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“Research Motivation

3 Tools for performance problem solving
O Empirical-based performance optimization process
O Performance technology concerns

Performance
Performance Tuning
Technology hypotheses §
- : Performance
[ J - -
xperiment Diagnosis Performance
management properties 4 Technology
 Performance Performance
storage Experimentation

characterization
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Outline of Talk

3 Performance problem solving
O Scalability, productivity, and performance technology
O Application-specific and autonomic performance tools
3 TAU parallel performance system and advances
3 Performance data management and data mining
O Performance Data Management Framework (PerfDMF)
O PerfExplorer
3 Multi-experiment case studies
O Clustering analysis

3 Future work and concluding remarks
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TAU Performance System

3 Tuning and Analysis Utilities (13+ year project effort)
3 Performance system framework for HPC systems
O Integrated, scalable, flexible, and parallel
3 Targets a general complex system computation model
O Entities: nodes / contexts / threads
O Multi-level: system / software / parallelism
O Measurement and analysis abstraction

A3 Integrated toolkit for performance problem solving

O
O
O

nstrumentation, measurement, analysis, and visualization
Portable performance profiling and tracing facility

Performance data management and data mining

3 University of Oregon , Research Center Julich, LANL
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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
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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

Event definition

CPU A:

void master { 1 | master
trace(ENTER, 1); 2 | slave
trace(SEND, B); ti " 3
send(B, tag, buf); \ l Imestamp
trace(EXIT, 1);

} MONITOR I 58| A|ENTER | 1

CPU B: 60| B | ENTER | 2

void slave { 62| A | SEND B
trace(ENTER, 2); eal A lexiT 1
recv(A, tag, buf); 68| B | RECV | A
trace(RECV, A); ol B | ExIT 5
trace(EXIT, 2);

}
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“Event Tracing: “Timeline” Visualization

1 | master

2 | slave

3
58| A|ENTER | 1
60| B | ENTER | 2
62| A|SEND | B
64| A | EXIT 1
68| B | RECV | A
69| B | EXIT 2
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™ main
B master
B slave

58 60 62 64 66 68 70
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TAU Parallel Performance System Goals

3 Multi-level performance instrumentation

O Multi-language automatic source instrumentation
3 Flexible and configurable performance measurement
3 Widely-ported parallel performance profiling system

O Computer system architectures and operating systems
O Different programming languages and compilers

3 Support for multiple parallel programming paradigms
O Multi-threading, message passing, mixed-mode, hybrid

3 Support for performance mapping

3 Support for object-oriented and generic programming

3 Integration in complex software, systems, applications
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TAU Performance System Archltecture'
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' TAU Performance System Architecture
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Advances In TAU Instrumentation

3 Source Instrumentation

O Program Database Toolkit (PDT)

» automated Fortran 90/95 support (Cleanscape Flint parser)
» statement level support in C/C++ (Fortran soon)

o TAU_COMPILER to automate instrumentation process

O Automatic proxy generation for component applications
» automatic CCA component instrumentation

O Python instrumentation and automatic instrumentation
3 Continued integration with dynamic instrumentation
1 Update of OpenMP instrumentation (POMP?2)
3 Selective instrumentation and overhead reduction
3 Improvements in performance mapping instrumentation
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“Program Database Toolkit (PDT)

Application
[ Library
C/C++ <f> Fortran parser Program
parser F77/90/95 documentation
I I Application
component glue
C/C++ Fortran
IL analyzer IL analyzer C++ / F90/95
—_—— e A - - - - Interoperability
Program Automatic source
Database == )DUCTAPE instrumentation

Files
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TAU Instrumentation Approach

3 Support for standard program events
O Routines
O Classes and templates
O Statement-level blocks
3 Support for user-defined events
O Begin/End events (“user-defined timers™)
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

A3 Instrumentation optimization (eliminate instrumentation
In lightweight routines)

ACTS Workshop 2005 TAU Performance System 14



TAU Instrumentation

3 Flexible instrumentation mechanisms at multiple levels

O Source code
» manual (TAU API, TAU Component API)
» automatic
e C, C++, F77/90/95 (Program Database Toolkit (PDT))
e OpenMP (directive rewriting (Opari), POMP spec)
O Object code
» pre-instrumented libraries (e.g., MPI using PMPI)
» statically-linked and dynamically-linked

O Executable code
» dynamic instrumentation (pre-execution) (DynlInstAPI)
» virtual machine instrumentation (e.g., Java using JVMPI)

O Proxy Components
ACTS Workshop 2005 TAU Performance System

15




Using TAU - A tutorial

3 Configuration

3 Instrumentation
O Manual
O MPI — Wrapper interposition library
O PDT- Source rewriting for C,C++, F77/90/95
O OpenMP — Directive rewriting
O Component based instrumentation — Proxy components

O Binary Instrumentation
» DyninstAPl — Runtime Instrumentation/Rewriting binary
» Java — Runtime instrumentation
» Python — Runtime instrumentation

3 Measurement
3 Performance Analysis
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TAU Measurement System Configuration

a configure [OPTIONS]

O

O 00000000000 O0O0

{-c++=<CC>, -cc=<cc>}

{-pthread, -sproc}
-openmp

-jdk=<dir>
-opari=<dir>
-papi=<dir>
-pdt=<dir>
-dyninst=<dir>
-mpif[inc/lib]=<dir>
-shmem[inc/lib]=<dir>
-python[inc/lib]=<dir>
-epilog=<dir>
-slog2[=<dir>]
-vtf=<dir>
-arch=<architecture>

ACTS Workshop 2005

Specify C++ and C compilers

Use pthread or SGI sproc threads

Use OpenMP threads

Specify Java instrumentation (JDK)
Specify location of Opari OpenMP tool
Specify location of PAPI

Specify location of PDT

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

Specify location of SLOG2/Jumpshot
Specify location of VTF3 trace package

Specify architecture explicitly
(bgl,ibm64,ibm64linux...)
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"TAU Measurement SystemC(J)nfigu'r'atidon

d configure [OPTIONS]

o -TRACE

O -PROFILE (default)
-PROFILECALLPATH
-PROFILEPHASE
-PROFILEMEMORY
-PROFILEHEADROOM
-MULTIPLECOUNTERS
-COMPENSATE
-CPUTIME
-PAPIWALLCLOCK
-PAPIVIRTUAL
-SGITIMERS
-LINUXTIMERS

O OO0 0O 0O 0O 00O 00 0 O0

ACTS Workshop 2005

Generate binary TAU traces
Generate profiles (summary)
Generate call path profiles
Generate phase 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 Performance System
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TAU Measurement Configuration — Examples

O

O

O

a

Jconfigure -c++=xIC_r —pthread
o Use TAU with xIC _r and pthread library under AlX
o Enable TAU profiling (default)
Jconfigure -TRACE -PROFILE
o Enable both TAU profiling and tracing
Jconfigure -c++=xIC _r -cc=xlc_r
-papi=/usr/local/packages/papi
-pdt=/usr/local/pdtoolkit-3.4 —arch=1bm64
-mpiinc=/usr/lpp/ppe.poe/include
-mpilib=/usr/lpp/ppe.poe/lib -MULTIPLECOUNTERS
o Use IBM’s xIC r and xlc_r compilers with PAPI, PDT, MPI packages and
multiple counters for measurements

Typically configure multiple measurement libraries

Each configuration creates a unique <arch>/lib/Makefile.tau-<options>
stub makefile that corresponds to the configuration options specified. E.g.,

O /san/ccaltau/tau-2.14.7/x86_64/lib/Makefile.tau-icpc-mpi-pdt
O [san/ccaltau/tau-2.14.7/x86_64/lib/Makefile.tau-icpc-mpi-pdt-trace

ACTS Workshop 2005 TAU Performance System 19



"TAU SETUP: A GUI for Installing TAU

8 TAL_Conl Tal_Conf
| Compiliss— Mastage Passing  TracingiProfilimy  Threads Data Tools  Misc Compilerss  Meszsge Passing Teacing/®rofiling . Theeads  Dats Tools  Misc
C Compiler [-oo=] Owfault b=l ¥ o Profile [-PEOTILE ?
Lbseer Dafine _| Commpensabe [-COMPENSATE] 7
= ! " Callpath Profiling [-SROFLECALLEATH] 7
C++ Compiler [-c++a] Default 1o ¥ | Profile Head oo - SROFILEHEADE0M| 7
s __| Profile Mamory [-PECFILEMEMOEY] [
| LHier Defined
Fortran Compiler [-Fortrans=] Faul ] ¥
e | Trace |-TRACE] 3
| L Definiesd _| Epileg [~epilogs=|: Bromsa !
1 FOT [-pdr=] = _ SLOGE [-slog]: ?
drowse | Lise Exbermal SLOGESDE [- 1ol =] Brirmsa [
(L5 | i . -, — e —
DT C++ Compiler Fpdt.c++<] Default 5 L4 n COMPEMSATE
— L Difined Loecfies online compersation of peformance perterbation, When thes
1 oo s usad, TAU coengates it overtwaed and solracs it fam e
PAPY [-papi=] 8 - P - pradiles, It can be only smed when prediling i3 chosen, This cption works
= PAP: Wa -ﬁln.r.i I PAFTWALLCLOCK] — wil® MLULTIPLECOLSTERS as wall, but whals it i ralivas Tor iim ovieeg
— B . Y pertarbation with wallcicck bere, it commed scowrately moownd for
— AP Virtual [-RAPRARTUAL perturbation with Fandvan pelormande counts g, L1 Data cache sissas)
| Multiple Counters [-MULTIPLECDUNTERS) ¥ Sae TAL Publicabon JEurcpandd] for fursher information on thes opbon
0K
[ foonfigure ol
Conifigure Tau Maki Tau Comdigure Tam Make Tau
[ finsalSaw finstalita
ek call Tau mestall Taw
Rkt Exil Seset g

tau-2. x>./tau _setup
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Configuration Parameters in Stub Makefiles

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

3 Variables:

o TAU CXX
TAU CC, TAU F90
TAU DEFS
TAU LDFLAGS
TAU_INCLUDE
TAU LIBS
TAU SHLIBS
TAU _MPI_LIBS

TAU_FORTRANLIBS
TAU_CXXLIBS

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 F90 linker

TAU_INCLUDE_MEMORY Use TAU’s malloc/free wrapper lib

TAU_DISABLE

O

O

O

O

O

O

O

o TAU_MPI_FLIBS
O

O

O

O

o TAU COMPILER
N

TAU’s dummy F90 stub library
Instrument using tau_compiler.sh script

ote: Not including TAU_DEFS in CFLAGS disables instrumentation in
C/C++ programs (TAU_DISABLE for £90).

ACTS Workshop 2005
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Using TAU

Step 1: Configure and install TAU:

% configure -pdt=<dir> -npiinc=<dir> -npilib=<dir>
-c++=icpc -cc=icc -fortran=intel

% make cl ean; nmake i nstall

Builds <taudir>/<arch>/lib/Makefile.tau-<options>

% set pat h=($pat h <t audi r>/ <arch>/ bi n)

Step 2: Choose target stub Makefile

% set env TAU MAKEFI LE

/ san/ cca/tau/tau-2.14. 7/ x86_64/11i b/ Makefil e.tau-icpc-npi - pdt
% setenv TAU CPTI ONS * - opt Ver bose - opt KeepFi | es’

(see tau conpiler.sh for all options)

Step 3: Use tau_f90.sh, tau_cxx.sh and tau_cc.sh as the F90, C++ or C compilers
respectively.

%tau f90.sh -c app.f90

ACTS Workshop 2005 TAU Performance System

% tau f90.sh app.o -0 app -1 m-Iblas 7
Or use these in the application Makefile.
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“Autolnstrumentation usi ng _TAU_COM PILER

1 $(TAU_COMPILER) stub Makefile variable in 2.14+ release

3 Invokes PDT parser, TAU instrumentor, compiler through
t au_conpi | er. sh shell script
3 Requires minimal changes to application Makefile
O Compilation rules are not changed

O Usersets TAU MAKEFILE and TAU OPTIONS environment
variables

O User renames the compilers
» F90=xIf90
to
» F90=tau f90.sh

3 Passes options from TAU stub Makefile to the four compilation
stages

3 Uses original compilation command if an error occurs

ACTS Workshop 2005 TAU Performance System



Tau_[cxx,cc,f90].sh — Improves Integration in Makefiles

OLD

i nclude /usr/tau-2.14/incl ude/ Makefile
CXX = npCC
FO90 = npxI| f90_r
PDTPARSE = $(PDTDI R)/
$( PDTARCHDI R) / bi n/ cxxpar se
TAUI NSTR = $( TAUROOT) / $( CONFI G_ARCH) /
bi n/tau_i nstrunent or

CFLAGS = $( TAU DEFS) $( TAU_| NCLUDE)

LIBS = $(TAU MPI _LIBS) $(TAU LIBS) -Im
BIJS =fl.of2.0 f3.0 ...fn.o
app: $(0BJS)
$(CXX) $(LDFLAGS) $(0OBIS) -0 $@
$(LI BS)
. Cpp. O:

$( PDTPARSE) $<

$( TAUI NSTR) $*.pdb $< -0
$*.i.cpp —f select.dat

$(CC) $(CFLAGS) -c $*.i.cpp

ACTS Workshop 2005

NEW

# set TAU MAKEFI LE and TAU OPTI ONS env vars
CXX = tau_cxx. sh

FOO = tau f90. sh

CFLAGS =

LIBS = -Im

BJS=fl.o0 f2.0 f3.0 ...fn.o

app: $(0BJS
$(CXX) $(LDFLAGS) $(OBIS) -0 $@
$(LI BS)
. Cpp. O:

$(CC) $(CFLAGS) -c $<

TAU Performance System
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TAU COMPILER Options

0 Optional parameters for $(TAU_COMPILER):
O -optVerbose Turn on verbose debugging messages

O -optPdtDir="" PDT architecture directory. Typically $(PDTDIR)/$(PDTARCHDIR)

O -optPdtF950pts="" Options for Fortran parser in PDT (f95parse)

O -optPdtCOpts="" Options for C parser in PDT (cparse). Typically
$(TAU_MPI_INCLUDE) $(TAU_INCLUDE) $(TAU_DEFS)

O -optPdtCxxOpts="" Options for C++ parser in PDT (cxxparse). Typically
$(TAU_MPI_INCLUDE) $(TAU_INCLUDE) $(TAU_DEFS)

O -optPdtF90Parser="" Specify a different Fortran parser. For e.g., f90parse instead of f95parse

O -optPdtUser="" Optional arguments for parsing source code

O -optPDBFile="" Specify [merged] PDB file. Skips parsing phase.

O -optTaulnstr="" Specify location of tau_instrumentor. Typically
$(TAUROQT)/$(CONFIG_ARCH)/bin/tau_instrumentor

O -optTauSelectFile="" Specify selective instrumentation file for tau_instrumentor

O -optTau="" Specify options for tau_instrumentor

O -optCompile="" Options passed to the compiler. Typically
$(TAU_MPI_INCLUDE) $(TAU_INCLUDE) $(TAU_DEFS)

O -optLinking="" Options passed to the linker. Typically
$(TAU_MPI_FLIBS) $(TAU_LIBS) $(TAU_CXXLIBS)

O -optNoMpi Removes -I*mpi* libraries during linking (default)

O -optKeepFiles Does not remove intermediate .pdb and .inst.* files

e.g.,

% setenv TAU OPTI ONS * - opt TauSel ect Fi |l e=sel ect.tau —
opt Ver bose -opt Pdt COpt s=“-1/honme - DFOO

%tau cxx.sh matrix.cpp -o matrix -Im
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|nstrumentation Specification

% tau_i nst runent or

For selective I nstrunentation,

% cat sel ecti ve. dat

BEG N_EXCLUDE LI ST

void sort_5el enents(int *)
void interchange(int *, int *)
END EXCLUDE LI ST

BEG N_FI LE_| NCLUDE_LI ST
Mai n. cpp

Foo?. c

*. C

END FI LE | NCLUDE LI ST

void quicksort(int *, int, int)

Usage : tau_instrunentor <pdbfile>
[-g groupnane] [-i headerfile] [-c|

use

% tau_instrunmentor foo.pdb foo.cpp

# Sel ective instrunentation: Specify an exclude/include |ist of

# Instrunents routines in Min. cpp,
# Use BEG N [ FILE] I NCLUDE LI ST with END [ FI LE] _I NCLUDE_LI ST

<sourcefile> [-0 <outputfile>] [-noinline]
-ct++|-fortran] [-f <instr_req_file> ]

—f option
—0 foo.inst.cpp —f selective. dat

Foo?.c and *.C files only

routines/files.

ACTS Workshop 2005
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tau_reduce: Rule-Based Overhead Analysis

3 Analyze the performance data to determine events with
high (relative) overhead performance measurements

1 Create a select list for excluding those events

3 Rule grammar (used In tau_reduce tool)
[GroupName:] Field Operator Number
O GroupName indicates rule applies to events in group

O Field is a event metric attribute (from profile statistics)

» numcalls, numsubs, percent, usec, cumusec, count [PAPI],
totalcount, stdev, usecs/call, counts/call

O Operator is one of >, <, or =
O Number Is any number
O Compound rules possible using & between simple rules

ACTS Workshop 2005 TAU Performance System
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Optimizing Instrumentation Overhead: Example

0 #Exclude all events that are members of TAU USER

#and use less than 1000 microseconds
TAU USER:usec < 1000

1 #Exclude all events that have less than 100
#microseconds and are called only once
usec < 1000 & numcalls =1

1 #Exclude all events that have less than 1000 usecs per
#call OR have a (total inclusive) percent less than 5
usecs/call < 1000
percent <5

A Scientific notation can be used
O usec>1000 & numcalls>400000 & usecs/call<30 & percent>25

ACTS Workshop 2005 TAU Performance System 28



"TAU_REDUCE

3 Reads profile files and rules

3 Creates selective instrumentation file

O Specifies which routines should be excluded from
Instrumentation

Selective
Instrumentation file

ACTS Workshop 2005 TAU Performance System
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Instrumentation of OpenMP Constructs

:‘l

17 OpenMP Pragma And Region Instrumentor

O Source-to-Source translator to insert POMP calls
around OpenMP constructs and API functions
3 Done: Supports
O Fortran77 and Fortran90, OpenMP 2.0
C and C++, OpenMP 1.0
POMP Extensions

O

O

O EPILOG and TAU POMP implementations

O Preserves source code information (#l i ne line file)

3 Work In Progress:
Investigating standardization through OpenMP Forum

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

L
iﬁiﬂl

|
"

ACTS Workshop 2005 TAU Performance System

30




OpenMP APl Instrumentation

3 Transform
oonmp_# | ock() > ponmp_# | ock()

oonp # nest lock() - ponp # nest | ock()

[# = 1nit |destroy|set |unset |test ]

73 POMP version
O Calls omp version internally
O Can do extra stuff before and after call

ACTS Workshop 2005 TAU Performance System 31



Example: ! $OVP PARALLEL DO Instrumentation

call ponp_parallel fork(d)

| $OVP PARALLEL ot her-cl auses. ..
call ponp_parallel begin(d)
call ponp _do _enter(d)
I $OMP DO schedul e-cl auses, ordered-cl auses,

| ast privat e-cl auses
do | oop

I $OMP END DO NOWMAI T
call ponp barrier_enter(d)
| $OMP BARRI ER
call ponp barrier _exit(d)
call ponp _do _exit(d)
call ponp _parallel end(d)

I $OMP END PARALLEL DO

call ponp _parallel join(d)

ACTS Workshop 2005 TAU Performance System
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Opari Instrumentation: Example

3 OpenMP directive Instrumentation

ponp_for_enter(&np rd _2);
#l i ne 252 "stommel . c"

#pragma onp for schedul e(static) reduction(+: diff) private(j)
firstprivate (al, a2, a3, a4, a5) nowait

for( i=il;i<=i2;i++) {
for(j=j1;j<=2;]++){
new psi[i][j]=al*psi[i+1][j] + a2*psi[i-1][j] + a3*psi[i][] +1]
+ ad*psi[i][j-1] - a5*the for[i][j];
diff=di ff+fabs(new psi[i][j]l-psi[i]l[]j]);
}
}
ponp barrier _enter(&np rd 2);
#pragma onp barrier
ponp _barrier _exit(&np rd 2);

ponp _for_exit(&np rd_2);
#l i ne 261 "stommel . c" Z{:::;;7'
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Using Opari with TAU

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

% cd kojak-2.1; cp nf/Mkefile.defs.ibm Makefil e. defs;
edit Makefile

% make
Builds opari

Step I1: Configure TAU with Opari (used here with MPI and PDT)
% configure —opari=/usr/contrib/ TAU koj ak-2. 1/ opar i
-npi 1 nc=/usr/ | pp/ ppe. poe/ i ncl ude
—npi i b=/usr /| pp/ ppe. poe/lib
—pdt =/ usr/contri b/ TAU pdt ool kit-3.4
% make cl ean; make install
% setenv TAU MAKEFI LE /tau/<arch>/11b/ Makefile.tau-..opari-...

% tau_cxx.sh -c foo.cpp

ACTS Workshop 2005 TAU Performance System

% tau _cxx.sh -c bar.f90
%tau cxx.sh *. o0 -0 app
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Advances in TAU Measurement

3 Profiling (four types)

O Memory profiling
» global heap memory tracking (several options)

O Callpath profiling and calldepth profiling
» user-controllable callpath length and calling depth

O Phase-based profiling

3 Tracing
O Generation of VTF3 / SLOG2 traces files (fully portable)
O Inclusion of hardware performance counts in trace files
O Hierarchical trace merging

3 Online performance overhead compensation

7 Component software proxy generation and monitoring
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Building Bridges to Other Tools: TAU

TAU

tauzelg EPILOG

Trace Library

Dynaprof

expert

|

cube

paraprof

peekperf

PP bP

LEGEND

Trace Format
file(s)

End-User
Analysis Tool

4 tau2vtf/ elg2vtf/
K tau_convert vptmerge vtf2profile
tau_convert )
GCC
IBM
VNG VTP PGI
tau2slog2 el
tau_convert stftool
K MPIP
ITA 4.0 N
—_ OTF
SCog, o HPCRun/hpcprof
................. HPMCount
Vampir .
- - STF LibHPM
ITC
VampirTrace
PerfSuite
ITA 6.0
ALOG
MPE
(MPICH)
SLOG2
Jumpshot-4 OMPtrace
MPltrace
OMPItrace a
. SCPUS Proﬂ::e‘grace
et Generator
infoPerfex
NanosCompiler
Dimemas
Paraver

Analysis/Converter

Tool

Profile
Database

Data from a Profile/Trace

file generator 3

Tracefile data output

3 coming soon >

Trace format recognition

ACTS Workshop 2005
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TAU Tracing Enhancements

a3 Configure TAU with -TRACE —vtf=<dir> -slog2 options
% configure —TRACE —-vtf=<dir> ...
Generates tau_merge, tau2vtf tools in <tau>/<arch>/bin directory
% configure - TRACE -sl og2
Generates tau2slog2 and jumpshot v4 tools bundled with TAU in

<tau>/<arch>/bin directory
> Need working javac [v1.4] in your path

0 Execute application
% nmpirun -np 4 app
a Merge and convert trace files to VTF3/SLOG2 format

%% tau treenerge. pl
%tau2vtf tau.trc tau.edf app.vpt.gz
% traceanal yzer foo.vpt.gz

% tau2slog2 tau.trc tau. edf app.slog2
% j unpshot app. sl 0g2
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Intel ® Tréceanalyzér (Va'rnpir) Global Timeline

000 X Intel(R) Trace Analyzer 4.0 - Timeline A

P
38,00 = 38,002 = 38,504 = 38,005 = 38,098 = 38,06 = 39,562 = 38,064 = 38,066 =

IHPL
ICOUPLERMOD: :COUPLER_RUN
ISTAU_IUSER
[NESHF_ARRAYCOHMMOD : :ESHE_ARRAYGETALLAXISINDICES
ESHF_ARRAYCOMMMOD : sESHF_ARRAYREDI STHEL
ESHF_ARRAYDATAMAPHOD : :ESHF_ARRAYDATANMAPGET
ESHF_ARRAYIATAMAPMOD : s ESHF_RLHE
ESHF_ARRAYCETHOD: $ESHE_ARRAYGETIATAZIRY
ESHF_ARRAYHOD: :ESHFE_ARRAYGET
ESHF_ARRAYMOD : :ESMF_ARRAYGETAXISINDER
IESHF_BASETYPESHOD ; :ESHE_BFEQ
[ESHF_BASETYPESHOD ; :ESHF_TFEQ
ESHF_COMPMOD: : ESHF_COMPRUN

Process 0 ”H I FLOWSOLYERMOD: :FLUN$THTE

LOWSOLYERMOD: :FLOWSTATE ESHF_COMPMOD: sESHF_COMPSET
ESHF_CPLCOMPHOD: :ESHF_CPLCOMPRUN
[PESHF_DELAYOUTHOD: :ESHF_DELAYOUTGET
[SESHF_DISTGRIDMOD: :ESHF_DISTGRIDGET
ESMF_DISTGRIDMOD: :ESHF_DISTGRIDGETALLAXISINDEX
MESHF_DISTGRIDHOD; ESHF_DISTGRIDLOCALTOGLOBAL IMDEX
IESHF_FIELDCOHMMOD ; :ESHE_FIELIHALODERRECATED
ESMF_FIELDCOMMMOD : s ESHF_FIELDREDIST
ESHF_FIELTIDATAMAPMOD: :ESHF_FIELDDATAMAPGET
ESHF_FIELDMOD: :ESHF_FIELDGET
ESHF_FIELDIMOD: :ESMF_FIELDGETARRAY
[ESHF_FIELDMOD: :ESMF_FIELIVALIDATE
ESMF_GRIDCOMPHOD: ¢ ESHF_GRTDCOMPRUN
ESHF_GRIDMOD: +ESHF_GRIDMELOCALTOGLOBALAT
[RESHF_GRIDMOD: :ESHF_GRIDGET
ESHF_GRIDMOD s ESHF_GRIDGETALLAXISIWDEX,
ESHF_GRIDTYPESHOD ; :ESHF_GRIDGETPHYSGRIDID
ESHF_LOCALARRAYMOD: +ESHF_CFED

PPDCESS 1 IHI” IIH |I|

STATE

:

1
1
0
s "| I”I LOYSOLVERHOD: sFLO
1
1
1

IESHF_LOGRECTGRIDHOD : ESHF_LRGRIDDELOCALTOGLOBALAT

Process 3 II|I

|||| II LOUSOLYERHOD s sFLONSTATE
' ' ESHF_LOGRECTGRIDMOD: +ESHF_LRGRIDGET

! ! [BESHF_LOGRECTGRIDMOD: :ESHF_LRGRIDGETALLAXISINDEX
: : BESHF_RHANDLEMOD; : ESHF_ROUTEHANDLEGET

' ' ESHMF_ROUTEMOD: :ESMF_ROUTEGETCACHED

i IBESHF_ROUTEHOD: :ESHF_ROUTERUN

1
1
1
1
1
—A----------- Im— - - -—--- ==
|
1
I
1
|
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Visualizing TAU Traces with Counters/Samples

Process 0

il O LR

% Intel(R) Trace Analyzer 4.0 - Counter Timeline

esmf,vpt (0,0 = - 67,149 = = 57,149 =)

10,0 = 20,0 =

90,0 =

133,93

_FP_

Process 1

137.71

Process 2 “

_FF_

ING (#s)

137,72

25 &b

_FP_

ING (#/s)

IIJ|ﬂ‘|l.,|‘|‘|1.|1ﬂ||hi”|l|l HJH||||H|_INH|IJLIJ|_m ||,‘H|JIWH,IIJH|,|

Process 3

|

137,45

03 ek

| PAPI_

FP_INS (#/s)

201,33 &6
167,77 eb
134,22 eb
100,66 =6
E7.11 =B
33,55 ef

0

201.33 ef
167,77 &6
134,22 eb
100,66 eb
E7.11 ef
33,55 &6

0

201,33 ek
167,77 eb
134,22 eb
100,66 =6
B7.11 =B
33,595 ef

0

201,33 eb
167,77 &6
134,22 o6
100,66 eb
E7.11 ef
33.55 &R

0

ACTS Workshop 2005

TAU Performance System

39




Visualizing TAU Traces with Counters/Samples

'8 06

WHPT
TAU_USER
ESHF_ARRAYCOMMMOD: ¢ ESHF_ARRAYGETALLAXISINDICES
MESHF_ARRAYIATAMAPHMOD ¢ + ESHF_ARRAYDIATAMAPGET
ESHF _ARRAYDATAMAPHOD: :ESMF_RLNE
MESHF_ARRAYHOD: :ESHF_ARRAYGET
ESHF_ARRAYHOD: :ESHMF_ARRAYGETAXISIHDER
ESHF_BASETYPESHOD: tESHF_TFEQD
ESHF_DELAYOUTHOD: :ESHF_TELAYOUTGET
ESHF_DISTGRITMOD: :ESMF_DISTGRITGET
ESHF_DISTGRIDMOD: sESHF_DISTGRIDGETALLAXISIMIEX

MESHF_DISTGRIDHOD: ESMF_DISTGRIDLOCAL TOGLOBAL INDEX

MESHF_F IELDCOMHMOD: s ESMF_F IELDHALODEPRECATED
ESHF_FIELDDATAMAPHMOD: $ESHF_FIELIDATAMAPGET
ESHF_GRIDMOD ¢ :ESHF_GRIDIELOCALTOGLOBALAT
ESHF_GRIDMOD : :ESHF_GRITGET
ESHF_GRIDMOD: +ESHF_GRITGETALLAXISIWIEX

MESHF_GRIDTYPESHMOD: :ESHMF_GRIDGETPHYSGRIDID

MESHF_LOGRECTGRIDMOD: sESHF_LRGRIDDELOCALTOGLOBALAL 1

ESHF_LOGRECTGRIDMOD: :ESHF_LRGRIDGET
ESHF_LOGRECTGRIDMOD: $ESHF_LRGRIDGE TALLAXISINIEX
ESHF_ROUTEMOD: sESHF_ROUTEGETCACHED
MESHF_ROUTEMOD; : ESHF_ROUTERUN
MFLOWSOLYERMOD : : FLOWRHO
WFLOWSOLYERMOD: s FLOWRHOI
FLOWSOLYERMOD : +FLOWRHOYEL
FLOWSOLYERMOD: :FLOWSOLYE
FLOWSOLYERMOD ¢ +FLOWSTATE
WFLOWSOLYERMOD ¢ 3 FLOWVEL 4,10
307
2,09

1.02

£71.09
536,87
402,65
268,44
134,22

ef
ef
eb
eb
ef

ed
ed
ed

X Intel(R) Trace Analyzer 4.0 - Timeline Process 0

L 35,

(7]

35,505 ¢

I
430, 0651

-
] ] . Global Hessage Yolume (bytes)
1 1 1 1
1 1 1 1
: : : . : .
1 1 1 1
L ] | | : L
273,9326 e6 1 1 1 1 PAPI_FP_INS (#/=)
— af ; ] r | n M . i X ] n
| . i u . i .
1 1 1
1.3316 9 PAPI_TOT_CYC (#/=)

ACTS Workshop 2005

TAU Performance System

40



Memory Profiling in TAU

a 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

a 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]

a3 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

Sorted By: number of userEvents

HumSamples Max

252032 2022.7
252032 2022.8
104559 2023.2
63008 2022.7
55545 2023.3
51374 2023
42120 2022.7
41958 2023
3la3z 2022.8
31504 2022.7
26042 2023

1181.2
1181.7
331.13

1182
333.07
1179.4
1187.5
346.12
1187.4
1181.8
1179.2

1534.3
1534.3
1526.6
1534.3
1514.2
1457.7
1533.5
1514.9
1534.1
1534.3
1501.9

Hame

MODULEHYDRO_1D: : HYDRO_1D - Heap Memory (KB)
MODULEINTRFC: : INTRFC - Heap Memory (KB)

MODULEEOS3D: : EQS3D - Heap Memory (KB)

MODULEUPDATE _SOLN: :UPDATE_SOLN - Heap Mamory (KB)
DEASETREE: : DEASENEIGHBEORBLOCKELIST - Heap Memory (KE)
AMR PROLONG GEN UNK FUH - Heap Memory (KB)
ABUNDANCE RESTRICT - Heap Memory (KB)
AMR_RESTRICT_UNK_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

5

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

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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Profile Measurement — Three Flavors

3 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=> f1 => 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)

3 Phase based profiles

O
O

Flat profiles, plus
Flat profiles under a phase (nested phases are allowed)

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

o E.g., “lIO =>MPI_Send” is time spent in MPI_Send in 10 phase
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TAU Timers and Phases

3 Static timer

o Shows time spent in all invocations of a routine (foo)

o E.g., “foo()” 100 secs, 100 calls
3 Dynamic timer

O Shows time spent in each invocation of a routine

o E.g., “foo() 3” 4.5 secs, “foo 10” 2 secs (invocations 3 and 10 respectively)
3 Static phase

o Shows time spent in all routines called (directly/indirectly) by a given
routine (foo)

o E.g., “foo() => MPI_Send()” 100 secs, 10 calls shows that a total of 100
secs were spent in MPI_Send() when it was called by foo.

a3 Dynamic phase
o Shows time spent in all routines called by a given invocation of a routine.

o E.g., “foo() 4 => MPI_Send()” 12 secs, shows that 12 secs were spent in
MPI_Send when it was called by the 4" invocation of foo.

ACTS Workshop 2005 TAU Performance System 45



“Advances in TAU Performance Analysis

3 Enhanced parallel profile analysis (ParaProf)
O Callpath analysis integration in ParaProf
O Event callgraph view
3 Performance Data Management Framework (PerfDMF)
O First release of prototype
3 Integration with Vampir Next Generation (VNG)
O Online trace analysis
3 3D Performance visualization prototype

1 Component performance modeling and QoS

ACTS Workshop 2005 TAU Performance System



Pprof — Flat Profile (NAS PB LU)

A Intel Linux
cluster

a F90 +
MPICH

3 Profile
-INode
- Context
- Thread

3 Events
- code
- MPI

0 Metric
- time
a Text display

ACTS Workshop 2005

1

=| emacs@neutron.cs.ueregon.edu

Buffers Files Tools Edit Search HMule Help

Feading Frofile files in profile.*

NODE o[{COMTEXT ol;THREAD O:

“wTime Exclusiwve

msec

oo oo O
'A.
[
'A.

Inclusive #Call
total msec

3:14.293 1

3:10.463 3

208,326 37200

1:25.159 Q300

1:1%.436 18600

56,407 Q300

50,142 19204

31,031 301

7,001 Q300

6,594 G044

6,590 Q300

4,989 G005

400 1

399 1

247 1

131 57202

103 1

85 1

85 =

44 1

24 B0s

15 1

12 1

8 3

3 8

3 1

1 1

0.837 1

0.512 1

0.353 1

0.191 1

0.103 =

'_‘-
~J
L]
L]

OMMO A D

Inclusive
usecscall

191293269
B34&878925
3450

247088
2
103168
SB453
10603
44873
40
15630
12335
2893
491
3874
1007
837
a1z
353
191

17

applu
bocast_inputs
exchange_1
buts
MPI_Recw()
blts
MPI_Send()

rhs

Jacld
exchange_3
Jacu
MPI_Wait()
1nlt_comm
MPI_Init()
setiv

exact

erhs
read_1input
MPI_Bcast()
Error
MPI_Irecw()
MPI_Finalizel)
sethwv

12norm
MPI_Allreducel )
pintgr
MPI_Barrier()
exchange_4
MPI_Keyval_createl)
exchange_5
exchange_6
MPI_Type_contiguous()
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‘ParaProf — Manégedr Window

mmn

[X| ParaProf Manager

File Options Help

1@ Applications : Field Walle
o [ standard Applications §§ Marme PAPI_FP_IMNS
o [ Default App :|Application D 1
¢ [ Mew Application §§ E}{_perlment |0 2
i ATrial 1D 15
7 [ Mew Experiment . YT i
9 [J ozane jtestsMFIX /apps/samearfusers fhame/sanfs fmnt/ :g
@ Time
o= [ Runtime Applications
% [ DE Applications —
/T ¢ CI MFIX 000 x| Load Trial
3 0zone decompasition in a bubbling fluidized bed ;
o= ] Using_one_proc_per_dual_2.8CHz_xeon_node/data/ozone/n
performance = LIsing_twu_prnc_per_dual.j.8GHZ_Xenn_nnde;datajnznnem Trial Type |Tau profiles |,,
database o Ll:ung.]_run,fdataj|:|zu:umajrr1f|}{,fsameer,fl._lsersJr Tau profiles
% [CJ Papi_netl_2 _cpu_runjdatafozone/mfixfsameer/Usersf Select Directo Fitauz
Iy Tau pprof.dat
@ P_WaALL_ CLOCE_TIME P
@ PAPI_FP_IMS - )
@ PAPI_LL_DCM MpiP
@ PAPI_TOT_CYC HPMToolkit
@ PAPI_TOT_INS i Gprof
o= [ Talprofiledatal 2 RESTART _LOMGRUMN,/ datafozone/mfix/sam PSRun Z
1 Il
Argument 1: 1:2:15:1 - PAPI_FP_INS
Argument 2: |1:2:15:0 - P_owalL_CLOCK _TIME |
= . . Apply operation |
derived performance metrics
A
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‘ParaProf — Full Profile (I\/'I'i_ra{nda)

— o T 1 . . . ' .
r % ParaProf: profiles8k/miranda/tandatadisk? {export|

Esla st e o LTy TR - EEnmban

EEIT LU D AXARELELS EEL=12 ]

8K processors!

[Rlatric Mame: Tune
Nalue Type eodiusas

1 545,51 — |

o x 54896, [ |

2L EL R S—

cr5as1 6,0 I |

£,y 5452,5,01 I |

or 5453 6,0 [ |

o1 6494 0,0 I |

o 5455,0,0 (] |

1 5455,5,0 I |

ot 5457,0,0 [

ARSLURAE ]

¢t 5499,5, 0 [

£ 55E0,8,0 ]

s mrae oo T —
MRy

o1 9502,0,0 I

Y o T R L —
£ 55055,

cn 5584, 5,0 [

LT 000,01 I——

taSh{uF

2rs 1 o pm— ML

’t:S{BEU_

£ 5510,0,0

(0 5511,8,0

(0 5512,8,0 [

et 6514,8,0 ]

et 6515,8,0 I

£+ 6516,5,0 [

R R —

SR ) —

550900 [t

552080 [

552180 [t

1552250 (I

1 5523,5,0 ()

cr5524,0,0 (]

¢t 5525,0,0 [

¢t 5526,0,0 I

PP ERR R0 RREEE iRt as
.

I
i
I
i
L
i
L
I
E
I
I
I
I
I
I
I
¢t §513,8,0 [ |
I
I
i
I
I
I
I
I
I
I
I
I
I
I

ot 5527,0,0 [

| nets52,8,0 I |

| nets529,8,0 I |

T /EDemEUEE CaUEran -
_ T RN CE0ET11F .

_:l-ljl[lll CEOEEIN I

—— T e T R IR Y Em O EASE

— (st te ] AL RE IR IR
EENT D EEOE CEOFTIE .

— 7 P P B ST BW R SN T R W P —

00 O [PONTIEEE I EE CELIET R -

T P ErEyOEEEd

- L EOmE

L ]
]
HENT EEEORE CEOEIEL
2

I IEmmEORI DRNELY

— e Lo LIy UBUEEI

i
[
i
!
N EREOEOR: CROBIIN
EN EEREOEOR: CROBIIN
N EETOEOR CEOEIAE
HN  EETOEORECEOEIN
N IEEOEORE CEOEIE
T EEOEORE CEOEaN
T EEOEORE CEOEaE
BN TEOEOR: CEOEn
T EOEOn: Caogian
T EOEOn CROEian
N EECOEORE CEOEIIHE
N EEOEORE CEOEIIN
N EEOEORY CEOEIIN
EN IEEREOROEa CROBIIN
EN EEROEOE: CROBIIN
EEET EEREOROE: CROFII0 I
EEET EOEOE] CEOFi1
EEET  EEOEORI CEOEI11 I
EEET EOEOE] CEOFI1
EEET EOEORECE0EIT1 .
EEET  EOEOEECE0EIT1 .

T

3 1 B—
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ParaProf— Flat Profile (Miranda) %

X/ n,c,t, 8016,0,0 - profiles/8k /miranda/taudata/disk2/mnt/
File Options Windows Help

Metric Name: Time
Value Type: exclusive

30.024% | | MPI_AlRoall{)
25.991% |

| M PI_Group_trans late_ranks ()
7.725% [N RCFTY

7546% [ |RCFTX
5.305% [ M PI_Barrier ()
3.851% ] BANBKS
2.502% [ ] DENSITY
1831% I MPILInit)
1683% [l ADVDIFACC
1.537% [] TRANYZ
1458% [ INVTRANXZ
1.266% [] TRANXZ
1.248% [ INVTRANYZ
1.122% [] MPI_Comm_group{)
0.874% [l FOURIER
0.812% [l INCOMPRESSIBLE
0.696% [] DERIV
0.641% [l FILTERZ
0.563% [ MPI_Comm_size()
0.441% [ 5Gs
0.37% || coFTY

1
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" ParaProf- Callpath Profile (Flash) z

s £

File {pitions Windows Help

setric Mame Time
Value Type: exchusie

IEATHE

% oA, 0000 - gallpach-all fscaling fMash Maudaa fedisk 2 fmng)

S0DULEHYVDROSWEEP-HYD RD_S$'WEEF

AT | | FLASH = = EVOLVE = » HYDEOHYDAG, 30

s I 50Ol FHY DD 1 O=HY DRG0

24550y I (1 45H = EVOLVE = > HYDEOEH YR30
B CT ) I— 1 T L T
14.351% ] Fuakll = = PYOLVE = = HYDEROHTDRO_ G0

ACTS Workshop 2005

4.501% [ 40 DULEEOS $OE0S 30
4A27% ] P _Ssendd

1678% [ | FLASH = EVOLVE = HYDRO=HYDRO_ 2D
3.535% I 0P ANredmced
zrzrs I sam_ wainallg
22 ] se DU LEUPDRA TE S LPDATE SOLM
e I PASH = > TVOLYVE = > HYDRO=HTDRO_GD
2050 [ AME_CUARDORLL_CC_SR1
17035 [l FLASH = = EVOLVE = > HYDROzHYDRO_ 30
156% M FLSH == FVOLVE == HYDROHYIRO_30

= MOIDULEH YR OSWEEF-HYIMRO SWEEP
= 3 MOFDULEH VIR OSWEERSH Y INRO_SWEEF

= > MEDULEHTIRROSWEEP:H YIMROD_SWEDF

= MIEDULEHTYINROSWEEF=H TINRO_SWEEF

= = MOGULTHTDROSWITFHYDRO_SWEDP

= > MODULEH YR OSWEEP=HYIMAO_SWEEP
= MEDULEHYINROSWEEF=H TINRO_SWEEF

LADE [l FLASH = = EVOLVE = MESH_UPDATE GRID_REFIMEMEMT = MESH_REFISE DEREFIME

L361% [ FLASH = = TIMESTEF = MFI_Alleduoed
L319% B AME_RESTRICT_URE_FIIY
L2 2% O] AMEL PROLOMG_GEN_URE_FUIN
L0 Ts [ FLASH = = TVOLVE = > HYDROEHYDRO_ G0
107 7% [] AEIPDANCE_RESTRICT
1077% 0 FLEH == EVOLVE = » HYDROzHYDRO_ 3D
Lo64% [l DEASETREE:DEAS EMEMGHEGRELOCELST
1% [ FLASH == EVOLVE = HYDROzHYDRO, 3D
0.987% 0 FLASH = = EVOLVE = > HYDROCHYDRO. 30
0ot O FLASH = = EVOLYE = > HYDROGHTDRD_30
w6 B sef_namienn
AFE B FUASH == FYOLVE = > HYDRO=HYDRO_E0
OLAES [ AME_PROLOMG_LIME_FUN
L7 35% I AME_DIAGONAL_PATCH
LED9% [| DIFFUSE
LE99% [l FLASH = = EVOLVE
671% [ AME_RESTRICT_RED
wbr1s rasn - - Bvolve
w6aFE [ s = = fealve
LGRS [ FLASH = = FYOLVE
0E1% | FLASH = » EVOLVE
0.556% | FLASH = = EVOLVE
0L508% [| TOT_EMD
n454% [ FLASH = » EvOLVE

= HYDROzHYIDRO_ 20

= = HYDHRDEH YR30
= = WY DHRCEM YDRO_GD

== HYDROzHYDRO_30D
= » HYDROZHYINRO_ZD

= = MODULEH YR OSWEFPSHYIRO_SWEDP
= > MODULEHYINROSWEEP=HYINAO_SWEEP
= MOIDULEH YR OSWEEF-HYIMRO SWEEP
= MOIDULEH YR OSWEEF-HYIDNRO_ SWEEP
= = MODULEH IR OSWEEFSHYLMRO_SWEER

= = MOEDULEHYIRROSWEEP:H YIMROD_SWEDF

= MOIDULEH YR OSWEEF=HYINRO SWEEP

= MODULEH YRR OSWEEFSHYTRRO_ SWEEF
= = MOGULTHTDROSWITFHYDRO_SWiDP

= = MESH_UPDATE GRID_AEFIMEWENT = = MARE_GRID_REFINEMENT

= > MODULEH YR OSWEEP=HYIMAO_SWEEP
= MEDULEHYINROSWEEF=H TINRO_SWEEF

= o MESH UPDATE GRID. REFINEMENT = MARE GRID REFINEWENT
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= e MPDLLEH YR L OEHY DR LD

= FODULEH YR _ 1 DEHYDRO_10

== MODULEEDS I EOS 30

= 2 MODULIIFDA T SO LIFDATI_SOLN

= MESH_GIMARDCELL
= MESH_CUARDCELL

= AMHA_REFINE DEREFINE == AME_MORTOM ORDER

= MESH_GUARDCILL = > AMA_GUARDCELL_C_TO_F

= AEURDANCE RESTRICT

= MESH. GIMEDCELL
= e MIESH. FLUS COMSERVE

= MESH_GIARDCELL = SRHEGUARDELL C_TO_F

= MIESH_GIARDCELL

== [MIFFUSE

= MIESH_FLU_ CDRSERVE

= MESH_GIARDGCTLL
== MF_Earieng

= MIESH_GIMARDCELL

= MESH_GUARDCELL

= > AMAGUARDCTLL_SEL

= > AMA_GUARDLELL C TOF
= AMA_GUARDLCELL C_TO_F

= MAODULEEDS J0GEDSID

= » MADULETRPCENT

= > AMA_GUARDLELL 5EL == AME_
= AMA_GUARDLCELL SEL == AME_

F

= A

= AMA EESTRICT == AMA RESTEN
= e AMBE_ ALY COMSERVE LDT

= A

= TOT_END = = DEASETREE: DEAS

= AMBE LU COSERVE LT
= > AME_
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ParaProf- Callpath Profile (ESMF)

21-level
callpath

ACTS Workshop 2005

{

NFaWaVa

Function Data Window: compensatecallpath/esmf/sameer/Users/

File Options Windows Help

Metric Name: Time

MName: ESMF_APPLICATIONWRAPPER => ESMF_GRIDCOMPMOD::ESMF_GRIDCOMPRUN ==
ESMF_COMPMOD::ESMF_COMPRUN => void c_esmc_ftablecallentrypointvm(ESMC_VM **,
ESMC_VMPlan **, void **, void **, ESMC_FTable **, char *, int *, int *, int) C => void
*ymachine::vmachine_enter(vmplan &, void *(*)(void *, void *), void *) vmachine => void
*vmachine_spawn(void *) => void *ESMC_FTableCallEntryPointVMHop(void *, void *) C =>
int ESMC_FTable::ESMC_FTableCallVFuncPtr(char *, ESMC_VM *, int *) ESMC_FTable =>
COUPLEDFLOWMOD::COUPLEDFLOW_RUN => ESMF_CPLCOMPMOD::ESMF_CPLCOMPRUN
=> ESMF_COMPMOD::ESMF_COMPRUN => void c_esmc_ftablecallentrypointym(ESMC_VM **,
ESMC_VMPIan **, void **, void **, ESMC_FTable **, char *, int *, int *, int) C => void
*ymachine::vmachine_enter(vmplan &, void *(*)(void *, void *), void *) vmachine => void
*vmachine_spawn(void *) => void *ESMC_FTableCallEntryPointVMHop(void *, void *) C =>
int ESMC_FTable::ESMC_FTableCallVFuncPtr{char *, ESMC_VM *, int *) ESMC_FTable =>
COUPLERMOD::COUPLER_RUN => ESMF_FIELDCOMMMOD::ESMF_FIELDREDIST =>
ESMF_ARRAYCOMMMOD::ESMF_ARRAYREDISTNEW => ESMF_ROUTEMOD::ESMF_ROUTERUN
=> void c_esmc_routerunla(ESMC_Route **, ESMC_LocalArray **, ESMC_LocalArray **, int *)
C => int ESMC_Route::ESMC_RouteRun(void *, void *, ESMC_DataKind) => int
ESMC_DELayout::ESMC_DELayoutExchange(void **, void **, void **, void **, int, int, int, int,
ESMC_Logical) == int ESMC_DELayout::ESMC_DELayoutCopy(void **, void *#*, int, int, int,
ESMC_Logical) => void vmachine::vmachine_recv(void *, int, int) vmachine => MPI_Recv()

Value Type: exclusive

10.7487% | | mean
11.2785% | Inct1,00
10.9582% | In,ct 3,00
10.4453% | Inct 200
10.3146% | Inct0,00

4
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Gprof Style Callpath View in Paraprof (SAGE)

Metric Wame: Time
Sorted By: exclusive
Units: seconds

Exclusive Inclusive Calls/Tot.Calls NHame [ id]
1.8584 1.8584 1196/13188 TOKEN_MODULE::TOKEN_GS5_I [521]
0.584 0.584 234/13188 TOKEN MODULE: :TOKEN GS L [544]
25.0819 25.0819 11758/13188 TOKEN MODULE: :TOKEN GS RB [734]
-=> 27.5242 27.5242 13188 MPI_ Waitall() [525]
17.9579 39.1657 156/156 DERIVATIVE_ MODULE: :DERIVATIVES_ MNOFACE [841]
=-=> 17.9579 39.1657 156 DERIVATIVE MODULE: :DERIVATIVES FACE [B43]
0.0156 0.0195 3127312 TIMER MODULE: :TIMERSET [77]
0.1133 9.1269 234072340 MESSAGE MODULE::CLONE_GET RB [808]
0.1l602 11.4608 4056/4056 MESSAGE MODULE: :CLONE_PUT RE [850]
0.0059 0.6006 117/117 MESSAGE MODULE: :CLONE _PUT I [856]
14,1151 21.6209 5/5 MATRIX MODULE::MCGDS [1443]
==> 14.1151 21.6209 5 MATRIX MODULE::CSR_CG_SOLVER [1470]
0.0654 1.2617 1005/1005 TOKEN_MODULE: :TOKEN_GET_REB [769]
0.0557 5.2714 1005/1005 TOKEN MODULE: :TOKEN REDUCTION RE S [1475]
0.0703 0.9726 100071000 TOKEN MODULE: :TOKEN REDUCTION RE& V [208]
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ParaProf — Phase Profile

In 51st iteration, time
spent in MPI_Waitall
was 85.81 secs

Total time spent in
MPI_Waitall was
4137.9 secs across all
92 iterations
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ParaProf - Statistics Table (Uintah)
X Thread Statistics: nc.t, 3,0,0 - 'lhome/amorris/data/packed/uintah16.ppk = |[o][x]
File Options Windows Help
BRRREEC B ICFEEENERERENN
Mame & | P_WaALL_CLOCK_TIME Calls Child Calls
¢ maind woid {int, char *™) B N 1 14|~
Uintah::ProcessorCroup *Uintah:: Parallel: getRootProcessort i 0 1 0
Uintah::SimpleSimulationCaontroller &lintah::Simplesimulatior | [l 1 ]
Uintah::SimulationContraller &Uintah::SimulationContraller::5i | 0 1 0]
bioal Uintah::Parallel::usingh P I B 0] 1 0]
int Uintah::Farallel::getMPIEank( B 0 1 0]
woid Uintah:: OnDemandDatawarehouse:: ~OnDemandDartain | 0 2 0
waid Uintah::Parallel::determinelfRunningUndermMPliint, char [ Q.00 1 ]
o= vaid Uintah::Parallel::finalizeManageriUintah:: Parallel:: Circur [} 0all 1 1
9 waid Uintah::Parallel::initializeManager(int &, char " &, canst [} 00l 1 3
b PI_Camm_ranki B 0 1 0
MPI_Comm_sizel B Y 1 y
o= MPI_Init_thread( ] 6327 1 39
wioid Uintah::Farallel::naThreadingd B 8] 1
¢ woid Uintah::SimpleSimulationController::rund WUintah::Simple || 00F g 1 14
o= M PIECcheduler: actuallhywCompile B 0109 2 44
o= MPISCheduler:  execUter [] 27 BH 11 2,460
o= MP|I_Feduce() [ 0.001 40 40
Uintah::Datawarehouse:: ScrubMode Uintah:: OnDemandC | 0] 21
Uintah:: OnDemandDatawarehouse &lintah:: OnDemandl [ 0 11
biool Uintah::OnDemandDatawarehouse: timestepaborte i 0 10
biool Uintah::OnDemandDataWwarehouse: timestepRestar || 0 1o
kool Uintah::SimplesimulationCantroller::needRecaompile | 8] 10
o= yoid Uintah::onDemandDatawarehouse:: getiUintah::Red i 000l 1o 3
| o= yoid Uintah: onDemandDatawarehouse: overrideiconst | 0.001 20 4
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‘ParaProf — Hist(')'grém View (Mirahdaj

a3 Scalable 2D displays
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. ¥ .

ParaProf —Callgraph View (MFIX)

L3
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ParaProf — Callpath Highlighting (Flash)

eO6
File Options Windows Help

ACTS Workshop 2005

X Full Call Graph (all threads) - callpath-all/scaling/flash/taudata/disk2 fmnt/

TAU Performance System
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“Profiling of Miranda on BG/L

a Profile code performance (automatic instrumentation)

13931491 |

c0.77 54 [N & e
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| MPI_AlRpall i)

3 Scaling studies (problem size, number of processors)
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ParaProf — 3D Full Profile (Miranda)

M ParsFrol Vissalze

File Oplions Windows Help

ACTS Workshop 2005

16k processors
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ParaProf Bar Plot (Zoom in/out +/-)

¥ ParaProf Visualizer: Application 13, Experiment 23, Trial 57.

[BIEIE

File Options Windows Help

Triangle Mesh
& Ear Plot

Scatter Plot

Height Metric
Inclusive
Color Metric

Inclusive

Function

Thread

Ear Plot | Axes

- [ | Time

[ | Time

huts

2100

Height value 2.50& seconds

Color value 2 506 seconds

Colorscale | Render
Plot Width [}
Flot Depth L
Plot Height L}
Bar Size L}
v| Transparency O
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ParaProf — 3D Scatterplot (Miranda)

3 Each point
IS a “thread”
of execution

3 A total of
four metrics
shown In
relation

7 ParaVis 3D
profile L5
visualization [
|ibl’ary
O JOGL
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'_Vémpir'Tréce Visualizer/Intel ® Tr'a_ceAnaIy'z'er 4

Analysis of MPI =~

Progpams == :
A3 Originally developed o D

by Forschungszentrum o

ST5.73 ms—

Receiver

Jatich 7 - e
3 Current development T—I\r ——

by Technical e

University Dresden, AR

G_erm_any Y pallas
a3 Distributed by Intel
a http://ww. vanpi r-ng. de

'Y G B p S
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Performance Tracing on Miranda

3 Use TAU to generate VTF3 traces for Vampir analysis
O MPI calls with HW counter information (not shown)
O Detailed code behavior to focus optimization efforts

4 2110, 4 g=10 T
b4t Sl L W40 35
RE4S 51 75
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'S3D on Lemieux (Zoomed) .

u IekR] Traca Anslyzsr 4.0 - Timaln

Frocesa 1 THERMCHEH H:z0ALC TEWP

Provess 13 ummmmr

Process 14 THERFCHER _H: zCALL, TERP

Pracesa 18 unmmmmr

15,62 2
Process -: THERRCHER_M; <CALE_TENP

= [o][x]
15, Eﬁ F 15, EE -
Ll
o ! ' th %rﬁtmm
" i el
9 | MR DT [V 2
BGET_VELOCITY_VELC
e o -II.II"..:I T
b 1 1 ITHERHCHER_Hz 10500 [Ny _AG_HOL _WT

TEWF

ﬂ-_.""-‘ll --Il"..l.ll.l'liIll- mrSTer - i
VAR THILES_He 1GET WSS FRAL

_:I.l. - 11 il I|

H + it

-.—F"JJ-I - i.]!" I

o e [ 1-.-
|--.'F4'l"" r;urnluh\'ilr

Ilﬂ-_.F I"JIII'JIIII

i ﬁ.tlrl

-II" -l'_-- I'I.l'Fl

] i I3

ot N . I’ill"..'.-_.- -I:I'I.'il I

-- ‘IF._'--IH

"II---r - F-‘I.I

ACTS Workshop 2005

TAU Performance System 66



“Jumpshot Trace Visualizer [ANL] (S3D)
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'_Jdmpsh'o_t Trace Visualizer (SéD on 'TriJ64)
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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, Hitachi
SR8000, NEC SX-5/6, Linux clusters (1A-32/64, Alpha,
PPC, PA-RISC, Power, Opteron), Apple (G4/5, OS X),
Windows

3 Programming languages

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

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

O Intel, PGI, GNU, Fujitsu, Sun, PathScale, SGI, Cray,
IBM, HP, NEC, Absoft, Lahey, Nagware
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Project Affiliations (selected)

3 Center for Simulation of Accidental Fires and Explosion
O University of Utah, ASCI ASAP Center, C-SAFE
O Uintah Computational Framework (UCF) (C++)

3 Center for Simulation of Dynamic Response of Materials
O California Institute of Technology, ASCI ASAP Center
o Virtual Testshock Facility (VTF) (Python, Fortran 90)

a3 Earth Systems Modeling Framework (ESMF)
O NSF, NOAA, DOE, NASA, ...
O Instrumentation for ESMF framework and applications
O C, C++, and Fortran 95 code modules
O MPI wrapper library for MPI calls
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Project Affiliations (selected) (continued)

3 Lawrence Livermore National Lab
O Hydrodynamics (Miranda)
7 Sandia National Lab and Los Alamos National Lab
O DOE CCTTSS SciDAC project
o Common component architecture (CCA) integration
3 Argonne National Lab
O Jumpshot SLOG2 SDK project

O ZeptoOS - scalable components for petascale
architectures

O KTAU - integration of TAU infrastructure in Linux kernel

3 Oak Ridge National Lab
O Contribution to the Joule Report: S3D, AORSA3D

ACTS Workshop 2005 TAU Performance System 71



Important Questions for Application Developers

How does performance vary with different compilers?

Is poor performance correlated with certain OS features?
Has a recent change caused unanticipated performance?
How does performance vary with MPI variants?

Why Is one application version faster than another?
What Is the reason for the observed scaling behavior?
Did two runs exhibit similar performance?

How are performance data related to application events?
Which machines will run my code the fastest and why?
Which benchmarks predict my code performance best?

9 O O o o g a a ad
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Performance Problem Solving Goals

3 Answer questions at multiple levels of interest

O Data from low-level measurements and simulations
» use to predict application performance
O High-level performance data spanning dimensions

» machine, applications, code revisions, data sets
» examine broad performance trends

3 Discover general correlations application performance
and features of their external environment

1 Develop methods to predict application performance on
lower-level metrics

3 Discover performance correlations between a small set
of benchmarks and a collection of applications that
represent a typical workload for a given system
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Performance Data Management Framework

TAU Performance System Performance Analysis Programs
_ profile scalability§l ... .| cluster l
fth* - metadata analysis ParaProt analysis
rASE .
- A
raw profiles Query and Analysis Toolkit ‘Data Mining )
i — ,ﬁha L Weka) )

( Statistics )
(R / Omega) )

L V|5 .
mpi

* ps?un _ p Y Y Y Y .
:?PMtnnlkn . Java PerfDMF APl |y y ¢
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profile data || 900
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* ParaProf Performance Profile Analysis
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PerfExplorer

3 Performance knowledge discovery framework

O Use the existing TAU infrastructure
» TAU instrumentation data, PerfDMF

O Client-server based system architecture

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

3 Technology integration
O Relational DatabaseManagement Systems (RDBMS)
O Java API and toolkit
O R-project / Omegahat statistical analysis
o WEKA data mining package
O Web-based client
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PerfExplorer Architecture
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| _PderfExp'I_order Client GUI
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Data |» @pap; Relative Speedup for One Event i‘

Salection | » @ pap, Group % of Total Runtime

¥ ./ Triakproblel Membership
J FULL16 Count 7

» @ pap, Runtime Breakdown Virtual —
» @ papi, Relative Efficiency per Phase| Topologies I
Y L0 Views Relative Speedup per Phase 1THR
v .a..pp..m.nn nar Phase Fraction of Total Ft.unurne [ ] \ (R ] Bk
J Trial:name not like %.53 —m - gl : .
Description
¥ L Trialname not like %.nls Sl \. o - . F' ors

.4 FULL3Z | Histograms
= - BRI
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o

* Hierarchical and K-means Clustering (sSPPM)

{a} Hierarchical Cluster Dendrogram: Floating Poaint Instructions

2 0w=09
i

i D1

O el

Threads

high-ranking
worker
threads

l

16 master threads in
4 small clusters

(b) Threads Per Gluster

INTERF()
miethod

1
1.1

ACTS Workshop 2005

rr— g 00eiD0 20603 4DeeDd BO8s09 BOevDD 106410 126410 148010

(€} Virtual Topology {d) Floating Point Instructions Per Event

TAU Performance System

79




“Miranda Clustering on 16K Processors
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PERC Tool Requirements and Evaluation

1 Performance Evaluation Research Center (PERC)
O DOE SciDAC
O Evaluation methods/tools for high-end parallel systems
1 PERC tools study (led by ORNL, Pat Worley)
O In-depth performance analysis of select applications
O Evaluation performance analysis requirements
O Test tool functionality and ease of use
3 Applications
O Start with fusion code - GYRO
O Repeat with other PERC benchmarks
O Continue with SciDAC codes
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Primary Evaluation Machines

3 Phoenix (ORNL - Cray X1)
O 512 multi-streaming vector processors
3 Ram (ORNL - SGI Altix (1.5 GHz Itanium2))
O 256 total processors
3 TeraGrid
O ~7,738 total processors on 15 machines at 9 sites
3 Cheetah (ORNL — p690 cluster (1.3 GHz, HPS))
O 864 total processors on 27 compute nodes

1 Seaborg (NERSC — IBM SP3)
O 6080 total processors on 380 compute nodes
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GYRO Execution Parameters

3 Three benchmark problems
O B1-std : 16n processors, 500 timesteps
O B2-cy : 16n processors, 1000 timesteps
O B3-gtc : 64n processors, 100 timesteps (very large)
1 Test different methods to evaluate nonlinear terms:
O Direct method
o FFT (“nl2” for B1 and B2, “nl1” for B3)
3 Task affinity enabled/disabled (p690 only)
3 Memory affinity enabled/disabled (p690 only)

3 Filesystem location (Cray X1 only)
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PerfExplorer Analysis of Self-Instrumented Data g

3 PerfExplorer
O Focus on comparative analysis
O Apply to PERC tool evaluation study

7 Look at user timer data

O Aggregate data
» NO per process data
» process clustering analysis is not applicable

O Timings output every N timesteps
» some phase analysis possible

1 Goal
O Recreate manually generated performance reports
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PerfExplorer Interface

e 06 PerfExplorer Client
File Analysis Charts Help

Y gyro.Bl-std [ @ Analysis Management | @ Performance Explorer !

» Bl-std-hwpc.phoenix.0x002

L Bl—std—insEpﬁuenix.DxDDE —— S
MName Bl-std-nl2.cheetah.noaffnosng

> Bl-std-inst.phoenix.0x002 . profil -~ Experiment 1D 16

L Bl-std-nl2.cheetah.affnosng I system_name

b Bl-std-nl2.cheetah.affsng : :::im_zﬂriﬁhimé_wm

> B1l-std-nl2.cheetah.noaffnosn = 1

» | Bl-std-nl2.phoenix.0x002 . : s . Experlment
system_memory_size

P | Bl-std-nl2.phoenix.0x002scr ' system_processor_amt metadata

» Bl-std.53newest.phoenix.0x002 I system_|1_cache_size

» B1-std.cheetah.affnosng : system_|2_cache_size

> | Bl-std.cheetah.affsng | SyEeEm_USE rdats

L Bl-std.cheetah.noaffnosng | cump!ler_cpp_nam_e
compiler_cpp_version

¥ | Bl-std.hockney I compiler_cc_name

> Bl-std.new.phoenix.0x002 g compiler_cc_version

» Bl-std.phoenix.0x002 ~~ E— - *

> Bl-std.phoenix.0x002scr S I :

» Bl-std.ram0x002.a e eCt experlments

» Bl-std.ram0x002.b - -

v 2 B and trials of interest

Bl-std.timing.seaborg.128 ] TOTTITUTE =TT
B1l-std.timing.seaborg.16 configure_jdk

Bl-std.timing.seaborg.256

81-s1d.timing.seaborg.32 Data organized in application,

Bl-std.timing.seaborg.512

81-std.iming.seaborg.64 experiment, trial structure

L Bl-std.tg

> 3 yro82-cy (will allow arbitrary in future) J

YYYYYVY!

> gyro.B3-gtc
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| _PjerfExpl_orﬁer Interface

laNala

PerfExplorer Client

File Analysis Help

¥ (7 gyro.B1-5 Set Group Name

Bl-spe et Metric of Interest

Bl-spe et Eventof Interest

B1-sre_ et Total Number of Timesteps
B1-sye Relative Efficiency

B1-sy Relative Efficiency by Event

B1-sre Relative Efficiency for One Event
Bl-sye Relative Speedup

Bl-sy Relative Speedup by Event

Bl-si Relative Speedup for One Event

Bl-sg COMMunication Time / Total Runtime

- =

Bl-std.hockney
Bl-std.new.phoenix.0x002
Bl-std.phoenix.0x002
Bl-std.phoenix.0x002scr
Bl-std.ram0x002.a
Bl-std.ram0x002.b
Bl-std.seaborg
Bl-std.timing.seaborg.128
Bl-std.timing.seaborg.16
Bl-std.timing.seaborg.256
Bl-std.timing.seaborg.32
Bl-std.timing.seaborg.512
Bl-std.timing.seaborg.64
»> Bl-std.tg
> gyro.B2 -cy i
> gyro.B3-gtc v

4 Y Y ¥y ¥y Y Y Y Y Y Y Y Y YYYYYY

YyYyyvyvwvyvwy!

'@ Analysis Management = @ Performance Explorer

Field Value
Mame Bl-std-nl2.cheetah.noaffnosng
Experiment ID 16
system_name
system_machine_type
system_arch

compiler_cc_name
compiler_cc_version
compiler_java_dirpath
compiler_java_version
compiler_userdata
configure_prefix
configure_arch
configure_cpp
configure_cc
configure_jdk
configure_profile
configure_userdata
userdata
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Timesteps per Second

d Cray X1 is the fastest to
solution in all 3 tests

a FFT (nl2) improves time for
B3-gtc only

a TeraGrid faster than p690 for
B1-std?

d Plots generated automatically
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Relative Efficiency (B1-std)

a By experiment (B1-std)

O Total runtime (Cheetah (red))

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

Baa Selaniee EMficency by Even

Relative Efficiency by Event for gyro.B1-std:B1-std-nlZ.chestah.noaffnosng
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Current and Future Work

1 ParaProf
O Developing phase-based performance displays
3 PerfDMF
O Adding new database backends and distributed support
O Building support for user-created tables
a3 PerfExplorer
O Extending comparative and clustering analysis
O Adding new data mining capabilities
O Building in scripting support
3 Performance regression testing tool (PerfRegress)
3 Integrate in Eclipse Parallel Tool Project (PTP)
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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

1 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://www.cs.uoregon.edu/research/tau
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Hands-On Session

3 Login to odin.cs.indiana.edu and get software
% cp /san/cca/tau/tautraining.tar.gz .

% tar zxf tautraining.tar.gz
3 Follow Instructions in the README file
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