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(Hi#:Borodin, A., Olshanski, G., Representations of the infinite symmetric group,
Carnbridge Studies in Advanced Mathematics, 160. Cambridge University Pross,
Cambridge, 2017.)
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(1) BUF D2 fude &
(2) n = 3 OEAHD balanced function OFIFE X &,

The Deutsch-Jozsa algorithm operates on & Boolean function:
f:40,1}" « {0, 1}

The goal is to tell apart the cases where the function is constant or balanced by performing only one
evaluation of the function. Here a function is balanced if it has the same number of I’s and (’s as output.
If neither case holds then the output is immaterial. Clearly this goal is impossible in the classical model of
computation, even with as many ag 2%~ ! evaluations of f on Boolean arguments. However, it is possible
in the gquantum model with just one evaluation, a8 we will ses.

Dentsch’s algorithm was important for being the first quanturm algorithin, even though it only barely
outperformed the clagsical one. The Deutsch-Jozsa algorithm shows that the improvement can be expo-
nentially large. This is & huge advance over replacing two operations by one.

The claim of an exponential improvement is of a guantum algorithm compared with a deterministic
classical algorithm. In the worst case, a classical algorithm might have to make an exponentisl number
of evaluations of f before deciding whether it is balanced. However, & randomized algorithm could make
this digtinction in a constant mumber of evaluations provided we are happy to aliow a small probability
of making an error. Thus, this algorithm is another important stép but stili falls short of showing that
guantum algorithms can be exponentially faster than classical algorithms if randomization is allowed for
the latter. Stili, the algorithm is important.

H# . “Quantum Algorithms via Linear Algebra”, R. J. Lipton and K. W. Regan, MIT Press
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