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[NpumepHas nporpaMmma Kypca

Beenenne v

KnacTtepuzsaunsa v/

Knaccudpunkauus v

YacTble MHoXecTBa npusHakos (frequent itemsets) u accoumnaTusHble npasuna v/
PekomeHgaTenbHble cMCTEMBI U anropuTmbl v

AHanus dopMasibHbIX MOHATUIA 1 ero npunoxerus. MynsTumoaansHasi knactepusaums v’
MalwmHbl onopHbix BekTopos (SVM) v/

Perpeccusi n perynsipusauns v’

TemaTtuyeckoe mogenuposatue n EM-anroputm*

AncambneBble MeToabl KnacTepusauun®

Ancambneebie meToabl knaccudbunkaumm™®

HelipoHHble ceTu u reHeTnyeckne anroputmbl®

OTobop npusHakos. CHuxeHne pasmepHocTu. Cemnanposarne. AHoManum B gaHHbix. ¥

TexHonoruu n metogsl pabotsl ¢ Big Data*

06600 HHOHBO0O00000000

CraTucTuyeckuli B3rnsg Ha mawmuHHoe obyyeHne*
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Torosas oueHka

Cuenapunii 1

[Jomalwnve 3agannsi+3a4eT (3K3ameH)

CueHapuii 2

[JomawHue 3agaHus + npoekT (MHANBMAYaNbHbIA WAN FPYNMOBON )+3a4eT
(ax3ameH)
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O tepmunonorun. KDD n Data Mining

Knowledge discovery in Databases (KDD)

KDD is the nontrivial process of identifying valid, novel, potentially useful, and
ultimately understandable patterns in data.

Fayyad, Piatetsky-Shapiro, and Smyth 1996

Data Mining

Data mining is a step in the KDD process that consists of applying data analysis
and discovery algorithms that produce a particular enumeration of patterns (or
models) over the data.

Tam xe
y
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O tepmunonorun. KDD n Data Mining

Cxema npouecca obHapy»XeHUsi 3HaHWIA B AaHHbIX

Interpretation /
Evaluation
Data Mlnmg

Transformation
(i ) 1=

Patterns
i ﬁ Preprocessed Data Data
<
Data Target Date

Figure 1. An Overview of the Steps That Compose the KDD Process.

(Fayyad, Piatetsky-Shapiro, and Smyth 1996)
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O tepmunonorun. KDD n Data Mining

[J. Han et al., Data Mining. Concepts and Techniques, 3rd Ed., 2012]

Data cleaning

Data integration
Data selection

Data transformation

Data mining (an essential process where intelligent methods are applied to
extract data patterns)

Pattern evaluation

© 00O0OOCO

@ Knowledge presentation

Data Mining

Data mining is the process of discovering interesting patterns and knowledge from
large amounts of data.
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O TEPMUHONOTNN. MaLLII/lHHoe O6y‘-|eH|/|e
[T. Mitchell. The Discipline of Machine Learning,2006]

OcHoBHOIN BOMPOC B MaLLUMHHOM Oby4eHun

How can we build computer systems that automatically improve with experience,
and what are the fundamental laws that govern all learning processes?

Bonee TouHo

To be more precise, we say that a machine learns with respect to a particular task
T, performance metric P, and type of experience E, if the system reliably improves
its performance P at task T, following experience E. Depending on how we
specify T, P, and E, the learning task might also be called by names such as data
mining, autonomous discovery, database updating, programming by example, etc.
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O mexn PEOMETHbLIX CBA3AX

[[mnoTtesa

Data Mining 2 Machine Learning

CBsi3aHHble AUCLUNINHBI

Computer Science (Wndopmatuka)

Artificial Intelligence (WckyccTeHHbIii nHTeN1€KT)
Pattern Recognition (PacnosHasaHue obpa3os)
Information Retrieval (MHdbopmaumoHHbIii nonck)
Social Network Analysis (AHanus coumanbHbix ceTeil)
Teopus BepoaTHOCTel U MaTeMaTU4eckas CTaTUCTMKA

[AnckpeTHas MaTemaTtuka (B T.4. nopsigku 1 rpadbi)

Optimization (MeTogpsl onTumunsavumn)
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Obnactu npumeneruns DM&ML

Obnactn nprmMeHeHus
BusHec

MeanuuHa
Obpa3zoBaHue

Haykun o >xusHm
NHTepHeT-gaHHbIe

BaHkoBckoe aeno n uHaHchl
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Tpenabl B obnactsix npumenerns DM&ML

[J. Han et al., 2012]

@ Application exploration: e.g., counter-terrorism and mobile (wireless) data
mining

@ Scalable and interactive data mining methods

Integration of data mining with search engines, database systems, data
warehouse systems, and cloud computing systems

Mining social and information networks

Mining spatiotemporal, moving-objects, and cyber-physical system
Mining multimedia, text, and web data

Mining biological and biomedical data

Data mining with software engineering and system engineering
Visual and audio data mining

Distributed data mining and real-time data stream mining

Privacy protection and information security in data mining
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TakcoHomusa metogos DM&ML

OT60p O6HapyxeHue CHUXeHue

nNpuU3HaKoB aHomanui pasmepHoCTH
I |
y
l MawunHHoe ¢
oby4yeHue un
06y4eHue 6e3 paspabotka 06yueHue ¢

yautens AaHHbIX yuutenem

P v ! |

Mowck
Knacrepusauua «UHTEPECHbIX» Knaccuomkaums PaHxupoBaHue Perpeccua
naTTepHoB
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KnacTepunsauus

[MocTaHoBka 3agayn

@ Haiitn pasbuenune ncxogHoro MHoXecTBa obbEKTOB Ha rpynnbl (Knacrepst).
@ Ob6bekTbl BHYTpM OfHOro Knactepa 0b6safaloT BLICOKMM CXOLCTBOM.

@ ObbeKkTbl N3 pasHbIX KIACTEPOB CUBHO Pa3/iMYatoTCs.
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KnacTepunsauus

MeTogbl knactepusauunm

MeTtopa k-cpegHux
Vepapxunueckas knactepusauns (arnomMepaTueHbIli U AMBUSUMHBIA NOAXOAbI)

CnekTpanbHasi knactepnsauus

MyJ'IbTI/IMO,El'aJ'IbHaﬂ KNnactepmnsayns: 6I/IKJ'IaCTepI/I33LI,I/I$| n TpukKnacTtepmnsauyuns.
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KnacTeprzauus
Metopg k-cpegHux
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Knaccudpunkauus

[MocTaHoBka 3agayn

@ [lo onucanunio obbekToB HEKOTOPOro MHOXXeCTBa C N3BECTHbIMU METKaMWN
KN1aCCoOB onpeaennTb Knacc 0bbEKTOB TOlI XKe npunpoasbl (B TOM XXe
NPU3HAKOBOM I'IpOCTpaHCTBe) C HEN3BECTHbIMN METKaMN.
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Knaccudpunkauus

[JepeBbsi pelueHnii B OLeHKE KPEANTHOrO pucka

middle ald: high
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Knaccudpunkauus

MeTogbl knaccudukayum

Anroputm 1-Rule
kNN knaccucpukatop (k bamxaiiwmx cocegein)
HawvgHbiin baelicoBekuii knaccndpukaTtop (Naive Bayes classifier)

[Hepeebsi pelwennii (decision trees)

MawwuHbl onopHbix BekTopos (Support Vector Machines (SVM))
o 1CM-metog (B vecTb Jxona Crioapta Munns)
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Knaccndprkaums

MaLumHbl onopHbix BekTopos (SVM)
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Perpeccus

@ JlnneiiHasi napHasi U MHOXeCTBeHHas perpeccust (JkoHOMeTprKa u
MaTemMaTuyeckasi CTaTUCTUKa)

o Jlacco-perynapusaums. Jlornctuyeckas perpeccus kKak meTtog
knaccudpmkayum. (3ToT Kypc)
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Monck naTTepHoB/3aBUCUMOCTEI]

[MocTaHoBka 3agayn

@ [Nonck 3akoHOMepHOCTEl B AaHHbIX 00 NCNONBL30BaHUN KaKUX-1MbO pecypcos.
Hanpumep, 4acto ncnonb3yembix BMECTE PecypCoB.

Mpumep. support({xned, monoko}) = 0.7

YacTo Takue 3aKOHOMEPHOCTU 3anucbiBatoTCA B Buae npasuan A — B

Mpumep. {CrygenT, Bospact ot 16 go 25} — {iPhone, iPad}
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Mouck natTepHoB/3aBUCMMOCTEI]

The FIMI'03 best implementation award was granted to Gosta Grahne and Jianfei Zhu (on the left). The award consisted of the
most frequent itemset: {diapers, beer}.
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PeKomeH,u,aTean bl€ CUCTEMDbI

http://Amazon.com

Frequently Bought Together

=% price For All Three: $86.01

g ) Show availability and shipping details

This item: Machine Learning for Hackers by Drew Conway Paperback $33.87
Machine Learning in Action by Peter Harrington Paperback $25.75

Customers Who Bought This Item Also Bought

.‘ o
Programming Collective Hachine Learning in Action Wining the Social Web
Intelligence: Building - > Peter Harringten Analyzing Data from
> Toby Segaran FAedctederc (10) > Matthew A. Russell
Feredodrde (84) Paperback Yedededede (19)
Paperback $26.76 Paperback

5$26.39 $26.36

Are any of these items inappropriate for this page? Let us know

Wrnatos O.M. (ML & DM)

+ (G Addl e o o) | A al e foVish s

Programming Collective Intelligence: Building Smart Web 2.0 Applications by Toby Segaran Paperback $26.39

€

Data Analysis with Open
Source Tools

> Philipp K. Janert
Fedededeys (29)
Paperback

524.05

R Cookbook (O'Reilly
Cookbooks)

> Paul Teetor
Fohedodedy (18)
Paperback

53243

The Art of R Programming
Tour of Statistical
Norman Matloff
Fedededole (29)
Paperback

525.06
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PeKOMeH,EI'aTeﬂbH bl€ CUCTEMDbI

http://Imhonet.ru

OueHku chunsma NMoBonbiTHOE cTeYeHne 06CTOATENLCTB

Dunemel / Koweawn /
obcroarenscTes /

Een Bizarre Samenloop Van Omstandigheden, A Curious Conjunction of Coincidences

Mpo dunsm

Onnaiin

Ciauars
PacnpeneneHie oLeHoK

0 0 0 0 0 0 0

*1 k2 k3 k4 k5 kb N7

UrnaTos [, (-M & DM) i

Oa, Bam cTouT cmoTpeTb ounbm «MoGonbiTHOE
cTeveHWe 0GCTOATENbCTED

TiogAm, © OUBHKaMN, NOXOKUMU Ha Ballu, 3ToT GunkM HpasuTcA

A ewé oHN pekomeHayroT Bam 31 chunem

Bawa rxnmnau&eman ﬂL\EHKE iNLMa Nocne ero NpocMoTpa

3.2

Cmotpenu? OueHuTe

He pexomenpoBare

Otsbigel || Mepcousl

Kagpel

Ooxoxne

Komy Gonblue HpasuTcA

995

Komy ~
HpasuTCA" L g

g2

*E A9 10
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ObyueHvie npeanoYTEHUSM

http://www.preference-learning.org/

main dish

meat > veggie > fish

restaurant
meat: red wine > white wine meat:
veggie: red wine > white wine
fish: white wine > red wine

Italian > Chinese
veggie: Chinese > Italian
fish:

Chinese > Italian

Wrnatos O.M. (ML & DM)
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Big Data

TexHonoruss MapReduce

MapReduce

Map
Instance #1

Input u
Data

Reduce
Instance

Map
Instance #N
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Big Data

TexHonoruss MapReduce

The overall MapReduce word count process

Input Splitting Mapping Shuffling Reducing Final result
Bear, 1 Bear, 2
Deer, 1 Bear, 1
River, 1
Car, 1 |
Car, 1 Car, 3 Bear, 2
Deer Bear River Car, 1 Car, 1 \—‘ Car, 3
Car Car River Car, 1 Deer, 2
Deer Car Bear River, 1 River, 2
Deer, 1 Deer, 2
Deer, 1
Deer, 1
Deer Car Bear Car, 1
Bear, 1 River, 1 River, 2
River, 1
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Big Data

Mpoekt Apache Mahout

(i

Y10 Takoe Apache Mahout?

Apache Mahout™ — 6ubnnoteka MaclTabupyembix METOAOB MALLNHHOMO
obyyeHus B ocHoBHOM no TexHosoruu MapReduce.
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http://mahout.apache.org

Big Data

Mpoekt Apache Spark

Spoﬁ\é{

Y1o Takoe Apache Spark?

k™ is a fast and general engine for large-scale data processing.”

@ “Apache Spar
o Bkntouaer bubnnorteky metogos MawwmHHoro obyyerus MLIib.

@ Pabotaet kak ¢ Hadoop, Tak n 6es.
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https://spark.apache.org/

[Nnan nekuyun

e Cucrembl ML&DM, nporpammHble cpencrea
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CucteMbl MaLLMHHOMO o6yqu|/|$| N aHaln3a AaHHbIX

@ Orange (freely available)

@ Weka (freely available)

© Knime (community edition for free)

@ RapidMiner (community edition for free)

@ Deductor (becnnatHas Bepcusi giisi oby4eHus)
@ QuDA (freely available)
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http://orange.biolab.si
http://www.cs.waikato.ac.nz/ml/weka/
https://www.knime.org
https://rapidminer.com
http://www.basegroup.ru/deductor/
http://quda.sourceforge.net

Bubanotekn malmHHoro O6y‘-|eHI/IFI N aHaJIn3a AaHHbIX

scikit-learn (freely available Machine Learning in Python)
MALLET — MAchine Learning for LanguagE Toolkit (freely available)

Accord. NET Framework (.NET machine learning framework combined with
audio and image processing libraries completely written in C#)

Infer. NET (framework for running Bayesian inference in graphical models)

00 00O

R (free software environment for statistical computing and graphics+many
packages for ML&DM)

UrnaTtoe O.U. (ML & DM) 2016 35 / 47


http://scikit-learn.org/
http://mallet.cs.umass.edu
http://accord-framework.net
http://research.microsoft.com/en-us/um/cambridge/projects/infernet/
http://www.r-project.org

Crangaptsl 8 ML&DM

http://www.dmg.org

PMML

A3biK pasmeTku giisi nportosHoro mogenuposanusi (Predictive Model Markup
Language — PMML) paspabotan Data Mining Group (DMG) Ha octose XML,
obecneynBaeT NpuIOKeHUsIM CNocob onpegeneHns Moaeneli MaLWNHHOIO
obyueHus n Data Mining, a Takxxe obMeH TakuMy MOZENSAMU MeXTY
PMML-coBmMecTUMbIMY MPUAOIKEHUAMU.

SMML

Predictive Model
Markup Language

36 / 47
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[Nnan nekuyun

@ Uero 6b1 nounTaTh M nocmoTpets?
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KHurn

@ P. Flach Machine Learning: The Art and Science of Algorithms that Make
Sense of Data, 2012

M. Zaki et al. Data Mining and Analysis: Fundamental Concepts and
Algorithms, 2014 (free)

J. Leskovec et al. Mining of Massive Datasets, 2014 (free)
C.M. Bishop Pattern Recognition and Machine Learning, 2006

D. Barber Bayesian Reasoning and Machine Learning, 2012 (free)
K.P. Murphy Machine Learning: a Probabilistic Perspective, 2012
T. Hastie et al. Elements of Statistical Learning, 2009 (free)

G. James et al. An Introduction to Statistical Learning with Applications in
R, 2013 (free)

@ J. Han et al. Data Mining. Concepts and Techniques, 2012
o T. Mutuenn Machine Learning, 1997
o T. Cerapan [lporpammupyem konnektnsHbiii pasym, 2007 (Ha aHraniickom)

o Bapcersin A. v ap. AHanuz pamHeix u npoueccos, 2009
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https://www.cs.bris.ac.uk/~flach/mlbook/
https://www.cs.bris.ac.uk/~flach/mlbook/
http://www.dataminingbook.info/pmwiki.php/Main/BookDownload
http://www.dataminingbook.info/pmwiki.php/Main/BookDownload
http://www.mmds.org
http://research.microsoft.com/en-us/um/people/cmbishop/PRML/
http://web4.cs.ucl.ac.uk/staff/D.Barber/pmwiki/pmwiki.php?n=Brml.HomePage
http://www.cs.ubc.ca/~murphyk/MLbook/
http://statweb.stanford.edu/~tibs/ElemStatLearn/
http://www-bcf.usc.edu/~gareth/ISL/
http://www-bcf.usc.edu/~gareth/ISL/
http://web.engr.illinois.edu/~hanj/bk2/
http://www.cs.cmu.edu/~tom/mlbook.html
http://www.symbol.ru/alphabet/586615.html
http://shop.oreilly.com/product/9780596529321.do
http://www.bhv.ru/books/full_contents.php?id=185803

[MopTan machinelearning.ru

http://machinelearning.ru

o Jlekyun K.B. Boponuosa. Marematuyeckue metonsr obyqeHuns no
npeueseHTam (MawmHHoe obyyeHue)

o Jlekuun .T1. Betposa, [1.A. Kponotoea baiiecosckre meTosbl MallnHHOMO
obyuerns, 2014

o Yuebruk A.l. IbsikoHoBa. AHannz garHbix, 0by4eHne no npeLueseHTam,
norudeckue urpsi, cuctembl WEKA, RapidMiner n MatLab, 2010
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http://machinelearning.ru
http://bit.ly/1AdwA3f
http://bit.ly/1AdwA3f
http://bit.ly/1JlBMJM
http://bit.ly/1JlBMJM
http://bit.ly/1zHa5QC
http://bit.ly/1zHa5QC

Nekuun n kunra C. Hukonenko
http://logic.pdmi.ras.ru/ sergey/

@ Wrpok Yto?lge?Korga?

@ C.Hwukonenko, A. Tynynses. Camoobyqarowynecs cuctemsr 2009

CAMOOBYYAITHECA

CHCTEMBI
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http://logic.pdmi.ras.ru/~sergey/

Coursera: KypcCbl 1 cneuuannsasmnm

http://www.coursera.org/

o Andrew Ng. Machine Learning

@ Jiawei Han Pattern Discovery in Data Mining
@ Jure Leskovec et al. Mining Massive Datasets
°

Hastie & Tibshirani Statistical Learning

Creyuanusaunu (nnaTHble cepTUUKaThl) — COCTOAT U3 OTAESBHBIX KYPCOB
(y4actune becnnatho)

o Data Mining

e Data Science
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http://www.coursera.org/
https://www.coursera.org/course/ml
https://class.coursera.org/patterndiscovery-001
https://www.coursera.org/course/mmds
https://lagunita.stanford.edu/courses/HumanitiesSciences/StatLearning/Winter2016/about
https://www.coursera.org/specialization/datamining/20?utm_medium=catalog
https://www.coursera.org/specialization/jhudatascience/1?utm_medium=catalog

Deep Learning (Inybuntoe obyuerne uan rnybokoe
0by4eHue)

@ Deep Learning by Udacity
@ Deep Learning Course by NVIDIA
o Geoffrey Hinton. Neural Networks for Machine Learning (2012)
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https://www.udacity.com/course/deep-learning--ud730
https://developer.nvidia.com/deep-learning-courses
https://www.coursera.org/course/neuralnets

NHTYUT

http://intuit.ru

@ VnTepHeT-yHuBepcnTeT nHOPMALNOHHBIX TEXHONOT T
o K.B. Boporuoe Mawunttoe obyuenne, 2015 (Bugeo k kypcy Ha caiite LLIA/L)
e MN.A. Yybykoea. Data Mining, 2006
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http://intuit.ru
http://www.intuit.ru/studies/courses/13844/1241/info
http://shad.yandex.ru/lectures/machine_learning.xml
http://www.intuit.ru/studies/courses/6/6/info

CoobuiecTtso

IMLS — The International Machine Learning Society

Kaggle — nnatdopma ansi copeBHOBaHMIA MO aHaAN3y JAHHbIX
KDD Nuggets — Data Mining Community Top Resource
Open ML — Machine Learning community portal

UCI Machine Learning Repository — Penosutopuii gamHbix
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http://www.machinelearning.org/
http://www.kaggle.com
http://www.kdnuggets.com
http://openml.org
http://archive.ics.uci.edu/ml/

KoHdepeHuun

ICML - International Conference on Machine Learning
IEEE ICDM - IEEE International Conference on Data Mining
KDD — ACM SIGKDD Conference on Knowledge Discovery and Data Mining

ECML & PKDD - European Conference on Machine Learning and Principles
and Practice of Knowledge Discovery in Databases

NIPS — Neural Information Processing Systems
@ RecSys — The ACM conference series on Recommender Systems

o ION & MMPO — Cepus kondeperunin «/ntennektyannsaumns obpaboTku
nHpopmayum» / « MatemaTuueckne metoasl pacnosHasaHus obpa3os»

@ AUCT - International conference on Analysis of Images, Social Networks,
and Texts

[m] = = =

Q>
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http://icml.cc/2015/
http://www.cs.uvm.edu/~icdm/
http://www.kdd.org/kdd2015/
http://www.ecmlpkdd2015.org/
http://www.ecmlpkdd2015.org/
http://nips.cc
http://recsys.acm.org
http://www.mmro.ru
http://www.mmro.ru
http://aistconf.org/2015
http://aistconf.org/2015

Just for fun nan wyTtkn pagn
http://dilbert.com

OUR CONSULTANT
HAS BEEN MINING
DATA ALL DAY.

THE RESULTS
ARE QUITE
SHOCKING.

scottadams@aol.com

UrnaTtoe O.U. (ML & DM)

www.dlilbert.com

ACCORDING TO
THE DATA, SALES
ARE ALWAYS

HIGHEST WHEN
I DO THIS...

(5|00 © 1999 United Feature Syndicate, inc.
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http://dilbert.com

Bonpocbkl 1 KOHTaKTbI

www.hse.ru/staff/dima

Cnacnbo!
dmitrii.ignatov[at]gmail.com
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