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The emergence of a networked knowledge society in the next twenty to 

thirty years is a major paradigm shift from the industrial model of the 19th 

and 20th century. This transition is of crucial importance in opening up new 

opportunities for education, social inclusion, and more efficient use of 

resources.  Information and communication technologies are the effective 

tools of this transition.   
© 8/2003 The Club of Rome 

 



New products & services! 
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CAD for porcelain fillings 



Roadmap: finding the pieces that do 
not fit comfortably and making them 

better 
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If eResearch is seen as bits and pieces 
… you can regard that as a weak link 
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9/25/2012 Bill Howe, eScience 6 

The eScience Elephant 
eResearch 

Cloud/Cluster 

Workflow 

Databases 

Visualization Provenance 

“flexibility; 
web services; 
integration” 

“query processing; 
data independence; 
algebraic optimization; 
needles in haystacks” 

“Exploratory science; mapping 
quantitative data to intuition” 

“Reproducibility; 
forensics; 
sharing/reuse” 

“Massive data 
parallelism” 

Mashups 
“Rapid Prototyping; 
Simplified web 
programming” 

Howe, 2010 



Understand that the entire R&D process is affected ... 

Adapted from Pienaar, H., Van Deventer, M. 2009. To VRE or not to VRE? Do South African malaria researchers need a virtual research environment?  

Ariadne, 59, April 2009. http://www.ariadne.ac.uk/issue59/pienaar-vandeventer/  
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If we do not understand that things 
have changed … the link is VERY 

weak! 
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 Science Paradigms 

• Thousand years ago:   science was empirical 
   describing natural phenomena 

 

• Last few hundred years:    theoretical  
branch using models, generalizations 
 

• Last few decades: a computational branch 
   simulating complex phenomena 

 

• Today: data exploration (eScience/ eResearch) 
unify theory, experiment, and simulation  
– Data captured by instruments Or generated  

by simulator 
– Processed by software 
– Information/Knowledge stored in computer 
– Scientist analyzes database / files 

using data management and statistics 
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Jim Gray, eScience Group, Microsoft Research  

http://es.rice.edu/ES/humsoc/Galileo/Images/Astro/Instruments/hevelius_telescope.gif


Theory 

Experiment 

Observation 

Ed Lazowska in Howe, 2010 



Theory 

Experiment 

Observation 

Ed Lazowska in Howe, 2010 



Theory 

Experiment 
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Ed Lazowska in Howe, 2010 



Theory 

Experiment 

Observation 

Ed Lazowska in Howe, 2010 

Theory 

Experiment 

Observation 

Computational 

Science 

 



If we do not understand that  
eResearch needs reliable and  

extensive infrastructure … which you 
should not try and build on your own 

it will become a weak link! 
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12-02-2008 

GÉANT 2 research network backbone, interconnect of NRENS 
US similar, one country several funding agencies 

Dark Fiber Connections 
Among 16 Countries: 
Austria 
Belgium 
Bosnia-Herzegovina  
Czech Republic 
Denmark 
France 
Germany 
Hungary 
Ireland 
Italy, 
Netherland 
Slovakia 
Slovenia 
Spain 
Switzerland 
United Kingdom 

 
CERN connectivity: >50GB/s 
 Hoffmann, 2008 



Grids: Centers around the world forming 
a Global Computer System 

• The EGEE and OSG projects are the basis of the 
Worldwide LHC Computing Grid Project WLCG 

Inter-operation between Grids is working! 
Hoffmann, 2008 
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VREs to integrate technologies for 
work 
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e-Science/ e-Research 
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... is about more than Networks, Grids, High 

Performance Computing... It is about global 

collaboration in key areas of science and the 

next generation of infrastructure that will enable 

it. 

 
John Taylor, Director Research Councils, UK, 2000 



Hoffmann, 2008 



The Living Cell – A 

Grand Challenge 

For the Physical 

Sciences  

• Decoding the human genome 

• Proteomics 

• Computation and information 

processes 

• Immunological responses 

• Cell structure issues 

• And many more … 

Hoffmann, 2008 

Human genome 
project 



B-DNA 
RH 
10 bp/turn 
pitch=34Å 

A-DNA 
RH 
11 bp/turn 
pitch=28.2Å 

C-DNA 
RH 
9.33 bp/turn 
pitch=31Å 

D-DNA 
RH 
8 bp/turn 
pitch=24.2Å 

Z-DNA 
LH 
12 bp/turn 
pitch=43Å 

DNA conformation structures 

Hoffmann, 2008 



Every datum counts! 
 

Capitalising on small contributions to 
the big dreams of mobilising 

biodiversity information 

Vishwas Chavan, Eamonn O’ Tuama,  

Samy Gaiji, David Remsen and Nicholas King 
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Biodiversity  

Data 



We need to understand that eResearch 
is about people solving new/ different 

problems … … 
• First and foremost it is about solving problems that 

could not be solved before 
• Collaborating with the best minds available - across 

boundaries that could previously only be crossed 
with difficulty 

• This sounds familiar but the scale is different … 
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CERN: 20 member states; collaboration of 8000 scientists from >500 institutes; yearly 
change over: > 1200 (mostly young) scientists 
 

4231 MS 722 

50 

732 

100 
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50 

30 

1932 NMS 

Particle physics: Network of universities around the world, 
virtual neighbourhood by ICT 

Hoffmann, 2008 



ATLAS (spokesperson Peter Jenni) 

Number of scientists: 2000 

Number of institutes: 164 

Number of countries: 35 

Hoffmann, 2008 



The CMS Detector 

MUON BARREL 

  

Silicon Microstrips 
Pixels 

  

ECAL 

 Scintillating  

PbWO4 crystals 

  

  

 Cathode Strip Chambers  
Resistive Plate Chambers 

Drift Tube   
Chambers    

Resistive Plate   
Chambers  

SUPERCONDUCTING 
COIL 

IRON YOKE 

TRACKER 

MUON 

ENDCAPS 

Total weight : 12,500 t 
Overall diameter : 15 m 
Overall length : 21.6 m 
Magnetic field : 4 Tesla 

HCAL 

Plastic scintillator/brass 

sandwich 

  
  

  

CALORIMETERS 

Number of scientists: 2350 

Number of institutes: 180 

Number of countries: 38 

Hoffmann, 2008 



If we do not realise that eResearch 
is  

also about communication across 
virtual organisations & distributed 

teams … the link is weak! 
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Hoffmann, 2008 

Project manager request for e- 
Services/utilities for virtual 

organisations: CERN 
- Internet (video-) telephony  
- Access Grid, EVO: virtual meeting room  over internet 
- Agenda maker with presentations, minutes (CERN: in 2007 ~14 000 meetings 

with 65 000 contributions for downloading) 
- EDMS ”life cycle and configuration management of complex, distributed 

apparatus“ 
- Other book-keeping services in a heterogeneous, distributed technical or 

resources environment 
Individual notes 
Logbooks  

- Digital Library: Preprints, publications, web-enabled publications 
- Object oriented, annotated, curated data and data services 
 (Semantic) search engines 
- Persistency guaranteed only for referenced digital objects 
- Training, tutorials, schools, summaries, educational material, seminars, 

colloquia,  . .  
- Interconnect/share within institution and with other disciplines for more 

comprehensive, integrated services 



Marek Domaracky 

Do not 

underestimate 

video! 

EVO – Enabling Virtual 
Organisations 

 
EVO: a most flexible 

collaboration system,  
 

After 10 years of 
experience with VRVS 

(>6000 users, ~60 
countries) 

 



Should we not understand that  
eResearch is about spending funding  

much more wisely … 

• This research is so expensive that it should not be 
duplicated  

• The scale is too large 
• Competition is dead … long live collaboration! 
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Experiment budgets: ¼…½ towards software 

Software for 
• Instrument scheduling 

• Instrument control 

• Data gathering 

• Data reduction 

• Database   

• Analysis 

• Modeling   

• Visualization   

Millions of lines of code 
• Repeated for experiment after 

experiment 

• Not much sharing or learning 

 

Building generic tools 
• Workflow schedulers 

• Databases and libraries  

• Analysis packages  

• Visualizers  

• … 
Hoffmann, 2008 



Which brings us to the research data … 
if we ignore the fact that eReseach is 

ALL about data … the link is very weak! 
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Think of Large-Scale Data 

Highly Distributed Source 

Hierarchical Storage 

and Indexing 

Scale of Digital Radiology data in the US 
2000 Hospitals x 7 TB per year x 2 = 28 PetaBytes per year 

Hoffmann, 2008 



But also remember the small scale 
data 
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The long tail is getting fatter:  

notebooks become spreadsheets (MB), 

spreadsheets become databases (GB),      

databases become clusters (TB) 

clusters become clouds (PB) 

The Long Tail 
d
a
ta

 i
n
v
e
n
to

ry
 

ordinal position 

Researchers with growing data management challenges 

but limited resources for cyberinfrastructure 

•  No dedicated IT staff 

•  Overreliance on simple tools (e.g., spreadsheets) 
CERN 

(~15PB/year) 

LSST 

(~100PB) 

PanSTARRS 

(~40PB) 

Ocean 

Modelers <Spreadsheet 

users> 

SDSS 

(~100TB) 

Seis-

mologists 
Microbiologists CARMEN 

(~50TB) 

Howe, 2010 



Manging data ... a threat? 

• Information overload is only a problem for 
manual curation. 

• Google is not complaining about data 
deluge—they’re constantly trying to get 
more data. 

• The more data you collect, the better the 
filters will get. 

• It is not only a challenge … 
  … it is an opportunity 
 
• Don’t turn off the taps, build boats! 

 
Brase, 2011 and Uhlir, 2008 

Uhlir’s 3 principles:  

The value of data increases with their use.  

Public information wants to be free.  

Digital preservation does not happen by accident 



Citation 
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Understand that eResearch needs serious 
information management … 
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Perhaps not the way we did IM in the past … 

• Simulators & experiments produce lots of data 
• Projects have millions of files (or soon will) because in standard 

practice:   
– Each simulation run produces a file 
– Each instrument-day produces a file 
– Each process step produces a file 
– Files have descriptive names 
– Some files have similar formats (described elsewhere) 
– Different objects may require different formats 
– Using different languages 
– Using different standards 

• No easy way to manage, integrate and/ or analyze all of this 
• Highly unlikely that this will be done by hand or that 
• Researchers will find managing content sexy! 



   Simulation      

Scientific Films 

 3D Objects 

   Text      

 Research Data 

Software  

German National Library of Science and 

Technology - including non-textual content 

Brase, 2011 



Table with reaction 
scheme 

2a-i: Derivates 
from the reaction 

Chemical 
structure 

Reaction scheme 

Chemical Names 

Linked entities 
from the table 

Extracting the information from the text 

Brase, 2011 



Visual Search in Time series 

• Query-by-Example, Query-by-Sketch 

• Visual Catalog as result list 

• Colormaps for the indication of  

similarity 

Visual search approach 

Brase, 2011 



So … let’s put all of that in one model 
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Repeating the possible weak links 

• Understand that the entire R&D process is affected ... 
• Understand that eResearch needs reliable and extensive 

infrastructure  - collaborate don’t build your own 
• Understand that eResearch is about people solving problems … 
• Realise that eResearch is about communication across virtual 

organisations & distributed teams – all experts in their own field! 
• Understand that eResearch is about spending funding wisely 
• Remember that eReseach adds the complexities of managing 

data together with a variety of other digital objects 
• Understand that eResearch needs serious information 

management … for which we too would need machine assistance 
• Ultimately understand that all these eResearch cogs need to  

interact and run smoothly! 
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Hoffmann, 2008 

Some last words of wisdom 

• e-Research: science of the 21st century, its students 
will be the entrepreneurs, innovators and teachers of 
the future 

• Expand e-infrastructures, e-science and use them in 
common collaborative scientific projects for the 
development of all 

• Open, comprehensive e-libraries, publications and 
data centres are essential: Science cannot do 
without! Develop these towards a Knowledge Utility! 

• Persistent storage  of relevant, curated data and 
derived knowledge and know how is a huge 
challenge for science and technology  
 
 



Questions? 
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“On science and technology depend the standards of 
living of a nation ”  
Abdus Salam, Pakistan 
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