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CS601: Software Development for 

Scientific Computing
Autumn 2023

Week7: Tools for debugging and profiling and 

more..
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Valgrind

• Suite of tools for debugging and profiling 

– memcheck and cachegrind are popular ones

• cachegrind is cache and branch-prediction profiler. 

• memcheck is a memory error detector. 

• Demo of cachegrind tool with matmul

– https://valgrind.org/docs/manual/cg-manual.html

• Demo of memcheck with matmul
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https://valgrind.org/docs/manual/manual.html


Steps to use cachegrind

• Example: matmul.cpp

1. Compile with –g and create a target.

2. Run as: valgrind --tool=cachegrind ./matmul
2048

3. Out of cachegrind is dumped in a file that has the 

format cachegrind.out.xxxxxx where xxxxx is 

the process ID

4. Use cg_annotate to get annotated output

1. E.g. cg_annotate cachegrind.out.12345
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cachegrind

• Visualizing cache transactions
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Last layer 

L1 Instruction

L1 Data

• Instructions read

• L1 Instruction read misses

• Last layer instruction read misses

• Data reads (total memory reads)

• L1 data read misses

• Last layer data read misses

• Data writes (total memory writes)

• L1 data write misses

• Last layer data write misses

Total last layer misses = ILmr + DLmr + DLmw



cachegrind

• Visualizing cache transactions (ijk loop ordering of matmul)
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cachegrind

• Visualizing cache transactions (ikj loop ordering of matmul)
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Total last layer misses are much lesser than that in ijk loop!



Memcheck – ex1

• Used for detecting memory error that include memory leaks 

and invalid read/write to memory
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memcheck – ex2
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memcheck – ex3
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memcheck - Usage

• Compile with –g option and create a target

• Execute with valgrind 

valgrind –tool=memcheck –leak-check=full mytarget
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https://valgrind.org/docs/manual/mc-manual.html

https://valgrind.org/docs/manual/mc-manual.html


memcheck - Demo

• From week7 code samples, run: 

make –f memchkMakefile example1
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memcheck - Demo

• From week7 code samples, run: 

make –f memchkMakefile example3
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memcheck - Demo

• From week7 code samples, run: 

make –f memchkMakefile example4
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memcheck - Demo

• From week7 code samples, run: 

make –f memchkMakefile example5
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GNU gprof

• Usage:

– Compile your program with –pg flag

– Execute your program as normal

• A file gmon.out is generated

– gprof <yourexecutable>
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https://ftp.gnu.org/old-gnu/Manuals/gprof-2.9.1/html_mono/gprof.html


Doxygen

• Usage

– Install Doxygen

– Goto week7_codesamples

– Tweak Doxyfile if required

– Execute doxygen Doxyfile
• Documentation corresponding to matmulprof.cpp is

automatically generated in the doc folder
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https://www.doxygen.nl/manual/docblocks.html
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