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|| def create_phase_oracle(marked states: str | Iterable[str]) =-> QuantumCircuit:
P states = normalize marked_states(marked_states)

nun_qubits = len(states[0])

! oracle = QuantumCircuit(num_qubits, name="Oracle")

t for state in states:
little_endian_state = state[::-1]
zero_indices = [

« i for i, bit in enunerate(little_endian_state) if bit == "0Q"
1 ]

12 oracle.x(zero_indices)

if num_qubits == 1:

14 oracle.z(0)

else:

1t controls = list(range(num_qubits = 1))




target = num_qubits - 1
oracle.h(target)
oracle.ncx(controls, target)
oracle.h(target)
oracle.x(zero_indices)

return oracle
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def build_grover _circuit(
marked_states: str | Iterable[str],
iterations: int | None = None,

.l

with_measurements: bool = True,
) => QuantumCircuit:
states = normalize marked_states(marked_states)
nun_qubits = len(states[0])
oracle = create_phue_otacle(states)
grover _op = grover operator(oracle)

if iterations is None:
iterations = optimal iterations(num_gqubits, len(states))

gc = QuantunCircuit(nun_qubits, name="Grover")
gc.h(range(num_qubits))
gc.conpose(grover_op.power(iterations), inplace=True)

if with_measurements:
qc.measure_all()
return qc
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def modular multiplication_gate(multiplier: int, modulus: int) => UnitaryGate:
if ged(multiplier, modulus) != 1:
raise ValucError("multxplier and modulus must be coprime.”)

nun_target_qubits = ceil(log2(modulus))
dinension = 2+¢nun_target qubits
unitary = np.zeros((dimension, dimension), dtype~complex)

for x in range(dimension):
if x < modulus:
y = (multiplier ¢ x) ¥ modulus
12 else:
y=x
14 unitary[y, x] = 1.0

gate = UnitaryGate(unitary)
gate.name = £"M_{nultiplier} mod_{modulus}"
LY return gate
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def build_order_finding circuit(
2 modulus: int,

base: int,

i -

counting_qubits: int | None = None,
with_measurements: bool = True,
) => QuantumCircuit:
nun_target_qubits = ceil(log2(modulus))
if counting qubits is None:
counting qubits = 2 ¢ nun_target qubits




count = QuantumRegister(counting qubits, name="count”)
target = QuantumRegister(num_target _qubits, name="target")
classical = ClassicalRegister(counting _qubits, name="meas")

gc = QuantunCircuit(count, target, classical, name="ShorOrderFinding")

gec.x(target[0])
qc.h(count)

for k in range(counting qubits):
nultiplier = pow(base, 2+¢k, modulus)
if multiplier == 1:
continue

gate = modular multiplication_gate(multiplier, modulus).control(1)

qc.conpose(gate, qubits=[count[k], +target], inplace=True)

inverse_qft = synth_gft_full(
counting qubits,
do_swaps=True,
approximation degree=0,
insert_barriers=True,
inverse=True,
name="IQFT",

)

gc.conpose(inverse_qft, qubits=count, inplace=True)

if with_measurements:
qc.measure(count, classical)
return qc

Shor Z88[F4b 1

def try_recover_factors(
counts: dict[str, int],
.l
modulus: int,
base: int,
counting qubits: int,
) => dict[str, object] | HNone:

for bitstring, shots in sorted(counts.items(), key=lambdas item:

y = int(bitstring, 2)
if y == 0:
continue

phase = y / (2¢+counting_qubits)
rational = Fraction(phase).limit_denocminator(modulus)
order = rational.denominator

if order <= 0 or pow(base, order, modulus) !'= 1:
continue

if order % 2 != O:
continue

x = pou(base, order // 2, modulus)
if x == podulus - 1:
continue

factorl = ged(x = 1, modulus)
factor2 = ged(x + 1, modulus)
if 1 < factorl < modulus and 1 < factor2 < modulus:
return {
"bitstring": bitstring,
"shots": shots,
"phase": phase,
"phase_fraction": str(rational),
"order": order,
"factors": (factorl, factor2),

return None

iten[1), reverse=True)
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