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Given Ax = b, where A € R™ " is a sparse matrix
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Mx{k—l}



Motivation

Jacobi method for the solution of a sparse linear system
Given Ax = b, where A € R™ " is a sparse matrix

xt} = D71(b — (A — D)xtk~1 =
= Db+ Mx* Y, k=12

It's possible to use an adaptive precision solver
with different mantissa width

"Adaptive Precision Solvers for Sparse Linear Systems” H. Anzt, J. Dongarra and E.S.
Quintana-Orti. 3rd International Workshop on Energy Efficient Supercomputing. 2015



Motivation

Jacobi method for the solution of a linear system
Given Ax = b, where A € R™ " is a sparse matrix

xt} = D71(b — (A — D)xtk~1 =
= D7 lp+ Mx* 1 k=12

We test the development of a SpMV operator on
a FPGA with different mantissa width
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Blocks with constant number of elements (in our implementation 8 elments per block)




SpMV. Data structure
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Padding elements, each row occupies completely one or more blocks




SpMV. Data structure
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SpMV. Algorithm

for (i =0; i < m; i++ ) {
end row = 0;
while ( ! end row ) {

el
el

M[J] * x[col[]]];
M[j+1] * x[col[j+1]];

éé.= M[j+6] * x[col[]j+6]];
if ( end row = (col[]j+7]<0) )
e7 = M[j+7] * x[-col[]j+7]1]1;

else

e7 = M[J+7] * x[ col[]j+7]1]1;
xX[1] 4= e0 + el + ... + e7;
j += 8;

b}



SpMV. Schema of the operator




SpMV. Schema of the operator
?‘EO;O’(i=O; i <m; i++ ) {
end row = 0;

while ( ! [zna row j {

e0 = M[]] * x| 17 -
el = M[j+1] * x| | -
E
e6 = M[j+6] * x| 1; e
if ( end row = ( <0) ) &
e7 = M[§+7] * x| 1; [V
else .
e7 = M[jJ+7] * x| 1;
xli] += o0 + o1+ .. +o7;  EEEBA"EA"EA"EE"EE"
j += 8;

} o}



SpMV. Schema of the operator

J =0;
for (i =0; 1 < m; i++ |1
end row = 0;
while ( ! end row ) {
e0 = M[]] * x[col[]]];
el = M[j+1] * x[col[]j+1]];
e6 = M[j+6] * x[col[j+6]];
if ( end row = (col[j+7]<0) )
e7 = M[j+7] * x[-col[j+7]];
else
e7 = M[j+7] * x[ col[j+7]];
x[1i] 4= e0 + el + ... + e7;
j += 8;

b}



SpMV. Schema of the operator
J =0;
for (i =0; 1 < m; i++ ) {
end row = 0;
while ( ! end row ) {
e0 = M[]] * x[col[j]];
el M[j+1] * x[col[j+1]];
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e6 = M[3+6] * x[col[j+6]]; ]
if ( end row = (col[]j+7]<0) )
e7 = M[j+7] * x[-col[j+7]];
else
e7 = M[j+7] * x[ col[j+7]11];
x[1i] 4= e0 + el + ... + e7;
j += 8;

b}



SpMV. Schema of the operator
J =0;
for (i =0; 1 < m; i++ ) {
end row = 0;
while ( ! end row ) {
e0 = M[]] * x[col[]j]];
el = M[j+1] * x[col[j+111;

éé.= M[j+6] * x[col[j+6]];
if ( end row = (col[]j+7]<0) )
e7 = M[j+7] * x[-col[]j+7]1]1;

else

e7 = M[J+7] * x[ col[]j+7]1:
x[1i] +== e0 + el + ... + e7;
j += 8;

b}



SpMV. Schema of the operator
%o;oi i1 =0; 1 < m; 1++ ) {
end row —2
whiIé ( end row ) {
e0 = N[j] * x[col[]]];

el M[j+1l] * x[col[j+1]1];

éé.= N[j+6] * x[col[]j+6]];
if ( end row = (col[]j+7]<0) )
e7 := M[j+7] * x[-col[j+7]];

else

e7 :: M[J-I-7] * x[ COl[J+7]];
xX[1] 4= e0 + el + ... + e7;
j += 8;

b}



SpMV. First results. Latency

Mantissa | Multiplier | Adder Accumulator

width (bits) | M2 M3 M4 izl

8 (x4 stages)

12 (x4 stages)

12 (x 4 stages)

Vivando Design Suite from Xilinx



SpMV. First results. Area and Power

Mantissa Area Power (W)

width _ _ _
(bits) Slice LUTs | %FPGA Static Dynamic Total

13,286 3.07% 0.300 0.675

16,279 3.76% 0.342 0.718
33,519 7.74% 0.646 1.025

Vivando Design Suite from Xilinx



Work in progress

* Add the selection mechanism for the mantissa width
* Obtain precise real power consumption

* Integrate the connection with the host




