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AComputer simulation can

Motivation Models &

Distributions

I guide experiments

I test hypothesis. Simulator
AProvided a

I Calculate uncertainty of a simulation 4 L

: _ Mean Result &
New Project Goal: Stat. Deviation

Create efficient neuron simulation for design
and uncertainty quantification.

Xyce : massively parallel circuit simulator XUCE
Dakota: MP UQ & optimization toolbox
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Experimental Motivation

Micro-electrode array Coronal Striatal Slices  In-Vivo C. elegans

(Wheeler & Khatami) (Baca, Allan, Wilson, James, Partridge) ~ (Fan, Forsythe, Branda, Schiek, Warrender)
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_ B petun _ but:
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ARobust?

AAs simple as needed?
AHow well known are model parameters?
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| i Methods

AGoal: Get most of each simulation
I UQtool box: Dakota

|
I Simulation base: Xyce
|
|

I External vs. Invasive Control

I Each input parameter
Aepistemic uncertainty i unknown, fixed
Aaleatory uncertainty i known, random

I Simulation response -
A value, function, curve, state Xyce

I Sampling approach is critical

ARandom

ALatin Hyper Cube

AStatistical Collocation (PCE)
I See Strunz, Qianli 2008, Debusschere et. al. 2005.
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Example: Microarray

To exiract patterns of neural response from nanoscale probes, a combination
of algorithms have been examined and our approaches validated using data
from microelectrode arrays.

ovramidal cells Optimization & Uncertainty Quantification
yramidal cellsS Trom mouse s
hippocampus cultured on Show where and under what conditions

microelectrode array (Wagner et. al.) simulations act like experiments.

RN RS T Neuron Model

> Parameters 8x8 micro-

electrode

experimental data

8x8 micro- Power
electrode —  SPECHIUM
simulation data Analysis

Bursting pattern
observed for single
electrode
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Example: microarray
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B. Adams 2009
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Cortex

: HFS induced LTD in Dorsal Striatum
1 Medium Spiny Neurons (MSNs)

_______________________

D2 Striatum

AMPA

KA

NMDA
mGLU I/l

Interneuron
Interneuron

D1 type i direct path
D2 type i indirect path

(Baca, Allan, Wilson, James, Partridge)

Receptors

. implicated in
HFS induced
LTD

SNpC

+ Excitatory
- Inhibitory

*% in rats

STDP
(enhancement)

physiological
model
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Keeping Simulation Tractable

AReduced Order Modeling

" Robust mathematical
technique.

Reduces problem size while
maintaining high accuracy

Preserves sub/super
threshold behavior

Potential 26x speed-up
56x problem size reduction.

Anthony R. Kellems, Saifon Chaturantabut,

Danny C. Sorensen, and Steven J. Cox, (submitted, 2009)
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