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Who Is Julia?

® Dynamic programming language
® First release in 2012

® Just-in-time compilation
Implemented using LLVM
® Dynamical function dispatch based on

the run-time (dynamic) argument
type(s) — Multiple dispatch

f(x::Number) = 2x
f(x::String) = x * X

(1)
f("1")
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Key Features of Julia

® No need to vectorize code for performance; loops are fast!
@ Support for parallelism (multi-threading!) & distributed computation
a Call C functions without intermediate wrappers

® Macros and other metaprogramming facilities

® Syntax similar to Python or MATLAB
@ High interoperability with Python P

References:

Python: www.python.org, GPL, via Wikimedia Commons
Matlab: Jarekt, Public domain, via Wikimedia Commons
Julia 1.9 Documentation, visited on 30.09.2023
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Popularity of Programming Languages ﬂ(".

PYPL popularity based on how often language tutorials are searched on Google

PYPL PopularitY of Programming Language
28 % —— CIC++

10% —— Python

1%

Share among indexed languages

2006 2008 2010 2012 2014 2016 2018 2020 2022

Reference: PYPL PopularitY of Programming Language index, last visited on September 30, 2023. https://pypl.github.io/PYPL.html
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Why People Love Python? A\‘(IT

B Simple and easy-to-learn syntax

® Powerful standard library N#sNumPy _ "
® Sheer endless number of third-party packages, e.g., numpy, tensorflow, ...
® Availability of countless tutorials

@ Large community

= Jack of all trades, master of none?

References:
Numpy: Isabela Presedo-Floyd, CC BY-SA 4.0, via Wikimedia Commons
TensorFlow: Google LLC, Public domain, via Wikimedia Commons
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https://commons.wikimedia.org/wiki/File:NumPy_logo_2020.svg
https://creativecommons.org/licenses/by-sa/4.0
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Drawbacks of Python... A\‘(IT

B Interpreted language — significantly slower than compiled languages

B Optimized external libraries such as numpy required for performance

Runtime of pure-python sum (ps): 639.9389999933192
Runtime of numpy sum (ps): 54.96499999935622
Ratio pure-python/numpy: 11.642663513159546

import numpy as np
import timeit

X = [np.random.rand() for i in range(100_000) ]
Xn = np.array(x)

nruns = 100

Tpy = timeit.Timer(lambda: sum(x)).timeit(nruns) / nruns

Tnp = timeit.Timer(lambda: np.sum(xn)).timeit(nruns) / nruns
print("Runtime of pure-python sum (ps): " + str(Tpy * 1e6))
print("Runtime of numpy sum (ps): " + str(Tnp * 1e6))
print("Ratio pure-python/numpy: " + str(Tpy/Tnp))

B Indents mess up code
® Zero-based indexing &9

Institute of Photonics and Quantum Electronics
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... That Julia Avoids A\‘(IT

Karlsruhe Institute of Technology

@ Just-in-time compiled code = No external libraries required for short runtime

B Reproduce summation example from python

x = [rand() for i in range(l, 100 000) ]

nruns = 100

stats = @timed for i in range(1l, nruns)
sum(x)

end

"Runtime (pus): 16.877000000000002"

display("Runtime (pus): " * string(stats.time / nruns * 1le6))

= About 3x faster than numpy,
almost 40x faster than pure
python!

® Indents do not matter, use end instead
® One-based indexing
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Live Demo 1: Simulation

Generation of phase screens for simulating light propagation through

atmospheric turbulence
Reference: McGlamery, Proc. SPIE 0074, 1976
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Live Demo 2: Digital-Signal Processing

Constant-Modulus-Algorithm for blind equalization of constant modulus
payloads

Reference: Godard, IEEE Trans. Commun. 28, 1980
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Can You Substitute Julia for Python? A\‘(IT

® Simple and easy-to-learn syntax? v
® Powerful standard library? v
® Sheer endless number of third-party packages? x
a Availability of countless tutorials? x
B Large community? x
= Clear answer: It depends!

Institute of Photonics and Quantum Electronics
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Drawbacks of Julia That Python Avoids ﬂ(".

B So-called ,time to first plot” (TTFP)
@ Just-in-time compilation = Running functions for the first time slow
B = Initialize with computationally less expensive trial before running simulations

® Luckily, TTFP keeps reducing with almost every Julia release

1.00
PROBLEMS OUTPUT DEBUG CONSOLE TERMINAL PORTS — 1

julia> using Plots

julia> x = rand(100); Plots.jl is just one of many plotting packages in Julia!

julia> @time plot(x)

0.179118 seconds (132.47 k allocations: 8.399 MiB, 97.15% compilation time: 38% of which was recompilatifieily

julia> @time plot(x)
0.000594 seconds (398 allocations: 43.847 KiB) 025 |

julia>

0.00 |,

Institute of Photonics and Quantum Electronics
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https://github.com/JuliaPlots/Plots.jl
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Getting Started: Julia Installation A\‘(IT

® Recommended approach: Cross-platform installer for Julia with version
manager juliaup

8 Manages updates and pieceful coexistence of multiple Julia versions

Windows

® Recommended: Install Julia and Juliaup directly from the Windows store
B Alternative (Terminal): winget install julia -s msstore

Mac and Linux

® Execute the following command in a shell
curl -fsSL https://install.julialang.org | sh

Institute of Photonics and Quantum Electronics
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Getting Started: Development Environment (l)

AT

Karlsruhe Institute of Technology

® Recommended IDE: Visual Studio Code with ,VS Code Julia extension”

) File Edit

Selection View Go Run

EXTENSIONS: MARKET... ¥ O

julia

Julia

X ®0A0

Julia
Julia Language Support
& julialang

Julia Color The... 57K % 5
Color themes for the Julia la
Cameron Bieganek Install

Markdown Julia 36k %5
Markdown fenced code blo
colinfang Install

julia light D6k k5
Julia light theme based on j
Julia Light Install

Julia Formatter D 10K
A formatter for the Julia lan
Oh7z Install

Embedded Python... & 14K
Syntax highlighting for pyth...
haberdashPI Install

Embedded Matlab i... < 6K
Syntax highlighting for matl...
haberdashPI Install

Embedded R in Julia & 5«
Syntax highlighting for R co..
haberdashPI Install

Jupyter

Jupyter notebook support, i

& Microsoft a0 g8
W o

October 1, 2023

Terminal Help
) Welcome X

Julia v1.52.2
D 574K | Kk 45

Julia Language Support

# This publisher has verified ownership of julia-vscode.org

This extension is enabled globally.

Start
New File.
Open File
Qpen Folder...
Clone Git Repository.

Connect to

Recent

Simulation  C:\Users\mv6955\Documents\0...
Phase-Noise C\Users\mv6955\Documents...
2023-10 HYR ECOC 2023  C:\Users\mv6955...
ipq julia_lib  C:\Users\mv6955\Documents\...
Downloads C\Users\mv6955

More

Jonas Krimmer - Julia: Your new secret romance?

Recommended

GitHub Copilot

Supercharge your coding
experience for as little as...

Walkthroughs

® Learn the Fundamentals
3 Boost your Productivity
e Get Started with P... [Updated
. Get Started with Ju... |Updated

&) Get Started with W...

More.

Edit Selection View Go Run Terminal

demo_basic,jl = Settings X

Search settings

User

7 Window
> Features
> Application
> Security
v Extensions
.ipynb Support
> G+
CMake Tools
CSS Language Features
Emmet
Git
GitHub
GitHub Enterprise Server Authenti...
GitHub.copilot
Grunt
Gulp
HTML
isort
Jake
JavaScript Debugger
JSON
Julia
Jupyter
LaTeX
Markdown
Markdown Math

MATLAB
@0 Juliaenv:v19

Help

Turn on Settings Sync

v/ Check that all declared arguments are used within the function body.

Julia: Live Test File

A workspace relative path to a Julia file that contains the tests that should be run for live testing.

test/runtestsjl

Set ,Num
Number of processes to use for testing. Th reads to enable
x multi-threading!

Julia: Num Test Processes

Julia: Num Threads

Number of threads to use for Julia processes. A value of auto works on Julia versions that allow for - -
threads=auto.

Julia: Package Server

Julia package server. Sets the JULTA_PKG_SERVER environment variable before starting a Julia process. Leave
this empty to use the systemwide default. Requires a restart of the Julia process.

Julia > Persistent Session: Always Copy (Applies to all profiles)

Always copy the command for connecting to an external REPL to the clipboard.

Institute of Photonics and Quantum Electronics

ment of Electrical Engineering and Information Technology
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Getting Started: Development Environment (ll) S(IT

® Recommended IDE: Visual Studio Code with ,VS Code Julia extension”

) File Edit Selecton View Go Run Terminal Help X ) File Edit Selecton View Go Run Terminal Help

demo_basicjl X 0 demo_basicjl X

s > mv6955 > Documents > 00 Projects > 2023-10 HYR ECOC 2 de asic C: > Users > mv6955 > Documents > 00 Projects > 2023-10 HYR ECOC 2023 > demo_basicjl > .
X = rand(2023, 1e, 1) X = rand(2823, 1e)
display(x) display(x)

*

display|("HYR @ ECOC 2023 = ¥“) Run current 4 display("HYR + ECOC 2623 = W ")
script in
interactive shell

Interactive shell
(REPL)

PROBLEMS DH TERMINAL ! JuliaREPL(v1.9.3) +~ ([0 @

2023x10 Matrix{Float64}:
.740993 ©.775944 .e183e37 -9898689 -685162 .598873 .393154 .956947 -311472 .229066
.667037 ©.847647 .774763 -393655 -127825 .36843 .49880e4 .182843 -098428 .415227
.877622 ©.135922 .604298 .647818 .020536 .350374 .5@973 .665792 .762319 .561649
.463805 ©.59e074 .337957 -0722286 .0267065 .582041 .320316 .512976 .738556 .580338
.0173€29 ©.772162 .55542 .83738 .627213 .8209126 .691187 .587423 .621132 .768591
.452832 8.577264 .853183 .8719857 .750273 .268767 .852484 .327184 .786139 .34133

.4143e2 .159338 -864693 -482538 .574191 .0263219 .34476 -445e77 .546837
.019148 425282 -232622 -682084 .850283 .20213 .684384 -9172454 259425
2323753 .0176742 .893641 -937e61 -981979 -629068 .649362 .355928 -885564 .836413
.396994 .125893 .928745 .578793 .937634 .155174 .991144 .235511 .125586 .240634
.475498  ©.545341 .265298 -354058 .715168 .262384 .306792 .682232 .376576 .248185
"HYR + ECOC 2023 = W

.49555
.319519

]
e
e
e

julia> size(x)f]
X ®0A0 WO Juliaenv:vi9 Ln4,Col32 Spaces:4 UTF-8 CRLF Julia (Main) 01 X ®0A0 W0 Julaenv:vi9 Ln 4, Col 15  Spar 4 UTF-8 CRLF Julia Main Q)

Institute of Photonics and Quantum Electronics
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Getting Started: Set Up Virtual Environments ﬂ(".

- R EP L: type ] to aCth&te the PROBLEMS  OUTPUT  DEBUG CONSOLE  TERMINAL  PORTS JuliaREPL(v1.9.3) + ~ [ MW ---
Julia package manager YR + ECOC 2023 = W

activate newenv
Activating new project at ~C:\Users\mv6955\Documents\@@ Projects\2823-18 HYR ECOC 2023\newe

@ [nput activate newenv and g%
press Enter update

Updating registry at ~C:\Users\mv6955\.julia\registries\General.toml"
No Changes to "C:\Users\mvé955\Documents\@@ Projects\2023-10 HYR ECOC 2823\newenv\Project.t

® Note: The package manager ks

No Changes to “C:\Users\mve955\Documents\@e Projects\2023-18 HYR ECOC 2023\newenv\Manifest.

remains active afterwards! toml-

® Type update and confirm julia> I Pressing Backspace deactivates package manager!

with Enter 4 For further )
® New virtual environment:; information on

directory ,newenv” environments, see
\___the Julia Docs J

Institute of Photonics and Quantum Electronics
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https://docs.julialang.org/en/v1/manual/code-loading/#Environments

Getting Started: Using Virtual Environments ﬂ(".

) File Edit Selection View Go Run Terminal Help 08 [0 o - O

® How can we use an - i e oK
environment in VS Code? ©° Pl 1

1. ,Open Folder” in VS Code
and choose the
environment's directory

Project.toml

2. Select the ,Julia env” from
the VS Code bottom bar

® From the command line, you
can activate any non-default
environment <env> with
julia --project=<env> R

X ®OA0 W0 Juliaenv: newenv In1,Col1 Spaces:4 UTF-8 CRLF Julia DA

> OUTLINE

> TIMELINE
» @ 0A0 @0 Julia env: newenv

Institute of Photonics and Quantum Electronics
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Getting Started: Standard Library A\‘(IT

@ Among others, the rich standard library features the packages
® Dates: Working with dates/time
® Distributed: Tools for distributed parallel processing
® LinearAlgebra: Linear algebra routines interfacing BLAS/LAPACK
® Random: Advanced tools for random number generation

@ SparseArrays: Support for sparse vectors & matrices

B To use the functions provided by these libraries, load them into your workspace,
e.g., with using LinearAlgebra

a If you prefer to keep these functions in a separate module, use
import LinearAlgebra instead

Institute of Photonics and Quantum Electronics
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Getting Started: Using Packages A\‘(IT

® To use the functions provided by these libraries, load them into your workspace,
e.g., with

julia> using LinearAlgebra

julia> det(ones(3,3))
©.0

If you prefer to keep these functions in a separate module, use
import LinearAlgebra instead

julia> import LinearAlgebra

julia> LinearAlgebra.det(ones(3,3))
e.e

Institute of Photonics and Quantum Electronics
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Getting Started: Installing Packages A\‘(IT

® The standard library does not provide FFT implementations or plotting...

® ... why we install EETW.|| & Plots.|l.

® On the REPL, activate the package manager with ]
® Input add FFTW, Plots and confirm with Enter

B Let's write an example script: example _script _hyr.jl

Institute of Photonics and Quantum Electronics
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https://github.com/JuliaMath/FFTW.jl
https://github.com/JuliaPlots/Plots.jl
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Getting Started: Example Script

/A

using FFTW
using Plots

IX|?

# sampling frequency
= le3

# observation time

2.00x10° |

t = 0:1/R:T # or equivalently t = range(0, T, R+1) 1.50x10°
wo = 2m * 200
# the dot-syntax is needed for broadcasting operations

sin.(wd .* t) 1.00x10°
# number of samples

Ns = length(x)

5.00x10% |

x_hat = fft(x)

f = fftfreq(Ns, R)
plot(fftshift(f), fftshift(abs2.(x_hat)), label="|x{2") |

—-400 —-200 0 200 400

Institute of Photonics and Quantum Electronics
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