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Code development

 Debugging
* Make sure the code runs and yields correct results

e Profiling

e Analyze performance to identify performance bottlenecks
“Hot spots”
Load balancing issues

e Optimization

e Make the code run faster and/or consume less resources
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Code development

 Debugging
* Make sure the code runs and yields correct results
. Profiling
* Analyze performance to identify performance bottlenecks
“Hot spots”
* Load balancing issues
e Optimization

e Make the code run faster and/or consume less resources
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« Gather performance statistics during the execution
e Inclusive and exclusive time
* Number of calls

* Reflects performance behavior of program entities
* Routine
 Loop
 Implemented through
 Sampling: OSinterrupts or hardware counters
e Instrumentation: calls to measurement functions
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e Tuning and Analysis Utilities
e Developed at University of Oregon

e Scalable and flexible performance analysis toolkit
 Performance profiling and tracing utilities

* Performance data management and data mining

Automatic instrumentation through Program Database Toolkit
(PDT)

Also provides an instrumentation API

X
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e Linux clusters

« Softenv key: “tau-2.18-intel-11.1-mvapich-1.1"
o AlXclusters

e Softenv key: “+tau-2.1.6"

 Note: PAPIis not available at the moment, so TAU is
unable to provide hardware counters
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Add the softenv key for TAU to your .soft file and resoft
Compile your code with the TAU scripts

e tau_£f90.shforFortran,tau cc.shforCand tau cxx.sh for
C++

* Your code will be instrumented automatically

Execute the generated executable as usual
e Profile datafiles: profile.x.x.x

Analyze/ visualize the results with Paraprof
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* Add softenv key(s) and resoft

e Copypi.f90from /home/lyanl/traininglab/tau/
single_file

 Compile it with the TAU Fortran compiler
 Run it and check the results with paraprof
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Paraprof Manager Window

TAU: ParaProf Manager

File Options Help

1o Applications £ TrialField Walue
¢ [ Standard Applications :|Marne single_file ftautestfClusterTest. .
¢ [ Default App “|4pplication ID 0
& [ Default Exp Ex.periment 1D 4]
¢ [single_file/tautest/ ClusterTest/han 1 fwork/| : Trial ID o
@ Time . EEH rEqDHrES g 27.529
[ test (jdbc derty fhomelyanl/ ParaProffperfdm Rl T\apze Infel(ﬁ) ¥eon(R) CPU 5140 @ ...
:[CPU wendor GCenuinelntel
§§ L] Jwarkfhsanl/ClusterTest ftaute. .
i[Cache Size 4096 KB
§§ Executable Jwarkfhsanl/ClusterTest ftaute. .
‘[Hostnarne poseidon006
Local Time 2009-04-17T13:55:07-05:00
§§ Pl Processar Mame poseidon00&
“IMemory Size 4033796 KB
Mode Mame poseidonQos
05 Machine ®EE_64
2|05 Mame Linux
§§ 05 Eelease 2.6.9-55 09 EL lustre. 1.6.4¢...
fi 05 Yersion H#20 SMP ved Dec 12 10055
§§ Starting Timestamp 123999450675 1454
TAL Architecture ¥86_64
§§ T4 Config -fortran=intel —-cc=icc -c++=...
ATAL Yersion 2.17.3
§§ Tirmestame 123999450723 76390
UTC Time 2009-04-17T18:55:072
pid 29425
ifusername Iyanl
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TAU: ParaProf: /work/lyanl/ClusterTest/tautest/lammps-09Jan09; - +

File Options Windows Help

Metric; Time
Walue: Exclusive

Std. Dew.
Mean
node 0
node 1
node 2
node 2
node 4
node &
node &
node 7
node 8
node 5
node 10
node 11
node 12
node 12
node 14
node 1%

woicl LAMMPS RS Pairl JCut:: computeding, int) [{pair_lj_cut.cppl (a8, Li-{ 146, 11]
Exclusive Time: 14 066 seconds

Inclusive Time: 14,022 seconds

Calls: 500010

subCalls: 1005030 H—— EmE—
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Main Data Window —Unstacked Bar~~

TAU: ParaProf: /work/lyanl/ClusterTest/tautest/lammps-09Jan09, - +

File | Options | Windows Help

metri ® Show Meta Data in Panel
Yalug O Mormalize Bars
¥ Descending Order
Std-' D Stack Bars Tugether = = i D i I:l i i
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node 3 ] —— B s = 000
node 10 B ] [~ ] s ] E00] -
node 11 T e— = s W DAl ==
node 12 [ =1 | 5~ I 1
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TAU: ParaProf: Function Data Window: /work/lyan] - '+ =
File Options Windows Help

Mame: woid LAMMPS_MS: Camim: reverse_cammunicated [fcomm. cppt {450, 11-{493, 11
Meatric Mame: Time

Walue: Exclusive

Units: seconds

4559 [ &3
3.674 e— 1. ClEv
eni—————— WILHME K /lyanl/ClusterTest/tautest/lammps-09)Jan09; - + =
0.27 [ node 1
0263 [ node 2

1.103 |l noce 3
4258 ey node 4
. | nOCle S
Gy WL
4.672 — ' 0cle 7 — | o g 8 0 Il =
6267 Ineeeeeseseeses—— node & (— | = O W 00000 ==
G 2O ey node @ =] 1] = 0 = 0000 ==
2.30] e node 10 |1 e s 0 —]
T . pode 11 |y e s [ § 11 —
L ... ------..-e--————— NLEENER = 1] B OBl Jill =
0.229 W node 12 e —|
L e | nocle 14 El == % ? |]|:| EEHDH ]
0.21 @ node 15 Show Source Code = 0ol ==
Show Function Bar Chart = O =0 800l ]
Show Function Histogram == EE H EEHH E
Assign Function Color — IR —
Reset to Default Color B COE OO0l —
[~ 0~ T O |
E— R R | |
|5 = COF COff10 ==
T | — R N N | |
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Ed TAU: ParaProf: Histogram: /work/lyanl/ClusterTest/1 - +

File Options Windows Help

{450,1}-{493,1}]
5.25
5.00
475
450
425
4.00

void LAMMPS_NS:Comm:reverse_communicate() [{[comm.cpp}

k/lyanl/ClusterTest/tautest/lammps-09)Jan09; -
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File ©Options Windows Help
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Individual thread view

TAU: ParaProf: n,c,t 3,0,0 - /work/lyanl/ClusterTes -
File Options Windows Help

+

TAU: ParaProf: /work/lyanl/C

File Options Windows Help Metric: Tlme_
Walue: Exclusive
Metric: Time Units: seconds
YWalue: Exclusive
St Dev. | 15.622 | | woid LM b PS_MS:Pairl]Cut: computeding, int) [{pair ||
Mean | 2.267 [ MPI_Allreduce( —
node 0 | 2.051 [ void LAMMPS_NS:Meighbor:half_bin_newton(LAMMEA
node 1 1.244 [ woid LAMMPS_NS: Camm: communicated [fcamm.cp
node 2 i 1.103 [ woid LAMMPS_MS: Comm:reverse_communicate() [{o
node 0.735 [ woid LaMMPS_MS:FixNYE:initial_integrate(int) [{fix_n
not Show Thread Bar Chart 0.e24 B MPI_Wait)
N9% Show Thread Statistics Text Window 2,403 [ woid LaMMPS_MS:FixMNYE: final_integrated [{fix_nwe.
:E Show Thread Statistics Table 0.367 [ MPIInit
no{ Show Thread Call Graph 0.214 [ MPIRecvg ) _ _
nol Show Thread Call Path Relations 0.207 [ int LAMMPS_MS::Meighbar: check_distanced [{neighk
NOH¢ ghow User Event Bar Chart 0.189 | MEI'Can'EremEO . ) 4
nod o _ 0.18% [ woid LAMMPS_NS::Yerlet::iteratefint) [fverlet.cppl {1z
nodd Show User Event Statistics Window 0.17 | woid LAMMPS_RS:verlet:force_clear( [fverlet.cpp}{
noce Show Context Event Window 0.124 | MPI_Sendpd
nocd Show Metadata for Thread 0,101 | MPI_Sendrecwd
nod¢ sdd Thread to Comparison Window 0.094 | woid LAMMPS_NS::FixSetForce: paost_force(int) [{fix_se
0,084 | woid LAMMPS_MS::Meighbor::bin_atams( [{neightor.
0.084 | woid LAMMPS_MNS: Comm:: barderst [[comm.cpp) (&
0058 | woid LAMMPS_MNT:Comm:: exchanged [{camm. cppl{
0,051 | woid LaMbPS_MSAtomvecatiomic unpack_reversed
0,046 | int LAMMPS_NS AfomyecAtomic:: pack_commiint, int
0.042 | woid LAMMPS_MNS:Timer: stampfint) [timer.cpp) {52
0,043 | woid LAMMPS_MNS:Timer:: stampid [{timer.cppt {43, 1
0.037 | MPLIrecw)
0,025 | woid LAMMPS_MNS:Integrate:; ev_setfint) [{integrate. cg
0.025% | woid LaMMPS_NT:Madify initial _integratefinty [{modi|«|
4 i | [*]
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ParaProf: Comparison Window

File Options Windows Help
TAU: ParaPrOf' "work”yanl"c Metric: Time O tauflammps-09)an0 8 ftautest/ ClusterTest/lyan fworky - node 2
File Options Windows Help Walue: Exclusive W tau/lammps-09]an09tautest ) ClusterTest fhyan 1 jwark) - node 3
Units: seconds
Metric: Time
Walue: Exclusive
4.261 [ sl
15.622 (366.584% T woid LAMMPS_MS:: PairL)Cut:: computednt, int) [{pair_lji_cut.cop} {68, 1}-{1 =]
Sid, Dew. 15 346
Mean ) MPI_iait()
hode 0 0624 (4.063% B
node 1 3301 ]
nade 2 2.267 (66.864%) g M -reduce0
no
noi Show Thread Bar Chart 2.051 (379 868%)0.54=E woid LA M PS_MNE: Neighbor::half_hin_newtonilAM MPS_NS:: NeighList *) [
N3 Show Thread Statistics Text Window : :
no o
nod Show Thread Statistics Table 1244 377 394%335 woid LAMMPS_NS: Comm::communicate) [{comm.cppt{297, 11-{4432, 11
noi Show Thread Call Graph ’ ’
n; Show Thread Call Path Relations 1.103 (203. 310493@63=H woid LAMMPS_MS:: Comm:: reverse_communicated [comm.cppl {450, 13-{
zgd Show User Event Ear Chart
nocy Show User Event Statistics Window 0.725 (370. 6321%38; woid LAMMPS_NS::FixNYE: initial_integrate(int) [{fix_nve.cop} {63, 1}-{103
nodd Show Context Event Window
Egg Show Metadata for Thread 0.403 (248 9%?1%5 il voitd LAMMPS_NS:: FixNYE: final_integrateq) [{fix_nve.cpp} {107, 1)-{140,1
Add Thread to Comparison Window ’ ’
27 0 )
0.367 (99,1033 g MF-It0
0.178 |
0214 (120.127% ] MP-Feod
0.075 |, t LaMMPS_M5: Meighbar:: check_dist ighb 915,192
0.207 (274.588% | in _Ma:Meighbor: check_distance() [{neighbor.cpp} {915, 13-{
0.189 [
0.189 (100.002%) | MPI_Cart_create)
0.1886 I el | AMMPS RIS--Narlat-itaratalintt arlat cnnlA128 13023272 11 E
q] Il | [»]
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TAU: ParaProf: Call Graph for n,c,t, 0,0,0 - /f/work/lyanl/ClusterTest/tautest/lammps-c - +
File ©Options Windows Help

wic LAk i PSS

| int LAMMPS_PS::L |

woid LAk MPS_MNS Run:: commanddint char ™) [run.cppl {40, 1}-{21&,1}]
wiclth Walue {nclusive, Time) : 2. 6022456E7
Color value (Exclusive, Time) | 5.0

= -t!__i_‘__l__‘r\\
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Paraprof

* Java-based analysis and visualization tool for
performance data

e “pprof” isfortext based profile display

 (Can work with profile data generated by other profiling
tools, e.g. MpiP
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Paraprof options

-f <filetype>
« Specify type of performance data
e -m

e Perform runtime monitoring of profile data

o --pack<file>
 Pack profile data into one file
e --dump

 Dump profile into TAU profile data format
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Options for TAU Compiler Scrip ts

e Display available options with “tau_xxx.sh —-help”
e Options

e -optVerbose: display verbose debugging information

« -optKeepFiles: keep intermediate files

o -optDetectMemorylLeaks: track malloc/ free calls

e -optGnuFortranParser: Specify the GNU gfortran PDT parser
gfparse instead of f95parse

* -optPreProcess: Preprocess the source code before parsing
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TAU Intermediate Files

 Enable the '-optKeepFiles' option when compiling the
code to preserve the instrumented source code

[lyanl@poseidon2 single_filel$ 11

total 16
—rwxr-xr-x 1 lyanl loniadmin 2163 Apr 17 09:23 mat_trans_alt.f90
—-rw—-r—-—-r—-— 1 lyanl loniadmin 10300 Apr 17 09:50 mat_trans_alt.o

[lyanl@poseidon?2 single_file]$ tau_f90.sh -optKeepFiles mat_trans_alt.f90

[lyanl@poseidon2 single_filel$ 11
total 1032

—rwxr—-xr—-x 1 lyanl loniadmin 1578296 Apr 17 10:18 a.out

—rwxr—-xr—-x 1 lyanl loniadmin 2163 Apr 17 09:23 mat_trans_alt.£f90
-rw-r—-—-r—— 1 lyanl loniadmin 2493 Apr 17 10:18 mat_trans_alt.inst.£f90
—-rw—r—-—-r—— 1 lyanl loniadmin 10300 Apr 17 10:18 mat_trans_alt.o
—-rw-r——r—— 1 lyanl loniadmin 2019 Apr 17 10:18 mat_trans_alt.pdb
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TAU Intermediate Files contd. s

[lyanl@poseidon2 single_file]$ cat mat_trans_alt.inst.£f90

! Matrix dimension

data ndim /16,12/

character (len=*), parameter :: FMT1="(12(1x,14))"
character (len=*), parameter :: FMT2="(16(1x,14))"

integer profiler(2) / 0, 0 /
save profiler

call TAU _PROFILE_INIT()
call TAU_PROFILE_TIMER (profiler, '

&MATRIXTRANS _ALT1 [{mat_trans_alt.f90} {1,1}-{90,28}1")
call TAU_PROFILE_START (profiler)
call mpi_init (ierr)

call mpi_comm_size (mpi_comm_world, nprocs,ierr)
call mpi_comm_rank (mpi_comm_world,myrank, ierr)
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Notes For Fortran Programmers o s

» Use“include 'mpif.h'” instead of “use mpi”

o Iffree formatisused on .ffiles (fixed format is the default
for .ffiles), use the “—~optPdtF950pts="'-R free'”
option

« Ifmore than one module files are used, use the
“—optPdtGnuFortranParser” option

o If C preprocessor directives are used, use the
“—optPreProcess” option
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TAU Environment Variables e s

 TAU provides anumber of environment variables to
control its behavior

 TAU_MAKEFILE
« TAU_THROTTLE
« TAU_OPTIONS

 PROFILEDIR

« TRACEDIR

e COUNTER<N>

» Specify what metric(s) to profile (again, PAPI is not available at the
moment)
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Information

TAU_MAKEFILE

« Different makefiles corresponding to different
configuration

e The default is Makefile.tau-icpc-mpi-pdt

e There are a few others

Makefile.
Makefile.
Makefile.
Makefile.
Makefile.
Makefile.
Makefile.
Makefile.

tau-intellO_mvapichl.
tau—intellO_mvapichl.
tau—intellO_mvapichl.
tau—intellO_mvapichl.
tau—intellO_mvapichl.
tau—intellO_mvapichl.
tau-intellO_mvapichl.
tau-intellO_mvapichl.

Ol-callpath-icpc—mpi-compensate-pdt
Ol-callpath—-icpc—mpi-pdt
Ol-depthlimit—-icpc—mpi-pdt
Ol-icpc—mpi-compensate—-pdt
Ol-icpc—mpi-pdt
Ol-icpc—-mpi-pdt-trace

0Ol-icpc-pdt

Ol-icpc-pthread-pdt
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e Override the default instrumentation options for TAU

 Usage example

e export TAU_OPTIONS="-optVerbose —-optKeepFiles
—optPreProcess”
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e Enables callpath profiling

 Record callpath for each event

 Need to set TAU_MAKEFILE to one of those with callpath in its
name

« TAU_CALLPATH_DEPTH
e Ievel to which callpath is recorded
e Defaultis 2
* Overhead increases with the depth of callpath
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Information

Othe r EnVirO nm e nt VaI'i ab le S Technology Services

PROFILEDIR

« Controls where the profile files go (default is current directory)

TAU_THROTTLE
 Enable event throttling
e Purpose: reduce profiling overhead

TAU_THROTTLE_NUMCALLS

TAU_THROTTLE PERCALLS

o Ifafunction executes more than $TAU THROTTLE NUMCALLS
times and has an inclusive time per call of less than
$TAU_THROTTLE _PERCALLS microseconds, then profiling of
that function will be disabled after that threshold is reached
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Exercise 2: Profile MrBayes with ..
TAU

e Copy the source code of MrBayes from
/home/lyanl/traininglab/tau and extract the files

 Compile the code
e Change “MPI” to “yes” and “mpicc” to “tau_cc.sh” in Makefile

e Change TAU_MAKEFILE to Makefile.tau-
intell0_mvapichl.Ol-callpath—-icpc—mpi—-pdt

e Build MrBayes (just type “make”)
 Run the code (with 4 cpus) and check the results

e Copymb.inand primate.nex from
/home/lyanl/traininglab/tau/mb-run

 Run “mpirun -np 4 ./mb <mb.in”

X

LSU HPC Training Series IL@IN]H
May 6, 2009 EHEEHHEE

Louisiana Optical Netwnrk Initiative

_ htp://www.loni.org



http://www.hpc.lsu.edu/

I s U High Performance Computing @ Louisiana State University - rii:o://vyvyvy.hipc.lsu.zduf

CENTER FOR COMPUTATION
& TECHNOLOGY

Information

Selective Profiling

e Instruct TAU
 Which part(s) of the code to profile
 How they are profiled

e -optTauSelectFile=<file>
« BEGIN_(IN/ EX)CLUDE_LIST/ END_(IN/ EX)CLUDE_LIST
« BEGIN_FILE_(IN/ EX)CLUDE_LIST/ END_FILE_(IN/ EX)CLUDE_LIST
« BEGIN_INSTRUMENT_SECTION/ END_INSTRUMENT_ SECTION
 Wildcards (*,?,#) can be used
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Selective profiling contd.

[lyanl@poseidon2 src]$ echo S$STAU_OPTIONS
—-optVerbose —-optTauSelectFile=/work/lyanl/ClusterTest/tautest/lammps-—

mpi-only/src/select.tau

[lyanl@poseidon2 src]$ cat select.tau

BEGIN_INCLUDE_LIST

MPI#
mpi#
Mpi#

END_INCLUDE_LIST

T (= c 0

MPI_Allgatherg
MPI_Allreduced
MPI_Attr_putg
MPI_Barrierd
MPI_Bcast
MPI_Cart_create(
MPI_Cart_getd
MPI_Cart_rankg
MPI_Cart_shiftd
MPI_Comm_created
MPI_Comm_freeq
MPI_Comm_groupd
MPI_Comm_rank{
MPI_Comm_sizeq
MPI_Comm_splitd
MPI_Errhandler_setg
MPI_Finalize(
MPI_Gel_count
MPI_Group_freed
MPI_Group_incld
MPI_Initg
MPI_Irecv(
MPI_Recy
MPI_Rsend{
MPI_Scang
MPI_Sendd
MPI_Sendrecv(
MPI_Type_commitd
MPI_Type_contiguousg
MPI_Type_extent
MPI_Type_lb{
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Exclusive Time: 10.577 seconds
Inclusive Time: 10.577 secands
Calls: 4074360

SubCalls: 0.0

4]

select cancel
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Information

Trac ing Technology Services

 Recording of information about events during execution
* Entering/exiting code region (function, loop, block...)
 Thread/process interactions (send/ receive message...)

e Save information in event record

 Timestamp
 CPU identifier
« Event type and event-specific information

« Event trace is a time-sequenced stream of event records
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e Pick the correct TAU MAKEFILE (those with “trace” in
the file name)

e Compile with TAU compiler wrappers and execute

« Use external utilities to analyze the trace files
« JUMPSHOT
« VAMPIR

e Be careful: trace files can grow very big!
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Information

NO t C O Ve re d Technology Services

« Database management

e Trackmemory and IO
e Instrumentation API
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Information

Re fe re n C e S Technology Services

« TAU documentation:
http:// www.cs.uoregon.edu/ research/ tau/ docs.php

 ACTSwebsite for TAU:
http://acts.nersc.gov/ tau/ index.html
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