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Abstract— The orchestration of applications and components in 
the Cloud is a topic that has been receiving notable attention. As 
the use and number of cloud computing platforms increases, the 
need for a standardized means of describing, deploying and 
managing applications across heterogeneous providers becomes 
even more apparent. To meet this need we present an extended 
CAMP platform, capable of describing, deploying and managing 
applications and components across heterogeneous clouds. Our 
platform makes use of policies that are described in a declarative 
YAML format. In order to process policies defined in our 
extended platform we also present declarative policy directives 
that specify actions that may be taken in response to our policies.  
Our extensions to CAMP will allow CAMP compliant platforms 
to be capable of performing orchestration through the use of 
declarative policy descriptions, automatically orchestrating 
applications and components across heterogeneous cloud 
providers. 
 
Keywords—OASIS CAMP, Orchestration, Policies, Policy 
Management. 

I. INTRODUCTION 
Cloud Computing, an ongoing area of Distributed Computing 
promises the delivery of applications as services over the 
Internet, as well as hardware and software in the Datacenters 
that provide those services. The advent of cloud computing 
promised to provide “users” the benefits of, among many,  

• available on demand services 
• elimination of up-font commitment  
• pay per use model  

These benefits, however, come with the addition of inherent 
issues such as Availability of service, Performance 
unpredictability, Scaling and Vendor lock-in[1].  

The Orchestration of applications and components in across 
cloud providers is capable of addressing some of the inherent 
issues within Cloud Computing however the Orchestration of 
Applications and components in itself is not a simple task.[2] 
The Orchestration of applications and resources in the cloud 
involves dynamically deploying, managing and maintaining 
those aforementioned components in and across multiple 
heterogeneous cloud platforms in order to meet the needs of 
clients. As it is possible for cloud providers to adopt 
combination of a number of technologies and API’s [3] it is can 
be seen that standardization ([4], [5]) can provide the answer to 

Orchestration of applications and components across 
heterogeneous cloud platforms.   

The current standard for cloud application description, 
deployment and management, OASIS CAMP (Cloud 
Application Management for Platforms)[6],  provide a means 
of declaratively interacting with cloud applications and 
providers. However, OASIS CAMP is unable to provide 
orchestration features that will allow it to deploy and manage 
application components across heterogeneous cloud platforms.  

In this paper, we aim to present our proposed extension to 
CAMP which will allow for declarative policy management 
and orchestration of deployed application components. 
Through this we argue that it will be possible to declaratively 
orchestrate applications and components in CAMP through a 
declarative policy specification. 

II. CAMP 
CAMP represents an industry accepted, emerging standard 

by OASIS, defined to tackle the problems of cloud application 
definition, deployment and management. OASIS CAMP 
provides a standardized means for deploying, monitoring and 
managing applications by allowing the persons to describe the 
format of as well as how application components should be 
deployed to CAMP compliant providers using YAML plans. A 
CAMP plan written in YAML may contain a list of artifacts to 
be deployed to a provider, the services the provider may use to 
fulfill the installation of the artifacts and the relationship 
between each artifact and its required service. CAMP however 
does not provide the facilities needed to orchestrate an 
application or components across multiple heterogeneous cloud. 
An application and its components presented to a CAMP 
platform as a deployment plan is deployed to and managed on 
a single provider.   

III. DECLARATIVE POLICIES 
In this section, we present the overall strategy of our 

declarative policy specification as well as the architecture 
behind our approach. 

A. Overall strategy 
The overall approach of our work focuses on providing 

extensions to CAMP allowing for declarative policy 
specification and management. For this we aimed to  

• Include declarative policies within CAMP plans 
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• Provide a declarative mechanism for processing 
policies. 

1)  Architecture 
The architecture of our approach (Figure 2) consists 

including a policy and policy management components to 
CAMP’s architecture of a TOSCA Parser and an extended 
CAMP platform joined by a conversion engine. Tosca 
documents inclusive of policies are converted into our extended 
CAMP format for deployment. 

 

 
 
Figure 1.  This depicts the architecture of the extendedCamp solution 

2)  Policy specification 
Our extended CAMP platform specifies policies that can be 

used to manage a deployed application or components. Our 
approach introduces declaratively defined, typed policies 
within our extended CAMP document making use of two main 
components, typed policies and typed constraints 

3)  Typed Policies and Constraints 
Declaratively defined policies in our extended CAMP 

platform (Figure 2) specify state or behavior that an entity 
should adhere to and does not imperatively specify actions that 
must be taken. Types can be used to categorize policies based 
on their mode of operation. Typed constraints capture the state 
that an entity should ideally be in if it is to conform to the policy. 
For example, a Placement policy may be associated with an 
entity stating the entity should be started (SERVICE_UP = true) 
and its location should ideally be chosen from one of a supplied 
set of locations (PROVISIONING_LOCATION is within 
[loc1, loc2, …, locx]).  

 

 
Figure 2.  Policy specification in our extended CAMP platform. 

4)  Policy management 
As Declaratively defined policies define criteria that an 

entity should adhere, whether or not the entity adheres depends 
not on the policy but the policy enforcer ([7], [10]). Policy 
managers were therefore introduced into our extended CAMP 
platform as an entity that can interpret and enforce a policy on 
an entity. The role of the policy manager is to determine the 
best action to enforce a policy. This is done through the use of 
policy management directives. 

The policy management directives (Figure 3) are defined 
using as a group of actions that the policy manager can choose 
from that are applicable to the type of entity that the policy is 
associated with. Each action identifies the property of the entity 
that this action influences and the transition the property will 
undergo in the event of the action being performed. For 
example, a placement policy manager may be given the 
directives that specify two possible course of actions it may 
take, START or STOP. The START action operates on an 
entity by setting its SERVICE_UP property to true from its 
initial value of false. The same action also operates on the 
entity’s provisioned location by setting its 
PROVISIONING_LOCATION value to “any” specified 
value from its initial value of nothing (null). 

 

 
Figure 3.  Policy management directive  

 
As these actions represent known actions, that can be invoked 
on entities within our extended CAMP platform, the policy 
manager needs only to decide on the best course of action to be 
performed and invoke that action on the entity. The entity 
should already be aware of how to carry out that action thus 
imperative instructions are not passed to the entity. 
 

IV.  EVALUATION 
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In order to demonstrate the capabilities of our approach we 
created a used an extended CAMP plan consisting of a web 
cluster and database server as well as placement and 
management policies for placing the components of the 
application in different clouds. This was then deployed and 
managed using our extended CAMP platform. We also defined 
management policies for the web cluster defining different 
loads and recorded the responses of the policy managers to each 
situation. The responses by our extended CAMP platform are 
recorded in Table 1 and Table 2.  

TABLE 1. WEB CLUSTER POLICY MANAGEMENT RESPONSES 

  

TABLE 2. SQL SERVER  POLICY MANAGEMENT RESPONSES 

V. CONCLUSION  
Our work is motivated based on the fact that Cloud 

Application Orchestration can solve problems with Cloud 
Computing however in order to ensure that inherent problems 
are not compounded, a standards based approach should be 
utilized. We presented CAMP as a standard focused on 
Application deployment and management. We also presented 
that through extensions to CAMP it is possible, through policies, 
to provide a standard, orchestration-capable, application 
delivery platform. Finally, showed that our extended CAMP 
platform is capable of automatically orchestrating applications 
and components across heterogeneous cloud providers.  
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Policy 
Type 

Desired State Actual State Action Chosen 

Place
ment 

State: STARTED 
Location: (AWS 
Virginia or 
AWS Tokyo) 

State: 
UNSTARTED 
 
Location: (null) 

State: START 
Location: (AWS 
Tokyo) 

QoS  Nodes: 2 
5 < Req/Sec < 10 

Nodes: 2 
Req/Sec > 15  

SCALE_UP 
Nodes: 3 
Req/Sec = 5 

QoS  Nodes:  2 
5 < Req/Sec < 10 

Nodes: 3 
Req/Sec < 3  

SCALE_DOW
N 
Nodes = 2 
Req/Sec = 6 

Policy 
Type 

Desired State Actual State Action Chosen 

Place
ment 

State: STARTED 
Location:  
(Rackspace-HKG 
or 
Rackspace-SYD) 

State: 
UNSTARTED 
Location = 
(null) 

State: START 
Location:  
(Rackspace-
HKG) 
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