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HAM and HAL

MapReduce Others
(Data Processing) (Data Processing)

Slurm/HAM
(Cluster Resource Management)

Lustre*/HAL
(File Storege)

HPC Adapter for Mapreduce/Yarn Hadoop* Adapter with Lustre*
Replace YARN Job scheduler with Slurm * Replace HDFS with Lustre
* Plugin for Apache Hadoop 2.3 and CDH5 * Plugin for Apache Hadoop 2.3 and CDH5

* No changes to applications needed * No changes to Lustre needed
* Allow Hadoop environments to migrateto * Allow Hadoop environments to migrate
a more sophisticated scheduler to a general purpose file system
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HAM(HPC Adapter for Mapreduce)

 Why Slurm (Simple Linux Utility for Resource
Management)

* Widely used open source RM
* Provides reference implementation for other RMs to model
* QObjectives
* No modifications to Hadoop® or its APIs
* Enable all Hadoop applications to execute without modification
* Maintain license separation
* Fully and transparently share HPC resources

* Improve performance
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HAL(Hadoop™ Adaptor for Lustre’)

MapReduce Others
(Data Processing) (Data Processing)

NA
(Cluster Resource Management)

HDFS
(File Storege)
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The Anatomy of MapReduce
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Optimizing for Lustre™ Eliminating Shuffle
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Lustre*
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HAL

« Based on the new Hadoop™ architecture

Packaged as a single Java’ library (JAR)

« Classes for accessing data on Lustre™ in a Hadoop* compliant
manner. Users can configure Lustre Striping.

* Classes for “Null Shuffle”, i.e., shuffle with zero-copy

» Easily deployable with minimal changes in
Hadoop* configuration

* No change in the way jobs are submitted
* Part of IEEL
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'Apache Hadoop Ecosystem
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Example: CSCS Lab
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Steps to install Hadoop™ on Lustre*

Prerequisite

* Lustre* cluster, hadoop user

Install HAL on all Hadoop* nodes, e.g.

 #cp.lieel-2.x/hadoop/hadoop-lustre-plugin-2.3.0.jar
$HADOOP_HOME/share/hadoop/common/lib

Prepare Lustre* directory for Hadoop*, e.g.

# chmod 0777 /mnt/lustre/hadoop

# setfacl -R -m group:hadoop:rwx /mnt/Ilsutre/hadoop
# setfacl -R -d -m group:hadoop:rwx /mnt/lustre/hadoop

Configure Hadoop* for Lustre*
Start YARN RM, NM and JobHistory servers
Run MR job
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Hadoop™* configuration for Lustre*

= core-site.xml

fs.defaultFS lustre:/// Configure Hadoop to use
Lustre as the default file
system.
fs.root.dir /mnt/lustre/hadoop Hadoop root directory on
Lustre mount point.
fs.lustre.impl org.apache.hadoop.fs.LustreFile Configure Hadoop to use
System Lustre Filesystem

fs.AbstractFileSystem.lustr org.apache.hadoop.fs.LustreFile Configure Hadoop to use
e.impl System$LustreFs Lustre class
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Hadoop* configuration for Lustre*(cont.)

* mapred-site.xml

mapreduce.map.speculative

mapreduce.reduce.speculative

mapreduce.job.map.output.coll
ector.class

false

false

org.apache.hadoop.mapred.Sh
aredFsPlugins$MapOutputBuff
er

mapreduce.job.reduce.shuffle.c org.apache.hadoop.mapred.Sh

onsumer.plugin.class

aredFsPlugins$Shuffle

Turn off map tasks speculative
execution (this is incompatible with
Lustre currently)

Turn off reduce tasks speculative
execution (this is incompatible with
Lustre currently)

Defines the MapOutputCollector
implementation to use, specifically
for Lustre, for shuffle phase

Name of the class whose instance
will be used to send shuffle
requests by reduce tasks of this job
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Start and run Hadoop™ on Lustre®

e Start Hadoop*

« start difference services in order on different nodes
*  yarn-daemon.sh start resourcemanager
* yarn-daemon.sh start nodemanager

* mr-jobhistory-daemon.sh start historyserver

 Run Hadoop*
#hadoop jar $HADOOP_HOME/hadoop-mapreduce/hadoop-mapreduce-examples.jar pi 4 1000

Number of Maps =4
Samples per Map = 1000
Wrote input for Map #0
Wrote input for Map #1
Wrote input for Map #2
Wrote input for Map #3
Starting Job

Job Finished in 17.308 seconds
Estimated value of Pi is 3.14000000000000000000
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HBase configuration for Lustre*

* Include HAL to HBase classpath

 hbase-site.xml

hbase.rootdir lustre:///hbase The directory shared by
region servers and into

which HBase persists.

fs.defaultFS lustre:/// Configure Hadoop to use Lustre
as the default file system.

fs.lustre.impl org.apache.hadoop.fs.LustreFileSyste = Configure Hadoop to use Lustre
m Filesystem

fs.AbstractFileSystem.lustre.imp org.apache.hadoop.fs.LustreFileSyste = Configure Hadoop to use Lustre

| m$LustreFs class

fs.root.dir /scratch/hadoop Hadoop root directory on Lustre

mount point.
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Hive configuration for Lustre*

 hive-site.xml

hive.metastore.warehouse.dir lustre:///hive/warehouse Location of default database
for the warehouse

Aux Plugin Jars (in classpath) for HBase integration:
hbase-common-xxx.jar

hbase-protocol-xxx.jar

hbase-client-xxx.jar

hbase-server-xxx.jar
hbase-hadoop-compat-xxx.jar

htrace-core-xxx.jar
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Experiments

« Swiss National Supercomputing Centre(CSCS)
« Read/write performance evaluation for Hadoop on Lustre*

e Benchmark tools
e HPC:iozone
 Hadoop*: DFSIO and Terasort

 Intel BigData Lab in Swindon (UK)

* Performance comparison of Lustre* and HDFS for MR

 Benchmark tool: A query of Audit Trail System part of FINRA
security specifications

* Query average execution time
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Experiment 1: CSCS Lab
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4.59 GB/s

3.73 GBis

2.79 GB/is

1.86 GBis

954 MB/s

0

854 MB/s

1.86 GBis

2.79 GB/is

3.40 GB/s

lozone: baseline

« Baseline: peak performance of 3.4GB/sec writing and

4.59GB/sec reading

* Qur goal: achieve the same performance using Hadoop on

Lustre*.

@ read write

Write Re-write

02:23:20 PM 02:25:00 PM 02:26:40 PM 02:28:20 PM 02:30:00 PM 02:31:40 PM 02:33:20 PM 02:35:00 PM 02:36:40 PM 02:38:20 PM 02:40:00 PM 02:41:40 PM

Jun 5,2014,2:23 - 2:43 PM
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DFSIO

e 72 map tasks, 8 map tasks on each node manager, and 10GB
data each map task

* Peak performance: 3.28GB/sec writing and 5.42GB/sec reading

@read Write

5.42 GB/s

4,66 GB/s

3.73 GBls

2.79 GB/s

1.86 GB/s

954 MB/s

]

954 MB/s

WRITE

1.86 GB/s

2.79 GBfs

3.28 GB/s
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Jun §5,2014, 2:45 - 2:59 PM




Terasort

« 72 map tasks,144 reduce tasks and 500GB data size

* Peak performance: all throughput 3.9GB/sec (2.2GB/sec
reading and 1.7GB/sec writing)

@read Write
2.36 GB/s
\ 2.2GB/sec
1.86 GB/s
READ
140 GB/s
954 MB/s
477 MBls
]
477 MBls W
23 min
954 MB/s
140 GBIs 1.7GB/sec
e +«— WRITE
04:06:40 PM 04:10:00 PM 04:13:20 PM 04:16:40 PM 04:20:00 PM 04:23:20 PM 04:26:40 PM 04:30:00 PM 04:33:20 PM 04:36:40 PM 04:40:00 PM 04:43:20 PM

Jun §, 2014, 4:05 - 4:44 PM
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Experiment 2: Intel BigData Lab

+ HDFS

* 1x Resource Manager + 8x Node manager

* Intel(R) Xeon(R) CPU E5-2695 v2 @ 2.40GHz, 320GB cluster RAM, 1 TB SATA
7200 RPM, 27 TB of usable cluster storage

e Lustre*

e 1xMDS +4x 0SS + 16x OST

 CPU- Intel(R) Xeon(R) CPU E5-2637 v2 @ 3.50GHz , Memory - 128GB DDr3
1600mhz, 1 TB SATA 7200 RPM, 165 TB of usable cluster storage

* 1x Resource Manager + 1x History Server + 8x Node Manager

* Intel(R) Xeon(R) CPU E5-2695 v2 @ 2.40GHz, 320GB cluster RAM, 1 TB SATA
7200 RPM

« Stripe size = 4MB
(Redhat 6.5, CDH 5.0.2, IEEL*2.0+HAL, 10Gbps Network)
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Results

Effect of Different Stripe Count
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Lustre* performs better on larger stripe count
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Results

MR Job Execution Time Comparisons

14000

12000

10000 —‘

8000
6000

O HDFS

M Lustre (SC=4)
4000

M Lustre (SC=16)
2000

Query Execution time (secs)

100GB  500GB 1TB 77TB
Database Size

0

Lustre* = 3 X HDFS for optimal SC settings

*

Other names and brands may be claimed as the property of others.




Results

Lustre in Concurrent Workload
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Conclusion and future work

* Intel is working to enable leveraging of existing HPC resources
for Hadoop".

 Hadoop* on Lustre* shows better performance than HDFS by
increasing stripe count number.

* Full support for Hadoop

Cloudera cetification (in progress)
* Optimization and large scale performance testing

* Real life applications from different industries.
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Risk Factors

The above statements and any others in this document that refer to plans and expectations for the third quarter, the year and the future
are forward-looking statements that involve a number of risks and uncertainties. Words such as “anticipates,” “expects,” “intends,”
‘plans,” “believes,” “seeks,” “estimates,” “may,” “will,” “should” and their variations identify forward-looking statements. Statements that
refer to or are based on projections, uncertain events or assumptions also identify forward-looking statements. Many factors could
affect Intel's actual results, and variances from Intel’s current expectations regarding such factors could cause actual results to differ
materially from those expressed in these forward-looking statements. Intel presently considers the following to be the important factors
that could cause actual results to differ materially from the company’s expectations. Demand could be different from Intel's expectations
due to factors including changes in business and economic conditions; customer acceptance of Intel’'s and competitors’ products; supply
constraints and other disruptions affecting customers; changes in customer order patterns including order cancellations; and changes in
the level of inventory at customers. Uncertainty in global economic and financial conditions poses a risk that consumers and businesses
may defer purchases in response to negative financial events, which could negatively affect product demand and other related matters.
Intel operates in intensely competitive industries that are characterized by a high percentage of costs that are fixed or difficult to reduce
in the short term and product demand that is highly variable and difficult to forecast. Revenue and the gross margin percentage are
affected by the timing of Intel product introductions and the demand for and market acceptance of Intel's products; actions taken by
Intel's competitors, including product offerings and introductions, marketing programs and pricing pressures and Intel's response to
such actions; and Intel’s ability to respond quickly to technological developments and to incorporate new features into its products. The
gross margin percentage could vary significantly from expectations based on capacity utilization; variations in inventory valuation,
including variations related to the timing of qualifying products for sale; changes in revenue levels; segment product mix; the timing and
execution of the manufacturing ramp and associated costs; start-up costs; excess or obsolete inventory; changes in unit costs; defects or
disruptions in the supply of materials or resources; product manufacturing quality/yields; and impairments of long-lived assets,
including manufacturing, assembly/test and intangible assets. Intel's results could be affected by adverse economic, social, political and
physical/infrastructure conditions in countries where Intel, its customers or its suppliers operate, including military conflict and other
security risks, natural disasters, infrastructure disruptions, health concerns and fluctuations in currency exchange rates. Expenses,
particularly certain marketing and compensation expenses, as well as restructuring and asset impairment charges, vary depending on
the level of demand for Intel's products and the level of revenue and profits. Intel’s results could be affected by the timing of closing of
acquisitions and divestitures. Intel's results could be affected by adverse effects associated with product defects and errata (deviations
from published specifications), and by litigation or regulatory matters involving intellectual property, stockholder, consumer, antitrust,
disclosure and other issues, such as the litigation and regulatory matters described in Intel's SEC reports. An unfavorable ruling could
include monetary damages or an injunction prohibiting Intel from manufacturing or selling one or more products, precluding particular
business practices, impacting Intel’s ability to design its products, or requiring other remedies such as compulsory licensing of
intellectual property. A detailed discussion of these and other factors that could affect Intel's results is included in Intel's SEC filings,
including the company’s most recent reports on Form 10-Q, Form 10-K and earnings release.




