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Abstract: Time series data is an important object of data mining. In analysis of time series, misjudgment of correlation will occur if
time lags are not considered. Therefore, there exists mutual restraint between correlation and time lags in time series. Based on the
exploration of correlation and simultaneousness of time series, the correlation identification and curve registration methods for double
sequences are given in this paper. Concretely, the study investigates the reasons and characteristics of two types of errors in correlation
analysis in the view of time warping, and then deduces the correlation coefficient’s bounds in a certain significance level by its asymptotic
distribution. Further, a correlation identification method based on time-lag series is proposed. Finally, the curve registration model of
maximizing the correlation coefficient is presented with a broader application than AISE. Smoothing-generalized expectation
maximization (S-GEM) algorithm is used to solve the time warping function of the new model. The experimental results on simulated and
real data demonstrate that the proposed correlation identification approach is more effective than 3 correlation coefficients and Granger

causality test in recognition of spurious regression. The registration method provided is obviously performed better than the classical
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continuous monotone registration method (CMRM), Self-modeling registration (SMR) and maximum likelihood registration (MLR) in
most situations. Linear correlation of double series and functional curve registration are considered here, and the results can provide the
theoretical basis for correlation identification and time alignment in regression and reference direction for correlation analysis and curves
registration of multiple series.

Key words: spurious regression; time warping; correlation; curve registration; curve smoothing
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Step 2. I e i bR B4k K TS,,TS, Ak Ky R H R H Xl(t)ﬂ] Xz(t),jf‘ﬁr: To PIATEL n AN & T=(1,t,....t),
FFEGH 740 {0 ()} R OG(0) } (i=1,2,...,n), Ho 1t =to , t=tom.
Step 3. ) S S5 KA SR I 2 i A0 50 K UIEAR 22 ik A = (6,05 4y 65) AT n=2 R AT IR
P CIBE AR 4R I 22, 10 87 = 55 = 0), 438 A = (51,8708 .
Step 4. I 2 [ 5 (R T AL PR SR P RESCAA 55 TR A AR T 10 B8 8 d (), IF K400 45 (0 AR S s 46, B
A =d*(t),i=1,2,....n.

Step 5. T % Step 3 Ml Step 4, Ei FW 8k (|A -AX <eps).

B < I 2 B B d(ty=d () mR I 1) 25 i B8 K h(ty=d(t)+t.

L5182 bR R Bl 5 AT 7 9 A A0, AN ST AR B9 T Ak T K R e K 5 I S ) L B A R Bk
o K AR BE S 4 R AW L 9 AN, SR 2R ol i A L fik % DTS S R A ) SRR K S AT I )
SN ) 2 2% J8E 3 AR T e AN 550, T 5 SR AR R AR AN BTG 06.S-GEM BETL 1A 5 2% J 49 L3 1.

Table 1 Complexity of S-GEM algorithm
R 1 S-GEM FiLME A 5 hT

B2 I ) 52 % A A R

Step 1 o(n) o)

Step 2 B $1k: O[(m+d-2)°] B4 H 1k O[(m+d-2)7]
I E: O(nd?) IR: O(n)

Step 3 O[nxfm] o(n)

e J6He: O[(n+d=2)%] J6¥: O[(n+d=2)%]
IR A O(nd?) IE: O(n)

Mk | O[(m+d—2)>+k((n+d—2)*+nxfm)] | O[(m+d—2)*+(n+d—2)’]

Horpm NI RE AR n 3550 R, d R B0t R 9 B (et e RS0 1),fm 2 Step 3 40 PR AR IR ST 3
IS 1) 52 2% 88 Kk by i AR B R T fm R K SRS JRE . S ORI il F3AS B A 5, ks L PR B o b o
IR P ORE e RE 4% bR B IR 2R 550 1) R A T B e 520 2% (030 9 £ 4 356 bR 50K o S 30 P [ 52 2% 8 R 4% i) 22 2% B 4y
531l Jhg 35 R BN B 3 R 2 Wk — B, m? DN A PR S R T AR S R AT 2 d BB B AN, AR SC S B o d=4, K
SN I 52 2% J8 R 5 1) A2 2% B2 40 590 4 O[K(m*+nxfm) 1A O[m*+n?].

2 KBERSSR

AR SCAERSAUEAE (7 Bl NI I P Bl AP 4L Sine b8 B0 M SEEUE (S AT 4R 20 — SR %L GDP Ly 3 At k.
NE B R BE N80 AT SCRCHN ) ) i 388 L AR S ) s T 9 B ith 2R 5% 7 84T S ik 0 1 IR AR A
IS 17025 gty )R S St R AR ST A T B 5, — T3 1 20 7 D o0 S 8 U 5 — O Tl S A TR AT
XL AT
2.1 HERMEFI BT
211 B

(1) Pl E

T O IRl V= 0 10 0 3 B ) e 20 1 7 b 3 B4 d = A 1 72 (data generating process, fij #X DGP)(ALEK 2),
G ) 3 T IS P B PR A O 28 Bk A Bl [ V1,3 3 A P [l U=k 0 v 8 1 2 B

Table 2 Data generating process

®2 HdreEdiE

BRI e B
1 AR(): (FEER)—Kr @ [l X=X +é&y,
2 AR(D)+Drift: HEBE—AMIE X =Cc+a X, +&x
3 I(1): EEERS)— W i 4% X=Xy +éx,
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Table 2 Data generating process (Continued)
®2 MRS

R F SR R
4 I(1)+Drift: i3 8 —p i Xi=C+ X +&y,
5 IMA(L,1): — ¥ 455 3) P4 X=X+ Uy, +éx,
6 ARMA(L,1): HIEIHEEZFEI(,1) Xi=a X, +Usy  +éx
7 ARMA(Q2,2): HIIABEIF2,2) X =a X +a,X, +Uisyg  +Ue  +6c0°

Table 3 Parameters in spurious regression detection

&3 thlElEe I b v R N S HUE

e a a c us u J
) Xt 1 1
Y 1.01 1

5 X 0.98 B 1
Y 1 3 9

X 1 1

3 Y | 1
. Xt 1 2 25
Y 1 1 25

s X 1 0.5 1
Y 1 0.5 1

. X 1.05 0.2 1
Y 1.01 0.2 1

3 Xt 05 05 1 1 1
Y 0.3 0.7 0.5 2 1

TS R R e 0 5 e o M Bk 7 4L AR et s O R 4 kS,
Table 4 Correlation coefficients of series with different models
FT 4 HBEHIAHOC R EL
WM Pearson ZkPEAISC R AL Spearman FAAHOC R AL Kendall BRAH K R EL

1 —-0.877 —-0.811 —0.598
2 0.861 0.997 0.961
3 0.060 0.000 0.012
4 0.922 0.950 0.821
5 0.046 —-0.014 0.005
6 0.893 0.951 0.849
7 0.828 0.987 0.940

Table 5 Granger causality test of series with different models

Fz5 BHITHIN Granger BIHRAT L

i R Granger K L £ 5 (Lag=0) A
X Y | B3 | Fgiba | B3M | &7 Granger J5 A
|, [Yox [To00s |09 %
X—>Y 0.287 0.750 &
2 0 1 Y—>X 1.185 0.307 %
XY | 0019 | 0980 &
IR G
X->Y 0.129 0.878 &
4 1 1 Y—>X 0.412 0.662 R
X—Y 0.129 0.878 &
5 1 1 Y—>X 0.513 0.599 {5
XY 0.164 0.848 &
e | . |, [ox [ ede [ oo i
XY | 1799 | 0.168 .
7 4 1 Y—X 4.035 0.019 &
XY 16.653 0.000 3
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HIFE 4 AT LAY 3 MU 5 (AT OG R B LB N AN R LD R B 5 LAt 252 B AR SRR A1 1 3 At G
B LB, 2 W) RO G R BN T A AR P S O [T A B G AS BAT 500 RE ). 1€ 5 W) WL: Granger AR 36 fiE
fil UM 22 JOe S KA D ABLT AT 3 Ab UM 38 L A B8 7 2 9 F A OGP 1), 801 Granger DR R er 56 42 8.
DR F T ] RS 7Y Granger ALK 56 B8 PR3 O [0 U1 24 B8 24 5 S R I, AN BE AR5 £ [T 1.

HI T Lk 3 PR OC R BOA Granger DR SR GG 139 AN BE 4504 iy 40 53] 1) A 5 P 41 R R S P8, O 88 S 56 vh AN P 1
KT A A

2 0 7 FIERL IS RS P A1 A 6 R B AL B e 18] 2 ) LAY 3 R 5 RIS e 1 AH OC R B4 0 BB
oI AN 3 RO IR AL Al 5 AN SETRY PR A 5 28 08 v (H N B2 e 471 R AT 5% AR BB m AR A AN KR AS S5 37T LA R
R A 3t TR O [ U1 B AR A ST 9 AR 5P 910 B8 D (BT U0 0550 755 A B S 2R 7 R 5 SR AT Lok T = A
KT B, [F)FERES A3 21 R 52 AOAH R A 4

10 s

o | 1
0.4 | —F— A 2
024, SR o | —— A 3
0.0 e —+— R 4
-0.2 S —a— A5
0.4 s 6
-0.6 —— R 7
-0.8

-1.0

-10 -5 0 5 10 15
Fig.2 Correlation coefficients in time-lag series

K2 AP ARG R B AL

(2) IS TR h e 40 A S 2 )

WePE B e S 1Y Sinc 26 % (Sinc(X)=sinmx/mx,x € [—6,6])VE A B Hdh A1 ¢ PEWT 5T % %, 35 B ~ b i
2 B 80:d, (H=0.0112-0.36,d,(t)=0.005t(t—6)(t+6). I Bl 0L T, 5 krifE Sinc BRI 18 51l AH 26 R Bk #a 38 n
& 3 iR,

1.0 &N' 1.0
— ()= A
08| . dity=d(t) |/ I. ‘ ” 0.8+
0.6/ d(®=d®) {1 }| w06
0.4, R4
= 0214
0.2/ @ #o! —+—di (1)
0.0 ®» = (1)
| 2 02}
-0.2 |
L N 2 1 2 J -0.4
_6 ,4 ,2 0 2 4 6 —10 *6 *2 2 6 10
I %25 & m
(a) Sinc BR %55 P P N 22 1) R 4 (b) PRl 22 N (0 I B8 e 51 4 6 2R B Ak

Fig.3 Sinc functions and correlation coefficients in their time-lag series

K3 Sinc pf BRI B 7 51 A OG R B2 0

ML 3(b) b my LU P 4% I8 T 40 O FR B il 2 AT B W bt B G, ELE AN A OC FR B B 43 i
[0.991,0.996]F1[0.914,0.962]. H1 tt. 7T 2] 5& P4 41 )3 41 A7 15 AH SC 1, LI ZE s 402 5 o4 di () F0 dy(t) 1615 51 5 o o
Sinc B 07 1 T35 3 S &40 il o 0 A 3.
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2,12 BESHE

(1) GDP 5ot A B, Sl i B 5 e A3 ] Se e e A

ARCWEET 1980 4FE~2011 4E [H K G 7 A AT 14 1 Ko P4 [ A 4 77 S B (GDPAZ L) A b A ST
N~ SR B SR B N B AT S RN (FRTRR AT SZ RSN/ I0). 9 99 2 RTINS e 4 AR AT D ek dn P 4 TR,
GDP 53l A £

—a— WU M\ B W] S
«——GDP 5 A SN

1.02
1.00 ¢
0.98 ¢
0.96
0.94 +

I 7 J7 51 A0 O R 5

0921

0.90

5, w8 % -1 1 3 5
A% 22 5 m

Fig.4 Correlation coefficients in time-lag series

K4 AP HAR G R B AL

Hil&l 4 77 WL:GDP L3 BFUst A 2. GDP Lyl S RE e 22 18] A 9% 28 AR i (LIRS J3 10 AR 56 R B3k
AR, GDP L5 3 B Ml N\ 508 R SN T AT DG A i S Bl Ml A 880 5 T SIS N AT 6 R BUR o, 7E m=—1 &b
B E I KAE 0.97, 9 BAR T BIAH G R 01 4 [0.85,0.981,4F 4 T 4 1R FLAH DG 8 0K, W) s R 3 A7 AEAH K
P, H UMl N Hier 24 E ) SRS S — (). X — 4 R K2 e il A 5 NS AFAE B A 3 1
E M IS R L E VAN 1T e FIR N I RS

() JAriasy — 8

ATCIEFEK) 2008 £E~2011 £ W] IR] G AT Hi5 20— SR U0 A BESCH R REK B SCRR[24). B 15647 48 Bom— 3
FREI ) B AN ) R 22 55 H b 15 190, TR G P 3 i T 5 s B 5 D PSR B SN RS e ST O AR B AL B A
5(b) AT LU Hi A2 P H1AR 5C 28 Bt 4 A7 W3 S 1) B BLGR AE m=4 AbTK B8 K AE 0.82,JF HLAN v 75 2UAR 5¢ R 4L
151 4[0.655,0.883), HOH] & PHALF SIAFAE AT R, H—BURECF B BOAEAT 80 5 4 A b [ 28 5 5 Ul
DR HH,2004 4 3 TSEATIREAUE 3 T ARSCEE RAERW] 2 RN LENE,2008 F~2011 48 11 8], 5647 15 £ i)
ESRTTRE ST PN

106 10

104 = 0.8}
(N{v 0.6 |

102 K 04l |

100 = 02 II i
® 0.0+ - B

9% — st 2 g2 Il

96 Vil —BIR E 4l

94 —0.6 — ..

2008.1  2009.5 20109 EH -6 -2 2 6 10

I F42  m
(a) SEATHRES —EUR (b) B 7 HIAH R R EAAL S 0L

Fig.5 Leading index, coincident index and correlation coefficients in their time-lag series

5 ATIREE - BUREUNE P A R R B AL

© PERREERSMROT  httpy/ www. jos. org. cn



£ G E F BRI W R TR K AT T 2013

2.2 BZeHEST

A LI S-GEM FLIL K #E AT IR, 0F 5 2 L) CMRM S7EE B KR HE 5% (maximum likelihood
registration, & #X MLR)!'UH1 [ 18 5% (self-modeling registration, f#% SMR)ZIHEAT L.k A P WL, CMRM
HVEF MLR BI45 0 5 IKIBAT T35 45 S50 AL AR T &4 Intel PYA% CPU(F:=#504 2.83GHz),3G P AF.
22,1 FEEE

I 22 B E0A A dy(£=0.0162-0.36 FI dy(t)=0.005t(t—6)(t+6) H5 Wk 75 K Sine 5% 5 FRUE Sinc 58 Ho i th 2%
HeFE AEPIFF I 22 BT 4 FPEESE iR L RS B I HESS SR I 6 TR,

0.40 fF=F=== S T 05—
0.35! 04| ===ds(t)

. 0.3+ ——S-GEM
o 2t
| 0.1 =—SMR

0.20+

0.0
0.15 [ _0.1 N
0.057 -0.3
0.00 —0.4
; -0.5 ‘
8 -6 -4 =2 0 2 4 6
(a) W25 di(t) (b) N 22 BREL da(t)

Fig.6 Registration results of 4 methods
K6 4 RorikmH 4R

T 6 ] WL ZE BRECR d () MLR HESF 8 R 8 72, Hoth 3 B bR S Bn L I 22 BR800 dy(t)IF,MLR F
CMRM HEFFRE A 45 22, SMR H1 S-GEM JE 4 #2300 i 2 o 4.

F 6~3 9 2 Sinc BHLE PP T 2 K BT 43R T CMRM,MLR,SMR,S-GEM [1HE5% 45 1.

MF 9 huf LLE Bk ,S-GEM SV 1R B 32 B2 5 A s B0 DDA O, i HLIN 22 R B30 52 2%, 75 B2 R
FE 2 B0 2 ;S-GEM SV 1K I8 47 I 1) 2 282 SRR s 550000 189 i g A2 e

Xt 6~ 9 f &k ] i

o W ZEMRECH di(HIF,CMRM K& B (H 3% B 22, SMR fIl S-GEM ARG FE RIS R A ZE A £ {1 SMR &5

AU S-GEM Fa i ;MLR RS B 3 22 AR AN

o I ZE BRI dy(t) I, SMR FI S-GEM K 5,1 SMR R AS & S-GEM, 1 AN S-GEM e,

DL S B 2 WY 5 T 14 B PR I 222 R 8, CMIRML SMIR F11 S-GEM . FRURS Ji 5 B % i, {0 CMRM 30 R 88 22 24 I 22
PRHCL 4 I, SMR F1 S-GEM i 5% 45 AL (R A R FIAS € 1% SMR AN S-GEML

Table 6 Registration results of Sinc function by CMRM (5 times on average)
% 6 Sinc %t CMRM HEF5 45 1(5 RTF-1))

I 22 bR 2 JEAT I R (s) RMSE
dy(t) 20.32 0.003 8
da(t) 30.74 0.089 1

Table 7 Registration results of Sinc function by MLR (5 times on average)
% 7 Sinc K3 MLR HE55 45 H(5 F-18)

v 4 NP
A 2 R B NEBH BRI IEAT I TR (s) RMSE
i 0.1 50 14.60 0.108 6
0.1 100 22.24 0.146 2
) 0.1 50 14.51 0.150 4
0.1 100 21.83 0.1337
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Table 8 Registration results of Sinc function by SMR
3 8 Sinc K% SMR 5545
T TAR T L Zh FEATHIA(S) | RMSE
Y el EmEa | T
1 4 7 5.49 0.060 6
2 3 8 6.87 0.0118
3 3 8 6.05 0.013 3
d(® 4 4 7 5.65 0.063 2
5 3 7 6.27 0.0512
-4 3.4 7.4 6.06 0.040 0
1 4 12 21.99 0.020 8
2 4 11 25.10 0.047 4
3 5 13 24.56 0.067 4
dx(t) 4 4 12 23.82 0.061 1
5 4 15 23.00 0.088 8
St 4.2 12.6 23.69 0.057 1
Table 9 Registration results of Sinc function by S-GEM
%9 Sinc K% S-GEM HLik M HEFF 45
B 72 BB | IRARIRZE eps | SRAEAMIn | JE4TRITA(s) | RMSE
10 0.15 0.261 8
30 4.29 0.029 3
0.01 50 7.76 0.0119
80 16.52 0.0135
100 25.47 0.016 9
10 1.13 0.083 5
30 32 0.018 0
di(®) 0.05 50 7.96 0.0120
80 17.15 0.0239
100 24.87 0.024 5
10 0.15 0.261 8
30 3.13 0.030 1
0.1 50 7.33 0.0191
80 15.19 0.023 2
100 19.72 0.029 8
10 0.15 0.296 9
30 4.74 0.0356
0.01 50 8.04 0.029 7
80 16.61 0.026 9
100 27.82 0.0340
10 0.15 0.296 9
30 4.09 0.0337
da(0) 0.05 50 8.15 0.022 4
80 16.78 0.026 1
100 22.75 0.028 8
10 0.15 0.296 9
30 3.31 0.0379
0.1 50 7.09 0.032 4
80 14.73 0.026 5
100 20.60 0.037 4
222 HYEHE

B 10 S SGATHEBO T SO B0 2R HEFE 0 4 S i T B2 0 IR 22 BR BOR S0 o T B S, R MR R
BB PR T IR AR B3R 10 W] L, S-GEM Svk 25 TN KA i Bk R SR AR i s 2D 3 IR AR 22 (HAH 96 R AT
FEHAY 3 MOT ik B R S 2,8 50 K H S-GEM Sk i &5 IS 2308 LT CMRM 51 SMR
I MLR HRIZ AT I 8] J, (R DG R .

© R

3
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Table 10 Curve registration results of leading index and coincident index

R 10 SBATIRECS - SUREEET AR

ik KRS n AR ZE eps | IBATIN ) (s) R FRH
0.1 6.32 0.980 5
0.2 6.35 0.980 5
20 0.3 6.40 0.980 5
0.4 16.22 0.980 8
0.5 18.16 0.980 9
0.1 9.27 0.999 5
0.2 9.04 0.999 5
S-GEM 30 0.3 8.32 0.999 5
0.4 8.01 0.999 5
0.5 7.88 0.999 5
0.1 16.96 0.999 4
0.2 15.47 0.999 5
40 0.3 15.86 0.999 5
0.4 15.47 0.999 5
0.5 15.33 0.999 5
CMRM (5 ¥F1) 32.31 0.943 5
SMR (5 W T-4) 11.77 0.873 9
MLR (5 XF-3)) 3.78 0.856 6

7 4 S-GEM H%(n=30,eps=0.3)5 JuAt 3 Bl vA K HEFRUR T (WS, I 45 T 4 S HRAE RUAb 1)

. 0] LA ER B AL 28 2 AMRAE A AL, L MLR ANREXS 557658 1. 28 3 A {H i 4b,SMR F1 MLR Fifh T S-GEM Al
CMRM;7E 2 4 MRAE sk, R B S-GEM fe X} 55

108t
toer —— AR
1041 | === s
102 Z% { ——S-GEM
o
98 | —+—MLR
96
94 = L e - i J

2008.6 2009.6  2010.6 2011.6

FH

Fig.7 Comparison of registration results

K7 HEFFas R

B SAT IR HO IR — SR HESF L AR R A LT CMRM,SMR F1 MLR,S-GEM 8348 HE 55250 5 (FH 5%
REONE M EE) BT HoAh 7 %k, His B30 5T CMRM F1 SMR.

3 RES5RE

ATCAE 78 35 VKT L4 B DG AR B TR S0, 06 H T 000 AR 5G4 O [ 0 il A AR 1) S R 4 2, H
BT TG A% AR VR0 i AR SO IR 7 A 1) 3 2 Jir DR e, 25 380 50 T IR e 1R 0% AR B 1, BE
i HE B 22 R WA O [V BLG0 T 59 b — b Sk 3¢, T AN IR 1 810 AH 5% 38 300 R IR DA S8 A - 0 A7 A
IS 1125 g AR DR e 81, 3 57 1 8 T A R AR Bt KA IR BRG] S-GEML SR S92 A58 70 (1 335 T i [l b ATSE
YRS ) S 06 5 SRR W A ST AR SR 590 T3 A D [T U 30 o B Pearson £k AT 5C 8 £, Spearman BRAH G &
#. Kendall BRAHKZR LA Granger [RS8 AT R 3R K S-GEM 541 R 2 80 58 F W 20T CMRM,
SMR A MLR. AR L% F& ¥ /2 XU 51 ) 2 A AH 5% 1) SR by K 5 i 2 Hk 5 D vk, 3K 28 45 SRa] 24 [91 ) 7 W K AR S 1)
58 MU RD6E 55 S (B IS B A, I b 22 P SUAR SR 20 A7 M1 it 2 HE S 3 (12 5T 1

© PEFRER AT

http:// Www. jos. org. cn



2016 Journal of Software 3k 4% Vol.25, No.9, September 2014

X T RAT R e P IR 4 A, T DR LA D e O B HEAT 0 28 (Rl SRR A Sy — Uy L
LR 2% A 5 R K1) A8 BT vy 24 500 1R AT B3 A AR ST 1) R B0 R AT S 2R ORI il 2 HE 5 5 9 wT A e 4 ol
(RIS RS A A 58 i D B o3 2 25 i 90 T4

PR B TR B 14 ' i R T Ak B A e P AR PR I P Bl A — e B RE 6 AR B 5 I A | Bl i ok
AR 5 5 1K) ) 3, AR SCE— 20 FE T T I sih 2 HE SR IR ARSIV AR 1T0, S-GEM B3 K R AT mid B E B Wi HE 5 2
SRORVFIE S I 0, D] sk, R A 7 ) A e R o B R ), A 4 SR IR I 1) AN F 2077 1)
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