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Disclaimer
i

- I'm a (long-time) developer of performance tools
- and | use performance tools frequently in my work
I'm very familiar with some tools, much less with others
- faults may be due to my misunderstanding
Performance analysis & tuning is often an art
- but basic techniques & use of the right tools can be learned
Most application developers aren't aware of available tools
- which unfortunately often differ from system to system
- and are sometimes complicated to learn to use (effectively)
Your mileage may vary!
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Overview
i

3

- Basic questions
How is my application performing?
Why isn't it performing as it should?
What are the relevant performance metrics?
What are appropriate performance analysis techniques?
- Selected tools for BlueGene/L
« IBM HPC Toolkit
« mpiP
- TAU
- Scalasca
« Analysis & tuning tips
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Basics
i

- Performance metrics
- Visits/Calls, Time, Comm/Synch
- Heap/Memory, |I/O, Hardware counters
- Performance sources
- MPI library functions, User functions/regions/phases
- callsite/callpath context
- Performance locations
- MPI processes (threads?)
 Profiling/summarization vs. event tracing
- aggregated/averaged vs. time-dependent information
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IBM HPC Toolkit*
i

- ACTC research prototype

Commercial product from IBM?

- annual subscription fee based on number of nodes
- US$20,008 list price for 512+ nodes: US$5,000 for BG/L only

Unified package for IBM AIX & Linux/Power systems
Suite of tools (most don't support BlueGene yet)
- User, CPU/HWC, MPI, OperMP, Memery, O metrics

recompile/relink erbiraryanaltysis-&instrumentation

profiling & tracing options

measurement summary & trace viewers

. Eek PTRIDE ohua

*Not RiceU HPCToolkit (not available for BlueGene)
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JUBL module hpct/2.0

- User code callgraph profiling
- compile & link with -g -pg flags
- gmon.out.$ (MPIRANK) files produced at finalisation
- text report produced with: gprof <EXE> gmon.out
- view results with: Xprofiler <EXE> gmon.out.*
- MPI profiling & tracing

- compile with —g flag and link with
—-g -LS (HPCT LIBRTS) -lmpitrace -llicense

- view profiles with: peekperf *.viz
- view trace with: peekview single trace
« HWC profiling [HPM]
-+ requires manual source code instrumentation
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HPCT/Xprofiler

¥ xprofiler <@jubl>

File Yiew Filter Report tility
iy
Call Graph Profile <@iubl>_.‘
File Help
called/total parents
index ZXtine self descendents called+self nane index
called/total children
[11 31.4 0.85 548,40 128+450048 <cycle 2 as a whole> [1] ﬁ
0.19 420,92 194048 hypre_SHGRelax <cycle 2> [2]
0,08 85,12 10240 hypre_SHGSolve <cycle 2> [101
0.01 23.12 9152 hypre_SHGRelaxSetupASol <cycle 2> [121]
0,01 14,92 1024 hypre_SHGSetup <cycle 2> [161
0.42 2.67 8128 hypre_SHGSetupInterpOp <cycle 2> [431]
0,14 1.65 227584 hypre_SHGRelaxSetup <cycle 2> [60]
16256 hypre_SHGSetupInterpOp <cycle 2> [43]
177792 hypre_5HGSo0lve <cycle 2> [101
[21 24.0 0.19 420,92 194048 hypre_SHGRelax <{cycle 2> [2]
403,30 18.65 351168/351168 hypre_CyclicReduction [6]
414,65 1.58 361344/444992 hypre_SHGResidual [5]
3.62 0,03 83648783648 hypre_SHGSet5tructYectorConstantYalues [5H91]
194048 hypre_SHGRelaxSetup <cycle 2> [60]
10176 hypre_SHGSolve <cycle 2> [101]
0.7 550,75 64764 —start_blrts [4]
[3] 31.5 0,71 550,75 bd4 nain [3]
0,00 274,63 64764 HYPRE_Struct5HGSetup [7]
0.00 274,63 b4/64 HYPRE_StructSHGSolve [81
0,00 1.27 1127112 HYPRE_StructHatrixSetBoxYalues [961]
0,00 0,22 1287128 HYPRE _Struct¥YectorSetBoxValues [214]
0,00 0,01 B4/64 HYPRE_StructSHGDestroy [3671
'
|~ I~
Search Engine: {regular expressions supported}
~J
~ -

1

Progran: sng2000_pgnpit

Total CPU Usage: 1201.18 seconds
Display Status: showing 437 out of 437 nodes and 568 out of 568 arcs]

{sunnary of 64 gnon.out profile files)
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File Yiew Filter Report Utility
L N qw
X overview Window < @jubl> —|o|x
File Utility Help
[
[
10 % 105630
~SEmiRestri ] HY¥PRE_StructHatrixAsgenble [373 1
295,291 x 250,520
e exidual
1572299 g
I
-l i
-] 1.~
Progran: sng2000_pgnpit Total CPU Usage: 1201,18 seconds <{sumnary of 64 gnon.out profile files?}

Display Status: showing 437 out of 437 nodes and 568 out of 568 arcs
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Main Window <@jubl> -2

File Manual Automatic Windows Tool

DATA VISUALIZATION WINDOW | = x|

mpidata

SOURCE CODE WINDOW

I smg2000.c | coarsen.c ‘ communication.c

Label Count | WallClock | Transfered Bytes

- coarsen.c 5657 0.341085 5.09069e406
- hypre_StructCoarsen(coarsen.c) 5657 0.341085 5.09069e+06
- MPI_Comm_rank_230 474 0.000182 ©
- MPI_lrecv_469 5657 0.002729 22628
- MPIl_lrecv_509 5652 0.00315 3.54707e4+06
- MPI_Isend_483 5657 0.010871 22628
- MPI_lsend_534 5631 0.009128 5.09069%=406
- MPI_Waitall_491 474 0.341085 0O
- MPI_Waitall_497 474 0.003336 0
- MPI_Waitall_542 474 0.222408 0
- MPI_Waitall_551 474 0.004619 O
--communication.c 3892 0.696205 7.63512e+06
+ hypre_CommPkgCreatelnfo(communic... 3892  0.00074 V]
— hypre_FinalizeCommunication{commu... 2461 0.696205 O
I 15|\ aitall 667 2461  0.696205 |
= hypre_InitializeCommunication(commu... 2046  0.063248 7.63512e+06
5----MPI_Irecv_485 2008 0.004634 7.63211e406
- MPI_lsend_492 2046 0.063248 7.63512e406
smgz2000.c 1 1.6e-05 0
+- main{smg2000.c) 1 1.6e-05 0O
+- struct_grid.c 1 3.3e-05 28
i--SL.II'\-"II'\-'hﬂ«Fl‘i’ 183510 5.9853 1.33699e408
- MPI_Allgather 1 2.2e-05 4
- MPI_Allgatherv 1 3.3e-05 28
- MPI_Allreduce 12 0.412137 96
- MPI_Barrier 1 1.6e-05 0
- MPI_Comm_rank 18384 0.002422 0
- MPI_Comm_size 16086 0.003104 O
- MPI_lrecv 183415 0.198877 1.22258e+408
- MPI_Isend 183510 1.12246 1.33699e408
- MPI_Reduce 2 0.072587 8
- MPI_Waitall 78773 5.9853 0
+-timing.c 1 0.018301 8

i e

649
630
651
652
653
654
655
656
657
658
659
660
661
662
663

676
677
678
679
680
681
682
683

: : “ Metric Options w “ Precision w
h
ol Task » Count WallClock Transfered Bytes
g [ 74731 5.56967 0
15 59653 5.9853 0

P 426 78773 3.84792 0

+oll59 72259 5.33363 0

int

hypre_FinalizeCommunication({ hypre_CommHandle *comm_handle )

{ 3
int ierr = 0;

if (hypre_CommHandleNumRequests{comm_handle))

{

MPI_Waitall{hypre_CommHandleNumRequests(comm_handle},
hypre_CommHandleRequests(comm_handle),
hypre_CommHandleStatus{comm_handle));

hypre_TFree(hypre_CommHandleRequests{comm_handle));
hypre_TFree(hypre_CommHandleStatus(comm_handle));
hypre_TFree{comm_handle);

return ierr;

-

#endif
A
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e
_ Mentifier =gDjubl=

HPCT/peekview

" PeekPerf Trace Viewer <@jubl> -©

...............................

- [ ]
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HPCT notes

|
- Most of the available documentation is inaccurate!

* P9
- one gmon.out file per rank dumped in current directory
- silently overwrites existing files

- Xprofiler runs out of memory with more than 256 files

- mpitrace

- single_trace & mpi_profile files dumped in current directory
- silently overwrites existing files
- only 4 ranks are traced irrespective of TRACE_ALL_ RANKS
« 0 & ranks with minimum/median/maximum communication time
- traces are truncated when trace buffer is full
- no way to adjust trace buffer size

- peekview trace viewer doesn't show MPI messages
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JUBL module mpiP/3.1

«  MPI profiling library
- open source from LLNL: //sourceforge.net/projects/mpip
- supports a wide range of MPI libraries/systems
- Usage
- relink application executable: -L.$ (MPIP LIBRTS) -1lmpiP
- compile/link with —g flag for source-level information
- measurement configurable with MPIP environment variable
- spaces in BG/L environment variables are problematic!

- plain text report written on finalisation to
<EXE>.<NPROCS>.<PID>.<SEQ>.mpiP
- postprocess report for source-level information
- mpip-insert-src <EXE> <EXE>.<NPROCS>.0.1.mpiP
 reports can be imported by TAU paraprof GUI?
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mpiP textual report extract

13

@mpiP
Bl——— MIEPL T e (Eo00lils ) —— e
Task AppTime MPITime MPI%
0 20 9.87 49.26
1 20 9.34 46.061
* 1.28e+03 596 46.48
@--- Callsites: 867 —-—————==————————— - —
ID Lev File/Address Line Parent Funct MPI Call
457 0O communication.c 667 hypre FinalizeCommunication Waitall
457 1 computation.c 402 hypre FinalizeIndtComputations
457 2 semi interp.c 250 hypre SemiInterp
457 3 smg solve.c 263 hypre SMGSolve
457 4 HYPRE struct smg.c 64 HYPRE StructSMGSolve
457 5 smg2000.c 575 main
457 6 start.c 107 start blrts
@--- Aggregate Time (top twenty, descending, milliseconds) ---—-———-———————--
Call Site Time App% MPI% cov
Waitall 157 3.53e+04 2.76 5.93 0.18
Waitall 457 3.34e+04 2.60 5.59 0.85
Waitall 467 3.04e+04 2.37 5.10 0.33
Allreduce 40 2.06e+04 1.60 3.45 0.79
@--- Aggregate Sent Message Size (top twenty, descending, bytes) --———————-
Call Site Count Total Avrg Sent%
Isend 530 1219176 8.18e+08 671 15.09
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I

« Report includes every MPI process
- and aggregates (*) for all together
- Default records only caller of MPI routines

- often insufficient to determine attribution
- communication wrapper routines obscure attribution

« -kN records N call ancestors of MPI routines
« Creation of final report can fail due to insufficient memory

- even with “low memory” option (default on JUBL)
- depends on complexity of application (and -k depth)

- paraprof doesn't parse mpiP reports properly
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JUBL module tau/2.16

- Portable profiling & tracing toolkit
- open source from U. Oregon: //cs.uoregon.edu/research/tau/
- highly configurable capabilities (not just for MPI)

-+ supports a wide range of systems
- most functionality (including tracing) untested on JUBL

- Basic usage
- Modify Makefile to: include $(TAU MAKEFILE)

- set STAU MAKEFILE according to desired measurement
- Prefix compile/link commands with $ (TAU COMPILER)
to build instrumented executable(s)

- View results with paraprof GUI
- also partially works for viewing mpiP profiles
- and might also work with gprof & cube files
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Advanced TAU configuration

- TAU_MAKEFILE specifies instrumentation configuration
- chose from pre-installed configs in $TAU_MF_DIR
- JUBL default includes MPI+callgraph profiling
« TAU_OPTIONS for TAU_COMPILER configuration
- -optVerbose, -optKeepFiles, -optPreProcess,...
- -multiplecounters for hardware counter metrics
- COUNTER1=GET_TIME_OF_DAY
« COUNTERZ2=PAPI_NATIVE_PM_CYC
« COUNTER3=PAPI_NATIVE_PM _INST_CMPL
- TAU_THROTTLE=1 for measurement throttling
- alternatively create selective instrumentation file
- rebuild with -optTauSelectFile=throttle.tau
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TAU: ParaProf. Mean Data - '/homeS/zam1 1/ jzam 1107/ jublfutorial/smg2000-tawrun/profile_ot4

TAU/ParaProf s

Value: Exclusive
Units: microseconds

12465 [

1 MPI_Waitall()

—_——  int hypre_FinalizeCommunicationthypre_CommHandle *J57
3772 B int hypre_StructCoarsenthypre_StructGrid *, int %, int *, i
2305 ] void hypre_Freefchar *) C [memory«l {172,1}-{156,11 r
1779 [ int hypre_CyclicReductionfveid *, hypre_StructMatrix *,
1779 [ int hypre_SMGRelaxivoid *, hypre_StructMatrix *, hypre_§
1716 [ char *hypre_CAllocGnt, intd C [nemory.cl {101,11-{131,1
147 =1 char *hypre_MAllocGnt) C [{memory«l {67,1}-195,11

ParaProf 3 1325 ] MPI_Allreduced
Fri Mov 10 14:03:51 PST 2006 1323 [ int hypre_PrintTimingichar *, MPI_Comm) C [{ftiming.c} {3
P 1309 [ double *hypre_StructMatrisExtractPointerBylndexthypre.
A e Spe AL 1272 == int hypre_CyclicReductiontvoid *, hypre_StructMatrix *,
http:/ /wasw. cs.uoregon.edu/ research/tau 115 E= int hypre_FinalizeCommunicationthypre_CommHandle *
1177 [ int hypre_SMGResidualivoid *, hypre_StructMatrix *, hyp

1145 E=E int hypre_InitializeCommunicationthypre_CommPlyg *,
113 [ MPI_lsendo

5595

i About FaraProf <@jubl> =

1094 E= int hypre_InitializelndtConmputationstypre_ComputePk

0852 [ int hypre_StructStencilElementRankhypre_Struct3tencil

il 0352 [ double *hypre_StructMatrisExtractPointerByindexhypre

' . . n n - - . 0591 [ int hypre_InitializeCommunicationthypre_CommPkyg *, d

TAU: ParaProf. Histogram: /fhomeS/zam11/zam1 107/ jublfutorial/smg2000-tau'run/profile_bd 0552 [ int hypre_FinalizeCommunicationthypre_CommHandle *
File Options Windows Help 0516

[ int hypre_FinalizelndtComputationsthypre_ConvmHandly
0.732 [ int hypre_InitializeCommunicationthypre_CommPhg *,

i 0,711 [ int hypre_SMCRelaxivoid *, hypre_StructMatrix *, h','pre_‘q
MPI _WaltaII( ) 0695 [] int hypre_StructCoarsenthypre_StructGred *, int *, int *, i
. 0558 [E int hypre_CyclicReductionSetupivoid *, hypre_StructMaty
0557 [ int hypre_StructMapFineToCoarse(nt *, int *, int *, int *)
0542 [ int hypre_BoxGetStrideSizethypre_Box *, int *, int ") C [[b|—
0515 E MPLIrecvd

| ¥
Mumber of threads: 7
Fange minimum: 14.21
Fange maximum: 1%.1

Threads

Linked graphical displays
show breakdowns of time
by function and process

8.219 9247 10.27 113 1233 13.36
Exclusive Time (microseconcls)

1438 1541 16.44 174
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AU ParaProf: /homeS/zam1/zam1101/jubltuterial/smg 2000-taurun/profile_64 <gjubl> -=

File Options Windows Help

e e Main display shows imbalance

skd. dan
mean [ ] — I THTHTITHITITH)
nStooo [ 1 | T
nSt1o0 [ 1 | [INTITTTATITI)
n,gt 20,0 [ 1
n,gt2,0,0
n,cta,0,0
n,g 50,0
n,gtE0,0
[ =4 JcAu ]
nSEE00
nSES00
(=4 F L RuR]
ngtiiod
not1zo0
no 1300
nyot 18,00
nyot15,0,0
notig0,0
noti7,0,0
notig0,0
nStiso0
npSE 2000
nSt2i00
nSt22o00
ngt 2300
nySt 24.0,0
not 25,00
nyot 25,0,0
nyot27m0
not 80,0
not 25,0,0
n,ot30,0,0
nSt3ion
nSt2200
nSt2200
nySt 3400
NSt 3500
gt 30,0
not 2700
nyot 350,0
nyot 35,0,0
noEd0,0,0
notdl,00
notdz00
notdazon
nStad o0
nSta50,0
nStas00
nSta o0
nStazon
NS Eas0
nyo b 50,0,0
nyo 51,00
not52,0,0
not53,0,0
n,ot54,0,0
nSE550,0
nSt 5500
nSEsF00
nSt530,0
nySt 5500
(= e Ru ]
noEELn D
nyotsz,00
nyots2,0,0
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8 TAU: FaraProf: Mean Call Graph - fhomeS/Fam11/zam1101/jublftiutorial/s mg 2000-ta urun/profile_64 <@jubl> :

File Options Windows Help

e :
hvire_CommPkg *hyare _CommPkgCreatedhre _BoxArraybrray *,
Wficlth Yalue {nclusive, Time) @ 4. 482248

Color Yalue (Exclusive, Time) : 0. 1674534

ST e v R
S S LT
SRS = n n cAPANNINNL
P

I A

L il et T ! - R =it
i A ot W A e e M Lo
o e L e L] e

7571

e —— -_ : =
e e L A LT/
S D o e | [ '
3 \\_“ : —A—_—I:!}.!.al‘“!".‘ — 1 #

- ;

=S

Ly

k L ——
4
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TAU profile notes
|

20

« One profile per MPI rank dumped in working directory
- silently overwrites existing files!
- Measurement overhead/dilation is considerable

- TAU THROTTLE environment variable automatically
disables measurement of frequently called routines

 makes measurement overhead/dilation more reasonable
- but doesn't distinguish MPI routines!
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JUBL module scalasca/0.9

- Automatic scalable performance analysis toolset

- open source from FZ Julich: //scalasca.org/

- based on pioneering KOJAK project, focussed on MPI

- tested on a range of HPC systems at large scales [20k+]
« Usage

- prefix compile/link commands with skin instrumenter

- prefix execution command with scan collector & analyzer

- default settings are for runtime summarisation
- extensible with hardware counter group

- use -t flag to activate trace collection & analysis
- provides additional wait & imbalance metrics

» produces analysis reports in CUBE3 format
- view results with square analysis report explorer
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Scan summary output extract

% scan mpirun -np 64 -mode vn -exe smg2000

S=C=A=N: ./epik smg2000 vn64 sum collection & analysis
S=C=A=N: Collect start
mpirun -np 64 -mode vn -exe smg2000
[O0O000]EPIK: Created archive ./epik smg2000 vn64 sum
Running with these driver parameters:
(nx, ny, nz) = (64, 64, 32)

Iterations = 5

Final Relative Residual Norm = 3.089109e-05
[OOO0O0]EPIK: Closing experiment ./epik smg2000 vné64 sum
[OOOOO]JEPIK: 3053 unique paths

OOO]EPIK: Closed experiment ./epik smg2000 vn64 sum
=A=N: Collect done
=N: Skipping trace analysis

=N: ./epik smg2000 vn64 sum complete
.03 b. wylle@fz -juelich.de
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Scan trace collection&analysis output extract

23

% scan -t mpirun -np 64 -mode vn -exe smg2000

S=C=A=N: ./epik smg2000 vn64 trace collection & analysis

S=C=A=N: Collect start

mpirun -np 64 -mode vn -exe smg2000

[OOOOO]EPIK: Created new archive ./epik smg2000 vné64 trace

[OOOOO]EPIK: Activated ./epik smg2000 vn64 trace [75000000 B]
Running with these driver parameters:

Final Relative Residual Norm = 3.089109e-05
[OOOOO]EPIK: Closing experiment ./epik smg2000 vn64 trace
[OOOOO]EPIK: Closed experiment ./epik smg2000 vn64 trace
S=C=A=N: Collect done
S=C=A=N: Analyze start
mpirun -np 64 -mode vn scout ./epik smg2000 vn64 trace
Analyzing experiment archive ./epik smg2000 vn64 trace
S=C=A=N: Analyze done
S=C=A=N: ./epik smg2000 vn64 trace complete

2007.09.03 b.wylie@fz-juelich.de



Scalasca summary

CUBE: epik_smg2000_vnbtd_sum (summary.cube) <@jubl>

File  Wiew Help

Metrics Call Tree | Flat Profile | System Tree [ Topalogy Wiew
fhsolute A [&bsolute Al [Peer percent Vi
~=—[] 0.00 Time —=—{] 0.00 main =

1306.74 Execution
= 0.40 kP

0.00 Synchranization

Hierarchies
of metrics

Selected
values

0.00 kMPI_Init
Z2.00 <<Struct Interfaces=

333 85 =<SMG Setups=

MLA. Bk BGAL
= M.a. B10-k1-MT

—i G8.7 Process 0
— 916 FProcess 1

—=+—{ ] 0.00 Communication = ] 0.00 ==SMG.Salves= —B &7.0 Frocess 2
679.67 Point-to-point 0.00 hypre_InitializeTiming B 95.1 Process 3
[ 53.30 Collective 0.00 hypre_BeginTiming [ 936 Process 4
] 0.00 Ko =[] 0.00 HYPRE_Structsmcsol| | [l 960pProcess5 | [ ree of MPI
] 123 Init’Exit 344.02 hypre_SMGSolve —l 918 Frocess 6
] 7.94 Overhead 0.00 hypre_EndTiming — [l 99.5 Process 7 processes
B 301496406 Visits 0.00 hypra_PrintTiming — B 9.6 Process &
B4 Synchronizations 0.00 hypre_FinalizeTiming B 924 Process 9
=] 0 Communications ] 0.00 hypre_ClearTiming —{B @81 Process 10
14615472 Fuoint-to-point —— ] 0.00 MPI_Reduce —{l 96.0 Process 11
1024 Collective 0.00 MPI_Finalize B 94.Z Process 12
L] 0 Bytes fransferred . . — [l 96.9 Process 13
10841546768 Point-to-point Appl|cat|0n — [l 92.7 Process 14
L] 62024 Collective —B 99.9 Frocess 15
Ca” tree —{B ©3.5 Frocess 16 y
~J | ] ~| = E— T _.-—'
“3;9.8?3 [33.1%) | 2.051e+03 |344.025 (16.8%) | 2.051e+03 |5.285 a8, 73] | a.955e+00
FIIII NNRNRNRNRNRG| ‘ IIIIIIIIIIII]IIIIIIIIIIIIIIIIIIIIIII!
G4 %1
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Scalasca summary

CUBE: epik_smg2000_vnbtd_sum (summary.cube) <@jubl>

File  Wiew Help
kAetrics Call Tree | Flat Profile | System Tree  Topology Wiew
A|tematlve Root percent | /]| |selection percent | |Peer percent i
Value modes =[] 0.0 Time —=—{] 0.0 main
—ﬂuﬁaﬁ Executian 0.0 kAP_Init Hardware
= 0.0 MPI 0.3 ==5truct.Interfacesx»
0.0 Synehronization 49.1 <=5MG. Setup>= topology
—=—{ ] 0.0 Communication =+ ] 0.0 ==5MG.Solves=
3.1 Point-to-point 0.0 hypre_InitializeTiming
[ 26 Collective 0.0 hypre_BeginTiming
—{] 0.0 KD =— ] 0.0 HYPRE_StructSMGSalve
] 01 Init/Exit 506 hypre_3
—[] 04 Overhead 0.0 hypre_EndTiming
[l 100.0 Visits 0.0 hypre_PrintTiming
100.0 Synchronizations 0.0 hypre_FinalizeTiming
=] 0.0 Communications ] 0.0 hypre_ClearTiming
100.0 Foint-to-point ] 0.0 MPI_Reduce
0.0 Collective 0.0 MFI_Finalize
L[] 0.0 Bytes transferred
100.0 Point-to-point
0.0 Collective
-~ I~ = [ -
|ET9.8?3 [33.1%) | 2.0571e+03 |344.I325 (50,69 | §.799e+02 |«5.3?5:5.5%:| 0.955e+00
FIIII UL IIIIIIIIIIIII]IIIIIIIIIIIIIIIIIIIIIIIW
fid » 1
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CUBE metric description <@juh|>_._-EL}

Scalasca trace: Late Sender Time

Cescription;
Fefers to the time lost waiting caused by a blocking receive operation (e.g.,

I Late S e n d e r ti m e Eféil@ﬁgﬁff() or MPI_wWait()) that is posted earlier than the corresponding send

CUBE: epik_smg2000_vnt4_trace (trace cube) <@jubl : ‘
File  Wiew Help
Metricsl Call Treel FIatF'rDﬂIel =
Root percent £ |Selection percent =
A = 2 Recy F—
~=—[] 0.0 Time —=—{] 0.0 main —
74.0 Exgcution 0.0 MPI1_Init time -
- 0.0 MPI 0.3 <<5truct Interfg
- If the receiving process is waiting for multiple messages to arrive (e.g, in an
AiEEDl-D synchronization 432 <<3MG Setug call to MPI_W/aitall()), the maximum waiting time is accounted, i.e., the waiting
S 0.0 Collective =] 0.0 «<5MG.Solves time due to the latest sender.
—] 0.0 Wait at Barrier — ] 0.0 hypra_lnitia - | p— . |
] 0.0 Barrier Comple 0.0 hypre_Beqi
—=—{ | 0.0 Communication =—{ ] 0.0 HYPRE_StructSMiGSo
—=—{] 11.3 Point-ta-point MR50.5 hypre_ShGSolve
12.5 Late Sender 0.0 hypre_EndTitming
] 0.0 Late Receiver 0.0 hypre_PrintTiming
=] 0.1 Collective —{ ] 0.0 hypre_FinalizeTiming
— ] 0.0 Early Reduce ] 0.0 hypre_ClearTiming
——[] 0.0 Early Scan (] 0.0 MPI_Reduce Additional metrics
[ ] 0.0 Late Eroadzast 0.0 MFI_Finalize o
BB only avallabl.e from
— [] 0.0NxN Completi trace analy5|s:
] oo . : :
= i, ; right C|I.Ck on metric
- e ——d ——| 5 ] || 'for on-line help
[320131 (125%) | 2.5590+03| [161 666 (G0.5%) | 3.201e+02| [«2526 ¢ 22.3% |  3.445e+00
FIIII NRRRRNARN| IIIIIIIIIII]IIIIIIIIIIIIIIIIIIIIIIIW

G4 #1
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Scalasca trace:

'Wait at N x N time

CUBE: epik_smg2000_vnt4_trace (trace cube) < @juhl:-___

“CUBE

metric description <@jubl> -£3

Waitat Nx N Time

Description:

Collective communication operations that send data from all processes to all
processes (i.e, n-to-n) exhibit an inherent synchronization among all
participants, that is, no process can finish the operation until the last process
has started it. This paftern covers the time spent in n-to-n operations until all
processes have reached it It applies to the MPI calls MPI_Beduce scatter),
MP1_Allgather(), MP1_Allgatherv(), MP1_Allreduce(), MP1_Alltoall(),

Pl ey e WP Alltoaliv(),
hetrics | Call Tree | Flat Profile | ‘
Raoot percent Al |Selection percent 4| Sync. Collective }7
, 5, ,
=[] 0.0 Time —=—{ ] 0.0 main 5
_ , = Syne. Collective ——

74.0 Execution 0.0 MFI_Init i

= 0.0 kPl 2.2 == 5tructInterfs Sync. Collective
0.0 Synchronization 97 1 <<5hG Setuy | -

= 0.0 Collective =] 0.0 <<SMG.Solved time

—] 0.0 Wait at Barrier —|:| 0.0 hypre_lnitial - | Close | - |

] 0.0 Barrier Comple 0.0 hypre_Beqi
—=—{ ] 0.0 Communication =— | 0.0 H¥PRE_StructShiGSao

—=—{] 11.3 Point-ta-point [ B0.7 hypre_5 e
12.5 Late Sender 0.0 hypre_| EndTlmmg
] 0.0 Late Receiver 0.0 hypre_PrintTiming

=] 0.1 Collective —|:| 0.0 hypre_FinalizeTiming

— ] 0.0 Early Reduce ] 0.0 hypre_ClearTiming

— ] 0.0 Early Scan — ] 0.0 MFI_Reduce

] 0.0 Late Broadcast|— 0.0 MPI_Finalize Additional metrics

B 1 Wait at N x M .

] 00 M R K Complet Only avallable from
—Qoowo trace analysis
[ 0.0 Ini¥Exit y

~J — I - - | | =l 1 -
|28.495 1.7%) | £.099e+03 |EI.ZDD (0,79 | 2.0a0e+01 |«I:I.DEIS * 52.4%| F.974e-05
FIIII i | IIIIIIIIIII]IIIIIIIIIIIIIIIIIIIIIIIW
G 1
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Scan trace collection&analysis output extract

S=C=A=N: ./epik smg2000 co32 trace collection & analysis
[O0000]EPIK: Created new archive ./epik smg2000 co32 trace
[OOOOO]EPIK: Activated ./epik smg2000 co32 trace [90000000 B]
Running with these driver parameters:
(nx, ny, nz) = (32, 32, 32)

[00026]EPIK: Flushed 89999777 bytes

Iterations = 5

Final Relative Residual Norm = 3.089109e-05
[OOOOO]EPIK: Closing experiment ./epik smg2000 co32 trace
[OOOO0O0]EPIK: Flushed 77477352 bytes
[OOO0OO0]EPIK: 3057 unique paths
[00026]EPIK: Flushed 5576022 bytes

[OOOOO]EPIK' Closed experiment ./epik smg2000 co32 trace
S=C=A=N: Collect done
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" CUBE: epik_smg2000_co32_sum -2

File  Wiew Help

Trace flush
Metrics Call Tree FIatF'rnﬂIel Overhead genera”y
[Fosoit | [emzon mostly in MPI_Init - overhead

—=—{ | 0.00 Time —=—{] 0.00 main

323.04 Execution 0.00 MPI_Init
ﬂ 0.08 MPI E 3347 TRAC
—=—{] 0.00 Cammunication ——] 0.00 MP}
[ 479 Cullective [ 000 MP E— R :
L[] 184.50 Point-to-poi 0.00 hypf £ll8 ¥iew  Help
0.00 Synchronization D.00hyPl netrics ‘ Call Tree | Flat Profile | Systam Tree  Topology View|
L D RRIES Ll ony, [&bsolute /|| [2bsalute /| [Peer percent ¥
—D 1.79 InitExit 0.00 HY - [T 000 My pTE_SIOCTerEm =L [ 5,
: 0.00 HY ra L 000 i : ——[] 0.00 hypre_Structvector
—|i 103117764 Visits 0.00 HY ‘E&”'SD Execution ] 0.00 hypre_Structiatri<
4877140 Communications [ ] 00D HY T 012 MFl o ——[ ] 0.00 hypre_Structvectar
32 Synchronizations [ 000 HY ~2- L) B0 Cemieeen [ 0.00 hypre_BoxGetstride
2087635040 Bytes transferred 0.00 HY 577 Collective =[] 0.00 hypre_Strucihatrix 33,1
——[] n.o0Hy 25a1.30 Point-to-pe 0.00 hypre_StructSter
0.00 HY 0.00 Synchronization ﬁﬁ 75.23 TRACING
0.00 H [ O GOLTREe L[] 0.00 TRACING
—|:| Z180.72 Init/Exit : e
0.00 HY B an et e 0.00 hypre_lnitializ elndtc
n.ny/ ,I_ 1D11??5V8|ts 0.00 hypre_Finalizelndtc
" B i o[ | [ 3 cromesnenvar
|IIII (B1%) | : 3z Synchronizations 0 D.DD h::Ere_ElnxGetSi[;e
F Z0GTEI5040 Bytes transferred ' -
0.00 hypre_SkGSetstructy
lazx1 | 0.00 hypre_SMGResidual
0.00 hypre_SemiRestrict e.g., rank 26
0.00 hypra_Semilnterp 0
Much larger overhead of 0.00 hypre_Structénpy during solver
intermediate trace flushes, | — e —
. . . . (302837 (56%) | S453e+03| [75.227 [14%) | 5.453e+03| [«2.357 * 556.6% | TEZIE+0]
communication distortion i | TTTTTARTAANAAAAATY
azx1 |
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" CUBE: epik_smg2000_co32_sum -2

File  Wiew Help

Trace flush
Metrics Call Tree FIatF'rnﬂIel Overhead genera”y .
[Fosoit | [emzon mostly in MPI_Init - avoided

—=—{ | 0.00 Time —=—{] 0.00 main

323.04 Execution 0.00 MPI_Init
ﬂ 0.08 MPI 4E|:| 3347 TRAC
—=—{] 0.00 Cammunication ——] 0.00 MRy
@ 4.79 Collective ] ooomMP A3 R :
[ 184.50 Point-to-poi 0.00 hypf £ll8 ¥iew  Help
D0 el arlzaield 0.00 hyoY metrics ‘ Call Tree | Flat Prafile | Syster Tree  Topology View|
L] 0.00 MP1 1O [ 0.00 hyp [&bsolute /|| [2bsalute /]| [Peer parcent ¥
—|:| 1.79 InitExit 0.00 HY
.- 0.00 HY =] 0.00 Time —=—{] 0.00 main 4
L[l 103117764 visits 0.00 HY ‘E&DZ'?Z Execution ﬂ.unm_u )
& [B 4877140 Communications [] 0.00 HY T 012 Ml 792 TRACING
@ 32 Synchronizations [ 0.00 Hy —=—[ ] 0.00 Communication — ] 0.00 MPI_Cant_create
2087635040 Bytes transferred 0.00 HY 577 Collective — L) GO0 R B (3.3,13
[ 000 Hy 217.74 Point-to-poi 0.00 hypre_lnitializeTiming
(] 000 HY 0.00 Synchronization [ ] 0.00 hypre_BeginTiming
] 0.00 Hy [ 0.00 MPI IFO [ ] 0.00 hypre_Calloc |
7 0.00 HY —|:| 2.04 |nit'Exit 0.00 HYPRE_StructGridCre: (3,300
. n.ny/ , 7.92 Overhead 0.00 HYPRE_StructGridSete
— - - 2 B 103117764 Yisits +—{ | 0.00 HYPRE_StructGridass

A 5.477e+02 (0,0, 0%
[BEeD (B || - 32 Synchronizations 0.00 HYFPRE_StructStencils z
FII“ 2067635040 Bytes transferred = | 0.00 H¥PRE_StructhatrixC |L!"x
|32 o | 0.00 H¥PRE_StructhdatrixSe

—F—{ ]
B 4877140 Communications 0.00 HY'PRE_StructStencil C
0
]
—0
—=—{1]

[ ] 0.00 HYPRE_Structhatrixse
[ ] 0.00 H¥PRE_Structhatrixin

0.00 HY¥PRE_Structhatrixse

With larger trace buffers

0.00 HYPRE_Structhdatrixa:

to avoid intermediate flush | |l =] e —
7819 (12%) | 6.363e+0z| [7815 (1.2%) | 5.3638+02 | [«0247 + 01%> | z 455601
get more accurate trace i | |TTTITTTRRTAAITANNY

|32><1 |
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Selective instrumentation/measurement

- Unimportant functions can be determined from summary
analysis report

- form leaves of callpath-tree (w/o MPI)
- negligible proportion of (exclusive) execution time
- high proportion of (exclusive) visit count
« Eliminating them reduces overheads
» runtime processing, storage & analysis
- Makes them “invisible” in the analysis

- logically become part of their calling functions
(as if they were in-lined!)
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cube3 score with (sorted) region breakdown

% cube3 score -r epik smg2000 mano 64/summary.cube
time

bl type

MPI
COM
COM
MPI
MPI
USR
USR
USR
USR
USR
USR

ANY
MPI
COM
USR

max tbc

max tbc

2061936
2346840
2346840
7495240
8149850
9426048
9426048
11063016
11454432
11763336
23496576

162589938

17649090
9905832
135034968

293.
14.

23

11.

41
10

21.
l6.
25.
26.
38.

1227

456.

321
311

30
79
.49
38
.43
.47
69
80
82
90
16

.61
64
.80
.13

WNDNNRPPFPOWORREPL,W

%

.89
.20
.91
.93
.37
.85
77
.37
.10
.19
.11

.00
.20
o 2l
.34

region

MPI Waitall

hypre FinalizeCommunication
hypre InitializeCommunication
MPI Irecv

MPI Isend

hypre StructStencilElementRank
hypre StructMatrixExtractPointerByIdx
hypre MAlloc$AF10 5

hypre MAlloc

hypre CAlloc

hypre Free

ALL (254 regions)
+ MPI ( 13 regions) pure MPI
+ COM ( 32 regions) combined MPI&USR
+ USR (207 regions) pure User

= estimated maximum trace buffer requirement (bytes per process)
to store all events that would be generated in an identical trace
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cube3 score with trial region blacklist

33

% cube3 score -r -1 smg2000.bl epik smg2000 mano 64/summary.cube
time

bl type

MPI
COM
COM
MPI
MPI
USR
USR
USR
USR
USR
USR

* %F * X X X

ANY
MPI
COM
USR

BL
-BL

max tbc

2061936
2346840
2346840
7495240
8149850
9426048
9426048
11063016
11454432
11763336
23496576

162589938
17649090
9905832
135034968

103570824

59019114

293.
14
23
11.
41
10
21.
l6.
25.
28 o
38.

1227.
456.
321.
311.

182.
1045.

30

.79
.49

38

.43
.47

69
80
82
90
16

6l
64
80
13

11
50
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WNDNNRFPPFPOWORREPLW

%

.89
.20
.91
.93
.37
.85
.77
.37
.10
.19
11

.00
.20
o 2l
.34

.83
.17

region

MPI Waitall

hypre FinalizeCommunication
hypre InitializeCommunication
MPI Irecv

MPI Isend

hypre_ StructStencilElementRank
hypre StructMatrixExtractPointerByIdx
hypre MAllocSAF10_5

hypre MAlloc

hypre CAlloc

hypre Free

ALL
+ MPI
+ COM
+ USR

(253
( 13
( 32
(207

regions)
regions)
regions)
regions)

pure MPI
combined MPI&USR
pure User

blacklisted
remainder

BL ( 9
ALL-BL (244

regions)
regions)



Scalasca notes

- Scalasca trace analyzer (scout) is unable to load traces
larger than around 75/140MB (VN/CO) for largest rank
- |dentify trace buffer requirements from summary report
- cube3 _score <epik>/summary.cube

- Use -r flag for breakdown of requirements per region and
Investigate benefits of blacklisting with -I<file>

- Use ELG BUFFER SIZE to specify rank trace buffer sizes
- Blacklisting routines skips handling measurements for them
for faster and more accurate measurement & analysis
- reduces size of traces (and trace buffer requirements)
- reduces measurement overhead (summary & trace)
- effectively “inlines” regions from measurement perspective

- file of routines specified with ELG BLACKLIST
34 | 2007.09.03 b.wylie@fz-juelich.de



Hardware performance counters (metrics)

* Provided by most modern microprocessors
- low-overhead measurement of low-level execution detall
- offer insight into efficiency of execution units, caches, etc.
- often restrictions on groupings of counters
- documentation varies by manufacturer

- PAPI provides portable access to available counters

- Available counters (and their interpretation) are
platform/processor-specific

- especially on BlueGene!

- Usefulness of BlueGene counters for application execution
analysis & tuning still unclear
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JUBL module papi/3.5.0

- Portable API to access hardware performance counters
» open source from UTK: //icl.cs.utk.edu/papi/
-+ supports a wide range of systems
- defines presets for common events, as well as native events
- used by various performance tools, e.g., TAU & Scalasca
- Usage
- Manual instrumentation with PAPI library calls
« Link with: -L$(PAPI_LIBRTS) -lIpapi -Ibgl_perfctr.rts
- Determine available presets and native counters
- mpirun -np 1 $PAPI_BINRTS/papi_avail -a
- mpirun -np 1 $PAPI_BINRTS/papi_native avalil
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BG/L PAPI preset events

Available preset events and hardware information.

Model string and code PVR=0x5202:0x1891 Serial=R0O0-MO-NA-C:J16-U01
CPU Revision 20994 .062500
CPU Megahertz 700.000000

Number Hardware Counters : 52

37

Max Multiplex Counters : 32

Name Code Deriv Description

PAPI L3 TCM 0x80000008 No Level 3 cache misses

PAPI L3 LDM 0x8000000e Yes Level 3 load misses

PAPI L3 STM 0x8000000f No Level 3 store misses

PAPI FMA 1INS 0x80000030 No FMA instructions completed

PAPI TOT CYC 0x8000003b No Total cycles

PAPI L2 DCH 0x8000003f Yes Level 2 data cache hits

PAPI L2 DCA 0x80000041 Yes Level 2 data cache accesses

PAPI L3 TCH 0x80000057 No Level 3 total cache hits

PAPI FML INS 0x80000061 No Floating point multiply instructions
PAPI FAD INS 0x80000062 No Floating point add instructions

PAPI BGL OED 0x80000067 No BGL Oedipus operations

PAPI BGL TS 32B 0x80000068 Yes BGL Torus 32B chunks sent
PAPI BGL TS FULL 0x80000069 Yes BGL Torus no token UPC cycles
PAPI BGL TR DPKT 0x8000006a Yes BGL Tree256 byte packets
PAPI BGL TR FULL 0x8000006b Yes BGL UPC cycles (CLOCKx2) tree rcv is full
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BG/L PAPI native events
i

- Output logged in $PAPI_ROOT/bgl_papi_native _avail.out
lists over 328 (undocumented?) BGL-specific events

- 4+4 FPU & 2NDFPU arithmetic unit events

« 4+4 FPU & 2NDFPU load/store unit events

« 29+29 UPC_PUO & UPC_PU1 events

« 34 UPC_L3 events for Level-3 cache

- 74 UPC_TS events for torus network

- 146 UPC_TR events for tree network

- No events for PowerPC cores!
- Multiplexing restricts valid counter combinations
» Counters shared by both cores: use CO-mode

» Create your own definitions for “FLOPS” count!
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Scalasca example/METRICS.SPEC_BGL

- Predefined groups of counters
BGL NETWORKS
BGL_TORUS

- BGL_TORUS_PKTS BGL_TORUS_FULL

- BGL_TORUS_ALLX BGL_TORUS_ALLY BGL_TORUS ALLZ
BGL_TREE

- BGL_TREE_PKTS BGL_TREE_FULL

- BGL_TREE_SR 0 BGL_TREE_SR 1 BGL_TREE_SR 2
BGL_CACHES

- BGL_UPC_PUO BGL_UPC_PUT

- BGL_UPC_L3 SOME BGL_UPC_L3 CONT
(BGL_FPU ARITH+LDST)

- BGL_ FPU A BGL_FPU B BGL FPU C BGL_FPU D
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Scalasca summary expt with HWC metrics

. CUBE epik_smg2000_co32 sum_BGL NETWORKS (summary.cube) =@jubl

File  Wiewe Help

hAetrics Call Tree | Flat Prnﬂlel Topology Yiew [~1>

Shsolute A |Selection percent /| |Peer percent Fi

1369.95 Time 217 0.0 main

[ 35160662 Visits 0.0 MPI_Init

32 Synchronizations 0.4 =<StructInterfaces==

6285096 Communications 389 =<5MG Setups=

4577347160 Bytes transferred ] 0.0 =< SMG S0lves

[ 17654560 BGL_UPC_TR_SNDR_0_¥CO_DPK ] 0.0 hypre_lnitializeTiming

[ 190720 BGL_UPC_TR_SKDR_0_YC1_DPKTS 0.0 hypre_BeginTiming

[l 12128228 BGL_UPC_TR_SNDR_1_VWCO_DPK =[] 0.0 HYPRE_StructSMGES0

- [l 166400 BGL_UPC_TR_SMNDR_1_¥C1_DPKTS, FINE0.7 hypre_SMGSalve

| [ 21477740 BGL_UPC_TR_SNDR_Z_¥CO_DPK 0.0 hypre_EndTiming

[ 3609258 BGL_UPC_TR_SMNDR_Z_¥C1_DPKTS 0.0 hypre_PrintTiming

[ 72122 BGL_UPC_TR_RCY_0_YCO_FULL ] 0.0 hypre_FinalizeTiming

[l 130 BGL_UPC_TR_RCY_0_VC1_FULL || ] 0.0 hypre_clearTiming b, 0, 0

[ 15872 BGL_UPC_TR_RCV_1_VCO_FULL - [] 0.0 MPI_Reduce i ’

[ 10214 BGL_UPC_TR_RCV_1_VC1_FULL 0.0 MPI_Finalize L

[ 27546 BGL_UPC_TR_RCY_2_VCO_FULL

[ 9448 BGL_UPC_TR_RCY_2_YC1_FULL Count of packets |nJected

[l 7616588 BGL_UPC_TS_XM . . . . o)
e AT T ! into torus in -x direction

- Sy — - I ll= =

(7,876,568 (100.0%) [ 7.617e+06| (4,747,200 (BO.7%| 7.817e+06| [«148350 + | 2.097e+05

FIIII IRRRRREANERA| IIIIIIIIIIII]IIIIIIIIIIIIIIIIIIIIIIIW

[3zx1 |

40 ‘ 2007.09.03 b.wylie@fz-juelich.de



JUBL tool review

- HPCT -pg good for callgraph profile, but no MPI information

- HPCT -mpitrace can provide low-overhead MPI profiling,
but incomplete profiles/trace and no callgraph information

- mpiP is a complete MPI communication profiler
-+ -k controls completeness of callgraph vs. overhead

- TAU provides a complete MPIl+callgraph+HWC profiler, but
overhead is substantial, even with default throttling
- lower overhead configurations are probably possible
- Scalasca provides complete MPI+callpath+HWC runtime
summarization and tracing with automatic trace analysis
- trace analysis offers deeper insight than possible with profiling

- blacklisting often necessary to keep overhead under control
and avoid overlarge traces
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General notes

l
- Measurement experiment typically limited to parallel region
between MPI_Init and MPI_Finalize
- experiment preparation before/during MPI_Init
- experiment finalisation during/after MP1_Finalize
- Tools typically rely on normal application termination

- If execution is killed or exits without successful MPI_Finalize
measurement experiment report not produced or incomplete

- additional finalisation time should be included in job runtime

- Measurement will necessarily dilate parallel execution
- small amounts of dilation are unavoidable
- dilation is uneven and most severe for small routines
- often such routines are in-lined by compiler optimiser

- might need to adjust instrumentation/measurement
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/O notes

- Application file I1/O performance often highly variable

- depends on load on shared filesystem/network resources

- and application/system configuration at time of measurement
- tuning requires very careful extensive benchmarking

- worst care performance very different from typical case
- none of the available tools deal well with this

« Optimal I/O is no I/O!
- preferable to eliminate non-essential I/O during measurement

- configure tools to avoid intermediate measurement 1/O
(e.g., trace buffer flushes) where appropriate

- configure measurement or analysis to exclude I/O phases

- typically part of one-off application initialisation/finalisation cost
which would be amortised in long production execution
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Scaling notes
|

- Typically want to analyse execution at production scale
+ performance may vary during course of execution
- performance at small scales may differ considerably
- best understood in context of performance scaling study

- Large-scale performance measurement & analysis often a
“grand challenge” in its own right

- quantity of measurements & analyses are proportional to
number of processes (for constant application complexity)

- event traces grow linearly with duration of measurement
- Advisable to start small and increase scale in stages

- profiling/summarisation requirements invariant with time

- trace targeted short sections (e.g., only a few iterations)
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Communication & synchronisation

- Expect communication costs to grow with num. processes

- Examine number of messages & bytes transferred
- redundant data transfers become increasingly costly
- however, read+broadcast often better than parallel read

« Synchronising operations become more serious
 blocking/waiting time is wasted time
- collectives may synchronise all ranks unnecessarily

- Origins of imbalance need careful examination
- often earlier than it ultimately manifests
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Computation
|

- Not a strength of performance tools covered here
- HPCT -pg/Xprofiler can examine node performance

- Hardware counters offer some insight into performance of
caches and FPU co-processors

Optimised libraries are customised to BG/L platform
- often provide a drop-in replacement for user functions
Optimising compilers can often do a good job
- at least when given a reasonable chance
Tuning experts study assembly code produced by compiler
- and work with the compiler to do better
Most tuning can be done at very small scale
- with only a single compute node (or less!)
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What about performance tools on BG/P?

l
- MPI-based tools expected to port straightforwardly
« Support for OpenMP and MT will require considerable work
- PAPI likely to require dedicated porting effort
- Hardware counters and access/control will be different
- Larger scale likely to encounter new scalabllity bottlenecks

- MPI application bottlenecks expected to be similar
- Investigate/resolve bottlenecks now to be prepared

» Processor/co-processor tuning?
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Conclusion

« Performance is productivity
- get results faster, or more results in same amount of time
- make previously intractable results possible at all
- If performance isn't measured regularly, it quickly goes bad!

- the execution environment is constantly changing,
even if your application isn't

- Variety of performance tools available on BlueGene/L
for in-depth analysis of computation & communication

- start with simple profiling/summarization for an overview

-« progress to tracing to investigate communication inefficiences
- Know when performance is “good enough for now”

- return to performance analysis later when it's a problem again
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