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Download Libraries - Documentation - Examples Community - FAQ

Lightning-fast cluster computing

Download Spark™

The latest release of Spark is Spark 1.6.0, released on January 4, 2016 (release notes) (git tag)

1. Choose a Spark release: [1.6.0 (Jan 04 2016) v|

2. Choose a package type:
Source Code [can build several Hadoop versions] v

3. Choose a download type: |SelectApache Mirror v|

4. Download Spark: spark-1.6.0.tgz
5. Verify this release using the 1.6.0 signatures and checksums.

Note: Scala 2.11 users should download the Spark source package and build with Scala 2.11 support.

JDKDIL L A=W ENEIRIBTINY 5= 2B ELTEIHMT
Spark{FERDIzEL)

http:/ /spark.apache.org/downloads.html
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Resilient Distributed Datasets: A Fault-Tolerant Abstraction for
In-Memory Cluster Computing

Matei Zaharia, Mosharaf Chowdhury, Tathagata Das, Ankur Dave, Justin Ma,
Murphy McCauley, Michael J. Franklin, Scott Shenker, lon Stoica
University of California, Berkeley

Spark: Cluster Computing with Working Sets

Matei Zaharia, Mosharaf Chowdhury, Michael J. Franklin, Scott Shenker, Ion Stoica
University of California, Berkeley

Abstract

We present Resilient Distributed Datasets (RDDs), a dis-
tributed memory abstraction that lets programmers per-
form in-memory computations on e clusters in a
fault-tolerant manner, RDDs are motivated by two types
of applications that current computing frameworks han-
dic incfficiently: iterative algorithms and interactive data
mining tools. In both cases, keeping data in memory

P R S —

wdar of mammitnde

tion, which can dominate application exccution tirf
Recognizing this problem, rescarchers have deve
pecialized fra for some appli th
quire data reuse. For example, Pregel [22] is a systé
iterative graph computations that keeps intermediat
in memory, while HaLoop [7] offers an iterative M
duce interface. However, these frameworks only st
specific computation patterns (e.g., looping a ser
MapReduce steps), and perform data sharing imp

al

Abstract
MapReduce and its variants have been highly successful
in large-scale d: 1

MapReduce/Dryad job. cach job must reload the data
from disk, incurring a significant performance penalty.
. analytics: Hadoop is often used to run

on commodity clusters. However, most of these systems
are built around an acyclic data flow model that is not
suitable for other popular applications. This paper fo-
cuses on one such class of applications: those that reuse
a working set of data across multiple parallel operations.
“This includes many iterative machine learning algorithms,
as well as interactive data analysis tools. We propose a
new framework called Spark that supports these applica-
tions while retaining the sealahility and fanlt tolerance of

ad-hoc exploratory queries on large datasets, through
SQL interfaces such as Pig [21] and Hive [1). Ideally,
a user would be able to load a datasct of interest into
memory across a number of machines and query it re-
peatedly. However, with Hadoop, cach query incurs
ant latency (tens of seconds) because it runs as

a separate MapReduce job and reads data from disk.

This paper presents a new cluster computing frame-

werk called Snark  which cunaare snnlics

Spark: Cluster Computing with Working Sets
Resilient Distributed Datasets: A Fault-Tolerant Abstraction for In-Memory Cluster Computing

TRlE, AEDDI—AT—A={F):ELHE., 1042597175 HE NS
zanr=HicEL 3L RDD(Resilient Distributed Datasets) #igs

ARBT—2D7-H DR B E

2016 IRTE. T AFVEWSDIFVEDNDERE,
ZEiHEHSWHRB L+ RETE.
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rdd.filter(...).map(...).reduceByKey(...).saveAsText(...)

N~ DN T~

Z4WELT MILT KEHLT fERERTF
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spark-shellz&&L . Hadoop5tERMHello WorldTd&2WordCount3E1T

[ &M, tozs BAAL 2B Fi=»3CHANGES It THRLTH3

\

val sparkHome = sys.env ("SPARK_IWE")
val textFile = sc.textFile (sparkHome + "/CHANGES.txt")

val wordCounts = textFile.flatMap (line => line.split (" ") ) .map (word => (word, 1)) .reduceByKey ( (a, b)

=>a+tbh)
| BeaLHI N TETING 2 BOSL LI 10BEHALTHLS |
/

—

wordCounts.sortBy (_._2,false) .take (10)
resO: Array [ (String, Int) ] = Array ((",61509), (Commit:;,6830), (-0700,3672), (-0800,2162),

(in,1766), (1 ). ([SQL1.1277), (the777). (and.663))
(/125 BV REFOBRENEXFIOATNELTHES |

wordCounts filter (_._1.matches (" [a-zA-Z0-9] +") ) .sortBy (_._2,false) .take (10)
res1: Array [ (String, Int)] = Array ((in,1766), (t0o,1417), (for,1298), (the,777), (and,663), (Add.631),
(of,630), (Fix,547), (Xin,491), (Reynold,490))

BB Copyright © 2016 NTT DATA Corporation
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WordCount#i =, sElFEDwordCountsZBATRMICHF vy 2L THD
[ cache () T vy aMmEE AL, (ZZTHF v aERLLY) |

wordCounts.cache () /

(72 BMIZRBAETEN. F—2ORHFrSUHES |
Z

wordCounts filter (__1.matches (" [a-zA-Z0-9] +")) .sortBy (__2.false) .take (10)
res1: Array [ (String, Int)] = Array ((in,1766), (t0,1417), (for,1298), (the,777), (and,663), (Add,631),
(0f,630), (Fix,547), (Xin,491), (Reynold,490))

wordCounts filter (__1.matches (" [a-zA-Z0-9] +") ) .sortBy (_._2.false) .take (10)

res1: Array [ (SR t)] = Array ((in,1766), (t0,1417), (for,1298), (the,777), (and,663), (Add,631),
(0f,630), (Fix,54 , (Reynold,490))
N

4 h

RIcF vy 1ZNT-RDDEMREL DB ERITIHE. Frvahd
BENICT—2HHRARAEND, (FrvialilnEho7T—2(3, @
kﬁiﬁ‘)?‘l‘ﬂéh‘(*wéhé)
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Fruoanikinis. WebUlStorages7Hh @2 TES

SDQI";(\I S Jobs Stages Storage Environment Executors SQL
Storage
RDDs
RDD Name Storage Level Cached Partitions Fraction Cached Size in Memory
ShuffledRDD Memory Deserialized 1x Replicated 2 100% 3.4 MB
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What is Spark?
’Scala Z_gj ', SQL

Java python’

Spark Core
YARN Standalone Databricks

Spark SQL Streaming

http:/ /cdn.oreillystatic.com/en/assets/1/event/126/Apache%20Spark_%20What_s%20new_%20what_s%20coming%20Presentation.pdf
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What is Spark?

Spark SQL Packages

Streaming

Spark Core ARMBEL D 2BTIT7ERR

YARN Standalone Databricks

http:/ /cdn.oreillystatic.com/en/assets/1/event/126/Apache%20Spark_%20What_s%20new_%20what_s%20coming%20Presentation.pdf
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What is Spark?

Spark
Streaming

GraphX Packages ’

{ Spark SQL

« BFELEDEMLLELMBEICRIRT 27-5H0
EES175)

http:/ /cdn.oreillystatic.com/en/assets/1/event/126/Apache%20Spark_%20What_s%20new_%20what_s%20coming%20Presentation.pdf
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What is Spark?
S A

= SQL
Java python’

- flzlEScala/Java/Python/SQLE TR A ER ik BT #E
« AVERSVT1TINVHRIEL. RITIHRETTEE

YARN Standalone Databricks

http:/ /cdn.oreillystatic.com/en/assets/1/event/126/Apache%20Spark_%20What_s%20new_%20what_s%20coming%20Presentation.pdf
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What is Spark?

* YARNGEDIFSASEREBE ERENETS
* JTlcHadoopiRIEA H BB FICEAME

Standalone Databricks [

http:/ /cdn.oreillystatic.com/en/assets/1/event/126/Apache%20Spark_%20What_s%20new_%20what_s%20coming%20Presentation.pdf
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What is Spark?
’ Scala 2‘-;-({3 "’

Java python’

o F=2)=ADRE7714INV AT LICIZHDFSEFI AP &E
- #tEKMapReduce TREL TL\=0IB%SparkicerJIL—a/ L9y

\/

Spark SQL

Streaming

http:/ /cdn.oreillystatic.com/en/assets/1/event/126/Apache%20Spark_%20What_s%20new_%20what_s%20coming%20Presentation.pdf
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DataFramelc#LTSQOL/HiveQLZF{TL T EILIES2

~ RDD®D EICRRWIIDAF—2{HEDT—T VIKDT—421EE

SOLZEWMMAN AT 42 hEHLEHINFHLEORBEERZITS5NS

// ScalaTSQLZ{ER Y 2l
Val teenager = sqlContext.sql(“SELECT name FROM people WHERE
age >= 13 AND age <= 19”)

Bl ZIEPythonlc kBT —2RR7 7V r—a 2 RELTUVT,
reZ3SOLTEZ/ 0\ > TEMRTEH.
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AT 121 {1&E
RODA—RDMIENOMET S5 HhEREND

BELT—22RWRS51=-HDO LA LT E
— Parquet / ORC / CSV / JSON / %A / JDBC ...

— T=2)=AEOTR7INV 0B ET—5)—AICBHRIBIET.
BULT—20RAAHEEHITOEND

ANL—S2DRITIEFD T=2)-A0FHEERALE
RALLE RALLRE

. : hysical Plan
Physical Plan Phy
LDgICEJl Plan ‘ y with Predicate Pushdown
— and Column Pruning
e —
| / \
F — r L
sCan filter
ievents) | '
T+ opfimized optimized
/'\ sCan sCan
——— [eveants) [users)
) scan
events file ] [ users :able]

[

[Lisers)

http:/ /cdn.oreillystatic.com/en/assets/1/event/126/Apache%20Spark_%20What_s%20new_%20what_s%20coming%20Presentation.pdf
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% [DEMOJSQLIck2MEAEFLTHS NTTDETA

Y TWCEENSDT—5T, SparkSQALZHL TH 3

& : http:/ /spark.apache.org/docs/latest/sal-programming-guide.html

val sparkHome = sys.env ("SPARK_HOME")
val path = s"$ {sparkHome} /examples/src/main/resources/users.parquet”
val users = sqglContext.read.parquet (path)

users.registerTempTable ("users”)

val redLover = sqlContext.sql ("SELECT name, favorite_color FROM users WHERE favorite_color =
'red"™) .show

BB Copyright © 2016 NTT DATA Corporation
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FEETILIE, S E 2 a8nET 31005175
Laxo5—o3ay / 358/ FHEE

SEIRBICM<ARELIT—LT7 NIV X LEIZE
2016/5IR1E. spark.mllib & spark.ml D2IEFED /Ny r—I HETE

RDDFIH DataFrame#lH
Algorithms  (—l])

MLIlib contains the following algorithms and

utilities:

« logistic regression and linear support « singular value decomposition (SVD) and
vector machine (SVM) QR decomposition

 classification and regression tree ¢ principal component analysis (PCA)

e random forest and gradient-boosted trees ¢ linear regression with L4, Lo, and elastic-

» recommendation via alternating least net regularization
squares (ALS) ¢ isotonic regression

» clustering via k-means, bisecting k-  multinomial/binomial naive Bayes
means, Gaussian mixtures (GMM), and e frequent itemset mining via FP-growth and

power iteration clustering

¢ topic modeling via latent Dirichlet
allocation (LDA)

¢ survival analysis via accelerated failure
time model

association rules
¢ sequential pattern mining via PrefixSpan
¢ summary statistics and hypothesis testing
¢ feature fransformations
¢ model evaluation and hyper-parameter
tuning

BB Copyright © 2016 NTT DATA Corporation aa
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BES Idspark. mIOML Pipelines DB He A iE
scikit-learnD &S IcHiF H 2SO MRS HFENIT 71U THSAP

N 2EOR-2E)T ML !
RiELORLL>THAEMENR L !

NTTDaTa

val tokenizer

new Tokenizer()
.setInputCol("text")
.setOutputCol("words")
new HashingTF()
.setNumFeatures(1000)
.setInputCol(tokenizer.getOutputCol)
.setOutputCol("features")
val 1r = new LogisticRegression()
.setMaxIter(10)
.setRegParam(0.01)
/1 NLTZANb=9R 8 Noafb, RIBEAS ATV EIRERTE
val pipeline = new Pipeline().setStages(Array(tokenizer, hashingTF, 1r))
val model = pipeline.fit(trainingDataset) // EFNVDOEYTIIH

val hashingTF

Copyright © 2016 NTT DATA Corporation
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STV TRRBEBICERELRT FEE 9FRE) 7 - FNVIAVX L
FEHHENR

'y

RENICEETER
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HPDT—2TOFAR2) &R THD,
http:/ /archive.ics.uci.edu/ml/machine-learning—databases/iris/iris.data
FYTIIEFIERET.

// HSHULBHEFO—K
// wget http:/ /archive.ics.uci.edu/ml/machine-learning-databases/iris/iris.data -0 /tmp/iris.data

/] 247V eHmHBIABLEHDSspark-shellZ {2 E)
// spark-shell --packages com.databricks:spark-csv_2.10:1.4.0

import org.apache.spark.ml.clustering.KMeans
import org.apache.spark.mllib.linalg.Vectors

/] ANT—2DBH/RET—TNVER

val data = sqlContext.read.format("com.databricks.spark.csv").option("inferSchema",
"true").load("/tmp/iris.data")

sqlContext.udf.register("toVector", (a: Double, b: Double, c:Double, d:Double) =>
Vectors.dense(a, b, c, d))

/] EFIWVER

val features = data.selectExpr("toVector(Co0, C1l, C2, C3) as feature", "C4 as name")
val kmeans = new
KMeans().setK(3).setFeaturesCol("feature").setPredictionCol("prediction™)

val model = kmeans.fit(features)

BB Copyright © 2016 NTT DATA Corporation
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% [DEMO JK-meansic& 3252 41)24(2)

RICET W (E>TI77AZHIEBHREREMS

NTTDaTa

/] BNINDIZRA2%HE

val predicted = model.transform(features)
predicted.show
predicted.registerTempTable("predicted")

import org.apache.spark.sql.expressions.Window
/] BIN=THS5BHIEMIELTHS.

name) AS rn FROM predicted) x WHERE rn <= 3")
top3.show()

val top3 = sqlContext.sql("SELECT * FROM (SELECT *, ROW_NUMBER() OVER (PARTITION BY

BB Copyright © 2016 NTT DATA Corporation
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hTF—2 083 Spark DEEETEIR.

Kafka
ANM)—=LF—4% Flume " HDFS
&SR YST DFS/53 Spofl’(\z . :> Databases
H <8 Kinesis Stfeamlng ' Dashboards
Twitter
Rt]o7=38 (/s F) IS Teroa/nnyFRIB%ZERT 5
input data batches of batches of
stream Spark input data Spark processed data
Streaming Engine |L_JL_lI

http:/ /spark.incubator.apache.org/docs/latest/streaming-programming-guide.html
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ZZTRNLERBOEDEFELU LA BB ahTLET.
Sparkd T {ERIEpoiEgESr75) -2 1L
70795 Lfflse.

% 1% :Apache Spark&ld
F2E :Spark DWMIEEF I

B3E :SparkHE A Spark1.5%
BAE Sparkk7 7V r—a DR ERETT X3 s
BOE - BEAMNLAPIZAWETOISE)

FBOE ME{btT—2tyb 2023 - Spark SQL -
BIE . AMN)—-LT—2%201E Y3 - Spark Streaming -
FOE EWMFYHEEITDS - MLIib -

Appendix

A. GraphXick39 57018

B. SparkRZ{#E>TH %

C. B FHEAMN)—-LWMIEDES

D. Web UliEH
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% Spark 2.0865F<PoTL

Spark2.007LEa—RHAHEL7=,
PATF. Mateiig @ kb)),

Major Features in 2.0

£ ©

Tungsten Phase 2 Structured Streaming
speedupsof 5-10x real-timeengine
on SQL/DataFrames

€databricks

NTTDaTa

=

Unifying Datasets
and DataFrames

http:/ /www.slideshare.net/databricks /2016 -spark-summit-east-keynote-matei-zaharia
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