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What Has Changed

Recent developments in laboratory automation combined with powerful
computational and algorithmic capabilities have created a bioinformatics

Industry.

Genomic and proteomic data will be readily available in massive amounts.
This will revolutionize agriscience, drug discovery, biotechnology and
ultimately human healthcare.

This revolution is computationally and data intensive.
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Major addition of year
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Towards Personalized Molecular Medicine
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Convergence Creates New Models

Scientific discovery
New drugs and treatments
Revolution in healthcare

Information

Life Sciences Technology



IT enablers for Life Sciences

m Scaling: Large S&TC
Infrastructures for complex
environments

B Integration: Data hitp: /WA,
integration and knowledge
management solutions

B e-Business: New models y
for web-based scientific yer
and healthcare business



IBM 1ntheLife Sciences

e | eader in supercomputing and high performance
storage

e Data integration and scalable database

e | eader in KM solutions

e | eader In e-business, security and privacy

e +$200M investment in IBM Life Sciences Solutions
e +$100M investments in Research




Supercomputing Roadmap
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IBM Terascale Systems
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This summer at LLNL, IBM’s “ASCI White” will become =
the world’s most capable supercomputer @

(surpassing IBM's Blue Pacific, also at LLNL)

IBM’s ASCI White

e 8,192 copper processors
o Six trillion bytes of memory

* More than 160 trillion bytes of
disk storage capacity

| o Will draw 6.2 MW for cooling
and power

 Will be delivered from
Poughkeepsie NY to LLNL in
28 tractor-trailer trucks

N

This level of computing has
never been achieved anywhere.

=== -- Dr. David Cooper, LLNL's

===SFE. AD for Computation
_ . Y,

This Is the second time IBM has exceeded contract requirements by achieving

apeakrateot 12.3 trillion floating-point operations per second.




The Challenge: Accessto Heter ogeneous Data

"Find a compound with structure similar
to this one, and with the following assay
results’

Compound Data
Object-Oriented Textud Data
Heterogeneous

Middleware

Biologicd Data

e

Genomic Data
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Materid Management Data Biophyscd Data



DiscoveryLink

e Provide a single "virtual database" to applications
— Appears to be one data source
= Supports a high level query language
e No perturbation of existing data, sources
e Exploit capabilities of existing sources
- To search for and manipulate data
- Lose no functionality
e |ntegrate data from different data sources
= Diverse types of data
- Diverse sources
- One query can combine data from multiple sources



Feder ated database needs a full database enginel

~ederated DB

K
Query processor

~

Parser
Semantic processor —® | database
Optimizer
Execution engine and
Sort engine
Residual predicate database
Catalog
Data manager and
Locking
-099ng database
Buffer manager

Client access

Transaction Coordinator

Query gateway
Interface to sources

g /




Computational Biology
at IBM Research




Computational Biology Center Projects

¢ Bioinformatics Algorithms

e Functional Genomics and Modelling

e Structural Biology

¢ Protein Dynamics and Blue Gene

¢ Data Management and Integration (Discovery Link)



What isa Protan?

Sequence
R . . . . GAMVA CHAI'N
o e e et i S WA QD TGO AKGAGSEL Y KL 03
\ 1 - 1
H ,_'| o volume, flexibility, hydrophobic, hydrophilic, charge N VFQKRL DGSVDEKKNW QVKEGFGHL SPTGTTEFWE G

NEKI HLI STQSAI PYAL RVEL EDWNGRT STADYAMFKVGPEAD
KYRLTYAYFAGCEDACDAFDGFDFGDDPSDKFF TSHNGMQFSTW
DNDNDKFEGNCAECDGSGWAWWNKCHAGHL NGVYYOGGT YSKAS

Function
Structural: keratin (skin, hair, nail), orin. Fibrin polymerizes to form blood
o clots. Conversion of fibrinogen to fibrin is regulated via
collagen (tendon), fibrin (clot) a cascade of factors to control blood clotting.

Motive: actomyosin (muscle)
Transport: Hemoglobin (blood)



Protein Structure and Folding

Fundamental Questions

» What is the structure of this protein?

» Can be experimentally determined, today we know the
structure of ~15,000 proteins

» Can be predicted for some proteins, usually in ~1 day on
Protein Structure Prediction today's computers

» How does this protein form this structure?
Protein Folding » The process or mechanism of folding
» Limited experimental characterization

» \Why does this protein form this structure?

»Why not some other fold?

» |_evinthal's ParadoxX: As there are an astronomical number of conformations

possible, an unbiased search would take too long for a protein to fold. Yet most proteins fold in
seconds!



Protein Folding







Background and Goalsfor Blue Gene

e In December 1999, IBM Research announced an ambitious project to build
a large supercomputer with which to attack problems such as protein
folding.

e The Blue Gene project has two basic goals:

— Advance the state of the art of biomolecular simulation.

= Advance the state of the art in computer design and software for extremely
large scale systems.



Molecular Dynamics

e The classical equation of motion for atoms: d2x Z =
= i
J

—1s solved In time steps of typically 1-10 fs. Index | M e
goes over all N atoms in system.

» Comp. time is dominated by calculation of forcesw
2 key types:
- ponded: stretch, bend and twist of bonds \
- non-bonded: van der Waals and Coulomb /

» The Long range force calculation is dominant, because the index |
goes over nearly n atoms, (globally O(nz), with a direct
approach).

» In contrast the short range forces are order 1 per atom, (globally
O(n)), and are not dominant despite a large prefactor.



L arge Scale Dynamical Smulations:Molecular Dynamics

e Solve the classical equations of motion for the molecules
e \What does 1 petaflop-year buy in terms of simulation?

= 32,000 atom simulation (implies 10**9 pairwise force evaluations/time
step)

=150 FLOP/pairwise force evaluation
-1.5x 10**11 FLOPs/time step
=2 X 10**11 time-steps
e Typical simulation time step size for long-range forces is ~5 femtoseconds

e Simulations that represent significant fractions of the entire folding time
are enabled



Why build large machines?

e Because we have significant scientific problems that
- can be solved via computer simulation
- have a large enough extrinsic benefit to justify a significant effort for a 10-15
year acceleration

e Because we gain useful insight in computer design by pushing the envelope
- especially when technology is at a new threshold
complete single chip systems
massively parallel system (at affordable size)



The Road to
Petaflops

BLUE GENE




Supercomputing Roadmap
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Cellular Architecture

rack

board/card

C\
rocessor ‘ﬁ“"
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Flexible
L()gic, Low Cost
memory, I/O Low Power
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