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Introduction

• Self-Organizing ICT Resource Management 
(SORMA).

• Vision: “Development of methods and tools

– for establishing an efficient market-based allocation for 

resources 

– in order to enable resource accessibility for all users 

– and to increase user’s satisfaction, profit and productivity ”

• EU FP6 funded 2.7M Euro project.

• 12 academic and commercial partners across 
Europe and Asia.
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Motivation (1)

Overspending & Inefficiencies

Carr (2005)

Hardware component Capacity utilization

Servers 10 - 35 %

Workstations 5 %

Storage 25 - 50 % waste

Redundant IT Infrastructure…
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2004
2005

2006

Operational Costs

IT Budgets• Failure to capitalise on 
economies of scale

• Energy costs

• Duplicate fees and 
maintenance costs

• Redundant staff: 80 % of IT 
labor is support and maintenance

• Big drain on management time 

• Inflexibility 

Motivation (2)
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Motivation (3): Make IT resources a utility

• Competitive companies needs to 
flexibly change IT spendings to adapt 
to business needs

• Simplify IT management

• Quickly reallocate resources internally 
(or across administrative barriers)

• Consolidation and Energy cost 
savings

� Sharing resources
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Sharing resources

Problems
• How is it paid for?
• How to allocate?
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Why apply markets to the Grid?
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The broader picture:
Why dynamic pricing is necessary?

� Technical mechanisms and fixed pricing cannot reflect the 
dynamicity of Grid markets 
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The SORMA Vision:
Become a hub for IT resource trading

TXT Market

Buyer

Seller

Amazon 
Elastic CloudNetwork.com
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• Facilitating tools for automated the use

– User-specific policies

– Decision assistant

“Market-driven models supported by 
extensions of grid infrastructure”

Intelligent 
Tools

Economic Middleware

• Open Grid Market Implementation

– Market Mechanism

– Security and Trust

• Grid/e-Services Economics

– Economic Design of an Open Grid Market allowing
for self-organising resource management

• Extension of state-of-the art 
Middleware 

– Allowing market-based 
sharing of resources

Open Grid Market

SORMA
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System architecture
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Pilot applications

• Three commercial partners in SORMA consortium:
– Correlation Systems, Israel,
– TXT eSolutions, Italy,
– Sun Microsystems, Singapore.

• Pilot applications:
– Real-world applications,
– Ensure that SORMA is not developed in an academic vacuum,
– Provide examples of different types of resource/service 

requirements.
• Pilot applications include:

– Visage: Video processing: Service oriented architecture (REST-
based),

– TXT Demand: Demand forecasting and replenishment tool (batch 
and near real-time modes),

– Povray: Image rendering (batch jobs).
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Pilot application example: Image analysis

� �������	
��
�
 �
�
���	��
��������
��������
�����������
�����

��������
���������

��������
�
�

� ���
	������������
���	
���������
����������������� �����
� �����
����������	�
���
������
	��
	����
�����
	��� 
	���������
� ����
�����	�	�����

���������	����
��� �����
����� �
��
�
����
�
�����

�
���	������������
������
�����
	��
� �� ���� � ���
�� � 	
��
�
��	�
� � ���� � 	����	��	�����

�� !

" ������ ����� #�����
���	�$�
���
�%��� �
�
�����	����������
�����

�	��������
���
�
 �
�	������&
��
���
�����������
�����
�

" '�
�&��
��������	�	
����!
& $����������

�	������
��������	�
���������
�� 

" #�����
���	�������	�
����

�������	�
����������
������	���
�	�����������������	�������
���	��	����
����
������	
�������

�	� �

" #�
����
����������������(



ACET seminar, 22nd October 2008 15

Pilot application example: Visage (1)
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Pilot applications: Visage (2)
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Pilot applications running over SORMA

Video…
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… checkpoint!

• Have given an overview of the project motivation and goals,
• Have given an overview of the system architecture,
• Have described the pilot applications that we are using to keep a grip 

on reality,
• Describing SORMA at a recent EU review meeting took almost 9 

hours!
• The remainder of the talk will focus on resource fabrics:

– Describe the purpose and implementation of an Economically 
Enhanced Resource Manager.
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Incorporating resources
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Economically Enhanced Resource Manager

• An Economically Enhanced Resource Manager (EERM) is present at 
each resource provider’s site.

• Coordinates access to resources/services at a site in response to 
trading that has occurred in the market.

• Has economic policies that determine the price that resources are 
offered to the market in line with a provider’s business goals.

• Provides data to:
– Intelligent Tools:

• so that resources can be described accurately and presented to the 
market.

– The Service Level Agreement Enforcement component:
• so that inconsistencies in contracted resource usage are detected 

and acted upon.

• The EERM must be capable of embracing new types of resources or 
services so that they can be traded on the market.
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EERM’s logical functions
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EERM in context with the rest of SORMA

Monitoring components and 
resource fabric connectors located 
within the EERM. Various agents 
present on local resources.

An Economically Enhanced 
Resource Manager (EERM) 
[eerm] is present at each 
resource provider’s site.

Market Exchange

Market ExchangeMarket Exchange
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Example of EERM interaction
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EERM implementation

• EERM appears to be monolithic to the rest of SORMA:
– Interaction through EERM’s service interfaces.

• Actually formed from a confederation of loosely-bound (sub) 
components providing:
– Monitoring (GridRM, Tycho), 
– Resource management (management logic,Tycho)
– Resource fabrics (GridSAM core, Tycho),
– Service proxies (Tycho)
– …

• Components can be discovered at runtime through registry queries
and event notifications,

• Components can be swapped out, failed over, or added to support 
scalability, redundancy, availability.



ACET seminar, 22nd October 2008 25

EERM implementation

Service Provider
Tomcat,

Websphere, IIS, ...

Service Provider
Tomcat,

Websphere, IIS, ...
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Websphere, IIS, ...
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Using Tycho to bind together the EERM
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Monitoring: GridRM Gateway

The Local Layer provides controlled access to local resources at a provider’s. Drivers encapsulate 
heterogeneity allowing different existing monitoring agents to be integrated. 
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Monitoring: Custom agent

• Want to avoid the need to install yet another agent on a resource, 
when existing agents are already present. 

• However, in some cases it is desirable to install a custom agent, 
when for example:
– The data required from the resource is not provided by existing 

agents (and those agents cannot easily be extended), 
– When multiple agents that collectively provide the required data

are already present on a resource, but due to the number of 
requests and processing required to obtain an aggregated result,
the latency and/or intrusiveness of collecting the data is deemed 
to be too high.

– When an agent does not provide an event mechanism: 
• If there is a requirement for the gateway to be informed immediately 

when a specified threshold has been met, then continuous polling by 
the gateway may introduce artificial overhead on the resource being 
monitored, thereby perturbing the actual state of the monitored 
resource. 
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Monitoring: Custom agent

• Created a custom agent (CGA) that is designed to:
– Receive commands in the form of events from a GridRM gateway 

and perform selective monitoring. 
– Write data into an internal database that can later be retrieved by 

the gateway (JDBC).
– CGA is designed to:

• Start/stop monitoring specific machine-level data from the localhost
on which the CGA is running.

• Start/stop monitoring a particular process ID for current memory and 
CPU usage.

• Notify the gateway when a particular threshold has been exceeded
locally.

• Notify the gateway when a particular process ID leaves the process 
table.

• Return historical data that was captured over a given time period.

• Provide a plugin architecture so that core logic can be reused across 
different platforms and agents.
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Monitoring: Custom agent
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Monitoring API

• Monitoring API used to retrieve resource data.
• Provides methods (currently 17) for clients to administer and query 

gateways for resource data, e.g.:
– Registering and un-registering interest in receiving events from particular 

gateways and resources,
– Registering, un-registering and listing registered resources within a 

particular gateway,
– Querying ‘core’ attribute values (e.g. memory utilisation, and system 

load, etc),

– Controlling ‘resource watches’, whereby a gateway is instructed to 
periodically capture resource data, which it saves to its internal database 
for later inspection,

– Controlling ‘job watches’, whereby a gateway instructs a capable agent to 
monitor process resource utilisation at defined intervals. The gateway 
retrieves data from the agent and stores it in an internal database for 
later inspection.
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Resource fabrics – GridSAM (1)

• GridSAM produced by the UK eScience.
– http://gridsam.sourceforge.net

• Provides a plugin architecture for submitting jobs to 
different resources.

• Provides job life cycle, data staging, submission and 
status

• Converts JSDL (Job Submission and Description 
Language) job requests to underlying job submission 
language, or direct to appropriate DRM endpoints.

• Existing plugins include:
– Globus Toolkit 2.4.3, Condor, Sun Grid Engine, /fork

• Have taken the GridSAM core and implemented as a 
Tycho service.
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Resource fabrics – GridSAM (2)
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Other resource fabrics

• But reference implementation of the EERM is not tied to just using 
GridSAM:
– Have flexibility due to loosely coupled architecture (using Tycho).
– Create new Tycho-based modules that are used to communicate 

between the EERM and resource fabrics.
• Hypervisor-based virtualisation systems (e.g. Zen), can provision 

resources on demand
– Barcelona Supercomputing Centre and the University of 

Catalunya are working on extensions to provide dynamic library 
support:

• Customised images for clients

• Potential to charge for value-added features (e.g. image 
constructions, reselling of software licenses,…)

• We favour a plug-in approach for the reference implementation of the 
EERM, but existing projects could also make changes to their source 
code …. Globus anyone?!
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Administrative UI: JSR-168 Portlets

• Provide an opportunity to create user interfaces that are 
portable across a number of portals.

• Allow a consistent user interface to be created across 
SORMA:
– Mix and match portlets to achieve administrator, 

service provider or client graphical user interfaces.
• Portlets for the EERM provide interfaces for:

– Gateway and resource administration,
– Resource discovery and data retrieval.

• Present data using Java Server Pages (JSP) and XHTML 
to Web browser clients.

• Hosted in a Gridsphere portlet container.
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Administrative UI: JSR-168 Portlets
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Administrastive UI: Web 2.0 Interface
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Summary

• SORMA is an EU FP6 project aimed at:

– Development of methods and tools

– for establishing an efficient market-based allocation for resources
– in order to enable resource accessibility for all users

– and to increase user’s satisfaction, profit and productivity ”

• Provides an open market framework capable of hosting different types of 
market.

• Intelligent Tools provide an interface to the market allowing anyone to trade.
• Price is determined by market forces; clients use different bidding strategies 

to get the best deal.
• Uses real money: Interfaces to systems like paypal.

• SORMA is middleware agnostic: Intended to trade any type of resource.

• An Economically Enhanced Resource Manager (EERM) provides resource 
sellers with a point of presence in the SORMA market.

• EERM contains economic policies that support a resource provider’s 
business goals (e.g. breaking strategically breaking SLAs to maximise profit).
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Next steps…

• The core framework for SORMA is now in place.
• Work is focusing on the extension points, e.g:

– Economic:
• Adding further economic policies,

• Enhancing SLA Management,
• Implementing further markets,

• Additional intelligent bidding agent behaviour.

– Resources/services:
• Integrate further examples of resources and services for monitoring 

and job submission.
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