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Abstract: This paper proposes a technique of piecewise aggregate approximation based on cloud model to resolve the high
dimensionality of time series. The entropy of cloud model is used to evaluate the stability of data points in a subsequence and
choose the subsequence with lower stability to further divide so that a series of cloud models can be obtained to approximate
time series. The similarity between two cloud model series is calculated. The proposed method can reduce the dimensionality,
and also can adaptively recognize and represent the essential features of time series. The results of experiments indicate that

the proposed method can guarantee the accuracy of similarity and improve the efficiency of time series data mining under

larger compress ratio.

Key words:

[

1 31 5

I 8] 7 41 & — 2 5 I IR AH OC H B AT e ke v 1
ol %, A Gl A5 SPr AT i 17 A B
P24 4 AT DL 8] 0 B v ke IR R AR
(s SRR, A A 7 S B B A A R 119 e 3R SR, )
Shy IS 1) P 90 B85 32 3 (TSDM)U-21, [ 4R VF 22 22 5 T
J'& T A% AU AR OGBS, ] P R 2 TR R A e, —
o i AR O P T — A G T, (RS 4K bk
Z B AL, T HLF R A T [ A AR i 2
AN E B R UG B AT 12, SRR AL, 1
[) 7 510 1) 1o 2 A P s 248 2 1 TR) e 470 50808 372 9 1 O
F, DA O 5 4 IR B A A R 2 R E 9T T
FIBCHE A2 I 1 0 BT A R L H AT 2o A D
I T IR IS T o 270 B4 24 6 0 B A 43R, 2

%5 BHA: 2010-06-02; &= HHF: 2010-10-29.
E&mA:
TEZRIN:

ilt, B2 S AT T EE T

time series; cloud model; similarity; piecewise aggregate approximation

A2 e (DFT)), 25 H0/N 9 A2 # (DWT)™, 75 534 43
fift (SVD)PL, 43 B 58 45 1T 8L (PAA) ORI 43 Bt 4k 11 2 1
(PLRVIGE . AN [) 77 211 B 4 52 A 75 B4 %% 1 1A A
PEFE 77, 40 DFT FDWT 4% [ & 502 1) () 5 5 DA
S KT PAA AT 5 4378 J7 1 (SAX) BV A AL

R I [ J3 B SE AR I ) B L, A SR —
FET B (R I 1) e 2 43 BOR A I AU . R =4
RPRIRRVEAN 43 B 5 B0 RS 1k, 1) 3 I 0k i
6] 2 1) () B AR AE EA T R AN 2, RN 25 tH T B
R H 5505 1 ok J5E Ik ) 13 471 B 4 s 1) 6 R 5K
56 &8 W R WY, B e 4 5 R I, 1% 5 ¥ e 8 1 - i £
UET LA I, I Re 8 58 m B T2 4 PR

[H 5% FARR 4T H (10571018, 70871015);  [H 5 863 H%1175 H (2008AA04Z107).
ZERR(1982-), 53, {2k, NN T AE . i) P BRI S 9T B4R (1973 ),

0, 887, mHET



K

1526 = 1 5 * % % 06 %
2 mERHE MG BRETRR BT PAA J7VE ) SAX AEIN 18] Fy 1) 885 42 41 7 &
21 mHER T EENAER, BB J). Lin % ABIX}

BRIV S P 1 B R R 2 R A B A
() — PR 2 32 B e T NS TR P R PR BSR4
BEALIE. b, DUERS = AR 2 BIA O 275 1R
P& RN s et RV WA RIS S T ) b A G E
JZ NI T RAFRSCR. R i A o
R A G ER 1S AR

EX1 WU NERHIR R, C hU et
W&, #5EEMe e U, Ha W8S Cm—kBENLSE
L, X T CIIHEE N y = po () 2 B ATRUE Bl
IBENLEL, W2 (2, y) AR U BRI IRh .

EX2 H31MZH (BEx, En, He) 5 & T
FRAE B BYFR g 2 B8 C(Ea, En, He). Ex R78 20
PV 375 18] 43 A (3 248 48 En R 8 PERE & IR A
iff o 1 S o, RO T 2 T I EORE 5 L ARS He J2 511
ANHf R PR 1, AT DR SR A IR 2 (1) L

EX3 Hriifls ~ NEz En?), b En ~
N(En,He?), XF 52 M C [ B L

—(z—Ez)?
MC(-T):G 2822

Wz B U BN IES .

1E W IE A = K A2 4% cloud(Ex, En, He, n) A1 [i]
1EZS 2 K A4 back _cloud (X)) 7351 v LS I e PRt 2
e S 2 ) RS G FE L, e, B IES A
RAEDT I 2 R R DT ERAS 1], 6] e PR
E DT = F 2K AEX 7] [Ex — 3En, Ex + 3En,
DX ) SN 2 % Dk v] DL, XA IE A S 1) “3En”
F).
2.2

(1

ZBRSBEBEEIEMRE
EX 4EWPAA) BHIFRTFH Q= {q1,q2, -
G} 1B ANIFI QTR Q = {@. ¢, , G}
Hrhw < m, Hm#w . 2k = m/w, WQ Tt
EXRL TS
1 kxi
YR j—k*(z‘zl)+1

PAA R BE R m (RIS 18] PP 81 @ % 78 JliA S w (1)
JPA Q, M ST A e 4 B (1 [ e i B e
Ji 1) 7 51 ] LUCKEDRES b 296 7 T i 1) e 9 (R B ATE 2, X
WL T TR] PP 2 PR A AR A a3, (R 25 ) BN SR s A s
153 A B4

EXS AP S g1, g2, g N IE
A0 A, A5 K Es 43 A 18] 44 55t 22 K] 43 alphabet_
size X8, BEAN XA 1A RS, W41 Q
PR AN B A DT A D) A R R s IR I R AR Ry
SAX.

g, 1<i<w. @)

PAA J7 453 B 7 51 Q 4% 55 RE 2 73 A SE L T 75514
P, AL T I SAX B[R] 3 B ARACLRE V5
.

F F SAX J7 ¥, HIPAA TS B (1 FE 51 73 )
alphabet_size (Il alphabet = 4) M45 (41 A,B,C,D) %
TN AT R AR ARARLRE v 55 v AT 2 B SCHR[8).
NI 45 S5 (0 B 73 AT R, PAA R SAXAX R B T J5
B 18] 2 91 R AR T S R AR By, HIZZRL T %1 841
(1) JR AR AL .

3 mERGBEREGEM AR E

h T BEAF AT o3 BOR A AT R BE VA, 2
RIS BRI I 8] 1) O3 B SR G A 7.
SR = B R R P 23 B 2R A AL R AR
13 2UAE E MR AF I = B 271, R, 45 HY s B AR
AL BE VA5 7 v, DA it = AT 1) 2 [) PR AFABA
31 mHBRREEN

N [5) 7 91) 1Y) 2o A 2 s i R S s b — A sy
AR LE R At 7S, H 2P

Step 1: X 45 (1) & 73 B 5 Hd idE A7 =i Y
LR

Step 2: FI FH 454> 2 B (15 K VEAN BT 7E )7 4
(10 54 A M, 0k HUAS o 1k e 22 (R By 11 41
(e Qio : jo)) Ptk — B BUERS.

Step 3: 7ET 551 Q(io : jo) BN — N Edin mifE
KRR qr,io < k < jo, KB S qi, BEATRE & 20 T
I AN TP (Q (i : k) F1Q(k : jo)) HI = B 2
M T FeA Qio = jo) I 2 188 B I 2 Ta] 1) 224 Je K,
&) I M B 507 90 Qo = jo), W3 T 751 Q(ig : k) Al
Q(k : jo).

Step 4: FL4 Step 1~Step 3, i AL 457 11414 A 1k

RO BRGNS (CPAA) TR

B ARSI Q = {q1,q2, -+, g}, FELE)S 1)
4 w;

i BRI Cy = {cgyy Cany
¢q; = [Ex;, En;, Hey].

Step 1: HIEHAEHE. FHAERE Vi o5 SRR G 20 BE
fER, VI(k,1:3) W2 kTP H AL 3 AT
FEHE, V(K 4 2 5) 05 kA1 184 o A R AE T 1)
JEABIAE AR B kAl sk i1 e SN0 G E k
=1. V(k,1:3) = back_cloud(Q), V(k,4 : 5) = [1,m].

Step2: # k > w, MHF1I-FE)7, C, = V(;,1: 3),
fivth Cys A, 44T Step 3.

Step3: X VI 240 V(:,2) & B KM {E, id

7C(Iw}’ ;H;EP



5510 2

AN S R T EZARR 60t 18 5 5 - B R AL ik 1527

ko = argmax V (i, 2).
Step4: 411 = V (ko 4), s = V (Ko, 5). WFIFF1
Qt1 : to) PR Lo, 11 < to < to, I
L(1: 3) = back_cloud(Q(¢ : t9)), L(4:5) = [t1,t0];
R(1:3) = back_cloud(Q(to : t2)), R(4:5) = [to, t2]
(ECHF NI
AEn =V (ko, 2)(V (ko,5) — V(ko,4))—
(L)L) ~ L) + BR)(R(5) - R(W).

Step5: & V(ko,:) =L, V(k+1,:) = R, k = k+1,
&[] Step 2.

M FIRSE, AT LD B N ) I T 4 R AT
AFFAE N AR R, il 1R, BATAH R AR
(RN TB) 471, S0 B A% O I YU SRS R R AR AR,
TR H AT Z B ROR.

Fau
2
=
-105 50 100 150
Tk
(a) Tl
15
Fau
B
=
iy . .
0 50 100 150
o i) %
(b) &2

Bl 1 CPAAIR5IET 85 Cylinder B E#2 B AR 4F1E

32 HEEEE

B2 J 1) I ) 7 51 6 AR Jl A AR B PP 91 i, )
FH A I PR AL E B 7 2R A i o BT 2 [ 1) G R
BT IE A = BB K SF- T [0] 1 J 1 390 28 it 28 R 4% 45 L
b2 e 2 B ) J L AR AREAE DT, T 3 i A S T
(RITHIAR S AT B PR A 23 B B PR AT AR B AN 2K Sy — A e
BJ5 %, W 2 B,

e X3 0] LAHEH =7 C (B, En, He) 3
& Tk

y=e Smt 3)
BEMA3 B AS AR O R Co FAAZS H TR X
S = ff; yo(z)dx + LO: y1 (z)dz, ()]

Ferbra 9 g 2 TR i 2 gy Ay RS AT 573K (3),
A 4) AT, 2 G),

0.75}
E
05
g .
0.25} /\
0 A 1 1
0 5 10 15 20 25
B
(a) THHLL
1
0.75}
=
0.5
=
0.25}
0 15 25 35
LG/ AN
(b) fHH2
2 WASEBEREVEER S MR IER
1 (z—Ex)?
=v2nE TToER? =
Y i n\/ﬁEne E
1
onE , 5
V2 nmEnf(Z) (5)

For f (2) Je bR TE 25 20 A (ML 25 32 R A K 5 (4)
A AR E IS 70 A T R T A
S = \/2mEn, fj; f2(2)dz + V2mEn, Lolo fi(z)dz.
(6)
Hp: 2y = (w9 — Ex1)/Eny, 20 = (z0 — Exy)/Eny.
A HIE o, WIRTAF 20 R 2, IS A AR AE IE 220 A1
R, IRl fRAFAHAT AR S, IS T I 2k (R AHAS s R

1’(1) - EI’QETLl — ESL’lE’IlQ
o En1 — E’ng
Ez:E EzoE
x(()Q) _ $1En2+ Lol )
n1 + Eng

7R (7) Hh, EHGH A2 3 En AU 1) o {H KK AgAH
MRS = Sy + So, WK 2(a) Fras. #7113 AL
“3En” B (it B 2(b) Bt 7i), WA B TR R 5 ik
K BORAFAAACTH AR S, Bl S = 81 4 S5 + Ss5. A=
B A ADURE I — ] s Ay

25
ECM(C, Cy) =
= e

o V2nEng 1 v2rEng 43 3 3R 78 AN 2 B8 1
BB IT I G THI A,

4 8 KR m AN R 7 41 Q RO, ik
CPAA 7] U1 B K&l w I =R P51 O, F1 C.., T
Bée 24 i () e TR) 3 A AR ALLEE

€[0,1], (8

1 w
D(C,,C.) = \l " ; ECM (¢, Cei )- 9)
4 SERHT

T S B AR AN 23 AT CPAA VAR RE, 43l
M 3ANTT I 4 S 1K 4y BB & T PAA UL K SAX 7



1528 Ll

}5

& £ %26 %

AR ELA, BB LA 22 © I 1A 80 J2 R SR
5] 7 51) 43 A 45 JE LL .
4.1 HWERELE

N — [ 5 N [) 130 o AT 308 BCKC B2 2 2,000
(RN TR) PP A A A FURT 52, 4393 A1 PAA I CPAA J5
T AT B B e AL, LU 45 ol b BE 45 i R (0
B ZENE Ol A 2T w Bk, WS AR Lk =
mw B, Hot m(m = 2000) 2 7 I 1] 51 K
I AR S0 25 N ] 3 TR,

40

30
:PriHK B
hg ".A_‘
n 20F
=
10f

100
A I AER

3 CPAA 5 PAA WBREHFEMUESIRE L

500

1] 3 1] WL, CPAA W3R 4 & 2 72 B LE PAA /],
R4 HHOK, CPAA AHXTT PAA UL & 1 e i 2%
42 EEIFIIEREE

JE R IR T 10T LUk % Ve R M i ik e L2
V) P AFARPE B 28, B 4% 4 T b St IsF ) 3 4 AR ABLRE 1)
HERPEVE VP, T35 T PAA TN TR S bR R J5 vk
SAX L7 I 8] 7 41 42 4 v e B0t R 4 1) P e, R
CPAA F1 SAX [A] 5] Xof s 18] > 21 K 8 oA 128 1) UCT 5
$54E CBF (Cylinder-Bell-Funnel) "I 76 AN [R] B 4 i Ji
HEAT IR, il e e AT R e 4 AR 7E 44 52 CBF
i, BEATLIE L 10 AN R)PFIE ) R 4, Horfr 043,

N0 = ODODWIN B

—_
AN WA—=ON B~ W

2 4 6 0.5 0.6
(a) w=16
5 1
4 10
! :
7
3 7
6 3
8 5
1 9
10 4
9 2
0 2 4
(b) w=4

4 FMAERETREENRRBEER

7}, B{1,2,4,5,9}, F{6,8,10} %% 4 — 2%, S5 45 F
Kl 4 s,

YLLK, SAX IR ZE 2K 45 LML T CPAA
(RIER 2 45 . (W18l 4(a)). SAX 1 SE¥5 I A 541 6, 8, 10
R 2K, T CPAA FJ0K 741 6,8,1,9 R A K
Ja A 5510 A ARFE AR 4E 25 a) B, CPAA 15§
HRei R EAL T SAX MK 45 L (Wi #l4(b)). CPAA
REMSAE R 28 4 Yl D0 R IEAR 2R3 X 4, 1 SAX
IR R IR, BRI, CPAA 77 V2 B 3@ 4 I 7] 5 1) 8
Pt B 4 5 R SRS BT
43 BERFHIS 3

N T 3D IGAIE CPAA J vk IS 2 v g, 4
CPAA FI SAX J7 72 % F 51 40 7y S5 6 W A UCT
¥ 5 CC(control chart)!'SIA1 % #i& £ CBF (Cylinder-
Bell-Funnel)" I 4325, $i i 45 CC A 600 MK JE
60 I [8] 37 51), A2 6 R4, 5284 100 /> [A] J37
Hll. AEA RS b, G5 0l ORI e S 11 A I 1]
FIAH G A SE (35 66 1Y), LA ] 20 4E il 2Rtk
(FL 534 ). [FIAE, I FE S 128 1¥ % d5 5 CBF 111
900 ™I 8] > 41 4 g MR AE, 30 A 8] 2 4104 4 Il 5
He. FIK AN BHE A AEAS R 1R 4 BN HEAT 23 S S5,
Iy R R 5 PR,

0.8F

5 0.6
;”é 0.4
0.2
oL, — —

AR A I A
(a) HdlitkCcC

— SAX

0.6
0.4f,

0.2}

5 9
A I R 4E S
(b) ##li4E CBF
5 CPAA 5SAX EREHET X
CC #0 CBF B0 F£EEiIRE

O3 2 Sz 45 B W, CPAA J7 VE I 40 KL g 3
PLF SAX Tk KA, M4 I, CPAA 1143
Mk BE T A S [R]I  RA, BOHE s 4 LU K
CPAA J7iE BB I HH B LF 1R 43 S5 1 .

5 4 #®

AR SCHE A F) CPAA SVE R F 2 A5 780 11 68 ok VF AR

AT FN B AR 1, I R b 6] I ] 1 52



%510 3

FEAR F AT EAER 55 B R AT ik

1529

BT BOR A R, 45 1T 2o SRR ABL R K A Ty

%, MR AR B S TR YR S ) o A R S A

WLRETH 5. LI 45 AR, CPAA JT ik MU e s LUK

/INER AR ZE U Ji I ) P 41, i ELAE I 1) e 571 42 4 1

ARPRE T RUFRARBL 5IET 4070 BOR & ITBL

PAA If) SAX ML, CPAA FLA BT IR S R PERE A 433K

gh L. BRI, B4 ol R b CPAA 5 2R FH 2 15 28 1) 465

HEAT VR, e IR e M 22 1) 1 P A 3R AT P20 BOR

A, IS AN MR T2 M7 BOR IR B5 12, PR, 4n

] 5 iy CPAA Jy V25 Y I [R) 2803 5 B2 AE 4 Jm O IE 9

Sl Z /N

£ 2%k (References)

(11 A, 0, 2 B S5 w2 P AR R R [,
SRR, 2009, 32(11): 2108-2122.

(Feng Y C, Jiang T, Li G H, et al. Underlying techniques
of efficient similarity search on time series[J]. Chinese J of
Computers, 2009, 32(11): 2108-2122.)

(2] SO, AR, XUTT, 5. I 8] SR SRR ). v AL
2 FIAFFFE, 2007, 24(11): 15-29.

(Jia P T, He H C, Liu L, et al. Overview of time series
data mining[J]. Application Research of Computers, 2007,
24(11): 15-29.)

[3] Agrawal R, Faloutsos F, Swami A. Efficient similarity
search in sequence databases[C]. Proc of the 4th Int Conf
on Foundations of Data Organization and Algorithms.
Chicago: Springer-Verlag, 1993: 69-84.

[4] Chan K P, Fu A W. Efficient time series matching by
wavelets[C]. Proc of the 15th IEEE Int Conf on Data

Engineering. New York: IEEE Press, 1999: 117-126.
[5] KornF, Jagadish H V, Faloutsos C. Efficently supporting ad

hoc queries in large dataset of time sequences[C]. Special
Interest Group on Management of Data. New York: ACM
Press, 1997: 289-300.

(B35 1524 )

[9] Lien C H. Non-fragile guaranteed cost control for uncertain
neutral dynamic systems with time-varying delays in state
and control input[J]. Chaos, Solitons and Fractals, 2007,
31(4): 889-899.

[10] Li Y M, Xu S Y, Zhang B Y, et al. Delay-dependent

guaranteed cost control for uncertain neutral systems with

distributed delays[J]. Int J of Control, Automation and

Systems, 2008, 6(1): 15-23.

Gu K. An integral inequality in the stability problem of

time-delay systems[C]. Proc of the 39th IEEE Conf on

[11]

(6]

(71

(8]

(9]

(10]

[11]

[12]

[13]

(14]

[15]

[12]

[13]

(14]

Hung N Q, Anh D T. An improvement of PAA for
dimensionality reduction in large time series databases[C].
Proc of the 10th Pacific Rim Int Conf on Artificial
Intelligence. New York: AAAI Press, 2008: 698-707.
Keogh E, Chu S, Hart D, et al. An online algorithm
segmenting time series[C]. IEEE Int Conf on Data Mining.
New York: IEEE Press, 2001: 289-296.

Lin J, Keogh E, Lonardi S, et al. A symbolic representation
of time series with
algorithms[C]. Proc of the 8th ACM SIGMOD Workshop
on Research Issues in Data Mining and Knowledge
Discovery. New York: ACM Press, 2003: 2-11.

AR, FEEY. AT MEN TR BEIMI. db T BB Tk
HfR AL, 2005: 143-185.

(Li DY, Du Y. Attificial intelligence with uncertainty[M].
Beijing: National Defense Industry Press, 2005: 143-185.)
LiD Y, Di K C, Li D R, et al. Mining association rules
with linguistic cloud models[J]. J of Software. 2000, 11(2):
143-148.

implications for streaming

Li D Y. Uncertainty reasoning based on cloud models
in controllers[J].
Applications, 1998, 35(3): 99-123.

MIHRE, ZRHEAR, NI, 2 PR 1T IR (D). #5i 5 vh
7, 2009, 24(6): 957-960.

(Liu B X, Li H L, Yang L B. Cloud decision analysis
method[J]. Control and Decision, 2009, 24(6): 957-960.)
Stock data web page[EB/OL]. (2005-03-26)[2010-06-02].

Computers and Mathematics with

http://www.cs. ucr.edu/ wli/FilteringData/stock.zip.

Saito N. Local feature extraction and its application using
a library of bases[z].

Alcock R J, Manolopoulos Y. Time-series similarity
queries employing a feature-based approach[C]. The 7th
Hellenic Conf on Informatics. New York: ACM Press,
1999: 1-9.

Decision Control. Sydney, 2000: 2805-2810.

Petersen I R, Hollot C V. A riccati equation approach to
the stabilization of uncertain linear systems[J]. Automatica,
1986, 22(4): 397-412.

Crocco L. Aspects of combustion stability in liquid
propellant rocket motors[J]. J of the American Rocket
Society, 1951, 21(1): 163-178.

Fiagbedzi Y, Pearson A. Feedback stabilization of linear
autonomous time lag systems[J]. IEEE Trans on Automatic
Control, 1986, 31(6): 847-855.



