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Genetic Improvement
of Software

human writes code computer improves it

—

Justyna Petke

WHAT 18 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]



WHAT 1s GENETIC IMPROVEMENT
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Aim — to discover new programs by telling the computer what we want it
to do, but not how we want it to do it — John Koza

How — we evolve computer programs using natural selection.
Starts from scratch (empty program)

Choose primitives (terminal set/FEATURES and function set)
Choose representation (tree based, graph based, linear e.g. CGP)
Choose fitness function, parameters, genetic operators.
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GP vs Gl: if you can’t beat them, join them.

John R. Woodward

Colin G.Johnson Alexander E.|. Brownlee

University of Stirling University of Kent University of Stirling
Stirling Stirling
Scotland, United Kingdom England, United Kingdom Scotland, United Kingdom
jrw@cs.stir.ac.uk C.G.Johnson@kent.ac.uk sbr@cs.stir.ac.uk
ABSTRACT (procedures, methods, macros, routines), and so

Genetic Programming (GP) has been criticized for target-
ing irrelevant problems (121, and is true of the wider machine
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pular Science 5://fheconversation.com/computers-will-
eeasy to digest articles for non-specialists. soon-be-able-to-fix--themselves-are-it-
departments-for-the-chop-85632

Computers will soon be able to fix

themselves - are IT departments for ?
the chop? IT H
’ Saemundur Harasdsson
‘ ...............
t - & ohe R W

5s://theconversation.com/how-computers- o1/ /www.davidrwhite.co.uk/2014/11/27/ge
are-learning-fo-make-human-software-work- netic-programming-has-gone-backwards/
more-efficiently-43798

How computers are learning to make
human software work more efficiently

Genetic Programming has gone Backwards
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Genetic Programming has gone Backwards | David R. White
www.davidrwhite.co.uk/2014/11/27/genetic-programming-has-gone-backwards/ v
Genetic Improvement: the SLory so rar

1. programmers write programs that are almost perfect.

1. program faults are syntactically small (slip of finger, T/F)
1. corrected with a few keystrokes. (e.g. < for <=)

1. GI can find small patches.

1. Small changes are non-unique ( write 7 lines code, or utter 7 words
before they're unique)

mpetent Programmers Hypothesis
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Never mind the iPhone X, battery life
could soon take a great leap forward

Authors

‘ Alexander Brownlee

M\  Jerry Swan

sfic Surgery Hypofhesis.

the content of new code can often be assembled
out of fragments of code that already exist.

Barr et al. [71] showed that changes are 43% graftable from the exact
version of the software being changed.

The Plastic Surgery Hypothesis: Changes to a codebase contain snippets
that already exist in the codebase at the time of the change, and these
snippets can be efficiently found and exploited.

THE CODE CONTAINS SOLUTIONS - CANDIDATE PATCHES



presentations of PROGRAMS

Natural Representation of CODE

1. Text files e.g. Program.java is a text file. Saemi.
2. Abstract syntax tree (AST) — Genprog, Genofix.
3. Java byte code (also C binaries) [102]

1. Errors, compile, halting (Langdon - discard)

I-Objective

e Seems be convex

e— simple argument (see pic)
o Can provide a set of programs e
eweighted sum of objectives? 5
eweight has meaning to user. ¥ 1%
o Will there be elbow/knee points?
0% {8 ™
50 100%
(T Energy reductiol
No error Human acceptable
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jectives

e Functional (logical properties)
® Accuracy e.g. as in machine learning - FLOAT
e Number of bugs — as measured against a set of test cases. BOOLEAN
e New functionality - e.g.

e Non-functional (physical properties)
e Execution time
e Energy (power consumption — peak/average)
® Memory
o Bandwidth
o Multi-objective
o Trade-offs, convex, a set of programs = a single tuneable program

OW connections.

Loading Gmail

Loading standard view | Load basic HTML (for siow connections)



The GISMOE challenge:

to create an automated program
development environment in
which the Pareto program surface
is automatically constructed to
support dialog with and decision
making by the software designer
concerning the trade offs present it
the solution space of programs for o
a specific programming problem.

Figure 1: The GISMOE Pareto Program Surface

GI. AN EXAMPLE OF EXECUTION TTME
OPTIMISATION

static final int INVALID = &;
't SCALENE = 1;

T EQUALATERAL » 2;
t ISOCELES = 3;

public static

int classifyTriangle(int a, int b, int e) {
delay()
delayl); i

< b &b <)

INVALID

3 EQUALATERAL

if a==b or b==c

rivate statie vole delay() (
tey

Thread.sleep(100);
} caten (InterruptedException e) {

SOCELES
// do nothing o

SCALINE
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DIT Operators — changes to programs

eLine level

eSingle Character level

e Function/module level.

o AST - GIN, Gen-0-fix, genprog,
®Java — machine code —java byte code.

oLIST OF EDITS IS A PATCH.

FIXING

c 1 int INVALID = 9;
stot t SCALENE = 1;
t EQUALATERAL = 2;
t ISOCELES = 3;

ot classifyTriangle(int a, int B, Int ¢) {

t(a <= b 8 b <= c);
*be=c){
INVALIO;

i 7 A
wb || bwec){ INVALID

0 EQUALATERAL;

return SCALENE;

: ISOCELES if a=—b or b——c

v {

Thread.sleep(100);
} cateh (InterruptedException e) {
// do nothing

EQUALATERAL

SCALINE




Neutral - structure
networks Hill
Graceful cl;mber
degradation

Fig. 1. Local optima network of the Triangle Program using 100 random starts
(see Section 4.4). Edges are coloured if they start and end at the same fitness.
Insert shows fitness levels edge on. Best (bottom) red 0 (pass all tests), pink 1
(fail only one test), green 2, purple 3, orange 4, brown 5.

__Gen-O-Fix: Abstract ;);l;nax Trees _AST- scala

Main features of framework are

1. Embedded adaptively. Code as data, data as code.
2. Minimal end-user requirements. // code to data:
1. Initial source code: location of Scala source code file var m= 2; var x = 3; var ¢ = 4

containing a function

5 Fitness fuacti di ¢ evaluati val expr = reify( (m* x ) + ¢ )

. 1mess runction: providing a means or evaluatin, . " "

thequalityofsyslzem & & println( "AST = " + showRaw( expr.tree ) )

3. Source to source transformations 17 otitpiki

4. Operates on ASTs (i.e. arbitrarily fine). AST = Apply( Select (Apply(Select(Select(ldent("m"),

"elem”),"$times" ), List(Select(ldent("x")),
"elem”)))," $plus”),List(Select(ldent("c"),"elem”)))
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Gen-O-Fix Wab-service Dashboard - Mozills Firefox

e l;:eu‘mmwmmMHﬂn
L = <|Q O | csast., |Elscals- G |l The Scal... | « Scala (pr... | S Scala in .. | wAlessia... | @ Edit ... |DIGeting .. [Qbootstra., [$FTypesal.. | Ger x| & ¥
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cat
// run AST datatype as code: VAT e T /»dewgﬂv/‘“”/
println( "eval =" + expr.tree.eval() ) ' \ I

- il
// output:
eval = 10 R T

{ashcode tuning me GP Seftings
1. Hadoop provides a mapReduce L 1T eﬁ}giﬁ; )
implementation in Java. 2. Random integers [0, 100]

2. Equals method has to obey contract 2. Function set is

(Reflective, Symmetric, Transitive, ...) L. {+ %, XOR, AND}
. . 3. Fitness function: close to uniform distribution of
3. x.equals(y) implies hashCode(x)== hashes (uniform distribution is the ideal), over

hashCode(y). 10,000 instances.

4. hashCode method is an integer
function of a subset of an object's
fields

794



Fig. 1: The distribution of the hasheode values (top) and the distribution of the created
objects in hash buckets (bottom), generated by the Apache commons (left) and the
evolved function (right)

| Fixing Bugs and other examples

FIXIE =

EP/S005730/1

Saemundur O. Haraldsso

e Fixing bugs
Lancaster E=3
University ® °

e Making software faster

e Making software more accurate

'y P 0 I Brunel
\a@ perational Researc University

Queen Mary University of London London
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e Summary and Q&A
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Fixing bugs

A real world example of Gl in action

0. John R. , Alexander E. |. Brownlee, and Kristin
Siggeirsdottir. 2017. Fixing bugs in your sleep: how genetic improvement became an
overnight success. In Proceedings of the Genetic and Evolutionary Computation
Conference Companion (GECCO '17). ACM, New York, NY, USA, 1513-1520. DOI:
https://doi.org/10.1145/3067695.3082517

S. 0. Haraldsson, J. R. Woodward and A. I. E. Brownlee, "The Use of Automatic Test
Data Generation for Genetic Improvement in a Live System," 2017 IEEE/ACM 10th
International Workshop on Search-Based Software Testing (SBST), Buenos Aires,
2017, pp. 28-31. DOI: hitps://10.1109/SBST.2017.10

SOt 2017. ‘Genetic of Software: From Program
Landscapes to the Automatic Improvement of a Live System’, PhD thesis, University
of Stirling, Stiring. http:/hdl.handle net/1893/26007
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Janus Manager

When last user logs out Daytime

Night time
e Management system

for rehabilitation
e Web application
o Python source code
o >25K LOC
e ~200 users
o ~40 specialists
o 150-160 patients
o In use since March
2016

e 47 bugs automatically
fixed to date

1. Procedure 2.0
e Sorts and filters the
day’s exceptions

A=

User Input data

1
Input data
Caught exceptions

42

When last user logs out D:

ime Night time When last user logs out Daytime Night time
1. Procedure 2.0 started
e Sorts and filters the

day’s exceptions

1. Procedure 2.0 started
e Sorts and filters the

- day’s exceptions -
2. Procedure 3.0 ——— 2. Procedure 3.0 ———
e Emulates input data, e Emulates input data,
type, size and type, size and
structure. — == structure. — ==
e Produces test cases [ e Produces test cases |
I I
Il‘pllll data Il‘pllll data
Caught exceptions

Caught exceptions

43
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Procedure 3.0

‘name’"Random John Doe

—

e Procedure 4.0
e Genetic Improvement
e Pop.=50 patches
o fit.=#passed tests
e select="4 pop by fitness
e Output=report

When last user logs out

Inputs for new test cases
SN

€ ™ 1. Procedure 2.0 started

45

47

797

Sorts and filters the
day’s exceptions

2. Procedure 3.0

Emulates input data,

type, size and structure.

Produces test cases

3. Procedure 4.0

Genetic Improvement
Parallel process on the
server

Outputs report for
developer

e Procedure 4.0
e Genetic Improvement

Pop.= 50 patches
fit.= #passed tests

select= V2 pop by fitness

Output=report

Daytime Night time

Ao A

Developer
User Input data

]
Input data
Caught exceptions.

Datylog _
L
46
= //‘
50 different patches
v
Apply each patch
Run unit tests
Did any patch pass
all tests?
Are we out of time?
48



4 different types of implemented Edits Copy
-

Primitive types: # Delete Copy
e Copy e CTRL+C=>CIRL+V
e Equivalent to: : :
RS CIRLAY e Applied to whole lines
e Delete
e Almost what you think

e Some restrictions on what
lines can be copied
o Identified with regular

expressions
Composite types:
® Replace
e Copy + Delete
e Swap
e 2x Copy +2x Delete
49 50

Delete 4 Delete k Swap

e Adds “#” to beginning of line o Copies both lines above each
e “Comment” other

e Applied to whole lines e Then deletes the originals

e Some restrictions on what
lines can be commented out
e Identified with regular
expressions
e Can be reversed for
previously deleted lines
e “Uncomment”

e Applied to whole lines
e Like for like

51 52
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A list of edits makes a suggestion

Replace

e Copies one line above another

e Then deletes that line

e Reads like a recipe
e Step-by-step

o Automatically reduced
o Delta debugging

e Scrutinised by the developer

e Might change the recipe

53

users.participants.funcs.134,
users.participants.funcs.165

Delete

users.participants.funcs.166

users.participants.funcs.169,
users.participants.funcs.171

users.participants.funcs.183: >,

users.participants.funcs.183: >=

55
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A list of edits makes a suggestion

Replace -- extra

e Deep parameter tuning

e Operator specific replacement

e and numbers too

e From a list of equivalent
operators.

e Reads like a recipe
e Step-by-step

o Automatically reduced
o Delta debugging

e Scrutinised by the developer

e Might change the recipe

Replace K

54

users.participants.funcs.134,
users.participants.funcs.165

Delete
users.participants.funcs.166

users.participants.funcs.183: >,
users.participants.funcs.183: >=

56



A list of edits makes a suggestion

® Reads like a recipe
o Step-by-step

o Automatically reduced
o Delta debugging

e Scrutinised by the developer
e Might change the recipe

Delete
users.participants.funcs.166

Replace
users. partncnpants funcs. 183 >,
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A list of edits makes a suggestion

® Reads like a recipe
o Step-by-step

o Automatically reduced
o Delta debugging

e Scrutinised by the developer
e Might change the recipe

line 134:

d=form.get('date', datetime.date.today())
line 165;

d=form.get('date’)

line 183:

if d>datetime.date.today():

users. pamclpants funcs.183: >,

59

A list of edits makes a suggestion

® Reads like a recipe
o Step-by-step

o Automatically reduced
o Delta debugging

e Scrutinised by the developer
e Might change the recipe

Replace
users. partlcupams funcs.183: >,

Summary

e Real-world example

o Catches inputs that
produce crashes

e Line(-ish) based GI
o 4 types of edits

e Overnight repair

e Developers are the
gatekeepers




Another example of GI in action

0. John R. , Alexander E. |. Brownlee, Albert V.
Smith, and Vilmundur Gudnason. 2017. Genetic improvement of runtime and its
fitness in a bi i ication. In ings of the Genetic and
y C i e C (GECCO '17). ACM, New York,
NY, USA, 1521-1528. DOI: https://doi.org/10.1145/3067695.30: 6

$.0. Haraldsson, 2017. ‘Genetic Improvement of Software: From Program
L to the Automatic of a Live System’, PhD thesis, University
of Stirling, Stirling. http:/hdl.handle.net/1893/26007

The Gl setup

e Same as before

o Except for the
evaluation

e Mean CPU time from
20 executions

e None compiling and
failing variants are not
discarded

The software
ProbABEL

e A tool for Genome Wide
Association studies.

e Collection of functions for
regression models

e Written in C and C++
o 8k LOC
o 31 files

e Typical execution time
around 8-12 hours

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

Results
a e 2 good variants found
early on
- o <a second faster

o Generations 5 and 10

e Not statistically
significant on training
dataset
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Variant1
Deletes a single line that
performs an expensive
matrix multiplication

Results

»2

® 2 good variants found .,

early on
o <a second faster | 8 .

£,
§
o Generations 5 and 10 =
g ]

o Not statistically
significant on training
dataset

»e

L

o Significant on a larger )

dataset mal o Variant 2

Changes: i++ to ++i

Prog

o Still, only about 1 sec

‘Gained improvement per execution

faster o
ving CUDA DNA Analysis Software with
I Genetic Programming (2015)
Overview W.B. Langdon , B.Y.H. Lam , J. Petke & M. Harman w
. A 50,000 li
® Introduction 1. DNA sequencing systemlne
. 2. consisting of 8,000+ lines

Fixing Bugs and other examples
+ Noteworthy papers and issues

Getting involved

e Summary and Q&A

of code. Optimising Existing Software with

Genetic Programming

William B. Langdon and Mark Harman

3. improved version is up to
3x faster

4. downloaded 1,000 times.

5. Ported by IBM to one of
their super computers

*Bowtie2, a DNA sequence
alignment/sequence analysis tool

*Using Genetic Improvement, Harman
and Langdon were capable of

increasing performance 70x.
72

802



(2012)
Cited ~400 times

A Systematic Study of Automated Program Repair:
Fixing 55 out of 105 Bugs for $8 Each

Claire Le Goues Michael Dewey-Vogt
Computer Science Department
University of Virginia
Charlottesville, VA
{legoues,mkdSm) @ cs.virginia.edu

Stephanie Forrest
Computer Science Department
University of New Mexico
Albuquerque, NM
Jorrest@cs.unm.edu

Westley Weimer
Computer Science Department
University of Virginia
Charlottesville, VA
weimer@cs.virginia.edu

Fitness = number of
passed test cases

Converted to AST

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

world bugs

code

— — Mutation e It has inspired a variety of
Operators: alternative frameworks,

0 0 Spectr Deletion most of which claim to

== — ault localisation Replace outperform GenProg
(e.g. LOC visited in Co
0 0 only a buggy case — 124

Test cases high weight)

Deep Parameter Optimisation for Face Detection
Using the Viola-Jones Algorithm in OpenCV

Bobby R. Bruce!™)_ Jonathan M. Aitken®*™ and Justyna Petke!(™)
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Automated Software Transplantation o B

EarlT.Bar  MarkHarman YueJa  Alexandru Marginean  Justyna Petke
CREST. Unwversty College London, Majet Place, London, WC1E 68T, UK

{e.barrm.harman yue jia alexandru.marginean. 13 j petke}@ucl.ac.uk

(2014)
Babel Pidgin: SBSE Can Grow and Graft Entirely

Featured in: New Functionality into a Real World System

WIGED

Mark Harman, Yoe Jia, and William B. Langdon

University College London, CREST centre, UK

English to Korean;
English to Portuguese

Host

muScalpel

o

o

Donor

Deep Parameter Optimisation for Face Detection
Using the Viola-Jones Algorithm in OpenCV

Bobby R. Bruce!™)_ Jonathan M. Aitken®*™ and Justyna Petke!(™)

line_1 a 1
nteger To a genotype »
Literals  |ine 1 b 22
extracted o
line_10_a 5
line_ 12 a 2 Multi-objective

optimisation
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Deep Parameter Optimisation for Face Detection _— — e S ———
Using the Viola-Jones Algorithm in OpenCV PHD THESES

—

Bobby R. Bruce!™)_ Jonathan M. Aitken®*™)  and Justyna Petke!(™

Orriginal: 191s, 1.04% inaccuracy

99s (48% decrease), |1.8% inaccuracy e DavidR. Whlte
46 (6% decrevs, 1545% maceuraty ® Andrea Accuri
. : e Bobby R. Bruce
) ? e Semundur 0. Haraldsson
— line_1_a 1 %; é e Mahmoud R. Bokhari
Liteals —fine_1_b 22 F | Ko) n\e"\ e And many more to come...

line_10_a S - R,
line 12 a 2 Multi-objective )
optimisation j o ® w “ ®

Incorrect Classification (%)

~—Relationship to other fields ol & —

e Optimization/machine learning - OVERFITTING (or: specialisation?)

(“Is the cure worse than the disease?” Smith et al. FSE 2015) B enc h ma rkl N g AE ML 35
o Genetic Programming and Metaheuristics EAEARES -
e the automatic design of algorithms 1. GP suffered a “midlife crisis” C ENEarE
e Automatic parameter tuning/deep parameter tuning/GI 2. Toy problem e.g. lawnmower SRR 0
3. Genetic Programming Needs Better Benchmarks [White et al.]
4. Machine Learning that Matter [Wagstaff 2012] what is 1% meaning
5. Is Software Engineering the best benchmark for GP?
AumLatic blep Auth e | _ 6. Do we have a stable set of benchmarks for GI?
Parameter Parameter Design of Genetic Genetic (for program repair: http://program-repair.org/benchmarks.html )
Tuning Tuning Algorithms Improvement  Programming

7. Benchmarking is more complex (noise, hardware, prog lang, ...)
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GENETIC
PROGRAMMING
AND EVOLVABLE
MACHINES

vieasuring Energy
e computational energy consumption
growing importance, particularly at the

extremes (i.e., mobile devices and
datacentres).

Seventhedition of Gl @ GECCO 2019 in Prague, Czech Republic

one line = one unit

The 62nd CREST Open Workshop - Automated
Program Repair and Genetic Improvement

Date: 20th and 21st January 2020

simulate (runtime/system calls/) Tools Opacitor,
PowerGauge

Venue: George Fox room Friends House, 173177 Euston

read battery indicator iad, pnden; W3 349
physically measure and validate(e.g. see Bokhari
etal.)
,~n Towards Rigorous Validation of Energy
Deep Parameter Optimisation on Android Smartpk for GECCO 20 Optimisation Experiments January 2018
GI@GECCO’17 Energy Minimisation - A Tale of Woe and a Proof-of-Concept video SCHLOSS DAGSTUHL
CEC 2019 Mind the gap - a distributed framework for enabling energy optimisation on modern

" SR : . 3 . -Zentrum ftr Informat
smart-phones in the presence of noise, drift, and statistical insignificance [#19776] Leibniz-Zentrum fur Informatik

surce of Genefic Maferial

1. the program being improved,

— (GROWTH OF PAPERS

" # Non-EC venue
25 | EC venue . . X
1. adifferent program written in the same | fue b Ve X5 by, o v e s
20 language (Petke: MiniSAT competition), it i e s e
15
0 1. a piece of code generated from scratch (GP),
5
. I I I l I I 1. different programming language other than the

0+ g o é % e % % = % P LR SOURCE CODE software to be improved.

2E2FRRSEEesRee =218 ==2 WILL ALWAYS

BEIEIRERE §& LR BE IMPORTANT

How WILL IT CONTINUE...???
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HEORY

» Hard!

« NFL not really valid for GP, and therefore GI.
» Why - because many programs share same functionality.

=> Gl will remain empirical for years to come

~Grant Writing

e A grant about GP
(0%)

VS

e A grant about GI.
(100%)
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= ﬁfégiGenetic Imbrovement Workshop

~BREAKDO

PAPERS BY APPLICATION

M repair

Mmruntime

W parallelisation

W energy consumption

® new functionality

® slimming
memory consumption
specialisation

An International Workshop on the Repair and Optimisation of Software using Computational Search

ehttp://geneticimprovementotsottware.com/

ehttps://en.wikipedia.org/wiki/Genetic_improvement (com
puter_science)

ehttp://www.davidrwhite.co.uk/ Google Scholar
ehttp://daase.cs.ucl.ac.uk/

label:genetic_improvement

CREST

e https://cs.adelaide.edu.au/~optlog/research/software.php

e http://crest.cs.ucl.ac.uk/publications/

e https://clairelegoues.com/blog/




Starting point — POP science, GIN, Survey

IEEE TRANSACTIONS ON EVOLUTIONARY COMPUTATION

Genetic Improvement of Software:
a Comprehensive Survey

Justyna Petke, Saemundur O. Haraldsson, Mark Harman,
William B. Langdon, David R. White. and John R. Woodward

(2017)

A Survey of Genetic Improvement Search Spaces

Brad Alexander
School of Computer Science
University of Adelasde

Earl T. Barr
Department of Computer Scence
University College London

Justyna Petke
Department of Computer Science
University College London

GI@eGECCO’19

London, UK Adelaide, Australia Landon, UK
j petke@ucl ac.uk brad@es adelaide edu.au ebarr@uclac.uk
Alexander E 1 Brownlee Markus Wagner David R. White
Computing Science and Mathematics School of Computer Science Department of Computer Science
University of Stirling University of Adelaide The University of q-lr-u
Stirling, UK Adelasde. Australia Sheffield, U
shrgdcs.stirac.uk markus wagner@adelaide edu au dr-h-!rmhrﬁ'kldx uk

R —— ~— GlinNoTime %

David R. White
UCL, London, UK
david.r.white@ucl.ac.uk

(Inaugural paper at
GI@GECCO 2017)

Get involved with
Gl 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)

http://www.davidrwhite.co.uk/
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Overview

® Introduction
e Fixing Bugs and other examples
e Noteworthy papers and issues

e Summary and Q&A

ofI V2 O releosed on 12 June 201 9
https://aithub.com/aintool/qgin/releases

91

Gin: Genetic Improvement Research Made Easy

Alexander E.1. Brownlee Justyna Petke Brad Alexander
Computing Science and Mathenmatics Department of Computer Science School of Computer Science
y of Stirling Univers tlege London Univ 4

irking. UK London. UK Adela
sbrancs. stir.ac uk i petkeuuct ac uk bradinen

Earl T. Barr Markus Wagner
Department of Computer Science School of Computer Science
University College London Universit
London, UK Adelaide. Australia
o barrauch.ac uk markus. wagnereadelside edu.an

ABSTRACT
Genetic improvement (GI) is & young field of research on the cusp
nsforming software anelq-n.-m Gl uses search to improve
soft  have already shown that G can
o dind, gl frece Seagians SoUle 00 ot
mising run-time. reducing energy consumption to the trans
plantation of sew functionality. Much remains 10 be done The cost
of Glio igate new s hindering
progress. Therefore, we present Gin, an and

David R. White
Department of Computer Science
delaide The University of Shefficld

Sheffleld, UK
d.r.whiteedsheflicld. ac.uk

oung field of wftware engineering
ove existing software. Gl aims to

bug fixing. and o

rentione ox ety

ety

o granten hpact b o St e L s OBt w..n

of APR into

GenProg [37] to
processes (19, 20). Nom-functional improvement (hl‘ln




GIN ECJ

Bradley Alexander

David R. White
Petke Also uses GIN in teaching since 2017 https://cs.gmu.edu/~eclab/projects/eci/

Justyna

https://tinyurl.com/giassignment

enetic Improvement

in's Goals

e Many success stories eRemove incidental difficulties of GI for research and teaching
e...however, these typically need at GI expert in the loop eEnable focus on general questions

e What's needed is a more systematic approach eProvide a central tool for the community

o A toolkit to enable experimentation e Support more than bug-fixing: non-functional properties

e Work on open-source software projects out-of-the-box
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What's in Gin¢

ven . .
Maxen Implementations of edits for source code
Mo Evaluate edits: compile and run JUnit tests
JAVAPARSER Searches and Samplers

Test generation (EvoSuite)

4_({ b S @ Profiler to identify hot methods (hprof)
= e Build tool integration (Maven, Gradle)

Let’s see those in more detail...

Java Libraries License

(i

99

/ﬁelines

Preprocessing

Converted t - E— 'S o - e —_— —
sl Project Source . EvoSuite . Generated Test Suite : ) Target Methods
‘ i o | TestSuiteProfiing | —
Project Test Suite ' ' Method Tests

——Vanitra GIN: NEIGHBOURHOOD SEARCH

Converted to
Source-code
Yes

it Tes
e Apply Patch - ¢

Search Space Analysis
Target Method ‘ ) ) )
J . ’ Patch Sampling + | Dynamic Oompilation‘ . [ jUnit . Patch Profile
| Method Tests ‘ ’ :

Run
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o, v Won20

Vanirra GIN Vanirra GIN -

»on
v m-
J ° * Trace jove
VERSION 1.0 VERSION 2.0: § Nuosisin
P
v « RandomSamoter mve
it GRADLE/MAVEN SUPPORT, « roction
Ao VARIOUS TYPES OF EDITS, e s
v - “. » > -
v PROFILER TO FIND “HOT” METHODS, v ———"—
—E VARIOUS SAMPLERS Aoy
v e SS FRS, ... v e
< Tositwation o UnTeueamsetson

o Tosthess jove
« InslategTe_unner java
o CacheCla_oader jrve
v e
> rostynose
o MoveStatement jave
o ModifyNo_actory jave
© MoahNode va
“ St
o DeleteStatement java
« CopySutement wva
* SouceFde javs
* Punchacayier jave

o Locartanrch jove
o Exampl wa

_Edifs

eEdits are single changes to source code
o Building blocks of a repair
o Combined into Patches
e Question: actually, what scale might an edit be?

o Gin supports edits at:
e line level (Langdon) - delete/replace/copy/swap/move
o statement level (GenProg) - delete/replace/copy/swap/move
e constrained (matched) statement - replace/swap
e micro edits
e binary & unary operator replacement (OR <>AND) (++ & --)
o reorder Boolean expressions (X && Y < Y && X)
o loop and method shortcuts (insert return/break/continue)

o UntTestResst jave
« UnitTest s

o Testure jove

o Tewtturd miener save
 Tesniarress ava

e
Patch
o o
@ ssXESP 1]
-  irfages, w " @ awphy() Svngl0 1]
& getNode(integer) com gthub savaparser ast Node(O 1] A
€ gecStatmentOzh Targetdetod )
o) Wtegerf] e
o e
Sourcef el ine
appiy{Soucol #ef0_T) Sourcet defd 1
@ getre(irteger) Stwg 1) l B 2 )
@ removelne(ireger) eLnefd 1] Souceflle o | :l‘. &
P ] oo 1] et Bl -~ Linetidit 5"""": -
& getLmesin Tagetetod) [erara — s ———
LocatSearch A -
Ao gr
@ manCinna) T T T
b 2 : :
e msma rom we o Mt
e ° £3WneToDetste: btnger 5 souscaline: ibeger
o .t . T st Runrer -
@ 8ot T mecutiS | eng) '3:-* L.
@ TestRurmer(pava io Fiefl_ 1], Stingfl 1], Swngl0. 1), UrTest()
_T: 1 & Yoo PachO 1] itager) UnTestResutSet). 1] )
[ Y
Yo st Vo CacheC:
Inolated T lansl cader
99 msack) Bocleanf0 1] o s Yo et
@0 TemedOw() Bockeanid 1) @ romTest{UntTest0_ 1]} UriTestResulf® 1]
@, g xcaphon Typa() Stregl0 1)
@ omExmcutonTene() Long
—

_Edifs

e We provide many wrap]iers to make your life easier, so that you can
s:

focus on higher-level tas
® “Tell me which lines are eligible for deletion in this method”
® “Delete this line”
® “Give me all the for loop conditions in this method”
® And many more...
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Gin invokes test
cases via Junit...

/Ea%r’nae edits

UnitTest([] ut = |
new UnitTest ("Triar
new UnitTest(
new UnitTest ("
new UnitTest ("T

public class ReplaceStatement extends StatementEdit {

public int sourcelD;

1
2
3
4 public int destinationID; Ve
5 Tracks:

UnitTest.defaultTimeoutMs = 10000;
6 public ReplaceStatement(SourceFileTree sf, Random r) { Ocompile int reps = 1;
7 sf.getRandomStatementID(false, r); success:
8 v
9

sf.getRandomStatementID(true, r);

«Java®,
int)®)):

SourceFileTree sf = new SourceFileTree ("¢

sourcelD =
Collections.singletonList (*

destinationID =

yTriangl

} .run'tlme errors/ InternalTestRunner tr = new InternalTestRunner("TriangleTe "
10 exception types “examples/triangle”, Arrays.aslist(ut))s
11  public SourceFile apply(SourceFileTree sf) { 1 Start with the empty patch
12 Statement source = sf.getStatement(sourcelD); eactual & patch patch = new Patch(ntu
13 Statement dest = sf.getStatement(destinationID); EXPECted // Run empty patch and log
14 return sf.replaceNode(dest, source.clone()); o . . outcomes UnitTestResultSet rs = tr.runTestsipatoh, reps):
Disclaimer: this was an old version. )
15 3} L N i il boolean compiled = rs.getCleanCompile():
16 Today, it is a little bit longer, e.g., to Otlmmg wall- ll)oolean tg:tOTlmedOut - rs.qetReault:ll () .get (0) (.)qetTlnedOut 0z
5 ong testOExecutionTime = rs.getResults().get(0).getExecutionTime()
17 ) pr_e;,\_entl:ls from replacmg;tatements ClOCk and CPU String testOExceptionMessage = rs.getResults().get (0).getExceptionMessage()s
within the same parent node. time

DeleteEnumerator

1 public static void main(String(] args) {
2

& edifing. —
m Complles and Reloads on-
the-fly

UnitTest() ut = (
new UnitTest("TriangleTest”

Searching

\“testinvalidTriangles®),

int reps = 1
e Included samplers: "
10 SourcefileTree sf = new SourceFileTree(
° EmptyPatchTester " “examples/sinple/Triangle. Java®,
— 2 Collecticns. singletonList(
palie clews ° Randomsampler 1" “classifyTriangle(int, Int, 1nt)"));
Chp — "
> o DeleteEnumerator 15 TestRunoer tr = new TestRunner(
Note: If you prefer to use 1 now File(“examples/sinple”), *Triangle”,
1 the more “traditional” e Searches: LocalSearch, GP i “examples/simple”, Arrays.asList(ut));
/ way of writing the file to 19 // Start with the empty patch
disk first - e.g., due to 20 Patch patch = new Patch(sf);
Frame integration of Gin into . . 2
g 0th(§r pipelines - then you e Possible Questions: :i 3..?{' :lylz::n'm :o;l B v
. X . estResu s * tr. tes . reps);
can use a command-line e What is the effectiveness of a 2 weiteeslts(rs, 0);
1 flag to do so. . . . e
given edit type for fixing a % | A paaE &
Category Of bug? 27 for (int id : sf.getStatementIDsInTargetMethod()) (
Pixel ) 25 patchCountes;
C— G— 1 2 patch = mew Patch(sf);
° HOW I'O.buSt 1? the SpaCe Of » patch. m(nn‘l:-husu(umt(il getFilename(), 10));
single-line edits, modulo the "
'Ven test suite’ 2 rs = tr test(patch, reps);
Original System Gin Ciass) gl { » )w)uﬁnu)h(u. patchCount);
Classloader o .. 5 )

811



1 private Patch search() {
2 // start with the espty patch
. 3 Patch bestPatch = new Patch(sourceFile);
4 long bestTime = testRunner.test(bestPatch, 10).
mpling cal search
5
6 for (int step = 1; step <= NUM_STEPS; stepss) {
. . . . 7 Patch = (! . ng);
The following is one really wide output file - here of RandomSampler: s Unit P Y
10);
9 if (rs.getvalidPatch() 88 rs.getCleanCompile() 88
10 rs.allTestsSuccessful () 88
Patchindex PatchSize Patch n rs. totalExecutionTime() < bestTime) {
1 1 | ginedi. A java:752 <> fsre/m java:8sa | 12 bestPatch = neighbour;
2 1 | gin.edit. java:2310 java:118S | 13 bestTime = rs.totalExecutionTime();
3 1 | gin.edit javas14 | 14 3}
15 )
16
TestTimedOut TestExceptionType 17 return bestPatch;
FALSE  java.lang AssertionError expected:<255> but was:<207> 255 207 18}
FALSE N/A N/A N/A N/A 19
FALSE  N/A N/A N/A N/A 20 public Patch neighbour(Patch patch, Random rng) {
21 Patch neighbour = patch.clone();
22
Methodindex Testindex UnitTest TestCPL
s A e G R 2 e el 3 ;: if (mlm-.:iu()(> ° a8 ru.mtrlm(?‘:l:(.)!)));(
189 1 org jcodec.codecs. prores. ProresEncoderTest.testWholeThing [| 0 TRUE FALSE FALSE [ 0 25 ) else
184 1 org jcodec. mp4 boxes. reate | 0 TRUE FALSE FALSE 0 0 2% tabb t(rng, allowsbl .
7 )

28
29 return neighbour;
30

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

-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
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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

cal 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)
36:44 gin.test.InternalTestRunner.runSingleTest () WARNING: Possible hanging threads remain after test

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 o 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 o pass allltests
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/:uangle/Tuanqle 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: oo 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/trxangle/Trxangle 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 0 9 gin.LocalSearch.search() INFO: Step: 100, gin.edit.line.DeleteLine examples/triangle/Triangle.java:l0
examples/ttiangle/Tziang]e.java:B <-> 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
examples/triangle/Triangle.java:10

| gin.edit.line.SwapLine

Patch:

| gin.edit.line.DeleteLine
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Local search

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

1646971219ns

6:41 gin.LocalSearch.search() INFO: Localsearch on file: examples/triangle/Triangle.java method: classifyTriangle(int, int, int)
6:44 gin.test.InternalTestRunner.runSingleTest () WARNING: Possible hanging threads remain after test

gin.edit.line.Replaceline examples/triangle/Triangle.java:5 ->

gin.edit.line.Deleteline examples/triangle/Triangle.java:36 |,
gin.edit.line.Deleteline examples/triangle/Triangle.java:19 I,
gin.edit.line.Deleteline examples/triangle/Triangle.java:28
gin.edit.line.Replaceline examples/triangle/Triangle.java:38 ->

Failed to compile
Failed to compile

|, Failed to pass all tests

gin.edit.line.Deleteline examples/triangle/Triangle.java:17 |, Failed to compile

gin.edit.line.CopylLine examples/triangle/Triangle.java:34

2020-04-10 0
2020-04-10 0

2020-04-10 0 6 59 gin.LocalSearch.search() INFO: Original execution tim
2020-04-10 0 9 gin.LocalSearch.search() INFO: Step: 1, Patch:
examples/triangle/Trlanqle.java:ZB |, Failed to compile

2020-04-10 04:36:59 gin.LocalSearch.search() INFO: Step: 2, Patch:
2020-04-10 04:36:59 gin.LocalSearch.search() 3, Patch:
2020-04-10 04:36:59 gin.LocalSearch.search () 4, Patch
2020-04-10 04:36:59 gin.LocalSearch.search() INFO: Step: 5, Patch:
examples/triangle/Triangle.java:35 |, Failed to compile

2020-04-10 04:36:59 gin.LocalSearch.search() INFO: Step: 6, Patch:
2020-04-10 04:37:00 gin.LocalSearch.search() INFO: Step: 7, Patch:
examples/tx:angle/Tzlanqle java:13 |, Failed to compile

2020-04-10 0

2020-04-10 0 7 00 gin.test.InternalTestRunner.

2020-04-10 0
examples/triangle/Triangle.java:10 |,

100 gin.LocalSearch.search() INFO: Step: 8,

2020-04-10 04:36:26 gin.LocalSearch.search() INFO: Step: 96,
examples/triangle/Triangle. java:8
2020-04-10 04:36:28 gin.LocalSearch.search ()
2020-04-10 04:36:28 gin.LocalSearch.search ()

INFO: Step: 97,
INFO: Step: 98,

Patch:

Patch:

runsingleTest () WARNING: Possible hanging threads remain
Patch:
Failed to pass all tests

00 gin.test.InternalTestRunner.runSingleTest () WARNING: Possible hanging threads remain after test

after test

Failed to compile

ch: |, Time: 1647522167ns

examples/tnangle/Trxangle java:51 -> examples/triangle/Triangle.java:26 |, Failed to compile
6: , Time: 1648831018ns

2020-04-10 04:3:
2020-04-10 0

9 gin.LocalSearch.search() INFO: Step: 99,
9 gin.LocalSearch.search() INFO: Step: 100,

examples/txiangle/Tuanqle. java:39 <-> examples/triangle/Triangle.java:29

-bash-4.15 cat examples/tz)angle/’l‘r)lnqla Java
public class Triangle

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

int @) (

return SCALENE;
}

}

private static void delay() (
tr;

Thread.sleep(100) ;

} catch (Interruptedixception e)

}
'

What did we actually opt

Patch: |

atch:

public static int classifyTriangle(int a,

[J] delay();

(%)

o— {1 Sort the sides 50 that s <= b <= ¢
if {a>b)
inetep 2 e

«

| gin.edit.line.DeleteLine examples/triangle/Triangle.java:10
|, New best time: 38744892 (ns)

int b,

| gin.edit.line.SwaplLine examples/triangle/Triangle.java:27 <->

| gin.edit.line.Deleteline examples/triangle/Triangle.java:10 | gin.edit.line.SwapLine
<-> examples/triangle/Triangle.java:14 |,
P

| gin.edit.line.Deleteline examples/triangle/Triangle.java:10 | gin.edit.line.CopyLine

| gin.edit.line.SwapLine

public class Triangle

int ) {

-bash-4.1§ cat examles/(xlanq]e/_

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

public static int classifyTriangle(int a, int b,

/1 sort. [he sides o et s b e
(

52 al

o
int tmp = a;
a

(
int tnp = b;
b

return SCALENE;
)

y
private static void delay() {
tr:

Thread.sleep(100);
} catch (InterruptedException e) {




Generate new test cases

java -cp build/gin. jar gin.util.TestCaseGenerator
-projectDir examples/maven-simple -projectName my-app
-classNames com.mycompany.app.App -generateTests

Profile a test suite
java -cp build/gin. jar gin.util.Profiler -p my-app
-d examples/maven-simple/

Results written to profiler_output.csv.

enerating tests and Profiling

ld tool integration
eMaven and Gradle API documentation is sparse!
e And many projects seem to break conventions about paths, resources etc.

e Project class wraps most of what we have learned
e provide the classpath for a project
o find a particular source file within a project’s file hierarchy
e provide a standard method signature for a given method
e provide a list of project tests
e run a unit test given its name
o Gin can infer the necessary classpath and dependencies for running
unit tests from a Maven or Gradle project, or these can be specified
manually
e Maven projects can be updated automatically with new unit tests
from EvoSuite

e Profiler
projectnameforgin="jcodec’;

java -Dtinylog.level=trace -cp ../../ginfork/build/gin jar gin.util.Profiler
-h ~/.sdkman/candidates/maven/current/ -p $projectnameforgin -d .
-0 $projectnameforgin.Profiler_output.csv -r 1

e Profiler

projectnameforgin="jcodec’;

java -Dtinylog.level=trace -cp ../../ginfork/build/gin jar gin.util.Profiler
-h.~/sdkman/candidates/maven/current/ ~p.$projectnameforgin -d .
-0 $projectnameforgin.Profiler_output.csv -r 1
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e Profiler
projectnameforgin="jcodec’;
java -Dtinylog.level=trace -cp ../../ginfork/build/gin jar gin.util.Profiler
-h~/sdkman/candidates/maven/current/ -p.$projectnameforgin -d .

-0 $projectnameforgin.Profiler_output.csv -r 1

e EmptyPatchTester

projectnameforgin="jcodec’;

java -Dtinylog.level=trace -cp ../../ginfork/build/gin jar gin.util.EmptyPatchTester -h
~/.sdkman/candidates/maven/current/ -p. $projectnameforgin -d .

-m $projectnameforgin.Profiler_output.csv
-0 $projectnameforgin.EmptyPatchTester_output.csv

Gin: Genetic Improvement Research Made Easy

g — Justyna Petke Irad Alexander

eThe team actively uses Gin to push
the GI boundaries, and quite a few

papers are in the works. Anu!ysmg Prggmm Trunsformul.lon Spaccs
for Genetic Improvement using Gin
sty Pk, Bend Alexander. Bt T. B, Alsandier .1 Beoanie, Markus Wagner, Dvd R Whie
.Open for Contributions! Software Improvement with Gin:
. K A Case Study
o Particularly new edits and tools " University Cologe Loodon, Loadon, UK

J-petkefucl .ac.uk

e https://github.com/gintool/gin " Univeny of uklng, ikling, UK
e we'd like this to become the MiniSAT of GI

@wach 1 WSr 22 YFork 7

Comments/questions: Sandy (Alexander E.I. Brownlee) sbr@cs.stir.ac.uk
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project)

projectnameforgin="jcodec’;

java -Dtinylog.level=trace -cp ../../ginfork/build/gin jar gin.util.Profiler
-h.~/sdkman/candidates/maven/current/ ~p.$projectnameforgin -d .
-0 $projectnameforgin.Profiler_output.csv -r 1

e EmptyPatchTester
projectnameforgin="jcodec’;

java -Dtinylog.level=trace -cp ../../ginfork/build/gin jar gin.util.EmptyPatchTester -h
~/.sdkman/candidates/maven/current/ -p. $projectnameforgin -d .

-m $projectnameforgin.Profiler_output.csv

-0 $projectnameforgin.EmptyPatchTester_output.csv

e PatchSampler
projectnameforgin="jcodec’;
java -Dtinylog.level=trace -cp ../../ginfork/build/gin jar gin.util.PatchSampler

-h.~/.sdkman/candidates/maven/current/.-p $projectnameforgin -d .
-m $projectnameforgin.Profiler_output.csv

-0 $projectnameforgin.PatchSampler_LINE_output.csv -editType LINE -patchNo 100

Overview

® Introduction
e Fixing Bugs and other examples
e Noteworthy papers and issues

e Getting involved
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A
Genetic Programming

Start from an existing program

BLOAT? — interpretation?

NO function / terminal set

Improvement of non-functional properties.
Easier to write grants

Different benchmarks.

NSO =

Population of edits NOT programs.

Questions?

Scemundur (Saemi) Haraldsson <soh@cs.stir.ac.uk>
John Woodward <j.woodward@qmul.ac.uk>
Markus Wagner <markus.wagnerQadelaide.edu.au>
Alexander Brownlee <alexander.brownlee@stir.ac.uk>
Brad Alexander <bradley.alexander@adelaide.edv.au>
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NG IT ALL TOGETHER
o Let’s start with existing programs. Not like standard GP.
o Python vs C vs Java? Amenable to GI? Most popular
eBenchmarking ???

e Population of edits, not programs

oGP applied to real software
e Large, loops, side-effect, modules,...
e Non functional properties
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