import os
import numpy as np
import matplotlib.pyplot as plotter
from qiskit_ionq import IonQProvider
from qiskit import QuantumCircuit, transpile#, assemble
from qiskit.visualization import plot_histogram
from qiskit.transpiler.preset_passmanagers import generate_preset_pass_manager
from qiskit_aer import Aer
#from qiskit.tools.monitor import job_monitor
#from qiskit_ibm_provider import IBMProvider
from numpy import pi  # Import pi from numpy

api_key = os.getenv("IONQ_API_KEY")
provider = IonQProvider(api_key)
#simulator_backend = provider.get_backend("simulator")

# Inverse Quantum Fourier Transform
def qft_dagger(circ, n_qubits):
   for qubit in range(int(n_qubits/2)):
       circ.swap(qubit, n_qubits-qubit-1)
   for j in range(0, n_qubits):
       for m in range(j):
           circ.cp(-np.pi/float(2**(j-m)), m, j)
       circ.h(j)

# Initial state for Quantum Phase Estimation
def qpe_pre(circ, n_qubits):
   circ.h(range(n_qubits))
   circ.x(n_qubits)

   for x in reversed(range(n_qubits)):
       for _ in range(2**(n_qubits-1-x)):
           circ.cp(1, n_qubits-1-x, n_qubits)

# Run a Qiskit job on either hardware or simulators
def run_job(circ, backend, shots=1000, optimization_level=0):
   t_circ = transpile(circ, backend, optimization_level=optimization_level)
   job = backend.run(t_circ, shots=shots)
   #job_monitor(job)
   return job.result().get_counts()


# Load your IBMQ account
#my_provider = IBMProvider()

#simulator_cloud = my_provider.get_backend('ibmq_qasm_simulator')

# Use an available quantum device, for example, 'ibmq_belem'
#device = my_provider.get_backend('ibmq_belem')

# Get Aer simulator
#simulator = Aer.get_backend('aer_simulator')
simulator = provider.get_backend("simulator")
simulator.set_options(noise_model="forte-1")

# Function to estimate pi
def get_pi_estimate(n_qubits):
   circ = QuantumCircuit(n_qubits + 1, n_qubits)
   qpe_pre(circ, n_qubits)
   circ.barrier()
   qft_dagger(circ, n_qubits)
   circ.barrier()
   circ.measure(range(n_qubits), range(n_qubits))

   #counts = run_job(circ, backend=simulator, shots=10000, optimization_level=3)
   #backend = Aer.get_backend("qasm_simulator")
   backend = provider.get_backend("simulator")
   backend.set_options(noise_model="forte-enterprise-1")
   pm = generate_preset_pass_manager(backend=backend, optimization_level=1)
   qc_combine = pm.run(circ)
   #display(qc_combine.draw())
   job = backend.run(qc_combine, shots=1024)
   counts = job.result().get_counts()

   max_counts_result = max(counts, key=counts.get)
   max_counts_result = int(max_counts_result, 2)
   theta = max_counts_result/2**n_qubits
   return (1./(2*theta))

# Estimate pi using different numbers of qubits
nqs = list(range(2,12+1))
pi_estimates = []
for nq in nqs:
   thisnq_pi_estimate = get_pi_estimate(nq)
   pi_estimates.append(thisnq_pi_estimate)
   print(f"{nq} qubits, pi ≈ {thisnq_pi_estimate}")

# Plot the results

plotter.plot(nqs, [pi]*len(nqs), '--r')
plotter.plot(nqs, pi_estimates, '.-', markersize=12)
plotter.xlim([1.5, 12.5])
plotter.ylim([1.5, 4.5])
plotter.legend(['$\pi$', 'estimate of $\pi$'])
plotter.xlabel('Number of qubits', fontdict={'size':20})
plotter.ylabel('$\pi$ and estimate of $\pi$', fontdict={'size':20})
plotter.tick_params(axis='x', labelsize=12)
plotter.tick_params(axis='y', labelsize=12)
plotter.show()

