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TL elval TO

Apache Spark;

To Apache Spark givat €éva framework yevikou
OKOTIOU TTOU ETITPETIEL KATAVEUNHEVN ETtEEEpyaTia
0€ OMAOEC UTTOAOYLOTWV

Mrmopel va BewpnBel we pnxavn eneepyaociog
(processing engine) rtou bivel Epdaon os taxvTnTA
Kall EVUKOALAL Xprion¢ evw mapaAAnAa mapexeL
duvatotnTeG MPoXWPNUEVNE avaAuong SedopEvwy

Edooov gival Suvato datnpel ta dedopéva otn
KUpLA UV N TwV executors (2x €éwg 100x Taxutepo
arno to Hadoop MapReduce yla GUYKEKPLUEVEC
EPYOOLEQ)
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Apache Spark

“A unified computing engine and a
set of libraries for big data”

* Unified: Emtitpenel tn poptwon Kot

eneéepyaocia 6eOOUEVWY PE EVOTIOLNLEVO
API, ebkoAo otnv katavonon (m.x.
doptwon SedopEVWVY XPNOLLOTIOLWVTOG
gva SQL epwtnua =P sicodoc dSedopEvwv
O€ LLOVTEAO pNXAVLIKAC pabnong =
amoBnKevon AMOTEAECUATWY OE
erBuuntn popdn)

Computing Engine: To Apache Spark
gotlalel otn doptwon SedoUEVWY Ao
cuotApoTa armoBnKevong KoL oTnv
eKTEAEON uTtoAoylopwyv ota dedopeva
oTou auta Bplokovtal (6ev amoteAel T0
1610 Aoylouiko amoBnkevong 6edopevwy)

Libraries: Moap&yxel APIl tou e€unnpetet
OUXVEC epyaociec avaluong Sedopevwy
(mepLéxel standard libraries & 3 party
libraries)



To Stack tou Apache Spark

e Spark SQL: npooBoaon os Sounpeva
dedopeva — oupPatotnta pe HiveQL

* Spark Streaming: fault tolerant xelplopocg

data streams (Flume, Kafka,...) Spark SQL +
DataFrames

e MLlib: éAeyxoc utoBeocwy,
Katnyoplomoinon, maAwdpounon,
cuvotadormnoinon, avaluon KUpLWV
CUVIOTWOWV K.Ql.

e GraphX: avaAuon ypadnuatwv (T.x. R
pagerank), p€ow tou Pregel API

Spark:

MLIib GraphX
Streamin g Machine Graph
Learning Computation
Spark Core AP
SOL Python Scala Java



Spark epappuoyn

Driver Program

Executor

Cluster Manager
(Spark’s standalone

Executor

cluster manager,
YARN, Mesos)

Executor



Lo TtoLeC ePAPUOYEC
elval KataAAnAo to
Apache Spark;

To Spark eivat katdAAnAo yia:

ALaOpOOTIKA EPWTNOTO OE
peyaia dedopeva

Eneéepyaoia streaming
HeyaAwv Sebopevwy amo
aLoOntNpPec N amo AAAEC
TINVEG

e Avamrtuén epappoywv

HNXaVLKNG pabnong o
pneyala dedopeva

{ mLib |

j

[

data storage

systems

Aqkkﬂ. K machine learning [.::‘\
a!ﬁ’t : ‘ streiglir[l%;jata l train models use trained I
- \ with live data model
kafka
ot <
Spark S treammg
AR AC HE
ox BRSE — <
. di m 4 A\
ceanae MySQL watic dat [ processwlth interactively
® mongoDB 5 :olucrc;sa DataFramos query with SQL |
ANV \ ,//
: Spark SQL
SQL + DataFrames

nnnnnn

https://databricks.com/blog/2016/06/22/apache-spark-key-terms-explained.html
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* Alatnpel ta dedopéva kal ta

XapoKTNp LOTLKOL evdLdpeca anoteAéopata ot * Exeoxediaotet wg
VI LN, OVTL v Ta ypadeL oto Sloko HNXOWVLOKOG EKTEAEONG
TOU S Pa rk , , , epappoywv T060 oTh
* [apexel emetepyaocia «oxeOOV» VALY 600 Ka oTo Sioko
TIPOAYLATLKOU XPOVOU (6Tav N AN Sev
e g oxeon pue to Hadoop MapReduce emopKel, oL Aettoupyleg
to Spark: Tou Spark xpnotpormnolouv
* TIPAYHUOTOTOLEL AlyOTEPO SLOOECLUEC
«oKpLBa» avakateEpoTa SEUTEPEVOUOEC LOVASEC

(shuffles) kata tnv
enetepyaocia dedopévwv

* NMapexet vPpnAotepou
eruntédou APl rtou SleukoAUVEL
TOUC TIPOYPOLLUOTIOTEC

anoBnkevong)




Aedopeva mou xelplletol to Spark

e JUXVA XPNOLUOTIOLELTOL TIAVW ATTO TO * ErumAgov:

Hadoop mou tou napexeLl mpooBaon
oe dedopeva ta omoia Bplokovial oto
HDFS 1 otnv HBase

Open Source

Ecosystem & Sparkling 1o
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https://databricks.com/blog/2016/01/05/apache-spark-2015-year-in-review.html

* Mrnopei va dtaBaocsl bedopéva Kal amo

AAAo cuoTRpaTo amoBriKkevong
debopévwy onwce Cassandra, MongoDB,
CouchDB k.a.

Méow Tou umoocuotripatog Apache Spark
SQL pmopel va €xeL mpooPfaon peow SQL
0€ OXEOLaKEC Baoelc Sedopevwy
Mrmopel va xpnotpomnolel to Apache
Mesos w¢ cluster manager kat va gg
exte\eitol ektdc Hadoop og opdbec
UTTOAOYLOTWV TTOU TN SLaXeiplor Toug
avaAappavel to Mesos


https://databricks.com/blog/2016/01/05/apache-spark-2015-year-in-review.html

[AwooeC Ttou uttootnpLleL To Spark

* Scala * AtaBetel REPL (Read Evaluate Print Loop)

e Java yta: Scala, Python, R

* Python notebooks
. R * R notebooks

= Ju pyter Untitled5 Last Checkpoint: 4 minutes ago (autosaved) A

spark-shell File Edi View Insert Cell Kemel Widgets Help Pytho
20/e5/17 21:@4:24 WARN NativeCodeloader: Unable to load native-hadoop library for your platform... using builtin 2+ <& B4 v M B Cl oo 71 (e | [ Cairmoonar |[ @ |[@ |3
-java classes where applicable
Using Spark's default log4j profile: /apache/spark/log4j-defaults.properties
Setting default log level to "WARN". In [11]: import findspark
To adjust logging level use sc.setlLoglevel(newlLevel). For SparkR, use setlLoglevel(newlLevel). jElnd=pagkeiniti)
Spark context Web UI available at http://DESKTOP-66P@©2VI:4040 import pyspark
Spark context available as 'sc' (master = local[*], app id = local-1589738670215). Gacogtiendos

Spark session available as 'spark'. sc = pyspark.SparkContext (appName="pi")
Welcome to num_samples = 100000090

def inside(p):
%, y = random.random(), randem.random()
return x*x + y*y < 1

version 2.4.5 count = sc.parallelize(range(@, num samples)).filter(inside).count()

i =4 * count / num_samples

print(pi)
Using Scala version 2.11.12 (Java HotSpot(TM) 64-Bit Server VM, Java 1.8.©_181) sc.stop()
Type in expressions to have them evaluated. 3.14107536

Type :help for more information.
In [9]:

scala> []
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Python REPL

$ pyspark

Python 2.7.17 (v2.7.17:c2f86d86e6, Oct 19 2019, 21:01:17) [MSC v.150@ 64 bit (AMD64)] on win32
Type "help”, "copyright", "credits" or "license" for more information.

20/05/17 21:09:17 WARN NativeCodeloader: Unable to load native-hadoop library for your platform...
-java classes where applicable

Using Spark's default log4j profile: org/apache/spark/log4j-defaults.properties

Setting default log level to "WARN".

To adjust logging level use sc.setloglevel(newLevel). For SparkR, use setlLoglevel(newLevel).

using builti

/o
- - /o
NI\

version 2.4.5

Using Python version 2.7.17 (v2.7.17:c2f86d86e6, Oct 19 2819 21:01:17)
SparkSession available as 'spark'.
> |

$ pyspark

Python 3.7.5 (tags/v3.7.5:5c@2a39a@b, Oct 15 2019, @0:11:34) [MSC v.1916 64 bit (AMD64)] on win32
Type "help copyright", "credits" or "license" for more information.

20/e5/17 21:
-java classes where applicable

Using Spark's default log4j profile: org/apache/spark/log4j-defaults.properties

Setting default log level to "WARN".

To adjust logging level use sc.setlLoglLevel(newLevel). For SparkR, use setlLoglevel(newLevel).

A
_ N _/ '/
N TN
/_/

version 2.4.5

Using Python version 3.7.5 (tags/v3.7.5:5c@2a39a@b, Oct 15 2019 €08:11:34)
SparkSession available as 'spark’.
>>>

:13 WARN NativeCodelLoader: Unable to load native-hadoop library for your platform...

using builtin




R REPL

$ sparkR

R version 3.6.3 (2020-82-29) -- "Holding the Windsock"
Copyright (C) 282@ The R Foundation for Statistical Computing
Platform: x86_64-w64-mingw32/x64 (64-bit)

R is free software and comes with ABSOLUTELY NO WARRANTY.
You are welcome to redistribute it under certain conditions.
Type 'license()' or 'licence()' for distribution details.

R is a collaborative project with many contributors.
Type 'contributors()' for more information and
'citation()' on how to cite R or R packages in publications.

Type 'demo()' for some demos, 'help()' for on-line help, or
'help.start()' for an HTML browser interface to help.
Type 'q()' to quit R.

Spark package found in SPARK_HOME: E:\spark-2.4.5-bin-hadoop2.7\bin\..

Launching java with spark-submit command E:\spark-2.4.5-bin-hadoop2.7\bin\../bin/spark-submit2.cmd "sparkr-she
11" C:\Users\chgogos\AppData\Local\Temp\RtmpOgSBQ6\backend_port24d4alb257a

20/85/17 21:39:32 WARN NativeCodelLoader: Unable to load native-hadoop library for your platform... using builtin
-java classes where applicable

Using Spark's default logd4j profile: org/apache/spark/log4j-defaults.properties

Setting default log level to "WARN".

To adjust logging level use sc.setlLoglLevel(newlLevel). For SparkR, use setLoglLevel(newLevel).

Welcome to
N
- _N _ "/ S
/. IN_,_/_/ /_/\_\ version 2.4.5
/_/

S

SparkSession available as 'spark'.




Resilient
Distributed
Datasets
(RDDs)

 To RDDs potalouv pEe TouG

TIVOKEC TwV Baoewv
Aedopevwv

Tot RDDs eival immutable
(éva RDD pmopei va
TpoTmomnolnBel LECw EVOC
LETAOXNMATIOMOU aAAQ o€
QUTN TNV EpLMTWOonN
eniotpEdetal eva véo RDD
Kol To apxko RDD
TIOPOLLLEVEL TO 1O10)

* Ta RDDs umootnpilouv

KOTOLVELNUEVN aTtoBnKeuon
5e6OUEVWV OTLC UVAUEC TWV
HNXavnUatwy evog cluster

£TOL WOTE VO ETILTUYXAVETOLL

* avoxn o€ ocpaApata:
Kataypadovtog To
LOTOPLKO TWV
LETOOXNMUATIOHWY TTOU
epapupolovtal ota
dedopéva

* uynAn anodoon:
NopaAAnNALopoC
enetepyacioc otoug
KOuBouc tou cluster
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RDDs:

Transformations -
Actions

14

ATIO TN oTLyur) ov £xeL dnuovpynOetl eva RDD, pumopouv
va yivouv U0 Baotkol TuTtol AELToupyLwV:

* Metaoxnuatiopoi (tranformations)

e Snuwoupyoulv eva véo RDD aAAdlovtag to
apxko (r.x. map, filter, flatMap, groupByKey,
reduceByKey, aggregateByKey, pipe, coalesce)

* Ol HETOOXNUOTIOMOL OV ETILOTPEPOUV LA ATTAN
T aAAa eva veo RDD (lazy evaluation)

* Evépyeleg (actions)

» uTtoAoyilouv pLa toootnTa aAAd 6ev aAldlouv
ta Sedopeva (m.. reduce, collect, count, first,
take, countByKey, foreach)

e Otav KoAs(tal pa evépyela og €va RDD, tote
gKTEAOUVTOL OAOL OL PETAOXNMATIOUOL KOl
ETILOTPEPETAL TO ATOTEAECHQL



Directed Acyclic
Graphs (DAGS)

LR Working With RDDs

textFile = sc.textFile{"SomeFile,txt"

* To Spark emutpenel tnv avantuén
oUVOETWV EPYaCLWY, TIOU
armoteAouvToL Ao TIOAAA :
ETIUEPOUC BripaTa Transformations '
XPNOLUOTIOLWVTOG TO AEYOUEVO \

DAG pattern linesWithErrorRDD. count()
6

]

To Spark diatnpel ta evéidpeoa
amoteAEopATA OTN LVAMN avTi va
Ta eyypadeL oto Sioko (LdLaltepa
XPrOLo OTav XpELAleTaL val LinesWithErrorRDD = LinesRDD. filter(lambda Line: "ERROR" in
npaypotononBolv epyaciec ota S

(Ola debopéva moAEC dopEg)

linesWithErrorRDD.first

# Error Une

MAPR

15




MLIib

(scalable
machine
learning

library)

* To APl tou MLIib Baoiletal
ota DataFrames

e AAyOpLOUOL LNXOVLKAC
nabnong

Katnyoplomoinon
MNoAwvépounon
Agvdpa anodaonc

AAyopLBpoL
OUOTAOEWV

Yuotadormnoinon



Streaming

* Ta streaming 6edopcva
dBavouv cuvexwg amno

SLadopEC MNYEC UE ULKPA
Hnvupata

* YridpxouVv TTOAAEC
edOpPUOYEC TNG Streaming
texvoloyiac
(mapakoAovBnon
aLoOntripwv, €Aeyxoc logs,
napakoAovuBnon
XPNMUOATOOLKOVOULKWV
oyopwv K.o.)

e AOYyLOMLKA atvaAuong
streams

Flink
Storm
Kafka
Spark
Samza
Kinesis



E€eAén tou

LLOVTEAOU
emeéepyaoloc OTo
Apache Spark

RDD (Resilient Distributed Datasets)

Spark 1.3 =» DataFrame API (xpnotpomnotel y\wooa
EPWTNHUATWY — query language — yla va xelpiletal ta
dedopeva tayvtepa o oxeon Ue ta RDD)

Spark 1.6 =» DataSet API (dnpwoupyet query plans ywa
TNV EKTEAECN TWV EPWTNUATWY, TAXUTEPO OE OXEON UE TA
RDDs)

Spark 2.0 =» Structured APIs (Datasets, DataFrames, SQL
tables and views) — Schemas

Spark 3.0 =» adaptive query execution; dynamic
partition pruning; ANSI SQL compliance; significant
improvements in pandas APIs; new Ul for structured
streaming; up to 40x speedups for calling R user-defined
functions; accelerator-aware scheduler; and SQL
reference documentation
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Spark’s APls

AwaBeoipa APls

Yy nAov emnunedou

XapnAov emunedou
RDDs

Datasets, Dataframes, SQL

19



Anodoon tou Apache Spark (GraySortMetric,
CloudSortMetric, TPC-DS 30TB)

A GraySort 2014  HadoopMR  Spark B New CloudSort Benchmark

Record Record Cost to sort 100TB of data
Data Size 1025 TE 100 TE
L — e 2014 UC San Diego
Elapsed Time 72 mins 23 mins Record
#t Nodes 2100 206
2016 £l ~
# Cores 50400 physical 6592 virtualized Record per terabyte Alibaba Group databricks
Cluster disk 3150 GB/s B18 GB/s In Collaboration
throughput lest)
- https://databricks.com/blog/2016/11/14/setting-new-world-record-
Sort Benchmark  Yes Yes apache-spark.html

Daytona Rules

Network Fllllit-]l lntﬂll‘ [LL Spark 3.0 performed roughly 2x better than Spark 2.4
i C in total runtime for 30TB TPC-DS benchmark

Sortrate 1.42 TB/min 4.27 TB/min https://databricks.com/blog/2020/06/18/introducing-apache-spark-3-0-now-available-in-
databricks-runtime-7-0.html

Sortrate/node  0.67 GB/min 20.7 GB/min

https://databricks.com/blog/2014/11/05/spark-officially-
sets-a-new-record-in-large-scale-sorting.html 20



https://databricks.com/blog/2014/11/05/spark-officially-sets-a-new-record-in-large-scale-sorting.html
https://databricks.com/blog/2016/11/14/setting-new-world-record-apache-spark.html
https://databricks.com/blog/2020/06/18/introducing-apache-spark-3-0-now-available-in-databricks-runtime-7-0.html

Demo: mopadelyua eneéepyacioc pe RDDs
oto Apache Spark

* YrtoAoylopog ntAnBouc
LOVAOLKWY ETILOKETITWYV

LOTOOEALOOC
* EUpeon IP leuBuvoewv amo Tig VR IS 1)U 0
/ / / Apache Spark 101: Getting up to speed on the
OTIOLEG O-UVSEG” KE 0 KaBe popular big data engine
|J-OV0‘6U<OC Xpna'mq http://www.oracle.com/technetwork/java/javamagazine
* Xpnon apxelwv kataypadng - id eATn

Weblogs (829MB) \:3—_.5:1-..;8:.:'7;3—(@82&)[lS!Sepf2613:23:58:36 +0100]
"GET /KBDOC-20633.html HTTP/1.0" 200 14417
"http://www.loudacre.com”

"Loudacre Mobile Browser iFruit 1"

IP AteUBuvon
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