Parallel Genetic

Algorithms on the GPU




My research in one slide...

® | want to understand how the brain
works....

® .| have to understand single neurons...

@ .| have to understand how voltage-

‘gated channhels modulate neuronal




lon channel kinetics is best
described by Markov chain
models.

gk = gk + 0

ki; = a; jexp(zij - Up)
kii = ajiexp(—z; - Um) .
where gy defined in pS/pum*




Things you always wanted to know about Markov
kinetic models and didn’t bother asking....

ky 2 ke s
C —————C—————=0
k2 ks 2
dC
dtl = _k12C1 + k21C2
dC

th = kG = ky Gy =k Cy + k3, O

dO

= k23C2 - k320

_k21 - k23




What we do in the lab?

1. Come in the morning.
2. Kill a rat and take out its brain.
_ 3. Record ionic currents from




Our first computational
challenge

How to automatically fit Markov chain
models to ionic currents?




OPEN @ ACCESS Freely available online PLOS compurationaL ioLoGy

A Numerical Approach to lon Channel

Modelling Using Whole-Cell Voltage-Clamp
Recordings and a Genetic Algorithm

C= =(C= =0




The Genetic Algorithm - Selection

The population

\ Select two pairs
%

of individuals

Best individual from
each pair proceeds to

// ‘FH EE the next generation




The Genetic Algorithm - Crossover and
mutation




This scheme allowed us to
constrain kinetic chain models
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There is no such thing as a free lunch

|60 CPU Linux Cluster
OpenSuse Linux 10.3
Torque and Maui for job management
OpenMPI for parallel jobs
The Cluster is used by the entire
Institute.
~Jobs wait in queue for more thana




The second
computational challenge

& How to reduce the cost of the computing element!?

-ow to save on electricity and cooling?

& How to do these things and still compute faster?
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Genetic Algorithm on the GPU

g etic l! |H o

generates population,
reads target data set
and kinetic model

GPU
Lightweight threads
(Shared memory)

b |

n

-

|
|

\

. |
L |



The competition
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And the winner is!

©® 80 core cluster
® GTX295



What happens when we increase
the complexity of the model?

©® 80 core cluster
® GTX295




Now we can test MUCH larger generations

4 —— 480 individuals

10 —— 4800 individuals
—— 12000 individuals
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Better performance for larger populations

480 Individuals 4800 Individuals

~ 0.1 crossover probability 104 ~ 0.1 crossover probability
—— 0.8 crossover probability - 0.8 crossover probability

10
@ 2 @
g " 8
10’
10°
10" —r—rrremp—r—rrremr—r—rrrrm—r—r U —————
1 10 100 1000 1 10 100 1000

Number of generations Number of generations



Summary and outlook

v/ Using a genetic search algorithm it is possible to
locate the region in parameter space containing the
global minimum when fitting simple models of
voltage-gated channels.

" We were able to speedup the process by ~480 fold
using CUDA running on a single GTX295.
" We can now use larger populations!
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