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Spark Cluster Review

Worker (Slave) Nodes

$ spark-submit

--master yarn-client

--class MyClass

--num-executors 3
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Spark Cluster Review
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Spark Cluster Review

Worker (Slave) Nodes

Executor
Driver Program
Spark |
Context
\ ¢
Executor
Cluster HDFS
Master = Master
Node 4 Node
Yo,
Executor




Hochschule Offenburg University of Applied Sciences

RDDs on a Cluster

Resilient Distributed Datasets

Data is partioned across worker nodes g ikl iy |

Partioning is done automatically by Spark EKecrlg;r_l_o @;y

Optionally, you can control how many )

Partions are created 1 ad s @;
p 2
T b
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File Partioning: Single Files

= Partions based on size

= You can optionally specify a sc.textFile("myfile”, 3)
minimum number of Partions 2D
= textFile(file, minPartitions) (T decuor b
i +~
= Defaultis 2 L ~
L " p §
= More Partions = more parallelization i . ,
‘,/
o /
h
Ekecutor /7
U,
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File Partioning: Multiple Files

sc.textFile("mydir/*") RDD
;
= Each file becomes (at least) one Partion i |
= File-based operations can be done - >L/J
per-Partion, for example parsing XML brecutor 4
Nl |
[ xecutor —
sc.wholeTextFiles("mydir") =
= For many small files { ! ﬂ
= Creates a key-value PairRDD -
= key = file name k EX%, -

= value = file contents




OEerating on Partions

Most RDD operations work on each element of an RDD

A few work on each partion

= foreachPartition — call a function for each Partion

= mapPartitions — create a new RDD by executing a function on each Partion in the
current RDD

= mapPartitionsWithindex — same as mapPartitions but includes index of the Partion
Functions for partion operations take iterators
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HDFS and Data Localitx ‘1!
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HDFS and Data Localitx ‘2!

hdfs dfs -put mydata
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HDFS and Data Localitx ‘3!

HDFS:
Driver Program > mydata

Executor HDFS i& [ —
Spark Block 1 I |
Context oc !

'\v; .

Executor HDFS =1
Block 2 '

Executor HDFs B3l
Block 3 '

P

Executor E [
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HDFS and Data Locality (4

By default, Spark partions
file-based RDDs by block.
Each block loads into a single

sc.textFile("hdfs://.mydata") .collect ()

Partion.
HDES:
RDD dat
Driver Program myaata
Executor HDFS _—
Spark ‘ lock
Context Block 1
Executor ‘ HDFS
Block 2
Executor ‘ HDFS
Block 3
=
[ Executor
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HDFS and Data Locality (5

An action triggers
sc.textFile("hdfs://..mydata") .collect () execution: tasks on

executors load data from
blocks into partions

RDD HDFS:
Driver Program &= myda
— Executor < = | HDFS =
as
|
Executor HDFS
< task ' Block 2
Executor " | HDFS
tas I Block 3
=
[ Executor
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HDFS and Data Locality (6

Data is distributed across

returns a value to the driver

RDD HDFS:
Driver Program mydata
Executor " HDFS ol
Spark lock .
Context Block1
Exec\utm\ | Hors E

\ Block 2
N\,
N\

N
\ -
Executor \ ‘ HDFS
Block 3

Y 4

Executor
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Parallel Oeerations on Partions

= RDD operations are executed in parallel on each partion

= When possible, tasks execute on the worker nodes where the data isin memory

= Some operations preserve Partioning e.g., map, flatMap, filter

= Some operations reparation e.g., reduce, sort, group
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ExamEIe: Average Word Length bx Letter ‘1!

avglens = sc.textFile(file)

RDD =

HDFS:
mydata

T
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Example: Average Word Length by Letter (2

.flatMap(lambda line: line.split())

RDD = — RDD =

HDFS:
mydata

Pﬂﬂ
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Example: Average Word Length by Letter (3
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.map (lambda word: (word[O],len(word)))

RDD = — RDD = — RDD =

HDFS:
mydata

Pﬂﬂ
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Example: Average Word Length by Letter (4
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.groupByKey ()

RDD = — RDD =

RDD

RDD

HDFS:
mydg;g_a_

Pﬂﬂ
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Example: Average Word Length by Letter (5

.map (lambda (k, wvalues):

(k, sum(values)/len(values)))

HDFS:
mydata

— RDD = — RDD = — RDD
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= QOperations that can run on the same partion are executed in stages

= Tasks within a stage are pipelined together
= Developers should be aware of stages to improve performance
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SEark Execution: Stages 11!

(> val avglens = sc.textFile (myfile) . :
flatMap (line => line.split("\\W")). E

’{ map (word => (word(0) ,word.length)).
{::::::g,‘r-o--u-PSBWé'Y-().:.:::::::::::::::::::::::::::::::::: ____________________________ :
E map (pair => (pair. 1, pair. 2.sum/pair. 2.size.toDouble)) ..

. SN
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Spark Execution: Stages (2

> val avglens = sc.textFile (myfile).
flatMap(line => line.split("\\W")).
map (word => (word(0) ,word.length)).
groupByKey () .

map (pair => (pair. 1, pair. 2.sum/pair. 2.size.toDouble))

> avglens.saveAsTextFile ("avglen-output")

( Stage 1 \ /— Stage 2

Task 1 I— I— —
: 2 Task 5
Task 2 ) — 7

Task3 | ) ﬂ“‘"{“
ma ) )

28



Seark Execution: Stages ‘3!

> val avglens = sc.textFile (myfile) .
flatMap(line => line.split("\\W")).
map (word => (word(0) ,word.length)).
groupByKey () .

map (pair => (pair. 1, pair. 2.sum/pair. 2.size.toDouble))

> avglens.saveAsTextFile ("avglen-output")

( Stage 1 \ /— Stage 2
[
(
\_

Task 1 -

Task 5

Task 2 J]
I L™

Task 6

Task 3
|

)

Task 4
as\\k /
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SEark Execution: Stages 14!

groupByKey () .

> val avglens = sc.textFile (myfile) .
flatMap (line => line.split("\\W")).
map (word => (word(0) ,word.length)).

map (pair => (pair. 1, pair. 2.sum/pair. 2.size.toDouble))

> avglens.saveAsTextFile ("avglen-output")

e Stage 1

'\

Task 1

Task 2

Task 3

Task 4

a Stage 2 ™

Task 5

Task 6
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Summarx of Seark Terminologx

= Job — a set of tasks executed as a result of an action

= Stage — a set of tasks in a job that can be executed in parallel
= Task — an individual unit of work sent to one executor
= Application — can contain any number of jobs managed by a single driver

RDD — |

31



How SEark Calculates Stages

Spark constructs a DAG (Directed Acyclic Graph) of RDD dependencies

Narrow dependencies = Wide (or shuffle) dependencies

= Only one child depends on the RDD = Multiple children depend on the RDD
= No shuffe required between nodes = Defines a new stage

= Can be collapsed into a single stage e.g., reduceByKey, join, groupByKey

e.g., map, filter, union
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Viewing the Stages using toDebugString SScaIa!

> val avglens = sc.textFile (myfile).
flatMap (line => line.split("\\W")).
map (word => (word(0) ,word.length)).

groupByKey () .
map (pair => (pair. 1, pair. 2.sum/pair. 2.size.toDouble)

> avglens. toDebugString ()

(2) MappedRDD[5] at map at ..
| ShuffledRDD[4] at groupByKey at ..
+-(4) MappedRDD[3] at map
| FlatMappedRDD[2] at flatMap at ..
| myfile MappedRDD[1] at textFile at
| myfile HadoopRDD[0] at textFile at

- Stage 2

Ji

. Stagel

\ Indents indicate
stages (shuffle
boundaries)
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SEark Task Execution ‘1!

val avglens = sc.textFile (myfile).
flatMap(line => line.split("\\W")).

Stage 1 Stage 2 map (word => (word(0) ,word.length)).
/ A A groupByKey () .
Task 1 Task 5 map (pair => (pair. 1, pair. 2.sum/pair. 2.size.toDouble))
avglens.saveAsTextFile ("avglen-output")
Task 2 Task 6 -
Executor ’ HDES
Task 3 Block 1
Task 4 \
N AN /(]
Executor ’ HDES
Block 2

Driver Program

b
{
Context BEaer ’ HDFS

Block 3

g__

-
Executor ’ HDFS
Block 4

L
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SEark Task Execution ‘2!

Stage 1 Stage 2
A g N g \
Task 5
Task 6
\_ VAN

Driver Program

Spark
Context
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val avglens = sc.textFile (myfile).
flatMap(line => line.split("\\W")).
map (word => (word(0) ,word.length)).

-
Executor HDFS
Block 1
Task 1
L
-
Executor ' BTDT(SZ
. Bloc ;
Task2 &~
L
-
Executor 4 HDFS
. Block3
Task 3
b
P
Executor \ HDFS
. Block4
Task 4
b
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Seark Task Execution ‘3!

val avglens = sc.textFile (myfile).
flatMap(line => line.split("\\W")).

Stage 1 Stage 2 map (word => (word(0) ,word.length)) .
7 A
Task 5
Task 6 -
Executor ' B';'Disl
Shuffle el 8
Data € Task 1
X .
\_ VAN J
Executor ' HDFS
- Shuffle 3 Block 2
Driver Program | Data ,'(_ Task2
\ .
Spark
Context (| HDFS
EXEC_U_t_Q[’____ \ Block 3
Shuffle oc
Data _.{_ Task 3
\ |
-
' Shuffle oc
Data € Task 4
L%
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SEark Task Execution ‘4!

Stage 2
£ ™\

Task 5

Task 6

—

Driver Program

Spark
Context
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P
Executor l HDFS
‘Shuffle "~ Block1
Data
L%
P
Executor HDFS
‘Shuffle ~ Block2
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L%
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Executor \ HDFS
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L%
P
Executor i
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L%
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Seark Task Execution ‘5!

Stage 2
\ groupByKey () .
map (pair => (pair._1, pair._2.sum/pair._2.size.toDouble))
-
Executor ' HDFS
‘Shuffle amBlockl
. Data \
'l"\._ A WA ¥
A\
-~ N\
Executor ' HDFS
Shuffe Tasks | | A
Driver Program ' Data

\ —\
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Seark Task Execution ‘6!

avglens.saveAsTextFile ("avglen-output")

-
Executor l BTDT(sl
oc ;
b
-
Executor _l HDES
Task5 N, —Block2—
Driver Program = part-00000
L%
Spark
Context (|
Executor |
Task 6 \H
b
P
Executor \ BTDT(S4 :
| ocC { i
e
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SEark Task Execution galternate ending!
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avglens.collect()

Driver Program

Spark
Context

-
Executor l BTDT(sl
. Block1l
L
-
Executor l BTDT(SZ
. ocC
Task 5 S -
<<§M o
b
P
Executor \ BTDT(S4
! ocC .
b
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Controlling the Level of Parallelism

= “Wide” operations (e.g., reduceByKey) partion result RDDs
— More Partions = more parallel tasks
— Cluster will be under-utilized if there are too few Partions

= You can control how many Partions
— Configure with the spark.default.parallelism property
spark.default.parallelism 10
— Optional numPartitions parameter in function call

words . reduceByKey (lambda vl1, v2: vl + v2, 15)
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Viewing Stages in the Seark AEEIication Ul ‘1!

You can view jobs and stages in the Spark Application Ul

Spor"’(\z D Jobs Stages Storage Environment Executors

Jobs are identifed by the )
action that triggered the
job execution

Spark Jobs (9

Total Duration: 59 s

Scheduling Mode: FIFO /

Completed Jobs: 1

Completed Jobs (1)
Job Stages: Tasks (for all stages):
Id Description Submitted Duration Succeeded/Total Succeeded/Total
0 saveAsTextFile at 2015/08/01 17s 2/2 k mw

<console>:26 08:56:46
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Viewing Stages in the Seark AEEIication Ul ‘2!

Select the job to view execution stages

Hochschule Offenburg University of Applied Sciences

Status: SUCCEEDED
Completed Stages: 2

Spor"’(\z 43D Jobs Stages Storage Environment Executors
.'rf-
Stages are Number of tasks
Details for Jol identified by the = number of
Partions

last operation

|f-
Data shuffled
between stages

v
\«. .'I

ool
|

Completed Stages (2)
Stage Tasks:", | Shiiffle Shuffle
Id Description Submitted Duration Succe /Total Input Output Read Write
1 saveAsTextFile at <console>:26  +details 2015/09/01 5s \ 33 i 433.0 183
08:56:57 B MB
0 map at <console>:26 +detalls 2015/08/01 12s k 4/4 | 61.2 18.3
08:56:46 MB MB
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Essential Points

= RDDs are stored in the memory of Spark executor JVMs
= Data is split into Partions — each partion in a separate executor
= RDD operations are executed on Partions in parallel

= Operations that depend on the same partion are pipelined together in stages
e.g., map, filter

= Operations that depend on multiple Partions are executed in separate stages
e.g., join, reduceByKey
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