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Introduction to Quantum Computing

Lecture4: Postulate IV — Measurement

Raul Garcia-Patron Sanchez



Basis: Computational basis
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Computational basis
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® (0|/1) =0 (Orthogonal basis)

o [[0)]] = [lI1)]

= 1 (Normalized basis)

Computational basis measurement
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This ensure logical 0 and 1 is an
orthonormal basis of a Hilbert space
of dim 2.

The amplitudes of the quantum state
on the logical basis (0 and 1) are
associated with the outcome
probabilities of the computational
basis measurement (logical O or 1).
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The effect of measurement




Random coins vs quantum coins

® (lassical coin flip n_ 1 /2 1/ 2
1/2 1/2
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Random coins vs quantum coins: concatenation

® (lassical coin flip n_ 1 /2 1/ 2
- _1/2 1/2_
-
Vo = 0 R R pout ?

® (Quantum random number generator circuit
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Random coins vs quantum coins: concatenation

® Two classical coin flips

g = 0 R R

® Two "quantum coin flips”
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To measure or not to measure....

® Two ”"quantum coin flips”
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® Two "quantum coin flips” with intermediate measurement
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To measure or not to measure....

® Two ”"quantum coin flips”
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® Two "quantum coin flips” with intermediate measurement
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In quantum world observing the system can change its dynamics!!
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Arbitrary basis qubit measurement
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Basis: General case H

® Spanning set of H: set of vectors |v1), |va), ..., |[Upn)

Vi) € H: |yY) = Zwv ;) where amplitudes are given by: 1, = (Y|v;)

® Linearly independent: Aaq,as, ..., a, # 0 complex numbers

ai|vy) + ... + anlv,) =0
Example
@ Basis: Span{|v;)} =H & n=d 1
+ Lin. ind. ‘_|_> _ 5(‘O> 4 ’1>)
® Orthonormal: Vi,j € {1,...,d}, (vi|v;) = 0; 1
e Has an associated measurement -) = 5(‘O> — 1)




Measurement of orthonormal basis

@ orthonormal basis {|v;)} that span H has and associated measurer@

Probability of outcome i reads: P(i) = |(v;|¢)|?

The quantum state is updated to |v;)

0




Example:+/- basis

@ [v) = o0} + 1) Ho = Span{|+),|-)}
o P& \+>=7<m>+|1>>
) —D By p(o) |—>=7<|o> 1))

o P(+)= |+ = %«1\ T (0]) (0]0) + 4 [1))]? = o + 41 [?/2

O P(=)=[~1)° = [vo — v1|*/2



Arbitrary basis measurement

® Measurement basis {|£)} :

) ——IN + = W}—é— H N 'S 0/1 < +
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Arbitrary basis measurement

® Measurement basis {|£)} :

V) ——A . = )T U ey,

[v basis {|v;)},3U, s.t. |v;) = Uy|i) (vilp) = (iU} ]) J
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There is even a more general concept of measurement in N&C called POVM (2.2.6) that we will not
cover in this course.

Even more general is the concept of quantum instrument.



https://en.wikipedia.org/wiki/Quantum_instrument
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News Social media: follow companies, academics
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Follow the Science
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Conferences Q|P, TQC https://qipconference.org/ follow academics

Simon’s Institute for the Theory of Computation on social media

https://simons.berkeley.edu/
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