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Multi-Granularity and Time-Varying Fractal Dimension on Data Stream
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Abstract: In the era of big data, data stream is a common data model with characteristics such as orderly, massive and time-varying.
Fractal is an important feature of many complex systems, and is mainly represented by fractal dimension. Data stream can be viewed as a
dynamic and complex system, and its fractal dimension should also have characteristics of dynamic, time-varying and multi-granularity.
This paper presents a method of measuring multi-granularity and time-varying fractal dimension on a data stream based on discrete
wavelet transform. The method can simultaneously measure the time-varying fractal dimension on a data stream by using the summary
information from wavelet transforming of the data stream saved in a multi-granularity wavelet transforming tree in memory. This method
has low computational complexity, and effectively reveals the evolution of a data stream. Experimental results show that it can effectively
monitor the time-varying characteristic of fractal dimension on a data stream at different granularity.

Key words: data stream; fractal dimension; wavelet transform; multi-granularity; time-varying
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Fig.1 Illustration of multi-granularity and time-varying fractal dimension
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Fig.2 Data stream merging extended in wavelet transform and examples
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Fig.3 Multi-Granularity wavelet transform tree
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ANJZ VI AN W 8 0, 2 368 - SN A it SR ORI S AH BB die INREJRE R (BT 3L 57 141 R /N ) SR I e 2 ol
DRAF 200 JEE /N PR AR 1Y 5 N KA G N B B2 T Togly— 2 OB LA 20 b BR800 77 10 ORAF 4 3
S 8 AN 1 RN E CUAE S AN BUR SN, 5 8x5 /54, Hofih 45 J2 N 7 1 A 4 AN
UREGHD, T 8xd AN, Dt /NI T 136 A T 85+ (logl — 2) x 8 x 4 AN P4 /Nt U o 1] (log —2) x 8 47
LR, AN BN REL T R 2 R /D P A 4B ) 1T I T 8x 4+ 8% 5+ (logh— 2) x8x 4 + (logy — 2) x 8 , Il 40%
logh—8 M5, A AMRBEEE 1 JZILH m(m & 2 BORERUE) A5 550 R0 L 2 CAE R 0 — )2, 500 3o gt 75 DR A AR
IO PR ABL 28 K00, 9 BB /Nl AT b g vy — WL SR KK 9 0 T B 22 o T 40 A7, 00 logh = 25 KL JEE /N i AR e p
MILTHE ] (2xm—1)x A+ (80x m —logy —80) A5 . I b, AT AR 4hs: A A7 175 0 3 2 I 1 sl ke, I ok It 1) A
T2 BN R AT B M ORAE 2 T T RN B T AR T S P 4 T R L A N Ak 3 I 1)
A B TR A SR A LR 25 2R, B, TG ik v S 500 A 50N KL B T 1) 70 T 4 . 2 Tl 83 R B T 5 I B 05 i) V2 2%
B UIAR SC B BB BR 5 05 B2 A LRI 2 R BT 755 RO B, F 90 R s HE T 14 i U
RGO SR R 2 (k=0 1-2)50 B B 1 1—1 ASRLEE R IR 4 T R ORI e i R TR LI
2 515 L VA B 1) — AMRLIEE TS 110 43 T A B30 5 I, A % B0 1) 43 T A B 1 2 i B BRI T 2 43 T A

-2
IS A D T 20 s (A + ke x 40) AT, T BAA A B S5 1 A T
k=0
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I3 BT L I E A AE T R /N B AR BT R, 24 20 R RE /N U AR R P R I RN e I (]
AIZG PR BB R 2 PR i DR A AE A A K DR A AE R A, E R 0 2R — S RS 9 R, — R RS 1
R B 1, AT DU Z A N (R A 0 R BRI A A S S TE AR VAR B B . ST

IS EEASERE IR AT A SC S A6 ) 3 55 1 b AT AL K5 2 45 2803 1) T N ok ) 7 0%

2.3 SHRENEIMERITESE
WL IN AR oy e ER S50 0 3 A D B e A R A T Bl I ST N R O Y
VARG SR T A A A TR 3 20 R RE /N AR R S0 L BEAT S IR BB R A B A e v AN [RDREFE T K )R 40 T

YE%L.

S 1 VRANAREA T T B A R G 1K /N AR R I TR O I Tr] P 5 1A I8 1D /0N 98 A8 4 R4
BE 1 U RS L4 1 /N AR e 8 (transform).

Input:S,,,Sye1,h=(h1,ho,h3,h4),8=(81.82,83.84)  /* 55 n NHEE n+1 NEARVE HFI DB2 /N 1983 4%/

Output:SP,,R, /*55 n AN B 1 )/l 1% 70 Rl & Z 4.
1. k=1,
2. S$1=80, $2=8+15
3. DB2Tran(S1,5,){
=1;

Htmp,=Htmp,=Gtmp,=Gtmp,=NULL;
For (j=1; j<| $11-2; j=/+2){
Htmp,[i]=(S, 1.5+ 11.$1G+21.80+3 D75
[1=(Si1.510+1.8: 64218 +3])-g;
Htmp,[i]=(S2[/1.8:0+11.820/+21.8:20+3]) 7
Gtmp2[i1=($:[/1,S:[/+11,5:[j+2].5:[j+3])-g;
it+;

}

Gtmp,

4. Himp[i]=($1[1S1-11.5:1[1S1[1,52[11,52[2])-h;
Gimp []1=(S1 [1S1]-11,51[1511,52[11,5:[2])-g;
5. for m=1 to |Gtmp|
SP,[KI=SP.[K[+(Gtmp\[m]"/|Gtmp\|);
6. S1=Htmpy;
Sy=Htmp;
k++;
7. if k<logy(N)-1
DB2Tran(S,,S,);
else
R,[1=Htmp;
H
Bk 1
o
F H5 2
o
o B SATUE T k JR/NBAR IR N E

© P EBEEG T

55 34T VRS ES 1A Bl S DB2 /NI A (1 P9 B IR o SAG 2 (103 DUR BRI AR B oy Jnl DR A7 A i

44T T W LA SR B RS n AT D B n P B TR MR a1 AN DR BT R
211 R8T 1) 5 2 30 M) DB2 /N g s 1A A AR T S HE O R A7 A5 AT P I N 8 4 PR B i — oz
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o FEEE 6 AT T HEATHS k1 JR/ANBAR S R AN RS kTR /N AR I LR B 45 A DG 2 L O
TR T AT 1 W /)N AR 380 1 2 IR G AP R T 30 A 8 (1 i v J2, 4 458 3ot VA o S /N DR A 4 1 N 44 B v 2
(RAEAL R EORAETE R B P AR A T SN & D RS IS8 N S 2.

Hk 2 YL T D2 TR IR Rl DA OGS BT L R O 4 NP e A L AT UM R DG S I
ANBEREAR BN S RN B 1 R /N AR e R T A AL B 9 T B AT AN AR e TN 5 2 AT RIS 3 AT A,
SRIG LSS 4 AT VS0 A2 B J2 O B B /N % s 05 I K R el KD T2 /I e A 3 B 2R B O A7 A B A MR T A
N — R ARG T RECEE 2 I T S B R A L AT ILMAT IR AR O(1). 56 1 AT I R &
F 5 55 1 A VIR /NS R IR kA O, T k=logo NN A U0 U e 160,25 (1R 4800 e 38 A 5, BRIt R0k 2 [V I T 52
ZREE N O(logyN).

HoE 2. BURVLRLG L3 1 & H RS 5% (merge).

Input:SP,,SP,.; /*% n MR n+1 AT H /NS */

Output: MSP,MR  /*fli-& ' [ (1) /N 1% FH il & ZR 400/

1. for k=1 to |SP,)|

MSP[k]=(SP,[k]+SP,+1[k])/2;
2. R=R,UR,.1;
i=1;

3. for (j=1; j<|R|-2; j=j+2){
Htmp[i1=(R[j1,R[j+11,R[j+2],R[j+3])-A;
Gtmp[i]=(R[j1.Ry+11L.RIA2LR[+3])-g;
i+t

H

4. for m=1 to |Gtmp)|
MSP[k+11=MSP[k+11+(Gmtp[m]*/|Gmip|);

5. MR=Htmp;

SR 3 IR T 2 WL B /N AR S R R A S 1 AT TR S 1 RO R A AT R T RS R
ANBAR RS 2 ATREES 1 ATAFBIREE 1R R R /INBCES PR AR S 1R 5 3 AT IR E B 1 PUE i
R B, A S AN ) J28 K B 7N T 11, 3R A SR A JEL PR A S0 PR A I Aoz 75 1)1 .

HE 3. DRI 1 e Sk

Input:S,,S,-1  /*5 n MR n+1 ARG L1/

Output: £ K% B /N AL He ).

for n=1 to +oo{

1. Transform(S,,S,+1,h,2);

2. SP, and R, insert into MWTT’s first level;

3. if (n mod 2)==0{

for i=1 to logy(n){
Merge(SP and R of the (n—2""")th and (n—2""'+1)th windows);
SP and R insert into (n/2")th node of MWTT’s the (i+1)th level;
}
}
H
EH 2. HE 3 MIN R REER OnN), 7R E 4B O(nlogN).
A S0 3 RN (] 52 2 B 2 S oy 8 2L A8 1 S A B0 1 AT R R L 1 RN, 2R O(nN),n
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N 43 37 OB RK N, JE UG B 3 4T 22 00 B /N U 7R 4 B 11 sl 4 BB A 2 10 09 S W i B0 o
O3 PRI P S AN AR KL B R A I SR 2R B BB 2 890 O(log(2'xN)),i=1,2,...,logon, M55 3 4T 1IN 18] 52 4% K
O(logonxlog,N). Rk, 532 3 RIS 24BE S O(nN+logo(n+N)), B O(nN). 50 3 WIS e B2 56 | JR A
AR E RN O(log(27 ' xN+O(1)),0(log, QT xNNE 7R i J2 /N HEBUE 1 8 2%, 0(1) R /-5 K
FlEr A S 2 o AN B D R 2 W LU Togon [N T25 T logon MRHEK0) 275 5, DRI, S 1) 25 1) 42 2%

log, n
&ﬁ[zg%m&@4wnHmm%ﬁE%ﬁOwAQM%ﬁmﬂom%m,

o LRSI 3 M R AN A (R B 2 R S AR I A D BRI RN B DI R, S R R RN 2
LRPEOR R, e A R B A I TR B 3 A 3 AT T AR AR B 1 X 20 B /N R e AT B
B L E LR O(loga(n+N)), I N R H RS n 275 B 1 I E . B 6 2R 30 1 AN B 3158, 5 1 R 4
o A ANKIR K BE TR 1R SN TR 2 AN T 0. R T 3 G AT 1) BB AR A T B AR SN R S L, v B
T I BB ORI B R N AT RS B SR Bl 22 6 B N U AR R TR SR BB B R NV AR R
S04 85 1) 3 270 B0HR R 425 SR B 70 K, T R 2 5 B ARG 1 T B, AN e R B/ IN R JE T (4 43 T 4 0 A A R e, R
I B S P42 6 2R AT AR AR R RS R E 2 I 4k 34

5 i, 0 [ /5 U AR AR [ T e T R P PR /N B AT 20 AT, T LA B AN [RDRE ET #  TE) B [
I3 B 4 55, R 22 BE I A 3 4 3L

3 %I

T THI I ok A S RIS I B U ) S 6 ok 56 T AR ST VR AT AR ARSI AT SR 45 SR 3 4E MS Windows
XP RZiA P4 2.0G CPU,3G RAM M55 N iz {7155
3.1 EREEER EEXER

B 7K FH Abry I Sellan $2 H 1953 A1 WIS 3045 5 P3dt A iy v wibmUPO2SBERLEL A AN [7] 49 7 4 5
B 4

(1) RE0BEAH OGS 5

S58 HoHs th wibm 42 1000 414 A5 2 10 000 23 T2 AT W13z 3l B 7 51, 45 41 550008 e 51 100 3 T 44 H0HT AR [+

Bl 4 BoR T R A SC RS S f R 1) 43 T 4E BI04 20 A1 15 O, B 4(2) R 4(b) 23 73l B 1) 52 43 T 4
BN 1.7 R 1.4 1045 1 000 41K %4 10 000 11953 T A3 WIS S E0H 13 51 16 3 T 4 B0 SAH 10 40 A1 155 0. 5 T 4
Hoh 1.7 191000 410857 51 00 53 TE e B0r S5 B3 E R 7 7204 1.706 4,0.001, 78 TE4EECN 1.4 1) 1 000 20304 )7
G 23 T A B0vk S5 R 3B R 7 2209 1,402 1,0.001.

300 300
250 250
200 200
: 3
E 150 g 150
z z
100 100
50 50
0 0
1.6 1.65 1.7 1.75 1.8 1.85 1.3 135 14 145 15 155
Fractal dimension Fractal dimension

(2) Sy YD 1.7 MBS R TELERA VRS E AT (b) S TR YERY 1.4 B B 4E2Al TS 18 50 A1 P

Fig.4 Accuracy histogram of fractal dimension on data streams

Bl 4 Bl it o T 4 At VRS B 20 A I
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AR SCT AT RS SCHE (¥ 43 0 4 B0 5 LR s 1 o TR 4 0 TRl R AR 22 /N B 4 o, o I 4E 50k
BB KBS A o A1, HL 38 AR5 B2 00 2052 3 T 4 BUMEL, 7 T 4 B0 o AR 2 A1 180 75 22 AR /N R e AR SC 5 1ok
S (R 23 T 4k BORE A LA e 1) A S ST AR 400 B4 1) B S 00 0 4k 25, FLORG P R A T DL A2 B0 L 20 B 23 BT
R 1) 75 3K

(2) B i 2 oL F5 BT 728 4 TG 4 0 0 A 26 52 56

S(a)ias T KRN 16 384 P EHR 741 S B4 A0 1E DS B 4 AN AR G BE (4 096) B T 7 5 4L, B AT
M5y FEHE R4y A R 1.8,1.5,1.1 FiT 1.1,

300 2.0 T T
1.8} ¢Hf¢\ﬁ\ ]
L 200 8 A
E g 16/ &4@4‘&?@ 1
S 100 £ 14} | —+ Granularityl | ]
E = Granularity2
S 5 12 —%— Granularity3 1
0 i ) —+— Granularity4
L0 Granularity5 7
jool— L 08 | Granularity6 | | !
0 6000 12000 18000 0 5 10 15 20 25 30 35
Length of data stream Number of windows
(a) BV 51 (b) M1 LI AR 53 T 2 $

——# Higuchi fractal dimension L @
—=© Multi-Granularity and time- varymg fraclal dlme(ismn '
— Real fractal dlmensmn e

Fractal dimension

Window

(c) ZRIFEM ALY JE YRS Higuchi 73 JE 4K LL 4

Fig.5 Monitoring multi-granularity and time-varying fractal dimension on data stream
5 BRI 2 0L I AR 4 T 4 A
Bl 5(b) R T S FEA FVRLEE T 1953 T 4 BUR A AE D08 Bk 43 32 AN o 10, 5 o e A 2 b e 0, 5 — A
ol i LR 512,85 B — 2R R RN R — 21 2 fi B P,
o TEMLFZ I~KLJE 4 L SHIEABE RS TS ML X 20 th 4 A7 P80, 0 FERLEE 1R, &1 R AR 2 BN
T A (RIS FRORE 2 ), 3 18 23 T8 A8 55 K A A 0k ol 20 AEL IS AR b 5 LS i) 7 TR e B3R (A — 2
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o (HFERLSE S FURLEE 6 M TCik R 50 H I AT 17 )3 BRI S FURLEE 6 K AN IR ) 1 )3 50 4 43 21 7 ) — A
FLE R, A — AN S RIRLE R 1042 o) 43 T 4 55 s Wk FE 1) 43 T A iE

INKERE S B 40 T 4 B S i TS 22 AN Y A R AR R 2 R BE T B 0 T 4 B W T AR AE (H B
of 5 P 0 PR RN 28 DR bk, A 22 s 55 e AT 000 38 110 4 T2 440 0030 A 155 0, i 0% AN TR1 19 JROBE 4R 221 b 2 i 50 0 1
S5 R A S0, BT R B AR A I AR .

Kl 5(c)si7n T 2200 BEIN AR 43 TE 4 80 5 Higuchi J7 715 1) 43 TE 4 42 8] ) ARSI I Higuchi J5 VR & B 0] I
VF1) > 470 20 5030 W 60 L AT 8 v G E 1) 0 T Ak OV B v AR L S RE VT S A I (0] PR B e o T 5 AR Sy vkt
17 BB 45 Higuchi J735 3 9 I P BIAS [0 R %ok I8 11 e (6 BF T 5 810 b 3695 450 152 b 10 43 70 4 . 4l B BT s

o EANFPRLEE R 0, Higuchi 23 B 4E 55 22 00 BE 128 43 T8 4 B0 E # Bl

o TEEE 2 KL L EFITA S # Ak 4 AN LA A IR SR — AN R ELSE A T 4R,

& R Higuchi 5 iEFNASE A V2 0E 5 1) 43 T8 4 005 T088 0 TE 4 50 2= 380/

DAL b, AR SR 1 356 T /0N ik A 38t (1) 22 00 185 ISF A8 3 T 448 HCPE LA 858 v PR VARG T 10 [0 B T LA DA [ o 38 5
B W 47 B I 5 5000 9 110 4 T 4 B AR A5 DL

(3) Bt i 22 WL J3E 1 A5 53 T 4R BOH 55 7 v B AT O S 56

Bl 6 Wor T AR SC 5V BB A B UL I AN K EE 5 AN ASIRDREFE R 18 7 S0 R AR AL 155 .

o P 6(a)lian TANFDRLEE R, /N AR e B 1) P9 A7 o o 1A AR AR L.

FERRLE /N R e b AR AT 7 /5 045 5L, DR b P A7 o7 ) 4 /DS, L 5 500 A 1 AN I K, S 34
IR A NRLEE R N AR S R A T R RN S R, IRk P A o K B A S A AN WK,
SO AR B B s A by i R T A Hd o A IR AR B, T BAE A SCBETE 1 /)N AR R R AN
[l b7 P T 0 T LA 200t 4 ECRCHE AL 1 M 221 R

o [ 6(b) TR T B 22 R BE I AR 43 4 HCV ST ) £ A A 5 Ul

T IR BT IR TR 5 5500 R [ K S et G R

CL bsizae g5 5 b — 1 JR R S0 A2 2% B 1 B 23 A A — 350, DRIt A S 7 v B AT R ) e, T LA R kb o
S B U 2 R RE I AR A T R

Kl 6(b)H — AN BRI I G A2 R0 S (Epe KL ) UKL EE 1 (dpe /NI ) 6 h 26120 AR I 00 2 FIOREJE 4 17 il 28
43 AR RLRE 3 BT FH 1 2R T ] ) de 2 36 s Pl L2 19 DR DR, T LI Jo s B 2 43T 7 HH < 22 R RE /0N Y A e R 11 A
FE RN YEA 1IN 18] 52 2% 5 2 O(nIN+loga(n+N)),n R £ 8 N R B 11 /I AR ) 5l S BRASE I < 20hr 3 45 KU,
F PR A 1N B AR e 22 B N BRI i 358 /0N, DR S AT P /1 a8 e ) ] S G 1 /I 987 2 b 03 4
VR0 37 OB D T 5 A /N IS 00 38 7 10 P ) 8 et 2 20 BT NV B8 /N e 2, DT R 800 97 P /1 3k 28 e ) O
1) 455 61 (L /N 93 A0 80 R0 1 15 0 P40 ST 2 B0 . RT3, 25 S B0 O 8 R /N R 5 (0 1 A TR AR PR L 2.

o & 6(c)Im I AN K H AL P RS AN 4 v B A A R WA T AR SR 3 N

P 6(c) i e i il T2 SR R B P2 2R R . BB S RE NS T ) = 4 Ja M T R R P, P vl S S ) 1 e T
MR R R AR ST S IS S R A (1 50 3 Y 4D ek ] 30 e e 4SS P00 K 3 £ T 50 I 10 01 5 L K i
72 A PSS () G F 2 ) (6 B Az, T eh B 6(c) 75 H LR 458

o RICEVEAEBAR TS L A RERD 1200 S 5, AT DU S b Ak BN [ R F) K O

o (HAETR ST AR 1200 AN B AU AR SCE VI E A )R R I B0 00 7 AR I e BT R AR

ORFERIT

N A SCAE J S 5 PR 25 R R — S il T vk DA s ek A py 7 A
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Fig.6 Performance of measuring multi-granularity and time-varying fractal dimension on data stream

Bl 6 Hodl i 2 0L 2 I A2 7 0 i Bvk 5507 5 e &

3.2 EREERLEXTR

A SCR AT AR RS 2 T 3 S SR WU U I S B SR AR A B I3 S SR A R U AL
(600618)~ & 4 [41(600622) FiHi 42 4:4(600639). 52504 F 7 M 2009 4F 5 H 25 H~2013 4 8 A 21 Hf¥ 1 024
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20 16 16
§ 15 § 12 _§ 12
s s s
10 8 8
5 4 4
0 500 1000 0 500 1000 0 500 1000
Timestamp Timestamp Timestamp

(a) JKEZE 600618 WAL 1 P51 (b) B 600622 WA 751 (c) BEZZ 600639 WAL 71

Fig.7 Close price sequence of 600618, 600622 and 600639
B 7 R 600618,600622 Fl 600639 WAL 741
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Fig.8 Multi-Granularity and time-varying fractal dimension of 600618, 600622 and 600639
Kl 8 JKEE 600618,600622 Fil 600639 (1) £ i FE i A5 43 1 4 4

1EE 8 Fon s /INIRLEE 1 b, o T AR SRS B o 1 B T A PR ER T 2 (5 DLl T AR SO AT I
ST YR Ta) e AR, R Ay TR 4 S D UG DR 1<D<2) B X6 3 P O, A SOl 3k 43 A AS FPDRLIE b 1)/
T, FE N TR BT e/ B TR UM OR /S, AR T 0N T PR B TR R R B A B B 4 B AR AR A AH
SEET 1 ST H /IN  AS LA RORE AN AR M (R a5, DR abb, 5 /0N 8 03 AR I RRE Tr) 198 X0k B il 2k 1 ) SR B
AETER K W2 22, NI AR A1 55 HE 1) 90 T 4 0 B K ) 22
Bl 9 Son T AN R B U 7 41 1) I 28 43 T Ak 3570 A TRDRE T 1R I AR SRR AE
o E 9@ BARAERLIE 2 1,3 SRS T 4E B AR, i £ 0 B A e 0 0 1 LU TR AEL A AR Ak (R i B 22 S
R, FE R SR TR0 2R S 09 3 T 4 B0 AR A A RN A(E. b S AR L.
o K o) EaRAERE 3 EBURRIT AR R 4 AES AL T Y T 4E B0 (1.591,1.859,1.714,
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1.529), Bk AX TR0 28 S0 19 20 T 4 B i AR R AEAERLRE 3 1A H A
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Fig.9 Compare the fractal dimensions of 600618, 600622 and 600639 on granularity-2,3 and 4
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