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# 4% | Al techniques in bioinformatics and e-learning
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As cross-disciplinary research is becoming more popular, many Al techniques have been widely
applied to related applications such as bioinformatics and e-learning.

Vast amount of biological data has been generated; scientists need sophisticated computational
techniques to make sense of it. Important Al techniques in bioinformatics include: machine learning
and data mining, cluster analysis, pattern recognition, and knowledge representation. We shall talk
about a few examples utilizing these techniques.

With the advancement of computing hardware and software, intelligent tutoring systems are
revived and growing well. We shall discuss how to adopt ontological techniques in simulating student
problem solving behavior, analyzing student errors, and integrating curriculum. Finally, we shall

introduce our newly developed MSN agent for collaborative learning on the Internet.
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# A& | Computational Enzyme Function Exploring
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Enzymes are proteins forming by chains of amino acids and enzymes are the major working horses
(ex. Metabolism and signaling) in living cells. In order to perform their functions, enzymes fold into
three-dimensional structures. It is interesting to study the functional mechanisms at molecular level.
It is also interesting and important to clarify the relationships in sequence, structure and functions of
enzymes. A major challenge in computational biology today is to predict the function of unknown
proteins or enzymes without structural information. In this talk, several strategies for doing such
works would be introduced. We will talk about how a constraint multiple sequence alignment could
be used in exploring the enzyme functional residues. The other strategy is adapted the concepts of
evolution, named “evolutionary trace” it is useful method to detect the functional residues when the
enzyme phylogenetic tree is parallel to their function. Finally, a Feature Amplified Voting Algorithm
(FAVA) will also be introduced, with proper sequence clustering the desired feature of target enzyme
or protein was revealed by voting. Functional residues of a target protein can then be extracted
following FAVA analysis. All these strategies are the beginning for study enzyme function exploring,

this problem is worthy for deeply approaching in computing science.
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Text Mining-based Bioinformatics Platform
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Data mining in microbial genome
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The rapidly generated whole genome sequence data, especially for microbial organisms, provide a

great opportunity to explore the microbial diversity. More and more comparative genomic methods
have been developed to investigate the differences between similar species. Besides the 16S
rRNA-based phylogenetic analysis, whole genome comparison based on particular features, like GC
content and amino acid composition, are widely used to account for extreme environmental
organisms. Quarrying the genome-wide information may shed light on biodiversity of microbe. A
microbial Genome Profile DataBase (GPDB) has been constructed to provide information of the

whole genome profile, including basic information (taxonomy, genome size, orf number...),

nucleotide composition (GC/AT content, N-nucleotide frequency, codon usage...), and amino acid

composition (N-peptide frequency distribution, proteome length/Mw/pl/charge distribution...). The

current version of GPDB contains 145 microbial genomes including both bacteria and archaea.
GPDB perform a hierarchical clustering to compare genome-wide profile of the fully sequenced
microbial organisms in a graphical way. A virtual 2D gel for each microbe is also included to provide
a quick method to search the size and pl of proteins. A perl program called "Genome Profile
Pipeline" has been developed to automatically mirror data from NCBI ftp site and continue to

analyze data, which can be downloaded from our website (http://gpdb.life.nthu.edu.tw).
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# 48 | Human Behavior Analysis Using Deformable Triangulations
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This paper presents a new method to analyze various human behaviors from videos using
deformable triangulations. This method first uses the technique of triangulation to divide a human
shape into different polygons. Then, two complementary methods are proposed to represent and
compare human behaviors based on the result of triangulations. The first method takes advantages
of the set of polygons to find important skeleton features for making a coarse search between
different human behaviors. Since each human shape has been triangulated, much simplicity and
effectiveness can be obtained for find all desired skeleton features. In the second method, we define
a new shape descriptor, i.e., centroid context, to represent and compare human postures in more
details. The centroid context is a set of feature vectors which can be easily found from the results of
triangulations, and has extreme abilities to represent different human postures. Since the two
methods are complement to each other, all desired human behaviors can be compared and retrieved
very accurately. Experimental results have proved that the proposed method is robust, accurate, and

powerful in human behavior analysis.

# 4% | Content and Channel Aware Video Streaming for Home Surveillance
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The explosive growth of compressed multimedia contents and repositories available and accessible
worldwide, the recent addition of new video-related standards , and the ever-increasing prevalence of
heterogeneous, video-enabled devices such as have multiplied the need for efficient and effective
techniques for adapting compressed videos to suit better the different constraints, capabilities, and
requirements of heterogeneous networks, applications, and end users. This talk will first give a brief
overview of considerations and techniques for video streaming over heterogeneous networks. We will
then summarize our recent research results on adaptive video streaming for video surveillance oevr
wireless networks, including content-aware transcoding schemes for adapting bit-rates, error robust

streaming over heterogeneous networks using content analysis and channel estimation.




# 48 | The Scalable Hand Posture Analysis for Homecare Applications
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Recently, the model-based hand posture analysis researches have become increasingly popular for
many applications, such as hand gesture recognition, intelligent human-machine interface, virtual
reality, and computer animation. However, the main problems that make the conventional
marker-based hand posture analysis system inapplicable are inefficient calculation of the inverse
kinematics, unable to scale the size of the hand model, and unable to analyze the hand posture when
some markers are occluded. In this paper, a scalable hand posture analysis system is proposed to

overcome these problems.
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# 4% | Aland It's Applications to Digital/Multimedia Contents
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# 4% | Learning in Digital Era
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Learning companion, a concept proposed in 1988, was originally intended to be an alternative
model of intelligent tutoring systems. This concept has recently drawn a rapid growth of interest
while the research has been going along with generation of a variety of names such as virtual
character, virtual peer, pedagogical agent, trouble maker, teachable agent, animal companion, and so
forth. A number of research and technological advancements, including affective learning, social
learning, human media interaction, new views on student modeling, increase of storage capacity,
Internet, wireless and mobile technologies, ubiquitous computing, digital tangibles, and so forth, are
driving learning companion research to a new plateau. This tutorial intends to give an account of
these new perspectives, which can hopefully shed light to a possible research agenda on the ultimate

goal of learning companion research — building lifelong learning companion.




# 3% | Attentive User Inerface in a Smart Home Environment
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Digital archives/libraries are widely recognized as a crucial component of a global information

infrastructure for the new century. Research and development projects in many parts of the world

are concerned about using advanced information technologies for managing and manipulating

digital information, ranging from data storage, preservation, indexing, searching, presentation, and

dissemination capabilities to organizing and sharing of information over networks. In this panel
benefit the development of Digital archives

discussion, I would like do address some research topics that Al technologies can be applied to and

Introduction Al and Digital Music
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My research interests include analysis and design of algorithms, computational molecular biology, parallel
processing and computer aided engineering. Fifty of my papers are published in prestigious journals of computer
science. In the past years, I have developed tools for multiple sequence alignments and evolutionary trees by using
the concept of compact set and the technologies of approximation. Recently, I am developing tools that help enzyme
biologist to search active sites. The functions of the new tools cover the sequence alignment and the consensus
finding with structure information. For the comparative genomics, I design several different algorithms to predict

exons and alternative splicing.

Fi=%

In the past years, Professor Tang has developed the approximation and exact algorithms of constructing
evolutionary tree and used the concept of compact set to evaluate the constructed evolutionary trees. He also used
parallel techniques to construct evolutionary tree with a large number of species. One journal article' (Journal of
Combinatorial Optimization, 1999) and three international conference papers”* have published regarding this topic.
He also generated a Constrained Multiple Sequence Alignment (CMSA) tool to analyze several members of the
RNase family and provide a useful method to correlate the primary sequences with structural and functional features.
For this topic, one journal article® (Journal of Bioinformatics and Computational Biology, 2003) and two
international conference papers®’ have published. Based on the analysis of sequence similarity and function
variations, Professor Tang developed a Feature Amplified Voting Algorithm (FAVA) to successfully identify critical
residues in imidases and other related enzymes. One international conference paper has been published®. Recent
progress in plentiful sequencing of species and comparative genomics raises new challenges in studies of genome
rearrangements. The traditional phylogenetic tree reconstruction is based on the analysis of individual genes. In
contrast, genome rearrangement studies are based on genome-wide analysis of gene orders rather than individual
genes. From theoretical viewpoint, Professor Tang has explored the minimum number of rearrangement scenarios

9,10

to the transformation between two relative species. Two journal articles™ " (Journal of Computational Biology,

2005; Bioinformatics, 2005) have published. For other bioinformatics problems, he also developed some

11,12

algorithms to solve them. Some results have published in journals (Information Processing Letters, 2000;

Theoretical Computer Science, 2003) and international conferences'* 2.

Professor Tang has plentiful experiences to
lead the cooperation of computer scientists and biologists. All of his research acquires awards in grade-A or

high-class over the years in NSC. In 2000 and 2003, he obtained the award of outstanding research of NSC.

Ak
I hope to develop tools for pathway verification by using the technologies of computing theory and computer aided

engineering. I have plentiful experiences to lead the cooperation of computer scientists and biologists.
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Wavelet-based Image Analysis

Multimedia Signal Processing

Multimedia Protection

Content-based Multimedia Retrieval

2D/3D Object Recognition
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Intelligent Transport Systems
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1. Hong-Yuan Mark Liao and Chun-Shien Lu, "Cocktail Watermarking on Images",Taiwan's patent no. 139691.

2. Hong-Yuan Mark Liao and Chun-Shieh Lu, "Cocktail Watermarking on Images"(1), US Patent, US6,654,479,
Date of Patent Nov. 25 2003.

3. Hong-Yuan Mark Liao and Chun-Shieh Lu, "Cocktail Watermarking on Images"(2), US Patent, US6,788,801,
Date of Patent Sept. 7,2004.

4. Chun-Shieh Lu and Hong-Yuan Mark Liao, "#c > i* ;5-k &°", Taiwan's patent no. 220,232, 2004.8.11-2023.2.6
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Data Stream Management, Data Mining, Multimedia Databases

Fiss

Research Publication :

1. C.H. Lin and A.L.P. Chen, "Indexing and Matching Multiple-Attribute Strings for Efficient Multimedia Query
Processing," IEEE Transactions on Multimedia (EI,SCI)(to appear).

2. N.H. Liu, YYH. Wu and A.L.P. Chen, “Efficient kNN Search in Polyphonic Music Databases Using a Lower
Bounding Mechanism,” ACM Multimedia Systems Journal (EI,SCI)(to appear).

3. H.C. Chen and A.L.P. Chen, "A Music Recommendation System based on Music and User Grouping," Intelligent
Information Systems, Kluwer Academic Publishers (to appear).

4. C.W. Cho, Y.H. Wu and A.L.P. Chen, “Effective Database Transformation and Efficient Support Computation for
Mining Sequential Patterns,” Proc. International Conference on Database Systems for Advanced Applications.

5. N.H. Liu, Y.H. Wu and A.L.P. Chen, “An Efficient Approach to Extracting Approximate Repeating Patterns in
Music Databases,” Proc. International Conference on Database Systems for Advanced Applications.

6. .H. Lin, D.Y. Chiu, YYH. Wu and A.L.P. Chen, “Mining Frequent Itemsets from Data Streams with a
Time-Sensitive Sliding Window,” Proc. SIAM International Conference on Data Mining.

Patents :

Efficient Shot Change Detection on Compressed Video Data, 5900919, 5/4/99, USA

Video Database Indexing and Query Method and System, 5819286, 10/6/98, USA

Fast Discovery of Repeating Patterns in Music Databases, 134411, 90/5/16 — 107/10/8, ROC

Communications Services System and its Location Management Strategy, 117149, 89/6/21 — 107/10/8, ROC.

Methods and System for Indexing and Processing Video Data, 090454, 86/10/1 — 105/4/11, ROC

Detection of Digital Data, 086436, 86/4/21 — 105/8/7, ROC

Strategies for Processing Inserts, Deletes and Updates in Multi-Database Systems, 071141, 84/3/21 — 103/7/25,

ROC

NS oD

8. An Efficient Method for Retrieving Repeating Patterns from Music Databases (submitted), USA
9. ARegion-Based Location Management Strategy in PCS Systems (submitted), USA
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Title: Universal Artificial Intelligence

Subtitle: Sequential Decisions based on
Algorithmic Probability

PubliSher: S rin = gptll\;iirlsa?llntelllgence

ISBN: 3-540-22139-5

Date: October 2004

Pages: 300

The book can be ordered from springeronline.com, or amazon.com, or amazon.de, or

most other bookshops.

Introduction

Motivation. The dream of creating artificial devices which reach or outperform
human intelligence is an old one. What makes this challenge so interesting? A solution
would have enormous implications on our society, and there are reasons to believe
that the Al problem can be solved in my expected lifetime. So, it's worth sticking to it
for a lifetime, even if it takes 30 years or so to reap the benefits.

What is (Artificial) Intelligence? The science of Artificial Intelligence (Al) might be
defined as the construction of intelligent systems and their analysis. A natural
definition of systems is anything that has an input and an output stream. Intelligence is
more complicated. It can have many faces like creativity, solving problems, pattern
recognition, classification, learning, induction, deduction, building analogies,
optimization, surviving in an environment, language processing, knowledge and many
more. A formal definition incorporating every aspect of intelligence, however, seems
difficult. Further, intelligence is graded, there is a smooth transition between systems,
which everyone would agree to be not intelligent and truly intelligent systems. One
simply has to look in nature, starting with, for instance, inanimate crystals, then come
amino-acids, then some RNA fragments, then viruses, bacteria, plants, animals, apes,
followed by the truly intelligent homo sapiens, and possibly continued by Al systems
or ET's. So the best we can expect to find is a partial or total order relation on the set
of systems, which orders them w.r.t. their degree of intelligence (like intelligence tests
do for human systems, but for a limited class of problems). Having this order we are,
of course, interested in large elements, i.e. highly intelligent systems. If a largest
element exists, it would correspond to the most intelligent system that could exist.

No Intelligence without Goals. Most, if not all known facets of intelligence can be
formulated as goal driven or, more precisely, as maximizing some utility function. It is,
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therefore, sufficient to study goal driven Al. E.g. the (biological) goal of animals and
humans is to survive and spread. The goal of Al systems should be to be useful to
humans. The problem is that, except for special cases, we know neither the utility
function, nor the environment in which the system will operate, in advance. The
mathematical theory, coined AIXI, is supposed to solve these problems.
Mathematical Al. Assume the availability of unlimited computational resources. The
first important observation is that this makes the Al problem not trivial. Playing chess
optimally or solving NP-complete problems become trivial, but driving a car or
surviving in nature don't. The reason being, that it is a challenge itself to well-define
these problems, not to mention to present an algorithm. In other words: The Al
problem has not yet been well-defined. One may view AIXI as a suggestion for such a
mathematical definition of Al

The universal algorithmic agent AIXI. AIXI is a universal theory of sequential
decision making akin to Solomonoff's celebrated universal theory of induction.
Solomonoff derived an optimal way of predicting future data, given previous
observations, provided the data is sampled from a computable probability distribution.
AIXI extends this approach to an optimal decision making agent embedded in an
unknown environment. The main idea is to replace the unknown environmental
distribution in the Bellman equations by a suitably generalized universal Solomonoff
distribution &. The state space is the space of complete histories. AIXI is a universal
theory without adjustable parameters, making no assumptions about the environment
except that it is sampled from a computable distribution. From an algorithmic
complexity perspective, the AIXI model generalizes optimal passive universal
induction to the case of active agents. From a decision theoretic perspective, AIXI is a
suggestion of a new (implicit) "‘learning" algorithm that may overcome all (except
computational) problems of previous reinforcement learning algorithms.
Computational Al. There are strong arguments that AIXI is the most intelligent
unbiased agent possible in the sense that AIXI behaves optimally in any computable
environment. The book outlines for a number of problem classes, including sequence
prediction, strategic games, function minimization, reinforcement and supervised
learning, how they fit into the general AIXI model and how AIXI formally solves
them. The major drawback of the AIXI model is that it is incomputable. The book also
presents a preliminary computable Al theory. We construct an algorithm AlXItl, which
is superior to any other time t and space | bounded agent. The computation time of
AIXItl is of the order t-2'. The constant 2' is still too large to allow a direct
implementation, but can be reduced in various ways. An algorithm is presented that is
capable of solving all well-defined problems as quickly as the fastest algorithm

computing a solution to this problem, save for a factor of 1+e and lower-order
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additive terms.

Discussion. The discussion in the final book chapter includes less technical remarks
on various philosophical issues, including mortal embodied agents, the future of Al,
the free will paradox, the existence of true randomness, the Turing test,

non-computable physics, the number of wisdom, and consciousness.
Link

http://www.idsia.ch/~marcus/ai/uaibook.htm#buy
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