










for (int i = 0; i < n; ++i) {

for (int j = 0; j < n; ++j) {

g(i, j) = -4*f(i, j) + f(i-1, j) + f(i, j-1)

+ f(i+1, j) + f(i, j+1);

}

}



#pragma omp parallel for collapse(2)

for (int i = 0; i < n; i+=block_size) {

for (int j = 0; j < n; j+=block_size) {

for (int ii = i; ii < i+block_size; ++ii) {

for (int jj = j; jj < j+block_size; ++jj) {

g(ii, jj) = -4*f(ii, jj) + f(ii-1, jj) + f(ii, jj-1)

+ f(ii+1, jj) + f(ii, jj+1);

}

}

}

}



1365 x OMP PARALLEL

1243 x ACC PARALLEL

333 x  OMP PARALLEL















Achieved performance portability:
▪ Single source code
▪ Single place to switch architecture
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@field_operator

def laplacian(f: Field[[I, J], float]):

return -4*f + f(I-1) + f(I+1) + f(J-1) + f(J+1)

Hardware-agnostic description 
of the computation



Field operator (@field_operator)
Covering most patterns of explicit finite-difference and 
finite-volume discretizations, multiple field operations 
can be grouped together into a field operator.

Field operators are composable, allowing the 
description of high-level operators from basic building 
blocks.

Scan operator (@scan_operator)
Scan operators are useful for expressing computations 
with dependencies across an entire dimension, which 
commonly occur in implicit solvers and physical 
parametrizations. The output from the previous level 
(i.e., k+1 or k-1, depending on the direction) is used 
by a scalar function to derive a new value for the 
current grid point, iteratively building up a complete 
field.

@field_operator

def edge_average(

vertex_field: Field[[Vertex], float]

) -> Field[[Edge], float]:

return 0.5*(vertex_field(E2V[0])+vertex_field(E2V[1]))

@scan_operator(axis=KDim, forward=True, init=0.0)

def simple_scan_operator(

    carry: float, current_value: float

) -> float:

    return carry + current_value

result = simple_scan_operator(inp_field) 

laplap = laplacian(laplacian(f))



@field_operator

def laplacian(f: Field[[I, J], float]):

...



@field_operator(backend=gtfn_cpu)

def laplacian(f: Field[[I, J], float]):

...



@field_operator(backend=gtfn_gpu)

def laplacian(f: Field[[I, J], float]):

...





GT4Py can be integrated into existing Fortran (or C++) code

● Fortran driver, Python operators

● Incremental transition process towards Python

● Approach taken in Exclaim project (ICON)

● Allows continuous validation during porting

● Some limitations persist

● Memory layout fixed until everything ported (or costly reshuffling / 

H2D transfers)





if (

isinstance(new_node.fun, itir.SymRef)

and new_node.fun.id == "if_“

and isinstance(new_node.args[0], itir.Literal)

):

if new_node.args[0].value == "True":

new_node = new_node.args[1]

else:

new_node = new_node.args[2]

true_branch

if_(True, true_branch, false_branch)



Hardware:
NVIDIA® V100 GPUs 32GB
2 x Intel® Xeon® Skylake 6134
384 GB DDR4

Software:
cuda/11.2.2
nvhpc/21.2-cuda-11.2



GT4Py is not a dead end!
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