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Lecture 15: Quantum Search

Grover’s Algorithm




Unstructured search

“Digital haystack”

Problem. Given f:{0, 1, ..., N-1} = {0, 1},
find x: f(x) = 1.
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Hardest case: There is exactly one x: f(x) = 1.




Phase Inversion
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Inversion About Mean

2ol kS ) }OO(\/C
X
l — >

J Ga—ot) | ) Ly —> M+ (M)

X

M- oL,



Grover’s algorithm

Problem. Given f:{0,...,N —1} — {0,1} such that f(z) =1 for exactly one x,
find x.
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Problem. Given f:{0,...,N —1} — {0,1} such that f(z) =1 for exactly one x,
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Grover’s algorithm

Problem. Given f:{0,...,N —1} — {0,1} such that f(z) =1 for exactly one x,

find x.
Oy Oy
\ \
1 1
VN » Nl ok EEEEEEEEEEEEE -
S ™ -
i
0 N -1 0 N-1
3
Oz VN " 4
5 7 9 1
_______________________________________ » VN » VN » VN » V2
\ J
Y
T How many steps?




Grover’s algorithm
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What is the amplitude of the rest when the needle has ok r——l N
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At this point how much improvement are we making per step?
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We will reach % in O(v/N) steps.
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