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e-Science is enhanced science
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The what of e-Science

‘e-Science is about global collaboration
in key areas of science, and the next 
generation of infrastructure that will 
enable it  

John Taylor , 2001
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The what of e-Science

‘e-Science is about time and location  
independent global collaborative 
experimental science via sharing of 
facilities exploiting the next generation 
of (inter)national infrastructure that 
will enable it  

Bob Hertzberger (VL-E) , 2003
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The what of e-Science

! WEB was about exchanging information
! e-Science is about sharing resources applying 

Grid:
" Experimental facilities
" Data & Information repositories
" Application services
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The why of e-Science

‘e-Science will change the dynamic of 
the way science is undertaken’

John Taylor , 2001
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• Increased complexity of experiments 
results in:

" More demands for multi-disciplinarity

" Increased amounts & distribution of data and 
information 

" Increased complexity of:

" analysis tools

" variety of data & information

The Why of e-Science
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Role e-Science in society

! Increased complexity of society
" Science initiator of new solutions
" Solutions become part of data driven society

• Distribution of data & information sources
• Access towards more & larger variety of data & 

information (multimedia)
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The How of e-Science

! Multi-disciplinary activity between:
" Domain scientist
" ICT scientist

! Combining human expertise & knowledge
! Next generation infrastructure is 

differentiator
! For us via VL methodology
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Simulated Vascular Reconstruction

(Example)
• Simulated Vascular 

Reconstruction in a Virtual 
Operating Theatre

– patient specific vascular 
geometry

– blood flow simulation
– pre-operative planning

• In cooperation with
Leiden University Medical
Center
(LUMC, prof. Reiber)

Simulated
bypass

Patient’s vascular geometry
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Grid Layer

Leiden

Amsterdam

VL Layer

Data acquisition
From CT-scanner
& Visualization

(LUMC)

Data processing
Analysis &

Visualization

(WTCW)

Simulated Vascular Reconstruction
(Example)

Simulated
bypass

Patient’s vascular geometry
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The anatomy lesson of dr. Tulp, Rembrandt (1632), Mauritshuis, Inv nr. 146

The anatomy of a painting:
Scrutinizing Rembrandt in multiple dimensions
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Grid Layer

VL Layer

To metadata
database

Meta data 
generation 

(PCA)

FTIR
Raw
data

MS 
Raw
data

Meta data 
generation 

(PCA)

Reduced 
metadata 

set

Reduced 
metadata 

set

Experiment 1 Experiment 2

VL Exp.1 VL Exp.2

VL Result 1 VL Result 2

VL Exp.3 + 4

Metadata 
correlation 

analysis 
(CCA)

Improved 
metadata 

set

Improved
metadata 

set

VL Result 3 VL Result 4

MACS: Material Analysis of 
Complex Surface

Data acquisition
From 
FTIR
(vu)

Data processing
Analysis &

Visualization
Throughout the 

WTCW Resources

Data acquisition
From 
Mass-

spectroscopy
(vu)
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database

Meta data 
generation 

(PCA)

FTIR raw data MS raw data

Meta data 
generation 

(PCA)

Reduced 
metadata 

set

Reduced 
metadata 

set

Experiment 1 Experiment 2

VL Exp.1 VL Exp.2

VL Result 1 VL Result 2

VL Exp.3 + 4

Metadata correlation 
analysis (CCA)

Improved 
metadata 

set

Improved
metadata 

set

VL Result 3
VL Result 4

Principal Component Analysis
FTIR PC1 43.0% var TOF-SIMS PC1 6.1% var

Pb+

Canonical Correlation  Analysis

TOF-SIMS CV1 5.6% var

Pb+

FTIR CV1 15.9% var

29902990

28802880
C-H
FA COO-Pb+

asym
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VLAM-G
Virtual Laboratory AMsterdam

A collaborative analysis environment
for applied experimental science
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Objectives

• Enable VLAM-G users to define, execute, and           
monitor their experiments

• Provide to VLAM-G users:
"location independent experimentation,
"familiar experimentation environment
"assistance during their experiments
"Easy way to bring/port new/existing applications to 
the Grid

• Developing application prototypes to check ideas    
and to learn
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Experiment Steps

designing the 
experiment

performing the 
experiment

analyzing the 
experiment results

Success

© April 2002 - E. C. Kaletas, H. Afsarmanesh
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• Application layer

" Case studies 
• Virtual Laboratory layer

" Provides VLAM-G modules

" Offers an information management 
system

• Grid Layer

Realization Methods
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VIMCO: Virtual Laboratory

Information Management for 
CO-operation

Assisting Information Federation

• VIMCO objectives for scientists:
" Assistant

" Enabler / Facilitator

• VIMCO objectives for VLAM-G:
" Service & Session Information Manager
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Experiment Steps & 

Difficulties

designing the 
experiment

performing the 
experiment

analyzing the 
experiment results

Knowledge and Expertise!  
Experiment Archiving! 

Information Organization! 
Logging Information/Data!

Approach to Data 
Analysis and Tools! 

© April 2002 - E. C. Kaletas, H. Afsarmanesh
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VIMCO Server

EXPRESSIVE MACS VL ARCHIVE

Front-End
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VLAM-G Experimentation 
Environment Data Model

DNA micro-array
experiment

Micro-beam
experiment
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P C R _ R X N _ MIX _ D IS T R IB U T ION

P C R _ T C _P L A T E

P C R _ T C _ R X N

P CR _ P R OD U C T _ P OOL IN G

P C R _ R X N _ S E TU P

P C R_ M A S T E R _ M IX

P C R _ P R IM E R
name:  ST R IN G
i d:  ST R IN G

P C R _P R IM E R
name:  ST R IN G
i d:  ST RIN G

P C R _ M IX T U R E

P IP E T T IN G_ R OB OT
has_program:  PIPE T T IN G _R O B O T _PR G

P IP E T T IN G_ R OB OT
has_program:  PIPE T T ING _R O B O T _PR G

T HE R M OC Y C L E R
has_program:  T H E R MO C YC L E R _PR G

P C R _ V A L ID A T ION

GE L _ M AKIN G

GE L
t ype:  ST RIN G

GE L _ S E T U P

GE L_ E L E C T R OP HOR E S IS
l oadi ng_buf fer :  ST R IN G

current :  FL O A T
t i me:  ST R IN G

GE L _ IM A GIN G GE L _ IMG_ A N A L Y S IS
has_program:  IMG _A N A L Y SIS_PR G

GE L _ IM A GE

GE L _ IN T E RP R E T A T ION

GE L _ D N A _ M A RKE R

GE L_ D N A _ S A M P L E
name: ST R IN G
i d:  STR IN G

P IP E T T IN G_R OB OT
has_program:  PIPET T IN G _R O B O T _PR G E L E C T R OP HOR E S IS_ A P P

C A M E R A

P C R _ C L E A N U P

D N A _ BIN D _ M E M B _ P L A T E
P IPE T T IN G _ R O B O T
has_program:  PIPE T T IN G _R O B OT _PR G

P C R _ C L E A N _ P LA T E P C R _ EQU IL IB R A T ION

OD _ C A L IB R A T ION D N A _ C ON C _ EQU IL IB R A T ION
vol ume:  SH O R T

OD _ M E A S U R E ME N T

OD _ S A M P L E _ P R E P AR A T ION
vol ume:  SH O R T

OD _ S A M P L E _ P LA T E

D N A _ D ES IC C A T ION

D N A _ E QU ILIB R A T E D _ P L A T E

OD _ D A T A OD _ C ON C _ CA L C U L A T ION

D N A _ C ON CE N T R A T ION

P IP E T T IN G_ R OB OT
has_program:  PIPE T T IN G _R O B O T _PR G

DE N S IT OM E T E R
has_program:  O D _PR G

SP E E D _ V A C
has_program:  V A C _PR G

D N A _ R E P L AT IN G P 3 8 4 _ S P OT T E R _ P L A T E

P IP E T T IN G _ R O B OT
has_program:  PIPE T T IN G_R O B O T _PR G

A R R A Y _ S P OT T IN G

M IC R O_ A R RA Y
pl at form_t ype:  STR IN G
array_di mensi ons :  ST R IN G
spot _di mensi ons : ST R IN G
pi t ch:  ST R IN G
num _gr i ds:  IN TE G E R
num _row s :  INT E G E R
num _col s  :  INT E G E R
subst rat e:  ST R ING
bi ndi ng_prot ocol  : ST R IN G
l ocat i on:  ST R ING

S P OT
gr i d:  IN T E GE R
row :  IN T E GE R
col :  IN T E GE R
fl ag:  SH O R T

A R R A Y _ S P OT T E R
has_program:  A R R A Y _SPO T T E R _PR G

O R G A N IS M
name:  ST R IN G
i d:  ST R IN G

C E L L _ S A M P L E
organ:  ST R IN G
t i ssue:  ST R IN G
cel l _t ype:  ST R IN G
cel l _l i ne:  ST R IN G
cel l _cul t ure:  ST R ING
devel opment _st age:  STR IN G
sex:  ST R IN G
st rai n:  ST R IN G

C E L L _ S A M P LE _ T R E A T M E N T

m R N A _ E X T R A CT ION
cel l _rupt ure:  ST R IN G
rna_i sol at ed:  ST RIN G

vol ume:  SH O RT

m R NA T R E A T E D _ C E L L _ SA M P L E
cDN A _ L A B E L IN G

l abel :  ST R IN G
eff i ci ency:  FL O A T

cD N A _ P R OB E

A R R A Y _ HY BR ID IZ A T ION
manual : B O O L E A N
hyb _t emp:  FL O A T
hyb _t i me:  ST R IN G

w ash_t emp:  FL O A T
w ash_t ime:  ST R IN G
dry_t i me:  ST R IN G
sol ut i on:  ST R IN G

HY B R ID IZ E D_ A R R A Y
l ocat i on:  ST R ING

A R R A Y _S C A N N IN G
phot omul t i pl i er :  ST R IN G

A R R A Y _IM A GE

S L ID E _ P R OC E S S OR
has_program:  SL ID E _PR OC E SSO R _PR G

S C A N N E R

B L OC KIN G_ A GE N T

A R R A Y _ IM G_ A N A L Y S IS
has_program:  IMG _A N A L Y SIS_PR G

A R R A Y _ M E A SU R E M E N T
raw _resul t s:  ST R IN G

S P OT _ M E A SU R E M E N T
gr i d:  IN T E G E R
row :  IN T E G E R
col umn:  IN T E GE R
fl ag:  SH O R T
der i ved_val ue:  D OU B L E
der i vat i on_met hod:  ST R IN G

C HA N N E L _ M E A SU R E M E N T
i nt ensi t y:  D O U B L E
bkg _i nt ensi t y:  D O U BL E

Expressive MACS EFC

Application databases

DATA_ELEMENT

has_parameter 0..*

PARAMETER
has_parameter 0..*

has_comment
0..*

has_sub_elm

0..*

has_super_elm
0..1

PROPERTY
name : STRING
num_val : DOUBLE
text_val : STRING
unit : STRING

has_property
0..*

has_prev_elm 0..*

has_next_elm 0..*

has_hardware
1..1

HW_TOOL 0..*

has_software

1..1

SW_TOOL 0..*

has_protocol 0..1

PROTOCOL
name : STRING
id : STRING
description : STRING

has_comment
0..*

COMMENT
date : DATE
comment : STRING
creator : PERSON

has_related_exp

0..*

has_next_exp

0..1

has_prev_exp

0..1

has_exp
0..*

experiment_in

1..*

has_element 0..*

EXP_ELEMENT
name : STRING
id : STRING
exp_id : STRING
description : STRING

0..*

0..*

0..1

0..*

0..*

0..*

element_of1..*

has_address
0..*

has_project

1..*

PROJECT
name : STRING
id : STRING
description : STRING
start_date : DATE
end_date : DATE
url : STRING

project_of

has_vendor 0..*

HARDWARE
name : STRING
id : STRING
description : STRING

1..1

has_vendor 0..*

SOFTWARE
name : STRING
id : STRING
description : STRING

1..1

has_address
0..*

ADDRESS
street : STRING
postal_code : STRING
city : STRING
state : STRING
country : STRING

has_performed

0..*

performed_by
1..*

PROCESS
date : DATE

0..1

defined_by
1..1

TEMPLATE
name : STRING
id : STRING

has_defined 0..*

has_submitter

1..1

has_submitted
0..*

has_contributor

0..*

EXPERIMENT
name : STRING
id : STRING
project_id : STRING
type : STRING
subject : STRING
date : DATE
description : STRING
published_in : STRING
literature : STRING
url : STRING

0..*

0..*

0..1

0..1

0..* 1..*

0..* 1..*

has_contributed
0..*

employee_of

0..*

PERSON
name : STRING
id : STRING
title : STRING
phone : STRING
fax : STRING
email : STRING
url : STRING

0..*
0..*

1..*

1..1

0..*

1..1

0..*

0..*

0..*

has_employee

0..*

ORGANIZATION
name : STRING
activity_type : STRING
phone : STRING
fax : STRING
email : STRING
url : STRING

0..*

1..*

0..*
0..*

0..*0..*

Experimentation Environment 
Data Model

Common aspects of 
an experiment

Process and data flow 
in an experiment

Annotations on an 
experiment

Process Flow Template
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Experiment Topology
– Graphical representation of self-contained data processing 

modules attached to each other in a workflow

hasExperiments
(NOREUSE)

hasSteps
(NOREUSE)

PROJECT
(LINK)

EXPERIMENT
(COPY)

COMMENT
(COPY)

hasComments
(COPY)

OWNER
(LINK)

hasOwner
LINK

CONTRIBUTOR
(LINK)

isPartOfProject
(NOREUSE)

ownsExperiments
(NOREUSE)hasContributors

(LINK)
contributedExperiments

(NOREUSE)

EXPERIMENT
(LINK)

hasNextExperiment
(NOREUSE)

hasPrevExperiment
(NOREUSE)

isPartOfExperiment
(NOREUSE)

COMMENTATOR
(LINK)

isMadeBy
(LINK)

ARRAY
MEASUREMENT

(COPY)

COMMENT
(COPY)

hasComments
(COPY)

PROPERTY
(COPY)

hasProperties
(COPY)

OWNER
(LINK)

isPerformedBy
(LINK)

hasPerformed
(NOREUSE)

COMMENTATOR
(LINK)

isMadeBy
(LINK)

hasNextStep
(NOREUSE)

hasPrevStep
(NOREUSE)

DATA ANALYSIS
(COPY)

h asExperiments
(NOREUSE)

hasStep s
(NOREUSE)

PR OJECT
(LINK)

EXPERIMENT
(COPY)

COMMENT
(COPY)

hasComments
(COPY)

OWNER
(LINK)

hasOwn er
L INK

CONTRIBUTOR
(LINK)

isPa rtOfProject
(NOREUSE)

own sExperiments
(NOREUSE)

hasContributors
(LINK)

contrib uted Experiments
(NOREUSE)

EXPERIMENT
(LINK)

hasNextExperiment
(NOREUSE)

hasPrevExperimen t
(NOREUSE)

isPartOfExperiment
(NOREUSE)

COMMENTATOR
(LINK)

isMadeBy
(LINK)

ARRAY
MEASUREMENT

(COPY)

COMMEN T
(COPY)

hasComments
(COPY)

PROPERTY
(COPY)

hasPro perti es
(COPY)

OWNER
(LINK)

i sPerformedBy
(LINK)

hasPerfo rmed
(NOREUSE)

COMMENTATOR
(LINK)

isMadeBy
(LINK)

hasNextStep
(NOREUSE)

hasPrevStep
(NOREUSE)

DATA ANALYSIS
(COPY)

Process-Flow Template
– Graphical representation of data elements and 
processing steps in an experimental procedure
– Information to support context-sensitive assistance

Study
– Descriptions of experimental 
steps represented as an instance of 
a PFT with references to 
experiment topologies

Assistant for Scientists
Information Presentation
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Snapshot of the VLAM-G 

experiment editor/viewer
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Porting the Experiments to 

the Grid

Grid / Globus Services

VLAM-G Run Time System

Experiment Editor allows the user to 
attach a set of software modules to define 
the execution workflow.

RTS executes the modules in 
the workflow on the Grid in a 
distributed manner using the 
Globus toolkit 
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Using VLAM-G toolkit

1. User logslogs--onon to VLAM
" VLAM Middleware
" User Interface
" Authentication

2. Select a service 
" Web-based interface to

access the VLAM resources
Physical devices, 
specialized-analysis software,
etc.
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Conclusion

! e-Science model & work has to include whole 
technology chain
" Application
" Virtual Laboratory
" Grid

! Application cases provide feedback to generic 
layer

! Workflow analysis very useful to capture 
knowledge

! Content Management: VLAM-G middleware
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