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* Hadoop(MapReduce)# X & 4L T K EIEZHT, J ZH
Y KAL) RAE Mo 1258, MA KXKKIEE Kide A2
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— BN ZELEER (e R4 H, ML, Graph)
— R LA XE 1 F K (Fbdead-hoc query)
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Lightning-Fast Cluster Computing
* FAE — B E aHadoop!
© R —HBLy, Hey, TR X H 5]
>> WA AR K
>> Resilient Distributed Datasets(52 14 4 X 235 &)
>> tkHadoop 4043 A £
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Separate frameworks:

HDFS -~ HDFS HDFS

HDFS @ HDFS S HDFS
read write read &

write read write

c
-
—_—

Spark: s @ python  |nteractive
$Scala analysis
HDFS | — . %2; —
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Spark#HWEHEAE] (1/2)

Data Sharing in MapReduce

HDFS HDFS HDFS HDFS
read write read rite

Input

result 1

result 2

result 3

XE, TAEE. Al BAEIO }
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Data Sharing in Spark

onhe-time |
- proceSSing N » ( i X e .

Distributed
memory

Input

10-100x e T M 4-Fn 2t & ]
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Spark #Z/CMiEE-- RDDs

o @M T X EIEE (Resilient Distributed Datasets)

— A distributed memory abstraction that lets programmers
perform

in-memory computations on large clusters
— RaxEay, 5 Ragpa X338 %
— Rt BBl i BAF A R g e i

— ¥ H R A 39 PR 2R S ()
0 ; o W Y *‘,: -
* RDD %;E/ﬁ; : (o0 LIDES) g S
Transformation & Action WA

ﬂ: TR T

Spark RDD=E=8)
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e Transformation & Action

&

mapl f T = 1)

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

reduceByKev(f : (V. V) = V)

RDDT] = RDIDLI

EDDIT] = EDD[T]

REDDT] = RDD[LI]

EDD[T] = RDD[T] (Deterministic sampling)
RDD(E, V] = EDDEK, Seq[V]i]

EDD[K, W] = FEDD[{K. V)]

Transformations urricn| ) (RDD[T], RDDT]) = RDD|T]
Join() (RDD[(E, V)], RDD(E, W) = RDD[{K, (V, W]
cogroup( ) (RDDE, V)], RDDK, W) = RDD[(E, (Seq[V], SeqlW]n]
crossProduct() (RDDT], RDDIU) = RDD{(T, L7)]
mapValues( f : ¥V = W) RDD[E, V)] = RDD[{K. W)] (Preserves partitioning )
sort( e : Comparator[K]) RDDE, V)] = RDD[{K, V)]
partitionBy(p - Partitioner[K]) : RDD[E, V)] = RDD[{K, V)]
couni( ) RDDIT] = Long
collect() RDD[T] = Seq|T]
Actions reduce(f : (T, T) = T) RDD[T] =T

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

RDD(K, V] = Seq|V] (On hash/range partitioned RDDs)
Outputs KD to a storage system, e.g., HDES
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Spark RDDs

A /NRDDAR A — 2 A R #5£ RDD 89 LB/ &
« —ZIRDD4% KX (partition)4Z &

A ARDDAR 25 A& T AR, /£ ARDDS Btask iy,
2V

Narrow Dependencies: Wide Dependencies:
° X: lge
X AR
%’ﬁ i map, filter
p— ~
— Sy
RDI L
——>
- join with inputs
i‘ co-partitioned

2 join with inputs not
union co-partitioned
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Bl F: BEA—AKREBE W sE R4, 3B4F R B E4 FHadoop X4+ & 42 (HDFS) F 49
&S (TBAKRD) RF\BRE . @Btk fSpark, HAE R R EH B & F iR
TEREHI AT EHRAMY, REHITREXEH),

Cache 1
Tines = spark.textFile(“hdfs://.. .

errors = lines.filter(_.startswith(“ERROR”))

Transformed RDD Driver
cachedMsgs = errors.cache()

cachedmsgs.filter(_.contains(“MySQL”)).count
cachedmsgs.filter(_.contains(“HDFS”)) .count Cache 2

Result: scaled to 1 TB data in 5-7 sec
(vs 170 sec for on-disk data)
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Spark {£533,

= (1/2)

JOH

RDD Objects DAGScheduler TaskScheduler Worker
[ ] | J Cluster
- manager Threads
DAG | TaskSet Task
\Eﬁzﬁgz = > Block
< > < > manager

rddl.join(rdd2) split graph into launch tasks via execute tasks
.groupBy(..)
Filter(.) stages of tasks cluster manager
submit each retry failed or store and serve

build operator DAG stage as ready straggling tasks blocks
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W = previously computed partition
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Somain BlinkDB

i Spark Graph
specific Straming Shark X ML
fmwks SQL library

Execution
Engine

Storage
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Spark &£7&RBzMesos

. A—EHBFTRERRAR, IFLMHTHIEREFTE
#%,eg Hadoop, MPI

2. M HXFEHFFTRAKIE, =S 0/RA R R L
F &

3. B AT S KERE KA 43500+ 5

HIVE ‘ ‘ Pig
Data
HBase Storm MPI Processing
Hadoop
Data
HDFS Mgmnt.

Resource
Mgmnt.




soumine: (B)

Spark &£75Bl <z Spark Streaming

1. AHFXIRAXTH, HekZ 5 FStorm

2. JTSpark¥—iEZR, T ESparkpbs . L E X4
P Ae i R AL FEAE X

3. FR X H o MR — R 5w A T4 AL FEAE Ak

Spark HIVE | Pi
: g Data
Streaming | Storm | MPIY| processing

Data
Mgmnt.

Resource
Mgmnt.

HDFS
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Hive on Spark, #4:SQL.17 7] Spark i #9RDDs

kY72
=

FbHivelk 8 = 40-1004Z

1
2
3. SparkSQL#FHive, A #SQL on Spark
4

ZSparkSQL(Shark)
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SharkIl B & Z4% 1k, B Al 2 2k 49SparkSQL, Hivell,
J& e Hive on Spark

Spark
Streaming
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HIVE
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Spark &£&RBZBlinkDB

1 RALEL 6B &5 34 7] %
2. VR P AR A B Aeve BLAT R B A
3. E&%faccbookEAL Fl A 4Edr, RATH &

BlinkDB /2 A Databricks
SELECT avg(sessionTime) SELECT avg(sessionTime)
FROM Table FROM Table
WHERE city="San Francisco’ WHERE city=‘San Francisco’
WITHIN 2 SECONDS ERROR 0.1 CONFIDENCE 95.0%

Queries with Time Bounds Queries with Error Bounds
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* Sparki#®4k Java, Python, Scala=#Fi& 3 69 pA2E v, & W LA Fm69Api A

*  Sparki® 3 69 R £ B3 FARS LR A XA IEFE (resilient distributed
dataset, RDD), TR —ANATE LS, X3 EHG ST 5L, TAMFAT
BV, BHARDDARFHET REAMGHENE, FAHFAITESHEAEL, PRI
RDD & # R 5 ILFH R AE

e SparkLALEGADPL 2B 3h 7 K
— #3% (transformation ) : J &4 Z#H RDD, R AT, A F|iF Faction
— 47 (action) : iRWE —3bfd R E e HIEH B B A48 R % (HDES)

*  RDDs#y4] & 7T AMHDFES L &9 — AN AR I 46, Rk 18 i 5 a4 R A7

* AP XkSparkfR E — AMRDD AN G, A2 A8 /R JHAT8AF F AR 289
A
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JavaZm 42
* Jfspark-assembly-1.0.0-hadoop2.2.0.jar An F|eclipse THZ F
Z )&, exportiijar, 4% Fspark_submit T E1& ] Bp 7]

statie final String USER = "root";

private static final Pattern SPACE = Pattern.compile(™ "):

public static void main(String[] args) throws Exception {
System.out.println(".......... "targs[0])

System. setProperty("user.name", USER); // 1§Eiﬁl‘5]5parkﬁﬁﬁ’~]ﬁF%
System. setProperty("HADOOP USER NAME", USER); // 1% WiiolHadoopl®AKIAFE
Map<5tring,String> envs = new HashMap<String,String>():

envs.put ("HADOOP USER NAME", USER); // HsparFERRETFoppf1E1 ExecucorfE Fi% B i0lHadoop F ARAFA
System. setProperty("spark. executor.memory™, "1024m"); // j’USpa:kﬁiﬁq]ﬂE&%ﬁc$LppE)‘]§l xecutoriz PR B FRAMTFEEL R
U\Tﬂl_sriiﬁﬁ’]ﬂl_ﬁ& SRR RRR

Spark IIaste:’E)]ﬂi].iJJ:

S—

Spark Worker 0T

EER AT IS T ExecutorfE F T HAT:2- BRBRIZAR, 2@ FEIN EErecutorfe FAIZEREIZH;
f%ljﬁ_?ﬁﬁhppﬁ)] | _xecmtc:fiﬁmﬂiﬂr%o

JavaSparkContext sc = new JavaSparkContext ("spark://10.0.50.100:7077", "Spark Lpp ", "/root/cdn5/spark-1.0.0-bin-hadoop2"™, new String[0], envs):

String file = "hdf=://10.0.50.100:8020/user/root/1lxg/a. txt";
JavaRDD¢<String> data = sc.textFile(file, 4).cache():
System.ont.println(data.count(});



S
KRR

Spark 42 (wordcount)

8%t FJava, Python#eScala #9415k & hn 7 &
Python 2542

Scalazg#2(ScalalDE , 37 @ 7 X frjava—4%)

val file=sc.textFile("hdfs://node2:8020/user/root/Ixg/a.txt")

val count=file.flatMap(line => line.split(" ")).map(word => (word,1)).reduceByKey(_+_)
count.collect()



Spark 43

iy S

KRR

&

map(f:T= U)

filter(f: T = Bool)
flatMap(f : T = Seq[U])
sample(fraction : Float)
groupByKey()
reduceByKey(f: (V,V)=V)
union( )
)

)

)

)

)

)

RDD|T] = RDD[U]

RDD|T] = RDD[T]

RDD|T] = RDD[U]

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

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

Transformations (RDD[T],RDDI[T]) = RDD[T]
join( (RDD[(K, V)].RDD[(K, W)]) = RDDI[(K, (V, W))]
cogroup() : (RDDI(K, V)I,RDD[(K, W)]) = RDD[(K, (Seq[V], Seq[W1))]
crossProduct( (RDD[T],RDD[U]) = RDD[(T, U)]
mapValues(f: V=W RDDI[(K, V)] = RDDI[(K, W)] (Preserves partitioning)
sort(c : Comparator[K] RDD[(K, V)] = RDD[(K, V)]
partitionBy(p : Partitioner[K]) : RDD[(K, V)] = RDDI[(K, V)]
count|() RDD[T] = Long
collect() RDD[T] = Seq|[T]
Actions reduce(f: (T,T) = T) RDD[T]=T
lookup(k : K) RDDI[(K, V)] = Seq[V] (On hash/range partitioned RDDs)

save(path: String)

Outputs RDD to a storage system, e.g., HDFS
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in-hadoop?
Fpark assembly has been built with y ucleu classpath
zage: spark-submit [option=s] <app J python ile> [app options]
ptions:
——master MASTER URL gpark: /S /ho=st:port, meso=:/ /shost port, varn, or local.
——deploy-mode DEPLOY MODE Where to run the driwver program: either run
on the local machine, or "cluster™
——class CLASS NAME Your application's main class (for S Scala apps) .
——name NAME b name of yvour application.
——Jjars JARS Comma—=separated list of local jars lude on the driwver
and executor classpaths.
——p¥y—files PY FILES Comma —-=separated li=st of .=zip, .egg, or .py files to place
on the PYTHOMNPATH for Python apps.
——Ffiles= ILES Comma—=separated list of files to be placed
directory of each executor.
—properties—file FILE Path to a file from which to load extra propertie=s. If not
gpecified, this will 1 r conf/zpark-defanlt=s.conf.

——driver-memory MEM Memory for driver (e.g. 1000M, 2G) (Defaunlt: S12HM) .

——driver—java—options Extra Java options to pass to the driver.

——driver-librarv-path Extra library path entrie=s to pa=ss o Tthe driver.

——driver—-class—-path Extra class path entries to pass to the driver. HNote that
jars added with ——jar=s are automatically included in the
cla=s=spath.

——eXecutor-memory MEM Memory per exXxecutor (e.g. 1000M, 2G)y (Default:

Spark =tandalone with cluster deploy mode only:

——driver—-cores NIOM Coresz for driver (Default: 1).
——=supervise If given, restarts the driver on failure.

Spark =tandalone and Meso=s only:
——total-exXxecuntor—-cores NUOM Total core=s for all executor

YOBEMN—only:

——executor—cores NUOM Humber of core=s per executor (Default: 1) .

——gqueue QUEUE NAME The YARN gueune to submit to (Defaunlt: "defanlt™) .

——num-exXxecutors NOM Humber of executors to launch (Defaunlt: 2).

——archives ARCHIVES Comma s=separated list of archive=s to be extracted into the
working directory of each executor.




