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Computational Intelligence

Towards a Definition

@ Set of nature-inspired computational methodologies and approaches
Address complex real-world problems

@ Traditional approaches, i.e., explicit statistical modeling, are ineffective or
infeasible

@ Many such real-life problems are not considered to be well-posed problems
mathematically
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@ Machine learning as the field of study that gives computers the ability to learn
without being explicitly programmed (Samuel, 1959): supervised classification,

clustering, associations
@ Metaheuristic-based optimization
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Computational Intelligence. Machine Learning

Supervised classification. Estimation methods. No honest
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Computational Intelligence. Machine Learning

Supervised classification. Estimation methods. Train and test
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Supervised classification. Estimation methods. k—fold cross validation
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Supervised classification. k-NEAREST NEIGHBORS
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Computational Intelligence. Machine Learning

Supervised classification. CLASSIFICATION TREE
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Supervised classification. NAIVE BAYES

Predictor variables are conditionally independent given C
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Computational Intelligence. Machine Learning

Supervised classification. LOGISTIC REGRESSION
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Supervised classification. NEURAL NETWORK
Hidden
Input
Qutput

R
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Computational Intelligence. Machine Learning

Supervised classification. SUPPORT VECTOR MACHINE

Separation may be easier in higher dimensions
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Supervised classification. METACLASSIFIERS
Classifiers o e o
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Computational Intelligence. Machine Learning

Clustering. HIERARCHICAL CLUSTERING
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Clustering. PARTITIONAL CLUSTERING eans

Iteration 1
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Computational Intelligence. Machine Learning

Clustering. PROBABILISTIC CLUSTERING: finite mixture models with EM
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Computational Intelligence. Machine Learning

Associations. BAYESIAN NETWORKS
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Successful Applications
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Successful Applications
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Successful Applications

GESTURE RECOGNITION
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Successful Applications

FACIAL EXPRESSIONS

Facial Expressions
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Successful Applications

RoBOT SOCCER
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Successful Applications

BRAIN COMPUTER INTERFACE
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Successful Applications

AUTONOMOUS CAR
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Successful Applications

MEDICAL DIAGNOSIS

Heart and Valves
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Successful Applications

BIOINFORMATICS
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Successful Applications

NEUROSCIENCE

Tickling & Laughter  Tickling & Inhibition of laughter Voluntary laughter

p<0.0001 (uncorr.)
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Top 10 Algorithms in Data Mining

Knowledge Information Systems (2008) 14:1-37
@ C4.5 (Quinlan, 1993)
© The k-means algorithm (Lloyd, 1957)
© Support vector machines (Vapnik, 1995)
© The Apriori algorithm (Agraval and Srikant, 1994)
©@ The EM algorithm (Dempster et al., 1977)
Q@ PageRank algorithm (Brin and Page, 1998)
@ AdaBoost (Freund and Schapire, 1995)
Q k-nearest neighbors (Fix and Hodges, 1951)
© Naive Bayes (Minsky, 1961)

Q@ CART: Classification and Regression Trees (Breiman et
al., 1984)
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Challenges

From the International Congress of Mathematics (Paris, 1900) to SEMATICA (Madrid, 2013)

10 Challenging Problems
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10 Challenges

volume, variety, velocity, viability and value

Diagram 1:
Big data Intelligent
software

« Machine learning

= Natural language
processing

= A/B testing

Big data

Large datasets

Scale out
infrastructure
+ Unstructured or
semistructured
« Linear scalability + Continuously streaming
. information
= Commodity hardware . .
+ Volumes in the multiple
tera to peta bytes range
and beyond...
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10 Challenges

1. Big Data. Adaptation of machine learning algorithms

. a
* Big Data: The Moving Parts
In
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MapReduce -
Esper 1o
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T Revolution R
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ECL Te P
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the growth of data will be exponential for the foreseeable future
—
terabytes petabytes exabytes zettabytes
the amount of data stored by the average company today
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2. Variants of Supervised Classification. Class imbalance
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2. Variants of Supervised Classification. Positive Labels

(Pl
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2. Variants of Supervised Classification. Positive Labels
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10 Challenges

A GARDENER CLASSIFICATION
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2. Variants of Supervised Classification. Semi-supervised

Feature 1 Féature\ 5. Feature 6

Neuron E, - E,
1 |I I0 e 1
2 | 1 . 1
320 1 .- 0
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2. Variants of Supervised Classification. Semi-supervised

Feature 1 Feature 5. Feature 6

Neuron E, -~ E,
1 I0 -1
2 1 .. 1

320 1 .. 0

128 Axon, 86 Dendrite, 10 Soma 2 26 votes

Neuron| X, X, - Xy
1 84 71 - 21
2 20 54 .- 4.0
3 73 20 - 11

240 |37 28 .- 52
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2. Variants of Supervised Classification. Probabilistic labels

morpholog. variables classif. 42 experts class
cell Xi e e e e e Xo885 E; E4o C
1 101 ... ....... 6.6 trans  ............ intra | 38-4
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240 186 .....o..... 57 intra  ........... intra | 3-39
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3. Multitarget Prediction. Multilabel Classification
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3. Multitarget Prediction. Multilabel Classification
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3. Multitarget Prediction. Multilabel Classification
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3. Multitarget Prediction. Multidimensional Classification
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3. Multitarget Prediction. Multioutput Regression
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4. Clustering. Multipartition. Subspace Clustering
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5. Regularization
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6. Spatial Data
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7. Directional Data

Angles Direction
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Directional Data. Boo

Statistical Statistical analysis
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8. Data Streams. Concept Drift

1
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9. Performance Measures. Decis urfaces

Decision Boundary

Decision surface of multi-class SGD.
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10. Metalearn

Krzysztof Grabczewski

Meta-Learning Meta-Learning
in Computational in Decision
Intelligence Tree Induction
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COMPUTATIONAL INTELLIGENCE

10 CHALLENGES

@ Big data

© Variants of supervised classification
© Multitarget prediction

© Clustering

@ Regularization

©Q Spatial data

@ Directional data

© Data streams

© Performance measures

Q@ Metalearning
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