TAU Performance System®
Hands on session

Sameer Shende
sameer@cs.uoregon.edu
Tuning and Analysis Ufties University of Oregon
http://tau.uoregon.edu

allinea 4) jouick R O e L

R TECHNISCHE S
@ Spercsmputing Ltg Lavv_lreml:eLaUVennom TECHNISCHE Teorische
Centro Nacional de Supercomputacién Y DARMSTADT Miinchen ‘ ’




Copy the workshop tarball

VIRFUALANSTITUTE <~ HIGH PRODUCTIVITY SUPERCOMPUTING

= Setup preferred program environment compilers
= Default set Intel Compilers with Intel MPI

o°

d $WORK

c
tar zxf ~hpclabll/tutorial/NPB3.3-MZ-MPI. tar.gz
module load UNITE tau

o°

%
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NPB-MZ-MPI Suite

= The NAS Parallel Benchmark suite (MPI+OpenMP version)
= Available from:

http://www.nas.nasa.gov/Software/NPB
= 3 benchmarks in Fortran77
= Configurable for various sizes & classes

= Move into the NPB3.3-MZ-MPI root directory

% 1ls
bin/ common/ Jjobscript/ Makefile README.install SP-MZ/
BT-MzZ/ config/ LU-MZ/ README README. tutorial sys/

= Subdirectories contain source code for each benchmark
» plus additional configuration and common code

» The provided distribution has already been configured for the tutorial, such that it's
ready to “make” one or more of the benchmarks and install them into a (tool-specific)
“bin” subdirectory
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NPB-MZ-MPI / BT: config/make.def

# SITE- AND/OR PLATFORM-SPECIFIC DEFINITIONS.

#OPENMP = -fopenmp # GCC compiler
OPENMP = -gopenmp —-extend-source # Intel compiler

# MPIF77 = mpiifort # Intel compiler

# Alternative variant to perform instrumentation
MPIF77 = tau f77.sh

Uncomment TAU’s compiler

# PREP is a generic preposition macro for instrumentation preparation Yvrapper to dO SOU.I'CG
#MPTF77 = $(PREP) mpif77 -f77=ifort instrumentation with TAU

TMPLIETT = scorep .. Comment out Score-P wrapper
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o\°
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___________________________________________ = Type "make” for

— NAS PARALLEL BENCHMARKS 3.3 - Instructions

= MPI+OpenMP Multi-Zone Versions =
= F77 =

To make a NAS multi-zone benchmark type
make <benchmark-name> CLASS=<class> NPROCS=<nprocs>

where <benchmark-name> is “bt-mz”, “lu-mz”, or “sp-mz”
<class> is “s”, “wW”, “A” through “F”
<nprocs> is number of processes

R IR b b b b b b b b A b b A b b A b b A b b g b b S b b b b b b b b b b b b b I b b b b b I b b A b b b b b g b b i b b g

* Custom build configuration is specified in config/make.def *
* Suggested tutorial exercise configuration for HPC systems: *
* make bt-mz CLASS=C NPROCS=8 o

R R R A b b A b b A b b A b R d b b G b b A b b G b b G b A S b A b b A b AR b b A b b A b b A b b G b b g b b i b b g b ¢
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Building an NPB-MZ-MPI Benchmark

= Specify the

% make suite

make[l]: Entering directory “BT-MZ' benchmark

make[2]: Entering directory " sys' ] ]

cc -0 setparams setparams.c -1lm Conflgurat|0n
make[2]: Leaving directory sys = benchmark name:
../sys/setparams bt-mz 8 C

make[2]: Entering directory ~../BT-MZ' bt-mz, Iu-mz, Sp-Mz
tau £77.sh -¢ -03 —g -openmp bt.f » the number of MPI
[...] . —
tau f77.sh -c¢ -03 —-g -openmp mpil setup.f processes. NPROCS=8
cd ../common; mpiifort -c¢ -03 —-g —-gopenmp print results.f = the benchmark class
cd ../common; mpiifort -c¢ -03 -g qupenmp timers.f (S, W, A, B, C, D, E):
tau £f77.sh -03 —-g -openmp -0 ../bin.tau/bt-mz C.8 bt.o

CLASS=C

initialize.o exact solution.o exact rhs.o set constants.o adi.o
rhs.o zone setup.o x solve.o y solve.o exch gbc.o solve subs.o
z solve.o add.o error.o verify.o mpi setup.o ../common/print results.o
../common/timers.o
make[2]: Leaving directory "BT-MZ'
Built executable ../bin.tau/bt-mz C.8 Shortcut: & make suite
make[1l]: Leaving directory "BT-MZ' !
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NPB-MZ-MPI / BT (Block Tridiagonal Solver)

= What does it do?
= Solves a discretized version of the unsteady, compressible Navier-Stokes equations in three spatial

dimensions
= Performs 200 time-steps on a regular 3-dimensional grid

= Implemented in 20 or so Fortran77 source modules

= Uses MPI & OpenMP in combination
= 8 processes each with 6 threads should be reasonable

= bt-mz_C.8 should take around 45 seconds
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tau__exec

$ tau exec

Usage: tau exec [options] [--] <exe> <exe options> [ | Tau_exec preloads
oo the TAU wrapper

-V Verbose mode

S Show what will be done but don't actually do anything (dryrun) H H

-gsub Use gsub mode (BG/P only, see below) Ilbrarles and

-io Track I/0

—-memory Track memory allocation/deallocation performs

-memory debug Enable memory debugger

-cuda Track GPU events via CUDA meaSU rementS.

-cupti Track GPU events via CUPTI (Also see env. variable TAU CUPTI API)

-opencl Track GPU events via OpenCL

—openacc Track GPU events via OpenACC (currently PGI only)

—-ompt Track OpenMP events via OMPT interface

-armci Track ARMCI events via PARMCI

-ebs Enable event-based sampling

-ebs period=<count> Sampling period (default 1000)
-ebs source=<counter> Counter (default itimer)

-um Enable Unified Memory events via CUPTI
-T <DISABLE, GNU, ICPC,MPI,OMPT, OPENMP, PAPI, PDT, PROFILE, PTHREAD, SCOREP, SERIAL> : Specify TAU tags
-loadlib=<file.so> : Specify additional load library
-XrunTAUsh-<options> : Specify TAU library directly
-gdb Run program in the gdb debugger

No need to recompile the application!

Notes:
Defaults if unspecified: -T MPI
MPI is assumed unless SERIAL is specified
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tau_exec Example (continued)

= tau_exec can enable

Example:

mpirun -np 2 tau exec -T icpc,ompt,mpi -ompt ./a.out

mpirun -np 2 tau:exec -io ./a.out event based
Example - event-based sampling with samples taken every 1,000,000 FP instructions . .

mpirun -np 8 tau exec -ebs -ebs period=1000000 -ebs source=PAPI FP INS ./ring Sampllng Whlle
Examples - GPU: .

tau exec -T serial,cupti -cupti ./matmult (Preferred for CUDA 4.1 or later) IaunCh|ng the

tau exec -openacc ./a.out

tau exec -T serial -opencl ./a.out (OPENCL) executable US|ng env

mpirun -np 2 tau exec -T mpi,cupti,papi -cupti -um ./a.out (Unified Virtual Memory in CUDA 6.0+)
TAU_SAMPLING=1

gsub mode (IBM BG/Q only):

Original:

gsub -n 1 --mode smp -t 10 ./a.out or tau_exec EbS
With TAU:

tau exec -gsub -io -memory -- gsub -n 1 .. -t 10 ./a.out

Memory Debugging:
-memory option:
Tracks heap allocation/deallocation and memory leaks.
-memory debug option:
Detects memory leaks, checks for invalid alignment, and checks for
array overflow. This is exactly like setting TAU TRACK MEMORY LEAKS=1
and TAU MEMDBG PROTECT ABOVE=1 and running with -memory
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NPB-MZ-MPI / BT with TAU uses OMPT for OpenMP instrumentation

cd bin

cp ../jobscript/claix/tau exec.lsf . = COpy jObSCFipt and
bsub < tau exec.1lsf

cat mzmpibt.o<job id> launch as a hYbrld
NAS Parallel Benchmarks (NPB3.3-MzZ-MPI) - BT-MZ MPI+OpenMP Benchmark
Number of zones: 16 x 16 MPI+OpenMP
ITterations: 200 dt: O:OOOBOO application
Number of active processes: 8

Total number of threads: 48 ( 6.0 threads/process)

o® o° o°

o\°

Time step 1
Time step 20
[...]
Time step 180
Time step 200
Verification Successful

BT-MZ Benchmark Completed. Hint: save the benchmark output (or

Time in seconds = 45.88 note the run time) to be able to refer to
% paraprof & it lat
% paraprof —--pack bt.ppk it later

<Copy file over to desktop using scp>

[®)

s paraprof bt.ppk &
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Using Just MPI without any OpenMP flags or TAU

= Edit config/make.def to get rid of -qopenmp flag!

#COMPFLAGS = -gopenmp -extend-source # intel
COMPFLAGS = -extend-source # intel

MPIF77=mpif77

= OR just copy /tmp/tau/config.def to your config directory

% cp /tmp/tau/config.def NPB3.3-MZ-MPI/config
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Compile BT-MZ Class A (for a smaller problem) WITHOUT TAU

= Build Class A benchmark

% cd NPB3.3-MZ-MPI BT-MZ Benchmark Completed.
% make clean; Class = A
$ make bt-mz CLASS=A NPROCS=8 Size = 128x 128x 16
% cd bin Iterations = 200
% cp /tmp/tau/*.1sf . Time in seconds = 8.92
 bsub < orig.lst Total processes = 8
% cat mzmpibt.*
Total threads = 8
Mop/s total = 16389.32
Mop/s/thread = 2048.66
Operation type = floating point
Verification = SUCCESSFUL
Version = 3.3.1

Compile date = 30 Mar 2017
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Event Based Sampling with TAU

= Launch paraprof

] (] X| TAU: ParaProf: frwthfs/rz/cluster/work/hpclab17/NPB3.3-MZ-MPI/bin
% Cd NPB3 . 3_MZ _MPI File Options Windows Help
o Metric: TIME
% make clean 5 value: Exclusive
$ cd bin Mean | i
i T T T —
% bsub < tau 1.1sf noda | T
node | Show Thread Bar Chart
% mOdule load UNITE tau node | show Thread Statistics Text Window
% paraprof 283: Show Thread Statistics Table

node { Show Thread Call Graph E
node { Show Thread Call Path Relations
node | show User Event Bar Chart

Show User Event Statistics Window
Show Context Event Window

= Right Click on Node 0 and choose sho etacts for Tread
Add Thread to Comparison Window
Show Thread Statistics Table
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ParaProf

O O X| TAU: ParaProf: Statistics for: node O - /rwthfs/rz/cluster/work/hpclab17/NPB3.3-MZ-MPI/bin
File Options Windows Help

| ]
= Click on Columns:  passsssss T s
. . Name | Exclusive TIME ‘ Inclusive TIME V| Calls | Child Calls
to SO rt by | nCI tl me ¢ [l .TAU application 9.167 v.558 1 2,432
¢ [l [CONTEXT] .TAU application 0 9.019 901 0
o- @ [SUMMARY] binverhs_ [{/rwthfs/rziclusteriwork/hpclabl 7/NPB3.3-MZ-MPI/BT-MZ, 2.89 2.89 288 0
o [ [SUMMARY] matmul_sub_ [{/rwthfs/rziclusteriwork/hpclabl 7/NPB3.3-MZ-MPIBT 1.27 1.27 127 0
o O [SUMMARY] #_solve_ [{/rwthfs/rzfclusteriwork/hpclabl 7/NPBE3. 3-MZ-MPI/BT-MZ 1.16 1.16 116 0
- O p e n b i n VC rh S o~ [0 [SUMMARY] z_solve_ [{/rwthfsirziclusterfwork/hpclabl 7/NPE3. 3-MZ-MPI/BT-MZ/z 1.08 1.08 108 0
o [0 [SUMMARY] y_solve_ [{/rwthfs/rzfclusteriwork/hpclabl 7/NPE3. 3-MZ-MPI/BT-MZy 1.08 1.08 108 0
. o [ [SUMMARY] compute_rhs_ [{/rwthfs/rz/clusteriwork/hpclabl 7/NPB3. 3-MZ-MPI/E 0.83 0.83 83 0
[ | CI |Ck O n Sa m p I e o [l [SUMMARY] matvec_sub_ [{/rwthfs/rziclusterfwork/hpclabl 7/NPB3. 3-MZ-MPI/BT- 0.49 0.49 49 0
o [l [SUMMARY] |hsinit_ [{/rwthfs/rziclusteriwork/hpclabl 7/NPEB3, 3-MZ-MPI/BT-MZ/in 0.08 0.08 8 0
M [SAMPLE] add_ [{/mwthfsirz/clusterfwork/hpelabl 7/NPB3. 3-MZ-MPI/BT-MZ/add. f} 0.05 0.05 = 0
o [l [SUMMARY] binurhs_ [{/rwthfs/rziclusterswork/hpclabl 7/NPB3.3-MZ -MPIBT-MZ /< 0.04 0.04 4 0
o [l [SUMMARY] exact_solution_ [{/rwthfs/rz/clusteriwork/hpclabl 7/NPE3. 3-MZ-MPI/ 0.02 0.02 2 0
M [SAMPLE] copy x_face [{/rwthfs/rz/clusteriwork/hpclabl 7/NPE3. 3-MZ-MPI/BT-MZ 0.01 0.01 1 0
o [l [SUMMARY] exact_rhs_ [{/rwthfs/rz/clusteriwork/hpclabl 7/NPE3. 3-MZ-MPI/BT-M; 0.01 0.01 1 0
M [SAMPLE] initialize_ [ {/rwthfs/rziclusteriwork/hpclabl 7/NPB3.3-MZ-MPI/BT-MZ/in 0.009 0.009 1 0
o W MPI_Init_thread() 0.155 0.155 1 0
.I'-'lF‘I_Finalize() 0.022 0.022 1 0
o [l MPI Waitall() 0.018 0.018 804 0
- MPI_Irecwv(} 0.004 0.004 804 0
W MPI_Isend() 0.001 0.001 204 0
W 1PI_Comm_split() 0 0 1 0
Il MPI_Bcast() 0 0 9 0
W P _Reduce() ] ] 3 0
.MPl_Barrier() 0 0 2 0
W P1_Comm_size() ] 0 1 0
M P1_Comm_rank() 0 0 2 0
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ParaProf

[ ] @ X| TAU: ParaProf: Statistics for: node O - /rwthfs/rz/cluster/work/hpclab17/NPB3.3-MZ-MPI/bin
File Options Windows Help
HENRRRREERRN NENENNEEEEEEEEEEEEEEENEEEEEER
Narne [ Exclusive TIME { Inclusive TIME ¥ [ Calls [ Child Calls ‘
¢ Il .TAU application 9.167 9.368 1 2,432|~|
¢ Il [CONTEXT] .TAU application o} 9.019 901 o}
¢ [ [SUMMARY] binverhs_ [{/rwthfs/rz/clusteriwork/hpelabl 7/NPB3. 3-MZ-MPI/BT-MZ/s0lve_subs.f}] 2.89 2.89 288 0
Il [SAMPLE] binverhs_ [{/rwthfs/rziclusteriwork/hpclabl 7/NPE3. 3-MZ-MPI/BT-M2Z/solve_subs.f} {2281] 0.14 0.14 14 o=
[l [SAMPLE] binverhs_ [{/rwthfs/rz/iclusterfwork/hpclabl 7/NPB3. 3-MZ-MPI/BT-MZ/solve_subs.f}| Show Source Code 0.09 0.09 9 0
W [SAMPLE] binverhs_ [{/rwthfs/rziclusterfwork/hpclabl 7/NPB3. 3-MZ-MPI/BT-MZ/solve_subs.f}| Show In Statistics Table 0.09 0.09 [¢] 0
[l [SAMPLE] binverhs_ [{/rwthfs/rziclusteriwork/hpclabl 7/NPB3. 3-MZ-MPI/BT-MZ/solve_subs.f}| Show Function Histogram 0.06 0.06 6 0
W [SAMPLE] binverhs_ [{/rwthfs/rziclusteriwork/hpclabl 7/NPE3. 3-MZ-MPI/BT-MZ/s0lve_subs.f} Show Function Bar Chart 0.086 0.06 6 0
W [SAMPLE] binverhs_ [{/rwthfs/rziclusteriwork/hpclabl 7/NPE3. 3-MZ-MPI/ET-MZ/solve_subs.f} Assign Function Color 0.06 0.06 6 0
W [SAMPLE] binverhs_ [{/rwthfs/rziclusterfwork/hpclabl 7/NPB3. 3-MZ-MPI/BT-MZ/solve_subs.f} Reset to Default Color 0.06 0.06 6 0
Il [SAMPLE] binverhs_ [{/rwthfs/rziclusteriwork/hpclabl 7/NPB3. 3-MZ-MPI/BT-MZ/solve_subs.f} 1zaa7] 0.05 0.05 5 0
W [SAMPLE] binverhs_ [{/rwthfs/rziclusterfwork/hpclabl 7/NPB3. 3-MZ-MPI/BT-MZ/solve_subs.f} {332}] 0.05 0.05 5 0
M [SAMPLE] binverhs_ [{/rwthfs/rziclusteriwork/hpclabl 7/NPE3. 3-MZ-MPI/BT-MZ/solve_subs.f} {275}] 0.05 0.05 &) 0
W [SAMPLE] binverhs_ [{/rwthfs/rziclusterfwork/hpclabl 7/NPB3. 3-MZ-MPI/BT-MZ/solve_subs.f} {331}] 0.04 0.04 4 0
W [SAMPLE] binverhs_ [{/rwthfs/rziclusteriwork/hpclabl 7/NPB3. 3-MZ-MPI/BT-MZ/solve_subs.f} {445}] 0.04 0.04 4 o}
W [SAMPLE] binverhs_ [{/rwthfs/rziclusterfwork/hpclabl 7/NPB3. 3-MZ-MPI/BT-MZ/solve_subs.f} {254}] 0.04 0.04 4 0
Ml [SAMPLE] binverhs_ [{/rwthfs/rziclusterfwork/hpclabl 7/NPB3. 3-MZ-MPI/BT-MZ/solve_subs.f} {3143] 0.04 0.04 4 0
W [SAMPLE] binverhs_ [{/rwthfs/rziclusterfwork/hpclabl 7/NPB3. 3-MZ-MPI/BT-MZ/solve_subs.f} {343}] 0.04 0.04 4 0
[l [SAMPLE] binverhs_ [{/rwthfs/rziclusterfwork/hpclabl 7/NPB3. 3-MZ-MPI/BT-MZ/solve_subs.f} {4033] 0.04 0.04 4 0
M [SAMPLE] binverhs_ [{/rwthfsirziclusteriwork/hpclabl 7/NPB3. 3-MZ-MPI/BT-MZ/solve_subs.f} {389}] 0.03 0.03 3 0
W [SAMPLE] binverhs_ [{/rwthfs/rz/clusterfwork/hpclabl 7/NPB3. 3-MZ-MPI/BT-MZ/solve_subs.f} {4153 ] 0.03 0.03 3 0
M [SAMPLE] binverhs_ [{/rwthfsirziclusteriwork/hpclabl 7/NPE3, 3-MZ-MPI/BT-MZ/solve_subs.f} {247}] 0.03 0.03 3 0
W [SAMPLE] binverhs_ [{/rwthfs/rz/clusterfwork/hpclabl 7/NPB3. 3-MZ-MPI/BT-MZ/solve_subs.f} {3003] 0.03 0.03 3 0
W [SAMPLE] binverhs_ [{/rwthfs/rziclusteriwork/hpclabl 7/NPE3, 3-MZ-MPI/BT-MZ/solve_subs.f} {309}] 0.03 0.03 3 o]
Il [SAMPLE] binverhs_ [{/rwthfs/rz/clusterfwork/hpclabl 7/NPB3. 3-MZ-MPI/BT-MZ/solve_subs.f} {4443] 0.03 0.03 3 0
W [SAMPLE] binverhs_ [{/rwthfs/rziclusterfwork/hpclabl 7/NPB3. 3-MZ-MPI/BT-MZ/solve_subs.f} {4683 0.03 0.03 3 0
Il [SAMPLE] binverhs_ [{/rwthfs/rz/clusterfwork/hpclabl 7/NPB3. 3-MZ-MPI/BT-MZ/solve_subs.f} {242}] 0.03 0.03 3 0
W [SAMPLE] binverhs_ [{/rwthfs/rziclusterfwork/hpclabl 7/NPB3. 3-MZ-MPI/BT-MZ/solve_subs.f} {4073] 0.03 0.03 3 ol |

B [SAMPLE] hinverhs  [Lirwthfsiziclusteriwarkthoclahl Z(NPRA. 3-MZ-MPIRT-MZ{salve_subs.fl 41211 0.03 0.03 3 0
O ————————————————————————————
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Instrument binary using MAQAO: tau_rewrite

= We can read an uninstrumented binary and generate an instrumented binary
= All functions are being instrumented (higher overhead). TAU throttles.

% tau_rewrite bt—mz_A.8 bt.i
$ bsub < tau_2.lsf
% cat mzmpibt.<jobid>

BT-MZ Benchmark
Class

Size

Iterations

Time in seconds
Total processes
Total threads
Mop/s total
Mop/s/thread
Operation type
Verification
Version

Compile date

Completed.

A

128x  128x 16
200

16.79

8

8

8708.93
1088.62
floating point
SUCCESSFUL
3.3.1

30 Mar 2017
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File Options Windows Help

N\ TAU: ParaProf: node O - /rwthfs/rz/cluster/work/hpclab17/NPB3.3-MZ-MPI/bin

Metric: TIME
Walue: Exclusive
Units: seconds

z_solve_ [{/rwthfs/rz/clusteriwork/hpclabl 7/NPB3.3-MZ-MPI/BT-MZ/z_solve.f} {0,0}-{432,0}] |[*]
y_solve_ [{/rwthfs/rziclusterswork/hpclabl 7/NPB3.3-MZ-MPI/ET-MZ/y_solve.f} {0,0}-{410,0}]
#_solve_ [{/rwthfs/rz/clusteriwork/hpclabl 7/NPB3.3-MZ-MPI/BT-MZ/x_solve.f} {0,0}-{411,0}]
compute_rhs_ [{/rwthfs/rz/clusteriwork/hpclabl 7/NPB3. 3-MZ-MPI/BT-MZ/rhs.f} {0,0}-{443,0}]
MPI_Init_thread()

initialize_ [{/rwthfs/rziclusteriwork/hpclabl 7/NPB3. 3-MZ-MPI/BT-MZ/initialize.f} {4,0}-{207,0}]
add_ [{/rwthfsfrzfclusteriwork/hpclabl 7/NPB3.3-MZ-MPI/BT-MZ/add.f} {0,0}-{37,0}] 3
binverhs_ [{/rwthfs/rziclusteriwork/hpclabl 7/NPB3. 3-MZ-MPI/BT-MZ/solve_subs.f} {206,0}-{48
Ihsinit_ [{/rwthfs/rziclusterfwork/hpclabl 7/NPB3. 3-MZ-MPI/BT-MZ/initialize.f} {213,0}-{247,0}
matrul_sub_ [{/rwthfsfrz/iclusteriwork/hpclabl 7/NPB3.3-MZ2-MPI/BT-MZ/solve_subs.f} {56,0}-
binvrhs_ [{/rwthfs/rz/clusterswork/hpclabl 7/NPE3. 3-MZ-MPI/BT-MZ/solve_subs.f} {488,0}-{634
matvec_sub_ [{/rwthfs/rz/clusteriwork/hpclabl 7/NPB3. 3-MZ-MPI/BT-MZ/solve_subs.f} {5.0}-{5
exact_solution_ [{/rwthfs/rz/clusteriwork/hpclabl 7/NPB3.3-MZ-MPI/BT-MZ/exact_solution.f} {4L
exact_rhs_ [{/rwthfs/rziclusteriwork/hpclabl 7/NPB3.3-MZ-MPI/BT-MZ/exact_rhs.f} {5,0}-{361,
MP1_Waitall()

main [{-1} {0,0}]

exch_gbc_ [{/rwthfs/rziclusteriwork/hpclabl 7/NPE3.3-MZ-MPIBT-MZ/exch_gbe.f} {0,0}-{260,C
error_norm_ [{/rwthfs/rz/clusteriwork/hpclabl 7/NPB3.3-MZ-MPI/BT-MZ/error.f} {4,0}-{62,0}]
MPI_Finalize()

MPI_Irecw()

env_setup_ [{/rwthfs/rz/clusteriwork/hpclabl 7/NPB3. 3-MZ-MPI/BT-MZ/mpi_setup.f} {65,0}-{2¢
copy_y face_ [{/rwthfs/rz/clusteriwork/hpclabl 7/NPB3. 3-MZ-MPI/BT-MZ/exch_qgbc.f} {194,0}-{
MAIN__ [{/rwthfs/rz/clusteriwork/hpclabl 7/NPB3.3-MZ-MPI/BT-MZ/bt_scorep_user.F} {0,0}-{34
MPI_lsend()

adi_ [{/rwthfsfrziclusteriwork/hpclabl 7/NPB3.3-MZ-MPI/BT-MZ/adi.f} {0,0}-{30,0}]

init_resource [{-1} {0,0}] =

M W [»]
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VIRFUALANSTITUTE <~ HIGH PRODUCTIVITY SUPERCOMPUTING

Create a Selective Instrumentation File, Re-instrument, Re-run

e X|. TAU: ParaProf: [rwthfs/rz/clusterjwork/hpclab17/NPB3.3-MZ-MPi/bin [ NON | \| TAU: ParaProf: Selective Instrumentation File Generator

File| Options Windows Help

Export Profile Output File: [frwthfs/rziclusteriwork/hpclabl7/NPB3.3-MZ-MPI/bin/select.tau |
Convert to Phase Profile e

Create Selective Instrumentation File
Add Mean to Comparison Window

lv] Exclude Throttled Routines

save .. Y ywm | [v] Exclude Lightweight Routines

Preferences... =

Print — ee—(§ Lightweight Routine Exclusion Rules

Bt ParaFrof T e Microseconds per call 10 |
node 4 sl essssss IN r
node 5 —  eeeessl e 1N Numnber of calls: 100000 |
nodes EEE T ee—— e TN
node 7 sl 0 e W

Excluded Routines

lhsinit_

exact_solution_
matvec_sub_
matmul_sub_
binverhs_
binvrhs_

% tau_rewrite -f select.tau bt-mz A.8 bt.i

% bsub < tau 3.1sf

% cat mzmpibt.<jobid>

Iterations = 200
Time 1n seconds = 9.13 save || Merge close

% paraprof &

25TH VI-HPS TUNING WORKSHOP (RWTH AACHEN, 27-31 MAR 2017) 17



VIRFUALANSTITUTE <~ HIGH PRODUCTIVITY SUPERCOMPUTING

ParaProf with Optimized Instrumentation

O O '\ TAU: ParaProf: [rwthfs/rz/cluster/work/hpclab17/NPB3.3-MZ-MPI/bin
File Options |Windows | Help
Metric: TIME | ParaProf Manager
Value: Exclusiy 3p visualization
3D Communication Matrix
Std. Dev. B ¢ommunication Matrix
Mean : sl 00 eesssssl Wi
Max [ Function g=m————— s ——————
Min [ Thread 3
node 0 |[ma -
node 1 [l Function Legend
node 2 [ Group Legend
node 3 [ User Event Legend — el s W
noge g [ Group Changer sl esssssl Wi
. _ sl 0 sl §i
node 5 [ 1058 All Sub-Windows e e W)

node 7

25TH VI-HPS TUNING WORKSHOP (RWTH AACHEN, 27-31 MAR 2017) 18



3D Visualization with ParaProf

VIRTUALANSTITUTE — HIGH PRODUCTIVITY SUPERCOMPUTING

TAU: ParaProf: 3D Visualizer: frwthfs/rz/cluster/work/hpclab17/NPB3.3-MZ-MPI/bin
File Options Windows Help

25TH VI-HPS TUNING WORKSHOP (RWTH AACHEN, 27-31 MAR 2017)

Triangle Mesh
® Bar Plot
Scatter Plot

Topology Plot

Height Metric

Exclusive v | |TIME
Color Metric

Exclusive v | |TIME

Function

Thread

Height value 3.562 seconds

Color value 3.562 seconds

[ Scales | Plot | Axes | Color

MPI_Waitall()

height: 0 | 5.3

seconds

color: 0 | 52

seconds

i
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VIRFUALANSTITUTE <~ HIGH PRODUCTIVITY SUPERCOMPUTING

ParaProf: Node O

N\ TAU: ParaProf: node O - /rwthfs/rz/cluster/work/hpclab17/NPB3.3-MZ-MPI/bin

u Optlmlzed File Options Windows Help

Metric: TIME

instrumentation! Value: Exclusive

Units: seconds

2,804 ] ¢_solve_ [{/rwthfs/rz/clusteriwork/hpclabl 7/NPB3.3-MZ-MPI/BT-MZ/y_solve.f} {0,0}-{410,0}] [*
2,752 [ z_solve_ [{irwthfs/rziclusteriworkshpelabl 7/NPB3.3-MZ-MPI/BT-MZ/z_solve.f} {0,0}-{432,0}]
2.7l e EF}R}Y « solve_ [{/rwthfs/rziclusterswork/hpclabl 7/NPE3.3-MZ-MPI/BT-MZA solve.f} {0,0}-{411,03]
0.846 """ ] compute_rhs_ [{/rwthfs/rz/iclusteriwork/hpclabl 7/NPB3.3-MZ-MPI/BT-MZ/rhs.f} {0,03-{443,0}
0.155 [ MPIInit_thread()
I add_ [{/rwthfsirziclusterswork/hpclabl 7/NPE3. 3-MZ-MPI/BT-MZ/add.f} {0,03-{37.0}]
| main [{-1} {0.0}]
| MPI_wWaitall()
| initialize_ [{/rwthfs/rziclusterswork/hpelabl 7/NPB3. 3-MZ-MPIET-MZ/initialize.f+ {4,01-{207,0}
| exact_rhs_ [{/rwthfs/rz/clusterswork/hpclabl 7/NPB3. 3-MZ-MPI/BT-MZ/exact_rhs.f} {5,0}-{361
| exch_gbc_ [{/rwthfs/rziclusteriwork/hpclabl 7/NPB3.3-MZ-MPI/BT-MZ/exch_gbc.f} {0,03-{260,
| MPI_Finalize()
| MPI_Irecv()
| copy y face_ [{/rwthfs/rz/clusteriwork/hpelabl 7/NPB3. 3-MZ-MPI/BT-MZ/exch_gbc.f} {194,03-
0.001 | error_norm_ [{/rwthfs/rz/clusterswork/hpelabl 7/NPB3. 3-MZ-MPIBT-MZ/error.f} {4,0}-{62,03]
I
I
I
I
I
I
I
I
I
I
I
I
I
I

IIl

0.001 | MPI_Isend()

0.001 | MaIN__ [{/rwthfs/rzfclusteriwork/hpclabl 7/NPB3. 3-MZ-MPI/BT-MZ/bt_scorep_user.F} {0,0}-{3
4.8E-4 | adi_ [{/rwthfs/rziclustersworkihpclabl 7/NPB3.3-MZ-MPI/BT-MZ/adi.f} {0,0}-{30,0}]

4,0E-4 | env_setup_ [{/rwthfs/rziclusteriwork/hpelabl 7/NPB3.3-MZ-MPI/BT-MZ/mpi_setup.f} {65,0}-{2—
2.8E-4 | .TAU application

2.1E-4 | MPI_Comm_split{)

2.0E-4 | init_resource [{-1} {0,0}]

1.9E-4 | MPI_Bcast()

1.6E-4 | rhs_norm_ [{/rwthfs/rz/clusteriwork/hpclabl 7/NPB3.3-MZ-MPI/BT-MZ/error.f} {0,0}-{115,0}]

1.1E-4 | MPI_Reduce()

8.3E-5 | verify_ [{/rwthfs/rziclusterfwork/hpclabl 7/NPB3.3-MZ-MPI/BT-MZverify.f} {5,0}-{373,03]

7.8E-5 | mpi_setup_ [{/rwthfsirz/clusteriwork/hpclabl 7/NPB3.3-MZ-MPI/BT-MZ/mpi_setup.f} {0,0}-{61

3.4E-5 | print_results_ [{/rwthfs/rz/clusteriwork/hpclabl 7/NPB3. 3-MZ-MPIfcommon/print_results.f} {2,

2.9E-5 | MPI_Barrier() -
< i [ [

=T
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VIRFUALANSTITUTE <~ HIGH PRODUCTIVITY SUPERCOMPUTING

Using Score-P with TAU and MAQAO

» Making profile measurements with Score-P using TAU

tau rewrite -f select.tau -T scorep ./bt-mz A.8 bt.i

bsub < tau 4.1sf
export SCOREP EXPERIMENT DIRECTORY=scorep bt-mz sum

%
%

SMPIEXEC $FLAGS_MPI_BATCH /bt.i ioimrmj N TAU: ParaProf Manager

% cd scorep bt-mz sum O ippleatons st Vet - Valus |
% module load UNITE cube L=ty ipplcation 0

% cube profile.cubex & . N e :

% paraprof profile.cubex & Eggﬁmmwme

@ ALLOCATION_SIZE

@ DEALLOCATION_SIZE

@ bytes_leaked

@ maximurn_heap_memory_allocated

= TAU’s paraprof can read CUBEX format! gbyecsert
» Choose metric by double-clicking on it

25TH VI-HPS TUNING WORKSHOP (RWTH AACHEN, 27-31 MAR 2017) 21



VIRFUALANSTITUTE <~ HIGH PRODUCTIVITY SUPERCOMPUTING

Generating traces for Vampir and Scalasca!

» Bringing it all together: TAU+MAQAO+Score-P+CUBE+Vampir!

$ tau_rewrite -f select.tau -T scorep ./bt-mz A.8 bt.i
% cat tau 5.1sf

export SCOREP EXPERIMENT DIRECTORY=scorep bt-mz_ sum-TRACE
export SCOREP ENABLE TRACING=true

SMPIEXEC $FLAGS_MPI_BATCH ./bt.1i
bsub < tau 5.1sf
cd scorep bt-mz sum-TRACE

o0 d° o°

module load UNITE vampir

oe

vampir traces.otf2 &

VI-HPS: A suite of integrated performance tools!
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VIRFUALANSTITUTE <~ HIGH PRODUCTIVITY SUPERCOMPUTING

Vampir

[ NON | |X| Trace View - [rwthfs/rz/cluster/work/hpclab17/NPB3.3-MZ-MPI/bin/scorep_bt-mz_sum-TRACE/traces.otf2 * - Vampir
W File Edit Chart Filter Window Help =@ ®

sre@eoSEmaata e o WG

Timeline x Function Summary
1.655s 1.660 s 1.665s 1.670s 1.675s 1.680 s 1.685s [ All Processes, Accumulated Exclusive Time per Function
? : : i : : : [ 75 ms 50 ms 25 ms Os
2 MPI_Waitall =
Master thread:0 ra 61.327 ms : y_solve_ [{/rwt...0,0}-{410,0}]
59.781 ms x_solve_ [{/rwt...0,0}-{411,0}]
z_solve_ [{/rwt...0,0}-{432,0}]
18.409 ms compute_rhs_ [...,0}-{443,0}]
Master thread:1 :795.133 ps | add_ [{/rwthfs...0,0}-{37,0}]
45.155 s | exch_gbc_ [{/r...,0}-{260,0}]
39.057 ps | copy_y_face_ [....0}-{231,0}]
97.051 s | MPI_Isend
76,053 ps | MPI_Irecv
Master thread:2 =
) 68.764 HS | adi_ [{/rwthfs/...{0,0}-{30,0}] '+
Context View
= | ® Function Summary [} +
Master thread:3 I
Value
Function Summary
All Processes
Master thread:4 z_solve_ [{/rwthfs/rz/cluster/work/hpclabl 7/NPB3.3-MZ-MPI/BT-MZ/z_solve.f} {0,0
M Application
0.471807 s
17.4153%
Master thread:5
4 »
Function Legend
Master thread:6 » Application
MPI
Monitor
USER
THREADS
Master thread:7
4 H H H H H H H >

1.6664 s
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Download TAU from U. Oregon

http://tau.uoregon.edu

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

Free download, open source, BSD license

25TH VI-HPS TUNING WORKSHOP (RWTH AACHEN, 27-31 MAR 2017) 24



