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Abstract. The essence of Cloud Computing is to provide services by network.
As far as user are concerned, resources in the “Cloud” can be extended indefi-
nitely at any time, acquired at any time, used on-demand, and pay-per-use.
Combined with SOA and Multi-Agent technology, this paper propose a new
Service-Oriented QOS-Assured cloud computing architecture which include
physical device and virtual resource layer, cloud service provision layer, cloud
service management and multi-agent layer to support QOS-Assured cloud ser-
vice provision and request. At the same time, based on the proposed service-
oriented cloud computing architecture, realization process of cloud service is
simplified described.
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1 Introduction

With the significant advances in Information and Communications Technology over
the last half century, there is an increasingly perceived vision that computing will be
the Sth utility one day (after water, electricity, gas, and telephony) [1].There are many
technologies which enable cloud computing are still evolving and progressing, for
example, Web2.0 and Service Oriented Computing [2].Now, IT companies are now
talking about establishment environments of cloud computing, however, if each com-
pany will build its own cloud computing platform, this will result in isolated cloud.
Therefore, it is especially important to design architecture for cloud computing. At
present, different manufacturers offer different design schemes, which result in read-
ers can’t entirely understand cloud computing principles. Combined with SOA and
Multi-Agent technology, this paper proposes a new Service-Oriented QOS-Assured
and Multi-Agent cloud computing architecture which includes physical device and
virtual resource layer, cloud service provision layer, cloud service management and
Multi-Agent layer to support QOS-Assured cloud service provision and request.
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2 Service-Oriented Qos-Assured and Multi-Agent Cloud
Computing Architecture

This section firstly introduces SOA and Multi-agent technology; secondly, cloud service
Qos model is established according to the characteristic of cloud service consumer and
provider; finally, a Service-Oriented QOS-Assured and Multi-Agent cloud computing
architecture is designed to support QOS-Assured cloud service provision and request.

2.1 SOA and Multi-Agent Technology

There are advantages for service management and architect-driven concept in the
SOA [3-6].Currently, cloud computing technology has hardly any service manage-
ment and architect-driven concept. Therefore, many companies choose to wait-and-
see attitude rather than rush to adopt it. So, the idea of service management and archi-
tect-driven can be applied to cloud computing. By this, cloud computing can be seen
an extension which SOA provides resources to “cloud”, such as, IaaS, PaaS, SaaS,
and its key is to determine which cloud services, information and processes on the
cloud is the best candidate, and which cloud services should be abstracted in the exist-
ing or emerging SOA.

Software agent is a software entity which runs continuous and independent in a
given environment, usually combined other agents with solving problem [7]. Multi-
Agent system has been increasingly attracted to researchers in various fields, particu-
larly in the network environment, agent can be used to complete complex task by
communicating with many resources and task publishers. Cloud computing refers to
both the applications delivered as services over internet and hardware and systems
software in the datacenters[8], and it provides a variety of resources, such as network,
storage, computing resources to users adopted by IaaS, PaaS, SaaS and other forms of
service. These resources are vast, heterogeneous, distributed; it is very important how
to provide them to users with high-quality, validity. Described by the above, agent
can be used to complete complex task by communicating with many resources and
task publishers. So, it can be used in service-oriented cloud computing architecture to
support QOS-Assured cloud service provision and request.

2.2 Cloud Service Qos Model

There have many related research work on QOS, but QOS mentioned in many articles
mentioned only relate to consumers. Taking into account strong background resource
process and service provision capabilities, this paper considers all related QOS attrib-
utes of cloud service consumer and cloud service providers. As far as cloud service
providers, cloud service Qos provided by the physical device and virtual resources
layer mainly focus on data center’s performance, reliability, stability; cloud service
Qos provided by laas likely emphasize on response time, resource utilization, and
prices, and so on. As far as cloud service consumers, they are very important, such as,
response time, price, availability, reliability, reputation, and they can also be provided
by the service provider. Thus, considering Qos of cloud services providers and
consumers, the most common attributes of Qos will be illustrated as follows and other
attributes can be extended according to different service form.
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Definition 1 CloudServiceQOS; sponsetime(S). It represents the interval from the re-
quirement sending of cloud service consumers to cloud service implements competi-
tion, which is calculated as follows:

CloudServiceQOS eqponscime( S )=TimMeE pansters(S )+ Time,u(S). (D

Among this, Timenseers(S) on behalf of the transmission time form requirement sending
to results return and it can be gained by cloud service monitor; Time .,,(S) represent
cloud service implements time and it also can be obtained by cloud service monitor.

Definition 2 CloudServiceQOS,(S). It represents fees paid when customer use
service provided by cloud service provider, that is, pay-per-use, and it can be realized
by cloud service meterage.

Definition 3 CloudServiceQOS,y,iabiiity(S). It represents that the probability of cloud
services can be accessed, which is calculated as follows:

CloudSerViCeQOSmuub,my(S) =A/N. (2)

Among this, N express the request times that consumer want to use cloud service S
during a certain period of time; A express the accessible times of cloud service S.

Definition 4 CloudServiceQOS, jiabiiity (S)- It show the capacity that cloud service
accurately implements its function and the times of validation and invalidation can be
acquired by cloud service monitor, which is calculated as follows:

CloudServiceQOS,cjiapitity (S)=R/M. 3)

Among this,R express the times of called and successful implements of the cloud
service S; M on behalf of the total called times of the cloud service S.

Definition 5 CloudServiceQOS, putation(S). It expresses the creditability of cloud
services. Reputation can be seen as the sum of subjective customer’s rating and
objective QoS advertising messages credibility (CoWS) (based on the Bayes learning
theory),in order to reduce the impact of malicious rating[9], which is calculated as
follows:

ax( 3 Rating) / n+fxcovs
CloudServiceQOSreputation(S)= Z’ . )
Thus, according to above given definition of cloud services related Qos, an integrated
Qos model of cloud service S can be expressed as follows:

CloudServiceQOS(S)=W1 ICloudServiceQOS,.qonseime(S)+W2
ICloudServiceQOS..«(S)l+ W3 CloudServiceQOS,..iuiiy(S)+ W4 CloudSer- (®)]
viceQOS iy (S) +W5 CloudServiceQOS, cpuaion(S)

Here , Wi€[0,1], 25 Wl W; express the weight of corresponding Qos i and its

value can be set according to user preferences, for example, user preferences is lower
prices and faster response time in an air ticket booking service, thus, the values of W,
and W, can be set to bigger. ICloudServiceQOSresponsetime (S) | expressed QOS
attributes dimensionless or normalized process. Specific dimensionless process
method does not belong to the scope of this study. This model sustain the extension of
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QOS attributes, that is can add or remove QOS attributes according to specific situa-
tion, to support QOS-assured cloud service acquired at any time, used on-demand,
pay-per-use and extended indefinitely.

2.3 Service-Oriented QOS-Assured and Multi-Agent Cloud Computing
Architecture

Figurel shows a Service-Oriented QOS-Assured and Multi-Agent cloud computing
architecture which includes physical device and virtual resource layer, cloud service
provision layer, cloud service management and Multi-Agent layer, to support QOS-
Assured cloud service provision and request.
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Fig. 1. Service-Oriented and Multi-Agent Cloud Computing Architecture
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1) Physical Device and Virtual Resource Layer

Physical resources is all kinds of physical equipment which support upper services of
cloud computing, such as a large number of servers in data center, network equip-
ment, storage equipment and so on. Cloud computing is a shared-resource computing
method by the form of virtualization. Here, physical resources can be converted into
various resources, such as computing resources, storage resources, network resources
by virtualization technology, then they can be connected together to form a flexible,
unified resources pool in order to dynamically allocated to different applications and
service requirement, thereby improve resources utilization rate.

2) Cloud Service Provision Layer
Cloud service provision layer can provide some forms of services by functions com-
position provided by physical device and virtual resource layer. The forms of service
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that cloud computing provides today may be broken down into managed services,
SaaS, Web services, utility computing, and PaaS. Figure 1 shows a concentrated ser-
vices view of cloud computing, including laas, Paas, and Saas, which provide IT
service capabilities to users.

3) Cloud Service Manager and Multi-Agent Layer

Cloud service manager and multi-agent layer mostly manages a variety of services pro-
vided by cloud service provision layer and finds QOS-assured cloud service in service
repertory according to user’s cloud service requirement. As shown in Figure 1, cloud
services management which includes service repertory, service interface, service aggre-
gate, service monitor, service deploy, service meterage, service security, QOS manage.
Among them, service repertory similar to UDDI in the SOA, which includes service
description, service category, and so on. Service description represents service func-
tional and non-functional information, such as service names, response time, and so on;
service category represents service type provided by cloud service provision layer, such
as laaS, Saas, Paas; service interface represents access interface according to services
types, for example, Remote Desktop for IaaS, API for PaaS, web services for SaaS;
service aggregate represents that new services can be created based on existing services;
service monitor represents monitor and alarm according to health status of the services
and automatically correct abnormity state of services; service deploy represents auto-
matically deploy and configure specific services examples according to users require-
ments; service meterage represents cloud services, similar to water, electricity and gas,
which are available and pay on-demand by the user; service security represents provide
authorization control, trust management, auditing, consistency check for cloud services;
QOS manage represents that manage cloud service Qos model which select, calculate
and dimensionless process Qos attributes and described in section2.2, at the same time,
sustain the extension of QOS attributes, that is can add or remove QOS attributes ac-
cording to specific situation, to support QOS-assured cloud service acquired at any time,
used on-demand, pay-per-use and extended indefinitely, and return the best expected
cloud service to user.

Cloud multi-agent management which includes cloud service requestor agent, cloud
service QOS agent, cloud service provider agent and agent manager, and it is mainly
support QOS-assured cloud service provision and request. Cloud services requester is
no longer direct visit cloud service but commit to requestor agent, who mainly collects
feedback information of request and submits cloud service request based on QOS. Simi-
larly, Cloud services provider is no longer direct publish services but commit to pro-
vider agent, who mainly collects cloud service use information and publishes cloud
service. Cloud service QOS agent primarily submits cloud services QOS information.
Agent manager primarily manages various managers, such as new, recovery operation.

Thus, the process of cloud service provision can be described: First of all, Cloud
service provision layer can provide various cloud service to agent manager and then
establish provider agent and cloud service QOS agent. Secondly, service function
information, such as service description, service category, which can be standardized
by service interface, will be submitted to service repertory by provider agent. At the
same time, service QOS information, such as, response time, cost, which can be stan-
dardized by service interface, will be submitted to service repertory by cloud service
QOS agent. The process of cloud service request is the same to the process of cloud
service provision.
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4 Conclusion and Future Work

This paper proposes a new Service-Oriented QOS-Assured and Multi-Agent cloud
computing architecture to support QOS-Assured cloud service provision and request.
There are research challenges in the future for cloud computing that make use of open
standards and architecture to allow different clouds for interoperability. Next research
work will focus on cloud services interoperability research.
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