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Big Data : 100 and more applications...



Basic Hadoop principles: Distributed storage and MapReduce runtime

 Hadoop Distributed File System = HDFS : where Hadoop stores the data
– This file system spans all the nodes in a cluster with locality awareness

 Hadoop computation model = MapReduce
– Data stored in a distributed file system spanning many inexpensive computers
– Bring function to the data
– Distribute application to the compute resources where the data is stored

MapReduce Application

1. Map Phase
(break job into small parts)

2. Shuffle
(transfer interim output
for final processing)

3. Reduce Phase
(boil all output down to
a single result set)

Return a single result setResult Set

Shuffle

public static class TokenizerMapper 
   extends Mapper<Object,Text,Text,IntWritable> {
  private final static IntWritable
     one = new IntWritable(1);
  private Text word = new Text();

  public void map(Object key, Text val, Context
    StringTokenizer itr =
       new StringTokenizer(val.toString());
    while (itr.hasMoreTokens()) {
    word.set(itr.nextToken());
      context.write(word, one);
    }    
  }
}

public static class IntSumReducer 
   extends Reducer<Text,IntWritable,Text,IntWrita
  private IntWritable result = new IntWritable();

  public void reduce(Text key,
     Iterable<IntWritable> val, Context context){
    int sum = 0;
    for (IntWritable v : val) {
      sum += v.get();

. . .

public static class TokenizerMapper 
   extends Mapper<Object,Text,Text,IntWritable> {
  private final static IntWritable
     one = new IntWritable(1);
  private Text word = new Text();

  public void map(Object key, Text val, Context
    StringTokenizer itr =
       new StringTokenizer(val.toString());
    while (itr.hasMoreTokens()) {
    word.set(itr.nextToken());
      context.write(word, one);
    }    
  }
}

public static class IntSumReducer 
   extends Reducer<Text,IntWritable,Text,IntWrita
  private IntWritable result = new IntWritable();

  public void reduce(Text key,
     Iterable<IntWritable> val, Context context){
    int sum = 0;
    for (IntWritable v : val) {
      sum += v.get();

. . .

Distribute map
tasks to cluster

Hadoop Data Nodes
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A Typical HDFS Environment

MapReduce Cluster

NFS
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 Uses disk local to each server

 Aggregates the local disk space into a single, redundant shared file system

 The open source standard file systems used in partnership with Hadoop 
MapReduce

namenodes



MapReduce Environment Using GPFS-FPO (File Placement Optimizer)

MapReduce Cluster
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 Uses disk local to each server

 Aggregates the local disk space into a single redundant shared file system

 Designed for MapReduce workloads 

 Unlike HDFS, GPFS-FPO is POSIX compliant – so data maintenance is easy

 Intended as a drop in replacement for open source HDFS (IBM BigInsights product 
may be required)
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SpectrumScale ­ “old” connector

On every node

2.5.1 IBM Spectrum Scale (GPFS) Hadoop connector 2.7

https://www.ibm.com/developerworks/community/wikis/home?lang=en#!/wiki/General%20Parallel%20File%20System%20%28GPFS%29/page/Hadoop%20Connector%20Download%20%26%20Info?section=OverviewOfConnector
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GPFS connector 
Server

Map/Reduce API

Hadoop FS APIs

Applications

Higher-level languages: 
Hive, BigSQL JAQL, Pig 

…

Applications

HDFS Client

GPFS

HDFS RPC

SpectrumScale ­ “new” connector ­ transparency

     
 

Hadoop FileSystem 
API

Hadoop FileSystem 
API

Hadoop FileSystem 
API

HDFS Client HDFS Client HDFS Client

 Hadoop client  Hadoop client  Hadoop client

hdfs://hostnameX:portnumber

HDFS RPC over 
network

C
onnector

 Connector  on 
libgpfs,posix API 

 Connector  on 
libgpfs,posix API 

GPFS  node GPFS  node

GPFS Connector
Service

GPFS Connector 
Service



Multiple Hadoop Cluster over the same SpectrumScale FS

ESS

• Multiple Hadoop cluster over the same GPFS file system for different application 
isolation(e.g. node1/2/3 for Hadoop cluster1; node4/5/6 for Hadoop cluster2)

• GAed in 2015/11/20

shared 
storage

HDFS transparency

Spectrum Scale(GPFS)

/share/gpfs/fileset_C1 /share/gpfs/fileset_C2

- use filesets
- HDFS access
  is limited to 
  gpfs.data.dir
(gpfs-site.xml)



Multiple Hadoop Cluster over the same SpectrumScale FS

- space and quota management

- storage tiers (slow, fast, flash… ) 

- fall back for update/upgrade scenarios of HadoopCluster 
(by re-linking fileset) 

- scaling effects .. 

- data ingest / extract with POSIX

- lower RAIDoverhead
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SpectrumScale ­ connector  versions and packaging

gpfs.hadoop-connector-2.7.0-6.x86_64.rpm

gpfs.hdfs-protocol-2.7.0-1.x86_64.rpm

„old“- version

„new“- version / transparency

HDFS transparency is decoupled from GPFS, (not shipped in 
GPFS 4.2 package)

Down load the connector from IBM developerWorks GPFS wiki
https://www.ibm.com/developerworks/community/wikis/home?lang=en#!/wiki/General%20Parallel%20File%20System%20%28GPFS%29/page
/Hadoop%20Connector%20Download%20%26%20Info?section=2.4.1GPFSHadoopConnector2.7

   GPFS 4.1/4.1.1/4.2+ can work with HDFS transparency

  Guide will be available from GPFS connector homepage in IBM 
    developerWorks GPFS wiki

https://www.ibm.com/developerworks/community/wikis/home?lang=en#!/wiki/General%20Parallel%20File%20System%20%28GPFS%29/page/Hadoop%20Connector%20Download%20%26%20Info?section=2.4.1GPFSHadoopConnector2.7
https://www.ibm.com/developerworks/community/wikis/home?lang=en#!/wiki/General%20Parallel%20File%20System%20%28GPFS%29/page/Hadoop%20Connector%20Download%20%26%20Info?section=2.4.1GPFSHadoopConnector2.7


HDFS Transparency – supported environments



GPFS HDFS Transparency  ­ implementation details

Supported Hadoop Version

Hadoop 2.7.x(fully tested)

Hadoop 2.6.x(sniff tested)

Hadoop 2.x other than 2.6/2.7(the compatibility is ensured by community)

Key Advantages  (for transparency)

 HDFS hard-coded workloads can run, e.g. impala, webHDFS etc

 Leverage HDFS client cache for better performance

 No need to install GPFS client on Hadoop computing nodes

 Fully Kerberos support in Hadoop ecosystem

https://www.ibm.com/developerworks/community/wikis/home?lang=en#!/wiki/General%20Parallel%20File%20System%20%28GPFS%29/page/HDFS_Transparency

Implementation Guide



HDFS Transparency – configuration overview

• install gpfs.hdfs-protocol-2.7.0-0.<arch>.rpm
• /usr/lpp/mmfs/hadoop/sbin/mmhadoopctl connector syncconf <your 

hadoop config dir>
• cd /usr/lpp/mmfs/hadoop/etc/hadoop; 

cp gpfs-site.xml.template gpfs-site.xml
• Modify gpfs-site.xml according mount point and data directory 
• configure slaves
• /usr/lpp/mmfs/hadoop/sbin/mmhadoopctl connector start|stop

Note: connector logs are stored under /usr/lpp/mmfs/hadoop/logs/.

  Having a Hadoop / IOP  cluster 
- stop IOP, 
- optionally : recycle hdfs

  Having an up n running GPFS cluster / filesystem 

 Customize in Ambari GUI / directly 
- hdfs-site.xml
- core-site.xml



Hadoop Job Execution with gpfs.hdfs­protocol

Yarn Resource 
Manager

Yarn Node 
Manager

Yarn Node 
Manager

Yarn Node 
Manager

Node1 Node2 Node3 Node4

• Configure (connector) name node or nameNodeHA
• Configure data nodes (regular GPFS clients, sharing te same config gpfs-site.xml) 
• Syncronize config 
• Start connector
• Start applications

Hadoop 
FileSystem

Hadoop 
FileSystem

Hadoop 
FileSystem

Hadoop 
FileSystem

 Connector  
Namenode

 DataNode  DataNode  DataNode

HDFS Client HDFS Client HDFS Client HDFS Client



Current IOP:
Set to 
maintenance mode

HDFS Transparency – configuration overview
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Characteristics / considerations:
- low budget hardware
- lots of notes
- lots of drives
- MTBF / AFR  of a physical disk drive  

 SpectrumScale comes with a preconfigured automatism for restriping data

 (nodes) / disks, exceeding a specified counter (when down), will be emptied by
restriping data with remaining drives  

 Configurations change to cluster config / node based

 Control mechanism for disk local/remote/ fastest disk access

SpectrumScale – special configuration in FPO environments



[root@n1 ~]# mmchconfig restripeOnDiskFailure=yes
mmchconfig: Command successfully completed
mmchconfig: Propagating the cluster configuration data to all

  affected nodes. 

[root@n1 ~]# mmfsadm dump config | grep -i restripeOnDiskFailure
[root@n1 ~]# 

[root@n1 ~]# mmlsconfig | grep -i restripeOnDiskFailure
restripeOnDiskFailure yes
[root@n1 ~]# 
[root@n1 ~]# mmfsadm dump config | grep -i restripeOnDiskFailure
[root@n1 ~]# 

restripeOnDiskFailure

SpectrumScale – restripeOnDiskFailure



[root@n1 ~]# mmlscallback system | grep  Disk -A 5
gpfsRecoverFailedDisk
        command       = /usr/lpp/mmfs/bin/mmcommon
        priority      = 1
        sync          = false
        event         = diskFailure
        parms         = recoverFailedDisk %fsName %diskName

gpfsRestartDownDisks
        command       = /usr/lpp/mmfs/bin/mmcommon
        priority      = 1
        sync          = false
        event         = nodeJoin
        parms         = restartDownDisks %myNode %clusterManager %eventNode

gpfsStopFailedDisk
        command       = /usr/lpp/mmfs/bin/mmcommon
        priority      = 1
        sync          = false
        event         = nodeLeave
        parms         = stopFailedDisk %myNode %clusterManager %eventNode

SpectrumScale – restripeOnDiskFailure



   mmchconfig metadataDiskWaitTimeForRecovery=seconds   (default 2400 sec.)
   mmchconfig dataDiskWaitTimeForRecovery=seconds       (default 3600 sec.)
   mmchconfig minDiskWaitTimeForRecovery=seconds        (default 1800 sec.)
   mmchconfig maxDownDisksForRecovery=disks        (default 16 disks)
   mmchconfig maxFailedNodesForRecovery=nodes     (default 3 nodes)

tschdisk start -a / restripefs -r

gpfsRecoverFailedDisk

nodeJoin
gpfsRestartDownDisks

nodeLeave,diskFailure

SpectrumScale – restripeOnDiskFailure

Logfiles:

/var/adm/ras/mmfs.log.latest
/var/adm/ras/restripefsOnDiskFailure.log.
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SpectrumScale ­ RepWriteStream

C1
C2 C3

Single source replication:
– throughput is bounded by outgoing bandwidth of the source/N

The more Copies to write, the higher bandwidth is needed

[root@n1 ~]# mmchconfig enableRepWriteStream=yes
mmchconfig: Command successfully completed
mmchconfig: Propagating the cluster configuration data to all
  affected nodes.  This is an asynchronous process.

[root@n1 ~]#

Pipelined replication
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SpectrumScale – avoid read from remote copy

New:
mmchconfig readReplicaPolicy=fastest -i -N all

Old:  mmchconfig readReplicaPolicy=local -i -N all
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16.03.16 Template Documentation

News in current release (4.1.x ) 

In a file system with replicas > 1,
before doing a read, we can choose, depending on some rules, 

from which disk to read the data so as to get better performance. 

termed "read replica policy".

...these rules...
In the older implementation(s), there is only one such rule called 
"LOCAL". 

The LOCAL rule instructs gpfs to choose the replica that is closer to the node 
that has issued the read, where "closer" means:

1.  Prefer locally attached disk over NSD servers
2.  Among NSD servers, prefer the server that is on the same subnet as the
     node issuing the read over the one on a different subnet

 

read from fastest disk   ( 1 / 2 )  
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16.03.16 Template Documentation

configure read policy and set the related parameter

- we can name the current read replica policy as "default" 

- this newly designed as "fastest", 

- changeable 

mmchconfig readReplicaPolicy=fastest –i
mmchconfig readReplicaPolicy=default ­i
mmlsconfig readReplicaPolicy

News in current release (4.1.x ) 

read from fastest disk   ( 2 / 2 )
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16.03.16 Template Documentation

News in current release (4.1.x ) 

read from fastest disk   - further details 

For the fastest policy, we also have some configure settings to tune its behavior:

mmchconfig fastestPolicyNumReadSamples=xx –i 

mmchconfig fastestPolicyCmpThreshold=xx -i

mmchconfig fastestPolicyMaxValidPeriod=xx -i

mmchconfig fastestPolicyMinDiffPercent=xx –I

fastestPolicyNumReadSamples [3 ~ 100], the default is 5 how many latest read samples we take to 
evaluate the disk's recent speed

fastestPolicyCmpThreshold range >= 3, the default is 50 if a disk's comparison count becomes greater 
than this value, we'll force to select this disk as 
the preferred disk to read so as to update its 
current evaluation speed

fastestPolicyMaxValidPeriod range  >= 1 and in unit of 
seconds, the default is 600 (i.e. 
10 min)

after this period of time, the disk's current speed 
evaluation is considered invalid if a disk's 
comparison count becomes greater than this 
value, we'll force to select this disk as the 
preferred disk to read so as to update its current 
evaluation speed

fastestPolicyMinDiffPercent [0, 100], the default is 50 how we judge which disk is considered fast 
between two disks
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