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Abstract  Software-as-a-Service (SaaS) is a new software delivery model that provides on-demand
customization and payment for tenants based cloud platform. SaaS has drawn considerable research
attention for its capability of transferring software goods for services in light of the Internet based
platforms. Individual software vendors release resources and services to tenants by deploying the
SaaS applications accordingly. SaaS applications in cloud are generally large scale multi-layer software
application systems, which deployed in multiple nodes and are very important to tenants. On the
other hand, SaaS service providers wish to reduce the total cost and gain more benefit. To this end,
SaaS service providers require to quickly deliver and place multiple diversified SaaS applications in
the cloud data center to meet the multi-dimensional and heterogeneous requirements, such as

performance, network utilization, storage capability and operating system requirements. As a result,
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it is essential to achieve the SaaS application agile placement to quickly select appropriate cloud
resources to place large scale SaaS application system to meet the needs of large scale heterogeneous
performance requirements of different tenants and hence reduce the cost of cloud service providers
at the same time. Therefore, the key point of placing SaaS applications in an efficient way lies on
choosing the appropriate cloud resources to deploy the SaaS applications. Traditional cloud
resources matching methods based on Service Level Agreement SLLA and supply demand have
been difficult to adapt to the requirements of agile placement of large scale SaaS applications in
cloud for the complicated requirements of large-scale heterogeneous performance. In this paper,
the strategy of placing SaaS applications based on graph matching theory is proposed which
models the SaaS applications placement problem as the subgraph matching problem of the cloud
resource graph. The computing resources, data resources and their inherent connections in the
cloud are mapped into an isomerism graph with multi-dimensional attribute labels. In this graph,
vertices represent the cloud resources required by SaaS applications, while edges represent
topological relationships between cloud resources. The attribute values on vertices represent the
performance requirements of SaaS applications for cloud resources. After constructing the above
graph, an algorithm which contains four steps is presented. The first step is to mine the frequent
subgraphs which satisfy a certain threshold in the cloud services resource graph. In the next step,
the request graph is cut using frequent subgraphs. Then the subgraph set of the request graph is
obtained. The third step is to filter the subgraph set of the request graph. In this process, the
algorithm dexterously uses the coordinate division method to improve the efficiency of the filtering
operation. In the final step, the candidate set is merged to reduce the complexity of the problem
and solve the SaaS applications placement problem quickly and accurately. A set of cloud resources
that meet the provider’s requirements can be eventually obtained by using the partial order relation
isomerism matching method, which is employed to agilely place SaaS applications and data. The
extensive experimental results suggest that the proposed method illustrates significant improvement
in the efficiency of multi-dimensional heterogeneous cloud resource placement strategy in complex
SaaS applications.

Keywords SaaS; cloud resources placement; multi-dimensional attributes; graph matching;

partial order; cloud computing
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Background

Software-as-a-Service (SaaS) is a new software delivery
model that provides on-demand customization and payment
for tenants based cloud platform. SaaS has drawn considerable
research attention for its capability of transferring software
goods for services in light of the Internet based platforms.
Individual software vendors release resources and services to
tenants by deploying the SaaS applications accordingly. SaaS
applications in cloud are generally large scale multi-layer
software application systems, which deployed in multiple
nodes and are very important to tenants. On the other hand,
SaaS service providers wish to reduce the total cost and gain
more benefit. To this end, SaaS service providers require to
quickly deliver and place multiple diversified SaaS applications
in the cloud data center to meet the multi-dimensional and

heterogeneous requirements, such as performance, network
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utilization, storage capability and operating system requirements.
As a result, it is essential to achieve the SaaS application
agile placement to quickly select appropriate cloud resources
to place large scale SaaS application system to meet the needs
of large scale heterogeneous performance requirements of
different tenants and hence reduce the cost of cloud service
providers at the same time. Therefore, the key point of placing
SaaS applications in an efficient way lies on choosing the
appropriate cloud resources to deploy the SaaS applications.
Traditional cloud resources matching methods based on
Service Level Agreement SLA and supply demand have been
difficult to adapt to the requirements of agile placement of
large scale SaaS applications in cloud for the complicated
requirements of large-scale heterogeneous performance. In

this paper, the strategy of placing SaaS applications based on
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graph matching theory is proposed which models the SaaS
applications placement problem as the subgraph matching
problem of the cloud resource graph. The computing resources,
data resources and their inherent connections in the cloud are
mapped into an isomerism graph with multi-dimensional
attribute labels. In this graph, vertices represent the cloud
resources required by SaaS applications, while edges represent
topological relationships between cloud resources. The attribute
values on vertices represent the performance requirements of
SaaS applications for cloud resources. After constructing
the above graph, an algorithm which contains four steps is
presented. The first step is to mine the frequent subgraphs
which satisfy a certain threshold in the cloud services resource
graph. In the next step, the request graph is cut using frequent

subgraphs. Then the subgraph set of the request graph is

obtained. The third step is to filter the subgraph set of the
request graph. In this process, the algorithm dexterously
uses the coordinate division method to improve the efficiency
of the filtering operation. In the final step, the candidate set
is merged to reduce the complexity of the problem and solve
the SaaS applications placement problem quickly and accurately.
A set of cloud resources that meet the provider’s require-
ments can be eventually obtained by using the partial order
relation isomerism matching method, which is employed to
agilely place SaaS applications and data. The extensive
experimental results suggest that the proposed method
illustrates significant improvement in the efficiency of multi-
dimensional heterogeneous cloud resource placement strategy

in complex SaaS applications.





