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The role of materials science and engineering in the field of engineering is ubiquitous,
whether it is the discovery of new materials, developing new processes for the synthesis
and processing of engineering materials or finding alternative raw materials that can be
used for technological applications. Materials Informatics (statistics and statistical
learning as applied to materials science) can make sense of the vast amounts of materials
data that is now available. This will accelerate the progress of material discovery and
design. This paper gives a broad overview of material informatics.

Medicine can Meet with Engineering: Informatics at the Cross-roa?

Can medicine meet with the engineering ,ie, could medicine be explained or modified with
the engineering principles? Can Bioinformatics , the study of information content and
information flow in biological systems and processes, and it's sub-area, Systems Biology,
help in delivering medicines to meet individual needs? What are the different schools of
thought in systems biology , and what are their pros and cons ? This paper is a dissertation
ontheseissues.

Information Fusion in Bioinformatics 21

This paper discusses some state-of-the-art methods proposed in literature for fusing
information evolving from various bioinformatics datasets. In addition, it describes a
recently proposed method of combining co-expression networks, derived from diverse
microarray experimental data. Some empirical studies to show the efficacy, robustness

and biological validity of such integrated approaches are presented

Technologically speaking, GIS is built on three pillars: geospatial data as digital
representations of much of our world; positioning services putting people, assets and
other objects into this context; and mobile telecommunication connecting everything and
providing access for users. Just as there are macro and micro aspects to economy, we
recognize this as a valuable distinction in geography and now Gl science. Up to now we
have mostly worked in the frame of macro geography. Now due to positioning services,
detailed geospatial data, and powerful communication GIS moves more towards micro
geography. This paper is on geoinformatics and technology in future.

Geoinformatics and Technology In Future

Biometrics: State of the Art and Current Issues 29

Biometrics refers to the automatic identification of persons based on their physiological or
behavioral uniqueness. An ample variety of systems call for dependable personal
recognition methods to ascertain the identity of an individual requesting their services.
The purpose of such methods is to ensure that only a legitimate or authentic user can
access particular service. This paper is a review of biometrics field and recap of some of
its advantages, disadvantages, applications and related confidentiality concerns.
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Informatics: the Emerging Paradigm of Technology

sed to overcome them for its transfer to the humankind. Barriers exist pfimarily
etoinadequate information about technical, market, and customerissties. The
absence of comprehensive information generates uncertainty in decisiopn-makers
leading to rejected opportunities. Further in case of carriers also, transfer of technology
heavily depends on communication across organizational, cultural and lihguistic
boundaries.

gcess of any technology depends on the barriers encountered and the carriers

Perhaps the most outstanding technological achievement of the twentieth-century was

the invention of computer, which generated a revolutionary paradigm with the advent of molecular

The advances made in these two fields over the past three decades have resulted in the genera
amounts of data and information. Simultaneously a new understanding of the concept of information i
also developed. Modern science is unravelling the nature of information in several areas such as com
theory, biology, neuroscience, cognitive science, education, etc. Therefore, the study of informatio

aspects pertains to many disciplines: from Science to Philosophy. In this era, information is confront
every turn, flowing from every imaginable source. One can say, information is poised to replace mat
primary substance of the universe, it will provide a new basic framework for describing and predicting
the twenty-first century. So the importance of knowledge management tools is fast growing for the g
field of technology transfer as a discipline. Thus the emerging field of informatics offers an opport
combine these tools into the needed capabilities. Informatics combine the traditional discipl
communication, library and information sciences, information technology, etc. to explore how inform
organized, used, shared and how to maximize its generation, availability, and distribution.

We at The Institution of Engineers (India) always endeavour to bring you the happenings anc
developmentin the area of technology through the publication of theme based issues of Technorama.
last issue highlighted the achievements in the field of Medical Electronics, this issue of the Techn
dedicated to Informatics, the science of information, the practice of information processing,
engineering of information systems. Informatics studies the structure, algorithms, behaviour, and int¢
of natural and artificial systems that store, process, access and communicate information. A
application areas of the informatics theory bioinformatics deserve a special mention as there ha;
tremendous advancement and development in this field. This is highly interdisciplinary which uses te
and concepts from informatics, statistics, mathematics, chemistry, biochemistry, physics, and linguist
field of application of informatics are Material informatics, Industrial informatics, Ecoinform
Geoinformatics and Energy informatics to name a few. Informatics and its contribution to the society
itis the agent of social conflict or social harmony is also an interesting and long debated issue. The ¢
this issue by some of the experts in the field of informatics will vividly show us the application of infor:
various fields of science and technology. It will be an interesting and enjoyable experience for the re
through thisissue on informatics.

Ly

Praf.INL.IR BBadgyophghyay
On behalf of the Board of

Consulting Editors
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Materials Informatics : Building A New
Approach to Materials Design

Dr Krishna Rajan

Stanley Chair in Interdisciplinary Engineering & Director,
Institute for Combinatorial Discoverypepartment of

INTRODUCTION

The role of materials science and
engineering in the field of
engineering is ubiquitous, whether
it is the discovery of new materials
for energy storage and conversion,
developing new processes for the
synthesis and processing of
engineering materials or finding
alternative raw materials that can be
used for technological applications.
In all these cases, the central
paradigm in addressing materials
science based solutions to energy
challenges revolves around
understanding the relationships
between processing, structure,
properties, and performance for
each material studied. The
enormous complexity in studying
materials can be traced to the
uncommonly large number of
variables involved in the relation
between these features. Theoretical
and experimental limitations of
traditional approaches in the study
of materials occasionally fail to
uncover even the dominant
variables and ultimately heuristics
and the gradual accumulation of
information over time guide us in
materials discovery. Significant
advances are often initiated by
unexpected findings (eg
superconducting ceramics,
conducting polymers). ldentifying
the key parameters or variables that
affect materials behaviourisamajor

Materials Science and Engineering

e-mail : krajan@iastate.edu

motivation of many materials
science questions, especially those as
related to energy science and
technologies. When important
variables have not been identified,
there are unexplained exceptions to
what is believed to be understood,
and in some cases, there is a lack of
understanding altogether. This is
the niche that statistics and statistical
learning as applied to materials
science (e materials informatics)
intends to fill. Materials informatics
can also make sense of the vast
amounts of materials data that is
now available. This “knowledge
extraction” includes the
identification of outliers in the data,
the development of models, pattern
recognition, modelling with
uncertainty and forward and
reverse data mapping. Materials
informatics spans a broad range of
tools ranging from systematic,
combinatorial experimentation to
sophisticated modelling and
includes topics such as data
management, and data sharing?-9.

The search for new or alternative
materials, whether through
experiment or simulation has been a
slow and arduous task, punctuated
by infrequent and often unexpected
discoveries-®. Each of these findings
prompts a flurry of studies to better

understand the underlying science
governing the behaviour of these
materials. While informatics iswell

lowa State University, Ames, |IA 50011, USA

established in fields such as biology,
drug discovery, astronomy and

guantitative social sciences,
materials informatics is still in its

infancy. The few systematic efforts
that have been made to analyze
trends in data as a basis for
predictions have in large part been
inconclusive, not least of which is
due to the lack of large amounts of
organized data and even more
importantly the challenge of sifting

through them in a timely and

efficient manner .

HOW DO WE GET DATA AND
INFORMATION ?

Combinatorial materials science
offers an exciting experimental
strategy for rapidly surveying a
wide array of materials chemistries
and process variables coupled to the
screening of structure and
properties. Adapting approaches
used in synthetic organic chemistry
for applications such as
pharmaceutical sciences and
chemical discovery, materials
scientists have developed a variety
of approaches to create libraries in
the solid state in order to rapidly
examine a broad range of materials
characteristics; the ultimate hope is
to accelerate the discovery of new
materials and/or new materials
properties 10-14

When combined with a huge
combinatorial space of chemistries

TeEcHNORAM A
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as defined by even a small portion of
the periodic table, it is clearly seen
that searching for new materials
with a tailored properties is a
prohibitive task. Hence the search
for new materials for new
applications is limited to educated
guesses. Data that does exist is often
limited to small regions of
compositional space. Experimental
data is dispersed in the literature
and computationally derived data is
limited to a few systems for which
reliable data exists for calculations.
Even with recent advances in high
speed computing, there are limits to
how the structure and properties of
many new materials can be
calculated. Hence this poses both a
challenge and opportunity. The
challenge is to deal with extremely
large disparate databases and large
scale computation. It is here that
knowledge discovery in databases
or data mining, an interdisciplinary
field merging ideas from statistics,
machine learning, databases, and
parallel and distributed computing,
provides a unigue tool to integrate
scientific information and theory for
materials discovery (Figure 1). The
key challenge in data mining is the
extraction of knowledge and insight

from massive databases. It takes the
form of discovering new patterns or

building models from a given

dataset. The challenge is to take
advantage of recent advances in
data mining and apply them to state-

of-the-art computational and

experimental approaches for
materials discovery.

The modelling efforts can be
divided into two main types: “hard
modelling” and “soft modelling.”
Hard modelling encompasses
computational strategies involving
advanced discretization, parallel
algorithms, and a software
architecture for distributed
computing systems. Among these
approaches are atomistic models
and ab-initio calculations,
thermodynamic modelling, phase
field simulation, and finite element
modelling at a microstructural level.
Soft modelling was first introduced
by the life sciences and organic
chemistry community, and it relates
to statistically based, model-
independent approaches. Among
these approaches are the uses of
regressions, neural networks,
genetic algorithms, classification
algorithms, principal component
analysis, partial least squares, and

length/time scales

Data ‘fusion’ through informatics

IT platform :

data (datawarehousing)
| Scientific visualisation
| Datamining
| Remore access/distributed computing

Structural properties at different

Material development
Material properties

Microstructural evolution
Component design
System design

| Ultra large scale databases of appropriate information

Material science platform

Material theory

Materials processing
Property measurement
Computational techniques
Materials characterisation
Discrete/atomistic modelling
Continuum modelling

Figure 1 Data mining for materials discovery 1

other data mining techniques 15-33

Broadly speaking data mining
techniques have two primary
functions: pattern recognition and
prediction, both of which form the
foundations for understanding
materials behaviour and materials
discovery.

The role of materials informatics is

pervasive across all aspects of
materials science and engineering.
The mathematical tools based on
data mining provide the

computational engine for

integrating materials science
information across length scales.
Informatics provides an accelerated
means of fusing data and
recognizing in a rapid yet robust

manner structure-property

relationships between disparate
length and time scales.

EXTRACTING KNOWLEDGE
FROMDATA

One may naturally assume that
having large amounts of data is
critical for any serious informatics
studies. However, what constitutes
“enough” data in materials science
applications, can vary significantly.
In studying structural ceramics for
instance, fracture toughness
measurements are difficult to make
and in some of the more complex
materials just a few careful
measurements can be of great value.
Similarly having reliable
measurements on fundamental
constants or properties for a given
material involves very detailed
measurement and/or
computational techniques. Unlike
astronomy or biology, where one
looks at the world (environment)
around us to gather data and then
analyze it to find out what is
important, in materials science it is
the opposite. One first needs to do a
great deal of analysis (and/or
experimentation) to get the data.
This raises a number of challenges

TeEcHNORAM A
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that are unique to this area:
including issues such as lack of
sufficient data, skewed data sets or
missing information. On the other

hand, the emergence of high-
throughput data acquisition

techniques in material sciences, such
as combinatorial experimentation

offers unprecedented opportunities

as well as challenges in data-driven
discovery techniques. With such
widely different issues in data

characteristics, materials science
offers an exciting domain for the

application of the science of data
mining.

DATAMINING CHALLENGES

The role of materials informatics can
be pervasive throughout all fields

and applications in materials
science. Its impact can influence the
way we do experiments, analyze
data and even alter the way we teach
materials science. Ultimately the
“processing-structure-properties”

paradigm which forms the core of
materials development is based on
understanding multivariate

correlations and their interpretation

in terms of the fundamental physics,
chemistry and engineering of
materials. The field of materials
informatics can advance that
paradigm in a significant manner. A

few critical questions may be helpful

to keep in mind in building the

informatics infrastructure for

materials science:

(i) How can data mining/machine
learning best be used to discover
what attributes (or combination
of attributes) in a material may
govern specific properties.

(i) Using information from
different databases, we can
compare and search for
associations and patterns that
can lead to ways of relating
information among these
different datasets.

(i) What are the most interesting

patterns that can be extracted
from the existing material

science data? Such a pattern
search process can potentially
yield associations between
seemingly disparate data sets as
well as establish possible
correlations between
parameters that are not easily
studied experimentally in a

coupled manner.

(iii)How can we use mined
associations from large volumes
of data to guide future
experiments and simulations?
How does one select from a
materials library, which
compounds are most likely to
have the desired properties?
Data mining methods should be
incorporated as part of design
and testing methodologies to
increase the efficiency of
material application process. For
instance a possible test bed for
materials discovery can involve
the use of massive databases on
crystal structure, electronic
structure and thermochemistry.
Each of these databases by
themselves can provide
information on over hundreds of
binaries, ternary and
multicomponent systems.
Coupled to electronic structure
and thermochemical
calculations one can enlarge this
library to permit a wide array of
simulations for over thousands
of combinations of materials
chemistries. Such a massively
parallel approach in generation
new “virtual” data would be a
daunting if not impossible were
it not for data mining tools.

THE FUTURE FOR MATERIALS
DISCOVERY AND DESIGN

As so aptly noted by Szalay in
describing informatics for
astronomy: “Science was originally
empirical, like Leonardo, making
wonderful drawings of nature. Next

Advisory

came the theorists who tried to write
down the equations that explained
the observed behaviours, like
Kepler or Einstein. Then when we
got to complex enough systems like
the clustering of a million galaxies,
there came the computer
simulations, the computational
branch of science. Now we are
getting into the data exploration
part of science, which is kind of a
little bit of them all"...... such is
materials informatics. In conclusion,
data intensive approaches to
discover behavioural models (as
opposed to traditional
mathematical modelling) can be
powerful tools for accelerating
progress in topics like materials
science.
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Medicine can Meet with Engineering:
Informatics at the Cross-road

Dr Durjoy Majumder
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Bengal Engineering and Science University, Shibpur, Howrah 711103

INTRODUCTION

Any work that is related to the
development of technology or tools
or products, like biotechnological,
biochemical, pharmaceutical or
biomedical activities is appreciated
largely. These actually act to support
the health care system from outside.
But if any principle would try to
encroach into heath care system
directly, academic experts from both
the medical and engineering
disciplines become silent. Hence, it
sounds funny, particularly in Indian
academia, to hear that medicine can
meet with the engineering, ieg
medicine could be explained or
modified with the engineering
principles. Few persons from either
of the discipline can be interested to
venture into that area by crossing
their own disciplinary boundaries. If
they are confronted with such
activities, experts from both the
fields hesitate to accept it as a
discipline or a subject of research,
hence ignore the expertise.
However, it is interesting to note
here that in record the first
practicing physician and the first
practicing engineer was the same
person, Imhotep. But through
centuries medicine and engineering
have fallen apartL The concern ofthe
present article is to make a
dissertation onthe issue.

ROLE OF INFORMATICS

Informatics is the science that
studies the structure, algorithms,

e-mail : majumder103@yahoo.co.in

behaviour, and interactions of
natural and artificial systems that
store, process, access and
communicate information. It
develops its own conceptual and
theoretical foundations and utilizes
foundations developed in other
fields. However, it also helps to
develop other disciplines as well. To
name such an area is Bioinformatics.
Rigidly speaking, the area of
bioinformatics has developed to
deal with the molecular biological
data since the time of early genomic
activity. Hence, some experts of the
field are hesitant in accepting
computational modelling as the
activity of bioinformatics.
Bioinformatics is currently defined
as the study of information content
and information flow in biological
systems and processes. It has
evolved to serve as the bridge
between observations (data) in
diverse biologically-related
disciplines and the derivations of
understanding (information) about
how the systems or processes
function, and subsequently the
application (knowledge).

Presently several other areas
are merged within the activities
of bioinformatics, such as
Computational Biology, Genomics,
Proteomics, Pharmacogenomics
and Pharmacogenetics,
Chemiinformatics, Structural
Bioinformatics, Comparative
Genomics, Biophysics, Medical
Informatics including image

analysis and Systems Biology. In
practice, the activities of
bioinformatics are heavily
dependent on the activities of other
disciplines. Hence, some have
qualmsin accepting itas a discipline
rather than as a tool?2.

AROUSAL OF THE CONCEPT

Since the time of Descartes and the
Renaissance reductionism has
influenced our thought process.
Reductionism has an assumption
that individual part is sufficient to
explain the whole. Over the pasttwo
centuries this has been the
predominant paradigm of science.
Reductionism pervades the medical
sciences also and affects the
procedure of diagnosis, treatment,
and prevention of diseases3.
Undoubtedly it is also true that
reductionism has brought a
tremendous success towards the
development of modern medicine.
Technological developments in the
field of health sciences and
economic feasibility also provide
the existing health care facilities to a
large number of patients in the
westernworld.

However, there is some uncertainty.
To provide a better health system, a
huge genomic activity has been
carried out in the last century. To
fulfill its objective, different
sophisticated and high-throughput
technologies have been developed
which can identify and measure
biological information starting from
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nano scale to macroscopic level
within a short period of time. Due to
this activity a vast amount of data
has been accumulated. To manage
that vast amount of data a new
discipline has been developed which
is popularly known as
bioinformatics. Bioinformatics
together with the Computational
Biology is quite successful in serving
the purpose, and most importantly,
with the advent of information
technology, dissemination of
informationis possible.

However with all these progresses
genomic science is unable to meet
the desired expectations of different
health related problems in terms of
investment particularly for the
chronic diseases like asthma,
diabetes and cancer as well.
Moreover, to implement this,
treatment cost would be enormous
even for the western people. Hence,
academia is confronting criticism
regarding the feasibility of its
implementation 4

To seek an alternative, it is also
argued that, the benefits of the huge
genomic activities that have been
perused in the last century cannot be
realized without a systems level
understanding. Hence, Systems
Biology (SB) is suggested. Contrary
to the conventional practices of
biology (which actually practiced

“reductionism”) and its translation

to the modern medicine, SB is
looking for the holistic aspect. In
other words, the kaleidoscopic focus
is shifted from component level to
the systems level. The perceived
importance of this understanding is
also reflected in the investments
made by major academic and
industrial centers within the past
few yearsS. Harvard Medical School
(HMS) in association with the

Massachusetts Institute of
Technology (MIT) first took the
major initiative in the SB.

Subsequently several other

universities across the globe took an
initiative on it and several institutes

have developed in the USA,
different countries of Europe and

Japan.

DEFINITION OF SYSTEMS
BIOLOGY

Systems biology (SB) is an
integrative, synergistic and co-
operational approach that combines
theoretical modelling and direct

experimentation (investigation).

Theoretical models provide insights

about the experimental
observations, and experiments can
provide data needed for model

creation and can confirm or refute

model findings. With this

integrative approach, it becomes
that no single discipline is ideal to

pursue SB. Scientists from
physiology, molecular biology,

computer science, control systems
engineering, physics, chemistry,
mathematics and statistics need to
cooperate in the endeavor.
According to E T Liu, of Genome

Institute of Singapore “To me,

systems biology seeks to explain
biological phenomenon not only a

gene-by-gene basis, but through the
interaction of all cellular and

biochemical components in a cell or
anorganism®.”

Though SB is "a hybrid
experimental-computational
approach” encompasses both
experimental and computational
aspects, but some people choose to
focus on one only. For example,
some consider it as "mathematical
modeling of biological systems" or
"the creation of data-driven
computer simulations that explain
and predict how the basic
components of the cell interact to
give rise to the physiology of the cell
and eventually the physiology of
organs and tissues." On the other
hand, some have preferred to
emphasize the empirical side of "-
omics." D A Lauffenburger, of MIT,

believes that contrary to
conventional practices of biology
which deals with a single variable in

isolation, SB has a multivariable
nature and allows a transition
seamlessly between discovery and
hypothesis science. Lauffenburger
mentions "“four M's" of SB:
measurement, mining, modeling,
and manipulation. "Manipulation

and measurement are on the
experimental side. Mining and
modelling are on the computational

side," he says. These four M's are
part of an iterative process,
beginning with manipulating the

system. Once a system is perturbed,
it is measured using a high-
throughput, multivariate

technology. The data are then mined
to elucidate hypotheses that, when
cast in terms of formal
computational models, form the
basis for a new manipulation of the
system’.

DIFFERENT SCHOOLS OF
THOUGHT

At present time, two dominant
schools of thoughts prevail within
the arena of SB. Of them the most
dominant school of thoughts
believes in the bottom-ups approach
and considers cell as a unit system.
The approach is mechanistic. The
followers of this school are divided
into two. First one is the Molecular
Systems Biologists or Pragmatic
Systems Biologists (MSB), who are
mostly the descendents of early
reductionism/determinism. They
mostly rely on the pattern of data
driven by modern high throughput
technology for analysis,
interpretation and prediction about
the system. Hence it necessitates the
statistical computational models.
The second one is known as the
Theoretic Systems Biologists (TSB)
who argued to look at the 'system as
system' rather than mere integration
of the components. With the strong
mathematical and computational
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basis they even put a challenge to the
molecular data driven by the
existing highly sophisticated
modern technology. Hence their
suggestions lead to an emphasis on
the ontology rather than model
organism, complexity instead of
linear relationship and most
importantly on the dynamical data
instead of data driven from the
kinetics study alone.

The top down approaches (TDSB)
are based on the understanding of
the macroscopic system first and
then try to understand the
subsystems and its components.
This approach is basically the earlier
approach of the discipline of
Physiology and historically this
pathway was followed from William
Harveyto Claude Bernard.

Another school of thought has also
raised their voice in between the
above two and are called Rationalist
or Middle-out Systems Biologists
(MORA). Their opinion is primarily
based on the applicability criterion.
Hence they partially accept either of
the two approaches with respect to
the socio-economic criterion as well
as the time constraints, as the
application and translation of
benefits of the SB, if any, would be at
the clinics. Hence their main concern
is the philosophical interventions in
between the laboratory based
theoretical foundations and dealing
of individual clinical cases. With this
notion they suggest to suit the model
to clinic rather than fitting the
clinical data to model 8 For pursuing
this, domain knowledge about the
system has taken the central
importance whereas for the former
two schools imagination and
creativity is more important.
However, the characteristic features
which are common in their opinion
for the study the biological system
are:

1. ignoring the deterministic view
of genetics which assumes a

direct path from genes to protein
to function and the presence of
preset responses of a system to
external perturbations;

2. criticizing the qualitative and
empirical aspects of biological
investigation;

3. establishing the functioning of
the network through detailed
study of the dynamics, in terms
of components as identified by
the respective school;

4. perturbing the component(s) in
the dynamical state and thereby,
establishing the role of the
individual component;

5. integrating the components in a
dynamical manner through the
analytical methods9, thus
accepting the importance of
both the experimentalists and
theoreticians for the
development of analytical
model;

6. predicting about the disease
with the help of analytical
model; and

7. in accordance with the analysis
of the model, designing of
therapy for human diseases at
the personal level (personalized
medicine).

VIEWS OF THE MOLECULAR
SYSTEMS BIOLOGISTS

For the elucidation of the systems
approach molecular systems
biologists (MSB) follow the
hierarchical pathway about
biological information as, one move
outward from the genome to
ecologies (DNA ® RNA ® protein

® biomodules or networks ® cells
® organs ® individual ®

population ecologies). The focus is
ondigital information of the genome

and the environmental influence on
it and hence, they appreciate the
network that can be formed by the
protein as its element. They like to
get hint about the human system

specially the signaling and
biochemical pathway from the
lower organism such as bacteria,
yeast, worms and flies7+19

At the technological front they rely
on the functional genomics and
proteomics. For elucidation of
spatiotemporal dynamics, the
interconnections and network of
gene expression s established by the
reporter gene construct analysis,
microarray based technology and
proteomics analysis. For ensuring
the quantitative aspect high-
throughput technology based
global data sets is absolutely
essential. Computer technology is
valued to manage and integrate that
vast amount of data sets with the
probabilistic notion 11-12S0 several
scientists put the view that
integrative biology and SB and also,
synthetic biology and SB are
synonymous10.13 The prime
importance is the model building
and that theoretical model should be
validated with the high quality
experimental data. For this they also
realize there is immense need for
noise filtration during the course of
data acquisition.

Criticism and the Way Out

This approach actually followed the
deterministic principles of genetics
like genome sequencing, gene
expression analysis, the
identification of sequence
polymorphisms, that can be
designated as “high-through put
reductionism” 1#1> However, this
approach of finding global profiling

is appreciated as it is “not totally
deterministic”, provided it could
encompass different experimental
conditions, stochastic events,
measurement errors in data,
unknown environmental factors, etc
which affect the output of
the system that have to be included
in the model. At present moment
many systems are
underdetermined, that is, the
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number of adjustable parameters is
more than the number of
experimental data. And in majority

of the cases dynamics and ordering
is overlooked, however, may be
possible. So, further automation and
sophistication especially in the
microfluidic devices are needed 7+ 19

With the rise of the quantitative
approaches in biology, several
molecular techniques namely, DNA
and protein microarray, real time
PCR as well as proteomics and
protein array have been advanced
with high rapidity and regarded as
the corner stone of SB. Microarray
can provide a range of estimation of
large number of genes at the
functional level and real time PCR
provide the precise quantitation of
specific gene of interest. However,
there are lot of technical limitations
of real time quantitative PCR and the
robustness of data as it is case
specific and context dependent.
Hence it is difficult to get the
biologically relevant information
particularly in human cases 16-17

Protein array provide a functional
estimation in a quantitative manner
in a sample depending on the
availability and specificity of
antibody. Though proteomics is
regarded as a powerful technique for
guantification of the
posttranslational events, however,
2DE proteomics cannot resolve all
the proteins in a sample, given their
exceptional range in expression level
and differing properties. Similarly,
ICAT reagent is very powerful but
the major disadvantage of using this
technology is that it omits the
analysis of all non-cysteine proteins.
Concern is also for the analytical
aspect where quantitative judgment
is based on artificial intelligence (Al)
based algorithm and the mechanistic
decision is made on the snapshot
data. The major criticism is about its
reliability as it probabilistically
denotes the epiphenomenon in
majority of the disease cased? .

Coupling of LCM with MS is a better

approach to identify the

deterministic event in disease
progression, if any. However,

reliability is questionable in relation

to the identification of the spatio-

temporal dynamics under the

condition of heterogeneous state of
human diseases and application at
the clinic could be debatable due to
association of high cost and
different socio-economic
criterial1.18-19 |n this connection,
the comment of Thomas Paterson,
Chief Scientific Officer at Entelos
can be noted: "The end point that we
care about is not a protein-protein
interaction. It's not even how a cell
behaves in culture. It's how the
integrated human system is going to
behave’.”. Whatever be the activity,
we all want to understand every

biological process with respect to its
application in the management of
diseases.

SYSTEM-THEORETIC VIEWS

Another definition of SBis thatitis a

merger of systems engineering
(reverse engineering) with the cell
and molecular biology or “systems

theory to genomics”. It aims at a
system-level understanding of
genetic or metabolic pathways by
investigating interrelationships

(organizations or structure) and
interactions (dynamics or behavior)
of genes, proteins and metabolites.
The principal aim of SB is to provide

both a conceptual basis and working
methodologies for the scientific
explanation of the biological
phenomena. To do so causality and
relational aspect between the
components took the central
importance in this school. However,

they consider the causal problem
has an ontological feature and
“cannot be reduced to logical terms
but can be analyzed with the help of
formal reasoning 20,

Though a group of scientists rely
much on the automated high

throughput data and its analysis,
however, system theoreticians
make a sharp distinction between
the conventional approaches of
bioinformatics and SB. According to
their view bioinformatics deals with

cataloguing and characterizing the
components that make up a cell,
including their molecular

characterization and study of
associations being grounded on
computer science focus on data
characterization through pattern
recognition, correlation analysis,
clustering and classification. So,
bioinformatics is an important way

of developing quantitative

statements of the components in
biology or processes that have
achieved a steady state. On the
contrary, the signal and systems-
oriented perspectives of the SB
focuses on functional activity, iethe
dynamics of intra and intercellular

processes that determine cell
function. Hence SB shifts away from
genomics and bioinformatics 21-22

The engineering sciences are a good
example where mathematics has
been used effectively in a wide
range of applications. “It has been
argued that many biologists find
themselves now in a similar
situation to engineering about six
decades ago. Due to the reason of
large size of data sets and the
complexity of patterns hidden in
them has led to a renewed interest
among engineers towards the
development of mathematical
techniques to identify a formal
models in life science (a natural
system)”. It is especially important
when there is need to analyze and
control complex dynamical system,
for which empirical means are
inappropriate. Engineers have
learnt to use mathematics for the
development of formal system
equivalent to the natural system.
This has been composed of a set of
state variables and hence
interrelationships can be
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established. This importance was
pointed out by Norbert Wiener in
1948°1. Wiener coined the word
“cybernetics” to describe the
application of control theory to
physiology, “but with the passage of
time this has come to take on a
meaning more closely associated
with robotics 2% In 1970, cybernetics
or feedback regulatory mechanisms
at molecular level were described by
Jacob and Monod who investigated
regulatory proteins and interaction
of allosteric enzymesin particular 24

To focus on the functional activity,
control systems engineering is
particularly important. Due to large
number of variables, nonlinear
interactions between them, spatio-
temporal and feed-back dynamics
biological system becomes complex.
Models are considered as open
systems and organisms are
considered as physical systems with
an input/output description and all
those features can be tested through
model. It can help biologists to
decide which variables to measure
and to validate their 'mental
models'. It may provide sufficiently
accurate numerical predictions and
the anticipatory behavior or intrinsic
control may be realized through the
boundary condition. So, the
approach encompasses the
conventional inductive approaches
of bioinformatics 21 A model and
computer simulation helps to
validate hypotheses about the
dynamic properties of a system and
mechanisms (feedback interactions)
that give rise to the behaviour
observed in experiments.
Mathematical model (or more
precisely the mismatch between a
model and experimental data) can
indicate whether additional
variables or other than those
selected, should be included in the
model. However, knowledge of the
components and to some extent
information about their molecular
components must be available

before a model of the dynamical
systemis established.

Mathematical models of pathways
are phenomenal constructions in the
interactions among system
variables, hence, are defined in an
operational rather than mechanistic
manner2® Stability and bifurcation
analysis are the important analytical
tools for understanding the
“dynamic motifs”, including for
example “oscillations”,
“amplification”, “hysteresis” or
“homeostasis”. Once a
(preliminary) model is found,
parameter sensitivity analysis
allows us to identify the influence of
variables on the overall behaviour of
a network. This enables an
investigation into the
robustness/responsiveness of a
system and is also a natural starting
point to discuss potential drug
targets.

Limitations and the Way Out

The models are based on differential
equations. Hence, all the future
states are dependent on the initial
state and are deterministic. Hence,
“all theoretical results are derived

from certain formal assumptions in

a deductive manner”. Hence the
requirements are precise
interconnections (organization)
between the components together
with the time course data.

The real bottleneck for the
advancement of engineering
approachesin SBis the generation of
quantitative and sufficiently rich
time series data sets, as “such
experiments are far more expensive,
more laborious and more time
consuming than common
experiments in functional
genomics”. Progress in SB depends
on improved technologies that can
quantify spatio-temporal changes in
stimulus-response experiments.
There is, however, no alternative if
we acceptthatin cells we are dealing

with nonlinear dynamics. A
consequence of this view is the need
to appreciate “theoretical work”,
developing systems-theoretic
methodologies. This can only be
done in close collaboration with the
engineering and physical sciences.
Engineering approaches provide us
with the improved measurement
technologies to generate data and
methodologies to analyze data for
the successful accomplishment of SB
and thus, cannot be separated for the
pursuits of SB2°-26

System theoreticians admit that SB
is not the application of existing
engineering tools to cell biology but
a merger of both fields. Presently
many of the existing system-
theoretic techniques are not well
suited for short time series,
uncertainty in data and for systems
involving many variables: there is
need for basic research to develop
new methodologies. Molecular
biology strongly promoted the
reductionist approach, resulting in
attribution of biological phenomena
to the actions of one or few genes
and is powerful in building logically
simple hypotheses and, hence, can
be tested easily. However, from the
pieces of information it is very
difficult to reconstitute a model for a
whole biological system. Hence, it
needs both specialists and thus in
understanding of each other “both
fields should co-evolve”. Practical,
not principle limitations between
organisms and mechanisms,
prevent them to form
physical/mechanistic modeling and
the objective reality is that “it can no
more but also no less a complement
to the biologist's reasoning”, as an
engineering approach is considered
to be a “way of thinking” and the
purpose of mathematical modelling
is abstraction: the reduction of
complex reality to essential features
“to realize reality”. In other words,
mathematical models could be
regarded as the “extended arm of
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common sense; the only means we
have to deal with non-intuitive

complexity no more but no
less22,25-26”

Reductionism by definition focuses
on information essential to a
simplified question and

intentionally discards extra
information. Such extra information

could be important for

reconstitution. While in

reconstruction, if some parts are
missing, the reconstituted system
model may not behave like the real
system at all'*. Hence, it is needed to
have the complete information
about the system in a quantitative
manner, including dynamics of each
step through bottom-up approach.

Then entire system model must be
reconstituted by combining

information about every molecular

step in the system. Any missing
pieces of information block
reconstruction of the system. Study
of each step requires intensive
research.

TOP-DOWN APPROACH
PHYSIOLOGICAL CONCEPTS

Top-down approach is a journey
from the function to phenotypes to
molecular understanding, does
prevail within the arena of
physiological research. The concepts
of physiological principles are
getting rediscovered in recent times
with an effort of SB. In a recent work
it is demonstrated that due to the
symbiotic coexistence of gut
microflora is able to modulate the
dietary absorption of fat in humans,
thus it hints towards the fact that
simply looking at the human
genome may miss out the
understanding and the complexity
of metabolic profiling of human 27-29

At present moment the general
approachin SBis to define “cell’as a
“system”. However, this is more
aligned with the physical
perspective and still afflicted with

reductionism. So presently a large
emphasis is given to non-
mammalian biological system such
as bacteria and yeast system, if
elaborated it ends into different

established mammalian cell lines.
This eventually lands up with

an impression that
mathematical/computational

modeling of cell biology is SB.
However, from the physiological

perspectives definition of system is
something else. Bacterial and yeast
system could definitely be the
starting point but definitely cannot

be extrapolated to make a
conclusion for higher organism. For
example, the human genome

contains 30,000 to 35,000 gene&f .

Although this number is just five
times the number of genes in a
unicellular eukaryote ( eg
approximately 6,000 genes in
Saccharomyces cerevigige the
human genome encodes for nearly
100 trillion cells in the human
body32 Richness of information is
derived not only in the genes
themselves but also in the
interaction between genes and
between their respective products.
The genes encode for messenger
RNA, the messenger RNAs encode
for proteins, and the proteins act as
catalysts or secondary messengers,
among other diverse functions.
Between each hierarchical level,
even within cell, modifications ( eg
alternative splicing) are made, and
at each hierarchical level (eg,
transcription), thousands of
molecules interact with other
molecules to create a complex
regulatory network. What becomes
evident from these molecular
analyses is that phenotypic traits
emerge from the collective action of
multiple individual molecules 33A
greater complexity will emerge with
each level of hierarchy when one
considers cell-cell, tissue-tissue,
organ-organ interactions. And the
modeler appreciates the input-

output, feed-back, feed-forward
behaviour of the classical
physiology 8. 34

Limitations & the way-out

In practice of top-down approach, a
system model is developed with
large amount of data related to
inputs - outputs while entire system

is treated as a black box. However, a
black box cannot specify a unique
model and needs interpretations
based on biological assumptions
and constraints. So with the large
number of variables there is a need
to make a sequential order or
relative importance of each
component to make a useful model.
According to TDSB, system
knowledge can be gathered through
disintegration and also by
perturbations experiment, not by
mere clustering (hierarchical or
sequential) analysis. To overcome
the black boxes and to get a better
systems understanding, it is
suggested to connect both the top-
down and bottom-up approaches.
But this view admits that still there

would be several unknown

experimental factors in an
experiment, particularly at the

higher organism level.
Experimental biologists are aware
about this fact. Hence, model would
be fruitful if it would encompass

those experimental limitations 14

SYSTEMS BIOLOGY: AN OLD
OR A NEW CONCEPT?

Though the term SB is new to the
scientific community, particularly
those who are the descendents of
earlier reductionism; however, the
perceived importance and the
expected solutions arising out of SB
was always the goal of the
physiologists 6-7.12

Adam P Arkin jokes in a manner

that: "Being one of the major
proponents of it, | can safely say it
doesn't exist". "l think | can say that
because what people mean by this is
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what people have always done in
biology, which is physiology of
cells." Arkin explains that he sees
systems biologists as "biologists who
are trying in a concerted way to
figure out mechanisms theoretically,
computationally, and
experimentally; to work with
systems as large as fullgenomes; and
to ask questions that allow us to get
to a level of understanding where
prediction, control, and design is
feasible.". Overall Arkin pointed
only to the cellular aspect of
Physiology. Hans V Westerhoff of
Free University in Amsterdam, puts
a slightly contrarian view: "It's
different from physiology or holism,
which study the entire system. It's
different from reductionist things
like molecular biology, which only
studies the molecules. It's the in-
between’."

Biologists are generally interested in
'‘'observable phenotype', while
genetic variation is readily carried at
the molecular level and the paradox
is that the differences in molecules
among healthy organisms are not
usually related to any obvious way

to differences in phenotypes. The
irony of the situation is reflected in

comment of the physiologist Albert

Szent-Gyorgi 35

“My own scientific life was a descent
from higher to lower dimensions,
led by the desire to understand life. |
went from animalsto cells, from cells
to bacteria, from bacteria to
molecules, from molecules to
electrons. The story had its irony, for
molecules and electrons have no life
at all. On my way, life ran out
between myfingers.”

The philosophical objectivity of SB is
same with the age old discipline
physiology 3€ Historically at the end

of the 19th century the works of
Claude Bernard is with the systems
approach towards the
understanding the maintenance of
stability of the overall physiological

system in the face of disturbances.
Later on in the early of 20th century,
Harvard Physiologist Walter
Cannon refined Bernard's idea
further in various physiological
processes. He actually coined the
term “homeostasis” to describe the
maintenance of relatively constant
physiological conditions. He was
careful to distinguish the second
part of the term 'stasis', from the
word ‘statics', since he was well
aware that although the end result
was a relatively unchanging
condition, the coordinated
physiological processes that
produce this state are complex and
highly dynamic 23 However, with
the passage of time, “this idea is
casually intermingled with the
Newtonian mechanistic and
reductionist view and imposed on
health and disease”. Due to
technological limitations of
biologists, different inter- and trans-
disciplinary approaches upon the
problems of biology is appreciated
with a hope that would be able to
solve the health related problems.
And biologists are also governed to
explain different biological
phenomenon under the castings of
othersciences7.

Many think that the newer
incorporation is the mathematical
and quantitative understanding of
the biological phenomenon which
could be possible by incorporating
the technical knowledge of systems
engineering. However, this
approach is not very novel and
began since the time of Norbert
Weiner's “cybernatics” in 1948 and
Ludwig von Bertalanffy's “General
Systems Theory” in 19698-39, In
Harvard Medical School (HMS) the
new department of Systems Biology
was started which conceives both
the concepts of physiology coupled
with the concepts of cybernetics 36,40
In this is connection the opinion of
Marc Kirschner during the initiation
phase of the new department at
HMS isimportant:

"Though it sounds like the past,
physiology is actually the future.
Systems biology is very much about
understanding, circuits: cellular
circuits, developmental circuits, and
whole-body circuits. For that, we
need to more deeply understand
computational biology."

EMERGENCE OF SYSTEMS
MEDICINE

Though clinical medicine revolves
around the central concept of
“homeostasis”, but biased with
reductionism, modern medicine
ignores the complex interactions
and dynamical aspects of
homeostasis and gives more
emphasis on singular factor. The
notion of this approach is “divide
and conquer”, where the complex
problems have been tried to be
solved by dividing them into
smaller, simpler, and thus more
tractable units. As a consequence, in
coexisting disease cases, multiple
problems are tackled with a piece-
meal manner. Though execution of
this approach in clinical practice is
easy, however, in a lot of individual
cases this approach is not consistent.
Like while searching for a normalcy
of some parametric data it is found
to be inconsistent, a healthy
individual may have to take
unnecessary drugs and long term
toxicity effect of any therapeutics
and the complex interplay between
disease and treatment is also
neglected. In several circumstances
where the complex interplay
between parts yields a behaviour
that cannot be predicted by the
investigation of the parts alone,
reductionism becomes less effective.
The act of dividing a problem into its
parts leads to loss of important
information about the whole. The
other problem with reductionism
stems not only from its use, but from
wrongful assumption that it is the
only solution. Hence, SB implies a
significant shift from what might be
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termed population-based medical
research, where emphasis is on
determining how the population
behaves on average . Instead, this
kind of information will be merged
with information on how a specific
individual responds to various
kinds of treatments. The ultimate
goal of systems medicine (SM) is to
provide medicine at the individual
level. Hence, conceptually it tries to
incorporate spatio-temporal context
in diagnosis and treatment with little
intervention and with low cost .2

Edison T Liu of Genome Institute of
Singaporel? expressed his opinion
“as a scientist, the systems approach
is very empowering and moves us
closer to a formal theoretical
framework for biomedical
investigations. As a physician, | am
very excited that a systems approach
will help explain the complexities of
human diseases and the vagaries of
our therapies.” And this would
“surely move decision-making in
clinical medicine from its empirical
approach to one that is truly
mechanistically driven”. This is
echoed in the comment of Dr. Arkin
of Institute of Systems Biology,
Seattle: "l see the biggest impact that
systems biology is going to have isin
fundamentally changing the success
rate in clinical trials ™

SPECIALITIES OF SYSTEMS
MEDICINE

SM involves multiple parameters
obtained across multiple (context
dependent) spatio-temporal
conditions to achieve a holistic
perspective of an individual.

Individualized treatments : Instead
of formulating treatments according
to disease, a systems clinician may
prescribe treatments specifically
targeted to individuals according to
their present conditions 22

Minimized interventions : It gives
importance to maximize the body's
self-healing abilities with minimize

side effects and least invasive

intervention.

Multidimensional uses of
medications : Medications may be
used for unintended purposes
because nonlinear, unintuitive
relationships exist between
pathogenic factors and disease.

Time-sensitive treatments The
human body, like most living
systems, has cyclical variations that
may affect treatment efficacy. To
maximize effectiveness, treatments
can be delivered at selective times
(chronotherapy).

Space-sensitive treatments : The
efficacy of certain treatments may
dependto a specific part of the body.

Synergistic treatments : Use of more
than one treatment or modality can

be given so that the effects are
synergistic and not antagonistic or
merely additive so switching

between different drugs is another

aspectof SM.

Probabilistic forecasting The
probability of the success or failure
of a particular treatment is an
important concern for anindividual.

Long-term therapeutic cure
Though clinicians prescribe drugs
on the basis of deviation from the
population based set value of some
range in parameters, however, in SB,
disease is defined as a dynamic state
or “attractor states” 33.41 while
health may represent others. Hence
it shifts away from the population
based treatment*2, SM tries to
impart desired steady-state curative
effect. By the view of SM, rapidly
introducing medication into a
patient, the transient effects may
mask the long term curative (eg
steady state) benefi®. To do so
combinatorial (coordinated)
intervention during the course of
treatment is an important aspect in
SM43, In this connection it is
important to note that personalised

medicine has often been discussed
in relation to pharmacogenetics44
However, systems approach gives
much higher emphasis on the role of
dynamic variables (such as
concentration of protein) than on the
static system parameters (eg,
genomic data) typical of
pharmacogenetics. Hence the term

“individualised medicine” is the
preferredterm.
In this connection it is also

important to mention that the
approach for finding out the global
RNA profiling (say, microarray)
which is suggested to delineate the
differences between the normal and
disease state§ coincides with the
early exercises of late-genomics
phase and also within the arena of
pharmacogenomics®>.

SEEKING A QUANTITATIVE
STATEMENT OF THE
INTUTIVE APPROACH

The conceptual basis of SM is also
not new to medical systems and is
practiced over the centuries with the
philosophical belief that the world
(including humans) is dynamic and
interactive. Medical traditions such
as Indian Ayurveda 37 traditional
Chinese, Native American® and
certain Western medicines have
incorporated these practices in an
intuitive manner for centuries in the
care of patients.

Then why mathematics is not well
developed for the biological system?
In contrast to the physical system, in
majority of the cases capturing the
dynamical interactive data is
difficult for the biological system.
Hence, human intuition and
observation served as the basis for
that sorts of medical knowledge
throughout the centuries. To by-
pass this, modern 'evidence based
medicine’, gives more emphasis on
the component parts of the
biological system, population based
analysis and the knowledge of their
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inter-relationships are studied in
isolation. As a result, therapy is
designed with “pre-formulated
drugs” and this, in turn, makes a
restriction on the physician's ability
to tailor a treatment according to the
need of an individual 22

IMPORTANCE OF
MATHEMATICS IN MEDICINE

Experimental laboratories have
generated huge amount of new
information about chemicals
involved in human. “But this

information does not, on its own,

provide answers to the questions of
clinical medicine. The sheer
complexity of human physiology

prevents that each chemical
interacts with many others, and each
cell type performs multiple

functions. The traditional biological

approach to overcome this difficulty

is in vitro experiments, in which one
uses laboratory systems to
understand different aspects of, say,
the growth of a tumour or the

healing of a wound. But
mathematical modelling is now
emerging as an alternative
approach, which can in some
cases be more efficient and
informative 46-47

The mathematical approach in
medicine/biology has been started
when Sir Alan Hodgkin and Sir

Andrew Huxley performed their

Nobel prize winning research on
nerve signaling in the 1950s, their
experiments are supplemented by
mathematical equations, which
predicted how ion concentrations
would vary along the nerve axon 46
This approach, which was extremely
useful at the time, has now fully
come of age with a systems
perspective.

Contrarily it is also argued that
systems biologists are not interested
in the “mere abstract mathematical
understanding1¥ and hence,
“mathematical modeling is not the

part of the definition of systems
biology”. However, the systems
perspective appreciates the holistic
and composite characteristics of a
problem with a more quantitative

manner. And this could only be

possible with the use of
computational and mathematical
tools. Thus, “modeling is a mere tool
for helping the human mind to

appreciate how systems work and
malfunctioning systems may be
cured®”.

Systems scientists are doing
rigorous elucidation to reveal the
biological complexity, how multiple
variables dynamically interact for a
disease pathogenesis so that one can
achieve a meaningful treatment
selection and its delivery. Though
the approach seems to be extremely
complicated and difficult, the
advent of computers and
mathematical tools has opened new
avenues not deemed possible
before. For the medical community,
the imminent hurdle may be our
inability to envision and thus
appreciate the potential benefits
derived from the application 3

BARRIERS TO THE PRACTICE
OF SYSTEMS MEDICINE

Widespread benefits of SM will not
be realized until six key barriers are
overcome.

First, elaboration of network at
different hierarchy level (genetic,
physiological and behavioural) that
affects the biological system is to be
established for complex diseases, for
example, diabetes.

Secondly, a comprehensive model is
to be formulated to fill the gap
between data from different
hierarchy level of the biological
system.

Third, the major limitation to apply

this in clinical medicine is the
sampling issue as from the dynamic
systems view point, aminor change

in the input variable may produce a
large deviation in the system
output 49-50 Such error is the
l[imitations of the
sensing/measuring instrument or
due to inter-sampling temporal
variation. Thus, the theoretical and
experimental methods should be
effectively integrated with the
observational information 22.51

Fourth, a feasible and cost-effective
means is to be formulated to make
an optimal balance between too little
information and too much
information.

Fifth, the analytical tools should be
perfected so that with minimum

observation systems dynamics can
be predicted and to make a
switching decision between
different drugs during the course of

treatment22.

Sixth, there is need to understand
the language used by the systems
biologist. Examples include scaling,
stochasticity, attractor states,
plasticity, systems definition of
health, and many others. The
stability discussed in SB is distinct
from the stability commonly
perceived in clinical medicine.
Medical practitioners often picture
stability as an unwavering entity
such that values are maintained
within a specific, confirmed range.
But stability in SB is revealed
dynamically, and it is the behaviour
of the system rather than the state of
the system that remain consistent.
This dynamic stability can assume
many forms, including homeostatic,
bistable, oscillary (circadian
rhythm) or chaotic (heart rate
variability ®2 Moreover, system-
level concepts such as robustness,
stability and variability do not have
meaningful equivalents in the
medical vernacular. The
incorporation of such concepts into
medicine may help address certain
limitations and greatly enhance its
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Finally, complex analysis is
inherently a long-term, broad-based
investment. To present day
investors and researchers
accustomed to immediate,
predictable results, this
consideration may present the
greatest barrier, causing many to
doubt whether the not-so-apparent
benefits merit further financial or
temporal commitment 3

AVAILABLE SOFTWARES FOR
SM

Despite these challenges, the
realization of SM may not be as
distant as many may think. Already
a computer program called
Archimedes has been developed for
the complex modeling of diabetes
and predicts diabetes-related
clinical outcomes with uncanny
accuracy. Entelos is constructing
models for diseases such as asthma
and diabetes. Archimedes and
Entelos are just a sample of the many
more systems-level programs that
will likely emerge within the next
fivetotenyears7.53

EMERGENCE OF MIDDLE-OUT
RATIONALIST (MORA) VIEW

Considering the limitations as
discussed, the adoption of middle-
out rational (MORA) views of SB is
more pertinent for the clinical
application. The bottom-up
approach starts from the molecular
structure and concentration of
different molecular components to
gross function with a hypothesis that
these would be repeated at different
level of hierarchy. Contrarily, top-
down approach starts from gross
function and gross morphology to
the molecular structure, hence it
identifies different component at
different time dynamics. MORA
view is solely concerned with the
function, however, for tracking the
system some systems variables are
important. For this, it considers only
clinically relevant variables for a

disease process and in turn, works
with a few or a number of systems
components. This procedure is in
contrast to the bottom-up approach
but allied with the top-down
approach. The selected data may be
from different levels of hierarchy
hence, may be of molecular, cellular
or tissue level data. However, in
contrast to the top-down approach
these selective data can intermingle
to the physiological function in a
dynamic manner. The selected data
(in MORA approach) are subjected
to multiple inputs to a system and
multiple outputs from that system
are the representative of different
functions of the system. The
feedback or relational interaction
between different variables, if
imposed into the system is on the
basis of experimentally established
relationship (hence, variables are
quantifiable).

Challenges : The output data should
be matched with the system
behaviour in a dynamical state with
a feasible time interval. Thus it
combines the complexity and causal
relational aspect of the system
behavior. While modeling MORA
view tries to capture different
variables which are in different unit.
In doing so it is necessary to
adjust/calibrate them with a
conversion factor to transform into
the same meaningful platform.
Therefore, the major challenge of
MORA view is to tackle the multi-
scale problem. For doing these,
theories of control engineering are
appreciated. Thus, effort has been
taken to make congruency of formal
and natural system. In this respect
system theoretic view is
admitted 20.24 Knowledge has two
aspects one is to reveal the cause
and another is it's translation to
reality 54 Though bottom-up
approach is successfully applied
multi-scale modelling to reveal
some important knowledge such as,
the competition among T-cell

development in thymus, however,
MORA view is accepting and
applying if it has the realistic
relevance inthe clinic.

Reductionism : In the true sense itis
quite difficult to remove the
reductionism absolutely. In the
arena of SB, particularly in SM, the
judicious choices of variables are
important, as large model may have
an unavoidable consequence with
respect to the prediction of a
therapeutic outcome. It is important
to stress that “the objective of
mathematical modeling work is not
to generate a large scale computer
simulation of a biological process
say, metastasis; although such
model is feasible in principle, its
complexity would make it so
sensitive to underlying assumptions
as to be of no practical value. It is
true that the most effective model
has a smaller number of
variables4®”. However, in some
cases a larger model is helpful as an
aid to the derivation of an
appropriate simpler form. As
MORA view tries to solve the
human health related problem at the
individual level with reduced
treatment cost, hence there is the
importance of tracking the system
behaviour for the benefit of
individual with reduced dimension.
By the term ‘reductionism’
concerned community want to refer
the approach of molecule centric
determinism.

CHARACTERISTICS AND
ADVANTAGES OF MORA
VIEWS

Linear equations : Using linearised
system (deterministic equation),
classically, is allied with cybernetics
and with the objectives that is made
by the bottom-up approach. Itistrue
that biological processes are
nonlinear, time-varying systems,
however, “in this form control
theory is hard to apply”. Hence,
application of linear equationsand
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inequations with feedback system
would be better suited to establish
the dialectical and co-ordinated
relationships between multiple
parameters, assessment of multiple
therapeutics and its side-effects,
day-to-day (time varying)
monitoring and analysis
(intermittent monitoring), nonlinear
dynamical behaviour of the
physiological system, switching
decision between different drugs at
individual level and the system
boundary condition 20,22,25,55,56,57
This in turn would be able to
encompass the limitations of the
measuring instruments and avoid
the unnecessary cost in
measurement.

Systems' entity : This approach
considers the physiological system
as an entity. Hence it is at par with
the age old concepts of the biological
system. With this, systems hierarchy
and functions can be adopted in a
coordinated manner.

Incorporation of isolated
observations Biased with
prevailing approaches of
reductionism three major aspects are
neglected in health related issues:
the dynamical behavior of life
processes, the hierarchical
complexity of living organism, and
epistemological and historical
evidences. Contrary to other views,
MORA view gives an emphasis on
those three aspects. This can help in
understanding the functioning of
living system with a low cost. The
isolated observation can be tested by
incorporation as a component of the
difference equation. Towards this,
knowledge of physiology helps in
designing a realistic methodology
and the mathematical
/computational tool will aid to give
support to the rational concepts of
the health systems analysts.

Qualitative aspects : Present era
of ascendancy in the clinical trials
is indeed an era of

numerical/statistical reasoning and
such mechanistic/deterministic
reasoning “leads to theoretical
dogma”. Evidence based clinical
trials seems to make systematic
over-simplification. In clinical
practice, many clinicians believe that
patients'interest can be better served
by good traditional observational
studies of the qualitative
approach37?. Inclusion of the
qualitative aspects of biological
system could be possible with the
use of fuzzy logic.

Population study : The advantage of
this approach can be extended to the
population based analysis by
clustering analysis of dynamical
behaviour (dynamical classification)
of a disease phenotype in a better
way if sufficient data is available.

Assessment of drug efficacy : As this
approach considers the
pathophysiological constraints of
individual, efficacy of drug can be
assessed at the individual level. This
approach may provide the
opportunity of reassessment of the
existing drugs, toxicity assessment
and proper therapeutic scheduling.
Design and modification of therapy
with the available drugs at the
individual level is another challenge
to the systems biologists and should
not be overlooked. This is in contrast
with the bottom-up approach where
main concern is looking for new
drug. This approach may also
provide the methodology to the pre-
clinical pharmacological assessment
and clinical trials which is another
important target area of SB’°6 As
this approach encompasses the
pathophysiological parameters and
has a predictive quality we hope that
this approach may provide an
importantaspectin post-clinical care
scheduling in different diseases
including cancer.

CAM : Most of the analytical data
related to complementary and
alternative medicine (CAM) is

negativeS8, The reason may be that
the conventional analytical tools
which were being used in the
assessment of CAM are based on the
population and depend on
multivariate (probabilistic) analysis.

Analytical tools developed by

MORA view is individual specific,

may provide the proper
development of mathematical
foundation for the evaluation of

CAM.

LIMITATIONS OF MORA VIEW
IN PRACTICE

Prediction about system dynamics :
This approach cannot make a long
term prediction. Knowledge about
the system dynamical behaviour
would definitely help in the

judicious choice of parameter
settings in the initial phases of
model building and if there is any

deviation in the long run, then,

adjusting factors should be
calibrated. Therefore, it goes
through the predict-observe-correct
cycle. Efficacy of therapeutics can be
better studied with this approach
provided some sequential data is
available. This requires an
intermittent follow-up of patient.

This indirectly imposes an extra
burden in the management of
patientin clinic.

Capturing the reality : It should be
kept in mind that human
physiology and medicine have a
long history. And it is quite difficult
to capture the nonlinear phenomena
within a modelled experimental set-
up (if we hope that the ultimate goal
of SB is directed towards solving
health related problems). It is also
true that theoretical model does not
perfectly replicate the reality and SB
is distinct from theoretical biology,
but a theoretical model can reveal
the dynamical properties of health
issues, the boundary conditions and
the relative importance of different
components in a systemthatcould
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be the basis of future practices of
medicine20,

Validation : In a realistic sense it is
quite difficult to validate the
philosophical notion of its approach
in its true sense. Simply tallying the
parametric data of an experiment
with the theoretical model does not
prove a model is a good one. Like
systems theoreticians, practitioners
of MORA use deterministic equation
along with inequation and hence
they also admit that mathematical
models are used to amplify the
potency of human insight and
experience. In the arena of SM,
experience or domain knowledge
may occupy the major role.
Experience and subjective reality is
also important in doing the
mathematical treatment 14.21,22\Vith
his knowledge and field training,
long experience of an investigator
could move in a direction which is
far from the model (theoretical as
well as experimental). Hence,
clinical exposure is a necessity for a
modeller/researcher who intends to
adopt the MORA view.
Mathematical model can only give
support to the intuitive approach
and to realize the anticipatory
behaviour or intrinsic control
through the boundary condition. In
a realistic sense an investigator
wants to capture the uncertainty of
human diseases however, validation
is case specifi@0,49,59

PROBLEMS MAY FACED BY
THE BIOLOGISTS IN THE
PRACTICE OF MORA VIEW

Models developed by the MORA
view are mostly dependent on the
differential equations. In this aspect
a criticism came from a group of
physical scientists who think that
“The main problem of differential

equations is that many biologists
associate them with negative
experiences in school”. It is quite
unfortunate that most of the
biomedical scientists cannot develop

mathematically defined systems
model by their own and in practice,
the majority of mathematical
modelling studies occur as a
collaboration between an
experimental or clinical scientistand
a mathematician. However, “the
basic processes of model
development and simulation do not
require high levels of mathematical
expertiseb0”,

SBINITIATIVEIN INDIA

Several scientists of India have taken
an initiative on the theoretical parts
of SB. Dr U P Bhalla at the National
centre for Biological Sciences in
collaboration with different

institutions of USA is working on

the signaling networks present in
human nervous system. KV S. Rao
at International Centre for Genetic
Engineering & Biotechnology, New
Delhi Branch is working on

signaling systems present in the
immunocytes. Dr R De at Indian
Statistical Institute is developing
algorithm for analysis of gene
expression data. Dr K V Venkatesh
at Indian Institute of Technology,

Bombay is working on microbial SB.
At Bengal Engineering & Science
University, Shibpur author of this

article in association with Dr A

Mukherjee is working on the area of
SM for the analytical model
development of cancer therapy.

CONCLUDING COMMENT

In the last two centuries
reductionism is the most
predominant paradigm. Most of
health related issues are explained
in terms of physics or chemistry.
However, due to advent of
informatics, it is possible to have
information with rapidity and with

the aid of computer science it is
possible to explain the systems
approach biology and of course with
the quantitative manner. This is
becoming the most sought
paradigm in the 21st century. taken

Perceiving the importance, major
initiatives on SB have already been
taken by the academic world of
different countries. However, in
India very little initiative has been
taken in this area. Whatever the
initiative has been taken is confined
within the small scale laboratory
based experimentation and on the
theoretical aspects. The major
bottle-neck may be due to protocol
orientated administrative structure
of the academic environment, non-
cooperation across the disciplines,
single sightedness of the academic
experts and of course, the prevailing
tendency of holding of the power
structure of the academic
environment. But for sake of societal
benefit, India needs urgently to
develop the discipline SB.

MORA view, in particular is trying
to explain different health related
issues with the engineering
principles based on philosophical
background of human physiology.
It has the potentiality in providing
better health system with low cost at
individual level, hence, has a special
relevance for SAARC countries
where population having different
ethnicity is a major determinant
factor for successful translation of
population based therapies and
economic constraints are the major
barrier in implementation of other
two views of SB.

Like other views of SB, itbecomes an
utmost necessity that each person
from different cultural and

philosophical outlook should come
out from his/her own disciplinary

boundary area and learn to
appreciate each other's outlook in
persuasion of MORA view.
Classical biologists have a cultural
training with the diversification and

observe the systems in an empirical
manner; however, modern day
training in biology is biased with

reductionism confined mostly
within the test tube based
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experimental and analytical skills.
They should not overlook the
centuries enriched systems
knowledge in understanding of the
diversification. They should learn
mathematics and understand the
instrumental limitations during the
course of data acquisition and
analysis. Similarly, persons of
physical science backgrounds are
culturally oriented with the
unification of theory, hence
searching for the
mechanistic/deterministic
explanation of nature with time
bound experimentation. They
should understand the limitations of
a biological experimentation, data
capture procedure and hierarchical
organizational complexity of the
physiological system. Thus, they
could be able to translate the
observational training of the
biological system, specially, higher
mammals, into a meaningful theory
for biology and could not provide a
realistic outcome in terms of clinical
application34 In this connection,
they should not overlook the
engineering principles and the
control engineering mathematics.
Moreover, laboratory based
scientists (wet lab as well as dry lab)
should have the exposure to the
clinical scenario for a successful
clinical translation of the scientific
observations. In real problem
solving area one has to consult and
work under the supervision of the
expert personnel of different
subjectsin a collaborative manner.

It could also be possible that in real
problem solving area of SB, an
experimentalist would turn into a

theoretician and a theoretician
would turn into an experimentalist.

They have to learn to look at the
phenomena which by conventional
training scientists “had learned not
to seéfl”. Like other views of SB,
MORA needs an easy to and fro
movement.
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The current landmark of research in molecular biology has brought in many high-throughput technologies for
analyzing various properties of the transcriptome and proteome of several organisms. The extensive repository of
multi-experimental data evolving from such experiments has shaped an important problem of deriving integrated
knowledge from multiple sources. However, deriving consensus knowledge from heterogeneous functional
genomics and proteomics data is often very difficult. This is due to the complexity in mapping the experimental data

in one domain into another domain for comparative integration. Further, these analyses are usually inaccurate and
there is no ground truth knowledge to measure this inaccuracy. This paper discusses some state-of-the-art methods
proposed in literature for fusing information evolving from various bioinformatics datasets. In addition, it describes

a recently proposed method of combining co-expression networks, derived from diverse microarray experimental
data. We present some empirical studies to show the efficacy, robustness and biological validity of such integrated

approaches.

Keywords: Data integration; Microarray analysis; Co-expression networks; Z-score; Bioinformatics

INTRODUCTION

Ever since the structure of
deoxyribonucleic acid (DNA) was
revealed in 1953, molecular biology
has witnessed rapid advances in
exploring the underlying biological
activities at the cellular level of an
organism. Much of the research in
this domain is associated with
deciphering the activities of genes
and proteins in regulating diverse
biomolecular activities. The DNA, in
the structure of double helix with a
sugar-phosphate backbone, contains
the genetic instructions used in the
development and functioning of
different organismsl From a
computer scientists' point of view, a
DNA is nothing but a sequence of
bases A (Adenine), T (Thymine), C
(Cytosine) and G (Guanine). The
most important portion of a DNA is
the gene. A gene is a contiguous
stretch along the DNA that produces
the proteins. This transformation of
DNA to protein is managed by a
complex cellular mechanism. First,

the location of a gene is identified on
the DNA sequence. Then the gene
produces an RNA molecule, whichis
called the messenger RNA (MRNA).
This process is called transcription.
An mRNA possesses the same
sequence as one of the strands of the
gene but substituting U (Uracil) for T
(Thymine). Finally, the transfer RNA
(tRNA), a variant of RNA, works in
conjunction withthe mRNA in order

to produce asequence ofamino acids
or a protein. This is known as
translation. The complete process is
shownin Figurel.

Various biological experiments have
evolved over time to analyze the
properties of the transcriptome and
proteome of various organisms,
which take part in the process of

transcription and translation. These
recent high-throughput
biotechniques, such as sequencing
by hybridization 1 microarray
analysisl6.3, yeast two-hybrid
analysis13, mass spectrometryl4,
synthetic lethality screen15etc., have
generated high-dimensional
biological data. One of the tasks of
computational biologist is to mine
knowledge from this extensive
repository of multi-experimental
data. Thus, a natural problem of
fusing those data sources in search
of significant knowledge has come
into the picture. Here, we discuss
some of the recent methods
proposed for data integration over
multiple biological sources. There
exist several varieties of these
methods like integrating protein-
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A -
>

> DNA

<
<

RNA >

Translation
Protein

Reverse transcription

Figure 1 The central dogma of molecular biology
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interaction data 7 integrating gene-
interaction datal0.11l integrating
gene-interaction data with protein-
interaction datall integrating
microarray data with phylogenetic
and gene-fusion data®, etc.
However, most of this current paper
will discuss one current approach of
integrating multiple gene co-
expression networks derived from
microarray experiments 16.3 The
efficacy of information fusion
techniques will be evaluated by
empirical studies on this very
approachl0,

Using microarray experiments
simultaneous overexpression
/underexpression of multiple genes

can be measured in parallel. These
experiments are generally
conducted over certain time points
for different conditions on multiple

gene probes. The genes participating
in similar biological activities are

expected to follow correlated
expression patterns in these
experiments. This kind of data helps
to hypothesize on the functional

associativity (or conversely the
separability) between the genes
represented with coexpression
networks @ Therefore, the degree of
functional similarity (or

dissimilarity) between these genes
can be computed from their
expression patterns derived from
microarray experiments. In a gene
co-expression network, the nodes
represent the genes and the
weighted arcs between each node
pair reflect the relationship between

the gene pairs corresponding to the
nodes. Mining a gene co-expression
network, to derive the co-expression
clusters from it, is a common
analytical approach in
bioinformatics 16.5.8 These gene-
clustering methods are useful for
various purposes, eg finding

transcription factors, studying gene
regulation, grouping functionally

associated genes etc. However, there
are several problems that have
evolved over time from these

approaches. First, microarray
experiments are prone to noise that
leads to biased and erroneously
high estimates of co-expression
similarity. Second, the rapidly
accumulated volume of microarray
data does not follow a standard
experimental setup, and hence, the
results evolved from them are not
uniquely comparable. Third, the up-
to-date literature does not present
an ad-hoc method to integrate the
gene modules resulting from
different microarray experiments. A
solution to all these problems could
be the integration of gene co-
expression networks derived from
diversified microarray experiments
targeting a consensus network. We
will discuss a currently proposed
method to address the problem of
integrating multiple gene co-
expression networks in this paper 1Q

SOME INFORMATION FUSION
APPROACHES

Majority of the biological
experiments, which are prone to
noise, raises the demand of
repetitive experimentation.
Unfortunately, recurring
experiments is not possible due to
the problems like redundancy of
experimental data, multiplicative
experimental costing and
evaluation of experimental
efficiency. The best that can be done
is to combine various experimental
results into a standard result.
Earlier, one of the very promising
graph-theoretic approaches has
introduced a unified framework for
combining the multiple sources of
functional genomics information
and testing associations between
them12 This helps to obtain a robust
and integrated view of the
underlying biology. Another
approach used in6 presented a
probabilistic method of integrating
diverse functional genomic data of
yeast genes. Here, a conceptual
framework was developed for
integrating  diverse  functional

genomics data by reinterpreting
experiments to provide numerical

likelihoods of functional linkage

between genes. The method
incorporates an integrating linkage
score, which depends on the log-
likelihood score (LLS of the
experimental result upon the
established results. The value of LLS
iscomputed as

P(L| B/~ (PIL)E)
P(L/~R L

where P(L| Eand ~ P L )Ere the
frequencies of linkages (L) observed
in the experiment (B between
annotated genes operating in the
same pathway and in different
pathways, respectively, whereas
P(L) and ~P(L) represent the prior
annotation knowledge in the
established databases. Therefore,
such methods are inappropriate for
the cases where no ground-truth
knowledge exists. Later, the
Summary graph approach
presented a way to integrate
unweighted and undirected gene
co-expression graphs®. Consider an
unweighted gene co-expression
network shown in Figure 2 where g
denotes the it" gene and an arc
between the genesg; andg denotes
the functional association between
those genes. The summary graph
approach produces a consensus
network that supports some
frequency of edges over the input
graphs as shown in Figure 2. This
leads to the loss of information from
the co-expression network.

LLS=1In (

In an extended work over weighted
graphs, the same approach was
used for the reconstruction of
transcriptional regulatory modules.
However, the networks were
integrated by considering the edges
above a cutoff threshold. One such
example is given in Figure 3. Here,
the weighted arcs have been
averaged over all the three networks
to derive the final consensus
network. Again, the problem
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Figure 2 Obtaining the consensus network from three unweighted networks having 60% support

remains in evaluating the accuracy
of the three experiments from which
the networks are derived. So, the
integration method is affected by the
biasness.

There are some other recent
approaches too where the diverse
proteomics data have been
integrated by graph sharpening and
graph integration 17 There are even
cross-platform normalization
techniques for merging multiple
gene-expression studies . But, the
direction of merging weighted gene
co-expression networks, evolved
from different microarray
experiments over the same gene set,
without losing any information is
not well explored. Here we discuss
in detail a novel fuzzy approach of
finding a consensus network from
multiple gene co-expression
networks.

Very recently, one promising
approach has been proposed to
combine gene-interaction data with
protein-interaction data 1! It has
introduced a graph theoretic
approach for mining frequent cross-
graph quasi-cliques (almost a clique)
in gene-gene and protein-protein
interaction networks. They defined a
subjective (thatis, onto) mapping f P

® G, where Pisthe set of proteins, G
isthe setof genes, andf p)=g ifgene

g1 G generates protein pT P. A
group of genes are likely to
participate in the same biological
pathway if they form a cross-graph
quasi-clique, that is, they form a
quasi-clique (with g 31) in the gene
co-expression network, and at the
same time, their corresponding
proteins also form a quasi-clique
(with g 31) in the protein-protein

interaction network. Since protein-

data, joint mining of these two types
of data can find novel patterns,
which cannot be derived from any
single datasourcell.

GENE CO-EXPRESSION
NETWORKS

A network Nis defined by a 3-tuple
N'=(N,A,W), whereN denotes the
set of nodes {n; ,n,, . .. Ny 3 IN|
being the cardinality of the set N A
denotes the set of arcs without self-
loops, and W: A ® [0,¥ ) is a weight
function mapping each arc to a
positive real value. A network is
called unweighted when the weight
function Wis excluded from N. Two
unweighted networks are said to be
similarifand only ifthere is a one-to-
one correspondence between their
node sets and arc sets. We define a
network, N =(N, A, W), asagene co-
expression network if the set N
corresponds to a set of genes andw :
A ® [0, 1] denotes the proximity
between each gene pair in A.
Sometimes, the definition of a gene
co-expression network omits the
weight function and whenever the
weight function is included it is
termed as a weighted gene co-
expression network ®. For simplicity,
the term gene co-expression

protein interaction data is network will include the weight
complementary to gene expression functionthroughoutthis paper.
91 9 9
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Figure 3 Obtaining the consensus network from three weighted networks
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Suppose, a set of gene co-expression
networks are given over a fixed gene
set. The task is to search for the
consensus network integrating this
set of networks. To judge the
integrity and goodness of a
consensus network derived from a
set of gene co-expression networks,
it is necessary to measure the
similarity of two weighted
networks. The consensus network
will be such that its degree of
similarity with the given input
networks is the highest. The notion
of similarity is defined as given
below10

Definition of Gene Co-expression
Network Similarity

The similarity between two gene co-
expression networks N';=(N,A,W )
and N'5 = (N, A, W), denoted as
S(N',N’ 9, isdefined as

@)

In equation (1), Wq(i, j) and Wi, )
denotes the weights of the arc (i, j)
between the genesi andj in the
networks N';and N respectively.
Using the similarity measure
introduced in a consensus gene co-
expression network can be defined
as the one having maximum
similarity with the given gene co-
expression networks.

One rudimentary approach of
producing a consensus network
could be averaging the weights over
the arcs of the input networks. This
operation is shown in an example
highlighted in Figure 3, where three
weighted networks have been
integrated. But, this trivial approach
proves to be inefficient for gene co-
expression networks. All the
categories of microarray
experiments may not have
comparable importance and
perfection®. Evidently, a microarray
experiment done over large number
of time points is statistically more

accurate than an experiment
consisting of a few time points. As
there is no common agreement in
evaluating the accuracy of a
microarray experiment (except
depending upon the established
results), the integration of multiple

networks should be more robust.
With this target, a novel approach of
integrating multiple gene co-
expression networks has been
proposed inthe next subsection. The
above formulations can be easily
extended to unweighted networks
assuming W (i,j)=1,if (i,j)T A and
W (i,j)=0, otherwise, foreach  j ).

FUSION OF GENE CO-
EXPRESSION NETWORKS

A recently proposed method that
integrates the weighted arcs of
multiple networks following a
fuzzy aggregation process? is
described here. This is known as
Normalized Fuzzy Aggregation
(NFA) 10 Let there be a set of n gene
co-expression networks {N'7 = (N,A,
Wi),N2=(N,AW>),...Nh =N A ,
Wn)}. The NFA method produces a
CONSensus gene Cco-expression
network, N ¢= (N, A, W, such that
its weight functionis given by

(2)

Note that, substituting a= 1 in
equation (2), a simple reduction of
the method to a weighted
aggregation operation is obtained.
The normalization factor xy(i )
incorporated in equation (2) assigns
a weight to each network k A gene
co-expression network is derived
from a microarray dataset with time
points as the experimental columns.
So, the parameter x(i, j) is
computed as the ratio of the number
of experiments in the specific
dataset k to the total number of
experiments considered through all
the datasets. This assigns a weight to
the individual networks while
integrating them, thereby imparting
a degree of normalized statistical
significance inthe study.

A significant advantage of this
integration method is thatitdoes not
suffer from the bias arising due to
missing value estimation. The
columns consisting of missing
values are simply ignored while
constructing the co-expression
network. As a result, the number of
experimental columns in the dataset
(and therefore the value of the
normalization parameter X.(i, j) is
reduced. Thus, the presence of
missing values is treated as noise
and its effectis not considered. Inthe
next section, the effectiveness of this
proposed integration method is
studied empirically.

RESULTS

Customary microarray datasets
consist of two-dimensional array of

expression values where the rows
and columns correspond to genes
and experiments, respectively. The
expression values of the first 500
genes from the well-known Eisen
datasef3 of Saccaromyces cerevisaae
taken for the experiential analysis. It
consists of 79 microarray
experiments over eight
experimental categories from which

we have constructed eight gene co-
expression networks. The absolute
value of the Pearson correlation
coefficient9is considered to measure
the proximity between each gene
pair. Then, the gene co-expression
networks have been integrated
using the proposed NFA method

considering a = 2. The final network

has been clustered using the
traditional hierarchical clustering

method with average linkage 3 The
expression profile plot of the first

cluster is shown in Figure 4. The
alternating colors over the Y-axis of
the expression profile plots of
different genes indicate the
separation columns of the eight
experiments considered in the
study.

To show the efficiency of the
proposed integration method NFA,
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a single gene co-expression network
derived from the same dataset
assuming 79 time points has been
clustered using hierarchical
clustering method using average
linkage. Again, the eight gene co-
expression networks are integrated
by the simple aggregation (as shown
in Figure 3) and then clustered
similarly. Let these two
experimental trials be termed as NIL
and AVERAGE. Now, the three
clustering results incorporating no

integration, average integration and
NFA are evaluated by one well-
known biological validation

measure as follows.

The biological significance is verified
by computing the z-score4 which is
calculated by investigating the
relationship between a clustering
result and the functional annotation
ofthe genesinthe cluster. Itis a well-
known index for measuring the
biological significance of clusters.
This is computed by analyzing the
mutual information between a
clustering result and the
Saccharomyces Genome Database
gene annotation data. The z-score
indicates the relationship between
the clustering and the annotation,

Cluster 1 (size = 7)

Expression level ®
N P O FP N W B~ o

0 10 20 30 40 50 60 70 80
Experiment ®
Figure 3 The expression profile plot of a
cluster found by HCL (average) from the
consensus network made over Eisen dataset

Table 1 Comparative study of the clustering
results on the gene co-expression networks

Integration #Clusters z-score
Method
Nil 10 4.56
Average 10 8.56
NFA (a=2) 10 11

relative to a clustering method that
randomly assigns genes to clusters.
A higher value indicates a clustering
result that is not obtained by chance.
The z-scores of the clusters found by
the methods are computed using the
ClusterJudge tool* and the results
are given in Table 1. The parameters
considered are uncertainty
threshold = 0.8 and N_min = 10.
Obviously, the z-scores found from
the clustering result that uses NFA s
very high, indicating thatthe clusters
are biologically significant. On
comparing the other two,
AVERAGE proves to be better than
NIL. Thus, the results show the
efficacy of the proposed integration
method in evolving more
biologically significant consensus
networks by normalizing the co-
expressionvalues overthe networks.

CONCLUSION

This paper discusses some of the
novel approaches proposed in
recent times for fusing information
over multiple bioinformatics data
sources. One of these methods,
addressing the problem of
measuring similarity of gene co-
expression networks and to
integrate multiple such networks
constructed from post-genomic
microarray data is described in
detail. The results are very
promising in support of such
integrated approaches. Still, there
are directions open for constructing
robust methods that could integrate
various types of diverse and high
dimensional genomic or proteomic
data without incorporating ground-
truth knowledge.
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Technologically speaking, GIS is built on three pillars: geospatial data as digital representations of much of our
world; positioning services putting people, assets and other objects into this context; and mobile telecommunication
connecting everything and providing access for users. Just as there are macro and micro aspects to economy, we
recognize this as a valuable distinction in geography and now Gl science. Up to now we have mostly worked in the
frame of macro geography. Now due to positioning services, detailed geospatial data, and powerful communication
GIS moves more towards micro geography. This paperis on geoinformatics and technology in future.

Keywords: Database, Sensors, Geospatial, Optimization, Communication

INTRODUCTION

Information that exists in different

spatial databases may be useful for
many other GIS applications. The
problem of bringing together

heterogeneous and distributed
information systems is known as
interoperability problem. Today,

research on interoperability
solutions promises a way to move
away from the monolithic systems
that dominate the Geoinformatics.

For some time now GIS has been
expected to turn a corner and enter
into the mainstream of computing,
and may be society. Chances are
there that this will happen through a
more society supported by services
built on positioning, distribute
geospatial databases and connected
with telecommunication coverage.

When we discuss current trends and
a vision where we expect to be
standing several years from now. Gl
technology reaches beyond the
software in Gl Systems to include
sensor systems.

Gl Systems as software link
technology and methods to

application and business. Gl Science
researches the conceptual
background and methodology
frameworks implemented in Gl
Systems.

DEVELOPMENTS

Before attempting to look into future
applications, we first need to review
recentapplications as an indicator of
where substantial change is
currently occurring. Of course any
such listing is highly subjective, but
most experts will likely agree on the
majority of items mentioned here:

Largely due to these sensors and
ubiquitous connectivity,
capabilities for near real time
monitoring have evolved. For a
large part of GIS past, we were
essentially processing historical
data, only recently we are
moving towards current affairs.

This development has been
made feasible by the now
pervasive presence of
positioning devices. Our
societies are increasingly mobile
in every respect: individual,
environmental and business

objects change position frequently.
Without tracking our model of
the real world would not be
current.

FRAMEWORK AND
INTENTIONS

Often we are focusing on what can
be done with technology and how
we can leverage progress in Gl
Science. Preferably we should look
into use cases and analyze what
needs in society are being and need
to be supported by progress in the
Glfields fromtechnology to science.

GIS is still burdened by the

automation trap of computers being

fast and good at clearly defined

repetitive tasks. Therefore long
established jobs are more effectively
done, which led to file cabinets

moving to databases, typing to word

processing, drafting to CAD and of

course mapping to GIS. The quest
for the map looking like the one we

have always had is still on in many

people's minds.

For real progress, GIS clearly needs
to focus not on doing a better job at
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established tasks, but rather to see
how tasks can best be organized to
reach our societal, environmental
and business objectives. Analyzing
how to reach these objectives,
breaking down workflows into tasks
and then researching any missing
concepts or methods through Gl
Science will lead to newly defined
jobsfor GIS instead.

Documentation through static
representations, change detection
and visualization probably rank

among the most frequent
applications. Spatial analysis helps
create new insights by generating
information from data through

advanced methods. Dynamic
process models and scenario
techniques support spatial decision
support applications.

Sensors deliver a fixed or moving
location integrated into their reports.

Through data networks, these
reports are delivered right away.
This means that instead of analyzing
past patterns, we are looking at the
current picture. Insight into the past
gives way to real time applications.
Instead of learning from what did

not work well to do it better the next

time around, we can react right
away.

GIS therefore is moving towards real
time control. Cartography develops
into a human computer interface
discipline for spatial views
supporting interaction with current
processes or for deep, recursive
analysis of spatial data. In essence,
the long feedback loop is shortened
substantially: what used to be an
elaborate cycle of data acquisition,
analysis, visualization and decision
making is, for many applications,
being compressed into real time
monitoring and control.

Observing the current trends
outlined above and changes to
business logics involving geospatial
information, we now might want to

assess where we expect to stand
several years from now.
Distinguishing technology

developments from Gl science
guests will be helpful while

acknowledging that both areas are
of course tightly linked in a

symmetric stimulus response
relationship.

EDUCATION POINT OF VIEW

Education towards professional
gualifications has frequently been
named as a key factor towards
extending the reach of the geospatial
industry, with the idea that qualified
specialists ranging from IT focused
via methodology-centered analyst
to application experts. While this
observation is certainly true and
needs to be supported through the
development of suitable curricula
and implementation of programs
across traditional boundaries
between disciplines, another aspect
might be even more decisive.
Traditionally, one aspect of
schooling is the establishment of
literacy as a foundation for critical
thinking, creativity and
participation. The spatial angle has
been covered by the building of map
reading skills supporting education
towards spatial awareness and
understanding many facets of our
world. Well, map reading skills are
changing substantially and are
applied in the computing domain.
'Maps' now move, change
perspective, can be actively
navigated and are much more an
orientation device and spatial user
interface.

GIS Softwares like Key Indicator
Data System (KIDS), Map Cruncher,
Geo Network Open Source, Map
Maker, DIVA-GIS, GRASS GIS,
worldKit, SharpMap, mezoGIS are
also available for analysis of data.

Most surveys and visionary
perspectives claim that the
geospatial industry is moving from

a technology oriented niche into the
mainstream of society. Gl only has
limited growth potential in the
business-to-business sectors of
corporate decision support,
workflow optimization and day-to-
day operations. Rather, a customer-
focused evolution towards spatially
enabled and locally centered
services are considered as a major
growth opportunity.

If we want customers to use a search
engine's spatial portal as their
default web page, bookmark their
community's map interface, work
out an itinerary from a spatial
perspective and shop, eat and
interact with friends based on
facilitated proximity, we need
support from general education.

Spatial literacy is not about teaching
GIS in schools. Rather, creating
spatial awareness, navigational
skills and an understanding that all
or most of today's problems have a
significant spatial aspect to them
need to become objectives
throughout schools curricula. Only
spatially aware citizens with the
requisite skills will be able to
critically participate and contribute
toaninformation society.

IMPACT ON OURLIVES

Of course the answer will be yes and
no, depending on what we consider
the defining aspects. Will our future
lives be different due to progress in
geoinformatics? For all of us, and
many others, yes. In what ways will
life be different? This will depend
largely on lifestyles, professions and
interests, and of course our
geographical and societal positions
ontheglobe.

Geospatial information will more

and more affect us on different
scales. The 'global village' and the
much quoted links between local
action and global thinking will

become less philosophical and more
practical. Beyond the obvious
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assistance with travel and
transportation, geography affects
everything around us. The
environment, sustainability and
infrastructures are all inherently
geographical issues. As they are
being represented through geo-
information to enable direct,
location aware interaction, digital
geospatial interfaces essentially
become our dashboards as we
navigate life. On a practical level, the
trend towards networked services
means that local availability of
computing and processing power
becomes much less critical than the
availability of band-width. If ample

bandwidth is provided differences

in education, opportunities and
participation will decrease.
Bandwidth as an indicator for access
to information and interaction

therefore is the key differentiating
factorin future geographies.

This view provides support for the
argument that GIS is not a distinct
area along the lines of the 'spatial-is-
special' phrase, but geography is
rather aview, often a very important
view on our world through the lens

of information representations. In
simple terms, the spatial dimension
is a key component of the context of
objects, and which affects our
actions.

CONCLUSION

Technologically speaking, GIS is
built on three pillars: geospatial data
as digital representations of much of
our world; positioning services

putting people, assets and other
objects into this context; and mobile
telecommunication connecting
everything and providing access for
users.

Just as there are macro and micro
aspects to economy, we recognize
this as a valuable distinction in
geography and now Gl science. Up
to now we have mostly worked in
the frame of macro geography. Now
due to positioning services, detailed
geospatial data, and powerful
communication GIS moves more
towards micro geography.
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Biometrics refers to the automatic identification of persons based on their physiological or behavioral uniqueness.
An ample variety of systems call for dependable personal recognition methods to ascertain the identity of an
individual requesting their services. The purpose of such methods is to ensure that only a legitimate or authentic user
can access particular service. Examples of such services include safe and secure access to buildings, computer
systems, laptops, cellular phones and ATMs, etc. In the absence of robust personal identification schemes, these
systems are susceptible. The main benefit of the biometric technology is that it is more safe and comfortable that the
traditional systems. By using biometrics, it is possible to authenticate or establish an individual's identity based on

who he/she is rather than what he/she possesses, eq an ID card or what he/she memorizes,

ega password.

Although biometrics is relatively young to the marketplace, yetit has already earned a reputation for its effectiveness
in a variety of demanding environments that require high levels of accuracy, robust security and solid customer
service. In this paper, we give a terse review of biometrics field and recap some of its advantages, disadvantages,
applications and related confidentiality concerns.

INTRODUCTION

Whenever people log onto
computers, access an ATM, pass
through airport security, use credit

cards or enter high-security areas,
they need to prove their identities.

People usually use user names,
passwords and identification cards

to confirm that they are who they

claim to be. However, passwords
may be forgotten and identification

cards may be lost or stolen. Thus,
there is tremendous interest in
improved methods of reliable and

secure identification of people.

Biometric methods, which identify

people based on physical or
behavioral characteristics, are of
interest because people cannot
forget or lose their physical

characteristics in the way that they
can lose passwords or identity
cardsl. Biometrics, in fact, refers to
the automatic recognition of a living

individual based on his/her

physiological or behavioral

uniqueness. It is a measurable,
robust and distinctive physical

characteristic that can be used to
recognize a person or verify the
claimed identity of an individual.

Measurable means that the
characteristic or attribute can be
easily offered to a sensor, sited by it
and converted into a quantifiable
and digital format 2 This
measurability permits for matching
to transpire in a matter of seconds
and makes it an automated
procedure. Robustness of a
biometric refers to the intensity to
which the characteristic or attribute
is subject to appreciable variation
over time. These variations can
occur as a consequence of age,
wound, sickness, professional use or
chemical exposure. An extremely
robust biometric does not alter
appreciably over time while a less
robust biometric will vary. For
instance, the iris, which varies
extremely small over an individual's
lifespan, is more robust than one's
voice. Distinctiveness is a gauge of
the deviations or differences in the
biometric blueprint among the
broad-spectrum population. The
higher the level of distinctiveness,
the more individual is the identifier.
A low level of distinctiveness
specifies a biometric pattern found
frequently in the universal

population. The iris and the retina
have higher degrees of
distinctiveness than hand or finger
geometry.

Biometrics is essentially the
automatic recognition of individual

using characteristic traits. The
person to be recognized is required
to be physically present at the point-
of-identification. The recognition

based on biometric techniques
obviates the necessity to memorize a
password or carry a coupon or a
smart card3. By replacing PINs and
passwords, biometric techniques are
more convenient in relation to the

client and can potentially thwart

unauthorized admission to or

deceptive use of ATMs, time and
attendance systems, and cellular
phones, smart cards, desktop PCs,
workstations and computer
networks. It has the potential to
recognize a human being in
exceedingly different settings: a
criminal entering an airport, an

unconscious patient without
credentials for identification, an

authorized person, accessing a
decidedly secured system. In fact,
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biometrics provides the right person
with the right privileges to have
rightaccessatrighttime.

AN OVERVIEW

Most people have some degree of
familiarity with biometrics, thanks
to television and the movies.
Hollywood has portrayed
biometrics as futuristic technology
in science fiction movies and as elite
security technology in spy movies.
This has given biometric
technologies an expensive and
exclusive reputation. Many business
owners or executives would most
likely say, “We don't need that kind
of security; we are not a military
facility.” Some people don't even
think the technology is real,
convinced thatit's stillin the realm of
science fiction. As a result, biometric
systems have been unintentionally
marketed as a very advanced, high-
end security technology for many
years now. The difference between
today and twenty years agois seenin
both the effectiveness of the
technology and the greatly reduced
cost. In fact, what one may have
only seen in the movies may soon be
seen on the front door of your home.
Door locks that work using
fingerprints or handprints instead of
keys are already available at
consumer-level cost. Biometrics
refers to the identification and
verification of human identity based
on certain physiological traits of a
person?. The commonly used
biometric features include speech,
finger-print, face, handwriting, gait
and hand-geometry. The face and
speech procedures have been used
for over twenty five years while IRIS
Scan, Retinal Scan and DNA
methods are some newly emerged
methods. In fact, the technology
serves as the doorkeeper of secret
personal information and is used
intensively to raise a barrier between
personal data and unauthorized
access. Technically talking, the
devices generate electronic digital
templates that are stored and

compared to live images when there
is a need to verify the identity of an
individual.

A biometric can be categorized as
physiological or behavioral.

Physiological biometrics measures
some physical attribute of the
subject such as fingerprint, finger
geometry, face, hand and iris. The
latter measures user actions, such as
speaking, writing and walking .4
Most physical features continue
fairly stable over time, while

behavioral characteristics are in
control of the subject and have a
tendency to change over the short
and long terms due to health, aging
and physiological state. Further, the
subject can frequently create false
negatives, hiding their true

individuality by consciously

altering the behavior being
gauged2. This implies that
behavioral biometrics must be
collected from a cooperative or
unaware subject. While
physiological biometrics may be
adequately represented by a single
sample, behavioral biometric
generally involves numerous
samples due to their inborn
variability. In practice, there are

three methods to confirm identity of

a person3:S including ownership,

knowledge and biometrics.

Ownership: Something one
possesses (smart cards, key, etc.)
which can be lost or stolen.

Knowledge: Something one knows
(password, PIN, etc.) which can be
forgotten, compromised or guessed.

Biometrics: Something one is or
something one does (fingerprints,
voice, face, etc.).

The first two methods of checking
someone's identity actually suffers
from a common difficulty of
inability to differentiate between a
certified person and a play-actor
who recklessly acquires the access
advantage of the authorized
personS. Only the third method, ie
biometrics can identify you as what
you are. Biometric systems are

classified into two major categories:
(a) One-to-One System

This system weighs the biometrics
information of the individual
against one particular entry on a
database that pertains to that
person. The individual, then
provides the system some sort of
biometric information and the
system decides whether a match can
be made corresponding to a stored
information on the data base, this
type of systems is referred to as
verification systems®

(b) One-to-Many System

This kind of system compares the
biometric information of a person to
all entities on a database. A person
does not assert his/her identity to
that system, instead the person just
give the biometric information. The
system then strives to match this
datato all the entries in the database
and drives whether a match can be
made®. This category of system is
recognized as identification system.

BIOMETRIC TECHNOLOGIES

Biometrics solutions mean lower
cost solutions and biometrics
technologies are reliable
technologies that deliver effective
solutions. The savings from
converting manual processes to
those driven by biometrics devices
can be significant. This is especially
true in circumstances where safety
and security are extremely
important and customer service and
accessibility are also essential.
Biometrics technologies include
facial recognition, iris scans, retinal
scans, hand/finger geometry
recognition, speaker/voice
recognition, dynamic signature
verification, keystroke dynamics
and DNA recognition. Let us take a
closer look at how biometrics works
to better understand how it
integrates within a complete
security system.

Facial Recognition

Facial recognition analyzes the
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characteristics of a person's face
images usually captured through a
digital video camera. It measures the
overall facial structure, including
distances between eyes, nose,
mouth, and jaw edges. These
measurements are retained in a
database and used as a comparison
when a user stands before the
camera. This biometric has been
widely touted as a fantastic system
for recognizing potential threats
including threats from terrorists,
scam artists and known criminals
but so far has been unprovenin high-
level usage. It is currently used only
in verification systems with a good
deal of success. Facial recognition
minutes the spatial geometry of
distinguishing features of the face.
Different vendors use different
methods of facial recognition.
However, all focus on measures of
key features of the face. Because a
camera from some distance can
capture face of a person, facial
recognition has a covert capability,
ie, the subject does not necessarily
know he has been observed. For this
reason, facial recognition has been
used in projects to identify card
counters or other undesirables in
casinos, shoplifters in stores,
criminals and terrorists in urban
areas. Five steps to facial recognition
include image capture, face location
in image, features extraction to
generate template, template
comparison and matching
declaration. Facial recognition is a
non-intrusive and cheap technology.
However, in order to implement it
successfully, it requires camera
equipment for user identification.
Thus, it is not likely to become
popular until most PCs include
cameras as standard equipment.
Also, this technology is based on
two-dimensional recognition.
Therefore, it is quite sensitive to
changes inillumination, the person's
hair, age and if the person wears
glasses. Face recognition uses
mainly the following techniques:

(@) Facial geometry It uses

geometrical characteristics of the
face. This may use several cameras
to get better accuracy (2D, 3D).

(b) Skin pattern recognition: It may
involve visual skin print.

(c) Facial thermo-gram: This
technique uses aninfrared camerato
map the face temperatures.

(d) Smile: It involves the recognition
of the wrinkle changes when
smiling.

IRIS Scan

With the need of security systems
going up, iris recognition is
emerging as one of the important
methods of biometric-based
identification system. Iris scanning
measures the iris pattern in the
coloured part of the eye. Though the
iris colour has nothing to do with the
biometric yet iris patterns are
formed randomly. As a result, the
iris patterns in a person's left and
right eyes are different and so are the
iris patterns of identical twins. User
places eye within scanning distance
of device. This technology compares
nearly 200 different spots in the
eyeball. Iris scanning can be used
quickly for both identification and
verification applications because the
iris is highly distinctive and robust.
Its major drawback is cost.
However, it is characterized by its
very high accuracy and an extremely
low verification time (generally less
than five seconds). Biometric
methods based on the spatial pattern
of the iris are believed to allow very
high accuracy and there has been an
explosion of interest in iris
biometricsinrecentyears3.

Retinal Scan

Retinal scans measure the blood
vessel patterns in the back of the eye.
The device employs a light source
shined into the eye of a user who
must be standing very still within
inches of the device. Because users
perceive the technology to be
somewhat intrusive, retinal
scanning has not gained popularity.
Currently retinal scanning devices

are not commercially available. This
technique is characterized by its
extremely high accuracy. There is no
known way to replicate a retina. The
eye from a dead person would
deteriorate too fast to be useful, so
no extra precautions have to been
taken with retinal scans to be sure
the user is a living human being.
However, this is very intrusive and
very expensive. It has the stigma of
consumer's thinking that it is
potentially harmful to the eye.
Comparisons of template records
can take upwards of 10 seconds,
depending on the size of the data-
baset.

Hand/Finger Geometry

Hand or finger geometry is an
automated measurement of many
dimensions of the hand and fingers.
Neither of these methods takes
actual prints of the palm or fingers.
Spatial geometry is examined as the
user puts his hand on the sensor
surface and uses guiding poles
between the fingers to properly
place the hand and initiate the
reading. Finger geometry usually
measures two or three fingers. Hand
geometry is a well-developed
technology that has been
thoroughly field-tested and is easily
accepted by users. Because hand
and finger geometry has a low
degree of distinctiveness, the
technology is not well suited for
identification applications.
Fingerprint technology is a
standardized technology with very
high accuracy and itis easy to use. It
is also the most economical
biometric PC user authentication
technique and one of the most
developed biometrics. It requires
small storage space required for the
biometric template, reducing the
size of the database memory
required.  However, fingerprint
technology can make mistakes with
the dryness or dirty of the finger's
skin as well as with the age (is not
appropriate with children, because
the size of their fingerprint changes
quickly). For some people it is very
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intrusive, because is still related to
criminal identification. Using this
technology, image captured at 500
dots per inch (dpi) with a resolution
of 8 bits per pixel. As a 500 dpi
fingerprint image at 8 bits per pixel
demands a large memory space (240
kb approximately, hence,
compression required invariably ata
factor of 10 approximately ® Hand
Geometry has no public attitude
problems, as it is associated most
commonly with authorized access.
Though it requires special hardware
to use, it can be easily integrated into
other devices or systems. The
amount of data required to uniquely
identify a user in a system is the
smallest by far, allowing it to be used
with smart cards easily. However, it
is very expensive and of
considerable size. It is not valid for
arthritic person, since they cannot
put the hand on the scanner
properly 6.7

Speaker/Voice Recognition

Voice or speaker recognition uses
vocal characteristics to identify
individuals using a pass-phrase. A
telephone or microphone can serve
as a sensor, which makes it a
relatively cheap and easily
deployable technology8 However,
voice recognition can be affected by
environmental factors such as
background noise. This technology
has been the focus of considerable
efforts on the part of the
telecommunications industry and
the U.S. government intelligence
community, which continue to work
on improving reliability. Voice
recognition is a non-intrusive and
cheap technology. It has high social
acceptability. However, it has low
accuracy. A person's voice can be
easily recorded and used for
unauthorized PC or network. An
illness such as a cold can change a
person's voice, making absolute
identification difficult orimpossible.

Dynamic Signature Verification

When a subject signs on paper, they
leave a static image of their

signature. Forgers practice the art of
reproducing the image (or shape) of
a signature, with little regard to the

motions that caused the image. Pen
motions are ephemeral and are not
captured on the paper. When a
signature is captured with a
digitizer, the pen motions

(dynamics) are recorded.
Commercial signature capture
devices operate by recording pen
position at a constant sampling rate,
creating a vector file (typically 1to 3

kb, uncompressed) that is more
compact than storing the signature
as an image. This is fortuitous for
signature verification; from this set

of position points, velocity,

acceleration and other dynamic
features can be derived. When
signing, the hand can operate in a
regime known as ballistic motion,

where the muscles are not
controlled by sensory feedback.

Ballistic motions are generally
rapid, practiced motions whose
accuracy increases with speed.
Walking, playing piano, and golf
swings are examples of ballistic
motions, where the actions are
based on prior repeated experience
(training), rather than closed loop
feedback. The individual muscle
forces applied in signing centre
around 4 Hz, with a few subjects
median signing frequency
extending past 8 Hz. The majority of
the 250 subjects studied indicate
15% variation from their median
frequency and half of their
signatures sign within 3% of their
median frequency. When signing,
the hand often moves faster than an
individual could volitionally
control through hand-muscle
coordination. However, this
ballistic motion is repeatable,
making a dynamic signature harder
to forge than a static image and
therefore a useful behavioral
biometric 6

We have long used a written
signature as a means to
acknowledge our identity. Dynamic
signature  verification is an

automated method of measuring an
individual's signature. This
technology examines such
dynamics as speed, direction and
pressure of writing; the time that the
stylus is in and out of contact with
the paper, the total time taken to
make the signature; and where the
stylus is raised from and lowered
onto the paper. Signature
recognition is a non-intrusive and
cheap technology. However, it
needs a little time of verification
(about five seconds). It is designed
to verify subjects based on the traits
of their unique signature 9 As a
result, individuals who do not sign
their names in a consistent manner
may have difficulty enrolling and
verifying in signature verification.
Itserrorrateis 1in50.

Keystroke Statistics and Dynamics

Keystroke verification techniques
can be classified as either static or
continuous. Keystroke dynamics is
an automated method of examining
an individual's keystrokes on a
keyboard. This technology
examines such dynamics as speed
and pressure; the total time taken to
type particular words and the time
elapsed between hitting certain
keys. This technology's algorithms
are still being developed to improve
robustness and distinctiveness. One
potentially useful application that
may emerge is computer access,
where this biometric could be used
to verify the computer user's
identity continuously. Keystroke
dynamics include several different
measurements, which can be
detected. When the user presses
keysinthe keyboard.

Possible measurements include
latency between consecutive
keystrokes, duration of the
keystroke (hold-time), overall
typing speed, frequency of errors
(how often the user has to use
backspace), habit of using
additional keys in the keyboard (for

example, writing) and numbers
with the numpad. In what order

does the user press keys when
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writing capital letters, is shift or the
letter key released first. The force
used when hitting keys while typing
requires a special keyboard. Static
verification approaches analyze
keystroke verification
characteristics only at specific times,
for example, during the login
sequence. Static approaches provide
more robust user verification than
simple passwords, but do not
provide continuous security. They
cannot detect a substitution of the
user after the initial verification.
Continuous verification, on the
contrary, monitors the user's typing
behavior throughout the course of
the interaction. As early as 1980,
researchers have been studying the
use of habitual patterns in a users
typing behavior for identification .8

DNA Verification

DNA (deoxyribonucleic acid) is the
well-known double helix structure
presentin every human cell. A DNA
sample is used to produce either a
DNA fingerprint or a DNA profile.
For this study and with the current
knowledge on the DNA, it is very
important to observe the following
points. Only 2-3% of the DNA
sequence represents the known
genetic material. AlImost 70% of the
sequence is composed of non-coding
regions, we do not know the
function of these regions, almost
30% of the sequence is composed of
non-coding repetitive DNA, and
only 1/3 is tandemly repetitive, the
rest (2/3) is randomly repetitive.
DNA identification 10s based on
techniques using the non-coding
tandemly repetitive DNA regions,
the 10% of the total DNA that bears
non-sensitive information. In
general, many do not consider DNA
identification a biometric
recognition technology, mainly
because it is not yet an automated
process.

DNA is present in all human beings
(universality) and with the
exception of monozygotic twins, itis
the most distinct biometric identifier
available for human-beings. DNA

does not change throughout a
person's life; therefore the
permanence of DNA is
incontestable. It performs well for
the applications where itis currently
used, (forensics, paternity tests, etc.)
though it would not be suitable for
every application. DNA tests are
difficult to circumvent under certain
conditions (supervised sample
collection with no possibility of data
contamination). If sample collection
is not supervised however, an
impostor could submit anybody's
DNA. We all leave DNA traces
wherever we go (a single hair can
provide a sample) and so it is
impossible to keep DNA samples.
DNA faces several other challenges.
Several hours are required in order
to obtain a DNA fingerprint. The
public is fairly hostile to DNA usage
and storage. Further privacy and
security concerns are discussed fully
below. In conclusion, DNA
performs well on the aspects of
universality, distinctiveness,
permanence, performance and
resistance to circumvention, while it
isweak on collect ability.

DNA collection in the past was
regarded as invasive sampling (eg
finger prick for blood). However,

DNA sampling methods have
evolved to allow less invasive
sampling (eg collection with a bucal
swab of saliva sample or of
epidermal cells with a sticky patch
on the forearm). Thus, the new
sampling methods are not
considered to violate the social
expectations for privacy. The main
problem with DNA is that it

includes sensitive information
related to genetic and medical
aspects of individuals. So any
misuse of DNA information can

disclose information about
hereditary factors and medical
disorders. Hence, DNA markers are
not established in order to be
associated with any genetic disease.
Race and ethnicity are actually
cultural, not biological nor scientific,

concepts. Nevertheless, a DNA can
tell the person what parts of the

world some of their ancestors came
from the concern with the DNA
sample is that it enables to establish
sensitive information related to
genetic aspects and this is directly
related to security. The two main
security problems are the security of
DNA system (access rights, use of
information only for the overriding
purpose), and the implementation
of security mechanisms in order to
ensure, for instance, a high level of
confidentiality and the security of
DNA database. It seems essential to
define the conditions under which
the samples can be banked
anonymous/anonymised/coded/
identified storage) and to guarantee
data protection.

So, a quality assurance plan and
safety regulations of banking
(certification of authorized
personal, responsibilities listing,
safety measures, etc.) are primordial
requirements. Each person has a
unique DNA fingerprintand itis the
same for every single cell of a
person. A DNA fingerprint, unlike a
conventional fingerprint cannot be
altered by surgery or any other
known treatment. Apart fromits use
in medical applications (eg
diagnosis of disorders), DNA is
widely used for paternity tests,
criminal identification and
forensics. It is also used in certain
cases for personal identification as
the following two examples
illustrate. In the US, a pack, known
as DNA PAK38 (Personal Archival
Kit) is sold with the aim of
conserving a sample so that an
individual can be identified in the
case of kidnapping, accidents or
natural disaster. DNA is
characterized by its very high
accuracy anditisimpossible that the
system makes mistakes. It is
standardized. However, it is
extremely intrusive and very
expensive.

COMPARISON OF CURRENT
BIOMETRIC TECHNOLOGIES

Biometric authentication refers to
technologies that measure and
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analyze human physical and
behavioral characteristics for
recognition and authentication
purposes. Following table compares
some of the biometric systems used
lately, from the point of view of
accuracy, cost, and devices required
and social acceptability9-10

PRACTICAL USAGES OF
BIOMETRICS

Biometrics is a rapidly growing
technology that is being extensively
used in forensics, such as criminal
identification and prison safety and
that has the potential to be used in a
large range of civilian application
areas. Biometrics can be used to
check unauthorized access to ATMs,
cellular phones, smart cards,
desktop PCs, workstations and
computer networks. It can be used
during transactions conducted by
telephone and internet in electronic
commerce and banking. In
automobiles, biometrics can
substitute keys with keyless entry
devices. In fact, biometrics
technology is a most important
protection against identity theft
including use of stolen credit cards,
phony checks, benefits fraud,
network hacking and otherimpostor
scams to swindle businesses,
government agencies and
consumers. Such losses amount to
billions and trillions of rupees per
year. Biometrics is safe and secure
technology, ie biometrics devices
and software are generally non-
intrusive technologies. These are

designed to work effectively under
variable and demanding conditions.
Such products do not present health
or safety risks to either users or
operators. These devices do not
leave marks, do not take physical
samples and require minimal or no
contact by the user. Scenarios in
which biometrics is both a sound
practice and a solid investment that
can ultimately help ensure security
while reducing cost 11

| Government: Passports, national
identification (ID) cards, voter
cards, driver's licenses, social
servicesand soon

| Transportation: Airport security,
boarding passes, and
commercial driver'slicenses

| Healthcare: Medical insurance

cards, patient/employee
identity cards

I Financial: Bankcards, ATM
cards, credit cards and debit
cards

I Retail and gaming: Retail

programs, such as check cashing,
loyalty rewards and promotional
cards and gaming systems for
access management and VIP
programs

| Security: Access control and
identity verifications, including
time and attendance 12

| Public justice and safety: Prison
IDs, county probation offices' use
for identification of parolees,

Table 1 Comparison of Current Biometric Technologies

Biometric Cost Accuracy Devices Social
technology required accessibility
DNA verification High High Test equipment Low
Iris recognition Medium High Camera Low
Retinal scan High High Camera High
Facial recognition High Medium-low Camera High
Voice recognition Medium Medium Microphone, High
telephone
Hand/Finger geometry Low Medium-low Scanner High
Keyboard statistics Medium High Test Equipment  Medium
and dynamics
Signature recognition Medium Low Optic pen, touch phone High

county courthouses' use for ID
systems

| Education: Student/teacher
identity verification and access
control. Biometrics is now being
implemented in large-scale ID
systems around the globe. Many
new passport and national 1D
card systems use some type of
biometrics encoded in a bar code
orsmart chip.

| Driver's licenses: Technologies
being suggested by American
Association of Motor Vehicle
Administrators (AAMVA), the
organization that oversees DMV
standards, include biometrics
and two-dimensional bar codes.
Georgia, North Carolina,
Kentucky and others already
employ biometrics on their
respective state driver's
licenses'3.

CURRENT ISSUES

In the coming years, a very real and
very new market for biometrics will
emerge. Hollywood may have not
exaggerated the truth in their
movies for a change. Biometrics is
truly high tech and, when utilized,
gives off an image of an expensive,
extremely secure technology. If you
have ever had to pass through a
retina scanner to get to a meeting,
you already know what we mean.
Biometrics is commonly criticized
for providing more glitz than
security. There can be truth to this
claim, depending on how biometric
systems are implemented. For
example, a retina scanner provides
little security if an authorized
person holds the door for a stranger
standing behind them. Biometrics
can only provide effective security
when properly combined with other
identification factors. Biometrics is
the rightto identity or privacy.

Biometrics is the future of the
defence industry and is rapidly
becoming acknowledged as the
most precise identification
technology in the market placel3
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Biometrics prospect will include e-
commerce applications for added
security on the checkout page and
biometrics will safeguard against
unauthorized entrance to cars and
cell phones. In the future, biometric
technology will further develop 3-D
infrared facial recognition access
control, real-time facial recognition
passive surveillance, and visitor
management authentication
systems. Already A4Vision, a
provider of 3-D facial scanning and
identification software uses
dedicated algorithms to interpret the
traditional 2-D camera image and
transfer it into a 3-D representation
of a registered face. This makes it
almost impracticable to swindle the
biometric system with still photos or
other images. All of these security
modernisms will make biometric
technology more perfect and make
its usage more widespread.

(a) Access control facial recognition:
Biometric technologies will approve
authorized user entry to a property
or to specific location in a building 13
Today, A4Vision uses a 3-D infrared
facial recognition system to project
restrained light onto a subject's face
for finest identification. But in the
future, this biometric technology
will be augmented so that the subject
will not have to be a just few meters
away from the video surveillance
cameras.

(b) Facial recognition passive
surveillance: Veiled surveillance
cameras will be set up to observe an
entrance way of any type of edifice to

accurately identify a potential

suspect or terrorist against a
database of millions ofimages in less
than a second4. Alerts will then be
sent out to security personnel in real
time.

(c) Alert management: This is an
effusive customizable dominion to
guard against potential security
breeches. The dominion uses real-
time technologies to send security
alerts to multiple locations through
PDA (personal digital assistant)
devices and other mobile
technologies!>16,

CONCLUSION

During the last decade, the
discipline of biometrics has grown

into an industry that presents real

world solutions to serious problems

faced by business schools and
government agencies. However, the
public, opinion leaders, regulators

and legislators necessitate the
details about biometrics technology.

Hardware and software produced

by biometrics producers offer safe
and reliable means to ensure
privacy, protect assets, confirm
identity and safeguard against
illegal access. However, biometrics
technology is generally user
friendly and these devices are
engineered and developed with the

user in mind. The convenient
designs have intuitive interfaces
that make them easy to operate
whether they are used every day or
just now and then. Biometrics
manufacturers and developers
deliver what they promise and the

devices on the market offer refined,

durable and accurate solutions that
have undergone rigorous
evaluations and been put through

exhaustive trials by end users.
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GEARED TURBINES
FOR AIRCRAFT

ith aircraft operators
facing a potential levy on
carbon emissions, and

fuel prices likely to rise, engine
manufacturers have seen a renewed
sense of urgency from the industry to
bring forward a step-change in
environmental performance.

Airlines have always been concerned
with fuel burn and fuel efficiency, as
they represent a principal operating
cost. But it is becoming an ever more
important factor, prompting calls for
double-digit efficiency
improvements.

Pratt & Whitney (P&W) has been
developing its geared turbofan,
named the PurePower PW1000G,
since 1998. In a conventional engine
configuration, the fan, the low-
pressure compressor (LPC) and the
low-pressure turbine (LPT) are all
mechanically attached by a shaft, so
turning at the same speed. Engine
manufacturers have always had to
make some trade-off between fan
efficiency and LPT/LPC efficiency.
For optimum fan efficiency a very
large fan that turns quite slowly is
required. But the rotor speed of the
LPT/LPC should be higher to run at
its optimum. So a gear system has
been introduced between the fan and
the LPC so it can decouple the fan
from the LPT/LPC. Thus the fan
operates at its optimum speed and so
doesthe LPT/LPC.

The development means the bypass
ratioofagiventhrust class ofengine

can be increased from around five to
around eight. Additionally it uses
two or three fewer stages in the low-
pressure compressor. The result is a
12%-15% improvement in fuel burn
as well as a maintenance benefit
because of having fewer stages. A
larger fan will also reduce the noise
by 50% which allowsitto meetallthe
requirements from aircraft
manufacturerswithoutthe trade off.

A demonstrator engine has been
undergoing tests since 2007 and has
to date completed 200 hours of
ground testing. Following ground
testing, the engine recently
completed initial flight tests on a
modified Boeing 747 SP . Having
completed over 40 hours of flight
testing, the engine is to undergo
further testing in a programme with
Airbus that will see it complete 70
hours of flight tests on an Airbus
A340.The engineis on schedule to be
readyfor2013.

Other engine manufacturers are
placing much hope on the open-rotor
engine concept to provide the boost
to efficiency that operators are
demanding. P&W built a an open-fan
demonstrator engine, in the 1980s.
But it feels that although open rotors
do give benefits in specific fuel
consumption and do have a
performance benefit relative to other
types of engines, but when installed
on the aircraft the installation effects
and the weight added to the structure
to support the engine, erode any
benefits. Further, there are big
challenges in terms of noise
certification.

Considering fuel burn, maintenance

costs, emissions and noise the
company feels that the geared
turbofan is the only engine that does

nottrade-off acrossthis spectrumand
can offer significant reduction in

everyarea.

BACTERIAL TREATMENT
OF METALWORKING
FLUID WASTES

tpresent, engineering firms
send used metalworking
fluid wastes to centralised

physio-chemical treatment facilities
where they undergo ultra-filtration
and flash/vacuum evaporation
turning spent fluids into solids and
disposing of them in landfill. This is
expensive and energy intensive and
still leaves a residual waste.. The
process, from Oxford-based
Microbial Solutions, is said to eat
away at the toxic chemicals present
in such fluids, allowing disposal as
grey water to the sewer. This, it
claims, is far more environmentally
sensitive than current
metalworking disposal methods,
The patented Microcycle
technology requires little hardware.
Itis essentially a large bucket with a
matrix growth material which acts
as a bioreactor. The metalworking
fluidis poured inand the bugs start

to nibble away at the toxic
chemicals. Whatis left, after sevento
ten days, is a cloudy substance that
can be disposed of as grey water in
sewers on site. The technology has
enormous potential to help
engineering companies deal with
their metalworking fluid wastes in
an environmentally sound and cost-
effective way. It is undergoing trials
at aerospace and automotive firms
andisworking very well.

The intellectual property is the
bacteria which degrade the fluid.
Many thousands of mixtures were
screened to get the best
composition. The bugs need to co-
exist and eat away at different bits
of the fluid and not compete with
each other. The company will then
look to commercialise it through a
licensing system where companies
pay a few pence per litre of fluid
they dispose.This would provide
firms with price stability at a time
when traditional waste costs were
increasing.
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Electromagnetic Fields : This is an introductory textbook, catering to the undergraduate and post graduate
requirements of various Indian Universities. One of the main objectives of the book is to provide the students a
clear and logical presentation of the basic concepts and principles of electromagnetic fields. The philosophy of
presentation and material content in the book is based on the classroom interaction with the students. The present
book provides an organized and broad coverage of the theory as well as illustration of the application thereof. All
concepts are explained in simple and lucid language and have a wealth of carefully selected examples and solved
illustrations. Over 150 solved illustrative examples and 200 figures are given in the text. The book has twelve
chapters, starting with basic mathematical methods needed for understanding electromagnetic fields, followed by
fundamentals of static and time changing electric and magnetic fields, Maxwell's equations and their applications
and wave propagation in transmission lines and wave gu.ides along with the discussion onradiation. DrTV Arun
Murthy, S Chand & CompanyLtd., 7361 Ram Nagar, New Delhi110055pp 475 Rs.170.00/-

A Textbook of Physics: The book is targeted to serve as a textbook of physics for
undergraduate students of engineering and science. Exhaustive treatment of topics in relativity, mechanics
including nature of fundamental forces, optics including aberrations and electron microscope, ultrasonic, lasers
and optical fibre have been presented. Physicsis bestlearnt by conceptualization of the involved principles and to
help students to conceptualize the same. Moreover, texts have been presented in an easy and understandable
manner. Large number of solved numericals have been included to provide a quantitative idea of the subject.
Exercise and unsolved numericals have been given at the end of each chapter for practice. Dr A K Jha ,Galgotia
Publication Pvt. Ltd., 5 Ansari Road, Daryaganj, New Delhi 110002

Programme in C++ : The objective of this book is train the reader to write C++

programs for practical applications. The book attempts to introduce new

additions to data types, template functions, template classes and exception

handling and also completely new features like RTTI namespaces and the

Standard Template Library (STL). Through alarge number of practical examples

an attempt has been made so that the reader can apply the knowledge in C++ for solving practical problems. Large
number of examples have been included to demonstrate software reusability. Some template classes have been
developed and these have been used for diverse practical applications. All programs have been compiled using
Microsoft Visual C++ Compiler. DrP B Mahapara ,S Chand & Company Ltd., 7361 Ram Nagar, New Delhi 110055

Process Economics and Industrial Management : This book has the basic aspects
of industrial management and process economics in a crisp, racy and lucid
language which are beneficial to the undergraduate level. The book covers
essential texts in principles of management and organization, production and management, basics of quality control
on one hand and different aspects of process economics, time value of money, profitability, analysis of performance,
economic balance etc on other hand. Charts and diagrams have been placed appropriately which help in
highlighting the special characteristics of the points issue. A case study at the end of first chapter in Part B of the
book is designed to motivate the student to know about the different economic parameters of manufacture of
sodium dodecybenzene. V Sivasubramanian and R Hemlatha, Galgotia Publications
Pvt. Ltd., 5 Ansari Road, Daryaganj, New Delhi 110 002

Principles of Geoinformatics : The book is designed specifically as a textbook to

meet the requirements of undergraduate curriculum in civil engineering. The book

is useful for the various Universities and Polytechnics, as well as for practicing

engineers also. The two conventional compulsory papers and one elective paper in advanced surveying have been
used within the text. Complete information have been provided on the subject through a number of chapters. A
sufficient objective type questions fill in the blanks, etc are given at the end of each chapter for quick and easy
understanding. Sufficient problems are given at the end of each chapter for practice. Important glossary of terms
have been cited at the end of each chapter for quick review of the book. R K Gupta and Subhash Chander, Jain
Brothers, 16/873, East Park Road, Karol Bagh, New Delhi 110005
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Instrumental Approach to Chemical Analysis :  This book has largely been written for the students of
undergraduate and post graduate all Indian Universities and is equally beneficial for students preparing for NET
examination. The book is written in a lucid language. The coverage of basic topics has been made well-
understandable with simple explanation, supported with well-labelled diagrams and illustrations. Two new
chapters, Carbon-NMR spectroscopy and neutron diffraction, have also been added. A setof questions (both solved
and unsolved) with multiple choice questions and fill in the blanks are given to meet the requirements for NET
aspirants. AK Srivastavaand P C Jain, S Chand & Company Ltd, 7361 Ram Nagar, New Delhi 110055

Design of Steel Structures : Design of steel structures is designed to meet the

requirements of undergraduate students of civil and structural engineering. The book

will also prove useful for postgraduate students and serve as an invaluable reference
for practicing engineers unfamiliar with the limit stage design of steel structures. This book provides an extensive
coverage of the design of steel structures in accordance with the latest code of practice for general construction in steel
(I1S800:2007). The textis based on the modern limit state approach to design and covers areas such as the properties
of steel, types of steel structures, important areas of structural steel technology, bolted connections, welded
connections, design of trusses, design of plate girders, and design of beam-columns. Each chapter features solved
examples, review questions, and practice problem as well as ample illustration and supplement the text. Dr N

Subramanian, Oxford University Press.

Fundamentals of Engineering Drawing and AutoCAD : At present drawing are being prepared quickly through
software packages. Thatiswhy knowledge of AutoCAD, the fundamentals of engineering drawing must be clearly
understood. The author have tried to present the subject matter in simple language with examples, so that students
can grasp the finer points easily. The book has been written keeping in view the difficulties of beginner in the
subject of engineering drawing. This book is expected serve the purpose of providing basic concept of engineering
drawing and AutoCAD. Furtherthe textis very suitable for self-study and the objective is to treat the subject clearly
and thoroughly. The objective of the book is not only to train undergraduate and Diploma engineering students to
acquire a good style of draftsmanship, but also to give him the basic knowledge of treatment of simple to
complicated problems in design and drawing by geometrical methods. The book also contains a very large number
of worked out problems covering every phase of the subject presented in a simple, understandable and compact
form. To be in line with ISO first angle projection has been followed in this book. However, problems on third angle projection have also been

includedinit. Mohd Parvez, Galgotia Publications Pvt Ltd 5 Ansari Road, Daryaganj, New Delhi-110002

Data Structures Using C Language : Data structures using C language is an interdisciplinary subject of great
importance in the domain of computer science and information technology. This hand book is a compendium of
the data structures using C language. This book is useful as a comprehensive and brief reading material of
greatest utility for last hours brush up for examinations and interviews. This book is not only a collection of
knowledge in this subject area but also a strong reflection of experience and active classroom interactions of the
authors. Thus, the book provides an integrated treatment of all aspects related to the data structures and C
programming. The book consists of twelve chapters, that covers computer fundamentals, programming, basic
concept of C language, function, recursion, arrays, strings, structures, union and file handling in C language,
stacks, trees graphs and so on. Numerous example programs for the problems have been given both along with
the text as well as at the end of each chapter.Dr Yaduriv Singh, Ashish Agrawal and Amit Agrawal , Galgotia
Publications PvtLtd, 5 Ansari Road, New Delhi 110 002 pp271 Rs.250/-
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Press Tools Design and Construction :  This book attempts to bridge the gap between theory and contemporary
industrial practices in press tools and requisite equipments. The treatise provides essential guidelines for selection
of presses and describes manufacturing methods for press tools. It enumerates common design errors and
includes case studies highlighting pitfalls in press work. Besides, the book contains in depth mathematical
analysis supplemented by a number of solved examples. Considerable original material on pipes piercing has also
been included in the text. The topic of press tools for electrical lamination has been comprehensively dealt with,
which has been updated by providing information on the use of CAD, application of design software and inclusion
of many useful Indian Standards. This book is unique and first of its kind, exhaustively explains the complete
design of press tools with mathematical formulations, ideal for graduate students of production and mechanical
engineering as well as serve as supplementary reading for post diploma courses in tool engineering. Also, it forms
an excellent design manual for industry, design, professionals, consultants and designers. P H Joshi, S Chand &
Company Ltd., 7361, Ram Nagar, New Delhi 110055

An Introduction to Information System :  Today the world is developing very fast. Technology plays very
important role in the life of each and every citizen of the world depends on the raw facts which are processed to
provide processed data. These data or information are collected together and form a system, which is called
Information System, or Management Information System. This book is specially designed for teachers and students
who face problem in the subject. The salient features of this book include, simple and easy language to understand
the topics inclusive of better facilitation, quick and east understanding of the topic for chapters.  Sweta Verma and

DrElaKuma , Galgotia Publications Pvt Ltd, 5 Ansari Road, New Delhi 110 002

Computer Based Numerical and Statistical Techniques : This book contain a

comprehensive coverage of numerical methods including algorithm and 'C'

program. The book also includes more than 760 problems, including over 300 solved problems with different
techniques. Detailed explanation of different topics have been carried out with suitable examples. All the
answers have been checked and verified. Numerical methods have been useful for their role in the present day
scientific computations and research This book provides a fundamental introduction to numerical analysis,
suitable for undergraduate and postgraduate students in mathematics, computer science and engineering. The
contents of the book have been organized in a logical order and the topics have been discussed in a systematic
manner. The figures for different methods are drawn clearly to enable students to grasp the subject in an easier
way. The notations and terminology have been clearly explained wherever desirable, and all the mathematical
steps have been explained in detail. The style of presentation is very simple and lucid. Santosh Kumar, S Chand

& Company Ltd., 7361, Ram Nagar, New Delhi 110055

Electronics Measurements and Instrumentation :  This treatise on electrical and electronic measurements and
instrumentation contains comprehensive treatment of the subject matter in simple, lucid and direct language. It also
includes a large number of solved examples. The book covers the syllabi of various Indian Universities in the subject
exhaustively. The chapters are supported by simple and self-explanatory figures, and solved examples, wherever
required. At the end of each chapter highlights, objectives type questions, theoretical questions and unsolved
examples have been added to make the book a comprehensive and complete unitin all respects.R K Rajput, S Chand
& Company Ltd., 7361 Ram Nagar, New Delhi 110055.
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Airport Engineering Planning and Design:  To meet the rapidly growing demand for domestic and international
air travel, civil (airport) engineers are going to face the challenging job for developing new airports and strengthen
the existing ones to increase their capacity. Author's collective experience as an educator in India and other
countries suggests that real challenge facing engineers should therefore, be investigative and analytical in planning,
design and maintenance of airport facilities to meet the requirements of capacity and level of service. This book is

written to meet above requirements and is based on latest recommendations of International Civil Aviation
Organization (ICAO), Canada and Federal Aviation Agency (FAA), U S A. it is organized in eighteen chapters
starting with historical developments and terminology for planning, design and maintenance of airport facilities
including terminal, runway, taxiway, aprons and visual-aids. Chapters are also included on heliport, vertiport,
stolport drainage and environmental considerations. This book is structured in such away that the examples and
exercises form an integral part of the main text. Typical questions for practice and preparation for various
competitive examinations are included in the end. Latest material used for write-up of various chapters of the book
will also provide basis for postgraduate teaching and research work in airport engineering. This book will serve a basic and stimulative learning
and research tool for graduate and postgraduate students, teachers, and practicing engineers involved in planning, design and maintenance of

airportfacilities. Subhash C Saxena,CBS Publishers & Distributors, 4596/1-A, 11 Darya Ganj, New Delhi 110002

.Net Interview Questions : .NET is a technology that makes it easy to build distributed applications, which are
programs executed on multiple computers across a network. The state-of-the-art in network programming, .NET
has expanded the internet's role from an arena for communications to a network on which full-fledged applications
run. lIts break-through technology allows business to deploy full-scale transaction services that deliver real-time,
interactive information over the internet. .NET also simplifies the construction of software agents, which are
programs that move across a network and perform functions on remote computers on the user's behalf. With and
without the help of .NET, users way send software agents from their PCs out onto the Internet to locate specific
information or make time-critical transactions any where in the world. This book has been designed for students,
fresher, experts appearing in the various interviews for .NET Junior Developers to senior architects or project
manager. This book covers around 500 plus interview questions and the descriptions in details. Every question is
classified into Basic Question (BQ), Intermediate Question (IQ) and Advanced which also helps the users who are
looking for quick reference and FAQ. S Jaiswal, Galgotia Publications PvtLtd, 5 Ansari Road, New Delhi110 002

A Complete Course in Engineering Physics, Vol-Il :  This book covers latest syllabus of WBUT and the question
papers of the last few years. The basic purpose of learning engineering physics is to equip one with the essential
knowledge of physics which has numerous applications in the study of technology. It is divided into ten chapters
covering optics, quantum mechanics, statistical mechanics, laser-and-fiber optics and crystallography. Apart from
giving a detailed theoretical analysis of the topics, a large number of solved numerical problems and conceptual
questions with answers have been provided at the end of each chapter. A large number of theoretical questions and
numerical problems are also to be worked out by the students. Following the present patterns of question setting,
multiple choice type questions have been given at the end of each chapter to make the students familiar with this form

of objective test. Every effort has been made to make sure that all one needs to study in a single semester are presented

in an easy-to-learn fashion in this book. Sudipto Roy, Tanusri Ghosh and Dibyendu Biswas,

Ltd., 7361, Ram Nagar, New Delhi 110055.

S Chand & Company

A Complete Course in Engineering Chemistry :  Engineering chemistry is considered as one of the basic subjects due

to its proximity towards imparting knowledge of the materials and their interrelations which is the backbone of all

streams of engineering knowledge. The text book has tried to cater the need of both students as well as teachers. The

book also includes large number of solved and unsolved examples, number of multiple choice questions, examination

guestions, material planning to latest technology. The book covers various aspects of chemical thermodynamics, solid

state chemistry, reaction dynamics, polymerization, industrial chemistry. KakaliBandyopadhyay, S Chand & Company

Ltd., 7361, Ram Nagar, New Delhi 110055
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Civil Engineering Materials and Construction Practices :  The book covers the subject related to civil engineering
materials and construction practices in a very simple and lucid form. The text reveals the huge experience gained by
the author in the field of civil engineering. The book covers sixteen chapters covering various aspects of environment
engineering, properties of steel, cement, admixtures, concrete, specification of bricks, different construction
practices, concrete management etc. Each chapter concludes with exercise containing questionsR K Gupta, Jain
Brothers, 16/873, East Park Road, Near Dr N C Joshi Hospital, Karol Bag, New Delhi 110 005.

Mechanics of Fluids : This book has been written primarily to cater to the needs of
engineering students for the first course in fluid mechanics. It covers the syllabus
usually prescribed in the university degree examinations and examination of
professional bodies like AMIE. In this book, attempt has been made to develop the
topics in logical sequence with emphasis on fundamental concepts and their

applications to solving practical problems. A large number of solved problems from AMIE and university
examinations have been included to clear and strengthen the theoretical concepts. At the end of each chapter
exercises are given for students to solve and get sufficient practice. M L Mathurand F S Mehta ,Jain Brothers, 16/873,

East Park Road, Near Dr N C Joshi Hospital, Karol Bag, New Delhi 110005.

Robotics and Industrial Automation: A comprehensive treatment has been done on

the subject of robotics and industrial automation. Different chapters of the book

contain robot fundamental, robotic sensors and vision, robot programming language, robot drivers and pneumatic
circuits, robot applications etc. All the chapters are supported by simple and self explanatory figures and solved
examples as per requirement. At the end of each chapter, 'highlights', objective type questions' and theoretical
guestions' have been added, which make the book a comprehensive and complete unitin all respects. R K Rajput, S
Chand & Company Ltd., 7361, Ram Nagar, New Delhi 110 055.

Theory, Objective Questions with Detailed Solutions in Electronics and Communication for Competitions :
These days more and more objective type questions are being asked in the various

competitive examinations to test real knowledge of a student aimed at evaluating

the conceptual and mathematical skills of the examinees. This book has been

primarily developed for the students/engineers who are looking for a bright career in the field of electronics and

communication engineering. This book consists of fourteen chapters, namely, materials and components,
physical electronics, electron devices and ICs, signals and system, network theory, electromagnetic theory,
electronic measurements and instrumentation, analog electronic circuits, digital electronics circuits, control
systems, communication systems, microwave engineering, computer engineering. Bibliography given at the end
of the text aims to stimulate the readers to go in for further reading to seek in-depth knowledge. Satish K Karna,
Galgotia Publication Pvt. Ltd5, Ansari Road, Daryaganj New Delhi 110 002.

Control Systems, Theory, Problems & Solutions :  Control system is an interdisciplinary subject of great
industrial importance. This subject has led to the emergence of various state-of-the-art technologies like

microprocessors, microcontrollers, computer based controls, DCS, PLCs,

SCADA, FPGAs, PLLs, embedded controllers, direct digital control, robotics and other techniques for control and
automation. This book is not only a collection of knowledge in this subject area but also a strong reflection of
experience and active classroom interactions of the authors. It will suit the requirements of all students. This book
provides an integrated treatment of all aspects of control system engineering like modelling, time response analysis,
stability concepts, control actions, compensation, state space analysis, control system design etc. In this book, the
classical methods of control system engineering have been thoroughly covered. Laplace transforms, transfer
functions, signal flow graphs, controller, time response analysis, root locus design, stability analysis, state variable
approach, frequency response methods including Bode, Nyquist etc. have been widely dealt with. This book will
prove to be an asset for the students and will be a useful companion for the automation and control engineers. Dr
Yaduvir Singhand Amit Agrawal, Galgotia Publication Pvt. Ltd., 5, Ansari Road, Daryagang, New Delhi 110002.
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Fuzzy Logic and Fuzzy Decision Making Concepts and Application:  Advancement of fuzzy set theory has made

its inception over the last three decades with numerous development and applications. Applications of fuzzy set
theory can be found from natural sciences, engineering, medicine, management science and artificial intelligence.
The main aim of this book is to help academicians, researchers and students in the newly important area of fuzzy set
theory and fuzzy decision making. This book has been written as a text book for the course in fuzzy logic and its
application at graduate, post graduate and doctorate level. The book is divided in two parts. The first part, chapter 1
to 5 contains fuzzy sets, fuzzy relations, membership function and fuzzy decision making. The second part, chapter
6 to 8 contains applications of fuzzy logic, introduction to optimization techniques and neural networks.  Dr G
Kannan, Galgotia Publication Pvt. Ltd., 5, Ansari Road, Daryagang, New Delhi 110 002.

A Handbook of Object Oriented Programming with Java : Object oriented

programming is the heart of modern software development. Java is the most popular
object oriented programming language which is simple and platform-independent. The book is mainly used to impart
basic knowledge in Java for the students of BCA, MCA and other IT courses. It thoroughly covers basic programming
concepts using the Java programming language. It tracks the path of how to use the language in object oriented
approach. The text begins with the programming overview and object oriented terms. It also explains the Java
language by highlighting its core features and demonstrating its advantage over C++. Sandip Rakshit and Goutam
Panigrahi, S Chand & Company Ltd., PostBox No.5733, Ram Nagar, New Delhi 110 055.

Java/J2EE Interview Questions : JAVA/J2EE is atechnology that makes it easy to build
distributed applications, which are programs executed by multiple computers across a
network. The state-of-the-art in network programming, JAVA/J2EE has expanded the internet's role from an arena
for communications to a network on which full-fledged applications run. Its break-through technology allows
business to deploy full-scale transaction services that deliver real-time, interactive information over the internet.
This book also simplifies the construction of software agents, which are programs that move across a network and
perform functions on remote computers on the user's behalf. With and without the help of JAVA/J2EE, users may
send software agents from their PCs out onto the internet to locate specific information or make time-critical
transactions any where in the world. This book has been designed for students, freshers, experts appearing in the
various interviews for JAVA/J2EE junior developers, senior architects or project managers. This book covers over
500 interview questions and the descriptions in detail. Every question has been classified into basic question,
intermediate question and advanced questions category, which provides more focus to readers on specific category. This book also helps the users
who are looking for quick reference and frequently asked question. S Jaiswal, Galgotia Publication Pvt. Ltd., 5, Ansari Road, Daryagang, New Delhi 11
002.

Thermal Science and Engineering : Thermal science and engineering is a core subject for students of mechanical and automobile engineering. This
book is for candidates appearing in different professional and competitive examinations. The subject matter has been
divided into twelve chapters. First five chapters are devoted to basic concepts of engineering thermodynamics, the
generalized applications of the first and second law of thermodynamics, entropy and availability. This is followed by
chapters on properties of steam, vapour power cycles, gas power cycles, internal combustion engines, gas turbines,
gas mixtures and psychrometry. The book has been written in an easy to understand manner and is illustrated by
large number of figures. Emphasis has been laid on fundamentals and physical understanding. In each chapter,
theory has been followed by a list of important points and tips. A large number of solved problems have been given to
illustrate the theory. All the problems have been classified with titles and arranged in a graded manner to include
wide range and depth. The problems have been takes from AMIE and other professional examinations. M L Mathur
and F S Mehta, Jain Brothers, 16/873, East Park Road, Near Dr N C Joshi Hospital, Karol Bag, New Delhi 110 005.
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Personality Development and Career Management : The book helps to identify the essential five pillars of
individuals' personality development and career advancement. The book is also intended to serve the interest of
the candidate, who wish to launch their own career in service, business, industry or become small scale
entrepreneur or undertake self employment. A new approach is explained in the book by which an individual is
able to demonstrate himself in specific self qualifying statistical type parameters and have a competitive edge over
othersinthe interviews, selection boards and in house promotion committees in his service life. R Onkar, S Chand
& Company Ltd., 7361 Ram Nagar, New Delhi 110055

Ironmaking and Steelmaking Theory and Practice :  This authoritative account covers the entire spectrum from
iron ore to finished steel. It begins by tracing the history of iron and steel
production, right from the earlier days to today's world of oxygen steelmaking,
electric steelmaking, secondary steelmaking and continuous casting. The physicochemical fundamental concepts
of chemical equilibrium, activity-composition relationships, and structure properties of molten metals are
introduced before going into details of transport phenomena, igkinetics, mixing and mass transfer in ironmaking
and steelmaking process. Particular emphasis is laid on the understanding of the fundamental principles of the
processes and their applications on the optimization of actual processes. Modern developments in blast furnace,
including modeling and process control are discussed along with an introduction to the alternative methods of
ironmaking. In the area of steelmaking, BOF plant practice including pre-treatment of hot metal, metallurgical
features of oxygen steelmaking processes, and their control form part of the book. It also covers basic open hearth,
electric arc furnace and stainless steelmaking, before discussing the area of casting of liquid steel, ingot casting,
continuous casting and near net shape casting. The book concludes with a chapter on the status of the ironmaking and steelmaking in India. In
line with the application of theoretical principles, several worked-out examples dealing with fundamental principles as applied to actual plant
situations have been presented. The book is primarily intended for undergraduate and post graduate students of metallurgical engineering. It
would also be immensely useful to researchers in the area of iron and steel. Ahindra Ghosh and Amit Chatterjee, Prentice-Hall of India Private

Limited, New Delhi 110001.
Handbook on Seismic Retrofit of Buildings :  The Handbook on Seismic Retrofit of Buildings is a compiled

source of technical information for engineers and professionals in the buildings industry, decision making
officials and students. The Handbook is divided into 17 chapters, covering-basic concepts of earthquakes, seismic
design and retrofit strategies for different types of buildings, geotechnical and foundation aspects, advanced
applications, quality assurance and case studies. Key features of the book include, practical guidance or seismic
retrofit, simple and user-friendly approach, explanations of fundamental concepts with illustrations, coverage of
wide range of buildings, structural, material and geotechnical aspects, coverage of relevant codes published by
Bureau of Indian Standards, references to international standards (ASCE, ASTM, CEB-FIP, FEA, IAEE) and
extensive bibliography. Central Public Works Department, Indian Buildings Congress, Narosa Publishing House

Chemistry of Water : Man has always known that air (oxygen) and water are

the two mostimportantitems for life. Yet, few people are aware of the scientific
facts regarding water. Inasense, wateris a weird compound of nature. Man, exploits the natural resources like
water and also is the cause water bodies getting polluted. The present work is an attempt to bring awareness
among public about the usage of water in limited quantities and save the water for future generations, besides
recharging the depleting water resources. This book provides the knowledge of multidimentional aspect of
aquatic environment which involves the sources, compositions, chemical reactions and transport of water. The
chemistry of water exposed to the atmosphere has been quite different from that of water at the bottom of rivers
and lakes. One must know the factors which influence this "Water Chemistry' and its movement with the 'Eco
system'. Alla Appa Rao, New Age International Pvt Ltd Publishers, 4835/24 Ansari Road, Daryaganj
New Delhi 110002
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Water Resources Systems :Water is essential for the survival of any living being on the earth, which is primarily
needed for drinking and also to support sanitation facilities, other domestic needs and various development
activities. Moreover, fresh water crisis is emerging worldwide due to environmental degradation/pollution,
overuse and mismanagement of available limited water resources with rising demand with the growing population
and multifarious activities for which itis required. This book briefly represents planning and management of water
resources, their conservation and optimal utilization. Various chapters include planning and analysis of water
resources, economic analysis of water resources projects, optimal operation of reservoirs, decision theory, method
of flood control etc. The book also includes objective type questions, with answers and sufficient problems at the
end of each chapter. Important glossary of terms have been cited at the end of the book for quick review. Subhash
Chander and Rajesh Prasad, Jain Brothers, 16/873, East Park Road, Karol Bagh, New Delhi 110005

The Five Theories of River Management : The water requirement of our body varies according to the quality and
quantity of food we consume. Even the rate and quantity of air we inhale change from time to time. Accordingly,
physiological system and blood circulation, gets modified. The case is analogous with the river systems. The soil base
of river defines the quality and dynamics of water, which further denotes the change in oxygen content of flowing
water as well as space and energy of the river. Thus, the interrelationship of constituents and functioning of our body
and river are alike. River, therefore, is a living system. Under the living concept it is found that the constituents,
organs, energies and working potentials of river systems are inter-related as they are in our body. Following this
line, causes and remedies of the various problems related to flood, soil erosion, water pollution and other river
related issues could be achieved in an easy, sustainable and cost effective manner. This has helped the author to
postulate five theories of river system. These are: Theory of Flood Mitigation, Confluence Theory of Meandering
Management; Theory of Three Gradients for River Pollution Management, Theory of
Water Sharing and Theory of Pollution Modeling. These theories are detailed out in this book. Prof U K Choudhary,
The Ganga Research Centre, I.T, B.H.U, Varanasi 221 005.

Enterprise Resource Planning : This book is designed for the management students as well as practicing IT
professionals, keeping in view the fast changing scenario of ERP market. ERP has changed the meaning of software
implementation and computerization by facilitating complete integration of various functionalities in an organization.

In the present scenario, not only big organizations but even small and medium enterprises are willing to implement
ERP to get the competitive edge in managing information, improving business decision making, revitalize business
processes and their integration. This book aims to provide an insight into the fascinating world of ERP. Great efforts
have been to make the book simple to understand and cover all the latest development in the field of ERP. R K

Srivastave, Galgotia Publication Pvt. Ltd., 5, Ansari Road, Daryagang, New Delhi 110002.

A Hand Book on Surface Mining Technology :  An attempt has been made in this text book to cover the entire
syllabi of undergraduate and post-graduate courses in mining engineering. The book also discuss in brief the
different items of surface mining technology used worldwide. Different aspects of drilling and blasting practice
have been discussed in the book. The author has also touched upon the solutions to different questions, asked
during various qualifying examinations like first and second class examinations of metal (unrestricted), coal
metal (restricted) conducted by DGMS and also the questions asked in the viva-voce examinations which are
helpful for the candidates appearing in these examinations. Modern text and outlook have been represented
during design of surface mining layout, that include the cost effectiveness criteria. Samir Kumar Das. Sagardeep
Prakashan, Kharagpur 721302, pp 332, Rs. 400/-
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