Machine Learning Techniques
In Bio-Genetic Applications

Summary

» Multiple strategies integrated approach.

» Some examples of applications.
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Three fundamental issues...

which task do we have to solve?

Approach
which algorithm is more suitable to the problem?
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Representation: the main problem

Multiple instance Structured
representation representation
Attribute-value

representation
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Data Mining Tasks

% Summary/ Characterization
% Association Discovery / Causality
% Anomaly detection

Y Analysis of temporal series
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Classification and Regression

Classification:
forecast the value of
a categoraical attribute

Regression:
forecast the value of
a numeric attribute
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Classification

Tipical problems

° ° Fault detection
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Functional dependencies / Regression

n
P yil-fp(xi)?
i=1
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Segmentation

To understand why customers leave (so called “customer attrition™)

To discover new markets (“target marketing” and “cross selling™)
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Summary / Characterization
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Summary / Characterization

Frequent flyers

| Skate-boarders

-

= Age
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Mean average » Middle Age People with University degrees
Standard deviation + Youngers with low instruction level
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Association discovery

1/7/99 2/7/99
Bread Rice
Peaches Bread
Eggs Meat
Spaghetti Peaches
ticket ticket

{Bread, Peaches}
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Anomaly detection

n<<N

Age
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Anomaly detection

Need a definition of “normality”
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Temporal series analysis
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Relevant Discipline for Data Mining

% Query and Reporting

¥ “Data Warehousing” — OLAP
Y Visualization

¥ Graphics

¥ Multi-media environments
T Cognitive Sciences
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Supervised Learning

Database
(Learning Set)

Learning
Algorithm

Domain
Knowledge
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Learning as “Hypothesizing and Testing”

Database
(Learning Set)
[ e [ Pres| [ C | Learning .

Algorithm Domain
I Knowledge
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Statistics: Discriminant Analysis

Class A

Salary

Linear Non Linear
Loan: y-ax-b<0 ClassA: y-ax2-b>0
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Statistics: Clustering

k-Means Algorithm

Slides by Botta

Pattern recognition: Classification

Statistical Approach
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Pattern recognition: Classification

“Case-Based”/Instance-based approach

No loan

Slides by Botta

Instance Based Learning

T=38%, P=125 -
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Basic idea
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k-NN: for classification
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Support Vector Machines
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SVM: basic idea
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Support Vector Machine

Support
Vectors
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Neural Nets

Input units Hidden units Output units
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Neural Nets: Elementary functions

Input
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Neural Nets: Learning

1< __ 9=
E=52(tk—Yk)2 Wis-Mow
k=1

n = Learning rate
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Artificial Intelligence: Symbolic Learning

¥ Bayesian Nets

¥ Conceptual Clustering
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Decision trees : an example
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Decision trees: learning
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Decision trees; Classification
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Production Rules

Propositional First Order Logic

Classification

?
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Genetic Algorithms

Basic Cycle

Select from population a set of individuals to be reproduced, proportionally to
their fitness

Selected individuals mate and generate 2 offsprings by applying the crossover
operator

Mutation operator is possibly applied to the offsprings
The new individuals replace the older population
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Genetic Algorithms: basic idea

“Problem solver”

Population of
candidate solutions
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Genetic Algorithms : Selection

Selectio
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Genetic Algorithms : Reproduction

Reproduction
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Genetic Algorithms : Fitness evaluation

Evaluation
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Genetic Algorithms : Genetic operators
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Association Rules

X and Y are disjoint subsets of |
Support of a subset Z of I: supp(Z) = |D(2)|/|D|
Confidence of a rule: conf(r) = supp(X or Y)/supp(X)
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Association Rules: Apriori Algorithm

itemset
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Composite Classifiers

....acbtttacgatatccc‘

Boosting, Bagging,
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A biologic problem used as Machine Learning benchmark
Splice-Junctions prediction in DNA sequences
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Splice-Junctions prediction in DNA sequences
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Splice-Junctions prediction in DNA sequences

ATRINS-DONOR-905,
AGACCCGCCGG,GAGGCGGAGGACCTGCAGGGTGAGCCCCACCGC,
CCCTCCGTGCCCCCGC EI

Slides by Botta

Value Distribution

N 0.010% 0.010% =
S = = 0.002%
R = = 0.002%
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Splice-Junctions Prediction

5 10 15 20 25 5 10 15 20 25 5 10 15 20 25
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In General: prediction in a sequence

Y\/hich elements are related
and describe
mnl

How will the
next element be?

Anoyhow, there are learning algorithms able to
directly deal with sequences.
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An Example
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Protein-protein interaction prediction from primary sequence with SVM

Ran

|
47 41 stafidardization

input to SVM (Bock e Gough, 2001)
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Protein Interaction Databases

BIND contains interactions among proteins, proteins and nucleic
acids, and simple molecules

MINT mainly contains protein-protein interactions

DIP is the richest database of protein-protein interactions (more
9t 28 00 . i i . i i
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SVM Results
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Neural Network for secondary structure Prediction
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Available Software

Genetic Algorithms

_ G-net:
http://hermes.mfn.unipmn.it/~attilio/PROJECTS/GNET/gnet.html
_ GALib: http://lancet.mit.edu/ga/
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Conclusions

Two factors are fundamental for having success:
» Work in teams that combine both computer science and
biological knowledge.

» Know how to integrate different methodologies in different

programs
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