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ABSTRACT

The present study proposes a dynamie replica management strategy based on Technique for
Order Preference by Similarity to Ideal Solution (TOPSIS) in the cloud storage system. The replica
management strategy includes the replica placement algorithm and the replica number strategy.
The replica placement algorithm sorts the nodes by TOPSIS according to the node performance and
load, the replicas are placed in the nodes with high performance and low load. The replica number
strategy designs the reliability model and the availability model to compute the number of replicas,
the initial number of the replicas is decided according to the reliability model and the number of the
replicas is adjusted dynamically according to the availability model. Experimental results show that
the strategy in the study has better performance in response delay and load-balance than the
Default Replica Management Strategy in Hadoop (DRMSH) distributed file system.
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INTRODUCTION

In recent years, huge amounts of data are generated in the fields such as scientific and
engineering applications, management of such huge data resources has been a great challenge
{Mansouri and Dastghaibyfard, 2012). Data replication is an important technique to manage large
data in cloud sterage system, which can reduce the bandwidth consumption and reduce the job
execution time, the general idea of replication 1s to place, replicas of data at various locations. There
are two keyissues in all the data replication algorithms. How many replicas should be created and
where replicas should be stored.

How many to replicate? (The number of the replicas): The number of the replicas 1s decided
by the importance and popularity of the data. The data 1s more important, the rehability
requirement is higher. The popularity of data easily leads to node overload, increasing the number
of the replicas can reduce the response delay and balance loads in hotspot nodes. So, the number
of the replicas is concerned with the reliability and availability.

Where to place the replicas? (Replica location): The replica location 1s an important factor to

affect the system performance. Since different nodes have different processing capabilities in the
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heterogeneous cloud storage system and node load affects the availability of the data, therefore,
it should be considered comprehensively between the node performance and load to decide the
replica location.

In this study, two algerithms are proposed, a novel Dynamical Replica Placement Strategy
based on TOPSIS (DRPST) and a Dynamical Replica Number Strategy (DRNS). The DRPST aims
to reduce the response time and balance load, which takes into account the node performance and
load comprehensively and uses TOPSIS method to sort the nodes, the top n nodes are chose to place
the replicas, DENS designs the reliability model and the availability model, which computes the
initial number of the replicas according the reliability model and dynamically adjusts the number
of the replicas according to the availability model.

RELATED WORK

The static replication strategy is adopted in HDFS (Shvachko ef al., 2010}, in which the number
of the replicas can be assigned by the client and the default is 3. Two replicas are placed in the
different data nodes of the same rack nearby the client and the third is placed in a random data
node of the other rack. If the number of the replicas is more than 3, the other replicas are placed
in random data nodes of the cluster. The static replication keeps stationary replica location and
replica number, which can't adapt to the complex network environment.

Lia et al. (2011) presented a novel cost-effective data reliability management mechanism which
proactively checks the availability of replicas for maintaining data reliability. Bansal et af. (2011)
presented dynamic replication management architecture which achieves high performance and
dependability by placing the replicas uniformly over all distant nodes, but these replica
management mechanism and architecture deesn’t take into account the load balance.

Bsoul et al. (2011) proposed a dynamic replication strategy that takes into account the number
and frequency of requests, the size of the replica and the last time the replica was requested.
Shorfuzzaman et al. (2010) proposed Popularity Based Replica Placement strategy in a hierarchical
data grid which is guided by file “popularity”. It places replicas close to clients to decrease data
access. These replica strategies place replicas just according to the “popularity”, but they don’t take
into account the node performance in the heterogeneous cloud storage system.

Zhang ef al. (2010) presented a replication approach based on swarm intelligence, which was
an adaptive and decentralized hottom-to-up method. Mendez and Carballeira (2006),
Munoz and Carballeira (2007) and Munoz et af. (2010) applied Particle Swarm Optimization and
Ant Colony Optimization to replica creation and data grid replica selection. Ma et al. (2013) propose
replica creation strategy based on quantum evolutionary algorithm in data grid, these algorithms
predict according to the history infermation, but it will take much cost to process the amount of the
history information.

Tang and Xu (2005) and Wei ef al. (2009) proposed QoS-aware replica placement strategy to

meet the QoS of every request, but these strategies doesn’t pursuit the optimal system performance.

DYNAMIC REPLICA PLACEMENT STRATEGY BASED ON TOPSIS
Replica placement. is one of the important issues for cloud storage system, which deal with how
to locate and deploy the replicas. The cloud storage system is composed of m independent

heterogenecus data nodes, denoted d,;, d,, d;,..., d_, and n replicas of a file will be stored in the

m?

different data nodes. To reduce the response delay and balance the load, the nodes with high
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Fig. 1: Principle of TOPSIS

Table 1: Index in TOPSIS

Index
Node CPU Memory Bandwidth CPU utilization Memory utilization Bandwidth utilization
1 X1 X1z 6K X4 15 15
2 a1 oz oz Koy Xog Hag
3 Xzt Xag X3 Xaq Xas X6
m X1 Xmg Kms X Xms X6

performance and low load are chose to store the replicas. As shown in Table 1, high performance
is reflected in high CPU frequency, big memory, big bandwidth and low load is reflected in low CPU
utilization, low memory utilization and low bandwidth utilization.

Therefore, the replica placement is a classical multiple attribute decision making-question. The
TOPSIS method (Hwang and Masud, 1879) is a good solution to the problem, which sorts the
objects according to the distance from the target to the ideal solution and the worst solution. If the
target is closest to the ideal solution and farthest to the worst solution, then it is best, otherwise it
is warst. The ideal solution is that every index value achieves the best value of each index and the
worst solution 1s that every index value achieves the worst value of each index. The principle of
TOPSIS is shown in Fig. 1.

The sorting steps of TOPSIS are as follow:

*  (Generate the decision matrix D and the weight matrix W

X, X, X w, 0 - 0

Xy Xy ot Xom 0w, .0

D= : D W= o
: o 0
X Xy, ot X 0 0 w

where, x; is the jth index of the node d;, w,is the weight of the ith index:

« (Calculate the standard decision matrix R:

R= (rij) k¥ (1)
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i

X . .
L= 0<izsk 0<j<m (2)

2%

i=1

Calculate the weighted decision matrix V:
V = (Vu)k*m = W*R (3)

Determine the ideal solution A" and the worst solution A™:

AT = VLV VL AT = V) @)
. {mfa.xv“. j.eI . {minv‘j _jEI (5)
* | minv, jel b | max v, jel
Where:
I: Index of CPU, memory and bandwidth.

Index of CPU utilization, memory utilization and bandwidth utilization:

(Calculate the distance from target to the ideal solution s* and the distance from target to the

s = Zk:(vu—v;')2 § = ’zk:(vu—vj’)2 l<j=m (®)

At last, calculate the relative distance from target to the 1ideal solution and the worst
solution:

worst solution s7:

d=—3 1<jzm (7)

i + oo

The smaller d, is, the better the performance of the node and more balance the load of the node.

So, the top n nodes with the smallest. d-value should be chose to store the replicas.

DYNAMIC NUMBER STRATEGY BASED ON THE RELIABILITY AND AVAILABILITY

Model of reliability: The minimum replica number is computed according to the model of

reliability, the reliability value varies from 0-1 according teo the file’s importance, the more
important the file is, the bigger the file's reliability value is.

Assume that a file is divided into m blocks with the same size and every bleck has n replicas,

every replica of the block B; should be placed in different node Ny (1<j<n).

Some definitions are used in the model of the reliability as follow.

Node unavailable = A node is unable to be accessed for the failure of the machine or network
P(N) = The probability of node unavailable
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Block unavailable = All nodes that store the same block replicas are unable to be accessed

P(B) = The probability of block unavailable
File unavailable = At least one block of the file is unavailable
P(F) = The probability of file unavailable:
P(B,)=1-P(N, ) *P(N,,)*..."P(N,,)
" . (8)
1 [P = 1- [ J4—PQY,)
P(F) = P(B,)*P(B,)*..*P(B, )
(9

~[TP®)=[Ta-[Ta-Pev,

In order to simplify the computation, it is assumed that the online rate of every node is p, the
file’s availability can be simplified by Kq. 10:

P{F)

[Ta-TJa-pevy

A=0=-p")=d-d-p)y

(10)

—

i=

The file 13 more important, the requirement to the reliability is higher. The reliability parameter
fac should be set according to the importance. The initial number of the replicas can be computed
according to the reliability model as follow:

PE)=(1-(1-p)y)" = fac (11)
nzlog, , (1-¥fac) (12)

where, n is the minimum number of the replicas to ensure the file's reliability.

Model of the awvailability: The accesses to the data accord with the Zipfs law
{Adamic and Huberman, 2002), that is, 80% visits focus on the 20% files, the hot files result in a
long response delay. To reduce the response delay and meet, the requirement to the availability,
increasing the number of the replicas is a good way to the problem. The load is the key factor to
affect the response delay, so the model of availability is designed according the average load.

Assume that a file has k replicas and the replicas are placed in the nodes denoted {d,, d,..., d,},
because the node load 1d; concerns with CFU utilization C,, memory utilization M, and bandwidth
utilization B;, so the node load 1d, is computed by Eq. 13:

Id =w, *C +w,*M +w,*B (13)
where, w, is the weight value for each factor.
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The suitable number of the replicas 1s computed according to the availability model
(Eq. 14):

No|iT (14)

where, B is the ideal load to ensure nodes stability, 0.5<p<0.6.

if k<IN, it means, the nodes are overload, the availability of the file is not enough to meet the
requirement of the clients. So, the additional N-k replicas should be created, the adding replicas will
be placed to the nodes with DREPST.

S0, DRNS determines the initial number of the replicas according to the reliability model; for
the hot files, DRINS dynamically adjusts the number of the replicas according to the availability
model.

EXPERIMENT AND ANALYSIS

Hadoop 1s used as the experiment. platform for the open source. Seven computers are used in
the experiment, one computer is as the name node, one computer is as the client and the other five
computers are as the data nodes. The structure is shown in Fig. 2.

The computers are with the same configuration. CPU: Intel(R) core(TM) 17-3770 3.4 GHz,
Memory: 4.0 GB, Hard disk: 320 GB, OS: 64-bit Cent. O5 5.6 with Linux 2.6.18.8 kernel. The other

parameters are set as w, =0.3, w, =03, w, =04, = 0.5.

Experiment 1 (Relationship between the reliability and the number of the replicas): The
reliability of a file is concerned with the number of the blocks m, the number of the replicas n and
the online rate p. The file's reliability is calculated by Eq. 8. As shown in Fig. 3, the file's reliability
increases with the growth of the number of the replicas. If p is bigger than 0.8, the reliability 1s
usually bigger than 90% when the number of the replicas is bigger than 3, so the initial number
of the replicas can be calculated according to the file's importance, the more important the file is,
the bigger the file’s reliability value and the initial number of the replicas are bigger.

y Local network

Client Date node

Fig. 2: Structure of the hadocp platform
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Fig. 4: Delay contrast between DRMST and DRMSH

Experiment 2 (Uploading delay contrast between DRMST and DRMSH): The delay is tested
by uploading files from the client and the file size varies from 100-600 M.

As shown in Fig. 4, DRMST spends less time than DEMSH when the client uploads files to
the date nodes. Because in the DEMST, the node with high performance and low load has
good ability in process, however, DEMSH places replicas to a random node, so the DRMST
has shorter delay in uploading the files and the delay is expended with the growth of the file

slze.

Experiment 3 (Load contrast between DRMST and DRMSH): By uploading files many times
in different situation, we record the loads of the replica nodes and calculate the average load in
DRMSH and DEMST.

As shown in Fig. 5 because DRMSH places replicas in a randem way, DRMSH has bigger
fluctuation and value in the average load. Whereas low load is taking inte account in the DRMST,
so the node is with less load value in most time, DRMST can keeps the load bhalance better,
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Fig. B: Load contrast between DRMSH and DEMST

CONCLUSION

The study has researched the replica management technology and proposed an adaptive replica
management strategy. The replica placement and the replica number are the most important
problems in the dynamiec replica management. The DEMST uses the TOPSIS method to sort the
nodes according to the performance and load and the top n nodes are chose to place the replicas in
sequence, the node with high performance and low load is the preferred target to choose. The
reliability and availability of the file increases with the growth of the number of the replicas,
DRMST computes the initial number of the replicas according to the reliability and adjusts the
number of the replicas according to the availability, the experiment results prove that DEMST 1s
better in response delay and load balance than DRMSH.
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