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Motivation

Enormous interest in mixed precision and stochastic
rounding in NLA
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Motivation

But tedious and slow to test
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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
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Implemented Functions

Function Operation1 Description

chscal αx Scale all entries of the vector x by α

chaxpy αx + y Add the scaled vector x to the vector y
chdot x ′y Compute the dot product between x and y
chnrm2 ‖x‖2 Compute the 2-norm of the vector x
chasum

∑
i |xi | Compute the sum of the absolute value of the el-

ements of the vector x

chgemv α op(A)x + βy 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 αxyT + A Compute the rank-1 update of A using the scaled

outer product between x and y
1op(A) can either be op(A) = A or op(A) = A′
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Reduction Operators

Recursive summation
Pairwise summation
Sorted summation

Ascending sort
Descending sort
Insertion sort

Compensated summation
Doubly compensated summation

Changing the reduction operator
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Rounding Operator

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

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

Custom rounding
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Implementation

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

Input: Matrix A ∈ Rm×n, vectors
x ∈ Rn and y ∈ Rm, and scalars
α and β

Output: Result vector ŷ ∈ Rm

x̂ ← ◦×(αx)
ŷ ← ◦×(βy)

V ← ◦×


A1,: � x̂ ′

...
Am,: � x̂ ′




ŷ ← sum
([

ŷ V
]
, ◦+
)

return ŷ
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Performance (i)
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Half-precision with round to nearest

Chop

Chop - fitted

CPfloat

CPfloat - fitted

Reference

Reference - fitted

Reference ChopBLAS (chop) ChopBLAS (cpfloat)

Scaling 1.9988 1.6852 1.6185
1Test system: Intel Xeon W-2255, 128GB RAM
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Performance (ii)
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Half-precision with stochastic rounding

Chop

Chop - fitted

CPfloat

CPfloat - fitted

Reference

Reference - fitted

Reference ChopBLAS (chop) ChopBLAS (cpfloat)

Scaling 1.9991 1.8162 1.6858
1Test system: Intel Xeon W-2255, 128GB RAM
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Performance (iii)
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Single-precision with round to nearest

Chop

Chop - fitted

CPfloat

CPfloat - fitted

Reference

Reference - fitted

Reference ChopBLAS (chop) ChopBLAS (cpfloat)

Scaling 1.9985 1.6734 1.6778

1Test system: Intel Xeon W-2255, 128GB RAM
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Performance (iv)
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Single-precision with stochastic rounding

Chop

Chop - fitted

CPfloat

CPfloat - fitted

Reference

Reference - fitted

Reference ChopBLAS (chop) ChopBLAS (cpfloat)

Scaling 1.9982 1.8126 1.6803
1Test system: Intel Xeon W-2255, 128GB RAM
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Example: Stochastically Rounded CG

NLA Group
Manchester Ian McInerney ChopBLAS 14 / 16



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
Maybe more...

Get it now

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

NLA Group
Manchester Ian McInerney ChopBLAS 15 / 16

https://github.com/imciner2/ChopBLAS


References

Massimiliano Fasi and Mantas Mikaitis.
CPFloat: A C library for simulating low-precision
arithmetic.
ACM Transactions on Mathematical Software, In press,
February 2023.
doi: 10.1145/3585515.

Nicholas J. Higham and Srikara Pranesh.
Simulating Low Precision Floating-Point Arithmetic.
SIAM Journal on Scientific Computing, 41(5):
C585–C602, 2019.
doi: 10.1137/19M1251308.

NLA Group
Manchester Ian McInerney ChopBLAS 16 / 16


