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The Computer and Technology R evolutions

wnsises - speed of the computer would double every 18 months and the costs

mi,..,,..,,,...? " would decrease by half every 2 years.
MOORE'S LAW mm:m,y jnsse ] , : .
oy woue  Parallel computing directly included in the new CPUs
- "‘"'““""“V wame iNCreases the possibility to parallelize modern computer intensive
‘Wy/ o Statistical methodologies that use independence such as resampling
”wv 100,000 i i e | i
7/ Quantum computing with molecules that encode bits in multiple
..:E"ﬁ v states . The QC naturally perform myriad operations in parallel, using

wo s e e s ww ws e only a single processing unit.

Quantum Computers and parallel computing very helpful for
computer intensive statistical methods (simulation resampling)
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STATISTICS BEFORE AND AFTER REVOLUTIONS

Small samples vs Large samples or Populations
Classical statistical Inference vs  Computer-intensive statistical inference
Phenomena Univariate and bivariate vs  Multivariate Phenomena in space and time domains



Statistics before computer age
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Manual data collection
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Economic, social and other reaI phenomena described by one or few indicators

Inference mainly on Univariate and Bivariate random variables
Extensive use of parametric statistics
especially under normality hypotheses

Statistics based only on Mathematics and Probability
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Statistics after computer-age
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Electronic and Automatic data collection

Statistics based on Mathematics, Probability and Computer Science (Computational Statistics)
Computer-intensive statistical Inference (Jackknifing, Bootstrapping, Cross-validation, permutation tests)
Economic, social and other real phenomena |
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Big Data Complexity. How Big Data are formed?
Multivariate phenomena with their space & tlme domains
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Big Data: information + noise (error)

From data to information From information to knowledge

Data CompreSSion (reduce data of a given factor) StatiStical MOde”mg on Compressed data

> Soft Data Compression (robustification) » Multivariate regression, VAR, SEM
»PCA, Factor Analysis, MCA, Composite Indicators

> Classification (Discriminant analysis, trees, SVM)
»Multidimensional scaling

 Hard Data Compression (Data mining)

85205000

 Taxonomy (science of classification)

« Clustering to identify typologies of objects,
variables, occasions

X=AUY(WC®V'B)+E
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'attenzione e la forma piu rara e piu pura della generosita
Simone Weil



USERS OF STATISTICS E> AC

European Statistical
Aadvisory Committee

< ESAC has suggested a PORTAL for Communication
PORTAL for USERS 4 ..

(a) Identify the very broad community of users of statistics;
(b) Segment the users’ community into broadly
homogeneous groups with similar interests

Tools for decision making

— Groups of users
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& Tools to choose the best scenario (testing, cross-validation,...)

ting

11



http://www.google.it/url?sa=i&rct=j&q=&esrc=s&source=images&cd=&cad=rja&uact=8&ved=0CAcQjRxqFQoTCObZuaeK9sYCFUZYFAodvDwEkQ&url=http://webportalsreport.blogspot.com/2014/11/top-10-web-portals.html&ei=2mWzVeaEM8awUbz5kIgJ&psig=AFQjCNFmMxmVZcC50kq1105WLbraK0VKBQ&ust=1437906600288666
http://www.google.it/url?sa=i&rct=j&q=&esrc=s&source=images&cd=&cad=rja&uact=8&ved=0CAcQjRxqFQoTCObZuaeK9sYCFUZYFAodvDwEkQ&url=http://webportalsreport.blogspot.com/2014/11/top-10-web-portals.html&ei=2mWzVeaEM8awUbz5kIgJ&psig=AFQjCNFmMxmVZcC50kq1105WLbraK0VKBQ&ust=1437906600288666
https://www.google.it/url?sa=i&rct=j&q=&esrc=s&source=images&cd=&cad=rja&uact=8&ved=0CAcQjRxqFQoTCMXf4-2Q9sYCFUdvFAodxDULBg&url=https://crmbusiness.wordpress.com/2015/04/15/crm-2015-understanding-crm-metadata/&ei=uGyzVcWjOcfeUcTrrDA&bvm=bv.98717601,d.bGg&psig=AFQjCNGLjEMA87tFpESAnM91Rl150XYI4g&ust=1437908492743835
https://www.google.it/url?sa=i&rct=j&q=&esrc=s&source=images&cd=&cad=rja&uact=8&ved=0CAcQjRxqFQoTCMXf4-2Q9sYCFUdvFAodxDULBg&url=https://crmbusiness.wordpress.com/2015/04/15/crm-2015-understanding-crm-metadata/&ei=uGyzVcWjOcfeUcTrrDA&bvm=bv.98717601,d.bGg&psig=AFQjCNGLjEMA87tFpESAnM91Rl150XYI4g&ust=1437908492743835

COMPUTER-AGE STATISTICAL INFERENCE

Resampling: Computing random sampling with replacement
Jackknifing: Estimating the precision of the sample statistics by using the observed data

Bootstrapping: Estimating the (empirical) sample distribution of the statistics.
Robust alternative to inference based on parametric assumptions when these are in doubt;

Utilization: compute standard errors, confidence interval, and also for testing;

Cross-validation: method for validating a predictive model. The goal is to estimate the expected level of fit of
a model to a data set that is independent of the data that were used to train the model.
Divide the sample in validation and training sets
Exhaustive cross-validation
Leave-p-out cross-validation
Leave-one-out cross-validation
Non-exhaustive cross-validation
k-fold cross-validation
2-fold cross-validation
Utilization:  compare performances of different predictive models
variable selection.

Permutation test (exact test):
MCMC methods 12



