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•  Thanks	  for	  the	  invita>on	  
•  My	  professional	  goal	  is	  to	  enable	  scien>sts	  to	  use	  HPC	  
easily	  and	  effec>vely	  

•  Contribute	  to	  important	  discoveries	  about	  how	  our	  
natural	  world	  works	  

•  Make	  a	  difference	  
•  So	  it	  is	  an	  honor	  &	  meaningful	  to	  me	  to	  par>cipate	  in	  
this	  conference	  

•  One	  of	  my	  primary	  roles	  is	  as	  deputy	  on	  our	  next	  
procurement	  team	  &	  we	  are	  extremely	  interested	  in	  
learning	  about	  your	  experiences	  with	  hybrid	  systems	  
and	  programming	  
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•  Recent	  experiences	  providing	  tools	  
•  Observa>ons	  about	  tool	  usage	  by	  NERSC	  users	  
•  What	  I’d	  like	  to	  see	  in	  tools	  for	  the	  HPC	  
community	  

Outline	  
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•  I’ll	  focus	  on	  performance	  tools	  
–  Who	  is	  the	  audience?	  
–  Scien>sts?	  
–  CS	  code	  engineers?	  
–  Scien>st/engineers?	  

•  Development	  tools	  
–  Eclipse:	  We	  considered	  installing	  this,	  but	  concluded	  users	  best	  

served	  by	  installing	  themselves	  in	  their	  own	  directories	  
–  Compilers:	  PGI,	  Cray,	  HMPP	  direc>ves-‐based	  (your	  

experiences?)	  
•  Debuggers	  

–  Allinea	  DDT	  &	  Rouge	  Wave	  Totalview	  
–  Both	  are	  here	  and	  will	  present	  today	  
–  Both	  are	  installed	  and	  supported	  at	  NERSC	  
–  Generally	  good	  experiences,	  but	  not	  extensively	  used	  by	  users	  

Focus	  
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•  These	  are	  my	  observa>ons	  and	  experiences	  
•  Not	  a	  review	  or	  cri>que	  of	  any	  given	  tool	  
•  Not	  comprehensive	  survey	  of	  tools	  

Disclaimers	  



6	  

Genesis	  of	  This	  Talk	  

Hi	  Richard:	  

I	  started	  looking	  at	  the	  single-‐core	  performance	  on	  Hopper.	  
The	  first	  problem	  that	  I	  encountered	  was	  that	  running	  the	  
code	  with	  <tool	  name	  redacted>	  causes	  it	  to	  crash;	  so	  I	  gave	  
up	  on	  that	  approach.	  What	  other	  profiling	  tools	  are	  you	  
planning	  to	  support?	  I	  did	  look	  at	  gprof	  on	  the	  code	  but	  that	  
also	  seems	  to	  have	  problems.	  

Chris	  
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•  Provide	  Chris	  with	  tools	  to	  scale	  and	  test	  his	  
code’s	  (HiRAM?)	  performance	  on	  NERSC’s	  Cray	  
XE6	  Hopper	  (#5	  in	  Top	  500)	  

•  At	  the	  same	  >me	  test	  and	  install	  some	  tools	  to	  
benefit	  all	  NERSC	  users	  

•  Report	  on	  my	  successes	  and	  survey	  the	  tools	  
we	  would	  have	  available	  at	  NERSC	  (including	  
our	  test	  GPU	  system)	  

The	  Plan	  
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•  Chris	  &	  I	  went	  back	  and	  forth	  over	  a	  number	  of	  
months,	  trying	  to	  install	  and	  use	  various	  tools.	  

•  All	  failed	  
–  Couldn’t	  build	  a	  tool	  with	  some	  specific	  compiler	  
–  Tool	  crashed	  (we	  did	  find	  some	  bugs)	  
–  Tool	  appeared	  to	  run,	  but	  produced	  no	  output	  

•  Chris	  found	  a	  solu>on	  for	  his	  problem,	  but	  it	  was	  a	  lot	  
of	  work	  
–  Gehmeofday(),	  print,	  somebody’s	  private	  tool	  

•  My	  result:	  no	  success	  iden>fying	  and	  installing	  new	  
tools	  for	  our	  en>re	  user	  base	  

Experience	  with	  Chris	  Kerr	  
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•  NERSC	  has	  about	  4,000	  users	  
– All	  levels	  of	  sophis>ca>on	  and	  experience	  
– We’re	  commiked	  to	  suppor>ng	  both	  the	  cuhng	  edge	  
&	  produc>on	  HPC	  compu>ng	  for	  the	  masses	  

•  Users	  olen	  ask	  for	  advice	  on	  which	  tools	  to	  use	  
and	  we	  give	  them	  sugges>ons	  

•  Our	  experience	  is	  that	  very	  few	  use	  
programming/debugging/development	  tools	  

•  A	  few	  users	  use	  a	  few	  tools	  a	  lot,	  but	  many	  try	  a	  
tool	  only	  once	  

Experience	  with	  NERSC	  Users	  
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•  Extremely	  effec>ve?	  
•  More	  likely:	  Too	  confusing,	  difficult,	  didn’t	  work,	  don’t	  
know	  how	  to	  use,	  don’t	  know	  which	  to	  use	  

•  It’s	  not	  that	  we	  don’t	  have	  tools	  that	  address	  specific	  
issues	  
–  GPU/CUDA	  tools	  &	  compilers	  
–  TAU,	  PAPI,	  HPC	  Toolkit	  
–  Craypat,	  IBM	  HPC	  tools,	  OpenSpeedShop	  
–  Valgrind	  
–  Vampirtrace	  

•  But	  do	  most	  users	  have	  the	  resources	  to	  learn	  how	  to	  
use	  these	  tools,	  esp.	  when	  they	  don’t	  know	  if	  there	  will	  
be	  any	  benefit	  from	  any	  given	  one?	  

Why?	  
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Vampir	  w/	  CUDA	  
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Ease	  of	  Use	  
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•  Users	  are	  asking	  for	  tools	  because	  HPC	  
systems	  and	  programming	  models	  are	  
changing	  	  

•  More	  and	  more	  components	  to	  worry	  about	  
– CPU	  (caches,	  FPUs,	  pipelining,	  …)	  
– Data	  movement	  to	  main	  memory,	  GPU	  memory,	  
levels	  of	  cache	  

–  I/O	  
– Network	  (message	  passing)	  
– CPU	  Threads	  (OpenMP)	  
– GPU	  performance	  

Users	  Want	  (Need?)	  Tools	  
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•  What	  tools	  do	  you	  use?	  
•  What	  tools	  do	  you	  want?	  

•  What	  would	  you	  like	  centers	  to	  support?	  

•  Can	  you	  get	  to	  exascale	  without	  tools?	  

Ques>ons	  to	  You	  
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•  Let	  the	  users	  help	  themselves	  
•  Work	  for	  everyone	  all	  (most	  of?)	  the	  >me	  
•  Easy	  to	  use	  
•  Useful	  
•  Easy	  to	  interpret	  the	  results	  
•  Affordable	  ($$	  or	  manpower	  support	  costs)	  
•  Simple,	  supplement	  exis>ng	  complex	  tools	  
– Point	  the	  way	  for	  a	  “deeper	  dive”	  in	  problem	  areas	  

What	  I	  Want	  in	  a	  Tool	  
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•  NERSC’s	  IPM:	  Integrated	  Performance	  Monitoring	  
•  How	  it	  works	  (user	  perspec>ve)	  
– % module load IPM*	  
–  Run	  program	  as	  normal	  
–  Look	  at	  results	  on	  the	  web	  

•  It’s	  that	  easy!	  
– And	  extremely	  low	  overhead,	  so	  IPM	  is	  examining	  
your	  produc>on	  code	  

*	  (As	  long	  as	  your	  system	  supports	  dynamic	  load	  libs)	  

IPM	  as	  A	  Model	  
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•  IPM	  “only”	  gives	  a	  high-‐level,	  en>re-‐program-‐centric	  
view	  

•  S>ll,	  very	  valuable	  guidance	  
–  Shows	  whole-‐run	  info	  per	  MPI	  task,	  OpenMP	  thread,	  
(CUDA	  under	  development)	  

– Many	  pieces	  of	  data	  in	  one	  place	  
•  Reveals	  what	  many	  users	  don’t	  know	  about	  their	  code	  
–  High-‐water	  memory	  usage	  (per	  task)	  
–  Load	  balance	  
–  Call	  imbalance	  
– MPI	  >me	  
–  I/O	  >me	  

What	  IPM	  measures	  
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IPM	  w/	  CUDA:	  Accuracy	  

•  Benchmarks	  from	  the	  CUDA	  SDK	  
–  Run	  on	  1	  node	  of	  Dirac	  @	  NERSC	  

•  2x	  Nehalem	  quad	  core,	  1x	  NVIDIA	  Tesla	  C2050	  (“Fermi”)	  GPU	  
–  Comparison	  of	  the	  results	  from	  the	  CUDA	  profiler	  with	  IPM	  	  
–  Very	  good	  agreement	  of	  the	  results	  
–  IPM	  >mings	  always	  larger	  than	  CUDA	  profiler	  (bracke>ng)	  
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IPM	  Examples	  

Click	  on	  
your	  job	  
from	  a	  list	  
on	  the	  
NERSC	  web	  
site.	  
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IPM	  Examples	  

Click	  on	  
the	  
metric	  
you	  are	  	  
want.	  
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IPM	  Examples	  
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IPM	  Examples	  
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IPM	  Examples	  
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IPM	  Examples	  
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•  HPC	  tools	  are,	  in	  general,	  difficult	  to	  use	  or	  
require	  a	  large	  investment	  of	  >me	  to	  learn	  to	  
use	  and	  interpret	  the	  results	  

•  There	  is	  a	  need	  for	  tools	  to	  help	  users	  get	  to	  
exascale	  (or	  even	  petascale).	  

•  Simple,	  easy	  to	  use	  tools	  would	  be	  extremely	  
useful,	  even	  if	  they	  did	  not	  give	  low-‐level	  
details	  

Summary	  


