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Bubble Analysis
Latency Analysis
First dimension: The node

Second dimension The interconnect

Questions




Starting the Tree Structure Analysis

Cycles Retiring Instructions

CPU_CYCLES /

\BACK END BUBBLE ALL are the stall cycles to be reduced.
Eliminating the major contributions to this number is the most promising way
for optimization




Stall Cycles Have 5 Components

Cycles Retiring Instructions

BE_FLUSH_BUBBLE
CPU_CYCLES

\ BE_L1D_FPU_BUBBLE
BACK_END_BUBBLE_ALL BE_EXE_BUBBLE

BE_RSE_BUBBLE

BACK_END_BUBBLE.FE

BACK_END_BUBBLE BE_FLUSH_BUBBLE
BE_L1D_FPU_BUBBLE
BE_EXE_BUBBLE
BE_RSE_BUBBLE

BACK_END_BUBBLE.FE

+ o+ 4+
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Cycles Retiring Instructions

/ E_FLUSH_BUBBLE Compile with Profile
CPU_CYCLES Guided Feedback

BE_L1D_FPU_BUBBLE
] Gather More Detail
BACK_END_BUBBLE_ALL

BE_EXE_BUBBLE

BE_RSE_BUBBLE Reduce Register Usage

BACK_END_BUBBLE.FE Compile with Profile
Guided Feedback
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Cycles Retiring Instructions

BE_FLUSH_BUBBLE

CPU_CYCLES
BACK_END_\BgliBLE_ALL BE_L1D_FPU_BUBBLE BE_EXE_BUBBLE.GRALL
BE_EXE_BUBBLE BE_EXE_BUBBLE.GRGR
BE_RSE_BUBBLE BE_EXE_BUBBLE.FRALL

BACK_END_BUBBLE.FE
» BE_EXE_BUBBLE.GRALL Counts all stall cycles due to waiting for valid
data delivery to general register
» BE_EXE_BUBBLE.GRGR Counts all stall cycles due to waiting for valid
data delivery to general register from an integer instruction
» BE_EXE_BUBBLE.GRALL-BE_EXE_BUBBLE.GRGR Approximates
memory access stall for integer data

» BE_EXE_BUBBLE.FRALL Counts all stall cycles due to waiting for valid
data delivery to an FP register

Bu
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A A P
Long Latency Loads

L3 cache misses

L3 cache misses due to loads (and stores) cause hundreds of stalled cycles.
L3_reads.data_reads.miss is caused by loads, stores and prefetch instructions.

Data EAR events

> Allow user to select minimum latency (DATA_EAR_CACHE_LAT
8,16,32,64,...cycles)
» Minimum latency > 32/64 identifies unprefetched data loads
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The Big four

Events

CPU_CYCLES (SAV?=1000000)
BACK_END_BUBBBLE.ALL (SAV=1000000)
DEAR_LATENCY_GT_64 (SAV=1000)
BUS_MEMORY.ALL.SELF (SAV=10000)

v

v

v

v

?Sample After Value

Identifies
» Low hanging fruit with BACK_LEND_BUBBBLE.ALL
Hotspots (cpu_cycles/back_end_bubble.all)

v

v

Long latency data access/non prefetched data/thread sharing problemes

v

Bandwidth limited loops
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m  Bubble Analysis
m  Latency Analysis

m  First dimension: The node
Level 1: subroutines by subroutines
Level 2: lines by lines
Level 3: assembly

m  Second dimension The interconnect

B Questions
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Level 1: subroutines by subroutines

Tool

Classical open source gprof

Advantages
» Standard

» Well known

v

Supported by Intel compiler
» Easy to use
MPI support

v
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Example

Traditional tool: gprof

v

Simple to use (compile with -p)
Use GPROF_PREFIX or GMON_OUT_PREFIX
gprof -s a.out $GMON_OUT_PREFIX *

gprof a.out gmon.sum > summary-profile

v

v

v




Level 2: lines by lines

For tools

> Gprof

> Intel Vtune
API PAPI
HPCToolkit

\4

v

Advantages
> Gprof: simple, standard

» Vtune: time information and hardware (and ratio) lines by lines inside a
GUI or with command line interface

> PAPI: You need use api inside your source code
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Medium Level: PAPI

PAPI aims to provide the tool designer and application engineer with a
consistent interface and methodology for use of the performance counter
hardware. PAPI is used for the following reasons:

> to provide a solid foundation for cross-platform performance analysis tools

> to present a set of standard definitions for performance metrics on all
platforms

> to provide a standard APl among users, vendors and academics.
PAPI supplies two interfaces:
> a high-level interface, for simple measures

> a low-level interface, programmable, adapting the specificity of the
machine and linking the measures.

[ ]
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http://icl.cs.utk.edu/projects/papi/

Example: Simple use

#include "fpapi.h"
real real_time,cpu_time, mflops
integer*8 fp_ins

call PAPIf_flops(real_time,cpu_time,fp_ins,mflops,ierr)
c Code to profile
call PAPIf_flops(real_time,cpu_time,fp_ins,mflops,ierr)
write (6,120) real_time, cpu_time, fp_ins,mflops
120 format (//’PAPI result’/’real time (secs): ’, f15.3,
$ /’CPU time (secs): ’,f15.3,

$ /’floating point instructiomns: ’, il5,
$ /’MFLOPS: ’, £15.3)
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Usage haut-niveau

v

Include header

#include "fpapi.h"

Some declaration

v

integer events(2),numevents, ierr
character*PAPI_MAX_STR_LEN errorstring

> Array for counters

|integer*8 values(2)

v

Counters (cf fpapi.h)

numevents= 2
events(1)=PAPI_FP_INS
events (2)=PAPI_TOT_CYC
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» Start measurements

call PAPIf_start_counters(events, numevents, ierr)
if ( ierr .NE. PAPI_OK ) then
call PAPIF_perror(ierr,errorstring,PAPI_MAX_STR_LEN)
print *, errorstring
end if

» Save counters values and restart counters

call PAPIf_read_counters(values,numevents,ierr)
if ( ierr .NE. PAPI_OK ) then
call PAPIF _perror(ierr,errorstring,PAPI_MAX_STR_LEN)
print *, errorstring
end if
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» Accumulate counters

|PAPIf_accum_counters(values,numevents,ierr)

» Stop counters:

call PAPIf_stop_counters(values, numevents, ierr)

if ( ierr .NE. PAPI_OK ) then

call PAPIF_perror(ierr,errorstring,PAPI_MAX_STR_LEN)
print *,errorstring

end if




A A P
PAPI with OpenMP

> Include: use omp_lib #include <f90papi.h>
> Initialization

chkflg = PAPI_VER_CURRENT
call PAPIF_library_init(chkflg)
if (chkflg .ne. PAPI_VER_CURRENT) then

print *, ’Error initializing the PAPI Library’
call abort
end if

» Threads Initialization

call PAPIF_thread_init(omp_get_thread_num,chkflg)
if (chkflg /= PAPI_OK) then
print *, ’Error in subroutine PAPIF_thread_init’
call abort
end if
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Example

[berthelcensi7 (CONF 09) MandelOpenMP_PAPI] ./mandel
Thread 2 : MFLOPS = 1103.203
Thread 1 : MFLOPS = 1028.133
Thread 0 : MFLOPS = 1009.210
Thread 6 : MFLOPS = 1120.061
Thread 3 : MFLOPS = 1032.386
Thread 5 : MFLOPS = 1009.772
Thread 7 : MFLOPS = 1009.336
Thread 4 : MFLOPS = 1009.654
Loop seconds: 0.8052310

Total MFLOPS: 8321.755

wit




HPCToolKit

HPCToolkit is an open-source suite of multi-platform tools for profile-based
performance analysis of applications.

21/70
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>

hpcrun: a tool for profiling executions of unmodified application binaries
using statistical sampling of hardware performance counters.

csprof: a tool for collecting call path profiles of optimized application
binaries.

bloop: a tool for analyzing application binaries to recover program
structure; namely, to identify where loops are present and what program
source lines they contain.

hpcprof: a tool for interpeting sample-based execution profiles and relating
them back to program source lines.

hpcview: a tool for correlating program structure information, multiple
sample-based performance profiles, and program source code to produce a
performance database.

hpcviewer: a java-based GUI for exploring databases consisting of
performance information correlated with program source.

Bu

n:


http://www.hipersoft.rice.edu/hpctoolkit/

First Use

Compile and Run
> Compile with -g
> run with hpcrun ./a.out with default events ( PAPI_TOT_CYC)
> Result inside file a.out.PAPI_TOT_CYC.lynx0.25098.0x620a

Analysis 1/2

» Run hpcprof ./a.out a.out.PAPI_TOT_CYC.lynx0.25098.0x620a
> Result: ASCI or HTML

Columns correspond to the following events [event:period (events/sample)]
PAPI_TOT_CYC:32767 - Total cycles (5162 samples)

Load Module Summary:

99.8% /<path_to_bin>/cg.S

0.2} /1ib/1d-2.3.4.so0
[...1
File Summary:

98.7%, <<path_to_bin>/cg.S>><path_to_src>/cg.f

0.9% <<path_to_bin>/cg.S>><path_to_src>/randi8.f
[...]
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Analysis 2/2

Function Summary:
85.5% <</path_to_src>/cg.S>>conj_grad
12.5% <<<path_to_bin/cg.S>>sparse

[...]

File <<path_to_bin/cg.S>><path_to_src>/cg.f with profile annotations.
516 c
517 c q=A.p
518 c The partition submatrix-vector multiply: use workspace w
519 c
520 C
521 C NOTE: this version of the multiply is actually (slightly: maybe %5)
522 9 faster on the sp2 on 16 nodes than is the unrolled-by-2 version
523 C below. On the Cray t3d, the reverse is true, i.e., the
524 C unrolled-by-two version is some 10% faster.
525 9 The unrolled-by-8 version below is significantly faster
526 C on the Cray t3d - overall speed of code is 1.5 times faster.
527 C
528  0.6% do j=1,lastrow-firstrow+1
529 sum = 0.d0
530 29.3% do k=rowstr(j),rowstr(j+1)-1
531 49.8% sum = sum + a(k)*p(colidx(k))
532 enddo
533 1.1} q(j) = sum
534 enddo

[...1
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Use GUI

Run

> Analyze application binaries: bloop ./a.out > a.out.psxml

> Run: hpcrun -e IA64_INST_RETIRED -e L3_MISSES -
e PAPI_TOT_CYC ./a.out>profile

> Run: hpcquick -I<SRC_PATH> -S a.out.psxml -P profile -n
> Run: hpcview -o experiment-db hpcquick.xml

> Run: hpcviewer




Hpcviewer
File
cg.f
514 ¢ d
520 C
521 € NOTE this version of the multiply is actually (slightly maybe %5)
522 C faster on the sp2 on 16 nodes than is the unrolled-by-2 version
522 C helow.  Onthe Crayt3d, the reverse is true, i.e, the
524 C unrolled-tby-two wersion is some 10 faster.
525 C The unrolled-by-8 wersion below is significantly faster
526 C on the Crayt2d - overall speed of code is 1.5 times faster.
527 C —
O sz do j=1,lastrow-firstrowe+ 1 =
529 sum = 0.dQ
8 520 do k=rowstr(]), rowstr{j+ 1)-1
531 sum = sum + afkrpleolicky
532 enddo
0 533 aij) = sum
534 enddo
535
536 CC do j=1,lastrow-firstrow+ 1 =
v
Flat View |
Scopes Q 1A64_INST_RETI... T L3_MISSES PAPLTOT. ... ‘ﬁ
Experiment Aggregate Metrics { 6.25:08 100.0 1.77e08 100.0 -
? Load module cg.5 8 6. 25e08 100.0 1.77e08 09.9%
¢ cg.f | 6.24e08 00, 75 1.75e08 08.9%
¢ conj_grad | 5.54e08 88.5% 1.52e08 85.8%
o= loop at cg.f: 528-622 | 1.46e08 82,54 i
o loop at cg.f: 631-636 : 2.08e07 3.3% 5.57e06  3.1% 5
o loop at co.f: 489-493 1 1.64805 0.0% | 6.55604  0.0%
. [ “F PRI w mar | U W mar
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Level 3: assembly

Vtune
Find performance bottlenecks with advanced profiling
technologies:
» Event-Based, System-Wide Sampling with little impact
on program execution (typically < 1%).
» Call Graph Profiling offers a pictorial view of program
flow to help you quickly identify critical functions.




Sampling

File->New-> Project...

Selecta wizard

< Selecta wizard
F Activiy with th

’.‘0
—u display system-wide software perfamance data,

b e Simple
b Tuning Actiiy < (= Tuning Activy

~& CallGraph Wizard

B s use

i [ e |[ o | e

<Back Next>

[ ][ camel

wit



A A P
Sampling

Select application

ApplicationModule Profile Setings.

“The applation below willbe launched by VTune(TH) Performance Analyzer duing the
Actiiy run. il n the applcation detais.

Environmentand Activity Setiings

Choose the type of applcation thatwil be pfied. Applcation pammeters

Appleatin to bunch
Sekect collecion envionment

[] No appieaton o kunch
® Linoe executable Optonal
O Jawt

Selectappiratin type:

Appleaton aiguments: |

Remte collctin setings:

The applcation can be run bcall, oron a remote system. Leam more

Application to profile (Module of interest)

Ignore this unless you pln t use ‘Pack and Go' or emte callecton where you may hse the
comnectin i the femote host. Leam mor...

<Back Next>

Enish

=

<Back Next>

Einsh

=

wit



A A P
Sampling

Customize application

ApplicationModule Profile Setings

‘Sampling Collection Settings.

‘The appliation below wil be lunched by VTune(TM) Perfomance Analyzer durig the You can configure some of the samping colletion parmeters. Us the selected defaul
Actiy run. Fil i the appleatin detais values fyou are not sure.
Applcatin pammeters Stop collcton

Application to lunch: | fhomeberthelc /ARBEIT/2006 EXEMPLE_VTUNE/TF.|

[ Afterduration of

] No appicaton to kaunch

When the appikation terminates (before duration com pletes)
Optonal

Appliaton arguments: |

‘ E_VTUNETF12 2.

Application to profile (Module of interest)

Ignore this unless you pin fo use Pack and Ga! or remate callectbn where you may bse the
connectin to the remote host, Leam mare

<Back Next>

Enish

=

o | o | o

=

wit



Sampling First windows

e Edi Refctor Navgate Seach Prkct Tuing Run Window Help

e S LR R A o [V -

Start| {DHep 52 @ = ¥ 7 OB Wekome | T Mon Apr 16 15:54:22 2007 - Sampling Resubs [ns17] 52 i
Related Topics
'~ About Tuning Browser
Events / ‘Twl:\

E30
[ Al Topks %7 search [fl Bookmarks

aorass| JETRET—, 1L
Tuning Bowser R Navigawr| = 01| e 88 29,300 27,123 7| | cPu_CYCLES samples 704,
> Pkt = cgB8 29,177 26,077 7 FP_OPS_RETIRED % 0.01
il cass 2002 5% 7| reoPsRETRED evems 26
985 2898 395 7| FP.OPS_RETRED smpks 4300
s 5750 7| MSeNSTRETREDTHIS%  S0.87
cass 28700 26,265 7| 1AS4_INST_RETIREDTHIS events 33
[Bcrucycies 88 2559 80 7| | At NSTRETREDTHIS 2., 2.1
[E11864.INST_RETREDTHI | . 28485 %055 7| msee 258
[5]FP.0PS RETRED v = -
o B 356 =
< 2 T il £ 1

Totl Samples | Dumton | Machine N | CPUID ‘ s

1 595

2 s0.20%
==

=< =

& console %8 B[ E-n-—0
Tuning Console
Mon Apr 16 15:52:17 2007 nsl7 (Run 0) Cnhbutmn for the following event(s) is being perfomed: o]

Mon Apr 16 15:52:17 2007 nsl7 (Run 0) FP_OPS.

on hor 16 15:35/16 2007 he1? (tam ) Seising Sarpliv U mak to 0-15

Mon Apr 16 15:53:20 2007 ns17 (Run 0) The processor MU configuration file: Teaniw.ml

P A 18 15t oot s ) st S che £ odng (A o el e
Mon Apr 16 15:53:20 2007 ns17 (Run 0) CPU_CYCLES, TAG4_INST_RETIRED-THTS, FP_CPS_RET B
Mon Apr 16 15: 54:22 2007 nsl7 (Run 0) Sanpling data was successfully collected

7 ll[=T 02 Bl

wit




Sampling First windows

Commands line
> The default project file

>/opt/intel/vtune/bin/vtl query -project
Project file: /tmp/vtune_berthelot/Projects/vtldefault.vpj

> Import data base inside

>/opt/intel/vtune/bin/vtl import tbs7bi6.tbs
File tbs7b16.tb5 successfully imported...Use "vtl view <activity result name>"
to view results

> Look activity name

>/opt/intel/vtune/bin/vtl show
f1__ImportedResults
ri___Imported Sampling Results
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Command line view processes

vtl view f1::r1 -processes

Process CPU_CYCLES IA64_INST_RETIRED-THIS FP_OPS_RETIRED IA64_IPC

1

pid_0x0 704263 2107485 43 2,992 [...]
cg.B.8 29300 27123 76274 0.926 [...]
cg.B.8 29177 26077 75207 0.894 [...]
cg.B.8 29002 26586 74955 0.917  [...]
cg.B.8 28984 26395 75421 o.911  [...]
cg.B.8 28848 25750 75686 0.893 [...]
cg.B.8 28701 26265 76132 0.915 [...]
cg.B.8 28530 25842 75532 0.906 [...]
cg.B.8 28485 26055 75955 0.915 [...]
java 819 310 88 0.379  [...]
top 325 356 529 1.095 [...]
pid_0x43 234 127 7 0.543 [...]
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Sampling: Process view

Fle Edi Refactor Navigate Seach Prject Tunng Run  Window Help
crE @l B XN Q|2 eray 5 [Mvimeaw re..| >
Sar[@DHeh 2\ @ @ V='EHW =l
RelaledTnnlcs e ‘ e
~ About Sampling Thread View
Events / ‘Twl:\
a3 Thead | Process | CPU_CYCLES samples © | 1AS4_INST_RETIRED-THIS samples | FP_OPS_RETI
7 Al Topks %7 search [Jfl Bookmarks
i e i Sl CPU_CYCLES evemts 45,
A Tuning Browser 82 Naviganr| = 81 CPU_CYCLES samples 2,
Sy FP_OPS_RETIRED % 10000
R FP_OPS_RETIRED evems 45
FP_OPS_RETIRED samples 7.

< {2 Mon Apr 16 15:54:22 2007 - Sampl

[Ficu_cretes
[E11464_INST_RETIRED-THIS

1A54_INST_RETIREDTHIS % 100.00
1A64_INST_RETIRED-THIS events 43,
1A64_INST_RETREDTHIS sa... 27,

864_IPC 083
[5]FP_0PS_RETRED
sl 2z I 2] =1 7 I 2]
Actvity D Acthiy Result Total Samples | Duaton | MachneN | CPUD | oMY | ideme [1*

1 1 8.59%
I — ; i 2 s |+
| Prcesses || Timads || woduks |

— M\E Console ¢ o Ev iy &0
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Sampling: Module view

Fle Edt Refactr Navgate Seach Pojct Tunng Run  Window  Help
crE @l B XN Q|2 eray & [Rvunemmee..| >

T e R ='BHW -0

Related Topics

~ AboutSampling Module View 2

B e Events
Gt Module Pocess

7 Al Topks %7 search [Jfl Bookmarks

A

A [l | cPu_cycLEs events
Tuning Browser 33 Navgatr| = 1| |ibeln.so.1 B8 &7 1046 | CPU_CYCLES samples
Sy S| vminu2sasBsi7 coms 815 79 |Feops_REnRED %
R libdev.chnbull.s0 B8 s08 681 | FPOPS_RETIRED evemis
= Sanon a1 155020007 sampl | PIRI234 0 288 m 175 | FP_OPS_RETIRED sampes
Otherss s 107 14| IAs4INSTRETREDTHIS %
= ‘ ehnt wBs 8 1| 1A64_INST_RETIREDTHIS events 35,
[Bcrucycies 23450 wss = 20| st NSTRETREDTHIS ., 24,
[Zjias4 INSTRETREDTHIS | g7, w88 E 8 |msspc 091
[Byre-ops remren bmpibullso core w8 8 4
Tomdm.so cBs 6 0
42340 B8 s 2
hekint .1 wBs 2 3
sunme @i 0 1
lbinfsa6 w88 o 1
< ] T [ Z T B
Actvity D Acthiy Result Toal Samples | Dumion | WachineN | CPUID. | pHE. | idkme |
1 1 .59%
It — | =12 2 0% |-
| Poceses | Thesds | odies |
— [ B conse 2 = BlvrivE O

wit



Command line view modules

vtl view fl::rl -pid Ox6bed
Module Process CPU_CYCLES IA64_INST_RETIRED-THIS FP_OPS_RETIRED IA64_IPC
cg.B.8 cg.B.8 26671 24198 76234 0.907
libelan.so.1 cg.B.8 837 1046 [ 1.250
vmlinux-2.6.18-B64k.1.7 cg.B.8 815 739 37 0.907
libdev.elanbull2.so cg.B.8 508 681 o 1.341
libpthread-2.3.4.s0 cg.B.8 133 175 0 1.316
Other64 cg.B.8 107 134 0 1.252
eland cg.B.8 81 11 0 0.136
libc-2.3.4.s0 cg.B.8 73 120 0 1.644
mdm cg.B.8 34 8 o 0.235
libmpibull.so.core cg.B.8 28 4 o 0.143
libmdm.so cg.B.8 6 [ o 0.000
1d-2.3.4.s0 cg.B.8 & 2 3 0.400
libelan4.so.1 cg.B.8 2 3 0 1.500
sunrpc cg.B.8 0 1 o 0.000
libimf.so0.6 cg.B.8 0 1 0 0.000
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Sampling: Fonction view

Fe Edt Refactr Navigate Seach Pokct Tunng Run  Window

XN Q|9 e

|- @& | P

o e

[san(fpreh 22\ & @ ¥ =0 [Bwekone [ Rt Al

Related Topics

|~ Aboutsampling Hotspot View

E30
7 Al Topks %7 search [Jfl Bookmarks

Tuning Browser 57 Navigawr| =
~ @pokctt e
<&

w
< {2 Mon Apr 16 15:54:22 2007 - Sampl || 1 —

@ = {3

FP_OPS_RE

CPU_CYCLES events
CPU_CYCLES samples
FP_OPS_RETIRED %
FP_OPS_RETIRED events 46
FP_OPS_RETIRED sampls 75,
1AS4_INST_RETREDTHIS % 98.50
1A64_INST_RETIRED-THIS events 38,
1A64_INST_RETREDTHIS sa... 23,
1A54_1PC 031

|

gl Z T B

$5155_3§TAGS 135084
[BicPu_cvces
[Z]1464_INST_RETREDTHIS
[1FP_0PS RETRED
p—zs
Activity 1D

U | it | ideume

1 3 49.59%
I - o2 2 0 =
| roceses | Theass
— 3]/ B conse 31 o By iy e 0

wit



Command line fonction view

vtl view fl:rl -hf -mn cg.B.8
Name ModuleName CPU_CYCLES IA64_INST_RETIRED-THIS FP_OPS_RETIRED IA64_IPC
conj_grad_ cg.B.8 209425 189597 600975 0.905
sparse_ cg.B.8 1820 810 696 0.445
makea_ cg.B.8 928 1091 1079 1.176
randlc_ cg.B.8 739 609 1457 0.824
MAIN__ cg.B.8 69 121 589 1.754
cvt_ieee_t_to_text_ex cg.B.8 3 0 0 0.000
$$1$5_33TAG$13$0$4 cg.B.8 1 0 0 0.000
setup_submatrix_info_ cg.B.8 [ 0 1 0.000
cvtas_t_to_a cg.B.8 0 1 o 0.000

wit
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Sampling: line view

e Edi Refctor Navgate Seach Prkct Tuing Run Window Help

|o-E@|r-nmxN-[an ]9 [eer 9 & [Sime ] -

[\ e O [BAwekome | I Hon Apr 16 155422 2007 -Samplng Resuls 7] =
‘x\”saz@-&-&s-&:-\&llk\sb\‘v\. e e unm
Lne .
Minch soure CPU_ 141 | Fp.oPs RET
ioss z
1100 P
101  The partion submativecior mukls: us worksgace w
102 i e et
103 do 1 stowdstow+1 004% 0046 003%
1104 sum =00
1105 do kerowste) owstr+11 131%
1106 sum = sum + atkpicolid(h) 1105% 10.75% 9.81% B
107 enddo -
108 oo 003 oo 000
1100 ‘eni
110
it
nz © Sum the partition submatricvec A.p's across ows
us ok e i ot il s B e SR &
= T |z v
S Name. CPU_ | 1AB4I FP.OP 1A64_IPC
 Selced Range— 1250% 1227% 235% P
or0 wAN_ oom oo oom
o
Ox1680  setup_submatric_info_ 0.00% i
x40 makea oos% oo oom Lisist
oxis00 sparse_ o1% oo™ 00w 0395694
040 stup_proc_i_ Ll

‘Emm ® o Blv iy £ 0]
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Command line line view

vtl view fl::rl -code -mn cg.B.8 -fn conj_grad_
Legend
Evi = CPU_CYCLES samples
Ev2 = IA64_INST_RETIRED-THIS samples
Ev3 = FP_OPS_RETIRED samples
Address Line Number Evi Ev2 Ev3 Source
0x7d90 1103 682 549 1629 do j=1,lastrow-firstrow+l
0x8121 1104 0 0 [ sum = 0.d0
0x8120 1105 3903 6796 63078 do k=rowstr(j),rowstr(j+1)-1
0x8260 1106 185751 166594 478451 sum = sum + a(k)*p(colidx(k))
1107 o 0 0 enddo
0x8310 1108 276 85 93 w(j) = sum
1109 o 0 0 enddo

wit
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Sampling

Modify

General

Acty ame: [Copyof Sampng ety

Collctor(s): Appleation/Modue Profile(s:

I

A m

Would you ke o

() Make a.copy of the Actviy and mod fy he copy.
() Modiy the selected Activty

Actity Duaton
® Notime lmt
a

O | seons

[ St wih data colecton paused

o[ e |

Help

b ||

wit



Sampling

Properties

General

Samplng mechanism
O Tinedbased samplng 185)

® Event based samping (EBS)
® Don'tcalbrate sample aftervalie
O Calbate sample afervalue foral the selected events:

O Calbrate sample afer value based on the selected event propertes

Sampling collction aptins

R R —
S —
SpE———

Tiack thread creatin

Ter

inate applicaton(s) when data collctin finishess

Stop collection

When applcation(s teminate (before dution expires)

e —

Listof CPUS where samples wil be collcted:
OAl @ Alaisble CPU

O Systemaide CPU numbers:
O Avlable CPU indexes:

Enter CPU numbers and/or mnges separated by commas. Forexample,
0585127,

Help

ok [ cancel ][ mwy ||
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Sampling

Events
General Events

Ratbs Eventguups: | Al Events

Avaiable events:

ALAT_CAPACITY_MISS-ALL =]
ALAT_CARACITY_MIsS-F7 P
ALAT_CAPACITY_MISSNT

ALAT_CAPACITY_MISS-NONE

BACK_END_BUBBLEALL

BACK_END_BUBBLEFE

BACK_END_BUBBLE-L10_FPU_RSE 5|

Event descrpton

Please select event for daplsy descripton.

Sekcted events:

Event Name. Sample Afer
CPU_CYCLES 1600000
1A54_INST_RETIRED-THIS 1600000

< yza

1]

Run Informatian
Calibaton uns: 0
Samping ns: 1
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Call Graph

File->New-> Project...

Selecta wizard Selecta wizard

———

— pofil your applcation and display 3 call gaph, =

b Tuning Actiiy

<Back Next>

B[ o [ me

s || cancel
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Call Graph

Options

Options.

Choose any desied options and Finish

Project setings

hange the project in whch ths Activiy wil b created,
Cunent setting: Project1

Ditectory: fhome/berthekjexemple_viune_calaraph/Pojectl
Madiy configuation

stumentation leveland
(©pensa diabg afer this wizard creates the Actuiy, but before it .
on itean ke a bng

“This new Activiy wilappear in the Tuning Browser when you clck Finih’
“To nun the Activey,check the box below or click the un butan [ after you fnish.

S [ e |[ e ][ G
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Call Graph

Results

Fle Edt Refacor Navgate Seach Pojct Tung Run  Window Hep
=2 YN 2 XN Q| A ey o £ | Mviunem pe...| >

star | (D Heb 53 & @ 7 & 0| [wekome [T calGaph Resubsbcahosi -Wed Jun 13093246 2007 £ =g

-a

:

Navigator

T pp—————— |

< hCalGaph_CG
~ &8 Calgmyh Actity
1 Graph R

B Functon SefTme | Tomal Time | Sef Wait Time.

ToalWait Time | Class B

L

EiThread Thead_ozonoooonoooarion) 303305 3159025 o
timer_sar_ 2 1 » o o Jhome_nfs.
for_compute_fiename 2 21 58 0 0 fhome_nfs.
for_check_env_name 3 6 s o o Jhome_nfs.
hash 1 0 o o o Jhome_ns.
for_getvm s 7 7 0 o Jhome_nfs.
for_add_to_W_table 1 1 1 0 0 Jhome_ns.
for_open_proc 2 7 134 0 0 Jhome_nfs.
G _romdr: . . w n n I nte [

slaaleuwe
Show To Recakutte || gt [Nore S

sefes
S consok 20 Bt Bvrgv =0
Tunbg Cone

Wed Jun 13 09:32:51 2007 Trying to find symbols for module (8 / 8) /home_nfs_nsadmin/berthelc/ARBEIT/2007/FORM =]

Wed Jun 13 09:32:53 2007 Succeeded!
Wed Jun 13 c9: 32:53 2007 Dome, ’

=
V22 [ | 0] 22




Call Graph

Hle Edt Refacor Navigate Seach Poject Tunng Run Window Help

cv@a|eprmm®eN || 9o cray 5 |[Bviunem pe..| >

g &
» e SERbinkg A, Pocess (D: 10484, Size: 3
o Cals | SefTme | TomlTime | SebWaiTme | Towwai Tme | Chss Mol Path
e woss  mm1 s . o rome_nfs.niuimibenhek ARBEITZ007FORUAT
o e a8 s o o Heme nfs ndmierhel ARSETA007FORIAT
merset P I o o [ ——
for__interp_fmt 157 82 82 0 0 /home_nfs_nsadmin/berthek/ARBEIT/2007/FORMAT
for_ai_acquire_lun 134 33 33 0 0 fhome_nfs_nsadmin/berthek/ARBEIT/2007/FORMAT
=T 05 s s o o Heme nfs ndmiberhel ARSET2007FORIAT
wo oo oa o o [ ————
o w o ® o o Heme nfs nsdmiberhel ARSETA0O7FORIAT
for_write_seq_fmt_xmit n 275 2,134 0 0 /home_nfs_nsadmin/berthek/ARBEIT/2007/FORMAT
for__format_value 67 96 463 0 0 fhome_nfs_nsadmin/berthek/ARBEIT/2007/FORMAT
for_fush_eadahead B f o o o st ———
e—— B s s o o Heme.nfs nsdmiberhel ARSEITA0O7FORIAT
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Call Graph

He Edt Refacor Navgate Seach Poect Tunng Run Window Help
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Call Graph

He Edt Refachr Navgate Seach Poect Tunng Ru

Run  Window Help

&0 P 08X a7 oo o Bl

I

e g ] % Recakube || Hihlght:[None

for_set_fpe_ [ |
for_set_reentrancy.

timer_clear_

for_write_seq_lis . -

F/)- for_r_fnish_ . for_open
—> Il forat_ini imer_read_
MAIN_ gnnuesuns [ ]
hmev smp, [ ]
i
¢ for_wie_ seq it . End S
fimer_ sraVL
makeL sparse_ |
& for_wite_seq_fmt . 1]
[
Gaph | Call it
[ console 2 B
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m  Bubble Analysis
m  Latency Analysis
m  First dimension: The node

®  Second dimension The interconnect
MPI Analyser
Intel Trace Analyzer

®  Questions
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Communications: first Level

MPIAnalyser
MPIlAnalyser is a profiling tool dedicated to MPI applications.
> Light: it uses few resources and so does not slow down the application.

» Easy to run: it is used to characterize the MPI communications in a
program. Communication matrices are constructed with it. Profilecomm is
a "post-mortem” tool.




How to use it ?

v

Link with -Impianalyser

> Use environment

e MPIANALYSER_PROFILECOMM=1
e MPIANALYSER_GLOBAL=1

Run your application

v

v

Use tool: readpfc




Point to Point numeric command matrix

Point-to-point numeric communication matrix

4000

3500

3000

2500

2000

Sender

1500

1000

500

0 2 4 6 8 10 12 14 16
Receiver

[ ]
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Point to Point Volumic communication matrix

Point-to-point volumic communication matrix

0
3e+08
2
4 2.5¢+08
6 - 2e+08
g
5 8 1.5e+08
w
10 L
1e+08
12
5e+07
14
0
16 |
0 2 4 6 8 10 12 14 16

Receiver

[ ]
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How to use it ?

On Compute node

export MPIANALYSER_GLOBAL=1

export MPIANALYSER_DATA_COLL=1

export MPIANALYSER_OUTPUT_SOCKET=1

export MPIANALYSER_CALL=1

export MPIANALYSER_VOLUME=1

export MPIANALYSER_TIME=1

export MPIANALYSER_VISU_SERVER_IP=xXX.XXX.XXX.XXX
export MPIANALYSER_VISU_SERVER_PORT=12345

On Vizual node

export MPIANALYSER_VISU_SERVER_PATH=/opt/mpi/mpibull2-X/lib/mpianalyser
export MPIANALYSER_VISU_SERVER_PORT=12345
mpibull2-visualize

- Buls
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Communications: advanced Level

Intel Trace Tools : Collector ans Analyser
» Timeline Views and Parallelism Display o i.:m '
» Communication Statistics !
» Execution Statistics
> Profiling Library .
» MPI Bull support Intel Trace Tools




How to use it ?

Level 1
» Environment: source itacvars.sh or use a module file

» Link with -L$VT_LIB_DIR -IVT -ldwarf -lelf -Ivtunwind -Insl -Im -IdI
-Ipthread or $VT_ADD_LIBS

> Run your application

> Run traceanalyzer




Level 2 with Class
> At the beginning

include "VT.inc"

integer function1,VT_ierr,classi

call VTCLASSDEF ("GODFINE1",class1,VT_ierr)

call VTFUNCDEF ("GODFINE1",classl,functionl,VT_ierr)
call VTENTER(functionl,VT_NOSCL,VT_ierr)

» At the end

call VTLEAVE(function1,VT_ierr)




Example BT from NAS

- Group All_Processes
Group x_salve_cell 121,861 s 121,861 5 ; z24546e-3 5
Group Application 197.576 5 I 77733 5 719531 5
Group campute_ths 106.96 5 NN 106.96 5 58.8339e-3 5
Group z_solve_cell 152.363 152363 5 26.075e-3 %
Group MPI 595184 5 | 59.5184 5 535.005e-6 5
Group y_solve_cell 139.05 < 139.05 5 756218e-3 5




Example

n-Process 0

{—Group x_solve_cell 136298 226028-3 ¢
= Group Application 23.7847 s 86,3569 5 1 23.7647 5
—Group compute_rhs 11,905 11.908 s i 56.9508e-3 5
|- Group z_solve_cell 163954 5 169954 5 603 26184783 5
{—Group MPI 450728 s Il 450726 6 12232 366 B64e-6 5
L Group y_solve_cell 15.5345 s GGG 15,5345 5 603 25.7628-3 5

r-Process 1
|-Group x_solve_cell 134002 s B 134002 5 603 22222503 5
|- Graup Application 236633 5 I 86 3687 5 1 236699 5
—Group compute_rhs 13.2179 s I 13.2179 s 202 65.4353e-3 5
{—Group z_solve_cell 17.0303 5 17.0305 5 603 26.2425e-3 5
{—Group MPI 347053 s W 347053 s 12292 262.341e-6 5
L Group y_solve_cell 15.5799 ¢ NN 155799 5 603 25.83748-3 5

=-Process 2

-Process 3

-Process 4

- Process 5

-Process B




Example: Load balance

b+ Group ¥_solve_cell

B-Group Application

[-Group compute_ths
-Pracess 0 11.908 s NN 11908 ¢ 202 56.95068-3 5
—Process 1 13.2173 5 . 132179 ¢ 20z B54355e-3 5
—Process 2 12.0131 s - 120131 s 20z 594707e-3s
—Process 3 11.6089 5 N 11.80839 & 20z 584601e-3 5
—Process 4 12477 « A 12477 202 B1.7671e-3 ¢
—Process § 12.2654 < . 12.2654 ¢ 20z 60.7199e-3 5
—Process B 137432 s 137432 s 20z 68.0356e-3 5
L Process 7 13.7326 < I 137328 ¢ 202 £7.98398-3 &
Process § 5.79374 < Il 5.79374 & 202 20.6819-3

B Group 2_solve_cell

[ Group MPI
—Process 0 4.50726 ¢ [l 450728 & 12282 J66.6648-6 5
—Process 1 347053 : M 347053 ¢ 12292 282.34e-6s
—Process 2 4.52496 s Il 452496 ¢ 1ze9z 36612565
{—Process 3 551657 s Il 551697 s 12292 448.826e-6 5
—Process 4 5.09769 5 [l 509769 & 12282 414.7168-6 &
—Process 5 5154355 M 515435 ¢ 12292 419.3258-6 3
—Process & 263081 s M 269081 ¢ 1ze9z 216.907e-6 5
—Process 7 307835 s M 307635 s 12292 250436e-6 5
L process 8 254774 5 N 754774 & 12282 20726663 5

B Group y_solve_cell




A A P
Example: Ungroup MPI

ne
B Group All_Frocesses

|- Group x_solve_cell 181778 s 181778 5 a1 22441883 5
|- Group Application 471367 I 13.6701 ¢ l 52376483 5
|- Group compute_ths  1.70307 < I 170301 § 36 47.3089-3 5
|-Group 2_solve_cell 227402 s z2m40z s il 26.0744e-3 5
|- MPI_Com_size 15666 5 1586-6 5 18 B.777788-6 5
|- MPI_Comm_rank G- s Gie-6 5 l §.777Fe5 5
[-MPI_Comm_dup  159.004e-3 5 153.0048-3 § 18 6.633568-3 5
[-MPL_Comm_split  36.077e-3 36.077e-3 ¢ 3 4008563 5
- MPI_Brast 6.866e-3 5 6.6866-3 5 36 24683386 §
- MPI_lsend 42.7548-5 5 42.754e-3 5 540 73174165 5
|- MPI_lrecy 74393 5| 74393 5 540 137.759-6 5
- MPI_Wtime: 9396 5 396 5 3 10433506 5
|- MPI_waitall 198.96e-3 3 | 198.968-3 & 36 5526678-3 5
- MPI_Earrier 33604035 3368483 ¢ l 3.74267e-3 5
- MPI_wait 717.084e-3 s M F17.06848-3 § 648 11066163 5
L Group y_solve_cell 208333 < N 206933 ¢ il 25.794%8-3 5
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Example
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Help F1 ;l;l_’ﬂ|

Elle Style Windows
View Chatts Navigate Advanced Layout |
L T T T T s T B
0.2 0.0 = 0.40 ¢ 0.5 0.6 = 0. = C
= =
Flat Profile | Load Balance | CallTree | Call Graph |
Group All_Processes G
Narme | et | Tseit | Trotal #Calls Tl (Call
m-Group All_Processes
Groupx_solve_cell 1151925 1151925 54 2139193 5
Group eppication 197547 s I 6.10201 5 0 na
Group compute_ths  1.06146 < I 1.06146 5 18 56.9701e-3 5
Group z_solve_cell 756.852e-3 5 756.8520-3 5 27 26031683 5
MPI_lsen: 21.0858-3 5 2108503 5 234 90021406 5
MPL_Irecy 3700683 5| 37.006e-3 5 234 15814506 5
MPI_Wtime 93965 9396 5 9 10433306 5
MPI_Waitall 89235035 8923503 5 18 4.95750.3 ¢
MPI_Barrier 33684035 | 3368453 5 9 37426703 5
A1 it a1 21707 a1 72701 0 5r 1 taden i
0115 631, 0796 533 0.676 002 [ sec All_Processes IMPI expanded in (Major Function Groups) | Tag Filter

("

r|;



Example

N Total Time [5] (Sener by Receiver)
Sum Mean
Fo 6156 1.4
Pl 740488 1.1
P2 662232 1.1
Fi 3.34634 10.8085| 1.8
P4 610537 1.0
Ps 11,113 1.8
PE 281316
7 5,777
P8 6.99214) 4. 34646 43.4238) 7.2
=) T ~
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Source and Profiling

Compile and Run

> You need compile and link with -g
> You need export VT_PCTRACE=5
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File Style Windows

Help

F1 winix

Yiew Charts Navigate

—
1,061 500

1,063 £00
1.063 000 =

e
1,065 £00 =

1,066 000 =

Application

Application

Yigws: 1: £ home_nfs/ berthelcs ARBEIT/ 2007/ TP/
MPB3.2.1/ NPE3.2-MFV bir/ bt.B 4.8t
Chart:3: Event Timeline

Function |

Show |Name | Process |Durafion | Start Time
Source Group. | [5] Il

B MP_Isend PO 0000 252 1.062 64)

pplication

Application
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Views: 1: 4 home_nfs/ berthelc/ ARBEIT/ 2007/ TP/ NPB3.2.1¢ NPB3.Z-MPI/ hin/ biB.4.stl
Chart.3; Event Timeline

rocess 0

T Up_typPY, su UL, EETL,

154 > comm_rhs, requests(6), error)

185 call mpi_isend(out buffer(ss(l)), b_size(l)
156 > dp_type, predecessor(l}), WEST,

197 > comm_rhs, requests(7), error)

158 call mpi_isend(out_buffer(ssi(2)), b_size(2)
189 > dp_type,successor(2),  NORTH,

200 5 comm_rhs, requests(8), error)

201 call mpi_isend(out_buffer(ss(3)), b_size(3)
202 > dp_type,predscessor(2), SOUTH,

203 > comm_rhs, requests(9), error)

205 > dp_type,successor(3),  TOD,

206 > comm_rhs,  requests(10), error)

207 call mpi_isend(out buffer(ss(§)), b_size(s)
208 5 dp_type,predecessor(3), BOTTOM,

209 > comm_rhs, requests(11), error) _I
210

211

212 call mpi_waitall{12, requests, statuses, er
213

214

215 ¢ unpack the data that has just been received
216

217 pl = 0

n:



Questions ?




For Further Reading

HPC BAS4 User's Guide
REFERENCE 86 A2 29ER 03.

HPC BAS4 Application Tuning Guide
REFERENCE 86 A2 19ER 00.

Black Belt Itanium 2 Processor Performance: Use of Constrained Event
Collection

Intel Itanium 2 Processor Reference Manual for Software Development and
Optimization
Order Number: 251110-003

- Buls


http://intranet.frec.bull.fr/projet/HPC/public/projet/86A229ER03.pdf
http://intranet.frec.bull.fr/projet/HPC/public/projet/86A219ER00.pdf
http://www.intel.com/cd/ids/developer/asmo-na/eng/195891.htm
http://www.intel.com/cd/ids/developer/asmo-na/eng/195891.htm
http://www.intel.com/design/itanium2/manuals/251110.htm
http://www.intel.com/design/itanium2/manuals/251110.htm

Architect of an Open World™
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