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Sparkffiss :
SparkCore/SparkSQL/SparkStreaming
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@ SparkZgis]

@ ScalaiESEM
@ SparkCore/RDD
@ SparkSQL

@ Streaming
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DataFrames / Dataset API
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Spark 2274/

@ Master-SlaveZE#s

— —/~coordinator
« Coordinators&EZEzZooKeeper{RiE=Sa

— N 1™MWorker
- Workerx &P EHEMERIH
@ Coordinate}zlWiERF , FHIEERD#EATask , DEZEANE
Worker
o SR¥ETERT ( ClusterfRx\ ) j3aiDriver , SEBFEIRERER]
Tﬂiﬂiﬁ’] NERNSEEFE E*ﬁﬁﬂLSta dAlone

= yicne.com



ScalaZnf: &

BHEERNE

@ %g_ln\scalav i vﬁll:l:ll J

—vaI vanablename ZNGIES
— var variablename AJE%
— var variablename:String TasAY

L

0 ZLEIWNRAMEERE | fFiFss= B ol

(@i



ScalaZfaf: K-S~

@ =0 :
def Hello(name: String)(p2:String) : String ={
s’Hello $name”

@ DefEENMEREL SN SHEESD
0 ESEHEEIRMRIZEE
@ Returnf]LAEHEE , Scalal®RMPRmE— 1T X2 RENE

I
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ScalaZ#f: BRI IENSH

def Hello(name: String)(f2() = > String) : String ={
s”Hello $name ${ 2() }’

}

Q@ F_NSEIEST—MIR[ENEHStingAIEREL

(@i



ScalaZA: E#K#&lambda A=

0 EZFRHERA—X , DA ERICEE
@ LambdaZzRikT, x=>Yy

Val data = Seg.range(1 ,5)

Data.map( (paral:int) => {return paral*2} J=efF
Data.map( (paral:int) => {paral*2} ) El&return
Data.map( (paral:int) => paral*2) BIR{EIES
Data.map( (paral) => paral*2) H&R[E]SEE,
Data.map( paral=> paral*2) SigES
Data.map( _*2) SIEHIAZSES right arrow”

(@i



o FFHRNTRES
Sy ySp=a==
- AN

val scalaCollection : Array[ | 1= D 0 )

scalaCollection.map(item => turnOrange(item))

val sparkRDD : RDD [ 1= I — <))
RS \ N
\\ \ hY ~

sparkRDD.map(item => turnOrange(item)) SN \\ AN
o | T
Y
\
) | (I




RDD Partition

1 Swetha 30 Bangalore
1 Swetha 30 Bangalore

2 Vitthal 35 New Delhi
2 Vitthal 35 New Delhi
3 Navdeep 25 Mumbai :> 3 Navdeep 25 Mumbai
4 Janani 35 New Delhi & LU 2|t
5 Navdeep 25 Mumbai

= Navdeep 25 Mumbai
6 Janani 35 New Delhi

6 Janani 5 New Delhi

Node 1

Node 2

Node 3

(@i



@ Transformation ( IX[E]RDD )

—Map ()

— Groupby (
@ Action (R4S

)

—Sum ()
— Reduce ( )

=

RDD 2

Transformation 1

RDD 1
Load data

data.csv

&DDIE{%E&EE%ME?E , SNTEF
TS | NIRRT
Lazy Evalution , REEERZ
materialize

(@i



RDD A Ji

o {EFE

= 2 (MAPIE(E)

’.map(line = line.toLowerCase)]

J

.map(_.toLowerCase) J
—>
::-_->- filter(_.startwith(“test”))
———>
——>

(@i



RDD &0, J5

@ ReducetB(E ( FB21SEBIREL , ELAOISuUm )

- -

Sum((x,y) =>x+y) @

r ~

- . J
/

\

ZLl)

yiche.com



Spark SQL

@ — -_-ﬁid"JPcE’JSparkd‘Eik
@ FELLRDD , IBHEIEFIESE
@ DataFrame3(j& : RDD/Hive/HDFSZ:

Name Age
Person Strin Int Double
i < >

Recon g 1 Boiipie SQL DataFrames Datasets
Person String Int Double

Syntax RUNtime Compile Compile
Person String Int Double Errors Time Time
Person String Int Double Analysis . . Compile
Person String Int Double Errors Lntme Lntme Time

RDD[Person] DataFrame

(@i



Spark SQL

o HEMH

— AEEEEIRZIBIHRIETL : Datasource API

— SCILSQLAYPRFMI T -

 Dataframe API
« Catalyst optimizer ( SQL )

( Dataframe DSL I Spark SQL and HQL

-~

<z
4

Data Frame API

Data Source API

(4soN) &, Joe D &dBase
T . "
ggﬂ T &

wwwwwww




Spark SQL Dataframe API AND SQL API

. "
: e
Using RDDs HiveQL [ML g:m
data = sc.textFile(...).split("\t") | | Spark SQOL -
data.map(lambda x: (x[@], [int(x[1]), 1])) \ Hive queries quenes
.reduceByKey(lambda x, y: [x[0] + y[@], x[1] + y[1]]) \ ' Y '
.map(lambda x: [x[@], x[1][e] / x[1][1]]) \ Hive parser SparkSQL Parser
.collect() L ~—sdalbed < ’
) - 7 -
Using SQL Using DataFrames { DataF rame
SELECT name, avg(age) sqlCtx.table("people") \
FROM people .groupBy("name") \ E
GROUP BY name -agg("name”, avg(“"age")) \ ]
.collect() Catalyst
L
Spark RDD
code

(@i



@ fE£Spark 1.45|\ , 1.589EAIAS
o {iitCPUfER , MPARESH | MHEFDH ( CPUEF
By )

@ HRgEAFDataframe , SparkSQL , Dataset

28
==

language

frontend SQL Python Java/Scala R

DataFrame
Logical Plan
/ \
/ \
>-// -
—
Tungsten
JVM

backend

(@i



Catalyst Optimizer

Original

@ FFi5Logical planiEfgphysical plan -
Project
name
Filter N

Project
id,name

RETH HIERIEL ZRDD

< People ’

Filter
Push-Down

Project
name

A Project

id.name

s’
S

Filter
id=1

‘ People ’

Analysis Logical Physical Code
Optimization Planning Generation
SQLAST Unresolved Logical Optimized /(‘; Selected
> Logical =3* le.‘n; —> logical —s p'l&"“'”' — ==+ Physical — RDDs
DataFrame Pian I Pian E \ é Plan
Catalog

5]
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LR

@ k)& : https://cs.stanford.edu/~matei/papers/2015/vidb_spark.pdf

R |
Python
] Java/Scala

Python [ —
Java/Scala I
0 2 4 6 8 10

L

RDD DataFrame

Figure 4: Running time (sec) of a simple aggregation query
using DataFrames versus Spark’s functional RDD APIL

(@i



Spark SQL

@ EMOESQLContext, HFGliEDataFrames

— SQL Queries

— DataFrameAPI ( 1.32Z2g1ldScheam

— Dataset API ( JINT&RE=%E

@ SQLContextGFNERSEI
— SQLContext

RDD )

LAt )

— HiveContext ( 2SOQLContextfJF )

@ Spark 2.0f5{FfSparkSession




Demo.: SOQL query to multiple Source

@ ZFA : SkEHadoopHyJson
@ KB : SEBSQL Server

@ — SQL JoinXF R

(@i



Why Dataset API

@ RDDEAZESE |, (BigIARUEE
@ Dataframei%'aﬁ?—fﬁswa% (BAZEEE
Q@ FrLAFEERE+{L{s8=>Dataset API

ITIE

LA : df.select(“colour”) colourX%| RBEEIE{ T A MERRFE
class Body (id: Int,
width: Double,

height: Double, N — LN
depih: Double, gi%@@’ gﬁﬁ—%ﬁﬂ‘ﬁﬁ_\%ﬂ_\‘? %I%Hﬂ‘m‘j:&%%
material: String,

color: String
val ds = df.as[Body

ds.groupByKey (body => body.color %Iﬁl?

.agg (typedCount [Body] (_.id) .name ("count (id)" ' . . .
typedSum|[Body] (_.width) .name ("sum(width)"), Select Count(ld) as COUﬂt(Id),Sum(Wldth) as
typedSum|[Body] (_.height) .name ("sum (height)"), sum(width),sum(height) as

typedSum[Body] (_.depth) .name ("sum(depth)" sum(height),sum(depth) as sum(depth)
.withColumnRenamed ("value", "group" Group by color

.alias ("Summary by color level") .show

(@i



Why Dataset API2

@ Dataframe=ZXE4-domain object{S&. , a0

case class Person(name : String , age : Int) val personRDD =
sc.makeRDD(Seq(Person("A",10),Person("B",20)))

val personDF = sqlContect.createDataframe(personRDD)
personDF.rdd // returns RDD[Row] , does not returns RDD[Person]

@ M{EfDatasetA~<

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

val personRDD = sc.makeRDD(Seq(Person("A",10),Person("B",20)))
val personDF = sqlContect.createDataframe(personRDD)

val ds:Dataset[Person] = personDF.as[Person]

ds.filter(p => p.age > 25)

ds. filter(p => p.salary > 25) // #4, salary /& T-PersonZt
ds.rdd // iZlildomain objectX}% RDD[Person]

(@i



Dataset API

© Spark 1.65|\ , {HSpark 2.0 s}z

@ ;BES T Dataframe SRDDEIE

@ {KIAEFHSQLContext

@ DataFramer]LAB{EZDataset[Row]dI5!23
Q@ 1ZAPIASZFEPython , R37#FScalaf]Java

Q [fl_aglset APIEAERE FERENS |, AR EERIT
1TX!

@ Dataset} 1"|E7'<1L)\RDD tB2Lazy , transformationffAF<
gEIS/TiE_I 7, /\1 UE_] _ACtlonEj-ZI_ 'l«-l_%

(@i



Spark Streaming

&3 kafka
7.

PRy - )
|:>[ Spark ‘Streaming ]l RDD | | RDD || RDD |E>@:>
& cciaon

(@i



@ H—MEINEHEESAILAEIE AR

3 1490605381548, YichePage2, 1]

1490605381548, YichePaged. N1

1490605381548, YichePagel, TE. . Visitor—53. Page—. AT, ¥

5 1490605381548, YichePaged, T1 . Visitor—47. Page—1, B#EIF. Insignia Doy
T 1400605381548, vichehpp. FIE L. . Visitor—11, Page—0, LF-OC, LF-CC
1490605381548, YichePagel, TS, . Visitor—33, Page—5. ONVE, 1]!\"!1]

" i

1490605381548, YichePaged. I

1490605381548, YichePage3, FIE ", , Visitor—44, Page—8, PT-HS, PTHS B—&(EEETLMES

i E’J_Apkfzk

1490605381548, YichePagel, 5. . Visitor—53, Page—0. AT. BEAT

1490605381548, YichePaged, [ @4, . Visitor—47, Page—1. BUHIF. Insignia DLEIE

(@



@ &/ BatchfysL{ER

NRDD

1490605381548, TichePage?, Tl @, . Visitor—T, Page—4, 2R HFLEE A 25 HF 2R

1490605381548, YichePagel, FIEI[M. . Visitor—44, Page—8, PT-HS, PTHS

1490605381548, YichePagel, T 5. . Visitor—53, Page—0. AT. B AT

1490605381548, YichePaged, TOEHLS. . Visitor—47, Page—1. B0 I}, Insignia B

@ fRiEBatch IntervalffzpkBatch

*1sec1_ ¢1sec

Oo O

10O

O

Discretized Stream
Bk Dstream

5RDDHIX &
HashMap[time,RDD[T]]

. < 1sec* ‘1sec*

O

(@i



Dstream[T] X/ &

@ ANFR_EATERDDEHE+HYE]
@ 4pKRDD : HashMap[time,RDDI[T]]
© iR

— Mapf/filter/union
— window/reduceByKeyAndWindow
— updateStateByKey

— Ut R

@ ActionZ{E
— Print/saveAsTextFiles

— foreachRDD



Dstream 5DataFrame

0 RFEEHLHR/IRDD , BIEREER/IDFRIA]

words: DStream[String] =

words.foreachRDD i rdd =>

sqglContext = SQLContext.getOrCreate(rdd.sparkContext)
sqlContext.implicits.

wordsDataFrame = rdd.toDF("word")

wordsDataFrame.registerTempTable("words™)

wordCountsDataFrame =

sglContext.sql("select word, count(*) as total from words group by word")

wordCountsDataFrame.show()

}

(@i



@ Stateless
RDD4 RDD3 RDD2 RDD1

4 7 | 3| 8 9] 0| 1 6 | 4| 3
4 18 10 13
@ Stateful

4 | |7 | 3| 8 9/ 0| 1| |64 3

45 oY

yiche.com



Stateful Streaming

@ FrEHRIStateful Streaming&PEE checkpoint
@ {EFupdateStateByKeyF#H 2 BIHIIAZS

S S o

wal addFunc = (currValues: Seq[Int], prevValueState: Optien[Int]) =

/R SparkM B reduceBrle ke ilE] . MERZBE AT be v SAMEIRISeq/L i, B HE SRS

val currentCount = eurrValues. sum

/A EENEHE

val previousCount = prevValueState. getOrElse (0]

// ORISR B Oprion Tut 1267

Some (currentfount + previousCount) N
] MR B sEmap K
key-value #/E

AA5av o ::'J_' 5erver
1490605381548, YichePagel BE, , Visiter—53, Page—0, AT, B2 AT
stream map | line =>

val splitlines = line. 2. split(", ")

(splitLines (6), 1) /47 I
If omit
return,function will
return last
statement

}:'.|11pdate$tate-Bj.rEe-j.rFadd.Flmc}. reduceByley((x, 71 =2z + v )

AforeachfDD (rdd = {

rdd. foreachPartitionipartitionifRecords =>{

(@i



Streaming Window Operation

0 ERERFE— T EXHIXENESE
o LLaIfE3OP Mgz HERIEE

MLLT0 (OOTTTT (T T TTTTN T (AT CIN T (TTTTR

A\Lu
Yy

B E N2 PMRDDEEIHFA—D

(@i



Streaming Window

Batch interval = 10 seconds

Window size = 30 seconds

Il |

+ + + +

countByWindow()



Demo: AT E H&->kafka->streaming->SQL Server

(@i



Spark #7787 A,

@ HTE Sparkiz FEMKIURFAISE =75 Jare ( /£/F’;EE)J

FIAS HH&ZIK )

AR SS =R HEIR S Jarg

P e S Fa K araE RS E

Q@ X EHT
@ FJLAE

— Bd&maven-shad

_1E

7/\POI\/IE|’J$E'<

S{KERAYIarfR N : UberdargiAssemblyJar
IMaveng}SBT]E , MaventT&GTVANT :

e-pluginfdii4

FH{Tmvn package

@z



Spark Z3#=(-Client

J/spark-submit --deploy-mode client p

NodeManager

Container

Application
Master

Submit Application
----------------- —

_____________________

NodeManager

YARN

\‘. , W
e e e o o et M e 7’
\

N e e e e e e e e e e e e e e e e e —— -
|
Running Applications
Application ID Name Cores Memory per Node
app-20170406163632-0018 (kill) | testStreaming 7 1024.0 MB

HA5worker, DriverfEspark-submitff] i 55 #5
(@fz=iz




Spark 223t =(-Cluster

J/spark-submit --deploy-mode cluster

Running Applications

Application ID
app-20170406163632-0018

Running Drivers

Submission ID

driver-20170406163628-0009

Submit Application

Name

(kill) | testStreaming

Submitted Time
(Killy  Thu Apr 06 16:36:28 CST 2017

YARN

Cores Memory per Node
7 1024.0 MB
Worker

worker-20170406153430-172.17.1.68-44929

Application
Master

Submitted Time
2017/04/06 16:36:32

State Cores

RUNNING 1

Container

DriverfE £ L]
Master i i, &/
st RS BIACK

)

‘ viche.com



Spark-submit BB AZ /7 5 /R XTI

i 230 V g g

[root@db51\m hadoopl binl# spark- submlt **mastel spark:/ 172.17. 1. 76: 6066 ——deploy-mode cluster ——class TestStreaming. CalculateCarModel —num-executd
63:8020/SQLDATA/kafka. jar

lultiple versions of Spark are installed but SPARK_MAJOR_VERSION is not set

unning Spark using the REST application submission protocol
7/04/06 16:36:27 INFO RestSubmissionClient: Submitting a request to launch an application in spark://172.17.1.76:6066
/04/06 16:36:28 INFO RestSubmissionClient: Submission successfully created as driver—20170406163628-0009. Polling submission state..
7/04/06 16:36:28 INFO RestSubmissionClient: Submitting a request for the status of submission driver—20170406163628-0009 in spark://172.17. 1. 76:6066
/04/06 16:36:28 INFO RestSubmissionClient: State of driver driver—20170406163628-0009 is now RUNNING
'04/06 16:36:28 INFO RestSubmissionClient: Driver is running on worker worker—20170406153430-172.17.1.68-44929 at 172. 17. 1. 63:44929
/04/06 16:36:28 INFO RestSubmissionClient: Server responded with CreateSubmissionResponse

"action" : "CleateSubmissionResponseﬂ

message : “Driver successfull\ submitted as driver-20170406163628-0009",
581\81Spa1kX8151on : "1.6.27,

"submissionId” : “driver-20170406163628-0009",

"success” : true

C|USte|’: /\TﬁXACK IEI{IZI ;%\

BlockManagerInfo: Added broadcast_0_piece0 in memory on dbsrvm—hadoop?2. scom. com: 44909 (size: 2.1 KB, free: 511.1 MB)
TaskSetManager: Finished task 0.0 in stage 0.0 (TID 0) in 3307 ms on dbsrvm—hadoop?2. scom. com (1/1)

TaskSchedulerImpl: Removed TaskSet 0.0, whose tasks have all completed, from pool

DAGScheduler: ShuffleMapStage 0 (map at package.scala:62) finished in 3.325 s

DAGScheduler: looking for newly runnable stages

DAGScheduler: running: Set()

DAGScheduler: waiting: Set (ResultStage 1)

DAGScheduler: failed: Set()

DAGScheduler: Submitting ResultStage 1 (ShuffledRDD[2] at reduceByKey at package.scala:66), which has no missing parents
MemoryStore: Block broadcast 1 stored as values in memory (estimated size 2.6 KB, free 8.5 KB)

MemoryStore: Block broadcast 1 piece0 stored as bytes in memory (estimated size 1608.0 B, free 10.0 KB)
BlockManagerInfo: Added broadcast_l_piece0 in memory on 172.17.1.76:46568 (size: 1608.0 B, free: 511.1 MB)
SparkContext: Created broadcast 1 from broadcast at DAGScheduler. scala:1008

DAGScheduler: Submitting 2 missing tasks from ResultStage 1 (ShuffledRDD[2] at reduceByKey at package. scala:66)
TaskSchedulerImpl: Adding task set 1.0 with 2 tasks

TaskSetManager: Starting task 0.0 in stage 1.0 (TID 1, dbsrvm—hadoop2. scom. com, partition 0, PROCESS LOCAL, 1943 bytes)
TaskSetManager: Starting task 1.0 in stage 1.0 (TID 2, dbsrvm—hadoop2. scom. com, partition 1, PROCESS_LOCAL, 1943 bytes)
BlockManagerInfo: Added broadcast_1 piece0 in memory on dbsrvm—hadoop?2. scom. com:44909 (size: 1608.0 B, free: 511.1 MB)
MapOutputTrackerMasterEndpoint: Asked to send map output locations for shuffle 0 to dbsrvm—hadoopZ. scom. com: 37498
MapOutputTrackerMaster: Size of output statuses for shuffle 0 is 149 bytes

TaskSetManager: Finished task 1.0 in stage 1.0 (TID 2) in 477 ms on dbsrvm—hadoop2. scom. com (1/2)

TaskSetManager: Finished task 0.0 in stage 1.0 (TID 1) in 484 ms on dbsrvm—hadoop2. scom. com (2/2)

DAGScheduler: ResultStage 1 (foreachPartition at package. scala:70) finished in 0.485 s

TaskSchedulerImpl: Removed TaskSet 1.0, whose tasks have all completed, from pool

DAGScheduler: Job 0 finished: foreachPartition at package. scala:70, took 4.486110 s

JobScheduler: Finished job streaming job 1491468680000 ms. 0 from job set of time 1491468680000 ms

JobScheduler: Total delay: 4.670 s for time 1491468680000 ms (execution: 4.542 s)

ReceivedBlockTracker: Deleting batches ArrayBuffer()

InputInfoTracker: remove old batch metadata:

Client: R [BI YA AT AT, nTHPERGR T2 7 0, 20 ) o o< P U R P 452 1 i T O Bl

yiche.com




Cluster & # 7 /o &

© HFClustertZ=t.Driverf£iRE 0w , Rt EEES—
WorkerTs mEPEfEENIar® , AEEHE MAKHEZ

— &/ \WorkerfBEI&:=ZE ArEEJare,
- TR JariE B8 ,\\\%B“bifilﬂjﬁ’l,\;ﬂ =,
4NHDFS

o~
hadoop fs -put kafka.jar /SQLDATA

spark-submit --master spark://172.17.1.76:6066 --deploy-mode cluster --class
TestStreaming.CalculateCarModel --num-executors 1 hdfs://172.17.1.68:8020/SQLDATA/kafka.jar

(@i



What About Yarn Or Mesos

@ Yarnf]MesostaE&EREE

(@i



What’s next

@ Spark 2 new API
@ Spark 2 new structure streaming

(@i
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