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Julia: come for the syntax, stay for
the speed

Researchers often find themselves coding algorithms in one programming l.angu.age,O

only to have to rewrite themin afaster one. An up-and-coming language could be the
answer.

By Jeffrey M. Perkel
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“For those who want some proof that
physicists are human, the proof is in
the idiocy of all the different units
which they use for meosgring energy”

— Richaxd P. Feynman (Nobel'65),
The Character of Physical Law
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Code readability/maintainability

Unitful.jl '

using Unitful

const g = 9.81 * u"m/s/s"
const L 1.0 * u"m"

Up = [0 * u"rad", m / 2 * u"rad/s"]
tspan = [0.0, 6.3] .* u"s"




Conversions and prefixes

Unitful.jl

pressure = uconvert(Unitful.u"Pa", 800 * Unitful.u"mbar")
println(pressure)

julia> include("example2.7j1")
80000 Pa




Compile-time dimensionality check

Unitful.jl

const g = 9.81*u"m/s/s"
const L = 1.0*%u"m"
c = g+L

LoadError: DimensionError: 9.81 m s*-2 and 1.8 m are not dimensionally compatible.




® «  Code readability/maintainability

« Conversions and prefixes
. . « Compile-time dimensionality check
U n 1t fu 1 ° J 1 « Tool for unit testing

* Automatic units on plots

* No runtime overhead

L =1.0*%u"m"
@show dimension(L) == Unitful.L

dimension(L) == Unitful.L = true




DifferentialEquations.jl

20 _g_ .,
dt2 —LSlTl

function rhs(du_dt, u, params, t)

| ; 6, w=u
<o ' du_dt[1l] = w
AR 2. du_dt[2] = -(g / L) * sin(8)
end

Manfred Antranias



https://pixabay.com/users/antranias-50356/?utm_source=link-attribution&utm_medium=referral&utm_campaign=image&utm_content=242745
https://pixabay.com/users/antranias-50356/?utm_source=link-attribution&utm_medium=referral&utm_campaign=image&utm_content=242745
https://pixabay.com/users/antranias-50356/?utm_source=link-attribution&utm_medium=referral&utm_campaign=image&utm_content=242745
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DifferentialEquations.jl

function rhs(du_dt, u, params, t)
6, w=u

du dt[1] w
du_dt[2] -(g / L) * sin(0)
end

This package enables to solve the system of ordinary
differential equations in just two lines of code:

prob = ODE.ODEProblem(rhs, uo, tspan) <«— Create differentail equation problem

sol = ODE.solve(prob)

+«— Solve it!




Position (rad)

DifferentialEquations.jl

Simple Pendulum Problem

0.4 |

Plots.plot(
sol.t.*u"s",
02 sol[1l,:].*u"rad",

linewidth = 2,
title = "Simple Pendulum Problem",
00 xlabel "Time",
ylabel "Position",
—0.2 label = "\\theta"

_0.4 -

Automatic labeling!




Let’'s try together:

import OrdinaryDiffEq as ODE, Plots
using Unitful

const g = 9.81*u"m/s/s"
const L = 1.0*u"m"

Up = [@*u"rad", m / 2*u"rad/s"]
tspan = [0.0, 6.3] .*u"s"

function rhs(du_dt, u, params, t)
6, w=u
du dt[1] w
du_dt[2] = -(g / L) * sin(9©)
end

prob = ODE.ODEProblem(rhs, uo, tspan)
sol = ODE.solve(prob)

Unitful.jl + DiffEq.jl




Let’'s try together:

import OrdinaryDiffEq as ODE, Plots
using Unitful

9.81*u"m/s/s"
1.0%u"m"

const g
const L

Up = [@*u"rad", m / 2*u"rad/s"]
tspan = [0.0, 6.3] .*u"s"

function rhs(du_dt, u, params, t)
6, w=u
du dt[1] w
du_dt[2] = -(g / L) * sin(9©)
end

prob = ODE.ODEProblem(rhs, uo, tspan)
sol = ODE.solve(prob)

Unitful.jl + DiffEq.jl

function eimnlanondulimfda 0 n )

P OUTPU DE TERMINAL PORTS

[ I VA

|
1111l | version 1.12.4 (2026-81-86)
A\ llJINn_"_| | official https://julialang.org release
|

PS C:\Users\Hp\OneDrive\Pulpit\julia\fosdem> julia
|
I

[ 1
[ 1
Al
I/
julia> include("incorrect.jl")
LoadError: MethodError: no method matching isless(::Vector{Quantity{Float64}}, ::Float64)
The function “isless” exists, but no method is defined for this combination of argument types.

Closest candidates are:
isless( , fiAny)
isless( , ::Real)

isless( » ‘iReal) where X




What does the
community say?

. errorsinevitable
. ,Solution”: drop units

. only basic solvers
compatible

unitful differential equations error X

o The Julia Programming Language
hitps:/idiscourse julialang.org ; e... - Tlumaczenie strony

Error using Differential Equations and Unitful

17 paZ 2021 — | am using Differential Equations and Unitful together for the first time and | am running
into the following error when trying to solve my ..
1 odpowiedZ - Najlepsza odpowiedz: It seems that multiple Unitful units are a known issue in Differenti...

O GitHub
hitps://github.com » SciML - issues - Tlumaczenie strony  }

2ndOrderODEProblem + Unitful, Type issues #393

27 lis 2018 — | ran info issues while trying to solve 2nd order diffeqs in combination with Unitful.
MWE: using DifferentialEquations using Unitful import

D ScilviL
hitps:/iutorials.sciml.ai = html > 0... - Tlumaczenie strony

Unit Checked Arithmetic via Unitful.jl
Using Unitful with DifferentialEquations ]l ... ERROR: DimensionErmor. N s*-1 and 0.75 N are not
dimensionally compatible. Notice that we recieved a unit mismatch ..

Stack Overflow
1 odpowied? - 7 lattemu  #
DifferentialEquations hands in "nothing" to my differential ...
Is this potentially a problem with the scoping stuff that's been coming up a lot recently? Copy. using
Unitful, RecursiveArrayTools, ..
1 odpowiedZ - Najlepsza odpowiedZ: The function signature should be twoBodyNew(t, v, b, dy). It's alw. .

3% The Julia Programming Language
hitps:/idiscourse julialang.org » u... - Tlumaczenie strony
Unitful.jl and DifferentialEquations.jl: compatibility?
22 wrz 2021 — Can't try it right now, but the error indicates that a non-integer gets put into a varnable
that is defined as an integer. So, | would check ...
Najlepsza odpowiedZ: bilderbuchi: | wonder how python's Pint ...
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“ . the astute observer (Fourier was the
first astute observer) notices that the
equations .. remain true when the size
of the fundamental units is changed”

®

— Pexcy W. Bridgman (Nobel’46),
Dimensional Analysis ®



®

Separation of Concerns

Physics:

Mathematical
model +

1

No units

Constants

|

Units

®
Software engineering:

* Make injectible dependency holding
all constants

* Use dependency with units for
dimensionality calculations

* Inject dependecy stripped of units for
numerical calculations




What to change so it does work?
o - =v TaeE SY =+ MUES TP

import OrdinaryDiffEq as ODE, Plots import OrdinaryDiffEq as ODE, Plots
using Unitful using Unitful

(

const g = 9.81*u"m/s/s" const_u

const L = 1.0*%u"m" g = 9.81*u"m/s/s",

L =1.0%u"m",
Uo = [@*u"rad", m / 2*u"rad/s"] Up = [@*u"rad", m / 2*u"rad/s"],
tspan = [0.0, 6.3] .*u,s" tspan = [0.0, 6.3].*u"s"




What to change so it does work?
o - =v TaeE SY =+ MUES TP

import OrdinaryDiffEq as ODE, Plots import OrdinaryDiffEq as ODE, Plots
using Unitful using Unitful

const g = 9.81*u"m/s/s" const u = (
const L = 1.0*%u"m" g = 9.81*u"m/s/s",
L =1.0%u"m",
Uo = [@*u"rad", m / 2*u"rad/s"] Up = [@*u"rad", m / 2*u"rad/s"],
tspan = [0.0, 6.3] .*u,s" tspan = [0.0, 6.3].*u"s"
)
function rhs(du_dt, u, params, t)
6, w=u function rhs(du_dt, u, params, t)
du dt[1] = w 0, w=u
du_dt[2] -(g / L) * sin(8) du dt[1] = w
end du_dt[2] -(params.g / params.L) * sin(0)
end




What to change so it does work?
o - =v TaeE SY =+ MUES TP

import OrdinaryDiffEq as ODE, Plots
using Unitful

const g = 9.81*u"m/s/s"
const L = 1.0*%u"m"

Uo = [@*u"rad", m / 2*u"rad/s"]
tspan = [0.0, 6.3] .*u,s"

function rhs(du_dt, u, params, t)
0, w=u
du_dt[1]
du_dt[2]
end

w
-(g / L) * sin(8)

import OrdinaryDiffEq as ODE, Plots
using Unitful

const u = (

g = 9.81*%u"m/s/s",
L =1.0%u"m",
Up = [@*u"rad", m / 2*u"rad/s"],
tspan = [0.0, 6.3].*u"s"

)

function rhs(du_dt, u, params, t)

0, w=u

du dt[1] = w

du_dt[2] -(params.g / params.L) * sin(0)
end

strip_units(x) = ustrip(x)
strip_units(x::AbstractArray) = ustrip.(x)

NamedTuple{keys(const u)}(strip_units.(values(const u)))




What to change so it does work?
o - =v TaeE SY =+ MUES TP

import OrdinaryDiffEq as ODE, Plots
using Unitful

const g = 9.81*u"m/s/s"
const L = 1.0*%u"m"

Uo = [@*u"rad", m / 2*u"rad/s"]
tspan = [0.0, 6.3] .*u,s"

function rhs(du_dt, u, params, t)
0, w=u
du_dt[1]
du_dt[2]
end

w
-(g / L) * sin(8)

prob = ODE.ODEProblem(rhs, uo, tspan)
sol = ODE.solve(prob)

import OrdinaryDiffEq as ODE, Plots
using Unitful

const u = (

g = 9.81*%u"m/s/s",
L =1.0%u"m",
Up = [@*u"rad", m / 2*u"rad/s"],
tspan = [0.0, 6.3].*u"s"

)

function rhs(du_dt, u, params, t)

0, w=u

du dt[1] = w

du_dt[2] -(params.g / params.L) * sin(0)
end

strip_units(x) = ustrip(x)
strip_units(x::AbstractArray) = ustrip.(x)

NamedTuple{keys(const u)}(strip_units.(values(const u)))

prob = ODE.ODEProblem(rhs, c.uo, c.tspan, c)
sol = ODE.solve(prob, saveat = 0.01)




Note: the function works with units too

du dt = similar(const u.uop)
rhs(du_dt, const_u.uo, const_u, 0.1u"s")

const u.up + du dt * @.1u"s"

@test dimension.(u) == dimension.(const _u.uo)

println(dimension. (u))

println(dimension. (const u.uo))

julia> include("euler.j1")
Unitful.Dimensions[NoDims, Tr-1]
Unitful.Dimensions[NoDims, Tr-1]
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Take-home message: ®
thexe is no Unitful.jl + DiffEq.jl problem!

-
)
o

unitful differential equations error X @

 (ODE definition should be invariant to units

5% The Julia Programming Language
https./idiscourse julialang.org : e... - Tlumaczenie strony
Error using Differential Equations and Unitful
17 paZ 2021 — | am using Differential Equations and Unitful together for the first time and | am running
into the following error when trying to solve my ...
1 odpowied? - Najlepsza odpowiedz: It seems that multiple Unitful units are a known issue in Differenti

() GitHub
htips:ffgithub.com > SciML » issues - Thumaczenie strony  §

2ndOrderODEProblem + Unitful, Type issues #393
27 lis 2018 — | ran into issues while trying to solve 2nd order diffeqs in combination with Unitful
MWE: using DifferentialEquations using Unitful import

6 SciML :

https /futorials.sciml.ai ; html > 0 Ttumaczenie strony

Unit Checked Arithmetic via Unitful jl
Using Unitful with DifferentialEquations ]I ERROR: DimensionError: N s*-1 and 0.75 N are not
dimensionally compatible. Notice that we recieved a unit mismaich ...

Stack Overflow
1 odpowied? - 7 lat temu
DifferentialEquations hands in "nothing” to my differential ...
Is this potentially a problem with the scoping stuff that's been coming up a lot recently? Copy. using
Unitful, RecursiveArrayTools, ...
1 odpowied? - Najlepsza edpowiedZ: The function signature should be twoBodyNew(t, v, p, dy). It's alw

The Julia Programming Language

htips://discourse julialang org > u_. - Tlumaczenie strony  §

Unitful.jl and DifferentialEquations.jl: compatibility?

22 wrz 2021 — Can't try it right now, but the error indicates that a non-integer gets put into a variable
that is defined as an integer. So, | would check

Najlepsza odpowiedZ: bilderbuchi: | wonder how python’s Pint ...
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Take-home message: ®
thexe is no Unitful.jl + DiffEq.jl problem!

-
)
o

unitful differential equations error X @

 (ODE definition should be invariant to units

5% The Julia Programming Language
https./idiscourse julialang.org : e... - Tlumaczenie strony

Error using Differential Equations and Unitful

17 paZ 2021 — | am using Differential Equations and Unitful together for the first time and | am running Y u n its i nj ected th ro u g h CO n Sta ntS O n Iy

into the following error when trying to solve my ...
1 odpowied? - Najlepsza edpowiedZ: It seems that multiple Unitful units are a known issue in Differenti

() GitHub
htips:ffgithub.com > SciML » issues - Thumaczenie strony  §

2ndOrderODEProblem + Unitful, Type issues #393
27 lis 2018 — | ran into issues while trying to solve 2nd order diffeqs in combination with Unitful
MWE: using DifferentialEquations using Unitful import

6 SciML
hitps:/ftutorials.sciml.ai ; html > 0 Tiumaczenie strony

Unit Checked Arithmetic via Unitful jl
Using Unitful with DifferentialEquations ]I ERROR: DimensionError: N s*-1 and 0.75 N are not
dimensionally compatible. Notice that we recieved a unit mismaich ...

Stack Overflow
1 odpowied? - 7 lat temu
DifferentialEquations hands in "nothing” to my differential ...
Is this potentially a problem with the scoping stuff that's been coming up a lot recently? Copy. using
Unitful, RecursiveArrayTools, ...
1 odpowied? - Najlepsza odpowiedZ: The function signature should be twoBodyNew(t, v, p, dy). It's alw

The Julia Programming Language

htips://discourse julialang org > u_. - Tlumaczenie strony  §

Unitful.jl and DifferentialEquations.jl: compatibility?

22 wrz 2021 — Can't try it right now, but the error indicates that a non-integer gets put into a variable
that is defined as an integer. So, | would check

Najlepsza odpowiedZ: bilderbuchi: | wonder how python’s Pint ...
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Take-home message: ®
thexe is no Unitful.jl + DiffEq.jl problem!

unitful differential equations error X @y @ Q

 (ODE definition should be invariant to units

3% The Julia Programming Language
s https./idiscourse julialang.org : e... - Tlumaczenie strony

Error using Differential Equations and Unitful

17 paZ 2021 — | am using Differential Equations and Unitful together for the first time and | am running Y u n its i nj ected th ro u g h CO n Sta ntS 0 n Iy

into the following error when trying to solve my ...
1 odpowied? - Najlepsza edpowiedZ: It seems that multiple Unitful units are a known issue in Differenti

O S o st e s « Applies to any templated/JIT-compiled tech
2ndOrderODEProblem + Unitful, Type issues #393

(e.g., Python + Numba + Pint, where it also
solves performance overhead issue!)

a  SciML
(v} https /futorials.sciml.ai ; html > 0 Tumaczenie strony
Unit Checked Arithmetic via Unitful jl
Using Unitful with DifferentialEquations || .. ERROR: DimensionError: N s*-1 and 0.75 N are not
dimensionally compatible. Notice that we recieved a unit mismatch ...

Stack Overflow
1 odpowiedz - 7 lat temu
DifferentialEquations hands in "nothing” to my differential ...
Is this potentially a problem with the scoping stuff that's been coming up a lot recently? Copy. using
Unitful, RecursiveArrayTools, ...
1 odpowied? - Najlepsza odpowiedZ: The function signature should be twoBodyNew(t, v, p, dy). It's alw

sy The Julia Programming Language

htips://discourse julialang org > u_. - Tlumaczenie strony  §

Unitful.jl and DifferentialEquations.jl: compatibility?

22 wrz 2021 — Can't try it right now, but the error indicates that a non-integer gets put into a variable
that is defined as an integer. So, | would check

Najlepsza odpowiedZ: bilderbuchi: | wonder how python’s Pint ...
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Take-home message: ®
thexe is no Unitful.jl + DiffEq.jl problem!

unitful differential equations error X @y @ Q

 (ODE definition should be invariant to units

The Julia Programming Language
https./idiscourse julialang.org : e... - Tlumaczenie strony

Error using Differential Equations and Unitful

17 paZ 2021 — | am using Differential Equations and Unitful together for the first time and | am running Y u n its i nj ected th ro u g h CO n Sta ntS 0 n Iy

into the following error when trying to solve my ...
1 odpowied? - Najlepsza edpowiedZ: It seems that multiple Unitful units are a known issue in Differenti

GitHub
Q

« Applies to any templated/JIT-compiled tech

2ndOrderODEProblem + Unitful, Type issues #393

(e.g., Python + Numba + Pint, where it also
solves performance overhead issue!)

a  SciML
(v} https /futorials.sciml.ai ; html > 0 Ttumaczenie strony

Unit Checked Arithmetic via Unitful jl
amersonahy o ks vt vt « unit-aware testing & unit-agnostic numerics
(using a single codebase)

1 odpowiedz - 7 lat temu H
DifferentialEquations hands in "nothing” to my differential ...
Is this potentially a problem with the scoping stuff that's been coming up a lot recently? Copy. using
Unitful, RecursiveArrayTools, ...
1 odpowied? - Najlepsza odpowiedZ: The function signature should be twoBodyNew(t, v, p, dy). It's alw

sy The Julia Programming Language
L https /idiscourse julialang.org ; u... - Tlumaczenie strony
Unitful.jl and DifferentialEquations.jl: compatibility?
22 wrz 2021 — Can't try it right now, but the error indicates that a non-integer gets put into a variable
that is defined as an integer. So, | would check
Najlepsza odpowiedZ: bilderbuchi: | wonder how python’s Pint ...



Take-home message: ®
thexe is no Unitful.jl + DiffEq.jl problem!

unitful differential equations error X @y @ Q

 (ODE definition should be invariant to units

3% The Julia Programming Language
s https:/idiscourse julialang.org > e... - Tlumaczenie strony  §

Error using Differential Equations and Unitful

17 paZ 2021 — | am using Differential Equations and Unitful together for the first time and | am running Y u n its i nj ected th ro u g h Co n Sta ntS 0 n Iy

into the following error when trying to solve my ...
1 odpowied? - Najlepsza edpowiedZ: It seems that multiple Unitful units are a known issue in Differenti

GitHub
Q

« Applies to any templated/JIT-compiled tech

2ndOrderODEProblem + Unitful, Type issues #393

(e.g., Python + Numba + Pint, where it also
solves performance overhead issue!)

. SciML
L¥) hitps:/ftutorials.sciml.ai ; html > 0 Tiumaczenie strony

Unit Checked Arithmetic via Unitful jl

Using Unitful with DifferentialEquations || .. ERROR: DimensionError: N s*-1 and 0.75 N are not

dimensionally compatible. Notice that we recieved a unit mismaich ... O u n it_awa re testi n g & U n it-ag n Osti C n U me ri CS
(using a single codebase)

1 odpowiedz - 7 lat temu H
DifferentialEquations hands in "nothing” to my differential ...
Is this potentially a problem with the scoping stuff that's been coming up a lot recently? Copy. using

?r;i:;u:iz;ursh‘l‘;?z;;f:;ﬁ:‘ov;\edz" The function signature should be twoBodyNew(t, y, p, dy). It's alw ° It,s n Ot a Wo rka rou n d [} it,s COd i n g p hys i cs
3% The Julia Programming Language th i n ki n g I i ke p hys i Cist!
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Unitful.jl and DifferentialEquations.jl: compatibility?

22 wrz 2021 — Can't try it right now, but the error indicates that a non-integer gets put into a variable
that is defined as an integer. So, | would check

Najlepsza odpowiedZ: bilderbuchi: | wonder how python’s Pint ...
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DiffEqDocs.jl PR. .
= O ScML / DiffEqDocs,jl Q 1p
<> Code (@ lssues 20 11 pull requests 3 ® Actions [ Projects @ Security [~ Insights
) new cloud microphysics example using Unitful jl #3828
thearia0 wants to merge 9 commits into SciML:master from thearia®:cloud microphysics_example [CJ
\ ) Conversation 1 -0 Commits 9 [ Checks o Files changed 5
I_Il thearia0 commented on Dec 11, 2025 - edited ~
"y
. Checklist
Appropriate tests were added
Any code changes were done in a way that does not break public API O
All documentation related to code changes were updated

klimaszewska@student.agh.edu.pl

contributor guidelines, in particular the SciML Style Guide and
COLPRAC.

Any new documentation only uses public API

Additional context

| propose a new example to be included in the "Beginniners" section.

The example includes a solution of a classic problem in cloud microphysics and succesfully reproduces all figures from the Rogers
1975 paper (open access) referenced from the .md file.

The example also shows a robust way to couple DiffEq jl with Unitfull jl to enable dimensional analysis of the code for testing, while
not incurring anv overhead durina intearation (https://discourse julialana.ora/t/unitful-il-and-differentialequations-il-

.../daria-klimaszewska @thearia0 / SciML / DIffECIDOCS_ll / pU” / 828
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