NHXXeHep [JaHHbIX.
SQL-goctyn. Apache Hive.

L Kosbipb Aptemunis Cepreesuny



MeHa XopOoLUOo ChbILHO
&& BUOHO?

HanuwwuTte B 4aT, ecnn ectb npobnemsbl!

CtaBbTe & ecnu Bce XOpoLlo
CtaBbTe = ecnn ecTb Npobnemsl



[1naH 3aHATUA

* SQL on Hadoop n Hive
* ApxuteKkTypa Hive

* Moaenb AaHHbIX Hive
* CtpaTteruu Join Hive

* OnTumunsauyuma Hive

* [1paKTUKa



SQL on Hadoop v Hive



SQL on Hadoop

* Apache Hive

* Presto

* Cloudera Impala
e Spark SQL

* Apache Dirill



YTO Takoe Hive

e Pabotaet noBepx Hadoop
* [pepocTtaBnset SQL-noaobHbIN A3bIK (HiveQl)

* Pa3spaboTaH ¢ yueTomM macwtabmupyemocTn n Nerkoctum
MCMONb30BaHMUA

Pa3spaboTtaH B Facebook 8 2007 roay

) Hive queries ﬁ MapReduce tasks ~hadaap

User IVE L


http://hive.apache.org/

Hive npeaocTtasnAaeT

* BO3MOXXHOCTb CTPYKTYPMPOBATb Pa3NNYHbIE
dopmaTbl AaHHbIX

* [IpocToN MHTEPDENC ANA 3aNPOCOB, aHAN3aA U
0606wWweHmnA 6bonblnX 06bEMOB AAHHbIX

* loCcTyn K AQHHbIX U3 Pa3NINUYHbIX MICTOYHUKOB, TaKMX
KakK HDFS n HBase



Hem Hive He aBnaeTcs

* Hive:
* He asnaetca PCYb/]
* He npeagHa3HauyeH gna OLTP-Harpys3ku
 He nogxoaut ansa real-time & row-level UPDATES

* 3anpoc aaxe HeboNbLWNX 06BEMOB AAHHbIX MOMKET
3aHATb MUHYTbI



Hive ocobeHHOCTU

Tables are used which are
— similar to RDBMS hence
ooo easier to understand

Using Hive QL, multiple
users can simultaneously
query data

DATA

= Use of SQL like language
called HiveQL which is

., easier than long codes

Hive supports variety of
data formats @




Hive BOSMOMHOCTU

e DDL: TABLE (Internal / External), VIEW, INDEX

* SELECT, WHERE, GROUP BY, ORDER BY, JOINS,
NESTED QUERIES, INSERT

* CocTaBHble TUNbI AaHHbIX

* Partitioning, Bucketing, Sampling

 UDF: UDF, UDAF, UDTF

* PasnnyHble onuumn 3arpysku gaHHbix LOAD
 Pluggable Input / Output format

* Pluggable SerDe libs



HIVE vs PCYB/

Schema on Write Schema on Read
Write / Read Many Write once Read Many
~10-100 GB ~1TB—-1PB
Proprietary Hardware Commodity Hardware
UPDATEs allowed UPDATEs not recommended

PenAaynoHHaAa moaens XpaHunuuie c noaaepkkom SQL
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APXUTEKTypa Hive



ApXnTEeKTYypa Hive

Hive Clients Hive services Hive storage and
compute
Thrift  |..... ,| Hive Thrift Meta ot
icati Client eta store
SRpacafion cu Hive Meta
store data
base
JDBC -~ Hive JDBC File Svst
Application Driver lle System
ODBC |..... Hive ODBC Hive Web
Application r Driver Interface job Client Hadoop Cluster
Apache Hive Architecture
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MHTeppenchbl Hive

e Command Line Interface (CLI)
* Hive
* Hive2 (Beeline)

* Hive Web Interface
 Java Database Connectivity (JDBC)



MeTanaHHble Hive

Hive XpaHUT meTa-nHpopmauyuto B penaumoHHon b/

* [Moctasnsetca c Derby, “nerkoBecHon” BCTpOEHHOM
SQL DB

* MOXXHO OTHOCUTENBHO JIETKO NMEePEKHYUTLCA Ha
apyry bAl, Hanpumep, MySQL



Hive Data Flow

Execution Engine

Hive
o
Driver
s @ =
ul
@
3z
Compiler

Meta store

posnsd

Hadoop
wash Job tracker
“ Name Node
P Data Nodes
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Tunbl 4aHHbBIX B Hive

Hive Data types

Primitive Data types

> Numeric Data types

— String Data type

BN Date/ Time Data type
emme Miscellaneous Data type

Complex Data types
— T

| ST

| T
=

17



Tunbl AaHHBIX B Hive

IF NOT EXISTS employee_internal (
name string,
work_place ARRAY-string-,
gender_age STRUCT gender:string,age:int-,
skills_score MAP-string,int-,
depart_title MAP- STRING,ARRAY-STRING

)

COMMENT 'This is an internal table'
ROW FORMAT DELIMITED

FIELDS TERMINATED BY '|'

COLLECTION ITEMS TERMINATED BY ','
MAP KEYS TERMINATED BY ':'

STORED TEXTFILE;

| employee external.name employee external.work place employee external.gender age employee external.skills score
e
| Michael

| will

| Shelley

{"Product": ["Developer”~DLead"] }
"Perl":85} {"Product”: ["Lead"], "Test": ["Lead"] }
"Python":80} {"Test":["Lead"],"COE": ["Architect"]}
"Sales":89,"HR":94} {"Sales": ["Lead"]}

{"gender":"

{"gender":"Male", "age":35}

{"gender":"Female", "age":27}
":"Female", "age":57}

["Montreal", "Toronto"]
["Montreal"]

["New York"]
["Vancouver"]

+—_——— 4+ — 4+
+—_——— 4+ — +

+————+ — +

e I I I e
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Hive File Formats

* TEXT

* JSON

* AVRO

* ORC

* PARQUET



Hive external table

* Hive ynpaBnsieT meTaiaHHbIMM

* [pn yaaneHnun Tabanubl yaanaoTca TONbKO
MeTaZlaHHble

CREATE EXTERNAL TABLE IF NOT EXISTS employee_external (
name string,
work_place ARRAY-string-,
gender_age STRUCT gender:string,age:int-,
skills_score MAP-string,int-,
depart_title MAP- STRING,ARRAY-STRING

COMMENT 'This is an external table'
ROW FORMAT DELIMITED

FIELDS TERMINATED BY '|'

COLLECTION ITEMS TERMINATED BY ',

MAP KEYS TERMINATED BY ':'

STORED TEXTFILE

LOCATION '/user/cloudera/employee’;

20



Hive internal / managed table

* Hive ynpaBasieT cxeMon U JaHHbIMU

* [lo yMONYaHUIO AaHHble XPaHATCA B
/usr/hive/warehouse/my_managed_table

* YAanAaTcA meTagaHHble U caMU AaHHble

IF NOT EXISTS employee_internal (
name string,
work_place ARRAY-string,
gender_age STRUCT-gender:string,age:int-,
skills_score MAP-string,int-,
depart_title MAP STRING,ARRAY-STRING

COMMENT 'This is an internal table'
ROW FORMAT DELIMITED

FIELDS TERMINATED BY '|'

COLLECTION ITEMS TERMINATED BY ','
MAP KEYS TERMINATED BY ':'

STORED TEXTFILE;
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Hive Views

* BuptmnyanbHaa tabamua
* [1aHHbIe He XpaHATCcAa dusmnyeckm B HDFS

* Y1anaTcA TO/IbKO MeTaZaHHble

CREATE VIEW my_view
(
'id' int,
'name' string,
'department’ string,
'country’ string,
)

AS {select_statement},



Moaenb naHHbIX Hive

Partitioning, Bucketing and Skews



Moaenb AaHHbIX Hive

Database

Table

/‘

Partition

Q

o)

(¢0)

|_

| -

(7]

n..<
© w
s | B
5 ~
o K
@)

Partitions, buckets and skews facilitate
faster, more direct data access.
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Partitioning

* [OpM30OHTA/IbHOE pa3aeneHune

* 1+ KONOHOK

* byayT co34aHbl HOBble AUPEKTOPUM

* 3anNpocCbl UCMONb3YOLWME NapTULKUM byayT bbicTpee

* Heobxoanmo peLlmnTb, MO KAaKUM KOPJIOHKaM
NennTb



Static Partitioning

* [1o BbIBPAHHbIM 3HAYEHUNAM

CREATE TABLE static_partioned_table

(
id" int,
'name’ string,
'department’ string

)
PARTITIONED BY (‘country’ string)
ROW FORMAT DELIMETED FIELDS TERMINATED BY ',

STORED AS ORCFile;

INSERT OVERWRITE TABLE static_partioned_table
PARTITION (country='canada’)

SELECT id, name, department

FROM my_external_table

WHERE country='canada’
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Dynamic Partitioning

* [lo BCem 3HaYeHMAam cTonbua

CREATE TABLE dynamic_partioned_table
(
'id" int,
'name’ string,
'department’ string
)
PARTITIONED BY (‘country’ string)
ROW FORMAT DELIMETED FIELDS TERMINATED BY ',

STORED AS ORCFile;

INSERT OVERWRITE TABLE dynamic_partioned_table

PARTITION (country)
SELECT id, name, country
FROM my_external_table;

27



Partitioning
* Heobxo0aAMMO BKIHOUYUTb HACTPOUKMU

set hive.exec.dynamic.partiion=true;

set hive.exec.dynamic.partiion.mode=nonstrict;

set hive.exec.max.dynamic.partitions=1000;

set hive.exec.max.dynamic.partitions.pernode=1000;



Partitioning

MynbTUYpOBHEBOE NAPTULMOHNPOBAHUE BO3MOKHO,
HO He Bceraa adPeKTUBHO

* boNblIOE KONNYECTBO MOXET OTPULATENIbHO CKA3aTbCA Ha
Metastore
OI'paHl/NVITb KOMTNYeCTBO napmu,m‘/’l
* 1000 nyywe yem 10000

Hadoop ntobut bonbine pannb
* He co3agaBanTe NnapTUUUmM C MaZIEHbKMMKN pannamu

Mcnonb3ymnTte napTuumm ecnu:
¢ ,ﬂlaHHbIX o4yeHb MHOTO
B 3adMpoCax 4aCTo UCMNOJIb3YHKOTCA onpeaeneHHble KOJIOHKU

e KONIOHKM € HEOONbLIMM KONNYECTBOM 3HAYEHUMN
(KapAMHaNbHOCTD)



Partitioning
* Jlyywe ncnonb3osatb [aTty, He [loa-Mecau,

SELECT * FROM TableA WHERE DateStamp IN (“2015-01-01’, ‘2015-02-03’, ‘2016-01-01")
VS

SELECT * FROM TableB WHERE (YEAR=2015 AND MONTH=01 AND DAY=01) OR (YEAR=2015 AND MONTH=02 AND
DAY=03) OR (YEAR=2016 AND MONTH=01 AND DAY=01)

30



Bucketing

e [lennT gaHHble BEPTUKANBbHO C UCNONb30BaHUEM
X3W-PYHKLUNM

* YKa3biBaeTca KoamndecTtso buckets

* OcobeHHO noneseH Npu ncnoab3oBaHuM Joins

CREATE TABLE bucketed_table

(
'id' int,
'name’ string,
'department’ string,
'country' string

)

CLUSTERED BY (id) INTO 12 BUCKETS

ROW FORMAT DELIMETED FIELDS TERMINATED BY ',
STORED AS ORC;



Bucketing

° HEO6XO,£I,V|MO ABHO YKa3biBaTb B HaCTpOﬁKaX

SET hive.enforce.bucketing = true;
SET hive.exec.dynamic.partition.mode=nonstrict;

INSERT INTO TABLE sale (xdate, state)
SELECT * FROM staging_table;



Bucketing

 Partitioning & Bucketing moXHO Mcnonb30BaTb
BMecTe

* peanbHbin pasmep dannos 200-500 Mb

* Ucnonb3yimnTe oanHaKoBble noaxoabl Partition /
Bucket ana coeamHaembix Tabauu,

CREATE TABLE sale (
id int, amount decimal, ...
) PARTITIONED BY (xdate string, state string)
CLUSTERED BY (id) SORTED BY (id) INTO 256 buckets;



Skewed Tables / List Bucketing

* MOXHO ABHO YKa3aTb 3Ha4YeHUs C NePEKOCOM B
NaHHbIX

* Hive pa3aennt 3Ha4eHmA C NepeKkocom n Bce
OCTa/IbHble B pa3Hble pannbl PU3NYECKU

CREATE TABLE mytable (
key STRING, value STRING, ...
) SKEWED BY (key) ON (key!’, ‘key2’) STORED AS DIRECTORIES;



Partitioning / Bucketing / Skew
nest practices

* [TapTULUMOHUPOBAHUE MNOAE3HO NO
XPOHO/IOTMYECKMM KONNOHKaM C HeEOONbLLINM
KOJINYeCTBOM 3Ha4YeHUM

* Bucketing noneseH ans Tabauu, yyacTByoLMX B
coeANHEHUN MO OAHOMY KoYy

e Skew noneseH ANA AadHHbIX B KOTOPbIX €CTb ABHbIE
nepeKocChbl



CTtpatermnm Join Hive



Shuffle Joins

customer order

quantity

Nick 11911 4150 10.50

Jessie [ simonds [ 11012 g 11914 27
11913 3491

Rodger B 23 EX E

Verona [ Hollen | 12015 g 11914 (2050 |0

SELECT * FROM customer join order ON customer.id = order.cid;

{iid: 11911, { first: Nick, last: Toner }}
{id: 11914, { first: Rodger, last: Clayton }}

{iid: 11911, { first: Nick, last: Toner }}
{ cid: 4150, { price: 10.50, quantity: 3 }}

{ cid: 4150, { price: 10.50, quantity: 3 }}

id: 11914, { first: Rodger, last: Clayton
{ cid: 11914, { price: 12.25, quantity: 27 }} { { g yton }}

{cid: 11914, { price: 12.25, quantity: 27 }}

Identical keys shuffled to the same reducer. Join done reduce-side.
Expensive from a network utilization standpoint.

w
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Broadcast Join (Map-side Join)

branch .
branch_key
branch_name
branch type

Measures

item
item key S lier
Sales Fact Table o item name S;E:,I;er Key
brand ,' supplier_type
ype ¥
item_key supplier_key
branch key _
. ' location
locanon_key--..‘ location_key
units sold | | st
— city_key, :
dollars_sold o
R A ity key
= avg_sales city
state_or_province
country

38



Broadcast Join (Map-side Join)

* YcTaHOBUTDL hive.auto.convert.join = true

* HIVE byaeT ncnonb3oBaTb broadcast join Tam rge
BO3MOXHO

* Hebonbwine Tabnunubl, KOTOPble NOMELLAOTCA B MaMATb

* HacTpounka
hive.auto.convert.join.noconditionaltask.size
onpeaenaeTt pasmep AaHHbIX ana broadcast join:

* [lo ymonyaHuio 10MB
* PekomeHayeTtca 256 VIB



Sort-Merge-Bucket join

customer order
| fst | st | W | cd | prce |  quantiy |
o [row  wen MG (o [5
lessie  |smonds |12  [eemgiote  [122s 000 w7 000

CREATE TABLE order (cid int, price float, quantity int)
CLUSTERED BY(cid) SORTED BY(cid) INTO 32 BUCKETS;

CREATE TABLE customer (id int, first string, last string)
CLUSTERED BY(id) SORTED BY(id) INTO 32 BUCKETS;

SELECT * FROM customer join order ON customer.id = order.cid;
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OnTmmmsauma Hive



Ontummsauma HIVE

* Tez

* ORCFile

* Vectorization

* Use Cost Based Optimization (CBO)
* Xopouwune SQL-3anpocsl

* YutaTb Hive Explain

* Acnonb3osaTtb Hive LLAP



Tez

Hive — MapReduce Hive — Tez

SELECT a.state SE'—E%Z :I-Zta‘e'
JOIN (a, c)
SELECT c.price JOIN (a, ¢)
a,c
JOIN(a, b) JOIN(a, b)
GROUP BY a.state GROUP BY a.state
COUNT(*) COUNT(*)
AVG(c.price) AVG(c.price)
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ORC

250 MB Stipe

250 MBStripe

250 MB Stripe

44



Vectorization

* BeKTopn30BaHHbIE BbIYMC/IEHUA ANA OCHOBHbIX
onepauun: scans, filters, aggregates, and joins

* [NpoueccuHr 610Ka JaHHbIX B €ANHULYY BPEMEHMU
(1024 cTtpoku BmecTto 1)

* 1na ORC-¢pannos

SET hive.vectorized.execution.enabled = true;
SET hive.vectorized.execution.reduce.enabled=true;



Cost-Based Optimization (CBO)

* Haninyme CTaTUCTUK ANA JAaHHbIX

* Ha ypoBHe Tabnunubl
* Ha ypoBHe KO/IOHKU

SET hive.cbo.enable=true;

SET hive.compute.query.using,stats = true;

Hive.stats.autogather=true;

ANALYZE TABLE table-name COMPUTE STATISTICS;

ANALYZE TABLE table-name COMPUTE STATISTICS for COLUMNS coll, col2;

ANALYZE TABLE table-name partition (coll=%") COMPUTE STATISTICS;



HIVE EXPLAIN

* MHCTPYMEHT ANA NoNyYeHUa aAeTanem AencTBuin
Hive

* [lochenoBaTenbHOCTb BbINOJAHEHUA onepau,m‘/'l

* Y6eanTbca B UICNONb30BAHUM NPABUbHbIX
cTpaTerum coegnHeHuma Tabamy

EXPLAIN {Hive Query}



Materialized views

SELECT distinct dest,origin
FROM flights;

SELECT origin, count(*)
FROM flights

GROUP BY origin

HAVING origin = ‘0AK’;

CREATE MATERIALIZED VIEW flight_agg

AS

SELECT dest,origin,count(*)
FROM flights
GROUP BY dest,origin;
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Hive LLAP

m Hadoop Cluster
- : Query
P Coordinators ~ LLAP Daemon - LLAP Daemon ~_ LLAP Daemon ~_ LLAP Daemon

ODBC / s |
3 Coord- NI
IDBC Queries "1 ilo In-Memory Cache
! Lo (Shared Across All Users)

HiveServer2

(Query P o P
Endpoint) Query Ml Query HE Query HE Query

C d' ! [ [ 1 1
- Executors [l Executors [ Executors [l Executors

inator

HDFS and
Compatible
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[ lpaKTMKa



[1paKTUKa

* DDL

* DML

* Export / Import

» Data Aggregation / Window Functions



Pe3ynbTaTbl 3aHATUA

* SQL on Hadoop n Hive
* ApxuteKkTypa Hive

* Moaenb AaHHbIX Hive
* CtpaTteruu Join Hive

* OnTumunsauyuma Hive

* [1paKTUKa



CCbINNKM Ha maTepumansl

 Hive Data Modeling and Query Optimization

* Hive Join Strategies

e How to understand and analyze Hive query plan

e Apache Hive 3: A New Horizon Meetup + Slides

e Hive LLAP Technical Preview
e AN APACHE HIVE BASED DATA WAREHOUSE
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https://www.slideshare.net/eyadbashir7/hive-data-modeling-and-query-optimization
https://henning.kropponline.de/2016/10/09/hive-join-strategies/
https://www.slideshare.net/HadoopSummit/how-to-understand-and-analyze-apache-hive-query-execution-plan-for-performance-debugging
https://www.youtube.com/watch?v=b_KUVK7Lq14
https://www.slideshare.net/dbist/hive-3-a-new-horizon
https://hortonworks.com/blog/llap-enables-sub-second-sql-hadoop/
https://www.youtube.com/watch?v=tfvqp0NvhOY

Hive cheatsheet

Hive SQL Datatypes Hive SQL Semantics

SELECT, LOAD, INSERT from query
Expressions in WHERE and HAVING
GROUP BY, ORDER BY, SORT BY

Z
—

TINYINT/SMALLINT/BIGINT
BOOLEAN

FLOAT

DOUBLE

STRING

TIMESTAMP

BINARY

ARRAY, MAP, STRUCT, UNION
DECIMAL

Sub-queries in FROM clause
GROUP BY, ORDER BY
CLUSTER BY, DISTRIBUTE BY
ROLLUP and CUBE

LEFT, RIGHT and FULL INNER/OUTER JOIN
CROSS JOIN, LEFT SEMI JOIN

CHAR Windowing functions (OVER, RANK, etc.)
VARCHAR INTERSECT, EXCEPT, UNION DISTINCT

DATE Sub-queries in WHERE
(IN/NOT IN, EXISTS/NOT EXISTS

Sub-queries in HAVING

Hive 0.10

Hive 0.11

Future
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http://hortonworks.com/wp-content/uploads/2016/05/Hortonworks.CheatSheet.SQLtoHive.pdf

JlomallHee 3a0aHMe

* PasBepHyTb agnctpmnbytnus CDH
* CamocToATeNIbHO NpoaenaTtb MmaHunynaumm c Hive



PepreKkcuA

* Y10 Bam 3aNOMHUAOCH BosbLle BCEro
* [TponTn onpoc



Bawin Bonpochk!?




