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10y f(0)#f(1) Deutsch 92 (p.44), factor of 2 speedup

to determine whether or not
1bit—1bit function f(z) is constant
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Bernstein—Vazirani '93 (p.52), f(z) =a-z =

®;a;x;, factor of n speedup to determine a
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Simon ’94 (p.56), f(z) = f(z ® a), measured y has
a-y =0 (equivalently . a;y; = 0 mod2),
exponential speedup (2/2 — O(n)) to determine a
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Shor ’94 (p.70), f(z) = f(z + r), resulting y is mea-

: on 2
sured with probability p(y) = ﬁ‘z;"__ol e2mikry/2" |

gives |y —2"/r| < 1/2 with p > .4, sufficient to determine

period r via partial fraction expansion, exponential speedup (n2", exp(n'/?) — O(n?®) ).
(Note: replaces H®"|z) — # E()§y<2" e Y|y} with Uprp|z) = 2—1/2 Z()§y<2” e2mizy/2" ly).)

Practical application is f(z) = b® modN, where b = a®modN is an encrypted message, from which d’,

satisfying cd’ = 1 modr, can be calculated, and d’ recovers unencrypted message a = b modN (in contrast
to using d, with ed = 1mod(p — 1)(q — 1), where N = pg and r divides (p — 1)(g — 1) = |Gpq|).
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Grover 96 (p.90), f(z) = 1 only for (m) marked value(s) z = a, uses “phase kickback”
to express U; in terms of V = 1 — 2a)(a|, and W = 2|¢)(¢| — 1 = H®"(2]0)(0| — 1)H®"

is easily constructed. Applying ¢

~ m2"/2

~ i times gives probability p(a) = 1 — O(m/2"), for

square-root speedup (2"/m — 1/2"/m ).



o

z*

1
\‘/‘\’ | | | | | | |
] (‘/ - af >

Vg

Figure 22.2: The amplitudes fol-
lowing the first application of the
phase oracle. Note that the ampli-
tude of the marked item has had its
sign flipped.
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Figure 22.1: The initial amplitudes
of the system, an even superposi-
tion state.
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Figure 22.3: The average ampli- Figure 22.4: The amplitudes fol-
tude @ has been explicitly drawn lowing the first Grover diffusion op-
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Figure 22.7: Amplitudes following

Y

Figure 22.5: Amplitudes following
the second application of the phase
oracle. Note that the amplitude of
the marked item has had its sign
flipped again.

Figure 22.6: Amplitudes following
the second application of the phase
oracle with the new average ampli-
tude @ explicitly drawn in.

the second Grover diffusion opera-
tor.
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