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In [1]: from typing import Tuple
import fractions
import numpy as np
from giskit import ClassicalRegister, QuantumRegister, QuantumCircuit, transpile
from giskit.circuit import Gate
from giskit.circuit.library import MCXGate
from giskit.extensions import UnitaryGate
from giskit.providers.aer import QasmSimulator
from giskit.visualization import plot_histogram

=P

1. Deutsch-Jozsa ZIL Y X L
2. Grover 7LV XL
3. Shor ZJILdYU XA

Deutsch-Jozsa ZILdVU XL

A7) ff ORE

In [2]: def oracle_dj(n: int, balanced: bool) -> Gate:
gr = QuantumRegister(n+1)
qc = QuantumCircuit(qr)
if balanced:
ones_list = np.random.choice(range(2**n), 2**(n-1), replace=False)
for ind in ones_list:
ind_bin = np.binary_repr(ind).zfill(n)
qc.append(MCXGate(n, ctrl_state=ind_bin), qr)
return gc.to_gate(label="0Oracle")

Deutsch-Jozsa 7L dYJ X LDEE

In [3]: def deutsch_jozsa(n: int, balanced: bool) -> QuantumCircuit:
gr = QuantumRegister(n+l, name="qubit")
cr = ClassicalRegister(n, name="measure")
qc = QuantumCircuit(qr, cr)

# Step 1
gc.x(arn)

# Step 2
gc.h(ar)

# Step 3
qc.append(oracle_dj(n, balanced), gr)

# Step4
qc.h(gr[:n])

# Step5
gc.measure(qr[:n], cr[::-1]) # RRULEBEMSIEIC gr[e], gr[1],

return qc
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In [4]: qc_const = deutsch_jozsa(4, False)
gqc_balanced = deutsch_jozsa(4, True)
qc_balanced.draw()

Out [4]:
qubit 0: 4 H 0 ’~ H
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qubit 2: 4 H 2 Oracle H H E
qubit 3: 4 H 3 H H E
qubit 4: 4 X H H H4

measure: 4/
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In [5]: backend_const = QasmSimulator()
gc_const_compiled = transpile(qc_const, backend_const)
job_sim_const = backend_const.run(qc_const_compiled, shots=1024)
result_sim_const = job_sim_const.result()
counts_const = result_sim_const.get_counts(qc_const_compiled)
plot_histogram(counts_const)
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In [6]: backend_balanced = QasmSimulator()
gc_balanced_compiled = transpile(qc_balanced, backend_balanced)
job_sim_balanced = backend_balanced.run(qc_balanced_compiled, shots=1024)
result_sim_balanced = job_sim_balanced.result()
counts_balanced = result_sim_balanced.get_counts(qc_balanced_compiled)
plot_histogram(counts_balanced)

Out [6]:
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In [7]:

In [8]:

In [9]:

In [10]:

Out [10]:
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def oracle_g(n: int) -> Gate:

qr
qc

QuantumRegister(n+1)
QuantumCircuit(qr)

ind = np.random.randint(@, 2**n)
ind_bin = np.binary_repr(ind).zfill(n)
qc.append(MCXGate(n, ctrl_state=ind_bin), qr)

return qc.to_gate(label=f"Oracle \"{ind_bin[::-1]}\"")
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def diffusion_matrix(n: int) -> Gate:

qr
qc

QuantumRegister(n)
QuantumCircuit(qr)

mat = np.ones((2**n, 2**n)) * 2 / (2**n)
mat[range(2**n), range(2**n)] -= 1
qc.append(UnitaryGate(mat), qr)

return qc.to_gate(label="Diffusion Matrix")
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def grover(n: int) ->
qr =
cr =
qc =
oracle_gate =

# Step 0
qc.x(qrnl)

# Step 1
qc.h(ar)

# Step 2

QuantumCircuit:

QuantumRegister(n+1l, name="qubit")
ClassicalRegister(n, name="measure")
QuantumCircuit(qr, cr)

oracle_g(n)

theta = np.arcsin(np.sqrt(1l / 2**n))

for

qc.append(oracle_gate, qr) # Step 3
qc.append(diffusion_matrix(n), qr[:n]) # Step 4

# Step 5

qc.measure(qr:n], cr[::-11) # RRULEBEMSIEIC gr[e], qr[1], ...

return qc
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gc_grover = grover(4)
qgc_grover.draw()

_ 1in range(int(np.floor(np.pi / (4 * theta)))):
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In [11]: backend_grover = QasmSimulator()
qc_grover_compiled = transpile(qc_grover, backend_grover)
job_sim_grover = backend_grover.run(qc_grover_compiled, shots=1024)
result_sim_grover = job_sim_grover.result()
counts_grover = result_sim_grover.get_counts(qc_grover_compiled)
plot_histogram(counts_grover)
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In [12]: def calc_order(a: int, N: int) -> int:
tmp = 1
for i in range(1, N):
tmp *= a
tmp %= N
if tmp == 1:
return i

def ceil_log2(N: int) -> int:
retval = @
tmp = 1
while tmp < N:
tmp *= 2
retval += 1
return retval

def parse_result(result: dict) -> dict:
retval = {}
for key, val in result.items():
_, key2 = key.split(Q)
if key2 in retval:
retval[key2] += val
else:
retval[key2] = val
return retval

def guess_period(result: dict, N):
guessed = {}
count = @
for key, val in result.items():
if count == 0:



pow2 = 2 ** len(key)
phase = int(key, 2) / pow2
frac = fractions.Fraction(phase).limit_denominator(N)
if frac.denominator in guessed:
guessed[frac.denominator] += val

else:
guessed[frac.denominator] = val
retval = -1
tmpmax = @

for r, p in guessed.items():
if tmpmax < p:
retval r
tmpmax
return retval
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In [13]: def time_a_matrix(a: int, N: int) -> np.ndarray:
n = ceil_log2(N)
retmat = np.zeros((2**n, 2**n))
for i in range(2**n):
if 1 >= N:
ind_bin = np.binary_repr(i).zfill(n)
else:
ind_bin = np.binary_repr(a*i%N).zfill(n)
retmat[int(ind_bin, 2), i] =1
return retmat

def periodic_function(a: int, N: int, additional: int) -> QuantumCircuit:
n = ceil_log2(N)
qrl = QuantumRegister(n+additional)
gr2 = QuantumRegister(n)
gqc = QuantumCircuit(qrl, qr2)

unitary_matrix = time_a_matrix(a, N) # times a (mod N)
for i in range(n+additional):
tmp_gate = UnitaryGateCunitary_matrix).control(l)
qc.append(tmp_gate, qri[[i]]+qr2[:]1)
unitary_matrix = np.dot(unitary_matrix, unitary_matrix)
return qc.to_gate(label="f")
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In [14]: def gft_dagger(n: int) -> Gate:

gr = QuantumRegister(n)

qc = QuantumCircuit(qr)

for i in range(n//2):
qc.swap(gr[i], gr[n-1-i1)

for i in range(n):
for j in range(i):

qc.cp(-np.pi/float(2**(i-3)), qrljl, ar[ild

qc.h(ar[ild

return qc.to_gate(label="QFT ¥ ")
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In [15]: def shor(a: int, N: int, additional: int = @) -> QuantumCircuit:
assert(np.gcdCa, N) == 1)
n = ceil_log2(N)
grl = QuantumRegister(n+additional, name="qubit-1")

gqr2 = QuantumRegister(n, name="qubit-2")
crl = ClassicalRegister(n+additional, name="measure-1")
cr2 = ClassicalRegister(n, name="measure-2")

qc = QuantumCircuit(qrl, qr2, crl, cr2)
# Step 1

qc.h(grl)

qc.x(qr2[0])

# Step 2


https://qiskit.org/textbook/ja/ch-algorithms/shor.html

In [16]:

Out [16]:

In [171:

Out [17]:

qc.append(periodic_function(a, N, additional), qri[:]+qr2[:1D

# Step 3
qc.measure(qr2, cr2)

# Step 4
qc.append(qft_dagger(n+additional), qrl)
qc.measure(qrl, crl)

return qc
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a, N, additional = 9, 14, 3
gc_shor = shor(a, N, additional)
gc_shor.draw()
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- L
measure-1: 7/

measure-2: 4/
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backend_shor = QasmSimulator()

qc_shor_compiled = transpile(qc_shor, backend_shor)
job_sim_shor = backend_shor.run(qc_shor_compiled, shots=2048)
result_sim_shor = job_sim_shor.result()

counts_shor = result_sim_shor.get_counts(qc_shor_compiled)
plot_histogram(parse_result(counts_shor), figsize=(12, 4))
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In [18]:

Out [18]:

In [19]:

Out [19]:

In [20]:

In [21]:
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guess_period(parse_result(counts_shor), N)
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FlIZIE., a=9,N=14a=9,N=14 D& =,

calc_order(a, N)

3
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def execute_shor(a: int, N: int, additional: int =
qc = shor(a, N, additional)
backend = QasmSimulator()
gc_compiled = transpile(qc, backend)
job_sim = backend.run(qc_compiled, shots=1024)
result_sim = job_sim.result(Q)
counts = result_sim.get_counts(qc_compiled)
return guess_period(parse_result(counts), N)
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Q) -> int:

def prime_factorization(N: int, additional: int = @) -> Tuple[int, int]:

retval = []
used = set([])
while True:
if lenCused) == N-1:
print("can't find")
break
X = np.random.randint(l, N)
if x in used:
continue # BHEITHEVNVEZNDT
used.add(x)
if np.gcd(x, N) == 1:
r = execute_shor(x, N, additional)
if r%2==0:
kp = x ** (r // 2) + 1
p = np.gcdCkp, N)
if p < N:
q=N//p

print(f"N = {p} x {ah\t(x = {x}, r = {r}"

if r != calc_order(x, N):

print(f"true r = {calc_order(x, ND}")

break
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prime_factorization(21, 3)

N=7x3 (x =10, r = 6)
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