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Genetic Programming Speeds up Existing CUDA kernel
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Genetic Improvement of GPU Code

Figure 4: Images split into tiles. Each run in parallel
CREST # . " | | Smaller tiles gives more parallelism but halos mean
Computer Science, UCL, London e fastest size processes 2.4x more pixels.
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GPUs have a deserved reputation for being hard to program.
In addition to the usual programming tasks of algorithm
design, an efficient design must exploit the GPUs hardware.
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A programmer must answer questions like: what is the best odified | Population of taodifications

way of allocating data to textures, global, shared or local kernel Jj

memory? This stereo vision example shows that genetic Figure 5 - JX48 Tesla T10
programming (GP) can take this load from the programer’s | Modified 14;)(; ;S

shoulders and automatically configure and modify CUDA
kernels to best exploit the capabilities of each GPU.
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Quadro NVS 290 2007 1.1 2x8 16 0.92 GHz \
GeForce GTX 295 2009 1.3 30x8 240 1.24 GHz
Tesla T10 2009 1.3 30 x8 240 1.30 GHz 6x48 Tesla K20c¢
Tesla C2050 2010 2.0 14x32 448 1.15 GHz -
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Figure 7: Tuned kernels for each of six GPUs. For

K20c 320x240 image pairs split into 6x48=288 tiles
processed in parallel. Speedup in red.
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| - : volatile extern  attribute extern  attribute
- ~ Cache preference None None, Shared, L1, Equal ((shared)) int col_ ssdll; ((shared)) int col_ ssdll;
' ' volatile int* const reduce ssd = int* const reduce ssd =
_ -Xptxas —dlcm ca, cg, Cs, cV scol ssd[ (64 )*2 -64]; scol ssd[ (64 )*2 -64];
- ‘ OUT _TYPE float float, int, short int, unsigned char #pragma unroll 11
STORE_disparityPixel GLOBAL GLOBAL, SHARED, LOCAL if (X < width && Y < height) if (dblockIdx==0)
0 Calcu lat] ng Stereo d]SC repancy STORE_disparityMinSSD GLOBAL GLOBAL, SHARED, LOCAL __syncthreads () ;
DPER Disabled 0,1 e
XHALO Disabled 0,1 : -
More examples: Evolving a CUDA Kernel from an nVidia
- __mul24 __mul24 __mul24 *
| | GPtexturereadmode NormalizedFloat NormalizedFloat, ElementType, Template, W.B. Langdon and M. Harman. In WCCI 20109 pages
| . ) no Textures 2376-2383, 18-23 July, Barcelona
. texturefilterMode Linear Linear, Point
a S oEAHT a textureaddressMode Clamp, Mirror, Wrap 0 Software Speedup up to 6 8 t-l mes
e | ATy ' . texturenormalized 0,1
D , nq A Considerable software speedups possible in addition to
= —M\\ l Fixed mutation Tesla T10 Tesla C2050 GTX 580 Tesla K20c hardware speedup by both tunlng parameters and ad]ustmg
S Cache None 62 L1 52 L1 66 None 48 CUDA k 1 d h : GPU 43
Figu re 3: For each left -Xptxas -dlem ca 84 mnot used 50 cg 42 not used 32 crnel code when moving to new ‘ (BCSt X>
el find hor [ off OUT_TYPE float 100 float 74  float 76 float 48 X  Software speedup up to 6.8x (median 4())
p1X€ 1n orizontal orrsct STORE_disparityPixel LOCAL 100 LOCAL 100 LOCAL 76 GLOBAL 70 . - - -
1 Jino rioh STORE disparityMinSSD SHARED 100 SHARED 100 SHARED 56 SHARED 76 | % L0 future optimise multiple properties, e.g. MPI bandwidth,
O est COI‘ICSPOH lﬂg I'lg t DPER disabled 100 disabled 100 used 100 used 100 memaory, battery life (3D VR on phOﬁCS).
plX@l NOt to scale. YH%IEEL)( ) dissabll;il 1:::: used igg used 10:: usseii2 \ 132
_mulZ24(a.b __mul2s L * ' * 70  __mul2/ & o s 12
Mlﬂ Sum (dlffz 11)(1 1) | GPtexturercadmode Normalized 100 Normalized 100 Normahzed 100 Normalized 100 ACknOWledgments° JOe Stam nV]d]a
texturefilterMode Limear 100 Linear 100 Linear 100 Linear 100 Ste reocamera (Sou rce FO rge) . M]CrOSOft IZI
texturenormalized default 82  default 80  default 72  default 72

textureaddressMode Wrap 40  Clamp 66  Mirror 42 Mirror 48 1mageS- C205OS and KZOC g]ven by nV]d]a.
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