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Motivation

ÆMulti -core, heterogeneous (MCH) execution environments

¾Difficult to program with lower-level interfaces

¾Heterogeneous computation adds complexity (e.g., GPU)

¾Performance is harder measure, analyze, and understand

ÆHigher-level programming support

¾Facilitates MCH application development

¾Provides abstract computation / execution model

¾Distances developer from performance factors

Æ Integrate performance tools with MCH programming system

¾Performance analysis in context of high-level model

¾Automation of instrumentation and measurement

¾Enable performance feedback for optimization
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Integration of HMPP and TAU / TAUcuda

ÆHMPP Workbench

¾High-level system for programming

multi-core and GPU-accelerated systems

¾Portable and retargetable

ÆTAU Performance System®

¾Parallel performance instrumentation,

measurement, and analysis system

¾Target scalable parallel systems

ÆTAUcuda

¾CUDA performance measurement

¾ Integrated with TAU

ÆHMPPïTAU = HMPP + TAU + TAUcuda
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HMPP Workbench (www.caps-entreprise.com)

ÆC and Fortran GPU programming directives

¾ Define and execute GPU-accelerated versions of functions

¾ Implement efficient communication patterns

¾ Build parallel hybrid applications with OpenMPand MPI

ÆOpen hybrid compiling workbench

¾ Automatically generated CUDA computations

¾ Use standard compilers and 
hardware vendor tools

¾ Drive the whole compilation 
workflow

ÆHMPP runtime library

¾ Dispatch computations on 
available GPUs

¾ Scale to multi-GPUssystems
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TAU Architecture

TAU Performance System Project (tau.uoregon.edu)

ÆTuning and Analysis Utilities

¾16+ year project effort

ÆHPC performance system framework

¾ Integrated, scalable, and flexible

¾Parallel programming paradigms

Æ Integrated performance toolkit

¾ Instrumentation, measurement, 

analysis, and visualization

¾Portable performance profiling and 

tracing facility

¾Performance data management and 

data mining



Performance Tool Integration in Programming Environments for GPU Acceleration: Experiences with TAU and HMPPParco 2009

TAUcudaCUDA Performance Measurement
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ÆCUDA kernel invocations are asynchronous

¾Difficult for CPU to measure concurrency (kernel begin/end)

ÆTAUcudabuilt on CUDA event interface (cudaEventRecord)

¾Allow ñeventsò to be placed in streams and processed

üevents are timestamped

¾CUDA runtime reports GPU timing in event structure

¾Events are reported back to CPU when requested

üuse begin and end events to calculate intervals

¾CPU retrieves events in a non-blocking and blocking manner

ÆAssociates TAU event context with CUDA events

ÆCan be used to capture CPU-side ñwaiting timeò

ÆParCoô09 paper on TAUcuda(A-GPU2: GPU Programming)
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Integration Challenges

Æ Instrumentation model

¾HMPP generates code

ühost code and target code

¾Links with runtime library

¾Must insert instrumentation

before/during code generation

¾ Instrument runtime library

¾Events should support analysis

ÆMeasurement APIs

¾Target TAU and TAUcuda

¾Make generic interface with weak binding

¾Need to be compatible with execution model (e.g., threading)
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Integration Challenges (2)

ÆAnalysis model

¾Portray meaningful and consistent performance views

üsupport HMPP computation abstraction

¾Show all aspects of accelerator execution

üdata transfers

ükernel operations

¾Present asynchronous and concurrent operation

¾Generate useful performance metrics
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HMPPïTAU Instrumentation Workflow

ÆGoal

¾Automated, seamless instrumentation of HMPP applications

¾ Instrumentation support for codelettarget generation

ÆWorkflow

¾Replace compiler with TAU compiler 

üallows instrumentation of application-level events

¾ Indicate HMPP compiler (as TAUôscompiler target)

üTAUcudainstrumentation automatically generated

üplaced in codeletaround CUDA kernel statements 

ÆHMPP TAU management

¾Default support in the HMPP runtime

¾Activated using compiler flags
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HMPP-TAU Event Instrumentation/Measurement
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