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Refactoring:   We need to optimise for all metrics M1,..., Mn

All have been addressed in the SBSE literature
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Mark Harman: ETAPS 2010 Keynote paper
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82

Just some of the many
SBSE applications

Agent Oriented
Aspect Oriented 
Assertion Generation
Bug Fixing
Component Oriented
Design
Effort Estimation 
Heap Optimisation
Model Checking
Predictive Modelling
Probe distribution
Program Analysis
Program Comprehension
Program Transformation
Project Management
Protocol Optimisation
QoS
Refactoring
Regression Testing 
Requirements 
Reverse Engineering
SOA
Software Maintenance and Evolution
Test Generation
UIO generation
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Tutorial Paper

Mark Harman, Phil McMinn, Jerffeson Teixeira de Souza and Shin Yoo. 
Search Based Software Engineering: Techniques, Taxonomy, Tutorial. 

in LNCS 7007. 
Editors: Bertrand Meyer and Martin Nordio. 

google: search based software engineering tutorial

PDF also freely available on my website
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Functional 
Requirements

Non-Functional 
Requirements

Which requirements are essential to human ?

humans have to 
define these

a machine can 
optimise these
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Pickering’s Harem

This is what 
computers looked like

100 years ago

Dilbert’s Cube Farm

This is what 
programmers look like

today
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Dynamic Adaptive SBSE

Compile SBSE into deployed Software

First achieve “Static Adaptive SBSE!”
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Dynamic Adaptive SBSE

Compile SBSE into deployed Software

... what’s the difference between ASE and ESEM keynote?
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Static Adaptive SBSE

Dynamic Adaptive SBSEESEM 2012 Keynote

ASE 2012 Keynote
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Dynamic Adaptive SBSE

Compile SBSE into deployed Software

... where’s the evidence that this is feasible?
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Exciting evidence ...
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A. Arcuri and X. Yao. A Novel 
Co-evolutionary Approach to Automatic Software Bug Fixing. (CEC ’08)
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Bug Fixing

GPGP

A. Arcuri and X. Yao. A Novel 
Co-evolutionary Approach to Automatic Software Bug Fixing. (CEC ’08)

C. L. Goues, M. Dewey-Vogt, S. Forrest, and W. Weimer. A systematic study of 
automated program repair: Fixing 55 out of 105 bugs for $8 each. (ICSE‘12)

C. Le Goues, T. Nguyen, S. Forrest, and W. Weimer. GenProg: A generic method 
for automatic software repair. （TSE’12）

 W. Weimer, T. V. Nguyen, C. L. Goues, and S. Forrest. Automatically finding 
patches using genetic programming. In International Conference on Software 
Engineering (ICSE‘09)
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Bug Fixing

GPGP

A. Arcuri and X. Yao. A Novel 
Co-evolutionary Approach to Automatic Software Bug Fixing. (CEC ’08)

C. L. Goues, M. Dewey-Vogt, S. Forrest, and W. Weimer. A systematic study of 
automated program repair: Fixing 55 out of 105 bugs for $8 each. (ICSE‘12)

C. Le Goues, T. Nguyen, S. Forrest, and W. Weimer. GenProg: A generic method 
for automatic software repair. （TSE’12）

 W. Weimer, T. V. Nguyen, C. L. Goues, and S. Forrest. Automatically finding 
patches using genetic programming. In International Conference on Software 
Engineering (ICSE‘09)

The original program 
serves as an ideal oracle 
for the re-evolution of 
fragments of new code. 

“

”
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Evolving a CUDA kernel from an nVidia template (CEC'10)
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GPGP

W. B. Langdon and M. Harman
Evolving a CUDA kernel from an nVidia template (CEC'10)

__device__ int kernel978(const uch *g_idata, const int strstart1, const int strstart2) 
{ 
int thid = 0; 
int pout = 0; 
int pin = 0 ; 
int offset = 0; 
int num_elements = 258; 
 for (offset = 1 ; G_idata( strstart1+ pin ) == G_idata( strstart2+ pin ) ;offset ++ ) 
{ 
if(!ok()) break; 
thid = G_idata( strstart2+ thid ) ; 
  pin = offset ; 
} 
return pin ; 
} 

Blue  - fixed by template. 
Black - default 

Red  - evolved 
Grey – evolved but no impact. 

GPU
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GPGP

W. B. Langdon and M. Harman
Evolving a CUDA kernel from an nVidia template (CEC'10)

__device__ int kernel978(const uch *g_idata, const int strstart1, const int strstart2) 
{ 
int thid = 0; 
int pout = 0; 
int pin = 0 ; 
int offset = 0; 
int num_elements = 258; 
 for (offset = 1 ; G_idata( strstart1+ pin ) == G_idata( strstart2+ pin ) ;offset ++ ) 
{ 
if(!ok()) break; 
thid = G_idata( strstart2+ thid ) ; 
  pin = offset ; 
} 
return pin ; 
} 

Blue  - fixed by template. 
Black - default 

Red  - evolved 
Grey – evolved but no impact. 

Code can be re-evolved 
from one environment to an 
entirely new environment 
and programming language.

“

”

GPU
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Functional Requirements

D. R. White, J. Clark, J. Jacob, and S. Poulding. 
Searching for resource-efficient programs: Low-power pseudorandom number 
generators (SEAL 2008)
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Searching for resource-efficient programs: Low-power pseudorandom number 
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D. R. White, J. Clark, J. Jacob, and S. Poulding. 
Searching for resource-efficient programs: Low-power pseudorandom number 
generators (SEAL 2008)

Functional properties are 
‘just another optimisation 
objective’, like non-
functional properties.

“

”
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before one is writing unique code

M. Gabel and Z. Su. 
A study of the uniqueness of source code. (FSE 2010)
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                             500,000,000 LoC
one has to write approximately 6 statements 
before one is writing unique code

M. Gabel and Z. Su. 
A study of the uniqueness of source code. (FSE 2010)

The space of candidate 
programs is far smaller 
than we might suppose.

“

”
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Dynamically Discovering 
Static Truths

Program
Test casesTest casesTest cases Invariants

M. D. Ernst. Dynamically Discovering Likely Program Invariants. 
PhD Thesis, University of Washington, 2000.

M. D. Ernst, J. Cockrell, W. G. Griswold, and D. Notkin. Dynamically discovering likely 
program invariants to support program evolution. IEEE Transactions on Software 
Engineering, 27(2):1–25, Feb. 2001.
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Dynamically Discovering 
Static Truths

Program
Test casesTest casesTest cases Invariants

M. D. Ernst. Dynamically Discovering Likely Program Invariants. 
PhD Thesis, University of Washington, 2000.

M. D. Ernst, J. Cockrell, W. G. Griswold, and D. Notkin. Dynamically discovering likely 
program invariants to support program evolution. IEEE Transactions on Software 
Engineering, 27(2):1–25, Feb. 2001.

A small amount of dynamic 
information is sufficient to 
approximate (and sometimes 
precisely capture) static 
information.

“

”
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Latest CREST results
Bowtie2: real program of 50,000 LoC

39 files, 20,000 LoC in main code

data structures, modules, file access ...

Evolved E_Bowtie2

70 times faster om average

and a modest functional improvement
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Pictures used with thanks from these sources

Pickering's Harem: [Public domain], via Wikimedia Commons

BBC_Micro: [Public domain], via Wikimedia Commons

Programmer: undesarchiv, B 145 Bild-F031434-0006 / Gathmann, Jens / CC-BY-SA [CC-BY-SA-3.0-de (http://
creativecommons.org/licenses/by-sa/3.0/de/deed.en)], via Wikimedia Commons

IBM PC: By Boffy B (Own work) [GFDL (http://www.gnu.org/copyleft/fdl.html) or CC-BY-SA-3.0-2.5-2.0-1.0 
(http://creativecommons.org/licenses/by-sa/3.0)], via Wikimedia Commons

IMac: By Matthieu Riegler, Wikimedia Commons [CC-BY-3.0 (http://creativecommons.org/licenses/by/3.0)], 
via Wikimedia Commons

test tubes from http://commons.wikimedia.org/wiki/File:50ml_Falcon_tubes-02.jpg

chemical plant from http://commons.wikimedia.org/wiki/File:Chemical_Plant_Western_Reclamation.jpg

ZXSpectrum16k/48k By Bill Bertram (Own work) [CC-BY-SA-2.5 (http://creativecommons.org/
licenses/by-sa/2.5)], via Wikimedia Commons

Clouds:  By jackietran  [Creative Commons Attribution-Noncommercial 3.0 Unported License]

Agile: By Devon Fyson [CC-BY-SA-3.0 (http://creativecommons.org/licenses/by-sa/3.0)], via Wikimedia Commons

Human and Monkey: Ekman P, Friesen WV, Hager JC. Facial Action Coding System. Salt Lake City: Research Nexus; 2002.omologous facial 
movements in a human (Ekman et al., 2002)

jet engine from http://commons.wikimedia.org/wiki/File:Jet_engine_numbered.svg under GPL and from http://
commons.wikimedia.org/wiki/File:Jet_Engine_SR-71.jpg under wikimedia commons
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