






































































19:36 J. Ang et al.

(a) Prepare a T qubit GHZ state on the head node.
(b) Send one qubit of the GHZ state to each of the T worker nodes.
(c) For each worker, apply controlled U using the share of the GHZ state to their state |ψk 〉.
(d) Return all qubits to head node.
(e) Apply single qubit rotation (if required by iterative phase estimation protocol), invert GHZ

preparation, and measure qubit 0 and return result as outcome of measurement for the step
of ITPE.

The above protocol works because the likelihood as argued above is precisely the same in the
distributed algorithm as it would be in the ordinary algorithm for phase estimation. As the core
element of an iterative phase estimation procedure is the inference of the most likely eigenphase
given a set of experimental data, the inference procedure will take precisely the same form, since
the likelihood function is the same. Thus, the protocol allows us to trivially parallelize any iterative
phase estimation procedure over the T workers.

Iterative phase estimation procedures such as Robust Phase Estimation requireO(log(T )) rounds
if we desire an error of O(1/T ). Each such round can be executed in constant depth (as measured
by the number of layers of controlled U gates executed). It further requires 2T applications of
a communication channel from the head node to the workers. For simplicity, ilet us assume the
interaction graph is a star graph wherein the root is the head node so all workers can directly
communicate with the head node. In settings where a more restricted topology is present, the
communication will need to be chained between the workers involved to distribute the GHZ state.
Regardless, the total number of bits that need to be sent by the protocol is in O(T log(T )), and
the overall depth as mentioned is logarithmic. Thus, assuming that the cost of any entanglement
distillation is negligible, the overall depth of the algorithm is also

DepthU ,Qm = O

(
log(1/ϵ)
δϵθ

)
; (8)

however, the number of workers needed to achieve this limit is quadratically smaller than the case
where only classical communication is permitted.

Next, let us assume that the channel that describes communication between the head node and
the workers is within diamond distance Δ from the ideal channel. That is to say, if Λ is the ideal
channel that swaps a qubit between the two nodes and Λ̃ is the actual quantum channel, then
‖Λ − Λ̃‖� ≤ Δ. Here, the diamond norm is the supremum of the induced trace norm between
the inputs and the outputs of the channel when all possible input states (including states that
are entangled with qubits that are not put through the channel) are considered. An important
property of the diamond norm is that it is sub-additive, meaning that for any positive integer m
the composition ofm channels obeys

‖Λ◦m − Λ̃◦m ‖� ≤ mΔ. (9)

Thus, by the Von Neumann trace inequality, for any observable Q and input state ρ

‖Tr(Λ◦m(ρ)Q) − Tr(Λ̃◦m(ρ)Q)‖ ≤ m‖Q ‖Δ. (10)

Thus, as the observable for phase estimation has norm at most π , it follows that the maximum
error that is observable from the invocation of the channel in this fashion is mπΔ. This implies
that if we wish the error in the estimated phase to be at most ϵ from communication between the
head node and the workers, then it suffices to take

Δ =
ϵ

mπ
= O

(
ϵ

T log(T )

)
. (11)
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