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Abstract—Big Data which is one of the newest
technologies in the present field of science and
technology has created an enormous drift of technology
to a salient data architecture. The next thing that comes
right after big data is Hadoop which has motivated the
complete Big Data Environment to its jurisdiction and
has reinforced the complete storage and analysis of big
data. This paper discusses a hierarchical architecture of
Hadoop Nodes namely Namenodes and Datanodes for
maintaining a High Availability Hadoop Distributed File
System. The High Availability Hadoop Distributed File
System architecture establishes itself onto the two
fundamental model of Hadoop that is Master-Slave
Architecture and elimination of single point node failure.
The architecture will be of such utilization that there will
be an optimum load on the data nodes and moreover there
will be no loss of any data in comparison to the size of
data.

Index Terms—Hadoop, Namenode, Datanode, Big Data,
Architecture

|. INTRODUCTION

Big Data, as we all know, is becoming a new
technological trend in the industries, in science and even
businesses. Our activities on a daily basis, be it
interaction with machines, surfing websites and every
other activity that we perform generate data, on a huge
scale. These generated data come with responsibility for a
proper administration, proper storage and processing
mechanisms.

Numerous researches have been done and are still
being done to make the storage and processing
mechanism effective so that the end-users have a hassle-
free experience with these technologies. One of the most
popular frameworks that capacitate the motion of storing,
managing and analyzing of the huge amount of data is
Hadoop.

What and why Hadoop? Due to the open-source nature
of Hadoop, it is one of the preferable tools for the task of
storing an enormous amount of data and legitimate
analysis of the data to generate effective results. Hadoop
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is a database which is used for processing large number
and large size of datasets. It is based on the concept of
Master-Slave architecture. The Master (Namenode),
which is responsible for the storage of the metadata about
the Slaves (Datanodes). Moreover, the Hadoop
architecture also ensures the elimination of Single point
Node failure as this can lead to huge amount of data loss.

Presently, the minimization of Single Point of Failure
in Hadoop Distributed File System has been taken into
consideration in the architecture by deploying Quorum
Journal Manager that further deploys Journal Nodes
across the system to maintain concurrency between the
Namenodes. The Quorum Journal Manager connects with
the Namenodes of the Architecture and tries to maintain
the concurrency between the Namenodes by maintaining
edit logs of the system. If at any point in time if an
Namenode fails then another Namenode can simply take
the place of the failed Namenode by fetching out the edit
logs.

The Namenode of Hadoop contains the directory tree
files of all the blocks of data that are distributed over the
data nodes for the faster computational purpose, but if at
any point of time the Namenode fails, then the complete
metadata of the distribution of data files across the
Datanodes will be lost. So for preventing such kind of
failures, a separate metadata table, FSImage file and edits
log file is maintained in the Secondary Namenode.
However, the Secondary Namenode can never be
considered as the replacement of Namenode because it
only takes care of the metadata of the Namenode.

The computation of all the task that takes place in
Hadoop is achieved by enforcing the Map-Reduce
algorithms onto the data sets. Whenever data is stored in
the Hadoop Distributed File System, the data is divided
and also replicated across the Datanodes based on the
block sizes and the replication factor which are either set
up by the administrator or the default values that comes
with Hadoop versions for the proper maintenance of data.
Now when a Map-Reduce task is enforced upon the data
for certain computations, then the task or the job is
carried out parallelly across the Datanodes. This process
of computation on large datasets that prevails in today’s
market, when performed parallelly across various Data
Nodes gives results efficiently and accurately.
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The High Availability Hadoop Distributed File System
is an architecture that allows us to maintain the Hadoop
Distributed File System in such a way that the data
storage is never affected by the occurrence of any failures
of the Data Nodes or the Namenodes. HAHDFS follows a

hierarchical model of storing the metadata of the
Datanodes that is connected to it. Moreover, the
HAHDFS follows a load balancing method to check the
load on a particular Namenode for the computation of
certain task. However, at any instant of time if it is found
that the load on a particular Namenode has reached the
threshold limit, and the computation of certain task is
querying for more resources, then the system activates
more Namenodes based upon the computational
requirements.

The Master Slave Architecture of Hadoop is a
prevalent method of the Hadoop Distributed File System.
The Hadoop Distributed File System ensures that the
Master Node is kept with Data Nodes attached to it. The
Master Node maintains the metadata table for the
concurrency control between the data that is stored in the
Data Nodes. Whenever a data is inserted in the Data
Node, the Data Node basically breaks the data into tiny
pieces for faster optimization. Also the Pieces of the data
are then replicated into various Nodes for proper fetching
during processing of the Data. The Replication of the
Data in the Data Nodes are then maintained and kept in
record in the metadata table that is maintained in the
master node of the Hadoop Distributed File System. The
Metadata table is always kept updated by the system for
maintaining the proper concurrency between the data
splits. The Splitting of the data is basically determined by
the block size of the Hadoop Distributed File System as
each data split account for the size of block. The default
block size of the Hadoop Distributed File System is
64MB.

The Single Point of Node Failure of the system is
addressed by keeping a Secondary Name in the system.
The Secondary Namenode maintains the metadata table.
The Secondary Namenode comes into effect when the
Master Namenode either fails or gets disconnected to the
system. The Secondary Namenode does not act as the
Master Namenode but acts as a backup for the Master
Namenode to prevent the meta data to get lost. The
Secondary Namenode previously had to be manually
activated by the Administrator of the system, but
presently it can be activated automatically by the
Zookeeper whenever the Master Namenode fails.

Il. STATE OF THE ART

In the present world, each and every second holds the
generation of the enormous amount of data. The storage
of such large and useful data is one of the most primary
tasks, and also, the effective analysis of such huge
amount of data to get adequate results is very important.
On a second note, such huge amount of data may lead to
consumption of a huge amount of time and also require
high-end hardware to process the data. So, for reducing
the time consumption by the systems and reduction of
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load on every system, we go for a new architecture of
systems of Hadoop Distributed File System based on the
hierarchical approach of control.

In the year 2013, Azzedin[1] proposed an architecture
which reduces the dependency of the size of metadata on
the Namenode and also proposed a fault tolerant and
highly scalable Hadoop Distributed File System. The
metadata of the storage allocation and replication of the
data is mainly stored in the RAM of the Namenode, so
storing the metadata of a huge amount of data results in
the increase of load on a single Namenode. Therefore, the
architecture establishes itself properly on managing huge
metadata by enrolling itself into a Chord protocol based
architecture which directly connects to the HDFS to
provide with a suitable solution to the scalability of the
system. As the system uses a Chord Protocol, it impacts
the system in the way of increasing complexity of Single
HDFS Namenode Architecture.
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Fig.1. Hadoop Ecosystem

Fig.2. Map-Reduce process

Wang[2] in the year 2013, proposed an application
framework of HDFS for processing of small and medium
sized data. The Hadoop Architecture, which is one of the
most sought after database framework for storing and
analyzing Big Data has got some faults regarding
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processing small and medium sized data sets. The
relativity regarding the processing speed of the data is
quite unbalanced in Hadoop as the processing speed of
large and small data is more or less the same. So, in the
proposed architecture, a caching mechanism is combined
with the HDFS architecture to optimize the processing of
small files. The increase in the size of the disk cache has
significantly improved the processing speed of small data
sets and led to the optimization of the system.

In 2014, KIM et al.[4] suggested a new HDFS
Architecture consisting of several Namenodes to resolve
the significant issues faced by an HDFS such as Single-
Point- of-Failure (SPOF), Namespace limitation and Load
Balancing Problem. Single-Point- of-Failure can be easily
resolved by Quorum Journal Manager (QJM) which is
available in Hadoop Versions of 2.1 and later. QIJM
manages and advocates Journal Nodes which carry the
edit logs of the Namenode so that the Single-point- of-
Failure can be removed in such a case. However, the
namespace limitation and load balancing problem still
pertains in the system. Therefore, to remove such
dependencies, the paper proposes an architecture of
establishing multiple Namenodes where one acts as the
primary Namenode and others as the backup Namenodes.

Islam et al.[10] in 2015, proposed a Hybrid Design
(Triple H) for ensuring effective data placement policies
to speed up HDFS on HPC Clusters. The major idea
behind the Hybrid design was the inclusion of High-
Performance Hardware to the HDFS. The addition of
such High- performance hardware has evaluated the
system to be more optimized and more scalable. As the
Hadoop Architecture maintains the complete metadata
into the primary memory of the Namenode, so if the
primary architecture of the Namenode is replaced with
High-performance hardware then the 1/0 bottlenecks will
also be minimized. This system will further result in an
effective utilization of the Heterogeneous Storage
resources that are available on HPC clusters.

In 2017, Stamatakis et al.[9] proposed a general-
purpose architecture for High Awvailability Metadata
Services. Metadata is one of the most important
components of distributed file system. The metadata
services are often considered as an independent
component of the system, rather than a part of the data
servers due to the simplicity of the design. Accessibility
of metadata is looked forward as a key procedure to the
interaction between the client and the data set that is
stored in the data server because if a client is unable to
access the metadata properly, then he might not even be
able to access the datasets. Parallel Virtual File System
(PVFS) and Hadoop Distributed File System (HDFS)
have been offering highly available metadata services.
However, both the distributed file system have specific
disadvantages. Such as PVFS provides stateless
replication of data blocks of the data on defined metadata
servers over a shared network accessible storage due to
which it suffers single point failures. The HDFS provides
quorum based replication of data blocks which also puts a
limit to the storage of metadata onto the main memory
due to its checkpoint and roll forward solution. Thus the

Copyright © 2017 MECS

paper proposes a high availability solution to the
metadata services by incorporating the file systems with a
general purpose architecture of replicated metadata
service (RMS). The RMS implements a type of service
which replicates the metadata for guaranteed accessibility
throughout the file system.

In the year 2013, Liu et al.[6] proposed a new
architecture for maintaining metadata effectively and
efficiently by incorporating the system with two
symmetrical nodes and Quorum-based third party node.
As the Namenode in Hadoop is susceptible to Single-
point- Failure, the author has proposed two symmetrical
Namenodes where one of the effective nodes is in an
active state and the other one in the passive state. The
Active node remains as the primary Namenode when it is
performing a task but, if at any point in time the Active
Node fails, then it is replaced by the passive node. Here
the concurrency between the contents of the Namenode is
maintained by the Quorum Journal Nodes(QJN). The
QJM holds the complete edit logs of the Namenode, and
the passive node is capable of reading all the edit logs and
make changes to its respective namespace from the QJM.
Therefore the act of QJM in this architecture proposes a
simple concurrency control for maintaining the metadata
across the Namenodes and also avoids the single-point-
failure problem.

In the year 2017, Jena et al.[11] proposed some
exceptional methods on the optimisation of the Big Data
System by providing the special system of feature locality
Sensitive Bloom Filter for the increase of the metric of
performance. The Bloom Filter basically supports the
quick selection of data in a networked system. The
Bloom Filter keeps much hold in increasing the
efficiency of such algorithms as it accounts for a much
lower time complexity. The paper also explains the
usage of Locality Sensitive Bloom Filter for increasing
the efficiency of the data query optimization in Big Data
and Statistical Analysis. The Paper has also made a
comparative analysis of the Big Data Query Optimization
Techniques in terms of Performance, Accuracy, Cost and
Complexity. In this comparative analysis the Bloom
Filter restricts itself in giving high performance and high
accuracy by keeping the complexity and cost as low as
possible. There has also been a discussion on the
optimization of parameters in SVM on Big Data. The
sequential optimization of the parameters in SVM is done
by focussing on the conspiracy plots of the cross
validation accuracy. But the major problem that was
faced during the comparative analysis of the sequential
optimization of the parameters of SVM was that it
showed moderate level of performance and low accuracy
by accounting moderate complexity and low cost.

Liu et al [6] in the year 2015, explained the method of
Big Data Optimization in Smart Grid using the multi
block ADMM [Algorithms based on alternating Direction
Method of Multipliers]. The paper basically reviews the
parallel and distributed optimization algorithms of Big
Data optimization problem in smart grid communication
networks. As we know that with modest size of data with
the unprecedented number of algorithms on Data Science
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may give an amplified form of accuracy with the massive
amount of data set for resolving all many personalized
problems of business such as Health Care Management,
Intelligent Social Media Feed Analysis, Smart Grid
Optimisation Techniques etc. But on the other hand the
collection and processing of such sheer amount of data
for the optimisation of the models is unpractical in every
way. Also such huge data is full of noise, heterogeneous
variety, outliers and may also be prone to the amicable
amount of cyber attacks. Again, the Big Data Problems
comes with some problems based on Time Complexity
where a moderately accurate answer is accepted with less
time than a Highly accurate answer with more time. As
ADMM comes into the focus where it can break the huge
amount of Data to smaller bits by addressing the convex
problem in a much more discrete way. The established
formulation of such large scale Big Data Problems may
address the ADMM with much more sophisticated
modification.

Jens et al.[32] discussed the technique of reducing the
performance gap to well-tuned database systems. The
similarities and differences between the techniques used
in Hadoop with those used in parallel distributions were
pointed out. In the modern world, dealing with terabytes
and even petabytes of data is a reality. It is very essential
to process these huge amounts of data sets in an even
more efficient way. Thus, the use of the MapReduce
processing framework has become quite popular due to
the ease-of-use, scalability and failover properties. But
these performance tweaks come with a price that the
overall performance is nowhere near the performance of a
fine-tuned parallel database. Therefore, numerous
researches are being conducted to improve the
performance of the MapReduce jobs in various aspects.

I1l. PROPOSED ARCHITECTURE OF HIGH AVAILABILITY
ARCHITECTURE

High Availability HDFS is an architecture which has
conditioned itself in maintaining the three issues of
HDFS such as Single-point-of-failure, metadata
consistency across the nodes and balancing of the load on
a particular Namenode when lot many Datanodes are
interacting with the namespace. The High Availability
HDFS defines a simple model of placing the Namenodes
and Datanodes in such a way that the load on a single
Namenode is always balanced by maintaining a threshold
limit of data nodes and also the concurrency control
between different Namenodes are established with the
help of the Quorum Journal Nodes (QJN). The System
follows a hierarchical structure for maintaining and
processing a huge amount of data optimally and
efficiently.

In Fig. 3, it is depicted that the Data Nodes are
connected to the Namenode in a particular manner that all
the Namenodes are having the same number of the Data
Nodes.The numbers are decided by determining the load
balancing capability of the Namenode. Also, the
Namenode will maintain two limits on the number of
Datanodes that is a threshold limit and a saturation limit.
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The Threshold limit k is the optimum number of
Datanodes that can be connected to the Namenode for
optimized processing and perfect load balancing, and the
saturation limit is the maximum number of Datanodes
that can be attached to the Namenode in any case. The
reason for maintaining two limits on the connectivity of
Data Nodes and Namenodes is that the threshold limit is
the limit on which the Namenode can work optimally.
However, at any point in time if a Datanode is switched
on in the system, and all the Namenodes associated with
the system have reached the threshold limit, then turning
another Namenode for accompanying the newly arrived
Datanode will be a waste of resource as it will be
connected to only one Datanode. Therefore, we propose a
saturation limit for the Namenodes to connect with the
Data Nodes so that at any point in time if a Datanode
arrives and the Namenodes achieve their Threshold then
one of the Namenode will be able to connect with the
newly arrived Datanode.

‘GUORUM JOURNAL MANAGER

Fig.3. Double Layered Namenode Management

Also, we have included Quorum Journal
Manager[QJM] to the architecture. The Quorum Journal
Manager deploys Journal Nodes in the system that
accesses the edit logs of the Namenodes and keeps all the
Namenodes aware of all the read and writes that are
occurring on the Data Nodes for processing of a
particular log to maintain a check in the concurrency
control between the Namenodes. As the architecture
highly follows the model of hierarchy to establish a
proper control over the data processing and establishing
high scalability, so QRM is an essential part of the
system.

Fig. 2 also depicts the presence of a Master Namenode.
Moreover, the Master Namenode is connected to the
QRM which is connected to the Namenodes. The Master
Namenode also keeps a check on the QRM to maintain a
proper concurrency control with the Namenodes. The
main reason of this Master Namenode it to remove the
Single point of Failure from the system design.

As at any point in time if any Namenode fails then it
will be able to activate another Namenode which will
further connect to the Datanodes of the failed Namenode
and will also be able to access the edit logs from the
Quorum Node Manager for further processing of data
stored in Datanode.
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IV. METHODOLOGY

The complete working of the architecture is such a way
that all the Datanodes are connected to the Namenode,
and the Namenode maintains proper threshold and
saturation limits while connecting to the Datanodes. As
all the Datanodes are connected to the Namenode so it
may happen that a Datanode may get disconnected or
may run into any breakdown, this breakdown will lead to
a breakage in the connection and will also lead to a
vacancy in the connection architecture of the Namenode.
The vacancy may further be fulfilled by any of the
Datanode that arrives first and requests for connection.
Now, when at a certain point of time the disconnected
Datanodes become active, then it will again request a
connection to the system. Whenever a Datanode request
for a connection, it first sends the ping requests to the
Master Namenode. The Master Namenode then initiates a
search between all the Namenodes tied under its QIM for
an optimum solution. So now we come across two cases
either it will find a vacancy or not. If a vacancy is found
across any of the Namenodes, then it will first initiate a
check in the QJM for any edit logs of the particular
Datanode, and if an edit log is found, then it will fetch the
edit log to its namespace for maintaining the proper
metadata table of the allocation. However, if a vacancy is
not found then the Datanode will be attached to the
Namenode it was previously connected considering that it
has not reached the saturation limit of attaching the
Datanodes.

In Fig. 4, the Datanodes are represented by D with a
number of their identification and the Namenodes are
represented by N with also a number for their
identification. In the first interpretation, we can observe
that the Datanode D1 gets disconnected from the
Namenode N1 and becomes non-active. Now as the N1
has one Datanode less than the threshold limit so that it
will have a vacancy in its connection architecture. As D7
arrives for connection and puts a demand on N1 for
connectivity, N1 first sends a request to its immediate
QJM for any existence of D7’s edit logs. If any edit logs
of D7 is found then, N1 will fetch the edit log and will
implement the same in its Namespace, and the
connectivity between N1 and D7 will be established.
However, if N1 does not find any existence of D7 in its
immediate QJM, then it will further request the Master
Namenode for any existence of edit logs in its QJM, this
process will go until the last Namenode in the hierarchy
is requested. If at the end no edit logs are found for a
particular Datanode then it will be simply added to the
Namenode.

In the second interpretation, it is observed that D1
again becomes active and demands connectivity to the
Namenode in the hierarchy. However, now N1 will not be
able to accommodate D1 as it has already reached the
limit of the threshold. So now the request will be sent to
the Namenode which is present in the immediate top of
the hierarchy that is the Master Namenode. The Master
Namenode will now initiate a request between all the
Namenodes present in the same level or will have to
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request in the top of the hierarchy to find a suitable
placement for the connectivity of the Datanode D1. So
now the Namenode Nx is found after a search among all
the Namenodes in the architecture. Also, Nx has one
Datanode less than the threshold limit, so it will first
search for an existence of edit logs of D1. As D1 was first
connected to N1 so, Nx will be able to retrieve the
complete edit log from the QJM of N1, and it will
implement a connection between itself and D1.The
Hierarchical Structure may turn out to be a complex one
but helps in fetching the Metadata Table of a particular
Namenode without affecting the system and by
maintaining optimum accuracy. Therefore this system of
fast retrieval will help Nx to completely retrieve the edit
log of the Datanode D1 and maintain the concurrency of
the Data without compromising the Data of the Datanode.

The interpretations of Fig. 4 are more or less same as
that of Fig. 3 with only one difference with a special case
of this architecture. The special case is that in the
interpretation of Fig. 3 we could find a suitable
Namenode for D1 as Nx which had one Datanode less in
its connection architecture. However, in this
interpretation, the Datanode D1 is connected to N1 when
N1 has reached its threshold limit. The reason behind this
stays in the fact that, when D1 demands connectivity to
N1 then N1 which has reached the threshold by accepting
D7 sends a request to the immediate Master Namenode
for a search of a proper Namenode. However, in this
scenario, all the Namenodes has reached their threshold
for accepting any more Data Nodes so allocating a new
Namenode for just one Datanode will be a waste of
resource. Therefore the Namenode N1 goes for one more
Datanode D1 and establishes a connection by fetching the
proper edit logs of D1. So, in this case, the primary load
balancing is shown where wastage of resource is avoided
by not allocating a vacant Namenode to the system, in
place we are allocating it to any present Namenode till its
final Saturation limit is reached.
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Fig.4. Interpretation of Connectivity Part 1
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V. CONCLUSION

Hadoop Distributed File System has always been used
in the field of Big Data Analytics to a huge extent. This
system may be one of the most optimum ways of storing
the data but have always left us in the position of resource
wastage. The wastage of resources has been optimized in
this proposal by setting up two limits of allocating Data
Nodes, i.e., Threshold Limit and Saturation Limit and
also by maintaining a Quorum Journal Node Manager for
setting up proper concurrency between the Namenodes
for maintaining the namespace. After maintaining the two
limits in the Hadoop Architecture, we may achieve a
Highly Available Hadoop Distributed File System for
storing and processing data. As of now, no further
practical implementation of the proposal has been
performed. However, when performed practically some
advantages and disadvantages of the Namenodes of the
system may arise.
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