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∣ψ1⟩ = 1√
2n

2n−1
∑
k=0
∣k⟩ ⊗ ∣ak⟩ k = αr + β 0 ≤ β < r

ak = aαr+β = arαaβ = 1αaβ = aβ

∣ψ1⟩ = 1√
2n

0≤αr+β<2n

∑
α,β

∣αr + β⟩ ∣aβ⟩

sea mβ el entero mas grande tal que (mβ − 1)r + β < 2n

∣ψ1⟩ = 1√
2n

r−1
∑
β=0

mβ−1
∑
α=0
∣αr + β⟩ ∣aβ⟩ [de notar: mβ = 2n

r + ϵ 0 ≤ ϵ < 1]
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N si z = 1
1 − zN
1 − z sino

z = e−2iπ r
2n j N =mβ0

Sj =
mβ0
−1

∑
α=0
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mβ0 si rj
2n ∈ Z [eso no pasa a menudo]
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∣ψ′2⟩ = 1√
m2n

2n−1
∑
j=0
eiδSj ∣j⟩ Sj =

m−1
∑
α=0
e−2iπ

αr
2n j =

⎧⎪⎪⎪⎨⎪⎪⎪⎩

m si rj
2n ∈ Z

1 − e−2iπ
rj
2nm

1 − e−2iπ
rj
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∣Sj ∣ =
∣1 − e−2iπ

rj
2nm∣

∣1 − e−2iπ
rj
2n ∣
= ∣ sin(πrjm/2

n)∣
∣ sin(πrj/2n)∣ ≤

1
∣ sin(πrj/2n)∣

Sj tiene valores altos cuando j ≈ 2
nℓ

r
N 2 < 2n

Núcleo de Dirichlet: sinmxsinx x = πrj/2n

Altura del pico: Sj ≈m ≈ 2n

r Ancho: ∆x ≈ 1
m ∆j ≈ 1/π



Circuito para el algoritmo de Shor
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Fracciones continuas (1)

[a0, a1, a2, ..., aM] ≡ a0 + 1
a1+ 1

a2+
1

...+ 1
aM

ai ∈ N∗

Ejemplo: 31
13 = 2 +

5
13 = a0 +

1
13
5

13
5 = 2 +

3
5 = a1 +

1
5
3

5
3 = 1 +

2
3 = a2 +

1
3
2

3
2 = 1 +

1
2 = a3 +

1
a4

31
13 = 2 +

1
2+ 1

1+ 1

1+12

O(n) etapas n: número de dı́gitos

[a0, a1, a2, a3, a4] = [2, 2, 1, 1, 2]



Fracciones continuas (python)

def cf(p: int, q: int):
""" returns [a0,a1,...,am] of p/q """
l = []
while q:

a = p // q
l.append(a)
p, q = q, p - a * q

return l



Fracciones continuas (ejemplos)

355
113 = 3 +

1
7+ 1

16

415
93 = 4 +

1
2+ 1

6+17

213
256 =

213
28
= 1

1+ 1

4+ 1

1+ 1

20+12



Fracciones convergentes (1)
x = p

q = a0 +
1

a1+ 1

a2+
1

a3+...

x0 = a0 p0/q0
x1 = a0 + 1

a1
= a0a1+1

a1
p1/q1

x2 = a0 + 1
a1+ 1

a2

= a0 + 1
a1a2+1
a2

= a0 + a2
a1a2+1 =

a2a1a0+a2+a0
a2a1+1 p2/q2

p−2 = 0 p−1 = 1 q−2 = 1 q−1 = 0
pk = akpk−1 + pk−2 qk = akqk−1 + qk−2
p0 = a0 q0 = 1
p1 = a1a0 + 1 q1 = a1
p2 = a2(a1a0 + 1) + a0 = a2a1a0 + a2 + a0 q2 = a2a1 + 1



Fracciones convergentes (python)

def convergents_from_cf(cf):
""" returns [(p0,q0),(p1,q1),...,(p,q)] """
convergents = []
p_2, p_1, q_2, q_1 = 0, 1, 1, 0
for a in cf:

p = a * p_1 + p_2
q = a * q_1 + q_2
convergents.append((p, q))
p_2, p_1 = p_1, p
q_2, q_1 = q_1, q

return convergents



Fracciones convergentes (ejemplos)

355
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1
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1. Calcular las fracciones convergentes de j/2n: [p0q0 ,
p1
q1
, ..., j2n]

2. Los qi < N son candidatos para r

3. Si ∀qi aqi mod N ≠ 1 correr el circuito de nuevo

El número de veces que hay que correr el circuito es polinomial en el número de dı́gitos


