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Fig. 4. Data layout dependence: performance of the Wilson matrix multiplication with-
out prefetch on a single KNL node.

Since our target lattice sizes assume more than O(10) KNL nodes, the advan-
tage of manual prefetch is not manifest compared to involved tuning effort. In the
following, we nonetheless use the code with manual prefetches. The performance
without manual prefetch may be estimated based on the result in Fig. 5.

For reference, here we quote the effect of communication overhead for a single
MPI process case on a single node. As noted above, even in such a case the copy
of packed boundary data is performed. By removing the redundant boundary
data packing and copy, the performance changes as follows: 378 → 453 GFlops
(layout 1) and 345 → 361 GFlops (layout 2) for the Wilson matrix, and 430 →
497 GFlops (layout 1) and 388 → 440 GFlops (layout 2) for the clover matrix
multiplication.

Comparison to Other Codes. Now we compare our performance of the Wil-
son and clover matrix multiplication to other codes under the condition of a
single process on a single KNL node. The QPhiX library achieves 587 GFlops
for single precision [5] on a 323×96 lattice. The Grid library [7] provides a bench-
mark of the Wilson matrix that we can run on the same environment as this
work. On a 323 ×64 lattice, based on v0.7.0, it gives the best performance with
one thread/core and amounts to 340 GFlops that is comparable to our result.
According to Ref. [11], the Grid achieves 960 GFlops with multiple right hand
sides, that has an advantage in reuse of data. While our result is not as fast as
QPhiX, it shows that large fraction of performance can be achieved with rather
simple prescriptions. An approach keeping the array of structure data layout and
inserting pragmas [10] gives 225 GFlops (245 GFlops after correcting the differ-
ence in clock cycle). In our previous report [4], which corresponds to the layout 2
without redundant boundary data packing/copy, the best performance on single


