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Ukrainian National Grid (UNG)

Grid Monitor - Mozilla Firefox

Since 2006
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Now
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Simulation of neurosystems

* Nervous system functions
— Cognition
— Memory

 Neuronal pathologies
— Parkinson disease
— Epilepsy

 Complicated mathematical models
— 1 neuron 1-15 nonlinear ODE
— 102-108 coupled neurons
— Any links topology
— Large parameters number 10°-101
— 1 trajectory 101-10"4 operations
— 1 trajectory 0.1-10 N'6anT gaHnx
— 1 task 10'-10°2 trajectories

* Very resource consuming
— Grid is solution
— VO networkdynamics in UNG




Model of Parkinson disease:
Rubin-Terman 2007

Subthalamic Nucleus (STN) and Globus Pallidus External (GPe)
Neuron is described by 6 dynamic variables

V — membrane potential L /]

n — conductivity of K — channels ¢ s

h — conductivity of Na-channels & AN

r — conductivity of low-threshold Ca-channels 177

[Ca] — intercellular concentration of Ca-ions m

s — synaptic conductivity from neuron C" D D D D n,h,r..
Non-linear functions T T LI

6 nonlinear Hodgkin-Huxley ordinary differential equations

dVv

CE :_[L(V)—IK(V,n)_INa(V,h)_IT(Var)_Ica(V)_IAHP(Va[Ca])_Is(V’sz)_IaPP(t)
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= fonnd ,[Ca]);%=fs(V,s)



Rubin-Terman model

Model of a single STN neuron

Cnt' = —gL(v—uvL) — gxn® (v —vk) — gnami, (V)R (v — vna) — grag, (v)b3,(r)x
. PR . C
X (U — vUca) — gcasae(V) (v — vca) — ganp (v — vk) [.:;LL];i];u — Igpe—sTN T
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Cal' = e(—gcas?(v) (v —1vea) — graz, (v)b2.(r) (v — vea) — kea|Cal) |
ro_ 1 1o\
5= A l+exp[—(L‘—QQ—QEJ;’U;{] u S) Bs,

where v is the membrane potential. Ipgs — the applied stimulation current, Igpe_stn — the influence
of the GPe onto STN. The interaction between the neurons can be written as:

Igpe—sTN = QG—»S(?--’— ?--’G—»S) Z S5
J in GPe

Ibes = ipH (sin(2nt/pp)) x [l — H (27 (t +op) /pp)] -




Phenomenological model
Kuramoto-Sakaguchi

Single variable phase instead of many dynamical variables
Phase — position of system state in phase space

Describes synchronization in any system
Equations are very simple

1T &
b, o osin(y, -y, —a), i=1..,N.
2R (‘= v, )
R- number of links —
A — degree of excitation/inhibition '

Chimera state
Stationary state with sync and 4
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Simulation Software
« Parallel DOPRI, BDF, IE integrator

— C++

— OpenMP

— MPI

— SUNDIALS

— Easy new model integration
— Links Topology compression

Confi
vt j>l Integrator j> Analyzers




Grid jobs driver

LRMS job agents at CHIMERA Mysql Database of tasks parameters

/] /

Get task context from database

v ARC

infrastructure

Check grid job state (arcstat) |

A 4

Renew proxy (arcproxy) /

Submit, kill, restart (arcsub, arckill)

!

Get stageout (arcget) *—— | Local disks at CHIMERA or SRM




Simulation

results for

Parkinson
disease

640 trajectories
10 sec dynamics
2000 neurons

Two modes

*Regular bursting
Irregular spiking

*Modes determined by
links

V,mV

B 2
“on »
g
= =
2 2
< = '
— >
e
i -
o
o —
. BN Li‘ » T _Ar v lﬁ'lﬂk; ,J.jnja’uf*a ' L;‘n‘ i W I
ol el B0 W bt WA WA R 2 .
*®o t, ms 4000 "o t, ms 4000
Renular_hur.cz’ripn mode ) Irrenrllprr snikina mode
. .l.:_' .Ii‘-?.\ ;I-'il:llu"':i . !;L--. .. i L .-.I!- Ii. -| - o L I.-.
NI i T
nﬁ “““““““““““ [ e — 12ﬁ
s s f
N B ol .
27‘ / | 22 |‘ ™
\/ SN\ P
oV LN AN "
oo Sl S
s |l
=)
25 3 0.25
(=8
| .,
B j\L
; o — 8




Dynamics

1-d chimera 102 neurons

Different chimera types

Peaksiny=21
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s Diagram of different chimera states

0.5

N=1000 P =300 =135 o - |

h4,h6,h8
L

“\ h4,h6
o {hS,hI 0

72




2d chimera 10° neurons
~1000 trajectories

“Dying” of chimera
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a=@é8/8 r =165 N = LB t=-0.0

3d chimera 108 neurons
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Diagram of chimera states




Lyapunov exponents computing
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Results, reports, visualization
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Conclusions

ARC Grid provides unique facilities for simulations of
large neuronal networks

Some conditions for pathological synchronizations during
Parkison disease and epilepsy were discovered using
grid

New types of chimera states in large coupled networks
were discovered using grid

Collaboration with Bogomolets Institute for Physiology
NASU and other institutions are in progress in the field of
neuronal networks modeling
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