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Figure A.1: Datasets from TSDMA used in the experiments of Chapters II, IV, and VI
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Figure A.2: Examples of some classes of the UCR classification/clustering datasets used in Chapters I



Table A.1: Details of the UCR classification/clustering datasets used in Chapters Il and V

Dataset | Number of classes | Length | Size of datasets

50words 50 270 905
Adiac 37 176 781
Beef 5 470 60
CBF 3 128 930
Coffee 2 286 56
ECG 2 96 200

Face (all) 14 131 2250

Face (four) 4 350 112
Fish 7 463 350
Gun-Point 2 150 200
Lighting-2 2 637 121
Lighting-7 7 319 143
Oliveoil 4 570 60
OSULeaf 6 427 442
SwedishLeaf 15 128 1125

Synthetic 6 60 600

Trace 4 275 200
TwoPatterns 4 128 5000
Wafer 2 152 7174
Yoga 2 426 3300
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Figure B.1: Cluster representatives generated from STSC using k-means clustering when k = 3 and w = 32.
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Figure B.2: Cluster representatives generated from STSC using k-means clustering when k=3and w=64.
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Figure B.3: Cluster representatives generated from STSC using k-means clustering when k =3 and w =

128.
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Figure B.4: Cluster representatives generated from STSC using k-means clustering when k=5and w=64.
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Figure B.6: Constructed sine waves generated from STSC using k-means clustering when k =3 and w =

32.
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Figure B.8: Constructed sine waves generated from STSC using k-means clustering when k£ = 3 and w =
128.
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Figure B.9: Constructed sine waves generated from STSC using k-means clustering when k£ =5 and w =

64.
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Figure B.10: Constructed sine waves generated from STSC using k-means clustering when k =7 and w =

64.
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Figure B.11: Cluster representatives generated from STSC using k-hierarchical clustering with complete

linkage (left) and average linkage (right) inter-distance functions when k =3 and w = 32.
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Figure B.12: Cluster representatives generated from STSC using k-hierarchical clustering with complete

linkage (left) and average linkage (right) inter-distance functions when k =3 and w = 64.
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Figure B.13: Cluster representatives generated from STSC using k-hierarchical clustering with complete
linkage (left) and average linkage (right) inter-distance functions when k =3 and w = 128.
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Figure B.14: Cluster representatives generated from STSC using k-hierarchical clustering with complete
linkage (left) and average linkage (right) inter-distance functions when k = 5 and w = 64.
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Figure B.15: Cluster representatives generated from STSC using k-hierarchical clustering with complete
linkage (left) and average linkage (right) inter-distance functions when k =7 and w = 64.
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Figure B.16: Constructed sine waves generated from STSC using k-hierarchical clustering with complete
linkage (left) and average linkage (right) inter-distance functions when k = 3 and w = 32.
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Figure B.17: Constructed sine waves generated from STSC using k-hierarchical clustering with complete
linkage (left) and average linkage (right) inter-distance functions when k =3 and w = 64.
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Figure B.18: Constructed sine waves generated from STSC using k-hierarchical clustering with complete
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Figure B.19: Constructed sine waves generated from STSC using k-hierarchical clustering with complete
linkage (left) and average linkage (right) inter-distance functions when k =5 and w = 64.
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Figure B.20: Constructed sine waves generated from STSC using k-hierarchical clustering with complete
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Figure C.1: Averaged results generated from CDTW function of each dataset
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Figure C.2: Averaged results generated from ICDTW function of each dataset
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Figure C.3: Averaged results generated from NLAAF of each dataset.
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Figure D.1: SMMs of AEM?2 when the number of clusters (k) is 3 and the length of sliding window (w) is

varied.
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Figure D.2: SMMs of TOR96 when the number of clusters (k) is 3 and the length of sliding window (w) is

varied.
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Figure D.3: SMMs of Buoy1 when the number of clusters (k) is 3 and the length of sliding window (w) is
varied.
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Figure D.4: SMMs of CBF when the number of clusters (k) is 3 and the length of sliding window (w) is
varied.
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Figure D.5: SMMs of ERP when the number of clusters (k) is 3 and the length of sliding window (w) is
varied.
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Figure D.6: SMMs of Field4 when the number of clusters (k) is 3 and the length of sliding window (w) is
varied.
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Figure D.7: SMMs of Fortune5004 when the number of clusters (k) is 3 and the length of sliding window
(w) is varied.
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Figure D.8: SMMs of MITDBX108 when the number of clusters (k) is 3 and the length of sliding window
(w) is varied.
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Figure D.9: SMMs of AEM2 when the length of sliding window (w) is 64 and the number of clusters (k) is

varied.
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Figure D.10: SMMs of TOR96 when the length of sliding window (w) is 64 and the number of clusters (k)

is varied.
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Figure D.11: SMMs of Buoy1 when the length of sliding window (w) is 64 and the number of clusters (k)

is varied.
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Figure D.12: SMMs of CBF when the length of sliding window (w) is 64 and the number of clusters (k) is

varied.
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Figure D.13: SMMs of ERP when the length of sliding window (w) is 64 and the number of clusters (k) is

varied.
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Figure D.14: SMMs of Field4 when the length of sliding window (w) is 64 and the number of clusters (k)

is varied.



117

25 T T T

I STSC (k-means)

N STSC (k-hierarchical + CL)

BB STSC (k—hierarchical + AL)

B 2STSC (k-hierarchical + CDTW + CL)
B 2STSC (k-hierarchical + CDTW + AL)
: 5§ 2STSC (k-hierarchical + ICDTW + CL)
[__12STSC (k-hierarchical + ICDTW + AL)

SMM

5
Number of clusters (k)

Figure D.15: SMMs of Fortune5004 when the length of sliding window (w) is 64 and the number of clusters
(k) is varied.
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Figure D.16: SMMs of MITDBX108 when the length of sliding window (w) is 64 and the number of
clusters (k) is varied.
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Figure D.17: Cluster representatives generated from 2STSC with complete linkage (left) and average link-
age (right) using CDTW function when k=3 and w = 32.
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Figure D.18: Cluster representatives generated from 2STSC with complete linkage (left) and average link-
age (right) using CDTW function when k =3 and w = 64.
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Figure D.19: Cluster representatives generated from 2STSC with complete linkage (left) and average link-
age (right) using CDTW function when k=3 and w = 128.
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Figure D.22: Cluster representatives generated from 2STSC with complete linkage (left) and average link-
age (right) using ICDTW function when k =3 and w = 32.
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Figure D.23: Cluster representatives generated from 2STSC with complete linkage (left) and average link-
age (right) using ICDTW function when k =3 and w = 64.
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Figure D.24: Cluster representatives generated from 2STSC with complete linkage (left) and average link-
age (right) using ICDTW function when &k = 3 and w = 128.
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APPENDIX E

COMPLETE EXPERIMENTAL RESULTS OF THE FIRST
EXPERIMENT IN CHAPTER V
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Figure E.1: Computational time of Incremental Shape-based Averaging and Shape-based Averaging with

CDTW function when a new incoming sequence arrives.
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Figure E.2: Computational time of Incremental Shape-based Averaging and Shape-based Averaging with
CDTW function when a new incoming sequence arrives. (cont.)
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COMPLETE EXPERIMENTAL RESULTS OF THE SECOND
EXPERIMENT ON CHAPTER V
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Figure F.1: Difference of SUMDIST of Incremental Shape-based Averaging with CDTW when the number

of stored sequences to an original dataset is varied.
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Figure F.4: Difference of SUMDIST of Incremental Shape-based Averaging with ICDTW when the number
of stored sequences to an original dataset is varied. (cont.)
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Figure E5: Speedup of Incremental Shape-based Averaging with CDTW when the number of stored se-

quences to an original dataset is varied.
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Figure F.6: Speedup of Incremental Shape-based Averaging with CDTW when the number of stored se-
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Figure F.7: Speedup of Incremental Shape-based Averaging with ICDTW when the number of stored se-

quences to an original dataset is varied.
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Figure F.8: Speedup of Incremental Shape-based Averaging with CDTW when the number of stored se-

quences to an original dataset is varied. (cont.)
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Figure F.9: Averaged results of some classes from Incremental Shape-based Averaging with CDTW when

a=1.
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Figure F.10: Averaged results of some classes from Incremental Shape-based Averaging with CDTW when
a is 25% of total number of each class.



144

50 100 150
50 Words Adiac

K 20 40 60 80 10 120
Beef CBF
2 2
0 0
& . : : -2 i
0 50 100 150 200 250 0 20 40 60 80
Coffee ECG

Face (four)

2,
: - . ;
0 100 200 300 400 0 50 100 150
Fish Gun-Point
8 10
6
4 5
: /
0 0 t
"2 100 200 300 400 500 600 0 50 100 150 200 250 300
Lighting-2 Lighting-7
4
2 f \ 2 o~ o Y
U 0 W D2 W’
OF i o ¢ » J (‘wwww 3 {/\J \:‘M j
% 100 200 300 400 500 0 100 200 300 400
OliveOil OSU Leaf
2r,

0 /Wv
NSAL
-2
0 20 40 60 80 100 120 0 10 20 30 40 50 60

Swedish Leaf Synthetic Control

4

2 | w-

: !)(;_/’,'
D et

4

0 50 100 150 200 250 i 60

Trace Two Patterns
2 2
0 m 0
-2 s -2 . S
() 50 100 150 () 100 200 300 400
Wafer Yoga

Figure F.11: Averaged results of some classes from Incremental Shape-based Averaging with CDTW when
a is 50% of total number of each class.
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Figure F.12: Averaged results of some classes from Incremental Shape-based Averaging with CDTW when
a is 100% of total number of each class.
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Figure F.13: Averaged results of some classes from Incremental Shape-based Averaging with ICDTW when
a=1.
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Figure F.14: Averaged results of some classes from Incremental Shape-based Averaging with ICDTW when
a is 25% of total number of each class.
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Figure F.15: Averaged results of some classes from Incremental Shape-based Averaging with ICDTW when

« is 50% of total number of each class.
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Figure F.16: Averaged results of some classes from Incremental Shape-based Averaging with ICDTW when
a is 100% of total number of each class.
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Figure G.1: Computational time of 3STSC and 2STSC with CDTW function and complete linkage when a
new incoming sequence arrives, where k = 3 and w = 64.
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Figure G.2: Computational time of 3STSC and 2STSC with CDTW function and complete linkage when a
new incoming sequence arrives, where k = 3 and w = 32
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Figure G.3: Computational time of 3STSC and 2STSC with CDTW function and complete linkage when a
new incoming sequence arrives, where k = 5 and w = 64.
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Figure G.4: Computational time of 3STSC and 2STSC with CDTW function and complete linkage when a
new incoming sequence arrives, where k =7 and w = 64.
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Figure G.5: Computational time of 3STSC and 2STSC with CDTW function and complete linkage when a
new incoming sequence arrives, where k = 3 and w = 128,
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Figure G.6: Computational time of 3STSC and 2STSC with CDTW function and average linkage when a
new incoming sequence arrives, where k = 3 and w = 64.
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Figure G.7: Computational time of 3STSC and 2STSC with CDTW function and average linkage when a
new incoming sequence arrives, where k = 3 and w = 32.
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Figure G.8: Computational time of 3STSC and 2STSC with CDTW function and average linkage when a
new incoming sequence arrives, where k = 5 and w = 64.
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Figure G.9: Computational time of 3STSC and 2STSC with CDTW function and average linkage when a
new incoming sequence arrives, where k = 7 and w = 64.
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Figure G.10: Computational time of 3STSC and 2STSC with CDTW function and average linkage when a
new incoming sequence arrives, where k = 3 and w = 128.
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Figure G.11: Computational time of 3STSC and 2STSC with CDTW function and complete linkage when
a new incoming sequence arrives, where k =3 and w = 64.
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Figure G.12: Computational time of 3STSC and 2STSC with CDTW function and complete linkage when
a new incoming sequence arrives, where k = 3 and w = 32.
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Figure G.13: Computational time of 3STSC and 2STSC with CDTW function and complete linkage when
a new incoming sequence arrives, where k = 5 and w = 64.
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Figure G.14: Computational time of 3STSC and 2STSC with CDTW function and complete linkage when
a new incoming sequence arrives, where k =7 and w = 64.
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Figure G.15: Computational time of 3STSC and 2STSC with CDTW function and complete linkage when
a new incoming sequence arrives, where k = 3 and w = 128.
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Figure G.16: Computational time of 3STSC and 2STSC with CDTW function and average linkage when a

new incoming sequence arrives, where k = 3 and w = 64
—
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Figure G.17: Computational time of 3STSC and 2STSC with CDTW function and average linkage when a
new incoming sequence arrives, where k = 3 and w = 32.
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Figure G.18: Computational time of 3STSC and 2STSC with CDTW function and average linkage when a
new incoming sequence arrives, where k = 5 and w = 64.
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Figure G.19: Computational time of 3STSC and 2STSC with CDTW function and average linkage when a
new incoming sequence arrives, where k = 7 and w = 64.



170

~——— 2STSC with ICDTW + AL ——— 2STSC with ICDTW + AL
= 3STSC with ICDTW + AL = 3STSC with ICDTW + AL

=)
°

-
o

-
o

\
\

Time (millisecond)
=

©
©

=
o

Time (millisecond)
=

=
o

0 500 1000 1500

0 500 1000 1500
Number of incoming sequences Number of incoming sequences
AEM2 TOR96
b
—— 2STSC with ICDTW + AL —— 2STSC with ICDTW + AL
~— 3STSC with ICDTW + AL

= A0 = a0
g 10 ........... g 10 ........................................
g g
8 e L s . = o % W
E E
E o0 E :
T Yo 500 1000 1500 "o 500 1000 1500
Number of incoming sequences Number of incoming sequences
Buoyl CBF
——— 2STSC with ICDTW + AL —— 2STSC with ICDTW + AL
= 3STSC with ICDTW + AL === 3STSC with ICDTW + AL
§101°, + s 3 §10’°... oe N TR s
Q
§105 b e - B o §105 . S W % TSNS R RO S
E E
(]
£, - . .
L 0 500 1000 1500 = 0 500 1000 1500
Number of incoming sequences Number of incoming sequences
ERP Field4
—— 2STSC with ICDTW + AL —— 2STSC with ICDTW + AL
e 3STSC with ICDTW + AL e 3STSC with ICDTW + AL
= 10 o 10
-g 10 -g 10 e
8 8
.2 5 -———-_—/_-_ 2 5 ——-'—"——'——’-‘—_—-‘_
E E
E » E -
a 0 500 1000 1500 = 0 500 1000 1500
Number of incoming sequences Number of incoming sequences
Fortune5004 MITDBX108

Figure G.20: Computational time of 3STSC and 2STSC with CDTW function and average linkage when a
new incoming sequence arrives, where k = 3 and w = 128.
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Figure H.1: Percentage difference of SMM and speedup of 3STSC with CDTW function and complete
linkage when k = 3, w = 64, and number of stored sequences are varied.
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Figure H.2: Percentage difference of SMM and speedup of 3STSC with CDTW function and complete
linkage when k = 3, w = 32, and number of stored sequences are varied.
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Figure H.3: Percentage difference of SMM and speedup of 3STSC with CDTW function and complete
linkage when k = 5, w = 64, and number of stored sequences are varied.
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Figure H.4: Percentage difference of SMM and speedup of 3STSC with CDTW function and complete
linkage when k = 7, w = 64, and number of stored sequences are varied.
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Figure H.5: Percentage difference of SMM and speedup of 3STSC with CDTW function and complete
linkage when k = 3, w = 128, and number of stored sequences are varied.
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Figure H.6: Percentage difference of SMM and speedup of 3STSC with CDTW function and average
linkage when k = 3, w = 64, and number of stored sequences are varied.
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Figure H.7: Percentage difference of SMM and speedup of 3STSC with CDTW function and average
linkage when k = 3, w = 64, and number of stored sequences are varied.
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Figure H.8: Percentage difference of SMM and speedup of 3STSC with CDTW function and average
linkage when k = 5, w = 64, and number of stored sequences are varied.
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Figure H.9: Percentage difference of SMM and speedup of 3STSC with CDTW function and average
linkage when k = 7, w = 64, and number of stored sequences are varied.
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Figure H.10: Percentage difference of SMM and speedup of 3STSC with CDTW function and average
linkage when k = 3, w = 128, and number of stored sequences are varied.
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Figure H.11: Percentage difference of SMM and speedup of 3STSC with ICDTW function and complete
linkage when k = 3, w = 64, and number of stored sequences are varied.
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Figure H.12: Percentage difference of SMM and speedup of 3STSC with ICDTW function and complete
linkage when k = 3, w = 32, and number of stored sequences are varied.
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Figure H.13: Percentage difference of SMM and speedup of 3STSC with ICDTW function and complete
linkage when k = 5, w = 64, and number of stored sequences are varied.



185

-~ C SRR a 207 - . o
€2 )
g E T — B 10R .
E @
ES Q
Ou 20 : . 2 9 :
0 500 1000 1500 0 500 1000 1500
Number of stored sequences Number of stored sequences
AEM2
‘S :\j .......... § 20 G RIe e R 50 SRS < 5i R e g
gz e — §-10 e O O
[a) % e (7220 .
0 500 1000 1500 0 50 1000 1500
Number of stored sequences Number of stored sequences
TOR96

Different
SMM (%)
=)

0 500 1000 1500
Number of stored sequences

1000 1500

0 500
Number of stored sequences

Buoy1

Different
SMM (%)

a 20

-]
§10F\
a

20

0 500 1000 1500
Number of stored sequences

0 500 1000 1500
Number of stored sequences

CBF

20

Different
SMM (%)

10

Speedup
07—\

1500

0 500
Number of stored sequences

1000

500 1000 1500
Number of stored sequences

o

ERP

20

Different

SMM (%)
N N
o O o

Speedup
o o

0 500 1000 1500 0 50 1000 1500
Number of stored sequences Number of stored sequences
Field4
E g § 20 .
on -50 " At w 0 "
0 500 1000 1500 0 50 1000 1500
Number of stored sequences Number of stored sequences
Fortune5004

Different

SMM (%)
|
=) >
S o &

Speedup
- N
o O O

0 500 1000 1500
Number of stored sequences

0 500 1000 1500
Number of stored sequences

MITDBX108

Figure H.14: Percentage difference of SMM and speedup of 3STSC with ICDTW function and complete
linkage when k = 7, w = 64, and number of stored sequences are varied.
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Figure H.15: Percentage difference of SMM and speedup of 3STSC with ICDTW function and complete
linkage when k = 3, w = 128, and number of stored sequences are varied.
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Figure H.16: Percentage difference of SMM and speedup of 3STSC with ICDTW function and average
linkage when k = 3, w = 64, and number of stored sequences are varied.
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Figure H.17: Percentage difference of SMM and speedup of 3STSC with ICDTW function and average
linkage when k = 3, w = 32, and number of stored sequences are varied.
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Figure H.18: Percentage difference of SMM and speedup of 3STSC with ICDTW function and average
linkage when k = 3, w = 64, and number of stored sequences are varied.
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Figure H.19: Percentage difference of SMM and speedup of 3STSC with ICDTW function and average
linkage when k = 7, w = 64, and number of stored sequences are varied.
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Figure H.20: Percentage difference of SMM and speedup of 3STSC with ICDTW function and average
linkage when k = 3, w = 128, and number of stored sequences are varied.
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