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Graph	Inference Exact	Inference	using	Graph	Cut Abnormal	Brain	Tissue	Classification Results
•We developed a factor-graph based model to encode dependencies in EEG.

•We utilize expert defined factor functions to represent dependencies.

•An exact graph inference procedure is derived using a graph-cut algorithm.

•Feasibility is evaluated in abnormal brain tissue classification.

•Results indicate that our model is significantly better than current approaches.

• 5 – 7% better AUC compared to two standard approaches.

•Exact inference gives 3 – 9% improvement (AUC) compared to sampling approaches.
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Spatial	factor	function:

Abnormal	events
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Observational	factor	function:
Temporal	correlation
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Temporal	factor	function:
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Notation

𝑋# 𝑘 ∈ {0,1} - abnormal	event	at	the	𝑛GHepoch	of	channel	𝑘

𝑌# 𝑘 ∈ {0,1} - the	SOZ	likely	state	of	the	𝑛GHepoch	of	channel	𝑘
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• Every	channel	is	connected	with	every	other	channel,	and	the	link	between		channels	𝑘
and	𝑙 is	assigned	a	weight	of	 *

+,-
. 𝑌 𝑘 − 𝑌 𝑙 J

based	on	the	distance	between	them.

• Every	channel	is	connected	with	the	source	node,	and	the	link	between	channel	𝑘 and	the	

source	is	assigned	a	weight	of	 1 − Ω#)* 𝑘
J + 1 − 𝜙 𝑋# 𝑘

J
.

• Every	channel	is	also	connected	with	the	sink	node,	and	the	link	between	channel	𝑘 and	

the	sink	is	assigned	a	weight	of	Ω#)* 𝑘 J + 𝜙 𝑋# 𝑘
J
.

Graph	structure	for	an	EEG	with	3	channels
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Likelihood probabilities

Brain Activity Mapping Project

Restoring Active Memory (RAM)
Systems-Based Neuro-technologies for Emerging Therapies (SUBNETS)

Neural Engineering System Design (NESD)
Targeted Neuroplasticity Training (TNT)

Next Generation Human Invasive Devices
Large Scale Recording and Modulation

Understanding Neural Circuits

Our	goals
1. To	develop	a	probabilistic	model	to	infer	characteristics	of	neural	activity.
2. To	model	observational,	spatial,	and	temporal	dependencies.
3. Utilize	domain	knowledge	to	finesse	model	specification.
4. Evaluate	the	feasibility	in	an	important	clinical	problem.

1. Study	of	neurophysiological	processes	is	important	for	understanding	the	brain.
2. Electroencephalography	(EEG)	is	an	exceptional	tool	for	this	type	of	studies.
3. EEG	contains	rhythms	and	discrete	neurophysiological	events.
4. Neural	activities	in	different	brain	regions	have	spatial	and	temporal	associations.
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Graph	structure	of	an	EEG	with	M	channels

Current	observation
(events,	 rhythms)

Current	state	of	a	
brain	region

Previous	 states	of	
the	same	region

States	of	nearby	
regions
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Dependencies Factor	graph	representation


