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Starting survey

We'd like to know a little about you, your application(s), and
your expectations and desires from this tutorial
What programming paradigms do you use in your app(s)?
= only MPI, only OpenMP, mixed-mode/hybrid OpenMP/MPI, ...
m Fortran, C, C++, mixed-language, ...
What platforms/systems must your app(s) run well on?
m Cray XT, IBM BlueGene/P, SGI Altix, Linux cluster™ ...
Who's already familiar with serial performance analysis?
= Which tools have you used?

» time, print/printf, prof/gprof, ...
Who's already familiar with parallel performance analysis?
= Which tools have you used?

» time, print/printf, prof/gprof, mpiP/ompP, IBM HPC Toolkit, ...



Virtual Institute —

High Productivity Supercomputing

Goal: Improve the quality and accelerate the development
process of complex simulation codes running on
highly-parallel computer systems

e Funded by Helmholtz Association ﬁ HELMHOLTZ
of German Research Centres ‘ ASSOCIATION

e Activities

m Development and integration of HPC programming tools
» Correctness checking & performance analysis

® Training workshops

m Service
» Support email lists
» Application engagement

m Academic workshops

wWww.Vi-hps.org
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Productivity tools

e Marmot
m Free MPI correctness checking tool
« PAPI
m Free library interfacing to hardware performance counters
Periscope

m Prototype automatic analysis tool using an on-line distributed
search for performance inefficiencies

Scalasca

m Open-source toolset for analysing the performance behaviour
of parallel applications to automatically identify inefficiencies

Vampir/VampirTrace

m Commercial tool for graphical trace visualization & analysis,
and open-source event tracing library

[Productivity Tools Live-DVD contains latest tools releases]
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Tool to check for correct MPI usage at runtime n/

-

|,
m Checks conformance to MPI standard i}:@mmm

» Supports Fortran & C bindings of MPI-1.2
m Checks parameters passed to MPI
= Monitors MPI resource usage
Implementation
m C++ library gets linked to the application
m Does not require source code modifications

m Additional process used as DebugServer
m Results written in a log file (ASCII/HTML/CUBE)

Developed by HLRS & TU Dresden

m Released as open-source
m http://www.hlrs.de/organization/av/amt/projects/marmot

=
\
\ \ \


http://www.hlrs.de/organization/av/amt/projects/marmot

Marmot logfiles

: Error from rank 0(Thread: 0) with Text: ERROR: MPI Send: datatype is not
valid!

MPI_Comm_size @line:
MPI_Type_contiguous (
MPI_Recv @line: 56
MPI_Send @line: 53

(5] livetau@localhost:Exercise Cube 3.2 QT: Exercise/Marmot_datatype.exe_20090807_132838.cube
Fle Edit View Terminal Tabs Help Fle Display Topology Help
1 (localhost.localdomain) A Absolute | [ Absolute | [ Absolute .
for MPI-Standard information see:/usr/local/packages/marmot-2.3.0/share/doc/m Wetric tree calltree | Fiat view System tree
armot-2.3.0/MPI-STANDARD/marmot err/nodel64.html £} [0 Messages £ [] 0 CallTree £ [ - MPI-Enviroment
- [ 38 Infos [J 0 Unknown Location £+ [ - MPI-Processes
. . &+ @ 6 Warni 0 Not 0 rank 0
3: Warning global message with Text: Processes 0 and 1 both run on localhost. % 10 Notee: E%0|;aﬁ%xnne$ages %.Lgﬂkl
localdomain & [ 0 Errors [] 0 Warning Textmessages
for MPI-Standard information see:/usr/local/packages/marmot-2.3.0/share/doc/m L[l 1 ERROR - Datatype is not valid! []El?fqokann65ages
_ _ atatype.c
armot-2.3.0/MPI-STANDARD/marmot err/nodel65.html 0 MPL Init @line: 47
MPI_Comm_rank @line

] o

0
0
0
1
0

On Call: MPI Send From: datatvpbe.c line: 53 for MPI-Standard information see:/
e <]

usr/local/packages/mart MARMOT HTML Logfile - Konqueror
File Edit View Go Bookmarks Settings Window Help

G v @ @ € /homeflivetau/workshop-marmet/Exercise/Marmot_datatype.exe_20000807_130509 htm av

10: Error from rank 1( default: 1000 microseconds)

id!

vatid! Text: MARMOT_MAX_TIMEOUT ONE = 0

On Call: MPI Recv From 0 Globall 0 (Information|(maximum message time, Unknown

usr/local/packages/mar default: 0 microseconds)

/node28.html Text: MARMOT_MAX_TIMEOUT_TWO = 0

[livetau@localhost Exe 0 Globall 0 (Information|(maximum message time, Unknown
default: 0 microseconds) I
Text: MARMOT_LOGFILE_PATH = g o 1(100.00%) 1]

0 Global 0 Information|(path of Marmot log file output, Unknown |

default: )

IText: MARMOT_ERRCODES_SET = (not set)
(not functional yet)

Global 0 Information(lext: End of the environmental variables info. | Unknown
[Text: Thread Syncronisation is disabled.If you

Global 0 Information| Unknown

Global 0 Information - d ) Unknown
are using multiple threads errors might occur
- IText: Debugserver runs on same node as Infos see
. el v LT process 0 (localhost.localdomain) e MPI-Standard
. [Text: Debugserver runs on same node as Infos see
2 clone g L LGN process 1 (localhost.localdomain) Bz MPI-Standard
- [Text: Processes 0 and 1 both run on Infos see ]
e SleEl) @ L L] localhost.localdomain LU MPI-Standard
[Text: ERROR: MPI_Send: datatype is not valid!
datatype.f Infos see
10 0 0 Error line: 53 | MPI-Standard
Call: MPI_Send )
[Text: ERROR: MPI_Recv: datatype is not valid! datatvoe.d  Infos see
10 1 0 Error ype.

line: 56 | MPI-Standard

Call: MPI_Recv

<> (




Portable performance counter library
m Configures and accesses hardware/system counters
m Predefined events derived from available native counters

m Core component for CPU/processor counters

» instructions, floating point operations, branches predicted/taken,
cache accesses/misses, TLB misses, cycles, stall cycles, ...

» performs transparent multiplexing when required
m Extensible components for off-processor counters

» InfiniBand network, Lustre filesystem, system hardware health, ...
m Used by multi-platform performance measurement tools

» PerfSuite, Periscope, Scalasca, TAU, VampirTrace, ...

Developed by UTK-ICL

m Available as open-source for most modern processors
http://icl.cs.utk.edu/papi/

PAPI


mailto:scalasca@fz-juelich.de
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Periscope Z-J |

e
Automated profile-based performance analysis

m |terative on-line performance analysis

m Automatic search for bottlenecks based on properties
formalizing expert knowledge

» MPI walit states

» Processor utilization hardware counters
m Multiple distributed hierarchical agents
m Eclipse-based integrated environment

Supports
m SGI Altix Itanium2, IBM Power and x86-based architectures

Developed by TU Munich
m Released as open-source

m http://www.Irr.in.tum.de/periscope
SC


http://www.lrr.in.tum.de/periscope

Periscope plug-in to Eclipse

Java - GENE/field solve_kxky-psc.f90 - Eclipse Platfonm =][o | x
Ble Edit Mavigste Search Project Pun  Window Help

1 Packag E % Hierare | = O | %8| g_sca_128_install.ps [5) comm-pecfa0 | field_sobve psc H O™ = 0O|| = outline 4 SIROutline = . [ TaskList = O
k] H o g_Eca Lig ) = F _ | P =
B & - 33 Fu-_-.e.l_], Dimensiong:, et 1 . Allocatable:: mmat,mmat_perf [~ ||+ = cir File: harnefrairypwerkapacesfruntime-Pas
oot e n J= Complex, Dimensiont(i,i,:l, allecatable i p_phi_int, p_phi_int2 = @ subrowutine: CALC_REST (547220) [1-34)
_ fourier_miklFao 35cantains e call: FIELD_SOUVE KKV (1AE[1AS) [1-97
g 16 _scapsc 37 Subroutine field salwe_kxky(p_g_1,p_emfields) ’7 < m subrouting: CALFULLRHS_KXKY_1 (400118}
[E g_16_sea.pscold 351 Arguments . \
- 416 _sca.psc Complex, Dimensionflil:liZ 1j1:172, Lkl:1k2,111: 112, Iml: lm2, Lnl:1ln2), Inter m+ call: MY_REAL_MAX _TO_ALL (78/79] (4-2
i 9_16_scabipse 47 complex, dimensiaon{lbx:ubx,lj1:132, lbzzubz, 1:n_fields], intentiout) :: p_e = @ subroutine: MY_REAL_MAX_TO_ALL (SB/173
[2 _16_scabipscold 41 ## call: ME_ALLREDUCE [114/114] {10-240
<21 Local warrables (put an stack]

T 9_32_scapsc a7 = @ subroutine: My_COMPLEX_SUM WVWSPEC [
¥ 9_22_scapscold .
& g_32_scabipsc

Integer 1 3, k., Lo mon, @ »# call: MP_aLLREDUCE [406/a06) (10-312
comelex, dimension(lil:li2,131:132,k1:1k2,1:in_fields] :: moments = @& subrouting: FIELD SOLVE KXY [121/920)

 a_32_scabipscald complex, dimensionilil:laiz, 131:172, Lk1:1kz, 1:n_fields,lni:1nz) :: vmomentis

Source code view

e call: MY_CO

= @ program; GEME [
= ¥ loop: (0/334) (1

= & usermegion: [20

we call CALC_EXP

EX_SLM_VWSPES (103]
1618-21]

call perfon ['FldSolvesf')

%0 B_sca_instlSpsc 221 Gyroaverage and calculation of the first two moments of the distribution fur o @ subrouting: CALE
gop s 118,05 541 We use the BLAS routines for a real array with double the size ta speed up t N o SIR I- L]
=19 -‘m—!n‘ -pat ©21 [thers is no reutine for real*complex and complex*complex has more opsraticr = & loop: (073} (32 Out Ine VIeW
T2 g_B_sca_insta.psc 55 #e call: CALL
g B sa instdpss 57 1f [perf_vec(1).eg.1) then
e 54 call calec_mamentsi(n_fields,.false.,.p_g_1, mmat, vmoments)
=] a_B_sca_installpsc e
) o_B_scapsc & call calc_maments_perfilijke, Llm@, n_fields,.p_g_1,mmat_parf,vmoments]
[ g_B_sca.pscold Gl end1f
T2 g_B_scabf_instg.psc J 3
=] n_B_scabfpsc 54 moments=sum{ymamants , 51
 g_B_scabfpscald ] == call my_camplex_sum wvwspec{moments,n_fields*lijka) [+
= g_sca 128 install psc [*] L I [*]
gauss quadrature-pse f || [E] Problems | @ |avader | [ Declaration €] Errar Leg | @ i @ Penaeope Clustering view| 4" Search B cansole g =0
gauss.quadratura Fo0 u . - - E— o
Bl GENE_saript.sh arme Process| Sewerty : enama Confidence| ra -
eme-pac.fan Stalls dus to waiting for data delvery to register | 46 an.zz figld_sohve lodoe-pscdon ! 1oo !
Stalls dus to waiting for data delvery to register | 5 30,32 field_solva_lodey-pscfoo | 100 |
Pro'ect Vie‘ N/ Stalls due to waiting for data delvery to register | 45 andl field_sohe_ksoy-pac.fon | o0 !
J L2 misses {102 3n.s3 field_solve_ledoe-pscfon ! 100 _ 28=221330 LMisses=164B3L L3Misses=
E gensl28front Stalls dua to waiting for data deliery to register 17 31.11 figld_solva_lodey-pee fo0 1.00
 genezizfrontold 1a64 Pipeline Stall Cycles Lo 3114 | Aeld_sohve_lkdeepscfon ! 1.0
- - Pipel Il eyclas E : field_sohva_sy-pscfon | 1,
E gene512frontold1 164 !P'? in Stall Cycls i 56 3139 eld_solve_lodoy-pec fo0 | 1.00
[ GeneFiles txt 454 Pipeline Stall Cycles | sa 31.65 field_solve_lodee-psefon | 1.00
_ ' 1af4d Ringline srall curlas i am 41 RA field_snhim ldoerse fan i 1 0o
[ gerecut tar Sl Fters | G| Search:[— | La[1RE 131 Sheown - 1 Selected -

[T

— ¥ Sort: [Severity (FWDI]
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Automatic performance analysis toolset

m Scalable performance analysis of large-scale applications
» particularly focused on MPI & OpenMP paradigms
» analysis of communication & synchronization overheads

m Automatic and manual instrumentation capabilities

m Runtime summarization and/or event trace analyses

m Automatic search of event traces for patterns of inefficiency
» Scalable trace analysis based on parallel replay

m |nteractive exploration GUI and algebra utilities for XML
callpath profile analysis reports

Developed by JSC & GRS
m Released as open-source
m http://www.scalasca.org/

scalasca (3


http://www.scalasca.org/

Eile  Display Topology Help

[Absolute |v] [Absolute |vl [Peer percent |v]
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@ [ 0.000 File 1O
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L [ 0.000 Overhead

-0 1.641e10 Visits
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& O 0 Communications

l 3.201e9 Point-to-point

[ 58.58228 Collective

[0 0 Remote Memory Access
& [ 0 Bytes transferred

|:| §.463e12 Point-to-point

M 1.662e16 Collective i

B [d 632 851 stepperstepflowdt (100,000%)
B+ [ 0.000 snessole
B [ 0.000 SNESSolve (0.000%)
2 [ 44.834 SNESSolve LS (100.000%)
[d 15578.633 VecNormEnd
d 20612.084 SNESComputelacobian
O 388605,174 SMES KSPSolve
d 28575.416 SHESLiIneSearchio

=& [ 559.785 steppersteptransportdt (100.000%:)
B [J 0.000 snessolve

B O 0.000 SNESSolve [0.000%)
& [ 579.190 SNESSohve LS (100.000%)
[ 50795.340 VecNormEnd
=+ [ 0.000 SNESComputelacobian (0.000%)
B [] 0.000 oursnesjacobian
2 [J 0.000 rtjacobian (0.000%)
& [ 213.507 rjacobianpatch2 (100.000%)
& (J 0.000 matassemblybegin
2 [] 0.000 MatassemblyBegin
B [ 244 576 MatassemblyBegin MPIBAI|
L 0 263313.568 MPI_Allreduce
O 7279.833 matzerorowslocal
& O 0.000 SNES_KSPSolve
& O 0.000 KSPSolve (0.000%)
O 0.000 YecSet

L 165768.572 MP|_Allreduce
O 75544.625 KSPSolve BCGS
= [ 0.000 SMNESLineSearchio (0.000%)
B [ 0.000 VecMorm

& [ 0.000 VecMorm_MPI

]

[0 0 Remote Memory Access L [ 237258.334 MP|_allreduce
e [ 0 MPI file operations
3 I — i € DY | € (41+]
0.000 1.257e6 (11.878%) 1.058e7| (0.000 G.673e3 (93.107%) 1.257e6 100.000

100.000
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Vampir & VampirTrace

Interactive event trace analysis

m Alternative & supplement to automatic trace analysis

m Visual presentation of dynamic runtime behaviour
» event timeline chart for states & interactions of processes/threads
» communication statistics, summaries & more

m |nteractive browsing, zooming, selecting
» linked displays & statistics adapt to selected time interval (zoom)
» scalable server runs in parallel to handle larger traces

Developed by TU Dresden ZIH
m Open-source VampirTrace library bundled with OpenMPI 1.3
m http://www.tu-dresden.de/zih/vampirtrace/
m Vampir Server & GUI offered with a commercial license

wEEEs. mEEEm

sEEnn

m http://www.vampir.eu/

VAMPBIR



http://www.tu-dresden.de/zih/vampirtrace/
http://www.vampir.eu/

Vampir interactive trace analysis GUI
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Technologies and their integration
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VI-HPS component technologies

Key tool components also provided as open-source

m Program/library instrumentation
» OPARI, POMP, PDToolkit

s MPI library/tool integration
» UniMCI

m Scalable 1/O
» SIONIib

m Libraries & tools for handling (and converting) traces
» EPILOG, EARL, PEARL, OTF

m Analysis algebra & hierarchical/topological presentation
» CUBE



POINT/VI-HPS collaboration

T/iU - > Scalasca
POINT | VI-HPS
PertSuite Vampir

VI-HPS collaborates with the POINT project in the USA
m Petascale Productivity from Open, Integrated Tools
m Funded by US NSF SDCI, Software Improvement & Support

m University of Oregon, University of Tennessee, UIUC NCSA,
and Pittsburgh Supercomputing Center

= Www.nic.uoregon.edu/point
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PerfSuite J |

e —
Entry-level (routine) profiling tools
m |[ntended to be simple to use, low measurement overhead
» works with unmodified, dynamically-linked executables
m Statistical sampling profiles based on time or HWC events
m XML-based reports with configurable processing utilities
» can be viewed in Web browser, with ParaProf or Cube3
m Processor inventory utility captures measurement metadata
m Performance event measurement configuration utility

Developed by UIUC/NCSA
m Available as open-source for x86, x86-64 & ia64 Linux
m Can be used with MPI, OpenMP & pthreads
m http://perfsuite.ncsa.uiuc.edu/



http://www.fz-juelich.de/zam/kojak/opari/

PerfSuite psconfig & performance reports

Se h events for: ICB.EI"IE! -—I Search available events ﬂ“ly [3 File Edit Yiew MNawvigation Bookmarks Maill Window Help _ﬁl x
= X7
5 OfximghlcOBEl 32
Search Back Feload Home Hotlist MNew Mal Open Save Frint Find  Tile Cascade Fullscreen
[@ eBay [§ Amazon [JLiving @ Super search [0 Opera @ Find in page search |@ Amazoncom search  [§ OperaMail
Event Available Event Mot Available O Persuite

(3 http:¢/perfsuite.ncsa, uiuc.edu,-"psprucessfpsprucess—example-hw;;ﬂ@& Google search ;IQ, 1003
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TAU Performance System

Integrated performance toolkit
m |nstrumentation, measurement, analysis & visualization
» Highly customizable installation, API, envvars & GUI
» Supports multiple profiling & tracing capabilities
m Performance data management & data mining
m Targets all parallel programming/execution paradigms
» Ported to a wide range of computer systems
m Performance problem solving framework for HPC
m Extensive bridges to/from other performance tools
» PerfSuite, Scalasca, Vampir, ...
Developed by U. Oregon/PRL
m Broadly deployed open-source software

= http://tau.uoregon.edu/ %


http://tau.uoregon.edu/
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VI-HPS Training & Tuning Workshops _ﬂ

e Goals
m Give an overview of the programming tools suite
m Explain the functionality of individual tools
m Teach how to use the tools effectively
m Offer hands-on experience and expert assistance using tools
m Receive feedback from users to guide future development

For best results, bring & analyse/tune your own code(s)!

VI-HPS Tuning Workshop series

m Aachen (3/08), Dresden (10/08), Julich (2/09), Bremen (9/09),
Garching (3/10), Amsterdam (05/10)

Joint POINT/VI-HPS Tutorial series <10
= SC (11/08), ICCS (5/09), SC (11/09), SC (11/10) —5<*
Training with individual tools & platforms (e.g., BlueGene)



Outline (day 1)

Sunday 31st October
m 08:30 (registration & notebook computer set-up)
m 09:00 Welcome [Bungartz, TUM]
m 09:15 Introduction [Wylie, JSC]
» Virtual Institute — High Productivity Supercomputing
» Building and running the tutorial exercise NPB3.3-MPI/BT
m 09:45 Intro. to parallel performance analysis [Wolf, GRS]
m 10:30 Cachegrind [Weidendorfer, TUM]
m 12:00 (lunch)
m 13:30 Periscope [Gerndt, TUM]
m 15:00 Scalasca [Wylie, JSC]
m 16:30 Review of day
m 17:00 (adjourn)



Outline (day 2)

-
Monday 1st November
m 09:00 Vampir [Weber, TUD-ZIH]
= 10:30 IBM HPC Toolkit [Allsopp, KSL]
11:00 Wrap-up discussion [Bungartz/Weinzierl, TUM]
11:30 (lunch)
13:30 KSL User Assistance [all]

» Analysis & tuning of participants' application codes

= Ensure your code builds and runs to completion in a reasonable time
(say 15 minutes) with an appropriate dataset for initial analyses

= Also prepare some larger/longer scalability “production” configurations
(perhaps with only a few iterations/steps) to analyse if time permits

- Consider preparing different versions (algorithms/optimizations) or
systems to compare

m 17:00 (adjourn)



£
POINT/VI-HPS Live-DVD J_*!

-
e Bootable Linux installation on DVD (or USB memory stick)

e Includes everything needed to try out our parallel tools on
an x86-architecture notebook computer
s GCC compiler suite (with OpenMP support), OpenMPI library
m POINT tools: PAPI, PerfSuite, TAU
m VI-HPS tools: Marmot, Periscope, Scalasca, VT/Vampir*
m Other tools: BUPC, dyninst, Eclipse/PTP, PPW, TotalView*

» * time/capability-limited evaluation licences provided for
commercial products

» Manuals/User Guides
m Tutorial exercises and examples

e Prepared by U. Oregon Performance Research Laboratory
m Sameer Shende
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