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Abstract  The shapelets of time series are subsequences of time series that are representative of
class members. One of the most promising approaches to solve problems of time series classification
is to separate the process of finding shapelets from classification algorithms by applying a shapelet
transformation. The main advantages of this approach are that it could optimize the process of
shapelets selection, and then various classification strategies might be adopted. However, there
also exist some limitations in the process. First, only directly employing these shapelets, while
ignoring logical relationship between them, the classification accuracy may be cut down. Second,
the process is much more time consuming significantly, even though shapelets are computed
offline. In this paper, the latter problem is addressed by using an intelligent caching based and
reusable skill, which reduces the time complexity of finding shapelets by an order of magnitude.
On this basis, a novel transformation that is based on conjunctive or disjunctive of shapelets is
proposed. Experimental results have shown the efficiency of logical shapelets transformation on
classic benchmark datasets used for these problems, which can improve classification accuracy,

and whilst retaining their interpretability.
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5 A shapelet Joik X 70 AN [5] 2 5 1) 4] 5

S BT R 2 R S AR IE  IAF S A
FRGEICS 60 A (Sesty) s [ FE AT BUERAE AT 5
“VURIR. YR B ERAE A shapelets Y & B it
BPZIE ATREHI(S, .60V (Ssut:) A (Ssaty)
BXRE — AT IO A 5 S ICER AR () I HR B A 155 20
DR A2 PR B 1) T 1L AR SC R S IR PR S B0, —Fh
10 Je RAT & B AE, gy —Fho A i oA, Bk
JESCHE .

EMX 8. # shapelets.

IR D i — 2 shapelets & — T
H.l D — AT 2 AT 75 21
(] B A 5 — A BB ¢ DA B — A2 R AR AR IR
optCopt RT 5T 0 Jpa BARAE, /NT 0 g Hr s
YE) B LR B i 45 D 23 30 B0 S A [] 9 R . H:
T RN KNS .S, .+, S, s thopt) s n(n=2) K& 1
shapelets F & & it shapelet %, 3 H S,
Sy  SMHEZ A TEF.

4.3 XA I iBLE shapelets

RI kA2 5 shapelets (955 L 5
PR, S5 1 AR ECE AT LA K B, PR3 IR 38 43 5
A AR A AHA SCHE - 82 4 shapelets IR T 7853
Gt REARCGE 5~12 1) R, SCIRL7 I i 7
o3 gt ok i U 3 & B2 A B 45 (Y shapelets., i A
SCHFEE HOR R kA It 19 32 8 shapelets. J)
Sh N5 13~16 47 B s, 5 4R 8] — S #k shapelet,
X AT PEAL , VA LogicalShapeletsCache ()
PREIOR T2 A HAD shapelet BE% 5 24| shapelet
HAER G 5 DT 32 55 B i 15 B0 4 LA S HE g. 2H— 2%
8] 7 37 H ) T A 32 8 shapelets #8205

A sortByQuality O sRBOEATHEF G5 18 1), HEPF
P50 7 A A — B SRS R B B AR U 2
shapelets(Z5 19 7). # F 4~ 2 4§ shapelets £ 1E
K A Al — 45 B[] 7 5 JF A #& Z Ab 1) shapelets, 0]
NN EANTZ BRI, BRI 25 shapelets Hr 4
P BB bR e, — BLAR B — 250 8]y 4 oy
AAE AL 2 3 shapelets ., 0B AT AT 2 i i 4
()2 58 shapelets FH45 G . JF 0 B Y BT S 4F 19 & A
(56 20 7). B 48 mergelogical O) FRELRT AT
T ST B A T B A AN (] B 1] 5 B
HIA A BE A AT R — 4.

%5  KkWZHE shapelets LogicalShapelet-
Filter (D,min,max k).

A« B R Y A B B DL /AN KEE min, e KK BEE

max,iB 4 shapelets %1 &
Wi kB2 %8 shapelets kLGShapelets
. kLGShapelets< ;
. FOR i<=0 to |D| DO {D {5 — &} ja] 5551 T, )
logicalsha pelets < ;
tempL.GSha pelets< O ;

FOR j<0to |D| DO {i} &+ 5T, #4511 &)
y<T;;
Stats,.,<~{M,S,,S,,S%,S%};
. FOR l<-min to max DO {&—r]GEMI K}
10. FOR u<0to |T,|—I(+1 DO {&— 1IN &)
11. FOR m<0 to | D| DO {it#& &% shapelet S 5
B — AR IS [R] 7 1) (4 B )
12. D, <sufficientdist (u,l,Stats,.,);
13. orderline<—sort(D;) ;

1
2
3
A
5. a<T;;
6
7
8
9

14. quality<—assessCandidate(S,orderline,D,) ;
15. templL.GShapelets.add(S) ;
16. temp LGShapelets<—LogicalShapeletsCache(D,
min,max ,num ,tem pl.GShapelets,orderline) ;
17. logicalshapelets.add(tempLGShapelets) ;
18. sortByQuality(logicalshapelets) ;
19. removeSel fSimilarlogical(logicalsha pelets) s
20. kLGShapelets < mergelogical (k, kLGShapelets,
logicalshapelets) ;
21.RETURN kLGShapelets;
ARIZ B shapelets #5315 40 5515 6 Ir 7. I
BE R — IR, 2 shapelets ' shapelet
AR H B I A n 80 A 2 L2 AT shapelet/ 2
i} shapelets 4 )38 #} shapelets B BB AFFR4 11
(55 1~3 17,18 ~25 47) . JIr LA B30 15 31 110 2 5 X
T U AE 8 i H AT shapelet/32 # shapelets 5
B 55 B R 17 8. AR SCATE R 58 2 B 3 4 Rt
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BT E (55 6~8 17). 4 — ik shapelet S
5 LogicalShapelets J& H 1L 69, W A F 5 0] i
shapelet (58 9~12 17). Y5 F|— & ik shapelet [
orderline Z. )5 » 5 30 e & shapelet B orderline
52451 shapelet/iZ 3 shapelets [ orderline ¥ %%
A, M 332 1 shapelets By orderline(5f 15~16 7).
{BX} T 245 shapelets oA & S BT BCRAE B 408
S orderline Wé? WA 16 17 7 o 3% BLUR FH — Fib
H A 1 2R 7 2R B B 4% ) shapelet H) orderline,
M4 %% 45 shapelets B orderline. X F“ N\ 7 #
YE, 41> shapelet By orderline #3535 5] HY £ K IE
B ORI orderline [ REES 5 ATV 7 #E
VB S W% R d5c /N I R B8 . 3 R 3 S 45 1 I AN 52 T
FE B 45 15

Eix 6. FRIZHE shapelets LogicalShapelets
Cache (D ,min,max,n,lgshapelet,orderline).

i < I [R] P S BE R D /MK BE min, g RKBE max,

22 #i shapelet B0 n, T IF 3 Lgsha pelet , Lgsha pelet
55 g G 1k (B P 9 BE B T HEB orderline

it . 255 shapelets LogicalShapelets
LogicalShapelets<lgshapelet;
IF n<LogicalShapelets.size()

RETURN LogicalShapelets;
BestQuality<—lgshapelet.quality;
tempLGShapelets< ;

FOR i<=0 to | D| DO {D {5 — 40} W75 T, )

FOR j<0to |D| DO (18T, 5T, %04t &)

Stats,.,~{M,S,,S,,S%,S%};

FOR [<min to max DO {£—A0] Geny K #E )

10.  FOR u=<=0to |T,|—I+1 DO {(H—AEMhh &)

11. IF sel fSimilaritylogical(LogicalShapelets,S)

12. CONTINUE;

13. FOR m=<0 to | D] DO {i+5 &% shapelet S 5
g — R I ] ) A B )

14. D,<sufficientdist (u.l,Stats,.,) ;

15. Lgorderline<—sort(D,) ;

=~ w oo

© oo ~N o O

16. orderline<-mergeTwolLines(lgorderline.
orderline) ;

17. quality<assessCandidate(S,orderline,D;) ;

18. IF quality.betterthan(BestQuality)

19. tempLGShapelets<—Ilgshapelet;
20. tempLGShapelets.add(S) ;
21. BestQuality<—quality;

22. LogicalShapelets<tempLGShapelets;

23. IF LogicalShapelets.size()<n

24.  LogicalShapelets<LogicalShapeletsCache(D,
min,max,n,lLogicalShapelets.,orderline) ;

25.RETURN LogicalShapelets;

T3 oh KR B shapelets JEAT I ] 5 91 % 46 )
A RERA S IE IR, A &I Z# shapelets
(St OV (S, )V =V (S, t,) . i n BHEEE D
R — g Ry A Cn AD i S 4k. S =1,
2500 on) A HOATR S A G TR R
e Z JR BT A 2R 0 A I S22 1 shapelets
It 1) JE HEAEL 24 Oy 0, JF Bl Y 22 85 shapelets
F1R) BB R B S A 2 DR UG T AR /N T &) 3 T AT
SRRMMERTE. R AR, - RIEL T
B4 shapelets 14 L shapelet Y E X E N 2, 3F
R B 2R 1) /N R AT AS I ] 4 i R B30 A P
EN 5.

4.4 F#RptiEF

K24 shapelets ¥ i) FH Lz — 2N
TR [R] 3 4 28 1) BN T A SRR o3 5 b
YA B £ 4S8 shapelets 22 J5 - X 40 0 Bds 48 i
113 T2 5 shapelets By ] 5 91 e 46, B8040 4 b 1Y
g — R I [0 e 970 4 e 4 RCH AT & A R M R S L A
A& PRI XS 1 T 3% I 8] J77 8] 55 32 1 shapelets 2
(B R BEES. QnGE 7 R BB R ACR T T 401
Jr R B FE o ge it EOR (5 7.9 471) , M2 R AE
il opt KT 5T 0 I, KRG BORAE , o 551 H 55
24 shapelets H1 4 — > shapelet 5 2 {if i} 1] 7 51
[F1) P B O BB R A Sy B 4 5 S 01 ) Jes o (R
opt /NF O NI HR B /ME.

&% 7. ##Eshapelets ## Trans formData(S,
D.opt).

BN« R IFE) & A B8 shapelets S, 8R4 D, 2 45 4%

F opt

it A0S B AR out pur

1. output<J;

2. FOR i<=0 to | D| DO {D iy &g — F5 i} 5] 7 51 }

3. transformed < ;

4 FOR j<0 to | S| DO {S " ay%—~Z 45 shapelets}

5. FOR m<0to |S,| DO (S, 45—+ shapelet)

6 IF Copr=0) { & HUHAE)

7 dist<Max (sufficientdist (u,l,Stats,.,));

8 ELSE IF (opt <<0) {#HrHt#fE)

9 dist<-Min(sufficientdist (u,l,Stats,.,)) ;

10. transformed.add(dist) ;

11.out put.add(transformed) ;

12.RETURN out put ;

) iy 1) I i) 7 510 K 40 B i e 4 2 O 5 BRIVRT ;]
TARGER 43 2R T80k 4 DL iy 73 2R 4% L DR R L 1T-NN
SEAFARSCKGTESS 5 1 B0 UE T B RVE 1 A
fif .
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4.5 DEEEMETE

Iy RARTE L E MR EE b i A 582 0 2 4 TR
o3RI AL T BT o B A b R R A R Y
24 shapelets Z ) » i i 4 40 4 X080 45 e 45 B 1
BAE A S0 AT LUK I 8] 5 51 43 258 0] 04 46 180 A% B 1Y)
I3 & AL, I A% G2 73 2 A A X 4R 00 70 2 e
B R AR AVEAN 2 shapelets FHe iR B 583k 8 Jr
718+ 1 SR I A AR 3 4 23 ol P f5 ST B I 2 R
AMIALE G 1~2 47) , AR5 MRIGFe e 5 i I 24 A
FANL Y 53 2R 0k a3 4y 26 4 M AR 1y 43 2K 2% C AT LA
& DU 2 28 28 L UL L L-NIN 43 2 4 45 55 (58 3
1) e B X e 4 5 M vh i g — 25 SE )L 4 0%
AR TN 9 2 b5 5 LS AR AR ] U3 (i 126
5~947) s IR 1% 53 26 4% B9 73 J T R (5 10~
11 47).

&EE8. LU E Accuracy(C,D, ).

Aoy COUNGEURE D IR ERE T

B H A RUEHI R accuracy

1. D<TransformData(S,D,opt);

2. T<TransformData(S, T,opt);

3. C' < BuildClassifier(C,D) ;

4. accuracy<—0;

5. FOR i<=0 to | T| DO {T 4§ — 4B M F5) T )

6. class_label<—getClasslabel(T;) ;

7. predict_label<—Classi fyInstance(C',T,);

8. IF predict_label.equal(class_Llabel)

9 accuracy<—accuracy—+1;
10.accuracy<—accuracy/| T|;

11.RETURN accuracy;

5 LRI

TE MG TR A3 K P Ak BT I A4 0 3 R DA B R
shapelets Heie 5o AR 1 56 8 0 T 58 73 S8 31 B HOR
J5 19 ShapeletFilter 2 3 iy 44 & ShapeletAcce
Pl TAOC R R A A B p T AE 4. 1 T g
A SOB S [E] B %) B ShapeletAce B.9% 5 Lines %
A4 i1 ShapeletFilter S35 5 4R )5 8 5 55 55 56 iF
i ]2 8 shapelets #3847 73 2 i HERA 2. Fr R HI
(¥ B4 48 B Ding 48 A LA K Keogh 48 A D7 4.
Fr A Sk A S B ARG 7 Weka HEZE T 52 B Y.

501 SHEE

AR ST 4 H B SR 5 DA [ P 51 R 0 R b
W & A~ 2 % shapelets, g1 T & (AR 7R B
@HE shapelets [ 8 i, © JF A 52 W 15 2 1Y 2 4

shapelets 19 5T &2 , (HFATICE PR IE BCE 1Y & (HREGS
et 3 5 o R R B 2 R B E /N S
F Y2 shapelets AJ BEA & LS 53 28 P 3R i
BERAF R M & (BB B R KB, AT e it A 4
SRR AR T 2 ] shapelets 1B B PE. 7E 5286 b,
PREE R (B0 W — BobE M s, RATE £ (iR
Hom /23X B om Ry I A 8 R P R S 4R

T3 A B P BE S min Fl max 1Y
B gL T EATE X T &% shapelets/
@4 shapelets A B2V I 280808 AN TR I 7T R
BRI T B HAPRIVER shapelets/ 2 shapelets,
T X5 53 248 g 18 o A 238 3 052 . ] AR Sy O 15 B R
K HE T e /N B A T — SO AR I M R
INREBLE N m/ 10 B RIS BEBCE hy m/ 2.
5.2 EEXLE

AL T FE 3L T shapelets #54:fit) ShapeletFilter
SRR SO AR gy g i B 2 JE R Bk R ik
ShapeletAce. RE R M A B S it & Z G, X H
shapelets #8433 TR K8 T+ H By T7E 4%
B shapelets I 7 22 50 5 ok g $5 40 4 — A Ol
T K BLEHE shapelets 5 ZHAEE 2 1O I 1],

HARUCHE T A SR RO B R B shapelets
8 2ok ARATY A — IURE o 1 A i AR S SR S 4]
a5/ R KA A AT I O 3 TR S TR A TE
24 h Z N1 B 45 R R BUE L B SR R B8 4R
# 2 Fios.

£ 2 %I k4 shapelets B 18] (s) X EE

B 4 ShapeletAcc  ShapeletFilter  Jiji 3

Sony AIBORobotSurface 2.37 9.34 3.93
Sony AIBORobotSurfacell 3. 65 14. 99 4.11
synthetic_control 2420. 81 3217. 67 1.33
Twol.eadECG 5.56 26.75 4. 81
Beef 1147.72 42 346. 07 36. 90

CBF 31.95 248. 39 7.77

Coffee 217. 95 5359. 17 24.59

Cricket 18. 00 177.83 9. 88
DiatomSizeReduction 150. 06 3597. 34 23.97
ECG200 227. 34 1071. 20 4.71
ECGFiveDay 24. 35 218. 68 8.98
FaceFour 327.92 9402. 13 28.67
Gun_Point 150. 55 1467. 21 9.75
TtalyPowerDemand 4. 40 5.21 1.18
Motes 4.29 21.93 5.11

OliveOil 1590. 67 75996. 02 47.78
Symbols 436. 14 15042. 84 34.49

@ Keogh E, Xi X, Wei L, Ratanamahatana C A. The UCR
Time Series Classification/Clustering Homepage. http://
www. cs. ucr. edu/~eamonn/time_series_data/
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TGS 1 5 B ) 2 PR KL k> shapelets
1 A R E 25 A B DI R 4R 1 58 Y B ) R
L s, I A BOIE 4 2 10 Y] 2 5K 1 2 8 1% 45 2R
M i LU # , ShapeletAce 551k 1 iz 47 I 6] B
i /F ShapeletFilter 5 3%, £ K i # ke Al ik
A7.78 £ E W EDE Fom WE 6 PR,

34.49

Symbols
OliveOil
Motes . 5.11
ItalyPowerDemand B 1.18
Gun_Point — 9.75
FaceFour G 23.67
ECGFiveDay mmm— 3.98
ECG200 e 4.71
DiatomSizeReduction I —— 23.97
Cricket mu—_——u 9.88
Coffec EE——— 2459
CBF mmmm 7.77
Beef I 36.90

47.78

TwoLeadECG mmm 431
synthetic_control
SonyAIBORobotSurfacell
SonyAIBORobotSurface mm 3.93

0.00 10.00

6 ShapeletAcc 5 ShapeletFilter [ il i H

5.3 iZ1F shapelets ##2 5 shapelets % #2743 Eb
BE B 23 4 %) b 3 T 2 $ shapelets &% 46 (1) i) [H]

20.00  30.00 40.00 50.00  60.00

JP 91 53 B L I T 4 i shapelets 5 48 (4 B 6] /5
Gy R TEHAT ] shapelets Fe iy, Fo A%
8 R A B R AT IO R B 4 ) 4 B
Hikfr 4 LG-AND Ml LG-OR. 5 BB . 9
GRS A R AHBEE R m /2, m R 5 o A
BN REEXT HE I A - 232 8 shapelets 9S50
Fom/2 B B #b A L R AH LAY shapelet DLl 2
FERE BB A5 kK B 423 shapelets N5 n /N T
m /2, WK ke EBE N 7.

kil G 25 L FEET T SE IR, T A 2 5 shapelets
2B shapelets & 2 M U1 25 42 vl B oK A R
J P4 0 2 B 0 3K R 3 9l e 5 OB 9 35 T A
] 73 2 v 1 B8 . T A 1Y 40 2 40 R AR 4l I 2 4R
TR G AE M R A B AT . T R A
Weka HEAL N #4709, BT R I 0 588 A T
Weka [ BRIA 15 B . A1 43 25 0 6 3 060 b an 5% 3
JIi .

£ 3 iZ%4F shapelets ¥ # 5 shapelets 3 # g 3F Eb

(73 NaiveBayes/ % C4.5/% RandomForest/ % 1-NN/ % RotationForest/ %  BayesNet/% g

LG-AND 91. 35 84. 86 88.52 91.02 89. 85 91. 68

LG-OR 93.34 84. 86 86. 19 93.51 93.01 93.51 Sony AIBORobotSurface
Shapelets 92.51 84. 86 85. 69 92. 35 91. 35 93. 68
LG-AND 88. 35 75.97 82.90 89. 30 89. 09 87.51

LG-OR 87.09 75.97 87.62 81.01 87.72 84.78 Sony AIBORobotSurfacell
Shapelets 86. 88 75.97 84. 47 83. 32 87. 20 84. 68
LG-AND 99.12 91.57 98. 95 99. 39 99. 56 99. 82

LG-OR 99. 39 91.57 97. 89 99.91 99. 21 99.91 TwoleadECG
Shapelets 99. 21 91.57 96. 75 99. 82 99. 56 99.91
LG-AND 89. 06 79.79 79. 87 88. 66 86. 34 84. 58

LG-OR 85.62 80. 27 80. 51 85. 22 84.11 80. 67 Motes
Shapelets 86. 58 80. 27 80. 27 87. 22 82.03 80. 51

LG-AND 92.71 92.91 92.32 93.20 92.23 92.13

LG-OR 92.52 92.91 90. 77 96. 02 94. 95 92.23 ItalyPowerDemand
Shapelets 92.42 92.91 90. 77 93.49 92.91 91.74
LG-AND 99.54 98. 95 99.42 100. 00 99. 54 99. 42

LG-OR 99.54 98. 95 99.42 99. 54 100. 00 99. 54 ECGFiveDays
Shapelets 99. 42 98. 95 99. 42 99.19 99. 30 99. 42

MR 3 Al DLW EE R, 2RO T L B T2
shapelets ## 1 5  LG-AND il LG-OR £ 4% F
FAVP AR FIRIE T shapelets F i1 o
JR R DL R 22t BAE DAA 21 4 Dby B 1) TR SRR
PR AR, a0 = F A C4. 5 B i HERf &
XH BT 5 P JR. g R i DR R 7 1
shapelets 5% & 2 # shapelets I K {5 B 35 1E N
JERARE. M C4. 5 FETERFRE B SR K18
PER IR0 e 2 4% 5 45 B 1Y 4% Be K9 shapelet 3§
B4R shapelets AHXF N 1Y J P o 47 1 & 76 DR 1Y

HEA AR B A5 B 4G g5 A W] (L B 32 48 shapelets
1) 53 4 1) oy A ) A A, D) 2 A B IS L 1Y e SR R
M. 76 LG-AND 1 LG-OR By %f e, LG-AND 7E
14 PMor2es ELT LG-OR,LG-OR 1E 15 M2 #s
SO PR 7RG B DN AR B, LG-AND
5 LG-OR RMEHIA K.
5.4 245 shapelets ¥ 5 H {1 53 KSR AIXTLE
L-NN 732 a8 A2 24 1l i P B5F 18] 77 371 43 26 ) 1)
oy Redn 22— ik — P B AR SC R 2 HY Y 5k T 2
5 shapelets &4 i I [8] 7 51 73 8 58 5 O PR RE L 76 I
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TR RS HE L T RR FRIT RS 1Y 1-NN 73 e g L T2
i shapelets 524ty 1-NN 724 55 Fh A SCHR T HE
THT I shapelets 4 )q (9 CA. 5 73 I 48 I H %
KM shapelets SCBUA PSR 1932 R k. 3R 4

Hal LAOWLER S B T2 4 shapelets 558 1-NN /3¢
AR TR T RRIREE B A 1-NN 7326 48, JE T2 45
shapelets Fe i) C4. 5 79 28 A L £E K23 15 &0 T 1
T HIEFR M shapelets 5B PSR 7 K45

®4 O EBELL

b 1-NN/ % LG-1NN/% ShapeletTree/ % LG-C4.5/%
Sony AIBORobotSurface 67.72 91.02 84.53 84. 86
Sony AIBORobotSurfacell 86. 36 89. 30 75.97 75.97
TwoleadECG 72.52 99. 39 85.07 91.57
Motes 85.78 88. 66 82.51 79.79
TtalyPowerDemand 95.72 93. 20 89. 21 92.91
ECGFiveDays 80. 60 100. 00 77.47 98. 95
Cricket 87.76 91. 84 60. 20 82. 65
Cricket_new 43.75 57.81 50. 00 56. 25
5.5 S ERLg for time series classification//Proceedings of the 18th ACM
N . N n ) vrnational C
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Background

Time series data mining is an important task in machine
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classification, time series classification has a broad range of
applications such as agriculture, chemistry., health informatics,
finance, industry and so on. The goal of time series classifi-
cation is first to learn what are the distinctive features distin-
guishing classes from each other. Then. when an unlabeled
dataset entered into the system, it can automatically
determine which class each series belongs.

There are three major challenges in time series classifica-
tion. First, there are no explicit features in time series data,
so classifiers that take input data as a vector of features, such
as decision trees and neural network, cannot handle this data
efficiently. Second, the dimensionality of the feature space
for the time series data is very high. Though we can use
various feature selection methods to transform a time series
into a set of features, the computation of feature selection can
be costly. Third, building an interpretable time series

classifier is difficult since there are no explicit features.
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Shapelets-based method is one of the most promising
ways to solve the problem of time series classification. This
paper is focused on building an accurate, fast and interpretable
classifier. In our work, we address the time consuming work
of finding shapelets by using an intelligent caching based and
reuse of computations technique, which decreases the process
of finding shapelets by an order of magnitude of current
method. On this basis, a novel transformation that is based
on conjunctive or disjunctive of logic shapelets is proposed,
which can improve the classification accuracy whilst retaining
the explanatory power provided by shapelets.
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