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Autodiff Mechanism of JAX

Types of Functionals & Operators

Primitive Operators

1. Linearize; 2. Transpose;

Radul et al. (2023)

AD for Functionals & Operators
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Example jvp and transpose rules Relating JAX API to math symbols

Local Operator

Semilocal Operator

Linear Nonlocal Operator

Integral Functional

�̂I(f) : u 7!
Z

�I(u, x)f(x)dx.

F : f 7!
Z

�̂(f)(x)dx.

JVP         Gateaux derivative Transpose         Conjugate operator

Compose operator Nabla operator

Ĉ(f, g) : x 7! f(g(x)) r(f) : x 7! f 0(x)

Python:

Example: 

Math:

JAX rules:

@g(Ĉ)(f, g)(δg)(x)

= lim
⌧!0

f(g(x) + ⌧δg(x))− f(g(x))

⌧

=
d

d⌧
f(g(x) + ⌧δg(x)) |⌧=0

=r(f)(g(x)) · δg(x)
=Ĉ(L̂(f), g, δg)(x)

@f (Ĉ)(f, g)(δf)(x)

= lim
⌧!0

f(g(x)) + ⌧δf(g(x))� f(g(x))

⌧

=δf(g(x))

=Ĉ(δf, g)(x)

hrf, gi =
Z

dyg(y)

Z
dx�0(x− y)f(x)

=

Z
dxf(x)

Z
dy�0(x− y)g(y)

= hf,−rgi

hÔf, gi = hf, Ô⇤giConjugate operator

Neural Operator

Ĉ(f, g) : x 7! f(g(x))

r(f) : x 7! f 0(x)

L̂(f) : x, �x 7! f 0(x)�x

T̂ (f) : x 7! f>(x)

Î : f 7!
Z

f(x)dx

PermuteArgs(f) : x, y 7! f(y, x)

Zip(f, g) : x, y 7! f(x), g(y)

Partial(f, x) : y 7! f(x, y)

...

Exchange Correlation Functionals
1. Mostly semi-local
2. Derivative of energy functional gives potential.
3. Crucial for constructing Kohn-Sham Hamiltonian.
4. Traditionally hand waved using Euler-Lagrange.

Density Functional Theory

Calculating Band Structure for Solids
1. Physicists write simple equations in function space.
2. Implementation is in coefficient space.
3. One of the difficulties in scientific computing is the math to implementation gap.
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