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• Mo?va?on	
  

• TAU	
  Overview	
  

• TAU	
  Commander	
  

• Case	
  Studies	
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Intui?ve	
  Performance	
  Engineering	
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About	
  8	
  flops	
  (0.1	
  flops/WaW)	
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10	
  petaflops	
  (2.17	
  gigaflops/WaW)	
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1.25	
  quadrillion	
  abacuses	
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Performance	
  

Efficiency	
  

Produc?vity	
  



•  Integrated	
  toolkit	
  for	
  
performance	
  problem	
  solving	
  
–  Instrumenta?on,	
  measurement,	
  
analysis,	
  visualiza?on	
  

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

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

•  hWp://tau.uoregon.edu/	
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TAU	
  Architecture	
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XKCD,	
  Randall	
  Munroe	
  



TAU	
  Commander	
  
An	
  intui?ve	
  interface	
  to	
  	
  

the	
  TAU	
  Performance	
  System	
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Intui?ve	
  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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Profiling	
   Tracing	
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Shows  
how much time 

was spent in each 
routine 

Shows  
when events 

take place on a 
timeline 



•  Flat	
  profiles	
  
– Metric	
  (e.g.,	
  ?me)	
  spent	
  in	
  an	
  event	
  
–  Exclusive/inclusive,	
  #	
  of	
  calls,	
  child	
  calls,	
  …	
  

•  Callpath	
  profiles	
  
–  Time	
  spent	
  along	
  a	
  calling	
  path	
  (edges	
  in	
  callgraph)	
  
–  “main=>	
  f1	
  =>	
  f2	
  =>	
  MPI_Send”	
  
–  Set	
  the	
  TAU_CALLPATH_DEPTH	
  environment	
  variable	
  

•  Phase	
  profiles	
  
–  Flat	
  profiles	
  under	
  a	
  phase	
  (nested	
  phases	
  allowed)	
  
– Default	
  “main”	
  phase	
  
–  Supports	
  sta?c	
  or	
  dynamic	
  (e.g.	
  per-­‐itera?on)	
  phases	
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Limited	
  
Profile	
  

Flat	
  	
  
Profile	
  

Loop	
  
Profile	
  

Phase	
  
Profile	
  

Callpath	
  
Profile	
  

Trace	
  

All	
  levels	
  support	
  mul?ple	
  
metrics/counters	
  

O(KB)	
   O(TB)	
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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’)	
  



•  Use TAU’s compiler wrappers 
•  Replace CXX with tau_cxx.sh, etc. 

•  Automatically instruments source code, links with TAU libraries. 

•  Use tau_cc.sh for C, tau_f90.sh for Fortran, etc. 

ATPSEC'14,	
  Copyright	
  ©	
  ParaTools,	
  Inc.	
  	
  	
  	
  	
   17	
  

CXX = mpicxx 
F90 = mpif90 
CXXFLAGS = 
LIBS = -lm 
OBJS = f1.o f2.o f3.o … fn.o 
 
app: $(OBJS) 
  $(CXX) $(LDFLAGS) $(OBJS) -o $@  
  $(LIBS) 

.cpp.o: 
  $(CXX) $(CXXFLAGS) -c $< 

CXX = tau_cxx.sh 
F90 = tau_f90.sh 
CXXFLAGS = 
LIBS = -lm 
OBJS = f1.o f2.o f3.o … fn.o 
 
app: $(OBJS) 
  $(CXX) $(LDFLAGS) $(OBJS) -o $@ 
   $(LIBS) 

.cpp.o: 
  $(CXX) $(CXXFLAGS) -c $< 

Makefile	
  without	
  TAU	
   Makefile	
  with	
  TAU	
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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	
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•  Source	
  code	
  instrumenta?on	
  
•  PDT	
  parsers,	
  pre-­‐processors	
  

• Wrap	
  external	
  libraries	
  
•  I/O,	
  MPI,	
  Memory,	
  CUDA,	
  OpenCL,	
  pthread	
  

•  Rewrite	
  the	
  binary	
  executable	
  
•  Dyninst,	
  MAQAO	
  

ATPSEC'14,	
  Copyright	
  ©	
  ParaTools,	
  Inc.	
  	
  	
  	
  	
   20	
  



•  Direct	
  measurement	
  via	
  probes	
  

•  Indirect	
  measurement	
  via	
  sampling	
  

•  ThroWling	
  and	
  run?me	
  control	
  

•  Interface	
  with	
  external	
  packages	
  (PAPI)	
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•  Data	
  visualizaHon	
  

•  Data	
  mining	
  

•  Sta?s?cal	
  analysis	
  

•  Import/export	
  performance	
  data	
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•  Each	
  configura?on	
  of	
  TAU	
  corresponds	
  to	
  a	
  unique	
  stub	
  makefile	
  
(TAU_MAKEFILE)	
  in	
  the	
  TAU	
  installa?on	
  directory	
  
	
  

% ls /soft/perftools/tau/tau_latest/bgq/lib/Makefile.*!
Makefile.tau-bgqtimers-mpi-pdt-openmp-opari!
Makefile.tau-bgqtimers-mpi-pthread-pdt!
Makefile.tau-bgqtimers-papi-mpi-pdt!
Makefile.tau-bgqtimers-papi-mpi-pdt-openmp-opari!
Makefile.tau-bgqtimers-papi-mpi-pthread-pdt!
Makefile.tau-bgqtimers-pdt!
Makefile.tau-papi-mpi-pdt-openmp-opari!
Makefile.tau-papi-mpi-pdt-openmp-opari-scorep!
Makefile.tau-papi-mpi-pdt-scorep!
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1.  Choose	
  an	
  appropriate	
  TAU_MAKEFILE:	
  
% soft add +tau-latest!
% export TAU_MAKEFILE=/soft/perftools/tau/tau_latest/  
! ! !bgq/lib/Makefile.tau-bgqtimers-mpi-pdt!
% export TAU_OPTIONS='-optVerbose …'  
	
   	
  #	
  (see	
  tau_compiler.sh	
  -­‐help	
  for	
  more	
  op?ons)	
  

2.  Use	
  tau_f90.sh,	
  tau_cxx.sh,	
  etc.	
  as	
  Fortran,	
  C++,	
  etc.	
  compiler:	
  	
  
% mpixlf90_r foo.f90 	
  
	
  	
  	
  changes	
  to	
  	
  
% tau_f90.sh foo.f90!

3.  Execute	
  applica?on:	
  
	
  % qsub –A <queue> –q R.bc –n 256 –t 10 ./a.out!

Note:	
  If	
  TAU_MAKEFILE	
  has	
  “papi”	
  in	
  its	
  name,	
  set	
  TAU_METRICS:	
  
	
  % qsub --env TAU_METRICS=BGQ_TIMERS:PAPI_L2_DCM... !

4.  Analyze	
  performance	
  data:	
  
	
  pprof	
   	
   	
  (for	
  text	
  based	
  profile	
  display)	
  
	
  paraprof	
   	
  (for	
  GUI)	
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% ssh mira.alcf.anl.gov!
% tar xvzf /soft/perftools/tau/workshop.tgz!
% cd workshop!
% less README!
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For	
  an	
  MPI+F90	
  applicaUon,	
  you	
  may	
  want	
  to	
  start	
  with:	
  	
  
% soft add +tau-latest!
% export TAU_MAKEFILE=  
! !$TAU/Makefile.tau-bgqtimers-papi-mpi-pdt!

% make CC=tau_cc.sh CXX=tau_cxx.sh F90=tau_f90.sh!
% qsub –q R.bc –n 2 –-mode c16 –t 10 –A ... ./a.out!
% paraprof!
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% paraprof (Click	
  on	
  label,	
  e.g.	
  “Mean”	
  or	
  “node	
  0”)	
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% paraprof (OpUons	
  à	
  Select	
  Metric...	
  à	
  Exclusive…	
  à	
  PAPI_FP_INS)	
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% paraprof (OpUons	
  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)	
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Total	
  allocated/deallocated	
  

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

Alloca?on	
  /	
  Dealloca?on	
  Events	
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Bytes	
  wriWen	
  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	
  collec?ves	
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% paraprof (Windows	
  à	
  3D	
  VisualizaUon)	
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% qsub –env TAU_COMM_MATRIX=1 …!
% paraprof (Windows	
  à	
  3D	
  CommunicaUon	
  Matrix)	
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% paraprof (Windows	
  à	
  3D	
  VisualizaUon	
  à	
  Topology	
  Plot)	
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MPI_Waitall	
  

WRITE_SAVEFILE	
  

% perfexplorer (Charts	
  à	
  RunUme	
  Breakdown)	
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% perfexplorer (Charts	
  à	
  Stacked	
  Bar	
  Chart)	
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% perfexplorer (Charts	
  à	
  Correlate	
  Events	
  with	
  Total	
  RunUme)	
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% qsub –env TAU_TRACE=1 …!
% tau_treemerge.pl!
% tau2slog2 tau.trc tau.edf –o app.slog2!
% jumpshot app.slog2!

To	
  generate	
  a	
  trace	
  and	
  visualize	
  it	
  in	
  Jumpshot:	
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% qsub –env TAU_TRACK_SIGNALS=1 …!
% paraprof	
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Right-­‐click	
  to	
  see	
  source	
  code	
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Error	
  shown	
  in	
  ParaProf	
  Source	
  Browser	
  



0	
  

5	
  

10	
  

15	
  

20	
  

Tracking	
   Debugging	
   Full	
  
Tracking	
  

Full	
  
Debugging	
  

Valgrind	
  

Ru
nU

m
e	
  
O
ve
rh
ea
d	
  

MPI/Pthread/Python/C++/Fortran	
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TAU	
  with	
  	
  
various	
  op?ons	
  

Note:	
  Requires	
  working	
  mprotect()	
  so	
  BGQ	
  not	
  supported	
  



Intui?ve	
  Performance	
  Engineering	
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How	
  do	
  we	
  navigate?	
  



•  Two-­‐year	
  $1M	
  project,	
  DOE	
  SBIR	
  Phase	
  II	
  
•  Simplify	
  TAU	
  usage	
  

– Develop	
  a	
  common	
  framework	
  for	
  TAU	
  user	
  interface	
  
– Develop	
  an	
  intui?ve,	
  high-­‐produc?vity	
  user	
  interface	
  

•  Phase	
  I	
  results:	
  
– Study	
  of	
  124	
  workflows	
  involving	
  eleven	
  test	
  cases	
  on	
  
six	
  compu?ng	
  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	
  ac?ons	
  

– Defines	
  desired	
  metrics	
  and	
  measurement	
  approach	
  
– Defines	
  opera?ng	
  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	
  

Compila?on	
  
Error?	
  

Setup	
  
Environment	
  

Instrument	
  
Source	
  Code?	
  

Use	
  TAU	
  to	
  
Compile	
  

Compila?on	
  
Error?	
  

Compiler	
  Env	
  Vars	
  
Correct?	
  

Incorrect	
  
TAU	
  Config	
  

Setup	
  
Environment	
  

tau_exec	
  
Required?	
  

Required	
  tau_exec	
  
Tags	
  Available?	
  

Launch	
  
Applica?on	
  

Launch	
  with	
  
tau_exec	
  

Desired	
  Metrics	
  
Measured?	
  

Run?me	
  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	
  Applica?on	
  

Desired	
  Metrics	
  
Measured?	
  

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 

 Note:	
  the	
  ‘tau’	
  command	
  is	
  in	
  beta.	
  	
  Its	
  usage	
  may	
  change.	
  



Intui?ve	
  Performance	
  Engineering	
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•  INCITE	
  magnetohydrodynamcis	
  simula?on	
  to	
  understand	
  solar	
  
winds	
  and	
  coronal	
  hea?ng	
  	
  
–  First	
  direct	
  numerical	
  simula?ons	
  	
  
of	
  Alfvén	
  wave	
  (AW)	
  turbulence	
  in	
  	
  
extended	
  solar	
  atmosphere	
  	
  
accoun?ng	
  for	
  inhomogenei?es	
  

–  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	
  proper?es	
  
–  Tested	
  and	
  benchmarked	
  on	
  Intrepid	
  and	
  Mira	
  	
  

•  HPC	
  Source	
  ar?cle	
  and	
  ALCF	
  news	
  
hWps://www.alcf.anl.gov/ar?cles/furthering-­‐understanding-­‐coronal-­‐hea?ng-­‐and-­‐solar-­‐wind-­‐origin	
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•  Source-­‐based	
  (direct)	
  instrumenta?on	
  
•  MPI	
  instrumenta?on	
  and	
  volume	
  measurement	
  
•  IRMHD	
  exhibited	
  significant	
  synchronous	
  
communica?on	
  boWlenecks	
  

•  On	
  2,408	
  cores	
  of	
  BG/P:	
  	
  
– MPI_Send	
  and	
  MPI_Bcast	
  	
  
take	
  significant	
  ?me	
  

–  Opportuni?es	
  for	
  	
  
communica?on/	
  
computa?on	
  overlap	
  	
  

–  Iden?fied	
  possible	
  targets	
  	
  
for	
  computa?on	
  improvements	
  

ATPSEC'14,	
  Copyright	
  ©	
  ParaTools,	
  Inc.	
  	
  	
  	
  	
   57	
  

MPI_Barrier	
  

MPI_Send	
  



•  On	
  2,408	
  cores,	
  overall	
  
execu?on	
  ?me	
  reduced	
  
from	
  528.18	
  core	
  hours	
  
to	
  70.8	
  core	
  hours	
  	
  
(>7x	
  improvement)	
  

•  Non-­‐blocking	
  
communica?on	
  
substrate	
  

•  More	
  efficient	
  
implementa?on	
  of	
  
underlying	
  FFT	
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•  At	
  32K	
  cores,	
  load	
  imbalance	
  visible	
  in	
  topology	
  
– Nega?ve	
  impact	
  on	
  MPI_Alltoall	
  performance	
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•  Remove	
  unnecessary	
  MPI_Barrier	
  calls	
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•  Oversubscribe	
  nodes:	
  32k	
  ranks	
  vs.	
  16k	
  per	
  node	
  
•  Overall	
  ?me	
  improvement:	
  71.23%	
  of	
  original	
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•  A	
  leading	
  chemistry	
  modeling	
  code	
  
•  Relies	
  on	
  global	
  arrays	
  (GA)	
  

– Unified	
  view	
  of	
  physically	
  distributed	
  arrays	
  
– One-­‐sided	
  random	
  access	
  
– Use	
  Aggregate	
  Remote	
  Memory	
  Copy	
  Interface	
  
(ARMCI)	
  

ATPSEC'14,	
  Copyright	
  ©	
  ParaTools,	
  Inc.	
  	
  	
  	
  	
   62	
  



•  What	
  is	
  the	
  performance	
  of	
  representa?ve	
  
workloads	
  on	
  different	
  plaaorms?	
  

•  Understand	
  data	
  server	
  /	
  compute	
  node	
  
interplay	
  as	
  a	
  func?on	
  of	
  scaling	
  

•  Understand	
  core	
  alloca?on	
  tradeoffs	
  
– All	
  to	
  computa?on	
  vs.	
  some	
  to	
  communica?on	
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J.	
  Hammond,	
  S.	
  Krishnamoorthy,	
  S.	
  Shende,	
  N.	
  Romero,	
  A.	
  Malony,	
  “Performance	
  
Characteriza?on	
  of	
  Global	
  Address	
  Space	
  Applica?ons:	
  a	
  Case	
  Study	
  with	
  NWChem,”	
  
Concurrency	
  and	
  ComputaHon:	
  PracHce	
  and	
  Experience,	
  24(2),	
  pp.	
  135-­‐154,	
  2012.	
  	
  



•  Source-­‐based	
  (direct)	
  instrumenta?on	
  
•  ARMCI	
  interposi?on	
  library	
  with	
  TAU	
  hooks	
  	
  
(TAU	
  PARMCI)	
  

•  Wrapped	
  external	
  libraries,	
  e.g.	
  BLAS	
  
•  Test	
  Systems:	
  

– Fusion:	
  Pacific	
  Northwest	
  Na?onal	
  Lab	
  	
  
–  Intrepid:	
  Argonne	
  Na?onal	
  Lab	
  	
  

•  Mira	
  and	
  hopper	
  will	
  scale	
  greater	
  but	
  will	
  likely	
  
show	
  similar	
  effects	
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•  Test	
  on	
  8	
  cores	
  (no	
  separate	
  data	
  server	
  thread)	
  	
  
•  With	
  no	
  pinning,	
  ARMCI	
  communica?on	
  overhead	
  
increases	
  drama?cally	
  and	
  no	
  scaling	
  is	
  observed	
  	
  

•  Pinning	
  communica?on	
  buffers	
  shows	
  drama?c	
  effects	
  	
  
•  Communica?on	
  overhead	
  increases,	
  but	
  not	
  drama?cally	
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•  Tests	
  with	
  interrupt	
  or	
  communica?on	
  helper	
  thread	
  (CHT)	
  
–  One	
  core	
  dedicated	
  to	
  CHT	
  

•  ARMCI	
  calls	
  are	
  barely	
  no?ceable	
  
•  DAXPY	
  calcula?on	
  shows	
  up	
  more	
  	
  
•  CHT	
  performs	
  beWer	
  in	
  both	
  SMP	
  and	
  DUAL	
  modes	
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hfp://tau.uoregon.edu	
  
	
  

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

Free	
  download,	
  open	
  source,	
  BSD	
  license	
  
	
  



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

•  HPCMP	
  DoD	
  PETTT	
  Program	
  
•  Na?onal	
  Science	
  Founda?on	
  

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

–  Jean	
  Perez,	
  Benjamin	
  Chandran	
  
•  University	
  of	
  Oregon	
  

–  Allen	
  D.	
  Malony,	
  Sameer	
  Shende	
  
–  Kevin	
  Huck,	
  WyaW	
  Spear	
  

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

•  Research	
  Centre	
  Jülich	
  
–  Bernd	
  Mohr	
  
–  Felix	
  Wolf	
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TAU	
  Performance	
  System	
  

ATPSEC'14,	
  Copyright	
  ©	
  ParaTools,	
  Inc.	
  	
  	
  	
  	
   69	
  



•  PAPI:	
  
–  PAPI	
  documenta?on	
  is	
  available	
  from	
  the	
  PAPI	
  website:	
  
	
  	
  	
  	
  	
  hfp://icl.cs.utk.edu/papi/	
  

•  TAU:	
  
–  TAU	
  Users	
  Guide	
  and	
  papers	
  available	
  from	
  the	
  TAU	
  website:	
  

hfp://tau.uoregon.edu/	
  
•  VAMPIR:	
  

–  VAMPIR	
  website:	
  
	
  	
  	
  	
  hfp://www.vampir.eu/	
  

•  Scalasca:	
  
–  Scalasca	
  documenta?on	
  page:	
  
	
  	
  	
  	
  hfp://www.scalasca.org/	
  

•  Eclipse	
  PTP:	
  
–  Documenta?on	
  available	
  from	
  the	
  Eclipse	
  PTP	
  website:	
  
	
  	
  	
  	
  hfp://www.eclipse.org/ptp/	
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•  If	
  your	
  Fortran	
  code	
  uses	
  free	
  format	
  in	
  .f	
  files	
  (fixed	
  is	
  default	
  for	
  .f):	
  
%	
  export	
  TAU_OPTIONS='-­‐optPdtF95Opts="-­‐R	
  free"	
  -­‐optVerbose'	
  

	
  
•  To	
  use	
  the	
  compiler	
  based	
  instrumentaUon	
  instead	
  of	
  PDT	
  (source-­‐based):	
  

%	
  export	
  TAU_OPTIONS='-­‐optCompInst	
  -­‐optVerbose'	
  
	
  
•  If	
  your	
  Fortran	
  code	
  uses	
  C	
  preprocessor	
  direcUves	
  (#include,	
  #ifdef,	
  #endif):	
  

%	
  export	
  TAU_OPTIONS='-­‐optPreProcess	
  –optVerbose'	
  
	
  
•  To	
  use	
  an	
  instrumentaUon	
  specificaUon	
  file:	
  

%	
  export	
  TAU_OPTIONS=	
  
	
  '-­‐optTauSelectFile=select.tau	
  -­‐optVerbose	
  -­‐optPreProcess’	
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BEGIN_INSTRUMENT_SECTION	
  
loops	
  file="*"	
  rou?ne="#"	
  
memory	
  file="foo.f90"	
  rou?ne=”#"	
  
io	
  file="abc.f90"	
  rou?ne="FOO"	
  
END_INSTRUMENT_SECTION	
  

Example	
  select.tau	
  file	
  



% export TAU_MAKEFILE=$TAU/Makefile.tau-bgqtimers-papi-mpi-pdt 
% export TAU_OPTIONS=‘-optTauSelectFile=select.tau –optVerbose’ 
% cat select.tau 
  BEGIN_INSTRUMENT_SECTION 
  loops routine=“#” 
  END_INSTRUMENT_SECTION 
 
% export PATH=$TAU_ROOT/bin:$PATH 
% make F90=tau_f90.sh 
(Or edit Makefile and change F90=tau_f90.sh) 
%   
% qsub --env TAU_METRICS=TIME:PAPI_FP_INS:PAPI_L1_DCM –n 4 –t 15 ./a.out 
% paraprof -–pack app.ppk 
 Move the app.ppk file to your desktop.  

% paraprof app.ppk 
  Choose Options -> Show Derived Metrics Panel -> “PAPI_FP_INS”, click “/”, “TIME”, click 

“Apply”  and choose the derived metric. 
 

ATPSEC'14,	
  Copyright	
  ©	
  ParaTools,	
  Inc.	
  	
  	
  	
  	
   72	





% export TAU_MAKEFILE=$TAU/Makefile.tau-bgqtimers-papi-mpi-pdt 
% export PATH=$TAU_ROOT/bin:$PATH 
% export TAU_OPTIONS=‘-optTrackIO –optVerbose’  
% make CC=tau_cc.sh CXX=tau_cxx.sh F90=tau_f90.sh 
% mpirun –n 4 ./a.out 
% paraprof –pack ioprofile.ppk 
% export TAU_TRACK_IO_PARAMS 1 
% mpirun –n 4 ./a.out (to track parameters used in POSIX I/O calls as 

context events) 
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• Installing	
  PDT:	
  
–  wget	
  hWp://tau.uoregon.edu/pdt.tgz	
  
–  ./configure	
  –prefix=<dir>;	
  make	
  ;	
  make	
  install	
  

• Installing	
  TAU:	
  
–  	
  wget	
  hWp://tau.uoregon.edu/tau.tgz	
  
–  	
  ./configure	
  -­‐bfd=download	
  -­‐pdt=<dir>	
  -­‐papi=<dir>	
  ...	
  
–  make	
  install	
  

• Using	
  TAU:	
  
–  export	
  TAU_MAKEFILE=<taudir>/<arch>/lib/Makefile.tau-­‐<TAGS>	
  
–  make	
  CC=tau_cc.sh	
  	
  	
  CXX=tau_cxx.sh	
  	
  	
  F90=tau_f90.sh	
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%	
  tau_compiler.sh	
  
-­‐optVerbose	
   	
   	
   	
  Turn	
  on	
  verbose	
  debugging	
  messages	
  
-­‐optCompInst 	
   	
   	
  Use	
  compiler	
  based	
  instrumenta?on	
  
-­‐optNoCompInst 	
   	
   	
  Do	
  not	
  revert	
  to	
  compiler	
  instrumenta?on	
  if	
  source	
  instrumenta?on	
  fails.	
  
�-­‐optTrackIO	
  	
  	
  	
  	
  	
  	
  	
  	
   	
   	
   	
  Wrap	
  POSIX	
  I/O	
  call	
  and	
  calculates	
  vol/bw	
  of	
  I/O	
  opera?ons	
  
�-­‐optMemDbg	
  	
  	
  	
  	
  	
  	
  	
  	
  	
   	
   	
  Run?me	
  bounds	
  checking	
  (see	
  TAU_MEMDBG_*	
  env	
  vars)	
  	
  
-­‐optKeepFiles	
  	
  	
  	
  	
  	
  	
  	
  	
  	
   	
   	
  Does	
  not	
  remove	
  intermediate	
  .pdb	
  and	
  .inst.*	
  files	
  
-­‐optPreProcess	
  	
  	
  	
  	
  	
  	
  	
  	
   	
   	
  Preprocess	
  sources	
  (OpenMP,	
  Fortran)	
  before	
  instrumenta?on	
  
-­‐optTauSelectFile=”<file>"	
   	
  Specify	
  selec?ve	
  instrumenta?on	
  file	
  for	
  tau_instrumentor	
  
-­‐optTauWrapFile=”<file>"	
   	
  Specify	
  path	
  to	
  link_opHons.tau	
  generated	
  by	
  tau_gen_wrapper	
  
-­‐optHeaderInst 	
  	
   	
   	
  Enable	
  Instrumenta?on	
  of	
  headers	
  
-­‐optTrackUPCR	
  	
  	
  	
  	
  	
  	
  	
   	
   	
  Track	
  UPC	
  run?me	
  layer	
  rou?nes	
  (used	
  with	
  tau_upc.sh)	
  
-­‐optPdtF95Opts=""	
   	
   	
  Add	
  op?ons	
  for	
  Fortran	
  parser	
  in	
  PDT	
  (f95parse/gfparse)	
  …	
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Environment	
  Variable	
   Default	
   DescripUon	
  

TAU_TRACE	
   0	
   Se�ng	
  to	
  1	
  turns	
  on	
  tracing	
  

TAU_CALLPATH	
   0	
   Se�ng	
  to	
  1	
  turns	
  on	
  callpath	
  profiling	
  

TAU_TRACK_MEMORY_LEAKS	
   0	
   Se�ng	
  to	
  1	
  turns	
  on	
  leak	
  detec?on	
  (for	
  use	
  with	
  –optMemDbg	
  or	
  tau_exec)	
  

TAU_MEMDBG_PROTECT_ABOVE	
   0	
   Se�ng	
  to	
  1	
  turns	
  on	
  bounds	
  checking	
  for	
  dynamically	
  allocated	
  arrays.	
  (Use	
  
with	
  –optMemDbg	
  or	
  tau_exec	
  –memory_debug).	
  

TAU_CALLPATH_DEPTH	
   2	
   Specifies	
  depth	
  of	
  callpath.	
  Se�ng	
  to	
  0	
  generates	
  no	
  callpath	
  or	
  rou?ne	
  
informa?on,	
  se�ng	
  to	
  1	
  generates	
  flat	
  profile	
  and	
  context	
  events	
  have	
  just	
  
parent	
  informa?on	
  (e.g.,	
  Heap	
  Entry:	
  foo)	
  

TAU_TRACK_IO_PARAMS	
   0	
   Se�ng	
  to	
  1	
  with	
  –optTrackIO	
  or	
  tau_exec	
  –io	
  captures	
  arguments	
  of	
  I/O	
  calls	
  

TAU_TRACK_SIGNALS	
   0	
   Se�ng	
  to	
  1	
  generate	
  debugging	
  callstack	
  info	
  when	
  a	
  program	
  crashes	
  

TAU_COMM_MATRIX	
   0	
   Se�ng	
  to	
  1	
  generates	
  communica?on	
  matrix	
  display	
  using	
  context	
  events	
  

TAU_THROTTLE	
   1	
   Se�ng	
  to	
  0	
  turns	
  off	
  throWling.	
  Enabled	
  by	
  default	
  to	
  remove	
  instrumenta?on	
  
in	
  lightweight	
  rou?nes	
  that	
  are	
  called	
  frequently	
  

TAU_THROTTLE_NUMCALLS	
   100000	
   Specifies	
  the	
  number	
  of	
  calls	
  before	
  tes?ng	
  for	
  throWling	
  

TAU_THROTTLE_PERCALL	
   10	
   Specifies	
  value	
  in	
  microseconds.	
  ThroWle	
  a	
  rou?ne	
  if	
  it	
  is	
  called	
  over	
  100000	
  
?mes	
  and	
  takes	
  less	
  than	
  10	
  usec	
  of	
  inclusive	
  ?me	
  per	
  call	
  

TAU_COMPENSATE	
   0	
   Se�ng	
  to	
  1	
  enables	
  run?me	
  compensa?on	
  of	
  instrumenta?on	
  overhead	
  

TAU_PROFILE_FORMAT	
   Profile	
   Se�ng	
  to	
  “merged”	
  generates	
  a	
  single	
  file.	
  “snapshot”	
  generates	
  xml	
  format	
  

TAU_METRICS	
   TIME	
   Se�ng	
  to	
  a	
  comma	
  separated	
  list	
  generates	
  other	
  metrics.	
  (e.g.,	
  
TIME:P_VIRTUAL_TIME:PAPI_FP_INS:PAPI_NATIVE_<event>\\:<subevent>)	
  


