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TeraSort

« Hadoop MapReduce program for the annual terabyte sort competition

DO, 3.48 rinutes
. |Metric: Elapsed time to sort 10'7 bytes of data. Hadoop
The TeraByte benchmark iz now deprecated because it became essentially the same as MinuteSort. 910 nodes x (4 dual-core processors, 4 disks, § GB memary)

Oween OMalley. Yahoo

 TeraSort is essentially distributed sort (DS)

Typical DS phases - shufiing
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TeraSort for MapReduce

* Included in Hadoop distributions
* with TeraGen & TeraValidate

+ Identity map & reduce functions

Reduce task

[ Map task

map

shuffling

DS phases :

« Range partitioner built on sampling
« To guarantee a total order & to prevent partition skew
« Sampling to compute boundary points within few seconds

boundary points
—

! ;
i reduce

@ Record range

Partition 1 Partition 2 Partition r



TeraSort for Tez

« Tez can execute TeraSort for MapReduce w/o any modification
« mapreduce.framework.name = yarn-tez

 Tez DAG plan of TeraSort for MapReduce

input data
initialmap[MR input]

initialmap vertex

Map task

finalreduce vertex

Reduce task

e shuffling
finalreduceMADutput]
TeraSort




TeraSort for Spark & Flink

* My source code in GitHub:
« https://github.com/eastcirclek/terasort

« Sampling-based range partitioner from TeraSort for MapReduce
* Visit my personal blog for a detailed explanation
» http://eastcirclek.blogspot.kr
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TeraSort for Spark and Flink with Range Partitioning
This post includes

« details about how to sort 100-byle records using Spark and Flink with the sampling
based partitioner in Hadoop TeraSort

« axpanmental resulls when running TeraSort on Spark/Flink/Tez/Hadoop MapReducea

You can gel source code here. htlps.//github com/eastcirclek/lerasort




TeraSort for Spark

Create a new RDD to read from HDFS

* Code

val inputFile = sc newAPIHadoooFile[Text, Text. TeralnputFormat](inputPath)

repartitioned. savedAsNewdPF |HadoopF i lel TeralutputFormat] (outoutPath)

val repartitioned = inputFile. repartitionAndSortWithinPartitions( partitioner )"

» Two RDDs

Stage 0 Stage 1

i e
RDD1 - RDD2

Result Task
(for repartitionAndSortWithinPartitions)

Shuffle-Map Task
ifor newAPIHadoopFile)

shuffling write

NJUERER  read | local sort | shuffing |} local sor

Repartition the parent RDD
based on the user-specified partitioner




TeraSort for Flink

* Code

val inoutFile = env.readHadooeFi le(teralnputFormat. classOf[Text] classOf[Text]. inputPath) |

el
val partitioned = inputFile partitionCustom(partitioner. 0) —= latiticn Hiples

val sortedPartitioned = partitioned.sortPartition(0. Order. AFCEMJIHGJ—I
sortedPart it ioned. cutput(hadooo(F) Ty

Sort tuples of each partition

* Pipelines consisting of four operators

Pipeline

m— Partition [ 1 SortPartition —m

DS phasme shuffling

No map—side sorting ‘

due to pipelined execution




Importance of TeraSort

« Suitable for measuring the pure performance of big data engines
« No data transformation (like map, filter) with user-defined logic
« Basic facilities of each engine are used

* “"Winning the sort benchmark” is a great means of PR

Apache Hadoop Wins Terabyte Sort Benchmark

i damard -
O Rscommend W Twest

One of Yahoo's Hadoop dusters sorfed 1 tarabyle of data in 208 seconda, which beat the
presnous record of 297 seconds in the annual general purposa (daytona) terabyte sorf
benchmark. The sort benchmark, which was created in 1998 by Jim Gray, specifies the input
data (10 bilion 100 byte records), which must be completely sorted and wntten to disk. This
is the first time that aither a Java or an opan source program has won. Yahoo is both tha
largast usar of Hadoop with 13,000+ nodas running hundrads of thousands of jobs @ month
and tha larpast contnbutor, althowagh non-Yehoo usege and contribubons an mncraasing

rapidhy

Spark wins Daytona Gray Sort 100TB Benchmark

We are proud to announce that Spark won the 2014 Gray Sort Benchmark (Daytona 100TB category). A team
from Databricks including Spark committers, Reynodd Xin, Xiangrui Meng, and Matei Zaharia, entered the
benchmark using Spark. Spark won a fie with the Thamis team from WCSD. and jointly set a new world record in
sarting.

They used Spark and sorted 100TE of data using 206 EC2 2. 8xlange machines in 23 minutes, The previous
world record was T2 minutes, set by a Hadoop MapReduce cluster of 2100 nodes. This means that Spark sorted
the same data 31X faster using 10 fewer machines. All the sorting took place on disk (HDFS), without using
Spark's in-memory cache

Qutperforming large Hadoop MapReduce clusters on soring not only valldates the viskon and work done by the
Spark community, bt also demonstrates that Spark is fulfilling Its promise 1o serve as a faster and more
scalable engine for data processing af all sizes
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- Experimental setup

« Machine specification
* Node configuration

* Results & analysis
« What else for better performance?

« Conclusion



Machine specification (42 identical machines)

oo Q
10 Gigabit Ethernet \&

DELL PowerEdge R610

Results can be different

CPU ; in newer machines
Two X5650 processors | |

(Total 12 cores) | | !

Intel Xeon X5650 Intel Xeon E5-2670

Processor (Q1, 2010) Q1, 2012)
Memnry : ; Eg . ; Cores 6 * 2 processors 8 * 4 processors
Total 24Gb - . Memory 24GB 244GE
Disks 6 HDD's 8 S5D's

Disk
6 disks * 500GB/disk
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Node configuration
MapReduce-2.7.1 Tez-0.7.0 Spark-1.5.1 Flink-0.9.1

24GB on each node

for daemons

Executor (12GB) TaskManager (12GB)
Task slot 1 Task slot 1
Task slot 2 Task slot 2
Tez '
MapReduce can 3 e

Task slot 12 | Task slot 12

Internal Internal
memaory layout memory layout

12 simultaneous tasks
at most




Qutline

* Results & analysis

ink is faster than other engines due to its pipelined execution
« What else for better performance?

« Conclusion



How to read a swimlane graph & throughput graphs

Tas:ks

2™ stage

1st stage . 6"
Ath
grd

d 8
n Each line : duration of each task

i 1st

3 == = £ S

Time since job starts (seconds)

Cluster disk throughput| 2 nd stage

1+t stage

Disk read

. Cluster network throughput

2™ stage

- 6 waves of 1* stage tasks

- 1 wave of 2" stage tasks

- Two stages are hardly overlapped

Different patterns for different stages

No network traffic during 1** stage
15




Result of sorting 80GB/node (3.2TB)
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MapReduce Tez-0.7.0 Spark-15.1 Flink-09.1
in Hadoop-2.7.1

» Flink is the fastest due to its pipelined execution

« Tez and Spark do not overlap 1t and 2"¢ stages

+ MapReduce is slow despite overlapping stages

* Map output compression turned on for Spark and Tez

MapReduce
in Hadoop-27.1

Tez-0.7.0

Spark-1.5.1

Flink-0.9.1

2 stage

1= stage

1= stage

1= stage

2 Partition
1 DataSource

4 DataSink

2™ stage g
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Tez and Spark do not overlap 1%t and 2" stages

[] 74 Spor%

T () 2 stage stants | W 2esagestans |

2 Partition
1 DataSource

* Cluster disk throughput Cluster disk throughput

. R AT »
Disk write
Disk read : - ad 8 Disk read
Cluster network | - Cluster network .. Cluster network
throughput b throug hput @ j . throughput

Diisk write to HOFS occurs
after shuffling is done

: [ Output of 17 stage is sent 4 f;[ Cutput of 1% stage is sent

(3
Diisk write to HOFS ocours
after shuffling is done

Eidle ] 0
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Tez does not overlap 15t and 2" stages

scheduled w

o 500 1000 1500

» Tez has parameters to control the degree of overlap
+ tez.shuffle-vertex-manager.min-src-fraction : 0.2
« tez.shuffle-vertex-manager.max-src-fraction : 0.4

« However, 2"d stage is scheduled early but launched late

2000
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Spark does not overlap 15t and 2"9 stages

[ 00 1000 1500 JO00

» Spark cannot execute multiple stages simultaneously
+ also mentioned in the following VLDB paper (2015)

'- Experimental results of this paper
Clash of the Titans: MapReduce vs. Spark for Large Scale l - Spark is faster than MapReduce for WordCount, K-means, PageRank.

Data Analytics - MapReduce is faster than Spark for Sort.
Juwei Shit, Yunjie Qiv', Umar Faroog Minhas®, Limai .Jia‘.n . Chen Wang', Berthold ‘L.-
Reirwald'. and Fatma Ozcan' Spark doesn’t support the overlap
'IBM Fidsirch - CRana "IEM Mmadan Raesaandh Canter 5
DEXE. MOE and School of information, Reamn University of Crina ‘Tenghua Unvesty . between shuffle write and read stages.
Proceedings of the VLDB Endowment, Vol. 8. No. 13 ]
Copyright 2015 VLDB Endowment 2150-8097/15/09. Spark may want to support this overlap

in the future to improve performance.

.'/-
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MapReduce is slow despite overlapping stages

« mapreduce.job.reduce.slowstart.completedMaps : [0.0, 1.0]

0.05

[overlapping default) m
nd
2n stage 10%

e w Fan

improvement
i

« Wang's attempt to overlap spark stages

[SPARK-2387][Core]Remove Stage's barrier #3430 ,'
Hanhulwang wants 1o mearge 5 commits imo aseche master STOM L isshubengs SFas - 1580 '

r ! |k hailvwang commentad on 24 Nov 2014 :
Wang proposes to overlap stages I 10%777
tﬂ EIChIE‘u"E better utilizatinn l"‘“m,_\_ whien one kask of panend stage is nol Tnished, 5o cBher execulors IS ik, we can pre-stan the reduce B
__,-"- —-\-\-_H"-;-.__ Slage 1o make good use of Redsa e exaculon
This can achieve bether resounce utikzation and improve the overall job perfonmance, especially when wrly Spark & MapREdUCE‘
hefete S of exdculdis granted 1o the applcation in My Ro-cache apphoation's 1281, & mproves the gk

by about 10% ™ improve just 1097

lirur-antel @sryza f@rxin



