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Exercise 1

Let G ={g1,...,gn} be an abelian group and let ¢ € {1,...,n}. Find the Fourier transform of
f G — C defined by
flg) = {

0, otherwise.

Exercise 2

Let n = ning, where ged(ni,ng) = 1. Let also f : Zy, X Zyn, — Z, be the function given
by f(ki,k2) = ainoky + agnike, where ay (respectively as) given by the Chinese Remainder
Theorem, is the multiplicative inverse of ng (respectively n;) modulo n; (respectively ng). Show
that f is an isomorphism.

Exercise 3

(a) We define the operator S : CZ" — C%n as follows. For f : Zon — C, the function
S(f) : Zon — Cisgiven by S(f)(z) = f((x+1) mod 2"). Compute the Fourier coefficients
of S(f) in terms of the Fourier coefficients of f.

(b*) Consider a black-box Uy that computes a function f : {0,1}" — {0,1}" as usual: Uy :
|z)|y) — |z)|y & f(x)). Construct a quantum circuit, which implements the following
operation {0,1}"™ — {0,1}", using two applications of the black box, some other gates
and, if needed, some extra qubits.

wif(z)
) > e )

where for z € {0,1}" we define 7 = S.7" z; - 2°.
Hint: Use the gates R; as presented in the lecture.

(c¢) Implement the following transformation {0,1}" — {0,1}" using only the transformation
from (b) and the quantum Fourier transformation QFT over Zan.

|x) — |bin((Z + 1) mod 2"))

where for a natural number &, bin(k) denotes the binary representation of k.
Hint: Use the transformation from (b) where f is the identity.
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