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Big Data,    Legacy systems
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Big Data Legacy systems
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Data Driven Genetic Improvement

• Need to automate software maintenance

• Search Based Software Engineering has 

concentrated on program source code

• FGIP: apply search to data in programs

• Better prediction of RNA structure

• What Next?

– FGIP proposal submitted to EPSRC

• Conclusions
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Need to Automate Software Maintenance

• Exponential increase in demand

• Cheaper/faster hardware does not help

• Cost of computing ~ cost of software

• Cannot exponential increase people in s/w

5

• Demand 24% per year

• 20 years most of USA are 

software developers

• Not possible, instead

• Need exponential 

improvement in software 

productivity

• Need to automate



Offshoring does not help
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Desperate Need to Automate: SBSE so far

• Automatic code testing: eg EvoSuite

• Automatic bug fixing: eg C and Java code

• Genetic Improvement: eg faster, port code

Next

• Optimise software if objective measure

• Automatic optimisation of program’s data

• more acceptable to programmers?

• optimise numbers, use existing techniques

• genetic search on data: eg

– RNAfold, GNU C library

• Others? 7



What is RNAfold

• RNAfold is the state of the art prediction of 

how RNA molecule will fold up based on 

its sequence of bases.

• Open source program RNAfold  7100 lines 

of C source code.

• 51521 parameters (10 scalars+21 arrays)

• Training data ⅓ RNAstrand 4655 known 

structures

(only use training sequences < 155 bases)

8W. B. Langdon, UCL

GI 33471 downloads (993826 www) 

since Apr 2017



Training Data RNAstrand 

http://www.rnasoft.ca/strand/
RNAstrand contains known RNA secondary structures. 

4666 secondary structures in total.

Example screen shot for PDB_00865

Structure centre of human 

GluR-B R/G pre-mRNA
https://www.rcsb.org/structure/1YSV

Bit rot, broken images

http://www.rnasoft.ca/strand/
https://www.rcsb.org/structure/1YSV


RNAstrand
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RNA sequence length, i.e. number of bases (log scale)



Compare RNAfold with RNAstrand

11

>PDB_00865

GGUAACAAUAUGCU

AAAUGUUGUUACC

Prediction

MCC 0.956018 RNAstrand three D picture

Fasta text format 

Input to RNAfold

RNAfold
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Compare RNAfold with RNAstrand
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>PDB_00865

GGUAACAAUAUGCU

AAAUGUUGUUACC

Prediction

MCC 0.956018

Fasta text format 

Input to RNAfold

RNAfold

Non-graphics output of RNAfold

>PDB_00865

GGUAACAAUAUGCUAAAUGUUGUUACC

(((((((((((.....))))))))))) (-12.20)

Calculated 

Binding energy

Nested brackets, showing 

which base binds with 

another.

E.g. U↔A and A↔U



Nested brackets to connection matrix
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PDB_00865.ct_rnafold

GGUAACAAUAUGCUAAAUGUUGUUACC

G ..........................x

G .........................x.

U ........................x..

A .......................x...

A ......................x....

C .....................x.....

A ....................x......

A ...................x.......

U ..................x........

A .................x.........

U ................x..........

G ...........................

C ...........................

U ...........................

A ...........................

A ...........................

A ..........x................

U .........x.................

G ........x..................

U .......x...................

U ......x....................

G .....x.....................

U ....x......................

U ...x.......................

A ..x........................

C .x.........................

C x..........................

PDB_00865.ct_rnastrand

GGUAACAAUAUGCUAAAUGUUGUUACC

G ..........................x

G .........................x.

U ........................x..

A .......................x...

A ......................x....

C .....................x.....

A ....................x......

A ...................x.......

U ..................x........

A .................x.........

U ................x..........

G ...............x...........

C ...........................

U ...........................

A ...........................

A ...........x...............

A ..........x................

U .........x.................

G ........x..................

U .......x...................

U ......x....................

G .....x.....................

U ....x......................

U ...x.......................

A ..x........................

C .x.........................

C x..........................

Non-standard 

G↔A pair

Prediction Ground Truth



Compare RNAfold & RNAstrand matrices
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PDB_00865.ct_rnafold

GGUAACAAUAUGCUAAAUGUUGUUACC

G ..........................x

G .........................x.

U ........................x..

A .......................x...

A ......................x....

C .....................x.....

A ....................x......

A ...................x.......

U ..................x........

A .................x.........

U ................x..........

G ...............O...........

C ...........................

U ...........................

A ...........................

A ...........O...............

A ..........x................

U .........x.................

G ........x..................

U .......x...................

U ......x....................

G .....x.....................

U ....x......................

U ...x.......................

A ..x........................

C .x.........................

C x..........................

PDB_00865.ct_rnastrand

GGUAACAAUAUGCUAAAUGUUGUUACC

G ..........................x

G .........................x.

U ........................x..

A .......................x...

A ......................x....

C .....................x.....

A ....................x......

A ...................x.......

U ..................x........

A .................x.........

U ................x..........

G ...............x...........

C ...........................

U ...........................

A ...........................

A ...........x...............

A ..........x................

U .........x.................

G ........x..................

U .......x...................

U ......x....................

G .....x.....................

U ....x......................

U ...x.......................

A ..x........................

C .x.........................

C x..........................

. TN

X TP

O FN

X FP

Prediction Ground Truth



Compare RNAfold with RNAstrand
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PDB_00865.ct_rnafold

GGUAACAAUAUGCUAAAUGUUGUUACC

G ..........................x

G .........................x.

U ........................x..

A .......................x...

A ......................x....

C .....................x.....

A ....................x......

A ...................x.......

U ..................x........

A .................x.........

U ................x..........

G ...............O...........

C ...........................

U ...........................

A ...........................

A ...........O...............

A ..........x................

U .........x.................

G ........x..................

U .......x...................

U ......x....................

G .....x.....................

U ....x......................

U ...x.......................

A ..x........................

C .x.........................

C x..........................

. TN

X TP

O FN

X FP

. TN   705

X TP    22

O FN     2

X FP     0

729 = 272

Matthews Correlation Coefficient 

(TP×TN - FP×FN)                 .      

√((TP + FP)×(TP + FN)×(TN + FP)×(TN + FN))

MCC = 0.9560

Product of true (TP×TN) minus product errors 

(FP×FN) normalised. MCC lies range -1 to +1

Prediction



Training RNA sequences

16

⅓ data below 155 bases randomly selected for training

W. B. Langdon, UCL



GI Fitness Function

• Run RNAfold with modified internal data on 

681 short training RNA sequences

• Calculate Matthews Correlation Coefficient

for each prediction.

• Selection fitness is mean MCC over 681 

predictions. (Select top 50% of population)

• Ignore data mutations which make no 

difference on training RNA examples

W. B. Langdon, UCL 17



51521 RNAfold parameters

18



GI Representation

Variable length list of problem dependent 

mutations to data inside RNAfold.
Replace mutation > mismatchM -60>-40

Replace every element in array mismatchM whose value 

is currently -60 with -40
Overwrite mutation < mismatchH *,1,2<-80

Overwrite eight elements in array mismatch 

(mismatchH[*,1,2]) with -80
Increment mutation += mismatchH *,*,*+=-90

Add -90 (ie substract 90) from every element in array 

mismatch (ie mismatchH[*,*,*])

Creep mutation Small change (<20%) to value of existing 

mutations

Two point crossover
19



Fitness of Mutated RNAfold

• Mutate constants inside RNAfold and recompile

• Run mutated RNAfold on training RNA sequences

• Compare each new prediction with real structure

• Fitness mean Matthew’s correlation coefficient on 681 

training RNA molecules

681 short training sequences 681 new predictions

…

…



GI RNAfold
• Pop 2000, 50% mutation 50% crossover

• Bloat removed. Best individual at gen 100 

2849 mutations, hill climbing(2), 42 left

21

2000*101 

fitness evals

<5 days

2.1sec each



Impact of 42 GI Changes

22

14732 of 51521 (29%) 

changed



Improving RNAfold parameters
EuroGP-2018

• RNAfold 7100 lines of C source code, 

51521 parameters.

• Fitness correlation between prediction and 

true structure (Matthews Correlation, MCC).

• Post evolution tidy

• 14732 (29%) parameters changed

• Holdout set significant (p 10-16) increase MCC

• Also better constrained optimisation (p 10-15)

• GI parameters rna_langdon2018.par

shipped with ViennaRNA since 13 Jun 2018

http://gpbib.cs.ucl.ac.uk/gp-html/langdon_2018_EuroGP.html
https://github.com/ViennaRNA/ViennaRNA/blob/34d23a07f633e8fe2366877e1e7e1d9a232dcd96/misc/rna_langdon2018.par


Automatic Software Maintenance
• In a world addicted to software, maintenance 

is the dominant cost of computing.

• Need to keep parameters up to date

– New science (cf. RNAfold), new laws or 

regulations, new users, new user expectations

– Change of load, new hardware (eg bigger RAM), 

automatic porting

– Search can be fast:

• cbrt < 5 minutes, log2 6 secs, invsqrt 6 secs

• Little SBSE research

• Great scope for automation 24



Summary
• Problem of maintaining data in code ignored

• SBSE to optimize data 

• suitable training data 

• treat code as a black box.

• RNAfold on real data

– No code changes

– 50000 parameters 20% overall better prediction

• Rapidly generate cbrt, log2, invsqrt, reciprocal, etc.

• Software is not fragile

W. B. Langdon, UCL 25



END

W. B. Langdon, UCL 26



Genetic Improvement

W. B. Langdon
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Genetic Improvement of RNAfold

• Speed up via Intel SSE parallel instructions 

GI 2017. Shipped since V2.3.5 2017-04-17

• GPU ViennaRNA Package v2.3.0cuda

• Better predictions by evolving parameters

– On average better predictions of RNA folding.

– Shipped since 2.4.7 2018-06-13

• AVX speedup in release 2.4.11 2018-12-17 

EuroGP 2019

W. B. Langdon, UCL 28

http://gpbib.cs.ucl.ac.uk/gp-html/Langdon_2017_GI.html
https://www.tbi.univie.ac.at/RNA/#other
http://gpbib.cs.ucl.ac.uk/gp-html/langdon_2019_EuroGP.html


What has been done so far

• Mark/Fan Deep parameter tuning

• Holger Hoos et al. “constraint generation”

• RNAfold

• Converting GNU C library sqrt

– Papers at SSBSE 2018, GECCO 2019, 

GI2019@GECCO

– CREST visitor August 2019 Oliver Krauss

29W. B. Langdon, UCL



Fluid Genetic Improvement Programming

• New type of Genetic Improvement

• Update fluid embedded literals i.e. data
1. New functionality

2. Better non-functionality (e.g. faster)?

• Why
1. FGIP is a new way to do GI, tackle data driven code

2. Minimal code changes may be more acceptable?

30W. B. Langdon, UCL



Maintaining Embedded Constants

• EuroGP 2018 

– RNAfold 7000 lines of code 50000 numbers

– On average better predictions of RNA folding.

– Shipped since 2.4.7 rna_langdon2018.par

• CMA-ES evolves data in a GNU C library sqrt 

to give new functionality with double 

precision accuracy. sqrt converted to 

– cube root, cbrt

– square root converted to log2

– invsqrt
1

√𝑥

– division less division, 4√, etc.
31

http://www.cs.bham.ac.uk/~wbl/biblio/gp-html/langdon_2018_EuroGP.html
https://salsa.debian.org/med-team/vienna-rna/blob/master/misc/rna_langdon2018.par


RNAfold

W. B. Langdon, UCL 32

RNAfold reads RNA molecules base sequence. 

Outputs prediction of how molecule will fold up. 

Internally RNAfold uses 51521 parameters.

RNA sequence RNA structure



Results  p<10-17 on holdout

W. B. Langdon, UCL 33



Six impossible things before breakfast

• To have impact do something 

considered impossible.

• If you believe software is 

fragile you will not only be 

wrong but shut out the 

possibility of mutating it into 

something better.

• Genetic Improvement has 

repeatedly shown mutation 

need not be disastrous and 

can lead to great things.

W. B. Langdon, UCL 34



Evolved 
1

√𝑥
[GI@GECCO 2019]

Evolved cbrt tested many thousands of 

times

– Always within DBL_EPSILON

– Almost always gives best possible double

Compared to Quake (single precision approximation)

– Quake seldom gives exact answer

– Quake can be 0.17% wrong (0.43/256)

– Quake does not trap negative numbers, 

sometimes fails, sometimes just wrong

– Quake odd behaviour <1.5 10-37 or >3.3 1038

http://gpbib.cs.ucl.ac.uk/gp-html/langdon_2019_GI7.html


The Genetic Programming Bibliography

New home at UCL http://gpbib.cs.ucl.ac.uk

13401 references, 12000 authors

Downloads 

A personalised list of every author’s 

GP publications.

blog

Search the GP Bibliography at

http://liinwww.ira.uka.de/bibliography/Ai/genetic.programming.html

Make sure it has all of your papers!

E.g. email W.Langdon@cs.ucl.ac.uk   or   use | Add to It | web link

Downloads by day

Your papers

http://gpbib.cs.ucl.ac.uk/
http://gpbib.cs.ucl.ac.uk/blog.html
http://liinwww.ira.uka.de/bibliography/Ai/genetic.programming.html
http://gpbib.cs.ucl.ac.uk/download/download.html
http://gpbib.cs.ucl.ac.uk/gp-html/index.html
http://www.cs.ucl.ac.uk/cgi-bin/staff/W.Langdon/WBT.cgi

