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Time Series Symmetric Pattern Mining
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?(National Engineering Laboratory for Big Data Software (Tsinghua University), Beijing 100084, China)
3(Beijing National Research Center for Information Science and Technology (Tsinghua University), Beijing 100084, China)

Abstract: With the integration of informatization and industrialization, the Internet of Things and industrial Internet have flourished,
resulting in a large amount of industrial big data represented by time series. There are many valuable patterns in time series, among which
symmetric patterns are widespread in various time series. Mining symmetric patterns has important research value in the fields of
behavior analysis, trajectory tracking, anomaly detection, etc. However, the data volume of time series is often as high as tens or even
hundreds of gigabytes. It can take months or even years to mine symmetric patterns using a direct nested query algorithm, and typical
acceleration techniques such as indexing, lower bounds, and triangular inequalities can only produce speedup of one or two orders of
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magnitude at most. Therefore, based on the inspiration of the dynamic time warping agorithm, this study proposes a method that can mine
all the symmetric patterns of the time series within the time complexity of O(wx|T[). Specifically, given the symmetric pattern length
constraint, the symmetric subsequences can be calculated based on the interval dynamic programming. Then the largest number of
non-overlapping symmetric patterns can be selected according to the greedy strategy. In addition, we also study the algorithm for mining
symmetric patterns in the time series data stream, and dynamically adjusts the window size according to the characteristics of the data in
the window to ensure the integrity of the symmetric pattern data. Using one artificial data set and three real data sets to experiment with
the above method under different data volumes, it can be seen from the experimental results that compared with other symmetric pattern
mining methods, this method has better performance in terms of pattern mining results and time overhead.

Key words: time series; symmetric pattern; distance measurement; dynamic programming
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dp(i.j)=dp(i,j)+min{ dp(i+1,j),dp(i,j-1),dp(i+1,j-1)} (1)
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v YRR E d

1 sorted(dp);

2 a[l)=dp[1] ; Ha JgXIHREEE A%

3. fori<2to|dp|do

4 ali]=ali—-1]+(dp[i]-ali—1])/i;

5 I[i1=(i-1)/(ixi)x(dp[il-ali-1])x(dp[i]-ali—11)+(i—1)/ixI[i-1]; /77 i /NPT )3 B0 % Bk 3 5 22
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6: end for;

7 reverse(dp); /IR FEI R A DLV SRR BR T AR A T 2=
8 a[1]=dp[1];

9 for i«<-2to |dp| do

10: a[i]=ali-1]+(dp[i]-a[i-1])/i;

11 r[i]=(i-2)/(ixi)=(dp[i]-ali-1])x(dpli]-ali-1])+(~1)/ixr[i~1]; /AT i K ) 7 P S0 RSy 22
12: end for;

13:  reverse(r);

14:  reverse(dp); /ISR FR R B 2K RGN

15:  d=I[1]+r[2];

16: idx=1;

17: for i<1to|dpl-1do
18: if I[i]+r[i+1]<dthen
19: d=I[i]+r[i+1];

20: idx=i;

21: end if;

22:  end for;

23: return dp[idx];
34 EZIREMIRFFTI
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TORIRRE G, 5 13475 20 AT AR D0 S U S RO B 2 (WA EE SRR TR .

BE 2. AT A0 BRI e

N W )R A T, KBEZR w, AR 2R d.

B PR S

1. forie1to[T|do /HIUEAIA] 1 7 51 %6 R BT

2: dp[i][i]=inf;

3 end for;

4: for i<~1to|T|-1do

5: dp[i][i+1]=distance(T;,T;+1);

6: end for;

7:  for len-3towdo /TS w KT AR R
8: for i<lento [T|-len+1 do

9: dp[i][i+len—1]=distance(T;, Ti+jen_1)*min(dp[i][i+len—2] ,dp[i+1][i+len—1],dp[i+1][i+len-2]);
10: end for;

11:  endfor;
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12:  d=calculate_natural_break(dp); /R &% 1 v SRR B E
13: for i<-1to [T|-w+1 do

14: if dp[i][i+w—1]<dthen

15: I TR FR TIPS Q
16: je—i+w;

17: else

18: j—i+1;

19: end if;

20: end while;

21: return Q;

M S ORI R, 5% 1 AT 28 10 AT oH 51 3 S PR JEE AR I 1) SR 2% P52 D O(wx[T), 55 12 47 H AR W7 A (R
AT B0 BRI 248 35 U5 2 O(ITI IR ). DAt AR R 4R IR I S22 B2 D O(w ([T, HeA 3 I it vy
T HEAHH DTW 5716 OWAK[T]), A J S5 10 K 43 A7 2 1t A0 3 .

4 WREXRNIZEEE

FE T3 Ferp, S0 A0SR R A ] RIS R g 8 P 30 2, 4l 0] 7 47 o 0 0] R SR R
HIZRBF I 85 0, R T ob () SRR A AR RS T — N R B IFAR. DRI, PR TSI R o) kA =R I
E [ 0 P N P N v 9 7 0 R o = R I | I WA BB
41 RAMBRFFINTE

WA P H R — T KE Pl B IESBA (I T P A0 S, — eS0T BB R T
R SA — A i B[] S0 492 17 PR3 (K 2 A B0 4R . AT 3t T ) 3 0 0 0 Pk P 9 90 2 S 1k, B EG E — A
SIS IS TB) P 500 T ORI () 7 10w, 75 AR A B0 o 0 AR A, AU (8] 7 4 TTi—w+1,.. 0] IS RR 1.

HHEE 3.2 WArsn, AEH dpli j1R s i A5 50 T, J XS AR EE. BRI, 208 Bk — AN 50 Aimt, mr LA 24 5
Q)11 5 dp[i+1,j+1]:

D(i+1,j+1)=dist(i+1,j+1)+min{ D(i+2,j+1),D(i+1,j),D(i+2,))} 2

R, AU D+2,j+ ) MR E, AT HEE . A EEH DTW 8305 Tli+l,. j+1] 5 35 % 551
DTW S g, I [A] 52 2% 18 SGBAE N O(wA). DRIk, 7 32 2% & ool R o SRR S A i X ST ik,

WIE 8 TR, WL WS BN AMRIPIR A& B4 T I R ol J, 0B — AN B A L, [i4+1,)] % D YE 2 PR
AAEFHES, B ICHE S 7R 0%, BIFRATFREE. Fith, AT Dlkj+1](i+1<k<j+LEIK 8
Pl Ja—FRAS) Wl B 9 MR kAR v &1, AL OBy i) iy RIAT o800 dplk,j+1], AH bb BB vh 5%t
FRYE O(WA)Fi%, KRB T I ) 52 24 5

dp 1 2 3 4 5 & 7 B ] 10

\ 1 5 10— 1 0 3 6o 2. 56t 25,05 33 I e 45,5730 | 7251

u 2 U s is Do b vl 1 lopato s o f s £ sribalenn a4 Koo 16

\f\ \1 3 0 _(igj’z-/pﬁsﬁ'a c—/:l:t;_'f;e:

oF /:(ltn —}’;éjﬂj%lﬁfj’;-‘ﬁ:)

\ 5 \ nf L'LL.J&'-;n";:tJJﬁ:f;il

6 ot /’1'.”’17_;"2:‘{. ;::.:5;*

7 r:* /JR’_/:;I‘(

/ ] u' /Ta -1::':5'-'
4 t e

@ (b)
B9 A i oz o 5 ik
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42 B %
AR SCIRE R SRR I A v 4R T A B R AR, Rk 2 .
Bk 3. WP A B A A 4 Sk
BN OHBOE AT+, KA w, AHBUEEZY R d.
it AR R, W& TS Tj+2-w,.. j+ 12 T A R T 741,
1 dplj][j+1]=distance(T;,Tj..);
2. foricj-1toj+2-wdo /4% X [ J3E %489 (¥ 4 dp[k] [j+1]
3 dp[i][j+1]=distance(T;,Tj.1)+min(dp[i][j].dp[i+1][j+1] dp[i+1][j]);
4. end for;
5. if dp[j+2-w][j+1] =d then
6 return false;
7 else
8 return true;
9 end if;

5 HENEH

I 1) F3> 51 PR B s AL S R AT AR (K BEAILE, ) I ) J 81 o AR AT REA7 AR A ) (KBS, LR L A 41,
FEIRAS I RO GUIE I, H AT S B2 A ). A A i I ) e 0 Bt o J8 RV T LUAZ 4 H BT A PR e
B, ER BB IE B AW AELEE R, WE 10 Jios. 457 BOE W RRF 38 1 80k S AN ECh BUE a 18)7 )
KR, WHTE b X FRF P ARESE RIE . BRI AL, — IR B DAEAE S BE 2 7 1K) — o e o,
FE4 2 AR T ZEAN R BRI () % . I, 2 B O R B AN — I, 1 I N AR
. R GINFIZEL, AR R Bl 5 220 (X AR AL, 15 5 1 RENE A SR b,

AT F]

Yiuitin

FFHRE

it [i]

K10 FZHML A

AR I 1) P 510 FRAE (052 S, A BEE X BR T P AU I s MK w2 g, RE AR I TR SR ¥ R e (i A
i+w-1] g LIS, #e5 2, HR AN EARIL 0, WHEWNZE 1NK/NAIE, #IE8 0, R AR H, Blsg
HEPRION TR e A R A AR R DRk, R DU I ] 7 P ) o R s (K B ok A e 2 KD i B R A B .

AR, LS M7 5 rh R Bt BT IR SR BE ALY, JRAS— WAL B R AEEE Y 0. Bk, A EEF A
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A0 p BE S T A BB S D o AT R, U R N Sk sl P A AR T K EE iR A s BE AL
TR B A1 P T 2L R K0 S N AL IE A A A A S, I 0. kR, A AN A A
SR HE S AN di={dist(Ti, i), dist(Tis, Tis), - AiSt(Tiswe Tiawo1)}, T BT R B0 A7 040 B 235 3 AL 39 (B0 =0 H.
Ji % 0 =0y WIER M. 4508 3ol 0, 1 )2 i ki (1 B B Y 7 (0,30, ] i [l 2

AR, ZIEFIEHRAE di={dist(T;, Tisn),dist(Tiee, Tiea), ..., diSt(Tiswz Tiewo1)} AHAE S IFR &, BT 22001152
DRIk, AH ECARvE 22, 400 b 22 50025 £ BiOb S8 (K0 5, FLARGE b (07 22 B 48 A PR30 ABL A9 ke v . 24,
BRGS0 o 0 YA AR B0 S BE B 4 T (7 2 K o, 19 R B BE B N AE[-30,30] 2 0] Fi o I )
AN R LT W, AR d 2 AR R BE B 75 [0,30, [V 2 Y, TR 1T B Ary AR, ARERIECET 1, HE
O/ 2w 1B G A DR N Y 2w, SR PO FR T 5 7T BE 7 5 2 AN AN E B IR T35, R
45 RAKE).

B4 HIENHE DL

BN BT RARE S T, KELAHR w

i RS IR HOKD.

1. o=sigma(Tiw) /vH5E% 0 A AHAR B rUBE B 10 U7 22
2 t=w

3 while i+t<|T| & & t<2w && dist(T;, Ti+-1)>30do

4. t++;

5: end while;

6: returnt

6 % I

9 T8 U AR ST T 4 H () 1) 8 20 6 BRAR QT L T v, AR I 88 2 AN SR 45, AR PE AR B [ VP bR AR B AT 52
IVPAL, [FIE e IG g B 5 2 A IMA iR AT . BRI AT . SIS e VR ARME. IR X LL T
DL S S 45 B an R i
6.1 LWiKE

o SIGIREY

ASCAE A Python i 5 75 417 PRI T &5 7 I A @ AT 58I, AbPRAS 4 2.8 GHz Intel Corei7, P74 8 GB
2400 MHz SODIMM.

o SEECHE

ASCRA 1A N THEARER 3A B SR T 9250, N THIR LA 30 000 /NEH o, FRHk ik s 5
Wiz Ab, JRAAELHE A LA 360 AN — N Se R A I 15 5% s R AR A . BUSEERAE 1 05 GPS Bl B, Jt
33500 /M EHE i, FEURAE TS M T 5 R N AT BB, 854 SERrE ol LR BUE RAEE R, T
RS 2 AN, S S — M P 30 28h, K 48 28k, b T S35 3 21T (10 Bk
ORI R E O N E A 30 4 b, BUSR AR AR 2 O S I R SRR RS R HLAS 2 S, S 35 189 AN A,
FERAL TR IHE IS R £ A TR, B T2 MU Rz I o A — 2, B Vel 8] 47 76 5%
Relll, 5 SR T G0 B e 4 1) i A) e P2 AR A K. 3 B s B T 8 10K/ kg 840, DIt i e 75 4
W, ATTFZHE B A A I BB, BSR4 3 IR, i Tl SR AR R KIS K @ SRR AE, 0%
PR L D, wrid s N TAR i BB A E  IE &5 1. S5 RN 4 MRS AR S ATHIRER
BRI, SO B R RIS AT I AR, X RR B W SRR T S B A LR () A,
PR, WRPEAR BI5HE; B2 S5 5 W B0 FREE A BB =X, B SR IX 4 8BR4E LRIt
A RAE, AE I T RO s 4 R 1 o
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6.2 MR

AR IS 1) e A0 A S 2 R Bl i A B ek 22wl sb, (H R 2 5 I ) e 47 rp s B A Bl o R T | . TR IR,
AR ot R A 2 A i 2 DA L SE & NS AT 45 AT FERE . 2 Yoo TE 2 I 18D 500 56 B A X 1140 B 52
T, Xeq VB ISR H I TR) 3 2056 BRAR S A, O T VPG I2 48 45 R0 B S &5 R AR I, 2 A(Xeruh, Xeal)=
Bﬂi@ﬂ%%ﬁﬁmMﬁ%%%%mﬂmﬁﬁﬁﬂmmmwﬂ¢,w%%%%@%%

Xtr uth

UBAb, 25 &3] B IE N & DR EU T2 AR T A fE R, B, AR S I SR IAT X LU, B
IO I 3% 8 2 A PR PRSP s o AR A B AR AR . 2 Sun A FCSERT AR T & A AR 5, sea
oA R0 BRI T £ (K RO AU Ay, 5 40 SRR B  PORS A R B 1 5 S, A SO A (S, Sear) =

Wﬂeﬂaxﬂkﬁﬁ%&ﬁ%‘ﬁﬁwéwj‘ﬁmm. Sy Soa) B, TS SRR 20 B e e b
ruth

6.3 WEAHZE

A S B R RO A2 T VK S B 1 22 PR A O AT L, AR SE T Fast-DTWISE 11
G SR AR RIS A R . R T Matrix Profil e [ s Bop 2 42 38 S5 F0 B T I 1) 41 23 i STLIM S :4%
6.4 FLWER

ASCEEFE 4 DNBYEEE RS I A5 BT IRAE, RSB At T 2 B R RS I T VA AN B H K
B R P TS P AR X VR A R I ) R 45 . A, A CSCIR LI T A RIS AR LR A E N B T 5 H Al
PR se BB SE T L. HARSZ G 45 B R TR,

(L) S Frast=$ i 5 v

AR IS5 AR R A S MU B SR DURD o= A Ol B SR AR B, BUE ERK, AR TR
BB 3k B 30 k ANEE (OB R 1 I SR 4R LR BT SR AR B, BOUE R, MO ST B T B BN
0.3k 2| 3k AL E S (W 1L FioR). Wik 12 s, B R R B E 42 AUOR [R5 i = BT S iR 0 %
FRASE S8 25 AT LR B : AR ST H (100 o0 BRSS9 10 45 22 SR B, T LA 4 b R P S 50l o B 3 10 %
FRAE.

11 2 B AR AN A Bt T A0 R i AR
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12 ZHHEAEN )7 5RAE 45 R

S5 I LI ME 12 (KERAESE R AT AN, ToiR R AE BAT IR i I s Bl 4R, i 2

981
3 S T B A
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f i)
g S B
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B iE]
HATE 2 W B (A2 S AL T 00

Hpn e, A AT R e 0 BBt 2 e SR Bl 4, AR SR 2 S0 1 R 22 R B IR AR T AR Sk SRR T

ARSI PR A 22 3 02 R 00 Btk P2 8 oA A Bl e 1 e AR A DL PE A Mﬁvfﬁ&ﬁ’ﬂﬁ?‘l‘nf;&
NG TR, AR AR IR R R S I PR B B, ORAIE REAZ I HH L RS A R AR 1 e BB s Ak ey B
FCBL, X FRABE A28 4 S0 I 5 2 2 A KA KT AR A Y LR W T SR AR B T R

PR AR E A 2
B 13 TR AE 4 A Kl A L 23 59 AN ) PR S50 42 R R S BIT T R A IR T, R P A7 28 A S92 1A I ) 44
B E SE SR A b TS R T CiTe
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—FastDTW —FastDTW
JEIRHL T B S i S e A
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= 10 &5
1
01 01
2000 2200 2400 2600 2800 3000 2000 2200 2400 2600 2800 3000
. v TN o e il :
— s EE = Matrix Profile-Manhattan — R —— Matrix Profile-Manhattan
= Watrix Profile- Euclidean DTwW = Miatrix Profile-Euclidean oTw
— Fast —FastDTW
K13 2 ARGk A R REXT

HI P 13 AT RUACHL: A SCHR A0 B g i S5 5 2 1 2 s e g AR L L A 25 1 Matrix Profile 452

© P EBEEG T

http:// Www. jos. org. cn



982 AR 2022 4554 33 A5 3

I TR PERE LT3, I 1A BN ()77 51 DTW B B 2 5 Fll FastDTW 53, A8 il bk, 7R 305
Tk b BAT B R S

(2 BIENEH

I 1) > 21 £ s ARS8y AT AR s K BEALPE, () — I 1] e 21 AR AT BEAFAE AN [ IO BE. O R IE L AT g
SRR B T AT O AR, AR5 B TSI FIE Y B H RS A R B AT 1 R, DA a2 4 e AR
SERENE. W 14 s, MU0 T AR N RS2 4 U5 T L UG T i AL A 5 VR B F 24t RS g
MR R, OO PR S 4

7 SAE S e b e
S ALIEREEIEE EW T B R 28 1 B AR I
Matrix Profile- Manhattan Profile-Euclidean = 3HifiziE MM RE-AERED

K 14 2 HE4E 2 Sk B o og e L
7 MXIE

B A5 BB SRR, AT #0Mk, JUHR T AUk, G 3 A1 0 A% s AL E RAR G R T KR
I 18] 3> BB, O] S AR o e s A KO I T P 5 i, R s e WL 2 50 55 5 0k AT - AN 4
AT A5 5 58 S Y I I 1) 3 8 A, o — DA 8 A O (L (KD B DR AR SC S BRI SN [] J 810 v 4655 PR 0 A
B, 1 2 b A I TT BT I ) Py SR g2 i 1 22 B o S D ik

7.1 EFHUEEROERZEAE

SCAATU R, AR R 2R 7 TR AL AR AL R I TSR SRR v 40k #5471 118 19). Rakthanmanon
S R AR AR AGL 2R ST 347 Ji B 7 I 1) P S 400K, 30 e v B0 1) 3 81 P 470 0 e ARABLAE, T 255 o 6 T
B e i A A QN A T 0 B AR N 80 A A, A A — I L L T
AN R PR A ROBE . A T RERS g vH AR, SR TF VA BN R ROR, I SAR Bk T IEAREEE, BRI BE AL AR
AN TR F A, T SRR A s FC A N T 0 A R L BLAE B, AN T B B s /0 B I T P A0 A R
T R BAT IS TR) 7 e 510 PP K R T B A5 R, A% I A 0 S e o 22 380 SR 0T Jis e ) 13 31 3 A7 386 A2 ik
HET U S e S A58 AN ) PR B PR B 207 VA R AT BRI SR, 6 TR R B 4R, W] LARE
I 145 203 A 5 520,

BT AR AG 2R (0 B A2 4 7 VA AR R B A2 4B BAT BRI R B, %75 3 K RE v 5 AT P XS I ] 7
Fe 5\ BARABLEE, E 0700 I J 2 15 8 TR AR 7 P 41 i A2 S BR AR R, 24 7E Matrix Profile S35 S fE v
TN BURT BRI (0 B, PR AR iR I TRD 8% L Matrix Profile $5032 48 R K 124 82 5 75 A I [ 5 17 71 1)
AHAPE, A SR 6 79 R S 36 T, DKL HEL 4 B R i IR P 47 AR AU s T e A A AR U, AT B0R B
ANHE, LERGR R B AN AR ST BT (K A 242 4 vk
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7.2 ETHREFISBAOENZERAE

T I [8] J7 41 43 A A0 F0000 8503, B 8] ) 470 43 gk — R W 7% . STL (seasonal-trend decomposition
procedure based on 1oess)!*¥ s [i1] J 51) 43 fif 7512256 T L OESSI 24 35t i) %) (1 B 40 8 by Ry . JE A 40 R 42
TG, W42 98 BR8] 3 70 v 28 F o 304 SR R A L 5 8 By IR (] B 20 P |, STL JF AR T
BB PR, B ARVE R AR HEHEAT 20 BT, TR G AR ZE T I 1P U e DUEAT PO T JF R
LA SR R 2 I R, T AN A B R B S AT L.

SR, 2 IR P 31 43 i R B QA 40 D7 VAN AT 42 3 0 koA =00 22 1 A8 8 i R U 271, AN BB A2 AT =
KRR, B T sch R R 20 B 2R B e, AR 2, R AIEA —E B F WM,
A REAE A 2T P BASE COR 21 o BRASE X B AL B 0. f T i S 2R () Bk ) J B0 dls, 1) STL Bvk
ATV, FEAE A BE 78 20 M2 0 BT (R R B o, B0 50 H B R A, Bl 565 6 74 2 36 v 119 i 552

O, Y HAT B ka sk, O RRBE A, BRI, STL K IHISHE H T M Bk, 55 0 r0 4t A4
BRZER.
8 % it

% 18 B — LN DU I 1) Py 51 v B SR (0 03 0 R 2 T I B AL, A SRR s 20 28 T i) 0 8 ) B9 A
R, R TS E I IR BT Y RO BN BR AR K B A RIS oS BT I R e S O R, AR
REBR L IR 53 A5 AL A 52 19 R T (RO PR BE B, RIVAT AR 500 SR A B AT R B, b, X T HAZ
ot 0 T 2R B ) P 81, L e 2 6 e X R e e 1) B 58 A [ 5 I ) 6 10, 2 10 A A R 0 PR A
5 AN RER e B A2 . DAk, ASCRGE T Pl mT 3 I A T SR, AR D 1 A 2 R A AE I Y
Vo L A 080 O A T TR, T AR S8 R M BT AT RO BB L DS 3R i 4R 4 75 AT B0 IR
AR — AN N T . 34 B SL Bl A (G i 2 P B 46 - 12 WL T 00 Bt 2 LR B S 8030 4R ) Ronf A3
TP B A BUAT 7 ik HEAT SR . d S B A R T S, 5 BUAE U A X BB S T VA AT L, AR SO R IR 2 T
DTW 1L 1830 25 U AR 22 i 5 324725 30t PR R RS SR foe B0 IR AR, AT iR 22 5 de/)y; HARYE H
T IR] R AR SR K B R D, A2 A R R A B I AR I AN, A A B AT R TR T
5 T Ok AR, I T FastDTW 254 Jaj I ) J 1A o 42 i 4 0%
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