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1 PATTERN ID-CARD 

The following Pattern-ID-Card provides some description elements that are 
useful to identify and classify the pattern Virtualization of Computational 
Resources in E-SOA. 

 

 

 

 Name Virtualization of Computational Resources in 
E-SOA 

Abstract This document illustrates the pattern 
Virtualization of Computational Resources in 
E-SOA. It describes the characteristics of 
Virtualization of Computational Resources 
and its architecture. 

Level Abstract 

Type Functional 

Key Concerns Services,  

Management,  

Resources 

Credits Shimon Agassi,  

Project Reservoir 

Contact Pfeuffer, Evelyn 
(evelyn.pfeuffer@siemens.com) 
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2 PROBLEM DESCRIPTION  

In general terms, virtualization refers to the abstraction of computer resources 
so they can be logically assigned. It is a technique for hiding the physical 
characteristics of computing resources from the way in which other systems, 
applications or end users interact with those resources. Virtualization is a 
fundamental concept to separate computer resource from the underlying 
physical hardware and to develop a scalable and effective service-oriented 
infrastructure. Virtualization of Computational Resources in combination with 
grid computing and business service management (BSM) has the potential to 
effect in reduced programming complexity and costs, lower maintenance costs, 
faster time-to-market, new revenue streams and improved operational 
efficiency. 

Virtualization is more and more used in scenarios where infrastructure providers 
sell computing resources (that means software and hardware values) to 
Virtualized Service Administrators (VSA), who use these values to host 
virtualized services (VS). A VS is a service, as it is known, but with additional 
information, which makes it executable for the Virtual Execution Environment 
Manager (VEEM). Examples for this additional information are the Service Level 
Agreement (SLA), the capacity and elasticity rules, é. With this information the 
VEEM assigns a certain amount of CR (organized as VEEs) to every service, 
which causes a much higher efficiency than ordinary systems and is cheaper for 
the VSA, who just have to pay what they really use. 

A problem, which probably occurs in most of all scenarios, is when virtualized 
services and usual services shall work together. In this context you regard the 
virtualization system as own service, which interacts with other services. From 
this point of view some requirements (like interoperability with the other 
services) and constraints (avoid naming conflicts) can be conveyed.  

From this scenario the following requests are derived:  

 Idea of provisioning services as utilities 

 End-to-end support for service-oriented computing 

 Service and resource migration without boundaries 

 Federated heterogeneous infrastructure and management 
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3 FUNCTIONAL REQUIREMENTS  

The pattern Virtualization of Computational Resources (VCR) provides 
functionalities for using and managing virtualized services.  

The following concepts are necessary to the description of the functional 
requirements. These are consolidated within work package 3 and here reported 
because they are not completely covered by the current version of the NEXOF 
Conceptual Model. Once the model will be completed and consolidated, this 
part could be also removed from this section. 

BSM  
Business 
Service 
Management  

Business Service Management is the 
integration and consolidation of 
systems management with business 
management. Itôs the creation of 
service and operational level 
agreements (SLA/SLO), 
underpinning contracts, policies, 
rules and thresholds for business 
services, applications, processes, 
activities and transactions. 

first 
draft  

-  

RAS  

Reliability, 
Availability 
and 
Serviceability  

Availability: see Nexof-RA specific 
items,  

Reliability: see Not Nexof-RA specific 
items Availability: Not Nexof-RA 
specific items Serviceability: 
Serviceability is an expression of the 
ease with which a component, device 
or system can be maintained and 
repaired. Early detection of potential 
problems is critical in this respect.  

first 
draft  

Serviceability: 
From whatis  

SDM 
Service 
Definition 
Manifest 

The formal request for deploying a 
service application within an 
infrastructure provider. It includes all 
the information needed to instantiate 
a service application, as well as the 
information needed for automatically 
managing the service application 
lifecycle. 

V1.0 
Adopted from 
RESERVOIR 
glossary 

SLA  
Service Level 
Agreement  

A formal negotiated agreement 
between two parties, which in the 
context of SOA are usually a service 
provider and a service consumer. For 
a specific subject an SLA usually 
records the common understanding 
about priorities, responsibilities, and 

first 
draft  

From: soa-in-
practice  

Service-level 
agreement 
(SLA)  

http://whatis.techtarget.com/definition/0,,sid9_gci1232701,00.html
http://www.soa-in-practice.com/soa-glossary.html
http://www.soa-in-practice.com/soa-glossary.html
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warranties, with the main purpose of 
agreeing on the quality of the 
service. For example, it may specify 
the levels of availability, 
serviceability, performance, 
operation, or other attributes of the 
service (such as billing and even 
penalties in the case of violations of 
the SLA).  

SMI  
Service 
Management 
Interface  

The service management interface 
with its service manifest exposes a 
standard interface into the VCR for 
service providers. The Service 
Manager Interface (SMI) is a set of 
interfaces that the Service Manager 
component offer to the service 
providers and Virtualized Service 
Administrators VSA to manage the 
service delivery. Through SMI, the 
service providers can manage their 
services lifecycle by designing the 
service deployment lifecycle process 
over a federated VCR, and they can 
be billed for the use of the 
infrastructure.  

first 
draft  

Adapted from 
Resources 
and Service 
Virtualization 
without 
Barriers, High 
Level 
Architectural 
Specification 
Release 1.2, 
June 2008  

PDF  

VCR  

Virtualization 
of 
Computational 
Resources in 
E-SOA  

The name of the pattern 
ñVirtualization of Computational 
Resourcesò  

first 
draft  

-  

VEE  
Virtual 
Execution 
Environment  

A term used to refer to a generic 
virtual resource regardless of the 
virtualization technology, for example 
Xen domains are VEEs, in the case 
of server virtualization; Virtuozzo 
Containers or AIX WPARs are also 
VEEs if OS virtualization is used. 
VEEs are the basic unit of resource 
management.  

VEE abstracts away the physical 
characteristics of the resource and 
enable sharing. 

v1.0  
Adopted from 
RESERVOIR 
glossary  

VEEH  Virtual 
Execution 

A Virtualization Execution 
Environment Host (VEEH) is a 

v1.0  Adopted from 
RESERVOIR 

http://reservoir.cs.ucl.ac.uk/fileadmin/reservoir/delivarables/080531-D1.1.1-c.pdf
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Environment 
Host  

physical machine along with the 
virtualization software required to 
host and control a particular type of 
VEEs. For example a physical 
machine with Xenôs hypervisor and 
dom0 are a VEEH; a physical 
machine with Linux and the Virtuozzo 
OS virtualization layer on top is also 
a VEEH. A VEEH hosts VEEs of the 
same virtualization technology. 

glossary 

VEEM  

Virtual 
Execution 
Environment 
Manager  

The Virtual Execution Environment 
Manager (VEEM) is interacting with 
the VSM above it, the VEEH below, 
and the VEEM at other sites in order 
to enable federation.  

The VEEM is responsible for the 
optimal placement of VEEs into VEE 
hosts subject to constraints 
determined by the VSM and can 
place and move VEEs on the same 
site as well on the remote sites. Of 
course the placement must be 
compliant with the constraints. The 
VEEM is only aware of the VEEs, it is 
responsible for (local and remote 
placement), as well as their state and 
placement.  

v1.0  -  

VHI  
Virtual Host 
Interface  

The VEE Host Interface (VHI) is a 
generic API for interaction between 
VEE Hosts and VEEM. It abstracts 
the specific virtualization technology 
and supports the VEE  

Hosting requirement.  

first 
draft  

Adapted from 
Resources 
and Service 
Virtualization 
without 
Barriers, High 
Level 
Architectural 
Specification 
Release 1.2, 
June 2008 , 
PDF  

VMI  
VEE 
Management 
Interface  

The VMI is a general interface to 
interact with the Virtual Execution 
Environment Manager  

(VEEM). It provides the functionality 
needed to dynamically deploy, 

first 
draft  

Adapted from 
Resources 
and Service 
Virtualization 
without 
Barriers, High 

http://reservoir.cs.ucl.ac.uk/fileadmin/reservoir/delivarables/080531-D1.1.1-c.pdf
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control and monitor complex 
services.  

Level 
Architectural 
Specification 
Release 1.2, 
June 2008 , 
PDF  

VS  
Virtualized 
Service  

Service: see Nexof-RA specific items  

A VS is a service with additional 
information, which makes it 
executable for the Virtual Execution 
Environment Manager (VEEM). 
Examples for this additional 
information are the Service Level 
Agreement (SLA), the capacity and 
elasticity rules, é.  

first 
draft  

-  

VSA  
Virtualized 
Service 
Administrator  

The VSA is an actor, who is 
responsible for 
deploying/undeploying and starting 
and stopping VS.  

first 
draft  

 

VSM  
Virtualized 
Service 
Manager  

The Virtualized Service Manager is 
the component that interacts with the 
service providers to receive their 
service manifests, negotiate pricing, 
and handle billing. It is responsible 
for compiling requests for the 
provisioning of service applications, 
as represented by a service definition 
manifest, into a list of VEEs and the 
related placement constraints.  It is 
also responsible for ensuring SLA 
compliance and dynamically adjusts 
the service application capacity as 
defined in the elasticity rules in the 
manifest  

v1.0  

To some 
extend taken 
from 
RESERVOIR 
glossary. 

VSR  
Virtualized 
Service 
Repository  

In the Virtual Service Repository 
(VSR) all virtualized services and 
their attributes are saved. The 
attributes are SLA definitions, 
business rules, service definition, 
elasticity rules and service lifecycle. 
When a service gets deployed, the 
VEEM requests the attributes of the 
specific service from the VSR.  

first 
draft  

-  

 

http://reservoir.cs.ucl.ac.uk/fileadmin/reservoir/delivarables/080531-D1.1.1-c.pdf
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Figure 1 Functionalities provided by Virtualization of Computational Resources 
in E-SOA 

 

The pattern VCR provides the following functionalities:  

į deploy(sc: Service Component)  

With this function a service, which is stored in the VSR can be deployed. 
By deploying a VS the following functionalities are executed 
automatically by the VEEM: 

į configu reComputationalResources( )  

It allows configuring the computational resources of the 
infrastructure, i.e. the computational nodes (CPU, RAM, é), the 
storage, and the network  

į assignComputationalResources()  
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It allows assigning the computational resources to the different 
components of the NCI. 

į undeploy VS( vsid: ServiceID )  

It allows undeploying the virtualized service from the service runtime. 

į startAgent( vsid: ServiceID ): Agent  

It executes the virtualized service with the given ServiceID. 

į st opAgent(a: Agent)  

It stops the execution of the Agent a running on the service runtime. 

į getLoggedData()  

It returns the data logged by this tool.  

į subscribeEvent(et: EventType)  

It allows a client to subscribe its interests to a type of Event. The client 
will be notified every time an Event of that type occurs. 

į sendMessage(m: Message, a: Agent)  

It allows an Agent to send the Message m to the Agent a running on the 
service runtime. 

į configureMonitoringPolicy()  

It allows the monitoring tool to configure the monitoring policy for this 
component. 

į getCRUtilisation()  

This function returns information about the Utilisation of the available 
computational resources. 

į migrateVEE( vee: VEEName, veeh: VEEHName )  

It coordinates the migration of VEEs within a site or across sites.  

į manageRepository()  

This allows the VSA to change, add and remove entries in the VSR (i.e. 
change SLA of stored services). 
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4 NON-FUNCTIONAL QUALITIES (QUALITY ATTRIBUTES ) 

 

Availability + 

Adaptation to new operating 
environments (Portability) 

+ 

Performance (efficiency) - 

Resource Efficiency + 

Scalability + 

 

4.1 Rational  

Availability:  

Reliability, Availability and Serviceability (RAS) of a virtualized service is 
supported by the VEE Hosts VEEH.  Reliability and availability is primarily 
achieved by associating a serviceôs VEE with more reliable and available 
hardware resources. The serviceability requirement is primarily achieved by 
maintaining secure console access to its VEEs and storage pools.  

Adaptation to new operating environments (Portability): 

When a service gets deployed by the VEEM it has to interact with the VEEH, 
which represents the underlying hardware. This interaction is realized by VHI 
Plug-ins. That makes the system a kind of platform-independent; it can be 
adjusted for every operating environment. That means, that the system (and 
therewith the virtualized services) can be ported to another environment just by 
creating a fitting plug-in. 

Performance:  

Assumption is that virtualization adds an overhead of at most 10% to the end-
to-end performance of the application. 

Migration Performance 

Live migration degrades the performance of the migrated application as it 
consumes CPU and I/O resources while preparing for the migration (especially 
for stateful applications). In addition, live migration requires an actual downtime 
of the application during the actual migration. The application relies on complex 
stack that is sensitive to timeouts at different levels (e.g., network, database). 
The performance degradation and the downtime should not have averse affect 
in terms of too many aborted user transactions. 

Resource Efficiency: 

By using a virtualization system, the resource efficiency is much better than in 
common systems. Service Administrators pay only what they use and foremost 
Infrastructure Providers can reach a very high efficiency by splitting their 
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hardware resources in parts, which are exactly adjusted to the requirements of 
their customers. 

Scalability: 

Scalability is one of the most important advantages of the virtualization. Each 
virtualized service consists of a set of VEEs, which represents a specific 
amount of hardware capacity. Since it is possible to add or remove VEEs to any 
virtualized service, the CR, a virtualized service is using, can be scaled 
dynamically. 
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5 ASSUMPTIONS 

This section describes the context where the proposed pattern is applicable. It 
is assumed that within NEXOF virtualized services are hosted. It is not intended 
that the pattern Virtualization of CR is used for hosting a complete NEXOF 
system. The diagram in Figure 2 shows the functionalities required by the VCR 
to the other parts of the system before it makes sense to apply the pattern.  

It is assumed that a Registry as it is described in the E-SOA Pattern is 
available. 

 

Figure 2 Functionalities required by the Virtualization of Computational 
Resources in ESOA 

The proposed pattern is applicable in a context where the following 
functionalities are provided by: 

į notifyEvent ()  

This functionality is required by VCR to notify events to the actors.  

į getMonitoringData ()  

This functionality returns the data of the system that needs to be 
monitored. It allows recovering both, the functionality of the virtualized 
services running on top of a SOA infrastructure and the functionality of 
the virtualized computational resources. 

The getMonitoringData method is used internally and it is recommended 
extending the functionality by a ñgetResourceUtilizationò method, which 
can be used for billing. This has to be located in the VEEM. 

į sendMessage ( m: Message, a: Agent )  

This functionality is required by the VCR to enable the realization, i.e. it 
allows them to take place by means of message exchanges of Software 
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Services. In particular, the VCR asks to the other parts of the system to 
mediate the exchange of messages. 

In the Component Descriptions this method is not explicitly listed. 

į isAuthorized()  

This functionality is required by VCR to check if the clients have the 
rights to access the functionalities provided by the VCR. 

į regist er(pa: Agent Description)  

It stores the Agent Description pa into the registry component. In 
particular a VS is registered in the registry component by storing the 
description of the VS. 

į find( sd : Service Description): Agent De scription  

It searches into the registry component for Provider Agents that match 
the query. In particular by this functionality a VS can be searched and 
found. 
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6 SOLUTION  

The pattern comprises several components, which are shown in Figure 4. 
Details of the interfaces of the components are described in separate sections 
and in the related figures (Figure 5, Figure 6, Figure 7 and Figure 8). 

6.1 Component Description 

An overview of the introduced components are shown in Figure 4 and described 
by their interfaces in the following subsections. The connections among the 
components are shown in Figure 4. 

All of the following components support eventing. The subscriptions are 
forwarded by the VSM to the particular component and the notifications are 
forwarded back to the VSM, which sends them to the requesting client. 
Therefore the notifyEvent and the subscribeEvent methods are not explicitly 
listed up in each component. 

 

Figure 3 Virtualization subsystem 

 
















































