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bpetimsopK Spark

Lightning-fast cluster computing

dpenmBopK Asa 06paboTkm 6onbLLmX

06BbEeMOB AaHHbIX. APACHE
NmeeT napaaurmy OTANYHYIO OT r
MapReduce i

HanwucaH Ha a3bike Scala

Pa3paboTtaH B 2009 roay Matei Zaharia

https: k. he.
B UoC Berkley ps://spark.apache.org/
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https://spark.apache.org/

bpeltimeopK Spark
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Loqgistic regression In Hadoop and Spark

file = spark.textFile("hdfs://...")
file.flatmap(lambda Tine: line.split())

.map(lambda word: (word, 1))
.reduceByKey(lambda a, b: a+b)

Word count in Spark's Python API
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bpetimsopK Spark

MoaxoauT Ana ntTepaTmBHbIX 3a4au
N UHTEPAKTUBHbIX BbIYUCNEHUNA.

APACHE

https://spark.apache.org/

[Mo3BonAeT o6pabaTbiBaTb AaHHbIE KaK NO
yactam (batch), Tak n noTokoBbie
(streaming)

BcTpoeHHble MHCTPYMEHTbI AN1A paboTbl €
PA3HbIMW TUNAaMM AaHHbIX — TEKCT, rpadbl,
6a3bl AaHHbIX

NmeeT 6onee 80 BCTPOEHHDbIX
BbICOKOYPOBHEBbIX PYHKLMIN ANA
0b6paboTKKM AaHHbIX (Kpome map n reduce)
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bpetimsopK Spark

APACHE SPARK
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Heoocmamku MapReduce

HeT 3dpdeKTUBHbLIX NPUMUTUBOB ANA OOLLMX AAHHbIX

HDFS HDFS ~ HDEFS HDFS HDFS

- — =
= .

W o Read m Write i sl Read m Write i o Read
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Heoocmamku MapReduce

HeobxoammocTtb npumeHATb wWabnoH MapReduce
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In-Memory Data Processing & Sharing

HDFS HDFS HDFS HDFS HDFS
Read Write Read Write Read

HDFS

Read | |
o M
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In-Memory Data Processing & Sharing

Result 1

Result 1

Query 1 |
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In-Memory Data Processing & Sharing

Result 1

Result 1

Result 1
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Resilient Distributed Datasets (RDD)

ABCcTpaKTHOe npeacTaBaeHue pacnpeaeneHHon RAM

RDD penuntca Ha napTuummn, KOTopble ABAAKOTCA
aTOMAPHbIMU YaCTAMU MHPOPMALLNY

[TapTnumnm RDD xpaHATCA Ha pa3/IMvHbIX cepBepax
Haa RDD moXHO npon3BoaAuTb onepaunm

[1pn aTOM camu RDD oCTaloTCA HEU3IMEHHbIMMU
(immutable)
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[lpoepammHasa mooesb Spark

* OcHoBaHa Ha parallelizable operators

" [ToToK 06paboTKM AQHHbIX COCTOUT U3 NHOOOrO
yncna data sources, operators n data sinks
nyTem coeaAnHeHUA nx inputs n outputs

HUY "M3KN", Kad. YWUT, 2023
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Directed Acyclic Graph (DAG)

Jltobada nporpamma moKeT bbiTb NnpeacTaBneHa B suae DAG

Data
u Source
Data
u Source

Data Data
u Source 8 Source

HWY "M3WN", Kad. YUT, 2023
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BbicokoyposHesbie onepauuu

* Cywectsyet aBa Tna RDD onepaTtopos:
— transformations
— actions

* Transformations: lazy-onepaTtopbl, KoTopble
co3aarT HoBble RDD

* Actions: 3anycKatoT BblYMCEHNA U BO3BPALLAIOT
pe3ynbTaT B NPOrpaMmmy Mam BO BHeELWLHee
XpaHuauule

HUY "M3KN", Kad. YWUT, 2023
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BbicoKkoyposHesblie onepauuu

map(f: T= U)

filter( f : T = Bool)
SiarMap(f: T = Seq[U])
sample(fraction : Float)

RDD[T] = RDD|U]
RDDIT| = RDDI|T]
RDD|T] = RDD|U]
RDD[T] = RDDIT]| (Deterministic sampling)

groupByKev( ) RDD[(K, V)] = RDDI|(K, Seq[V])]
reduceByKey( f: (V.V)= V) RDD[(K, V)] = RDD|[(K. V)]
Transformations union( ) (RDD[T].RDD|T]) = RDD|T]
Join( ) (RDD{(K, VIL,LRDDI(K, W)]) = RDD[(K, (V, W))]
cogroup( ) (RDD[(K, V)],RDD[(K, W)]) = RDD[(K, (Seq[V], Seq[W])]
crossProduct( ) (RDD[T],RDD[U]) = RDD|(T, U)}
mapValues( f: V = W) RDD[(K, V)] = RDD[(K. W)] (Preserves partitioning)
sort(c ;. Comparator|K|) RDDI(K, V)] = RDDI[(K, V)]
partitionBy( p : Partitoner[K]) : RDD[(K, V)] = RDD[(K, V)]
cownt() : RDD|T|= Long
collect() RDD|T] = SeqlT]
Actions reduce(f : (T, T)=T) RDD|T] =T
lookup(k : K) RDD[(K. V)] = Seq[V] (On hash/range partitioned RDDs)

save(path : Stnng)

Outputs RDD to a storage system, e.g., HDFS
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RDD transformations - Map

// passing each element through a function.
val nums = sc.parallel:l.ze (Array(l 2, 3))

Bce napbl 06pabaTbiBatOTCA HE3aBUCUMO
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RDD transformations - Reduce

val pets = sc.parallelize(
seq(("cat", 1), ("dog", 1), ("cat", 2)))

.
uls

r
1)
1
11

J,-l
u

Ir
1
I
I

|
2

'
1
1
1

Mapbl C 0AMHAKOBbLIMWU KNOYaMU FPYNMNUPYHOTCA
[pynnbl obpabaTtbiBatOTCA HE3aBUCUMO
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RDD transformations - JOIN

val visits = sc.parallelize(
Seq( ("index.html", "1.2.3.4"),

HWY "M3W", Kad. YUT, 2023 18



RDD transformations - JOIN

val visits = sc.parallelize(
Seq( ("index.html", "1.2.3.4"),

HWY "M3W", Kad. YUT, 2023 19



RDD transformations - CoGroup

val visits = sc.parallelize(
Seq(("index. {3 i e G R R TR L
(" about html *, M3.4.5.6")

- e o

Kaxkapli input rpynnupyeTca no Kawuy
lpynnbl C OANHAKOBbIMM KNAo4amMmn 0bpabaTtbiBatoTCA BMECTE
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RDD transformations - CoGroup

val visits = sc.parallelize(
Seq(("index. {3 i e G R R TR L
(" about html *, M3.4.5.6")

- e o

Kaxkapli input rpynnupyeTca no Kawuy
lpynnbl C OANHAKOBbIMM KNAo4amMmn 0bpabaTtbiBatoTCA BMECTE
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RDD Actions

Bo3BpaliaeT Bce anemeHTbl RDD B BUAE maccuBa

val nums = sc.parallelize (Array(l, 2, 3))
nums.collect () // Array(l, 2, 3)

Bo3BpaliaeT maccuB c nepBbiMKU N anemeHTamum RDD

nums.take (2) // Array(l, 2)

Bo3BpauiaeT ymncnao anemeHTos B RDD

nums.count () // 3
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RDD Actions

Arpermnpyet anemeHTbl RDD ncnonb3ya 3agaHHyo GyHKUUIO:

nums.reduce((x, y) => X + Vy)
// WU
nums.reduce( + ) // ©

3anucbiBaeT anemeHTbl RDD B BMuAae TekctoBoro ¢pamna:

nums.saveAsTextFile("hdfs://file.txt")

HUY "M3KN", Kad. YWUT, 2023
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Co3zoaHue RDD

[Mpeobpa3oBaTtb Konnexkuuto B RDD:

val a

sc.parallelize (Array(l, 2, 3))

3arpy3unTb TeKCcT n3 nokanobHoun FS, HDFS naun S3:

val a
val b
val c

sc.textFile("file.txt")
sc.textFile ("directory/*.txt")
sc.textFile ("hdfs://namenode:9000/path/file")

HUY "M3KN", Kad. YWUT, 2023
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[loumep Scala

[TocynTaTb YNCNO CTPOK coaepawmx MAIL

val file = sc.textFile("hdfs://...")

val sics = file.filter( .contains("MAIL"))
val cached = sics.cache ()
val ones = cached.map( => 1)

val count = ones.reduce( + )

val file = sc.textFile("hdfs://...")
val count = file.filter( .contains(“MAIL")).count ()

HUY "M3KN", Kad. YWUT, 2023
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Input:

Jingle bells
Jingle bells
Jingle all the way

val text = sc.textFile("latin.txt")
text.flatMap(line => line.split(" ")) .map(x => (x, 1)) .count()



Input:

Jingle bells
Jingle bells
Jingle all the way

val text = sc.textFile("latin.txt")
text.flatMap(line => line.split(" ")) .map(x => (x, 1)) .count()



Shared variables

[1Ba TMNa obLWKUX NepemMeHHbIX:

* Broadcast variable
e Accumulator

HUY "M3KN", Kad. YWUT, 2023
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Shared variables - broadcast

* Read-only nepemeHHble KEWUPYIOTCA HA KaXKA0M MalLlnHe

* He oTcbinatoTtca Ha Hoay 6o/sblle oAHOro pasa

scala> val broadcastVar = sc.broadcast (Array(l, 2, 3))
broadcastVar: spark.Broadcast [Array[Int]] =
spark.Broadcast (b5c40191-...)

scala> broadcastVar.value
resO: Arrayl[Int] = Array(l, 2, 3)

HUY "M3KN", Kad. YWUT, 2023
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Shared variables - accumalator

* MoryT ObITb TONbKO A0BaBAEHDI

* MOF\/T UCnosib3oBaTbCA ANA peas/in3aumnm CHETYUKOB

scala> val accum = sc.accumulator (0)
accum: spark.Accumulator[Int] = 0

scala> sc.parallelize(Array(l, 2, 3, 4)) .foreach(x => accum += X)

scala> accum.value
res2: Int = 10

HUY "M3KN", Kad. YWUT, 2023
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Shared variables - accumalator

* MoryT ObITb TONbKO A0BaBAEHDI

* MOF\/T UCnosib3oBaTbCA ANA peas/in3aumnm CHETYUKOB

scala> val accum = sc.accumulator (0)
accum: spark.Accumulator[Int] = 0

scala> sc.parallelize(Array(l, 2, 3, 4)) .foreach(x => accum += X)

scala> accum.value
res2: Int = 10
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Lineage — uenoyka npeobpazosaHul 0719 RDD

* Lineage: s7o transformations, ncnonbsyemsbie

ona nocrtpoeHuna RDD

* RDD coxpaHATCA KaK Lenoyka 0O6beKTos,
oxBaTbiBatowmx Becb lineage Kaxkgoro RDD

|

HDFS Text File
path = hdfs://...

v

|

Filtered Dataset
func = _.contains(...)

val
val
val
val
val

file =
mail =
cached
ones =
count

se.textFile{Yhdfe s/l /vo.®)
file.filter{ .contains (“"MAIL"))
= mall.cache ()

cached mapit, =>.1)

ones.reduce ( + )
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[

Mapped Dataset
func =_=>1
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Dependencies - 3asucumocmu

e [1Ba TMNa 3aBucumocten mexay RDD

— Narrow
— Wide

HUY "M3KN", Kad. YWUT, 2023
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Narrow dependencies

* Narrow: Kaxkgaa napTmums () )
pogutenockoro RDD ncnonbsyetca - I@ —
MaKCMMyM B OZHOW A0YEpPHEN 3 %
napTuumm RDD e aoNO
* Narrow dependencies no3BonA0T () (o= ‘Eg
BbiNnoNHATL pipelined execution Ha [} [ | —
OAHOW HOAEe KnacTepa: 1 QJ |
" Hanpumep, dunsTp cnegyemoiii 3a Map | @ o partiioned

union
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Wide dependencies

* Wide: Ka)xaaa naptmuma
poautenbckoro RDD
MCMONb3yeTCsA BO MHOXXECTBe
aoyepHuUx naptuumm RDD

HUY "M3KN", Kad. YWUT, 2023
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[loumep lineage 3a0a4u
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YnpassneHue hamamesio

 Ecam HepoCTaTOYHO NamATK AN HOo8bIX napTtuuumn RDD,
TO OyAeT NCNo/b30BaTLCA MeXaHU3M BbiTeCHEHUA LRU
(least recently used)

 Spark npepoctasnset 3 onuuum anAa xpaHeHma RDD
— B memory storage B sBuae deserialized Java objects

— B memory storage B suae serialized Java objects
— Ha disk storage

* OyHKUMA cache() ABHbIM 0bpa3om yKa3biBaeT, 4To RDD
HYXHO XPaHUTb B NaMATH
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