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Abstract In Data center, as the infrastructure of Cloud, Hadoop Distributed File System (HDFS)
have been widely used for handling large amounts of data due to their excellent performance in
terms of fault tolerance, reliability and scalability. Large size of files stored in the HDFS-based
datacenter are split into a number of small size of data blocks, and the default size of each data
block is 64M. In order to improve the reliability of data blocks, HDFS creates multiple replicas
for each data block in the datacenter. The replicas and the original data blocks will be stored in
different data nodes according to the rack-aware storage strategy. With this strategy, if any kind
of failure happens to a data node, the availability of data hosted on this physical machine can be
guaranteed since its replicas can still be retrieved from other data nodes. However, these storage
systems usually adopt the same replication and storage strategy to guarantee data availability,

1. e. creating the same number of replicas for all data sets and randomly storing them across data
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nodes. Such strategies do not fully consider the difference requirements of data availability on
different data sets. More servers than necessary should thus be used to store replicas of rarely-
used data, which will lead to increased energy consumption. With the increasing number of
datacenters built around the world to maintain cloud computing capabilities, huge amount of
electricity bills have to face. To address this issue, this paper studies the HDFS differential
storage energy-saving optimal algorithm applying in Cloud Data center. Breaking through the
limitation of the constant number of replicas in existing storage methods, we propose a variable
number of active replicas storage strategy for each data block according to user requirements of
data availability. Firstly, this paper develops a novel hypergraph-based storage model for Cloud
data centers, which can precisely represent the many-to-many relationship among files, data
blocks, data racks, and data nodes. Based on the hypergraph-based storage model, a x-transverse
hyperedge algorithm is proposed to calculate the minimum set of data nodes variable ¥ covering.
Because of just running the minimum number of required data nodes, it can not only save energy
for the datacenter, but also maintain full functionality. Analyzing this optimal problem, there is
more than one optimal solution in the feasible region. That is, there are multi-solutions with the
minimum and equal number of active data nodes to satisfy the data blocks x-coverage constraints.
It is a polymorphic function optimizal problem, and this paper proposed a greedy firefly algorithm
to solve it. We have also implemented our proposed algorithm in a HDFS based prototype data-
center with WordCount, TeraSort, and Grep cloud computing cases for performance evaluation,
and the four different aspects, namely, data availability, load balance, energy consumption and
network performance of the data center are analyzed. Experimental results show that the variable
hypergraph coverage based strategy can not only reduce energy consumption with less number of
data nodes active, but can also relieve the delivery congestion problem in data center network.

Keywords cloud data center; distributed file storage system; energy-saving; hypergraph;
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Ul = & W
AR

8. MK w M FEE [ =Max {N— Y% | ;
i=1

9. for i=1.M

10. for j=1:M
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15. end if
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19. end while
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(code class="language-Java") LocatedBlocks
getBlockLocations(String clientMachine, String src, long
offset,long length) throws IOException

{

LocatedBlocks blocks = getBlockLocations ( src, offset,
length, true, true, true);

if (blocks!=nulD

{

/ = if it is available to all of the data replicas,
established the hyper-graph H=(X,E); % /

/% Call the x-transverse of the hypergraph
algorithm, and then calculate the minimal variable «-
replica coverage set; % /

getTransverseHypergraph (String src, long offset,
long length, long &, String H);

}

public LocatedBlocks getBlockLocations(String src,
long offset, long length

throws IOException

{

return getBlockLocations(src, offset, length, false,
true, true);

} /% return block locations within the specified
range % /

}
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Background

Data center is the key infrastructure for Cloud Computing
to provide the huge computing and storage resources for
various applications. Hadoop Distributed File System (HDFS) ,
as one of most effective distributed storage systems, have
been widely used for handling large amounts of data. It has
excellent performance in terms of fault tolerance, reliability
and scalability.

HDFS usually adopts the same replication and storage
strategy to guarantee data availability, i. e. creating the same
number of replicas for all data sets and randomly storing
them across data nodes. Such strategies do not fully consider
the difference requirements of data availability on different
data sets. More servers than necessary should thus be used
to store replicas of rarely-used data, which will lead to
increased energy consumption. To address this issue, this
paper studies the HDFS differential storage energy-saving
optimal algorithm applying in Cloud Data center. Breaking
through the limitation of the constant number of replicas in
existing storage methods, this paper propose a variable
number of active replicas storage strategy for each data block

according to user requirements of data availability. Firstly, a
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performance management of virtualized computing environ-
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novel hypergraph-based storage model for Cloud datacenters
is developed, which can precisely represent the many-to-many
relationship among files, data blocks, data racks, and data
nodes. Based on the hypergraph-based storage model, a «-
transverse hyperedge algorithm is proposed to calculate the
minimum set of data nodes variable ¥ covering. Because of
just running the minimum number of required data nodes, it
can not only save energy for the datacenter, but also maintain
full functionality.

The algorithm has also been implemented in a HDFS
based prototype datacenter with WordCount, TeraSort, and
Grep cloud computing cases for performance evaluation.
Experimental results show that the variable hypergraph
coverage based strategy can not only reduce energy consump-
tion, but can also relieve the delivery congestion problem in
data center network.
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