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Motivation

ÅComputer simulation can

ïguide experiments 

ïtest hypothesis.

ÅProvided

ïCalculate uncertainty of a simulation

New Project Goal: 

Create efficient neuron simulation for design 

and uncertainty quantification.

Xyce : massively parallel circuit simulator

Dakota: MP UQ & optimization toolbox

Models & 

Distributions

Mean Result & 

Stat. Deviation

Simulator



Experimental Motivation

Micro-electrode array
(Wheeler & Khatami)
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WT-STD (n=9)

WT-LTD (n=6)

WT-D2 (n=9)

WT-CB1 (n=9)

Coronal Striatal Slices
(Baca, Allan, Wilson, James, Partridge)

In-Vivo C. elegans
(Fan, Forsythe, Branda, Schiek, Warrender)

We can generate models of these systems 

but:

ÅRobust?

ÅAs simple as needed?

ÅHow well known are model parameters?



Methods

ÅGoal: Get most of each simulation

ïUQ tool box: Dakota

ïSimulation base: Xyce

ïExternal vs. Invasive Control

ïEach input parameter

Åepistemic uncertainty ïunknown, fixed

Åaleatory uncertainty ïknown, random

ïSimulation response

Åvalue, function, curve, state

ïSampling approach is critical

ÅRandom

ÅLatin Hyper Cube

ÅStatistical Collocation (PCE)

ïSee Strunz, Qianli 2008, Debusschere et. al. 2005.



Example: Microarray
To extract patterns of neural response from nanoscale probes, a combination 

of algorithms have been examined and our approaches validated using data 

from microelectrode arrays.

Pyramidal cells from mouse 

hippocampus cultured on 

microelectrode array (Wagner et. al.)

Bursting pattern 

observed for single 

electrode

8x8 micro-

electrode 

experimental data

8x8 micro-

electrode 

simulation data

Neuron Model 

Parameters

Power 

Spectrum 

Analysis

Optimization & Uncertainty Quantification

Show where and under what conditions 

simulations act like experiments. 



Example: microarray

ÅSearch space = nominal ±

2 decades

ÅNominal from C. Koch 

2004.

ÅSpecific to given 

experimental system

ÅIndicate where the  

simulation dynamics 

match experiments.

ÅLarge ranges indicate 

insensitive parameters.

ÅDoesnôt require geometric 

number of simulations

-40

-20

0

20

40

60

80

100

120

140

160

G
 M

e
m

C
 M

e
m

V
 R

s
t

G
 K

E
 K

G
 N

a

E
 N

a

G
 A

E
 A

E
 C

a

G
 C

a

E
 K

C
a

G
 K

C
a

C
a
 I
n
it

C
a
 g

a
m

m
a

C
a
 t
a
u

R
e
la

ti
v
e
 R

a
n
g
e

B. Adams 2009 



Example: LTD model building

ÅComplex, 

physiological 

model

ÅIdentify sensitive 

parameters & 

realistic ranges
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Keeping Simulation Tractable

ÅReduced Order Modeling

ïRobust mathematical 

technique.

ïReduces problem size while 

maintaining high accuracy

ïPreserves sub/super 

threshold behavior

ïPotential 26x speed-up

ï56x problem size reduction.

Anthony R. Kellems, Saifon Chaturantabut,

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


