




















X Y

Y X X

Y Y

X Y



X Y

X

Y

X Y

X Y tY Y

X

( ) ( | ) ( | , )t past t past pastDI X Y H Y Y H Y Y X  

( | )t pastH Y Y Y

2( | ) ( ) ( | ) log ( ( | ))
x X y Y

H Y X p x p y x p y x
 

  



2( ) ( ) log ( ( ))
x X

H X p x p x


 

X Y Y

( ) ( ; | )t past pastDI X Y I Y X Y 

( ; | )t past pastI Y X Y

( ; ) ( ) ( | )I X Y H X H X Y 

( ; | ) ( | ) ( | , )I X Y Z H X Z H X Y Z 

X Y

X Y Y

X Y

d

( ) ( ; | )t t d t dDI X Y I Y X Y  









X Y

S S

X Y S

X

Y

X Y

X Y Y

S X Y

 X 1t S

 Y 2t S

 S X Y 1t 2t

 X Y S

Y



S

X
1

( ; )tI S X X S



X S

2
( ; )tI S Y

X Y

Y

X Y

( | )S

X Y X Y X YDFI DI DI S   

X Y X YDI 

S |X YDI S

X Y

S

S X Y

S

X Y S

X Y S



2 2 21 1 1 1 1 1 1
Re ( ; | ) ( ; | ) ( ; | ) ( ; , | )S

X Y S t t t t t t t t t tDFI d X Y Y I S X Y I S Y Y I S X Y Y       

1 2t t 1 2't t Y

X S

X Y

( , )H X Y

( , ) ( | ) ( )H X Y H X Y H Y 

( | )H X Y ( )H X



( )H X ( )H Y

( ; )I X Y

( ; ) ( ) ( ) ( , )I X Y H X H Y H X Y  

S

S S

( , ; )I X Y S

( ; )I X S ( ; )I Y S



( ; )SRed X Y

( ; ) ( ; ) ( ; ) ( , ; )SRed X Y I X S I Y S I X Y S  

SRed

S

A B



C A B

C

C

A C B A C

B

C C

( 0) ( 1) 0.5p A p A    B XOR( , )C A B

C

A B C



{ }A { }B

{ }{ }A B { }AB

r

R

A B

C

r

R

s

S

A

B

C

0

1

0

1

A

B

C

A B

C



A B

( ) ( ; ) ( , )unique A I A C redundancy A B  ( ; )I A C

A B

( , ; )I A B C

minI

1 2( ;{ , ,..., }) ( ) min ( ; )
iA

c

min k iI C A A A p c I C c A 

( ; )iI C c A

1 1
( ; ) ( | ) log log

( ) ( | )a

I C c A p a c
p c p c a

 
   

 


a A minI

iA

C



minI

minI

( ;{ })minI C A C A

A B

A B A B

A B { }{ }A B A

{ }A A B { , }A B R

( )R

minI ( )R

minI

{ }{ }A B { }A



{{ }{ }}A B

( )R

( ), (, , , )B A A BR           

( )R

( ; )I R S

A B C



minI

R

( ; ) ( ; ) )( ;R min RS I S S
 

    



R

1t
X

1t
Y

2t
Y S

A B

A B A

{Xt1,Yt2,Yt1'}

{Xt1,Yt1'} {Yt2,Yt1'}{Xt1,Yt2}

{Xt1,Yt1'}{Yt2,Yt1'}{Xt1
,Yt2

}{Yt2
,Yt1'}{Xt1,Yt2}{Xt1,Yt1'}

{Xt1} {Yt2} {Yt1'} {Xt1,Yt2}{Xt1,Yt1'}{Yt2,Yt1'}

{Xt1}{Yt2,Yt1'} {Yt2
}{Xt1

,Yt1'} {Yt1'}{Xt1,Yt2}

{Xt1}{Yt2} {Xt1}{Yt1'} {Yt2}{Yt1'}

{Xt1}{Yt2}{Yt1'}



1 1 2
{ , , }t t tR X Y Y S

S
2t

Y
1t

X

1t
Y

1 2
( ;{ }{ })R t trDFI S X Y

Y

R

Y

minI

minI



X Y

X 1t

X Y 2t

1t 2t S







X Y

X

Y

X

X 

X  X 

X 

X  X  X 

X

X  X 

X Y

'S S



S

'S

Y 2t

'S





X 1t Y 2t

 0,2 X Y



t

X Y t d d

X Y

d



X





Excitatory

neurons

Excitatory

neurons

Inhibitory

neurons
Inhibitory

neurons

External

input 1

External

input 2



N  5000

Vk

k
m k Ak Gk

dV
V I I

dt
    

m

IAk

k IGk k

Vthr

Vres

rp



x Ak xGk

k

Ak
dA Ak Ak

dI
I x

dt
   

( )

( ) ( )

Ak
rA Ak m k exc k exc L

exc

k int k int L int k ext k ext L

int ext

dx
x J t t

dt

J t t J t t

   

   

 

    


    




      





 

Gk
dG Gk Gk

dI
I x

dt
   

( )Gk
rG Gk m k inh k inh L

inh

dx
x J t t

dt
    

 
     

 


/ / /k exc inh int extt 

k dA dG rA rG

1L ms  3L int ms  

/ / /k exc inh int extJ 

k



( ) ( ) ( )ext signalt t n t 


   

( )signal t ( )n t [ ]

[ ]x x  0x  [ ] 0x  

0( )signal t 

0 ( )n t

| | | |A GI I

k intJ 



0,0.18)







 

 

http://www.meca-brain.org/softwares/


 𝑋𝑠𝑒𝑛𝑠𝑜𝑟
𝑛 (𝑡, 𝑘)



𝑋𝑠𝑜𝑢𝑟𝑐𝑒
𝑛 (𝑡, 𝑘) = 𝐴(𝑡)𝑋𝑠𝑒𝑛𝑠𝑜𝑟

𝑛 (𝑡, 𝑘) 𝐴(𝑡) 

𝑋𝑠𝑒𝑛𝑠𝑜𝑟
𝑛 (𝑡, 𝑘)

𝑃𝑠𝑜𝑢𝑟𝑐𝑒
𝑛 (𝑡) =



⟨𝑋𝑠𝑜𝑢𝑟𝑐𝑒
𝑛 (𝑡, 𝑘)𝑋𝑠𝑜𝑢𝑟𝑐𝑒

𝑛 (𝑡, 𝑘) ⟩
𝑘

 



S

X Y

Y

X Y

X Y

S 1t X X 2t Y

X Y 1t 2t

X Y

S S X S

Y

S



'S S Y

X

S Y



X Y

X

Y

X Y

X Y



Y

S Y

Y

Y

Y

Y Y

Y

Y

Y

X Y

X Y





S Y



X X









X Y

X

Y Y









X Y











 

  





X Y Y



minI

2t
X

2t
Y

1t
Y

minI



X Y S

1 2 2 1 1 2 1

1 2 2 1 1

' '( ; ) I ( ;{ }{ , }) ( ;{ }{ })

( ;{ }{ }) ( ;{ }{ , })

T t t min t t min t

R t t R t t t

t tI S X S Y X Y I S Y Y

S X S

Y

Y Y X Y 





 

 

R

2t
Y

1t
X

1t
X

1t
Y

1t
Y









Adey, W. R., Walter, D. O., & Hendrix, C. (1961). Computer techniques in correlation and spectral analyses 
of cerebral slow waves during discriminative behavior. Experimental neurology, 3(6), 501-524.  

Aertsen, A., Gerstein, G., Habib, M., & Palm, G. (1989). Dynamics of neuronal firing correlation: 
modulation of" effective connectivity". Journal of neurophysiology, 61(5), 900-917.  

Aertsen, A., & Preissl, H. (1991). Dynamics of activity and connectivity in physiological neuronal networks. 
Nonlinear dynamics and neuronal networks, 2, 281-301.  

Aggleton, J., Keen, S., Warburton, E., & Bussey, T. (1997). Extensive cytotoxic lesions involving both the 
rhinal cortices and area TE impair recognition but spare spatial alternation in the rat. Brain 
research bulletin, 43(3), 279-287.  

Alemi-Neissi, A., Rosselli, F. B., & Zoccolan, D. (2013). Multifeatural shape processing in rats engaged in 
invariant visual object recognition. Journal of Neuroscience, 33(14), 5939-5956.  

Amblard, P.-O., & Michel, O. J. (2011). On directed information theory and Granger causality graphs. 
Journal of computational neuroscience, 30(1), 7-16.  

Andermann, M. L., Kerlin, A. M., Roumis, D. K., Glickfeld, L. L., & Reid, R. C. (2011). Functional specialization 
of mouse higher visual cortical areas. Neuron, 72(6), 1025-1039.  

Auzias, G., Coulon, O., & Brovelli, A. (2016). MarsAtlas: A cortical parcellation atlas for functional mapping. 
Human brain mapping, 37(4), 1573-1592.  

Auzias, G., Lefevre, J., Le Troter, A., Fischer, C., Perrot, M., Régis, J., & Coulon, O. (2013). Model-driven 
harmonic parameterization of the cortical surface: HIP-HOP. IEEE transactions on medical 
imaging, 32(5), 873-887.  

Barlow, J. S., & Brazier, M. A. (1954). A note on a correlator for electroencephalographic work. 
Electroencephalography and clinical neurophysiology, 6, 321-325.  

Bastos, A. M., Usrey, W. M., Adams, R. A., Mangun, G. R., Fries, P., & Friston, K. J. (2012). Canonical 
microcircuits for predictive coding. Neuron, 76(4), 695-711.  

Beer, R. D., & Williams, P. L. (2015). Information processing and dynamics in minimally cognitive agents. 
Cognitive science, 39(1), 1-38.  

Bell, A. J. (2003). The co-information lattice. Paper presented at the Proceedings of the Fifth International 
Workshop on Independent Component Analysis and Blind Signal Separation: ICA. 

Bertschinger, N., Rauh, J., Olbrich, E., Jost, J., & Ay, N. (2014). Quantifying unique information. Entropy, 
16(4), 2161-2183.  

Biswal, B., Zerrin Yetkin, F., Haughton, V. M., & Hyde, J. S. (1995). Functional connectivity in the motor 
cortex of resting human brain using echo‐planar mri. Magnetic resonance in medicine, 34(4), 537-
541.  

Bosman, C. A., Schoffelen, J.-M., Brunet, N., Oostenveld, R., Bastos, A. M., Womelsdorf, T., . . . Fries, P. 
(2012). Attentional stimulus selection through selective synchronization between monkey visual 
areas. Neuron, 75(5), 875-888.  



Bressler, S. L., & Menon, V. (2010). Large-scale brain networks in cognition: emerging methods and 
principles. Trends in cognitive sciences, 14(6), 277-290.  

Bressler, S. L., & Seth, A. K. (2011). Wiener–Granger causality: a well established methodology. 
Neuroimage, 58(2), 323-329.  

Brovelli, A., Badier, J.-M., Bonini, F., Bartolomei, F., Coulon, O., & Auzias, G. (2017). Dynamic 
reconfiguration of visuomotor-related functional connectivity networks. Journal of Neuroscience, 
37(4), 839-853.  

Brovelli, A., Chicharro, D., Badier, J.-M., Wang, H., & Jirsa, V. (2015). Characterization of cortical networks 
and corticocortical functional connectivity mediating arbitrary visuomotor mapping. Journal of 
Neuroscience, 35(37), 12643-12658.  

Brovelli, A., Ding, M., Ledberg, A., Chen, Y., Nakamura, R., & Bressler, S. L. (2004). Beta oscillations in a 
large-scale sensorimotor cortical network: directional influences revealed by Granger causality. 
Proceedings of the National Academy of Sciences of the United States of America, 101(26), 9849-
9854.  

Buckner, R. L., Andrews-Hanna, J. R., & Schacter, D. L. (2008). The brain's default network: anatomy, 
function, and relevance to disease. Ann N Y Acad Sci, 1124, 1-38. doi:10.1196/annals.1440.011 

Cadieu, C., Kouh, M., Pasupathy, A., Connor, C. E., Riesenhuber, M., & Poggio, T. (2007). A model of V4 
shape selectivity and invariance. Journal of neurophysiology, 98(3), 1733-1750.  

Callaway, E. M., & Marder, E. (2012). Common features of diverse circuits. Curr Opin Neurobiol, 22(4), 
565-567. doi:10.1016/j.conb.2012.07.003 

Coupé, P., Yger, P., Prima, S., Hellier, P., Kervrann, C., & Barillot, C. (2008). An optimized blockwise nonlocal 
means denoising filter for 3-D magnetic resonance images. IEEE transactions on medical imaging, 
27(4), 425-441.  

Cover, T. M., & Thomas, J. A. (2012). Elements of information theory: John Wiley & Sons. 

DiCarlo, J. J., & Cox, D. D. (2007). Untangling invariant object recognition. Trends in cognitive sciences, 
11(8), 333-341.  

DiCarlo, J. J., Zoccolan, D., & Rust, N. C. (2012). How does the brain solve visual object recognition? Neuron, 
73(3), 415-434.  

Dosenbach, N. U., Fair, D. A., Miezin, F. M., Cohen, A. L., Wenger, K. K., Dosenbach, R. A., . . . Raichle, M. 
E. (2007). Distinct brain networks for adaptive and stable task control in humans. Proceedings of 
the National Academy of Sciences, 104(26), 11073-11078.  

Douglas, R. J., Martin, K. A., & Whitteridge, D. (1989). A canonical microcircuit for neocortex. Neural 
computation, 1(4), 480-488.  

Fox, M. D., & Raichle, M. E. (2007). Spontaneous fluctuations in brain activity observed with functional 
magnetic resonance imaging. Nature reviews. Neuroscience, 8(9), 700.  

Fox, M. D., Snyder, A. Z., Vincent, J. L., Corbetta, M., Van Essen, D. C., & Raichle, M. E. (2005). The human 
brain is intrinsically organized into dynamic, anticorrelated functional networks. Proceedings of 
the National Academy of Sciences of the United States of America, 102(27), 9673-9678.  



Friston, K. J., Harrison, L., & Penny, W. (2003). Dynamic causal modelling. Neuroimage, 19(4), 1273-1302.  

Gallardo, L., Mottles, M., Vera, L., Carrasco, M. A., Torrealba, F., Montero, V. M., & Pinto-Hamuy, T. (1979). 
Failure by rats to learn a visual conditional discrimination after lateral peristriate cortical lesions. 
Physiological Psychology, 7(2), 173-177.  

Garner, W. R. (1962). Uncertainty and structure as psychological concepts. Oxford, England: Wiley. 

Gerstein, G. L., & Perkel, D. H. (1969). Simultaneously recorded trains of action potentials: analysis and 
functional interpretation. Science, 164(3881), 828-830.  

Gevins, A. S., Doyle, J. C., Cutillo, B. A., Schaffer, R. E., Tannehill, R. S., & Bressler, S. L. (1985). 
Neurocognitive Pattern Analysis of a Visuospatial Task: Rapidly-Shifting Foci of Evoked 
Correlations Between Electrodes. Psychophysiology, 22(1), 32-43.  

Geweke, J. F. (1984). Measures of conditional linear dependence and feedback between time series. 
Journal of the American Statistical Association, 79(388), 907-915.  

Granger, C. W. (1969). Investigating causal relations by econometric models and cross-spectral methods. 
Econometrica: Journal of the Econometric Society, 424-438.  

Greicius, M. D., Krasnow, B., Reiss, A. L., & Menon, V. (2003). Functional connectivity in the resting brain: 
a network analysis of the default mode hypothesis. Proceedings of the National Academy of 
Sciences, 100(1), 253-258.  

Greicius, M. D., Supekar, K., Menon, V., & Dougherty, R. F. (2009). Resting-state functional connectivity 
reflects structural connectivity in the default mode network. Cerebral cortex, 19(1), 72-78.  

Griffith, V., & Koch, C. (2014). Quantifying Synergistic Mutual Information. In M. Prokopenko (Ed.), Guided 
Self-Organization: Inception (pp. 159-190). Berlin, Heidelberg: Springer Berlin Heidelberg. 

Hansen, P., Kringelbach, M., & Salmelin, R. (2010). MEG: An introduction to methods: Oxford university 
press. 

Harder, M., Salge, C., & Polani, D. (2013). Bivariate measure of redundant information. Physical Review E, 
87(1), 012130.  

Hassabis, D., Kumaran, D., Summerfield, C., & Botvinick, M. (2017). Neuroscience-inspired artificial 
intelligence. Neuron, 95(2), 245-258.  

Haxby, J. V., Connolly, A. C., & Guntupalli, J. S. (2014). Decoding neural representational spaces using 
multivariate pattern analysis. Annual review of neuroscience, 37, 435-456.  

Hipp, J. F., Engel, A. K., & Siegel, M. (2011). Oscillatory synchronization in large-scale cortical networks 
predicts perception. Neuron, 69(2), 387-396.  

Holmgren, C., Harkany, T., Svennenfors, B., & Zilberter, Y. (2003). Pyramidal cell communication within 
local networks in layer 2/3 of rat neocortex. The Journal of physiology, 551(1), 139-153.  

Horwitz, B. (2003). The elusive concept of brain connectivity. Neuroimage, 19(2), 466-470.  

Ince, R. A., Jaworska, K., Gross, J., Panzeri, S., Van Rijsbergen, N. J., Rousselet, G. A., & Schyns, P. G. (2016). 
The Deceptively Simple N170 Reflects Network Information Processing Mechanisms Involving 
Visual Feature Coding and Transfer Across Hemispheres. Cerebral cortex, 26(11), 4123-4135.  



Ince, R. A., Van Rijsbergen, N. J., Thut, G., Rousselet, G. A., Gross, J., Panzeri, S., & Schyns, P. G. (2015). 
Tracing the flow of perceptual features in an algorithmic brain network. Scientific reports, 5, 
17681.  

Kamiński, M., Ding, M., Truccolo, W. A., & Bressler, S. L. (2001). Evaluating causal relations in neural 
systems: Granger causality, directed transfer function and statistical assessment of significance. 
Biological cybernetics, 85(2), 145-157.  

Klink, P. C., Dagnino, B., Gariel-Mathis, M.-A., & Roelfsema, P. R. (2017). Distinct Feedforward and 
Feedback Effects of Microstimulation in Visual Cortex Reveal Neural Mechanisms of Texture 
Segregation. Neuron.  

Kriegeskorte, N., Goebel, R., & Bandettini, P. (2006). Information-based functional brain mapping. 
Proceedings of the National Academy of Sciences of the United States of America, 103(10), 3863-
3868.  

Lamme, V. A., & Roelfsema, P. R. (2000). The distinct modes of vision offered by feedforward and 
recurrent processing. Trends in neurosciences, 23(11), 571-579.  

Liska, A., Galbusera, A., Schwarz, A. J., & Gozzi, A. (2015). Functional connectivity hubs of the mouse brain. 
Neuroimage, 115, 281-291.  

Lizier, J. T., Heinzle, J., Horstmann, A., Haynes, J.-D., & Prokopenko, M. (2011). Multivariate information-
theoretic measures reveal directed information structure and task relevant changes in fMRI 
connectivity. Journal of computational neuroscience, 30(1), 85-107.  

Lu, H., Zou, Q., Gu, H., Raichle, M. E., Stein, E. A., & Yang, Y. (2012). Rat brains also have a default mode 
network. Proceedings of the National Academy of Sciences, 109(10), 3979-3984.  

Mangin, J.-F., Riviere, D., Cachia, A., Duchesnay, E., Cointepas, Y., Papadopoulos-Orfanos, D., . . . Regis, J. 
(2004). A framework to study the cortical folding patterns. Neuroimage, 23, S129-S138.  

Maris, E., & Oostenveld, R. (2007). Nonparametric statistical testing of EEG-and MEG-data. Journal of 
neuroscience methods, 164(1), 177-190.  

Massey, J. (1990). Causality, feedback and directed information. Paper presented at the Proc. Int. Symp. 
Inf. Theory Applic.(ISITA-90). 

Mazzoni, A., Panzeri, S., Logothetis, N. K., & Brunel, N. (2008). Encoding of naturalistic stimuli by local field 
potential spectra in networks of excitatory and inhibitory neurons. PLoS computational biology, 
4(12), e1000239.  

McCormick, D. A., Connors, B. W., Lighthall, J. W., & Prince, D. A. (1985). Comparative electrophysiology 
of pyramidal and sparsely spiny stellate neurons of the neocortex. Journal of neurophysiology, 
54(4), 782-806.  

McDaniel, W. F., Coleman, J., & Lindsay, J. F. (1982). A comparison of lateral peristriate and striate 
neocortical ablations in the rat. Behavioural brain research, 6(3), 249-272.  

McGill, W. (1954). Multivariate information transmission. Transactions of the IRE Professional Group on 
Information Theory, 4(4), 93-111.  

Mitra, P. P., & Pesaran, B. (1999). Analysis of dynamic brain imaging data. Biophysical journal, 76(2), 691-
708.  



Nalatore, H., Ding, M., & Rangarajan, G. (2007). Mitigating the effects of measurement noise on Granger 
causality. Physical Review E, 75(3), 031123.  

Nolte, G. (2003). The magnetic lead field theorem in the quasi-static approximation and its use for 
magnetoencephalography forward calculation in realistic volume conductors. Physics in medicine 
and biology, 48(22), 3637.  

Panzeri, S., Harvey, C. D., Piasini, E., Latham, P. E., & Fellin, T. (2017). Cracking the neural code for sensory 
perception by combining statistics, intervention, and behavior. Neuron, 93(3), 491-507.  

Panzeri, S., Macke, J. H., Gross, J., & Kayser, C. (2015). Neural population coding: combining insights from 
microscopic and mass signals. Trends in cognitive sciences, 19(3), 162-172.  

Panzeri, S., Schultz, S. R., Treves, A., & Rolls, E. T. (1999). Correlations and the encoding of information in 
the nervous system. Proceedings of the Royal Society of London B: Biological Sciences, 266(1423), 
1001-1012.  

Panzeri, S., Senatore, R., Montemurro, M. A., & Petersen, R. S. (2007). Correcting for the sampling bias 
problem in spike train information measures. Journal of neurophysiology, 98(3), 1064-1072.  

Panzeri, S., & Treves, A. (1996). Analytical estimates of limited sampling biases in different information 
measures. Network: Computation in Neural Systems, 7, 87-107.  

Percival, D. B., & Walden, A. T. (1993). Spectral analysis for physical applications: Cambridge University 
Press. 

Pereda, E., Quiroga, R. Q., & Bhattacharya, J. (2005). Nonlinear multivariate analysis of neurophysiological 
signals. Progress in neurobiology, 77(1), 1-37.  

Perrot, M., Rivière, D., & Mangin, J.-F. (2011). Cortical sulci recognition and spatial normalization. Medical 
image analysis, 15(4), 529-550.  

Pola, G., Thiele, A., Hoffmann, K., & Panzeri, S. (2003). An exact method to quantify the information 
transmitted by different mechanisms of correlational coding. Network-Computation in Neural 
Systems, 14(1), 35-60.  

Raichle, M. E. (2015). The restless brain: how intrinsic activity organizes brain function. Phil. Trans. R. Soc. 
B, 370(1668), 20140172.  

Riesenhuber, M., & Poggio, T. (1999). Hierarchical models of object recognition in cortex. Nat Neurosci, 
2(11), 1019-1025.  

Roebroeck, A., Formisano, E., & Goebel, R. (2005). Mapping directed influence over the brain using 
Granger causality and fMRI. Neuroimage, 25(1), 230-242.  

Rosselli, F. B., Alemi, A., Ansuini, A., & Zoccolan, D. (2015). Object similarity affects the perceptual strategy 
underlying invariant visual object recognition in rats. Frontiers in neural circuits, 9.  

Rousselet, G. A., Ince, R. A., van Rijsbergen, N. J., & Schyns, P. G. (2014). Eye coding mechanisms in early 
human face event-related potentials. Journal of vision, 14(13), 7-7.  

Sato, J. R., Junior, E. A., Takahashi, D. Y., de Maria Felix, M., Brammer, M. J., & Morettin, P. A. (2006). A 
method to produce evolving functional connectivity maps during the course of an fMRI 
experiment using wavelet-based time-varying Granger causality. Neuroimage, 31(1), 187-196.  



Schreiber, T. (2000). Measuring Information Transfer. Physical Review Letters, 85(2), 461-464.  

Serre, T., Oliva, A., & Poggio, T. (2007). A feedforward architecture accounts for rapid categorization. 
Proceedings of the National Academy of Sciences, 104(15), 6424-6429.  

Serre, T., Wolf, L., Bileschi, S., Riesenhuber, M., & Poggio, T. (2007). Robust object recognition with cortex-
like mechanisms. IEEE transactions on pattern analysis and machine intelligence, 29(3), 411-426.  

Seth, A. K., Barrett, A. B., & Barnett, L. (2015). Granger causality analysis in neuroscience and 
neuroimaging. Journal of Neuroscience, 35(8), 3293-3297.  

Shannon, C. (1948). A mathematical theory of communication. The Bell System Technical Journal, 27(3), 
379-423.  

Sjöström, P. J., Turrigiano, G. G., & Nelson, S. B. (2001). Rate, timing, and cooperativity jointly determine 
cortical synaptic plasticity. Neuron, 32(6), 1149-1164.  

Strong, S. P., Koberle, R., van Steveninck, R. R. d. R., & Bialek, W. (1998). Entropy and information in neural 
spike trains. Physical Review Letters, 80(1), 197.  

Studený, M., & Vejnarová, J. (1998). The multiinformation function as a tool for measuring stochastic 
dependence. Learning in graphical models, pp. 261-297.  

Tafazoli, S., Safaai, H., De Franceschi, G., Rosselli, F. B., Vanzella, W., Riggi, M., . . . Zoccolan, D. (2017). 
Emergence of transformation-tolerant representations of visual objects in rat lateral extrastriate 
cortex. eLife, 6, e22794.  

Tononi, G., Sporns, O., & Edelman, G. M. (1994). A measure for brain complexity: relating functional 
segregation and integration in the nervous system. Proceedings of the National Academy of 
Sciences, 91(11), 5033-5037.  

Tou, J. T., & González, R. C. (1974). Pattern recognition principles: Addison-Wesley Pub. Co. 

Tuckwell, H. (1988). Introduction to Theoretical Neurobiology: Volume 1, Linear Cable Theory and Dendritic 
Structure (Cambridge Studies in Mathematical Biology): Cambridge University Press. 

Van Kerkoerle, T., Self, M. W., Dagnino, B., Gariel-Mathis, M.-A., Poort, J., Van Der Togt, C., & Roelfsema, 
P. R. (2014). Alpha and gamma oscillations characterize feedback and feedforward processing in 
monkey visual cortex. Proceedings of the National Academy of Sciences, 111(40), 14332-14341.  

Van Kerkoerle, T., Self, M. W., & Roelfsema, P. R. (2017). Layer-specificity in the effects of attention and 
working memory on activity in primary visual cortex. Nature communications, 8.  

Van Veen, B. D., Van Drongelen, W., Yuchtman, M., & Suzuki, A. (1997). Localization of brain electrical 
activity via linearly constrained minimum variance spatial filtering. IEEE Transactions on 
biomedical engineering, 44(9), 867-880.  

Varela, F., Lachaux, J.-P., Rodriguez, E., & Martinerie, J. (2001). The brainweb: phase synchronization and 
large-scale integration. Nature reviews neuroscience, 2(4), 229-239.  

Vicente, R., Wibral, M., Lindner, M., & Pipa, G. (2011). Transfer entropy—a model-free measure of 
effective connectivity for the neurosciences. Journal of computational neuroscience, 30(1), 45-67.  

Vinken, K., Vermaercke, B., & de Beeck, H. P. O. (2014). Visual categorization of natural movies by rats. 
Journal of Neuroscience, 34(32), 10645-10658.  



von der Malsburg, C., Phillips, W. A., & Singer, W. (2010). Dynamic coordination in the brain: from neurons 
to mind: MIT Press. 

Watanabe, S. (1960). Information theoretical analysis of multivariate correlation. IBM Journal of research 
and development, 4(1), 66-82.  

Wibral, M., Vicente, R., & Lizier, J. T. (2014). Directed information measures in neuroscience: Springer. 

Wiener, N. (1956). The theory of prediction. In E. F. Beckenbach (Ed.), Modern mathematics for engineers 
(Vol. 1). New York: McGraw-Hill. 

Williams, P. L., & Beer, R. D. (2010). Nonnegative decomposition of multivariate information. arXiv 
preprint arXiv:1004.2515.  

Zoccolan, D., Oertelt, N., DiCarlo, J. J., & Cox, D. D. (2009). A rodent model for the study of invariant visual 
object recognition. Proceedings of the National Academy of Sciences, 106(21), 8748-8753.  


