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Why Quantum Computing?
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Superposition and Entanglement

• Quantum mechanics describes superposition and entanglement of 
quantum particles

• Quantum computing can use these phenomena to its advantage
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Why Quantum Computing?

• Security

• Communication

• Drug Development

• AI and/or Machine Learning

• ...
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Bits vs. Qubits
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Bits vs. Qubits
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Quantum state

𝜶| ۧ0 + 𝜷| ۧ1
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Quantum state

𝜶| ۧ0 + 𝜷| ۧ1
|𝜶|2 + |𝜷|2 = 1
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Quantum state

𝜶| ۧ0 + 𝜷| ۧ1
|𝜶|2 + |𝜷|2 = 1
𝜶 = 𝑎 + 𝑏𝑖
𝜷 = 𝑐 + 𝑑𝑖
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Quantum state

2 Qubit system (4 probabilities):

𝜶| ۧ00 + 𝜷|0 ۧ1 + 𝜸|1 ۧ0 + 𝜹| ۧ11

3 Qubit system (8 probabilities):

𝜶| ۧ000 + 𝜷|00 ۧ1 + 𝜸| ۧ010 + 𝜹| ۧ011 + 𝜺| ۧ100 + 𝝐| ۧ110 + 𝜻| ۧ101 + 𝜼| ۧ111

4 Qubit system (16 probabilities):

𝜶| ۧ0000 + 𝜷|00 ۧ01 + 𝜸| ۧ0010 + 𝜹| ۧ0011 + 𝜺| ۧ0100 + 𝝐| ۧ0110 + 𝜻| ۧ0101 + 𝜼| ۧ0111 + 𝜽| ۧ1000 + 𝝑|10 ۧ01 + 𝜾| ۧ1010 + 𝜿| ۧ1011 + 𝝀| ۧ1100 + 𝝁| ۧ1110 + 𝝂| ۧ1101
+ 𝝃| ۧ1111
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Teleportation

qMessage    | ۧ𝑥

qAlice    | ۧ0

qBob    | ۧ0
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CHSH game

Alice Bob

Random bit X Random bit Y

X⋅Y = A⊕B

Output bit A Output bit B
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CHSH game

Alice Bob
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CHSH game

Alice Bob

Random bit X Random bit Y

X⋅Y = A⊕B
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CHSH game

Alice Bob

Random bit X Random bit Y
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CHSH game

Alice Bob

X = 0 Y = 0
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Alice outputs Bob’s qbit
Bob outputs 0 with 

probability
Bob outputs 1 with

probability

0 |0ۧ cos2 −
𝜋
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CHSH game

Alice Bob

X = 0 Y = 1
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CHSH game
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Thank you!

Questions?
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