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Bell’s Inequality: 
Alice and Bob can not come up with a better 
strategy even if they had access to shared 
random bits.
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values: |0> and |1>
● Magic of Quantum: A quantum bit 

can be both |0> and |1> until a 
measurement is made.

● A qubit has the form a|0> + b|1> 
for complex numbers a,b with     
|a|,|b| ∊ [0,1] such that 

a2 + b2 = 1. 

When such a qubit is measured, the probability of measuring 
|0> is a2 and the probability of measuring |1> is b2.
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Non-entangled: |00> = |0> ✕ |0>

|00> + |01> = |0> ✕ (|0> + |1>)

Entangled: |00> + |11>

Can not be written as a 
product of two qubits.

EPR state: |00> + |11>
Note: We have not 
normalised the qubits.



Can Quantum Experiments be simulated using randomness?



Can Quantum Experiments be simulated using randomness?
1. Alice and Bob create EPR 

pair: |00> + |11>
2. Alice takes the first qubit 

with her and leaves Bob 
with the second qubit.

3. Alice measures her qubit.
4. Bob measures his qubit.



Can Quantum Experiments be simulated using randomness?
1. Alice and Bob create EPR 

pair: |00> + |11>
2. Alice takes the first qubit 

with her and leaves Bob 
with the second qubit.

3. Alice measures her qubit.
4. Bob measures his qubit.



Can Quantum Experiments be simulated using randomness?
1. Alice and Bob create EPR 

pair: |00> + |11>
2. Alice takes the first qubit 

with her and leaves Bob 
with the second qubit.

3. Alice measures her qubit.



Can Quantum Experiments be simulated using randomness?
1. Alice and Bob create EPR 

pair: |00> + |11>
2. Alice takes the first qubit 

with her and leaves Bob 
with the second qubit.

3. Alice measures her qubit.
4. Bob measures his qubit.



Can Quantum Experiments be simulated using randomness?
1. Alice and Bob create EPR 

pair: |00> + |11>
2. Alice takes the first qubit 

with her and leaves Bob 
with the second qubit.

3. Alice measures her qubit.
4. Bob measures his qubit.

1. a = Random(0,1)
2. b = a
3. Alice takes A without 

looking at it and leaves B 
with Bob.

4. Alice looks at a.
5. Bob looks at b.



Can Quantum Experiments be simulated using randomness?
1. Alice and Bob create EPR 

pair: |00> + |11>
2. Alice takes the first qubit 

with her and leaves Bob 
with the second qubit.

3. Alice measures her qubit.
4. Bob measures his qubit.

1. a = Random(0,1)
2. b = a
3. Alice takes A without 

looking at it and leaves B 
with Bob.

4. Alice looks at a.
5. Bob looks at b.



Can Quantum Experiments be simulated using randomness?
1. Alice and Bob create EPR 

pair: |00> + |11>
2. Alice takes the first qubit 

with her and leaves Bob 
with the second qubit.

3. Alice measures her qubit.
4. Bob measures his qubit.

1. a = Random(0,1)
2. b = a
3. Alice takes A without 

looking at it and leaves B 
with Bob.

4. Alice looks at a.



Can Quantum Experiments be simulated using randomness?
1. Alice and Bob create EPR 

pair: |00> + |11>
2. Alice takes the first qubit 

with her and leaves Bob 
with the second qubit.

3. Alice measures her qubit.
4. Bob measures his qubit.

1. a = Random(0,1)
2. b = a
3. Alice takes A without 

looking at it and leaves B 
with Bob.

4. Alice looks at a.
5. Bob looks at b.



Alice and Bob play another game 
Coin Toss 

Result (Alice)
Coin Toss 

Result (Bob) Winning Situations

Head Head Alice -> Keep, Bob -> Not keep
Alice -> Not keep, Bob -> Keep

Head Tail Alice, Bob -> Not keep 
Alice, Bob -> Keep

Tail Head Alice, Bob -> Not keep
Alice, Bob -> Keep

Tail Tail Alice, Bob -> Not keep
Alice, Bob -> Keep



Alice and Bob win with 
probability 75% if the both say 

they will keep the cash.

Alice and Bob play another game 
Coin Toss 

Result (Alice)
Coin Toss 

Result (Bob) Winning Situations

Head Head Alice -> Keep, Bob -> Not keep
Alice -> Not keep, Bob -> Keep

Head Tail Alice, Bob -> Not keep 
Alice, Bob -> Keep

Tail Head Alice, Bob -> Not keep
Alice, Bob -> Keep

Tail Tail Alice, Bob -> Not keep
Alice, Bob -> Keep



Alice and Bob win with 
probability 75% if the both say 

they will keep the cash.

Alice and Bob play another game 
Coin Toss 

Result (Alice)
Coin Toss 

Result (Bob) Winning Situations

Head Head Alice -> Keep, Bob -> Not keep
Alice -> Not keep, Bob -> Keep

Head Tail Alice, Bob -> Not keep 
Alice, Bob -> Keep

Tail Head Alice, Bob -> Not keep
Alice, Bob -> Keep

Tail Tail Alice, Bob -> Not keep
Alice, Bob -> Keep

Bell’s Inequality 
Alice and Bob can not come up 
with a better strategy even if 
they had access to random bits.



Alice and Bob win with 
probability 75% if the both say 

they will keep the cash.

Alice and Bob play another game 
Coin Toss 
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Alice -> Not keep, Bob -> Keep
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Alice, Bob -> Keep

Tail Tail Alice, Bob -> Not keep
Alice, Bob -> Keep

Bell’s Inequality 
Alice and Bob can not come up 
with a better strategy even if 
they had access to random bits.

If Alice and Bob have access to an EPR pair, then there is a 
strategy that allows them to win with probability at least 80%



Playing around 
with the EPR Pair



Toggling from a Distance
Toggle(|0>) = |1>. 
Toggle(|1>) = |0>.



Toggling from a Distance

Suppose Alice and Bob have an 
EPR pair: |00> + |11>

Alice takes the first qubit 
with her and leaves Bob with 
the second qubit.

Toggle(|0>) = |1>. 
Toggle(|1>) = |0>.



Toggling from a Distance

Suppose Alice and Bob have an 
EPR pair: |00> + |11>

Alice takes the first qubit 
with her and leaves Bob with 
the second qubit.

Toggle(|0>) = |1>. 
Toggle(|1>) = |0>.



Toggling from a Distance

Suppose Alice and Bob have an 
EPR pair: |00> + |11>

Alice takes the first qubit 
with her and leaves Bob with 
the second qubit.

Toggle(|0>) = |1>. 
Toggle(|1>) = |0>.

State if Alice toggles her 
qubit: |10> + |01>



Toggling from a Distance

Suppose Alice and Bob have an 
EPR pair: |00> + |11>

Alice takes the first qubit 
with her and leaves Bob with 
the second qubit.

Toggle(|0>) = |1>. 
Toggle(|1>) = |0>.

State if Alice toggles her 
qubit: |10> + |01>

State if Bob toggles his 
qubit: |01> + |10>



Toggling from a Distance

Suppose Alice and Bob have an 
EPR pair: |00> + |11>

Alice takes the first qubit 
with her and leaves Bob with 
the second qubit.

Toggle(|0>) = |1>. 
Toggle(|1>) = |0>.

State if Alice toggles her 
qubit: |10> + |01>

State if Bob toggles his 
qubit: |01> + |10>

It is as though Alice can toggle Bob’s qubit by toggling 
her own qubit since they are equivalent operations.
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cos(Ө)|00> + sin(Ө)|10> 
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A better Quantum 
Strategy



Alice and Bob win with 
probability 75% if the both say 

they will keep the cash.

Alice and Bob play another game 
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Result (Alice)
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Alice, Bob -> Keep
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Bell’s Inequality 
Alice and Bob can not come up 
with a better strategy even if 
they had access to random bits.
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The CHSH Game Proves that there are 
experiments in which quantum 

Algorithms cannot be simulated by 
classical randomised algorithms.
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