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Abstract: Periodic time series data with categorical condition changing is hard to visualize due to lots of
useless information when the condition fluctuations are complicated. Thus, we assume that the probability
distribution of conditions in observed data usually changes over time due to several reasons, we propose a
method for simplifying and visualizing such complicated time series data as timelines based on switching
regimes. Namely, by assuming that fundamental condition changing in each regime obeys a multinomial
distribution model, we first estimate the switching time steps and the model parameters by maximizing the
likelihood of the observed time series data and then produce their timelines. For verification of the effec-
tiveness of proposed method, we make a visualization experiment with the time series data which extremely
deviated from the average model.
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Fig. 1 Comparison of distributions about the number of

switchings.
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£1 J=3 (BHh, &, W) V- 7OVHYMERESE B, © LA
Table 1 Top of the mean probability error E, in J = 3 (sunny,
cloudy, rainy) group.

rank | observatory | year y E,
1 JHE R 2014 | 0.6063
2 AR 1989 | 0.6034
3 AR 1966 | 0.6013
4 e S 1993 | 0.6006
5 IS 1964 | 0.6002
6 HEAR 1980 | 0.5986
7 R 2000 | 0.5983
8 A 1973 | 0.5981
9 eV 1999 | 0.5977
10 eV 2002 | 0.5974

1 2345 6 7 89 14011412
—mh
08 —z
E m
g £
= <
B = 0.6
Z &
E Z 04 |
2 Z 0 I
= s U‘ / T
Boo | | ’
0 } \ / il
i oLk | i
100 200 300 20 40 60
day @ range step (range size = 15)

(a) EWBOREMRDOEE
T

(b) BB HD < fifE R

o 8567 & 1218 4567 8 9 A01112
¢ - —HEh
Dosl| 2 08 —E
e ] - 5
4 [
206 i JJ j J Sos ’7
] = [}
: L
Zos ( T — Zoar |
£ ] L I a B
Zo02 o2} H
=
=)
0 0
200 400 600 800 1000 200 400 600 800 1000

timestep n timestep n

(c) Kleinberg OFiEIZ£D<
ek
2 J=370—7 14 ERE (2014) O HALRR
Fig. 2 Visualization results of 1st place in J = 3 group
(Kagoshima, 2014).
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MEPH D R, Kleinberg ® ik HE%R, 12
FFFHED HEEIE, 22N 3(b), 3(c), 3(d) D&
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FOEZENSTEDLY, MEFEOV Y —L AL v F 2 78
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TR B TE R o TLE-oTWA, ZThid
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®2 J=4Fh, & W, F) 7V TOVPHHEREE E, ORI
Table 2 Top of the mean probability error E, in J = 4 (sunny,

cloudy, rainy, snowy) group.

rank | observatory | year y E,
1 ifiE 2013 | 0.6591
2 =1 1972 | 0.6555
3 = 1976 | 0.6541
4 ] 1983 | 0.6532
5 ] 1980 | 0.6528
6 ST 1993 | 0.6519
7 =l 2011 | 0.6518
8 [Li7% 1964 | 0.6514
9 AL 2013 | 0.6513
10 il 1981 | 0.6509
1 2 ,3 4 5 6 7 8 9 101L
%00.8
% %0'4 w’”
i Tél0.2 A h W | l
i1 : A oLt A '
100 200 300 20 40 60

day z range step (range size = 15)

(a) BIREDIRIERER DT (b) BRI 55 < Resk

bl
” 1 3 5 Bt i 23 45 67 8 9 1011412
5 —Hh —Hh
208 —B 08 —8
£ —= o6 —Z
5 B |
Tod P I 1 | il
2 L Z04
| e f g
Zo. r o2f| i
2
2 - [
0 [

200 400 600 800 1000
timestep n

200 400 600 800 1000
timestep n

(c) Kleinberg DFEIZHD <

(d) BT < ek

128 4B pT 8o 02
—Hn
0.8 —2
= 5l
=06 -z
z -
Zo04 J;
2 A
o2t I

206 400 600 800 1000
timestep n

(e) MEFHEIZE DI MR
(K =15 IZF%E)

3 J=47V—7 1% B (2013) O HALKER
Fig. 3 Visualization results of 1st place in J = 4 group
(Hakodate, 2013).
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®3 J=5 (B, &, M, 5, %) 7V—TOVEEEREE,
RN A
Table 3 Top of the mean probability error £, in J = 5 (sunny,
cloudy, rainy, snowy, foggy) group.

rank | observatory | year y E,
1 EX 2013 | 0.6621
2 | 1966 | 0.6556
3 E | 2010 | 0.6516
4 | 2002 | 0.6502
5 B ] 2012 | 0.6502
6 e 1999 | 0.6501
7 EX 1986 | 0.6500
8 X 2006 | 0.6497
9 £ ] 1988 | 0.6496
10 ] 1996 | 0.6495
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Fig. 4 Visualization results of 1st place in J = 5 group

(Muroran, 2013).

BN BETH B T WG o720, SRRGRRYIT— 4
R 2SI FE L L TORRAESIRE SN S.

AMEF ROFZEI, BHOPEAEEENTSE (C) 18K11441 D%

BT THT272bDTH 5.

SENH

[1]  Kleinberg, J.: Bursty and hierarchical structure in
streams, Proc. 8th ACM SIGKDD International Con-
ference on Knowledge Discovery and Data Mining
(KDD-2002), pp.91-101 (2002).

[2] Swan, R. and Allan, J.: Automatic generation of

overview timelines, Proc. 23rd Annual International
ACM SIGIR Conference on Research and Develop-
ment in Information Retrieval (SIGIR 2000), pp.49-56

© 2018 Information Processing Society of Japan

[5]

[6]

[10]

(2000).

Zhu, Y. and Shasha, D.: Efficient Elastic Burst Detec-
tion in Data Streams, Proc. 9th ACM SIGKDD Inter-
national Conference on Knowledge Discovery and Data
Mining (KDD-2003), pp.336-345 (2003).

Sun, A., Zeng, D. and Chen, H.: Burst Detection from
Multiple Data Streams: A Network-based Approach,
IEEE Trans. Systems, Man, € Cybernetics Society,
Part C, Vol.40, pp.258-267 (2010).

Chandola, V., Banerjee, A. and Kumar, V.: Anomaly
Detection: A Survey, ACM Comput. Surv., Vol.41, No.3,
pp.15:1-15:58 (2009).

Kim, C.J., Piger, J. and Startz, R.: Estimation of
Markov regime-switching regression models with en-
dogenous switching, Journal of Econometrics, Vol.143,
pp-263-273 (2008).

Josang, A., Ismail, R. and Boyd, C.: A survey of trust
and reputation systems for online service provision, De-
cision Support Systems, Vol.43, pp.618—-644 (2007).
Rissanen, J.: Modeling by Shortest Data Description,
Automatica, Vol.14, No.5, pp.465-471 (1978).
Yamagishi, Y., Okubo, S., Saito, K., Ohara, K., Kimura,
M. and Motoda, H.: A Method to Divide Stream Data of
Scores over Review Sites, Proc. 13th Pacific Rim Inter-
national Conference on Artificial Intelligence (PRICAI
’14), pp.791-800 (2014).

Yamagishi, Y. and Saito, K.: Visualizing Switching
Regimes Based on Multinomial Distribution in Buzz
Marketing Sites, Proc. 23rd International Symposium
on Methodologies for Intelligent Systems (ISMIS ’17),
pp-385-395 (2017).

WE the

T IE VAN S St | et g S|
7B, HARZATRE 4RI 5E B
(PD). 2017 4F##R A7 KA RFPERE
BIEHRA  N— 3 Vg RHEL R
BT, Ty~ A = ORI
HEHE, HRF— sy N—2%A4H.

=l EFH
P I VR L SE R AT I ZE T R TR ZE B
2011 SEFBORFE TR Y A 7 il {H
THRZEE oYty FT—2 ORF
ZEICHESE.

105



fERNIBF 2RI HERESMMELSA Voli1 No.2 99-106 (July 2018)

FEME (ExR)

1963 4F- A=, 43 IR 5 B i 3%
1985 4F- B8 JE 3G B K 5 B T A3
1998 FFH KA L (T42). 2007 4F
B I VAT K SR T e sz, 1k
Ay T — 7 OWIFEICHES. BTIEHR
WEYSR, NLHfESS, HARMRERN
Ferey, HARIRHBMY S, HARTHEREYS, HEAT—

I N—-AFREREA.

106

© 2018 Information Processing Society of Japan



