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GGGP and CUDA pknotsRG

 CUDA pknots

Calculate shape of RNA molecules
11 000 lines of C and CUDA code

« Grow and Graft Genetic Programming
« 10 thousand fold speedup

W. B. Langdon, UCL



pknots:
RNA sequence — folding

Input ——> CGACAGAUCCAUAAGGUCACUCAGUGAUGAACCUGGGGACU
.............. (CCCC (e eaaaaa)))))))))

Output /

free energy of
-9.30 kcal/mol

W. B. Langdon, UCL



Dynamic programming

pknots uses

dynamic programming to find

minimum energy of folding

One molecu
Not enough

e at a time
narallelism

Run Dynamic Programming algorithm on
200,000 matrices in parallel

GGGP convert CUDA from 1 to n matrices

W. B. Langdon, UCL 5



(n+1) by (n+1) matrix.

Only lower half used.
Active front can be calculated in parallel

(needs 1 to n+1 threads)

GPU allows many matrices to be calculated in parallel
Many more GPU threads can be used.




Grow and Graft Genetic Programming

* Manually written CUDA code automatically
converted to BNF grammar

* GP uses grammar to create population of
syntactically correct mutants.
— All compille
— Array and pointer protection
— Time out Infinite loops

* Fitness by testing and comparing against
outputs and speed of original code

W. B. Langdon, UCL 7



GGGP CUDA pknotsRG speed

GGGP pknotsRG Random RNA sequences

T T T T T T T T T T T T T T T T T
30bhazes Teszla K40 ——

1050 5 ]

106 i ]

10_‘ ]

FHNA zequences per zecond

Original — @t 3
L L L 1 L 1 L L L L L L L L L L 1
1 2 i 10 20 GO 100 1000 a0 Rl T
Number of RMA Sequences run in Parallel

Up to 10000 times faster



Conclusions

« Genetic programming and human work
together.

 On 11 000 lines of C/CUDA code
* Glve spectacular speed up

Talk GP3 Tuesday 11:35 Patio 2

W. B. Langdon, UCL
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Tesla K20
Tesla K40

GPUs

2496 0.71 GHz
2880 0.88 GHz

W. B. Langdon, UCL
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Conclusions

Genetic programming can automatically
re-engineer source code. E.q.

— hash algorithm
— Random numbers which take less power, etc.
— MINI-SAT (Humie award)

fix bugs (>10° lines of code, 16 programs)

create new code in a new environment
(graphics card) for existing program,gzipwcci 10

new code to extend application (cecp) SsBsE14

speed up GPU image processing ccois

speed up 50000 lines of code EEE TEC
10000 speed up GI-2015
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