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Spark Motivation

* Difficultly of programming directly in Hadoop MapReduce
 Performance bottlenecks, or batch not fitting use cases

* Better support iterative jobs typical for machine learning



irpart jeve.ia,. I0Eaception|
isgurt jewe,util.S$trisgToasniser;

irpart org. apache, hadeap.con?,.Configuration;

Difficulty of Programming in MR =i&=82-

import org. apache. hagoep.mapreduce. Job

impart org, apache.hassap . rapreduce . Magper;

irpartl org. apache . hatcop. epreduce. Meducer ;

imgort prg. apache, hasoap.mapreduce. Lib, Lrgut.FLlleInputFormat )
wpart org, apache. hadsop.mapreduce., 115, output . FL1sOutgutfarant ;

pbliz cless WorgCount {

Word Count implementations i s B

private Tinal static Interitoble one = new Interitablell);
private Texi word = rew Tentl);

= 2 peilic vord mepiDbject key, Text valpe, Cantest contest
i a 00 e IneS In av a ) threws 10Excaption, Interruptedfzcestios
StringTokenizer Ltr « rew StringTokenizerivalue.toStringllly
shile (Str.basMoreTokem ()] (
word.set(itr.sexcToken());
contest .writelword, ome);

}
}

e Spark — 1 line in interactive shell *

publiic statir class IntSusheduoer
entends Reducer<Test, IatWritabls, Text, IntWritadies (
privete Isthritable result = mew IntWritadled);

pelic void reduce|Test ey, Iterskle=Interiteble= values,
Contest coatext
| throws ISCxceaption, InterruptedCsception (
il dum = 9}
for (Imeritable val | valees! {
e = yal.petil;

sc.textFile('..."') .flatMap(lambda x: x.split()) A

context.writel ey, result);

.map (lambda x: (x, 1)) .reduceByKey(lambda x, y: x+y) VS 3

_ public static void main(Stringl] argal throws Exception {
.saveAsTextFile('...") Contiguration conf = new Configuratioe();
Job job = Job.getinstancelcont, “word Lowt™))
job., setlorfiyC lisns{NordCount, ¢ lane);
jeb. setMappere Lass | TorenlserMagper,c lass);
128, setComb inerClaas(InTSemRegucer, class)
job. wetApducerC Loas | Int Suslindecar.c Loss ) ;
job. setlutputMeyClass(Teat.Cclass )
jeb. setOutputya lueC loss | IntWritable. c \ane);
FiloleputFormat . sddlrgutPath( job, nes Pats|args (8] 1i;
FileDutputFormat, setDutputParhl joi, mew Pathiargsilll)g
Systom, nxit| jeb.wsitFarfompletion(trum) Y B : 1)
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Performance Bottlenecks

Consider Hive as main SQL tool

 TJypical Hive query is translated to 3-5 MR jobs
e Each MR would scan put data to HDD 3+ times
 Each put to HDD - write followed by read

e Sums up to 18-30 scans of data during a single
Hive query
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Performance Bottlenecks

Spark offers you

 Lazy Computations
— Optimize the job before executing

* |In-memory data caching
— Scan HDD only once, then scan your RAM
* Efficient pipelining
— Avoids the data hitting the HDD by all means
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Spark Pillars

Two main abstractions of Spark

RDD — Resilient Distributed Dataset

* DAG - Direct Acyclic Graph
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RDD

e Simple view
— RDD is collection of data items split into partitions and
stored in memory on worker nodes of the cluster

e Complex view

— RDD is an interface for data transformation

— RDD refers to the data stored either in persisted store
(HDFS, Cassandra, HBase, etc.) or in cache (memory,
memory+disks, disk only, etc.) or in another RDD
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RDD

« Complex view (cont'd)
— Partitions are recomputed on failure or cache eviction

—  Metadata stored for interface

=  Partitions — set of data splits associated with this RDD
 Dependencies — list of parent RDDs involved in computation

=  Compute — function to compute partition of the RDD given the
parent partitions from the Dependencies

= Preferred Locations — where is the best place to put
computations on this partition (data locality)



RDD

Complex view (cont'd)
Partitions are recomputed on failure or cache eviction
Metadata stored for interface

Partitions — set of data splits associated with this RDD
Dependencies — list of parent RDDs involved in computation

Compute — function to compute partition of the RDD given the
parent partitions from the Dependencies

Preferred Locations — where is the best place to put
computations on this partition (data locality)

Partitioner — how the data Is split into partitions



RDD

 RDD is the main and only tool for data
manipulation in Spark

 Two classes of operations
— Transformations
— Actions



RDD

Lazy computations model

Transformation cause only metadata change
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DAG

Direct Acyclic Graph — sequence of computations
performed on data

e Node — RDD partition
 Edge — transformation on top of data

* Acyclic — graph cannot return to the older partition

e Direct — transformation is an action that transitions
data partition state (from A to B)



DAG

WordCount example

def printfunc (xX):

print 'Word "%s"™ occurs %d times' % (x[0], =x[1])

-

infile sc.textFile('hdfs: )/ /sparkdemo: 8020/ sparkdemo/textfiles/README .md"', 4)
rddl = i1nfile.flatMap(lambda x: xXx.=split())

rddZ = rddl.map({lambda x: (x, 1)) .reduceByEKey(lambda X, vy: X+Vy)

print rddZ.toDebugString()

rddl.foreach(printfunc)



DAG

WordCount example

sc.textFile('hdfs://...") flatMap map reduceByKey foreach

HDFS

HDFS Input Splits

RDD RDD RDD RDD RDD

<7

s

RIDD P3rtitionis

V"‘V
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* Driver
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— The place where SparkContext is created
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—  Splits graph into stages
— Schedules tasks and controls their execution
— Stores metadata about all the RDDs and their partitions




Spark Cluster

e Driver

— Entry point of the Spark Shell (Scala, Python, R)

— The place where SparkContext is created

— Translates RDD into the execution graph

— Splits graph into stages

— Schedules tasks and controls their execution

— Stores metadata about all the RDDs and their partitions
— Brings up Spark WebUI with job information




Spark Cluster

 EXxecutor
— Stores the data in cache in JVM heap or on HDDs



Spark Cluster

e EXxecutor

— Stores the data in cache in JVM heap or on HDDs
— Reads data from external sources



Spark Cluster

* Executor
— Stores the data in cache in JVM heap or on HDDs
— Reads data from external sources
— Writes data to external sources



Spark Cluster

* Executor
— Stores the data in cache in JVM heap or on HDDs
— Reads data from external sources
— Writes data to external sources
— Performs all the data processing



Executor Memory

(20% of Safe)
spak shuffle memoryFraction

JVM Heap ——
(512MB)

—e e, s . i




Spark Cluster — Detailed




Spark Cluster — PySpark

Client Node

Worker Monitor for Python

Worker Node 1 Worker Node N
-' Node Memory Pool Node Memory Pool
L NOCITRIMAGET N RTINTE. MEvTIoVy-mb) (T NOSETTINANGE MESOLTTE MemaTy-imb)
Executor JVM #1 Executor JVM #2 Executor JVM #M-1 Executor JVM #M
Worker Monitor | Worker Monitor Worker Monitor | Worker Monitor ‘ Worker Monitor | Worker Monitor | Worker Monitor | Waorker Monitor
for Python#1 | forPython#2 | | forPython#1 | forPython#2 | ™ for Python#1 | forPython#2 | | for Python for Python#2 | ™

Sk mrecHir cones cores and WK eReiy (e cores and



Application Decomposition

Application

— Single instance of SparkContext that stores some data
processing logic and can schedule series of jobs,
sequentially or in parallel (SparkContext is thread-safe)



Application Decomposition

Application

— Single instance of SparkContext that stores some data
processing logic and can schedule series of jobs,
sequentially or in parallel (SparkContext is thread-safe)

e Job

—  Complete set of transformations on RDD that finishes
with action or data saving, triggered by the driver
application



Application Decomposition

Stage

- Set of transformations that can be pipelined and
executed by a single independent worker. Usually It Is
app the transformations between “read”, “shuffle”,

“action”, “save”



Application Decomposition

Stage

— Set of transformations that can be pipelined and
executed by a single independent worker. Usually it Is
app the transformations between “read”, “shuffle”,

13 £d

“action”, “save”

Task

— Execution of the stage on a single data partition. Basic
unit of scheduling




WordCount Example

sc.textFile('hdfs://...") flatMap map reduceByKey foreach

HDFS RDD RDD RDD RDD RDD

N7

S5

RDD P3grtitionjs

Y\

HDFS Input Splits




WordCount Example

sc.textFile('hdfs://...") flatMap map reduceByKey

I_—_________________—____—____——_____—____________________

Tasa — — _— L} L___J L___J _— L] L} — —— _— — —— L L —_— — L _— -_— L} -_— —-— L} L____} L____J —_— _— _— — — L — —-— — — _— _— _— L} — | — L | — L} _— — L — — L j — — _— L___J L L — L} L __} L —— L} _— — I

RDD

/ /N

\

AN

9

Y
5 NXE7
Lo
T K

foreach

RDD



WordCount Example

sc.textFile('hdfs://...") flatMap map reduceByKey foreach

W S W W W W S . N — S S W W  (— {—

I@_—________________—__________—____——____________________

RDD P4grtition

_—-_"--__-——n——-—_m_—-“"_n__——J



WordCount Example

IIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIII

8 g

wnww L /‘kg"\ M ..... .w

o

g 230N\ —
| g w ._.:

map

flatMap

Stage 1

)

sc.textFile(‘"hdfs://...




WordCount Example

sc.textFile(‘hdfs://...") flatMap map reduceByKey foreach

---------------- B I I et T Tt T I --——-------------—-—--—--—----—--—---1

: o s = |
: I
' :
| —_— :
| |
. Stage 1 1 ] Stage 2 E



WordCount Example

I—:—_—F——————_———————_—.——————_—————_——___———_————————————_————_——_——— ————_———————_—————————.————“——1

pipeline partition 'shufflei pipeline




Persistence In Spark

Persistence Level

MEMORY ONLY

MEMORY_AND_DISK

MEMORY ONLY SER

MEMORY AND DISK SER

DISK_ONLY

MEMORY_ONLY_ 2,
DISK_ONLY 2, etc.

Description

Store RDD as deserialized Java objects in the JVM. If the RDD does not fit in
memory, some partitions will not be cached and will be recomputed on the fly each
time they're needed. This is the default level.

Store RDD as deserialized Java objects in the JVM. If the RDD does not fit in
memory, store the partitions that don't fit on disk, and read them from there when
they're needed.

Store RDD as serialized Java objects (one byte array per partition). This is
generally more space-efficient than deserialized objects, especially when using a
fast serializer, but more CPU-intensive to read.

Similar to MEMORY ONLY SER, but spill partitions that don't fit in memory to disk
iInstead of recomputing them on the fly each time they're needed.

Store the RDD partitions only on disk.

Same as the levels above, but replicate each partition on two cluster nodes.



Persistence In Spark

 Spark considers memory as a cache with LRU
eviction rules

e |f "Disk” Is Involved, data is evicted to disks

rdd = sc.parallelize (xrange (1000))
rdd.cache () .count ()

rdd.persist (StoragelLevel .MEMORY AND DISK SER) .count ()

rdd.unpersist ()



Outline

e Spark Motivation

e Spark Pillars

e Spark Architecture
e Spark Shuffle

 Spark DataFrame



Shuffles In Spark
 Hash Shuffle — default prior to 1.2.0



Shuffles In Spark

 Hash Shuffle — default prior to 1.2.0
 Sort Shuffle — default now



Shuffles In Spark

 Hash Shuffle — default prior to 1.2.0
 Sort Shuffle — default now

* Jungsten Sort — new optimized one!
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Hash Shuffle
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Hash Shuffle

Local Directory
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Hash Shuffle

Local Directory

Executor JVM

spark.local.dir
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Hash Shuffle With Consolidation
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Hash Shuffle With Consolidation

spark.executor.cores /

spark.task.cpus

Partition

Partition

Executor JVM
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Hash Shuffle With Consolidation

spark.executor.cores /

spark.task.cpus
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Hash Shuffle With Consolidation

Executor JVM Local Directory
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Hash Shuffle With Consolidation

spark.executor.cores /

spark.task.cpus

Partition

Partition

Executor JVM
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Sort Shuffle
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Tungsten Sort Shuffle
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Tungsten Sort Shuffle
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Tungsten Sort Shuffle

Executor JVM Local Directory
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Tungsten Sort Shuffle

LinkedList<MemoryBlock>

—

Executor JVM Local Directory
____________________________________________________ , spark.local.dir
| spark.storage.[safetyFraction * memoryFraction] | Output File
lclcliclcliclcllciclchcl "
| O O O OR OR OR O OR OR ©OF partition
Il =21l =21=21=21=21=Z1=21=01=201=x] partition
i (O (O (O (O (© (O (O (O (O © B
BN moy ey Naly BolSy ol Waliy ol QNeNy oy partition

“““““““““““““““ R T R Output File
' [safetyFraction * memoryFraction] : Sort & partition
 Array of data pointers and j/ spill partition

“map” ﬁ: Partition IDs, long[] S =¥ partition
task =~ Serialized Data o sort & bartition
' LinkedList<MemoryBlock> | -
| : spill
o | Array of data pointers and E
“m ap" /f Partition IDs, long(] :
| Serialized Data I
task T ;

spark.executor.cores / spark.task.cpus



Tungsten Sort Shuffle
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DataFrame ldea
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frontend SQL Python Java/Scala R
DataFrame
Logical Plan

Tungsten

backend



DataFrame Implementation

e |Interface

— DataFrame is an RDD with schema — field names, field
data types and statistics

— Unlified transformation interface in all languages, all the
transformations are passed to JVM

— (Can be accessed as RDD, in this case transformed to
the RDD of Row objects




DataFrame Implementation

Internals

Internally 1t is the same RDD

Data iIs stored in row-columnar format, row chunk size
IS set by spark.sql.inMemoryColumnarStorage.batchSize

Each column in each partition stores min-max values
for partition pruning
Allows better compression ratio than standard RDD

Delivers faster performance for small subsets of
columns
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