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Apache Spark

Spark is a unified analytics engine for large-scale data processing. It provides high-level APIs in Scala,
Java, Python, and R, and an optimized engine that supports general computation graphs for data
analysis. Italso supports arich set of higher-level tools including Spark SQL for SQL and DataFrames,

MLlib for machine learning, GraphX for graph processing, and Structured Streaming for stream
processing.

https://spark.apache.org/

https://github.com/apache/spark



https://spark.apache.org/

Apache Spark

Spark - ppenmBopK 0b6LEero HazHayeHs Ana pacnpeaneHHbIX BbIYUCIEHUIA U aHANTUTUKM Hag,
pacnpeaneHHbIMn aaHHbIMK. C noaaepkon APl Ha Takux A3bikax Kak Scala, Java, Python, R. Spark
noAAepKUBAET LULMPOKUN Habop BO3MOXKHOCTEN: NoAAepKKa rpadoBbIX BbIYUC/IEHWUN,
pacnpeaeneHHbIX aAropPUTMOB MalLMHHOIo 0byyeHuns, BCTpoeHHbI Spark SQL,

Dataframes,06paboTKy NOTOKOBbIX AaHHbIX, CTPYKTYPUPOBaHHY0 06paboTKy NOTOKOBbIX AaHHbIX,
low-latancy noTokoByto 06paboTKy AaHHbIX.

https://spark.apache.org/
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Spark

PySpark NET for Apache Spark

SparkR

Spark Interlop Layer

Scala/Java API
Apache Spark Core
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BapuaHTbl AennonmMeHTa

* JlokanbHO

* AmazonEC2

* Standalone Deploy
* YARN

* Kubernetes

* [pyroe
* Mesos
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Scala- Yucno Pi

object SparkPi {
def main(args: Array[String]): Unit = {
val spark = SparkSession
.builder
.appName("Spark Pi")
.getOrCreate()
val slices = if (args.length > 0) args(@).toInt else 2
val n = math.min(100000L * slices, Int.MaxValue).tolnt
val count = spark.sparkContext.parallelize(1l until n, slices).map { i =>
val x = random * 2 - 1
val y = random * 2 - 1
if (x*x + y*y <= 1) 1 else ©
}.reduce(_ + _)
println(s"Pi is roughly ${4.0 * count / (n - 1)}")
spark.stop()




Python - Yucno Pi

if __name__ ==

__main__":

spark = SparkSession\
.builder\
.appName("PythonPi")\
.getOrCreate()

partitions = int(sys.argv[1]) if len(sys.argv) > 1 else 2
n = 100000 * partitions

def f():
X = random() * 2 - 1
y = random() * 2 - 1

return 1 if x ** 2 + y ** 2 <=1 else ©

count = spark.sparkContext.parallelize(range(1l, n + 1), partitions).map(f).reduce(add)
print("Pi is roughly %f" % (4.0 * count / n))




Python - WordCount if _name__ == "__main__":
if len(sys.argv) != 2:
print("Usage: wordcount <file>", file=sys.stderr)

sys.exit(-1)

spark = SparkSession\
.builder\
.appName ("PythonWordCount")\
.getOrCreate()

lines = spark.read.text(sys.argv[1]).rdd.map(lambda r: r[@])
counts = lines.flatMap(lambda x: x.split(' ")) \
.map(lambda x: (x, 1)) \

.reduceByKey(add)
output = counts.collect()
for (word, count) in output:

print("%s: %i" % (word, count))

spark.stop()




RDD




RDD — Resilient Distributed Dataset

Resilient Distributed Datasets: A Fault-Tolerant Abstraction forIn-Memory Cluster Computing.

Matei Zaharia, Mosharaf Chowdhury, Tathagata Das, Ankur Dave, Justin Ma,Murphy McCauley,
Michael J. Franklin, Scott Shenker, lon StoicaUniversity of California, Berkeley
https://cs.stanford.edu/~matei/papers/2012/nsdi_spark.pdf



https://cs.stanford.edu/~matei/papers/2012/nsdi_spark.pdf

RDD — Resilient Distributed Dataset

* Resilient 9n1acTM4YHbIN, CTOMKWI - OTKA30yCTOMYNBOCTb MO3BOIAIOLLAA
NPOW3BOANTb NEPECUHET AaXKe B Cy4ae BbIXoda U3 CTPOA HOA KNacTepa

* Distributed PacnpegeneHHbin - AaHHbIE pacnpegeneHbl nNo Kaacrtepy,
COCTOALWEMY M3 MHOTUX HOZ,

* Dataset Habop gaHHbIX - KONNEKUMA NAPTULUPOBAHHbIX

AQHHbIX MPUMUTUBOB I KOMMJIEKCHbIX TUMOB




RDD — Resilient Distributed Dataset

OcHoBHanA abcTpakumsa Spark nossonatowaa Npon3BoANTb OTKa30yCTOUYUBbIE
KNacTepHble BblIMUCAEHUA B MaMATH




RDD

abstract class RDD[T: ClassTag](
@transient private var _sc: SparkContext,
@transient private var deps: Seq[Dependency[_]]

) extends Serializable with Logging {




RDD — OcHOBHbIe BHYTPHEHHME CBOMCTBA

* CNUCOK NapTMuUmnm

* DYHKLUNA KOTOPAA BbIUMCAAET KaXKAblW CNANT

* Cnuncok 3asmcumbix RDD

* Partitioner(onunoHanbHO) - To Kak naptTuumnpyetca key-value RDD

* CNNCOK npeanoyYymntaembix mect(onunmoHanbHo) ,rae 6yayT nponcxoanTb
BblYMCNEHME KarXKaoro cnanTa(k npumepy mectononoxkeHme HDFS 610Ka)




RDD — [lononHuTtenbHble 0COOEHHCTH

* In-Memory, laHHble RDD xpaHATCcA B NnamATK A0 Tex Nop NoKa 3TO BO3MOXHO (N0 BpemeHu, no
pasmepy)

* UMmyTabenbHOCTb, AaHHblE HE M3MEHAEMble, Ntobble TpaHCHOPMaALMM AaHHbIX NOJyYatoTCA
TOJIbKO NMyTMm co3aaHma Hosoro RDD

* JleHuBble BbluMCNeHUA, HeT gocTyna K gaHHbIM M pe3ybTaTam TpacPopmauym, PoBHO A0 TOro
MOMEHTA MNOoKa action He BbI30BET BbIYUC/IEHUA AABHO

* KewnpyemocTb, AaHHble MOXHO 3aKeWKnpoBaTb Ha pasamnyHbIx Hocutenax (RAM,HDD)

* MapannenbHocTb, [aHHble 06pabaTbiBatloTCA B NapansieNibHO

* TunusuposaHbl — RDD Crporo tunmsunposaHHbi(RDD[Long] ,RDD[(Dobule,Long)], RDD[User])

* MapTnumupoBaHbl— [JaHHble RDD pa3sgeneHbl HA norMyeckmne napTmuum , KotTopble
pacnpeaeneHbl No HOAaM KacTepa

* Location-Stickiness — RDD B0O3MOXHOCTb onpeaenutb Hambonee 6AM3KUI BNOK AaHHbIX ANA
napTuumm




RDD — OpgHa KOonneKkuus - MHOro napTuuumn

RDD of Strings RDD of Pairs
# ifor, 12)
Apache (Spark, 14)
Spark (to, 14)
processing ] ithe, 21)




MapTUumnm




MapTnuna

Nornyecknin Kycok gaHHbix(split) Ha KoTopble aenutca RDD. Kaxkabit RDD cocTouT M3 Kakoro-Tto

Konn4yectBa naptuumin. U asnsetca 6a3oBor eguHUNLEN Had KOTOPOM NMPOUCXOAUT NapansieNibHo
BblumncneHme(Task).




MapTnuna

trait Partition extends Serializable {
/**
* Get the partition's index within its parent RDD
*/
def index: Int

// A better default implementation of HashCode

override def hashCode(): Int = index

override def equals(other: Any): Boolean = super.equals(other)




MapTnuma

* Cogepxut3anucn RDD

* MOXHO ynpaBaATb KOIMYECTBOM NApPTULMIA, CNOMOLLbIO GYHKL NI coalesce n
repartition

* MO)HO onpeaennTb Kak NapTULUPYIOTCA AaHHbIE(NO YMOAYAHUIO

aTo HashPartitioner)




MapTnuma

Kak npaBuao ynpasaeHne NnapTMLmMaMmmM NpPoCcxXoanT aBTOMaTUYECKN.

Yem 6onblue/meHblle NapTUUmMii Tem 6onblie/MmeHblue pacnpeaneHbl
AaHHble NO Knactepy

Yem meHble/6onblue napTuuuini Tem 6onblie/MmeHblle AaHHbIX
obpabaTtbiBaeTca 3a 1 TacK

Spark 3anyckaeT 1 MHOronoTOYHbIN TaCK HAa NAPTULMIO

Echny Bac 50 apep Ha Knactepe, TO A8 UX MOTHOW YTUAN3ALUU HYXKHO KaK
MUHUMYM 50 napTrumnn

KonnyectBo naptnunim onpegenser Konm4ectso pamanoB KOTopbin Spark
creHnpupyert action npu coxpaHeHnn AaHHbIX Ha AUCK.

Pasmep NnamaATK 3K3eKbloTopa onpeaensieT MakCMMa/ibHbIN pa3mep
napTMLUMK




repartition

repartition(numPartitions:Int)(implicit ord:Ordering[T] = null):RDD[T]

Bo3Bpallaet HoBbi RDD ¢ yKa3aHHbIM KONMYECTBOM NapTULLUIA
(BbinonHAeT coalesce), npu atom Bo3moxeH wadn (shuffle)




repartition

coalesce(numPartitions: Int,shuffle:Boolean = false)(implicit ord:Ordering[T] = null):RDD[T]

Tpacdopmupyet yKa3aHHbIM RDD B HOBbIN € YKa3aHHbIM KONMYECTBOM NapTULLUIA




Onepauun Hag RDD




Tunblonepaunn Hag RDD

* Transformations
e Actions




Transformation

JleHuBble onepaumnm KoTopble Ha Bxoa npuHmmator RDD , aenatot HeKoTopoe
npeobpasoBaHue, 1 Bo3BpaLatoT HoBbiM RDD, npun aTtom ncxoaHbvin RDD
OCTaeTcs B HEM3MEHHOM BUAE, 2 HENOCPEACTBEHHbIX BblYNC/IEHNN HE

NPONCXoAMNT POBHO A0 TOr0 MOMEHTA, NMOKa He byaeT Bbi3biBaH action B
AaNibHENLLEN LLenoYKU BbIYUCAEHUN.




Transformation

map
filter

flatMap

mapPartitions
mapPartitionsWithIndex
groupBy

sortBy

* sample
* randomSplit

union
intersection
subtract
distinct
cartesian
zip

keyBy

zipWithIndex

zipWithUniqueID

zipPartitions

coalesce

repartition
repartitionAndSortWithinPartitions
pipe




Transformation

* flatMapvalues * sampleByKey * cogroup (=groupWith) * partitionBy
* groupByKey * join

* reduceByKey * subtractByKey

* reduceByKeylLocally * fullOuterJoin

+ foldByKey » leftOuterJoin

* aggregateByKey * rightOuterJoin

* sortByKey
* combineByKey




Narrow transformation

(111)
(I

map, filter




Narrow transformation

union




Wide Transformation

groupByKey




Wide Transformation

join




Actions

Onepaynn Hag RDD KoTopbie 3anyCKatoT LLEenoYKY BblYNMCAEHUWN BbIYNCIEHNA U
BO3BpaWatoT Kakoe-To He RDD 3HaueHune. TonbKo action moxkeT
MaTepunann3oBaTb MCUUC/IEHNE




Actions

* reduce

* collect

* aggregate

+ fold

 first

* take

* forEach

* top

*+ treeAggregate
* treeReduce

* forEachPartition
* collectAsMap

count
takeSample

max

min

sum

histogram

mean

variance

stdev
sampleVariance
countApprox
countApproxDistinct

takeOrdered

saveAsTextFile
saveAsSequenceFile
saveAsObjectFile
saveAsHadoopDataset
saveAsHadoopFile
saveAsNewAPIHadoopDataset
saveAsNewAPIHadoopFile




Actions

keys
values

countByKey

countByValue
countByValueApprox
countApproxDistinctByKey
countApproxDistinctByKey
countByKeyApprox
sampleByKeyExact




Transformations u Actions

val lines = sc.textFile("data.

val linelLengths
val totallLength

lines.map(s

linelLengths.

txt")
=> s.length)
reduce((a, b) => a + b)




Shuffling




Shuffling

Shuffling(nepemewmBaHme) - npouecc nepepacnpeneneHns AaHHbIX rno
KracTtepy, KOTOPbIX CONMPOBXaAaeTCA NP MHOMMX onpeaumsx.




Shuffuling

« HyxHo nsberatb BCEMU cnocobamm




scala> val kv = (@ to 5) zip Stream.continually(5)
kv: scala.collection.immutable.IndexedSeq[(Int, Int)] = Vector((e,5), (1,5), (2,5), (3,5), (4,5), (5,5))

scala> val kw = (@ to 5) zip Stream.continually(1e)
kw: scala.collection.immutable.IndexedSeq[(Int, Int)] = Vector((@,10), (1,10), (2,10), (3,10), (4,10), (5,10))

scala> val kvR = sc.parallelize(kv)
kvR: org.apache.spark.rdd.RDD[ (Int, Int)] ParallelCollectionRDD[2] at parallelize at <console>:27

scala> val kwR = sc.parallelize(kw)
kwR: org.apache.spark.rdd.RDD[ (Int, Int)] ParallelCollectionRDD[3] at parallelize at <console>:27

scala> val joined = kvR join kwR
joined: org.apache.spark.rdd.RDD[(Int, (Int, Int))] = MapPartitionsRDD[6] at join at <console>:28

scala> joined.toDebugString
res3: String =
(8) MapPartitionsRDD[6] at join at <console>:28 []

| MapPartitionsRDD[5] at join at <console>:28 []

| CoGroupedRDD[4] at join at <console>:28 []

+-(8) ParallelCollectionRDD[2] at parallelize at <console>:27 []
+-(8) ParallelCollectionRDD[3] at parallelize at <console>:27 []

scala> joined.foreach(println)
(1,(5,10))
(5,(5,10))
(3,(5,10))
(0,(5,10))
(4,(5,10))
(2,(5,10))




Stage 1 Stage 2

parallelize parallelize

Completed Stages (3)

Stageld ~ Description
) foreach at <console>:27
2 parallelize at <console>:27

1 parallelize at <console>:27

Stage 3

join

+details
+details

+details

Submitted

2019/11/03 21:36:04
2019/11/03 21:36:04
2019/11/03 21:36:04

Duration
0,1s

55 ms
85 ms




KewunpoBHUue




Persistu Cache

OnTnmMusaums ang nTepaTmBHbIX U UHTEPEKTUBHbLIX BbIYUCIIEHNNA.
[lo3BONAIOT COXpaHUTb pe3dynbTaT NPOMEXKYTOYHOro BbIHMCNEHUS B
namsTu/gpyrom HocuTene, a4nga nocrneayuwero nepencnosib30BaHus.
OTnunume persist oT cache nuuwb cnHTakcmn4yeckoe cache =
persisttMEMORY _ONLY)

Takke eCTb BO3MOXHOCTb YAarnTb AaHHbIE U3 Kella C MOMOLLLH
doyHKUmKM unpersist()




Persistu Cache

persist(): this.type

persist(newlLevel: Storagelevel): this.type

YkasaTb Storagelevel ona sagaHHoOro nepcucta MOXHO OAHOKPAaTHO.




Persistu Cache

o  OnTuMn3auma anst UTepaTUBHbIX N UHTEPEKTUBHBIX BbIYUCNEHNN.
[To3BONAIOT COXPaHUTL Pe3ynbTaTt MPOMEXYTOYHOro BbIYUCIIEHNSA B
namaTu/gpyrom HocuTene, Ansi nocneayroLwero Nnepencrnosib3oBaHus

« Otnuyne persist ot cache nuwb cMHTakcnyeckoe cache =
persisttMEMORY _ONLY)

« Takke eCTb BO3BMOXHOCTb yaarnnTb AaHHbIE N3 Kella C NOMOLLbIO
doyHKUMM unpersist()




YpOBHMU XpaHeHUA

« NONE
«  DISK_ONLY

«  DISK_ONLY 2

e MEMORY_ONLY

e MEMORY_ONLY_ 2

«  MEMORY_ONLY_SER

e MEMORY_ONLY_SER_2

«  MEMORY_AND_DISK

e MEMORY_AND_DISK_2

« MEMORY_AND_DISK_SER

« MEMORY_AND_DISK_SER_2
«  OFF_HEAP




Ctenoxu




Ctenoxnu

Spoﬁ:‘-{ b Jobs

Stages Storage

Stages for All Jobs

Completed Stages: 1
Completed Stages (1)

Stageld -~ Description

0 reduce at <console>:32

Environment

Submitted

Executors

+details  2019/11/03 16:55:49

Duration

2,8 min

Tasks: Succeeded/Total
2000/2000




AKKYMYNnaToOpbI




AKKymynaTop

AKKYMYNSTOp - NepeMeHHas OOCTYNHasa TOMbKO Ha 3anncb 4518 9K3eKbTopa, NPy 9TOM 3an1chb
BblpaxkaeTcs pyHKkumnen += (qobaBuTb ), U Ha YTEHWNE Ana ApansBepa.




AKKyMmynaTopbl

Accumulators

Accumulable

counter

Tasks

Index a ID Attempt Status

0 0 o0
1 1 0
2 2 0
3 3 0
4 4 0
5 5 0
6 6 0
7 7 0

SUCCESS
SUCCESS
SUCCESS
SUCCESS
SUCCESS
SUCCESS
SUCCESS
SUCCESS

Locality Level

PROCESS_LOCAL
PROCESS_LOCAL
PROCESS_LOCAL
PROCESS_LOCAL
PROCESS_LOCAL
PROCESS_LOCAL
PROCESS_LOCAL
PROCESS_LOCAL

Executor ID / Host
driver / localhost
driver / localhost
driver / localhost
driver / localhost
driver / localhost
driver / localhost
driver / localhost

driver / localhost

Launch Time

2016/04/21 10:10:41
2016/04/21 10:10:41
2016/04/21 10:10:41
2016/04/21 10:10:41
2016/04/21 10:10:41
2016/04/21 10:10:41
2016/04/21 10:10:41
2016/04/21 10:10:41

Duration GC Tim

17 ms
17 ms
17 ms
17 ms
17 ms
17 ms
17 ms

17 ms

Accumulators

counter:
counter:
counter:
counter:
counter:
counter:

counter:

e A = > BN & I B\

Errors




AkKkymMmynaTopsbl - Scala

scala> val accum = sc.longAccumulator("My Accumulator")

accum: org.apache.spark.util.LongAccumulator = LongAccumulator(id: @, name: Some(My Accumulator), value: @)
scala> sc.parallelize(Array(1, 2, 3, 4)).foreach(x => accum.add(x))

scala> accum.value

res2: Long = 10




AkkymMmynaTopbl - Python
>>> accum = sc.accumulator(9)
>>> accum

Accumulator<id=0, value=0>

>>> sc.parallelize([1, 2, 3, 4]).foreach(lambda x: accum.add(x))

>>> accum.value
10




HecTaHpgapTHbIV akKyMynaTop - Scala
class VectorAccumulatorV2 extends AccumulatorV2[MyVector, MyVector] {

private val myVector: MyVector = MyVector.createZeroVector

def reset(): Unit = {

myVector.reset()

def add(v: MyVector): Unit = {
myVector.add(v)

}

val myVectorAcc = new VectorAccumulatorv2

sc.register(myVectorAcc, "MyVectorAccl")




HecTanpgapTHbIN akkymynaTop - Python

class VectorAccumulatorParam(AccumulatorParam):
def zero(self, initialvalue):

return Vector.zeros(initialValue.size)

def addInPlace(self, v1, v2):
vl += v2

return vl

vecAccum = sc.accumulator(Vector(...), VectorAccumulatorParam())




AKKyMynaTopbl - Oco6eHHOCTH

* 3HaYeHmMe accum.value AOCTYNHO TONbLKO Ha ApaKnBepe
* Onepauuna += gonyctuma TONbKO B action
* HUKaK He BAMAET Ha MoA4e/Ib NEHUBbIX BbIYMCIEHNM




AKKYMYNATOPbI - 0COOEHHOCTU

val accum = sc.longAccumulator
data.map { x => accum.add(x); x }

// 3pecb accum.value Bce ewe O ,Tak Kak He bb0 HUMKAaKuMX action




Broadcast variables




Broadcast nepemeHHas

[ns onTMMKU3aLKMKM BbINMONHEHMA NPOrPaMmbl, MOXKHO 3apaHee nepecnaTb
3K3ennAap 3apaHee BblMUCNEHHOM KONIEKUMNN C ApanBepPa Ha KaxKablM
3K3eKbloTop




Broadcast nepemeHHas

scala> val broadcastVar = sc.broadcast(Array(1, 2, 3))

broadcastVar: org.apache.spark.broadcast.Broadcast[Array[Int]] = Broadcast(9)

scala> broadcastVar.value
res@: Array[Int] = Array(1, 2, 3)




AKKyMynaTopbl - Oco6eHHOCTH

val acMap = sc.broadcast(myRDD.map { case (a,b,c,b) => (a, c) }.collectAsMap)
val otherMap = sc.broadcast(myOtherRDD.collectAsMap)

myBigRDD.map { case (a, b, c, d) =>
(acMap.value.get(a).get, otherMap.value.get(c).get)
}.collect




Broadcast nepemeHHas




Broadcast nepemeHHas

-
-
-
-
-

newBroadcast([T](value, isLocal)

2
-
&
-
-
-

'-{ Spﬂw ]

g,

broadcast(value)

-
M

registerBroadcastForCleanup




TecToBbIX 3aNyCK




Jupyter HOyTOYK

dockerrun -p 8888:8888 -p 4040:4040 --rm -v "/Users/reireirei/Documents/data_lab:/home/jovyan/work"
jupyter/pyspark-notebook




Dataframes




SparkSQL

Catalyst




MpenmywecresaHoBoro API

sQL i

Dataframe l

Runtime performance of aggregating 10 million int pairs
(secs)




HoBoe API - 3auem ?

Dataframe
data.groupBy("dept").avg("age")

SQL
select dept, avg(age) from data group by 1

RDD

data.map { case (dept, age) => dept -> (age, 1) }
.reduceByKey { case ((al, c1), (a2, c2)) => (al + a2, cl1 + c2)}
.map { case (dept, (age, c)) => dept -> age / c }




Structured API

e CTPYKTypa - yMEeHbLUAEeT NPOCTPATCTBO TOr0, YTO MOXKET ObITb BbIPaXKEHO
* bBonbluanayacTb BbIYUCAEHNIA MOXKET ObITb BblparKeHa

YMeHbLieHne rmnbkoctu APl npnBoAnT K TOMY, YTO BbIYMC/IEHMA MOXHO
CUIbHO ONTUMM3NPOBATb MCXOAA U3 TEX OFPAHUYEHUIN, YTO Mbl HAJIOXKUN.




Legend:

Optimized
libraries

Unoptimized
libraries

Spark 1.6.x

Spark SQL / .

DataFrames MLLib (DF based)
Catalyst
Optimizer

Spark
Streaming

RDDs

MLIib (RDD based)

GraphX




Spark 2.x.x

Spark SQL /

DataFrames / MLIib (DF based) Structured GraphFrames
Streaming
Datasets
\/ Spark MLib (RDD based) GraphX
Streaming
Catalyst
Optimizer
Legend:
Optimized RDDs
libraries
Unoptimized

libraries




HoBoe API - apxutekTpypa

Logical R Physical [ISRSE RDDs
Plan HEWNN Generator

Data Catalo
g .

cassandra

elasticsearch. @
>

PoaigreSOL




HoBoe API - apxutekTpypa

SQLAST

Unresolved Optimized

DataFrame Logical Plan

Selected
Physical Plan

Physical
HERS

: Logical Plan Logical Plan

Cost Model

Datasets




OTKyAaa npupocT?

Ontnmmnsatop Spark'a nbitaetca noctponTb Hanbosnee oNTMMaNbHbIW NAAH
BbIYMCNEHUA KOHKPETHOW NOb30BATENILCTKOM NPOrpammbl, MOHUMAA C KAaKUMU
NAHHbIMKM OH pPaboTaeT, KaKkMe onepaLmm OH NPOU3BOAMT, @ TAKXKe KaKune
NaHHble OXWNAalTCA Ha BbIXoAe




SparkSession - Scala

import org.apache.spark.sqgl.SparkSession

val spark = SparkSession
.builder()
.appName("Spark SQL basic example")
.config("spark.some.config.option”, "some-value")
.getOrCreate()

// For implicit conversions like converting RDDs to DataFrames

import spark.implicits._




SparkSession - Scala

from pyspark.sql import SparkSession

spark = SparkSession \
.builder \
.appName("Python Spark SQL basic example") \
.config("spark.some.config.option", "some-value") \

.getOrCreate()




Co3paHue DataFrame—- people.json

{ "Michael"}
{ "Andy"
{ "Justin”




Co3paHue DataFrame- Scala

val df = spark.read.json("examples/src/main/resources/people.json")

// Displays the content of the DataFrame to stdout

df.show()

[/ +----4------- +
// | age| name]
[/ +----4------- -

// |null|Michael|
// | 3e| Andy|
// | 19| Justin]

}f‘( a A




CospaHue DataFrame - Python

# spark is an existing SparkSession

df = spark.read.json("examples/src/main/resources/people.json")
# Displays the content of the DataFrame to stdout

df.show()

+----F------- -+

| age| name]

+--- - - - - +

|null|Michael]

| 30| Andy]

| 19| Justin]

H OH O H OH O H O H O

e it +




CospaHue DataFrame - Python

# spark is an existing SparkSession

df = spark.read.json("examples/src/main/resources/people.json")
# Displays the content of the DataFrame to stdout

df.show()

+----F------- -+

| age| name]

+--- - - - - +

|null|Michael]

| 30| Andy]

| 19| Justin]

H OH O H OH O H O H O

e it +




Onepauun Hap DataFrame - Scala

/7

This import is needed to use the $-notation

import spark.implicits._

/7

df.

/7
//
/7

/7

df.

/7
/1
/1
/1
/1
/1
/!

Print the schema in a tree format
printSchema()

root

|-- age: long (nullable = true)
|-- name: string (nullable = true)

Select only the "name" column
select("name").show()

|Michael]
|  Andy]
| Justin]

/!
df
/!
//
//
/!
/!
/!
/!

//
df
/!
//
/!
/!
/!

Select everybody, but increment the age by 1
.select($"name", $"age" + 1).show()

e e e +

|  name|(age + 1)]|

e e e +

|[Michael | null|

|  Andy| 31|

| Justin]| 20|

$-----m- o-mmmmm-- +

Select people older than 21
filter($"age" > 21).show()
do--4----+

| age | name|

+o--t----+

| 30|Andy|

+o--t----+




OnepauunnHag DataFrame -Scala

// Select people older than 21
df.filter($"age" > 21).show()
/] +---+----+

// |age|name|

/] +---+----+
// | 3@|Andy]|
/] +---+----+

// Count people by age
df.groupBy("age").count().show()
/] +----+---=-- +

// | age|count]|

/] +----+---=-- +
/7| 19| 1]
// |null] 1|
// | 3] 1|

/] +----+----- +




OnepauunnHapg DataFrame - Python # Select everybody, but increment the age by 1

# spark, df are from the previous example df.select(df['name’], df[’age’] + 1).show()

# Print the schema in a tree format #odmmoooes Fommomees +
df.printSchema() # | name|(age + 1)|
# root # oA Ho--m-m--- +
# |-- age: long (nullable = true) # |Michael| null|
# |-- name: string (nullable = true) # |  Andy| 31|
# | Justin| 20|
# Select only the "name" column # 4o fommmmmm oo +
df.select("name").show()
#oAoo---e- * # Select people older than 21
# | name| df.filter(df['age'] > 21).show()
#oemes * # 4t
# |Michael| # |age|name|
# | Andy| P
# | Justin]|
# | 30|Andy|
# +------- +

# +---+----+




Onepauun Hap DataFrame - Python

# Count people by age
df.groupBy("age").count().show()

# +----4+----- +
# | age|count]
# +----t----- +
# | 19] 1|
# |[null] 1|
# | 30] 1|
# +----t----- +




Bonble onepauun

https://spark.apache.org/docs/latest/api/scala/index.html#torg.apache.spark.sqgl.functionsS



https://spark.apache.org/docs/latest/api/scala/index.html

SparkSQL - npocTon select

// Register the DataFrame as a SQL temporary view

df.createOrReplaceTempView("people™)

val sqlDF = spark.sql("SELECT * FROM people")
sqlDF.show()

/] +----+------- -
// | age| name]
/] +----+------- -

// |null|Michael|
// | 3]  Andy|
// | 19| 3Justin|

/] +----+------- -




Dataset— Scala

case class Person(name: String, age: Long)

// Encoders are created for case classes

val caseClassDS = Seq(Person("Andy", 32)).toDS()
caseClassDS. show()

/] +----+---+

// |name|age|

/] +----+---+
// |Andy| 32|
[/ +----+---+

// Encoders for most common types are automatically provided by importing spark.implicits._
val primitiveDS = Seq(l, 2, 3).toDS()
primitiveDS.map(_ + 1).collect() // Returns: Array(2, 3, 4)




Dataset— Scala

case class Person(name: String, age: Long)

// Encoders are created for case classes

val caseClassDS = Seq(Person("Andy", 32)).toDS()
caseClassDS. show()

/] +----+---+

// |name|age|

/] +----+---+
// |Andy| 32|
[/ +----+---+

// Encoders for most common types are automatically provided by importing spark.implicits._
val primitiveDS = Seq(l, 2, 3).toDS()
primitiveDS.map(_ + 1).collect() // Returns: Array(2, 3, 4)




Dataset—- Scala

// DataFrames can be converted to a Dataset by providing a class. Mapping will be done by name
val path = "examples/src/main/resources/people.json”

val peopleDS = spark.read.json(path).as[Person]

peopleDS.show()

[/ +----4------- +
// | age| name]|
[/ +----4------- +

// |null|Michael|
// | 3| Andy|
// | 19| Justin]|
[/ +----t----—- -




Dataset - Bonbwe onepauun

https://spark.apache.org/docs/latest/api/scala/index.html#org.apache.spark.sql.Dataset



https://spark.apache.org/docs/latest/api/scala/index.html

B3aumogenctBme c RDD- Scala
// For implicit conversions from RDDs to DataFrames

import spark.implicits._

// Create an RDD of Person objects from a text file, convert it to a Dataframe
val peopleDF = spark.sparkContext
.textFile("examples/src/main/resources/people.txt")
.map(_.split(","))
.map(attributes => Person(attributes(®), attributes(1).trim.toInt))
.toDF()
// Register the DataFrame as a temporary view

peopleDF.createOrReplaceTempView("people™)




B3sanmopeunctBue c RDD- Scala

// SQL statements can be run by using the sql methods provided by Spark
val teenagersDF = spark.sql("SELECT name, age FROM people WHERE age BETWEEN 13 AND 19")

// The columns of a row in the result can be accessed by field index

teenagersDF.map(teenager => "Name: + teenager(9)).show()

/] +--------=--- +
/]| value|
/] +----=--=--=--- +




B3sanmopeunctBue c RDD- Scala

// SQL statements can be run by using the sql methods provided by Spark
val teenagersDF = spark.sql("SELECT name, age FROM people WHERE age BETWEEN 13 AND 19")

// The columns of a row in the result can be accessed by field index

teenagersDF.map(teenager => "Name: + teenager(9)).show()

/] +--------=--- +
/]| value|
/] +----=--=--=--- +




B3sanmopeuncteue c RDD- Scala
// or by field name

teenagersDF.map(teenager => "Name: " + teenager.getAs[String]("name")).show()

/] +-----mm--- +
/7| value|
/o4 +
// |Name: Justin]|
/] === +

// No pre-defined encoders for Dataset[Map[K,V]], define explicitly
implicit val mapEncoder = org.apache.spark.sql.Encoders.kryo[Map[String, Any]]
// Primitive types and case classes can be also defined as

// implicit val stringIntMapEncoder: Encoder[Map[String, Any]] = ExpressionEncoder()

// row.getValuesMap[T] retrieves multiple columns at once into a Map[String, T]
teenagersDF.map(teenager => teenager.getValuesMap[Any](List("name", "age"))).collect()
// Array(Map("name" -> "Justin", "age" -> 19))




B3sanmopeuncteue c RDD- Scala
// or by field name

teenagersDF.map(teenager => "Name: " + teenager.getAs[String]("name")).show()

/] +-----mm--- +
/7| value|
/o4 +
// |Name: Justin]|
/] === +

// No pre-defined encoders for Dataset[Map[K,V]], define explicitly
implicit val mapEncoder = org.apache.spark.sql.Encoders.kryo[Map[String, Any]]
// Primitive types and case classes can be also defined as

// implicit val stringIntMapEncoder: Encoder[Map[String, Any]] = ExpressionEncoder()

// row.getValuesMap[T] retrieves multiple columns at once into a Map[String, T]
teenagersDF.map(teenager => teenager.getValuesMap[Any](List("name", "age"))).collect()
// Array(Map("name" -> "Justin", "age" -> 19))




B3sanmopeuncteue c RDD-people.txt

Michael, 29
Andy, 30
Justin, 19




Bsanmopgencrteue c RDD- Python

from pyspark.sql import Row
sc = spark.sparkContext

# Load a text file and convert each line to a Row.

lines = sc.textFile("examples/src/main/resources/people.txt")

n n

parts = lines.map(lambda 1: l.split(","))
people = parts.map(lambda p: Row(name=p[@], age=int(p[1])))

# Infer the schema, and register the DataFrame as a table.
schemaPeople = spark.createDataFrame(people)

schemaPeople.createOrReplaceTempView("people™)




Bsanmopgencrteue c RDD- Python

# SQL can be run over DataFrames that have been registered as a table.

teenagers = spark.sql("SELECT name FROM people WHERE age >= 13 AND age <= 19")

# The results of SQL queries are Dataframe objects.
# rdd returns the content as an :class: pyspark.RDD" of :class: Row .

teenNames = teenagers.rdd.map(lambda p: "Name: " + p.name).collect()
for name in teenNames:
print(name)

# Name: Justin




fIBHOe yKa3aHue cxeMbl AaHHbIX - Scala
import org.apache.spark.sgl.types._

// Create an RDD
val peopleRDD = spark.sparkContext.textFile("examples/src/main/resources/people.txt")
// The schema is encoded in a string
val schemaString = "name age"
// Generate the schema based on the string of schema
val fields = schemaString.split(" ")
.map(fieldName => StructField(fieldName, StringType, nullable = true))
val schema = StructType(fields)
// Convert records of the RDD (people) to Rows
val rowRDD = peopleRDD
.map(_.split(","))
.map(attributes => Row(attributes(®@), attributes(1l).trim))




flBHOe yKa3aHue cxeMbl AaHHbIX - Scala

// Apply the schema to the RDD

val peopleDF = spark.createDataFrame(rowRDD, schema)

// Creates a temporary view using the DataFrame
peopleDF.createOrReplaceTempView("people™)

// SQL can be run over a temporary view created using DataFrames

val results = spark.sql("SELECT name FROM people™)

// The results of SQL queries are DataFrames and support all the normal RDD operations

// The columns of a row in the result can be accessed by field index or by field name

results.map(attributes => "Name: " + attributes(®)).show()
[/ - +
/7| value]|
/] - - +
// |Name: Michael|
// | Name: Andy|

// | Name: Justin|




SIBHOe yKa3aHue cXeMbl AaHHbIX - Python

# Import data types
from pyspark.sql.types import *

sc = spark.sparkContext

# Load a text file and convert each line to a Row.

lines

sc.textFile("examples/src/main/resources/people.txt")
lines.map(lambda 1: 1.split(","))

# Each line is converted to a tuple.

parts

people = parts.map(lambda p: (p[@], p[1l].strip()))

# The schema is encoded in a string.

schemaString = "name age"

fields = [StructField(field name, StringType(), True) for field name in schemaString.split()]
schema = StructType(fields)




SIBHOe yKa3aHue cXeMbl AaHHbIX - Python

# Apply the schema to the RDD.

schemaPeople = spark.createDataFrame(people, schema)

# Creates a temporary view using the DataFrame
schemaPeople.createOrReplaceTempView("people™)

# SQL can be run over DataFrames that have been registered as a table.
results = spark.sql("SELECT name FROM people")

results.show()

|Michael |
|  Andy|

| Justin]|

H OHF H ¥ HF OH O




NMonb3oBaTtenbckue emploees.json

A

"Michael"
IIAndyll

"Justin"
"Berta"




NMonb3oBatenbckue arperatopbi(UDAF)

import org.apache.spark.sql.{Row, SparkSession}
import org.apache.spark.sqgl.expressions.MutableAggregationBuffer
import org.apache.spark.sql.expressions.UserDefinedAggregateFunction

import org.apache.spark.sqgl.types. _




NMonb3oBatenbckue arperatopbi(UDAF)

object MyAverage extends UserDefinedAggregateFunction {




NMonb3oBatenbckue arperatopbi(UDAF)

// Data types of input arguments of this aggregate function
def inputSchema: StructType = StructType(StructField("inputColumn", LongType) :: Nil)
// Data types of values in the aggregation buffer
def bufferSchema: StructType = {
StructType(StructField("sum"”, LongType) :: StructField("count"”, LongType) :: Nil)




NMonb3oBaTenbckue arperatopbl(UDAF)

def dataType: DataType = DoubleType
// Whether this function always returns the same output on the identical input
def deterministic: Boolean = true
// Initializes the given aggregation buffer. The buffer itself is a "Row™ that in addition to
// standard methods like retrieving a value at an index (e.g., get(), getBoolean()), provides
// the opportunity to update its values. Note that arrays and maps inside the buffer are still
// immutable.
def initialize(buffer: MutableAggregationBuffer): Unit = {

buffer(@) = oL

buffer(1l) = oL




NMonb3oBaTenbckue arperatopbl(UDAF)

// Updates the given aggregation buffer "~buffer® with new input data from " input”
def update(buffer: MutableAggregationBuffer, input: Row): Unit = {
if (!input.isNullAt(e)) {
buffer(@) = buffer.getLong(@) + input.getLong(®)
buffer(1) buffer.getLong(1l) + 1

}
// Merges two aggregation buffers and stores the updated buffer values back to “bufferl’

def merge(bufferl: MutableAggregationBuffer, buffer2: Row): Unit = {
bufferl(®) = bufferl.getLong(@) + buffer2.getlLong(@)
buffer1(1l) = bufferl.getlLong(l) + buffer2.getLong(1l)
}
// Calculates the final result
def evaluate(buffer: Row): Double = buffer.getlLong(®).toDouble / buffer.getlong(1l)




NMonb3oBatenbckue arperatopbi(UDAF)
// Register the function to access it

spark.udf.register("myAverage", MyAverage)

val df = spark.read.json("examples/src/main/resources/employees.json")

df.createOrReplaceTempView("employees")

df.show()

/] +------- +------ +
// | name|salary|
/] +------- +------ +
// |Michael| 3000
// | Andy| 4500]|

// | Justin| 3500]|
// | Berta| 4e00]|

[/ +------- +------ +




NMonb3oBatenbckue arperatopbi(UDAF)

val result = spark.sql("SELECT myAverage(salary) as average_salary FROM employees")

result.show()

A e -
// |average_salary|
A -
/1| 3750.0]|




TunuanpoBaHHble nonb3oBaTenbckue arperatopbi(Typed UDAF)

import org.apache.spark.sql.{Encoder, Encoders, SparkSession}

import org.apache.spark.sql.expressions.Aggregator

case class Employee(name: String, salary: Long)

case class Average(var sum: Long, var count: Long)




TunuanpoBaHHble nonb3oBaTenbckue arperatopbi(Typed UDAF)

import org.apache.spark.sql.{Encoder, Encoders, SparkSession}

import org.apache.spark.sql.expressions.Aggregator

case class Employee(name: String, salary: Long)

case class Average(var sum: Long, var count: Long)




TunuanpoBaHHble nonb3oBaTenbckue arperatopbi(Typed UDAF)

object MyAverage extends Aggregator[Employee, Average, Double] {




TunuanpoBaHHble nonb3oBaTenbckue arperatopbi(Typed UDAF)

// A zero value for this aggregation. Should satisfy the property that any b + zero = b
def zero: Average = Average(oL, OL)
// Combine two values to produce a new value. For performance, the function may modify ~buffer’
// and return it instead of constructing a new object
def reduce(buffer: Average, employee: Employee): Average = {
buffer.sum += employee.salary
buffer.count += 1
buffer
}
// Merge two intermediate values
def merge(bl: Average, b2: Average): Average = {
bl.sum += b2.sum
bl.count += b2.count
bl




TunuanpoBaHHble nonb3oBaTenbckue arperatopbi(Typed UDAF)

// Transform the output of the reduction

def finish(reduction: Average): Double = reduction.sum.toDouble / reduction.count
// Specifies the Encoder for the intermediate value type

def bufferEncoder: Encoder[Average] = Encoders.product

// Specifies the Encoder for the final output value type

def outputEncoder: Encoder[Double] = Encoders.scalaDouble




TunuanpoBaHHble nonb3oBaTenbckue arperatopbi(Typed UDAF)

val ds = spark.read.json("examples/src/main/resources/employees.json").as[Employee]

ds.show()

/] +------- +o----- +
// | name|salary|
/] +------- +o----- +
// |Michael| 3000|
// | Andy| 4500|

// | Justin| 35e0|
// | Berta| 4000|
/] +------- +------ +

// Convert the function to a "TypedColumn®™ and give it a name
val averageSalary = MyAverage.toColumn.name("average_salary")
val result = ds.select(averageSalary)

result.show()

A +
// |average_salary|
[/ +--=---mmm-—- +
/1| 3750.0)|




WUcTouyHMKu gaHHbIX - Python

df = spark.read.load("examples/src/main/resources/users.parquet")

df.select("name", "favorite color").write.save("namesAndFavColors.parquet")




McTouYyHMKM gaHHbIX - Scala
val peopleDF = spark.read.format("json").load("examples/src/main/resources/people.json")

peopleDF.select("name”, "age").write.format("parquet"”).save("namesAndAges.parquet")

val peopleDFCsv = spark.read.format("csv"
.option("sep”, ";")
.option("inferSchema"”, "true")
.option("header", "true")

.load("examples/src/main/resources/people.csv")

usersDF.write.format("orc”
.option("orc.bloom.filter.columns”, "favorite color")
.option("orc.dictionary.key.threshold"”, "1.0")

.save("users_with _options.orc")




Sql Hapg dpannamm - Python

val df = spark.sql("SELECT * FROM parquet. examples/src/main/resources/users.parquet™")




Pe)KVI MblI COXpaHeHMﬂ SaveMode.ErrorlfExists "2::8;ife(i<rists" 3anvcb npepbiBaeTcs eciiv AaHHbIE YXXe
faul
(default) (default) ecTb
SaveMode.Append "append” [obaBnseT AaHHble B KOHEL|
SaveMode.Overwrite "overwrite" MepenuceiBaeT gaHHbIE

SaveMode.Ignore "ignore" CREATE TABLE IF NOT EXISTS




BakeTupoBaHue, COPTUPOBKA, NapTULIMPOBaHUe

peopleDF.write.bucketBy(42, "name").sortBy("age").saveAsTable("people bucketed")
usersDF.write.partitionBy("favorite color").format("parquet").save("namesPartByColor.parquet™)
usersDF

.write

.partitionBy("favorite_color™)

.bucketBy(42, "name"

.saveAsTable("users_partitioned bucketed")




Catalyst optimizator
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Catalyst - Expression

SELECT sum(v)
FROM (
SELECT
tl1.1id,
1+ 2 + tl.value AS v
FROM t1 JOIN t2
WHERE
tl.id = t2.id AND
t2.id > 50000) tmp




* BbipaxkeHune npeacraBnsetr cobon
HOBOE 3HaYeHMe, KOTopPoe
NoNy4aeTcs BblYUCEHMEM BXOAHbIX

Catalyst- Exprexssion

SELECT [sum(v) AaHHbIX( 1 + 2 + tl.value)
FROM (  ATTpuBYT - KONOHKA AaTaceTa UNu
SELECT pPe3y/IbTUPYIOLLANA KOJIOHKA KaKoiA
tl.1id, nM60o GyHKUMM

1+ 2 + tl.value AS v
FROM t1 JOIN t2
WHERE
tl.id = t2.id AND
t2.1id > 50000) tmp




* BbipaxkeHune npeacraBnsetr cobon
HOBOE 3HaYeHMe, KOTopPoe
NoNy4aeTcs BblYUCEHMEM BXOAHbIX

Catalyst- Exprexssion

SELECT [sum(v) AaHHbIX( 1 + 2 + tl.value)
FROM (  ATTpuBYT - KONOHKA AaTaceTa UNu
SELECT pPe3y/IbTUPYIOLLANA KOJIOHKA KaKoiA
tl.1id, nM60o GyHKUMM

1+ 2 + tl.value AS v
FROM t1 JOIN t2
WHERE
tl.id = t2.id AND
t2.1id > 50000) tmp




Catalyst- Exprexssion

sum(v)

t1.id,

SELECT sum(v) ~ 1+2+t1.value

FROM ( I NN
SELECT -~
tl1.id, tl.id=t2.id
1 + 2 + tl.value AS v t2.id>50000
FROM t1 JOIN t2 s N
WHERE ==-=-=-—=---- -—="

tl.id = t2.id AND
t2.id > 50000) tmp




e JlorMyeckuu nnaH
OMUCbIBAET BblYMUCNEHMEHME AaTaceTa, be3
sum(v) OMMUCaAHUA TOTO, KaK UMEHHO byayT
npon3BeaeHbl Bbl4UC/IEHUA
t1.1d, * Output: cnucok aTTpubyTOoB KOTOPbLIE
1+2+tl.value o .
2s v reHepupyeT NOrMYecKkni nnaH [v,id]

* OrpaHunyeHuna(constrains): MHOXKecTBO
WHBAPWAHTOB A/151 CTPOK MOJIy4YEHHbIE U3
Jlormyeckoro naaHa [t2.id>5000]

e CTaTUCTUKA: pasinyHble
cTaTcUCTUKU(pa3mep nnaHa, max/min/null
KONIOHOK N T.4.)

Catalyst—Logical Plan

tl.id=t2.1id
t2.id>50000




e JlorMyeckuu nnaH
OMUCbIBAET BblYMUCNEHMEHME AaTaceTa, be3
sum(v) OMMUCaAHUA TOTO, KaK UMEHHO byayT
npon3BeaeHbl Bbl4UC/IEHUA
t1.1d, * Output: cnucok aTTpubyTOoB KOTOPbLIE
1+2+tl.value o .
2s v reHepupyeT IOrMYecknim nnax [v,id]

* OrpaHunyeHuna(constrains): MHOXKecTBO
WHBAPWAHTOB A/151 CTPOK MOJIy4YEHHbIE U3
Jlormyeckoro naaHa [t2.id>5000]

e CTaTUCTUKA: pasinyHble
cTaTcUCTUKU(pa3mep nnaHa, max/min/null
KOJIOHOK N T.4.)

Catalyst— Jlornyeckum nnaH

tl.id=t2.1id
t2.id>50000




e ®dusmyeckn nnaH
ONUCbIBaeT BblYMCNEHMEHUE aaTaceTa, C
YKa3aHMeM TOro, Kak UMeHHo byayT
sum(v) NOIy4eHbl U BbIYUCNEHDbI TE UN NHbIE
aHHble
t1.1id, A

1+2+t1.value * MOXKHO 3anyCcTuTb
as v

Catalyst— ®usnyeckum nnaH

tl.id=t2.1id
t2.1d>50000




e ®dusmyeckn nnaH
ONUCbIBaeT BblYMCNEHMEHUE aaTaceTa, C
YKa3aHMeM TOro, Kak UMeHHo byayT
sum(v) NOIy4eHbl U BbIYUCNEHDbI TE UN NHbIE
aHHble
t1.1id, A

1+2+t1.value * MOXKHO 3anyCcTuTb
as v

Catalyst— ®usnyeckum nnaH

tl.id=t2.1id
t2.1d>50000




Catalyst— Transformation

Tpacpopmauymnm 6e3 nameneHma tuna(Transform m Rule
Executor)

« Expression => Expression
« Logical Plan => Logical Plan
« Physical Plan => Physical Plan

TpaHcdopmaunm c USMeHeEHEM TUNA AepeBa
Logical Plan => Physical Plan




Catalyst— Transformation

1+ 2 +t1.value

3+ t1.value

)




Catalyst— Transformation

1+ 2 +t1.value

3+ t1.value

)




Catalyst— Transformation
val expression: Expression = ...
expression.transform {

case Add(Literal(x, IntegerType), Literal(y, IntegerType)) =>
Literal(x + y)




Catalyst— KoMOMHMpoBaHMe HeCKONMbKUX NpaBun

Predicate Pushdown

tl1.id,
3+tl.value as
Y,

t1.id,
3+tl.value as
v

tl.id=t2.id
t2.1d>50000




Catalyst— KoMOMHUpoBaHMe HeCKONbKUX NpaBui

Column
Pruning t1.id,
3+tl.value as
t1.id, v
3+tl.value as

v t1.id=t2.id

t1.id=t2.id t2.id>50000

t2.1d>50000




Catalyst— KoMOMHUpoBaHMe HeCKONbKUX NpaBui

Column
Pruning t1.id,
3+tl.value as
t1.id, v
3+tl.value as

v t1.id=t2.id

t1.id=t2.id t2.id>50000

t2.1d>50000




t1.id,
3+tl.value as
v

3+tl1l.value as
A\

tl.id=t2.id
tl.id=t2.id

t2.1id>560000 t2.1d>50000

t1.id t2.1id




Catalyst: Logical Plan => Physical Plan

object BasicOperators extends Strategy {
def apply(plan: LogicalPlan): Seq[SparkPlan] = plan match {

case logical.Project(projectList, child) =>
execution.ProjectExec(projectList, planLater(child)) :: Nil

case logical.Filter(condition, child) =»>
execution.FilterExec(condition, planLater(child)) :: Nil




Catalyst: Logical Plan => Physical Plan

object BasicOperators extends Strategy {
def apply(plan: LogicalPlan): Seq[SparkPlan] = plan match {

case logical.Project(projectList, child) =>
execution.ProjectExec(projectList, planLater(child)) :: Nil

case logical.Filter(condition, child) =»>
execution.FilterExec(condition, planLater(child)) :: Nil




Catalyst: Logical Plan => Physical Plan

* AHanu3(Rule Executor): TpaHchoOpMmpyeT HepPa3PELLEHHbIN IOTUYECKUN
NNaH B pa3peLleHHbIN IOTMYEYCKMM NNaH

* Jlornyeckaa ontumusauma(Rule Executor): TpachopmmpyeT pa3peLleHHbIN
NNOTMYECKUWN NAAH B ONTUMU3UPOBAHHbBIN NOTMYECKUIN NNaH

*  dusnyeckoe nnaHnposaHue(Crpatermm + Rule Executor):

1. TpaHchopmupmauma onTMMMU3INPOBAHHOIO TOTMYECKUIN NJ1aH B

dun3nyeckmm nnaH
2. MpumeHeHue rule executor u noaroToBKa N1aHa K UCNOJIHEHUIO
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