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Data Mining and Statistical Tools for Modeling

High-Dimensional Data

The statisticians are essential éollaboraton of research
. projects in various
science and soclal science fields. The most recent trend is the collaboration between

statisticlans and various sub disciplines of computer science such as artificial
intelligence, pattern recognition, neural networks, machine learning etc. This

collaboration led to development of new tools which can handie massive data sets
stemming from scientific and medical studies, gene expression data, data collected
from business transactions, government studies etc. .

When sample size is small or moderate, the classical statistical methods for
_extracting information from the data include parametric models, tests like t-test, Chi-
square test, estimation procedures like MLE, least squares, nonparametric
techniques, parametric models, exploratory data analysis, etc. However, current
trend of attempting to develop analysis tools for analyzing large data sets with high

dimension throws new challenges. The availability of massive data bases in data

“ warehouses and enormous increase in capability to store and computational power
has led to a new field called “data mining”. For drawing inferences from huge data
set, one option is to take a sample and draw inferences using statistical methods like
. exploratory data analysis. However, in most data mining applications, .the entire

population of data is available for analysis and if one is interested in data pattemn -

involving phenomenon which effect only few observations like outliers, fraud

detections in credit cards, hidden trends etc., it is very likely that sampling may miss

such phpnomenon.

Just to get a glimpse of 'how massive data sets collected on large number of

variables put new challenges before the data analysts, let us consider the problem of

“curse of dimensionality". The commonly used statistical methods for analyzing

multivariate data sets usually assume more observations than number of variables.
For instance in linear models, the number of observations is assumed to be greater
_than number of explanatory variables irivolved in the model, otherwise the method of
least squares fails to provide estimates of regression parameters. However, the
nt trend is towards large number of observations but even larger number of
variables. For instance, when observations are gathered in the form of curves,

images, or even movies, each single data has dimension in thousands or even -

' billions. Some other sources of such high-dimensional data are DNA microarray data,
internet portals, and financial databases. However, for extracting information from
such high-dimensional data sets, the traditional statistical tools developed for

" analyzing low dimensional data sets fail and new statistical methods are required.

When we develop a predictive model for the high-dimensional data, this results in
over fitting in the sense that the model appears strong but usually has disappointing

performance for prediction purpose. This problem of high dimensionality in data sets -

is popularly known as “curse of dirn_enslonality'.
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. The data mining activities are either descriptive or predictive in nature. In descriptive
‘data mining, the objective is to discover patterns, trends, clusters, outliers and
"unusual structures in data sets. The objective of predictive data mining is to built
models and tools for regression, classification, pattern recognition, and also to
- develop criterion for assessing accuracy of the models as well as estimation
procedure. Now we discuss some.descriptive and predictive tools, which are -

commonly used in data mining, particularly to model high dimensional data suffering
from curse of dimensionality.. .

Dimension Reduction and Principal component analysis (PCA)

For better visualization and analysis of high dimensional data, a natural alternative is
to project data on a lower dimensional ‘space without losing important information
about various characteristics contained in the data. In linear PCA, the first principal
component captures maximum variation of the data and thus retains maximum
.information; the second principal component is orthogonal to the first principal
component and retains second maximum information and so on. Without going into
detailed mathematics, to get an idea of how to select proper projection of data in
lower dimension and retain maximum possible information, let us consider following
. two projections of same two dimensional data set in one dimension:

| Figure 1
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Figure 2
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s _dimengion 1

It is evident that
- than figure 1.

Another example of projection of 3-
figures: - '

Figure 3: 3-D data

projection in figure 2 retains more information contained in the data

D data in 2-D and 1-D s given in the following
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Figure 4: Best 2-D aqd best 1-D approximations
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For selecting number of principal components to retain, one can use PC rank frace.

‘ Further, Skreeé plot, which'is plot of ordered Eigen values against ordered numbers,
shows amount of variance explained by each PC. A generalization of PCA using

polynomial PCA or kemel based PCA can be used for nonlinear dimensionality

reduction. However, while using PCA, one should take care that it can be used for

_ accurate data representation but not for classification purpose as it does not retain
- classification properties of the data. . '

. The objective is to use information provided by given observations to construct
classifiers/classification rule, that separates predefined classes as much as possible .
and then these classifiers can be used to classify a new unlabelled observation on
the basis of a set of measurements. ' : ‘

There are several methods of classification. A commonly used classification method
is Cluster analysis, which includes hierarchical clustering, k-mean clustering,
block/two way clustering. In hierarchical clustering, the units are arranged in tree like
representation, called dendrogram. A partition of data into a fixed number of clusters
can be obtained by cutting the dendrogram at a specified height. In k-mean
clustering, observations are divided into a fixed number of, say k, clusters.

- The linear discriminant analysis provides a Bayesian rule based classifiers. Some
other classification rules, which one can use, are self organized maps, ANN,
classification trees and Classification and Regression trees (CART, Support Vector
Machine (linear SVM, multi class. SVM, SVM with kernel based boundaries), Logit,

" Probit models, multinomial choice models etc.

Predictive modeling and Curse of Dimensionality
~ We have a set of independent variables (predictors) and an independent variable
(variable to be predicted) .

Suppose the data matrix is .



. X 11 xh, y’.
X - E *, E ] 3 y = L’E }
' xnl R X np | n
-Here y is the observation on variable to be predicted and X is the matrix of
observations on predictors. Some of the popularly used predictive models are linear
models, artificial neural networks (ANN), non parametric regression etc. ANN is a
powerful tool for modeling nonlinear .relationships in prediction as well as in
~ classification. _

Ify is binary variable (taking values 0,1), it is the problem of classification and one
can use LOGIT or PROBIT model. The linear model: :

Yi=Bixy+- 4 Byxyp + error .

If n<p, we have more unknowns than observaﬂong and the regression parameters
cannot be estimated by using method of least squares. In general, consider the
model

¥i = f(Byxpy + -+ Bpxi5) + error |
Here the function f is called the activation function. In LOGIT model the activation
function is f = (1 + ™)™, which leads o the model
. _1 ! B
. P(J’f = 1) " {1 + eﬂzxui.h{bapx{r]] + mor; i=1l"'ln
y=1 if some characteristic is present and 0 if not present Similarty we find PROBIT
- model when activation function is the CDF of normal distribution.

The “curse of dimensionality” problem.is “how to estimate model when n<p". Some
available alternative estimation procedures are N

> Delete unimportant predictors but how? Usual t- test cannot be applied. '
> Ridge regression, which was proposed to overcome Mmulticollinearity problem in -

~Anoop Chaturvedi
Department of Statistics
University of Allahabad



STATISTICS - IN OUR LIFE

The world is full of statistics and almost every person is using this subject in
some manner knowingly or unknowingly. For example, people talk about averages
without realizing what average they are talking about house wives use sampling
procedure in their daily cooking without even aware that it is one of the statistical

- technique. Statistics are collected on most aspects of life.- Statistics provide us
with the necessary knowledge to assess health and progress of our society. But
sometime Statistics can be misleading and distorting the fact also.

The provision of accurate statistical information strengthens our society. It provides
a basis for decisions to be made on public policy, such as determining electoral boundaries
and where to logate schools and hospitals. In today’s information-rich society, bemg
stattstlcally literate will give you an edge. It will make you more attractive to future ;
employers and put you ahead of your competitors in the workplace.

Statistical literacy is not about being good at formulating or understanding the
methodology behind the numbers, Rather, it is the ability to interpret the numbers and

"~ communicate the information contained there in effectively.

Statistics may be presented in different ways, such as tables, graphs, maps or text, but
they are not scary or boring if you know what they mean. Increased use of statistics does
not automatically lead to an increased understanding of statistics. In this information-rich
_ age, itis important for individuals to be independent, critical thinkers, and statistical literacy .
is fundamental to achieving this. '

_ Statistics can also be fun. it can create-mental games with interesting answers. They
can be great conversation starters at parties and can be fun to baffle people. Knowledge
of statistics helps a person to be analytical and logical.

In short, | can say that statistics is just a part and parcel of our life and wrthout whmh

one cannot do anything in life.

Dr. S.Lalitha

Reader

Department of Statistics
University of Allahabad



Binomial Distribution

Construct Experiment with Given Probabilities

In probability theory and statistics, the Bernoulli, distribution, named after Swiss
scientist Jacob Bernoulli, is a discrete probability distribution, which takes value 1 with
success probability p and value 0 with failure probability g= 1 —p. So if X'is a random
variable with this distribution, we have:

PrX =1)=1-Pr(X=0)=1-q=p

The binomial distribution is the discrete probability distribution of the number of .

" successes in a sequence of n independent yes/no experiments, each of which yields success

with probability p. Such a success/failure experiment is also called a Bernoulli experiment or
Bernoulli trial; when n= 1, the binomial distribution is a Bernoulli distribution.

We start our problem with an experiment of tossing of two coins. So set ot; all
possible outcomes, Q={HH, HT,TH,TT},if P(H) = p,P(T) = 1.— p = q, then
P(HH)= p*,P(HT) = P(TH) =pqand P(TT) = ¢

We are very familiar about the situation that for a given experiment we can calculate
the probability of particular event.

But think in different way for a given probability can we construct an experiment?

if P(H)=p,P(T)=1—p =q, then what should be the event for

 probability 2pq, 3pq, for 2pq event is {H T, TH }-P( E;=Toss two coin and get Exactly
one head)=2pq.

But for 3pq, start with experiment Toss three coins. Set of all possible outcomes

= (HHH, HHT ,THH ,HTH ,TTH ,THT ,HTT ,TTT).
P(HEH = p* P(HHT) = P(HTH) = P(THH) = pq, P(HTT) = P(TH) =
— T S |
P(TTH)—M P =¢". P {E; — mr2tosses three

coins and gets two heads or two tmls} —3p q+ 3pq =3pq(p +q) = 3pq.

7



For 27pq we find the event by using the randomization process.

- aP(E;) + (1 — @)P(E;) = 2.7pq
= 2apq+3(1—a)pq = 2.7pq
- —apq = —0.3pq
=a=03

. Hence define an experiment an urn contain 3 red and 7 white ball, so if we draw the
ball from urn and get the red ball choose event E, and if get white ball chose event E3. Then
we get the probability of 2.7pg.

Similarly we can construct the event for any value between pq and 3 pq. But we
cannot find any event for greater than or equal to 4pq.and any value for greater than 3pg but
less than 4pq is possible.

To think find an event correspondiné the probability \/qu.

Arvind Pandey
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| Beautiful life - |
Have you met life ? : '
‘| have

It was too close to me

| felt it in my breath.

It touched me and | touched it.
It lived me and | lived it.

It then whispered to me.

| am here for short time -
80, enjoy me. love me, teste me and feel me.
Try to touch me - - '
and never reject me.
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Count_& Count

Count your garden by flowers.

" Never by the leaves that fall.
Count your days by Golden days.
Do not remember cloud at all.
Count your night by stars not shadow.
Count your life with smilies not tears.
And with joy through all your life-time.
Count your age by friends not years.
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Prasanta Chandra Mahalanobis
Early life

Mahalanobis belonged to a family of Bengali landed gentry who lived in Bikrampur (Now in-
Bangladesh). His grandfather Gurucharan (1833-1916) moved to Calcutta in 1854 and built
up a business, starting a chemist shop in 1860. His elder son Subodhchandra (1867-1854)
was the father of P.C. Mahalanobis. He was a distinguished educationist who studied physi-
ology at Edinburgh University and later became a professor at the presidency college be-
came head of the department of physiology. Subodhchandra also became a member of the
senate of the Calcutta University. Bom in the house at 210 Comwallis Street, P.C. Mahalanobis,
grew up in a socially active family surrounded by intellectuals and reformers.

Mahalanobis received his early schooling at the Brahmo Boys School in Culcutta gradua-
tion in 1908. He then joined the Presidency College, Calcutta and received a B.Sc. degree
with honours in physics in 1912. He left for England in 1913 to join cambridge. He however
missed a train and stayed with a friend at King's College, Cambridge. He was impress

by the Chapel there and his host's friend M.A. Candeth suggested that he could try joining
there, which he did. He did well in his studies, but also took an interest in cross-country
walking and punting on the river. He interacted with the mathematical genius Srinivase
Ramanujan.during the latter's time at cavendish Laboratory. He took a short break and

went to India andhere he was introduced to the Princi i llage and was
invited and was invited to take classes in physics. ﬁupal of Prasidency Cefed

The Indian Statistical Institute

Many pol:e:-agues of Mahalannobis took an interest in statistics and the group grew in th°

:t:gs:a?ed 1??’3??7'%&“’?53?’“ at the Presidency College. Calcutta. A meetin9
: G ; r with Pramatha Nath Banerji (Minto Professor ©

Economics), Nikhil Ranjan Sen (Khaira Profzegsor of Applied Mateh'u]elngatlir:::; and Sir R.N.



ml}:g f::t:::g*:;‘r? zlead ;g’ 'it:?fg%sztablishmem of the Indian Statistical Institute (IS), and
Societies Registra tion Act XXI of 1863_8 a non profit distributing learned society under the
The Institute was initiallyin the Physics Department of the Presidency Collage and the
nditure in the first year was Rs. 238. It gradually grew with the pioneering work of a
group of his colleagues including S.S. Bose, J.M.Sengupta, R.C.Bose, §.N.Roy, K.R. Nair,
R g.nlzzhadllf , G. Kallianpur, D.B.Lahiri and C.R.Rao The institute also gained major as-
sis .
Through Pitamber Pant , who was a secretary to the Prime Minister Jawaharlal Nehru.
_ pantwas trained in Statistics at the Institute and took a keen interest in the institute .
In 1933, the journal Sankhya was founded along the lines of Karl Pearson’s Biometrika.
in 1959 the institute was declared as an institute of national importance and a deemed
university.
Contributions to statistics
Mahalanobis Distance : :
A Chance meeting with Nelson Annandele, then the director of the Zoological Survey of
India. at the 1920 Nagpur sessionof the Indian Science congress led to a problem in an-
thropology- Annandale asked him to analyse anthropometric measurements of Anglo-Indi-
ans in Calcutta and this led to his first scientific paper in 1922. During the course of these
studies the found a way of comparing and grouping population using-a multivariate dis-
tance measure. This measure, D?, which is now named after him as Mahalanobis dis-
tance, is independent of measurement scale, '

Sample surveys ,

His most important contributions are related to large scale sample surveys. He introduced
the concept of pilot surveys and advocated the usefulness of sampling methods. Early
surveys began between 1937 to 1944 and included topics such as consumer expenditure,
tea-drinking habits, public opinion, crop acreage and plant disease, Harold Hotelling wrote:
“No technique of random sample has, so far as | can find, been develped inthe united
States or ele where, which can compare in accuracy with that described by Professor
Mahalanobis” and Sir R. A. Fisher commented that “ The 1.S.1 has taken that lead in the
orginal developement of the technique of sample surveys, tha most potent fact finding

" process available to the adlministration'.'.

Later life ,
In {ater life, Mahalanobis was a member of the planning commission contributed promi-

nently to newly independent India’s Five Year plans star?ing from the second. In the second
five-year plan he emphsised industrializationon the basis of a two sector model. His variant
of wassily Leontief's Input-output model, the Mahalanobis model, was employed in the
second five year plan, which worked towards the rapld_ industrialization of India and with
other colleagues at his institute, he played a key rolg in the development of a statistical.
infrastructure. He encouraged a project to assess de-industrialization in India and correct
Some previous census methodology errors and entrusted this project to Daniel Thorner.
He was also awarded pPadambhushan by the government of India for his great contribu-
tions in statistics in 1963. Mahalanobis diedzgn 28 June 1972, a day before his seventy-



ninth birthday, Even at this age, he was still active doing research work and discharging his
duties as the Secretary and Director of the Indian Statistical institue and as the Honorary

Statistical Advisor to the Cabinet of the Government of India.

Teh government of India Decided in 2006 to celebrate his birthday, 29 June, as Nationa|

Statistical Day.
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The True Beauty of Nature

n | Consider | make by the nature -
sky, planets, stars, Moon and sun;
Mountain. forest, earth and every E:reature
Besides its make many things s 0 as
B right may be green andgCha:I::'I\'gblg as well as fun;
flows rivers and chirping birds;

Every place may be peaceful and not noising

Only be sound of sweet words;

The weather may be pleasent

Ingarden, play, lovely children;

Forset may be-fulfill with beast in sufficient

Which inflicted happiness to people's eye and brain;
These things make to enjoy the people '
Thus it is only beauty of nature,

citizen make friendship with who straight forward;

In happiness and morn, be with but not release. ;
Every preson may educated laboyrious but not coword.
Never tested some one’s heart but bounce their courage.
Scholor, obey their parents and teachers,

Belive in God, listen veds and puran; '

Arising in the morning, touch feets of earth, parents and teachers,
Such children steal every body’s heart '
The nature would happy very much with above structure.

Thus it is the true beauty of nature;

Omkar singh yadav-
B.Sc. lli
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Examination
Oh, Examination ;
you demand concentration,
English with it's composition,
Maths with it's Calculation
Physics with it's Variation, .
Statistics with it's Preperation,
So, there is no time for relaxation,
Oh, Examination
you are a botheration,




V’

to the young Gener ',ﬁo"-
ona gpecial occassion,

we will send an application,
o the minister of education,

1o abolish examination,

o “CARRER AND CONFIDENCE”
Life needs a carrier,
Carrier needs a confidence,

needs an experience,
Experiennce needs an efforts
Efforts needs an education,

Education needs a master.
Alok Singh
’ M.Sc. (FINAL)

SOCIAL NETWORK

Social network lets people to connect with friends and relatives to share ideas,
thoughts, constructs and photos, videos etc. it also lets finding friends, meet potential
business partners and clients.

Orkut- is run by google and named after its creator, orkut buyukkokten. It was designed
to help users meet new friends and maintian existing relationships and having more than
100 million active users worldwide. . : _
Face Book- Founded by Fark Zuckerberg was launched on February 4, 2004 and it

privately owned by facebook, Inc. the company purchased the domain name in 2005 for

$200,000. the website has more than 500 million active users worldwide.

Linkedin- has more than 70 million registered users, spanniung more than 200 countries and

ferretories worldwide create a profile that summaries you professional acomplishments which

heips you find and be found by former colleagues, clients, partner and thousands of qualified

Twitter- is a social connector service for friends, family, and co-workers to relate and

communicate and stay connected through frequent messages, people write updates or

“Tweets” of 140 characters or fewer.

Anshree Mazumdar

Class - M.Sc (Prev)
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watch your character
it become your destiny.

¢ ot Al ) o 3 2,
qaﬁa@mﬁ%a@ﬁa\a&,
iaﬂmﬁmﬁ’laﬁwﬂmm
R w8 A 3@ &1 RAwE B R

A q EST e I :

1o 9 §<A § A B a6 @
g o geg & A e I,
T ) @R w0 de e 2,
19 aR a¥w B dE A & R
T & P, q 8 sdufeaT

R Tl % wa o B E -

B B £ — |

_'m'?"?ﬁi'\'aa%& ' 34

Hmﬂ

Shilpi Sharma
M.sc. (Final)




§ T 5 w2 ' .35
W WA & a7 IR & GaE -
W ER @ a7 ot @ o
B TAe A
WMAR -
3 Ak A & W
EaIbk| | |
A
‘ i dlogwoio(Tera)
SOME 'BEAUTIFUL THOUGHTS

The error of the past is the wisdom of the future.

The opportunity rarely knocks twice at the same door.

Keep your fears to yourself but share your courage to others.
One of the great pleasures in life is doing what others say you cannot do. -
Never Compromise deeply held principles if you do, you will have to regret it.
We are here to add what we can to this world, not to take what we can from it.
It matters not how many years we live but how we live them.

If you keep looking at abstractes you have taken your eyes off your goal.

The only way to discover your limits is to risk the impossible.

Add Always life to days. Not days to life.

Diksha Gaur
B.Sc. Ist year
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. - : Life _ _
() Lifeis aroad . ’ 7
(A)  And you are a walker.
W)  Walk carefull.
(A)  As you have got only one chance .
6) God gives you incornation
8) Of a human being -

' iendly with everyone, .
) ‘#r‘;ets 2?\2238\;nd his rfyeaelings to deciere any one, Should not be motive of life
(R)  Remove the darkness from your heart, oL
(F)  Feela glow of light, Be confident and have faith
(O)  On your capabilities Be ready always for accepting _ :
()  Newapportunities. Never forget the god. teachers & parents. Do your duties honestly

(F)  For that's what you are sent.? for. | Satya Prakash Mishra
, ' 36 B.A. lind year
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INDIA FOR INTEGRITY

Uttarpradesh for sugarcanes,
Kerala for brains.

Madhya-pradesh for tribals,
Bihar for minerals.
Himanchal Pradesh for apple,
Orissa for temple.
Nagaland for duty.

~ Kashmir for beauty.
Rajasthan for history,
Maharashtra for victory.
Bengal for silk,

Haryana for milk,

- Gujrat for Ghee,

Assam for Tea.

States for unity.

India for Integrity. .39
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POVERTY OF SOCIALISM

ity. They redistribute poverty instead.
two flagship legislations the Food Security Act

The ruling Congress-led coalition is no different.
| wreak havoc on two crucial markets,

20d the National Rural Empleyment Guarantee Act, wil
1- The market for food and, '
2- The market for jobs,
The genuinely urgent goals 0

S
es it mandatory for Government to sel highly subscribed

) The. Food Security le islation mak A
"¢, wheat, and c°..'3 g;rilin t0 63.5% of India’s population through Government owned faired

Price shops . The owners of these shops see the 02\;0“8 opportunities for the price arbitrage. The

¢ alleviating h unger and providing gainful employment set back by




Governments procures wheat at Rs 72 per Kg from farmers but sells it at Rs 2 per Kg through fajr
price shops. A dishonest shopkeeper makes a killing by selling the government supplied wheat in
open market at price between Rs 2 and the open market price. The latter is bound to be higher
 than Government-set cvost price of Rs 12 kg. After the diversion the_poor only get access tog -
‘limited amount of the worst quality of cereals that remain unsold. The prices there are higher thap
they were before the food security legislation. To meet its legal obligation the government has to
purchase at least 50% of the production of the total cereal production. That restricts supply to
open market and sends prices soaring. It costs Rs 96000crores a year to hurt the poor people like
this. The Governmetn could spend the same amount investing in irrigation, in rurla roads and in
supply chanin infrastructure like storage. |
The Mahatma Gandhi National Rural Employment Act makes it legally mandatory for the Gov- ‘
emment to provide 100 day of employment to one member of every rural house-hold. The approxi-
mate wage for day’s work is Rs 100. Annual income for the programme for individual is Rs 1000. By
another it is Rs 30 per day below poverty line of Rs 32 per capita per day defined by the planning
commission. it costs Rs 40000 crore a year to keep the beneficiaries of the programme under
National poverty Iine.Thennal_employmentgtmmteepmgrammepushesupminimmnwagu
deterring potential employers from hiring cheap labours. Those looking for a proper 365 day job lose
out to the 100 days beneficiaries. The government could easily spend Rs 40000 crores a year edu-
cating Indians. TheGovernmmtmuldusilyspgndRsWoromaywedncatingIndians. That
would not distort thelabour market while making people eminently qualified to get a proper job. Itis
one of India’s great ironies that industry and even agriculture prefer to employ relatively cheap
labour. The formal organisedf sector of the economy only employs 7% of the workface. That per-
centage is unchanged since 1991. But no Government has bothered to reform India’s archaic labour
laws which disallow hire and fire sending 93 % of the workface into relative poverty of informal

employment A

SOMNATH BANERJEE
M.Sc. PREVIOUS
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