OcobeHHocTH Big Data




[1Ba TMNa 6onbLWKUX AaHHbIX

3710 Big Data: 3710 TOXe Big Data:

[NloTOK gaHHbIX Teneckona VLA

[MoTok gaHHbIX LHC

GPS-Tpeku c obLecTBeHHOro TpaHcnopTa
[ToKynKu B cynepmapkere

Wayback Machine
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Caoenkn ounpxu NYSE

Hencteus urpokos Eve Online
Facebook

YouTube

E-Bay

Tpan3sakumm Visa n MasterCard (1 Mup)

————
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«Hay4Hble» Big Data

«» Ob6bI4HO BbIXO4 AATYMKOB Kakoro-To poaa;

«» MoxeT ObITb orpaHn4yeHme Ha KoJindecCTBoO AlaHHbIX, NMNoJlydYaeMbIX B EJUHULY BPpEMEHU, HO

0ObIYHO 3TO JOBOSbLHO BOMbLUOE 3HAYEHUE;

% OOboralleHne gaHHbIX MOXET MPUBECTU K TOMY, YTO OHU BbIpacTyT 0 NPOU3BOSIbHOIO pasmepa,

OQHOBPEMEHHO yBEJTIN4HNBAA UX MNMOJ1IE3HOCTb.

Mpun paboTte ¢ «<Hay4YHbIM» BUAOM O0NbLINX AAHHbLIX HEOO6XOAMMO MOMHUTb

OoAHY BaXXHYHO KOHLUenuuro:
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«Hay4Hble» Big Data
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«Hay4Hble» Big Data

Bon POCbI, Ha KOTOPbIe CTOUT OTBETUTDL:

«» HackonbKko pacTeT TOYHOCTb HaLWMX MOAESen C KaXXaoun crneayroLen 3anmcbio?

+«» CKONbKO CTOUT NOMNY4YNTb CrieayoLLyto 3anmck?

 ABnsatoTca nn HeKOTOpbIe AaHHbIE bonee LeHHbIMK, YeM Apyrme?

«» MoxxeM nu Mbl NOXXepPTBOBATb HEKOTOPLIMU 3aMNCAMU, NPU 3TOM NosyyYas rnonbay?
+» Korga mbl Ha4HEM TePATb NOMNE3HOCTb U3-3a HaKNaaHbIX pacxoao0B?

% BbIigem nv mMbl B NNOC, €CI NPOOOIMKMM HapallyBaTb 00 bEMbI AaHHbIX?
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«Hay4Hble» Big Data

Ba)XxHble 0COOeHHOCTM:

+ LleHa gaHHbIX 06bIYHO HNU3Kas;

«» CT1aburnbHoe XpaHeHne gaHHbIX 0ObLIYHO He TpebyeTcs;

«» CamMu gaHHble HE LIEHHbI U HE NOoMe3Hbl, LEHHbI 1 MONE3HbI Pe3yrbTaThbl MX UCCeaoBaHNS;
% CornacoBaHHOCTb JaHHbIX BaXKHa, HO HE KPUTUYHA;

% lNotepsa paxe 100% gaHHbIX BO MHOMMX Cny4vasx SsBAAeTCA NnLlb He3Ha4YnTEeNnbHOM NpobrnemMon.”
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«BusHec» Big Data

Ba)XxHble 0COOeHHOCTM:

«» bunsHec-gaHHbIE, BbIPOCLLUNE HACTOJIbKO, HTO C HUMW YXKE HEIlb3A pa6OTaTb TPagnumMoOHHbIMA

noaxogamu.

«» Takune gaHHble 0ObLIYHO BaXHble, JOpOorue, TPEDYIOT ANTMTENBLHOIO XPaHEHUS, N MOTEPA Aaxe

Maromn ux 4YacTu MOXET ObITb KaTacTpogrU4eCcKon.

34ecb KOMMNPOMUCCHI ropa3go MeHee BblpaXeHbl, NMOTOMY YTO TakKne AaHHble O4EHb MNJ10X0

nepeHocAT gerpagauunto oobema.
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Teopema CAP

Consensus Protocols
MySQL

Hypergraph

Neo4j

Availability

Each client can always
read and write

Total Redundancy

A

Pick Two

C

Consistency

All clients always have the
same view of the data
ACID, Transactions

8 Copyright © Econophysica 2019. All Rights Reserved

Enforced Consistency
HBase

MongoDb

Redis

Eventual Consistency
CouchDB

Cassandra

Riak

P

Partition Tolerance
System works well despite
physical network partitions
Infinite Scale Out
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Teopema CAP

Consistency:

Kakgoe YTeHne Bo3BpalllaeT caMble CBEXME 3anncaHHble AaHHble MO0 OLINOKY.
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Teopema CAP

Availability:

Kakabiv 3anpoc BEPHET OTBET 6€3 rapaHTUK, YTO B OTBETE COAEPKATCHA CaMble CBEXMNE AaHHbIE.
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Teopema CAP

Partition Tolerance:

CucteMa npogorkaeT paboTaTb, HECMOTPS Ha NMPOU3BOSbHbIN YPOBEHb MOTEPU CBA3HOCTU €€

y3r0B.
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Teopema CAP, 3 BapuaHTa

Consistency:

Cuctema BEPHET OLI.IVI6Ky Uiun TaVIMaYT, €CIMN HE MOXET NMpPaHTUpPOBaTb akKTyaJiIbHOCTb AAaHHbIX

n3-3a nNpobnem c CeThbIo.

Availability:
CucTtema Bcerga OTBETUT Ha 3arpoc caMoOu HOBOU A0CTYNMHOU BepCcuen JaHHbIX, JaXe ecrnuv oHa

HEe MOXET rapaHTUPOBaTh akTyanbHOCTU MHOPMaLUK U3-3a NPOOEM C CEThIO.

TpeTbero BapmaHTa HeT. Ecnn Bl He doparmeHTUpPOBaHa, y Bac eCTb Bce 3 Nosfie3HbIX CBONCTBA.
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Volume, Variety, Veracity, Velocity

40 ZETTABYTES It’s estimated that
[ 43 TRILLION GIGABYTES | O KB 2.5 QUINTILLION BYTES
of data will be created by © 23 TRILLION GIGABYTES | T e

2020, an increase of 300 of data are created each day
times from 2005 g ©
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6 BILLION
PEOPLE
have cell
phones

FOUR V’s
of Big
Data

-IJ.

Most companies in the
U.S. have at least

100 TERABYTES

100,000 GIGABYTES |
of data stored the se ta scientist:
to f 1s: Volume

WORLD POPULATION: 7 BILLION

Modern cars have close to

W 100 SENSORS

The New York Stock Exchange

captures =
1 T8 OF TRADE O ON®) 1o oo o s
INFORMATION = fuel level and tire pressure

during each trading session

Velocity

ANALYSIS OF 4.4 MILLION IT J0BS
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— almost 2.5 connections
per person on earth

11100141

As of 2011, the global size of
data in healthcare was
estimated to be

150 EXABYTES

[ 161 BILLION GIGABYTES |

=3

D
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By 2014, it's anticipated
there will be

420 MILLION
WEARABLE, WIRELESS
HEALTH MONITORS

4 BILLION+
HOURS OF VIDEO

are watched on
YouTube each month

400 MILLION TWEETS

are sent per day by about 200
million monthly active users

30 BILLION
PIECES OF CONTENT

are shared on Facebook
every month

0o -

1IN 3 BUSINESS
LEADERS

don't trust the information
they use to make decisions

Poor data quality costs the US
economy around

$3.1 TRILLION A YEAR

Shd. Veracity

RESPONDENTS
\ 1 4 UNCERTAINTY
Qud OF DATA
-
in one survey were unsure of

how much of their data was
inaccurate

Sources: McKinsey Global Institute, Twitter, Cisco, Gartner, EMC, SAS, IBM, MEPTEC, QAS
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Volume

It's estimated that

2.5 QUINTILLION BYTES

[ 2.3 TRILLION GIGABYTES ]
of data are created each day

40 ZETTABYTES

[ 43 TRILLION GIGABYTES ]

of data will be created by
2020, an increase of 300
times from 2005

6 BILLION
PEOPLE

have cell
phones

Most companies in the
U.S. have at least

100 TERABYTES

[ 100,000 GIGABYTES ]
of data stored

WORLD POPULATION: 7 BILLION
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Volume

CMS Experiment at the LHC, CERN C E RN

Data recorded: 2012-May-13 20:08:14.621490 GMT

Run/Event: 194108 / 564224000
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Volume

CERN — Rucio

Tier-2 sites
(about 160)

bonee350 PB gaHHbIX, Munnuapabl gannos, B

Tier-1 sites ot 6onee yem 120 LIO[ no Bcemy mupy.

-
F S
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Tpu Konuu doanna Ha pasHbIX KOHTUHEHTAX U O4Ha

Ha nneHke? Ok.

CTupatb HernonyndapHble dannbl aBTOMaTUYECKN?
Ok.

conophysica
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CERN

[lornroBpeMeHHOoe XpaHeHue Ha NIEHKe,
OMBNNoTEYHbIE CTPUMEPHBLIE POBOTHI.




Volume

Wayback Machine

http://archive.org

L I O

>15 netabant gaHHbIX,
0bbEM pacTeT Ha 20 T6 B Hegento.

18 Copyright © Econophysica 2019. All Rights Reserved



Volume

NMNooxoabl K npobneme:

% YnpaBrneHne 06 bEMOM AaHHbIX;
% BnoxeHusa B XxpaHnnuLia;
«» Paspabotka cneunanusnposaHHoro N0 n AO;

% WUcnonb3oBaHue cneynanmnamposaHHoro MO oT apyrux paspadboT4yMKoB.
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Velocity

The New York Stock Exchange — :”a‘aeg‘gﬁrgaa’gc"’se "
captures

] TB UF TRADE ( that monitor items such as
INFORMATION ()

during each trading session

fuel level and tire pressure

Velocity

ANALYSIS OF
STREAMING DATA

By 2016, it is projected
there will be

18.9 BILLION
NETWORK
CONNECTIONS

YyYyYYyYyyYyyYyyYyyYyyvyYyvyYy
amazscones QO RRRRRE
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Velocity

Bo3mMoXxHoe pelueHue npobrnemMbl:

conophysica
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Velocity

MpunynHa poxaeHus «6onbLINX AaHHbIX»:

conophysica
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Velocity

CERN:

ATLAS Bbigaét ~100 TB/c co cBonx g4aT4ynKOB.

JNnwb ~1 GB/c coxpaHsaeTca ansa ganeHenwen obpaboTku.

Trigger:

The data reduction is carried out in two stages: first, custom electronics performs an initial level of data
rejection for each bunch crossing based on partial and localized information. Only data corresponding to
collisions passing this stage of selection will be actually read-out from the on-detector electronics. Then,
a large computer farm (~17 k cores) analyses these data in real-time and decides which ones are worth

being stored for Physics analysis.
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Velocity

- CERN Trigger hardware

conophysica _,\f Z 5
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Velocity

NYSE:

2Gbps link to allow for latency reduction,
to allow for even faster high-speed

trading.

MNepenaya gaHHbIX NO nasepy
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Velocity

Myt peweHus npobnembil:

Kafka, Flume n Logstash natot
BO3MO>XHOCTb NOTOKOBOro cbopa JaHHbIX
N COBMECTUMbI C MHOXXECTBOM Pa3HbIX

MCTOYHUKOB U I'IpI/IéMHl/IKOB AaHHbIX.
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ot

kafka.

A distributed streaming platform

logstash




Variety

As of 2011, the global size of By 2014, it's anticipated
data in healthcare was - there will be

estimated to be 420 MILLION

150 EXABYTES WEARABLE, WIRELESS
[ 161 BILLION GIGABYTES ] HEALTH MONITORS
4 BILLION+
HOURS OF VIDEO

are watched on
YouTube each month

You
Tube
[ Tube J ‘

400 MILLION TWEETS

are sent per day by about 200
million monthly active users

30 BILLION
PIECES OF CONTENT

are shared on Facebook
every month
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Variety

Okono 1500 eanHuML, 00OLWECTBEHHOIO GSM

TpaHcnopTa, 06opyaoBaHHbIX GPS

[laHHblE O MECTOMONOXEHNN aDOHEHTOB OT IR;

COTOBbIX OMepaTopoB CCTV

KapTbl, AaHHble a3pOdOTOCHLEMKN U Buoeopeructpatopsl

CNYTHUKOBOW CbEMKU
[ToTOK BUOEO C BED Kamep
GPS

[1opOXXHble Kamepbl
CnyTHMKOBOE BNOEO
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Variety

NMNooxoabl K npobneme:
% O6paboTka ecTeCTBEHHOrO A3bIKa;
«» TeKCT-B-peub;
< Knaccundukaumsa naobpaxeHun;
% Machine Learning-knaccudukauus Bcero;
< CemaHTunyeckue texHonorumn, Web 2.0;
< NoSQL.

YHuBepcanbHOro peLleHns He CYLLIECTBYET, Kaxaas npeameTHasi obnactb TpebyeT cBoero nogxoaa.
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Veracity

30

don’t trust the information
they use to make decisions

in one survey were unsure of
how much of their data was
inaccurate
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Veracity

UNCERTAINTY
OF DATA

Poor data quality costs the US
economy around

@conophysica =€ ZS




Veracity

CnepncrBue N3 TeOpumn BEPOATHOCTEN

Korgoa 06eM BbIDOPKM CTPEMUTCSA K
6EeCKOHEYHOCTH, BEPOATHOCTbL OLLMOKN B
OaHHbIX BO3pacTaeT o

onpenerieHHoCTH.

P(A and B) = P(A) * P(B)
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Veracity: AAA

Anyone can say anything about anything at any moment.
Pa3pelueHune HeonpeaenéHHOCTMU:

% [NpoBepka, Nnnbdo

% Peundukauyms.
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Cnacn6bo 3a BHumMmaHue!

mgubin@tpu.ru




