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Area Reduction Method of systolic ring

Accelerator by multithreading”

Ryusuke Yamano

Abstract

The success of machine learning algorithms and the commoditization of VR
technology have attracted a lot of attention. Along with that, the computing per-
formance required for embedded devices is increasing. On the other hand, the
benefits of frequency improvement and cost reduction due to miniaturization of
semiconductors are getting rid of. Performance improvement by frequency im-
provement and multicore which general-purpose processor has got so far, cannot
be expected in the future. For the social implementation of DCNN, vertical di-
vision of labor is being established that learns with a large scale server equipped
with GPU and just recognition in embedded system be incorporated DSA. How-
ever, due to its characteristics, the DSA has limited scope of application, and there
are problems that it cannot respond to changes in the machine learning algorithm
and the appearance of killer applications other than machine learning.

CGRAs and systolic arrays that are subsets have been studied as programmable
accelerators. However, as a structural disadvantage, it is pointed out that there is
congested wiring and it is difficult to use up the computing unit and memory, and
improvement of the area efficiency has been a problem. In this research, the author
propose a method of improving the area efficiency of systolic ring accelerator by

multithreading based on systolic ring accelerator EMAXYV. The author compared

*Master’s Thesis, Graduate School of Information Science, Nara Institute of Science and
Technology, NAIST-IS-MT1651118, February 1, 2018.

1l



the computational performance with EMAXYV for the three applications of matrix
multiplication, convolution operation, and lightfield image processing, and con-
firmed that the same computing performance can be achieved with multithreaded
IMAX. The circuit area by logic synthesis using 28 nm technology was evaluated.
As a result, it was shown that IMAX can improve performance per area compared
with EMAXYV from 2.25 times to 4.34 times.

Keywords:

CGRA, Accelerator, Multithreading, Edge Computing, Stencil Calculation
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for(i=0; i<N; i++)
for (j=0; j<M; j++)
for(k=0; k<L; k++)
c[i*M+j] += ali*L+k] * b[k*M+j];
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for (kk=0; kk<L; kk+=DP) /* blocking exection x*/
for (i1j=0; ij<N*M; ij+=SIMDW)
for (ii=0; 1ii<DP; ii++) /* vertical (pipelined) x*/
for (jj=0; jj<SIMDW; jj++) /* horizontal (parallel) x*/
c[ij+3jj]1 += talN*kk+N*ii+(ij/M)]
* b[MAkk+N*ii+(ij&(M-1))+jj];
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i++)

j++) {
al(i-1)*W+j-1]
al(i-1)*wW+j ]
al(i-1)*W+j+1]
*W+j-1]
*W+j ]
al i *W+j+1]
al(i+1)*W+j-1]
al(i+1)*W+j ]
al(i+1)*W+j+1]

for(i=0; i<H;
for(j=0; j<W;
cl[i*W+j]
clixW+j]
c[i*W+j]
c[i*W+j]
cli*W+j]
clixW+j]
c[i*W+j]
c[i*W+j]
cli*W+j]

+=

*

k[0];
k[1];
k[2];
k[3];
k[4];
k[5];
k[6];
k[7];
k[8];

al i

L

al i

*

L

0 16 3x3goboouogon

for (i=0;
for (j=0;
for (jj=0;

i<H;

i

J<W;

33

++)
j+=SIMDW)
<SIMDW;

cli*W+jl+=al(i-1)*W+jj-11*k[0];

cli*W+jl+=al(i-1)*W+jj

I1*k[1]1;

cli*xW+jl+=al(i-1)*W+jj+11*k[2];

cli*W+jl+=al i
cli*W+jl+=al i

cli*W+jl+=al i

*W+3j

*W+3jj-11*k[3];
1xk[4];
*W+jj+1]1*xk [5];

cli*W+jl+=al[(i+1)*W+jj-1]1*k[6];

cli*W+jl+=al(i+1)*W+jj

1k [7];

cli*W+jl+=al(i+1)*W+jj+11*k[8];

/ *
/ *
/ %
/ %
/ *
/ *
/ *
/%
/ *

vertical
vertical
vertical
vertical
vertical
vertical
vertical
vertical

vertical

jj++){ /* horizontal (parallel) x/

(pipelined)
(pipelined)
(pipelined)
(pipelined)
(pipelined)
(pipelined)
(pipelined)
(pipelined)
(pipelined)

*/
*/
*/
*/
*/
*/
*/
*/
*/
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Input Channel

Csr Ouput Channel

kernel

R H E
n n n N | batch size
. C . . M | # of 3D kernels
,41 | o or output channels
1\,/[/(’ - C | # of input channels
° or kernel channels
(}/(1—.- H T H | input width/height
e N— 7 =1 9 R | kernel width/height
8 N I B
Rii@»’ ' }E, E | output witdh/height
R H E

019 DCNNOOOOOOO

for n in 1..N /* O0Obatch */
for m in 1..M /x OO0OOOOOO =/
for ¢ in 1..C /x OODODOODOOO =/
for i in 1..E /* O0ODOODOO =/
for j in 1..E /x OJODOODOOO =/
for k1 in 1..R /* kernel OOOODO =%/
for kO in 1..R /* kernel O0OOODO x/
oc [n*M*xE*E+m*xE*E+i*E+j]
+= ic[n*M*E*xE+c*H*H+(i+k1)*H+j+k0] * k[k1*R+KO];

020 DCNNODOOOO
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Macro/Black Box area(LMM)[um?] 22,374,142 | 5,593,536 3,058,733
Macro/Black Box area(RMM)[um?] 0 0 488,832
Total cell area[um?] 27,221,649 | 8,588,483 6,731,607
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