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Apache Spark




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. It also supports a rich set of higher-level tools including Spark SQL for SQL and DataFrames,
MLIib 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 - dpenmBopK 0bLLErO HAa3HAYEHUA AN1A PACNPeANeHHbIX BbIMUCEHUNA U aHANNTUKKN HaZ
pacnpeaneHHbiMU AaHHbIMU. C noaaepkKkom APl Ha Takmx A3blKax Kak Scala, Java, Python, R. Spark
noaAepKMBaeT WMPOKMM Habop BO3MOXKHOCTEN: NoAAEPKKA rPadOoBbIX BbIMMCNEHUN,
pacnpeaeneHHbIX aArOPUTMOB MALLMHHOIO 0bydyeHuns, BcTpoeHHbIn Spark SQL,
Dataframes,06paboTKy NOTOKOBbIX AAHHbIX, CTPYKTYPUPOBaHHY 06paboTKy NOTOKOBbIX AaHHbIX,
low-latancy notokoByto 06paboTKy AaHHBbIX.

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 gensionmMmeHTa

* JloKkanbHO

* Amazon EC2

e Standalone Deploy
* YARN
 Kubernetes

* [lpyroe
* Mesos







Scala - Yucno Pi

object SparkPi {
def main(args: Array[String]): Unit = {
val spark = SparkSession
.builder
.appName("Spark Pi")
.getOrCreate()
val slices = if (args.length > @) args(@).toInt else 2
val n = math.min(100000L * slices, Int.MaxValue).toInt
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[1l]) 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 0

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[1l]).rdd.map(lambda r: r[0])
lines.flatMap(lambda x: x.split(' ")) \

.map(lambda x: (x, 1)) \

.reduceByKey(add)

counts

output = counts.collect()
for (word, count) in output:
print("%s: %i" % (word, count))

spark.stop()







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 DnacTnyHbIN, CTOMKMIW - OTKA30yCTOMYUBOCTb NMNO3BO/IAOLLASA
NPOU3BOANTb NEPECYET AarKe B C/ly4ae BbIXOAa M3 CTPOA HOA KiacTepa
* Distributed PacnpeaeneHHbin - gaHHbIe pacnpeaeneHbl NO KNacTepy,
COCTOSALLLEEMY M3 MHOTUX HOA,

* Dataset Habop gaHHbIX - KOANEKUMA NAPTULMPOBAHHbIX

AQHHbIX MPUMUTUBOB UAN KOMMAEKCHbIX TUNOB




RDD — Resilient Distributed Dataset

OcHoBHas abcTpakuma Spark nossonsAoLas NPOU3BOANTL OTKA30YCTOUYUBbIE
KNacTepHble BbIYUCIEHMA B NAMATH




RDD

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

@transient private var deps: Seq[Dependency[ 1]

) extends Serializable with Logging {




RDD — OcHOBHble BHYTPHEHHUEe CBOUCTBA

* CNMUCOK NapTmumnm

* QyHKUMA KOTOPAA BbIYMCNAET KaXKabIn CNAUT

* Cnncok 3asmucmmblix RDD

* Partitioner(onunoHanbHO) - TO Kak naptTmumpyetca key-value RDD

* CNMCOK NpeanoyYymTaembix MecT(onunmoHanbHo) ,rae byayt npomcxoauTb
BblYMCNEHME KaXKA0ro cnanta(k npumepy mectononoxkeHne HDFS 610kKa)




RDD — [dononHuTtenbHble 0COOEHHCTH

* In-Memory, JaHHble RDD xpaHATCcA B namATK A0 TeX NOP NOKa 3TO BO3MOXKHO (No BpemeHu, no
pasmepy)

* UMmyTabenbHOCTb, AaHHblE HE U3MEHAEMbIe, Nt0bble TpaHCPOpPMaALMM AaHHbIX NOAYYaAKOTCA
TONIbKO NyTMm co3aaHuAa Hosoro RDD

* JleHuBbIe BbluMCNEHUA, HeT AOCTyNa K 4aHHbIM U pe3yabTaTam Tpacdopmaummn, pOBHO A0 TOro
MOMEHTa NOKa action He BbI30OBET BbIYMCNEHNA ABHO

* KelwwnpyemocTb, AiaHHble MOXHO 3aKellnpoBaTb Ha pPa3nnyHbix Hocutenax (RAM,HDD)

* MapannenbHoCTb, [laHHble 06pabaTbiBatOTCA B NapaniesibHO

* TunnsmposaHbl — RDD Ctporo TununsmposaHHbli(RDD[Long] ,RDD[(Dobule,Long)], RDD[User])

* MapTuymnposaHbl— [daHHble RDD pasgeneHsbl Ha nornvyeckme NnapTuymnn , KOTopble
pacnpegeneHbl N0 HOA4AM KnacTepa

* Location-Stickiness — RDD Bo3MOHOCTb onpeaennTtb Hanbonee 6an3Kknin 610K JaHHbIX ANA
napTuymm




RDD — OpgHa konnekumsi - MHOro napTuumum

RDD of Strings RDD of Pairs
# | ' (for, 12)
Apache V (Spark, 14)
Spark | r (to, 14)

[ processing ] [ (the, 21)




[MMapTuumnm




MapTuuus

Jlornyecknin Kycok gaHHbix(split) Ha KoTopble aenntca RDD. Kaxabiht RDD cocTouT M3 KaKoro-To
Ko/anyecTBa napTuumn. N asnsetca 6a3oBon eaANHULEN HAA KOTOPOM NPOUCXOAUT NapannenbHo
BbluncneHme(Task).




MapTuuus

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)




MapTuuus

* Cogeput 3annucu RDD

* MOXHO ynpaBaATb KOZIMYECTBOM MAPTULIMIA, C MOMOLLbIO PYHKLUMIN coalesce u
repartition

* MOXHO onpeaennTb Kak NapTULUPYHOTCA AaHHblie(no ymoaYaHuto

310 HashPartitioner)




MapTuuus

Kak npaBmno ynpasneHue NnapTMUUAMMN NPOCXOAUT aBTOMATUYECKMN.

Yem 6onblue/MeHblle NapTULMiA Tem 6oblue/meHblie pacnpeaneHsbi
AQHHbIe NO Knactepy

Yem meHbLue/6onblue napTuumnii Tem bonblie/meHblle AaHHbIX
obpabaTtbiBaeTcA 3a 1 Tack

Spark 3anyckaeT 1 MHOronoTOYHbIM TAaCK Ha NAPTULMIO

Echny Bac 50 aaep Ha Knactepe, TO ANA UX NOAHOM YTUAU3ALNM HYXKHO KaK
MUHUMYM 50 napTmumnm

KonnyectBo naptmumnm onpeaensiet Koamyectso ¢pamnnos KOTopbl Spark
creHmpupyeT action Npu cOXpaHEHUN AAHHbIX HA AUCK.

Pasmep namaATK sK3eKboTOpa onpeaenaeTr MakCUMManbHbIKM pasmep
napTMumnm




repartition

repartition(numPartitions:Int)(implicit ord:0Ordering[T] = null):RDD[T]

Bo3spaluaeTt HoBbI RDD ¢ yKa3aHHbIM KOIMMECTBOM NAPTULIUA
(BbInonHseT coalesce), npn atom Bo3moxkeH wadn (shuffle)




repartition

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

TpacpopmupyeT yKazaHHbIM RDD B HOBbIN € YKa3aHHbIM KOJMYECTBOM NAPTULMNU




Onepauun Hag RDD




Tunbl onepauun Hag RDD

* Transformations
e Actions




Transformation

JleHuBble onepaunm KoTopble Ha Bxoa npuHumatot RDD , genatoT HeKoTtopoe
npeobpa3oBaHme, 1 BO3BpaLLatoT HOBbIM RDD, npu atom ncxoaHsin RDD
OCTaeTCA B HEU3MEHHOM BUAE, @ HEMOCPEACTBEHHbIX BbIYUCAEHUN HE

NPOUCXOAMNT POBHO A0 TOr0 MOMEHTA, MOKa He byaeT BbI3biBaH action B
Aa/IbHENLLEN LENMOYKN BbIYMUCSIEHUMN.




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 e subtractByKey

* reduceByKeylLocally * fullOuterJoin

« foldByKey * leftOuterJoin

* aggregateByKey * rightOuterJoin

* sortByKey
* combineByKey




Narrow transformation

111)

\, y

map, filter




Narrow transformation




Wide Transformation

groupByKey




Wide Transformation

join




Actions

Onepaumnn Haa RDD KoTopble 3anyCKatoT LEeNOYKY BblYMC/IEHUIN BbIYUCIEHNA U
BO3BpaLatoT Kakoe-To He RDD 3HaueHmne.TonbKo action moxkeTt
MaTepunanm3oBaTb UCYUCIEHUE




Actions

* reduce

e 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 un Actions

val lines = sc.textFile("data.txt")
val linelLengths = lines.map(s => s.length)

val totalLength = linelLengths.reduce((a, b) => a + b)




Shuffling




Shuffling

Shuffling(nepemewnBaHmne) - npouecc nepepacnpeneneHns gaHHbIX no
KnacTepy, KOTOPbIA CONPOBXAAETCA MPU MHOMMX onpeaunsix.




Shuffuling

* HyxHo nsberaTtb BceMU criocobamm




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

scala> val kw = (@ to 5) zip Stream.continually(10)
kw: scala.collection.immutable.IndexedSeq[(Int, Int)] = Vector((0,10), (1,10), (2,10), (3,19), (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))
CRENTD)
(4,(5,10))
(2,(5,10))




Stage 1 Stage 2

parallelize parallelize

Completed Stages (3)

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

1 parallelize at <console>:27

Stage 3

join

Submitted
+details 2019/11/03 21:36:04
+details 2019/11/03 21:36:04
+details 2019/11/03 21:36:04

Duration
0,1s

55 ms
85 ms




KewunpoBHue




Persist u Cache

OnTummnsaumnsa ans ntTepaTtuBHbIX N UIHTEPEKTUBHbBIX BbIYUCIIEHUN.
[To3BONAKOT COXpaHUTL pe3yrnbTaT NPOMEXYTOYHOIO BbIYUCIIEHUS B
namaTu/gpyrom HocuTene, Ans nocneayLlero nepeuncrnosib30BaHus.
OT1nnyue persist oT cache nuLb CMHTaKcndeckoe cache =
persistMEMORY _ONLY)

Takke eCTb BO3MOXHOCTb yaannTb AaHHble U3 Kella C MOMOLLbIO
doyHKUMKM unpersist()




Persist u Cache

persist(): this.type
persist(newlLevel: Storagelevel): this.type

YkasaTtb Storagelevel ons 3agaHHOro nepcucra MOXHO O4HOKPATHO.




Persist u Cache

e  OnTummsayma gna utepaTtuBHbIX U UHTEPEKTUBHBLIX BbIYNCIIEHUN.
[103BONIAIOT COXPaHNTb pPe3ynbTaT NPOMEXYTOYHOIO BbIYUCIIEHNA B
namaTu/gpyrom Hocutene, 4nga nocneayroLwero nepencnonbL3oBaHng

 Otnnyume persist OT cache nuLb CUHTaKcM4eckoe cache =
persist(MEMORY_ONLY)

« Takke eCTb BO3MOXHOCTb yAanuTb AaHHble 13 Kella C NMOMOLLbIO
doyHKUMKM unpersist()




YpoBHU XpaHeHUs

«  NONE

*  DISK_ONLY

«  DISK_ONLY_2

e MEMORY_ONLY

«  MEMORY_ONLY 2

e MEMORY_ONLY_SER

«  MEMORY_ONLY_SER 2

e MEMORY_AND_DISK

«  MEMORY_AND_DISK 2

« MEMORY_AND_DISK_SER
e MEMORY_AND_DISK_SER_2
«  OFF_HEAP




Ctenpgxu




Crengxu

Spqﬁl(\z o Jobs Stages Storage Environment Executors

Stages for All Jobs

Completed Stages: 1

Completed Stages (1)

Stageld ~ Description Submitted Duration Tasks: Succeeded/Total
0 reduce at <console>:32 +details 2019/11/03 16:55:49 2,8 min 2000/2000




AKKYMYnAaTOpPbI




AKKymynaTtop

AKKYMYNATOP - NepeMeHHast AOCTYMNHasa TOSMbKO Ha 3anucb ANs 9K3eKbTopa, NPy 3TOM 3anuchb
BblpaxkaeTcs oyHKUmMen += (0obaBnTb), U Ha YTeHWe Ans apaneepa.




AKKyMmynaTopbl

Accumulators

Accumulable

Value

45

counter
Tasks

Index o ID Attempt
0 0 O
1 1 0
2 2 0
3 3 0
4 4 0
5 5 0
6 6 O
7 7 0

Status

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 Launch Time

driver / localhost
driver / localhost
driver / localhost
driver / localhost
driver / localhost
driver / localhost
driver / localhost

driver / localhost

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 Time
17 ms
17 ms
17 ms
17 ms
17 ms
17 ms
17 ms

17 ms

Accumulators

counter: 1
counter:
counter:

counter:

o O NN

counter:
counter: 7

counter: 17

Errors




AkkymynsTopsbl - 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




AkkymynaTtopsbl - 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




HectaHaapTHbIM 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")




HectaHpapTHbIM akkymynaTop - Python

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

return Vector.zeros(initialValue.size)
def addInPlace(self, vi1, v2):

vl += v2

return vl

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




Akkymynsatopbl - OcobeHHOCTH

* 3HayeHMe accum.value AOCTYNHO TONbKO Ha ApaiiBepe
* Onepauua += AonycTUma TO/IbKO B action
* HUKaK He BAnseT Ha MoAenb IEHUBbIX BbIYUCNEHUN




AKKYMYynATOpbI - 0COGEHHOCTH

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

// 3pecb accum.value Bce ewe @ ,Tak KakKk He 6b10O HUKaKuX action




Broadcast variables




Broadcast nepemeHHas

[Ona onTMMmmnsaunm BbINOJIHEHUA MPOrPaMMbl, MOXHO 3apaHee nepecnaTb
3K3ensap 3apaHee BblYMC/IEHHOW KONNEKLUMM C ApanBepPa Ha KaXKabIn
9K3EKbIOTOP




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)




Akkymynsatopbl - OcobeHHOCTH

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)

-
-
-
&
-
-
-

 spmacmen |

~

broadcast(value)




TecToBbIU 3aNyCK




Jupyter HOyTOYK

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







Dataframes




SparkSQL

Spark S
Catalyst




MNMpenmywecrtea Hosoro API

saL i

Dataframe l

0 1 2 3 4

Runtime performance of aggregating 10 million int pairs
(secs)




HoBoe API - 3auyem ?

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




Structured API

e CTpYKTypa - YMeHbLUAEeT NPOCTPATCTBO TOr0, YTO MOXKeT ObITb BbIparKeHo
* bBosblias YacTb BbIYNUC/IEHUIN MOXKET ObITb BbiparKeHa

YMeHbLueHune rmbkoctu APl npuBOAUT K TOMY, YTO BbIYUC/IEHNA MOXKHO
CUNIbHO ONTUMM3NPOBATb UCXOAA U3 TEX OTPAHNYEHNIN, YTO Mbl HAJIOXKUW.




Legend:

Optimized
libraries

Unoptimized
libraries

Spark 1.6.x

Spark SQL / :
DataFrames MLIib (DF based)
Catalyst
Optimizer

Spark
Streaming

RDDs

MLlib (RDD based)

GraphX




Spark 2.x.x

Spark SQL /
DataFrames / MLIib (DF based) Structured GraphFrames
Streaming
Datasets
W Spal'l.( MLIib (RDD based) GraphX
Streaming
Catalyst
Optimizer
Legend:
Optimized RDDs
libraries
Unoptimized

libraries




HoBoe API - apxutekTpypa

: : Code
Logical N Physical R RDD<
Plan HEIREY Generator

Catalog |  REEETET
source

lasticsearch. @ Q
API elasticsearc PSOL




HoBoe API - apxutekTpypa

SQLAST

Selected
Physical Plan

DataFrame Unresolved Optimized Physical

Logical Plan Logical Plan Logical Plan Plans

[\
Cost Model

DE|ENES

Catalog




OTKyaa npupocTt?

OntmmsaTop Spark'a nbiTaeTcsa NOCTPOUTb Hanbonee oNTMManbHbIN NNaH
BbIYMC/IEHMNS KOHKPETHOM NO/1b30BAaTENBCTKOM NPOrPAMMbI, MOHMMAS C KAKUMMU
AAaHHbIMKM OH paboTaeT, Kakne onepaumm OH NPOU3BOAMT, A TaKKE KaKkue
laHHble 0XMAAOTCA Ha BbiXoae




SparkSession - Scala

import org.apache.spark.sql.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()




CospaHune DataFrame — people.json

P




CospaHue 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]
// | 30| Andy]
// | 19| Justin]

// | TR R Epiigy S i R g - A




Cospanue 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()

et S -

| age| name|

e n S -

|null|Michael |

| 30| Andy|

| 19| Justin|

H O H O H H O H H O H

e -




Cospanue 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()

et S -

| age| name|

e n S -

|null|Michael |

| 30| Andy|

| 19| Justin|

H O H O H H O H H O H

e -




Onepauuu Hag DataFrame - Scala

// This import is needed to use the $-notation

import spark.implicits._

//
df
/7
/7
//

//

df.

/7
//
//
//
//
/7
//

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
//
//
/7
//
//
//
//

//
df
//
//
//
/
//

~

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

|  name|(age + 1)|

e e s -

|Michael | null|

|  Andy| 31|

| Justin]| 20|

e e s +

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

|age |name |

e e =

| 30|Andy|

+---+----+




Onepauuu Hag DataFrame - Scala

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

// |age|name]|

/] +---+----+
// | 30|Andy|
/] +---+----+

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

// | age|count|

/] +----+----- -
// | 19| 1|
// |null| 1]
// | 30| 1|

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




Onepauun Hag 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 Bt A N
df.printSchema() # | name|(age + 1)]
# root #oAoooooo- tommmmmoes *
# |-- age: long (nullable = true) # [Michael | null|
# |-- name: string (nullable = true) # |  Andy| 31|
# | Justin] 20|
# Select only the "name" column R $ommmm - -+
df.select("name").show()
#o4------- + # Select people older than 21
# | name] df.filter(df['age'] > 21).show()
# Ao * Ho4---+----+
# |Michael| # |age|name]
# | Andy|
# +---4+----+
# | Justin]|
# | 30|Andy|
# +------- +

# +---4+----+




Onepauun Hag DataFrame - Python

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

| age|count|

H O H# H B OB
=
O
=




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 - npocTtoun 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|
// | 30| Andy]|
// | 19| Justin]|

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




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|
/] +----4+---+

// Encoders for most common types are automatically provided by importing spark.implicits._
val primitiveDS = Seq(1l, 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|
/] +----4+---+

// Encoders for most common types are automatically provided by importing spark.implicits._
val primitiveDS = Seq(1l, 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]
// | 30| Andy|
// | 19| Justin]

/] +----4------- +




Dataset - bonbLwe onepauun

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



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

B3anmoageuctBue ¢ 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(9), attributes(1l).trim.toInt))
.toDF()
// Register the DataFrame as a temporary view

peopleDF.createOrReplaceTempView("people™)




B3anmoageuctBue ¢ 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(0)).show()

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




B3anmoageuctBue ¢ 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(0)).show()

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




B3aumopgeucrtesue ¢ RDD- Scala
// or by field name

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

/] +------------ -
// | value]
/] +------------ +
// |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))




B3aumopgeucrtesue ¢ RDD- Scala
// or by field name

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

/] +------------ -
// | value]
/] +------------ +
// |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))




B3aumogencreue ¢ RDD- people.txt

Michael, 29
Andy, 30
Justin, 19




B3sanmopencreue ¢ 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")
lines.map(lambda 1: 1l.split(","))

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

parts

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

schemaPeople.createOrReplaceTempView("people")




B3sanmopencreue ¢ 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




flBHOe yKasaHue cxeMbl AaHHbIX - Scala
import org.apache.spark.sql.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(1).trim))




flBHOe yKasaHue 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()
/] +-----mmmmm - -
// | value|
/] +------m-— - +
// |Name: Michael]
// | Name: Andy|

// | Name: Justin]
/] +--------—--=- -




fIBHOe yKa3zaHue 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[1].strip()))
# The schema is encoded in a string.

schemaString = "name age"

fields

schema

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




fIBHOe yKa3zaHue 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 OH H OH H OH OH




Nonb3oBaTenbckme emploees.json
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NMonb3oBatenbckue arperatopbi(UDAF)

import
import
import

import

org.apache.
org.apache.
org.apache.

org.apache.

spark.
spark.
spark.

spark.

sql.{Row, SparkSession}
sql.expressions.MutableAggregationBuffer
sgl.expressions.UserDefinedAggregateFunction

sgql.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 arperatopbi(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(0) = oL

buffer(1) = oL




NMonb3oBatenbckue arperatopbi(UDAF)

// Updates the given aggregation buffer “buffer® with new input data from " input’
def update(buffer: MutableAggregationBuffer, input: Row): Unit = {
if (!input.isNullAt(@)) {
buffer(0) = buffer.getLong(®) + input.getLong(9)
buffer(1) = buffer.getlLong(1l) + 1

}
// Merges two aggregation buffers and stores the updated buffer values back to "bufferl”

def merge(bufferl: MutableAggregationBuffer, buffer2: Row): Unit = {
bufferl(0) = bufferl.getLong(9) + buffer2.getLong(0)
bufferl(1) bufferl.getLong(1) + buffer2.getlLong(1)
}
// Calculates the final result
def evaluate(buffer: Row): Double

buffer.getLong(@).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()

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

// | Justin| 3500]|
// | Berta| 4000]|

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




MNonb3oBatenbckue arperatopbi(UDAF)

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

result.show()

/] +------------- -+
// |average salary|
/] === mm- -
/] | 3750.0|




TunuanpoBaHHble Nonb3oBaTesibckue 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 Nonb3oBaTesibckue 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 Nonb3oBaTesibckue arperatopbi(Typed UDAF)

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




TunuanpoBaHHble Nonb3oBaTesibckue 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 Nonb3oBaTesibckue 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 Nonb3oBaTesibckue arperatopbi(Typed UDAF)

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

ds.show()

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

// | Justin| 3500]|
// | Berta| 4000]|

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

// 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()

/] 4= +
// |average salary|
/] +------m - +
/1| 3750.0|




UcTo4yHUKM aaHHbIX - Python

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

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




McTouyHMKU 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 Hap ¢pannamm - Python

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




ScalalJava L Jomemenewe

Pexumbl COXpaHeHus SaveMode.ErrorlfExists "ggg:ifg;ists" 3anncb NpepbIBaeTCs eCnun AaHHble YXe
faul
(default) (default eCTb
SaveMode.Append "append" [lo6aBndeT AaHHble B KOHEL
SaveMode.Overwrite "overwrite" lMepenucbiBaeT gaHHble

SaveMode.lgnore "ignore" CREATE TABLE IF NOT EXISTS




BakeTupoBaHue, COPTUPOBKA, NapTULUPOBaHMKE

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




* BblpaxkeHune npeacrtaBnaeT coboi
HOBOE 3HaYeHue, KoTopoe
No/ly4aeTcs Bbl4UCAEHMEM BXOAHbIX

Catalyst - Exprexssion

SELECT 'sum(v) naHHbIX( 1+ 2 +tl.value)
FROM (  ATTPUBYT - KOIOHKA AaTaceTa uin
SELECT PE3yNbTUPYIOLLAA KOJIOHKA KaKoM
tl.id, nnM6o byHKLMK

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




* BblpaxkeHune npeacrtaBnaeT coboi
HOBOE 3HaYeHue, KoTopoe
No/ly4aeTcs Bbl4UCAEHMEM BXOAHbIX

Catalyst - Exprexssion

SELECT 'sum(v) naHHbIX( 1+ 2 +tl.value)
FROM (  ATTPUBYT - KOIOHKA AaTaceTa uin
SELECT PE3yNbTUPYIOLLAA KOJIOHKA KaKoM
tl.id, nnM6o byHKLMK

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




Catalyst - Exprexssion

sum(v)

t1.id,

______ -»> 1+2+tl.value
FROM ( ememmmTT e
SELECT ~~
tl1.id, tl.id=t2.id
1 + 2 + tl-_‘_@l—HQ_AS v t2.1d>50000
FROM t1 JOIN t2 TTTememesl
WHERE ====—ce———=—- -—="

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




e Jlornyecknu nnaH
OMUCbIBAET BbIYUC/IEHMEHME AaTaceTa, be3
sum(v) OMMUCAHUSA TOTO, KaK MUMEHHO byayT
npon3BeaeHbl BbIYUC/IEHUA
tl.id, * Qutput: cnncok atTpnbyToB KoTopble
gzttl‘\'alue reHepupyeT Normyecknun naax [v,id]

e OrpaHunyeHua(constrains): MHOXeCTBO
NHBAPWAHTOB A/151 CTPOK MOJIyYEHHbIE U3
fiornyeckoro naaHa [t2.id>5000]

* (CraTtuCTuKa: pasinyHble
cTaTCUCTUKK(pa3mep niaHa, max/min/null
KOJIOHOK N 1.4.)

Catalyst — Logical Plan

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




e Jlornyecknu nnaH
OMUCbIBAET BbIYUC/IEHMEHME AaTaceTa, be3
sum(v) OMMUCAHUSA TOTO, KaK MUMEHHO byayT
npon3BeaeHbl BbIYUC/IEHUA
tl.id, * Qutput: cnncok atTpnbyToB KoTopble
gzttl‘\'alue reHepupyeT Normyecknun naax [v,id]

e OrpaHunyeHua(constrains): MHOXeCTBO
NHBAPWAHTOB A/151 CTPOK MOJIyYEHHbIE U3
fiornyeckoro naaHa [t2.id>5000]

* (CraTtuCTuKa: pasinyHble
cTaTCUCTUKK(pa3mep niaHa, max/min/null
KOJIOHOK N 1.4.)

Catalyst — Jlornyeckuin nnaH

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




e  ®dusmyeckmn nnaH
OMNUCbIBaeT BblYMC/IEHUEHUE AaTaCeTa, C
YKa3aHMeM TOro, Kak MMeHHO byayT

Catalyst — Pu3anyecknm nnaH

sum(v) NONY4EHbI N BbIYMUC/IEHDbI TE N UHbIE
aHHble

t1.id, A

1+2+tl.value * MOoXXHO 3anyCcTuTb

as v

t1.id=t2.1id

t2.1d>50000




e  ®dusmyeckmn nnaH
OMNUCbIBaeT BblYMC/IEHUEHUE AaTaCeTa, C
YKa3aHMeM TOro, Kak MMeHHO byayT

Catalyst — Pu3anyecknm nnaH

sum(v) NONY4EHbI N BbIYMUC/IEHDbI TE N UHbIE
aHHble

t1.id, A

1+2+tl.value * MOoXXHO 3anyCcTuTb

as v

t1.id=t2.1id

t2.1d>50000




Catalyst — Transformation

Tpacdopmauum 6e3 nameneHuna tmna(Transform mn Rule
Executor)

« EXxpression => Expression

» Logical Plan => Logical Plan

* Physical Plan => Physical Plan
TpaHcdopmaunm ¢ UIsMeHeHUeM Tuna gepesa
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 — KomGuHMpoBaHne HeCKONbLKUX NpaBun

Predicate Pushdown

tl1.id,
3+tl.value as
v

t1.id,
3+tl.value as

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




Catalyst — KomGuHMpoBaHne HeCKONbLKUX NpaBun

Column

Pruning tl.id,
3+tl.value as

\'

tl.id,
3+tl.value as
Vv

tl.id=t2.id

t1.id=t2.1id t2.1d>50000

t2.1d>50000




Catalyst — KomGuHMpoBaHne HeCKONbLKUX NpaBun

Column

Pruning tl.id,
3+tl.value as

\'

tl.id,
3+tl.value as
Vv

tl.id=t2.id

t1.id=t2.1id t2.1d>50000

t2.1d>50000




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

tl1.id,
3+tl.value as
Vv

tl.id=t2.1id
tl.id=t2.1id

t2.1d>50000 t2.1d>50000

t1.1id 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

1.

2.

AHanuz(Rule Executor): TpaHcopmmpyeT Hepa3peLIEHHbIN NOTUYECKU
NNaH B Pa3peLleHHbIN NOrMYeyYCcKUn NnaH
Jlornyeckaa ontummsauna(Rule Executor): TpacpopmmpyeT pa3peLleHHbIN
NOMMYECKUN NJIaH B ONTUMM3UPOBAHHbBIN 1OMMYECKNM NNaH
dusmyeckoe nnaHnposaHme(Crpaternm + Rule Executor):
TpaHchopmmpmaumsa oNTUMU3INPOBAHHOIO IOTMYECKNM N1aH B
dU3NYEeCcKNM NnaH
[MpumeHeHune rule executor u NoAroToBKa NaaHa K UCNOJIHEHUIO
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