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Abstract

As computing power increases, we can get faster and more correct results in 

pricing derivatives. How to improve speed and correctness by computer hardware and 

algorithms is an important issue because pricing financial products is often a 

time-critical task. 

In this thesis we use Parisian options and GPUs as an example. Parisian options 

are path-dependent options with barrier-like features. Binb-Qing Li and Hai-Jian Zhao 

proposed to price Parisian options by generating functions. We implement this method 

in both CPUs and GPUs. The results show that the execution time used by GPUs is 

much smaller than those by CPUs because of their powerful parallel-processing 

capabilities, especially when number of periods grows bigger. As a result, we can 

price Parisian options faster and with accuracy. 

Keywords: Parisian options, barrier options, option pricing, GPU, CUDA, parallel 

processing, generating function.
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2.3 GPU CUDA

2.3.1 GPU

GPU(Graphic Processing Unit)

GPU CPU

CPU 3D CPU

(Serial Processing) GPU

CPU CPU

GPU

GPU CPU

1. 2. 3.

CPU

CPU GPU

GPU

n ( ) CPU

GPU

GPU

CPU GPU

GPU CPU 2-3
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2-3. CPU GPU [8]

GPU NVIDIA 1998 NV4

Riva TNT 4 NV5 Riva TNT5 1999 9

NV10 NV10 TNT3 GPU

2000 4 NV15 NVIDIA GeForce 2 GTS

TS GigaTexture Shader 10

NV10 GeForce 2 MX NV20 GeForce 3

DirectX8 2002

2 NV17 NV25 GeForce 4 MX440(

) GeForce 4 Ti4600 2004

NV40 GeForce 6 10 ATI Radeon 

9700 Direct 9.0 NVIDIA 2005 NV

G G70 G72 2006 G80 GeForce 8800

DirectX 10 2008 G200[10]

2.3.2 GPGPU CUDA

GPU CUDA CUDA Compute Unified Device 



8 

Architecture NVIDIA GPU

NVIDIA GeForece 8 GPU

GPGPU GPGPU general-purpose computing 

on graphic processing units GPU CPU

GPU 3D [9] GPGPU

OpenGL Direct3D shading language shader

NVIDIA CUDA C

CUDA

library runtime driver 2-4

2-4. CUDA  [8]

CUDA

CPU host GPU device CUDA

CPU

device GPU CUDA

kernel device kernel thread

device thread thread kernel

thread index thread

block block thread
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block thread

block grid thread

thread 2-5

2-5. Thread Block Grid [8]

CUDA thread host device

2-6

thread local memory block thread

shared memory thread block grid

global memory

constant memory texture memory thread

global constant texture

kernel thread
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2-6.  [8]

CUDA

1. Host( ) device( )

2. Host device kernel

3. Device host
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Windows Visual 

C++ CPU GPU

C CUDA

GPU

CPU GPU

Intel Core2 Duo T7100 Nvidia GeForce 8400M GS

2 16

2

( ) 1.8GHz 400MHz

4-1. CPU GPU

CPU CPU

C double

Lyuu Wu [6]

15,1,2.0,08.0,110,95,100 ������� wTrHKS � (days) 

S K H r

� T ( ) w

CPU n 100 200,…,1000

GPU
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GPU (thread) GPU

Li Zhao

Li Zhao CPU GPU

100 1.1684 1.167366 1.167224

4-2. Li Zhao CPU GPU

Li Zhao CPU GPU

100 1.0157 1.016322 1.015997

4-3. Li Zhao CPU GPU

CUDA

(double) (Compute 

Capability) Nvidia GeForce 8400M GS

1.1

GPU

Li Zhao 100

thread 100

128
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1

CPU (ms) GPU (ms)

10 0.030171 0.046863

20 0.108813 0.400006

50 0.850527 12.498731

100 6.545664 73.193116

200 40.502705 396.019381

4-4. 1 CPU GPU

CPU (ms) GPU (ms)

10 0.019905 0.024478

20 0.025283 0.352692

50 0.090444 1.103192

100 0.433924 6.312448

200 2.361334 40.017239

4-5. 1 CPU GPU

1 GPU

CPU

4-5 10 GPU CPU 1.55 20

3.67 200

GPU CPU 9.77 0.102
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GPU

100

CPU (ms) GPU (ms)

10 0.044140 0.035817

100 5.995385 2.331474

200 47.229465 8.078661

500 648.958618 44.038397

1000 7926.140625 113.346356

4-6. 100 CPU GPU

CPU (ms) GPU (ms)

10 0.013130 0.011041

100 0.423657 0.174266

200 2.388921 0.493527

500 33.134659 2.848529

1000 424.776459 7.332075

4-7. 100 CPU GPU

100 4-6 4-7

10 GPU

CPU

GPU
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100

2.571 500 GPU

CPU 14.74 1000 69

CPU GPU 57
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GPU

GPU 1 GPU CPU

GPU CPU GPU

CPU GPU

CPU

GPU 100

GPU CPU GPU

GPU

GPU

CPU

100

CUDA ( )

GPU

GPU



24

[1] Bing-Qing Li , Hai-Jian Zhao, Pricing Parisian Options by Generating Functions, 

The Journal of Derivatives, 2009, 72–81. 

[2] H. S. Wilf, Generatingfunctionology, Academic Press, 2nd edition, 1994. 

[3] Costabile, M., A combinatorial approach for pricing Parisian options,

Decisions in Economics and Finance, 2002, 25(2), 111–125. 

[4] Hull, J.C., Options, Futures, and Other Derivatives, 6th edition, Upper Saddle 

River, NJ: Prentice-Hall, 2006. 

[5] Yuh-Dauh Lyuu and Yi-Chun Wu, Performance of GPU for a Tree Model for 

Convertible Bonds Pricing with Stock Price, Interest Rate, and Default Risks, 2008. 

[6] Yuh-Dauh Lyuu and Cheng-Wei Wu, Pricing Parisian Options: Combinatorics, 

Simulation, and Parallel Processing, 2008.

[7] Yuh-Dauh Lyuu and Cheng-Wei Wu, An Improved Combinatorial Approach for 

Pricing Parisian Options, Decisions in Economics and Finance, 33(2010) , 49–61. 

[8] NVIDIA Corporation, NVIDIA_CUDA_Programming_Guide_2.2.1, 2009. 

[9] Heresy’ Space, http://heresy.spaces.live.com/blog/.  

[10] NVIDIA GPU , http://www.fevernet.com/thread-6501-1-1.html. 

[11] CUDA ZONE, http://www.nvidia.com.tw/object/cuda_home_new_tw.html.

[12] CUDA Wiki, http://zh.wikipedia.org/zh-tw/CUDA.  

[13] , .  

[14] , , , 2003. 


