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Preparation ~GIREF.

1. Install VirtualBox software on your machine:
https://www.virtualbox.org/

2. Download MEF++ virtual machine archive (4.4 Gb):
https://giref.ulaval.ca/~ericc/crm/vm_crm.ova

3. Open VirtualBox and import the .ova VM file (you need 10 Gb more on your disk):

achin
, ¢ Preferences Ctri+G
3

@ Export Appliance... Ctri+E
¢ Q New Cloud VM...

5 Virtual Media Manager... Ctrl+D
i Host Network Manager... Ctrl+H

] g Network Operations Manager...

ki @ Check for Updates...
n
& Reset All Warnings

C
P @ Exit ctr+Q
it


https://www.virtualbox.org/
https://giref.ulaval.ca/~ericc/crm/vm_crm.ova

Preparation ~GIREF.

4. Start the VM:

Y 2

File Machine Help

gﬁg Tools {:} @

Oracle VM VirtualBox Man|

v

New Settings D | | Start
e MEE RS _ Q General
@ Powered Off e Name: MEF++

Operating System: Other Linux (64-bit)




Preparation

5. You should have something like this:
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6. featherpad is there, but you may want to install your preferred editor.
ex: sudo apt install kate

7. Change your keyboard layout:

LXQt settings

Appearance

Desktop
Notifications

Monitor settings

o

Brightness

o

File Associations

Openbox Settings

Date and Time

Keyboard and
Mouse

4

Power Management

Desktop

Mouse

Cursor

Keyboard

Keyboard Layout

D Reset

Keyboard and Mouse Settings

Keyboard Layout

Layout Variant Add
French (Ca... =
English (US) SMmove
French French (AZERTY) up
Down
Keyboard model: | Generic 101-key PC e

Keys to change layout:  None N

Note: If you are using an input method, such as IBus, uim, fcitx,
or gcin, the settings here might not work because they are
overridden by the input methods.

x Close v A
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© Conservation laws — steady state s LAVAL

Assuming that a steady state solution can be reached, we can set all time-derivative terms to
zero and get

Momentum : V-(2nVev) —ps(v-V)v—-Vp=0 in Qy,

Mass : V- (prv) =0 in Qp,
Heat : — V(K VL)Y - (vppl L) =0 in Qy,
Heat : -V - (K,VT)=q in Q,
Coupling : KVT -ng+ K¢VT -ng =0 on .

Here, there are different physics within each region,

e Navier-Stokes on 2 (coupling to 7" via p and 7),
e Diffusion on Qg (coupled to 7" in ),
e Advection-diffusion on €2 (coupled to T"in €y and to v in N-S).
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Exercise #0 : warm up. ~GIREF.

First launch the MEF++ terminal, then type:
MEF++ transformateur |& tee out.txt

all the output to your screen is also redirected to the out . txt file.

Have a look at produced files (in user/CRM). You should find a file

named:
export0000.cont.vtu

Open it with paraview to see the results.



A‘A

Paraview ~~GIREF.

Temperature field:

o ParaView 5.8.0 v~
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Paraview

Velocity field:

" 2 ParaView 5.8.0 v
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Orientation
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Scale I
Scale Array . il < e X
2
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Scale Factor 20 I x c l
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Exercise #1A : ZG'!REFA

In MEF++ terminal, launch your editor on transformateur.champs file:
featherpad transformateur.champs

Let’s have a deeper look at the solver used. Uncomment (remove ‘#):
ksp view

In “GrosLU” options, then launch again:

MEF++ transformateur |& tee out.txt

Q: Look in out.ixt. What is the ratio of non-zeros in the factored matrix

vs assembled? 1



Exercise #1B :

Let's ask to “draw” the matrix in the “GrosLU” options:
mat view draw

then launch again:
MEF++ transformateur |& tee out.txt

To pause the drawings and explore the matrix:

echo “draw pause -1” > .petsrc

1. Left click : zoom in
2. Middle click: zoom out
3. Right click: continue execution

Ao X
S )b
-+ GIREF -
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Default Matrix: one block

U+ P+ T (mixed)

U+ P+ T (mixed)

Ao X
S )b
-+ GIREF -

red : positive value

blue: negative value
: zero value

white: nothing at all
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Exercise #2A : 2x2 Blocks Matrix ~GIREF.

Let's comment:
/* problemeef ProbEF
{ solveur nlin SolveurStat (ProbEF)
prefixe options GrosLU
}ox/
And uncomment:
problemeef ProbEF [defaut, defaut, [ (u*,p*),T]]
{ solveur nlin SolveurStat (ProbEF)

prefixe options Blocs 2x2

}

Then launch MEF++:

MEF++ transformateur |& tee bjacobi.txt

Q: How many iterations are done for the first two Newton steps?



A'A

Exercise #2B : 2x2 Blocks Matrix ~GIREF.

Let’s have a deeper look at the solver used. Uncomment:
ksp view
In “Blocs 2x2" options section, then launch again:

MEF++ transformateur |& tee bjacobi.txt

Q: What are the a_00 and a_11 matrices sizes?

15



Exercise #2C : 2x2 Blocks Matrix ZEiAlREFA

Let’'s ask to “draw” the matrix in the “Blocks 2x2” options section:

mat view draw
then launch again:
MEF++ transformateur
To pause the drawings and explore the matrix:

echo “draw pause -1” > .petsrc

1. Left click : zoom in
2. Middle click: zoom out
3. Right click: continue execution

16
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» 2x2 block Matrix :;G'!REFA

U + P (mixed) T

U + P (mixed)

red : positive value

blue: negative value
: zero value

white: nothing at all




A'A

Exercise #2D : 2x2 Blocks Matrix ~GIREF.

Let’s switch from block Jacobi to Gauss-Seidel. Uncomment;
pc _fieldsplit type multiplicative
In “Blocs 2x2" options section, then launch:

MEF++ transformateur |& tee gauss seidel.txt

Q: How many iterations are done for the first two Newton steps?

18
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Exercise #2E : 2x2 Blocks Matrix ~GIREF.

Let’s switch from block Gauss-Seidel to the symmetric version.

Uncomment:
pc _fieldsplit type symmetric multiplicative
In “Blocs 2x2" options section, then launch:

MEF++ transformateur |& tee gauss seidel sym.txt

Q: How many iterations are done for the first two Newton steps?

19



Exercise #3A : Nested 2x2 Blocks Matrix

Let’'s comment:
/*problemeef ProbEF [defaut, defaut, [fu*,p*), T]1]
{ solveur nlin SolveurStat (ProbEF)

prefixe options Blocs 2x2
}*/
And uncomment:
problemeef ProbEF [defaut, defaut, [ ju*,p*ll, T]]
{ solveur nlin SolveurStat (ProbEF)
prefixe options Blocs 2x2 nested in 2x2
}

Then launch MEF++:

MEF++ transformateur |& tee gauss seidel schur u.txt

Q: How many iterations are done for the first two Newton steps?

A'A

2 JILRS
-+GIREF.
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Exercise #3B : Nested 2x2 Blocks Matrix ~ *GIREF.

Let’s have a deeper look at the solver used. Uncomment:
ksp view
In “Blocs 2x2 nested in 2x2" options section, then launch again:

MEF++ transformateur |& tee gauss seidel schur u.txt
Q: What are the sizes of :

- u,u block
- p,p block
- T,T block

21



Exercise #3C : Nested 2x2 Blocks Matrix C"EEREFA

Let's ask to “draw” the matrix in the “Blocs 2x2 nested in 2x2” options

section:

mat view draw
then launch again:
MEF++ transformateur
To pause the drawings and explore the matrix:

echo “draw pause -1” > .petsrc

1. Left click : zoom in
2. Middle click: zoom out
3. Right click: continue execution

22
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» Nested Matrix: 2x2 into a_00 :"'G!REFA
First Level

Second Level

a_00<

red : positive value
blue: negative value
cyan: zero value
white: nothing at all
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» Timings!

Have a look at the chrono.txt file:

[0]Temps de profiling "usager"

[0] Total sec (WC) s(SelfUser) s (SelfSys) s(ChildUser) s(ChildSys) (VmSizeDiff , VmRSSDiff, VmDataDiff) nbApls Etiquette

[0] Total 11.5219 18.2306 0.8974 0.0000 0.0000 475024 KB 60804 KB 120740 KB 1 x Prog complet.

[0] Total 1.6031 1.3676 0.0201 0.2101 0.0000 1092 KB 912 KB 4 KB 9 x SolveurStatNlinPETSc: :faisAssemblage:ProbEF.

[0] Total 9.4742 16.5479 0.7756 0.0000 0.0000 133968 KB 59104 KB 69140 KB 9 x SolveurStatNlinPETSc::resoudre_et RechercheLineaire:ProbEF.

Q: What'’s strange?



» Timings!

You can limit the number of threads before comparing results:

export MKL NUM THREADS=1

Run again the same MEF++ command you did for the last computation...

Then, look at chrono . txt file:

[0]Temps de profiling "usager"
[0] Total sec (WC) s(SelfUser) s(SelfSys) s(ChildUser) s(ChildSys) (VmSizeDiff , VmRSSDiff, VmDataDiff) nbApls Etiquette

[0] Total 11.2302  10.7777 0.1157 0.0000 0.0000 367804 KB 60220 KB 78352 KB 1 x Prog complet.
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» A New Mesh!

Look at the mesh files in the “CRM” directory:
Is -la *.mail
The mesh used, transformateur.mail has the following components:

e 2186 nodes
® 6385 edges
e 4200 triangles

There is a second mesh, transformateur.mail.2 as follows:

e 8571 nodes
e 25370 edges
e 16800 triangles

2 JILRS
-+GIREF.

26



» A New Mesh! :"G'!REFA

From the MEF++ qterminal, copy the big mesh over the small one:

cp transformateur.mail.2 transformateur.mail

Now, you can do the exercices again and see the differences in size, but also in timings.

27
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» Going further :"G'!REFA

See all iterative methods available:

https://www.mcs.anl.gov/petsc/petsc-current/docs/manualpages/KSP/KSPType.html

See all preconditioner methods available:

https://www.mcs.anl.gov/petsc/petsc-current/docs/manualpages/PC/PCType.html

...and modify the t ransformateur.champsfile to see what you get!

You can contact us if you have requests about MEF++:

mefpp@giref.ulaval.ca

28
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Hope you enjoyed!
Thanks!
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