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Classical computing

NOT AND OR
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Classical VS Quantum
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Superposition. 
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Quantum gates

|𝜙⟩ = U |𝜓⟩,  

where
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Rotation gates

𝑅𝑥(𝜃) ≡

𝑐𝑜𝑠
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(v, w) ∊ 𝐶2 ⊕ 𝐶2 

∥(v, w)∥2=∥v∥2+∥w∥2 = 2

(v, w) ∊ 𝐶2 ⊕ 𝐶2

where v=(v1, v2) and w=w (w1, w2)

(v, w) = (v1w1, v1w2,v2w1, v2w2)

Multiple Qubits

What is “join state” 

of two vectors?

What is alternative?  

Tensor product



Controlled gates 
Controlled - U gate
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Phase shifter

𝑒𝑖𝛼𝐼
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𝑈= 𝑒𝑖𝛼𝑅𝑧(𝛽)𝑅𝘺(𝛾)𝑅𝑧(𝛿)   

Decomposition



Quantum 
entanglement

𝜓_ =      (|M,N⟩ -|N,M⟩)    

Examples of two 

entangled states:

1
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Quantum algorithms

1. Algorithms based on the quantum Fourier transform

(exponential speedups) 

Deutsch–Jozsa algorithm, Shor's algorithm, Quantum phase estimation algorithm

2. Algorithms based on amplitude amplification

(quadratic speedups) 

Grover's algorithm, Quantum counting

3. Algorithms based on quantum walks

(exponential speedups or quadratic) 

Element distinctness problem, Triangle-finding problem

4. Hybrid Quantum/Classical Algorithms





Linear regression

𝐽(𝜃)=      𝛴𝑖=1(𝑦𝑖- (𝜃0+𝜃1𝑥𝑖)
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Minimize cost function:



Quantum algorithm.  Z - measuring

Quantum 

State: 

Computation Basis Quantum Sphere



Quantum algorithm.  X - measuring
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Quantum algorithm.  Y - measuring
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Comparison
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