
Genetic improvement: Taking real-world 
source code and improving it using 

genetic programming
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What is Genetic Improvement 

A wordy definition:
Genetic Improvement is the application of search-based 
(typically evolutionary) techniques to modify software 

with respect to some user-defined fitness measure.

It’s just GP - BUT starting 
with a nearly complete 

program
[Wolfgang Banzhaf]
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What is Genetic Improvement 

GI Improve 
Functional 
Properties 

Improve non-
functional 
properties

Automatic 
Bug fixing

Feature 
Transplantatio

n

‘Grow 
and 

Graft’

Improve 
energy 

consumption

Improve 
Execution 

time
Auto-parallelisation

Improve 
memory 

consumption

Software 
Slimming

Genetic Programming overview

10

Genetic Programming: GI’s ROOTS GI forces “the full capabilities of 
programming languages”- side 
effects, ADFs, LOOPS
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Popular Science https://theconversation.com/computers-will-
soon-be-able-to-fix-themselves-are-it-
departments-for-the-chop-85632

https://theconversation.com/how-computers-
are-learning-to-make-human-software-work-
more-efficiently-43798

http://www.davidrwhite.co.uk/2014/11/27/ge
netic-programming-has-gone-backwards/
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http://www.davidrwhite.co.uk/tag/
genetic-programming/

Competent Programmers Hypothesis Plastic Surgery Hypothesis. 
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Representations of PROGRAMS Objectives

Multi-Objective  Slow connections….……………………………………………………………………………………………………………………......
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GISMOE EDIT Operators – changes to programs

GI: An example of execution time 
optimisation

Start

delay() if a + b < c

INVALID
if a == b and b 

==c

EQUALATERAL if a==b or b==c

ISOCELES SCALINE

GI: An example of automated bug 
fixing

Start

if a + b < c

INVALID if a == b and b 
==c

ISOCELES if a==b or b==c

EQUALATERAL SCALINE
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System Diagram for Gen-O-Fix

Gen-O-Fix: Abstract Syntax Trees AST - scala
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GI Hashcode tuning Some GP Settings
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Distribution of Hashcodes

Fixing Bugs and other examples Fixing bugs
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Janus Manager
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4 different types of implemented Edits Copy

Delete Swap
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Replace Replace -- extra

A list of edits makes a suggestion A list of edits makes a suggestion
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A list of edits makes a suggestion A list of edits makes a suggestion

A list of edits makes a suggestion Summary
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Faster
The software

http://www.genabel.org/packages/ProbABEL

The GI setup Results
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Results

Improving CUDA DNA Analysis Software with 
Genetic Programming (2015)
W.B. Langdon , B.Y.H. Lam , J. Petke & M. Harman

A 50,000 line 
system

•Bowtie2, a DNA sequence
alignment/sequence analysis tool

•Using Genetic Improvement, Harman 
and Langdon were capable of 
increasing performance 70x.
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Automatic Bug fixing — GenProg

Source 
code

Converted to AST

Test cases

Spectrum-based 
fault localisation
(e.g. LOC visited in 

only a buggy case 
high weight)

Mutation 
Operators:

Deletion
Replace

Copy

Fitness = number of 
passed test cases

g gg ggg gAuAuAAuAuAuAuAuAuAuAuAuAuAAuAuAuAAuAAuAuAAAAuAuAuuAuuuAuuuAuAuuAAAAuAAAuAuAuAuAuAuAuAuuuAuuuAAuAAAAAuAuAAuAAAuAuuuuuuAuAuuuuuAuAuAuAuAuAuAuAuAAAAuuAuAuuuuAAAAuuAAAAAAuuuAuAAAuuuutotototototototototttottotttootootooootottottototttotooooootoooooototttttoooooooootoootootttotttoooototttoooottoottt mamamamamamamamamammmamamaamammmmmamamamaamaamammmammmammamamaamamamamamammmaamammmmammamaaammammmaaammmmmmammmmmamaaammmmammamammmmammammamaammmmmmmmaaaammmmmmmammammmmmamammmm tititititittitittttititittittttittttittttttttttittittttttittiiititttittiiitittttiitiittttitiittttitttiiiiiccccccccccccccccccccccccccccccccccccccccccccccccccccccccccccccccccccccccccccccc BuBuBuBuBuBuBuBuBuBuBuuBuBuBuBuBuuuuBuuBuuBuBuBuBuBuuuuBuBuBuBuuuBuuBuuBuBuBuBuuBuuBuuuBuBuBuuBuBuuuBuBBuBuuBuuuBuBuBBBBuBBuuuBuBuuBuBuBuuuuuuuuBBuBBuBBBuuuuuuBBuuBuBBBBuuuBBBBBBuBuBBBuBBuuBBBuugggggggggggggggggggggggggggggggggggggggggggggggggggggggggggggggggggggggggggggggggg gg ggg gggg gg ggg ggggg g gg gggggggg ggggggggggggg fififififififififfififififfifififffiffifffiffififfifififfififiififififfififfifiiiffffifififiifffffiiiiiififiiifififiifiiififffiffiiifffifiixixixixixixixixixixixxixixxixixixxixixixixiixixixixixixxixixixxxxxxixxixiixxixixxxixixxixixxxxxixiixixixxxixxxxixiiixiixxxixxxixxxiiixxxxxxxxxiixiixxixxxiixixiixxixiiixxxxxiiixixiingngngngngngngngngnggngngnggnggngngngnggngngnggngngngnggngngngngnngngngggngnngngngngngngngngngnngngngnggnggngnggngnnnngngnnngnnnngggngngggnnngngngggnggngngnngnngngngngggngggnnngnnngggggngnnngggngngnggngngngngngngggnnggggggggggggg AAuAuAuAuAuAuAuAAuAuAAAuAAuAAuuAAuAAuAAuAAAAuAAAAAAAAuAAuAuuAuuuAuuAuuuuAAuAAAAAAuAuAAuuuuAuuuuuuuuAAAAAAuuuuuu otoootoooooottotoottttotototttototooootootttttottooooooooooottttttotttooooooooooommmmamammmammmaammammammmamamammmmmmmmmammmamammmmmmmmmmmmmmmmmmmamammamammaaatiitttiittttttittittititttiittitittit ccccccccccccccccccccccccccccccccccc BBBuBBuBuBBBBBBBBuBuBBBBBBB ggggggggAuAuAuAuAuAuuAAAuAuuuAuAuAuAuAuuAuAuAuuuAuAuuAuAuAuAAuAuAuAuAAAuAuuuAAAAAAuAuAAuuAuuuAuuAAuAAAAAAAuAuuuuuAAAAAAAuuuuuuuuuutoototttototttotttooootototoootooooooooootottttttooootooooooootttttoooooooooommmmmammammmmamammmmmamammmamammammmammmmmmammammamammmmmmamammmmmmmmmaaaammmmmmmmmammmamamamamamatitttittiititittttttitiiiittttitittittiiiiiccccccAuAuAuAuAAuAuAuuAuAAuuuAAuAuAAuAuuAuuuAuAAAAAAuAAuAAuAuAAAAAAuAuAuAuuAAAAAAAAAAAuuuuuAAAAA otottttottttoooootoooooottoooooototooooooommmmmmmmammmmmmmamammmmmmmammmmamammmaammmmmmmmammmmmmammammaaatiittttttttiiitiitttittittititititttttiitttttttiiiicccccccccccccccccccccccccccccccccccc BBB ggggggggggggggggggggggggggggg ggggggggggggggggggggg ——————————————————————————————————————————————————— gGeGeGeGeGeGeGeGeGeGeGeGeGeGeGeGeGeGeGGGeGeGeGeGeeeeGeGeeGGeGGeGGeGeGGGGGGeGeGeGeGeGGeGeeeeGeeeeGeGeGGGGeGGGGGeGGeGeGeGeGeeGeGeGeGeGeGeeGGGGGeeeGeGGeGeeGeGGeGGGGGeGeeeeGGGeGeeGGGGGeGGeGeeGeGGeeGGGGG nPnPnPnPnPnPnPnPnPnPPnPnPnPnPPPnPnPnPnnPnPnPnPPPPnPnPnnPnPPnPnPPPnPPPnnPnPnPPnPnPnPnnPnPnPPnPPPnPPPPPnnnnPnnnPPPnPnPnnPnnPnPPnPPPPnPnnPnPPPnPPPPPPnPPPnPPnnnPPPPPnPPnnnPPnnPPPPPPPPPPnnn rororororororoororororororrrorrrrororrroroororororororororrororrorrororororoororoorooororororrrrororrorooorrrorroorooroooooororrorrrooroorrroooooorrooooorrooroooooooooooggggggggggggggggggggggggggggggggggggggggggggggggggggggggggggggggggggggggggggggggggggggggggggggggggggggggggggggggggggggggg

• Where an adequate test 
suite is provided, GenProg 
has been shown to fix real-
world bugs 

• It has inspired a variety of 
alternative frameworks,
most of which claim to 
outperform GenProg

Featured in: FF dd ii

Donor Host

English to Korean;
English to Portuguese

Face 
Detec
tion

Face

Not A Face

Face 
Detec
tion

Face

Not A Face

Integer 
Literals 

extracted

221 25To a genotype

Multi-objective 
optimisation
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Face 
Detec
tion

Face

Not A Face

Integer 
Literals 

extracted

221 25To a genotype

Multi-objective 
optimisation

Original: 191s, 1.04% inaccuracy
99s (48% decrease), 1.8% inaccuracy
68s (64% decrease), 5.4% inaccuracy
46s (76% decrease), 15.4% inaccuracy

Phd Theses

Relationship to other fields GI & 
Benchmarking
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Measuring Energy

Towards Rigorous Validation of Energy 
Optimisation Experiments

Growth of papers

How will it continue…???

Source of Genetic Material
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• Hard!

• NFL not really valid for GP, and therefore GI.
• Why – because many programs share same functionality. 

=> GI will remain empirical for years to come 

Theory

Bobby R. 
Bruce

Bobby R.
Bruce

BREAKDOWN
papers by application

Grant Writing Websites
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Starting point – POP science, GIN, Survey 

Get involved with
GI in No time - or GIN

Available at 
https://github.com/gintool/gin

v2.0 published in June 2019
“Gin: Genetic Improvement Research 

Made Easy” (GECCO 2019)

(Inaugural paper at 
GI@GECCO 2017)

The inaugural paper 
official V2.0 released on 12 June 2019: 
https://github.com/gintool/gin/releases
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“Stupidly simple”

Genetic Improvement Gin’s Goals
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Gin Design
What’s in Gin?

Vanilla GIN: Neighbourhood search

Source-code AST AST
Optimised 

Source

Apply Patch

Better than before?

End?

Converted to Converted to

JUnit Test 
Cases

Run Revert

No

Yes

Yes

No

Gin Pipelines

809



Vanilla GIN
Version 2.0:

gradle/maven support, 
various types of edits,

profiler to find “hot” methods,
various samplers, ...

Vanilla GIN
Version 1.0

Gin v2 Core Classes

Edits Edits
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Example edits Patch Evaluation

An analogy: video editing.
Here: Gin Compiles and Reloads on-
the-fly

Sampling and 
Searching
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Sampling Local search

-bash-4.1$ java -jar build/gin.jar gin.LocalSearch -filename examples/triangle/Triangle.java -m "classifyTriangle(int, int, int)"

Local search, output
-bash-4.1$ java -jar build/gin.jar gin.LocalSearch -filename examples/triangle/Triangle.java -m "classifyTriangle(int, int, int)"
2020-04-10 04:36:41 gin.LocalSearch.search() INFO: Localsearch on file: examples/triangle/Triangle.java method: classifyTriangle(int, int, int)
2020-04-10 04:36:44 gin.test.InternalTestRunner.runSingleTest() WARNING: Possible hanging threads remain after test
2020-04-10 04:36:59 gin.LocalSearch.search() INFO: Original execution time: 1646971219ns

Local search, output
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-bash-4.1$ java -jar build/gin.jar gin.LocalSearch -filename examples/triangle/Triangle.java -m "classifyTriangle(int, int, int)"
2020-04-10 04:36:41 gin.LocalSearch.search() INFO: Localsearch on file: examples/triangle/Triangle.java method: classifyTriangle(int, int, int)
2020-04-10 04:36:44 gin.test.InternalTestRunner.runSingleTest() WARNING: Possible hanging threads remain after test
2020-04-10 04:36:59 gin.LocalSearch.search() INFO: Original execution time: 1646971219ns
2020-04-10 04:36:59 gin.LocalSearch.search() INFO: Step: 1, Patch: | gin.edit.line.ReplaceLine examples/triangle/Triangle.java:5 ->
examples/triangle/Triangle.java:23 |, Failed to compile

Local search, output
-bash-4.1$ java -jar build/gin.jar gin.LocalSearch -filename examples/triangle/Triangle.java -m "classifyTriangle(int, int, int)"
2020-04-10 04:36:41 gin.LocalSearch.search() INFO: Localsearch on file: examples/triangle/Triangle.java method: classifyTriangle(int, int, int)
2020-04-10 04:36:44 gin.test.InternalTestRunner.runSingleTest() WARNING: Possible hanging threads remain after test
2020-04-10 04:36:59 gin.LocalSearch.search() INFO: Original execution time: 1646971219ns
2020-04-10 04:36:59 gin.LocalSearch.search() INFO: Step: 1, Patch: | gin.edit.line.ReplaceLine examples/triangle/Triangle.java:5 ->
examples/triangle/Triangle.java:23 |, Failed to compile
2020-04-10 04:36:59 gin.LocalSearch.search() INFO: Step: 2, Patch: | gin.edit.line.DeleteLine examples/triangle/Triangle.java:36 |, Failed to compile
2020-04-10 04:36:59 gin.LocalSearch.search() INFO: Step: 3, Patch: | gin.edit.line.DeleteLine examples/triangle/Triangle.java:19 |, Failed to compile
2020-04-10 04:36:59 gin.LocalSearch.search() INFO: Step: 4, Patch: | gin.edit.line.DeleteLine examples/triangle/Triangle.java:28 |, Failed to pass all tests
2020-04-10 04:36:59 gin.LocalSearch.search() INFO: Step: 5, Patch: | gin.edit.line.ReplaceLine examples/triangle/Triangle.java:38 ->
examples/triangle/Triangle.java:35 |, Failed to compile
2020-04-10 04:36:59 gin.LocalSearch.search() INFO: Step: 6, Patch: | gin.edit.line.DeleteLine examples/triangle/Triangle.java:17 |, Failed to compile
2020-04-10 04:37:00 gin.LocalSearch.search() INFO: Step: 7, Patch: | gin.edit.line.CopyLine examples/triangle/Triangle.java:34 ->
examples/triangle/Triangle.java:13 |, Failed to compile
2020-04-10 04:37:00 gin.test.InternalTestRunner.runSingleTest() WARNING: Possible hanging threads remain after test
2020-04-10 04:37:00 gin.test.InternalTestRunner.runSingleTest() WARNING: Possible hanging threads remain after test
2020-04-10 04:37:00 gin.LocalSearch.search() INFO: Step: 8, Patch: | gin.edit.line.SwapLine examples/triangle/Triangle.java:27 <->
examples/triangle/Triangle.java:10 |, Failed to pass all tests

...

2020-04-10 04:36:26 gin.LocalSearch.search() INFO: Step: 96, Patch: | gin.edit.line.DeleteLine examples/triangle/Triangle.java:10 | gin.edit.line.SwapLine 
examples/triangle/Triangle.java:8 <-> examples/triangle/Triangle.java:14 |, Failed to compile
2020-04-10 04:36:28 gin.LocalSearch.search() INFO: Step: 97, Patch: |, Time: 1647522167ns
2020-04-10 04:36:28 gin.LocalSearch.search() INFO: Step: 98, Patch: | gin.edit.line.DeleteLine examples/triangle/Triangle.java:10 | gin.edit.line.CopyLine 
examples/triangle/Triangle.java:51 -> examples/triangle/Triangle.java:26 |, Failed to compile
2020-04-10 04:36:29 gin.LocalSearch.search() INFO: Step: 99, Patch: |, Time: 1648831018ns
2020-04-10 04:36:29 gin.LocalSearch.search() INFO: Step: 100, Patch: | gin.edit.line.DeleteLine examples/triangle/Triangle.java:10 | gin.edit.line.SwapLine 
examples/triangle/Triangle.java:39 <-> examples/triangle/Triangle.java:29 |, New best time: 38744892(ns)

Local search, output

-bash-4.1$ java -jar build/gin.jar gin.LocalSearch -filename examples/triangle/Triangle.java -m "classifyTriangle(int, int, int)"
2020-04-10 04:36:41 gin.LocalSearch.search() INFO: Localsearch on file: examples/triangle/Triangle.java method: classifyTriangle(int, int, int)
2020-04-10 04:36:44 gin.test.InternalTestRunner.runSingleTest() WARNING: Possible hanging threads remain after test
2020-04-10 04:36:59 gin.LocalSearch.search() INFO: Original execution time: 1646971219ns
2020-04-10 04:36:59 gin.LocalSearch.search() INFO: Step: 1, Patch: | gin.edit.line.ReplaceLine examples/triangle/Triangle.java:5 ->
examples/triangle/Triangle.java:23 |, Failed to compile
2020-04-10 04:36:59 gin.LocalSearch.search() INFO: Step: 2, Patch: | gin.edit.line.DeleteLine examples/triangle/Triangle.java:36 |, Failed to compile
2020-04-10 04:36:59 gin.LocalSearch.search() INFO: Step: 3, Patch: | gin.edit.line.DeleteLine examples/triangle/Triangle.java:19 |, Failed to compile
2020-04-10 04:36:59 gin.LocalSearch.search() INFO: Step: 4, Patch: | gin.edit.line.DeleteLine examples/triangle/Triangle.java:28 |, Failed to pass all tests
2020-04-10 04:36:59 gin.LocalSearch.search() INFO: Step: 5, Patch: | gin.edit.line.ReplaceLine examples/triangle/Triangle.java:38 ->
examples/triangle/Triangle.java:35 |, Failed to compile
2020-04-10 04:36:59 gin.LocalSearch.search() INFO: Step: 6, Patch: | gin.edit.line.DeleteLine examples/triangle/Triangle.java:17 |, Failed to compile
2020-04-10 04:37:00 gin.LocalSearch.search() INFO: Step: 7, Patch: | gin.edit.line.CopyLine examples/triangle/Triangle.java:34 ->
examples/triangle/Triangle.java:13 |, Failed to compile
2020-04-10 04:37:00 gin.test.InternalTestRunner.runSingleTest() WARNING: Possible hanging threads remain after test
2020-04-10 04:37:00 gin.test.InternalTestRunner.runSingleTest() WARNING: Possible hanging threads remain after test
2020-04-10 04:37:00 gin.LocalSearch.search() INFO: Step: 8, Patch: | gin.edit.line.SwapLine examples/triangle/Triangle.java:27 <->
examples/triangle/Triangle.java:10 |, Failed to pass all tests

...

2020-04-10 04:36:26 gin.LocalSearch.search() INFO: Step: 96, Patch: | gin.edit.line.DeleteLine examples/triangle/Triangle.java:10 | gin.edit.line.SwapLine 
examples/triangle/Triangle.java:8 <-> examples/triangle/Triangle.java:14 |, Failed to compile
2020-04-10 04:36:28 gin.LocalSearch.search() INFO: Step: 97, Patch: |, Time: 1647522167ns
2020-04-10 04:36:28 gin.LocalSearch.search() INFO: Step: 98, Patch: | gin.edit.line.DeleteLine examples/triangle/Triangle.java:10 | gin.edit.line.CopyLine 
examples/triangle/Triangle.java:51 -> examples/triangle/Triangle.java:26 |, Failed to compile
2020-04-10 04:36:29 gin.LocalSearch.search() INFO: Step: 99, Patch: |, Time: 1648831018ns
2020-04-10 04:36:29 gin.LocalSearch.search() INFO: Step: 100, Patch: | gin.edit.line.DeleteLine examples/triangle/Triangle.java:10 | gin.edit.line.SwapLine 
examples/triangle/Triangle.java:39 <-> examples/triangle/Triangle.java:29 |, New best time: 38744892(ns)
2020-04-10 04:36:29 gin.LocalSearch.search() INFO: Finished. Best time: 38744892 (ns), Speedup (%): 97.64, Patch: | gin.edit.line.DeleteLine
examples/triangle/Triangle.java:10 |

Local search, output
-bash-4.1$ cat examples/triangle/Triangle.java
public class Triangle {

static final int INVALID = 0;
static final int SCALENE = 1;
static final int EQUALATERAL = 2;
static final int ISOCELES = 3;

public static int classifyTriangle(int a, int b, 
int c) {

delay();

// Sort the sides so that a <= b <= c
if (a > b) {
int tmp = a;
a = b;
b = tmp;
}

if (a > c) {
int tmp = a;
a = c;
c = tmp;
}

if (b > c) {
int tmp = b;
b = c;
c = tmp;
}

if (a + b <= c) {
return INVALID;
} else if (a == b && b == c) {
return EQUALATERAL;
} else if (a == b || b == c) {
return ISOCELES;
} else {
return SCALENE;
}

}

private static void delay() {
try {
Thread.sleep(100);
} catch (InterruptedException e) {

}
}

}

-bash-4.1$ cat examples/triangle/Triangle.java.optimised
public class Triangle {

static final int INVALID = 0;
static final int SCALENE = 1;
static final int EQUALATERAL = 2;
static final int ISOCELES = 3;

public static int classifyTriangle(int a, int b, 
int c) {

// Sort the sides so that a <= b <= c
if (a > b) {
int tmp = a;
a = b;
b = tmp;
}

if (a > c) {
int tmp = a;
a = c;
c = tmp;
}

if (b > c) {
int tmp = b;
b = c;
c = tmp;
}

if (a + b <= c) {
return INVALID;
} else if (a == b && b == c) {
return EQUALATERAL;
} else if (a == b || b == c) {
return ISOCELES;
} else {
return SCALENE;
}

}

private static void delay() {
try {
Thread.sleep(100);
} catch (InterruptedException e) {

}
}

}
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Generating tests and Profiling Build tool integration

Examples with jCodec (maven 
project)

Examples with jCodec (maven 
project)
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Examples with jCodec (maven 
project)

Examples with jCodec (maven 
project)

Gin
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Genetic Improvement  
vs 

Genetic Programming

PUTTING IT ALL TOGETHER

Questions?

Sæmundur (Saemi) Haraldsson <soh@cs.stir.ac.uk>
John Woodward <j.woodward@qmul.ac.uk>

Markus Wagner <markus.wagner@adelaide.edu.au>
Alexander Brownlee <alexander.brownlee@stir.ac.uk>

Brad Alexander <bradley.alexander@adelaide.edu.au>
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