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Copy the workshop tarball

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

% source /home/hpc/a2c06/1lu23vox/load tau.sh
tar xf ~lu23vox/workshop.tgz; cd workshop; cat README; cd NPB3.1;

# If you have previous performance data from Score-P, you may view it with TAU’s paraprof
% paraprof profile.cubex &

o°
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NPB-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 NPB3.1 root directory

% 1s
bin/ common/ Jjobscript/ Makefile README.install SP/
BT/ config/ LU/ 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-MPI / BT: config/make.def

# SITE- AND/OR PLATFORM-SPECIFIC DEFINITIONS.

#OPENMP -fopenmp # GCC compiler
OPENMP = # Intel compiler

# MPIF77 = mpif77 # OpenMPI with Intel compiler

MPIF77 = mpif77

# Alternative variant to perform instrumentation

# MPIF77 = tau f90.sh

# PREP is a generic preposition macro for instrumentation preparation
#MPIF77 $(PREP) mpif77 —-f77=ifort

#MPIFE77 scorep ..
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= Type "make” for

e instructions
= NAS Parallel Benchmarks 3.1 =

= MPI/F77/C =

To make a NAS benchmark type

make <benchmark-name> CLASS=<class> NPROCS=<nprocs>

W ”

where <benchmark-name> is “bt”, “1lu”, or “sp
<class> is “s”, “W”, “A” through “F”
<nprocs> is number of processes

R R R A b b A b b A b b A b R A b b A b b A b b i b b b b A b b b b b A b AR b A b b A b b A b b i b b g b b i b b g g ¢

* Custom build configuration is specified in config/make.def *
* Suggested tutorial exercise configuration for HPC systems: *
* make bt CLASS=B NPROCS=64 *

R IR b b b b b b b b I b b A b b A b b g 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 b g b b G b b g b b g b b g b Y
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Building an NPB-MPI Benchmark

= Specify the

% make -j

make[1l]: Entering directory  BT' benchmark
make[2]: Entering directory " sys' . .
cc -0 setparams setparams.c -1m Conﬂguratlon
make[2]: Leaving directory " sys' » benchmark name:
../sys/setparams bt 64 B
mpiifort -c¢ -03 -g bt.f bt, Iu, SP
mpiifort -¢ -03 -g make set.f » the number of MPI
mpiifort -c -03 -g 1nitialize.f processes:
mpiifort -c¢ -03 -g exact solution.f _
mpiifort -c¢ -03 -g exact rhs.f NPROCS=64
B = the benchmark class
mpiifort -o ../bin/bt.B.64 bt.o make set.o initialize.o exact solution.o (S, W, A, B, C, D, E):
exact rhs.o set constants.o adi.o define.o copy faces.o rhs.o X solve.o CLASS=B
y solve.o z solve.o add.o error.o verify.o setup mpi.o
. ./common/print results.o ../common/timers.o ../common/randi8.o btio.o
make[2]: Leaving directory "BT'

Built executable ../bin/bt 32.8 . .
make[1l]: Leaving directory BT’ % make suite
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Copy the workshop tarball

= Setup preferred program environment compilers
» Default set Intel Compilers with Intel MPI
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o°
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Using TAU with MAQAO: tau_rewrite

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

o°

source /home/hpc/a2c06/1lu23vox/load tau.sh

tar xf ~lu23vox/workshop.tgz; cd workshop; cat README; cd NPB3.1;
make; cd bin

tau rewrite bt.B.64 bt.i

o° o°

o°

Get an interactive node

salloc --nodes=1 --time=02:00:00 --constraint=cache,quad --reservation=TuningWorkshop \
--partition=mpp3 batch

source /home/hpc/a2c06/1lu23vox/load tau.sh

cd workshop/NPB3.1/bin

mpirun -np 64 ./bt.B.64 (Uninstrumented)

mpirun -np 64 ./bt.i

paraprof &

o° =

o° o° o°

o°

o°
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ParaProf Profile Browser

File Options Windows Help
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ParaProf Profile Browser

File | Options | Windows Help
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ParaProf Profile Browser

File Options Windows Help

Metric: TIME
Value: Exclusive
Units: seconds

10.145 MPI_Wait() =
8707 [ EE}RPRTYTY ¥ solve_cell_ [{#home/hpc/a2c06/lu23vox/pkgs/workshop/NPB3.1/BT/y_solve.f} {385,0}-{767.0}]
s8en o ] zsolve_cell_ [{#home/hpc/a2c06/1u23vox/pkgs/workshop/NPB3.1/BT/z_solve.f} {385,0}-{769,0}]
6,975 [ G}PRERETETEMYTY x_solve_cell_ [{#home/hpc/a2c06/lu23vox/pkgs/workshop/NPB3.1/BT/x_solve.f} {391,0}-{1281,0}]
1.705 [ ] MPI_WaitallQ
1.14 [ compute_rhs_[{/home/hpc/a2c06/lu23vox/pkgs/workshop/NPB3.1/BT/rhs.f} {4,01-{433,0}]
. 0.54 [_| MPIL_Init0
c l 1 Ck on nOde 0 ] x_solve_ [{/home/hpc/a2c06/lu23vox/pkgs/workshop/NPB3.1/BT/x_solve.f} {5,0}-{377,0}]
[ y solve_[{#fhome/hpc/a2c06/lu23vox/pkgs/workshop/NPB3.1/BT/y_solve.fy {4,0+-{372,0}]
0.299 [] z_solve_[{’home/hpc/a2c06/lu23vox/pkgs/workshop/NPB3.1/BT/z_solve.f} {4.0}-{372,0}]
[ MPI_Isend(
I copy faces_ [{#home/hpc/a2c06/lu23vox/pkgs/workshop/NPB3.1/BT/copy_faces.fy {4,.0+{316,0}]
0.141 binverhs_ [{/home/hpc/a2c06/lu23vox/pkgs/workshop/NPB3.1/BT/X_solve.f} {852,0}-{1127.0}] [THROTTLED]
0.133 [] initialize_ [{/home/hpc/a2c06/lu23vox/pkgs/workshop/NPB3.1/BT/initialize.f} {4.0}-{223,0}]
0.133 || MPL_Finalize(
0.112 [ matmul_sub_ [{/home/hpc/a2c06/lu23vox/pkgs/workshop/NPB3.1/BT/x_solve.f} {816,0}-{845,0}] [THROTTLED]
0.101 | binvrhs_ [{/home/hpc/a2c06/1u23vox/pkgs/workshop/NPB3.1/BT/x_solve.f} {1154,0}-{1285,0}]
0.09 [ matvec_sub_[{/home/hpc/a2c06/lu23vox/pkgs/workshop/NPB3.1/BT/x_solve.f} {765,0}-{794.0}] [THROTTLED] THROTTLED!
0.084 | MPI_Irecv(
0.081 | exact_solution_[{/home/hpc/a2c06/lu23vox/pkgs/workshop/NPB3.1/BT/exact_solution.f} {19,0}-{27,0}] [THROTTLED]
0.065 | add_[{/home/hpc/a2c06/lu23vox/pkgs/workshop/NPB3.1/BT/add.f} {17.0}-{30,0}]
0.044 | MPI_Barrier(
0.038 | exact_rhs_ [{/home/hpc/a2c06/lu23vox/pkgs/workshop/NPB3.1/BT/exact_rhs.f} {5,0}-{360,0}]
0.02 | lhsahinit_ [{/home/hpc/a2c06/lu23vox/pkgs/workshop/NPB3.1/BT/initialize.f} {283,0}-{305,0}] —
0.016 | MPI_Allreduce(
0.009 | lhsinit_ [{/home/hpc/a2c06/lu23vox/pkgs/workshop/NPB3.1/BT/initialize.f} {241,0}-{277,0}]
0.009 | error_norm_ [{/home/hpc/a2c06/lu23vox/pkgs/workshop/NPB3.1/BT/error.f} {4,0}-{60,0}]
0.007 | setup_mpi_ [{/home/hpc/a2c06/lu23vox/pkgs/workshop/NPB3.1/BT/setup_mpi.f} {5,0}-{63,0}]
0.004 | adi_[{’home/hpc/a2c06/lu23vox/pkgs/workshop/NPB3.1/BT/adi.f} {4.0}-{17.0}]
0.004 | MPI_Comm_dup(
0.004 | MPI_Comm_split)
0.002 | MAIN__ [{home/hpc/a2c06/lu23vox/pkgs/workshop/NPB3.1/BT/bt.f} {45,0}-{234,0}]
0.002 | MPI_Bcast(
0.002 | .TAU application
0.001 | main [{-1} {0.0}]
1.0E-3 | init_resource [{-1} {0.0}]
4.4E-4 | MPI_Reduce(

cadl L 4 e ol - a1
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3D Visualization Window

S

t File Options |Windows Help

! Metric: TIME | ParaProf Manager

|| Value: Exclusivy 3D Visualization

] Units: seconds 3D Communication Matrix
Communication Matrix

10.145 % Function b

8 691| Thread

| MPI_Wait(

| ¥_solve_cell_ [{home/hpc/a2c06/lu23vox/pkgs/workshop/NPE:
» el z_solve_cell_ [{fhome/shpc/a2c06/lu23vox/pkgs/workshop/NPB:

Function Legend e <_solve_cell_ [{/home/hpc/a2c06/lu23vox/pkgs/vworkshop/NPB.
ey 1705 [ ] MPI_waitall

114 [ compute_rhs_ [{fhome/shpc/azc06/lu23vox/pkgssworkshop/NP
User Event Legend 0.54 [ | MPL InitQ
Group Changer 0.537 [] x_solve_[{/home/hpc/az2co6/lu23avox/pkgssworkshop/NPB3.1/E
Close All Sub-Windows 0.381 y_solve_[{fhome/hpc/a2c06/lu23vox/pkgs/workshop/NPB3.1/E

[
0.299 [] z_solve_[{/homeshpc/a2c06/lu23vox/pkgs/workshop/NPB3.1/E
0.192 [] MPI_Isend(

Choose Windows -> 3D Visualization
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ParaProf 3D Visualization Window

VIRTUALANSTITUTE — HIGH PRODUCTIVITY SUPERCOMPUTING

File Options Windows Help
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Triangle Mesh
® Bar Plot
Scatter Plot

Topology Plot

Height Metric

Exclusive v | [ TIME -
Color Metric
Exclusive v | |TIME -
. z_solve_cell_ [{fhome/hpc/:
Function
4 »
33
Thread
4 »

Height value 11.396 seconds

Color value  11.396 seconds

Scales | Plot | Axes | Color | Render

height: © I 12291

seconds

color: 0 I 12291

seconds

15t mouse button: rotate
2"d mouse button: translate

Scroll wheel (+/-) : Zoom in/out
Choose function/thread slider
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Create a filter/selective instrumentation file from the main window

File | Options Windows Help . } :
Export Profile Output File: |[/home/hpc/a2c06/lu23vox/pkgs/workshop/NPB3.1/bin/select.tau |

Convert to Phase Profile
Create Selective Instrumentation File
Add Mean to Comparison Window
Save ...
Preferences...
Print

Close This Window
Exit ParaProf!

[v] Exclude Throttled Routines

lv] Exclude Lightweight Routines

Lightweight Routine Exclusion Rules

Microseconds per call: 10

oo [ e Lo | T [ e

Number of calls: 100000

node 4
node 5
node 6
node 7
node 8
node 9
node 10
node 11
node 12
node 13
node 14
node 15
node 16
node 17
node 18
node 19
node 20
node 21
node 22
node 23
node 24
node 25
node 26
node 27
node 28
node 29
node 30
node 31

= Excluded Routines

——> | [exact_solution_

binvecrhs_
matmul_sub_
matvec_sub_

I I Y Y Y Y Y Y Y Y Y Y Y Y Y )Y A T O O
[

[==] === ==

T
[N ARFEARRRRRRRTRERARRO

=
e

= ) = e I O

/‘ave v] Merge close

Click save Creates select. tau

St N Mt el N Neu B el

o | s | s | s | s | s | s | s | s s | s s | s | s | s | s | s | s | s | s | s | s | s | s | s | s | s | s | s | s | s s | s | s | s
OdammmEmEmEmEmmEmEesmEmEmEm | | s | s | s | s | s | s | s | s | s | s | s | s | s | s | s | sy | s | =
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-

K
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Re-instrument BT benchmark using selective instrumentation file

[ NON ) Terminal — ssh Irz — 126x22
lu23vox@mpp3-1login8:~/pkgs/workshop/NPB3.1/bin> cat select.tau B

BEGIN_EXCLUDE_LIST
exact_solution_
binvcrhs_
matmul_sub_
matvec_sub_
END_EXCLUDE_LIST

lu23vox@mpp3-login8:~/pkgs/workshop/NPB3.1/bin> tau_rewrite —-f select.tau bt.B.64 bt.i
tau_rewrite: Using magao binary from MAQAO_BINARY environment variable: /home/hpc/a2c@6/1u23vof/MAQAO//bin/magao
tau_rewrite: Binary instrumentation done through MAQAO Multi-Architecture Disassembler, Rewriter and ASsembler technology

lu23vox@mpp3-login8:~/pkgs/workshop/NPB3.1/bin> mpirun -np 64 ./bt.i ||

On login node:
% paraprof
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After optimizing instrumentation with TAU and MAQAO

File Options Windows Help | File Options Windows]HeIp

Metric: TIME lMatric: TIME | ParaProf Manager

Value: Exclusive [|value: Exclusivi3D visualization
Units: seconds

3D Communication Matrix
Communication Matrix

[»

Std. Dev.
Mean
Max
Min
node 0
node 1
node 2
node 3
node 4
node 5
node 6
node 7
node 8
node 9
node 10
node 11
node 12
node 13
node 14
node 15
node 16
node 17
node 18
node 19
node 20
node 21
node 22
node 23
node 24
node 25
node 26
node 27
node 28
node 29
node 30
node 31
__notle 32 |

10.145 . MPI_Wait(
8.707 Function y_solve_cell_ [{/home/hpc/a2c06/lu23vox/pkgs/workshop/NPB.
8.691| Thread z_solve_cell_ [{/home/hpc/a2c06/lu23vox/pkgs/workshop/NPB:
Function Legend x_solve_cell_ [{#home/shpc/a2c06/lu23vox/pkgs/workshop/NPB:
e L] 1.705 ] MPI_Waitallg

114 [ compute_rhs_[{#home/hpc/a2c06/lu23vox/pkgs/workshop/NP
User Event Legend 0.54 [ ] MPLInitQ
Group Changer 0.537 [ x_solve_[{/home/hpc/azc06/lu23vox/pkgs/workshop/NPB3.1/E
1 Close &ll sub-Windows 0.381 y_solve_ [{homeshpc/a2c06/lu23vox/pkgs/workshop/NPB3.1/E
0.299 [] z_solve_[{#home/hpc/a2c06/lu23vox/pkgssworkshop/NPB3.1/E
0.192 [] MPI_Isend(

-

-

T
OOO=0O=00==r0

s | s | s | s | s | s | | s | s | s | s | s | s | s | s | s | e | s | s | s | s | s | s | | | | v | | s | ) g | o | =—J g | ==}

Choose Windows -> 3D Visualization
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File Options Windows Help
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Triangle Mesh
® Bar Plot

Scatter Plot

Topology Plot
Height Metric =
Exclusive v | |TIME -
Color Metric
Exclusive v | |TIME -
. z_solve_cell_ [{#home/hpc/:
Function

4 »

53 . . = -
‘ : Optimized instrumentation!

Height value 4.35 seconds

Thread

Color value 4.35 seconds

Scales | Plot | Axes | Color | Render

height: 0 I 4866

seconds

color: 0 I 4866

seconds

K]
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Create a Score-P tracefile

» Reinstrument the BT binary to use TAU’s Score-P configuration
= Run and then launch Vampir trace visualzer

o°

tau rewrite -f select.tau -T scorep ./bt.B.64 bt.i

o°

export SCOREP ENABLE TRACING=1
mpirun -np 64 ./bt.i

oe

On login node:
cd scorep-<dir>; vampir traces.otf2 &

o° 3
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Vampir Trace Visualizer [TU Dresden]

N\ Trace View - /nome/hpc/a2c06/lu23vox/pkgs/workshop/NPB3.1/bin/traces.otf2 * - Vampir

%W File Edit Chart Filter Window Help [EHENES
o= e S \ ‘ 2.0/
Click on g ‘f a P “‘e ﬁ @ i i ‘é = < f ¥ i ll !1 A75S mulhwl O TR (T Lllumlhld ..I.J.l‘ldl-ﬁ.] nh IJ“JL (Ll dﬂlml

Function Summary AlX

All Processes, Accumu sive Time per Function

Communication

20s 10s
. . 22.83 s : | y_solve_cell_[{/home /y_solve.f} {385,01-{767,0}] =
ma trlx dl Splay 21.615s z_solve_cell_[{fhome/hpc/a2../z_solve. 9.0¥]
. 19.45s x_solve_cell_[{/home/hpc/a2..x_solve.f} {391, 0}—(]28] 0}
ilcon ' MPIL Wait()
. 5.19s | compute_rhs_[{/home/hpc/a2...1/BT/rhs.f} {4,01-{433,0}]
g 2927 s x_solve_ [{fhome/hpc/a2c06/I...BT/x_solve.f} {5,0+-{377,0}]
. i 2.175s y_solve_ [{/home/hpc/a2c06/1...BT/y_solve.f {4,0+-{372,0}]
Rank:7 n»niu-»»nninom»»)umo»n6»-»- 'omidi'e i 1.828 s [ MPLIsend)
Rank:8 S i I 1.745 s z_solve_ [{/home/hpc/a2c06/1...BT/z_solve.f} {4,0}-{372,0}] . .
Ranko 1.277 s [l MPL Waitall0 Click calltree icon
Rank:10 1.158 s | binvrhs_ [{/home/hpc/a2c06/l..._solve.ft {1154,0}-{1285,0}] ~
Rank:11 nu-bnou»»u»aomq 5B DB pRBIILT i o Context View
Rank:12 Uumup»n»nbsom»»n:om-» o) % Tracelnfo X -
2“5;3 uum»nu»-»-ﬁao»n.nl!om.» Property Malue .
ank: ) .
Rank:15 ‘.”m...”.. » - -.m..”. DD File /home/hpc/a2c06/lu23vox/pkgs/workshop/NPB3.1/bin/traces.otf2
Rank:16 Creator TAU
Rank:17 Version 2.1
Rank:18 Number of Processes 64
Rank:19 Timer Resolution 1ps
Rank:20 File Substrate POSIX =
Rank:21 N —
. nction Legen
Ranlc22 Monitor
Rank:23 MPI
Rank:24 TAU_DEFAULT
Rank:25 [ TAU_USER
Rank:26
4 »
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Vampir Calltree window

@ O X\ Call Tree - /home/hpc/a2c06/lu23vox/pkgs/workshop/NPB3.1/bin/traces.otf2 * - Vampir
&3 File Edit Chart Filter Window Help
"3
All Processes
Functions 4~ Min Inclusive Time Max Inclusive Time
v [7] .TAU application 1.475s 1475s
v main [{-1}{0,0}] 1.475s 1.475s
MAIN__ [{/home/hpc/a2c06/lu23vox/pkgs/workshop/NPB3.1/BT/bt.f} {45,0}-{234,0}] 1.475 s 1.475s
process_existing_lub [{-1}{0,0}] 7.000 ps 7.000 ps
v adi_[{/home/hpc/a2c06/lu23vox/pkgs/workshop/NPB3.1/BT/adi.f} {4,0}-{17,0}] 1.469 s 1.470s
v z_solve_ [{/home/hpc/a2c06/lu23vox/pkgs/workshop/NPB3.1/BT/z_solve.f} {4,0}-{372,0}] 0416 s 0475s

z_solve_cell_[{/home/hpc/a2c06/lu23vox/pkgs/workshop/NPB3.1/BT/z_solve.f} {385,0}-{769,0}]

_Wait 1. ms 1. ms

MPI_Wait() 31.987 91.908
MPI_Isend() .898 ms 11.334 ms

7
[ MPIIrecv() 1.834 ms 2.134 ms
» y_solve_ [{/home/hpc/a2c06/lu23vox/pkgs/workshop/NPB3.1/BT/y_solve.f} {4,0}-{372,0}] 0433s 0.520 s
» x_solve_ [{/home/hpc/a2c06/lu23vox/pkgs/workshop/NPB3.1/BT/x_solve.f} {5,0}-{377,0}] 0.385s 0.468 s
» copy_faces_[{/home/hpc/a2c06/lu23vox/pkgs/workshop/NPB3.1/BT/copy_faces.f} {4,0}-{316,0}] 0.104 s 0.139s
add_ [{/home/hpc/a2c06/lu23vox/pkgs/workshop/NPB3.1/BT/add.f} {17,0}-{30,0}] 4.830 ms 5.902 ms
Callers Callees
Expand nodes z_solve_ [{/home/hpc/a2c06/lu23vox/pkgsiworkshop/NPB3.1/BT/z_solve.f} {4,01-{372,04] (1)
Find Function: Previous Next
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Communication Matrix Display

VIRFUALANSTITUTE <~ HIGH PRODUCTIVITY SUPERCOMPUTING

Communication Matrix View-Homel.s.otfl = -\ ampir

Mumber of Messages

Sender

27TH VI-HPS TUNING WORKSHOP (LRZ, 23-27 APR 2018)

Ranlz0

Ranlz3

Ranlzb

Ranlz9

Ranla12
Ranlz15
Ranlz18
Ranlz21
Ranlz24
Ranlz27
Ranlz30
Ranlz33
Ranlz36
Ranlz39
Ranlz42
Ranlz45
Ranlz48
Ranlz51
Ranlz54
Ranlza7
Ranlza0
Ranlz63

Receiver

126 1

125 1

124 1

123 A1

122 1

127

121

120

22



File Preferences Window: Appearances

VIRFUALANSTITUTE <~ HIGH PRODUCTIVITY SUPERCOMPUTING

General

File -> preferences
Multi select and
Right click ->

Set random colors

Saving

Function Groups

Markers Counters Collectives Messages  1/0 Events
Scheme: Default v | ‘:‘ -
Name Color -

X/ Preferences

Search

¥ Application

accumulate_norms_ [{/home/hpc/a2c0...rkshop/NPB3.1/BT/btio.f} {61,0}]
acquire_lub_resource [{-1}{0,0}]

add_ [{/home/hpc/a2c06/lu23vox/pkgs...p/NPB3.1/BT/add.f} {17,0}-{30,0}]
_addq [{-1}{0,0]

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

addq_abs.A [{-1}{0,0}]

addq_abs.L [{-1}{0,0}]

adi_ [{/home/hpc/a2c06/lu23vox/pkgs/...hop/NPB3.1/BT/adi.f} {4,0+-{17,0}]
aio__routine [{-1} {0,0}]

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

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

binverhs_ [{fhome/hpc/a2c06/lu23vox/....1/BT/x_solve.f} {852,0}-{1127,0}]
binvrhs_ [{/home/hpc/a2c06/lu23vox/p...1/BT/x_solve.f} {1154,0}-{1285,0}]
b_nint [{-1}{0,01

btio_cleanup_ [{/home/hpc/a2c06/lu2...orkshop/NPB3.1/BT/btio.f} {33,0}]
btio_verify_ [{/home/hpc/a2c06/lu23vo...op/NPB3.1/BT/btio.f} {45,0}-{48,0}]
_ cacheSize [{-1}{0,0}]

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

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

checksum_timestep_ [{/home/hpc/a2c...rkshop/NPB3.1/BT/btio.f} {72,0}]
_compareq [{1}40,01]

compute_buffer_size_ [{/home/hpc/a2c.../NPB3.1/BT/define.f} {4,0}-{63,0}]
compute_rhs_ [{/home/hpc/a2c06/Iu23...p/NPB3.1/BT/rhs.f} {4,0}-{433,0}]
copy_faces_ [{/home/hpc/a2c06/lu23vo....1/BT/copy_faces.f} {4,01-{316,0}]
create_threadstor_key [{-1}{0,0}]

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

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

d_int [{-1}{0,01

d_int_val [{1}{0,0}]

_divg [{-1}{0,01]

Zdiva.A [-1}{0,01

_divq.L [{-1}{0,01

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

_dtoq [{-1}{0,01

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

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

ensure_one_leading blank_before_data [{-1} {0,0}]

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

_eqq 110,01

. oK

Cancel ||




UTE - HIGH'PRODUCTIVITY SUPERCOMPUTING

Vampir Timeline Window

X Trace View - fhome/hpc/a2c06/lu23vox/pkgs/workshop/NPB3.1/bin/scorep-20180425_1926_354566748195842/traces.otf2 * - Vampir
W File Edit Chart Filter Window Help 2@/ |

ExEuEBReIEm259 B2V Fi 6zzﬂn A

Timeline A% Function Summary
.0 34s I All Processes, Accumulated Exclusive Time per Function
: : : Py I 15s 10s 5s 0s
b 16 NG W ML o 2 i : : ; | 2_solve_cell_[{/h..{385,0-{769,00 |~
! 2 oo 1 & . i i binverhs_ [{/home...52,01-{1127,0}]
mIel 0 Ml L [16.056's ] ] y_solve_cell_ [{/h..{385,0-{767,0}]
; ol SHERA R [16.012s " " matmul_sub_ [{/ho...816,0-{845,0}]
S NG 6 M ICNC  L . O atvec_sub_[{/ho...765,0-{794,0}]
I T | [CETZENI \P] Wait
x_solve_cell_[{/h...391,01-{1281,0}]
i [3.084's  initialize_ [{/home..f} {4,0+{223,0}]
: 0.911 s [ MPI_Barrier
1 g i 0.345 51 compute_rhs_ [{/ho...} {4,01-{433,0}]
Master thread:10 S ; o T8 TR 0.219 s || y_solve_ [{/home/h...} {4,0+{372,0}]
G e SRR | : : 0.171 s | x_solve_ [{/home/h...} {5,0+{377,0}]

Master thread:11  [FIT 1651 IRTIPT® d 1 | ot M W | ; : 0.16 s | MPLIsend
Master thread:12 m (@lf{ealolle e o ( o' ee e K E ; . = b
Master thread:13 W p o el ot - S RS - W Context View

s il [ g M S o bl .[ it .h Wl T Iy fufl
Master thread:14 Al ﬂ Trace Info X -
Master thread:15 e e Property Value N

Master thread:16 *
L = File /home/hpc/a2c06/lu23vox/pkgs/workshop/NPB3.1/bir

Master thread:17
Master thread:18 A Creator Score-P 3.1

Master thread:19
Master thread:20
Master thread:21
Master thread:22
Master thread:23
Master thread:24
Master thread:25

Masterthread:0  f 9 ¢ ks bl 0 |
Master thread:1 L oo e i 1 4
Master thread:2 !’
Master thread:3 3
Master thread:4 ) i
Master thread:5 8l ol bt 4
Master thread:6 p [ k Iy
Master thread:7 Al 4 164
Master thread:8 i g ] PIT
Master thread:9 m

o e Version 2.1
o] ][] Number of Processes 64
il : g Timer Resolution 771.012311 ps
: File Substrate POSIX
: Trace Compression NONE
T e TraceID 509b4a1503d8489f

Master thread:26 e Gl Trace Properties ~
Master thread:27 4 »

Master thread:28 W i (] Ak o e H:"F |'| F H!“'P,,, ”i " 'l{ |=, F,, !I Function Legend
0 n (] gl
¥ 3 /] : 3

Master thread:29 ik 4 Application
Master thread:30
Master thread:31
Master thread:32
Master thread:33
Master thread:34

! Monitor
. MPI
s THREADS

3.55s
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Vampir Timeline Window

00 [X| Trace View - fhome/hpc/a2c06/Iu23vox/pkgs/workshop/NPB3.1/bin/scorep-20180425_1926_354566748195842/traces.otf2 * - Vampir
W File Edit Chart Filter Window Help =HENE]

BRI e T E w2 B8 & 2 o I e

Timeline Function Summary A%
2.55s 2.60s 2.65s 2.70s 2.75s 2.80s 2.85s [ All Processes, Accumulated Exclusive Time per Function

8s 6s 4s 2s 0s

x_solve_cell_[{/h..391,0-{1281,0 |~
4.706 i binverhs_ [{/home...52,01-{1127,0}]
(#4665 | matmul_sub_ [{/ho...816,0-{845,0}]
MPI_Wait
0.8E MPI_Barrier
0.678 5[ y_solve_cell_ [{/h..{385,0+{767,0}]
0.664 s initialize_ [{/home...f} {4,0-{223,0}]
0.345 s [l compute_rhs_ [{/ho...} {4,01-{433,01]
0.187 s J| matvec_sub_[{/ho...765,0-{794,0}]
0.171 s [ x_solve_ [{/home/h..} {5,0+{377,0}]
56.084 ms1 copy_faces_ [{/hom...} {4,0+{316,0}]
48.816 ms | MPI_Waitall
43.54 ms | MPLIsend -

Context View
= 5= Master Timeline X o+

Property Value
Display Master Timeline

Master thread:0

Master thread:1

Master thread:2

Master thread:3

Master thread:4

Master thread:5

Master thread:6

Master thread:7

Master thread:8

Master thread:9

Master thread:10
Master thread:11
Master thread:12
Master thread:13
Master thread:14
Master thread:15
Master thread:16
Master thread:17
Master thread:18
Master thread:19
Master thread:20
Master thread:21
Master thread:22
Master thread:23
Master thread:24
Master thread:25
Master thread:26
Master thread:27
Master thread:28
Master thread:29
Master thread:30
Master thread:31
Master thread:32
Master thread:33
Master thread:34

Type Function
Location Master thread:10
Function M MPI_Wait
Function Group [MPI

Interval Begin  2.770045 s
Interval End 2.787132s
Duration 17.086912 ms
Call Level 5

Function Legend

» Application
Monitor
MPI
THREADS

0.2s




Examine CUBE files generated

VIRFUALANSTITUTE <~ HIGH PRODUCTIVITY SUPERCOMPUTING

0@
File Display Plugins Help

Restore Setting ¥ Save Settings

X| CubeGUI-4.4.0RC1: scorep-20180425_1926_354566748195842/profile.cubex

Absolute v | | Absolute v | Absolute -
Metric tree Call tree E Flat view System tree EI Statistics Sunburst
3.27e7 Visits (occ) - 0.00 MPI_Initialized -
~ O 0.83 main [{1}0,08 1052
O 0.00 Minimum Inclusive Time (sec) 0.25 init_resource [{-1}{0,0}]
35.02 Maximum Inclusive Time (sec) 0.03 init_resource_recurschk [{-1} {0,0}]
[ 0 bytes_put (bytes) v 0.46 MAIN__ [{/home/hpc/a2c06/lu23vox/pkgs/workshop/NPB3.1/BT/bt.f} {45,0}-{z —_— L 10.34
[0 0 bytes_get (bytes) » 32.75 setup_mpi_ [{/home/hpc/a2c06/lu23vox/pkgs/workshop/NPB3.1/BT/sety :
[0 0 ALLOCATION_SIZE (bytes) 0.00 process_existing_lub [{-1}{0,0}] 10.34
[0 0 DEALLOCATION_SIZE (bytes) 0.00 create_threadstor_key [{-1}{0,0}] .
O 0 bytes_leaked (bytes) 0.11 MPI_Bcast
[ 0.00 maximum_heap_memory_allocated (bytes) » 0.00 make_set_[{/home/hpc/a2c06/lu23vox/pkgs/workshop/NPB3.1/BT/make
1.98e10 bytes_sent (bytes) 0.00 set_constants_ [{fhome/hpc/a2c06/lu23vox/pkgs/workshop/NPB3.1/BT/s
1.98e10 bytes_received (bytes) » 48.97 initialize_ [{/home/hpc/a2c06/lu23vox/pkgs/workshop/NPB3.1/BT/initial )
0.00 setup_btio_ [{/home/hpc/a2c06/lu23vox/pkgs/workshop/NPB3.1/BT/btio.f 10.16 1
0.22 Ihsinit_ [{/home/hpc/a2c06/lu23vox/pkgs/workshop/NPB3.1/BT/initialize.|
2.31 exact_rhs_ [{/home/hpc/a2c06/lu23vox/pkgs/workshop/NPB3.1/BT/exact,
0.00 compute_buffer_size_ [{/home/hpc/a2c06/lu23vox/pkgs/workshop/NPB3.
v 1.14 adi_ [{/home/hpc/a2c06/lu23vox/pkgs/workshop/NPB3.1/BT/adi.f} {4,0}-{1
» @ 102.28 copy_faces_[{/home/hpc/a2c06/lu23vox/pkgs/workshop/NPB3.1/87 9.98 1
» [0 574.87 x_solve_[{/home/hpc/a2c06/lu23vox/pkgs/workshop/NPB3.1/BT/x_
v 26.95y_solve_ [{/home/hpc/a2c06/lu23vox/pkgs/workshop/NPB3.1/BT/y_s¢
2.62 MPI _Irecv 9.80 1
78.35 MPI_Wait
» [0 733.95 z_solve_[{/home/hpc/a2c06/lu23vox/pkgs/workshop/NPB3.1/BT/z_
4.41 add_[{/home/hpc/a2c06/lu23vox/pkgs/workshop/NPB3.1/BT/add.f} {17,0]
0.97 MPI_Barrier
0.00 timer_clear_ [{/home/hpc/a2c06/lu23vox/pkgs/workshop/NPB3.1/commo 9.62 r9.68
0.00 timer_start_ [{/home/hpc/a2c06/lu23vox/pkgs/workshop/NPB3.1/commo
0.00 btio_cleanup_ [{/home/hpc/a2c06/lu23vox/pkgs/workshop/NPB3.1/BT/bti
0.00 timer_stop_ [{/home/hpc/a2c06/lu23vox/pkgs/workshop/NPB3.1/commol F 9.59
0.00 timer_read_ [{/home/hpc/a2c06/lu23vox/pkgs/workshop/NPB3.1/commo
4 1.15 verify_ [{/home/hpc/a2c06/lu23vox/pkgs/workshop/NPB3.1/BT/verify.f} {5,( 9.44
0.04 MPI_Reduce
4 0.00 print_results_ [{/home/hpc/a2c06/lu23vox/pkgs/workshop/NPB3.1/comm
@ . v 0.01 MPI_Finalize - ® BoxPlot Violin Plot
% cube profile.cubex v [ >
2240.26 (100.00%) 620.24 (27.69%) 0.00 (0.00%)

|0.oo 2240.26| |0.00

2240.25| |0-00

620.24|

Selected "Time"
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Scalasca: Trace analysis on OTF2 traces generated traces

| JON ) X CubeGUI-4.4.0RC1: scorep-20180425_1926_354566748195842/scout.cubex
File Display Plugins Help

Restore Setting ¥ Save Settings

% cd s corep _<di r> Absolute ~ | |Absolute v Score-P Configuration Source 1) Info w
%
Metric tree Call tree E Flat view Time in MPI point-to-point receive operation g
% mpirun -—np 64 scout. mpi1 2240.26 Time (sec) <) [ @ 209.43 main [-1}{0,0] o] | waiting fora message - s
3.27e7 Visits (occ) 4 209.43 MAIN__ [{/home/hpc/a2c06/lu23vox/pkgs/worksho Display name : MPI Late Sender 0.00 THREADS =
- 0.10 MPI Initialization Completion (sec) » [0 0.00 make_set_[{/home/hpc/a2c06/lu23vox/pkgs/workshc Unique name : mpi_latesender
# or use scan -t while 0.00 MPI Wait at Finalize (sec) O 0.00 Ihsabinit_ [fhome/hpc/a2c06/lu23vox/pkgsiworkshor | | Data type + FLOAT ~ n
0.96 MPI Wait at Barrier (sec) 0O 0.00 Ihsinit_ [{/home/hpc/a2c06/lu23vox/pkgs/workshop/I Unit of measurement: sec =3
# 1 h g J b 0.00 MPI Barrier Completion (sec) » [0 0.00 initialize_ [{/home/hpc/a2c06/lu23vox/pkgs/workshop Value : 4
aunc 1ng j (@) [ 0.00 exact_solution_ [{/home/hpc/a2c06/lu23vox/pkgs/wol URL :
0.03 MPI Late Receiver (sec) [ 0.00 exact_rhs_ [{/home/hpc/a2c06/lu23vox/pkgs/worksho @mirror@scalasca_patterns-2.3.html#mpi_late
[ 0.00 MPI Early Reduce (sec) [0 0.00 set_constants_ [{/home/hpc/a2c06/lu23vox/pkgs/wor sender
[ 0.00 MPI Early Scan (sec) » 209.43 adi_ [{/home/hpc/a2c06/lu23vox/pkgs/workshop/N Kind of values : EXCLUSIVE
. 0.10 MPI Late Broadcast (sec) O 0.00 compute_buffer_size_ [{fhome/hpc/a2c06/lu23vox/pk
. 0.16 MPI Wait at N x N (sec) » [E 15.51 copy_faces_[{/home/hpc/a2c06/lu23vox/pkgs/works i
# On l ogln nOde o 0.00 MPI N x N Completion (sec) O 0.00 compgute_rhs_ [{/home/r?pc/a2(06/Iu23voxlpp|§gs/work E::;:Zratﬁl: to data
o [ 0.00 Pthread Mutex Lock Contention (sec) » [0 47.94 x_solve_[{/home/hpc/a2c06/lu23vox/pkgs/workshop
) cube S cou t . cubex [ 0.00 Pthread Condition Lock Contention (sec) » [ 0.00 x_solve_cell_ [{home/hpc/a2c06/Iu23vox/pkgs/worksl Path:
» O 0 MPIP2P send synchronizations (occ) O 0.00 binverhs_ [{/home/hpc/a2c06/lu23vox/pkgs/workshop 209.43 MPI Late Sender (sec)
» O 0 MPIP2P recv synchronizations (occ) O 0.00 matmul_sub_ [{/home/hpc/a2c06/lu23vox/pkgs/works
128 MPI collective synchronizations (occ) [ 0.00 x_send_backsub_info_ [{/home/hpc/a2c06/lu23vox/pk
» 6.18e5 MPI P2P send communications (occ) [ 0.00 x_unpack_backsub_info_ [{fhome/hpc/a2c06/lu23vox/
» 6.18e5 MPI P2P recv communications (occ) [ 0.00 x_receive_backsub_info_ [{/home/hpc/a2c06/lu23vox/
133 MPI collective exchange communications (occ) [ 0.00 x_backsubstitute_ [{/home/hpc/a2c06/lu23vox/pkgs/v
63 MPI collective communications as source (occ) [ 0.00 x_send_solve_info_ [{/home/hpc/a2c06/lu23vox/pkgs/:
252 MPI collective communications as destination (occ) O 0.00 x_unpack_solve_info_ [{fhome/hpc/a2c06/lu23vox/pk: o . .
# Also try . 1.98¢10 MPI P2P bytes sent (bytes) D1 0,00 x_receive solve info- [{home/hpc/a2c06/1u23vox/pke Metric Documentation I B
1.98e10 MPI P2P bytes received (bytes) [ 0.00 binvrhs_ [{fhome/hpc/a2c06/lu23vox/pkgs/workshop/ =
o) 3.30e5 MPI collective bytes outgoing (bytes) O 0.00 matvec_sub_ [{/home/hpc/a2c06/lu23vox/pkgs/works . . .
o paraprOf S cout . cubex 3.30e5 MPI collective bﬁes mcogmingg (by;tes) » [0 70.11 y_solve_ [{/home/hpc/aPZCO6/Iu23vox/pkg§/\,§orkshop Wait at MPI Barrier Time
O 0 MPI one-sided bytes sent (bytes) » O 0.00y_solve_cell_[{/home/hpc/a2c06/lu23vox/pkgs/worksk Description:
O 0 MPI one-sided bytes received (bytes) [ 0.00y_send_backsub_info_ [{fhome/hpc/a2c06/lu23vox/pk TE;me s ent waiting in front of an MPI barrier. which is the time inside the barrier call
O 0.00 MPI Wait at Window Create (sec) O 0.00y_unpack_backsub_info_ [{/home/hpc/a2c06/lu23vox/ il thp last 8 h hed the b ‘
O 0.00 MPI Wait at Window Free (sec) 0 0.00 y_receive_backsub_info_ [{/home/hpc/a2c06/lu23vox/ untitthe fast processes has reached the barrier.
O 0.00 MPI Late Post (Synchronization) (sec) [ 0.00 y_backsubstitute_ [{/home/hpc/a2c06/lu23vox/pkgs/w
» [ 0.00 MPI Early Wait (sec) [ 0.00y_send_solve_info_ [{/home/hpc/a2c06/lu23vox/pkgs/
» [ 0.00 MPI Wait at Fence (sec) O 0.00 y_unpack_solve_info_ [{fhome/hpc/a2c06/lu23vox/pkg Fi}
[ 0.00 MPI Lock Contention (Synchronization) (sec) [ 0.00y_receive_solve_info_ [{/home/hpc/a2c06/lu23vox/pkg 2 0
O 0.00 MPI Wait for Progress (Synchronization) (sec) » [0 75.87 z_solve_[{/home/hpc/a2c06/lu23vox/pkgs/workshop ]
O 0.00 MPI Late Post (Communication) (sec) » [ 0.00 z_solve_cell_ [{/home/hpc/a2c06/lu23vox/pkgs/worksl 9
[ 0.00 MPI Lock Contention (Communication) (sec) [ 0.00 z_send_backsub_info_ [{/home/hpc/a2c06/lu23vox/pk o
[ 0.00 MPI Wait for Progress (Communication) (sec) [ 0.00 z_unpack_backsub_info_ [{/home/hpc/a2c06/lu23vox/ 1
» O 0 MPI pair-wise one-sided synchronizations (occ) [ 0.00 z_receive_backsub_info_ [{/home/hpc/a2c06/lu23vox/
34.97 Critical path profile (sec) O 0.00 z_backsubstitute_ [{fhome/hpc/a2c06/lu23vox/pkgsiv |
2010.22 Activity impact (sec) b [0 0.00 z_send_solve_info_ [{/home/hpc/a2c06/lu23vox/pkgs/ + L
4 » ] » 2 E . | I
|0.00 209.43 (100.00%) 209.43| |0.00 0.00 (0.00%) 209.43 r ¥
4 »
Calculating Flat view values ... Ny

27TH VI-HPS TUNING WORKSHOP (LRZ, 23-27 APR 2018) 27



VIRFUALANSTITUTE <~ HIGH PRODUCTIVITY SUPERCOMPUTING

What VI-HPS tools did we use?

= MAQAO for binary rewriting with tau_rewrite tool

= TAU’s measurement library for generating profile files

= TAU’s ParaProf profile browser to view profiles and create a filter/selective
instrumentation file

= MAQAO to re-instrument the binary using TAU’s Score-P configuration

= Score-P measurement library to generate CUBEX profiles and OTF2 traces natively

= Vampir to visualize the trace files

= CUBE to visualize profile files

= Scalasca’s scout to search for performance properties (bottlenecks) in OTF2 traces

= CUBE to visualize the profile data generated by Scalasca

= TAU’s ParaProf to visualize the performance bottlenecks

= Many tools, but demonstrated good integration and interoperability of tools!

= No changes to the binary! No need to recompile or relink!
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Performance Research Lab, University of Oregon, Eugene, USA
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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
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