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Figure: Fluid in a domain Q C R", vy given
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Euler equation
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Newton's law

acceleration /

forces
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Newton's law

~~ -
acceleration /
forces
&

Figure: Pressure forces on a fluid parcel
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Pressure force

b =+dx ~
+ Sfbﬁ\ -S‘ﬁ()«rdx)
Figure: Horizontal pressure force: Fj,x = —0«p
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Pressure force

b =+dx ~
+ Sfbﬁ\ -S‘Q(X‘fdx)
Figure: Horizontal pressure force: Fj,x = —0«p
For a small enough parcel
Fo=—-Vp
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Euler equation

Fo= R+ DR

———
pressure force ~——

other forces

acceleration
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Euler equation

. _ _ F
% Vp(x) + Z ;
pressure force ~——

other forces

acceleration

For Euler equation, there is no other force:

% = —Vp(x)
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incompressibility constraint

Let X;(a) or X(t, a) be the resolvant of X = —Vp,(x):

{g;X(t, a) = —Vpi(X(t, a))
X(0,2) = a, ZX(t,a) = w(a)
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incompressibility constraint

Let X;(a) or X(t, a) be the resolvant of X = —Vp,(x):

Xo id, XO =\

{xt = —Vpro X;
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incompressibility constraint

Let X:(a) or X(t, a) be the resolvant of x = —V p;(x):

Xt = —Vpro X;
Xo fd, XO =\

Incompressibility constraint:
vVt >0 (Xt)#ﬁﬂ =Lq
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Incompressibility constraint on the velocity

Figure: Conditions on the velocity field: V- v =0 in Q and v//0Q on 9Q
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Euler equation

In Lagrangian coordinates:
xt = —Vpro X;
(Xe)#La = La

with initial conditions Xo = id, Xo = v
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Euler equation

In Lagrangian coordinates:

xt = —Vpro X;
(Xe)#La = La

with initial conditions Xo = id, Xo = v

In Eulerian coordinates:
ov+ (v-V)v=-Vp
V-v=0

with initial condition v(0,.) = v
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Arnold’s interpretation
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the ambiant space

H = [*(Q,R")
Arnold's group is :
G ={X:Q— Q/ Xdiffeomorphism and Xx.Lq = Lo}
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the ambiant space

H = [*(Q,R")
Arnold'’s group is :
G ={X:Q— Q/ Xdiffeomorphism and Xx.Lq = Lo}

<

leen

/ G

Figure: If (X;)4L = L, X has 0 divergence: the tangent space is ker(V-)
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Helmholtz decomposition

Precise statement of Helmholtz decomposition:

CHQR") = ker(V:) @t ImV
v = w + Vp
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Helmholtz decomposition

Precise statement of Helmholtz decomposition:

CHQR") = ker(V:) @t ImV
v = w + Vp

Informal representation:

Figure: Formally, TxH = TxG &+ {Vp,p € C*}
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Arnold’s interpretation

TxH = TxG &t TxG
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Arnold'’s interpretation

TxH = TxG &t TxG

Figure: The acceleration is orthogonal to the manifold
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Arnold'’s interpretation

Figure: The acceleration is orthogonal to the manifold
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Arnold'’s interpretation

Figure: The acceleration is orthogonal to the manifold

)"(LT)(G

X; is a geodesic in G
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Arnold'’s interpretation

X 1 TxG

X; is a geodesic in G
Other interpretation: consider the problem

/ / ~|v[2dadt
Xg,Xl flxed

X voX
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Arnold'’s interpretation

X 1 TxG

X; is a geodesic in G
Other interpretation: consider the problem

/ / ~|v[2dadt
Xg,Xl leed

X voX

Formally, the solution follows the Euler equation and the pressure is the Lagrange multiplier for
the constraint (X;)xLq = La
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Numerics: Optimal transport method for Euler equation (Cauchy
problem)
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the geodesic problem

5

o

Figure: The initial value (Cauchy) problem
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the geodesic problem

5

o

Figure: The initial value (Cauchy) problem

The problem:
e we want to construct X; € G
e we can construct orthogonal acceleration only if for Y ¢ G

e if Y ¢ G, there is no equation on Y (!)
e  March 25 2025 e (19/58)
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De Goes solution

S

Figure: Project at each step
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De Goes solution

Figure: Project at each step

e original idea from Brenier
e no proof of convergence
e only discret in time
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Gallouet-Merigot method

Figure: Allow oscillations with parameter o
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Gallouet-Merigot method

Figure: Allow oscillations with parameter o

e original idea from Brenier-Loeper
e continuous time
e proof of convergence
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Polar factorization theorem

How to project on G?
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Polar factorization theorem

How to project on G?

Y= vgax

Figure: The polar factorisation theorem

We need to solve for the optimal transport problem between Lq and p := YuLq:

inf /|T ) — al*du(a) = /\T(a ) — al®da

Tyn=Lg
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Polar factorization

We need to solve for the optimal transport problem between Lq and p := Yy Lq:

inf /|T(a)—a|2d,u(a) 7 inf /Q\T(a)—a|2da

Typ=Lq Q=H

e The optimizers are T = Vf such that p = TxLg and T~ =Vf* st. Lo = (T )up
e X = Y oVf*is the projection of Y on G
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Semigeostrophic equations: Coriolis force's entrance
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Hugo Malamut

Newton's law

& = W)+ XA

acceleration pressure force \_ _
other forces
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Newton's law

ko= ZVpk) + DR

acceleration

pressure force ——

other forces

Geostrophic regime: only one other force, the Coriolis force
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Coriolis force

I’:: Qmﬁ_ N

Figure: the rotation of the earth, we decompose Q=Qpr+Q
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Coriolis force

—_y
F=amO a3
Figure: the rotation of the earth, we decompose Q=Qpr+Q

e the vertical component (F. - e )e, is negligible with respect to gravity
e the speed is horizontal (v € P) so Qp Av//e
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Coriolis parameter

FC:2m(§2{—|—Qr)/\v
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Coriolis parameter

Figure: The vertical part of Q is Q, = QR cos(6)e,
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Coriolis parameter

Figure: The vertical part of § is Q, = QR cos()e,

Let f = 2QR cos(6) The Coriolis force is F. = fe, A v
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Non approximate dynamics

The Coriolis force is F. = fe, A v.
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Non approximate dynamics

The Coriolis force is F. = fe, A v.

Let J := < 2 _Ol ) In the horizontal coordinates, e, A v = —Jv

So the Coriolis force is F. = mflJv
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Non approximate dynamics

The Coriolis force is F. = fe, A v.
Let J := 2 _Ol . In the horizontal coordinates, e, Av = —Jv
So the Coriolis force is F. = mflJv
Hence
X = —Vp(x) —fJx
<~ —_—

acceleration pressure Coriolis
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Non approximate dynamics

The Coriolis force is F. = fe, A v.

-1 . .
Let J:= (1) L In the horizontal coordinates, e, Av = —Jv
So the Coriolis force is F. = mflJv
Hence
X = —Vp(x) —fJx
acceleration pressure Coriolis
Or

X+ fJx+Vp(x)=0

From now on, we suppose that f does not vary two much and we set f =1
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Cullen’s stability principle
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Parcel stability

Take two parcels x and y with close initial conditions

y+Jy+Vp(y) =0
X+ Jx+Vp(x)=0
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Parcel stability

Take two parcels x and y with close initial conditions

y+Jy+Vp(y) =0
X+ Jx+Vp(x)=0

Set r = y — x and approximate Vp(y) — Vp(x) =~ D?p(x)(y — x)
P4 Ji + D?*p(x)r =0

Consider time scale under which D?p(x) does not vary too much,
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Cullen's stability principle

P+ Ji+ D?p(x)r =0
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Cullen's stability principle

P+ Ji+ D?p(x)r =0

e D?p(x) is a real symmetric
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Cullen's stability principle

P+ Ji+ D?p(x)r =0

e D?p(x) is a real symmetric
e J is orthogonal
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Cullen's stability principle

P+ Ji+ D?p(x)r =0

e D?p(x) is a real symmetric
e J is orthogonal

e we can suppose D?p(x) diagonal: D?p(x) = < g 2 )
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Cullen's stability principle

P+ Ji+ D?p(x)r =0

e D?p(x) is a real symmetric
e J is orthogonal

e we can suppose D?p(x) diagonal: D?p(x) = < g 2 )
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Cullen's stability principle

P+ Ji+ D?p(x)r =0

e D?p(x) is a real symmetric
e J is orthogonal

o v
o O
N———

e we can suppose D?p(x) diagonal: D?p(x) = <

We can rewrite
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Cullen’s stability principle

P+ Ji+ D?p(x)r =0

e D?p(x) is a real symmetric
e J is orthogonal

o O
N—

e we can suppose D?p(x) diagonal: D?p(x) = < g

(+)=( )0

What matters for stability are the eigenvalues of

A ( 7 —Dzop(X) ) _

We can rewrite

=)
— ool
—

|

Y}
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Cullen's stability principle

What matters for stability are the eigenvalues of

0 -1 —a 0
A_(J —D2p(x)>_ 1 0 0 -b
/ 0 1 0 0 O
01 0 0

Facts:

xa(AN) =M+ (a+b—1)N\*—ab
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Cullen’s stability principle

What matters for stability are the eigenvalues of

0 -1 —a 0
A_(J —D2p(x)>_ 1 0 0 -b
/ 0 1 0 0 O
01 0 0

Facts:

xa(AN) =M+ (a+b—1)N\*—ab

e )\ eigenvalue & —\ eigenvalue
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Cullen’s stability principle

What matters for stability are the eigenvalues of

0 -1 —a 0
A_(J —D2p(x)>_ 1 0 0 -b
/ 0 1 0 0 O
01 0 0

Facts:

xa(AN) =M+ (a+b—1)N\*—ab
e )\ eigenvalue & —\ eigenvalue
e Re()\) >0 and Re(—\) > 0 implies Re(A) = 0 and \2 € R~!
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Cullen’s stability principle

What matters for stability are the eigenvalues of

0 -1 —a 0
A_(J —D2p(x)>_ 1 0 0 -b
/ 0 1 0 0 O
01 0 0

Facts:

xa(\) =M+ (a+b—1)N\? — ab
e )\ eigenvalue & —\ eigenvalue
e Re()\) >0 and Re(—\) > 0 implies Re(A) = 0 and \2 € R~!
e ;= \? solves
p?—(a+b+1)u+ab=0
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Cullen’s stability principle

What matters for stability are the eigenvalues of

0 -1 —a 0
A_(J —D2p(x)>_ 1 0 0 -b
/ 0 1 0 0 O
01 0 0

Facts:

xa(AN) =M+ (a+b—1)N\*—ab
A eigenvalue < —\ eigenvalue
Re(M\) > 0 and Re(—A) > 0 implies Re(\) = 0 and A2 € R™1
1= A\? solves

p?—(a+b+1)u+ab=0
e we need
a+b—1>0 and ab>0
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Cullen's stability principle

Figure: We have a > —1 and b > —1
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Cullen's stability principle

The eigenvalues of D?p(x) are larger than -1,
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Cullen's stability principle

The eigenvalues of D?p(x) are larger than -1,
Equivalently / + D?p(x) is semidefinite positive,
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Cullen's stability principle

The eigenvalues of D?p(x) are larger than -1,
Equivalently / + D?p(x) is semidefinite positive,
Equivalently
x = x + Vp(x) is the gradient of a convex function
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Cullen’s stability principle

The eigenvalues of D?p(x) are larger than -1,
Equivalently / + D?p(x) is semidefinite positive,
Equivalently

x = x + Vp(x) is the gradient of a convex function

To be continued...
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Semigeostrophic approximation
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Geostrophic hypothesis

T :=t; — tg >> 1 the time scale, we are interested in
y(t) == x(to + tT).

We still have
X+ Jx+Vp(x) =0
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Geostrophic hypothesis

T :=t; — tg >> 1 the time scale, we are interested in
y(t) == x(to + tT).

We still have
X+ Jx+Vp(x) =0
In terms of y, we have

A
ﬁ}/+7JY+VP(Y) =0
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Geostrophic wind

First step:

1.0 1.
}2/)/‘1' ?JY‘FVP(Y) =0,

So (remember that J=! = —J):
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Geostrophic wind

First step:

1/ 1.
;2/y+ +Jy +Vp(y) =0,

So (remember that J~1 = —J):
y= TJVply)

——

Geostrophic wind
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Hugo Malamut

Geostrophic wind

Lignes isobares sur
un plan horizontal

Basses
pressions

Hautes
pressions

—— Force de pression
—— Force de Coriolis

Figure: Excerpt from [?], wind map here
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https://www.windy.com/?icon,43.973,-48.223,3,i:pressure

Semigeostrophic equation

Semi-geostrophic approximation:

1 . 1 .
ﬁ}"f' 7JY+VP(Y) =0

Second step: we suppose

y= TJVP(.y) + Va
———r ~—
Geostrophic wind  ageostrophic speed

So

= '+1Jv'()+1J'+V() 0

—V,+ = — =

T2 T Py T y Py
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Semigeostrophic equation

Semi-geostrophic approximation:

1.1
y+=dy+Vply) =0

T2
Second step: we suppose
y= TJVp(y) + Vs
——— ~—
Geostrophic wind ~ ageostrophic speed
So
1/ 1 . 1 .
5Va+ FIVp(y) + =Jy + Vp(y) =0
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Semigeostrophic equation

Semi-geostrophic approximation:

R
y+=dy+Vply) =0

T2
Second step: we suppose
y= TJVP(Y) + Va
~—— ~~

Geostrophic wind ~ ageostrophic speed

1,/ 1 . 1
724+TJVP(Y)+TJY+VP()’)_0

v+ Vp(y) = TJVp(y)
—— —_————

ageostrophic correction geostrophic wind

So

We arrive to
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Semigeostrophic equation

x; and p; solves the semigeostrophic equation if

X+ Vp(x) = JVp(x)

e Xz := X+ Vp(x) is called geostrophic coordinates

e v, := JVpis called the geostrophic wind
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Geostrophic dynamics

We have

Xg=vgoX
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Geostrophic dynamics

We have

Figure: The speed of Xz is vz = JVp
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Geostrophic dynamics

We have

Xg=vgoX

Figure: The speed of X is vo = JVp

e we have an equation on Xg!
o The energy E = [ 3|Xg[da = 3[|Vpl[{z(q) is conserved
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Solutions in geostrophic coordinates

Q)
b4 —(X)= Xe X2 %X
H % —7—7
s —F
Pa)

Figure: Since we have a equation on Xz ¢ G, we can project the equation on the measures
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Solutions in geostrophic coordinates

Q)
b4 (%)= XX %X
H % —47'_'7
e )7
P

Figure: Since we have a equation on Xz ¢ G, we can project the equation on the measures

Definition (Semi-geostrophic equations)

8tpt =-V- [pt'l( Tp*t - ld)] (SG)
T, optimal map between p; and Lg
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Litterature

Euler equation:
[Arnold, 1966],[Brenier and Loeper, 2004],[Gallouét and Mérigot, 2018],[De Goes et al., 2015]

Hoskins' transform [Hoskins, 1975]

Cullen’s stability principle [Cullen and Purser, 1984]

Link with the optimal transport, weak solution in geostrophic coordinates
[Benamou and Brenier, 1998]

A litterature on interpreting these in physical coordinates [Figalli, 2018].

Hamiltonian structure [Ambrosio and Gangbo, 2008]

e Numerics : Semi-Discrete optimal transport [Bourne et al., 2022]
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Entropic optimal transport resolution
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Entropic Optimal Transport

Relative entropy :
/Io (du)d if p<<wv
H(ulv) = Sha, W
400 else
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Entropic Optimal Transport

Relative entropy :

du .
H(ulv) = /Iog(a) duif p<<v
—+00 else

Definition (Entropic optimal transport)

OT(1) = min / Ix — gPdm(x,g) + eH(xlu ®v)

If 7 is optimal, the e-Brenier map is T°(x) := /gw;‘(dg)l

17rx is the conditional distribution of 7.
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Entropic Optimal Transport

Relative entropy :
d
/Iog(d—/:) dpif p<<v

+o00 else

H(jalv) =

Definition (Entropic optimal transport)

OT(1) = min / Ix — gPdm(x,g) + eH(xlu ®v)

If 7 is optimal, the e-Brenier map is T°(x) := /gw;‘(dg)l

Advantage : Sinkhorn algorithm

1TI'X is the conditional distribution of 7.
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Entropic SG equations

Definition (Entropic semi-geostrophic equations)

8tpt =-V- [pt-/( T,fr - ’d)] (SG )
T5, =-Brenier map between p; and Lq €
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https://www.kernel-operations.io/geomloss/

Entropic SG equations

Definition (Entropic semi-geostrophic equations)

T,, c-Brenier map between p; and Lq

e Space discretization : p; ~ Z,N:l ai0x(t)

Hugo Malamut ° entropic approximation of SG equations °
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https://www.kernel-operations.io/geomloss/

Entropic SG equations

Definition (Entropic semi-geostrophic equations)

T,, c-Brenier map between p; and Lq

e Space discretization : p; ~ Z,N:l ai0x(t)
e Euler scheme : x;(t + dt) ~ x;(t) + dtJ [T (xi(t)) — xi(t)]
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https://www.kernel-operations.io/geomloss/

Entropic SG equations

Definition (Entropic semi-geostrophic equations)

81.*pt =-V- [pt-/( T,fr - ’d)] (SG )
T5, =-Brenier map between p; and Lq €

e Space discretization : p; ~ Z,N:l ai0x(t)

e Euler scheme : x;(t + dt) ~ x;(t) + dtJ [T (xi(t)) — xi(t)]
e T;, using Geomloss (J. Feydy)
https://www.kernel-operations.io/geomloss/ A fast GPU based Sinkhorn solver.
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Movie

Link to the movie : https://www.youtube.com/watch?v=U2j_AY-2FbM
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Well-posedness of entropic semi-geostrophic equations (¢ > 0)
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Back and forth

Hugo Malamut e entropic approximation of SG equations ° March 25, 2025 ° (50/58)



Back and forth

Definition (Entropic semi-geostrophic equations)

{ Oepe + V- [ped(T;, —id)] =0 (S6.)

T, e-Brenier map between p; and £
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Back and forth

Definition (Entropic semi-geostrophic equations)

T, e-Brenier map between p; and £

e Flow X;: given V and pg, computes p; s.t.

Bep+V - (pJV) =0
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Definition (Entropic semi-geostrophic equations)

T, e-Brenier map between p; and £

e Flow X;: given V and pg, computes p; s.t.

Bep+V - (pJV) =0
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Back and forth

Definition (Entropic semi-geostrophic equations)

T, e-Brenier map between p; and £

e Flow X;: given V and pg, computes p; s.t.
Op+V-(pJV)=0

"Pt =V. pOII
e entropic OT: given p computes V. = T — id

Hugo Malamut ° entropic approximation of SG equations ° March 25, 2025

(5Ge)

(50/58)



Back and forth

Definition (Entropic semi-geostrophic equations)

T, e-Brenier map between p; and £

e Flow X;: given V and pg, computes p; s.t.
Op+V-(pJV)=0

"Pt =V. pOII
e entropic OT: given p computes V. = T — id
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Back and forth

Definition (Entropic semi-geostrophic equations)

T, e-Brenier map between p; and £

e Flow X;: given V and pg, computes p; s.t.
Op+V-(pJV)=0

"Pt =V. pOII
e entropic OT: given p computes V. = T — id

Ve = Vil
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The Schroédinger map

Definition (Schrodinger map)
Fix o € P(2). We define the Schrédinger map V. : P(Q) — L>(G) by

Vp,g € P(G) x G Velpl(g)=T,(g) — &

where T is the e-Brenier map between p and po (T°(g) := /Xﬂg(dx))
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Well-posedness of (5G.)

pe is a solution of (SG.) if and only if?> p, = V.[p:] - po

Proposition
If po € P(Bgr) then p; € P(Bg,) with Rt := 2Rge". Define K := Kg, and M = Mg,

2recall that ps = v - po is equivalent to Op + V - (pJv) = 0
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Well-posedness of (5G.)

pe is a solution of (SG.) if and only if?> p, = V.[p:] - po
Proposition

If po € P(Bgr) then p; € P(Bg,) with Rt :=2Rge’. Define K := Kgr, and M = Mg..
pt — Ve[pt] - po is a contraction for the distance

dist(p', p?) := up_ e M Wa(pt, p?)
te|0,

with A = 21 + K.

. 1.
dist(V.[pt] - po, Ve[p?] - po) < Edlst(plﬁ p°)

2recall that ps = v - pp is equivalent to dp + V - (pJv) = 0
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Well-posedness of (5G.)

pe is a solution of (SG.) if and only if?> p, = V.[p:] - po

Proposition

If po € P(BRr) then p; € P(Bg,) with Rt :=2Rye’. Define K := Kr, and M = Mg, .

pt — Ve[pt] - po is a contraction for the distance

dist(p', p?) := up_ e M Wa(pt, p?)
te|0,

with A = 21 + K.

. 1.
dist(V.[pt] - po, Ve[p?] - po) < Edlst(plﬁ p°)

(5G:) has a unique weak solution

2recall that ps = v - pp is equivalent to dp + V - (pJv) = 0
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Convergence of entropic semi-geostrophic equations

Hugo Malamut e entropic approximation of SG equations ° March 25, 2025 ° (53/58)



Convergence ¢ — 0
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Convergence ¢ — 0

weak solution of (SG.) on [0, T] x RY
e for every f € C([0, T] x RY), one has

T , T ,
/ / [0:f + Ix - VI ]pe(dx)dt — / / Jy - VF(t, x)vi(dx, dy)dt
Jo JR4 JO  JRIXRI

= [ AT (@) = [ Aol (1)

Rd
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Convergence ¢ — 0

weak solution of (SG.) on [0, T] x RY
e for every f € C([0, T] x RY), one has

T , T ,
/ / [0:f + Ix - VI ]pe(dx)dt — / / Jy - VF(t, x)vi(dx, dy)dt
Jo JR4 JO  JRIXRI

- ./Rd AT, x)pr(dx) _/ f(0,x)po(dx), (1)

Rd

e ~¢ is t-a.e. an c-optimal plan between p; and Lq
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Convergence ¢ — 0

weak solution of (SG.) on [0, T] x RY
e for every f € C([0, T] x RY), one has

T , T ,
/ / [0:f + Ix - VI ]pe(dx)dt — / / Jy - VF(t, x)vi(dx, dy)dt
Jo JR4 JO  JRIXRI

- ./Rd AT, x)pr(dx) _/ f(0,x)po(dx), (1)

Rd

e ~¢ is t-a.e. an c-optimal plan between p; and Lq
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Convergence ¢ — 0

weak solution of (SG.) on [0, T] x RY
e for every f € C([0, T] x RY), one has

T T
/ [0:f + Ix - VI ]pe(dx)dt — / / Jy - VF(t, x)vi(dx, dy)dt
Jo Jme Jo JRrIxRre

B ./Rd AT, x)pr(do) _/ f(0,x)po(dx), (1)

Rd

e ~¢ is t-a.e. an c-optimal plan between p; and Lq

Strategy :

e extract a subsequence p{"
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Convergence ¢ — 0

weak solution of (5G.) on [0, T] x R?
e for every f € C([0, T] x RY), one has

T . T
/ [0:f + Ix - VI ]pe(dx)dt — / Jy - VF(t, x)vi(dx, dy)dt
Jo JRY Jo .

R9 xRY

= [ AT @) = [ 0Rma), )

Rd

e ~¢ is t-a.e. an c-optimal plan between p; and Lq

Strategy :

e extract a subsequence p{" e Pass to the limit
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Generalizations

e Semi-geostrophic shallow water :
Lq replaced by h:(x)dLq
h; : depth of water solves

iwom%m+/ﬁwg

e Compressible semi-geostrophic : the cost is
1
—(jx = X|? -
S(lx = X7 = 2)

e 3D...
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Thank you!
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Euler scheme

2 rVilod,] o3,

Figure: Euler scheme (p7)
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Linear convergence of the Euler scheme
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Linear convergence of the Euler scheme

Proposition (linear convergence)

If po € P(BRr), there is a unique weak solution (p;) to (SG.) and (p]) weakly * converges to
pt. Moreover

M
WaoF, pr) < e Cr )
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Linear convergence of the Euler scheme

Proposition (linear convergence)

If po € P(BRr), there is a unique weak solution (p;) to (SG.) and (p]) weakly * converges to

pt. Moreover

M
Wa(pz, pT) < ethT

One-sided lipschitz condition :
* po, o € P(Br)
e py solving Orpr = =V - (p: Ve[p:])
e [, one step Euler 5, := (id + tV.[5o])xSo:
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Linear convergence of the Euler scheme

Proposition (linear convergence)

If po € P(BRr), there is a unique weak solution (p;) to (SG.) and (p]) weakly * converges to
pt. Moreover

M
WaoF, pr) < e Cr )

One-sided lipschitz condition :

* o, B0 € P(Br)

® p solving Orpe = =V - (pe Ve[pe])

e [, one step Euler 5, := (id + tV.[5o])xSo:
Then

WZ(phﬁt) < (1 + tC) W2(p0aﬁ0) + Mt2

Hugo Malamut ° entropic approximation of SG equations ° March 25, 2025 ° (58/58)



