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Apple M4, 16GB unified memory. All benchmarks are single-precision and single-threaded.

Each plot shows:

• coral-safe (portable-simd, safe Rust)

• coral-neon (AArch64 / NEON unsafe)

• a reference implementation:

‣ OpenBLAS armv8, or

‣ Apple Accelerate, or

‣ BLIS, or

‣ faer

The OpenBLAS backend used is optimized for Level 2-3. Level 1 (memory-bound) benchmarks are 

roughly meaningless.
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OpenBLAS

Level 1

isamax

argmax𝑖 |𝑥𝑖|

sasum

∑𝑖|𝑥𝑖|

saxpy

𝑦 ← 𝛼𝑥 + 𝑦

scopy

𝑦 ← 𝑥

sdot

∑𝑖 𝑥𝑖𝑦𝑖

snrm2

√∑𝑖 𝑥
2
𝑖

srot
𝑥𝑖′ = 𝑐𝑥𝑖 + 𝑠𝑦𝑖,
𝑦𝑖′ = 𝑐𝑦𝑖 − 𝑠𝑥𝑖

srotm

(𝑥𝑖′

𝑦𝑖′
) = 𝐻(𝑥𝑖

𝑦𝑖
)

sscal

𝑥 ← 𝛼𝑥

sswap

𝑥 ↔ 𝑦

Level 2

sgemv

𝑦 ← 𝛼𝐴𝑥 + 𝛽𝑦

sger

𝐴 ← 𝛼𝑥𝑦𝑇 + 𝐴

ssymv

𝑦 ← 𝛼𝐴𝑥 + 𝛽𝑦,𝐴 = 𝐴𝑇

ssyr

𝐴 ← 𝛼𝑥𝑥𝑇 + 𝐴

ssyr2

𝐴 ← 𝛼(𝑥𝑦𝑇 + 𝑦𝑥𝑇 ) + 𝐴

strmv

𝑥 ← 𝐴𝑥

strsv

𝑥 ← 𝐴−1𝑏

Level 3

sgemm

𝐶 ← 𝛼 op(𝐴) op(𝐵) + 𝛽𝐶

Apple Accelerate

These benchmarks are the same as above, but against Apple Accelerate. For critical routines like sgemv 

and sgemm, Accelerate uses AMX and is much faster. Consequently it masks comparison between my 

implementation and other BLAS shown above.

Level 1

isamax

argmax𝑖 |𝑥𝑖|

sasum

∑𝑖|𝑥𝑖|

saxpy

𝑦 ← 𝛼𝑥 + 𝑦

scopy

𝑦 ← 𝑥

sdot

∑𝑖 𝑥𝑖𝑦𝑖

snrm2

√∑𝑖 𝑥
2
𝑖

srot
𝑥𝑖′ = 𝑐𝑥𝑖 + 𝑠𝑦𝑖,
𝑦𝑖′ = 𝑐𝑦𝑖 − 𝑠𝑥𝑖

srotm

(𝑥𝑖′

𝑦𝑖′
) = 𝐻(𝑥𝑖

𝑦𝑖
)

sscal

𝑥 ← 𝛼𝑥

sswap

𝑥 ↔ 𝑦

Level 2

sgemv

𝑦 ← 𝛼𝐴𝑥 + 𝛽𝑦

sger

𝐴 ← 𝛼𝑥𝑦𝑇 + 𝐴

ssymv

𝑦 ← 𝛼𝐴𝑥 + 𝛽𝑦,𝐴 = 𝐴𝑇

ssyr

𝐴 ← 𝛼𝑥𝑥𝑇 + 𝐴

ssyr2

𝐴 ← 𝛼(𝑥𝑦𝑇 + 𝑦𝑥𝑇 ) + 𝐴

strmv

𝑥 ← 𝐴𝑥

strsv

𝑥 ← 𝐴−1𝑏

Level 3

sgemm

𝐶 ← 𝛼 op(𝐴) op(𝐵) + 𝛽𝐶

https://research.meekolab.com/the-elusive-apple-matrix-coprocessor-amx
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