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Performance	
  

Efficiency	
  

ProducKvity	
  



•  Integrated	
  toolkit	
  for	
  
performance	
  problem	
  solving	
  
–  InstrumentaKon,	
  measurement,	
  
analysis,	
  visualizaKon	
  

–  Portable	
  profiling	
  and	
  tracing	
  
–  Performance	
  data	
  management	
  
and	
  data	
  mining	
  

•  Direct	
  and	
  indirect	
  measurement	
  
•  Free,	
  open	
  source,	
  BSD	
  license	
  
•  Available	
  on	
  all	
  HPC	
  plaYorms	
  
(and	
  some	
  non-­‐HPC)	
  

•  h\p://tau.uoregon.edu/	
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TAU	
  Architecture	
  



TAU	
  Commander	
  
An	
  intuiKve	
  interface	
  to	
  	
  

the	
  TAU	
  Performance	
  System	
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IntuiKve	
  Performance	
  Engineering	
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•  Tuning and Analysis Utilities (20+ year project) 

•  Comprehensive performance profiling and tracing 
–  Integrated, scalable, flexible, portable 
–  Targets all parallel programming/execution paradigms 

•  Integrated performance toolkit 
–  Instrumentation, measurement, analysis, visualization 
–  Widely-ported performance profiling / tracing system 
–  Performance data management and data mining 
–  Open source (BSD-style license) 

•  Integrates with application frameworks 
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•  INCITE	
  magnetohydrodynamcis	
  simulaKon	
  to	
  understand	
  solar	
  
winds	
  and	
  coronal	
  heaKng	
  	
  
–  First	
  direct	
  numerical	
  simulaKons	
  	
  
of	
  Alfvén	
  wave	
  (AW)	
  turbulence	
  in	
  	
  
extended	
  solar	
  atmosphere	
  	
  
accounKng	
  for	
  inhomogeneiKes	
  

–  Team	
  
•  University	
  of	
  New	
  Hampshire	
  	
  
(Jean	
  Perez	
  and	
  Benjamin	
  Chandran)	
  	
  

•  ALCF	
  (Tim	
  Williams)	
  
•  University	
  of	
  Oregon	
  (Sameer	
  Shende)	
  	
  

•  IRMHD	
  (Inhomogeneous	
  Reduced	
  Magnetohydrodynamics)	
  	
  
–  Fortran	
  90	
  and	
  MPI	
  
–  Excellent	
  weak	
  and	
  strong	
  scaling	
  properKes	
  
–  Tested	
  and	
  benchmarked	
  on	
  Intrepid	
  and	
  Mira	
  	
  

•  HPC	
  Source	
  arKcle	
  and	
  ALCF	
  news	
  
h\ps://www.alcf.anl.gov/arKcles/furthering-­‐understanding-­‐coronal-­‐heaKng-­‐and-­‐solar-­‐wind-­‐origin	
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Profiling	
   Tracing	
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Shows  
how much time 

was spent in each 
routine 

Shows  
when events 

take place on a 
timeline 
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Direct	
  via	
  Probes	
   Indirect	
  via	
  Sampling	
  

•  Exact measurement 
•  Fine-grain control 
•  Calls inserted into code 

•  No code modification 
•  Minimal effort 
•  Relies on debug 

symbols (-g option) 

call TAU_START(‘potential’) 
// code 
call TAU_STOP(‘potential’)	
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Limited	
  
Profile	
  

Flat	
  	
  
Profile	
  

Loop	
  
Profile	
  

Phase	
  
Profile	
  

Callpath	
  
Profile	
  

Trace	
  

All	
  levels	
  support	
  mulKple	
  
metrics/counters	
  

O(KB)	
   O(TB)	
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Fortran	
  
C/C++	
  

Java	
  

GNU	
  

MPI	
  
OpenMP	
  

PGI	
  

CUDA	
   UPC	
  

Cray	
  

Python	
  

Intel	
  
LLVM	
  

pthreads	
  

MinGW	
  
Linux	
   Windows	
   AIX	
  

Sun	
  

OpenACC	
  

Insert	
  
yours	
  	
  
here	
  

Intel	
  MIC	
  

BlueGene	
  

GPI	
  

Fujitsu	
   ARM	
  
OS	
  X	
  MPC	
  Android	
  



SC'14,	
  Copyright	
  ©	
  ParaTools,	
  Inc.	
  	
  	
  	
  	
   14	
  

% paraprof (Click	
  on	
  label,	
  e.g.	
  “Mean”	
  or	
  “node	
  0”)	
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% paraprof (OpWons	
  à	
  Select	
  Metric...	
  à	
  Exclusive…	
  à	
  PAPI_FP_INS)	
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% paraprof (OpWons	
  à	
  Select	
  Metric...	
  à	
  Exclusive…	
  à	
  PAPI_L1_DCM)	
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High-­‐water	
  mark	
  

% paraprof (Right-­‐click	
  label	
  [e.g	
  “node	
  0”]	
  à	
  Show	
  Context	
  Event	
  Window)	
  



SC'14,	
  Copyright	
  ©	
  ParaTools,	
  Inc.	
  	
  	
  	
  	
   18	
  

Bytes	
  wri\en	
  to	
  each	
  file	
  

Write	
  bandwidth	
  per	
  file	
  

% paraprof (Right-­‐click	
  label	
  [e.g	
  “node	
  0”]	
  à	
  Show	
  Context	
  Event	
  Window)	
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Peak	
  MPI-­‐IO	
  Write	
  Bandwidth	
  

% paraprof (Right-­‐click	
  label	
  [e.g	
  “node	
  0”]	
  à	
  Show	
  Context	
  Event	
  Window)	
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Message	
  sizes	
  

Time	
  spent	
  in	
  collecKves	
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% paraprof (Windows	
  à	
  3D	
  VisualizaWon)	
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% qsub –env TAU_COMM_MATRIX=1 …!
% paraprof (Windows	
  à	
  3D	
  CommunicaWon	
  Matrix)	
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MPI_Waitall	
  

WRITE_SAVEFILE	
  

% perfexplorer (Charts	
  à	
  RunWme	
  Breakdown)	
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% perfexplorer (Charts	
  à	
  Correlate	
  Events	
  with	
  Total	
  RunWme)	
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% qsub –env TAU_TRACK_SIGNALS=1 …!
% paraprof	
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Error	
  shown	
  in	
  ParaProf	
  Source	
  Browser	
  



IntuiKve	
  Performance	
  Engineering	
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How	
  do	
  we	
  navigate?	
  



•  DOE	
  SBIR	
  Phase	
  II	
  
•  Simplify	
  TAU	
  usage	
  

– Develop	
  a	
  common	
  framework	
  for	
  TAU	
  user	
  interface	
  
– Develop	
  an	
  intuiKve,	
  high-­‐producKvity	
  user	
  interface	
  

•  Phase	
  I	
  results:	
  
– Study	
  of	
  124	
  workflows	
  involving	
  eleven	
  test	
  cases	
  on	
  
six	
  compuKng	
  systems	
  

– TAU	
  Commander	
  reduces	
  number	
  of	
  steps	
  in	
  TAU	
  
workflow	
  by	
  approximately	
  50%	
  

– Reduces	
  the	
  number	
  of	
  commands	
  a	
  user	
  must	
  know	
  
from	
  approximately	
  eight	
  to	
  exactly	
  one	
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•  Say	
  where	
  you’re	
  going,	
  not	
  how	
  to	
  get	
  there	
  
•  TAU	
  Projects	
  give	
  context	
  to	
  the	
  user’s	
  acKons	
  

– Defines	
  desired	
  metrics	
  and	
  measurement	
  approach	
  
– Defines	
  operaKng	
  environment	
  
– Establishes	
  a	
  baseline	
  for	
  error	
  checking	
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vs.	
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Download	
  
PDT	
  

Configure	
  
PDT	
  

Compile/Install	
  
PDT	
  

Need	
  to	
  
Parse	
  
Code?	
  

Configure	
  
TAU	
  

Compile	
  TAU	
  

CompilaKon	
  
Error?	
  

Setup	
  
Environment	
  

Instrument	
  
Source	
  Code?	
  

Use	
  TAU	
  to	
  
Compile	
  

CompilaKon	
  
Error?	
  

Compiler	
  Env	
  Vars	
  
Correct?	
  

Incorrect	
  
TAU	
  Config	
  

Setup	
  
Environment	
  

tau_exec	
  
Required?	
  

Required	
  tau_exec	
  
Tags	
  Available?	
  

Launch	
  
ApplicaKon	
  

Launch	
  with	
  
tau_exec	
  

Desired	
  Metrics	
  
Measured?	
  

RunKme	
  Env	
  Vars	
  
Correct?	
   Analyze	
  

Yes	
  

Yes	
  

No	
  

No	
  

No	
  

No	
  

No	
  

Setup	
  

Instrument	
  

Troubleshoot	
  

Measure	
  

Yes	
  

Yes	
  

Yes	
  

No	
  

Yes	
  

No	
  

Yes	
   No	
  

Yes	
  

Yes	
  

No	
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Setup	
  

Instrument	
  

Measure	
  

Add	
  TAU	
  to	
  PATH	
  

Create	
  or	
  Select	
  Project	
  

Use	
  TAU	
  to	
  
compile	
  	
  

Launch	
  ApplicaKon	
  

Desired	
  Metrics	
  
Measured?	
  

Analyze	
  

No	
   Yes	
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Setup	
   Create/Select	
  Project	
   Compile	
   Launch	
   Desired	
  Metrics?	
   Analyze	
  

No	
  
Yes	
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Setup	
   Create/Select	
  Project	
   Compile	
   Launch	
   Desired	
  Metrics?	
   Analyze	
  

No	
  
Yes	
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Setup	
   Create/Select	
  Project	
   Compile	
   Launch	
   Desired	
  Metrics?	
   Analyze	
  

No	
  
Yes	
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Setup	
   Create/Select	
  Project	
   Compile	
   Launch	
   Desired	
  Metrics?	
   Analyze	
  

No	
  
Yes	
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Setup	
   Create/Select	
  Project	
   Compile	
   Launch	
   Desired	
  Metrics?	
   Analyze	
  

No	
  
Yes	
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Setup	
   Create/Select	
  Project	
   Compile	
   Launch	
   Desired	
  Metrics?	
   Analyze	
  

No	
  
Yes	
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Setup	
   Create/Select	
  Project	
   Compile	
   Launch	
   Desired	
  Metrics?	
   Analyze	
  

No	
  
Yes	
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Setup	
   Create/Select	
  Project	
   Compile	
   Launch	
   Desired	
  Metrics?	
   Analyze	
  

No	
  
Yes	
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Setup	
   Create/Select	
  Project	
   Compile	
   Launch	
   Desired	
  Metrics?	
   Analyze	
  

No	
  
Yes	
  



SC'14,	
  Copyright	
  ©	
  ParaTools,	
  Inc.	
  	
  	
  	
  	
   43	
  

Setup	
   Create/Select	
  Project	
   Compile	
   Launch	
   Desired	
  Metrics?	
   Analyze	
  

No	
  
Yes	
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Setup	
   Create/Select	
  Project	
   Compile	
   Launch	
   Desired	
  Metrics?	
   Analyze	
  

No	
  
Yes	
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Setup	
   Create/Select	
  Project	
   Compile	
   Launch	
   Desired	
  Metrics?	
   Analyze	
  

No	
  
Yes	
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Setup	
   Create/Select	
  Project	
   Compile	
   Launch	
   Desired	
  Metrics?	
   Analyze	
  

No	
  
Yes	
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Setup	
   Create/Select	
  Project	
   Compile	
   Launch	
   Desired	
  Metrics?	
   Analyze	
  

No	
  
Yes	
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Setup	
   Create/Select	
  Project	
   Compile	
   Launch	
   Desired	
  Metrics?	
   Analyze	
  

No	
  
Yes	
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Setup	
   Create/Select	
  Project	
   Compile	
   Launch	
   Desired	
  Metrics?	
   Analyze	
  

No	
  
Yes	
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Step Action Commands 
1 Add TAU to path export PATH=$HOME/workspace/taucmd:$PATH 

2 Create project cd matmult 

tau project create matmult --openmp --mpi \ 
--callpath=100 --memory 

3 Instrument with TAU tau mpif90 *.f90 -o matmult 

4 Execute instrumented 
application 

tau qsub –A <queue> –q R.bc –n 256 –t 10 ./matmult 

5 Visualize data tau show 
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hap://tau.uoregon.edu	
  
haps://github.com/jlinford/taucmdr	
  

	
  
Free	
  download,	
  open	
  source,	
  BSD	
  license	
  

	
  
hap://www.hpclinux.com	
  [LiveDVD]	
  

Get	
  your	
  copy	
  in	
  the	
  PGAS	
  booth	
  (#2255)	
  



•  Department	
  of	
  Energy	
  
–  Office	
  of	
  Science	
  
–  Argonne	
  NaKonal	
  Laboratory	
  
–  Oak	
  Ridge	
  NaKonal	
  Laboratory	
  
–  NNSA/ASC	
  Trilabs	
  (SNL,	
  LLNL,	
  LANL)	
  

•  HPCMP	
  DoD	
  PETTT	
  Program	
  
•  NaKonal	
  Science	
  FoundaKon	
  

–  Glassbox,	
  SI-­‐2	
  
•  University	
  of	
  Tennessee	
  
•  University	
  of	
  New	
  Hampshire	
  	
  

–  Jean	
  Perez,	
  Benjamin	
  Chandran	
  
•  University	
  of	
  Oregon	
  

–  Allen	
  D.	
  Malony,	
  Sameer	
  Shende	
  
–  Kevin	
  Huck,	
  Wya\	
  Spear	
  

•  TU	
  Dresden	
  
–  Holger	
  Brunst,	
  Andreas	
  Knupfer	
  
–  Wolfgang	
  Nagel	
  

•  Research	
  Centre	
  Jülich	
  
–  Bernd	
  Mohr	
  
–  Felix	
  Wolf	
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