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Data mining,
Statistical analysis,
Pattern discovery, Statistical learning,
Machine learning, Predictive analytics,

Data-driven statistics,
Inductive reasoning, Pattern analysis,

Knowledge discovery from databases,
Neural networks,
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» ObLiee npaBuo:
EC/IN (X caenaH ns nnacrtmacchbil),
TO (X HecbepobeH)

» [fpmeHeHne B YaCTHOM caydae:
X = Kybuk Pybuka
=
Kybuk Pybuka HecbepnobeH




» ObLiee npaBuo:

add(x, y) = function { ... }

» [lpyumeHeHne B YaCTHOM C/ly4yae:
add(2,4)




» Obwee npaBuno:
bool has_access(x) {
return x.authenticated();

}

» [fpmeHeHne B YaCTHOM caydae:
if (has_access(John)) {

}



» ObLiee npaBuo:
bool has_access(x) {
?

}

» HacTHble cayyau:
has_access(John) = True
has_access(Jane) = True
has_access(Mike) = False



» ObLiee npaBuo:
bool has_access(x) {
?

}

NMHOyKuus

» HacTHble cayyau:
has_access(John) = True
has_access(Jane) = True
has_access(Mike) = False



AdeayKIus

N3BecTHO oGLlee NpaBuno, HY)KHO NPUHATL pelLleHue B YaCTHOM cry4ae
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MU3BeCTHbI YacTHbIe Crly4Yau, HY>XKHO HaUuTn obLlee npaBuIo
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MNIST dataset

http://yann.lecun.com/exdb/mnist/
KapTUHKKN PYKONMUCHbIX Undp, 28 x 28

,




MNIST dataset

from PIL import Image
from glob import glob

from numpy import array

def load image(filename) :
img = Image.open(filename)

return array (
[ord (char) for char in img.tostring() ]



MNIST dataset

# 10 000 dammor *.png
files = glob ("*.png")

# BarpyxaeMm gnasxHHEHe

1@lges = [load i1magiedffile) for Tile¥in,rilles ]

# 102.1.png -> “1” (k;macc)
labels = [file.split(".")[1l] for file in files]

# BospMeM 1000 xapTHHOK
training set = 1mages[0:1000]

training labels = fabels[0:1000]




MNIST dataset

> training set[0]

grray([ 00, 0, .. %
2 5 e 2ed ] L0 GRSV ST T

> training labels[O0]

\'7/




MeToa OJIMKaMILIEro coceaa

Training set



MeToa OJIMKaMILIEro coceaa

def classify(img) :
simlilarities =
psmilraristy (il jiemeP) - £0 X p Lhtradlning. set |
1 = simllarities.index (max(similarities))

return training labels[1]



MeToa OJIMKaMILIEro coceaa

def classify(img) :
simlilarities =
psmilraristy (il jiemeP) - £0 X p Lhtradlning. set |
1 = simllarities.index (max(similarities))

return training labels[1]

def similarity(imgl, img2) :

return -sum(abs(imgl - 1mg2))



[IpoBepum

Te s =Fet = 1mages[1000:2000]
tEEEirabe ls = labegns1-000:2000]

predicted class = map(classify, test set)

N SUCESEEEE =
sum(array (predicted class) ==
Eray (test Iabels))

=> 860/1000



O miua?




Scikit-learn

http://scikit-learn.sourceforge.net/

from scikits.learn.neighbors import
NeighborsClassifier

cl = NeighborsClaEsufier (n neilghbors=1)

cl¥t.fit (training set, trainingflabels)

prdd SEeEEie | -SRI . predict (test §sei )

=> 869/1000






MeToa OJIMKaMILIEro coceaa

Training set



HekoTopblie npyMepbl MOXKHO BLIKUHYTh

Training set



0.0
1.0

1.0
1.0
0.0

Eme xuTpee - 106aBUTH «Beca»

Training set

Y

.
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0.0
0.9
1.1
2.0
0.0

Eme xuTpee - 106aBUTH «Beca»

Training set

Y

.
A



BMmecTO MaKCHMyMa, MOXKHO CYMMHUPOBATh

0.0
0.9
1.1
2.0
0.0

Training set



BMmecTO MaKCHMyMa, MOXKHO CYMMHUPOBATh

Training set

evidence (img, 4) =
0.9 * similarity(img, tr[1l])
.l.

0.0 * similarity(img, tr[4])




BMmecTO MaKCHMyMa, MOXKHO CYMMHUPOBATh

Training set

evidence (img, 7) =
0.0 * similarity(img, tr[0])
.l.

2.0 * similarity(img, tr[3])




Loading Math Mode...




Loading Math Mode...




Loading Math Mode...




Loading Math Mode...




Loading Math Mode...




Loading Math Mode...




Loading Math Mode...




Loading Math Mode...




Loading Math Mode...




Loading Math Mode...

Done!
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Ho xak HauTH Beca?
f(x) = yjwilK(z;, x)
7

» Hangem Te, mpy KOTOPbIX
YaCTOTA OIUMOOK NpeaACKAa3aHUs Ha
He3aBHCUMOM MHO>KECTBE MUHHUMAJIbHA.

w = argmin, Error (f,w, Data)



Ho xak HauTH Beca?
f(x) = yjwilK(z;, x)
7

» Hangem Te, mpy KOTOPbIX
Mepa OLIMOKHU NpeACKa3aHUA Ha HeE3aBUCUMOM
MHO>KeCTBE€ MUHHUMAJIbHA.

w = argmin, Error*(f, w, Data)



Ho kaxk HauTH Beca?

f(x) =) yjwiK (;, 2)

{

» Hangem Te, mpy KOTOPbIX
Mepa OLIMOKHU NpeACKa3aHUA Ha HeE3aBUCUMOM
MHO>KECTBE MUHHUMAJIbHA + MHOI'0 HyJIEBBIX
BECOB

W= argmin,, Error*(f, w, Data) + Complexity (w)



Support Vector Machine

from scikits.learn.svm import SVC

clf = SVC(kernel=‘linear’)

CETIt (training s, training [labels)

pré&dIrcHEENEE ASIEISIE] . predict (test set)

=> 877/1000






Knaccnpukauyus
Nno aHanoruu:
k-NN




[Touck OIM>KaHIIero coceaa

def classify(img) :

1 = distances.index(min (distances))

return training labels[1]

HeadpeKktneHo




[Touck OIM>KaHIIero coceaa

def classify(img) :

return nearest neilghbour.label

UHpeKcnposaHue!



















find nearest _neighbour

if pixel[10,13] > 4:
el [ 3, 24] < (-
Il S TR S ER TP SO A oY TE liats ==L

else:

FEEsees t  Aissighiscour <28
else:

nearest neighbour = C



Classification Tree

if pixel[10,13] > 4:

b e L L3, 24 ] < (-

class = ‘1’
else:
class = ‘2’

else:

class = ‘3’



Classification Tree
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Classification Tree
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Classification Tree

clazs
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http://orange.biolab.si/
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Noa6op onTmanbHbIX
napameTpoB moaenu



OGLwmi oae
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Noa6op onTumanbHOro
AepeBa



MopenuposaHue

OnTumusauua



luHenHaa moaenb

f(image) =
pixel I*w| + pixel2*w2 + ... + pixel784*w784



Linear Classification

from scikits.learn.linear model import
LinearRegression,
LogisticRegression,
RidgeClassifier,
LARS,
ElasticNet,
SGDClassifier,

=> 809/1000






oaenMpoBaHue




luHenHaa moaenb

f(image) =
pixel I*w | + pixel2*w2 + ... + pixel784*w784



f(image) =
pixel I*w | + pixel2*w2 + ... + pixel784*w784

pixel |

pixel2 @
pixel3 ‘~W3
pixel4 @—

> f(image)

pixel784



HenpoHHan cetb

Hidden
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Noyemy TpeHUpPOBAHHAA Ha

oAHOM Habope AaHHbIX moaenb
AO/MKHA paboTaTtb Ha 6yaywWwKMX AaHHbIX?

B Kakom cnyyae 31O He TaK?
: .
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\  Kak dopmanunsoBaTtb HOBYIO moaenb?
Kak HaxoauTtb napameTpbl mogenu?
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Kak co3pgaBaTtb a¢pPpeKTUBHbIE aNArOPUTMbI
onTummnsaumm?







Unsupervised learning
Semi-supervised learning
On-line learning
Active learning
Multi-instance learning
Reinforcement learning

A=




Probabilistic models
Graphical models
Ensemble learners

Data fusion
HPC




UHCTpYMEHTbI:

R, Weka, RapidMiner,
Orange, scikits-learn,
MLPy, MDP, PyBrain,...










Bonpocbi?




