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Abstract The Shanghai Composite Index and Shenzhen Component Index on the closing price time series
as a sample, using the wavelet analysis eliminate noise sequence, sequence to retain the fluctuations of the
multifractal trends identified. By WTMM (wavelet transform modulus maxima) calculate the partition
function, scaling function and multifractal spectra, a comprehensive and detailed quantification of the
sequence of the fluctuations at different levels of local and singularity. The results show that: after the
removal of noise, Chinese current stock market existing securities significant fluctuations in the market

multifractal characteristics.

Keywords WTMM; wavalet analysis; stock market volatility; multifractal

1 5|8

EFF T — R AL RS, IR iR 5. B, Bifl. SMRERGE. =K HF
BB 2y E R R R, XN K R 2 (017G & E IR SR, Xl sh iy sgn A AN R B i Al
SR, FETEARIKS T, BRI e sha e U, xig kR B &y e i T BA EE A EIS
YHE. FEE B IU AN A S AEITRN, Rr AR LRI R RSB R FIRS —— S ERSIR 8 oA 5 1%
FIANBNES iR SIS, MO T FRIES BB TR — DB A R F R . 17258 X Rl
[P BT R AT T R EAIBETT, B — MR, ME—RSEan Hurst $8%1, AR 4ERZIHE
T AR SRR RS 7). SR, BEAMERF I AR IR Xt BTy i R e I S AR — Fh et
S ZIE, IR IBTERE— B2 R EHE SRR IR . AR RS E R0 & P E R 254, 34
WL TG A TR BRI A T A2 . 17T R F 2 B T8 I RT AR A G BB AE 0T T AR B o AT, Xt FSEbr
SRR B ASEI DU B A S B Bt ) R At — S 24 (B AR B T AR B, anel 20 i 7 5 AT i B, TRELA
ZEME RIS ESHORE SEEMZIE. B NINE 228X R TG0 R iR RHE B AT T
KEIHERFIT 51, ARV, 2ERFEES il sh, ¥E—eRE LRI T RSEIAR—5%
ZEPEFHE. LR SCIRBF R Z R I AE LGS E ) MF-DFA (ZE B IHERE RS ik
SERHFRAFIT, (X — kMBS R R 24 . SR BURVENCKR, T H RS WFTHE 20 T W
Wt B 8R: 2011-06-17
BRI E: R EREEEEES (60964005, 70901036, 61263014); YLPH4E HARFIEFES: (20122BABZ01023)

YEE I DA (1975-) ILPRALA, 55, ML, BiA S0, BFF07: SORRGEARMERAE G R, R (1984-) YL7Y
N, 5B, B, BEF7I: SRR 298 (1989-) YLPYRERA, o, 8L, BF5ET7 1 SRt




2382 Ao TRMEIRS LK % 32%

TH 7T 5, Bl 1518 2 BT A BUE IR E 22 R 5 R R iR el AR R B TR i %
KEAZER, REEEER 2RI EFHER RN 959y, M n RS S 2 2. A T H
BRIXJ7 T W50, A SO INEE 2 RS 7 IR Z BT 7 Aam G, B 2 RBE S 15 B d it o i ik
A 5y AR, BRI WIMM (N BERE) HESE TR Z BB HER, S8 IES: i i 5 Rk 3))
FHERRS TR HERBEIS. ASCRAR WTMM 773k, AMUAEMbe LR Zom e, 0 HLaX Florikit s sy
EEHIREV G MR, AER. iR 1 R 2 EE g, S&IEH WTMM
SR AR, PrUAASCHRIIES: WTMM 4347 7 R RERCE T 2 BB St ot Lkt
BRSSP E R TR IR, FEASRE 2 U8 b e [ ik i 2 W & s B 0L, A SCIE R _EE RS R
TRAPE%EL 1991 4F 4 A 3 HE 2011 4F 4 A 1 H HEMREBUFFIWE A EEAZ 8], @il /N S BREEA
WERT T, SHBEIERFS, TEHMHESE iR R, ZEMIBIES AR R SR R E Rk
W Z B TEFHE, RIS LR R AR E 27 . SRS SRR IR E RS i B A AT
FHZEMEHE, BFRE R sh a2 B AR B A R R .

2 RS RARRRRM B RSN SRE T

JREE T3 i SIS 32 BN S 2 TR R T4, T ELMR A A R I I sh A AR S e — ke, R, 4n
ARG I 75, FES IR B IR (¥ [F] B BEAE T 2R GE M SR AR I S AR PEAR B TR, XS S BRI R B .
WA P S R A P S i IGEIR AT . /NE M HRIR I SF I 214, M5 SRR M BLE > BRI, R0
PRI AN BRI T B AT RS AR BOR. (B2, U5 54 B BFR A H S B i & m, &
WA GEIE S S ST AR S E LRI R R, BEUHENE TR — I 56, T/ 20 m 77U
FIE VR W5 R RURBUR A S TB, 65 15 G ZBRITE AR A & 24 Llk R 50 ek R R[] 751 iy
WERE, BT AASCEBE AR R LR 1),

2.1 INEZSHS

LSRG S B BRI N 22 5 B e (10171 R/ N AR el R AR R BB . AT
XEFI {V)} e, RWRFZIFH L2 (R) B— D20, o(t) AZBITHIRIEREG {050} 1es
K L*(R) WIRRHEIESSHE. o(t) A/NEEREL f1(t) RS f(t) FERERNE V, LOMRES, £t BES
f() TN Wy A5 S, WA B/ NES AR

FI6) =Y cindin(t), k€ Z (1)
k

£ =Y dirpik(t), k€ Z (2)
k

Hercjn = (f(1), ¢k (1) FRARBEREL djn = (f(1), 050(t)) FRA/NEREL
#f(t) € LA(R), LAR) =Y I___ W& V; NU:

FO= >3 dirpint)+ D ¢indin(t) (3)
Jj=—00 k=—c0 k=—o00
L J — +oo A, MBTHOEAS/ MNEEHA AR N:
F& =Y > dixpir) (4)
j=—00 k=—o00

LUFREE T 250 BRI IHBR S TR 38 190 1) (55 A/ NE S SRR G/ NECRIE 4 MR EH N,
Xt EPME ST N RR/NEME. 2) X0 REERARBOE T REA: MM R IR, RS E(E,
XX — R E ARG TR AT, 3) BT ARG/ NEMEIIEE N RE LIRS B0 2 B {E
EALRHESREL EMES.
2.2 J\EELE

ARG LAESEG YIS 6% 1991 4F 4 A 3 HE 2011 4F 4 A 1 HYERM AR, LIEteRat 4898
AR, GBS HEREE 4926 MEARE. BATESCLER: Db-8 /NI R ARFS X (n) #HATZ50 B0 it
B 3 E, R MR 3 BABARTON 2o BUELA B R i B — R B A REMSREIB ER TS Y (n),



114 FikAR, & BT /NEIHTHIB TR SR Z BT HER 2383

XFERE AT LGEREXT A Y (n) B0, R T M i sy Rl ey k. AR sh A AP e 545, B
T ESRERPER. B 15 T _EIERSEORI S 1R SR A 25 W5 B ]

10000 10000

&=
5000 % 5000
=

WAL

0 0
0 2000 4000 6000 0 2000 4000 6000

(a) LUEFR SR LG (b) L UESRE e I P
x 10° x 10°

2 2
1.5 1.5
1 1

lreE iy
ey

0.5 0.5

0 0
0 2000 4000 6000 0 2000 4000 6000
(o) IRAREL S AR N 3 (d) VR IO BN 7 1]

1 BTSN ERERIE N FSIRRE T

3 ZEHWHMI M

XF O R BB RHER R LML, E—PRRixd BT RAZENERIE FEHH
" XS RORAE L R R TEAFE, MRX SRR A s A5, I R R Z BB,
I L EAR R T AR N 2 AR R A B4 AE. T T 45 A SOR B B iy EZEH T MBS
3.1 REHRH

EM 1 FifE X(t),t e T BF FRiGEHWE
E(IX (t+At) - X (1)) =clg)(A)™ P Wt e T,qeQ (5)
N#R X (t) — N2 EMEAR. H 7(q) FIRAZESMES RN RE RIS REISEL 7(0) BRT ¢ BiE
KYEREL, & 7(q) KT ¢ SN, N (5) XAk ry ZEHMEE B BT,
3.2 ZEHWIE
EX 2 HERH X(), REETE ¢ BARREMIEE € X, & At — 0 B, RE3 3 E
| X (t+At) — X ()| = Cp(At)*®) (6)
TZRISTEE S K IXTH] [0, T) 43 oF ANEFREFIXIE (k AR5 EL), Ni(o) K (38 k I BeRGT) B8 a(t)
BT IX [, %

fo) = tim [log Nk(oz)}

log(b%)

FEH—A RCE T A E ST LGRS, R4 X (1) R— P ZEMELRE, o) M f (o) S3HIFF AR X (1)
{y Holder #8580 Z EIMEIE. 7E Lk 30, 5l Holder H5EX a(t) WK/ IMILREF I iR st BRAE R Rt 1
W BRI, LR JRER Holder $5%L, ik T B SITEAH ot 6] 5y LWy ARSI, Z2E o
FER B R ZI AR O SR i OB AR A 24, Bt/ Holder $8XUR(EEA ZHEME. NI, %€ AN FERY
JEAT I A SR T X Z B RN B B AR, ZEIEIE f(o) FRAE T IER TS R
LFREWLAHIE B R 2A Holder 155 a(t) BIMER, T fETA Holder 4551 o(t) WIMERM. XHE, ZE
TSRS R R AT AE 2 AL S A 1 LR,

4 #T WTMM MSESHENITRESE
4.1 IR KT A
/BRI B AR 1 Mallat 1 Zhong®0) 7E(7 5 ABRABFFE 2 4 iR h ey, B E

Mallat!?!) LR SNSRI — 2 40 BERFOR I B R TR AU, BEJS, Muzy 22 R Hmis 0
T B2 AT AR DA 126 R P Y SE SR R AL BE TR, R, WTMML J5 vt ] AR SRARIE S T 377 4 S %



2384 RELRERE LR % 32%

TEACFRNIE. TR WTMM $egrge 231,

Wite.t) = [ wf@ ¥ wn@ir = o [y 220 0

a ARERT, b A FBEF, « RAREILY, v (x) HENEREL R AVHERM. — B /NS Gaus-
sian /NI, HE XCH:

N dN 2
v (z) = oy lexp(-27/2)] 9)

Gaussian /MNEEA n WriE KM, MHERREMW SREB R i 2B MBS0 0 RE. XF /M= (8) FE R
BESE o B, 7E o AN, & (W (a,20)| > Wy (a,2)], K 20 S Wi(a,b) B—DREBIRRME S, X
WRAE xo HITELFRABMRLRIE, RIPRBARA.
4.2 FIF WTMM itEZEHHE 2

¥ BARE AT A FEE IR A B S0 g i E 543 FEE, /N AU BT HAy
TR R R, T ELRT L T B R RO R B S f 1 385 R

SCHk [24] F8H, X F—ANZENE, H/NEBREE—SERE, BHF o &

(W (a,b)] ~ a®t1/? (10)

JRE Holder $8%1 (¥ F48%0). BEBENFAR/MNEREY N > o MHKRHMER (10) RAZMLH. S0
Wr/NBom s R IAEAE. H {bi (a)}yep RFRRIE a MR Wy (0,0 )] BKRIEARINLE, BOE R IR0
B

No(a) ~a=f@ (11)

Her f(o) BEZENEA . 2 XA %L 152

Z(q.a) =Y [Wy(a,b)| ~a™@ (12)

1

A AFE]:

7(q) = min(g(e + 1/2 = f(a))) (13)
AR R BUER B N (), SFTUABE ZEA A7 /(o).

fla) = min(g(ar+1/2) — 7(q)) (14)

YRR WIMM 2B Rk B AR, T4 A HESR:

b BHUE Y/ NIRRT/ W (a, b) Bt HAERE— RUE T RIBROCE . TR
=, N T BERPIE A AR, WU FEE R S T R B /NG, B0 Gaussian /N

B it (12) RIHEEEE Z(q,q).

FH=2 MEHERIEHRERERE 7(9): logyZ(q, a) = 7(g)logsa + C(q).

PR @it (14) RIFFE L EMBA R

200
1 ==10.00
03 S S
o0 =6,
2 =10.00
0 -200
1000 2000 3000 4000 0 5 10
(a) Devil i £k log,(s)
(b) Hﬂ%ﬂ’]@ﬂ’)uﬁzl&{
10
0.6
0
0.4
-10 0.2
-20 0—*=
-10 0 10 0.4 0.6 o‘s

O — (d) HZki 2T L
(c) HESAPANI R AT (datalmllﬁﬁ dataZﬂzﬂt”: {E[_)

2 #T WTMM #%89 Devil i SEN A



114 FikAR, & BT /NEIHTHIB TR SR Z BT HER 2385

4.3 WTMM Z AR B
FIA matlab FAH wavelab THARHE H Cantor Z4-8EJF 51 (ERITH 0.6,0.4) M RITHEFS, tuk
& Devil (BEA) M8, & 2 28 ] WTMM J7iExt a5 ah R E, /N B0k A s — o S48, )7
IR ECH 4096 4>, EALE 2 TR (d) FTLAEH: HUE datal SHERME datal2 WEHMREF (3 HEig(E
WITFE S5 STk [14]).
2

50 2 100
4 . _ 4 ~
) = 2 6 2
g Z S 3 g g 0
I g & 10 g
12 -50 12 -100
0 2000 4000 0 10 0 2000 4000 0 5 10
AR AR, AR 2 log,(s) N A Bk 24 log2(s)
@ . (b) R @ MREREBAER (b) LA B e
20 1.5 20 1.5
I o X L,
0 o hy . o IR 4
C g s g g +
20| 0.5 % + 20| 0.5 f%
—40 0 % 40 0
=20 0 20 0 0.5 1 1.5 =20 0 20 0.5 1 1.5
q a q a
() REERR 1% (d) ZEHTER () REER 1% (d) ZEL B
3 T WTMM FEN EIHERZEA IR 4 BT WTMM FHEMRBIER S EA TR

5 RRiEEINSES LR

Xt 2.2 HESEMERIIFEA TS, 1] Gaussian ZEEL/NE, I WTMM F7EX bt 2 Eo AT HAT
FE. PIEARNE 3- & 4. & 3 R 4 AR T X RBYRHIE 5 T S NEA AR B Y /B AR
WAL R FRE X AR R AR B/ NE AR B (E ], i WTMM JriRAS S WYL e $0AT , i
S SRR RE R EE, 2GRN ZEEE. AR 3 2 BRSO AR, B 4 %
TRBAER 05 AR E. 1B 3 (9 d FEIAE 4 89 d TEIEHERY: % o fE—a R, ZESEIERK
flo) BMRBEARLAE, IR Z 0 B faBR R e, 22T WTMM ESE T R E R T 5 2 B R
MEFEIR, PERG RN T 5. B3PS0 RO s SRR AT AR e PSR RBERRRR 7(q) A1 g #REH—
FHAELIER R R, FRREIEF EIES 3 2 OB AMIATAE, 21573 f(o) FBKIEE Aa = amax — dmin
RZEMEH— I RBESR, B TR AR I REM R RS T RE, — ok, Aa
KRR ATEALT Y], Aa UGB Ko AT 5. A SO SRS R B R LIESER sl P 5 2 Eor
TR Aa = 0.85, TINEAMERIE ST Aa = 0.82, T2 B o E B EZ i 703 3 9 0 T o0 A+
A5

6 ZEitS5RE

AR 273 BEor i B BRIEG FE, FRTECERE B, 5B WTMM HESESE R EES 7 3 R i
RS ESEIIR, EEALTEE: 1) MRS PR T 506 8 R BEF 5B B sy,
Bias2 BHE MR TR e il 2) BriER RS RERY, TERCE AR RE T RNZE
SMBHFALE, X EEAR S RO 7 S BT A BN E; 3) Bz T MF-DFA M2 FRIBHAHE, A
WTMM HR#HATIES 15 2 B RHERIL, T3 iR 5.5 T,

HAVERFTEH B A WTMM "] RLI7ERIERR 1 203, (B i T ek TR 8% 78 ¢ ]
SRR, 2 MNOTHRERZEROR, BRIl UE BIE SUE KA ERRIRR, MAEIEE XA TE, H WTMM
T HDRR EM AT EA —ERiRZE. IERER T ¢ < 0 WG, S THUMIRESBOHRE R
RGO BRI TREE, Al SE A2t RE AR S B 2 R A3 SRR X W), A5 TR 2 AR BF 9T

SE
(1] PRERE, Tdiif. FEBEE e S 3 SRk S IAERT R [J]. RS TR 58, 2010, 30(9): 1554-1562.



2386 Ao TRMEIRS LK % 32%

2]

3]
[4]

[5]

[6]

[7]

8]
[9]
[10]

[11]

[12]

[13]

[14]

[15]

[16]
[17]

18]
[19]
[20]
[21]
22]

23]

[24]

Chen G J, Wang Z H. Continous voatility and jump voatility in China’s stock market[J]. Systems Engineering
— Theory & Practice, 2010, 30(9): 1554-1562.

Tcu, M, FUEHL. ET EMD SHmgsHERE AT 1], R4 TS5, 2010, 30(6): 1027-
1033.

Wang W B, Fei P S, Yi X M. Prediction of China stock market based on EMD and neural network[J]. Systems
Engineering — Theory & Practice, 2010, 30(6): 1027-1033.

Lo A W. Long-term memory in stock market prices[J]. Econometrica, 1991, 59: 1279-1314.

Peters E E. Fractal Market Analysis: Applying Chaos Theory to Investment and Economics[M]. Economic Science
Press, 2002.

Lux T, Marches M. Scaling and criticality in a stochastic multagent model of a financial market[J]. Nature, 1999,
397(11): 498-500.

B, KILIE. SRR 5 TENE [J]. RETREEE 528, 2002, 22(3): 13-19.

Fan Z, Zhang S Y. Efficiency of financial market and fractal market theory[J]. Systems Engineering — Theory
& Practice, 2002, 22(3): 13-19.

R, L. RSB SPAHEAT (1], AP AR, 2007, 12: 44-46.

Cao G X, Shi A N. The Shanghai composite index of the fractal characteristics analysis[J]. Productivity Research,
2007, 12: 44-46.

Calvet L, Fisher A. Multifractality in asset returns: Theory and evidence[J]. The Review of Economics and
Statistics, 2002, 84: 381-406.

Onali E, Goddard J. Unifractality and multifractality in the Italian stock market[J]. International Review of
Financial Analysis, 2009, 18: 154—163.

Stavroyiannis S, Makris I, Nikolaidis V. Non-extensive properties multifractality and inefficiency degree of the
Athens Stock Exchange General Index[J]. International Review of Financial Analysis, 2010, 19(1): 19-24.
HIE%. TEBEEHSZ BB SHETTT [J]. 402, 2004, 11: 53-56.

Huang Y R. China’s stock market multifractal structure of empirical research[J]. Contemporary Finance &
Economics, 2004, 11: 53-56.

7. ERATERIZ RN 1], RECTHGEIE 8, 2004, 24(6): 50-54.

Lu F'Y. The multifractal analysis on stock market returns in Chinal[J]. Systems Engineering — Theory & Practice,
2004, 24(6): 50-54.

AEME, TERE RSERTHNS IR (1] RE TR GHEIREE, 2007, 27(10): 40-47.

Du G X, Ning X X. Multifractal analysis on Shanghai stock market[J]. Systems Engineering — Theory & Practice,
2007, 27(10): 40-47.

(38, K, T35 WS DNA RIS ENBHAN 1], SRERTARE HRB2I, 2010, 11(5):
572-577.

Fu Q, Zhou Y H, Wang L. Multi-fractal spectrum for signal time series of turblence and worm DNA[J]. Joural
of PLA University of Sciences and Technology: Natural Science Edition, 2010, 11(5): 572-577.

Giaouris D, Finch J W. Denoising using wavelets on electric drive applications[J]. Electric Power Systems Re-
search, 2008, 78(4): 559-565.

tEtE. N TR S [M]. U5t B dit, 1999.

AR WSFTHR D TAHER S [D]. Hi: F K, 2008.

Yu J. Study on fractal characteristics in securities market[D]. Qingdao: Qingdao University, 2008.

SRASE. AN SN A (M]. dU: EETL SR, 2008.

FHitAE, G BT 20 IHE POk SR IZEIEHIN [J]. PEZER, 2009, 58(1): 150-157.

Luo S H, Zeng J S. Multi-fractal indentification of the fluctuation of silicon content in blast furnace hot metal
based on multi-resolution analysis[J]. Acta Physica Sinica, 2009, 58(1): 150-157.

Mallat S, Zhong S. Characterization of signals from multiscale edges[J]. IEEE Transactions on Pattern Analysis
and Machine Intelligence, 1992, 14: 710-732.

Mallat S. A thoery for multiresolution signal decomposition: The wavelet representation[J]. IEEE Transactions
on Pattern Analysis and Machine Intelligence, 1989, 11: 674—693.

Muzy J F, Bacry E, Arneodo A. Multifractal formalism for singular signals: Application to turbulence data[J].
Phys Rev Lett, 1991, 67: 3515-3518.

g, 2241, TR, & BT/ NEAHBURORH B SE 5 A il [J]. B S, 2004, 24(6): 529-533.
Ma R H, Li Z, Wang W C, et al. The singular spectrum analysis of blasting vibration signal based on WTMM]|J].
Explosion and Shock Waves, 2004, 24(6): 529-533.

WRE, PRz o)L M. 2 iR JEst: Rt itt, 2005.



