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Half	
  of	
  all	
  connec-ons	
  in	
  a	
  given	
  area	
  is	
  intracor-cal,	
  the	
  other	
  half	
  is	
  cor-cocor-cal	
  	
  
(Braitenberg	
  &	
  Schütz).	
  To	
  close	
  the	
  func-onal	
  circuits	
  in	
  the	
  brain,	
  a	
  full	
  brain	
  approach	
  is	
  
needed.	
  



Anatomical	
  connec-vity	
  is	
  a	
  good	
  predictor	
  of	
  func-onal	
  connec-vity.	
  

The	
  inverse	
  is	
  not	
  true.	
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Ghosh	
  et	
  PLoS	
  CB	
  2008	
  

   
xi = −xi + cijx j (t − τ ij )

j
∑

Space-­‐-me	
  structure	
  of	
  couplings	
  



• 	
  Networks	
  with	
  various	
  connec1vity,	
  but	
  only	
  one	
  1me	
  delay	
  

	
  Many	
  papers	
  (Yeung	
  &	
  Strogatz	
  PRL	
  1998,	
  Chen	
  et	
  al	
  IEEE	
  2002,Jirsa	
  &	
  Ding	
  PRL	
  2004,	
  ...)	
  
	
  Nice	
  review	
  by	
  SA	
  Campbell	
  in	
  HandBook	
  of	
  Brain	
  Connec-vity	
  (Jirsa	
  &	
  McIntosh,	
  eds)	
  
	
  Handbook	
  of	
  Chaos	
  and	
  Control,	
  Schöll	
  &	
  Schuster	
  (eds)	
  2007	
  

• 	
  Networks	
  with	
  distributed	
  1me	
  delay	
  

	
  distribu-on	
  is	
  in	
  -me.	
  Atay	
  PRL2003,	
  Qubbaj	
  &	
  Jirsa	
  PRL	
  2007,	
  Physica	
  D2009	
  

• 	
  Networks	
  with	
  two	
  1me	
  delays	
  

	
  Shayer	
  &	
  Campbell	
  SIAM	
  2000,	
  Matsumoto	
  et	
  al	
  2011	
  

• 	
  Networks	
  with	
  many	
  1me	
  delays	
  
	
  No	
  theorems.	
  

Networks	
  with	
  0me	
  delays	
  

   
xi = −xi + cijx j (t − τ ij )

j
∑

   
xi = −xi + cijx j (t − τ )

j
∑

   
xi = −xi + cijx j (t − τ ij )

j
∑

   
xi = −xi + cij (t − τ )∫ x j (τ − τ ij )

j
∑ dτ
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Two-­‐point	
  connec-ons	
  embedded	
  in	
  neural	
  fields	
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  Kelso	
  PRE	
  2000;	
  Jirsa,	
  Phil.	
  Trans.	
  Royal	
  Society	
  A	
  2009;	
  Qubbaj	
  &	
  Jirsa	
  PRL2010;	
  Brackley	
  &	
  Turner	
  Biol.	
  Cybern.	
  2009;	
  for	
  Review:	
  Jirsa,	
  
Neuroinforma-cs	
  2004	
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Synchronisa-on	
  depends	
  on	
  the	
  
connectome’s	
  space-­‐-me	
  structure	
  

Time	
  delays	
  ma\er	
  for	
  oscillatory	
  ac-va-ons	
  	
  

 

Θi (t) = Δω i + cij sin(Θ j (t − τ j ) −
j=1
i≠ j

N

∑ Θi (t))

 

Xi (t) = −Xi (t) + cij X j (t)
j=1
i≠ j

N

∑Firing	
  rate	
  :	
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Space-­‐-me	
  structure	
  of	
  three	
  different	
  human	
  subjects	
  

Aram,	
  McIntosh,	
  Jirsa	
  (in	
  prepara-on)	
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Space-­‐-me	
  structure	
  averaged	
  over	
  10	
  different	
  subjects	
  

Aram,	
  McIntosh,	
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  prepara-on)	
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\ 

Vector-Matrix Form 

; 

Symmetric Coupling 

Eigenvectors : Eigenvalues : 

The case of no diffusion 

Multiply from left by 

Qubbaj	
  &	
  Jirsa	
  PRL	
  2007,	
  Physica	
  D2009	
  



If                            then                           is Stable   

If                           then                            is Unstable   

The Characteristic Eq : 

Critical Surface           Stability Change 

System remains stable for  

Qubbaj	
  &	
  Jirsa	
  PRL	
  2007,	
  Physica	
  D2009	
  



Institut	
  de	
  Neurosciences	
  des	
  Systèmes	
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  McIntosh,	
  Jirsa	
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Overall	
  synchroniza-on	
  

Cluster	
  1	
  only	
  	
  

Cluster	
  2	
  only	
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Systema-c	
  change	
  of	
  Δτ	
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  prepara-on)	
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Synchronizability	
  in	
  network	
  with	
  
connec-vity	
  matrix	
  averaged	
  across	
  10	
  
subjects	
  

Space-­‐0me	
  structure	
  of	
  the	
  human	
  connectome	
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Stability	
  of	
  the	
  Equilibrium	
  point	
  –	
  the	
  human	
  brain	
  at	
  rest	
  
Principal	
  Component	
  Analysis	
  

Ghosh	
  et	
  al.	
  PLoS	
  CB	
  (2008)	
  
Knock	
  et	
  al.	
  JNSM	
  (2009)	
  



Independent	
  component	
  analysis	
  demonstrates	
  the	
  
existence	
  of	
  robust	
  various	
  res-ng	
  state	
  networks	
  

Damoiseaux	
  et	
  al	
  PNAS	
  2006	
  

Res0ng	
  state	
  dynamics	
  of	
  the	
  human	
  brain	
  



Resting state activity displays ultraslow fluctuations 

	
  Simultaneous	
  EEG	
  and	
  
fMRI	
  study	
  finds	
  cross-­‐
correla-ons	
  between	
  
BOLD	
  signal	
  and	
  the	
  
power	
  fluctua-ons	
  in	
  each	
  
frequency	
  band.	
  

	
  Man-ni	
  et	
  al.	
  PNAS	
  2007	
  



Res-ng	
  state	
  networks	
  (RSN)	
  as	
  a	
  biomarker	
  of…	
  

•  Schizophrenia	
  and	
  au-sm	
  (Uhlhaas	
  &	
  Singer	
  2011)	
  

•  Obesity	
  (Dubbelink	
  et	
  al	
  2008,	
  Garcia-­‐Garcia	
  et	
  al	
  2012,	
  
Babiloni	
  et	
  al	
  2011,	
  Kullmann	
  et	
  al	
  2011)	
  

•  Epilepsy	
  (Be\us	
  et	
  al	
  PLoS	
  One	
  2011)	
  
•  Ageing	
  and	
  Alzheimer	
  (Koch	
  et	
  al	
  2010,	
  Agosta	
  et	
  al	
  

2011)	
  

•  …	
  

Can	
   we	
   use	
   the	
   RSN	
   dynamics	
   for	
   the	
   tes-ng	
   and	
  
valida-on	
   of	
   hypothesized	
   physiological	
   mechanism?	
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Implementa-on	
  of	
  biologically	
  realis-c	
  large	
  scale	
  model	
  

• Number	
  of	
  regions:	
  N=38	
  
• Connec-vity	
  matrix,	
  f(i,j),	
  gives	
  
the	
  weight	
  of	
  link	
  i-­‐j	
  
• 	
  f	
  is	
  an	
  asymmetric	
  matrix	
  

Honey	
  et	
  al	
  PNAS	
  2007	
  
Ghosh	
  et	
  al.	
  PLoS	
  CB	
  (2008)	
  
Deco,	
  Jirsa	
  et	
  al.	
  PNAS	
  (2009)	
  
Deco,	
  Jirsa	
  &	
  McIntosh	
  Nat.	
  Rev.	
  Neurosc.	
  (2011)	
  
Deco	
  &	
  Jirsa	
  JNS	
  (2012)	
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Experimental	
  Valida-on	
  

Deco	
  &	
  Jirsa,	
  JNS	
  (2012)	
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Correla-on	
  with	
  empirical	
  data	
  Number	
  of	
  A\ractors	
  

Deco	
  &	
  Jirsa,	
  JNS	
  (2012)	
  

During	
  the	
  res-ng	
  state,	
  the	
  brain	
  operates	
  close	
  to	
  “cri-cality”	
  



Resting-State: Exploration of the Dynamical Repertoire 
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At	
  cri-cality	
  noise	
  aids	
  in	
  the	
  explora-on	
  of	
  the	
  dynamic	
  neighborhood	
  

no	
  noise	
   with	
  noise	
  
Jirsa	
  et	
  al.	
  Archives	
  of	
  Biology	
  	
  (2009)	
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V1 activation	
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S0mula0on	
  paradigm	
  

Spiegler	
  et	
  al.,	
  (in	
  prepara-on)	
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Cortex 

Subcortex 

Left side C(R!R)

(! = .4,  " =15 mm)

Analysis 
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Clusters – Stimulation sites 

A B C D E 

Ten clusters are consistent over (!, "). 

Stimulation sites that share one network are distributed. 

Analysis 
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Brodmann 

Comparison –Masks 
Mantini et al. 2007 

TVB: reg_13 
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Simulation Mapping Default-mode 

1st eigenvector 2nd eigenvector Relative activity 

0 1 

Damoiseaux et al. (PNAS) 2006 

Parcellation  No. of areas 

Brodmann  52 

TVB  37 
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Structure	
  within	
  the	
  space-­‐-me	
  of	
  the	
  couplings	
  of	
  the	
  full	
  brain	
  matrix	
  exists	
  (two	
  clusters)	
  

The	
  clusters	
  generate	
  two	
  dominant	
  -me	
  delays	
  with	
  a	
  preference	
  to	
  synchronize	
  in	
  well	
  defined	
  
regions	
  of	
  the	
  parameter	
  space	
  

Not	
  only	
  -me-­‐scale	
  separa-on	
  can	
  decouple	
  subnetworks,	
  but	
  also	
  structure	
  in	
  the	
  space-­‐-me	
  
of	
  the	
  couplings	
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  Research	
  

BrainScaleS	
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