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Financial Time Series Prediction with Information Fusion

Our proposed prediction and learning method is a hybrid referred to as MKL-GA, which
combines multiple kernel learning (MKL) for regression (MKR) and a genetic algorithm
(GA) to construct the trading rules. In this study, we demonstrate that the evaluation criteria
used to examine the effectiveness of a financial market price forecasting method should be
the profit and profit-risk ratio, rather than errors in prediction. Thus, it is necessary to use a
price prediction method and a trading rules learning method. We tested the proposed
method on the foreign exchange market and stock market, and we tested MKR on crude oill
market. The features used for prediction on FX market were extracted from the trading
history of multiple markets and multiple time horizons, and the features used for prediction
on stock market were from historical stock prices and volumes, as well as social network
services (SNS). MKR is essential for utilizing the information contained in many of the
features derived from different information sources and for various representations of the
same information source. The GA is essential for generating trading rules, which are
described using a mixture of discrete structures and continuous parameters. First, the MKR
predicts the change in the FX market or stock market based on technical indicators such as
the moving average convergence and divergence (MACD). Next, the GA generates a
trading rule by combining the results of the MKR with several commonly used
overbought/oversold technical indicators. For simulation, we show the application of
MKL-GA on FX market and stock market, as well as MKL on crude oil markets. The
experimental results show that the proposed method outperforms other benchmark
methods in terms of the returns and return-risk ratio.
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Development of de novo assemblers for metagenomic sequencing data

Next-generation sequencing (NGS) technologies allow the exploration of complex
metagenomes in an effective manner, at lower cost and higher throughput. The throughput of
metagenomic sequencing data generated by NGS technologies raise the bottlenecks in the
computational analysis. Metagenomes has presented a number of additional assembly challenges,
how to assemble multiple genomes from mixed sequence reads of multiple species. Assemblers
that can generate longer and more accurate scaffolds help to extract more information for analysis
tasks of metagenomes. A de novo assembler for single-genome is not capable of resolving
metagenomic sequence data, therefore de novo assemblers designed specifically for metagenomes
are indispensable.

In this dissertation, we present two de novo assemblers for metagenomic sequencing data
generated by the NGS technologies. First, we propose a de novo
metagenomic assembler specifically designed for the huge numbers of short reads (36-150 bp)
generated by Illumina-type next-generation sequencers. This NGS technology enables deep
sequencing of the inhomogeneous and divergent species in a microbial community. Second, we
propose a de novo metagenomic assembler specifically designed for rather long sequence reads
generated by 454 sequencing technology (200-500 bp). The 454 sequencing technology has been
used for metagenomic analysis.

In Chapter 1, the importance of de novo metagenomic assemblers was introduced.

In Chapter 2, a de novo metagenomic assembler for short sequence reads was described.
We extended a de novo assembler for single genome, \Velvet, to a de novo metagenomic assembler
utilizing  supervised learning, named MetaVelvet-SL. MetaVelvet-SL improved a
metagenomic assembler, MetaVelvet, in classifying chimeric nodes. MetaVelvet detects chimeric
nodes in the assembly (de Bruijn) graph using simple heuristics which results
in low accuracy and low sensitivity preventing the generation of longer contigs and
scaffolds. MetaVelvet-SL significantly improved the original MetaVelvet in classifying chimeric
nodes and generating accurate longer assemblies. MetaVelvet-SL also outperformed other
state-of-the-art metagenomic assemblers, IDBA-UD, Ray Meta and Omega to reconstruct
accurate longer assemblies.

In Chapter 3, a de novo metagenomic assembler for sequence reads generated by
454 sequencing technology was described. We extended a de novo metagenomic assembler,

-23-




Genovo, by incorporating paired-end information, named Xgenovo, so that it generates accurate
longer assemblies with paired-end reads. Genovo, is a de novo assembler for metagenomes under
a generative probabilistic model. Paired-end sequencing is currently widely-used yet Genovo was
designed for 454 single end reads. Unlike other assemblers which used paired-end information to
generate scaffold, we attempted to increase the assembly performance without the aim of
generating scaffold but attempted to map reads to the contigs in correct location.  Xgenovo
successfully generated longer N50 than the original Genovo and another metagenomic assembler
for 454 sequencing technology, MAP. Xgenovo also demonstrated the potential to decrease
the computational cost.

In Chapter 4, this study was summarized and future works were discussed.
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Development of Automatic Process Planning System for Turning-Milling Center Based on
Machining Feature Recognition

The objective of this research is to develop an automatic process planning system for a turning-milling center
based on machining feature recognition. Machining feature recognition is carried out based on delta volume
decomposition and surface identification. The system can recognize the machining features with surfaces such as
planar, inclined planar, cylindrical, spherical, conical, and toroid. The SolidWorks Application Program Interface
(API) is used in the designed system for delta volume extraction: disassembly of the delta volume into the
machining features, surface parameter identification, machining feature recognition, sequence determination, and
prediction of processing time. Furthermore, the process planning system can generate all possible machining
solutions, evaluate the machining plan, and choose the appropriate machining plan based on the user’s evaluation
criteria. At this stage, the developed system is capable of selecting the best machining process plan based on the
shortest processing time. Finally, this thesis proposes a new process planning method for a turning-milling center
with the two turrets system and presents the result of process planning simulation.

Chapter 1 introduces the process planning systems and machining feature recognition, presents a literature
review on previously reported process planning and machining feature recognition methods, and describes the
objective of this research.

Chapter 2 proposes the methodology of machining feature recognition used in this study. This chapter
elaborates on the implementation of the machining feature recognition method based on surface identification
with SolidWorks API. This chapter also demonstrates the effectiveness of the proposed method when it is applied
to various simple shapes.

Chapter 3 presents the development of the automatic process planning system for a turning-milling center
based on machining feature recognition. The development of the program involves several steps. The program is
created by SolidWorks APl with Visual Basic for Application.

Chapter 4 describes the results of implementation of the automatic process planning system in SolidWorks.
This chapter elaborates on the integration of the machining feature recognition method as well as the applicability
of the automatic process planning method as a design support system in SolidWorks by the use of its API. In
addition, the automatic process planning system of the two turrets machining system is presented to complement
the developed system.

Chapter 5 presents concluding remarks and a summary of the study.
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Distributed Estimation and Capacity Analysis in Wireless Sensor Networks

Wireless sensor networks (WSNs) have many potential application areas including environmental
monitoring, health, security and surveillance, and robotic exploration. The goal of WSNs is often to
deliver the sensing data from all sensors to a Fusion Center (FC). The received signals at FC are
estimated. One of the concerns in WSNs is the power constraint, because the sensors have only
small-size batteries whose replacement can be costly. In this dissertation, we focus on distributed
estimation and capacity analysis in WSNs with power constraint.

In Chapter 1, we describe the background of WSNSs consisting of source, sensors, and FC. We
explain the fundamental theory related to the dissertation, i.e., mutual information and estimation
theory.

In Chapter 2, we present survey on distributed estimation and capacity analysis in WSNs. We
discuss the distributed estimation problem based on several factors including bandwidth constraint,
energy constraint, Multiple Access Channel (MAC) models, and the presence/absence of Channel
State Information (CSI). We review the capacity analysis following the existing model including
physical model and protocol model.

In Chapter 3, we consider distributed estimation in WSNs considering correlated data. We obtain a
closed-form solution which follows water-filling strategy. We observe that when the data is more
correlated, the distortion in terms of Mean Square Error (MSE) degrades. Simulation results show
that the proposed method is better than equal power method in terms of MSE.
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In Chapter 4, we investigate the properties of data collection in WSNSs, in terms of both capacity
and power allocation strategy. Based on the relationship between Mutual Information and Minimum
Mean Square Error (I-MMSE), we derive the capacity of data collection in coherent and orthogonal
MAC models. We obtain closed-form expressions of capacity under coherent and orthogonal MAC
models. We show through simulation results that for both coherent and orthogonal MAC models,
the capacity of the optimal power is larger than that of the equal power. We also show that the
capacity of coherent MAC is larger than that of orthogonal MAC, particularly when the number of
sensors is large and the total power is fixed.

In Chapter 5, we conclude with key points of this dissertation and future works, such as outage
distortion probability
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