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План 2

Quantum Circuits

Program 1. Quantum adder
Qiskit code for adding one-digit numbers

Homework



Definition 3

Simple definition: Many quantum gates arranged to act
together

, i.e. a circuit is the product U of gates

U = UL . . . U1

where each gate ∈¶ U(H⊗n).
If the initial (pure) state is Ψ then the final state will be U∗ΨU .
If the initial mixed state is ρ then the final state will be U∗ρU
This circuit is called plain circuit.
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Definition 2 (ancilla) 4

Let the initial state is ψ = {|ψ0〉, . . . , |ψn−1〉} and the final state
is ϕ = {|ϕ0〉, . . . , |ϕn−1〉}. The plain circuit U transforming ψ to
ϕ can be “enriched” by auxiliary qubits ω(i)

0 , . . . , ω
(i)
ω−1 which are

specific for to this circuit.

They do not change the
transformation ψ → ϕ but there exist a larger circuit Û acting
on the enlarged space ψ ⊗ ω:

Û |ψ ⊗ ω(i)〉 = U |ψ〉 ⊗ ω(f), for ∀ψ
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I the auxillary registers are not read at the end
I the auxillary registers should not be allowed to entangle

with ψ
I if the input density is ρ then the output is again UρU∗

and
can be expressed as UρU∗ = Tr(Û(ρ⊗ ρω(i))Û∗)
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Program 1. Quantum adder



Add numbers using digits 7

10001111111101
+ 00011100111110

---------------
= ??????????????



Add numbers using digits 8



Quantum adder cirquit 9

Û+ = U∗0U3U2U1U0



Quantum adder circuit 10



“Building” gates - Us and Uc 11
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U1, U2, U3 13



U1 14



U2 15



U3 16



U+ 17



Half adder in Qiskit 18

https://qiskit.org/textbook/ch-states/
atoms-computation.html#4.3-Adding-with-Qiskit-

https://qiskit.org/textbook/ch-states/atoms-computation.html#4.3-Adding-with-Qiskit-
https://qiskit.org/textbook/ch-states/atoms-computation.html#4.3-Adding-with-Qiskit-


Half adder in Qiskit 19

qc_ha.cx(0,2)
qc_ha.cx(1,2)
qc_ha.ccx(0,1,3)
qc_ha.measure(2,0)
qc_ha.measure(3,1)



Homework



Homework 21

Write qiskit code to calculate 4 + 3 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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