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Q Overview
Daytona Gray Sort 100TB Benchmark Hadoop Spark

Data Size 102.5TB 100 TB
# Nodes 20/ 5100 Elapsed Time 72 mins 23 mins
# Nodes 2100 207
h23 # Cores 50400 6592
Elapsed Time
72 Rate 1.42 TB/min 4.27 TB/min
Rate/node 0.67 GB/min 20.7 GB/min
0 500 1000 1500 2000 2500
B Spark M Hadoop SS: tho(:;clgLr:zgk Yes Yes

O Hadoop : 2 2.3Ghz hexcore Xeon E5-2630, 64 GB memory, 12x3TB disks

O Spark : Amazon EC2 i2.8xlarge nodes x
32 vCores - 2.5Ghz Intel Xeon E5-2670 v2, 244GB memory, 8x800 GB SSD

A SAonerr .
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RDD(Resilient Distributed Dataset)

Spark2| st Al

45 J1Y

Immutable, re-computable, fault-tolerant partitioned collections of records

ScAH EES

AHOIOIl IFEIE S HE

Data Setl &g X2IE Jt=otH &

oDtEl&E 2 H2eltt A0 &M

HadoopRDD

HDFS File

Worker Node 1

HadoopRDD

map()

A

MappedRDD

Cache HDFS Data Node
Partition 1
Worker Node 2
Cache HDFS Data Node

Partition 2

2

Sroneir < RDD Partition >

context.hadoopFile()
A

v context.hadoopFile()

HDFS File

HadoopRDD

filter()

\ 4

FilteredRDD

map() |

MappedRDD

union()‘

UnionRDD

ShuffledRDD

A

HDFS File

context.saveAsHadoopFiile()
y

< RDD Lineage >




RDD Operations

map(f: T = U)

filter(f : T = Bool)
fatMap(f : T = Seq[U])
sample(fraction : Float)
groupByKey()

reduceByKey(f : (V,V) = V)
union()
)

)

)

)

)

)

RDDI[T] = RDD|[U]

RDD[T] = RDDI[T]

RDDIT] = RDD|[U]

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

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

)
)
lookup(k : K)
save(path : String)

Transformations (RDD[T],RDD|T]) = RDD|T]
join( (RDD[(K, V)], RDD[(K, W)]) = RDD[(K, (V, W))]
cogroup( (RDD[(K, V)], RDD[(K, W)]) = RDD[(K, (Seq[V], Seq[W]))]
crossProduct( (RDD[T],RDD[U]) = RDDI(T, U)]
mapValues(f : V=W RDD[(K, V)] = RDD[(K, W)] (Preserves partitioning)
sort(c : Comparator[K] RDDI[(K, V)] = RDD[(K, V)]
partitionBy(p : Partitioner[K] : RDD[(K, V)] = RDD[(K, V)]
count|() RDD|[T] = Long
collect( RDD[T] = Seq[T]
Actions reduce(f: (T,T) =T RDD[T] =T

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

a Iazy-evaluation : transformation &
RDDE M &
IPERN

O N3 =
@ﬂng;'\gomsw

0
D 0

A2

A Xl OIOIEHE JIH2tAM RDDE 2He= UHal
MM, action HAO| AHEIH ) [ &KX HIOIHE




Spark Deployment on Hadoop Cluster

|
Cluster Manager

Application Drive

Spark
Context

@ YARN

A

@aﬁa;'\EoNBlT

HDFS

, e

Worker Node

Executor

@
Task

Cache

HDFS Data Node

Partition —H
[
[

Block H

Worker Node

Name Node

*

Zookeeper

master= HZ2IH0I&= AFOIGl 2l A& A

O 2, SHAH &0lA taskE +=ot ]

executor &S
app codeE executor(il &M=

taskE executor0fl &

bH

Executor

Task

Cache

HDFS Data Node

Partition h
[
[

Block n

Cll

=

—

otJ| ?loll cluster mange

OlE{E cache & = U=




Q Spark Application

process,
Worker cache data

process from cache

Block1 ® Transformation
Jead HDFS

block

Transformation

CaChe 2 process,
Worker | procce:zzr:‘?o(rjr?fache Transiormation
Driver >
) Block 2 n
,\)read HDFS
block
Action
process,
Worker cache data

process from cache

ead HDFS
block
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Q Spark Application Operator Graph

%Stage 1
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MapReduce vs. Spark Application

public class WordCount {
public static class Map extends MapReduceBase implements
Mapper<LongWritable, Text, Text, IntWritable> {
private final static IntWritable one = new IntWritable(1);
private Text word = new Text();
public void map(LongWritable key, Text value,
OutputCollector<Text, IntWritable> output, Reporter reporter)
throws |OException {
String line = value.toString();
StringTokenizer tokenizer = new StringTokenizer(line);
while (tokenizer.hasMoreTokens()) {
word.set(tokenizer.nextToken());
output.collect(word, one);

object WordCount {

def main(args: Array[String]) {
val conf = new
SparkConf().setAppName("WordCount").
setMaster("local[*]")

) val sc = new SparkContext(conf)
} val file = sc.textFile(args(0))
} val word = file.flatMap(_.split(" *)).map(w => (w,
1)).cache()
public static class Reduce extends MapReduceBase word.reduceByKey(_ + _).saveAsTextFile(args(1))
implements Reducer<Text, IntWritable, Text, IntWritable> { }
public void reduce(Text key, lterator<IntWritable> values,
OutputCollector<Text, IntWritable> output, Reporter reporter) }
throws IOException {
int sum = 0;
while (values.hasNext()) {
sum += values.next().get();
}
output.collect(key, new IntWritable(sum));
}
}

B S oneIT
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Overview

Q 22 &AIZ2EOOIE M2lE flet D852 &0 ol & framework, Spark Core & API

Kafka
Flume C’\Z | HDFs |
HDFS/S3 Sp Qr K . [ Databases ]
Kinesis Streaming Dashboards |
Twitter

O Streaming & 4&H= Ot &2 batch 22| H=E9 2 X2l

2

» Scalable, Second-scale latencies
» |ntegrated with batch & interactive processing
= Simple programming model

= Efficient fault-tolerance in stateful computations

input data batches of batches of
stream Spark input data Spark processed q_ata
Streaming Engine |1 )

2[2HE

~AONBIT
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DStream(Discretized Stream)

O Spark Streaming2| Programming Model
= Stream DataE HE & o= H=%E RDD
= RDDZ2t Ot&HIFAI 2 input sourceOff A 28 &St H LE DStreamE transform
= RDD H4tE T1HE AHE — Batch(Historical) Data?t Stream DataE =& 8t &

=
2|
RDD @ time 1 RDD @ time 2 RDD @ time 3 RDD @ time 4
DStream = —. datafrom | __ 1 datafrom | __| datafrom | _ | datafrom
timeOto 1 time 1to 2 time2to 3 time3to 4
lines lines from lines from lines from lines from
DStream timeOto 1 time 1to 2 time 2to 3 time3to4
flatMap
operation
words words from words from words from words from
DStream timeOto 1 time 1to 2 time 2to 3 time3to4

A S AoNBIT



Window Operations

Transformation Window Output
= map(func), flatMap(func), filter(fu = window(length, interval) =  Print()
nc), count() = countByWindow(length, interval) » foreachRDD(func)
» repartition(numPartitions) » reduceByWindow(func, length, » saveAsObjectFiles(prefix,
= union(otherStream) interval) [suffix])
» reduce(func), countByValue(), red = reduceByKeyAndWindow(func, » saveAsTextFiles(prefix,
uceBykey(func, [numTasks]) length, interval, [numTasks]) [suffix])

» join(otherStream, [numTasks]), co

group(otherStream, [numTasks]) interval, [numTasks])

» transform(func)

» updateStateByKey(func)

countByValueAndWindow(length,

saveAsHadoopFiles(prefix,
[suffix])

original
DStream

windowed

DStream
window

at time 1
A S AoNBIT

= window length : window?2| J|2t

window-based

» sliding interval : window HAHO| =8 & = 2t
=)

operation (batch 3712 B2 X & 5 0F &
window window » checkpointing & == : checkpointing duration=
attime 3 attime 5 sliding interval 2| 5~1081J & &
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2

Input Source

val lines = ssc.textFileStream(args(0))

val words = lines.flatMap(_.split(" "))

val wordCounts = words.map(x => (x, 1)).reduceByKey(_ + _)
wordCounts.print()

val stream = FlumeUtils.createStream(ssc, host, port, StorageLeve MEMORY_ONLY_SER_2)
stream.count().map(cnt => "Received " + cnt + " flume events." ).print()

O actorStream O Twitter(TwitterUtils)
O socketTextStream O Kafka(KafkaUtils)

O socketStream O Flume(FlumeUtils)

O rawSocketStream O Kinesis(KinesisUtils)
Q fileStream aQ MQTT(MQTTUtils)

O textFileStream Q ZeroMQ(ZeroMQUtils)
U queueStream

2[2HE

~AONBIT
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Q Lambda Architecture

A S AoNBIT

Speed Layer

Real-time View

Real-time View

Serving Layer

2 Batch View

// batch data
val batchdata = sc.hadoopFile(“data”)

// streaming data
stream.transform( rdd => rdd.join(data).filter(...)

17



Integrated with Machine Learning

val trainingData = ssc.textFileStream(args(0)).map(Vectors.parse)
val testData = ssc.textFileStream(args(1l)).map(LabeledPoint.parse)
val model = new StreamingKMeans()

.setK(args(3).tolnt)

.setDecayFactor(1.0)

.setRandomCenters(args(4).tolnt, 0.0)
model.trainOn(trainingData)

model.predictOnValues(testData.map(lp => (Ip.label, Ip.features))).print()

A S AoNBIT
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Q Integrated with Spark SQL

stream.map(rdd => rdd.regiesterfempTable("events”))

sglContext.sql("select * from events”)

A S AoNBIT
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Q Kafka Direct Stream API

O Receiver

ig 1
Spor : [ Kafka ReceiverJ high-leved §g
Streaming CONSLMmer ’

J

val kafkaStream = KafkaUtils.createStream(ssc, zkQuorum, group, topicMap)

O Direct(new in 1.3)

Spmir simple consumer APl to §g
Streaming read Kafka topics kafka

val kafkaStream = KafkaUtils.createStream[String, String, StringDecoder, String,

Decoder](ssc, kafkaParams, topicsSet)
A SZAoNBIT 20



Kafka Direct Stream API

Q KatkaE Ot A|AEIME =2

Q receiverZ} 9110 kafkaQ| 7}& X2 E T offset0] M2t oS A= 4K

g HIOIHE 7IM S

O ZookeeperCH Al Spark Streaming XtA| 0| A kafka offset HE 22|

O 20 28XN0|1 o 5180 F0LtH kafka H|O|H &S F&o| ohH T BHOtE
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Spark Deep Learning

O Multilayer perceptron classifier(Spark 1.5.00{ Z=7})

val data = MLUtils.loadLibSVMFile(sc, "sample.txt").toDF()

val splits = data.randomSplit(Array(0.6, 0.4), seed = 1234L)

val train = splits(0) val test = splits(1)

Input Layer val layers = Array[Int](4, 5, 4, 3)

val trainer = new MultilayerPerceptronClassifier()

.setLayers(layers)
Hidden Layer . . .setBlockSize(128)
.._ . .setSeed(1234L)

.setMaxlter(100)

val model = trainer fit(train)

val result = model.transform(test)

val predictionAndLabels = result.select("prediction”, "label")

val evaluator = new MulticlassClassificationEvaluator()
.setMetricName("precision")

o printin("Precision:" + evaluator.evaluate(predictionAndLabels))
feedforward artificial neural network

A S AoNBIT 2



Spark?2| sizxlie} O|2H

O DataFrame O Tungsten project
Python Java/Scala R Python Java/Scala R
DataFrame DataFrame DataFrame DataFrame DataFrame DataFrame
Logical Plan Logical Plan
A 4 \ 4
Pysical Plan Uripiee
Plan

= Spark DF : scalability, multi-core, distributed * Runtime code generation

= Exploiting cache locality
= R/Python DF : C}QfSt libraries
» Off-heap memory management

A S ARonNBIT
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Tungsten project

Lanugage SQL Python Java/Scala R
frontend
DataFrame
Logical Plan
A 4
Tungsten UM LLVM GPU NVRAM
backend

A S AoNBIT




ARS Al

0 Netflix

Standsalone
Cluster
Mastar

Driver  f—=
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Q Apache Spark Survey(2015, Databricks)

O Product Type

68%

29%

12%

Other Recommendation Data Fraud Detection &
Systems Warehousin Security Systems
g
User Facing Business Log
Services Intelligence Processing

A S AoNBIT
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Q Apache Spark Survey(2015, Databricks)

2

0 AFS SE

MOST COMMON SPARK DEPLOYMENT
ENVIRONMENTS (CLUSTER MANAGERS)

b vV

48% 40% 11% 51%

Standalone mode YARN Mesos on a publiccloud

HOW RESPONDENTS ARE RUNNING SPARK

MOST USED SPARK COMPONENTS

69% | Spark SQL 62% | Dataframes | 58% | MLlib + GraphX 58% | Streaming

of Spark users are using two or more Spark components.

22 E

~_AONBIT
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Q Apache Spark Survey(2015, Databricks)

O Programming Language

71%
58%
36%

31%
@python =2  gscala  SQL @

Java

A S AoNBIT
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Q Apache Spark Survey(2015,

Q 20144 — 20154

ENVIRONMENT USED FOR SPARK DEVELOPMENT
2014 2015

75%

47%

43%

23%

6%
I

Linux/Unix WINDOWS

+283%

increase in Windows users
(went from 6% to 23% of users)

A S AoNBIT

Databricks)

SPARK COMPONENTS USED IN PRODUCTION
(for all Spark Survey respondents)
2014 2015

24%

15%

DataFrames SQL

+380%

increase in SQL users
(went from 5% to 24% of users)

14% 15%

I 11% I

9%

STREAMING  Advanced Analytics
MLlib + GraphX

+ 56%

increase in Streaming
(went from 9% to 14% of users)

29



Q Apache Spark Survey(2014, Typesafe)

O Production Infrastructure
60
50

40

30
20
1 I

(@)

o

o) ")
’5\/00 Q X Q}’b ?3\ @ QQIQ \2\’0 g )
& N O SR
Ve 00 ,b(/ O(\
V‘Q oé'
®)
(90
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SHED

Architecture +M
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Q Basic Architecture

L1 @ o) ____ bs
iy INTERNETor
%IH I NG Si.

A S AoNBIT

&
™
._.: |

Eﬁ‘@

HDFS ]
ﬂu
Flume Kafka Spark
Topic
Agent ”
A partition >  Worker
¢

’
’

4

S/
™ Agent é————-} partition > Worker
AN
N
N
N
\
N
Agent X partition »  Worker
y




Raonbit Architecture

Akka Cluster Kafka Spark
Topic
—>  Actor ”
# partition »  Worker
,/
/
/ dr
,/ ; cagsandra
—r> Actor &= partition »  Worker
AN
\
\
\
\
\
—  Actor X partition > Worker

Cassandra Cluster

cassandra

cassandra

cassant{ra

A S ARonNBIT

?
y

Akka Cluster

Actor Actor

Actor Actor

33



Q Demo
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Demo system architecture

Data Source Spark streaming Spark SQL Pusher Daum Map API

TIMES [ v
+

- D&z E ZAEE \ﬂ
 UwEE BAgw @I ¢
- Dnac2 AnER + Data |
= QHZD AIDXNE Handling '
- EERIVBEISE W \ﬂ

+ union

Integrated Stream
O AFSR Ho| gef an

. BA/ALDL HE

source : https.//bitbucket.orq/raonbit/sparkstreamingdemo
plot demo : https.//plot.ly/~kyhleem/219/streamtest-dataZ/
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OO THANK You!

Contact

» [jEHS 070-4116-2876
= FAX 070-8838-2876

= E-Mail Jinsu.park@raonbit.com

= Homepage http://www.raonbit.com



