Reverse-mode differentiation for
quantum gradients

Review of Efficient calculation of gradients in classical simulations of
variational quantum algorithms
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Algorithm 1: Calculating the noise-free gradient with state-vectors, using “reverse
mode”. Let G be the complexity of effecting a fixed-size gate upon an N-qubit
state-vector. Typically G scales with the number of amplitudes in the state-vector

as G = O(2N).

Input : State-vectors |A), |¢), |i), an immutable input state |in), some
representation of a circuit U;. p with a single unique parameter in each

gate, and a Hamiltonian H in any applicable representation

Output: Each element of V (E)
A) = [in)

IA) « Up.p|A)

6) = [A)

[A) = H |A)
foric {P,...,1} do
|¢) < U |9)

) = 19)

|p) < (dU;/d6;) )
V(E), = 2% (A|u)
if 7 > 1 then

| N U
end

end

// clone state in O(G

// apply P gates in O(PG
// clone state in O(G

// apply H in OMhNG

// apply gate i

// clone state

// apply non-unitary i
// compute inner product i

// apply gate

in C

—_ ~— — ~—
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Algorithm 1: Calculating the noise-free gradient with state-vectors, using “reverse
mode”. Let G be the complexity of effecting a fixed-size gate upon an N-qubit
state-vector. Typically G scales with the number of amplitudes in the state-vector

as G = O(2N).

Input : State-vectors |A), |¢), |i), an immutable input state |in), some
representation of a circuit U;. p with a single unique parameter in each
gate, and a Hamiltonian H in any applicable representation

Output: Each element of V (E)

1 |A) = |in) // clone state in O(G)
2 |A) « Uy.p IA) // apply P gates in O(P Q)
3 |@) = |A) // clone state in O(G)
4 |A) ff‘/\) // apply H in O(h N G)
sforic {P,...,1} do

6 |p) UiT |) // apply gate in O(G)
7 |i) = |9) // clone state in O(G)
8 i) (dﬁi/dei) | ) // apply non-unitary in O(G)
9 V(E), =2% (A // compute inner product in O(G)
10 if i > 1 then

11 ‘ |A) Ug IA) // apply gate in O(G)
12 end

13 end
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Algorithm 1: Calculating the noise-free gradient with state-vectors, using “reverse

mode”. Let G be the complexity of effecting a fixed-size gate upon an N-qubit

state-vector. Typically G scales with the number of amplitudes in the state-vector
as G = O(2N).

Input : State-vectors |A), |¢), |i), an immutable input state |in), some
representation of a circuit U;. p with a single unique parameter in each
gate, and a Hamiltonian Hin any applicable representation

Output: Each element of V (E)

1 |A) = |in) // clone state in O(G)
2 |A) « Ul:p|)\> // apply P gates in O(P Q)
3 |@) = |A) // clone state in O(G)
4 |A) ff‘/\) // apply H in O(h N G)
sforic {P,...,1} do

6 |p) U;f |) // apply gate in O(G)
7 |i) = |9) // clone state in O(G)
8 i) (dﬁi/dei) | ) // apply non-unitary in O(G)
9 V(E), =2% (A // compute inner product in O(G)
10 if 7 > 1 then

11 ‘ |A) Ug IA) // apply gate in O(G)
12 end

13 end
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D Gutes w( Mol porameters

wm A W N =

Algorithm 3: A replacement of lines 6-9 in Algorithm to handle a gate U ; with
multiple parameters, ¢, ..., ¢,, which correspond to gradient elements with in-
dices k1, ...k,

// loop over each parameter in gate U;

for j € {1,...,n} do

) = |p) // clone state in O(QG)
) < @iﬁ%/d¢y)‘u> // apply non-unitary in O(G)
‘7<I?>kj:: 2R (Mw) // compute inner product in O(G)

end
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