Massive Multithreading Applied to
National Infrastructure and Informatics

informatics applications are memaory bound, Datasets are huge
Fast CPUs are prohibitively wasteful of power, Can we use special

data-driven architectures to address national informatics needs?

Informatics Datasets Are Different

Informatics: The .Lnalll.'ui:q. af datasels .|r-|hEr'|B, from “information™ sources such as the WAW
(not physical simulation

Maotivating Applications:

. HEG distribution
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Primary HPC Implication: Avy parmnitioning is “had™

Informatics Problems Demand New Architectures

Distributed Mamory | Massively Multithreaded Kay lssuas
Architectures Architectures
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Oiperating syatem o Hardwiare for Inresding, How fine-grained =

threading, synchronzation your data

synchronization interaction?

Programming paradigm | Progiamming paradigem & | Portability,

is stondardized (MPI) [ machine-speciic imta-pel | debuggabdily

Multithrepded srehifectures show promase for informatics
problems. il more work b nedesaany

Approach :

Discover and adapt algorithms for massively multithreaded

supercomputers, develop a generic software framework for these

algorithms, and evaluate them on real data.

We Are Developing the MultiThreaded

Graph Library =g

* Enahle multithreaded graph algorithms = g

* Adapters abstract data structures and other | PSR # g N
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# Build uwpon community standand {Boost Graph Library)

+ Hide some shared memory issues

Business model: Open-soumee eode provides a mechamism for Sandia-developed

algorithms o be applied (o proprielary or sensitive data structures used by cusiomers
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Scalable community aetection "
Scalable detection of short cycles -8
Scaltabie maximum flow computation "
The MultiThreaded Graph Library (MTGL)
Maximum Flow: Multithreaded Network |
Simplex Algorithms et e
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“Fachary's karate club® [Reality: split in fwo] =0l
* Owir facility location based approach suggested . .
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Scalable Community Detection

& Community detection can be modeled as an
“Uncapacifated Facility Location Problem® (UFL)

* The LIFL has special structure that permits solution
in linear fime and space

= We have made the kernel of the UFL threadsate, and
demaonstratid scalability out to 2560 threads
(20 processors) on the Cray MTA-2

* We hinve a new, untested formulation that is expected
to scale farther '

Significance |

The reputation of the MTGL has led to technical recognition
TAa &y

(keynote at 2008 IEEE "MTAAP” workshop) and programmatic

impact (new multi-FTE WFO project)

» Copyright/Berkeley open-source license paper work submitted
# Transifion lo 5V M completed
» Mightly testing mechanism introduced
* Preparing for 1.0 refesse
* Bynergies
= Metworks Grand Challenge uses MTGI
— Large WFOQ project uses MTGL
= Proposed “X.Caliber™ architecture motivated in parl by MTGL apps
- A few MTGL algorithms are integrated with “qthreads™ for SMP/CMP
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