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Hardware gets really fast in 16 bits!

GPU

Nvidia A100 GPU

CPU

Fujitsu AG4FX

Cray XC40 compute blade, 8xCPU
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Fach CPU 18 cores 48 cores 6912 cores

Energy 145W 180 W 200-400W

64-bit performance 1 TFLOP/s 3 TFLOP/s 10 TFLOP/s
1%, 2Xx speedup 1%, 2X, 4x speedup

16-bit TensorCore: 32x speedup



Float16: Is it enough? Equations to be solved numerically

outu-Vu+fzxu=—-gVn+uv,Vu—ru+F
on+V - (uh) =0
0g+u - Vg =—1(q — qp)

Decimal precision Allowed manipulations to
change the range of
Float32 numbers

e Re-ordering

* Precomputing constants
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Scaling: Squeezing algorithms into Float16

Scale the equations

e Scaling s mostly combined
with precalculated constants

[...]

Float16 bitpattern histogram » Rescaled equations max out
' ' the available range
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Share of numbers
In subnormal range

—— unscaled: 2.97% o AG4FX inefficiently supports

Ecalar= 004 subnormals: Scaling reduces
their occurrence to <0.04%,
flush the rest to zero
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Float16 is 3.6x faster
with scaled equations &
compensated time
integration

Reach out

o github.com/milanki
o twitter @milankloewer



http://github.com/milankl

Next project

A global 16-bit
atmospheric
model on GPUs

= milankl / SpeedyWeather.jl  public

SpeedyWeather.l

N

The focus of SpeedyWeather.jl is to develop a global atmospheric model with simple physics, that can run at
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