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Steps in QC

» Preparation of the input register

» Implementation of classical functions f by means of
quantum circuits Uy on a suitable quantum register

» Transformation of the quantum register by means of
suitable quantum gates or circuits

» Reading (observing) the result in the output register
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Factor-wise binary addition H?
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A circuit described by the operator Uy implements the function
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Quantum circuit for Uy = Ug
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Hadamard gates to prepare input registers
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Hadamard gates to prepare input registers
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General U [ implementation

A circuit described by the operator Uy implements the function
fon HA ® HB if

Up: HA@HE — HA@H?
) ®y) — ) ® [yBf (x))

How can we do that?

1. helper gates A and B which implement f in some way
non-unitarily

Ar () ©loi)) = [w(x)) ®If (x))
Br (ly(x)) ®f (x)) = |x) ® |ayy)

2. auxiliary qubits and circuit which uses A and B
0 = (12 5°9) (8, 917) (1* 0 Ug) (4 ©17) (1* @ 52)

where SBB : |b1) ®@ |by) — |ba) ® |b1) is a swap operator.
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Or (|x) @ |y) @ |@i))
(1" @S58) (B, @ 1%) (1" @ Us) (Ar @ 18) (1x) @ |ay) @ [))
(1" @ 528) (B, 018) (1" @ Us) (Jy(x) @ [F (x)) @ 1))

(1 @ SBE) (B, @ 1) (ly(x)) @ |f (x)) @ [yEf (x)))
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Let us apply a function to the state H™|0), i.e. to act on a state
H™0) with Hy:
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Let us apply a function to the state H™|0), i.e. to act on a state
H™0) with Hy:

| 2=l
Ult) = Ur((H10))@(0)") = —¢ 3, Ur()"®10)")
x=0

1 omn_
=0 hv_/
cHAQHE

IS

One may take the view on this result as applying a single gate
produces 2" — 1 values of the function at once - parallelism.



Measurement / read-out

The qubits in the register can be read independently using the
operators ¥ =19""17J © o, ® 1%7 which commute :
(2,30 = 0if i # .
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Measurement / read-out

The qubits in the register can be read independently using the
operators ! = 197177 @ o, ® 199 which commute :

(21,3 =0if i # 5.

The obtained values (sp—1,...,50) € {£1}" are stored in
classical (binary) registers.
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Quantum Subtractor - a — b

if Uy implements binary add then U;l = U_ implements binary
subtract !
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Quantum subtractor 14

—

Corollary 5.39 There exists a circuit U_ on H!/0 = HE @ HA, which is
implemented with the help of the auxiliary register H" by Ui = U;l, that
is, for arbitrary |®) € H'/° one has

Ur(|@)®|0)") = (U-|@)) ®0)", (5.107)

where also U- = U7 = U;l holds. Furthermore, for a,b € No with a,b < 2"
we have that

UtU; U5 ¥ [b,a,0]) = |P[c, 2" +b—a,a,0]) (5.108)
n—1 .
b—a=Y dj2 +¢,2"
j=0
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¢; = (1&bj1)(aj ;) Sajic;y forje{l,....n}

2 2
di=aj®bj®c; forje{0,....,n—1}.
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U; and Ua*
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Quantum Adder Modulo N - (@ + b) mod N
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Homework




Homework

—

Write qiskit code to subtract 5 - 4 and submit the code to
quantumcomputing@quanterall.com
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quantumcomputing@quanterall.com
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YOUR ATTENTION!
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