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Abstract: With the development of cloud computing, cloud platforms of different types and purposes are emerging. Hybrid clouds are
needed to manage cross-domain computing and storage resources in a unified manner in order to satisfy management requirements such as
legacy system integration and dynamic resource scaling. However, there are differences in management interfaces and mechanism

between different cloud platforms, which cause great difficulties and high complexity to construction of hybrid clouds. In this paper, a
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runtime model based approach to managing hybrid clouds is presented. First, the manageability of cloud platforms is abstracted as runtime
models based on their management interfaces. Second, a unified model of cloud software architecture is provided according to the domain
knowledge of current cloud platforms. Third, the synchronization between the unified model and cloud runtime models is ensured through
model transformation. Thus, all the management logic can be carried out by executing programs on the unified model, which decreases the
difficulty and complexity of hybrid cloud construction. The experiment on a real-world hybrid cloud, which consists of CloudStack and
Amazon EC2, demonstrates the feasibility, effectiveness and benefits of the new approach in managing hybrid clouds.

Key words: hybrid cloud management; software architecture; models at runtime
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Table 1 Mapping rules of model operation
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Fig.6 Five types of model operations
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Fig.8 An example of model operation transformation
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Fig.9 Statistics of common APIs for cloud resource management
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Fig.10 Programs of VM monitoring in the languages of QVT and Java
10 QVT Java

Table 2 Comparison of LOC between the QVT and Java programs
2 QVT Java

CPU
QVT 3 17 3 13 13
) Java 205 223 218 241 241
533
, 10 20 50 , QVT Java
R . S CloudStack Amazon EC2
80% 20%. 3 ,QVT Java . 1 2
> , . 3~
5 , ,QVT  Java
,QVT Java 5
,QVT Java , ,
Table 3 Comparison of performance between the QVT and Java programs
3 QVT Java
CPU

QVT (ms) 117 118 1148 1183 1098

10 Java (ms) 74 86 749 738 741

API 1 1 10 10 10
QVT (ms) 160 128 2386 2413 2395
20 Java (ms) 113 79 1526 1493 1511

API 1 1 20 20 20
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Table 3 Comparison of performance between the QVT and Java programs (Continued)

3 QVT Java ()
CPU
QVT (ms) 247 131 5876 6129 5812
50 Java (ms) 202 81 3 826 3784 3816
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