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On constructing quantum circuits



Steps in QC 4

I Preparation of the input register

I Implementation of classical functions f by means of
quantum circuits Uf on a suitable quantum register

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

I Reading (observing) the result in the output register
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Quantum circuit for Uf ≡ U� 6



Hadamard gates to prepare input registers 7

Hadamard gate :
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General Uf implementation 8

A circuit described by the operator Uf implements the function
f on HA ⊗HB if

How can we do that?

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

2. auxiliary qubits and circuit which uses A and B

where SB,B : |b1〉 ⊗ |b2〉 → |b2〉 ⊗ |b1〉 is a swap operator.
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Let us apply a function to the state Hn|0〉, i.e. to act on a state
Hn|0〉 with Hf :

One may take the view on this result as applying a single gate
produces 2n − 1 values of the function at once - parallelism.
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Measurement/read-out 12

The qubits in the register can be read independently using the
operators Σj

z = 1⊗n−1−j ⊗ σz ⊗ 1⊗j which commute :
[Σj

z,Σi
z] = 0 if i 6= j.

The obtained values (sn−1, . . . , s0) ∈ {±1}n are stored in
classical (binary) registers.
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Quantum Subtractor - a− b

if U+ implements binary add then U−1
+ ≡ U− implements binary

subtract !



Quantum subtractor 14



U3 and U ∗3 15



U2 and U ∗2 16



U1 and U ∗1 17



Quantum Adder Modulo N - (a+ b) mod N







Homework



Homework 22

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

quantumcomputing@quanterall.com


T H A N K Y O U F O R

Y O U R A T T E N T I O N!

Б Л А Г О Д А Р Я З А

В Н И М А Н И Е Т О !
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