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Preface

The last ten years have been years of excitement in Africa as many African peoples
saw and actually enjoyed unprecedented inputs of information technology. At last
the dreams of many were coming true. After years of stagnation in sectors like
communication, banking, and commerce, new frontiers are opening. One can be
in any part of Africa, however remote and call somebody else within a few seconds.
People are banking online, emailing and text messaging as if the “dark” continent
has lost its bite. However exciting all this may be, there are still problems that
must be addressed if Africa is to keep leap froging into the 22nd Century. Modern
and most durable infrastructures must be built, a formidable task that requires
individual, national, and multinational effort.

Driven by this need and others, the Makerere University Faculty of Computing
and Information Technology (CIT) has been holding annual conferences, now,
three years in a row, intended to build and sustain, and share in the gains attained so
far in information communications technology (ICT) infrastructure and capacity-
building throughout Africa and beyond. The goal is to create an international
forum for discussion of ideas, proven solutions and best practices to Africa’s
development problems that can be easily adapted and utilised to build and sustain
an ICT environment and infrastructure for Africa’s development.

Initsthird year, the Makerere University Faculty of Computingand Information
Technology’s International Conference on Computing and ICT Research (SREC
07) brought together interested academicians, developers and practitioners for four
days at the Makerere University campus to discuss, share ideas and experiences, and
develop and recommend strategies for ICT-based development. The conference
attracted more than 100 participants with over thirty scholarly papers presented
covering a wide array of topics with relevance to ICT-based development in six
tracks: Computer Science, Information Systems, Information Technology,
Data Communications and Networks, Software Engineering, and Information
Communication Technology for Sustainable Development.

Organising a conference like this one requires considerable effort and sacrifice.
This is exactly what all the people on the organising committee did. We are
grateful for their dedication and hard work, without which the conference and
book would not have been possible. We are also grateful to the publishing team
at Fountain Publishers, Kampala. Lastly special thanks to Jackson Muhirwe,
Secretary to the conference and his team for their dedication, which made the
conference the success that it was.

Joseph M. Kizza
Tennessee, USA.
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Introduction

Joseph M. Kizza

The computer revolution, which many take to be more profound than its two
preceding cousins, the agricultural and industrial revolutions, is touching every
aspect of humanity irrespective of where one lives. In the last fifty years of this
revolution, there have been predictions, although many have passed without
incident, of the transformation of human societies. There is evidence that some of
this transformation is actually taking place. In many countries, more so in some
than in others, this transformation is life changing. There is a lot for everyone
to learn, something that would probably be impossible without the help of
computers. Africa, although a late comer to the sharing table, is and must share
in the benefits of this revolution in order to speed up the acquisition of capacity
needed to gainfully exploit its natural resources that have, for generations, been
taken at will by non-Africans.

This generation of the needed capacity for development must be spearheaded
by the African peoples themselves. The process is being helped by mastering the
development and use of the tools of the information communication technology
(ICT). ICT knowledge, like all new technologies, is expensive to acquire, especially
in the African environment with rare and constrained resources. The quickest
and easiest way to do this under the given environment is to create academic
knowledge base sharing market places or bazaars. Conferences are the foremost of
the knowledge sharing bazaars.

The Faculty of Computing and Information Technology (CIT) of Makerere
University in Uganda annually holds one of these bazaars on the continent. This
is the third in the series under the title” International Conference on Computing
and ICT Research (SREC 07)”. From each one of these annual conferences, a
proceedings book of papers presented at the conference is produced. This year is
no exception.

The papers in this book all focus on the theme of “Strengthening the Role of
ICT in Development”. The International Conference on Computing and ICT
Research (SREC 07), out of which this book grew, was a platform and a forum
where ICT-based development was discussed over a course of three days. Papers
were presented in six tracks: Computer Science, Information Systems, Information
Technology, Data Communications and Networks, Software Engineering, and
Information Communication Technology for Sustainable Development.

There were six keynote papers to headline the conference. Joseph M. Kizza
in “The Diminishing Private Network Security Perimeter Defense” discusses
the changing defensive posture of the Enterprise networks in the face of the
rapidly changing and miniaturizing technology creating a dangerous situation in
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the security of computer networks. Anthony J. Rodrigues in “Does Interactive
Learning Enhance Education: For Whom, In What Ways and In Which Contexts?”
explores a balanced view of the body of research during the past three decades
that has investigated interactive learning in a variety of forms ranging from the
earliest days of mainframe-based computer-assisted instruction to contemporary
multimedia learning environments accessible via the World Wide Web. He
summarizes what is known and what is not known about interactive learning,
and describes the strengths and weaknesses of various approaches to interactive
learning research. Dilip Patel et al in “An Ontological Approach to Domain
Modeling for MDA-oriented Processes” contend that there exists a gap between
objects which exist in the real world and the elements which represent them in a
software system and they use an ontological approach to address this gap with a
domain modeling process able to construct, manage, and negotiate the appropriate
domain concepts within a domain model. In “Efficient Splice Site Prediction with
Context-Sensitive Distance Kernels” Bernard Manderick et al discuss four types
of context-sensitive kernel functions: linear, polynomial, radial basis, and negative
distance functions for doing splice site prediction with a support vector machine.
P. Mahanti et al in “A Framework for Adaptive Educational Modeling: A Generic
Process” look at the education system with an approach of facing challenges of
globalization through e-education, and discuss the possibilities of using existing I'T
developments in the field of education so as to enable it to evolve new paradigms
of developmental education. In their second paper, “ Design Space Exploration
of Network on Chip: A system Level Approach”, Mahanti et al propose a model
for the design of space exploration of a mesh based Network on Chip architecture
at system level. They do this to find the topological mapping of intellectual
properties (IPs) into a mesh-based Network on Chip( NoC), to minimize
energy and maximum bandwidth requirement using a heuristic technique based
on multi-objective genetic algorithm.

In Computer science, eight papers were presented. Lorenzo Dalvit et al in “The
Deployment of an E-Commerce Platform and Related Projects in a Rural Area
in South Africa” describe the development and deployment of an ecommerce
platform in Dwesa, a rural area in the former homeland of Transkei in South
Africa, designed to promote tourism and advertise local arts, crafts and music,
and it entails a number of related projects. In “Properties of Preconditioners
for Robust Linear Regression” V. Baryamureeba and T. Steithaug show that by
combining an inexact Newton method and an iteratively re-weighted least squares
method preconditioned conjugate gradient least square algorithm they can solve
large, sparse systems of linear equations efficiently.

In a second paper, “A Methodology for Feature Selection in Named Entity
Recognition”, Baryamureeba and Frederick Kitoogo present a methodology for
feature selection in named entity recognition. Unlike traditional named entity
recognition approaches which mainly consider accuracy improvement as the
sole objective, their approach uses a multi-objective genetic algorithm which
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is employed for feature selection based on various aspects including error rate
reduction and time taken for evaluation, and also demonstrating the use of
Pareto optimization. In “Extraction of Interesting Association Rules Using
Genetic Algorithms”, Peter P. Wakabi-Waiswa and V. Baryamureeba present a
Pareto —based multi — objective evolutionary algorithm rule mining method based
on genetic algorithms using confidence, comprehensibility, interestingness, and
surprise as objectives of the association rule mining problem. Daudi Jjingo and
Wojciech Makalowski in “Computational Identification of Transposable Elements
in the Mouse Genome” discuss the identification of Transposable elements (TEs)
within the mouse transcriptome based on available sequence information on
mouse cDNAs (complementary DNAs) from GenBank and how using various
bioinformaticssoftwaretoolsas well as tailor made programming, they can establish:
the absolute location coordinates of the TEs on the transcript, the location of the
IRs with respect to the 5’UTR, CDS and 3’UTR sequence features, the quality of
alignment of the TE’s consensus sequence on the transcripts where they exist, the
frequencies and distributions of the Tes on the cDNAs, and the descriptions of
the types and roles of transcripts containing TEs. Jackson Muhirwe in “Towards
Human Language Technologies for Under-resourced Languages” discusses and
presents strategies for improving the human language technologies for under-
resourced languages, which form the majority of world languages, yet in contrast
to developed languages which enjoy highly developed language technologies, have
not attracted much attention from researchers probably due to economical and
political reasons. In his second paper “Computational Analysis of Kinyarwanda
Morphology: The Morphological Alternations”, Muhirwe discusses efforts being
made in morphological alternations of Kinyarwanda, a Bantu language spoken in
East Africa, one of those under-resourced languages still lacking two of the most
essential components of most natural language applications: the morphological
analyzer and a machine-readable lexicon. J.Poornaselvanl et al in “Efficient IP
Lookup Algorithm” present anew order O (w/k + k) efficient algorithm which
uses the Longest Prefix Matching to speed up the IP address lookup. The algorithm
provides a better search time over the existing Elevator-Stairs Algorithm, by
accomplishing a two-way search in the trie.

In Information Systems, nine papers were presented. In “Geometrical Spatial
Datalntegration in Geo-Information Management”, Ismail Wadembere and Patrick
J. Ogao present a conceptual mechanism for geospatial data integration that can
identify, compare, determine differences and adjust spatial geometries of objects for
information management. In “A Visualation Framework for Discovering Prepaid
Mobile Subscriber Usage Patterns”, John Aogon and Patrick J. Ogao, present
findings from a visualization framework they developed for discovering subscriber
usage patterns. The framework is evaluated using call data with known knowledge
obtained from the local telecommunication operator. Further, Ogao and Agnes
Nakakawa in “A Spatial Decision Support Tool for Landfill Site Selection: A Case
for Municipal Solid Waste Management” present a Spatial Decision Support Tool
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that can be used to solve the complex process of landfill site selection for municipal
solid waste management in Kampala and the neighboring Wakiso districts. In
“Web Accessibility in Uganda: A study of Webmaster Perceptions”, Rehema
Baguma et al examine the practice and perceptions of webmasters in Uganda on
the accessibility of government websites and what can be done to improve the
situation. Geoffrey Ocen in “Organisational Implementation of ICT: Findings
from NGOs in the United Kingdom and Lessons for Developing Countries”
reports on website adoption process in 5 small and medium-sized voluntary
sector organisations and identify Technology, Organisational and People (TOP)
imperatives that provide new conceptual framework for facilitating organisational
implementation of ICT and the relevancy of thisframework to NGOs in developing
countries. In “Enhancing Immunization Healthcare Delivery through the Use
of Information Communication Technologies”, Agnes Semwanga Rwashana and
Ddembe Williams discuss the challenges in the current immunization system
and show how information communication technologies can be used to enhance
immunization coverage. They also present a framework to capture the complex
and dynamic nature of the immunization process, to enhance the understanding
of the immunization health care problems and to generate insights that may
increase the immunization coverage effectiveness. Also in “Complexity and Risk
in IS Projects- A System Dynamics Approach”, Paul Ssemaluulu and Ddembe
Williams discuss the research efforts where they are using system dynamics
methodology to create a better understanding of the link between information
quality and customer satisfaction. In “Towards a Reusable Evaluation Framework
for Ontology based biomedical Systems Integration” Gilbert Maiga and Ddembe
Williams propose a framework to extend existing Information systems and
ontology evaluation approaches with the potential to relate ontology structure
to user objectives in order to derive requirements for a flexible framework for
evaluating ontology based integrated biological and clinical information systems
in environments with changing user needs and increasing biomedical data. Finally
in “Knowledge Management Technologies and Organizational Business Processes:
Integration for Business Delivery Performance in Sub Saharan Africa”, Asifiwe
Rubanju presents a discussion using practical examples of knowledge management
theories in order to understand business performance contending that knowledge
management together with mindful application of the business technology can be
of extreme importance for performance in organizations.

In Information Technology, four papers were presented. In “ M-Learning:
The Educational Use of Mobile Communication Devices”, Paul Birevu Muyinda
et al explore the use of mobile communication devices in teaching and learning
focusing on the need to blend mobile with fixed communication devices in order to
bridge the digital divide in electronic learning. In “Implementation of E-Leaning
in Higher Education Institutions in Low bandwidth Environments: A Blended
Learning Approach”, Nazir Ahmad Suhail and Ezra K Mugisa review various
factors and processes in e-learning with an emphasis on university settings and
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after analyzing, synthesizing and making a comparative study of the frameworks
and models, they propose a gradual transition model for implementation of e-
learning in Higher Educations Institutions in least developed countries followed
by a comprehensive framework adaptable in low bandwidth environment using
a blended learning approach. Implementation process of the framework is also
explained. In  “Standards-based B2B e-commerce Adoption”, Moses Niwe,
presents preliminary findings from an explorative study of Industry Data
Exchange Association (IDEA) concerning challenges, benefits and problems in
adoption of standard based business-to-business e-commerce. Michael Niyitegeka
in “Towards a website Evaluation Framework for Universities: A Case Study of
Makerere University”, proposes an evaluation framework that could be used by
management at the faculties and the University.

In data Commmunication and Computer Networks, five papers were presented.
Bulega Tommy et al in “ Improving QoS with MIMO-OFDM for the Future
Broadband Wireless”, provide an analytical overview and performance analysis
on the key issues of an emerging technology known as multiple-input multiple-
output (MIMO) orthogonal frequency division multiplexing (OFDM) wireless
that offers significant promise in achieving high data rates over wireless links. In
“Analysis of Free Haven Anonymous Storage and Publication System”, Drake
Mirembe and Francis Otto evaluate the design of a distributed anonymous storage
and publication system that is meant to resist even attacks of the most powerful
adversaries like the government. They also present a discussion of whether the
assumptions held in the design of Free Haven System (FHS) are achievable in
the real world and the potential implementation hurdles. In “A model for Data
Management in Peer-to-peer System”, Francis Otto et al propose a modularized
data management model for a P2P system that cleanly separates the functional
components, enabling the implementation of various P2P services with specific
quality of service requirements using a common infrastructure. Tom Wanyama
in “Subscriber Mobility Modeling in Wireless Networks” presents a simplified
model for user mobility behavior for wireless networks. The model takes into
account speed and direction of motion, the two major characteristics of user
mobility. Julianne Sansa in “An Evaluation Study of Data Transport Protocols
for e-VLBI”, compares TCP-like data transport algorithms in the light of e-VLBI
requirements and proposes HTCP with bandwidth estimation (HTCP-BE) as a
suitable candidate by simulating its behaviour in comparison with seven existing
TCP variants: HighSpeed TCP for large Congestion Window (HSTCP), Scalable
TCP (STCP), Binary Increase TCP (BI-TCP), Cubic TCP (CUBIC-TCP), TCP
for Highspeed and long-distance networks (HTCP), TCP Westwood+ (TCPW)
and standard TCP (TCP).

In Software Engineering, six papers were presented. In ,, A Comparison of
Service Oriented Architecture with otherAdvances in Software Architectures”,
Benjamin Kanagwa and Ezra K Mugisa discuss Service Oriented Architecture
(SOA) as they investigate and show the relationship between SOA and other
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advances in software architecture. They also advance the view that SOA’s
uniqueness and strength do not lie in its computational elements but in the way
it enables and handles their interaction. In “Towards Compositional Support
for a Heterogeneous Repository of Software Components”, Agnes F. N. Lumala
and Ezra K. Mugisa present research work to define composition within an
environment of heterogeneous software artifacts, and later propose a strategy
to handle the research. Tom Wanyama and Agnes Lumala in “Decision Support
for the Selection of COTS”, describe an agent-based Decision Support System
(DSS), which integrates various COTS selection DSA and repositories to address a
variety of COTS selection challenges. Besides managing the COTS selection DSA
and repositories, the agents are used to support communication and information
sharing among the COTS selection stakeholders. Miriam Sensalire and Patrick
Ogao in “Not all Visualizations are Useful: The Need to Target User Needs when
Visualizing Object Oriented Software” present and discuss results from observing
expert programmers use 3 visualization tools. The results show that if tools are
developed without user consultation, they may fail to be useful for the users. In
“A User-Centered Approach for Testing Spreadsheets”, Yirsaw Ayalew presents
an approach for checking spreadsheets on the premises that their developers are
not software professionals.

In Information Communication Technology for Sustainable Development,
there were seven papers presented. In “ICT as an Engine for Uganda’s Economic
Growth: The Role of and Opportunities for Makerere University”, Venansius
Baryamureeba, discusses the role of Makerere University and suggests opportunities
for Makerere University in ICT led ~economic growth of Uganda. In “Conceptual
ICT tool for Sustainable Development: The Community Development Index
(CDI)”, Joseph Muliaro Wafula et al present the CDI concept that can be used
to develop a decision support tool for policy makers, leaders and their people. In
“Computational Resource Optimizationin Ugandan TertiaryInstitutions”, Richard
Ssekibuule et al present ways (limited) computer resources can be optimally used
in a financially constrained setting, as well as ways for building an environment for
providing high computing power for learning and research in a cost effective way.
Richard Sssekibuule in “Security Analysis of Remote E-Voting”, analyzes security
considerations for a remote Internet voting system based on the system architecture
of remote Internet voting. Tom Wanyama and Venansius Baryamureeba in
“The Role of Academia in Fostering Private Sector Competitiveness in ICT
Development” present the prerequisite for producing computing graduates who
have the skills required to foster private sector competitiveness in information
and communications technology development. They further discuss the steps the
Faculty of Computing and Information Technology at Makerere University has
taken to ensure that graduates are of high quality and have the computing skills
needed by the private sector and other potential employers. In ,E-government
for Uganda: Challenges and Opportunities”, Narcis T. Rwangoga and Asiime
Patience Baryayetunga look at Uganda government ICT flagship programmes and
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discuss underlying challenges faced by these ICT initiatives in Uganda making
recommendations for planners when designing future ICT initiatives.
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Efficient Splice Site Prediction with
Context-Sensitive Distance Kernels

Bernard Manderick, Feng Liu and Bram Vanschoenwinkel

This paper presents a comparison between different context-sensitive kernel functions

Jfor doing splice site prediction with a support vector machine. Four types of kernel
functions will be used: linear-, polynomial-, radial basis function- and negative
distance-based kernels. Domain-knowledge can be incorporated into the kernels
by incorporating statistical measures or by directly plugging in distance functions
defined on the splice site instances. From the experimental results it becomes clear
that the radial basis function-based kernels get the best accuracies. However, because
classification speed is of crucial importance to the splice site prediction system, this
kernel is computationally too expensive. Nevertheless, in general incorporating
domain knowledge does not only improve classification accuracy, but also reduces
model complexity which in its turn again increases classification speed.

1. Introduction

An important task in bio-informatics is the analysis of genome sequences for the
location and structure of their genes, often referred to as gene finding. In general,
a gene can be defined as a region in a DNA sequence that is used in the production
of a specific protein. In many genes, the DNA sequence coding for proteins, called
exons, may be interrupted by stretches of non-coding DNA, called introns. A
gene starts with an exon, is then interrupted by an intron, followed by another
exon, intron and so on, until it ends in an exon. Splicing is the process by which
the introns are subtracted from the exons.

Hence we can make a distinction between two different splice sites: i) the exon-
intron boundary, referred to as the donor site and ii) the intron-exon boundary,
referred to as the acceptor site. Splice site prediction, an important subtask in
gene finding systems, is the automatic identification of those regions in the DNA
sequence that are either donor sites or acceptor sites [?].

Because splice site prediction instances can be represented by a context of
a number of nucleotides before and after the candidate splice site, it is called a
context-dependent classification task. In this paper we do splice prediction with
support vector machines (SVMs) using kernel functions that take into account the
information available at different positions in the contexts. In this sense the kernel
functions are called contextsensitive. This is explained in Sections ?? and ??.
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More precisely, in a support vector machine, the data is first mapped non-
linearly from the original input space X to a high-dimensional Hilbert space called
the feature space F and then separated by a maximum-margin hyperplane, i.e.
linearly, in that space F. By making use of the kernel trick, the mapping @ : X — F
remains implicit, and as a result we avoid working in the high-dimensional feature
space F. Moreover, because the mapping is non-linear, the decision boundary
which is linear in F corresponds to a non-linear decision boundary in the input
space X. One of the most important design decisions in SVM learning is the choice
of kernel function K : X x X — R because the maximum-margin hyperplane is
defined completely by inner products of vectors in the Hilbert feature space F
using the kernel function K. Since K takes elements x and y from the input space
X and calculates the inner products of & (x) and J(y) in the Hilbert feature space
F without having to represent or even to know the exact form of the elements
J(x) and D(y). As a consequence the mapping & remains implicit and we have
a computational benefit [?]. In the light of the above it is not hard to see that
computational efficiency of K is crucial for the success of the classification process.
We refer to Section ?? for more on theoretical background concerning the SVM.

As a result, the learning process can benefit a lot from the use of special purpose
similarity or dissimilarity measures in the calculation of K [?,2,?,?]. However,
incorporating such knowledge in a kernel function is non-trivial since a kernel
function K has to satisfy a number of properties that result directly from the
definition of an inner product. In this paper we will consider two types of kernel
functions that can make direct use of distance functions defined on contexts
themselves: 1) negative distance kernels and 1) radial basis function kernels.
This is explained in Section ??.

Furthermore, because classification speed is of crucial importance to a splice
site prediction system the used kernel functions should be computationally very
efficient. For that reason, in related work on splice site prediction with a SVM
a linear kernel is chosen in favor of computational efficiency but at the cost of
some accuracy [?]. In this light most of the kernels presented here will probably be
too expensive, therefore we also show results for context-sensitive linear kernels
and from these results it can be seen that the classification speed can be further
increased while at the same time precision and accuracy of the predictions are a
little higher. This is discussed in Section ??.

2. Context-Dependent Classification

In this paper we consider classification tasks where it is the purpose to classify
a focus symbol in a sequence of symbols, based on a number of symbols before
and after the focus symbol. The focus symbol, together with the symbols before
and after it, is called a conrext and applications that rely on such contexts will be
called context-dependent. Splice site prediction is a typical example of a context-
dependent classification task. Here, each symbol is one of the four nucleotides

{A,C,G, T}.
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2.1 Contexts

We start with a definition of a context followed by an illustration in the framework
of splice site prediction.

-9
Definition 1. A context s, is a sequence of symbols si € D with p symbols
before and q symbols after a focus symbol Spat position p as follows

-q
So =(50p >S5y SPHq (1)
with (p + q) + Zp, the length of the context, with D the dictionary of all

symbols, with D| = m and with p the left context size and with q the right
context size.
Example 1. Remind from the introduction that in splice site prediction it is the
purpose to automatically identify those regions in a DNA sequence to be donor
sites or acceptor sites. Essentially, DNA is a sequence of nucleotides represented
by a four character alphabet or dictionary D = {A,C,G, T}. Moreover, an
acceptor site always contains the AG dinucleotide and a donor site always
contains the GT dinucleotide. In this light splice site prediction instances can
be represented by a context of a number of nucleotides before and after the
AG/GT dinucleotides. More precisely, given a fragment of a DNA sequence,
... CCATTGGTGGCAGCCAG . . . the candidate donor site given by the
dinucleotide GT can be represented by a context in terms of Definition ?? as

s, ~[AT,TGE ,66C
——" s

%,_/
S Sp_1 P SpqeesSpio

with p = 4 the left context size and ¢ = 3 the right context size and with (p + ¢) +
1 = 8 the total length of the context.

Furthermore, for splice site prediction there is no need to represent the AG/
GT dinucleotides, because two separate classifiers are trained, one for donor sites
and one for acceptor sites. In this light the only possible symbols occurring in the
contexts are given by the dictionary D.

Note that, for reasons of computational efficiency, in practice the symbols in
the contexts will be represented by an integer, more precisely by assigning all the
symbols that occur in the training set a unique index and subsequently using that
index in the context instead of the symbols themselves.

2.2 The Overlap Metric

The most basic distance function defined on contexts is called the overlap metric,
it simply counts the number of mismatching symbols at corresponding positions
in two contexts.
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Definition 2. Let S be a set with contexts s(:, and tc:, withn = +q) + 1
the length of the contexts, with symbols si, ti 2 D the dictionary of all distinct
symbols with |D| = m and let w € R be a context weight vector. Then the
overlap metric dgyy : S* xS* — R*is defined as

n-1
§"xS" 5> R*:doy (5, 1) =D w,_8(s,,t;)

i=0
with 8:S xS = R* defined as
3t)= 1ol o

with w; > 0 & context weight for the symbol at position i.

Next, we make a distinction between two cases: 1) if all w; = 7 no weighting
takes place and the metric is referred to as the simple overlap metric dgp, M and
i1) otherwise a position dependent weighting does take place and the metric is
referred to as the weighted overlap metric dy) ;. A question that now naturally
rises is: what measures can be used to weigh the different context positions?

Information theory provides many useful tools for measuring statistics in the
way described above. In this work we made use of three measures known as 1)
information gain [?], ii) gain ratio [?] and iii) shared variance [?]. For more details
the reader is referred to the related literature.

2.3 The Modified Value Difference Metric

The Modified Value Difference Merric MVDM) [?] is a powerful method for
measuring the distance between sequences of symbols like the contexts considered
here. The MVDM is based on the Stanfill-Waltz Value Difference Metric
introduced in 1986 [?]. The MVDM determines the similarity of all the possible
symbols at a particular context position by looking at co-occurrence of the symbols
with the target class. Consider the following definition.

Definition 3. Let S be a set with contexts SZ and tz withn = (p + q) + 1 the
length of the contexts as before, with componentss; and t. € D the dictionary of
all distinct symbols with |D| = m. Then the modified value difference metric
dyrpp: STXS® = RYis defined as

n-1

S x8" >Ry (/1) 28 (5, 6) )
i=0

with r a constant often equal to 1 or 2 and with : D x D — R* the difference
of the conditional distribution of the classes as follows:
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0 (Spti)r= Z lp ()’]‘\Si) —p(yj\ti)I’ 6)

with y; the class labels and with M the number of classes in the classification
problem under consideration.

3. Context-Sensitive Kernel Functions

In the following section we will introduce a number of kernel functions that
makft direct use of the distance functions dgy, dywon and dypypy defined in the
previous section. In the case of dy) and dy ) the kernels are called context-
sensitive as they take into account the amount of information that is present at
different context positions as discussed above.

3.1 Theoretical Background

Remind that in the SVM framework classification is done by considering a kernel
induced feature mapping @ that maps the data from the input space X to a high
dimensional Hilbert space F and classification is done by means of a maximum-
margin hyperplane in that space F. This is done by making use of a special function
called a kernel.

Definition 4. A kernel K : X x X — R is a symmetric function so that for all x
and x'in X, K(x, x) = (b (x), (x))) where ¢ is a (non-linear) mapping from the
input space X into the Hilbert space F provided with the inner product {, .).

However, not all symmetric functions over X x X are kernels that can be
used in a SVM, because a kernel function needs to satisfy a number of conditions
imposed by the fact that it calculates an inner product in F. More precisely, in the
SVM framework we distinguish two classes of kernel functions: i) positive semi-
definite kernels (PSD) and 11) conditionally positive definite (CPD) kernels.

WhereasaPSD kernel can be considered as one of the most simple generalizations
of one of the simplest similarity measures, i.e. the inner product, CPD kernels
can be considered as generalizations of the simplest dissimilarity measure, i.e. the
distance || x - x' || [2,2,?].

One type of CPD kernel that is of particular interest to us is given in [?] from
which we quote the following two theorems.

Theorem 1. Let X be the input space, then the function K : X x X > R.:
K, (x-x)=|x-x"|[Pwitho< p<2 (6)

is CPD. The kernel K defined in this way is referred to as the negative distance
kernel.
Another result that is of particular interest to us relates a CPD K to a PSD

kernel K by plugging in K into the exponent of the standard radial basis function
kernel, this is expressed in the following theorem [?]:
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Theorem 2. Let X be the input space and let K : X x X — R be a kernel, then
K is CPD if and only if

Ky - x') = exp (K (x - x) )

is PTS‘D for. all v> 0. The kernel Krbfdeﬁned in this way is referred to as the
radial basis function kernel.

For Theorem ?? to work, it is assumed that X = — R® where R is a normed
vector space. But, for contexts in particular and sequences of symbols in general
one can not define a norm like in the RHS of Equation ??. More precisely, given
the results above, if we want to use an arbitrary distance dX defined on the input
space X in a kernel K, we should be able to express it as d (x - x') =[|x - x'|| from
which it then automatically follows that —d, is CPD by application of Theorem
2?7

In our case however, since the input space X  S" the set of all contexts of length
n, the distances dgp,, dypo,, and dyypps Wwe would like to use can therefore not
be expressed in terms of Theorem ??. Nevertheless, in previous work it has been
shown that —dg,, —dye, and —dy ), are CPD [2,2,2,2], this will be briefly
explained next. For more details the reader is referred to the literature.

More precisely, for the overlap metric defined on the contexts it can be shown
that it corresponds to an orthonormal vector encoding of those contexts [?,?,?]. In
the orthonormal vector encoding every symbol in the dictionary D is represented
by a unique unit vector and complete contexts are formed by concatenating these
unit vectors. Notice that this is actually the standard approach to context-dependent
classification with SVMs [?,?] and in this light the non-sensitive linear, polynomial,
radial basis function and negative distance kernels employing the simple overlap
metric (i.e. the unweighted case) presented next, are actually equivalent to the
standard linear, polynomial, radial basis function and negative distance kernel
applied to the orthonormal vector encoding of the contexts.

Finally, for the MVDM with » = 2 it can be shown that it corresponds to the
Euclidean distance in a transformed space, based on a probabilistic reformulation
of the MVDM presented in [?,?].

3.2 A Weighted Polynomial Kernel

The first kernel we will define here is based on Equation ?? of the definition of
the overlap metric from Definition ??. In the same way as before, we make a
distinction between the unweighted non-sensitive case and the weighted context-
sensitive case, for more details the reader is referred to [?,?,?].
-q -

Definition 5. Let X < S" be the input space with contexts s, and t, with n
= (p+q)+1 the length of the contexts and s, t; € D the symbols at position i
in the contexts as before, and let w € R be a context weight vector, then we
define the simple overlap kernel KSOK : X x X — R as
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d

Koo (é,tj = Eﬁ(si,ti)+c (3)

withc 20,d > 0and w = 1, the weighted overlap kernel Ky : X x X —
R is defined in the same way but with a context weight vector w # 1.

3.3 Negative Distance Kernels

Next, we give the definitions of three negative distance kernels employing the
distances d, 1 dywou and. d v for more_deta%ls we refer to [?,?3?].

We start with the definition of two negative distance kernels using the overlap
metric from Definition ??. In the same way as before, we make a distinction between
the unweighted, non-sensitive case d;, and the weighted, context-sensitive case
dyon-

-q q
Definition 6. Lez X < S" be the input space with contexts s, and t, with

n = (p+q)+1 the length of the contexts and s, t; € D the symbols at position i
in the contexts as before, and let w € R be a context weight vector, then we
define the negative overlap distance kernel Kynpp: X x X - Ras

Lg

Knopk (S-IE) = —dgop (5, 1)? )

with 0 <P < 2 and w = 1 as before, the negative weighted distance kernel
Kywpr - X x X = R is defined in the same way but substituting dy,,, for
dgopy i the RHS of Equation 23, i.e. with a context weight vector w # 1.

Similarly, for the MVDM from Definition ?? we can define a negative distance
type kernel as follows.

-9 -q
Definition 7. Let X < S* be the input space with contexts s, and t, with n
= (p+q)+1 the length of the contexts and s, t, € D the symbols at position i
in the contexts as before, then we define the negative modified distance kernel
Kaypg - X X X > Ras

1

- - - -1
Kk (Sf tj = —dyypy (5, 1)? (10)

with 0 < B < 2as before.
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However, it should be noted that for r = 1 in the definition of the MVDM
—dpyr1s not CPD and thus for r = 1 the kernel Ky;,y, will also not be CPD.
Nevertheless, given the good empirical results we will use Ky, with d 7y, and
r = 1 anyway.

3.4 Radial Basis Function Kernels

Next, we give the definitions of three radial basis function kernels employing the
distances d¢,, dyposrand dypp s for more details we refer to [2,2,2].

We start with the definition of two radial basis function kernels employing
the overlap metric from Definition ??. In the same way as before, we make a
distinction between the unweighted non-sensitive case dg,, and the weighted
context-sensitive case d ;.

Definition 8. Ler X < S" be the input space with contexts SZ and t(:) withn =
(p+q)+1 the length of the contexts and s, t; € D the symbols at position i in the
contexts as before, and let w € R™ be a context weight vector, then we define
the overlap radial basis function kernel Kppr: X x X — R as

KORBF(S_/ t) = exp (—'Y dSOM (5, E)) (]Z)

with v > 0 as before, with w = 1 and the weighted radial basis function
kernel Kyppr: X x X — R is defined in the same way but substituting dyq,,
for dgny in the RHS of Equation $%, i.e. with a context weight vector w # 1.

Similarly, for the MVDM from Definition ?? we can define a radial basis
function type kernel as follows.

~q q
Definition 9. Let X < S" be the input space with contexts s, and t, with n
= (p+q)+1 the length of the contexts and s, t; € D the symbols at position i in
the contexts as before, then we define the modified radial basis function kernel
Kypge: X x X > Ras

KMRBF(S_/ Ej =exp(—y dMVDM (S, {)) (12)

withy > 0 as before.

It should however be noted that, with respect to the discussion abowve, i.e.
that for r = 1 the distance —d 1), and corrvesponding kernel Ky, are
not CPD and therefore bere for r = 1 the kernel K MRBF will not be PSD.
Newvertheless, given the good empirical results we used it anyway.
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4. Experiments

We have done a number of experiments, first of all we wanted to validate the
feasibility of our approach and compare our kernel functions that operate on
contexts directly and see whether they are doing at least as well and hopefully
better than the traditional kernels. In these experiments the left and right context
length was set to 50. Second, we set up some experiments to find the optimal
left and right context length for each classifier. Third, we also looked at di- and
trinucleotides to find out whether this gave better performance than the single
nucleotide case.

In the next sections, we describe the software and the data sets used in our
experiments, we discuss how we have set the different parameters for the SVM, we
present and discuss the results obtained and finally we give an overview of related
work.

4.1. Software and Data

We did the experiments with LIBSVM [?], a Java/C+ + library for SVM learning.
The dataset we use in the experiments is a set of human genes, which is referred to
as HumGS [?]. Each instance is represented by a fixed context size of 50 nucleotides
before and 50 nucleotides after the candidate splice site based on the initial design
strategy in [?]. Since, we train one classifier to predict donor sites and another
classifier to predict acceptor sites, separate training and test sets are constructed for
donor and acceptor sites. For the purpose of training the classifiers, we constructed
balanced training sets.

For testing however we want a reflection of the real situation and keep the
same ratio as given in the original set HumGS. This is shown in Table ??.

4.2. Parameter Selection and Accuracy

Parameter selection is done by 5-fold cross validation on the training set. For the
ORBF, WRBF and MRBF, there are two free parameters that need to be optimized:
the SVM cost parameterC (which is a trade-off for the model complexity and the
model accuracy) and the radial basis function parameter y.

Table 1. Overview of the data sets that have been used for the splice site
prediction experiments.

data set genes GT+ GT- AG+ AG-
HumGS 1115 5733 484714 5733 655822
training / 4586 4586 4586 4586
testing / 1147 96943 1147 131165

We performed a fine grid search for values of C and between 271¢ and 2°. For
the NODK, NWDK and NMDK only the cost parameter C has to be optimized

because we choose fixed to 1 as this gives very good results, more precisely for
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= 2 results are not good at all, other values have not been tried. Again, values for
C between 2716 and 2 have been considered.

The LINEAR kernel in the results below refers to the the overlap kernel from
Definition ?? with d = 7 and ¢ = 0. For the SOK and the WOK we take d = 2
and ¢ = 0 as previous work pointed out that higher values for d actually leads to
bad results, while taking values for ¢ > 0 does not have a significant impact on
the results.

As a weighting scheme for the weighted kernels, we used three different
weights: Information Gain (IG), Gain Ratio (GR) and Shared Variance (SV). For
more details the reader is referred to [?].

Splice site prediction systems are often evaluated by means of the percentage of
FP classifications at a particular recall rate. This measure is referred to as FP% [?]
and is calculated as follows:

FP% = #false positives 100

# false positives + # true negatives

We used this evaluation measure for a recall rate of 95%, in this case the
measure is referred to as FP95%, i.e. the FP95% measure gives the percentage of
the predictions falsely classified as actual splice site at a level where the system has
found 95% of all actual splice sites in the test set. Note that it is the purpose to
have FP95% as low as possible.

4.3. Results

Table ?? gives an overview of the final FP95% results and model complexity in
terms of the number of support vectors of the different kernels on the splice
site prediction task. Note that the confidence intervals have been obtained by
bootstrap resampling, at a confidence level = 0.05 [?]. A FP95% rate outside of
these intervals is assumed to be significantly different from the related FP95% rate
at a confidence level of = 0.05. In addition to the final FP95% results we also give
as an illustration two FP% plots, for donor sites, comparing the context-sensitive
kernels with those kernels that are not context-sensitive. Figure ?? does this for
the negative distance kernel making use of the MVDM and Figure ?? does this
for the radial basis function kernel making use of the WOK with GR, IG and SV
weights.

10
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Table 2. Splice site prediction, results for all kernels, for donor sites and for
acceptor sites.

donor sites |acceptor sites
Kernel and Weights | FP95% #S Vs FP95% #S Vs
LINEAR 8.18 + 0.92 [2398 12.78 + 1.45]3621
LINEAR/GR 7.86 + 1.05 | 1902 11.50 + 1.5512499
LINEAR/IG 7.92 + 1.08 | 1905 11.78 + 1.82 | 2494
LINEAR/SV 7.88 + 1.02 | 2072 11.60 £+ 2.01|2500
SOK 7.19 + 0.70 | 3414 10.00 + 1.2213635
WOK/GR 6.51 + 0.72 | 2126 9.06 + 1.17 |[2698
WOK/IG 6.38 + 0.80 [2151 9.04 + 1.11 | 2647
WOK/SV 6.43 + 0.67 |[2156 9.07 + 1.23 |2695
NODK 7.97 + 1.02 |3372 11.36 + 1.44 [ 3696
NWDK/GR 6.43 + 0.68 |2803 9.71 + 1.52 3143
NWDK/IG 6.40 + 0.66 | 3009 9.66 + 1.57 [3380
NWDK/SV 6.38 + 0.70 [3169 9.76 + 1.55 |3252
NMDK (r = 1) 6.26 + 0.75 [2995 10.70 £+ 1.462902
NMDK (r = 2) 6.38 + 0.59 |[2625 12.63 + 1.46 3146
ORBF 7.46 + 0.77 | 4327 10.50 + 1.66|4927
WRBF/GR 6.25 + 0.72 | 2346 8.60 + 1.65 |[2881
WRBF/IG 6.21 + 0.57 | 2348 8.49 + 1.73 2906
WRBE/SV 6.27 + 0.75 | 2440 9.06 + 1.43 2703
MRBF (r = 1) 5.81 + 0.68 [2696 10.36 + 1.28 13652
MRBF (r = 2) 6.40 + 0.78 |[2364 12.19 + 1.67 | 2836

From the results it can be easily seen that in all cases the context-sensitive kernels
making use of the WOM with IG, GR and SV weights and the MVDM always
outperform their simple non-sensitive counterparts both in accuracy and in
model complexity. Moreover in almost all cases this happens with a significant
difference. There is however one exception, i.e. the MRBF with » = 2 for
acceptor sites performs worse than its non-sensitive counterpart. Another overall
observation is that the difference in the results between different context weights
is not significant at all. Finally, it can be seen that the best result for donor sites is
obtained by the MRBF with » = 1, but for acceptor sites this is the WRBF with
IG weights. Therefore it is clear that the success of the used metric and the used
weights depends, for a great deal, on the properties of the data under consideration
so that it is worthwhile trying different metrics and different context weights to
see which one gives the best result.

11
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Finally, if one would like to use the LINEAR kernel in favour of classification
speed but at the cost of some accuracy, it can be seen from the results that the
weighted LINEAR kernel outperforms its unweighted counterpart, although the
difference is not significant at a confidence level = 0.05. Nevertheless, it can be seen
that the number of support vectors is significantly lower than for the unweighted
LINEAR kernel and this will result in faster classification, because classification of
a new instance happens by comparing it with every support vector in the model
through the kernel function K.

Next, we look at the experiments to find the optimal left and right context
length for each classifier. Then, we look at di- and trinucleotides to find out
whether this gave better performance than the single nucleotide case. For these
experiments we used the WRBF/GR kernel, this choice was based on the fact that
WRBF performs second best for donor sites and best for acceptor sites. Moreover,
since IG(information gain), GR(gam ratio) and SV(shared variance) were not
significantly different in our experlments we used GR (gain ratio) as the weighting
scheme. This follows from the experiments described above. The results are shown

in Table ?2.

Table 3. Splice site prediction, for the WRBF/GR kernel, for donor sites and
for acceptor sites.

donor sites acceptor sites
nr. nucleotides FP95% left context right context FP95% left context right context
Single nucleotide | 6.54 + 0.92 60 40 8.79 + 1.45 40 100
Dinucleotide 5.52 + 0.70 60 40 7.46 + 1.22 80 100
Trinucleotide 5.87 £ 1.02 60 60 8.46 + 1.44 80 100

4.4. Related Work

The number of papers on splice site prediction and the related problem of gene
finding is enormous and hence it is impossible to give an exhaustive overview. We
will give some popular references (according to citeseer) and discuss some recent
work.

The problem of recognizing signals in genomic sequences by computer analysis
was pioneered by Staden [?] and the recognition of splice sites using neural
networks was first addressed by Brunak et al. [?]. They trained a backpropagation
feedforward neural network with one layer of hidden units to recognize donor
and acceptor sites, respectively. The input consist of a sliding window centered on
the nucleotide for which a prediction is to be made. The window is encoded as a
numerical vector. The best results were obtained by combining a neural network
to recognize the consensus signal at the splice site with another one that predicted
coding regions based on the statistical properties of the codon usage and preference.
This tool is available online at http://www.cbs.dtu.dk/services/NetGene2/.
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Kulp et al. [?] and Reese et al. [?] build upon the work of Brunak by explicitely
taking into account the correlations between neighboring nucleotides around a
splice site by using dinucleotides as input features instead of single nucleotides.
This tool is available online at http://www fruitfly.org.

Genesplicer [?] uses a combination of a hidden Markov model and a decision
tree. They obtained good performance compared to other leading splice site
detectors at that time.

Ritsch and Sonnenburg[?]use a SVM with a special kernel to classify nucleotides
as either donor or acceptor sites. There is one SVM for donor sites and one for
acceptor sites. The system predicts the correct splice form for more than 92% of
these genes. This approach is quite similar to ours but the kernel is different.

Finally, a list of online tools for splice site prediction and gene finding is
available at http://www.cbs.dtu.dk/biolinks/pserve2.php.

5. Conclusions

In this article it was shown how different statistical measures and distance
functions can be included into kernel functions for SVM learning in context-
dependent classification tasks. The purpose of this approach is to make the
kernels sensitive to the amount of information that is present in the contexts.
More precisely, the case of splice site prediction has been discussed and from the
experimental results it became clear that the sensitivity information has a positive
effect on the results.

So far, this was shown on only one data set because the SVM is computationally
very expensive but we have shown that kernel functions that operate on contexts
directly gives additional benefits. At the moment, we are running experiments
on a number of other data sets to show that the increased performance is not due
to bias to the data sets. Apart from that, we are running experiments with more
complex features based on the improved design strategy in [?], where a FP95% rate
of 2.2% for donor and 2.9% for acceptor sites is obtained. In this light it remains
to be seen whether the positive effect of the sensitivity information will still be
significant in a system that already performs at very high precision without such
information. Finally, we plan to compare our results with the ones obtained by
other classifiers on the same data sets.
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Design Space Exploration of Network on
Chip: A system Level Approach

P.Mahanti* and Rabindra Ku Jana**

In this paper, we bave proposed a model for design space exploration of a mesh based
Nerwork on Chip architecture at system level. The main aim of the paper is, to find
the topological mapping of intellectual properties (IPs) into a mesh-based Network
on Chip( NoC), to minimize energy and maximum bandwidth requirement.
A heuristic technique based on multi-objective genetic algorithm is proposed to
obtain an optimal approximation of the pareto-optimal front. We used “many-
many” mapping between switch and cores (IPs) instead of “one-one” mapping. The
experiments are performed on randomly generated benchmarks and a real
application (a M-JPEG encoder) is shown to illustrate the efficiency, accuracy and
scalability of the proposed model.

1. Introduction:

Network on Chip (NoC) has been proposed as a solution for the communication
challenges like propagation delays, scalability, infeasibility of synchronous
communication etc. in a nano scale regime [1-2]. To meet these challenges under
the strong time-to-market pressure, it is essential to increase the reusability of
components and system architectures in a plug and play fashion [3]. Simultaneously,
the volume of data and control traffic among the cores grows. So, it is essential to
address the communication-architecture synthesis problem through mapping of
cores onto the communication architecture [4]. Therefore this paper focuses on
communication architecture synthesis to minimize the energy consumption and
communication delay by minimizing maximum link bandwidth.

The proposed communication synthesis task has solved in two phases as
shown in figure-1. The first phase (P-1) is called computational synthesis. The
input to P-I of is a task graph. The task graph consists up tasks as vertices and
direct edges represent volume of data flowing between two vertices and their data
dependencies.

14
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Figure-1: Mappings for NoC synthesis problems

Cootation Svradhesss(F-T

The output of P-I is a core communication graph (CCG) characterized by library
of interconnection network elements and performance constraints. The core
communication graph consists of processing and memory elements are shown
by P/M in the figure-1. The directed edges between two blocks represent the
communication trace. The communication trace characterized by bandwidth (b_,
and volume (v ,) of data flowing between different cores. The second phase (P-II) is
basically called as communication synthesis. The input to the P-Il communication
synthesis problem is the CCG. The output of the P-IL is the energy and throughput
synthesizes NoC back bone architecture as shown in Figure-1.

In this paper we address the problem of mapping the core onto NoC architecture
to minimize energy consumption and maximum link bandwidth. Both of the above
stated objectives are inversely proportional to each other. The stated problem is
an NP-hard problem and genetic algorithm is a suitable candidate for solving the
multi-objective problem [6]. The optimal solution obtained by our approach saves
more than 15% of energy on average in compare to other existing approaches.
Experimental result shows that our proposed model is superior in terms of quality
of result and execution time in compare to other approaches.

15
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The paper is organized as follows. We review the related work in Section 2.
Section 3 and Section 4 describes the problem definition and the energy model
assumed in this paper. Section 5 represents the multi-objective genetic algorithm
formulation for the problem. Section 6 discusses the basic idea and problem
formulation for the proposed approach. Experimental results are discussed in
Section 7. Finally, a conclusion is given in Section 8.

2. Related Work

The problem of synthesis in mesh-based NoC architectures has been addressed by
different authors. Hu and Marculescu [2] present a branch and bound algorithm
for mapping IPs/cores on a mesh-based NoC architecture that minimizes the
total amount of power consumed in communications. De Micheli [7] addresses
the problem under the bandwidth constraint with the aim of minimizing
communication delay by exploiting the possibility of splitting traffic among
various paths. Lei and Kumar [8] present an approach that uses genetic algorithms
to map an application on a mesh-based NoC architecture. The algorithm finds a
mapping of the vertices of the task graph on the available cores so as to minimize
the execution time. However these papers do not solve certain important issues.
The first relates to the evaluation model used. In most of the approaches the
exploration model decides the mapping to explore the design space without taking
important dynamic effects of the system into consideration. Again in the above
mentioned works, in fact, the application to be mapped is described using task
graphs, as in [8], or simple variations such as the core graph in [7] or the application
characterization graph (APCG) in [2]. These formalisms do not, however, capture
important dynamics of communication traffic.

The second problem relates to the optimization method used. It refers in all
cases to a single performance index (power in [2], performance in [7-8].So the
optimization of one performance index may lead to unacceptable values for
another performance index (e.g. high performance levels but unacceptable power
consumption). Recently, jena and sharma [18] proposed a model that consider
“many-many” mapping between core and tiles using multi-objective genetic
algorithm. But they used core communication graph as the input to their model.
We therefore think that the problem of mapping can be more usefully solved in a
multi-objective environment starting from the higher level of input as compared
to the model discussed in[18]. The contribution we intend to make in this paper
is to propose a multi-objective approach to solving the synthesis problem on a
mesh-based NoC architecture, where we take the specification graph as input. The
approach will use evolutionary computing techniques based on genetic algorithm
to explore the mapping space with the goal to optimize maximum link bandwidth
and energy consumption (both computational and communication).
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3. Problem Definition

3.1. A Task Graph (TG) is a digraph, G (V, E), where each vertex v €V represent
task and each edge e € E is a weighted edge, where weight signifies the volume
of data flowing through the edge. Every edge also represents the data dependency
between the connecting vertices.

3.2. A Core Communication Graph (CCG) is a digraph, G(V,E), where each
vertex v € V represent core and e € E is a communication edge having two
attributes, denoted by b jand v , are the required bandwidth and total volume of
communication respectively.

3.3 Communication Structure

The 2-D mesh communication architecture has been considered for its several
desire properties like regularity, concurrent data transmission and controlled
electrical parameters[9][3]. Figure-2 shows a 2-D mesh NoC architecture. Each tile
is surrounded by switches and links. Each switch is connected to its neighboring
switches via two unidirectional links. Each IP in a tile can be connected to ‘4’
neighboring switches as shown in Figure-2. To prevent the packet loss due to the
multiple packets approaching to the same output port, each switch has small buffers
(registers) to temporarily store the packets. Each resource has Resource Network
Interfaces (RNIs) to connect to the network via switches. RNIs are responsible for
packetizing and depacketizing the communication data. We implement static XY
wormbhole routing in this paper because:

1)  itis easy to implement in switch.

i1) it doesn’t required packet ordering buffer at the destination.
ii1) it is free of deadlock and live lock [7][10].

4. Energy Model

Energy minimization is the one of the major challenging task in NoC design. In
[11], Ye et al. first define the bit energy metric of a router as the energy consumed
when a single bit of data goes through the router. In [2], Hu et al. modify the bit
energy model so that it is suitable for 2D mesh NoC architecture.

Fig 2: Communication Structure

RNI
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They derives mathematical expression for bit energy consume , when data transfer
from switch ‘1’ to switch 9’ is given by
= (b, + DEg, + h E |, —rem (1)

i,j bit ij ~Lbit

Where E;. and E . are the energy consumed in the switches and links
respectively. The variable h, represent the number of links on the shortest path.
As per the expression, the energy consumption is depend on the hop distance (h,)
between switch ‘1" and 9’ because E,. andE . constant. Note E . is the energy
consumption due to switches is depending on the number of ports in the switches.
But in our case the total energy is the sum of communication and computation
energy, 1.e

= (b, + 1) E

E_, .. 1sthe computational energy consumption. The following sections discuss the
omp

basic ideas of problem formulation using multi-objective optimization paradigm.

.+ hijE

o +E. e 2)

i,jbit Lbit Comp

5. Multi-Objective Optimization
Definition: A general multi-objective optimization problem is defined as:
Minimize f (x) = (f,(x),....., f (x)) subject to x € X, where x represents a solution
and X is a set of feasible solutions.

The objective function vector f (x) maps a solution vector ‘x’ in decision space
to a point in objective space.

In general, in a multi-objective optimization problem, it is not possible to find
a single solution that minimizes all objectives, simultaneously. Therefore, one is
interested to explore a set of solutions, called the pareto optimal set, which are not
dominated by any other solution in the feasible set. The corresponding objective
vectors of these Pareto optimal points, named efficient points, form the Pareto
front on the objective space.

Definition: We say x dominates x* iff1 € {1,.......k}
f(x) < f(x*) and there exists at least one 1 € {1,...., k} such that f(x) < f(x*).

The most traditional approach to solve a multi-objective optimization problem
is to aggregate the objectives into a single objective by using a weighting mean.
However this approach has major drawbacks. It is not possible to locate the
non-convex parts of the pareto front and it requires several consecutive runs of
the optimization program with different weights. Recently, there has been an
increasing interest in evolutionary multi-objective optimization. This is because
of the fact that evolutionary algorithms (EAs) seem well-suited for this type of
problems[12], as they deal simultaneously with a set of possible solutions called
population. This allows us to find several members of the pareto optimal set in a
single run of the algorithm. To solve the synthesis problem as discussed in Section
4, we used the multi-objective genetic algorithm.
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5.1. A Multi-Objective Genetic Algorithm

In order to deal with the multi-objective nature of NoC problem we have
developed genetic algorithms at different phases in our model. The algorithm
starts with a set of randomly generated solutions (population). The population’s
size remains constant throughout the GA. Each iteration, solutions are selected,
according to their fitness quality (ranking) to form new solutions (offspring).
Offspring are generated through a reproduction process (Crossover, Mutation).
In a multi-objective optimization, we are looking for all the solutions of best
compromise, best solutions encountered over generations are fled into a secondary
population called the “Pareto Archive”. In the selection process, solutions can
be selected from this “Pareto Archive”(elitism). A part of the offspring solutions
replace their parents according to the replacement strategy. In our study, we used
elitist non-dominated sorting genetic algorithm NSGA-II by Deb et al. [13].

6. Problem Formulation

6.1 Basic Idea

Like other algorithms in area of design automation, the algorithm of NoC
communication architecture is a hard problem. Our attempt is to develop an
algorithm that can give near optimal solution within reasonable time. Genetic
algorithms have shown the potential to achieve the dual goal quite well
[8,14,15,18].

As shown in Figure-3 and discussed in Section-1, the problem is solved in two
phases. The first phase (P-I) is basically a task assignment problem (TA-GA). The
input to the problem is a TG. We assume that all the edge delays are a constant
and equal to Average Edge Delay (AED) [10]. The output of the first phase is a
Core Communication Graph (CCG). The task of the second phase is Core-Tile
Mapping using genetic algorithm (CT-GA). The next section discusses each phases
in detail.
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Fig 3: An overall design flow
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6.1.1 Task Assignment Problem (TA-GA)

Given a task graph TG with all edge delay are constant and equal to average
edge delay and IPs with specifications matrix containing cost and computational
energy. The main objectives of this phase are to assign the tasks from the task
graph to the available IPs in order to: (i) minimize the computational energy by
reducing the power consumption. (ii) Minimize the total cost of the resources.
The above said problem is a NP-hard multi-objective problem. We proposed a
multi-objective genetic algorithm based on principle of (Non-Dominated Sorting
Genetic Algorithm(NSGA)-II. Generally, in genetic algorithm, the chromosome
is the representation of solution to the problem. In this case length of each
chromosome is proportional to the number of nodes in a task graph. The i-th
gene in the chromosome identifies the IP which is assigning the i-th node in the
task graph. One example of chromosome encoding is given in Figure-5. Each gene
(node in TG) in the chromosome contains an integer which represents an IP.
Every IP chosen from the list of permissible IPs for that task. As shown in the
Figure-4 the task number 2’ in the task graph is assign to IP number ‘7’ which
is chosen from set of IPs {7, 8, and 17}. We consider a single point crossover to
generate the offspring’s. As for mutation operation, we consider the mutation by
substitution i.e. at a time a gene in a chromosome is chosen with some random
probability and the value in the gene is substitute by one of the best permissible
value (i.e the index value of a IP) for the gene. The aim is to assign more tasks
to a particular IP to reduce the communication between IPs i.e to minimize the
number of IPs used for a task graph.
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Figure-4: Chromosome encoding for task assignment.
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6.1.2 Core-Tile Mapping (CT-GA)

After optimal assignment of tasks to the IPs, we get a Core Communication
Graph (CCG) as shown in the figure-4. The input to this mapping task CT-GA is
a CCG and a structure of NoC back bone. In our caseitis a nxm mesh. The
objectives of the mapping are (i) to reduce the average communication distance
between the cores (i.e to reduce number of switches in the communication path).
(i) to maximize throughput(i.e minimize the maximum link bandwidth) under
the communication constraint.

Core-tile mapping is a multi-objective mapping. So we use genetic algorithm
based on NSGA-II. Here the chromosome is the representation of the solution to
the problem, which in this case describe by the mapping. Each tile in mesh has
an associated gene which identified the core mapped to the tile. In nxm mesh,
for example the chromosome is formed by nxm genes. The i-th gene identified
the core in the tiles in row ([ (i / n)]) and column (i % n). The crossover and
mutation operators for this mapping have been defined suitably as follows:

Crossover:

The crossover between two chromosomes C and C, is generated anew chromosome
C, as follows. The dominant mapping between C, and C, is chosen. Its hot core
(the hot core is the IP required maximum communication) is remapped to a
random tile in the mesh, resulting a new chromosome C..

Algorithm Crossover (C,, C))

If (C, dominate C))
C,=C;
else
C,=C;
Swap (C,, Hot (C,), random ( {1,2,3,.......mxn}));
Return (C));
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The function Swap(C, i, j) exchange the i-th gene with j-th gene in the
chromosome C.

Mutation:

The mutation operator act on a single chromosome (C ) to obtained a muted
chromosome C° as follows. A tile 7, from chromosome C is chosen at random.
Indicating the core in the tile 7' as ¢ and c, as the core with which ¢ communicates
most frequently, ¢ is remapped on a tile adjacent to 7 so as to reduce the distance
between ¢, and c,. thus obtaining the mutated chromosome C°. Algorithm, given
below describes the mutation operator. The RandomTile(C) function gives a tile
chosen at random from chromosome C. The MaxCommunication(c) function gives
the core with which ¢ communicates most frequently. The Row(C, 7) and Col(C,
7) functions respectively give the row and column of the tile 7'in chromosome C.
Finally, the Uper, Lower, Left, Right(C, 7) functions give the tile to the north,
south, east and west of the tile 7in chromosome C.

Mutate (C)
{

Chromosome C° = C;

Tile T, = Random Tile (C%;

Core ¢, = C*(T);

Core ¢, = MaxCommunication (c);

Tile T, = C°(c,);

if (Row(C°,T,) < Row(C, T, ))
T° = Upper (C°, T, );

else if (Row(C°, T, ) > Row(C°, T))
T° = Lower(C°, T, );

elseif (Col(C°, T ) < Col(C°, T, ))

TC° =Left(C°, T, );

else

T° =Right(C°, T );

Swap (C°, T, ,T°);

Return ( C°);

}

7. Experimental Results

This section presents the results of our multi-objective genetic formulation (MGA).
The final results i.e the result obtained after completion of CT-GA are compared
with PBB algorithm [2] and MGAP algorithm [18]. For TA-GA, we consider
NSGA-II multi-objective evolutionary algorithm technique with crossover
probability 0.98 and mutation probability 0.01. For CT-GA, we consider NSGA-
IT with our introduced new crossover and mutation operator. For Table 1 shows
the bit-energy value of a link and a switch (4 x4) assuming 0.18 um technology.
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Table 1: Bit energy values for switch and link

E E

Lbit Sbit

5.445p] 0.43pJ

The value of E . is calculated from the following parameters.

(1) length of link (2mm) (2) capacitance of wire (0.5{F/ pum) (3)voltage swing
(3.3V)

In our experiment, we consider three random applications, each consisting of
9, 14 and 18 cores respectively. After P-I, we found that the CCG of all three
benchmarks consists up less than 9 cores. So, which can be mapped on to a 3x3
mesh NoC architecture. It has been seen that the required bandwidth of an edge
connect two different nodes is uniformly distributed over the range [0, 150Mbytes].
The traffic volume of an edge also has been uniformly distributed over the range
[0, 1Gbits]. Figure-5 shows the maximum link bandwidth utilization of three
benchmarks. It is clear from the figure that our approach (MGA) saves more than
15% link bandwidth as compare to PBB around 5% in compare to MGAP. Figure-
6 shows that our approach saves 10%-20%( on average) of energy consumption.

The real time application is a modified Motion- Joint Photographic Experts Group
(M-JPEG) encoder. Which differs from traditional encoders in three ways: (i) it
only supports lossy encoding while traditional encoders support both lossless and
lossy encodings.(ii) it can operate on YUV and Red-Green-Blue(RGB) based video
data whereas traditional encoders usually operate on the YUV format, and (iii) it
can change quantization and Huffman tables dynamically while the traditional
encoders have no such behavior. We omit giving further details on the M-JPEG
encoder as they are not crucial for the experiments performed here. Interested
readers may refer to [15].

Figure-7 shows the bandwidth requirements and energy consumptions for
M-JPEG encoder application. From the figure it is clear that our approach out
perform other approaches. Figure-8 shows the behavior of NSGA-II with respect
to number of generations. Figure-9, shows the speedup of our algorithm in
compare to PBB. We see that speedup factor increases with increase of the size of
the system.
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Fig 5: Maximum Link Bandwidth comparisons for three random benchmarks
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Fig 6: Energy comparisons for three random benchmarks
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Fig 7: Maximum Link Bandwidth and Energy comparisons for M-JPEG
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Fig 8 : M-JPEG Encoder performance using NSGA-II
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8. Conclusion

This paper proposed a model for topological mapping of IPs/cores in a mesh-
based NoC architecture using “many-many” communication between IPs and
switches. The approach uses heuristics based on multi-objective genetic algorithms
(NSGA-II) to explore the mapping space and find the pareto mappings that
optimize Maximum link bandwidth and performance and power consumption.
The experiments carried out with three randomly generated benchmarks and a
real application (M-JPEG encoder system) confirms the efficiency, accuracy and
scalability of the proposed approach. Future developments will mainly address
the definition of more efficient genetic operators to improve the precision and
convergence speed of the algorithm. To conclude, evaluation may be made possible
of optimizing mapping by acting on other architectural parameters such as routing
strategies, switch buffer sizes, etc.
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The Deployment of an E-commerce
Platform and Related Projects in a Rural
Area in South Africa

Lorenzo Dalvit, Hyppolite Muyingi, Alfredo Terzoli, Mamello Thinyane

In our paper we describe the development and deployment of an ecommerce platform
in Dwesa, a rural area in the former homeland of Transkei in South Africa. The
system is designed to promote tourism and advertise local arts, crafts and music, and it
entails a number of related projects. Deployment of infrastructure, technical support,
promotion of the initiative and teaching of computer literacy take place during
monthly visits of approximately one week, and involve young researchers from trwo
universities (one previously disadvantaged; the other bistorically privileged). This
ensures a synergy berween technical expertise and understanding of the local context.
Findings so far emphasise the importance of contextualising the intervention to suit
local needs and adjust to the local context. The platform is currently being extended
to include e-government, e-learning and e-health capabilities. If proven successful,
this model can be exported to similar areas in South africa and in the rest of Africa.
This could open up potential opportunities for the still unexplored market for ICT in
rural Africa.

Introduction

In this paper we describe the deployment of ICT in Dwesa, a rural community in
South Africa. This involves the implementation of an ecommerce platform which
can make a contribution to rural development and poverty alleviation in the area.
The novelty of our approach is its sensitivity to the context and its emphasis on
the promotion of active participation of the community and sustainability. We
will start with a description of Dwesa and of the various stages of deployment. We
will then describe the e-commerce platform and its related projects. We will end
with a discussion of future developments and possible implementations.

Background

Dwesa is a rural community located on the Wild Coast of the former homeland1
of Transkeli, in the Eastern Cape Province of South Africa (see Figure 1). In many
ways, it is representative of many rural realities in South Africa and Africa as a
whole. As noted by Palmer, Timmermans and Fay (2002), its 15000 inhabitants
are traditionally subsistence farmers who depend on the land for their livelihood.
The region features a coastal nature reserve and it was the site of one of the first
restitution projects in postapartheid South Africa.

27
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The region has a high potential for both eco and cultural tourism due to the
rich cultural heritage and the marine conservation project undertaken at the nature
reserve.

Figure 1: Transkei region and Dwesa
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The nature reserve is a catalyst for tourism, which together with government
subsidies, is the main source of money for the local community. Tourism is seasonal
(almost exclusively during school holidays) and visitors are mostly South Africans.
At the moment, the revenues are redirected to the administrative government
offices in Bisho and do not benefit the community directly. The only way tourism
benefits the community is by promoting local arts and crafts. There are a number
of activities ranging from basketmaking to woodcarving. Moreover, Transkei is
the site of conservation of the traditional culture of the Xhosa people, and Dwesa
has much to offer to tourists and to the outside world in terms of preservation of
traditional customs and ceremonies, dances and, especially, music.
Unfortunately, like many rural areas, Dwesa is characterised by lack of
infrastructure in terms of road and electricity, widespread poverty, lack of services
and isolation (Human Sciences Research Council, 2005). Isolation is probably the
main reason for young people leaving Dwesa for the cities, a typical phenomenon
in rural areas (Salt, 1992). This deprives the community of fresh energies and of the
primary force for change and innovation. Even worse than the physical isolation
is isolation in terms of knowledge and information. Flor (2001) discusses and
highlights the centrality of the link between access to information (or lack of it)
and poverty. Access to relevant information has become one of the discriminating
factors between the rich and the poor communities in the world. Some popular
views have it that uptodate and readilyavailable information is not a crucial
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concern for communities which struggle to satisfy more basic needs such as
clean water and electricity. Government sources (Department of Education and
Department of Communication, 2001) have highlighted that ICT has a key role to
play in contributing to improving the situation of communities which are already
disadvantaged in so many other ways.

The project was initiated at the beginning of 2006, and it is partly sponsored by
Telkom South Africa. It is a joint venture of the Telkom Centres of Excellence at
the University of Fort Hare (a previously disadvantaged university) and Rhodes
University (an historically “white” institution). The driving force of the project
is a group of young researchers from both universities. This kind of cooperation,
still relatively rare in South Africa, ensures a combination of technical expertise
and understanding of the territory. Members of the group pay regular monthly
visits to Dwesa, and stay there for approximately one week each time. The points
of presence so far are four schools: Mpume, Ngwane, Ntokwane and Nodobo (see
Figure 2). The equipment deployed is:

Figure 2: Project infrastructure
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Mpume (school A): this is the first school that was identified as a point of presence
for the project. Due to its location and the availability of electricity, it was selected
as the ideal site for the installation of the VSAT? connection (satellite dish, indoor
unit and cabling). Other equipment include:

e WiMAX?3 (Alvarion Breezemax CPE outdoor unit, and CPE indoor unit,

wall mounting)

® Aserver (LTSP, HTTP, MySQL)
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* 6 client PCs
® An 8 port DLink switch
e A VoIP* phone

Ngwane (school B): this school is in line of sight from Mpume and has been
identified as one of the points of WiMAX installation. Unlike other schools,
Ngwane managed to source their own lab (approximately 20 PCs) and a printer.
The additional equipment deployed there was:
e WiMAX (Alvarion Breezemax Microbase station, antenna and wall
mounting)

e  Switch rack (wall mounted) and a 24 port switch
® A server (Asterisk, DHCP)
e A VoIP phone

Ntokwane and Nondobo (schools C and D): these schools are also in line of
sight from Mpume, which allows us to provide VoIP and Internet to them. The
equipment deployed in each school is minimal:

e  WiMAX (Alvarion Breezemax CPE outdoor unit, and CPE indoor unit)

e AclientPC
e A VOIP phone

Client PCs and servers alike have 2.67 Celeron processors, 512 MB of RAM, a 40
GB hard disk and CD ROM reader (Thinyane, Slay, Terzoli and Clayton, 2006).
The two prerequisites for the ecommerce platform to be effective are Internet
connection and basic training in computer skills. Internet connectivity is provided
to Mpumevia VSAT and then extended to the other schools via WIMAX. Computer
training has been run by the members of the team at the various schools.

Ecommerce Platform and Related Projects

The ecommerce platform is designed as a web application that allows local
entrepreneurs to engage in trade activities. The platform is designed and developed
by members of the research group (i.e. it does not use offtheshelf applications).
This allows for customisation to meet the specific needs and profiles of the
local users. The platform is designed as a sort of virtual mall in which local
entrepreneurs can manage virtual stores. There are three levels of usage. The
administrator is responsible for the overall maintenance of the platform and the
subsequent management of stores on the emall. The store owners have access to
the management of their individual stores. Customers can access the platform over
the Internet to purchase goods and services (Njeje, Terzoli and Muyingi 2006).
The ecommerce platform is flexible enough to accommodate a variety of goods
and services. The areas where Dwesa has most to offer are tourism, arts and crafts.
Different businesses can spin off from tourism: services (e.g. accommodation and
catering) and entertainment (e.g. cultural tourism, horse riding, etc.). Recorded
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music and traditional artefacts can also be made available for purchase on the
ecommerce platform.

Requirements elicitation is the study of the needs of the prospective users of the
system. This was important in order to inform the development of the ecommerce
platform. In a rural African context, new methodologies and techniques need to
be experimented with. The novelty is to adapt established practices to a new and
partly unresearched context. This involved extensive interaction with the local
community. In many cases, educating the prospective users in ways in which ICT
could be integrated into their activities and used to promote their businesses was
an integral part of the elicitation process (Isabirye, Roets and Muyingi, 2006).
Recording and online selling of local music: Transkei is the heartland of traditional
Xhosa music, and Dwesa has a rich and long musical tradition. An experimental
music studio has been set up to record locally produced music, synthesise it and
store it in electronic format. Music samples can be made freely available on the
ecommerce platform to wet the appetite of tourists and potential customers. Music
can then be purchased and downloaded on demand (Ndlovu, Terzoli and Pennels,
2006).

Determining a community costsharing model: One of the main considerations in
the implementation of a development project of this nature is to ensure longterm
sustainability. The running costs of this project include electricity, Internet
connection, maintenance and equipment. These are all costs that have to be
shared among the different users of the solution. The billing system collects usage
information from the network as well as the amount of sales from the electronic
shopping mall’s database. The essential system components, presented in Figure
3, are:

Figure 3: Cost sharing system structure
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®  Network Layer: captures, tracks and records usage of resources (metrics);

e Session control layer: ensures Authentication, Authorization and
Accountability on network resources;

®  Mediation Layer: formats data provided by meters and forwards it to the
accounting layer IPDR [8];

®  Accounting Layer: sorts the collected data into accounting records;

e  Charging / Pricing Layer: assigns prices to records to come up with costs
of usage;

e Billing Layer: compiles all charges for a customer over specific period.

The end of this research is to propose a costsharing framework for the Dwesa
community based on the consideration of the different costs and revenue streams
(Tarwireyi, Terzoli and Muyingi 2006).

Experimenting with a multilingual approach: Many projects involving the
implementation of ICT in rural areas in Africa have failed because of the language
barrier posed by the use of English. In our project we experiment with the use
of both English and isiXhosa, the local African language. This includes three
interventions:

1. The localisation of the user interface of both the ecommerce platform and the
computers in the laboratories into isiXhosa;

2. The development and use of teaching material in isiXhosa, to be used alongside
the existing material in English;

3. The implementation of a text to speech and screenreader in isiXhosa, as an
attempt to tackle the problem of illiteracy or low literacy.

The future plan is to work together with Translate.org.za, an NGO dedicated to
the localisation of free/libre open source software (FLOSS) in the 11 South African
languages (Translate.org.za 2006), as a test site. Our hope is that this will guarantee
access to a larger number of users, and contribute to a sense of ownership in the
community.

Implementation of wireless networking: the ICT infrastructure that is to be
deployed in Dwesa is built on top of networks that support the interaction between
the different stakeholders in Dwesa. So far, four schools in strategic locations have
been connected using WIMAX. Community members can access the network
from the computer laboratories, through WIFi hotspots linked to the WIMAX
base or directly through WIMAX. The new development in wireless networking
in terms of range and bandwidth has made it possible to link up and connect
regions that would otherwise be too remote to access with traditional wireline
technologies (Mandioma, Rao, Terzoli and Muyingi, 2006). This research provides
the infrastructural basis for the effective, efficient and far reaching deployment of
the ecommerce platform.
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Deploying a VoIP PBX system: the availability of a local network will allow
for the deployment of a VoIP (Voice over Internet Protocol) telephone system.
An experimental version has already been developed and deployed at Rhodes
University (Penton and Terzoli, 2004). Its name is iLanga (“sun” in isiXhosa) and
it is basically an internal phone system, like the ones used by firms and academic
institutions. Four VoIP phones have been deployed at the four schools, and an
experimental asterisk server (on top of which iLanga is run) has been deployed
at Ngwane. The purpose is to improve communication within the community
and with the outside world (Wittington and Terzoli, 2006). Its Web interface has
already been localised in isiXhosa (Dalvit, Alfonsi, Mini, Murray and Terzoli
2006) but further customisation is needed to adapt it to the Dwesa context.

Best practices for teaching computer literacy in rural communities: this research
is concerned with finding new and effective ways of teaching members of a rural
community how to use computers. As pointed out by Czerniewicz (2004), the
digital divide begins when one is connected to the Internet, since connectivity and
availability of infrastructure by themselves do not guarantee access. In order for
the inhabitants of Dwesa to enjoy the advantages of the Internet connection and of
the new technologies in general, it is essential to develop a basic level of computer
literacy in the area. At the beginning we focused especially on the training of
teachers, hoping they would help to promote computer literacy in the school and
in the community.

Figure 4: Computer laboratory training

Our software of choice is Edubuntu (Figure 5), the educationally flavoured
version of the Ubuntu Linux distribution (Alfonsi and Dalvit, 2006). Edubuntu is
specifically designed for use in schools, and offers a capturing user interface as well
as the best available free and open educational software.
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Figure 5: Edubuntu operating system
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and summarised. The three main lessons learnt were:

1.

Investigating resistance to the adoption of Information and Communication
Technologies (ICT) in rural communities: This project seeks to identify the
specific issues that hinder the proliferation of the deployment of ICT solutions
in rural communities. In particular, it focuses on the resistance to the adoption
of ICT among old people. This group is particularly interesting because younger
people tend to leave to go and work in the cities, and old people are the driving
economic force of Dwesa. An interesting finding was that, unlike in many other

We had to rethink our classification of what constitutes beginners’ level material
and what is advanced. This entailed a constant process of contextualising and,
in some cases, rewriting the teaching material.

Some basic technical expertise in loco had to be created. In case of system
failure, someone in Dwesa had to have sufficient technical understanding to be
able to explain what the problem was over the phone, and possibly be able to
tackle the more trivial issues.

Motivating and activating the teachers and the community at large was a key
point. From the very beginning, we tried to present our intervention as a two
way stream, encouraging the community to take ownership of the initiative.
The idea was that, building on African rural tradition, everybody will be
looking out for what is perceived as common property.

settings, women are the primary driving force in the adoption of ICT.
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This might be an attempt to acquire status in a patriarchal society. Another
finding was that level of education greatly influences adoption. Uneducated
people find it hard to find meaningful ways of integrating ICT in their daily lives.
Moreover, given the status associated with technologys, it is generally accepted that
computers were meant mainly for educated people. This generated some power
dynamics which could potentially hamper the adoption of ICT in the area (Mapi,
Dalvit and Terzoli 2006).

Future Plans

Expansion of the system: the system is currently being expanded to include
egovernment, ehealth and elearning capability. As far as egovernment is concerned,
the transfer of personal data will demand extensive work on security. We will
experiment with smart cards to try and solve this problem (Nkomo, Terzoli and
Muyingi, 2006).

The delivery of health information is a crucial problem in rural areas. The use
of ICT might contribute to cut the cost of printing and circulating paperbased
material. Elearning could make a great contribution to rural areas. Since schools
are our primary point of presence and teachers are one of the driving forces of the
project, we feel that focus on elearning is very important.

Additional projects: while some of the subprojects (i.e. investigation of adoption
of ICT in rural communities) have been concluded, some others (i.e. deployment
of a VoIP system) are still at the experimental stage. The extension of the system
with e-government, e-health and e-learning capability mentioned above will result
in several additional projects. Java mobile and 3G applications will be developed
for deployment in the infrastructure.

A BingBee kiosk (Slay and Wentworth, 2006) will be deployed outside some of
the computer laboratories. The distinctive feature of this kiosk is a lowcost touch
pad keyboard which enables users to operate a computer kept behind glass. This
makes it possible to access the Internet even when laboratories are closed with no
security risks.

Additional steps need to be taken towards contextualising the system. One of
the many ways of doing this is through more extensive use of multimedia, adding
more audio and visual components. This could contribute to make the use of
computers more meaningful also to people with low levels of literacy.

Involving the community: as mentioned above, promoting ownership of
the project among the community is a crucial factor. Strategies to include the
community range from organising public meetings to promote the initiative to
running computer literacy training. One possibility would be to institute a
committee, elected by the community itself, to promote and organise the initiative
locally.
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Conclusions

In this paper we described a developmental ecommerce platform and related
projects deployed in Dwesa, a rural community in South Africa. The novelty of
our approach is its strong emphasis on adjusting to the local context and involving
the community. Responsiveness to local needs will be the guiding principle in the
future developments of the project.

We hope that our intervention will prove to be a successful example of ICT
implementation in a deepl rural setting in Africa. Our goal is to come up with a
pervasive and highly distributed ICT solution whose model might possibly be
replicated in other parts of Africa.
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Endnotes

A homeland is the concept of the territory to which one belongs; usually, the country in
which a particular nationality was born. [...] In apartheid South Africa the concept was
given a different meaning. The white government transformed the 13% of its territory
that had been exempted from white settlement into regions of homerule. Then they tried
to bestow independence on these regions, so that they could then claim that the other 87%
was white territory. See Bantustan.

2 According to Wikipedia, a Very Small Aperture Terminal (VSAT), is a 2way satellite ground
station with a dish antenna that is smaller than 3 meters. VSATs are most commonly used
to transmit credit card or RFID data for point of sale transactions, and for the provision
of Satellite Internet access to remote locations.

3 WiMAX is defined by Wikipedia as Worldwide Interoperability for Microwave Access by
the WiMAX Forum, formed in June 2001 to promote conformance and interoperability
of the IEEE 802.16 standard, officially known as WirelessMAN. The Forum describes
WiMAX as “a standardsbased technology enabling the delivery of last mile wireless
broadband access as an alternative to cable and DSL”.

4 According to Wikipedia, Voice over Internet Protocol, also called VoIP, IP Telephony,
Internet telephony, Broadband telephony, Broadband Phone and Voice over Broadband
is the routing of voice conversations over the Internet or through any other IPbased
network.
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Computational Identification of
Transposable Elements in the Mouse
Genome

Daudi Jjingo, Wojciech Makalowski

Repeat sequences cover about 39 percent of the mouse genome and completion of
sequencing of the mouse genome [1] has enabled extensive research on the role of
repeat sequences in mammalian genomics. This research covers the identification
of Transposable elements (TEs) within the mouse transcriptome, based on available
sequence information on mouse cDNAs (complementary DNAs) from GenBank
[28]. The transcripts are screened for repeats using RepeatMasker [23], whose results
are sieved to retain only Interspersed repeats (IRS). Using various bioinformatics
software tools as well as tailor made programming, the research establishes: (i) the
absolute location coordinates of the TEs on the transcript. (ii) The location of the
IRs with respect to the 5°UTR, CDS and 3°UIR sequence features. (i11) The quality
of alignment of the TE’s consensus sequence on the transcripts where they exist, (iv)
the frequencies and distributions of the TEs on the cDNASs, (v) descriptions of the
types and roles of transcripts containing TEs. This information has been collated and
stored in a relational database (MTEDB) at http://warta.bio.psu.edu/btt_doc/M
TEDB/homepage.htm).

1.0 Introduction

1.1 Review

Transposable elements (TEs) are types of repetitive sequences that can move from
one place to another and are interspersed throughout most eukaryotic genomes.
Their sequence based classification (e.g. SINE [Short Interspersed Element], LINE
[Long Interspersed Element], LTR [Long Terminal Repeat]) is frequently based
on what is known as a repeat consensus sequence. A repeat consensus sequence
[4] is an approximation of an ancestral active TE that is reconstructed from the
multiple sequence alignments of individual repetitive sequences. Libraries of such
consensus sequences have been compiled and stored in databases like RepBase
[5]. Repetitive sequence identifying software like RepeatMasker [3], REPuter [6]
and the like rely on such libraries to act as sources of reference sequences against
which repetitive sequences from a query sequence(s) are identified. Of these
repetitive sequences, transposon-derived IRs or TEs form the largest percentage.
In comparison to the human genome, the mouse genome has a higher number of
recent TEs that diversify more rapidly than in the human [1]. TEs don’t merely
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have a pronounced presence in eukaryotic genomes, they also influence these
genomes’ evolution, structure and functioning in many varied ways; they act as
recombination hotspots, facilitate mechanisms for genomic shuffling, and provide
ready-to-use motifs for new transcriptional regulatory elements, polyadenylation
signals and protein-coding sequences [8]. Though the effects of the mobility
of TEs are mostly neutral, in some cases they lead to undesirable mutations,
resulting in diseases like Haemophilia B, B-cell lymphoma and other cancers,
Neurofibromatosis and many others. These far reaching effects of TEs are an
important part of the motivation behind this research. Aswell, some work has
been done on inferred molecular functional associations of repeats in mouse
cDNAs [7]. This paper concentrates on only TEs in the mouse transcriptome and
its coverage is not limited to TEs with some evidence of functionality, but to all
TEs in the transcriptome.

1.2 Research objective

With respect to the scope specified above, the research sought, at a minimum
to fulfil seven aims and objectives which include establishing; (i) the absolute
location coordinates of the TEs on each transcript, (ii) the location of the TEs
with respect to the 5’UTR, CDS and 3’UTR sequence features, (iii) the quality
of alignment of the TEs’ consensus sequence on the transcripts where they exist,
(iv) the frequencies and distributions of the TEs on the cDNAs, (v) descriptions
of the types and roles of transcripts containing TEs, (vi) collation of the data thus
accumulated into a relational database and finally, (vii) the construction of a web-
based interface to facilitate access to the information.

2.0 Literature Review.

2.1 Definition and description.

They are discreet units of DNA that move between and within DNA molecules,
inserting themselves at random. They are excised or copied from one site and
inserted on another site either on the same or on a different DNA molecule. Both
their ends are normally inverted repetitive sequences, with the sequence of base
pairs on one end being reversed on the other. Their hallmark is non-reliance on
another independent form of vector (such as a phage or plasmid DNA), and hence
direct movement from one site in the genome to another. [10]
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Table 2. Major types of TEs

Type Replication Main Families
Interspersed Repeats
SINE short interspersed Rely on LINEs Aly, B1, B2, MIR
LINE long interspersed Reverse transcription LI, L2
LTR retrotransposon Reverse transcription ERVs, MaLRs
DNA transposon DNA transposase Mariner, MERs
Simple Repeats DNA replication error

2.6 Effect and Roles of repetitive sequences on the genome

TEs serve as recombination hotspots, providing a mechanism for genomic shuffling
and a source of “readyto-use motifs” for new transcriptional regulatory elements,
polyadenylation signals, and protein-coding sequences [17]. Transposons can also
be disadvantageous. This is either by being inserted into the coding region of a
gene, altering some of the gene in the process, or by being inserted upstream of
the coding region of a gene in an area important in determining the expression
of the gene, for example in an area where a transcription factor would bind to
the DNA. The effects of these activities vary, some resulting in genetic disorders
like Ornithine aminotransferase deficiency, Haemophilia B, Neurofibromatosis,
B-cell lymphoma among others [18]. Some effects of TEs are however neutral or
advantageous, some eventually leading to evolutionary novelties like the human
glycophorin gene family which evolved through several duplication steps that
involved recombination between Alu elements [19][20][21][22]. Genomes evolve
by acquiring new sequences and by rearranging existing sequences, and TEs,
given their mobility contribute to this process significantly [10]. Transposons also
increase the size of the genome, because they leave multiple copies of themselves in
the genome and thus occupy upto 38% of the mouse genome [1]. Also, transposons
are used in genetic studies, as in the case of being allowed to insert themselves in
specific areas so as to “knock out” genes, a technique that turns genes off so that
their function can be determined [16].

2.7 Mouse Genome

Genomic resources for the mouse are increasing at an astounding pace and the
ability to manipulate the mouse genome and its sequences make the mouse a
unique and effective research tool. [4]

2.7.1 Size

All Mus musculus subspecies have the same “standard karyotype” of 20
chromosomes, 19 of them being autosomes and the X and Y sex chromosomes.
The 21 chromosomes together are made of a total of 2.751 billion base pairs of
nucleotides.
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2.7.2  Functional part of the genome.

Genomes show evolutionary conservation over stretches of sequence that have
coding potential or any obvious function [23]. However, sequences can only be
conserved when selective forces act to maintain their integrity for the benefit of the
organism. Thus, conservation implies functionality, even though we may be too
ignorant at the present time to understand exactly what that functionality might
be in this case [5]. However, looking at functionality in terms of coding potential,
the fraction of the mouse genome that is functional is likely to lie somewhere
between 5% and 10% of the total DNA present.[5]

2.7.3  Number of genes

The number of genes in the mouse genome has been estimated using using three
tiers of input [1]. First, known protein coding cDNAs were mapped onto the
genome. Secondly, additional protein-coding genes are predicted using the GenWise
[16]. Thirdly, de novo gene predictions from GENSCAN program [17] that are
supported by experimental evidence (such as ESTs) are considered. These three
strands of evidence are reconciled into a single gene catalogue by using heuristics
to merge overlapping predictions, detect pseudogenes and discard misassemblies.
These results are then augmented using conservative predictions from the Genie
system, which predicts gene structures in the genomic regions delimited by paired
5’ and 3’ESTs on the basis of cDNA and EST information from the region. The
predicted transcripts are then aggregated into predicted genes based on sequence
overlaps. This procedure, has estimated the number of genes in the mouse genome
at about 30,000 [1].

2.7.4  Number of transcripts

The number of known mouse transcripts has been determined at about 60,770
represented as full-length mouse complementary DNA sequences [27]. These are
clustered into 33,409 ‘transcriptional units’. Transcriptional unit (TU) refers to a
segment of the genome from which transcripts are generated.

3.0  Data Processing

3.1 Background

The number of known full-length mRNA transcripts in the mouse has been greatly
expanded by the RIKEN Mouse Gene Encyclopedia project and is currently
estimated at about 60,770[26][28] clustered into 33,409 ‘transcriptional units’ [27].
Of these transcriptional units, 4,258 are new protein-coding and 11,665 are new
non-coding messages, indicating that non-coding RNA is a major component of
the transcriptome. 41% of all transcriptional units showed evidence of alternative
splicing [26]. In protein-coding transcripts, 79% of splice variations altered the
protein product [27]. The Riken Mouse ESTs and cDNAs are deposited in the
public databases DDBJ, GenBank, EMBL.
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3.2 GenBank

The GenBank database at NCBI [28] provided source of the dataset of the cDNAs
of the known mouse transcriptome.

3.2.1 Sequence and data retrieval from GenBank

Table 3. Queries used in data and sequence retrieval

Search Query Results

41 Search Mus musculus[Organism] AND “biomol mrna”* 55664
[Properties] AND complete cds [Title]

4 Search Mus musculus[Organism] AND “biomol 26562
mrna”[Properties] AND “srcdb refseq”[Properties]

#3 Search #1 OR #2 82226

The queries above yielded 82226 sequences, downloaded in GenBank and fasta
formats (4). These constituted the starting dataset of cDNAs corresponding to the
currently known1 mouse transcriptome.

3.3 Fliminating redundancy

3.3.1 Background

GenBank is a highly redundant database. It is thus pertinent that redundancies are
expunged from the cDNA dataset.

33.2 Patdb

Patdb is software that removes redundancies by merging all identical strings
and sub- strings and removing all sequences that are perfect substrings of other
sequences. It then concatenates the identifiers of the affected sequences [29]. For
example the sequences MEPVQ and MEPVQWT are merged, and if there is
another MEPVQWT sequence elsewhere, it is discarded [29]. For our purposes,
this not only deals away with redundancies, but also helps assemble the various
incomplete cDNA fragments into full-length transcripts. Of the 82226 sequences
subjected to patdb, 72697 sequences satisfied the minimum length requirement of
patdb (100 nucleotides), meaning that the difference of 9530 sequences were too
short to be relevant for the purposes of this research as they are far shorter than
the average transcript (usually > 1200 bp). Patdb found 3585 sequences to be
either substrings or perfect replicas of other sequences, resulting in a total of 69112
sequences (102037991 bp) as the unique cDNA dataset.
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3.4 Mapping Transposable Elements

3.4.1 TE features (identifying characteristics)

As mentioned in chapter 1, TEs have some characteristic distinguishing features,
particularly the universal existence of inverted repetitive sequences on either ends
of all TEs. This feature and other characteristics like possession of a transposase
ORF (Open Reading Frame) and their existence as multiple copies (middle
repetitive DNA) within the genome, were the attributes used in computational
identification.

3.4.2 TE libraries

Identification of TEs based on their features has enabled the construction of
libraries of consensus sequences of various types of TEs. RepBase Update (RU)
[32] [33] which is a service of the Genetic Information Research Institute (GIRI)
[31] is a comprehensive database of repetitive element consensus sequences. Most
prototypic sequences from RU are consensus sequences of large families and
subfamilies of repetitive sequences. Smaller families are represented by sequence
examples [32].

3.4.3 RepeatMasker

RepeatMasker [3], developed by Arian Smit and Phil Green, is software that screens
DNA sequences for low complexity sequences, repetitive/ TEs including small
RNA pseudogenes, Alus, LINEs, SINEs, LTR * Though the property “biomol
mrna” is what is used for the searches, GenBank actually returns cDNAs elements,
and others, producing a detailed annotation that identifies all of the repetitive
elements in a query sequence [29] [30]. RepeatMasker makes use of RepBase
libraries [33], which act as reference points for the identification of repetitive
elements in a query sequence. RepeatMasker employs a scoring system to ensure
that only statistically significant alignments are shown. It uses statistically optimal
scoring matrices derived from the alignments of DNA transposon fossils to their
consensus sequences [7]. However, it does not locate all possibly polymorphic
simple repetitive sequences. Only di-pentameric and some hexameric repetitive
sequences are scanned for, and simple repetitive sequences shorter than 20 bp are
ignored.

4.0  Results And Computational Analysis.

4.1 Specialised Object oriented Tools:

Bioperl and Perl: BioPerl [9], is an object oriented form of the Perl programming
language [35] which relies mainly on open source Perl modules for bioinformatics,
genomics and life science research. It provides reusable Perl modules that facilitate
parsing of large quantities of sequence data from various molecular biology
programs.
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4.2 General analysis:

Within the non-redundant 69112 sequence dataset, command line computational
analysis revealed that RepeatMasker identified 47204 repetitive sequences. 20023
of these were simple-repeats, 9583 lowcomplexity repeats and 17598 complex-

repeats/ TEs. (Table 4)

Table 4. Relative abundances of types of Repetitive sequences

number of elements* | length occupied |percentage of
sequence
SINEs: 9277 1118994 bp 1.10 %
Bls 4260 472916 bp 0.46 %
B2-B4 3852 549367 bp 0.54 %
IDs 654 45780 bp 0.04 %
MIRs 511 50931 bp 0.05 %
LINEs: 1943 572023 bp 0.56 %
LINE1 1567 532555 bp 0.52 %
LINE2 320 33623 bp 0.03 %
L3/CR1 56 5845 bp 0.01 %
LTR elements: 4192 1341750 bp 1.31 %
MaLRs 1220 257647 bp 0.25 %
ERVL 530 160390 bp 0.16 %
ERV_classI 327 95357 bp 0.09 %
ERV_classII 1914 774665 bp 0.76 %
DNA elements: 603 89481 bp 0.09 %
MER1 type 468 68204 bp 0.07 %
MER2_type 74 13225 bp 0.01 %
Unclassified: 47 10171 bp 0.01 %
Total interspersed repeats: 3132419 bp 3.07 %
Small RNA: 133 9704 bp 0.01 %
Satellites: 15 1750 bp 0.00 %
Simple repeats: 19897 891616 bp 0.87 %
Low complexity: 9530 415965 bp 0.41 %

4.3 Filtering out simple and low complexity regions

The emphasis of this research being on TEs, the simple-repeats and low-complexity
regions were filtered out by UNIX command line computation to retain a dataset
consisting of only TEs/complex repeats. This dataset contains 17598 records
representing an equal number of TEs.
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4.4 Getting CDS (Coding Sequences) coordinates.

While RepeatMasker output avails the coordinates of the repetitive sequences on
a transcript, it does not show the coordinates of the CDS on the transcript. This
necessitated the obtaining of CDS coordinates for each transcript identified as
possessing a TE by RepeatMasker. This was effected in two different stages.

Stage 1: Involved computing the GI identifiers of all transcripts with TEs. Because
some transcripts contain more than one TE, some GI identifiers feature more
than once. Thus this stage also involved removing the resultant redundancy. The
result was a list of 10213 GI identifiers each with a tab delimited number on its left
showing the number of TEs on that particular transcript.

Stage 2: Involved a BioPerl/Perl script which uses the GI list from above to extract
the corresponding CDS coordinates for each transcript from the GenBank dataset
that was first downloaded (section 3.2.1). The script then stores each GI with its
start and end coordinates separated by tabs in a file.

4.5 Computing location and length of each transposable element

Using a Perl language script, the CDS coordinates were used to; implicitly
determine the 5’UTR and 3’UTR of each transcript where these exist, establish
the total number of TEs in each of the so determined regions with respect to the
entire dataset, determine the length of each single TE.

4.5.1 PDB screening of transcripts with TEs in CDS region

The current PDB dataset was downloaded, subjected to patdb to remove
redundancies, and then screened against transcripts with TEs in the coding region
using blastx. All hits with >80% identity, alignment length >50, and e -value
<0.001 were analysed. None was found to code for a protein of known 3D.

Table 5. Computed TE distribution in sequences and regions.

Initial number of Sequences 82226
Number of nonredundant sequences 69112
Total length (bp) 102037991
GC level (%) 50.01
Sequences with a TE-cassette at all 10213
Sequences with a TE-cassette in CDS 700
TEs lying exclusively in 5UTR 1179
TEs overlapping 5’UTR and CDS 211
TEs lying exclusively in CDS 1147
TEs lying exclusively in 3’UTR 14618
TEs overlaping3’UTR and CDS 387
TEs overlapping 5’UTR, CDS,& 3’UTR. |59
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Fig 2. Pie chart showing relative distribution of TEs in regions

Regicnal Distribution of TEs

4.6 Average transcript and TE lengths
These were calculated from the 69112 non-redundant sequence dataset (see 3.3.2)

and the TE lengths files from section 4.5, using a BioPerl/Perl script.

Table 6. Shows average transcript length and average lengths of repetitive
sequences in the different regions.

Average transcript length (includes| 1476
repeatless mRNAs)

Average TE length in 5’UTR 127
Average TE length in CDS 319
Average TE length in 3’UTR 128

averages are calculated to the nearest whole number.

Fig 3. Average regional repetitive sequence lengths.
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4.7 Average sequence regional lengths

In the context of this research, the primary sequence features are the 5’UTR, CDS
and 3’UTR. While these were indirectly alluded to in section s (4.4) and (4.5) for
purposes of determining the repetitive sequences in them, this step goes into an
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outright and direct calculation of their respective lengths using a Perl/BioPerl
script.

Table 7. Average sequence and feature length.

Feature Average length
5UTR 150
CDS 877
3’UTR 972
Transcripts (with repetitive sequences) 1998

Fig 4. Average region lengths.
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4.8 Average length of major IR families

These were computed using the dataset from the filtering procedure in section
4.3

Table 8. Average lengths of Interspersed repetitive sequence families

IR class Average length
SINE 119
LINE 257
LTR 265
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Fig 5. Average lengths of interspersed repetitive sequences.
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4.9 Computing frequencies and occurrence of transposable elements.
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TEs tend to move randomly and different transcripts will have varied instances
of them. This computational analysis determined the number of transcripts with
TEs at all. The analysis was executed in two stages, one involving command line
and the other scripted computation. In the first instance, a list of non redundant
GI identifiers each tab delimited from the number of TEs it contains (already

generated in section 4.4) was analysed to determine occurrence of TEs .

It was

found that 10213 transcripts or 15% of the 69112 sequences posses TEs. In the
second instance the GI list from above was subjected to a Perl script to compute
the frequencies of TEs on the transcripts, results of which are shown in the table

below.

Table 9. Number of transposable elements per transcript

TEs per mMRNA

1

2

3

4

5

6

7

>=10

Counts

6225

2409

789

366

178

104

58

37

17

30
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Fig 6. Showing Distribution of TEs in mouse transcripts
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Fig 7. Processing framework used in data processing and computational
calculations.
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5.0 Discussion

5.1 Quantity versus coverage

Of the 69112 sequences queried, only 10213 or 15% were found to contain
repetitive sequences. The actual base pair coverage of these repetitive sequences
was 4451205 bp, representing 4.36% of the entire nucleotide set of 102037991 bp.
Therefore, within transcripts with CDS information, repetitive sequences cover
a much smaller percentage (4.36%) compared to 38% bp coverage in the complete
mouse genome. Results in section 4.2 reveal that of the 47204 RepeatMasker
identified repetitiv e sequences, low complexity repeats account for 9583 which
represents 20% of the total. 20023 simple repeats account for 42%, while complex
repeats/ TEs represent 37% with a quantity of 17598. However, the coverage in
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terms of base pairs is a different picture, with complex repeats (37% by quantity),
covering 3.49 times more nucleotides than simple repeats (42% by quantity) and
7.49 times more nucleotides than low complexity repeats (20% by quantity).
This is primarily because IRs are much longer in length than their simple and
low complexity counterparts, in a measure that more than compensates for their
relative inferior quantity.

5.2 Interspersed repetitive sequence occurrence

This project’s computational analysis (section 4.3), it must be emphasised,
concentrated on IRs/TEs - (excluded simple, satellite and low complexity repeats).
The analysis indicated that the mouse genome is dominated by three major classes
of IRs (Table 4) namely SINES, LINES and LTR elements. Between themselves,
these three classes accounted for 95% of IR (interspersed repeat) sequence coverage.
Further still, even within these three, our results revealed a disproportionate
presence of some subclasses. The L1 family dominated the LINE class, accounting
for 93% of all LINE sequence coverage, leaving L2 and L3 families to share the
remaining 6% in a ratio of 3:1 respectively. The SINE class was predominantly
shown to be composed of B elements; B1 elements dominated with 44%, followed
by B2 elements with 18%, while B3 and B4 elements together contribute 26%. This
leaves a mere 12% coverage for the other SINE classes; IDs and MIRs. Within the
LTR class, ERV _class IT and MaLRs represented 58% and 19% sequence coverage
respectively, leaving a dismal 12.07% to be shared among the ERVL and ERV _
class I families.

5.3 Distribution

The position information from the computational analysis in section 4.4 and the
statistical results in section 4.5, indicate that IRs can occur in any given region
(5’UTR, CDS or 3’UTR) of a transcript. However it appears there is a fairly
significant bias towards insertion in the 3’UTR region. The higher numbers of
IRs in 3’UTR (see Table 10 below) could be attributed to the fact that this region
is longer than both the other two. While that might be part of the reason, a
closer examination of the relative lengths of the three regions vis a vis the relative
numbers of IRs in each region seems to lend support to the idea of a preference of
insertions into the 3’UTR. For instance while the 3’UTR is on average only 1.11
times longer than the CDS region, computational analysis reveals that it contains
15 times as many IRs (Tables 5 and 10). The disparity is not as high in comparison
with the 5’UTR but holds nevertheless. 3’UTR is 6 times as long as 5’UTR, but
contains 14 time s as many IRs. Perhaps the most conspicuous observation is the
statistical revelation of the fact that IR insertions are disproportionately much
lower in the CDS region when contrasted with insertion in the UTRs. We have
already illustrated this fact with respect to the 3’UTR region. A similar trend can
be observed when the CDS region is compared to the 5’UTR region. While the
absolute number of IRs within the two regions is approximately equal, with the
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ratios being roughly 1:1, it becomes clear that their density within the CDS is
much less given the fact that the average CDS region length is 5 times as long as
the average 5’UTR length. This observation leads to interesting questions about
how IRs or TEs relate to the translated part of the mouse genome. This would
imply that while insertions have an equal chance of falling into any region, most
IR insertions within the CDS lead to negative consequences for the organism. As
a result, these are selected against during genomic evolution. Even at the higher
level of transcripts, further evidence of the general undesirability of IR insertion
can be adduced, supported by the fact that of the 69112 transcripts that were
screened only 10213 or 15% contained any repetitive sequence of any type at
all. (section 4.4 and Table 5). Moreover, even within sequences that possessed
TEs, the occurrence of sequences containing a given number of TEs dropped
logarithmically as the number of TEs per mRNA increased (diagram 6); yet
another pointer to the general undesirability of TE insertion. However the mere
presence of IRs in the CDS, even though they are relatively fewer in comparison
to other regions, bears evidence to the fact that some few insertions into the CDS
result in positive or neutral consequences for the host organism and are able to be
retained during the course of genomic evolution. One notable and quite interesting
observation though, is the fact that the mean length of TEs within the CDS region
is significantly higher than those of the other two regions (Table 6). Whether
this is of any functional or evolutionary significance is an issue that cannot be
appreciably resolved by the scope of this research. In all cases, IRs that overlap or
exist in more than one region do not seem to be favoured by genomic evolution.
In our case, only 59 or ~0.0025% of the 17598 TEs overlap with all three regions
of a transcript, and only 211 or ~0.01% overlap both the 5UTR and the CDS
regions. A mere 387 or 0.02% overlap the CDS and 3’UTR regions.

Table 10. Distribution of repetitive sequences in different mRNA regions

Region Average Regional Length Number of IRs
5°UTR 150 1179
CDS 877 1147
3’UTR 972 14618
5UTR/CDS/3’UT R 1998 59
5UTR/CDS N/A 211
3’UTR/CDS N/A 387

5.4 Possible sources of error

It’s pertinent to point out at this point of the discussion that all the results used in
the preceding discussion constitute a marginal error arising out of RepeatMasker’s
identification method. It detects only major simple (di-hexameric repeats) having
more than 20 nucleotides, and therefore misses a small number of simple repeats.



Computational Identification of Transposable Elements in the Mouse Genome 53

Another possible source of error is that a small fraction of potential new mouse
repetitive sequences that lack a consensus sequence in RepeatMasker’s library
against which the query sequences are searched, may either be missed, or incorrectly
identified and positioned.

8.0 Conclusions And Further Directions

8.1 Conclusions

While the spread of TEs within a genome is very much a random process, some
types of repetitive sequences have been more successful than others. The mouse
genome is dominated by three major classes of IRs, namely SINES, LINES and
LTRs which between themselves, represent upto 95% of Interspersed repeat
coverage in the genome (Table 4). However, even within these three types, some
subfamilies are more dominant than others such as the L1 family for the LINEs,
the B elements in the SINEs and the ERV _class IT in LTRs. The presence of TEs
is however much more pronounced in the UTRs than in CDS. This pattern of TE
distribution within the transcripts offers two interesting phenomena. On the one
hand, the replication and movement of repetitive sequences within the genome
as a whole has been a big success, to the extent that they occupy upto 39% of the
mouse genome [1]. On the other hand however, their insertion within the CDS,
the coding part of the genome, has been relatively minimal. This pattern seems
to lend credence to the idea that though insertion of TEs in the genome may
lead to desirable evolutionary novelties, for the most part its effects are negative,
sometimes fatal and it’s therefore selected against by genomic evolutionary pressures
and thus their relatively diminished presence in the CDSs. This observation not
withstanding, the mere presence of some TEs within the CDSs, attests to the fact
that a few of the insertions lead to positive effects and are thus conserved within
the region. Their very successful presence and highly conserved status within the
non-coding parts of the genome, is further proof to previous observations that even
out of the coding region, they serve useful purposes like acting as recombination
hotspots [8]. The mouse transposable element database (MTEDB) represents a
major resource for the study of functional genomics in the mouse, particularly the
complex and intricate phenomena of repetitive sequences in the organism. The
database is certainly not perfect, partly because of the continued discovery of novel
types of repetitive sequences, shortfalls in the software and methods used among
other reasons. It’s our belief that though the database may not be perfect, or even
complete, it still provides a strong foundation for studying and building of new
mouse repetitive sequence data sources, mainly because of the multi dimensional
data analysis tools that it offers. A web-based interface for the database, MTEDB
can be found at http://warta.bio.psu.edu/htt doc/MTEDB/homepage.htm.
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8.2 Further directions

Taking into account the high abundance and redundancy of repetitive sequences
in the mouse genome, it is evidently clear that though the contribution of this and
other research efforts is important, there is still an awful lot that science is yet to
discover. This is especially so with respect to our knowledge of the biological roles
of repetitive sequences and their function in the generation and evolution of the
various intricate genomic networks.

Though this research included screening of the data set against the currently
known protein structures from PDB, no repetitive sequences were found to have
any direct structural information. This was mainly because the PDB is itself still
a very limited database, representing only a very small percentage of proteins
because the number of known protein structures is still very limited. Further
research therefore, could include structural modeling of transcripts with TEs to
boost our understanding of the effects of TEs on protein structures.

Another important area of further research could include the study of
repetitive sequences in the untranscribed part of the mouse genome and their
possible influence on the resultant proteome, say as regulatory regions for gene
expression.

Comparison of this project’s database with other emerging or existing databases
on the mouse genome in general or mouse repetitive sequences in particular is
another area of research that would serve to enrich the data set and act as a point
of cross reference.
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Properties of Preconditioners for Robust
Linear Regression

V. Baryamureeba and T. Steihaug

In this paper, we consider solving the robust linear regression problemy = Ax + € by
an inexact Newton method and an iteratively reweighted least squares method. We
show that each of these methods can be combined with the preconditioned conjugate
gradient least square algorithm to solve large, sparse systems of linear equations
efficiently. We consider the constant preconditioner A"A and preconditioners based
on low-rank updates and downdates of existing matrix factorizations. Numerical
results are given to demonstrate the effectiveness of these preconditioners.

1. Introduction

Consider the standard linear regression model

y=Ax + €, (1)
Where y € R is a vector of observations, A € R"™*" (m >n) is the data or design
matrix of rank 7, x € %" is the vector of unknown parameters, ¢ € R and is the
unknown vector of measurement errors. The residual vector 7 is given by

7x)=y - Ax
ri(x) = yi- Aj. %, j= 1, ..., m,

where A;. denotes the j th row of A. In the least squares method we minimize

1

EHr(X)H% In order to reduce the influence of outliers (observations that do not
follow the pattern of the majority of the data and show extremeness relative to
some basic model) we will consider the problem

mn

min f( x) = min Z? (r:(x) /¢) o)
j=

where p is a given function, and 6 is a scale factor (connected to the data). The least
squares problem is recovered by choosing p (z) = 2% /2 for z € R. The functions p
we are interested in are those that are less sensitive to large residuals. The variance
of the observation errors is assumed to be known, and thus the scale ¢ is fixed.
This corresponds to the situation where the variability of the process is under
(statistical) control. The statistical properties have been thoroughly studied in the
literature, see, for example (Huber, 1981). The linear regression model (1) has wide

56
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applications in inverse theory (see, for example Farquharson and Oldenburg (1998)
and Scales et al. (1988), and parameter estimation (see, for example Chatterjee and
M achler (1997)).

If p (z) 1s a convex function (2) will have a unique minimum. We will consider
functions that are twice continuously differentiable almost everywhere, with
nonnegative second derivatives wherever they are defined. For the case when the
variance is unknown, it is possible to obtain simultaneous estimates of the scale
factors and the solution (Ekblom, 1988; Shanno and Rocke, 1986) but we will not
pursue this case here. However, the results in this paper can be extended to the
case when the variance is unknown.

Theideaof using preconditioned iterative methodslike preconditioned conjugate
gradients has not been used much in solving linear regression models (O’Leary,
1990; Scales et al., 1988) as compared to other approaches (e.g. direct methods).
The subject of this paper is to suggest preconditioners with a theoretical backing
combining the good properties of both direct and iterative methods for use in
solving the robust linear regression problem. The paper explores the possibility to
use a fixed preconditioner, corresponding to setting all weights to one. In addition
we give numerical results to illustrate various properties of the preconditioners.

In Section 2 we formulate the problem as a sequence of weighted linear systems.
We suggest preconditioners in Section 3. Section 4 is on implementation details.
We discuss numerical results in Section 5 and concluding remarks are given in
Section 6.

Throughout this paper we use the following notation: The symbol min; or
max; is for all i for which the argument is defined. For any matrix A, A;; is the
element in the ;" row and j? column, and A; is the ;! row. For any vector
x, xj, is the j th component, |x| is the vector of absolute values |x]| and x>0
means all the components of x are positive. For any matrix, vector, or scalar the
superscript (k) means the corresponding variable at the k7 iteration. The symbol
I is used to denote the (square) identity matrix; its size will always be apparent
from the context. For any square matrix X with real eigenvalues, Ai(X)are the
eigenvalues of X arranged in nondecreasing order, A,,., and A, denote the
smallest and largest eigenvalues of X respectively; i.e.

7“min (Xv) = 7\'Z (‘X)S = 7‘% (‘X) = 7"max ()()

If X is a symmetric positive definite matrix, then

A (X(_If =1/h i 1(X)
3
and the spectral condition number of X is x(X)=A,,, .. (X)/ Ayin (X) The letter
L represents a lower Cholesky factor of a symmetric positive definite matrix. For
any set 3, | 3| is the number of elements in 3.

57
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2 Problem Formulation

For a known scale the first order conditions for (2) are given by

where v is an m - vector with elements p'(rj (x)/o).
2.1 Newton’s Method Approach

The inexact Newton method for solving the nonlinear system (4) with line-search
(Dembo et al., 1982; Dembo and Steihaug, 1983) is given in Algorithm 2.1.
Algorithm 2.1 Inexact Newton Method with Line-Search Given initial x(%
andn@ < 1.

For k=0 stej) 1 until convergence do
Let n¢ <n (@ and find some Ax ® that satisfy

| Fe%) + Fr () axd® || <m B F k) ] ()

Find o ® so that (x ®+a® A x ®)) is sufficiently less than f (x %)
Set xtk+1) = x ) 40, (0) A x (k).

To guarantee convergence a line-search is performed along the search direction
A x (). The search direction will be a direction of descent (Dembo and Steihaug,
1983) when the system is solved approximately using a preconditioned conjugate
gradient method. The approximate solution A x (%) will have a residual g ® .

(1/6) ATGR AA x ® =ATv ®) + g (K 6)

wherel| g8l <n® || ATo®)|| and G *) e R7m*m is a diagonal matrix with diagonal
elements

G](’j.) :p”(r]' (x®)/c)>0j =1, ..., m. )

For Newton’s method choose 1@ =0.
2.2 Iteratively Reweighted Least Squares (IRLS) Method

The IRLS linear system corresponding to (4) differs from the Newton equation (6)
in the weight matrix . For the IRLS method (Antoch and Ekblom, 1995; Ekblom,
1988).

®)
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2.2.1  Approach

On the other hand, Scales et al. (1988) suggest another formulation of the IRLS
algorithm based on the optimization problem:

mxlnz |V](x)|p 1<p
j

where 7 (x) is defined in (1). The first order condition for (9) is the generalized
normal equation

ATGAx = ATGy (10)

for 7 (x)# 0 and G is the diagonal matrix with diagonal elements |7; (x)|p - 2. For
p = 2 (least squares) the usual normal equations are recovered. On tﬁe other hand,
forp < 2 the weighting matrix G tends to eliminate the influence of outliers in
the data by diminishing the influence of large residuals.

For k>0 we solve (10) for x*+¥ by solving a sequence of problems of the form
ATG® Ax *k+1) = ATG Ky, k>0 (11)

Choosing the weights{ G]-(/j-) } to be the inverses of residuals may cause the
algorithm to be unstable for very small residuals. Huber (1981) suggests replacing
7 (x*) with some lower cut—off value u whenever |7”] (x*)< u . This, in addition
to eliminating zero residuals, is sufficient to guarantee convergence of the IRLS
algorithm (Scales et al., 1988). The cut-off value p implies that beyond a certain
point, all high-confidence observations (small residuals) are weighted the same.

2.3 General Iterative Scheme

Most of the algorithms for robust regression can be described by the following
general iterative scheme:

Algorithm 2.2 General Iterative Scheme

Let the initial guess x(9 be given.

For 0 = 0 step 1 until convergence do
Compute right hand side h'® and diagonal weight G®
Find approximate solution Ax® of

ATG ® Anx®) = ) (12)

Find o ®sothat f(x® + o ® Ad®is sufficiently less than f(x¥.
Set xtk+ Y x B 1 o (B) xR
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We remark that the difference between the methods is essentially in the diagonal
matrix G ®/. For the IRLS method o ®/ =1 will give convergence (Huber, 1981).
In Table 1 we state some functions and their derivatives (Coleman et al., 1980;

Holland and Welsch, 1977). Except for the Talwar function the functions in Table
1 are convex functions.

Table 1: The parameter B is problem dependent. p’ and p” stand for the first
and second derivatives of p

Function | p(z) p(2) o (3)
Ziflzl < B LiflzIS B | qi)21<p
S ) g B iflz] > p | LOiflzl > B
vl o 3 —iftlz| = .
ﬁl.ol ?|f|z|>3 |z[
z%
—if |z| < B ; (1if |3] <
Talwar ;z {1 1£ 2l 5 B 0 if :2: S g
Sif |z] > B 0if|z| > B |\

Logistic | f*log(cosh(%)) ) *tanh(E) |1-tanh?3)

Fair p? (%— log (1 +%)) BB+ B*(B +13)7?

3. Preconditioner

Let G, H € R™™ be semi-definite diagonal matrices. Here, ATHA is a
nonsingular coefficient matrix (12) from a previous iteration with a known
Cholesky factorization. We construct a preconditioner for the current coefficient
matrix ATGA by carrying out low-rank corrections to ATHA (Baryamureeba
et al., 1999; Wang and O’Leary, 1995). We want to solve the linear system with
coefficient matrix ATGA and employ a preconditioned conjugate gradient least
squares (PCGLS) method with a preconditioner A’KA , where K is an m x m
diagonal matrix constructed from A and G so that the difference between ATKA
and ATHA is a low-rank matrix. In this case, the Cholesky factorization of A7THA
can be effectively used to solve linear systems with the preconditioner A’KA as
coefficient matrix.
For a given index set
Qc {ilj<mand G]']' H]]},

let the 72 x m diagonal matrices D and K be given, respectively, by
D=K-H
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where K;; {G”'f )9 (13)

] | jj otherwise

Let A € R7*” where q = | Q| consist of all rows Aj. such thatj e Q and

let D e R7*9be the diagonal matrix corresponding to the nonzero diagonal
elements of D. In this notation,

ATKA = AT(H + D)A= ATHA+ ATD A,

namely, A7TKA isarank g-correction of ATHA. The elements in the preconditioner
are determined by the choice of the index set Q .

Theorem 3.1 (Baryamureeba et al., 1999): Let K,G € R™*™ be positive definite
diagonal matrices. Then

. ij T -1 AT Gij
min — <A, (A KA)" A" GA)< maxs—
LS N CT =

Let H € R™*™ be a positive definite diagonal matrix. For Q #Jlet K in Theorem
3.1 be defined as in (13). Then the bounds in Theorem 3.1 simplify to

i
Q H}

min {1, min {
JE
ji

<A, (A"KA)" A"GA)< max {1, max {&}
o - "ieQ 'H, (14)

ji
since Kjj = Gjj forje Q andKjj = Gj forje Q.

The preconditioned conjugate gradients least squares (PCGLS) method attain
rapid convergence when the spectral condition number of the preconditioned
matrix is close to one. With this in mind, (14) suggests that we should choose the
index set such that the spectral condition number £(K~'G) is minimized. The
preconditioner A7KA in (14) is directly applicable to weighted linear systems with
positive definite diagonal weight matrices. Needless to mention, we can also apply
this preconditioner directly to problem (11) with a cut-off value u>0.

The normal equations arising from the application of an interior point method to
alinear programming problem (see for example Baryamureeba et al. (1999)) are also
of the form (12). The idea of using low-rank corrections is not new. In his seminal
paper on the polynomial-time interior-point method for linear programming,
Karmarkar (1984) proposed to use low-rank updates to decrease the theoretical
complexity bounds. His idea has been pursued by many later papers for example
Goldfarb and Liu (1991) for the similar reason. Moreover, a combination of a direct
method and an iterative method was reported by Karmarkar and Ramakrishnan
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(1991) Wang and O’Leary (1995) propose a strategy of preconditiom /Ethe normal
equation system (with positive definite diagonal weight matrices G®) based on
low-rank corrections, and in their implementation the index set Q consists of the
indices corresponding to the largest absolute changes of G/ (=H) and (K (= G),
j<k. Baryamureeba et al. (1999) also construct preconditioners for the normal
equation system based on low-rank corrections and they choose the index set Q
to consist of indices corresponding to the largest relative changes of G and G®/.
In the area of robust regression, the idea of updates and downdates has been
used, for example, by Antoch and Ekblom (1995), Ekblom (1988), O’Leary (1990),
and Wolke (1992). Complete downdates based on the factorization of AZ4 have
been suggested (Wolke, 1992). In this paper we will suggest partial updates and
downdates based on the factorization of A74 and ATHA. The purpose is not to
replace the factorizations, but to reduce the number of factorizations needed.

3.1  Newton Method Approach

3.1.1 Huber and Talwar Functions

Newton’s method and the IRLS method lead to the same sequence of problems
when the weighting function is the Talwar function. To see this, note that p”(z)/z
for the Talwar function. So we will only consider the Talwar function under the
Newton method approach.

Theorem 3.2 Let G, H e R X pe diagonal matrices with 0 or 1 on the
diagonal. Define
={i:1<m,H; = ZandG]-]-=1}

7
={r:1<m, I—[]]—Zande]-=Z}
={r:1<m, [—]]]—ZandG]-]-=1}

Let AT = [AT A, Aj J be the matrix whose columns have been permuted
so that Al’ A,, cmd Aj are block row partitions corresponding to the index
sets 3,3, and 3, respectzvely Let Q,c 3, Q3 c Jyand Q = QU Qg
and Ke R1*" be defined in (13). Assume tbat A TKA is nonsingular. Let M =
(ATKA) ' ATGA. Then

ACAESERS

j€3\Q,

A

i N (Af A+ Z AE A+ ZA]T AiJ

jeQ j € 3\Q,

If ATGA is nonsingular, then

4
A(M)< (1 + ' ;lA j,“%/}\’min (AT A +A; Az)J
je3\Q
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Proof: Observe that

T T T
ATRA = D1 A+ D ATA + D ATA,

jeQ j e 3:\Qs
and
ATGA = ATA,+ AT A,= ATA,+ 2ATA; - 2AJA,
je 3,\Qq je3,\Q3
Thus

ATGA = ATKA + 2ALA - DAJA,

je 3\Q je3\Q;
(15)
If (ATKA )!exists then
2 (ATKA)TATGA) <1+ X |A 3 (ATKA) [,
je 3,\Qq
(16)
and if (A7GA )~ exists then
2 T -1
1, (ATGA ) ATKA) <1+ _Z\QHAi.Hz (A'GA)™ [, (17)
JE\‘S S

Observethat . (X) = 1/|| X ||, for any symmetric positive definite matrix X.
Then rest of the proof follows from (3).

The following observations based on Theorem 3.2 are in order:

() IfQ=3, then

-1
(1+ > | AR/ hn (AT A +A] AZ)J <, (ATKA )1 ATGA) < 1.
je3\Q

(1) If Q =3; then

<L (ATKA)TATGA)< 1 + D

je 3

A,

2 (Ai A ZA;AJ

jeQs
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(i) If 3, = & then

-1
(1+ 2 HA]-,Hﬁ/kmm(Af AJJ <k (ATKA)TATGA)< 1. (18)
i<

Equation (18) corresponds to the case when we downdate AT 4.

For the case of Newton method with the Huber and Talwar functions, the
diagonal matrix G in (6) has either 0’s or 1’s as diagonal elements. Thus we can use

Theorem 3.2 to construct a preconditioner AT KA, where K € ™™

matrix with 0 or 1 on the diagonal. The index set @ = @,UQ5. The sets @, and

Q3 correspond to largest ||4,.[|, for j € T, and j € Ty respectively.
The Huber and Talwar functions may lead to singular linear systems when
Newton method is used. Thus instead of solving a linear system of the form (12)

we solve
(ATGA+é8NAx=h,

is a diagonal

where & = 0 is the stabilizing factor. When AT GA is singular A" KA is likely to

be singular too. Thus let (47 KA + &1I) be the preconditioner. Using (15) we can
write

(ATGA +61) = (ATKA + 61) + Z ALAL — Z ALA;

JEEL Do JEE L=

Let M denote the preconditioned matrix (ATKA + &I)"'(ATGA+ &I).
(ATKA + 861)"1(ATGA + &I). Then using (16) we have
A(M)y<1+ Z Il Anl13/6.

J.Etz\\.Qz

Using (17) followed by (3) we get
1

20z (1+ Y Il 4113/

JEZ NG

In what follows we will write 7(x) as r to simplify the notation.
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3.1.2  Fair and Logistic Functions

Theorem 3.3 Let # € ™. Let G € R™*™ be a positive definite diagonal matrix
defined by
6. — {(1 +(I;1/68))™  Fair
H 1 — tanh? (r;/88B) Logistic

LetH =1,Q S{j:1<j<mand H;; # G;;}, andK € H™™ be defined as in
(13). Then )

Fair: (1 + (1/aB) ngxﬂ?}”)_‘ < A, ((ATKA)™*ATGA) =1

and

Logistic: 1 + tanh 2((1/6f) max;e, {|r;[}) < A,((ATKA)ATGA) < 1
Logistic: 1 + tanh *((1/68) max;o {|r;[}) < A,((ATKA4)ATGA) = 1.

Proof: For the Fair function we have G;; = (1+|r;|/(cf)) -,
G;; = (1+|r;|/(a8)) =2, Thus
min;{G;;} = (1 + (|Irll../0f)) 2and max{G;} <1
minj{G}-}-} = (14 (|Irl|./oB8)) *and maxj{G}-}-} = 1.
Applying Theorem 3.1 we have

(1 + (IIrll/oB)) ™ < A,((ATA)ATGA) < 1. (19)

Now note that G ;/K; =1 forj € @ and G;;/K;; = Gi;/H;; = Gy; forj & Q.

Then repeating the same technique as for (19) the bounds on 4, ((ATKA4) ' A7 GA)
are

min, {G}-}_r‘fﬂ-}-} = (1 +(1/af) I}"{Eagx{l'r}.l})_‘ and max (G,;/K;} < 1.

For the Logistic function G,; = 1 — tanh®(r;/o8). Hence max, {G,;} = 1 and

min{G;;} = 1 - tanh? (n‘fx{lnl}faﬁ) = 1— tanh®(|Irl|../oB).

Applying Theorem 3.1 we get
1 — tanh®(|Irl|../oB) < A, ((ATHA)1ATGA) =1 (20)
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Again notice that G /K; =1 forj € @ and G;;/K;; = G;;/H;; = Gy forj & Q.
Repeating the arguments for (20) the upper bound on A;((ATKA)"*ATGA) is
max; {G,; /K,;} = 1land the lower bound is

n‘;in{(}}.}.jf%.}.} = 1 — tanh? ((Ucrﬁjxﬁzx{hﬂ}) . [

Theorem 3.3 suggests that we should choose the index set @ to consist of indices
corresponding to the largest components of |7|.

3.2 IRLS Method Approach

3.2.1 L, Approach

Let r,# € R™. Let G,H € R™"™ be positive definite diagonal matrices defined

by H}.}. = |1'«-;| p—2 and E}.}. = |‘]r’:;| |‘P—2(1 <p< EJ-FOI‘ a given Q, let K € gm=m
be defined as in (13). Then

A((ATKA)IATGA) = mln{l n’élél {|—*‘|} 1 (21)
and )
A((ATKA)IATGA) = max[l max{| |} 1 (22)
jeg

Thus, to construct the preconditioner for the coefficient matrix in linear
system (11), the results in (21) and (22) imply that we should consider indices

corresponding to largest | | | /31 =1 and/ or smallest| |f|'r | << 1 such that

k(K~'G) is minimized.
In the rest of this section we construct preconditioners based on modification

of an existing factorization A4 = LLT

3.2.2  General Preconditioner Based on Huber, Fair, and Logistic Weighting
Functions

Theorem 3.4 Let ¥ € R™ and G € R™* ™ be a positive definite diagonal matrix
defined by
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L if Inl < B
| aB/mfif Iry| > o8
i =Y (4 (Inl/aB))? Fair function
(rjjcrﬁ)_l tanh(r;/of) Logistic function 23)
Then
(14 (lrll/oB)) ™ < 2,(AT4)ATGA) < 1

(1+ (lIrll./oB)) ™ = A ((ATA)TTATGA) = 1.
(24)

Furthermore, let H =1, Q € {j: 1<j<m and H;; # G;;} and K € |™m*m
K € R™™be defined as in (13). Then
-1
(1+ (1/aB) n%Ean[|r:,-|}) < 1 ((ATKA)LATGA) < 1. (25)
i

Proof: The proof is in two parts. In the first part we give the proof of (24) based
on each weighting function. In the second part we prove (25) based on (24) using
the same technique as in the proof of Theorem 3.3.

Consider the Huber weighting function (23).

Then max;{G;;} =1 and

min{G;;} = min {1,af/|lrl|..}
j
_ 1
 max{L,|Irll.. /o8

Using Theorem 3.1 we have
(1+ (llrl|lo/oBN ™t < A,((ATA)TATGA) < 1.

3 = (1+ (lrlle/aB)) 7

Secondly, consider the Fair weighting function G;; = (1+ |;|/af) ~*.

Then max,{G,;;} =< 1and
min(G,,} = (1. + (lIrll./o8))"

and (24) follows for the Fair weighting from Theorem 3.1.

For the Logistic function, we first note that for any x € &, (see Rottmann, 1991:

pp- 86)
1/(1+|x|) =tanh (x)/x = 1. (26)

From (23) we have G;; = (r;/cf) ~* tanh(r;/aff). Thus using (26) we get
min{G,,} = 1/ (14 max |ry|/af ) = (1+ (lIrl|../B))
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and max,{G;;} = 1. Hence (24) follows from Theorem 3.1.
Theorem 3.1 states that
min{G,, /K;} < A,((ATKA) AT GA) < max{G,, /K, }.

i j

Next observe that G;;/K;;=1forj€ Qand G,;/K;; = G;;/H;; =G
G;;/K;; = G;;/H;; = G;; for | € Q. Hence (24) implies that max,{G,; /K;;} =1
max,{G,,/K;;1 =1 and

-1
min(G, /K,) > (1+ (o) maxtl) "

Theorem 3.4 suggests that we should choose the index set @ to consist of indices j

corresponding to the largest components |r].

3.3 Computing with Preconditioners

We consider three cases:

1.

Constant preconditioner A”4: We compute the factorization LLT = AT A

once at the beginning and store the factor L for use throughout the whole
of the iterative process.

We note that the theoretical upper bounds for k((ATKA) *ATGA)

k((ATKA) AT GA) can be deduced from equation (18), Theorem 3.3,
and Theorem 3.4.

Downdating A” A: The results of equation (18), Theorem 3.3, and Theorem

3.4 suggests modifying AT A4 at every iteration. Thus the linear systems
involving the preconditioner as coefficient matrix (at every iteration) are
of the form

(ATA+ A"DA)s = (LLT+ A'DA)s = v, 27)
Where A € RI*™ consists of rows of A corresponding to the index set
Q. Thus at every iteration we carry out low-rank downdates to AT A.
Similarly, we compute the factorization LLT = A A4 once at the beginning

and store the factor L for use throughout the whole of the iterative process.
We suggest solving (27) by the Sherman-Morrison- Woodbury formula
approach (Baryamureeba and Steihaug, 2000; Baryamureeba et al., 1999).

Low-rank corrections to ATHA: Here we consider the case where

LLT = ATA is a matrix from the previous iteration with a known
factorization. The low-rank correction is determined by the choice of the
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index set 2. We choose @ based on (14) when H and G are both positive
definite diagonal matrices or based on Theorem 3.2 for the case when

H and G are semi-definite diagonal matrices. The low rank correction
matrix corresponding to @ is AT DA. Thus the linear systems involving
the preconditioner as coefficient matrix are of the form
(ATHA+ A"DA)s = (LLT+ ATDA)s = v, (28)

We suggest solving (28) by the Sherman-Morrison-Woodbury formula
approach (Baryamureeba and Steihaug, 2000; Baryamureeba et al,
1999) when we alternate between a direct solver and an iterative solver
at every iteration, and by the approach based on modifying the factors

(Baryamureeba and Steihaug, 2000) when we choose the solver adaptively
(Baryamureeba, 2000; Wang and O’Leary,1995).

The factorization can be obtained directly by computing the Cholesky factorization

LLT = ATHA or from the QR factorization of H?4 for ill-conditioned
problems.

We remark that using A" 4 as preconditioner in the early iterative stage and
ATKA (a low-rank correction of ATHA) during the late iterative stage may be
computationally efficient.

4. Implementation Details

Full Inexact Newton steps (i.e. the choice «™*)=1), leads to superlinear

convergence if 7% — 0 close to the solution. However, the Inexact Newton steps
may not decrease the value of the objective function (2) away from the solution.

Thus there is need to decrease the step length gradually until f is sufficiently

reduced. The step-length K':k}f [%:]’ where i = 0 is the smallest power so that
F(E¥ ot Ax) < £(x™) 4+ 0,001 ™ V()T Ax,

The implementation is done in MATLAB! and we use the Matlab function
symmmd to compute the symmetric multiple minimum degree ordering for matrix

AT 4 for the sparse Cholesky solver chol. The iterative method is preconditioned
conjugate gradient least squares (PCGLS) method as implemented in Baryamureeba
and Steihaug (1999) using the Sherman-Morrison-Woodbury formula. The
termination criteria in PCGLS routine are when either the number of PCGLS
iterations has reached a prescribed integer £ or when g ] [/ h'¥) 2 = 8,001
where g% = h¥) — AT AAx™) for h™) defined in (12). The weight matrix

G ™ for Newton’s method is (7) and (8) for the IRLS method.
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We  terminate the algorithm  when ||‘F,1°(JL":;"+1]':]||2 <€ and

[|xte+t) — x¥||, <€, or when we exceed the maximum number of iterations

allowed. For the starting value we use the least squares solution (Ekblom, 1988;
Scales et al., 1988)
' = (4AT4)rATy.

_ a4n-5
pogts = 107°. The
maximum number of iterations allowed is set to 100 iterations and the maximum

In numerical experiments we set €= 1073, €, =10"%and 4

number of PCGLS iterations is t = 40 in the numerical experiments.
5. Numerical Experiments

5.1 Distribution of Eigenvalues of Preconditioned Matrix
We extract the matrix A from the netlib set (Gay, 1985) of linear programming
problems. The true solution vector x is taken to be a vector of all ones, and the

right hand side is chosen to be ¥ = Ax + aN(0,1), except the outliers are obtained

by adding 1005N(0,1) to mymy (is number of outliers) randomly chosen elements
of y. In all experiments we set m; = 10, f =1, and & = 0.1. The percentage of

high leverage points or “wild points” is below 196 in all test problems.
The observed behavior seems to be typical of many experiments we conducted
on different test problems at different stages of Newton (or the IRLS) algorithm.

In the figures H is the weight matrix at the previous iteration and G is the weight
matrix at the current iteration. For positive definite H and G we choose the index
set @ such that the spectral condition number k(K*G) is minimized. In all the
figures @] = 20.
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The IRLS method with the Huber weighting function. The index

set @ is chosen according to Theorem 3.4. Test problem is blend
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Figure 1 and 2 show the distribution of the eigenvalues of the preconditioned
matrix (ATA)"'ATAGAare well described by the distribution of

{G;;:/ = 1,...,m}; min; {G;;} is a lower bound of 4, ((ATA) 1 (ATAGA); and

that introducing low-rank downdates may decrease the spectral condition number
k((ATKA) (ATAGA). Figure 1 and 2 support the choice of the index set based
on the largest |r;| (which corresponds to the smallest G;;).

Corresponding results for the Fair and Logistic functions with the IRLS method
lead to similar figures as in Figure 1. The Logistic function leads to similar results

as Figure 2 if the index set @ is chosen according to Theorem 3.3.

Figure 3: Newton’s method with the Fair weighting function. The index set  is
chosen according to (14). We choose @ so that k(K ~*G) is minimized.

m *
4 T T T T T cd T T T T T T

o)L Middle stage of
“| the iteration process

[

Mumber of sigenvaluas
MMumber of sigenvalues

L n 1 L 1 1
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o450 1 1 15 1
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Figure 3 shows that we can form efficient low-rank correction preconditioners
based on modifying ATHA (a matrix from the previous iteration with a known
factorization).
5.2 Performance of the Preconditioners on Sequences of Linear

Systems

In numerical tests we will use the following testmatrices:

stocfor2(m = 3045,n = 2157);
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maros (m =921,n = 835;sccd6 (m = 1350,n = 147); and
scsd8 (m = 2750,n = 397) We only give numerical results based on the
preconditioners A4 and its corresponding low-rank downdate ATKA. In the
tables M denotes the preconditioner. Outer refers to inexact Newton or the IRLS

iterations and inner to total number of PCGLS iterations. The maximum number

of downdates is set to |@Q| = 20 for all the results in Table 2, 3, 4, and 5. The actual
number of downdates may be less than the maximum, for instance, for Huber and

Talwar functions if | T, |[4+|Z;] is less than the maximum in Theorem 3.2.
We will base our analysis on the values of outer and inner. The results in Table
2 for the Talwar function show that we terminate by the maximum number

of PCGLS iterations allowed, t =40, at all iterations, for stocfor2 when ATA
and ATKA are used as preconditioners, and for maros when AT4 is used as a

preconditioner. This suggests that we should increase g or t so that the linear
system can be solved to high accuracy. The results in Table 2 and 3 suggest that
the Fair function is performing better than other functions on inexact Newton
method. The results in Table 4 and 5 show that on average the Fair function is
doing better than other functions on the IRLS method. The Logistic function is
doing almost as well as the Fair function on the IRLS method. Comparing the
results in Table 2 and 3 with the results in Table 4 and 5 we see that Newton’s
method converges faster than the IRLS method, and the low-rank downdates do

not lead to a significant decrease in the inexact Newton (IRLS) iterations carried
out (outer). Thus it is worthwhile to use AT 4 instead of its low-rank downdate

ATKA as preconditioner.
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Table 2: Inexact Newton method. AT K4 is a low-rank downdate of AT A.

Huber function Talwar function

Bl M Outer |Inner | |T"| | M Outer |Inner | |T'| |
T T

stocfor2 |44 |3 1079 |6.70 A4 00 |4000 |7.54
ATKA |39 1452  |6.70 ATK A 100 4000 |36.2
T T

macros |4 A g 1031 |14.6 A4 00 4000 [147
ATKA |28 1019 |14.6 ATKA|98 3960 |14.5
T T

secsd6 |44 |1 258 [17.2 A4 1y 328 |16.4
ATKA |14 312 17.2 ATKAl12 328 16.4
T T

scsd8 |44 |3 454 |19.7 A4 354 |18.0
ATRA |16 415 |19.7 ATkA |11 355 |18.0

Table 3: Inexact Newton method. AT K4 is a low-rank downdate of AT A.

Fair function Logistic function

Problem M Outer |Inner ||T'|| M Outer |Inner ||T'||
T T

stocfor2 |44 |13 462 652 A4y 849 |6.67
ATKA |11 392 6.52 ATKA |17 559 6.67
T T

macros |44 |9 275 |14.6 A4 g 667 |14.6
ATKA |8 251 14.6 ATKA |21 728 14.6
T T

scsd6 (44 g 125 [17.2 A4 1y 199 [17.2
ATKA |8 115 17.2 ATKA |10 143 17.2
T T

scsdg (44 |g 133 |19.7 A4 g5 333 197
ATKA |9 129 19.7 ATKA |10 239 19.7
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Table 4: Inexact IRLS method. AT K4 is a low-rank downdate of AT A. The
results for the Talwar function are the same as in Table 2.

Huber function
Problem
M Outer Inner | |T'| |
T
stocfor? ATA 76 3064 6.70
ATEA 75 2982 6.70
ATA
IMacros 76 845 14.6
ATEA 76 826 14.6
T
scsdb A°A 11 59 17.2
ATKA 11 54 17.2
T
gscsdB A4 20 81 19.7
ATKA |20 76 19.7

Table 5: Inexact IRLS method. AT K4 is a low-rank downdate of AT A

Fair function Logistic function
Pieosliin M Outer |Inner ||T"|| M Outer |Inner ||T"||
T T
stocfor2 |44 49 1987 |6.52 A4 5y, 2178 |6.67
ATKA |48 1914 6.52 ATKA |53 2097 6.67
ATA ATA
macros 28 394 14.6 24 303 14.6
ATKA |28 374 14.6 ATKA |24 281 14.6
T T
scsd6 A°A 10 57 17.2 A4 9 53 17.2
ATKA |10 53 17.2 ATKA |9 48 17.2
T T
scsdg |44 |14 72 19.7 A4 5 69 19.7
ATKA |14 67 19.7 ATKA |15 64 19.7

6. Conclussion

The paper suggests preconditioners for both Newton and IRLS methods. And
the theoretical results give bounds on the spectral condition numbers of the
preconditioned matrices. The numerical results do demonstrate the theoretical
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results. The numerical results show that the suggested preconditioners are promising
and merit further study, especially in the presence of high leverage points or a
high percentage of “wild points”. The paper opens new ways to solve large, sparse
regression problems using robust alternatives to least squares criterion.
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Computational Analysis of Kinyarwanda
Morphology: The Morphological
Alternations.

Jackson Muhirwe

For more than 30 years, there have been renewed interests in computational
morphology resulting in numerous morphological tools. However the interest has
always been on the politically and economically interesting languages of the world
resulting in a wide language divide between the technologically rich and poor
languages. Kinyarwanda language, a Bantu language spoken in East Africa is one
of those under-resourced languages without any language technology tools. The two
most essential components of most natural language applications are a morphological
analyzer and a machine-readable lexicon. These two components are still lacking for
Kinyarwanda and so many other under-resourced languages. The task of developing a
morphological analyzer involves two problems: the morphotactics (word formation)
and the morphological alternations. In this paper we mainly concerned with the
morphological alternations.

Introduction

The broad area of computational morphology is concerned with computational
analysis and synthesis of words for eventual use in natural language applications.
The ultimate goal of computational morphology is incorporating its products,
the morphological analyzers into higher level natural language applications.
Such applications may include spell checkers and information retrieval systems.
Currently there are two broad approaches to computation morphology: rule
based and data based approaches. Our main focus in this paper are the rule based
methods. Finite state methods have dominated computational morphology research
since Johnson’s ground breaking 1972 discovery that under certain constraints,
phonological rules could be modeled using finite state methods (Johnson, 1972).
Although Johnson (1972) was the first to realise that finite state machines could
be used to model linguistics structures, the approach was never recognised until
the late 1970s when Kay independently discovered that finite state machines can
simplify the modelling of phonology and morphology. The invention of the two
level phonology approach in 1983 by Koskenniemi was a major breakthrough in
Computational linguistics and this led to wide spread use of finite state machines.
Since the invention of the two level approach in 1983, finite state methods have
successfully been employed to develop morphological analysers for many languages
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including English, French, Germany, Arabic, Spanish, Basque, Japanese, Korean
and Swahili a Bantu language (Beesley and Karttunen, 2003). Computational
morphological tools have mainly been built for the politically and economically
interesting languages of Europe and some parts of Asia. The status quo according
to Cole (1997) is that morphological analysers should be built for all but the
commercially important languages. To emphasize this point, Dhonnchadha et
al.(2003) reiterates the need to develop morphological analyser for all languages to
avoid creating a language divide. We now have the technologically rich languages
and poor languages.

There are two main challenges involved in developing morphological analysers:
the morphatactics and the morphological alternations. The morphotactics or
sometimes known as the morphosyntax, is concerned with the strict rules that
dictate how morphemes are combined together to form words. Morphemes are
the smallest indivisible components of a word with a purpose or a meaning.
Morphological alternations are concerned with the phonological / orthographical
rules that are required to derive the surface representation of a word from its
underlying representation. The problem of morphological alternations arises
because sometimes a morpheme may have different realisations depending on its
phonological environment and other morphemes that make up the word. Our
concern here is on this later problem leaving the morphological alternations
problem aside.

We focus on Kinyarwanda, a Bantu language, with barely any language tool
developed, to be exploited by its 20 million speakers. In this paper we focus on the
phonological / orthographical rules that are required to derive the surface form of
a word from its underlying /lexical level form. The rest of the paper is organised
as follows: The next section presents an overview of Kinyarwanda morphology.
This is followed by a review of computational morphology, which is followed by
an implementation of the morphological alternations using Xerox finite state tools
and finally a discussion of the results and conclusion ensues.

Kinyarwanda Morphology

Kinyarwandalanguage, the national language of Rwanda is a typical Bantu language
classified by Guthrie (1971) as a group D60 Bantu language (D66), together with
Kirundi, Giha, Vinza, Hangaza and Shubi. The language is spoken by over 20
Million people, living mainly in the great lakes region of East and Central Africa.
Its speakers include, Barundi (from Burundi), Giha, Bafumbira, Banyamulenge
and the ethnic Banyarwanda in Masisi and Rutshuro in Northern Kivu of the
Democratic Republic of Congo.

Kinyarwanda language major word categories are the nouns and verbs.
Kinyarwanda nouns are composed of the preprefix, the prefix or sometimes called
the class marker, the stem and the suffix. The noun morphology is mainly influenced
by the noun classification system and the ensuing concodia agreement system.
Kinyarwanda shares these properties with other Bantu languages. Kinyarwanda
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verb morphology is known to be more complex than the nominal. Typically, a
verb will have multiple prefixes and suffixes surrounding the stem just like beads
on a string. Prefixes have only grammatical information while suffixes have both
grammatical and lexical information. The only obligatory morphemes in a verb
are the subject agreement prefix, the stem and the final vowel which in most cases
is the aspect marker. The optional morphemes include the proclitics -nti *not’, ni
'if/when’; the tense aspect-modality morphemes; the morphemes 74 also’; the
object pronouns which can be one or many; lexical verb extensions; grammatical
suffixes; the enclitics -ga; and locative postclitics -7 "o, -b ‘o, or -y ‘0. Kinyarwanda
verbs, like most other Bantu language verbs, can have multiple object pronouns,
multiple lexical verbal extensions and multiple grammatical suffixes. Lexical
extensions such as -agur-, -iir-, uur, -aang, iriz-, etc. add lexical information such
inchoativity, iterativity, repetitivity, intensity, frequentativity, reversivity, etc.
Grammatical morphemes such as the causative morpheme -iish-, the applicative
morpheme -ir-, the comitative/reciprocal morpheme -an-, can be added to any
verb stem.

Computational Morphology

Computational morphology has been an active area of research for the last 25 years.
Oflazer (1999) defined computational morphology as the study of the computational
analysis and synthesis of words to be eventually used in natural language processing
applications. Computational morphology is mainly concerned with systems that
efficiently analyse and synthesize words. Although the beginning of the field of
computational morphology could be traced in the 1950s, the most practically
accepted approach was the two-level morphology introduced by Koskenniemi in
1983 (Koskenniemi, 1983a). The two-level morphology approach was immediately
accepted by most researchers and since then has been the dominant formalism for
dealing with computational morphology (Sproat 1992, 2006; Antworth, 1990). In
this research we have chosen the two-level morphology approach, the dominant
formalism in practical implementations of morphological analysers.

Two level Morphology

The two-level morphology approach to morphological analysis is a language
independent general formalism for analysis and generation of word-forms. Kimmo
invented this approach in 1983. The Generative phonology approach creates
un-necessary intermediate levels and is also uni-directional. Kimmo decided to
eliminate the intermediate levels. This created a new approach, which has only
two levels, the lexical level and the surface level, hence the name Two-Level
Morphology. This model has also an added advantage of being bi-directional,
implying that both analysis and generation could be done using the same system,
which was not possible with the earlier approaches which were uni-directional.
Two-level morphology depends heavily on finite state methods, which are well
known and are often described as elegant (Kartunnen and Bessley, 2003). Several
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compilers have been developed to deal with two level rules, but in this paper
we shall use Twolc developed by Xerox. The choice for two-level morphology
approach was not accidental. The two level approach has already successfully been
used to develop a comprehensive morphological analyser for Swahili, a Bantu
language.

Two level rules

Two level rules are generally of the form
CPOPLC RC

Where

CP stands for Correspondence Part

OP stands for Operator

LC stands for Left Context

RC stands for Right Context

There are four different kinds of rules that may be used to describe morphological
alternations of any language.

1. ab => LC _RC. This rule states that lexical //a// can be realized as
surface b ONLY in the given context. This rule is a context restriction
rule

2. ab <= LC _RC This rule states that lexical //a// has to be realized as
surface b ALWAYS in the given context. This rule is a surface coercion
rule.

3. ab OLC _RC this is a composite rule which states that lexical //a// is
realized as surface be ALWAYS and ONLY in the given context.

4. ab/<=LC_RC This s an exclusion rule that states that lexical //a// is
never realized as surface //b// in the given context.

These rules may be compiled into finite state acceptors either by hand or
automatically using one of the many available two level rule compilers. For this
paper we used the Xerox two level rule compiler Twolc.

The Xerox Finite State Tools

This is a set of powerful, sophisticated set of algorithms and programming
languages for building finite state solutions to a variety of problems in natural
language processing. For the purpose of this paper we shall only look at two tools,
which were used in this research.

Lexc

This is the Lexicon Compile. Lexc is a highlevel declarative language used for
specifying the required lexicon and morphotactic structure of the words in the
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lexicon. The compiled lexicon results into a network of well-formed strings. Lexc
source files are written using notepad, emacs and any other text editor.

Twolc

This is the two level compiler. This is a highlevel declarative language designed
for specifying alternation rules required in morphological descriptions. Gross
irregularities and all base forms are also included in the Lexc source file. Twolc
source files are typically text files written using notepad, emacs or any other text
editor.

The Xerox finite state technology is based on three fundamental insights
1. The morphotacts can be encoded using finite state networks

2. The alternation rules of each morpheme can be implemented as a finite
state transducer.

3. The lexicon network and the rule transducer can be combined together by
composition to form a single network called a lexical transducer

Lexical transducers constructed using the Xerox finite state technology are
mathematically elegant, bi-directional and highly efficient. The applications have
a potential for wide lexical coverage, use little memory space, being robust and
commercially viable products.

Compiling the Morphological alternations using Twolc

The first thing required in the Twolc source file is the definition of the alphabet
which is preceded by the keyword Alphabet.
Alphabet

abcdefghijklmNimNmnopFpfqrstStsuvxywz;

There may also be need for definitions of sets that may be required by the rules
Sets
V=aeiou;
C=bcdghjklmnpqrstvwxyz;
C2=bcdghjklmnpqrstvxyz;!Thissubset doesnot have w
C3=bcdghjklmpqstvwxyz;!This subset doesnot have n

VR = e o0; IROund vowels

VFR = ie; |Front vowels

VBK = o u; !Back vowels

A = fs; | Affricates

VS = chkpst;!Voiceless Consonants

The keyword Rules marks the beginning of all the alternation rules in the source

file.
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Deletion rules:

Deletion rule concerns the deletion of ~-vowels, consonants and even syllables
//a// is deleted before any vowel in the initial position of a morpheme. Other
vowels are glided as we shall see later.
Example
Aba-aana ) abaana
Ama-ooko [ amooko
Baa-unbatse | buubatse

Deletion rules
“(1) a deletion”
a0 <=>C _V;

“(2) y deletion”
y:i0 <=>[y|w|zj|gz|d:z] ;

“(3) w deletion”
w0 <=>w:_;

“(4) r deletion”
r0 <=C3 [yl[elill;

“(5) n deletion”
n:0 <=> [n|m];

“(6) u deletion” !This rule has been created due to rule 21, so it will be moved
to the deletion section
w0 <=>:0_ C;

“(7) k deletion”
k0 <=> y:S;

“(8) t deletion”
0 <=> vy

Glide formation rule

This rule is about the formation of the glide. For example //i// becomes //y//
or //a// becomes //y// when if it is alone with a morpheme ( This is about
morpheme -a- //u// becomes //w// if is alone on the morpheme.

i-angaaza [liyangaaza
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u-wu-iishe [uwiiyishe
u-i-ang-a [Jwilyaanga

“(9) a becomes y”
ay <=># V2

“(10) 1 becomes y”
1y <=> [a|e|o|u];

“(11) u becomes w” We need to deal with situations where u is following i e.g
u-i-anga
ww <=>[#]|C2] _V;

“(12) o becomes w”
oow <=> C _[a]e]i|u];

“(13) n becomes m”
nm <=> [b|f|p]|v]|:p]|:f]:v];

“(14) r becomes d”
rd<=n_;

“(15) pf becomes f” !pf and ts need to be dealt with in a better wa
P P Yy
Ff<=>n_;

“(16) ts becomes s”
Ss<=>n_;

“(17) voiceless becoming voiced”
Ck:Cg <=> [V VS];

where Ck in (k t)

Cgin (gd)

matched;

“(18) h becomes p”
hpp <=>nm _;

“(19) k becomes ¢”
kic <=> :y;

|Assimilation rules
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“20 1 becomes e” | Here a combines with the i to form e
e <=>a0_ G

“21 u becomes 0” !a combines with u to form o
wo <=>a0 C;

“22'Y becomes h” ! S combines with y to form h
yh<=>s ;

“23 e becomes 0” !'When e of se unites with u they become o
e:0 <=>s_ w0

“24 y becomes ts” | Here k combines with y to give birth to ts
y:S<=>k: ;

“25 y becomes s”
yis <=>1t0_;

“26 z becomes j” !In this rule z followed by y becomes j

z:) <=2>_y:;

“27 d and g become z”
gz <=> vy0;

“28 d and g become z”
dz <=> y:0;

“29 r becomes z”
rz <=C3 y0;

“30 w and y position change”
wy <=>C2 y:w;

“31 w and y position change”
yw <=>wy ;

Discussion and Conclusion

In this paper we have presented Kinyarwanda phonological /orthographical rules
which form one of the basic two components required to develop a finite state
two level morphology based morphological analyser. Some of the rules we have
presented in this paper apply also to other Bantu languages, for example Dahl’s
law is applies to all Bantu languages. Since most rules are language dependant, the
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rules presented in this paper may not directly be applied to other Bantu languages.
What can be reused is the idea and the formats used. Since the introduction of
replace rules which look the traditional rewrite rules, there has been debates on
whether to use two level rules or the replace rules. Proponents of the two level
rules would argue that the rewrite rules are outdated and should not be used
today. On the other hand supporters of the replace rules, prefer them because of
the close resemblance to traditional rewrites rules of Chomsky and Halle (1968).
Mathematically speaking both rules are the same. Mathematically, a network
produced in one way is equally as good as finite state network produced in a
different way. So the choice of two level rules or replace rules eventually is a matter
of choice and human ease of use (Beesley and Karttunen, 2003). Two level rules
where also chosen because they have already successfully been used to develop a
comprehensive morphological analyser for Swahili, a Bantu language. Xerox tools
are fast, elegant, well documented and modular and have been experimented on
other Bantu languages. This is why we decided to use Xerox finite state tools.
The rules presented in this paper have been tested thoroughly well and are
now part of a running Kinyarwanda morphological analyser. Over 90% of Bantu
languages are known to be tonal languages therefore future work will go into
incorporating tone rules into these rules as we apply them to the lexicon for a
comprehensive analysis of Kinyarwanda and other Bantu languages.
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A Methodology for Feature Selection in
Named Entity Recognition

Fredrick Edward Kitoogo and Venansius Baryamureeba

In this paper a methodology for feature selection in named entity recognition is
proposed. Unlike traditional named entity recognition approaches which mainly
consider accuracy improvement as the sole objective, the innovation here is manifested
in the use of a multiobjective genetic algorithm which is employed for feature
selection basing on various aspects including error rate reduction and time taken
for evaluation, and also demonstrating the use of Pareto optimization. The proposed
method is evaluated in the context of named entity recognition, using three different
data sets and a K-nearest Neighbour machine learning algorithm. Comprebensive
experiments demonstrate the feasibility of the methodology.

1. Introduction

The Machine Learning approaches to the named entity recognition (NER) problem
follow three major steps namely; (i) feature engineering, where identification of
lexical and phrasal characteristics in text which expresses references to named
entities (NEs) is done, (ii) algorithm selection, when the decision of which machine
learning algorithm/algorithms to use for learning is made and (ii1) classification,
when the actual learning of the feature list to detect and classify the named entity
phrases is done.

NE’s are theoretically identified and classified by using features (various
abstract entities that combine to specify underlying phonological, morphological,
semantic, and syntactic properties of linguistic forms and that act as the targets of
linguistic rules and operations). Two kinds of features that have been defined by
McDonald (1996) [17] are internal and external features; internal features are the
ones provided from within the sequence of words that constitute the entity, in
contrast, external features are those that can be obtained by the context in which
entities appear.

The choice of the best discriminative features to represent NE’s affects many
aspects of the NER problem such as accuracy, learning time, and the optimal
training data set size. In many NER applications, it is not unusual to find problems
involving hundreds of features. However, it has been observed that beyond a
certain point, the inclusion of additional features leads to a worse rather than
better performance (Oliveira et al., 2003) [19].

Feature engineering refers to the task of identifying and selecting an effective subset
of features to represent entities from a larger set of often mutually redundant or
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even irrelevant features. It encompasses feature design, feature selection, feature
induction, and feature impact optimization (Rinnger, 2005) [22]. Feature selection;
a sub-task of feature engineering is not a trivial problem since there may be (i)
redundancy, where certain features are correlated so that it is not necessary to
include all of them in modeling and (ii) interdependence, where two or more
features between them convey important information that is obscure if any of
them is included on its own.

Many real-world problems like feature selection for named entity recognition
involve the optimization of multiple objectives, such as number of features and
accuracy. The tendency is that the different objectives to be optimized represent
conflicting goals (such as improving the quality of a product and reducing its cost),
in multiobjective optimization the optimization of each objective corresponds to
an optimal solution. Therefore, in multiobjective optimization one usually wants
to discover several optimal solutions, taking all objectives into account, without
assigning greater priority to one objective or the other. Most named entity
recognition systems as demonstrated in Tjong Kim Sang and De Meulder (2003)
[24] tend to consider only one objective of improving accuracy.

There is need for systems which put into consideration other objectives like
the cost of the solution on top of improvement of accuracy. The systems should
be further able to provide users with different sets of optimal solutions thus giving
the end-user the option of being able to choose the solution representing the best
trade-off between conflicting objectives a posteriori, after examining a set of high-
quality solutions returned by the named entity recognition system.

Intuitively, this is better than forcing the user to choose a trade-off between
conflicting goals a priori. This paper proposes the use of a multi-objective genetic
algorithm (MOGA) as a means to search for subsets of features (feature selection),
which contain discriminatory information to classify named entities. The MOGA
will generate a feature set of alternative solutions (from a fixed entire feature
population) and use a cross-validation method to indicate the best accuracy/
complexity (number of features)/cost of using the feature sub-set (in this case only
time for classification was used as a cost) trade-off. The classification accuracy will
be supplied by a machine learning algorithm.

The remainder of the paper is structured as follows: in Section 2, previous
approaches are reviewed, in Section 3, we outline the proposed method and specify
the feature population from which feature selection will be done. We describe the
search (optimization) procedure of the method, in Section 4 the experiments and
results are presented. Finally, Section 5 closes with a conclusion and an outlook
for future work.

2. Previous Approaches

Many researchers have tackled feature selection in various ways and likewise the
performance of the different approaches varies substantially. The more closely
related approaches are presented in this section.
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2.1 Complete Search

Some researchers manually designed features and used all of them without selecting
optimal subsets (Carreras et. al (2003) [2]; Zhou et al., 2004 [26]; Shen et al., 2004
[23]) , while others leave the task of ignoring the useless features to the learning
algorithm (Mayfield et. al, 2003) [16]. The problem with these approaches, is that
they are computationally not feasible in practice.

2.2 Randomized Search

Randomized algorithms make use of randomized or probabilistic steps or sampling
processes. Several researchers have explored the use of such algorithms for feature
selection (Kira and Rendell, 1992 [12]; Liu and Setiono 1996 [15]) Li and McCallum
(2004) [13] use conjunctions of the original features; where they use feature
induction which aims to create only those conjunctions which significantly improve
performance by starting with no features at all and iteratively choosing new features,
from which sets are built and correspondingly evaluated at each iteration.

Hakenberg et. al (2005) [6] tackle feature engineering using what they refer to
as recursive feature elimination (RFE); where they study the impact of gradual
exclusion of features. Their model starts with a full model containing all features,
they iteratively remove a number of features with the lowest weight, retrain the
model, and check the resulting performance.

Bender et. al (2003) [1] use count-based feature reduction; where a threshold K
is predetermined, and only those features that have been observed in the training
data set at least K times are considered for the learning algorithm.

Jiang and Zhai (2006) [8] use what they termed generalizability-based feature
ranking; here they target selecting features which are more generalizable (perform
well in different domains). They use generalizability to mean the amount of
contribution a feature can make to the classification accuracy on any domain, and to
identify highly generalizable features, they compare their individual contributions
to accuracy among different domains using a predefined scoring function.

The problem with the randomized search techniques is that they cannot
properly handle the interdependence and correlation problem often associated
with feature selection from large search spaces because they do not explore the
whole search space at once.

2.3 Heuristic Search

Several authors have explored the use of heuristics for feature subset selection, often
in conjunction with branch and bound search. Forward selection and backward
elimination are the most common sequential branch and bound search algorithms
used in feature selection (John et al., 1994) [10]. Most of these approaches assume
monotonicity of some measure of classification performance. This ensures that
adding features does not worsen the performance. However, many practical
scenarios do not satisfy the monotonicity assumption. Moreover, this kind of
search is not designed to handle multiple selection criteria.
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Another branch of heuristic approaches employ genetic algorithms which do
not require the restrictive monotonicity assumption. They can also deal with the
use of multiple selection criteria, e.g. classification accuracy, feature measurement
cost, etc. Due to the ability of genetic algorithms to deal with multiobjective
optimization, some authors have explored genetic algorithms for feature selection
for handwritten character recognition (Kim and Kim, 2000) [11].

Feature selection using genetic algorithm is often performed by aggregating
different objectives into a single and parameterized objective, which is achieved
through a linear combination of the objectives. The main drawback of this
approach is that it is very difficult to explore different trade-offs between accuracy
and different subsets of selected features. In order to overcome this kind of
problem, Emmanouilidis et al. (2000) [3] proposed the use of a multi-criteria
genetic algorithm to perform feature selection.

Li et al. (2005) [14] presented a gene selection approach based on a hybrid
between genetic algorithms and support vector machines. The major goal of
there hybridization was to exploit fully their respective merits (e.g., robustness
to the size of solution space and capability of handling a very large dimension of
feature genes) for identification of key feature genes (or molecular signatures) for
a complex biological phenotype.

Jirapech-umpai and Aitken (2006) [9] designed an evolutionary algorithm to
identify the near-optimal set of predictive genes that classify micro-array data, for
multiple objectives of their problem they used a weighting function to compute
the fitness of an individual in the population.

Hong and Cho (2006) [7] noted the problem of conventional feature selection
with genetic algorithms in handling huge-scale feature selection. They modified the
representation of a chromosome to be suitable for huge-scale feature selection and
adopted speciation to enhance the performance of feature selection by obtaining
diverse solutions.

3. The Proposed Methodology

A Genetic Algorithm (GA) (Goldberg, 1989) [5] is a search algorithm inspired
by the principle of natural selection. The basic idea is to evolve a population of
individuals, where each individual is a candidate solution to a given problem.
Each individual is evaluated by a fitness function, which measures the quality
of its corresponding solution. At each generation (iteration) the fittest (the best)
individuals of the current population survive and produce offspring resembling
them, so that the population gradually contains fitter and fitter individuals i.e.,
better and better candidate solutions to the underlying problem (Paapa et al.,
2002) [21].

The work proposes a methodology that employs a multi-objective genetic
algorithm (MOGA) as a means to select subsets of features from a pool of
predesigned features, which contain the most optimal discriminatory information
to classify named entities.
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The inspiration of employing a MOGA for feature selection, was that: (1) GAs
are a robust search method, capable of effectively exploring the large search spaces
often associated with feature selection problems; (ii) GAs perform a global search
(Paapa et al., 2002) [21], so that they tend to cope better with feature correlation
and interdependence ; and (iii) GAs are suitable for multiobjective problem solving
(Morita et al., 2003) [18], where the search algorithm is required to consider a set
of optimal solutions at each iteration.

The general purpose Multiobjective Genetic Algorithm is to search for optimal
subsets of relevant features the minimizes both the classification error rate, the
classifier evaluation time involved, number of learning examples, number of
features, and the cost of learning. This work is however, limited to the minimization
of classification error rate and the classifier evaluation time involved.

Basically the proposed methodology as shown in Figure 1 works as follows: A
MOGA will generate from a feature population, alternative feature set solutions
from which the best fitness (error rate/time for evaluation of using the feature
subset trade-off) will be determined. The fitness of all the individuals in the
population will be ranked and a set of optimal individuals will be passed on for
crossing-over and subsequently mutation. Pareto Optimal solutions will be selected
for each generation. Consequently if the termination condition of the MOGA
is reached the algorithm stops and gives the final solutions.The classification
error rate and time will be supplied by the evaluation of a classifier built from
a learning algorithm using 10 fold cross-validation on the training data set. The
fitness function in this problem will be based on the error rate and time taken to
evaluate the classifier which will be the objectives to be minimized using a Pareto
optimization approach.

3.1 Individual Representation

Any candidate subset of selected features is represented as an individual which
consists of N genes (equating to the total number of all features in the population).
Each of the gene values is either turned on or off (0 or 1) for presence or absence
in the candidate selected feature subset.
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Fig. 1. Flow chart of the proposed methodology
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3.2 Fitness Function

The fitness function is for measuring the quality of an individual (a candidate
feature subset). There are two quality measures for an individual; (i) the error rate
of the classification algorithm and (ii) the cost of using the feature set (in this case
only time spent for evaluation was used as a cost). The two quality measures are
computed by evaluating the average classifier algorithm error rate using cross-
validation over ten folds and the time taken to evaluate a classifier using the specific
feature set.

3.3  Pareto Optimization

A promising approach for performing feature selection is the multiobjective GAs
aiming at producing solutions with Pareto Optimization (EvoGrid, 2006) [4].
The key concept here is dominance; To illustrate the concept, the multiobjective
problem is represented mathematically in Eq. (1)

Minimize/Maximize F(x) = [f,( X)) [, %) [5 () s |, ()] (1)

Where; Fix) is a multiobjective function vector, f; (x) is the ith objective function,
x is an input vector, o is the number of objective functions.
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A solution is said to be Pareto optimal if it cannot be dominated by any other

solution available, ie. a solution x; € X is Pareto optimal iff there is no x; € X such
J

thatf(x)<f(xl)Vpe{123 ..o}
The use of a multiobjective algorlthm basing on the concept of dominance can
maintain population diversity, which allows for the discovery of a range of feature
sets using accuracy/cost (time for evaluation) trade-offs. There are two popular
Pareto dominance techniques:-

-  Weak Pareto Dominance: A vector F, (x) weakly Pareto-dominates
another vector F, (x) if none of the F, (x) coordinates is strictly greater
than those in F, (x) and at least one of the coordinates in F, (x) is strictly
greater than its counterpart F, (x).

- Strong Pareto Dominance: Here, all components of a dominant vector F,,
(x) are strictly greater than their counterpart in F, (x).

4. Experiments and Results

4.1 The Data Set

Three real-world datasets (as shown in Table 1) from the UCI Machine Learning
Repository [25] were used for the experiments. Different feature sets for
experimentation were built randomly out of the entire feature population of each
data set.

Table 1. Details of the datasets used in the experiments

Datasets used in the Experiments
Datasets # Instances # Classes # Features
Breast Cancer 286 discrete/2 9
Hayes-roth 132 discrete/3 4
200 101 discrete/7 16

4.2 The Learning Algorithm

For these experiments, the Orange Data Mining Software, (2006) [20] K-nearest
Neighbour machine learning algorithm (with default parameter settings) was used.
The algorithm is separately trained using the MOGA on the three different data
sets for five runs. For each, the optimal feature set is identified and the results
generated (error rate and time for evaluation) are compared to those achieved
using the entire feature set.

4.3 The Parameter Settings

In our experiments, the MOGA is based on bit individual representation, mutation,
crossover and tournament selection based on weak-Pareto optimization (EvoGrid,
2006) [4]. Below are the parameter settings used in the experiments:
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- Population size: 100

- Number of Generations: 10

- Probability of crossover (Two-Point): 0.9
- Probability of mutation (Bit Flip): 0.1

- Tournament Size: 8

- Pareto Optimization: Weak
4.4 Results

The main results of our experiments are reported in Table 2; the Table is divided
into three Sub-Tables, each representing a particular data set. For each data set five
runs of the MOGA were made; in each run, a comparison of performance (the
number of features, error rate, and time spent on evaluation) between the original
feature set and the one generated by the MOGA is made. The Left Hand Side
of the Tables shows the performance of the original feature set while the Right
Hand Side shows that using the feature set selected by the MOGA. In the columns
”Original Features” and "Optimal Features” which are a bit representation of the
used features, a ”1” indicates presence of a feature in order of position, while ”0”
denotes absence of that position feature. The aim of the MOGA is to minimize
both the error rate and time, implying that a value depicts better performance than
another (comparable one) when the former value is less than the latter value.

Clearly, as shown in Table 2, the performance (error rate and time for
evaluation) for all runs in two data sets [Breast Cancer and Zoo] is better when
using the MOGA selected feature sets than with all features. In general the average
performance for the MOGA selected feature sets in the two data sets is significantly
(a value is significantly better than another when the corresponding upper and
lower bounds using the standard deviation do not overlap) better than that with
all features; this finding supports the fact of inclusion of only optimal features in
a set, which precipitates the assertion of many researchers that interdependence
and correlation in target features affect feature selection task. The performance on
the Hayes-Roth Data Set is actually identical, except the time to evaluate which is
marginally significantly divergent.

Table 3 demonstrates the concept of Pareto Dominance, which explains the
difficulty in determining trade-offs between several optimization objectives used
in other approaches like the simple weighted approach; in the Breast Cancer data
set it is seen that the second result has a better error rate than the first result,
however the time component results are the opposite. A similar situation is shown
in the Zoo Data Set where the error rate for the third result is better than that
of the first and second result but the time performance is the opposite. In both
situations the feature sets perform are better than all the other possible feature sets
(non-dominated) but a better solution between themselves is not easily identifiable
a priori. The situation here can only be determined a posteriori by an end-user for
a perceived better option (using a choice of their best error rate/ Time trade-off).
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