Section 6

Representation of classical dynamics in quantum
circuits
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® A (classical) bit is a pure state of the abelian algebra C2.
® A quantum bit, or qubit, is a pure state of the matrix algebra
B(C?) ~ M»(C).

* Noisy classical bits and qubits are represented by mixed states of C?
and M, respectively.

Classical and quantum bits



Quantum computers

A quantum computer is a finite-dimensional quantum mechanical system
associated with the tensor product Hilbert space B, = B®" with B = C2.

Notation. [abm B, =2 *

® |0) and |1) are orthonormal basis vectors of B known as
computational basis vectors.

® |by---by) =1|b1) ®---® |b,) are orthonormal basis vectors of B,,.
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Quantum computers

IBM Q One AWS Borealis

Physical qubit implementations include superconducting charges, trapped
ions, and photons.



Quantum circuits

A quantum circuit consists of wires, representing individual qubits, and

gates representing operations (quantum channels on ciublts
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® The depth of a quantl]mnq circuit |Z tﬁtlongest path in the circuit.
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Quantum circuits

A quantum circuit consists of wires, representing individual qubits, and
gates representing operations (quantum channels) on qubits.

® The depth of a quantum circuit is the longest path in the circuit.

Goal. Given a Gy group of unitary Koopman operators Ut : H -+ H
induced by a measure-preserving flow with skew-adjoint generator

V : D(V) — H and a subspace H, C D(V) C H of dimension 2", find a
unitary W : H, — B, such that et with G, = W, VI, W* is
representable by a circuit of low depth.
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