Pure Mathematics ¥, 2024, 14(3), 201-210 Hans Xl
Published Online March 2024 in Hans. https://www.hanspub.org/journal/pm
https://doi.org/10.12677/pm.2024.143099

ETRANREBRAIHEAZE RN
B

%ﬁiﬁ_l, }%J;J\jk?z
UHTREITO O RO R A BT DEAST
R3] R 2 N %) R B 5 O A W 2

ks H i, 20244F1A31H; FHBEM: 20244F3H22H; kA HM: 20244F3429H

H E

XHERTRADPERE, EARH T —MERGEIESHEIERH FES524Browniash £ fEE:, H
ST 14, 24 534BT . RER/NEREMAH TSRS, FIHNERETHE T RTENE
FVasicekBERl . /54 H T RARERMEEEN .

XA
DTRBEERE, #I/NEEE, Brownizzl

Generated Algorithm for Brown
Motion Based on Lifting Wavelet
Transform

Hangbin Caol, Xiaohui Zhou?
'School of Mathematics Science, Xinjiang Normal University, Urumqi Xinjiang

2Zhejiang College, Shanghai University of Finance and Economics, Jinhua Zhejiang

Received: Jan. 31%, 2024; accepted: Mar. 22", 2024; published: Mar. 29", 2024

Abstract

Based on the wavelet coefficients, a new method for generating standard normal random numbers
and a new generation algorithm for multi-dimensional Brown motion are proposed in this paper. And
some numerical simulations are given in one-dimensional, two-dimensional and three-dimensional

XEFIF: EhisE, F/ME BTN AR AR IS sh B A R E VL] BEIREE, 2024, 14(3): 201-210.
DOI: 10.12677/pm.2024.143099


https://www.hanspub.org/journal/pm
https://doi.org/10.12677/pm.2024.143099
https://doi.org/10.12677/pm.2024.143099
https://www.hanspub.org/

it

e
B,
%

Jel /I

cases. Then the wavelet coefficients are applied in the financial model. The canonical two-factor
Vasicek model is discussed by wavelet coefficients. The explicit expressions and numerical simu-
lation are given finally.

Keywords

Fractal Integration Process, Improve Wavelet Transform, Brown Motion

Copyright © 2024 by author(s) and Hans Publishers Inc.
This work is licensed under the Creative Commons Attribution International License (CC BY 4.0).
http://creativecommons.org/licenses/by/4.0/

1. 518§

TEAL S A FE F2 R LAk,  BENLEON VG2, SiERg A pl . BN . {55408, Smhsl
P[] [2] [B155 . Rt rh ALY, bR IR 37 8 I A8 [4] [S]AN 4 RAAT A= it E M B AY 5] [6]5%,
KA Brown 1I28)1E RIKE) . Brown 123 M AUE AN FE R RS /- MmBENL AL 158 EABENLEE i
TR T S AR IBENLEL. Hasting A BLEE VAR REUTIE) — MR Az s iR 5 35235
s, WA — B ) B AR R AE A BE LA 72, G0 Xiaohui Zhou AT Guiding Gu BF 78 1 —Fl 5 - /)N i 2= 1
TR R IEASBENLE ik, JF AR 7 75 & BB v (1 B A 7]

BEAG /N BT IR R, WL RIRAE N T VE R 2 3 R AT [8] [91, R TVE[10]5 . AHXTIN &,
TG N & TVERTE, BRI, SRR, &S AERIFGREES A ESCER[7I A K
T, FETERT /N AR WA T — PO 0 IR 25 20 AR BE AL E A 7 V2t — P B SR SR o 1T YRR N e
B, 758 R S TR A A TR I (0 IEASBE ML S . 12 RS R TN s Sk, de s B
WU B . R ] JR RS AT E . BhAh, FRATIEIRE T Brown i394 L%

2. FEHENH
2.1. HEESTIE[L] [10]
B — AN B X,

1y _ T 2 l
(1-L)' X, =&, &~iidN(0,67), |o||<2
H(L-L) BATEENET, aRWF IR T4
@
Hop LW 5T, T RS ET, WX ks, idhid).

2.2, TBFINVEEEHR[10] [11]

NBRTE TR, AR R TN B S, R S AL BB A B AR SIS R T N . T
FONAR B IAAENE, AR RO IR A T A0 AR N AR T 1 2 R TV IR,
ADERAE T R B IE =AM XD IR, RERERHE 5 MRS 731828 7 ik 22 e

o

DOI: 10.12677/pm.2024.143099 202 S H


https://doi.org/10.12677/pm.2024.143099
http://creativecommons.org/licenses/by/4.0/

HsE, M

S, WA N RE NEERTE RS, W, W T AR, AR 2,
UK KA B S 2, SRR . JRIK, NI T I R AR 0 B A B AR R R 45
A EIER I L R (5 S B RIS . BEsh, NEARTI 750 B RAFR TR A, 7T LAy
RT3 R AR 7] 135 5 A TN PR R A T AE 55

HETHTEI B NI A R R s W/ B —ANYIRR /NI R A (1) il g, (t) -

Tt S Fn=012,--, TSR

(@) 7P%: Hh (8) g, () 2 B ZEAPAH R BN R (6) A g, (t) -

(b) FU: A4, (t) Bl g, (1) BUUH b, (1) .

() HEHT: AL FAELAM b, (1) EH b, (1) .

RGN : 285 ZURIRTHR, BN h, (8) R g, (8) BRI N

Horb, NRIRTFIOVCEG () g, (1) 55 n AR TR F/NE R

HRTF 7 W R OUE RS N, JIXUEZE /N Bio9/7, XUIEZE /Nt BioS/3 o XUIEZS NG
T IESE /NG A — 2 5 (1) RS NG BAT R, AEOSIR (L AF R S B 1. (2) UE Ay
NI, REOSHROE AR MR A W . (3) SRR T UL, RES T AP HARAR (5 5
TSR (4) FUFMIFETE: AENB PR AT IR H BT 45 B MBS A YR AL B S bR A% 5 o S A 3
TESEBRRLAT R, N SRR L P F A SR AL Sk e

2.3. RAESN[4] [5] [6]

B —ANBEHLLREW,, t >0, §il 2 T o140

(1) HAREIE;

(2) vs<t, W,-W,~N(0,t-s);

(3) W, KT t EELL ML

TFRW,,t > 042 Brown i&zh, #W,=0, MW, AR Brown iZ35].

SE L 231 R AMBEHLIEFEW (t) = (W, (t),W, (t),--- W, (t)),t = 0 FR A n-4 Brown izal, MW (t) i
AR BIE -

(i) =W (t),i=12,--,n#EE 1 4k Brown iz3);

(i) XFT W (t) 5w, (t),i= j RATESIR.

KF—A n-4i Brown i23f), HATAE N F (1), e TIITER.

(i) (FERBE)S T 0<ss<t, F(s)WE—MESGET F(1):

(iv) GERE) R —At =0, BEHLFEW (t) & F(t) 7

(v) G ESALIE) R T 0<s<t, BEHLFEW (t)-W (s) 5 F(s) AL,

3. TBAERNRERRE A
3.1 BT MNRABNESHH
SRTBENLL R X, 2R S HGRIFB 2R R IR ECN

Cix =<Xt'¢j,k>Lz(R)=2j/ZIRXt.¢(2jt—k)dt @)
Ml X, (ERBESHGRT R S5 /N R ECh
dj =<Xt"/’i~k>Lz(R) =212 X,y (2t-K)dt, )

DOI: 10.12677/pm.2024.143099 203 S H


https://doi.org/10.12677/pm.2024.143099

R, JEAE

ot gy S BRSO N R

BT LR (d) ] <3 B9 MERAL AR PR3] 2.

%ﬁiﬂ]ﬁﬁ%ﬂﬁﬁ&%mﬁ@%%%%%ﬁﬁuwmk%,Hmkhxﬁﬁﬁﬁﬁjﬂ$%
BH K FINERE, WAd, ~N(0,07277), ] >0, Hirk o? HATIRHH.

S 1 HOUERT v L SCARL]

950 2 [1] ERBHLLE X,y 0 BSH AR AR | (d).Jd| <2 BN X RSN | TR
Bk FINEREG T4 d,, 5T RIESH ) RIFR S8 K A .

SIPE 2 HIE PR SR -

ﬁ%@&ﬁﬂﬁl%ﬁﬁzw&wbﬁﬁﬁiﬁjT¢ﬁ%ﬁm*mﬁ%ﬁﬁ&ﬁaﬁ:%??ﬁ,

HARMEAL /N R HL(65) 2d;, ~N(0,0), i BZERFIREE | T (83) 2d,, RHEMILM . FHIL,
(6%) St ~ 22 (2)) . BT AR, RATEIT I, t A F 54

58k, TESCHRILIH, 451 TN RH SERkE, 2 %2 LA O, — k[ ™) ek, 7Rz
W1 DL O( 27 ™) ek, m R MBI A . DRt /BT KRR, N R AR i
5, NS T UGN B R AT A B B B RO . (A RBESLBCBER, F EURE T
BiWl. LR 2000 MBESLECN S, 1 it 1R bio5/3 BUIESS/ANE A BEHLEL S randn bR AR UK
BEMLEL, v CLE AR SZBENLEL I A fE Ol 1 2 25 H T R bio7/5 XUIESE /N (Ze M)A bio9/7 ALIE
A8 /NGO FRBEHLEL. T BRI, AT UL BB L o 43 A 40305 K2 e TEAS 6 4 3o e, L5
ORI . M db3 /] db6 /e, BEAFE RALHIHIA,  BHL AR SEIRPE AR BLLE A4 2117 O Xk
Fw, IR KPL RN AR5, ST RILE S R I 8, T RB R

; TN AR A BFIN(O, 1) BE LR 5 - Frandnif F4E ACHIN(O,1)BEAL %L

~ : * 3 . °
.: . . 2 . .. ’. - . . .
. P g T
oated e wie 2ot twd it e
e B Gl T
B AR I L, R L
x rorvee s o hy o Lo | 1 (g N, SRy o2 g
RS T Sy XL SRRSO
0 EIR Zort e W tend AR IR MRV TP
SR U § sl RIS YRS o
bk o PR
00 3o W e tpe® e Py - <~
:'\”;': &: "-, ":':.l h;‘;.&“.: &4"’5-;‘& ’_{ e ‘%
Y -‘3435;-}'.'5 3 B sy I e g VUL
w e @ «,"s. D :"‘.";:..:-_....{::..q.-.s o % o
R KA X | Bh o e o N pent
£ et R '1 SR o ‘.-g. .‘. g e 1 03
EAL A LY Dt g CHAN e RE ST
.':%?;"x.. .\.'.s. “3 :,:. * eee .'.: ""-’ i '._.-‘ . '.",...‘.“.-.'
- :. o e Po o o, 'o. 00 ‘“.:..'. - . .—.'
: Y _.f 2 : L4 . o - ;.,. -:
-3 - ; ; ; ; -3 — : ; ;
0 500 1000 1500 2000 2500 0 500 1000 1500 2000 2500

Figure 1. Random numbers generated by biorthogonal wavelet bio5/3 and function “randn”
1. bio5/3 WIE3Z/NE S randn iR #E BB REHLEL
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Figure 2. Random numbers generated by biorthogonal wavelet bio7/5 and bio9/7
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Figure 3. Random numbers generated from wavelet coefficient of a uniformly distributed process
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Figure 4. (a) 1-dimensional Brown motion; (b) 2-dimensional Brown motion; (c) 3-dimensional Brown motion
4. (a) 1 % Brown E5f1; (b) 2 4 Brown E5f; () 3 4 Brown iEE)
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4. BIEFEEF Vasicek #EBL[5] [6]
dY, (t)=-4Y, (t)dt +dw,(t) (4)
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Figure 5. Simulation for two-factor Vasicek model based on wavelet coefficients
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