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Tutorial Goals

This tutorial is an introduction to portable performance evaluation tools.
You should leave here with a better understanding of...

Concepts and steps involved in performance evaluation
Understanding key concepts in understanding code performance
How to instrument your programs with TAU for OpenSHMEM with tau_exec

Measurement options provided by TAU (tracing, callpath, event based sampling,
unwinding)

Environment variables used for choosing metrics, generating performance data
How to use ParaProf, TAU’s profile browser

General familiarity with TAU use for Fortran, C++, C, and mixed language

How to generate trace data in different formats
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Outline

* |Introduction to TAU
* Demonstration

* Instrumentation and measurement options

ParaTools O
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TAU Performance System®

 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
* |nstrumentation, measurement, analysis, visualization
»  Widely-ported performance profiling / tracing system
* Performance data management and data mining
* Open source (BSD-style license)
« Easy to integrate in application frameworks

. http://tau.uoregon.edu
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Understanding Application
Performance using TAU

« How much time is spent in each application routine and outer loops?
Within loops, what is the contribution of each statement? What is the
structure of the program callgraph?

 How many instructions are executed in these code regions?
Floating point, Level 1 and 2 data cache misses, hits, branches taken?

 What is the memory usage of the code? When and where is memory
allocated/de-allocated? Are there any memory leaks? What is the
memory footprint and peak memory usage in each PE?

 What are the I/O characteristics of the code? What is the peak read
and write bandwidth of individual calls, total volume?

« What is the contribution of each phase of the program? What is the
time wasted/spent waiting for collectives, and I/O operations in
Initialization, Computation, I/O phases?

« How does the application scale? What is the efficiency, runtime
breakdown of performance across different core counts?
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What is TAU?

« TAU is a performance evaluation tool
» It supports parallel profiling and tracing
* Profiling shows you how much (total) time was spent in each routine

« Tracing shows you when the events take place in each process along a
timeline

« Profiling and tracing can measure time as well as hardware performance
counters (cache misses, instructions) from your CPU

« TAU can automatically instrument your source code using a package called
PDT (Program Database Toolkit) for routines, loops, /0, memory, phases

« TAU runs on most HPC platforms and it is free (BSD style license)

 TAU has instrumentation, measurement and analysis tools
paraprof is TAU’ s 3D profile browser

« To use TAU’ s automatic source instrumentation, you may set a couple of
environment variables and substitute the name of your compiler with a TAU
shell script
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Profiling and Tracing

Profiling

e0e TAU: ParaProf: node 0 - fun3d_d19.ppk

Tracing

Metric: TIME
Value: Exclusive
Units: seconds

43649 [ ] Loop: POINT_SOLVER::POINT_SOLVE_S [{point_solver.F90} {2757,5}-{2917,19}]
Loop: JACOBIAN_VISCOUS::EDGEJP [{jacobian_viscous.f90} {440,7}-{1584,22}]
27473 ] Loop: FLUX_PERFGAS::ROE_FLUX [{flux_perfgas.fo0} {397,5}-{597,20}]
19.688 [ | FILL_JACOBIANS::FILL_JACOBIAN [{fill_jacobians.f90} {19,3}-{341,30}]
16.273 | PUNS3D_IO_C2N::PUNS3D_READ_VGRID_C2N_SM [{puns3d_io_c2n.f90} {1641,14}]
13.381 [ | GRADIENT_DRIVER::GRAD_VARIABLE [{gradient_driver.f90} {110,3}-{508,30}]
10.059 [l MPI_Waitall()
9.954 [ | MPI_Reduce()
8.04 [ FLUX_PERFG, ISRHS_TET [{flux_perfgas.f90} {3023,14}]
7.319 [Emma] TURB_SPALART::SA_RESID [{turb_spalart.f90} {219,14}]
3.78 [_] FLUX_TURB::TURBULENT_GRADIENTS [{flux_turb.f90} {796,3}-{899,36}]
3.562 [] TIMESTEP::DELTAT2 [{timestep.f90} {20,3}-{331,24}]
3.384 [@ POINT_SOLVER:POINT_SOLVE_1 [{point_solver.F90} {1083,3}-{1206,30}]
1.309 [] TURB_SPALART::EDGE_ASSEMBLY_RES_CONV_DIFF [{turb_spalart.f90} {5048,14}]
1.086 [] MPI_Bcast()

0.977 | TURB_SPALART::EDGE_ASSEMBLY_JAC_CONV_DIFF [{turb_spalart.fo0} {5209,14}]

0.668 || PPARTY_MIXED_ELEMENT::EDGE_POINTER_DRIVER [{pparty_mixed_element.f90} {74,3}-{502,36}]
0.66 | UPDATE_MEAN::UPDATE_Q [{update_mean.F90} {723,3}-{803,25}]

0.637 || POINT_LU_DDQ::LU_S [{point_lu_ddq.f90} {1566,3}-{1636,21}]

0.624 || SOLUTION::WREST_INTERLEAF [{solution.F90} {3214,14}]

0.586 | DUAL_NUMBERING::FMATRIX_TO_GRID [{dual_numbering.f90} {122,3}-{143,32}]

0.565 || GRID_METRICS::DUALMETRIC [{grid_metrics.f90} {2289,3}-{2791,27}]

0.524 | TURB_SPALART::SA_JACOB [{turb_spalart.f90} {757,14}]
0.49 | MPI_Barrier()

0.479 | UPDATE_TURB::UPDATE_VALUES_TURB [{update_turb.f90} {854,3}-{877,35}]

0.41 | DUAL_NUMBERING::FGRID_TO_MATRIX [{dual_numbering.f90} {94,3}-{115,32}]
0.371 | LMPI_APP::SINGLE_START_MATRIX_XFER [{Impi_app.F90} {7907,3}-{8132,41}]
0.36 | TURB_SPALART::JACOBIAN_SA [{turb_spalart.f90} {88,14}]
0.352 | TIMEACC::TIME_DIAG_NC [{timeacc.f90} {1067,3}-{1330,29}]
0.336 | MPL_Init0
0.285 | LMPI_APP::SINGLE_MATRIX_COMPLETE_XFER [{Impi_app.F90} {11520,3}-{11626,44}]
0.283 | PPARTY_METIS::MY_METIS [{pparty_metis.F90} {116,3}-{545,24]]
0.275 | PPARTY::NODE_CELL_CHOPPER [{pparty.f90} {41,3}-{453,33}]
0.269 | FLUX_UTIL::L2NORM [{flux_util.f90} {31,3}-{249,23}1
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« Profiling and tracing

[ close | [close | [“dclose |

Profiling shows you how much exclusive and inclusive time was spent in each region

Tracing shows you when the events take place on a timeline
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Inclusive vs. Exclusive Measurements

« Performance with respect to code regions
» Exclusive measurements for region only
* Inclusive measurements includes child regions

int foo()

{ ™)

ey g
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Inclusive vs. Exclusive Measurements

o0 0 TAU: ParaProf: node 0 - fun3d_d19.ppk o0 e TAU: ParaProf: node 0 - fun3d_d19.ppk
Metric: TIME Metric: TIME
Value: Inclusive

Value: Exclusive

Units: seconds Units: seconds

221.305 = _TAU application 43.649 [ Loopf POINT_SOLVER::POIHT_SOLVETS [(p_oint_‘solverAFQO}{2757,5}-{2917,19}]
T NODET(man 01 (4-35.17) 3023 I Lop OB VSCoL OGO b Yo (0 (40564 21
197989 Lo ]| FLOW:ITERATE [{flow.F90} {1692,14}] : % t iy o P e
195577 1 FLOW::STEP_SOLVER [{flow.F90} {1845,14}] 19.688 FILL_JACOBIANS::FILL_JACOBIAN [{fill_jacobians.f90} {19,3}-{341,30}]
195.569 RELAX_STEADY::RELAX [{relax_steady.f90} {30,3}-{307,22}]

16.273 [l PUNS3D_IO_C2N::PUNS3D_READ_VGRID_C2N_SM [{puns3d_io_c2n.f90} {1641,14}]
. IENT. IVER:: VARIAI i iver.f! ,3}- N
61.927 [ | UPDATE_MEAN::UPDATE_LINEAR_SYSTEM_MEAN [{update_mean.F90} {195,3}-{275,42}] 13.381 [Wemmmm—] GRADIENT_DRIVER::GRAD_VARIABLE ({gradient_driver.f90} {110,3}-{508,301]

61.28 UPDATE_MEAN::UPDATE_JACOBIAN_DRIVER_MEAN [{update_mean.F90} {460,3}-{505,44}] 1g;g§§ E m-ma;:ﬂ%
61.275 [ | UPDATE_MEAN::UPDATE_JACOBIAN [{update_mean.F90} {513,3}-{588,32}] 8.04 ] FLUX_PERFGAS::VISRHS_TET [{flux_perfgas.fo0} {3023, 14}]
61.258 [___] FILL_JACOBIANS::FILL_JACOBIAN [{fill_jacobians.f90} {19,3}-{341,30}] 7.319 [l TURB_SPALART::SA_RESID [{turb_spalart.f90} {219,14}]
59.068 [[____] GCR_SOLVE::GCR_SOLVER_QSET [{gcr_solve.f90} {47,3}-{415,32}] 3.78 [_] FLUX_TURB::TURBULENT_GRADIENTS [{flux_turb.f90} {796,3}-{899,36}]
57.635 [ GCR_SOLVE_UTIL::GCR_PRECONDITIONER_QSET [{gcr_solve_util.f90} {40,3}-{131,40}] 3.562 [_] TIMESTEP::DELTAT2 [{timestep.f90} {20,3}-{331,24}]
57.152 [L____| POINT_SOLVER::POINT_SOLVE [{point_solver.F90} {31,3}-{214,28}] 3.384 [ POINT_SOLVER::POINT_SOLVE_1 [{point_solver.F90} {1083,3}-{1206,30}]
56.882 [Hmmmn] UPDATE_MEAN::UPDATE_RHS_MEAN [{update_mean.F90} {102,3}-{185,32}] 1.309 F TURB_SPALART::EDGE_ASSEMBLY_RES_CONV_DIFF [{turb_spalart.f90} {5048,14}]
54.402 [l RELAX_MEAN::RELAX [{relax_mean.f90} {22,3}-{84,22}] 1.086 [] MPI_Bcast()
53.103 LINEARSOLVE_NODIVCHECK::NODIVCHECK_RELAX_Q [{linearsolve_nodivcheck.F90} {56,14}] 0.977 [| TURB_SPALART::EDGE_ASSEMBLY_JAC_CONV_DIFF [{turb_spalart.f90} {5209,14}]
52.867 UPDATE_MEAN::RESIDUAL_S [{update_mean.F90} {42,3}-{94,27}] 0.668 || PPARTY_MIXED_ELEMENT::EDGE_POINTER_DRIVER [{pparty_mixed_element.f90} {74,3}-{502,36}]
52.866 FUN3D_RES_FLOW::RES_FLOW [{fun3d_res_flow.f90} {27,3}-{279,25}] 0.66 | UPDATE_MEAN::UPDATE_Q [{update_mean.F90} {723,3}-{803,25}]
52.756 FLUX::RESIDUAL_COMPRESSIBLE [{flux.f90} {25,3}-{592,38}] 0.637 || POINT_LU_DDQ::LU_S [{point_lu_ddq.f90} {1566,3}-{1636,21}]
52.747 (Bl POINT_SOLVER::POINT_SOLVE_S [{point_solver.F90} {2700,3}-{2921,30}] 0.624 || SOLUTION::WREST_INTERLEAF [{solution.F90} {3214,14}]
52.744 [ Loop: POINT_SOLVER::POINT_SOLVE_S [{point_solver.FO0} {2757,5}-{2917,19}] 0.586 || DUAL_NUMBERING::FMATRIX_TO_GRID [{dual_numbering.f90} {122,3}-{143,32}]
36.232 [ JACOBIAN_VISCOUS::VISCOUS_JACOBIAN [{jacobian_viscous.f90} {20,14}] 0.565 | GRID_METRICS::DUALMETRIC [{grid_metrics.f90} {2289,3}-{2791,27}]
36.231 [ JACOBIAN_VISCOUS::EDGEJP [{jacobian_viscous.f90} {324,14}] °-05§‘; L‘:’TBB—S"’_‘LART“SAJACOB l{turb_spalart.fo0} {757,14}]
33'722;4% Foop: :,::?::;,",‘ﬁ&ffggs;fgfE:&ﬁ‘fﬁ?;“—"is“’"s'fgo’ (440.7)-(1584,221] 0.475 | UPDATE TURB::UPDATE VALUES_TURS (fupdate_turb.f90) (854,31-(577.351
g a o _ _ ux_perfgas.f90} {37,14}] o N
- 0.41 | DUAL_NUMBERING::FGRID_TO_MATRIX [{dual_numbering.f90} {94,3}-{115,32}]
27.474 [ FLUX_PERFGAS::ROE_FLUX [{flux_perfgas.fo0} {236,14}] 0.371 | LMPLAPP::SINGLE, START. MATRIX. XFER [{impi. app.FO0 W
. I_APP::! ! | @ pi_app. } {7907,3}-{8132,41}]
27.473 [ Loop: FLUX_PERFGAS::ROE_FLUX [{flux_perfgas.f90} {397,5}-{597,20}] 0.36 | TURB. SPALART:-JACOBIAN_SA [{turb_spalart.f60} {88, 14}
275 |8 o AT D ihorso 64 025 | TSR o, e e o 35320
. - e : ' . i
20.916 [_| PPARTY_PREPROCESSOR::PPARTY_PREPROCESS [{pparty_preprocessor.f90} {28,14}] 0,285 | LMPI APP:SINGLE MATRIX COMPLETE XFER [{Impi_app.F90} {11520,3}-{11626,44}]
16.726 [] PPARTY_PREPROCESSOR::PPARTY_READ_GRID [{pparty_preprocessor.f90} {735,14}] 0.283 | PPARTY_METIS::MY_METIS [{pparty_metis.F90} {116,3}-{545,24}]
16.726 PUNS3D_IO_C2N::PUNS3D_READ_VGRID_C2N [{puns3d_io_c2n.f90} {1543,14}] 0.275 | PPARTY::NODE_CELL_CHOPPER [{pparty.f90} {41,3}-{453,33}]
16.657 [l PUNS3D_IO_C2N::PUNS3D_READ_VGRID_C2N_SM [{puns3d_io_c2n.f90} {1641,14}] 0.269 | FLUX_UTIL::L2NORM [{flux_util.f90} {31,3}-{249,23}]
14.159 [ ] GRADIENT_DRIVER::GRAD_VARIABLE [{gradient_driver.f90} {110,3}-{508,30}]

13.852 [] UPDATE_TURB::UPDATE_RHS_TURB [{update_turb.f90} {742,3}-{845,32}]

Inclusive time Exclusive time

Paratools
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Understanding Application
Performance using TAU

- How much time is spent in each application routine and outer
loops? Within loops, what is the contribution of each statement?

« How many instructions are executed in these code regions?
FIoatigg point, Level 1 and 2 data cache misses, hits, branches
taken®

 What is the peak heap memory usage of the code? When and
}Nhﬁl‘% is memory allocated/de-allocated? Are there any memory
eaks?

« How much time does the application spend performing //O? What
is }he pgak read and write bandwidth of individual calls, total
volume?

 What is the contribution of different phases of the program? What
is the time wasted/spent waiting for collectives, and I/O operations
in Initialization, Computation, I/0 phases?

« How does the application scale? What is the efficiency, runtime
breakdown of performance across different core counts?

Para%OOlS O UNIVERSITY OF OREGON
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What Can TAU Do?

* Profiling and tracing
* Profiling shows you how much (total) time was spent in each routine
« Tracing shows you when the events take place on a timeline

« Multi-language debugging
* Identify the source location of a crash by unwinding the system callstack
 ldentify memory errors (off-by-one, etc.)
* Measure the memory footprint

» Profiling and tracing can measure time as well as hardware performance
counters (cache misses, instructions) from your CPU

« TAU can automatically instrument your source code using a package called
PDT for routines, loops, I/O, memory, phases, etc.

 TAU runs on all HPC platforms and it is free (BSD style license)
« TAU includes instrumentation, measurement and analysis tools

Para%OOlS O UNIVERSITY OF OREGON
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Vér/lzt does TAU support?openCL
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Intel PGI Cray Sun
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e — Linux Windows AlX
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. yours
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New Features
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New Features in TAU

« tau_exec: A tool to simplify TAU’s usage for dynamic executables
» Support for OpenSHMEM, UPC, and vendor SHMEM libraries

« PDT: New parsers from ROSE Compiler, LLNL

 Power and energy profiling in TAU

» Support for accelerators: CUDA, OpenCL, Intel Xeon Phi Co-
processor

« Event based sampling

* OpenMP instrumentation using OpenMP Tools Interface with Intel
compilers (OMPT)

* Binary rewriting with MAQAO (Beta)
 Memory footprint tracking

« ParaProf 3D topology displays

« TAUdb using H2 database
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Using TAU on
unmodified binaries
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Simplifying the use of TAU!

Uninstrumented code (on Linux x86_64):

* % oshcc app.c

* % oshrun —np 16 ./a.out

With TAU:

* % oshrun —np 16 tau_exec —T shmem ./a.out
* % paraprof
*  For more Information:

* % oshrun —np 16 tau_exec —ebs —T shmem ./a.out
(or use TAU_SAMPLING=1)

(On Cray systems use cc, ftn with cray-shmem module):
* % aprun —n 16 tau_exec -ebs —T shmem,gnu ./a.out

* % pprof (or paraprof for GUI)

NOTE: tau_exec uses LD PRELOAD for dynamic executables (cc —dynamic)

ParaTools O
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Binary Rewriting Instrumentation

Support for both static and dynamic executables
Specify a list of routines to instrument

Specify the TAU measurement library to be injected
Dyninst [U. Wisconsin, U. Maryland].

©)

5 tau run -T [tags] a.out -o a.inst

MAQAO [Intel Exascale Labs, UVSQ]:

O

5 tau rewrite -T [tags] a.out -o a.inst

Pebil [SDSC]:

©)

% tau pebil rewrite -T [tags] a.out \
-0 a.lnst

Execute the application to get measurement data:

O

$ aprun -n 4 ./a.inst
Paratools O voomoroncn



TAU: Event-based Sampling (EBS)

[ NON ] TAU: ParaProf: Function Data Window: clover_gnu_ebs.ppk

Name: .TAU application => [CONTEXT] .TAU application => [SUMMARY]
__advec_cell_kernel_module_MOD_advec_cell_kernel [{/home/ssshend/CloverLeaf_OpenSHMEM/advec_cell_kernel.f90}]
=> [SAMPLE] __advec_cell_kernel_module_MOD_advec_cell_kernel
[{/home/ssshend/CloverLeaf_OpenSHMEM/advec_cell_kernel.f90} {86}]

Metric Name: TIME

Value: Exclusive

Units: microseconds

87484.215 b std. dev.
212476 ] mean
399936 (L | max
50001 =] min

149987 b node O
149970 node 1

node 2
node 3
node 4
node 5
node 6
node 7
node 8
node 9
node 10
node 11
50001 =] node 12
node 13
node 14
node 15

299966

149972

199985

149986

249947

399936

349960

249976

299953

150010

149993

199989
199993

UNIVERSITY OF OREGON
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Source view in event based sampling

[ NN | TAU: ParaProf: Source Browser: /Users/sameer/rs/taudata/shmem/clover/CloverLeaf_OpenSHMEM/calc_dt_kernel.fS80

83 REAL (KIND=8) :: div,dsx,dsy,dtut,dtvt,dtct,dtdivt,cc,dvl,dvZ, jk_control
84

85 small=0

86 dt_min val = g_big

87 jk_control=1.1

88

89 .

90 DO k=y min,y max

91 DO j=x _min,x_max

92 .

93 dsx=celldx(j)

94 dsy=celldy(k)

95

96 cc=soundspeed(j, k) *soundspeed(]j, k)

97 cc=cc+2.0 8*viscosity a(j,k)/density0(3j, k)

08 cc=MAX(SQRT(cc),g_small)

99

100 dtct=dtc_safe*MIN(dsx,dsy)/cc

101 .

102 div=0.0

103 . . .

104 dvl=(xvelO(j ,k)+xvelO(j ,k+1))*xarea(j ,k)
105 dv2=(xvelO(j+1,k)+xvelO(j+1,k+1))*xarea(j+1l,k)
106 . .

107 div=div+dv2-dvl

108 . :
109 dtut=dtu_safe*2.0_8*volume(j,k)/MAX(ABS(dvl),ABS(dv2),g small*volume(j,k))
110

111 dvl=(yvelO(j,k )+yvelO(j+1l,k ))*yarea(j,k )
112 dv2=(yvelO(j, k+1)+yvelO(j+1,k+1))*yarea(j, k+1)
113

114 div=div+dv2-dvl

115

116 dtvt=dtv_safe*2.0_8*volume(j,k)/MAX(ABS(dvl),ABS(dv2),g_small*volume(j,k))
117

118 div=div/(2.0_8*volume(j,k))

119

120 IF(div.LT.-g_small)THEN

121 dtdivt=dtdiv_safe*(-1.0_8/div)

122 ELSE

123 dtdivt=g_big

124 ENDIF

125 L .

126 dt_min(j,k)=MIN(dtct,dtut,dtvt,dtdivt)

127

128 ENDDO

129 ENDDO

130

Paratools O owvasiTY oF ongoox g



Unwinding callstack with sampling

[ ] O TAU: ParaProf: Function Data Window: clover_gnu_ebs_unw_call.ppk

Name: .TAU application => void shmem_real8_max_to_all_(void *, void *, int *, int *, int *, int *, void *, long *) =>
[CONTEXT] void shmem_real8_max_to_all_(void *, void *, int *, int *, int *, int *, void *, long *) => [UNWIND]
[/home/ssshend/CloverLeaf_ OpenSHMEM/clover_leaf.f90.41] [@] UNRESOLVED /lib64/libc-2.11.3.s0 => [UNWIND]
/home/ssshend/CloverLeaf_OpenSHMEM/hydro.f90.58 [@] main
[{/home/ssshend/CloverLeaf_OpenSHMEM/clover_leaf.f90} {41}] => [UNWIND]

/home/ssshend/CloverLeaf_ OpenSHMEM/PdV.f90.107 [@] hydro_
[{/home/ssshend/CloverLeaf_OpenSHMEM/hydro.f90} {58}] => [UNWIND]
/home/ssshend/CloverLeaf_OpenSHMEM/clover.f90.740 [@] __pdv_module_MOD_pdv
[{/home/ssshend/CloverLeaf_OpenSHMEM/PdV.f90} {107}] => [UNWIND] UNRESOLVED [@]
__clover_module_MOD_clover_check_error [{/home/ssshend/CloverLeaf_OpenSHMEM/clover.f90} {740}] =>
[UNWIND] [/notbackedup/tmp/ulib/mpt/nightly/7.2/062215-RC/sma_dmapp/src/shmem_reduction.h.207] [@]
UNRESOLVED /nfsprojects/volta-projects/tau/tau-2.24.1/craycnl/lib/libTAUsh-gnu-papi-shmem-pdt.so =>
[UNWIND] /notbackedup/tmp/ulib/mpt/nightly/7.2/062215-RC/sma_dmapp/src/shmem_opt_reduction.h.788 [@]
pshmem_double_max_to_all
[{/notbackedup/tmp/ulib/mpt/nightly/7.2/062215-RC/sma_dmapp/src/shmem_reduction.h} {207}] => [UNWIND]
/notbackedup/tmp/ulib/mpt/nightly/7.2/062215-RC/sma_dmapp/src/shmem_opt_reduction.h.107 [@]
_smai_opt_double_max_to_all
[{/notbackedup/tmp/ulib/mpt/nightly/7.2/062215-RC/sma_dmapp/src/shmem_opt_reduction.h} {788}] =>
[SAMPLE] _smai_smp_reduce_double_max
[{/notbackedup/tmp/ulib/mpt/nightly/7.2/062215-RC/sma_dmapp/src/shmem_opt_reduction.h} {107}]

Metric Name: TIME

Value: Exclusive

Units: microseconds

115716.507 [ std. dev.
43737.188 1] mean

449874 max
50010 |:] min
449874 n,c,t 0,0,0
199911 n,c,t 1,0,0
50010 =" n,c,t13,0,0
% export TAU _EBS UNWIND=1
% tau exec —T shmem,gnu —ebs ./a.out
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Unwinding callstack with sampling

- @ (] TAU: ParaProf: Function Data Window: clover_gnu_ebs_unw_call.ppk

Name: .TAU application => void shmem_barrier_all_() => [CONTEXT] void shmem_barrier_all_() => [UNWIND]
[/home/ssshend/CloverLeaf_OpenSHMEM/clover_leaf.f90.41] [@] UNRESOLVED /lib64/libc-2.11.3.s0 => [UNWIND]
/home/ssshend/CloverLeaf_OpenSHMEM/hydro.f90.62 [@] main
[{/home/ssshend/CloverLeaf_OpenSHMEM/clover_leaf.f90} {41}] => [UNWIND]
/home/ssshend/CloverLeaf_OpenSHMEM/advection.f90.102 [@] hydro_

[{/home/ssshend/CloverLeaf_ OpenSHMEM/hydro.f90} {62}] => [UNWIND]
/home/ssshend/CloverLeaf_OpenSHMEM/update_halo.f90.36 [@] __advection_module_MOD_advection
[{/home/ssshend/CloverLeaf_OpenSHMEM /advection.f90} {102}] => [UNWIND]
/home/ssshend/CloverLeaf_OpenSHMEM/clover.f90.292 [@] __update_halo_module_MOD_update_halo
[{/home/ssshend/CloverLeaf_OpenSHMEM /update_halo.f90} {36}] => [UNWIND]
/home/ssshend/CloverLeaf_OpenSHMEM/clover.f90.572 [@] __clover_module_MOD_clover_exchange
[{/home/ssshend/CloverLeaf_OpenSHMEM/clover.f90} {292}] => [UNWIND] UNRESOLVED [@]
__clover_module_MOD_clover_exchange_message [{/home/ssshend/CloverLeaf_OpenSHMEM/clover.f90} {572}] =>
[UNWIND] [/notbackedup/tmp/ulib/mpt/nightly/7.2/062215-RC/sma_dmapp/src/shmem_opt_barrier.c.118] [@]
UNRESOLVED /nfsprojects/volta-projects /tau/tau-2.24.1/craycnl/lib/libTAUsh-gnu-papi-shmem-pdt.so =>
[SAMPLE] _smai_smp_barrier_in
[{/notbackedup/tmp/ulib/mpt/nightly/7.2/062215-RC/sma_dmapp/src/shmem_opt_barrier.c} {118}]

Metric Name: TIME

Value: Exclusive

Units: microseconds

——

~

115863.518 [l std. dev.
49984 [ mean

e e T

449721 max
49991 [ min
449721 n,c,t0,0,0

99996 [EEE—] n,c,t 1,0,0
49991 [l n,c,t 5,0,0

n,c,t 9,0,0

200044
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Unwinding and event based sampling

[ ] [ ] TAU: ParaProf: Statistics for: n,c,t 0,0,0 - clover_gnu_ebs_unw_call.ppk
ANRRNNNNNRRR AN
Name | Exclusiv... |Inclus... 7| Calls

v [l.TAU application 32.383 34.979 1

v [ [CONTEXT] .TAU application 0 31.647 632

v [ [UNWIND] [/home/ssshend/CloverLeaf_OpenSHMEM/clover_leaf.f90.41] [@] UNRESOLVED /lib64/libc-2.11.3.s0 0 31.597 631

v [l [UNWIND] /home/ssshend/CloverLeaf_OpenSHMEM/hydro.f90.62 [@] main [{/home/ssshend/CloverLeaf_OpenSHMEM/clover_leaf.f90} {41}] 0 18.402 367

v [l [UNWIND] /home/ssshend/CloverLeaf_OpenSHMEM/advection.f90.107 [@] hydro_ [{/home/ssshend/CloverLeaf_OpenSHMEM/hydro.f90} {62}] 0 4 79

» O [UNWIND] /home/ssshend/CloverLeaf_OpenSHMEM/advec_mom_driver.f90.61 [@] __advection_module_MOD_advection [{/home/ssshend/C 0 4 79

» O [UNWIND] /home/ssshend/CloverLeaf_OpenSHMEM/advection.f90.80 [@] hydro_ [{/home/ssshend/CloverLeaf_OpenSHMEM/hydro.f90} {62}] 0 3.201 64

v [ [UNWIND] /home/ssshend/CloverLeaf_OpenSHMEM /advection.f90.60 [@] hydro_ [{/home/ssshend/CloverLeaf_OpenSHMEM /hydro.f90} {62}] 0 3.051 61

v [l [UNWIND] /home/ssshend/CloverLeaf_OpenSHMEM/advec_cell_driver.f90.59 [@] __advection_module_MOD_advection [{/home/ssshend/Clc 0 3.051 61

v [ [UNWIND] /home/ssshend/CloverLeaf_OpenSHMEM /advec_cell_kernel.f90.154 [@] __advec_cell_driver_module_MOD_advec_cell_driver [{/ 0 0.35 7

|_|[SAMPLE] __advec_cell_kernel_module_MOD_advec_cell_kernel [{/home/ssshend/CloverLeaf_OpenSHMEM/advec_cell_kernel.f90} {154} 0.35 0.35 7

» B [UNWIND] /home/ssshend/CloverLeaf_OpenSHMEM/advec_cell_kernel.f90.224 [@] __advec_cell_driver_module_MOD_advec_cell_driver [{/ 0 0.3 6

[ ] [ ] TAU: ParaProf: Statistics for: node 12 - clover.ppk
[ [ [ [ [[[ [N NN ENNNNNNNNDENEEED

Name |Excl... 7|Inclu... | Calls | Chil... |

v Ovoid shmem_barrier_all_() 40.896 40.896 135,959 0
v [ [CONTEXT] void shmem_barrier_all_() 0 47.65 947 0
(M|[SAMPLE] _smai_smp_barrier_out [{/notbackedup/tmp/ulib/mpt/nightly/7.2/062215-RC/sma_dmapp/src/shmem_opt_barrier.c} {157}] 42.55 42.55 847 0

[ [SAMPLE] rep_nop [{/notbackedup/tmp/ulib/mpt/nightly/7.2/062215-RC/sma_dmapp/src/shmem_internal.h} {88}] 5 5 98 0

W [SAMPLE] UNRESOLVED /opt/cray/cce/8.3.13/craylibs /x86-64/libu.so.1.0 0.05 0.05 1 0

» [ [SUMMARY] _smai_dmapp_put [{/notbackedup/tmp/ulib/mpt/nightly/7.2/062215-RC/sma_dmapp/src/shmem_put.c}] 0.05 0.05 1 0

v [.TAU application 40.551 98.177 1 246,314
» [C[CONTEXT] .TAU application 0 38.299 763 0
v [Ovoid shmem_real8_max_to_all_(void *, void *, int *, int *, int *, int *, void *, long *) 13.282 13.282 5,910 0
v [ [CONTEXT] void shmem_real8_max_to_all_(void *, void *, int *, int *, int *, int *, void *, long *) 0 7.45 149 0
[ [SAMPLE] _smai_smp_bcast_double_max [{/notbackedup/tmp/ulib/mpt/nightly/7.2/062215-RC/sma_dmapp/src/shmem_opt_reduction.h} {156}] 4.95 4.95 99 0
[l [SAMPLE] rep_nop [{/notbackedup/tmp/ulib/mpt/nightly/7.2/062215-RC/sma_dmapp/src/shmem_internal.h} {88}] 2.5 2.5 50 0
» Evoid shmem_real8_sum_to_all_(void *, void *, int *, int *, int *, int *, void *, long *) 1.627 1.627 1,485 0
» M void shmem_real8_min_to_all_(void *, void *, int *, int *, int *, int *, void *, long *) 0.86 0.86 2,955 0
» Evoid start_pes_(int *) 0.51 0.51 1 0
» Evoid shmem_finalize_() 0.241 0.241 1 0
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Unwinding synchronization operations

[ ] @ TAU: ParaProf: Statistics for: n,c,t 0,0,0 - clover_gnu_ebs_unw_call.ppk

ARRRRRRRRRRE NN NNEEEENNNNEEEEEERRNANN

Name |Inclusive... | Callsv |

v [l.TAU application 34.979 1

» [ [CONTEXT] .TAU application 31.647 632

v Bvoid shmem_barrier_all_() 1.219 46,029

v [ [CONTEXT] void shmem_barrier_all_() 1.599 32

v [l [UNWIND] [/home/ssshend/CloverLeaf_OpenSHMEM/clover_leaf.f90.41] [@] UNRESOLVED /lib64/libc-2.11.3.s0 1.599 32

v [ [UNWIND] /home/ssshend/CloverLeaf_OpenSHMEM/hydro.f90.62 [@] main [{/home/ssshend/CloverLeaf_OpenSHMEM/clover_leaf.f90} {41}] 0.85 17

v [ [UNWIND] /home/ssshend/CloverLeaf_OpenSHMEM/advection.f90.102 [@] hydro_ [{/home/ssshend/CloverLeaf_OpenSHMEM/hydro.f90} {62}] 0.55 11

v M [UNWIND] /home/ssshend/CloverLeaf_OpenSHMEM/update_halo.f90.36 [@] __advection_module_MOD_advection [{/home/ssshend/CloverLeaf_Opel 0.55 11

v [ [UNWIND] /home/ssshend/CloverLeaf_OpenSHMEM/clover.f90.292 [@] __update_halo_module_MOD_update_halo [{/home/ssshend/CloverLeaf_O 0.5 10

v [ [UNWIND] /home/ssshend/CloverLeaf_OpenSHMEM/clover.f90.572 [@] __clover_module_MOD_clover_exchange [{/home/ssshend/CloverLeaf_t 0.5 10

v [l [UNWIND] UNRESOLVED [@] __clover_module_MOD_clover_exchange_message [{/home/ssshend/CloverLeaf_OpenSHMEM/clover.f90} {572}] 0.5 10

v [l [UNWIND] [/notbackedup/tmp/ulib/mpt/nightly/7.2/062215-RC/sma_dmapp/src/shmem_opt_barrier.c.118] [@] UNRESOLVED /nfsproje 0.45 9

|_|[SAMPLE] _smai_smp_barrier_in [{/notbackedup/tmp/ulib/mpt/nightly/7.2/062215-RC/sma_dmapp/src/shmem_opt_barrier.c} {118}] 0.45 9

» E [UNWIND] [/notbackedup/tmp/ulib/mpt/nightly/7.2/062215-RC/sma_dmapp/src/shmem_internal.h.88] [@] UNRESOLVED /nfsprojects/\ 0.05 1

» E [UNWIND] /home/ssshend/CloverLeaf_OpenSHMEM/clover.f90.461 [@] __update_halo_module_MOD_update_halo [{/home/ssshend/CloverLeaf_O 0.05 1

» B [UNWIND] /home/ssshend/CloverLeaf_OpenSHMEM/advection.f90.72 [@] hydro_ [{/home/ssshend/CloverLeaf_OpenSHMEM/hydro.f90} {62}] 0.15 3

» [ [UNWIND] /home/ssshend/CloverLeaf_OpenSHMEM/advection.f90.55 [@] hydro_ [{/home/ssshend/CloverLeaf_OpenSHMEM/hydro.f90} {62}] 0.15 3

» E[UNWIND] /home/ssshend/CloverLeaf_OpenSHMEM/hydro.f90.52 [@] main [{/home/ssshend/CloverLeaf_OpenSHMEM/clover_leaf.f90} {41}] 0.5 10

» [ [UNWIND] /home/ssshend/CloverLeaf_OpenSHMEM/hydro.f90.54 [@] main [{/home/ssshend/CloverLeaf_OpenSHMEM/clover_leaf.f90} {41}] 0.25 5

» Mvoid start_pes_(int *) 0.508 1

v Mvoid shmem_real8_max_to_all_(void *, void *, int *, int *, int *, int *, void *, long *) 0.325 2,000

v [ [CONTEXT] void shmem_real8_max_to_all_(void *, void *, int *, int *, int *, int *, void *, long *) 0.5 10

v [ [UNWIND] [/home/ssshend/CloverLeaf_OpenSHMEM/clover_leaf.f90.41] [@] UNRESOLVED /lib64/libc-2.11.3.s0 0.5 10

v [ [UNWIND] /home/ssshend/CloverLeaf_OpenSHMEM/hydro.f90.58 [@] main [{/home/ssshend/CloverLeaf_OpenSHMEM/clover_leaf.f90} {41}] 0.45 9

v M [UNWIND] /home/ssshend/CloverLeaf_OpenSHMEM/PdV.f90.107 [@] hydro_ [{/home/ssshend/CloverLeaf_OpenSHMEM/hydro.f90} {58}] 0.45 9

v H[UNWIND] /home/ssshend/CloverLeaf_OpenSHMEM/clover.f90.740 [@] __pdv_module_MOD_pdv [{/home/ssshend/CloverLeaf_OpenSHMEM/PdV.f9C 0.45 9

v [l [UNWIND] UNRESOLVED [@] __clover_module_MOD_clover_check_error [{/home/ssshend/CloverLeaf_OpenSHMEM/clover.f90} {740}] 0.45 9

v [l [UNWIND] [/notbackedup/tmp/ulib/mpt/nightly/7.2/062215-RC/sma_dmapp/src/shmem_reduction.h.207] [@] UNRESOLVED /nfsprojects/vol 0.45 9

v I [UNWIND] /notbackedup/tmp/ulib/mpt/nightly/7.2/062215-RC/sma_dmapp/src/shmem_opt_reduction.h.788 [@] pshmem_double_max_tc 0.45 9

v [ [UNWIND] /notbackedup/tmp/ulib/mpt/nightly/7.2/062215-RC/sma_dmapp/src/shmem_opt_reduction.h.107 [@] _smai_opt_double_mz 0.45 9

[ [SAMPLE] _smai_smp_reduce_double_max [{/notbackedup/tmp/ulib/mpt/nightly/7.2/062215-RC/sma_dmapp/src/shmem_opt_reduc! 0.45 9

» H[UNWIND] /home/ssshend/CloverLeaf_OpenSHMEM /hydro.f90.54 [@] main [{/home/ssshend/CloverLeaf_OpenSHMEM/clover_leaf.f90} {41}] 0.05 1
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Callsite Profiling in TAU

[ JON ] TAU: ParaProf: Statistics for: node 0 - clover_callsite.ppk

Name | Excl... 7| Inclu... | Calls |Chil... |
.TAU application 6.152 8.249 1 28,383
[CALLSITE] void start_pes_(int *) [@] [/nfsprojects/volta-projects/tau/tau-2.24.1/craycnl/lib/libTAUsh-gnu-papi-shmem-pdt.so] UNRESOLVED ADDR 0.747 0.747 1 0
void start_pes_(int *) 0.747 0.747 1 0
void shmem_barrier_all_() 0.624 0.624 9,229 0
[CALLSITE] void shmem_barrier_all_() [@] [__clover_module_MOD_clover_exchange_message] [{/home/ssshend/CloverLeaf_OpenSHMEM/clover.f90} {572}] 0.401 0.401 4,610 0
[CALLSITE] void shmem_finalize_() [@] [/nfsprojects/volta-projects/tau/tau-2.24.1/craycnl/lib/libTAUsh-gnu-papi-shmem-pdt.so] UNRESOLVED ADDR 0.314 0.314 1 0
void shmem_finalize_() 0.314 0.314 1 0
[CALLSITE] void shmem_barrier_all_() [@] [__clover_module_MOD_clover_exchange_message] [{/home/ssshend/CloverLeaf_OpenSHMEM/clover.f90} {643}] 0.223 0.223 4,610 0
void shmem_put64_nb_(void *, void *, int *, int *, void *) 0.159 0.159 9,220 0
void shmem_put64_(void *, void *, int *, int *) 0.126 0.126 9,220 0
void shmem_real8_max_to_all_(void *, void *, int *, int *, int *, int *, void *, long *) 0.081 0.081 400 0
[CALLSITE] void shmem_put64_nb_(void *, void *, int *, int *, void *) [@] [__clover_module_MOD_clover_exchange_message] [{/home/ssshend/CloverLeaf ( 0.07 0.07 4,610 0
[CALLSITE] void shmem_put64_(void *, void *, int *, int *) [@] [__clover_module_MOD_clover_exchange_message] [{/home/ssshend/CloverLeaf_OpenSHME}  0.063 0.063 4,610 0
[CALLSITE] void shmem_real8_max_to_all_(void *, void *, int *, int *, int *, int *, void *, long *) [@] [hydro_] [{/home/ssshend/CloverLeaf_OpenSHMEM/hydr 0.046 0.046 200 0
[CALLSITE] void shmem_real8_min_to_all_(void *, void *, int *, int *, int *, int *, void *, long *) [@] [/nfsprojects/volta-projects/tau/tau-2.24.1/craycnl/lib/ 0.04 0.04 200 0
void shmem_real8_min_to_all_(void *, void *, int *, int *, int *, int *, void *, long *) 0.04 0.04 200 0
[CALLSITE] void shmem_real8_max_to_all_(void *, void *, int *, int *, int *, int *, void *, long *) [@] [hydro_] [{/home/ssshend/CloverLeaf_OpenSHMEM/hydr 0.036 0.036 200 0
[CALLSITE] void shmem_put64_nb_(void *, void *, int *, int *, void *) [@] [__clover_module_MOD_clover_exchange] [{/home/ssshend/CloverLeaf_OpenSHME 0.028 0.028 601 0

% export TAU_CALLSITE=1
% aprun —n 32 tau_exec —T shmem,gnu ./a.out
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ParaProf 3D Profile Browser

ParaProf Visualizer: cmod.128x128.128DC.ppk/128x128/aorsa2d/taudata/rs/sameer/Users/
File Options Windows Help

=) Triangle Mesh
_) Bar Plot

) Scatter Plot

. Height Metric
TR ‘;T:‘,m | ““ i ‘I‘ i Exclusive ~| [GET_TIME_OF_DAY |+
N T L HA T
Hu‘ﬂ“_"‘ﬁ.“ﬁ‘.“ﬂu‘rr‘ ALRNARRLYAR Color Metric
R VAR
= Exclusive ~| |GET_TIME_OF_DAY ||
SIGMAD_CQL3D
Function
—
200:0:0
Thread
Height value 321.68 seconds
Color value 321.68 seconds
Mesh Plot Axes  ColorScale >
Plot Width O
Plot Depth e s
Plot Height O
"] Transparency = { Jm—
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ParaProf 3D visualization window

Paraprof Windows -> 3D Visualization

Paratools

Triangle Mesh
*) Bar Plot
Scatter Plot

Topology Plot

Height Metric

Exclusive - TIME -
Color Metric
Exclusive - TIME -

. void shmem_barrier_all_()
Function

13
Thread

Height value 15.697 seconds

Color value  15.697 seconds

| < Axes Color

Auto-Rotate

Reverse Video

AA Lines VI Full Screen AA
Separation =
Aperture e
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Tracking peak memory usage per PE

0@ User Event Window: clover_mem.ppk
Name: Peak Memory Usage Resident Set Size (VmHWM) (KB)
Value Type: Max Value
314.834 [] Std. Dev.
19949 [ —] M ean
21168 (| node O
19860 node 1
10872 || node 2
19868 node 3
19868 (| node 4
19860 ] NOde 5
19872 node 6
19872 [ node 7
19868 node 8
19860 (| node 9
10872 ] node 10
19868 node 11
19868 [ node 12
19868 | Node 13
19868 (| node 14
10868 [l nodee 15

% export TAU_TRACK_MEMORY_FOOTPRINT=1
Parafools % tau_exec —T shmem ./a.out

UNIVERSITY OF OREGON
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Tracking energy usage on Cray

[ ] [ ] TAU: ParaProf: Statistics for: node 0 - clover_en.ppk
Name | Exclusive ENERGY 7V | Inclusive ENERGY |  Exclusive TIME | Inclusive TIME | Calls \ Child Calls
.TAU application 1,299 1,603 6.225 7.549 1 19,163
void shmem_barrier_all_() 109 109 0.371 0.371 9,229 0
void start_pes_(int *) 71 71 0.509 0.509 1 0
void shmem_finalize_() 64 64 0.262 0.262 1 0
void shmem_put64_(void *, void *, int *, int 41 41 0.125 0.125 9,220 0
void shmem_real8_min_to_all_(void *, void * 19 19 0.009 0.009 200 0
int shmem_my_pe_() 0 0 0 0 1 0
int shmem_n_pes_() 0 0 0 0 1 0
void shmem_real8_max_to_all_(void *, void ’ 0 0 0.044 0.044 400 0
void shmem_real8_sum_to_all_(void *, void * 0 0 0.005 0.005 110 0

% module load cray-shmem PrgEnv-gnu

% configure —shmem —bfd=download —unwind=download ; make install
% export TAU_METRICS=TIME,ENERGY

% aprun —n 16 tau_exec —T shmem,gnu ./a.out

NOTE: Cray pm_counters API reports energy at the node level. May want to
execute one thread on each node to get an accurate profile.

ParaTools O
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Generating Event Traces

% source tau.bashrc

% export TAU MAKEFILE=$TAU/Makefile.tau-gnu-papi-shmem-pdt
% make F90=tau f90.sh

(Or edit Makefile and change F90=tau_ £90.sh)

% salloc -N 1 (or msub -I .))
% export TAU TRACE=1
% mpirun -np 4 ./a.out

Merge and convert the tracefiles:

% tau_ treemerge.pl

For Vampir (OTF, old, pre-Score-P):

% tau2otf tau.trc tau.edf app.otf; vampir app.otf

For Jumpshot (SLOG2) :
% tau.trc tau.edf -o app.slog2; jumpshot app.slog2

For ParaVer:
% tau_convert -paraver tau.trc tau.edf app.prv; paraver app.prv

Para%OOlS O UNIVERSITY OF OREGON
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Generating a Trace File Using Score-P

Goal: Identify the temporal aspect of performance. What happens in my code at a given
time? When?

Event trace visualized in Vampir [www.vampir.eu]

® 00 ‘W Trace View - [Users/sameer/ppk/scorep-20130722_1148 2175610264438917 /traces.otf2 - Vampir
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Vampir [T.U. Dresden] Timeline Display

0@

7 Timeline - /Users/sameer/rs/taudata/fun3d/fun3d_trc3/traces.otf2 - Vampir
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Vampir Timeline Display
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7 Timeline - /Users/sameer/rs/taudata/fun3d/fun3d_trc3/traces.otf2 - Vampir
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Vampir Communication Matrix Display

4
Number of Messages
Receiver
A N NN N N - O
S & & FfgFgIgssgesessIeseesesTesesess
£ &£ &£ &£ £ £ £ £ £ £ £ £ & £ £ £ £ £ £ & & £ &£ €
$ & & S & & & S & & & S F & & & & & & & & & & ¢
Yy F & & F F ¢ ¢ F F ¢ ¢ F F F ¢ F F F ¢ F F & &
S F §F f§ § § fF 8§ 5 K S Y Y S Y S S S S-S

Master thread:0 307 397 397 306 396 397 300 394 304 304 273 280 280 276 350 383 32k

Master thread:1 397°359:::3:24a:z:§:.:.. 34 = .
Master thread:2 314 166 135 67
Masterthread:3 [l RO 397 357 243 D . 138 00 28k
Master thread:4 402 317 [ 307 397 358 242 172 136 - L &7 “ sek L
Master thread:5 402 242 312 356 397 307 358 316 243 205 133 1338 67
Master thread:6 404 170 : . : :358 £ ’:203:.: 100 . 100 ~ 100 24k 1
Master thread:7 %0 183 1 242 (358 307 307 358 318 "’. | 168 [ 100 sk 4
Master thread:8 401 166 [ 243 316 3907 317 247 203 168 168 100 34 67 a 168
Master thread:9 a0t T 134T 0 172 202 T 358 LU 358 285 237 199 133 100 D 67 M 34 202 20kt
Master thread:10 . ' 67 :133:136:205:.:316: ) 397 358 245°275°2oa:134:.‘.’.-z;7 .
LU 306 3¢ 67 100 133 204 [ 318 358 307 B 220 201 167 133 133 100 377
B Master thread:12 395 - N 133 247 284 358 * . 202 232 169 133 390 18k T
B \aster thread:13 n 34.34:67:67:100:167:204:.:.:393.397 397 396 397 393'333'.:303-393 e
Master thread:14 67 M 100 100 166 236 248 3907 305 395 304 380 304 374 385
Master thread:15 [ 34 ’ 100 | [ 167 ’ 199 . 273 | 12k T
Master thread:16 . 67 | [ 100 . 133 : 204 . * [ 397 |
Master thread:17 1 “ T34 100 135 239 . 302 396 | okT
Master thread:18 33 67 .. [ "200 0 381 .396’. [ 8k T
Master thread:19 B 0 63 202 W T304 199 302
Master thread:20 2 BRI 0 bk
Master thread:21 B0 133 1] .394-69.133... 4k
Master thread:22 B 3¢ [ 100 123 [ 375 33 100 T 168 8
Master thread:23 34 101 167 202 238 378 389 292 385 M 2k
0

V
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Score-P Architecture: Common Layer

T

Event traces (OTF2) C(aélupéléz p':'zTJe)S

i) |

Score-P measurement infrastructure

Online interface
Hardware counter (PAPI, rusage)

MPI POMP2 CUDA Compiler TAU User
Application (MPIxOpenMPxCUDA)

T T T 1T 1T 1

OPARI 2 CUDA Compiler

Periscope

|

Instrumentation wrapper

UNIVERSITY OF OREGON
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Score-P Partners

Forschungszentrum Julich, Germany

German Research School for Simulation Sciences,
Aachen, Germany

Gesellschaft fur numerische Simulation mbH
Braunschweig, Germany

RWTH Aachen, Germany

Technische Universitat Dresden, Germany
Technische Universitat Munchen, Germany
University of Oregon, Eugene, USA

0 JULICH @ gn> TLTI

RRRRRRRRRRRRRRRR

RWNTH TECHNISCHE
UNIVERSITAT
DRESDEN
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Generating OTF 2 Event Traces

% source tau.bashrc

% export TAU MAKEFILE=$TAU/Makefile.tau-gnu-papi-shmem-pdt-scorep
% make F90=tau f90.sh

(Or edit Makefile and change F90=tau_ £90.sh)

salloc -N 16 (or msub -I ..))
aprun -n 256 ./a.out
cd scorep-<id>/

d° d° od° o°

vampir traces.otf2

Or use Vampirserver and connect vampir running locally to a remote
Vampirserver

NOTE: Vampir is a commercial product [www.vampir.eu]
There is no need to merge or convert traces (an expensive operation!)

Para%OOlS O UNIVERSITY OF OREGON
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Tracing in TAU with Jumpshot

TimeLine : clover.slog2 <ldentity Map>

o0e
[alv]@]a/n o] [<]>
’m: Zoom Level Global Min Time

0/10 Il 16 [[0.00

View Init Time
| 1.8540756493

ajgla]n (88 @ 2@

Zoom Focus Time
1 1.8541664482

View Final Time
| 1.8542572406

Global Max Time
9.782368

Time Per Pixel
|'0.0000001998

ol

| Cumulati... ¢|

[ SLOG-2

10

11

TimeLines -

@ LinelD

1.85408
Tam

1.85412

1.85414 1.85416

1.85418

1.8542 1.85422 1.85424

-11

Time {seconds)

N

Fit All F

i void shmem_put64_nb_(void *, void *, int *, int *, void *)

- void shmem_barrier_all_()

- void shmem_put64_(void *, void *, int *, int *)

duration = 63.00 usec
[0]: time = 2.062137, LinelD = 6
[1]: time = 2.062200, LinelD = 6

duration = 0.273 msec
[0]: time = 2.062396, LinelD = 5
[1]: time = 2.062669, LinelD = 5

duration = 1.00 usec
[0]: time = 2.062534, LinelD = 1
[1]: time = 2.062535, LinelD = 1

| close |

| close |

| close |

% export TAU TRACE=1

% aprun —n 16 tau_exec —T shmem,gnu ./a.out
% tau_treemerge.pl; tau2slog?2 tau.trc tau.edf —o app.slog2; jumpshot app.slog2 &

Paratools

O
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Zooming in...

alvo/aaelse [<]>

TimelLine : clover.slog2 <ldentity Map>

alla[m]a]n [O[8]®|

@a@

Lowest / Max. Depth:ZoomLeveI Global Min Time View Init Time Zoom Focus Time View Final Time Global Max Time Time Per Pixel e
[ 0/10 Il 18 |[0.00 | 1.8542052923 | 1.8542206753 |1.8542360495 9.782368 ||0.0000000338 Lé!ﬂ
| cumulati.. 3| TimeLines -
0 “
i : =
4 = y
4
| T . T
3 o — . i
5 - ) 4
— T %
6 4 A A
i — —
8 |
‘AR Wil 1
7O
9 4
S |/ e
1 . TS B ' I
@ LinelD
| | | | | | | | | | | |
354205 1.8542075  1.35421 1.8542125  1.854215 1.8542175  1.35422 1.8542225  1.354225 1.8542275  1.85423 1.8542325  1.8542
Time (seconds)

“| Row

> —_

Row Count
13.0

-11

Fit All F

- void shmem_put64_nb_(void *, void *, int *, int *, void *) - void shmem_barrier_all_() - void shmem_put64_(void *, void *, int *, int *)

duration = 63.00 usec
[0]: time = 2.062137, LinelD = 6
[1]: time = 2.062200, LinelD = 6

duration = 0.273 msec duration = 1.00 usec
[0]: time = 2.062396, LinelD = 5 [0]: time = 2.062534, LinelD = 1
[1]: time = 2.062669, LinelD = 5 [1]: time = 2.062535, LinelD = 1

| close | ‘ | close | | close |
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Tracing Communication in Jumpshot

TimeLine : uts_shmem_T3L_xk6.slog2 <ldentity Map> =%
pje- [<[>][n]a[sa]a] (e )
Lowest / Max. Depth 4|Zoom Level Global Min Time View Init Time Zoom Focus Time View Final Time Global Max Time Time Per Pixel f 4 Row -
[ 0/15 18 ‘0.00 |10.3746652036 10.3750212336 10.3753934313 129.929863 0.0000003634 Q @ v

Row Count
= - - TimeLines - 9.0
=

[35L0G-2

8
Go

7
O
i '.J"”MMIIII!IIIIIWIHII_ |
R V

ZZ _ I!“!!ll!l!l_ |
- |

Oz
I Uy
< >
| d Til] Tl Kl
@ LinelD - | | Fit All Ro
— | | | | | | |
- 103743 1037435 10375 1037505 103751 1037515 103752 1037525 103753 1037535 o[
v Drawable Info Box * v Drawable Info Box *Jllv Drawable Info Box || 84 Drawable Info Box bad
[[] intshmem_int_cswapant =, int, int, ino ¢ | [} void shmem_int_putant *, const int %, size_t, int ¢ Message size sent to all nodes [EE] void parTreesearchtealstack %) € [futs_shm.) {1166,1)- (1237,1]
duration = 8.00 usec 4| [|duration = 5.00 usec ~||[[0]: time = 10.375021, LinelD = 3 duration = 128.10958 sec =
[0]: time = 10.374975, LinelD = 3 —|[l[[0): time = 10.2374993, LinelD = 3 —|]|Count=4.0 [O]: time = 1.820157, LinelD = 1 |
time = inelD = ~! |1 time = 10.274998. LinelD = - [ time = 129.929735, LinelD = 1 ~
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How does TAU work?

Instrumentation: Adds probes to perform measurements
« Source code instrumentation using pre-processors and compiler scripts
«  Wrapping external libraries (1/0, MPI, Memory, CUDA, OpenCL, pthread)

* Rewriting the binary executable

Measurement: Profiling or Tracing using wallclock time or hardware
counters

« Direct instrumentation (Interval events measure exclusive or inclusive duration)
« Indirect instrumentation (Sampling measures statement level contribution)

« Throttling and runtime control of low-level events that execute frequently

« Per-thread storage of performance data

« Interface with external packages (e.g. PAPI hw performance counter library)

Analysis: Visualization of profiles and traces
« 3D visualization of profile data in paraprof, perfexplorer tools

- Trace conversion & display in external visualizers (Vampir, Jumpshot, ParaVer)

Para%OOlS O UNIVERSITY OF OREGON
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Source code
instrumentation
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What is PDT?

* PDT is a static analysis toolkit
* Itincludes binary parsers for C, C++, UPC, and Fortran

* It also includes binary rewriting tools from Intel Exascale
Labs (MAQAO), and SDSC (Pebil)

* Tau_instrumentor is a source code instrumentation tool
that uses PDT’s DUCTAPE API library for inserting hooks
in a copy of the source code

 PDT -> Source-to-source instrumentation!

Paratools O OOOOOOOOOOOOOOOOOO



TAU' s Static Analysis System:
Program Database Toolkit (PDT)

Application
/ Library
C/C++ Fortran parser
parser F77/90/95
IL IL
C/C++ Fortran

IL analyzer

ROSE [LLNL] EDG v4.4 parsers

IL analyzer

Program

Database DUCTAP

Files

Paratools

Automatic source
Instrumentation




utomatic Source Instrumentation

using PDT

Parsed
program

T~

Paratools

TAU source Application
analyzer source

|

v

tau_instrumentor

_{

Instrumented
copy of source

J

N




Using TAU: A Brief Introduction

TAU supports several measurement and thread options
Phase profiling, profiling with hardware counters, MPI library, CUDA...

Each measurement configuration of TAU corresponds to a unique stub
makefile and library that is generated when you configure it

To instrument source code automatically using PDT

Choose an appropriate TAU stub makefile in <arch>/lib. On CX1:
% export TAU_MAKEFILE=/usr/local/packages/tau/x86_64/lib/Makefile.tau-shmem-pdt
% export TAU_OPTIONS= ‘-optVerbose ...” (see tau_compiler.sh)

% export PATH=/usr/local/packages/tau/x86_64/bin:$PATH
(or source /ccs/lhome/csep62/pkgs/tau.bashrc/point.cshrc)

Use tau _f90.sh, tau_cxx.sh, tau_upc.sh, or tau_cc.sh as F90, C++,
UPC, or C compilers respectively:

% oshcc foo.c changes to

% tau_cc.sh foo.c

Set runtime environment variables, execute application and
analyze performance data:

% pprof (for text based profile display)
% paraprof (for GUI

Para%OOlS O UNIVERSITY OF OREGON
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Choosing TAU_MAKEFILE

% 1ls $TAU/Makefile.*

Makefile.

Makefile
Makefile
Makefile
Makefile
Makefile
Makefile

Makefile
Makefile

tau

.tau-communicators-icpc-papi-mpi-pdt

. tau-gnu-papi-shmem-pdt
.tau-icpc-papi-mpi-pdt-openmp-opari
.tau-icpc-papi-mpi-pdt
.tau-icpc-papi-mpi-pthread-pdt
.tau-icpc-papi-pdt-openmp-opari-scorep
Makefile.

tau-icpc-papi-pdt-scorep

.tau-phase-icpc-papi-mpi-pdt
.tau-scorep-trace

For an MPI+F90 application with OpenSHMEM, you may choose

Makefile.

tau-gnu-papi-shmem-pdt

« Supports MPI instrumentation & PDT for automatic source instrumentation

o°

o°

o° oP

ParaTools O

export TAU MAKEFILE=$TAU/Makefile.tau-gnu-papi-shmem-pdt
tau cc.sh foo.c -o foo

aprun -n 16 ./foo

paraprof
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Tags in tau_exec and other tools

% cd /usr/local/packages/tau/craycnl/lib; 1ls Makefile.*
Makefile. tau-intel-papi-shmem-pdt

% gsub -I -1 select:ncpus=16; aprun -n 256./matrix
aprun —np 256 tau exec -T intel,shmem,pdt ./a.out

o°

Chooses Makefile.tau-intel-shmem-pdt and associated libraries.

$ tau exec -T serial,pdt ./a.out

Chooses Makefile.tau-pdt or the shortest Makefile name without -shmem
(or mpi) .

-T <list of tags> is used in several TAU tools:

" tau run

" tau rewrite

" tau exec

- tau gen wrapper

UNIVERSITY OF OREGON
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Configuration tags for tau_exec

% ./configure -pdt=<dir> -pdt c++=/usr/bin/g++
-—arch=craycnl -shmem -papi=<dir>; make install
Creates in $TAU:

Makefile. tau-gnu-papi-shmem-pdt (Configuration parameters in stub
makefile)

Shared-gnu-papi-shmem-pdt/1ibTAU. so

% ./configure -pdt=<dir> -pdt c++=/usr/bin/g++ -shmem; make install
creates -

Makefile. tau-gnu-shmem-pdt
Shared-gnu-shmem-pdt/1ibTAU. so

To explicitly choose preloading of shared-<options>/libTAU.so change:
% aprun -n 256 ./a.out to
$ aprun —n 256 tau exec -T <comma separated options> ./a.out

$ aprun -n 256 tau exec -T gnu,papi,shmem,pdt ./a.out
Preloads $TAU/shared-gnu-papi-shmem-pdt/1ibTAU. so

$ aprun —-n 256 tau exec -T papi ./a.out

Preloads $TAU/shared-gnu-papi-shmem-pdt/l1ibTAU.so by matching.

$ aprun -n 256 tau exec -T papi,shmem,pdt -s ./a.out
Does not execute the program. Just displays the library that it will preload if

executed without the —s option.
LParatools O
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Binary Rewriting Instrumentation

Support for both static and dynamic executables
Specify a list of routines to instrument

Specify the TAU measurement library to be injected
Dyninst [U. Wisconsin, U. Maryland].

©)

5 tau run -T [tags] a.out -o a.inst

MAQAO [Intel Exascale Labs, UVSQ]:

O

5 tau rewrite -T [tags] a.out -o a.inst

Pebil [SDSC]:

©)

% tau pebil rewrite -T [tags] a.out \
-0 a.lnst

Execute the application to get measurement data:

O

$ aprun -n 4 ./a.inst
Paratools O voomoroncn



TAU Performance System®

Parallel performance framework and toolkit %

» Goal: to supports all HPC platforms, compilers, and runtime
systems

* Provides portable instrumentation, measurement, analysis

'TAU Architecture |
/Instrumentation . Measurement Analysis A
Source 5

o C, C++, Fortran
o Python, UPC, Java
o Robust parsers (PDT)

o Interposition (PMPI)
o Wrapper generation

o Static, dynamic
o Preloading

Ex |
o Dynamic (Dyninst)
o Binary (Dyninst, MAQAO)

Pars. . ___

Measurement API
. lMlelallle![?IdlIglaltI?lﬂlllll
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Using TAU with OpenSHMEM

*Configuration of PDT:

* wget http://tau.uoregon.edu/pdt_lite.tgz
» . /configure; make ; make install

*Configuration of TAU for OpenSHMEM:

* wget http://tau.uoregon.edu/tau.tgz; tar zxf tau.tgz; cd tau-2.%;

* wget http://tau.uoregon.edu/ext.tgz; tar zxf ext.tgz (37 party libraries)

» ./configure —pdt=<dir> -shmem —iowrapper —bfd=download —
unwind=download —arch=craycnl —pdt_c++=/usr/bin/g++

* make install

*Compiling:
* export TAU_MAKEFILE=<taudir>/craycnl/lib/Makefile.tau-gnu-shmem-pdt
* make CC=tau_cc.sh CXX=tau_cxx.sh F90=tau_f90.sh

Para%OOlS O UNIVERSITY OF OREGON



Identifying Potential Bottlenecks

Metric: PAPI_FP_INS / LINUX_TIMERS
Value: Exclusive
Units: Derived metric shown in microseconds format

1142.273

Loop: CHEMKIN_M::REACTION_RATE_VEC [{chemkin_m.pp.f90} {457,3}-{471,8}]
88423 o] Loop: TRANSPORT_M::COMPUTECOEFFICIENTS [{mixavg_transport_m.pp.f90} {492,5}-{520,9}]
0.014 | MPI_Wait() I .ﬂ .
121.843 [ Loop: TRANSPORT_M::COMPUTESPECIESDIFFFLUX [{mixavg_transport_m.pp.f90} {630,5}-{656,19}] OW m Ops In
0.021 | MPI_Isend()
0.06 | Loop: RHSF [{rhsf.pp.f90} {209,3}-{211,7}] —
183.176 [ | Loop: INTEGRATE [{integrate_erk.pp.fQO}{73,3}—{93,13}}& |OOpS?
0 | MPI_Comm_split()

0 | MPI_Barrier()
148.608 [N RHSF
269.897 [ Loop: TRANSPORT_M::COMPUTEHEATFLUX [{mixavg_transport_m.pp.f90} {782,5}-{790,19}]
74283 [ ] Loop: THERMCHEM_M::CALC_TEMP [{thermchem_m.pp.f90} {175,5}-{216,9}]
163.317 [l Loop: RHSF [{rhsf.pp.f90} {537,3}-{543,16}]
174.081 [___] Loop: RHSF [{rhsf.pp.f90} {545,3}-{551,16}]
124.129 [ Loop: RHSF [{rhsf.pp.f90} {515,3}-{535,16}]
1153.827 e Loop: DERIVATIVE_X_CALC [{derivative_x.pp.fo0} {432,10}-{441,15}]
2.177 | DERIVATIVE_X_COMM
1422.272 [l 10OP: DERIVATIVE_Y_CALC [{derivative_y.pp.f90} {431,10}-{440,15}]
1459472 ] Loop: DERIVATIVE_Z_CALC [{derivative_z.pp.f90} {435,10}-{444,15}]
178.375 [l Loop: VARIABLES_M::GET_MASS_FRAC [{variables_m.pp.f90} {96,3}-{99,7}]
374.708 [l Loop: THERMCHEM_M::CALC_INV_AVG_MOL_WT [{thermchem_m.pp.f90} {127,5}-{129,9}]
0 | MPI_Irecv()
3.778 | DERIVATIVE_Y_COMM
244,308 [ Loop: THERMCHEM_M::CALC_SPECENTH_ALLPTS [{thermchem_m.pp.f90} {506,3}-{512,8}]
1.294 | INTEGRATE
0.002 | S3D
7.111 | DERIVATIVE_Z_COMM
733.265 Loop: DERIVATIVE_X_CALC [{derivative_x.pp.f90} {490,13}-{509,18}]
765.947 [ ] Loop: DERIVATIVE_X_CALC [{derivative_x.pp.f90} {461,13}-{480,18}]
950.372 @] Loop: DERIVATIVE_Y_CALC [{derivative_y.pp.fo0} {488,13}-{507,18}]

973.95 | Loop: DERIVATIVE_Y_CALC [{derivative_y.pp.f90} {459,13}-{478,18}]
249.638 [l Loop: TRANSPORT_M::COMPUTESTRESSTENSOR [{mixavg_transport_m.pp.f90} {711,5}-{737,10}]
1119.025 | Loop: DERIVATIVE_Z_CALC [{derivative_z.pp.f90} {464,13}-{483,18}]

0.328 | TRANSPORT_M::COMPUTESPECIESDIFFFLUX
1257.338 | YFNFNYNYSTFF Loop: DERIVATIVE_Z_CALC [{derivative_z.pp.f90} {493,13}-{512,18}]
84.649 [] RK_M:CONTROLLER
30.583 [ DERIVATIVE_X_CALC
33.374 [] DERIVATIVE_Y_CALC
33.405 [ DERIVATIVE_Z_CALC
61.032 [ THERMCHEM_M::CALC_INV_AVG_MOL_WT
95.032 [_] GET_VELOCITY_VEC
103.526 [l Loop: TRANSPORT_M::COMPUTECOEFFICIENTS [{mixavg_transport_m.pp.f90} {527,5}-{529,10}]
196.839 [ ] Loop: FILTER_M::FILTER [{filter_m.pp.f90} {1232,5}-{1236,9}]
293.594 [E] THERMCHEM_M:CALC_TEMP
141.127 [ TRANSPORT_M:COMPUTECOEFFICIENTS
24.465 [] COMPUTESCALARGRADIENT
0 | Loop: INTEGRATE [{integrate_erk.pp.f90} {108,3}-{110,7}] a
0.245 | VARIABLES_M::GET_MASS_FRAC v
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TAU’s ParaProf 3D Browser

TAU: ParaProf: 3D Visualizer: lu-c-512.ppk

Triangle Mesh
(*) Bar Plot
Scatter Plot

Topology Plot

Height Metric

Exclusive v TIME
Color Metric
Exclusive v TIME
. MPI_Recv()
Function
480
Thread

Height value 4 seconds

Color value 4 seconds

Scales Axes = Color = Render |
Plot Width =
Plot Depth —
Plot Height o—
Bar Size ==

Transparency e )=

Paratools
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ParaProf

r

YaYe)

Paratools

TAU: ParaProf: 3D Visualizer: M2048_np1.ppk

@ Triangle Mesh
v Bar Plot
() Scatter Plot

(O Topology Plot

Height Metric
Exclusive (- ) |TIME (-
N

Color Metric

Exclusive ]f v TIME ]/ v )
MPI_Send()
Function
' ®
1846
Thread
’ ® >

Height value 283.977 seconds

Color value 283.977 seconds

[ Scales | Plot Axes Color Render |

height: 0 I 311.904

seconds
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TAU’s ParaProf Topology Displays

® 00

€
5]
o

void

Paratools

TAU:i ParaProf: 3D Visualizer: mm_fx_216p.ppk

Triangle Mesh
Bar Plot

Scatter Plot

(*) Topology Plot

Layout I Events

\—
Minimum Visible
3.557 seconds

Maximum Visible
3.616 seconds

Lock Range
X Axis >
Y Axis —
Z Axis >

Avg Color Value: 3.608 seconds

Topology |FUJITSU v map
L3

X Axis

Y Axis

Z Axis
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Event Based Sampling in TAU

1®@ 0 0O : '\ TAU: ParaProf: Statistics for: no.d"e- -0_; /-anl/-;ioB;i}t;Joi;7iau-/t;a-i;l};lg--/_ta-xa:é.5iiexamples/mm
File Options Windows Help
LIRS AEEEEEENNNNNNEEEERERENENNENEEEEEENE
Name 24 [Exclusive TIME [ Inclusive TIME Calls Child Calls

¢ Mint main(int, char **) C [{matmult.c} {159,1}-{229,1}] 0.033 2,837.969 1 3
o Ml MPI_Finalize() 16.403 16.444 1 5
o CMPI_Init() 1,140.687 1,141.011 1 45
¢ M double do_work(void) C [{matmult.c} {120,1}-{151,1}] 0.041 1,680.481 1 8
M double **allocateMatrix(int, int) C [{matmult.c} {36,1}-{43,1}] 2.959 2.959 3 0
¢ Ovoid compute(double **, double ** double **, int, int, int) C [{matmult.c} {78,1}-{97,1}] 956.539 956.539 1 0
¢ I [CONTEXT] void compute(double ** double **, double **, int, int, int) C [{matmult.c} {78,1}-{97,1}] 0 949.969 95 0
B [SAMPLE] compute [{/usr/global /tools /tau/training/tau-2.23/examples/mm /matmult.c} {87}] 59.993 59.993 6 0
CO[SAMPLE] compute [{/usr/global /tools/tau/training /tau-2.23/examples/mm /matmult.c} {91}] 889.976 889.976 89 0
¢ Ovoid compute_interchange(double **, double **, double **, int, int, int) C [{matmult.c} {99,1}-{118,1}] 718.179 718.179 1 0
¢ I [CONTEXT] void compute_interchange(double **, double **, double *¥, int, int, int) C [{matmult.c} {99,1}-{118,1}] o] 720 72 0
B [SAMPLE] compute_interchange [{/usr/global /tools /tau/training/tau-2.23 /examples /mm /matmult.c} {108}] 60 60 6 0
C[SAMPLE] compute_interchange [{/usr/global /tools/tau/training/tau-2.23/examples /mm /matmult.c} {112}] 660 660 66 0
B void initialize(double **, int, int) C [{matmult_initialize.c} {3,1}-{16,1}] Shiw Source Code 2.763 2.763 3 0

Show Function Bar Chart

Show Function Histogram

Assign Function Color
Reset to Default Color

% export TAU_MAKEFILE=3$TAU/Makefile.tau-icpc-papi-mpi-pdt
% make CC=tau_cc.sh CXX=tau_cxx.sh

% export TAU _SAMPLING=1; export TAU EBS UNWIND=1

% oshrun —np 256 ./a.out

% paraprof
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Opari OpenMP Instrumentation, Sampling

e 00 |X| TAU: ParaProf: Statistics for: node 0, thread 0 - /usr/global/tools/tau/training/tau-2.23/examples/mm
File Options Windows Help
[ [ [ ][ LIS AENEEERRNNNNEEEERRENNNEEEERRENNNENR
Name £ Exclu... |Inclu... |C... |C...
¢ Mint main(int, char *¥) C [{matmult.pomp.c} {224,1}-{294,1}] 0 3.134 1 3
o [l MPI_Finalize() 0.191 0.191 1 5
o OMPI_Init_thread() 1.148 1.151 1 45
¢ Edouble do_work(void) C [{matmult.pomp.c} {185,1}-{216,1}] 0.001 1.792 1 8
W double **allocateMatrix{int, int) C [{matmult.pomp.c} {38,1}-{45,1}] 0.003 0.003 3 0
¢ Mvoid compute(double **, double **, double **, int, int, int) C [{matmult.pomp.c} {111,1}-{146,1}] 0 097 1 1
¢ Mparallel fork/join [OpenMP] 0 097 1 1
¢ Mparallel {parallel fork/join) [OpenMP location: file:/usr/global /tools/tau/training/tau-2.23/examples/mm /matmult.c <80, 96>] 0 097 1 1
¢ Mparallel begin/end [OpenMP] 0 097 1 1
¢ M parallel (parallel begin/end) [OpenMP location: file:/usr/global /tools /tau/training /tau-2.23/examples/mm /matmult.c <80, 96> ] 0 097 1 2
¢ Ebarrier enter/exit [OpenMP] 0 0.003 1 1
o [l parallel (barrier enter/exit) [OpenMP location: file:/usr/global /tools/tau/training/tau-2.23/examples/mm /matmult.c <80, 96>] 0.003 0.003 1 0
¢ lfor enter/exit [OpenMP] 0 0.967 1 1
¢ Ofor (loop body) [OpenMP location: file:/usr/global /tools /tau/training/tau-2.23/examples/mm /matmult.c <84, 95>] 0.967 0.967 1 0
¢ I [CONTEXT] for (loop body) [OpenMP location: file:/usr/global /tools/tau/training/tau-2.23/examples/mm /matmult.c <84, 95>] 0 093 58 0
B [SAMPLE] L_compute_118__par_region0_2_204 [{/usr/global /tools/tau/training/tau-2.23/examples/mm /matmult.pomp.c} {127}] 0.039 0.039 3 0
C[SAMPLE] L_compute_118__par_region0_2_204 [{/usr/global /tools /tau/training/tau-2.23/examples/mm /matmult.pomp.c} {131}] 0.891 0.891 55 0
¢ Mvoid compute_interchange(double **, double **, double *¥, int, int, int) C [{matmult.pomp.c} {148,1}-{183,1}] 0 0.812 1 1
¢ Mparallel fork/join [OpenMP] 0 0812 1 1
¢ M parallel (parallel fork/join) [OpenMP location: file:/usr/global /tools/tau/training /tau-2.23/examples/mm /matmult.c <101, 117>] 0 0.811 1 1
¢ Mparallel begin/end [OpenMP] 0 0.811 1 1
o [Oparallel {(parallel begin/end) [OpenMP location: file:/usr/global /tools/tau/training/tau-2.23/examples/mm /matmult.c <101, 117>] 0 0.811 1 2
o [Mvoid initialize{(double **, int, int) C [{matmult_initialize.pomp.c} {5,1}-{33,1}] 0 0.007 3 =

% export TAU MAKEFILE=$TAU/Makefile.tau-icpc-papi-mpi-pdt-opari-openmp
% make CC=tau_cc.sh CXX=tau_cxx.sh

% export TAU _SAMPLING=1; export OMP_NUM_THREADS=16

% mpirun —np 256 ./a.out

% paraprof
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TAU’s support for Intel and GNU OMPT

i® 0 0O |\, TAU: ParaProf: Statistics for: node 0, tﬁread 0 - /usr/global/tools/tau/training /tau-2.23/examples/mm
File Options Windows Help

ENNRNRRRRRNR (NN EEEEEEEEEEE
Name & Exclusi... |Inclusi... Calls Child Calls

¢ l.TAU application 0 2.943 1 1

¢ Mint main(int, char **) C [{matmult.c} {159,1}-{229,1}] 0 2.942 1 3

o Ml MPI_Finalize() 0.034 0.034 1 5

o OMPI_Init_thread() 1.148 1.151 1 45

¢ M double do_work(void) C [{matmult.c} {120,1}-{151,1}] 0 1.757 1 8

M double **allocateMatrix(int, int) C [{matmult.c} {36,1}-{43,1}] 0.003 0.003 3 0

¢ lvoid compute(double *¥, double **, double **, int, int, int) C [{matmult.c} {78,1}-{27,1}] 0 0.951 1 1

¢ lOpenMP_PARALLEL_REGION: [OPENMP] compute [{/usr/global /tools /tau/training/tau-2.23/examples/mm /matmult.c} {80}] 0 0951 1 2

¢ lOpenMP_BARRIER: [OPENMP] compute [{/usr/global /tools /tau/training /tau-2.23/examples/mm /matmult.c} {80}] 0.004 0.004 1 0

o M [CONTEXT] OpenMP_BARRIER: [OPENMP] compute [{/usr/global /tools/tau/training/tau-2.23/examples/mm /matmult.c} {80}] 0 0.007 1 0

¢ O OpenMP_LOOP: [OPENMP] compute [{/usr/global /tools/tau/training/tau-2.23/examples/mm /matmult.c} {80}] 0.946 0.946 1 0

¢ I[CONTEXT] OpenMP_LOOP: [OPENMP] compute [{/usr/global /tools /tau/training/tau-2.23/examples/mm /matmult.c} {80}] 0 0944 62 0

M [SAMPLE] L_compute_80__par_region0_2_150 [{/usr/global /tools/tau/training/tau-2.23/examples/mm /matmult.c} {87}] 0.047 0.047 2 0

C[SAMPLE] L_compute_80__par_region0_2_150 [{/usr/global /tools/tau/training/tau-2.23/examples/mm /matmult.c} {91}] 0.897 0.897 60 0

> [Ovoid compute_interchange(double ** double ** double **, int, int, int) C [{matmult.c} {99,1}-{118,1}] 0 0.787 1 1

¢ Mvoid initialize(double **, int, int) C [{matmult_initialize.c} {3,1}-{16,1}] 0.005 0.016 3 3

¢ M OpenMP_PARALLEL_REGION: [OPENMP] initialize [{/usr/global /tools /tau/training/tau-2.23/examples/mm /matmult_initialize.c} {5} 0 0.011 3 6

¢ M OpenMP_BARRIER: [OPENMP] initialize [{/usr/global /tools /tau/training/tau-2.23/examples/mm /matmult_initialize.c} {5}] 0.01 0.01 3 0

o [l [CONTEXT] OpenMP_BARRIER: [OPENMP] initialize [{/usr/global /tools/tau/training/tau-2.23/examples/mm /matmult_initializ 0 0.03 2 0

W OpenMP_LOOP: [OPENMP] initialize [{/usr/global /tools/tau/training/tau-2.23/examples/mm /matmult_initialize.c} {5}] 0.001 0.001 3 0

Configure TAU with —ompt=download (without —opari)

% export TAU MAKEFILE=$TAU/Makefile.tau-papi-mpi-pdt-ompt-openmp

% make CC=tau_cc.sh CXX=tau_cxx.sh

% export TAU SAMPLING=1; export OMP_NUM_THREADS=16

% mpirun —np 256 tau_exec —T ompt,papi,pdt —ompt ./a.out

% paraprof

NOTE: Instrumentation is at the source, MPI, and OpenMP levels with sampling
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Evaluating Extent of Vectorization on MIC

| ® 0 0 TAU: ParaProf: node 0 - lu_mic_vpu_loops.ppk

Metric: ( PAPI_NATIVE_VPU_ELEMENTS_ACTIVE / PAPI_NATIVE_VPU_INSTRUCTIONS_EXECUTED )
Value: Exclusive

Units: counts

Sorted By: Exclusive (TIME)

7.26 MPI_Recv()
3.493 Loop: JACU [{jacu.f} {39,10}-{381,15}]
3.507 ] Loop: JACLD [{jacld.f} {39,103-{381,15}]
6.567 MPI_Send()

3795 ] Loop: BUTS [{buts.f} {72,7}-{250,12}]
3.686 [ EXCHANGE_1 [{exchange_1.f}{5,7}-{177,9}]
3.843 — Loop: BLTS [{blts.f} {74,7}-{250,11}]
2162 [ ] Loop: RHS [{rhs.f} {363,7}-{478,12}]
1S ] EXACT [{exact.f} {4,73-{53,9)]
1.023 [l Loop: SSOR [{ssor.f}{78,7}-{199,12}]
2566 [ ] Loop: RHS [{rhs.f} {242,7}-{358,12}]
8,018 ] MPI_Wait()
2808 [ ] Loop: RHS [{rhs.f} {88,7}-{202,12}]
3.61 [— BLTS [{blts.f} {4,7}-{259,9}]
361 ] BUTS [{buts.f}{4,7}-{259,9)]
5.628 [ Loop: EXACT [{exact.f} {36,7}-{50,12}]
3.49 [—] Loop: SETIV [{setiv.f} {31,7}-{64,12}]
323 ] Loop: RHS [{rhs.f} {223,7}-{240,12}]
3302 b .. ] Loop: BLTS [{blts.f}{58,7}-{71,12}]
803 [ JACLD [{jacld.f} {5,7}-{384,9}]
803 JACU [{jacu.f} {5,7}-{384,9}]
Loop: RHS [{rhs.f} {68,7}-{86,12}]
3.416 Loop: BUTS [{buts.f} {58,7}-{69,12}]
3375 B ] MPI_Allreduce()
3415 ] Loop: RHS [{rhs.f} {38,7}-{46,12}]
4.459 [ Loop: EXCHANGE_1 [{exchange_1.f}{76,15}-{82,19}]
3.166 MPI_Init()
4,450 [ Loop: EXCHANGE_1 [{exchange_1.f} {94,15}-{100,19}]
4450 (YT Loop: EXCHANGE_1 [{exchange_1.f}{106,15}-{112,19}]
4.459 Loop: EXCHANGE_1 [{exchange_1.f}{123,15}-{129,19}]
0.601 [ | Loop: EXCHANGE_3 [{exchange_3.f}{154,11}-{169,16}]
3.566 [ RHS [(rhs.f}{5,7}-{481,9}]
6.139 e MPI_Finalize()
3.593 v nnn] EXCHANGE_3 [fexchange_3.f} {5,7}-{312,9}]

3.
3.
4.408 |

% export TAU_MAKEFILE=$TAUROOT/mic_linux/lib/Makefile.tau-papi-mpi-pdt
% export TAU_METRICS=TIME,
PAPI_NATIVE_VPU_ELEMENTS_ACTIVE,PAPI_NATIVE_VPU_INSTRUCTIONS_EXECUTED
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Mixed MPI

e OO
File Options Windows Help

and OpenMP Instrumentation

'\| TAU: ParaProf: fusr/global/tools/tau/training/tau-2.23/examples/mm

Metric: TIME
Value: Exclusive

Std. Dev.

|
Mean []

Max [ ]

Min [ ]
node 0, thread 0 [ | [
node 0, thread 1
node 0, thread 2
node 0, thread 3
node 1, thread 0
node 1, thread 1
node 1, thread 2
node 1, thread 3
node 2, thread 0
node 2, thread 1
node 2, thread 2
node 2, thread 3
node 3, thread 0
node 3, thread 1
node 3, thread 2
node 3, thread 3

I EH L] | HE O B & [ & B8 §00HTIE
LI 0 [ IBE 0 [ B ] 6 BOOOITLDLIN
[ | | — — | ] s W O000000 1 -
L [ ] | ] | OO
L] 1] 1] el [ B 000 0l
[ I L] [ ] | B 001 |
] — L] B L1 [ ]| B 00 |
L] L] B4 [ [ ] & | B 000l
L1 C_ 1] 1] Bl B OO 1 L
L1 L] B L1 [ ]| 0 [ 1 1
L] .. L1 ES L IE [ ]| B (T 11
] — [ | L] [ & | BT
L1 (| ] B ] B 0001 (e
[ | . L1 B L IE [ ] S | B 000 |
o] —— [ v e R s | e | —— | I - R T TR
L for {loop body) [OpenMP location: file: jusr/globalftools/tau/trainingftau-2.2 2 jexamples /mm/matmult.c <84, 95>]
D Exclusive TIME: 0.854 seconds
]Inclusive TIME: 0.954 seconds
M Calls: 1.0
L subCalls: 0.0

T [ [ S [ [~ N
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OpenSHMEM with Event Based Sampling

e 00 [X| TAU: ParaProf: Statistics for: node 0 - /home/livetau/workshop-point/openshmem

File Options Windows Help

IRRRRRERERRRRET NRNNRNNNNRRRRRNNED

AR SENNENSNNSNNNNRNNRNNANNRRNREEREE

Name & |

Exclusive TIME \

Inclusive TIME

Calls

Child Calls

¢ l.TAU application
¢+ M[CONTEXT] .TAU application
¢ O[SUMMARY] float [ {/homeflivetaufworkshop-pointfopenshmemjcpi.c}]
W[SAMPLE] float [ {/homeflivetaufworkshop-pointfopenshmemjcpi.c} {60}]
O[SAMPLE] float [ {/homeflivetaufworkshop-pointfopenshmemjcpi.c} {61}]
W[SAMPLE] float [ {fhomeflivetaufworkshop-pointfopenshmemjfcpi.c} {62}]
~@[SUMMARY] main [{/homeflivetaufworkshop-pointfopenshmemjcpi.c}]
W void shmem_barrier(int, int, int, long *) C
M void shmem_barrier_all{void) C
W void shmem_broadcast32(void *, const void *, size_t, int, int, int, int, long *) C
W void shmem_double_sum_to_all{double *, double *, int, int, int, int, double *, lot
¢ Mvoid shmem_getmem(void *, const void *, size_t, int) C
¢ M[CONTEXT] void shmem_getmem(void *, const void *, size_t, int) C
BW[SAMPLE] UNRESOLVED /lib64/{libc-2.14.90.s0
¢ Mvoid shmem_long_inc{long *, int) C
¢ M[CONTEXT] void shmem_long_inc({long *, int) C
BM[SAMPLE] UNRESOLVED /lib64{libc-2.14.90.s0
- Mmvoid shmem_long_wait_until{long *, int, long) C
W void shmem_quiet{void) C

16.485
0
11.237
0.481
10.541
0.215
5.245
0.002
0.001
0

0
0.025
0
0.026
0.102

0.099
0.043

16.733
16.481
11.237
0.481
10.541
0.215
5.245
0.147
0.001
0.045
0.128
0.025
0.026
0.026
0.102
0.099
0.099
0.043
0

1
1,495
1,003

45
936
22
492

3

2

1

1

15
3
3

90

10

10
6

11

O 00000

102

[y
(o N it
|

O 0000000

% oshrun —np 4 tau_exec —T shmem —ebs ./a.out

% paraprof
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l TAU’s support for Intel OMPT

1® 00 |X| TAU: ParaProf: Statistics for: node 0, thread 0 - /usr/global/tools/tau/training /tau-2.23 /examples/mm
File Options Windows Help
ARRRRRRRRRNNY RN ENRENENNEEEENNEEEERENNEEENR
Name & Exclusi... |Inclusi... Calls Child Calls
¢ .TAU application 0 2.943 1 1
¢ lint main(int, char **) C [{matmult.c} {159,1}-{229,1}] 0 2942 1 3
ol MPI_Finalize() 0.034 0.034 1 5
o OMPI_Init_thread() 1.148 1.151 1 45
¢ ldouble do_work(void) C [{matmult.c} {120,1}-{151,1}] 0 1.757 1 8
B double **allocateMatrix(int, int) C [{matmult.c} {36,1}-{43,1}] 0.003 0.003 3 0
¢ Mvoid compute(double **, double ** double *¥, int, int, int) C [{matmult.c} {78,1}-{97,1}] 0 0.951 1 1
¢ M OpenMP_PARALLEL_REGION: [OPENMP] compute [{/usr/global /tools/tau/training/tau-2.23/examples/mm /matmult.c} {80}] 0 0.951 1 2
¢ M OpenMP_BARRIER: [OPENMP] compute [{/usr/global /tools/tau/training/tau-2.23/examples/mm /matmult.c} {80}] 0.004 0.004 1 o]
o [l [CONTEXT] OpenMP_BARRIER: [OPENMP] compute [{/usr/global /tools/tau/training/tau-2.23/examples/mm /matmult.c} {80}] 0 0.007 1 o]
¢ O OpenMP_LOOP: [OPENMP] compute [{/usr/global /tools/tau/training/tau-2.23/examples/mm /matmult.c} {80}] 0.946 0.946 1 0
¢ I [CONTEXT] OpenMP_LOOP: [OPENMP] compute [{/usr/global /tools/tau/training/tau-2.23/examples/mm /matmult.c} {80}] 0 0944 62 0
B [SAMPLE] L_compute_80__par_region0_2_150 [{/usr/global /tools/tau/training/tau-2.23/examples/mm /matmult.c} {87}] 0.047 0.047 2 o}
CO[SAMPLE] L_compute_80__par_region0_2_150 [{/usr/global /tools/tau/training/tau-2.23/examples/mm /matmult.c} {91}] 0.897 0.897 60 o]
o [Ovoid compute_interchange(double **, double **, double **, int, int, int) C [{matmult.c} {99,1}-{118,1}] 0 0.787 1 1
¢ Mvoid initialize(double **, int, int) C [{matmult_initialize.c} {3,1}-{16,1}] 0.005 0.016 3 3
¢ Il OpenMP_PARALLEL_REGION: [OPENMP] initialize [{/usr/global /tools/tau/training/tau-2.23 /examples/mm /matmult_initialize.c} {5} 0 0.011 3 6
¢ Il OpenMP_BARRIER: [OPENMP] initialize [{/usr/global /tools /tau/training/tau-2.23/examples/mm /matmult_initialize.c} {5}] 0.01 0.01 3 o]
o M [CONTEXT] OpenMP_BARRIER: [OPENMP] initialize [{/usr/global /tools /tau/training/tau-2.23/examples/mm /matmult_initializ 0 0.03 2 0
W OpenMP_LOOP: [OPENMP] initialize [{/usr/global /tools /tau/training/tau-2.23/examples/mm /matmult_initialize.c} {5}] 0.001 0.001 3 0

% export TAU_MAKEFILE=$TAU/Makefile.tau-icpc-papi-mpi-pdt-ompt-openmp
% make CC=tau_cc.sh CXX=tau_cxx.sh

% export TAU SAMPLING=1; export OMP_NUM_THREADS=16

% oshrun —np 256 tau_exec —T ompt —loadlib=$TAU/libiomp5.so ./a.out

% paraprof
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ParaProf Comparison Window

Metric: TIME 1) IRMHD_BGP_original.ppk - Total

Value: Inclusive [l RMHD_BGP_comm_optimized.ppk - Total
Units: hour:minute:seconds [ IRMHD_BGP_comm_fft_optimized.ppk - Total

528:11:46.595

——
271:56:13.956 (51.484%) (] REFLECT
70:50:57.758 (13.413%)

448:10:0.787

|
265:17:47.832 (59.196%) [ ADVANCE_ONE_SNAP
69:17:49.088 (15.462%)

231:03:53.461 |
229:07:47.7 (99.163%) [— DERIVE
30:29:44.389 (13.198% [

177:04:3.263
4:09:24.068 (2.348%) | SENDBC
0:18:21.092 (0.173%) |

134:32:11.88 [

MPI_Barrier()

127:32:15.924 ]
MPI_Send()

125:45:28.562 el
124:58:11.317 (99.373% [ MPIFFT::CHEBYB
14:19:58.871 (11.397%)

125:41:36.192 [l
124:54:20.196 (99.373%) [ CCHEBYB
14:16:52.014 (11.362%)

100:26:57.17 el
98:49:36.853 (98.385%) [ MPIFFT::CHEBYF
11:27:44.137 (11.411%)

100:23:55.809 [l
98:46:33.474 (98.384% [ CCHEBYF |
11:25:9.62 (11.374%) v
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TAU’s ParaProf Profile Browser

Para®ools

©00

[X| TAU: ParaProf: KG_48racks_bgq.ppk

File Obti'ons' VWindovirs”Help o

Metric: BGQ_TIMERS
Value: Exclusive

node 786391
node 786392
node 786393
node 786394
node 786395
node 786396
node 786397
node 786398
node 786399
node 786400
node 786401
node 786402
node 786403
node 786404
node 786405
node 786406
node 786407
node 786408
node 786409
node 786410
node 786411
node 786412
node 786413
node 786414
node 786415
node 786416
node 786417
node 786418
node 786419
node 786420
node 786421
node 786422
node 786423
node 786424
node 786425
node 786426
node 786427
node 786428
node 786429
node 786430
node 786431

!

\
I
4

I!!IIIIIIIIIIIIIIIIIH

|
|
u

'

MPI_Alltoallv( )

|l Exclusive BGQ_TIMERS: 1.612 seconds | [l
[ Inclusive BGQ_TIMERS: 1.612 seconds s sl [l
— SubcCalls: 0.0 _—E—l

| »
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N\ TAU: ParaProf: 3D Visualizer: KG_48racks_bgq.ppk

e o i

(o]
Options Windows Help

ParaProf’s Topology Display Window (BGQ)

(o)
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ParaProf’s Scalable 3D Visualization (BGQ)

® 00

| TAU: ParaProf: 3D Visualizer: KG_48racks_bgg.ppk
File Options Windows Help

Triangle Mesh

® Bar Plot
Scatter Plot
Topology Plot

Height Metric

Exclusive v | |BGQ_TIMERS

Color Metric

Exclusive ~ | |BGQ_TIMERS
MPI_Alltoalivg)
Function
<
208452
Thread

<
Height value 2.617 seconds
Colorvalue 2,617 seconds

Scales | Plot | Axes | Color | Render

Speed

Auto-Rotate

v

Reverse Video

AA Lines Full Screen AA
Separation Or
Aperture c O

GL Info

786,432 ranks
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ParaProf Histogram Display

X| TAU: ParaProf: Histogram: KG_48racks_bgq.ppk
File Options Windows Help

MPI_Alltoallv()

300,000

275,000

250,000

225,000

200,000

175,000

150,000

Threads

Number of threads: 295680
125,000 : : Range minimum: 2.103
Range maximum: 2.208

100,000

75,000

50,000

25,000

0

1.586 1.692 1.798 1.904 2.009 2115 2221 2327 2432  2.538

Exclusive BGQ_TIMERS (seconds) -
A

Paratools O UNIVERSITY OF OREGON



Tracing Energy Usage with TAU and Vampir

8 00 \| Trace View - /home/sameer/samples/e6/matrix_energy.otf* - Vampir

File Edit Chart Filter Window Help
T n . -
ErLrseTIERLE B0 I, .. R —
Timeline X Function y
26.5ms 26.7 ms 26.9 ms 27.1ms 273 ms 27.5ms 27.7 ms 27.9ms 28.1ms 283 ms 28.5ms [ All Processes, Accumulated Exclusive Time per Fu...
: : : N : : : : : [ 10 ms 5ms 0oms

node 0, thread 0 . 2 ) x [1551Tms _I OpenMP
node 0, thread 1 - fle: - g ) 999 ps [7] TAU_USER

node 0, thread 2 . y file: 2 )
node 0, thread 3
node 0, thread 4
node 0, thread 5
node 0, thread 6
node 0, thread 7

l

Context View
%= | L. Counter Data Timeline
Property  Value |
Display Counter Data Timeline
— ype Counter
TAU default group, Values of Metric "PAPI_NATIVE_rapl_PPO_ENERGY_PACKAGEO" over Time Location node 0, thread 0
Maximum 19.392746 G
506 Average  19.392746 G
456G Minimum 19.392746 G
Unit 1
40 G Interval Begin 27.85 ms

Interval End 28 ms

356G 150 ps

Duration

Function Legend
TAU_DEFAULT
TAU_USER
OpenMP
3

0.0269725 s
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TAU’s Runtime Merging of Profile Data

800
File Options Help

~_\ TAU: ParaProf Manager

@ 2pplications
¢ (3 Standard Applications
¢ [J Default App
¢ [ Default Exp

9 @ KG_48racks_bgq.ppk
@ BGQ_TIMERS
o [ Default (jdbc:h2:jhome3fsameer,
o [ perfexplorer_working {jdbc:h2:fh|

: TrialField Value
“|Name KG_48racks_bgqg.ppk -
“|Application ID 0

“|Experiment ID 0

“|Trial ID "]

|BGQ Block Thread ID 3342328

:|BGQ Coords (188,108,272}

:(BGQ DDR Size (MB]) 16384

:|BGQ Job ID 221109

:|BGQ Node ID 77280

:|BGQ Node Name R2b-MO-NOf-|00 «8,12,16,16,2>

i|BGQ Period (0,0,0)

:|BGQ Physical HW Thread ID |0

#|BGQ Physical Processor ID__ |15

:[BGQ Process Count 16

:|BGQ Processor Core ID 15

:|BGQ Processor Count 4 L
#|BGQ Processor ID 60

:[BGQ Processor Thread ID "]

:[BGQ Rank 786431

#|BGQ Size (8,12,16,16,2,64)

BGQ tCoord 15

:/CPU MHz 1600.000000MHz

{|CPU Type A2 (Blue Gene/Q)

fgpfsimira-fsOfprojects/MiraBootCamp2013/KGjtauf49152

:|Command Line

fgpfsimira-fsOfprojects/MiraBootCamp2013/KGjtau/49152{./Kg

i[Executable

:[File Type Index

fgpfsimira-fsOfprojects/MiraBootCamp2013/KGjtau/49152/./Kg
0

i[File Type Name

ParaProf Packed Profile

i|Hostname

Q2H-13-]03.mira.izb

“|Local Time

2013-05-24T19:20:06+00:00

:IMPI Processor Name

Task 786431 of 786432 (7,11,15,15,1,15) R2B-MO-N15-00

i[Memory Size

16718464 kB

‘|Node Name Q2H-13-]03.mira.izb

[0S Machine BGQ

:|0S Name CNK

i[OS Release 2.6.32-279.14.1.bgq.el6_VIR2MO_26.ppc64

#|OS Version 1

“|Starting Timestamp 1369423205614897

i[TAU Architecture bgq

i[TAU Config -BGQTIMERS -arch=bgq -pdt=fhomejprojectsitau/pdt_latest -pdt_c++=xIC -mpi -papi=/soft/perftoolsitau/papi_latest -bfd=fhome/projects/tauftauz/bggsbinutils-2.20 -iowrapper
i|TAU Makefile fsoft/perftoolsitauftau-2.22.2plibgg/lib/Makefile tau-bggtimers-papi-mpi-pdt
|TAU MetaData Merge Time  |0.000545 seconds

[TAU Profile Merge Time 47 .34 seconds h

#|TAU Unification Time 0.01323 seconds -

i|TAU Version 2.22.2 147.34 seconds]

ATAU_CALLPATH off

A TAU_CALLPATH DEPTH 2

S|TAU_CALLSITE_LIMIT 1

% export TAU_PROFILE_FORMAT=merged
It took ~48 seconds to merge and write profiles from 786,432 ranks
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0, 8 A :
TAU default group, Values of Counter "rapl:::PACKAGE_ENERGY: PACKAGEO (Power in Watts)" over Time

22.5
20.0
17.5
15.0
12.5
10.0
7.5
5.0
2.5
0.0

Marker Events: Tracing

X\ Counter Data Timeline - /home/sameer/workshop/mm/mm.otf (1)* - Vampir

2s 4s 65 8s 10s 12s 14s 16s 18 s 20s 22s 24s 26s 28s 30s 32s 34s 36s 38s 40s 42s 44 s 4
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0 2 s S 0's 1.
TAU default group, Values of Counter "[GROU P=MIN_MARKER] rapl:::PACKAGE_ENERGY:PACKAGEO (Power in Watts)

20.0
17.5
15.0
12.5
10.0

I\ Counter Data Timeline - /home/sameer/workshop/mm/mm.otf* - Vampir

2s 14s 16s 18s 20s 22s 24s 26s 28 0s 32s 34s 36s 42s
:int main(int, char #¥) C [{matmult.c} {166,1}-{238,1}] => double do_work(void) C [{matmult.c} {

s 3 2 38s 40 2 44s 4
122,1}-{158,1}] => void compute(double **, double **, double **, int, int, int) C [{matmult.c} {80,1}-{99,1}] " over Time

7.5

5.0

2.5

0.0

When an atomic event exceeds the max or min value by a threshold (say
20%), a marker context event is triggered to record the callstack.
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Marker events show sudden spikes

e 00 TAU: ParaProf: Context Events for: node 2 - rapl_marker_16p.ppk

Name & MaxValue
v int main(int, char **) C [{matmult.c} {165,1}-{237,1}]
v double do_work(void) C [{matmult.c} {126,1}-{157,1}]
v void compute(double **, double **, double **, int, int, int) C [{[matmult.c} {84,1}-{103,1}]

[GROUP=MAX_MARKER] rapl:::DRAM_ENERGY:PACKAGEO (Power in Watts) 17.585
[GROUP=MAX_MARKER] rapl:::DRAM_ENERGCY:PACKAGE1 (Power in Watts) 15.261
[GROUP=MAX_MARKER] rapl:::PACKAGE_ENERGY:PACKAGEO (Power in Watts) 118.903
[GROUP=MAX_MARKER] rapl:::PACKAGE_ENERGY:PACKAGE1 (Power in Watts) 113.466
[GROUP=MAX_MARKER] rapl:::PPO_ENERGY:PACKAGEO (Power in Watts) 100.138
[GROUP=MAX_MARKER] rapl:::PPO_ENERGY:PACKAGE1 (Power in Watts) 95.846
[GROUP=MIN_MARKER] rapl:::DRAM_ENERCY:PACKAGEO (Power in Watts) 17.397
[GROUP=MIN_MARKER] rapl:::DRAM_ENERGY:PACKAGE1 (Power in Watts) 15.048
v int mysleep(int) C [{matmult.c} {46,1}-{49,1}]
[GROUP=MIN_MARKER] rapl:::DRAM_ENERGY:PACKAGEO (Power in Watts) 15.84
[GROUP=MIN_MARKER] rapl:::DRAM_ENERGY:PACKAGE1 (Power in Watts) 14.275
[GROUP=MIN_MARKER] rapl:::PACKAGE_ENERGY:PACKAGE1 (Power in Watts) 96.853
[GROUP=MIN_MARKER] rapl:::PACKAGE_ENERCY:PACKAGEO (Power in Watts) 93.125
[GROUP=MIN_MARKER] rapl:::PPO_ENERCY:PACKAGEO (Power in Watts) 75.096
[GROUP=MIN_MARKER] rapl:::PPO_ENERGY:PACKAGE1 (Power in Watts) 79.646
v void compute_interchange(double **, double **, double **, int, int, int) C [{[matmult.c} {105,1}-{124,1}]
[GROUP=MAX_MARKER] rapl:::DRAM_ENERCY:PACKAGEO (Power in Watts) 26.064
[GROUP=MAX_MARKER] rapl:::DRAM_ENERGY:PACKAGE1 (Power in Watts) 24.373
[GROUP=MAX_MARKER] rapl:::PACKAGE_ENERGY:PACKAGEO (Power in Watts) 126.872
[GROUP=MAX_MARKER] rapl:::PACKAGE_ENERGY:PACKAGE1 (Power in Watts) 124.377
[GROUP=MAX_MARKER] rapl:::PPO_ENERGY:PACKAGEO (Power in Watts) 103.981
[GROUP=MAX_MARKER] rapl:::PPO_ENERGY:PACKAGE1 (Power in Watts) 102.615
rapl:::DRAM_ENERGY:PACKAGEO (Power in Watts) 26.064
rapl:::DRAM_ENERCY:PACKAGE1 (Power in Watts) 24.373
rapl:::PACKAGE_ENERGY:PACKAGEO (Power in Watts)
rapl:::PACKAGE_ENERGY:PACKAGE1 (Power in Watts) 124.377
rapl:::PPO_ENERCY:PACKAGEO (Power in Watts) 103.981
rapl:::PPO_ENERGY:PACKAGE1 (Power in Watts) 102.615

Minvalue

17.469
15.218
114.923
110.207
96.266
92.758
17.303
15.042

15.84
14.275
96.853
93.125
75.096
79.646

25.711
23.965
125.182
116.689
102.21
101.693
15.84
14.275
93.125
96.853
75.096
79.646

NumSamples

22
22
24
24

e

v AN

36
36
36
36
36

MeanValue

17.521
15.237
116.98
111.778
98.206
94.319
17.358
15.045

15.84
14.275
96.853
93.125
75.096
79.646

25.887
24.232
125.732
122.428
102.769
102.115
19.053
16.435
117.729
112.961
98.208
94.872

Std. Dev.

0.037
0.016
1.201
0.996

1.13
0.937
0.035
0.003

[=NeNeNeNe N

0.176
0.159
0.557
2.885
0.584

0.33

3.39
3.155
5.403
4.776
4.466
3.662

% export TAU_EVENT_THRESHOLD 0.5
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Profiling in TAU

e OO User Event Window: power_rapl_16p.ppk
Name: rapl:::DRAM_ENERGY:PACKAGEO (Power in Watts)
Value Type: Max Value
L3

0.009 | Std. Dev.
26.34] [ ——] Mean
26.338 [ Node 0
26.337 [ node 1
26.339 [ node 2
26.337 [ Node 3
26.339 ] node 4
26.338 [ node 5
26.364 | nod e 6
26.338 ] node 7
26.338 [ Node 8
26.338 [ Node 9
26.338 ] node 10
26.364 [ Node 11
26.336 [ Node 12
26.336 ] node 13
26.337 e Node 14
26.336 | ——) node 15

Paratools
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Power Profiling using PAPI+RAPL

e OO TAU: ParaProf: Context Events for: node 0 - power_rapl_16p.ppk
Name /. NumSamples MaxValue MinValue MeanValue Std. Dev.
rapl:::DRAM_ENERCY:PACKAGEO (Power in Watts) 39 26.338 17.673 20.514 3.031
rapl:::DRAM_ENERGY:PACKAGE1 (Power in Watts) 39 21.29 11.462 14.182 2.275
rapl:::PACKAGE_ENERCY:PACKAGEO (Power in Watts) 39 120.72 80.665 114.013 7.222
rapl:::PACKAGE_ENERCY:PACKAGE1 (Power in Watts) 39 117.461 77.758 106.762 6.365
rapl:::PPO_ENERGY:PACKAGEO (Power in Watts) 39 97.753 61.266 93.768 7.06
rapl:::PPO_ENERGY:PACKAGE1 (Power in Watts) 39 97.987 61.895 89.887 6.12

#include <TAU.h>

% sudo chmod —R go+r /dev/cpu/*/msr
% sudo /sbin/setcap cap _sys rawio=ep ./a.out
% unset LD_LIBRARY_PATH
% Idd ./a.out

should have no “not found” entries, Use —WI,-rpath,/path while linking
% ./Ja.out
% paraprof

TAU_TRACK_POWER(); // In Fortran: call TAU_TRACK_POWER()

Paratools
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TAU Instrumentation Approach

Supports both direct and indirect performance observation
* Direct instrumentation of program (system) code (probes)
* Instrumentation invokes performance measurement
* Event measurement: performance data, meta-data, context

* Indirect mode supports sampling based on periodic timer or
hardware performance counter overflow based interrupts

Support for user-defined events

 Interval (Start/Stop) events to measure exclusive & inclusive
duration

« Atomic events (Trigger at a single point with data, e.g., heap
memory)

* Measures total, samples, min/max/mean/std. deviation statistics

- Context events (are atomic events with executing context)
» Measures above statistics for a given calling path

Para%OOlS O UNIVERSITY OF OREGON
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Direct Observation: Events

Event types

* Interval events (begin/end events)
* Measures exclusive & inclusive durations between events
* Metrics monotonically increase

« Atomic events (trigger with data value)

» Used to capture performance data state

« Shows extent of variation of triggered values (min/max/
mean)

Code events
* Routines, classes, templates
« Statement-level blocks, loops

Para%OOlS O UNIVERSITY OF OREGON 76



Interval and Atomic Events in TAU

OO0 0 X/ xterm
NODE 0:CONTEXT O:THREAD 0:
%Time Exclusive Inclusive #Call #Subrs Inclusive Name
msec total msec usec/call
100.0 0.187 1,105 1 44 1105659 int main{(int, char #¥%) C
93.2 1,030 1.030 1 0 1030654 MPI_Init() Ir]tEBr\/Eal EB\/EBT1tES
5.9 0.879 65 40 320 1637 void func(int, int) C I
4.6 51 51 40 0 1277 MPI_Barrierd) EB'SJ" r()ljtlr163€5
1.2 13 13 120 0 111 MPI_Recv()
0.8 9 9 1 0 9328 MPI_Finalize() (Start/StOp) ShOW
0.0 0.137 0.137 120 0 1 MPI_Send() 1
0.0 0.086 0.086 40 0 2 MPI_Bcast() C1llr?it1<)’7
0.0 0.002 0.002 1 0 2 MPI_Comm_size()
0.0 0.001 0.001 1 0 1 MPI_Comm_rank ()
USER EYENTS Profile :NODE O, CONTEXT 0. THREAD 0 .
— | Atomic events
NumSamples Max¥Yalue MinYalue MeanYalue Std. Dev. Event Name . .
-— | (triggered with
365 5.138E+04 44.39 3.09E+04 1.234E+04 Heap Memory Used (KB) : Entry
365 5.138E+04 2064 3.115E+04 1.21E+04 Heap Memory Used (KB) : Exj \/EﬂILjEB) ESf]()\A/
40 40 40 40 0 Message size for broadcast . .
B - | extent of variation

% export TAU_CALLPATH_DEPTH=0

% export TAU_TRACK_HEAP=1

Paratools
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Atomic Events, Context Events

800 I\ xterm
%Time Exclusive Inclusive #Call #Subrs Inclusive Name
msec  total msec usec/call
100.0 0.253 1.106 1 44 1106701 int main(int, char #%) C
93.2 1.031 1.031 1 0 1031311 MPI_Init(O)
6.0 1 66 40 320 1650 void func(int, int) C
5.7 63 63 40 0 1588 MPI_Barrier() .
0.8 9 9 1 0 9119 MPI_Finalize()
0.1 1 1 120 0 10 MPI_Recv() AtomIC events
0.0 0.141 0.141 120 0 1 MPI_SendO)
0.0 0.085 0.085 40 0 2 MPI_BcastQ)
0.0 0.001 0.001 1 0 1 MPI_Comm_size()
0.0 0 0 1 0 0 MPI_Comm_rank ()
USER EVENTS Profile :NODE 0, CONTEXT 0., THREAD 0 (:
ontext events
NumSamples Max¥alue Min¥alue MeanYalue Std. Dev. Event Name .
’ =atomic event
40 40 40 40 0 Message size for broadcast .
365 5.139E+04 44.39 3.091E+04 1.234E+04 Heap Memory Used (KB) : Entry + EB)(EB(:L]t|r]SJ
40 5.139E+04 3097 3.114E+04 1.227E+04 Heap Memory Used (KB) : Entry : MPI_Barrier()
40 5.139E+04 1.13E+04 3.134E+04 1.187E+04 Heap Memory Used (KB) : Entry : MPI_Bcast() (:()r]tfa)(t
1 2067 2067 2067 0 Heap Memory Used (KB) : Entry : MPI_Comm_rank ()
1 2066 2066 2066 0 Heap Memory Used (KB) : Entry : MPI_Comm_size()
1 5.139E+04 5.139E+04 5.139E+04 0.0006905 Heap Memory Used (KB) : Entry : MPI_Finalize()
1 57.56 57.56 57.56 0 Heap Memory Used (KB) : Entry : MPI_InitQ)
120 5.139E+04  1.13E+04 3.134E+04 1.187E+04 Heap Memory Used (KB) : Entry : MPI_Recv(
120 5.139E+04 1.129E+04 3.134E+04 1.187E+04 Heap Memory Used (KB) : Entry : MPI_Send()
1 44.39 44.39 44.39 0 Heap Memory Used (KB) : Entry : int main{int. char #%) C
40 5.036E+04 2068 3.011E+04 1.227E+04 Heap Memory Used (KB) : Entry : void func(int, int) C

% export TAU_CALLPATH_DEPTH=1 <

% export TAU_TRACK_HEAP=1

Paratools
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Context Events (Default)

o000 X/ xterm
NODE OBCUNTEXT 0:THREAD 0:
#Time Exclusive Inclusive #Call #Subrs Inclusive Name
msec total msec usec/call
.0 0.357 1,114 1 44 1114040 int main{(int, char #%) C
.6 1.031 1.031 1 0 1031066 MPI_Init()
.7 72 74 40 320 1865 void func(int., int) C
.7 8 8 1 0 8002 MPI_Finalize()
| 1 1 120 0 12 MPI_Recv()
A 0.608 0.608 40 0 15 MPI_Barrier()
.0 0.136 0.136 120 0 1 MPI_Send()
.0 0.095 0.095 40 0 2 MPI_Bcast()
.0 0.001 0.001 1 0 1 MPI_Comm_size()
.0 0 0 1 0 0 MPI_Comm_rank ()

USER EYENTS

Profile

:NODE 0. CONTEXT 0, THREAD 0

% export TAU_CALLPATH_DEPTH=2
% export TAU_TRACK_HEAP=1

Paratools

NumSamples Max¥alue MinYalue MeanYalue Std. Dev. Event Name
365 5.139E+04 44.39 3.091E+04 1.234E+04 Heap Memory Used (KB) : Entry
1 44.39 44.39 44.39 0 Heap Memory Used (KB) : Entry : i
1 2068 2068 2068 0 Heap Memory Used (KB) : Entry : i
1 2066 2066 2066 0 Heap Memory Used (KB) : Entry : i
1 5.139E+04 5.139E+04 5.139E+04 0 Heap Memory Used (KB) : Entry : i
1 57.58 57.58 57.58 0 Heap Memory Used (KB) : Entry : 4
40 5.036E+04 2069 3.011E+04 1.228E+04 Heap Memory Used (KB) : Entry :
40 5.139E+04 3098 3.114E+04 1.227E+04 Heap Memory Used (KB) : Entry :
40 5.139E+04 1.13E+04 3.134E+04 1.187E+04 Heap Memory Used (KB) : Entry :
120 5.139E+04  1.13E+04 3.134E+04 1.187E+04 Heap Memory Used (KB) : Entry :
120 5.139E+04 1.13E+04 3.134E+04 1.187E+04 Heap Memory Used (KB) : Entry :
365 5.139E+04 2065 3.116E+04 1.21E+04 Heap Memory Used (KB) : Exit

main(int,
main(int,
main(int,
main{int,
main(int,
main(int,

func(int, int) C =>
unc(int, int) C =>

char =x) C

char #%) C => MPI_Comm_rank ()

char #%) C => MPI_Comm_size()

char #%) C => MPI_Finalize()

char #%) C => MPI_Init()

char #%) C => void func(int., int) C

MPI_Barrier()
MPI_Bcast ()
MPI_Recv()

int) C => MPI_SendO)

Context event’
=atomic event +
executing context

1%
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Marker Events: Profiling

8 00 TAU: ParaProf: Context Events for: node 2 - rapl_marker_16p.ppk

Name & MaxValue MinValue NumSamples MeanValue
v int main(int, char **) C [{[matmult.c} {165,1}-{237,1}]
v double do_work(void) C [{matmult.c} {126,1}-{157,1}]
v void compute(double **, double **, double **, int, int, int) C [{[matmult.c} {84,1}-{103,1}]

Std. Dev.

[GROUP=MAX_MARKER] rapl:::DRAM_ENERCY:PACKAGEO (Power in Watts) 17.585 17.469 5 17.521 0.037
[GROUP=MAX_MARKER] rapl:::DRAM_ENERGY:PACKAGE1 (Power in Watts) 15.261 15.218 4 15.237 0.016
[GROUP=MAX_MARKER] rapl:::PACKAGE_ENERGY:PACKAGEO (Power in Watts) 118.903 114.923 22 116.98 1.201
[GROUP=MAX_MARKER] rapl:::PACKAGE_ENERGY:PACKAGE1 (Power in Watts) 113.466 110.207 22 111.778 0.996
[GROUP=MAX_MARKER] rapl:::PPO_ENERGY:PACKAGEO (Power in Watts) 100.138 96.266 24 98.206 1.13
[GROUP=MAX_MARKER] rapl:::PPO_ENERGY:PACKAGE1 (Power in Watts) 95.846 92.758 24 94.319 0.937
[GROUP=MIN_MARKER] rapl:::DRAM_ENERCY:PACKAGEO (Power in Watts) 17.397 17.303 4 17.358 0.035
[GROUP=MIN_MARKER] rapl:::DRAM_ENERCY:PACKAGE1 (Power in Watts) 15.048 15.042 2 15.045 0.003
v int mysleep(int) C [{matmult.c} {46,1}-{49,1}]
[GROUP=MIN_MARKER] rapl:::DRAM_ENERGY:PACKAGEO (Power in Watts) 15.84 15.84 1 15.84 0
[GROUP=MIN_MARKER] rapl:::DRAM_ENERGCY:PACKAGE1 (Power in Watts) 14.275 14.275 1 14.275 0
[GROUP=MIN_MARKER] rapl:::PACKAGE_ENERGY:PACKAGE1 (Power in Watts) 96.853 96.853 1 96.853 0
[GROUP=MIN_MARKER] rapl:::PACKAGE_ENERCY:PACKAGEO (Power in Watts) 93.125 93.125 1 93.125 0
[GROUP=MIN_MARKER] rapl:::PPO_ENERGY:PACKAGEO (Power in Watts) 75.096 75.096 1 75.096 0
[GROUP=MIN_MARKER] rapl:::PPO_ENERGY:PACKAGE1 (Power in Watts) 79.646 79.646 1 79.646 0
v void compute_interchange(double **, double **, double **, int, int, int) C [{[matmult.c} {105,1}-{124,1}]
[GROUP=MAX_MARKER] rapl:::DRAM_ENERGY:PACKAGEO (Power in Watts) 26.064 25.711 2 25.887 0.176
[GROUP=MAX_MARKER] rapl:::DRAM_ENERCY:PACKAGE1 (Power in Watts) 24.373 23.965 4 24.232 0.159
[GROUP=MAX_MARKER] rapl:::PACKAGE_ENERGY:PACKAGEO (Power in Watts) 126.872 125.182 6 125.732 0.557
[GROUP=MAX_MARKER] rapl:::PACKAGE_ENERGY:PACKAGE1 (Power in Watts) 124.377 116.689 5 122.428 2.885
[GROUP=MAX_MARKER] rapl:::PPO_ENERGY:PACKAGEO (Power in Watts) 103.981 102.21 6 102.769 0.584
[GROUP=MAX_MARKER] rapl:::PPO_ENERGY:PACKAGE] (Power in Watts) 102.615 101.693 4 102.115 0.33
rapl:::DRAM_ENERCY:PACKAGEO (Power in Watts) 26.064 15.84 36 19.053 3.39
rapl:::DRAM_ENERGY:PACKAGE1 (Power in Watts) 24.373 14.275 36 16.435 3.155
rapl:::PACKAGE_ENERGY:PACKAGEO (Power in Watts) 93.125 36 117.729  5.403
rapl:::PACKAGE_ENERGY:PACKAGE1 (Power in Watts) 124.377 96.853 36 112.961 4.776
rapl:::PPO_ENERGCY:PACKAGEO (Power in Watts) 103.981 75.096 36 98.208 4.466
rapl:::PPO_ENERGY:PACKAGE1 (Power in Watts) 102.615 79.646 36 94.872 3.662
When an atomic event exceeds the max or min value by a threshold (say
20%), a marker context event is triggered to record the callstack.
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TAU default group, Values of Counter "rapl:::PACKAGE_ENERGY: PACKAGEO (Power in Watts)" over Time
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Marker Events: Tracing

X\ Counter Data Timeline - /home/sameer/workshop/mm/mm.otf (1)* - Vampir
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0 2 s S 0's 1.
TAU default group, Values of Counter "[GROU P=MIN_MARKER] rapl:::PACKAGE_ENERGY:PACKAGEO (Power in Watts)

20.0
17.5
15.0
12.5
10.0

I\ Counter Data Timeline - /home/sameer/workshop/mm/mm.otf* - Vampir

2s 14s 16s 18s 20s 22s 24s 26s 28 0s 32s 34s 36s 42s
:int main(int, char #¥) C [{matmult.c} {166,1}-{238,1}] => double do_work(void) C [{matmult.c} {

s 3 2 38s 40 2 44s 4
122,1}-{158,1}] => void compute(double **, double **, double **, int, int, int) C [{matmult.c} {80,1}-{99,1}] " over Time

7.5

5.0

2.5

0.0

When an atomic event exceeds the max or min value by a threshold (say
20%), a marker context event is triggered to record the callstack.
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TAU Instrumentation / Measurement

Instrumentation

event

source object library binary virtual
selection code code wrapper code machine

event

information
MEASUREMENT API

Measurement

Event creation and management

event entry/exit atomic event event
identifier events events mapping control

Profiling

Tracing

statistics atomic entry/exit trace record trace
profiles profiles buffering creation 1/0

phase /O profile timestamp trace trace
profiles profiles sampling generation filtering merging

Performance data sources OS and runtime system modules

.. hardware .
D
system k 1 runtime
counters erne =y yStefT

Paratools

interrupts

i/ Qe —
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Direct Instrumentation Options in TAU

Source Code Instrumentation

» Automatic instrumentation using pre-processor based on static
analysis of source code (PDT), creating an instrumented copy

« Compiler generates instrumented object code

« Manual instrumentation

Library Level Instrumentation

 Statically or dynamically linked wrapper libraries
 MPI, I/O, memory, etc.

* Wrapping external libraries where source is not available
Runtime pre-loading and interception of library calls
Binary Code instrumentation

» Rewrite the binary, runtime instrumentation
Virtual Machine, Interpreter, OS level instrumentation
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TAU Analysis

profilers /:
PN

| profile

N

profile etada profile trace
translators (XML) database translators

Vampir

JumpShot

Profile Data Mining (PerfExplorer)

. -u--.-......'.".‘..‘.?‘.;'.,..,..‘...‘.....? _ m..j....f;.d.;.1_...m._... Paraver

Paratools

evenl o rnstrumentation event
selection information _ ___ ___ _. )

Profile Data Management (PerfDMF) Trace Data Management

Trace Visualizers  Trace Analyzers

trace
storage

ProfileGen

Vampir
Server
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Direct Instrumentation Options in TAU

Source Code Instrumentation
« Manual instrumentation

« Automatic instrumentation using pre-processor based on
static analysis of source code (PDT), creating an
instrumented copy

- Compiler generates instrumented object code
Library Level Instrumentation

« Wrapper libraries for standard MPI libraries using PMPI
interface

* Wrapping external libraries where source is not available
Runtime pre-loading and interception of library calls
Binary Code instrumentation

* Rewrite the binary, runtime instrumentation

Virtual Machine, Interpreter, OS level instrumentation
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Usage Scenarios: Routine Level
Profile

How much time is spent in each application routine?

Value: Exclusive
Units: seconds

9647.318 | | LEQ_IKSWEEPT

4357.213 [ LEQ_BICGSOT
2669.887 [ | LEQ_MATVECT
1777.752 [ SOLVE_SPECIES_EQ
1417.986 [ | SOLVE_LIN_EQ
1028.448 [l PHYSICAL_PROP
783.402 [ | RRATES
682.376 [] LEQ_MSOLVET
530.858 [ INIT_AB_M
463.788 [ ] CALC_MASS_FLUX_SPHR
446.025 [] INIT_MU_S
421.747 ] CALC_RESID_S
381.363 [] SOLVE_ENERGY_EQ
371.199 [] SOURCE_PHI
258.829 E DRAG_GS

Paratools
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Generating a flat profile with MPI

% export TAU MAKEFILE=/usr/local/packages/tau/x86 64/1lib/
Makefile. tau-icpc-papi-mpi-pdt

% export PATH=$TAU/bin:$PATH

Or

% source /ccs/home/csep62/pkgs/tau.bashrc (or .cshrc)

% make F90=tau £90.sh
Or

% tau £90.sh matmult.£90

% gsub -I -1 select:ncpus=4; oshrun -n 256 ./a.out

% paraprof
To view. To view the data locally on the workstation,
% paraprof --pack app.ppk
Move the app.ppk file to your desktop.
% paraprof app.ppk

click to see other options. Windows -> 3D Visualization for 3D

Click on the “node 0” label to see profile for that node. Right
window. Z
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Automatic Instrumentation

We now provide compiler wrapper scripts

« Simply replace cxx with tau cxx.sh

« Automatically instruments C++ and C source code, links with TAU MPI

Wrapper libraries.

Use tau cc.sh and tau £90.sh for C and Fortran

Before

CXX = mpicxx

F90 = mpif90

CXXFLAGS =

LIBS = -1m

OBJS = fl.o £f2.0 £f3.0 .. fn.o

app: $(OBJS)
$ (CXX) $(LDFLAGS) $(OBJS) -o $@
$ (LIBS)

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

y

Laratools

After

CXX = tau _cxx.sh

F90 = tau £90.sh

CXXFLAGS =

LIBS = -1m

OBJS = fl.o £f2.0 £f3.0 .. fn.o

app: $(OBJS)
$ (CXX) $(LDFLAGS) $(OBJS) -o $@
$ (LIBS)

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

y
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Passing Optional Parameters to TAU
Compiler Scripts

See $TAU/bin/tau compiler.sh -help
On Crays, compilation:
% ftn -c f00.£90
Changes to
gfparse foo.£f90 $(OPT1)

tau instrumentor foo.pdb foo.£f90 -o foo.inst.£90 $(OPT2)
ftn -c foo.inst.£f90 -o foo.o $(OPT3)
Linking:
% ftn foo.o bar.o -o app
Changes to
% ftn foo.o bar.o -o app <taulibs> $ (OPT4)
Where options OPT[1-4] default values may be overridden by the user:

F90 = tau £90.sh

o o°

o°

Larafools O
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Compile-Time Options

Optional parameters for the TAU_OPTIONS environment variable:
% tau_compiler.sh

-optVerbose
-optComplnst
-optNoComplnst

-optTracklO

-optTrackGOMP
-optMemDbg
-optKeepFiles
-optPreProcess
-optTauSelectFile="<file>"
-optTauWrapFile="<file>"
-optHeaderlnst
-optTrackUPCR

-optLinking=

-optCompile=

-optPdtF950pts=""

Paratools

Turn on verbose debugging messages
Use compiler based instrumentation

Do not revert to compiler instrumentation if source
instrumentation fails.

Wrap POSIX I/O call and calculates vol/bw of 1/O operations
(Requires TAU to be configured with —iowrapper)

Enable tracking GNU OpenMP runtime layer (used without —opari)
Enable runtime bounds checking (see TAU_MEMDBG_* env vars)
Does not remove intermediate .pdb and .inst.* files

Preprocess sources (OpenMP, Fortran) before instrumentation
Specify selective instrumentation file for tau_instrumentor

Specify path to link_options.tau generated by tau_gen_wrapper
Enable Instrumentation of headers

Track UPC runtime layer routines (used with tau_upc.sh)

Options passed to the linker. Typically
$(TAU_MPI_FLIBS) $(TAU_LIBS) $(TAU_CXXLIBS)

Options passed to the compiler. Typically
$(TAU_MPI_INCLUDE) $(TAU_INCLUDE) $(TAU_DEFS)

Add options for Fortran parser in PDT (f95parse/gfparse) ...

O
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Compile-Time Options (contd.)

Optional parameters for the TAU_OPTIONS environment variable:
% tau_compiler.sh

-optMICOffload Links code for Intel MIC offloading, requires both host and
MIC TAU libraries
-optShared Use TAU’s shared library (libTAU.so) instead of static library (default)
-optPdtCxxOpts="" Options for C++ parser in PDT (cxxparse).
-optPdtF90Parser="" Specify a different Fortran parser

-optPdtCleanscapeParser  Specify the Cleanscape Fortran parser instead of GNU gfparser

-optTau="’ Specify options to the tau_instrumentor
-optTrackDMAPP Enable instrumentation of low-level DMAPP API calls on Cray
-optTrackPthread Enable instrumentation of pthread calls

See tau_compiler.sh for a full list of TAU_OPTIONS.
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Compiling Fortran Codes with TAU

If your Fortran code uses free format in .f files (fixed is default for .f), you may use:
% export TAU_OPTIONS= ‘-optPdtF950pts="-R free” -optVerbose ’

To use the compiler based instrumentation instead of PDT (source-based):
% export TAU_OPTIONS= ‘-optComplnst -optVerbose’

If your Fortran code uses C preprocessor directives (#include, #ifdef, #endif):
% export TAU_OPTIONS= ‘-optPreProcess -optVerbose -optDetectMemorylLeaks’

To use an instrumentation specification file:
% export TAU_OPTIONS= ‘-optTauSelectFile=select.tau -optVerbose -optPreProcess’
% cat select.tau
BEGIN_INSTRUMENT _SECTION
loops routine="“#"

# this statement instruments all outer loops in all routines. # is wildcard as well as comment in first column.
END _INSTRUMENT_SECTION

UNIVERSITY OF OREGON
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Runtime Environment Variables

Environment Variable Default Description

TAU_TRACE 0 Setting to 1 turns on tracing

TAU_CALLPATH 0 Setting to 1 turns on callpath profiling

TAU_TRACK_MEMORY_LEAKS 0 Setting to 1 turns on leak detection (for use with —optMemDbg or tau_exec)

TAU_MEMDBG_PROTECT_ABOVE 0 Setting 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. Setting to 0 generates no callpath or routine
information, setting to 1 generates flat profile and context events have just
parent information (e.g., Heap Entry: foo)

TAU_SAMPLING 0 Setting to 1 enables event-based sampling.

TAU_EBS_UNWIND 0 Setting to 1 enables unwinding callstack when used with TAU_SAMPLING=1

TAU_TRACK_SIGNALS 0 Setting to 1 generate debugging callstack info when a program crashes

TAU_COMM_MATRIX 0 Setting to 1 generates communication matrix display using context events

TAU_THROTTLE 1 Setting to O turns off throttling. Enabled by default to remove instrumentation
in lightweight routines that are called frequently

TAU_THROTTLE_NUMCALLS 100000 Specifies the number of calls before testing for throttling

TAU_THROTTLE_PERCALL 10 Specifies value in microseconds. Throttle a routine if it is called over 100000
times and takes less than 10 usec of inclusive time per call

TAU_COMPENSATE 0 Setting to 1 enables runtime compensation of instrumentation overhead

TAU_PROFILE_FORMAT Profile Setting to “merged” generates a single file. “snapshot” generates xml format

TAU_METRICS TIME Setting to a comma separated list generates other metrics. (e.g.,
TIME,P_VIRTUAL_TIME,PAPI_FP_INS,PAPI_NATIVE_<event>:<subevent>)
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untime Environment Variables (contd.)

Environment Variable Default Description

TAU_TRACK_MEMORY_LEAKS 0 Tracks allocates that were not de-allocated (needs —optMemDbg or tau_exec
—memory)

TAU_EBS_SOURCE TIME Allows using PAPI hardware counters for periodic interrupts for EBS (e.g.,
TAU_EBS_SOURCE=PAPI_TOT_INS when TAU_SAMPLING=1)

TAU_EBS_PERIOD 100000 Specifies the overflow count for interrupts

TAU_MEMDBG_ALLOC_MIN/MAX 0 Byte size minimum and maximum subject to bounds checking (used with
TAU_MEMDBG_PROTECT_*)

TAU_MEMDBG_OVERHEAD 0 Specifies the number of bytes for TAU’s memory overhead for memory
debugging.

TAU_MEMDBG_PROTECT_BELOW/ 0 Setting to 1 enables tracking runtime bounds checking below or above the

ABOVE array bounds (requires —optMemDbg while building or tau_exec —memory)

TAU_MEMDBG_ZERO_MALLOC 0 Setting to 1 enables tracking zero byte allocations as invalid memory
allocations.

TAU_MEMDBG_PROTECT_FREE 0 Setting to 1 detects invalid accesses to deallocated memory that should not
be referenced until it is reallocated (requires —optMemDbg or tau_exec —
memory)

TAU_MEMDBG_ATTEMPT_CONTINUE | O Setting to 1 allows TAU to record and continue execution when a memory
error occurs at runtime.

TAU_MEMDBG_FILL_GAP Undefined | Initial value for gap bytes

TAU_MEMDBG_ALINGMENT Sizeof(int) Byte alignment for memory allocations

TAU_EVENT_THRESHOLD 0.5 Define a threshold value (e.g., .25 is 25%) to trigger marker events for min/

max

Paratools
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Loop Level Instrumentation

Goal: What loops account for the most time? How much?
Flat profile with wallclock time with loop instrumentation:

Metric: GET_TIME_OF_DAY
Value: Exclusive
Units: microseconds

1729975333 | Loop: MULTIPLY_MATRICES [{matmult.f90} {31,93-{36,14}]
443194 [ MPI_Recv()

81095 [] MAIN
49569 [ MPI_Bcast()
45669 [] Loop: MAIN [{matmult f90} {86,9}{106,14}]

12412
8959
8953
5609.2
2932.667
2577.667
2091.8
1875.667
1833
107 |
30
14.25

1

l GAA B8 VUV AYD

MPI_Send()

Loop: INITIALIZE [{matmult.f90} {17,9}-{21,14}]
Loop: INITIALIZE [{matmult.f90} {10,9}-{14,14}]
MPI_Finalize()

MULTIPLY_MATRICES

Loop: MAIN [{matmult.fa0} {117,9}-{128,14}]
MPI_Barrier()

Loop: MAIN [{matmult.fa0} {112,9}-{115,14}]
Loop: MAIN [{matmult.f90} {71,9}-{74,14}]
Loop: MAIN [{matmult.fo0} {77,9}-{84,14}]
INITIALIZE

MPI_Comm_rank{()

MPI_Comm_size()

GON
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Generating a loop level profile

oe

export TAU MAKEFILE=$TAU/Makefile.tau-cray-papi-shmem-pdt

o°

oe

cat select. tau

BEGIN INSTRUMENT SECTION
loops routine=“#"

END INSTRUMENT SECTION

% make F90=tau f90.sh
(Or edit Makefile and change F90=tau £90.sh)
$ mxterm 1 4 40 ; oshrun -np 4 ./matmult
% paraprof --pack app.ppk
Move the app.ppk file to your desktop.

% paraprof app.ppk

export TAU OPTIONS='-optTauSelectFile=select.tau -—optVerbose’

4
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Computing FLOPS for loops

Goal: What execution rate do my application loops get in

mflane?
Metric: PAPI_FP_INS / GET_TIME_OF_DAY
Value: Exclusive
Units: Derived metric shown in microseconds format

770699 || Loop: MULTIPLY _MATRICES [{matmult.f90} {31,9}3-{36,14}]
223.39 L] Loop: INITIALIZE [{matmult.f20} {10,9}{14,14}]
223.24 Loop: INITIALIZE [{matmult 20} {17,9}-{21,14}]
171.855 Loop: MAIN [{matmult f90} {71,9}-{74,14}]

170.862 [l Loop: MAIN [{matmult.f90} {112,9}-{115,14}]
122.96 [ | Loop: MAIN [{matmult.f90} {117,9}-{128,14}]

37.549 || MULTIPLY_MATRICES
21.367 [ INITIALIZE
13.795 [] Loop: MAIN [{matmult.fa0} {86,9}-{106,14}]
11 [] MPI_Comm_size()
8.935 [| Loop: MAIN [{matmult f90} {77,9}-{84,14}]
1.131 | MPI_Send()
0.794 | MPI_Comm_rank{()
0.647 | MPI_Bcast()
0.355 | MPI_Recv()

0.171 | MPI_Barrier()
0.115 | MPI_Finalize()
0.023 | MAIN

UNIVERSITY OF OREGON
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Profiling with multiple counters

export TAU MAKEFILE=$TAU/Makefile.tau-gnu-papi-shmem-pdt
export TAU OPTIONS='-optTauSelectFile=select.tau -optVerbose’
cat select.tau

BEGIN INSTRUMENT SECTION

loops routine=“#"

END INSTRUMENT SECTION

o° o

o

% make F90=tau £f90.sh
(Or edit Makefile and change F90=tau £90.sh)
% gqsub -I -1 ncpus=4; module load cray-shmem
% export TAU METRICS=TIME:PAPI FP INS:PAPI L1 DCM
% paraprof --pack app.ppk
Move the app.ppk file to your desktop.
% paraprof app.ppk
Choose Options -> Show Derived Panel -> Click PAPI FP INS,

Click “/”, Click TIME, Apply, Choose new metric by double
clicking.
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PDT.

Paratools

06 X! TAU: ParaProf: Mean Data - /home/sameer/workshop/NPB3.1/bin

Compiler-based Instrumentation

Use the compiler to automatically emit instrumentation calls In
the object code instead of parsing the source code using

File Options Windows Help

Metric: Time
Value: Exclusive percent

34822% Lo rhs,
13.209% —— jacld_
11.823% ] jacu,
11.639% — buts_
11598% [ ] bits_
5.325% [ SSOF_
3.656% [ | MPLInitQ
2.626% [] MPI_Recv(
1.994% [ MPI_Send(
1.363% [ MPI_WaitQ
0.898% [] exchange_3_
0.411% [ exchange_1_
0.284% [l setiv_
0.156% | erhs_
0.095% | exact_
0.023% | MPI_FinalizeQ
0.022% | 12norm_
0.021% | error_
0.009% | MPI_AllreduceQ
0.008% | sethv_
0.007% | MPI_Irecv(
0.003% | MPI_Bcast(
0.003% | print_results_
0.002% | init_comm_
0.002% | verify_
9.0E-4% | read_input_
7.6E-4% | pintgr_
4.8E-4% | MAIN__
4.8E-5% | MPI_BarrierQ
4.8E-5% | timer_start_
3.4E-5% | exchange_4_
3.1E-5% | bcast_inputs_
2.0E-5% | MPI_Comm_rank(
1.7E-5% | nodedim_

[»

N

O
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Use Compiler-Based Instrumentation

% export TAU MAKEFILE=$TAU/Makefile.tau-shmem-pdt
% export TAU OPTIONS= -optCompInst —optQuiet’

% make CC=tau_cc.sh CXX=tau cxx.sh F90=tau £90.sh

NOTE: You may also use the short-hand scripts taucc, tauf90,
taucxx instead of specifying TAU OPTIONS and using the
traditional tau <cc,cxx,f90>.sh scripts. These scripts use
compiler-based instrumentation by default.

% make CC=taucc CXX=taucxx F90=tauf90
% oshrun -n 8 ./a.out
% paraprof --pack app.ppk
Move the app.ppk file to your desktop.
% paraprof app.ppk

4
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Generate a Callpath Profile

8 0 0

TAU: ParaProf: node 0 - profile.cubex

Metric: Time
Value: Exclusive
Units: milliseconds

319.665 [ —
|

319.665

278.297 ——
[ —

278.297

244177 ]

244177

Paratools

3.327
3.327
2.601
2.601
1.173
1.173
0.185

int main(int, char **) C
MPI_Init
int main(int, char **) C

=> MPL_Init

=> double do_work(void) C

=> void compute(double **, double **, double **, int, int, int) C

void compute(double **, double **, double **, int, int, int) C
264.864 I Nt main(int, char **) C
264864 "~ ] void compute_interchange(double **, double **, double **, int, int, int) C

int main(int, char **) C
MPI_Finalize

int main(int, char **) C
void initialize(double **,
int main(int, char **) C

=> double do_work(void) C
=> MPI_Finalize
=> double do_work(void) C

int, int) C
=> double do_work(void) C

double **allocateMatrix(int, int) C

int main(int, char **) C
double do_work(void) C
int main(int, char **) C

=> double do_work(void) C

=> void compute_interchange(double **, double **, double **, int,

=> void initialize(double **, int, int) C

=> double **allocateMatrix(int, int) C

O
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Callpath Profile

Generates program callgraph

0O00 Call Graph for n,c,t, 0,0,0 - tmp/private/
File Options Windows Help
[ [ [ [ [ [ [T ][] CENERERRERREEEENY

main() (calls f1, f5)

f10) (sleeps 1 sec, calls f2, f4)|

f4() (sleeps 4 sec, calls 2)|

£2() (sleeps 2 sec, calls 3)|

f3() (sleeps 3 sec)

UNIVERSITY OF OREGON
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Generate a Callpath Profile

$ export TAU MAKEFILE=$TAU/Makefile.tau-shmem-pdt
% export PATH=$TAU/bin:$PATH

% make F90=tau £90.sh

(Or edit Makefile and change F90=tau £90.sh)

° o°

(truncates
% aprun -n
% paraprof

Move the
% paraprof

export TAU CALLPATH=1
s export TAU CALLPATH DEPTH=100

all calling paths to a specified depth)
256 ./a.out

-—pack app.ppk
app.ppk file to your desktop.

app . ppk

(Windows -> Thread -> Call Graph)

4

Paratools
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Communication Matrix Display

Goal: What is the volume of inter-process communication? Along
which calling path?

Message Size Heat Maps =Ja])[*

TOTAL VOLUME BYTES b

All Paths
0 RECEIVER 63
" 8.39E7

5 Display Options
Callpath:

DISPLAY OPTIONS

Callpath:
an Patns [~]
-4
§ Dataset:
g [TOTAL vOLUME BYTES [~]

[‘Plot | Axes | ColorScale | Render

Plot Width S=———

v G
g e
zzzzzzz —r

63 | 3.36E7
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000

rof: 3D Communication Matrix

TAU: ParaProf: 3D Communication Matrix: uts_xk6_t3|_64p.ppk

Paratools

Display Options

Callpath:

Height Value
Number of calls [~
Color Value

Message volume (bytes) (~

62
Sender

61
Receiver

Height value 4054

Color value 16216

int findwork(int) C [{uts_shm.c} {695,1}... | +

\

Scales Plot Axes >
height: 0 I 4687
calls
color 0 I 18748
bytes
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SHMEM Communication Matrix

800 TAU: ParaProf: 3D C ication Matrix: uts_sh

_comm_t1.ppk

Display Options
Callpath:
All Paths

Height Value:

Color Value:

(~
Message volume (bytes) -
Message volume (bytes) v

Sender

Receiver

Height value 49322

Color value 49322

4 Axes ColorScale Render |

50923
T— E Show ColorS...

Font Size O

@ Rainbow O Grays...
O Inverse Grays... () Blue-...
O Blue-White-...

6540
Message volume (bytes)

ma’%OOlS UNIVERSITY OF OREGON



Generating Communication Matrix

% export TAU MAKEFILE=$TAU/Makefile.tau-cray-papi-shmem-pdt
% export PATH=$TAU/bin:S$PATH

% make F90=tau f90.sh

(Or edit Makefile and change F90=tau £90.sh)

% export TAU COMM MATRIX=1
% oshrun -n 256 ./a.out

% paraprof
(Windows -> Communication Matrix)
(Windows -> 3D Communication Matrix)

UNIVERSITY OF OREGON
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Performance Analysis
oS E o e

—_——— ==

profilers ,
N symbol

| profiles table |
profiles traces '

Profile Data Management (PerfDMF) Trace Data Management

profile etadata profile trace trace
translators (XML) database translators storage

Trace Visualizers Trace Analyzers

Profile Data Mining (PerfExplorer) Vampir
77 e TR Rttt R et Paraver p
Server

UNIVERSITY OF OREGON

ParaTools O

108



Generating Event Traces

% source tau.bashrc

% export TAU MAKEFILE=$TAU/Makefile.tau-icpc-papi-mpi-pdt
% make F90=tau f90.sh

(Or edit Makefile and change F90=tau_ £90.sh)

% salloc -N 1 (or msub -I .))
% export TAU TRACE=1
% mpirun -np 4 ./a.out

Merge and convert the tracefiles:

% tau_ treemerge.pl

For Vampir (OTF) :

% tau2otf tau.trc tau.edf app.otf; vampir app.otf

For Jumpshot (SLOG2) :
% tau.trc tau.edf -o app.slog2; jumpshot app.slog2

For ParaVer:
% tau_convert -paraver tau.trc tau.edf app.prv; paraver app.prv

Para%OOlS O UNIVERSITY OF OREGON 109



Generating a Trace File Using Score-P

Goal: Identify the temporal aspect of performance. What happens in my code at a given
time? When?

Event trace visualized in Vampir [www.vampir.eu]

® 00 ‘W Trace View - [Users/sameer/ppk/scorep-20130722_1148 2175610264438917 /traces.otf2 - Vampir

EXLREOTERELS B 72| |

Timeline ][] Function Summary
0.8000 s 0.8025 s 0.8050 s 0.8075 s 0.8100 s 0.8125s 0.8150 s All Processes, Accumulated Exclusive Ti...
: ; ; ‘ ; ; ; ; 00s
Thread 0:0 [ JIl} s LI % [EECEEEE muttiply_ma.. }{37,0)]
: ; ‘-‘% h I IJ ui : 51.4ms - MPI_Recv
Thread 0:1 6.978 ms | MPI_Bcast
A /| | ———— H 5.175 ms I MAIN__ [{/h'{1 32,0}]
Thread 0:2 l 1.513 ms MPI_Send
H .—."'lllilil : 1111 S N A
Thread 0:3

)
H AR NI | S A

Thread 0:4 .
: : A 111 n : Call Tree

All Processes

Thread 0:5 —
i /) unction
Th d 0.6 . (] oo . - ] v . ma‘n [{-1}{0,0}]
read 0 /. v M MAIN__ [{/home1/00494/tg45757
1 S 1 s S S | ¥ | - mulﬁply_matrices_ [{/home1/00'
Thread 0:7 ) Y ™ MPI_Send
Y — I H ™ MPI_Recv
Thread 0:8 ™ MPI_Bcast
il_ Iﬂ—hl |}
Thread 0:9
ll l— 11— | | W
Thread 0:10 il 1 I ; = - m;a v N
Thread 0:11 B Summecy ‘
Property Value
Thread 0:12 D|sp|§y Function Sur
Function ™
Thread 0:13 Function Group mMPI
Accumulated Exclusive Time 1.512741 ms
Thread 0:14 Percentage 0.535275%
Thread 0:15
0.807825's Z
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Vampir [T.U. Dresden] Timeline Display

0@

7 Timeline - /Users/sameer/rs/taudata/fun3d/fun3d_trc3/traces.otf2 - Vampir

Master thread:0
Master thread:1
Master thread:2
Master thread:3
Master thread:4
Master thread:5
Master thread:6
Master thread:7
Master thread:8
Master thread:9
Master thread:10
Master thread:11
Master thread:12
Master thread:13
Master thread:14
Master thread:15
Master thread:16
Master thread:17
Master thread:18
Master thread:19
Master thread:20
Master thread:21
Master thread:22
Master thread:23

7.88s

ParaTools O

n
w
o~
w
3
w
N
w

6s 8s 10s 12s 14s 16s 18s

Rank 0 performs I/O while all other ranks wait in MPI_Bcast()
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Vampir Timeline Display

Master thread:0
Master thread:1
Master thread:2
Master thread:3
Master thread:4
Master thread:5
Master thread:6
Master thread:7
Master thread:8
Master thread:9
Master thread:10
Master thread:11
Master thread:12
Master thread:13
Master thread:14
Master thread:15
Master thread:16
Master thread:17
Master thread:18
Master thread:19
Master thread:20
Master thread:21
Master thread:22
Master thread:23

227.3691 s

7 Timeline - /Users/sameer/rs/taudata/fun3d/fun3d_trc3/traces.otf2 - Vampir

227.366 s 227.367 s 227.368 s 227.369 s 227.370s 227.371s 227.372s 227.373s 227374 s 227.375s

— S —— S e S e s U N | R | |
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A e i R e RN e Yo e S S S
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Vampir Communication Matrix Display

4
Number of Messages
Receiver
A N NN N N - O
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Master thread:1 397°359:::3:24a:z:§:.:.. 34 = .
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Master thread:21 B0 133 1] .394-69.133... 4k
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Score-P Architecture: Common Layer

T

Event traces (OTF2) C(aélupéléz p':'zTJe)S

i) |

Score-P measurement infrastructure

Online interface
Hardware counter (PAPI, rusage)

MPI POMP2 CUDA Compiler TAU User
Application (MPIxOpenMPxCUDA)

T T T 1T 1T 1

OPARI 2 CUDA Compiler

Periscope

|

Instrumentation wrapper
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Score-P Partners

Forschungszentrum Julich, Germany

German Research School for Simulation Sciences,
Aachen, Germany

Gesellschaft fur numerische Simulation mbH
Braunschweig, Germany

RWTH Aachen, Germany

Technische Universitat Dresden, Germany
Technische Universitat Munchen, Germany
University of Oregon, Eugene, USA

0 JULICH @ gn> TLTI

RRRRRRRRRRRRRRRR

RWNTH TECHNISCHE
UNIVERSITAT
DRESDEN
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Generating Native OTF 2 Traces

% export TAU MAKEFILE=$TAU/Makefile.tau-cray-papi-shmem-pdt-scorep
% make F90=tau f90.sh
(Or edit Makefile and change F90=tau_ £90.sh)

gsub -I ..
aprun -n 256 ./a.out
cd scorep-<id>/

d° d° od° o°

vampir traces.otf2

Or use Vampirserver and connect vampir running locally to a remote
Vampirserver

NOTE: Vampir is a commercial product [www.vampir.eu]
There is no need to merge or convert traces (an expensive operation!)
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Three Instrumentation Techniques for
Wrapping External Libraries

Pre-processor based substitution by re-defining a call (e.g., read)
« Tool defined header file with same name <unistd.h> takes precedence
« Header redefines a routine as a different routine using macros

« Substitution: read() substituted by preprocessor as tau_read() at callsite

Preloading a library at runtime

« Library preloaded (LD _PRELOAD env var in Linux) in the address space of
executing application intercepts calls from a given library

« Tool’ s wrapper library defines read(), gets address of global read() symbol
(dlsym), internally calls timing calls around call to global read

Linker based substitution

*  Wrapper library defines __wrap read which calls __real read and linker is
passed -WI,-wrap,read to substitute all references to read from application’ s
object code with the  wrap_read defined by the tool

UNIVERSITY OF OREGON
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Issues: Preprocessor based
substitution

Pre-processor based substitution by re-defining a call
Compiler replaces read() with tau_read() in the body of the source code

Advantages:
- Simple to instrument
* Preprocessor based replacement
* A header file redefines the calls
» No special linker or runtime flags required
Disadvantages
* Only works for C & C++ for replacing calls in the body of the
code.

* Incomplete instrumentation: fails to capture calls in
uninstrumented libraries (e.g., libhdf5.a)

UNIVERSITY OF OREGON
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Issues: Linker based substitution

Linker based substitution
« Wrapper library defines __wrap_read which calls __ real read and
linker is passed -WI,-wrap, read
Advantages
« Tool can intercept all references to a given call
«  Works with static as well as dynamic executables
* No need to recompile the application source code, just re-link the
application objects and libraries with the tool wrapper library
Disadvantages

« Wrapping an entire library can lengthen the linker command line
with multiple —WI,-wrap,<func> arguments. It is better to store these
arguments in a file and pass the file to the linker

« Approach does not work with un-instrumented binaries
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tau_gen_wrapper

Automates creation of wrapper libraries using TAU
Input:
* header file (foo.h)
* library to be wrapped (/path/to/libfoo.a)
» technique for wrapping
* Preprocessor based redefinition (-d)
* Runtime preloading (-r)
» Linker based substitution (-w: default)
« Optional selective instrumentation file (-f select)
» Exclude list of routines, or
* Include list of routines
Output:
« wrapper library

« optional link _options.tau file (-w), pass —optTauWrapFile=<file> in
TAU_OPTIONS environment variable

1£ara%0()ls O UNIVERSITY OF OREGON



Design of wrapper generator
(tau_gen_wrapper)

tau_gen_wrapper shell script:

« parses source of header file using static analysis tool Program
Database Toolkit (PDT)

* Invokes tau_wrap, a tool that generates
* instrumented wrapper code,
» an optional link_options.tau file (for linker-based substitution, -w)

+ Makefile for compiling the wrapper interposition library

» Builds the wrapper library using make

Use TAU_OPTIONS environment variable to pass location of

link_options.tau file using
% export TAU OPTIONS=‘-optTauWrapFile=<path/to/
link options.tau> -optVerbose’

Use tau_exec —loadlib=<wrapperlib.so> to pass location of
wrapper library for preloading based substitution
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tau_wrap

4 . .
TAU source Application

analyzer
A\

source ‘]

!

[ Parsed

program

v

\.

tau_wrap

_{

Instrumented
source

|

Laratools

O

UNIVERSITY OF OREGON



HDFS5 Library Wrapping

[sameer@zorak]$ tau gen wrapper hdf5.h /usr/lib/libhdf5.a -f select.tau

Usage : tau gen wrapper <header> <library> [-r|-d|-w (default)] [-g
groupname] [-i headerfile] [-c|-c++|-fortran] [-f <instr spec file> ]
e instruments using runtime preloading (-r), or -Wl,-wrap linker (-w),
redirection of header file to redefine the wrapped routine (-d)

e instrumentation specification file (select.tau)

e group (hdf5)

e tau exec loads 1libhdf5 wrap.so shared library using —
loadlib=<libwrap pkg.so>

e creates the wrapper/ directory

NODE 0;CONTEXT O; THREAD O:

$Time Exclusive Inclusive #Call #Subrs Inclusive Name
msec total msec usec/call

100.0 0.057 1 1 13 1236 .TAU Application
70.8 0.875 0.875 1 0 875 hid t H5Fcreate()
9.7 0.12 0.12 1 0 120 herr t H5Fclose()
6.0 0.074 0.074 1 0 74 hid t H5Dcreate()
3.1 0.038 0.038 1 0 38 herr t HS5Dwrite()
2.6 0.032 0.032 1 0 32 herr t H5Dclose()
2.1 0.026 0.026 1 0 26 herr t

H5check version() /;;7
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Using POSIX I/O wrapper library

Setting environment variable TAU_OPTIONS=-optTracklO links in
TAU’ s wrapper interposition library using linker-based substitution

Instrumented application generates bandwidth, volume data

Workflow:
% export TAU_OPTIONS= ‘-optTracklO —optVerbose’
% export TAU_MAKEFILE=$TAU/Makefile.tau-icpc-papi-mpi-pdt
% make CC=tau_cc.sh CXX=tau_cxx.sh F90=tau_f90.sh
% oshrun —np 8 ./a.out
% paraprof

Get additional data regarding individual arguments by setting
environment variable TAU_TRACK 10_PARAMS=1 prior to running

Para%OOlS O UNIVERSITY OF OREGON
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Preloading a wrapper library

Preloading a library at runtime

» Tool defines read(), gets address of global read() symbol
(dlsym), internally calls timing calls around call to global read

 tau_exec tool uses this mechanism to intercept library calls

Advantages
* No need to re-compile or re-link the application source code
* Drop-in replacement library implemented using
LD PRELOAD environment variable under Linux, Cray CNL,
IBM BG/P CNK, Solaris...
Disadvantages
*  Only works with dynamic executables. Default compilation
mode under Cray XE6 and IBM BG/P is to use static
executables

* Not all operating systems support preloading of dynamic
shared objects (DSOs)

1£ara%0()ls O UNIVERSITY OF OREGON



Runtime Preloading: tau_exec

 Runtime instrumentation by pre-loading the
measurement library

 Works on dynamic executables (default under Linux)

« Can substitute 1/0, MPI, SHMEM, CUDA, OpenCL,
and memory allocation/deallocation routines with
instrumented calls

« Track interval events (e.g., time spent in write()) as
well as atomic events (e.g., how much memory was
allocated) in wrappers

« Accurately measure /O and memory usage

 Preload any wrapper interposition library in the
context of the executing application
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Preloading a TAU Library

% ./configure -pdt=<dir> -mpi -papi=<dir>; make install
Creates in <taudir>/<arch>/lib:

Makefile. tau-papi-mpi-pdt

shared-papi-mpi-pdt/1ibTAU. so

% ./configure -pdt=<dir> -mpi; make install creates
Makefile. tau-mpi-pdt
shared-mpi-pdt/1ibTAU. so

To explicitly choose preloading of shared-<options>/libTAU.so change:
% oshrun -np 8 ./a.out to
% oshrun -np 8 tau exec -T <comma separated options> ./a.out

% oshrun -np 8 tau exec -T papi,mpi,pdt ./a.out

Preloads <taudir>/<arch>/shared-papi-mpi-pdt/1ibTAU.so

% oshrun -np 8 tau exec -T papi ./a.out

Preloads <taudir>/<arch>/shared-papi-mpi-pdt/libTAU.so by matching.

% oshrun -np 8 tau exec -T papi,mpi,pdt -s ./a.out

Does not execute the program. Just displays the library that it will preload if executed

without the —s option.
NOTE: -mpi configuration is selected by default. Use —T serial for
Sequential programs.

UNIVERSITY OF OREGON
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TAU Execution Command (tau_exec)

Uninstrumented execution

* % oshrun —np 8 ./a.out
Track MPI performance
* % oshrun —np 8 tau_ exec ./a.out
Track POSIX I/0 and MPI performance (MPI enabled by default)
* % oshrun —np 8 tau_exec —io ./a.out
Track memory operations
* % setenv TAU TRACK_MEMORY_ LEAKS 1
* % oshrun —np 8 tau_exec —memory ./a.out
Use event based sampling (compile with —g)
* % oshrun —np 8 tau_exec —ebs ./a.out
* Also —ebs source=<PAP|I COUNTER> -ebs period=<overflow_count>
Load wrapper interposition library
* % oshrun —np 8 tau_exec —loadlib=<path/libwrapper.so> ./a.out
Track GPGPU operations
* % oshrun —np 8 tau_exec —cuda ./a.out
* % oshrun —np 8 tau_exec —opencl ./a.out

Para%OOlS O UNIVERSITY OF OREGON
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Tags in tau_exec and other tools

% cd STAU; ls Makefile.*
Makefile. tau-icpc-papi-mpi-pdt

o°

gsub -I -X -1 walltime=0:30:00 -1 ncpus=4
source /ccs/home/csep62/pkgs/tau.bashrc (or .cshrc)
tau exec -T shmem,pdt ./a.out

o0 oP

Chooses Makefile.tau-shmem-pdt and associated libraries.

% tau exec -T serial,pdt ./a.out
Chooses Makefile.tau-pdt or the shortest Makefile name without -mpi.

-T <list of tags> is used in several TAU tools:

" tau run

. tau rewrite

" tau exec

" tau gen wrapper

UNIVERSITY OF OREGON
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Profiling Python applications

* Create a top-level Python wrapper
* Launch with tau_exec -T tau_python ...

% python ./mpas.py
tau python ./mpas.py

You may use
#!/usr/bin/env tau python

in your script.

4

Paratools

O

UNIVERSITY OF OREGON

130



Profiling Python applications

Metric: Time
Value: Exclusive
Units: seconds

5.473

dot

2.548 standard_normal

0.152 | MachAr:_init__[{/usr/local/PET/pkgs/python-2.5.1/lib/python2.5/site-packages/numpy/lib/machar.py} {50}]
0.112 § _parse [{/usr/local/PET/pkgs/python-2.5.1/lib/python2.5/sre_parse.py} {385}]
0.105 [] _compile [{/usr/local/PET/pkgs/python-2.5.1/lib/python2.5/sre_compile.py} {38}]
0.056 | any [{/usr/local/PET/pkgs/python-2.5.1/lib/python2.5/site-packages/numpy/core/fromnumeric.py} {540}]
0.048 | append
0.046 | len
0.046 | Tokenizer::__next [{/usr/local/PET/pkgs/python-2.5.1/lib/python2.5/sre_parse.py} {188}]
0.045 | any
0.035 | <module> [{/usr/local/PET/pkgs/python-2.5.1/lib/python2.5/site-packages/numpy/linalg/linalg.py} {7}]
0.033 | SubPattern::getwidth [{/usr/local/PET/pkgs/python-2.5.1/lib/python2.5/sre_parse.py} {146}]
0.033 | _optimize_charset [{/usr/local/PET/pkgs/python-2.5.1/lib/python2.5/sre_compile.py} {213}]
0.028 | Tokenizer:get [{/usr/local/PET/pkgs/python-2.5.1/lib/python2.5/sre_parse.py} {207}]
0.023 | _parse_sub [{/usr/local/PET/pkgs/python-2.5.1/lib/python2.5/sre_parse.py} {307}]
0.022 | add_newdoc [{/usr/local /PET/pkgs/python-2.5.1/lib/python2.5/site-packages/numpy/lib/function_base.py} {1154}]
0.019 | abs
0.019 | _compile_charset [{/usr/local/PET/pkgs/python-2.5.1/lib/python2.5/sre_compile.py} {184}]
0.016 | <module> [{/usr/local/PET/pkgs/python-2.5.1/lib/python2.5/site-packages/numpy/core/__init__.py} {2}]
0.015 | <module> [{/usr/local/PET/pkgs/python-2.5.1/lib/python2.5/site-packages/numpy/core/numeric.py} {1}]
0.014 | SubPattern::__len__[{/usr/local/PET/pkgs/python-2.5.1/lib/python2.5/sre_parse.py} {132}]
0.011 | _mk_bitmap [{/usr/local/PET/pkgs/python-2.5.1/lib/python2.5/sre_compile.py} {264}]
0.011 | Tokenizer::match [{/usr/local/PET/pkgs/python-2.5.1/lib/python2.5/sre_parse.py} {201}]
0.01 | <module> [{/usr/local/PET/pkgs/python-2.5.1/lib/python2.5/site-packages/numpy/core/defmatrix.py} {1}]
0.009 | SubPattern::__getitem__[{/usr/local/PET/pkgs/python-2.5.1/lib/python2.5/sre_parse.py} {136}]
0.009 | _simple [{/usr/local/PET/pkgs/python-2.5.1/lib/python2.5/sre_compile.py} {360}]
0.008 | SubPattern::append [{/usr/local/PET/pkgs/python-2.5.1/lib/python2.5/sre_parse.py} {144}]
0.007 | min
0.007 | <module> [{/usr/local/PET/pkgs/python-2.5.1/lib/python2.5/ctypes/__init__.py} {4}]
0.007 | extend_all [{/usr/local/PET/pkgs/python-2.5.1/lib/python2.5/site-packages/numpy/core/numeric.py} {83}]
0.006 | ord
0.005 | <module> [{/usr/local/PET/pkgs/python-2.5.1/lib/python2.5/site-packages/numpy/__init__.py}{17}]
0.005 | <module> [{/usr/local/PET/pkgs/python-2.5.1/lib/python2.5/site-packages/numpy/core/ma.py} {9}]
0.005 | <module> [{/usr/local/PET/pkgs/python-2.5.1/lib/python2.5/site-packages/numpy/core/numerictypes.py} {76}]
0.005 | SubPattern::__getslice__ [{/usr/local/PET/pkgs/python-2.5.1/lib/python2.5/sre_parse.py} {140}]
0.004 | <module> [{/usr/local/PET/pkgs/python-2.5.1/lib/python2.5/site-packages/numpy/lib/index_tricks.py} {3}]
0.004 | <module> [{/usr/local/PET/pkgs/python-2.5.1/lib/python2.5/site-packages/numpy/lib/__init__.py} {1}]
0.004 | <module> [{/usr/local/PET/pkgs/python-2.5.1/lib/python2.5/site-packages/numpy/random/__init__.py} {2}]
0.004 | <module> [{/usr/local/PET/pkgs/python-2.5.1/lib/python2.5/opcode.py} {5}]
0.004 | _extendLine [{/usr/local/PET/pkgs/python-2.5.1/lib/python2.5/site-packages/numpy/core/arrayprint.py} {270}]
0.004 | _formatArray [{/usr/local/PET/pkgs/python-2.5.1/lib/python2.5/site-packages/numpy/core/arrayprint.py} {278}]

el
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Instrumentation: Re-writing Binaries

Support for both static and dynamic executables

Specify the list of routines to instrument/exclude
from instrumentation

Specify the TAU measurement library to be injected
Simplify the usage of TAU:
* To Instrument:
% tau run -T [tags] a.out -o a.inst

* To perform measurements, execute the
application:

% oshrun -n 256./a.inst

* To analyze the data:
% paraprof
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Instrumentation: Re-writing Binaries
with MAQAO

Simplify the usage of TAU:
* To instrument:
% tau rewrite -T [tags] a.out -o a.inst
« To perform measurements, execute the application:
%$ oshrun -n 256 ./a.inst
* To analyze the data:

% paraprof
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Performance Analysis

Analysis of parallel profile and trace measurement
Parallel profile analysis (ParaProf)
- Java-based analysis and visualization tool
* Support for large-scale parallel profiles
Performance data management framework (PerfDMF)
Parallel trace analysis
* Translation to ParaVer, SLOG-2, OTF formats
* Integration with Vampir / Vampir Pro (TU Dresden)
* Profile generation from trace data
Online parallel analysis and visualization
Integration with CUBE browser (Scalasca, FZJ)
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ParaProf Profile Analysis Framework

ey T T
j ) Call Graphs J Histograms Call Trees

TAU, mpiP, ompP,
HPMToolkit, Cube,

HPCToolkit, Gprof,
Dynaprof, PSRun

Runtime Data
Collection

Supermon, MRNet

Bar Ch Comparative Text
SnChars Displays Displays

o

3D Displays

Internal

Representation

PostgreSQL, MySQL
Oracle, DB2, Derby

Scripting Interface

Jython
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NAS BT - Flat Profile

OO0 ParaProf: /Users/malony/Papers/ParCo2005 /Figures/bin/flat

File Options Windows Help

Metric Name: Time

Value Type: exclusive Y SOLVE CELL LHSZ
std. dev. 1 l ul E&l — 0 SRR
mean [ [ I / ] ] WO
nct000 ] [ D DN [ | | B EE RO
nct1 00 1 N 00 ([ [ o iy |
nct200 N T N 000 ([ [ | NI
nct300 ] [ N BN ([ | [ e eo
nct400 ] [ D DN [ | /] ECOE RO
nct500 ] 00 [ [ | 1|
B | ] e e
| [ | Dl
* (I /—I;I ] I/I:I
Z_SOLVE_CELL X SOLVE_CELL MPI_Wait() LHSX MPI_Waitall()

4

r

/

Application routine names
reflect phase semantics

How is MPI_Wait()
distributed relative to
solver direction?
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NAS BT - Phase Profile

Main phase shows nested phases and immediate events

\

X ParaProf: MPBT/phase/amorris/home/ y ; |E]l§|lz|
File Options Windows Help ~ — TN r Y
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File Options Windows Help

File Options Windows Help
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1125

1100

1075

1050

1025

1000

o
N
ui

o
u
o

Phase Profiling of HW Counters

GTC particle-in-cell simulation_of
turbulence o
Phases assigned to i
iterations

Poor temporal locality for:-- increasing phase
one important data caimon execution time

a sfeuresa kdgv n: P_WALL_CLOCK_TIME

6,800,000

WALL_CLOCK_TIME

6,900,000
6,100,000

DY N0 A A AP P D R D P TR A PP P PSP
o &

Automatically generated
by PE2 python script

GTC Phase Breakdown: PAPI_FP_INS/P_WALL_CLOCK_TIME GTC Phase Breakdown: PAPI_L1_TCM-PAPI_L2_TCM/PAPI_L1_TCM

0.920
0.915
0.910
0.905
0.900
0.895
0.890
0.885
0.880
0.875
0.870
0.865
0.860
0.855

decreasing
flops rate

declining cache
performance

Inclusive PAPI_L1_TCM-PAPI_L2_TCM/PAPI_L1_TCM

NN
QO O WO O ©
& & & & &
&'

S oS oS oS oS
FEE I EEEEEE



Profile Snapshots in ParaProf
Profile snapshots are parallel profiles recorded at
runtime
Shows performance profile dynamics (all types
allowed)

TAU: ParaProf: Snapshots for nc,t0,0,0 - flashd.xml

TAU measurement File Filter Windows PyScript Help

| Top 20 ” Square u Differential H Timeline‘ ‘Stacked |v| ITime Iv'Echusive IV‘
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M EOS_WRAPPED M GRID_GETDELTAS ™ AMR_GUARDCELL MPI_Bcast0) W GRID_APPLYBCEDGEALLUNKVARS ™ MPI_Recvd M MAPL
2 W MPI_Waitall0 ™ TIMERS_STOPINDEX HY_SWEEP GRID_APPLYBCEDGE ™ Other
n L
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Profile Snapshot Views

Percentage
breakdown

n TAU: ParaProf: Snapshots for n,c,t 0,0,0 - flashd.xml
File Filter Windows PyScript Help

-~ |Top 20 ” Square " Differential ” Timeline| |Stacked |v| |Time |v|F_chusive Iv|

Snapshot Breakdown
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Only show main loo

TAU: ParaProf: Snapshots for n,c,t 0,0,0 - flashd xml
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TAU: ParaProf: Snapshot Controller: E@E

Snapshot 80

Name: Iteration 80
Time Position: 9 Seconds

[ I Replay | ) .

TAU: ParaProf: n,c,t 0,0,0 - flash4.xml
File Options Windows Help

All windows dynamically update

Metric: Time
Value: Exclusive
Units: seconds
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0401 o ]
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0322 [ 1]
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Snapshot Replay in ParaProf

Snapshot 154

Name: final
Time Position: 24 Seconds

[ ] Replay | )

TAU: ParaProf: Snapshot Controller: E@E

TAU: ParaProf: n,c,t 0,0,0 - flash4.xml
File Options Windows Help
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TAUdb: Framework for Managing
Performance Data

Performance Analysis Programs

AU Performance System

- Enas
Y

Data Mim'ngj

raw profiles

(Weka)

Statistics
(R/ Omega)

* gprof
* mpiP
* psrun
* HPMtoolkit

*

Java PerfDMF API

XML —
document

formatted R
profile data
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PerfExplorer — Runtime Breakdown

000 X TAU/PerfExplorer: Total Runtime Breakdown

File

Percentage of Total Runtime

Help

Total Runtime Breakdown for S3D (Jaguar, ORNL):Harness Scaling Study:
GET_TIME_OF_DAY

100

90

WRITE_SAVEFILE

80

70

MPI1_Waitall

60

50

40

30

20

10

1,000 2,000 3,000 4,000 5,000 6,000 7,000 8,000 9,000 10,000 11,000 12,0(¢

Number of Processors

M DERIVATIVE_X_COMM [{derivative_x.pp.f90}{53,14}] M Loop: CHEMKIN_M::REACTION_RATE_BOUNDS [{chemkin_m.pp.f90}{374,3}-{386,7}]

¥ Loop: DERIVATIVE_X_CALC [{derivative_x.pp.f90}{432,10}-{441,15}] Loop: DERIVATIVE_X_CALC [{derivative_x.pp.f90}{566,19}-{589,24}]
Loop: DERIVATIVE_Y_CALC [{derivative_y.pp.f90}{431,10}-{440,15}] M Loop: DERIVATIVE_Z_CALC [{derivative_z.pp.f90}{435,10}-{444,15}]
Loop: INTEGRATE [{integrate_erk.pp.f90}{73,3}-{93,13}] Loop: RHSF [{rhsf.pp.f90}{209,3}-{211,7}] M Loop: RHSF [{rhsf.pp.f90}{515,3}-{535,16}]

M Loop: RHSF [{rhsf.pp.f90}{537,3}-{543,16}] M Loop: RHSF [{rhsf.pp.f90}{545,3}-{551,16}]

W Loop: THERMCHEM_M::CALC_INV_AVG_MOL_WT [{thermchem_m.pp.f90}{127,5}-{129,9]]
Loop: THERMCHEM_M::CALC_SPECENTH_ALLPTS [{thermchem_m.pp.f90}{506,3}-{512,8}]

M Loop: THERMCHEM_M::CALC_TEMP [{thermchem_m.pp.f90}{175,5}-{216,9}]

M Loop: TRANSPORT_M::COMPUTECOEFFICIENTS [{mixavg_transport_m.pp.f90}{492,5}-{520,9}]

M Loop: TRANSPORT_M::COMPUTEHEATFLUX [{mixavg_transport_m.pp.f90}{782,5}-{790,19}]

M Loop: TRANSPORT_M::COMPUTESPECIESDIFFFLUX [{mixavg_transport_m.pp.f90}{630,5}-{656, 19}]

M Loop: VARIABLES_M::GET_MASS_FRAC [{variables_m.pp.f90}{96,3}-{99,7}] MPI_Comm_compare() MPI_Wait(

B READWRITE_SAVEFILE_DATA [{io.pp.f90} {544, 14}] RHSF [{rhsf.pp.f90}{1,12}] WRITE_SAVEFILE [{io.pp.f90}{240,14}] M other
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Evaluate Scalability

8 OO0 TAU/PerfExplorer: Total TIME
Total TIME Bar Chart for IRMHD:Scaling_BGP
TIME
Q %0 49 QO 89 190 1?0 1?0 1§0 1§0 290 2?0 2?0
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® MPIFFT::REORDER_COMPLEX = MPI_Allreduce() m MPI_Alltoall() ®» MPI_Barrier() m MPI_Init() ® MPI_Waitall()
®m RK3NL::ERK3_STAGE = WDERIVS other
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Runtime Breakdown

e OO0 TAU/PerfExplorer: Total TIME Breakdown
Total TIME Breakdown for IRMHD:Scaling_BGP
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PerfExplorer — Relative Comparisons

Total execution time
Timesteps per second
Relative efficiency

Relative efficiency per event
Relative speedup

Relative speedup per event
Group fraction of total
Runtime breakdown

Correlate events with total
runtime

Relative efficiency per phase
Relative speedup per phase
Distribution visualizations

ParaTools O

Total Time Breakdown for GTC_s on XT3

| Il - I I =I I_ b.- 'I .|| Illlll‘\
.70

M CHARGE [{chargei.F90} {1,12}] BMPI_Alreduce() M PUS!

UNIVERSITY OF OREGON
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PerfExplorer — Correlation Analysis

PerfExplorer Client

8eo0e6e
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PerfExplorer — Correlation Analysis

-0.995 indicates strong, negative relationship. As
CALC_CUT_BLOCK_CONTRIBUTIONS() increases in execution time,

MPI_Barrier() decreases 8606 analysis_result
Correlation Results: r = -0.9953962923235117
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PerfExplorer — Cluster Analysis

e 06 PerfExplorer Client
File Analysis Views Charts Visualization Help
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PerfExplorer — Cluster Analysis

Four significant events automatically selected
Clusters and correlations are visible
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PerfExplorer: Performance Regression

o000 TAU: PerfExplorer Client
¥ Performance Data | @ Analysis Management =~ @ Cluster Results @ Correlation Results = @ Custom Charts |
» | @ jdbc:mysql:/ /jwww.paratools.com:3306 /paratool_tau
» | jdbc:mysgl://icl.cs.utk.edu:3306/perfdmf CMain Only) (Call Paths) ( Log Y ) (Scalability) (Efficiency) (Strong Scaling) (Horizontal)
¥ . jdbc:mysql:/ /www.nic.uoregon.edu:3306 /Flash_Regression_production Chart Title: Time
v . Portal
» | April 2007 Series Name/Value:
2 —m ——
¥ [ August 2007 "interval_event.name 3
P |7 July 2007 : -
> [ June 2007 = X Axis Value: =
» |1 March 2007 tria. XML_METADATA 7 | . —
> |1 May 2007 X Axis Name:
¥ October 2007 B
» |7 2007-10-12 E Y Axis Value:
» [ 2007-10-12 mean.exclusive ?} =
- °
» | 1 2007-10-01 Y Axis Name: §
» | 2007-10-02 b
» |7 2007-10-03 Dimension reduction: |
> | 2007-10-04 ~  [Over X Percent 4] E
¥ |7 2007-10-05 Cutoff (0<x<100): 51
> [ 2007-10-06 3 s
> [ 2007-10-07 Metric:
> 4 2007-10-08 [ Time 4)
» |1 2007-10-09 Unite:
» |7 2007-10-10 r d"' = = - - -
> [72007-10-11 seconds v
» [ 2007-10-13 = Event: ?¢<\ = /\ A\.\
» [12007-10-14 All Events 4] — + T S—" \
» | September 2007 XML Field: R
> | Views (UTC Time 3

20... 20... 20... 20... 20... 20... 20... 20... 20... 20... 20... 20... 20... 20...

UTC Time

® EOS_WRAPPED [{Eos_wrapped.F90} {89,1}-{267,26}] ® GRID_GETDELTAS [{Grid_getDeltas.Fo0} {24,1}-{38,29}]
4 GRID_GETSINGLECELLVOL [{Grid_getSingleCellVol.F0}{62,1}-{137,36} ~ HYDRO_1D [{hydro_1d.F90}{155,1}-{664,25}
HY_BLOCK [{hy_block.F90}{111,1}-{709,23}) ¥ INTRFC [{intrfc.F90}{111,3}-{338,21}] -~ MPI_Allreduce() ~ MPI_Barrier) * MPI_Ssend
< RIEMAN [{rieman.F90} {90,1}-{480,21}] ® STATES [{states.F90}{107,1}-{625,21}]
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Evaluate Scalability

Goal: How does my application scale? What
bottlenecks at what CPU counts?

Load profiles in PerfDMF database and examine with
PerfExplorer

000
File Help

| TAU/PerfExplorer: Total Runtime Breakdown

000 [X| TAU/PerfExplorer: Relative Speedup
File Help

Total Runtime Breakdown for S3D (Jaguar, ORNL):Harness Scaling Study:
GET_TIME_OF_DAY

Relative Speedup - S3D (Jaguar, ORNL):Harness Scaling Study: 100
GET_TIME_OF_DAY %

80
12,000 H
= 70
11,000 s
’ = 60
et
o
10,000 = 50
‘s
9,000 2 40
b
8,000 g \
3
a
o . §
=
£ 6,000 £O
0
5,000 1,000 2,000 3,000 4,000 5,000 6,000 7,000 8,000 9,000 10,000 11,000  12,0(
Number of Processors
4,000
% B DERIVATIVE_X_COMM [(derivative_x.pp.f90} (53,14)] M Loop: CHEMKIN_M::REACTION_RATE_BOUNDS [{chemkin_m.pp.f90} (374,3]~(386,7]]
3.000 M Loop: DERIVATIVE_X_CALC [(derivative_x.pp.fo0} {432,10}-{441,15]] ~ Loop: DERIVATIVE_X_CALC [(derivative_x.pp.f90} (566, 19}-(589,24]]
% Loop: DERIVATIVE_Y_CALC [{derivative_y.pp.fo0} (431,10}-{440,15}] M Loop: DERIVATIVE_Z_CALC [(derivative_z.pp.f90} (435,10}-(444,15)]
2.000 Loop: INTEGRATE [(integrate_erk.pp.f90} (73,3)-(93,13)] ' Loop: RHSF [(rhsf.pp.f90} (209,3)-(211,7)] M Loop: RHSF [(rhsf.pp.f90} (515,3)-(535,16)]
3 M Loop: RHSF [(rhsf.pp.f90) (537,3)-(543,16]] M Loop: RHSF [(rhsf.pp.f90} (545,3)~(551,16)]
000 M Loop: THERMCHEM_M::CALC_INV_AVG_MOL_WT [{thermchem_m.pp.f90) (127,5}-{129,9]]
L Loop: THERMCHEM_M::CALC_SPECENTH_ALLPTS [(thermchem _m.pp.f90} (506,3)-(512,8)]
0 M Loop: THERMCHEM_M::CALC_TEMP [(thermchem _m.pp.f90} {175,5)-(216,9)]
™ Loop: OMPUTECOEFFICIENTS [{mixavg_transport_m.pp.f90} (492,5)-(520,9)]
0 1,000 2,000 3,000 4,000 5,000 6,000 7,000 8,000 9,000 10,000 11,000 12,000 M Loop: OMPUTEHEATFLUX [{mixavg_transport_m.pp.f90} (782,51-(790, 19]]
Number of Processors ™ Loop: OMPUTESPECIESDIFFFLUX [{mixavg_transport_m.pp.f90) (630,5)-(656, 19)]
M Loop: VARIABLES_M::GET_MASS_FRAC [(variables_m.pp.f90} {96,3)~(99,7)] ™ MPI_Comm_compare0 ~ MPI_Wait0
|l Harness Scaling Study ® ideal | 4 I READWRITE_SAVEFILE_DATA [{io.pp.f90} (544,14]] ' RHSF [(rhsf.pp.f90}{1,12}] " WRITE_SAVEFILE [{io.pp.f90} {240,14})] M other P
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Usage Scenarios: Evaluate Scalability

Total LINUX_TIMERS Bar Chart for S3D Jaguar CNL:Scaling

LINUX_TIMERS
0 50 100 150 200 250 300 350 400 450 500 550 600 650 700 750 800 850

[

»

64

1728

Number of Processors

4096

6400

8000

W DERIVATIVE_X_COMM M DERIVATIVE_Y_COMM ® Loop: CHEMKIN_M::REACTION_RATE_VEC [{chemkin_m.pp.f90} {457,3}-{471,8}]
Loop: DERIVATIVE_X_CALC [{derivative_x.pp.f90} {432,10}-{441,15}] ™ Loop: DERIVATIVE_Y_CALC [{derivative_y.pp.fo0} {431,10}-{440,15}]
Loop: DERIVATIVE_Z_CALC [{derivative_z.pp.f90} {435,10}-{444,15}] Loop: INTEGRATE [{integrate_erk.pp.f90} {73,3}-{93,13}] ™ Loop: RHSF [{rhsf.pp.f90} {209,3}-{211,7}]
W Loop: RHSF [{rhsf.pp.fo0} {515,3}-{535,16}] M Loop: RHSF [{rhsf.pp.f90} {537,3}-{543,16}] M Loop: RHSF [{rhsf.pp.f90} {545,3}-{551,16}]
W Loop: THERMCHEM_M::CALC_INV_AVG_MOL_WT [{thermchem_m.pp.fo0} {127,5}-{129,9}] M Loop: THERMCHEM_M::CALC_TEMP [{thermchem_m.pp.f90} {175,5}-{216,9}]
W Loop: TRANSPORT_M::COMPUTECOEFFICIENTS [{mixavg_transport_m.pp.fo0} {492,5}-{520,9}]
W Loop: TRANSPORT_M::COMPUTEHEATFLUX [{mixavg_transport_m.pp.f90} {782,5}-{790,19}]
B Loop: TRANSPORT_M::COMPUTESPECIESDIFFFLUX [{mixavg_transport_m.pp.f90} {630,5}-{656,19}] M Loop: VARIABLES_M::GET_MASS_FRAC [{variables_m.pp.f90} {96,3}-{99,7}]
W MPI_Barrier()  MPI_Isend() ™ MPI_Wait() ** RHSF = other
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Performance Regression Testing

FACETS Bassi Regression: 32 Procs (events above 2%)

80 e
70
60 |

Exclusive Time (seconds)

- int main(int, char **) -@-std::vector<double, std::allocator<double> > FcCoreCellUpdate...
-+ void FcTmCoreFluxCalc::computeFluxes() - MPI_Recv)

double FcDataAssimilator::getValue(const std::string &, cons... MPI_Init)
= FcHAfSTmpl<DATATYPE> :writeDataSet

void FcDataAssimilatorUfiles:: parselfiles(const std::vector<...

void FcUpdaterComponent::dumpToFile(const std::string &) con... -« other
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Evaluate Scalability using
PerfExplorer Charts

% export TAU MAKEFILE=$TAU/Makefile.tau-shmem-pdt
% export PATH=$STAU/bin:$PATH

% make F90=tau £90.sh

(Or edit Makefile and change F90=tau £90.sh)

gsub runlp.job

o° o°

paraprof --pack 1lp.ppk

o°

gsub run2p.job ..

% paraprof --pack 2p.ppk .. and so on.

On your client:

% taudb configure -create-default

% perfexplorer configure

(Enter, Yes to load jars, schema, defaults)

% paraprof

(load each trial: DB -> Add Trial -> Type (Paraprof Packed
Profile) -> OK, OR use taudb loadtrial on the commandline)
% taudb loadtrial -a Matmult -x Scaling -n 32p 32p.ppk

% perfexplorer
(Charts -> Speedup)

Try wget http://tau.uoregon.edu/data.tgz and see tau/README
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Multi-language Application Debugging

% gqsub -I ..

$ oshrun -np 4 tau exec -memory debug ./a.out
% paraprof

Other options:

export TAU MEMDBG PROTECT ABOVE=1
export TAU MEMDBG PROTECT BELOW=1
export TAU MEMDBG PROTECT FREE=1

o° o°

o°

4
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Multi-language Application Debugging

8 O O

TAU: ParaProf Manager

@ Applications
¥ [ Standard Applications
¥ [ Default App

¥ [ Default Exp
v @ debug.ppk
@ TIME

» [ Default (jdbc:h2:/User!
» [ alcf (jdbc:postgresql:/,
» [ perfexplorer_working (
» [ taudb (jdbc:postgresq|

>

TrialField
Name
Application ID
Experiment ID
Trial ID
BACKTRACE(L)
BACKTRACE(L)
BACKTRACE(1)
BACKTRACE(L)
BACKTRACE(1)
CPU Cores

CPU MHz

CPU Type

CPU Vendor
cwD

Cache Size
Command Line
Executable

File Type Index
File Type Name
Hostname
Local Time

MPI Processor Name
Memory Size

Node Name

0OS Machine

OS Name

OS Release

0OS Version

SIGNAL

Vi b W N e

Value

debug.ppk

0

0

0

[bar] [/glade/u/home/sshende/pkgs/workshop/debug/foo.c:17] [/glade/u/home/sshende/pkgs/workshon/debua/fon_tau rewritten)
[foo] [/glade/u/home/sshende/pkgs/workshop/debug/foo.c:24] [/glade/u/home/sshende/pkgritten]
[main] [/glade/u/home/sshende/pkgs/workshop/debug/foo.c:31] [/glade/u/home/sshende/pkgnwwn#m“wgymmn:rewritten]
[__libc_start_main] [(unknown):0] [/lib64/libc-2.12.50)

[_start] [(unknown):0] [/glade/u/home/sshende/pkgs/workshop /debug/foo.tau_rewritten)

8

2600.000

Intel(R) Xeon(R) CPU E5-2670 0 @ 2.60GHz

Genuinelntel

/glade/u/home/sshende/pkgs/workshop/debug

20480 KB

/glade/u/home/sshende/pkgs/workshop /debug/foo.tau_rewritten
/glade/u/home/sshende/pkgs/workshop/debug/foo.tau_rewritten

0

ParaProf Packed Profile

ys0101
2013-03-31T17:13:40-06:00
ys0101

32988340 kB

ys0101

x86_64

Linux
2.6.32-220.13.1.el6.x86_64
#1 SMP Thu Mar 29 11:46:40 EDT 2012
Segmentation fault

Starting Timestamp 1364771620575991
TAU Architecture x86_64
TAU Config -iowrapper -mpiinc=/opt/ibmhpc/pel1209/mpich2 /intel/include64 -mpilib=/opt/ibmhpc/pel1209/mpich2 /intel/lib64 -cc=icc -c++...
TAU Makefile /glade/u/home/sshende/pkgs/tau-2.22.2 /x86_64/lib/Makefile.tau-icpc-mpi-pdt
TAU Version 2.22.2
Para;EOOlS O UNIVERSITY OF OREGON
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Location of segmentation violation

O O O [x| TAU: ParaProf: Source Browser: /glade/u/home/sshe...

File Help
1 #include <stdio.h>
2 #include <mpi.h>
3 #include <unistd.h>
4 #include <stdlib.h>
5
6 struct node {
7 int id;
2] struct node *next;
9 b
10
11 int bar(int x) {
12 int v
13 struct node *t = (struct node *)mallocisizeof(struct node));
14 t-=next = NULL
15 t-=id = x;
16 printf("t -> id = %dyn", t-=>id};
17 y = t-=>next->id;
18 printfl"y="%d\yn"y);
19 return x;
20 1
21
22 int foolint x) {
23 printfi"foo: x = %din", x};
24 bar(x};
25 return x;
26 1
27
28 int mainlint argc, char **argv) {
29 int ret;
30 MPI_Init{&arge, &argvl;
31 ret = foo(29);
32 MPI_Finalize();
33 return ret;
34 T
S ——

UNIVERSITY OF OREGON
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Memory Leak Detection

export TAU MAKEFILE=$TAU/Makefile.tau-gnu-papi-shmem-pdt
export PATH=S$TAU/../bin:S$PATH

export TAU OPTIONS='-optMemDbg -optVerbose’
make F90=tau f90.sh CC=tau_cc.sh CXX=tau cxx.sh

o o0 o

o°

% export TAU TRACK MEMORY LEAKS=1
% oshrun -n 256 ./matmult
% paraprof

4
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Multi-language Memory Leak Detection

|8 0 0 TAU: ParaProf: Context Events for: node 0 - memleak.ppk
Name /. Total NumSamples MaxValue MinValue MeanValue Std. Dev.
Heap Allocate 5,000,033 2 5,000,001 32 2,500,016.5 2,499,984.5
Heap Allocate <file=simple.c, line=15> 180 3 80 48 60 14.236
Heap Allocate <file=simple.c, line=23> 180 1 180 180 180 0
Heap Free <file=simple.c, line=18> 80 1 80 80 80 0
Heap Free <file=simple.c, line=25> 180 1 180 180 180 0
Heap Memory Used (KB) 4,884.829 8 4,883.196 0.047 610.604 1,614.888
v int foo(int) C [{simple.c} {36,1}-{44,1}]
v int bar(int) C [{simple.c}{7,1}-{28,1}]
Heap Allocate <file=simple.c, line=23> 180 1 180 180 180 0
Heap Free <file=simple.c, line=25> 180 1 180 180 180 0
¥ int g(int) C [{simple.c} {30,1}-{34,1}]
v int bar(int) C [{simple.c} {7,1}-{28,1}]
Heap Allocate <file=simple.c, line=15> 180 3 80 48 60 14.236
Heap Free <file=simple.c, line=18> 80 1 80 80 80 0
MEMORY LEAK! Heap Allocate <file=simple.c, line=15> 100 2 52 48 50 2
¥ int main(int, char **) C [{simple.c} {45,1}-{55,1}]
¥ MPI_Finalize()
Heap Allocate 5,000,033 2 5,000,001 32 2,500,016.5 2,499,984.5
MEMORY LEAK! Heap Allocate 5,000,033 2 5,000,001 32 2,500,016.5 2,499,984.5
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TAU Integration with IDEs

High performance software development environments
« Tools may be complicated to use
* Interfaces and mechanisms differ between platforms / OS
Integrated development environments
« Consistent development environment
* Numerous enhancements to development process
- Standard in industrial software development
Integrated performance analysis
+ Tools limited to single platform or programming language
» Rarely compatible with 3rd party analysis tools
- Little or no support for parallel projects

Para%OOlS O UNIVERSITY OF OREGON



TAU and Eclipse

000 [X| Fortran - matmult.f90 - Eclipse SDK
File Edit Refactor Navigate Search Pmoject Run Window Help

v B & [ ® [0 Qv Qe [P &Sy By |® & [y

[ Fortan Projects 53 Navigator, = B || [/ matmuh.foo 23 = 8[% outine % Make ... | T 8
e @|Es "~ ' I S
7 =5 matmuttiply @ initialize
- @ ) .
b ?Blnanes subroutine initialize(a, b, n) y multiply_matrices
[ @'Includes double precision a(n,n) / ) main
b (= .settings ¢_iouble precision b(n,n)
integer n
[> (= Debug_ia32 —
b (= Debug_ia32(tau-pc-mpi-pdt) ! first initialize the A matrix
doi=1,
» B matmult.fo0 dl) j= 111 n
[ cdtbuild a(j,i) =1
- . end do
|=| .«cdtpmject end do
.project
2 profile.0.0.0 ! then initia}i:&nthe B matrix
2 profile.1.0.0 do j=1,n
2 profile.2.0.0 b(j i) =1
- § end do
= profile.3.0.0 end do
end subroutine initialize
subroutine multiply_matrices(answer, buffer, b, matsize)
double precision buffer(matsize), answer(matsize)
double precision b(matsize, matsize)
integer i, j
| multiply the row with the colunm ||
v
K3 [*]
.PloblemSIConsole‘PmpeniesJ' 4 Performance Data Manager 53 _ Launch ParaPlof‘ B expvY"~ =

< [~ Experiment
E The New Trial: 2006-12-02 20:36:59

Per% % G

P Emm
P (ring

I IDEEEE
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Choosing PAPI Counters with TAU in Eclipse

~

Create, and run

Profile

Create a configuration to launch a program to be instrumented and profiled by TAU.

[€]1C/C++ Local Applic
~ &=} Parallel Application

i lammps-10NovQ

Name: |lammps-10NovOSwithTAU

B Main“")= Arguments‘ ) Envimnment[ £ Parallel Analysi

MPI
[ callpath Prq

[ Memory Prd CIpaPI_L1ICM
PAPI_L2_DCM

[ OPARI

CIPAPI_L2_ICM
oI CJPAPI_L1_TCM
L Epilog [CJPAPI_L2_TCM
PAPI [ PAPI_FPU_IDL
1 Perfiib [ PAPI_TLB_DM
[ Trace I PAPI_TLB_IM

I PAPI_TLB_TL
[JPAPI_L1_LDM
[CJPAPI L1 STM

Select Makefile|

Selective Instry

>

-

Select the PAPI counters to use with TAU

[ Phase Basd PAPI_L1_DCM

pters

Paratools

@ None | Select All | | Deselect All | |ECounter Descriptions;|

O Intemnal

O User Define| OK | | Cancel |

— ke |
| Apply. | | Revert
[ Profle  |[  Close

~
Counter

PAPI_L1_DCM Level 1 data cache misses
PAPI_L1_ICM Level 1 instruction cache misses
PAPI_L2_DCM Level 2 data cache misses
PAPI_L2_ICM Level 2 instruction cache misses

PAPI_L1_TCM
PAPI_L2_TCM
PAPI_FPU_IDL
PAPI_TLBE_DM
PAPI_TLB_IM
PAPI_TLB_TL
PAPI_L1_LDM
PAPI_L1_STM
PAPI_L2_LDM
PAPI_L2_STM
PAPI_STL_ICY
PAPI_HW_INT
PAPI_BR_TKN
PAPI_BR_MSP
PAPI_TOT_INS
PAPI_FP_INS
PAPI_BR_INS
PAPI_VEC_INS
PAPI_RES_STL
PAPI_TOT_CYC
PAPI_L1_DCH
PAPI_L2_DCH
PAPI_L1_DCA
PAPI_L2_DCA
PAPI_L2_DCR
PAPI_L2_DCW

Level 1 cache misses

Level 2 cache misses

Cycles floating point units are idle

Data translation lookaside buffer misses
Instruction translation lookaside buffer misses
Total translation lookaside buffer misses
Level 1 load misses

Level 1 store misses

Level 2 load misses

Level 2 store misses

Cycles with no instruction issue
Hardware interrupts

Conditional branch instructions taken
Conditional branch instructions mispredicted
Instructions completed

Floating point instructions

Branch instructions

Vector/SIMD instructions

Cycles stalled on any resource

Total cycles

Level 1 data cache hits

Level 2 data cache hits

Level 1 data cache accesses

Level 2 data cache accesses

Level 2 data cache reads

Level 2 data cache writes
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Download TAU from U. Oregon.
http://tau.uoregon.edu

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

Paratools
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Installing and Configuring TAU

Installing PDT:
* wget /pdt_lite.tgz
* ./configure —prefix=<dir>; make ; make install

Installing TAU:

e wget /tau.tgz
» ./configure -bfd=download -pdt=<dir> -papi=<dir> ...
* make install

*Using TAU.:
* export TAU_MAKEFILE=<taudir>/x86_64/
lib/Makefile.tau-<TAGS>
* make CC=tau_cc.sh CXX=tau_cxx.sh F90=tau_f90.sh

UNIVERSITY OF OREGON
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Compile-Time Options

Optional parameters for the TAU_OPTIONS environment variable:
% tau_compiler.sh

-optVerbose
-optComplnst
-optNoComplnst

-optTracklO

-optTrackGOMP
-optMemDbg
-optKeepFiles
-optPreProcess
-optTauSelectFile="<file>"
-optTauWrapFile="<file>"
-optHeaderlnst
-optTrackUPCR

-optLinking=

-optCompile=

-optPdtF950pts=""

Paratools

Turn on verbose debugging messages
Use compiler based instrumentation

Do not revert to compiler instrumentation if source
instrumentation fails.

Wrap POSIX I/O call and calculates vol/bw of 1/O operations
(Requires TAU to be configured with —iowrapper)

Enable tracking GNU OpenMP runtime layer (used without —opari)
Enable runtime bounds checking (see TAU_MEMDBG_* env vars)
Does not remove intermediate .pdb and .inst.* files

Preprocess sources (OpenMP, Fortran) before instrumentation
Specify selective instrumentation file for tau_instrumentor

Specify path to link_options.tau generated by tau_gen_wrapper
Enable Instrumentation of headers

Track UPC runtime layer routines (used with tau_upc.sh)

Options passed to the linker. Typically
$(TAU_MPI_FLIBS) $(TAU_LIBS) $(TAU_CXXLIBS)

Options passed to the compiler. Typically
$(TAU_MPI_INCLUDE) $(TAU_INCLUDE) $(TAU_DEFS)

Add options for Fortran parser in PDT (f95parse/gfparse) ...

O
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Compile-Time Options (contd.)

Optional parameters for the TAU_OPTIONS environment variable:
% tau_compiler.sh

-optShared Use TAU’s shared library (libTAU.so) instead of static library (default)
-optPdtCxxOpts="" Options for C++ parser in PDT (cxxparse).
-optPdtFO0Parser="" Specify a different Fortran parser

-optPdtCleanscapeParser  Specify the Cleanscape Fortran parser instead of GNU gfparser

-optTau="" Specify options to the tau_instrumentor
-optTrackDMAPP Enable instrumentation of low-level DMAPP API calls on Cray
-optTrackPthread Enable instrumentation of pthread calls

See tau_compiler.sh for a full list of TAU_OPTIONS.

UNIVERSITY OF OREGON
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Compiling Fortran Codes with TAU

If your Fortran code uses free format in .f files (fixed is default for .f), you may use:
% export TAU_OPTIONS= ‘-optPdtF950pts="-R free” -optVerbose ’

To use the compiler based instrumentation instead of PDT (source-based):
% export TAU_OPTIONS= ‘-optComplnst -optVerbose’

If your Fortran code uses C preprocessor directives (#include, #ifdef, #endif):
% export TAU_OPTIONS= ‘-optPreProcess -optVerbose’

To use an instrumentation specification file:
% export TAU_OPTIONS= ‘-optTauSelectFile=select.tau -optVerbose -optPreProcess’
% cat select.tau
BEGIN_EXCLUDE_LIST

FOO
END_EXCLUDE_LIST

BEGIN_INSTRUMENT_SECTION

loops routine=“#"

# this statement instruments all outer loops in all routines. # is wildcard as well as comment in first column.
END INSTRUMENT_SECTION

UNIVERSITY OF OREGON
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Runtime Environment Variables

Environment Variable Default Description

TAU_TRACE 0 Setting to 1 turns on tracing

TAU_CALLPATH 0 Setting to 1 turns on callpath profiling

TAU_TRACK_MEMORY_FOOTPRINT 0 Setting to 1 turns on tracking memory usage by sampling periodically the
resident set size and high water mark of memory usage

TAU_TRACK_POWER 0 Tracks instantaneous power usage by sampling periodically.

TAU_CALLPATH_DEPTH 2 Specifies depth of callpath. Setting to 0 generates no callpath or routine
information

TAU_CALLSITE 0 Setting to 1 generates calling sites for each routine.

TAU_SAMPLING 0 Setting to 1 enables event-based sampling.

TAU_EBS_UNWIND 0 Setting to 1 with TAU_SAMPLING enabled unwinds callstack at a sample

TAU_COMM_MATRIX 0 Setting to 1 generates communication matrix display using context events

TAU_THROTTLE 1 Setting to O turns off throttling. Enabled by default to remove instrumentation
in lightweight routines that are called frequently

TAU_THROTTLE_NUMCALLS 100000 Specifies the number of calls before testing for throttling

TAU_THROTTLE_PERCALL 10 Specifies value in microseconds. Throttle a routine if it is called over 100000
times and takes less than 10 usec of inclusive time per call

TAU_COMPENSATE 0 Setting to 1 enables runtime compensation of instrumentation overhead

TAU_PROFILE_FORMAT Profile Setting to “merged” generates a single file. “snapshot” generates xml format

TAU_METRICS TIME Setting to a comma separated list generates other metrics. (e.g.,
TIME,ENERGY,PAPI_FP_INS,PAPI_NATIVE_<event>:<subevent>)
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Runtime Environment Variables (contd.

Environment Variable Default Description

TAU_TRACK_MEMORY_LEAKS 0 Tracks allocates that were not de-allocated (needs —optMemDbg or tau_exec
—memory)

TAU_EBS_SOURCE TIME Allows using PAPI hardware counters for periodic interrupts for EBS (e.g.,
TAU_EBS_SOURCE=PAPI_TOT_INS when TAU_SAMPLING=1)

TAU_EBS_PERIOD 100000 Specifies the overflow count for interrupts

TAU_MEMDBG_ALLOC_MIN/MAX 0 Byte size minimum and maximum subject to bounds checking (used with
TAU_MEMDBG_PROTECT_*)

TAU_MEMDBG_OVERHEAD 0 Specifies the number of bytes for TAU’s memory overhead for memory
debugging.

TAU_MEMDBG_PROTECT_BELOW/ 0 Setting to 1 enables tracking runtime bounds checking below or above the

ABOVE array bounds (requires —optMemDbg while building or tau_exec —memory)

TAU_MEMDBG_ZERO_MALLOC 0 Setting to 1 enables tracking zero byte allocations as invalid memory
allocations.

TAU_MEMDBG_PROTECT_FREE 0 Setting to 1 detects invalid accesses to deallocated memory that should not
be referenced until it is reallocated (requires —optMemDbg or tau_exec —
memory)

TAU_MEMDBG_ATTEMPT_CONTINUE | O Setting to 1 allows TAU to record and continue execution when a memory
error occurs at runtime.

TAU_MEMDBG_FILL_GAP Undefined | Initial value for gap bytes

TAU_MEMDBG_ALINGMENT Sizeof(int) Byte alignment for memory allocations

TAU_EVENT_THRESHOLD 0.5 Define a threshold value (e.g., .25 is 25%) to trigger marker events for min/

max

Paratools
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