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Abstract: How should we think about quantum computing? The usual answer to this question is based on ideas inspired by computer science, such
as qubits, quantum gates, and quantum circuits. In thistalk | will explain an alternate geometric approach to quantum computation. In the geometric
approach, an optimal quantum computation corresponds to "free falling” aong the minimal geodesics of a certain Riemannian manifold. This
reformulation opens up the possibility of using tools from geometry to understand the strengths and weaknesses of quantum computation, and
perhaps to understand what makes certain physical operations difficult (or easy) to synthesize.
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Notation: ¢ = tensor pro

of the Pauli m




Claim: For any U = SU(2"):

(@) The minimal number of gates required to exactly synthesize
U satisfies:
d(I,V) < m(V)

(b) We can synthesize U to high accuracy using a number of quantum
gates polynomial in d(I,U).
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What we've learnt

d(I,U) <= m(VU) and m(U") = d(I,U) for some U' ~ U.
Geodesic eqtn is a Lax equation: M = i[M, P(M)]

U(t) M(1) U(1)" is a complete set of constants of the motion.
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log, , min leigs(J(t))|

H = ZZI4+1ZZ+ Z1Z+0. 5(XI1+IXI+11X), g=3




log, , min [eigs(J(t))|

H = ZZI4+1ZZ+ Z1Z+0.5(XI1+IXI+11X), g=3




log, , min leigs(J(t))|

H = ZZI4+1ZZ+ Z1Z+0.5(XI1+IXI+11X), g=3































