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What is 1t?

 IBM long-term goal:

e An automatic performance tuning framework

» Assist users to identify performance problems
* Provide possible solutions

« A common application performance analysis environment across all HPC
platforms

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

« Where we are: one consolidated package
* One consolidate package (AlX, Linux/Power)
e Tools for MPIl, OMP, processor, memory etc

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

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

One common visualization GUI




IBM High Performance Computing Toolkit on Blue Gene

= MPI performance: MPI Profiler/Tracer
= CPU performance: Xprofiler, HPM
* Threading performance: OpenMP profiling

= /O performance: I/O profiling

* Visualization and analysis: PeekPerf




Supported Platforms

AlX

Linux

— PowerPC
— Blue Gene /L and Blue Gene /P
— Intel x86 & AMD (planned)

Eclipse integration

Windows (Intel/AMD) + Mac (coming soon)

— Offline Peekperf visualization capability only




AGENDA

. call-graph profiling

. hardware counter data
. MPI profiling

. OpenMP profiling

. 1/O profiling and optimization
IBM HPC Toolkit
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Xprofiler

Visualizer CPU time profiling data
Compile and link with -g -pg flags + optimization

Code execution generates gmon.out file

 MPI applications generate gmon.out.1, ...,
gmon.out.n

Analyze gmon.out file with
 xprofiler a.out gmon.out

Important factors:

« Sampling interval is in the order of ms
 Profiling introduces overhead due to function calls
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Progran: swini
Display Status: showing

Total CPU Usage: 1,31 seconds f{summary of 1 gron,out profile files)
95 out of 95 nodes and 96 out of 96 arcs
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Filter Report Utility
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Help

tiragde

Show Entire Call Tree
Hide A1l Library Calls
Add Library Calls

'
Clousher Fumoblons by Library R
Uncluster Functions
Catlapus Lilwary Bres
Expand Library Arcs

Filter by Function Hanes...
Filter by CPU Tine...
Filter by Call Counts...

-

Progran: swind

Total CPU Usage: 1.31 =seconds

{sunnary of 1 gnon.out profile files}

Display Status: showing 95 out of 95 nodesz and 96 out of 96 arcs




Xprofiler - Full View - Application and Library Calls

X = Xprofiler V1.2 - IBM RS/6000 SP

File View Filter Report Utility

o
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Progran: swinl Total CPU Usage: 1,31 secondz f{summary of 1 gron,out profile files)
Display Status: showing 95 out of 95 nodes and 96 out of 96 arcs
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File View Filter | Report Utility

tiragde

L=[ol[x]

Help

Show Entire Call Tree
Hide A1l Library Calls

Add Library Calls

— L LA R Pk B
Catlapos Libwary Bres

Ereand Libeary Beog

Cluster Functions by Library

Filter by CPU Tine...
Filter by Call Counts...

Filter by Function Hames...

-

Display Status=: showing 95 out of 95 nodes

Progran: swini Total CPU Usage: 1.31 seconds {summary of 1 gnon.out profile files)

and 96 out of 96 arcs
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File View Filter Report Utility

L=][o[x]

Help

-

Progran: swinl Total CPU Usage: 1.31 seconds

Display Status: showing 11 out of 95 nodes

{sunnary of 1 gron.out profile files}

and 9 out of 96 arcs




> Xprofiler v1.1 - IBEM POVWER Parallel System
File View Filter Report Utility

. Overview Yindow

File Utility

%
/

0.184 x_0.000 0.000 x 0.000 0 i d 0.000 x 0.000
Bkip_Bad_Data [36] . #ind_median [118] . _ = [ .#ind_range [107]

291600000 291600000 583200

330 x 0.3

Pyson o Reset BIRP Eauid 0.330 x 0.330
.Reset Diff Equations [34]

1124.130 x 1124.130

¥
|

4.404 x 0
.Load_10_Dad

s
\
| m

0.000 x 0.000
wer_Epoch_State [

LAdapt_MWeights [5]

Program: nn.profile Total CPU Usage: 5852.88 seconds (summary of 1 gmon.out profile files)
Digplay Status: showing 35 out of 125 nodes and 30 out of 170 arcs




Xprofiler: Flat Profile

 Menu provides usual gprof reports plus some extra ones

o

File Code Display Utility

self
seconds

15.64

self total
n=/fcall msfcall

1 15640.00 15650.00

‘durandiiil

cunulative
zeconds

15.64

Call
Graph

Ttine
62.9

calls name

.main [1]

durand, £

Profile

Function
Index

Function
Call
Summary

Library
Statistics
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. Purite_unlocked [9]
.dgetmo [12]
.leftmost [13]
.=play [14]

.malloc [15]
.mallec_y [16]

.free [17]

.free_y [18]

Purite [8]

.memnchr [19]
crightmost [20]
Jmtd=gnm [21]
.splint [22]
.syncthreads [23]
«_doprnt [10]
._xflshuf [24]
_xurite [25]
Lprintf [11]
.time_hase_to _time [26]

o e . e e e v e e
T . P
e T T T T T T T T )

e - e T I T T e T T T T R

e T T T T LT I T e T T T e s T B R

B T T T T T T T e )

—

b T T

B T i M

e

-

—

|5

\

Search Engine:

(regular

expressions supported)




Xprofiler: Source Code Window

e Source code
window displays
source code
with time profile
(in ticks=0.01 sec)

e Access

Select function
in main display

- context menu

Select function
in flat profile

- Code Display
- Show Source

Hiility

no, ticks

per line

source code

L7

Fomme

/% use 2x-unrolling of the outer two loops =/

L7

Foemmn

for (i=i0; i<iO+is-1; i+=2)

ior (j=40; J<j0+j=-1; j+=2)

t11 = climn+jl;
t12 = clifn+ j+1];

21 = cl[(i*1)an+jl;

122 = cl(i+1)sn+ (j+1)];
for (k=k0: k<kO+ks: k++)

t21 = t21 + al(i+1)an+k]l=bt[jzn+k];

22 = £22 + al(i+1)en+k]lebt[(j+1)e=n+k];

clizn+jl = t11;
clizn+j+1] = t12;
cl(i+1)=m+jl = £21;
cl(i+t1) s+ (§+1)] = t22;

(j=Jd; J<i0+j=; Je+)

t11 = cli=n+jl;
t21 = cl(i+1)an+jl;
for (k=k0; k<kD+ks; k++)
{
t11
t21

= t11 + ali®tn+kl®bt[j®n+k]l;

= t21 + al(i+ D) en+k1&bt[Jon+k];
}

clisn+jl = t11;

cliit1)an+jl = t21;

=

Bearch Engine:

(regular expressions supported)

Hthsub




Xprofiler - Disassembler Code

—

File

address

1000ZE18
10002E1C
1000ZEZ0
10002E24
10002E28
1000ZEZC
10002E30
10002E34
1000ZE38
1000ZE3C
10002E40
10002E44
1000ZE48
1000ZE4C
1000ZE50
1000ZE54
1000ZE58
1000ZE5C
10002E6D
10002E64
100D02EGE

Search Engine:

no, ticks
per instr,

31
64
187
53
8%
63
4

27
87
35

4
12
62
36

28

316
29

instruction

FCC4287C
CCF70003
CI0C0008
C5750008
FD635824
FDZEIBVC
DD5SBOOOS
C3540008
FCCA3024
CE760003
FDED12F3
DCE30008
FC634824
CD5A0008
FCCOZ1BA
CE5B0O008
DCECO00S
FDOO40F A
CE90008
DCD40003
FC62507C

(regular expressions

azzemhler code

fnmz
1fdu
1f4d
1f4d
fa
fnmz
stfdu
1f4d
fa
1f4d
fma
stfdu
fa
1fdu
fma
1f4d
stfdu
fma
1f4d
stfdu
fnmz

6,4,1,5

7. 0xB(23)
8, 0x8(12)
11, 0x8(21)
11,3,11
9,8,1.7
10, 0xE(27)
10, DxE (20)
6,10,6

3. 0xB(22)
12,0,11,2
5, DxE(25)
3,3, 2

10, DxB(26)
6,0,6,4

2, 0x8(27)
7. 0x8(12)
8.0,3.8

4, 0xE (25)
6, DxB(20)
3,2,1,10

supported)

source code

POLD(T, J)

UOLD(I, J)

= P(I,J)+ALPHA%®(PNEH(I, .J)-

UCI, J)+ALPHA® (UNEM(I, J)-

POLD(I,J) = P(I,J)+ALPHA®(PNEWI(T, .J)-
UCI,J) = UNEM(I,.J)

YOLD(I, J)

POLD(I,J)
UOLD(T, J)

Y(I,J)+ALPHA®(YNEMW(I, J)-

P(I,J)+ALPHA®(PNEMW(I, J)~-
UL, J)+ALPHA® (UNEM(I, J)-

¥(I.J) = ¥YNEMW(I,.J)

POLD(I,J)
UOLD(I, J)
YOLD(I,J)
UOLD(I, J)

P(I,J)+ALPHA® (PNEM(I, J)-
UCI, J)+ALPHA® (UNEM(I, J)-
¥(I, J)+ALPHA® (¥YNEM(I, J)-
UCI, J)+ALPHA® (UNEM(I, J)-

P(I.J) = PHEHM(I,.J)

POLD(I,J)
YOLD(I,J)

UOLD(I, J)

P(I,J)+ALPHA® (PNEM(I, J)-
¥(I, J)+ALPHA® (¥YNEM(I, J)-

UCI, J)+ALPHA® (UNEM(I, J)-
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Xprofiler: Tips and Hints
 monenable()/mondisable() to sample certain regions

Simplest when gmon.out.*, executable, and source code are in one directory

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

— Can use 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!

— on measurement nodes

— on workstation used for display!

Must sample realistic problem (sampling rate is 1/100 sec)
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HPM: What Are Performance Counters

o Extralogic inserted in the processor to count specific events
= Updated at every cycle
= Strengths:
— Non-intrusive
— Very accurate
— Low overhead
= Weakness
— Provides only hard counts

— Specific for each processor

— Access is not well documented
— Lack of standard and documentation on what is counted




HPM: Hardware Counters

e 8 counters on PPC970 and Power4, 6 counters on Power 5/5+
— Several (100+) events per counter

e 48 UPC counters on Blue Gene/L, 328 events
e 256 UPC counters on Blue Gene/P, ~1000 events

 Events can not be selected independently

— PPC970: 41 groups, default: 23
— Power 4: 64 groups, default: 40

— Power 5: 140 groups (AlX 5.2), 148 groups (AIX 5.3),
default 137

— Power 5+: 152 groups, default 145
— Blue Gene/L: 16 groups
— Blue Gene/P: 4 groups




HPM: Hardware Counters

Cycles » Useful derived metrics

Instructions

Floating point instructions _
Integer instructions

Load/stores

Cache misses

TLB misses

 Branch taken / not taken

* Branch mispredictions

 Derived metrics allow users to correlate the behavior of the
application to one or more of the hardware components

* One can define threshold values acceptable for metrics and
take actions regarding program optimization when values
are below the threshold
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Derived Metrics

Utilization rate
Total FP load and store operations
MIPS

Instructions per cycle/run cycle/load
store

% Instructions dispatched that
completed

Fixed point operations per Cycle or
load/stores

Branches mispredicted percentage
number of loads per load miss
number of stores per store miss
number of load/stores per L1 miss
L1 cache hit rate

number of loads per TLB miss
number of loads/stores per TLB miss

=Total Loads from L2

=l 2 load traffic

s 2 load bandwidth per processor
sEstimated latency from loads from L2
"% loads from L2 per cycle

*Total Loads from local L2

slocal L2 load traffic

s|ocal L2 load bandwidth per processor
sEstimated latency from loads from local L2
=% loads from local L2 per cycle

sTotal Loads from L3

=3 load traffic

=3 load bandwidth per processor

sEstimated latency from loads from L3




CPU/Memory Performance

* Instrumentation library

* Provides performance information for instrumented
program sections

= Supports multiple instrumentation sections
= Supports MPI, threading and mixed mode
= Multiple sections may have the same ID

* Run-time performance information collection




Allows to go in the source code and instrument different sections
iIndependently

Supports Fortran, C, and C++

For each instrumented section provides:

e Total count & duration (wall clock time)

» Hardware performance counters information

 Derived metrics

Provides resource usage statistics for the total execution of the
iInstrumented program
Supports:

 MPI, OpenMP, & pThreads

* Multiple instrumentation points

* Nested instrumentation

« Multiple calls to an instrumented point




Event Sets

= 4 sets (0-3); ~1000 events
* Information for

—Time

- FPU

— L3 memory

— Processing Unit

— Tree network
— Torus network




Instrumentation section

hpminit( tasked, "my program" );
hpmStart( 1, "outer call");

do_work();

hpmStart( 2, "computing meaning of life" );
do_more_work();

hpmStop( 2 );

hpmStop( 1);

hpmTerminate( taskID );




Using LIBHPM

e Declaration:

e Use:
— #include f_hpm.h
call , “prog”’)
call , “work” )
do
call do_work()

call , “more work”.)

call compute_meaning_of _life()
call
end do
call

call

Use MPI
taskID with
MPI programs




OpenMP/Threading

* Thread-safe libhpm supports OpenMP and threaded
applications.

= A thread-safe linker invocation, such as xIlc_r and xIf r,
should be used or

= libpthreads.a must be included in the list of libraries.




HPM: Multi-thread Support

hpmStart




Functions

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

hpmStart( instIiD, label ) / f _hpmstart( instIiD, 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(instiD )

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

hpmTerminate( taskIiD ) /f_hpmterminate( taskiD )

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




Overhead

= |libhpm collects information and performs summarization during run
time

— there can be considerable overhead if instrumentation
sections are inserted inside inner loops.
= Guideline

— If the overhead is several orders of magnitude smaller than
the total duration of the instrumented section, you can
safely ignore the overhead timing.

— If the overhead is in the same order as the total duration of
the instrumented section, you should be suspicious of the
results.

— If the overhead is within 20% of the measured wall clock
time, awarning is printed to the ASCII output file.




C and C++ example

declaration:

#include "libhpm.h"

use:

hpminit( tasked, "my program" );
hpmStart( 1, "outer call" );
do_work();

hpmStart( 2, "computing meaning of life" );
do_more_work();

hpmStop( 2 );

hpmStop(1);

hpmTerminate( taskliD );




Fortran example

declaration:

#include "f_hpm.h"

use:

call f_hpminit( taskID, "my program" )
call f_hpmstart( 1, "Do Loop")

do ...

call do_work()

call f_hpmstart( 5, "computing meaning of life" );
call do_more_work();

call f_hpmstop( 5);

end do

call f_hpmstop( 1)

call f_hpmterminate( taskID )




Multithreaded program

ISOMP PARALLEL

ISOMP&PRIVATE (instID)

instID = 30+omp_get thread _num()

call f_hpmtstart( instID, "computing meaning of life" )
ISOMP DO

do ...

do_work()

end do

call f_hpmtstop( instiD )

ISOMP END PARALLEL

= |f two threads use the same ID numbers for call to hpmTstart or hpmTstop, libhpm exits with
the following error message:

— hpmcount ERROR - Instance ID on wrong thread




Output

» HPM_OUTPUT NAME

* The name <name> is expanded into different file names:

— <name>.hpm is the file name for ASCIl output, which is
a one-to-one copy of the screen output.

— <name>.viz is the file name for XML output.

» HPM_UNIQUE_FILE NAME

— The following string is inserted before the last dot (.) in the
file name:

— <hostname>_<process_id> <date>_<time>




Considerations for MPI parallel programs

* HPM_ AGGREGATE
— does aggregation
— restricting the output to a subset of MPI tasks

— takes a value, which is the name of a plug-in that
defines the aggregation strategy

= plug-in
— a shared object
— distributor and aggregator




Distributor

= A subroutine that determines the MPI task ID

= Sets or resets environment variables accordingly

= Environment variable can be any environment variable

* The distributor is called before any environment
variable is evaluated by HPM




Aggregator

= Aggregation of the hardware counter data across the
MPI tasks

= After the hardware counter data is gathered
= Before the data is printed
= Before the derived metrics are computed

* Check Redbook for detailed interface description




Plug-in shipped with HPCT

Mirror.so

— the plug-in that is called when no plug-in is requested.
loc merge.so
— does alocal merge on each MPI task separately

single.so

— does the same as mirror.so, but only on MPI task 0. The
output on all other tasks is discarded.

average.so

— a plug-in for taking averages across MPI tasks




“ Main Windo:

Hardware Counter Performance Visualization

Eile Manual Automatic Windows Help

Application Structure b AL

TOTTIOTT

Close | Metric Opti0n5v| Precision-'

d_congrads_fn.c —

Task |thread

[ PM_CMPLU_STALL_LSU(ind)

[PM_RUN_CYC(ind)

[PM_CMPLU_STALL_LSU(sxd)

[PM_RUN_CYCexd)

[ Uil

-d_plagd.c L
dslash_m2.c 0 0
-f_meas.c
gauge_nfo.c
=-gauge_stuff.c

B ¢_measure

= Imp_gauge_action

1.2212%e+11

5.36045e+11

543423e+10

2.37158e+11

458

force 3f <35

Close I Wetric Options - I Frecision-

| Task | thread

[ FM_CMPLU_STALL_LSU(inet) © | FM_RUN_CYC(inel)

[Pr_CMPLU_STALL L SU(exdl)

[Fr_RUM_cYCiexa)

0

341467e+11

1.58408e+12

207555411

801321e+11

hpmdata | hpmdata | hpmdata |
Label

E-gauge_stuff.c
=-imp_gauge_force 4]

~call cmplx_237
~call make_ant_hermitian_317

~call mult_su3_na_ 312

~call path_product_272

~call scalar_mult_add_su3_matrix_299
~call scalar_mult_sub_sul_matrix_315
~call su3_adjoint_281

~call uncompress_anti_hermitian_314
~1mp_gauge_force

i _stufféd.c

=-e0_fermion_force 3f

call cleanup_gather_1420

call make_anti_hermitian_1674

call scalar_mult_add _su3_vector_ 1557
call scalar_mult_add _su3_vector_1560
call scalar_mult_add _su3_vector_1579
call scalar_mult_add su3_vector_1582
call scalar_mult_add _su3_vector_1620
call scalar_mult_add su3_vector_1623
call start_gather_1412

call uncompress_anti_hermitian_1435
call wait_gather 1416

327880
327580

960
1.57286e+07
327880
1.57286e+07
327880

5
3.14578e+07
31457 8e+07
20

327680
31457 8e+07
31457 3e+07
1.57286e+07
1.57286e+07
3,932 16e+06
3.93216e+06
10

327680

20

0912
1.047
21582
44813
0908
45874
0.951
430382
127347
127347
0

0938
87354
87 975
48621
44 087
10.921
11.07
0.001
0932

0

0912
1.047
21.582
44813
0.908
45874
0.951
311.562
936.57
936.57
0
0.958
57,5854
§7.975
43621
44087
10.921
11.07
0.001
0.952
0

@ Qt Assistant - QMessageBo

& Konsole [4]

150 @ xclock <2>
6 | X :

K xterm [2] X Peekperf [3] @ New York
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Message-Passing Performance

MPI Profiler/Tracer
— Implements wrappers around MPI calls using the PMPI interface

— Captures MPI calls with source code traceback
— No changes to source code, but MUST compile with -g

— Microsecond order of magnitude overhead per MPI call

— Does not synchronize MPI calls

— Compile with —g and link with libmpitrace.a

— Generate XML files for peekperf




Message-Passing Performance

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




Compiling and Linking

= Consider turning off or having a lower level of optimization (-O2, -
01,..)

— High level optimization affects the correctness of the
debugging information and can also affect the call stack
behavior.

= To link the application with the library

— The option -L/path/to/libraries, where /path/to/libraries is
the path where the libraries are located

— The option -Impitrace, which should be before the MPI
library -Impich, in the linking order

— The option -llicense to link the license library




Environment Flags

» TRACE_ALL_EVENTS (default yes)

— saves a record of all MPI events one after MPI Initﬁ), until the
application completes or until the trace buffer is full.

— By default, for MPI ranks 0-255, or for all MPI ranks, if there are
256 or fewer processes in MPI_COMM_WORLD.

— Alternative: trace_start/stop()

MAX_TRACE_EVENTS (Default: 30,000)

TRACE_ALL_TASKS
— Set to “yes” to trace all tasks/ranks

MAX_TRACE_RANK
TRACEBACK_LEVEL (Default: 0)
— Level of trace back the caller in the stack
— Used to skipped wrappers
TRACE_SEND PATTERN

— Has to set to “yes” to trace communication pattern (e.g., Average hops)
— AverageHops = sum(Hopsi x Bytesi)/sum(Bytesi)




v Researcl &
D
oTHer OuUtp
b M2 da -8]x
Elle Manual Automatic Windows Tool
[ .V p Ero el P = b6 -..IEL__.
SUALIZATION W | ; i Metric Options » I Precision = l
A mhaF e S | Count IWaIICIOd< |Transfered Bytes
Lakbel |Count |WaIIC|od< Transfered Bytes | sum{te 0 A0 0.000428 514400
= SUMMARY ggg 1 50 0000245 614400
=P Irecy 1000 0008671 2.21952e+07 e 2 &0 0.000565 514400
; MFL lsend 1000 0025689 221852e+07 3 50 0.000368 514400
& mhd E B5G
4 neighbours( mhd.F) 639
-MP_Irecy 631 50 0.000579 614400 660
- MPI_Irecy 636 50 0000394 614400 661
569 50 0000426 614400 662
~MFI Irecy 674 50 0000448 614400 6563
~MFI_lrecy_716 200 0001829 4.9152e+06 664 temp2s1{ilength2+1) = geq(ijsta,7,2)
~MP _recy_721 200 0.00139 4.9152e+06 665 enddo
-MEI Irecy 771 200 0001862 4.9536e+06 a]s]s]
WP Irecy 776 200 0002235 4.9536e+06 BE7 CALL
~MPI_lsend_628 50 000313 614400 WMPI_ISEND(temp 152, lengthd,MPI_DOUBLE_PRECISION jnext
- MP_Isend_634 50 0.000426 614400 &
-MFI_send BE7 50 0000755 614400 olat 1 .commad,isend(3).ierr)
- MPI_Isend 672 50 0000592 614400 EEG
- MP_Isend_714 200 0005746 4 9152e+06
- MP_Isend 719 200 0.002964 4 9152e+06
-MEI lsend 769 200 0009673 4.9536e+06 ;
-MPI_lsend 774 200 0002405 4.95366+06 ! Lommet read spien)
672 CALL
MP_ISEND(temp2s 1 ilengths MPI_DOUBLE_PRECISION jprav
&
673 1 ,commad,isend( 4] ierr)

CALL

s

o |




MPI Profil Visualization

i Main Window
Eile Manual Automatic Windows Help

HPM | MPI | OPENMIP | SIGA |

Application Structure | 87 H(.MH’J) = H{1.4)
S MPI CALLS 85 iffj.gt. 1)then
ocalod f 89 ZE) = Z{M+1,0)
& caled a0 CVIM+1,0) = CV(1,0)
o - e 91 endif
- mpl_irecy_104 g2 if(j.eq.n)then
- mpi_irecy_106 93 Zi1d+1) = Z{W+1,J+1)
- mpi_irecy_132 94 CWIME L+ = S0+
- Mpi_irecy_134 95 endif
- mpi_irecv_138 96 110 CONTINUE
- Mpi_irecy_ 140 a7 if{taskid.eq.0)then
- mpi_irecy_33 93 cALL
- mpi_irecy_41 mpl_irecv{cv( 1,11,n1,MPI_DOUBLE_PRECISION,
- Mpi_irecy_43 99 1
- Mpl_irecy_98 numtasks-1,1 MPI_COMM_WORLD req( 1),lerr)
mpl_lsend_1 1 100 il L
- mpi_isend_11 mpl_recy(z(1,1,n1,MPI_DOUBLE_PRECISION,
- mpi_isend_11 101 1
-mpi_fsenc_{ 1 numtasks-1,2,MPI_COMM_WORLD,req(2) jerr)
TpLIsen_ta 102 endif
3 ﬁg:—::ggg— 21 103 if( taskid.eq.numtasks-1)then
yoiow 104 cALL

- mpl_isend_153 "
- mpi_isend_37 mpi_irecy(cuf 1,n+1},n1,MPI_DOUBLE_PRECISION,
¥ i 105 1

- mpl_isend_47
- mpl_isend_49 0,3 MPI_COMM_WORLD reqi 3] ierm)

- mpi_waitall_122 108 cALL

- mpi_waitall_157 mpi_irecv(h(1,n+13,n 1 MFPI_DOUBLE _FPRECISION,
- mpi_waitall_53 107 1

- calce f 0,4 MPL_COMM_WORLD reqi4) ierr)

S-calc? 108 endif .
- mpi_irecv_102 i Co | _.1—'

]
2
4]
8
&
7
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HPM | MPL | OPENMP | SiGA |

swim_omp.f | calct f |caI02.f | calesf | report_threadsf |

Application Structure

=-MPILCALLS

1 taskids1,2,MPI_COMM_WORLD req(5) e
GALL mi_isend[P(1,e).n1MPI_DOUBLE_PRECISION,
1 taskid+ 1,3 MP|_COMM_WORLD raq( 8] jerr]

C  call f_hpmstart{ 10, "Loop 100")
CMWE-— CHECK p{lj-1) and u{i+1)-1) CHECK — <<<<<gadacg
CEOMP PARALLEL

El {11 o

'

ViMPT Tracy
v MPI_Waitall

FSOYS(LI{+1,0+1)
+1P{L+1)

UL

LMPI Irecy 106
MPI_lrecy_132
MPI_Irecv_134
MPI_Irecy 138
MPI_lrecy_140

=MPI_Irecy_33

LMARL lram AA

CEOMP END PARALLEL

CME
&

PERIODIC CONTINUATION
@
Do 110 J=jsje

LA Iy — TR Iy




MPI| Message Size Distribution

MPI Function #Calls Message Size  #Bytes Walltime MPI Function  #Calls Message Size  #Bytes Walltime

MPI_Comm_size 1 (1) 0..4 1E-07 MPI_lIrecv (1) 0..4 3 4.7E-06
MPI_Comm_rank 1 (1) 0..4 1E-07 MPI_Irecv 2) 5..16 12 1.4E-06
1) 0.4 0.000006 MPI_lrecv ©) 17 ... 64 48 1.5E-06
MPI_lIrecv (4) 65 ... 192 2.4E-06

MPI_Isend

N

MPI_lIsend

N

) 5..16 ) 1.4E-06

MPI_Irecv (5) 257 ... 1K 768 2.6E-06

MPI_lsend ©) 17 ... 64 48 1.3E-06

MPI_lrecv (6) 1K ... 4K 3072 3.4E-06

MPI_Isend 4) 65 ... 192 1.3E-06

MPI_Irecv @) 4K ... 16K 12288 7.1E-06

MPI_lsend (5) 257 ... 1K 768 1.3E-06

MPI_lrecv 2 (8) 16K ... 64K 49152  2.23E-05

MPI_Isend (6) 1K ... 4K 3072 1.3E-06

MPI_Irecv (©)) 64K ... 256K 196608 9.98E-05

MPI_lsend ©) 4K ... 16K 12288 1.3E-06

MPI_Irecv 2 (A 256K ... 1M 786432 0.00039

MPI_lsend ©) 16K ... 64K 49152 1.3E-06

MPI_lrecv 1 (B) 1M ... 4M 1048576  0.000517

MPI_Isend C)] 64K ... 256K 196608 1.7E-06

MPI_Waitall 21 (1) 0..4 0 1.98E-05

2
2
2
2
2
2
2
2

MPI_lsend (A) 256K ... 1M 786432 1.7E-06

MPI_Barrier 5 (1) 0..4 7.8E-06
MPI_Isend

=

(5)) IM ... 4M 1048576 9E-07




Communication Summary N _ 2. Hops x Bytes
geHops S Bytes

Communication summary for all tasks:

minimum communication time = 0.015 sec for task O
median communication time = 5.016 sec for task 30
maximum communication time = 5.016 sec for task 20

xcoord ycoord zcoord procid total_comm(sec) avg_hops

0 0 0 0 0.015
5.016
5.016
5.016
5.016
5.016
5.016
5.016
5.016
5.016
5.016
5.016
5.016
5.016
5.016
5.016
5.016

0
1
2
3
4
5
6
7
8
9
10
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Configuration

= Reduce data volume
— The volume of trace data can be controlled

— The cost or overhead to collect, transfer and store will
be reduced significantly.

— Helping to solve the scalability issue

= Provide flexibility
— Help user focus on interesting points
— Can be used as a basis towards automatic performance
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Implementation Example — Programmable MPI
profiling/tracing tool

MPI function calls MPI_Finalize




Configuration Functions

= MT trace_event()

— Called by every profiled MPI functions

— Decide whether the information should be logged
= MT_output_trace()

— Called in MPI1_Finalize()

— Decide whether the node should output the trace collected
= MT_output_text()

— Called in MPI1_Finalize()

— Used for customize performance data output (e.g., user-defined
metrics)




Utility functions

=  Software specific info. = “Tool factor”
— Code segment — Memory usage

= User preference = System info.

— User-defined metrics — Node location




Utility Functions

= Help user configure the profiling/tracing tool

= Information include
— MPI functions (call counts, size/distance of data transferred)
— Time
— Memory usage
— Compute node environment (coordinates...)

— Statistics




Utility Functions

long long MT_get_mpi_counts(int);
double MT_get_mpi_bytes(int);
double MT_get_mpi_time(int);

double MT _get_avg hops(void);
travels */

double MT_get_time(void);

double MT _get_elapsed time(void);
MPIL_Init */

char *MT_get_mpi_name(int);

int MT_get_tracebufferinfo(struct ...);

int MT_get_memoryinfo(struct ...);
int MT_get_calleraddress(void);
int MT_get_callerinfo(int, struct ...);

void MT_get_environment(struct ...);

[* number of calls for a MPI */

[* size of data tranfer for a MPI */

[* time used for a MPI */

[* average hops each MPI message

[* time from the MPIL_Init */
[* time between MPI_Finalize and

[* name for a MPI */

[* info for trace buffer */

[* info for the stack/heap */

[* info for the caller */

[* get caller detailed info */

[* self id info e.g., mpi rank */




Example Usage

int MI_trace event( int id) {

[* collect call count distribution */
for ( 1=0; i< env.nnpi; i++)
event _count[i] = (1);

i f ( conpare_distribution( event count,env.nnpi,0.5) == 1)
return O; /* no trace recording if
call count distribution stays the sane */
el se
return 1; /* record trace if new call count distribution */

}

int MI_output _trace( int rank ) {
if ( rank < 32 ) return 1;
el se return O;
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Modular 1/0 (MIO)

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

Analyze and tune I/O at the application level

— For example, when an application exhibits the I/O pattern of
sequential reading of large files

— MIO

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

Work in progress - Integration into HPC Toolkit with PeekPerf
capabilities

— Source code traceback
— Future capability for dynamic 1/O instrumentation




Modular 1/O Performance Tool (MIO)

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

e |/O Performance Enhancement Library
— Prefetch module (optimizes asynchronous prefetch and write-behind)
— System Buffer Bypass capability
— User controlled pages (size and number)

 Recoverable Error Handling

— Recover module (monitors return values and errnor + reissues failed
requests)

* Remote Data Server
— Remote module (simple socket protocol for moving data)
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MSC.Nastran V2001

Benchmark:
SOL 111, 1.7M DOF, 1578 modes,
146 frequencies, residual flexibility

@ Elapsed and acoustics. 120 GB of disk space.
B CPU time

A
o
o o
S oS
S O

Machine:

4-way, 1.3 GHz p655, 32 GB with 16
GB large pages, JFS striped on 16
SCSI disks.
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MSC.Nastran:

V2001.0.9 with large pages,

dmp=2 parallel=2 mem=700mb

The run with MIO used mio=1000mb

with MIO

6.8 TB of I/O in 26666 seconds is an average of about 250 MB/sec
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with MIO
w/o MIO

5 M dof, 11.5 M dof,
36 GB fct 80 GB fct
file file

Engine models

Parallel direct
solver

16 POWER4
processors
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“Standard” OpenMP Monitoring API?

 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:
— . 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.




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 I MPI_Send
PMPI_Send
Call MPI_Bcast MPI_Bcast




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




POVP_ I nit();
{ POW_handle t ponp_hdl = O;
I nt32 ponp_tid = onp_get _thread num();

POVP_Paral |l el _enter(&ponp_hdl, ponp_tid, -1, 1,
"49*t ype=pregi on*fil e=denp. c*sl i nes=4, 4*el i nes=8, 8**");

Int32 ponp_tid = onp_get _thread num();
POVP_Par al | el _begi n(ponp_hd1, ponp_tid);

POVP_Paral | el _end(ponp_hdl, ponp _tid);

POVP_Paral l el _exit(ponp_hdl, ponp _tid);

}
POVP_Fi nal i ze();




=
1

SIHGI\/IA-POMPF?rPeﬁ‘ormance Monitoring Interface for
OpenMP based on PSIGMA Instrumentation

e Approach

— A POMP implementation using pSigma’s binary
Instrumentation and rewriting

— Built on top of pSigma

* Modifies the binary with performance instrumentation
* No source code or re-compilation required




POMP Profiler (PompProf)

» Profiler for OpenMP application implemented on top of
SIGMA-POMP

 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




| IBM Research

i peekperf

File Tools

[J mmainf | funhyddrs

|C|:|unt |Ex|:I.Time Incl, Time % Total Overhead | S:lmbalance | A& & Meg_r<zhoy, msg_meddy, msg_meyby)

[ pregion_az4 1 544638 126508 41e-05 endit
loop_1125 ; ; 0.005431

—loop_g52 12.654 12.654 0.005174 ne.a56
—loop_5449 12.3907 1&.3907 0.005676 95.6045
—loop_1685 12.3036 12.3036 0.005652 621319
—loop_1408 11.6973 11.6973 0.005574 96.0545
—loop_1934 101843 101643 0.006326 41.49399
—loop_790 0522151 0522151 0.0138349 37.576
—loop_ 166G 0.4G5633 0.4E5633 0.00596 d6.6549
—loop_ 1623 0.039314 0.039314 0.396513 2. T962T
—loop_ 1374 0.031769 0.031769 01956124 13.646
—func_rdparam_174 0.01605 0.01605 ] 1]
—loop_G55 0.013306 0.013306 0.Z24678 Jde 237
—func_main_155 0.000771 126.525 1] 1]
—func_deltat 350 &.2e-0a Z.2e-03 1] 1]
—func_layout_ =96 Be-06 Be-06 0 0
—func_changedir_184 de-06 Je-06 ] 1]

cHomp do schedulefstatic)
do ip=1,hchunk

it ((ithread.eq.1).and.(ip.ge.icomm_point(1 4)).and.
& (irecibreq.0) .and. (iflag.eq.03) then
irecibr =1

call bdrysThrdddo, nz, n=, ny, 3,
& MSH_ZMm, MSY_ZP, MSH_Km, MSOU_xp, msg_ym, msg_yp,
& msg_mnzhdy, msg_mnxhdy, msg_mnyhdy,
& meo_m=zhdy, msg_m==hdy, msg_m=yhdy)
call bdryZol s(dddo, nz, ns, ny, 5,
& MSO_Zm, MEY_ZP, MSO_Xm, MSQ_xp, MEg_\Ym, msg_yp,

¢ Metric Broswser: loop_1125 -1Ol x| ]_mﬂybhddag,
i
| Metric Options ¢ | Precision ¢ i

Task % |thread |Time in Master | TT: Thread Time | CT: Computation Time | %Imbalance | TQ = TT - CT |%TO (Barrier) |‘3-3Tr:| (RTL) | L4, M3g_Ym, msg_Yp,

133213 133218 13,3211 0 0.000723 0.000275 0.005156 . gl
0 15.8615 15.861 19.0664 0.000504 0.000108 0.003679 Moy
71,0295 21.029 57.8616 0.000514 0.000103 0.003753
24 4342 24 4338 53,4208 0.000416 4206 0.003119
24 1806 24,1802 81.5175 0.000423 0 0.003173
750957 250952 58,3664 0.00047 14e-05 0.00351
751062 251055 584638 0.00062 0.000157 0.0044395
23,9859 23.9854 50,0548 0.000556 0.000112 0.004063

(2, 47.and.
037 then

o oo oo oo O
e I 3 TR o B UYL R e R e

L5, MEQ_Wm, med_Yp,
mEd_mAzhdy, msg_fmi=pdy, msg_mnyhbdy,
meo_m=zhdy, msg_m==hdy, msg_m=ybhdy)

call bdrydalridddn, nz, m«, ny, 5,

© 2008 IBM Corporation




Interactive Performance Debugger




Interactive Performance Debugger

Control instrumentation from the visualization GUI: one
complete framework for performance analysis

Operate on the source code but perform modifications on
the binary

Debugger-like interface

Automatically display collected data

Refine instrumentation (iterative tuning)

Comparison between data and between multiple runs
Graphics capabilities (tables, charts)

Query language for “what-if” analysis




Structure of the HPC toolkit

Binary Application
PeekPerf GUI

Communication Profiler Memory Profiler Visualization
CPU Profiler Query

Shared-Memory Profiler I/O Profiler Analysis

execution

Instrumented Binary




statusesff

i
integer nregs
parameter (hregs = 100)
integer regs{nreqs)
integer ierr, rank, |
integer ens

ierr = -1
erns =0
call mpi_initl 1err )
if {ierr .ne. MP|_SUCCESS) then
EITS = &frs + 1
print *, 'Unexpected return from MPLINIT', iemr
endif

iefrr = -1
call mpi_comm_rank{ MP|_ COMM_WORLD, rank, ierr )
DATA VISUALIZATION WINDOW if {ierr .|_1e-. MPI_SUCCESS) then

& EITS = errs + 1
mpidata print *, 'Unexpected return from MPI_COMM_WORLDY, iermr
endif
doi=1, nregs, 2

Label JCount ‘Transfcred Bytes | WallClock ]
--statusesff ierr= -1
=-MAIN__(statusesff ; call mpi_isend( MP1_BOTTOM, 0, MPI_BYTE, rank, i,
“MPI_Comm_rank_251 EE > MPlL.COMM WORLD, regsli), iemr )
MPI_lrecv_40 if (ierr .ne. MPI_SUCCESS) then
sen : ] 0.000184 erns = ens + 1

LMP] Waitall 48 ; 5 56.05 print * 'Unexpected return from MP1_ISEND', ierr
= = ' endif

L. SUMMARY Encn
lerr = -1

-~MPI_Comm_rank delib call mpi_irecy( MPI_BOTTOM, 0, MPI_BYTE, rank, i,
“MPI_lrecy 8.1e-05 MPI_COMM_WORLD, regs(i+1), iem )
~MPI_|send 0.000184 if {ierr .ne. MPI_SUCCESS) then

s MP1_Waitall 5.2e-05 errs = ers + 1

print*, 'Unexpected return from MPI_IRECWY", ierr
endif

enddo




pi_comim_rank 25
{_finalize_55

DATA VISUALIZATION WINDGW

mpidata

Label ]Count ]Transfared Bytes |[WallClock ]

--statusesff
[ Z-MAIN_ (statusesff)
MPI1_Comm_rank_25 1 Set Filter
“MPI_Irecy_40
BVPI Isend 33 50 | Mo Filter
MP1_Waitall_48 E
—-SUMMARY
MP1_Comm_rank Collapse the Tree

MPI_lrecv
MP!_Isend Show as Table

= MPI_Waitall

Expand the Tree

Show Other Rank

View Tracer

——
integer nreqs

parameter (nregs = 100)
integer reqs(nregs)
integer ierr, rank, i
integer emrs

ierr =-1
errs =0
call mpi_init{ iermr )
if fierr .ne, MPI_SUCCESS) then
errs = ens + 1
print *, 'Unexpected return from MPIL_INIT', ierr
endif

ierr =-1
call mpi_comm_rank{ MPI_COMM_WORLD, rank, ierr )
if fierr .ne, MPI_SUCCESS) then
errs = ens + 1
print *, 'Unexpected return from MPI_COMM_WORLD', ierr
endif
doi=1, nregs, 2
ierr=-1
call mpi_isend( MPI_BOTTCM, 0, MPI_BYTE, rank, i,
. : MV =gs(i), iem )
if {ierr .ne. MPI_
erns = ens + 1
print*, 'Unexpected retumn from MPI1_ISEND', iermr
endif
ierr = -1
call mpi_irecvi MPI_BOTTOM, 0, MPI_BYTE, rank, i,
MPI_COMM_WORLD, regs(i+1), ierr )
if (ierr .;ne. MPI_SUCCESS) then
erns = ens + 1
print*, 'Unexpected retumn from MPI_IRECY", iermr
endif
enddo
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Peekperf Main Interface (Cont.)

[~ - S T
b_d Performance Data Table

B2 Wiain Window <2~
File Manual Automatic Windows Tool

Label | File

Function

Transfered| WallClock

Application Structure
Bl CALLS
Bl siatusesif
SENAIN
e mpi_comim_rark 25
i finalize 55

mpi_isend 33
g pi waitall 48

| DATA VISUALIZATION WINDOW

mpidata ]

Label
Z.statusesff
| Z-MAIN_ (statusesff)
MPI_Comm_rank_25 1
“MPIlrecy_40
EMP| Isend 33
: - MPI_Waitall_48
S+ SUMMARY
F-MPI_Comm_rank
MP_lrecy
-MPI_Isend
LMPL Waitall

JCount ]Transfer
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MPI1_Comm_rank_25 (0}  statusesff
MP]_Comm_rank_ 25 (1) statusesff
MPIl_Comm_rank_25 (3)  statusesff
MPI1_Irecv 40 (0)
MPI_Irecy 40 (1)
MPI1_Irecy 40 (3)
MPI_Isend 33 (0)
MPI Isend 33 (1)
MPI_Isend 33 (3)
MPI_Waitall 48 (D)
MPI Waitall 48 (1)
MPI Waitall 48 (3)
MP1_Comm_rank (0}
MP1_Comm_rank (1)
MP1_Comm_rank (3)
MP1_Irecvy (0)

MPI Irecy (1)

MPI1 Irecy (3)
MPI1_Isend (0}

MP1 _Isend (1)
MPI1_Isend (3)

MPI Waitall (0)

MP1 Waitall (1)

statusesff
statusesff
statusesff
statusesff
statusesff
statusesff
statusesff
statusesff
statusesff

MAIN_ (statusesff)
MAIN _ (statusesff)
MAIN_ (statusesff)
MAIN _ (statusesff)
MAIN_ (statusesff)
MAIN _ (statusesff)
MAIN_ (statusesff)
MAIN _ (statusesff)
MAIN_ (statusesff)
MAIN _ (statusesff)
MAIN_ (statusesff)
MAIN _ (statusesff)
SUMMARY
SUMMARY
SUMMARY
SUMMARY
SUMMARY
SUMMARY
SUMMARY
SUMMARY
SUMMARY
SUMMARY
SUMMARY

(=]

o O o o o o o o0 o o0 o0 o0 o0 o0 o0 o0 o0 o0 oo oo

0.00000
0.00000
0.00000
g.00008
g.00008
g.00008
g.00018
g.00018
g.00018
0.00005
0.00005
0.00005
0.00000
0.00000
0.00000
g.00008
g.00008
g.00008
g.00018
g.00018
g.00018
0.00005
0.00005

2.28-U2

enrdif

b Metric Broswser: MPI_lsend_33

1 Metric Options » ] Precision

1 Count

] Transfered Bytes

WallClock

50
50
50

0
0
0

0.000184
0.000184
0.000184




v MPI_TIrecv
v MPI Waitall

rank, ierr )

WM. WORLD', ietr

™ .TE. rank, 1,

| COMM_WOR
if {ierr .ne. MPI_SUCCESS) then
[ | Elrs = ens + 1

-----F’I Waitall 48 ; ; print *, 'Unexpected return from MP1_ISEND', ierr
- SUMMARY i

ierr = -1
|G, farik ea8 call mpi_irecv( MPI_BOTTOM, 0, MPI_BYTE, rank, i,

~MP|_Irecy 8.1e05 MPL_ COMM_WORLD, regs{i=1), iem)
~MP|_Isend 0.000184 if (ierr .ne. MPI_SUCCESS) then
- MPI_Waitall 5.2e-05 ens = ens + 1
print*, 'Unexpected return from MPI_IRECV', ierr
endif
enddo




Summery

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

Operates 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
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