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London e-Science Centre
• Enabling e-Science activity

• Multi-disciplinary research
– Bioinformatics

– High Energy Physics

– Computational Engineering

• Development of Next-generation Grid 
Middleware
– ICENI and GridSAM
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e-Science & Grid Computing
e-Science

High-level Support for Computational 
Science

Abstraction/Encapsulation of Methods

Support for Communities & Collaboration

Grid Computing

Transparent use of Distributed Resources

c.f. Bioinformatics!
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Applied Computing

Domain 1 Domain 2 Domain n

LeSC
Generic Software
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The Scope of Problem 
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Computationally expensive!
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The eProtein Project

Others
Imperial
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The Key Challenges
• Develop best strategy to provide transparent high 

performance computing from distributed resources

GRID

Resources

USER

Implementing best Grid 
middleware technology 
for maximum utilisation

Resources
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IC e-Science Networked 
Infrastructure

IC e-Science Networked 
Infrastructure

• A Grid middleware that abstracts the user away from 
the complexity of Grid

• Represents compute, storage and software resources 
as services which communicates using standard 
protocols

• An end-to-end middleware consisting of Grid service 
infrastructure and a service management framework

• A Grid middleware that abstracts the user away from 
the complexity of Grid

• Represents compute, storage and software resources 
as services which communicates using standard 
protocols

• An end-to-end middleware consisting of Grid service 
infrastructure and a service management framework
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Sensible Convergence
Solutions

– Web Services

– Workflows

– Resource Management 
Systems

WebGlobus GT2 Electronic Data
Interchange

OGSA/OGSI Semantic Web

WS-RF

Ideal Web 
Services

Web Services2004

2003

2002

Grid World WWW World Business
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Web Services and Service 
Oriented-Architecture (SOA)

• Web Service: A service which is available 
through a standardized interface (SOAP) and 
described through a standardized interface 
description language (WSDL)

• Service-oriented architecture is essentially a 
collection of services which can communicate 
with each other in a client-service manner
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Grid Job Submission and 
Monitoring Service (GridSAM)

Grid Job Submission and 
Monitoring Service (GridSAM)

• A job submission and monitoring web service

• One of the first system to support 

– Job Submission Description Language (JSDL)

• Works as a wrapper around the following job execution 
systems:

– SSH, Condor Pool, Grid Engine 6, Globus 2.4.3

• The main functionality utilised:

– Submit and Start Jobs, Monitor Jobs, Transfer Files

• A job submission and monitoring web service

• One of the first system to support 

– Job Submission Description Language (JSDL)

• Works as a wrapper around the following job execution 
systems:

– SSH, Condor Pool, Grid Engine 6, Globus 2.4.3

• The main functionality utilised:

– Submit and Start Jobs, Monitor Jobs, Transfer Files
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GridSAM OverviewGridSAM Overview

• For resource owners GridSAM works as a web service 
for execution on heterogeneous resources uniformly 
through Forking or SSH, Condor Pool, Grid Engine 6, 
Globus 2.4.3 

• For end-users GridSAM works as a set of end-user tools 
and client-side APIs to interact with a GridSAM web 
service

• The main functionality is : 
– Submit and Start Jobs
– Monitor Jobs
– Terminate Jobs
– File transfer
– Client-side submission scripting
– Client-side Java API 

• For resource owners GridSAM works as a web service 
for execution on heterogeneous resources uniformly 
through Forking or SSH, Condor Pool, Grid Engine 6, 
Globus 2.4.3 

• For end-users GridSAM works as a set of end-user tools 
and client-side APIs to interact with a GridSAM web 
service

• The main functionality is : 
– Submit and Start Jobs
– Monitor Jobs
– Terminate Jobs
– File transfer
– Client-side submission scripting
– Client-side Java API 
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Job Submission Description Language 
(JSDL)

• XML template language for describing core aspects 
of a job

Job Definition

Job Description

Application

Data StagingFor example, a BLAST application is described as:

<Application>
- <POSIXApplication xmlns="http://schemas.ggf.org/jsdl/2005/06/jsdl-posix">

<Executable>/homes/eprotein/e_protein/lib_devel/perl/TEST/CBlastRun.pm</Executable> 
<Argument>input-blastrun.in</Argument> 
</POSIXApplication>
</Application>

For example, a BLAST application is described as:
<DataStaging> <FileName>input-blastrun.in</FileName> 
<CreationFlag>overwrite</CreationFlag> 

- <Source>
<URI>ftp://anonymous@gridsam.lesc.doc.ic.ac.uk:55521/public/input-files/input-blastrun.in</URI> 
</Source>
</DataStaging>
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GridSAM ImplementationGridSAM Implementation
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Users and EvaluatorsUsers and Evaluators

• Evaluators• Evaluators

• Contributors• Contributors

Condor BirdBath

VOTechBrokerVOTechBroker

MANGOMANGO

Grid for Coupled Ensemble Prediction

• Users• Users
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Grid-based Resource Management

• 3D-GENOMICS Database 

– 3,132,369 sequences from 261 genomes

– The annotation pipeline is based on homology and 

fold recognition methods 

• Workflow Management System

– Grid technology implemented for the workflow

• 3D-GENOMICS Database 

– 3,132,369 sequences from 261 genomes

– The annotation pipeline is based on homology and 

fold recognition methods 

• Workflow Management System

– Grid technology implemented for the workflow
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3D-GENOMICS Architecture
• A MySQL database which provides the structural and 

functional information for the protein annotation
• A MySQL database which provides the structural and 

functional information for the protein annotation

Proteome
sequences

Annotation pipeline

Database
sequences

MySQL database WWW
Database
structures

New research

Functional
data
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The Annotation Pipeline 

Phylogenetic lineages
(COG)

Transmembrane Region
(HMMTOP)

Remote homologous 
using PSI-BLAST

(IMPALA)

Homology Search
(BLAST) PSI-BLAST

Secondary structure 
prediction using 
neural network

and profiles (PSI-PRED)

Intermediate 
sequence search (ISS)

Family and Domain
(Prosite)

Low complexity region
(SEG)

Coiled region
(COILS)

N-Terminal predictor
(iPSORT)

Profile HMM
(HMMER)

Repeats
(Prospero)

Summary Data
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Workflow Management System

JSDL

Presentation Orchestration Execution

Imperial College
Computational Resources

University College
Computational Resources

Others

GridSAM

GridSAM

GridSAM

3D-GENOMICS
Jobs

Jobs

JobsDAS Client

Web Browser
Application 
Web-Server

Pipeline
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Demo

Click for 
Login Page
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Input Fasta
File

Select 
application 
for the 
pipeline

Notification 
via e-mail
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Jobs execution 
summary and 

link to the 
result page
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Accession 
Number 
Search

Annotation 
summary

Clickable 
Annotation
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Big Crunch
Mars

204 Dual 
Processor 
Opteron

Viking
260 Dual 
Processor 
Pentium 4

Condor Pool
>270 Workstations
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Experimental Results

General Summary 

Experiment wall-clock time: 43:58:48 (hh:mm:ss) 
No. of sequences in the experiment: 38931 
No. of completed annotations: 36669 (94.19%) 
No. of failed annotations: 2262 (5.81%) 
No. of annotations per hour: 833.76 
Average wall-clock time per annotation: 0:14:55 (hh:mm:ss) 
Expected duration of serial annotation: 0:1:50 (hh:mm:ss) 
Total number of jobs: 305781 
Total wall-clock time of jobs: 1167:39:0 (hh:mm:ss) 
Number of jobs completed per hour: 6952.72
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Pipeline Processes

LC Summary 
Total wall-clock time: 23:25:0 (hh:mm:ss) 
Average wall-clock time: 0:0:2 (hh:mm:ss) 
No. of jobs: 38993 

PROSPERO Summary 
Total wall-clock time: 40:39:4 (hh:mm:ss) 
Average wall-clock time: 0:0:3 (hh:mm:ss) 
No. of jobs: 36744 

TM Summary 
Total wall-clock time: 24:20:3 (hh:mm:ss) 
Average wall-clock time: 0:0:2 (hh:mm:ss) 
No. of jobs: 37498 

SIGPEP Summary 
Total wall-clock time: 25:6:47 (hh:mm:ss) 
Average wall-clock time: 0:0:2 (hh:mm:ss) 
No. of jobs: 38879 

COIL Summary 
Total wall-clock time: 23:57:5 (hh:mm:ss) 
Average wall-clock time: 0:0:2 (hh:mm:ss) 
No. of jobs: 38950 

COG Summary 
Total wall-clock time: 24:31:14 (hh:mm:ss) 
Average wall-clock time: 0:0:2 (hh:mm:ss) 
No. of jobs: 39000 

HMM Summary 
Total wall-clock time: 974:53:12 (hh:mm:ss)
Average wall-clock time: 0:1:35 (hh:mm:ss) 
No. of jobs: 36711 

PROSITE Summary 
Total wall-clock time: 30:46:35 (hh:mm:ss) 
Average wall-clock time: 0:0:2 (hh:mm:ss) 
No. of jobs: 39006
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Annotation Throughput
Completed Annotations (Cummulative)
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Achievement
• First UK protein modelling group to provide 

workflow for annotation of human and other major 
species.

• Establishing methodology for protein annotation by 
variety of strategies and comparing results to 
identify problems.

• Develop best strategy to provide high performance 
computing from distributed resources making best 
use of available multi-site research

• Provide end-users with a powerful robust GRID 
interface 
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