
Computational lecture: TBD
(TBD)

• Modeling, assimilation and 
observing

• AI/ML algorithm
• Compute hardware and software
• Collaboration and analysis

Compute is everywhere!



Some topics

• Julia
• GPUs etc….
• Data centers, data sharing and analysis
• AI/ML opportunities



Julia



• Julia is an interactive language 
(like Matlab/Python).
• The language design allows for 

so-called “just-in-time” 
compilation
•èyou can write loops in native 

Julia and they can run as fast as 
C/Fortran.

• People seem more excited about 
writing Julia code than Fortran
• More people can write code 

more quickly in Julia
• It remains unclear if more 

people can write rigorous and 
correct numerical code –
challenge may be human factors 
not language!

Julia programming



Julia community
• Julia community is very 

active/large and skews toward 
technical/applied math-science 
minded

• Zygote

Optim

FFTW

ASR

GPUifyLoops tries to 
solve the problem of 
code-duplication that 
can occur when 
writing performant 
kernels that target 
multiple devices.



Oceananigans.jl (https://github.com/climate-
machine/Oceananigans.jl)

• A fast non-hydrostatic ocean model 
in Julia that can be run in 2 or 3 
dimensions on CPUs and GPUs. The 
plan is to develop it as a stand-
alone large eddy simulation (LES) 
model which can be used as a 
source of training data for statistical 
learning algorithms and/or 
embedded within a global ocean 
model as a super-parameterization 
of small-scale processes, as 
in Campin et al., 2011.

https://en.wikipedia.org/wiki/Large_eddy_simulation
https://www.sciencedirect.com/science/article/pii/S1463500310001496?via%3Dihub




Solver in Julia



GPU and CPU in one code



GPUs

Apples to apples
Google CPU  core hour:GPU hour è GPU is ~2-3x 
cheaper than CPU

Single CPU core v V100 GPU (2650 64-bit GPU units)



Data centers, data 
analysis

v.

1/3 AWS US East2 (approx. 1/200 AWS globally)

$ $$$

$$$

$

Investing $10-20B+/year, every year 



Cloud analysis

Very slick, currently impractically expensive – by 
any honest analysis



Most cost effective problems, but not as slick.

Home grown data center analysis



ML/AI – is mostly just statistics + lots of data + 
compute
• Some interesting papers/ideas

ML deep neural Guided Bayesian like search
Possible way forward for mesoscale experimentation?



Adversarial DL applied to pets…. 

Bus Ostrich



Incompressible Navier-Stokes - ML?

Convolutional network has some 
similarities with spectral filter, but 
computer solves for the algorithm….


