md_stencil: High-Performance Stencil Computations on CPU and GPU
via Multi-Dimensional Homomorphisms .

a.rasch@wwu.de Ari Rasch, Richard Schulze, and Sergei Gorlatch
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2. Generating auto-tunable OpenCL code from MDH representation. & i h ormms with intordoserdont Tunme Paramotors vin
Auto-Tuning Framework ATF”, TACO’20 (accepted)

3. Auto-tuning OpenCL code for target device and input/output [ Rasch Soraion, AIF: A Generic, Directive-Based Auto-Tuning
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; Hardware ;
> CPU: Intel Xeon E5:
» GPU: NVIDIA V100

NVIDIA

i g DX Shaiiaed g B > . = o s . - - RS ? g, e Tl ok it R A sl A ” 4
. I - A . n. s = . - L. . - P . , 7 g -, - . e P . L oy -, - . e _ - . ey - P R " - . R } A g o T : ., . ; el g 2 . - . .
o A e R ioaRs ge sl cee o 0 e ey i R S i s D P el s Lot S e n R T X S ST Lo el e D ot me T ey AT il e 2 o 2 V. ¥ o e a o e B SoERE o g 2 g o)y oz O Chm £y i SR S i s oD g G sy Lol O r e L K S T g2 e e T
N 4 L d o= e - -2 - AR i — e - A aac ST - ZAC ke = G - (L A L - Sl .
. 4 . o
) ' M 3 i7. 78
. g ", - R
o . E -0 ] .
; Lo - vy | | e 4
0 & Lo -] r X
B | o )
[, . B T .
- ) 4“ N C8 g
i rAg N I ¢
; | ® D
' A 'Y e ! R\ -
: R o W 3
N A R
| N ‘%, R, .
0 g Y - ‘ B "
. - Lo e ey =g - e P S i Lol - . s DL - r~> P e . s a e ag - . o o 2 .= 4] var PR i Wad - . . A e g AR ACd a D N Sy S N - e o) ‘ . . R . R Ao
) O 5D =02 v"'"_ R DSt U8 ALt vl SE Tl &I SFT T Sy O T e 8Ny S LCRNTOR TN VIV 5> NS5y o RACAIRAL s N e STV (W59 Y ‘.\ | r. -l -,—;,_,',- TR I I, ! D> ‘_-"'. ' oo O3 ."_ BITEVY, & SOy 2" ». SO ' QRN .. e 7\ Al A PUBRN AN, - ~:>:. Y
> : - ¥ . - - oz Lo H o - - . -~ - R < . - - - ~ " ? < - . N - . G A ~ P , N - z Bk i) ; d P . . - A D oS ) s — B
- "" . B> = i - - 7 ISP TY ww VS ATy "' ok a8 e - s v v o3 o = — -0 W —— - A o “ . e T L — . P Z . - § . - T > M 2 . . e - _ . = L, . ~ Q . € coan S - ~‘_

The MDH Repl”esenl‘al‘lOn 1‘61168 on thre€ hlghel‘—OI’dGI‘ funCthnS (patternS) ...........................................................................................
1. in view: uniformly prepares stencil-specific input data Lift [6]: 1.9x-4.9x on CPU and TVM [7]: 2.75x on GPU for MCC
2. md hom:  specifies stencil computation 1'0?X'2-34X on GPU for conv2d on their own real-world data set
3. out view: uniformly prepares stencil-specific output data and j3d7pt on Lift's own data sets from deep learning

Example: Conv 2D (conv2d)

Speedups of md_stencil over well-performing

l. in view( im, W )( P9 , £,s )( in[ ptr ,

machine- and hand-optimized approaches

indices for indices for |
inputimage | | weight matrix |

2. md_hom(x*, (+TI++I+If) )

- ] A i Intel MKL-DNN / NVIDIA cuDNN:
3. out_view( x,OUt ) ( Pr? ) ( out| P,/_q 1 ) | muliplie elements | L lum n - rtemis [8]: 0.98x-1.07x on GPU 1 3x on CPU and 3.31x on GPU for

forconv2d and j3d7pt Mcc on TVM'’s real-world data set
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6] Hagedorn, et al., "High Performance Stencil Code Generation with Lift.”, CGO’18 (Best Paper Award)
7] Chen, et. al, "TVM: An Automated End-to-End Optimizing Compiler for Deep Learning”, OSDI'18
8] Rawat, et. al, "On Optimizing Complex Stencils on GPUs”, IPDPS’'19
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|:> conv2d = out view( .. ) o md hom( .. ) o in view( .. )



