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Abstract: The exponential and Gaussian functions are among the most fundamental and important op-
erations, appearing ubiquitously throughout all areas of science, engineering, and mathematics. Whereas
formally, it is well-known that any function may in principle be realized on a quantum computer, in
practice present-day algorithms tend to be very expensive. In this talk, we present new quantum
algorithms that are highly efficient—requiring a (generally) small number of multiplications, which
represent the overall computational bottleneck [1]. The new algorithms are then evaluated in the context
of two disparate application areas, whose importance to quantum computing is well recognized. For each
application, exponential/Gaussian evaluation is the computational bottleneck, and the new approach is
found to offer substantial improvement over the current state of the art. The first application is in
quantum computational chemistry [2], for which the Gaussian Toffoli count is reduced from 15,690
down to 912, when compared against a state-of-the art competing method by Héner and coworkers [3].
The second application is in quantum finance—specifically, derivative pricing beyond Black-Scholes
[4]. Here, the exponential Toffoli count is reduced from 728 down to 50, when compared with the
recently-published state-of-the-art “re-parametrization method” [5]. Space requirements are also quite
modest, to the extent that both applications above can be implemented with as few as 20-70 logical
qubits.
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