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2Core idea

- Self-consistent cycle can be a pure function
- Build call tree, apply chain rule

- Technical challenges:
- Requires re-implementation
- Crossing language borders is hard
- Some syntactic sugar is unsupported
- Slow, can be boosted with “Harris functional” like step

- Chemistry challenges:
- Some derivatives not well defined (e.g. w.r.t. basis set)



3Example Forward Mode

- Most natural
- Compute intensive: needs seed (0, 1) for next variable, so each gradient costs the same as the 

original function



4Example Reverse Mode

- More memory, faster compute
- Multiple derivatives at once
- Can be done on 

- other primitives
- control structures

- Works with matrices



5DiffiQult

- Forward mode proof-of-concept
- Reason: matrix diagonalisation for degenerate 

eigenvalues not available in reverse mode
- Optimizes everything
- HF



6Quax

- Forward mode
- Somewhat stable for degeneracies
- Focuses on spatial derivatives
- HF, MP2, CCSD(T)



7DQC

- Reverse mode (!)
- Focuses on different properties
- HF, DFT
- Includes alchemical derivatives



8PySCF-AD

- Most advanced
- Out-of-core only
- No integral symmetries
- Reverse-Mode
- Takes special care of SCF derivatives
- Based on JAX


	Derivatives
	Folie 1

	Differentiable Chemistry
	Folie 2
	Folie 3
	Folie 4
	Folie 5
	Folie 6
	Folie 7
	Folie 8


