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Goals

At the end of the class, you should:
1. have a general idea of the pros and cons of 

using Julia, and
2. know how to run Julia scripts interactively on 

Biowulf.
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Motivation

• Need for a language that can run fast but have 
a high-level syntax

• Desirable to be familiar with Julia given Julia 
usage growing in science

• Need for a language that can make use of 
other language’s packages

• Useful to be familiar with other scientific 
computation languages
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• 2009: Four collaborators developed it from 
scratch with the idea of having a language that 
had high-level coding and fast performance.
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History of Julia

• 2009: Four collaborators developed it from 
scratch with the idea of having a language that 
had high-level coding and fast performance.

• 2012: Julia released to developers
• 2014: JuliaCon academic conference starts
• 2018: Julia 1.0 released
• 2020: Julia for VS Code extension 1.0 released
• 2020: Julia 1.5 released
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Julia vs Matlab/Python/R
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Julia vs MATLAB/Python/R
Julia Matlab Python R

First release 2009 1984 1991 1995

No. packages 4,809 64+454 292,782 17,319

Current version 1.5.4 2021a 3.9.2 4.0.4

Package repos Github registry Mathworks Pypi, … CRAN, …

IDEs Juno, VSCode MATLAB IDE Spyder, vscode, 
Pycharm

Rstudio

Comp. process Compiled Interpreted Interpreted Interpreted

Code structure Free style Free style Indented Free style

Typing Dynamic Dynamic Dynamic Dynamic

ML/DL Flux, Knet ML/DL 
toolboxes

Tensorflow, 
Keras, Pytorch

Keras

39

Sources: julialang.org, mathworks.com, python.org, r-project.org, 
https://www.openriskmanual.org/wiki/Overview_of_the_Julia-

Python-R_Universe, https://hyperpolyglot.org/numerical-
analysis, juliapackages.com
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Notebooks Jupyter Live Editor Jupyter Jupyter, R 
Markdown

Visualization Plots.jl Built-in Matplotlib, 
seaborn, 

bokeh, plotly

ggplot

Package install Built-in pkg 
manager

Installer pip, conda, … Built-in 
install.packages

, …

Package load using <pkg>, 
import <pkg>
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load

import <pkg> library(pkg)

Array indexing A[i, j] A(i, j) A[i, j] A[i, j]

Assignment b=5 b=5 b=5 B<-5
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Julia vs MATLAB/Python/R
Julia Matlab Python R

Conditional 
evaluation

if <condition>
action1()

else
action2()

end

if <condition>
action1()

else
action2()

end

if <condition>:
action1()

else:
action2()

if <condition> {
action1()

} else {
action2()

} 

Repeated 
evaluation

while <cond>
action()

end

while <cond>
action()

end

while <cond>:
action()

while <cond> {
action()

}

Repeated 
evaluation

for <count>
action()

end

For <count>
action()

end

for <count>
action()

for <count>:
action()

}
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Packages:
• Differential equations: DifferentialEquations.jl
• Optimization: JuMP.jl
• Visualization: Plots.jl, PyPlot.jl, Gadfly.jl
• Machine Learning / Deep Learning: Flux.jl, 

Knet.jl, Mocha.jl
• Jupyter: Ijulia.jl
• Tabular data: DataFrames.jl
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Pros of using Julia:
• Easy syntax
• Compiled (faster than interpreted)
• Dynamically typed
• Interoperable with other languages
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Cons of using Julia:
• Number of mature packages is small
• Relatively small scientific community: Most 

colleagues are unlikely to use Julia
• Relatively limited support 
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• VSCode * (julia-vscode.org/)
• Jupyter (jupyter.org) 
• Juno (junolab.org)

*For details on how to VSCode remote into Biowulf’s
compute nodes see https://hpc.nih.gov/apps/vscode.html 
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• Goal: run a Julia script to train a classifier 
using a set of 60,000 images of handwritten 
digits (MNIST).

Neural Network
input output

9
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Example: ML using Flux
1) Connect to biowulf
2) Start interactive session
3) Load the julia module
4) Move into local disk
4) Run Julia
5) Start package manager
6) Install packages
7) Check status of packages
8) Exit Julia
9) Clone Flux ML example
10) Move into example dir
11) Inspect script w nano
12) Exit nano
12) Run ML example

89

ssh username@biowulf.nih.gov
sinteractive --mem=10g -c14 --gres=lscratch:2,gpu:p100:1
module load julia
cd /lscratch/${SLURM_JOB_ID}
julia
]
add CUDA Flux MLDatasets Statistics
status
<Ctrl-D>
git clone https://github.com/FluxML/model-zoo.git
cd model-zoo/vision/mlp_mnist/
nano mlp_mnist.jl
<Ctrl-X>
julia mlp_mnist.jl



Example: ML using Flux
1) Connect to biowulf
2) Start interactive session
3) Load the julia module
4) Move into local disk
4) Run Julia
5) Start package manager
6) Install packages
7) Check status of packages
8) Exit Julia
9) Clone Flux ML example
10) Move into example dir
11) Inspect script w nano
12) Exit nano
12) Run ML example

90

ssh username@biowulf.nih.gov
sinteractive --mem=10g -c14 --gres=lscratch:2,gpu:p100:1
module load julia
cd /lscratch/${SLURM_JOB_ID}
julia
]
add CUDA Flux MLDatasets Statistics
status
<Ctrl-D>
git clone https://github.com/FluxML/model-zoo.git
cd model-zoo/vision/mlp_mnist/
nano mlp_mnist.jl
<Ctrl-X>
julia mlp_mnist.jl



Example: ML using Flux
1) Connect to biowulf
2) Start interactive session
3) Load the julia module
4) Move into local disk
4) Run Julia
5) Start package manager
6) Install packages
7) Check status of packages
8) Exit Julia
9) Clone Flux ML example
10) Move into example dir
11) Inspect script w nano
12) Exit nano
12) Run ML example

91

ssh username@biowulf.nih.gov
sinteractive --mem=10g -c14 --gres=lscratch:2,gpu:p100:1
module load julia
cd /lscratch/${SLURM_JOB_ID}
julia
]
add CUDA Flux MLDatasets Statistics
status
<Ctrl-D>
git clone https://github.com/FluxML/model-zoo.git
cd model-zoo/vision/mlp_mnist/
nano mlp_mnist.jl
<Ctrl-X>
julia mlp_mnist.jl



Example: ML using Flux
1) Connect to biowulf
2) Start interactive session
3) Load the julia module
4) Move into local disk
4) Run Julia
5) Start package manager
6) Install packages
7) Check status of packages
8) Exit Julia
9) Clone Flux ML example
10) Move into example dir
11) Inspect script w nano
12) Exit nano
12) Run ML example

92

ssh username@biowulf.nih.gov
sinteractive --mem=10g -c14 --gres=lscratch:2,gpu:p100:1
module load julia
cd /lscratch/${SLURM_JOB_ID}
julia
]
add CUDA Flux MLDatasets Statistics
status
<Ctrl-D>
git clone https://github.com/FluxML/model-zoo.git
cd model-zoo/vision/mlp_mnist/
nano mlp_mnist.jl
<Ctrl-X>
julia mlp_mnist.jl



Example: ML using Flux
1) Connect to biowulf
2) Start interactive session
3) Load the julia module
4) Move into local disk
4) Run Julia
5) Start package manager
6) Install packages
7) Check status of packages
8) Exit Julia
9) Clone Flux ML example
10) Move into example dir
11) Inspect script w nano
12) Exit nano
12) Run ML example

93

ssh username@biowulf.nih.gov
sinteractive --mem=10g -c14 --gres=lscratch:2,gpu:p100:1
module load julia
cd /lscratch/${SLURM_JOB_ID}
julia
]
add CUDA Flux MLDatasets Statistics
status
<Ctrl-D>
git clone https://github.com/FluxML/model-zoo.git
cd model-zoo/vision/mlp_mnist/
nano mlp_mnist.jl
<Ctrl-X>
julia mlp_mnist.jl



Example: ML using Flux
1) Connect to biowulf
2) Start interactive session
3) Load the julia module
4) Move into local disk
4) Run Julia
5) Start package manager
6) Install packages
7) Check status of packages
8) Exit Julia
9) Clone Flux ML example
10) Move into example dir
11) Inspect script w nano
12) Exit nano
12) Run ML example

94

ssh username@biowulf.nih.gov
sinteractive --mem=10g -c14 --gres=lscratch:2,gpu:p100:1
module load julia
cd /lscratch/${SLURM_JOB_ID}
julia
]
add CUDA Flux MLDatasets Statistics
status
<Ctrl-D>
git clone https://github.com/FluxML/model-zoo.git
cd model-zoo/vision/mlp_mnist/
nano mlp_mnist.jl
<Ctrl-X>
julia mlp_mnist.jl



Example: ML using Flux
1) Connect to biowulf
2) Start interactive session
3) Load the julia module
4) Move into local disk
4) Run Julia
5) Start package manager
6) Install packages
7) Check status of packages
8) Exit Julia
9) Clone Flux ML example
10) Move into example dir
11) Inspect script w nano
12) Exit nano
12) Run ML example

95

ssh username@biowulf.nih.gov
sinteractive --mem=10g -c14 --gres=lscratch:2,gpu:p100:1
module load julia
cd /lscratch/${SLURM_JOB_ID}
julia
]
add CUDA Flux MLDatasets Statistics
status
<Ctrl-D>
git clone https://github.com/FluxML/model-zoo.git
cd model-zoo/vision/mlp_mnist/
nano mlp_mnist.jl
<Ctrl-X>
julia mlp_mnist.jl



Example: ML using Flux
1) Connect to biowulf
2) Start interactive session
3) Load the julia module
4) Move into local disk
4) Run Julia
5) Start package manager
6) Install packages
7) Check status of packages
8) Exit Julia
9) Clone Flux ML example
10) Move into example dir
11) Inspect script w nano
12) Exit nano
12) Run ML example

96

ssh username@biowulf.nih.gov
sinteractive --mem=10g -c14 --gres=lscratch:2,gpu:p100:1
module load julia
cd /lscratch/${SLURM_JOB_ID}
julia
]
add CUDA Flux MLDatasets Statistics
status
<Ctrl-D>
git clone https://github.com/FluxML/model-zoo.git
cd model-zoo/vision/mlp_mnist/
nano mlp_mnist.jl
<Ctrl-X>
julia mlp_mnist.jl



Example: ML using Flux
1) Connect to biowulf
2) Start interactive session
3) Load the julia module
4) Move into local disk
4) Run Julia
5) Start package manager
6) Install packages
7) Check status of packages
8) Exit Julia
9) Clone Flux ML example
10) Move into example dir
11) Inspect script w nano
12) Exit nano
12) Run ML example

97

ssh username@biowulf.nih.gov
sinteractive --mem=10g -c14 --gres=lscratch:2,gpu:p100:1
module load julia
cd /lscratch/${SLURM_JOB_ID}
julia
]
add CUDA Flux MLDatasets Statistics
status
<Ctrl-D>
git clone https://github.com/FluxML/model-zoo.git
cd model-zoo/vision/mlp_mnist/
nano mlp_mnist.jl
<Ctrl-X>
julia mlp_mnist.jl



Example: ML using Flux
1) Connect to biowulf
2) Start interactive session
3) Load the julia module
4) Move into local disk
4) Run Julia
5) Start package manager
6) Install packages
7) Check status of packages
8) Exit Julia
9) Clone Flux ML example
10) Move into example dir
11) Inspect script w nano
12) Exit nano
12) Run ML example

98

ssh username@biowulf.nih.gov
sinteractive --mem=10g -c14 --gres=lscratch:2,gpu:p100:1
module load julia
cd /lscratch/${SLURM_JOB_ID}
julia
]
add CUDA Flux MLDatasets Statistics
status
<Ctrl-D>
git clone https://github.com/FluxML/model-zoo.git
cd model-zoo/vision/mlp_mnist/
nano mlp_mnist.jl
<Ctrl-X>
julia mlp_mnist.jl



Example: ML using Flux
1) Connect to biowulf
2) Start interactive session
3) Load the julia module
4) Move into local disk
4) Run Julia
5) Start package manager
6) Install packages
7) Check status of packages
8) Exit Julia
9) Clone Flux ML example
10) Move into example dir
11) Inspect script w nano
12) Exit nano
12) Run ML example

99

ssh username@biowulf.nih.gov
sinteractive --mem=10g -c14 --gres=lscratch:2,gpu:p100:1
module load julia
cd /lscratch/${SLURM_JOB_ID}
julia
]
add CUDA Flux MLDatasets Statistics
status
<Ctrl-D>
git clone https://github.com/FluxML/model-zoo.git
cd model-zoo/vision/mlp_mnist/
nano mlp_mnist.jl
<Ctrl-X>
julia mlp_mnist.jl



Example: ML using Flux
1) Connect to biowulf
2) Start interactive session
3) Load the julia module
4) Move into local disk
4) Run Julia
5) Start package manager
6) Install packages
7) Check status of packages
8) Exit Julia
9) Clone Flux ML example
10) Move into example dir
11) Inspect script w nano
12) Exit nano
12) Run ML example

100

ssh username@biowulf.nih.gov
sinteractive --mem=10g -c14 --gres=lscratch:2,gpu:p100:1
module load julia
cd /lscratch/${SLURM_JOB_ID}
julia
]
add CUDA Flux MLDatasets Statistics
status
<Ctrl-D>
git clone https://github.com/FluxML/model-zoo.git
cd model-zoo/vision/mlp_mnist/
nano mlp_mnist.jl
<Ctrl-X>
julia mlp_mnist.jl



Example: ML using Flux
1) Connect to biowulf
2) Start interactive session
3) Load the julia module
4) Move into local disk
4) Run Julia
5) Start package manager
6) Install packages
7) Check status of packages
8) Exit Julia
9) Clone Flux ML example
10) Move into example dir
11) Inspect script w nano
12) Exit nano
12) Run ML example

101

ssh username@biowulf.nih.gov
sinteractive --mem=10g -c14 --gres=lscratch:2,gpu:p100:1
module load julia
cd /lscratch/${SLURM_JOB_ID}
julia
]
add CUDA Flux MLDatasets Statistics
status
<Ctrl-D>
git clone https://github.com/FluxML/model-zoo.git
cd model-zoo/vision/mlp_mnist/
nano mlp_mnist.jl
<Ctrl-X>
julia mlp_mnist.jl



Example: ML using Flux
1) Connect to biowulf
2) Start interactive session
3) Load the julia module
4) Move into local disk
4) Run Julia
5) Start package manager
6) Install packages
7) Check status of packages
8) Exit Julia
9) Clone Flux ML example
10) Move into example dir
11) Inspect script w nano
12) Exit nano
12) Run ML example

102

ssh username@biowulf.nih.gov
sinteractive --mem=10g -c14 --gres=lscratch:2,gpu:p100:1
module load julia
cd /lscratch/${SLURM_JOB_ID}
julia
]
add CUDA Flux MLDatasets Statistics
status
<Ctrl-D>
git clone https://github.com/FluxML/model-zoo.git
cd model-zoo/vision/mlp_mnist/
nano mlp_mnist.jl
<Ctrl-X>
julia mlp_mnist.jl



Example: ML using Flux
1) Connect to biowulf
2) Start interactive session
3) Load the julia module
4) Move into local disk
4) Run Julia
5) Start package manager
6) Install packages
7) Check status of packages
8) Exit Julia
9) Clone Flux ML example
10) Move into example dir
11) Inspect script w nano
12) Exit nano
12) Run ML example

103

ssh username@biowulf.nih.gov
sinteractive --mem=10g -c14 --gres=lscratch:2,gpu:p100:1
module load julia
cd /lscratch/${SLURM_JOB_ID}
julia
]
add CUDA Flux MLDatasets Statistics
status
<Ctrl-D>
git clone https://github.com/FluxML/model-zoo.git
cd model-zoo/vision/mlp_mnist/
nano mlp_mnist.jl
<Ctrl-X>
julia mlp_mnist.jl



Conclusion

Hopefully you:

104



Conclusion

Hopefully you:
1. have a general idea of the pros and cons of 

using Julia, and

105



Conclusion

Hopefully you:
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Biowulf.
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