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The Research of Improved Crank Nicolson Algorithm
with B—S Model Based on GPU

WANG Wenhao, WU Chunxue
(School of Optical-Electrical and Computer Engineering , University of Shanghai
for Science and Technology , Shanghai 200093 , China )

Abstract: Based on the analysis of the famous Black-Scholes (B — S) model, the Crank-Nicolson
algorithm was optimized in accordance with the theoretical and numerical analysis resuls. A new
way to improve the efficientey and effective ness of actual options tradings was created. By using
the GPU as a computing platform, and combining with the CUDA technology, the validity and
applicability of the improved algorithm were verified. By doing horizontal test on CPU platform the
running environmental advantages of GPV platform were verified. The experiments show that the
improved algorithm running on GPU platform can get significant effecs. The operation precision and

computational efficiency can be greatly improved.
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Fig.2 Equations coordinate domain decribed by the

improved C— N algorithm
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end for
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while =0 do
for all 1 do
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end for
for all i do
calculate P;,, »Q;..» L.,
end for
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public double BlackScholes(string CallPutFlag,
double S,double X,double T ,double r,double v)

d; = (Math. Log(S/X) + (r+ v % v/2.0) *
T) /(v * Math. Sqrt(T));

dy, = d; — v *Math. Sqrt(T) ;

if(CallPutFlag= ="¢")

{

dBlackScholes= S * CND(d;) — X * Math.

Exp(—7r % T) x CND(d3);

}

else if(CallPutFlag= ="p")

{

dBlackScholes = X * Math. Exp( — » x T) x
CND(=dy) =S *CND(—dy);

}

return dBlackScholes;

e CPU 8 FasdT bRy . it il LLEAT
51E GPU s 8eR i . PR IEZ Hifx C— N
J7 i BGHEA m HLSE L OF 4 5 b e e k=
F K

3 EEMMIKEREBRKLIEREST

ST SRV R RE D LA b o ) PL
MBI B C = N Bk X 4 KRBT 4Rk Y —
St H R AT I SRS 5 SE PR E A TR L o
BREERIXS EE . I3k 1 PR . 285 G 3. ANOR
FERORCIRG A W) S A 3 i . O H 5 SEBRE A iR
2.

®1 C-NU#HHEZBEESEREHNR

Tab.1 The precision and accuracy test for the

improved C— N algorithm

wWEH T S MIN  MAX  #fHf ki RZEMH

WFC 250 33  30.52 36.81
CVX 250 60 54.08 75.97 74.2276 74.28 0.0524
IBM 250 80.3 72.73 97.40 96.9563 96.97 0.0137
HKG 249 160 124.9 187.6 168.884 7 168.90 0.0153
SHA 241 16 12.12 23.38 13.8482 13.86 0.0118
LON 254 26 16.21 21.65 21.3857 21.39 0.0043

35.8935 35.92 0.024 7

PR AR BIEAE AT & L s B ReRtE
178 . 124778 CPU £/ GPU ¥ & &%k 7
GPU ¥4 |+ 24 8 Crank-Nicolson & # J5 77 1% 3k



%24

Fook: 45 BT GPU i) B-S #7 F gtdt Y Crank Nicolson 151

K B—S Ji R, fEJefhiik GeForce 550M GPU Gz
BReSr 2. D) EaEAT KL A N X S, R AE
Windows HPC Server 2008 ¥3% R i ff CiE=
XA P AT B A T S A PR B R 4
FHE ) 7 AT XT e BIFPE- & i A R
W fE CPU 5 GPU b A7 WA A1k 142 S

180

2140

= 100 —&— CPUEHLIT ]
:—' ......,{:;pljigﬁﬁrﬁ‘l
% 60

TNy o m

12 14 a]i} 18 20
(a) 2R HOh 2E it

L ARG TIEA R Z5AF T PIAF- & 1z 5 6]
RAEATXS EE . X AR I AT kS Y — s Y
It A 2R R I 2 R ST Y
Pl 4 S AEA RN ) S PR o FIOTARELB R ARAT P
Tl 53 1 B3 IR T A L A il 2% &1 v mT 0 S e 9
F- & s EAERE.

250
@ 200
= 150 —@— CPUIE L]
< 100 - GPUIE LI ]
X 50

(b) FRREChAER

4 FEFEEERE R

Fig.4 CoMParison of computating times on different platforms

Fo i AR Ry 10 AUR 1 = HECh . 18 U
) S BCR o RIS

2 s GPU BG4 T CPU V&
fSEPRIERESY 25 . P A3 £ @ i CPU S5 5
GPU -5 4% H iz 5 i 18] A LU EDR . 225 20 i vl
R A ) O N AR B AT R H ey 1
Wk s o7 LA a7 I8 1) g 40 1 b o GPU P 5 41 X T
CPU ¥ &5 s A7 [A] 48 2 B 2 (H SEBR IAL S 5 1
DUAL BR AR AR R DR 1 28 R ) - O
{0 R AR Aol HL S B SR (L Hhy R AT R i) B
K, GPU - & M Xt CPU “F & 1 iz 50 58 B 4 7+
HER.

®2 GPUTARZHEERASE
Tab.2 GPU platform performance gain parameters

P
N
210 912 914 216 918
5 000 0.20 1.32 3.92 8.58 14.41
10 000 0.21 1.32 3.95 8.62 14.65
20 000 0.20 1.32 3.96 8.60 14.66
40 000 0.21 1.33 3.98 8.63 14.69
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