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Motivation

Enormous interest in mixed precision and stochastic
rounding in NLA
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But tedious and slow to test

c = zeros(length(x), 1);
i=1:1length(c)

c(i) = chop( beta*y(i), mulopts);
j=1l:1:size(A, 2)
tx = chop( alpha*x(j), mulopts );
c(i) = chop( c(i) + chop( A(i,j) * tx, mulopts ), addopts );
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ChopBLAS to the Rescue

Requirements
@ Provide basic linear algebra functions
@ Support mixed precision operations
@ Good performance with large matrices
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Features

@ BLAS-like interface

@ Selectable rounding
function

@ Per-operation rounding
options

@ Selectable reduction
operator

NLA GRoup
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function [nrm] = chnrm2( x, varargin )

p = inputParser;

p.StructExpand

addoptional( p, pts', struct([])
addoptional( p, 'add struct([1)
addoptional( p, 'sqrtopts', struct([]
addParameter( p, 'Rounding’, @chop );
addParameter( p, 'Accumulator’, @haccum_recursive );

5
)5
) )5

parse( p, varargin{:} )

accum = p.Results.Accunulator;
mulopts p.Results.mulopts;
addopts p.Results.addopts;
sqrtopts = p.Results.sqrtopts;
roundfunc = p.Results.Rounding;

( isempty(addopts) || isempty(sqrtopts) ) && ~isempty(mulopts)
addopts ulopts;
sqrtopts = mulopts;

pp = roundfunc( x.*x, mulopts );
dot = accum( pp, roundfunc, addopts );
nrm = roundfunc( sqrt( dot ), sqrtopts );
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Implemented Functions

Function \ Operation’ Description

chscal ax Scale all entries of the vector x by «

chaxpy ax—+y Add the scaled vector x to the vector y

chdot x'y Compute the dot product between x and y

chnrm2 [Ix||2 Compute the 2-norm of the vector x

chasum >oilxil Compute the sum of the absolute value of the el-
ements of the vector x

chgemv aop(A)x + By Compute the matrix-vector product Ax + y

chtrmv op(A)x Compute the matrix-vector product Ax when A is

a triangular matrix

chtrsv Find x in op(A)x = b | Compute the solution to the triangular system of
equations given by A and b

chger axyT + A Compute the rank-1 update of A using the scaled
outer product between x and y

Top(A) can either be op(A) = Aor op(A) = A
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Reduction Operators

@ Recursive summation
@ Pairwise summation

@ Sorted summation

e Ascending sort
e Descending sort
@ Insertion sort

@ Compensated summation
@ Doubly compensated summation

Changing the reduction operator

z = chnrm2( x, halfopts, 'Accumulator', @chaccum_pairwise );
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Rounding Operator

Chop-based rounding (Default) [Higham and Pranesh(2019)]

2( x, halfopts );
2( x, halfopts, 'Rounding’, @chop );
2z = charm2( x, halfopts, singleopts, doubleopts, 'Rounding’, @chop );

Cpfloat-based rounding [Fasi and Mikaitis(2023)]

z = chnrm2( x, halfopts, 'Rounding', @cpfloat );

Custom rounding

addopts.digits = 1;
multopts.digits = 2;
Sqr(upts digits = 3;

chnrm2( x, multopts, addopts, sqrtopts, ‘Rounding’, @(x

, s) round( x, s.digits ) );
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Implementation

@ Vectorize as many rounding function calls as possible
@ Use MATLAB’s elementwise ops + Implicit expansion

Input: Matrix A € R™<" vectors eee

x € R"and y € R™, and scalars e kg s s

@ and 5 A m X = roundfunc( alpha.*x, mulopts );
Output: Result vector y ¢ R e

5\( < OX(OzX) matind = @(1) A(:,1)';

o
Y < ox (6y)A o natind = (1) A(L,:);
1,:
V «—o . : L
. inds = i:1:min(i+blocksize-1, 1x);
Am7: ® )A(' t = [xout(inds), roundfunc( matind(inds).*x', mulopts )1;
}7 — sum([}A/ V] ,O+) xout(inds) = accum( t, roundfunc, addopts );
return
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Performance (i)

Half-precision with round to nearest

108
*  Chop
---------- Chop - fitted
102¢| o GPfloat
«++ CPfloat - fitted
O Reference
101 | [reeeeneees Reference - fitted
o
o
o 100F o
£ ¥
< a”
€107k o
o
* o”
o
02l * P "
* o * +¥
- o **x*ﬂ o
Ao K ¥ [=bl
0% 20 Ky RK o &8 3
*E k¥ poof
o %hp gooo
107 . . .
10° 10" 102 108 10*
Matrix size
| Reference | ChopBLAS (chop) ChopBLAS (cpfloat)
Scaling ‘ 1.9988 ‘ 1.6852 1.6185

Test system: Intel Xeon W-2255, 128GB RAM
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Performance (ii)

Half-precision with stochastic rounding
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| Reference | ChopBLAS (chop) ChopBLAS (cpfloat)
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Single-precision with round to nearest

Performance (ii
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Performance (iv)

Single-precision with stochastic rounding
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| Reference | ChopBLAS (chop) ChopBLAS (cpfloat)
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Example: Stochastically Rounded CG

roundopts.format =
roundopts.round = 5;

x(:,1) x0;

r(:,1) chgemv( -1.0, A, x0, 1.0, b, roundopts );

p(:,1) = r(:,1);

s(:,1) = chgemv( 1.0, A, r(:,1), 0.0, [], roundopts );

v(1) = chdot( r(:,1), r(:,1), roundopts );

alpha(1) = chop( v(1) / chdot( p(:,1), s(:,1), roundopts ), roundopts);

chaxpy( alpha(i-1), p(:,1-1), x(:,1-1), roundopts );
r(:,1) = chaxpy( -alpha(i-1), s(:,i-1), r(:,i-1), roundopts );

v(1) = chdot( r(:,1), r(:,1), roundopts);
beta(i) = chop( v(i) / v(i-1), roundopts );

= chaxpy( beta(i), p(:,i-1), r(:,1), roundopts );
= chgemv( 1.0, A, p(:,1), 0.0, [], roundopts );

u(i) = chdot( p(:,1), s(:,1), roundopts );
alpha(i) = chop( v(i) / u(i) );
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Conclusions

@ Provides an easier way to simulate mixed-precision
and stochastically rounded NLA

@ Exploits built-in vectorization of MATLAB to scale better
@ More BLAS functions to implement

@ chtrsm
@ chgemm
e Maybe more...

O https://github.com/imciner2/ChopBLAS
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