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FP8 (E5M2) 1 5
FP8 (E4M3) 1 3 4
FP16 1 10 5
BF16 1 7 8
FP32 1 23 8
FP64 1 52 11
FP128 1 112 15
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« MATLAB
» Advanpix (B¥l) 8% (1BFH)

https://www.advanpix.com/
e VPAIZLIE U (E#EIZ12Symbolic Math ToolboxiZ BT )

e Julia
» MultiFloats CFEN/NEREE D7 7o #0)
2~8F TOME DT b, U Floatedxb7: &
 BigFloat (ZBEREEITE)
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MATLAB+advanpix Juila+ MultiFloats

e mp.Digits(34): e using MultiFloats

en =100; e const T2 = Floatb64x?2
e A =rand(n, ‘mp’); en = 100:

« B =rand(n, ‘mp’): e A =rand(T2, n, n);
«C=A*B: e B=rand(T2, n, n):

cC=A*B;

MATLABERIL K b LDfEWNRT 5
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MATLAB+advanpix JuiladBigFloat(MPFR)
e mp.Digits(34); setprecision(113);

«n = 100: n = 100;

e A =rand(n, ‘mp’); A = rand(BigFloat, n, n);
« B =rand(n, ‘mp’): B = rand(BigFloat, n, n);
-C=A*b; C=A*B;

CHHLHEMATLABERIL K b LDFEWLR T X
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MATLAB+advanpix Juila+MultiFloats
using LinearAlgebra

n = 100; using MultiFloats

« mp.Digits(34) const T2 = Float64x?2

« A =rand(n, ‘mp’); n =100

« [L,U,pl = lu(A,’vector’): A =rand(T2, n, n)
F=lu(A) L=FL

U=F.U

p=F.p
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MATLAB-+advanpix JuiladBigFloat(MPFR)
using LinearAlgebra

en = 100; setprecision(BigFloat, 113)

e mp.Digits(34) n =100

e A =rand(n, ‘mp’); A = rand(BigFloat, n, n)

e [L,U,p] = lu(A,'vector’); F=1u(A) 2t

MATLABT % decompositionBIk A4 2 P=Fp

CHHLEHEMATLABERIL K b L DEWLR T X
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T A4 X 1024 2048 4096

MATLAB Advanpix(34) 5.01 40.0
Julia (float64*2) 6.81 54.8 441
Julia (MPFR 113) 105 1163 7?7

T A4 X 1024 2048 4096

MATLAB Advanplx(48) 12.3
Julia (float64*3) 19.7 405 4504
Julia (MPFR 159) 112 1066 7?7

T A4 X 1024 2048 4096

MATLAB Advanpix(64) 15.9
Julia (float64*4) 62.0 937 9382
Julia (MPFR 212) 116 1147 7?7 9
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function matmul_triple_threads!(C::Matrix{T2}, A::Matrix{T2}, B::Matrix{T2})
« n=size(A, 1)
e @threads forjin 1:n

. for k in 1:n M7 L

. @inbounds foriin 1:n 40.1%

. Cli, jI += Ali, k] * B[k, j]

. end

. end

. end :> using Base.Threads
« returnC 7-78719\

e end
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I — 2048 4096

MATLAB Advanpix(34) 5.01 40.0
Julia (float64*2) 0.92 1.76 62.5
Julia (MPFR 113) 39.6 3165

I N 2048 409

MATLAB Advanpix(48) 12.3
Julia (float64*3) 2.29 19.4
Julia (MPFR 159) H&8.3 435

I T 208 4096

MATLAB Advanpix(64) 15.9
Julia (float64*4) 4.79 38.3 307

Julia (MPFR 212) 59.0 433 4199
BOTAEVERT7 X - k% L7=356E
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Doug Eadline:
Have You Heard About the Ozaki Scheme? You Will,
HPC Wire, April 17, 2025
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JR
K. Ozaki, T. Ogita, S. Oishi, S. M. Rump:

Error-Free Transformation of Matrix Multiplication by Using Fast
Routines of Matrix Multiplication and its Applications,

Numerical Algorithms, Vol. 59:1 (2012), 95-118.

Z DWW OHDm@XIEH HH, GPUEARZIESR

« Mukunoki, Ozaki, Ogita, Imamura(2020) : FP16TC/EH
« Ootomo, Ozaki, Yokota(2024) : INT8TC% 5

« Uchino, Ozaki, Imamura(2025) : INTSTC#% &H
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- B A BRI s B T
- A=A1+A2, B=B1+B2 molol ,e1e]°
« AB = A1*B1+A1*B2+A2*B A3 O

« A=A1+A2+A3, B=B1+B2+B3
« AB = A1*B1+A1*B2+A2*B1+A2*B2+(A1+A2)*B3+A3*B

s IRFDETRICIFREDFHEE LW

BERE OO —F > #1572 1) - Bk
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function C = Mul3(A,B)

n =size(A,2);

beta = ceil((53 + log2(n))/2);

%% Split A

mu = abs(max(A, [], 2, “ComparisonMethod”,”abs”));
w = 0.75*%2.2(ceil(log2(mu)) + beta);
Al=(A+w)-w;

A2 =A-Al;

%% Split B

[mi,ma] = bounds(B);

mu = max(ma,-mi);

w = 0.75*%2.2A(ceil(log2(mu)) + beta);
Bl1=(B+w)-w;

B2 = (B - B1);

%% Compute matrix products and the sum
C=A1*B1+ (Al *B2+A2*B);

end

2l 2+ — 4 (2 DEER)

function Mul3(A::Matrix{Float64}, B::Matrix{Float64})

n =size(A, 2)
beta = ceil(Int, (53 + log2(n)) / 2)
#====Split A(1T/ A : dims=2) ====
mu = vec(maximum(abs, A; dims=2))
wA =0.75.* 2 A (ceil.(log2.(muA) .+ beta))
Al = (A .+ wA) .- wA
A2=A.-Al
#====Split B (773 1A : dims=1) ====
mu = vec(maximum(abs, B; dims=1))
wB =0.75.*% 2 .A (ceil.(log2.(muB) .+ beta))
B1=(B.+wB).-wB
B2 =B .-B1
# compute matrix products and the sum
return A1 * B1 + (A1 * B2 + A2 * B)
end

A1*B1+Al1*B2+A2*B



MiEEE (A HFP64 - REZRDD - HHFP64)
n=2048, x KX R =

______1(FPeH 3 4 5 6 |8 ]9 [10

ggﬁglme 4.34e+05 9.76e-02 3.62e-04  3.78e-04  1.74e-07 4.57e-10 2.37e-12 8.48e-14
Julia MF2 6.94e-12
Advanpix 1.11e-16

n=2048, st&EKH ()

_______1(FPe4H 3 4 |5 |6 8 19 |10

Ozaki M:006 M:021 M:0.31 M:037 M:045 M:057 M:066 M:0.71
Scheme J 1 0.09 J 1 0.36 J:0.46 J:0.53 J 1 0.60 J:0.82 J:0.95 J:0.91
Julia MF2 1.26
Advanpix 40.0

MF2 (3 MultiFloats TFloat64x2 m =Rk THEOMBILH A CTESFEHEREICL TULhE g6
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Float64dx2

n=2048, sRAMHNRZE

/1 3 4 5 6 /8 ]9 [0

ggﬁle(ime 1.24e-09 1.16e-15 1.10e-16  9.04e-18 5.56e-22 1.33e-24  4.79e-26  5.99e-28
Julia MF?2 2.10e-25
Advanpix 7.81e-27

n=2048, st&EKH ()

I I T S - - T R T

Ozaki M :0.062 M:0.31 M :0.41 M : 0.54 M : 0.60 M : 0.80 M : 0.94 M : 0.98
Scheme J:0.074 J:0.38 J:051 J:0.68 J:0.81 J:1.01 J:11.23 J 1 1.27
Julia MF?2 1.26
Advanpix 40.0

MF2lZMultiFloats CFloat64x2 D &k (5L ) SULELEATIICW T 21758 (BE&H) 17
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777 L —% ($ICGPU ) EFRTCREIEHINTWS

NVIDIAOGPUDE — 2 /87 4 —< > 2 (FyyILaF7irbniFnsER)

_ RTX4090 RTX5090 A100 GH200 B200

INT8 1674 1979 4500
FP16 165 419 312 989 2250
BF16 165 419 312 989 2250
FP32 82.6 104.8 156 67 30
FP64 1.29 1.64 19.5 67 40

INT8IZH IAINT32
FP8, FP16 - BF16 - TF32|ZH 73AFP32
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« CUDA Toolkit 13.0 Update 2 (2025%F108)

2.3. New Features

CUDA 13.0is a new major version. CUDA follows semantic versioning, and guarantees ABI stability within

the major version series. CUDA Toolkit releases in the 13.x series are ABl-compatible with drivers
corresponding to the same series (r580 and newer). Note that CUDA’s API can evolve over the course of a

major release to include new functionality, and not all new functionality may be supported on older drivers.

2.3.1. General CUDA

> Enabled opt-in fixed-point emulation for FP64 matmuls (D/ZG ) which improves performance and
power-efficiency. The implementation follows the Ozaki-1 Scheme (# and leverages an automatic

dynamic precision framework to ensure FP64-level accuracy. See here (7 for more details on fixed-point
emulation along with the table (7 of supported compute-capabilities and the CUDA library samples (" for

example usages.

=1 \\\}t

G -
tps //docs nvidia.com/cuda/cuda-toolkit-release-notes/index. html



https://docs.nvidia.com/cuda/cuda-toolkit-release-notes/index.html
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https://docs.nvidia.com/cuda/cuda-toolkit-release-notes/index.html
https://docs.nvidia.com/cuda/cuda-toolkit-release-notes/index.html
https://docs.nvidia.com/cuda/cuda-toolkit-release-notes/index.html
https://docs.nvidia.com/cuda/cuda-toolkit-release-notes/index.html
https://docs.nvidia.com/cuda/cuda-toolkit-release-notes/index.html

NVIDIA GPUIZ & 5175118

MATLAB Julia
en=1024 « using CUDA
« A = rand(n, ‘gpulrray’); en =1024;
« B =rand(n, ‘epuArray’); « A = CUDA.rand(Float64, n, n):
cC=A*B « B = CUDA.rand(Float64, n, n);
e gpuDevice; «C=A*B; R
tic; C = A * B; wait(gd), toc CoA*E
CUDA.synchronize()

I ENR T L
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MATLAB

en=1024

« A =rand(n, ‘gpulrray’);
« B =rand(n, ‘epuArray’);
cC=A*B

MATLAB R2025b X THEZR :
single (FP32) & double(FP64)® &

Julia

« using CUDA, LinearAlgebra
e n = 1024;

.A:Cu

DA.rand(Floatl6, n, n);

« B = CUDA.rand(Floatl6, n, n);
« C = CUDA.zeros(Float32, n, n);
« mull(C,A,B);

2025FIRTE
Float16, BFloatl6, Float32, Float64 A i /it

T 7 A b TR LA
using BFloatl6s C{EAHA]



Julia+GPU+0Ozaki Scheme

« using CUDA
e n = 4096;

export CUBLAS_EMULATE_DOUBLE_PRECISION=1
export CUBLAS EMULATION _STRATEGY= performant

« using CUDA ¢ | V13.0.2L05%
n = 4096;

« A = CUDA.rand(Float64. n, n): *A = CUDA.rand(Float64, n, n);
e B = CUDA_rand(F|Oat64, n, n), « B = CUDA.rand(Float64, n, n),

« C = A*B;
0.554 #—231 GFLOPS

e C = A*B;
0.0745#—1718 GFLOPS
eager: = (2 0zaki Scheme % {4

performant: R < L 5355 (2D H
Ozaki Scheme % {8

23
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Tutorial: Julia for performance-portable High-Performance
Computing via JACC
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