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Tutorial Outline—Part 1

Overview and Introduction (Malony, 1 hour)

3 Introduction
O Performance technology
O Complexity challenges and general problems

1 Computation Model for Performance Technology
O Framework for performance problem solving

1 TAU Performance System
O Model-oriented framework architecture
O TAU performance system toolkit
O TAU measurement APl and library configuration
O Performance mapping
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Tutorial Outline— Part 2

Complexity Scenarios (Shende, 1 hour)
0 Message passing computation
3 Multi-threaded computation

1 Mixed-mode parallel computation
O OpenMP+MPI
o Javat+tMPI
3 Object-oriented programming and C++
a Hierarchical parallel software frameworks
O Task-based parallelism
O Module coupling
a3 Evolution of the TAU performance system
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Tutorial Outline— Part 3

Alternative Tools and Frameworks (Mohr, 1 hour)
0 Commercial solutions

O Vampir

O Guideview

o VGV
0 Smart event trace analysis

O KOJAK/EXPERT
a3 OpenMP performance interface (OPARI)
13 APART European Commission | ST working group
0 Parallel performance tool integration

O Integration of TAU and EXPERT
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Tutorial Goals

1 Develop an appreciation for performance problem
solving in complex computational environments

0 Learn about the TAU performance system: measurement
API, configuration, and analysistools

0 Understand how TAU is applied in complex parallel
computation scenarios

0 Learn about other tools and frameworks for performance
analysis in complex parallel systems

1 Consider how TAU and other tools may be applied to
performance problems of tutorial participants and
provide opportunity for follow-on interaction
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Performance Needs £ Performance Technology

1 Observe/analyze/understand performance behavior
O Multiple levels of software and hardware
O Different types and detail of performance data
O Alternative performance problem solving methods
O Multiple targets of software and system application

3 Robust AND ubiquitous performance technology
O Broad scope of performance observability
O Flexible and configurable mechanisms
O Technology integration and extension
O Cross-platform portability
O Open, layered, and modular framework architecture
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Parallel Performance Technology

3 Performance instrumentation tools
O Different program code levels
O Different system levels
3 Performance measurement tools
O Profiling and tracing of SW/HW performance events
O Different SW and HW levels
a3 Performance analysistools
O Performance data analysis and presentation
O Online and offline tools
a3 Performance experimentation

3 Performance modeling and prediction tools
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Complex Parallel Systems

0 Complexity in computing system architecture

O Diverse parallel system architectures
» Shared / distributed memory, cluster, hybrid, NOW, ...

O Sophisticated processor and memory architectures
O Advanced network interface and switching architecture

0 Complexity in parallel software environment
O Diverse parallel programming paradigms
» Shared memory multi-threading, message passing, hybrid
O Hierarchical, multi-level software architectures
O Optimizing compilers and sophisticated runtime systems
O Advanced numerical libraries and application frameworks
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Complexity Challenges

1 Computing system environment complexity
O Observation integration and optimization
O Access, accuracy, and granularity constraints
O Diverse/specialized observation capabilities/technology
O Restricted modes limit performance problem solving

0 Sophisticated software development environments
O Programming paradigms and performance models
O Performance data mapping to software abstractions
o Uniformity of performance abstraction across platforms
O Rich observation capabilities and flexible configuration
o Common performance problem solving methods
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General Problems

How do we create robust and ubiguitous
performance technology for the analysis and tuning
of parallel and distributed software and systemsin
the presence of (evolving) complexity challenges?

How do we apply performance technology effectively
for the variety and diversity of performance
problemsthat arise in the context of complex
parallel and distributed computer systems.
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Computation Model for Performance Technology

1 How to address dual performance technology goals?
O Robust capabilities + widely available methodologies
O Contend with problems of system diversity
O Flexible tool composition/configuration/integration

0 Approaches
O Restrict computation types/ performance problems
» limited performance technology coverage
O Base technology on abstract computation model
» general architecture and software execution features
» map features/methods to existing complex system types
» develop capabilities that can adapt and be optimized
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General Complex System Computation Mode!

3 Node: physically distinct shared memory machine
O Message passing node interconnection network

a3 Context: distinct virtual memory space within node
0 Thread: execution threads (user/system) in context

* Inter-node message
communication

*
Node m \\» Node

physica memory node memory S\VPp |L_memory
vor (B v, (S L A
____________ 5
=9y = =g=
view o -

Context Threads
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Framework for Performance Problem Solving

1 Model-based composition

O Instrumentation / measurement / execution models
» performance observability constraints
» performance data types and events
O Analysis/ presentation model
» performance data processing
» performance views and model mapping
O Integration model
» performance tool component configuration / integration

a3 Can performance problem solving framework be
designed based on general complex system model?
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Definitions — Profiling

3 Profiling

O Recording of summary information during execution
» execution time, # calls, hardware statistics, ...

O Reflects performance behavior of program entities
» functions, loops, basic blocks
» user-defined “semantic” entities

O Very good for low-cost performance assessment

O Helps to expose performance bottlenecks and hotspots

O Implemented through

» sampling: periodic OS interrupts or hardware counter traps
» Instrumentation: direct insertion of measurement code
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Definitions— Tracing

3 Tracing

O Recording of information about significant points (events)
during program execution

» entering/exiting code region (function, loop, block, ...)

» thread/process interactions (e.g., send/receive message)
O Save information in event record

» timestamp

» CPU identifier, thread identifier

» Event type and event-specific information
O Event trace is atime-sequenced stream of event records
O Can be used to reconstruct dynamic program behavior

O Typically requires code instrumentation
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Definitions — | nstrumentation

a3 Instrumentation
O Insertion of extra code (hooks) into program

O Source instrumentation
» Done by compiler, source-to-source transator, or manually
+ portable
+ links back to program code
—re-compile is necessary for (change in) instrumentation
— requires source to be available
— hard to use in standard way for mix-language programs
— source-to-source tranglators hard to develop for C++, FO0

O Object code instrumentation

» “re-writing” the executable to insert hooks
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Definitions — | nstrumentation (continued)

O Dynamic code instrumentation

» a debugger-like instrumentation approach

» executabl e code instrumentation on running program

» Dyninst and DPCL are examples

+/— switch around compared to source instrumentation
O Pre-instrumented library

» typically used for MPI and PVM program analysis

» supported by link-time library interposition

+ easy to use since only re-linking is necessary

— can only record information about library entities
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“Event Tracing: Instrumentation, Monitor, Trace

Event definition

CPU A:

void master { 1 | master
trace(ENTER, 1); 2 | slave
:c.r.ace(SEND, B); ) 3
send(B, tag, buf); \ ltl meStamp
trace(EXIT, 1);

} MONITOR I 58| A|ENTER | 1

CPU B: 60| B | ENTER | 2

void slave { 62| A | SEND B
trace(ENTER, 2); ool alexiT 1
recv(A, tag, buf); 68| B | RECV | A
trace(RECV, A); sole | exT .
trace(EXIT, 2);

}
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‘Event Tracfing: “Timeline’ Visualization

1 | master .main
2 | slave .master
3]... M slave
58] A|ENTER | 1
60| B | ENTER | 2
62| A|SEND | B A
64| A | EXIT 1| ——>
68| B | RECV | A B
69| B | EXIT 2
1T 1 1 1 171"

58 60 62 64 66 68 70
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TAU Performance System Framework

a3 Tuning and Analysis Utilities

a3 Performance system framework for scalable parallel and
distributed high-performance computing

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

3 Integrated toolkit for performance instrumentation,
measurement, analysis, and visualization

O Portable performance profiling/tracing facility
O Open software approach
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TAU Performance System Architecture

Instrumented
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TAU I nstrumentation

1 Hexible instrumentation mechanisms at multiple levels
O Source code
» manual
» automatic using Program Database Toolkit (PDT)
O Object code
» pre-instrumented libraries (e.g., MPI using PMPI)
» statically linked
» dynamically linked
» fast breakpoints (compiler generated)
O Executable code
» dynamic instrumentation (pre-execution) using DynInstAPI
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TAU Instrumentation (continued)

0 Targets common measurement interface (TAU API)

1 Object-based design and implementation
O Macro-based, using constructor/destructor techniques
O Program units: function, classes, templates, blocks

O Uniquely identify functions and templates
» hame and type signature (name registration)
» static object creates performance entry
» dynamic object receives static object pointer
» runtime type identification for template instantiations

O C and Fortran instrumentation variants
a3 Instrumentation and measurement optimization
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Program Database Toolkit (PDT)

3 Program code analysis framework for devel oping source-
nased tools

3 High-level interface to source code information

3 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

0 Target and integrate multiple source languages

A Usein TAU to build automated performance
Instrumentation tools
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PDT Components

7 Language front end
O Edison Design Group (EDG): C, C++, Java
O Mutek Solutions Ltd.: F77, FO0
O creates an intermediate-language (IL) tree

a3 IL Analyzer
O processes the intermediate language (IL) tree
O creates “program database” (PDB) formatted file

7 DUCTAPE (Bernd Mohr, ZAM, Germany)

O C++ program Database Utilities and Conversion Tools
APplication Environment

O processes and merges PDB files
O C++ library to access the PDB for PDT applications
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TAU Measurement

3 Performance information
O High-resolution timer library (real-time/ virtual clocks)
O General software counter library (user-defined events)
O Hardware performance counters
» PCL (Performance Counter Library) (ZAM, Germany)
» PAPI (Performance API) (UTK, Ptools Consortium)
» consistent, portable AP
3 Organization
O Node, context, thread levels
O Profile groups for collective events (runtime selective)
O Performance data mapping between software levels
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TAU Measurement (continued)

a Parallel profiling

O Function-level, block-level, statement-level

O Supports user-defined events

O TAU paralléd profile database

O Function callstack

O Hardware counts values (in replace of time)
a3 Tracing

O All profile-level events

O Interprocess communication events

O Timestamp synchronization

1 User-configurable measurement library (user controlled)
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TAU Measurement System Configuration

a3 configure [OPTIONS TAU-OPTIONS]

o
o

O
O
O
O
o
O
O
o
o
o
o
O
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{ -pthread, -sproc}
-smarts

-openmp
-opari=<dir>

{-pcl, -papi} =<dir>
-pdt=<dir>
-dyninst=<dir>
-TRACE
-PROFILE

-PROFILECOUNTERS
-SGITIMERS
-CPUTIME
-PAPIWALLCLOCK
-PAPIVIRTUAL

Use pthread or SGI sproc threads

Use SMARTS API for threads

Use OpenMP threads

Specify location of Opari OpenMP tool
Specify location of PCL or PAPI
Specify location of PDT

Specify location of Dynlnst Package

Generate TAU event traces
Generate TAU profiles

Use hardware performance counters
Use fast nsec timers on SGI systems
Use usertimetsystem time

Use PAPI to access wallclock time

Use PAPI for virtual (user) time
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TAU Measurement Configuration — Examples

d ./configure -c++=KCC -SGITIMERS
O Use TAU with KCC and fast nanosecond timers on SGlI
O Enable TAU profiling (default)

3 ./configure -TRACE —PROFILE
O Enable both TAU profiling and tracing

3 ./configure -c++=guidec++ -cc=guidec
-papi=/usr/local/packages/papi —openmp
-mpiinc=/usr/packages/mpich/include
-mpilib=/usr/packages/mpich/lib
O Use OpenMP+MPI using KAI's Guide compiler suite and

use PAPI for accessing hardware performance counters
for measurements

a Typically configure multiple measurement libraries
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TAU Measurement API

a Initialization and runtime configuration

o TAU PROFILE_INIT(argc, argv);
TAU_PROFILE_SET NODE(myNode);
TAU_PROFILE_SET_CONTEXT(myContext);
TAU_PROFILE_EXIT(message):

3 Function and class methods
O TAU_PROFILE(name, type, group);

0 Template

O TAU_TYPE_STRING(variable, type);
TAU_PROFILE(name, type, group);
CT(variable);
d User-defined timing
o TAU_PROFILE_TIMER(timer, name, type, group);

TAU_PROFILE_START(timer);
TAU_PROFILE_STOP(timer):

Nov. 7, 2001
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TAU Measurement API (continued)

71 User-defined events

O TAU_REGISTER_EVENT (variable, event_name);
TAU_EVENT (variable, value);
TAU_PROFILE_STMT((statement);

d Mapping
o TAU_MAPPING(statement, key);
TAU _MAPPING OBJECT (funcldVar);
TAU _MAPPING_LINK(funcldVar, key);

o TAU_MAPPING_PROFILE (funcldVar);

TAU_MAPPING_PROFILE_TIMER(timer, funcldVar);

TAU_MAPPING_PROFILE_START((timer);
TAU_MAPPING_PROFILE_STOP(timer);

0 Reporting

O TAU_REPORT_STATISTICY();
TAU_REPORT_THREAD_STATISTICS();

Nov. 7, 2001
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TAU Analysis

a3 Profile analysis

O Pprof
» parallel profiler with text-based display

O Racy
» graphical interface to pprof (Tcl/Tk)

O |Racy
» Javaimplementation of Racy
d Trace analysis and visualization
O Trace merging and clock adjustment (if necessary)
O Trace format conversion (ALOG, SDDF, Vampir)
o Vampir (Pallas) trace visualization
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Pprof Command

a pprof [-c|-b]-m|-t]-g-i] [-r] [-S] [-n num] [-f fil€g] [-]] [nodes]

O

O O O 0O 0O 0O 0O 00O 0O 0 0

Nov. 7, 2001

-Nn NuM
-f file
-| nodes

Sort according to number of calls

Sort according to number of subroutines called
Sort according to msecs (exclusive time total)

Sort according to total msecs (inclusive time total)
Sort according to exclusive time per call

Sort according to inclusive time per call

Sort according to standard deviation (exclusive usec)
Reverse sorting order

Print only summary profile information

Print only first number of functions

Specify full path and filename without node ids

List al functions and exit (prints only info about all

contexts/threads of given node numbers)
SC' 01 Tutoria




Pprof Out

out (NAS Parallel Benchmark — LU)

d Intel Quad
Pl Xeon,
RedHat,
PGl FO0

7 F90 +
MPICH

a3 Profilefor:
Node
Context
Thread

a Application
events and
MPI events

Nov. 7, 2001

;)

| emacs@neutron.cs.uoregon.edu

Buffers Files Tools Edit Search Mule Help

#Time Exclusive

mz=ec

Lol o T v
'A.
[
'A.

: : NPE_LL.out

Feading Profile files in profile.*

MODE O;CONMTEXT O3;THREAD 0O:

Inclusive
total msec

oo oo o
'A.
0
'A.

o
[
o0

1 R N S S NN

H
~J
[
[

CMIMCS OO

Inclusive
usecscall

191293269
63487925

applu
hoast_lnputs
exchange_1
buts
MPI_Recw()
blts
MPI_Send()

rhs

Jacld
exchange_3
Jacu
MPI_Wait()
inlt_comm
MPI_Imit()
setlv

exact

erhs
read_lnput
MPI_EBcast()
error
MPI_Irecw()
MPI_Finalize(}
sethwv

1Z2norm
MPI_Allreduce()
pintgr
MPI_Barrier(])
exchange_4
MPI_Keywval_createl )
exchange_5
exchange_6
MPI_Tupe_contiguousi)
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JRacy (NAS Parallel Benchmark — LU)

ERssses Global profiles IEEMS T ~outine

le Options Windows  fielp Fle Options Windows Help prof”e across

MPI_Recv()

mean NN 10. 955% a” nOdeS

nct 0,0,0 NG_ <. 0%

nct 1,0,0 NG 2. 1 6%

nct 2,0,0 ING_G_ 1. 39%
nct 30,0 NN 37.73%

Mean

0,0,0

nct 1,0,0

Nn: node nct 2,00 I [
0,0 I

C: context e —

t: thread

B |l Individual profile §
File Windows Help w..— w
. MP! RECI{O File Options Windows Help

. MPJ'_SEndO Bar Mulitiple
B MP Type commit() :

0

10 15 20 25 50 35 4

B MPLType_contiguous() 100. 0% | | applu
] 99.57%| | beast_inputs
B MPLType_struct()
67. 08% I - change_1
O Mp1wait() 44. 525 I bt
B Mr_wiime( 41. 0% I P! Recy()
O applu 29. 49 I bits

26.2 1% I FP1_S end()
16.22% M rhs

: 3.925% [ jacld

. buts 3.45% W exchange_3

B erhs 3. 44% [ jacu

W error 2.61% [ MPL Wait()
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0.21% | init_comm
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'TAU and PAPI (NAS Parallel Benchmark = LU )

File File Value QOrder Mode

27.55% N jac!d
24 37% jacubuts

24.05% rhs
1167% [ |buts
11.30% [l b!tsjacubuts

0.74% | beast_inputs

0.18% | exact

0.10% | erhsrhs

Configure

d Floating
point
operations

0 Replaces
execution

Functions

mean

n,c,t 0,00 [
n.ct 1,00 [N

n,ct 200

n,c,t 30,0 [

hie Value Moile Units

. jacld
time S T e R BT 33600000.0 [ <=
27.5  ©.801E+08 g BBIE+0S 0300 0 95400 s
. 24 4 7 85TE+0& 7 B5TE+DS 9300 0 g4482 888100000.0 n.c,0,00
D Onl r. u| reS 24.0  T.T54E+DE 7. TSE+DS 301 601 2576060 832800000.0 [N n.c.t 1,00
11,7 3.763E+08 3. TE4E+08 9300 18530 40473
y req L1 ymmm Smew gn G 8328000000 (S 1 c 12,00
99.7  2.401E+07 3. Z14E+08 3 37517 1071412748 Craetaey 780900000.0 [ .c.t 3,00
: . 0.2 5 G4E+06 5 B4E+06 57252 0 102 emact
r I n I n to 0.1 3 189E+06 3 1BOE+06 1 3 3188082
0.2 £.031E+05 5, GEE+D6 1 47616 5659950
0.0 2 232F+05 2 G04E+05 37200 37200 T
. 0.0 1191E+05 1 101E+05 3 4 30708 1Znorm
dl fferent 0.0 1191F+05 O 2B5E+05 1 7936 028540 EEESEN
0.0 1.92E+04 1 0ZE+D4 19204 i 1 MPI_Send()
0.0 1.86E+04 1 BEE+D4 18600 0 1 MPITRecw()
0.0 1 648E+04 1 G54E+04 1 3 16545 pintqrUSWABG
0.0 0664 1 148E+04 504 1814 10 exchange 3
I I IeaSLIrerner] 0.0 BE0L 1. BIDE+OS 1 1701 181901 sethy
0.0 608 608 508 0 1 MPT Wait()
. 0.0 608 608 £08 0 1 WPI Teeew il
00.0 527 3. 224E+00 1 15 3224214901 spplu
I rary 0.0 85 g5 1 D 85 MPI Finalize ()
0.0 56 56 5 0 T ¥PI &Llreduce ()
0.0 41 a7 1 1 a7 '
0.0 a1 a5 1 3 4g
0.0 26 26 2 0 13
0.0 21 2g 1 4 25
0.0 10 19 1 0 10
0.0 11 1 1 0 11
0.0 11 13 1 2 13
0.0 11 13 1 0 13
0.0 g 9 0 i 1 MPI_Beast()
0.0 a a 1 1] 9 proc_grid

close
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“Vampir Trace Visualization Tool

3 Visualization and e
Analysis of MPI v s

Programs _
3 Originally developed

S W Calculafion
iz Setup
5 Communication

Process 3

Process 4

by Forschungszentrum
Julich

A Current development T\r

by Technical k
University Dresden

3 Distributed by % pallas
PALLAS, Germany

a http://ww. pal | as. de/ pages/vanpir. ht m
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Vampir (NAS Parallel Benchmark — L U)

File Global Displays Process Displays Preferences Extras

lu.p¥: done

lu.pv: Global Timeline {1:000613 - 1:01.161 = 0.547 s)
1:00.8 1-:009 1:01.0 i Iu.pu: Call Tree Process 0
i i j HMPI —>init_comm (1 : 16,966 ms)
hcast_inputs E) MPI_Address() (18 : 0.954 ms)

Pmms"’ e I””III""IW"III" WIIII ”m IIm" IIIIII'IN STPT Comn_r k() (1 5 8,130 mey
4 : | >MPI_Comm_sizef) (1 : 89,0 ps)

g ; : >nodedim (1 : 81,0 ps)

J o M I“

Wexchange_1 >read_input {1 : 0,14 s)

L>MPI_Bcast{) (9 : 1,027 ms)
>proc_grid {1 : 88.0 ps)
>neipghbors (1 : 64,0 ps)

—>subdomaineighbors (1 : 74,0 ps)
l —>setcoeff (1 : 75.0 ps)
—>sethyper (1 : 83.0 ps)
—>setbv  neighborsethyper (1 : 0.208 s)
L>exact (1700 : 94.538 ms)
—>setiv (1 : 5.915 s}
L>exact (47616 : 2.688 s)
l I —>erhs (1 : 1.645 s)

:“ ‘ b SMPI_Comm_size(} (1 : 0.105 ms)
l ” II >beast_inputs {1 : 1,868 ms)

Process 1
! L>exchange_3 (2 : 1.586 s)
! >MPI_Send() (2 : 1.58 s)
: PMPI_Irecv() (2 : 0,189 ms)
PMPI_MWait() (2 : 2.348 ms)
—>bcast_inputs (2 : 1:49,127)
)rl_hs (301 : 17.735 s)
ssage Statistics (Sum. Length, 0.0 s- pemElEnga s (HIZ ¢ 1G53 =)

Process 2 | Ml‘m |
| | i | |
Receiver E) MPI_Send{) (802 : 0.2486 s)

B exchange 1 | >MPI_Irecv() (602 ; 41.97 ms)
el MPI_Wait() (602 : 0.672 s)
B jacld | | >12norm  Whw (3 : 5.575 ms) _
.hcm_inputs L>MPI_Allreduce{) (3 : 0.565 ms) 4
MPI

.m: 8 . | [!Iuse'ﬂ 59mh|ﬂm| FuldenfuId'ﬂﬂ _I ASCII W inclu

rhs
exchange 3 |.

Communications display
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Semantic Performance Mapping

D ASSOCI ate Usar—tlizrvel al:as?action%
perfOrmance [’ roblem domain’

measurements !
with high-level !
semantic .:
abstractions :
5
| |
|

[ sourcecode} — —— e --‘ instrumentation|_..

(preprocessory — — — — — — - instrumentation .

| source code|

(compiler 7 _ _ _ _ _ _ | instrumentation—m-

| objectcode | [ libraries [ instrumentation—pm

3 Need mapping
support in the

( linker j

[ executable | — — -/ instrumentation|—m-
performance . (GPeTating SySTEm)
measurement “ [runtime image | _ _ _| instrumentation—m

(virtual machine } — — ’l instrumentat'torq—l-

¢1’U n

Performance Data e

systemto assigr s,
data correctly

Nov. 7, 2001 SC'01 Tutorid




Semantic Entities/Attributes/Associations (SEAA)

3 New dynamic mapping scheme (S. Shende, Ph.D. thesis)
O Contrast with ParaMap (Miller and Irvin)
O Entities defined at any level of abstraction
O Attribute entity with semantic information
O Entity-to-entity associations
a3 Two association types (implemented in TAU API)

O Embedded — extends data structure of associated object to
store performance measurement entity

O External — creates an external |look-up table using address
of object asthe key to locate performance measurement
entity
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Hypothetical Mapping Example

Q Particles distributed on surfaces of a cube

Particle* PIMAX]; /* Array of particles */
I nt GenerateParticles() {
[* distribute particles over all faces of the cube */
for (int face=0, |ast=0; face < 6; face++){
/* particles on this face */
Int particles on this face = nun(face);

for (int i=last; I < particles on this face; iI++) {
[* particle properties are a function of face */
Pl[i] = ... f(face);

}

| ast += particles on_this face;

5 S
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Hypothetical Mapping Example (continued)

I nt ProcessParticle(Particle *p) {
[* perform sonme conputation on p */
}
Int main() {
GenerateParticles();
/[* create a list of particles */
for (int i =0; 1 <N, |++)
/[* i1terates over the |ist */
ProcessParticle(P[i]);

} 7

O How much time is spent processing face | particles?
O What isthe distribution of performance among faces?
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No Performance Mapping versus Mapping

a Typical performance 1 Performance tools with
tools report performance SEAA mapping can
with respect to routines observe performance with

7 Does not provide support respect to scientist's
for mapping programming and
problem abstractions

TAU (no mapping)

File Value Order Mode Help

-=-§ me.t 0,00 profile

— TAU (W/ mapping)

| He Vvaue O

n,c,t 0,00
98.00% [ ProcessParticles()
2.00% [| GenerateParticles()
main()

; n,ct 0,00
1 79.39% I Cost of processing face #6
10.00% [ | Cost of processing face #5
6.50% [ | Cost of processing face #1
2.00% [ Cost of processing face #4
2.00% ]| GenerateParticles()
0.06% | Cost of processing face #2
0.05% | Cost of processing face #3
main()

i -
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TAU Performance System Status

1 Computing platforms
o IBM SP, SGI Origin 2K/3K, Intel Teraflop, Cray T3E,
Compag SC, HP, Sun, Windows, |A-32, |A-64, Linux, ...
0 Programming languages
O C, C++, Fortran 77/90, HPF, Java, OpenMP
a3 Communication libraries
o MPI, PVM, Nexus, Tulip, ACLMPL, MPlJava
3 Thread libraries
O pthreads, Java,Windows, Tulip, SMARTS, OpenMP
a Compilers

o KAI, PGI, GNU, Fujitsu, Sun, Microsoft, SGI, Cray,
IBM, Compag
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TAU Performance System Status (continued)

3 Application libraries
O Blitz++, A++/P++, ACLVIS, PAWS, SAMRALI, Overture

a Application frameworks

o POOMA, POOMA-2, MC++, Congo, Uintah, UPS
3 Projects

O Aurora/ SCALEA: ACPC, University of Vienna

a3 TAU full distribution (Version 2.10, web download)
O Measurement library and profile analysis tools
O Automatic software installation

O Performance analysis examples
O Extensive TAU User’'s Guide
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PDT Status

3 Program Database Toolkit (Version 2.0, web download)
O EDG C++ front end (Version 2.45.2)
O Mutek Fortran 90 front end (Version 2.4.1)
O C++ and Fortran 90 IL Analyzer
o DUCTARPE library
O Standard C++ system header files (KCC Version 4.0f)

3 PDT-constructed tools

O Automatic TAU performance instrumentation
» C, C++, Fortran 77, and Fortran 90

O Program analysis support for SILOON and CHASM
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Performance Technology for
Complex Parallel Systems

Part 2 — Complexity Scenarios

Sameer Shende

e uoregon.edy
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Goals

0 Explore performance analysis issues in different parallel
computing and programming contexts

0 Demonstrate TAU’s usage in different complex parallel
system contexts and application case studies

1 Explore how to bridge the semantic gap between
nerformance data that tools capture, and user and system
orogramming and execution abstractions

3 Highlight TAU performance mapping API
O C++ template instrumentation
O Hierarchical software systems

3 Discuss TAU performance system evolution
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Complexity Scenarios

1 Message passing computation
O Observe message communication events
O Associate messaging events with program events
o SPMD applications with multiple processes
o SIMPLE hydrodynamics application (C, MPI)

3 Multi-threaded computation
O (Abstract) thread-based performance measurement
O Multi-threaded parallel execution
O Asynchronous runtime system scheduling
O Multi-threading performance analysisin Java
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Complexity Scenarios (continued)

3 Mixed-mode parallel computation
O Portable shared memory and message passing APIs
O Integrate messaging events with multi-threading events
O OpenMP + MPI and Java+ MPI case studies

3 Object-oriented programming and C++
O Object-based performance analysis
O Performance measurement of template-derived code
O Array classes and expression transformation

a3 Hierarchical parallel software frameworks
O Multi-level software framework and work scheduling
O Module-specific performance mapping
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Strategies for Empirical Performance Evaluation

3 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 in program

» when is performance instrumentation done

» how are performance measurement/instrumentation chosen

0 Strategies for achieving flexibility and portability goals

O Limited performance methods restrict evaluation scope
O Non-portable methods force use of different techniques
O Integration and combination of strategies
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Multi-Level | nstrumentation in TAU

Instrumented
Source Pre- Source Object Executable Binary Rewrite

Cod Code . Code : Code
ode processor Compiler Linker Dvhaitic

I I - s ]

r _l il Virtual
libraries Machine

.

PROFILE m Run-Time Library Modules @ TRACE

Instrumentation

e
s — 1
§ S Profile Function Statistics 6

. Groups Database
= Profiling Event Traces
= Function Hardware User-Level

Callstack Counters Timers

=R ASCII :
209 Lige Vampir
3 JRacy Report Logs p
!
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Multi-Level | nstrumentation

Uses multiple instrumentation interfaces

Shares information: cooperation between interfaces
Taps information at multiple levels

Provides selective instrumentation at each level
Targets a common performance model

Presents a unified view of execution

O O o a ga
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SIMPLE Performance Analysis

1 SIMPLE hydrodynamics benchmark
O C code with MPI message communication

O Multiple instrumentation methods
» source-to-source translation (PDT)
» MPI wrapper library level instrumentation (PMPI)
» pre-execution binary instrumentation (DyninstAPI)

O Alternative measurement strategies
» statistical profiles of software actions
» statistical profiles of hardware actions (PCL, PAPI)
» program event tracing
» choice of time source
e gettimeofday, high-res physical, CPU, process virtual
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SIMPLE Source I nstrumentation (Preprocessed)

| nt conput e _heat conducti on(
doubl e theta hat[ X][Y], double deltat, double new r[X][YVY],
doubl e new z[ X][Y], double new al pha[ X][Y],

doubl e new rho[ X][Y], double theta I[X[Y],
doubl e Gamma_k[ X][Y], double Gamma I [ X][Y])

TAU PROFI LE("i nt conput e _heat conducti on(

double (*)[259], double, double (*)[259],

double (*)[259], double (*)[259], double (*)[259],
double (*)[259], double (*)[259], double (*)[259])",

“ ", TAU USER) ;

e pu

0 Similarly, for all other routines in SIMPLE program
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MPI Library | nstrumentation (MPIl _Send)

int Ml _Send(..)

int returnVal, typesize;
TAU PROFI LE TI MER(t auti nmer, "MPlI _Send()",
TAU PROFI LE_START(t auti mer);
i f (dest !'= MPI _PROC NULL) {
PMPI _Type_si ze(dat atype, &typesize);
TAU_TRACE_SENDMSG(t ag, dest, typesize*count);
}
returnVal = PMPI _Send(buf, count, datatype, dest, tag,
TAU PRCFI LE_STOP(t auti nmer),
return returnVal;

" TAU MESSAGE) :

comm) ;

7
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MPI Library | nstrumentation (MPIl Recv)

int MPl _Recv(..)

int returnVal, size;

TAU PRCFI LE TI MER(tautiner, "MPI _Recv()", " ", TAU MESSAGE);
TAU PRCOFI LE _START(t auti nmer);

returnVal = PMPI _Recv(buf, count, datatype, src, tag, conm

stat us);
I f (src '= MPI _PROC NULL && returnVal == MPI SUCCESS) {
PVMPI Get count( status, Ml _BYTE, &size );
TAU TRACE RECVMS( st at us- >MPI _TAG st at us- >MPl _ SOURCE,
Si ze);

}
TAU_PROFI LE_STOP(t auti mer);

return returnVal; : >
}
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‘Multi-Level Instrumentation (Profiling)

profile
per
process

global
routine
profile

Nov. 7, 2001

File Options windows Help

Mean

B PMPI_Recw
PMPI_Reduce
FMPI_Send
PMPI_Sendrecy
FMPI_Type_commit
PMPI_Type_contiguous
FMPI _Type_struct
PMPI _Wait
PMPI W aitall
__mth_i_dpowd

alloc_glabal

total msec

19,295 31,066 206388 4.12776E+06 151 polynomial

17.6 10,946 10,946 3 ] 3648787

17.0 10,930 10,930 3.71498E+06 0 3 power

13.3 6,66 3,277 273 5448 30320 socket_recw

3.1 1,952 1,954 561 1122 3484 net_recw

3.9 1,554 2,399 10 317580 239940

2.1 1,316 1,318 628 1256 2100 net_send

1,117 22,279 10 1192070

2227940 compute_temperd

allec_listener_info
allac_lacal _hm
allec_local _rm
alloc_p4_msg
alloc_quel

bm _start

compute_boundary_heat
compute_boundary wark
compute_energy_border
compute_energy_error

Compute_energy_interior

compute_heat_conduction

compute_initial_epsilon

compute_alpha_s_rho_vectors_bg

compute_alpha_s_rho_vectors_in

compute_initial_alpha_s _vectors

A A EEEEN

= met, 00,0
File Options Windows Help

—

Sl

31.0% NG polynomial

17.0%

File Options Windows Help

net_accept

17.0% I power
10.0% - socket_recy

pelynomial

mean NN =7 0%

n,ct 0,00 I =1.0%

net 1,00 N 25 0% 3.0% B net_recy

maet 2,0,0 32.0% 2.0% [ compute_viscosity_interior
net 3,00 NN - 0%

n,c.t stands for: Mode, Context and Thread.

Using the right mouse button, double click
here to display more detailed data about
his thread.

[4]

q I

]
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‘Multi-Level Instrumentation (Traci 'n'g)J

3 No modification of source instrumentation!

ek.pv: Global Timeline {0.716 s - 0.73 5 = 14.138 ms)
0. ?25 s 0.73s

" TAU_DEFAULT |
||:|-Mw -

{ Location: Process 2
| Dperation: MPI_Recv() (21)

| Activity: MPI (&)

| Interval: 0.720723 5 - 0.730785 5
{ Duration: 10.062 ms

Process 1 main()

Process 2 main()

Process 3 main()

| Close | '

Origin: Process 1
| Destination: Process 3
| Type: 2 LE 1
| Communicator: -B5535 TAU_DEFAULT 2
| Interval: 0.719207 s - 0.719352 5 | Ludd] 3
| Duration: 0.145 ms

{ Length: 248 hytes

| Datarate: 1.631 Mbytes/s

TAU performance groups
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'_Dynami'c':_ | nstrumentation of SIMPLE

1 Uses DyninstAPI for runtime code patching

0 Mutator loads measurement library, instruments mutatee
O one mutator (tau_run) per executable image
O mpirun —p <n> tau.shell

| File Options Windows Help

Mean L Ll 21.0%_polynomial
n,c,t  0,0,0 NI Y s

15.0% I ¢ cwer
n,c,t 10,0 I R
n,c,t 2,0,0 I . 1.0% | compute_viscosity_interior

n,c,t

=i VAMPIR - Glohal Timeline i a ; D.J
ekpv: Global Timeline (0.0s - 16.435=16.43 5) ekpv: Call Tree Process 2
50s 10.0s 15.05 >compute_initial_p (1 : 1,168 ms)

TAU_DEFAULT L>make_pressure (1 : 1.16 ms)

Process 0 450 net_acl::e?t net_acl::epti net_accept i >compute_pressure_interior (1 : 1.14 ms)

L->zonal_pressure (9 :

Process 1 450 net_recy | 1,108 ms)
Process 2 : 45ﬁ net_recy : A 43; ﬁgio =)
Process 3 E i 45i]

i = |
| 2 ﬂ SearcMﬂﬂl Fultl.-’Unntdlﬂﬂ I ASCIl W inclusive .| singlewin
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Multi-Threading Performance M easurement

1 General issues
O Thread identity and per-thread data storage
O Performance measurement support and synchronization
O Fine-grained parallelism
» different forms and levels of threading
» greater need for efficient instrumentation

3 TAU generd threading and measurement model
O Common thread layer and measurement support
O Interface to system specific libraries (reg, id, sync)

0 Target different thread systems with core functionality
O Pthreads, Windows, Java, SMARTS, Tulip, OpenMP
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Java Multi-Threading Performance (Test Case)

a3 Profile and trace Java (JDK 1.2+) applications
1 Observe user-level and system-level threads
0 Observe events for different Java packages

o /lang, /io, lawt, ...
a3 Test application

O SciVis, NPAC, Syracuse University

% ./configure -jdk=<dir_where jdk_is installed>

% setenv LD LIBRARY PATH
$LD LIBRARY PATH\:<taudir>/<arch>/lib

% java-XrunTAU svserver
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TAU Profiling of Java Application (SciVis)

{_]____mm 24 threads of execut|onl

File Order

. , E1,E07 L4272
13.7 15, 315 18,138 507904 507904 36
E7,827 Eg 34838 080129 sun/awt/font/NativeFontWrapper registerFonts (Ljawa/

4, BRE Loo? 120173 a3z
R Captures events
]ava;"lanq;’Throwable fillInStackTrace {)Ljava/lang/Thr

4,135 1D 0 413532
Jjawa/lang/String charat (I)C
java/lang/String toLowerCase (Ljawa/util/Locale;jLja
SR it

isvalid (Ljava/lang/Str for dlfferent
Java packages

n,c,t0,05

Javathread

Functions

mean IIT W]

Order HMode

ne;t E’E’? D 8.54% [ ]javalang/Object wait (J)V

n,c,t 0,0,2 10.45% java‘io/BufferedinputStream read ()l

n,c,t 0,0,3 9.15% [l java/io/DatalnputStream readint ()

n,c,t 0,0,4 L | 4.98% [ sun/awt/motiffMMenuPesr createMenu (Lsun/awt/motif/l
n,c;t 00's (T T 475%| | javalio/DatalnputStream readFloat (JF

notoos| | M MV 4.50% [l sun/awt/motif/X11Graphics X11LockViewResources (Lst

3.94% [Jl] sv/kernel/TimeData2D makeVertex (Z[F)V

""'"'"'"E hie Value HMode Units Help

java/lang/Cbject wait (J)V

CPlane <init= ()V 41 66% mean
CollSender <init> (LCollabManager;LGFri °

CollSender broadcastGFrame2D ()V nct 000
CollSender run ()V n.ct00.1

CollabManager <init> (Lsvserver;)V 99.94% not0.02 GI Obal

CollabManager broadcastCommand (Lsvi| |§ gq ago; not0.0.3

CollabManager clickedExitButton (J¥ 3.11%[n:c:t 0:0:4 rOUU ne

CollabManager getNameVec (JLjava/utilh| | 18.54% [ |n,c,t00,5
CollabManager getPortVec []LjavafutllNe 93.84% | het006 .
| i profile
-

n.c.t 0.0.7
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TAU Tracing of Java Application (SciVis)

Process Displays Preferences Extras

Global Timeline

svtrace.pv:

Process
Process

IGQUIT handlerF
javaflang/Object wait:
javaflang/0Object wait:

0
1 THREAD GREOUP=svystem
Process 2
Process 3
Process 4
5

6

7

8

9

javaflang/0Object wait:
5572 java/lang/0bject wait '
sunfawt/motif/MToolkit run EGFrame3DJ

Process
Process
Process

Process
Frocess
Process 10 -pv: Global Actiwvity Chart (0.0s-2:
Process 113 BManimator

Process 12 2, Fdhaldhia Edblihldh SE\ELE <I>(j> (E)<I> ‘: :CollabHanager
Process 13 TH : CollSender

- Hcom
Process ! |
TNy L lI|II

PO P1 P2 P3 BoommandSet3D
Bconfig2Dd

Parallelism vieyw Emecyiri ey
-—-—————————————-—-—-—-—-—-—-—-—-——!- ' ® “ ® 0 Bconfiguration
| BEcPlane
svtrace.pv: Parallelism View é P6 P8 P9 MpggktopCanvas

0.0s 1:00.0 2:00.0 BpesktopControl

¥ EEEEETCTTEEEE R % ____________________ E_ sun § FrameManager
T S— E— 5 EPR YO Y YoR et
i b THREAD ; GFrame3D
L .Confiquration 510 11 12 13 14 MgFrame3D$1
__________________ [ | § BMGFrame3D$2
________________ B IDLE

| MainButtons 4
(15 16 17 18 19 "MergeFilterHandler|
; g Sun ;

- e : Y'Y 'Y YRS

____________ | @ G O @ O .SVFlleReader

E sEvserver
20 21 24 Wgyservers$l
3 THREAD
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Vampir Dynamic Call Tree View (SciVis)

Nov. 7, 2001

=i VAMPIR

mmor
—> ja

ja

—> Ciin

am.p
tize main (0..1 : 0,05,
vaslang/Classloader loa
> sundmisc/L auncher$AppCl
L—){Evaflangfﬁtring la
> javaslang/String

» javaslang/Classl cader

> java/slang/Classl cader
E) Javaslang/Classl oade
> javaslang/Classl oade
va/io/ InputStreamBeader

—>sun/ 1o/ByteToCharConverter getDefault (0,.2 :

L>sun/io/Converters n

>sunsiosConverters

L—){EvaflangfreFf

> javas lang/r

»sunsdio/Converters

> java/lang/Clas

> JjavaslangsC

> javaslang/C

){fvaflangfc

»sunsio/B

L>sun/i

){Evafio!InputStreamRead

»javaliosBeader <ini

va/sios/BufferedReader i

){fvafiolBuFFeredReader

> javalio/Reader <{ini

mortize inputDouble (0,
» javaslang/Classl cader

>suns/misc/L auncher $Ap,

L—){Evaflangfﬁtring

> Jjavaslang/Stri

» java/slang/Classl cade

» javaslang/Classl cade

> javaslangsClassl o

v: Global Call Tree
.4.651s)
dClass (0..2 : 0,0s,,.253,0 ps)
assl oader loadClass {(0,.4 : 0,0s5,.62.0 ps)
stIndexOf (0..2 : 0.05,.27.0 ps)
lastIndex0f (0,.2 : 0,05, .8,0 us)
findLoadedClass (0,.2 : 0,05, .25.0 ps)
loadClass (9..2 : 0,05, .100,0 ps)
r FfindlLoadedClass (0,.2 : 0,.0s,.19.0 ps)
r FfindBootstrapClass 0,.2 : 0.0s5,.36.0 pus)
{init> (0..2 : 0.05,.644.0 ps)
0,05, 368,00 ps)
ewDefaultConverter (0,.2 1 0,05, .345,0 ps)
getDefaultConverterClass (0..2 : 0.0s5,.93.0 ps)
SoftReference get (0..2 : 0.0s5,.44.0 ps)
ef/Reference pet (0..2 : 0,0s5,.7.0 ps)
newConverter {0,.2 : 0.0s5,.208,.0 ps)
s hewlInstance (0,.2 : 0,05,,185.0 ps)
lassl oader getCallerClassloader (0,.2 :
lass checkMemberficcess {0..2 : 0.0s5,.7.0 ps)
lass newlnstance® (0,.2 : 0,0s5,.91.0 ps)
yteToCharIS08859_1 <{init> (0..2 : 0.05,.33.0 ps)
o/ByteToCharConverter

Per thread call tree

0.05,.24,0

{init» (0..2 : 0,05,.12,0 ps)

er <init>» {0,.2 : 0,0s5..231.0 ps)

© (0,.2 1 0.0s,.8.0 ps)

nit> (0,.2 : 0,05, ,408.0
{init» (0,.2 : 0,0s,.38

> (0..2 : 0.05,.8.0 ps)
.3t 0.0s,,4,6255)
leoadClass (0..2 : 0,05,.2,

pClassl cader loadClass (0..4 : 0.0s5,.68.0 ps)
lastIndexOf (0,.2 : 0.0s,.29,.0 ps)

ng lastIndexOf (0,.2 : 0,0s5,.9.0 ps)

r FfindlLoadedClass (0..2 : 0,05,.29,.0 ps)

r loadClass (9¢..2 : 9.0s,.1.955 ms)

ader findlLoadedClass (0,.2 : 0.0s5,.18.0 us)

Annotated performarnce

i

-~

Closelﬂ Searchlﬂ Printl Foldenfoldlﬂﬂ JASCIT | inclusive _Isingle wi

-
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Virtual Machine Performance | nstrumentation

A Integrate performance system with VM
O Captures robust performance data (e.g., thread events)
O Maintain features of environment
» portability, concurrency, extensibility, interoperation
O Allow use in optimization methods
0 JVM Profiling Interface (IVMPI)
O Generation of JVM events and hooks into JVM

O Profiler agent (TAU) loaded as shared object
» registers events of interest and address of callback routine

O Access to information on dynamically loaded classes
O No need to modify Java source, bytecode, or VM
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JVMPI Events

Method transition events
Memory events

Heap arena events
Garbage collection events
Class events

Global reference events
Monitor events

Monitor wait events
Thread events

Dump events

Virtua machine events

O O agaadgagaaaqaaq

Nov. 7, 2001
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TAU Java JVM Instrumentation Architecture

7 Robust set of events

Thread API

Event

| notification |
JVMPI

—

NI

Nov. 7, 2001

Profile DB

1 Portability
3 Access to thread info
1 Measurement options
3 Limitations

O Overhead

O Many events

o Event control

O No user-defined
events
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TAU Java Source | nstrumentation Architecture

3 Any code section can
be measured

TAU.Profile class -
(init, data, output) > TAU package) 0 Portability
1 Measurement options
INI'C bindings = INI o Profiling, tracing

| 3 Limitations
T':huarisd dg/brjlgcn:lC - @ O Source access only
O Lack of thread
Profile database { information

storedin JVM hezp O Lack of node
Profile DB Information
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Java Source-Level | nstrumentation

d

TAU Java
package
User-defined
events
TAU.Profile
class for new
“timers’

O Start/Stop
Performance

data output
at end

Nov. 7, 2001

i) T

=| emacs@neutron.cs.uereqon.edu

Buffers Files Tools Edit Search HMule Java Help

import TAL.#*;
import mpl.*;

public class Life €

statlc TAU.Profile blocktimer= new TAU.Profile("Life compute local block info",™
"ty U"TAU_DEFARULT™, TAU.Profile.  TAU_DEFAULT);

static TAU.Profile updatetimer_= new TAU.Profilel("Life main update loop",
TAJ_DEFAULT", TAU.Profile.TAU_DEFAULT);

4 .. other static data
static public void maini(String [] args) throws MPIException {

MPI.Init{args) ;

Cartcomm p = MPI.COMM_WORLD.Create_cartidims,

periods, false) ;

A4 Compute local “blockSizex’”, “blockBaseX”, “blockSizeY’, “blockBaseY’. %/

blocktimer.Start();
£

S Code to compute blockSizex, blockBasex, blockSizeY, blockBaseY
3
blocktimer.Stopl);

updatetimer.Start( ]} ;
forfint iter = 0 ; 1ter < NITER ; iter++) £
A4 5hift this block s upper x edge into next nelghbour’s lower gchost edge
p.Sendrecwiblock, blockSizex % sY, 1, edgexType, dstx[0], O,
block, 0, 1, edgexType, srcxl[0], O} ;

A4 other synchronlzation operations and loops
dumpBoard(]) ;

3

updatetimer.Stopl);

MPI.Finalizel);
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Mixed-mode Parallel Programs (OpenMPI + MPI)

1 Portable mixed-mode parallel programming
O Multi-threaded shared memory programming
O Inter-node message passing

0 Performance measurement
O Access to runtime system and communication events
O Associate communication and application events

a3 2-Dimensional Stommel model of ocean circulation
O OpenMP for shared memory parallel programming
O MPI for cross-box message-based parallelism
O Jacobi iteration, 5-point stencil
O Timothy Kaiser (San Diego Supercomputing Center)
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Stommel | nstrumentation

A OpenMP directive instrumentation (see OPARI in Part 3)

ponp_for_enter(&np rd 2);
#l i ne 252 "stomel . c"

#pragma onp for schedul e(static) reduction(+: diff) private(j)
firstprivate (al, a2, a3, a4, a5) nowait

for( i=i1;i<=i2;i++) {
for()=)1;)<=)2;]++){
new psi[i][j]=al*psi[i+1][j] + a2*psi[i-1][j] + a3*psi[i][] +1]
+ ad*psi[i][j-1] - ab*the for[i][]];
di ff=diff+fabs(new psi[i][j]-psi[i]l]}j]);
}
}
ponp_barrier_enter(&np rd _2);
#pragma onp barrier
ponp_barrier _exit(&np_ rd 2);

ponp _for _exit(&onp rd_2);
#line 261 "stommel . c" ch::;;7’
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OpenM P + MPI Ocean Modellng (Trace)

1:25.4 1256 1260

F ':".E 5 ""—’_g-‘;' ’.:'.' ”-. o - 54 = b phe e S o
N I IDLE
: Process0 | g Recvﬂ MPI neduceu m - m MPI Recvﬂ maing
mMPI

S brocase I 99 mdo_jacohi(
m0penMP

do_transfer()

0 progess 2 l -99 .

Process 3 n -99

Process 4 I-BB i

1 1 1
= 0

Process 5 E -99 .

H J e "

: o Process 0 Inam{] int (int, char=) |11 MPI_Recv() |1|3| ﬂmpl _Recv() e

e Process 1 I asi 5 ﬂ n : ' !-99

1 Process 2 ﬂ 99; Integrated ﬂ I-aa l-aa
Process 3 u-ggé OpenMP + 0l N i
Process 4 m-asi MPl events l E-ua i !-99
Process 5 I-asi 0 e I

do_transfer)
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“OpenMP + MPI Ocean Modeling (HW Profile)

2. 20ZE+08 2. 202E+08 200000
1. 002E+06 2. 212E+08 1000

200000 221202 do jacobi

_ 2 D0ZE+08 2. 202E+08 200000 1101 OperMP Parallel for (da_jacebi)
0.5 1. 20ZE+06 1. E0ZE+06 1 0 1202001 do_force() woid (INT, INT, INT, INT)
9.4 1. 002E+06 2. 212E+048 1000 200000 221202 do_jqcob_i() wagd (PR =0 FRT %% PRS0 00T IHT. IR

12 1z

Instructions i i

1 MPI Ecasti()

| ERLIES IS MPI events

R Hile Value Order Mode Units

4. 1E+04 4, 9E+04 1000 2000 49 da {) woid (FLT **, INT, INT, INT, INT)
1. E10E+04 2 0ZCE+08 1 A02E 020460544 B T
4000 4000 4000 0 1
4000 4000 4000 0 I t ated
1004 1004 1004 0 N egl’
176 211 I
62 a8 2
oo 26 4 13 MPT allreduce () Op M P
20 20 0 10 [N en +
0
0
0

Help
File Yalue Order

n,ct00,1 | 220200000.0
CpenMP Parallel for|

10020000 | do_jacobi() void (FL|

CpenMP Parallel for (i
1202000.0 | do_force() void (INT, |
1002000.0 | do_jacobi() void (FLT

41000.0 | do_transfer() void (FL

15190.0 | main() int (int, char **)
MPI_Recv()
MPI_Send() £l

% configure -papi=../packages/papi -openmp -c++=pgCC -cc=pgcc
-mpiinc=../packages/mpich/include -mpilib=../packages/mpich/lib
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Mixed-mode Parallel Programs (Java + MPI)

1 Explicit message communication libraries for Java

3 MPI performance measurement
O MPI profiling interface - link-time interposition library
O TAU wrappersin native profiling interface library
O Send/Receive events and communication statistics

7 mpiJava (Syracuse, JavaGrande, 1999)
O Javawrapper package
O JNI C bindingsto MPI communication library
O Dynamic shared object (libmpijava.so) loaded in VM
O prunjava calls mpirun to distribute program to nodes
O Contrast to Java RMI-based schemes (MPJ, CCJ)

Nov. 7, 2001 SC'01 Tutorid




TAU mpiJava | nstrumentation Architecture

3 NO source
|Nnstrumentation

required

A Portability
1 Measurement options
Aa Limitations

Java program

JNI

<

mpiJava package

MPI profiling interface

TAU wrapper

Native MPI library

o MPI events only ‘—
o No mpiJava events

o Node info only

O No thread info

Nov. 7, 2001
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Java Multi-threading and Message Passing

7 Javathreads and MPlI communications
O Shared-memory multi-threading events
O Message communications events

3 Unified performance measurement and views
O Integration of performance mechanisms

O Integrated association of performance events
» thread event and communication events
» user-defined (source-level) performance events
> JVM events

3 Requires instrumentation and measurement cooperation
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| nstrumentation and Measurement Cooperation

3 Problem
o IVMPI doesn’'t see MPI events (e.g., rank (node))
O MPI profiling interfaces doesn’t see threads
O Source instrumentation doesn’t see either!
3 Need cooperation between interfaces
O MPI exposes rank and gets thread information
o IVMPI exposes thread information and gets rank
O Source instrumentation gets both
O Post-mortem matching of sends and receives
0 Selective instrumentation
O Java-XrunTAU:exclude=javalio,sun
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TAU Java | nstrumentation Architecture

Java program

TAU package mpiJava package

Thread API

‘//. JNI e
/ MPI profiling interface

[ Bvent )
| notification | @ TAL wrapper

Profile DB
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Parallel Java Game of Life (Profile)

Merged Java
and MPI event
i _. profiles

0 mpiJava
testcase

total msec

46.1 1,001 1,001 26 25
8.3 g3e g3z 38
1.6 33 34
42.4 21 923
nodes N
) 6.8 7 147
2.8 & 2,019
in00.0 5 2,175 1
1.0 4 21 YInputStream;)¥
0.3 lass (Ljawa/lang/String;)Ljava/

28 threads

nConnection {Ljava/net /URL;)Lj
ava/lang/String; )Ljava/lang/ /Sty

Only thread 4 WPLinitD
executes MPI_Init [isai

Value Order  Mode

n,ect204
46 .06% MPI_Sendrecv()
38.27% | /P _Init()

1.55% || javarlang/ClassLoader$NativeLibra
1.00% || mpifMPI Init ([Ljava/lang/String;)[L
0.85% | java’lang/ClassLoader defineClas:
0.33% | MPI_Finalize()
0.30% | Life main ([Ljava/lang/String;)V
0.27% | THREAD=main; THREAD GROUP=
0.23% | java‘util/Properties load (Ljavalio/
0.21% | java/lang/ClassLoader findBootstt
0.20% | MPI_Recv()
0.19% | sun/netfwww/protocol/file/Handler

Functions

AR —

n,c,t 0,00
n,c,t 0,01
n,c,t 0,02 ]
n,c,t 0,03 |
n.c,t 0,04 [T T[N
n,c,t 0,05

n,c,t 0,06
n,c,t 1,00

net 10,1
nct1,02|
n,.c,t1,03|

1555.0 I ., 10.4

::z:: 1:8:; | 0.19% | java/io/UnixFileSystem normalize
netl103 0.18% | sun/misc/URL ClassPath getlLoade
not 104 net203f 0.16% | sun/misc/URLClassPath$FileLoads
ne,t 1,05 8325l n.c.t 204| 0.16% | sun/netwww/protocol/file/Handler
n,ct 1,06 nect205| 0.16% | java/lang/String charat ()€

0.16% | java/lang/String getBytes (Lsunfic. |
N 159, iaua!in!llninilergiemm
|

n,c,t 2,00
n,ct 201
n,c,t 2,02
n,c,t 2,03
n,c,t 2,04
n,c,t 2,05
n,ct206

ne1206|
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Parall el J ava Game of Li fe _(frace)

7 Integrated event tracing O Multi-level event grouping

] T I THREAD=JYM- MainThreac; THREAD GROUP=system
tr ace VI Z 3 Process 1 HREAD-SIGIJUIThandIer THREAD ERI]UP:system

Process 3 |ava,.'lang,"ﬂ

7 Node
Process

grouping 4 fir=: =
A Thread '

message
pairing

Process B

. ) el
D Vampl r ngcessZ javaflang/Object wait

3 Process 3 javaflang/Dbject wait

dl I a Ul R MMP | Sendrecy() i “D' _Senuiecyi) 5
Process 5 | I I

Process B

Nov. 7, 2001

HETHREAD
java
Bsun
HLife
mpi
HMPI

NIRRT
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| ntegrated Performance View (Callgraph)

0 Source
level

7 MPI
level

0 Java
packages
level

Nov. 7, 2001

—=| VAMPIR - Call Tree Node T 4

lifedx4.py: Call Tree Node 14
* —>Life compute lecal bleck info (1 : 6,132 ms)

L>mpis/Cartcomm Get (1 : 5,549 ms)
> java‘net/URLClassloader findClass (2 : 4,486 ms)
> javasnet/URLClassloader$l <init> (2 : 6.0 ps)
> javassecuritys/AccessController doPrivileped (2 1 4,426 ms)
%:)java/net/URLClassLoader$1 run (2 : 4.334 ms) ...
» javassecurity/PrivilegedActionException <init> {1 : 20,0 ps)
> javassecurity/PrivilegedictionException getException (1 : 2.0 ps)
>mpi/CartParms <init> {1 : 31.0 ps)
>MPI_Cartdim_get{} (1 : 11.0 ps)
>MPI_Cart_get(}) {1 : 5,0 ps)
—>Life dumpBoard {1 : 3,442 ms)
—>mpisComm Size (1 : 41.0 ps)
L>MPI_Comm_size{} (1 : 6.0 ps)
—>mpi/Comm Rank {1 : 36,0 ps)
L>MPI_Comm_rank{} (1 : 5.0 ps)
—>mpi/Comm Send (2 : 0.812 ms)
>mpi/Datatype isObgject (2 : 5.0 ps)

>mpisDatatype Vector (1 : 1.459 ms)
L>mpi/Datatype <init> {1 : ©.293 ms)
L>mpi/Datatype GetVector (1 : 60.0 ps)
L>MPI_Type_wvector{} (1 : 18.0 ps)
L >mpi/Datatype Commit {1 : 24.0 ps)
L>mpisDatatype commit {1 : 15,0 ps)
L>MPI_Type_commit{} {1 : 5.0 us)
>mpi/Datatype Contiguous (1 : 78.0 ps)
L>mpis/Datatype <init> {1 : 35.0 ps)
L>mpisDatatype GetContiguous (1 : 22,0 ups)
L>MPI_Type_contiguous{) (1 : 9.0 ps)
>mpi/Datatype Commit {2 : 39,0 ps)
L>mpisDatatype commit (2 : 24,0 ps)
L>MPI_Type_commit{} (2 : 6.0 ps)
—>mpisDatatype Vector {1 : 60,0 us)
L>mpisDatatype <init> (1 : 27.0 ps)
L>mpisDatatype GetVector {1 : 15.0 ps)
L>MPI_Type_vector{} (1 : 5.0 us)
>mpisCartcomm Shift {4 : 3,546 ms)
* rJjavasnet/URLClassloader findClass (2 : 2.7 ms)
>javasnet/URLClassloader$l <init> (2 : 5,0 ps)
> java/security/AccessController doPrivileged (2 : 2,648 ms)
> java/net/URLClassloader$l run (2 : 2,569 ms)
» java/net/URLClassloader access$0 (2 : 5.0 ps)
»javasnet/URL dinit> (2 : 0,557 ms)
>Jjavasnet/URL  <{init> (2 : 0.544 ms)

>mpisComm  send (2 : 0,471 ms)
|| ] YMPI_Send() (2 : 0,426 ms)

'
~J | -~
|| Close| | Search| »-| Print| Fold/Unfold| ¥| 4| -1 ASCII W inclusive i singlewin smaller| larger| line 547 (544)
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Object-Oriented Programming and C++

3 Object-oriented programming is based on concepts of
abstract data types, encapsulation, inheritance, ...

0 Languages (such as C++) provide support implementing
domain-specific abstractions in the form of classlibraries

a3 Furthermore, generic programming mechanisms allow
for efficient coding abstractions and compile-time
transformations

1 Creates a semantic gap between the transformed code and
what the user expects (and describes in source code)

1 Need a mechanism to expose the nature of high-level
abstract computation to the performance tools

1 Map low-level performance data to high-level semantics
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C++ Template | nstrumentation (Blitz++, PETE)

0 High-level objects
O Array classes

a3 Optimizations

O Array processing

O Expressions (PETE)
1 Relate performance

datato high-level
Sstatement

1 Complexity of
template evaluation

Nov. 7, 2001

g File Edit Apps Optiohs Buffers Tools C++

D= 3>

4_open | Dired | save | print | cut | copy | Pesfe | Undo

8<| By R

2|

E
] ¥Emacs: profile.opp
{Leoading ve-heoks...done

{Mdefine BZ_TAU_PROFILING

é#include <blitzfarray.h>

O Templates (Blitz++) |

éint main()

BZ_USING NAMESPACE(bklitz)

TAU_PROFILE("main(}", "int
TRU_PROFILE_SET_MODE (0);

const int M = 32;

Array«<flcat, 2> R(N,H), B(N,H), C{(N,H), D{(N,HN), E(N,H;;

L = 5.0;

int i=0; i < 20; ++4i)

j= sum {pow2 (D)) ;
= * pos(D) + COF
E += exzp{-D);

A+ B + C;
E

float = = sum(h)};
float v = sum(A+E);
float =z = sum(sqgr
C = z*A+vy*B+ez*C;

L = expl-sgqriR)-

E=54+4+E+ C + I
float g = min(h);
float ©r = maz(E);

}

return 0;

sini{D);

{R)+=qr(B));

(»", TRU_DEFAULT) ;

Array
expressions

SC 01 Tutoria




Standard Templ ate ] nstrumentatlon leflcultles '

0 Instantiated templates result in mangled Identifiers
0 Standard profiling techniques/ tools are deficient

O Integrated with proprietary compilers

O Specific systems platforms and programming models

Very long! Uninterpretable routine names
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Blitz++ Library Instrumentation

0 Expression templates embed the form of the expression in
atemplate name

©
“
ey o

a In Blitz++, the library describes the structure of the
expression template to the profiling toolkit

3 Allowsfor pretty printing the expression templates
Expression: B+ C-20* D

BinOp<Add,
B, <BinOp<Subtract,
C, <BinOp<Multiply,
Scalar<2.0>, D>>>
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Blitz++ Library I nstrumentation (example)

#i fdef BZ TAU PROFI LI NG

static string exprDescription;

| f (!exprDescription.length()) {
expr Description = "A";
prettyPrintFormat format( _bz true); // Terse npbde on
f or mat . next ArrayQper andSynbol () ;
T update::prettyPrint(exprDescription),;
expr.prettyPrint(exprDescription, format);

}
TAU PROFI LE(" ", exprDescription, TAU BLITZ);
#endi f

7
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TAU Instrumentation and'PrbfiIing for C++

Profile of

nc.t 0,00 eXpr on

sum((sqr(a)+sqr(B))) ] 16.79% t
sum((A+B)) [ ]12.09% YPES
A=(((s"B)+(t*C))+(u"D)) [N 11.00%
A=zexp((-sqr(B)-sqr(C))) [ |8.98%
sum(pow2{A)) [ |8.60%
A=((B*cos(C))+(D*sin(E))) [ 7.71%
sum(A) [ ] 7.19%
A=(((B+C)+D)+E) [ 6.84%

Value Order Mode

Functions

mean [T T I

16.8 434 434 20 i 21745
12.1 313 313 20 i 15661
11.0 284 284 20 0 14248 Value  Mode Help
9.0 232 232 20 i 11636 RS (B) -sqr
8.6 222 222 20 i 11144 " i
7.7 199 199 20 0 9989 A=((B*cos(C€))+(D"sin(E)))
7.2 186 186 20 i 0317 mean [ 7 7
£.8 177 177 20 i 8857 :
4.3 112 112 20 i 5633 [ ]
4.3 110 110 20 0 ES26 A= i) n,c,t 0,00 N 7.7
1000 a9 2,581 1 2RE 2501045 fESRIGNEREN
3.2 a1 a1 20 i 4083 min(h)
31 79 79 20 i 3962 | mast(h) ;
2.1 53 53 20 0 26ES  A/=3 =
0.0 1 1 3 i 407 =
0.0 0.358 0.358 5 i 72 P f d ed
0.0 0.332 0.69 5 5 138 Array<T, N> :setupStorage (3 er Ormance ata pr%r]t
0.0 0. 304 0.994 E E 199 Array<T, N:: :Array() [T=floai

with respect to high-level
array expression types
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Hierarchical Parallel Software (C-SAFE/Uintah)

1 Center for Simulation of Accidental Fires & Explosions
O ASCI Leve 1 center
O PSE for multi-model ssimulation high-energy explosion
a Uintah parallel programming framework
O Component-based and object-paralléel
O Multi-model task-graph scheduling and execution

O Shared-memory (thread), distributed-memory (MPI), and
mixed-model parallelization

O Integrated with SCIRun framework

a3 TAU integration in Uintah
O Mapping: task object 1 grid object 1 patch object
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‘Task Execution in Uintah Parallel Scheduler

Nov. 7, 2001

Help |

File Configure File

Value Mode

Functions Task executiol -

84.26% [ mean

mean [ [Tl
79.91% [ n.c.t 00,0

n,ct 0,00 [N B £1.36% [ n,c.t 1,00
n,c,t 1,00 [N [ 81.91% [ n.c.t 2,0,0
n,c,t 2,00 [ (] 86.63% [ N.c,t 3,0,0
n,c,t 3,00 [ [ I 81.59% [ n,c;t 4,0,0
n,c,t 4,00 B (1] 89.58% (IR N.c,t 5,0,0
n,c,t 5,00 R 84.00% [ N.c,t 6,0,0
n,c,t 6,0,0 I [ 89.11% [N ..t 7,0,0 /|
n,c,t 7,0,0 [ [l &

Task execution time

File Value

Order

=Y

n,c,t 0,00
Task execution [MPIScheduler::execute()]
10.88% [ | MPI_Waitall()
3.97% [ | MPIScheduler::gatherParticles
0.95% || MPI_Finalize()

0.70% | MPI_Probel()

0.69% | MPI_Type_indexed()

0.54% | main() void (int, char **)

0.50% | Initial Send Recy [MPIScheduler::execute()]
0.35% | MPIScheduler::scatterParticles

0.34% | MPI_Testsome()

0.29% |MPI_lsend()

0.19% | Recv Dependency [MPIScheduler::execute()]
0.17% | MPI_Allreduce()

0.14% | Topological Sort [MPIScheduler::execute()]

| 79.91%

Aamns loamem o - o s f/

= =

close i

Mode dominates (what task?)

MPI cbmmunication
overheads (where?)

SC’'01 Tutorial




Task Computation and Mapping

a3 Task computations on individual particles generate work
packets that are scheduled and executed

O Work packets that “interpolate particles to grid”
0 Assign semantic hame to atask abstraction

O SeriaMPM::interpolateParticleToGrid
3 Partition execution time among different tasks

O Need to relate the performance of each particle
computation (work packet) to the associated task

O Map TAU timer object to task (abstract) computation

a3 Further partition the performance data along different
domain-specific axes (task, patches, ...)

3 Helps bridge the semantic-gap!
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Mapping | nstrumentation (example)

voi d MPI Schedul er: : execut e(const Processor G oup * pc,

Dat aWar ehouseP & ol d_dw,
Dat aWar ehouseP & dw ) {

TAU MAPPI NG CREATE(

t ask- >get Nane(), "[MPl Schedul er::execute()]",
(TauG oup_t) (voi d*)t ask->get Nane(), task->getNane(), 0);

TAU NMAPPI NG OBJECT(tauti nmer)
TAU MAPPI NG LI NK(tauti nmer, TauG oup_t) (voi d*)task->get Nanme());
/| EXTERNAL ASSOQOCI ATl ON

TAU MAPPI NG PROFI LE TI MER(doi tprofiler, tautimer, 0)
TAU MAPPI NG PROFI LE _START(doitprofiler, 0);

t ask->doi t (pc);

TAU MAPPI NG PROFI LE_STOP( 0) ;

- =
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Work Packet —to — Task Mapping (Profile)

File Configure File

Value

Mode

SerialMPM::computelnternalForce

1894%[ | mean
1665% In,ec,t000 |
1837% ﬂﬁt 10,0 \Y apped task

Functions

18.46% n,c,t2,00 f
20.24% | n,ct3,00
17.48% h,c,t 4,00 per ormance
19.64% h,c,t 5,00
19.42%Inot600 aCl'OSS Processes
21.28% | nct7,00

=

File WValue ©rder Mode

n,c,t 000
20.21% [ SerialMPM::interpolateParticlesToGrid [MPIScheduler::execute()]
19.83% SerialMPM::interpolateToParticlesAndUpdate [MPIScheduler::execute()]
16.65% SerialMPM::computelnternalForce [MPIScheduler::execute()]

13.02% SerialMPM::computeStressTensor [MPIScheduler::execute()]

12.72% [ MP_Waitall)
7.11% [ SerialMPM::computelnternalHeatRate [MPIScheduler::execute()] Perf ormance

3.40% [ |MPIScheduler::gatherParticles o
0.97% [|MPI_Finalize() mapping for
0.66% [| MPI_Probe() .
0.60% [ MPI_Type_indexed() different tasks
0.57% |] main() void (int, char **) _

0.50% [ Initial Send Recv [MPIScheduler::execute()]

close
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Work Péckjet — s Task I\/'I_'apbi ng (T_ra{ce)

sus32_higbar.pv: Global Timeline (10.0 us - 40.293 5 =40.293 5) . - Wor k paCket

2005 3005
| Process0 TJe5 les 4 56 N 56 | 55 ":N 56 W55 iGN 56 55 UGN 56

Process1 72365 33 55 -- 3 49 55 s Bl E :- 56 55 | LN 56 .E%er::;uu ComputaIIOﬂ
| FrocessZ ZRB5 bl N 1 f S Rl S B A ) & mserialMPM:actually Initialize e\/entS COI Ored
by task type

| Process3 2365 ‘a 55| T T30 L2 3] s | 56 W 55 '| 0 550 40 | [T T mSerialMPM::intepolateParticlesToGrid
N | b | | | Thermal Contact::computeHeatExchange
| Process4 55 | M 55 [0 d 55 i 56 [ 55 Bl 049 B ] mContact::exMom Interpolated

LS s = ! = o o mSerial MPM::compute StressTensor

| Process5 2465 13 55 Lot [ 55 i 55 o B0 B = Serial MPM::compute Intemal Force

. ProcessB 0 Past | 56 B 5 [T il &5 ,- 55 B 55 :| 56 W 55 U s Serial MPM::compute Intemal HeatRate
B | 7 | i Serial MPM::solveEquationsMotion

. Process7? 1HC R4S B 56 [ 85 N1 il 55 . | 56 W 55 :| 56 49 MSerial MPM::solveHeatEquations

Bl [ . 7 - o - MSerial MPM::integrateAcceleration
Process8 465 388 | 56 | 55 [ H 55 Ll 56 88 .| 56 ol 56 WSerial MPM::integrateTemperatureRate
| P g TI65 19755 UMM 56 W G5 I 455 oM 56 W B5 UM 56 A9 MContact::exMomintegrated
rocess E i ! | . :| WSerial MPM::interpolateToParticlesAndUpdate |
| Process10 TJ65 31 55 "M 56 [ 56 Lt 355 [ 56 B 55 TN 56
5 e T e B e E

5 4355 ||"*M 56 [ 55 e Bl Bl E

65 a3 55 ||":Mlse [ 68 Tt b | T e |

5 55 [/ Clss 65 T e B Bl B usSZ_highar.pﬁr:Summan.rEhart[Times,l].I]s-*lﬂ.ZESs

Process 15 ZJ65 e | T e Eae :-ss
| Process 16 s a3 55 /) 56 | 68 )t = Bl - B TAU—DEFAULT

| Process 17 ZJ65 T e Y ) 2 El= B Bl B

Process 11 -

Process 12 -

Process 13

Process 14 -

| Process 15 TJs ] 19 L H = D S B B Ao interpolateParticlesToGrid

| Process19 TJ65 e | (D Ag ; W56 [ 65 |7 Mlls6 i

| Process 20 ZJ65 2355 | 56 49 ; "*M 56l 55 N'tH 56 9 ::compute Intemal Force

| Process21 ZJ65 il e | o | ) e | e | B 8 Seri :interpolateToParticlesAndUpdate
| Process 22 365 85 I 56 49 0 " 56 | 55 | :M 56 A9

5 B5 43--55 9 ; s | 49 ;
5 55 fasil) 56 | & [ 56 | 55 (L)) s6 |1 55 1% 18 1Seri :.computeStressTensor
Pmcesszsﬁs 55 | |43t 56 ! "'} 56 W 55 | 56 A9 5

| Process 26 |65 §5 || 'tIN5E : s 0 Bl B

Process 23 -

Process 24+

::compute Intemal HeatRate

| Process 27 J65 55 | [CHMss N 9 | T ke | T 56 actuallyInitialize
| Process 28 7J65 55 B :

i | B HP R ::solveHeatEquations
e Il s Distinct phases of ]

| Process 30 ZJ65 B5 | & 6

Process 31 B

SN E = computation can be
identifed based on task zl SC'01 Tutoria




Statistics for Relative Task Contributions

-=.; VAMPIR — Global Activity Chart ; a ;[;ﬂ
sus32_higbharpy: Global Activity Chart (0.0 5-40.293 5)
Contact::exMom Integrated
M Contact::exMom Interpolated
B DataArchiver::outputReduction
| IDLE
B MPI
MP|5cheduler::gatherParticles
PO Pi pz P3 P4 P5 PE P7 : EIFISlﬂlsﬂller::sc?tltt?rPan:nles
eria ractuallylnitialize
100% 100% 100% 100% 100% 100% 100% 100% Serial MPM-camyForwardVariables
Serial MPM::compute Intemal Force
Serial MPM::computeIntemal HeatRate
Serial MPM::computeMassRate
M Serial MPM::computeStressTensor
B Serial MPM::integrateAcceleration
P10 PM P12 P13 P14 P15 M Serial MPM::integrateTemperature Rate
1I.'II.'I?£ 1I.'II]3£ 100% 100% 100% 100% 100% 100% ™ Serial MPM::interpolateParticlesToGrid
B Serial MPM::interpolateToParticlesAndUpdate
Serial MPM::solveEquationsMotion
M Serial MPM::solveHeatEquations
| TAU_DEFAULT
B TAU_USER
Thermal Contact::computeHeatExchange
P16 P17 P18 P19 P20 P21 P22 P23
100% 100% 100% 100% 100% 100% 100% 100%
PPDIDDIIDPD
| P24 P25 P26 P27 P28 P29 P30 P31
100% 100% 100% 100% 100% 100% 100% 100%
Nov. 7, 2001
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: _Cbmpar'_ingj Uintah 'Ij'races'_f_orj Scal a_biliity Anal_yéis

bighar.py: Global Timeline (12.0 us - 1:44.03 = 1:44.03)

Process 0 |
Process 1 |
Process 2 |
Process 3 |
Process 4 |
Process 5 |
Process6 |
Process 7 |

IDLE
TAU_DEFAULT
EMPI

WTAU_USER
mSerial MPM::actuallyInitialize

MContact::exMom Interpolated
WSerial MPM::computeStressTensor
Serial MPM::compute Intemal Force

WSerial MPM::interpolateParticlesToGrid
Thermal Contact::computeHeatExchange

20.0s

4005

IDLE

TAU_DEFAULT

MP|

WTAU_USER

Serial MPM::actually Initialize
Serial MPM::interpolateParticlesToGrid
Thermal Contact::computeHeatExchange
Contact::exMom Interpolated

Serial MPM::computeStressTensor
Serial MPM::compute Intemal Force
Serial MPM::compute IntemalHeatRate
Serial MPM::solveEquationsMotion
Serial MPM::solveHeatEquations
Serial MPM::integrateAcceleration
‘== MSerial MPM::integrateTemperatureRate

bigbar.pv: Summary Chart (Times, 0.0 s-1:44.03)

erial MPM::interpolateParticlesToGrid

Serial MPM::intepolate ParticlesToGrid erial MPM::compute Intemal Force
Serial MPM::compute Intemal Force erial MPM::computeStressTensor
Serial MPM::interpolateToParticlesAndUpdate Pl

4 erial MPM::compute Intemal HeatRate

:computeStressTensor
::;computeIntemal HeatRate

Serial MPM::actually Initialize

Serial MPM::so0lveHeatEquations

Contact::exMom Integrated

erial MPM::solveHeatEquations
ontact:;exMom Integrated
ermal Contact::computeHeatExchange

Nov. 7, 2001

erial MPM::interpolateToParticlesAnd Update

5us32_higharpv: Parallelism Yiew

30.0s

400 s

M MPI
TAU_DEFAULT
I TAU_USER
M Serial MPM::actual lyInitialize
M Serial MPM::interpolateParticlesToGrid
M Contact::exMom Interpolated
M Serial MPM::computeStressTensor
Serial MPM::compute Intemal Force
Serial MPM::compute Intemal HeatRate
M Contact::exMom Integrated
Serial MPM::solveEquationsMotion
M Serial MPM::solveHeatEquations
Thermal Contact::computeHeatExchange
M Serial MPM::integrateTemperatureRate
M Serial MPM::interpolateToParticlesAndUpdate|
M Serial MPM::integrateAcceleration
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Evolution of the TAU Performance System

a3 Future parallel computing environments need to be more
adaptive to achieve and sustain high performance levels

0 TAU’sexisting strength liesin its robust support for
performance instrumentation and measurement

0 TAU will evolve to support new performance capabilities
O Online performance data access via application-level API
O Whole-system, integrative performance monitoring
O Dynamic performance measurement control
O Generalize performance mapping
O Runtime performance analysis and visualization

a3 Three-year DOE MICS research and development grant
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Performance Technology for
Complex Parallel Systems

Part 3 — Alternative Tools and Frameworks

Bernd Mohr

John von Neumann-- Institut flir Computing Nlc

Zentralinstitut fir Angewandte Mathematik

—




Goals

1 Learn about commercial performance analysis products
for complex parallel systems

O Vampir event trace visualization and analysis tool

O Vampirtrace event trace recording library

O GuideView OpenM P performance analysis tool

O VGV (integrated Vampir / GuideView environment)

3 Learn about future advanced components for automatic
performance analysis and guidance

O EXPERT automatic event trace analyzer
A Discuss plans for performance tool integration
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'_Vémpir' f

A Visualization and
Anaysisof MPI
PRograms

3 Originally developed
by Forschungszentrum -
Julich

A Current development \T

by Technical o
University Dresden

3 Distributed by % pallas
PALLAS, Germany

a http://ww. pal | as. de/ pages/vanpir. ht m

Nov. 7, 2001 SC'01 Tutorid

YARPIR

Application

E Caloulation
Setup
Communication

Identified Hezsage

lessage sent from Process 1 to Process 2
communicator: 0, fwpe: 2
length: 44550

- sentata33 306 ms
|- o

ms)

F30H 3.29%)
exchange_3(3.455%)
WP Send( 10.705%)

rhs(12.27%)

ethisi4 5.6 5%

Pt 2 4. 4065

|1DEI'P€||'1 0%




Vampir: General Description

Offline trace analysis for message passing trace files
Convenient user—interface / easy customization
Scalability in time and processor—space
Excellent zooming and filtering
Display and analysis of MPI and application events:
O User subroutines
O Point—to—point communication

O Collective communication
O MPI-2 1/O operations

0 Large variety of customizable (via context menus)
displaysfor ANY part of the trace

Nov. 7, 2001 SC'01 Tutorid
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| _Vémpi r- Main Window

— VAMPIR <
File Global Displays Process Displays Preferences Extras

W16 bpy: 220000

a3 Tracefileloading can be
O Interrupted at any time
O Resumed
O Started at a specified time offset
3 Provides main menu
O Access to global and process local displays
O Preferences
O Help

a3 Tracefile can be re~written (re—grouped symbols)
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880.0 ms 900.0 ms 920.0 ms

dJ Functions
organized into | mm: =/ g

Process 2 [Hj)E] 25 rths® RLERES, Srhs s ke gy i ESetup o
rOu S Process 3 n, 9 W\ HECommunication
g p Process 4 [HiH ths] ‘el rhs e ] =y

Process 5 [HyH 20 rhs rhs

D C I r' n b Process 6 [Huk 25 rhs rhs 1 RRART 1
O O I g y Process ¥ ¥ 3 rhs Ak
Process 8 [Huk rhs rhs

group Process 9 ({15 25 ths iC ——————

Process 10 55 25 rhs rhs
Process 11 £l 1

0 Messagelines o A |
can be colored
by tag or size

Process 148500 | |
Process 15

d Information about states, messages, collective, and 1/0
operations available by clicking on the representation
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* Vampir: Timeline Diagram (Message Info)

YAMPIR
luW.16.bpv: Global Timeline

880.0 ms 900.0 ms 920.0 ms 960.0 ms
Process 0 I rhs .;'TFII' _
] sl pplication
Process 1 [djik 25 rhs W A'vr mCalculation
Process 2 25 rhs ESetup
Process 3 7 ARW N BECommunicrti~n
VAMPIR .
Process 4 rhs Iu.W.16. bpv: Source View Process 7
PI"GGESS 5 25 I'I"IS I.h5 ftmpftraces/NPB- LWexchange_3.1: Line 143, Col 1
s buf(2,ipos2) = g(2.1..K)
Process 6 25 rhs rhs buf(3,ipos2) = g(3.1.k)
I e buf{4,ipos2) = g(4,1,j,K)
Process 7 d rhs : buf(5,ipos2) = 9(5.11k)

end do

Process 8 rhs rhs ; end do

Process 9 25 rhs rhs 2 T
dp_type,

Process 10 25k 25 rhs rhs

R B VAMPIR i
Process 11 22811 8 rhs ; lu.W.16.bpv: Source View Process &

PI‘G(:ESS -I 2 EI‘hS I‘hS I'I‘I'S end if ftmp/traces/HPB- LUfexchange_3.T: Line 156, Col 1
T [ ) F 4 IERROR )

Process 13 3

—| Identified Message
Process 14“ Message sent from Process 7 to Process 6 | LI SNER f LT B e ive from south
Process 15. communicator: 0, type: 1 I
15-- | length: 21120
10- - | sent at 898.439 ms, received at 907,921 ms dok = 1,nz

' oj=1,
5- - | Data rate: 2.227 MBytes/sec “i’p{] » -=“\("k_ o

|| — iposZ = ipos1 + ny™nz
| Close gi1,nz+2,j,k) = bufl(1,ipos1)

g(2,nz+2,j,k) = bufl (2,ipos1)

0 Source—code references are displayed if recorded in trace
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| _Vémpi r: Sdpport' for Collective Communication

3 For each process: |locally mark operation

MPIl_Gather

<Start of op
4 Data being sent

4Data being recelved

a3 Connect start/stop points by lines

1
User Code
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_Vémpi r Collective Communication Di épl ay

— YAMPIR -l
PMB-MPI1.bpv: Global Timeline (25.288s — 25.3865 = 97.45ms)

! ! ; E Application
Process 0 User_Code ] ] ] 3 ] & i 3 ] ] ser_Code '
= | 1 1 - 1
0 0 ~| VAMPIR — Identified Global Operation
! ! Root: Process 0
- - Participants: Process(s) 0-63
Process 10 (SR T S N N s coce an
L A A e e T AL AL A Operation: MPI_Allreduce
0 0 0 Communicator: 0
! ' ' Interval: 3.453258 s - 3.455321 s
Process  User_code TSI ECENEEE . . | U 206312 ms
Lt o o L o o o o Length: 2560 bytes / 2560 bytes
Send rate: 1.183 Mbytes/s

b s oo s oo sb b sh o K localValues | Close |

Process 3 User_Code

~| VAMPIR — Identified Global Operation
Process 40 ---------!Jser_ome Root: Process 0
e B, s P B B .
B B B Location: Process 62
i i i Operation: MPI_Allreduce

Communicator: 0

Process 50 _________Eser_mde Interval: 3.453956 5 — 3455311 s
[ e o | | o o o

= "1 =]
Duration: 1.35444 ms
! ! ! Length: 40 bytes / 40 bytes
A A A Send rate: 28.84 Kbytes/s

rossso (I N SRS S USSR, - ..
L et ot o oot ot

i i i [ GiobalVaes | Close |

s 70 (R W WS U
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,Vémpi re MPI-| /O Sﬂpport‘_' ,

— VAMPIR — Global Timeline <

BTIO.simple.3.4-20.pv: Global Timeline (11.088 5 — 11.106 s = 17.647 ms)
11.095 s 11.1s 11.105 s
| | . mApplication
EMPI
Process 0
~| YAMPIR — Identified File /0 Event
Initiator: Process 1
File: tio.out
Operation: WRITE
Process 1 *4P|_File_write_at Communicator: 3
’ Interval: 11.091806 s — 11.100282 s
Duration: 8.476 ms
‘ Length: 240 bytes
Data rate: 27652 Khytes/s
Process 2 hPI_File_write_at
. nl _
A‘“\ T
Process 3 108 MPI_File_write_at
IO System i ; > :

3 MPI /O operations shown as message lines to separate
/O system time line
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Vampir: Execution Statistics Displays

MPI_Recv
tMPI_Bcast
MPI_Wait
MPI_Allreduce
tMPI_Send
IMPI_Finalize
MPI_Irecy
MPI_Comm_rank
tMPI_Barrier
MPI_Comm_size

VAMPIR.

286.829 ms
275.223 ms d
194724 ms || VAMI  Calculation(54.853%

lu.W.16.bpv: Global Acti

174.234 ms
35.245 ms

|11.848 ms
9.446 ms
455.754 us
14.97 us

MPI(32.15%)

st

ssssssssssssssssssssssssssssssssssssssssssssssss
4420ms 4420ms 4420ms 4420ms 4420ms 4420ms 4420ms 4420m

0 Aggregated

SSSSSSSSSSSSSSSSSSSSSSSSSSSSSSSSSSSSSSSSSSSSSSSS

prOfI I I ng ] 4420ms 4420ms 4420ms 4420m5 4420ms 4420ms 4420ms 4420m
|nformation: executl on time, # cdls, inclus ve/excl usive

3 Aval
3 Ava
7 Ava

Nov. 7, 2001

ab
ab
ab

e for al/any group (activity)
e for all routines (symbols)

e for any trace part (select in timeline diagram)
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'_Vémpir':Cbmmuhicétion Statistics Dis[ol ays

0 Bytes sent/received for 0 Byte and message count,
collective operations min/max/avg message length
= 1 and min/max/avg bandwidth

PMB-MPI1.bpv: Global Operation Statistics (0.05-2:37.628)

Process .
0
for each Process pair
S
e 1.
n = VAMPIR |
lu.W.16.bpv: Communication Statistics (Sum. Length, 1.0365-1.478s)
Receiver
R 112 13 5
e 0 32K 0 0 32K 0 0 0 0 [EENY
c 92K 0 32K 0 0 B0K 0 0 0 ENS
i 0 32K 0 32K 0 0 0 0 o0 [N
v 0 0 0 26 K
¢ e 0 R 24K
0 0 30K 0 30K 0 0 0 0 QEZLS
= VAMPIR <] 0 30K 0 30K 0 0 0 ?SE
W 16.bnp BN 7 Avi. Rate 2 226 0 0 0 0
0 Ko 0 o0 }3 ﬁ.
, 0 30K 0 o WA
: v ° M 0K
_ﬂ ; 0 0 8.ax
= j 4 0 1] 6K
i 0 0 4K
0 0 2K
! 0
: w1 12 13 14 1o
. S0
0 e 1 41
i na
! dq 35M
1 2 4
- 3 M
' ' ! 1 8 25M
0.0 20 M 100 M 150 M v
. ; 8 2 M
9
. = M e e M - —— 1.5 M
g M e length statistics L ————.
12 e e e e ] M
19 =————————m—— e e e
. - v 500 k
0 Available for any trace part o
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YAMPIR
lu.W.16.bpv: Parallelism View

M Pl

M Setup
M Tracing
I Verify

Application

M Communication
M Calculation

3 Dynamic global call
graph tree

3 Pardlelism display

0 Powerful filtering and
trace comparison features

3 All diagrams highly

Close [« |Search |+ |Print [Fold/Unfold |7 |4 [ ASCII

VAMPIR .

lu.W.16.bpv: Global Call Tree
L>NAS_LU (1 : ©,0s)
>MPI_Comm_rank {1 : 5,043 ms,,.14,703 ms)
>MPI_Comm_size (1 : 11.44 ps..13.52 ps)
>¥T-setup (1 : 994,552 ps..14.34 ms)
>NAS_LU {1 : 5.712s5,.5.7875)
>read_input (1 : 280,107 ms, .35%4,548 ms)
>MPI_Comm_size (0,.1 : 0.0s..30.68 ps)
*becast_inputs (1 : 16.025 ms..352.732 ms)
L>MPI_Bcast {9 : 14,487 ms..331.257 ms)
>proc_grid (1 : 8.944 ps..11.024 ps)
>neighbors (1 : 8,832 ps,,12,896 ps)
>subdomain {1 : 35.776 ps..2.215 ms)
>setcoeff (1 : 5.372 ms,.8.984 ms)
>sethyper (1 : 147,472 ps,.216.216 ps)
>setbv (1 : 2,716 ms..20.299 ms)

Lexact (128,.756 : 1,696 ms,,.12,299 ms)

>setiv (1 : 186,078 ms, .247.783 ms)

Lrexact (9114, .11904 ;: 107.93 ms..143.055 ms)

>erhs (1 : 159,996 ms,.196.072 ms)

L>exchange_3 (2 : 32.128 ms.,.95,996 ms)
MPI_Send (2,..4 : 2,46 ms, 24,658 ms)
>MPI_Irecv (2,.4 : 5.813 ms,.14.109 ms)
>MPI_Wait (2..4 : 2.598 ms..42.556 ms)

>ssor (1 : 4,933s..4.967s5)
>rhs (11 : 1.15s,.1.579s)

L>exchange_3 (22 : 144.528 ms..791.762 ms)
>MPI_Send (22, .44 : 22,707 ms,.271.086 ms)
>MPI_Irecv {(22..44 : 1.104 ms..2.604 ms)
>MPI_MWait (22,.44 : 60.553 ms, . 710,491 ms)

| inclusive

customizable (through
context menus)

Nov. 7, 2001
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“Vampir: Process Displays 4 “

= VAMPIR i — VAMPIR 2=
lu.W.16.bpv: Activity Chart Process 15 (3.2695-3.8175 lu.W.16.bpv: Process 15 Call Breakdown (ssor)
NAS_LU (1)
MPI{10.194%) ESSOI"
>rhs {113
Calculation(48.631%) > 12norm {3)
BLOCK(38.671%) >MPI_Barrier (1)

> jacld {310)
>blts (310}
> jacu {3103
] Yhuts (310)
100%/100% >MPI_Allreduce (1)

a3 Activity chart

Close [« |Search |» |Print [ ASCIl [smaller |larger |

0 Cdl tree

— VAMPIR <

lu.W.16.bpv: Timeline Process 15 - D Tl mel | ne

MPI
Applicat!on

d For all selected processes in the global displays
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Vampir: New Features

73 New Vampir versions (3 and 4)

O New core (dramatic timeline speedup,
significantly reduced memaory footprint)

O Load-balance analysis display

O Hardware counter value displays

O Thread analysis

O show hardware and grouping structure
O Improved statistics displays

O Raised scalahbility limits:
can now analyse 100s of processes/threads
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_Vémpi re L oad Bal ance Anal )}si S

. = VAMPIR — State Chart 1
D Sate Chart dl Spl ay sweep3ddxd_stat_hpm.bvt (Avg. Duration, 1.013 5-2.697 s = 1684 5) |
0.0s 0.5 ms 1.0 ms 1.5 ms

Process 0

Process 1

1 Aggregated profiling rrocess2 (L
information; oo I
execution time, # calls, | Foe=s
inclusive/exclusive o e

a3 For al/any group
(activity)

Process 11

3 For all routines
(symbols) -
O For any trace part

1392 msiR

Process 8 1.097 ms

MPI &
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Vampr r

H PM Counter

0 Counter Timeline Display

VYAMPIR — Global Counter Timeline
sweep3d2x2x4.bvt (33.975 5 - 34.211 5 = 0.236 s)

Nov. 7, 2001

34.(?5 5 34.:1 5 34.]5 5 || 34.:2 5 984.0 M
; 256.0 M
n ( \ : 128.0 M
Process0 _I : 0.0
309.797 M | PAFl’I_TOT_INS {counts) 384.0 M
— VYAMPIR — Timeline Process 0 ||
sweep3d2x2x4.bvt
Process 1 ] l 59.26 s 59.26 s 59.261 s 59.261 s
233.948 M :MPI ; ; i ;
Application
Process 2 f |
115.144 M
4 Process3 _| | L i
55.449 M 5 164.047 b PAPI_TOT_INS {counts)
320 M '
160 M
1 — :
2512 M PAPIL FP_INS [counts)

3 Process Timeline Display

SC’'01 Tutorial




| ,Vémpi i+ Cluster Timdline

d Display of whole system

— VAMPIE. — Parallelism Timeline
vilu-CLUSTER.bpv (4.8 ms — 1:02.71 = 1:02.705)

1:00.0

HlMPI

[application
L Setup
B calculation
- Verify
B Communication

Parallelism

I Display

Communication
Volume Display

Global Message Volume

2ab.0 K
192.0 K ! !
126.0 K E E
64.0 K i I i
0.0 I /—/\—/Vul p:-—”'- P Yol || B \.,-—":',]l f-—’\r—_"l'l .-'—'_'_".r‘_'_'_\.l'i"
14.71 K ! !

Nov. 7, 2001
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‘Vampir: Cluster Timeline -

3 SMP or Grid Nodes Display

— VAMPIR — Parallelism Timeline | _]]
yilu-CLUSTER.bpv (4.8 ms — 1:02.71 = 1:02.705)
Z0.0 5 40.0 s 1:00.0
AT 'HMPI
. [Wapplication
3 Setup
MCalculation
2 Werify
btk B Comimunication
256.0 K ! . ; Paralelism
128.0 K |1 Display
0.0 | S B R R B | N Y
14.71 K ' ' Cluster Message "'.I"DI:UI'I'IE for eaCh NOde

hwrwrt3e

| ntra—node
Communication
Volume

14587 K ! : Cluster Message Volume
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Vampl r

Cluster Tlmellne(2)

m Dlspl ay of messages between nodes enabled

hwrwrt3e

Rl T/

t '*\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\m\\ //////////7//////

YAMPIR — Parallelism Timeline

vilu-CLUSTER.bpv (26.98 5 - 29.393 5 = 2.413 5)
ffas 6.0 5 i P 90 s

&

| hwrwit3e

BriPI
Setup
M Calculation
B Communication

Nov. 7, 2001
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_Vémpir':_' i fnprovéd M essage Statisti'_c:s Displ ay

YAMPIR — Message Statistics

8.5 M
' — 8.0 M
— VAMPIR — Message Statistics 75 M
vilu-CLUSTER.bpv (Sum. Length, 4.8 ms - 1:02 FOM |
6.5 M
6.0 M
Process 0 55 M
5.0 M
40 M
Process 1 4.0 M
35 M
Process 2 .
1.370 M
1.344 W -
S sew - | 0 NodeView
1.2681 M
1.25 M
1.219 M
Process AiGHia kNS AR
1.156 K
1125 M
Process 5 872.75 K 1.094 M
1.062 M
1.031 M
Process b 1.0 M
992.0 K
960.0 K
928.0 K
Process 7 896.0 K
864.0 K )
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Release Schedule

0 Vampir/SX and Vampirtrace/SX
O Version 1 available via NEC Japan
O Version 2 isready for release

0 Vampir/SC and Vampirtrace/SC
O Version 3isavallable from Pallas
O Version 4 scheduled for Q4/2001

0 Vampir and Vampirtrace
O Version 3is scheduled for Q4/2001
O Version 4 will follow in 2002

Nov. 7, 2001
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Vampir Feature Matrix

Vampir Vampir/SC |Vampir/SX
3 4 3 4 1 2
New core yes| yes | yes | yes | yes | yes
Load-balance no | yes no | yes| no | yes
displays
Counter analysis no| yes | yes | yes | yes | yes
Thread analysis no | yes no | yes| no no
Grouping support no |partial | partial| yes |partial |partial
Improved statistics
displays yes| yes | yes | yes | yes | yes
éﬁifg’s"sitgs) 200| 500 | 500 |1000| 500 | 1000
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Vampirtrace

7 Commercial product of Pallas, Germany Y pallas

a Library for Tracing of MPI and Application Events
O Records MPI point-to-point communication
O Records MPI collective communication
O Records MPI-2 1/O operations
O Records user subroutines (on request)
O Records source-code information (some platforms)
O Support for shmem (Cray T3E)

1 Usesthe PMPI profiling interface
a http://ww. pal | as. de/ pages/vanpirt. htm
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Vampirtrace: Usage

7 Record MPl—reated information

O Re-ink acompiled MPI application (no re-compilation)

»{f90,cc,CC} *.0 -0 nyprog
-LS(VTHOVE) / 1ib -1 VT -l pnpi -1 npi

O Re-link with - vt option to MPICH compiler scripts
»{mi f 90, npi cc, npi CC} -vt *.0 -0 nyprog
O Execute MPI binary as usual
0 Record user subroutines

O Insert callsto Vampirtrace APl (portable, but
Inconvenient)

O Use automatic instrumentation
(NEC SX, Fujitsu VPP, Hitachi SR)

O Useinstrumentation tool (Cray PAT, dyninst, ...)
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Vampirtrace | nstrumentation APl (C/ C++)

1 Callsfor recording user subroutines

#i ncl ude "VT. h"

[* Synbols defined with/w thout source information */
VT syndefl (123, "foo", "USER', "foo.c:6");

VT symdef (123, "foo", "USER');

voi d foo {
VT _begi n(123); [* 1st executable |line */

VT _end(123); [* at EVERY exit point! */

a3 VT callscan only be used between
MPI Init andMPl _Finalize!

A Event numbers used must be globally unique

) [~

0 Selectivetracing: VT _traceof f (), VT _traceon()

Nov. 7, 2001
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VT++.h — C++ Class Wrapper for Vampirtrace

#i f ndef VT PLUSPLUS
#define VT PLUSPLUS
#i ncl ude "VT. h"
cl ass VI _Trace {
public: VT Trace(int code) {VT begin(code_ = code);}
~VT _Trace() {VT_end(code );}
private: int code_;

'

#endif /* VT PLUSPLUS */ 7

0 Same tricks can be used to wrap other C++ tracing APIs

0 Usage:
VT syndef (123, "foo", "USER'); // synbol definition as before
voi d foo(void) { /] user subroutine to nonitor
VT _Trace vt (123); /| declare VI _Trace object in 1st |ine
. [/ => automatic tracing by ctor/dtor
} 7‘
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Vampirtrace | nstrumentation API (Fortran)

1 Callsfor recording user subroutines

| ncl ude ' VT.inc'
| nteger ierr

cal | VTSYMDEF(123, "foo", "USER',

cal | VISYMDEFL(123, "foo", "USER',
C

SUBRQUTI NE foo(...)

| ncl ude ' VT. i nc'

| nteger ierr

cal |l VIBEGQ N(123, ierr)
C

cal |l VTEND( 123, ierr);
END

lerr) I or

"foo.f:8", lerr)

7

A Selective tracing: VTITRACECFF( ) , VTTRACEON( )

Nov. 7, 2001
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Vampirtrace: Runtime Configuration

a3 Tracefile collection and generation can be controlled by
using a configuration file

O Trace file name, location, size, flush behavior

O Activation/deactivation of trace recording for specific
processes, activities (groups of symbols), and symbols

a3 Activate a configuration file with environment variables

VT CONFI G name of configuration file
(use absol ute pathname if possible)

VT CONFI G_ RANK MPI rank of process which should
read and process configuration file

1 Reducetracefile sizes
O Restrict event collection in a configuration file

O Use selective tracing functions
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Vampirtrace: Configuration File Example

# collect traces only for MPl ranks 1 to 5
TRACERANKS 1:5:1

# record at nobst 20000 records per rank
MAX- RECORDS 20000

# do not collect admnistrative MPI calls
SYMBOL MPI _commt  of f
SYMBOL MPI _cart* off
SYMBOL MPI _group* off
SYMBOL MPI _type* off

# do not coll ect USER events
ACTI VI TY USER of f

# except routine foo

SYMBOL foo on Zé::;jr
1 Be careful to record complete message transfers!

1 See Vampirtrace User's Guide for complete description
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New Features— Tracing

3 New Vampirtrace versions (3 and 4)

O New core (significantly reduce memory
and runtime overhead)

O Better control of trace buffering and flush files
O New filtering options

O Event recording by thread

O Support of MPI-1/0O

O Hardware counter data recording (PAPI)

O Support of process/thread groups
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Vampirtrace Feature Matrix

Nov. 7, 2001

Vampirtrace | Vampirtrace/SC | Vampirtrace/SX
3 4 3 4 1 2

New core yes | yes | yes yes yes yes
Buffer control yes |yes | yes yes yes yes
Recover trace no |yes no yes no yes
New filter partial | yes | partial | yes | partial | yes
options
Thread events no |yes no yes no no
MPI-I/O yes | yes no yes no yes
Counter data no |yes| yes yes yes yes
Threa_d/ POCESS g yes | partial | yes | partial | yes
grouping
ﬁai?)?ebsiitgs) 200 |500| 500 | 1000 | 500 | 1000
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GuideView

9 Commercial product of KA KAR
d OpenMP Performance Analysis Tool ‘_;_:.E”
9 Part of KAP/Pro Toolset for OpenMP
3 Looks for OpenMP performance problems

O Load imbalance, synchronization, false sharing
3 Works from execution trace(s)

1 Compile with Guide, link with instrumented library
O gui dec++ -WGstats nyprog. cpp -0 nmyprog
O gui def 90 -W&stats nyprog. f90 -0 nyprog

O Run with real input data sets
O View traceswith gui devi ew

a http://ww. kai . com parall el / kappr o/
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GuideView: Whole Application View

* KAI GuideView

File View \Window Options Graphics Help

2 i

whole program speedups estimates

Compare actual vs. ideal

performance

16 __ upper speedup curve
__ lovrer speedup curve

12 & un's upper speedup
& mun’s lover speedup
o mn’s actual speedup

|dentify bottlenecks
(barriers, locks, seg. time) D

select reference mn

= FO apsi_kpts.g.stat 1 |

1] 4 & 12 16

whole program time distributions

Compare multiple runs o oL e

184.67 178.02 Lo 3 nms 3 showing

o F2: apsi_kpts.d.stat

g FraNow 7 15:45:27 1997
117.4 5. total time

18 parallel 9 barrier regions
run on 4 processors

117.36

d Different
O Number of processors
O Datasets

O Platforms il
Nov. 7, 2001 SC 01 Tutoria

38.1 3. sequential
0.0 5. seguential ovh.
0.0 5. synchronized
0.2 3. locks
5.9 3. bauriers
3.4 3. imbalance
0.7 5. parallel ovh.
65.9 5. parallel

ONECOOECOE e

F2 4P Fo &P




GuideView:

Per Thread View

-

Analyse each
thread’s
performance

Nov. 7, 2001

* Whole Program Thread Times - all threads

=] E3

joyr Oplions

51.1 5. [l sequential time 47.0 3. [] barriers time
0.0 5 ] sequential ovh, 215 3. [ imbalance time
0.1 5. [l  synchronized time 1.53. [l parallel ovh.

0.2 5. [ locks time 56.6 3. [ parallel time

Input file apsi_kpts.3.stat.
Total time = 178.0 5. Thread number 0.

| .
F1 F2 Fo

Thread ordez: TOTI T2 T3 T4 TH TG T7

Show scalability
problems
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_'_Gjuidevi_evvj: Per 'Secfion Vi_'ewj

» Thread Average Region Times

File Window Options Sort Anal y% eaCh paralld
= = |

seqguential time 249 3. ] banders time
[l 0 5. |:| sequential ovh. 0.6 5. [l] imbalance timg
0.0 5. [l synchronized time 043 [ parallel ovh. \

0.3 5. locks time 3.53. O parallel time

R%:EB1 in file apsi.f, routine HYD,
at line 2952, ¥ invocations 0. Total time = 29.8 5.
Inpurt file apsi_kpts.§.stat.

Sort or filter regionsto
= navigate to performance
hotspots

B ||H ol e |I. al qu 8

R9 B1 R16 B1 R13 B1 Ri11 512 R13 516 519

Input file order: F1 F2 FO

|dentify serial regions that
hurt scalability
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GuideView: Analysis of hybrid Applications

1 Generate different Guide execution traces for each node
O Run with node-local file system as current directory

O Set trace file name with environment variable
KMP_STATSFI LE

» point to file in node-local file system
KMP_STATSFI LE=/ node- | ocal / gui de. gvs

» Use special meta-character sequences
(% hostname, % : pid, %°: number of threads used)
KMP_STATSFI LE=gui de- %H. gvs

0 Use "compare-multiple-run” feature to display together

7 Just a hack, better: use VGV!
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VGV — Architecture

a3 Combine well—established tools
O Guide and GuideView from KAl/Intel I(AI
o Vampir/Vampirtrace from Pallas %Y pallas

A Guide compiler inserts instrumentation

a3 Guide runtime system collects thread—statistics

3 PAPI isused to collect HPM data

0 Vampirtrace handles event—based performance data
acquisition and storage

0 Vampir is extended by GuideView—style displays
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L L L

VGV —Architecture

unmodified
source code

Application
source

inserts calls to

compiler Vampirtrace API

o
-

collects thread
Guide statistics

Object files

libraries

controls records event

tracing Vampirtrace data
library

1
[ [Run [T

OpenMP
displays
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VGV —Usage

0 Use Guide compilers by KAI
O gui def 77, gui def 90
O gui dec, gui dec++

a3 Include instrumentation flags
(linkswith Guide RTS
and Vampirtrace)
O Instrumentation can record
O Parallel regions
O MPI activity
O Application routine calls
o HPM data
O Tracefile collection and
generation controlled by

configuration file
Nov. 7, 2001

| nstrumentation flags for Guide

—\Wa race
compile and link with
Vampirtrace

—\W\&3or of
Include routine
entry/exit profiling

— WG&pr of | eaf prune=N
minimum size of procedures
to retain in profile
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Vampir: MPI Performance Analysis

VAMPIR — Global Timeline
sppmb5.bvt (1.013 s — 1.665 s = 0.653 s)
1.1s 1.2 5 1.3| 5 1.-¢II 5

Process 1 SETUP

n

129

Process 0 Process 1 Process 2 Process 3

Process (| 2301 M 2403 M

Process 1jtRilILRY]

Process 2Qpdivdil Y|

PK_300_CALCHYDX

Vi
v

229

PK_300 CALCHYDX

B12  PK_300_CALCHYDX

PK_300_CALCHYDX

mmmmmm

17617 M

Process 3

Nov. 7, 2001

1.5|s

MP1_Wait

| ¥RDRBYS

~~~~~~ Indicates

OpenMP region

HhPI
Application

e

328 339

o a 339

VAMPI

PK_300_CALCHYDX
MPI_Allreduce
MPI_Wait
PK_562_CALCHYDY
XBDRYS

YBDRYS

SETUP
PK_611_XBDRY3S
PK_1117_TRACE
CALCHYDX
PK_1195_XBDRYS
PK_1412_SETUP
PK_1863_YBDRY¥S
PK_432_XBDRYS
PK_320_XBDRYS
PK_1730_YBDR¥S
MPI_Irecy
MPI_Isend

R — Summary Chart

0.101 s
99 523 ms|
70.044 ms i

44851 ms |
7]11.087 tns '
6.189 ms
Es.ﬁﬁﬁ ms
5.409 ms
[4.257 ms
14.112 ms
1.967 ms,

181 ms |

1.783 ms!

1515 ms:

1.408 ms: , ,
500ms 01s 0155
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: Gui deVi_éW: Ope'_h_MjP Perfor

& & &

mance Analysis

=

File View Options Inputs

Program Estimated Speedups
8

0

1] 4 B
number of threads

speedup curves:

— upper, — lower, — ideal
speedups of runs:

s upper. « lower, o actual

© 500 MHz rate
< 4 runs, 4 showing
C Reference Run: FO 4T

Bar Color Legend
Il 2.82 s. sequential

sppmb.bvt

Whole Program Time Distributions

Whole Program Time Distributions

File: F1 4T, Run on 4 threads
33 Parallel regions, 0 Barrier regions

FO 4T

3.67647 s. Total time

File

F1T0
Fim
F1T2

COF1T3

F3T0
F3m
F3T12

Whole Program Thread View — all threads

Options

Whole Program Thread Yiew — all threads

[J2.72 s.idle [] 0.00 s. seq. overhead [li] 0.00 s. synchronized
[ 0.00 s. lock [ ] 0.00 s. barrier [l 0.70 5. imbalance
[ 0.00 s. par. overhead [] 0.26 s. parallel

File F1, Thread 3. Total Time: 3.67647 s.

Jﬂ Thread Av;;;gye Region Times JJ

File Options Sort

Jﬂ Average profiles for active runs JJ s

File Options

Region Estimated Speedup

Region 34, 1

Region ends in File: bdrys.f. Routine: ?, Line:320

Thread Averaqe Region Times
threads, invoked 1 times. Total time: 0.205754 s.
In File: main.f, Routine: ?, Line:1117

)

4
B 1.352 s. inclusive time [] 0.670 s. exclusive time
Input file sppm.f at line 225 0
Descendents time = 0.682 s. T 0 4 8
number of threads
Fo speedup curves:
F1 — upper, — lower, — ideal
F2 PK_2268_YBDRYS speedups of runs:
F3 s upper, s lower, » actual
FO Bar Color Legend
F1 Il 0.21 s. sequential
F2 PK 1117 TRACE [[]0.00 s. seq. overhead
B [l 0.00 5. synchronized
[ 0.00 5. lock
Fo [ ]0.00 s. barrier
F1 <@ B 0.00 s. imbalance
[l 0.00 s. par. overhead

F2 XKBDRYS ] 0.00 s. parallel
F3

1 FO 4
F1

FI/R18
Fa/R18
F2/R18
FO/R18
FI/R16
FIR16
F2/R16
FO/R16
FI/R17
F3/R17
F2/R17
FO/R17
F1/54
Fars4
F2/54
> F0/54
F1/538
Fa538 ]
F2/538

Nov. 7, 2001
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s i s

Process 0
Thread 10
Thread 2/0
Thread 3/0

Process 1
Thread 141
Thread 2/1
Thread 3/1

Process 2
— Thread 1/2
Thread 2/2
Thread 3/2
Process 3 #sli
—| Thread 1/3
9| Thread 2/3
Process 2 Thread 3/3

All_Threads

............................................................................................................ Pl

WApplication

Process_3

Process_1

| Process_d

Nov. 7, 2001

O.Q S
Process 0 |

Thread 1/0
Thread 2/0
Thread 3/0

0.2| ]

Process 1 |
Thread 1/1
Thread 211
Thread 3/1
Process 2 i
Thread 1/2
Thread 2/2
Thread 3/2

Process 3
Thread 123
Thread 2/3
Thread 343

1
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Availability and Roadmap

0 b—version avallable (register with Pallas or KAl/Intel)
O IBM SPrunning AlX
O |A 32 running Linux
O Compag Alpharunning Trué4

0 General release scheduled for Q1/2002
3 Improvements in the pipeline
O Scalahbility enhancements

O Portsto other platforms
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KOJAK Overview

1 Kit for Objective Judgement and Automatic
< nowledge-based detection of bottlenecks

7 Long-term goal:
Design and Implementation of a

O Portable, Generic, Automatic
Performance Analysis Environment
3 Current Focus
O Event Tracing
O Clusters of SMP
o MPI, OpenMP, and Hybrid Programming Model
a http://ww. fz-juelich.de/zan koj ak/
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Motivation Automatic Performance Analysis

=
o

Frocess

Traditiona
TOOl S e

Process
Frocess
Process
Process
Process

Frocess
p Frocess

Frocess 10

Frocess 11
Frocess 12
Frocess 13
Frocess 14
Frocess 15
Frocess 16
Frocess 17
Frocess 18
Frocess 19
Frocess 20
Frocess 21
Process 22
Process 23
Process 24
Frocess 20
Process 26
Process 27
Process 28
Frocess 29

Process 30

Process 31
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Motivation Automatic Performance Analysis (2)

o __"' VAMPIR - Timeline I T o N T

HPR1.bvt

After lots
of zooming
and selecting:

|

3:1|5.0 3:1|6.0

MPI I RRTTY T T D
Application

128.0 M ! ! .
64.0 M +—=pann—r—r— H1F~ H.—n—.rrl 1R p——r— H H
oo I+ TUIIUUY Y | ]
71034 M : : - executions (#/s
512.0Ki_\f'1 T 1T o T L J
S L1 N | D L)

530337 K ! ! vector executions (#!si

16.0 M | | :
0.0 JJQMJL* J U ' L1 \U bl .J'._.M._F l y L .J_MUMU |J
1.883 M /\ instruction cache miss clock (#s

I \! k\ I ) =
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&

J J | ate Sender

“Automatic Anal

&

« O X
L

s Example

VAMPIR — Global Timeline ;::iiiiiiiiiiiiiiiioiiiiioiiiiniiiiiaiiiy
3

Process 2 WELO
Process 3 WELOD
Process 7 WELO

Process 1 WELO
Process 4 WELO
Process 5 YWELO
Process 6 YELO

[}
—
L
=
L
]
2]
L]
5]
m]
“
o

SC’'01 Tutorial
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* Automatic Analysis Example (2): Wait at NxN

Nov. 7, 2001

Process 0
Process 1
Process 2
Process 3
Process 4
Process &
Process B
Process 7
Process 8
Process 3
Process 10
Process 11
Process 12
Process 12
Process 14

Process

AT .

Thpplication
BHPI_Allreduce
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'EXPERT: Current Archité_'(:tu’re

user
program

Preparation
program

POMP+PMPI
libraries

[ executable ]4

EPILOG
library

analysis
v results
[ trace
files

Nov. 7, 2001 SC’'01 Tutorial




Event Tracing

7 Event Processing, | nvestigation, and L OGging (EPILOG)

3 Open (public) event trace format and
API for reading/writing trace records

0 Event Types: region enter and exit, collective region enter
and exit, message send and recelve, parallel region fork
and join, and lock aguire and release

0 Supports
O Hierarchica cluster hardware
O Source code information
O Performance counter values

7 Thread-safe Implementation
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| nstrumentation

A3 Instrument user application with EPILOG calls

7 Done: basic Instrumentation

O User functions and regions:
» undocumented PGI compiler (and manual) instrumentation

o MPI cdls:
» wrapper library utilizing PMPI
O OpenMP:
» Source-to-source instrumentation

3 Future work:
O Toolsfor Fortran, C, C++ user function instrumentation
O Object code and dynamic instrumentation

Nov. 7, 2001 SC'01 Tutorid




| nstrumentation of OpenMP Constructs

-
| | Wi
||||||||||||H”

g

1 OpenMP Pragma And Region | nstrumentor

O Source-to-Source trandator to insert POMP calls
around OpenMP constructs and APl functions
0 Done: Supports
O Fortran77 and Fortran90, OpenMP 2.0
o Cand C++, OpenMP 1.0
O POMP Extensions

o EPILOG and TAU POMP implementations
O Preserves source code information (#l i ne line file)

1 Work in Progress:.
|nvestigating standardization through OpenMP Forum

||||1‘“:
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POMP OpenMP Performance Tool | nterface

7 OpenMP Instrumentation
O OpenMP Directive Instrumentation
O OpenMP Runtime Library Routine Instrumentation

17 POMP Extensions
O Runtime Library Control (i nit,finali ze,on,of f)
O (Manual) User Code Instrumentation (begi n, end)
O Conditional Compilation (#i f def _POWP, ! $P)

O Conditional / Selective Transformations
([ no] I nstrunent)
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Example: ! $OVP PARALLEL DO

call ponp_parallel fork(d)

| $OVP PARALLEL ot her-cl auses. ..
call ponp _parallel begin(d)
call ponp _do _enter(d)

| ast privat e-cl auses
do | oop
I $OMP END DO NOWAI T
call ponp barrier_enter(d)
| $OVP BARRI ER
call ponp barrier_exit(d)
call ponp _do _exit(d)
call ponp _parallel end(d)
I $OMP END PARALLEL DO
call ponp _parallel join(d)

 $OVP DO schedul e-cl auses, ordered-cl auses,

7

Nov. 7, 2001

SC’'01 Tutorial




OpenMP API | nstrumentation

A Transform
oonp_# | ock() ® ponp_# | ock()

oonp_ # nest lock()® ponp # nest | ock()

[# = 1nit |destroy|set |unset |[test ]

7 POMP version
O Callsomp version internally
O Can do extra stuff before and after call
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Example. TAU POMP | mplementation

TAU GLOBAL_TI MER(tfor, "for enter/exit",
"[ QpenMP] ", OpenMP),;

voi d ponp_for_enter( OMWPRegDescr* r) {
#i f def TAU AGGREGATE OPENMP_TI M NGS
TAU GLOBAL_TI MER START(tf or)
#endi f
#i fdef TAU OPENMP_REQ ON VI EW
TauSt art QpenMPReqgi onTi ner (r);
#endi f

}
voi d ponp_for exit(OWRegDescr* r) {
#i fdef TAU AGGREGATE OPENMP_TI M NGS
TAU GLOBAL_TI MER STOP(tf or)
#endi f
#i fdef TAU OPENMP_REGQ ON VI EW
TauSt opOpenMPRegi onTi ner (r);
#endi f

}

Z

Nov. 7, 2001
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OPARI: Basic Usage (f90)

1 Reset OPARI state information
orm-f opari.rc

0 Call OPARI for each input sourcefile
oopari filel.f90

opari fileN. f90
a Generate OPARI runtime table, compile it with ANSI C

oopari -table opari.tab.c
CC -Cc opari.tab.c

1 Compile modified files* . nod. f 90 using OpenMP

a3 Link the resulting object files, the OPARI runtime table
opari .tab. o andthe TAU POMP RTL
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OPARI: Makefile Template (C/C++)

OMPCC = # insert C OpenMP conpiler here
OMPCXX = # insert C++ QpenMP conpil er here
. C. O:

opari $<

$(OWPCC) $(CFLAGS) -c $*.nod.c
. CC. O:

opari $<

$( OVPCXX) $( CXXFLAGS) -c $*. nod. cc

opari.init:
rm-rf opari.rc
opari .tab. o:

opari -table opari.tab.c
$(CO -c opari.tab.c

nyprog: opari.init nyfile*. o ... opari.tab.o
$(OWPCC) -0 nyprog nyfile*.o opari.tab.o -I| ponp

nyfilel.o: nyfilel.c nyheader.h
nyfile2. o:

~

Nov. 7, 2001
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OPARI: Makefile Template (Fortran)

OWPF77 = # insert f77 QpenMP conpil er here
OVWPF90 = # insert f90 QpenMP conpil er here
.f.o:

opari $<

$(OWPF77) $(CFLAGS) -c¢ $*.nod. F
. 190. o:

opari $<

$( OVPF90) $( CXXFLAGS) -c $*. nod. F90

opari.init:
rm-rf opari.rc
opari .tab. o:

opari -table opari.tab.c
$(CO -c opari.tab.c

nyprog: opari.init nmyfile*.o ... opari.tab.o
$(OWPFI0) -0 nyprog nyfile*.o opari.tab.o -1 ponp

nyfilel.o: nyfilel.f90
nyfil e2. o:

~

Nov. 7, 2001
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Automatic Analysis

0 EXtensible PERformance Tool (EXPERT)

7 Programmable, extensible, flexible performance
property specification

0 Based on event patterns

a3 Analyzes aong three hierarchical dimensions
O Performance properties (general ® specific)
O Dynamic call tree position
O Location (machine® node® process® thread)

7 Done: fully functional demonstration prototype
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Example; Late Sender (blocked receiver)

A

L ocation

&

N

MPI_RECV m

T %

A

Nov. 7, 2001

Time

B calback

i MPI_SEND | ———

vvy HEONR

Enter
Send
Receive

Message
enterptr
sendptr
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Example; Late Sender (2)

cl ass LateSender(Pattern): # derived fromclass Pattern

def parent(self): # "logical" parent at property
| evel
return " P2P"

def recv(self, recv): # cal | back for recv events

recv_start = self. _trace.event(recv['enterptr'])
| f (self. trace.region(recv_start['regid ])[' nane']
== " "):
send = self. trace.event(recv['sendptr'])
send start = self. trace.event(send['enterptr'])
I f (self. trace.region(send start['regid' ])[' nane']
== " "):
= send start['tinme'] - recv_start['tine']
i f idle tine > 0 :
= recv_start['locid']
= recv_start[' cnodeptr']

sel f. _severity. add( , : )AZC::;jr
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Performance Properties (1)

[100% = (tIMe 4 ayert - IME14 avere) * NUMber of locations]

d Total # Execution + ldle Threads time
O Execution  # Sum of exclusive time spent
In each region

O ldle Threads # Time wasted in idle threads while
executing “sequential” code

7 Execution
o MPI # Time spent in MPI functions

O OpenMP # Time spent in OpenM P regions
and API functions

o 1/0 # Time spent in (sequential) 1/0
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Performance Properties (2)

07 MPI

O Communication
> Collective

> P2P
> 1-sided
o 1/0

O Synchronization

Nov. 7, 2001

# Sum of Collective, P2P, 1-sided

# Time spent in MPI collective
communication operations

# Time spent in MPI point-to-point
communication operations

# Time spent in MPI one-sided
communication operations

# Time spent in MPI parallel
/O functions (MPI _Fi | e*)

#TimespentinMPl _Barri er
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Performance Properties (3)

A Collective

O Early Reduce # Timewasted inroot of N-to-1

operation by waiting for 1st sender
(MPI _Gat her, MPl _Gat herv,

MPI _Reduce)

O Late Broadcast # Time wasted by waiting for root
sender in 1-to-N operation
(MPI _Scatter,MPl Scatterv,
MPI Bcast)

O Waitat N x N # Time spent waiting for |ast
participant at NxN operation
(MPI _Al'l *, MPl _Scan,
MPI Reduce _scatter)
Nov. 7, 2001 SC' 01 Tutoria




Performance Properties (4)

0 P2P

O Late Recelver # Blocked sender

» Messages in Wrong Order # Receiver too late because
waiting for another
message from same sender

O Late Sender # Blocked recelver

» Messages in Wrong Order # Recelver blocked because
waiting for another
message from same sender

O Patterns related to non-blocking communication
O Too many small messages
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Performance Properties (5)

1 OpenMP
O Synchronization # Time spent in OpenMP barrier
and lock operations

» Barrier # Time spent in OpenMP
barrier operations

e Implicit
» Load Imbalance at Parallel Do, Single, Workshare
» Not Enough Sections
e Explicit
» Lock Competition # Timewastedinonp_set | ock
by waiting for lock release

O Flush
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Expert Result Presentation

73 Interconnected welghted tree browser

1 Scalable still accurate Bl 100 main

1 Each node has weight o 10 main
O Percentage of CPU allocation time 30 foo
O |.e. time spent in subtree of call tree 60 bar

d Displayed weight depends on state of node
O Collapsed (including weight of descendants)
O Expanded (without weight of descendants)
0 Displayed using
O Color: alowsto easlly identify hot spots (bottlenecks)
O Numerical value: Detalled comparison
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I EXPERT: remo_4x4d.eap
File V¥ieu ﬂE]P‘

i i i M
Ferformgance Properties I Oynamic Call Tres

Illl Locations

Class of Behavior giis Call Graph | Location

Which kind of Where in the source How is the problem
behavior caused code is the problem? distributed across
the problem? In which context? the machine?
O 0.0 Late Receiver - datn:: IIIIII Thread 0
L 0.0 Messages out of Order CHE- 0.1 ecdory - 1.1 Thread 1
0.0 Late Sender setra - 1.1 Thread 2
L 0.0 Messages out of Order BCaprep - 1.1 Thread 3
—1 0.0 10 BCIprep EHO- 0.0 zamO0D8e3
- 0.2 Synchronization ecdinmi =0 0.0 Process 2
EHC- 0.0 OMP BCprgaus [} 0.0 Thread 0
= 0.0 Synchronization progecd - 1.1 Thread 1
- 1.0 Barrier - 0.1 setra - 1.1 Thread 2
[ 0.0 Lock Competition - 1.2 ecrandup - 1.1 Thread 3

—[H50.0 Idle Threads | EHC- 0.0 zamO0DGed

=0 0.0 Process 3

1.2 rshoundphyec [} 0.0 Thread 0
[} 10.3 progexp - 1.1 Thread 1
0.1 preducer - 1.1 Thread 2

COI or C0d| ng 56 sikor B 1.1 Thread 3

4.0 randass

Shows the severity 0.5 geopot

- 0.7 nearsfcecd
of the problem @ 00 datutc

- 0.0 rematk
- 0.0 titelhl
-l 0.0 pwait
- 0.0 MPI_Finalize

HEEREE ‘ ‘
10 20 30 40 50 B0

IIEIMF‘I [ 4 x4

._i';'PHIIIIIII HNNNENENEREEEEENENY
70 80 30




Performance Properties View

Fine:
OpenMP +MPI

Nov. 7, 2001

Fetformance Propeties
| | 0.0 Total
| | 479 Execution
0.1 MFI
O 0.0 Communication
0.1 Collective
0.0 Early Reduce
0.0 Late Broadcast
0.0 YWaitat M= N
06 F2F
0.0 Late Receiver
0.0 Messages out of Order
0.0 Late Sender
0.0 Messages out of Order
—1 o010
- 0.2 Synchronization
“H_+ 0.0 OMP
- 00 Synchronization
1.0 Barrier
0.0 Lock Competition
500 Idle Threads |
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Dynamic Call Tree View

a3 Property “Idle Threads’

O Mapped to call graph location

b

Nov. 7, 2001

of master thread

highlights phases of
“sequential” execution

3rd Optimization Opportunity

Dynamic Call Tree

= 0.2 remorg
- 0.2 MFI_nit

—l- 0.0 zeitd
—l- 0.0 platte
HEl- 0.0 medea
+ 0.0 decomp

0.0 konst
0.0 emgbinit
0.0 datute
0.1 ecdary

Hll-
—l-
—l-
—-
Hill-

=

—l- 0.3 MF|_Barrier

0.1 zetra
1.2 ecaprep
0.7 ecrprep

St OD all O

2nd Optimization Opportunity

5.9 ecdinmi

0.5 ecprgaus

0.0 progecd

—l- 0.1 setra
- 1.2 ecrancup
FrH
—l- 05 copyre
“HIl- 1.2 rshoundphyec
H - 105 progesp
- 0.1 preducer
- S5 sikor
Il 4.0 randass

-l 05 geopot
rnll o T I £, d

ey I o O oy I g |
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|ocations View

3 Supports locations
up to Grid scale

0 Easlly allows exploration
of load balance problems
on different levels

a [ Of course,
|dle Thread Problem
only appliesto slave
threads |
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Performance Properties View (2)

3 Interconnected
weighted trees.

b Selecting
another node 1n one

tree effects tree
display right of It
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Dynamic Call Tree View
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Dynamic Call Tree
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Locations View (2). Relative View

Locations
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Automatic Performance Analysis

APARI

Automatic Performance Analysis. Resources and Tools
http://ww. fz-juelich.de/apart/

0 ESPRIT Working Group 1999 - 2000
a 1ST Working Group 2001 - 2004
3 16 members worldwide

a3 Prototype Tools (Paradyn, Kappa-Pl, Aurora, Peridot,
KOJAK/EXPERT, TAU)
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Performance Analysis Tool | ntegration

1 Complex systems pose challenging performance analysis
problems that require robust methodologies and tools

a3 New performance problemswill arise
O Instrumentation and measurement
O Data analysis and presentation
O Diagnosis and tuning
3 No one performance tool can address all concerns
0 Look towards an integration of performance technologies
O Evolution of technology frameworks to address problems

O Integration support to link technologies to create
performance problem solving environments
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Performance Technology for
Complex Parallel Systems
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