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Theorem-based event detection
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Graph properties

e Graph visualization

* Hundreds to thousands of nodes Smart
« Typically thousands of links Organic

e Pictorial layout: organic, hierarchical, circular
* Graph properties, such as Circular
- biconnected Layout
| BCC
- planar Compact
- strongly connected Disk

* Graph-theoretic measures as features

- difference between number of nodes Circular
. . Layout
- difference between number of links BCC
* Conversion of features into forewarning Isolated
Organic

- analysis threshold gives yes (1) or no (0)
- several successive occurrences give forewarning

Analysis framework

Measures of success in seizure forewarning
e True positive (TP): correct prediction of an event
e True negative (TN): no prediction in non-event data
e False positive (FP): prediction of a seizure in non-event data
¢ False negative (FN): no prediction of real event
¢ Balance of TP and TN by prediction distance (PD)
¢ Best total true rate of 58/60, PD = 0.05
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- Normalized Node Difference

Node and Link difference by cutset for one EEG observation
Observation 45: Example of FP, No event, Forewarning indicated

Time-serial data analysis of EEG

60 observation data sets (40 event / 20 non-event)

Time-delay-embedding theorem produces state vectors
Novel states = nodes

State-to-state transitions = links

Nodes + Links = mathematical graph

Graph theorems to extract topological measures

Dissimilarity measures for seizure forewarning
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occurrences above
threshold by cutset

Observation 45: FP, No event

Biconnected property -

by cutset - 3 ,—// !
Observation 45: FP, No event =

@ ENErGY
Dffine af Scienae

The Research Alliance in Math and Science program is sponsored by the Office of Advanced Scientific Computing Research, U.S. Department of Energy. The work was
performed at the Oak Ridge National Laboratory, which is managed by UT-Battelle, LLC under Contract No. De-AC05-000R22725. This work has been authored by a
contractor of the U.S. Government, accordingly, the U.S. Government retains a nonexclusive, royalty-free license to publish or reproduce the published form of this

UT-O0ATTCLLE

contribution, or allow others to do so, for U.S. Government purposes. | would like to thank my mentors Dr. Lee Hively and Dr. J. Todd McDonald, RAMS faculty and staff, oAk RIDGE NATIONAL LABORATORY

and my fellow RAMS scholars.

U.S. DEPARTMENT OF ENERGY



