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Overview

● Basis changes
● Eigenvalue kick-back
● Deutsch algorithm
● Deutsch-Jozsa algorithm
● Bernstein-Vazirani algorithm
● Simon’s algorithm





Distinguishing orthogonal
states

We can implement this measurement
efficiently if we can efficiently
implement the unitary transformation
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In general

We can measure any state wrt the
basis B in this way
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The Hadamard basis change
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The Hadamard
transformation: summary
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The Hadamard transformation:
circuit notation
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The Hadamard transformation on
several bits
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The Hadamard
transformation: global view
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The Hadamard
transformation: global view
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The Hadamard
transformation: global view
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The Hadamard transformation on
several bits
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The Hadamard
transformation: global view
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The Hadamard
transformation: global view
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Looking at NOT and CNOT in
Hadamard bases

Consider applying a NOT gate to the
following states

( )1010 NOT −− →−

1010 NOT + →+



e.g.

Now consider applying a controlled-NOT
gate to the following states

( ) ( )101101 CNOT −− →−

( ) ( )100100 CNOT + →+

( ) ( )101101 CNOT + →+

( ) ( )100100 CNOT − →−



e.g.

Now consider applying a controlled-NOT
gate to the following states

( )( ) ( )( )10101010 CNOT ++ →++

( )( ) ( )( )10101010 CNOT +− →+−

( )( ) ( )( )10101010 CNOT −− →−+

( )( ) ( )( )10101010 CNOT −+ →−−



Searching example

Suppose that for some
we have

}11,10,01,00{∈x
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Can we find       using       only once?xUx



Guessing an algorithm
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Guessing an algorithm
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Guessing an algorithm
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Guessing an algorithm
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Generalization:
Eigenvalue “kick-back”

Suppose we know how to compute an
operator

ψψ φieU =

( ) ( )ψψ φ 1010 ieUc +=+−

ψψ 00 =−Uc

ψψ φ 11 ieUc =−

Then the “controlled-U” gives us



How do we implement c-U?

Replace every gate G in the circuit for
with a c-G.
For example,

=



Deutsch’s problem
Compute   using        only once)1()0( ff ⊕ fU
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Deutsch algorithm
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Deutsch-Jozsa problem

Suppose                                          with the
promise that f is either constant or
“balanced”.

}1,0{}1,0{: →nf

Decide if f is constant or balanced.
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Deutsch-Jozsa problem
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Probability of measuring          is
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Bernstein-Vazirani problem
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Another property of
Hadamard transformation

Consider nZS 2≤

�
∈

+=+
Ss

sy
S

Sy 1
Let

Then
�

⊥∈
⊥

⋅
⊗ −=+

St

ty
n t

S
SyH )1(

{ }SstsZttS n ∈∀=⋅∈=⊥ 0,: 2





Simon’s algorithm
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Hidden subgroup problem
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