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1 Introduction

In recent years, companies, researches,
and goverments accumulate increasingly large
amounts of data that they process using ad-
vanced analytics. In order to process the data
in a reasonable amount of time the computa-
tion have to be distributed across hundreds or
thousands of computers. As a result, organiza-
tions are moving data analysis activities off of the
desktop and onto clusters of computers - public
and private “clouds”. However, programming
these clouds for a huge amount of data analy-
sis remains a challenge, since we have to be able
to handle machine failures, schedule processes,
MapReduce[1]

has proven itself as a powerful and cost-effective

partition the data and so on.

framework for data-intensive computing since it
can hide these complexities. It is very beneficial
for scientists to use the MapReduce program-
ming model because it makes distributed com-
putation easy.

MapReduce has been used in a variety of appli-
cations, including not only log analysis and cre-
ating inverted indexes, initially used by Google,
but also in genome analytics[2], astronomy|3],
and other fields of scientific research. To han-
dle large-scale data, MapReduce utilizes a dis-
tributed file system to store the input and out-
put of data. Google File System[4] is used as the
input and output of the MapReduce in Google.

Hadoop is a widely used open-source imple-
mentation of GFS/MapReduce and has been de-
ployed to multi-thousand node production clus-
ters. Hadoop utilizes the Hadoop Distributed
File System (HDFS)[7] to store input and out-

put data. However, HDFS does not support
the POSIX semantics since it is not required by
MapReduce workloads. It does not support file
modification other than the append operation af-
ter once closed. Also, HDFS does not support
concurrent writes to a single file from multiple
Lack of these features makes it diffi-

cult for applications other than Hadoop MapRe-

clients.

duce to access these file systems, including legacy
POSIX applications and MPI-IO applications.
We have proposed a solution[10] to this prob-
lem by implementing a Hadoop-Gfarm plugin
that enables access to the Gfarm file system
from Hadoop MapReduce applications. Gfarm
file system[9] is a global distributed file system
that has a POSIX compliant API and can exploit
data locality.

In this research we discuss the use of Hadoo-
Gfarm plugin in applications in wide area en-
vironment, analysing the use of replication in
Hadoop-Gfarm system since Gfarm’s replication
methods differ greatly from those of HDF'S. How-
ever, replication is an essential part of modern
distributed file systems to provide fault toler-
ance. We look into providing a solution to ap-
plications that lack fault tolerance capabilities
when using HDF'S, like Impala[8], an open source
low latency query engine used for data analytics
with Hadoop.

2 Background
2.1 MapReduce

MapReduce is a popular parallel program-
ming framework for processing large datasets.
MapReduce provides a simple API for writing



user-defined operations: a user only needs to
specify a serial map function and a serial reduce
function. The implementation takes care of ap-
plying these functions in parallel to a large set
of data. The programming model of MapReduce
splits a workflow into 3 phases: map, shuffle and

reduce.

map = (K1,V1) = [(K2,V2)]

reduce (K2,[V2]) — [(K3,V3)]

The map function takes a key and value of arbi-
trary types K1 and V1, and returns a sequence
of (key, value) pairs of possibly different types,
K2 and V2. In the shuffle phase, all values as-
sociated with the same key K2 are grouped into
a sequence and passed to the reduce function,
which emits arbitrary key-value pairs of a final
type K3 and V3.

In the MapReduce architecture there is a sin-
gle central master node where Job Tracker runs.
The job tracker manages all slave/worker nodes
and embraces a scheduler that assigns tasks to
idle slots. MapReduce master takes the location
information of the input files and attempts to
schedule a map task on the machine that con-
tains the input file. If that is not possible, it
tries to execute on the closest machine to the
one holding the input data file. This algorithm
conserves network bandwidth and exploits local-

ity to minimize computation time.

2.1.1 Hadoop

Hadoop is open-source implementation of
MapReduce
Apache Software Foundantion.

currently being developed by
The Hadoop
platform is now commonly considered to consist
of the Hadoop kernel, MapReduce and Hadoop
Distributed File System (HDFS), as well as a
number of related projects - including Apache
Hive[6], Apache HBase[5] and others.

2.2 Distributed File Systems

This section describes the architecture of
HDFS and Gfarm. Although many features are
common to both, there are also some important
differences.

2.2.1 HDFS

HDEFS is a distributed file system, which is nor-
mally used by Hadoop. It is designed to hold
very large amounts of data and provide high
throughput access. Files are split into chunks
which are managed by different nodes in the clus-
ter. Each chunk is replicated across several ma-
chines, so that a single machine failure does not
result in any data being unavailable. However,
HDFS relaxes some POSIX requirements in or-
der to achieve high throughput in streaming ac-
cess.

In scientific research, it is often the case that
researchers need to use existing POSIX software
such as MATLAB, as well as MPI, which is
widely used in high performance computing, can-
not run on HDFS. It is often necessary to import
files of the POSIX programs to a HDFS, run
MapReduce on them, then export the results to a
file system that can be read by a POSIX applica-
tion. Essentially, it needs to execute redundant

copy and storage operations.

2.2.2 Gfarm

Gfarm file system is a global distributed file
system that is conformable to the POSIX se-
mantics.
HDFS and Google File System in terms of feder-

ating local file systems on compute nodes. The

It has a similar architecture to the

Gfarm file system consists of a metadata server
(MDS) and I/O servers. The MDS manages the
system metadata including a hierarchical names-
pace, file attributes and the replica catalog. 1/O
servers provide file access to the local file system.
The client can access Gfarm using the Gfarm
client library. Also, Linux clients can mount the
Gfarm file system using the FUSE kernel mod-
ule. Files stored in the Gfarm file system can be
replicated and stored on any node and accessed
by any node.

One big difference between Gfarm and many
distributed file systems is that Gfarm does not
use file striping or divide the file into blocks, like
HDFS. In Gfarm large files are managed by a
file group, which is specified by a directory or
file name with a wildcard. Using file groups in-

stead of large files gives us one big afvantage over
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Fig 1: Interaction of Hadoop MapReduce and
Gfarm file system

file striping, namely that by splitting large files
into groups we can explicitly manage file replica
placement. This is key for file location aware

distributed data computing.

2.3 Hadoop-Gfarm plugin

The physical layout of HDFS and Gfarm are
very similar. The NameNode corresponds to
the Gfarm MDS, and DataNodes correspond to
Gfarm I/O servers. Both file systems federate
local file systems to provide a single file system.
Therefore, Gfarm can be deployed in the same
layout as HDFS. However, HDF'S splits files into
chunks which are distributed across several ma-
chines. Hadoop MapReduce allocates map tasks
corresponding these chunks. Meanwhile Gfarm
does not split files into chunks, but the disk ac-
cess pattern of Hadoop MapReduce tasks run-
ning on gfarm can be the same as HDF'S.

Suppose you run a MapReduce job on HDFS
with 4 tasks, each task processes the block
pointed to by the indicated line. However, when
you run the same MapReduce job on Gfarm,
each task processes either the first of last half
of its designated files. In this way, MapReduce
tasks can be distributed among multiple disks on
the Gfarm file system, same as HDFS.

In [10] the Hadoop-Gfarm plugin has been im-
plemented using the Hadoop Common utilities
that provides a FileSystem interface to enable
access to the Gfarm file system through the Java
Native Interface. It contains not only common

filesystem APIs such as open, read, write and

mkdir, but also getFileBlockLocations to expose
the data location of file replicas. Using this in-
terface, Hadoop MapReduce can allocate tasks

near input data, as depicted in 1.

3 Proposed Fault Tolerance Analysis

Distributed parallel computing requires relia-
bility to be useful. A single computer may fail
once a year. With 365 computers, one will fail
everyday. If you have a cluster with 36,500 com-
puters, failures will occur every hour. Reliability
is an essential feature for cloud computing pro-
cessings. Hadoop-Gfarm plugin has been imple-
mented without use of replication, making it not
a reliable system.

In this research we aim to provide fault tol-
erance to Hadoop-Gfarm plugin by making use
of replication. Different than HDFS, the Gfarm
allows to replicate not only the datanodes with
processing data, but also the Master node and
its metadata information. This solves the Single
Point of Failure that exists on HDFS. To im-
plement such feature we need to install Hadoop,
Gfarm and then Hadoop-Gfarm plugin to be able
to edit the replication configuration. Gfarm pro-
vides the gfrep command to create replicas but
also has automatic replication system. We ex-
plain the basic replication system available in
Gfarm in the next session.

3.1 Replication in Distributed File Sys-
tems

Replication methods are available in both

HDFS

uses chain replication, meaning that by the time

Hadoop and Gfarm, but differ greatly.

the client finishes writing the data, the replicas
have already been created.

However, Gfarm create replicas in the back-
ground after the client has finished writing the
data. Even if you create replicas, write perfor-

mances should not change.

4 Related Work
Trying to use a different distributed file system

with Hadoop has been explored in many oca-
sions, but most of them requires changes to the

system configuration or does not support most



important features. In [11] the authors com-
pare HDFS and PVFS, and show that PVFS
can perform as well as HDFS. However, they
have changed the configuration, increasing the
default 64 KB stripe size to 64 MB, the same
as the HDF'S block size. This change may cause
performance degradation in other applications.
CloudStore [12] is a distributed file system in-
tegrated with Hadoop through the Java Native
Interface. However, CloudStore lacks many of
the required features necessary for a general pur-
pose file system, such as security features and file
permissions. The GPFS on Hadoop Project [13]
allows Hadoop MapReduce applications to ac-
cess files on GPFS. However, it requires chang-
ing block size to 128 MB for MapReduce and 128
KB block size for online transaction processing.
This means the data cannot really be shared by
MapReduce applications and other applications
even in the same file system since the optimal
block size is different.

5 Conclusion and Work Proposal

In this paper we analyzed the currently mainly
used solutions for High Performance Cloud Com-
puting as a file system to the MapReduce frame-
work. The MapReduce framework has been
more and more utilized for data analysis process-
ing of large scale data. Distributed File System
with POSIX compliance is still a strong require-
The Hadoop-

Gfarm plugin enables Hadoop MapReduce to be

ment for scientific applications.

excute on Gfarm File System. However, this plu-
gin does not provide fault tolerance capabilities,
which is essential in a scalable distributed com-
puting system.

As the next steps for our work, we plan to de-
ploy th Hadoop-Gfarm plugin using replication
to provide fault tolerance. We will then bench-
mark the performance of the new Hadoop-Gfarm
plugin with this new reliability layer. Since
Gfarm’s replication structure runs in the back-
ground, the replication should not affect per-
formance results. Finally we plan to experi-
ment the system with real time applications, like

Impala[8]. This query engine currently runs over

HDF'S but does not present any reliability, limi-
tating its use in real life systems.
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