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Search problems

Black-box access to a function: f:{0,1}" — {0,1}

Promise: f(z) =1ifx =s;, f(x) =0if x # s;
Problem: find one s;

@ Examples:

O Satisfiability problems: 3-SAT
O Finding a cryptographic key by brute force

® Polynomial improvements only!

@ Generalized to approximate counting of solutions



Unstructured Search

Black-box access to a function: f:{0,1}" — {0,1}
Promise: f(z)=1ifx=s, f(zx) =0if x # s

Problem: find s
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® We need to implement O(2"/2) Grover iterations
@ Classically we need O(2")




Unstructured Search

Black-box access to a function: f:{0,1}" — {0,1}
Promise: f(z) =1ifx=s, f(z) =0if x # s

Problem: find s
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The intuition
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Unstructured Search

Black-box access to a function: f:{0,1}" — {0,1}
Promise: f(z)=1ifx=s, f(zx) =0if x # s

Problem: find s
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® We need to implement O(2"/2) Grover iterations
@ Classically we need O(2")




The first Grover lteration: Geometric picture

® First step: a reflection over |s—)

® Second step: a reflection over [g)




A general Grover Iteration: Geometric picture |

® First step: a reflection over |s™) [ |s)




A general Grover Iteration: Geometric picture |
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The Grover Iteration: 15t Reflection via Phase Kickback

® Promise: f(x)=1ifx=s,f(r)=0ifx#s
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The Grover Iteration: 15t Reflection via Phase Kickback
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The Grover Iteration: 15t Reflection via Phase Kickback

® Promise: f(x)=1ifx=s,f(r)=0ifx#s

‘¢z>< | Uf: [47)

Phase Kickback ~~_ J/ " lsT)
XL \\\¢+60
{Uf ) = (=1)7)|z) J ~< &)

f(x) =1if x = 5,0 otherwise: B |
Us = I 2]sis Up(als) +bls*)) = ~als) +bls*)

® U; implements a reflection over |s™)




The Grover Iteration: 2" Reflection
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The Grover Iteration: 2" Reflection
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The 2" Reflection
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The 2" Reflection
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Unstructured Search

Black-box access to a function: f:{0,1}" — {0,1}
Promise: f(z)=1ifx=s, f(zx) =0if x # s

Problem: find s
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General Reflection
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Multiple marked elements

Black-box access to a function: f:{0,1}" — {0,1}

Promise: f(z) =1ifx=s, f(z) =0if x # s
Problem: find s belonging to set .S of size D.
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