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Argonne: Vital part of DOE National Laboratory System 
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About Argonne 
  $675M	
  opera0ng	
  

budget	
  
  3,200	
  employees	
  
  1,450	
  scien0sts	
  and	
  

engineers	
  
  750	
  Ph.D.s	
  



Direct descendent of Enrico 
Fermi’s Metallurgical Laboratory 



Argonne’s mission: To provide science-based 
solutions to pressing global challenges 

Sustainable	
  
Transporta0on	
   Nuclear	
  Energy	
  Energy	
  Storage	
   Environmental	
  

Genomics	
  
Na0onal	
  
Security	
  

and	
  through	
  use-­‐inspired	
  science	
  and	
  engineering	
  

Through	
  discovery	
  and	
  transforma0onal	
  science	
  and	
  engineering…	
  
World-­‐leading	
  
hard	
  x-­‐ray	
  
sciences	
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sources	
  

Discovery	
  
science	
  for	
  
energy	
  

Leadership	
  
compu0ng	
  and	
  
computa0onal	
  
ecosystem	
  

Fundamental	
  
physics	
  and	
  
accelerator	
  
capabili0es	
  

Materials	
  &	
  
systems	
  

engineering	
  
solu0ons	
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Major Scientific  
User Facilities 

Advanced	
  Photon	
  Source	
   Center	
  for	
  
Nanoscale	
  
Materials	
  

Electron	
  Microscopy	
  
Center	
  

Argonne	
  Leadership	
  
Compu0ng	
  Facility	
  

Argonne	
  Tandem	
  Linear	
  
Accelerator	
  System	
  



Improving Beijing air quality for Olympic Games 

Beijing	
  scene	
  a+er	
  
rain	
  storm	
  

• 	
  Tsinghua	
  University	
  
• 	
  Peking	
  University	
  
• 	
  Chinese	
  Academy	
  of	
  Sciences	
  	
  
• 	
  Argonne	
  Na>onal	
  Laboratory	
  	
  
• 	
  U.S.	
  Environmental	
  Protec>on	
  Agency	
  
• 	
  University	
  of	
  Tennessee	
  



Argonne National Laboratory: 4 Directorates 
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Computing, 
Environment & Life 
Sciences (CELS) 

Energy Engineering & 
Systems Analysis 
(EESA) 

Photon Sciences 
(PS) 

Physical Sciences & 
Engineering (PSE) 



CELS: 4 Divisions 
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The Argonne 
Leadership Computing 
Facility 

Mira: 10 PF BG/Q, 
~750,000 cores, 
0.75 PB  

Biosciences 
Division 

Environmental 
Science Division 

Mathematics and 
Computer Science 
Division 



MCS 

  Extreme	
  Compu>ng	
  Group:	
  SoYware	
  infrastructure	
  for	
  extreme	
  scale	
  
computers	
  

  Big	
  Data	
  Group:	
  SoYware	
  infrastructure	
  for	
  storage,	
  communica0on	
  and	
  
analysis	
  of	
  large	
  &	
  complex	
  data	
  sets	
  

  Applied	
  Math	
  Group:	
  Scalable	
  numerical	
  algorithms	
  and	
  scien0fic	
  libraries	
  
–  Sparse	
  linear	
  algebra	
  (PETSc),	
  PDE	
  solvers	
  (MOAB),	
  Op0miza0on	
  (TAO)	
  

  Computa>onal	
  Science	
  Group:	
  Applica0on	
  of	
  advanced	
  compute	
  methods	
  
to	
  selected	
  applica0on	
  areas	
  
–  Bioinforma0cs,	
  climate	
  modeling,	
  nuclear	
  engineering,	
  cosmology	
  

  Computa>onal	
  Ins>tute	
  (joint	
  with	
  U.	
  of	
  Chicago):	
  Collabora0ve	
  
environments	
  
–  Grid,	
  cloud	
  

  ~100	
  people	
  
 Collabora0ons	
  with	
  China,	
  Germany,	
  France…	
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A	
  Few	
  Examples	
  

Math 



Stochastic Optimization (Zavala) 
ISO 

Decide when to turn on & off power stations 

Bidding 
Curves 

Clearing  
Prices 

Suppliers Consumers 
Power & Prices 

ON/OFF  
Power Levels Loads 

Weather -Forcing- 

Control temperature 
in a (smart) building 



Optimization (Wild) 

 Autotuning	
  
–  	
  New	
  algorithms	
  tailored	
  for	
  auto-­‐tuning	
  
problems:	
  mixed	
  integer	
  and	
  con0nuous	
  
parameters	
  

–  	
  Noisy	
  func0on	
  evalua0ons,	
  disjoint	
  local	
  
minima	
  

–  	
  Incorporate	
  exis0ng	
  tuning	
  heuris0cs	
  in	
  
global	
  search	
  strategies	
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CFD – Nek5000 
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Nek5000 scalability 
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Examples	
  

Big Data 



Understanding I/O patterns (Darshan)  
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Analyzing and Displaying Complex data 
  Atomis0c	
  data	
  representa0ons	
  

for	
  plasma,	
  red	
  blood	
  cells,	
  and	
  
platelets	
  from	
  MD	
  simula0on.	
  

  Field	
  data	
  for	
  ensemble	
  average	
  
hydrodynamics	
  solu0on	
  

  Morse-­‐Smale	
  	
  complex	
  graph	
  
created	
  from	
  gradient	
  field	
  
(combus0on)	
  

Aneurysm 

Right Interior 
Carotid Artery 

Platelet 
Aggregation 



Developing Future Storage Systems that Support 
Computational Science Data Models 

19 

Geodesic	
  grid	
  used	
  
in	
  global	
  climate	
  
resolving	
  model.	
   

!

"

x

y

(a) (b)

Figure 2: Cross-sections of the spectral element mesh used for LES of 217-pin configuration:

(a) z = 0, (b) close-up at z = 3D. The dark lines indicate the boundaries of the spectral

elements, each of which contains N3 cells (N2 in the plane).

ranging from 230 to 630 gpm. For a single wire-wrap pitch, the geometry comprises 438

subchannels of length H/Dh = 73.4, for a total channel length of approximately 32000

Dh (roughly 20000 times the length of a standard turbulent channel flow simulation). To

further reduce computational costs, we restrict our attention to a single pitch of the wire

wrap and use periodic boundary conditions at the axial planes z = 0 and z = H. Flow

is established through an axial forcing (corresponding to mean pressure gradient) that is

varied in time using a feedback loop to achieve a fixed flow rate. The simulations are

carried out in nondimensional units with D as the characteristic length scale and D/U as

the time scale, where U is the mean velocity. The viscosity is set to ν = 1/ReD, with

ReD := DU/ν = 15000.

2.2 Discretization

The spatial discretization in Nek5000 is based on the spectral element method (SEM), in

which the solution, geometry, and data are expressed as Nth-order tensor-product poly-

nomials on hexahedral (curvilinear brick) elements. The polynomial basis functions are

Lagrange interpolants based on Gauss-Lobatto-Legendre quadrature points. The discrete

equations are derived from standard weighted residual (Galerkin) procedures, resulting in

a large system of nonlinear ordinary differential equations for the basis coefficients. The

current simulations are based on the the consistent velocity-pressure formulation in which

the pressure is represented as piecewise discontinuous polynomials of order N − 2 [?]. For

a collection of E elements in three dimensions, the number of gridpoints is approximately

n = EN3 for velocity and np = E(N − 1)3 for pressure, with N =5–15 being typical.

Further details of the SEM are given in [?, ?, ?].

Nek5000 advances the Navier-Stokes equations using semi-implicit timestepping. The

advective terms for momentum and thermal transport are treated explicitly, giving rise to

6

Cross-­‐sec0on	
  of	
  spectral	
  element	
  
mesh	
  used	
  in	
  large	
  eddy	
  
simula0on	
  of	
  217-­‐pin	
  reactor	
  
subassembly.	
  	
  

Mo>f	
   Data	
  Model/
Structure	
  

Dense	
  Linear	
  
Algebra	
  

Mul0dimensional	
  
Arrays	
  

Sparse	
  Linear	
  
Algebra	
  

Sparse	
  Matrix	
  

Spectral	
  Methods	
   Mul0dimensional	
  
Arrays	
  

N-­‐Body	
  Methods	
   Trees,	
  Unstructured	
  
Meshes	
  

Structured	
  Grids	
  (+	
  
AMR)	
  

Mul0dimensional	
  
Arrays	
  

Unstructured	
  Grids	
  
(+AMR)	
  

Unstructured	
  
Meshes	
  

Graph	
  Traversal	
   Sparse	
  Matrix,	
  DAG	
  



Examples	
  

Collaborative Environments 
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•  Dark	
  Energy	
  Survey	
  
•  Galaxy	
  genomics	
  
•  LIGO	
  observatory	
  

•  SBGrid	
  structural	
  biology	
  consor0um	
  
•  NCAR	
  climate	
  data	
  applica0ons	
  
•  Land	
  use	
  change;	
  economics	
  

Towards	
  “research	
  IT	
  as	
  a	
  service”	
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 Research data management as a service 
Globus
Transfer

Globus
Collaborate

Globus
Storage

Globus Integrate platform

... SaaS

PaaS

Globus
Catalog

Towards	
  “research	
  IT	
  as	
  a	
  service”	
  	
  



Exascale 



Exascale 

 Goal:	
  Reach	
  exaflop	
  performance	
  in	
  10	
  
years	
  

 Why:	
  Needed	
  to	
  advance	
  knowledge	
  in	
  a	
  
broad	
  range	
  of	
  scien0fic	
  disciplines	
  
–  Climate	
  Science,	
  High	
  Energy	
  Physics,	
  Nuclear	
  Physics,	
  
Fusion	
  Energy,	
  Nuclear	
  Energy,	
  Biology,	
  Material	
  
Science	
  and	
  Chemistry	
  

 Obstacles:	
  
–  Scalability	
  (to	
  ~1B	
  threads)	
  	
  
–  Power	
  consump0on	
  (1/10	
  as	
  compared	
  to	
  business	
  as	
  
usual)	
  

–  Resilience	
  
–  Memory	
  and	
  storage	
  bandwidth	
  
–  Noise	
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Energy per Flop 
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Courtesy: Kogge 



It’s All About Communication (Kogge) 

  2015	
  technology:	
  	
  
–  10	
  pJ	
  per	
  flop	
  in	
  core	
  (10	
  MW	
  per	
  Exaflop)	
  
–  475	
  pJ	
  per	
  flop	
  total	
  (475	
  MW	
  per	
  Exaflop!)	
  

 Need	
  to:	
  
–  Reduce	
  cost	
  of	
  communica0on	
  (hw/sw)	
  
–  Reduce	
  communica0on	
  (sw/algorithms)	
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Research Directions for Exascale: Hardware 

 Hardware	
  technologies	
  for	
  reduced	
  communica0on	
  cost:	
  
–  Processor,	
  memory,	
  interconnect	
  

 “Black	
  silicon”:	
  10x10	
  architecture	
  (A.	
  Chien)	
  
–  Use	
  customized	
  cores	
  
–  Only	
  one	
  core	
  used	
  at	
  a	
  0me	
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Research Directions for Exascale: Software 

 OS:	
  power	
  management,	
  failure	
  management	
  (containment,	
  
local	
  restart)	
  

 Run0me:	
  user	
  mode	
  resource	
  management	
  (scheduling,	
  
memory);	
  locality	
  management;	
  communica0on	
  management	
  

 Programming	
  environment:	
  mul0level	
  programming;	
  
asynchronous	
  execu0on;	
  	
  error	
  detec0on	
  (?);	
  containment;	
  
implicit-­‐explicit	
  communica0on;	
  refactoring	
  

  I/O	
  &	
  storage:	
  access	
  paoern	
  –	
  aware	
  storage;	
  integra0on	
  of	
  
non-­‐vola0le	
  memory	
  

 Algorithms:	
  scalability;	
  asynchrony;	
  communica0on	
  reduc0on	
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BACKUP 



NOTES 
  For	
  a	
  given	
  EOT,	
  MG	
  (mul0gate)	
  devices	
  have	
  much	
  beoer	
  gate-­‐over-­‐channel	
  control	
  

than	
  bulk/SOI	
  devices.	
  
  In	
  order	
  to	
  compensate	
  for	
  the	
  decreased	
  gate-­‐over-­‐channel	
  control	
  for	
  smaller	
  gate	
  

lengths,	
  EOT	
  has	
  to	
  be	
  reduced.	
  Yet	
  too	
  small	
  EOTs	
  result	
  in	
  unacceptable	
  gate	
  leakage	
  
(tunneling)	
  currents	
  which	
  also	
  result	
  in	
  power	
  loss.	
  

  Source-­‐to-­‐drain	
  leakage	
  current	
  Isd,leak	
  arises	
  due	
  to	
  insufficient	
  gate-­‐over-­‐channel	
  
control	
  and	
  leads	
  to	
  power	
  loss	
  and	
  other	
  severe	
  adverse	
  effects.	
  The	
  maximum	
  allowed	
  
Isd,leak	
  is	
  the	
  most	
  fundamental	
  technology	
  parameter	
  in	
  the	
  sense	
  that	
  it	
  does	
  not	
  
change	
  with	
  the	
  gate	
  length	
  or	
  other	
  parameters	
  and	
  is	
  set	
  to	
  100nA/μm.	
  

  Supply	
  (drain)	
  voltage	
  V	
  could	
  also	
  be	
  reduced	
  in	
  order	
  to	
  decrease	
  the	
  power	
  
consump0on	
  and	
  delay;	
  however	
  any	
  decrease	
  in	
  the	
  supply	
  voltage	
  would	
  result	
  in	
  the	
  
corresponding	
  decrease	
  of	
  the	
  threshold	
  voltage	
  Vth	
  (the	
  gate	
  voltage	
  at	
  which	
  the	
  
device	
  is	
  turning	
  on).	
  In	
  prac0ce	
  this	
  is	
  not	
  permissible,	
  since	
  the	
  threshold	
  voltage	
  is	
  
already	
  at	
  its	
  limit:	
  lowering	
  Vth	
  drama0cally	
  (exponen0ally)	
  increases	
  the	
  source-­‐drain	
  
leakage	
  current.	
  

  The	
  main	
  speed	
  characteris0c	
  of	
  high-­‐performance	
  logic	
  is	
  the	
  intrinsic	
  delay	
  τ	
  (the	
  0me	
  
taken	
  by	
  the	
  gate	
  to	
  produce	
  an	
  output	
  aYer	
  giving	
  the	
  input)	
  

  Gate	
  capacitance	
  Cg	
  should	
  be	
  small	
  in	
  order	
  to	
  decrease	
  intrinsic	
  delay;	
  smaller	
  gate	
  
lengths	
  decrease	
  gate	
  capacitance,	
  yet	
  smaller	
  EOTs	
  result	
  in	
  higher	
  gate	
  capacitances.	
  

  Drive	
  current	
  ID	
  is	
  thought	
  to	
  be	
  the	
  main	
  mean	
  to	
  reduce	
  intrinsic	
  delay	
  τ	
  	
  =	
  CV/I,	
  yet	
  its	
  
increase	
  usually	
  results	
  in	
  higher	
  source-­‐to-­‐drain	
  leakage	
  currents.	
  

EOT = equivalent oxide thickness  Cg = total gate capacitance  Vth = threshold voltage  
ID = drive current   Isd,leak  = source-drain leakage  τ  = CV/I, intrinsic delay 


