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PAPI

* Performance Application Programming Interface

Parallelldatorcentru m

* The purpose of PAPI 1s to implement a standardized portable
and efficient API to access the hardware performance monitor
counters found on most modern microprocessors.

* The goal of PAPI 1s to facilitate the optimization of parallel and
serial code performance by encouraging the development of
cross-platform optimization tools.

* PapiEx

* PerfSuite

* HPCToolkit

* TAU

e KOJAK

* non-PAPI: mpiP




PAPI Features

Parallelldatorcentru m

Preset, Native and Derived Performance Metrics

Full enumeration of platform-specific metrics
Multiplexed Event Measurement

Callbacks on overflow

Full SVR4 Profiling, plus extensions (32, 64 bit, etc..)
Bindings for C, Fortran, Matlab, and Java

Overflow and profiling on multiple events simultaneously
Complete memory hierarchy information

Complete executable and shared information

Thread safe API

Efficient thread local storage and locking routines

2 APT's, high (app. eng.) and low level (tool dev.)



PapiEx: PAPI Execute

* A simple tool that generates performance
measurements for the entire run of a code. No
recompilation.

* Monitors all subprocesses/threads.

* Monitor detailed memory usage.

* Automatically detects multi-threaded executables.
* Supports counter multiplexing with -m.

* Provides hooks for simple instrumentation of user
source code 1f desired.



PerfSuite

e Three command-line tools:

— psrun: obtain performance data
— psprocess: present/transform data

— psinv: machine inventory utility

 Command line tool similar to IRIX's perfex
command.

* Does aggregate counting of the entire run. Also
provides statistical profiling.

* QOutput 1s XML or Plain Text.



HPCToolkit from Rice U.

* Use event-based sampling and statistical profiling
to profile unmodified applications: hpcrun

* Interpret program counter histograms: hpcprof

* Correlate source code, structure and performance
metrics: hpcview/hpcquick

* Explore and analyze performance databases:
hpcviewer



TAU Performance System

O Tuning and Analysis Utilities (11+ year project effort)

O Performance system framework for scalable parallel and
distributed high-performance computing

O Targets a general complex system computation model
O nodes / contexts / threads
O Multi-level: system / software / parallelism
O Measurement and analysis abstraction

O Integrated toolkit for performance mstrumentation,
measurement, analysis, and visualization
O Portable performance profiling and tracing facility

O Open software approach with technology integration
O University of Oregon , Forschungszentrum Julich, LANL



TAU Performance System

O Multi-level performance instrumentation
O Multi-language automatic source instrumentation

O Flexible and configurable performance measurement

O Widely-ported parallel performance profiling system
O Computer system architectures and operating systems
O Different programming languages and compilers

O Support for multiple parallel programming paradigms
O Multi-threading, message passing, mixed-mode, hybrid

O Support for performance mapping
O Support for object-oriented and generic programming
O Integration in complex software systems and applications



KOJAK

* Joint open-source project between
— Forschungszentrum Julich, Germany
— University of Tennessee, USA

* Performs automatic performance analysis of parallel
applications (MPI and/or OpenMP)

* Uses pattern recognition to transform event traces
into information about performance bottlenecks
relevant to developers

Problem
\ Call tree

.= /

System




Mpi1P Overview

* Scalable, light-weight MPI profiling library

— Generates detailed text summary of MPI behavior
* Time spent at each MPI function callsite
* Bytes sent by each MPI function callsite (where applicable)
* MPI I/O statistics
* Configurable traceback depth for function callsites

— Controllable from program using MPI Pcontrol
* Allows you to profile just one code module or cycle
* Allows mpiP profile dumps mid-run

— Requires only a relink with mpi1P libraries

* mpiPview: Qt interface to browse the data
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Usage: papiex [-1ihViukord] [-L event] [-f[prefix]] [-F file] [-e
event] ... -- <cnd> <cnd options>

- | Li st the avail abl e events.

-L event Li st informati on about specific event.

- Print informati on about the host nmachi ne.

-h Print this nessage.

-V Print version information.

-m Enabl e nmulti pl exi ng of hardware counters.

-u Moni tor user node events. (default)

-k Moni t or kernel nobde events.

-0 Moni tor transient node events.

-r Report getrusage() information.

- X Report nmenory i nformation.

-d Enabl e debuggi ng out put.

-f[ prefix] Qut put to <prefix><cnd>. papi ex. <host >. <pi d>. <ti d>.

-e event Monitor this hardware event.



PapiEx Output

Papi Ex Ver si on: 0.99rc2

Execut abl e: [ af s/ pdc. kt h. se/ horme/ mf mucci / sumrer/ a. out
Processor: I'tani um 2

C ockrat e: 900. 000000

Parent Process |D: 8632

Process | D: 8633

Host nane: hO5n05. pdc. kt h. se

Opti ons: VEMORY

Start: Wed Aug 24 14:34:18 2005
Fi ni sh: Wed Aug 24 14:34:19 2005
Domai n: User

Real usecs: 1077497

Real cycl es: 969742309

Proc usecs: 970144

Proc cycl es: 873129600

PAPI _TOT_CYC. 850136123

PAPI _FP_OPS: 40001767

Mem Si ze: 4064

Mem Resi dent : 2000

Mem Shar ed: 1504

Mem Text : 16

Mem Li brary: 2992

Mem Heap: 576

Mem Locked: 0

Mem St ack: 32

Event descri ptions:

Event: PAPI _TOT CYC
Derived: No
Short Description: Total cycles
Long Description: Total cycles
Devel oper' s Notes:

Event: PAPI _FP_OPS
Derived: No
Short Description: FP operations
Long Description: Floating point operations
Devel oper' s Notes:
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PapiEx Caliper Fortran Example E&
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#include "papiex.h"
program zero

real a, b, c;

a=0.1
b=1.1
c=2.1

PAPIEX START ARG (1l,"write")
print *, "Doing 10000000 iters. of a += b * ¢ on doubles."
PAPIEX STOP ARG (1)
PAPIEX START ARG(2,"do loop")
do i=1,100000000
a=a+b*c
end do

PAPIEX STOP ARG (2)

end



#include
#include
#include
#include

volatile

PapiEx Caliper C/C++ Example

<stdlib.h>
<stdio.h>

<unistd.h>
"papiex.h"

double a =

0.1, b=1.1, c = 2.1;

int main(int argc, char **argv)

{

int i;

PAPIEX START ARG(1,"printf");

printf ("Doing 100000000 iters. of a += b * ¢ on doubles.\n") ;

PAPIEX STOP_ARG(1);

PAPIEX START ARG(2,"for loop");

for (i=0;i<100000000;i++)
a +=b * ¢c;

PAPIEX STOP_ARG(2);

exit(0) ;

ah

LY,
FKTHY

{3 VETENSKAP
38 OCH KONST 95§

S

Parallelldatorcentrum



ah

LY,
FKTHY

PapiEx Caliper Example famd

Parallelldatorcentrum

bash-3.00$ papiex -e PAPI L1l DCM ./a.out
Doing 10000000 iters. of a += b * c on doubles.

[normal papiex output...]
PAPI_ L1 DCM: 6864

Caliper 1: write

Executions: 1

Real usecs: 42

Real cycles: 144432

Proc usecs: 42

Proc cycles: 144304

PAPI_L1 DCM: 667
Caliper 2: do loop

Executions: 1

Real usecs: 769107

Real cycles: 2608043669

Proc usecs: 769019

Proc cycles: 2607743748

PAPI_ L1 DCM: 4167

Event descriptions:
Event: PAPI L1 DCM
Derived: No
Short Description: L1D cache misses
Long Description: Level 1 data cache misses
Developer's Notes:
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PerfSuite Hardware Performance Summary Report

Version - 1.0 Parallelldatorcentrum
Created : Mon Dec 30 11:31:53 AM Central Standard Time 2002

Generator : psprocess 0.5

XML Source : /u/ncsa/anyuser/performance/psrun-ia64.xml

Execution Information

Date : Sun Dec 15 21:01:20 2002
Host : userO1
Processor and System Information

Node CPUs 2
Vendor : Intel
Family : IPF
Model : Itanium
CPU Revision : 6

Clock (MHz) : 800.136

Memory (MB) : 2007.16
Pagesize (KB): 16
Cache Information

Cache levels : 3

Level 1

Type : data
Size (KB) : 16
Linesize (B) : 32
Assoc : 4

Type : instruction
Size (KB) : 16
Linesize (B) : 32
Assoc : 4

Level 2

Type : unified
Size (KB) : 96
Linesize (B) : 64
Assoc : 6

Level 3

Type : unified
Size (KB) : 4096

Linesize (B) : 64
Assoc 4



PSRUN Sample O

Index Description

utput

Counter Value

1 Conditional branch instructions mispredicted..................... 4831072449
2 Conditional branch instructions correctly predicted.............. 52023705122
3 Conditional branch instructions taken............... ... 47366258159
4 Floating point instructions............ ... ... . . .. i 86124489172
5 Total CYCLeS. ..ottt it ittt ettt ettt et et et e 594547754568
6 Instructions completed.......... ... ..ttt 1049339828741
7 Level 1 data cache ACCeSSeS. . .. it ittt ittt ittt ittt ettt eenneeenn 30238866204
8 Level 1 data cache hits. .. ... ...ttt ittt it ttiieennnnn 972479062
9 Level 1 data cache Misses. .. ... ..ttt ittt eennnnn 29224377672
10 Level 1 instruction cache reads.......... ...t innnennn 221828591306
1l Level 1 CaAChe MiSSES. ... i ittt ittt it ttiie ettt teeeeeeeenneeens 29312740738
12 Level 2 data cache aCCeSSEeS. . . . i ittt ittt ittt iie it teieeeeaneeen 129470315862
13 Level 2 data cache MisSSeS. ... ...t ittt ttiietttieeeennneens 15569536443
14 Level 2 data cache reads. . ... .. ...ttt ittt eteeeeeennneenn 110524791561
15 Level 2 data cache wWrites. ... ... ...ttt iiie et 18622708948
16 Level 2 instruction cache reads.......... ...ttt ennnnnnn 566330907
17 Level 2 Store MiSSeS. . ... i ittt ittt ittt ttteeeeeeeeeeeennneens 1208372120
18 Level 2 CaChe MiSSeS. . ... i ittt ittt ittt iie ettt teeeeeeeenaneens 15401180750
19 Level 3 data cache aCCeSSeS. . ... ittt it ittt ittt ittt teiee e et 4650999018
20 Level 3 data cache hits. .. ... ...ttt iie ittt 186108211
21 Level 3 data cache misses........ ...ttt eieennanns 4451199079
22 Level 3 data cache reads. . ... ... .u ittt tttneeeeeeeeeeeenneeeennn 4613582451
23 Level 3 data cache Writes. ... .. ..ttt ittt eennneeennn 38456570
24 Level 3 instruction cache misses..........c. it iiineeeennneeenn. 3631385
25 Level 3 instruction cache reads........... it iinneeeennneeennn 17631093
26 Level 3 cache MiSSeS. ... . ittt ittt ittt ettt ettt et eee e 4470968725
27 Load instrucCtions. .. ... ittt ittt it ittt e et e et e e, 111438431677
28 Load/store instructions completed..............iiiiiinunennnnnnnn 130391246662
29 Cycles Stalled Waiting for memory accesses............ociuuuue... 256484777623
30 Store Ainstructions. ... ... .t e e e e e e et e e, 18840914540
31 Cycles with no instruction issue......... ... ... ... . . .. . ... 61889609525
32 Data translation lookaside buffer misses......................... 2832692
Event Index

1: PAPI_BR MSP 2: PAPI_BR PRC 3: PAPI_BR _TKN 4: PAPI_FP_INS

5: PAPI TOT CYC 6: PAPI TOT INS 7: PAPI L1 DCA 8: PAPI L1 DCH

9: PAPI L1 DCM 10: PAPI L1 ICR 11: PAPI L1 TCM 12: PAPI L2 DCA

13: PAPI L2 DCM 14: PAPI L2 DCR 15: PAPI L2 DCW 16: PAPI L2 ICR

17: PAPI L2 STM 18: PAPI L2 TCM 19: PAPI L3 DCA 20: PAPI L3 DCH
21: PAPI_L3 DCM 22: PAPI_L3 DCR 23: PAPI_L3 DCW 24: PAPI_L3 ICM
25: PAPI_L3 ICR 26: PAPI_L3 TCM 27: PAPI_LD INS 28: PAPI_LST INS
29: PAPI_MEM SCY 30: PAPI_SR_INS 31: PAPI_STL ICY 32: PAPI_TLB DM
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PSRUN Sample Output

Statistics

Graduated instructions per cycle....... ... ...ttt 1.765
Graduated floating point instructions per cycle........................ 0.145
% graduated floating point instructions of all graduated instructions.. 8.207
Graduated loads/stores pPer CYCle. ... ...ttt e et eeennanennn 0.219
Graduated loads/stores per graduated floating point instruction........ 1.514
Mispredicted branches per correctly predicted branch................... 0.093
Level 1 data cache accesses per graduated instruction.................. 2.882
Graduated floating point instructions per level 1 data cache access.... 2.848
Level 1 cache line reuse (data) ..........oi ittt eteneeeennneenn 3.462
Level 2 cache line reuse (data) ........ ..ttt teeeeeennnennn 0.877
Level 3 cache line reuse (data) ........ ..ttt tteeeeeiennnenns 2.498
Level 1 cache hit rate (data) ........ ittt ettt ennneens 0.776
Level 2 cache hit rate (data) ........ ittt ettt nnnneens 0.467
Level 3 cache hit rate (data) ......... ittt ennnenns 0.714
Level 1 cache miss ratio (instruction)............. i iinnennn 0.003
Level 1 cache miss ratio (data) ........ ...ttt ennnennn 0.966
Level 2 cache miss ratio (data) ........ ..ottt ennnennn 0.120
Level 3 cache miss ratio (data) .........c ittt tnnnnennn 0.957
Bandwidth used to level 1 cache (MB/S) .. ...ttt ittt eiennnen. 1262.361
Bandwidth used to level 2 cache (MB/S) ... ...ttt ittt eiiannnn. 1326.512
Bandwidth used to level 3 cache (MB/S) ... ..ottt it eieanen. 385.087
% cycles with no instruction dissue........... ... . ... . ittt 10.410
% cycles stalled ON MEMOXY @CCESS . . .t v vttt v inetonnneeeenesenaneeeeaeens 43.139
MELOPS (CYCLeS) . . ittt ittt ettt e e ettt e e e e ettt et e 115.905
MELOPS (WallcCloCK) ...ttt ittt ittt it ettt et et e et et et et e ta e 114.441
MIPS (CYCLES) . . ittt it ittt e e e e e e e e e e e e e e e e e e e e e e e e e e e e e e e 1412.190
MIPS (WAllClOoCK) &t ittt ittt ittt et ittt ettt et etee ettt eeeeeeeennnnn 1394.349
CPU time (SECONAS) ... ittt ittt ittt it ettt e ettt et tteeeeeeeeeeeennnenns 743.058
Wall clock time (SECONAS) .. ...ttt ittt it ettt ettt ettt eie ettt 752.566
% CPU utilization....... ...ttt ittt ittt ettt eeeaaennn 98.737
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HPCToolkit

* A statistical profiling package based on interrupts
from the performance monitoring hardware.

* No mstrumentation required, but compiling with -g
helps.

* Does not work on statically linked programs.

* 2 phase, collections and visualization.



HPCToolkit Sample Output

sample
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sample.c

2

10}
O 11  int main() {

12 double 5=0,52=0; int i j;
O 13 for(j=0;j <T;j++}{
[ ] 14 for(i=0;i < N;i++){
i

15 bli] = 0;

16 }

17 cleara(a);

18 memsetia,0,sizeocf(al);
(] 19 for{i=0;i < N;i++){
(] 20 s += afi]*bli]:
(] ] 21 s2 += a[i]*a[i]+bl[i]*b[i];

22 }

23 }

24 printf("s %f s2 %fin",5,52);

25  }

26

scopes  [QUBHHT

Experiment Aggregate Metrics
¥ 4 Load module sample
¥ 4 sample.c
¥ 4 main
¥ 4 loop at sample.c: 13-21
P 4+ loop at sample.c: 19-21
B i loop at sample.c; 14-15

sample.c: 13
P 4 cleara
P 4+ Load module /lib/libc-2.3.3.50
{ b, )«

et

ik

v
'PAPL_TOT_CYC | [PAPLLTOT_INSY | PAPI_FP_INS | PAPI_L1.LDM |

8.66e09 2.02e09 5.03e08 2.16e08 ~
7.40e0% 85.5% | 2.02e09 100.0 | 5.03e08 100.0 | 2.16e08 99.9%
7.40e09 85.5% | 2.02e09 100.0 | 5.03e08 100.0 | 2.16e08 99.9%
6.13e09 70.8% | 1.68e09 B83.3% | 5.03e08 100.0 | 2.16e08 99.7%
6.13209 70.8% | 1.68e09 B83.3% | 5.03e08 100.0 | 2.16e08 99.7%
4.86209 56.2% | 1.26e09 62.5% | 5.03e08 100.0 | 2.1508 99.5%
1.27e0% 14.7% | 4.20e08 20.8% 3.93e05 0.2%

3.28e04 0.0% \

1.27e09 14.7% | 3.36e08 16.7% 3.60e05 0.2%

1.25e09 14.5% | 6.23e05 0.0% 2.62e05 0.1% :

L Jar 4
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hpcrun [-1LVhr] [-t each,all] [-e event:[period]] [-o path] [-f flag]
<cnd> -- <cnd options>

- | Li st the avail abl e events.

-L Li st detailed informati on about all events.
-V Print version informtion.

-h Print this nessage.

-r Do not foll ow subprocesses.

-t[ each, al | ] Profile threaded applications.
-e event[:period] Sanple event every period counts.
-0 path Directory for output data.

-f flag PAPI profile node.

Default is to profile every 32768 cycles (PAPI _TOT CYC).
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hpcprof Usage fxns
5 e
s
hpcprof [-hefri] [-H dir] <cnd> <profile> ... <profile>
-h Print this nessage.
-e Dunmp all information.
- f Dunp results by file.
-r Dunp results by function.

- Dunp results by Iine.
-H dir Dump HTML into dir.

There are nore options.



hpcprot Output

[ mucci @05n05: ~] $ hpcprof -e ./a.out ./a.out.PAPlI TOI_CYC h05n05. pdc. kt h. se. 13255.

Col ums correspond to the follow ng events [event: period (events/sanple)]
PAPI _TOT_CYC. 32767 - Total cycles (24755 sanpl es)

Load Modul e Summary:
100. 0% / af s/ pdc. kt h. se/ hore/ nf mucci / a. out

File Summary:
100. 0% <</ af s/ pdc. kt h. se/ horme/ nf mucci / a. out >>/ af s/ pdc. kt h. se/ home/ ni nucci / mai n. c

Functi on Summary:
100. 0% <</ af s/ pdc. kt h. se/ honme/ nf mucci / a. out >>mai n

Li ne Summary:

90. 0% <</ af s/ pdc. kt h. se/ hone/ ml mucci / a. out >>/ af s/ pdc. kt h. se/ hone/ nl mucci / mai n. c:

5. 8% <</ af s/ pdc. kt h. se/ hone/ m mucci / a. out >>/ af s/ pdc. kt h. se/ horme/ nf mucci / mai n.

4. 2% <</ af s/ pdc. kt h. se/ honme/ ml nucci / a. out >>/ af s/ pdc. kt h. se/ hone/ ml rucci / mai n. c:

Fil e <</afs/pdc. kt h. se/ home/ mi mucci / a. out >>/ af s/ pdc. kt h. se/ home/ m nucci/main.c with profile

annot ati ons.
1 mai n()
{
int i;
4.2% for (i=0;i<10000000; i ++)
{
5.8% double a = 1.0, b =2.0, ¢ = 3.0;
90.0%a += b * ¢ + (double)i;
1}
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TAU Performance System Architecturgi®s

Instrumentation

Instrumented

Source  Pre- Source
Code processor Code Compiler

m

m

Object Executable Binary Rewrite
Code : Code
Linker | | Dynamic
Virtual
libraries Machine

¥

PROFILE m Run-Time Library Modules

T TRACE

1

g
-~
§ S Profile Function Statistics 5
B ] Groups Database

Profiling Event Traces
§ Data Files E | Event Tables
= Function Hardware User-Level

Callstack Counters Timers

i Paraver
B Racy ASCII Trace i
'g JRacy Report Logs P
= EPILOG




Strategies for Empirical Performance

Evaluation

O Empirical performance evaluation as a series of
performance experiments

O Experiment trials describing instrumentation and
measurement requirements

O Where/When/How axes of empirical performance space
> where are performance measurements made 1n program
® routines, loops, statements...
> when 1s performance instrumentation done
® compile-time, while pre-processing, runtime. ..
> how are performance measurement/instrumentation chosen
® profiling with hw counters, tracing, callpath profiling...



TAU Instrumentation Approach

O Support for standard program events
O Routines

O (Classes and templates
O Statement-level blocks

O Support for user-defined events
O Begin/End events (“user-defined timers™)
O Atomic events (e.g., size of memory allocated/freed)
O Selection of event statistics

O Support definition of “semantic’ entities for mapping
O Support for event groups
O Instrumentation optimization



TAU Instrumentation

O Flexible mstrumentation mechanisms at multiple levels

O Source code
» manual

> automatic
® C, C++, F77/90/95 (Program Database Toolkit (PDT))
® OpenMP (directive rewriting (Opari), POMP spec)

O Object code
> pre-instrumented libraries (e.g., MPI using PMPI)
> statically-linked and dynamically-linked

O Executable code

> dynamic instrumentation (pre-execution) (DyninstAPI)
> virtual machine instrumentation (e.g., Java using JVMPI)



Multi-Level Instrumentation

O Targets common measurement interface
O TAU API
O Multiple mstrumentation interfaces
O Simultaneously active
O Information sharing between interfaces
O Utilizes instrumentation knowledge between levels

O Selective instrumentation
O Available at each level
O Cross-level selection

O Targets a common performance model

O Presents a unified view of execution
O Consistent performance events




Program Database Toolkit (PDT)

O Program code analysis framework
O develop source-based tools

O High-level interface to source code mmformation

O Integrated toolkit for source code parsing, database
creation, and database query

O Commercial grade front-end parsers
O Portable IL analyzer, database format, and access API
O Open software approach for tool development

O Multiple source languages

O Implement automatic performance mstrumentation tools
O tau instrumentor



TAU Performance Measurement

O TAU supports profiling and tracing measurement

O Robust timing and hardware performance support using
PAPI

O Support for online performance monitoring
O Profile and trace performance data export to file system
O Selective exporting
O Extension of TAU measurement for multiple counters
O Creation of user-defined TAU counters
O Access to system-level metrics
O Support for callpath measurement

O Integration with system-level performance data
O Linux MAGNET/MUSE (Wu Feng, LANL)




TAU Measurement

O Performance information
O Performance events
O High-resolution timer library (real-time / virtual clocks)
O General software counter library (user-defined events)

O Hardware performance counters
» PAPI (Performance API) (UTK, Ptools Consortium)
> consistent, portable API

O Organization
O Node, context, thread levels
O Profile groups for collective events (runtime selective)
O Performance data mapping between software levels




TAU Measurement Options

O Parallel profiling
O Function-level, block-level, statement-level
O Supports user-defined events
O TAU parallel profile data stored during execution
O Hardware counts values
O Support for multiple counters
O Support for callgraph and callpath profiling
O Tracing
O All profile-level events

O Inter-process communication events
O Trace merging and format conversion



Grouping Performance Data in TAU

O Profile Groups

O A group of related routines forms a profile group
O Statically defined

> TAU DEFAULT, TAU USER[1-5], TAU MESSAGE, TAU IO, ...
O Dynamically defined

» group name based on string, such as “adlib” or “particles”

> runtime lookup in a map to get unique group identifier
> uses tau instrumentor to mstrument

O Ability to change group names at runtime
O Group-based instrumentation and measurement control



TAU Analysis

O Parallel profile analysis
O Pprof

> parallel profiler with text-based display

O ParaProf

> Graphical, scalable, parallel profile analysis and display

O Trace analysis and visualization

O Trace merging and clock adjustment (if necessary)
Trace format conversion (ALOG, SDDF, VTF, Paraver)

O Trace visualization using Vampir (Pallas/Intel)

O




Q

Pprotf Output (NAS LU Parallel)

Intel Quad
PIII Xeon

F90 + MPICH

Profile

- Node

- Context
- [Ihread

Events

P

.
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= emacs@netiron.cs.uoregon.edi
uffers Files Tools Edit Search Mule Help
Feading Profile files in profille.s*
NODE _OJ{CONTEXT ol;THREAD 0O}
“#Time Exclusiwve Inclusive #Call
msec total msec
100. 0 1 3:11.293 1
== 3,667 3:10.4E53 3
B7.1 491 2:08.328 37200
44 .5 B,461 1:25.1549 Q300
41.0 1:18.436 1:15.436 18600
Z9.5 B,7 78 56,407 Q300
26,2 50,142 50,142 19204
16.2 24,451 31,031 301
3.9 7m0l 7 ,a0l Q300
3.4 838 B,594 B0
3.4 6,590 6,590 Q300
2.6 4,989 4,929 B0
0.z 0,44 400 1
0.z 398 399 1
0.1 140 247 1
0.1 131 131 57252
0.1 &9 103 1
0.1 0,965 =] 1
0.0 05 =la) =)
0.0 26 4 1
0.0 24 24 B0E
0.0 15 15 1
0.0 k] 1z 1
0.0 7 g 3
0.0 3 3 &
0.0 1 3 1
0.0 1 1 1
0.0 0.116 0,837 1
0.0 0.512 0.512 1
0.0 0,121 0,353 1
0.0 0,024 0,191 1
0.0 0,103 0,103 5]
E : MPBE_LU.out [ Fundamental ) ——L&——

15
37917
37200
12600

o
12600
0

BOZ

o
1812

'A.
=
L]
L]

o N % R S I Y

Inclusive
usec/call

191293264
63457925
3430
S5157
4217
BOBS
2611
103096
207
1091
7049
8206
400081
399634
2470868
2
103168
He45E
10603
44578
40
15630
12335
2893
491
3874
1007
837
a1z
353

applu
bcast_inputs
exchange_1
buts
MPI_Recw( )
blts
MPI_Send()

rhs

Jacld
exchange_3
Jacu
MPI_Waiti)
1nit_comm
MPI_Init()
setiv

exact

erhs
read_input
MPI_Bcast()
error
MPI_Irecy( )
MPI_Finalize(]
sethwv

1Z2norm
MPI_Allreducel)
pintgr
MPI_Barrier()
exchange_4
MPI_Keywval_createl)
exchange_35
exchange_B
MPI_Type_contiguousi )
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ParaProt NAS LU Parallel

| W Routine profile
_r"fm across all nodes

File Cptions Windg

|| MPLRecv) = |
mean NN 10. 95%

nct 0,0,0 ING_G_ 4. 0%
nct 1,00 NN 1. 165%
et 2,00 M 12. 59%
nct 30,0 M 37. 7 3%

node, context thread Global profiles

—
Mean [ [T T

Gt 0,00 [ [ ]
nct 1,00 [ [ T[]
nct 2,00 [ [ [ [ ]
nct 3,00 [ ] [ [ ]

FiIe COptions Windows Help

File Windows Help Event legend

B MrRecvD V i

|/ MPL_Send(
N MPI_Type_commit()

Bar Mulitiple

100.0% | | applu
99. 575  beast_inputs
67. 08% NN - change_ 1
44. 52% [ bts
41. 0% NG (7R ecv()
29.49%[ " T\ bits
26.2 1% I MFi_Send()
16.22% M rhs
3.92% [ jacld
3.45% W0 exchange 3
3. 44% [ jacu
2.61% [ MPLWait()
0.21% | inii_comm

B MPt Type_ contiguous()
B MP Type struct()

] MPLwair()

B MPrWiime(

[ apply

O beast_inputs
] bits ‘
|| buts || Individual profile

. error
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A T TT\ o

L) N1
Timeline display

ma Callgraph display

lupv: Call Tree Process 0
—>init_comm {1 : 16,966 ms)
>MPI_Address() (18 : 0,954 ms)
*MPI_Type_struct{) (9 : 0,656 ms)

lupy: Global Timeline {1:00.613 - 1:01.161 = 0.547 5)

—>sethyper (1 : 83.0 ps)

—>setbvy  neighborsethyper {1 : ¢.206 s)

L>exact (1700 : 94,538 ms)

—>setiv (1 : 5.915 s5)

L>exact (47616 : 2,688 s)

—>erhs (1 : 1.8645 s}

L>exchange 3 (2 : 1,986 s)
E)HF’I_Send() {2 : 1.58 s

1:00.7 1:00.8 1:00.9 1:01.0 1:01.1 *MPI_Comm_rank() (1 : 0.138 ms)
' ' X : T EMPI 5 >MPI_Comm_size{) (1 : 89.0 ps)
' l ' l : becast_inputs| >nodedim (1 : 81.0 ps)
0 exchantae 3 | —>read_input {1 : ¢.14 s}
Process )} = ARl eronange.3 | SWPT Comn 512603 (1.1 0.105 ne)
| h Wjacld >bcast_inputs {1 : 1.868 ms)
' | hits ; L>MPI_Bcast() (9 : 1.027 ms)
' X mexchange 1 | —>proc_grid (1 : 88,0 ps)
' ! jacu —>neighbors {1 ; 64,0 us)
] mhuts —>subdomaineighbors (1 : 74,0 ps)
process 1 N IEHAREGNRIRROME e R A G D actoostt C1rs 75.0 o)
|

Process 2

MPI_Irecv(} (2 : 0,189 ms)
PMPI_MWait{} (2 : 2,348 ms)
—>bcast_inputs (2 : 1:49.127)
>rhs (301 : 17,735 s)

L>exchange 3 {602 : 1.695 s)
>MPI_Send() (802 : 0,246 s)
>MPI_Irecv({) (602 : 41,97 ms)
S>MPI_MWait{} (802 : 0,872 s)

>12norm Wlw {3 : 5.575 ms)

L>MPI_Allreduce() (3 : 0.565 ms)

poces AR = O L A

Pérallelism display

/|

ssage Statistics (Sum. Lengt
| Receiver
0

M exchange_1
hits
M jacld
bcast_input
H MPI
jacu
M buts
rhs
exchange 3 |

Communications
display
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PETSc ex19 (Tracing) o

S

-=.i VAMPIR — Global Timeline

)
Parallelldatorcentrum
0|

Process 0

Process 1

Process 2

340s 360s

Process 3

- jnt MatLIJFar.turMumenc SquIJ Inode(Mat, Mat

/ i : i "““ |
—_ )il | Ill"_.llllinll ) M’I

ex19.pv: Global Timeline (31.397 s - 46.645 5 = 15.248 5)
380s 400s 4205 405 46.0 5
: : : l ' TAU_USER
EMPI

T
!ww il

 99.954%100%

== \\' >
|
int MatLUFactorNumeric_SeqAlJ_Inode(Mat, Mat *): 35.308% Commonly SC€Cn
communicaton
behavior
Close |




TAU’s EVH1 Execution Trace 1in

318545 318555

mMPI
| Process o fo pem s -W MPI_Alltoall) BEVHI_EVOLVE
| Process1 .:3 REMAP |MPI_Alltoall] i

RIEMANN

Bl I*EIW" pewss7 | (TG pewss7 (I (NI PPN mecye

| Process3 Ias.w MP1_Alltoall( . TR

| e e Y .
| s e ] 7= | MP1_Alltoall is
| s i1 T R R 74 | an X ccution

| e e e 0 TN 1 rcck

| Processs f8es 7 (EIVIC (IWAITENTIY

| Process8 .a MPI_AIItuaII[]

Process 102635 7 (LY (EIWATTEATT)
| Process 11 [ Remap [Mp1_atitoallg
Process 1228 35 7 [EYICH VEIWAIIERT)
Process 1326 35 7 (YN (VWIS
Pmcessmlaﬁm MP1_Alltoall(
Process 15 (35 1 [LEICH [YEIWATEST)

Fa O O -4 0O

_llmlml




Performance Analysis and Visualizatioki#
O Analysis of parallel profile and trace measurement m

O Parallel profile analysis
O ParaProf
O Profile generation from trace data

O Performance database framework (PerfDBF)

O Parallel trace analysis
O Translation to VTF 3.0 and EPILOG
O Integration with VNG (Technical University of Dresden)

O Online parallel analysis and visualization



ParaProf Framework Architecture

O Portable, extensible, and scalable tool for profile

analysis

O Try to offer “best of breed” capabilities to analysts

O Build -0f1] lysis framework forestenstbrhty—=

Ul asS pI 1€ dna }ZSlS_ WQI' - DHITY —

| | med LD et O I

ET R . 1] N =

% o | Profile Management | 1 m

£ ‘ | : | 4.0, =

o 1,1 I 3 m

o E | Displays : wt o, I T =

nea 7.0, EE T

- | nct .0, I —

.o, I -

' int 1040 I -

| l ner 1100 IR SE—

o | I ner 1200 I e

o | acr 1200 I 1 1
g z Profile Data Model s AR s /

' 8 "—| f" -

O (node, context, thread) - Lzaw B e

= ' 3 A T — T

H= ' 0.5% [ Inct 100

I 1.753% It #0000

| L8 | | mct 2000

il I | 0.7%% | Iner 400

o = | o&2% T Jnct 500

e E" | I ag1el et 600

e | I {'A.ESE-| I met 700

T ﬁ i Event System | e E— T A

Lt o, [ | arsul Imea 900

B et | (Java event model) | 071% [ Jnct 1000

| AIATR | et 17,000

I LB I Mt 12000

L mwoe e ey

246 L It 13,000
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Profile Manager Window )

et

ParaProf Manager

File Help
Standard Applications

¥ | Default App
¥ Experiments

¥ [0 Default Exp
¥ Trials

0000 - P_WALL_CLOCK_TIME
0001 - PAPI_FP_INS

¥ |0 Default Trial : 5lEprncfsamraiftaudatafneutrnm‘

m

(those that were gathered during the run. The operand number

ParaProf Manager

Clicking on different values causes ParaProf to display the clicked
on metric.

The sub-window below allow you to generate new metrics based on

options for Operand A and B correspond the numbers prefixing the
values.

0002 - PAPI_FP_INS §f P_WALL_CLOCK_TIME E
Runtime Applications .
DB Applications 1% 1%
%—-‘—-—-—-—-—-—-—-—-—-—-’ e s
Apply operations here!
Op A 0001 - PAPI_FP_INS
.III Op B: 0000 - P_WALL_CLOCK_TIME
Operation : Divide I-H
{ Apply Operation }

I
.4

O Structured AMR toolkit (SAMRAI++), LLNL



Node / Context / Thread Profile Windo

n,c,t, 0,0,0 - 512proc/samrai/taudata/neutronbackup/rs/sameer/Users/

ah

L,
FKTHY

% VETENSKAP

37 OCi* KONST 95§

N
A\

' File Options Windows Help

| COUNTER NAME: P_WALL_CLOCK_TIME (seconds)

345.5474 [ MPI_Allreduce()

116.4951 | | algs::HyperbolicLevellntegrator3::advance_bdry_fill_create
103.2566 NN algs::HyperbolicLevellntegrator3::advanceLevel()
59.0096 I algs::HyperbolicLevellntegrator3::fill_new_level_create
37.4482 mesh::GriddingAlgorithm3::load_balance_boxes
32.8548 [ algs::HyperbolicLevellntegrator3::advance_bdry_fill_ comm
21.4095 [ mesh::GriddingAlgorithm3::findRefinementBoxes()
13.4925 [ algs::HyperbolicLevellntegrator3::coarsen_fluxsum_create
12.6572 Il algs::HyperbolicLevellntegrator3::coarsen_sync_create
10.4408 [] mesh::GriddingAlgorithm3::find_boxes_containing_tags
8.9215 [l MP1_Init()
8.6893 [] mesh::GriddingAlgorithm3::bdry_fill_tags_create
7.2717 I MPI_Bcast()
7.1321 [l MPI_Wait()
4.0833 | algs::HyperbolicLevellntegrator3::error_bdry_fill_comm
3.6778 | MPI_Finalize()
3.1405 | MP1_Isend()
3.0156 | MPI_Waitall()

2.3457 mesh::GriddingAlgorithm3::remove_intersections_regrid_all
1.7275 | MPI_Test()

1.6515 | algs::HyperbolicLevellntegrator3::fill_new _level_comm
1.3919 | MPI_Comm_rank()

L
E T —-——— "*************mmﬂa 1|

s

o

torcentrum



Derived Metrics

Idatorcentrum

n,c,t, 0,0,0 - 512proc/samrai/taudata/neutronbackup/rs/sameer/Users/
File Options Windows Help

COUNTER NAME: PAPI_FP_INS / P_WALL_CLOCK_TIME
60.351

'0. ]

algs . HyperbolicLevelintegrator3: synchronizeMewlLevels()
26.4528 [ - HyperbolicLevellntegrator3d: advancelevel)

257763 [ o= HyperbolicLevellntegratord: getlevelDt])
157797 T algs::HyperbolicLevellntegrator3: apply GradientDetector|)
6.0032 [N algs HyperbolicLevellntegrator3: initializeLevelData()
51478 1R algs :HyperbolicLevelintegrator3: .coarsen_sync_comm
46514 [] algs::HyperbolicLevelintegrator3:.getLevelDt()_sync
41084 [N algs :HyperbolicLevelintegrator3:.advancelevel]) sync
3.7022 [ algs :HyperbolicLevelintegrator3: . standardLevelSynchroniz ation( )
3.1808 [ algs:HyperbolicLevellntegrator3: sync_initial_comm
27334 0 meesh::Griddinglgorithm3: findProperNestingBoxes()
2.3539 [l MPI_Isend()
1.9394 [] algs HyperbolicLevelintegrator3:.advance _bdry_fill_comm
1743 algs :HyparbolicLevellntegrator3: fill_new level comm
1.6035 [] algs::HyperbolicLevellntegrator3:.coarsen_fluxsum comm
1.5601 il mesh: GriddingAlgorithmd: bdry_fill_tags comm
14816 algs :HyperbolicLevellntegrator3: .error_bdry_fill_ comm
0.9645 [| MPI_Wiime()
0.2382 [l mesh: GriddingAlgorithm3: find_boxes containing_tags
0.5172 | MPI Comm_rank()
05169 | MPI Type size()

PRI,
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Full Profile Window (Metric-specific) ke

Parallelldatorcentrum

ParaProf: 512proc/samrai/taudata/neutronbackup/rs/sameer/Users/

 File Options Windows Help

COUNTER NAME: PAPI FP INS/P WALL CLOCK TIME m

Mean
nct 000
nct 1,00

net

nct 3.0
nct 4,00 D .
net 500 0 B N (N
nct 6,00 T T
net 7,00 I T I -
nct 8,00 NN TN N TT-—"
nct 900
nct 1000 | |

n,c,t

512 processes

n,c,t

nc,t

nct

n,ct




ParaProf Enhancements
O Readers completely separated from the GUI

O Access to performance profile database

O Profile translators
O mp1P, papiprof, dynaprof
O Callgraph display
O prof/gprof style with hyperlinks
O Integration of 3D performance plotting library
O Scalable profile analysis
O Statistical histograms, cluster analysis, ...

O Generalized programmable analysis engine
O Cross-experiment analysis




Empirical-Based Performance

Experiment OptlmIZ athIl

management

A 4

Experiment
Schemas

Q@

A

Experiment
Trials

v

,/

observability
requirements

Process

Performance
Tuning

hypotheses :,

A

Performance
Diagnosis

properties :,

h

Performance

Experimentation

characterization |

A

Performance
Observation

A 4

Parallelldatorcentru m




TAU Performance Database Framework

/E R formance data Performance
% it analysis programs

3 %jgaaaw

Performance

Other tools /
- Performance analysis (] (7]
data description

and query toolkit

Per fDML N\ /

trandators \ ORDB /
» profile data only

\PostgreSQL
» XML representation s e
> project / experiment / trial
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PerfDBF Browser ()

] Main Window
Database Operations | Optiohs | Help

show mean statistics

@ [ sus/MPMICEL.0 show total statistics
o ) Experiment1 h defined Trial information
& [ Triall show user-defined eVents .o qpja|  jnputfile | #Mode | #Comtext | #Thread | Execution time |&vailable Coun..)

@ [ Trial2 show counter F08-12 .. |jet_CU_cinde... 128 1 |1 |0:1:53.3324%... [execution-time

@ ] Trial3
@[] Trial4 :
@ ] Trials §§ Mean summary execution-time ) for the trial

@ [ Trials : Function-narme | inclusive® | inclusive | exclusive® | exclusive |  #Call

& [ Trial? Add Feference (data) Particlevariable<Tx=alloc... |0.0 2702.585.../0.0 (2702585, [2066
& 7 Trialg |4 ﬁdd Referente (pset) F'amcle‘u"anable«:T} alln:u: . |00 285? 226.. D D 285? 226 2[1]66
s ﬂdlcn:ate Data F'Ell"tlElE"v"ElFlEl.blE<T} allnn:ate(} 0oz 22362 3?5 0 02 22362 3?5 2066
[ 5us/MPMICEL 1 | Contact:-exMomintegrated [MPIScheduler:execut... 0.0 5428.476.. 0.0 5428.476...20
@ [ Experirment2 : Cuntact exMorminterpolated [MF‘ISEhEduler BxeC.. 0.0 11147, 450, O 114? 945...?_313
§§ ICE::Eu:l:umulateEnergySuurn:eSmkS [MF‘ISthEduIer L0012 \'133 124.8..]0. 12 133 124 B_...?_EEJ
“[ICE: accumulateMomentumsourcesinks [MPISched... 0,46 |515726.0...[0.46 515726.0...[30
AICE: actuallyComputeStableTimestep [MPISchedul... |0.05 59811.29.../0.05 59811 29..[31
§§ ICE: actualtdnitialize [MPIScheduler: executad] _EJ 01 :12?92 F0. 0. Cll 12?92 ?G...\_l
: It_ZE::addExchange[nnmbutmnTuFC\-’EI [MFISched... 0. 46 |519224. 0.0 46. 519224 .0...|30
|ICE::addExchangeT oM omentumandEnergy [MPISC...|0.35 :39363? 8. |0.35 393637. g... 20
: ICE: acvectAndAdvanceinTime [MPIScheduler:ex. .. 12 22 [1.284017...]12.32 [1. 39401?...:3[:1
AICE:: computeDelPressandUpdatePressCC [MF‘ISth.._._ o 64_ ?6385512 ...|2.54 [BRE5512. ...;_EEJ
§§ ICE::computelagrangianspecificyolurne [MPIEche... |0.17 |195 658, 5._.._!2! 1? 195688, 5...?_3[:!
|ICE:: computeLagrangiany alues [MPIScheduler:ex. . _CI:EJ4__ :465_3_1._-’-}6._.._6 Cl4 46531 46...;_3[3
AICE:: computePressFC [MPIScheduler:executed]  0.05 :5(]_18_5:32._..__@.@5 6!1)185 32...;_3()
: ICE computeTempFC [MPIZcheduler: execute]  |0.02 23172.38...|0.02 231?2 38_...?_3[3
A{ICE: computeyel_FC [MFIScheduler: execute(] 0.2 221256.4...10.2 2 2212 96 4...33[:]
|MPIscheduler:: compiled |8.42 9526815, L4 71 5336909 e
“|MPIScheduler: execute]) |B7.42 f?__6_3(l262._..__1 853 20?‘1894 SNER"
{MPIScheduler: postMPIRECys) 12.1 23E1175...1.4% 1685661 ...ii_LOBFS
: MPIStheduler processMPIRecys () 12464 2 ?‘8818?._.._0 15 1?20?9 2 1086
: MF‘I ,&llreduce(} 8.3 9396691 = 3 9396691 ..|184
“|MPI_Bsend() 0.0 2893.625 (0.0 2893.625 142
|MPI_Buffer_attachg J0.0 88.08593...0.0 88.08593...[31
“[MPI_Buffer_detach( 0.0 234.0 0.0 324.0 62

b L el = 1]
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PerfDBF Cross-Trial Analysis e

. an W|“duw 2 : torcentrum
Datahase Dperatluns Options Help
PerfDB
§ [ sus/MPMICEL. O -
@ [ Experirment 1 Comparison of the selected trials. .
@ [ Triall Options Help Awvailable Caun.. |
& 3 Trial2 | - - - |ExECution- _t|_rr_1|_a
& [ Trialz COMPARE FUNCTION SUMMARY (mean exclusive execution-time)
© ] Trial4
& [ Trials Show exclusive value _
E"IjTriaIFS MPI_Waitsome() Show inclusive value ' :%
e (] Trial? S Show number of calls 14160 0
& [ Triala : Show inclusive per call 1029 0
@ [ sus/MPMICEL 1 i 1435 0
¢ [ Experiment?2 Tl T 1961072.0
& 3 Trial2 s s  [262066.0
Trial 7 21 11662 0
1816.0
1529.0
[7B44871 0
[7471130.0
: 3.164815..
e [3.000272..
Trial 3 | 2926087.0
Trial 4  |zs052580
Trial 5  [991365.0
Trial &  [939637.0
Trial 7 _[3.085449.
31021686,
|2.520021...
| |2.500055...
MPI_Probe() B 3 122020,
Trial 2  [3.482075.
Trial 2 2507146,
Trial ¢ - |1.201680..
Trial |1.340458. 1
|38 ne Nl
[ ]
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Full Profile Window

File Options  Windows Help
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File QOrder Help
Etime counts total counts #oall #subrs count/call name
99. 5 o 202E+08 2. 202E+08 200000 0 1101 OperMP Parallel for (do jscobi) |
1n0.0 1. 002E+06 2. 212E+08 1000 200000 221202 do jacobif) wvoid (FLT ++, FLT ##, FLT ++*, INT, INT, INT, INT
Fle Order Help
Etime counts total counts #oall #zubrs count/call name I
Q9.0 2. 202E+08 2. 202E+08 200000 0 1101 OpeniF Farallel for (do_jacohil |
0. 1. 20ZE+06 1. 202E+06& 1 0 1202001 do_force() woid (INT, INT, INT, INT)
9974 |1.002E+06 2. 212E+08 1000 200000 221202 do_jacohi{) woid (FLT **, FLT *#, FLT **, INT, INT, INT, INT)
0.0 4. 1E+04 4. 9E+04 1000 2000 49 do transfer () woid (FLT #*#, INT, INT, INT, INT)
0.0 1.518E+04 2. 225E+(08 1 3025 222469544 Tl int {int,
0on 4000 4000 4000 0 1 i=ks ]
4000 4000 4000 0 1 MPI Send() I d
FP 1004 1004 1004 0 1 ntegrate
176 211 1 35 211 \
B2 aa b 12 49 O MP _|_
. . 27 26 2 4 13 MPI Allreduce() pen
structions 20 20 2 3 i 0
MPI Ecast
11 11 11 0 1 MPI Type comnit() MPI events
10 10 10 0 rrhandler set
g a g 0 :
..................................... Fle Vaue Order Mode Units / Help
File Yalue Order HMode Units ‘ _S
n,c,t 0,00
n,c,t 0,0,1 220200000.0 OpenMP Parallel for (i
220200000.0 [ OpenMP Parallel for| 1202000.0 | do_force() void (INT, |

1002000.0 | do_jacobi() void (FL

MPI_Recv()
MPI_Send()

1002000.0 [| do_jacobi() void (FLT &
41000.0 | do_transfer() void (FL
15180.0 | main() int (int, char **)
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KOJAK Analysis process

S

Parallelldatorcentrum

Automatic multilevel
instrui'nentation

7 [] 0.0 bdrysias + 1.1 RO1-MO-NT
= 25F2P + [ 00 bdryszr + 1.1 RO1-MO-NG L=
=] [] 0.0 Late Receiv + [ 0.0 bdrys3o2s + 0.7 RO0-MO-Rd
[ 0.0 Messages rong Order + [ 0.0 bdrys3r + 0.7 RO0-MO-Mc 15,10}
=1 [ 0.1 Late Sender + [] 0.0 bdrystar + 0.8 ROO-MO-M5
Exefutable O 0.0 Messages ng Order + [ 0.0 hyxy ¥ 0.7 RO0-M0-N4 - V313
[ ooio ¥ [ 00 hydyz 3 0.7 RO1-M0-Nd
+ [ 0.0 Synchronization + [ 0.0 hydzz + 0.7 ROT-MO-Rc L 15, 8)
1000 Yisits + [ 00 hydzy ¥ 0.5 ROT-MO-N5
100.0 PAPI_FML_ING 7 [ 0.0 hydyx 3 0.5 RO7-MO-N4 15, 7)
100.0 PAPI_L3_TCM 7 [ 0.0 hydse + 0.5 RO0-MO-Nb
. + [ 0.5 RO0-MO-Na L 15, 6)
Exe ut|on on . [] 0.0 MPI_Barrier + 0.5 ROD-MO-N3
Which type of |- ooom s [ 05 RO0-MO-N2 B

parallél machine

AutomJtic pattern
; Which call path? thread ? F
analysis P L,
< T /‘ : il RmimiNe / 2.491e-03|m
FIII ‘ ‘ ‘ ‘ ‘ ‘ ‘ "!IIFIIIIIIIIIFIIIIIIIIW
10 20 30 40 50 50 70 i1} 30 100 (B
High-Level ey

Profile

-1 [ 0.0 Collective
[] 0.0 Early Reduce
[] 0.0 Late Broadcast

+ [ 0.0 bdrysOes
+ [] 0.0 bdrys2s
+ [ 0.0 hdrys3s

Where in the source code?

+ 1.3 RO0-MO-NG
5 1.3 RO1-MA0-NF
+ 1.3 RO1-Mi-Ne

problem? 15,4)

A 7,15, 3)

vent B 7.15,2)
race G
7,15, 1)

Source . Bioin e e
File  Wiew Help Wisw  Geometry Zoom  Colors
EOde Fetformance Metrics | Call Tree | System Tree i, &
=1 [] 0.0 Time =1 [] 0.0 main =1 [] 0.0 IBM BGiL =
= [B 965 Execution O 0.0 MPLInit + [ 1.2 ROO-MO-NF 15,14)
= [ 0.1 MPI T 2.8 init 3 1.2 ROO-MO-Ne
-1 [ 0.0 Communication -1 [] 0.0 runhyd + 1.3 ROO-MO-MT

Which process /

Where in my physical /

virtual topology
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/ t mp/ SPnodes- nucci -0
@ Ver si on

@MIP Build date
@Start tinme

MPIP Output

@ Command : /afs/pdc. kth. se/ home/ m mucci / npi P-2. 7/ testing/./sweep-ops- st ack. exe

2.7
Aug 17 2004, 17:04:36
2004 08 17 17:08:48

@Stop tine : 2004 08 17 17:08: 48
@MPI P env var : [null]

@ Col | ect or Rank . 0

@ Col Il ector PID » 17412

@Final Qutput Dir

@ MPI Task Assi gnment
@ MPI Task Assi gnment
@ MPI Task Assi gnment
@ MPI Task Assi gnment

0 h05n05-e. pdc. kt h. se
1 h05n35-e. pdc. kt h. se
2 h05n05-e. pdc. kt h. se
3 h05n35-e. pdc. kt h. se

Task AppTi e MPI Ti nme MPI %
0 0.084 0. 0523 62.21
1 0. 0481 0. 015 31.19
2 0.087 0. 0567 65. 20
3 0. 0495 0. 0149 29.98
* 0. 269 0.139 51. 69

Cal | Site Ti me App% MPI %
Barri er 1
Recv 1
Al | reduce 1 0.634 0.24 0. 46
Bcast 1
Send 1

@-- Aggregate Sent Message Size (top twenty, descending, bytes) ----------

Cal | Site Count Tot al Avrg Sent %
Al |l reduce 1 8 4. 8e+03 600 46.15
Bcast 1 8 4. 8e+03 600 46.15

Send 1 2 800 400 7.69
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@-- Callsite Time statistics (all, mlliseconds): 16 ---------------------
Nare Site Rank Count Max Mean Mn  App% Ml %
Al'l reduce 1 0 2 0. 105 0. 087 0. 069 0.21 0.33
Al l reduce 1 1 2 0.118 0.08 0. 042 0. 33 1.07
Al'l reduce 1 2 2 0.11 0.078 0. 046 0.18 0.27
Al l reduce 1 3 2 0. 102 0.072 0. 042 0.29 0.97
Barrier 1 0 3 51.9 17.3 0.015 61.86 99.44
Barrier 1 1 3 0.073 0. 0457 0. 016 0.29 0.91
Barrier 1 2 3 54.9 18.8 0.031 64.90 99.53
Barrier 1 3 3 1.56 1.02 0. 035 6.20 20.68
Bcast 1 0 2 0.073 0. 0535 0.034 0.13 0.20
Bcast 1 1 2 0. 037 0. 023 0. 009 0.10 0.31
Bcast 1 2 2 0. 084 0. 046 0. 008 0.11 0.16
Bcast 1 3 2 0.03 0. 0275 0. 025 0.11 0.37
Recv 1 1 1 14. 6 14. 6 14.6 30.48 97.71
Recv 1 3 1 11.6 11.6 11.6 23.37 77.98
Send 1 0 1 0.013 0.013 0.013 0.02 0.02
Send 1 2 1 0.02 0.02 0.02 0.02 0.04
Send 1 * 32 54.9 4,34 0.008 51.69 100. 00
@-- Callsite Message Sent statistics (all, sent bytes) -------------u-----
Narme Site Rank Count Max Mean M n Sum
Al l reduce 1 0 2 800 600 400 1200
Al'l reduce 1 1 2 800 600 400 1200
Al l reduce 1 2 2 800 600 400 1200
Al'l reduce 1 3 2 800 600 400 1200
Bcast 1 0 2 800 600 400 1200
Bcast 1 1 2 800 600 400 1200
Bcast 1 2 2 800 600 400 1200
Bcast 1 3 2 800 600 400 1200
Send 1 0 1 400 400 400 400
Send 1 2 1 400 400 400 400
Send 1 * 18 800 577.8 400 1.04e+04

@-- End of REpPOrt ------mmmmmm o oo oo



Mpipview: An MpiP Output Viewer &

* Organizes and condenses mpiP output

— Allow users to find key mp1P data quickly

— Hides complexity of large scale runs until needed

— Shows source code for the MPI callsites reported on

— Design based on our experience using mpiP on ASC apps
* Easy to use - parses mpiP text output file

— mpipview 1rs.8.default.mpiP
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MPI Callsite Timing Summaries £

Eile  Edit Help

| h? | Data read complete
—Message List Displayed:

bApiP Callsite Timing Statistics (all, milliseconds) [14 itemns] Y
FrAallreduce[12] 48.70% of MFI 1.23% of App 858 Taszks CMPT_Alleeduce Wroapper: 145 (FunctionTimer mpl wrappers. o)
PI-end[E] 22.49% of HMFP 0.5%% of App 2/8 Tazks CHMPI_Tzend Wrapper: 389  (FunctionTimer mpl WrCappers. o)
Ftraitanp[11] 21.76% of HMPI 0.55% of App 8/8 Tasks CHMPT_Waitany Wrapper: 502 (FuonctionTimer mpil wrappers. o)
JrTrecw[d] 4 5% of MPT 0.11% of App 8/8 Taszks CHMPT_Trecw Wrapper: 363 (FuonctionTimer mpil wrappers. o)
Ftraitall[ 3] 1. 67% of MPI 0. 04% of App 8/8 Tasks CHMPT_Waitall Wrapper: 480 (FonctionTimer mpi wrappers. o) o=
FEoast[5] 0.56% of MPI 0.01% of App 8/8 Tazks CMPI_Ecast Wrapper: 202 {FonctionTimer mpi wrappers. ch
FTrait[10] 0.18% of WPI 0.00% of App 8/8 Tazks CMPT_Wait Wrapper: 524 (FunctionTimer mpi wrappers. o)
FAllgather[2] 0.05% of MPI 0.00% of App 8/8 Tazks CMPI_Allgather Wrapper: 103 (FunctionTimer mpi wrappers. o)

=

lsend[] Source

i3 ierr = WPT_T=zend{buf,
390: #ifdef TEREY TERACE

count, datatvppe, dest, tag, comm,

H
|'|'

EqUES 1. ol

[

e

e Shows timing stats summaries, sorted by % of MPI

e Clicking on summary displays callsite’s source code

Callsites indicate where an MPI call was called from
Isend[6] indicates the 6™ MPI callsite reached was an MPI Isend



