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•  Debug memory errors in parallel codes 
written in multiple languages. 
•  When and where do memory errors occur?   
•  What is the heap memory usage? 
•  Was the error cause by a read or a write?  
•  Which processes or threads experienced the error?  
•  Were there any memory leaks in the application? 
•  What were the performance characteristics prior to fault? 

•  Protect sensitive data. 
•  Generate reports free of application data. 
•  Open and portable debugging data file format. 
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Problems Addressed 

Approach 
1.  Instrument heap memory allocation and deallocation calls. 

•  Record heap memory use, allocation and deallocation rate. 
•  Associate every allocation with its use in the source code. 

The TAU Performance System Results 
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TAU Architecture 
Instrument 

Source 
•  C, C++, Fortran, UPC, … 
•  Python, Java, … 
•  Robust parsers (PDT) 

Library 
•  Interposition (PMPI, GASNET, …) 
•  Wrapper generation 

Linker 
•  Static, Dynamic 
•  Preloading (LD_PRELOAD) 

Executable 
•  Dynamic (Dyninst) 
•  Binary (Dininst, MAQAO, PEBIL) 

Measure 
Events 

•  Static, Dynamic 
•  Routine, Block, Loop 
•  Threadding, Communication 
•  Heterogeneous 

Profiling 
•  Flat, Callpath, Phase, Snapshot 
•  Probe, Sampling, Compiler, Hybird 

Tracing 
•  TAU, Scalasca, ScoreP 
•  Open Trace Format (OTF) 

Metadata 
•  System 
•  User defined 

Analyze 
Profiles 

•  ParaProf analyzer & visualizer 
•  3D profile data visualization 
•  Communication matrix 
•  Callstack analysis 
•  Graph generation 

•  PerfDMF 
•  PerfExplorer profile data miner 

Traces 
•  OTF, SLOG-2 
•  Vampir 
•  Jumpshot 

Online 
•  Event unification 
•  Statistics calculation 
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2.  Allocate guard pages before and/or after memory allocations. 
•  Use the MMU hardware to protect regions of memory from access. 
•  Fast invalid memory access detection but high memory overhead. 

3.  Intercept error signal if error occurs. 
•  Save backtrace in the application profile. 
•  Write application profile to disk and gracefully shut down. 

4.  Send application profile to developers for analysis. 
•  Profile contains no application input or memory content information. 

… 
malloc(N); 

… 
__wrap_malloc malloc 

Memory error 
increased time in MPI 

Performance profile 
saved on memory error 

Analyze with Jumpshot, PerfExplorer, and ParaProf 

Backtrace across 
several languages 

View memory 
events and 
statistics 

Tracking 

Debugging 
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