
Welcome! 
 
 
Hey to all of you awesome people who have decided to immerse 
yourselves in the wide and wild world of neural prosthetics! 
 
In order to give you some grounding on what you should expect 
from me this summer, here is a brief textual self-portrait:  
 
Academically speaking, I am intrigued by the relationship 
between the physical brain and the subjective mind—and how 
we can exploit science and engineering to mess with it. I am 
currently studying the biological architecture of the brain with 
the ultimate intention of researching ways to interface it with 
computers.  
 
In terms of hobbies, my most fervent extracurricular love is 

武术, which I began studying freshman year. It has served as a 

source of joy and sanity for what is sometimes a very intense and stifling academic career, 

and I intend to take a year off after I graduate college to expand my skills in its 少林功夫 

roots before pursuing a graduate education in computational neuroscience.  
 
My additional passions include violin, drawing and painting, playing video games (Final 
Fantasy, Zelda, Tomb Raider, Rise of Nations… as we gamers say, w00t!), and trekking 
through the beautiful outdoors.  
 
Finally, a random fact about myself: My most intimate inanimate friends are a bamboo plant 

named 早上好 and a suit of armor named Ederick. Weird? Sure. Cool? Well… you decide.  

 
Before I go, I’d like to bring the discussion back to the eminently more important topic of 
the seminar itself by highlighting the fact that some (but certainly not all) of the readings in 
this coursepack are fairly technical and advanced. I have tried to define terms when 
appropriate, but I leave it up to you to connect my hints to the larger context of what is being 
discussed. I encourage you to take these on as a challenge—don’t despair if you must read 
them multiple times!! Strong motivation can only enhance your comprehension of these 
articles.  
 
I taught a very similar seminar to this one last year and have therefore established a course 
Facebook group at http://www.facebook.com/profile.php?id=2038. There you can find 
extra learning materials (including cool videos!) and interact with former students of the 
class as well as me. People DO respond if you write something, so check it out! 
 
If you have questions, concerns, or other comments, I STRONGLY encourage you to 
emailing me ANY TIME at swanberg@fas.harvard.edu.  
 
I look forward to a thrilling and eye-opening intellectual journey with you this summer!!! 

mailto:swanberg@fas.harvard.edu
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0,5&)!-1&!60(5&!+"!#$*1(,&'!
!
.'#",$&-%"&')?!)&*)&$-&'!(,!$!'(#74&)!
"+)#9!'0##$)(F&'!
!
#%1+'?!*)&$-&!$!+)6$,('#!*+,-$(,(,6!
-1&!'$#&!<=>!$'!$,+-1&)9!*+72!!

6+$4?!$!*+#70-&)!#+5&4!+"!$,!&,-()&!10#$,!.)$(,!AA!)(61-!,+/!$4#+'-!$!'1&&)!U%$3D&!1U!U"+#*3!
6(8&,!-1&!HII!.(44(+,!*&44'!-1&2!/+045!1$8&!-+!&,6(,&&)B!

=E',&$#)! /+,5&)! /1$-! -1&! 70)7+'&! ('! +"! ,"$+)&"E$+3%*! )&74(*$-(,6! -1(,6'! /1&,!
'*(&,-('-'! 1$8&! '+! 4(--4&! 0,5&)'-$,5(,6! +"! -1&()! 70)7+'&! $,5! "0,*-(+,B! N,5&&53! ,+! +,&! /(44!
%,+/3!/(-1(,! -1&! "+)&'&&$.4&! "0-0)&3!/1$-! &:$*-42!1$77&,'! (,! -1&! *()*0(-'!+"! -1&! )&74(*$-&5!
.)$(,!AA!&:*&7-!-1$-!/1$-&8&)!(-!('3!(-!4++%'!'&50*-(8&42!$0-1&,-(*!-+!$,!+0-'(5&!+.'&)8&)B!!

^&)1$7'!-1&!+,42!+,&'!/1+!*+045!1$8&!%,+/,!$)&!-1&!'*+)&'!+"!)$-'!-1$-!*$))2!+,!$!
'1$5+/A4(%&! &:('-&,*&! (,! -1('! '07&)*+#70-&)B! _&'&$)*1&)'! +7&,&5! -1+0'$,5'! +"! )$-! '%044'!
+8&)! -1&! 2&$)'3! )&#+8&5! -1&()! .)$(,'3! $,5! *0-! -1&#! (,-+! -1(,! '4(*&'3!/1(*1! -1&2! %&7-! $4(8&B!
C1&,! -1&2!5()&*-&5! -(,2! '&,'+)'! $-! -1&! (,5(8(50$4! ,&0)+,'B!C1&2! 4('-&,&5! -+! -1&! *&44'! "()(,6!
,&0)+,'3!$,5!(,-&)*&7-&5!-1&!)&'7+,'&'!*+#(,6!")+#!-1&!$5G$*&,-!*&44'B!

C1&! .)$(,! '4(*&'! /&)&! &:7+'&5! -+! $! 8$)(&-2! +"! &4&*-)(*$4! (#704'&'B! C1&! (#704'&'!
)&"4&*-&5! -1&!)&$T-%$! -1$-!#$2!1$8&!.&&,! )&*&(8&5!.2! -1&! 4$.+)$-+)2! )$-'O! .)$(,'!/1&,! -1&!
$,(#$4'!'#&44&5!*1&&'&!+)!/&)&!'-$)-4&5!.2!$!'1$7&B!C1&!*&44'!)&$*-&5!AA!G0'-!$'!-1&2!5(5!/1&,!
-1&! )$-'! /&)&! '-(44! $4(8&! AA! .2! '&,5(,6! &4&*-)(*$4! *1$)6&'! -1)+061! -1&! +'-.1,%'2-)B! C1&!
)&'&$)*1&)'O!#&$'0)(,6!5&8(*&'!)&*+)5&5!$44!'(6,$4'!0,-(4!-1&!.)$(,!'4(*&'!&:7()&5B!

N,! -1&! &,53! -1&! )&'&$)*1&)'! $-! Q$)%)$#O'! 4$.! *+44&*-&5! -1&! &,-()&! .','.&1$.'! +"!
.&1$8(+)!+"!10,5)&5'!+"!-27&'!+"!*&44'!(,!&8&)2!*+,*&(8$.4&!'(-0$-(+,!(,!$!)$-O'!4("&!AA!'-+)&5!(,!
&,54&''! -$.4&'B! C1('! 8$'-! '-+*%7(4&! +"! 5$-$! 4&-! -1&! )&'&$)*1&)'! '-$)-! .0(45(,6! -1&()! 5(6(-$4!
/1,,'%3V+3'.B!

P&,)2!Q$)%)$#3!$!@+0-1!>")(*$,!.2!.()-13!1$'!'7&,-!-1&!4$'-!HM!2&$)'!'-052(,6!-1&!
$+&'.,%"*! $#+,6! .)$(,! *&44'B! P&! 4&$),&5! -+! 0'&! .)$(,A(#704'&! '&,'+)'! (,! -1&! P&(5&4.&)6!
4$.+)$-+)2!+"!<)B!E&)-!@$%#$,,B!@$%#$,,!1$5!5&8&4+7&5!$!#&-1+5!+"!$7742(,6!'0*-(+,!-+!
(,5(8(50$4!6)$2!*&44'!0'(,6!-(,2!64$''!-0.&'3!7)+#7-(,6!-1&!*&44'!-+!)&4&$'&!-1&()!&4&*-)(*!'(6,$4'B!
N,! H``H!1&!/$'! $/$)5&5! -1&!=+.&4!^)(F&! (,!^12'(+4+62! +)!Q&5(*(,&! "+)! 1('! )&'&$)*1B!P('!
'-05&,-3!Q$)%)$#3!"0)-1&)!5&8&4+7&5!-1&!#&-1+5!0,-(4!1&!/$'!$.4&!-+!#+,(-+)!'&8&)$4!*&44'!$-!
-1&! '$#&! -(#&! AA! $! ,0#.&)! -1$-! 1&! 1$'! ,+/! (,*)&$'&5! -+! -/&48&B! DC1$-! /$'! -1&!
.)&$%-1)+0613D!'$2'!Q$)%)$#B!DX&!1$5!,"4'/!&D'!C"*!-+!-1&!$)-("(*($4!.)$(,!.2!-1&!-(#&!/&!
$))(8&5!$-!*+##0,(*$-(+,!.&-/&&,!-1&!*&44'BD!

_&'&$)*1&)'!/+)%(,6!+,!-1('!70FF4&3!-1+0613!'-(44!&:7&*-!-+!)&*&(8&!$!"&/!4&''+,'!(,!
$774(&5! #+5&'-23! 6(8&,! -1&! +8&)/1&4#(,6! *+#74&:(-2! +"! -1&! .)$(,B! N-! -++%! #+,-1'! -+!
*+#74&-&! $! *+72!+"! -1&! "()'-!.)$(,! *&44! -+!.&! -)$,'"&))&5! -+! -1&! *+#70-&)B!C1&!/$3$&"%! *&44!
#+5&4!('!.$'&5!+,!#(44(+,'!+"!"+)#04$'!AA!-1$-!#0*1!5$-$!('!,&&5&5!-+!$*1(&8&!"$()42!,$-0)$4!
.&1$8(+)B! C1&! *+#70-(,6! *$7$*(-2! -1&! 7)+G&*-! )&S0()&'! ('! *+))&'7+,5(,642! 1(61B! >! /1+4&!
7)+*&''+)!('!*0))&,-42!,&&5&5!-+!'(#04$-&!-1&!.&1$8(+)!+"!$!'(,64&!*&44B!

E0-!-1('!('!-1&!7)(*&!+"!-+#1T,.1T$)$+3!)&$4('#B!>!,&)8&!*&44O'!*$7$*(-2!-+!7)+*&''!
&4&*-)(*!'(6,$4'!('!$4#+'-!0,"$-1+#$.4&B!N-!)&$*-'!-+!(,*+#(,6!'-(#04(!0'(,6!-(,2!7+)&'3!%,+/,!
$'! (+,! *1$,,&4'3! -&,'! +"! -1+0'$,5'! +"!/1(*1! $)&! 5('-)(.0-&5! $*)+''! (-'! '0)"$*&B!a4&*-)(*$442!
*1$)6&5!7$)-(*4&'!'4(7!(,!$,5!+0-!+"!-1&!*&44!-1)+061!-1&'&!6$-&/$2'B!C1&!*&44!-$%&'!7$)-!(,!-1&!
+)*1&'-)$!+"!-1+061-!.2!+7&,(,6!+)!*4+'(,6!(-'!(+,!*1$,,&4'B!C1('!('!1+/!(-!7)&7$)&'!(-'&4"!-+!
"()&9!-1('!('!$4'+!1+/!(-!'&,5'!'(6,$4'!-+!,&(61.+)(,6!*&44'3!-1)+061!-1(,!,.1&.-)$1+)!%,+/,!$'!
$:+,'B!

C1&! *+#70-&)! #+5&4! $4'+! (,*405&'! (+,! *1$,,&4'3! $,5! -1&()! 5('-)(.0-(+,! $4#+'-!
#())+)'! -1&!+)(6(,$4B! DP+/&8&)3! $-! -1('! 4&8&4!+"!7)&*('(+,! (-!/+045!.&! (#7+''(.4&! "+)! 0'! -+!
7)+50*&! #(44(+,'! +"! *&44'!T"+-"%%*3D! '$2'! Q$)%)$#B! C1&! '+40-(+,! )&S0()&5! $! '-)+%&! +"!
.+45,&''?!DX&!1$5!-+!$+/-)&.$"%$L'!(-BD!

!
!#/"*&'&+9$6'#",$&-%"&')$=)&'&+9$

$
C+5$2! -1&! E40&! E)$(,! 7)+G&*-! &''&,-($442! 1$'! (-'! +/,! "$*-+)2! -+! 7)+50*&! $)-("(*($4!

.)$(,! #$--&)3! '+! -1&! *+#70-&)! *$,! #%1+'! ,&)8&! *&44'! $4#+'-! $0-+#$-(*$442B! C1&! '2'-&#O'!
7)+50*-(+,!4(,&!*$,!7)+50*&!/1+4&!'&)(&'!+"!,&0)+,'3!+,&!$"-&)!$,+-1&)B!N-'!#&#+)2!*+,-$(,'!
*4+'&!-+!RII!-27&'3!5(""&)&,-($-&5!.2!'1$7&B!C1&!'-+)&5!,&0)+,'!*+045!.&!0'&5!-+!*+,'-)0*-!
-1(,%(,6! -++4'! +"! $,2! '(F&3! (,! 7)(,*(74&B!E&"+)&! -1&2! *$,! .&! $77)+8&5! "+)! 0'&3! -1+0613! -1&!
(,5(8(50$4!*&44'!$)&!)$,5+#42!7)+8(5&5!/(-1!(,5(8(50$4!*1$)$*-&)('-(*'!AA!.&*$0'&!(,!-1&!$*-0$4!
.)$(,3!,+!-/+!*&44'!$)&!(5&,-(*$4B!

X1(4&!,+,&!+"!-1('!('!&'7&*($442!*1$44&,6(,6!"+)!$!'07&)*+#70-&)3!-1&!)&$4!/+)%!'-$)-'!
/1&,!-1&!-(#&!*+#&'!-+!4(,%!HI3III!,+,A(5&,-(*$4!*&44'!-+!+,&!$,+-1&)!(,!$!/$2!-1$-!#())+)'!
,$-0)&B! C1&! )&'04-! ('! $! 7$)-(*04$)42! -)(*%2! LA<! 70FF4&3! .&*$0'&! &$*1! *&44! 1$'! $.+0-! HI3III!
7)+-)0'(+,'!/(-1!/1(*1!(-!$--&#7-'!-+!*+,,&*-!-+!+-1&)!*&44'B!C1&!*+#70-&)3!(,!+-1&)!/+)5'3!



!
!
!
!
!
!
!
!
!
!
!
!
!
!
$1+(!$,!$-+#!-1$-!1$'!$,!&4&*-)(*!
*1$)6&!.&*$0'&!-1&!,0#.&)!+"!(-'!
7)+-+,'!5+&'!,+-!&S0$4!-1&!,0#.&)!
+"!(-'!&4&*-)+,'B!Z+)!&:$#74&3!bYA!('!
$,!(+,!.&*$0'&!(-!('!$,!+:26&,!$-+#!
/(-1!-/+!&:-)$!&4&*-+,'B!!
!
$+#1.,1."&'(!-+!(,*405&!+)!(,-&6)$-&!
(,-+!$!'2'-&#!!
!
!
!
!
!
!
!
!
!
!
!
!
!
!
!
!
!
/"-+&$+3?!(,-(#(5$-(,6!-+!-1&!7+(,-!
+"!5('*+0)$6(,6!+,&!")+#!-)2(,6!
!
!
!
!
!
!
!
!
!
!
!
!
!
!
!
!
!
!
!
!
!
!
!
!
!
!
!
!
!
!
!
!
!
!
!

#0'-!)+-$-&!$,5!-/('-!$44!*&44'!(,!-1&!'7$*&!0,-(4!-1&()!*+,50*-+)'!$)&!*+,,&*-&5!AA!*+))&*-42!AA!
$-!$!-+-$4!+"!HII!#(44(+,!7+(,-'!+"!*+,-$*-B!

C1&!"()'-!71$'&!+"!-1&!7)+G&*-3!/1(*1!('!*0))&,-42!0,5&)/$23!'(#04$-&'!$!-(,2!7$)-!+"!$!
)$-O'!*&)&.)$4!*+)-&:!%,+/,!$'!$!*+)-(*$4!*+40#,3!$!5&,'&!-$,64&!+"!(,-&)*+,,&*-&5!*&44'!$.+0-!
-/+!#(44(#&-&)'!4+,6!$,5!1$4"!$!#(44(#&-&)!(,!5($#&-&)B!C1&!*&)&.)$4!*+)-&:!+"!$44!#$##$4'3!
(,*405(,6!#$,3!*+,'('-'!+"!'0*1!*+)-(*$4!*+40#,'B!b,*&!&8+40-(+,!1$5!1(-!07+,!$!'0**&''"04!
#+5&43!(-!$77$)&,-42!'$/!,+!)&$'+,!-+!#+5("2!(-!'(6,("(*$,-42B!

c+)-(*$4!*+40#,'!$)&!$44A70)7+'&!-++4'3!&S0$442!'0(-&5!-+!7)+8(5&!'1$)7!8('(+,3!$*0-&!
1&$)(,6! $,5! *+#74&:! )&$'+,(,6B! DX&! '&&! (-! $'! $! '+)-! +"! #(,($-0)&! .)$(,3D! '$2'! Q$)%)$#B!
DX(-1! +,42! +,&! +"! -1&'&! *+40#,'3! /&! /+045! *&)-$(,42! .&! *$7$.4&! +"! 7)+*&''(,6!
&,8()+,#&,-$4!'-(#04(3!-1+061!+,42!(,!$!8&)2!.40))&5!/$2BD!

C1&!*&44'!(,!-1&!K$0'$,,&!.)$(,!#+5&4!'-(44!4$*%!-1&()!*1&#(*$4!(,'(5&'B!C1&2!'(#04$-&!
-1&! $.0,5$,*&! +"! &4&*-)(*! '(6,$4'! .&(,6! &:*1$,6&53! .0-! ,+-! -1&! #+4&*04$)! #$*1(,&'! -1$-!
7)+50*&! -1&#B!C1&!$)-("(*($4! *&44'!5+!,+-!*+,-$(,!7)+-&(,'3!/1(*13! (,! )&$4! *&44'3! *+#.(,&! -+!
"+)#! $1+! 6)(5'3! "+)! &:$#74&B!Q+)&! (#7+)-$,-3! -1&! 6&,&'! -1$-! $)&! '/(-*1&5! +,! -+! 7)+50*&!
-1&'&!7)+-&(,'!$)&!$4'+!$.'&,-B!

DX&!/(44!$+#1.,1."&'!-1&!#+4&*04&'!4$-&)3D!'$2'!7)+G&*-!#$,$6&)!Z&4(:!@*1d)#$,,B!
DN,! -1&! ,&:-! "&/! #+,-1'! /&O44! "+*0'! +,! "(,&A-0,(,6! -1&! #+5&4! /&! $4)&$52! 1$8&BD! C1&!
)&'&$)*1&)'!)&7&$-&542!-&'-!-1&()!*()*0(-'3!*+#7$)(,6!-1&()!.&1$8(+)!/(-1!-1&!)&'04-'!")+#!-1&!
)$-!&:7&)(#&,-'B!b,42!/1&,!-1&)&!$)&!,+!4+,6&)!$,2!'(6,("(*$,-!5(""&)&,*&'!('!-1&!'(#04$-(+,!
)&$52!"+)!-1&!,&:-!71$'&B!

C1&!-&$#!&:7&*-'!-+!.&6(,!)&74(*$-(,6!$!/1+4&!)$-!.)$(,!.2!&$)42!,&:-!2&$)B!Z+)!-1$-!
70)7+'&3!1+/&8&)3!-1&!*0))&,-!*+#70-&)!/(44!,+!4+,6&)!.&!'0""(*(&,-!$,5!-1&!)&'&$)*1&)'!/(44!
,&&5!$!,&/!'07&)*+#70-&)3!-1&!/+)45O'!"$'-&'-B!E0-!&8&,!-1$-!4&8&4!+"!*+#70-(,6!'7&&5!/+,O-!
.&!&,+061!"+)! 4+,63!$'! -1&! -&$#!'*)$#.4&'!07! -1&! 4$55&)!+"! 4("&! "+)#'B!DX&O44!#+5&4!$!*$-!
.)$(,3!$!7)(#$-&!.)$(,!$,5!"(,$442!$!10#$,!.)$(,3D!'$2'!Q$)%)$#!*+,"(5&,-423!$'!("!-1&)&O'!,+!
)&$'+,!-+!5+0.-! -1&! "&$'(.(4(-2!+"!'0*1!$!6+$4B!a$*1!'-&7!$4+,6!-1&!/$2!/(44! 4(%&42!,&&5!-1&!
4$-&'-!6&,&)$-(+,!+"!'07&)*+#70-&)B!

N'!(-!&8&,!7+''(.4&T!
c+#70-&)! 6($,-! NEQ! 1$'! 7)+8(5&5! -1&! #$*1(,&)2! "+)! E40&! E)$(,! ")+#! -1&!

.&6(,,(,6B!C1&!*+#7$,2!1$'!7+'(-(+,&5!(-'&4"!"+)!'+#&!-(#&!$'!$!'0774(&)!+"!'07&)*+#70-&)'!
"+)! -1&! '*(&,-("(*! *+##0,(-23! 40)&5! .2! $! )$7(542! 6)+/(,6! #$)%&-B! C1&! K$0'$,,&! .)$(,!
'(#04$-(+,! ('! -1&)&"+)&! $4'+! $! *1$,*&! "+)! NEQ! -+! 6$-1&)! &:7&)(&,*&! (,! ,&/! $,5! /"-+&$+3!
*1$44&,6&'B!

C1&!)&'&$)*1&)'!(,!-1&!E40&!E)$(,!6)+07!$)&!$4)&$52!/+)%(,6!/(-1!NEQ!&:7&)-'!+,!
-1&!74$,'! "+)! $! *+#70-&)! -1$-!/+045!+7&)$-&! $-!,&$)42! (,*+,*&(8$.4&! '7&&5'! AA! -1&!%(,5!+"!
#$*1(,&!,&&5&5!-+!'(#04$-&!-1&!10#$,!.)$(,B!N-!/+045!.&!$,!$.'0)5!0,5&)-$%(,6!("!(-!/&)&!
.$'&5!+,!*0))&,-!-&*1,+4+62B!>!*+#70-&)!*$7$.4&!+"!)0,,(,6!'0*1!$!'(#04$-(+,!/+045!.&!$!
*+4+''0'!-1&!'(F&!+"!'&8&)$4!'+**&)!"(&45'B!D>,5!/&O5!1$8&!$,!&4&*-)(*!.(44!+"!eL!.(44(+,!$!2&$)3D!
'$2'!Q$)%)$#B!E0-!-1&!+0-4++%!*1$,6&'!*+,'(5&)$.42!/1&,!Q$)%)$#!$**+0,-'!"+)!-1&!)$7(5!
6)+/-1!(,!7&)"+)#$,*&!(,!*1(7!-&*1,+4+62B!DE2!YIHM!/&!/(44!1$8&!$))(8&5!$-!$!4&8&4!+"!&,&)62!
*+,'0#7-(+,!-1$-!/&!*+045!*&)-$(,42!$""+)5BD!

E0-!-1&!S0&'-(+,!('3!('!$44!-1&!*+'-!$,5!&""+)-!/+)-1!(-T!DP$4"!-1&!)&'&$)*1!*+##0,(-2!
/(44!'$2!+0)!7)+G&*-!('!,+,'&,'&3D!'$2'!Q$)%)$#B!DN,!-1&()!8(&/3!-1&!.)$(,!('!"$)!-++!*+#74&:!
-+! $44+/! "+)! '0**&''"04! )&74(*$-(+,BD! N,! "$*-3! -1&)&! $)&! $,! $4#+'-! (,"(,(-&! ,0#.&)! +"!
7+''(.(4(-(&'!-+!*+,,&*-!+,42!$!"&/!#(44(+,!.)$(,!*&44'B!P+/!*+045!(-!&8&)!.&!7+''(.4&!-+!5&*(5&!
/1(*1! +"! -1+'&! *+#.(,$-(+,'! /(44! 7)+50*&! *+,'*(+0',&''T! DC1$-O'! $! "0,5$#&,-$4!
#('*+,*&7-(+,3D! '$2'!Q$)%)$#B! DX&! $)&,O-! (,-&)&'-&5! (,! -1&! -1&+)&-(*$4! ,0#.&)B! >"-&)! $443!
&8+40-(+,!"+0,5!$!.(+4+6(*$4!'+40-(+,BD!

C1&!)&'&$)*1&)'!(,!K$0'$,,&!.&4(&8&!-1&2!*$,!)&$*1!-1('!'+40-(+,!+,&!'-&7!$-!$!-(#&B!
C1&!#+)&!5&-$(4&5!(,"+)#$-(+,!$.+0-!.)$(,!.(+4+62!-1&2!(,*+)7+)$-&!(,-+!-1&!'(#04$-(+,3!-1&!
&$'(&)! -1&()! )&#$(,(,6! /+)%! .&*+#&'B! C1('! ('! .&*$0'&! #$,2! -1&+)&-(*$442! 7+''(.4&! .0-!
#&$,(,64&''!.)$(,!*+#.(,$-(+,'!/(44!.&!&4(#(,$-&5B!X1$-!/(44!)&#$(,3!-1&!)&'&$)*1&)'!.&4(&8&3!
$)&!8$4(5!*+#.(,$-(+,'!-1$-!*+045!6(8&!)('&!-+!-1+061-B!

N-O'! $! 5$)(,6! .&-! +,! -1&! "0-0)&B! C1&! E40&! E)$(,! 6)+07! 4$*%'! ,&(-1&)! "0,5'! ,+)!
7(+,&&)(,6!'7()(-B!N-'!)&'&$)*1&)'!5+!,+-!1&'(-$-&!-+!74$*&!(-!+,!7$)!/(-1!-1&!10#$,!6&,+#&!
7)+G&*-B! C1&2! $)&! *+,8(,*&5! -1$-! G0'-! $'! -1&! 6&,+#&! 7)+G&*-! 1$'! 5&*+5&5! #$,O'! 6&,&-(*!
#$%&073! -1&()! 7)+G&*-! (,! K$0'$,,&! /(44! 5&*(71&)! -1&! "0,5$#&,-$4! .(+4+6(*$4! -++4'! +"! 1('!
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