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A general biophysical model here is a set of mathematical expressions (functions)
and ordinary differential equations with variables that represent ion concentration in cells, electrical c
urrent of neurons and so on. The biophysical simulation calculates time variation of these variables. Flin
t is a simulator that numerically integrates heterogeneous biophysical models.
We propose two acceleration methods for Flint using a graphics processin? unit (GPU). The first method int
erprets multiple bytecodes in parallel on the GPU. It automatically parallelizes the simulation using a le
vel scheduling algorithm. The second method translates a model into a source code through the internal byt
ecode, which speeds up the compilation of the generated source codes, because the code size is diminished

because of bytecode unification. The latter achieves a performance of 2.4 times higher than that of the fo
rmer.
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lint PHML

PHML

ODE Ordinary Diferential Equation

DDE Delay Diferential
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(c) Merge small phases with former phases

index bytecode
Thread ¢ 0 p{v[C[+[V]*[c[- =]
TTmeadl V|C|+|=
Thread 2 1 VIC|+|V|-|V|*|=
Thread 320 V|C|+|v]*[C]- |=

{a) Original order

mdex bytecode
Thread 0 VIC|+H|VI*|C|-|=
11H6&d1 VIC|+|V|*|C|-|=
Thread 2416V C|+[V]- [V]*|=
ThreadS 2 vicl+|=

) Reordered bytecodes

Thread 3 1 ...E

(a) Original thread assignment

index bytecode
Thread 0 - 0 P V[C[+][V]*[C]-|=
o | Thread 1 - 8 {V|C|+|V]*[C]|-|=
§Threadz e V[C[F V[ *[C|-|=
; redundant threads
» readBIVC+V*C—
gThreadn vicl+[v]-[v]*]=

index bytecode
Thread 04 0 v [C[+|v]*[C]- |=
Thread 11 8 M V[C[+[V][*[C]- |=
Thread 2116V |C|+| V|- [v]*|=
Thread3 vicl+]=

(b ) Add redundant threads

Divergent branch

(19)

()
Core 17 930 2.8GHz 4
12GB GPU
CPU-1  CPU
CPU-8 CPU
8
Luo-Rudy
LR-Ring  Luo-Rudy
LR-x
Rybak
Mix

Wang, Rybak, LR-100

0.01

1000
10

CPU

Intel

PHVL

80
Luo-Rudy

Wang

NVIDIA Tesla C2070

4



IS

1

CPU

Luo-Rudy

TS

39
GPU

2.3 37

1/7

Rybak, Mix,
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TS
Model Interpreter Translator

CPU1 GPU | CPU1  CPU8 GPU
Luo-Rudy 1.03 7.04 | 0169 059  6.88
Wang 40.0 6.00 273 177 7.02
Rybak 44.1 18.0 2.50 239 791
LR-Ring 71.9 8.10 4.86 331 814
LR-100 90.4 745 6.08 356 757
Mix 186 204 11.3 676 9.58
LR-1000 1570 18.2 64.2 195 114
LR-2000 3390 338 134 375 200
LR-3000 5250 50.2 204 558 264
LR-4000 7120 66.8 279 ih 308
LR-5000 8990 83.6 355 95.0 354
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