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Abstract: Distributed computing combines multiple computers,
geographically dispersed in a cost effective way and presents a
single unified resource to the end user with huge storage and
computational power. In the past few years, many overlying
concepts of distributed computing eminently Cluster, Grid and
Cloud Computing have appeared. This paper attempts to
unfold these concepts and discusses their close alliance with
other forms of computing like Service and Utility Computing.
A qualitative comparison between these paradigms has been
done. The key impediments to the successful adoption of Cloud
Computing have been identified and directions for the future
have been in-sighted.
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L. INTRODUCTION

The advancements in technology, higher bandwidth and
reduced costs have lured people to work collaboratively in
distributed environments utilizing internet as a transport and
communication medium to share resources. Cloud
Computing has steered the promise of Distributed
computing by bringing people to internet ubiquity but still
there is no agreement on a common definition of Cloud
Computing [7] [10] [13]. For a novice cloud is just anything
that is outside our bounds as is often used to represent
internet in the network diagrams [11]. However the generic
terms that surround every definition are virtualization,
elasticity, scalability, internet centric and pay for use. Based
on these, Cloud Computing can thus be described as a
distributed computing paradigm allowing virtualized
applications, software, platforms, computation and storage
to be rapidly provisioned, scaled and released instantly
through the use of self manageable services that are
delivered over the web in a pay-as-you-go manner.

Cloud Consumers (CC) access the abstracted resources
provided by the Cloud Service Provider (CSP) in a location
independent way using easy web interfaces [12]. CC’s are
benefitted, as they can rent the resources from CSP
eliminating the need of making huge capital investments.
CSP’s thus earn their profits by charging consumers for the
amount and duration of the services accessed; shifting the
cost of businesses from capital expenditure (CAPEX) to
operational expenditure (OPEX). Cloud Computing intends
to provide its users with “Everything as a Service” (XaasS)
model. Based on the resource focus, cloud services can be
categorized as SaaS, PaaS and laaS. Software as a Service
(SaaS) allows end users to use cloud applications without
worrying about the wunderlying infrastructure (e.g.
Salesforce.com CRM application, Google Apps). These
services are a good alternative for the expensive and
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proprietary Microsoft Office package. With Platform as a
Service (PaaS), developer can develop their own
applications using the programming languages and tools
supplied by the cloud provider. A tightly configured
environment thus restricts the developers to the provider’s
supplied tools. Infrastructure as a Service (laaS) allows
consumers to rapidly provision the physical resources for the
applications (generic or complex scientific) and run any
software ranging from operating systems to application
software. Amazon EC2, Amazon SimpleDB and Amazon S3
are the best known examples.

Based on resource ownership, Clouds can be categorized as
Private, Public or Hybrid Clouds. In Private Clouds,
resources are under the legal and contractual umbrella of the
organization and thus permanent applications requiring high
control over data, security and QoS are most suitable for
private Clouds. Public Clouds being owned and managed by
third parties; pose high concerns for data security making
them suitable for temporary applications. However, Hybrid
Clouds combine the benefits of both approaches are
appropriate for Surge Computing; augmenting private clouds
with the resources of the public clouds to accommodate high
workload spikes.

II. CLOUDS DERIVED FROM GRIDS AND

CLUSTERS

Peer to peer computing (P2P) treats computers as equals and
allows them to connect and share resources under a
decentralized control. A subset of P2P distributed
computing; harness the computing power of PC’s connected
across the network or the entire internet for performing large
processor intensive applications [16]. Various Distributed
technologies as depicted in Figure 1 currently exist but the
changes in technology, usage and implementation over the
past so many years have led to the contextual overlap of
these systems.
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Private Cloud
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Hybrid Cloud

High Performance (HP) Clusters
High Availability (HA) Clusters

Time
Figure 1: Evolution of Distributed Computing paradigms

A Cluster presents to the user a single unified resource
located in close proximity under a single administrative
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domain enhancing the overall system performance [15].As
the computing needs for high performance scientific
applications grew there was a need to develop an
infrastructure that combined the resources from multiple
organizations, presenting a single virtualized and abstracted
computer equivalent in power to a large supercomputer. This
infrastructure termed as Grid; analogous to the electric grid
allowed automatic allocation of resources to users as per

their demand [14] [18]. A three point checklist for grids has
been defined [6]. Grids became successful with the open
initiatives like Seti@Home that provided an opportunity for
common people to contribute for research by pooling their
idle machine cycles. The use of Grids is thus mainly
confined to provide massive computational resources to
complex scientific applications and hence it is also referred
to as the computing infrastructure for e-science [§].

Table 1: Key attributes differentiating Clusters, Grids and Clouds

Computing Technology—® Cluster
Key Attribute Computing

Grid Computing

Cloud Computing

Resource Location Close proximity

Close/Geographically dispersed

Geographically dispersed

Means of Resource Harvest idle

Harvest idle processor cycles

Run virtual operating systems

utilization processor cycles (Windows, Linux, Mac OS)on the same
physical machine

Administrative Entity Single Multiple Single/Multiple

Heterogeneity and No Yes Yes

Multi-tenancy

Resource Coupling Tightly coupled Loosely coupled Loosely coupled

Virtualization Support | No Yes Yes

SLA Driven No Yes Yes

Elasticity Limited Limited Unlimited

Service Oriented No Yes Yes

Utility Pricing No, used for Limited, often open for public Yes, billed based on usage
internal purposes use

Performance High throughput, High throughput, High Latency | High throughput, Low Latency
Low Latency

Driving Force and Academia, Academia Industry

Assistance Industry

Robustness Limited, failed Limited, failed tasks are Strong, easy migration of VMs

tasks are restarted | restarted

Scientific,
commercial

Application Suitability

Usually HPC and scientific

Commercial, legacy, content delivery

The underlying goal of Grids is similar to Clouds:”to reduce

the cost of computing, increase reliability and increase
flexibility by transforming computers from something that
we buy and operate ourselves to something that is operated
by a third party” [11]. Although both the technologies
flourished to allow consumers to obtain computing power on
demand [5] but still Grid Computing is genuinely lacking in
standard and general purpose applications. Grids thus failed
to offer computing as a utility to consumers.

The reason for this difference is the design approach. Grids
are designed bottom up i.e. they emerged by combining
existing heterogeneous resources to create additional
abstraction layers that allow the definition of new and
complex services by aggregation. This results in a low level
Grid interface exposing complete set of system capabilities
(semantics) to users. Clouds in contrast are designed top
down. Their interfaces are designed to provide specific
functionality [1]. Significant tradeoff exists between the
flexibility and complexity of interfaces. So Grids interface
rather than becoming flexible and customizable, it has
hindered the development of applications, as now all
configuration aspects require coding which is very time-
consuming and sometimes unnecessary. The control
required on these huge details for development and
deployment of Grid applications, outcast general public to

use Grid applications. The key attributes differentiating
Clusters, Grids and Clouds are summarized Table 1.

The advent of technology and success of Web 2.0 fueled by
the Global Economic slowdown, businesses shifted their
focus to an economy based architecture delivering core
business functions as online Web Services in an abstract
manner [7][9].

Table 2: Existing technologies and key features

Existing Technologies | Key Feature

Grid Computing A single unified infrastructure
exploiting heterogeneous resources
across ~ multiple  administrative
domain

Virtualization Approach to Decouple operating

systems from the physical hardware

Service Oriented Availability of key business

Architectures processes as online web services.
Utility Computing A business model implemented
using other computing

infrastructures and offering resources
as metered services.

The vision of Service Oriented Computing (i.e. sharing and
interoperability on software and application level) combined
with the Grid’s vision (i.e. sharing and interoperability on
hardware level) intended to provide users with an adaptive
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high performance Grid which maximizes the throughput and
reduces any delays in execution [19]. The Grid may behave
like a supercomputing extension to their desktops which
could be accessed with much ease and configured as per the
user needs. Cloud computing conforms to this vision of
computing by having a specific purpose interface and
exposing minimum set of capabilities based on target use
cases [1]. It presents to the user a single, cost effective
solution for their computing needs utilizing the best features
of existing technologies as summarized in Table 2.

III. THE TECHNOLOGY TRENDS

In this technological era, new technology hits everyday but
very few of these technologies really mature. Cloud
Computing holds lot of promise. A survey conducted online
from Oct. 20 to Nov. 20, 2009 on the “Most Emergent
Technologies of 2010” [17] showed Cloud Computing as the
second Most Emergent Technology.

Table 3: The Most Emergent Technologies of 2010 [17]

“The Most Emergent Technologies of 2010”
Investigating, In testing
testing or stage
currently
using

VDI 75% 23%
Cloud Computing 74% 17%
Parallelistic Development | 61% 16%
Mobile alerts/updates 58% 15%
Location- based apps 58% 15%
Social-networking analysis | 57% 16%
Grid Computing 56% 15%
4G wide-area services 53% 12%
XBRL 48% 17%
Utility Computing 47% 12%

The result of the survey is presented in Table 3. A year
before Cloud Computing was ranked tenth in the list of
“Most Emergent Technologies” and within a year it has
move fastest in actively testing and piloting.

Iv. CLOUD ADOPTION ISSUES AND FUTURE

DIRECTIONS

Cloud Computing is still in its nascent stage and needs to be
proven. It brings with it certain issues that need to be
addressed.

A. ISSUES

Massive Scalability and Elasticity: Current clouds are only
horizontally scalable and this scalability is achieved by
replication of instances. Clouds should be able to scale down
as quickly as they scale up with minimum disruption to the
systems [2]. If possible only the desired segments must be
replicated rather than full instances to prevent resource
bottlenecks. So mechanisms for efficient monitoring and
allocation of resources should be developed to conserve
resources and money.

Trust and Security: Sensitive data is the life blood of many
enterprises requiring high protection and access monitoring.
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With Cloud Computing enterprises lose some of the
capabilities to govern their own data set and rely on cloud
providers for the safety of their data. As cloud offers
dynamic provisioning of resources to consumers so it must
be protected against attacks like Denial of Service (DoS).
Application and architectures should be secured ensuring its
proper access and use while maintaining integrity.

Cloud interoperability and Data Management: Cloud
applications are more data intensive and significant costs
and time is involved to move data in and out of cloud [5].
Policies and mechanisms for data migration should be
developed to efficiently store, access and move data between
multiple Clouds preventing a vendor-lock in scenario.

Programming Models: Tools such as Hadoop and Google
MapReduce are already in place to distribute massively
parallel computations across the cloud infrastructure. But
still work needs to be done to investigate how existing
applications can effectively be parallelized to exploit the
underlying Cloud framework.

Service provisioning and Auditing: Cloud servers should be
highly reliable, available and rapidly provisioned. But these
servers, like the company’s resident servers are also prone to
failures. Service unavailability costs huge to customers so an
alternative is Service level Agreement (SLA). However,
even the SLA’s do not guarantee downtime, it simply acts as
insurance. So to ensure high reliability and availability
multiple Cloud Computing providers with independent
software stacks can be used.

Cloud System Management: Clouds consist of number of
discrete components called cloudlets, which provide specific
functionality. At run time cloudlets run on a dynamically
changing set of machines. One machine can host parts of
multiple cloudlets and multiple cloudlets can be part of one
machine. To efficiently utilize the resources and achieve
high performance (low latency and high throughput)
mapping mechanisms between the cloudlets and the actual
physical resources should be developed.

Green Computing: Green Computing involves usage of
energy efficient computing equipments like switches, routers
and computers. Cloud resources being highly available are
assumed to be “always-on”. Till now little attention has been
given to make energy efficient distributed resources spread
across heterogeneous environments. Techniques of
virtualization should be explored so that the actual physical
resources are used to the minimum while maintaining the
SLA.

B. FUTURE DIRECTIONS

In the light of opportunities that Cloud Computing provides
we must evolve our processes, methods and techniques to
make a transition in this new computing world.

Cloud applications must be architected differently
from the existing application architectures to exploit
fully the cost-benefit advantage of Cloud offerings.
Poor application architectures despite provisioning
more resources for computation might result in
negating the Cloud benefits.
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Traditional Capacity planning mechanisms must be re-
examined to take into account not only the peak usage
but also the average and low level usage ensuring
right-sizing of Cloud applications and better return on
investments for Cloud users.
Different Cloud providers provide different level of
abstractions to the end users (Amazon EC2 provides
hypervisor level access and Google AppEngine
restricts users to the application domain specific
platform). As the consumer moves down the Cloud
stack, higher concerns of Cloud security become
apparent.
Cloud Computing predicated on the concept of
borderless global village requires harmonization of
national laws as many nations prohibit the details of its
citizens to be stored outside their countries.
Newer metrics for auditing the Cloud usage and to
evaluate the cloud performance as per the SLA should
be defined.

V. RELATED WORK
Significant research work is being done to unleash the
benefits of Cloud Computing. Jha in [3] proposed the need
of newer abstractions that judge the essence of computation
and derive useful patterns. Further, these patterns can be
programmatically deployed on to the most suitable
infrastructures at runtime. Techniques of Statistical Machine
Learning [20] or Utility based approaches [21] can be
utilized to achieve high performance and context specific
optimization along with autonomic workload execution.
Semantics, agents and virtualization technologies can be
exploited for SLA-driven dynamic and self adaptive
management of Cloud resources as proposed in [22].
Furthermore, as the enterprises are largely moving towards
setting up their private clouds; efforts are made to identify
protocols and formats for cloud interpretability [4].
Considerable research on the issues in-sighted will help
realize the full potential of Cloud Computing

VL CONCLUSION

In this paper several Distributed Computing paradigms have
been in-sighted. Cloud Computing is an evolution of these
technologies and has heralded not to replace any existing
technology. Each technology has its own place and different
technologies need to blend together in the IT environments.
Clouds intend to provide additive features and solutions to
the problems that haunt these technologies. Several obstacles
in the way of Cloud Computing have been identified in this
work and future directions have been proposed so that
advantages of the Cloud can be unleashed.
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