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Dispelling Many of the 
Perceived Challenges in 
Adopting the Ozaki Scheme 
in Scientific Computing



Hardware Specs

Evolution of Peak Performance
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Enables utilization of Tensor Cores for matrix multiply operations using the desired level of precision

Ozaki Scheme for Matrix Multiplication
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Ozaki-II method delivers 3.5X speed-up on GB200 for FP64 matrix multiplies

Matrix Multiplication Emulation With High Throughput Tensor Cores

DGEMM 40 TFLOP/s
FP64 Tensor Cores (DMMA)

DGEMM 150 TFLOP/s
Ozaki-II using INT8 Tensor Cores (IMMA)

16 Moduli
Automatically adjusted to 

guarantee FP64 level accuracy

16X INT8 
Matrix 

Multiplies

Reconstruct FP64 
Result Using 

Chinese Remainer 
Theorem

Modular 
Representation 
of FP64 Input

1X FP64 
Matrix Multiply
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Complementing Existing Research & Innovations to Productize Great Technology

Augmenting for a Broad User Base

Productization in 
Libraries like 
cuBLAS, 
cuSOLVER, ….



Hardware Specs & Emulation

Evolution of Peak Performance
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1. Emulation doesn’t work for my problem; too many slices/moduli are needed

2. Results are not as accurate as IEEE FP64

3. Emulation uses too much memory

4. Emulation doesn’t deliver performance for non-square matrices

5. Emulation doesn’t deliver performance for small matrices

Hampering adoption by some in Scientific Computing

Five Perceived Challenges With Ozaki Scheme



- Common sentiment echoed by many computational scientists

“Emulation doesn’t work for my problem; 
too many slices/moduli are needed.”



Does emulated DGEMM behave like FP64 as the problem gets harder? Yes, but at a price

Ozaki-II Performance

Ozaki-II Performance on GB200

The current ESC algorithm is conservative with a loose bound and for some input data it is overly conservative, leading to 
poor speed-ups or fallback to native FP64

Preliminary data | Data subject to change 



We have a new ESC algorithm we will productize later in 2026 that delivers significant improvements (details of the new 
algorithm will be published when ready as was done with the current version)

The current ESC in cuBLAS has very loose bound (too conservative)

Improving the Exponent Span Capacity (ESC) Algorithm

Preliminary data | Data subject to change 



- Common sentiment echoed by many computational scientists

“Emulation results are not as accurate as 
IEEE FP64.”



IEEE 754 Compliance of Matmul Emulation
Current Limitations

NaN/Inf/+0,-0

• We can detect if these are present on the input matrices and 
fall back to FP64 native

• We can NOT detect nor propagate these when they happen 
during the dot product (not necessarily a bad thing)

• We treat +0 and -0 as the same value

We do not observe strict IEEE compliance

• Since exponents are coupled with results only at certain points 
(number of times depends on k dimension of matrix)

• Because we store only one exponent per row/column of the 
matrix and do not check for overflow at a scalar product level, 
we can generate NaNs and ”sticky” +/-Infs, but not at the IEEE-
prescribed granularity 

These limitations don’t speak to the accuracy of the 
results which are FP64 level accurate

NVIDIA CONFIDENTIAL | SHARED UNDER NDA | PLANS & DATA SUBJECT TO CHANGE | DO NOT DISTRIBUTE



Does emulated DGEMM behave like FP64 as the problem gets harder? Yes, but at a price

Putting ESC to the Test

The current ESC algorithm is conservative with a loose bound and for some input data it is overly conservative, leading to 
poor speed-ups or fallback to native FP64

Problem gets increasingly harder



Does emulated DGEMM behave like FP64 as the problem gets harder? Yes, and will deliver much better performance

Putting the new ESC to the Test

Preliminary data | Data subject to change 



- Common sentiment echoed by many computational scientists

“Emulation of FP64 matrix multiplications 
on GPUs consumes up to 2x more memory, 
which reduces the problems that can be 
solved.”



The new blocking strategy using the limited memory policy leads to noticeable performance uplift in some cases

Coming soon in a 2026 cuBLAS release

Performance Ratio Using cuBLAS (8GB : Unlimited Memory Tiling) on the B200 GPU 

Impact of Available Memory on DGEMM Performance

Preliminary data | Data subject to change 



- Common sentiment echoed by many computational scientists

“Emulation doesn’t deliver performance for 
non-square matrices.”



Upcoming releases will continue to deliver improvements

Overheads plus memory vs compute bound regime pose challenges

Emulation Performance for Non-Square Matrices (Ozaki-I)

Preliminary data | Data subject to change 



Performance of DGEMM on GB200 GPUs
Speedup of Ozaki-II Over Native FP64 (Coming to cuBLAS Later in 2026)

Preliminary data | Data subject to change 



Performance of DGEMM on GB200 GPUs
Speedup of Ozaki-II Over Native FP64 (Coming to cuBLAS Later in 2026)

Preliminary data | Data subject to change 



1. Emulation doesn’t work for my problem, too many slices/moduli are needed (coming soon)

2. Results are not as accurate as IEEE FP64

3. Emulation uses too much memory (coming very soon)

4. Emulation doesn’t deliver performance for non-square matrices

5. Emulation doesn’t deliver performance for small matrices ß Likely requires new APIs

Hampering adoption by some in Scientific Computing

Five Perceived Challenges With Ozaki Schemes

SOLVED

SOLVED

SOLVED

SOLVED
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cuEST library using the Ozaki-II New ESC Algorithm in cuBLAS

Impact of Improvements on Quantum Chemistry

Coming Soon Coming Soon
Preliminary data | Data subject to change 

(Fixed ~48 bits)  (Fixed ~48 bits)  




