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Shapelet Pruning and Shapelet Coverage for Time Series Classification
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Abstract: Time series shapelets are subsequences of time series that can maximally represent a class. One of the most promising
approaches to solve the problem of time series classification is to separate the process of finding shapelets from classification algorithm
by adopting a shapelet transformation. The main advantages of that technique are that it optimizes the process of shapelets selection and
different classification strategies could be applied. Important limitations also exist in that method. First, although the number of shapelets
selected for the transformation directly affects the classification result, the quantity of shapelets which yields the best data for
classification is hard to be decided. Second, previous algorithms often inevitably result in similar shapelets among the selected shapelets.
This work addresses the latter problem by introducing an efficient and effective shapelet pruning technique to filter similar shapelets and
decrease the number of candidate shapelets at the same time. On this basis, a shapelet coverage method is proposed for selecting the
number of shapelets for a given dataset. Experiments using the classic benchmark datasets for time series classification demonstrate that
the proposed transformation can improve classification accuracy.

Key words: time series classification; shapelet pruning; shapelet coverage
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5 {iki% shapelet [A] f2E BN 5B TE R 78 Gun 731 5 1% % shapelet 22 [A] A E 25,4115 1535 shapelet 8] 7 B 25 4%
K.orderline & 2 J& AV T LATF B4 58 R 29 24 00) B DL S A5 3% (1) shapelet [R5 51 25 45 de 2 E U AR 11—
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BEEHLR N shapelets (1IN 5 73 45 0UA GEAH 43 59, T S0V 55 8 5 1R 500 1 T 4% 48 23 2R3 v R Y (9 B0 0k
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&% 1. ShapeletFilter(T,min,max,k).

iR RS Ty BMC R min, % KK E max. shapelet N4 &;

B ok AT shapelets kShapelets.

1:  kShapelets< O,

2: for i<—0to |7] do {T {4 — 4% 8] 7 371}

3 shapelets<J;

4: for /<—min to max do {7, " ({4 — )

5: for u<0 to |Tj|—I+1 do {fF— LA E}

6 S<Tiqns
7 for m«0 to |T] do {f%i% shapelet S 54— 4 I 0] /5 51) 1) 59 )

8 Dy<—subdist(S,T,);
9: orderline<sort(Dy); {03 orderline}

10: quality<—assessCandidate(S,orderline,D;); {15 shapelets 5 K15 5.3 5 )

11: shapelets.add(S,quality);

12:  sortByQuality(shapelets); {315 K18 55 KN HEF)

13:  removeSelfSimilar(shapelets); {¥ % H ALK shapelets}

14:  kShapelets<—merge(k,kShapelets,shapelets); { {18 24 i &4 il k 4 shapelets}

15: return kShapelets;

B 1 FIR T AEEE S & AN I UFIY shapelets [T A AR 9 B K B /N BE 1) 1 3 BB, B — 4 B[] )
HUIRAE—Pn] B S 0715 2 B AR AR T AH B (1 DAl I 55 2849 B R 1K) & A shapelets. 3 3 —/M& 1L (¥ shapelet
2 )5, T B % shapelet Y555 — 4% I i) J35 41 (1) 1R 2 29,44 £ orderline(3 2 17~5 9 47), 3 71 S #8459 2 I KA &L
R R ACGE 9 1T~28 11 AT) A3 BT %% shapelets 2 J& AR 85 HAF B3 25 /N EATHEP (B8 12 17). A A
shapelets 2K [ [f]— 45 I8 8] 5 51 9145 B B 22 Ak, A K e AT 2 B AL, I 75 2R B 4 47 11) shapelet, 72 Bk H
AHEAT) shapelet(Ef 13 4T).— HAG B — 450 (8] 7 51 b BT E B ARBLE) shapelets, ok e AT S IE R LF I & A
shapelets #Hl 45 &, IO/ B S U 1) & AN CGE 14 4T).

132 kA~ el 1) shapelets <2, A B ATTH R A 14D 55 T3 710 2 e B3R (00 0000 S8 140 7 vk DL A1 2 B8040 7 48t isf
A 47 17 50 BE B 57 sk 3 IR (G S AT).shapelets 5 I R) 7 41 Lt I #5804 T T VS AR AL BR(BVE 3
B 24T S AT) T D W4 RS DL BT A B S S(=0,.. k- 1) VAR H AR B kAN
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&% 2. TransformData(S,D).

BN IRHEIR) k A shapelets S+ $idi 42 D;
it S (R A 2R output.

1: output<«J;

2: for i«—0 to [D| do {D W IRF— W 751}

3. transformed<«J;

4 for j<0 to |S| do {S "' [¥]5—> shapelet}

5 dist<—subdist(S;,D;); {75 ¥ &5}

6: transformed.add(dist);

7 output.add(transformed);

8: return output;

B3% 3. subdist(x,y).

HNHT 5] x F oy x| <|y);

x5y FORTEALRE .

1: bestSum<«—MAX _VALUE;

2: x<—zNorm(x); {71k}

3: for i«0 to |y|-|x|+1 do {y * FI&E— AN IR AT B )
4:  sum<O0;

5 z¢—zNorm(y; j.)); {MEAL}

6:  for j<0 to x| do {i1 5 R K 5

7: sum<—sum+(zi—x;)%;

8 bestSum<—min(bestSum,sum); {H 5 /ME )}
9:

return (bestSum/|x|)""%;

2 ##7)1% Shapelets §53 4% K

AT BRI I 4 S D IR AL shapelets:

o ESE MR I EIEAE, KRBT %L 1Y shapelets;

o LRI AL FH A SCHE HH 1) shapelet BB J5 15, WA % shapelets 148 FrAB ALY shapelets;

o FU A SO IR Y shapelet 2 @5 5 ¥ KA s F T804 #4230 1) shapelets % H k;

o IS BRSSP AL A B BT kAN TR PR IR SE A, 4G 2 B AN TR 1) 43 S SR I FH 3R] A 43 2K .
2.1 {%i%Shapelets

R T 3k shapelets 13 2 LA vE 4.0 S0 b B0 10 3L A2 5 SCRR[ 170 1Y shapelet A2 il 53k AH AR
FTXGNAE T FATE LK H br A2 $e B T B5E 3 shapelets 1A & B 47 F &k AR IR AT & I 0] e 4 AT & K
JE T B T e 2 HE M shapelet, BT DL E B8 6 T 280 k (100 B 75 20000 38 1 2 4 EAHALLY) shapelets A —
ST P PR R B 2 S5 (R 13 47), 8 e 1IN 2L 1) shapelets H, 973 BUE A5 B3 238 19 B P HEF . b i FE A
W3k AX, B 28 Ah B 5 I G (R I ()7 80 (55 14 47).

&% 4. CandidateShapelets(T,min,max).

FONCEEDPE) Ty S/DCE ming 5K K max;

i k3% shapelets CandidateShapelets.

1:  CandidateShapelets<J;

2: for i«0to |T] do {T " [J4E— 4N 1A] 41}

3: shapelets«—J;
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4 for l<—min to max do {T; ' & — AT HEK JE}

5 for u<—0 to |Tj|-1+1 do {fF— LA E }

6: ST

7 for m<0 to |T] do {1515k shapelet S 54— 4% I i) & 471 (i H 55 )
8 Dy<—subdist(S,T,);

9 orderline<sort(Dy); {03 orderline}

10: quality<—assessCandidate(S,orderline,D;); {15 shapelets H K15 5.3 5 )
11: shapelets.add(S,quality);

12:  sortByQuality(shapelets); {315 K18 55 K NHEF)

13:  removeSelfSimilar(shapelets); {¥ [ H #1LL shapelets}

14:  CandidateShapelets.add(shapelets); {1 4 1%L #) shapelets}

15: return CandidateShapelets;

2.2 Shapelet5I %

FATTHE H shapelet BY A J5 v 1 35 352 H 10 2 : B LML shapelets, M Ty 52 V5 5 2 4 #% 7 14 1) shapelets & 5 3]
B e b O T A HU AR shapelet B4 5 V5, AR B Se Rk AHAEL shapelets [R5

TE X 6(FB1EL shapelets). X ¥4 shapelets,(S1, 7)) F1(S2, 72),(S1, 7)) T-(Sa, 7). 5 EATTHTAE 5 0] )35 910 (1) 2 A AH
[R), 3 HLP T 7 P U BRI subdist(S),82)/ T (Sy, ) 115 B4 BIH 7, I8 2 P 5 ARALLI shapelets.

T RN A2 LWAHAL shapelets SRR T ARG ARBLE V5 LA P54 shapelets £ 152k B AN [F] 1) I
8] 7 1)1 H AHALL shapelets ££ 76 T [7]— 4% F 18] 2 270, 9F B A BB ER 70 tH T ¢ A2 Re 0% 3K HiUde R A5 5L 1 4 1) PR %5
BIE, ™Y subdist(S1,S)<z B, 37K S Fl S, HA AR, IF H. Sy Be88 72 RE0 /0 15 5L AR S, 490 w1, B 2(a)
FRa] DLW ER B f# YR Gun/NoGun 18]I RT 10 4 shapelets [F] A7 4E 25 A% K FITEAR AR BIYE  Shapelet BY A% 2 J&, 3 A1
BY 22 T ALY shapelets, FREUE A 2 ANASHIRLT) shapelets SRACER LA 10 AS@E 2(b)Fras). ok &AL
shapelets [ 2 L5075 5.

B3k 5. ShapeletsPrune(candidateShapelets).

i\ M5 i% shapelets candidateShapelets;

it AN AHALLT) shapelets NoSimilarShapelets.

1:  NoSimilarShapelets<J;

2:  size«candidateShapelets.size(); {1%i% shapelets [ 1~%1}

3: for i«0 to size do {# —/ MLk shapelet}

4 selectShapelet<—candidateShapelets.get(i); {3 1L shapelet}

5: NoSimilarShapelets.add(selectShapelet); {75 INEIAFILLF shapelets H}

6 Distance<—selectShapelet.splitThreshold; {3k HUHE &5 H {14 }

7 for j«i+1 to size do {#} —/Mkik shapelet}
8 ToPrune<—candidateShapelets.get(j); {3RHUFF B4 (1% % shapelet}
9: Dist<«subdist(selectShapelet, ToPrune); {TH5 5}
10: if (Dist<Distance) {# W3 7] 120 25 /N1 B H 265 A RO B A7 85 82 1) shapelet}

11: if (selectShapelet.classLabel!=ToPrune.classLabel)

12: NoSimilarShapelets.add(ToPrune);

13: else {7 [F] ¥ 5 29 K F B (B, £ 45 B9 B2 1) shapelet}
14: NoSimilarShapelets.add(ToPrune);

15:  candidateShapelets<—NoSimilarShapelets;
16:  size«candidateShapelets.size(); { T H 3x HU{# & shapelets FIA4N45}
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17: return NoSimilarShapelets;

LEAEIN I TT 25 R 45 SR AL, B AT 90 7 AT ah A A 3%k shapelets IOEH IR R FE A LA — IRIE IR % 3% shapelets (1)
B H #OE 2D (5 2 4TRSS 16 47).5%F T%ik shapelets "1 (K54 shapelet, FRATHSKE I 548 T & 1 shapelets
VEELEE, I v 2 R BT 26 (58 3 17~5F 14 17).4 ToPrune shapelet Fl selectShapelet shapelet ] )1 F¢ %1 H 25 /)5
T4 T selectShapelet 114y Z4BIME, B AR LE BB AT bR 2 e 12 b7 M R I, 8BS 2% ToPrune; #5 W), AR B
ToPrune, 744 & N H T — KA H (5 10 47~5 14 417).450 )5, 3411453 2 H T shapelet 2 55 25 B 1 BT AS AL
shapelets.
2.3 Shapelet® =

SCER[IMEEH 5 #7238 SCSRAIE T ok A & FH T B ¥ 411 shapelets (1405 WK, X & — T+ 20 B N 1) ZLAE,
JEIL YN ZRER = LE ORI, e 1R e 2 T B S D DR W ¥k T8 R AT 2 IR e A5 B i 43 SR HE T R 1)
shapelets 0.4 T A Z0F WG SR IO T 5 L #010 shapelets 3R, BATR L T — N M & ———
shapelet 7 .

FE X 7(Shapelet B 2). 455 shapelet (S, 7)1 5 EAHX B (1) orderline L, 73 2 BIE 7, 4% L b IR w8l i
B D 73 BRSO 73 230 2 55 shapelet [R) 5 > 1R 2 /N T 7y BRI (8] e 510 84 5 D, A0 55 shapelet [
B BE B KT oy BRI ) P 20 i 45 D, I8 A FRATTIA D, BEWS 4% shapelet /8% 3h 78 75 ,D, AN RS 4 shapelet 7 7.2 [
3 b e SC,IRATTRT LA A BT J AR ¥ I 1] Fe 91 2 B 6 4% shapelet 78 i 1) 20 46

AR 1 shapelet 78 5 MA@ A %5 7 8 Mk £ 5500k vh e 470 8 55 10 JEARL X B 3R ATT VT LLKE shapelet 24 4R
IF1) 5 370 PR — AR5 R (R AR AE Of A 0 % 357 ) 1) 32 B2 X 4 T shapelet 78 o ot — FPad BL W 7 85 07 75, I EA B IR S
e — I 1R] 2060, 2 itk shapelet, 1T &2 & AT 7 51 BR 25 /N T — 45 € 1) B8 I shapelet 45 76 Kk £ shapelets
(3 WA 6.

H% 6. ShapeletsCoverage(NoSimilarShapelets, 5).

By N ANHHALLY) Shapelets NoSimilarShapelets % i 2516

i 9P shapelets Shapelets.

1: Shapelets<J;

2: Initialize(InstanceTable); {WI4HHL InstanceTable}

3: size<~NoSimilarShapelets.size(); { AL shapelets 1441}

4: for i<0 to size do {#}— ML shapelet}

5. Selected<false; {¥r&7}

6 InstancelD<NoSimilarShapelets.get(i).InstancelD; {3} 78 i (1Y) SE 4 ID}

7:  for j<0 to InstancelD.size() do {&}—A~5LH| ID}

8 if (InstanceTable.contains(InstancelD))) {Instancelable TSI ID}

9

: Selected<true,
10: if (InstancelD;.number()<8) { /& 7515 B 75 I HL 5}
11: if (InstancelD;.number()+1 = 6) {35 F 8 w5 A S B Ik 1D, 75 0 1}
12: InstanceTable.remove(InstancelD;);
13: else
14: InstancelD;.number()++;
15:  if (Selected) {#ihr Ay 9 TL, AN B3 51 1 shapelets 1}
16: Shapelets.add(NoSimilarShapelets.get(i));

17: return Shapelets;
ALY EE B A AL shapelets KA 2 5 2 M T He He i #E I E shapelets(2f 4 47).24 — 4
shapelet # V5 i 2 J 4t shapelet 7 5 I 18] P2 510K 4 B8 Bk 4wt AELRE 76 L IE A I 0] 2 81 3 A 55 b 5 8 31190 2K



kR %L F Shapelet 3 A A28 & o9 0t 1A 5 71 o~k Bk 2319

e 26, AT T BEAT R FH 24> shapelets 48 55—/ S0 SELILARE, 51 3E T —A shapelet 35 S 808 —4%
IS 8] 7 51 8 52 /b 64 shapelets 5 75, 3X 45 N B @ 5 AN ph ik — P &G 8 1T~5 14 A7) H—"1 4N
InstanceTale WU K AT il BF— £ W] 18] B 19 V- BUE . W LR I Instance Table /1 (M4 — MMEBE W LH1L A 0 2 47).
Sk B i A R I I R SR T — AN R B SR AT U BA, a0 1] 4 N S B

T
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Fig.4 Two orderlines
4 A orderline 751
TSID Count TSID Count
100 1 100 2
200 1 200 1
300 0 300 0
400 0 400 0
500 1 500 1
600 1 600 2
700 1 700 1
800 1 800 2

a) 1 RGNS InstanceTable  (b) £ 2 IRTEH IS4 InstanceTable
) A1 IR ble (b RAGIRIN 1 bl

Fig.5 Coverage of time series

Pl 5 I IR e 47 A 22 i 1 0 s 191

fEE 4 W ,orderline L; 1 L, 7R T HAAIE shapelets X 23 S0 (5 B0 AR % =2, 50 1 IRFGEAET,EE 1 A
shapelet 1] orderline & L, InstanceTable WK 5(a)fi 7~ B 0] 541 {300,400} 5 2 1 A~ shapelet 2 [l ({1225 KT 7,
BT LLEAT ARSI shapelet 7 25, 7 e ATTITHEUE T4 0. B T84 S0 16 P 2008 528 2 5 PRI T4 2 B 5=2,
T LA A s 0] PP 5 B8 1 A2 565 2 IRAG 3K A orderline A Lo, 52451 {100,600,800} 151% shapelet 1] (¥ {2 25 /N1 s {5
T LAEATI T B ARG 0 1N & S(b) T 7 ). 4 BRI 160 52 I ] 410 {100,600,800} AT LA A InstanceTable
B R EE RN HAYY — shapelet A&7 55 InstanceTable ™ AT AT — AN SEBI I, e A4 fE NN B £ 1)
shapelets (58 15 17+ 2 16 1T).

2.4 L& ShapeletsBEI K FIE X /3%

TR 2.2 RS 2.3 b, Je il i 0 %k shapelet BY £ 3R 13 A AHALLY shapelets; S8 )5 24 shapelet 75 75 J5
125, MASAIALLE shapelets 745 21 F - B0 5 e (03 ) 0 shapelets. g 5P Hb R HUH T 20 3% #17) shapelets, 7] %
F&¥ shapelet BIf% 5 shapelet % o5 /7 iEAHSS &, B, Bl ik X% & shapelets (1930 [ 1 £53 21 5 2411 shapelets. It
R0 H 19 32K shapelet BIF AN shapelet 7 o6 A3 A 1% J7 A0 B T 0T 23 5 vH 57 shapelet BIF 1 shapelet
B INER DA T — AR BN O(m)ITEIR,m J ASHHAL shapelets fAN 41238 G A WAL 7.

B % 7. PruneAndCoverage(candidateShapelets, ).

i N k1% shapelets candidateShapelets. 7 i 2516,

fan R E shapelets Shapelets.

1: Shapelets<J;

2:  size<—candidateShapelets.size(); {1k shapelets {144}

3: Initialize(InstanceTable); {HJIHHL InstanceTable}
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4:  for i<0 to size do {#F— MKk shapelet}

5 if (InstanceTable.isEmpty()) {45 InstanceTable N7 Bk H 1

6: break;

7 selectShapelet<«candidateShapelets.get(i); {3RUUf% 1% shapelet}

8 Shapelets<UpdateCoverage(selectShapelet,6); {51 InstanceTable)
9 for j<—i+1 to size do {&—/M%i%k shapelet}

10: ToPrune<—candidateShapelets.get(y); {3R¥ {5 BI % [1) shapelet}
11: PruneShapelets(selectShapelet, ToPrune); {834}

12:  size<-UpdateSize(); { Hiki% shapelets 1444}

13: return Shapelets;

B VAT~ 3 AT E WM T InstanceTable FMERE shapelets FIEL & AR JG 0 T8 —AMEILY shapelet,
TEBY 2: 5 e ML shapelets 2 B, 3RATT 75 BAG & InstanceTable 5 75 1 %3 47 InstanceTable J3 75 , 1T L 7 LK A
S IEPAT A shapelet, JE A 7T LA EH B W (GE 547 28 6 47). 005, 4k 22 50 5 0 — 4% B 8] 3 271 140 2 i 155 O, 5 B 2%
AHALAT) shapelets(3f 7 47~28 11 47), B ARV LA 2.2 T FIEE 2.3 7.4 — M1 shapelet U In) &5 3 )5, 54 (1%
shapelets 50 7] B8 KA T 284k, BRATTAF 56 BT size IR/ 12 47) 5 & IR 8] H T H 4 #5 #1¥) shapelets.

3 KES5IFM

AATFE PEAL R shapelets 78 I [R] 551 43 28 1] R b () & IR FRATINT J5UE (0 7 A0 T — 28003

o S BT T RUYE B i shapelet 7 o 2 50 oW B AR

o H.X K& H Y ShapeletSelection 8% 5 SCHR[1]7 1) ShapeletFilter £3% . SCHR[17]91 1) ClusterShapelet
BV DA 28 BRI 1-NN 2 S 28 A0 LU, 1 B T #8501l 12k shapelets 76 B[] )3 51 43 288 1) 0L R0 34 9 1 1 4
R RAE Weka HEZL N A Java AUAD I 7R FH 1304 S22 60 38 DI 2R 2 AN iR 4R, 3L 7 shapellets
H R BTN 43 SIS 45 R0 A Sl A0 02 A0 N R 48 L 30 AT 16, U A AU T 003k 43 S 4 11 40 R 26 FRAV 1 75 22
&I Lines #2411 X F ShapeletFilter [f151C05.

3.1 BEBH

TS )7 510 43 AT 45, O 4 ML IR 22 %5 16, 3R 145 22 T 2 4> shapelets 22 7 7 3/ 52401 036 43 1) H ARt &
KRB —AEIEN) shapelet 7 75 25060 KRB LF (1 5, FA T 61018 ST shapelets i [A] (1 56 22,48 g, il Il ia ik
I TE R B B SRR B U O R HE I 2R 1 35 S 4o,

K 6 IR T SRR, 17 MR S (WL 2)IY shapelets 30 H AR A0 BT AT 1) 52 3 #5276 X Le 30l 1) I i 48 b
HEAT F . JRATTAT LAAR B 52 b 300 82 B 4] 465 1 shapelets FOSL H £ Bl SH 38 M0 389 K5 24 shapelets fI%L H TCiE L 6
1) 7% K 2% 21k shapelets %5 H 1WA H R AR TR 48 Coffee F1 OliveOil S W5 /51 M i, J5 BRI 2 >4 7
SN 1 K F] 9 B IX A BRI 28 [ AEAH B! shapelets kil 2 2 55 5010 T K.

M 7 sy UK I 2 =4 I, K50 40 B50H 45 19 73 2 ME A 30 100 0l 0A 3 T A AT B AR 9T B, A R ] i ik
R S0E AR R K () S2 36 P ke 78 55 2 B ST BN 408 7SR PP IR T AT 40 U o8 8 o e I 4 gt
SEA S R A MR AR B AT MR T AR 3 1.

SN RO shapelets B AP K E S 3 min Fl max B BB 2 — S T EATE X T FEE
shapelets [+ B30 [, S 40 B A B AT RE R IUA T e B A HR A TER shapelet, T X 73 S8 45 11 HEAff 336 B
Wi A AL ] B K K IR AT — B B DK R B n/ 1B R K B B /2, g I 8] 7 81 PR g 1 AN 58
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Kle 7S H oMM shapelet 25 1 481K, Bl 7 SAWEACE 17 A B bk 2 (A2 1k
3.2 Shapeletsi%#:ShapeletSelection vs. ShapeletFilter

3 Ui B BT HE 1K shapelet B4R shapelet 7 56 592 B8 3 i 2 A 25 3R A 1% %5 L ShapeletSelection 5.
¥ F1 ShapeletFilter FL7EAE 2 AN 0] 77 51 B0 4 L 10 o0 RHERG R BT 17 KA AR e F 36T shapelets BY A FlI &
FEEA L shapelets 35 R E VIR BT A SCR M T 24N 70 08 R4 A2 SR PEAL T 4 Hh 1) 5
15, 0 B ) A T HE HE 1Y) ShapeletSelection 8323 R0 2, B 23 S HEAf 26 2 A, A SCTR] ISR T[] — 3 S ABE R A A
[ Hic i £ PR R S VA 2 AN [R] 3 AR R 7 (R — B0l 2 L ) T 38 A 2 Sk EAT LU XT38 2 JROR T 5 S 8 0=4
I, FRATITFE 17 DN AR BRI IEs R 2R 1 54 TR FH B A 1) 22 Bk 58 2 12 55 SHHXT ¥ shapelets 1)
N Average S T RATITR A 1) 6 A5 S5485 (1 43 SR 2P 3.

7718 5 ShapeletFilter LMo L, AT H ShapeletFilter Sy T AH [F] 5256, JFAE R 2 BB )G — 5151 H
T ShapeletFilter £ 7k 1) 43 28 HE A 2 - ¥ i . H T ShapeletFilter £ 7% H ) shapelets & 5 & A1 1
ShapeletSelection HVEAH [A]. 45 KL - FRATW I EAE 17 N & 1) 14 A EAET ShapeletFilter 5325, H b 7R
OliveOil R4 FIR1G T 10%MHE %42 Tt

Table 2 Testing accuracy of ShapeletSelection on different classifiers when &=4

%z 2 54 W} ,ShapeletSelection FIETE 2 A~ Hidh 4 b 18 4 FS Ml %

Data NO. NaiveBayes C4.5 RandomForest INN RotationForest BayesNet Average ShapeletFilter
CBF 9 99.78%  97.89% 98% 99.67% 99.33% 98.11% 98.80% 92.91%
Coffee 7 92.86%  89.29% 92.86% 92.86% 96.43% 92.86% 92.86% 91.67%
ECG200 18 21% 21% 18% 12% 14% 19% 17.50% 18.67%
ECGFiveDays 10 98.95%  98.95% 99.07% 99.65% 99.30% 99.65%  99.26% 99.19%
Cricket 6 70.31% 50% 56.25% 59.38% 51.56% 71.88% 59.90% 59.64%
Cricket_new 6 98.98%  66.33% 97.96% 97.96% 89.80% 98.98% 91.67% 92.52%
DiatomSizeReduction 8 85.62%  62.09% 91.50% 85.29% 83.99% 82.35% 81.81% 78.87%
FaceFour 6 81.82% 75% 93.18% 97.73% 87.5% 96.59%  88.64% 84.47%
Gun_Point 15 96.67%  91.33% 99.33% 98.67% 98.67% 100%  97.44% 96.00%
ItalyPowerDemand 10 95.92%  94.17% 95.53% 94.85% 96.02% 91.74% 94.70% 93.42%
Motes 9 84.74%  81.79% 82.59% 85.94% 86.34% 85.22% 84.44% 82.95%
OliveOil 12 93.33% 70% 80% 80% 80% 90%  82.22% 72.22%

SonyAIBORobotSurfacell 10 91.08%  79.54% 87.30% 86.78% 88.35% 88.56% 86.94% 88.53%
SonyAIBORobotSurface 7 96.01%  84.86% 88.69% 94.68% 94.34% 95.01% 92.26% 86.99%

Symbols 8 76.28%  62.21% 78.09% 82.31% 74.17% 82.21% 75.88% 68.96%
synthetic_control 30 98% 92.33% 96.67% 99% 97.67% 97.67% 96.89% 95.17%
TwoLeadECG 8 98.77%  86.39% 96.0% 98.95% 96.22% 94.82% 95.20% 92.55%

* 3 E7R T ShapeletSelection 5755} Lk T 28 4 shapelets ¥ X #HEff 2. 45 S K B, ShapeletSelection 574 fig
WARTHTA 6 AN or 2210 RUERG 1 X TG S D0 BRATTI iR 3/4 IEUIR 4R E R B a5 13T
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*H Naive Bayes 732588 F P HERPESR TE T 3.64%, T4 B UERf R i 3R T T 23.33%.
Table 3 Relative accuracies of the classifiers when trained with ShapeletSelection and ShapeletFilter
% 3 ShapeletSelection 5 ShapeletFilter [F] [ 48 % HE i

Data NaiveBayes C4.5 RandomForest INN RotationForest BayesNet  Average
CBF 1.11% 18.33% 7.11% 0.78% 7.55% 0.44% 5.89%
Coffee 0.00% 0.00% 3.57% 0.00% 3.57% 0.00% 1.19%
ECG200 -1.00% 4.00% -2.00% -3.00% —4.00% -1.00% -1.17%
ECGFiveDays 0.00% 0.00% -0.35% 0.23% 0.35% 0.23% 0.07%
Cricket 0.00% 0.00% 0.00% 3.13% -1.57% 0.00% 0.26%
Cricket_new 0.00% 0.00% 0.00% 2.04% =7.14% 0.00% —0.85%
DiatomSizeReduction 0.00% 0.00% 7.19% —6.54% 16.34% 0.65% 2.94%
FaceFour 5.68% 0.00% -2.27% 2.28% 15.91% 3.41% 4.17%
Gun_Point 2.67% 0.00% 5.33% -1.33% 0.00% 2.00% 1.44%
ItalyPowerDemand 2.04% 5.73% 0.29% -0.87% 2.63% -2.14% 1.28%
Motes 0.00% 3.60% 0.16% 0.56% 2.79% 1.83% 1.49%
OliveOil 23.33% 10.00% 10.00% 6.67% -3.33% 13.33% 10.00%
SonyAIBORobotSurfacell -1.26% 0.00% —0.63% —4.20% -0.95% -2.52% -1.59%
SonyAIBORobotSurface 10.15% 0.00% 0.50% 4.66% 7.98% 8.32% 527%
Symbols 8.54% -3.22% 11.66% 8.94% 2.81% 12.76% 6.92%
synthetic_control 2.67% -1.00% 1.67% 2.00% 1.00% 4.00% 1.72%
TwoLeadECG 7.99% 0.00% 3.95% 2.99% 1.40% —0.44% 2.65%
Average improved 3.64% 2.20% 2.72% 1.08% 2.67% 2.41% 2.45%
Data sets improved 9 5 11 11 11 10 14

3.3 #i5lEShapelets vs. Shapelets3 2

N SR 55 4 () kA shapelets T A7 /EHI{EL shapelets [ 1) 850, 5 & I 5 4F (1) & /> shapelets 2 J, Hill 2 AR
FH 2 BB 2k 3R EUASFRBLIK) shapelets. 4T Rakthanmanon 25 AB1RL & Mueen 25 NV, 2 B shapelets (K] [i1] 5
A BE g O(n*m™®), EevPn g B8 45 v ik 5] 2 800 £ 46 58, m o iF 1) R 90 K B2 b T shapelets 28 28Rl shapelet 85 4%
VE#R R AE 7= 4 shapelets JG HEAT I, — M5 00T At A1 145 25 b ShapeletFilter 18 %% ¢ 22 W R). AR 1T, 2 IR S S5 4E SR
oL IR S 2 o), iME L Pk, 2 R KRB VY E O logp); T A SCHTHE Hi ) shapelets B 4%
FHE 8 07 I TR AL A4 FE S O(p?), Hevh,p AR shapelets (44K

g I G b, A SCOKE SCR[ 1715 ClusterShapelet 5323 (1 AN v B o #E03  shapelets [N 0(3K 4 55 2 51)),
FEASCT AR ) B 5256 28 4 JEZR T ClusterShapelet $50357E N [\]) Bk 45 1 1 2 B HER K.

Table 4 Testing accuracy of ClusterShapelet on different classifiers

% 4 ClusterShapelet 5757 2 AN HUHE 4 L (1) 4 K HER K

Data NO. NaiveBayes C4.5 RandomForest INN RotationForest BayesNet  Average

CBF 9 84.22% 78.11% 77.33% 86.22% 83.00% 81.89% 81.80%

Coffee 7 92.86% 89.29% 89.29% 96.43% 92.86% 92.86% 92.26%
ECG200 18 16.00% 18.00% 17.00% 17.00% 15.00% 21.00% 17.33%
ECGFiveDays 10 86.53% 85.60% 88.50% 86.06% 92.45% 89.66% 88.13%
Cricket_new 6 53.13% 51.56% 54.69% 56.25% 65.63% 81.25% 60.42%
Cricket 6 74.49% 67.35% 72.45% 83.67% 85.71% 83.67% 77.89%
DiatomSizeReduction 8 77.45% 59.15% 83.99% 91.83% 87.58% 88.56% 81.43%
FaceFour 6 77.27% 55.68% 65.91% 77.27% 75.00% 81.82% 72.16%
Gun_Point 15 90.00% 90.00% 98.67% 97.33% 97.33% 99.33% 95.44%
ItalyPowerDemand 10 95.72% 95.43% 94.85% 94.95% 94.66% 96.31% 95.32%
Motes 9 89.46% 69.25% 78.99% 83.31% 89.30% 85.46% 82.63%
OliveOil 12 80.00% 63.33% 83.33% 83.33% 80.00% 76.67% 77.78%
SonyAIBORobotSurfacell 10 91.29% 87.62% 78.28% 90.24% 88.88% 90.56% 87.81%
SonyAIBORobotSurface 7 75.87% 66.89% 76.71% 72.21% 78.70% 83.69% 75.68%
Symbols 8 84.42% 64.82% 69.95% 86.63% 87.74% 76.08% 78.27%
synthetic_control 30 90.67% 90.67% 93.67% 92.67% 95.67% 89.00% 92.06%
TwoLeadECG 8 95.70% 76.03% 93.77% 94.82% 95.52% 96.75% 92.10%

# 5 JB7R T ShapeletSelection HiEXT LG T shapelets 58 28 S IRAH N fff 26 25 R RIFE R W, 24T shapelets
BY RN o 10 e 45 T VE BE S SR TH T AT 6 43 2R 48 1 43 R A 52 BT 00 BT A TR 17 0, FRATT K T A0 4/5 1R B8 4R
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B BT R 45 R RandomForest 7325 4% (1) P39 HER LR T+ T 7.87%,Naive Bayes 4328287 Cricket £ 4 L1
HERRTE T 24.49%.

Table 5 Relative accuracies when trained with ShapeletSelection and ClusterShapelet
3 5 ShapeletSelection 5 ClusterShapelet [1] i AF % HE R 2

Data NaiveBayes C4.5 RandomForest INN RotationForest BayesNet  Average
CBF 15.56% 19.78% 20.67% 13.45% 16.33% 16.22% 17.00%
Coffee 0.00% 0.00% 3.57% -3.57% 3.57% 0.00% 0.60%
ECG200 5.00% 3.00% 1.00% -5.00% —-1.00% -2.00% 0.17%
ECGFiveDays 12.42% 13.35% 10.57% 13.59% 6.85% 9.99% 11.13%
Cricket_new 17.19% -1.56% 1.56% 3.13% -14.07% -9.37% —0.52%
Cricket 24.49% -1.02% 25.51% 14.29% 4.09% 15.31% 13.78%
DiatomSizeReduction 8.17% 2.94% 7.51% —6.54% -3.59% —6.21% 0.38%
FaceFour 4.55% 19.32% 27.27% 20.46% 12.50% 14.77% 16.48%
Gun_Point 6.67% 1.33% 0.66% 1.34% 1.34% 0.67% 2.00%
ItalyPowerDemand 0.20% -1.26% 0.68% -0.10% 1.37% —4.57% -0.62%
Motes —4.72% 12.54% 3.60% 2.63% -2.96% —0.24% 1.81%
OliveOil 13.33% 6.67% -3.33% -3.33% 0.00% 13.33% 4.44%
SonyAIBORobotSurfacell -0.21% —-8.08% 9.02% -3.46% —-0.53% -2.00% -0.87%
SonyAIBORobotSurface 20.14% 17.97% 11.98% 22.47% 15.64% 11.32% 16.58%
Symbols -8.14% -2.61% 8.14% —4.32% -13.57% 6.13% -2.39%
synthetic_control 7.33% 1.66% 3.00% 6.33% 2.00% 8.67% 4.83%
TwoLeadECG 3.07% 10.36% 2.28% 4.13% 0.70% -1.93% 3.10%
Average improved 7.36% 5.55% 7.87% 4.44% 1.69% 4.12% 5.17%
Data sets improved 13 11 16 10 10 9 13

3.4 Hfthorgs

KRR HE B DTW [0 1-NN 232828 2 H Rl vl B 1) 7 51) 9928 il 010D e 5 ¥ 2 — AR SR 40, 3R AR
PR R 2B B 5 DTW I8 1-NN 432528 575 93 2k shapelets 53 5 HO S0 E I ZRFTIIRK 1-NN 4328 284500f
b sz i Szt 45 S L% 6.

Table 6 Accuracy of DTW and Euclidean distance with 1-NN on raw dataset and
the 1-NN classifier built on the shapelets pruning and coverage transformed dataset (%)
R 6 JLTECICHHE A DTW [ 1-NN J3 2K a8 5 Js it b 0 23 R HMERf R M 22
shapelet BY % Fl shapelet 7 7% J5 2048 45 L@ L1 1-NN 432888 1) 4 R 3 HERT Z LU X (%)

Data INN_ED INN_DTW INN_ED* INN_DTW*

CBF 85.00 99.67 99.67 98.89

Coffee 75.00 100.00 92.86 96.43
ECG200 11.00 23.00 12.00 21.00
ECGFiveDays 80.60 76.77 99.65 98.72
Cricket_new 43.75 87.50 59.38 64.06
Cricket 87.76 98.98 97.96 100.00
DiatomSizeReduction 93.46 96.73 85.29 96.08
FaceFour 87.50 82.95 97.73 98.86
Gun_Point 92.00 90.67 98.67 99.33
ItalyPowerDemand 95.72 95.04 94.85 95.82
Motes 85.78 83.47 85.94 83.47
OliveOil 76.67 83.33 80.00 73.33
SonyAIBORobotSurfacell 86.36 83.11 86.78 87.51
SonyAIBORobotSurface 67.72 72.55 94.68 88.19
Symbols 90.35 94.97 82.31 77.29
synthetic_control 88.00 99.33 99.00 92.67
TwoLeadECG 72.52 90.43 98.95 97.54

76 3 TR BE 39 82 5 7 10, 2R A ShapeletSelection 87 5 1 1-NN 432838 (INN_ED*)HH AR T W1 45 H) 1-NN
S BATF X T 2T DTW B I-NN(INN_DTW) LR #3605 20t 45 2R At i INN-DTW*. 3% 4T
A U H 2 B, 3L T+ shapelets BYASFI shapelet £ 5 [ 5 V224 753 S 1l S8 ARG
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4 FRERE

TEASCH FRATIA 43T shapelet B F R4 36 4 A& T — 7 H T we i) 18] 1) 43 28 [l /) 3% ) 1 shapelets
et Ty vk, T S8 AR T R shapelets 7 B TR] 7 371 43 28 T THI (0 VA 5 AT AR R RS M shapelets
Rety 22 BR AT shapelets, ¥ 5il1: shapelets [ 477 B A5 A0 B 8 8 (1350 5. 4 J5  FRAT DR 4k B2 00F JUAE DR BF 2 S UEIf %
1) 7] BsF % Bk i AH . 2 3% (9 9 01 shapelets (197792, 354 HE 7 ¥ shapelets N 2 2 TG I 8] )37 51 73 2 f LA TE 22
1) I B I3 FH 1) i v

References:

[11 Lines J, Davis LM, Hills J, Bagnall A. A shapelet transform for time series classification. In: Proc. of the 18th ACM SIGKDD Int’l
Conf. on Knowledge Discovery and Data Mining (KDD 2012). Beijing: ACM Press, 2012. 289-297. [doi: 10.1145/2339530.
2339579]

[2] Ding H, Trajcevski G, Scheuermann P, Wang X, Keogh EJ. Querying and mining of time series data: Experimental comparison of
representations and distance measures. In: Proc. of the 34th Int’l Conf. on Very Large Data Bases (VLDB 2008). Auckland:
Springer-Verlag, 2008. 1542—1552. [doi: 10.14778/1454159.1454226]

[3] Rakthanmanon T, Campana B, Mueen A, Batista G, Westover B, Zhu Q, Zakaria J, Keogh E. Searching and mining trillions of time
series subsequences under dynamic time warping. In: Proc. of the 18th ACM SIGKDD Int’l Conf. on Knowledge Discovery and
Data Mining (KDD 2012). Beijing: ACM Press, 2012. 262-270. [doi: 10.1145/2339530.2339576]

[4] Berndt DJ, Clifford J. Using dynamic time warping to find patterns in time series. In: Proc. of the KDD Workshop. 1994. 359-370.

[5] Ye L, Keogh EJ. Time series shapelets: A new primitive for data mining. In: Proc. of the 15th ACM SIGKDD Int’l Conf. on
Knowledge Discovery and Data Mining (KDD 2009). Paris: ACM Press, 2009. 947-956. [doi: 10.1145/1557019.1557122]

[6] Ye L, Keogh EJ. Time series shapelets: A novel technique that allows accurate, interpretable and fast classification. Data Mining
and Knowledge Discovery, 2011,22(1-2):149-182. [doi: 10.1007/s10618-010-0179-5]

[7] Mueen A, Keogh EJ, Young N. Logical-Shapelets: An expressive primitive for time series classification. In: Proc. of the 17th ACM
SIGKDD Int’l Conf. on Knowledge Discovery and Data Mining (KDD 2011). San Diego: ACM Press, 2011. 1154—-1162. [doi: 10.
1145/2020408.2020587]

[8] Rakthanmanon T, Keogh EJ. Fast shapelets: A scalable algorithm for discovering time series shapelets. In: Proc. of the 13th STAM
Int’l Conf. on Data Mining (SDM 2013). Austin: STAM Press, 2013. 668—676. [doi: 10.1137/1.9781611972832.74]

[91 Keogh E, Lonardi S, Ratanamahatana CA. Towards parameter-free data mining. In: Proc. of the ACM SIGKDD Int’l Conf. on
Knowledge Discovery and Data Mining (KDD 2004). Seattle: ACM Press, 2004. 206-215. [doi: 10.1145/1014052.1014077]

[10] Esling P, Agon C. Time-Series data mining. ACM Computing Surveys, 2012,45(1):12:1-12:34. [doi: 10.1145/2379776.2379788]

[11] Bagnall A, Davis L, Hills J, Lines J. Transformation based ensembles for time series classification. In: Proc. of the 2012 STAM
Int’l Conf. on Data Mining (SDM 2012). Springer-Verlag, 2012. 307-318. [doi: 10.1137/1.9781611972825.27]

[12] Zakaria J, Mueen A, Keogh E. Clustering time series using unsupervised-shapelets. In: Proc. of the 12th IEEE Int’l Conf. on Data
Mining (ICDM 2012). Brussels: IEEE Computer Society, 2012. 785-794. [doi: 10.1109/ICDM.2012.26]

[13] Xing ZZ, PeiJ, Yu PS, Wang K. Extracting interpretable features for early classification on time series. In: Proc. of the 11th SIAM
Int’1 Conf. on Data Mining (SDM 2011). Mesa: SIAM Press, 2011. 247-258. [doi: 10.1137/1.9781611972818.22]

[14] Hartmann B, Link N. Gesture recognition with inertial sensors and optimized DTW prototypes. In: Proc. of IEEE Int’l Conf. on
Systems Man and Cybernetics (ICSMC 2010). Istanbul: IEEE Press, 2010. 2102-2109. [doi: 10.1109/ICSMC.2010.5641703]

[15] McGovern A, Rosendahl D, Brown R, Droegemeier K. Identifying predictive multi-dimensional time series motifs: An application
to severe weather prediction. Data Mining and Knowledge Discovery, 2011,22:232-258. [doi: 10.1007/s10618-010-0193-7]

[16] Cheng H, Yan X, Han J, Yu PS. Direct discriminative pattern mining for effective classification. In: Proc. of the 24th Int’l Conf. on
Data Engineering (ICDE 2008). Cancun: IEEE Press, 2008. 169-178. [doi: 10.1109/ICDE.2008.4497425]

[17] Hills J, Lines J, Baranauskas E, Mapp J, Bagnall A. Classification of time series by shapelets transformation. Data Mining and
Knowledge Discovery, 2014,28(4):851-881. [doi: 10.1007/s10618-013-0322-1]



R4k F 5T Shapelet 3 A A= & 690t 18] 55 K Fik 2325

JR 4 ZR (1989 —), 55,0 w48V N 1+ 2 BEEH (1982 —), e, 1 44 i, 32 SR 57
F SR FTATIE A S 4 g A 2K ). AUy B 2 90

EEB1963—), T, W4, B9, B
AU BRI LA 2





<<
  /ASCII85EncodePages false
  /AllowTransparency false
  /AutoPositionEPSFiles true
  /AutoRotatePages /All
  /Binding /Left
  /CalGrayProfile (Dot Gain 20%)
  /CalRGBProfile (sRGB IEC61966-2.1)
  /CalCMYKProfile (U.S. Web Coated \050SWOP\051 v2)
  /sRGBProfile (sRGB IEC61966-2.1)
  /CannotEmbedFontPolicy /Warning
  /CompatibilityLevel 1.4
  /CompressObjects /Tags
  /CompressPages true
  /ConvertImagesToIndexed true
  /PassThroughJPEGImages true
  /CreateJDFFile false
  /CreateJobTicket false
  /DefaultRenderingIntent /Default
  /DetectBlends true
  /DetectCurves 0.0000
  /ColorConversionStrategy /LeaveColorUnchanged
  /DoThumbnails false
  /EmbedAllFonts true
  /EmbedOpenType false
  /ParseICCProfilesInComments true
  /EmbedJobOptions true
  /DSCReportingLevel 0
  /EmitDSCWarnings false
  /EndPage -1
  /ImageMemory 1048576
  /LockDistillerParams false
  /MaxSubsetPct 100
  /Optimize true
  /OPM 1
  /ParseDSCComments true
  /ParseDSCCommentsForDocInfo true
  /PreserveCopyPage true
  /PreserveDICMYKValues true
  /PreserveEPSInfo true
  /PreserveFlatness true
  /PreserveHalftoneInfo false
  /PreserveOPIComments false
  /PreserveOverprintSettings true
  /StartPage 1
  /SubsetFonts true
  /TransferFunctionInfo /Apply
  /UCRandBGInfo /Preserve
  /UsePrologue false
  /ColorSettingsFile ()
  /AlwaysEmbed [ true
  ]
  /NeverEmbed [ true
  ]
  /AntiAliasColorImages false
  /CropColorImages true
  /ColorImageMinResolution 300
  /ColorImageMinResolutionPolicy /OK
  /DownsampleColorImages true
  /ColorImageDownsampleType /Bicubic
  /ColorImageResolution 300
  /ColorImageDepth -1
  /ColorImageMinDownsampleDepth 1
  /ColorImageDownsampleThreshold 1.50000
  /EncodeColorImages true
  /ColorImageFilter /DCTEncode
  /AutoFilterColorImages true
  /ColorImageAutoFilterStrategy /JPEG
  /ColorACSImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /ColorImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000ColorACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000ColorImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasGrayImages false
  /CropGrayImages true
  /GrayImageMinResolution 300
  /GrayImageMinResolutionPolicy /OK
  /DownsampleGrayImages true
  /GrayImageDownsampleType /Bicubic
  /GrayImageResolution 300
  /GrayImageDepth -1
  /GrayImageMinDownsampleDepth 2
  /GrayImageDownsampleThreshold 1.50000
  /EncodeGrayImages true
  /GrayImageFilter /DCTEncode
  /AutoFilterGrayImages true
  /GrayImageAutoFilterStrategy /JPEG
  /GrayACSImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /GrayImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000GrayACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000GrayImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasMonoImages false
  /CropMonoImages true
  /MonoImageMinResolution 1200
  /MonoImageMinResolutionPolicy /OK
  /DownsampleMonoImages true
  /MonoImageDownsampleType /Bicubic
  /MonoImageResolution 1200
  /MonoImageDepth -1
  /MonoImageDownsampleThreshold 1.50000
  /EncodeMonoImages true
  /MonoImageFilter /CCITTFaxEncode
  /MonoImageDict <<
    /K -1
  >>
  /AllowPSXObjects false
  /CheckCompliance [
    /None
  ]
  /PDFX1aCheck false
  /PDFX3Check false
  /PDFXCompliantPDFOnly false
  /PDFXNoTrimBoxError true
  /PDFXTrimBoxToMediaBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXSetBleedBoxToMediaBox true
  /PDFXBleedBoxToTrimBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXOutputIntentProfile ()
  /PDFXOutputConditionIdentifier ()
  /PDFXOutputCondition ()
  /PDFXRegistryName ()
  /PDFXTrapped /False

  /Description <<
    /CHS <FEFF4f7f75288fd94e9b8bbe5b9a521b5efa7684002000500044004600206587686353ef901a8fc7684c976262535370673a548c002000700072006f006f00660065007200208fdb884c9ad88d2891cf62535370300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c676562535f00521b5efa768400200050004400460020658768633002>
    /CHT <FEFF4f7f752890194e9b8a2d7f6e5efa7acb7684002000410064006f006200650020005000440046002065874ef653ef5728684c9762537088686a5f548c002000700072006f006f00660065007200204e0a73725f979ad854c18cea7684521753706548679c300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c4f86958b555f5df25efa7acb76840020005000440046002065874ef63002>
    /DAN <>
    /DEU <>
    /ESP <>
    /FRA <>
    /ITA <>
    /JPN <>
    /KOR <FEFFc7740020c124c815c7440020c0acc6a9d558c5ec0020b370c2a4d06cd0d10020d504b9b0d1300020bc0f0020ad50c815ae30c5d0c11c0020ace0d488c9c8b85c0020c778c1c4d560002000410064006f0062006500200050004400460020bb38c11cb97c0020c791c131d569b2c8b2e4002e0020c774b807ac8c0020c791c131b41c00200050004400460020bb38c11cb2940020004100630072006f0062006100740020bc0f002000410064006f00620065002000520065006100640065007200200035002e00300020c774c0c1c5d0c11c0020c5f40020c2180020c788c2b5b2c8b2e4002e>
    /NLD (Gebruik deze instellingen om Adobe PDF-documenten te maken voor kwaliteitsafdrukken op desktopprinters en proofers. De gemaakte PDF-documenten kunnen worden geopend met Acrobat en Adobe Reader 5.0 en hoger.)
    /NOR <>
    /PTB <>
    /SUO <>
    /SVE <>
    /ENU (Use these settings to create Adobe PDF documents for quality printing on desktop printers and proofers.  Created PDF documents can be opened with Acrobat and Adobe Reader 5.0 and later.)
  >>
  /Namespace [
    (Adobe)
    (Common)
    (1.0)
  ]
  /OtherNamespaces [
    <<
      /AsReaderSpreads false
      /CropImagesToFrames true
      /ErrorControl /WarnAndContinue
      /FlattenerIgnoreSpreadOverrides false
      /IncludeGuidesGrids false
      /IncludeNonPrinting false
      /IncludeSlug false
      /Namespace [
        (Adobe)
        (InDesign)
        (4.0)
      ]
      /OmitPlacedBitmaps false
      /OmitPlacedEPS false
      /OmitPlacedPDF false
      /SimulateOverprint /Legacy
    >>
    <<
      /AddBleedMarks false
      /AddColorBars false
      /AddCropMarks false
      /AddPageInfo false
      /AddRegMarks false
      /ConvertColors /NoConversion
      /DestinationProfileName ()
      /DestinationProfileSelector /NA
      /Downsample16BitImages true
      /FlattenerPreset <<
        /PresetSelector /MediumResolution
      >>
      /FormElements false
      /GenerateStructure true
      /IncludeBookmarks false
      /IncludeHyperlinks false
      /IncludeInteractive false
      /IncludeLayers false
      /IncludeProfiles true
      /MultimediaHandling /UseObjectSettings
      /Namespace [
        (Adobe)
        (CreativeSuite)
        (2.0)
      ]
      /PDFXOutputIntentProfileSelector /NA
      /PreserveEditing true
      /UntaggedCMYKHandling /LeaveUntagged
      /UntaggedRGBHandling /LeaveUntagged
      /UseDocumentBleed false
    >>
  ]
>> setdistillerparams
<<
  /HWResolution [2400 2400]
  /PageSize [612.000 792.000]
>> setpagedevice


