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is-land Sparki# {7 :# & 4 A%Hadoop

Beats the world record for fastest sorting

On-Disk Sort Record:
Time to sort 100TB
2013 Record: 2100 machines '°..
Hadoop
2014 Recora: 207 machines ,:,
Spark i

Also sorted 1PB in4 hours

@databricks
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(Databricks

€databricks

Cluster Manager

Sk

Reference : https://databricks.com/product/databricks
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dSpark SQL
SR ESQLH it B BH FTH

Spark Streaming
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dSpark MLIib
3% &3 WMachine Learningehs 5 » f1i2 § 4 SparkE & p 74 ¥7
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dSpark GraphX

3% i3 flgraph

Spark MLIib

Streaminglf (machine
learning)

Apache Spark

Reference : http://spark.apache.org/
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djava

(Scala

dPython

R (Spark 1.4.0 1)

(—é) Java
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(UHadoop YARN
(dStandalone
JApache Mesos

Worker Node

Executor | Cache

Task Task

Driver Program

SparkContext f—— Cluster Manager

Worker Node

Executor | Cache

Task Task

Reference : http://spark.apache.org/



iIs-land SparkContext

dSpark program must create a SparkContext object
*SparkContext is a entrance

(dCreate SparkContext

conf = sparkConf().setAppName (appName).setMaster {master)
sC = SparkContext{conf=conf)

11



is-land ™ {“Spark

1. http://spark.apache.org/downloads.html
2. Unzip tgz file

Download Apache Spark™

Our latest stable version is Apache Spark 2.0.0, released on July 26, 2016 (release notes) (git tag)

1. Choose a Spark release: [ 2.0.0 (Jul 26 2016) v |

2. Choose a package type: | FPre-built for Hadoop 2.7 and later v

3. Choose a download type: | Direct Download v

4. Download Spark: spark-2.0.0-bin-hadoop2.7 tgz
5. Verify this release using the 2.0.0 signatures and checksums and project release KEYS.

MNote: Starting version 2.0, Spark is built with Scala 2.11 by default. Scala 2.10 users should download the Spark source package and
build with Scala 2.10 support.
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http://spark.apache.org/downloads.html

4o i@ & * Spark

Spark CLI (with scala)

$ cd /home/centos/spark/spark-2.0.0-bin-hadoop2.7/bin
$ ./spark-shell

scala> val input = sc.parallelize(Array(1,2,3))
scala> input.reduce((x,y) => x+y)



http://docs.aws.amazon.com/AWSEC2/latest/UserGuide/putty.html

iIs-land

JOpen Putty

Putty SSH to AWS

+*Session -> Host Name

»ec2-54-218-90-59.us-west-2.compute.amazonaws.com( { iz 3 i% eithostname)

‘s Connection -> SSH -> Auth -> Private key

»Use Is-Land.ppk file (mac : ssh -i Is-Land.pem ...)

+*Session -> Saved Sessions
»Input “AWS_Session”

»Click Save
“*Click Open

+*User : centos

#2 PUTTY Configuration
Category:

Logaing

- Teminal

- Keyboard

- Bell

- Features

=1 Window

- Appearance
- Behaviour
- Translation
- Selection

- Colours

= Connection

.. Data

- Prosgy

- Telnet

- Rlogin
=-55H
Cipher
& Auth

- H—

Basic options for your PuTTY session

Specify the destination you want to connect to

Host Name (or |P address) Port
|ecZ—54—2‘| E—ED—EE.uswest—Z.compute.arrl |22 |

Connection fype:
(JRaw () Telnet (C)Rlogin (®5SH () Sedal

Load, save or delete a stored session

Saved Sessions

About

[ AWS_test |
Default Settings Load
AWS_test | —
serveral
serverhl | Saye
Delete
Close window on exit:
(O Mways (O Never (@ Only on clean exit
Qpen Cancel

#R® PUTTY Configuration
Category:

[=- Session ~
il Logging

- Terminal

. Keyboard

. Bell

- Features
= Window

- Appearance
- Behaviour
- Translation

- Selection

- Colours

[=- Cannection

- Data

. Prowgy

- Telnet

. Rlogin

=-55H

- Cipher

o At

TTY v

Options controling SSH authentication

[] Bypass authentication entirely (SSH-2 only)
Display pre-authentication banner (S5H-2 only)

Authentication methods

Attempt authentication using Pageant

[ Mtempt TIS or CryptoCard auth (S5H-1)
Attempt "keyboard-interactive” auth {SSH-2)

Authertication parameters
[ Mllow agert forwarding
[] Mllow attempted changes of usemame in SSH-2

Private key file for authentication:
|C:"-.Users"-.SamCho"-.Downloads"-.ls—Land.|: Browse ...

Cancel

14
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Resilient Distributed Datasets (RDDs)

“*Spark revolves around the concept of a resilient distributed
dataset (RDD), which is a fault-tolerant collection of elements that
can be operated on in parallel.

Distributed collection of objects on anywhere
(URDDs are the fundamental unit of data in Spark
1 Only hold references to objects

15



iIs-land

= RDD

\I

#-F R > 7IRDD

“*Parallelizing

++*External datasets

¥ S T T N T S

Ln

#It'=2 a parallelizing example
val input = sc.parallelize(frray(l,Z,3,4))

#It"'s an external dataset example
val logfile = sc.textFile ("ma=ster.log™)

16



iIs-land RDD#k i

ARDD & 173 3%

*Transformations

s+ Actions

sc.textFile(inputFile)
input. flatMap(x =:

counts = words.map(x => (X

counts.saveAsTextFile(outputFile)



iIs-land Transformation? Action £ %

dTransformation

“*operations on RDDs that return a new RDD

“*“Lazy Evaluation”

»Transformed RDDs are computed lazily, only when you use them in an

action

(JAction

s Actually do something with dataset
»Return a final value to the driver program
»Write data to external storage system

New RDD

—

|
"B Result Value

18
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(UWhat we done here

*load file

ss*split line into words by “blank”

ssfilter words length > 10

sprint

val logData
val words
val filtered

val result

sc.textFile(logFile)
logData.flatMap(line => line.split(" "))
words.filter(word => word.length() > 10)

filtered.collect()

19



iIs-land RDD DAG

File
textFile

A4

HadoopRDDW
flatMap

Y

FIa’tMapRDDw

filter

FilterRDD W
l collect

Result
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i1s-land Common RDD Operations
* map » collect
« flatMap e count
e filter « saveAsTextFile
e distinct
e Union

* groupByKey
 reduceByKey
* join

£ % . http://spark.apache.org/docs/latest/programming-guide.html

21



iIs-land

RDD.map()

(JReturn a new dataset formed by passing each element of

the source through a function

rdd.map(x =>x + 1)

>

a )
2,3,4,4,1
N /

22



is-land RDD flatMap()

dSimilar to map, but each input item can be mapped to 0
or more output items, but all data only in one collection

rdd.flatMap(
y a x =>x.split("]") B
) 1 1 [ ] 1
ll2|3ll,ll4|5ll ) ) 3 )

(& ) \_ >




iIs-land

(JReturn a new dataset formed by selecting those elements

RDD filter()

of the source on which function returns true

rdd.filter(x => x > 2)

>

3,3,6

24



(JReturn a new RDD containing the distinct elements in

RDD.distinct()

rdd.distinct

iIs-land
this RDD
- B
1,2,3,3,6
N Y,

1,2,3,6

25



iIs-land RDD.union()

(JReturn a new dataset that contains the union of the
elements in the source dataset and the argument.

1,2, 3 /

rddl1.union(rdd2)

26



1Is-land RDD.reduce()

JAggregate the elements of the dataset using a

function. The function should be commutative and
associative so that it can be computed correctly in parallel

rdd.reduce((x, y) => x +
1,2’3,4} (%, Y) Dl a0

27



iIs-land

hello

world

hello

-
sV

Key-Value. &

MapToPair

30
=30

EBO
K30
ES0
30
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iIs-land

Pair RDD - RDD.groupByKey()

(UWhen called on a dataset of (K, V) pairs, returns a
dataset of (K, Iterable<V>) pairs

(AL)
(B.2)

~

rdd.groupByKey()

(C3), (C4),

(AL,
(B.[2]),
\(C,:B, 41) -




iIs-land

(JReturns a dataset of (K, V) pairs where the values for

Pair RDD - RDD.reduceByKey()

each key are aggregated using the given reduce function

rdd.reduceByKey((x, y) => X + V)

(AL, “ (A1), h
(B,1), > (B,1),
(C.1),(C1) . (€2

30



is-land Pair RDD - RDD.join()

(UWhen called on datasets of type (K, V) and (K, W),
returns a dataset of (K, (V, W)) pairs with all pairs of
elements for each key

(AL)
(B,2), s A
N rdd1 join(rdd2) R
. . J (D,(4,3))
\_ >
(A4), (D,3)

A /




iIs-land Actions

Qcollect - #BRDDAIA BT RIZERF L

“*Return all the elements of the dataset as an array at the driver
program. This is usually useful after a filter or other operation
that returns a sufficiently small subset of the data

Qcount - SERDDAIABEE

»Return the number of elements in the dataset

QsaveAsTextFile(path) - RDDTFRIESE

+Write the elements of the dataset as a text file (or set of text
files) in a given directory in the local filesystem, HDFS or any
other Hadoop-supported file system. Spark will call toString on
each element to convert it to a line of text in the file

32



iIs-land Hello World !

UWordCount in Spark APl (Use Scala)

val textFile = =sc.textFile (" /homes/centos/=zpark/log.txt™)

//fsplit each document into words

val tokenized = textFile.flatMap(line => line.=plit(" "))
{/fecount the occurrence of each word

val wordCountz = tokenized.map (word => (word,l))

val result = wordCounts.reduceByFey( + )

33



iIs-land F TRy

U3 - 2 Floght > * TFREHRT % &iZloginp i
“*# % ' Ihomel/centos/spark/log.txt
PR3 a0 A8/1728/20% X 5 ClogA” Mt F DRk ¥k

»Hint : use “contain()”’ function

34
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J4|* Spark RDD

/{ wou can =zave these content as a file, and run spark-shell then load the file
// scala> :load {FILE PATH]}

val inputFile = sc.textFile("/homs/centos/spark/log.txt")
wval dateString 1 = "2014/08/17"

val dateString 2 = "2014/08/20"

val keyWord = "logi”

/f AEiE 2« filter data with dateString condition, and use <"log&", 1> pair to calculate

wval contain 1 = inputFile.filter(line =* line.contains(dateString 1))

wval contain 2 = inputFile.filter(line =* line.contains(dateString 2))

val contains word = contain l.union(contain 2)

val words = contains word.flatMap(line => line.split(" "))

val countz = words.filter (word => word.contains (keyWord)) .map (word => (word,l)) .reduceByEey( + )
{{ output the result to screen -
counts.collect ()

{{ or, you can save result to file

{/{ counts.szavehsTextFile ("/home/centos/spark/output.txt™)

/f fEi&= B : filter data with all condition, and use "count"™ Zction to count
inputFile.filter(line => line.contains(dateString 1) | line.ccntains(dateString_E]].filter{_.ccntains{keyWDrd]].ccunt

35



iIs-land Spark MLIib

MLIib is Apache Spark's scalable machine learning library
(UKMeans example (python)

from numpy 1mport array
from math 1mport =qgrt

from pyspark.mllib. clustering import KMeans, EKMeansModel

# [oad and parse the data
data = sc.textFile("data/ml11b/kmeans_data.txt™)
parsedData = data.map(lambda Tine: array([Tloat{x) for x 1n Tine.split{" "311)
# Build the model (cluster the data)
clusters = KMeans.train{parsedData, 2, maxIterations=10,
runs=10, initializationMode="random")

# Evaluate clustering by computing Within 5et Sum of Squared Errors
def error{point):

center = clusters. centers[clusters.predict(point)]

return sgrt(sum([x*=2 for x in (point - center)]))

W555E = parsedData.map(lambda point: errori{point)).reduce{lambda x, v: x + v)

primt("Within 5t Sum of Sguared Error = " + stri(Ws55E))

# Save and Toad model

clusters. save(sc, "target/org/apache/spark,/PythonkMeansExample/KMeansModel")

zameMode]l = KMeansModel.load(sc, "target/org/apache/spark /PythonkMeansExample,/KMean=Model™)

reference: http://spark.apache.org/docs/latest/mllib-clustering.html

36



iIs-land Spark SQL

dSpark SQL brings native support for SQL to Spark and
it focus a structured data processing

dManipulation DataFrames
“+Distributed collection of data organized into named columns
“*Conceptually equivalent to a table in a relational database
Features:

“*Import relational data from external source
“*Run SQL over imported data or RDD
“*Easy write RDDs out to Hive or Parquet files

37



i1Is-land Interact with Spark SQL

d SQL

d DataFrames
<+ Distributed collection of data organized into named columns
< Conceptually equivalent to a table in a relational database

] Datasets

38



iIs-land Initializing Spark SQL

J SQLContext

JavasparkContext sc = ...; /2 An existing JavasparkContext.
SQLContext sqlContext = new org.apache.spark.sql.S0LContext(sc);

Spark SQL

RDD

Data Source :
JSON, CSV, JDBC

39



SQL¥E 1T ]+ (scala)

#i# Start your spark shell (ctrl + c could quit the terminal)
$ cd /homel/centos/spark/spark-2.0.0-bin-hadoop2.7/bin
$ ./spark-shell

#i# Method A : Convert your input data RDD to DataFrame

scala> val input = sc.textFile("'/home/centos/spark/log.txt™)

scala> case class Log(datetime: String, info: String)

scala> val logtable = input.map(_.split(" "')).map(log => Log(log(0),log(6))).
H#iH register "LogTable"

scala> logtable.registerTempTable(''LogTable")

scala> sql(" ").show

#i# Method B : Use csv class to convert csv file to Dataframe
scala> import org.apache.spark.sql.SQLContext
scala> val sqlContext = new SQLContext(sc)

scala> sqlContext.load(" ", Map("path"->
"/home/centos/spark/datafile.txt","header"->"true")).registerTempTable(''Datafile")

scala> sqlContext.sql(" ").show




SQL3E T ]+ (python)

### Start your spark shell (ctrl + d will quit)
$ cd /home/centos/spark/spark-2.0.0-bin-hadoop2.7/bin
$ ./pyspark

### Method A : Convert your input data RDD to DataFrame
>>> from pyspark.sql import Row

>>> input = sc.textFile(''/home/centos/spark/log.txt™)

>>> parts = input.map(lambda line : line.split(" "))

>>> log = parts.map(lambda p : Row(datetime=p[0], info=p[6]))
>>> logTable = spark. (log)

##it register "LogTable"

>>> |logTable.registerTempTable('LogTable")

>>> spark.sql(" ").show()

###H Method B : Use csv class to convert csv file to Dataframe
>>> from pyspark.sql import SQLContext
>>> sqlContext.read.format(" ")

.options(header="true").load("'/home/centos/spark/datafile.txt").registerTempTable("Datafile")
>>> results = spark.sql(" ").show()
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# 4 datafile.txt 7L & 15
(7 =51 )msisdn=0987782022:7line i * } /=

[
“*facebookit #* & #.300kbps ~ 500kbps:i14 #c
[

“*throughput + *+500kbps:3¢ httpi¢ * &

>

msisdn,lat,lon, time, throughput, enodeb, call,imei, line, facebook, google,http, ftp

0571366647,-67.263,-101.059546,20141223 11:56:1%,232kbps, 2370, 91, 595555555-5730842, Tekbps, 370kbps, 995kbps, 454kbps, T2kbps
0544225157, -24.27114%,115.02637,20141223 11:56:1%,872kbps, 63%,2,59955955555-573842, 680kbps, 221kbps, 366kbps, 227kbps, 431kbps
0583985326, -20.758782,61.812637,20141223 11:56:1%,535kbp=,2152,185,95955955555-573842, 821kbps, 560kbps, 458kbps=s, 347kbps, 627kbps
0564623272,-35.15%804,147.592133,20141223 11:56:15,200kbps=,1761,47,955955555-573842, 201kbps, 7T40kbps, 1%4kbps, 630kbps, 206kbps
057716362%9,45.328705,-30.50772,20141223 11:56:15,132kbps=,1168,76,995955555-573842, 874kbps, 325kbps, 567kbps, 7T00kbps, 832kbps
0%61067803,-78.95157,10.195234,20141223 11:56:15%,570kbps=,2329,40,955955555-573842, 870kbps, 284kbps, 262kbps, 842kbps, 75%kbps
0574715148,41.237488,46.36316,20141223 11:56:19,5053kbps,1828,100, 5995955595-5730842, 44kbps, 595kbps, 441kbps, S6kbps, 686kbps
0587847302, -60.455552,-145.30625,20141223 11:56:19,258kbp=,2021,100,995955555-573842, 622kbps, 766kbps, 851kbp=s, 521kbps, 870kbps
05659764137,-55.517812,-171.36543,20141223 11:56:19,24kbp=,1385,531, 955959555 -573842,59%kbps,174kbps, 526kbps, 455kbps, 341kbps
0552755349, -73.053702,126.78287,20141223 11:56:15,176kbp=,1848,83,955595%5555-573842, 742kbps, 341kbps, 981kbps, 502kbps=, 107kbps
05480597604, -326.872017,111.10305,20141223 11:56:1%,555kbp=,2371,1%8,55995955595-573842, 5370kbps, 823kbps, 242kbps, 27kbps, 49%7kbps
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iIs-land That’s figure it again
T - RDD
Data
DF API SQL Sources

toJavaRDD
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