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[MnaH npe3eHTauun

Apache Spark 0630p

Kak pabotaet Spark

TpaHcdopmauus n gencreme

CTpykTypa 3agaHus Spark
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KpaTkasa uctopus Spark oo,

Spark: A Brief History

APACHE
S Spark

[2002]  Ja004]  Jaooe]  J2008] a0 Ja0n2[  [2014]

2002 2008 2014
MapReduce @ Google Hadoop Summit Apache Spark top-level

2006
Hadoop @ Yahoo!

Spark started as a research project
at the UC Berkeley AMPLab, a lab Spark project was donated to the DataFrame and DataSet APls

focused on big data analytics. Apache Software Foundation. unified. Spark 2.0 released.

2010 2018

2009 2016

Spark was open sourced and the founders Spark becomes a top-level Apache Project Hydrogen announced with the
published their first research paper: project. Spark 1.0 released. goal of providing first-class support for
distributed ML frameworks.
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SPQI‘IQ; YTo Takoe Apache Spark b4

Apache Spark - 310 BigData hpeMMBOPK C OTKPbITbIM MCXOAHLIM KOAOM 715 pacrnpeaenéHHom
NakeTHOM U MOTOKOBOM O6PabOTKNM HECTPYKTYPUPOBAHHbLIX U CraboCTPYyKTYPUPOBAHHbBIX OaHHbIX,
BXOASLLMI B 3KOCUCTEMY NPOoeKToB Hadoop.

OcHoBHbIM aBTOpOM Apache Spark cuntaetcs Maten 3axapusa (Matei Zaharia), pyMbIHCKO-KaHaACKWI
YYEHbIN B 0bnactn nHpopmatnkn. OH Hadan paboTy Haa npoekTom B 2009 roay, byayvn acnmpaHTom
YHuBepcuteta KanndopHum B bepknu. B 2010 rogy npoekT onybnukoBaH nog nuueHsnen BSD, B 2013
rogy nepenaH oHay Apache Software Foundation n nepesenéH Ha nuueHanio Apache 2.0, a B 2014
rogy MPUHAT B YMCNO NPOEKTOB BePXHero ypoBHA Apache. U3HayanbHO Cnapk HanucaH Ha Scala.
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park [MpenmyluecTBa n ocobeHHocTU Apache Spark

Spark — BCé-B-O04HOM AN padboTbl C 00NbLUMMU AAaHHBLIMM - Spark co3aaH Ans Toro, YTobbI
nomMoraTb pellaTb LUMPOKUKW KPYT 3a4ad No aHanu3y AaHHbIX, Ha4MHas C NpOCTON 3arpy3ku
OaHHbIX 1 SQL-3anpoCcoB 1 3aKaH4YMBasg MalLMHHbIM OOy4YEHMUEM U MOTOKOBbLIMU BbIYUCIIEHNSAMU,
NpPY NOMOLLM OAHOIO U TOrO Xe BbIYUCINTENBHOIO MHCTPYMEHTA C HEU3MEHHbLIM Habopom API.

Spark oNnTUMU3UPYET CBOE MALUMHHOE AAPO AnA 3 ¢pekTUBHbIX BbIYNCNEHUN — TO ECTb
Spark TONbKO ynNpaBnsieT 3arpy3kor AaHHbIX U3 CUCTEM XPaHEHUS Y NPOU3BOAUT BbIYNCIEHNS
Hag HUMW, HO caM He ABNSAETCS KOHEYHbIM NOCTOSAHHBLIM XPaHUMULLEM.

BubnuoTteku Spark AapAT oYeHb WUPOKYH PYHKLUOHANBHOCTb — CEroAHS CTaH4apTHbIEe
BMbnnoTekn Spark ABNAKOTCS rMaBHOW YaCTbo 3TOrO NMPOeKTa C OTKPbITbIM KOAOM. Aapo Spark
camMo no cebe He CINLLKOM CUITbHO N3MEHASIOCH C TEX NOP, Kak ObIf10 BbINYLEHO, a BOT
6mnbnmoTekn pocnu, 4Todbl 406aBNATL ewe bosblue PyHKUMOHanNbLHOCTN. U Tak Spark
npeBpaTunca B MyrnsTUQYHKLMOHANbHbIN MHCTPYMEHT aHanusa gaHHbIX. B Spark ecTb
6mnbnmoTekn ans SQL 1 CTPYKTYPUPOBaHHbIX AaHHbIX (Spark SQL), MalmHHOro odyyeHuns (MLlib),
NOTOKOBOW 00paboTku (Spark Streaming n aHanUTUkM rpadoB (GraphX).

Noanepxka HECKONbKUX A3bIKOB pa3paboTKM - Scala, Java, Python n R
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Spa MpeumyiiecTBa n oco6eHHOCTN Apache Spark v

MLLib Streaming SQL GraphX

Graph
processing

Real-time
analytics

Interactive
Queries

Machine
Learning
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SpQrJ\Z MapReduce u Spark A

|
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In put Read/write Read/write
from HDFS Intermediate data Intermediate data

— E—

l
l

Input
from HDFS

In-memory computations, no need read / write to disk
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SPQT'(\; MapReduce 1 Spark -

Logistic Regression Performance m MapReduce m Spark
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[MpenmyLiecTBO Spark 0COBEHHO NPOABSAETCS eCrnn He06XOAMMO BbIMOMHUTL LEMOYKY 3a4ady Unm
nTepaumnn
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Spark MapReduce u Spark o',
JlanHbIE Dain RDD coxpansieMbie B maMsATH
y3JIOB
[Iporpamma Map, Shuffle, Reduce B Tpancdopmaiuu B J1ir000M
3aIaHHOM TIOPSJIKE 3aJIaHHOM TOPSAJIKE, HET JIEJICHUS
Ha BH/JIBL.
JKU3HEHHBIN LUK 3anmaya - Java mmporueccsl, 3amaya — BBIIOJIHAETCS Ha
KOTOpBIE 3aITyCKAIOTCS U JOCTYIHBIX, TOJTOKUBYIIIAX
BBITPYXKAIOTCS ISl KaXKJI0TO npoueccax Executors
miara
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SPQI"’,(\Z MapReduce u Spark A

MeHbLue waroB - Spark job aTo Habop TpaHcdhopmauuii (6e3 pasgeneHns Mapper - Reducer) pasgeneHHbix Shuffle.

Mapper Shuffle Reducer Mapper Shuffle Reducer
[shutfie] [ EXDl

SELECT srcl.key FROM
(SELECT key FROM srcl JOIN src2 ON srcl.key = src2.key)
ORDER BY srcl.key;

Transform - Transform - Transform

=)
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Shuffle Reducer Shuffle Redcr
mi
Select (key) Select(key) (Sort) orc'i(ered
ey
Join srcl, Emit
Select (k src2 (Sort) ordered
gec tkey) Select(key) key
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SPQ<”(\Z MapReduce u Spark b4

YKM3HEHHbIV UMK NpoLieccoB
Executors
MaxExecutors
3 \ : . \ / " MinExecutors
) irftExecutors
Mo rec  wwps R o o o

MapReduce — KaXxabIn LLar 3anyckaeT 1 yaanseT npoueccbl Mapper 1 Reducer
Spark — KaXkabIn Executor (MCNOMNHUTESNb) ABNAETCA OOSTTOXMBYLLIMM NPOLIECCOM N MOXET B

TeyeHune XU3HN UCMOSTHATL OAHY UM HECKOMbLKO 3a4ay nocriefoBaTefibHO 1 napannenbHOo
(executor cores)
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parK: Pa3Butne MapReduce - Tez

Hive-on-MR vs. Hive-on-Tez

SELECT a.x, AVERAGE (b.y) AS avg Tez avoids
FROM a JOIN b ON (a.id = b.id) GROUP BY a unneeded writes to
UNION SELECT x, AVERAGE (y) AS AVG HDFS

FROM ¢ GROUP BY x
CRDER BY AVG;

Hive - MR Hive - Tez

SELECT a state SELECTbid SELECT a state,
—— c.itemid

JOIN(a, c)

SELECT c.pnce
JOIN (a, ¢)
JOIN(a, b) JOIN(a, b)
GROUP BY astate GROUP BY astate
COUNT(") COUNT(")

AVERAGE (c.price) AVERAGE (c.price)

Tez — NO3BONSAET 3anyCTUTb Leno4Yky MR Ha BbINOMHEHUE bes3 npome>|<yTqu0|‘/'| 3anmncu B HDFS
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park MapReduce: word count o

The overall MapReduce word count process
Input Splitting Mapping Shuffling Reducing Final result
Bear,1 —— » Bear, 2 N
Deer,1 — ——m Bear, 1
Deer Bear River —— = Bear, 1
River, 1
/ Car, 1
Car,1 —w» Car,3 ——wm» Bear?2
Deer Bear River Car, 1 Car, 1 Car, 3
Car Car River ——w» Car CarRiver ——» Car, 1 Deer, 2
Deer Car Bear River, 1 River, 2
Deer,1 —»{ Deer,2 ———
Deer, 1
Deer, 1
Deer CarBear —» Car, 1 /
Bear,1 | River, 1 |— w!| River,2 |
River, 1

Heobxooumo Hanucatb Mapper 1 Reducer Bce octansHoe obecneunsaeT MapReduce hpenmBopk
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SAPACHE&

park MapReduce u Spark: ynpouwjeHune paspaboTku

MapReduce Java

sport java.io.I0Exception;
ra.util.StringTokenizer;

.mapreduce . 1ib. input .FileInputFormat;
.mapreduce . 1ib. autput. FileOutputFareat;

sw IntWritable();
uce(Text key, Iterable values,

Context comtext
hrows T0Exception, ImterruptedException {

System.exit(job
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Word Count ons Spark Ha Scala

val sc = new SparkContext(new SparkConf().setAppName("Spark Count"))
val textFile = sc.textFile("hdfs://...")
val counts = textFile.flatMap(line => line.split(" "))
.map(word => (word, 1))
.reduceByKey(_ + _)
counts.saveAsTextFile("hdfs://...")




YcTONMYMBOCTb K COOAM

Ans kaxagoro Habopa AaHHbIX Spark
BedeT Lineage n MOXeT nepecynTaTb
AaHHble C NoOoro MoMeHTa npu
cboe/notepe y3na

Lazy Evaluation (neHuBoe
UcnonHeHue)

PeanbHas pabota HauyMHaeTcs
TOMbKO TOrga, korga Tpebyrotcd
AaHHble (coxpaHeHue dann, count,
collect, ...)

NoTokoBasi oopaboTka B
peanbHOM BpeMeHu

Bo3mMoxHOCTb Kak Batch Tak n
Streaming 06paboTKn AaHHbIX
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OcobeHHOCTHU Spark

CkopocTb paboThl

Spark - eng. «MCKPA»

PasnnyHble apxXnTekTypHble
PELLEHNs ANs yBENNYEHUSI CKOPOCTU
(KelumpoBaHue, AONroXMBYLLME
executors, ...)

YHuBepcanbHOCTb

YHuBepcarnbHbI penMBOPK OS14
pa3paboTKn LUMPOKOro crnekTpa
3apgay: batch, streaming, ML, GraphX,
SparkSQL. Bo3amoxHOCTb
pa3paboTkn cBOUX Mogyrnen

Scala, Java, Python, R
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OcCHOBHbIe KOHLenuuun Spark




APACHE ° ‘.
Squl\z RDD ~

Kak C EANHBIM LienbIM 9T0 Habop NapTULIWIA...

( ) (" )

... pacnpegerneHHbIX Ha pa6oql/|x y3nax
(B mamATH, B Kelle, Ha ANCKE, MOXET M He CyLLeCTBOBaTb (hU3nyeckm)
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val textFile = sc.textFile("hdfs://...")
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oark RDD

X

RDD - Resilient Distributed Dataset:
HenameHsiemaa pacnpegeneHHasa konnekuma (tabnuua)

OTtka3oyctonumBas - ans RDD segetca Lineage — Spark Bcerga 3HaeT Kak BOCCTAHOBUTb
RDD B cnyyae cbo4

BHyTpn RDD pasbuta Ha napTULUmM — 3T0 MUHUMarnbHbIM 00bem RDD, koTopbin byaet
obpaboTaH KaxabiM paboymm y3nom.

RDD pacnpegeneHa no ysnam Executors

Driver

I R R

____________________________________________________

____________________________________________________

Worker Worker Worker Worker
Node Node Node Node
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5907’(? TpaHcdhopmaums u gencTeme o

val textFile = sc.textFile("hdfs://...") | .
val splits = textFile.flatMap(line => line.split(" ")) RDD: textFile A

= spli enli n
val allwords = splits.count() RDD: splits

val tb = splits.filter(_.startsWith("b")))
tb.saveAsTextFile("hdfs://...") RDD: th RDD: words

val words = splits.map(word => (word, 1))
val counts = words.reduceByKey(_ + _) RDD: counts
counts.saveAsTextFile("hdfs://...")

TpaHCCbOPMaU.Vlﬂ 3anuck B 3anuck B
He NPUBOOMT K 3anyCKy Bbl4MUCIIEHUN carin haiin

Hew .
< 3anyckaet ueel:lliz?zlb?qmcnemm > I_a Zy Eva | ua tl on

M0 VY M 35 —
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Spark’ TpaHcdhopmauua n gencTeme Y
TpaHcdopmauumsa Hdencrteue
He NMpmBoaUT K 3arnycCKy BbIYUCIIEHNI < 3alfycKaeT LEerno4Kky BbIYUCIIEHUN >\
NMpumepbl: NMpumepsbt:
map(func) collect()
filter(func) count()
union(otherDataset) take(n)
reduceByKey(func) saveAsTextFile(path)

join(otherDataset)
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Mniocbl U MUHYCBI Lazy Evaluation %

Yno6¢cTBO HaNnucaHus NporpamMmm

Yny4waeT YyuTaemMocCTb Koga, MOXHO
pa3buBaTb Ha HEDOMbLUME KYCKMU,
NoTOM Bce cobepeTcs B eanHbIN
DAC.

N36exaHne HeHYXHbIX
BbIYUCINEeHMN n Tpadcumka
Mexay ApanBepoMm U
y3namu

O6pabatbiBaloTCs TONbKO Te AaHHbIE,

KOTOpble pearnbHO HyXHbI. (take(10))

CTpOI/ITCFl €AVHbIN NiaH BbIMNOSTHEHUS.

OnTumunsaums

[MocTpoeHHbIV NNaH 3anpoca
onTumMmanpyetca Spark, casuras
Hanpumep HEKOTOpPbIE OUNLTPbI
Bnvxe K Havany
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Heobxognmo 3aboTuUThLCA
O NOBTOPHOM
BbIYUCIIEHUMN

Kaxxgoe gencrteue BbinonHsaetca 6e3
ornsaaku Ha gpyroe. Heobxogmmo
3abotutcs 06 nsdexxaHum
NMOBTOPHbIX BbIYNCITIEHUN.

cache(), persist()

Pa3pacTtaHue nnaHa
3anpocoB

OcobeHHO B nTEPALIMOHHbIX
anroputMmax. 3gecb MOXeT NOMO4b
savepoint(), KOTOPbIN COXPaHAET
[OaHHble Ha ANCK 1 ounLaeT lineage.
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SPQ . Lazy Evaluation kawumpoBaHue Y
Job 1 Job 2 Job 3
RDD: textFile RDD: textFile RDD: textFile RDD: textFile
RDD: splits n?(',ilg:eT HOBTOpHOG BblYUCITIEHNE N YTEHUE N3 cbavlna
RDD: tb RDD: words
RDD: counts
MNoacuet
K-Ba
RDD: counts
3anuncb 3anuncb
B cpain B paitn 3anuck
B dhann
3anucb
B chawnn
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parkK: Lazy Evaluation kalumpoBaHue e,

val textFile = sc.textFile("hdfs://...") Job 1 Job 2 Job 3

val splits = textFile.flatMap(line => line.split(" ")).cache() RDD: textFile RDD: textFile RDD: textFile

| l

val allwords = splits.count()
MosTopHoe BbluncneHve TOJNIbKO B cnyyae c6os nnm ecnu kawwa

val tb = splits.filter(_.startsWith("b")) HEPITIERA LR s el
tb.saveAsTextFile("hdfs://...") } }
RDD: splits RDD: splits RDD: splits
val words = splits.map(word => (word, 1))
val counts = words.reduceByKey(_ + _)
counts.saveAsTextFile("hdfs://...") Kaww B namstm
n/nnu Ha
NoKarnbHOM OUCKe
KawmnpoBaHue no3sonsieT n3dexartb Ha y3ne 0bpaborkm
NMOBTOPHOIO BbIYUCIIEHUA BETKAN rpacba ‘
RDD: t10 RDD: words
NHoraa kawmnpoBaHNe MOXET 3aHATb MHOIO Moac
namaTu 1 BpEMEHN N BbICTpee byaeT eT k-Ba
NMOBTOPHO Npon3BecT BbIYNCIIEeHUA RDD: counts
3anuncb
B dhann
3anucb
B chann
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Kak ycTpoeHo npunoxeHue Spark

=\
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SpQrJ\Z MpunoxeHue Spark 4

Kaxkgas 3apaya nony4vaeTt Ans BbINONHEHUS:

Worker Node
num_executors — K-BO OTAENbHbIX NPOLECCOB

E fs
JVM, B KOTOpbIX ByayT 3anyLieHa noToku xocuior [Ctene
06paboTkn gaHHbIX(OHM MOTYT ObITb Driver Proata / o Task || Task
pacnonoXeHbl Kak Ha 0QHOM y3rie, Tak 1 Ha
pasHbIx). [Mpouecchl byayT paboTaTb 40 KOHUA SparkContext Cluster Manager TS
\ orker Noae

paboTbl NPUNOXEHNS. |

\_‘ Executor | Cache
executor_cores — K-BO naparenibHbIX MOTOKOB Task || Task
BbINOMHSAEMbIX B Kaxkaom executor. ObpaboTka
AaHHbIX NOET B NOTOKAaX.

executor-memory — K-BO NaMATK BblaeNndemMoe RE—

Enab\e zooming

kaxxgomy Executor Sommen | oo comu e CO"@S

Shuffle Read T\me W Result Qeralza(cr\ ime

1/ devhdp6 Ii

driver-memory — K-BO NamMaTu Bblaendaemoe M
(I

ApanBepy. A _ ‘

executors -
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park

MpunoxeHue Spark

RDD Objects

DAGScheduler

L JC

e
.

rddA. join(rddB)

.groupBy(...)
filter(...)

Build Operators

—

— O

Task
Set

——/
.

Split graph into stages of tasks

Submit each stage as it ready

TaskScheduler

Cluster
Manager

Launch tasks

Retry failed task

Task

Worker

Cluster
Manager

Threads

Block
Manager

Execute tasks

[ns kaxporo aencteua ctpontcss DAG BbINONHEHUSA
DAG otnpasnsietca B DAGScheduler

DAGScheduler pasbuBaet ero Ha aTansbl (stages) n otnpaeBnsieT Ha BbinonHeHne Ha TaskScheduler
TaskScheduler ucnonb3yet meHegxep knactepa (Yarn,Mesos, Spark Standalone) ans selgeneHmsa

pecypcoBs

Kaxgbin Executor nony4vaet ot Driver 3agaHue (Tasks) v BbINOMMHAET ero Hag, CBoen nopumnen JaHHbIX
[aHHble oTcbinatoTcs Ha Driver nnn coxpaHaTea B dpani Unu KawupyroTea B namatn Executor
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Spcfll(\; Mpunoxenue Spark &

dTan 370 nocnegoBaTenbHOCTb TpaHcdhopMaunmn pasaenenHblx Shuffle

e o e o o e o e e e —
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3BYYUT MHTEPECHO, XO4Yy
nonpoodoBaThb !!!
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parK: Kak moxHo nonpoboBaTtb Spark

1. YcTtaHoBUTB Java 1 Python, ecnn Bynete pabotatb B PySpark
2. Ckavatb Spark: https://spark.apache.org/downloads.html

SpQ w Lightning-fast unified analytics engine

Download Libraries ~  Documentation +  Examples Community ~  Developers ~

Download Apache Spark™
1. Choose a Spark release M

2. Choose a package type: | Pre-built for Apache Hadoop 2.7 v
3. Download Spark: spark-3.0.1-bin-hadoop2.7.1gz
4. Verify this release using the 3.0.1 signatures, checksums and project release KEYS

Note that, Spark 2.x is pre-built with Scala 2.11 except version 2.4.2, which is pre-built with Scala 2.12. Spark 3.0+ is pre-built with Scala
212,

3. PacnakoBaTb apxuB B nto0yto nanky
4. YCTaHOBUTb NepeMeHHY1o oKpy>xeHUsa SPARK_HOME Ha 3Ty nanky
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SAPACHE& 'v‘.

park Kak moxxHO nonpoboBaTtb Spark oo

5. 3anyctute:
bin/spark-shell - nHTepnperatop Scala
nnu
bin/pyspark - nHTepnpetaTop Python

20/09/17 19:57:56 WARN NativeCodeloader: Unable to load native-hadoop library for your platform... using builtin-java
asses 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.setlLoglevel(newLevel). For SparkR, use setLoglLevel(newLevel).

Spark context Web UI available at http://ws36-044.neoflex.ru:4040

Spark context available as 'sc' (master = local[*], app id = local-160©0361878150).

Spark session available as 'spark'.

version 2.4.6

Using Scala version 2.11.12 (Open]DK 64-Bit Server VM, Java 12.0.1)
Type in expressions to have them evaluated.
Type :help for more information.

scala> val x =sc.textFile("c:/test.txt")
x: org.apache.spark.rdd.RDD[String] = c:/test.txt MapPartitionsRDD[1] at textFile at <console>:24

scala> x.count()

res@: Long = 4 :q ﬂﬂﬂ Bb|X0ﬂa

scala> _ ~ ~ I

~
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APACHE o @
Spqr . Kak moxxHO nonpoboBaTtb Spark -

2
[ )

6. Bo Bpema pabotbl nHTepnpeTaTopa byaer goctyneH Spark History Server http://localhost: 4040/,
rae MOXHO U3y4uTb Kak paboTaeT npunoxeHune Spark

& C @ localhost:4040/stages/stage/?id=0&attempt=0

Spor 24 Jobs Stages Storage Environment Executors

Details for Stage 0 (Attempt 0)

Total Time Across All Tasks: 0.2 s
Locality Level Summary: Process local: 2
Input Size / Records: 15.0 B/ 4

~ DAG Visualization
Stage 0

textFile

c:ftest.txt [0]
textFile at <console>:24

l

C:itest.txt [1]
textFile at <console>:24

» w Additional Metrics
» Event Timeline

Summary Metrics for 2 Completed Tasks

Metric Min 25th percentile Median

75th percentile Max

Duration 74 ms 74 ms 76 ms 76 ms 76 ms
GC Time oms oms oms oms oms
Input Size / Records 50B/2 508/2 10.0B/2 10.0B/2 10.0B/2
~ Aggregated Metrics by Executor

Executor ID Address Task Time Total Tasks Failed Tasks Killed Tasks Succeeded Tasks Input Size / Records

driver Wws36-044.neoflex.ru:65295 03s 2 0 0 2 15.0B/4
~ Tasks (2)

Index - ID Attempt Status Locality Level Executor ID Host Launch Time Duration GC Time Input Size / Records
0 0 0 SUCCESS PROCESS_LOCAL driver localhost 2020/09/17 19:58:13 76 ms 10.08/2

1 1 0 SUCCESS PROCESS_LOCAL driver localhost 2020/09/17 19:58:13 74 ms 50B/2
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CNACUBO
3A BHUMAHUE!

NMoarotoBun: Anekceri Monos  BH BigData Solution

YutaeT: AHgpen XKXypnos
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