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A Data-Centric Optimization Workflow for the Python Language
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\eIVEIeaN Python is the language of choice ... to a Data-Centric Representation ... ... optimized via Graph Transformations ... ... generating Architecture-Specific Code
for scientific computing due to its high

Stateful DataFlow multiGraphs (for (t = 0; (t < tsteps); t = t + 1) { b
° . . . . START Subgraph Fusion Redundant Array Loop-to-Map WCR Tiling #pragma omp parallel for CPU
productivity. However, its execution is often | | ) 5 for (auto __i0 = 0; _i0 < (N - 2); _i0 += 1) {
-0 for t in range(tsteps):  States encapsulate dataflow o i R for (auto i1 =8; i1< (N -2y i1 4= 1) {
_ + _ ] e R double _inl = arr[(((((N * N) * (t % 2)) + (N * (__i0 + 1))) + _i1) + 1)];
SIOW. NOW A0 we make on the language o i+=1 i > tsteps, Interstate edges annotated with =75 = - double _in2 0.6 = arr[((((N * N) * (t % 2)) + (N * (_i6 + 1))) + _i1)];
GUARD > FINISH
Library Specialization double __in2_1 = arr[(((((N * N) * (t % 2)) + (N * (__i0 + 1))) + __il1) + 2)];
ChOiCe fOr Writin hi hl erformant Code too? i < tsteps ContrOI'ﬂOW | double _in2_6 = ar‘r‘[(((((N * N) * (t % 2)) + (N * (_l@ + 2))) + _11) + 1)]_,
g g y p . ! P . and others double _in2 = arr[(((((N * N) * (t % 2)) + (N * _iQ)) + _i1) + 1)];
<> G < Data access double _out; | | |
arr[t%2, Arr[t%2, arr 1 = arr[t%2,1:-1,:-2] _out = (0.2 * ((((_inl + __in2.0.0) + __in2_1) + _1n2_9) + _in2));
Fro P thon 1:N1,] 1:N — 1, « - Array Slicing arr[(((((N * N) * ((t + 1) %2)) + (N* (_io + 1))) + i1) + 1)] = _ out;
m y @ 1:N—1 @ 0:N — 2] . . . . }
o2 a2 e—— Dataflow edges annotated with Optimization driven by: )
0:N — 2] 0:N — 2] | . \_} y
e N—21 0 — the subset of data being accessed J User/performance engineer A
Python W|th type annotations for Ahead'Of‘Time Compi|ati0n [ip=0:N—2,i; =0:N — 2] . ) .. ) .. __global _ void outer fused © 0 2(double * _ restrict__ gpu_arr, int N, long long t) {
—— [ iton ] Automatic optimization heuristics int __i1 = (blockIdx.x * 32 + threadIdx.x);
4 ) v B y . i i
. . ) int i@ = (blockIdx.y * 1 + threadIdx.y); GPU
@dace.program ( out = inp1 + inp2 )4 Computation ] Performance modeling if (il < (N - 2)) {
def jacobi2d(tsteps: dace.int32, arr: dace.float64[2, N, N]): — . double __inl = gpu_arr[(((((N * N) * (t % 2)) + (N * (__i0 + 1))) + __i1) + 1)];
J tmpO[iy, i1 ] ” ” | . . .
for t in range(tsteps): ; Parametrica Y paraliel scope double __in2_8.@ = gpu_arr[((((N * N) * (t % 2)) + (N * (__ie + 1))) + _ i1)];
) . * EX) [ip=0:N—-2,i; =0: N — 2] arr[t%2,1:-1,1:-1] + arr[t%2,1:-1 '-Z]I START double __in2_1 = gpu_arr[(((((N * N) * (t % 2)) + (N * (__i0 + 1))) + __il1l) + 2)];
arr[(t+1)%2, 1:-1, 1:-1] = 0.2 (arr[t%2, 1:-1, 1:-1] + 0 1 — < it dnliiiel del et double _ in2 @ = gpu arr[(((((N * N) * (t % 2)) + (N * (__i0 + 2))) + _ i1) + 1)];
arrlt%2. 1:-1 ._2] + tmp0[0: N — 2,0: N — 2] - double _ in2 = gpu arr[(((((N * N) * (t % 2)) + (N * _iQ)) + _i1) + 1)];
- ? Gimpd) Carr) y1=0 double _ out;
ar\r\_téza 1: '1: 2-] + @ i+=1 i > tsteps _out = (0.2 * ((((_inl + _in2 @0 0) + __in2 1) + _in2 @) + __in2));
arr[t»2, 2:, 1:-1] + GUARD g U gpu_arr[(((((N * N) * ((t + 1) % 2)) + (N * (_ie + 1))) + _il) + 1)] = _ out;
arr[t%2, :-2, 1:-1]) / lig=0:N— 2311—051\’;2] N\ 4’cmp@ + arr[t%2,1:-1,2:] i < tsteps } }
\ / ( out =inpl +inp2 ) -4 - J
¥ arr 4
. . . . \ /| arr[t%2,0: N, 0: N] for (t = 0; (t < _tsteps_in); t = (t + 1)) { h
MPI-compatible syntax for distributed-memory programming . for (int _i0 = 0; _10 < (N - 2); _i0 += 1) { FPGA
@ . .. for (int i1 =0; i1 < (N - 2); i1 += 1) {
@dace.program ) : missing dataflow lig =0:N—2,i; = 0:N — 2] #pragma HLS PIPELINE II=1
’ : - #pragma HLS LOOP_FLATTEN
. . . . : for brevit -
def jacobi2d distr(tsteps: dace.int32, arr: dace.float64[2,Nx+2,Ny+2]): (imp3) orpreviy {
- , out =0.2 * (inpl + inp2 +inp3 + double __inl = __arr_in[(((((N * N) * (t % 2)) + (N * (_i0 + 1))) + __il1l) + 1)];
req = np.empty((8,), dtype=dace.comm.Request) / o \ inpa + inp5) double _in2. @ @ = __arr in[((((N * N) * (t % 2)) + (N * (__ie + 1))) + __i1)];
for t in range(tsteps): L —ose  E— : arr[(t + D%2,1p + 1,y +1] double __in2 1 = _arr_in[(((((N * N) * (t % 2)) + (N * (_ie + 1))) + _i1) + 2)];

o . P X double _in2 @ = __arr_in[(((((N * N) * (t % 2)) + (N * (__ie + 2))) + __i1) + 1)];
dace.comm.Isend(arr[t%2, 1, 1:-1], north, 0, req[9]) ( °Ut-°‘-2 inp ) 0.2 * tmp3 i = 0:N — 2,i; = 0:N — 2] double _in2 = _arr_in[(((((N * N) * (t % 2)) + (N * __i@)) + _ il) + 1)];

e \ lip=0:N—-2,i; =0:N — 2] / < C L double _ out;

) . : . t+ 1)%2, _out = (0.2 * ((((_inl1 + in2 @ 0) + in2 1) + _in2 @) + __in2));
dace.comm.Irecv(arr[t%2, 1:-1, -1], east, 2, req[7]) (impd) < Intermediate data USe *(_arr out + (((((N * N) * ((t + 1) %2)) + (N* (_i0 + 1))) + _il) + 1)) = _ out;
dace.comm.Waitall(req) tmpa[0: N — 2,0: N — 2] ar) 1:N - 1] }

. arr[ (t+1)%2, 1+noff:-1-soff, 1l+woff:-1l-eoff] = 0.2 * (...) ) s s ) )
Carr D 1:N — 1] ¥
\_ J
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