
  

1) Basics of quantum compu�ng



  

Discrete Informa�on Processing is described by logic 
circuits

Binary adder
”half adder”

Programming = combining logic circuit units
  e.g. binary adder for 3 bits:



  

Universal logic gate set: Fanout and NAND
→ cheaper construc�on of logic gates



  

Requirements on bits for good computer

● Scalable: many bits on one chip

● Reliable ini�aliza�on

● Logic gates (universal gate set = fanout, NAND)

● Precise readout

● Maintain value (frequent readout-rewrite)



  

Qubit: has superposi�on

abstract spin charge superconduc�ng 
current

[Mooij, DelG, 2001]



  

States of a qubit = direc�ons a spin-1/2 can point in



  

Quantum Logical Circuits: single-qubit gates “rotate” 
qubit



  

Universal single-qubit gate set: two rota�on gates

Universal gate set: 

Can approximate any rota�on by a 
(polynomially long) sequence of 
incommensurate rota�ons
= Solovay-Kitaev theorem

example:
T gate + Hadamard gate



  

DiLerence between superposi�on and sta�s�cal mixture 
testable by interferometry

 double slit experiment w 
electrons, Tonomura, 
Hitachi, 1989

2 subsequent 90 rota�ons = 180 rota�on
hMps://algassert.com/quirk



  

Nice online tool for playing with quantum logic circuits:
Quirk

hMps://algassert.com/quirk



  

Two-qubit CNOT (controlled-NOT) gate copies classical 
informa�on



  

Two-qubit CNOT (controlled-NOT) gate copies classical 
informa�on, entangles quantum bits



  

Entanglement gives quantum computers their advantage

Entanglement → exponen�ally growing Hilbert-space
n qubits: 2n amplitudes

Quantum compu�ng: 
1. - start with simple product state
2. - Run computa�on in large Hilbert space
3. - Finish with almost product state
4. - Measure → project probabilis�cally to a product state 

Entanglement alone not enough, e.g., CliLord gates ePciently 
simulatable in Heisenberg picture (CNOT included, T not)



  

Technical requirements for qubits: 
Di Vincenzo criteria (2000)

● Scalable: many bits on one chip

● Reliable ini�aliza�on

● Logic gates (universal gate set fanout, NAND 
→ e.g. T, H, CNOT)

● Precise readout

● Maintain value? (frequent readout-rewrite
→ Quantum Error Correc�on)



  

Di Vincenzo criteria fulRlled by superconduc�ng qubits



  

Quantum Computers good for some problems. 
List is growing slowly

- Break RSA using Shor algorithm 
- Quantum chemistry for beMer fer�lizer
- ….
- ?

Comprehensive list (62 algorithms):    
hMps://quantumalgorithmzoo.org/

needs 10 million qubits



  

IBM quantum computers available online, aGer free 
registra�on

hMps://quantum-compu�ng.ibm.com/

...vagy python csomaggal



  

Control ques�on: Simplify the following quantum logic 
circuit!

A)    Pauli X

B)   Pauli Z 

C)  nothing    

D)    none of the above  

= ?



  

Control ques�on: What does this quantum logic circuit 
do?

A)    swaps states of the two qubits 

B)    _ips the second qubit only if the Rrst is 0

C)    complicated way to “do nothing”

D)    Hadamard opera�on on both qubits
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