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4. BSpark ?

Apache Spark is an open source cluster
computing system that aims to make data
analytics fast --both fast to run and fast to write.
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JH 4 Spark 9t EER ?

1. In-memory computation
2. general computation graphs

a]£% Delay scheduling : A simple technique for achieving locality and fairness in cluster scheduling
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EHEE{TSpark ?

Local
Standalone

Mesos
YARN

A15% : @BAXANndy A ZFSpark on Yarnf 8 =%
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Scalaji2§ ?
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Scala--TEFHA

varx :Int=7

valx =7 //BshE B E

val y = “hi” /IR 1%/ =2 FJava B #ifinal



Scala--BN¥

def square(x : Int) : Int = x * x
def square(x : Int) : Int = {
X * x //fEblockH M x5 — MMEFFHIR(E

J

def announce(text : String) {
printin(text)



Scala--jz %!

var arr = new Array|[Int](8)
var Ist = List(1,2,3) //1stBg 2 &4 2 List[Int]

/I% 5 1i719]
arr(d) =7
printin(Ist(1))



Scala-FPHARMEES

val list = List(1,2,3)
list.foreach(x => printin(x)) // $TENE1,2,3
list.foreach(printin)

list.map(x => x + 2) // List(3,4,5)
list. map(_ + 2)

list.filter(x => x % 2 == 1) // List(1,3)
list.filter(_ % 2 ==1)

list.reduce((x,y) =>x +y)// 6
list.reduce(_+ )



Scala--A4&

(X:Int)=>x+2
X=>X+2
_+2
X =>{
val numberToAdd = 2
X + numberToAdd
}
INRAVRK, AILLBEEASHEA
def addTwo(x : Int) : Int=x + 2
list. map(addTwo)

I
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Zl|Spark



Spark : MRDDjiE

RDDs : resilient distributed datasets

1. collections of objects spread across a cluster
2. build through parallel transformations(map,filter,groupBy,join etc
3. automatically rebuild on failure (ZFlineage#checkpoint)
4. different storage level (RI(FF{L)FHERNFHBEZ H)




B3 %E FStorageLevel

NONE = new StoragelLevel(false, false, false)

DISK ONLY = new StoragelLevel(true, false, false)

DISK ONLY 2 = new StoragelLevel(true, false, false, 2)
MEMORY _ONLY = new StoragelLevel(false, true, true)
MEMORY _ONLY 2 = new StoragelLevel(false, true, true, 2)
MEMORY _ONLY _SER = new StoragelLevel(false, true, false)

MEMORY _ONLY _SER 2 = new StoragelLevel(false, true, false, 2)
MEMORY _AND _DISK = new StoragelLevel(true, true, true)
MEMORY _AND _DISK 2 = new StoragelLevel(true, true, true, 2)
MEMORY _AND _DISK SER = new StoragelLevel(true, true, false)
MEMORY _AND_DISK SER_2 = new StoragelLevel(true, true, false, 2)




&I JLTRDD

scEi = SparkContext, Al LIE A FfEspark ERIA O,

scala> val text = sc.textFile("README.md")

13/12/17 14:00:57 INFO storage.MemoryStore: ensureFreeSpace(44405) called with curMem=67016, maxMem=340147568

13/12/17 14:00:57 INFO storage.MemoryStore: Block broadcast_2 stored as values to memory (estimated size 43.4 KB, free 324.3 MB)
text: org.apache.spark.rdd.ROD[String] = MappedRDD(5] at textFile at <console»:12

scala> val logon = sc.textFile("hdfs://server1:9000/data/logon/logon-1.l0g")

13/12/17 14:01:00 INFO storage.MemoryStore: ensureFreeSpace(44365) called with curMem=111421, maxMem=340147568

13/12/17 14:01:00 INFO storage.MemoryStore: Block broadcast_3 stored as values to memory (estimated size 43.3 KB, free 324.2 MB)
logon: org.apache.spark.rdd.RDD([String] = MappedRDD(7] at textFile at <console»:12
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internally, each RDD is characterized by five main properties:

* - A list of partitions

* - A function for computing each split

- A list of dependencies on other RDDs

- Optionally, a Partitioner for key-value RDDs (e.g. to say that the RDD is hash-partitioned)

- Optionally, a list of preferred locations to compute each split on (e.g. block locations for
an HDFS file)

*

*

*



H—B/TRDD

e RDDs (AJLAM—ZRFIEIRIREIE)
e Transformations (ZE;R#11T)
e Action (def rundob|[T, U: ClassManifest]

(rdd: RDDIT],
func: lterator[T] => U): Array[U])
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TransformationF]Action

Transformations

Actions

map(f : T = U)

filter(f : T = Bool)

flatMap(f : T = Seq[U])

sample(fraction : Float)

groupByKey()

reduceByKey(f : (V.V)=V)

union()

join()

cogroup()

crossProduct()

mapValues(f : V = W)

sort(c : Comparator(K])

partitionBy(p : Partitioner(K])
count()

collect()

reduce(f : (T,T) =T)
lookup(k : K)
save(path : String)

RDD|T] = RDD[U]

RDD|T] = RDD[T]

RDD|T] = RDD[U]

RDDI|T] = RDD|T] (Deterministic sampling)
RDDI[(K, V)] = RDD|(K, Seq[V])]

RDDI[(K, V)] = RDD[(K, V)]

(RDDI[T],RDD[T]) = RDDIT]

(RDD[(K, V)].RDD[(K, W)]) = RDD[(K, (V, W))]
(RDD[(K, V)],RDD[(K, W)]) = RDD[(K, (Seq[V], Seq[W]))]
(RDDI[T],RDD[U]) = RDDI|(T, U)]

RDDI[(K, V)| = RDDI(K, W)] (Preserves partitioning)
RDDI(K, V)] = RDD[(K, V)]

RDDI[(K, V)] = RDD[(K, V)]

RDDI[T]| = Long

RDDI[T] = Seq|[T]

RDD[T] =T

RDD[(K, V)] => Seq[V] (On hash/range partitioned RDDs)
Outputs RDD to a storage system, e.g., HDFS
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A ZRPIF

val Tines = spark.textFile(“hdfs://...”") -

val errors = lines.filter(_.startswith(“ERROR”)) riig;;jj; F‘f“ !
tasks

val messages = errors.map(_.split(‘\t’)(2))
messages.cache() =Yl P

messages.filter(_.contains(“foo”)).count =g//)
messages.filter(_.contains(“bar™)).count

Result: scaled to 1 TB data in 5-7 sec =
(vs 170 sec for on-disk data)

-«




a] LIRS SRk e 1B T FX5D

val message=spark.textFile("hdfs://...").filter(_.startsWith("ERROR")).map(_.split('\t')(2)).cache
def getStatistic(keyword) : Long = message.filter(_.contains(keyword)).count



XFCacheZiiJLa

B BIRDDH#]storage level— BiZ EFA A RER T, UG AT RE
SRVFHE (HAMRAILUEFHunpersistEifi|Brcache)

def persist(newLevel: StoragelLevel): RDD[T] = {
TODO: Handle changes of Storagelevel
if (storagelLevel != StoragelLevel.NONE && newlLevel != storagelLevel) {

throw new UnsupportedOperationException(
"Cannot change storage level of an RDD after it was already assigned a level")

}

storagelLevel = newlLevel

sc.persistentRdds(id) = this
this
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Narrow Dependencies: Wide Dependencies:

map, filter

join with inputs
co-partitioned

join with inputs not
co-partitioned

EFlineage(FRDDHE T Al LIM R RDDE it E 153 )Fcheckpoint(#11k )
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RDDR B &

1. EEMESIEL
sc.parallelize(List(1,2,3,4,5,6,7,8,9,10))

2. MBI ) XRS5k
sc.textFile("README.md")

sc.textFile(“hdfs://xxx”)

3. MIR7ERI4E{fTHadoop InputFormatifi 3
sc.hadoopFile(keyClass, valClass, inputFormat,conf)




Transformation

val nums = sc.parallelize(List(1,2,3,4,5,6,7,8,9))
nums: org.apache.spark.rdd.RDDJ[Int] = ParallelCollectionRDD[0] at parallelize at <console>:
12

val squares = nums.map(x => x*x)
squares: org.apache.spark.rdd.RDD[Int] = MappedRDD[1] at map at <console>:14

val even = nums.filter(_ % 2 == 0)
even: org.apache.spark.rdd.RDDJ[Int] = FilteredRDD[2] at filter at <console>:14
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Action

squares collect
res0: Array[int] = Array(1, 4, 9, 16, 25, 36, 49, 64, 81)

even collect
res1: Array[int] = Array(2, 4, 6, 8)

nums reduce (_ + )
45

nums take 5
Array(1, 2, 3, 4, 5)

nums count
9



K-V style RDD

val rdd = sc.parallelize(List(("A",1), ("B",2), ("C",3), ("A",4), ("B",5)))

val rbk = rdd.reduceByKey(_+_).collect
Array((A,5), (B,7), (C,3))

val gbk = rdd.groupByKey.collect
Array((A,ArrayBuffer(1, 4)), (B,ArrayBuffer(2, 5)), (C,ArrayBuffer(3)))

val sbk = rdd.sortByKey().collect /3R XEsortByKeyR/MERSTERE.
Array((A,1), (A,4), (B,2), (B,5), (C,3))



K-V style RDD 4

val player = sc.parallelize(List(("ACMILAN","KAKA"),("ACMILAN","BT"),("GUANGZHOU","ZHENGZHI")))
val team = sc.parallelize(List(("ACMILAN",5),("GUANGZHOU",3)))

player.join(team)
Array((GUANGZHOU,(ZHENGZHI,3)), (ACMILAN,(KAKA,5)), (ACMILAN,(BT,5)))

player.cogroup(team)

Array((GUANGZHOU,(ArrayBuffer(ZHENGZHI),ArrayBuffer(3))), (ACMILAN,(ArrayBuffer(KAKA, BT),
ArrayBuffer(5))))

ERZ M reduce taskiYiiR:
xx.reduceByKey(_+_,10) xx.groupByKey(5)
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£ Ewordcountf2F TG ?
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word count

sc.textFile("README.md").flatMap(_.split(' ')).map((_,1)).reduceByKey(_+_)

BR—T ' *YN
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Your program

sc = new SparkContext

Spark client
(app master)

RDD graph
Scheduler
Block tracker

Shuffle tracker

KSR eFE
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Spark worker

Cluster
manager

Task
threads

Block
manager

i

HDFS, HBase, ...
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RDD Graph

MPartition B 3| k& , & — A partition#FR 24~ BL— A Task




a4 it

1. XERGIARMTE

R
3.
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RDD Objects DAGScheduler

rddl. join(rdd2) splitgraph into

-9 ’."_j},:'(()) stages of tasks

. submit each
build operator DAG stage as ready
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TaskScheduler Worker

Cluster

manager Threads

Task
> ™ Block

—

manager

launch tasks via execute tasks
cluster manager

retry failed or store and serve
straggling tasks blocks
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DAG Scheduler

[ el L j G'Nﬁﬁ\pamionlﬂjEf’\quncton ] (ﬁﬂr?ﬁ%ﬁ"\]istencrj

~_ |

{ DAG Scheduler




DAG ScheduleriY €

1. IENJobrElstage, RIS RERERE,

ff EDAG Sheduler=id &M~ RDDE} 7 stagef
M, MIMEREI— T RMAELZE,

2. ¥ TaskSetf& 25 TaskScheduler

3. EFIR X AVLEH i lostHIstage

bt

G




DAG Schedulerfftit

1. 1 stageApipeline# 1T
e 1+1+1+1+1=5 (1)
1+1=2 2+1=3 3+1=4 4+1=5 (2)

Fpartitionik1F & & Mjoin & ;L & /IMEshuffle
FA 2 ZcacheiT Ho%#E

Y4

w N
¢
e
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k= previously computed partition




TaskScheduler

1. IR X tasksBIERBHFHNIT, BRAMEEMEIR,
2. R anshufflesi HlostFi Ik Ffetch failed$gix
3. & Zlstraggle taskFEEZ W EIAI#Inode £ E 5

Choose Implementation of TaskScheduler (4 found)

def rootPool: Pool Q«mnym:» in DAGSchednletSulll (mpiche spark.scheduler)  spark-core_2.9.3 EI

def schedulingMode: jull g ClusterSchedule
» FakeClusterScheduler
def start(): Unit . LocalScheduler
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Job A ERITIRE

runJob(targetRDD, partitions, RDD partitioning
func, listener) ) pipelining/

)

l

task finish & stage
failure events

submitTasks(taskSet) J

" .
task placement
Task objects retries on failure
>~ speculation
. inter\-job policy

Cluster or local runner
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Broadcast variables

BT stylefIZT = &
175 :lookupZ, mapside join

22 Performance and Scalability of Broadcast in Spark




Accumulators

2181

1B counter

~-MapReduceR

I
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CASE 1
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Io)&1 : 7 5l{E Task A K

iR KX H

ibroadcast variables

ps: spark 0.9k A dtaskF 5L K/M K F100kIF=ITHNEEBE

el DS //spark-project.atlassian.net/browse/SPARK-590



CASE 2
io)&i: val rdd = xx.map(..)filter(..).filter(..) @

rdd.map(xx).reduceBy... @
ZHIBEAQD, QuIEEE~4ERZ/MES

fRR: {# FAcoalescesk & repartition



CASE 3

1580 - & record B FFEH 4K

B A58 rdd.map{x=>conn=getDBConn;conn.write(x.toString);conn.close}

4

7]~ - .
R
rdd.mapPartitions(records=>conn=getDBConn;for(item <- records) write(item.
toString);conn.close)




CASE 4

ja] & - A ST E FE R

iR R :
1. BIER(—A% Zpartition key BN A 5F)
ZIREEMNFITLESK

8] "] LAN A — Zaggregation

2. Worker{ii & (£ Lworker £ Bexecutord~25 )

& Espark.speculation=true
EARLE LA LG HHnode R ig



CASE 5

o) &l : ANz & spark.local.dir
X ZsparkEshuffleifi i Bt 5

fiE ®m] Llig & —2Hdisk

spark.local.dir=/mn1/spark, /mnt2/spar, /mnt3/spark



CASE 6

10]8% : reducerfiET & 3E&

2N . 2 ==k
ﬁg/ . :%“7': Ig/-.R,l =W (%?ﬁﬂléizf-wiiﬁ! )
ANZBreducer, mRE ZHI/IMES, LU =4 B Z BT SRIFFIHE,
K/ #reducer, 12 ! 3 B A[REE R OOM,



CASE 7

o7l : collectimiH REHLE RS

def collect(): Array[T] = {

val results = sc.runJob(this, (iter: Iterator[T]) => iter.toArray)

Array.concat(results: _x)

}

iR

AE Hcollect, EFME R XIERS
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CASE 8 229 Mix

o) @ FAMEARZE !

sparkEXIA B 51l 1E ALl 2 JAVARIObjectOutputStream (EATEF, 1B ' R KIE)

fiz R -

& FAKyro serialization(FER R E, 1B ! R/
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SPARKFLIT L EX, 1B, XESLRENFFIE !
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BlinkDB
SQOL w/ bounded errors/response fimes

Hadoop MR

. Supported Release [n Development Related External Project
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Q&A
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@hashjoin
@FEERHY
@BAXIAndy
@Andrew-Xia
@iEH404
@Q=H?
QF &K

EEHERRET ?
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thanks all, enjoy spark!
@CrazyJvm



