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Spark Motivacié

 Hadoop MapReduce problémak:
— Programozas nehézkes
— Performancia, sok I/0O hasznalat
— Specialis alkalmazasokra nem alkalmas



MapReduce programozas

import java.io.IOException;
import java.util.StringTokenizer;

import org.apache.hadoop.conf.Configuration;
import org.apache.hadoop.fs.Path;
import org.apache.hadoop.io.IntWritable;
import org.apache.hadoop.io.Text;

. ° import org.apache.hadoop.mapreduce.Job;

° import org.apache.hadoop.mapreduce.Mapper;

import org.apache.hadoop.mapreduce.Reducer;
import org.apache.hadoop.mapreduce.lib.input.FileInputFormat;
import org.apache.hadoop.mapreduce. lib.output.FileQutputFormat;

public class WordCount {

[ ) []
S p a r k () 1 S O r public static class TokenizerMapper

extends Mapper<Object, Text, Text, IntWritable>{

private final static IntWritable one = new IntWritable(1);
private Text word = new Text();

public void map(Object key, Text value, Context context
) throws IOException, InterruptedException {
StringTokenizer itr = new StringTokenizer(value.teString());
while (itr.hasMoreTokens()) {
word.set(itr.nextToken());
context.write(word, one);

+
H

. 1 ' . public static class IntSumReducer
tends Red <Text,IntWritable,Text, IntWritable> {
sc.textFile('...").flatMap(lambda x: x.split()) prsvate Trnssette resi = e oS

public void reduce(Text key, Iterable<IntWritable> values,
.map(lambda x: (x, 1))
) throws IOException, InterruptedException {
int sum = 0;

.rEdUCEByKey(Iambda X, y: x+y) for (IntWritable val : values) {

sum += val.get();

. }
.saveAsTextFile('...") o [
}
}

public static void main(String[] args) throws Exception {
Configuration conf = new Configuration();
Job job = Job.getInstance(conf, "word count");
job.setJarByClass(WordCount.class);
job.setMapperClass(TokenizerMapper.class);
job.setCombinerClass(IntSumReducer.class);
job.setReducerClass (IntSumReducer.class);
job.setOutputKeyClass(Text.class);
job.setOutputValueClass (IntWritable.class);
FileInputFormat.addInputPath(job, new Path(args[a]));
FileOutputFormat.setOutputPath(jeb, new Path(args[1]));
System.exit(job.waitForCompletion(true) ? @ : 1);
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Performancia

 Mit ad a Spark?
— Lusta kiértékelés

 MapReduce I/O mveltei
egy jobban:
— 3 vagy tobb * Optimalizélja a job-ot
i Bl miel6tt lefuttatna
Ly — MemOria alapu cache
+ _ e Egyszer olvassa a HDD-t,
HDFS (Replicated) | Block of Data Qutput File
o j \M/ E utana memoriat
Native File System Ten[l)[;tipill g;rrtt;ﬂo[;‘:g Reduccgg;ocﬂ haszna, IJa
— Hatékony pipeline
* Adatok atadasa a
folyamatok k6zott HDD
nélkul

e Hive (SQL tool Hadoopra)
— Egy tipikus lekérdezés 3-5 MR

Job



Performancia
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Specialis eszkdzok

Hadoop =) =
(oremet ) (o ) Tz )
-

General Batch Processing Specialized Systems:
iterative, interactive, streaming, graph, etc.

- ....

Apache Spark Core

Big Data Haladd



Spark f6 eleme: RDD

* Egyszerlen:

— az RDD egy kollekciodja az adatparticioknak, amelyek a
worker node-okon vannak tarolva

\ 4 L L 4

] T R

! RDD | ] I

Worker || Worker | | Worker | | Worker

Nod Nod Node Node
 Komplexen:
xen.

— egy interface az adat transzformaciohoz
— atmenetileg tarolja az adatokat
— nem modosithato
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RDD Metadata

* Metainformaciok
— Partitions — mely adatok kapcsolédnak ehhez az RDD-hez
— Dependencies — a ,,szUil6” RDD-k listaja
— Compute —a ,,szil6” RDD-ken végezendo fliggvény

— Preferred Locations — hol van a legjobb hely a szamitas elvégzésére
(data locality)

— Partitioner — Hogyan vagjuk szét az adatot particiokba



RDD

* Az egyetlen lehet8ség az adatok modositasara Spark-ban

— Transformations : RDD = RDD
— Actions: RDD = Scalar

m

map (func)
flatMap(func)
filter(func)
groupByKey()
reduceByKey(func)
mapValues(func)
sample(...)
union{other)
distinct()
sortByKey()

reduce(func)
collect()

count()

first()

take(n)
saveAsTextFile(path)
countByKey()
foreach(func)
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DAG Scheduler

()

48N

re——————————————- Submit the code (jar files) and configured S
' dependencies to Executors for further execution .

(
Driver Program
Request for worker Cluster Manager

? nodes/Executers
in the cluster

Executer

SparkContext Executer
DAG Scheduler Task Scheduler

I

RDD Task. Executer

)

o o e o — ——————————— -

Submit the code (jar files) and configured ________-_____-_..>:
dependencies to Executors for further execution




Spark Architektura

Yarn Hadoop MR
HDFS HDF5 HDFS
(a) Standalone (b) Over Yarn (c) Spark in
MR (SIMR)

SIMR: Minden Spark woker map folyamatban fut.
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Spark Architektura
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Spark Cluster

* Driver
— Spark Shell elérés (Scala, Python, R, Java)
— A hely ahol elkészul a SparkContext
— Az RDD-t atalakitja egy lekérdezési graffa
— Stage-ekbe pakolja a |épéseket
— Utemezi a taskokat és iranytja a futasukat
— Tarolja a metadata-t az RDD-krdl
— WebUI-t futtat



Spark Cluster

* Executor
— Tarolja az adatot a cache-ben (JVM Heap, HDD)
— Olvassa az adatot a kulsé forrasrol
— [rja az adatot kiils6 forrasra
— Elvégzi az adat feldolgozasokat



Alkalmazas dekompozicié

Alkalmazas

— Egy SparkContext ami tarol adatot a feldolgozashoz, és Utemezi a
jobok sorozatat

Job

— RDD transzformaciok sorozata, amely egy action-nel vagy adat kiirassal
végzddik, driver alkalmazas vezérli

Stage

— Transzformaciok egy olyan sorozata, amelyet egy fuggetlen worker el
tud végezni.

Task
— Egy stage futtatasa az adat egy particiojan.



WordCount példa

def printfunc (x):
print "Word "%=z" occurs %d times' % (x[0], x[11)
infile = sc.texXxtFile('hdf=.//sparkdemo: E020/ sparkdemno/ textfiles /BEELADME .md" , 4)
rddl = infile.flatMap(lambda x: xXx.split())
rdd?2 = rddl.map(lambda x: (x, 1)) .reduceByEev(lambda x, v: =X+Vv)
print rdd2.tolebugString ()
rdd?2. foreach(printfunc)

sc textFile("hdfsJ/...7) flatMap map reduceBykey foreach

HDFS RDD RDD RDD RDD RDD

HDFS Input Splits
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WordCount példa

map

flatMap

)

sc.textFile("hdfs2/. ..

18
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Spark perzisztencia

Persistence Level Leiras

MEMORY_ONLY Az RDD deszerializalzt JAVA objektumként
taroljuk. Ha nem fér el a memariaban
Ujraszamoljuk.

MEMORY_AND_DISK Az RDD deszerializalzt JAVA objektumként
taroljuk. Ha nem fér el a memariaban
taroljuk a lemezen.

MEMORY_ONLY_SER Ua. mint MEMORY_ONLY, csak
szerializalva taroljuk a memadriaban.
MEMORY_AND_DISK_SER Ua. mint MEMORY_AND_DISK, csak
szerializalva taroljuk a memariaban.
DISK_ONLY Az adatokat a lemezen taroljuk.
MEMORY_ONLY_2, DISK_ONLY_2 Ua. mint feljebb, csak replikaljuk a

particiokat a klaszterben.
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Spark eszkozok

Apache Spark Core
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Peldak

scala> var ex = sc.parallelize(List("szoveg 1", "szoveg 2", "szoveg bla bla"))

ex: org.apache.spark.rdd.RDD[String] = ParallelCollectionRDDI[0] at parallelize at
<console>:21

scala> val lines = sc.textFile("c:/Users/bigdata/valami.txt")

scala> val pair = (a, b)
pair. 1//=>a
pair. 2 //=>Db

scala> object HelloWorld {
| def main(args: Array[String]) {
| printin("Hello, world!")

|}

| }
defined module HelloWorld



Peldak

scala> HelloWorld.main(null)
Hello, world!

scala> ex.map(line => (line, 1))

resO: org.apache.spark.rdd.RDD[(String, Int)] = MapPartitionsRDD[1] at map
at <console>:24

scala> res0.foreach(printin)

[Stage 0:> (0 +0) /4]
(szoveg 1,1)

(szoveg bla bla,1)

(szoveg 2,1)



Peldak

scala> ex.map(line => line.split(" "))

res4: org.apache.spark.rdd.RDD[Array[String]] = MapPartitionsRDD[2] at map
at <console>:24

scala> res4.foreach(printin)

[Ljava.lang.String; @3cc018c2
[Ljava.lang.String; @4c3da8ce
[Ljava.lang.String; @31a73053

scala> res4.flatMap(a => a)

res8: org.apache.spark.rdd.RDD[String] = MapPartitionsRDDJ[3] at flatMap at
<console>:26



Peldak

scala> res8.foreach(printin)

[Stage 2:> (0+0)/4]
szoveg

1

szoveg

2

szoveg

bla

bla



Peldak

scala> res8.filter(l => l.contains("ove"))

res10: org.apache.spark.rdd.RDD[String] = MapPartitionsRDD[4] at filter at
<console>:28

scala> res10.foreach(printin)
szoveg
szoveg
szoveg



Peldak

scala> res8.map(w => (w,1)).reduceByKey(_+ )

res12: org.apache.spark.rdd.RDD[(String, Int)] = ShuffledRDD[6] at
reduceByKey at <console>:28

scala> res12.foreach(printin)
(1,1)

(2,1)

(bla,2)

(szoveg,3)



Peldak

scala> res8.map(w => (w,1)).groupByKey().map(w => (w._1,
w._2.reduce(_+_)))

resl7: org.apache.spark.rdd.RDD[(String, Int)] = MapPartitionsRDD[11] at
map at <console>:28

scala> resl7.foreach(printin)
(1,1)

(bla,2)

(2,1)

(szoveg,3)



' Language Support

Python Standalone Programs
q}ngg.?ﬁgéﬁﬁtﬂlgfﬁ 'zERRnR” in s).count() ‘Python, Scala, & Java

Interactive Shells
Scala ‘Python & Scala

val lines = sc.textFile(...)
Tines.filter(x => x.contains(“ERROR")).count()

Performance

«Java & Scala are faster
Java due to static typing
JavaRDD<String> lines = sc.textFile(...); -...but Python is often fine

lines. F11ter%new Function<String, Bnn1ean>() {
Boolean call(string s) {
return s. cunta1n5(“errnr“},

})?count();

UCSB
el
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Spark eszkozok

Apache Spark Core




Shark (SQL Api)

* Alapja a DataFrame-k
* DataFrame:

— Elosztott adatset
— Nevesitett oszlopokkal rendelkezik

* Forras lehet:
— Hive
— Kiuls6 adatbazis
— Meglévé RDDs
— File



Shark (SQL Api)

val sc: SparkContext // An existing SparkContext.
val sqlContext = new org.apache.spark.sql.SQLContext(sc) // Create the DataFrame
val df = sqlContext.jsonFile("examples/src/main/resources/people.json")

// Show the content of the DataFrame
df.show()

// age name

// null Michael

// 30 Andy

// 19 Justin

// Print the schema in a tree format
df.printSchema()

// root

// |- age: long (nullable = true)

// [-- name: string (nullable = true)



Shark (SQL Api)

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

// hame
// Michael

// Andy
// Justin

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

// nhame (age + 1)

// Michael null

// Andy 31

// Justin 20



Shark (SQL Api)

// Select people older than 21
df.filter(df("age") > 21).show()
// age name

// 30 Andy

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

// null 1
// 19 1
// 301



Shark (SQL Api)
SQL Futtatas

val sqlContext = ... // An existing SQLContext
val df = sqlContext.sgl("SELECT * FROM table")



K6sz6ndm a Figyelmet!



