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Deep Computing

Outline

“ Various Tools for Improved Performance
“ Performance Decision Tree
“ IBM HPCToolkit

“ Remarks
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Deep Computing

HPC Tools Available for HPC
IBM Software Stack Other Software

XL Compilers * TotalView Technologies TotalView
- Externals preserved — Parallel Debugger
. New options to optimize for specific -

Lustre File System
— Enablement underway at LLNL
“ FFT Library

Blue Gene functions
LoadLeveler
. Same externals for job submission

and system query functions — FFTW Tuned functions by TU-Vienna
. Backfill scheduling to achieve * Performance Tools
maximum system utilization _ Total View
el ~ HPC Toolkit

- Provides high performance file

access, as in current pSeries and N Pa.raver
xSeries clusters — Kojak
- Runs on 10 nodes and disk servers
ESSL/MASSV

*  Optimization library and intrinsics for
better application performance

- Serial Static Library supporting 32-bit
applications

- Callable from FORTRAN, C, and C+
+

ORNL July 2008 © 2008 I1BM Corporation




Deep Computing

Performance Decision Tree
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Computation Communication /0
J \ J
+ I I 1
Xprofiler HPM J Compiler MP_Profiler MIO Library
v v
Routines/Source Summary/Blocks ] Source Listing Summary/Events

N

ORNL July 2008

© 2008 I1BM Corporation



Deep Computing

IBM High Performance Computing Toolkit - What is it?

* IBM long-term goal:

« An automatic performance tuning framework
e Assist users to identify performance problems

« A common application performance analysis environment across all HPC
platforms

* Look at all aspects of performance (communication, memory, processor, /O,
etc) from within a single interface

 Where we are: one consolidated package
* One consolidate package (Blue Gene, AlX, Linux/Power)

e Operate on the binary and yet provide reports in terms of source-level
symbols

e Dynamically activate/deactivate data collection and change what information
to collect

e One common visualization GUI
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IBM High Performance Computing Toolkit

MPI performance: MPI Profiler/Tracer

CPU performance: Xprofiler, HPM

Threading performance: OpenMP profiling

1/0 performance: 1/O profiling

Visualization and analysis: PeekPerf

MP_

Profiler/MP_Tracer

Xprofiler HPM

ORNL July 2008
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Structure of the HPC toolkit
Binary Application

PeekPerf GUI

Visualization

Query
Analysis

execution

lnstrumentation
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PeekPerf: Graphical Instrumentation, Visualization and Analysis

Instrumentation Symbolic Binary Action Point Binary
Visualization Instrumentation Instrumentation
Analysis

Libl Libn

Action Point

—
DeelPelf e

Src a.out
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Message-Passing Performance
MPI Profiler/Tracer

— Implements wrappers around MPI calls using the PMPI interface

e start timer
* call pmpi equivalent function
* stop timer

— Captures MPI calls with source code traceback
— No changes to source code, but MUST compile with -g
— Does not synchronize MPI calls
— Compile with —g and link with liompitrace.a
— Generate XML files for peekperf
MPI Tracer

— Captures “timestamped” data for MPI calls with source
traceback

— Provides a color-coded trace of execution
— Very useful to identify load-balancing issues

10 ORNL July 2008
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MPI Profiler Output

b4 Main Window
Eile Manual Automatic Windows Tool

et e rLicin 'H=0
SUALIZATION WINDOW ol | Metric Opt|on5v| Preolsmnvl
e i Task TlCount |WaIIC|od< |Transfered Bytes |
Label |Count |Wal|CIod—< Transferad Bytes | sUmitety 50 0000426 E14400
T SUMMARY 22 50 0000245 614400
L MPL_Irecy 1000 0.000671 2219526407 2 50 0.000565 614400
L MPI_Isend 1000  0.025689 2.219526+07 657 I3 50 0.000368 614400
4 mhd F 653
2-nelghbours( mhd.F) 659
~MPI_lrecy_B31 50 0.000579 614400 660
-MP_Irecy_838 50 0000394 614400 G661
BIIP| Irecy 66O A : 5 514400 662
~MFI_Irecy 674 50 0. 000448 614400 663
-MPI_lrecv_716 200 0.001823 4.9152e+06 664 temp2s 1{ilength2+) = geq(ijsta,r,2)
~MPIl_Irecy_721 200 0.0019  4.9152e+06 665  enddo
~MPl_lrecy_771 200 0.001862 4 95366+06 666
~MPI_lrecy 776 200 0.002233 4 .9536e+06 667  CALL
~MPI_Isend_629 50 0.00313 514400 MPI_ISEND{temp1s2,ilength3 MPI_DOUBLE_PRECISION jnext
~MPI_|send_634 50 0.000428 514400 3
- WP _lsend 667 50 0.000753 614400 668 1 ,comm2d isend(3),ier)
~MPI_|send_672 50 0.000592 614400
~MPI_lsend 714 200 0.005746 4 .9152e+06
~MPIl_lsend 719 200 0.002964 4.91526+06 5
~MPI_|send 769 200 0.000673 4 .9536e+06 ; ;
~MPI_send 774 200 0.002405 4.95366+06 g;? ! pompmzdirecuS)ien)
672  CALL
MPI_ISEND(temp2s1,ilength3MPI_DOUBLE _PRECISION jprev
3
B73 1 Lccommad,isendi4) ierr)
6(4 Ay _Iﬂ
] | »
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MPI Tracer output

v MPT Recwv

v MPT Send

Task 19 WLUTTIELELEPEEEEEELTT
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MPI Message Size Distribution

Message

MPI Function #Calls Size #Bytes Walltime MPI Function  #Calls Message Size  #Bytes Walltime
MPI_Comm_size 1 (1) 0..4 0 1E-07 MPI_lrecv 2 (1) 0..4 3 4.7E-06
MPI_Comm_rank 1 (1) 0..4 0 1E-07 MPI_Irecv 2 (2 5..16 i 1.4E-06
MPI_Isend 2 (2 5 16 12 1 4E-06 MPI_Irecv 2 (4 65 ... 256 192 2.4E-06

MPI_Irecv 2 (5) 257 ... 1K 768 2.6E-06
MPI_lsend 2 3 17 ... 64 48 1.3E-06

MPI_lrecv 2 (6) 1K ... 4K 3072 3.4E-06
MPI_lsend 2 (4 65 ... 256 192 1.3E-06

MPI_Irecv 2 (7) 4K ... 16K 12288 7.1E-06
MPI_lsend 2 (5 257 ... 1K 768 1.3E-06

MPI_lrecv 2 (8) 16K ... 64K 49152 2.23E-05
MPI_Isend 2 (6) 1K ... 4K 3072 1.3E-06

MPI_Irecv 2 (9) 64K ... 256K 196608  9.98E-05
MPI_lsend 2 (7) 4K ... 16K 12288 1.3E-06

MPI_Irecv 2 (A 256K ... 1M 786432 0.00039
MPI_Isend 2 (8) 16K ... 64K 49152 1.3E-06

MPI_lrecv 1 (B) 1M ... 4M 1048576  0.000517
MPI_Isend 2 (9) 64K ... 256K 196608 1.7E-06

MPI_Waitall 21 (1) 0..4 0  1.98E-05
MPI_Isend 2 (A 256K ... 1M 786432 1.7E-06

MPI_Barrier 5 (1) 0..4 0 7.8E-06
MPI_Isend 1 (B) IM ... 4M 1048576 9E-07
13 ORNL July 2008 © 2008 I1BM Corporation
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Xprofiler

“ CPU profiling tool similar to gprof

“ Can be used to profile both serial and parallel applications

“ Use procedure-profiling information to construct a graphical display of the
functions within an application

“ Provide quick access to the profiled data and helps users identify functions
that are the most CPU-intensive

Based on sampling (support from both compiler and kernel)

Charge execution time to source lines and show disassembly code
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CPU Profiling

Compile the program with -pg

Run the program

gmon.out file is generated (MPI applications

generate gmon.out.1, ..., gmon.out.n)

Run Xprofiler component

ORNL July 2008
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Xprofiler - Initial View

16

: BM R P DI

File Yiew Filter Report Utility Help

ww@w

= | -

Progran: suini Total CPU Usage: 1,31 seconds {summary of 1 gnon.out profile files})
Display S5tatus: showing 95 out of 95 nodes and 96 out of 96 arcs
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Xprofiler - Unclustering Functions

A =m Xprofiler v1.2 - IEM RS/6000 SP

File Yiew Report

Utility

ifnddo

Show Entire Call Tree '
Hide A1l Library Calls
Add Library Calls

Llusher Fumoblons by Librasy
Uncluster Functions

Tallapoe Library Beog

Expand Library Arcs

Filter by Function Manes...
Filter by CPU Tine...
Filter by Call Counts,..

| | -

Progran: suind Total CPU Usage: 1.31 seconds f{summary of 1 gmon.out profile files)}
Display Status: showing 95 out of 95 nodes and 96 out of 96 arcs

17 ORNL July 2008 © 2008 IBM Corporation
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Xprofiler - Full View - Application and Library Calls

[=][O][x]
File Yiew Filter Report Utility Help
S
£
- | -
Progran: swinl Total CPU Usage: 1,31 secondz <{summary of 1 gnon.out profile files}
Display Status: showing 95 out of 95 nodes and 96 out of 96 arcs

18 ORNL July 2008 © 2008 I1BM Corporation
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Xprofiler - Hide Lib Calls Menu

-+ Xprofiler V1.2 - IBEM RS/6000 SP

File Yiew Filter | Report Utility Help

ifacio i

Show Entire Call Tree
Hide A1l Library Calls

Add Library Calls

Cluster Functions by Library
e SH3EASS R Fumic i hong - . -
Loliapos Library Beon
Ewpand Lileary Bres
S Filter by Function Hanes,.. RV g
Filter by CPU Tine,..

Filter by Call Counts,..

-

FProgran: swin0 Total CPU Uszage: 1.31 secondz {sunmary of 1 gnon,out profile files}
Display 5tatus: showing 95 out of 95 nodes and 96 out of 96 arcs

] -
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Xprofiler - Application View

20

Width of a bar:
time including
called routines

Height of a bar:
time excluding
called routines

Call arrows
labeled with
number of calls

Overview window

for easy
navigation
(View -
Overview)

ORNL July 2008

D=3
File Yiew Filter Report Utility Help
s
||

£
=] | -
Progran: swind Total CPU Usage: 1,31 seconds {summary of 1 gmon,out profile files)
Display Status: showing 11 out of 95 nodes and 9 out of 96 arcs
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Xprofiler: Zoom In

> Xprofiler v1.1 - IBM POWER Parallel System 9 =] B3
File Yiew Filter Report Utility Help |
By
M Owverview YYindow . =] 3
File Utility Help
5C
..... -
:::::::i:::::::::ii -

G 324 4 1

¥

0.184 x 0.000 0.000 x 0.000 - (74 260 0.000 x 0.000 4.404 x 0O

Ekip Bad Data [3¢] L Find_median [118] Trnim Newral Net LEind_range [107] .Load_I0 Dadi

291600000 2916

DOOOO 291600000 583200

533200

s

\
| m

0.330 x 0.3 0.000 x 0.000

bo .EEBEE;ED;_%EEl;E‘ﬂ[)S] .Reset Diff Equat n . :33“ X n . 3:3“ wer Epoch_State [
[&]

174,130 x 1124 130 .Reset Diff Equations [34]

LAdapt Meights [5]

'

|- 1 -
Program: nn,profile Total CPU Usage: 5852.88 seconds (summary of 1 gmon.out profile files)

Display Status: showing 35 out of 125 nodes

ORNL July 2008
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Xprofiler: Flat Profile

* Menu Report provides usual gprof reports plus some extra ones
— Flat

P rofl |e >, Flat Profile - (O] %]
File Code Display Utility Help |
cunnlative =elf self total

- (:Ei” Ftime seconds seconds calls m=sfcall mnsfcall name

Graph 62.9 15.64 15.64 1 15640.00 15650.00 .main [1]

- 0.2 24 .85 0.04 .durand [7] durand , £

P['Of]le 0.0 24.86 0.01 28 0.36 0.36 .Furite_unlocked [9] RV IOV SV SO

0.0 24 .87 0.01 .dgetmo [12] dgetmo, £
0.0 24.87 0.00 55 0.00 0.00 .leftmost [13] oo d A S
. 0.0 24.87 0.00 43 0.00 0.00 .splay [14] RV SOV OV SOV I
— FUI’]CtIOn 0.0 24.87  0.00 35 0.00  0.00 .malloc [15] cdod A
0.0 24.87 0.00 35 0.00 0.00 .malloc_y [16] RV SOV OV SOV I
I (j 0.0 24.87 0.00 32 0.00 0.00 .free [17] RV SOV OV SOV I
naex 0.0 24.87 0.00 32 0.00 0.00 .free_y [18] RV SV OV SOV Y
0.0 24.87 0.00 28 0.00 0.3¢ .furite [8] RV SV OV SOV Y
0.0 24,87 0.00 28 0.00 0.00 .memchr [19] R SOV OV SOV Y
. F t 0.0 24,87 0.00 16 0.00 0.00 .rightmost [20] R SOV OV SOV Y
unC |On 0.0 24.87 0.00 10 0.00 0.00 .mtdsgmm [21] ntdsgnm.c
0.0 24,87 0.00 10 0.00 0.00 .splint [22] e d e d S
(::Eijl 0.0 24,87 0.00 10 0.00 0.00 .syncthreads [23] mtdsgnn.c
0.0 24,87 0.00 9 0.00 1.11 ._dopent [101 e d S
0.0 24.87 0.00 9 0.00 0.00 ._xflsbuf [24] RV SOV OV SOV SOV
Summary 0.0 24.87 0.00 9 0.00 0.00 ._xwrite [25] RV SOV OV SOV SOV
0.0 24.87 0.00 9 0.00 1.11 .printf [11] RV SOV OV SOV SOV
0.0 24.87 0.00 9 0.00 0.00 .time_base_to_time [26] RV SOV OV SOV SOV
. 7
— Library = ' =
. . Search Engine: (regular expressions supported)

22 ORNL July 2008 © 2008 I1BM Corporation
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Xprofiler: Source Code Window

23

Source code
window displays
source code

with time profile
(in ticks=0.01 sec)

Access

— Select function
in main display

— - context menu

— Select function
in flat profile

— - Code Display

— - Show Source
Code

ORNL July 2008

> Source Code for mtdsgmm.c =10O] =]
File Hrilidy Help |
no, ticks
line per line source code
202 /= ===/ 0
203 /% use 2x-unrolling of the outer two loops =/
204 /= ===/
205 4 for (i=il; i<il+is-1; i+=2)
206
207 8 for (j=j0; j<il+js-1; j+=2)
208
209 1 t11 = clis=n+jl;
210 5 t12 = clizn+j+1];
211 5 t21 = CE(i*l)*n+j]; ]
212 13 t22 = cl(it1)an+ (j+1)1; .
213 for (k=k0: k<kQ+kz: k++)
217 229 t21 = t21 + al(i+1)&=n+k]l=bt[j=n+k];
218 144 t22 = t22 + alG+1)#n+k]sbt[ (§+1) #nt+k];
219
220 7 clizn+j] = t11;
221 clizn+j+1] = +12;
222 3 cl(i+1d=n+jl = t21;
223 5 clGi+D)=ne (§+1)] = t22;
224 3
225 for (j=j; J<j0+js; j++)
226 {
227 t11 = clizn+jl;
228 t21 = cl(i+1)an+jl;
229 for (k=k0; k<kO+ks; k++)
230 {
231 t11 = t11 + ali#n+k]#bt[jen+k];
232 t21 = t21 + al(i+1D)an+kl=bt[jsn+k];
233 }
234 clizntjl = t11;
235 clCir1d)=n+jl = t21;
236 ¥
237 ¥
£
& |

Search Engine: (regular expressions supported)

I_E_thsub

© 2008 I1BM Corporation
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Xprofiler - Disassembler Code

24

= =
File Help
no, ticks
addres=s per instr, instruction assembler code source code
10002E18 81 FCC4287C froms  6,4,1,5 A
10002E1C 64 CCFY0008 1fdu 7. 0x8(23) POLD(I,J) = P(I,J)+ALPHA=(PNREW(I, J)-
1000ZE20 187 C30C0008 1fd 8, 0x3(12) =
1000ZE24 53 C3750008 1fd 11, 0x80(21) UOLD(I,J) = U(I,J)+ALPHA® (UNEMI(T, J)-
10002E28 39 FDa35824 fa 11.3.11
1000ZEZC 63 FD28387C fnm=s 9.8.1.7 POLD(I,J) = P(I,J)+ALPHA® (PNEMI(T, J)-
1000ZE30 4 DDSBOOOE =stfdu 10, 0xB(27) UCT,J) = UNEM(I,.T)
1000ZE34 C3540008 1fd 10, 0x8 (200 YOLD(I,J) = ¥(I,J)+ALPHA® (¥NEMI(T, J)-
10002E38 113 FCCA30234 fa 6,10,6
1000ZE3C 27 CB760008 1fd4 3, 0x3(22) POLD(I,J) = P(I,J)+ALPHA® (PNEMI(T, J)-
1000ZE40 av FDEO12FA fma 12,0,11,2 UOLD(I,J) = U(I,J)+ALPHA® (UNEMI(T, J)-
10002E44 35 DCBOOODE stfdu 5, 0x3(25) ¥(I,J) = ¥NEMW(I,.I)
1000ZE48 4 FC634823 fa 3,3.9 POLD(I,J) = P(I,J)+ALPHA® (PNEMI(T, J)-
1000ZE4C 12 CD5A0008 1fdu 10, DxB (26) UOLD(I,J) = U(I,J)+ALPHA® (UNEMI(T, J)-
1000ZE50 62 FCCOZ21BA fma 6.0,6,4 YOLD(I,J) = ¥(I,J)+ALPHA® (¥NEMI(T, J)-
10002E54 36 CE5B0OO0E 1f4d 2, 0x8B(27) UoLD(I,J) = U(I,J)+ALPHA=(UNEMWI(T, J)-
1000ZE58 244 DCECOODS =stfdu 7,0xE(12) P(I,J) = PNEM(I,.I)
1000ZE5C 28 FDOO40FA fma 8.0,3.8 POLD(I,J) = P(I,J)+ALPHA® (PNEMI(T, J)-
10002E60 CE290008 1fd 4, 0x8 (25) YOLD(I,J) = ¥(I,J)+ALPHA®(¥NEM(I, J)-
10002E64 316 DCD40008 stfdu 6, 0xB(20)
10002E6E 23 FC62507C foms 3.2,1,10 UOLD(I,J) = U(I,J)+ALPHA® (UNEMI(T, J)- 7
i~ ] -
Hearch Engine: (regular expressions supported)

ORNL July 2008
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Xprofiler: Tips and Hints
» Simplest when gmon.out.*, executable, and source code are in one directory

— Select “Set File Search Path” on “File” menu to set source
directory when source, and executable are not in the same
directory

— Can use -gfullpath to encode the path of the source files into the
binary

» By default, call tree in main display is “clustered”
— Menu Filter & Uncluster Functions
— Menu Filter - Hide All Library Calls
» Libraries must match across systems!
— 0N measurement nodes
— on workstation used for display!

» Must sample realistic problem (sampling rate is 1/100 sec)

25 ORNL July 2008 © 2008 I1BM Corporation
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HPM: What Are Performance Counters

« Extra logic inserted in the

t t ifi
Bvents oot SPECl® T LiPM: Hardware Counters Examples

* Cycles

* Useful derived metrics
Updated at every cycle . Instructions

- Floating point instructions ¥ IPC - instructions per cycle

* Strengths: . . v'Float point rate (Mflop/s)
— Non-intrusive © Integer instructions v'Computation intensity
_ Accurate * Load/stores v'Instructions per load/store
— Low overhead - Cache misses v'Load/stores per cache miss

v'Cache hit rate

- TLB misses v'Loads per load miss

* Weaknesses: - Branch taken / not taken v'Stores per store miss
— Specific for each - Branch mispredictions ¥ Loads per TLB miss
processor v'Branches mispredicted %
— Access is not well
documented

— Lack of standard and
documentation on
what is counted

26 ORNL July 2008 © 2008 I1BM Corporation
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Event Sets

“ 4 sets (0-3); ~1000 events

“ Information for
—Time
—~FPU
— L3 memory
— Processing Unit
—Tree network
—Torus network

27 ORNL July 2008 © 2008 I1BM Corporation
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Functions

hpminit( taskIiD, progName ) / f_hpminit( taskID, progName )
— tasklD is an integer value indicating the node ID.
— progName is a string with the program name.

hpmStart( instID, label ) / f _hpmstart( instID, label )

— InstID is the instrumented section ID. It should be > 0 and <= 100
( can be overridden)

— Label is a string containing a label, which is displayed by PeekPerf.

hpmStop( instiD ) / f _ hpmstop( instIiD )

— For each call to hpmStart, there should be a corresponding call to
hpmStop with matching instID

hpmTerminate( taskID ) / f_hpmterminate( taskiD )

— This function will generate the output. If the program exits without
calling hpmTerminate, no performance information will be generated.

28 ORNL July 2008 © 2008 I1BM Corporation
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LIBHPM

Go in the source code and instrument different sections independently

Declaration:

» Supports MPI (OpenMP, threads on — #include f_hpm.h
other PowerPC platforms) . Use:

o ) . call f_hpminit( O, *
e Multiple instrumentation points
call f_hpmstart( 1, “work™)

+ Nested sections do
call do_work()
» Supports Fortran, C, C++ call f_hpmstart( 22, “mo

S call comp meaning_of_life()

call f_hpmstop(
end do
call f_hpmstop( 1)

call f_hpmterminate( 0 )

29 ORNL July 2008 © 2008 I1BM Corporation
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HPM Data Visualization

I
=l
I

—|Metric Option:

" Count

r ExcSec

F IncSec
Pi_FPU_FDIN
Pr_FPL_FMA
Pr_FPUD_FIN
P_FPU1_FIN
P _CYC
PM_FPU_STF
Ph_INST_CMPL

PM_LSU_LDF

L time

i ~| hpmviz
File
Eile . ,
. SWim_omp S swim_omp. f | caled f | calc? f ‘ calc3 f
BWIrT_omp o
ExcSec | IncSec | Count * VDLD(N1 N2]| PDLD(N1 N2}|

Label ExoSe | s 2 CUN1N2), CV(N1N2),

Loop300 4572 || nop 200 o 2400 * ZINTNZ), H(NT N2), PSIINT N2)

Loop 200 4 203 =

LOOE o0 3071 (L:c;?famo ?g;; gggg COMMGN /CONS/ DT.TDT.DX.DY A ALPHA TMAX MPRII

Calcd 1 838 Calcd 1013 0400 1. . NP1 ELPLTRILDILDJ PCF

Calc? 1.013 nteger lerr

MPI Calcl start 1.003 2400 integer omp_get_thread_num
MPI Calct start 1.003 - flsp| Cale2 start 0.528 2400 -
~| Metric Broswser: Loop 300 | g |
Close | Metric Options ¢ | Pracision ¢
Nods . | Thread | Count | ExeSec |IneSec |U time |Use rate | (M) LS |MIPS |HW FP/Cye | InstilS | M Flips | 1pC | mtliprs | wips [witiprs | Fva % | Comp nt.
0 3 2398 4539 4530 3923  86.425 590,056 201 855 0116 2245 120947 80012 1
0 0 2398 4572 4572 4378 95783 508414283277 0107 1978 133.037 8O.011 i
0 2 2398 4540 4540 4366 95979 500,019 255.241 0104 1968 4 129.663 580.838 120663 80011 1
0 1 2308 4547 4547 4308 94759 500.024 25019 0105 1997 129.728 589 837 129.728 0012 i
1 2 2388 4534 4534 4398  96.999 500044 253.123 0103 1945 130.088 589,856 130.088 0010 1
1 1 2308 4528 4528 3942  §7.069 589.983 286.058 0115 2195 589 807 130.263 80011 i
1 0 2388 4547 4547 3766  82.828 608.434308.065 0124 2302 608.244 133.762 80011 1
1 3 2398 4523 4523 3537  78.198 589.962317.346 0128 2433 589781 1304 80011 i
2 0 2398 4538 4538 3777 83218 608448 31201 0124 2327 £08.262 134.020 80012 1
2 D 2398 4522 4522 4313 95364 500033257962 0105 1977 589.86 130.431 80011 i
2 3 2398 452 452 4307 95285 589985258 863 0105 1983 589 806 130,492 0011 1
2 1 2398 450 450 435 08222 589943255814 0104 198 589 767 130468 9001 i
3 3 2398 4487 4487 4193 93453 571551 250 827 0106 204 571374 127352 80011 1
3 1 2398 4500 4500 4365 96.953 589.937 254,196 0104 194 589.763 131.003 9001 i
3 o 2398 4483 4483 4139 9233 571556263864 0106 207 127.445 80011 1
3 0 2398 4508 4508 3.927  87.154 500044 290852 0116 2.221 130801 80012 i
. ' iE: ‘ =]

30

* Use rats
" (M) LS
" MIPS

" HW FP/Cye
F Insir/LS
" M Flips
" pC

" Iflipds
" WFlips
" YWHip's
" FMA %

" Comp Int.

ORNL July 2008
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HPM component
Plain Text File Output

libhpm v3.2.1 (IHPCT v2.2.0) summary
#itHHHH#H#H# Resource Usage Statistics ####HHH#H?

Total amount of time in user mode
6.732208 seconds

Total amount of time in system mode
5.174914 seconds

Maximum resident set size

Kbytes

Average shared memory use in text segment

17712 Kbytes*sec

Average unshared memory use in data segment :
61598 Kbytes*sec

Number of page faults without 1/O activity : 13829
Number of page faults with I/O activity : 0
Number of times process was swapped out : 0
Number of times file system performed INPUT : 0
Number of times file system performed OUTPUT : 0

112184

Number of IPC messages sent :0
Number of IPC messages received :0
Number of signals delivered :0
Number of voluntary context switches 1233
Number of involuntary context switches : 684

#H#H#H# End of Resource Statistics #####H#H#

ORNL July 2008

Instrumented section: 7 - Label: find_my_seed

process: 274706, thread: 1
file: is.c, lines: 412 <--> 441
Context is process context.
No parent for instrumented section.

Inclusive timings and counter values:
Execution time (wall clock time) : 0.000290516763925552 seconds

Initialization time (wall clock time): 1.15633010864258e-05 seconds
Overhead time (wall clock time)  : 1.44504010677338e-05 seconds

PM_FPU_1FLOP (FPU executed one flop instruction) 1259
PM_FPU_FMA (FPU executed multiply-add instruction) : 247
PM_ST_REF_L1 (L1 D cache store references) 20933
PM_LD_REF _L1 (L1 D cache load references) 38672
PM_INST_CMPL (Instructions completed) 157151

PM_RUN_CYC (Run cycles) 254222
Utilization rate 52.895 %

MIPS 540.936

Instructions per load/store 2.637
Algebraic floating point operations 0.002 M

6.034 Mflop/s
11.408 Mflop/s
28.180 %
0.172 %

Algebraic flop rate (flops / WCT)
Algebraic flops / user time

FMA percentage

% of peak performance
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PomProf - “Standard” OpenMP Monitoring API?

e Problem:

— OpenMP (unlike MPI) does not define
standard monitoring interface (at SC06 they accepted a
proposal from SUN and others)

— OpenMP is defined mainly by directives/pragmas

e Solution:
— POMP: OpenMP Monitoring Interface

— Joint Development

= * Forschungszentrum Julich
= . University of Oregon
— Presented at EWOMP’01, LACSI'01 and SC’01
*  “The Journal of Supercomputing”, 23, Aug. 2002.

W

32

ORNL July 2008 © 2008 I1BM Corporation




Deep Computing

Profiling of OpenMP Applications: POMP

» Portable cross-platform/cross-language API to simplify the design and
Implementation of OpenMP tools

«  POMP was motivated by the MPI profiling interface (PMPI)
— PMPI allows selective replacement of MPI routines at link time

— Used by most MPI performance tools (including MPI Profiler/Tracer)

Call MPI Send ( MPI Send \- MPI Send
PMPI Send
MPI Bcast

Call MPI Bcast

Q'ofiling Librarjy
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POMP Proposal

» Three groups of events

— OpenMP constructs and directives/pragmas

* Enter/Exit around each OpenMP construct
— Begin/End around associated body

* Special case for parallel loops:
— ChunkBegin/End, IterBegin/End, or IterEvent instead of Begin/End

* “Single” events for small constructs like atomic or flush
— OpenMP API calls

* Enter/Exit events around omp_set * lock() functions
* “single” events for all API functions

— User functions and regions

» Allows application programmers to specify and control
amount of instrumentation
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Example: POMP Instrumentation

1: int main() {
2: int id;
LS POMP_Init();
3:
* % % { POMP_handle_t pomp_hdl = 0;
* %k % int32 pomp_tid = omp_get_thread_num();
* k% POMP_Parallel_enter (&pomp_hd1, pomp_tid, -1, 1,
* k% "49*type=pregion*file=demo.c*slines=4,4*elines=8,8**");
4: #pragma omp parallel private(id)
5: {
* % % int32 pomp_tid = omp_get_thread_num();
* k% POMP_Parallel_begin(pomp_hd1, pomp_tid);
6: id = omp_get_thread_num();
7: printf("hello from %d\n", id);
* ok ok POMP_Parallel_end(pomp_hdl, pomp_tid);
8: }
SE POMP_Parallel_exit(pomp_hd1, pomp_tid);
* %% }
LEIES POMP_Finalize();
3 Z{C:::;77
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POMP Profiler (PompProf)

Generates a detailed profile describing overheads and time
spent by each thread in three key regions of the parallel
application:

— Parallel regions
— OpenMP loops inside a parallel region
— User defined functions

* Profile data is presented in the form of an XML file that can
be visualized with PeekPerf

36 ORNL July 2008 © 2008 I1BM Corporation




Deep Computing

il x!
File Tools
main.f I [J main.f | runhyd3.f
Lahel |C|:|unt |E><|:I. Time |Inu:|. Time |%Tntal Cverhead |%Imhalance |.ﬂ-. Sn;ndif msg_mxzhdy, msg_tmeddy, msg_mxyboy)
—pregion_3z4 1 ad d63d 124.5043 41e-0a f.3e-05 12
loop_1125 0.005431 66.4634 :
—loop_&52 10 12.654 12.854 0.00517a 57 5565 17 )
- cHomp do schedule(static
—loop_543 10 12.3907 12.3907 0.005676 93.6044 &1 § r1| in=1 r_“__r_””_”:_ )
—loop_1685 10 1¢.3036 1¢.30356 0.0036d3¢ 713149 16 L
—loop_14085 10 11.6974 11.8975 0.005573 96.0544 19
—loop_1334 10 1016843 101643 0.006926 41.4939 13
—loop_730 1 0522151 0522151 0.0135839 37576 0. if ({ithread.eq.1).and (ip.ge.icamm_point( 4)).and.
—loop_166G 1 04685633 0433633 0.00G696 J6.62419 0« 2 firect br.eq.0) and (iflag.eq.0%) then
—loop_1623 1 0.0333148 0.039318 0.096514 27967 0. irectbr = 'I. Y ' o
—loop_1379 1 0.0531769 0.031769 0198128 13.846 0.1
—func_rdparam_174 1 0.071605 0.01605 n n n
- - call bdrys1br{dddo, nz, n=, ny, 5,
Cmemantss 1 oooorn zass o weesr M e msg_am, msg zp, msg_an, msy_xp, msq_ym, msg_yp,
B - - ’ ’ i hid tid bd
| func_deltat 550 1 226-05  2.2e-05 0 0 0 s mig—m:mi :n”:g—rr:ﬁhd;’ r:}";g—r;”;fm%’
—func_layaut_Z36 1 fe-06 Ge-06 1] 1] 1] - ’ - . -
i h dir 1541 - S 0 0 0 call bdryZols(dddao, nz, nx, ny, 3,
—TUNE_Ehangedair_ E- E- & MSG_ZMm, MSG_ZP, MSO_<M, MSg_xp, Msg_ym, msg_vp, |
‘Metric Broswser: loop_1125 - |EI|5| ]—mnyhhdd?
i
| Metric Options ¢ | Precision ¢ ~REy
Task % |thread |Time in Master | TT: Thread Time |CT: Computation Time | %imbalance | TO =TT - CT |%TO (Barrier) |%TO (RTL) | =P, MEg_Wm, m3g_Yp,
0 0 13.3219 13.3219 13.3211 0 0.000723 0.000275 0.005156 l—m””bbdd”*
0 1 0 15.5615 15,861 19,0664 0.000504 0.000108 0.003673 iyl
] ¢ 1] £1.0295 21.029 a7 Ge16 0.000314 0.000103 0.003753
] K| 1] 24 4348 24 4330 d3420d 000046 de-06 0.0031119
I} 4 1] &4 1a06 £d.1a0g g1.5174a 0.0004:3 I} 0003173 5 4 4
] a 1] £a.0957 £a.0958 dd. Ja64 0.00047 14de-0a 0.00351 I:EI ! t:r?.an ’
] ] 1] £ 1068 £2.105845 do.463d 0.0006E 0.0001357 0.0044355 ) then
I} 7 1] £3.98559 £.3.9554 G0.05445 0.000556 g.oooite 0.004063
| =, msg_ym, msg_wp,
= ms0_mAzhdy, msg_ma=Rdy, msg_mnyhdy,
& mso_m=zhdy, msg_me=hdy, msg_m=ybdy)
call bdrydalridddo, nz, n=, ny, o, F|
L | [ T T
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Modular 1/0 (MIO)

“ Addresses the need of application-level optimization for 1/O.

“ Analyze and tune 1/O at the application level

— For example, when an application exhibits the 1/0 pattern of
seqguential reading of large files

— MIO

* Detects the behavior
* Invokes its asynchronous prefetching module to prefetch user data.

“ Source code traceback

“ Future capability for dynamic 1/O instrumentation
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Modular I/O Performance Tool (MIO)

» 1/O Analysis
— Trace module
— Summary of File I/O Activity + Binary Events File
— Low CPU overhead

» 1/O Performance Enhancement Library

— Prefetch module (optimizes asynchronous prefetch and write-
behind)

— System Buffer Bypass capability

— User controlled pages (size and number)
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Performance Visualization

[ Dataview Plot 1

Plot Zoom Out Zoom In Rescale Print

JFS performance
~ymtune -p20 -P80 -f120 -F128 -r2 -R38

6+9

| writes

" reads
5+9

4+9

4+9

3+9
2+9

N
900+6| || JI” rIL,J*"( i
olufisd 14~

0 2+3 4+ 6+3 8+3 10+3 1243 14+3 |J§+3

4500 15500

(0.2:3,1.4+9)(9.3+3,3.3:+9)(16.0, 1.9+9) slope=115.6+6
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Eclipse Integration - Instrumentation

% HPCT - jtrace/hfwen_tong/hycom2/src/mod_xc.F.f - Eclipse SDK

File Edit Mavigate Search Project Instrumentation Tracing Fun

Field As=ist

Window Help

J v =

|~ | 4| ® |8~ §lv s o

B [EHPET 8 Tava

T Open Binary 22 \hﬁ Open Performance Data (.vizﬂ

O o

=] mod_xc,F.f
E-w] __mod_xc_NHMOD_xcgetc
mpi_bcazt_d456
= __mod_sxe_MMOD_xcmasxr_1
mpi_allreduce_839
__mod_xc_NMOD_xcsum j

mpi_recy_1737
mpi_send_1745
mpi_send_1722
__mod_xc_NMOD_xcstop
mpi_finalize_1464
mpi_finalize_ 1464

1 openP | 1 10| T SicHA|

b Instrumentation Completed

[

Bl
- I

Jhomeshfuenstnpshycom, mpid, inst,

-

fdd Delete = = O |[=

do 1= 1, iisummp, nproc)

The inztrumented binary iz successfully generated!
The inztrumented application can be found at

lblkdat.f | Clmewtunf | 2 forfung | T O
C =
c remnote sums.
C

do mp= mpe_1({nproc)+l, ipr
i
if

1isum{mp, nproc) *jj
{l.gt.0) then

call MP I_RECW (s=umBt, 1, T i_' &
idproc (mp, nprocy, 9900,

mpi_comm_world, mpistat, mpierr)
do j=1, 3]

+ smBt (L + (j-1)*1isumimp,

'
;

£ 2) 1) =

'HCosum: np, J, Sum
mp, 3. sumB] (33

0k

E-wl __mod_xc_NHOD_xcaput
| mpi_barrier_242
mpi_waitall_273
mpi_isend_284

if {l.gt.0) then
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o |

-~

[~
i

mpi_waitall =288
mpi_recy_230
mpi_isend_Z67
mpi_recy 275

B
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I mpi_send_init_2004

mpi_send_init_2007

—
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|
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Performance Data Visualization
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MPI Trace Visualization
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Summary Remarks

- The IBM HPC Toolkit provides an integrated framework for
performance analysis

= Support iterative analysis and automation of the performance
tuning process

» The standardized software layers make it easy to plug in new
performance analysis tools

» Qperates on the binary and yet provide reports in terms of
source-level symbols

- Provides multiple layers that the user can exploit (from low-
level instrumentations to high-level performance analysis)

» Full source code traceback capability

- Dynamically activate/deactivate data collection and change
what information to collect

* IBM Redbook: IBM System Blue Gene Solution: High
Performance Computing Toolkit for Blue Gene/P
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