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Steven Newhouse

London e-Science Centre

Department of Computing, Imperial College London
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• Multi -disciplinary applied ‘pilot’ projects
• CS engagement with applied scientists
• Network of eight regional centres 
• £120M over three years
• Started 2001
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• Established applied multi-disciplinary research
• Industrial Collaborations:

– Sun Centre of Excellence in e-Science
– Intel Virtual European Centre of Grid Computing

• Cross-campus collaborations:
– Bioinformatics
– High Energy Physics
– Computational Engineering

• Specialisation: Next Generation Grid Middleware

‘Enabling the e-Scientist’
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• Structured Parallel Programming (SPP)
– A structured language for co-ordinatingthe 

current activities of FORTRAN Code
• SCL: Parallel behaviour
• FORTRAN: Low-level sequential computation

• Structured Co-ordination Language (SCL)
– Three types of operations

• Distribution skeletons
• Comparison and communication skeletons
• Control flow skeletons
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• Sequential Computation in Base Language  (X)

• Parallel Structure in Structured Co-ordination 
Language (SCL)

C

C C

C CCC

B B B B B B B B

Composition of co-ordination forms

Sequential 
programs
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• At the very least…
– Stage input files to compute resource
– Effectively partition application over resources
– Stage output files to persistent store

• … to the extreme
– Real-time satellite input feeds into analysis
– Large coupled multi-physics simulations
– Visualise data in real-time to multiple

locations
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• The e-science problem:
– Dependent distributed data flow

– Tightly coupled interactive simulations

• The optimisation problem:
– User specified constraints

– Application performance models

– Characterisation of computational platforms

– Resource provider constraints (i.e. mixed workload)
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• Observation:
– Numerical applications difficult for end-user

• Ease of Use
– Simplify problem formulation
– Correct construction & implementation

• Ease of Re-use
– Building upon established software

• Ease of Deployment
– Run anywhere at anytime.
– Transparent mapping to complex resources

Application

Resources

Transparent
Mapping
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• Separation of Implementation + Interface

• Abstraction: Expressability
– Connection Oriented Programming

– Platform Portability

• Encapsulation: Native Code
– High Performance

– Multiple Implementations

Observation: This is Knowledge Capture
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• Conventional Programming Model:
– Source Code:

• Residual information depends upon language

– Compile Time:
• Loss of meaning, structure & abstractions –executable contains little 

usable information

• Standard Component Programming Model:
– Compile Time:

• Software bindings (interface) remain

– Design Time:
• Implementation fixed before deployment

12

{  	��$'�	�� 	
����	
�
�����
	w��_��-���
����	
����	�����
�� 	�	-���
	
	
�y_�^���	-�!	�	
	��
	
	���	�	���

Run Time 
Representation

Implementation

• Use Stateful
Run Time Representation
to retain & supply information

• Enable very late binding:       
Implementation selection 
at run-time

• Informed execution support
• Information explicit in XML meta-data, 
not implicit in code or interface
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• End-User

• Scientist

• Implementer

• Administrator
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Composes application

• Connections between provides
and requires ports

• Ports are typed

Mesh 
Generator

Finite 
Element Model

Time 
Integrator

Temporal
Boundaries

Spatial
Boundaries

Numerical
SolverTime Dependent PDE
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Defines Component Abstraction

• Ports
– Meaning (types)

– Data Flow

– Control Flow

• Dependencies
– Intra-Component  Behaviour

Explicit Integrator

16

$'&�����
	
�����
��
)�
	�	�������	�	������!	
� _���

• Semantic Constraints:
conditional numerical stability

• Component Typing Constraints: 
covariance of port and component typing

2

2
min

2

crit πd

hc
tt ≈∂<∂
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Implements component
• Information to support decision making:

– Communication Properties
– Performance Model
– Platform Constraints
– Required Libraries (e.g. BLAS, LAPACK, MPI)  

• Information to enable execution:
– Configurations 
– Execution Environment
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• Static information
– Computational characteristics: 

processors, cache, memory, storage

– Networking bandwidths, expected latencies

• Dynamic information
– Queue lengths

– Contention, network performance
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<application>
<network>

<instance componentName =" LinearEquationSourceRowsColumnsUnsymmetric "
componentPackage =" icpc . denseLinearAlgebra .real" id="1">
<property name="degrees of freedom" value="100"/>

</instance>
<instance componentName =" LinearSolverRowsColumnsUnsymmetric "

componentPackage =" icpc . denseLinearAlgebra .real" id="2"/>
<instance componentName =" DisplayVector "

componentPackage =" icpc .vector.real" id="3"/>

<dataflow sinkComponent ="2" sinkPort ="matrix"
sourceComponent ="1" sourcePort ="matrix"/>

<dataflow sinkComponent ="2" sinkPort ="vector"
sourceComponent ="1" sourcePort ="vector"/>

<dataflow sinkComponent ="2" sinkPort =“ dof "
sourceComponent ="1" sourcePort =“ dof "/>

<dataflow sinkComponent ="3" sinkPort ="vector"
sourceComponent ="2" sourcePort ="solution"/>

</network>
</application> Linear

Equation
Source

Display
Vector

Linear
Equation

Solver

Vector
Vector
Matrix
DoF
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<repository>
<component package=" icpc . LinearEquationSolve r ”

name=" LinearSolverRowsColumnsUnsymmetric “ version="1">  
<parent package=" icpc .framework.core" name="Component" />
<inPort objectPackage =" icpc .core" objectName ="Integer “ portName ="unknowns"/> 
<inPort objectPackage =" icpc .Matrix" objectName =" DgeRCj“ portName ="matrix"/>      
<inPort objectPackage =" icpc .Matrix “ objectName =" RealVector “ portName ="vector"/>
<data exposure="public" objectPackage =" icpc .Matrix “ objectName =" RealVector "

dataName ="solution" >
<outPort >

<behaviour method=" getVector ">
<block execute="sequential">

<get name= “ dof ” portName =“ unknowns ” method= “ getInteger ” />
<get name="m1" portName ="matrix “ method=" getMatrix "/>
<get name="v1" portName ="vector" method=" getVector "/>
<call portName ="solution" method=" getVector "/> 

</block>
</ behaviour >

</ outPort >
</data>      
<implementation> 

.....
</implementation>

</component>
</repository>
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Vector
Vector
Matrix
DoF

Linear Equation Solver
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<repository> 
<component package=" icpc . LinearEquationSolve r ”

name=" LinearSolverRowsColumnsUnsymmetric “ version="1"> 
<implementation language="java" platform="java" url ="file:.">

<action portName ="matrix">
<binding method=" getMatrix "> ... </binding>
<classPerformanceModel type="initial" url ="http: ... " />

</action>
</implementation>
<implementation language="C" platform="Linux" url ="file:.">

...
</implementation >

</component>
<object package=" icpc . Matrix .real “ name=" MatrixRowsColumnsUnsymmetric " 

version="1"> 
<method name=" getMatrix " type="action">

<argument mode="out" typeName =" MatrixRowsColumnsUnsymmetric "
typePackage =" icpc .matrix.real" /> 

</method>
</object>

</repository>
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Linear
Solver

Matrix

Vector
Vector

Jacobi

Matrix

Vector
Vector

LU

Matrix

Vector
Vector

Pull Model
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Push Model
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Parallel LU
Sequential LU

��-�!	����-��\
_
���
����	


23

���_-�!	�	
	��
	
	����
��["�c���
����
r	y	��&��	-�!	����
���!	��&�
� 	���

Potential 

Collaboration

Communication

Characterisation

Data Structures

Ontologies

Semantic Grid

Internal Behaviour

Performance

InterfaceWSDL MetaData

CDL:

Meaning

BDL:

Behaviour

IDL:

Implementation
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User
Requirements

Software & Hardware
Capabilities

Software
Component
Meta-data

Resource
Meta-data

Application
Structure

Selection
Policy

User
Rights

Application as
Interactive Service

Meaning

Implementation 

Behaviour Hardware
Characteristics 

Usage
Policy

Resource
State

Composite
Application

Workflow 
Model

Performance
Model

Execution
Plan
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The Iceni, under Queen Boudicca, 
united the tribes of South-East 
England in a revolt against the 
occupying Roman forces in AD60 �

• IC e-Science Networked Infrastructure

• Developed by LeSCGrid Middleware Group

• Collect and provide relevant Grid meta-data

• Use to define and develop higher-level services

• Interaction with other frameworks: Web Services, Jxtaetc. 26
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• Augmented Component 
based Programming Model

• Application meta-data
• Resource meta-data 

Structured Information Capture

Service Oriented Architecture

• Registry, discovery, composition
• Contracts, subcontracts
• Interoperability (OGSA)

Emergent Semantic Grid

• Markets
• Collaboration
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Resource Manager

Policy Manager

CR

SR

Identity
Manager

Domain Manager

CR

SR

Gateway between private 
and public regions Public

Public Computational Community

SR
CR

Public Computational Community

SR

Private
Administrative

Domain

SR

CR

Resource 
Broker

Application 
Design Tools

Component 
Design Tools

Application 
Mapper

Web 
Services
Gateway

Application
Portal

Private

Computational 
Resource

Software
Resources

Network
Resources

Storage
Resources

JavaCoG

Globus

Resource Browser

RESOURCES POLICY

SERVICES USERS
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• Director: Professor John Darlington
• Technical Director: Dr Steven Newhouse
• Research Staff:

– Anthony Mayer, Nathalie Furmento
– Stephen McGough, James Stanton
– Yong Xie, William Lee
– Marko Krznaric, Murtaza Gulamali
– Asif Saleem, Laurie Young, Gary Kong

• Support Staff:
– Keith Sephton, Oliver Jevons, Sue Brookes

• Contact:
– http://www.lesc.ic.ac.uk/ & http://www.lesc.ic.ac.uk/iceni
– e-mail: lesc@ic.ac.uk & iceni@ic.ac.uk


