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Abstract. How to deploy and manage, in an efficient and adaptive way,
complex applications across multiple heterogeneous cloud platforms is
one of the problems that have emerged with the cloud revolution. Here we
present the context, motivations, objectives, proposal and initial results
of SeaClouds: an european research project, which aims at enabling a
seamless adaptive multi-cloud management of complex applications by
supporting the distribution, monitoring and migration of application
modules over multiple heterogeneous cloud platforms.
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1 Introduction
Cloud computing is a model for enabling convenient and on-demand network
access to a shared pool of configurable computing resources that can be rapidly
provisioned and released with minimal management effort or service provider
interaction. Due to its prospective benefits and potential, cloud computing is a
hot research area. Many private and public clouds have emerged during the last
years, offering a range of different services at SaaS, PaaS and IaaS (Software,
Platform and Infrastructure as a Service, respectively) levels aimed at matching
different user requirements. Current cloud technologies suffer from a lack of
standardization, with different providers offering similar resources in a different
manner, which results in the vendor lock-in problem. To overcome this problem,
various standardisation efforts are currently ongoing, such as OASIS CAMP5,
OASIS TOSCA6, or DMTF CIMI7, just to mention some of them. Furthermore,
different vendors (e.g., Dell, BMC, Abiquo) are currently commercialising tools for
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the provisioning, management and automation of cloud applications. A promising
perspective, opened by the availability of different cloud providers is the possibility
of distributing cloud applications over multiple heterogeneous clouds.

SeaClouds8 (Seamless adaptive multi-cloud management of service-based
applications) is an EU-funded research project, which focuses on the problem of
deploying and managing complex multi-component applications over heteroge-
neous clouds in an efficient and adaptive way. More precisely, it aims at providing
interoperable foundations to orchestrate, monitor, manage and migrate parts of
applications (in order to guarantee performance and QoS on multi-cloud envi-
ronments). The approach is based on the concept of service orchestration and
designed to fulfill functional and non-functional properties over the whole applica-
tion. Applications will be dynamically reconfigured by changing the orchestration
of the services they use when a violation of such properties is detected.

2 Objectives of the Project
The SeaClouds project aims to develop a new open source framework which
performs Seamless Adaptive Multi-Cloud management of service-based appli-
cations. The framework consists of an Application Management System over
Cloud (AMSoC) at IaaS and PaaS levels, implementing a DevOps approach
for continuous software delivery. This approach enables application providers
to mitigate business risks and reduce time to market and customer feedback.
SeaClouds allows developers to design, deploy, manage and configure complex
applications across multiple and heterogeneous clouds, something unfeasible
hitherto. The specific objectives of SeaClouds are the following:

– Orchestration and adaptation of services distributed over different clouds.
– Unified application management of services distributed over different clouds.
– Monitoring and run-time reconfiguration operations of services distributed

over multiple heterogeneous cloud providers.
– Compliance with major standards for cloud interoperability.

3 The SeaClouds Platform
Firstly, we should answer the basic question: What is SeaClouds?

– SeaClouds is a software platform which makes more efficient the design,
development, planning and management of complex business applications
distributed on multi-cloud environments.

– SeaClouds provides an enterprise capability with continuous software delivery
that enables independent application vendors to mitigate risks and reduce
time and cost to market and customer feedback.

– SeaClouds orchestrates services, platforms and infrastructures to ensure they
directly and dynamically, meet the needs of cloud applications.

– SeaClouds provides an integrated and based on standards multi-cloud ap-
plication management system that follow the DevOps approach with seven
basic capabilities delivered to the developer via an innovative GUI.
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3.1 The SeaClouds Functionalities

The seven basic functionalities/capabilities of SeaClouds are the following:

– Matchmaking. It allows querying or browsing available cloud offerings (PaaS
and IaaS) determining suitable ones based on application requirements.

– Cloud Service Optimizer. It optimizes the deployment topology of an
application across multiple clouds to address non-functional requirements.

– Application Management. It supports efficient deployment and multi-
cloud governance of a complex application on various cloud offerings (IaaS
and PaaS) leveraging cloud harmonized APIs and platform-specific adapters.

– Monitoring and SLA enforcement. It provides monitoring and indepen-
dent metrics to allow operators to monitor the health and performance of
applications, hosted across multiple clouds.

– Repairing. It scales horizontally and vertically cloud resources to maximize
the performance of each module of an application.

– Replanning and Application migration. It provides a seamless migra-
tion of the application modules between dissimilar (but compatible) clouds,
allowing the portability of an application.

– Database migration and data synchronization. It enables the portabil-
ity of data between Databases (on different clouds).

3.2 Open Reference Architecture

This section presents the reference architecture and the design of the SeaClouds
platform (see Figure 1). The platform features a Graphical User Interface
(GUI) used by two main stakeholders: Designers and Deployment Man-
agers, and it considers Cloud Providers offering cloud resources.

From SeaClouds platform functionalities standpoint, we can identify five
major components in the architecture, plus a RESTful harmonized and unified
SeaClouds API layer used for the deployment, management and monitoring
of simple cloud-based applications through different and heterogeneous cloud
providers, and exploiting a Dashboard.

– SeaClouds Discoverer. It is in charge of discovering available capabilities
and add-ons offered by available cloud providers.

– SeaClouds Planner. It is in charge of generating an orchestration plan
considering the application topology and requirements.

– SeaClouds Deployer. It is in charge of executing deployment plans gener-
ated by the Planner.

– SeaClouds Monitor. It is in charge of monitoring that the Quality of
Services (QoS) properties of the application are not violated by the clouds in
which they were deployed; and of determining together with the Deployer,
the reconfiguration strategies to trigger the repairing or replanning actions.

– SeaClouds SLA Service. It is in charge of mapping the low level informa-
tion gathered from the Monitor into business level information, Quality of
Business (QoB), about the fulfillment of the SLA defined.

A distinguishing aspect of the SeaClouds architecture is that it builds on
top of two OASIS standards initiatives: TOSCA to specify the topologies and
generate the plans and CAMP to manage the building, running, administration,
monitoring and patching of applications in the cloud.



Fig. 1. Architecture of the SeaClouds Platform.

4 SeaClouds Implementation
The ongoing SeaClouds project has provided its first implementation results, which
can be downloaded from the github repository9. The consortium has presented
these results during the first review meeting in Brussels10, the IEEE/ACM
Conference UCC11, and the Cloud World Forum 2015.

The consortium identified Apache Brooklyn12 as the tool to deploy SeaClouds.
We currently support planning (matchmaking and optimization), deployments
against [Bring Your Own Nodes (BYON)] using an extension of Brooklyn as
Deployer Engine, to all the IaaS providers supported by Apache jclouds13, initial
monitoring actions based on the MODAClouds monitoring platform14, and SLA
management. To ensure a good level of quality assurance, a free Continuos Integra-
tion (CI) and Continuos Distribution has been set up, travis-ci.org15. SeaClouds
platform is built using Java language, distributing the artefacts generated from
the source code, like jar file, war file etc, to a well-know public managed maven
repository hosted by Sonatype16, as it is free for opensource projects like ours.

5 Conclusions and Future Actions
We have presented our ongoing research in the SeaClouds project, which provides
an open source framework to address the problem of deploying, managing and
reconfiguring complex applications over multiple clouds.

Next activities in the SeaClouds roadmap are: the continuos improvements of
the functionalities already implemented (Section 4), as well as the implementations
of the discoverer process, the PaaS deployment support, the definition of policies
for monitoring rules, and the implementation of the reconfiguration strategies.

9 https://github.com/SeaCloudsEU
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12 https://brooklyn.incubator.apache.org
13 http://jclouds.org
14 http://www.modaclouds.eu
15 https://travis-ci.org/SeaCloudsEU/SeaCloudsPlatform
16 https://oss.sonatype.org/content/repositories/snapshots/eu/
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