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Multiple Neural Data

A Single electrode

CA1 pyramidal neuron in rat
50 ms
eurosci., 21: 4173-4182, 2001

A Multiple electrodes



http://hirnforschung.kyb.mpg.de/uploads/pics/EN_M1_clip_image002_03.jpg

Wave Propagation: LFPs
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beta frequency (15-40 Hz) oscillations in subthreshold activity
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Wave Propagation: LFPs
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Wave PropagatiorSpikes
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Q: Do action potentials mediating inter-cellular communication demonstrate spatio-temporal
patterning consistent with wave propagation?
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Wave PropagatiorSpikes
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Q: Do action potentials mediating inter-cellular communication demonstrate spatio-temporal
patterning consistent with wave propagation?




Beyond Correlation: Causation
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Inference

D
I
E
I
F
I

Idea: map a set of M time series to a directed graph with M nodes where an ¢
Is placed from a to b if the past of a has an impact on the future of b
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How do we quantitatively do this in a general purpose manner?
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We say that X is causing Y if w@able t@he future of Y using all available

information than if the information apart from thpastof X had been used
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1.Sequential predictordeliefs  /\_
2.Log loss: [(b,y) = —logb(y)
3.Better: b: — PYtlyt 1 Zt—1, g: — PYt|Xt—17Y75—1’Zt—1

R(b*,b*) ZE[ (bt||bt)} = I( X' = Y!)|Z") > 07

AGranger causality is a special case
A\pplicable to any modality (point processes)
ACan build efficient estimators w/ standard statistical assumptions

Quinn,KiyavashN. HatsopoulosTPCJ. Computational Neuroscien@910



ExperimentaParadigm

A Shoulder and elbow A Recorded ensemble neural
movements in horizontal processes il
plane A Spacing: 400 um

A Monkey: randorrarget A ~96 LFPs, ~110 neurons

pursuit task.
y

3




Causal Networks Before/After Cue:
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Pre: [-100to 50m®] Cue: [50to 200ms] " Aft: [200 to 350ms]

S. Kim, K. Takahashi, N. Hatsopoulos, and TPC, "Information Transfer Between Neurons in the Motor Cortex
Triggered by Visual Cues", IEEE Engineering in Medicine and Biology Society Annual Conference, Sep 2011.



Causal Interaction: Strength,
Direction, Distance
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K. Takahashi, S. Kim, TPC, and N. Hatsopoulos, "Large-scale spike sequencing associated with wave
propagation in motor cortex ", in preparation.



Causal Interaction: Strength,
Direction, Distance
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K. Takahashi, S. Kim, TPC, and N. Hatsopoulos, "Large-scale spike sequencing associated with wave
propagation in motor cortex ", in preparation.



Dynamics of the Dynamics?
(Proposed)

non-static model, any modality

(Conventional)
static model,
continuous-valued data

Pre: [-100 to S0ms] Cue: [50 to 200ms] Aft: [200 to 350ms]




Old

Pros: Finitedimensional learning problem
Cons: a static graph



