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Abstract—Replica creation strategy is one of the impor-
tant research directions of the distributed file system in
the hybrid cloud environment.However,traditional replica
creation strategy just simply calculated the file heat based
on the number of accesses to the file within a period
of time. Besides,creating too many copies will seriously
affect the performance of the node without considering
the node load.In order to solve this problem,the improved
dynamic replica creation strategy based on file heat and
node load is presented in this paper combined with the
characteristics of the hybrid cloud environment.File heat
of history and current access frequency of three cycles
and change rate of file are considered comprehensively in
the calculation of the heat based on LRFU(Least Recently
Frequently Used). Combined with the node load, the
average heat and the average load are used to adjust the
number of copies in this paper, which can adapt to the
changes of the environment dynamically. Experiments show
that with changes of file access and traffic intensity, the
improved strategy is sensitive to access frequency, which
can adaptively adjust the number of copies, reduce the
average response time, and achieve better load balance of
cluster.
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I. INTRODUCTION

Hybrid cloud, which is the combination of public
cloud and private cloud in the target architecture, has
the characteristics of low cost and high scalability [1]
[2] [3].The node load capacity of hybrid cloud is very
different. There are a large number of data files in hybrid
cloud and each file has different amount of access.In the
cloud storage system, the replica technique [4] is the key
technology to improve the reliability.For example, it is
used in HDFS [5] and Dynamo [6] to ensure the data
reliability of the cloud storage system. However, when
there are more file with highly-visited gathered in some
nodes with poor storage capacity, it will cause a hot issue
which may reduce the overall performance of the system.
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Researching on creation strategy of the number of copies
can provide users with more quality and efficient data
storage services, so it has great practical significance and
application prospects.

Traditional research shows that data access is unex-
pected, and the maintenance time of partial burst access
requests is very short [7]. In this case, considering that
the file heat is too high and creating a new copy not
only occupy a large amount of system resource, but also
make the system load unbalance which will result in a
high latency [8].In the study of file heat, a lot of storage
systems are only a simple calculation of the number of
files in a period of time for the statistics of the heat
[9] [10].Domestic and foreign scholars try to predict the
file heat by using multiple frequencies, but it is difficult
to take into account the heat of files and node load
balancing [11] [12].

In order to solve these problems, this paper proposes
a dynamic replica creation strategy based on file heat
and node load. Our contributions in this paper are: (1)
Considering the limitation of the default strategy in
HDFS, this paper proposes a initialization strategy by
introducing the concept of file reliability,so that it can
dynamically initialize the number of copies according to
the user needs. (2) Considering file heat of history and
current access frequency of three cycles comprehensively
based on the LRFU,this paper introduce the change rate
of the file into the heat calculation formula.Besides,this
paper set different impact factors for file heat and node
load ,and it can adjust the number of copies dynami-
cally,reduce the average response time and improve the
overall performance of the cluster.

The remainder of this paper is organized as follows.
We discuss related work in Sec. II. Sec. III introduces
the definition of the relevant parameters and gives the
formula of the number of copies. The implementation
of the dynamic replica creation strategy is introduced in
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Sec. IV. Sec. V introduces comparative experiments to
verify the effectiveness of the proposed algorithm. Sec.
VI concludes the paper and highlights the direction for
our future work.

II. RELATED WORK

Replica creation consists of static and dynamic replica
creation strategies. Dynamic replica creation strategy is
the most practical application in the related research
and the existing system. Although the dynamic replica
creation strategy is more complex than the static replica
creation strategy, it is more suitable for the changing data
access characteristics.

Some researchers have studied the strategy of replica
creation based on the frequency of access.A hierarchical
dynamic replication strategy was proposed [8]. When a
file is frequently accessed in the past period of time,
a copy of the file is deployed at a particular node;
the policy has a better job execution time, which is
particularly evident when the storage space of the node is
small. The concept of acceleration in physics was applied
to the dynamic replica creation strategy [9]. The access
acceleration shows a change in the file access frequency
over a period of time, which can predict the hot file
in the next cycle and find the best node to create a
new copy. The dynamic replica management strategy can
focus on the next cycle of forecasting without the need
to concentrate on the current copy of the file. REN et
al. [10] proposed a method of calculating the file heat
based on file access timing and LRFU algorithm, and the
strategy dynamically adjust the copy according to the file
heat.A similarity prediction function was proposed [11],
and a novel method of data copy creation is constructed
by comparing the similarity of the file transfer path
between the history and the current.

In addition, Some scholars have researched replica
creation strategy based on the node load. The load bal-
ancing status and reliability of data nodes were analyzed
[12], and a dynamic replica management mechanism is
proposed.Kyungbaek Kim [13] proposed a time-related
replication strategy which use the node interaction in-
formation to prevent the loss of replica. Xin Sun [14]
proposed a dynamic replication strategy based on access
costs for the purpose of reducing delays. They are
designed for distributed environments and cannot adapt
well to the cloud storage system .Those strategy neither
reduce the network latency nor provide user access
efficiency.

Although scholars have carried out some researches
on the replica creation technology, however, they just
have made a statistic about file accessing time when
calculate the file heat. Even some strategies use multiple
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Figure. 1. The model of dynamic replica creation strat-
egy based on file heat and node load
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frequencies to predict the file heat, it is difficult to
take into account the file heat and node load balancing.
Therefore, this paper studies the dynamic replica creation
strategy based on file heat and node load.

III. DYNAMIC REPLICA CREATION STRATEGY
BASED ON FILE HEAT AND NODE LOAD

When a new file is generated in the cloud stor-
age system (such as uploading files),the first need to
determine is the number of file copies .The replicas
also needs to be changed dynamically according to the
changes in the environment.The initialization strategy
and dynamic creation strategy of the copy are proposed
in this section,and the model of dynamic replica creation
based on file heat and node load is established.

Figure 1 gives an overview of the model of dynamic
replica creation based on file heat and node load.The
user submits an access request through the client and
NameNode receives the access request and distributes
the request through Server Compute. Private cloud and
public cloud communicate each other through Transport
Data. Finally, adjustment results of the copy number are
fed back to NameNode. Local Computation and Remote
Calculation part in the private cloud is the main research
contents of this paper. According to the client’s access
request, those module can do the statistics of the amount
of access, calculate file heat, and combined with the node
load, adaptively adjust the number of copies, thereby
improving the performance of the cluster and reducing
the average response time.
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Figure. 2. File block layout

A. The Initialization of the Number of Replicas

Assuming that there are n copies of a file , each copy
is designated as m of the same size of the data block
using {Bj1, Bo, ..., By, } to express. In order to improve
the reliability of the data, it is assumed that each of the
data block B; is placed on a different node N;; ,1 <
7 < n . The copy of the data block is shown in Figure
2, the file is divided into 3 data blocks, B, By, Bs, each
data block has 2 copies, which are distributed in different
data nodes, thus improving the reliability of the data.

Assuming that the reliability of the data block B; is
P(B;) , the online rate of node N;; is P(N;;), then:

= 1= - Py .

The reliability of the file is P(F),and P(F) =
P(By) * P(Bg) * ... * P(By,) .In order to simplify the
calculation, it is assumed that each node has the same
online rate p, then:

P = [0 T[0 - Py = 0= (1 =p)")"
=1 j=1 (2)

When the file is uploaded to the cluster, it was
set up different reliability parameters para (The range
of the value is O~1. The bigger the value, the more
important the file.) by user according to its importance.
The original number of copies can be calculated by the
following formula:

P(F)=(1-(1-p)")" = para 3)
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n > logi—p(1 — x/para) 4

The value n calculated by the above formula is the
initial value of the number of copies to ensure the
reliability of the file.Initially, the default file placement
policy of HDFS is used to store the file.

B. The Design of Dynamic Replica Creation Strategy

1) Calculation Method of File Heat Based on the
Change Rate of File: Different from the tradition-
al calculation method, this paper statistics three d-
ifferent periods T7,75,7T5 of file access to calculate
the file heat based on LRFU.For a file, a five tuple
(hotg, ko, v1,v2,v3) is used to describe the file heat.
Where hoty represents file heat on the last 73 cycle,
ko indicates the size of the file at the end of the last T}
cycle, nq,n9,ng , respectively, indicates the number of
visits of the file in the last statistical period 71, T», T5.

fi are used to represent the frequency of access in the
cycle T}, that is, the number of visits per unit of time.
So,fi = (V —wv;)/At; (i = 1,2,3).V represents the
total number of times that the file is accessed.At; rep-
resents the difference between the current time and the
corresponding recent statistics. Such as 77 = 24 hours
, the recent statistical time is 0, A¢; is the difference
between the current time and the 0. So, At; is less than
or equal to 77, At is less than or equal to T , Ats is
less than or equal to T5.

In order to reduce the communication flow between
nodes, this paper introduces the file change rate ¢ into
the file heat calculation formula. The calculation method
is as follows,Where v represents the size of the file at
the current time:

U1 — Yo

x 100% (5)

Vo

First, we calculate the value V7, V5, V3 of the current
time, which indicate file access times of the last statistics
time to the current time, and then give the calculation
formula of the current file heat considering three cycles
of file access frequency and file change rate . p is the
ratio of the difference between the current time and the
most recent statistical time T3 to the 77 cycle.

Vi=V—v  i=1,203

u:%l s s
(Vox 22 +Vax23)

hot = (1 — p)hoto + p* o + p(f1 + 2HT713H)

(6)
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The calculation method of average access heat for
the file is as follows,Where n represents the number of
copies, T'otaly represents the total number of files on
the cluster.

2 iy hoti

7
Total ¢ @)

havg =
F represents a collection of all the files in a distributed
file system. According to the different of heat, it can be
divided into three subsets Lz, Lys, L, respectively for
the hot files set and common set of files and unpopular
set of files, then ' = Ly U Ly; U Ly, . Files are sorted
based on the value hot; in descending.Those top files
that its heat is greater than the average access heat «
are selected as hot files and those that its heat is less
than the average access heat « are selected as unpopular
files.For any file F; in the distributed file system , the
standard of its heat is as follows:

Ly hotp, > havg(1+ )
F; e L havg(l — a) < hOtFi < h(wg(]- + Oé)
Ly, hOtFi < havg(]- — Oé)
®)

2) Calculation Method of Replicas Based on File
Heat and Node Load: The number of copies of is not
only related to the amount of accessing to the file,
but also related to the load of the node where the
copy is located.The storage node sends the load status
information to the master control node periodically. The
load of the storage node i is [d; and the total number of
cluster nodes is num , so the average load of the whole
cluster node can be expressed as:

num
Zi:l ld;
num

€))

l(wg =

Based on the load of nodes, the nodes are divided
into three categories, heavy load nodes, moderate load
nodes and light load nodes. For any node node;, the load
partitioning criteria are as follows:

Levyg ld; > l,wg(l + ﬂ)
node; € Levys lavg(1 = B) < ld; <laug(1+B)
Levy, ld; <lawg(1—p)

(10)

Assuming that a file currently has M copies stored on
the server {5, Sa, ..., S } respectively. In the current
statistical period, the corresponding load of each server
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is {ldy,lds,...,ldps }. Considering file heat and node
load in an integrated manner, the dynamic adjustment
formula for the number of copies is as follows:

M xhot; Z?il ld;
Mi-a) T 2T (=B

(if F; € L, Nnode; € Levy,)

Mxhot, SM, id; 11
M g (&) T 2Ty (14 5) (1

(if F; € Ly Nnode; € Levy)
M (otherwise)

11 and 72 are the influence factors of file heat and node
load.Users can set different values according to their own
preferences. besides, n; + 172 = 1.

IV. THE IMPLEMENTATION OF DYNAMIC REPLICA
CREATION STRATEGY BASED ON FILE HEAT AND
NODE LOAD

The adaptive dynamic replica creation strategy in this
paper considers the heat of files and the load of nodes
that is different with the traditional replica creation
strategy based on threshold. First, it can avoid the impact
of sudden access to the value of file heat; Second, when
the change occurs in the contents of the file and the
two file is same, the update of small file are superior to
those large files, which effectively reduce network traffic
and make sure that you get the latest data on each visit
as far as possible; Finally, the calculation of the heat
and the node load is based on the average value of the
current three cycles, which can adapt to the changes of
the environment dynamically.

The following is a detailed description of the algo-
rithm mentioned in this paper: initialize the number of
copies of files and calculate the heat of all the files in
the cluster(line 1~7); then, sort hot-set Hot based on
the value hot; in descending (line 8);moreover, calculate
the average access heat of the file and divide files into
hot files, common files and unpopular files(line 9~10);
furthermore, calculate the load of the nodes in the current
three cycles, the total number of nodes and the average
load of nodes, and divide the nodes into heavy load
nodes, moderate load nodes and light load nodes(line
11~12);and then, according to the heat of the file and the
node load, calculate the number of copies of the current
file(line 13~21). When file is unpopular and node which
the file is placed is light load nodes, if M > n, it means
that copy number of the current file is too much, and
need to delete M — n copies in order to improve the
utilization of resources. If M < n, it indicates that the
number of copies of the file is appropriate, do not need
to delete. When the file is hot and the host node is heavy
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load nodes, if M < n, it implies that the file belongs to
hot files and the average load of nodes is heavy, need to
increase the n — M copies in order to reduce the node
load. If M > n, it signifies that the number of copies
is appropriate, do not need to increase. In addition to
the above, the number of copies is the current default
copy number M ;finally,dynamically adjusts the number
of copies of each file according to the resulting set(line
22).

algorithm 1 Dynamic replica creation Algorithm Based
on File Heat and Node Load
Input: (G, F, M, Hot) //Node-set G ,filesets Fthe sets
of copy number M ,hot-set Hot
Output: n //the set of the replicas
1: Begin
2: for each(F;el")
3:  According to the reliability parameters para of the
file F;, initialize the number of copies M;
4:  Calculate the value of file heat hoty in the last
cycle and file access vy, vo, v3,file size kg
5:  Calculate the value of file heat hot;
6: end for
7: Get a set M of the file copy
8
9

: Sort Hot based on the value hot; in descending
: Calculate the average heat hqqq
10: Divide files into three categories Lp, Lz, Ly ac-
cording to the formula (10)
11: Calculate the average load of nodes /gy

12: Divide nodes into three categories
Levy, Levyr, Levy, according to the formula
(12)

13: while(: < Len) //Len is the length of filesets

14: if (F; € L Nnode; € Levy)

. . Msxhot; Yoy ldi
155 i =g agy TR =g

16: else if (F; € Ly Nnode; eMLevH)

) o M xhot; i=1 ldi
17: i = Mg, ra) + 12 lavg (1158
18: else
19:  n;=M,;

20.  end if

21: end while
22: Dynamically adjust the number of copies according
to the set n

The algorithm complexity depends on the size of the
node file set due to that it needs to traverse the node file,
so the time complexity of the algorithm is O (n).

V. EXPERIMENT DESIGNS AND RESULTS ANALYSIS

A. Experimental Environment

In this experiment, the hybrid cloud environment
is composed of public cloud and private cloud. The
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private cloud consists of eleven local machines, and
rent Microsoft Azure as a public cloud. The experiment
is conducted on the open source Hadoop distributed
platform. Operating system is the Ubuntul4.04 Linux
system, Hadoop version for the hadoop-2.7.1. Details
configuration and settings of the private cloud are as
shown in TABLE I.NameNode is the core of the system,
using a high configuration. The other DataNodes are
made up of 3 different types of computers to represent
the differences in the performance of the nodes. At the
same time, the DataNode also serves as the client of the
system.

Detailed configuration of the public cloud is as shown
in TABLE II.

TABLE I: Configuration and Setting of the Private Cloud

HostName Cluster Configuration 1P
Intel Pentium 4
Master CPU@2.53GHz
(NameNode) RAM:4G 192.168.203.10
DISK:500G
Slavel-Slave3 Intel Core Duo T7500
(DataNode) CPU@2.20GHz 192.168.203.11 ~
(Client) RAM:2G 192.168.203.13
DISK:500G

Intel Core Duo T8100
CPU@2.10GHz
RAM:2G
DISK:320G
Intel Core Duo E2160
CPU@1.80GHz
RAM:2G
DISK:250G

Slave4-Slave6
(DataNode)
(Client)

192.168.203.14 ~
192.168.203.16

Slave7-Slavel0
(DataNode)
(Client)

192.168.203.17 ~
192.168.203.20

TABLE II: Detailed Configuration of the Public Cloud

Public Instance CPU
Cloud Type Type
Core:2 RAM:3.5G
Microsoft | Bandwidth:10Mbps Intel(R) Xeon(R)
- - E5-2650 v2
Azure Core:4 RAM:7G 2 60GHZ
Bandwidth:20Mbps .
Core:8 RAM:14G
Bandwidth:30Mbps

1) Test Case: Experiment of the validity of the file
heat takes 4 files as the object of assessment. File sizes
are 100M, 200M, 400M, 800M, respectively. 10 files are
used as the experiment object in the dynamic adjustment
of the number of copies. File A, B, C are 100M, 200M,
400M, respectively. The size of D~J is 800M. In the
last comparative experiment, 60 files are uploaded to the
cluster in Hybrid cloud. Each client simulates 2 to 3 users
that randomly read these 60 documents. All the test time
is one day.

2) Parameter Setting: The parameters involved in the
experiments are set as shown in TABLE III.
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TABLE III: Experimental Parameter

Parameter | Value | Parameter | Value
para 0.8 T3 0.5
P 0.8 @ 0.3
m 2 B 0.3
T 24 1 0.6
T> 2 72 0.4

Among them, para is the file reliability parameter; p
represents the node online rate; m is the number of data
block; 737,75 and T3 is the statistical period and base
unit is hour; o and /3 indicate the partition parameter for
files and nodes; n; and 7y are the influence factors of
file heat and node load.

3) Evaluation Criteria: The validity of the file heat
considers the file heat as the evaluation index, and veri-
fies the change of the file heat by using different access
frequency to access the same file. The number of copies
is taken as the evaluation index in the dynamic replica
creation strategy which can verify the effectiveness of
the proposed strategy to adjust the number of file copies
with different heat and size. The load balance effect of
dynamic replica creation strategy based on file heat and
node load is measured by the variance formula In the
last experiment, so that the effect of the experiment is
more obvious.Measure index is the number of times that
each data node is accessed.The formula is as follows:

num
Z (aveount; — avcount’)?

52 = (12)

3 num
=1
Among them, num is the total number of data nodes;
avcount’ represents the average number of times that
the data nodes are accessed; avcount; is the number of

times that the data node 7 is accessed.

B. Experimental Results Analysis

Before the start of the experiment, the number of
copies were initialized. The reliability parameter para
of the file is set to 0.8. The node’s online rate p is set
to 0.8, and the number of data block m is set to 2.
According to the formula (4), it can be calculated that
the initial value of the number of copies of the file is 2.

1) The Validity of the File Heat: Initially, for five
tuple (hotg, ko, v1, va, v3), the average access frequency
of the test scenario is 100 times / h, at this time
hoty = 1.75.

Figure 3 describes the change trend of file heat(hot)
with time. The access frequency of file A is gradually
increasing; the access frequency of file B remains stable;
in contrast to file A, the access frequency of the file C is
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hot

Figure. 3. Hot over time

gradually reduced; file D is used to simulate unexpected
access.Under the premise of ensuring the average access
frequency, the access frequency of the file A is continu-
ously improved, and its final heat value is higher than B.
The access frequency of file C is declining, and its final
heat value is lower than B, which shows that the paper’s
algorithm is sensitive to access frequency. At the same
time, the file D has a surge of more than 10 times of
the frequency of access in the three statistical periods,
but the change of its heat value is very low and can
quickly return to the lower heat value. The burst access
will only affect the statistics of short period of access
frequency, however, the absolute number of visits with
the short cycle access frequency is low, which can have
a slight on the heat. Considering the short period and
long period of access frequency comprehensively, this
algorithm can effectively solve the problem of accessing
to the file suddenly.

2) The Dynamic Creation of the Number of Copies:
The access of file is similar to the Zipf distribution,
and the amount of access to the first three files is
approximately 70% of the total amount of access. Ensure
that other factors are the same, the first three files
are written to the same content, and the content of
the D is unchanged. Figure 4 indicates the number of
copies of the 10 test files, the cluster starts a copy of
the hot file. File A creates 6 copies, file B creates 5
copies, and 4 copies are created in the file C. Common
files and unpopular files do not create copies and keep
the number of copies in the original. This adjustment
strategy can adjust the number of copies according to
the environment. The higher the file change rate is, the
higher the heat becomes, the urgent need to quickly
update, indicating that this algorithm is sensitive to real-
time changes in the file, which reduces the network
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replicas

Figure. 4. Replicas over file number

traffic flow and abates the impact of hot events on the
performance of the system.

3) The Contrast of Average Response Time and Load
Variance: In order to facilitate the description, dynamic
replica creation strategy based on file heat and node
load is abbreviated as DRCSBHL. In order to verify
the performance, the DRCSBHL and replica creation
strategy based on acceleration (abbreviated as: RCSBA)
in the literature [9] and default policy of HDFS are
compared. Test results are as shown in Figure 5 and
Figure 6.

Figure 5 depicts the average response time of the three
strategies under different number of concurrent.At the
beginning, the number of concurrent is relatively few,
and the change of file heat is small. so the average
response time of the three strategies is not quite different.
But with the increase of the number of concurrent,
DRCSBHL creates a corresponding number of copies
according to file access heat and node load, so that
the average response time does not change much. In
contrast to the default copy policy of HDFS, the average
response time are increased dramatically. RCSBA is
between the two.Figure 6 describes the comparison of
the load balancing of the three strategies under differ-
ent number of concurrent. Corresponding to the results
shown in Figure 5, DRCSBHL strategy can create a
certain amount of copies dynamically, and make it evenly
distributed in each node.Therefore,the load variance is
kept at a relatively stable level, just up and down slightly.
However, the number of copies of the HDFS policy
can not be adjusted according to the load conditions,the
fluctuation of load variance is obvious and the phe-
nomenon of load imbalance began to increase. RCSBA
also has a larger fluctuation, and its load balancing effect
is between HDFS and DRCSBHL.It can be concluded
from the experimental results that the DRCSBHL has
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better performance than RCSBA and the HDFS default
strategy.

VI. CONCLUSIONS

In this paper, the dynamic replica creation strategy
is deeply studied in hybrid cloud. The purpose is to
adjust the number of copies dynamically, reduce the
traffic flow of the hybrid cloud and the average response
time of the users, and achieve the load balance of the
cluster. In order to achieve this goal, this paper proposes
a dynamic replica creation strategy based on file heat and
node load. Considering file heat of history and current
access frequency of three cycles comprehensively in
the calculation of the heat based on LRFU and taking
into account the influence of the change rate of the
file, then combining with the node load to achieve this
strategy. Experimental results shows that compared with
the default HDFS replica strategy, the proposed strategy
can adaptively adjust the number of replicas, and has
obvious advantages in reducing the average response
time and achieving the cluster load balancing. Compared
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with the replica creation strategy based on acceleration, it
also has a great improvement in the overall performance
of the cluster in the hybrid cloud environment.
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