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Technology	  Trends	  

•  Memory/Storage	  (David’s	  talk)	  
–  Integra5on	  of	  storage	  class	  memory	  on	  the	  memory	  
bus	  

•  Network	  
–  Integra5on	  of	  NIC	  with	  the	  memory	  bus	  

•  Blue	  Gene/Q	  
–  Complex	  Topologies	  	  

•  Dragonfly,	  Torus	  and	  hierarchical	  	  
•  Diverse	  applica5on	  flows	  and	  support	  for	  Quality	  of	  Service	  

Expect	  more	  faults	  at	  various	  layers	  of	  the	  system	  	  
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Simula5on-‐5me	  Visualiza5on	  of	  PHASTA	  CFD	  
simula5on	  for	  Aircrag	  design/	  
Isosurface	  of	  ver5cal	  velocity	  colored	  by	  
velocity	  and	  cut	  plane	  through	  the	  synthe5c	  
jet	  (both	  on	  3.3	  Billion	  element	  mesh).	  Image	  
Courtesy:	  Ken	  Jansen	  	  
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5MMillion*Atom*Simula:on*from*Argonne*Na:onal*Laboratory’s*
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Interac5ve	  Remote	  Visualiza5on	  of	  Materials	  
Science	  Simula5on	  Data	  (Image	  Coutsey:	  Priya	  
Vashista)	  

Remote	  Compara5ve	  Data	  Analysis	  of	  Enzo	  
Simula5ons	  (Image	  Courtesy:	  Mike	  Norman)	  	  



Applica5on	  Trends	  
Table 2: Characterization of network flows in science environments

Application Type of Flow # of Flows QoS Transfer
Type

Dataset Charac-
teristics

Deadline Latency
Sensitive

Bursti-
ness

On-
Demand

Light
Sources

Analysis 1 per beam. Yes No Yes No M-D Large/small files
User transfer 1 per exp. No No Yes No D-D Large/small files

ENZO Simulation 1 per site Yes No Yes No D-D Large files
Remote Viz 1 per display No Yes No No D-M/M-M Large data

BioEnergy
Centers

Analysis Many per exp. No Yes Yes No D-M/M-M Large data
Mirroring Many per exp. Yes No Yes No D-D Large files
Backup 1 per exp. No No No No D-D Large files

Climate
Replication 1 per simul. Yes No Yes No D-D Large/small files
Prediction 1 per source No Yes No No D-M Large data
Disaster 1 per source Yes Yes Yes Yes D-M/M-M Large data

Cosmology
Archival 1 per obser. No No No No D-D Large/small files
Co-relation 1 per sim. Yes Yes No No D-D/M-D Large files
Cataloging 1 per sim. No Yes No No D-D Small files

earthquakes, and tsunamis has profound impact on human lives. Disaster prevention, preparedness, response,
and recovery processes will generate on-demand, interactive, and bursty dataflows. These flows will also
have tight deadlines associated with them.

Figure 2: Locations of scientists and compute facilities for
Dark Energy Survey. Blue boxes represent the locations of
scientists and red the compute facilities.

Cosmology – HACC, LSST, and DES: Cosmol-
ogy is representative of an emerging class of sci-
ence applications combining advances in comput-
ing simulations (HACC) together with the increased
fidelity and resolution of instruments in observa-
tional science (LSST, DES) in order to better model
and understand complex phenomena such as the
evolution of the universe, calculating redshift as a
measure of galaxies. HACC [40], the Hybrid/Hard-
ware Accelerated Computational Cosmology code,
is a DOE INCITE application designed to scale to
the supercomputers at ALCF, NERSC, and OLCF.
To date, HACC has scaled to >1.5 million cores
and has achieved 14 PFlops—the current record in
terms for computational science. HACC routinely
generates petabytes of simulation data. The HACC
scientists are interested in correlating the runs con-
ducted at the various DOE supercomputers and sharing the particle outputs (in the tens of petabytes range
for a given simulation campaign containing few large files) and halo catalog (hundreds of terabytes for a
given simulation campaign with lots of small files). Doing so requires the capability to perform data trans-
fers between the various DOE supercomputing sites, as well as interactive remote analysis and visualization
of these large distributed datasets.

HACC solves an inverse problem in cosmology and requires refining the simulation models based on the
data collected from observations including LSST and DES. This project now requires routine data transfers
from the LSST and DES data repositories to the supercomputing centers. Thus, this requires the capability
for data movement between large-scale supercomputing facilities and large observational data repositories.
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Applica5on	  are	  increasingly	  being	  characterized	  by	  
parallel	  data	  movement,	  sparse	  vs	  dense	  pajerns,	  
dynamic	  workflows	  and	  real-‐5me	  interac5on	  



Top	  Focus	  Areas 	  	  
•  Simple	  interfaces	  for	  applica5ons	  to	  describe	  	  their	  
requirements	  to	  the	  underlying	  infrastructure	  
–  The	  requirements	  of	  applica5ons	  change	  over	  5me	  

•  Reconfigura5on	  of	  Infrastructure	  to	  meet	  the	  needs	  of	  
the	  applica5on	  
–  Commodi5za5on	  of	  op5cs	  including	  WDM	  will	  be	  extremely	  
useful	  to	  consider	  (even	  at	  a	  NIC)	  

•  Data	  movement	  mechanisms	  that	  can	  deal	  with	  the	  
complexity	  and	  capabili5es	  of	  the	  various	  layers	  
–  Layout	  issues	  of	  memory,	  topology	  and	  rou5ng,	  compute	  

•  Infrastructure	  and	  related	  algorithms	  for	  reproducible	  
performance	  for	  applica5ons	  


