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2. What is the problem ?

ÅLarge Data sets
ÅStandard post-instrumental processing 
ÅQuantification of spectral features
ÅNormalization
ÅScaling
ÅMultivariate statistical modeling

ÅAll Computationally intensive processes
ÅVariety of algorithms for each step

Need a robust and flexible analysis platform

Move to a Service based Architecture !

ÅProvide Web Services for each algorithm
ÅAssemble workflows as required !

Tavernaςan open source family of tools 
for designing and executing workflow

A common solution for flexibility

The term metabolomicsis defined
as a comprehensive analysis in
which metabolites of a biological
system are identified and
quantified. Any technique that can
quantify metabolites can be used
for metabolomics, but there are
two primary techniquesseenin the
literature: nuclear magnetic
resonance (NMR) and mass
spectrometry with a prior on-line
separation step such as high
performanceliquid chromatography
(HPLC)or gaschromatography(GC).
While neither technique is strictly
superior, each technique has its
own advantagesanddisadvantages.
Existing applications include the
identification of biomarkers
associatedwith responsesto toxin
and pathophysiologic changes,
sampleclassificationbasedon the
type of toxic exposure,large scale
human studies, clinical
diagnosis,and the study of genetic
disorders.

Metabolomics

Faster processing and result generation
The backend services can run much faster than any single computer and hence provides the 
results faster.
No need for heavy in-house computing facilities
Use services that are hosted on clouds and avoid the equipment costs and all the hassle of 
hardware maintenance.  Pay per use pricing model is convenient for sporadic usage.
Fault tolerance
Software takes care of recovering from faults.
Ability to handle very large datasets
Clouds are capable of handling much larger datasets than any single computer.

Toxicology is the branch of
pharmacologythat deals with
poisons and their effects on
plant,animalandhumanlife.

Toxicology

http://www.taverna.org.uk/

Nuclear magnetic resonance
(NMR) spectroscopy is an
experimental technique that
exploits the properties of an
ŀǘƻƳΩǎnucleus. It can be used
to obtain information about the
concentration and structure of
molecules.
NMRstudiesmagneticnucleiby
applyinga static magneticfield
followed by applying a second
oscillating magnetic field.
Specifically,only nuclei with an
odd number of protons or
neutrons can be measured
using NMR; however, the two
most common atoms studied
are1HAnd13C.
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A = LOAD '$filename' USING PigStorage(',') AS 

(colnum:int, value:double);

B = GROUP A BY colnum;

C = FOREACH B GENERATE group,SUM(A.value);

D = COGROUP A by colnum inner, C by $0 inner;

F = FOREACH D GENERATE group, FLATTEN (A),FLATTEN (C);

G = FOREACH F GENERATE $0,($2/$4)*100;

STORE G INTO '$filename_processed' USING PigStorage (',');

A computingcapabilitythat providesan abstraction
betweenthe computingresourceand its underlying
technical architecture
(e.g., servers, storage, networks), enabling
convenient,on-demandnetwork accessto a shared
pool of configurablecomputingresourcesthat can
be rapidly provisionedand releasedwith minimal
managementeffort or serviceproviderinteraction.
A cloudusuallyrequiresa softwaresystem capable
of distributing the computations such as Apache
Hadoop.

The selected algorithms are implemented using Pig on 
Hadoop.  The following is one of the simpler examples. The Apache Hadoop project develops open-source

software for reliable, scalable,distributed computing.
Hadoop is usually run on computing clouds enabling
largescaleparallelcomputations. Followingsubprojects
of Hadoopareusedin this research.

Hadoop MapReduce: A software framework for
distributed processingof large data sets on compute
clusters.
HDFS: A distributed file system that provides high
throughputaccessto applicationdata.
Pig: A high-level data-flow language(namedPigLatin)
and executionframework for parallelcomputation. Pig
translatesthe PigLatinscriptsto map-reduceprograms.

Further evaluation details and details of a limited set of sample services hosted at

http://knoesis.org/research/ISMB2010

Data Conversion to suit Hadoop
processing 

#row #value
1 2.4554
1 3.8995
1 0.0013

In order to use some of the 
existing Hadoopbased 
processing tools, the data 
need to be represented in a  
table-like form.  A data file 
converted from the  NMR 
matrix data to input to Hadoop
looks like the following.

5. A Snapshot of the Data

The row number indicates the 
row of the original matrix. 
Values of each column are 
arranged in the same order.
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These algorithms are 
exposed as services using the 
Ruby on Rails Web 
application Framework

Tavernais used to compose 
these services into a scientific 
workflow.
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Growth of Processing Time with Increasing Data Size

log(time to process in a 16 node cluster in seconds)

log(time to process in a single computer in seconds)

log(file size in kb)

Although smaller files can processed quickly 
in a single machine, large files can only be 
handled in the cluster.

Matrix Name File size
Processing time in 
16 Node Cluster

Processing time in 
a single computer

Matrix 1 
(10 rows,1000 cols) 186 Kb

1 minute and 6 
seconds

4 seconds

Matrix 2 
(1000 rows,1000 cols) 20 Mb

1 minute and 32 
seconds

1 minute and 4 
seconds

Matrix 3 
(10000 rows,1000 cols) 209 Mb

3 minute and  34 
secs

1 hour and 36 
minutes

Matrix 4 
(100000 rows,10000 cols) 22 Gb

3 hours 14 minutes 
and 7 seconds

unable to process 
with memory limit

Workflow image from http://www.myexperiment.org/workflow/image/175/affyarraynormalization.png


