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Introduction

● Necessity of performance analysis
● benchmarking/monitoring
● efficient use of resources
● optimization and tuning

● Emerging parallelism
● parallel applications
● heterogeneous systems 

● Performance tools are essential
● complexity of applications
● diversity of architectures
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Problem Statement
● Search tools and libraries for parallel applications 

● profiling multithreaded applications of Geant4
● performance evaluation for GPGPU codes

● A user application: cmsExpMT (cms geom + b-field map)

35%

CPU Memory 
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Review of Geant4 Performance Profiling 

● Tools
● FAST (CPU)
● IgProf (memory)

● Metrics
● time (version, physics)
● leaf counts (funs, libs)
● call path analysis
● heap (live, max, total)
● statm (vsize/rss)
● number of tracks and steps
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Metrics for Parallel Applications 

● Multithreaded applications
● speedup, scalability
● memory (cache miss,     

TLB miss, coherence)
● communication 
● I/O

● Platform dependence 
● NUMA
● distributed memory models

● GPU applications
● memory throughput
● arithmetic intensity
● occupancy vs. latency
● ILP vs. TLP
● locality (spatial/temporal)
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Performance Tool Requirement

● Support parallelism and multi-threaded applications

● Open source (support Linux)

● Transparent instrumentation (applicable on binaries)

● Light time overhead and precision of measurement

● Advanced analysis (tracing, callgraph)  

● Easy to use, but extensible

● Documentation and support
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Performance Tools: A Short List
● Community infrastructures: 

● PAPI and MuMMI (UTK)
● Paradyn (DynInst, MRNet) (UW, UMD)

● Integrated tool kits: 
● HPCToolkit (Rice)
● Open|SpeedShop (Krell)
● TAU (Oregon)
● nvvp (NVIDIA)

● Tracing tools: 
● Jumpshot (ANL)
● Scalasca (Jülich)
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PAPI (Performance API)

● A standard API to access 
hardware performance 
counters 

● Relation between 
software performance 
and processor events

● Event metrics : platform 
specific metrics, cache 
hit/miss, Flops, power 
consumption (MuMMI)

HPC Performance ToolsHPC Performance Tools
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Open|Speedshop 

● Comprehensive performance analysis for sequential, 
multithreaded, and MPI applications

● The base functionality includes
● sampling experiments
● support callstack analysis
● hardware performance counters
● multi-threaded, MPI profiling and tracing
● floating point exception analysis

● GUI and CLI (command line instruction)

● Almost ready to support GPU (95%) and MIC (if funded)
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Default View and Stats Panel

Top Functions
Toolbars
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HPCToolkit 

● Overview of HPCTOOLKIT tool’s work flow (from manual)

● Code centric view, GUI and text-base flat profile

● Supporting performance analysis of heterogeneous 
architecture (hybrid CPU/GPU)
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HPCToolkit: hpcviewer
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TAU (Tuning Application Utilities)

● Dynamic, compiler based, source based Instrumentation

● Analysis tools
● ParaProf
● PerfExplorer
● Tracer (Jumpshot, vampir)

● Various built-in graphical presentations

● Capable to measure performance of GPU with 
cuda/openCL

● Disadvantage: compiler/source-based instrumentation 
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TAU for CUDA/openCL?
● Test tau with cupti on a Runga-Kutta stepping algorithm 

Provides general profiling information (H2D, kernel, D2H), 
but no details for ‘inside’ device codes 
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NVIDIA GPU Tools

● CUPTI, NVML, occupancy calculator

● nvvp (nvprof) : timeline, kernel analysis with source

● No good way to measure exclusive time for each device 
function
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Other Tools: Another Short List

● Community Infrastructure and libraries
● CBTF (Component Based Tool Framework) (Krell)
● GPTL (General Purpose Timing Library) (ORNL)
● gperftools (Google Peformance Tools)

● Integrated Tools
● Intel: VTune Amplifer, Cluster/Parallel Studio (License)
● AMD: CodeAnalyst, APP Profiler/Kernel Analyzer (openCL)
● IBM: HPMToolkit

● Tracing Tools
● KOJAK (OPARI,EPILOG,EARL,EXPERT/CUBE)
● Vampir (License)
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Summary

● Profiling serial and parallel codes is a critical step in 
assessing the efficiency of software development

● Various tools and libraries are available for performance 
profiling and analysis

● Performance analysis is domain specific 

(domain knowledge, architecture, programing models)

● Collaborating with ASCR institutes
● Bob Lucas, Pedro Diniz (ISI)
● Rob Fowler, Paul Ruth (RENCI)
● Boyana Norris (ANL)
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