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• Given a function , find any  such that  (if one exists)f : {0,1}n → {0,1} x ∈ {0,1}n f(x) = 1

• The function  is given as black-box oracle:  for any f Of|x⟩|0⟩ = |x⟩|f(x)⟩ x ∈ {0,1}n

• How many queries are needed?

Any classical computer requires  queries!Ω(2n)
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• Given a function , find any  such that  (if one exists)


• The function  is given as black-box oracle:  for any 

f : {0,1}n → {0,1} x ∈ {0,1}n f(x) = 1

f Of|x⟩ = (−1) f(x)|x⟩ x ∈ {0,1}n

(Phase Oracle)

Of|x⟩|0⟩ = |x⟩|f(x)⟩

⟹
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(R|u⟩Of)T|u⟩

2T + 1

N

⋯ ⋯
|x⋆⟩

After T queries

≈ 0 ≈ 0 ≈ 0 ≈ 0 ≈ 0

Extrapolating, we would guess…

Can we make this intuition rigorous?

Suggests  suffice, beating brute-force search!T = O( N)
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In Summary: Grover’s Algorithm gives a quadratic speedup

Grover’96

Unstructured Search can be solved with  quantum queriesO( N)

One of the most important quantum algorithms discovered so far

Widely used to obtain many other polynomial quantum speedups

Provably optimum in the black-box query model
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|B⟩ = sin(θ)|A⟩ + cos(θ)|B⟩ Number of Queries: T ≈
π
4

N
A

Simple Technicalities to Handle

We (implicitly) assumed that  (the case  is easy to analyze, do you see this?) |A| ≠ 0 |A| = 0

We do not know  in advance, can think of strategies to deal with this? |A|

Can we implement the reflection  efficiently?R|u⟩
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Number of Queries in Grover’s Algorithm

Grover’s Search

Unstructured Search can be solved with  quantum queries if O ( N
A ) |A| ≠ 0

Can we do better (fewer queries) when  is large?|A|
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More Questions?


