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Enhancing Classification Performance of Temporal Keyword Data by
Using Moving Average-based Dynamic Time Warping Method
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ABSTRACT

This study aims to suggest an effective method for the automatic classification of keywords
with similar patterns by calculating pattern similarity of temporal data. For this, large scale
news on the Web were collected and time series data composed of 120 time segments were built.
To make training data set for the performance test of the proposed model, 440 representative
keywords were manually classified according to 8 types of trend. This study introduces a Dynamic
Time Warping(DTW) method which have been commonly used in the field of time series analytics,
and proposes an application model, MA-DTW based on a Moving Average(MA) method which
gives a good explanation on a tendency of trend curve. As a result of the automatic classification
by a k-Nearest Neighbor(kNN) algorithm, Euclidean Distance(ED) and DTW showed 48.2%
and 66.6% of maximum micro-averaged F1 score respectively, whereas the proposed model
represented 74.3% of the best micro-averaged F1 score. In all respect of the comprehensive
experiments, the suggested model outperformed the methods of ED and DTW.
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ED) &5 Ak o] HE7] A43olA
© FARES] ARt T} mle- Ropziny. oo
Wkl 2 AIZF 99 (dynamic time warping:
DTW) &gl olest Az 59 HEHS
DA FALEE FAE Hol= AAIE dHolH
o] 2 A5 MAste Foh (O" D 2
o] ED €185 71F XHRE IFeg T

7ve] Agle A Y2 Z4ake v B8], DTW
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& Ratanamahatana, 2007).
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ofo} Zith= 44 (continuity) & T3l of 3
tHKeogh & Pazzani, 2001). o]#3t =4 3}
o4 b (warping) 7AEE B ek HE v
EZ27}t HA(min() $) 7 H =5 warping
EE Wislor gtk wEbk, 24 (2)01A4 &
/YH oY A=l w, o] 74 o A=l A D)
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A Hd HE2E AR sk S4%ke] Bk Keogh,
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-

A At MA9F DTW & 2|5S 7w
o7 24 ‘LL A Ei/ﬂ]}\] oLﬁﬂ%% (19
4yoF 2ot oA e g wNE
A8 Wolinput), 1) B 71Y9=el sk F4
2ZtE 14, 2) % 7195 2] HE fFAE
é_x% 7:1_7,].3 %%L}Et‘j:]tﬂ Ha x-9
9k output) o}~ A HHL AR AA 2
A2 A 3EAR FEE 7195 AAE
tlele & *M o}~ oA l XPJ HHol whet o

A e ERE £
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Input: large scale news data gathered from web
Output: 1) temporal trend charts of all keywords
2) similarity values between keywords
3) experimental result with knn classifier
Functions :
- func MA() #simple moving average algorithm
- func ED() #euclidean distance algorithm
- func FastDTW() #fast dynamic warping time algorithm

Main:

1 #stepl : building time series data according to generation options per keyword

2 build keyword_list from database storing web news data

3 for keyword in keyword_list:

fetch all frequency of keyword

make a baseline TS of keyword #TS = time series

calculate MA3_TS, MA5_TS, MAI0_TS, MA20_TS by MA(TS) #window size
store all generated temporal data

visualize trend chart of each keyword

© 0 3 O O

10 #step2: generating models applied by proposed method
11 for keyword in keyword_list:
12 making all pairs of keyword

13 if timeseries_type = baseline TimeSeries:

14 calculate ED(TSy, TSy of pairs) and FastDTW(TSx, TS, of pairs)
15 else if timeseries_type in [MA3_TS, MA5_TS, MA10_TS, MA20_TS]:
16 for MTS in [MA3_TS, MA5_TS, MA10_TS, MA20_TS]:

17 calcuate FastDTW(MTSy, MTSy of pairs)

18 store sim_values_list of all pairs

19

20 #step3: evaluating the performance of pattern mining with knn classifier
21 #k-nearest neighbors algorithm

22 for keyword in keyword_list:

23 for k_param in [1, 3, 5, 7]: #four models of knn

24 get top k_param word sorted by sim_values_list:

25 vote predicted_category of top k_param word

26 get final_category from max(predicted_category)

27 count results of final_category by comparing with origin_category
28 return comprehensive values of TP, TN, FN, FP

g 4 HA Hloly M2 Hd Li2[E
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£ o83l 7K A% A7)t AL olF 3
7 tolHE AT THline 6). HFE #olE
g2 flal FA AEE AZtstetk(line 8).

7 A SAlelA, BE 719 HlolEle] thsl
Z9P4(combination) & AJ/d¢cHline 11-12).
ED¢} DTW $rE ol&3le F 7]9E 39
7He] FAREE WHg Attt ol 71 AIAIE
dolel= ED9F DTW 7S A&3a, oF
e 443 459 vlolElel] tisixle= DTW
£ A&3H(line 13-17). &€ o] ¢ &
oheket Rdd fARE 4 ARE w2 (E
= HloJElHo] ) o] A7dgtth(line 18).

Al W3 SAlOlA, kNN 25719] k(=1,357)
ol Wt A5 7 W it line 22-23).
T WA AN A2 T 719E I fAke S
A AFE ol&dl 49l kol v #EolE
& olgdl e Fxdthline 24-26).
717} A S5t Ao} ol 8E M) Ay

Hlwetth(line 27). A&, AdE H7HE
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37+ A gHline 28).
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PCollA Python 3.7.x 211 AojE 7]ut
© 2 Numpy, Pandas 5 ®Hlo|H A& 2 &
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B AN EA A7 S JPES ol&@ AAY A1 HelEe] BF A% A4 W 95

B, NS A 54

Scipy (euclidean) glolE&2]E F7} AFES
Gk & AFelMe A4 Zds

3l sletlelE W7dskiA Rdd whE A3s
FPsAt ke & 4 &
W i 2 A2e) e ﬂ% % N(N-1)/2
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o159 719 = ?1?401] HHHOZ oF I§
o] A8 F 0, F 440712] FA X}E,] As

TS B Skt oF 8AIZk] &

ATH96,5803] AI2H). AT SAILE ZA )=

14

6714 2o thal kol mHE 4714 kNN
F 2Eg AMeIg O 23179208)9) F
A EHHS AAREOR, F A8 A

190A17FoI3ATt. S Adr e P<1%1 49 4e
5 7IWe g wkE Aol A HAS Aot
+ &3} ei ¥ (wrapper) & 70@ste] HE|Z
ZANE FYh 7 =241 2] CPU A
F&0] 100% LHEZ & HolA HE]
ZZAS a3 IA Ekoy BE IS
Alojahs g S&FO 2N Hig A7ko]
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DTW &ae]&3e] s vl A+ 23
wW2H, fastDTW L8152 100712 EE
FEAAME s et xm s HolH
°F 10,0000141 100,000712] 3£ 2
#ze A A Frrt lﬁo}zlb lﬂ%le 5
Ao gl B Z(Salvador & Chan, 2007), & 4
Aol A AHE3H= fastDTWE Ag] &% 34
< 3A %}2 Ao gdnh &5 AFE §
3 B} =2 S| 22(Hz) 9 25 AZE 3=
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715k, A (partitioning) 71 =
3 19T FAE S A B o3 AAS =
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ol

& 2
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accuracy WAl HlolE] B3 $39] H7lel &
3t F1 23018 A5 7 AxE AAsd
o} 4 vlolEe] #53 oS AHE o]gal]
F 59 2ol EF7I7F AR SutEA o

F 2kS TP(true positive), G422 &3
Q5 459 3e FP(false positive),
of| =3t Aa7F &2 495 TN(true
negative), ¥4 02 d&3t A3yt £l HAE
FN(false negative) 2 T-%3t] A& (pre-
cision) 3 A& & (recall) & AEFATH 321 (4),
(5) #F=x). Ao 2 mlo|3 & i (micro
averaged) &3 AL, == H(macro
averaged) JEEH ANAE&ES 717t SA3AL
T A5 ARE Tt veEiE F1 A5
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EEMW«] ol

PO

4z o
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ox,
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l-rU

Arrated ek %

T2 Toke Ao, nle]A® Hrk= ME

£ TEskA] 9oL AA MF €5 (TP+FP)

Z R3] =3 =(TP) & AYE2 ALkt
q

v A e dlolE(TP+FN) 5 423

=3t ( P)Z AdES A= HAot
(Asch, 2013). ©o]% EE Age A5 Fl &~
FoiZ ;—27]6}913}.

(E b 0& 845 i 2X2 2€H%
(contingency table)

Observation
YES NO
o YES TP FP
Prediction
NO FN TN
L TP
Precision= TP P (4)
TP
R@CCLZ l = m ( 5)
. Precision X Recall

F1Score =2 Precision + Recall (6)

2% 7ol AMSE WAl 735 cross validation)
WA AEste]) k-fold WAF HSoA= it
HOF k=5~1002 AHAT & A=
ko] to] lolele] 7ot 22 leave-one-out
W2k HE(LOOCV) WHale ARS8t k=440
olng % F4 WA HE HA AdE 409
A HkE 23a}r] wiEo] Ak wi- BA

ojuf 5 Hjo]=ziel

Tdo] ARE-RE AIAIE ElOlEi% °lF Hd=
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a3
A3 7é3+ v} 32 H - (macro-averaged)
FM 3% ED &aeFel 40% FutellA
50% = }«1 A7t o=t Hlal, DTW
71uu A4 R 509 FalolA] 60% Z
o] s el o] FoMTE HA 73% £
EolA AU 144% EIESQ] A7} VeI
nlo] A& ¥ (micro-averaged) F19] 445
g& As a7t veptal ek ED&
A5o] 40% HE BA Eshu, DTWE
B&F 2do) thall 60% ©]4e] el H
66.6%7H] JeptE Zs 1T 7 UATHGE
6), (19 5) #=x).

dolE g A5 AHE

H:I Hm
fin o rl

A 71 B Az o 1E o 8d

T WA Ao EDS DTW oAzl
Edeo] By A¥E Fate] & Al Al
ekt MA-DTW Ed 9] X % ﬁé I 3k
o} A Holge o)F i 955 A7) n=3,
5, 10, 208 A& 47K & -4 AAE HlolE
€ A8t DTW 7188 443 DTW_M3,
DTW_M5, DTW_M10, DTW_M20 4F &
g o] A58 =AU kNN 27719 s}

e ke ol A9 $sAl 1L 3,5, T2
A3}, leave-one-out A} S 433}
ATk

ohst vhe Ajle] 254 A= Fl £ A

(E 6y ED2t DTW Hjoj2ztel 2H Z2F ds H|n
1-NN 3-NN 5-NN 7-NN
macro- averaged F1 ED 0.514 0471 0.444 0.449
g DTW 0.587 0.612 0.577 0.593
micto- averaged FI ED 0.482 0.466 0.434 0.441
£ DTW 0.609 0.639 0.637 0.666
0.3
0.7
0.609 0.639 0.637 0.666
0.6 i micro-ED
—icro-DTW
05 macro-ED
'\‘\__—‘ === macro-DTW
0482
0.466
04 iy 0.441
0.3
1-NN 3-NN 5-NN 7-NN
<&l 5) EDet DTW Hjoj2ztel 2Hl 7F M5 Hlw XE
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®EZ 20ksto] (E T (™ 6). (& 8)F
(" 73t 2ol Asiith. ¢4, wo]d=
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SHA Lret
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S el E e FUS & ATk B3 = (" 6), <I" 7) #=x
(E T i3 BF FI
ED DTW DTW_M3 DTW_M10 DTW_M?20
1-NN 0.514 0.587 0.648 0.589 0.460
3-NN 0.471 0.612 0.638 0.590 0.473
5-NN 0.444 0.577 0.604 0.607 0.479
7-NN 0.449 0.593 0.577 0.549 0.487
0z
07 A\
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(E ) 00|32 BF FI 58 A}
ED DTW DTW_M3 DTW_M>5 DTW_M10 | DTW_M20
1-NN 0.482 0.609 0.686 0.743 0.650 0.530
3-NN 0.466 0.639 0.697 0.733 0.673 0.593
5-NN 0.434 0.637 0.668 0.708 0.682 0.602
7-NN 0.441 0.666 0.666 0.693 0.674 0.620
0.8
07 ey
. —4=1-NN
06 /4 / A
/ \ S-NN
g 7 - W
05
0.4 T T T T T 1
ED oTW oDTW_M3 DTW_M5S DTW_M10 DTW_M20
<dgl 7) ojo|3Z2 @ F1 £S48 E S5t REY Ms v
5o 3t 4 ¢S V& A ripti
A4 HES ME TR} S g ] o 3 1% 57 (descriptive
statistics) & 8.2kl Aoy, (Y 82 4&

B Ao A Faet £ 247H4] Bdo Ul g S (quartiles) & 7]9ko. 2 dlolH gt BG
e 7 AEE Bl 4 wia= 57 o] I o FAE A IRIT F UEF IR
BE olg3l, 7 3419 #3845l AolE  (boxplot) AEE FHF Foltk olF Fa W
F7h A ugtk (EOEWAZ HF Y A AR JES BT 5 Ak ¢

CE 9) HF(class)d M=tE(precision)2] 7|&84|
classl class2 class3 class4 classb classb class? class8
cnt 24 24 24 24 24 24 24 24
mean 0.746 0514 0.735 0.255 0.503 0.763 0.729 0.775
std 0.101 0.095 0.111 0.214 0.134 0.052 0.06 0.381
min 0.542 0.316 0.413 0 0.224 0.644 0.609 0

25% 0.667 0.46 0.677 0 0.469 0.741 0.675 0.817

50% 0.727 0.528 0.735 0.25 0.534 0.774 0.752 1

75% 0.833 0574 0.806 0.4 0.598 0.801 0.772 1

max 0.889 0.7 0.909 0.667 0.672 0.842 0.821 1
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