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Abstract Reinforcement learning Multi qubit dynamics

Computations by the current generation of noisy intermediate scale » Reinforcement learning is the logical extension of Markov Decision » Upper bound on the number of MDP states: KL for m qubits
quantum (NISQ) computers are often plagued by errors such as deco- Processes (MDPs). » State is instead real and imaginary part of density matrix
herence and cross talk. Such errors severely limit the depth of NISQ » Formally, MDPs are represented as a four-tuple, (S, A, P, R) re im

quantum circuits, yet many quantum algorithms that show promise
of a quantum speedup require deep circuits and prolonged coherence
times. In this work, we propose leveraging Reinforcement Learning
RL) to intelligently build quantum circuits that can recreate given
’Earg)et states, given no information about the circuit used to construct Vi(s) = Z m(als) ZP(S/a rls,a) (R<5/a s, a) + yvﬁ(s'))
them. The RL agent learns about the hidden system by receiving re- a ST
wards based on local observables, calculated using the target state,

» Goal of agent in a MDP is to maximize the rewards it receives or,
equivalently, to maximize the value function.

» Entire environment is known, so optimal policy can be found with policy

and the fidelity of the final state. By constraining the depth of the Improvement
circuits built by the agent, we hypothesize that this approach allows » Approximate value function with parameters 6 € R?
. . / / / /
us to compress the .depth of quantl.Jm .CIrCUItS necessary to.create the T (s) = argmax, ZP(S NAEN (R(S 8, a) +yVi(s )) w(als,0) = P{a; = als; = s, 0, = 6}
target state. One important application of our method is dynamic s > 0 represents weights in a convolutional neural network (CNN)
quantum simulation, where the target state is a time-evolved state » For more complex environments that are not completely described, P 5
using a given Hamiltonian and a Trotterized quantum circuit. Our approximate methods such as proximal policy optimization are needed. | |
method promises quantum simulations out to longer final times than > Bell states easily able to be found by RL agent — most likely due to the
are currently feasible on NISQ devices. Single qubit dynamics fact that only small number (~ 3) gates are needed

> [((HT)™]*" also feasible, finds fidelities > 0.70

Background » Formulate single qubit dynamics as a MDP " n

. > S — Bloch sphere discretized by € = 7 /k H T tH—e— H T
» Doing long time evolutions e **/!| ) is infeasible due to the > A — Discrete gate set {H, T, I}
many number of Trotter steps > P — Apply each gate in gate set to a random state in a MDP state and H Al Ta Nl T
P ittt record distribution ~
€ = nh_{glo (H e ) >R —R(s) =0 if sis the goal state, R = —1 otherwise

- n L - » Adding entanglement substantially increases difficult of the problem
» Compress a variable length Trotter evolution into a fixed length > Investigate (/17)"|0) (left) and random unitaries (right)

circuit

» In general, it is computationally complex to approximate arbitrary

quantum states with accuracy €, €2(2"log(1/¢)/log(n)) [3]
» Variational methods such as the variational quantum eigensolver

have been used to do this [1]
» Variational methods have also been controlled (optimized) by RL

» Agent needs more information in reward, entanglement entropy,
closeness of density matrices, etc.

, i » Other variational methods such as VQE are more robust and practical for
2] | | | - , i state compression

> 903' s to use RL to intelligently b.ml.d.urcmts to recrgate. © ] ,. Z » RL still stands to potentially be useful in controlling hardware [4]
time-evolved state opposed to optimizing parameters in fixed
circult
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U) = cos(i) 0) 4 €' sin(§) 1)
> Average fidelity [(1),|1f)|* of 0.997 is able to be reached using a

» Single qubit state is completely described by two angles 0, ¢ sequence of 8.64 gates from the gate set
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