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KHMGJG<M'JH?'LD3`'H?'%D`'aDAG@a'R0L)%'D@M'0X>KXS&'YGA;'<E<=A?Ha<@G='X>KXU'R0X>KXS'DMDXA<M'J?HK'/G

<A'DE_'R9Sb

0/<DIRNS'P'a/<DI'RN'Q'4/S

0%DRN&-5,S'P'a%D'-
\','RN'Q'4%DS

0TRN&)S'P'aT')
c'RN'Q'4TS

0L)%RN&LDS'P'aL)%'RN'Q'4L)%S'O'R9'`'<ZXRRLD'Q'3L)%SO%L)%SS

''**

0UV@RN&19'___'1%S " aUV@ 1G RN #4UV@S

GP9

%

$

Y;<?<' %' GU' A;<' @>KC<?' HJ' X?<UV@DXAG=' @<>?H@U' D@M' d19' W' 1%^' GU' A;<' U<A' HJ' X?<UV@DXAG=' 1

]D?GDCE<U&'D@M

0X>KXR%DS'P'?X>KX'R&R%DS'Q'&R%D!SS

0@HGU<'P''RAS



!"#$%&'()*+,&'-+%.+%()//&'0'.+/'%+1!2'3445 6'7)%")!*'3448

3

Y;<?<'!6'7' GU'D'1D>UUGD@'@HGU<'A<?K'YGA;'D@'D]<?Da<'HJ'e<?H'D@M'aDKKD'R(S'DU'D@'DMf>UADCE<

XD?DK<A<?'=H@A?HEEG@a'A;<'KDa@GA>M<'HJ'A;<'JE>=A>DAGH@U&'g!6'7h'P'4'X)&'g!6'7*!6'87h'P'(9)6'*:*'87_

:;<' ?<KDG@G@a' J>@=AGH@U' G@' A;<' KHM<E&' G@=E>MG@a' A;HU<' ?<X?<U<@AG@a' A;<' ]HEADa<B

M<X<@M<@=<'HJ'=;D@@<E'IG@<AG=U&'Y<?<

2!RNS'P'9'O'R9'`'<ZXRRN'Q'*ZSO%ZSS

"ZRNS'P'"ZBKDZ'O'=HU;RRN'Q'*ZS'O'R3'%ZSS

&R%DS'P'%D\'O'R%D\'`'3%D
\S_

-HM<E'XD?DK<A<?U'Y<?<'U<A' AH' A;<'JHEEHYG@a']DE><U&'>@E<UU'HA;<?YGU<'UX<=GJG<Mb'L'P'ci

Xj&'aE<DI'P'\'@,&'4/'P'Q64'KN&'a%D'P'9i4'@,&'4%D'P'5i'KN&'aT'P'\4'@,&'4T'P'Bki'KN&'aL)%'P'c'@,&

4L)%'P'4'KN&'aUV@'P'3_i'@,&'4UV@'P'4'KN&'*K'P'B\6'KN&'%K'P'B5_i'KN&'"KBKDZ'P'9'KU&'*;'P'B\4'KN&

%;'P'i'KN&'";BKDZ'P'9i'KU&'*@'P'B\4'KN&'%@'P'Bi'KN&'"@BKDZ'P'\4'KU&'*U'P'9i'KN&'%U'P'B\'KN&'"U'P

9i'KU&'ILD'P'33_i'KU
B9&'IL)%'P'4_8&'%L)%'P'B4_4i'KN&'IU'P'9&'IGX\'P'9344'l-'KU

B9&'?X>KX'P'344'X)&

I%D'P'94'K-&'LD!'P'4_4i'l-&'%D!'P'i'K-&'#'P'4_444k&'$'P'6_6Z94
Bi'K-'X)B9KUB9&'('P'4'X)3_'m<

U=DE<M'A;<'UV@DXAG='XD?DK<A<?U'aUV@'D@M'I$[\*MHY@'CV'D'JD=AH?'HJ'i'JH?'344B@<>?H@'UGK>EDAGH@U_

Calcium currents and synaptic inputs_'NHEADa<BM<X<@M<@A'LD3`'=>??<@AU'D?<'X?<U<@A

G@' A;<' X?<#nAL' D@M' =H@A?GC>A<' AH' C>?UA' a<@<?DAGH@' R3&' \S' C>A' Y<?<' HKGAA<M' J?HK' A;<' =>??<@AB

CDED@=<'<F>DAGH@'JH?'A;<'JHEEHYG@a'?<DUH@U_'LD3`'=>??<@AU'D?<'X?<MHKG@D@AEV'D=AG]DA<M'CV')-[)

?<=<XAH?BK<MG=DA<M'M<XHED?GeDAGH@'M>?G@a'G@UXG?DAH?V'C>?UA'a<@<?DAGH@'RcS&'UH'G@UA<DM'HJ'M<?G]G@a

D@'<ZXEG=GA'LD3`'=>??<@A' A;DA'YH>EM' ?<UXH@M'UX<=GJG=DEEV' AH'UV@DXAG='M<XHED?GeDAGH@&'Y<'=H>XE<M

A;<' UV@DXAG=' ]D?GDCE<' 1' AH' A;<' LD3`' <F>DAGH@' MG?<=AEV_' :;<' UV@DXAG=' ]D?GDCE<' 1' A;<?<JH?<

?<X?<U<@AU'CHA;'GH@HA?HXG='D@M'K<ADCHA?HXG='aE>ADKDA<?aG='?<=<XAH?'RK1E>!S'D=AG]DAGH@b')-[)

?<=<XAH?U'=D>U<'LD3`'=;D@a<U']GD'M<XHED?GeDAGH@&'Y;<?<DU'a?H>X'$'K1E>!U'<E<]DA<'G@A?D=<EE>ED?

LD3`'CV'<]HIG@a' G@A?D=<EE>ED?' ?<E<DU<' J?HK'UAH?<U&'Y;G=;'CHA;'=H@A?GC>A<' AH'LD3`' G@=?<DU<U' A;DA

=H>XE<'AH'D@M'D=AG]DA<'0L)%'M>?G@a'G@UXG?DAH?V'C>?UA'a<@<?DAGH@'RcS_':;<']D?GDCE<'1'DEUH'DXX<D?U'G@

0UV@'G@'A;<'UAD@MD?M'YDV&'D@M'A;<'XD?DK<A<?U'IGX\'D@M'aUV@'U=DE<'GAU'?<EDAG]<'=H@A?GC>AGH@U'AH'LD
3`

MV@DKG=U'D@M'AH'0UV@&'?<UX<=AG]<EV_

Christopher Del Negro


Christopher Del Negro
 the word is "mediated".
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Parameter values_' ,V@DXAG=' =H>XEG@a' DJJ<=AU' LD3`' D==>K>EDAGH@' D@M' 0L)%' D=AG]DAGH@&

Y;G=;' =HEE<=AG]<EV' >@M<?EG<' C>?UA' a<@<?DAGH@_' LH@U<F><@AEV&' C>?UA' M>?DAGH@' D@M' A;<' G@A<?C>?UA

G@A<?]DE'M<X<@M'H@'A;<'XD?DK<A<?']DE><U'JH?'aL)%*&'3$[\*&'aUV@*&'?X>KX&'D@M'3LD*Y;<@'0X>KX'GU'X?<U<@A_

!;VA;KG='UHE>AGH@U' G@' A;<'KHM<E'X<?UGUA<M'H]<?'U>CUAD@AGDE']D?GDAGH@' G@' A;<U<'XD?DK<A<?U' J?HK

@HKG@DE'CDU<EG@<']DE><U_'!<a>EDAG@a'A;<U<'I<V'XD?DK<A<?U'U>XXH?A<M'D'YGM<'?D@a<'HJ'G@A<?C>?UA

G@A<?]DEU' D@M' C>?UA' M>?DAGH@U' RjGa_' ,3S_' :;GU' ?HC>UA@<UU' D@M' =DXD=GAV' AH' a<@<?DA<' C>?UAU'YGA;

]D?VG@a'=;D?D=A<?GUAG=U'U>XXH?A'A;<'?<E<]D@=<'HJ'A;GU'KHM<E'AH'?<UXG?DAH?V'?;VA;KHa<@<UGU&'Y;<?<

KHM>EDAGH@'D@M'?<a>EDAGH@'HJ'A;<'CDUG='?;VA;K'GU'<UU<@AGDE'JH?'A;<'X;VUGHEHaV'HJ'?<UXG?DAGH@'RiB5S_

Synaptic delay_' $@' UGK>EDAGH@U'HJ' A;<' U<EJB=H>XE<M' =<EE&'Y<' G@A?HM>=<M'D' EDA<@=V';M<EDV&

YGA;'1"*<*=*>*6=*?*<ZX66@6'*:';M<EDVS*:*#17>$177&'AH'KGKG='A;<'M<EDV'G@'UV@DXAG='=H>XEG@a'G@;<?<@AEV

X?<U<@A'G@'A;<'K>EAGB=<EE'UGK>EDAGH@U'M><'AH'UXGI<'DUV@=;?H@V'R8S_'m<'JH>@M'F>DEGADAG]<EV'UGKGED?

MV@DKG=U' JH?';M<EDV' J?HK' 4' >X' AH' 98'KU_' $@' a<@<?DE&' Y<' >U<M';M<EDV' P' 6' KU' AH' a<@<?DA<' AGK<

=H>?U<U'G@'A;<'U<EJB=H>XE<M'=DU<'RjGaU_'\&c&,3&,\S_

Activity-dependent outward currents_'$@'UHK<'=DU<U5*0X>KX'YDU'?<XED=<M'CV'DEA<?@DAG]<

@<A'H>AYD?M'=>??<@AU&'DU'JHEEHYU'RU<<'jGaU_'c&,\&,cS_

9S'',EHYEVBD=AG]DAG@a'-BEGI<'T`'=>??<@A'R0-Sb

0-RN&')-S'P'a-')-'RN'Q'4TS

M)-OMA'P'R)-!RNS'Q')-S'O'"@-RNS

"@-RNS'P'"@-BKDZ'O'=HU;RRN'Q'*@S'O'R3'%@SS

Y;<?<*4/'P'Qik_k'KN&'('P'i44'X)
3&'a-'P'3'@,&'"@-BKDZ'P'9444'KU'D@M'*@'P'B\4'KN&'%@'P'Bi'KN&

DU' DCH]<&' YDU' CDU<M' H@' D' M<EDV<MB?<=AGJG<?' =>??<@A' G@' D' X?<#nAL' KHM<E' CV' #>A<?D' D@M

=HEE<Da><U'R94&'99S'C>A'YGA;'UEHY<?'IG@<AG=U_

3S'LD3`BM<X<@M<@A'T`'=>??<@A'R0TBLDSb

0TBLDRN&'ATBLDS'P'aTBLD'A
3
TBLD'RN'Q'4TS

MATBLDOMA'P'RA!RLDS'Q'ATBLDS'O'"TBLD

A!RLDS'P'9'O'R9'`'RITBLDOLDS
cS

Christopher Del Negro


Christopher Del Negro
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Y;<?<'4/'P'Q64_9i'KN&'('P'i44'X)
3&''aTBLD'P'\'@,&'ITBLD'P'4_8'l-&'"TBLD'P'944'KU&'YDU'CDU<M'H@

CGHX;VUG=DE'KHM<EG@a'D@M'a<@<?DE'X?HX<?AG<U'HJ'0TBLD'R93&'9\SB

\S''[<?UGUA<@A'%D`'=>??<@A'R0C&DES'YGA;'UEHY'G@D=AG]DAGH@b

0%DB[RN&',%DB[S'P'a%D['-%D[!RNS','%DB['RN'Q'4%DS

M,%DB[OMA'P'R,%DB[B!RNS'Q',%DB[S'O'"%DB[

-%DB[B!RNS'P'9'O'R9'`'<ZXRRN'Q'*KB%DB[SO%KB%DB[SS

,%DB[B!RNS'P'9'O'R9'`'<ZXRRN'Q'*;B%DB[SO%;B%DB[SS

Y;<?<'4/'P'Q69_3i'KN&'('P'i44'X)
3&'a%DB['P'9'@,&'*KB%DB['P'Qc4'KN&'%K%D['P'Q6'KN&'*;%D['P'Qc5

KN&'%;B%DB['P'6'KN&'D@M'"%DB['P'9444'KU&'YDU'CDU<M'H@'A;<'X?<#nAL'KHM<E'CV'#>A<?D'<A'DE_'R94&

99S_

m;<@'D@V'HJ' A;<U<'H>AYD?M'=>??<@AU'YDU' G@=E>M<M&' ?;VA;KG='D=AG]GAV' G@' A;<'KHM<E'YDU

F>DEGADAG]<EV' UGKGED?' AH' A;DA' a<@<?DA<M' YGA;' 0X>KX' RjGaU_' \&c&,\S_' $@' XD?AG=>ED?&' A;<' U<EJB=H>XE<M

UG@aE<B=<EE' KHM<E' D@M' A;<' AYHB=<EE' KHM<E' X?HM>=<M' ?<X<AGAG]<' D=AG]GAV' XDAA<?@U' J<DA>?G@a

UXH@AD@<H>U'UXGIG@a'X?GH?' AH' A;<'C>?UA&' JHEEHY<M' GKK<MGDA<EV'CV'D';Ga;<?BJ?<F><@=V'UXGI<' ?DA<

M>?G@a'A;<'C>?UA&'UXGI<'DAA<@>DAGH@'YGA;G@'<D=;'C>?UA'RG_<_&'M<XHED?GeDAGH@'CEH=IS&'D@M'D'A?D@UG<@A

F>G<U=<@A'X<?GHM'C<JH?<'EHYB?DA<'X?<BC>?UA'UXGIG@a'?<U>K<M_'$@'DEE'=DU<U'<Z=<XA'A;<'KHM<E'YGA;

0%DB[&* CHA;' LD
3`' D@M' D' UEHY' D=AG]DAGH@' ]D?GDCE<' DUUH=GDA<M' YGA;' A;<' DMMGAGH@DE' H>AYD?M' =>??<@A

D==>K>EDA<M'M>?G@a' A;<'C>?UA_' $@' A;<'=DU<'HJ' 0%DB[&'LD
3`' D==>K>EDAGH@'YDU'D==HKXD@G<M'CV'D

M<=?<DU<'G@'A;<'aDAG@a']D?GDCE<',%D[&'Y;G=;'=D>U<M'0%DB['G@D=AG]DAGH@'D@M'J>@=AGH@<M'D@DEHaH>UEV

AH' D=AG]DAGH@' HJ' D@' H>AYD?M' =>??<@A' RjGa_' cL&,\.S_' %H' KDAA<?' Y;G=;' =>??<@A' YDU' >U<M&' A;<

?;VA;KG=' D=AG]GAV' M<X<@M<M' =?>=GDEEV' H@' UV@DXAG=' G@A<?D=AGH@U' D@M' 0L)%_' :;<' H@EV' UGa@GJG=D@A

MGJJ<?<@=<' HCU<?]<M' DKH@a' A;<' =>??<@AU' =H@UGM<?<M'YDU' A;DA' YGA;' 0X>KX&' C>?UAG@a' =H>EM' H==>?

<]<@'YGA;H>A' G@=E>MG@a'UV@DXAG='A?D@UKGUUGH@'EDA<@=V&'Y;GE<'A;<'HA;<?'=>??<@AU'?<F>G?<M'D'UKDEE

EDA<@=V' R;M<EDV' DCH]<' D' UKDEE' XHUGAG]<' EHY<?' CH>@MS' AH' =D>U<' AH@G=' UXGIG@a' AH' ?DKX' >X' A;<

UV@DXAG='?<UXH@U<&'A;<?<CV'X?HKHAG@a'U>JJG=G<@A'?<=>??<@A'<Z=GADAGH@'AH'<EG=GA'C>?UAG@a'RjGa_',\#B

.S_

Christopher Del Negro
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m<' DEUH' UGK>EDA<M' 344B@<>?H@' @<AYH?IU' RjGa_' ,cS_' ' jH?' A;<' 0X>KX' UGK>EDAGH@U&'4/' YDU

M?DY@'J?HK'D'1D>UUGD@'R@H?KDES'MGUA?GC>AGH@'YGA;'D'K<D@'HJ'Q64_4'D@M'UAD@MD?M'M<]GDAGH@'HJ'9

KN'RG_<_&'Q64_4o9'KNS_'jH?'A;<'HA;<?'@<A'H>AYD?M'=>??<@AU&'A;<'4/'MGUA?GC>AGH@';DM'A;<'JHEEHYG@a

K<D@U'D@M'UAD@MD?M'M<]GDAGH@Ub*Qik_\o9'KN' RjGa_',c#S&'Q64_9o9'KN' RjGa_',cLS&'D@M'Q69_o9

KN'RjGa_',c.S_':;<'MGJJ<?<@=<U' G@'K<D@U'Y<?<'U<E<=A<M' AH'=HKX<@UDA<' JH?' A;<'MGJJ<?<@A' AH@G=

=HKXH@<@AU' HJ' A;<' H>AYD?M' =>??<@AU' R0-&' 0TBLD&' D@M' 0%D[' G@D=AG]DAGH@S' A;DA' DJJ<=A<M' CDU<EG@<

K<KC?D@<'XHA<@AGDEU'G@'<D=;'=DU<_

Caveats and limitations_' 2>?' X?<#nALBEGI<' KHM<E' @<>?H@' ED=IU' A?D@UG<@A' )BAVX<' T`

=>??<@A' R0)S' D@M' ;VX<?XHED?GeDAGH@BD=AG]DA<M' KGZ<M' =DAGH@G=' =>??<@A' R0;S_' 0)' G@JE><@=<U' A;<

?<=?>GAK<@A'XDAA<?@'HJ'X?<#nAL'@<>?H@U'M>?G@a'?<=>??<@A'<Z=GADAGH@'G@'A;<'\44B9444'KU'X?GH?'AH

A;<'G@UXG?DAH?V'C>?UA'R9cS_'0;'KHM>EDA<U'?<UXG?DAH?V'J?<F><@=V'$)*%$'#('D@M'G@JE><@=<U'A;<'CDU<EG@<

K<KC?D@<'XHA<@AGDE'A?Df<=AH?V'R9i&'96S_'2>?'KHM<E'X?<MG=AU'A;DA'A;<'HKGAA<M'=>??<@AU'KDV'@HA'C<

<UU<@AGDE'JH?'C>?UA'a<@<?DAGH@&'C>A'?DA;<?'G@JE><@=<'G@UXG?DAH?V'C>?UA'=;D?D=A<?GUAG=U'D@M'?<a>EDA<

?<UXG?DAH?V'J?<F><@=V'R3BiS_

:;<' KHUA' X?HCE<KDAG=' UGKXEGJG=DAGH@' KDV' C<' A;DA' A;<' KHM<E' GU' EGKGA<M' AH' D' UG@aE<

GUHXHA<@AGDE'=HKXD?AK<@A' G@'Y;G=;'UV@DXAG=' G@A<a?DAGH@'D@M'UXGI<'a<@<?DAGH@'H==>?'<ZXEG=GAEV' G@

A;<'UDK<'EH=DAGH@_'!<=<@A'?<XH?AU'U>aa<UA'A;DA'UV@DXAG='?<=?>GAK<@A'HJ'0L)%'KDV'H==>?'X?G@=GXDEEV

G@'A;<'M<@M?GA<U'Rc&'9k&'95S&'Y;G=;'GU'EGI<EV'A;<'X?GKD?V'UGA<'HJ'%DOT'X>KX'D=AG]GAV&'Y;<?<DU'KHUA

UHMG>K' G@JE>Z' ]GD' 0%D' H==>?U' G@' A;<' DZH@' ;GEEH=I_' :;<U<' HCU<?]DAGH@U' D?<' ?<JE<=A<M' G@' H>?' %D
`

<F>DAGH@&'Y;G=;'G@=E>M<U'M<@M?GAG='%D`'=>??<@AU'V<A'@<aE<=AU'0%D&'UG@=<'MGJJ>UGH@'HJ'UHMG>K'J?HK

A;<' DZH@' ;GEEH=I' AH' A;<' M<@M?GA<U' YH>EM' C<' KG@GKDEp' H>?' KHM<E' DEUH' a<@<?DA<U' F>DEGADAG]<EV

UGKGED?' C>?UAG@a'Y;<@' >X' AH' 94q' HJ' A;<'%D`' G@JE>Z' ]GD' 0%D' GU' G@=E>M<M' G@' A;<' M%DOMA' <F>DAGH@_

.<UXGA<'A;GU'=HKXEG=DAGH@&'KDG@ADG@G@a'D'UG@aE<B=HKXD?AK<@A'KHM<E';DU'D'@>KC<?'HJ' GKXH?AD@A

DM]D@ADa<Ub' GS' A;<'UG@aE<B=HKXD?AK<@A'=H@UA?>=AGH@' JD=GEGADA<U'CGJ>?=DAGH@'D@DEVU<Up' GGS'C<=D>U<

GAU'KH?X;HEHaV'GU'@HA'UX<=GJG='AH'X?<#nAL'@<>?H@U&'A;<'KHM<E'X?H]GM<U'D'KH?<'a<@<?DE'A<KXEDA<

AH' C<aG@' <ZXEH?G@a' a?H>XBXD=<KDI<?' D=AG]GAV' CV'KHMGJVG@a' A;<'KHM<E' AH'KDA=;' HA;<?' @<>?H@DE
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X;<@HAVX<U'JH>@M'G@'L[1U'G@'HA;<?'XD?AU'HJ'A;<'C?DG@'UA<K'D@M'UXG@DE'=H?Mp'D@M'GGGS'A;<'UGKXEG=GAV

HJ' A;<' X?<U<@A' KHM<E' <E>=GMDA<U' A;<' a<@<?DE' X?G@=GXE<U' >@M<?EVG@a' D' @H]<E' a?H>X' XD=<KDI<?

K<=;D@GUK' JH?' ?;VA;KHa<@<UGU' DXXEG=DCE<' AH' L[1U&' V<A' ?<ADG@U' GAU' =H@@<=AGH@' AH' G@UXG?DAH?V

?;VA;K' a<@<?DAGH@' G@' A;<' X?<#nAL&' Y;G=;' KHAG]DA<M' H>?' U<D?=;' JH?' @<Y' ?;VA;KHa<@G=

K<=;D@GUKU_

F"+"#")G"1

9_ /G'*r&'#<?A?DK'!&'0'!G@e<E'7'R9886S'-HM<EG@a'%BK<A;VEB.BDUXD?ADA<BG@M>=<M'C>?UAG@a'G@
MHXDKG@<'@<>?H@U_'C"H#(1G$")G"'k9R3Sb\8kBc94_

3_ +EU<@'j['0'!DKG?<e'7-' R9885S'LDE=G>K'=>??<@AU'HJ' ?;VA;KG='@<>?H@U' ?<=H?M<M' G@' A;<
GUHEDA<M'?<UXG?DAH?V'@<AYH?I'HJ'@<H@DADE'KG=<_'I*C"H#(1G$'95R3cSb946i3B94663_

\_ 2@GKD?>' (&' #DEED@VG' T&' 0' (HKKD' $' R344\S' LH@A?GC>AGH@' HJ' LD3`BM<X<@M<@A
=H@M>=AD@=<U' AH' K<KC?D@<' XHA<@AGDE' JE>=A>DAGH@U' HJ' K<M>EED?V' ?<UXG?DAH?V' @<>?H@U' HJ
@<YCH?@'?DAU'G@']GA?H_'I*E,J1$(/'ii3R[A'\Sbk3kBkc9_

c_ [D=<' !m' 0' .<E' %<a?H' L)' R3445S' )-[)' D@M' K<ADCHA?HXG=' aE>ADKDA<' ?<=<XAH?U
=HHX<?DAG]<EV' a<@<?DA<' G@UXG?DAH?VBEGI<' M<XHED?GeDAGH@' G@' KH>U<' ?<UXG?DAH?V' @<>?H@U' G@
]GA?H_'4H#*I*C"H#(1G$'$@'X?<UU_

i_ j<EMKD@' 7/' 0' .<E' %<a?H' L)' R3446S' /HHIG@a' JH?' G@UXG?DAGH@b' @<Y' X<?UX<=AG]<U' H@
?<UXG?DAH?V'?;VA;K_'C&'*F"%*C"H#(1G$'kR\Sb3\3B3c3_

6_ j<EMKD@' 7/&' -GA=;<EE' 1,&' 0' %DAAG<' ++' R344\S' #?<DA;G@ab' !;VA;KG=GAV&' [EDUAG=GAV&
L;<KHU<@UGAG]GAV_'K))H*F"%*C"H#(1G$'36b3\8B366_

k_ !G=;A<?'.m'0',XV<?'T-'R3449S',A>MVG@a'?;VA;KHa<@<UGU'HJ'C?<DA;G@ab'=HKXD?GUH@'HJ'G@
]G]H'D@M'G@']GA?H'KHM<EU_';#").1*C"H#(1G$'3cR5Sbc6cBck3_

5_ #GD@=;G')/&'.<@D]GAB,D>CG<'-&'0'L;DKXDa@DA'7' R988iS'L<@A?DE'=H@A?HE'HJ'C?<DA;G@a' G@
KDKKDEUb'@<>?H@DE'=G?=>GA?V&'K<KC?D@<'X?HX<?AG<U&'D@M'@<>?HA?D@UKGAA<?U_'E,J1$(/*F"%
kiR9Sb9Bci_

8_ #<UA'7&'#H?GUV>I')&'!>CG@'7&':<?KD@'.&'0'm<=;U<EC<?a<?'-'R344iS':;<'MV@DKG='?D@a<
HJ'C>?UAG@a'G@'D'KHM<E'?<UXG?DAH?V'XD=<KDI<?'@<AYH?I_'L0KM*I*KNNB*!J)B*LJ1B'cRcSb994kB
99\8_

94_ #>A<?D'!7&'7?_&'!G@e<E'7&'0',KGA;'7L'R9888S'-HM<EU'HJ'?<UXG?DAH?V'?;VA;K'a<@<?DAGH@' G@
A;<' X?<B#nAeG@a<?' =HKXE<Z_' $_' #>?UAG@a' XD=<KDI<?' @<>?H@U_' I*C"H#(N,J1$(/' 53R9Sb\53B
\8k_

99_ #>A<?D'!7&'7?_&'!G@e<E'7&'0',KGA;'7L'R9888S'-HM<EU'HJ'?<UXG?DAH?V'?;VA;K'a<@<?DAGH@' G@
A;<' X?<B#nAeG@a<?' =HKXE<Z_' $$_' [HX>EDAGH@U' 2J' =H>XE<M' XD=<KDI<?' @<>?H@U_' I
C"H#(N,J1$(/'53R9Sb\85Bc9i_

93_ +@a<E'7&',=;>EA<@U'()&'0',=;GEM'.'R9888S',KDEE'=H@M>=AD@=<'XHADUUG>K'=;D@@<EU'=D>U<
D@' D=AG]GAVBM<X<@M<@A' UXGI<' J?<F><@=V' DMDXADAGH@' D@M' KDI<' A;<' A?D@UJ<?' J>@=AGH@' HJ
@<>?H@U'EHaD?GA;KG=_'O$(N,J1*I'k6R\Sb9\94B9\98_

9\_ ,AH=I<?'-'R344cS'LDR3`SBD=AG]DA<M'T`'=;D@@<EUb'KHE<=>ED?'M<A<?KG@D@AU'D@M'J>@=AGH@'HJ
A;<',T'JDKGEV_'C&'*F"%*C"H#(1G$'iR94Sbki5Bkk4_

9c_ (DV<U'7)&'-<@M<@;DEE'7/&'#?>U;'#!&'0'.<E'%<a?H'L)'R3445S'cB)KG@HXV?GMG@<BU<@UGAG]<
H>AYD?M' =>??<@AU' G@' X?<#nAeG@a<?' =HKXE<Z' @<>?H@U' G@JE><@=<' ?<UXG?DAH?V' ?;VA;K
a<@<?DAGH@'G@'@<H@DADE'KG=<_'I*E,J1$(/'i56RkSb9839B98\6_

Christopher Del Negro


Christopher Del Negro


Christopher Del Negro


Christopher Del Negro
28:2434-2442.



!"#$%&'()*+,&'-+%.+%()//&'0'.+/'%+1!2'3445 6'7)%")!*'3448

k

9i_ -G?H@H]',/&'/D@aH;?'T&'0'!G=;A<?'.m'R3444S'(VX<?XHED?GeDAGH@BD=AG]DA<M'=>??<@A&'$;&'G@
G@UXG?DAH?V' C?DG@UA<K'@<>?H@U'D@M' GAU' G@;GCGAGH@' CV' ;VXHZGD_'4H#* I*C"H#(1G$' 93R3Sbi34B
i36_

96_ :;HCVB#?GUUH@'-&':<EaIDKX'[&'0'!DKG?<e'7-'R3444S':;<'?HE<'HJ'A;<';VX<?XHED?GeDAGH@B
D=AG]DA<M' =>??<@A' G@'KHM>EDAG@a' ?;VA;KG=' D=AG]GAV' G@' A;<' GUHEDA<M' ?<UXG?DAH?V' @<AYH?I' HJ
KG=<_'I*C"H#(1G$'34R5Sb388cB\44i_

9k_ -G?H@H]',/' R3445S'-<ADCHA?HXG=' aE>ADKDA<' ?<=<XAH?U' D=AG]DA<' M<@M?GAG=' =DE=G>K'YD]<U
D@M' :![-' =;D@@<EU' Y;G=;' M?G]<' ?;VA;KG=' ?<UXG?DAH?V' XDAA<?@U' G@' KG=<_' I* E,J1$(/
i56R8Sb33kkB3389_

95_ -H?aDMHBNDEE<' L&' #<EA?D@B[D??DeDE' /&' .Gj?D@=H' -&' N<?aD?D' 7/&' 0' j<EMKD@' 7/' R3445S
,HKDAG='LD3`'A?D@UG<@AU'MH'@HA'=H@A?GC>A<'AH'G@UXG?DAH?V'M?G]<'G@'X?<#nAeG@a<?'LHKXE<Z
@<>?H@U_'I*E,J1$(/'i56R[A'95Sbci\9Bcic4_


