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Abstract

Quality of Service (QoS) plays a critical role in the affective reserva-
tion of resources within service oriented distributed systems and has been
widely investigated in the now well established paradigm of Grid Com-
puting. The emergence of a new paradigm, Cloud Computing, continues
the natural evolution of Distributed Systems to cater for changes in ap-
plication domains and system requirements. Virtualisation of resources,
a key technology underlying Cloud Computing, sets forth new challenges
to be investigated within QoS and presents opportunities to apply the
knowledge and lessons learnt from Grid Computing.

QoS has been an issue in many of the Distributed Computing para-
digms, such as Grid Computing and High Performance Computing. The
aim of this paper is to address QoS specifically in the context of the nascent
paradigm Cloud Computing and propose relevant research questions. The
objectives of this paper are to discuss the confusion surrounding the term
“Cloud”, the current consensus of what Cloud Computing is and the le-
gacy bequest by Grid Computing to this emergent paradigm. Emphasis is
placed on the state of QoS provisioning in Grids and the technology to en-
able it in Cloud Computing. Finally open research questions within QoS
relevant to Cloud Computing are proposed and the direction of various
future research is envisioned.

Keywords: Quality of Service, Cloud Computing, Grid Computing,
Resource Management, Virtualisation

1 Introduction

Quality of Service (QoS) is a broad topic in Distributed Systems and is most
often referred to as the resource reservation control mechanisms in place to gua-
rantee a certain level of performance and availability of a service. The scope of
this paper is primarily concerned with the management and performance of re-
sources such as processors memory, storage and networks in Cloud Computing.
A defined QoS is not just limited to guarantees of performance and availabi-
lity and can cover other aspects of service quality, which are outside the scope
of this paper, such as security and dependability. The problems surrounding
resource reservation are non-trivial for all but the most basic best effort guaran-
tees and the problems behind resource capacity planning are non-deterministic
polynomial-time hard to solve.

QoS provides a level of assurance that the resource requirements of an ap-
plication are strictly supported. QoS models are associated with End-Users and
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Providers (and often Brokers), involve resource capacity planning via the use of
schedulers and load balancers and utilise Service Level Agreements (SLA). SLAs
provide a facility to agree upon QoS between an End-User and Provider and
define End-User resource requirements and Provider guarantees, thus assuring
an End-User that they are receiving the services they have payed for.

Section 2 of this paper will demist the term “Cloud”; discuss the heritage
of Grids in Cloud Computing, and define the paradigms. Section 3 of the pa-
per will explore the history and current state of QoS within Grid Computing,
relevant to the scope of this paper. Section 4 will discuss commercial Cloud
adopters, describe Cloud Computing research projects and open source solu-
tions and Virtualisation technology in the context of QoS. Finally Section 5 will
elaborate on possible trends in QoS research and propose some open research
questions formulated from the material discussed in the paper congruous to
Cloud Computing.

2 Clouds Vs Grids

Cloud Computing has been described as:

“the next natural step in the evolution of on demand information
technology services and products”[67]

within the field of Distributed Systems and draws heavily on the principles and
paradigms of Grid and Utility Computing. As with any service, such as public
utilities, guarantees need to be in place that pledge a certain level of performance
and involves resources reservation control and monitoring mechanisms for service
fulfilment. There has been much confusion over the term Cloud Computing due
to its relative infancy within computer science, its extensive generalised use by
industry and the lack of consensus on what a Cloud really is. Many definitions
have been proposed and are often muddled up with the Grid paradigm.

Before the relevance of QoS within Cloud Computing can be considered,
concrete definitions are essential in being able to characterize current Cloud
Systems. This will facilitate in reducing the scope of research questions by
excluding more generalised definitions of Clouds made by computing experts
such as:

“using the Internet to allow people to access technology-enabled
services.”[43]

Being able to categorise a cloud by its capabilities is key to formulating a concise
definition. A general consensus is held that Clouds fall into at least one of
three types of system, dependent on the actors involved and the services they
provide[41, 66]. The definitions of these three types of system are:

e Software as a Service (SaaS), defined as a provider that supplies remo-
tely run software packages, via the Internet to consumers, on a utility
based pricing model. A typical example application could be an on-line
alternative to a word processor or spread sheet.

o Platform as a Service (PaaS), defined as a provider that offers an additional
layer of abstraction above the virtualised infrastructure. This provides a



software platform that trades off restrictions in the type of software than
can be deployed in exchange for built-in scalability.

e Infrastructure as a Service (IaaS), defined as a provider that provisions
compute and storage resource capacity via virtualisation allowing physical
resources to be assigned and split dynamically.

These three categories of system are tiered from the bottom up, meaning that
for a PaaS provider to function the use of an IaaS provider would be manda-
tory or alternatively the PaaS provider could deploy and utilise their own TaaS.
Previous tiers are obscured from the End-User and services are provided trans-
parently. This allows for increased flexibility, the possibly of an open market
and reductions in cost.

The evolution of Cloud computing has its roots in multiple Internet rela-
ted distributed system technologies and computing paradigms such as Cluster
Computing, P2P, Service Computing, Utility Computing and most importantly
Grid Computing.

QoS within Grids has been a major topic of interest and continues to be
actively researched[37, 36, 51]. This paper is reminiscent to the position that
resource management and performance research was at in the early days of Grid
Research[59, 55, 50], when the issues were just becoming understood. Grid
Computing has been defined as:

“a system that: coordinates resources that are not subject to
centralized control using standard, open, general-purpose protocols
and interfaces to deliver nontrivial qualities of service”[42]

and was hailed as the next revolution in computing science after the creation
of the Internet and shares many of the same goals as Cloud Computing. Thus
the majority of the lessons already learnt within the research topic are highly
relevant to Cloud computing. The motivation behind research into Grid Com-
puting was initially the need to manage large scale resource intensive scientific
applications across multiple administrative domains that require many more
resources than that can be provided by a single computer. Cloud computing
shares this motivation but within a new context oriented towards business ra-
ther than academic resource management, for the stipulation of reliable services
rather than batch oriented scientific applications. This difference in application
domain and requirements being pushed by industry does not mean that the
scientific community cannot leverage Cloud Computing, far from it, as illustra-
ted by GridBatch[52]. There is much crossover between the two paradigms and
many goals are shared.

Cloud Computing will be enabled through the next generation of data centre
technology. The current generation of data centres are already leaning heavily
towards the virtualisation of compute and storage resources, the technological
foundation of a Cloud, enabling the consolidation of proprietary servers running
legacy software. This is being achieved through the creation of virtual machines
which run on large physical servers utilising the latest technology. This pro-
vides the benefits of being able to both reduce maintenance cost and minimise
lost revenue due to downtime and also takes advantage of the improvements in
computer efficiency facilitated by hardware vendors such as Intel and AMD.

Using the previously defined scope, the definition of a Cloud most relevant
and appropriate to the research topic of QoS is:



“Clouds are a large pool of easily usable and accessible virtua-
lised resources (such as hardware, development platforms and/or
services). These resources can be dynamically reconfigured to an
optimum resource utilisation. This pool of resources is typically ex-
ploited by a pay-per-user model in which guarantees are offered by
the Infrastructure Provider by means of customized SLA’s.”[66]

The definition refers to a pay-per-user economic model taken from the paradigm
of Utility Computing. Utility computing is a:

“service provisioning model, which provides adaptive, flexible and
simple access to computing resources, enabling a pay-per-use mo-
del for computing similar to traditional utilities such as water or
electricity.”[53]

Research has already been carried out on the commercial benefits of Utility
Computing within the Grid Economy[40, 33] and thus it is easy to envisage why
such an economic model is important in Clouds and is being exploited within
Cloud Computing, which is heavily oriented towards business applications and
where revenue is a primary concern.

3 Quality of Service in Grids

By exploring the current state of QoS in Grid Computing, the lessons already
learnt can be exploited and potentially utilised in Clouds. In the early 21st
Century the dynamics of the Internet economy changed and the ratification
of e-commerce as a new source of revenue growth within businesses increased.
This led to the development of the Web Service, as businesses turned to Ser-
vice Oriented Architectures to simplify their interactions in the digital world,
through the loose coupling of the service providers and consumers.

The introduction of Web Services affected the development of Grid Compu-
ting as emphasis was placed on Grids providing services to reduce the complexity
and cost that had been previously associated with them. The Service-Oriented
economy also provided the mechanism to create virtual organisations where
computation resources could be shared securely. Service oriented Grids created
new problems concerning the management and availability of shared resources
across organisational boundaries. Grids relied for many years on the provisio-
ning of resources on a best effort guiding principle of operation and as interest
in commercial utilisation of Grids surmounted, more stringent guarantees on
the management of resources via QoS were realised as a necessity for the wide
spread adoption of Grids to take place in industry[58].

The following two subsections of this paper will focus on the management of
resources to guarantee performance and the technology in place to facilitate the
reservation of resources, both of which are highly relevant to Cloud Computing.

3.1 Resource Management

Without the management of resources Grids would be unable to function. Re-
source management encompasses the dynamic allocation of tasks to computa-
tional resource and requires the use of a scheduler (or broker) to guarantee



performance. QoS is enabled in Grids by the efficient scheduling of tasks, this
guarantees that resource requirements of an application are strictly supported
but resources are not over provisioned and used in the most efficient manor
possible. Sequences of tasks are represented as workflows, directed graphs com-
prised of precedent constrained nodes, which each represent the specific ordered
invocation of a service on computation resources to process a given task. Seve-
ral research projects have tackled the complexities of resource reservation and
allocation in Grids such as the Phosphorus Project[19] and utilise schedulers
such as DSRT[35] and PBSJ[20].

Monitoring tools are essential in ascertaining the availability of resources
and providing feedback to schedulers within Grids. Monitoring tools enable
guarantees to be made on the performance of any given resource by making
sure that the computational resource in question is not over utilised and is on-
line. Performance is characterised by the amount of useful work accomplished
by a computer system in comparison to the time and resources used. Monitoring
tools are also essential in providing fault tolerance and the migration of tasks
in the event of a resource failure in the Grid. Fault tolerance involves the
identification of a resource failure via monitoring tools, the rescheduling of the
task to an alternative available resource and migration of the state of the task
to the newly allotted resource, at which point the task continues execution.
The state of a task in execution must be regularly saved for fault tolerance to
function, this process is known as check pointing. Many monitoring tools have
been developed for Grids[63, 54, 49, 61, 64].

An example of a Grid software stack enabling resource management is The
Globus Toolkit[7]. It has become the academic and industry leading open source
software solution for building Grids and provides the necessary middleware to
manage and monitor resources.

3.2 Service Level Agreement Standardisation

As the importance of Service Level Agreements (SLAs) as facilitators for the wi-
dening commercial uptake of Grids has grown, substantial effort has been made
in standardising their use. The Web Services Agreement Specification (WS-
Agreement)[29] is one such standardisation effort by the Open Grid Forum[17].
WS-Agreement is a Web Services protocol for establishing an agreement bet-
ween two parties, using an extensible XML language for specifying the content of
an agreement, and agreement templates used to discover appropriate agreement
parties. The specification consists of three parts

e A schema for specifying an agreement.
e A schema for specifying an agreement template.
e A set of operations for managing an agreements life-cycle.

Although WS-Agreement can be effectively used to facilitate SLAs, the life-cycle
model does not accommodate the dynamic nature of the Grid economy, provi-
ding facilities to negotiate and renegotiate an agreement. The current state of
the art research in QoS within Grids is concentrating on this problem[38, 60].
Another cutting edge topic of research surrounding QoS in Grid Computing, is
solving problems related to risk assessment and dependability of service provi-
ders and is being tackled by projects such as AssessGrid[39]. The AssessGrid



Consortium[1] have researched heavily into QoS but more specifically SLA’s.
Many of the objectives of the project are also relevant in the context of Cloud
Computing, such as how to evaluate the reliability of Cloud service providers
and how best to estimated the risks involved in accepting any given SLA but
are not relevant to the scope of this paper.

4 Clouds Today

4.1 Commercial Cloud Adopters

An overview of commercial cloud vendors, the technology they have in place
and the state of their QoS provisioning is essential for the priorities of academic
research to be in sink with the needs of businesses and for research in to QoS
to be of real world intrinsic value.

In this paper four main commercial adopters of Cloud technology will be
discussed, which are providing services and software products guiding the di-
rection of research in Cloud Computing. Amazon the first company to supply
Cloud infrastructure services via its Amazon Web Service[2] products in early
2006, provides a PaaS architecture on a pay per use financial model. The ar-
chitecture is marketed as two individual products the Amazon Elastic Compute
Cloud (Amazon EC2) and the Amazon Simple Storage Service (Amazon S3) and
a set of well defined API’s that are becoming widely adopted as standards in
many open source Cloud architectures such as Enomalism[4], Eucalyptus[5] and
OpenNebula[18]. These projects are providing interface compatible with Ama-
zon’s services to enable on demand scale out of service workloads to supplement
local resources to satisfy peak or fluctuating demands.

Another contender positioning themselves as a provider of Cloud services is
Google. Google provides SaaS via its Google Apps|8] software and an PaaS via
its Google App Engine[9]. The Google App Engine provides the architecture
that Google Apps run on and promises transparent scalability on a pay per use
financial model. The Google App Engine is limited to a set of Python API’s
that provide a proprietary data storage query language and other cloud related
services.

IBM has released literature on its vision of cloud computing[32] and provides
a PaaS based around the APT’s created by Amazon, know as IBM’s Research
Compute Cloud[14]. IBM also supplies enterprise Cloud Computing solutions
in the form of Cloud Service know as IBM Computing on Demand[15].

All the aforementioned major commercial cloud vendors provide best effort
QoS provisioning and provide only the most basic guarantees on the availabi-
lity and performance of resources, primary motivation to research further and
publicise the benefits of QoS in Cloud Computing.

Microsoft the final commercial organisation with an interest in Cloud Com-
puting, is not providing Cloud services but is instead developing the Azure
Services Platform[3], a PaaS operating system, which integrates many of Mi-
crosoft’s current proprietary software packages into one package via a layer of
middleware, that can be utilised by licensed cloud vendors and is being marketed
as an all-in-one Cloud software solution.

Due to the closed source proprietary nature of these commercial Clouds,
limitations are present concerning interoperability. Unlike Grids the nature



of Clouds are very much orientated towards providing services behind closed
doors. This is resulting in an emergent topic of research investigating the de-
velopment of Cloud standards to enable the sharing of Cloud resources outside
administrative and organisational boundaries, standards that could also encom-
pass QoS and provide the basis for Cloud brokering systems which are currently
impossible without standard interfaces to communicate with Cloud services and
descriptive languages to define Cloud services.

4.2 Open Source Cloud Implementations

Understanding the specific technical problems surrounding QoS is not possible
in commercial Clouds as the services they provide are transparent, the End-
User has no idea of the underlying implementation. Advanced understanding
and knowledge of all aspects of Cloud Computing in detail is required to unders-
tand the limitations present in commercial QoS provisioning. This subsection
discusses three popular distributions of open source Cloud architectures that
can be used to shed light on how QoS would be best integrated into a Cloud
and which architecture would be best suited as a testbed for use in QoS research.
These packages fall into TaaS or PaaS cloud system previously discussed. SaaS
systems have been omitted from the scope of this paper as there are currently
no out of the box open source solutions available, most likely due to a lack of
PaaS API standards, but there are commercial entities such as SalesForce[23]
that provide SaaS packages that can run on Amazon Web Services.

The first Cloud Architecture, Eucalyptus[5], is an TaaS system with the aim
of creating:

“an open-source infrastructure architected specifically to support
cloud computing research and infrastructure development.”[57]

The system combines a Cloud Controller responsible for processing incoming
user requests, manipulating the Cloud fabric and processing SLAs in com-
pany with a Client Interface that utilises Internet standard protocols for ins-
tance HTTP XML and SOAP. The second Cloud architecture evaluated named
Enomalism[4] is another IaaS system that presents an organisation with the
capability to manage virtual infrastructures (including networks), virtual ma-
chine images and fine grained security and group management, in addition to
the creation of virtual machine images. The third Cloud architecture evalua-
ted, OpenNebula[18], based on the research being performed by the Reservoir
Project[22], the European research initiative in virtualised infrastructure and
cloud computing, combines both features of IaaS and PaaS in one architec-
ture. The Reservoir Project primary deliverable is a complete definition of a
reference architecture built on open standards to provide a framework for the
delivery of scalable, flexible and dependable services. The project intends to
develop key technologies enabling the migration of virtual machines across net-
work and storage boundaries, algorithms for the effective allocation of resources
conformant to SLA requirements and a test bed to benchmark the performance
of the architecture in industrial and commercial uses cases.

Comparing these open source Cloud architectures from their present state
and pace of development, the most promising is OpenNebula, due to its sup-
port from an academic research group actively publishing research and is the
most feature complete system with concrete direction for future development.



The OpenNebula architecture has also been designed with modularity in mind
making extensions easier to develop on scales applicable to academic research
by outsiders. An example of this is Haizea[13], which can be used to replace
the existing resource scheduler in OpenNebula. Haizea is an open source vir-
tual machine lease manager that provides a resource management model[30] for
virtual Cloud infrastructures, combining batch execution of applications such
as scientific workflows on leased virtual resources[62].

4.3 Resource Virtualisation

Understanding Cloud architectures from the bottom up, starting with the tech-
nology that supports the provisioning of resources, both physical and virtual, in
Cloud infrastructures is key to understanding the importance of QoS in Cloud
Computing and how its implementation will differ from that of Grid Compu-
ting. The current state of the art technology in Cloud Computing centres on the
virtualisation of resources at the lowest level, a characteristic that distinguishes
Clouds from Grids. The main technology enabling virtualisation is the Hyper-
visor, a Virtual Machine Manager (VMM) that partitions a physical host server
transparently via emulation or hardware-assisted virtualisation. This provides a
complete simulated hardware environment; know as a virtual machine, in which
a guest operating system can execute in complete isolation. There are several
benefits of utilising virtual machines. Hardware can be consolidated when seve-
ral servers are underutilised and provisioned as needed endowing a organisation
with reductions in the up-front cost of hardware purchases and virtual machines
can be migrated from one physical location to another with ease as the need
arises. Academics can also benefit from utilising virtual machines. There are
often limitation imposed on Grid users to what software they can use to develop
a computer based simulation experiment. There are no such limitations on the
availability of software that can be installed into virtual machine images.
There are five types of virtualisation:

e Full Virtualisation
e Hardware Assisted Virtualisation

e Partial Virtualisation

Paravirtualisation

Hybrid Virtualisation

Operation System-Level Virtualisation

Full Virtualisation involves simulating enough hardware to allow an unmodi-
fied guest operating system to run in isolation, at a considerable performance
penalty due to the overhead associated with emulating hardware. Hardware As-
sisted Virtualisation utilises the additional hardware capabilities, in the form of
additional virtual machine extensions (VMX) within the host processor instruc-
tion set, to accelerate and isolate context switching between processes running
in different virtual machines. This increases the computational performance of
a virtual machine as instructions can be directly passed to the host processor
without having to be interpreted and isolated at the expense of limiting guest
operating systems to using the same instruction set as the host machine.



Partial Virtualisation involves the simulation of most but not all the un-
derlying hardware of host and supports resource sharing but does not isolate
guest operating system instances. This basic approach is utilised in Paravir-
tualisation, Hybrid Virtualisation and Operating System-Level Virtualisation.
Paravirtualisation simulates all or most hardware by providing software inter-
face or APT’s that are similar to that provide for the underlying hardware of
the host. These can be utilised to create hardware device drivers for guest ope-
rating systems that achieve near native performance to that on the host. The
downside of this approach is that the operating system must be modified to run
on Paravirtualised VMM’s.

Hybrid Virtualisation combines the principles of both Hardware Assisted
Virtualisation and Paravirtualisation[56] to obtain near native performance from
guest operating systems but with disadvantages of both. Although these disad-
vantages prevent the consolidation of an organisation’s current hardware they
do provide an excellent foundation for the creation of new clouds based sys-
tems, reducing the number of physical machines needed at peak demand and
thus hardware running and setup costs. Most VMM'’s support multiple types
of virtualisation so the disadvantages can be some what mitigated. Operating
System-Level Virtualisation is achieved through multiple isolated user space
instances. A disadvantage of this virtualisation technique is that the guest ope-
rating system of the virtual machine must be the same as the host, but the
guests run at native performance.

There are three main VMM’s that have been widely adopted in Cloud Com-
puting architectural development. VMware ESX[27] a successful commercial
VMM provides Full and Hybrid Virtualisation. The open source alternatives
are:

o Xen[31]
e KVM]J16]

Xen is Hybrid Virtualisation VMM and is utilised in Amazon’s EC2, while
KVM is a Hardware Assisted Virtualisation VMM. Xen and KVM both contain
built in Full Virtualisation support, via their integration with QEMUJ[21], for
operating systems that cannot be altered. QEMU is another open source Full
Virtualisation VMM providing emulation of both 10 devices, such as network
interfaces cards and CPU architectures through binary translation. All the open
source Cloud architectures discussed in this paper support these two VMM’s.

Distributed storage like in Grid Computing and other distrusted paradigms
plays a large role in the scalability of Cloud Computing. Hadoop[12] based
around the map/reduce functional programming principles, utilised in the ba-
ckend of Google App Engine APT’s, is a software service that provides access to
large amounts of virtualised storage. Further research is still required in Cloud
storage services as the efficiency and performance of data storage and manage-
ment can become a bottleneck in distributed systems and thus effecting QoS.
Research into storage provision has also played a role in the development of the
Grid Paradigm and new standards have arisen, such as the GridFTP[28] data
transfer protocol.

It is more than likely that research in Cloud Computing will place emphasis
on the efficient distribution and replication of data geographically as check poin-
ting, fault tolerance and migration of large virtual machine images is improved.



5 Some Research Directions

The following list summarises the material discussed in this paper and highlights
various additional challenges that are present in QoS in Cloud Computing. This
list of issues is by no means exhaustive but provides a good foundation for
tackling some interesting research questions.

e As with past and present Grid Computing projects[25, 26, 10, 24], SLAs
will play a major role in the development of the Cloud Computing para-
digm. Within the research topic of QoS in Clouds, emphasis will have to
be placed on the performance of virtualisation technology and the tools
necessary to monitor virtualised hardware.

e Simulation and modelling has furthered the understanding of Grid Archi-
tectures and will do so in Cloud Computing. Advancements in simulation
and modelling techniques will aid in the better understanding, usability
and streamlining of Cloud environments, as was seen in the development
of Grids. Progress is already being made towards the development of a
simulation tool. Currently the Grid Computing and Distributed Systems
Laboratory from The University of Melbourne has identified the need for
such a tool to support the performance evaluation of Cloud environments
and is in the early stages of development, named CloudSim[34]. The simu-
lator is based around the programming framework they previously created
to model Grids, in the Grid Simulator, GridSim|11].

e Due to the increased commercial interest in Cloud Computing and the
perceived lack of commercially viable Grid Systems within industry and
the similar nature of technical problems that have been solved in Grid
Computing and need to be solved in Cloud Computing, interest has been
amplified in the interoperability between Grid and Cloud technology and
how the two paradigms can complement each other. Nimbus is a prime
example, created by The Globus Alliance[6], a community of organisa-
tions that have developed fundamental technologies in Grid Computing.
Nimbus is a [aaS Cloud that enables the use of virtualised resource within
Grids. It can be utilised with familiar Grid technologies, for instance the
Web Service Resource Framework, Portable Batch System and Sun Grid
Engine schedulers.

e An interesting extension and relevant topic of research related to inter-
operability, could be to investigate the possibility of Clouds of Grids and
Grids of Clouds, how best to integrate entire Cloud and Grid systems into
each other across organisational boundaries.

e Another open research question surrounding QoS in Cloud Computing,
which could be investigated, are the problems surrounding the transpa-
rent management of data resources, used by virtual machines, to perform
job and service migration, fault tolerance and check pointing of tasks. Cur-
rently these problems are overlooked by many commercial cloud vendors
but could possibly be remedied in the future but are inherently difficult
to solve due to the large quantities of volatile data associated with virtual
machines that need to be transferred, stored or backed up for such tasks
to complete with a Cloud. This is not as much of a problem in traditional



Grid architectures as migration, fault tolerance and check pointing are
often dwelt with by the applications running on the Grid, allowing the
developer to optimise the amount of volatile data needed to be worked
with. This has the disadvantage of complicating the development and
maintenance of the applications created, where the advantages of a Cloud
platform that could perform these tasks transparently can obviously be
seen. The interest in Virtual Machine technology in Cloud Computing has
seen a recent resurgence of research into the problems surrounding virtual
machine image migration[47, 48, 65, 46, 45, 44] and would provide a sen-
sible starting point for understanding the research problems surrounding
fault tolerance and check pointing as they are closely related subjects.

6 Conclusion

In this paper the confusion surrounding the term “Cloud”, the current consen-
sus of what Cloud Computing is and the relevance of QoS in Clouds have been
discussed. The importance of Grid Computing heritage in Clouds has been
explained and the relevance of past QoS research in Grids discussed. The mo-
tivation behind, concepts, technology, projects and the state of QoS in Cloud
Computing have been reviewed. A vision of some of the problems surroun-
ding QoS in Cloud Computing is constructed through the proposition of open
research questions.
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