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• Survey of solutions for carrying out analytics and Big Data on Clouds.
• Identification of gaps in technology for Cloud-based analytics.
• Recommendations of research directions for Cloud-based analytics and Big Data.
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a b s t r a c t

This paper discusses approaches and environments for carrying out analytics on Clouds for Big Data ap-
plications. It revolves around four important areas of analytics and Big Data, namely (i) data management
and supporting architectures; (ii) model development and scoring; (iii) visualisation and user interac-
tion; and (iv) business models. Through a detailed survey, we identify possible gaps in technology and
provide recommendations for the research community on future directions on Cloud-supported Big Data
computing and analytics solutions.

© 2014 Elsevier Inc. All rights reserved.

1. Introduction

Society is becoming increasingly more instrumented and as a
result, organisations are producing and storing vast amounts of
data. Managing and gaining insights from the produced data is a
challenge and key to competitive advantage. Analytics solutions
that mine structured and unstructured data are important as they
can help organisations gain insights not only from their privately
acquired data, but also from large amounts of data publicly avail-
able on the Web [118]. The ability to cross-relate private informa-
tion on consumer preferences and products with information from
tweets, blogs, product evaluations, and data from social networks
opens a wide range of possibilities for organisations to understand
the needs of their customers, predict their wants and demands,
and optimise the use of resources. This paradigm is being popu-
larly termed as Big Data.

∗ Corresponding authors.
E-mail addresses: assuncao@acm.org (M.D. Assunção), rbuyya@unimelb.edu.au

(R. Buyya).

Despite the popularity on analytics and Big Data, putting them
into practice is still a complex and time consuming endeavour. As
Yu [136] points out, Big Data offers substantial value to organisa-
tions willing to adopt it, but at the same time poses a consider-
able number of challenges for the realisation of such added value.
An organisation willing to use analytics technology frequently ac-
quires expensive software licences; employs large computing in-
frastructure; and pays for consulting hours of analysts who work
with the organisation to better understand its business, organise
its data, and integrate it for analytics [120]. This joint effort of or-
ganisation and analysts often aims to help the organisation un-
derstand its customers’ needs, behaviours, and future demands for
newproducts ormarketing strategies. Such effort, however, is gen-
erally costly and often lacks flexibility. Nevertheless, research and
application of Big Data are being extensively explored by govern-
ments, as evidenced by initiatives from USA [20] and UK [106]; by
academics, such as the bigdata@csail initiative fromMIT [19]; and
by companies such as Intel [122].

Cloud computing has been revolutionising the IT industry by
adding flexibility to theway IT is consumed, enabling organisations
to pay only for the resources and services they use. In an effort to
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reduce IT capital and operational expenditures, organisations of all
sizes are using Clouds to provide the resources required to run their
applications. Clouds vary significantly in their specific technologies
and implementation, but often provide infrastructure, platform,
and software resources as services [25,13].

The most often claimed benefits of Clouds include offering re-
sources in a pay-as-you-go fashion, improved availability and elas-
ticity, and cost reduction. Clouds can prevent organisations from
spending money for maintaining peak-provisioned IT infrastruc-
ture that they are unlikely to use most of the time. Whilst at first
glance the value proposition of Clouds as a platform to carry out
analytics is strong, there aremany challenges that need to be over-
come to make Clouds an ideal platform for scalable analytics.

In this article we survey approaches, environments, and tech-
nologies on areas that are key to Big Data analytics capabilities and
discuss how they help building analytics solutions for Clouds. We
focus on the most important technical issues on enabling Cloud
analytics, but also highlight some of the non-technical challenges
faced by organisations that want to provide analytics as a service
in the Cloud. In addition, we describe a set of gaps and recommen-
dations for the research community on future directions on Cloud-
supported Big Data computing.

2. Background and methodology

Organisations are increasingly generating large volumes of data
as result of instrumented business processes, monitoring of user
activity [14,127], web site tracking, sensors, finance, accounting,
among other reasons.With the advent of social networkWeb sites,
users create records of their lives by daily posting details of ac-
tivities they perform, events they attend, places they visit, pic-
tures they take, and things they enjoy and want. This data deluge
is often referred to as Big Data [99,55,17]; a term that conveys the
challenges it poses on existing infrastructure with respect to stor-
age,management, interoperability, governance, and analysis of the
data.

In today’s competitive market, being able to explore data to un-
derstand customer behaviour, segment customer base, offer cus-
tomised services, and gain insights from data provided bymultiple
sources is key to competitive advantage. Although decisionmakers
would like to base their decisions and actions on insights gained
from this data [43], making sense of data, extracting non obvious
patterns, and using these patterns to predict future behaviour are
not new topics. Knowledge Discovery in Data (KDD) [50] aims to
extract non obvious information using careful and detailed anal-
ysis and interpretation. Data mining [133,84], more specifically,
aims to discover previously unknown interrelations among appar-
ently unrelated attributes of data sets by applying methods from
several areas including machine learning, database systems, and
statistics. Analytics comprises techniques of KDD, datamining, text
mining, statistical and quantitative analysis, explanatory and pre-
dictivemodels, and advanced and interactive visualisation to drive
decisions and actions [43,42,63].

Fig. 1 depicts the common phases of a traditional analyt-
ics workflow for Big Data. Data from various sources, including
databases, streams, marts, and data warehouses, are used to build
models. The large volume and different types of the data can de-
mand pre-processing tasks for integrating the data, cleaning it, and
filtering it. The prepared data is used to train a model and to esti-
mate its parameters. Once themodel is estimated, it should be vali-
dated before its consumption. Normally this phase requires the use
of the original input data and specific methods to validate the cre-
ated model. Finally, the model is consumed and applied to data as
it arrives. This phase, calledmodel scoring, is used to generate pre-
dictions, prescriptions, and recommendations. The results are in-
terpreted and evaluated, used to generate newmodels or calibrate
existing ones, or are integrated to pre-processed data.

Analytics solutions can be classified as descriptive, predictive,
or prescriptive as illustrated in Fig. 2. Descriptive analytics
uses historical data to identify patterns and create management
reports; it is concerned with modelling past behaviour. Predictive
analytics attempts to predict the future by analysing current and
historical data. Prescriptive solutions assist analysts in decisions by
determining actions and assessing their impact regarding business
objectives, requirements, and constraints.

Despite the hype about it, using analytics is still a labour inten-
sive endeavour. This is because current solutions for analytics are
often based on proprietary appliances or software systems built for
general purposes. Thus, significant effort is needed to tailor such
solutions to the specific needs of the organisation, which includes
integrating different data sources and deploying the software on
the company’s hardware (or, in the case of appliances, integrat-
ing the appliance hardware with the rest of the company’s sys-
tems) [120]. Such solutions are usually developed and hosted on
the customer’s premises, are generally complex, and their opera-
tions can take hours to execute. Cloud computing provides an in-
teresting model for analytics, where solutions can be hosted on
the Cloud and consumed by customers in a pay-as-you-go fashion.
For this delivery model to become reality, however, several tech-
nical issues must be addressed, such as data management, tuning
of models, privacy, data quality, and data currency.

This work highlights technical issues and surveys existing work
on solutions to provide analytics capabilities for Big Data on the
Cloud. Considering the traditional analytics workflow presented in
Fig. 1, we focus on key issues in the phases of an analytics solution.
With Big Data it is evident that many of the challenges of Cloud
analytics concern data management, integration, and processing.
Previous work has focused on issues such as data formats, data
representation, storage, access, privacy, and data quality. Section 3
presents existing work addressing these challenges on Cloud envi-
ronments. In Section 4, we elaborate on existingmodels to provide
and evaluate data models on the Cloud. Section 5 describes solu-
tions for data visualisation and customer interaction with analyt-
ics solutions provided by a Cloud. We also highlight some of the
business challenges posed by this delivery model whenwe discuss
service structures, service level agreements, and business models.
Security is certainly a key challenge for hosting analytics solutions
on public Clouds. We consider, however, that security is an exten-
sive topic and would hence deserve a study of its own. Therefore,
security and evaluation of data correctness [130] are out of scope
of this survey.

3. Data management

One of the most time-consuming and labour-intensive tasks of
analytics is preparation of data for analysis; a problem often exac-
erbated by Big Data as it stretches existing infrastructure to its lim-
its. Performing analytics on large volumes of data requires efficient
methods to store, filter, transform, and retrieve the data. Some of
the challenges of deploying data management solutions on Cloud
environments have been known for some time [1,113,82], and so-
lutions to perform analytics on the Cloud face similar challenges.
Cloud analytics solutions need to consider the multiple Cloud de-
ployment models adopted by enterprises, where Clouds can be for
instance:

• Private: deployed on a private network, managed by the organ-
isation itself or by a third party. A private Cloud is suitable for
businesses that require the highest level of control of security
and data privacy. In such conditions, this type of Cloud infras-
tructure can be used to share the services and data more effi-
ciently across the different departments of a large enterprise.

• Public: deployed off-site over the Internet and available to the
general public. Public Cloud offers high efficiency and shared
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