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A GRID-based multilayer 
architecture for bioinformatics

Which bioinformatics?



Bioinformatics has changed…

From command line… (till 90s)

to web interfaces… (with the advent of the WWW)

To web services and 
workflows (now)



… very fast …
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The classification introduced for articles of “Oxford’s Bioinformatics”  in 2005



…and grown

(Or better burst?......)





Year Place Attendance

1993 Bethesda, MD, USA 201

1994 Stanford, California, USA 205

1995 Cambridge, United Kingdom 270

1996 St. Louis, MO, USA 279

1997 Halkidiki, Greece 254

1998 Montréal, Québec, Canada 413

1999 Heidelberg, Germany 580

2000 La Jolla / San Diego, CA, USA 1200

2001 Copenhagen, Denmark 1300

2002 Edmondon, Alberta, Canada 1600

2003 Brisbane, Australia 900

2004 Glasgow, Scotland, UK (With ECCB) 2136

2005 Detroit, Michigan, USA 1731
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The number of Bioinformaticians is growing…



Nucleic Acid Research special issues

Database Issue Web server Issue

Year Articles WS presented

2005 159 166

2004 137 137

2003 106 131

Year Articles DB listed

2006 164 858
2005 137 719
2004 142 548
2003 95 386
2002 94 335
2001 73 281
2000 95 226
1999 86 201
1998 77
1997 64
1996 51

…and is growing the number of their “products”!



Articles published “ONLY” from main bioinformatics journals

BMC Journal of PLoS Computational Briefings IEEE Trans. Applied Int.J.of Bioinf.
Computational Computational Biology in Comp. Biol. And Res.& Appl.

 Biology  Biology and ChemistryBioinformatics  Bioinformatics  (IJBRA)

2005 900 414 83 61 58 47 34 32 32

2004 627 209 69 53 40 22 24

2003 534 66 61 71 35

2002 365 40 52 77 41

2001 245 9 39 66 31

2000 178 1 52 72 33
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Int.J.of Bioinf. Res.& Appl.  (IJBRA)



Another impressing growth



It has become really hard to find resources!

•It is difficult to track the evolution of a research area

•It is not existing any classification schema for bioinformatics 
resources

•For the bioinformatics domain is not existing any classification 
schema defined from an authority (like e.g. ACM, AMS)

•Keyword search vs Semantic search

•Take into account semantic relationships between resources

•Resources disappears (Many 404s)

•Multidisciplinarity is hard

•Easy to re-invent of the wheel
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Proposal of an architecture for Resourceomes (Cannata et al. Submitted)
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A proposal for a resource ontology
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The Grid
•The concept of Grid is evolving (or better specializing)

•In our case it will be a “classical” Grid infrastructure 
provided in the LITBIO project (nodes with HPCs)



Hermes
•An agent-based middleware developed at Camerino

•Provide a common runtime support to agent based 
applications

What is an agent?

A computer system capable of flexible, autonomous (problem-solving) actions, 
situated in dynamic, unpredictable and typically multi-agent environment.

Active and reactive: responds in timely fashion to environmental change
proactive: acts in anticipation of future goals
cooperative: communicates with other agents to reach its goal
mobile: moves across distributed environments (execution platforms) 
intelligent: reasons over its knowledge base and by managing ontologies  



Resourceome
•A conceptual map of a domain with related resources

•It is the Pivot of the architecture
•Will permit to semantically organize workflows, 
activities, services
•Will permit to semantically organize systems biology 
resources and knowledge
•Will permit to “reason” over resources
•Agents will build, maintain and keep it “alive”



BioWMS
•An agent-based Workflow Management System for 
bioinformatics

•Workflows are defined in XPDL (standard for WfMC)
•Compiles a user workflow of activities into a MAS
•Bioinformatics services and applications are wrapped by 
service agents



Orion
•An agent-based framework for systems biology

•Behavioural modeling of molecular entities
•We are starting with metabolic reactions…

Will agents permit to “bridge” the “two” systems biologies?



In-silico experiment



Resource discovery



Simulation of biological process



Conclusions

•LITBIO aims to offer a Laboratory for Interdisciplinary 
Technologies in Bioinformatics

•Bioinformatics is fast changing and growing

•Resourceome can make interdisciplinarity easier

•We propose an agent-based multi-layer architecture which will 
lay on the LITBIO Grid

•User-friendly and user-assisting

•We hope it will make easier the life of molecular biologists, 
bioinformaticians and systems biologists of today and 
tomorrow
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