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NVIDIA 
Tesla 

• Basic idea of 
NVIDIA GPUs and 
CUDA technology 

Theory 
• Blood flow 

simulations and 
LB method 

Practice 

• Applying GPU 
computing 
concept in blood 
flow simulations 



GPU – Graphics  
Processing 

 Units 



2000        
graphics API 
(OpenGL, 
DirectX) 

2005        
GPGPU 
(BrookGPU) 

2008   
dedicated C 
based 
languages 
(NVIDIA CUDA, 
OpenCL, 
DirectCompute 

NVIDIA CUDA 

CUDA – Compute Unified Device Architecture 



Applications 
of GPU 
devices 

Fluid flow 
simulations 

Molecular 
dynamics 

Chemical 
reactions 

Processing of 
medical 
images 

Earthquake 
modeling 





Parallel processing of data - SIMD 

Contrast to the sequential approach 

Simultaneous programming of CPU and GPU 

Minimal changes of existing programs  
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Main.cpp 

GPU 
declarations.c 

GPU 
kernels.cu 

GPU extern 
functions.cu  

CPU 
initialization 

functions.cpp 

CPU-GPU 
interaction 

functions.cpp 



Start of execution 

Read input data 

Define boundary 
conditions 

Transfer data to Tesla GPU 

Perform one iteration 

Transfer data back to CPU 

Write results 

End of execution 



0

100

200

300

400

500

600

200 800 5.000 20.000 80.000 125.000

CPU 1 3.5 20 77 325 512

GPU 1.7 2 4 6 20 31

E
x

e
cu

ti
o

n
 t

im
e

 [
s]

 

Number of lattice nodes 

CPU

GPU





0

200

400

600

800

1000

1200

1400

2.000 16.000 31.250 54.000 85.750 128.000 182.250

CPU 24 138 248 429 630 935 1205

GPU 8.6 14 19 28 50 54 70

E
x

e
cu

ti
o

n
 t

im
e

 [
s]

 

Number of lattice nodes 

CPU

GPU



0

5

10

15

20

25

30

200 800 5.000 20.000 80.000 125.000

GPU = 1 2 2.2 2.4 4.6 13.7 25.9

GPU = 2 1.4 2 2.2 3.3 7.2 15.5

GPU = 3 1.4 2 2.8 3.4 5.6 7.5

V
re

m
e

 iz
vr

ša
va

n
ja

 [
s]

 

Number of lattice nodes 

GPU = 1

GPU = 2

GPU = 3







Research fellow,  
Research and Development Center for Bioengineering, 
BioIRC 
Microsoft Student Partner 

Tijana Đukić 


