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Abstract

Big Data technology is emerging around the globe to provide better insight and decision making for every organization. As the nature of
Big Data is providing variety and huge volume of data with complex data computation, cloud environment is the best choice to resolve
storage issues. However, the challenge remain in this technology is data availability due to heterogeneity of Big Data systems. Data must
be always accessible and available for user regardless of time. The most essential option to satisfy this desire is providing best replication
strategies which able to afford business continuity without interruption. Hence, this paper delivers better perceptions on the data replica-
tions strategies for Big Data systems in cloud environment. Critical review concerning replication strategies is discussed and presented
with imperative details from numerous researchers. Additionally, this work contributes thorough discussion on advantages and gaps for
each study. This study also explores algorithms and performance metrics that has been improved by researchers. The methodology used
to conduct this paper was using qualitative research approach. Ultimately, this paper would be helpful for future researchers in under-

standing and selecting the best strategy to fit their research scope and goals.
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1. Introduction

In the current era, the volume of data has grown to terabytes and
petabytes. As the volume of data keeps rising, the varieties of data
generated by applications become richer than before [1]. Statisti-
cal analyses viewing approximately, 2.5 quintillion bytes of data
created per-day from heterogenous sources [2]. The data size
shared worldwide is tremendously huge consist of wide variety of
raw data, semi-structured and unstructured data such as videos,
images, transactions, web pages, email, social media data, stream
data and search indexes [3]. These data are derived from various
systems environment and very significant to every single person.
According to [3], current data and information are unworkable to
be processed and analyzed using traditional processes and tools.
The best technology emerging nowadays to cater the bulk of varie-
ty of data is known as Big Data or data intensive workflow sys-
tem. The features of Big Data able to process all kind of data. As
the data are full of variety and high in volume, the data needed
high capacity of storage too.

Cloud introduced as solution for vast storage needs and additional-
ly cloud provide greener environment while reducing the need of
having separate data center with numerous server and equipment.
Hussein and Mousa [4] defined, cloud computing as high-powered
computer equipment with collection of interconnected and virtual-
ized server resources. The large-scale computing provides services
as infrastructure, platform and it able to integrate with all type of
server equipment [5]. As solution for any organization, cloud
addresses storage and data center maintenance issues to all users.
Besides improves throughput and performance, cloud is also able
to provide scalable and efficient service to mass data. Singh and

Malhotra [12], mentioned cloud is the best solution for data inten-
sive workflow as Big Data. Agreed by the other researcher [6], the
huge data consist in Big Data can only be manage by clouds to
present large amount of data to users. The ambiguity of these re-
searchers been proved by all the current organization that imple-
ment Big Data only on cloud.

Numerous organizations started to implement Big Data on cloud
as it promising value to their business. However, less of organiza-
tion determined the correct strategies prior to the deployment of
the two enormous technologies. This scenario would lead to later
problem on managing and generating informative data efficiently.
Prior to deployment, Big Data and cloud as huge data provider
need precise plan on the best strategy, to ensure data is accessible
consistently without disruption. Although data been kept in many
high-end nodes either in the same data centers or across many
datacenters on cloud, the server failures are possible. Therefore, to
mitigate the risk of failures, the best replication strategy on cloud
is essential to secure data availability. Designing best data replica-
tion strategy is the actual challenge. The challenge is apparently
occurring because each researchers or organization has different
objectives in order to achieve optimum performance in their sys-
tem environment, instead everyone need to accept trade-off with
other performance issues. Thus, to determine best replication
strategies is not an easy task to be done. Many practitioners in-
cluding [3, 15, 16] are eagerly looking into the solution to provide
best strategies to ensure data is always obtainable and beneficial.
As cited by another researcher, in order to improve data availabil-
ity, the Hadoop File System and Google File Systems both im-
plements data replication strategies as well [7]. Hence, with deep
concern of raised issue, this paper provides insights on replication
strategies in cloud environment. Besides exploring the advantages
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and limitations on research papers, it’s also accommodating find-
ings to derive future research in replication environment.

This paper is organized as follows. Section Il describe on Data
Replication, detail elaborations on Replication Strategies in Cloud
Environment and Data Placement in Replication with detailed gap
n advantages; Section 111 Conclusion.

1.1. Cloud Computing

Several researchers confirmed that, cloud computing is great solu-
tion to resolve storage issues for organization, with features of
elasticity, pooled resources, on-demand access, self-service and
pay-as-you-go [5]. Hence, Big Data can produce significant im-
pact to organizations when integrates with cloud computing [8].
Cloud computing offers virtually unlimited storage services to
address and manage Big Data challenges in better way compared
to other storage platforms [5]. In the same time, stored data can be
corrupted or lost at any stage of cloud computing adoption [8].
Hence, to ensure data is safe and always available for users, the
best strategy to store data must be pre-determined by each organi-
zation. Business continuity must be secured by providing best
techniques to manage data with complete long-term solution in-
cluding data backup for disaster recovery through providing best
data replication strategies to prevent any data loss in future.
Although Big Data capable of replicate and store enormous data
by using cloud approach, conversely the issues of the data avail-
ability are still existed as the cloud storage is limited and cost
related [5]. The entire Big Data are not sensible to be replicated as
the data load affecting cost in storage, especially in replication
environment. Without explicit replication strategies, data avail-
ability is not guaranteed even if latest specification of storage been
provided in cloud environment. Efficient data replication strategy
will always; be intelligent enough to choose essential data to be
replicated, provide faster time either copy or retrieve data and
finally must be capable to indicate the best replica site to keep safe
the critical data.

1.2. Big Data

Big Data or data intensive workflow systems are evolving in every
country across the globe known as solution that manages high-
volume, high-velocity, high value and high-variety of information
assets that claims as cost-effective by many organization [8-9].
This emerging technology is principally to manage huge size of
data in efficient and innovative forms, to provide meaningful in-
formation to expand and streamline business which believed to
revolutionize all knowledge-based aspects in life, including gov-
ernment and public administration [10]. The main characteristic of
Big Data is showed in Fig. 1.

The variety in Big Data are essentially helpful in terms of provid-
ing better insights for decision making. In order to accomplish the
needs of variation in data gathering, Big Data also been integrated
and expended in real-time interaction with users instead of simple
data exchange computation [11]. Collecting the variety of data are
not a challenge anymore in Big Data, on the other hand, storing
and managing the data is significant for Big Data users [10]. This
explosive growth of data is not exempted in initiating crucial issue
in data availability. Singh and Malhotra [12] claims, Big Data
technology is focused on scientific computing research. It has
been using cloud environment as platform and service to deliver
all sorts of conceptions, containing: huge quantities of data, social
media analytics, next generation data management capabilities,
real-time data, and much more.

2. Data Replication

Data replication is a technique of creating identical data copies for
each data blocks which enhance performance with load balance
for read request across multiple replicas [13]. In cloud environ-

ment, data replication can be defined as each logical data item in
production system database has several physical copies, located on
different machine at different sites and also known as nodes [14].
There is another replication for disaster recovery that copies data
to another site for catastrophes tenacities. This kind of replication
is predetermined by organization in order to encounter business
continuity purposes when disaster happens in production data
centers.

VOLUME: Immerse data
size

VERACITY: Data
reliability and trust . -

VELOCITY: High speed of
data creation and
processing

BIG DATA

VARIETY: Structured,
semi-structured,
unstructured heterogenous

VALUE: Worth of derived

from big data; low density
data of value

Fig. 1: Big Data Characteristic [35]

Replication strategies are varying depends on the algorithm devel-
oped. Every single strategy consists of algorithm or models devel-
oped to meet different objectives in certain environment and im-
proves different performance metrics. Depends on the area to be
improves, developed algorithm would provide betterment in vari-
ous performance metric such as; accuracy, energy consumption,
bandwidth usage, response time and many other measurement
areas can be enhanced. Xia et al. [3], research focuses replication
strategies on quality of services in Big Data and produce algorithm
with faster response time. Another researcher proposed data repli-
cation strategy to reduce the cost of data storage and transfer for
workflow application [15]. As data reliability plays important
roles for any system environment, Gill and Singh [16], developed
dynamic cost-aware replication algorithm to optimize the replica-
tion performance and provide high availability and reliability in
heterogenous cloud data centers.

Respective algorithm developed by each researcher has their own
aims, therefore every new algorithm is actually being improved
from previous issues and gaps in particular replication environ-
ments. As mentioned in previous studies [13,14], replication can
be a solution for data loss and ensure data availability with opti-
mal performance. Hence, each replication strategy must be benefi-
cial in numerous ways which ultimately enhance overall perform-
ance for system. Not to forget the good replication justified keep-
ing safe significant data alone, instead of copying entire data
which leads to many performance issues. The overall taxonomy
for Replication in cloud environment is illustrate as Fig. 2;
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Fig. 2: Taxonomy for Replication in Cloud Environment
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2.1. Replication Strategies

There are two (2) common mechanisms of replication strategies in
data replication environment. First is, Static Replication strategy is
predefined for specific replica environment and rather its simple to
implement but usually this strategy hardly adapts to any environ-
ment [16]. Second is Dynamic Replication strategy allows the
algorithm creates and deletes the replicas based on the access pat-
tern of each replica [14]. Milani and Navimipour [14], stated in
their journal about these two types of replication techniques; dy-
namic and static replication. The static replication is fixed replica-
tion environment, whereby the number of nodes and replicas are
pre-determined. However, the dynamic mechanism able to re-
moves and create replicas as and when its needed in replication
environment automatically.

Several researchers have worked on the static replication mecha-
nism. Long et al. [17] proposed GFS algorithm to achieve load
balance among fixed numbers of replicas for all files in static rep-
lication approach. The objective to fully utilize the replicas was
succeeded but then the disadvantage of the mechanism was, each
chucked file need to use fixed number of replicas even though
behavior of the access pattern changes. Meanwhile, Cidon et al.
[18] developed MinCopySet method that chooses fixed replica
randomly to accomplish data durability and faster response time.
The resource been allocated for static replication mechanism its
vividly omit the objective of improve performance. This method
might cause some of the replica over used and consequently per-
formance degrade. Based on the most literature reviews, the adap-
tion of static replication mechanism is most likely to have less
benefit to the replication environment. Although, the static ap-
proach is simpler but its rather difficult to be suited in all replica-
tion environment [14]. This difficulty is presumed due to the static
approach is only beneficial for particular predetermined replica-
tion without any flexibility when any ad-hoc variation is occurred
in users’ access patterns. Hence, dynamic replication approach
would be more effective for better replication strategy.

Dynamic replication approach is rather widely in use by many
researcher and practitioner. The flexibility to delete and create
replicas in replication is suitable for cloud environment [14]. Ca-
pability of the dynamic approach are varying depend on each
functionality objectives. Numerous researchers focused on better-
ment in data center areas by improving many performance areas
by adapting dynamic replication technique. Hussein and Mousa
[4], used dynamic mechanism to propose light weight data replica-
tion for cloud data centers. The study improved overall reliability
to meet quality of service that able to choose popular data to be
replicated to data centers but the process overhead caused high
response time to the users. While another researcher produce algo-
rithm to safe energy in data centers during replication activities.
Although the goal of research to reduce energy consumption was
achieved, yet high update rate at central database still persist as the
research gap [19]. Li et al. [20], proposed PRCR algorithm that
intelligently chooses data and replicate over to sites. This tech-
nique addresses storage consumption issues by replicating impor-
tant files to two replicas storage while the less important data will
be replicated to single replica storage. This research omitted the
substantial of overall performance caused by high execution time
during data classification level.

Replicating all dataset is not viable due to excess of time on copy-

ing unpopular files and therefore leads to waste of storage too [21].

One of previous study by Mansouri et al. [21] proposed DPRS
algorithm, which is dynamic enough to read users access pattern
and copies only popular data to replication sites to cater storage
consumption issue. Besides that, DPRS imply parallel download-
ing strategy as replication solution where the files are chunked
into segments and replicated over to different sites. Mansouri et al.
[21] claimed that DPRS was tested and delivers better data
downloading performance compared to other existing replication
strategies. Nevertheless, when looking into the system framework
for DPRS which works in 5 clusters with several number of sites

and Local Replica Manager (LRM) in each cluster environment.
The issue is, LRM in the clusters might loss accuracy of data
whenever number of cluster increases. This will happen every
time each file been updated and the consistency of files in differ-
ent cluster is crucial issue to be considered. There is also re-
searcher who looked into model or framework for replications.
Wang et al. [22] developed new reliability model to investigate
replica loss that contribute to system reliability of multi-way de-
clustering data and analyze potential parallel recovery possibilities
based in Big Data storage. Despite its contribution on high data
reliability and prevent data loss, this model has the disadvantages
of high bandwidth consumption due to parallel read count and
computation of the recovery options.

2.2. Data Placement in Replication

Countless researchers worked on enhancement in replication
method by adding the data placement techniques. Data placement
is strategy to save data in the storage either as single replica or
multiple replicas. The data in storage can be organize in various
way such as by chunking single file to different storage for faster
download, partition the data files to avoid data loss, arrange the
files in vertically or horizontally order for better retrieval purposes
and many other data placement approaches can be adapted de-
pends on researcher goals. Similar to other techniques, this data
placement also adapted by researchers to improve many perform-
ance metrics which ultimately towards achieving optimal per-
formance in replication environment.

Big Data Placement Strategy (BDAP) reduce total number data
movement as it is a cluster base and the dataset are interdependent,
whereas data been dumped among available virtual machines and
VMs will be in charge to schedule workflow tasks [12]. Another
study addressed response time issue in Big Data by developing
replication placement algorithm that evaluate queries. Separate
queries been locked with certain trial counts, until reaching the
specified threshold, then query will be pass to next replica to get
response [2]. The disadvantage of this research is the query trans-
fers to many replicas to retrieve response causing high bandwidth
consumptions. CRUSH algorithm enhancement been done by
Carns et al. [23], to overcome the bottleneck of existing CRUSH.
One of the issue in existing CRUSH was revealed in Carns et al.
study, whereby replicas is not evenly distributed to all available
storage, on the other hand, most of the new generated replica been
sent to active servers which causing long queue and bottleneck to
the network. The new improved CRUSH algorithm is data place-
ment strategy that able to send data to next available replica when
first available replica is not responding. The cloud replication
architecture of the data placement is RING pattern. Even though
this new improved method outperforms the previous study, the
limitation issue on data reliability is still existed in the new im-
provement by [23]. The argument here is, when a dataset been
sent to specific replica and halfway the server is not responding,
then the entire data might be loss without able to be tracked.
Recently, Mansouri et al. [21], proposed dynamic popularity repli-
cation strategy with parallel download technique in cloud envi-
ronment. This study was focusing at chunking file and place it to
several replicas to improve download response time. Unfortu-
nately, the chunking process causing overload and consume more
time to the global replication manager (GRM) in order to chunk
files and distribute each segment to different sites. Additionally,
high number of request for chunked replicas can cause high con-
gestion at network level as well. There are also study focuses on
data consistency after placing data in the storage. Researcher
succeeded to develop protocol that capable to update data in stor-
age for Big Data systems [24]. The objective of the research is to
reduce size of code block update windows while ensuring the
consistency of data in the storage. The limitation found from the
study was, high buffer time when data block is updated, entire
block will be locked and no user can access to the data until up-
date completed or reach certain threshold and time expires. Xu et
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al. [25] was contributed their effort to develop a cost and energy
aware data placement (CDEP) algorithm over Big Data in hybrid
cloud environment. Rather putting all data in single cloud, the
algorithm capable of determine to distribute dataset to correct
cloud and this did resolve the high renting cost for public cloud

services and reduce the high energy consumption for private cloud.

In the meantime, researcher overlooked that, all the data been
replicated without filtering only important data to be replicated
over and this lead to high storage consumption.

As replication is one of crucial area to be prepared to achieve bet-
ter data performance in clouds. By adapting best strategy in repli-
cation, any Big Data system can be more resourceful on their
functional capabilities. This would mitigate future difficulties
essentially on harvesting profitable value after embarking in Big
Data too. Once necessary strategies prepared then, far ahead man-
aging data and producing useful data for organization would be
greatly guaranteed. Therefore, this paper presenting reviews on
replication strategies for Big Data in cloud environment. Table 1
is the summarize information on related research in replication
strategies in cloud environment. The details shared in the table are
compiled with advantages and limitations of the studies to better
outline for the readers and researchers especially.

Based on Table 1, there are significance findings has been discov-
ered. As discussed, there are various advantages and limitation in
researchers work as in summary Table 2. This scenario is appar-
ently conveying the most imperative material for future research-
ers to identify which performance area is crucial to be improvise.
Rigorous analysis done and Fig. 3, is the findings in pie chart
showing the breakthrough of each performance or measurement
metrics in percentage:

Table 1: Summary of Replication Strategies

N AU- CONTRI- PERFOR- STREN LIMITA-
O | THOR BUTION MANCE GTH TION
METRICS
[2] Algorithm Response time | Low High

that evalu- Max error Re- Network
ate big data bound sponse Usage
queries to Impact of Time
meet better stor- High
response age/transmissi Perfor-
time on mance

2. | [4] Adaptive Response High Low Data
Data Repli- Time Data Availabil-
cation Strat- Reliabil- | ity
egy (ADRS) ity High
Lightweight High Process
time series Quality Time
prediction of Ser-
algorithm - vice
Holt’s Line-
ar & Expo-
nential
Smoothing
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3 [8] Multi- Data Failure High High
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gorithm: sponse Time re- cess Time
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PERFORMANCE METRICS (%)
Latency Cost Others Response Time
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9% 14% 17%
Energy

Consumption

3%

Performance

5%

Process Time
4%

Data Reliability

7%

Data Consistency

5%

Fig. 3: Performance Metrics (%)

3. Conclusion

The main objective of this paper is to present numerous replication
strategies for Big Data in cloud environment. Many researchers
have developed countless algorithms, protocols and models to
improve various performance metric as highlighted in this study.
However, no single research can fulfil entire need due to hetero-
geneity of systems in cloud environments. Compared to other
strategies as discussed in this paper, DPRS algorithm by Mansouri
et al. [21] is one of the best and recent research. In [21] study fo-
cused and addressed quite a number of issues and improved sev-
eral performance metrics. As major contribution, [1] resolved
issues in reducing storage consumption by replicating only popu-
lar data and introduced chunking techniques to achieve download-
ing with low response time and low bandwidth consumption
which are outperform other replication strategies. DPRS algorithm
is appropriate for all type of data regardless structured, semi-
structured or unstructured data which are seamless for Big Data
systems. However, there are countless researchers are still proac-
tively developing novel algorithms to provide betterment in exist-
ing replication strategies. As the analysis and finding in Fig. 3,
would be valuable to provide concepts on the performance area to
be investigate further in upcoming research in this same scope.
Ultimately, this paper with thorough analysis, finding and discus-
sion on strength and limitation of recent studies would be major
contribution and beneficial for all future researchers.
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