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Overview

[ Introduction to TAU (Tuning and Analysis Utilities)

Goals and Challenges
Architecture
Instrumentation
Measurement
Analysis

[0 New research directions
Multi-level instrumentation
Micro-instrumentation
Mapping performance data
Hybrid execution models
New measurement options

Proposed extensions
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What is TAU?

Performance analysis framework for scalable parallel

and distributed high performance computing

Targets a general parallel computation model [HPC++]
[ computer (SMP) nodes

[1 shared address space contexts

[1 threads of execution

Integrated toolkit for performance instrumentation,

measurement, analysis and visualization
Portable performance profiling and tracing toolkit
Tools associated with TAU

[ PDT (Program Database Toolkit)

[1 Distributed monitoring framework

Uses portable, open interfaces

http://www.acl.lanl.gov/tau




Goal and Challeng es

Create robust performance technology for the
analysis and tuning of parallel software.

1 Challenges

different scalable computing platforms

different programming languages and compilers
different thread models and runtime systems
different instrumentation strategies

different measurement requirements

common, portable framework for analysis
extensible, retargetable tool technology
complex set of requirements

performance experimentation

http://www.acl.lanl.gov/tau
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TAU Instrumentation

[ Flexible, multiple instrumentation mechanisms

[1 source code
[1 manual (AU API)
[0 automatic using PDT (tau_instrumentor)

object code

[1 pre-instrumented libraries (GALMPL)

[1 statically linked: MPI Profiling Interfce
(libTauMpi.a)

executable code

[1 dynamic instrumentation using DyninstAPI
(tau_run)

virtual machine

[ Java instrumentation using JVMPI andU shared
object dynamically loaded in the JVM

[ Ability to combine multiple instrumentation options!

http://www.acl.lanl.gov/tau




TAU Measurement

[J Configuration options

[1 High resolution wall clock time [PAPI, SGITIMERS]

[ CPU time (user+system)
Process virtual time (user) [PAPI]
Hardware performance counters

(primary/sec. data cache misses, etc.) [PAPI, PCL]

PAPI (Performance API) provides low-overhead access
to counters and timers (U. Tenn. Knoxville)

(http://icl.cs.utk.edu/projects/papi/)
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TAU Measurement
[0 Profiling
aggregate summaries of performance metrics
function-level, block-level, statement-level

supports user-defined events

measured process timing (as opposed to sampling)

statistics (standard deviation)

[1 Tracing
event logs
same instrumentation for both profiling and tracing
Inter-process communication events
trace merge and conversion

output to Vampir trace format

http://www.acl.lanl.gov/tau




TAU Analysis

[ Profile analysis
[1 pprof
[1 parallel profiler with tet based display
[ racy
[1 graphical interdce to pprof
[ Trace analysis
(1 Vampir

[ trace analysis and visualization tooal(las GmbH)
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TAU Status

Available for devnload nav (ver. TAU 2.8b10)

0 Languages

[ C++, C, F90, Java.
[0 HPF, pC++, HPC++, ZPL

Platforms

0 SGl, IBM, SUN, HP, Compagq, Alpha/Pentium Linux
clusters, PC Windows, Intel ASCI Red, Cray T3E

Thread libraries

[0 pthread, OpenMP, Java, Windows, SMARTS, Tulip
Communication libraries

1 MPI, PVM, ACLMPL, Nexus, Tulip

Compilers

[0 KAI's KCC & Guide, PGI, SUN, IBM, SGI, GNU,
MS, Fuijitsu, Cray

550 registered downloads (not users)

http://www.acl.lanl.gov/tau




Program Database T oolkit (PDT)

Application/
Library
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Program Database T oolkit (PDT)

Program code analysis framework for developing

source-based tools
High-level interface to source code information

Integrated toolkit for source code parsing, database

creation, and database query

[1 commercial grade front end parsers (EDG, Mutek)

[1 portable IL analyzer, database format, and access
API

[1 open software approach for tool development

Target and integrate multiple source languages
C++ version available. F90 version to be released soon.

http://www .acl.lanl.go v/pdtoolkit
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New Resear ch Directions

Multi-level instrumentation
Micro-instrumentation
Mapping performance data
Hybrid execution models
New measurement options

Proposed extensions
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Multi-le vel instrumentation

[0 Combine instrumentation APIs
[1 executable (DyninstAPI) + source code

I virtual machine (JVMPI) + library level (MPI
Wrapper)

[J automated source code (PDT) + library level (MPI)

[J Better coverage and level of abstraction

http://www.acl.lanl.gov/tau




Micr o-instrumentation

[1 Crossing “routine” boundaries for instrumentation
[1 Basic block, statement level probes
[1 Problems:

[1 Optimizations may be affected

[1 How do we profile in the presence of code
transforming optimizations?

Source to source translations (ZPL+TAU)
Compiler transformations

Instrumentation using mapping tables after
optimizations have been applied

How should compilers and performance tools
“share” mapping information?

New mapping models for performance data

http://www.acl.lanl.gov/tau




Mapping P erformance Data

[ Traditional mapping scenarios [Irvin/Miller, Adve et.al]

[1 one-one (straightforward)

[ one-many (aggregate costs)

[0 many-one (amortize/aggregate costs)
[ many-many (aggregate)

[1 Real life situations have some more information

(optimizations)

[J How can we use that to refine mapping models?

http://www.acl.lanl.gov/tau




TAU Mapping of Async hronous
Execution

[ POOMA Il and SMARTS

-]

=.; xterin

Binclude "PoomasArrags . k"
#include <iostream . h>

£ The zize of each zide of the domain,
conzt int M = 3x1024d;:

int

maird
int argc - £ argument. count
char = argvl] A argument. list

Af Initialize Pooma,
Pooma:iinitializelargc, argwl:

A The array we™ll be =olving for
Array<2> AN, Hi. BOMLMY . CoMoMY . DEM-MY . EGH M2

A Must block =ince we're doing some scalar code {=ee Tutorial 43,
Pooma: thlockAndEvaluated )

|l o s o e [ QNN N
oD D Do
W WA Wk M M

D

0:
2.0

B:
+ E
- A

mIT oo meEom I
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Pooma: thlockAndEvaluate ()

cout. << "D¢1,.10
cout. << "D(9,30

= " << Dil.1) << endl:
= " << D0{9.9) << endl:
£¢ Clean up Pooma and report success,
Pooma:ifinalized}:

return 0
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Mapping Async hronous Ex ecutions

All Array statements (composed into iterates) map to

the ExpressionKernel class (many - one mapping)

Each Iterate has its own object

Profiling at the level of iterate objects reveals statement

level profile

Mapping asynchronous performance data to the array

statements

http://www.acl.lanl.gov/tau




POOMA+SMARTS: Without Mappings

Fle Value Order Mode Help

nh,c,t 0,0,1 =
29.21% [E=== ] run ExpressionKernel<Array<2, ViewO<Array<2, double, Brick>:This_t>::NewT _t, ViewO<Array<2, double, Brick>
13.64%-run ExpressionKernel<Array<2, ViewO<Array<2, double, Brick>::This_| ewT t, ViewO<Array<2, double, Brick>
12.92% |:|run ExpressionKernel<Array<2, ViewO<Array<2, double, Brick>::This_| ewT t, ViewO<Array<2, double, Brick>
12.91% |:|run ExpressionKernel<Array<2, ViewO<Array<2, double, Brick>::This_t>::NewT t, ViewO<Array<2, double, Brick>,
10.58% |:|run ExpressionKernel<Array<2, ViewO<Array<2, double, Brick>::This_t>::NewT t, ViewO<Array<2, double, Brick>,
10.38% -run ExpressionKernel<Array<2, ViewO<Array<2, double, Brick>::This_t>::NewT t, ViewO<Array<2, double, Brick>,
10.32%-run ExpressionKernel<Array<2, ViewO<Array<2, double, Brick>::This_t>::NewT t, ViewO<Array<2, double, Brick>,

schedule_private() void ()

lterate<FastAsync>::execute() void ()

~ExpressionKernel ExpressionKernel<Array<2, ViewO<Array<2, double, Brick>::This_t>::NewT t, ViewO<Array<Z
DataObjectRequest<WriteRelease »::Type t DataObjectRequest<WriteRelease >::operator()(Pooma::DataObje
DataObjectRequest<ReadRelease »::Type t DataCbjectRequest<ReadRelease >::operator()(Pooma::DataObje
~ExpressionKernel ExpressionKernel<Array<2, ViewO<Array<2, double, Brick>:: =NewT _t, ViewO<Array<Z
~ExpressionKernel ExpressionKernel<Array<2, ViewO<Array<2, double, Brick>::This_t>::NewT t, ViewO<Array<Z
~ExpressionKernel ExpressionKernel<Array<2, ViewO<Array<2, double, Brick>::This_t>::NewT t, ViewO<Array<Z
~ExpressionKernel ExpressionKernel<Array<2, ViewO<Array<2, double, Brick>::This_t>::NewT t, ViewO<Array<Z
~ExpressionKernel ExpressionKernel<Array<2, ViewO<Array<2, double, Brick>::This_t>::NewT t, ViewO<Array<Z
~ExpressionKernel ExpressionKernel<Array<2, ViewO<Array<2, double, Brick>::This_t>::NewT t, ViewO<Array<Z
DataObjectRequest<WriteRelease > &DataObjectRequest<WriteRelease »::DataObjectRequest() DataObjectR
Pooma::Data0bject_t *DataObjectRequest<WriteRelease >::datalbject1() const DataObjectRequest<WriteRel
DataObjectRequest<ReadRelease > &DataObjectRequest<ReadRelease »::Data0bjectRequest(const DataCbj
Pooma::DatalObject_t *DataObjectRequest<WriteRelease >::datalbject2() const DataObjectRequest<WriteRel
DataObjectRequest<ReadRelease »::Type t DataOCbjectRequest<ReadRelease >::defaultValue() const DataCb

_startoff() void (Thread *)

[0 Expression Templates produce long names
(embedding the parse tree of the expression in the

expression evaluation template)

http://www.acl.lanl.gov/tau




Without Mappings

Buffers Files Tools Edit Search Hule Help

Incluslive #Call #5ubrs  Inclusiwve
total msec usecscall

19993926 _startoff() wvoid (Thread *)
9996951 schedule_private() woid () |
11 11 1817173 Iterate<FastAsyncs:iexecutes|

, 54 5 0 1152058 run Expressionkernel<Array<sf
2, VlemO(ﬁPPag(Z double, BPlck) (This_tr:iMewT_t, ViewO<Array<2, double, Brick>::This_th|
»iiMewEngineTag_t», OpAssign, ConstArray<Z, double, ConstantFunction?, KernelTag<dWiewl<An|
rray<z, double, BPick)::This_t>::Tgpe_t, YiewO<ConstArray<2, double, ConstantFunction>: i
This_t>»::Type_tr::Kernel_t> :
135.6 2,727 2,727 1 0 2727248 Jrun ExpressionkKernel{Array|
2, VlemO(ﬁPPag(Z double, BPlck) :This_tr::iMewT_t, Wiewl<Array<Z, double, Brick>::This_tx|
»iiNewEngineTag_t>, OpAssign, ConstArrayd<Z, ViewlO<ConstArraydz, MakeReturn<BinaryModedOp|
Add , BinanNDde(DpSubtract, Reference<ArrayCreateleaf<Z, double, Brick:::ArraylLeaf_t>, E-[
eferencedArrayCreateleaf<2, double, Brick>::Arrayleaf_t>>, BinaryMode<OpMultiply, Scalars|
<double?, Reference<fArrayCreateleat<Z, double, Brick?::Arrayleaf_t>>>>::T_t, ExpressionTh|
ag<MakeReturn<BinaryMode<OpAdd, BinaryMode<OpSubtract, ReferencedArrayCreateleaf<Z, doubh|
le, Brick>»::ArrayLeaf_t>, Eeference<ArrayCreateLeaf<Z, double, Brick?::Arrayleaf_t>>, Bin|
naryMode<OpMultiply, Scalar<double>, ReferencedArrayCreateLeaf<2, double, Brick>::Arrayls|
eaf_trrrriiTree_trr::iThis_tr:::NewT_t, Wiewld<ConstArray<Z, MakeReturn<BlnaryMode<OpAdd, B
inaryModedOpSubtract, ReferencedArrayCreateleaf<2, double, Brick>::ArrayLeaf_t>, Referens|
ce<ArrayCreateleaf<Z, double, Brick>::Arrayleaf_t>>, BinaryMode<OpMultlply, Scalar<doulbl™|
er, Reference<ArrayCreateleaf<2, double, Brick>::Arrayleaf_t>>>>::T_t, ExpressionTagdMak™|
eFeturn<BEinaryMode<0pAdd, BEinaryMode<OpSubtract, Reference<fArrayCreateleat<Z, doukble, Bri|
ick>::Arrayleaf_t>, ReferencedArrayCreateleaf<2, double, Brick?::Arrayleaf_t>>, BinaryMNo|
de<OpMultiply, Scalar<double?, Feference<frraylreateleaf<Z, double, Brilck>: ﬂrragLeaF RN
rryiiTree_trriiThis_tr:iMewEngineTag_t>, KernelTagdWiewld<Array<Z, double, Brick>:
»riTuype_t, WiewO<ConstArray<Z, MakeReturn<BlnaryHode<Ophdd, BinanNDde(DpSubtract :
ence<ArrayCreateleaf<2, doukle, Brick>::Arrayleaf_t>, Reference<ArrayCreateleaf<Z, doubl™|
e, Brick>::ArrayLeaf_t>>, BinaryMode<OpMultiply, Scalarddouble?, Reference<ArraylCreatele™|
af<Z, double, Brick>::Arrayleaf_t>>>>::T_t, ExpressionTag<MakeReturn<BinaryNode<OpAdd, BM|
inaryMode<0pSubtract, Reference<ArrayCreateleaf<Z, double, Brick>::ArrayLeaf_t>, Eeferenn|
ce<ArrayCreateleaf<2, double, Brick>::Arrayleaf_t>>, BinaryMode<OpMultiply, Scalar<doubl™|
er, Reference<ArrayCreateleat<Z, doukble, Brick>::Arrayleaf_tr>>>>::Tree_tr>::This_t>::Typh|
e_tr:i:Kernel_t> ]
12.9 2,984 2,954 1 0 2524162 run Expressionkernel<Array<sf
2, VlemO(ﬁPPag(Z double, BPlck) (This_tr:iMewT_t, ViewO<Array<2, double, Brick>::This_th|
»iiMewEngineTag_t», OpAssign, ConstArray<Z, Viewl<ConstArray<Z, MakeReturn<BlnaryMode<Op™|
Add , BlnanNDde(Dpﬁdd ReFerence(ﬁPPagEPeateLeaF<2 double, Brick»::Arrayleaf_t>, Referen|
__nce(ﬁPPa CreatelLeaf<s, double, Brick>: Feference<Arra EPeateLeaF<2 cloubl™)
3] IFHndqmpntle— L ] ;

[0 “Array=constant” expressions take 29.2 %

(lumped together for A=1, B=2, C=3, D=4, E=5)

[0 “C=E-A+2*B” is incomprehensible (big expression)

http://www.acl.lanl.gov/tau




Mapping P erformance Data using T AU

File Value Order Mode

n,c,t0,0,1
11340%[ |C=E-A+20*B;

| 1265% | C =D + A - B;
| 12.65% [ A = B + C + D;
| 1025% E=15*B-A;

10.14% D=A+C;
10.13% A=20*"D+E;
6.62% - A=10;
6.49% |:] B=20;
5.97% - C=30;
5.87% |: D =4.0;
5.82% - E=50;
schedule_private() void ()
Ilterate<FastAsync>::execute() void ()
_startoff() void (Thread *)

Time spent in each statement (A=1, B=2, C=3, D=4...)
Works in presence of asynchronous execution
Across different “compute” threads

Closing the semantic-gap!

%} http://www.acl.lanl.gov/tau




Hybrid e xecution models

Mixed model programming merge execution models
Threads + MPI (pthreads+MPI, OpenMPI, mpiJava)
Problems:

[1 Incomplete information

[1 MPI doesn’'t know about threads, threads don’t
know which node they’re running on

TAU allows different modules to “advertise” all
information they know and “share” it

Sender doesn’t know which thread in the receiver
received the message and vice versa

Matching sends and receives during post-
processing allows for execution model “corrections

Problems for message passing and shared memory

programs are well understood in isolation

When models are mixed, we encounter different kinds

of problems

http://www.acl.lanl.gov/tau




TAU suppor ts OpenMP+MPI

“main()

EMPI

Edo_jacobi()

=0penMP |
do_transfer()

d
e Process 1 l

0 process 2 E—Bs E
Process 3 E-BQ E

Process 4 I-ss .

Process5 [i|- E

N i1

o Process 0 air
d 1
e Process 1 !-99:

1 Process 2 E-ssi
Process 3 E-SBE

Process 4 E-sg .

Process 5 I-ss '

IDLE
n ' do_jacohi()

do_transfer()

tlo_transfer()

l

0 Vampir [http://www.pallas.de] is used to visualize TAU

traces
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Integrated P erformance Vie ws

Receiver

00 01 02 03 0/4 05 10 A 2 18 /4 6
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L5
T mmm e e mme mmm e e e mme e e
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1A mmm e e mme mme e e e mme mm e

B == e mmm mme mmm mmm e e e mme e ae

Process 0 Process 1
100% 100%

ing)
-- & OpenMP
.- duJacuhl()
DLE

| MPI
- do_transfer()

c()
o_force()
E do_jacohi()
do_transfen()
IDLE
= mam()

Process 0 Process 1 Pmcess 3
100% 100%
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Profiling MPI+Ja va

[ No changes to the Java source/bytecode/JVM!

msec  total msec #subrs usec/call name

001 oo

=

Qo0 B O

w3,/ Lang/
WP Finalize
2019470 Life

TrputStrean; )V
lass (Ljava/lang/String:)Ljava/lar
Value Mode

enConnection (Ljava/net/URL;)Ljave
. ava/lang/String; )Ljava/lang/String
MPI_Init() ¢ Lsun/misc/URLCLassPathSLoader;

2

1725 @ mean

n,ct000|] Fle Vaue Order Mode
n,c,t 0,0,1
n,c,t0,02 nc,t204

Functions nect003|]4606% [ |MPI_Sendrecv()
mean T W (| 29610 N .o, 00| 3827 I /P Ini)
n,c,t0,05 1.55% [| java/lang/ClassLoader$NativeLibra
n,c,t 0,00 _ n,c,t0,06 1.00% || mpi/MPI Init ([Ljava/lang/String;)[L
netooll ] n,ct1,00 0.85% | javaslang/ClassLoader defineClas:
ne,t002 net 10,1 0.33% | MPI_Finalize()
n,c,t003 nect1,02 0.30% | Life main ([Ljava/lang/String;)V
net 004 [ nct103 0.27% | THREAD=main; THREAD GROUP=
netoos ] 15880 e nct 104 0.23% | java/util/Properties load (Ljava/io/
netoos ] nect1,05 0.21% | java/lang/ClassLoader findBootstr
net1 0o B net1086 0.20% | MPI_Recv()

n,c,t 1,01 n,c,t200 0.18% | sun/net/www/protocol/file’Handler
n:c:t 1:0:2 n,ct2,0,1 0.18% | java/io/UnixFileSystem normalize
nect103 n,ct202 0.18% | sun/misc/URLClassPath getlLoade
not10/ e B nct203 0.16% | sun/misc/URL ClassPath$FileLoade
net 105 | 8325 nct204 0.16% | sun/net/www/protocol/file/Handler
n:c:t '1:0z6 1 nect205 0.16% | javarlang/String charAt ()C

n,c,t200 _. n,ct206 0.16% | java/lang/String getBytes (Lsun/ic

net20.1 n,c,t3,00 0 15% liava/io/l InixFileSvstem aetRanlea
ot 20, I -

n,c,t202 n,c,t 30,1

nect203 nect30.2 W

net20/ ] 20 B nct303

net205] ] 484 nct304 ;

nct208] Jis |@di b i

O JVMPI+MPI (mixed-model programming)

File Configure
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Tracing mpiJa va

File Global Displays Process Displays Preferences Extras

-=.§ VAMPIR — Global Timeline

life22x6.pv: Glohal Timeline (3.021s - 3.9585=0.9375)
32s 3.4s 36s
LR MTHREAD=JYM- MainThread; THREAD GROUP=system ETHREAD

L WTHREAD=S1GQUIT handler; THREAD GROUP=system _—d

e Process 2 javaflang/Object wait mlife

0 Process 3 javajlang/Object wait .ﬂg‘l
processa [ I 1117 i
Process §
Process 6

N Process 0

: Process 1

e Process 2 |avajlangfl:lh|e
Process 3 javaflang/Obje
Process4 B ||| 7] (% % P1_Sendrecv()
Process 5
Process 6

H Process 0

; Process 1

e Process 2 j
Process 3 java/lang/Objed
Pracess 4 [ | 1111
Process 5
Process 6

N Process 0

3 Process 1

e Process2 |
Process 3 j
Process4 B | |
Process 5
Process 6

= VAMPIR - Global Activity Chart

life22x6.pv: Global Activity Chart (0.0 5-5.117 5)
Node 0 B IDLE
java
H Life
mpi
= MPI
H sun
H THREAD

Process 1 Process 2 Process 3 Process 4 Process §
100% 100% 100% 100% 100%
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Dynamic CallT ree

-=..§ VAMPIR — Call Tree Mode 1 4

life22x6.pv: Call Tree Hode 14

—>mpi/MPI  <clinit> (1 : 39.954 ms) ...
—>mpi/MPI  Init (1 : 1.803 s)
» javaslang/ClasslLoader findNative (2 : 0,587 ms) ...
>mpi/MPTI  InitNative (1 : 1,718 s)
MPI_Init() (1 : 1,707 s)
YMPI_Keyval_create{) (1 : 0.29 ms)
>MPI_Type_contiguous{) (8 : 26,0 ps)
SMPI_Type_commit(} (11 : 37.0 ps)
PMPI_Type_struct{) (5 : 46.0 ps)
>MPI_Errhandler_set() {4 : 18,0 ps)
PMPI_Attr_put() (8 : 34.0 ps)
—> java/lang/ClasslLoader loadClass (10 : 48,846 ms)
—>sun/misc/Launcher$AppClasslLoader loadClass (22 : 0.358 ms)
L—){fvaflang/String lastIndexOf (11 : 0,145 ms)
>javaslang/S5tring lastIndexO0f (11 : 39.0 ps)
—> java/lang/Classloader findLoadedClass (11 : 0.123 ms)
—> java/lang/ClassLoader loadClass (11 : 7.731 ms)
> java/lang/Classloader findlLoadedClass {11 : 85,0 ps)
> java/lang/ClasslLoader findBootstrapClass (11 : 3.003 ms)
>javaslang/String <init> (6 : 0,163 ms)
> javaslang/System arraycopy (6 : 51.0 ps)
java/net/URLClassloader findClass (6 : 4,097 ms)
—> java/net/URLClassloader$l <init> (6 : 17,0 ps)
—> java/security/AccessController doPrivileged (6 : 3.774 ms)
—> java/net/URLClassloader$l run (6 : 3.0 ms)
—> java/lang/String replace (6 : 0.211 ms)
> javaslang/String <{init> (6 : 19,0 ps)
—> java/lang/String concat (6 : 0,332 ms)
> java/lang/String getChars (12 : ©.169 ms)
> java/lang/System arraycopy (12 : 45.0 ps)
> java/lang/String <init> (6 : 15.0 ps)
—> java/net/URLClassloader access$0 (6 : 14,0 ps)
—>sun/misc/URLClassPath getResource {6 : 1,785 ms)
—> sun/misc/URLClassPath getloader (12 : 1.223 ms)
>javasutil/Aarraylist size (12 : 27.0 ps)
){fva/util/ﬁrragLiSt get (6 : 85.0 ps)
> java‘util/Arraylist RangeCheck (6 : 18,0 ps)
>javasutil/Stack pop (6 : 0.798 ms)
%:)java/utillvector size (6 : 18.0 ps)
»javasutil/Stack peek (6 : 0,668 ms)
> javasutil/Vector size (8 : 40.0 ps) /

| Search| »| Print| Fold/Unfold| v| 4| _1 ASCII W inclusive _| singlewin|smal|er§ larger|  line 1983 (3864)|
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New Measurement Options

Fast access to wall-clock time using PAPI

[1 TAU overhead measured at 830 nanosecs per entry
or exit (Profiling with g++ -O2 PI1I/550MHz Linux
2.4.0-test4 Kernel)

CPU Time measurements for multi-threaded

applications using Linux
Thread-safe hardware performance counters [PAPI]

TAU generic thread layer interfaces with PAPI for
supporting thread-safe counters for all thread packages

supported by TAU
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Future Work & Pr oposed Extensions

TAU free probe class server for SPM
Dyninst support for MPI applications in TAU
Cheetah runtime system

UPS (Unified Parallel Software)

OpenMP hooks for instrumentation
Distributed monitoring framework

DPCL support

Application codes
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Conclusions

Complex parallel computing environments require

robust program analysis tools

[1 portable, cross-platform, multi-level, integrated
[1 able to bridge and reuse existing technology
[1 technology savvy

TAU offers a performance technology framework for

complex parallel computing systems

[ flexible instrumentation and measurement
[1 extendable profile and trace performance analysis

[] integration with other performance technology
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