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Opening

* Presenters
m Shirley Moore (University of Tennessee ICL)
m Sameer Shende (University of Oregon PRL)
m Tobias Hilbrich & Joachim Protze (TU Dresden)
m Yury Oleynik & Josef Wiedendorfer (TU Minchen)
» \Wolfgang Frings & Brian Wylie (Julich Supercomputing Centre)
m Judit Gimenez & Jesus Labarta (Barcelona Supercomp. Center)

e Thanks
m | ocal arrangements & facilities
» Daniel Becker, Marc-André Hermanns (GRS)
» Systems: JSC & RWTH
m Sponsor: Bull
= You
» Your questions, suggestions & feedback are highly valued



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



VI-HPS partners & associates

Forschungszentrum Jilich ,' JULICH
m Jllich Supercomputing Centre FORSCHUNGSZENTRUM
RWTH Aachen University RWNTH
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m Centre for Information Services & HPC DRESDEN
University of Tennessee (Knoxuville) e NIVERSITYof
m |nnovative Computing Laboratory TENNESSEEW
German Research School )
= Laboratory of Parallel Programming iy ke
Technical University of Munich TECHNISCHE
. . UNIVERSITAT
m Chair for Computer Architecture m MONCHEN
UniverSity Of Oregon O UNIVERSITY OF OREGON
= Performance Research Laboratory =~ ™
University of Stuttgart “ Universitat Stuttgart

m HPC Centre



VI-HPS productivity tools

o KCachegrind

m Callgraph-based cache analysis

Marmot/MUST

m MPI correctness checking

« PAPI

m Interfacing to hardware performance counters
Periscope

m Automatic analysis via an on-line distributed search
Scalasca

m | arge-scale parallel performance analysis

e TAU

m |ntegrated parallel performance system
Vampir/VampirTrace

m Event tracing and graphical trace visualization & analysis



Technologies and their integration

KCACHEGRIND

SCALASCA

Hardware Automatic
—| monitoring profile & trace
analysis
MARMOT/MUST
Error Visual trace
e detection analysis
Execution Optimization

VAMPIR




VI-HPS Training & Tuning Workshops

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

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

e VI-HPS Tuning Workshop series

m Aachen (3/08), Dresden (10/08), Julich (2/09), Bremen (9/09),
Garching (3/10), Amsterdam (05/10), Stuttgart (03/11)

e VI-HPS Tutorial series
= SC'08, ICCS'09, SC'09, Cluster'10, SC'10, SC'11
e Training with individual tools & platforms (e.g., BlueGene)



Upcoming VI-HPS training events

A
e SC'11 tutorial (13 Nov 2011, Seattle, WA, USA) fscn

m full-day hands-on tutorial using Live DVD L
m “Practical hybrid parallel application performance engineering”

e Further events to be determined
m (one-day) tutorials
» with guided exercises using Live DVD
m (multi-day) training workshops
» with your own applications on real HPC systems

Check www.vi-hps.org/training for announced events
e Contact us if you might be interested in hosting an event



POINT/VI-HPS Live-DVD

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

= VI-HPS tools: KCachegrind, Marmot, PAPI,
Periscope, Scalasca, TAU, VT/Vampir* —

m Also: Eclipse/PTP, TotalView*, etc.

» * time/capability-limited o A
eva I u atl O n I I Ce n Ces p rOVI d ed Also includes: TotalView, DyninstAPI, PDT, Eclipse PTP, scalasca .
fO r CO m m e rCia I p rOd u CtS Berkeley UPC, ptoolsrte, Chapel, and much more... . B

s GCC (w/ OpenMP), OpenMPI
» Manuals/User Guides
m Tutorial exercises & examples

e Produced by U. Oregon PRL PO'NT Vi |'IPS

m Sameer Shende

VAMEBEIR

—

Isc

September 2010

http://nic.uoregon.edu/point http://www.vi-hps.org


http://www.vi-hps.org/training
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Monday 5 Sepit.
m 09:00 (early registration & set-up, individual preparation)
m 12:00-13:30 (lunch)
m \WWelcome & introduction to VI-HPS
m |[ntroduction to parallel performance analysis
m 15:00-15:30 (break)
m Overview of VI-HPS tools
m | ab setup
m 17:30 (adjourn)

m 19:00 Dinner sponsored by Bull, “Im Alten Zollhaus”



Outline of rest of week

Tuesday 6 Sept.

m 09:00-10:30 Scalasca e Hands-on exercises part
= 11:00-12:30 Periscope of each tool presentation
Wednesday 7 Sept. every morning session

= 09:00-10:30 TAU

= 11:00-12:30 KCachegrind ¢ Hands-on coaching to
Thursday 8 Sept. apply tools to analyse &

= 09:00-10:30 Vampir tune your own codes on

= 11:00-12:30 Paraver workshop HPC systems

, each afternoon to 17:30
Friday 9 Sept.

= 09:00-10:30 Marmot / MUST

m 11:00-12:30 VI-HPS libraries:
PAPI & SIONIib



Prepare to analyse your own application codes r‘)\:}

e Ensure your application codes build and run to completion
with appropriate datasets

m initial configuration should ideally run in less than 15 minutes
with 1-4 compute nodes (up to 96 processes/threads)

» to facilitate rapid turnaround and quick experimentation
m larger/longer scalability configurations are also interesting
» turnaround may be limited due to busyness of batch queues
o Compare your application performance on other systems
m VI-HPS tools already installed on a number of HPC systems

» if not, ask your system administrator to install them
(or install a personal copy yourself)



VI-HPS productivity tools

o KCachegrind

m Callgraph-based cache analysis

Marmot/MUST

m MPI correctness checking

« PAPI

m Interfacing to hardware performance counters
Periscope

m Automatic analysis via an on-line distributed search
Scalasca

m | arge-scale parallel performance analysis

e TAU

m |ntegrated parallel performance system
Vampir/VampirTrace

m Event tracing and graphical trace visualization & analysis



y A
KCachegrind J_,J'_J_F)S

Cachegrind: cache analysis by simple cache simulation
m Captures dynamic callgraph
m Based on valgrind dynamic binary instrumentation
m Runs on x86/PowerPC/ARM unmodified binaries
» No root access required

m ASCII reports produced Binary = /@’ Valgrind
[KQ]Cachegrind GUI ooy | Y09 e

= Visualization of cachegrind output o P 1 ot
Developed by TU Munich 2-level $ Simulator

m Released as GPL open-source
m hitp://kcachegrind.sf.net/



KCachegrind GUI _F)S}
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http://kcachegrind.sf.net/

BN ks

Tool to check for correct MPI usage at runtime

m Checks conformance to MPI standard

» 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

WARMOT

7
l

=2
—k/



Marmot logfiles

=] livetau@localhost:Exercise

Cube 3.2 QT: Exercise/Marmot_datatype.exe_20030807_132838.cube

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

PI_Comm_size @line:

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

He Edit View Terminal Tabs Help Fle Display Topology Help
1 (localhost.localdomain) A Absolute «| [ Absolure | [ 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
3: Warning global message with Text: Processes 0 and 1 both run on localhost. i %?gﬁggﬁ“ %}8ﬁ%ﬁ;nnwsﬁgg %2:@2&?
localdomain & [ 0 Errors [] 0 Warning Textmessages
for MPI-Standard information see:/usr/local/packages/marmot-2.3.0/share/doc/m (M 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 BE— |

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 1
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

£>(



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

Next generation MPI| runtime error detection tool
m Successor of the Marmot and Umpire tools

m |nitial merge of Marmot's many local checks with Umpire's
non-local checks

m [mproved scalability expected in future

Developed by TU Dresden, LLNL & LANL
m to be released as open-source (BSD license)
m currently in beta-testing for first release in November 2011
m http://tu-dresden.de/.../must



PAPI

Portable performance counter library & utilities
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

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

Developed by UTK-ICL

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

PAPI


http://tu-dresden.de/die_tu_dresden/zentrale_einrichtungen/zih/forschung/software_werkzeuge_zur_unterstuetzung_von_programmierung_und_optimierung/must

PAPI preset counters (and their definitions)

juropa$ papi_avail
Available events and hardware information.

PAPI Version 1 4.1.0.0

Vendor string and code : GenuinelIntel (1)

Model string and code : Intel(R) Xeon(R) CPU
X5570 @ 2.93GHz (26)

CPU Revision : 5.000000
CPUID Info : Family: 6 Model: 26
Stepping: 5
CPU Megahertz : 1600.000000
CPU Clock Megahertz : 1600
Hdw Threads per core 1 2
Cores per Socket 1 4
NUMA Nodes 12
CPU's per Node : 8
Total CPU's : 16
Number Hardware Counters : 16
Max Multiplex Counters : 512
Name Code Avail Deriv Description

PAPI_L1 DCM 0x80000000 Yes No
Level 1 data cache misses

PAPI L1 ICM 0x80000001 Yes No
Level 1 instruction cache misses

0f 107 possible events, 35 are available, of
which 9 are derived.

juropa$ papi_avail -d

Symbol Event Code Count
|Long Description|
|Developer's Notes|

|Derived |

| PostFix|

Native Code[n]: <hex> |name|

PAPI_L1_DCM 0x80000000 1 |L1D cache misses|
|Level 1 data cache misses|

|Short Descr. |

INOT DERIVED|

|l
Native Code[0]: 0x40002028 |L1D:REPL |

PAPI_L1 ICM 0x80000001 1 |L1I cache misses
|Level 1 instruction cache misses|

|

NOT_DERIVED|

|

Native Code[0]: 0x40001031 |LII:MISSES|

PAPI_L2_DCM 0x80000002 2 |L2D cache misses|
|Level 2 data cache misses|

|l
|DERIVED SUB|

|l

Native Code[0]: 0x40000437 |L2 RQSTS:MISS)|
Native Code[l]: 0x40002037 |
L2 RQSTS:IFETCH MISS|


http://icl.cs.utk.edu/papi/

PAPI native counters (and qualifiers)

juropa$ papi native avail
Available native events and hardware information.

Event Code Symbol | Long Description |

0x40000000  UNHALTED_CORE_CYCLES | count core clock cycles whenever the cloc |
| k signal on the specific core is running (not halted). Alias to e |
| vent CPU CLK UNHALTED:THREAD |

0x40000001  INSTRUCTION_RETIRED | count the number of instructions at retire |
| ment. Alias to event INST RETIRED:ANY P |

0x40000086  UNC_SNP_RESP_TO REMOTE_HOME | Remote home snoop response - LLC d |
| oes not have cache line |

40000486 :I_STATE | Remote home snoop response - LLC does not have cache |
| line |

40000886 :S_STATE | Remote home snoop response - LLC has cache line in S |
| state |

40001086 :FWD_S_STATE | Remote home snoop response - LLC forwarding cache |
| line in S state. |

40002086 :FWD_I STATE | Remote home snoop response - LLC has forwarded a |
| modified cache line |

40004086 :CONFLICT | Remote home conflict snoop response |
40008086 :WB | Remote home snoop response - LLC has cache line in the M s |
| tate |

40010086 :HITM | Remote home snoop response - LLC HITM |

Total events reported: 135



Periscope

Automated profile-based performance analysis
m |terative on-line performance analysis
» Multiple distributed hierarchical agents

m Automatic search for bottlenecks based on properties
formalizing expert knowledge

» MPI wait states

» Processor utilization hardware counters
m Clustering of processes/threads with similar properties
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



Periscope properties & strategies (examples)

MPI
m Excessive MPl communication time
m Excessive MPI time due to many small messages
m Excessive MPI time in receive due to late sender

Hardware performance counters (platform-specific)
m Cycles lost due to cache misses
» High L1/L2/L3 demand load miss rate
m Cycles lost due to store instructions
m Cycles lost due to address translation misses
m Cycles lost due to no instruction to dispatch


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

Periscope plug-in to Eclipse environment

A =

ot i pas
_ fourier_miklFao
1 n_16_scapsc

[ 0_16_sca . pscold
= g_16_scabipsc

[5 9_16_scabfpscold
| 9_32_scapsc

¥ 9_22_scapscold
& g_32_scabipsc

[ g_32_scakbfpscold

Ble Edit HNavigste Search

Java - GENE/feld solve kxlky-psc. 190 - Eclipsa Platfonm

Project  Bun Wwindow Hslp

i Packag 2 . T& Hierarc = O

-

B

®|g_sca_128_install ps [51 carnm-pecde0 7| field_sohve_lkedey-pse I L =0

13 Real, Dimension(:,:,: 0 !0, 2], &llocatable:: mmat, mmat_perf | 4]
24 Complex, Dimensiaon|

Socantalns
37 Subroutine field salwe_kxky(p_g_1,p_emfields) ’7
Zo1 Arguments

Complex, Dimensionflil:liZ 1j1:172, Lkl:1k2,111: 112, Iml: lm2, Lnl:1ln2), Inter
ag complex, dimensiomilbxiubx, L31:Ly2, Lbziubz, Lin_faelds], imtemtiout) :: p_e

<21 Local warrables (put an stack]

Integer 1 3, k., Lo mon, @
complex, dimensiomilil;li2,131:192,Lk1:1k2,1:n_fields] :; moments
complex, dimension(lil:liz 131:132, Lk1:1k=2,1:n_f1elds,lni:1n2} :: vmoments

Call perfom ['FldSolvesf'])

4 g_B_sca_instls psc
| _B_sta_inst18.psc
72 g_B_sca_insta psc
= g_B_sca_instdpsc
) g_B_sca_installpse
FH o B_sca.psc

|5 g_B_sca.pscald

2] g_B_zcabf_insta.psc
= g_&_scabfpsc

|2 o_B_scabfpscold

= g_sca_l2&_install psc
gaus s quadrature-pec fr

gauss.quadrature Fe0

B GENE_script.sh
ene-psc.fan

Project view

[Z ganal2afront
|2 genesi2frontold
El gene312fronteldl
B GaneFiles tst

] gerecut tar

[T
"

E

*|

541 We use the BLAS routines for & real array with double the size to spesd up t
21 [there 1z no reutine for real*complex and complex*complex has more operaticr
£

1f [perf_vec(1).eg.1] then

54 call calc_momentsin_fields,.false.,p_g_1, mmat, vmoments)

elss

i call calc_momants_perfilijke, LlmB, n_fields.p_g l.mmat_parf,vmoments]
51 endaf

54 moments=sum{ymamants, 5l

[= (= =]

oF Outline |4 SIR Cutlime I . [E] Tesk List| = O

= I SiR File: fharnefrairypwerkapacesfruntime-Pas

=4

@ subroutine: CALC_REST (5472200 [1-34)
wr call: FIELD_SOLVE KXKY (1AS[166) [1-47]
@ subrouting: CALFULLRHS KXKY_1 (40/119)
e call; MY_REAL_MAX TO_ALL (7AF70] (4-2
@ subroutine: MV_REAL_MAX_TO_ALL (SE) 173
## call: ME_ALLREDUCE [114/114] {10-240
® subroutine: MY_COMPLEX_SUM_WVWSPEC [
»» call: MPI_ALLREDUCE [406/406] (10-312
& subroutine: FIELD_SOUYE_EXEY [131/320)
w call: MY_COMSLEX_SUM_\VWSPES (183
& program: GEME [ 1618-21]
= £ loop: (0/334) (1
= & usermegion: [20
we call CALC_EXP
® subroitine: CALC

= ¥ loop: (0730 (32 SIR Outline VieW

v call: CALC

o= call my_camplex_sum wvwspec{moments,n_fields*lijka) [+
B ; | i
[£5 Prablams | @ [avader | (& Declaration | €] Error Log | @ i @ Penaeope Clustering view| 4" Search B cansole 4 =0
Marne Process| Sewerty Alename Confidence Estra —
Stalls clue to waiting for data delfvery to register T 3n.zz2 fzld_sohe_ledo-psc foo ioL1oo |
Stalls dus to waiting for data delivery to register 5 30,32 field_sohve_kedoy-psc foo 1.00
Stalls due towaiting for data delwery to register 45 andl field_sole_kdos-pac fon 1.00
L2 misses 102 3n.s3 fizld_sohve_lodoe-psc fan 1.00 ias: 221330 L2Misses=164B3L L3Misses=
Stalls dua bo waiting For data delivery to register 7 3111 Aeld_solve_lodge-psefon i 1.00
1454 Pipeline stall cycles boa 3114 | field_sohe_lode-pscfon | 1.00
.64 Pipeline Stall Cycles 56 31.38 figld_sohve_lodoy-pec fo0 1.00
1A54 Fipeline Stall cycles | so 3165 | field_solve_lodey-psefon | 1.00
1864 Binslina srall curlas i ag ERNCE] fald cnhua ledocmes fan 100
Filter: =nm | Search: 5 1 RE 131 Shawn - 1 Selected -

Sort: [Severity (FWDI]




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



Scalasca automatic trace analysis report

Eile  Display Topology Help

[Absolute |v] [Absolute |vl [Peer percent |v]
ketric tree l Callfree | Flat view | atree | Topology 0 | Topology 1 4|k
B 0,000 Time [~ | =0 0.000 stepperrun (=] (]

= [H 8580857 .895 Execution B [d 632 851 stepperstepflowdt (100,000%)
= [ 5230.607 MPI & [J 0.000 snassohe

B 0,000 Synchronization

= [ 41.051 Collective

[ 7385.443 Walt at Barriar

(1 10.078 Barrier Completion

& [ 0.000 Remote Mamary Acces

B O 0.000 Communication

= [ 573163.978 Point-to-point

(1 18178.028 Late Sender
O 0.000 Late Receiver

& [ 50216.650 Collective

[ 0.000 Early Reduce

O 0.000 Early Scan

[ 0.000 Late Broadcast

1 1256616.428 Wait at N x M

O 47576.334 K x N Completi

&[] 0.000 Remote Memory Acces

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 [J 0.000 SMESSolve [0.000%)
B [ 579.190 SNESSche LS (100.00094)
 50795.340 VechNormEnd
=+ [ 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
B[] 0.000 File YO 2 [] 0.000 MatassemblyBegin
L [ 0.000 Init/Exit & [ 244,576 MatassemblyBegin_ MPIBAI
- [ 0.000 Overhead L [ 253313.568 MP|_Allreduce
-0 1841210 visits O 7279.933 matzerorowslocal
e [l 9584640 Synchronizations & [ 0.000 SNES_KSPSolve
£ O 0 Communications

B [J 0.000 KSPSolse (0.000%)
H 3.201e8 Point-to-point = [ 0.000 vecSeat
[ 8.582e8 Collective

L 166766.572 MP|_Allreduce
O 75544.625 KSPSolve_BCGS

[0 0 Remote Memory Access

& [ 0 Bytes transferred = [ 0.000 SMNESLineSearchMo (0.000%)
[ s.483e12 Point-to-point B [J 0.000 WecNorm
[ 1.8682e16 Collective i & [ 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

6.673ed (03.107%)

1.257e6 100.000 100.000

_J
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Scalasca hybrid analysis report

" Cube 3.3 Qt: epik_bt-mz_B_d4x4_trace PAT RT HWPC 0, @linux-fioc>
File Display Topology Help
[Absolute |v] [Metric root percent |v] [Peer percent |v]
Metric tree Calltree | Flat view Topology 1 | Topalogy 2 | Topology 3 ]EB
& ] 0.00 Time - & [ 0.00 MAIN__ (]
B @ 460.94 Execution B+ [ 0.00 mpi_setup_ L
& [ 0.00 MPI - (1 0.00 MPI_Bcast
[ 0.00 Synchraonization &+ [ 0.00 env_setup_
[ 0.03 Collective - [ 0.00 zone_setup_
[ 0.00 Communication 6+ (1 0.00 map_zones_
& [ 0.38 Point-to-point — (1 0.00 zone_starts_
(d 2.62 Late Sender - (1 0.00 set_constants_
(] 0.00 Late Receiver e+ [ 0.73 initialize_
1 0.01 Collective B [ 0.10 exact_rhs_
[ 0.39 Init/Exit = [ 0.00 exch_gbc_
e[ 0.00 OMP (043 copy_x_face_
[J 0.00 Flush (1 0.37 copy_y_face_
[ 8.59 Management (1 0.00 MPI_Isend
L[ 7.54 Fark (] 0.00 MPI_Irecy
[ 0.00 Synchronization ] 0.00 MPI_Waitall
(1 45 58 Barrier e 0.00 adi_
[ 0.00 Critical [ 17.93 compute_rhs_
(1 0.00 Lock API O 24.87 x_solve_
— [ 0.02 Overhead 2653y salve
& [ 14.15 Idle threads = (1 0.00 z_salve_ Coord:  (3,0,3)
— [l 2.93e6 Visits & [d 0.13 1$omp parallel @z_solve £43 Made: c9-1c2s54n0
G+ [l 8 Synchronizations (1 27.24 1$omp do @z_solve f:52 Mame: Thread 3
¢+ [l 4872 Communications [10.00 1$omp ibarrier @z_salve f:428 MPI rank 3
& [ 1.05e9 Bytes transferred d1.51 add_ Thread id: 3
G+ [ 47 85 Computational imbalance — ] 0.00 MPI_Barrier value: 96.57 (95.79%)
- [ 3.24e9 PAPI_L1_DCM e [ 0.15 verify_ Absalute: 1.78 (95.79%)
- @ 547211 PAPI_L1_DCA — [ 0.00 MPI_Reduce
- [ 154812 PAPL_TOT_INS — [ 0.00 print_results_ @ @
L [ 5.84e11 PAP|_FP_OPS E = [ 0.00 MPI_Finalize
£ ] | [ <] [«]*]
0.00 47 85 (100.00%) 47 85| (0.00 I 27.24 " 13@.0_ l'J.l'JE]1 1[10400 B 1D[|J.[_]_
e —
- ——




Scalasca automatic trace analysis report

Cube 3.3 Qt: epik_bt-mz_B_4x4_trace PAT RT HWPC 0,

File Display Topology Help

@linux-fioc>

L [ 5.84e11 PAPI_FP_OPS

a [Ir] ] [«

&[] 0.00 MPI_Finalize

0.00 2.62 (0.49%)

540.25| |0.00 049

[Absolute |v] [Metric root percent |v] [Peer percent |v]
Metric tree Calltree | Flat view Topology 1 | Topology 2 | Topology 3 ]EB
& [ 0.00 Time B &[] 0.00 MAIN__ (=] [+]

& [ 460.94 Execution B[] 0.00 mpi_setup_ i
& [ 0.00 MPI - [ 0.00 MPI_Bcast
[ 0.00 Synchronization B[] 0.00 env_setup
[ 0.03 Collective L[] 0.00 zone_setup,
[] 0.00 Communication & [10.00 map_zones_
& [ 0.38 Point-to-point - [10.00 zone_starts_
[ 2.62 Late Sender — (] 0.00 set_constants_ Coord: (0,01
(] 0.00 Late Receiver st (] 0.00 initialize_ Node: £9-1c254n0
1 0.01 Collective B+ [10.00 exact_rhs_ Mame: Threado |
[ 0.39 Init/Exit B+ [ 0.00 exch_qbc_ MPI rank: 1
= ] 0.00 OMP (] 0.00 copy_x_face_ Thread id: 0
(1 0.00 Flush 0] 0.00 copy_y_face_ Value:  0.24 (0.24%)
[ 8.59 Management (] 0.00 MPI_Isend Absolute: 0.00 (0.24%)
L 7.54 Fark (] 0.00 MPI_lrecy B
[ 0.00 Synchronization [ 0.49 MPI_Waitall
[ 45.58 Barrier = [10.00adi_
[ 0.00 Critical (] 0.00 compute_rhs_
[10.00 Lock AR [10.00 x_solve
— [ 0.02 Overhead (1 0.00y solve_
& [d 1415 Idle threads e [(10.00 z_salve_ " Online description
— [ 2.93e6 \isits =[] 0.00 1$omp para
& [l 8 Synchronizations ] 0.00 1$omp d
e @ 4872 Communications 1 0.00 '$omp ib| |Late Sender Time
&+ [l 1.05e9 Bytes transferred (] 0.00 add_ Description:
[i ;172_3ggc;ﬁ;nglluﬁtloggumbalance [; S ggg Teﬁ:@aamer Refers to the time lost waiting caused by a blocking receive operation (e.g., MPI_Recv()
W 547011 PAFI LT DCA [ 0000 MP F\?ECIUCE or MPI_Wait()) that is posted earlier than the corresponding send operation.
- [ 1.5412 PAPI_TOT_INS @ - [ 0.00 print_results

-

location

Recy F——

tirne

]
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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/ %



TAU Performance System components
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TAU ParaProf GUI displays (selected)

TAU: ParaProf: Function Data Window: epik_bt-mz_B_4x4 _trac
File

TAU: ParaProf Manager
File Options Help
@ Applications

9 [ 5tandard Applications

o [ Default App
9 [ Default Exp

T |j|Epik_t:ut—mz_E_4}{4_trace_PAT_RT_HWPC_O;tr

Options Windows Help

Marne: main == MAIN__ == adi_ == z_solve_ == $omp parallel @z_solve. 43 == [fomp
do @z_sohve 1152

Metric Mame: Timea

Walue: Exclusive

nits: seconds

nade 0, thread 2

jus]
]
(]
b

] . 9600 ] ' C° 1, thread 2

File Options Windows Help O | (0cle 1, thread 1
— 9115 [ — 10 7, thread O
Metric: Time 9. 115 [ 1 Clc 2, Threa 2
Value: Bxclushe 9104 [ — 101 %, thread 1
9,057 [ — "0Clc 2, thread 1

Sid. Dev. S — [ | 9,027 [ 1 Cc 2, thread 2
e — 77— 9,025 [ 1\ C1c 2, thread O

node O, thread (| B L |l node O, thread 1
hode 0, thread 1 £.005 [ 10\ O, thread O
hode 0, thread 2 £.977 [ 10 C1: O, hread 2

mean

node 1, thread © | T AT T EYE}EFEFETETE node 1, thread 3
node 1, thread L | GO L s hode 2, thread 2
node 1, threa 2 | B e node 2, thread 2
e 10 Cle O, thread 3

0,971 [

node 1, threac = | s & . 7EE
node 2, thread O |
node 2, thread 1
nade 2, thread 2
nade 2, thread 2
node 2, thread O

[ /e I N N — 2
s ———r. T T1 T T T
nodle 2, threa L || [l 11 [ o]
-/ R
— [ I I I E—1 0

std. devw

nade 2, thread 2
nade 2, thread 2

frain == MaIN__ =3 adi_ == z_solvie_ == 1$omp parallel @z_sokvie f:42 == 15omp do @z_sohve 7252
Exclusive Time: 2. 118 secands

Inclusive Time: 2 118 seconds

Calls: 22168.0

SubCalls: 0.0




TAU PerfExplorer data mining

8anoe PerfExplorer Client
File Analysis Views Charts Visualization Help
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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 have a commercial license
m http://www.vampir.eu/

wEEEs. mEEEm
C nEnn

VAMPBIR




Vampir interactive trace analysis GUI

Vampir - [Trace View - fhome/fdoleschaftracefles/feature-traces/wr

W File View Help
View Chart Filter
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Vampir interactive trace analysis GUI

Vampir - [Trace View

" File Edit Chart Filter Window Help
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“w File Edit Chart Fiter Window Help
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Paraver & Extrae

e Interactive event trace analysis
m Visual presentation of dynamic runtime behaviour
» event timeline chart for states & interactions of processes
» Interactive browsing, zooming, selecting
m | arge variety of highly configurable analyses & displays

e Developed by Barcelona Supercomputing Center

m Paraver trace analyser and Extrae measurement library
m Open source available from http://www.bsc.es/paraver/
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http://www.bsc.es/paraver/

VI-HPS component technologies

Key tool components also provided as open-source

m Program/library instrumentation
» COBI, OPARI, PDToolkit

s MPI library/tool integration
» UniMCI

m Scalable 1/O
» SIONIib

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

m Analysis algebra & hierarchical/topological presentation
» CUBE



Portable native parallel I/O library & utilities
m Scalable massively-parallel I/O to task-local files
» Manages single or multiple physical files on disk

» optimizes bandwidth available from I/O servers by matching
blocksizes/alignment, reduces metadata-server contention

m POSIX-I/O-compatible sequential & parallel API
» adoption requires minimal source-code changes
= Tuned for common parallel filesystems
» GPFS (BlueGene), Lustre (Cray), ...
m Convenient for application 1/O, checkpointing,
» Used by Scalasca tracing (when configured)
Developed by JSC
m Available as open-source from
http://www.fz-juelich.de/jsc/sionlib/
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