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Financial time series analysis and prediction has been one of active research problems
in financial data mining area due to the commercial applications and the attractive
benefits that it offers. A number of algorithms have been introduced into this area for
analysis and prediction on the time series, such as classification, clustering,
segmentation, indexing and discovering rules from historical time series. However,
financial time series data is characterized as large in data size, dynamic and non-linear.
Therefore it poses a great challenge for analysts to efficiently discover required
information. As for data mining tasks, most of the execution time spent by algorithm
is to move data from disk into main memory. This is acknowledged as the major
bottleneck in Data Mining because many algorithms require multiple accesses of the
data. Moreover, when analyzing or predicting the movement of time series, financial
analysts usually capture the trends, shapes or patterns contained within the time series
instead of the exact value of each time series data point. Thus time series
representation on dimensionality reduction becomes the necessary step before mining
information in this area.

In this thesis we study the property of the maximum or minimum points on the
time series, which have the property of maintaining the trends and fluctuations of the
time series. These points are called turning points in our thesis. However, not all
turning points from the original time series equally contribute to the overall
movement of the time series. Thus we introduce three independent methods with

different perspectives to select turning points for approximating time series with



dimensionality reduction. The first method is to detect turning points at different
levels of details based on the heuristics. This approach is extremely useful for
analyzing stock data in top-down fashion. The second method is to select turning
points based on a sliding window. The third method is to select turning points based
on the degree of importance. The importance of a turning point is calculated
according to its contribution on preserving the time series trends and shape. These
turning points with different importance are stored in an optimal binary search tree.
Such storage scheme allows more important points to be retrieved first while the

average search cost is kept at minimum.

Keywords: Financial time series, Dimensionality reduction, Turning points, Trends,

Sliding window, Optimal binary search tree



TABLE OF CONTENTS

TABLE OF CONTENTS ...ttt i
LIST OF TABLES. ... .ottt %
ACKNOWLEDGMENTS .....cociiiiieitisietesiee st an et en e Vi
(O aT=T o t=1 g a4 T (U T 4 o) o ISR 1
1.1 Financial Time Series Analysis on Dimensionality Reduction Representation....................... 1
1.2 TUFNING POINTS (TPS) ..ttt bbbt 2
1.3 Issues for Time Series RepreSENtatioN ...........ccoeoeiriieiriieee e 4
1.4 Problem Statement and COoNtribUTION ...........coooiiiiiiii e 5
Chapter 2 REIAtE VWOKKS .....c.viiieiieiesee ittt e et e te e steete et e e st e ens e taestaesteeteaneenneas 8
2.1 Discrete Fourier Transform (DFT) Method ..........ccccoiiiiinniiiiice e 8
2.2 Piecewise Linear Approximation (PLA) Method ..............cco.itiiiiiniiiiniiieee e 9
2.3 Piecewise Aggregate Approximation (PAA) and Adaptive Piecewise Constant
Approximation (APCA) MEthOUS ......cuiiiiiiiieiie e e 11
2.4 Perceptually Important Points (P1P) Method...........cccoiiiiiiii i 12
Chapter 3 Heuristic Based Turning Points (TPS) SeleCtion............cccovvvieiiiiiiiieec e 14
3.1 Turning Points (TPs) Identification at Different LeVels ............cccoceviiiiniiiineiieeee 14
3.2 EXPEriMENTAl RESUITS ...ttt bbb 18
Chapter 4 Sliding Window Method for Turning Points (TPs) Selection ...........ccccccoevevevevcieninnnn, 21
4.1 Turning PoiNtS (TPS) SEIECTION.......ciiui ittt it 21
4.2 Properties of Sliding Window Method ..ot 26
4.3 EXPEriMENTAl RESUITS ......ooiiviiiiite et 32
4.3.1 Reconstruction Error COMPAIISON .........couueeeiiiriiieiit ettt seenesne e 32
4.3.2 Properties COMPATTSON .......c.iiiiieteiteieitiitet sttt ettt ettt et sr ettt sae e sbesne e 35
Chapter 5 Turning Points (TPs) Storing and Retrieval Based on Degree of Importance.............. 39
5.1 Identification and EVAIUATION ...........ccoiiiiiiiiie e 39
5.1.1 IMportance EVAIUBLION..........cooiiiiiiiiie e 42
5.2 StOriNg and RETFIEVING ......oviiiiiiiiiiieere bbb 45
5.2.1 Optimal Binary Search Tree (Optimal-BST)........ccooeiiiiiniiiiiiseese e 45
5.2.2 Storing Turning Points (TPS) into Optimal-BST .........cccccoiiiiiiiiineieee e 47
5.2.2 Retrieving Time Series with Dimensionality Reduction from Optimal-BST ...................... 50
5.3 EXPEriMENtal RESUILS .......oiiiiieiiiiiese bbbt 52

Chapter 6 Comparison of Turing Points (TPs) Selection through Heuristics, Sliding Window and

Degree Of IMPOITANCE ..ottt e bbbttt e b b et e be et e et et nae e e 58
6.1 Reconstruction Error COMPATISON .........ccviiieiiirieieistesieesie ettt 58
6.2 PropertieS COMPATISON ........cuiiiiiiriiieiisieieiesie ettt b ettt bttt e st e 61



Chapter 6 Conclusion and FULUFE WOIKS ..........cccooiviiviieiiiee st

LR ] (= ] oL



