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Deducing for dynamic time warping distance

DENG Bo, DING Kun, JIANG Guoquan, ZHANG Bin

(Nanjing Telecom munication Technology Institute , Nanjing 210007, China)
Abstract: The current research achievements show that the dynamic time warping (DTW) is the best
measure in most area of time series similarity measurements. However, the high time complexity for
calculating DTW distance directly, and the fact that DTW does not satisfy the triangle inequality, render it
impossible to deduce TWD quickly. Nowadays DTW optimizing methods are mainly devoted to designing
low time complexity DTW low bound distances with low time complexity to accelerate time series
comparison. Unfortunately, these DTW low bound distances cannot be deduced, either. Therefore, it
must be compared one by one to compute time series similarity, which has high 1/O cost. A novel educible
DTW low bound distance is thus proposed, along with a corresponding index building method and a similar
time series query algorithm, It is the first research on the DTW deducing problem. Extended experiment
results show that compared to current technologies, the proposed method is efficient in both time
complexity and I/O cost.
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FindRefSeries i & %% 2 47 0 W & 2% FE Hh
OCv) 55 3~6 FTIF A S AR JE 9 O (ko) o I B
BRI N O (ko)

EarlyAbandoning i3 AR IE S0 XF W A9 &K 51 5
2 links,. » 50 B AS AR BLAY 45 356 B 8] 7 371 ff 2 0 4
B[R] P SUTE S o X5 I Y 2R 51 4 36 1Y B 757 o, B
MR IT

WRRE % 4.1.2  EarlyAbandoning

AR5 R links, » 2 B[ F 4 S.p . LB_Keogh
(S s Q) s DTW(S, - Q) »

#ii H : RefinePoint

1 fori=1ton

2 if LB_D(SussChr)
(S s Q)

3 break

4 Output i

EarlyAbandoning i34 # % 2 47 LB_D(S,.,
Cs..) 1H 7T 7F & 5] 85 3% links,, HIZ RS, Bk
EarlyAbandoning i &EZ 22 E N On) .

Refine jof 7 DA J 4% Bt [ 5 1) v 2 i) 5 42 DG i s
BFF) Che » X — I RN Q 5 W i o 42 B 7]
T?‘ ) 4 5 s B4R PR AT — — RH AL T 5 R L R 58 AL

X — i PR A TR R AT

TEE % 4.1.3  Refine

Hi A : & 8| 4% F# links. , RefinePoint, LB_ Keogh (S,
Q) ,DTW(S,,Q . ¥

i s B AEVCHC Chewe

1 bsf«<-DTW(S,.Q)

2 LK_bsf <= LB_Keogh(S,;.Q)

3 index_bsf < 0

— LB_Keogh (S, Q) <DTW

4 for i=RefinePoint to n

5 if LK_dist<-LLB_Keogh(Q.C5,.; )<<bsf

6 if DTW_dist<-DTW(Q.Cg,; )<<bsf
7 bsf<-DTW_dist

8 LK_bsf<-LK_dist

9 index_bsf < 1

10 if index_bsf =0

11 Output S,

12 else

13 Output C§i""

Refine # #2%55 5 fT T EERE N O(v) L5 6
TFRHEEZE R OG?) FNiL S A G E R
On) .
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5 SI§

51 XWIgFE

S FRATTER X B[R] )3 51 5 4 A 1) 4 S Tl
it D-NNS Bk A H Ji 2T DTW 59 B[] 5 271 BB 55
R AC R PR 2 UCR-DTWS 47 48 B A<
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i 39 ] F 1) £ 5 Hh AR 4 T Jee R 00 W by 1 AR ARL A B T8) e 37

SCHEH B DTW N S5 5 7 09 A 80Pk
UCR-DTW B84 % M 1 24151 K& 42 m
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B IELIH—4k . 3T LB_Kim,LB_Keogh F #1{H
18 L300 0 I 45 2% SR R ARG W] e SR 23 ] v 3R AR
S 6 9T R FH B4 O 1 0k IR T SCik [ 24 1% $ e
TEAL T TR A TR 85 Rty B i 4k . & H
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I )P 5 4L 4
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r=uvX5% I ATEMEA LI EIEEMN KT LB_D
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T8 b - Foh BB LANF .

* 100%.

I3 SR v, R R A i S AT A DL A Y
B 7] 5 271 e 2 — R U, 5 2 Ak 3R A T B it
L] A [R] ) DTW BE B9, AT $8 H S5 A 8L i e (]
FE9 TN S B s DRI o 6 s, 3R T s BE
25 bR EON HAICR R4 T A S8 — & CPU 2 Intel
Core 17 4X3.4 GHz MINF7N 4 GB Plds ity #:

RCSEA NN E S

YEZ Y N NeoKylin 3.2.2(N#% K Linux 2.6.32).
52 ZWHERSW

S ARG 2 Fron. R 2 FIA T & R A 4R
HT UCR-DTW H %45 1Y LB_Keogh 5 Ex % LU
K HT D-NNS B 43 20 LB_D BIFR K. % 2 )5
A B 2 76 SR A7 B0 - 1 A B S A 3 Y 25 2R

F2 BIBREMEZHITHELER

Tab.2 Comparison of abandon ratio and algorithm execution time

LB _Keogh UCR-DTW LB D D-NNS %_ZI;? Egﬁg qﬂzﬁg

e iﬁf %‘éﬁ% %ﬂ% ‘EE B R BIERE S BB SN 0%

- (%) FrifEIGs) () (s B 2 $47 LB DSl LB Dl

AL (s)  BRFBCY) BRFED

1 Yoga 3 000 300 426 97.482 3.635 57.425 0  3.416 0.093 65.674 76.620
2 Synthetic Control 300 300 60 46.275 56 0.499 3.125 6 0.343 <0.001  16.400 50.340
3 Gun-Point 150 50 150 93.08 0.016 76.720 0  0.016 <Z0.001 79.907 79.320
4 CBF 900 30 128 78.3 0.171 5.807 4 0.156 <0.001 70.833 80.256
5 Face (all) 1 690 560 131 50.405 33 9.033 0.018 5 6.942 0.032 0.831 6.838

6 OSU Leaf 242 200 427

84.725 21

1.341  5.0124 0.983 0.093 13.955  31.909
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LB Keogh UCR-DTW 1B D D-NNS giﬁ zﬁg ﬁﬁg

wy o PEE B R it s st TS0 gUmm vl 0%
: S ARG (%) T(s) B2 f7 LBDS LBD 5l

W) R B

7 Swedish Leaf 625 500 128 79.667 84 1.279 8.564 2 1.264 0.031 16.111 32.790
8 50Words 455 450 270 91.575 58 1.357 14.904 0 0.999 0.063 22.311 33.264
9 Trace 100 100 275 88.51 0.14 70.550 0 0.125 0.031 82.500 85.270
10 Face (four) 88 24 350 41.524 62 0.187 5.350 4 0.172 0.015 15.767 45.502
11 Lightning-2 61 60 637 66.912 57 0.718 4.316 9 0.609 0.016 53.169 70.246
12 Lightning-7 73 70 319 70.861 06 0.265 10.958 9 0.234 <C0.001 63.797 76.693
13 ECG 100 100 96 73.9 0.047 34,320 0 0.047 <C0.001 54.200 67.410
14 Adiac 391 390 176 57.598 53  1.56 5.2076 1.498 0.063 14.284 32.377
15 Fish 175 175 463 64.924 08 1.825 0.098 0 1.794 0.048 3.226 35.971
16 Plane 105 105 144 79.818 59 0.078 16,598 6 0.078 <C0.001  30.340 60.880
17 Car 60 60 577 66.277 78 0.468 4.333 3 0.39 0.047 19.028 37.861
18 Beef 30 30 470 72.666 67 0.094 50.333 3 0.062 0.016 61.889 73.556
19 Coffee 28 28 286 19.387 76  0.094 1.785 7 0.078 <<0.001 12.372 15.051
20 OliveOil 30 30 570 1 0.297 0.000 0 0.234 0.016 0.778 19.444
21 ChlorineConcentration 3 840 467 166 86.452 48 2.714 0.143 2 2.73 0.03 26.007 66.554
22 DiatomSizeReduction 306 16 345 70.506 54 0.125 1.736 1 0.125 0.015 2.737 32.149
23 ECGFiveDays 861 23 136 89.733 88 0.047 13.896 9 0.047 0.015 36.394 58.633
24 FacesUCR 2 050 200 131 70.568 05 2.777 0.025 9 2.73 0.03 17.148 39.198
25 Haptics 308 155 1092  78.956 85 11.076 8.961 0 10.561 0.339 17.627 31.649
26 InlineSkate 550 100 1882 96.881 82 6.77 50.981 8 5.772 0.423 59.707 66.444
27  ItalyPowerDemand 1029 67 24 86.545 41 0.046 46,554 4  0.032 <C0.001 52.828 67.713
28 MALLAT 2 345 55 1024 85.752 28 12.917 0.000 0 12.933 0.031 0.444 19.764
29 Medicallmages 760 381 99 91.676 34 0.265 34,087 2 0.265 0.015 40.325 48.152
30 MoteStrain 1252 20 84 86.206 07 0.046 14,273 2 0.047 0.015 30.032 51.282
21SonyAIBORobot Surfacell 953 27 65 69.488 17 0.062 0.0155 0.046 <C0.001 8.286 30.391
22 SonyAIBORobot Surface 601 20 70 64.284 53 0,032 0.324 5 0.031 <C0.001 2.912 30.599
23 Symbols 995 25 398 95.545 73 0.156 73.829 1 0.14 0.016 76.430 80.756
24 Twol.eadECG 1139 23 82 83.482 84 0.047 15.936 9  0.046 <<0.001 35.512 60.644
25 WordsSynonyms 638 267 270 93.379 36 0.952 9.469 0 0.795 0.031 17.689 39.226
26 Cricket X 390 390 300 86.078 9 1.935 18.221 6 1.56 0.077 41.526 60.811
27 Cricket_ Y 390 390 300 85.383 96 2.075 18.082 2 1.747 0.111 49.092 64.849
28 Cricket_Z 390 390 300 86.6449 7 1.981 18.7909 1.623 0.125 42.210 57.389
29 InsectWingbeatSound 1 980 220 256 95.684 34 1.17 2.577 1 1.138 0.045 9.683 38.706
30 ArrowHead 175 36 251 73.682 54 0.125 20.746 0 0.094 <<0.001 32.111 35.381
31 BeetleFly 20 20 512 35 0.093 0.000 0O 0.078 <<0.001 4.250 23.250
32 BirdChicken 20 20 512 63.5 0.062 40.250 0 0.032 0.016 52.500 63.750

33 Ham 105 109 431 51.585 85 1.857  0.000 0  1.358 0.031 4.972 35.308
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D-NNS D-NNS @ Pl
" " . LB_Keogh UCRDTW LB D e AR ORE DOKE
o S <3 7TE S N D5 2 T st ; ~ i
wy o PEE B R it s st TS0 gUmm vl 0%
- % ARG (0 (o B2#dT LBDA LB D
Bl Cs)  BREE(YD) BRIFE(Y)
34 Herring 64 64 512 55.664 06 0.406 0.000 0O 0.358 0.032 0.293 14.673
35 PhalangesOutlinesCorrect 858 1 800 80 56.002 53 5.648  0.1224  6.411 0.092 0.228 2.478
ProximalPhalanx
36 205 400 80 27.680 49 0.452 0.308 5 0.437 <20.001 13.413 1.940
OutlineAgeGroup
ProximalPhalanx
37 291 600 80 26.804 12 0.951 0.000 0 0.983 0.031 11.427 0.908
OutlineCorrect
38 ProximalPhalanxTW 400 205 80 26.564 63 0.405  0.356 1 0.375 <C0.001 12.101 4.560
39  ToeSegmentationl 228 40 277 79.846 49 0.171 10.614 0 0.125 <<0.001 27.215 58.333
40  ToeSegmentation2 130 36 343 79.871 8 0.14 12,9701 0.094 0.015 34.145  50.641
DistalPhalanx
41 4100 139 80 21.350 72 0.328 0.000 0 0.327 0.015 0.157 1.871
OutlineAgeGroup
DistalPhalanx
42 ) 600 276 80 32.837 56 0.842 0.430 0 0.936 <C0.001 0.937 1.715
OutlineCorrect
43 DistalPhalanxTW 400 139 80 24.118 71 0.359 0.528 8 0.312 <C0.001 5.034 8.919
44 Earthquakes 322 139 512 8.000 804 8.549  0.000 0  8.611 0.14 1.448 11.978
MiddlePhalanx
45 400 154 80 11.806 82 0.344 0.165 6 0.375 <20.001 0.331 0.445
OutlineAgeGroup
MiddlePhalanx
46 600 291 80 16.805 27 0.936  0.049 8 1.03 <C0.001  0.217 1.194
OutlineCorrect
47  MiddlePhalanxTW 399 154 80 25.227 03 0.344 0.091 1 0.343 <C0.001 1.361 4.062
48 ShapeletSim 180 20 500 0 1.84 0.000 0 1.856 <20.001 0.000 4.694
19 Wine 54 57 234 13.937 62 0.141 0.000 0O 0.109 0.015 0.000 6.530
50 Computers 250 250 720 74.996 8 7.784  6.323 2  7.083 0.202 26.707  57.928
51 LargeKitchenAppliances 375 375 720  84.578 13 10.514 0.342 8 8.846 0.314 21.198  59.465
52 Meat 60 60 448 16.916 67 0.873 0.000 0 0.733 <20.001 0.583 19.250
53 RefrigerationDevices 375 375 720  20.494 93 34.898  0.0320  35.536 0.357 0.371 3.765
54 ScreenType 375 375 720 72.362 67 19.173 11.385 6 13.79 0.31 34.015 51.773
55 ShapesAll 600 600 512 89.878 33 9.033 16.477 2 4.664 0.22 30.380  42.478
56 SmallKitchenAppliances 375 375 720 74.047 29 15.725 0.000 0 14.18 0.187 0.653 14.094
57 Strawberry 613 370 235  81.480 98 1.653  7.366 5  1.279 0.046 18.685  43.291
58 Worms 181 77 900  57.738 39 4.181 10.167 2 3.619 0.063 24.991  43.022
59  WormsTwoClass 181 77 900  57.738 39 4.149 10.167 2 3.588 0.092 24.991  43.022
60 Two Patterns 4 000 1 000 128 97.085 08 5.023  4.4684  5.928 0.124 11.334  26.997
61 Wafer 6 174 1 000 152 98.178 02 2.933 80.159 3  4.93 0.107 83.359  81.567
62 CinC_ECG_torso 1 380 40 1639 97.778 99  2.98 19.367 8 3.713 0.142 30.292 49.246
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E S S s T N N i
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- (%) FrifAlGs) (U ) Br2 347 LBDS LB DS
Bl C(s) BRIV BREF(YD)
63  StarLightCurves 8236 1000 1024 96.841 14 166.124 61.501 1 171.429 1.663  67.257  75.915
64 uWaveGestureLibrary X 3 582 896 315  97.198 76 9.563 55.692 7 8.627  0.247  60.012  68.340
65 uWaveGesturelibrary 'Y 3 582 896 315 98.226 44 6.88 62.858 6 6.396 0.17 65.710  72.588
66 uWaveGestureLibrary Z 3 582 896 315 97.889 15 7.753 53.038 3 7.894  0.235  60.224  69.194
Non-Invasive
67 1965 1800 750  81.866 81 172.38 2.374 4 168.886 2.062  10.753  41.357
Fetal ECG Thoraxl
Non-Invasive Fetal
68 1965 1800 750 81.670 79 117.157 3.032 3 114.614  1.64 9.120  43.020
ECG Thorax2
69 ECG5000 4500 500 140 83.842 62 8.377 24.4754 5.507  0.079  56.287  68.053
70 ElectricDevices 7711 8926 96  80.082 47 211.77 1.593 6 251.722  0.376  7.102  30.957
71 FordA 3601 1320 500 23.191 45 761.234 0.000 0 757.553 0.531  0.004  11.733
72 FordB 3636 810 500  24.627 39 439.39 0.000 0 414.801  0.449  0.000  11.690
73 HandOutlines 1000 370 2709 85.251 62 143.177 1.902 7 129.215 3.924  2.802  5.606
74 Phoneme 1896 214 1024 37.332 65 203.331 0.000 0 185.063 0.451  0.339  7.929
75 UWaveGestureLibraryAll 3 582 896 945 93.994 84 100.979 6.478 2 96.362  1.203  16.649  43.094
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