Jlekuyunsa 1.

Beeaexune B aHanns 6onblInx gaHHbIX
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YT1o Takoe bonbline gaHHbie? J
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Yto Takoe Big Data?

Big Data?

e 1Mb6aiit?
1reant?
1T6aiit?
1N6ant?
1r6aiit/mun?
1T6aiit/peHb?

1M6ait/mecay?

3/36



Yto Takoe Big Data?

HPOFHO3 obbema AaHHbIX, CO34aHHbIX HYE€/0BEHECTBOM
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https://www.statista.com /statistics /871513 /worldwide-data-created /
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Yto Takoe Big Data?

Onpepensiouime dakTopbl HOMBLLINX AaHHbIX:

e Volume (Obbem)

Velocity (CkopocTb)

Variety (Pastoobpasne)

Veracity (MpasansocTs)

Value (LleHHocTb)
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Yto Takoe Big Data?

o ApxuTekTypa o lIHCTpyMeHTbI
e Data Warehouse e AaMUHUCTpUpOBaHUE
e Data Lake e Business Intelligence
e Lambda ° ..
o .. e Hayka

e TexHonorum e MaTemaTuka
e XpaHeHne e MawwHHoe oby4yeHue

e ObpaboTka gaHHbIX [nybokoe oby4yeHue
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3adem DS 3HaTtb Big Data? J
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Yto Takoe Big Data?

e Cbop n xpaHeHMe JaHHbIX
e ObpaboTka faHHbIX

e [lpeacTaBieHune gaHHbIX
e AHanus gaHHbIX

e [IpenckasaHus

e OnTrvMun3aumsi npoLeccos

e MoHeTtusauus
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Yto Takoe Big Data?

e Cbop n xpaHeHMe JaHHbIX
e ObpaboTka faHHbIX

e [lpeacTaBieHune gaHHbIX
e AHanus gaHHbIX

e [IpenckasaHus

e OnTrvMun3aumsi npoLeccos

e MoHeTtusauus

Data Engineer
_l_
Data Scientist
+
Data Analyst
+
ML Engineer
+
Data Quality Engineer
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KomaHaHas paboTa

Machine
Learning

Computer
Science

Data
Science

Software
Skills

Traditional
Research

Domain
Knowledge

Math &
Statistics
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MpoGnembl B paboTte c gaHHbimu gna DS

1. Tpe B3sTb AaHHbIE?

2. [ne obpabaTbiBaTb CTOABKO AaHHbIX?

10 / 36



XpaHeHue gaHHbix. PensaynoxHblie B/
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Penaunonubie 6a3bl gaHHbix (RDBMS)

Students Table

Aj1234 Alice Johnson
IH2345 Irene Hirai
SV3456 Srinivas Vij

https://www.smartsheet.com/database-relationships
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Pensiymonubie 6a3bl gaHHbix (RDBMS)

[ users

|

user_1id
first name
last_name
address
email

uuIn
STRING
STRING
STRING
STRING

[ orders ]
order_1id UUID
user wuID
product_ordered wm
total_paid NT

https://www.cockroachlabs.com/blog/database-schema-beginners-guide/

[

products

]

product_id
product_name
description
price

uuID
STRING
STRING
INT
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Penaunonubie 6a3bl gaHHbix (RDBMS)

e PostgreSQL
e MySQL
e Microsoft SQL Server
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SQL — Structured Query Language

SELECT Name,
ProductNumber,
ListPrice AS Price
FROM Product
WHERE ProductLine = 'R'
AND DaysToManufacture < 4
ORDER BY Name ASC;

15 / 36



XpaHeHue gaHHbix. He pensunonubie b/
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He penaunonHbie 6a3bl gaHHbix (NoSQL)

Key Value

e Document-oriented
Column-oriented
Graph
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NoSQL — Key Value

Value
AAA,BBB,CCC
'BBB

AAA,DDD
AAA,2,01/01/2015
3,777,5623

https://en.wikipedia.org/wiki/Key—value _database
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NoSQL — Key Value

e Memcached
o Redis

e Ignite

19 / 36



NoSQL — Document-oriented

Database
s o /f \
|| Collection
Collection
D t#2 Document#4
Document#1 zcu.men Document#3 Key: {Key:
Key: Value {Key: Value, [Key: Value] Value, Key:
: Y : Y alue, Key:
Collection Key: Value } Value}

N e )

https://www.webcodegeeks.com /nosql/primer-open-source-nosql-databases/
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NoSQL — Document-oriented

MongoDB
CouchDB
ArangoDB

Elasticsearch
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NoSQL — Column-oriented

Row-based Column-based

coll i col2 i col9 1 coll 1 col2
rlcoll ricol2 rlcoln rlcol9 rlcoll rlcol2 rlcoln rlcol9
r2coll r2col2 rZcoln rZcol9 r2coll r2col2 r2coln r2col9

5

https://mariadb.com/resources/blog/new-in-mariadb-xpand-6-0-columnar-indexes-for-distributed-sql /
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NoSQL — Column-oriented

e Cassandra
e HBase

e ClickHouse
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NoSQL — Graph

W

Knows

Uses
\ / RunsOS
Ymas

nterested -
/ Android
Football

Knows RunsGs

i

Interested

Uses'
__—

Located

Seattle

https://analyticsindiamag.com /ai-origins-evolution /graph-database-how-graph-is-being-utilised-for-data-analytics /
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NoSQL — Graph

o Neo4j
e OrientDB
e ArangoDB
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SQL vs NoSQL J
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SQL vs NoSQL

e RDBMS => SQL
° NOSQL =>7
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SQL vs NoSQL

Astera
SQL vs NoSQL

Well-structured Easier horizontal
queries p scalability

02 Quick updates &

Y
e ueries
Ease of use .___ ] q

/_"" 03 Flexible schemas
Flexible Schema . \,

\\

Compatible with popular ./ i \'04 Supports Non-
programming languages structured data

https://www.astera.com/ru/knowledge-center/sql-vs-nosql/




O6paboTka gaHHbIX J
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ObpaboTka pgaHHbIX

e |l3BneyeHune

e Ounuiexne

[MpeobpasoBaHue

Beirpyska

e Ananus
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ObpaboTka pgaHHbIX

o Kak?
e Batch
e Stream

e Yem?

e Hadoop
e Spark
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Y10 MOXHO Aenathb C AaHHbIMKU?

zBnekaTb

e 3arpyxaTb

MpeobpaszoebiBaTh

e BusyanusuposaTb

AHannsunposaTb

[obaeuTb
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N3Bnekatb/3arpyxatb

e bBasbl gaHHbIX

e SQL
e NoSQL

e Daiinosble cncTemsl
e HDFS

e Bpokepbl coobuueHuii
e Apache Kafka

33 /36



Mpeobpa3oBbiBaThL

[MpomexxyTo4HOe XpaHeHue

e [lamsaTb
e Basza pganHbIX

e MDaiinosas cucrema
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BusyanusunposaTtb

Inventory Control | Overview @ overien O piaming Y ® (
Powered by Snowflake

Click KPI cards to filter

SO m— 30 245 QOH‘ $13 O M aonvae

58.15% Within

$262.6K =" $9.5M o

19.76% Within Tz

20 positions

- [L]J 11 positions 25 positions
Fi T Office Supplies Technols
(=) Rumafizre (35.7% of Total) e (15.6% of Total) D‘ Gy (44.6% of Total)
Positions Trending (as of 12/26/2021) Positions Trending (as of 12/26/2021) Positions Trending (as of 12/26/2021)
e Tableu -
20 1

e Qlik "

Item Status Distribution by Warehouse Item Status Distribution by Warehouse Item Status Distribution by Warehouse

e Sisense

v
Top Sltems Top Sltems
ftem Positions Positions ftem Warehouse Positions
FUR. 1 1 TECAC 1
1 1 T 1
1 1 T 1
1 1 T 1
1 1 T 1

https://www.phdata.io/blog/tableau-inventory-dashboard-example/
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AHanu3upoBaTb 1 J00bIBaTb

Zeppe]]n Notebook ~  Interpreter

Sql - Spending Over Time ~ FinisHeD > SQL - Spending By State st [ SQL - Spending By Sector  FinisHED [
%sql %sal %sql
select year,sum(spending)/1000 SpendinginBill select state,sum(spending)/1000 SpendinginBil select category,sum(spending)/100@ Spendingin
B oW ¢ M B w | @ M ¥ 1 seftings v B W | settings v
X @NSW@VIC @QLD WA @SA TAS @sStacked OStream O Expanded @ Spe
Y _J u pyter 2002-03 87.702 o sas
2003-04 90.617 400.00|
2004-05 96.503
e Colab o
2005-06 99.076
. 2006-07 104.979 200.00|
[ ] Zeppel n 2007-08 112,108
100.00
2008-09 119.757
- 0.00!
2009-10 124767 Public hospitals Medical expense t
2010-11 132.572
2011-12 140.248

T

https://community.cloudera.com/t5/Community-Articles/Apache-Zeppelin-Walk-Through /ta-p/244643

36 / 36



[TOJIVYEHUE [JAHHBIX
® ¢ nomombio DQL




O A3BIKE DQL

BrrouaeT ToJIBKO OOHY KoMaHay — SELECT

SELECT MCIIOJIIb3yeTCd OJId IIOJIYyYeHUd JaHHbBIX
0e3 X N3MeHeHUsd

PesynpraT 3ampoca — Bcerma Tadsmiia

IIosrb30BaTe b YKA3BIBAET JIMIID BUJ TAOJIUIIHI,
a He cIIocod ee IOoJIyUYeHUsI



BABOBDBIV BAIIPOC SELECT

Ob6sa3amenibHble wacmu 3anpoca

SELECT [DISTINCT] —nepevyucadeT II10JId,

KOTOpPbIE JOJIMKHBI OBITH BO3BpPalle€eHbI B CIIICKE

pe3yabTaToB. J[J1s BEIOOpA Beex moJIed MOMKHO
yKasaTh *. DISTINCT yKas3bIBaeTcsa IJIs

NCKJIIOUEHUS TyOJIUKATOB

FROM — ImepeyucgeT mMeHa TaOJINIL NN
IIpeICTABJICHUHN, 13 KOTOPBIX BHIOMPAIOTCS
TaHHBIE



BABOBDBIV BAIIPOC SELECT

IIpumepwe:

SELECT *
FROM MOVIE

SELECT MOVIE TITLE
FROM MOVIE

SELECT MOVIE TITLE, MPAA RATING CODE
FROM MOVIE



[ICEBJIOHUMBI ITIOJIEN

IIpucBoeHME ICEBIOHNMA — IIeperMeHOBaHe
CTOJIOIIA, PACIIPOCTpaHgIIIeecs TOJIHKO Ha
JTaHHBIN CIINCOK Pe3yJIbTaTOB

3armcriBaeTcs ICeBIOHNM Yepes CJIOBO AS

SELECT
MOVIE GENRE CODE AS GENRE,
MPAA RATING CODE AS RATING,
MOVIE TITLE

FROM MOVIE



COPTHUPOBKA PERVJIBTATOB

OcymiecTBsIeTCS ¢ IIOMOIILIO 0J10ka ORDER BY
B 3ampoce SELECT

MoskeT ocyniecTBIISATHCA II0 OTHOMY HJIN
HECKOJIBKHM IIOJISIM TAOJIHIIEI, II0 BO3PaCTAHIIO
NN YOBIBAHMIO

ASC — 10 Bo3pacTaHHIo (II0 YMOJTYaHUIO)

DESC — 110 YOBIBAHUIO

MosxHO COPpTUPOBATH II0 IIOJISIM, KOTOPEIE
He BXOJIST B PE3yJIbTUPYIONLYIO TAOJIUILY



KJIIOUEBOE CJIOBO WHERFE

Hcmons3yeTess nyisg oToopa HeoOXOIMMBIX CTPOK

Kasxmasa cTtpoka mmpoBepsieTcss Ha COOTBETCTBHE
YKa3aHHOMY IIPaBUJIIY

TosbKO yIOBJIETBOPSIONINE IPAaBUIIY CTPOKH
T00aBJISIOTCS B pe3yJbTaT 3airpoca



OIIEPATOPLI CPABHEHUA

= pPaBHO

< MEHBIIIEe

<= MEHBbIIIe UJIX PaBHO F>
> 0oJIBIIIE

>= 00JIBbIIIE UJIN PABHO I <

<> HE PaBHO I=

Ilpumep:
SELECT MOVIE TITLE
FROM MOVIE

WHERE MPAA RATING CODE = ‘PG-13’



OIIEPATOP IS NULL

HYCTBIQ SHaAYEeHHNd HUYEMY HE PaBHBI, Jaske
IIYCTBIM 3HAYCHHAM

IIpoBeprkm = NULL m = NOT NULL HEKOPPEKTHBI

Ipumep:
SELECT MOVIE TITLE
FROM MOVIE

WHERE MPAA RATING CODE IS NOT NULL



OBBLENVHUTEJIBHBIE OITEPATOPEI

AND (M) — mctuHHO, eciiu 00a yCJIOBHSA UCTUHHEI

OR (MJIN) — mcTuHHO, ecJIi XOTs ObI OJTHO
yCJIOBUE MCTUHHO

SELECT MOVIE TITLE
FROM MOVIE

WHERE MPAA RATING CODE = ‘PG-13’ OR
(RETAIL PRICE DVD >= 14.99 AND

RETAIL PRICE DVD <= 19.99)



OIIEPATOP BETWEEN

Hcmonp3yercs s Toro, YToObLI OIIpeIesIuTh,
IIoragaeT JU 3HadeHle B 3aJaHHbIA MHTePBaJI

SELECT MOVIE TITLE FROM MOVIE

WHERE MPAA RATING CODE = ‘'PG-13’ OR
(RETAIL PRICE DVD >= 14.99 AND

RETAIL PRICE DVD <= 19.99)

SELECT MOVIE TITLE FROM MOVIE
WHERE

MPAA RATING CODE = ‘PG-13’ OR
RETAIL PRICE DVD BETWEEN 14.99 AND 19.99



OIIEPATOP LIKE

Hcmmonb3yeTcs NI cpaBHEHUS CTPOKU C MAaCKOM

CoermmaJjbHbBIE CUMBOJIBL:
ITogueprkuBanue () — JI1000¥ CMBOJI

IIporienT (%) — 11000€ KOJIMYECTBO CIMBOJIOB

IIpumepsr:
_aMa — COOTBETCTBYIOT CJIOBA: MaMa, PaMa, ...
_0_ — COOTBETCTBYIOT CJIOBA: JT0JI, II0JI, KOJI, ...
%YyK — COOTBETCTBYIOT CJIOBA: JIYK, OApPCYK, ...

0%0 — COOTBETCTBYIOT CJIOBA: 03€p0, 00JIaK0, 0JIesJIo, ...



IIPUMEPEI

SELECT *
FROM MOVIE
WHERE MOVIE TITLE LIKE ‘B %u’

SELECT *
FROM MOVIE
WHERE MOVIE TITLE LIKE ‘% m %’



OIIEPATOP IN

Hcnonn3yeTcsa 01 IPOBEePKU TOI'0, BXOIUT JIU
3HaAUYeHUeEe B 3aJaHHBIU CIINCOK

SELECT *
FROM MOVIE
WHERE MPAA RATING CODE IN (‘'R’, ‘PG-13")



OIIEPATOP EXISTS

Hcmmonb3yeTess O IPOBEPKU HAJIMYUS CTPOK BO
BJIOYKEHHOM BBLIOOpE

SELECT MOVIE ID, MOVIE TITLE
FROM MOVIE m
WHERE MOVIE TITLE = ‘TepmumHaTop’
AND EXISTS
(SELECT MOVIE ID
FROM MOVIE COPY c
WHERE m.MOVIE ID = c¢c.MOVIE ID);



APUOMETUYECKUE OIIEPATOPEI
+> B *7 /
SELECT PRICE VHS + PRICE DVD AS COST

FROM MOVIE
WHERE MOVIE TITLE = ‘TuTaHuk’;



OCHOBHBIE ®VHKIIMHN SQL




CUMBOJIBHBIE ®YHKITUN.
KOHKATEHAITUA CTPOK

Oracle — «| |», MS SQL Server — «+»
SELECT ‘IJoporom kjymmenT "+ FNAME + 'Y 7 +

LNAME AS CUSTOMER SALUTATION
FROM PERSON;



CUMBOJIBHBIE ®VHKIIVN. UPPER

IIepeBoauT BCe CHUMBOJIBI CTPOKH B BEPXHUM
PETUCTP

WHERE UPPER (MOVIE GENRE CODE) = ‘DRAMA'



CUMBOJIBHBIE ®VHKIIMN. LOWER

IlepeBoguT Bce CUMBOJIBI CTPOKHU B HIYKHUH
PETUCTP

WHERE UPPER (MOVIE GENRE CODE) = ‘drama’



CUMBOJIBHBIE ®VHKIIMU. SUBSTR

Bossparmmaer moacTpory

Oracle, DB2 — SUBSTR
MS SQL Server, MySQL — SUBSTRING

SUBSTRING (MMA IIOJIAI, Hay nosuims, LOJIMHE)

WHERE SUBSTRING (FNAME, 1, 1) = ‘B’



CHUMBOJILHLIE OVHKIINN. LENGTH

Bossparmaer gmHy cTpoKn

Oracle, DB2, MySQL — LENGTH
MS SQL Server — LEN

SELECT MOVIE TITLE, LEN(MOVIE TITLE) AS
LENGTH

WHERE LEN(MOVIE TITLE) < 10;



MATEMATUYECKUE ®YHKIIMM. ROUND

OxpyrJsger 4mciIo J0 3aJaHHOT0 KOJIHYecTBa
TeCATUYHBIX 3HAKOB.

ROUND (umcs BrpaxeHmMe, KOJI neC 3BHAaKOB)

SELECT ROUND ( (PRICE VHS+PRICE DVD) /2, 2)
AS AVG COST

FROM MOVIE
WHERE MOVIE TITLE = ‘TuTaHuk’;



JIPYTUE MATEMATUYECKUE OYVHKIINUU

Function Description

ABS Absolute value of the given number

COS Trigonometric cosine of the given angle (in radians)

EXP Exponential value of the given number

POWER Raise number to a power (both number and power are parameters)
SIN Trigonometric sine of the given angle (in radians)

TAN Trigonometric tangent of the given angle (in radians)




DOYHKIINU ITPEOBPA3ZOBAHUA. CAST

IIpeobOpasyeT naHHbBIE OJJHOI'O TUIA B IPYroH
CAST (BripaxeHme AS THIl NAHHEIX)

SELECT ‘5’ + CAST(PRICE DVD AS
VARCHAR (6) ) AS PRICE

FROM MOVIE
WHERE MOVIE TITLE = ‘TuTaHukK’;



ATPETMPYIOIIUE OYVHKIIUNU U
TPYIIIIMPOBKA CTPOK

Aepezupyrouwiue gbynrxuuu — oto PyHKIINH,
00beIMHSIONINE HECKOJILKO CTPOK B OIHY

AVG — cpegHee 3HAUeHMeE CTOJIOIIA I
BBIPpAKEHUSI

COUNT — KOJIMYECTBO 3HaYeHUH B roJsie. Mo3KHO

IIOACYHUTATH KOJIMYECTBO YHUKAJILHBIX 3HAUYEHUM
C IIOMOIIIbIO DISTINCT

MAX — MaKCHUMAaJIbHOE 3HAYEHUE B II0JIe
MIN — MHHHUMAaJIbHOE 3HAYEHHUE B II0JIE

SUM — cyMMa 3HAYeHUU B II0JIe



ATPETMPYIOIIUE OYVHKIIUNU U
TPYIIIIMPOBKA CTPOK

IIpumepwe:

SELECT COUNT (*) AS NUM MOVIES
FROM MOVIE

SELECT

COUNT (DISTINCT (MOVIE GENRE CODE) )
AS NUM GENRES

FROM MOVIE



BBIPAJKEHUE GROUP BY

O0BbeIuHIEeT CTPOKH, OTOOPAHHBIE 3aIIPOCOM,

B I'PVYIIIIBI Ha OCHOBaHHH SHAYCHNA O,Z[HOfI nJin
HECROJIbKHUX KOJIOHOK

Ipumep:

SELECT MOVIE GENRE CODE,
COUNT (*) AS COUNT

FROM MOVIE

GROUP BY MOVIE GENRE CODE



OIIEPATOPBI COCTABHEIX 3AITPOCOB

O UNION
O INTERSECT
O EXCEPT




HEMHOTO ITPAKTUKHA

Haiinure Bce dpuapMbl B Taduiie MOVIE
c peiituarom MPAA (mtosie MPAA RATING CODE),
OTJIMYHBIM OT R

BriBenure cnurcox Ha3BaHUU U IIeH HA BCe
cdusbMsI ¢ 11eHo DVD (RETAIL PRICE DVD)

He MeHbIe 19,99 u e 6osnire 29,99,
OTCOPTUPOBAHHBIN II0 BO3PACTAHUIO IIeH

CKOJIbKO YeJIoBeK UMeT paMuiInio (Tadmuia
PERSON, moJsie PERSON FAMILY NAME),

BKJIIOUAIOIILYIO IIPOIIMCHYIO MJIH CTPOYHYIO «a»?



IIPUMEPEI

SELECT COUNT (*)
FROM PERSON
WHERE PERSON FAMILY NAME LIKE ‘B%a’

SELECT COUNT (*)
FROM CUSTOMER ACCOUNT
WHERE DATE TERMINATED IS NOT NULL



IIPUMEPEI

SELECT
MOVIE GENRE CODE AS GENRE,
MPAA RATING CODE AS RATING,
MOVIE TITLE

FROM MOVIE

WHERE
MOVIE GENRE CODE IN (‘ActAd’, ‘Drama’)
AND MPAA RATING CODE = ‘PG-13’

ORDER BY

MOVIE GENRE CODE, MPAA RATING CODE



KOMBUHAIINA TAHHBIX
@ 113 HECKOJIBENX TABJIAIL




COEJIVMHEHUA

Coeldunenue — onepalinsg pesaIIIOHHON 0a3bl
TAHHBIX, KOMOMHUPYIOIIAS OIS 13 OTHOM NI
00J1ee TaOJINIL B €IMHOM pe3yJbTaTe 3aIIpoca

B mose FROM mepeuwnciisieTcss 0ojiee OqHOMI
TAOJINIIBI UJIN IIPEICTABJICHUSI

SELECT MOVIE ID AS ID,
MOVIE GENRE DESC AS GENRE,

MOVIE TITLE
FROM MOVIE, MOVIE GENRE
ORDER BY MOVIE 1ID



PE3VJIBTAT BBIIIOJIHEHUS 3AITPOCA

W N N DN DN DN H +H = =

My abThHIBMBI

BoeBuku

Jlerckme pmabMEI
JlokymeHTanbHBIE PUIBMBI
Jlpama

My nbTdpHIIBEMBI

BoeBuxmu

JleTckue puIbMEBI
JlokymeHTanbHBIE (PUIBMBI

Jlpama

My abThdHIBMEBI

TamHCTBEeHHASI peKa
TamHCTBEeHHASI peKa
TanHcTBeHHAS pekra
TamHcTBeHHAS pekxa
TamHCTBEeHHAI peKa
I'neB
I'meB
I'Hesn
I'nes
I'meB

XoJiogHAadg ropa



PE3VJIBTAT BBITIOJIHEHUSA 3AIIPOCA

[TosryueHHBIN pe3yJIbTAT — 0eKapmoeo
npou3eederue — Kaskaasi CTPOKa OIHOM TaOJINIILI
CoeTMHEeHA C KaMKI0M CTPOKOM IPYTroM TaOJIHUIThI

B mamnom sanpoce CYBJI He 3Haer, Kak
COIIOCTABUTH CTPOKH



OKBUCOEJIMHEHUA

Ireucoedunernue (M1 HympeHHee
coe0uHeHue) — 3TO coeTuHeHe, B KOTOPOM OJTHO
1M 00JIee IoJiel OqHOM Ta0JIUITEI (OOBIYHO
BHEITHUH KJII0OY) COBMEIIAIOTCSI C aHAJIOTHYHBIMU
IIOJIAMU IPYToH Ta0JINIIEI (OOBIYHO II€PBUYHBIN
KJIIOY) IIPH YCJIOBUU PaBEHCTBA

C110CO0HI:
ycJIoBHE B 0JI0Ke WHERE
JOIN



N CITOJIB30OBAHUE WHERE

IIoxoske Ha MCKJIIOUEHNE HeKeJIaTeJILHBIX CTPOK
B IIpocTOoM 3arpoce SELECT

SELECT MOVIE ID AS ID,
MOVIE GENRE DESC AS GENRE,
MOVIE TITLE

FROM MOVIE, MOVIE GENRE

WHERE MOVIE.MOVIE GENRE CODE =
MOVIE GENRE.MOVIE GENRE_ CODE

ORDER BY MOVIE 1ID



PE3VJILTAT BBIIIOJIHEHUA 3AIIPOCA

ID GENRE MOVIE_TITLE

1 Jpama TaumHCTBEeHHASI peKa

2 BoeBukmu I'men

3 Jpama XoJiomHAasa ropa




[ICEBJOHUMBI TABJINII

Hasuaauarorca B 0J10ke FROM 1I0CJIEe UMEHHU
Ta0JINIIEI

SELECT A.MOVIE ID As 1D,
B.MOVIE GENRE DESC AS GENRE,
A.MOVIE TITLE

FROM MOVIE AS A, MOVIE GENRE AS B

WHERE A.MOVIE GENRE CODE =
B.MOVIE GENRE CODE

ORDER BY A.MOVIE ID



N CITOJIB3BOBAHUE JOIN

JOIN opopMiIsIeTCs B BUOE CCBHIJIKM Ha TAOJIHNILY
rmocJsie FROM

JOIN 00beauHAeT CIMCOK Ta0JIHNIL ITocjie FROM 1
YCJIOBUSI COEIMHEHUSI B €IMHYIO KOHCTPYKIIUIO

Cunrakcuc:
M Tabsmiger [ INNER] JOIN mmsa TaOJimIiEe

{ON yciooBHe |
USING (mmMmsa mosisg |, wmMsa 1OJIA]) }



N CITOJIB3BOBAHUE JOIN

ON — II03BOJISIET YKa3aThb yCJOBHUE, II0J00HO
yKa3aHHoOMY mocje WHERE

USING — mmepeduciigeT UMeHa I10JIel, KOTOPhIEe
ITOJIKHBI UCIIOJIB30BATHCA IJId COBIIQIAIOIIIMX
CTPOK

USING paboTaeT TOJBKO TOTIa, KOTJIa CTOJIOIIEI
B 00emnXx Ta0InItax UMeIOoT OMUHAKOBEIE UMeHAa

USING He pab6ortaeTr B MS SQL Server,
padoraer B Oracle u MySQL



[IPUMEP

SELECT MOVIE ID AS ID,
MOVIE GENRE DESC AS GENRE,
MOVIE TITLE

FROM MOVIE JOIN MOVIE GENRE

ON MOVIE.MOVIE GENRE CODE =
MOVIE GENRE.MOVIE GENRE CODE

ORDER BY MOVIE 1ID



[IPUMEP

SELECT MOVIE ID AS ID,
MOVIE GENRE DESC AS GENRE,
MOVIE TITLE

FROM MOVIE JOIN MOVIE GENRE
USING (MOVIE GENRE CODE)
ORDER BY MOVIE ID



ECTECTBEHHOE COEIMHEHUE

Eecmeemeennoe coedunernue oCHOBBIBAETCS HA
BCeX II0JIAX OBYX TAOJIMII, MMEeHAa KOTOPBIX
COBIIATAIOT.

SELECT MOVIE ID, MOVIE GENRE DESC,
MOVIE TITLE

FROM MOVIE NATURAL JOIN MOVIE GENRE
ORDER BY MOVIE 1ID

He paboraer B MS SQL Server, padoraet B
Oracle u MySQL



BHEIIHUE COEIUHEHUA

BrewHee coedunerue BrIOUYaET HECOBIIABIIINE

CTPOKM KaK MUHUMYM OJTHOH M3 TAaOJIHNIL B
pe3yJIbTaTHhI 3aIIpoca.

Tpu ocHOBHBIX THUIIA:
JleBoe BHeIITHee coeTTHEHME

IIpaBoe BHelTHEe coequHEHTE

[losHOE BHeIITHEeEe coeMHEeHNE



INNER JOIN

Customers Orders
Customerld | Name Orderld | Customerld | OrderDate
1 Shree 100 1 2014-01-29 23:56:57.700
2 Kalpana 200 4 2014-01-30 23:56:57.700
3 Basavaraj 300 3 : 2014-01-31 23:56:57.700

INNER JOIN on Customerld

Column

RESULT
Customerld | Name Orderld Customerld | OrderDate
1 Shree 100 1 2014-01-30 23:48:32.850
3 Basavara_L 300 3: 2014-02-01 23:48:32.853




LEFT OUTER JOIN

Customers Orders

Customerld | Name (_)rdgrld Customerld OrderDate A
Shree 100 1 2014-01-29 23:56:57.700

200 4 12014-01-30 23:56:57.700

300 2014-01-31 23:56:57.700

LEFT OUTER JOIN on
Customerld Column

Customerld | Name Orderld | Customerld OrderDate

[Shre 100 |1 2014-01-30 23:48:32.850
NULL NULL NULL

300 |3 2014-02-01 23:48:32.853




RIGHT OUTER JOIN

Customers
Customerld | Name

Orders

OrderDate

Orderld Customerld

100 1 2014-01-29 23:56:57.700
200 4 12014-01-30 23:56:57.700
300 3 2014-01-31 23:56:57.700

RIGHT OUTER JOIN on
Customerld Column

RESULT
Customerld Ne Orderld éustomerld OrderDate
? Shree | 100 1 2014-01-30 23:48:32.850
[ 200 4 2014-01-31 23:48:32.853
300 S 2014-02-01 23:48:32.853




FULL OUTER JOIN

Customers Orders

Customerld | Name Orderld | Customerld | OrderDate

: Shree 100 |1 2014-01-29 23:56:57.700
200 4 2014-01-30 23:56:57.700
300 3 | 2014-01-31 23:56:57.700

N FULL OUTER JOIN on

Customerld Column

OrderDate

00 2014-01-30 23:48:32.850

NULL NULL NULL

aj | 300 A 2014-02-01 23:48:32.853
200 % 2014-01-31 23:48:32.853

Customerld




BHEIIHUE COEIUHEHUA

OO CUMHTAKCHC BHEIITHEr'0 COeIMHEeHNI;

mMsa Tabismpger {RIGHT | LEFT |FULL} [OUTER] JOIN
rMsI  TaOJINIIEL

{ ON ycumoBme | USING (mmsa nosig [, nMsa o] ) )



BHEIIHUE COEUHEHUA. IIPUMEP

SELECT MOVIE GENRE DESCRIPTION AS GENRE,
MOVIE TITLE

FROM MOVIE GENRE LEFT OUTER JOIN MOVIE

ON MOVIE GENRE.MOVIE GENRE CODE =
MOVIE.MOVIE GENRE CODE



PE®JIEKCUBHBIE COEIVMHEHUSA

Pegpniexcusrnoe coedurnerue — coequHeHMe
Ta0JINIIBI C CAMOM CO00M

SELECT PERSON 1D, EMPLOYEE HOURLY RATE
AS HOURLY RATE, SUPERVISOR ID

FROM EMPLOYEE;

PERSON ID  HOURLY RATE  SUPEVISOR ID



PE®JIEKCUBHBIE COETUHEHNS. [ITPUMEP

SELECT A.PERSON ID, A.EMPLOYEE HOURLY RATE
AS HOURLY RATE, B.EMPLOYEE HOURLY RATE AS
SUPV_HOURLY RATE

FROM EMPLOYEE A JOIN EMPLOYEE B
ON A.SUPERVISOR ID = B.PERSON 1ID

Henoniv3oearnue nceO0OHUMOB HEeo0X00u Mo



IIEPEKPECTHBLIE COEIVMHEHU

Ilepexpecmmnoe coedurnernue — cranigapTHBHIN
CUHTAKCHC JIJISI JeKapTOBa IIPOMU3BEICHMUI.

SELECT MOVIE ID AS ID,
MOVIE GENRE DESC AS GENRE,
MOVIE TITLE

FROM MOVIE CROSS JOIN MOVIE GENRE
ORDER BY MOVIE 1ID



BIIOKEHHBIE 3AITPOCHI




BJIOKEHHBIE 3AITPOCHI

BrosxeHHBIE 3alIpoChl IPEICTABIISIOT COOOH
IIOJYMHEHHBbIE 3alIPoCchl SELECT

OOBryHO TOMeIanTed rmocjie WHERE B KaUuecTBe

CII0C00a OrpaHUYeHUsI CTPOK, BO3BPAIIaAeMbIX B
CIIMCKe Pe3yJIbTAaTOB BHEIITHEro 3aIIpoca

BrosxeHHbIe 3aIpochl JOIKHBI OBITH 3aKJIIOUEHEI
B CKOOKU

Bce, uTo MmokHO ces1aTh ¢ IOMOIIBIO BJIOMKEHHBIX
3aIIpPOCOB, MOKHO CIeJIaTh C IIOMOIIILIO
coeTnHEeHUU



BJIOKEHHBIE 3AITPOCHI

HerxoppenuposaHHrblii 8710H#CEHHBLI 3ANPOC —
9TO BJIOYKEHHBIM 3aIIPOC, B KOTOPOM BHYTPEHHUM
3aIpoc He oOpaIraercs K cojiep ralineMy ero
BHEIITHEMY 3aIIpoCy

KRoppenuposarrbtii 8,103#CeHHBLU 3ANPOC —
9TO BJIOYKEHHBIHN 3aIIPOC, B KOTOPOM BHYTPEHHUH
3arpoc oopalaercsa K 3HaUYeHUSAM, II0JIyUYeHHBIM
C IIOMOIIIBIO BHEIITHETr0 3aIIpoca



HEKOPPEJIMPOBAHHDBIE
BJIOMREHHDBIE SAITPOCHI

IIpumep. BriBecTu CIIMCOK BCeX SI3BIKOB,
Ha KOTOPBIX B BHIEOIPOKaTe HeT PUJILMOB

SELECT LANGUAGE CODE, LANGUAGE NAME
FROM LANGUAGE
WHERE LANGUAGE CODE NOT IN
(SELECT DISTINCT LANGUAGE CODE
FROM MOVIE LANGUAGE)
ORDER BY LANGUAGE CODE



KOPPEJIMPOBAHHBIE
BJIOJKEHHBIE 3AIIPOCHI

IIpumep. BriBecTu cIIMCOK BceX KJIMEHTOB,
3aIJIaTUBIIINM OoJiee 15 oJ11apoB 3a IPOKAT

SELECT DISTINCT CUSTOMER ACCOUNT ID
FROM CUSTOMER TRANSACTION AS A
WHERE 15 <

(SELECT SUM (RENTAL FEE)

FROM MOVIE RENTAL AS B

WHERE A.TRANSACTION ID =
B.TRANSACTION ID )



Jlekuyunsa 2.
ClickHouse
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Penauvonuble B vs KonoHo4Hblie B3

e
o

g
¥
g
o

g

Penauvonnas CYB/ Ananutuyeckas CYB/: ClickHouse

https://clickhouse.tech/docs/ru/
https://habr.com/ru/company/yandex/blog/303282/

https://habr.com/ru/company/vk/blog/430168/
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MpenmyuiecTBa n ocobeHHOCTU (OCHOBHbIE)

e [lopxoanT anst OLAP (online analytical processing) cueHapus paboTbl
Yutas gaHHble MO KOJMOHKAM, HAMHOMO BbICTpee BbIbMpaeM HyXXHble AaHHbIE,
bbicTpee Ux okUMaem 1 H6osblie JaHHBIX MOMELLAIOTCS B K3 =>> CYNepckopocTb
(obpaboTatb 5 kosoHok 13 100 B 20 pa3 buicTpee, 4eM B pensiyMoHHbIX Da3ax).

e ClickHouse — CYB/] ¢ oTkpbITbIM ncxoaHbIM kogom (open source)
MoxxHo Hanpsimyto BAuMATb Ha npogykT 4epe3 PR Ha GitHub
MNpowe nucaTe cobeTeeHHble apaiisepsl anst cessku ClickHouse ¢ paznnynsimu
uHTepdeiicamn

https://clickhouse.tech/docs/ru/introduction/distinctive-features/
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MpenmyuiecTBa n ocobeHHOCTU (OCHOBHbIE)

* Mpobaems,

e HeBO3MOXHO yAannTb 3anucaHHbIE faHHbIe MOCTPOYHO, HO BO3MOXHO MO MapTuLnmn
ALTER TABLE HITS DROP PARTITION ’2020-02-19’

e He noaxoauT ois XpaHeHusi TPaH3aKLMOHHbBIX JaHHbIX

e OTcyTCTBrE OKOHHbIX PYHKLMA (NOCTENEHHO NCMPABSIETCS B HOBbIX BEPCUSIX)

e Tsxensie onepayun ¢ JOIN

e Kaxpasi KoJIoHKa — OTAEesbHAsh Harpy3ka Ha OMepaTuBHYIO MaMsiTb CepBepa,
SELECT * siBnsieTcst o4eHb TsHKeNbIM 3anpocoM AaXke C MMUTOM AJist LUMPOKMUX

Tabnuy,
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Pensauyunonubie B[l vs KonoHouHble B/]

Twunu4yHas cTpyktypa Tabauy B = (CErETEs WIS GUERTSn

- MO>XXET 3aMeHSITb Of4Ha LUNPOKas
pensauyuoxHoi B = P

Tabnuua
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YcTpoiicTBo

Cospanve Tabanubl

CREATE TABLE default.ads_data

(

“date’ Date,

“time’ DateTime,

“event”® LowCardinality(String),
‘platform® LowCardinality(String),
‘ad_id’ Int32,
“client_union_id" Int32,
“campaign_union_id" Int32,

“ad_cost_type” LowCardinality(String),
“ad_cost’ Float32,

“has_video" Ints8,

“target_audience_count® Inté4
) ENGINE = MergeTree PARTITION BY date ORDER BY (time, ad_id) SAMPLE BY ad_id SETTINGS index_granularity = 8192
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CemeiicTBa:
MergeTree Log OBuXKM ana nHterpauyum  CneynanbHble OBUXKK
TinyLog Kafka

ReplacingMergeTree StripeLog MySQL

SummingMergeTree Log ODBC

AggregatingMergeTree Merge

CollapsingMergeTree File

VersionedCollapsingMerg Null

elree Set

GraphiteMergeTree Join
URL
View
Memory

https://clickhouse.tech/docs/ru/engines/table-engines/
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Use cases

_ — caMblii (PYHKLMOHAMBHBIA ABUXKOK A5t Tabiny, K KOTOPbIM
COBEpPLUAOTCS MNOCTOSIHHbIE aHANIMTUYECKIE 3aMpPOChl

e [laHHble nMuwyTCcs B (POHOBOM pexume

XpaHI/IT AaHHbIE, OTCOPTUPOBAHHbIE MO NEPBUHHOMY KJTHOYY

Mo3BosisieT onepupoBaTh NAPTULMAMM, €CIM 3ahaH KIKOY MapTULVOHUPOBAHUS
o [ogpepxuaet penankauymto aavtbix (ReplicatedMergeTree)

[ I'Iop,p,epmmsaeT COMNNNPOBaAHNE OAHHbIX
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Use cases

- — uncnonb3syeTcs npu bonbom konudectse INSERT-oB, koTopble He ycnesatoT
0bpabaTbiBaThCA, KaK [JOMOSHUTENbHAS BO3MOXKHOCTb JODUTBHCSA KOHCUCTEHTHOCTU 1
CHWU3NTb PUCK NOTEPU JaHHBIX

e Bydepusyer 3anuceiBaeMble faHHble B ONepaTUBKE, Nepuoanyeckn cobpacoiBas ux
B Apyryto Tabauuy. Mpn 4TeHnn, NpomsBoanTCS YTEHUE faHHLIX OAHOBPEMEHHO U3
bydepa v u3 gpyroii Tabanupi

- — ABWKOK Ansi YTeHusi BHewHux B[] (Hanpumep, npoyntate MySQL Tabnuuy),
Takxe JDBC gpaiisep nossonsier nogkntodatecs kK CH u3 pyspark gxobbi unu
nHTepdeiicos spoge DataGrip

e [loseonser ClickHouse noakntoyaTbcs K BHeWHUM 6a3am AaHHbLIX C NOMOLLBIO
JDBC

9/33



Use cases

_ — WCMONb3YeTCs AN XPaHEHMA OFPOMHbIX Tabnul, KOTOpbIE He
NOMELLLAIOTCA Ha OfMH cepBep. YCKopsieT CKOpocTb 0bpaboTku 3ampoca 3a cyeT
pacnpefeneHns HacTeid 3anpoca no wapaam (cepsepam)

_. MaTepnannsosaHHoe npeAcTaBNeHne — 3TO MO CyTU TaKas Xe

Tabnuua, KOTOpas XpaHUT LaHHbIE, B3ATbIE UX APYroi Tabauubl

- — [OaHHbIE B CbOpMaTe CNpaBO4YHUKOB, KOTOPbIE XPAHATCA B NaMATN, 4YTO
obecneynBaeT MOMeHTaNbHbIN JOCTYN K HUM. [laHHble N3 cioBapeli NCNoab3YOTCS B
SELECT sanpocax k opuruHansHoii Tabamue vepes dynkuuto dictGet()
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Bo3moxxHocTtn MergeTree

I'Ipou.l,e Bcero agenatb napTuymoHnpoBaHue no

mnun (no mecsiuam gellesne no
namsTu)

CREATE TABLE default.ads_data [MepBUYHbIN KItoY He 06si3aTENbHO AOIHKEH

( 6bITb YHMKanbHbIM. [epBUYHbINA KNtoY 06bIYHO
‘date’ Date, coBMagaeT C KIoYOM COPTUPOBKMN
“time® DateTime,
“event’ LowCardinality(String), [MonesHo nponucbiBaTh KOMOHKY ANst
“platform’ LowCardinality(String), CIMMNIIMPOBaHWS, HO eCrn HyxHo GyaeT
‘ad_id" Int32, caenatb BbIOOPKY MO APYroi KONoHke, To
“client_union_id" Int32, MO>HO UCMONb30BaTh (PYHKLUN X3LLNPOBaHUSA

1 ounbTpaumio No octaTky oT AeneHns

“campaign_union_id’ Int32,

‘ad_cost_type’ LowCardinality(String), Hanpumep, 6epem kaxdozo emopozo
‘ad_cost’ Float32, nonb3osamensi

“has_video" Ints,

“target_audience_count® Inté4
) ENGINE = MergeTree PARTITION BY date ORDER BY (time, ad_id) SAMPLE BY ad_id SETTINGS index_granularity = 8192
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Twunbl gaHHbIX

e String e LowCardinality(String)
e Float32/64 e Int32/64
e Nullable() e 0

ClickHouse npumensieT cnosapHoe koauposaHue B ctonbupsl Tuna LowCardinality. Ecan
cnosapb copepxut MeHee 10 000 pasnnyHbix 3Hadennii, ClickHouse B ocHoBHOM
nokasbiBaeT bosnee BbICOKYIO 3hhEKTUBHOCTL YTEHUS 1 XPaHeHUs JaHHbIX. Ecnn e
cnosapb cogepxut 6onee 100 000 pasnuynbix 3Haqenuii, ClickHouse moxeTt paboTaTh

Xy>Xe, HeM Nnpun ncnosb30BaHNN ODbIYHBIX TUNOB AaHHbIX

Takxe NoaAep>KNBAKOTCS MaCCUBbI, KOPTeXU, BAOKeHHble CTpyKTypbl (Nested)
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CuHTakcuc

Boipaxxenne WITH, goctynHoe B SQL, oTanyaercs cBovMy BO3SMOXXHOCTAMMU:

1. PekypcuBHble 3anpocbl He NOAAEP>KUBAOTCA

2. Ecnn B KauecTBe BblpaXkeHUs1 NCMOJIb3YETCSA MOA3AMNPOC, TO Pe3yabTaT LOJIKEH
copepXaTb POBHO OfHY CTPOKY

3. Pe3yanaTb| BblpB)KGHI/IVI HENb34A MEPENCNONIb30BATb BO BJIOXKEHHbIX 3anpocax

B panbHeliwem, pe3ynbTaThl BblpaXKeHUA MOXXHO ncnosib3osaTth B cekuu SELECT

13 /33



CuHTakcuc

WITH
(
SELECT sum(bytes)
FROM system.parts
WHERE active
) AS total_disk_usage
SELECT
(sum(bytes) / total_disk_usage) * 100 AS table_disk_usage,
table
FROM system.parts
GROUP BY table
ORDER BY table_disk_usage DESC
LIMIT 10;
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CuHTakcuc

HAVING — oueHb nonesHoe BblpaXkeHue, pabotaet Takxe kak B SQL n nossonsier
unbTpoBaTh pesynstat rpynnuposku cpasy nocie GROUP BY 6e3 gononHutensHoro

noasanpoca

SELECT session_id

FROM message

WHERE bot_id = 'botId-1'
GROUP BY session_id
HAVING count() > 3;
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CuHTakcuc

1. ®yHkumm gns paboTel ¢ MaccmBamu

https://clickhouse.com/docs/ru/sql-reference/functions/array-functions

2. ®yHKuMK arperauyum ¢ NPUMEpPHbLIM Pe3yabTaToM
Hanpumep, uniq() BbigaeT npumepHblii pesynbTaT, HO BbicTpee
unigExact() BblfAET TOYHBIN pe3ynbTaT, HO MEAJIEHHEe

3. @yHkuuu ansa pabotsl ¢ Tekctom URL

https://clickhouse.com/docs/ru/sql-reference/functions/url-functions
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Eweé Heckonbko TptokosB ClickHouse
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#1 CemnnunpoBaHue

SELECT
count ()*10 as visits,
sum(PageViews)*10 as hits,
uniq(UserID)*10 as users,
URL as url

FROM visits_table SAMPLE 1/10
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#1 CemnnunpoBaHue

SELECT
count() as visits,
sum(PageViews) as hits,
uniq(UserID) as users,
URL as url
FROM visits_table SAMPLE 1/10 OFFSET [{ii}})/10
--20e 1 =20, 1, ..., 9
GROUP BY url
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#2 NHTepBanbl ana gat

SELECT
today(),
today() - 7 AS prev_week_date,
now(),
now() - 7 * 24 * 60 * 60 AS prev_week_date_time

——today( )—prev_week_date—4— now( )——prev_week_date_time—

| 2017-12-08 | 2017-12-01 | 2017-12-08 16:00:27 | 2017-12-01 16:00:27 |
I N
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#2 Mpownbiii mecay,

SELECT
today (),
toStart0fMonth(today() - toDayOfMonth(today())) AS prev_month_start,
prev_month_start + toDayOfMonth(today() - 1) AS prev_month

r——today( )—T—prev_month_start——prev_month—

| 2017-12-08 | 2017-11-01 | 2017-11-08 |
-

21 /33



#2 ®dynkuusa INTERVAL

SELECT
today (),
today() - INTERVAL 1 MONTH AS prev_month

—today( )——prev_month—

| 2017-12-08 | 2017-11-08 |
(I R
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#3 dunbTpayua nNo uHTepBany AatT

SELECT
count () as visits,
sum(PageViews) as hits,
uniq(UserID) as users

FROM visits_table

WHERE (Date >= toDate('2017-06-01"))
AND (Date <= toDate('2017-08-31'))
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#3 BETWEEN

SELECT
count() as visits,
sum(PageViews) as hits,
uniq(UserID) as users
FROM visits_table
WHERE Date BETWEEN '2017-06-01' AND '2017-08-31'
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#4 Ycnosusa u npeobpasoBaHus

SELECT
if (UserAgent LIKE '},Yabrowsery', 'yabrowser',
if (UserAgent LIKE 'JFirefox’', 'firefox',
if (UserAgent LIKE '},0peral,', 'opera',
if (UserAgent LIKE '),Chrome},', 'google_chrome', 'other')

)
) as browser,
count() as visits
FROM visits_table
GROUP BY browser
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#4 Pyukumnsa multilf

SELECT
multiIf(
UserAgent LIKE 'YYabrowser', 'yabrowser',
UserAgent LIKE 'JFirefox’,', 'firefox',
UserAgent LIKE 'JOperal', 'opera',
UserAgent LIKE 'J,Chrome}', 'google_chrome',
"other'
) as browser,
count() as visits
FROM visits_table
GROUP BY browser
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#5 OepeBo npuHatua pewenunin Ha CH

SELECT =,
multilf(
Sex = 'female', 1,
Age > 9.5, O,

SibSp > 2.5, 0, 1
) as survived
FROM titanic_data
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#5 paguenTHbIi bycTnHr Ha CH

e CatBoost — open-source framework ot SHgekca, OCHOBaHHbI Ha rpagUeHTHOM

bycTuHre

® MpPUMEHSIEM MOLENb Kak
modelEvaluate (’model_name’, featurel, ..., featureN)

e https://clickhouse.com/docs/en/sql-reference/functions/

other-functions#catboostevaluate
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#6 MopudumkaTopbl arperaTHbix PyHKLMA

e |f — no3BoNsiET OTKMHYTL YaCTb CTPOK MpU pacyeTe arperaTHoli yHKLUNM
e Array — paboTaeT c anemMeHTaMnm MacCUBOB KaK C 3HAYEHUSIMM

e ForEach — paboraer Ha ypoBHe snemeHTOB MaccuBa
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#6 MopgudukaTtop — If

SELECT
uniqIf (UserID, Browser = 'YandexBrowser') as browser_users,
uniq(UserID) as total_users,
countIf (Browser = 'YandexBrowser') as browser_visits,
count() as total_visits,
round (100*browser_users/total_users, 2) as users_share,
round (100*browser_visits/total_visits, 2) as visits_share
FROM visits_table
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#6 Mopudukatop — Array

SELECT
sumArray(a) AS suml,
sumArrayArray(b) AS sum?2
FROM
(
SELECT
[1, 2, 3, 4, 5, 6] AS a,
(f1, 21, [3], [4, 5, 6]] AS b

—suml——sum2—
| 21| 21|
I
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#6 Mopgudukatop — ForEach

SELECT
avgForEach(test_results),
quantileForEach(0.5) (test_results)

FROM

(
SELECT arrayJoin([[1, 1, 1, 1, 11, [1, O, 1, 1, 1], [1, O, 1, O, 0], [1,
t, 1,11, 11, 01, ¢, 1, 0, 01, (O, O, O, O, O], [1, 1, O, O, 11, [0, 1,
1, 1, o1, [1, 1, 1, O, 11, [1, O, O, O, 0]]) AS test_results

rravg_results———————— median_results—

| 10.8,0.6,0.7,0.4,0.5] | [1,1,1,0,0.5] |
A
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ClickHouse n Python

mpip install clickhouse_connect

import clickhouse_connect

client = clickhouse_connect.get_client (host='HOSTNAME.clickhouse.cloud',
port=8443,
username='default',
password='your password')

result = client.query('SELECT max(key), avg(metric) FROM new_table')

result.result_rows
Out[1]: [(2000, -50.9035)]
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Jlekuus 3.
Apache Hadoop
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Apache Hadoop

e DKocucTeMa NS pacrnpeAeSieHHOro XpaHeHnUs 1 pacnpeneneHHol obpaboTku

ObpaboTka bonblMX 06BEMOB AaHHbLIX

PaspaboTaH Ha Java

e Open-source

Mpununn Data locality
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Pensauyunonubie B[l vs KonoHouHble B/]

[Mnrocst: MuHychbi:
e MacwTtabupyemocts e [lpobnembl besonacHocTu
e [nbkocTb e He pasymen gnsi bonbworo 4ucna
e OTKas30yCTONYNBOCTL JaHHbIX MaJleHbKoro obbema
e Cnocoben paboTaTtb ¢ boabLvMy e Buicokas ueHa copepxxaHus
obbeMamm JaHHbIX MHAPACTPYKTYpbI
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KomMnoHeHTbI

Ambari
(¥YnpaBsneHue n MOHUTOPWHT)
Hive
Sqoop HBase (SQL
(O6MmeH gaHHbIMK) - ‘g‘ SElEEEEY Qozie

= (MpoveccuHr)
2z Pig Mahout
s (CrpunTbi) (ML)
NS

Flume <

(Cbop paHHbIX) YARN Map Reduce
(PacnpeneneHHble BbIMUCIEHWS)

HDFS
(Hadoop Distributed File System)
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Ba3oBble KOMMNOHEHTDI

e HDFS — cneunanbHas pacnpegenédHas haiisioBas cuctema, Kotopasi No3BossieT
XPaHNTb OrPOMHbIe OOBEMBI JaHHbIX
e YARN (Map Reduce Framework) — ocyuiectBnenune pacnpegenéiHbix

BblYMCNEHWNTA BHYTPWU KnacTepa
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D,OI'IOJ'IHI/ITeJ'IbeIe KOMMOHEHTbLI

e Ambari — meHemkep: ynpasieHune KJ1acTePOM 1N €ro MOHUTOPUHT

e SQOOp — BLINOJHEHME NMpoLEecca obMeHa JaHHbIMY

e Flume — BoinonHeHune npouecca cbopa gaHHbIX

e Zookeeper — KoopAMHATOpP MeXAy CepBucaMu Knactepa

e HBase — KoNOHKOOPMEHTPOBAHHOE XPaHWIINLLE, UCMOJSIb3YETCS BHYTPU
skocuctembl Hadoop

e Pig — KoMnoHeHT, noseonstowmii paspabaTbiBaTh CKPUNTbI Ha OMNPEAEEHHOM
A3bIKE U MPUMEHSTbL UX K PACMpefesiéHHbIM AaHHBIM BHYTPU KiacTepa

e Hive — pensiumoHHoe npeacraeneHne Hag AaHHbIMU, NPeAOCTaBAsoLEee
BO3MOXHOCTM ocyuecTeasTe SQL 3anpocei

e Mahout — copepXXuT anropuTMbl MaLLINHHOIO OBYYEHNS U CNOCOBEH BbINOMHATL
UX Haf pacrnpenenéHHbIMU AaHHbIMU

e Qozie — cuctema naaHMpoBaHWs NMPOLECCOB A5 BbIMOIHeHUs 3agad Hadoop
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ApxuntekTtypa

Client

Name Node Name Node Name Node ‘
Application
Manager

Scheduler

Data Node Data Node \

Node Manager Node Manager

CaNE et Application Contalner Application
Master Master
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KomnoHeHTbl apxutekTypbl Hadoop-knacrtepa

e Name Node — KOMMOHEHT, B KOTOPOM XpaHUTCA MeTa-uHdbopMaums o
XPaHSLWMXCS AaHHbIX; AennTcs Ha Tpu Tuna: Active, Standby u Secondary

e Data Node — xpanuT 610KM AaHHbIX

e Resource Manager — obnagaet undopmauueii 0 3aHATbIX U CBOBOAHBIX
pecypcax, KOTOpbleé MOXXHO MCMOJIb30BaThb A5 BbIYUCAEHWUN; 3Ty pOJib BbINOJAHSET

YARN
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HDES J
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ApxuTekTypa
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OcHoBHble koMNoHeHTbl apxutekTypbl HDFS

e Name Node — metanHdopmauns 0 AaHHbIX, XPaHALLMXCA B KnacTepe

e Active Name Node — rnasHas, cpean ocTanbHbIX, MacTep-HOAA, C Hei
MPOU3BOAATCSA OCHOBHbIE B3aUMO/ENCTENS; B KNacTepe MOXET BbITb TONLKO OfHA
Active Name Node

e Standby Name Node — pesepsHasi Hoga; B 11060 MOMEHT BpeMeHU roToBa
3amenuTb Active Name Node

e Secondary Name Node — sbigenenHblili y3en, koTopbliii B3aumogelicteyeT ¢ Active
Name Node v BbiNOMHSAET ONepaunn COXpaHEHNs KOHTPOJIbHbLIX TOHYeK O halinosol
cucteme; He moxeT 3aMenuTb Active Name Node

e Data Node — xpaHeHue 610k0B AaHHbIX
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Name Node

e [laHHble KnacTepa HefoOCTYMHbI, ecau HeT HU ogHoii Name Node
e Name Node xpaHuT BCe MeTagaHHbIE:

e pacnonoxerue daiinos 8 HDFS
e uHOPMaLUIO O NpaBax Ha AOCTyn
® Ha3BaHMs OTAE/bHbIX BJ0KOB

e pacrosnoxeHne 6JOKOB B KnacTepe
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XpaHeHune metanHcopmauyun o caiinax, xpaHawmxca 8 HDFS
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Data Node

e Bioku paHHbIX XpaHATCSA B BUAE CTaHAAPTHLIX (PaiioB Ha y3/ax

e V3jibl OaHHbIX MOryT 6bITb /J,O6aBJ'IEHbI B KJ1aCTeEP NAN yaaneHbl, @ AaHHbIE MOTYT
ObITb nepe6anchmpOBaHbl no y3s1aM AaHHbIX

[} I/Ichopmau,vm O MECTOHAXOXAEHNN OaHHBLIX MOXET NCMOJIb30BATbCA COBMECTHO C

YARN gnst 10KafibHOrO BbIMOJIHEHWSI OMEPaLMiA Ha y3aax
o Kaxablii 6NOK XpaHUTCS Ha HECKONBKUX PasHbIX y3/1ax AJisi Pe3epBUpOBaHUs
e KoHTponupyet goctyn k biokam

e Bzaumogpeiicteyetr ¢ Name Node
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HDFS — uTtenune

Client

ctrt 2. get data info
1.open D_lstrlbuted
FileSystem

NameNode
HDFS

Client

InputStream

DataNode1 DataNode2

DataNode3
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HDFS — 3anucb

Client

g 2. create
4. open Distributed

FileSystem <

7. complete

NameNode

—-T;\-b OutputStream

. CJOse

DataNode1 DataNode2 DataNode3
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HDFS — pennunkauyus

Replication (Pennukauuns) — xpaHenue konuii 610ka Ha pasHbix DataNode

e 6ok pennuumpytotcsi Ha Data Node (no ymonuanuto Replication Factor = 3, Te.
B710KN XpaHSTCs OAHOBPEMEHHO Ha Tpex pa3Hbix Data Node'ax )

® penankauuns obecneunsaer Hap,é)KHOCTb N [OCTYNHOCTb AAHHbIX
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HDFS — ocBegomMneHHOCTb O CToOiike

Rack awateness (OcBegOMNEHHOCTb O CTOMKE) — 3TO PeXXUM peruinkauuu, B
KOTOPOM peninkaLusi NpoNCXoAnNT NPUOPUTETHER Ha y3nax U3 ApYyroii CTOMKM.
PennnunpoBanmne Ha Heckonbkux CTOKax obecneynBaeT bosiee 0TKa30yCTORHNBOE
XpaHeHne
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HDFS — npob6nembl

CoxpaHeHue bonblioro yncna aiiios MaNeHbLKOro pasmepa.

e ManeHbKuii paiis 3Ha4MTENBHO MeHbLue, Hem pa3mep baoka HDFS (no
ymonyauio: 128 MB)

e Name Node xpaHnT meTagaHHbie B namstu (150 6aiit Ha 6n0k)

e 10 munnuonos daiinam Tpebytotcs metagaHHbie 1.5I'6
970 4ypeBaTo:

e npobsemamu B Knacrepe
e nepenosHennem namstu B Name Node

e npobaema obpaboTKM Npu BLINOSHEHUN MAPaNIENbHBIX MPOLECCOB
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HDFS — uHTtepdeiicbl B3anmogeinicTaus

e CLI — Command Line Intarface — Console
e Hadoop CLI
e GUI — Graphic User Interface (Browser)
e Ambari
e Hue
o API
e Java
o C
e REST API
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HDFS — CLI — ocHoBHble KOMaHAbI

e 3arpysuTb daiin

hdfs dfs -put data.txt /tmp/data.txt

Ckayvatb cpaiin

hdfs dfs -get /tmp/data.txt /download

Copepxumoe aupekTopun
hdfs dfs -1s /tmp

Cozgatb gupekToputo

hdfs dfs -mkdir /tmp/test

VoanuTe AUpeKToputo

hdfs dfs -rm -R /tmp/test
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MapReduce J
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Data locality

MpyHunn, NpuMeHsitoWniAcs npu pabote ¢ BONLLWINMMN JaHHBIMY

® nepeMelleHne NOrNKN BbIYUCAEHNA K JaHHbIM
e 3agaqn (MapReduce) konupytoTcst B y3/ibl, AaHHbIE HE KOMMPYIOTCS K 3ajaqam

® MUWHMUManNn3aunsa HAarpyskm Ha CE€Tb nanm nepenadvdy AaHHbIX

\ Code

|

y ¥ ¥

¥ v

Code Code Code

|
|
DataNode1 DataNode2 DataNode3
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Map Reduce (MR)

MapReduce — mogenb pacnpegenérHoin obpaboTkn AaHHbIX U Cpeaa UCMOJTHEHUS,
paboTatowas Ha Knactepax, COCTOSILMX U3 BONbLWIOro Yncna MalmH

e ABTOMaTM4Yeckoe pacnapannenneaHMe n pacnpegeneHmne

e OTKazoyCTOR4MBOCTL

MoszBonsier abcTparnpoBaThes npy pa3paboTke anropuTMOB pacrpeneséHHON

06paboTKM JaHHbIX

Ob6bluHO pa3pabaTbiBaeTca Ha Java
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Map Reduce (MR)

Splitting Mapping Shuffling Reducing Result

Shuffl1 Result1

Result

Result4




ATanbl nobon MapRed 3agayun

1.

Ha nepeom sTane HyxHo onpegenuts Input Data — pgaHHble, KoTopble bynem
obpabaTbiBaThb

Crapguns Splitting — pasbusaem gaHHble Ha HekoTOpble YacTu (NapTULMn) ANs Ux
nocnenytoulein obpaboTku

Cragns Mapping, Ha koTopoii faHHble npeobpasytoTcs B napbl Kntoy:3HaveHne
Ha Ka>kKAol 13 napTuunii

Craguns Shuffling — cospgatorcsa napel Kntou:3HaveHne Takum obpasom, 4TobbI Ha
OfHO nmapTuumm 6ein cobpaHbl BCe mMapbl C OAHUM KITHOYOM

Cragus Reducing — npeobpasoBaHue Bcex nap C O4HUM 1 TEM XKe KJIKOHYOM MO

KaKOMY-TO 3aKOHY B OfHY eAunHCTBeHHYto napy Kntou:3HadeHue

N nakoHel, Heobxoanmo nonyunts Result — pesynbraT, cobpas BCe gaHHble CO
BCEX NapTuymnii
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ATanbl nobon MapReduce 3apaun

,D,J'IFI peannsaumn Takoro nogxona HeO6XOJJ,VIMO OonpenennTb ABa 3aKOHA:

1. Onepauus Map — no kakomy 3akoHy bygem cobupaTb faHHble B napbi
Kntoy:3HaveHune
2. Onepauusi Reduce — no kakomy 3akoHy byaem arpernpoBaTth mapbl C OAMHAKOBbLIM

KNHO4Y0OM

Jloruka xe Apyrnx onepau,Vl|7| ABNAETCA OOCTATOYHO O6LLI,€I7I N HE 3aBUCUT OT TEX

AJITOPNTMOB, KOTOPbIE Mbl XOTUM PE€aAJZIN30BaTb
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Peannzayuns MapReduce anropntmos Ha dperimBopke Hadoop

e BxogHble panHble xpanatcs 8 HDFS, pacnpegenstorcs no ysnam u

pPenanLMpyoTCs

e [lpunoxenue ornpasnsier paboty (Job) (map, reduce) Ha Tpekep paboTsl (job
tracker): npunoxexne byfeT B3aNMOAENCTBOBaTb C PECYPCHBIM MEHELIKEPOM
(ckopee Bcero, ¢ YARN), n nmenHo oH DyaeT KOHTponnpoBaTh xof 3afad

anropuTma
e Pas3busaer BxoAHbIE faHHblE
e [lnaHupyet n koHTponupyeT pasnudHsie map u reduce 3agaqn

e BoinoniHsieT paznnynbie map u reduce 3agayn
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Peannzayuns MapReduce anropntmos Ha dperimBopke Hadoop

Map

e BuinonHsieTcs napannensHo
o Cozpaet KV Kntou:3HadeHue napsl

e ObpabaTbiBaeT 610kK BXOAHBIX halinos
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Peannzayuns MapReduce anropntmos Ha dperimBopke Hadoop

Reduce

o [lonyyaet napbl Kntou:3HayeHne, OTCOPTUPOBAHHbBIE MO KJIKOHAM
e Arperupyer AaHHble
e Cobupaer pesynbtaT

e MoxeT bbITb pacnapansieneH
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Map Reduce. Mpumep

Splitting Mapping Shuffling Reducing Result




Map Reduce. lMNMpumep

1. Input Data: Vimena ntogeii.

2. Splitting: Pa3buTtue gaHHbIX Ha YacTu Ans UX NOCAeAyOLLEA NapanaenbHol
obpaboTku

3. Mapping: lNMpeobpasosaHue BxoaHbIX AaHHbIX B napbl Kntou:3HaveHne. B gaHHOM
cnydae katodamu byayT umeHa, a 3HadeHnem — 1 (NOCKONbKY BCTPETWIN 3TO UMSI
MoKa B €ANHCTBEHHOM 3K3EMMISIPE).

4. Shuffling: Céop nap Kntou:3HaueHne Takum obpaszom, 4Tobbl KaXxkgoe nms
(KaXKAbliA KJIHO4) HAXOAWIOCH B OGHOW MapTuLmu

5. Reducing: Habopbi nap Kntou:3HaueHne rpynnupyemM no Kako4dy U BbICHUTbIBAEM
KosM4ecTBo (count) Takmx map — 3To n DyAeT HOBOe 3HayeHue ANs napb

6. Result: Cbop pesynbTaToB co BCex napTuuumii. Monyyaem cnucok MMEH ¢
KOJINYECTBOM WX BXOXXAEHWI B TEKCT
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YARN

Client

e 3anyck 3agau

Resource Manager (RM)
e VYnpaBasieT pecypcamMu Ha ypOBHE KnacTepa
Node Manager (NM)

e VnpaBisieT pecypcamyi Ha YPOBHE OLHO HOAbI

Application Manager (AM)

e VYnpaBasieT KU3HEHHBIM LMKJIOM MPUIOXKEHUS
e CBOil An151 KaXKOrO MPUJIOXKEHUS

Container

e 3anyleHHOe NpUIoKEHNE
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Node Manager
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y, Container Master
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Clientl
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Apache Hive J
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Apache Hive

o a0 s~ WD

Warehouse system — He siBnsietcss B[], a BbINOMHSAET pofib HEKOTOPOIA

HaACTPOIiKM, KOTOpasi paboTaeT Hag CTPYKTYPUPOBAHHLIMUA LaHHBIMM

Open Source

Basupyetca Ha Hadoop

MpuMeHsIeTC A1 BBINOJHEHNS 3aNPOCOB U aHann3 6oNbLINX HABOPOB AaHHbIX
Hoctyn k ganHbiM yepe3 SQL-nopobHbie 3anpock! (HiveQL)

MosBonsieT 060bWaTL U arpernpoBaTh AaHHbIE
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ApxuTekTtypa

Hive Client JDBC Application ODBC Application

Hive Clients
Hive Client JDBC Driver

ODBC Driver
Hive Web Interface Hive Server

Hive Driver

Hive Services

Metastore

MapReduce iEZ

Processing

Storage
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ApxuntekTtypa

1. Hive Client — koTopblii nossonsiet pabotaTs ¢ Hive

2. Hive Services — BbINONHSIOT HEKOTOPYIO LOMOAHUTENBHYIO JIOTUKY OJ15
obecneynBaHnsi OYHKLMOHNPOBaHUS 3TOro hpeliMBOpKa
3. Processing — ncnosib3ytoTcs Kakne-anbo OBVXKN 4151 BbINOJHEHUS

pacnpefenéHHbix 3ama4

4. Storage — daiinosas cucrema (HDFS)

Cnepyet otmetuTe Metastore, koTopbIli XpaHUT MHPOPMALMIO O JaHHBIX, LOCTYMHbIX
ans obpabotku, u Hive Driver, koTopblii BbinonHsieT TpaHcautepaunto SQL-s3bika B
HEKOTOPLIA KOA, KOTOPbLIV BNOCIEACTBUN HEODXOANM ANS BLINOJHEHWS PacnpeaenéHHbIX

3ajay
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MpuHynn paboTbi

Driver

Interface

Executer

MapReduce, HDFS




CREATE EXTERNAL TABLE IF NOT EXISTS
employee (
id STRING,
name STRING,
surname STRING,
age INT)
ROW FORMAT DELIMITED
FIELDS TERMINATED BY ','
STORED AS TEXTFILE
LOCATION '/employee/';
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Jlekuusa 4.
Beepnenune B Spark
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Mnan 3aHaTusA

e YT0 13 cebsa npeacraenser Spark?
e B yem otaunune ot MapReduce?

e Kakue sugbl Spark API 6uisatoT?
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Apache Spark

MySO,mL % elastic

‘ o Camblii nonynsipHblii
N A 8 kafka ynsp )
CSRIOR) dpelimBopk pacnpeenéHHbIX

BblYNCNEHNT

e redis e HanucaH Ha Scala, Java
e [lonnepxmnsaet APl Ha Scala,
RS / and more... Java, SQL, Python, R, C#,
F4#, ..

) mongo

cassandra
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Spark vs Hadoop MR

K-means Clustering

‘. 4.1 |  Spark
121 & Hadoop MR
f t f
0 50 100 150 sec
Logistic Regression
‘I 0.96 ] ‘ = Spark
80 & Hadoop MR

f f f i f
0 20 40 60 80 100 sec
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Mouemy Spark?

MapReduce vs Spark
Knaccunyeckunii MapReduce Spark paboTaeT 3HaunUTEeNbHO GbiICTpEe
paboTaeT MeaieHHo

XpaHeHre NpoMedXyTOUHbIX

Mannepbl nAWYT AaHHbIe PE3ynLTaToB B NaMsiTL

Ha OUCK peablocepa
. OnTumMn3npyeT 3anpochbl
HeTt aBTOMaTNYeCKomn

ONTMMK3aLMX 3aNpPOCOoB

coO

He npwuesasaH k HDFS

cCco 0

He npuBssaH kK MeHepXepam pecypcoB

HDFS HDFS HDFS HDFS
Reads Writes Reads Writes

MR MR
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KomnoHeHTbl Spark

Spark SQL Spark MLib
structured Streaming machine Grrgggg(s%raph
data real-time learning P 9

Spark Core

Standalone
Scheduler
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Spark Data Sources

© v &) cossanara
&) son €D tHase
&) rarquet €D WongoDB
ORC €& AwsRedshift
€D KorHexrope IDBC/ODBC [ —

&) vainbi plain-text
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Apxutektypa Apache Spark

Application

Monb3oBaTenbckoe NPUIOXEHNe, HanncaHHoe
Ha Spark. CocTonT 13 gpareepa 1 UCNONHUTENS

Driver program

N
Mporpamma c dyHkumen main(), KoTopas co3gaét
1 3anyckaet SparkContext

Spark Executor
Deploy mode Spark Application /' @
[Opaiisep Cluster HaxoguTCs BHYTPU KnacTepa. ) ( 1
[patisep Client HaxopuTCs BHe KnacTepa Sl Dy &> Cluster Manager
- J
Spark Session \l

Executor

Mpouecc, 3anyLeHHbI A8 BbINONHEHNS
NPUNoXeHns Ha paéoyein Hope

Spark Executor
Core —
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Apache Spark. MNMpouecc paboTbl npunoxeHuns

VHuupmanuanpyeT npunoxexne Driver Program

SparkSession

3anpaluvBaeT pecypchl
DopmupyeT dranyecknii nnaH
MepenaéT ceprnann3oBaHHbIi KOA, 3a4a4

Cluster Manager
OTCcnexnBaeT 1X BbiNONHEHNE

3aBepLUaeT NpuIoxeHne

3anpaluvBaeT OCBOGOXAEHNE PECYPCOB
Executor Executor Executor

Executors Cache Cache Cache

MonyyaeT oT fpaliBepa KOHKPETHYIO 3anady [ Task H Task ] { Task H Task } [ Task H Task ]

OTnpaBnseT CTaTycC BbINOMHEHVs Ha ApaiBep [ Task H Task ] [ Task H Task ] [ Task H Task ]
3aBepLUaeT BbINOIHEHNE No KOMaHae AparisBepa
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Apache Spark. SparkSession

import org.apache.spark.sql.SparkSession
val spark = SparkSession.builder.appName("BlablaSession»).getOrCreate()

val people = spark.read.parquet("/some/path»)

For Core API For Streaming API For SQL API Unified API

SparkContext StreamingContext SQLContext SparkSession
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Apache Spark. TepmuHbl

Task. Camas ManeHbkas eguHnLa

LecTBuii, koTopas byaer
oTnpaBJieHa Ha executor

Job. MapannensHoe BblYnCAEHME, m_> """

COCTOSLLEE N3 HECKOJIbKNX Job
cTelifkeli, KOTOpOe 3anyCKaeTcs B

OTBET Ha gelicTene B Spark . o
(Hanpumep, save, collect)
ReduceByKey
Stage. Habop 3agay, Ha KoTopoe

AENNTCS KaXKA0e 3ajaHue
(ananornyto atanam Map n
Reduce 8 MapReduce)
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Apache Spark. External Processes

Phyton Process

to executors

< "
— SparkSession
—

R Process
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Spark Core J
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Abstraction
Java Scala Python R
g Structured API
ucture
(& ]
< Datasets Dataframe saL
g- = .
wn

Low level API

Distributed variables RDD
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Spark Core

n—b DataFrame —_— DataSet

TUnoGesonacHkli
cTporo
CTPYKTYpUpOBaHHbIe
AaHHble (00 BbeKThI)
Goratbli pyHKUMOHaN

HeCcTPYKTYpUpOBaHHkIe
OaHHble

ynpaBneHue
pacnonoxeHuem
OAHHbIX
HU3KOYpPOBHEBbLIe
npeoGpa3oBaHKa Hag
AAHHLIMK

NOMYCTPYKTYPHUPOBaHHbLIE
OaHHble

Gorarbii hyHKUMOHAN
BbICOKHWIH YPOBeHb
aOCcTpakuuu Hag OaHHBIMK
Wcnonb3yeT cTonbyarbii
AocTyn u nambaa-dyHKuyK
6bicTpoe BbinonHeHne
obpaboTku

ONTUMU3ALMA
cepuanusauna AaHHbIX U
BbIMNONHEHUE onepauuii Ha
Cepuann3oBaHHbIMM
AAHHbIMK

BLICOKWI YPOBeHb
abcTpakyuu Hag AaHHBIMM
6bIcTpoe BbINONHEHHe
o6paboTku

onTMMM3aunA
cepuannsauusa fGaHHbIX U
BbINONHEHUE onepauuil Ha
Cepuann3oBaHHbIMK
A3AHHBIMK




RDD

RDD (Resilient Distributed Datasets) - sTo oTkasoycTonymneas
pacnpegeneHHas CTpyKTypa AaHHbIX, KOTOpas NO3BOMAET Nonb3oBaTenam
SIBHO COXPaHATEL MPOMEXYTOUHBIE peaynbTaThl B NaMATy, yNpaensaTe UX
pasbueHnem Ana onTMMMU3auMmn pasmelLeHna AaHHbIX U MaHUMyMpoBaTb
UMK, ucnonbays 6orateli Habop onepaTopoB.

data = [1,2,3,4,5]

rdd = sc.parallelize(data)




Dataframe

DataFrame - 3710 pacnpegeneHHas Konnekumsl JaHHbIX, OpraHn3oBaHHas
B UMEHOBaHHble CToNOLbl. 3Ta CTPYKTYpa KOHLENnTyanbHO aKBUBareHTHa
Tabnuue B pensiuMoHHo 6ase aaHHbIX Unu dpeimy aaHHbix B R / Python,

Ho ¢ Bonee MOLLUHOM oNTUMM3aLMEN Nog KanoToMm.

Column1

Column2

ColumnN

Vv

\Y

Vv

\

V

\Y

RowN

\'

df = sqlContext.createDataFrame(rdd, schema)




Dataset

DataSet - 370 cTporo TUNM3MpoBaHHAA KONMNEKLUMA JOMEHHbIX 0OBEKTOB,
XpaHsLlas ux B cepuanni3oBaHHoM Buae. McnonbayeT cneunanbHbli
hopmaT cepuanusaumnmn JaHHbIX NonyYyaemblil OT KOAUPOBLYMKA, KOTOPbLIV
nossonseT Spark BbINOMHATbL MHOMME onepauuun, Takue Kak punsTpauus,
COPTUPOBKa U XelLunpoBaHue, 6e3 gecepnanuaayun 6ainTos obpaTHo B

4=
Q
N
1]
poa)
1)
(@]




Twunbl TpaHccopmaynii u gencrens

e V3kas TpaHcdopmauus (Narrow Transformation)
e Lllnpokas tpancdopmaums (Wide Transformation)

e [leiictus (Actions)
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VY3kas TpaHcchopmauus

Y3kan TpaHcdopmMauus

[m————

map
flatMap

filter

mapPartition
mapPartitionWithindex
union

zip

zipWithIndex

zipWithUniqueld
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LLInpokas TpaHcdopmayus

LLUunpokasa TpaHcchopmaumun

intersection
distinct
groupByKey
reduceByKey
sortByKey
join

coalesce

cartesian

repartition
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count

collect

take

top
countByValue

reduce

fold

aggregate

foreach
saveAsTextFile
saveAsSequenceFile
saveAsObjectFile
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JleHnBOoe BbinoONIHEHME
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OnTtumusauyua

Catalyst
Optimizer




Jlornyeckoe nnaHupoBaHue

onTumMusaumn
FIOTUKK

HepaspelweHHbI# MocTpoeHHbIA ONTUMU3NPOBAHHBLIA
nnau NAaH - anropuT™m

Karanor
(Meranndopmauus)

AHanus
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dusnyeckoe naaHnposaHue

ONTUMHU3UPOBAHHBIH
NAaH - anropuTm

>

>

Bo3aMoXHBIX
hu3nyecKkuin nnax

Bo3MoXHbIA
thu3nyeckun nnav

Bo3MOXHBIN
thu3nYecKui nnaH

Bo3MoXHbIA
thu3nyeckuin nnaH

Nyywuin
ma $H3nYecku# nnaH
BbIMOMHEHMUA

BbinonHeHue Ha
Knactepe




DataFrame Spark vs Pandas

import pandas as pd

df = pd.DataFrame({
“first”. range(200),
“second”: range(200,400)

)

spark_df = spark.createDataFrame(df)

pandas_df = spark_df.toPandas()
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DataFrame Spark vs Pandas

Pabota Hag PySpark DataFrame BreinonHaeTcsa napannensHo Ha
pasHbIX yanax knacTtepa, B cny4yae ¢ Pandas aTo HeBO3MOXHO.

Onepauun ¢ PySpark DataFrame no ceoel npupoge nexHuesl, B Pandas
Mbl Nony4Yaem pesynesrar, kak Tofbko NpUuMeHseM Kakyto-nubo

onepaumio.

B PySpark mbl He moxem nameHuTs DataFrame 13-3a ero HeM3mMeHHOro

cBoMcTBa(BbLINONHEHWE onepauuii co3aaeT HOBbIM 3K3eMNIsp).
B Pandas onepauuu nameHsior Tekywmin DataFrame.

Pandas API nogaepxwueaet Gonblue onepayui,
dJem PySpark DataFrame.

CnoxHble onepauum npoLle BbINOMHATL B Pandas,
Jyem B Pyspark DataFrame.




[onck aybnnkatos
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[locTaHoBka 3aga4n
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[locTaHoBKa 3a4a4m

He‘-IeTKVIe /J,y6J'IVIKaTbI OY€Hb NMEIOT MOXOXKEeE, HO HEe O6ﬂ3aTeJ’IbHO
OAVHAKOBOE CofepXaHue

caHKT-neTepbypr, 21 HOsbPs1 - pua HOBOCTU. NOAMLENCKNE 3aepXKanm B
NSTHULY NOAO3PEBAEMOrO NO FPOMKOMY Aey O ABOWHbLIX N TPOMHbLIX
npofakax [JoJbLINKaM KBapTUP AOMa Ha JIEHUHCKOM npocnekTte, 93 B
netepbypre, coobwiaeT B NOHEAENBHUK MPeCc-Cy>Kbbl rymea no c3do.

c.-netepbypr, 5 Aek - pua HOBOCTU. MONMLECKME 3adepXKau
NoAO03PEBAEMOro N0 FPOMKOMY Aefly O ABOWHbIX U TPOMHBIX NPOoAarkaxX
JONbLUNKAM KBapTUP AOMa Ha JIEHWHCKOM npocnekTe, 93 B netepbypre,
COODLIaET B MOHeAENbHNK 3aMECTUTENb NMPecc-Ciybbl rymMmBg no c3do.
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[locTaHoBKa 3a4a4m

[lBa BapmaHTa NOCTaHOBKM 3afaqu:
@ Heobxoanmo nposepnTb, SIBASIETCH NN HOBbIV AOKYMEHT AybankaToMm
Kakoro-nunbo gokymenta 8 5/
(O(n) onepaunii cpaBHeHWs Npy peLleHnn «B 106> )
@ Heobxoanmo nposepnTb, coaepxatcs an 8 B[] gokymeHTsi,
sBAsOLWMECs: AybanKaTamMn Apyrux JOKYMEHTOB Apyra
(O(n?) onepauuii cpaBHerns Npu pelleHnA «B 106> )

Mouck gybnukaTtos 4



AKTyaNnbHOCTb 3334y

© ViyudlweHne KayecTBa MHAEKCA N apXMBOB MOUCKOBbIX CUCTEM 3a CYeT
yaaneHusi nsbbiTouHol nHdopmauum

@ ObbeanHeHne HOBOCTHBIX COODLUEHNIA B CIOXKETLI Ha OCHOBE CXOACTBA
STUX COOBLEHMIE MO CoaepXKaHMIO

© ®Punbtpauymsa cnama

@ VYcraHoBneHMe HapyLleHNii aBTOPCKUX NPaB Npy HE3aKOHHOM
KOMMpoBaHuM nHdopmMaLmu
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MeToabl noncka HeYeTKUx OybinKaTos
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MeToabl noncka HedeTkux aybankatos

@ Mewok cnos
@ LUuHranur
© XswwuposaHue
@ MinHash

© LSH
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Mewok cnos

"a bump on the log in the hole in the bottom of the sea"
"a frog on the bump on the log in the hole in the bottom of the sea"

Koadbdpuument Xakkapa: J(A, B) = IQBEI

of log sea

the bump

hole

bottom
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Mewok cnos

"a frog on the bump on the log in the hole in the bottom of the sea"
"your mother drives you in the car"

mother

drives

Mouck gybnukaTtos [¢]



Mewok cnos

"Your mother drives you in the car"
"In mother Russia, car drives you!"

ﬂpo6nema: HE YHUTbIBAE€TCA KOHTEKCT CNOB

drives

mother

Mouck gybnukaTtos 10



LLIvHrAnAHr

npeﬂ,CTaBVIM AOKYMEHT B BNAE MHOXECTBA BCEBO3MOXXHbIX

nociefoBaTenbHOCTeN (DMKCUPOBAHHON ANMHBI K, COCTOSILLMX U3 COCEAHUX
cnos — wuHrnos (shingles)

"Your mother drives you in the car":

your mother drives
mother drives you
drives you in

you in the

in the car
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LLIvHrAnAHr

"Your mother drives you in the car"
"In mother Russia, car drives you!"

your mother drives in mother Russia

mother drives you
mother Russia car

drives you in

Russia car drives

you in the

in the car car drives you
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LLIvHrAnAHr

"a bump on the log in the hole in the bottom of the sea"
"a frog on the bump on the log in the hole in the bottom of the sea"

bump on the
on the log
the log in
log in the
in the hole
the hole in
hole in the
in the bottom
the bottom of
bottom of the
of the sea

a frog on

frog on the

on the bump

the bump on
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XawunpoBaHme

L ﬂpo6nema LWWNHINWHIA: NpuxognTca XpaHNTb AOKYMEHT HECKOJIbKO pa3

o LUnurabl n3 k CNoOB: ANns npennoXXeHma n3 n CaoB XpaHuM
pononHnTensHo nopsigka O(nk) cnos

@ YacTnyHoe pelueHne npobneMbl — X3LWNPOBaAHNE LLNHIIOB

phrases hashes
your mother drives 4a465699355850da
mother drives you d460c543ec9d1d5d
drives you in 4ab0c40139f61afe
you in the 942eecfaf875f41
in the car 7be2b12e57759289
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MinHash

o [Mpobnema octanach: ANst NPEASIOKEHUS N3 N CIOB XPaHNM
O(n) xaweit (fOKyMeHTbI MOTYT bbITb bonbLIMMMI)

o [Mopxog MinHash: npeobpasyem gokymeHT B Habop xaLwueii
chukcuposaHHoro pasmepa

@ Wcnonbsyem Habop 13 k paHOoMU3MPOBAHHBLIX X3L-hYHK NI

e [lns kaxgonn xaw-pyHkumn 7; (1 < 7 < k) cuntaem xawm oT xaLueil
LUMHI/IOB BCEro AOKyMeHTa. Haxogum muHumym mj

phrase hashes

4a2465699355850da

d460c543ec9d1d5d

4ab0c40139f61afe

942eecfaf875f41

7be2b12e57759289

)

n(phrase hashes)

8578287e25e78806

8abdf13b5820499

4dbf49ceb179af22

f9bc3d7ec2b02804

2d824e5338fbe1e9

Mouck gybnukaTtos

|E> 2d824e5338fbe1e9
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@ CurHaTypa gOKyMeHTa — YnopsifOYEeHHbI CMNCOK MUHUMAbHBIX
xaweh oT mg 4o My_1.

@ Metog MinHash nossonser annpokcumuposaTs KoacbduumeHT
MKakkapa Kak [0J110 COBMAaBLINUX MUHUMAJIbHBIX X3LLENA

minhashes of A minhashes of B -
abc06b225c71ddde == abc06b225c71ddde = 1
4cef317b7d092d26 == 8d44bd6a45cac9ad = T
2d824e5338fbe1e9 == 2d824e5338fbe1e9 = 1_ = 3/4
56864fc754df515a == 56864fc754df515a = 1_

XpaHerue xaweit — O(1), Bpemsi cpaBHeHust aByx fokymeHtoB — O(1)
Mpobnema: curHaTypbl He Tak YXX KOPOTKM

Mouck gybnukaTtos 16



LSH: Locally-Sensitive Hashing

@ XOTuM HaiiTi BCe Takue napbl JOKYMEHTOB, H4TODbI KoadhdununeHT
Makkapa Mexay HUMM Obll He MeHbLue S

o KntoyeBasi nges: xaWnMpoBaTb BCE KOJOHKN MaTpuLibl CUTHATYp B
oY4eHb bonbLuoe koM4ecTBO «kop3nHy (buckets); gokymeHTbl,
rnomnasLUne B OAHY KOP3WHY, — TaKne KaHAMAATbI

G |C2|C3 |G,

Signature matrix M

CTOJ'I6LJ,I:I — AOKYMEHTbI, CTPOKWN - MUH. X3LWN

Mouck gybnukaTtos 17



LSH: Locally-Sensitive Hashing

_ Columns 2 and 6
'\ Bucket% T el are probably identical
/‘ A / (candidate pair)

Columns 6 and 7 are
«-—=""surely different.

atfix M

F rows b bands

b(r) — napameTpbl, KOTOpble HAZO HAaCTpanBaTb

Mouck gybnukaTtos 18



LSH: Locally-Sensitive Hashing

BeposiTHOCTb TOro, 4To mapa JOKYMeHTOB byaer maeHTudpnumposaHa Kak
AybimKkaTbl C y4eTOM NOKa3aTeNnsl CXOACTBA S, KOJMYECTBA Noaoc b un
KOJIMYECTBA CTPOK I B KaXX[0I noJjoce:

P=1-(1-5s")°

Ans 128 xaw-dynkuuii, b = 16, s = 0.9 nonyuum p=0.99987745
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LSH: Locally-Sensitive Hashing

— 1.0
b values
— 50
— 25 FO75 o
—_— o ~
z 2
- —o0.5 3§
N
BNy
S
- 0.25 s
0.0
! 0.25 [ 0.75
" 0.5 : 1.0
similarity (s)
(r =100/b)

CunbHblii caeur Bneso yeennymsaet FP,
cunbHbIl casur Bnpaeo yeennymesaet FN
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[lpakTnyeckas peanusauyms
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Bubnnortekn

© datasketch (https://github.com/ekzhu/datasketch)

@ simhash (https://github.com/1eOng/simhash) — anbTepHaTuga
MinHash

© MHOXECTBO KaCTOMHbIX peanusauuii anroputmos (Google)
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CVYB/. Elasticsearch

MinHash token filter

Uses the MinHash technique to produce a signature for a token stream. You can use MinHash signatures to
estimate the similarity of documents. See Using the min_hash token filter for similarity search.

The min_hash filter performs the following operations on a token stream in order:

1. Hashes each token in the stream.
2. Assigns the hashes to buckets, keeping only the smallest hashes of each bucket.

3. Outputs the smallest hash from each bucket as a token stream.
This filter uses Lucene’s MinHashFilter.

Configurable parameters

bucket_count

(Optional, integer) Number of buckets to which hashes are assigned. Defaults to s1z.
hash_count

(Optional, integer) Number of ways to hash each token in the stream. Defaults to 1.
hash_set_size

(Optional, integer) Number of hashes to keep from each bucket. Defaults to 1.
Hashes are retained by ascending size, starting with the bucket's smallest hash first.

with_rotation
(Optional, Boolean) If true, the filter fills empty buckets with the value of the first non-empty bucket to its
circular right if the hash_set_size is 1. If the bucket_count argument is greater than 1, this parameter
defaults to true . Otherwise, this parameter defaults to false.

https://www.elastic.co/guide/en/elasticsearch /reference/current/analysis-minhash-tokenfilter.html
https://www.youtube.com/watch?v=X4H5ccw9RM4
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CVYB/. PostgreSQL

o Coxpansiem B Tabnuue B[] b xaweii
e [Ina noucka gybnmkaToB genaem 3anpoc Buaa

SELECT array_agg(doc_id) AS ids
FROM documents

GROUP BY hash_i

HAVING COUNT(*) > 1

Mouck gybnukaTtos 24



Jlekuus 6.
Beepenne B Spark ML
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PacnpepeneHHblie Mogenn mMawnMHHOro oby4veHus
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Mopenu mawmHHOro ody4eHus

Jliobyto Moaesib MaLLMHHOTO 0DYYEHUSt MOXKHO NPEACTaBUTL KakK YEPHbLIA ALMK,

KOTOprI7I COCTOUT "3 TpéX KOMMOHEHTOB!

OaHHble OcobeHHOCTH

MeTop, Anroputm

Mouck M'MnepnapameTpsbl
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Mopenu mawmHHOro ody4eHus

Mocne Toro, kKak Mogenb obydeHa, MOXHO €€ MPUMEHATL Ha KaKUX-TO paHee
HEN3BECTHbIX AAHHbIX AJst TOro, 4Tobbl NOayYaTh HOBbIE PE3yabTaTbl U B AaslbHElLLIEM

Ha HUX pearnpoBaThb:

HoBble gaHHble

OcobeHHOCTU
Anroputm

TMnepnapameTpbl

PesynbraTt
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AbcTpakTHbiii Pipeline mawuHHoro obyvexHus

O =

—_—

™
[JaHHble [JaHHblIE O6yueHHas Ucnonb3oBaHue
ANA Mogenu Mopenb Mopenum

MpoTyxaHue mogenn — cuTyauusi, Korga Mofesb yxe He paboTaeT adbheKTUBHO Ha
Tex JaHHbIX, KOTopble noctynatoT. MIMeoTcs Kakne-To JOCTaTOYHO CUJIbHbIE U3MEHEHNS
B [JaHHbIX, KOTOpble AeNaloT Moaesb bonee HenpUcnocobNeHHON K peLleHInto

NOCTAaBJIEHHbLIX 3a4da4
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PacnpepenenHHoe mawmHHoe oby4eHue

Nodel Node2 Node3

v
L0
T
T
©
L
v
£
T
T
v
[
o
L
o
o
c
o
o
o

PacnpepgeneHHas mopgenb




PacnpegeneHHble agaHHble
Parameter Server ;%;ﬂ
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PacnpegeneHHble agaHHble

Parameter Server @

o B3 B

Worker Worker Worker

2

Worker
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PacnpegeneHHble agaHHble

/b

e B s

Worker Worker Worker
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PacnpegeneHHble agaHHble

Parameter Server ;%%

M
=88 s

Worker

ey
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KomnoHeHTbl U mogenu Spark ML J
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Spark ML

sgaé ML

Spark ML (MLIib) — 6ubnuoteka mawmHHoro obyyenus Spark. E€ uens — caenats
MPaKTNYECKOE MALLMHHOE ObyYeHne MacliTabupyemMbiM 1 MPOCTLIM

e Spark < 2.0 e Spark > 2.0
e MLIlib — RDD e ML — DataFrame
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KomnoHeHTbl Spark ML

e DataFrame — ML API ucnonssyer DataFrame us Spark SQL B kauecTtse Habopa
JaHHbix ML

e Transformer — 310 anroput™, KOTOpbIA MOXeT NMpeobpa3oBLIBaTL OANH
DataFrame B gpyroii DataFrame

e Estimator — 5To anropuT™m, KOTOPbIA MOXET BbINOAHUTL NpeobpasoBaHue U3
DataFrame B Transformer

e Pipeline — koHseiiep, obbeanHsatowmii noboe konndecteo Transformer'os

Estimator'oB, ons cosgaHusi npouecca MalnHHOrO oby4deHus

e Parameter — obwuii nHtepdeiica gns Transformer n Estimator

13 /31



Spark ML: DataFrame n Vector

DataFrame = Vector(DataFrame)

"o proe coum_type | orars vetor

DataFrame

BekTopusauus npeobpasyet HekoTopblii DataFrame B HoBbIli, HanpumMep, gobaenss
TYAa HEKOTOPYIO HOBYIO KOJIOHKY, F[€ Y>KE€ XPaHUTCS pe3yabTaT chOPMUPOBAHHOMO

BEKTOpPa NO TEM AaHHbIM, KOTOpPbIE onpeaennan
14 / 31



Spark ML: Transformer

Transformer — 370 anropuTM, KOTOPLIA MOXeT npeobpasosbiBaTh oauH DataFrame B
apyroii DataFrame

new_df = Transformer.transform(df)

Llenn nprmMeHeHus TpaHcopmepos:

e feature — ncnonb3oeaHne ans CO34aHNA HOBbIX MPU3HAKOB M3 NEpPeaaHHOro
Habopa JaHHbIX

[ ] model — NCNOJIb30BaAHNE ans I'IpOFHO3V|pOBaHVIF| METKN Aans Ka)K,qOFO BeKTOpa
obbekTa
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Spark ML: Estimator

Estimator — 370 anroputm, KOTOpbIli MOXET BbINOAHUTL NpeobpasosaHue n3

DataFrame B Transformer
transformer = Estimator.fit(Df)

B camom Spark ML goctaTtouHo bonblioe konuyecteo Estimator'os

OgHum un3 Takux Estimator'oB siBnsieTcsi, Hanpumep, NOrMCTUYECKAs Perpeccus

log_reg_model = LogisticRegression.fit(df)
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Spark ML: Pipeline

Pipeline — konBgeliep, obbegunsatowmnin noboe konnyectso Transformer'os un

Estimator'os, an1s cosgaHus npouecca MalHHOrO obyyeHus

e 3apaéTca B BUAE NOC/EA0BATENILHOCTM 3TAMNoB, U Kaxkablli 3Tan — 370 Transformer

nnn Estimator

e Jlioboii Transformer, cosgaHHbili B pesynbTaTe paboTsl Estimator’a,

ABTOMATUHYECKN CTAHOBUTCA 4H4aCTblo Pipeline

e Bce komnoneHTbl siBnstoTcs Stateless, T.e. He xpaHsT cocTositme, T.K. Spark

CWJNIbHO 3aBsA3aH HAa «JIEHUBbIE BbIHYHNCINEHNA D
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OOy4eHue mopenen B Spark ML J
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Spark ML: oGyueHue

Pipeline

<= i o=
PipelineModel
- - - » - » (Transformer)

AaHHble lfoToBble BekTop
AaHHble NpU3HaKoB

Pipeline.fit()
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Spark ML: oGyueHue

PipelineModel

Transformer Transformer PipelineModel
(Transformer)

L1 B B4

AaHHblE lfoToBble BekTop PesynbTaTt
AaHHble NpU3HaKoB

PipelineModel.transform()




Spark ML: mopenn

Spark ML nopnepxusaet AOCTaTOYHO LUIMPOKNIA KNACC MOAENENA, KOTOPbIE MOXHO
npumMmeHsTh. [ogaepxmneaemMblie Kiaccel Mogeneii:

e Perpeccus

Knactepusayus

Knaccudukauus

e [lepeBbs pelueHnii

Atcambnu pepesbes (cyyvaiiHbiii nec, bycTuHr)

[nybokoe obyyeHne
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Spark ML: rnybokoe obyueHune

Cpegu unterpauyuii Spark ML gns rnybokoro obydenusi crout otmetuts 4
dpelimsopka:

e BigDL

e TensorFlowOnSpark

e Deeplearningé4j

e Deep Learning Pipelines (ot DataBricks)
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lNocTtaBka mopgeneii J
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VYnpasneHue mogensamu

Mpu paboTe ¢ Mogensimu (pacnpefenéHHbIMU UAN HET), Tak UK MHaYe NpuaETcs
CTONIKHYTBCSI C HEKOTOPbIMU NpobiieMamu, KOTopble byayT TpeboBaTh ynpasieHus
mogensimn. Hanpumep, MoxeT ObITb OCTAaTOYHO MHOIO MOAENER U HeODXOZMMO 3HaTb,
Kakasi U3 3TUX MOJeJeil Nyylle, Kakasi Hambonee onTuManbHa, a Kakasi bbina

pe3yanaTOM KaKOro-1o 3KCFIepI/IMeHTa, KOTOprﬁ nposanvmcn
&
&
& &

JOC

©cOoC ¢
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YnpaBneHne mogensamu

Model

Author

Train Dataset

Score

dynamic-price

dynamic-price

1.2.0-SNAPSHOT

John.Doe@gmail.com

John.Doe@gmail.com

dataset_v1

dataset_v1

0.865434

0.923544

dynamic-price

1.16

John.Doe@gmail.com

dataset_v2

0.883454

product-classifier

Arthur.Bron@gmail.com

dataset_v10

0.905345

product-classifier

Kate.Tash@gmail.com

dataset_v6

0.875445

product-classifier

Kate.Tash@gmail.com

dataset_v3

0.834345

product-classifier

Arthur.Bron@gmail.com

dataset_v1

0.769654

Sacred ml

C




YnpaBneHne mogensamu

model1
params1
scorel

model2
params2
score2

model5
params5
scored

model4
params4
scored

model8
params8
score8

model7
params7
score’

modelé
params6
scoreb




MocTaBka mMopeneii: mukpocepsuc

REST API

Messages
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MocTaBka mMopeneii: mukpocepsuc

Mniocsbr:
e MacwTabupyemoe peLueHne: MOXXHO YBEIMYNBATL KOJI-BO CEPBUCOB B OKPYXKEHUN,
4TODbI CNpaBAsTLCA € Hosee BbICOKOI Harpyskoi
e Bo3amMoXHOCTL nepencnonb3oBaHus, T.e. B ClyHae HeobXogMMOCTU AOCTaTOYHO
JIErKO MOAKJIIOYUTLCS K KakoMy-To peanusosaHHomy REST APl gns Toro, 4tobel
ObINI0 MOXKHO BLICTPO UCMOJIL30BaTbL MOAESb
e [lpouwe nHterpaums c Backend, ecau sto Heobxoanmo

Munycob!:

e He ons cnoxHbIx MoAeneil, NOCKObKY CIOXKHash apxuTekTypa byaeT TpebosaTtb
BOMbLWINX BLIYUCAUTENBHBIX MOLLHOCTENR, YTO MOXET NarybHO CKazaTbCs Ha
cepBuce

e Takoli nogxog TpebyeT NMOCTOAHHYIO aKTUBHOCTL OT MUKPOCEPBMUCA, MOCKOJIBKY

HEM3BECTHO, KOrAa COBEPLUNTCS obpalleHne 405 BbIMNOJHEHNA MOLENN
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MocTaBka mopeneii: nambpa-cyHkumn

Lambda-function

Storage

return
call

return
call

return
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MocTaBka mMopgenei: nambaa-cdyHkumna

Mntocobr:

e MacwTabupyemoe pewierue. MNockonbky hyHKLUNM HE XPaHAT COCTOsIHUE, TO
MOXXHO CO3[aBaTb CTOJIbKO SK3EMMASPOB DYHKLNM, CKOJIBKO HY>XHO AJist

OpraHmsaynn napanieyibHblX BblYMCNEHWNT Pe3yNnbTaTOB MOAENN.

e BosamoxHocTb nepencnonb3oBaHnA, T.K. noboe NPUJNIOXKEHNE, HaXOOALLEECA B
o6naKe, MOXXET CMOKOMHO BbINOJHATb (byHKU,VHO N nony4daTb pe3ynbraT

o MoxxHO BOBNTLCS BLICOKOR NPOW3BOAUTENLHOCTM BbIYNCIEHNTA, 32 CHET
KOMOMHNPOBaHNS PYHKUMA 1N NapasfieibHOro Ux NCMOJHEHNS.
Munycobl:
e 3aBNCUMOCTb OT OBMAYHbBIX PELUEHUIA, KOTOPbLIE UCMOJbL3YIOTCS
e He ans cnoxHbix mogenein: He o4eHb 3OEKTUBEH ANS CAOXKHBIX MOAENeN
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MocTaBka Mopgeneii: pacnpeaeneHHas Mogenb

daza o6yueHus

Feature

Extractor featires

®dasa ucnonbsoBaHUsA

§
ey
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DEG
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Search in a nutshell

Take a query string

Match it against a document collection

e Perform full text search, handle synonyms
Calculate a set of relevant results

e Score documents by relevance

Display a sorted list



e Real-time distributed search and analytics engine

e Scalable and efficient data exploration

e Full-text search
® Highlighted search snippets, search as you type,
did-you-mean, more-like-this
e Structured search
e Analytics
® Real-time query answers on mixed data types

(e.qg., text and structured data)

DEG ’
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ElasticSearch

e Popular examples
O o GItHub uses ElasticSearch to query 130+B lines of
code.
o Wikipedia provides full-text search with highlighted
snippets
S © StackOverflow combines both full-text and

geolocation queries for recommending related

questions and answers

DEG *



ElasticSearch

e Document-oriented (JSON) search engine
e Complex data structures that may contain dates,

geo locations, text, other objects, arrays of values

e Built on Lucene search engine library

® Documents are indexed and searchable

e Highly available and horizontally scalable

DEG i
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The horizontal scaling capabilities of ElasticSearch
make it suitable for a great variety of applications

Its RESTful API allows programmers to write most of
the operations in any programming language

JSON-based interactions make it machine- and
human-friendly

Any modification to stored (indexed) documents is
recorded in transaction logs that are replicated in
multiple nodes to avoid data loss
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ElasticSearch: field <) SQL: column

e Data is stored in named entries belonging to a variety

of data types
e SQL calls such an entry a column while in

ElasticSearch it is called field

In ElasticSearch (similarly to other NoSQL databases) a
field can contain multiple values of the same type (list of
values)

DEG °



ElasticSearch: document <=) SQL: row

o Data objects are represented as rows (SQL) or
documents (ElasticSearch)

e Columns and fields are part of a row (SQL) or a
document (ElasticSearch)

Row format in SQL is strict and follows a predefined
schema.

Documents are more flexible and can contain a variety
of fields (they do not follow a strict schema)

DEG



ElasticSearch: index <) SQL: table
An index is like a table in a relational database

ElasticSearch: cluster <:> SQL: database

In Elasticsearch the indices are grouped in a cluster.

Recap
ES cluster index | document field
SQL database table row column

DEG
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The /ndex term

The /ngex term is overloaded
e (noun) An index stores a collection of documents
e (verb) To index a document means to insert a

document in an index

e If the document already exists, it is replaced

DEG H



The /ndex term is overloaded

e (/nverted index) Additional structure that
accelerates data retrieval

e Similar to a traditional relational index

® Fvery fieldin a document is indexed in ES

® All inverted indices are used during search

e Non-indexed fields (if any) are not searchable

DEG e



Document

e A document is the top-level (root) object
serialized into JSON
e It is uniquely identified by the pair
e /ndex: where the document (object) is stored

e /d:'the identifier of the document

® Can be provided or uniquely generated by ES

DEG o
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Searching

Search options
Structured query on specific fields, possibly
sorted
e similar to SQL query
o Full-text query

e finds all documents matching the search
keywords

e returns them sorted by refevance
« Combination of the two

DEG o



Key concepts

e Mapping
e How the data in each field is interpreted

e ES dinamically generates a mapping by
“guessing” data types

e E.g. it may recognize a date type
o Analysis
e How full text is processed to make it searchable
o Query DSL (Domain Specific Language)
e Elastic Search query language

DEG 0



Exact values

« Traditional data types (e.q., integer, float, date,
but also string)

e A value must match exactly the query
e Similar to SQL

e Examples: date, user ID, but also exact strings
such as username or email address

e Question answered
“Does this document match the query?”

DEG o



o Textual data, usually written in some human
language
e Typical search is within the textual field
o Examples: text of a tweet, body of an email
o Question answered
“How well does this document match the query?”
e Notion of relevance of a document for a query

DEG 10



Full text

« For full text queries, it is also important
understanding the intent
e abbreviations
e e.g., USA vs United States of America
e singulars/plurals, verb conjugation
e e.g., cat vs cats, does vs did vs to do
e Synonyms
e e.d., game vs competition
e order of words building a context
e e.g., fox news hunting vs fox hunting news

DEG o
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exing full text

« ES builds an /nverted index on every full-text
field

e Designed for fast full-text search
« Inverted index

o List of all the unique words that appear in any
document in the collection

e For each word: list of the documents in which it
appears

DEG 20



Indexing full text

« Similar to analytic indices in books

AAtsWEy Lary 4dury ELFy Llsdy LT Ly LT X

primary, 28, 170

stfuc;:, igg private, 127
switch, secondary, 28, 171
while, 138
contract, 69
abstraction, 114 | word coordinates, 44, 149 list of pages
adjective, 61 coupling, 51, 65, 122
aggregation, 43 temporal, 80, 124

algorithm, 46

anthropomorphization, 21, 49,
55

Assembly, 113

datall3, 67, 107, 147, 159
naked, 163

220
behavior, 46, 149

boolean, 60
builder, 52




Analysis

1. Tokenization of a block of text into individual
terms suitable for an inverted index

2. Normalization into a standard form to improve
their retrieval (or recall) in queries
e Terms are not exactly the same, but similar
enough to be still relevant
e Lowercase vs uppercase

e Stemming, i.e., reduction to the root form
¢ e.g, cats vs cat

e Synonym management

o For searching, both indexed text and query

8 string must be analyzed in the same way -
DG



Analyzer

« Analyzers provide the following functions
o Character filters: cleans the string before
tokenization
e e.g., converts & to and
e Tokenizers: split the string into individual words

e e.g., by considering white spaces or punctuation
as separators

e Token filters: operate on single terms
e change terms (e.g., to lowercase)
e remove (e.qg., stopwords)
e add terms (e.g., synonyms)

 Built-in analyzers are provided by ES
D\%\G 23



o A filteris used for fields containing exact values

e It provides a boolean matches/does not match
answer for every document

o A gueryis (typically) used for full-text search

e It also asks the question: How we// does this
document match?

e calculates how relevant each document is to the
query
e assigns it a relevance _score, which is later used
to sort matching documents by relevance
e The concept of relevance is well suited to full-
text search

D\?]\G o there is seldom a completely “correct” answer 24
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Filter vs Query

 Filter execution is more efficient

 Filters are typically used to reduce the number
of documents that have to be examined by a
query

e Hint

e use query clauses for full-text search or for any
condition that should affect the relevance score

o use filter clauses for everything else

25
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Expressed in Query DSL

Submitted as formatted JSON in the body of an
HTTP request

Example: empty query
e returns all documents in all indices

POST /_search
{3

Search on a specific index

POST index1/ search
{3

26



e The top level field in an ElasticSearch query is always
query
o the query type is specified one level below

POST departments/_search
{

“query”: |{
“match” : { “name” : ”John” }
}

DEG 2



e The top level field in an ElasticSearch query is always
query
o the query type is specified one level below

POST |departments/| search
{

“query”: {
“match” : { “name” : ”John” }
}

}

e the query operates on the department index
e gspecified in the URI

e it performs the search operation
DE\G 28



e Query
Find all the documents in the department index that
have a field name containing the term John in it.

e Query type: match query

POST departments/ _search
{

“q ery,,: {
“match” : { “name” : ”John” }

}

pfic s



Compound queries are complex queries specifying
multiple matching criteria

POST departments/_search bool specifies the

{ ’ . / compound query
query": {

"bool": {
"should": [
{"match": {"name": "John"}},
{"match": {"name": "Mark"}}
1,
"minimum_should_match":1,
"must":{
{"match": {"title": "developer"}}
}

"must_not":{
{"match": {“lastname": “Smith"}}
}
}

DG } 30



Compound queries

POST departments/_search
{ should specifies the OR
"query": condition
”bool”'
should”
{”match”' "name": "John"}},

{"match”: {"name”: "Mark"}} | myst corresponds to the

AND condition
inimum_sh -Tatch":
must

{"matCh"' {"title": "developer™}} | <t not specifies the

} N NOT condition
"must_not"?

{"match": {“lastname": “Smith"}}

piG ! -
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The match query

« (Can be used for both full-text and exact queries

On a full-text field

e it analyzes the query string with the correct
analyzer before executing the search

e it returns a relevance score _score for the search
On an exact field or a not_analyzed string field
e it searches the exact value
e jtreturns a relevance score score of 1
When a bool query is specified on full-text fields

e It combines the score from each must or should
clause that matches

DEG 3
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e It is possible to specify multiple indices to be searched
in the query URI

POST rooms,students/ search {...}

e When a nhumber of documents can be returned as
query result, by default the top 10 relevant results are
returned

Earlier versions of ElasticSearch include index types that
have been deprecated since version 7.0.

33
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Insert

Insert of a new single document is performed by means of a POST
operation

e Name of index

e JSON document to be indexed

POST /index_name/<id>

{
JSON document

}

index_name: name of the index in which the document should be

inserted

<id>: optional parameter that associate the document with a specific

identifier

e If the ID is not provided, ElasticSearch creates a unique identifier
for the document (e.qg., WOtpsmIBdwcYyG50zbta)

DEG >
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Documents in ES are immutable

e To update a document, it is reindexed
When a document is updated, ES

1. Retrieves the old document

2. Madifies the retrieved copy

3. Deletes the old document

4. Indexes the new document (the copy)
Internally, the old version of the document is not
deleted immediately

e Itis not accessible

e Deleted documents are cleaned in background

36



The update of a document is performed using a POST request
o Name of the index
e Unique ID of the document
o the fields to be updated and the associated new values

PUT index_name/123/ update
{

"color" : "red",

This update request modifies the document with ID=123 setting the
value of the “color” field to “red”.

DEG 3



Delete

The deletion of a document is performed using a DELETE request
o Name of the index
e Unique ID of the document

DELETE index_name/id

This operation removes a JSON document from the specified index
e Document removal is not immediate

DEG %9
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Relevance

e In ElasticSearch, relevance is represented by a value
e floating-point number
e computed for each document matching the query
e stored as _score for each document in the search result
e higher _score values correspond to more relevant
documents
e Sorting by relevance is performed by considering the
_score Variable
e by default, documents in a query result are sorted by
descending value of the _score field

D\g\ G 40
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Compute matching results for the query

o Compute relevance score for all documents in the
query result

Select top relevance documents (hits)

e Default is 10 hits (documents)

(optional) Rescore documents

e more computationally expensive algorithm

AOCAOOCASD

fittered
que_\’y

AOOCOADO— scored
| Wiks '
Ann) posthilker

AN — vescored
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Relevance score computation

e Need to compute the similarity between
e The query
e Each document
e Each document may contain a (different) subset of the
query terms

DE\G 42



DEG

Select documents matching the query

e Boolean model

e Fast computation

Evaluate the importance (weight) of each term in a

document with respect to the query

e Term importance evaluated with TF/IDF (Term
Frequency/Inverse Document Frequency) score

e Document and query are represented in vector form
(Vector Space Model)

Evaluate the similarity of the vector representation of

the query and the document

43
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TF/IDF scoring function

The TF/IDF scoring function takes into account

Term frequency

e How often does the term appear in the field? The
more often, the more relevant.

Inverse document frequency

e How often does each term appear in the index? The
more often, the /ess relevant.

Field-length norm

e How long is the field? The longer it is, the less likely it
is that words in the field will be relevant.

DEG 44



e Term frequency is defined by

Tf(t in d) = |/ frequency

e frequency is the number of times the term t appears in
document d

D\g\ G 45
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Inverse document frequency

e Inverse document frequency is defined by
Idf(t) = 1 + log (numDocs/(docFreq + 1))
e numbDocs is the number of documents in the index

e docFreq is the number of documents that contain the
term

DE\G 46



Field-length norm is defined by

norm(d) = 1 / VvnumTerms

e numTerms is the number of terms in the field

D\E-)]\ G a7
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The scoring function is based on a combination of the
three factors

e Term frequency

e Inverse document frequency

e Field-length norm
They are calculated and stored at index time
They are used to calculate the weight of a single term
in @ document

e Other methods can be used
Queries usually contain more than one term

e Need a way to combine multiple terms

48
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It represents both query and document as (term)

vectors

It provides a way to compare a multi-term query

against a document

A query (or document) is represented as a vector
e The vector size is the number of terms in the query
e Each vector element is the weight of one term,

calculated with TF/IDF scoring
Vectors can be compared by measuring the angle
between them

49



Measuring similarity

e Vectors can be compared by measuring the angle
between them
e Cosine similarity
e The angle between a document vector and a query
vector is used to compute the similarity between a
document and a query
e [t assigns to the document its relevance score for the

query

DEG >0



Consider the query
- happy hippopotamus

Considering the TF-IDF heuristics
- happy is a common word and should have low weight (e.qg., 2)
- hippopotamus is uncommon and should have a higher weight

(e.g., 5)
The 2-dimensional vector associated to the query is

[2, 5]

DEG >
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VSM Example

Consider the three documents:
- I am happy in summer.
- After Christmas I'm a Ajppopotamus.
- The happy hippopotamus helped Harry.

It is possible to create a vector for each document
-  Document 1: (happy, ) -> [2,0]
- Document 2: ( ___ , hippopotamus) -> [0,5]
-  Document 3: (happy, hippopotamus) -> [2,5]

D \?]\G - - > 52
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Sharding

e Sharding is a technique to divide an index in smaller
partitions
e Each partition is a shard
e Each document belongs to a single shard
e Each shard is an instance of a Lucene index
e When data is written to a shard
1. Itis periodically (every 1 second) written into a new
immutable Lucene segment on disk
2. It becomes available for querying
e Shards are the elementary units in which data is
distributed on nodes in a cluster

D\g\ G o4



Shards

!

Shard A Shard B Shard C
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Clusters

e A clusteris a collection of multiple machines (nodes in
the cluster)
e Shards can be stored in any node within the cluster

Cluster
[ Shard A } [ Shard C }
[ Shard B } [ Shard D }
Node 1 Node 2

_________________________________________________________________________________

DEG >0



Sharding

Why is sharding important?

e It allows splitting data in smaller chunks, and thereby
scaling on large volumes of data
e Data may be distributed across multiple nodes within a
cluster

e Shards can be stored on smaller disks
e E.g., itis possible to store 1TB of data even without a single
node with that disk capacity

o Operations can be distributed across multiple nodes and
thereby parallelized
e Performance is increased, because multiple machines can
potentially work on the same query.
e Shards may be replicated on different nodes to increase
availability
DEG >



£
O
t
©
)
(1)
o
[
7
©
L

ing

Document version

58



DEG

ElasticSearch uses optimistic concurrency control
e [t assumes that conflicts are unlikely to happen

e However, if the underlying data has been modified
between reading and writing, the update will fail

Different from ACID transactions that need locking

The process is “simple” for centralized data
management

59
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ElasticSearch data may be distributed on different
nodes in a cluster
e Shards may be replicated on different nodes (replica
shards)
When documents are created, updated, or deleted,
the new version of the document has to be replicated
to other nodes in the cluster

e The primary copy is always written first

e The replication requests are sent in parallel and may
arrive at their destination out of sequence

60



o Elasticsearch needs a way of ensuring that an older
version of a document never overwrites a newer

version
e Every document has a _version number that is
incremented whenever a document is changed
e Elasticsearch uses this _version number to ensure
that changes are applied in the correct order
e if an older version of a document arrives after a new
version, it can be ignored

e the _version number is used to ensure that conflicting
changes made by applications do not result in data

loss

61
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e APIs that update or delete a document accept a
version parameter

e can apply optimistic concurrency control only when
needed

DEG o2
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