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return U
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end
fig
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using HCubature

hcubature(x > sin(x[1]), [0.e], [n])

(2.0000000002000004, 1.7896795156957523e-12)

integrate(f, x8, x1) = hcubature(x -> f{x[1]), [x8], [x1]; atol=sqrtleps())}[1]
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0O Mo ® Julal100]Idle

Pirsa: 24020018

Representing Functions.lpynb 0 D

S0G0*C8 B0 C|OPE@CE ([ * 7

Page 11/53



@& Chrome File [dit View History Uookmarks Profiles Tab Window Help i3 m ® OB @ Z % Wy T 9 Q & Tuekebs 10:41

-:‘_ Finite Diffe... (4) - JupyterLab @ Fix connection errors - Gooy x | @ Google x | +

« ¢ M (0 Not Secure  hitips:/fsymmetry pl.localjuserfeschnetter/lab/tree/home/eschnetter/Finite%20Differences.ipynb

%)@ @ 01 O

: File Edit View Run Kernel Tabs Sattings Halp

= Raprasanting Functions.ipy X [#| Finite Differances.ipynb ¥ [m Multiscala.ipynb X |+
B+ X OO » m C© » Markdown Julia 1.10.0 O

o 8.5 -

function init()
x@ = 8.9
¥ = -0.5
W=0.2
* U = zerosi{npoints, npeints, 2)
for § in l:npoints, 1 in l:npoints
if i==1 || i==npoints || j==1 || j==npoints
ul,9,1] =@
Uli,j,21 =@
else
®x = =1+ (1-1) * h
y = =1+ (j=1) * h
phi = exp(-((x-x@)"2+{y-y8)*2) /2W)
psi =@
Ul1,j,1] = ph1
uli,4,2] = pst
end

2

J@00e=0"

end
return U
end
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init (generic function with 1 method)

function rhs{U)
Udet = similar(U)
for j in l:npoints, 1 in 1:npoints
if i==1 || i==npoints || j==1 || j==npoints
uli,j,11 =@
uli,j,21 =@
else
phixx = (U[1-1,7,1] = 24U end

end
return Udot
end
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Udot = similar(U)
for j in 1l:npoints, i in 1l:npoints

Udot[i,j,1] = 0@
Udot[1,§,2] = 0

if i==1 || i==npoints || j==1 || j==npoints
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else

phixx = (U[i-1,j,1] = 2xU[i,j,1] + U[i+1,j,1]) / h"2
phiyy = (U[i,j-1,1] - 2xU[i,j,1] + U[i,j+1,1]) / h"2
end

end

return Udot

end
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Udot = similar(U) o

o for j in 1l:npoints, i in 1l:npoints

= if i==1 || i==npoints || j==1 || j==npoints
Udot[i,j,1] = @
Udot[i,j,2] 0

* else
phixx = (U[i-1,j,1] = 2xU[i,j,1] + U[i+1,j,1]) / h"2
phiyy = (U[i,j=1,1] = 2xU[i,j,1] + U[i,j+1,1]1) / h"2
Udot[i,j,1] uli,j,2]
Udot[i,j,2] = phixx + phiyy

~

end
end
return Udot
end

rhs (generic function with 1 method)
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end .
= init (generic function with 1 method)
» [7]: |function rhs(U) TNV & F B
Udot = similar(U)

for j in 1:npoints, i in 1l:npoints

if i==1 || i==npoints || j==1 || j==npoints
Udot[i,j,1] = @
Udot[i,j,2] = @

else
phixx = (U[i-1,j,1] - 2«U[i,j,1] + U[i+1,j,1]) / h"2
phiyy = (U[i,j-1,1] = 2xU[4i,j,1] + U[i,j+1,1]) / h*2
Udotli,j,1] = Ul4i,3,2]
Udot[i,j,2] = phixx + phiyy

A~

end
end
return Udot
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end

l [7]: rhs (generic function with 1 method)

Ue = init()
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end .
S return Udot
= end

rhs (generic function with 2 methods)

Ue = init()

tspan = (0.0, 4.0)

prob = ODEProblem(rhs, U@, tspan)
sol = solve(prob)

retcode: Success
Interpolation: specialized 4th order "free" interpolation, specialized 2nd order "free" stiffness-—aware interpola
tion

t: 26:element Vector{Float64}:
0.0

0.00027008351198874465
0.002970918631876191
0.02147206097588478
09.05960910571175081
0.11329010530910921
0.1834795589660274
0.2749087440943005
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= return Udot
end
% rhs (generic function with 2 methods)
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«[111:|U@ = init()

tspan = (0.0, 4.0)

prob = ODEProblem(rhs, U@, tspan)
sol = solve(prob);]

B ™MV & F @

[11]: retcode: Success

Interpolation: specialized 4th order "free" interpolation, specialized 2nd order "free" stiffness—aware interpola

tion

t: 26-element Vector{Float64}:
0.0

0.00027008351198874465
.002970918631876191
.02147206097588478
.05960910571175081
.11329010530910921
.1834795589660274
.2749087440943005
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= return Udot
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% rhs (generic function with 2 methods)
[12]: |U® = init() TN & TF R

tspan = (0.0, 4.0)

prob = ODEProblem(rhs, U@, tspan)
sol = solve(prob);

kol.t

[12]: 26-element Vector{Float64}:
0.0
0.00027008351198874465
0.002970918631876191
0.02147206097588478
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0.11329010530910921
0.1834795589660274
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e tspan = (0.0, 4.0)
prob = ODEProblem(rhs, U@, tspan)
sol = solve(prob);
% length(sol.t)
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fig = Figure(size=(900, 400))
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= zeros(npoints, npoints, 2)
for j in 1:npoints, i in 1l:npoints

if i==1 || i==npoints || j==1 || j==npoints
uli,j,11 =@
Uli,j,2] =0
else
x = =14+ (i-1) * h
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psi =0
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return U
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else %
x = =1+ (i=1) * h o

= y = =1+ (j=1) * h

phi = exp(=((x-x0)"2+(y-y@)~2)/2W) =
psi =0 Q-
% uli,j,11 = phi S
U[llJlZ] = psi 3
end @
end
return U o
end 2
9.
init (generic function with 1 method) ::
.
function rhs(U, p, t) o
Udot = similar(U) i
for j in 1l:npoints, i in 1l:npoints Y
if i==1 || i==npoints || j==1 || j==npoints -]
Udotl[i,j,1] = @ 2

Udot[i,],2] = @

else
phixx = (U[i=1,j,1] = 2=U[i,j,1] + U[i+1,j,1]) / h"2
phiyy = (U[i,j-1,1] - 2«U[i,j,1] + U[i,j+1,1]) / h~2
Udot[i,j,1]1 = UI[i,],2]
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rhs (generic function with 2 methods) =]
.
= Ue = init()

- —

tspan = (0.0, 4.0)
prob = ODEProblem(rhs, U@, tspan)

,‘ sol = solve(prob);
length(sol.t)
149

fig = Figure(size=(900, 400))
contourf!(Axis(fig[1,1]), =1:h:+1, =1:h:+1, sol(@.0
contourf!(Axis(fig[1,2]), =1:h:+1, =1:h:+1, sol(0@.4
fig

:,1]1; colorrange=(-1,+1))

I
)[:,:,1]1; colorrange=(-1,+1))

fig = Figure(size=(640, 400))
scatter!(Axis(fig[1,1]), -1:h:+1, sol(@.@)[:, (npoints+1)+2,1])
fig
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fig = Figure(size=(640, 400)) =
O lines!(Axis(fig([1,1]), -1:h:+1, sol(0.0)[:, (npoints+1)+2,1]; yrange=(-1,1)) 8 8
lines! (Axis(fig[1,1]), -1:h:+1, sol(0.5)[:, (npoints+1)+2,1]; yrange=(-1,1)) |

. # lines!(Axis(fig[1,1]), -1:h:+1, sol(1.@)[:,(npoints+1)+2,1])
= fig 1
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(n fig = Figure(size=(640, 400)) 8 |0
lines!(Axis(fig[1,1]1), =1:h:+1, sol(@.0)[:, (npoints+1)+2,1]; ylimits=(-1,1)) .

= lines!(Axis(fig[1,1]), -1:h:+1, sol(@.5)[:, (npoints+1)+2,1]; ylimits=(-1,1))
= # lines!(Axis(fig[1,1]), -1:h:+1, sol(1.0)[:,(npoints+1)+2,1])
fig
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Simple

fig = Figure(size=(640, 400))

lines(Axis(fig[1,1]1), -1:h:+1, sol(@.0)[:, (npoints+1)+2,1]) I
lines! (Axis(fig[1,1]), -1:h:+1, sol(@.5)[:, (npoints+1)+2,1])

# lines!(Axis(fig[1,1]), -1:h:+1, sol(1.0)[:,(npoints+1)+2,1])

fig

Plotting into an axis without !

Stacktrace:

[1] error(s::String)
@ Base ./error.jl:35

[2] create_axis_like(::Lines{Tuple{Vector{Point{2, Float32}}}}, ::Dict{Symbol, Any}, ::Axis)
@ Makie ~/.julia/packages/Makie/z2T20/src/figureplotting.jl:205

[3] _create_plot(::Function, ::Dict{Symbol, Any}, ::Axis, ::Vararg{Any})
@ Makie ~/.julia/packages/Makie/z2T2o/src/figureplotting.jl:249

[4] lines(::Axis, ::Vararg{Any}; kw::@Kwargs{})
@ MakieCore ~/.julia/packages/MakieCore/UAwps/src/recipes.jl:175

[5] top-level scope
@ In[66]:2
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4) - JupyterLab X | @ Fix connection errors

New Tab »

P lines - Makie

B M & OO0 @ Z 2 M@ 3 & 9 Q & Tuekebs 171:00

« ¢ @ (=

docs.makie.org/stable/reference/plots/lines/

#)@ @ O O

D Makie

Home
Reference

Blocks
Plots

ablines
arc
arrows
band
barplot
boxplot
bracket
contour
contour3d
contourf
crossbar
datashader
density
ecdfplot
errorbars
heatmap
hexbin
hist
hlines and vlines

hspan and vspan

image

lines
linesegments
mesh
meshscatter
pie

poly

gaplot and ggnorm

rainclouds
rangebars
scatter
scatterlines

Pirsa: 24020018

f = Figure()
Axis(f[1, 1D

Xxs = 9:0.01:10
ys = @.5 .* sin.(xs)

lines!(xs, ys)
11nes1(is, ys .- 1, linewidth
lines! (ks

, ¥8 .- 2, linewidth =

5

5, color =

Tines!(xs, ys .- 3, linestyle = :dash)

£

Linestyles

using CairoMakie

f = Figure()
Axis(f[1, 11D

ys)

O Reference

2 7

34

How-Tos Explanations API News Q, Search

Examples
Linestyles
Dealing with outline artifacts in

o=

48000

®0:c/0PCBEE (7
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-:‘_ Finite Diffe... (4) - JupyterLab

« ¢ M (0 Not Secure  hitips:/fsymmetry pl.localjuserfeschnetter/labjtree/home/eschnetter/Finite%20Differences.ipynb

@ Fix connection errors - Goow! X | @ Google x | New Tab x | # lines - Makie x | +

: File Edit View Run Kernel Tabs Settings Help

Em [%] Representing Functions.ipy X = [® Finite Differences.ipynb @ | [® Multiscale.ipynb X | + Qﬂ
B + X TO [ » m C » Code v Julia 1.10.0 O -
=1.U T T T T 1 =1.u T T T T 1 ’o
(=] -1.0 -0.5 0.0 0.5 1.0 -1.0 -0.5 0.0 0.5 1.0 & o
=]
w
o
= fig = Figure(size=(640, 400))
axix = Axis(figl[1,1])
lines!(axis, -1:h:+1, sol(@.0)[:, (npoints+1)+2,1])
* lines!(axis, =1:h:+1, sol(@.5)[:, (npoints+1)+2,1])
# lines!(Axis(fig[1,1]), -1:h:+1, sol(1.8)[:,(npoints+1)+2,1])
fig

UndefVarError: “axis® not defined
Stacktrace:
[1] top-level scope
@ In[67]:3

|[1: Ay & F B

S0C0*C8 B0 C|OPEEEE ([ * 7

¥

Simple 0 0 {& Julia1.10.0|Idle Mode: Command & Ln 1, Col 1 Finite Differences.ipynb 0 Q
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« ¢ [ (0 Mot Secure  hittps://symmetry pilocalfuser/eschnetter/labjtree/home/eschnetter/Finite%20Differences.ipynb
- " . . N
~ File Edit View Run Kernel Tabs Settings Help

R ["] Representing Functions.ipy X = [A| Finite Differences.ipynb

B+ X OO

fi
o g

>

C

>

Code

A4

® | [A Multiscale.ipynb

= 1.0 A
i 0.5 -
0.0 -

-1.0

Simple 0 0 &
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Julia 1.10.0 | Idle

Mode: Command & Ln1, Col1

Julia 1.10.0 O
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-:‘_ Finite Diffe... (4) - JupyterLab

« ¢ M (0 Not Secure  hitips:/fsymmetry pl.localjuserfeschnetter/lab/tree/home/eschnetter/Finite%20Differences.ipynb

@ Fix connection errors - Gooy X | ® Google x | MNew Tab X | # lines - Makie » | +

: File Edit View Run Kernel Tabs Settings Help

En [%] Representing Functions.ipy X = [® Finite Differences.ipynb @ | [® Multiscale.ipynb X |+ o
B+ X O ) » m C » Code v Julia 1.10.0 O

1.0 1

o
i
J@0ce O™

- —

- —

0.5

0.0 1

S0C0¥C8 B0 C|OPE@EE /([ * 7

-1.0 -05 0.0 0.5 1.0

. r_1 [ - (] i —_— -
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@ Fix connection errors - Goow! X | @ Google x | New Tab x | & lines

T O M T OD0D0 @2 2 @ o F O Q § Tuekeb6 11:04

Makia » | +

« ¢ M (0 Not Secure  hitips:/fsymmetry pl.localjuserfeschnetter/labjtree/home/eschnetter/Finite%20Differences.ipynb

: File Edit View Run Kernel Tabs Settings Help

=) [%] Representing Functions.ipy X = [®] Finite Differences.ipynb ® | [® Multiscale.ipynb

B+ X0 B » m C » Code v

- B e i e S A

o using LinearAlgebra
npoints = 51

= h =2/ (npoints-1)
0.04

Julia 1.10.0 O

i
J@0ce:O"

«[80]: |function init(npoints|

X0 = 0.0
yo = 0.0
W=20.01

U = zeros(npoints, npoints, 2)
for j in 1:npoints, i in 1l:npoints

if i==1 || i==npoints || j==1 || j==npoints
uli,j,1]1 =@
uli,j,21 =0

else

X = =1+ (i=1) * h
y = =1+ (j=1) * h

phi = exp(-((x-x0)"2+(y-y@)~2)/2W)
psi =0
Uli,j,2] = psi
end
end
Simple 0O B0 @ Julia110.0]Idle
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-' Finite Diffe... (4) - JupyterLab x | @ Google x | New Tab x | £ lines - Makie x | + °

&« ¢ M © NotSecure  https://symmetry. pl.local/userfeschnetter/lab/tree/home/eschnetter/Finite%20Differences.ipynb

@ Fix connection errors - Goog

: File Edit View Run Kernel Tabs Settings Help

Ex ["] Representing Functions.ipy X = Al Finite Differences.ipynb X | [ Multiscale.ipynb X |+ o

e
B + X TO [ » m C » Code v Julia 1.10.0 @ -3
Udot[i,j,2] = @ o
o else & 8
phixx = (Uli-1,j,1] - 2%U[i,j,1] + U[i+1,j,1]) / h*2 .
i phiyy = (U[i,j-1,1] - 2=%U[4i,j,1] + U[i,j+1,1]) / h*2
= Udotl[i,j,1] = Ul4i,],2] 5
Udot[i,j,2] = phixx + phiyy O
end G
% end a
return Udot 2
end
o
U@ = init(51) o:
tspan = (0.0, 4.0) o
prob = ODEProblem(rhs, U@, tspan) o
sol = solve(prob); =
length(sol.t) i
D.
E.
[+]: |fig = Figure(size=(900, 400)) TNV & PR £h
contourf! (Axis(fig[1,1]), =1:h:41, =1:h:+1, sol(@.0)[:,:,1]; colorrange=(-1,+1)) a
contourf! (Axis(fig[1,2]), =1:h:+1, =1:h:+1, sol(@.4)[:,:,1]; colorrange=(=1,+1)) o

fig|

fig = Figure(size=(640, 400))
axis = Axis(fig[1,11])
lines!(axis, =1:h:+1, sol(@.0)[:,(npoints+1)+2,1]1)

Simple 0 0 {8 Julia 1.10.0 | Busy Saving completed Mode: Edit & Ln 4, Col 4 Finite Differences.ipynb 0 Q
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@ Fix connection errors - Goog

x | @ Google

x| New Tab

2 O M F OO0 @ 2 2 (A ® 5 O Q & Tuekeb6 1106

x | # lines - Makie x | +

Q%)@ @ D10

: File Edit View Run Kernel Tabs Settings Help
B [%] Representing Functions.ipy X = M| Finite Differences.ipynb ® | [A] Multiscale.ipynb X | & oa
B+ X O [ » m C » Code v Julia 1.10.0 O 8
contourf!(Axis(fig[1,2]), -1:h:+1, -1:h:+1, sol(@.4)[:,:,1]; colorrange=(-1,+1)) o
(n fig 8 |0
™
U

Simple

«[9]:

Pirsa: 24020018

UndefVarError: “h' not defined

Stacktrace:
[1] top-level scope
@ In[5]:2

fig = Figure(size=(640, 400))

axis = Axis(fig[1,1])

he = 2 / 50

lines!(axis, -1:h@:+1, sol(0.0)[:,(ef1)+2,1])
lines!(axis, -1:h@:+1, sol(0.25)[:, (npoints+1)=2,11])
lines!(axis, -1:h@:+1, sol(0.5)[:,(npoints+1)+2,1])
lines!(axis, -1:h@:+1, sol(@.75)[:, (npoints+1)<2,1])
lines!(axis, -1:h@:+1, sol(1.@)[:, (npoints+1)+2,1])
fig

B ™V & F N0

UndefVarError: “npoints’ not defined
Stacktrace:

[1] top-level scope
@ In[9]:4

0 0 & Julia1.10.0|Idle

S000NEE180:0/08CEEE /U 7

¥

Mode: Edit & Ln 4, Col 37 Finite Differences.ipynb 0 Q
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-:‘_ Finite Diffe... (4) - JupyterLab

« ¢ M (0 Not Secure  hitips:/fsymmetry. pl.localjuserfeschnetter/labjtree/home/eschnetter/Finite%20Differences.ipynb

@ Fix connection errors - Gooy X | ® Google x | MNew Tab X | # lines - Makie » | +

: File Edit View Run Kernel Tabs Settings Help

En [%] Representing Functions.ipy X = [® Finite Differences.ipynb @ | [® Multiscale.ipynb X |+ o
B+ X O ) » m C » Code v Julia 1.10.0 O

LINES I \dXLlS, =LliNUi+l, SOLW\L.YU),\enurL)ss,1])

o fig <

J@0ce:O"

= 1.0 1

- —

T
7

0.5+

S0C0*C8 B0 C|OPEECE /L[ *

0.0

-1.0 -0.5 0.0 0.5 1.0
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&« ¢ M © NotSecure  hittps://symmetry. pl.local/userfeschnetter/lab/tree/home/eschnetter/Finite%20Differences.ipynb
~ File Edit View Run Kernel Tabs Settings Help
B [ Representing Functions.ipy X = [®] Finite Differences.ipynb ® | [A] Multiscale.ipynb X |+ oa

B+ X0 B » m C » Code v

«[8]:

I [8]:

Simple
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B B L B

else

phixx = (U[i-1,j,1] = 2%U[i,j,1] + U[i+1,j,1]1) / h~2
phiyy = (U[i,j-1,1]1 - 2%U[i,j,1] + U[i,j+1,11) / h~2

Udot[i,j,1] = Uli,],2]
Udot[i,j,2] = phixx + phiyy
end
end
return Udot
end

rhs (generic function with 1 method)

Julia 1.10.0 O

&
J@0ce:@"

tspan = (0.0, 4.0)

U@ = init(51)

prob® = ODEProblem(rhs, U@, tspan)
sol@ = solve(prob);

U@ = init(51)

prob® = ODEProblem(rhs, U@, tspan)
kole = solve(prob);

B ™MV & F

[ ]
S0C0¥C8 180 C|OPEECE /([ * 7

£,

109

fig = Figure(size=(900, 400))

contourf! (Axis(fial1.11). =1:h:+1. =1:h:+1, sol(@.8)[:.:.11: colorranae=(-1.4+1))

0 0 & Julia1.10.0|Idle

Mode: Edit & Ln7 Col1 Finite Differences.ipynb 0 Q

Page 48/53



@& Chrome File [dit View History Uookmarks Profiles Tab Window Help 3 M & OO0 @ Z 2 (A s 5§ 9 Q & Tuekebs 11:07

-: Finite Diffe... (4) - JupyterLab x | New Tab x | £ lines - Makie x | +

&« ¢ M © NotSecure  https://symmetry. pl.local/userfeschnetter/lab/tree/home/eschnetter/Finite%20Differences.ipynb

@ Fix connection errors - Gooy! X | @ Google

: File Edit View Run Kernel Tabs Settings Help

B [ Representing Functions.ipy X = [®| Finite Differences.ipynb ® | [A] Multiscale.ipynb X |+ o

e}
B+ X O [ » m C » Code v Julia 1.10.0 O s
prob® = ODEProblem(rhs, U@, tspan) 5
o sol® = solve(prob); 8 &
w
.,

Ul = init(101)
probl = ODEProblem(rhs, U1, tspan)
soll = solve(prob);

» [5]: fig = Figure(size=(900, 400)) "NV & F
contourf!(Axis(fig[1,1]), -1:h:+1, =1:h:+1, sol(©.8)[:,:,1]; colorrange=(-1,+1))
contourf! (Axis(fig[1,2]), -1:h:+1, -1:h:+1, sol(@.4)[:,:,1]; colorrange=(-1,+1))
fig

@

UndefVarError: “h® not defined

Stacktrace:
[1] top-level scope
@ In[5]:2 x

S0C0NCE180:0/0PCEEE /U«

fig = Figure(size=(640, 400))

axis = Axis(fig[1,1])

he = 2 / 50

lines!(axis, -1:h@:+1, sol(@.0)[:,(end+1)+2,1])
lines!(axis, -1:h@:+1, sol(@.25)[:,(end+1)+2,1])
lines!(axis, -1:h@:+1, sol(@.5)[:,(end+1)+2,1])
lines!(axis, =1:h@:+1, sol(0.75)[:, (end+1)+2,11])

Tinacllavie 1ahMa rall1 AVl Tands1VeD 110

Simple 0 0 {& Julia1.10.0|Idle Mode: Command & Ln 2, Col 30 Finite Differences.ipynb 0 Q
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~ File Edit View Run Kernel Tabs Settings Help

i ["] Representing Functions.ipy X = [A| Finite Differences.ipynb

B+ X0 B » m C » Code v

fig = Figure(size=(640, 400))
axis = Axis(figl[1,1])

- —

® | [® Multiscale.ipynb

— he = 2 / 50
hl =2 / 100
lines!(axis, -1:h@:+1, sol@(0.5)[:, (end+1)+2,1])
8 lines!(axis, -1:h@:+1, sol1(@.5)[:, (end+1)+2,1])
fig
» /
0.1
004 —
T~
Simple 0 0 {& Julia1.10.0|Idle
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Simple

Ue = init(51)
prob® = ODEProblem(rhs, U@, tspan)
sol@ = solve(prob@);

Ul = init(101)

probl = ODEProblem(rhs, Ul, tspan)
soll = solve(probl);

fig = Figure(size=(900, 400))

contourf!(Axis(fig[1,1]), -1:h:+1, -1:h:+1, sol(0.@)[:,:,1]; colorrange=(-1,+1))
contourf!(Axis(fig[1,2]), -1:h:+1, -1:h:+1, sol(@.4)[:,:,1]; colorrange=(-1,+1))

fig

fig = Figure(size=(640, 400))

axis = Axis(figl[1,1])

ho = 2 / 50

lines!(axis, -1:h@:+1, sol(0.0)[:,(end+1)+2,1])
lines!(axis, =1:h@:+1, sol(0.25)[:, (end+1)+2,1])
lines!(axis, =1:h@:+1, sol(®.5)[:,(end+1)s2,1])
lines!(axis, -1:h@:+1, sol(®.75)[:, (end+1)+2,1])
lineellavie _1:hA11 enll(1 A\[: (anda1)z? 11)

0 0 {8 Julia 1.10.0 | Busy

Mode: Command & Ln1, Col1 Finite Differences.ipynb 0 Q
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