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Abstract

In cloud computing, the number of replicas and deployment strategy have extensive impacts on

user’ s requirement and storage efficiency. Therefore, in this paper, a new definition of file access

popularity according to users’ preferences, and its prediction algorithm are provided to predict file

access trend with historical data. Files are sorted by priority depending on their popularity. A math-

ematical model between file access popularity and the number of replicas is built so that the reliabili-

ty is increased efficiently. Most importantly, we present an optimal strategy of dynamic replicas de-

ployment based on the file access popularity strategy with the overall concern of nodes’ performance

and load condition. By this strategy, files with high priority will be deployed on nodes with better

performance therefore higher quality of service is guaranteed. The strategy is realized in the Hadoop

platform. Performance is compared with that of default strategy in Hadoop and CDRM strategy. The

result shows that the proposed strategy can not only maintain the system load balance, but also sup-

ply better service performance, which is consistent with the theoretical analysis.

Key words: cloud computing, Hadoop, file access popularity, load balance, quality of service

0 Introduction

With the fast technology development of Web 2.0,
the role of traditional Internet user has changed from
data consumer to producer. This mode of data produc-
tion, which is centered by users, leads to exponential
increase in data volume. Cloud computing system man-
agement is facing austere challenge caused by this
trend. We usually adopt the replica mechanism to im-
prove the system reliability. As users interest is in dif-
ferent files, it’ s impropriate to set the same amount of
replica for all files, which may waste the storage, and
also influence the resource access efficiency and serv-
ice cost. So it is necessary to back-up and deploy files
reasonably , which has always been the active research
area. Some scientific and commercial studies have ac-
complished prospective achievements. At present, dis-
tributed storage architectures are largely used to
process the real-time big data by providing scalability
and good storage performance. Some typical cloud stor-
age providers such as Google, Amazon and Yahool!,
support scalable data management service and use par-

allel computing model like MapReduce to improve effi-
ciency'''. Widely applied distributed file systems in-
clude Google File System ( GFS), Amazon Simple
Storage Service (S3), which are used in commercial
application, and Hadoop distributed File System
(HDFS) 2! | which is used for scientific research. The
HDEFS is an open source project. It copies the idea of
GFS, and has a good scalability which makes it suit-
able for distributed data process on large scale.
Focusing on cloud storage system and file replica
management strategy, Wei' raised the minimum repli-
ca quantity formula based on the probability of file fail-
ure and users’ preferences. It was a dynamic replica
management strategy. In Ref. [4], Li came up with a
dynamic replica management strategy that provided bet-
ter cost efficiency. This strategy enabled system to in-
crease the amount of replicas. At the same time, stor-
age cost was reduced and demand for reliability was
met. The strategy mainly focused on data which was
temperately used and had a low demand of reliability.
In Ref. [5], Wu considered system load balance and
storage usage. The authors brought up the replica pre-
adjustment strategy based on the analysis of file popu-
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larity. The disadvantage of this strategy was that it de-
pended too much on the access mode of files. In
Ref. [6], the authors suggested a fast self-adaption
data block deployment algorithm. With the concerning
of users’ preferences and multi-dimensional QoS indi-
cator, Sun'’’ proposed a scheduling optimization algo-
rithm of cloud resources to improve the performance of
users ~  experience and resources accessibility. In
Ref. [8], Li took the storage cost and data reliability
into account, decreased the amount of replicas by trac-
ing and detecting data blocks reliability positively. As
a result, the storage cost was reduced. But this detec-
tion method would cause extra overhead. In our previ-
ous work, we ensured the number of different block
replica, according to client’ s demands for each block,
and gave the MCSB strategy, which can satisfy users’
requirements and minimum storage cost. Meanwhile,
to maintain the performance of service system, the sys-
tem load was considered and an adaptive MCSB strate-
gy’ was presented. Ref. [10] raised a distributed
self-adaption data replica algorithm, which acquired
good effect in getting data position. Wu''"! presented
the MingCloud system which could increase the data
reliability and quality of service. The update, add and
change operations of data in cloud nodes had a deep
influence on system load. Concerning with that prob-

lem, Refs[12] and [ 13 ] put forward the load re-bal-

) advanced an integrated

ance algorithm. Agarwala'
storage strategy which could select and place users’
data automatically. Liao'"’ proposed a dynamic replica
deleted strategy based on the QoS perception. By using
this strategy, demand for storage was reduced so that
the maintenance cost was also reduced. In Ref. [16],
the authors made a suggestion for a data deployment al-
gorithm to supply high availability and reliability. This
algorithm took the data weight distribution, load bal-
ance and the least cost into consideration.
Nevertheless, there are mainly two problems exist-
ing in the aforementioned researches; first, the resear-
ches on prediction mechanism of file access popularity
are fewer and usually predict it through statistics meth-
ods, which lacks the more reasonable real-time mathe-
matical model; second, facing to the replicas deploy-
ment of file, to improve the quality of service, the per-
formance of node and the present network status are
considered by most of work, but the effect on file ac-
cess popularity for quality of service is underestimated.
Aiming at solving the problems, satisfying different
service requests and improving quality of service, this
paper innovates in the aspects as below: (1) file ac-
cess popularity prediction algorithm ( FAPP) is raised
by analyzing file access patterns, to predict the file

popularity in the future. After studying the inner con-
nection between file popularity and number of replicas,
a new mathematical model is built. Upper bound and
lower bound of replica amount are defined to control
the service cost effectively so that quality of service is
improved. (2) File priority classification algorithm
(FPC) based on the file access popularity is sugges-
ted. Mathematical model for measuring the node per-
formance is also built. (3) Optimal strategy of dynam-
ic replicas deployment based on file access popularity
(ODRDF) is presented by taking file priority, node
performance and system load into account. Results of
experiment show that the ODRDF strategy is effective,
which is consistent with the theoretical analysis.

The rest of the paper is organized as follows: Sec-
tion 1 suggests the file access popularity prediction al-
gorithm; Section 2 builds the mathematical model of
file access popularity; Section 3 raises the file priority
clarify algorithm based on file access popularity and the
optimal strategy of dynamic replicas deployment based
on file access popularity ( ODRDF) ; Section 4 takes
experiments and analyses the results; Section 5 con-
cludes the paper.

1 File access popularity prediction

1.1 Amount of file access analysis

Let us take the E-commerce for example. When a
new kind of product starts to be offered for sale, be-
cause the advertisement and marketing method in the
earlier stage are different, the relative file access popu-
larity presents distinct law. It is concluded that the file
access pattern possesses some statistical characteris-
tics. This paper comes up with the definitions below for
convenience.

Definition 1. File access popularity; the amount
of file access to the nth file in a period of time, which
can be indicated by hot,.

Definition 2. File access feature: the mathemati-
cal access feature presents in the period of time when
the file is created and destroyed.

By researching on the file access pattern, one gets
the result that file access amount usually exhibits a
time feature of parabolic curve. The amount will get to
the maximum in a period of time, but eventually it will
recede. In this paper, It is called as Parabola Feature
(PF). The file access feature can be classified into 4
types, which are shown in Fig. 1.

(1) Head-PF; Parabola Feature emerges right af-
ter the file is created and it appears only once.

(2) Middle-PF; Parabola Feature emerges during
a period of time after the file is created, and it appears
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Fig.1 Parabola Feature of file access

(3) Random-PF; Parabola Feature emerges ran-
domly and times it appears can not be determined.

(4) Not-PF: Amount of access always stays in a
low level, and there are no apparent Parabola Fea-
tures.

Facing to a new product, if merchant can do a lot
of advertisements and effectively marketing methods
ahead of release, the related file access amount will
show the Head-PF feature. As time goes by, the access
amount will decrease. The Middle-PF feature will
emerge without the marketing in the earlier stage be-
cause people need some time to adopt this new com-
modity. The Parabola Feature will arise randomly if
sales promotion and other operations are applied during
the selling of the product, then the Random-PF turns
up. But the Not-PF will appear if the marketing opera-
tions are applied wrongly or the quality of product is
poor.

1.2 File access popularity prediction

By analyzing the file access trend, some mathe-
matical features can be found. Among these features,
the latest history information is most important for the
trend prediction of file access. In this paper, we will
realize the prediction of file access trend via the histori-
cal information. Dynamical optimization of file replicas
is done based on the trend to satisfy service requests of
different users and improve the quality of service.

Exponential Smoothing (ES) is a commonly used
time series prediction method'”'. The ES supposes the
trend of time series is stable and regular, so the post-
pone of time series is reasonable. The latest informa-
tion is most important for the prediction, which is cor-
responding with the problem of file access popularity.
In the paper, we will assign the larger weight for the
latest information and the lower for earlier. The basic

formula is shown in Eq. (1) o

S, =axy, +(1 —a) xS,_, (1)
where S, indicates the smooth value at time ¢; y, is the
actual value at time ¢; S,_, indicates the smooth value
at time (£ —1); « is the smooth constant, value range
of which is [0,1].

The Exponential Smoothing method can be classi-

fied by the times of smoothing''”’.

One time smoothing
is suitable for series which change little with time. Two
times smoothing is another smoothing operation based
on the one time smoothing which can be applied on the
linear change time series. Three times smoothing is an-
other smoothing based on the two times smoothing,
which is designed to cope with the time series having
quadratic curve feature. The result of experiment shows

that the file access popularity has a feature of typical
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quadratic curve, so we use the three times smoothing
for prediction.

A file access popularity prediction ( FAPP) algo-
rithm is given in this paper. Detailed description is as
follows

Firstly, the data of time series present a trend of
quadratic curve feature, so the three times smoothing is
applied to predict file access popularity. The formula is
Eq. (2)".
three smoothing operations.

ST = axy, + (1 —a) xS
S = a xSV 4 (1-a) xS2 2)
SV = axS? + (1 -a) xS

Secondly, a mathematical model of file access

In the formula, S is the value after

popularity prediction is built using the three times
smoothing, as Eq. (3) .

hot,(d) = a + bd + c¢d’ (3)
where hot, (d) indicates the access popularity predic-
tion of nth file during time ¢ +d; a, b, and ¢ are the
prediction factors to be determined, which can be cal-

culated by'"'.
a =38 -38% 48§ (4)
2(17)[(6 -5a)S!" = (10 -8a)S™ +
(4 -3a)8V] (5)
St s s st ©

Finally, we can calculate the three times smoot-
hing prediction formula, through which file access pre-
diction during time ¢ + d can be done. hot, is the final
result to be output.

2 Mathematical model of replica amount

Suppose there are M(M > =3) nodes and N files
in the cloud computing system. Each file will have 3
replicas by default; the total amount of replicas is 3.
Let the amount of nth file’ s replicas be ¢, (1 <n <
N).

The principle of replicas presented is that the file
access popularity is proportional to the file replicas
amount. Then the mathematical model is presented in

AIIIBX - hOtll
c T (7)

max n

A, is the threshold of file access popularity.

max

When the amount of access to a file is larger than A

max

it will have the maximum replica amount, indicated by
C,.., value of which is determined by C,, =kM, (0 <
k<1). The hot,(1<n<N) is the access popularity
of nth file during a period of time. The dynamic repli-
cas amount can be calculated by

hot, x C_ .
¢, = riAm 1 (8)
Among them, 1 <c¢,<kM, (0<k<1) and k is
defined as the cost factor. The value of k can be deter-
mined by the service cost and expert knowledge. This
factor will increase when the service cost is low and de-
crease otherwise. To effectively control the service
cost, we bound the total amount of file replicas, which

is denoted by S, in

Zc NxkM (0 <ks<1)

(9)
3 Optimal strategy

3.1 File priority classification

By the analysis in Section 1.2, the file access
popularity is predicted, based on which the file priority
can be classified. This optimization will approve quali-
ty of service. File priority classification ( FPC)

raised based on the file access popularity. It can be

described like this;

Suppose there are N files, hot, is the file access
popularity of nth file in a period of time. In this paper,
files priorities are classified into three levels, which are

A, B, C from high to low. A, B
sets, which are the highest priority set, the higher pri-

and C_ are three

set sel set

ority set and the lowest priority set respectively.
Firstly, when the amount of file access is larger
than the average value A,,, the file priority is B and
the file belongs to B
file access is smaller than A

belongs to C,. A,

N
2 hot,

_ n=1
Auve - N <10>

Secondly, define H(1 <H<N) to indicate the
The threshold of file access

A,, ) can be calculated in

ave ¥

In contrast, if the amount of

set*

its priority is C and it

ave

can be calculated by

number of files in B,,.
(A
Eq. (11). The files with access popularity larger than

popularity A, (A, =

A, are thought to have the highest priority, then they

max

belong to A, and their priorities belong to A. The rest
files in B, will still stay in the original set.
H
2 hot,
A = 25— (ISHSN) (11)
Finally, by above steps the files in cloud are
stored in A, , B,, and C, by the file access popularity
respectively.
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3.2 Optimal strategy

There are hundreds of nodes which are different
from each other in performance in the cloud computing
system. The nodes’ performances may make great
difference to the efficiency of improving storage and
fetch. Here the optimal strategy of dynamic replicas
deployment is presented based on file access populari-
ty, focusing on nodes’ performances and system load
to improve quality of service. The main idea is; the

files in set A, should not only be copied more, but also

set
be deployed onto high performance nodes to obtain bet-
should

be copied less and be deployed onto lower performance

ter user experience. Instead, the files in set C,
nodes because of less amount of access. In this way,
storage of distributed file system will be efficiently used
to solve users’ service requirements.

Node’ s performance, denoted by p, is closely in-
terrelated with factors of storage utilization, network
170, CPU frequency and memory utilization. It can’t
be calculated simply because units of these factors are
different. Units’ normalization should be done and,
here, we also import weight value. One typical node
will be selected as a representative; the other nodes’
values will be changed to the ratio to this node. These
values are parameters after normalization. The normal-
ized parameters can be indicated by S, I, U and E re-
spectively. Their weight is W= { Wy, W,, W,, W,| to
correctly measure the nodes’ performance. W is deter-
mined based on actual situation because of accumula-
ting big data, which bring severe challenges to the stor-
age of data. On one side, big data have made node
storage a key factor, because it determines the data
volumes that can be stored, on the other side, CPU
frequency, memory available and network 1/0 can di-
rectly affect the efficiency of data storage and fetch. In
conclusion, larger value of p means higher perform-
ance. The node performance p can be calculated by

p=W x(1=8)+W, xI+W,xU+W,

x (1 -F) (12)

W +W, +W,+W, =1 (13)

All nodes’ performance values are sorted and put
into a performance table in database to guarantee the
load balance. When large amount of files need to be
deployed, they will be put into the sorted nodes by
files’ priorities.

Suppose the node collection is D = {D,,D,, -+,
D, }. All the nodes are sorted in descending order by
their performance values, that is, P = {p,,p,, ",
Py - The performance exponent of each node E, will be

decided by

Pi

= M
;pi

To improve the quality of service the maximum

E,

i

(14)

amount of replicas stored in each node is determined by
its performance. The values can be got

N
Rmaxi :Eix Ecn (15)
n=1

In summary, detailed description of optimal strat-
egy of dynamic replicas deployment based on file ac-

cess popularity (ODRDF) is shown in Table 1.

Table 1 ODRDF strategy
ODRDF strategy

(1) Predict file access popularity using FAPP algorithm
(2) The priorities of all files are classified into A, B and
B, and C

sel

C, and all files are stored in set A
FPC algorithm;

(3) Determine the amount of file replicas

using

set

(a) Let the amount of file replicas in set A, be kM

(b) The amount of file replicas in set B, and C,, can

set

be calculated by formula (8) ;
(4) Judge the node performance
(a) Do units’ normalization of all performance param-
eters;
(b) Calculate performance of each node by formula
(12) and (13);
(¢) Sort the nodes in descending order based on their
performance ;
(d) Calculate performance exponent E; of each node
using formula (14)
(e) Determine the maximum amount of replicas R,
in each node by formula (15) ;
(5) Replica optimal deployment
(a) Count the amount of all replicas in each node;
(b) If the total amount is not larger than R

the files in set A

deploy

maxi »

w s B, and C_, into sorted nodes

in sequence by their priorities ;

(6)  Output the result of optimal deployment.

4 Experiment

Our cloud platform consists of 20 nodes with dif-
ferent performance. Their configurations are shown in
Table 2. Configuration of D, is considered as the repre-
sentative and parameters of D, are set to 1. Parameters
of other nodes are the result of ration to the correspond-
ing value of D, so that they are normalized. Set the
cost factor k =30% , which will make the maximum
amount of file replicas 6. Let Wy =W, =W, =W, =
25%.
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Table 2 The configuration of each node

Node D,-D, Ds-Dy Dy-D;,  Dy3-Dig Dy;-Dy
CPU Core Core Intel Intel Intel
3.2GHz 2.8GHz 2.5GHz 2.5GHz 2.2GHz
Memory 8G 4G 4G 4G 2G
Disk 1T 500G 500G 350G 300G

4.1 Rationality analysis

To guarantee the effectiveness of ODRDF, some
experiments are conducted with the FAPP algorithm to
verify its integrity and rationality. The data used are
the files access records of Microsoft MSN Storage Server
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Fig.2 Prediction of file access popularity

in 2008 and they are taken as the access popularity da-
ta. In the experiment, a prediction of file access in the
next 24 days is made based on the data 24 days ago.
And, comparisons between the predicted value and ac-
tual value are done. The result is shown in Fig.2(a) ,
2(b) and 2(c). Fig.2(a) is the condition that the
popularity of files is smooth at the beginning and rises
rapidly until reaching the maximum then declines.
Fig. 2(b) describes the feature that two times peak ap-
pears and then stays steadily. Fig.2 (¢) has no peak
and declines at the beginning. From the experiments,
the predicted results are fit with the actual trend,
which verifies the rationality of the FAPP algorithm.

4.2 Service performance

10000 files for access popularity are predicted to
be used to verify that the ODRDF strategy can improve
the user experience of accessing to the high popularity
files. Also load balance in the system is considered.
According to data records, the total amount of access is
11840 in one specific day. The 10000 files are classi-
fied into set A,,, B, and C,, by the FPC algorithm.
Meanwhile, based on the result, the amount of file
replicas is determined using methods mentioned in this
paper. Comparisons are done in experiments with the
typical strategies which are Hadoop default strategy and
CDRM strategies'*! in system load and quality of service.

Replicas are determined and deployed to nodes in
the cloud system using the 3 different strategies; de-
tailed distribution is shown in Fig. 3, in which we can
recognize that ODRDF can dynamically and effectively
deploy replicas. Though performance of each node de-
clines with the load, load balance is reached by deplo-
ying more replicas on higher performance node, which
ensures the quality of service. This theory is also veri-
fied in service quality test. Although the CDRM strate-
gy ignores the effect on the file access popularity for
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quality of service, it has considered network through-
puts in system load. So the system load is better. In
system load, ODRDF and CDRM are better than Ha-
doop default strategy. But ODRDF can effectively con-
trol the total number of replicas, the total amount of
replicas is significantly lower than another two strate-
gies. Notice that in Fig.3, the horizontal axis follows
the decreased order of nodes’ performance.

Finally, the ability for dealing with the changes in
service requests is measured. By detecting average re-
sponse time, which is selected as a criterion, we get
the result in Fig. 4. The output shows that ODRDF can
satisfy the service requests of high access popularity u-
sing methods in which files are classified by different
priorities and deploy onto nodes that are sorted by per-
formance. When 10000 users access to files in A, con-
currently, the average response time is shorter than the
two other strategies apparently, which, in detail, are
15.6% shorter than CDRM and 24.3% shorter than
Hadoop default strategy. The time is still shorter when
it comes to the files in B
files in C,,

amount of 3 for each file, is better than other options,

But when accessing the

set®

the Hadoop default strategy, the replicas

which is consistent with the theory analysis. But file
access popularity in C_, is very small in the system, so
too many replicas will cause waste of storage and en-
large of service cost.

B Hadoop
[ CDRM
[ ODRDF

=]

w2

The average of response time (s)

L

The type of file priority

Fig.4 Average response time of different strategies

5 Conclusion

In this work, aiming at improving service perform-
ance and satisfying service requests, file replicas a-
mount and deployment are studied. Firstly, the file ac-
cess popularity pattern is analyzed and a file access
popularity prediction ( FAPP) algorithm is put forward
using exponential smoothing method. Also, files are

classified into different types based on their access pop-
ularity. Secondly, the mathematical model is proposed
as a foundation to determine replica amount by linking
file access popularity with it. Thirdly, considering files

priorities, nodes performance and system load,
ODRDF is presented to deploy replicas dynamically by
distributing high priority files onto nodes which have
better performance to improve the quality of service.
Finally, this strategy is realized in Hadoop platform
and compared with two other typical strategies in the
aspects of load balance and quality of service. Results
certify the effectiveness of our strategy, which is con-

sistent with theory analysis.
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