(+C!

+-*02&34()!9*+2,(4!&5.>&+20(4!&>&()&=!!!I!@<@@"=!"#?!#AB=!8.-*+,(4!&.!2/2&2+0!

+8&2./!*.&(/&2+0)<!!J.5(D(,!+7+2/=!./01!+-*02&34(!5+)!)27/2%28+/&01!

-.430+&(4!61!+4(/.)2/(!9*+2,(4!&5.>&+20(4!&>&()&=!!!?!@<@@A=!"#$##AB<!!

!

!"#$%&'()&K(+)3,(4!+8&2./!*.&(/&2+0!*+,+-(&(,)!2/!(+8'!*'+,-+8.0.728+0!-+/2*30+&2./<!

L2/70()!G!2).0+&(4!+8&2./!*.&(/&2+0)=!.,!&'.)(!+&!&'(!6(72//2/7!.%!+!63,)&<!M.360(&)!G!&'(!

)(8./4!+8&2./!*.&(/&2+0!2/!+!63,)&<!!$/01!&'(!+-*02&34(!5+)!)27/2%28+/&01!8'+/7(4!2/!

+4(/.)2/(<!N!O/428+&()!)27/2%28+/&!8'+/7(<!!

!

%&'&%#()*+,"#!,*-"*+./#0123*+"4!

P1,+-24+0!/(3,./)!2/!0+1(,!;!.%!&'(!)(/).,1!8.,&28()!8+/!6(!80+))2%2(4!

(0(8&,.*'1)2.0.728+001!6+)(4!./!&'(!+8&2./!*.&(/&2+0!42)8'+,7(!2/!,()*./)(!&.!

)1/+*&28!(E82&+&2./!.,!)&(*)!.%!4(*.0+,2)2/7!83,,(/&!9K8Q.,-28C#-*#./&=!"RS;T!

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

.*#-/*%( 01&#*'"#&( 23.45( .*#-/*%( 01&#*'"#&( 23.45(

67%839"1-:(

;<'=(
0.84 ± 0.14  0.84 ± 0.12 0.85 ± 0.11 1.33 ± 0.23 1.38 ± 0.23 1.37 ± 0.25 

0<>%"-+1&(

;<?=( 84.4 ± 6.7 81.9 ± 8.6* 82.9 ± 5.9 73.2 ± 7.3 70.8 ± 9.1* 72.4 ± 6.1 

0/&7(

;<?<'=( 21.5 ± 2.7 21.9 ± 3.2 21.7 ± 2.3 26.8 ± 2.9 27.9 ± 4.6 27.7 ± 3.8 
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%&'()*!"#!$%&+!",,-./!!01)!23&''!45!(6*&789&3!:);*4:'!<1&<!'):9!&=4:&3!

(*4>)2<84:'!<4!';?@24*<82&3!'<*;2<;*)'!(*)5)*):<8&336!58*)!?;*'<'!A<6(82&336!#@

B.!45!&2<84:!(4<):<8&3'!AC1&D:&2@E78<&8!"#!$%&+!",,F./!!01)!D):)*&<84:!45!?;*'<!

58*8:D!8:G43G)'!<1)!*)2*;8<7):<!45!C&#H@21&::)3'!8:!<1)!&(82&3!9):9*8<)!?6!

?&2I@(*4(&D&<8:D!&2<84:!(4<):<8&3'!AJ8338&7'!&:9!K<;&*<+!",,,L!K21M8:9<!

&:9!C*833+!",,,./!!N;*'<!58*8:D!<):9'!<4!422;*!&<!5*)O;):28)'!<1&<!&334M!

<)7(4*&3!';77&<84:!45!PQKQ'+!M1821!2&:!*)';3<!8:!3&<)*!PQKQ'!?)8:D!

&7(3858)9!?6!G43<&D)!D&<)9!R&#H!21&::)3!&2<8G&<84:!&'!<1)!(4'<@'6:&(<82!

:);*4:!:)&*'!&2<84:!(4<):<8&3!<1*)'1439/!

Q6*&789&3!:);*4:'!&*)!74'<!24774:36!23&''858)9!&'!?;*'<!58*8:D!?6!<1)8*!

*)'(4:')!<4!34:D!9)(43&*8'8:D!2;**):<!'<)('+!&:9!M183)!<4!&:!)=<):<!?;*'<!

58*8:D!2&:!422;*!8:9)():9):<36!45!8:(;<!S!4?')*G)9!<1&<!M1):!'<87;3&<)9!

M8<1!&!:48'6!2;**):<!:);*4:'!<1&<!7&6!?)!23&''858)9!&'!*)D;3&*!58*8:D!8:!

*)'(4:')!<4!'<)(!2;**):<'!7&6!'<833!58*)!&!'8D:8582&:<!(*4(4*<84:!45!&2<84:!

(4<):<8&3'!8:!?;*'<'/!!T4M)G)*!8:!:);*4:'!<1&<!58*)9!&:!8:8<8&3!?;*'<!AM)&I36!

?;*'<8:D.!4*!<*&8:!45!?;*'<'!A'<*4:D36!?;*'<8:D.!8:!*)'(4:')!<4!&!'<)(!2;**):<!

&!'8D:8582&:<36!18D1)*!(*4(4*<84:!45!&2<84:!(4<):<8&3'!3)9!8:<4!?;*'<'!

247(&*)9!<4!*)D;3&*!58*8:D!:);*4:'!A*)D;3&*!58*8:D!U!F/"V!W!F/",+!?;*'<8:D!U!

F/-B!W!F/"B+!X&::@J18<:)6!Y!<)'<+!'!U!F/F"B+!(!U!"F!*)D;3&*+!Z!?;*'<8:D./!!01)!

9)D*))!45!?;*'<8:D!M&'!9)58:)9!&'!<1)!(*4(4*<84:!45!8:8<8&3!'(8I)'!<1&<!M)*)!

54334M)9!?6!&!94;?3)<!M8<18:!"Z!7')2/!!018'!M8:94M!M&'!214'):!?&')9!4:!

<1)!<87)!9;*8:D!M1821!?&2I@(*4(&D&<8:D!&2<84:!(4<):<8&3'!'14M!'8D:8582&:<!

';77&<84:!A'))!B/#/,.!&:9!'(8I)'!422;**8:D!M8<18:!<18'!<87)!M8:94M!1&9!
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