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Can sometimes tune C++ dynamic 
memory.
Heap memory landscapes are 
smooth.



rand_malloc

● To stress test or tune your heap manager
● Real C/C++ heap sizes and durations
● Whole or subset
● Tune two versions of glibc parameters with 

Magpie or CMA-ES
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rand_malloc

● Collect heap usage by million lines C++
● Convert valgrind dhat data to C code, 

compile + link with your heap manager
● Stress test or tune using real data 
● Tuned glibc parameters with Magpie or 

CMA-ES
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rand_malloc
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● Collect heap usage by target (gem5) using 
Valgrind’s dhat

● rand_malloc real alloc/free in random order
– uses real alloc size and scaled duration 

(default 500x)

● Use a subset or every new/delete



gem5 heap size/simulation steps
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gem5 heap size/simulation steps

● Range of sizes 1 byte to 3MB
● Huge range of very variable durations

– (55 instructions, modeled as zero) to 
– whole gem5 run duration 8.5 million simulation 

steps.

● gem5 continuously adds/removes (stresses 
heap memory manager) whereas:
– GCC LLVM compilers, Z3, Redis free only at end
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Optimised glibc landscape
(1 dimensional slice of 3D space)
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Glibc 2.17 saving up to 188KBytes



Heap benchmarks

Program Lines of code

gem5 chip simulation 1,300,000

Z3 microsoft theorem 
prover

600,000

g++ compiler 15,000,000

LLVM clang compiler 2,900,000

Redis Ltd. data store 150,000

rand_malloc 256 (data 3,502,084)
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Conclusions
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 Not all SBSE search problems are hard.
 Genetic Improvement can be applied to software parameters as 

well as code. Eg glibc 37 run time parameters. Use any optimiser
 gem5 is a million+ lines but C++ 7 dimensional new/delete  

landscape is smooth, collapses to essentially one dimension 
broad good fitness valley (4 1017 solutions) large basin of attraction. 
Gives 11% heap reduction without loss of speed

 Other non-trivial C++ 
programs have similar 
smooth landscapes but 
tuning GNU glibc malloc 
gives only marginal 
improvement

 Magpie can tune 
parameters as well as 
multi-language code

4e17 = 400 Quadrillion
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