
Background 
!"!#$%&$'()&*!+,-.,&!,/!(,001&$().,&!23*433&!&31-,&#!$&!*53!0)00)6$)&!

2-)$&!$#!037$)*37!28!21-#*#!,/!363(*-$()6!+16#3#!*5)*!+-,+)%)*3!/-,0!&31-,&!*,!
&31-,&!9$)!(530$()6!#8&)+#3#:!!;53#3!+16#3#!)-3!()6637!)(.,&!+,*3&.)6#!,-!!"#$%!:!
<1#*!)#!=&,4637%3!,/!(,663(.93!+-,+3-.3#!,/!/3)*53-#!0)=$&%!1+!2$-7!4$&%#!()&!
$6610$&)*3!*53!#*178!,/!)9$)&!>$%5*?!361($7).&%!&'((%&)*%+,-./0#&!+,/!&31-,&)6!
+,+16).,&#!()&!)79)&(3!,1-!1&73-#*)&7$&%!,/!5,4!6)-%3!&3*4,-=#!,/!&31-,&#!()&!
%$93!-$#3!*,!235)9$,-!)&7!(,%&$.,&:!

Critical!dynamics 
!@)&8!&)*1-)6!#8#*30#?!$&(617$&%!#&,4!)9)6)&(53#?!3)-*5A1)=3#!)&7!#(5,,6#!,/!

'#5?!3B5$2$*!(-$.()6!78&)0$(#:!!C&*3-3#.&%68?!)9)6)&(53#!,/!&31-,&)6!#+$=3#!5)93!
233&!,2#3-937!$&!(,-.(3#!DE*53!2)-=F-$&7!,/!*53!2-)$&G?!,-!(,00,&68!=&,4&!)#!
%-38!0)H3-I!,/!)&3#*53.J37!)&7!)4)=3!)&$0)6#?!)&7!)6#,!$&!(16*1-37!(,-.()6!
#6$(3#K:!;53!,2#3-937!)9)6)&(53#!)-3!3##3&.)668!()#()73#!,/!#+$=3#!*5)*!9)-8!$&!#$J3!
)&7!71-).,&?!L1#*!)#!*53-3!)-3!#&,4!)9)6)&(53#!,/!9)-$,1#!#$J3#!)&7!71-).,&#:!
!"!/34!0,.9).,&#!235$&7!*53!#*178!,/!(-$.()6!78&)0$(#!$&!&31-,&)6!&3*4,-=#!)-3!

)#!/,66,4#M!
KI! @)B$0$J).,&!,/!*53!-3+3-*,$-3!,/!&3*4,-=#!#*)*3#F+)H3-&#!*5)*!()&!23!

3B+6,$*37!/,-!-3(,%&$.,&?!63)-&$&%?!#+,&*)&3,1#!3B+6,-).93F(-3).93!
*5,1%5*#?!3*(:N!

OI! @)B$0$J).,&!,/!*53!-)&%3!,/!#$%&)6#!*5)*!(,167!23!-3(3$937N!
PI! Q&)26303&*!,/!$&/,-0).,&!2$&7$&%!)(-,##!7$R3-3&*!2-)$&!-3%$,&#?!3:%:?!*53!

2$&7$&%!,/!9$#1)6!)&7!)17$*,-8!$&/,-0).,&!$&!$73&./8$&%!#,03,&3!/)0$6$)-:!
Asynchronous irregular (AI) dynamics 
!S3#$73#!(-$.()6!78&)0$(#?!,*53-!*8+3#!,/!78&)0$(#!5)93!233&!,2#3-937:!!C&!

+)-.(16)-?!)#8&(5-,&,1#!$--3%16)-!78&)0$(#!$#!,/!$&*3-3#*:!1!-.&23'.'4!!03)&#!
*5)*!+)$-#!,/!&31-,&#!)-3!&,*!'-$&%!$&!#8&(5-,&8:!533%64(/3!03)&#!*5)*!#+$=3!.0$&%!
,/!$&7$9$71)6!&31-,&#!$#!5)-7!*,!+-37$(*:!T,-.()6!&3*4,-=#!/-,0!)&3#*53.J37!-)*#!
)&7!)4)=3!0)()A13#!5)93!233&!=&,4&!*,!3B5$2$*!5$%568!)#8&(5-,&,1#!#+$=3!
)(.9$*8O?P:!
!;53!"C!#*)*3!$#!$0+,-*)&*!/,-!*53!/,66,4$&%!-3)#,&#M!

KI! C*!+-,9$73#!)!#12#*-)*3!/,-!-,21#*!#$%&)6!+-,+)%).,&UN!
OI! C*!3&5)&(3#!63)-&$&%!#,!*5)*!*-)$&$&%!+-,(3##3#!)-3!/)#*3-!)&7!*53!*-)$&37!

&3*4,-=!,1*+1*#!)-3!0,-3!)((1-)*3!)&7!-,21#*!)%)$&#*!&,$#3V:!

The goal 
!W,-!*53!)/,-303&.,&37!-3)#,&#?!21$67$&%!&31-,&)6!&3*4,-=#!*5)*!L,$&*68!3B5$2$*!

!"'.7/.%'4!!(-$.()6!)&7!"C!78&)0$(#!$#!,/!$&*3-3#*:!;53!#+,&*)&3,1#!&3*4,-=!#*)*3!
$#!)&)6,%,1#!*,!)!7)87-3)0$&%F$76$&%!2-)$&!453-3!*53!&3*4,-=!$#!/-33!*,!3B+6,-3!
*53!#+)(3!*5)*!$*#!78&)0$(#!)66,4:!;53-3!$#!&,!3B*3-&)6!7-$93!#.016).&%!*53!
&3*4,-=:!X&(3!%$93&!)&!$&$.)6!=$(=?!*53!&3*4,-=!()&!#12#3A13&*68!0)$&*)$&!$*#!,4&!
)(.9$*8!4$*5,1*!/1-*53-!3B*3-&)6!#1++,-*:!

Network model 
!;53!&3*4,-=!(,&#$#*#!,/!UYYY!)7)+.93!3B+,&3&.)6!$&*3%-)*3Z)&7Z'-3!D"7QBI![!

&31-,&#?!POYY!D\Y]I!,/!45$(5!)-3!3B($*)*,-8!+8-)0$7)6!&31-,&#!)&7!\YY!DOY]I!,/!
45$(5!)-3!$&5$2$*,-8!/)#*Z#+$=$&%!&31-,&#:!T,&&3(.,&!73&#$.3#!)&7!#*-3&%*5#!)-3!
(5,#3&!#,!*5)*!*53!&3*4,-=!3B5$2$*#!(-$.()6!)&7!)#8&(5-,&,1#!$--3%16)-!78&)0$(#:!

Results 
89! :"'.7/.%'4!+/&)*#7-+

^+,&!*3-0$&).,&!,/!)&!$&$.)6!#.016).,&!/-,0!Y#!*,!K#?!*53!&3*4,-=!$#!)263!
*,!-30)$&!)(.93!$&73'&$*368!D#33!!"#$%I!4$*5!&,!#12#3A13&*!#.016).,&:!

;9! <=&#7/)'.>#.2#?#)'.+?/(/.&%@+
"#!#5,4&!$&!!"#$&?!*-)(3#!,/!3B($*)*,-8!)&7!$&5$2$*,-8!(1--3&*#!$&($73&*!1+,&!
*53!#)0+637!&31-,&!(,1&*3-2)6)&(3!3)(5!,*53-!4$*5!5$%5!*30+,-)6!
+-3($#$,&:!;5$#!-3#16*#!$&!)!&3*!$&($73&*!(1--3&*!*5)*!$#!(6,#3!*,!J3-,:!;-)&#$3&*!
739$).,&#!)4)8!/-,0!#1(5!2)6)&(3!*-$%%3-!#+$=3!%3&3-).,&:!;53!2)6)&(3!$#!)!
7$-3(*!(,&#3A13&(3!,/!-3(1--3&*!(,&&3(.,&#!23*433&!)!6)-%3!&1023-!,/!
&31-,&#!4$*5$&!*53!&3*4,-=:!C&!$*#!#$0+63#*!/,-0?!)&!3B)0+63!,/!-3(1--3&(3!$#!
5)9$&%!*4,!3B($*)*,-8!D$&5$2$*,-8I!&31-,&#!#3&7$&%!+-,L3(.,&#!*,!3)(5!,*53-!
#,!*5)*!*538!01*1)668!3B($*3!D$&5$2$*I!3)(5!,*53-:!

A9! B3#)&/(+,-./0#&!+
X&3!#$%&)*1-3!,/!(-$.()6$*8!$#!*53!+-3#3&(3!,/!016.+63!+,43-Z6)4#!4$*5!
3B+,&3&*#!*5)*!)-3!$&*3--36)*37:!_,43-Z6)4#!)++3)-!)#!#*-)$%5*!6$&3#!,&!6,%Z
6,%!+6,*#:!W,-!&31-,&)6!)9)6)&(53#?!*53-3!)-3!*5-33!+,43-Z6)4!7$#*-$21.,&#!
)##,($)*37!4$*5!)9)6)&(53!71-).,&!)&7!#$J3!D!"#$'I:!;53!71-).,&!7$#*-$21.,&!
D63`!+)&36!,/!!"#$'I!(63)-68!3B5$2$*#!)!-36).9368!#*33+3-!#6,+3!/,-!6,&%!
)9)6)&(53#:!W$&$*3!#$J3!,/!*53!&3*4,-=!)&7!*53!&3*4,-=a#!2)6)&($&%!78&)0$(#!
(,167!5)93!+-,71(37!#1(5!235)9$,-N!*5$#!3R3(*!-30)$&#!*,!23!*3#*37:!X&3!()&!
,&68!(,&(6173!*5)*!*53!3B+,&3&*!)##,($)*37!4$*5!71-).,&!)#!)!/1&(.,&!,/!
#$J3!7$#*-$21.,&!D-$%5*!+)&36!,/!!"#$'I!0$0$(#!30+$-$()6!7)*)!(6,#368K:!
"!0,-3!#*-$&%3&*!)&7!(,&9$&($&%!*3#*!/,-!(-$.()6$*8!$#!)9)6)&(53!+-,'63!
(,66)+#3K:!;53!$73)!$#!*5)*!)9)6)&(53!71-).,&!)&7!#$J3!)(-,##!!""!#()63#!
D*5,1%5!(,&#*-)$&37!28!'&$*3!&3*4,-=!#$J3I!()&!23!(,66)+#37!,&*,!)!#$&%63!
(,00,&!+-,'63!453&!*53!&3*4,-=!$#!$&7337!(-$.()6:!b)*)!/-,0!*53!0,736?!
(,&#$#*37!,/!!,93-!PY?YYY!)9)6)&(53#!-3(,-737!,93-!OY!0$&1*3#?!#1%%3#*#!*53!
+-3#3&(3!,/!#1(5!)!(,66)+#3!D#33!!"#$(I:!;5$#!$#!$&7$().93!,/!(-$.()6$*8:!

C9! 1!-.&23'.'4!+#33%64(/3+D159+,-./0#&!+
W-,0!!"#$%?!$*!$#!(63)-!*5)*!&3*4,-=!78&)0$(#!$#!"C:!T,--36).,&!(,3c($3&*!DTTI!
)&7!(,3c($3&*!,/!9)-$).,&!DTdI!)-3!*4,!(,00,&68!1#37!#*).#.(#!*5)*!
A1)&./8!#8&(5-,&8!)&7!-3%16)-$*8?!-3#+3(.9368:!;53$-!9)613#!)-3!-3#+3(.9368!
63##!*5)&!Y:YK!)&7!%-3)*3-!*5)&!K?!$&7$().&%!)#8&(5-,&,1#!)&7!$--3%16)-!
#+$=$&%:!;5$#!"C!#*)*3!$#!5$%568!#3&#$.93!*,!+3-*1-2).,&#?!)#!(,167!23!#33&!$&!
*53!+)$-!,/!+6,*#!$&!!"#$%:!;53!*,+!#(3&)-$,!7$R3-#!/-,0!*53!2,H,0!,&3!$&!,&3!
-3#+3(*!e!$&!*53!2,H,0!#(3&)-$,?!*53!363(*-$(!+,*3&.)6!,/!'.%+'E+72%+CFFF+
&%((!+#!+"%3743?%,+?-+/+0%3%+8G+/7+7HA!:!f$*5$&!)2,1*!#$%&!$0037$)*368!)`3-!
*53!+3-*1-2).,&?!*53!+)H3-&!,/!#)0+637!#+$=3#!)(-,##!*53!I2'(%!&3*4,-=!
(,0+63*368!)6*3-#!$*#36/!(,0+)-37!*,!*53!1&+3-*1-237!()#3:!;5$#!$#!*53!
+-,93-2$)6!21H3->8!3R3(*?!453-3!.&8!6,()6!+3-*1-2).,&#!+-,+)%)*3!93-8!
-)+$768!*,!)6*3-!*53!%6,2)6!*-)L3(*,-8!,/!*53!#8#*30:!g3-3?!)!0$&$#(163!6,()6!
+3-*1-2).,&!$#!$0+,#37!1+,&!)!#$&%63!&31-,&!)&7!*53!#12#3A13&*!7-)0).(!
%6,2)6!(5)&%3#!$&9,693!)66!UYYY!&31-,&#!,/!*53!&3*4,-=:!

Future directions 
!! QB)0$&3!*53!(,&7$.,&#!1&73-!45$(5!(-$.()6$*8!()&!303-%3!$&!&31-,&)6!

&3*4,-=#!9$)!5,03,#*).(!)&7!+6)#.($*8!03(5)&$#0#:!
!! C0+,#3!&3*4,-=!*,+,6,%$3#!*5)*!)-3!(,&#$#*3&*!4$*5!(,-.()6!)-(5$*3(*1-3!

*,!(,0+)-3!*53!$&/,-0).,&!+-,(3##$&%!()+)2$6$.3#!,/!(-$.()6!&3*4,-=#!
)&7!,/!,*53-!*8+3#!,/!&3*4,-=#:!

S8!;,&8!h%i!1&73-!*53!)79$#303&*!,/!_)16!@$663-!
d,63&!T3&*3-!/,-!T,0+63B!j8#*30#?!S-)&73$#!^&$93-#$*8?!f)6*5)0?!@"!

References 
1)! Friedman, N., Ito, S., Brinkman, B. A. W., Shimono, M., Deville, R. E. L., Dahmen, K. A., Beggs, J. M., & Butler, T. C. (2012). 

Universal critical dynamics in high resolution neuronal avalanche data. Physical Review Letters, 108(208102), 1–5. 
2)! Renart, A., Rocha, J. De, Bartho, P., Hollender, L., Parga, N., Reyes, A., & Harris, K. D. (2010). The asynchronous state in cortical 

circuits. Science, 327, 587–590. 
3)! Ecker, A. S., Berens, P., Keliris, G. A., Bethge, M., Logothetis, N. K., & Tolias, A. S. (2010). Decorrelated neuronal firing in cortical 

microcircuits. Science, 327, 584–586.  
4)! Kumar, A., Rotter, S., & Aertsen, A. (2010). Spiking activity propagation in neuronal networks: reconciling different perspectives on 

neural coding. Nature Reviews Neuroscience, 11, 615–627.  
5)! Sussillo, D., & Abbott, L. F. (2009). Generating coherent patterns of activity from chaotic neural networks. Neuron, 63(4), 544–57. 
6)! Brette, R., & Gerstner, W. (2005). Adaptive exponential integrate-and-fire model as an effective description of neuronal activity. 

Journal of Neurophysiology, 94(5), 3637–42. 
7)! Van Vreeswijk, C., & Sompolinsky, H. (1998). Chaotic balanced state in a model of cortical circuits. Neural Computation, 10(6), 

1321–71. 

J#6K8+L+:"#$%+3/!7%3!+'E+AF+3/.,'0(-+!/0"(%,+.%43'.!+'47+'E+CFFF+
k37F2613!7,*#!)-3!#+$=3#!/-,0!3B($*)*,-8F$&5$2$*,-8!&31-,&#?!-3#+3(.9368:!
;,+!+6,*!$#!*53!,-$%$&)6!-)#*3-:!S,H,0!+6,*!$#!,2*)$&37!/-,0!+3-*1-2$&%!)!
#$&%63!&31-,&a#!363(*-$(!+,*3&.)6!28!K]!)*!'()&:!h,*3!*53!7-)#.(!7$R3-3&(3!$&!
*53!*4,!5$%56$%5*37!D8366,4I!+)H3-&#!#,,&!)`3-!'()&:!*+,'-./+&0!""12.'34.5"04.
67'&.!84.4!&+48.'7.'8!9:;.'34+8.<!=48,&.9"4!8"1.>!+".'7.?!'93.!@48.'()&$.

J#6K;+L+M%7I'3$+3%&433%.&%>0%,#/7%,+%=&#7/)'.>#.2#?#)'.+?/(/.&%+
;53!*5$(=!%-33&!)&7!*5$&!+1-+63!*-)(3#!)-3!-3#+3(.9368!*53!&3*!3B($*)*,-8!)&7!
$&5$2$*,-8!(1--3&*#!$&($73&*!,&!)!-)&7,068!(5,#3&!&31-,&:!;53!-37!*-)(3!$#!
*53$-!7$R3-3&(3:!;53!*4,!(1--3&*#!,`3&!)&&$5$6)*3!3)(5!,*53-:!X(()#$,&)668?!
*53!%-33&!*-)(3!(-33+#!)2,93!*53!+1-+63!,&3!)&7!)!#+$=3!+-3($+$*)*3#!DlI:.

J#6KA+L+N#!73#?4)'.!+'E+D(%O9+/*/(/.&2%+,43/)'.P+D0#,,(%9+/*/(/.&2%+
!#Q%P+/.,+D3#6279+/*/(/.&2%+,43/)'.+/!+/+E4.&)'.+'E+/*/(/.&2%+!#Q%+
_,43-Z6)4#!#5,167!0)&$/3#*!*530#3693#!)#!#*-)$%5*!6$&3#!,&!6,%KYZ6,%KY!+6,*#:!
"9)6)&(53!71-).,&!)++3)-#!*,!23!#12(-$.()6:!"9)6)&(53!71-).,&!3B5$2$*#!)!
6)-%3!#+-3)7!$&!9)613#:!"9)6)&(53!71-).,&!)#!)!/1&(.,&!,/!)9)6)&(53!#$J3!
/,66,4#!)!6$&3)-!-36).,&#5$+!4$*5!)&!3B+,&3&*!,/!mK:O:.

J#6KC+L+1*/(/.&2%+"3'R(%+&'((/"!%+
;53!%-33&?!%-38?!)&7!0)%3&*)!(1-93#!)-3!84A
&9!"46K!03)&!)9)6)&(53!#5)+3#!,/!71-).,&!
OV0#?!VY0#?!)&7!KYY0#!DK:Y?!K:P?!K:[!$&!
6,%KY!$&!!"#$'I?!-3#+3(.9368:!;53!03)&!
#5)+3#!)-3!3#.0)*37!/-,0![OY?!PUP?!)&7!
KKn!$&#*)&(3#!,/!)9)6)&(53#?!-3#+3(.9368:.

)*+,-."/0*12#345.267"8$769*****:"2;76<20*=>?0@@AAA$/"2;76"2$BC-@"2@-51C2D2#@
**


