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What i1s TAU?

TAU is a performance evaluation tool
It supports parallel profiling and tracing toolkit

Profiling shows you how much (total) time was spent in each
routine

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

a Profiling and tracing can measure time as well as hardware
performance counters from your CPU

0 TAU can automatically instrument your source code (routines,
loops, 1/0, memory, phases, etc.)

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

Using TAU requires setting a couple of environment variables and
substituting the name of the compiler with a TAU shell script

a a

a a
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Part I: TAU: A Quiék Reference

Using TAU: A Tutorial
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Using TAU: A brief Introduction

a To instrument source code using PDT
o Choose an appropriate TAU stub makefile in <arch>/lib:

%0 setenv TAU_MAKEFILE
/usr/common/acts/TAU/tau-2.17.2/x86_64/lib/Makefile.tau-pathcc-mpi-pdt

% setenv TAU_OPTIONS *“-optVerbose ...” (see tau_compiler.sh)

And use tau_f90.sh, tau_cxx.sh or tau_cc.sh as Fortran, C++ or C
compilers:

% mpif90 foo.f0

changes to
% tau 90.sh f00.f90

0 Execute application and analyze performance data:

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

http://tau.uoregon.edu TAU



TAU Measurement Configuration — Examples

% cd /usr/common/acts/TAU/tau-2.17.2/x86_64/lib; Is Makefile.*
Makefile.tau-pathcc-pdt

Makefile.tau-pathcc-mpi-pdt
Makefile.tau-pathcc-callpath-mpi-pdt
Makefile.tau-pathcc-mpi-pdt-trace
Makefile.tau-pathcc-mpi-compensate-pdt
Makefile.tau-multiplecounters-pathcc-mpi-papi-pdt
Makefile.tau-multiplecounters-pathcc-mpi-papi-pdt-trace
Makefile.tau-pathcc-pthread-pdit. ..

3 For an MPI+F90 application, you may want to start
with:
Makefile.tau-mpi-pdt

O Supports MPI instrumentation & PDT for automatic source instrumentation

O % setenv TAU_MAKEFILE
/usr/common/acts/TAU/tau-2.17.2/x86_64/lib/Makefile.tau-pathcc-mpi-pdt
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Usage Scenarios: Routine Level Profile

3 Goal: What routines account for the most time? How much?
d  Flat profile with wallclock time:

Metric: P_VIRTUAL_TIME
Value: Exclusive
Units: seconds

9647.318 | | LEQ_IKSWEEPT

4357.213 (I LEQ_BICGSOT
2669887 [ | 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 [] DRAG_GS

http://tau.uoregon.edu TAU



Solution; Generating a flat profile with MPI

% setenv TAU MAKEFILE Zusr/common/acts/TAU/tau-2.17.2/x86_64
/1i1b/Makefile.tau-pathcc-mpi-pdt

% set path=(/usr/common/acts/TAU/tau-2.17.2/x86 _64/bin $path)
% make F90=tau T90.sh
(Or edit Makefile and change F90=tau_ f90.sh)
% setenv TAU_THROTTLE 1
% gsub run.job
% paraprof -—pack app.ppk
Move the app.ppk file to your desktop.

% paraprof app.ppk
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Usage Scenarios: Loop Level Instrumentation

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

Metric: GET_TIME_OF _DAY
Value: Exclusive
Units: microseconds

1729975.333 |

| Loop: MULTIPLY_MATRICES [{matmult.f90} {31,9}-{36,14}]

http://tau.uoregon.edu

443194 NN MPI_Recv()

81095 [] MAIN
49569 [ MPI_Bcast()
45669 [| Loop: MAIN [{matmult f20} {86,9}{106,14}]
12412 | MPI_Send()
8959 | Loop: INITIALIZE [{matmult f90} {17,9}-{21,14}]
8953 | Loop: INITIALIZE [{matmult.f90} {10,9}-{14,14}]
5609.2 | MPI_Finalize()
2932.667 | MULTIPLY_MATRICES
2577.667 | Loop: MAIN [{matmult f90} {117,9}-{128,14}]
2091.8 | MPI_Barrier()
1875.667 | Loop: MAIN [{matmult f90} {112,9}-{115,14}]
1833 | Loop: MAIN [{matmult f90} {71,9}-{74,14}]
107 | Loop: MAIN [{matmult 90} {77,9}-{84,14}]
30 | INITIALIZE
14.25 | MPI_Comm_rank{)
1 | MPI_Comm_size()

TAU




Solution; Generating a loop level profile

%

%
%

%
%

%
%

%

setenv TAU MAKEFILE /usr/common/acts/TAU/tau-2.17.2/x86 64
/1ib/Makefile.tau-pathcc-mpi-pdt

setenv TAU OPTIONS “-optTauSelectFile=select.tau —optVerbose’
cat select.tau

BEGIN_INSTRUMENT_SECTION

loops routine=“#”

END_INSTRUMENT SECTION

set path=(/usr/common/acts/TAU/tau-2.17.2/x86 64/bin $path)
make F90=tau_T90.sh

(Or edit Makefile and change F90=tau_ f90.sh)

qsub run.job
paraprof -—pack app.ppk

Move the app.ppk file to your desktop.

paraprof app.ppk

http://tau.uoregon.edu TAU
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Usage Scenarios: MFlops in Loops

d Goal: What MFlops am | getting in all loops?

a  Flat profile with PAPI_FP_INS/OPS and time (-
multiplecounters) with loop instrumentation:

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

770.699 | Loop: MULTIPLY_MATRICES [{matmult.f90} {31,9}-{36,14}]
223.39 Loop: INITIALIZE [{matmult.f90} {10,9}{14,14}]
223.24 Loop: INITIALIZE [{matmult.f90} {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 f30} {117,9}-{128,14}]

37.549 [_| MULTIPLY_MATRICES
21.367 [l INITIALIZE
13.795 [] Loop: MAIN [{matmult f90} {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
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Generate a PAPI profile with 2 or more counters

% setenv TAU MAKEFILE Zusr/common/acts/TAU/tau-2.17.2/x86_64
/1ib/Makefile.tau-multiplecounters-pathcc-papi-mpi-pdt

% setenv TAU OPTIONS “-optTauSelectFile=select.tau —optVerbose”
% cat select.tau

BEGIN_INSTRUMENT_SECTION

loops routine=“#"

END_INSTRUMENT_SECTION

% set path=(/usr/common/acts/TAU/tau-2.17.2/x86 _64/bin $path)
% make F90=tau_T90.sh
(Or edit Makefile and change F90=tau_ f90.sh)
% setenv COUNTER1 GET_TIME_OF DAY
% setenv COUNTER2 PAPI_FP_INS
% gsub run.job
% paraprof -—pack app.ppk
Move the app.ppk file to your desktop.
% paraprof app.ppk

Arg 2 = GET_TIME _OF DAY, Operation = Divide -> Apply, choose.

http://tau.uoregon.edu TAU
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sage Scenarios: Generating Callpath Profile

a Goal: Who calls my MPI_Barrier()? Where?
d Callpath profile for a given callpath depth:

X n,ct, 0,0,0 - callpath-all/scaling/flash/taudata/disk2/mntf
File Options Windows Help

Metric Name: Time
Walue Type: exclusive

26.474% | | MODULEHYDROSWEEP:HYDRO_SWEEP
26.474% | |FLASH =3> EVOLVE = HYDROzHYDRO_3D = MODULEHYDROSWEEP:HYDRO_SWEEP
24.556% NG 10D ULEHYDRO_1D:HYDRO_1D
24.556% NN | ASH = EVOLVE = HYDRO:HYDRO_3D =3 MODULEHYDROSWEEP:HYDRO_SWEEP
14.351% [ | MODULEINTRFC:INTRFC
14.351% [ FLASH =3 EVOLVE => HYDROZHYDRO_3D =:> MODULEHYDROSWEEP:HYDRO_SWEEP =3 MODULEHYDRO_1D:HYDRO_1D =3 MODULEINTRFCZINT
4.501% [ MODULEEOS3D:E0S3D
4.427% [ I MPI_Ssend{
3.678% [_]FLASH =3 EVOLVE => HYDRO:HYDRO_3D => MODULEHYDROSWEEP:HYDRO_SWEEP =: MODULEEOS3D:EQS3D
3.536% I MPI_Allreduce
2.727% I MPI_Waitallg
2.242% [ ] MODULEUPDATE_SOLNzUPDATE_SOLN
2.247% I FLASH => EVOLVE =3 HYDRO:HYDRO_3D =: MODULEHYDROSWEEP:HYDRO_SWEEP = > MODULEUPDATE_SOLN:UPDATE_SOLN
2.059% [] AMR_GUARDCELL_CC_SRL
1.703% I FLASH => EVOLVE =: HYDROzHYDRO_3D =3 MODULEHYDROSWEEP:HYDRO_SWEEP = MESH_GUARDCELL = AMR_GUARDCELL SRL =3 AMR_
1.56% M FLASH => EVOLVE => HYDROZHYDRO_3D => MODULEHYDROSWEEP:HYDRO_SWEEP =3 MESH_GUARDCELL =3 AMR_GUARDCELL SRL =3> AMR_

1.406% B FLASH => EVOLVE =3 MESH_UPDATE_GRID_REFINEMENT = > MESH_REFINE_DEREFINE = > AMR_REFINE_DEREFINE = > AMR_MORTON_ORDER
1.361% E FLASH = TIMESTEP = > MPI_Allredured

1.319% [ AMR_RESTRICT_UNK_FUN
1.272% ] AMR_PROLONG_GEN_UNK_FUN
1.093% [JFLASH => EVOLVE => HYDROzHYDRO_3D = MODULEHYDROSWEEP:HYDRO_SWEEP =: MESH_GUARDCELL = AMR_GUARDCELL C_.TO_F == A
1.077% [] ABUNDANCE_RESTRICT
1.077% [ FLASH => EVOLVE = HYDRO:HYDRO_3D = > MODULEHYDROSWEEP:HYDRO_SWEEP = ABUNDANCE_RESTRICT
1.064% [l DEASETREE:DEASENEIGHEORBLOCKLIST
1% O FLASH => EVOLVE =3> HYDROZHYDRO_3D => MODULEHYDROSWEEP:HYDRO_SWEEP =3 MESH_GUARDCELL =3 AMR_RESTRICT =3 AMR_RESTRH

0.987% [ FLASH => EVOLVE =3 HYDROzHYDRO_3D => MODULEHYDROSWEEP:HYDRO_SWEEP = > MESH_FLUX_CONSERVE =: AMR_FLUX_CONSERVE_UDT

0.96% [ FLASH =:> EVOLVE = HYDRO:HYDRO_3D = MODULEHYDROSWEEP:HYDRO_SWEEP =3 MESH_GUARDCELL =: AMR_GUARDCELL C_.TO_F = A
0.916% I MPI_Barrierg
0.807% M FLASH => EVOLVE =3> HYDROZHYDRO_3D = > MODULEHYDROSWEEP:HYDRO_SWEEP =:> MESH_GUARDCELL =:> TOT_BND =: DBASETREE:DEAS
0.806% [ AMR_PROLONG_UNK_FUN
0.735% M AMR_DIAGONAL_PATCH
0.699% [] DIFFUSE
0.699% [ FLASH = EVOLVE =3> HYDRO:HYDRO_3D = > MODULEHYDROSWEEP:HYDRO_SWEEP = DIFFUSE
0.671% [l AMR_RESTRICT_RED
0.671% [l FLASH =3 EVOLVE => HYDROZHYDRO_3D => MODULEHYDROSWEEP:HYDRO_SWEEP =3 MESH_FLUX_CONSERVE = AMR_FLUX_CONSERVE_UDT
0.657% [ FLASH =: EVOLVE = HYDRO:HYDRO_3D =3 MODULEHYDROSWEEP:HYDRO_SWEEP =3 MESH_GUARDCELL =: AMR_GUARDCELL SRL = AMR_
0.638% [ FLASH => EYOLVE = > MESH_UPDATE_GRID_REFINEMENT => MARK_GRID_REFINEMENT = MPLBarrierd

0.61% [ FLASH => EVOLVE =3 HYDRO:HYDRO_3D = MODULEHYDROSWEEP:HYDRO_SWEEP = MESH_GUARDCELL = AMR_GUARDCELL_ C_TO_F =: A
0.556% D FLASH => EVYOLVE =:> HYDRO:HYDRO_3D =:> MODULEHYDROSWEEP:HYDRO_SWEEP =3 MESH_GUARDCELL =3 AMR_GUARDCELL C.TO_F => A
0.508% [ TOT_END

0.454% [ FLASH = EVOLVE = MESH_UPDATE_GRID_REFINEMENT = MARK_GRID_REFINEMENT = MODULEEOS3D=E0S3D

= MODULEHYDRO_1D:HYDRO_1D

=4

http://tau.uoregon.edu TAU

13




Callpath Profile

d Generates program callgraph

Call Graph for n,c,t, 0,0,0 - tmp/private/
File Options Windows Help

L[| L [ [[] ~ [ENNENREEER

AN EET S ] FL() (sleeps 1 sec, calls £2, f4)|

fa() (sleeps 4 sec, calls f2)|

f2() (sleeps 2 sec, calls f3)|

f20 (sleeps 3 sec)
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Generate a Callpath Profile

% setenv TAU MAKEFILE Zusr/common/acts/TAU/tau-2.17.2/x86_64
/1ib/Makefile.tau-pathcc-cal lpath-mpi-pdt

% set path=(/usr/common/acts/TAU/tau-2.17.2/x86 _64/bin $path)
% make F90=tau_T90.sh

(Or edit Makefile and change F90=tau_ f90.sh)

% setenv TAU_CALLPATH_DEPTH 100

% gsub run.job
% paraprof -—pack app.ppk
Move the app.ppk file to your desktop.
% paraprof app.ppk
(Windows -> Thread -> Call Graph)

http://tau.uoregon.edu TAU
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Usage Scenarios: Mixed Python+F90+C+pyMPI

d Goal: Generate multi-level instrumentation for Python+MPI+...

n,c,t 0,0,0 - scipy/taudata/rs/sameer/Users/
File Options Windows Help

Metric: Time
Value: Exclusive percent

31.656% | | write_array [/usr/lib/python2.4/site-packages/Gnuplot/utils.py, line=46]
26.056% IEEEEEee— ’ [<string>, line=1]
13.3% write
5.402% [___] __init__ [Jusr/lib/python2.4/site-packages/Gnuplot/Plotitems.py, line=430]
4.561% [ ] tolist
2.954% [_| start_new_thread

0.98% H join [/usr/lib/python2.4/string.py, line=308]
0.94% [] choice [/usr/lib/python2.4/random.py, line=247]
0.803% [] popen
0.777% [ next [/usr/lib/python2.4/tempfile.py, line=127]
0.759% [ __call__ [Jusr/lib/python?2.4/site-packages/Cnuplot/_Gnuplot.py, line=192]
0.561% [ Data [/usr/lib/python2.4/site-packages/Gnuplot/Plotitems.py, line=476]

0.493% | get_command_option_string [/usr/lib/python2.4/site-packages/Gnuplot/Plotitems.py, line=177]
0.491% | len

0.42% || OurMain [hi.py, line=8]
0.414% | get
0.384% | apply
0.378% | normpath [fusr/lib/python2.4/posixpath.py, line=374]
0.341% | seed [/usr/lib/python2.4/random.py, line=98]
0.339% | mktemp [/usr/lib/python2.4/tempfile.py, line=337]
0.334% | start [/usr/lib/python2.4/threading.py, line=408]
0.319% | _get_default_tempdir [/usr/lib/python2.4/tempfile.py, line=176]
0.297% | urandom [/usr/lib/python2.4/os.py, line=711]
0.295% | refresh [/usr/lib/python2.4/site-packages/Gnuplot/_Gnuplot.py, line=206]

http://tau.uoregon.edu TAU
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Generate a Multi-Language Profile w/ Python

% setenv TAU MAKEFILE Zusr/common/acts/TAU/tau-2.17.2/x86 64
/1i1b/Makefile.tau-pathcc-python-mpi-pdt

% set path=(/usr/common/acts/TAU/tau-2.17.2/x86 _64/bin $path)
% setenv TAU OPTIONS “-optShared -optVerbose..”
(Python needs shared object based TAU library)
% make F90=tau T90.sh CXX=tau cxx.sh CC=tau cc.sh (build pyMPl w/TAU)
% cat wrapper.py

import tau

def OurMain():

import App

tau.run(“OurMain() )
Uninstrumented:
% mpirun.lIst /pyMPI-2.4b4/bin/pyMP1 _/App.py
Instrumented:
% setenv PYTHONPATH <taudir>/x86_64/<lib>/bindings-python-mpi-pdt-pgi
(same options string as TAU_MAKEFILE)
setenv LD LIBRARY_PATH <taudir>/x86_64/1ib/bindings-icpc-python-mpi-pdt-
pgi\:$LD LIBRARY_ PATH

% mpirun —np 4 <dir>/pyMPI1-2_4b4-TAU/bin/pyMPI ./wrapper.py 7

(Instrumented pyMPl with wrapper.py)

http://tau.uoregon.edu TAU 17
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“Usage Scenarios: Generating a Trace File

d Goal: What happens in my code at a given time? \When?
0 Event trace visualized in Vampir/Jumpshot

e ¥ala] X/ Vampir NG - Timeline

node 0, thread O MPI_nllteall() ! m TAU_USER
node 1, thread © | L1 mMPI

node 2, thread 0 YINYVT 58 110

node 3, thread ¢ YINVT MPI_Alltcall ) 110

node 4, thread 0O YINYVT MFI_Alltoall () 110

node 5, thread ¢ YINVT MPI_Alltoall()} 110

node 6, thread © YINYVT MPI_Alltoall () 110

node 7, thread ¢ YINVT 58 110

node 8, thread © YINYVT MPI_Alltoall() 110

node 9, thread ¢ YINVT MPI_Alltoall () 110

node 10, thread
node 11, thread
node 12, thread
node 13, thread
node 14, thread
node 15, thread
node 16, thread
node 17, thread
node 18, thread

YINVT 58 58 110
YINVT FPT_Alltoall() 110
YINVT MPI_Alltoall(y 110
YINVT 58 58 110
YINVT MPT_Alltoall() 110
YINVT FPT_Alltoall () 110
000 Vampir NG - Identified Activity i 2 49

~

MPI_Allteall()} 110
node 0, thread 0 58 110

Location

node 19, thread Operation : MPI_Alltoall() (58) MPT_Alltoall{) 110
node 20, thread Activity : MPI (5) 58 53 119
node 21, thread Interval : 6.152 s — 6,994 s MPTI_Alltoall() 110
node 22, thread Burretien : 0.842 s 58 119

node 23, thread
node 24, thread
node 25, thread

MPI_Alltoall{) 110
6.994 s — 6.994 s MPI_Alltoall O 110
MPI_Alltoall () 110

Mext Activity

node 26, thread Previous Activity: 6,151 s — 6.151 s o8 58 110
node 27, thread MPI_Alltoall ) 110
node 28, thread MPI_Alltoall() 110
node 29, thread lose 58 58 110
node 30, thread TINY MPI_Alltoall(} 110
node 31, thread YINVT MPI_Alltoall{} 110
node 32, thread YINVT 58 98 110
node 33, thread YINYT MPI_Alltoall{) 119
node 34, thread YINVT MPI_Alltoall(} 110
node 39, thread YINYT MPI_Alltoall(} 119
node 36, thread TYINVT MPI_Alltoall() 110
node 37, thread YINYT MPI_Allteall () 119
node 38, thread YINYVT MPI_Alltoall () 110
node 39, thread YINYVT MPI_Alltcall() 110
node 40, thread YINVT MPI_Alltoall () 110
node 41, thread YINYVT MPI_Alltoall{) 110
node 42, thread YINVT 58 58 110
node 43, thread YINYVT MPI_Alltoall () 110
node 44, thread YINVT MPI_Alltozall ) 110
node 45, thread YINYVT 58 58 110
node 46, thread YINVT MPI_Alltoall{) 110
node 47, thread YINYVT MPI_Alltoall () 110
node 48, thread YINVT 58 B8 110
node 49, thread YINYVT 58 110
node 50, thread YINVT 58 110
nede 51, thread YINYVT 58 110
node 52, thread YINVT 58 110
nede 53, thread YINYVT MPI_Alltoall{) 110

YIMNVT 110
YINVT 110

node 54, thread
node 55, thread

COOCOO0OO0CO0OOCO0OOO0COOOVLCOOOVCOOOLO2OO0COO0COO0CO0O0

node 56, thread YINVT MPI_Alltoall(} 110
node 57, thread YINVT MPI_Alltoall () 110
S bisplayed 58 from 512 bars F

http://tau.uoregon.edu TAU 18
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Vampir Counter Timeline Showing 1/0 BW

app,otf (1,027 s - 1,416 5 = 0,389 =)

WRITE Bandwidth (Mé!s) (#)
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Generate a Trace File

% setenv TAU MAKEFILE Zusr/common/acts/TAU/tau-2.17.2/x86_64
/1ib/Makefile.tau-pathcc-mpi-pdt-trace

% set path=(/usr/common/acts/TAU/tau-2.17.2/x86 _64/bin $path)
% make F90=tau_T90.sh
(Or edit Makefile and change F90=tau_ f90.sh)
% gsub run.job
% tau_treemerge.pl
(merges binary traces to create tau.trc and tau.edf files)
JUMPSHOT :
% tau2slog2 tau.trc tau.edf —o app-.slog2
% jJumpshot app.-.slog2
OR
VAMPIR:
% tau2otf tau.trc tau.edf app.otf -n 4 —z
(4 streams, compressed output trace)

% vampir app.otf

(or vng client with vngd server). 7

http://tau.uoregon.edu TAU
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“Usage Scenarios: Evaluate Scalabi lity 4

0  Goal: How does my application scale? What bottlenecks at what cpu counts?
0  Load profiles in PerfDMF database and examine with PerfExplorer

O Oy O . TAU/PerfExpiornr Tatal Runtime Breakdown

X| TAU/PerfExplorer: Relative Speedup l...' H,.'n

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

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

12,000 g
H
11,000 E
=
10,000 2
i}
9,000 2
b
8,000 =
g
&
o 7,000
=
™
& 6,000
5,000 1000 2,000 3,000 4,000 5.000 5,000 7.000 8,000 2,000 10,000 11,000 12,00
Number of Processors
4,000
! W DERIVATIVE X_COMM [iderivative_x.pp.f90) (53,141 M Loop: CHEMEIN M:REACTION_RATE_EOUNDS ficherbin_m.pp.f90} (374,31-386,71]
3.000 ¥ Loop: DERIVATIVE.X.CALC [[derivative_x.pp.f90) (432, 10144 LISl Loop: DERIVATIVE.X_CALC [[derivative.x.pp.190] (566, 19)-{589,24]]
* Loop: DERIVATIVE_Y_CALC [iderivative_y.pp.190) (43 1,10)-(440,15]] B Loop: DERIVATIVE_Z_CALC liderivative_z.pp. 190} (435, 10)-(. L1501
¥ ¥-PP l "
2000 Loap: INTEGRATE [linte erh.pp.190] (93,1301 Loop: RHSF [irhsfpp.f90) (209,32 LL7I M Loop: RHSF [[rhslpp.90] (515,31-{535, 16])
4 W Loop: RHSF [rhsfpp.190] (537,3)-(543,16)] oop: RHSF [[rhsf.pp, F0) (545,3)-(%" 3l
L PP P PP
1000 B Loop: THERMCHEM M::CALC_INV_AVG_MOLWT [(thermehem _nm.pp.190] (127,51 129,91]
. Loop: THERMCHEM M CALC_SPECENTH_ALLPTS [[thermchem_m.pp, F30) (506, 3)-(5 12.8]]
B Loop: THERMCHEM MCALC _TEMP [[thermchem m.pp.190] [ 175,512 16,9)

W Loop: TRANSPORT

SCOMPUTECOEFFICIENTS [imixavg_transport_m.p) 92.51-1520,911

0
0 1,000 2,000 3,000 4,000 5000 6000 7,000 £000 9,000 10,000 11,000 12,000

W Loop: TRANSPORT M::COMPUTENEATFLIE Fmixava transpart_m.pp. F90) (782,5)-[790, 19|
Mumber of Processors B Loop: TRANSPORT M::COMPUTESPECIESDIFFFLUX [[mixavg_transport_m.pp.F90) (630511656, 191)
B Loop: VARIABLES. M::GET_MASS_FRAC [ivariables m.pp.190] (96,399,715 MP_Comm_compared  MA_Wail)
M Harness Scaling Study @ ideal | 4 B READWRITE_SAVEFILE_DATA [lio.pp, F90) (544.141] © RHSF [rhsfpp.190] (1,121 © WRITE_SAVEFILE lic.pp.190] [240,14)] M other
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Evaluate Scalability using PerfExplorer Charts

% setenv TAU MAKEFILE Zusr/common/acts/TAU/tau-2.17.2/x86_64
/1ib/Makefile.tau-pathcc-mpi-pdt

% set path=(/usr/common/acts/TAU/tau-2.17.2/x86 _64/bin $path)
% make F90=tau_T90.sh

(Or edit Makefile and change F90=tau_ f90.sh)

% gsub runlp.job

% paraprof -—pack 1p.ppk

% gsub run2p.job ..

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

On your client:

% perfdmf_configure

(Choose derby, blank user/passwd, yes to save passwd, defaults)
% perfexplorer_configure

(Yes to load schema, defaults)

% paraprof

(load each trial: DB -> Add Trial -> Type (Paraprof Packed
Profile) -> 0K)

% perfexplorer
(Charts -> Speedup)

http://tau.uoregon.edu TAU
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Part I1: Rest of the talk

The Detalls...
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Performance Tools FAQ/Concerns

O

O

a

a

Does it automatically instrument my code? At the routine level? At the outer-
loop level?

Can it show me where time is spent in my code? PAPI Flops? L1 data cache
misses? Can | measure more than one quantity in a trial?

Does the tool support profiling (runtime summarization) as well as tracing
(time-line based displays)? What about profile snapshots? Callpath (parent-
child) profiles? Can I use it to easily benchmark codes?

Can | observe the performance data at runtime as the application executes?

Can it show me memory utilization? Memory leaks? Mallocs/frees? When and
where?

What about I/0? Can | observe bandwidth of reads/writes? Volume of 1/0?
What about Kernel events? User space+Kernel?

What is the typical overhead? Can | reduce it to < 5%7? < 1%? Can it
compensate and remove timer overhead from performance data? Can it throttle
away instrumentation in lightweight routines at runtime to reduce overhead?

| already have profile data from <XYZ> tool. Can it import my legacy data?

| prefer <XYZ> performance tool for visualization. Can it hook up with this
tool? Are there converters?

http://tau.uoregon.edu TAU
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Performance Tools FAQ/Concerns (contd.)

O

aaaaaad

a

Can | use it for multi-core CPUs? Compare the performance of application
running on a single vs. multi-core processor? Can | observe multi-core data
snoops, invalidates?

Can | share the performance data with my colleagues in a secure manner
(web/database)? Can it automatically track progress of my application over time
(~ 6 mos)? Can | use it for scalability studies? Over multiple platforms?

Are the GUI client tools available under Linux? MS Windows? Apple?

Does it run on all Cray, IBM, SGI, HP ... platforms? CNL? Catamount?

Does it support MP1? MPI12? Threads? Hybrid MPI+Pthreads/MPI1+OpenMP?
Does it support Fortran? C++, C? Java? Python? Python+MPI+F90+C++...?
Does it support Intel/PGI/PathScale/IBM/Cray/Sun compilers?

Are tools available in command-line form & GUI? IDE GUI? Web-based? 3D?

Is it already installed and supported on my HPC system? What about systems at
NERSC? ANL? LLNL? LANL? NASA? DoD? NSF sites?...

Is there support (phone/e-mail) available for the tool? Professional support? For
instrumentation? Analysis?

Will it work on the new <XYZ> HPC platform scheduled for release six months
from now?

Is it free? BSD license? ...
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Performance Evaluation

3 Profiling

O Presents summary statistics of performance metrics
» number of times a routine was invoked
» exclusive, inclusive time/hpm counts spent executing it
» number of instrumented child routines invoked, etc.
» structure of invocations (calltrees/callgraphs)
» memory, message communication sizes also tracked

3 Tracing

O Presents when and where events took place along a global
timeline
» timestamped log of events
» message communication events (sends/receives) are tracked
e shows when and where messages were sent

> large volume of performance data generated leads to more
perturbation in the program
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Definitions — Profiling

3 Profiling

O Recording of summary information during execution
» Inclusive, exclusive time, # calls, hardware statistics, ...

O Reflects performance behavior of program entities
» functions, loops, basic blocks
» user-defined “semantic” entities

o Very good for low-cost performance assessment
O Helps to expose performance bottlenecks and hotspots

O Implemented through
» sampling: periodic OS interrupts or hardware counter traps
» Instrumentation: direct insertion of measurement code

http://tau.uoregon.edu TAU 28



Definitions — Tracing

3 Tracing

O Recording of information about significant points (events)
during program execution
» entering/exiting code region (function, loop, block, ...)
» thread/process interactions (e.g., send/receive message)

O Save information in event record
» timestamp
> CPU identifier, thread identifier
» Event type and event-specific information

O Event trace is a time-sequenced stream of event records
o Can be used to reconstruct dynamic program behavior
o Typically requires code instrumentation
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Event Tracing: Instrumentation, Monitor, Trace

4,k
4 ):JI

Event definition

CPU A:
void master { 1 | master
trace(ENTER, 1); 2 | worker

trace(SEND, B); _ 3
send(B, tag, buf); \ ltlmestamp

trace(EXIT, 1);

}
MONITOR 58| A | ENTER | 1
CPU B 60| B | ENTER | 2
void worker { 62| A | SEND B
trace(ENTER, 2); 6al a | EXIT 1
recv(A, tag, buf); 68| B | RECV A
trace(RECV, A);
69| B | EXIT 2
trace(EXIT, 2);
}
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Event Trac'ing: “Timeline” Visualization

1 | master

2 | worker

58] A| ENTER] 1
60| B | ENTER]| 2
62| A|SEND | B
64| A | EXIT 1
68| B| RECV | A
69| B | EXIT 2

http://tau.uoregon.edu

™ main
B master
B worker

58 60 62 64 66 68 70

TAU
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TAU Performance System Project

a3 Tuning and Analysis Utilities (15+ year project effort)
a3 Performance system framework for HPC systems
O Integrated, scalable, and flexible
O Target parallel programming paradigms
d Integrated toolkit for performance problem solving
O Instrumentation, measurement, analysis, and visualization
O Portable performance profiling and tracing facility
O Performance data management and data mining
0 Partners
o LLNL, ANL, LANL
O Research Centre Julich, TU Dresden
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TAU Parallel Performance System Goals

a3 Portable (open source) parallel performance system
o Computer system architectures and operating systems
o Different programming languages and compilers

3 Multi-level, multi-language performance instrumentation
a3 Flexible and configurable performance measurement

3 Support for multiple parallel programming paradigms

o Multi-threading, message passing, mixed-mode, hybrid,
object oriented (generic), component-based

3 Support for performance mapping
a3 Integration of leading performance technology
a3 Scalable (very large) parallel performance analysis
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TAU Performance System Components

rr

TAU Architecture

Instrumentation
event hbrary binary
selection ipper code F. -
=y ] event
m e
Measurement '

Event creation and management
eniry/exit atomic event event
evenls events mappi control
Profiling
i atomic entrylexit
I ALASEjICS I | Emﬁ]cs I files
UL) pml'lic
ml’]es ml’]ea

event
identifier

Tracing

trace record trace
bufferi creation 10
=
generation filtering ging

08 and runtime system modules

mmlm

Performance data sources

cvent e —~ Tevem
i | information
other t 1
| profilers ) r
] symibol
table

. profiles —
. — profiles traces

Analysis

Profile Data Management (PerfDMF)

Trace Data Management

trace |8 trace
translators SLOTa

=
profile

1 profile
(XML) |

Prqfa‘ie Analysis (PmPrqﬂ

Trace Visuali: Trace A

Vampir Expert

JumpShat

ProfileGen

Varnpir

Paraver Server
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Files

Application
/ Library

Program Analysis

Fortran parser
FI7/90/95

Program
documentation

Application
component glue

Data Components

PerfDMF

Fortran
IL analyzer

C++ / FO0/95
interoperability

__ [,
é‘{pucmpbl—_l_-tt[

PerfDMF

ParaProf

TAU Performance System

r

raw pnmlr\

* gprol
* mpiP
® panun
* HPMioolkit

XML
document

lowmaned
profile data

T S W —

Parallel Profile Analysis

Performance Analysis Programs

Performance
Data
I
Metadata
i

Analysis

Dattr Mining |
(Wekal

.

-, | Staristics Aesults
7 | | (R Omega) ot
p A — Knawledge
o (L dava Perjorer api)
1 (SoutPuresor. gL DB, Oracke)
J )

- B

£ =

F 3\
Profiles.

TAU, mpif, ompP,
HPMToolkit, Cube,
HPCToolkit, Gprof,

Dynaprof, PSRun

Runtime Data
Collection

-

Supermon, MRNet

| Postgresat, mysaL
(Oracle, DB2, Derby

call Graphs

TAUoverSupermon

Scripting Interface

Jython

X
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"TAU Performance SS/stem-'AréhitectUré

Instrumentation

event library
selection wrapper

event

information
MEASUREMENT API1

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 . .
> 2200020200000 =
system runtime
system
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"TAU Performance System Architecture

event -
selection

tion gvent .
mformation  ___ ____. )

t Instrumenta

profilers
k____|____/

Profile Data Management (PerfDMF)

profile ctadatal profile
translators (XML) database

Profile Data Mining (PerfExplorer)

[ e S pp——
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 profiles
| profiles traces

Trace Data Management
trace trace
translators storage
Trace Visualizers
JumpShot ProfileGen
erver

Trace Analyzers
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Pfogram Database ToolKit (PDT)

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

Program
Database = )DUCTAPE

Files

http://tau.uoregon.edu TAU

Program
documentation

Application
component glue

C++/F90/95
Interoperability

Automatic source
instrumentation
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“Automatic Source-Level Instrumentation in TAU

TAU source Application
analyzer source

[ Parsed

program

\ - { Instrumented D

tau_instrumentor source

N
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Building Bridges to Other Tools

/TAUV\,

J/ & Dynaprof TAU
profile
EPILOG tau2profile \—/’ Sorof
Trace Library - " Wallclock
allcloc
2slog2 +PAPI Probe
t.
i / \_ tau2cube
Ig2vtf, CUBE
tau_convert tau2vif/ vet?ngr /e /
_ tau_convert pmers GCC +_ gprof paraprof
............................................. vif2 profile IBM
; T PGl MPIP S~
P filer
: SGl xprofi
; J ‘\\\\\ HPC Toolkit
P g gy
y otf2vtf LPM Toolki HPC View
oolkit
RN tau2otf : HPCRun/hpcprof
ITA4.0 oTr HPMCount /
5] ) i eekperf
%\ LibHPM p p
< stitool : PSRUN
Vampir - PerfSuite b— A
T ITC

LEGEND

Profile Format

i .
TAG.0 /@7 VampirTrace
K MPE Profile/Trace End_User Trace Format
file(s)

(MPICH) File Analysis Tool file(s)
— T Generator
Jumpshot-4 | @ Clznl\ll:l)llz’trace
trace :
] Analvsis/Converter Data from a Profile/Trace
/ OMPIltrace ysis/ - file generator
SCPUs Tool Profile
Paraver 1S/ IACIT Database
JIS/J - Profile file data output
infoPerfex Trace format recognition

; coming soon. .
NanosCompiler 9 Tracefile data output
Dimemas

Y

Y
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TAU Instrumentation Approach

3 Support for standard program events
O Routines, classes and templates
O Statement-level blocks
O Begin/End events (Interval events)
3 Support for user-defined events
O Begin/End events specified by user
O Atomic events (e.g., size of memory allocated/freed)
O Selection of event statistics
3 Support definition of “semantic” entities for mapping
3 Support for event groups (aggregation, selection)
A3 Instrumentation optimization
o Eliminate instrumentation in lightweight routines
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TAU Instrumentation Mechanisms

3 Source code
o Manual (TAU API, TAU component API)

o Automatic (robust)
» C, C++, F77/90/95 (Program Database Toolkit (PDT))
» OpenMP (directive rewriting (Opari), POMP2 spec)

3 Object code

O Pre-instrumented libraries (e.g., MPI using PMPI)

o Statically-linked and dynamically-linked
0 Executable code

O Binary and dynamic instrumentation (Dyninst)

o Virtual machine instrumentation (e.g., Java using JVMPI)
17 TAU_ COMPILER to automate instrumentation process
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Using TAU: A brief Introduction

a To instrument source code using PDT

o Choose an appropriate TAU stub makefile (measurement option)
from <taudir>/<arch>/lib directory:

% setenv TAU_MAKEFILE
/usr/common/acts/TAU/tau-2.17.2/x86_64/lib/Makefile.tau-pathcc-mpi-pdt

% setenv TAU_OPTIONS *“-optVerbose ...” (see tau_compiler.sh)

And use tau_f90.sh, tau_cxx.sh or tau_cc.sh as Fortran, C++ or C
compilers:

% mpxIf90 _r foo.f90

changes to
% tau_ f90.sh foo0.f90

0 Execute application and analyze performance data:
% pprof (for text based profile display)
% paraprof (for GUI)
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TAU Measurement Configuration — Examples

% cd /usr/common/acts/TAU/tau-2.17.2/x86_64/lib; Is Makefile.*
Makefile.tau-pathcc-pdt

Makefile.tau-pathcc-mpi-pdt
Makefile.tau-pathcc-callpath-mpi-pdt
Makefile.tau-pathcc-mpi-pdt-trace
Makefile.tau-pathcc-mpi-compensate-pdt
Makefile.tau-multiplecounters-pathcc-mpi-papi-pdt
Makefile.tau-multiplecounters-pathcc-mpi-papi-pdt-trace
Makefile.tau-pathcc-pthread-pdit. ..

3 For an MPI+F90 application, you may want to start
with:
Makefile.tau-mpi-pdt

O Supports MPI instrumentation & PDT for automatic source instrumentation

O % setenv TAU_MAKEFILE
/usr/common/acts/TAU/tau-2.17.2/x86_64/lib/Makefile.tau-pathcc-mpi-pdt
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Installing TAU on 64bit AlX

3 Install PAPI and PDT

o PAPI:
» .Jconfigure —prefix=$HOME/pkgs/papi-3.5.0;
» Make ; make install
o PDT:
» .[configure —prefix=$HOME/pkgs/pdt-3.13 —PGl
» make; make install

a3 Install TAU:
o .linstalltau —pdt=$HOME/pkgs/pdt-3.13 —papi=$HOME/pkgs/papi-3.5.0
-c++=pgCC -cc=pgcc -fortran=pgi —mpiinc=<dir> -mpilib=<dir>

»  Configures multiple typically requested versions for you in
1a64/lib/Makefile.tau-* configurations

o tau_validate —html —build x86_64 >& results.htmi
o  mozilla results.html

http://tau.uoregon.edu TAU
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F F F F F F

Validating an Install Z - ..

K SeaMonkey =8]%
File Edit View Go Bookmarks Tools Window Help

4. m .3 8 5 .
Hick Forverd  Bolondl Stop ‘&ﬁ\eﬁ,’hume,’sameerflmp,’reslbmﬁkhtml

4}Home i ‘fBookmarks ¢ CemtOS (2 Support

Debug: Compiling with Instrumented Code

Executing> x1£50_r -TI. -g64 -c simple.inat.f%0 -geuffix=f=

-T/ufoameer/pkgs/tau-2.17.1/include -T/usr/1pp/ppe.poe/include -T/uar/lpp/sep/cas/include -I/usr/1pp/ppe.poe/include/threadsd -o aimple.o

** func

End of Compilation 1 =

*+ main

End of Compilation 2

-510 Compilation succeasful for file simple.inst.£30

Locking for file: simple.c

/ufsameer/pkgs/tau-2.17.1/ibmé4/bin/tau_compiler.sh -optPdtDir="/u/sameer/pkgs/pdtcolkit-3.12/ibm6d" -optPAtOOpts

"-I/ufsameer/pkgs/tau-2.17.1/include -DPROFILING_ON -DTAU_PAPI -I/u/sameer/pkgs/papi-3.5.0/sre -I/u/sameer/pkgs/papi-21.5.0/incl

Debug: Linking with TAU Optiona

Executing® x1£90_r -g64 smimple.o -o mimple -L/u/sameer/pkgs/tau-2.17.1/ibmé4/1ib -1TauMpi-phase-multiplecounters-mpi-papi-pdt -L/usr/lpp/ppe.poe/lib -lmpi_r -L/usr/lpp/ppe.poe/lib/threads -Lfusr/lpp/ssp/cas/lib -1lapi_r -L/u/sameer/pkgs/tau-2.17.1/ibmé4/1ib -1

Target "all" is up to date.

/gpfs/home/samesr /pkgs/tau-2.17.1/exanples/validate/pdtupif> mkdir build-makefiles.tau-phase-multiplecounters-mpi-papi-pdt
/gpfs/home/zamesr/pkgs/tau-2.17.1/exanples/validate/pdtnpif> cp simple build-makefile.tau-phase-multiplecounters-mpi-papi-pdt
pass/na  : POT-MPI (Fortran) : Makefile.tau-phase-multiplecounters-mpi-papi-pdt

PdtTest (/gpfs/home/sameer/pkgs/tau-2.17.1/ibmé64/1ib/Makefile.tau-phase-multiplecounters-mpi-papi-pdt)

/gpfs/home/samesr/pkgs/tau-2.17.1/exanples/validate/pdtnpif> grep "ATAU_F30 * /gpfs/home/sameer/pkgs/tau-2.17.1/ibm64/1ib/makefile.tau-phase-nultiplecounters-mpi-papi-pdt

TAU_F90 = x1£50§ (TAU_R) $(FS0_ABI) ¢ (TAU_F90_OPT)  #ENDIF##IEMG4_FORTRAN#

na/na  : POT-MPI (CFortran)  : Makefile.tau-phase-multiplecountera-mpi-papi-pdt

c PDT (C) |[PDT (C++} |[PDT (Fortran)||PDT (GFortran)||[Fortran (flink) |Fortran (cpplink) |Fortran (clink)|[MPI (C) |MPI (Fortran)|[PDT-MPI (C) [PDT-MPI (C++)||PDT-MPI (Fortran) |FDT-MPI (GFortran)

Srab HaReriie build|run|puild|runbuild |runfpuild  |frun |jpuila run |[build run  |[build run  |build run |[puild|runbuild  |jrun |puild [jrun [puild  |jrun [[puild run  |build run
Makefile.tau-mpi-pdt pas= [i/Alpass [N/A|pass [W/A|pass /A n/a /A |pas= /A |pasas /A |pasmas U/h |pass /A pasa H/h |pas=  [l/A [pass H/k |pasa /A u/A H/R
Makefile.tau-mpi-pdt-trace pasa |W/Alpass [N/A|pass [W/a|pass /A |n/a /a  [pasa /A |pass /A |pasms U/A |pass /A pass /A |pass  [H/A [pass /A |pasa /A u/A n/a
Makefile.tau-pdt pas= |N/A|pass [N/A|pass |N/A|pass M/A /R /A |pasa /A |pasa /A |pasas N/R O [u/A|H/A H/A /R N/A H/A (/A H/RH/A /A /A H/R
Makefile.tau-callpath-mpi-compensate-pdt pas= [i/Alpass [N/A|pass [W/A|pass /A n/a /A |pas= /A |pasas /A |pasmas U/h |pass /A pasa H/h |pas=  [l/A [pass H/k |pasa /A u/A H/R
Makefile.tau-mpi-compensate-pdt pas= [i/Alpass [N/A|pass [W/A|pass /A n/a /A |pas= /A |pasas /A |pasmas U/h |pass /A pasa H/h |pas=  [l/A [pass H/k |pasa /A u/A H/R
Makefile.tau-phase-multiplecounters-mpi-papi-compensate-pdt|[pasa [N/A|[pass [U/A |pas= [W/a [pas= /A |n/a /a  [pasa /A |pass /A |pasms U/A |pass /A pass /2 pass  [n/a [pass /2 [pasa /A u/A n/a
Makefile.tau-multiplecounters-papi-pthread-pdt pasa [u/A|pass [N/A|pass [W/A|pass /A |m/a /A |pasa /A |pass /A |pass /A |u/a |w/Auga /A /A H/a [w/a H/A (u/A /A u/A H/A
Makefile.tau-multiplecounters-mpi-papi-pdt pasa [U/A|pass [N/A|pass [W/A|pass /A |m/a /A |pasa /A |pass /A |pass U/A |pass /A pass H/A |pass  |H/A [pase H/A |pasa /A u/A H/A
Makefile.tan-multiplecounters-papi-pdt pass [u/A|pass [N/A|pass [W/A|pass /A |u/a /a  [pass /A |pass /A |pass /A |u/a |w/aluga [w/a /a u/a [w/a [o/a [/ /A (u/A H/A
Makefile.tan-multiplecounters-mpi-papi-pdt-trace pass [u/A|pass [N/A|pass [W/A|pass /A |u/a /A |pasa /A |pass /A |pass U/A |pass /A pass H/A |pass  |H/A [pase H/A |pasa /A (u/A H/A
Makefile.tau-depthlimit-mpi-pdt pasa [u/A[pass [N/A[pass [W/A[pass /A [w/a /A [pass /A |pass /A |pass U/A  [pass |W/A pass [/a pass /A [pass /A [pass w/a [u/a H/n
Makefile.tau-pthread-pdt pasa [u/A[pass [N/A[pass [W/A[pass /A [w/a /A [pass /A |pass /A |pass /A [u/a [w/Alu/A /A /a m/a [w/a [/ [/ w/a [u/a H/n
Makefile.tau-callpath-mpi-pdt pas= |N/A|pass [N/A|pass |N/A|pass M/A /R /A |pasa /A |pasa /A |pasas l/h |pass /A pasa H/h |pas=  |N/A |pass H/h |pasa /A /A H/R
Makefile.tau-phase-multiplecounters-mpi-papi-pdt pas= |N/A|pass [N/A|pass |N/A|pass M/A /R /n pass /A |pasa /A |pasas l/h |pass /A pasa i/ pas= /A [pass [i/n [pas= /A /A H/R

No Errors!

4] p2a |

E&Eﬂ\&@]@ﬂlﬂune
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[TAU_SETUP: A GUI for Insfalling' TAU

een TAU_Conf 28606 TAU_Conf
][ Compilers | Message Passing  Tracing/Profiling = Threads  Data Tools  Misc 1 ! Compilers = Message Passing  Tracing/Profiling =~ Threads Misc
C Compiler [-cc=]: Default |4 [7 ' Profile [-PROFILE]
7 User Defined ) Compensate [-COMPENSATE]
— ) [_| Callpath Profiling [-PROFILECALLPATH]
C++ Compiler [-c4+4=]: Default I-:] I_T_ Profile Headroom [-PROFILEHEADROOM)]
=, 1 Profile M -PROFILEMEMOR
| User Defined — Profile Memory [ Y]
Fortran Compiler [-fortran=]: Default e 2 -
= a () Trace [-TRACE] [z
"1 User Defined —
- [ Epilog [-epilog=]: Browse E
] PDT [-pdt=]: = ] SLOG2 [-slog2]: G
pbrowsE |: [} Use External SLOG25DK [-slog2=]: Browse ?

PDT C++ Compiler [-pdt_c++=]:

™ User Defined

Default | :]

e E—
? laNaYa)

-COMPENSATE

1 PAPI [-papi=]:
__| PAPI Wallclock [-PAPIWALLCLOCK]

| PAPI Virtual [-PAPIVIRTUAL]

| Multiple Counters [-MULTIPLECOUNTERS]

Browse v
— 3 |
v

L

Specifies online compensation of performance perturbation. When this
option is used, TAU computes its overhead and subtracts it from the
profiles. It can be only used when profiling is chosen. This option works
with MULTIPLECOUNTERS as well, but while it is relevant for removing
perturbation with wallclock time, it cannot accurately account for

perturbation with hardware performance counts (e.g., L1 Data cache misses).

See TAU Publication [Europar(04] for further information on this option.
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| o) |
.JJconfigure ?E Il
Configure Tau Make Tau Configure Tau Make Tau
Jinstalltau ./installtau
Install Tau Install Tau
Reset Exit Reset Exit
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Upgrading TAU v2.17.1 configurations to 2.17.2

3 Upgrade TAU

O Previous installation in SHOME/pkgs/tau-2.17.2
» cdtau-2.17.3
» .Jupgradetau $HOME/pkgs/tau-2.17.2

e Builds all previous configurations in the current dir

e You may also upgrade with a new package say PDT 3.14
» .Jupgradetau $SHOME/pkgs/tau-2.17.3 —pdt=$HOME/pkgs/pdt-3.14

3 Validate your new Installation

» .[tau_validate —html —build 1a64 >& results.html
» mozilla results.html
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TAU Configuration — Examples on Ranger

a ./configure -pdt=<dir> -c++=pgCC -cc=pgcc -fortran=pgi —mpi

o on AlX 64 bit with PDT, MPI for IBM xIC compilers

a ./configure —papi=<dir> -MULTIPLECOUNTERS —pdt=<dir> -mpi
-c++=pgCC —cc=pgcc —fortran=mpi; make clean install

O Use PAPI counters (one or more) with C/C++/F90 automatic
Instrumentation for AIX. Also instrument the MPI library.

a Typically configure multiple measurement libraries
o .all_configs, .last_config files contain all and last configuration
O tau_validate --ntml --build x86 64 >& results.html
O ./upgradetau /path/to/old/tau-2.17

0 Each configuration creates a unique <arch>/lib/Makefile.tau<options>
stub makefile. It corresponds to the configuration options used. e.g.,

O [usr/common/acts/TAU/tau-2.17.2/x86_64/lib/Makefile.tau-mpi-pdt-pgi

O /Jusr/common/acts/TAU/tau-2.17.2/x86_64/lib/Makefile.tau-
multiplecounters-mpi-papi-pdt-pgi

http://tau.uoregon.edu TAU
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Using TAU

0 Install TAU
% ./configure [options]; make clean install

0  Replace the names of your compiler with tau_f90.sh, tau_cxx.sh and tau_cc.sh
In your makefiles

O Set environment variables

O Choose the measurement option and compile your code:
» setenv TAU_MAKEFILE $TAU/Makefile.tau-mpi-pdt
»  setenv TAU_OPTIONS ‘-optVerbose -optKeepFiles -optPreProcess’
> setenv TAU THROTTLE 1
e At runtime to keep instrumentation overhead in check

O Atruntime, if more than one metric is measured (-multiplecounters):
> setenv COUNTER1 GET TIME_OF DAY
> setenv COUNTER2 PAPI_FP_INS
» setenv COUNTER3 PAPI_NATIVE_<native_name>

e  Use papi_native_avail, papi_avail, and papi_event_chooser to select these
preset and native event names

d  Build the application, run it, analyze performance data
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PAPI &

PAPI

3 Performance Application Programming Interface

O The purpose of the PAPI project is to design,
standardize and implement a portable and efficient
API to access the hardware performance monitor
counters found on most modern microprocessors.

Parallel Tools Consortium project started in 1998
Developed by University of Tennessee, Knoxville
nttp://icl.cs.utk.edu/papi/

a 4

d
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Papi_avail

a List of PAPI preset counters:

CPU Revision
CPU Megahertz

Total CPU"s

CPU"s i1n this Node
Nodes in this System :

The following correspond

cfel.sameer 66> ./papi_avail | more

Available events and hardware information.

Vendor string and code
Model string and code

: Genuinelntel (1)

Itanium 2 (1)
5.000000

> 1500.000000

- 28

- 28

Number Hardware Counters :
Max Multiplex Counters

to fields In the PAPI _event info_t structure.

Name Code Avail Deriv Description (Note)

PAPI_L1 DCM 0x80000000 Yes No Level 1 data cache misses

PAPI_L1 ICM 0x80000001 Yes No Level 1 instruction cache misses

PAPI_L2 DCM 0x80000002 Yes Yes Level 2 data cache misses

PAPI_L2 ICM 0x80000003 Yes No Level 2 iInstruction cache misses

PAPI_L3 DCM 0x80000004 Yes Yes Level 3 data cache misses

PAPI_L3 ICM 0x80000005 Yes No Level 3 iInstruction cache misses

PAPI_L1 TCM 0x80000006 Yes Yes Level 1 cache misses

PAPI_L2 TCM 0x80000007 Yes No Level 2 cache misses
http://tau.uoregon.edu TAU
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Papi_native avall

3 List of PAPI native counters:

Vendor string and code
Model string and code
CPU Revision

CPU Megahertz

CPU"s in this Node

Nodes in this System
Total CPU"s

Number Hardware Counters

Max Multiplex Counters

The following correspond

Symbol
Register Name|[n]
Register Value[n]
ALAT_CAPACITY_MISS_ALL
nstructions
ALAT_CAPACITY_MISS_FP
ALAT_CAPACITY_MISS_INT

Available native events and hardware

cfel_sameer 67> _/papi_native_avail | more

: Genuinelntel (1)
: Itanium 2 (1)

= 5.000000

= 1500.000000

: 28

:1

: 28

t 4

: 32

information.

to fields in the PAPI _event info_t structure.

Event Code

0x40000000

0x40000001
0x40000002

Long Description

ALAT Entry Replaced -- both integer and floating point 1

ALAT Entry Replaced -- only floating point instructions
ALAT Entry Replaced -- only integer instructions

http://tau,uoregon.edu
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Papi_event _chooser on 1A-64

d Listof PAPI PRESET counters that may be counted together:

CPU Revision

CPU Megahertz

Total CPU"s

cfel_sameer 68> ./papi_event_chooser
Usage: eventChooser NATIVE]|PRESET evtl evet2 ...

cfel_sameer 72> _/papi_event_chooser PRESET PAPI_FP_OPS PAPI L1 DCM PAPI_TOT_CYC

Test case eventChooser: Available events which can be added with given events.

Vendor string and code : Genuinelntel (1)

Model string and code : Itanium 2 (1)

s e vote -2 PAPI_L1_ICM may be counted

Nodes in this System t1

Number Hardware Counters : 4

: 5.000000
: 1500.000000

with these counters on 1A64

- 28

Max Multiplex Counters 1 32
Name Derived Description (Mgr. Note)
PAP1_L1 ICM No Level 1 instruction cache misses ()
PAP1_L2 ICM No Level 2 instruction cache misses ()
PAPI L3 ICM No Level 3 instruction cache misses
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Automatic Instrumentation

a3 TAU provides compiler wrapper scripts
o Simply replace mpx1¥90_r with tau_¥90.sh

o Automatically instruments Fortran source code,
links with TAU MPI Wrapper libraries.

[ Use tau cc.sh and tau cxx.sh for C/C++

Before
FOO0 = mpif9o0
CXX = mpicxx
CFLAGS =
LIBS = -Im
OBJS = fl.o0 f2.0 f3.0 .. fn.o
app: $(0BJS)

$(F90) $(LDFLAGS) $(0OBJIS) -0 $@
$(LIBS)
.90.0:

$(F90) $(CFLAGS) -c 3$<

4

http://tau.uoregon.edu

TAU

After
FO0 = tau_190.sh
CXX = tau_cxx.sh
CFLAGS =
LIBS = -Im
OBJS = fl.o0 2.0 f3.0 .. fn.o
app: $(0BJS)
$(F90) $(LDFLAGS) $(0BJS) -0 %@

$(LIBS)
4

.F90.0:
$(F90) $(CFLAGS) -c $<




TAU_COMPILER Commandline Options

0 See <taudir>/<arch>/bin/tau_compiler.sh —help

a Compilation:
% mpxIf90 -c foo.T90

Changes to

% fI95parse foo.f90 $(OPT1)

% tau_instrumentor foo.pdb fo0o.f90 —o foo.inst.f90 $(OPT2)
% mpx1f90 —c foo.Tf90 $(OPT3I)

d Linking:
% mpx1T90 foo.o bar.o —o app

Changes to
% mpxIT90 foo.o bar.o —o app $(OPT4)

a Where options OPT[1-4] default values may be overridden by the user:
% setenv TAU OPTIONS “...~

% make F90=tau T90.sh

http://tau.uoregon.edu TAU
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TAU COMPILER Options

0 Optional parameters for $§(TAU_COMPILER): [tau_compiler.sh —help]

-optVerbose
-optDetectMemoryL eaks

-optPdtGnuFortranParser

-optKeepFiles
-optPreProcess
-optTauSelectFile=
-optLinking=""

-optCompile=

-optPdtF950pts=""
-optPdtF95Reset=""
-optPdtCOpts=""

-optPdtCxxOpts=""

http://tau.uoregon.edu

Turn on verbose debugging messages

Turn on debugging memory allocations/
de-allocations to track leaks

Use gfparse (GNU) instead of f95parse
(Cleanscape) for parsing Fortran source code

Does not remove intermediate .pdb and .inst.* files
Preprocess Fortran sources before instrumentation
Specify selective instrumentation file for tau_instrumentor

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)
Reset options for Fortran parser in PDT (f95parse/gfparse)

Options for C parser in PDT (cparse). Typically
$(TAU_MPI_INCLUDE) $(TAU_INCLUDE) $(TAU_DEFS)

Options for C++ parser in PDT (cxxparse). Typically
$(TAU_MPI_INCLUDE) $(TAU_INCLUDE) $(TAU_DEFS)

TAU
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Overriding Default Options: TAU OPTIONS

% cat Makefile

FO90 = tau f90.sh

OBJS = f1.o0 f2.0 3.0 ..

LIBS = -Lappdir —lapplibl —lapplib2 ..

app: $(0BJS)

$(F90) $(0BJS) —o app $(LIBS)
.T90.0:

$(F90) —c $<

% setenv TAU OPTIONS “-optVerbose -
optTauSelectFile=select.tau’

% setenv TAU MAKEFILE <taudir>/x86 64/lib/Makefile.tau-icpc-
mpi-pdt

http://tau.uoregon.edu TAU
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Compiling Fortran Codes with TAU: Tips

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

d  If it uses several module files, you may switch from the default Cleanscape Inc. parser
in PDT to the GNU gfortran parser to generate PDB files:

% setenv TAU_OPTIONS *“-optPdtGnuFortranParser -optVerbose’

a  If your Fortran code uses C preprocessor directives (#include, #ifdef, #endif):
% setenv TAU_OPTIONS *“-optPreProcess -optVerbose -optDetectMemoryLeaks’

d  To use an instrumentation specification file:
% setenv TAU_OPTIONS *-optTauSelectFile=mycmd.tau -optVerbose -optPreProcess’

% cat mycmd.tau

BEGIN_INSTRUMENT_SECTION

memory file="f00.f90” routine="#"

# instruments all allocate/deallocate statements in all routines in f00.f90
loops file="“*" routine="#"

1o file="abc.f90” routine="“FOQO”

END_INSTRUMENT_SECTION
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TAU Measurement Mechanisms

a Parallel profiling
O Function-level, block-level, statement-level

O Su
O Su
O Su
O Su

0
0
0

0

ports user-defined events and mapping events
port for flat, callgraph/callpath, phase profiling
port for memory profiling (headroom, malloc/leaks)

port for tracking 1/0O (wrappers, read/write/print calls)

o Parallel profiles written at end of execution

o Parallel profile snapshots can be taken during execution
d Tracing

o All profile-level events + inter-process communication

O Inclusion of multiple counter data in traced events
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Optimization of Program Instrumentation

3 Need to eliminate instrumentation in frequently executing lightweight routines

a Throttling of events at runtime (set by default in TAU 2.17.2+):
% setenv TAU THROTTLE 1
Turns off instrumentation in routines that execute over 100000 times

(TAU _THROTTLE_NUMCALLS) and take less than 10 microseconds of
Inclusive time per call (TAU_THROTTLE_PERCALL)

d Selective instrumentation file to filter events
% tau_instrumentor [options] —f <file> OR
% setenv TAU OPTIONS ’-optTauSelectFile=tau.txt’

0 Compensation of local instrumentation overhead
% configure -COMPENSATE
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Types of Parallel Performance Profiling

d Flat profiles
O Metric (e.g., time) spent in an event (callgraph nodes)
o Exclusive/inclusive, # of calls, child calls

a3 Callpath profiles (Calldepth profiles)
o Time spent along a calling path (edges in callgraph)
o “main=> f1 => f2 => MPI_Send” (event name)
o TAU CALLPATH_ DEPTH environment variable

3 Phase profiles
O Flat profiles under a phase (nested phases are allowed)
O Default “main” phase
O Supports static or dynamic (e.g., per-iteration) phases
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Performance Evaluation Alternatives

Depthlimit Parameter  Callpath/
profile profile callgraph profile

-+ttt

Flat profile Phase Trace
profile

Each alternative has:

- One metric/counter Volume of performance data
- multiple counters
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Performance Analysis and Visualization

3 Analysis of parallel profile and trace measurement

a Parallel profile analysis (ParaProf)
O Java-based analysis and visualization tool
O Support for large-scale parallel profiles
a Performance data management framework (PerfDMF)
0 Parallel trace analysis
o Translation to VTF (V3.0), EPILOG, OTF formats
O Integration with Vampir / Vampir Server (TU Dresden)
O Profile generation from trace data
3 Online parallel analysis and visualization

A Integration with CUBE browser (KOJAK, UTK, FZJ)
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ParaProf — Flat Profile (Miranda, BG/L)

x| n,c.t, 6016,0,0 - profiles/8k/miranda/taudata/disk2 /mnt/
File Options Windows Help

Metric Mame: Time

Value Type: exclus ive node, context, thread 8K processors
30.024% | | MPI_AlRoall{)
25.991% |

| MPI_Group_trans late_ranks ()
7.725% N RCFTY

7546% [ |RCFTX
5.305% [ MPI_Barrier()
3.851% ] BANBKS
2.502% [ ] DENSITY
1831% Il MPLInit)

1.688% I ADVDIFACC
1.537% ] TRANYZ

} 1.458% [ INVTRANXZ

Miranda _ 1.266% [] TRANXZ

O hydrodynamics 1.248% [ INVTRANYZ

O Fortran + MPI 1.122% [ MPI_Comm_group()
0.874% [l FOURIER

O LLNL

0.812% B INCOMPRESSIBLE
0.696% [] DERIV

Run to 64K 0.6411% [l FILTERZ
0.563% [| MPI_Comm_sizef()
0.441% [ 5G5
0.37% [| CcOFTY
r b
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ParaProf — Stacked View (I\/Iifanda)

‘...‘“"a-:;
i =l
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% ParaProf: profiles/8k/miranda/taudata/disk2 fexport/

File Options Windows Help
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ParaProf — Callpath Profile (Flash

X n,gt, 0,0,0 - callpath-all/scaling/flash/taudata/disk2 /mnt/

File Options Windows Help

Metric Mame: Time
Walue Type: exclusive

26.474% | | MODULEHYDROSWEEP: HYDRO_SWEEP =

26.474% [ |FLASH =3> EVOLVE =3 HYDRO:HYDRO_3D =3 MODULEHYDROSWEEP:HYDRO_SWEEP
24.556% NI 110 DULEHYDRO_1D:HYDRO_1D

24.556% NI Fi ASH == EVOLVE = > HYDRO:HYDRO_3D
14351% [ ] MODULEINTRFCZINTRFC
14.351% [ T FLASH == EVOLVE =:> HYDRO:ZHYDRO_3D = > MODULEHYDROSWEEP:HYDRO_SWEEP
4.501% [ MODULEEOS3D=E0S3D
4.427% 1 MPI_Ssend{
3.678%[__IFLASH =3> EVOLVE =3 HYDROZHYDRO_3D =3 MODULEHYDROSWEEP:HYDRO_SWEEP = MODULEEQS3D=E0QS3D
3.536% [ MPI_Allreduced
2.727% I MPI_Waitall)
2.242% [ ] MODULEUPDATE_SOLN:UPDATE_SONN
2.242% EH FLASH => EYOLVE = HYDRO:HYDRO_3D => MODULEHYDROSWEEP:HYDRO_SWEEP = > MODULEUPDATE_SOLN:LUPDATE_SOLN
2.059% [ ] AMR_GUARDCELL_CC_SRL
1.703% I FLASH => EYOLYE => HYDROZHYDRO.SD => MODULEHYDROSWEEF:HYDRO_SWEEP => MESH_GUARDCELL => AMR_GUARDCELL_SRL
1.56% I FLASH => EVOLVE =3 HYDROzHYDRO_3D\ => MODULEHYDROSWEEP:HYDRO_SWEEP = > MESH_GUARDCELL =3> AMR_GUARDCELL_SRL => AMR_

1.406% [l FLASH => EVOLVE => MESH_UPDATE_GRIDNREFINEMENT =3 MESH_REFINE_DEREFINE => AMR_REFINE_DEREFINE = > AMR_MORTON_ORDER =/
1.361% [ FLASH = TIMESTEP = MPI_Allreducef

1.319% B AMR_RESTRICT_UNK_FUN
1.272% ] AMR_PROLONG_GEN_UNK_FUN

1.093% [ FLASH =3 EVOLVE =3 HYDROZHYDRO_3D =3 MOBULEHYDROSWEEP:HYDRO_SWEEP == MESH_GUARDCELL =3 AMR_GUARDCELL_C_TO_F

= MODULEHYDROSWEEF:HYDRO_SWEEP =: MODULEHYDRO_1D:HYDRO_1D

=3 MODULEHYDRO_1D:HYDRO_1D =:> MODULEINTRFC:INT

= AMR_

== A
1.077% [] ABUNDANCE_RESTRICT
1.077% O FLASH => EVOLVE => HYDROZHYDRO_3D = > MODULBYYDROSWEEP:HYDRO_SWEEP = > ABUNDANCE_RESTRICT
1.064% Bl DEASETREE:DBASENEIGHEORELOCKLIST
F | aSh 1% O FLASH =3> EYOLVE =3> HYDRO:HYDRO_3D => MODULEHYDROSWEEF:HYDRO_SWEEP => MESH_GUARDCELL => AMR_RESTRICT => AMR_RESTRI
0.987% [ FLASH =3 EVOLVE == HYDRO:HYDRO_3D =3 MODULEHYDRSSWEEP:HYDRO_SWEEP == MESH_FLUX_CONSERVE = AMR_FLUX_CONSERVE_UDT
0.96% [ FLASH == EVOLVE => HYDRO:HYDRO_3D => MODULEHYDROSWEEP:HYDRO_SWEEP = > MESH_GUARDCELL == AMR_GUARDCELL_C_TO_F == A
O thermonuclear | osie:mwmsamer
0.807% B FLASH =3 EVOLVE => HYDROzHYDRO_3D =:> MODULEHYDROSWEER:HYDRO_SWEEP == MESH_GUARDCELL == TOT_BND =3> DEASETREE:DEAS
ﬂ aSheS 0.806% [ AMR_PROLONG_IJNK_FUN

0.735% ll AMR_DIAGONAL_PATCH

O Fortran + MPI 0.699% [] DIFFUSE

0.699% [ FLASH => EVOLVE =3 HYDRO:HYDRO_3D => MODULEHYDROSWEEFzHYDRO,SWEEP = DIFFUSE

0.671% [ AMR_RESTRICT_RED

O Argon ne 0.671% I FLASH => EVOLVE = HYDROzHYDRO_3D => MODULEHYDROSWEEP:HYDRO_SWEEP = MESH_FLUX_CONSERVE = > AMR_FLUX_CONSERVE_UDT
0.657% [J FLASH => EVOLVE = > HYDRO:HYDRO_3D => MODULEHYDROSWEEP:HYDRO_SWE = MESH_GUARDCELL =:> AMR_GUARDCELL SRL =:> AMR_
0.638% [ FLASH => EVOLVE = MESH_UPDATE_GRID_REFINEMENT => MARK_GRID_REFINEME == MPI_Barrierd

0.61% [ FLASH => EVOLVE =3 HYDROZHYDRO_3D = > MODULEHYDROSWEEP:HYDRO_SWEEP MESH_GUARDCELL => AMR_GUARDCELL C_TO_F

0.556% Il FLASH =3 EVOLVE =3 HYDROZHYDRO_3D => MODULEHYDROSWEEP:HYDRO_SWEEP =:\MESH_GUARDCELL =3 AMR_GUARDCELL_ C_TO_F
0.508% [ TOT_END

0.454% [ FLASH =»> EVOLVE = > MESH_UPDATE_GRID_REFINEMENT =3 MARK_GRID_REFINEMENT = > MODULEEOS3D:ZEQS3D

== A
== A
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Comparing Effects of Multi-Core Processors

Metric: PAPI_RES_STL O Chiter. 350350 4096pes sn.loops BARRIER ppk - Mean

Walue: Exclusive M Chiter.350x350.20480es.de.loops. BARRIER.ppk - Mean
Units: counts

2.8707E12 | |

3.0372E12 (105.799%) Loop: QL_MYRA_MOD:QL_MYRAWRITE [fspinfhomeftbarrettAORSA_PROIMIORKIADRSAZDIS iyl _myra {354, 7 HE96,12]]

1.483E12 | |
1ATAEE12 (106 462%) ||

1.717E11 &
1.6628E11 (86.853%) [

ACRSAZD_STIKZ

MPI_Recv()

1.4458611 [H _ . .
1.4297E11 (95.881%) i Loop: ADRSAZD_STIXZ [/spintharmelrharretfAORSA_PROJAWORIKIADRSAZDMsrofaorsa2dbain.f} {4195 2H{4879,7]

38955610 [

2.0065E10 (A7.746%) | MPI_Barrierd

2.633E10 | _
2 7056E10 ¢102.758%) | MPI_Type_commit))

4.9032E9 |

512089 (104 437%) | M =SEndd

3.3801E9 |

3382980 (100.082%) | M- AckD

2.8633E0 |
£8216E (167 2293 | M I-AlrecuceD

AORSA2D
O magnetized
plasma simulation
O Blue is single node
O Red is dual core
O Cray XT3 (4K cores)
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Comparing FLOPS (AORSA2D, Cray XT3)

Metric: PAPI_FP_OPS § GET_TIME_OF_DAY [ Citer 350x350.2048pes.de.loops. BARRIER. ppk - Mean
Yalue: Exclusive W Citer.350%350.4096pes.sn.loops. BARRIER. ppk - Mean

Units: Derived metric shown in
microseconds format

3518.833
3973148 (101.541%)

1121.584

T132.286 (100.954%)

1063.052

1064.333 (100.12%)

AORSA2D

O Blue is dual core

O Red is single node

O Cray XT3 (4K cores)

O Data generated by
Richard Barrett, ORNL

http://tau.uoregon.edu

a01.834 T

B15.554 (101.711%) ]

Te6.544 [

792.085 (100.706%) (—]

L2 N —
£64.878 (100.120%) (MM

i —
BB0.727 (100.148%) (M

B55.014 [
T2 (107.25%)

615.564 [
644.334 (104.674%)

546.960 [
S62.389 (103.916%) [

535016 [
646,272 (101.932%) (R

521.226 [
524.947 (100.7147%) [

ACQRSAZD_STIx2

Laap: SIGMAD_CQL3D [ispinthomeltharretiA0REA_PROJMORKIAORSAZD stisigma.ft {266,10H291,15]

Laap: AORSA2D_STIX2 [ispinhameitharretis0RSA_PROJWORKAORSAZDISe/a0rsa2dMain f}{3712,7-3717,12]

Loop: AORSA2D_STIX2 [spinfhomeitharetis0RSA_PROJWORKAORSAZD/sre/a0rsa2amain f}{3719,7-{3724,12]

Loop: AORSA2D_STIX [spinfhomeitharretis0RSA_PROJWORKAORSAZD/sre/a0rsa2dmain f}{3102,7 -{3267,12)]

Loop: AORSA2D_STIX [spinfhomeitharretis0RSA_PROJWORKAORSAZD/sIe/a0rsa2dmain f}{2870,7 -2075,1 2]

Loop: AQRSAZD_STEXZ [fspinfhomeirbarrettAORSA_PROMMORISAORSAZDIsrcfaorsa2dMain f42008,71-{3013,12)

Loop: AQRSAZD_STEXZ [fspinfhomeibarrettAORSA_PROMMORISAORSAZDIsrcfaorsa2dMain {5572 71-{6583,12]

Loop: QL_MYRA_MOD:QL_MYRA_WRITE [fspinfhomeftbaretfADRSA_PROMWORKIADRSAZDIs eyl _myra f {354, 7T HESE,12)

Loop: AQRSAZD_STEAZ [spinfhomeibarretthORSA_PROMMORIKIAORSAZDIsrcfaorsa2dMain f} {5556, 7 -{9567 12

Loop: AQRSAZD_STEAZ [spinfhomeibarretthORSA_PROMMORIKIAORSAZDIsrcfaorsa2dMain £} {3059, 7-{3096,12)

Loop: AQRSAZD_STEAZ [spinfhomeibarretthORSA_PROMMWORIKIAORSAZDIsrcfaorsa2dMain {2435, 7-{244412)
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ParaProf — Scalable Histo'grém View ('Mirarida)'

MmN

X! Histogram: profilas/&k/miranda/taudata/disk2 /export/

File Options Windows Help

1

-,

Number of Bins
0

a0

hetric Hame: Time
Hatme: MPI_Altoallh

alue Type: exclusive
Units: seconds

#Threads
1168

1051

Gl

701 A

467 Murnber af threads: 1168
Fange minimum: 4.1
350 4 Fange maximum: 54.27

234

117

8k processors

N

X| Histogram: profiles/16k/miranda /taudata/disk2/mnt/

File Options Windows Help

Number of Bins

50

flin Yalue = 5343

Max Value = 61,77

http://tau.uoregon.edu

Metric Mame: Time
Mame: MPI_Barrier(

alue Type: exclusive
Units: seconds

# Threads
322 4

290

258

225

193 4

161 4

129 4

966 o

4.4 -

32.2 1

16k processors

Min Value = §.092 Max value = 129.5

TAU
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ParaProf — Full Profile (Miranda)

X ParaProf Visualizer

IDICIEY

Options Windows Help

File

® Triangle Mesh

Ear Plot

Scatter Plot

Height Metric

Time

-

Exclusive

Color Metric

Time

Exclusive

MPI_Barrier(

Function

16000

Thread

1.2229EE microseconds

Height value

1.2229EE microseconds

Color value

Colorscale Render

Axes

Mesh Plot

Orientation

NE

N

v|Show Axes

5W

SE™

(0p)
bl
(@)
(dp)
)
(ab)
O
o
—
o
X
(d®)
—i

72
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ParaProf —Full Profile (Matmult, ANL BGP)

TAU: ParaProf: 3D Visualizer: bgp_matmult_256.ppk
File Options Windows Help

4
}| ® Triangle Mesh
Bar Plot

Scatter Plot

Height Metric

Exclusive | |GET_TIME_OF_DAY ¥

Color Metric

Exclusive ~ | |GET_TIME_OF_DAY| ¥
MPI_Bcast)
Function
l ] v
171:0:0
Thread
« T[] »

Heightvalue 0263 seconds

Colorvalue 0263 seconds

Mesh Plot | Axes | ColorScale | Render

Plot Width L
Plot Depth Cr
Plot Height o)

Transparency et }
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ParaProf — 3D Scatterplot (Miranda)

a3 Each point
IS a “thread”
of execution

dJ A total of
four metrics | E
shown in
relation

(Exc

3 ParaProf’s

Graup

visualization e
library B
o JOGL
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Visualizing Hybrid Problems (S3D, XT3+XT4)

3 S3D combustion simulation (DOE SciDAC PERI)

ORNL Jaguar
* Cray XT3/XT4
* 6400 cores

http://tau.uoregon.edu TAU
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N

Zoom View of Hybri'd Execution (SBD,'XT3+'XT'4 )

a3 Gap represents XT3 nodes
o MPI_Wait takes less time, other routines take more time
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Visualizing Hybrid Execution (S3D, XT3+XT4)

T T

execution

3 Process
metadata Is
used to map
performance
to machine
type

3 Memory speed
accounts for
performance e
difference
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S3D Run on XT4 Only

0 Better balance across nodes a3 More performance uniformity

http://tau.uoregon.edu




‘ParaProf — Profile Snapshots (Flash) -

)
s .')- e

a3 Profile snapshots are parallel profiles recorded at runtime

3 Used to highlight

Initialization \
Checkpointing \

Finalization — |

TAU: ParaProf: Snapshots for n,
File Filter Windows PyScript Help

.c,10,0,0-flashd.xml

profile changes during execution

(= ][m][x]

‘Top 20 “ Square ” Differential || Timeline‘ |Stacked |v| |Time |v|Echusi\re

1,50m640

1,400,000
1,300,000

1,200,000

000,000
aumagy
£00,000
700,000

600,000

Exclusive (microsecogigs)

300,000
400,000

300,000

100,000

Snapshot Breakdown

Timeline (seconds)

TR

1]
0 1 2 3 4 5 6 7 8 9 10 11 12 13 14 15 16 17 1& 18 20 21 22 23 24

M MPI_Barrier) B GRID_GETSINGLECELLYOL
W EOS_WRAFPED M GRID_GETDELTAS
W MPI_Waitalld W TIMERS_STOPINDEX HY_SWEEP GRID_APPLYECEDGE M Other
I

W AMR_GUARDCELL MPI_Ecastd M GRID_APPLYECEDGEALLUNKNVARS

W INTRFC MPI_Allreduced HY_BLOCEK. M RIEMAN MPI_Ssendd HYDRO_1D

WSTATES
B MPI_Recvi M MAPL

http://tau.uoregon.edu
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Filtered Profile Snapshots (Flash

3 Only show main loop iterations

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

‘ Top 20 ” Square || Differantial u Timeline | |Stacked |v| |Time ‘v |Exl:lusi\re

Snapshot Breakdown

700,000 -
650,000 -
600,000 -
550,000 -
500,000 -
450,000 1
400,000
350,000 -

300,000 -

Exclusive (microseconds)

250,000 -
200,000 -
150,000 -
100,000 -

50,000 -

u.
0 1 2 3 4 5 6 7 g 8 10 11 12 13 14 15 16 17

Timeline (seconds)

[i2][m][]

W MPI_Waitall0 M TIMERS_STOPINDEX HY_SWEEP GRID_APPLYECEDGE W Other

W MPI_Barrierd W GRID_GETSINGLECELLWVOL 8 INTRFC MPI_Allreducen HY_BLOCK M RIEMAN MPI_Ssendi HYDRO_1D MSTATES
M EQOS_WRAPPED M GRID_GETDELTAS M AMP_GUARDCELL ™ MPI_Ecast) M GRID_APPLYECEDGEALLUNKVARS M MPI_Recvd M MAPL
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Proflle Snapshots with Breakdown( Iash)

d Breakdown as a percentage

n TAU: ParaProf: Snapshots for n.c.t 0,00 - flashd.xml
File Filter Windows PyScript Help

| Top 20 || Square ” Differential || Timeline| ‘Slacked ‘v| ‘Time |v|Ex|:Iusi\re percent "r|

Snapshot Breakdown

Exclusive percent (%)

[2][Ifx]

W TIMERS STOPINDEY M HY _SWEEP = GRID_APPLYECEDGE AMB_1ELE_GUARDCELL SEL W Other

MEDS_WRAPPED M GRID_GETDELTAS ™ AMR_GUARDCELL ™ MPI_Ecastd M GRID_APPLYECEDGEALLUNKWVARS M MAPL

] 1 2 3 4 5 [ 7 g 9 10 11 12 13 14 15 1& 17 18 18 20 21 22 23 24
Timeline (seconds)
B MPI_Barrierd B GRID_GETSINGLECELLVOL M INTRFC MPI_Allreduced HY_BLOCE M RIEMAN MPI_Ssendd HYDRO_1D MSTATES

W MPI_Waitalld
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.
.

4,k

4 ):J_ ™y

Profile Snapshot Replay (Flash)

suapshat o All windows dynamically update

Name: Iteration 80 Name: final
Time Position: 9 Seconds Time Position: 24 Seconds
[]Replay | . ) []Replay | . ;

TAU: ParaProf: n,e.t0,0,0 - flashd.xml [=][=][x] TAU: ParaProf: n,e.t0,0,0 - flashd.xml
File Options Windows Help File Options Windows Help
Metric: Time Metric: Time
Value: Exclusive Value: Exclusive
Units: seconds Units: seconds
0666 MPI_Barrierg Il 1. 862 MPI_Barrierg Il
AT Y} GRID_GETSINGLECELLYOL 5 S0 e EYF}REFTFTFT GRID_GETSINGLECELLYOL 5
0,468 — MPI_Alrecuce( L 1372 ] INTRFC L
o4z B | IMTRFC 1.258 | | HY_BLOCK
0.401 | | HY_BLOCK 1217 e MPI_Allredluced
0,355 MPI_Ssend() 111z e RIEMAN
0320 e RIEM AN 0.821 ] HYDRO_ID
0322 ] SIMULATION_INITELOCK 0803 T ] MPI_3send(
0,265 | HYDRO_ID 0.807 ] STATES
0.258 ] STATES 0777 [ ] EQS_WRAPPED
0.239 EQS_WRAPPED pes2 L ] GRID_GETDELTAS
0.233 GRID_APFLYBCED GEALLUNKY ARS 0.573 [ AMR_CUARDCELL
0.217 [ SIM_FIND 0.482 T | GRID_APPLYBCEDGCEALLUNKY ARS
021 [ | GRID_GETDELTAS 0,468 [ MPI_Recy()
0.205 [ MP_Recw) 0425 [ MAF1
0202 ] LOGFILE_CLOSE 0,284 [l 10_WRITEINTECRALQUANTITIES
0.17 [ MAP1 0369 ] LOGFILE_CLOSE
0.166 ] GRID_APPLYBCEDCE 0.365 e MPI_taitall])
0.156 ] 10_WRITEINTEGRALOUAMTITIES 0364 [ ] TIMERS_STOPIMDEX
0,155 e AMR_GUARDCELL 0,348 [ | HY_SWEEFR
0,151 s CF_AME_DUMP_RUMTIME_PARAMET ERS 0.345 [ GRID_APPLYBCEDGE
0.147 [ MPI_tWaitall] 0.322 [ ] SIMULATIOM_IMITELOCEK,
0.118 [ ] TIMERS_STOPINDEX 0322 [ AMR_1BLE_GUARDCELL SRL
0.118 2] GRID_PUTPOINTDAT A 03217 AMR_BLOCK_GEQMETRY
0,113 [ HY_SWEEP 0.291 TIMERS_STARTINDEX
0.107 [ AMR_BLOCK_GEOMETRY 0.277 AMR_FLUX_CONSERYE
0.0597 [ AMR_1BLK_GUARDCELL_SRL 0,271 [ MORTOM_MUMEBER
0095 ] TIMERS_STARTINDEX 0.27 [ TMR_STACKLISTINDEX
0.088 B TMR_STACKLISTIMNDEX — 0254 ] EOS |
oo8z 1 FOS > 0 235 [ unid in hSrlnse file fhid 1+ 0 >
q] i | [»] q] i | [»]
L 1 L 1
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Snapshot Dynamics of Event Relations (Flash)

a3 Follow progression of various displays through time
a3 3D scatter plot shown below

TAU: ParaProf: 3D Visualizer: ./snapshot256.xml

File Options Windows Help

http://tau.uoregon.edu TAU
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Performance Data Management

3 Need for robust processing and storage of multiple profile
performance data sets

3 Avoid developing independent data management solutions
O Waste of resources
o Incompatibility among analysis tools

1 Goals
O Foster multi-experiment performance evaluation

o Develop a common, reusable foundation of performance
data storage, access and sharing

o A core module in an analysis system, and/or as a central
repository of performance data
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PerfDMFE Approach

a3 Performance Data Management Framework
3 Originally designed to address critical TAU requirements

a3 Broader goal is to provide an open, flexible framework to
support common data management tasks

d Extensible toolkit to promote integration and reuse across
available performance tools
O Supported profile formats: TAU, CUBE 2 & 3 (Kojak),

Dynaprof, HPC Toolkit (Rice), HPM Toolkit (IBM), gprof,
mpiP, psrun (PerfSuite), Open|SpeedShop, ...

O Supported DBMS: PostgreSQL, MySQL, Oracle, DB2,
Derby/Cloudscape

O Profile query and analysis API
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PerfDMF Architecture

TAU Performance Svstem Performance Analysis Programs

. profile scalability cluster '
hva Al metadata analysis analysis
sl —
Y

Y Y Y
raw profiles Query and Analysis Toolkit ‘Data Mining )
_____ ,__ha L Weka) )
" Statistics )
* anr
# Eﬁ;:’g ' | [ (R / Omega)
* psrun _ p Y Y Y Y \
, HFMroolkrt  Java PerfDMFAPL |y 'y 'y
XML ] [SQL (PostgreSQOL, MySQL, DB2, Oradf)j
document L |
formatted —._-_-J_ .
profile data | 00

K. Huck, A. Malony, R. Bell, A. Morris, “Design and Implementation of
a Parallel Performance Data Management Framework,” ICPP 2005.
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Metadata Collection

3 Integration of XML metadata for each profile

a3 Three ways to incorporate metadata

O Measured hardware/system information (TAU, PERI-DB)
» CPU speed, memory in GB, MPI node IDs, ...

o Application instrumentation (application-specific)
» TAU METADATA() used to insert any name/value pair
» Application parameters, input data, domain decomposition

o PerfDMF data management tools can incorporate an XML
file of additional metadata
» Compiler flags, submission scripts, input files, ...

0 Metadata can be imported from / exported to PERI-DB
o PERI SciDAC project (UTK, NERSC, UO, PSU, TAMU)
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‘Metadata for Each Experimeht

TAU: ParaProf Manager

File Options Help
@ Applications : TrialField Yalue
9 [ standard Applications §§ Mame fa0/pdt_mpifexamples/tau? famorris/home/
% [ Default App ﬂpplic_atinn D 0
% [ Default Exp : _lE_x_pTrIBrnent ID g
¢ [ f90/pdt_mpi/examples/tauz famorris/home/ | & CES Cores 5
: Eﬁ;rl_ﬁrﬁgpa oAy |cPUMHzZ 2992.505
- o | 5|CPU Type Intel{R) ¥eon(k) CPU 5150 & 3. 00CHz
o= [ Default {jdbc: postgresgl://spaceghost.cs.uoregon.edu:s lcPU Vendor Canuinalntal
o= [ utonium (jdbc;postgresgl://utonium. cs.uoregon.edu:5 43 WD — T2 R, T 2 i
e [ spaceghost2 (jdbc:postgresql://spaceghost.cs.uoregon.| < ache Size 4096 KB
o= [ proton_mysql (jdbc:mysgl://192.168.1.1:3306 /perfdm Executable Jhomejamaorris/tau? Jexamples/pdt_mpi/f...
o= ] spaceghost_peri_milc {jdbc:postgresal://spaceghost. cs. §§ Hosthame cleman.nic.uoregon.edu
o= ] proton_postaresgl (jdbc:postgresgl://192.168.1.1:543] :|Local Time 2007-07-04T704:21:14-07:00

o= ] utonium_oracle {jdbc;oracle:thin: @/ /utonium. cs. uoregon :[MPI Processor Mame

cleman.nic.uoregon.edu

o~ =7 perigtc (idbcpostgresal: //spaceghost. cs. uoregon, edu: 5| ; (MO Size S L
:Mode Mame demon.nic.uoregon.edu
£|0S Machine ¥B6_54
£|0S Name Linux
:|0S Release 2.6.9-42 0.3 EL perfctrsmp

M u |t| p|e PerfD M |: DBS :[05 Version #1 SMP Fri Nov 3 07:34:13 PST 2006

:[5tarting Timestamgp 1183548072220994
AT AL Architecture x86_64
§§ TAL Config -papi=/usrflocal/packages/papi-3.5.0 =M.
“|Timestamp 1183548074317538
AUTC Time 2007-07-04T11:21:147
“[pid 11395
“|username amarris

4] I DE

1 1
http://tau.uoregon.edu TAU
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Performance Data Mining

3 Conduct parallel performance analysis process
O In a systematic, collaborative and reusable manner
O Manage performance complexity
O Discover performance relationship and properties
O Automate process
3 Multi-experiment performance analysis
3 Large-scale performance data reduction
O Summarize characteristics of large processor runs
a3 Implement extensible analysis framework
O Abstraction / automation of data mining operations
O Interface to existing analysis and data mining tools

http://tau.uoregon.edu TAU
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Performance Data Mining (PerfExplorer)

a3 Performance knowledge discovery framework

o Data mining analysis applied to parallel performance data
» comparative, clustering, correlation, dimension reduction, ...

O Use the existing TAU infrastructure
» TAU performance profiles, PerfDMF

a3 Technology integration
o Java API and toolkit for portability
O Built on top of PerfDMF
O R-project/Omegahat, Octave/Matlab statistical analysis
o WEKA data mining package
o JFreeChart for visualization, vector output (EPS, SVG)

http://tau.uoregon.edu TAU 90



Performance Data Mining (PerfExplorer v1)

|
|
PerfExplorer Client
— .
Analysis _—
Requestor RMI Client
'/ ’
Analysis - R
Monitor / / o . '
e / / \ 4
\/\ / /" &,
* ‘ JFreeChart
Analysis - P /
Graphs / ! '
" T E '
Raw
Analysis Performance Scalability
Data Data Charts

RMI

PertExplorer Server
RMI Server —
Raw
Performance
Data

7/—;Iysis
|| Data

PerfDMF

Analysis
Graphs

K. Huck and A. Malony, “PerfExplorer: A Performance Data Mining
Framework For Large-Scale Parallel Computing,” SC 2005.
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'P’erfEpror’er: 3D Total Runtime Breakdown

N TAU/PerfExplorer: Total Runtime Breakdown

File Help

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

100

90

80

70

60

50

40

30

Percentage of Total Runtime

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

B DERIVATIVE_X_COMM [{derivative_x.pp.f901{53,14)] M Loop: CHEMKIN_M::REACTION_RATE_BOUNDS [{chemkin_m.pp.f90}{374,3}-{386,71]

"™ Loop: DERIVATIVE_X_CALC [{derivative_x.pp.f90}{432,10}-{441,15}] Loop: DERIVATIVE_X_CALC [{derivative_x.pp.f90}{566,191-{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]] 12 y OOO
Loop: INTEGRATE [{integrate_erk.pp.f901{73,31-{93,131] 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]] Cores I

M Loop: THERMCHEM_M::CALC_INV_AVG_MOL_WT [{thermchem_m.pp.f90}{127,51-{129,9]] -
Loop: THERMCHEM_M::CALC_SPECENTH_ALLFTS [{thermchem_m.pp.f90}{506,31-{512,8}]

M Loop: THERMCHEM _M::CALC_TEMP [{thermchem_m.pp.f90}{175,5}-{2 16,9]]

M Loop: TRANSPORT_M::COMPUTECOEFFICIENTS [[mixavg_transport_m.pp.fo0} {492,51-{520,9}]

M Loop: TRANSPORT_M::COMPUTEHEATFLUX [fmixavg_transport_m.pp.f90}{782,51-{790,19}]

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

W Loop: VARIABLES_M::GET_MASS_FRAC [{variables_m.pp.f90}{96,31-{99,7}] MPI_Comm_compare() MPI_Wait()

B READWRITE_SAVEFILE_DATA [{io.pp.f90}{544,14}] RHSF [{rhsf.pp.f901 {1,121 WRITE_SAVEFILE [{io.pp.f90}{240,14}] M other

http://tau.uoregon.edu TAU
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'_Rélativé'Cdmparis_oﬁs (GTC, XT3, DOE PERI) |

O a aaaagaaa

a d

O

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

Data: GYRO on various architectures

http://tau.uoregon.edu

Total Time Breakdown for GTC_s on XT3

100

ntage of Total Time

25 50 75 100 125 150 175 200 225 250
Mumber of Processors
M CHARGE! chargei.F90} {1,121 M POISSON Hpoisson.FO0H{L,12 M PUSHI Bpushi.F90H1,120  SETUP Hsetup_v2.F90}41,124
SHIFTI [shifti Fa0}{1,12] MSMOOTH {smooth.Fa0} {1,121 other
ana TAU /PerfExplorer: Distributions of Significant Events

TAU/PerfExplorer: Significant (>2.0% of runtime) Event Histograms

-~

o
L8]

125
nn
75 I I
5 1: B -
5 ERE I I - -
a5 1
nd : } ’ - 4
0.05 010 015 020 025 030 0.35 040

45 050 055 0.
Percentlies

| M CHARGE fichargeiFan} 1,12 B MPI_Alreduce() B PUSHI [{pushifo0} {1,12]  SHIFTI [shiftiFa0} (1,12} |

| Iy |||||I||
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PerfExplorer — GYRO Relative Efficiency

0 By experiment (B1-std)

o Total runtime (Cheetah (red))
0 By event for one experiment

O Coll_tr (blue) is significant
0 By experiment for one event

o Shows how Coll_tr behaves for all
experiments

O Data generated by Pat Worley,
ORNL

// o 25

888

Relative Efficiency by Event

1.05

MNumber of Processors

B Coll @ Call_tr [He] NL ML_tr ¥ axtraz = field lin_RHS

Relative Efficiency by Event for gyro.B1-std:B1-std-nl2.cheetah.noaffnosng

50 75 100 125 150 475 200 225 2G50 275 300 325 350 375 400 425 450 475 500 53

4

8e0e Relative

Efficiency
Relative Efficiency

Cheetah

16 processor
¥ base case
0 / NUSmbEESrEIUfEFrrSDC:ssU;ES 350 375 400 425 450 475 500 525

- std-nl2.cheetah.noaffnosng * B1-std-nl2.phoencc.0x002s

h.n nosr B1-std.cheetah.affnosng B1-std.phoenx.0x002s
T Bi-=td.ig

B1-std.seaborg

Relative Efficiency for Event

Relative Efficiency for Coll_tr

Coll_tr

http://tau.uoregon.edu

_ Bi-sld.seaborg ¥ Bi-sldig

0.0+ — -
0 25 50 75 100 125 150 175 200 225 250 275 300 325 350 375 400 425 450 475 500 535
Number of Processors
'® Bisld-ni2 cheetah.noaffnosng @ Bi-stdni2.phoenx.0x002scr & Bi-std cheelah afinosng  B1-std.phosnix.0x002scr
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PerfExplorer: Cross Experiment Analysis for S3

Yiews Chans Visualigation Help

= | @ Analysis Management

ain by Call Pathy
Charl Title:

Seabes Name Value:
interval eventmame v
X Ay Value
trialshaeads_of_eveout. | -
X Axis Name;
¥ it Valie
mpan nrinsie -

W Ais Mame

Dimensien reduction:

Meic
GET_TIMEOF_DAY -
Units:
seconis -
Evenu
MPL_Waing -
Apgly
Rasar

File Help

v TAL: PerfEx

@ Cluster Aesuits | @ Corelation Resuhs | @ Cugtam Chans

Loy Scalability | EMMicieng Weak Scaling | Mosicuniad

Total Time in MPI_Wait()

o8
o
8t
-

512 036 o 12000
Hurmiber of Pr

Wi Wt

X! TAU/PerfExplorer: Relative Efficiency for Event

Relative Efficiency for Loop: TRANSPORT_M::COMPUTESPECIESDIFFFLUX
[fmixavg_transport_m.pp.f90} {630,5}-{656,19}]:GET_TIME_OF_DAY

/

L

0 1,000 2,000 3,000

http://tau.uoregon.edu

4,000 5,000 6,000 7,000 8,000 9,000 10,000 11,000 12,000
Mumber of Processors

= Harness Scaling Study

X| TAU/PerfExplorer: MPI Time / Total Runtime
File Help

MPI Time / Total Runtime — S3D (Jaguar, ORNL):Harness Scaling Study:
GET_TIME_OF_DAY

0.244
0.23
0.22 4
021
0.20
0.19
0.18
0.17
0.15
0.15
0.14
0.13
0.12
011
0.10
0.09
0.08
0.07
v.us
0.05
0.04
0.03
0.02
0.01

0.00
o 1,000 2,000 3,000 4,000 5,000 5,000 7,000 8,000 9,000 10,000 11,000 12,000

Mumber of Processors

Fraction

= Harness Scaling Study

X/ TAU/PerfExplorer: Relative Speedup
File Help

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

12,000
11,000
10,000
9,000
8,000
7,000
5,000
5,000

Yalue

4,000
3,000
2,000
1,000

0

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
Mumber of Processors

W Harness Scaling Study  ® ideal
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“Correlation Analysis 4 4 4

8f6 PerfExplorer Cliant
File Analysis Views Charts Visualization Help
Performance Data @ Analysis Management @ Cluster Results @ Correlation Results |
L4 Database Profiles - = — — —
B0 AVUS 1.00 u 1.0¢ 1o w Ty 100 | mmgll 100 g 1 100 W 100 | 1.00 1.0
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PerfExplorer v2 — Requirements and Features

a3 Component-based analysis process
o Analysis operations implemented as modules
O Linked together in analysis process and workflow
3 Scripting
O Provides process/workflow development and automation
0 Metadata input, management, and access
a3 Inference engine
O Reasoning about causes of performance phenomena
o Analysis knowledge captured in expert rules

3 Persistence of intermediate results

3 Provenance
O Provides historical record of analysis results
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- PerfExplorer v2: Architecture and Interaction

Seripting Interface

PerfExplorer Component Interfaces

Analysis Components Data Components

Interaction Vo 4 [ o
workflow | &=

Inference Enging

Perfarmance rﬁtaliﬂiﬁl .ﬁ.nal:.mis§|
Data

-
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TAU Integration with IDES

a3 High performance software development environments
O Tools may be complicated to use
O Interfaces and mechanisms differ between platforms / OS
ad Integrated development environments
o Consistent development environment
o Numerous enhancements to development process
o Standard in industrial software development
3 Integrated performance analysis
o Tools limited to single platform or programming language
O Rarely compatible with 3rd party analysis tools
O Little or no support for parallel projects
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TAU and Eclipse

3 Provide an interface for configuring TAU’s automatic
Instrumentation within Eclipse’s build system

3 Manage runtime configuration settings and environment
variables for execution of TAU instrumented programs

C/C++/Fortran
Project in Eclipse

configuration w/ TAU

Add or modify

an Eclipse build

TAU instrumented

Temporary copy
of instrumented code

A 4

»| Compilation/linking

libraries

DTS

File Options Windows Help

alue: Exclusive

fean
,,,,,,,,,,
,,,,,,,,,,
,,,,,,,,,,
,,,,,,,,,,
,,,,,,,,,,
,,,,,,,,,,
,,,,,,,,,,
,,,,,,,,,,
,,,,,,,,,,
,,,,,,,,,,
00000000000
11111111111
,,,,,,,,,,,
,,,,,,,,,,,
,,,,,,,,,,,
,,,,,,,,,,,

Performance
data
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TAU

with TAU libraries

'

Program
execution

l

Program
output
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TAU and Eclipse

000 [X| Fortran - matmult.f90 - Eclipse SDK

File  Edit Refactor MNavigate Seach Poject Run  Window  Help

| SSe B @ | ® | d5e O Br Qv [P 830 B | @ 5 |

Hg Fortran Projects 53 Navigator = B || [F] matmultfoo 53 = O 5= outine 5~ Make .. = O
b SR A R e e ————————m—— e R e ™
= =% matmultiply ! matmult, £90 - simple matrix multiply implementation N “initialize |
| A R A R A R A R A A A R R AR AR R AR R AR
. ! @ . )
b ?Emanes subroutine initialize(a, b, n) P mukiply_matrices
b= includes double precision a(n,n) z P main
b (= settings double precisiom bin,n)
integer n
[ [ Debug_ia32 1
b [ Debug_i32tau-icpc-mpipdt) | first initialize the A matrix
doi=1n
v B matmul.f90 do j =I1.11
|5 cdtbuild atji) =1
| .cdtpoject end do
= end do
.project
= nrofile.0.0.0 ! then initialize the B matrix
,___,p i doi=1n
=] pmofie.1.0.0 do j=1,n
= pofile.2.0.0 b(j i) =1
oo 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
I multiply the row with the columm | |
b4
[*] A [#]
Problems | Console | Properties | T Performance Data Manager 53 Launch PamProf | & <& o ¥ T O

== matmultiphy

PerfDMF ) o somsazd
\

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

= mm
[» [=ring

a4

0 @ QJ FE e

http://tau.uoregon.edu TAU



_Choosing PAPI Counters with TAU’s in Eclips

F

€

Chods
A

Create, manage, and run configurations

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

u e ]
[E1C/C++ Local Applic
~ 83 Parallel Application

Profile

Name: | lammps-10Nov05withTAU

Main | 9= Arguments | P& Environment | 8} Parallel [ 7 FNETE T, ™2

MPI

[ Callpath Pre
[ Phase Base
[ Memory Pre
[] oPARI

[] openMP

[ Epilog

PAPI

[ Perflib

[ Trace

Select Makefile|

Selective Instru
® None
O Internal

() User Define|

PAPI Counters

Select the PAPI counters to use with TAU

PAPI_L1_DCM

CPAPI_LI_ICM
PAPI_L2_DCM
CIPAPI_L2_ICM
CIPAPI_L1_TCM
CIPAPI_L2_TCM
I PaPI_FPU_IDL
LIPAPI_TLE_DM
CIPAPI_TLB_IM
CIPAPI_TLB_TL
[IPAPI_L1_LDM
CIPAPI L1 STM [+]

Select All || Deselect Al ||

http://tau.uoregon.edu

| | Cancel |

nters

ke |

‘ Apply

‘ | Revert |

| Profile | | Close |

TAU

Counter
PAPI_L1_DCM
PAPI_L1_ICM
PAPI_L2_DCM
PAPI_L2_ICM
PAPI_L1_TCM
PAPI_L2_TCM
PAPI_FPU_IDL
PAPI_TLE_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

Definition

Level 1 data cache misses

Level 1 instruction cache misses

Level 2 data cache misses

Level 2 instruction cache misses

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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TAU Eclipse Plug-In Features

a Performance data collection
O Graphical selection of TAU stub makefiles and compiler options

O Automatic instrumentation, compilation and execution of target C, C++ or
Fortran projects

O Selective instrumentation via source editor and source outline views

o Full integration with the Parallel Tools Platform (PTP) parallel launch

system for performance data collection from parallel jobs launched within
Eclipse

0 Performance data management

o Automatically place profile output in a PerfDMF database or upload to
TAU-Portal

O Launch ParaProf on profile data collected in Eclipse, with performance
counters linked back to the Eclipse source editor
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TAU Portal

a3 Web-based access to TAU

a3 Support collaborative performance study
O Secure performance data sharing
O Does not require TAU installation

o Launch TAU performance tools with Java WebStart
» ParaProf, PerfExplorer

0 FLASH regression testing
O Nightly regression testcases
O Uploaded to the database automatically
O Interactive review of performance through TAU portal
O Multi-experiment analysis

T~ TAU Portal
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"nERT

Flash Regression

Welcome to Your workspace, actions you can take are listed on the left sidebar.
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©/2(Q- Google

ARERT

Trial Edit

This is the page where you can view and edit TAU
profies. The table show all the metadata associated with
2007-10-14 this trial; you may edit any of the attributes by click on its
wvalue. You may also create new attributes by clicking on
the --New attribute--I--New value-- field.

Name

# H B B

Time 2007 % | October % 14 %
Here is some information about the actions you can take
Number of Nodes 4 on this page:
Contexts per Node 1 o
Threads per Context 1 ®C\bk to download the profile file in PPK format.
Compiler This will lanuch TAU's paraprof profile
viewer.

CPU Caoi
res 2 @C\ick to remove this profile from the workspace.
CPU MHz 2992.504 SR
CPUT The Left sidebar help you manage the content of each
yee Intel(R) Xeon(R) CPU 5160 waorkspace. At the top are the links to viewledit the
workspace description, or its members. Next the sidebar
R list all the performance data in the workspace. The
CPU Vendor Genuinelntel prefiles are grouped by experiment (create a new
owo experiment using the besides the 'Performance
Smnt/netapp/home/users Data' heading). With each experiment you can add new
profies, or remove it from the workspace. For each
profile you can click its name to view the details,

Cache Size 4096 kKB download the porfile, or remove it from the workspace.
You can move a profile between experiments by dragging
the row up or down.

Executable JSmnt/netapp/home/users w

Hoginame sigma.cs.uoregon.edu Click here 1o lanuch TALI's

Expl and vi allthe

Local Time proformance data in this workspace.

2007-10-14T00:17:28-0

eThis button will add a another object (of the kind

MPI Processor Name written to the left) to the workspace.

sigma.cs.uoregon.edu

@G\cklng here will download the profile, file, or image.

o R G I I I L L G G )
L ER R e R R AR, e AR IR R R R R R R R Rk e )

0000000000000 eoe

Memory Size 4040776 kB
1) rove |
This will remove the profile, experiment, file, or i
Noda Mama sigma.cs.uoregon.edu from the works pace. bl o
05 Machine *86_64 Haadar
0% Name Linux ovou may return to your homepage at any time by
using this button,
OS Release 2.6.9-55.0.8.ELsmp 0
Click here to edit any of your user attributes that you
specified when signing up of the TAU portal.
Os Version #1 SMP Thu Sep 27 18:28: N
6 Logout by using this button (do this if you want 4
TAU Architecture ¥B6_64 switch user). 1
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" 4 " 4 " 4 " 4

PérfEpr_or'er: Regression Testing

TAU: PerfExplorer Client

¥ Performance Data | @ Analysis Management = @ Cluster Results = @ Correlation Results =~ @ Custom Charts |
L4 Jjdbc:mysql:/ /www.paratools.com:3306,/paratool_tau
> jdbomysqgl://icl.cs.utk.edu:3306/ perfdmf (—Mafrenlya ( Call Paths ) [ Log¥ ) ( Scalability 1 ¢ Efficiency ) | Strong Scaling | ( Horizontal )
v jdbomysqgl:/ jwww.nic.uoregon.edu:3306/Flash_Regression_production Chart Title: T
¥ |7 Portal ime
P |0 April 2007 Series Name/Value: a0
B August 2007 experiment.name )
>
» julv 220[;);? X Axis Value: 75
une m i)
» March 2007 trial. XML_METADATA
» [ May 2007 X Axis Name: 70
> October 2007
b | September 2007 Y Axis Value: P>
» [ Views mean.inclusive )
Y Axis Name: = £l
=]
i =4
. . . g ss
Dimension reduction:
= | None o
w 50
Cutoff (0<x<100): E .
5 45
Metric: s
Time ] 40
Units:
seconds 3 35
Event:
a 30
XML Field: L‘”
- . 25 A
UTC Time v
—_— 70  hamiaan S
([ Apply )

UTC Time

| ® April 2007 ® August 2007 & July 2007 June 2007~ May 2007 ¥ October 2007 - September 2007 |
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PérfEpror'er: Limiting Events (> 3% ),' Oct 2007

TAU: PerfExplorer Client

¥ Performance Data | @ Analysis Management =~ @ Cluster Results =~ @ Correlation Results =~ @ Custom Charts |
> Jjdbcmysql://www.paratools.com:3306/paratool_tau
> jdbc:mysqgl:/ ficl.cs.utk.edu:3306 /perfdmf | Main Only | [ Call Paths )| Log¥ [ Scalability _'J ¢ Efficiency ) [ Strong Scaling ) ( Horizontal |
v jdbc:mysqgl:/ /www.nic.uoregon.edu:3306 /Flash_Regression_production Chart Title: .
: Time
v Portal
P |0 April 2007 Series Name/Value: . .
P 1 August 2007 interval_event.name & | ) - T T T i
> uly 2007 .
. j v 2007 X Axis Value:
une e a |
» B March 2007 trial. (ML_LMETADATA & - _ _ _ . _ _
> May 2007 X Axis Name:
¥ | October 2007
> 2007-10-12 Y Axis Value:
» [ 2007-10-12 mean.exclusive o
=
> 2007-10-01 Y Axis Name: =
o
> 2007-10-02 o
> 2007-10-03 Dimension reduction: ;J
> | 2007-10-04 - [Over X Percent Y E — ~
W 2007-10-05 Cutoff (0<x<100): 1
b
> | 2007-10-06 3 &
> [ 2007-10-07 ) Metric:
» | 2007-10-08 Time ]
> 2007-10-09 Units:
r 2007-10-10 8 . Ta) — - - - - e - = - a
» 2007-10-11 seconds v
> [ 2007-10-13 = Event: - i /\ -~
» [ 2007-10-14 All Events 2] ﬁ‘ —— ~N—
L g September 2007 XML Field: * *
> . g . a )
Views UTC Time i 20.. 20.. 20.. 20.. 20.. 20.. 20.. 20.. 20.. 20.. 20.. 20.. 20.. 20.
IH—AppIV N UTC Time
e ™ EDS_WRAPPED [{Eos_wrapped.F80} {89, 1}-1267,26!] ® GRID_GETDELTAS [{Grid_getDeltas.F30} {24,1-{38,29}
—_ GRID_GETSINGLECELLVOL [{Grid_getSingleCellVol.F90} {62,1:-{137,36}  HYDRO_1D [{hydro_1d.FO0}{155,1}-1664,25}

HY_BLOCK [{hy_block.FS0:{111,1}-{70%,23} ¥ INTRFC [{intrfc.F20:{111,3}-{338,21}] - MPI_Allreduce(y = MPI_Barrier) ' MPI_Ssend(}
< RIEMAN [frieman.F0 {90, 1;-{480,211 ™ STATES [{states.Fe0H107,11-{625,21}]
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PérfEprorJer: Exclusive Time for Events (2007

TAU: PerfExplorer Client

¥ Performance Data ! @ Analysis Management = @ Cluster Results | @ Correlation Results = @ Custom Charts |
> jdbcmysql:f /fwww.paratools.com:3306/paratool_tau
> jdbcmysgl:/f ficl.cs.utk.edu:3306/perfdmf ([ Main Only ) ( Call Paths ) [ LogY |( Scalability _'} ¢ Efficiency ) | Strong Scaling | [ Horizontal )
¥ jdbomysglf /www.nic.uoregon.edu:3306 /Flash_Regression_production Chart Title: o
¥ |7 Portal ime
P L% April 2007 Series Name/Value: =
¥ | August 2007 interval_event.name ] =
> ly 2007 .
> jUY 007 X Axis Value: 7
une o i)
trial. {(ML_METADATA 5
b | March 2007 ra At 16
> May 2007 X Axis Name: i
L g October 2007 14
b | September 2007 : Y Axis Value: s
» 7 Views mean.exclusive =N -
: S 12
Y Axis Name: o
s
| |
Dimension reduction: ¥ 10
~ | Over X Percent M E 9
=
Cutoff (0<x<100): ¥
3 ==
Metric: 6
Time = _‘ 5
Units: 4
a )
seconds = 3 K '} 3 W
M, A
Event: 2 LIJ‘PM"‘W W I‘WM-MW P
All Events &9 1 s R o e Ty Ll P b P b et gl
XML Field: ]
UTC Ti |
[me UTC Time
(Apply ) T e - . ————
S o st | W EOS_WRAPPED [{Eos_wrapped.F30} {83,11-{267,26] ® GRID_GETDELTAS [{Grid_getDeltas.Fo0} {24,11-{38,28)
4 Reset | | & GRID_GETSINGLECELLVOL [{Grid_getSingleCellVol. Fe0:{62,1}-{137,36), ~ HYDRO_1D {hydro_1d.F%0:{155,1:-{657,25}
HYDRO_1D [hydro_1d.F90}{155,1}-{664,25} ¥ HY_BLOCK [{hy_block.F80}{111,1}-{708,23} = INTRFC [{intrfc.FS0}{111,3}-{338,21}

MPI_Allreduce() * MPI_Barrier) <« MPI_Bcast() ® MPI_Ssend) ® MPI_Waitall) + RIEMAN [{rieman.F30}{%0,1}-{480,21}
*# STATES [{states.FS0} {107, 1}-{625,21}
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Full System Performance: the KTAU Project

3 Trend toward extremely large scales

o System-level influences are increasingly dominant
performance bottleneck contributors

O Application sensitivity at scale to the system
o Complex I/O path and subsystems another example
O lIsolating system-level factors non-trivial

3 OS Kernel instrumentation and measurement is
Important to understanding system-level influences

3 How to correlate application and OS performance? Z
0 KTAU / TAU (Part of the ANL/UO ZeptoOS Project)

A. Nataraj, A. Malony, S. Shende, and A. Morris, “Kernel-level Measurement for
Integrated Performance Views: the KTAU Project,” Cluster 2006.
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KTAU System Architecture

KTAU KTAU Proc Interface
Instrumentation

inter context access

v local context access
KTAU
Measurement /proc/ktau/frace
System [T /proc/ktau/profile
A
V - - T T T T T T T T T == -
task [JJF |
task S | KTAU User API
list Sstruct |
| } !
' User
= | .. Daemon
mmm task lock S | 5 |Application
mm global lock S : =
Kernel memory space User memory space Kernel memory space User memory space
KTAU data | KTAU data KTAU data |
] T T “@R KTAU
B = metrics

. ;1 .
T f L ff-—————ﬁd f T
<I§EU Linux ke@ ’ ‘ <HEs%er ApplicatioD <I§EU Linux ke@ I <HESfr Applic tioD

libktau /proc libktau metric
interface interface
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Applying KTAU+TAU

3 How does real OS-noise affect real applications?
O Requires OS + application performance measurement

O Estimate application slowdown due to noise components
» Interrupts and scheduling are significant

A. Nataraj, A. Morris, A. Malony, M. Sottile, and P. Beckman, “The Ghost in the
Machine: Observing the Effects of Kernel Operation on Parallel Application
Performance,” SC’07. Wednesday, 10:30-12:00.

3 Performance of multi-layered 1/O systems

O Requires measurement and analysis of multi-component
1/O subsystems In system

o Tracking of I/O “long path” and assignment to application
o Working with Argonne on PVFS2
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TAU Monitoring

3 Runtime access to parallel performance data

3 Monitoring modes

o Offline / Post-mortem observation and analysis
» least requirements for a specialized transport

o Online observation
» long running applications, especially at scale
» Dumping snapshots to file-system can be suboptimal

o Online observation with feedback into application
a3 TAUoverSupermon (Sottile and Minnich, LANL)

A. Nataraj, M. Sottile, A. Morris, A. Malony, and S. Shende, “TAUoverSupermon: Low-
overhead Online Parallel Performance Monitoring,” Euro-Par 2007.

a3 TAUoverMRNET (Arnold and Miller, UWisconsin)

http://tau.uoregon.edu TAU 113



Project Affiliations (selected)

a3 Lawrence Livermore National Lab
o Hydrodynamics (Miranda), radiation diffusion (KULL)
O Open Trace Format (OTF) implementation on BG/L
0 Lawrence Berkeley National Lab
o ACTS Toolkit
a Argonne National Lab
O ZeptoOS project and KTAU
o Astrophysical thermonuclear flashes (Flash)
a Center for Simulation of Accidental Fires and Explosion
o University of Utah, ASCI ASAP Center, C-SAFE
o Uintah Computational Framework (UCF)
0 Oak Ridge National Lab
o Contribution to the Joule Report/PERI for S3D, GYRO, AORSA3D
3 NASA Goddard Space Flight Center, NASA Ames
o GEOS/GCM, modelE, ...
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Project Affiliations (continued)

7 Sandia National Lab
o Simulation of turbulent reactive flows (S3D)
o Combustion code (CFRFS)

3 Los Alamos National Lab
o Monte Carlo transport (MCNP)
o SAIC’s Adaptive Grid Eulerian (SAGE, RAGE)
o perflib integration (Jeff Brown)

3 CCSM / ESMF / WRF climate/earth/weather simulation
O NSF, NOAA, DOE, NASA, ...

3 Common component architecture (CCA) integration
a3 Performance Engineering Research Institute (PERI)
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Concluding Discussion

a3 Performance tools must be used effectively

3 More intelligent performance systems for productive use
O Evolve to application-specific performance technology
o Deal with scale by “full range” performance exploration
o Autonomic and integrated tools
o Knowledge-based and knowledge-driven process

a Performance observation methods do not necessarily
need to change in a fundamental sense

o More automatically controlled and efficiently use
3 Develop next-generation tools and deliver to community
3 Open source with support by ParaTools, Inc.
3 http://tau.uoregon.edu
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Part 111- TAU Internals

Even more detalls ...
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TAU Measurement System Configuration

O

configure [OPTIONS]
{-c++=<CC>, -cc=<cc>}

-pdt=<dir>
-opari=<dir>
-papi=<dir>
-vampirtrace=<dir>
-mpif[inc/lib]=<dir>
-dyninst=<dir>
-shmem{[inc/lib]=<dir>
-python[inc/lib]=<dir>
-tag=<name>
-epilog=<dir>

-slog?2

-otf=<dir>
-arch=<architecture>

{-pthread, -sproc}
-openmp
-jdk=<dir>
-fortran=[vendor]

http://tau.uoregon.edu

Specify C++ and C compilers

Specify location of PDT

Specify location of Opari OpenMP tool
Specify location of PAPI

Specify location of VampirTrace
Specify MPI library instrumentation
Specify location of Dynlnst Package
Specify PSHMEM library instrumentation
Specify Python instrumentation

Specify a unique configuration name
Specify location of EPILOG

Build SLOG2/Jumpshot tracing package
Specify location of OTF trace package

Specify architecture explicitly
(bgl, bgp, craycnl, xt3,ibm64, ...)

Use pthread or SGI sproc threads
Use OpenMP threads
Specify Java instrumentation (JDK)

Specify Fortran compiler
TAU 119



TAU Measurement System Cdnfigu'rati'on

a configure [OPTIONS]
-TRACE
-PROFILE (default)
-PROFILECALLPATH
-PROFILEPHASE
-PROFILEPARAM
-PROFILEMEMORY
-PROFILEHEADROOM
-MULTIPLECOUNTERS
-COMPENSATE
-CPUTIME
-PAPIWALLCLOCK
-PAPIVIRTUAL
-SGITIMERS
-LINUXTIMERS

http://tau.uoregon.edu

Generate binary TAU traces
Generate profiles (summary)
Generate call path profiles
Generate phase based profiles
Generate parameter based profiles
Track heap memory for each routine
Track memory headroom to grow
Use hardware counters + time
Compensate timer overhead

Use usertime+system time

Use PAPI’s wallclock time

Use PAPI’s process virtual time
Use fast IRIX timers

Use fast x86 Linux timers

TAU
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TAU Configuration — Examples

a ./configure -pdt=<dir> -c++=pgCC -cc=pgcc -fortran=pgi —mpi

o Under Linux with PDT, MPI for PGI compilers

a ./configure —papi=<dir> -MULTIPLECOUNTERS —pdt=<dir> -mpi
—arch=x86_64; make clean install

O Use PAPI counters (one or more) with C/C++/F90 automatic
Instrumentation for AIX. Also instrument the MPI library.

a Typically configure multiple measurement libraries
o .all_configs, .last_config files contain all and last configuration
O tau_validate --ntml --build x86 64 >& results.html
O ./upgradetau /path/to/old/tau-2.17

0 Each configuration creates a unique <arch>/lib/Makefile.tau<options>
stub makefile. It corresponds to the configuration options used. e.g.,

O [usr/common/acts/TAU/tau-2.17.2/x86_64/lib/Makefile.tau-mpi-pdt

O /Jusr/common/acts/TAU/tau-2.17.2/x86_64/lib/Makefile.tau-
multiplecounters-mpi-papi-pdt
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TAU Measurement Configuration — Examples

% cd /usr/common/acts/TAU/tau-2.17.2/x86_64/lib; Is Makefile.*
Makefile.tau-pdt-pgi

Makefile.tau-mpi-pdt-pgi

Makefile.tau-callpath-mpi-pdt-pgi

Makefile.tau-mpi-pdt-trace-pgi
Makefile.tau-mpi-compensate-pdt-pgi
Makefile.tau-multiplecounters-mpi-papi-pdt-pgi
Makefile.tau-multiplecounters-mpi-papi-pdt-trace-pgi
Makefile.tau-mpi-papi-pdt-epilog-trace-pgi...

3 For an MPI+F90 application, you may want to start with:
Makefile.tau-mpi-pdt-pgi

O Supports MPI instrumentation & PDT for automatic source instrumentation for PGI
compilers
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Configuration Parameters in Stub Makefiles

0 Each TAU stub Makefile resides in <tau>/<arch>/lib directory

0  Variables:

O TAU CXX
TAU CC, TAU F90
TAU DEFS
TAU _LDFLAGS
TAU INCLUDE
TAU LIBS
TAU_ SHLIBS
TAU _MPI_LIBS
TAU_MPI_FLIBS
TAU _FORTRANLIBS
TAU _CXXLIBS
TAU INCLUDE_ MEMORY
TAU DISABLE
o TAU COMPILER

O 0000000000 O0

Specify the C++ compiler used by TAU
Specify the C, F90 compilers

Defines used by TAU. Add to CFLAGS
Linker options. Add to LDFLAGS

Header files include path. Add to CFLAGS
Statically linked TAU library. Add to LIBS
Dynamically linked TAU library

TAU’s MPI wrapper library for C/C++
TAU’s MPI wrapper library for F90

Must be linked in with C++ linker for F90
Must be linked in with FOO0 linker

Use TAU’s malloc/free wrapper lib

TAU’s dummy F90 stub library

Instrument using tau_compiler.sh script

d  Each stub makefile encapsulates the parameters that TAU was configured with

d It represents a specific instance of the TAU libraries. TAU scripts use stub makefiles to

identify what performance measurements are to be performed.

http://tau.uoregon.edu
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Automatic Instrumentation

3 We now provide compiler wrapper scripts
o Simply replace mpx1¥90_r with tau_f90.sh

o Automatically instruments Fortran source code,
links with TAU MPI Wrapper libraries.

A Use tau_cc.sh and tau_cxx.sh for C/C++

Before

CXX = mpCC

FOO = mpxI1f90_r

CFLAGS =

LIBS = -Im

OBJS = fl.0 f2.0 f3.0 .. fn.o

app: $(0BJS)
$(CXX) $(LDFLAGS) $(OBJS) -0 $@
$(LIBS)

.Cpp.o:
$(CC) $(CFLAGS) -c $< l;;7

http://tau.uoregon.edu TAU

After

CXX = tau_cxx.sh

FO0 = tau_190.sh

CFLAGS =

LIBS = -Im

OBJS = fl.o0 2.0 f3.0 .. fn.o

app: $(0BJS)
$(CXX) $(LDFLAGS) $(OBJS) -0 $@
$(LIBS)

.Cpp.o:
$(CC) $(CFLAGS) -c $<

y
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TAU_COMPILER Commandline Options

0 See <taudir>/<arch>/bin/tau_compiler.sh —help
a Compilation:
% cc -c foo.T9a0

Changes to

% fI95parse foo.f90 $(OPT1)

% tau_instrumentor foo.pdb fo0o.f90 —o foo.inst.f90 $(OPT2)
% X090 r —c foo.f90 $(OPT3)

d Linking:
% ftn foo.o bar.o —o app

Changes to
% qk-pgf90 foo.o bar.o —o app $(0PT4)

a Where options OPT[1-4] default values may be overridden by the user:
FOO = $(TAU _COMPILER) $(MYOPTIONS) ftn

http://tau.uoregon.edu TAU
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Overriding Default Options: TAU COMPILER

% cat Makefile

FO0 = tau T190.sh

OBJS = f1l.0 f2.0 f3.0 ..

LIBS = -Lappdir —lapplibl —lapplib2 ..

app: $(0BJS)

$(F90) $(0BJIS) —o app $(LIBS)
-90.0:

$(F90) —c $<

% setenv TAU OPTIONS “-optVerbose -optTauSelectFile=select.tau
—optKeepFiles’

% setenv TAU MAKEFILE <taudir>/x86_64/1i1b/Makefile.tau-mpi-pdt

4
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Optimization of Program Instrumentation

3 Need to eliminate instrumentation in frequently executing lightweight routines
a Throttling of events at runtime:
% setenv TAU THROTTLE 1

Turns off instrumentation in routines that execute over 100000 times
(TAU _THROTTLE_NUMCALLS) and take less than 10 microseconds of
Inclusive time per call (TAU_THROTTLE_PERCALL)

d Selective instrumentation file to filter events
% tau_instrumentor [options] —f <file> OR
% setenv TAU OPTIONS ’-optTauSelectFile=tau.txt’

0 Compensation of local instrumentation overhead
% configure -COMPENSATE
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Selective Instrumentation Eile

a3 Specify a list of routines to exclude or include (case sensitive)
0 #isawildcard in a routine name. It cannot appear in the first column.
BEGIN_EXCLUDE_LIST
Foo
Bar
D#EMM
END_EXCLUDE_LIST
a3 Specify a list of routines to include for instrumentation
BEGIN_INCLUDE_LIST
int main(int, char *¥*)
F1
F3
END_INCLUDE_LIST
a Specify either an include list or an exclude list!
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Selective Instrumentation File

a Optionally specify a list of files to exclude or include (case sensitive)
a *and ? may be used as wildcard characters in a file name
BEGIN _FILE EXCLUDE LIST

*.190
Foo?.cpp
END_FILE EXCLUDE_LIST
a Specify a list of routines to include for instrumentation
BEGIN_FILE INCLUDE LIST
main.cpp
foo.190
END_FILE INCLUDE_LIST
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Selective Instrumentation File

User instrumentation commands are placed in INSTRUMENT section

? and * used as wildcard characters for file name, # for routine name

\ as escape character for quotes

Routine entry/exit, arbitrary code insertion

Outer-loop level instrumentation, static/dynamic phases, I/0, memory instrumentation

o a o o a

BEGIN_INSTRUMENT_SECTION

loops Tile=*f00.T90” routine=“matrix#”

memory file=*“fo0.190” routine=*“#”

10 routine=“MATRIX”

file=*“t00.190” line = 123 code = " print *, \" In foo\""
exit routine = “int f1()” code = "cout <<\“Out f1\"<<endl;*
dynamic timer name=*“foo” file=“fo00.T90” line=12 to line=22
static phase routine=*“bar”

END_INSTRUMENT_SECTION
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Using TAU

0 Install TAU
% ./configure [options]; make clean install

0  Replace the names of your compiler with tau_f90.sh, tau_cxx.sh and tau_cc.sh
In your makefiles

O Set environment variables

O Choose the measurement option and compile your code:
> setenv TAU_MAKEFILE $TAU/Makefile.tau-icpc-mpi-pdt
»  setenv TAU_OPTIONS ‘-optVerbose -optKeepFiles -optPreProcess’
> setenv TAU THROTTLE 1
e At runtime to keep instrumentation overhead in check

O Atruntime, if more than one metric is measured (-multiplecounters):
> setenv COUNTER1 GET TIME_OF DAY
> setenv COUNTER2 PAPI_FP_INS
» setenv COUNTER3 PAPI_NATIVE_<native_name>

e  Use papi_native_avail, papi_avail, and papi_event_chooser to select these
preset and native event names

d  Build the application, run it, analyze performance data
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Compiling Fortran Codes with TAU: Tips

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

d  If it uses several module files, you may switch from the default Cleanscape Inc. parser
in PDT to the GNU gfortran parser to generate PDB files:

% setenv TAU_OPTIONS *“-optPdtGnuFortranParser -optVerbose’

a  If your Fortran code uses C preprocessor directives (#include, #ifdef, #endif):
% setenv TAU_OPTIONS *“-optPreProcess -optVerbose -optDetectMemoryLeaks’

d  To use an instrumentation specification file:
% setenv TAU_OPTIONS *-optTauSelectFile=mycmd.tau -optVerbose -optPreProcess’

% cat mycmd.tau

BEGIN_INSTRUMENT_SECTION

memory file="f00.f90” routine="#"

# instruments all allocate/deallocate statements in all routines in f00.f90
loops file="“*" routine="#"

1o file="abc.f90” routine="“FOQO”

END_INSTRUMENT_SECTION
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Workload Characterization

a Simple example, send/receive squared message sizes (0-32MB)

#include <stdio.h>
#include <mpi.h>
int buffer[8*1024*1024];

int main(int argc, char **argv) {
int rank, size, 1, j;
MPI_Init(&argc, &argv);
MP1I_Comm size( MP1_COMM_WORLD, &size );
MP1_Comm_ rank( MP1_COMM_WORLD, &rank );
for (1=0;1<1000;1++)
for (J=1;3<=8*1024*1024;j)*=2) {
iIfT (rank == 0) {
MPI_Send(buffer,j,MPI _INT,1,42,MPI_COMM_WORLD) ;
} else {
MP1_ Status status;

}

+
MPI_Finalize();

h

MP1_Recv(buffer,j,MPI_INT,0,42,MP1_COMM_WORLD, &status);

http://tauJ.uoregon.edu TAU
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Instrumentation of OpenMP Constructs

3 OpenMP Pragma And Region Instrumentor [UTK, FZJ]

3 Source-to-Source translator to insert POMP calls
around OpenMP constructs and API functions par

0 Done: Supports

o Fortran77 and Fortran90, OpenMP 2.0

o Cand C++, OpenMP 1.0

o POMP Extensions

o EPILOG and TAU POMP implementations

O Preserves source code information (#1ine line file)

0 tau_ompcheck
O Balances OpenMP constructs (DO/END DO) and detects errors
O Invoked by tau_compiler.sh prior to invoking Opari

0 KOJAK Project website http://icl.cs.utk.edu/kojak
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OpenMP _API Instrumentation

3 Transform
o omp_# lock() — pomp_#_ lock()
o omp_# nest lock()—» pomp # nest_lock()

[ #

Init|destroy|set|unset|test]

3 POMP version
o Calls omp version internally
O Can do extra stuff before and after call
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Example: '$OMP PARALLEL DO Instrumentation

call pomp parallel fork(d)
1SOMP PARALLEL other-clauses...
call pomp parallel begin(d)
call pomp _do _enter(d)
1$OMP DO schedule-clauses, ordered-clauses,
lastprivate-clauses
do loop
1SOMP END DO NOWAIT
call pomp barrier_enter(d)
1$5OMP BARRIER
call pomp barrier_exit(d)
call pomp do exit(d)
call pomp parallel _end(d)
1$SOMP END PARALLEL DO
call pomp parallel join(d)
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Opari Instrumentation: Example

A OpenMP directive instrumentation
pomp_for _enter(&omp _rd 2);
#line 252 "stommel.c"

#pragma omp Ffor schedule(static) reduction(+: diff) private()
firstprivate (al,a2,a3,a4,a5) nowait

for( i=ilji<=i2;i++) {
forg=11:3<=)2;3++){
new psi[i][j]=al*psi[i1+1]][j] + a2*psi[i1-1][j] + a3*psi[i1]][j+1]
+ ad4*psi[i][J-1] - aS5*the for[i][]}];
diff=diff+fabs(new psi[i][j]-psi[i]l[i]);
+
+

pomp_barrier_enter(&omp_rd _2);
#pragma omp barrier
pomp_barrier_exit(&omp _rd _2);

pomp For exit(&omp rd 2); 7

http://tau.uoregon.edu TAU 137




Using Opari with TAU

%

%

%

%
%
%
%
%

Step I: Configure KOJAK/opari [Download from http://www.fz-juelich.de/zam/kojak/]

cd kojak-2.1.1; cp mf/Makefile.defs.i1bm Makefile.defs;
edit Makefile

make

Builds opari
Step I1: Configure TAU with Opari (used here with MPI and PDT)

configure —opari=/usr/contrib/TAU/kojak-2.1_.1/0pari
—-mpiinc=/usr/lpp/ppe.poe/include

—mpi lib=/usr/lpp/ppe.poe/lib
—pdt=/usr/contrib/TAU/pdtoolkit-3.9

make clean; make i1nstall

setenv TAU MAKEFILE /tau/<arch>/1i1b/Makefile.tau-..opari-..
tau _cxx.sh -c foo.cpp

tau _cxx.sh -c bar.f90

tau _cxx.sh *.o -0 app
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“MULTIPLECOUNTERS Configuration Option

3 Instead of one metric, profile or trace with more than one metric
O Set environment variables COUNTER[1-25] to specify the metric
> % setenv COUNTER1 GET_TIME_OF DAY
> % setenv COUNTERZ PAPI_L2 DCM
> % setenv COUNTERS3 PAPI_FP_OPS
> % setenv COUNTER4 PAPI_NATIVE_<native event>
> % setenv COUNTER5 P_WALL_CLOCK_TIME ...

3 When used with —TRACE option, the first counter must be
GET_TIME_OF DAY
> % setenv COUNTERL1 GET_TIME_OF_DAY
> Provides a globally synchronized real time clock for tracing

d -multiplecounters appears in the name of the stub Makefile

a Often used with —papi=<dir> to measure hardware performance counters
and time

0 papi_native_avail and papi_avail and papi_event_chooser are useful tools
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-PROFILECALLPATH Configuration Option

a Generates profiles that show the calling order (edges & nodes in callgraph)

O A=>B=>C shows the time spent in C when it was called by B and B was
called by A

o Control the depth of callpath using TAU CALLPATH DEPTH env.
Variable

o -callpath in the name of the stub Makefile name

n,c,t 0,0,0 - tmp/private/

File Options Windows Help

Metric: Time
Value: Inclusive
Units: seconds

20.062 s main() (calls f1, f5)
15052 [ 1 f1() (sleeps 1 sec, calls f2, f4)
15.052 e main() (calls f1, f5) => f1() (sleeps 1 sec, calls f2, f4)
10.036 I T2 () (sleeps 2 sec, calls f3)
9.029 f4() (sleeps 4 sec, calls f2)
9.029 main() (calls f1, f5) => f1() (sleeps 1 sec, calls f2, f4) => f4() (sleeps 4 sec, calls f2)
6.02 f3() (sleeps 3 sec)
5.019 main() (calls f1, f5) => f1() (sleeps 1 sec, calls f2, f4) => f4() (sleeps 4 sec, calls f2) => f2() (sleeps 2 sec, calls f3)
5.016 [Emmsss] main() (calls f1, f5) => f1() (sleeps 1 sec, calls 2, f4) => f2() (sleeps 2 sec, calls f3)
5.009 [ £5() (sleeps 5 sec)
5.009 main() (calls f1, f5) => f5() (sleeps 5 sec)
3.01 ] main() (calls f1, f5) => f1() (sleeps 1 sec, calls f2, f4) => f2() (sleeps 2 sec, calls f3) => f3() (sleeps 3 sec)
3.01 [@m main() (calls f1, f5) => f1() (sleeps 1 sec, calls f2, f4) => f4() (sleeps 4 sec, calls f2) => f2() (sleeps 2 sec, calls f3) => f3() (sleeps 3 sec)
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-PROFILECALLPATH Configuration Option

d Generates program callgraph

Call Graph for n,c,t, 0,0,0 - tmp/private/
File Options Windows Help

A EET S ] () (sleeps 1 sec, calls f2, f4)|

f4() (sleeps 4 sec, calls F2)|

f20) (sleeps 2 sec, calls 3)|

f3() (sleeps 3 sec)
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Profile Measurement — Three Flavors

d Flat profiles

O
O
O

Time (or counts) spent in each routine (nodes in callgraph).
Exclusive/inclusive time, no. of calls, child calls
E.g,: MPI_Send, foo, ...

d Callpath Profiles

O

O O O

Flat profiles, plus
Sequence of actions that led to poor performance
Time spent along a calling path (edges in callgraph)

E.g., “main=> fl => f2 => MPI_Send” shows the time spent in MPI_Send
when called by 2, when 2 is called by f1, when it is called by main. Depth of
this callpath =4 (TAU_CALLPATH_DEPTH environment variable)

d Phase based profiles

O

O O O O

Flat profiles, plus

Flat profiles under a phase (nested phases are allowed)

Default “main” phase has all phases and routines invoked outside phases
Supports static or dynamic (per-iteration) phases

E.g., “1O => MPI_Send” is time spent in MP1_Send in 1O phase

http://tau.uoregon.edu TAU
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-DEPTHLIMIT Configuration Option

A Allows users to enable instrumentation at runtime based on the
depth of a calling routine on a callstack.

O Disables instrumentation in all routines a certain depth away from
the root in a callgraph

0 TAU_DEPTH_LIMIT environment variable specifies depth
% setenv TAU DEPTH_LIMIT 1
enables instrumentation in only “main”
% setenv TAU DEPTH _LIMIT 2

enables instrumentation in main and routines that are directly called by
main

d Stub makefile has -depthlimit in its name:

setenv TAU_MAKEFILE <taudir>/<arch>/lib/Makefile.tau-icpc-mpi-
depthlimit-pdt
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_COMPENSATE 'Cdnfiguratibn Op't'i_oﬁ

a3 Specifies online compensation of performance
perturbation

0 TAU computes Its timer overhead and subtracts it from
the profiles

3 Works well with time or instructions based metrics
3 Does not work with level 1/2 data cache misses
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“TRACE Configuration Option

d Generates event-trace logs, rather than summary profiles

0 Traces show when and where an event occurred in terms of location and the
process that executed it

d Traces from multiple processes are merged:

% tau_treemerge.pl
» generates tau.trc and tau.edf as merged trace and event definition file

0 TAU traces can be converted to Vampir’s OTF/VTF3, Jumpshot SLOG2,
Paraver trace formats:

% tau2otf tau.trc tau.edf app.otf

% tau2vtf tau.trc tau.edf app.vpt.gz

% tau2slog2 tau.trc tau.edf -o app.slog2

% tau_convert -paraver tau.trc tau.edf app.prv
0 Stub Makefile has -trace in its name

% setenv TAU_MAKEFILE <taudir>/<arch>/lib/
Makefile.tau-icpc-mpi-pdt-trace
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_PROFILEPARAM Configuration Option

3 ldea: partition performance data for individual functions

based on runtime parameters

3 Enable by configuring with -PROFILEPARAM

3 TAU call: TAU_PROFILE_PARAMIL (value, “name”)

3 Simple example:

void foo(long 1nput) {

-}

TAU_PROFILE("fo0", "
TAU_PROFILE_PARAM1L(input, "input');

, TAU _DEFAULT);

http://tau.uoregon.edu TAU
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Workload Characterization

3 5 seconds spent in function “foo” becomes
O 2 seconds for “foo [ <input> = <25> ]”
O 1 seconds for “foo [ <input> = <5> ]”
o ...

a3 Currently used in MPI wrapper library

o Allows for partitioning of time spent in MPI routines
based on parameters (message size, message tag,
destination node)

O Can be extrapolated to infer specifics about the MPI
subsystem and system as a whole
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Workload Characterization

a Simple example, send/receive squared message sizes (0-32MB)

#include <stdio.h>
#include <mpi.h>
int buffer[8*1024*1024];

int main(int argc, char **argv) {
int rank, size, 1, j;
MPI_Init(&argc, &argv);
MP1I_Comm size( MP1_COMM_WORLD, &size );
MP1_Comm_rank( MP1_COMM_WORLD, &rank );
for (1=0;1<1000;1++)
for (J=1;3<=8*1024*1024;j)*=2) {
iIT (rank == 0) {
MPI_Send(buffer,j,MPI _INT,1,42,MPI_COMM_WORLD);

} else {

MP1_ Status status;
MPI1_Recv(buffer,j,MPI _INT,0,42,MPI_COMM_WORLD,&status);

}

+
MPI_Finalize();

}
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Workload Characterization

3 Use tau_load.sh to Instrument MPI routines (SGI Altix)

% 1cc mpi.c —Impi

% mpirun —np 2 tau load.sh —XrunTAU-icpc-mpi-pdt.so a.out

File ©Options Windows Help

Metric: P_oWALL CLOCK _TIME
wallue: Exclusive
Units: seconds

File oOptions Windows Help

l=][mlfx]

SGI MPI

Metric: P_niall _CLOCK_TIME
Walue: Exclusive
Units: secands

Intel MPI (SGI Altix)

36796 | | MPI_Send [ <meq|| 85.199 | ] MPI_Send(l [ <message size> = <335544325 |
15.42 MF|_Send [ <me 42 714 e MP1_Send() [ <message sizer = < 16777216 ]
5.134 ] MPI_Sendd [ <me 21313 ] MPISend( [ <message sizer> = <8388608> |
2.201 [l MPl Sendd [ <me 11.815 [ MPI_Send() [ <message size> = <1024> |
1622 [ MPLsend( [ <me 10,621 0 MPI_Send( [ <message size> = <4194304 > |
0.724 § MPI_Sendd [ <me 5368 E MPI_Send] [ <mescage sizes = 20971525 ]
" 5.077 MFI_zend] [ <message size> = <2048 |
g:zg H mg:'gsggg { zms 452 & MPI_Sendd [ <message sizes> = <5123 |
' - 2.729 [ MPI_Send( [ <message size> = <1048576> |
0.156 | MPI_Sendf) [ <me 1.432 [| MPISendl [ <message size» = <524288> |
0.065 | MPI_Send( [ <me 1.226 [ MPISend) [ <message size» = <4096 |
0.023 | MPISend) [ <me 0,672 | MPI_Zend() [ <message sizes = <262144> |
0.011 | MPI_Send) [ <me 0.632 | MPISend [ <message sizex» = <121072> |
0008 | MPI_Sendd [ <me 0.547 | MPI_Send) [ <message size> = <8192> |
0.006 | MPI_Sendd [ <me 0.167 | MPI_Send() [ <message size> = <65536> |
0.005 | MPI_Sendd [ <me 0.123 | MFPI_Send() [ <message size> = <32768> |
0 00s | MPI_Send() [ <me 0.116 | MPI_Send(y [ <message sizes = <163845 |
0,005 | MPI_Sendd [ <me 005 I MFI_Send [ <message size> = <256 |
" 0.047 | MPI_Send() [ «<message size> = <4z ]
ggg: I mg:'ggzgg { zmg 0.037 | MPI_Send() [ <message size> = <83 ]
' - 0.012 | MPI_Send( [ <message size> = <1283 |
0.004 | MPl_Sendd [ <me 0.011 | MPI_Send(y [ <message size> = <64 ]
0.003 | MPI.Send() [ <me 0.01 | MPI_Send() [ <message size> = <16> ]
0.003 | MPI_Send( [ <me 0.01 | MPI_Send( [ <message size> = <323 ]
0002 | MPI_Sendd [ <me
0.002 | MPI_Sendd [ <me
L | L
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Workload Characterization

a3 MPI Results (NAS Parallel Benchmark 3.1, LU class D
on 16 processors of SGI Altix)

0.0.0 6.D.opth nipara B 0.0.0 6.D.opth a ra EEE
File Options Windows Help File Options Windows Help
Metric: P_WaALL_CLOCK_TIME Metric; P_WALL_CLOCK_TIME
Walue: Exclusive Walue: Exclusive
Units: seconds Units: seconds
88568 | FHs 3 0E-5 | MPI_Comm_freed fl
814.28 ﬁ JACLD 1.0E-& | MPI_Comm_rank(
748.07 | ] JAaCU 1.0E-& | MPI_Comm_size)
672 84 ﬁ BLTS 1.012 | MPI_Finalizef
57841 | BUTS 0.004 | MPI_Init0
1749 16 = MPI_Fecw) 0.047 | MPI_lrecw)
17916 [ ] MPILRecw) [ <mg 179.16 [ MPI_Recw()
108.6 [E] 550R 179.16 [ | MPI_Recw] [ <message size> = <40403> |
42012 [ MPI_Send( 42,0132 [ MPI_Send(
26.2% @ MPI_Send( [ <m4 26.29 [ MPI_Send( [ <message size> = <3329280> ]
23.318 [ MPI_waitp 15.723 [] MPI_Sendd [ <message size> = <4040 ]
22.217 @ MPI_waitg [ <me 23.218 @ MPI_wait)
15.723 [l MPI_Send(s [ <m4g 4 5E-4 | MPI_wait) [ <message sizex = <16323 |
11.246 [ EXCHAMGE_1 2.6E-4 | MPI_wait) [ <message sizes = <1664 |
8.173 [ =ETIV 5. 4E-4 | MPI_wait) [ <message sizesx = <3264 |
6.847 | EXCHAMNCE.Z 22.217 @ MPIwaitd [ <message sizer = <32292803 ]
3.186 | ERHS 1.0E-& | MEIGHBORS
2.801 | MPL_Allreduced 2.0E-6 | NODEDIM r
1.012 | MPI_Finalized 0.006 | PINTGE
0.728 | ERROR 1.5E-4 | PRINT_RESULTS
0.208 | SETEY 1.0E-6 | PROC_GRID
0.154 | LZNORM 0.003 | READ_INPUT
0.047 | MPI_Irecv) 885.68 | | RHY
0.006 | PINTGR 0.208 | SETBEY
0.004 | MPLInit) 4 0E-& | SETCOEFF |
0.004 | MPI_Barrier( 2.2E-5 | SETHYPER
0.00% | READ_INPUT 8172 [ SETW
7. 4E-4 ! APPLU 108.6 [ S50R =
L — — T I I
http://tau.uoregon.edu TAU 150



Workload Characterization

m Two different message sizes (~3.3MB and ~4K)

0,0,0 B
File Dptluns Windows Help
Marne & lInclusive ... [Exclusive... | Calls  [Child ... [ |
MPI_Camm_free) 0 0] 1 0]
MPI_Comm_rankd 0] U] 1 U]
MPI_Camm_size) 0 0 2 0
MPI_Finalizeg 1.0l2 1.alz 1 4]
MP1_Init) Q.00 0,004 1 0]
MPI_lrecwd 0047 0,047 Bl 4]
M P1_Fecwd 179,165 179165 244,412 4]
MPI_Fecw) [ <message size> = <4040 ] 244 412 0
M Pl _Zendd (o, 020 4]
* MPI_Sendd [ <message sizex = €<33229280 ] GO 0]
MPI_Sendd [ «message size> = <4040 | 244,412 0
b P1_Wait ) 12 4]
MPI_Waitd [ <messade sizer = <1632 ] 0 4] 1 4]
MPI_Waitd [ <message size> = <1664 | 0] 0] 1 0]
MPI_WAID [ <rriessdye sige> = <3264 > ] 000l 000l 2 ]
MPI_Waitd [ <message size> = <2223280> ] 232317 22 317 08 0]
MEIGHEOQRS 0 4] 1 4]
FODEDIM ] 0] 1 0]
PIMTSF. 0.008 000 1 £
PEIMT _EESULTS 0 4] 1 4]
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Job Tracking: ParaProf profile browser

Bt TR,
n,c,t 0,0,0 - lu.ppk/ Mean Data - |u.ppk/

File Options Windows Help File Options Windows Help
Metric: GET_TIME_OF_DAY | Metric: PAPI_FP_INS / GET_TIME_OF_DAY
Value: Exclusive

Value: Exclusive . ! . . .
Units: Derived metric shown in microseconds format

Units: seconds

4.89 | TAU application 833.82 [J .TAU application
1.031 MPI1_Init() 15.572 || MPI_Comm_size()
0.761 MPI_Send() 135'63%25[ :::_I(:ommhranko
0.599 [ ]| MPI_Send() [ <message size> = <640> ] . _Irecv()
0.596 [ MPI_Recv() 7 ) ;g;é :::_:e(:\é()
0.596 [ | MPI_Recv() [ <message size> = <640> ] Iace MPI};::dg [ <message size> = <6405 ]
0.18 MPI_Wait X | =
018 ] “wal o i = 3.075 | MPI_Send() [ <message size> = <600> ]
0.162 [] MPI_Send() [ <message size> = <44880> | | g;‘;i :::_Ezgg Ez::;::g: z:::; = :ggg: }
0.005 | MPI_lrecv() . - i =
0.002 | MPI_Finalize() :-ggg :E:_;z::t% [ <message size> = <264> ]
8.1E-4 | MPI_Allreduce . -
5.0E-4 MPI:Bcast(J 0 0.979 | MPI_Wait() [ <message size> = <264> ]
2.0E-4 | MPI_Wait() [ <message size> = <264> | 0.853 | MPI_Allreduce()
1.5E-4 | MPI_Wait() [ <message size> = <272> ] g:é; :::_:an;er() . = <304
1.3E-4 | MPI_Wait() [ <message size> = <304> | o aee MPIhszzdg {:m:::g: ::::: = :288: }
1.0E-4 | MPI_Barrier . - =
1.1E-5 | MPI_Comm (s)ize() 0.385 | MPI_Send() [ <message size> = <272> ]
4.0E-6 MP|7C0mm7rank() 0.383 | MPI_Send() [ <message size> = <256> ]
- B 0.272 | MPI_Wait() [ <message size> = <304> ]
0.253 | MPI_Send() [ <message size> = <44880> ]
0.245 | MPI_Wait()
0.237 | MPI_Send() [ <messaae size> = <42240> 1

LU spent 0.162 seconds sending It got 833.82 Mflops!
messages of size 44880
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Memory Profiling in TAU

3 Configuration option -PROFILEMEMORY
O Records global heap memory utilization for each function

O Takes one sample at beginning of each function and associates the
sample with function name

d Configuration option -PROFILEHEADROOM
O Records headroom (amount of free memory to grow) for each function

O Takes one sample at beginning of each function and associates it with
the callstack [TAU_CALLPATH_DEPTH env variable]

o Useful for debugging memory usage on IBM BG/L, BG/P.
0 Independent of instrumentation/measurement options selected
3 No need to insert macros/calls in the source code
0 User defined atomic events appear in profiles/traces
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Memory Profiling in TAU (Atomic events)

Sorted By: number of userEvents

HumSamples Max

252032 2022.7
252032 2022.8
104559 2023.2
63008 2022.7
55545 2023.13
51374 2023
42120 2022.7
41958 2023
31832 2022.8
31504 2022.7
26042 2023

1181.7
331.13

1182
333.07
1179.4
1187.5
3d6.12
1187.4
1181.8%
1175.2

1534.3
1526.6
1534.13
1514.2
1497.7
1533.5
1514.9
1534.1
1534.3
1501.9

410.04
409.54
410.01
408.31
402.53
409.83
408.39
409.91
410.04
403.61

Hame

MODULEHYDRO_1D: :HYDRO_1D - Heap Memory (HEE)
MODULEINTRFC: : INTRFC - Heap Memory (KB)
MODULEEOS3D: :EQ053D - Heap Memory (KB)

HODULEUPDATE _SOLN: :UFDATE_SOLHN - Heap Memory (KB)
DBASETREE: : DBASENEIGHEORBLOCKELIST - Heap Memory (KB)
AMR_PROLONG GEN UNK FUN - Heap Memory (KB)
ABUNDANCE RESTRICT - Heap Memory (KB)

AMR_RESTRICT UMK_FUN - Heap Memory (KB)
AMR_PROLONG_UNK_FUN - Heap Memory (KB)

Flash2 code profile (-PROFILEMEMORY) on IBM BlueGene/L [MPI rank 0]
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Memory Profiling in TAU

d Instrumentation based observation of global heap memory (not per function)

O
O

O

O

O O

O O

call TAU_TRACK_MEMORY/()

call TAU TRACK_MEMORY_HEADROOM()
> Triggers one sample every 10 secs

call TAU_TRACK_MEMORY _HERE()

call TAU TRACK_MEMORY_HEADROOM_ HERE()
> Triggers sample at a specific location in source code

call TAU_SET INTERRUPT INTERVAL(seconds)
» To set inter-interrupt interval for sampling

call TAU_DISABLE_TRACKING_MEMORY/()

call TAU_DISABLE TRACKING _MEMORY_HEADROOM()
» To turn off recording memory utilization

call TAU_ENABLE_TRACKING_MEMORY/()

call TAU ENABLE TRACKING_MEMORY_HEADROOM()
» To re-enable tracking memory utilization
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Détecting I\/Iemory Leaks in C/C++

a  TAU wrapper library for malloc/realloc/free
a3 During instrumentation, specify

-optDetectMemoryL eaks option to TAU_COMPILER
% setenv TAU_OPTIONS “-optVerbose -optDetectMemoryL eaks’
% setenv TAU_MAKEFILE <taudir>/<arch>/lib/Makefile.tau-icpc-mpi-pdt...
% tau_cxx.sh foo.cpp ...

Tracks each memory allocation/de-allocation in parsed files

Correlates each memory event with the executing callstack

At the end of execution, TAU detects memory leaks

TAU reports leaks based on allocations and the executing callstack

Set TAU_CALLPATH_DEPTH environment variable to limit callpath data
O defaultis 2

a3 Future work

O Support for C++ new/delete planned

O Support for Fortran 90/95 allocate/deallocate planned

a a a o a
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" 4 " 4 " 4 " 4 " 4 " 4

Memory Leak Detection

User Event Window: memoryleakdetect/taudata/rs/sameer/Users/

Fléioptinns Windows Help

Thread: n,c,t 0,0,0
Value Type: Max Value

180 b malloc size <file=simple.inst.cpp, line=26>
180 |:I malloc size <file=simple.inst.cpp, line=26> : int main(int, char **) =3> int foo(int) => int bar(int)
180 e free size <file=simple.inst.cpp, line=28>
180 free size <file=simple.inst.cpp, line=28> : int main(int, char **) => int foo(int) => int bar(int)
80 malloc size <file=simple.inst.cpp, line=18>
80 I malloc size <file=simple.inst.cpp, line=18> : int main(int, char **) => int foo(int) => int g(int) => int bar(int)
80 I free size <file=simple.inst.cpp, line=21>
80 free size <file=simple.inst.c line=21> : int main(int, char **) => int foo(int) => int g(int) => int bar(int)

: int main(int, char **) => int foo(int) => int g(int) => int bar(int)

User Event Window: memoryleakdetect/taudata/rs/sameer/Users/

File Optmns Windows Help

MName: MEMORY LEAK! malloc size <file=simple.inst.cpp, line=18> : int main(int, char **) => int foolint) => int glint) => int bar(int)
Value Type: Max Value

52 | Mean
— 52 ] nicit 0,0,0

——————— 0 | Std. Dev.
FI|E Options Windows Help
Sorted By: Number of Samples
V]
NumSamples Max Min Mean Std. Dev Name
3 80 48 60 14.236 al ple :
3 BO 48 60 14.2386 malloc size <file=simple.inst.cpp, line=18> : int main(int, char
2 52 48 50 2 MEMORY LEAK! malloc size <file=simple.inst.cpp, line=18> : int ma
1 :10] 80 80 [+] free size <file=simple.inst.cpp, line=21>
1 80 80 80 0
1 180 180 180 [+] malloc size <file=simple.inst.cpp, line=26>
1 180 180 180 0
1 180 180 180 [+] free size <file=simple.inst.cpp, line=28>
1 180 180 180 0
[ & 3 R
( Clese ) Find: - Next ) ( Previous ) [ Highlight [ Match Case
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Detecting Memory Leaks in_Fortran

subroutine foo(x)
integer:: X
integer, allocatable :: A(:), B(:), C()

print *, "inside foo"
allocate(A(xX), B(xX), C(X))
deallocate(A, C)

print *, "exiting foo"

end subroutine foo

program main
call foo(b)

end program main 7
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Detecting Memory Leaks in_Fortran

USER EVENTS Profile :NODE 0, CONTEXT 0, THREAD 0
NumSamples MaxValue MinValue MeanValue Std. Dev. Event Name

1 5 5 5 0 MEMORY LEAK! malloc size <file=simple.f, variable=B, line=6> : MAIN =>
FOO

1 5 5 5 0 free size <file=simple.f, variable=A, line=7>

1 5 5 5 0 free size <file=simple.f, variable=A, line=7> : MAIN => FOO

1 5 5 5 0 free size <file=simple.f, variable=C, line=7>

1 5 5 5 0 free size <file=simple.f, variable=C, line=7> : MAIN => FOO

1 5 5 5 0 malloc size <file=simple.f, variable=A, line=6>

1 5 5 5 0 malloc size <file=simple.f, variable=A, line=6> : MAIN => FOO

1 5 5 5 0 malloc size <file=simple.f, variable=B, line=6>

1 5 5 5 0 malloc size <file=simple.f, variable=B, line=6> : MAIN => FOO

1 5 5 5 0 malloc size <file=simple.f, variable=C, line=6>

1 5 5 5 0 malloc size <file=simple.f, variable=C, line=6>: MAIN => FOO 7
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Jumpshot

0 Developed at Argonne National Laboratory as part of the MPICH
project
0 Rusty Lusk, Pl
o Also works with other MPI implementations
o Jumpshot is bundled with the TAU package

0 Java-based tracefile visualization tool for postmortem performance
analysis of MPI programs
0 Latest version is Jumpshot-4 for SLOG-2 format
O Scalable level of detail support
o Timeline and histogram views
o Scrolling and zooming
O Search/scan facility
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Jumpshot

.{._

WA

limeline : cam. sIrJq2 <Thread Views>
l_. e —— .
BEFINIECRER L
;Lc:west / Max. Depth |Zoom Level Global Min Time  View Init Time Zoom Focus Time  View Final Time  Global Max Time  Time Per Pixel . Row
7/10 | | 0 0.00 0.00 135.2944235 270588847 270.588847 0.382187637 @. : ]
[ : == | - = 1| |Row Count
CumulativeE... * | Timelines - 5.0
Y Coa
=
5L0G-2
-4
» 0
» 1 -3
»> 2
=2
-I_ ; P
i3 l- ]m
| -1
ONodenl Tl | | | | i | | | | | HLALE
@ ThreadIl I
).00 25.00 50.00 75.00 100.00 125.00 150.00 175.00 200.00 225.00 250.00
- Ty : Time {seconds)
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Tfacing': Uéing TAU and Jumpshot'

3 Configure TAU with -TRACE option:

% configure —TRACE —otf=<dir>
~MULTIPLECOUNTERS —papi=<dir> -mpi
—pdt=dir ..

3 Set environment variables:

% setenv TRACEDIR /p/gml/<login>/traces

% setenv COUNTER1 GET TIME_OF DAY (reqd)

% setenv COUNTER2 PAPI_FP_INS

% setenv COUNTER3 PAPI_TOT _CYC ..

0 Execute application and analyze the traces:
% mpirun -np 32 ./a.out [args]

% tau_treemerge.pl
% tau2slog2 tau.trc tau.edf —o app-slog2
% gumpshot app.slog2
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Performance Analysis and Visualization

3 Analysis of parallel profile and trace measurement

d Parallel profile analysis

o ParaProf: parallel profile analysis and presentation

o ParaVis: parallel performance visualization package

O Profile generation from trace data (tau2profile)
a Performance data management framework (PerfDMF)
0 Parallel trace analysis

o Translation to VTF (V3.0), EPILOG, OTF formats

O Integration with VNG (Technical University of Dresden)
3 Online parallel analysis and visualization

A Integration with CUBE browser (KOJAK, UTK, FZJ)
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Using Performance Database (PerfDMF)

3 Configure PerfDMF (Done by each user)

% perfdmf_configure
» Choose derby, PostgreSQL, MySQL, Oracle or DB2
> Hostname
> Username
» Password

» Say yes to downloading required drivers (we are not allowed to
distribute these)

» Stores parameters in your ~/.ParaProf/perfdmf.cfg file
3 Configure PerfExplorer (Done by each user)
% perfexplorer_configure
1 Execute PerfExplorer
% perfexplorer
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PerfExplorer Analysis Methods

0 Data summaries, distributions, scatterplots

3 Clustering
O k-means
O Hierarchical

3 Correlation analysis

3 Dimension reduction
o PCA
o Random linear projection
O Thresholds

a3 Comparative analysis
d Data management views
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PerfDMF and the TAU Portal

3 Development of the TAU portal
o Common repository for collaborative data sharing
o Profile uploading, downloading, user management

o Paraprof, PerfExplorer can be launched from the portal
using Java Web Start (no TAU installation required)

3 Portal URL
http://tau.nic.uoregon.edu
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“New automated metadata collection 4

TAU: ParaProf Manager

File Options Help
@ Applications : TrialField Yalue
9 [ standard Applications §§ Mame fa0/pdt_mpifexamples/tau? famorris/home/
% [ Default App ﬂpplic_atinn D 0
% [ Default Exp : _lE_x_pTrIBrnent ID g
¢ [ f90/pdt_mpi/examples/tauz famorris/home/ | & CES Cores 5
: Eﬁ;rl_ﬁrﬁgpa oAy |cPUMHzZ 2992.505
- o | 5|CPU Type Intel{R) ¥eon(k) CPU 5150 & 3. 00CHz
o= [ Default {jdbc: postgresgl://spaceghost.cs.uoregon.edu:s lcPU Vendor Canuinalntal
o= [ utonium (jdbc;postgresgl://utonium. cs.uoregon.edu:5 43 WD — T2 R, T 2 i
e [ spaceghost2 (jdbc:postgresql://spaceghost.cs.uoregon.| < ache Size 4096 KB
o= [ proton_mysql (jdbc:mysgl://192.168.1.1:3306 /perfdm Executable Jhomejamaorris/tau? Jexamples/pdt_mpi/f...
o= ] spaceghost_peri_milc {jdbc:postgresal://spaceghost. cs. §§ Hosthame cleman.nic.uoregon.edu
o= ] proton_postaresgl (jdbc:postgresgl://192.168.1.1:543] :|Local Time 2007-07-04T704:21:14-07:00

o= ] utonium_oracle {jdbc;oracle:thin: @/ /utonium. cs. uoregon :[MPI Processor Mame

cleman.nic.uoregon.edu

o [ perigtc (jdbc:postgresql://spaceghost. cs. uoregon. edu:s| Memory Size 816124Q kB
:Mode Mame demon.nic.uoregon.edu
£|0S Machine ¥B6_54
£|0S Name Linux
:|0S Release 2.6.9-42 0.3 EL perfctrsmp

Multi ple PerfDMF DBS ;|0 version #1 SMP Fri Nov 2 07:34:13 PST 2006

:[5tarting Timestamgp 1183548072220994
AT AL Architecture x86_64
§§ TAL Config -papi=/usrflocal/packages/papi-3.5.0 =M.
Timestamp 11835480743 17538
UTC Time 2007-07-04T11:21:14%F
[pid 11395
“|username amarris

4] I DE

] ]
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TAU Performance System Status

a Computing platforms (selected)

o IBM SP/pSeries/BGL/BGP/Cell PPE, SGI Altix/Origin, Cray
T3E/SV-1/X1/XT3/XT4 (CNL), HP (Compaq) SC (Tru64), Sun,
Linux clusters (1A-32/64, Alpha, PPC, PA-RISC, Power, Opteron),
Apple (G4/5, Intel OS X), Hitachi SR8000, NEC SX Series,

Windows XP/Vista ...
a3 Programming languages
o C, C++, Fortran 77/90/95, HPF, Java, Python

a3 Thread libraries (selected)
O pthreads, OpenMP, SGI sproc, Java,Windows, Charm++

a Compilers (selected)

O Intel, PGI, GNU, Fujitsu, Sun, PathScale, SGI, Cray, IBM, HP,
NEC, Absoft, Lahey, Nagware, ...
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Vampir, VNG, and OTF

0 Commercial trace based tools developed at ZiH, T.U. Dresden
o Wolfgang Nagel, Holger Brunst and others...
o Vampir Trace Visualizer (aka Intel ® Trace Analyzer v4.0)
O  Sequential program
o Vampir Next Generation (VNG)
o Client (vng) runs on a desktop, server (vngd) on a cluster
o Parallel trace analysis
O Orders of magnitude bigger traces (more memory)
O State of the art in parallel trace visualization
0  Open Trace Format (OTF)
O Hierarchical trace format, efficient streams based parallel access with VNGD
O Replacement for proprietary formats such as STF

o Tracing library available with a evaluation license now. Open source package at
SC’06.

http://www.vampir-ng.de
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DRESDEN
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Vampir Next Generation (VNG) Architecture
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Scalability of VNG [Holger Brunst, WAPA 2005]

0 sPPM

7 16 CPUs 18,00
16,00 -
0 200 M B 14,00 - —e— Com. Matrix
o 12,00 - Timeline
3 10,00 - Summary Profile
(D)
g_ 8,00 - —x%— Process Profile
wn
6,00 - —+— Stack Tree
4,00 -+ —m— LoadTime
2,00 +
0,00 : : ‘
0 10 20 30 40
Number of Workers
Number of Workers 1 2 4 8 16 32
Load Time 47,33 22,48 10,80 5,43 3,01 3,16
Timeline 0,10 0,09 0,06 0,08 0,09 0,09
Summary Profile 1,59 0,87 0,47 0,30 0,28 0,25
Process Profile 1,32 0,70 0,38 0,26 0,17 0,17
Com. Matrix 0,06 0,07 0,08 0,09 0,09 0,09
Stack Tree 2,57 1,39 0,70 0,44 0,25 0,25
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VNG Analysis Server Architecture

3 Implementation using MPI and Pthreads
a3 Client/server approach
3 MPI and pthreads are available on most platforms

1 Workload and data distribution among “physical” MPI
processes

A3 Support of multiple visualization clients by using virtual
sessions handled by individual threads

3 Sessions are scheduled as threads
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TAU Tracing Enhancements

0 Configure TAU with -TRACE —otf=<dir> option

% configure —TRACE —otf=<dir> ..

Generates tau_merge, tau2vtf, tau2otf tools in <tau>/<arch>/bin
directory

% tau_T90.sh app.-f90 —o app

d Instrument and execute application
% mpirun -np 4 app

0 Merge and convert trace files to OTF format

% tau_treemerge.pl
% tau2otf tau.trc tau.edf app.otf [-z][-n <nstreams>]
% vampir app.otf

OR use VNG to analyze OTF/VTF trace files
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Environment Variables

d Configure TAU with -TRACE —otf=<dir> option
% configure —TRACE —otf=<dir>
~MULTIPLECOUNTERS —papi=<dir> -mpi
—pdt=dir ..
0 Set environment variables
% setenv TRACEDIR /p/gml/<login>/traces
% setenv COUNTER1 GET_TIME_OF_DAY (reqd)
% setenv COUNTER2 PAPI_FP_INS
% setenv COUNTER3 PAPI_TOT _CYC ..
0 Execute application
% mpirun -np 32 ./a.out [args]

% tau_treemerge.pl
% tau2otf tau.trc tau.edf app.otf -z
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Uéing Vam'pirTrace to geherafe OTF traces

a Configure TAU with -TRACE —vampirtrace=<dir> option
% configure —TRACE -vampirtrace=<dir> —papi=<dir>
-mp1
—pdt=dir ..
0 Set environment variables
% setenv VT_METRICS PAPI_FP_OPS:PAPI_TOT _CYC
0 Execute application
% mpirun -np 20 ./a.out [args]

On IBM AlIX, running the application will create
a.otf after unifying the events

Unifies the descriptors to generate a.otf
% vampir a.otf &
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Using Vampir Next Generation (VNG v1.4)

mcr3bishendell}32: srun -N2 Zad—ppdebug /usr/local/tools/vampir/vngd
Service process resides on

Found license file: /fusr/global/tools/vampir/chaos_3_x86_elan3/vng-1.4.0/lic.dat
runhing...

]
F

. %/ Vampir NG

File  Global Displays  Process Displays  Filters Preferences Extras  Help

]
Mot Connecte

mcr3b{shendel}22: /usr/local/tools/vampir/vhg &

[11 12427
mcr3b{shendel}23: Found license file: /usr/global/tools/vampir/chaos_3_x86_elan3

ang—1.4.ﬂflic.dat

7 [X| Vampir NG - Connect To Server

SerwEr: | mor33, 11nlY)gow Port: | 30000

Uze secure connection (SSL)

oo P, v
I T T TR TR HE
sa ALY TT R AW, o

Cancel
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VNG Calltree DiSpIéy

806 | Vampir NG - Call Tree

Call Tree

Call Tree Counts Time <d> Search

=+ MIRANDA 1 0.860 5..1.072 5 |

4 3.506 s..4.593 s
» PLOTFILE 4 0.158 5,.0.825 s
g- » PLOTS 4 0.160 ms,.0,102 s
j"v SCASPEC2D 16 1.382 ms,.1.432 ns Folding
g- v SUM2D 48 0.719 ms,.0.789 ms
. 5. v MPI_Bcast.() 48 2.866 ms..0.750 s Fold Level: 12

» MPI_Group_translate_ranks{) 96 0,425 ws,.0.870 Fold All
0.793 ws..0,837

= MPI_Comm_group()
- = MPI_Comm_size{) 96 0.397 ms,.0,443
. .« MPI_Reduce() 43 1.167 ms,.0.409
& v RFFTX 16 0,163 ms,.0.179
: Iél--- » RFFTX_FFTPK 16 0.497 ws, .0,.575
& v XTRAN 16 ms, .0,416

Global Call Breakdown { ¥IZ (110} )

Caller Callee
MIRANDA
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VNG Grouping of Interprocess Communications
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OTF/VNG fSuppOrt for Count
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X Vampir NG - Process Timeline

node thread
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Goh W N
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X/ Vampir NC - Counter Configuration

Displayed Counters

—
AU counter data —> PAPI_FP_INS
TAU counter data —> PAPI_TOT_CYC

Cut Negative Peaks

Differentiate ¥Yalues:
Absolute Values

Rate Values

40,000 s

|||I| ||"“F"IF'I_F\]. 1raduce()

Original Values

Classes Counter

AU counter data PAPT_FP_INS
PAPI_TOT_C¥YC
Message size for broadcast
Message size sent to all nodes
Message size received from all n«

PAPI_FP_INS [#/s]

Apply
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VNG Message Profile
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VNG Process Activity Chart X

&YNaXaE) N Vampir NG - Process Activity Chart
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VNG Preferences

% Vampir NG - Display Preferences

StartUp with Timeline

Counter Timeline

Process Profile Summary Chart Call Tree

Message Statistics|| I/0 Events Statistics Collective Op. Statistics

Options

Adaptive Color Legend

Adaptive Summary Information
Display

Sum. Length Max. Length Max.
Counts Avg. Length Avg.

Min. Length Min. Rate Min.

Apply
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Rate Max. Duration
Rate Avg., Duration
Duration
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KTAU Project

d Trend toward Extremely Large Scales

o System-level influences are increasingly dominant performance bottleneck
contributors

O Application sensitivity at scale to the system (e.g., OS noise)
O Complex I/O path and subsystems another example
O Isolating system-level factors non-trivial

d OS Kernel instrumentation and measurement is important to understanding
system-level influences

0 But can we closely correlate observed application and OS performance?
0 KTAU /TAU (Part of the ANL/UO ZeptoOS Project)

O Integrated methodology and framework to measure Whole-systenz
performance
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Applying KTAU+TAU

3 How does real OS-noise affect real applications on target
platforms?

O Requires a tightly coupled performance measurement &
analysis approach provided by KTAU+TAU

O Provides an estimate of application slowdown due to Noise
(and In particular, different noise-components - IRQ,
scheduling, etc)

o Can empower both application and the middleware and OS
communities.
O A. Nataraj, A. Morris, A. Malony, M. Sottile, P. Beckman,

“The Ghost in the Machine : Observing the Effects of Kernel
Operation on Parallel Application Performance”, SC’07.

d Measuring and analyzing complex, multi-component 1/O
subsystems in systems like BG(L/P) (work in progress).
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KTAU System Architecture

KTAU KTAU Proc Interface
Instrumentation
—* Inter context access
l —* local context access
KTAU
Measurement /pFOC/f(fGU/frOCQ -
System .(:'_ /proc/kftau/profile $=—-
e ————— _
task | [ KTAU User API %
list I
| } }
' User
< ! . Daemon
mmm task lock = | 5 |Application
mmm global lock ﬁ : S

A. Nataraj, A. Malony, S. Shende, and A. Morris, “Kernel-level Measurement for
Integrated Performance Views: the KTAU Project,” Cluster 2006, distinguished paper.
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TAU Performance System Status

3 Computing platforms (selected)

o IBM SP/pSeries/BGL, SGI Altix/Origin, Cray T3E/SV-
1/X1/XT3, HP (Compaq) SC (Tru64), Sun, Linux clusters
(1A-32/64, Alpha, PPC, PA-RISC, Power, Opteron),
Apple (G4/5, OS X), Hitachi SR8000, NEC SX-5/6,
SiCortex, Windows ...

a3 Programming languages

o C, C++, Fortran 77/90/95, HPF, Java, Python
3 Thread libraries (selected)

O pthreads, OpenMP, SGI sproc, Java,Windows, Charm++
3 Compilers (selected)

o Intel, , GNU, Fujitsu, Sun, PathScale, SGI, Cray, IBM,
HP, NEC, Absoft, Lahey, Nagware
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L abs!

Lab: TAU
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Lab Instructions

Get workshop.tar.gz on Jacquard:
% wget http://tau.uoregon.edu/workshop.tar.gz
% gtar zxf workshop.tar.gz

and follow the i1nstructions in the README file.

These slides are available at:
http://tau.uoregon.edu/tau.ppt
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Lab Instructions

To profile a code:
1. Add TAU to your path:
% module load tau
or
% set path=($path /usr/common/acts/TAU/tau-2.17.2/x86_64/bin)

2. Change the compiler name to tau cxx.sh, tau f90.sh, tau cc.sh:
FO0 = tau 190.sh

3. Choose TAU stub makefile
% setenv TAU MAKEFILE
/opt/apps/tau/tau_latest/x86 64/1i1b/Makefile.tau-[options]

4. ITf stub makefile has —multiplecounters iIn i1ts name, set
COUNTER[1-<n>] environment variables:
% setenv COUNTER1 GET_TIME_OF_DAY
% setenv COUNTERZ2 PAPI_FP_INS

% setenv COUNTER3 PAPI_TOT _CYC ..

5. Set TAU THROTTLE environment variable to throttle
instrumentation:
% setenv TAU THROTTLE 1

6. Build and run workshop examples, then run pprof/paraprof
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