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Code Example
N = 1024 Matrix-Vector Multiply 2D Convolution: CUDA-CHILL recipe and optimized code

Sequential code* GPU Code
for (i = 0; i < N; i++) Sequential Code ..
for (j = 0; j < N; j++) Generated Code: with Computational decomposition only.  for(i=0;i<N;++i) Complex Optimized Code
a[i] = a[i] + c[j1[i] * b[jl; _global__ GPU_MV(float* a, float* b, float** ¢) { for(j=0;j<N;++j) bounds for __shared___ float (_P1[47])[31];

CUDA-CHILL Recipe int bx = blockldx.x; int tx = threadldx.x; for(k=0;k<M;++k) shared memory _ shared__ float (_P2[16])[17];float tmp3;
N = 1024 int i = 32*bx+tx; for(1=0;1<M;++1) 4‘ e e
TI= TJ = 32 for (j = 0; j <N; j++) clillj] = clillj] + alk+i][1+j] * bIk][1]; PP . . .
tile_by_index({“i”,”j”}, {TLTJ},{l1_control="ii”, 12_control=“k”},{"ii", “jj”,"i", "j”}) ali] = a[i] + c[jlli] * bljl; } . . for (tmp = 16 * by + 3 * ty; tmp <= min(16 * by + 30,
normalize_index(“i”) Final MV Generated Code: with Data staged in gyﬂ)lgécl\}/}l—L% Recipe 16 * by + 3 * ty + 2); tmp++)
cudaize(“mv_GPU”, {a=N, b=N, c=N*N},{block={“ii”’}, thread={“i"}}) shared memory & registers. - At for (tx1 = 2 * tx; tx1 <= min(2 * tx + 1, 46); tx1+

TI =32, TJ =16, TI=4
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copyﬁto_rilgistclelrsl(“jj”, “a”) float** ) { Copy Code _P1[ tx1][tmp - 16 * by] = a[tmp][32 * bx +
unroll_to_depth(1) int bx = blockIdx.x; int tx = threadIdx.x; tlle_by_lndex({::l:"3"1"}, {TL,TJ }3' e e I SIEE tx1];
o __shared__ float bepy[32]; i.l-l-wcgl-l.t.n?.l S W 1"2_"control= iy, 9 - syncthreads();
BX=0__~ —Shared._s float acpy = a[tx + 32 * bx]; i, gt e, ke, ) o — N — 1E.
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S o e registers b]] [U’(]J]_ b[3££" + tl: normalize_index("j") or (tx1 = 2 * tx; tx1 <=2 * tx + 1; tx1++)
1 , STEL cpyltxl= N normalize_index("1'") Copy Code P2[tx1][tmp] = b[tmp][tx1];
i A R . el —syncthreads(); cudaize("Kernel_GPU", {a=(N+M)*(N+M), for Registers - p plltx1;
: : il '“1_=| tmp //this loop is actually fully unrolled b=M*M, c=(N+M)*(N+M)}, __syncthreads();
' . for (j =32 * jj; j <[=]?§2* J'J;)+ 32; Ji++) {block=l£"jj '!‘,("ii"}, thread=){"j","i"}}) mp3 = c[k + 16 * by][tx + 32 * bx];
Tiles for - _ acpy = acpy + c[jl[32 * bx + tx] * copy_to_shared("tx","a",-16 — 0k <= 15 ktt
shared memory = T 3095430 bepy [jl; copy_to_shared("tx","b",-16) fOFf(k (1’ k. _1 > k )
W 32031 el "%a?du ti'l'- __syncthreads(); copy_to_registers("tx", "c") or (I=0; 1_<_ 15; 1++) .
ool o } Unroll_to_depth(1) tmp3 = tmp3 + _P1[1 + tx ][k + ty] * _P2[l]
tmpr=c{t.tid) *s{1}} blockiD.x = 0 a[tx + 32 * bx] = acpy; } [k];
— clk + 16 * by][tx + 32 * bx] = tmp3;

* Following CUBLAS notation for matrix vector multiplication which takes transposed matrix as input.

Performance Comparison

Performance S.l_]_[]'l[]‘lﬂ_[‘}f (renerated Code Matrix-Vector Multiplication 2D Convolution

Name Max Max Min Avg | Min | Max | Num | ° - 0 m ravo G
Perf | Spdup | Spdup | Spdup | Len Len Ver N

VV 14.2GF 16x 0.31x 1.20x 80 179 32 . ,. 2:
MV 65.0GF 273x 1.03x | 1.78x 57 110 ] 32 ]~ ' oo
TMV 18.0GF 1.70x 0.82x 1.05x 45 () 2 . ' o
MM 435.4GF 2.54x 0.93x 1.54x 326 | 1148 32| ° | 7o I R _l |
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