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Abstract:    Efficient data management is a key issue for environments distributed on a large scale such as the data cloud. This 
can be taken into account by replicating the data. The replication of data reduces the time of service and the delay in availability, 
increases the availability, and optimizes the distribution of load in the system. It is worth mentioning, however, that with the 
replication of data, the use of resources and energy increases due to the storing of copies of the data. We suggest a replication 
manager that decreases the cost of using resources, energy, and the delay in the system, and also increases the availability of the 
system. To reach this aim, the suggested replication manager, called the locality replication manager (LRM), works by using two 
important algorithms that use the physical adjacency feature of blocks. In addition, a set of simulations are reported to show that 
LRM can be a suitable option for distributed systems as it uses less energy and resources, optimizes the distribution of load, and 
has more availability and less delay. 
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1  Introduction 

 
Cloud computing provides computational re-

sources and scalable storage using the Internet 
(Armbrust et al., 2009; Creeger, 2009; Dikaiakos et 
al., 2009). The users can use the services at any loca-
tion by cloud computing. This method is similar to 
using public services such as water, gas, and tele-
phones which are used by the public according to 
their needs (Buyya et al., 2009). 

Because these days different sciences use a 
large amount of data, the flexibility and clarity of 
cloud services can be used for data management and 
more effective use of data-based functions. In many 
sciences, the capacity of data is shown in terabytes 
and petabytes. Currently, the replication of data is 
used as an effective technique for managing the  

efficiency of such spacious data. The replication of 
data has many advantages such as more access to 
data, less delay in access, and increased availability. 

To obtain an efficient replication of data, two 
important questions should be answered. The first 
question is how many copies should be made from 
each data to satisfy the needs of the system. The 
larger the number of copies, the more the space and 
the energy the system needs for storage and use, re-
spectively. On the other hand, a fixed number of 
copies are not a suitable option to obtain an effective 
replication of data. For instance, cloud storage sys-
tems such as the Hadoop distributed file system 
(HDFS) (Shvachko et al., 2010), Amazon S3 (Ama-
zon, 2008), and Google file system (GFS) 
(Ghemawat et al., 2003) all use three copies of data 
by assumption. It was shown by Li et al. (2011) that, 
generally, a fixed number of copies may not be the 
best way to arrive at the solution. The second ques-
tion is about the place where the copies are stored, in 
other words, where each copy should be placed to 
perform the duties faster and to ensure that the load 
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is distributed in a balanced way. These two questions 
constitute the problem of data replication, for which 
an efficient method is suggested in this paper. 

Although many studies have been conducted on 
data replication (Ranganathan and Foster, 2001; 
Ghemawat et al., 2003; Lamehamedi et al., 2003; 
Wei et al., 2010; Li et al., 2011; Nukarapu et al., 
2011; Choi and Youn, 2012), very few have exam-
ined the physical adjacency of blocks for one single 
inquiry. Many studies have focused on parameters 
such as availability, quick response, and effective 
function. However, to reach the optimum values of 
these parameters, the issue of the physical location 
of data used by one user should be taken into ac-
count. Moreover, previous studies have ignored the 
number of copies to be stored, which is an important 
issue. The larger the number of copies of one data-
set in the system, the more the resources (such as 
storage capacity and energy) used. Therefore, fewer 
copies should be made in the system to avoid waste 
of resources as much as possible, and also to ensure 
that the above-mentioned parameters are not affected 
greatly.   

Based on what has been mentioned above, a  
locality-based replication manager is presented for 
data-based functions in cloud storage. This replica-
tion manager, which is henceforth called the locality 
replication manager (LRM), takes into account not 
only the needs of the quality-of-service (QoS) func-
tion, but also the physical locality of data blocks in 
one inquiry, to reach more optimum replication pa-
rameters such as higher availability and faster re-
sponse. The main goals of LRM can be summarized 
as follows: (1) decreasing the number of copies, (2) 
increasing the availability, (3) satisfying the needs of 
QoS, and (4) decreasing the operational expenses 
such as the storage space and energy.  
 
 
2  Related studies 

 
Replication has been extensively researched in 

the World Wide Web (WWW) (Qiu et al., 2001), 
peer-to-peer networks (Aazami et al., 2004), as well 
as ad hoc and sensor networks (Intanagonwiwat et 
al., 2000; Tang et al., 2008). Recently, it has reap-
peared as a new topic of research with the emergence 
of distributed systems at a large scale such as the 

grid (Dabrowski, 2009) and the cloud (Bonvin, 
2009).   

Data replication techniques can be classified in 
two groups: static and dynamic. In static replications 
(Ghemawat et al., 2003; Rahman et al., 2006; 
Shvachko et al., 2010), the number of copies and the 
nodes of their hosts are predetermined. In dynamic 
replication (Tang and Xu, 2005; Chang and Chang, 
2008; Lei et al., 2008; Dogan, 2009; Li et al., 2012), 
the number and place of copies are determined based 
on the users’ resource needs, and changes in the pat-
tern of their access in a smart way. Among the dis-
advantages of dynamic replications, there are diffi-
culties of data collection from all nodes in a complex 
infrastructure like the cloud, while maintaining the 
compatibility of the data in such an environment.  

Ghemawat et al. (2003) presented a static algo-
rithm for distributed replication that takes into ac-
count three important factors in decision making. 
First, in this algorithm, some service providers are 
selected to host the copies, in which the storage 
space is smaller than the average storage space used 
in the whole system. Second, fewer copies of data 
are made on such service providers. The third factor 
takes into account the distribution of load. In other 
words, service providers are selected in such a way 
that the copies are distributed all over the rack. 

Li et al. (2011) presented a new dynamic eco-
nomical algorithm for data replication called cost-
effective incremental replication (CIR) for the 
cloud. In this algorithm, the technique of increasing 
replication has been used to reduce the number of 
copies and provide the required assurance. The cost 
of storing the data, especially when the data needs to 
be stored for a short time or when the data needs a 
low level of assurance, is remarkably reduced. Wei 
et al. (2010) considered a dynamic algorithm for 
distributed replication called cost-effective dynamic 
replication management (CDRM), which focuses 
on the relationship between the availability and the 
number of copies. In this algorithm, the number of 
copies is kept as a minimum for a certain amount of 
availability. Wei et al. (2010) presented six different 
replication algorithms for three different patterns of 
access, aiming at reducing the time of access and the 
use of bandwidth. These six algorithms are as fol-
lows: no replication or caching, best client, cascad-
ing replication, plain caching, caching plus cascad-
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ing replication, and quick extension. Nukarapu et al. 
(2011) presented a data replication algorithm called 
the centralized dynamic replication algorithm 
(CDRA) which reduces the overall time of accessing 
the file by taking into account the limited space for 
caching in grid sites.  

Based on CDRA, a distributed algorithm was 
presented for caching, where the grid sites react 
quickly to the condition of the site and make smart 
decisions for caching, which are easily adapted in a 
distributed environment like the data grid. This 
method can reduce the overall delay of access to the 
data file by half the size of the optimum solutions.   

The limitation of this method is that it takes into 
account only the cost of access. Choi and Youn 
(2012) presented a dynamic synthetic protocol that, 
in a very efficient way, synthesizes the grid network 
with the tree structure. By doing this, it creates a 
flexible topology based on the three parameters of 
height and depth of the tree and the number of slips 
in each node. In this method, the behaviors of  
reading/writing and writing/writing are easily recog-
nized to keep the compatibility of the data. Li et al. 
(2012) introduced a reliable and economical data 
management mechanism, which reduces the copies 
in the system by controlling the active copies and 
simultaneously ensures that the needs of the data are 
me. The caching space used is also reduced. Tang 
and Xu (2005) showed a way for placing the data 
items in the best service provider. 

Considering this method of replication, each 
client can refer to the closest service center to access 
his/her data. In addition, two exploratory algorithms 
were presented to gradually omit and add data copies, 
in which the QoS of each enquiry was also taken into 
account. In addition to the solutions that optimize the 
number of copies and their place, there are some 
solutions in replication that focus on optimization by 
updating the copies (Tu et al., 2007). The most im-
portant drawback of such solutions is considering a 
limited set of effective parameters in replication. 
Moreover, they simply optimized the efficiency of 
the system by ignoring the energy used in the data 
centers. Hassan et al. (2009) presented a comple-
mentary method to reach an optimum for replication. 
Their study deals with the delay of the system, its 
storage capability, and the level of certainty, but did 
not pay attention to the energy used in the system. 

This paper introduces a transaction manager 
called the locality replication manager (LRM), 
which not only takes into account important factors 
in replication but also uses the locality in the re-
quested blocks to optimize the factors.  

 
 

3  System model and purposes of optimiza-
tion 

 
In this section, the model of the system and the 

derived formulas are explained. 

3.1  Model of the system 

This storage consists of some clusters that share 
the data and other resources in an efficient way. The 
main component of these resources is the distributed 
file system. The Google File System (GFS), Hadoop 
Distributed File System (HDFS), and Amazon Sim-
ple Storing Service (S3) are three well-known in-
stances. In this paper, the architecture of HDFS, (Fig. 
1), is used for replication management. We assume 
that each file consists of some blocks that have been 
distributed in the data nodes of this file system. We 
use the ‘name node’ as a coordinator in replication 
management. Henceforth, we recognize the node as 
the coordinator of the elements (Fig. 2).  

Locality replication manager (LRM): it is the 
replication manager referred to in this study. The 
main duty of LRM is to receive the inquiries of the 
users, collect the condition of data nodes in the clus-
ter, and finally decide the best host to place the 
blocks. LRM performs these duties in coordination 
with its other components. In other words, LRM is 
the final decision maker.  

Graph directory table (GDT): It is the table 
managed by LRM and includes very important in-
formation from the system, such as blocks and their 
graphs, the number of accesses to each block in the 
graph, the host of each graph, and the maximum de-
lay in accessing each graph.  

Graph constructor (GC): It constructs a full 
graph from the available blocks in each inquiry, and 
delivers it to LRM for placement decisions. 

Availability and delay system care (ADSC): 
When LRM finds that the system is not in an appro-
priate level regarding the delay and availability, this 
component starts working by receiving messages 
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from LRM. ADSC determines the suitable data 
nodes to place the graphs in the system again and 
then sends this information to the system. LRM 
changes the host of the graphs and simultaneously 
updates GDT by receiving information from ADSC.   

We assume that all the data follow the policy of 
‘writing once, reading several times’ (Ghemawat et 
al., 2003). Therefore, we do not need a mechanism 
to adapt the data. 

3.2  Symbols and functions 

Table 1 lists all the symbols used in this paper; 
the method of using these symbols will be presented 
later. 

3.2.1  Availability  

The first goal of cloud storing clusters is to pro-
vide the highest level of availability for blocks and 

 

 

 

 
 
 
 
 
 
 
 
 
 
 
 
 

also for their graphs. Assume that the decision varia-
ble θ(i, j) is equal to 1 if Bi is on the data node of mj; 
else, we regard it as zero. 

In addition, we determine Pj as a possible fail-
ure of data node mj (1≤j≤M). The failure for data 
nodes occurs randomly. Each block may exist in 
several inquiries, each of which is considered as a 
complete graph and distributed in several nodes. A 
block is not available if one node (block) is not 
available in the graph (inquiry), and one graph is not 
available when all its blocks are not available. There-
fore, the probability of availability block being 
available in the system is determined by  
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Since the availability of all blocks in a graph is 

more important than the availability of one block, 
the availability of one graph inquiry is defined as  
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3.2.2  Delay 

Minimizing the delay of each storing system is 
a key issue. This delay depends on the band- 
width and the rate of transfer of the storing disks. 

 

Fig. 1  Architecture of the Hadoop distributed file system 

Name node 

Switch 

Rack 1 Rack 2 Rack 3 Rack 4 

Data node 

Fig. 2  Components of the coordinator 
ADSC: availability and delay system care; LRM: locality repli-
cation manager; GDT: graph directory table; GC: graph con-
structor 

LRM GDT ADSC 

GC 
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Therefore, if the blocks are placed on the data nodes 
with a maximum bandwidth and a higher transfer 
rate, there will be less delay in data access. Since 
each block has several copies, the delay of Bi is 
shown by 
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where A(i, j) is the delay caused by the bandwidth 
and data transfer in data node mj. 

Since the delay of a group of blocks (the in-
quiry graph) is more important than the delay of one 
block, we have 
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3.2.3  Function of target 

The function of the presented target in this sec-
tion is to select a data node to host an inquiry graph, 
stated as  
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Before presenting the target function, it is nec-

essary to explain the actions taken by LRM before 
leaving the copies and using the function. 

First, each inquiry of the user is sent to LRM. 
LRM delivers the inquiry to a GC unit, and then re-
ceives the result in the form of a complete graph. 
After this step, LRM enters the stage of replication 
management. To manage replication in the data 
cloud, two steps must be followed: 

1. Choosing the copy: This means choosing the 
best copies for one inquiry. To choose a copy, the 
inquiry of the user is submitted to the LRM in the 
form of a graph. LRM looks for a node that already 
has that graph, or whether the new graph is a subset 
of a graph existing in that graph. After finding the 
desired node(s), the QoS of the new inquiry (the 
maximum tolerable delay) is examined with any of 
the found nodes. The first node that can satisfy the 
QoS of the inquiry graph is selected by LRM, and 
the inquiry graph leads to that node. However, if 
there is no node that has a copy of the inquiry graph, 
or such a node does exist, but its inquiry graph can-
not satisfy its QoS, it will work as follows: First, 
LRM lists all the nodes that have part of the new 
graph and arranges them in ascending order based on 
QoS that they can satisfy; Then, a number of nodes 
that cover all the nodes in the inquiry graph are se-
lected, and the average QoS provided by such nodes 
is measured. If the obtained average QoS can satisfy 
the QoS of the inquiry graph, these nodes are record-
ed in GDT as the host group of the new graph. If 
none of the copy selection methods work to choose a 
node or nodes to host the new graph, we try replica 
placement. 

2. Replica placement: It refers to placing the 
replica in the best data node. If LRM cannot find a 
node for the QoS of the inquiry using the replica 
selection method, it selects a node from other nodes 
that satisfy function (5). 

Table 1  Used parameters 
Explanation Variable 

Block i in the file, 1≤i≤B Bi 
Number of nodes (physical nodes) M 
Node j (physical node of j) mj 
Storage of node j Storagej 
Coefficient for storage space α 
Load of node j loadj 
Probability of failure for node j, 1≤j≤m pj 
Dependence graph G 
The kth graph, 1≤k≤G Gk 
New graph Gnew 
Number of nodes in graph (group) k |Gk| 
Number of available graphs in the storage 

cloud  
|G| 

Storage cloud S 
Number of available nodes in graph k S(Gk) 
Number of available nodes in node j  S(mj) 
Probability of being available for block i P(Bi) 
Probability of being available for graph k P(Gk) 
Probability of the storage cloud being 

available 
P(S) 

Bandwidth for node j Bandj 
Delay in accessing block i in node j  A(i, j) 
Number of copies for block i    ri 
Average delay for block i 

iBL 
Average delay for graph k   

kGL 
Average delay of the system   

SL 
Time for block i  ti 
QoS of inquiry i, which is here the maxi-

mum tolerable delay for the inquiry 
QoS(inqi) 

Coefficient for the appropriacy of data 
cloud  

δ 
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Function (5) is the function of the suggested 
goal in this study. The two noticeable statements in 
this formula are storagej

·α−loadj and Qos(reqi)– newGL . 

With the first statement, the load distribution is 
balanced in the data cloud, and, with the second, a 
node that can satisfy the QoS of the inquiry graph is 
selected, which has been taken here as the maximum 
tolerable delay. By the statement |S(Gnew) ∩S(mj)| in 
function (5), a node is selected for inquiry graph 
placement that has the most commonality with the 
target graph. Using this statement causes the existing 
number of copies from each block to reach a mini-
mum level.  

 
 

4  Locality replication method   
 
It can be concluded that LRM is the core of data 

replication management. The key duties of LRM are: 
(1) receiving the inquiry and sending it to appropri-
ate node(s) to satisfy the desired quality by the user, 
and (2) taking care of the availability and the delay 
of the system and keeping them at a desired level. 
The details of these two duties are explained below. 

4.1 Finding appropriate node(s) to send the  
inquiry  

The details of this action are presented in Algo-
rithm 1. First, the blocks of the files are randomly 
placed on the physical nodes in this algorithm. After 
receiving each inquiry for the blocks, these steps are 
executed as follows: The coordinator first receives 
the inquiry and then makes a graph for it (Gnew). The 
coordinator looks for a node or a set of nodes in 
GDT, which includes the graph or part of it and can 
satisfy the QoS of the inquiry (lines 5 and 6). The 
result of this search may be a node or a set of nodes. 
If the result of the search is one node (lines 8 and 10), 
the coordinator leads the inquiry to that node. If the 
result is a set of nodes (lines 10–16), the coordinator 
first arranges them in ascending order based on the 
QoS they can satisfy. Then, it selects the nodes from 
the beginning of the list until the physical nodes 
cover all the new graph nodes. After covering all the 
graph nodes, if the average QoS of the selecte nodes 
can satisfy the QoS of the inquiry, then this set of 
physical nodes is recorded as the host of the new 
graph in the coordinator. 

Algorithm 1    Finding the appropriate node(s) to 
send the inquiry 
Input: file f with b blocks. 
Output: QoS-based distributed replicas on physical nodes. 
1  Distribute b blocks of file f on physical nodes randomly; 
2  for each input inquiry inqi do 
3 Coordinator receives inqi; 
4 Form a graph Gnew for inqi; 
5 Search t=a node (or a set of nodes) in S(M) which Gnew 

(part of Gnew) hosts; 
6 Meet QoS(inqi) in the graph directory table; 
7 if t!=∅ then 
8 if t is a node then 
9 Coordinator redirects inqi to t; 
10 else t is several nodes then  
11 Coordinator sorts t based on the supported QoS 

non-descendingly; 
12 S=∅; 
13 while nodes in S do not host Gnew do 
14 S=S∪(the first node of t); 
15 end while 
16 if average QoS(s) meets QoS(inqi) then 
17 Register s in the coordinator; 
18 end if 
19 end if 
20 Coordinator changes the access field for each node 

(block) in G in the directory group table; 
21 Coordinator removes each node in G and t whose access 

field reaches zero; 
22 (Replica evaporation) except for the replica which is the 

last from the main version; 
23 else 
24      Coordinator lies in a new replica for each node in Gnew 

in a physical node; 
25      Calculate the minimum value by function (5); 
26      Coordinator registers a Gnew in the graph directory table; 
27 end if 
28 end for 
 

After the replica is selected, the last step is to 
change the access fields of nodes in the graph and 
evaporate the replica (lines 20–22). It is possible that, 
due to different accesses to graphs, some nodes are 
accessed more, some are accessed less, and some are 
never accessed. The access field of every node in-
creases in the coordinator as for each access to the 
node, and no access causes the field to decrease such 
that, when it reaches zero, it means that the node is 
not effective in the accesses of the graph, and should 
be omitted from the graph by the coordinator. Be- 
fore omitting the replica, the coordinator examines 
whether the block is the last replica of the original 
block (whether the two versions remain from each 
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block, including the original version and the replica). 
If the answer is yes, the coordinator will prevent the 
block from being omitted. Fig. 3 shows a sample of 
sending an inquiry to LRM, creating a graph of in-
quiry, and evaporating the replica. 

Now we get back to Algorithm 1. If the coordi-
nator cannot find any graph from the existing graphs 
in the cloud (lines 5 and 6), it puts a new replica 
from each of the existing blocks in the graph on the 
node to minimize function (5). After the node is 
found, the new graph is recorded in the coordinator 
with the related node (lines 24–26). 

4.2  Taking care of availability and delay of the 
system 

To reach this goal, if the target QoS is violated 
in δ of the inquiries, LRM orders ADSC to restruc-
ture the system. By restructuring we mean placing 
the graph inquiries again on the physical nodes to 
keep the availability and delay of the system at a 
desired level. ADSC also reacts to Algorithm 2 by 
receiving this order. As can be found from this algo-
rithm, ADSC uses the genetic complementary algo-
rithm to do this. 

 
Algorithm 2   Keeping availability and delay of sys-
tem at a desired level 
Input: number of groups of requested blocks G, number of 
physical nodes N, maximum generation number Gens, and 
current generation t. 
Output: near optimal mapping G→N. 
1 Φt=Generate initial population randomly; 
2 while (t<Gens) do 
3 Evaluate the fitness of each individual in Φt based on 

function (6); 
4 Φtemp=Q highest individuals based on their fitness; 
5 Φt+1=Q−L highest individuals based on their fitness from 

Q; 
6 Φt+1=Φt+1∪(L remaining individuals crossed from Q with 

a two-point cross-over); 
7 Φt+1=Φt+1∪(K individuals generated randomly); 
8 Φt+1=Mutation(Φt+1); 
9 t=t+1;  
10 end while 

 
Genetic algorithms (GAs) are the exploratory 

methods that repeatedly search in a large space of 
data for an answer close to the optimum. Each possi-
ble solution is encoded in the form of a chromosome. 

The group of chromosomes is called a ‘popula-
tion’. In GA, a primary population should be formed. 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

 

 
 
 
 
 
 
 

This population of the chromosomes, which are ran-
domly made, is the starting point of the completion 
process. After the primary population is made, the 
selection step begins in which the chromosomes are 
selected or omitted for the next population based on 
their quality. 

The next step is called the ‘cross-over’. In this 
step, a few pairs of chromosomes are selected from 
the population, and some of their parameters are ex-
changed to create a pair of valid chromosomes. After 
the cross-over, it is time for mutation. In mutation, 
each chromosome changes into a valid chromosome 
from the population. After these steps, the new popu-
lation is examined. A fit value is allocated to each 
chromosome by the objective function. Then, the 
new population is examined. Our purpose is to find a 
chromosome with the most optimum fitness value. 

If the value is not met, the aforementioned steps 
are repeated to make a new population. This process 
goes on until the value is found. Now we study the 
steps and methods of the GA used in this study. 

Fig. 3  Managing the graph directory table (GDT): (a) 
sending the inquiry to the locality replication manager 
(LRM), making the graph, and recording it in GDT; (b) 
updating the GDT by entering new inquiries into LRM 
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(b) 
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4.2.1  Encoding 

To produce each chromosome, encoding was 
carried out (Fig. 4). One chromosome has been made 
for a limited number of graphs and physical nodes, 
and is presented as a set of integers. 

4.2.2  Function of the target and selection 

The appropriateness of the chromosomes is de-
termined for selection in the population with the fol-
lowing function:  

 
 min{ / ( )},SL P S  (6) 
 

where 
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Function (6) shows the proportion of delay to the 
availability of the whole cloud system. 

If Q is the total number of chromosomes in the 
primary population, then, the Q–K of the chromo-
somes, which have the highest appropriateness, are 
selected and transferred to the next population based 
on some conditions to be mentioned later in this pa-
per. The K of the chromosomes for the next popula-
tion is randomly made to prevent fast convergence 
from occurrence and to escape from being trapped in 
local minima.  

4.2.3  Cross-over 

From the Q–K chromosomes selected for the 
next generation, L chromosomes (L<N–K) are trans-
fered to the new population by cross-over, where N 
is the number of physical nodes. As shown in Fig. 5, 
in the two-point cross-over, two indices are selected 
randomly, and the content between them is ex-
changed for the two chromosomes.  

 
 
 
 
 
 
 
 
 

4.2.4  Mutation  

The mutation step is done with a transfer rate of 
0.5. The entry of each index selected for the muta-
tion step which shows the physical node of the graph, 
is replaced with another physical node that is ran-
domly obtained. 

4.2.5  Genetic algorithm  

Algorithm 2 shows all the required steps of the 
genetic algorithm, which is used to keep the availa-
bility and delay of the system at a desired level. 

 
 

5  Time complexity 
 
Before comparing the algorithm used in this 

study with existing algorithms, the time complexity 
of LRM in the worst situation is shown. Since LRM 
consists of two separate algorithms, the time analysis 
is done separately for each algorithm.  

5.1  Time complexity of Algorithm 1 

Theorem 1    If a file exists with b blocks, M data 
nodes and inq inquiries in the time period of Δt,  
the time complexity of this algorithm is equal to 
O(inq·b2). 
Proof    As for Δt of time unit, the following steps 
are followed for each inquiry. Assume that all the 
blocks are requested in each inquiry (the worst con-
dition), the time needed to make the graph of the 
inquiry will be O(b2) (line 4). In line 5, linear search 
is used to find the node(s) for which time of O(M) is 
spent. To arrange the searched nodes for m (m≤M), 
in line 5, the time needed is equal to O(mlog2m) 
(line 11). In line 24, to find the physical node to 
place the graph of the new inquiry, the time com-
plexity is equal to O(Mb), where b is the maximum 
of the existing nodes in Gk. Since M is the upper  

 
 
 
 
 
 
 
 
 
 

Physical nodes 

Groups (graphs) 

4 8 5 10 6 6 2 4 9 7 
     1             2             3               4                5             6              7             8              9            10 

Chromosome 

Fig. 4  Creation of a chromosome from physical nodes and graphs 
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bound for m and assume M<b, the time complexity 
of this algorithm is equal to O(inq·b2). 

5.2  Time complexity of Algorithm 2 

Theorem 2    Assume that there are |G| graphs of 
inquiry existing in data cloud, N chromosomes in 
each population, and Gens generations, the time 
complexity of this algorithm is equal to O(|G|). 
Proof    If the primary population has N chromo-
somes and the length of each chromosome is G, 
based on the number of graphs of inquiry, the time 
needed to make that population will be O(N|G|). 

To examine the suitability of each chromosome 
in line 5, a time equal to O(N|G|) will be spent. To 
select the best chromosomes in line 6, we arrange 
them and this takes a time that is equal to O(Nlog N). 

The time complexity of the cross-over in the 
worst condition will be equal to O(L|G|) (line 8), if 
the distance between the two selected pairs equals 
the length of chromosome G. The time complexity 
for making a random chromosome K equals O(K|G|) 
(line 9). The maximum time for mutation equals O(N) 
(line 10), if all the chromosomes go under this pro-
cess. Thus, the time complexity of Algorithm 2 is 
O(Gens·N·|G|). However, since the values of N and 
Gens have been previously determined and will not 
change, we can conclude that the time complexity of 
this algorithm is equal to O(|G|). 

 
 

6  Assessing the efficiency 
 
We use a series of simulations to assess the ef-

ficiency of LRM. The advantage of doing this is that 
we can easily change the parameters and examine 
the individual effect of each one on the efficiency of 
the system. We first study the simulation environ-
ment, and then compared the efficiencies of the other 
two algorithms with our suggested algorithm.  

6.1  Simulation environment 

We make a simulator called LRMsim using Ja-
va language to assess the advantages and the practi-
cality of our idea. This simulator makes a modular 
simulation framework that helps us to model differ-
ent structures of the data cloud and other resources. 
We can assess our idea and the efficiency of the 
method using these simulations. Simulation helps us 
determine different structures from network, differ-
ent types of nodes, different resources for nodes, a 
method for replication, and different parameters. 

Table 2 shows the configuration used in the  
data nodes, the algorithms used, and the inquiries 
entering into the system. The value for the number of 
generations in LRMsim was assumed to be 500. The 
reason for this was the fact that little optimization is 
obtained for values above 500. 

The assumption is that the data cloud follows 
the policy of ‘writing once, reading for several 
times’, based on which the costs of adaptability and 
updating are ignored. 

6.2  Results of assessment 

We start with Fig. 6, which shows the number 
of replicas in each method. We compared our algo-
rithm regarding the number of replicas with multi-
objective evolutionary (MOE), multi-objective 
randomized greedy (MORG) (Hassan et al., 2009), 
and Hadoop. In Hadoop, the factor of replica is fixed 
at 3, while it changes in other algorithms based on 
the conditions of the environment. Compared to the 
fixed replica factor, the results show that providing a 
dynamic number of replicas optimizes not only the 
use of resources, but also the efficiency obtained 
from the data cloud system. LRM reduces the cost of 
keeping a number of replicas using the dynamic fac-
tor of replica and a minimum number of the replicas, 
compared to the methods that do not use the fixed 
factor (Fig. 6).  

In Fig. 7, the feature of locality of the requested 
blocks has been taken into account. 

With a dynamic number of inquiries, fewer 
physical nodes will be accessed in LRM. The fewer 
the nodes accessed, the faster and with less delay the 
inquiries are satisfied. 

One of the most important issues in replica 
management is reducing the costs of storing the rep-
licas. The energy used to store these replicas is one 

 1    2    3       4       5    6    7    8     9   10 

Fig. 5  Two-point cross-over 
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example of the costs. As shown in Fig. 8, fewer 
nodes are active in LRM to provide services to the 
requests, and the smaller the number of these nodes, 
the more the energy saved.  

In Fig. 9, the distribution of the load is shown 
with a fixed number of inquiries as for different 
numbers of blocks. As shown in this figure, LRM 
has distributed the load in a more uniform way, 
compared to the other two algorithms.  

Figs. 6–9 are the outputs of performing Algo-
rithm 1, and comparing LRM with algorithms MOE 
and MORG. Also, we run Algorithm 2 to show that 
LRM is better than the other two algorithms, regard-
ing availability and delay in the data cloud.  

Fig. 10 shows that LRM performs better than 
MOE and MORG in availability, regarding the 
changes in system load. In addition, Fig. 11 shows 
that LRM, compared to MOE and MORG, reduces 
the delay of the system even under high loads. 

Note that considering the locality of a request’s 
blocks in LRM plays a key role in this reduction.  

All the figures shown in this section lead us to 
conclude that LRM can successfully work as manag-
er in the replication management for the data cloud. 

 
 

7  Conclusions 
 
This paper deals with the issue of replication 

management of blocks in one file for the data cloud 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

 
 
 

to select a suitable replica factor and find a good 
place for the blocks. We could optimize factors such 
as the resources and energy, availability, and delay 
in the system by presenting an efficient manager for 
block replication. Therefore, we suggested an LRM 
using the concept of blocks’ locality in one request 
and the complementary GA to solve the problem. To 
assess the success of LRM, we compared it to two 
other algorithms named MOE and MORG in a simu-
lated environment written in Java. The results indi-
cate that LRM performs better than the other two 
algorithms in a number of factors including the use 
of resources and energy, availability and delay of 
system. 

In the future, we intend to assess the LRM on a 
real cluster of the data cloud. In addition, we would 
like to examine other algorithms of replication and 

Table 2  Configuration of the locality replication  
manager 

Description Parameter 
25 nodes (some of which are randomly 

placed in the rack) 
M 

[100, 200, …, 1000] Storagej (GB) 

[0.001, 0.002, …, 0.030] pj 
[1, 2, …, 10] |Gk| 

Depending on the inquiries of the users |G| 
1000 Bandj (Mb) 

[1, 2, …, 20] A(i, j) 
Depending on the graph of that block ri 

[0.001, 0.002, …, 2.000] QoS (inqi) (s) 
0.2 α 
500 Gen 
15 Chromosome 
10 Q 
3 L 
2 K 

25 violations of inqueries 
out of 100 cases 

δ 

 

Fig. 8  Number of active physical nodes to manage the 
replicas with each method 
LRM: locality replication manager; MORG: multi-objective 
randomized greedy; MOE: multi-objective evolutionary  
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Fig. 7  Number of accessed physical nodes with each 
method 
LRM: locality replication manager; MORG: multi-objective 
randomized greedy; MOE: multi-objective evolutionary 
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Fig. 6  Replication factor with each method 
LRM: locality replication manager; MORG: multi-objective 
randomized greedy; MOE: multi-objective evolutionary 
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different models of cost. Moreover, we intend to 
study the methods of online data movement to face 
the dynamic changes in the pattern of accessing 
blocks. 
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