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SMP- Symmetric MultiProcessing
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DSM- Distributed Shared Memory
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MPP- Massively Parallel Processors
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UMA (Uniform Memory Access) #5517 1) o 45 7 f)
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NUMA(Nonuniform Memory Access )l 2 JEI 5] 124 1] #5
3__1::[{

COMA(Cache-Only Memory Access )il &4 = ik 2 E A2 1T
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BEE

. —Xt %] #&(broadcast), #% fil (scatter)

. 2% — U £E (gather), 13 %) (reduce)

. 20 %438 #(Tatal Exchange), 13 (scan) , B #/# 01
(permutation/shift)
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* M3f4T (Phase Parallel

* /M6 747 (Divide and Conquer Parallel)
° /K317 (Pipeline Parallel)

* £MIHHAT (Master-Slave Parallel)

* T{EMIH4T (Work Pool Parallel)
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#H3£4T (Phase Parallel)
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= — MIF1T (Master-Slave Parallel)
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7216347 (Divide and Conquer Parallel)
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K& FH1T (Pipeline Parallel)
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T/EIH4T (Work Pool Parallel)
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Intel Thread Profiler
TBB

Intel Trace collector &
Analyzer

Intel Compiler, Intel
MPI, MKL
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» S Intel Compiler, JARR LAk T
m EH0HE A RE L -0, -00, -01, -02, -03, -static, -static-
intel, -fast
m it EA: -xS, -xT(Core), -xP(NetBurst), -xSSE4.2, -
XSSE4.1, -XAVX, -mtune=<processors> ......
m £ %fCache Miss: -fno-alias
m AR -ip/-ipo , -prof-gen / -prof-use
m FITFERF 174 -openmp, -parallel
m HABftik: -no-prec-div, -no-prec-sart, ......
» fEHBCITRIntel MKL, & HIROLH & 82 E
m RFCHHBE O — 8, ERERE R AT
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INSpUr &%




HATEML R AZ

23

mpiexec -genv I_MPI_DYNAMIC_CONNECTION 0-genv
I_MPI_ADJUST_BCAST '4:0-380473;7:380473-4194304'-genv
I_MPI_ADJUST_BARRIER '4'-genv I_MPI_ADJUST_GATHER '2:0-
173;3:173-4194304'-genv I_MPI_ADJUST_ALLGATHER '1:0-
384;3:384-4194304'-genv I_MPI_ADJUST_ALLGATHERV '1:0-
224;3:224-4194304'-genv I_MPI_ADJUST_SCATTER '2:0-226;3:226-
4194304'-genv I_MPI_ADJUST_SCATTERV 2-genv

I_ MPI_ADJUST_REDUCE '4:0-3925;4:3925-4160;3:4160-
14004;4:14004-29771;3:29771-162610;1:162610-4194304'-genv
I_MPI_ADJUST_REDUCE_SCATTER '5:0-0;4:0-23;1:23-45;3:45-
4194304'-genv I_MPI_ADJUST_ALLTOALL '4:0-8;1:8-210;4:210-
345;2:345-704;3:704-1588;2:1588-3503187;3:3503187-4194304'-
genv I_MPI_ADJUST_ALLTOALLV 1
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What is TAU?

24

Tuning and Analysis

Department of Computer and Information Science,
University of Oregon Advanced Computing Laboratory

Los Alamos National Laboratory

NM Research Centre Juelich, ZAM, Germany

http://tau.uoregon.edu
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* 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

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

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

* TAU can automatically instrument your source code
(routines,loops,I/O,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

) \ INSpUr s %




How to use TAU?

°* Dynamic instrumentation through library

pre-loading
*TAU scripted compilation
* Selectively Profiling
Method  |Requires |Requires |Shows Routine- |Low level|Throttling |Ability to
recompil- |PDT MPI level event |events to reduce|exclude file
ing events (loops, overhead |from in-
phases, strumenta-
etc...) tion
Interposi- Yes Yes
tion
Compiler |Yes Yes Yes Yes Yes
Source Yes Yes Yes Yes Yes Yes Yes

26
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library pre-loading

tau_exec -io YourPrograms

mpirun -np 4 tau_exec -io YourPrograms

-V Verbose mode

-io Track I/0O

-memory Track memory

-cuda Track GPU events via CUDA
-opencl Track GPU events via OpenCL

] | iNSpuUr &



TAU scripted compilation

tau_f90.sh -tau_makefile=/opt/TAU/x86_64/

lib/Makefile_pdt_mpi -tau_options=-optVerbose -
optDetectMemoryLeaks -optRevert -o exe yourprogram.f90

-optVerbose
-optDetectMemoryLeaks

-optPdtGnuFortranParser

-optPdtCleanscapeParser

-optTauSelectFile=
-optPreProcess

-optKeepFiles
-optShared
-optComplnst
-optPDTInst

28

Turn on verbose debugging message
Track mallocs/frees using TAU's memory wrapper

Specify the GNU gfortran PDT parser gfparse instead of
f95parse

Specify the Cleanscape Fortran parser
Specify selective instrumentation file for tau_instrumentor

Preprocess the source code before parsing. Uses
Jusr/bin/cpp -P by default

Does not remove intermediate .pdb and .inst.* files
Use shared library version of TAU

Use compiler-based instrumentation

Use PDT-based instrumentation

iNSPUr )38




Selectively Profiling

-tau_options=-0

#Tell tau to not profile these functions
BEGIN_EXCLUDE_LIST
void quicksort(int *, int, int)

# The next line excludes all functions
beginning with "sort_" and having

# arguments "int *"

void sort_#(int *)

void interchange(int *, int ¥*)
END_EXCLUDE_LIST

#Exclude these files from profiling
BEGIN_FILE_EXCLUDE_LIST

*.s0

END_FILE_EXCLUDE_LIST
BEGIN_INSTRUMENT_SECTION

29

htTauSelectFile=<file>

# A dynamic phase will break up the profile into
phase where

# each events is recorded according to what
phase of the application

# in which it occured.

dynamic phase name="fool_bar" file="foo.c"
line=26 to line=27

# instrument all the outer loops in this routine
loops file="l1oop_test.cpp" routine="multiply"

# tracks memory allocations/deallocations as
well as potential leaks

memory file="f00.f90" routine="INIT"

# tracks the size of read, write and print
statements in this routine

io file="f00.f90" routine="RINB"

END_INSTR

iNSPUr )38



Environment variables

TAU_VERBOSE

PROFILEDIR=/dir
TAU_TRACK_MESSAGE
TAU_COMM_MATRIX
TAU_THROTTLE

TAU_CALLPATH

TAU_CALLPATH_DEPTH

TAU_TRACE

RERBEI WA TEFERES 38 . 1HREX
&, ONERERE.

i E TAU%i H SO S e hr B dir
FRIEEFIGE 1+ MPI g £ S

PE M P8 {5 A R A4

T 15 2B X T —EE /N R AT, X /) R R 1R
YRES B A BT [R] - 8 4E AT LA
TAU_THROTTLE_NUMCALLS Al
TAU_THROTTLE_PERCALL (f#Fb) Skdzl. 5+
B /NTAU_THROTTLE_NUMCALLS, &k AT s
] /NFTAU_THROTTLE_PERCALL) 56 B0 A F 42>
i

W2 R ZRIT R B B AR 1 E iz, OFF
FRiZbR &

BRSO P R AR HI BT IR . CBRIME N2, WIRTF2)

okk

FIWr RS R R AR . 1 E 2R E, OTHRR1Z
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Profiling

* Command line
pprof
*\/isualization

paraprof --pack YourProfile.ppk
paraprof YourProfile.ppk

or

tau_merge -e events.*.edf -m
events.edf tautrace.*.trc tautrace.trc

tau2slog2 tautrace.trc events.edf -o app.slog2
jumpshot app.slog2

| INSpUr &%




TAU: ParaProf: vaspnew.ppk

File Options Windows Help

Metric: TIME
Value: Exclusive

Std. Dev.
Mean
node 0
notde 1
node 2
tode 3
node 4
note 5
node 6
hode 7
node 8
node 9
node 10
node 11
node 12
node 13
node 14
node 15
node 16
node 17
notde 18
hode 19
node 20
node 21
node 22
node 23
node 24
node 25
notde 26
node 27
node 28
node 29

AL
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TAU: ParaProf: Mean - vaspnew.ppk

Fila 0Options Windows Help

Metric: TIME
Value: Exclusive
Units: seconds

Slze B
-] ]y ==
12785 ]

=
Ln
o
oo

e | 1|

TAU application
MPL_ W aitalli )
MPL_Allreducel )
MPI_Bcasti)
MPl_Barrier()

MPI Isend() [THROTTLED]
MPI_Init! )

MPI_Irecw( ) [THROTTLED]
MPI_alltoalll )
MPI_Finalizel)
MPI_Alltoallv )
MPl_Cart_suhbl)
MPI_Comm_rank()
MPI_Comm_sizel)
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TAU: ParaProf: Function Data Window: vaspnew.ppk

File Options Windows Help

Name: MPI_Waitall(}
Metric Name: TIME
Value: Exclusive
Units: seconds

18.643 node 27
18.416 node 26
18308 node 22
15.234 hode 21
18.274 node 18
18185 node 24
18.024 node 25
1766 hode 17

17.48 node 28

17.205 node 23

17.039 node 15

16.997 hode 16

16,951 node 29

197] — td. dev.
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TAU: ParaFrof: 3D Visualizer: vaspnew.ppk

File Options Windows Help

ﬂec("hdg

Triangle Mesh

8 Bar Plot
Scatter Plot

Topology Plot

Height Metric
Exclusive
Color Metric

Exclusive | [TIME

<none=

Function

Thread

Height value
Color value

Scales | Plot | Axes

height: 0

saconds

saconds

Color

Render



File Options Windows Help

sy 107
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Triangle Mesh
® Bar Plot

Scatter Plot

Topology Plot

Height Metric
Number of Calls
Color Metric

Number of Calls |+ |TIME

<MNone=

Function

Thread

Height value

Color value

Scales | Plot | Axes | Color

height: 0

Render
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TAU: ParaProf: 3D Visualizer: vaspnew.ppk
Options Windows Help
Triangle Mesh
Bar Plot
8 Scatter Plot
Topology Plot
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RSN EMEREK (VASP NPAR=1)

TAU: ParaPFrof. 3D Communication Matrix: vaspnews_l1.ppk

Display Options

Callpath:
All Paths
Height Value:
Message volume (bytes)
Color Value:
Message volume (bytes)
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Scales | Plot [ Axes | ColorScale
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File Windows Help

VASP NPAR=2

=
v
" 5 BEELT
iy
ut
i1
T

Display Options
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File Options Windows Help

TAU: ParaProf. Mean Call Graph - vasp.ppk
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4 Drawable Info Box

E message 201

msg_comm=0U

close
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