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Hybrid Particle-In-Cell

Particle pusher




GIT: VERSION CONTROL




Say you have a directory on which you work...




You have a.txt and you add b.txt
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GIT IN A NUTSHELL

Then you realize there is maybe a better way to write b.txt

You want to write a new version but keep the current in the
mean time?

{_ p-old.txt
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GIT IN A NUTSHELL

Your colleague now tells you you have a bug in a.txt

- buxt
- b-old.txt

6 months later, you start everything all over...
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Official documentation: https://git-scm.com

play online to learn : https://learngitbranching.js.org/?locale=fr FR

Understand git visually: https://marklodato.qgithub.io/visual-git-guide/index-en.html

Github documentation : https://docs.github.com/fr/get-started/start-your-journey/hello-world

git is a command line software. There are GUI applications wrapping it. But in my
opinion you should use them only if you understand git commands first.

| have used git for 10 years. | by far mostly use:
- Add

- Commit

- Rebase

- Merge

- Push

- Clone


https://git-scm.com/
https://learngitbranching.js.org/?locale=fr_FR
https://marklodato.github.io/visual-git-guide/index-en.html
https://docs.github.com/fr/get-started/start-your-journey/hello-world

GIT IN A NUTSHELL

These are « commits », saved states of your code
Each commit knows about its parent

A chain of commit is your commit history

child points to parent
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GIT IN A NUTSHELL

A particular history is called « a branch »
A branch has a name, here « main » (default is « master »)

child points to parent

. . current branch
main
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GIT IN A NUTSHELL

You can have several branches, pointing at different
commits, therefore tracking different histories

another branch

\

\ child points to parent

stable . current branch

main

ad7c3 b325¢ / c10b9 da985 ed489
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GIT IN A NUTSHELL

« HEAD » is a reference to where you are at a given time

reference to current branch

another branch /

\4 child points to parent HEAD

stable man < current branch

a47c3 b325¢ ’/ c10b9 ” da985 ed489

HPC Master Class




GIT IN A NUTSHELL

Each commit has unique identifier (called a SHA-1 -
Simpler Hashing Algorithm - 1)

another branch

\

stable

ad/c3

reference to current branch

/

child points to parent HEAD

hain < current branch

b325c¢ / c10b9 | da985 ed489

2\

commit objects,
identified by SHA-1 hash
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GIT IN A NUTSHELL

Besides the commit history, the files you’re working on
currently are in the « working directory »

reference to current branch

another branch /

\4 child points to parent HEAD

stable man < current branch

a47c3 b325c¢ / c10b9 | da985 ed489

2\

commit objects,
identified by SHA-1 hash

files that you “see” .
Working Directory
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GIT IN A NUTSHELL

And what is about to be committed is in the « stage »

reference to current branch

another branch /

\4 child points to parent HEAD

stable main < current branch

a47c3 b325¢ / c10b9 da985 ed489

2\

Sirge (e commit objects,
J identified by SHA-1 hash

files to go In next commit
>

files that you “see” .
Working Directory

Why a stage?
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GIT IN A NUTSHELL

Why a stage?

History

Stage (Index)

Working Directory
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GIT IN A NUTSHELL

You may not want to commit every change made in the
current working directory?

History
) git commit

Stage (Index)

) git add files

Working Directory
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GIT IN A NUTSHELL

Opposite « motions » are also possible.

History

git reset —- files(

Stage (Index)

git checkout -- files(

Working Directory

HPC Master Class

)git commit

) git add files




GIT IN A NUTSHELL

A commit is adding the increment from the stage into the
history and moving the current branch and HEAD to that
commit

git commit

BRE

HEAD

stable main
X

a47c3 b325¢ c10b9 da985 ed489 fOcec

Stage (Index) /

Working Directory
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GIT IN A NUTSHELL

Here we commit while being on the « stable » branch

git commit

HEAD

'.?’
stable

1800b
X

ad7c3 b325c¢ c10b9 da985

Stage (Index)

Working Directory

Notice how the history now has a « fork »
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GIT IN A NUTSHELL

You can switch to another branch using git checkout
branch-name

git checkout stable

stable

a47c3 b325c¢ c10b9

\\ Stage (Index)

Working Directory

Notice how the history now has a « fork »
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GIT IN A NUTSHELL

You don’t necessarily have to travel to a branch, but can go

anywhere in your commit history

stable

ad/c3

git checkout main~3

HEAD

b325c¢ c10b9 da985

\

Stage (Index)

Working Directory
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GIT IN A NUTSHELL

You can even add commits to there

git commit

HEAD

”r

2eecb
X

b325c¢ c10b9 da985

Stage (Index)

Working Directory
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GIT IN A NUTSHELL

And if you’re happy, you can make a new branch from this
new commit

git checkout -b new

.» HEAD

new
X

stable 2eech

ad7c3 b325¢ c10b9 da985

Stage (Index)

Working Directory
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GIT IN A NUTSHELL

Now you’re happy with « main » and want your « stable »
branch to catch up with those new developments

git merge main

ad7c3 b325c¢ c10b9 da985 ed489

/ main

Stage (Index)

Working Directory

The only thing « merge » does here is to move HEAD and
‘stable’ pointers onto where ‘main’ points at.
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GIT IN A NUTSHELL

Here the situation is more complex since ‘other’ has
diverged from the history ‘main’ has

git merge other

-~
-
|

HEAD

2eecb 33104 main
X

a47c3 b325c¢ c10b9 da985 ed489 f8bch

other

3-way merge

AN

Working Directory Stage (Index)

(if no conflicts)

Merge should create a new commit on ‘main’ from both
edits and the common ancestors

If the diverged branches have ‘conflicting’ edits git will ask
you to « resolve » these conflicts
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GIT IN A NUTSHELL
Merge leaves traces in the history, sometimes not worth leaving

‘git rebase’ will « rebase » your branch onto the other one

git rebase main

169a6 2c33a — main

b325¢c . cl0b9 da985 e57cf

Stage (Index)

Working Directory

Commits will be played one after the other on top of the
destination branch. Conflicts may arise and must be
resolved
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GIT IN A NUTSHELL

- You have your copy of the repository
- Github has a copy
- Your colleague have a version

Local repo

Commit
Localrepo

Everyone agrees on the same branches
Everyone can have their own branches

HPC Master Class
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pull request

6

GitHub

- Human Code review
- static analysis
- multiple builds

S cc———— - auto. test suite
changes/comments - auto. perf benchmarks
- code coverage

Contributors




@ O PHAREHUB / PHARE [O\ Type (/] to search ][&B v] ‘ [+ v] @'

<> Code (%) Issues 112 1 Pullrequests 19  [J) Discussions (») Actions f[f] Projects 2  [0J Wiki () Security 499 |~ Insights 3 Settings

WIP single resource manager #1072 (Preview) Switch back - Feedback | Edit | <> Gode - |

- PhilipDeegan wants to merge 1 commit into PHAREHUB:master from PhilipDeegan:resman 0J

() Conversation 1 -0- Commits 1 Fl Checks 8 ‘ Files changed 17 +134 -181 ss@a0

lﬂ] [l[l:l All commits v] () 0/17 viewed [Q Filter files... J @ ‘ [C‘J Comments 0 ] _

Vv pyphare/pyphare/pharein/diagnostics.py |'_|;| 4 +3 -2 seez2 @

A @@ -5,8 +5,9 @@

5 5

6 6

7 def all_timestamps(sim): 7 def all_timestamps(sim):

8 - nbr_dump_step = int(sim.final_time / sim.time_step) + 1 8 + init_time = sim.start_time()

9 - return sim.time_step * np.arange(nbr_dump_step) 9 + nbr_dump_step = int((sim.final_time - init_time) / sim.time_step) + 1
10 + return (sim.time_step * np.arange(nbr_dump_step)) + init_time

10 11

11 12

12 # 13 #

See what the new code increment brings, discuss solutions, changes,
propose modifications, accepts diff, etc.




Create a Github account




- unit, functional, regression, continuous integration.



HYBRID PARTICLE IN CELL




Faraday’s law
Ampere’s law

lon Vlasov eq.

lon moments

Quasi-neutrality

Generalized Ohm’s law

0B
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p
V'ZLZ/Vf(I'V)d&U
i ; p\L, )
p
N, = Ne = N,
B J
Ve =V, — —
ne
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0B
Faraday’s law T —V x E,
Ampere’s law toj =V x B,
lon Vlasov eq. Ofp _ _, vy E+vXB o
8’[} \% fp mp pr?

lon moments p

Quasi-neutrality n; = Ne =N,
B J
Ve = V; — —
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1 Me AV,
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Generalized Ohm’s law e on e S




ofp E+vxB
a5 v-Vf,— " -V /fp,

Velocity distribution function

f(v)s




Discrete sampling of the distribution
with N « macroparticles »




PARTICLE IN CELL: A STATISTICAL LAGRANGIAN APPROACH

Discrete sampling of the distribution
with N « macroparticles »

\Y

More particles : better resolution in phase space
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PARTICLE IN CELL: A STATISTICAL LAGRANGIAN APPROACH

Particles are distributed
spatially too

. ; ;
- } n
.
.
.
'Y
rad

fp (I‘, V) The distribution is discretely sampled in phase space
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COMPUTING MOMENTS OF THE DISTRIBUTION FUNCTION ON THE GRID

f( ) A Each particle « deposits »
\% on surrounding nodes

Yi+2
AN

e
Yi+1 / \ \Y47)

Yi

L Li+1 Li4+2

n; = Z/fp(rav) d’v, > Ny = ZS(rp rij) Wp
p p
1 1«
v = o zp:/vfp(r,v) d>v, > Vi = e ZVPS (rp — 135) Wy
p
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COMPUTING MOMENTS OF THE DISTRIBUTION FUNCTION ON THE GRID

Each particle « deposits »

N on surrounding nodes
Yi+2
nig = Y S (rp —rij) wp N
p ‘/
1 & Y / \4
1+1
Vij = ZVPS (rp — ry5) wy +
TLZ'J'
D
Wy Macroparticle « statistical weight » yz , , ,
L Li41 Lj42

= how much the macro-particle contributes to the local density

Shape function S (rp — I'ij) B-splines

Order 1 is just a linear interpolation

(xp — ;)
Nni4+1 = AZIZ’
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Fields to particles Accumulate moments

(E(r), B(r))

Yi+2

T AN

Yi+-2

N
N VAN

Yi
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7 1 1
N
n—1n—1 N;; = S(I‘ rj )w
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....................................................................................................................................................................... Vij = — ZVPS (rp ru)wp
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n+1 P ‘|" Vn—|—1 / 2 At n n+1 n+2

n+1/2 n+3/2 n+5/2




Let's assume:  v"T2 = — (v 4 v

DO | —

Thus pntl — pn 4 v +1/2A¢ becomes "1 =" 4+ % (V” T V”+1) At

I,"n,—l—l /2 _ r" 4 v % n*n‘: 1 140
® o
EZZUZ — En+1/2 (rn+1/2) n+.1/2 n+;/2 n+5’/2
Bgﬂl;lﬂ _, gnt1/2 (rn—|—1/2)
Vn+1 _ Vn q_At (En_l_% 4 v ‘|‘2Vn_|_1 ~ Bn—l—%)
m
r'n,—l—l rn—|—1/2 4+ Vn—l—l At




AN 1 O QAt n+ 2
et’s define: vii=v — q2—mE"+§ A =v' ' + %E
+1
Vn+1—vn—|—th (En_|_1 _I_Vn_|_vn XB?H_%)
m 2
becomes
JAN
vi— v = 1= (vt +v7) x BmH/2
2m

A pure rotation equation conserving energy (no electric work)




Let’s focus on the velocity projected in the plane normal to
the magnetic field. The parallel component is unchanged in
the rotation anyway.




vV =v  +v xt

0 v —v~  gAt
t=1t — = o _BTL—|—1/2
i <2> v+ v~ 2m




vV =v  +v xt

C_ <9> vt — v~
— Ltan — = =
2 vt + v~

vi=v +v' xs

At

2m

Bn—|—1/2







v. = v 4 En—|—1/2
2m
t — &“Bn+1/2
2m

vV =v  4+v xt

2t
S =

1+ 2
vi=v +v xs

n+1l __ V—I— 4 q_AtEn—l—l/Q
2m




AN
Mid-step position rn+1/2 =r" +v" 7
Epﬂélm _, Ertl/2 (rn—|—1/2)
iJ
Fields on particle Br'.v’.:l/Z N Brt1/2 (r”+1/2)
iJ
Half electric v o= v+ qAt Entl/2
acceleration B '’m
t _ QAtBn+1/2
2m
vV =v  +v Xt
Magnetic rotation 2t
S —
1+ 12
vi=v +v xs
Half electric vl — 4 qAt En—|—1/2
acceleration B 2'm
AN
Final position ptl — pn /2 4yl T

2



THE YEE MESH LAYOUT

Magnetic components on faces
Electric components on edges

HPC Master Class
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THE YEE MESH LAYOUT

2D yee cell
E. B
Y xT B
. . z
_ ,.o"'}(i-i- 1/2,5 + 1/2, k)
¢ @
Ez Eam By
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i+1/2,5+1
Bt/

Bit+1/2.5+1
Y

1,J+1 1+1,5+1
E7 b
@ O @
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Why doing something « so complicated? »
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Clil’l
0B
Fi1/2,5+1 57 = —VXE
Eiitl Bt/ pitli+l | T
O S ® First order
derivative
y e 0B,  OFE,
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Clil’l
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derivative
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%_8& ......
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Clil’l
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— = -V XE
ot T
First order
derivative
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itz @
y
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First order
derivative
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E'i,j-kl.
Bi,j—|-1/2 ®
Eb
0B,  OF,
ot Oy
Clil’l
0B
— =-—-VXE

ot T
First order
derivative

i+1/2,54+1
E+Y/

EZ’j+1/2 ® ]_;’j [ E;+1,j+1/2
® o o v
i+1/2,j i+1,j +1/2,5
By+1/2 J Ez+1 J Ex
OB, OE. 0B, 0E, OE,
ot Ox ot ox 0y

E and B components are positioned so to always
have second order accurate finite difference
approximation of the first order derivative

Tt = i) + o(aw

----------------------------------------------------------------------




i+1/2,j+1
EQZ’

1+1/2,7+1 . ]
Y ® ®
. j+1/2 +1,541/2
B+ 2 @ o @ BTt /
’I,,J B B
i1/ B i+1,j+1/2
E';J‘F / z E,
O % O
i) i+1/2,j i+1,5
E! Bt/ E!
i+1/2,]
EQZ‘

Tips: write the discrete version of

0B
— = _VxE
ot 8
av.B:—V-VxE:O
ot

Maxwell-Faraday equation
conserves V-B =0

The Yee mesh conserves
the discrete divergence to
0 at machine precision

= V- VXE=0



®
Bi+1/2

E’i—|—1/2

O
Bi—l—l
E’H—l
E’H—l

In practice arrays only have integer indices

AV
< >
O ® @
B, li B,[i] Byli+1
E,[i] E,i] Eyli+1

| _
Byli + 1]
E.li + 1]




HANDS ON!

iy
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Hands on drifts



