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Parameter Estimation of a Linear Regression
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Abstract: The least square error method vyields acceptable results in system identification. The process of parameter
estimation in system identification helps solve the linear equation Ax = b. The important point is that the normal method
of solving the above problem has a computational complexity of 0(n?) for a n X n matrix. In solving this problem, the
computational complexity increases with the increase of n (the size of the data matrix). On the other hand, availability of
more samples leads to better modeling of the system. In the practical problems of system identification, when the number
of input data is large, the computational complexity increases greatly. In this article, the goal is to present the developed
guantum algorithm for solving the problem of least square error identification. In this article, two classical-quantum and all-
guantum methods are presented. Unlike conventional HHL methods, the proposed methods in this article are able to
calculate unbiased parameters with non-Hermitian matrices, and color noise. The proposed classical-quantum method has a
computational complexity of of 0(n?logn) and the all-quantum method has an order of O(polylogn) in relation to the size
of the data matrix. The results and comparisons show that the methods proposed in the article have less complexity and
limitations than classical methods.

Keywords: System identification, least squares error, quantum computing, computational complexity, quantum algorithm.
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print ('naive state:")
print (naive_hhl_solution.state)
naive state:
I
ga: ‘I circuit-95 H3 3
g5 @ — 8 2 He
QPE QPE_dg
g5 1: ——————————1 H1 H1
1/x
q5 2 —2 e M2
q6: 3
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print ( 'classical Euclidean norm:', classical_solution.euclidean_norm)

print ( 'naive Euclidean norm: *, naive_hhl_solution.euclidean_norm)

classical Euclidean norm: 1.1858

naive Euclidean norm: 1.1858
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from giskit.quantum_info import Statevector

7 Naive
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Qiskit Simulation_Sample Output:
Predicted solution:
[-171113]

Simulated experiment solution:
[-0.8425 6.9604 10.9980 13.0341]
Eroor: 0.1660

Predicted SRS

14 - Experimental

State Amplitude
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import numpy as np

from linear_solvers import NumPylinearSolver, HHL

matrix = np.array( [1,-1/3], [-1/3,1] )

vector = np.array ( [1,0])
naive_hhl_solution = HHL().solve(matrix, vector)

r’u}ﬁ‘ $39,9 5 oS XSS

SIS oypo o by Bsp Al 1l 5 5 gten 3l eslizal U
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classical_solution = NumPylinearSolver().solve(matrix, vector)
print(‘classical state :', classical_solution.state)
classical state: [1.125, 0.375]
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naive_sv = Statevector (naive_hhl_solution.state).data
naive_full_vector = np.array ([naive_sv [16], naive_sv [17])
print ('naive raw solution vector : ', naive_full_vector)

naive raw solution vector : [0.75+3.01063-16j 0.25+3.3695-17j]

def get_solution_vector (solution)

solution_vector = Statevector (solution.state).data[16:18].real
norm= solution.euclidean_norm

return norm= *solution_vector / np.linalg.norm(solution_vector)
print (‘full naive solution vector:)

get_solution_vector (naive_hhl_solution))

print ( ‘classical state:', classical_solution.state)
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from qiskit import QuantumRegister, QuantumCircuit
import numpy as np

t=2

NUM_QUBITS =4 # Total number of qubits
nb=1 # Number of qubits representing the solution
nl =2 # Number of qubits representing the eigenvalues
theta=0 # Angle defining o>

a=1 # Matrix diagonal

b =-1/3 # Matrix off-diagonal

# Initialize the quantum and classical registers
qr = QuantumRegister(NUM_QUBITS)
# Create a Quantum Circuit

qc = QuantumCircuit(qr)

qrb = qr[0:nb]

qrl = gr[nb:nb+nl]

gra = gr[nb+nk:nb+nl+1]

# State preparation.

qc.ry(2*theta, qrb[0])

# QPE with e{iAt}

forquinqrl:

qe.h(qu)

qe.p(a*t, qrifo])

qe.p(@a*t*2, gri[1])

qe.u(b*t, -np.pi/2, np.pi/2, qrb[0])

# Controlled e*{iAt} on \lambda_{1}:
params=b*t

qe.p(np.pir2,arb[0])

qe.cx(arl[0].arb[0])
qc.ry(params,qrb[0])
qe.cx(arl[0],qrb[0])
qc.ry(-params,qrb[0])
qe.p(3*np.pir2,qrb[0])

# Controlled e*{2iAt} on \lambda_{2}:
params = b*t*2

qe.p(np.pir2,arb[0])

qe.cx(arl[1].qrb[0])
qc.ry(params,qrb[0])
qe.cx(arl[1],qrb[0])
qc.ry(-params,qrb[0])
qe.p(3*np.pir2,arb[0])

# Inverse QF T

qe.h(arl[1])

qc.rz(-np.pi/4,qri[1])

qe.cx(arl[0].arl[1])

qc.rz(np.pi/4,qri[1])

qe.cx(arl[0].arl[1])

qc.rz(-np.pi/4,qri[0])

qe.h(arl[o])

# Eigenvalue rotation

t1=(-np.pi +np.pi/3 - 2*np.arcsin(1/3))/4
t2=(-np.pi -np.pi/3 + 2*np.arcsin(1/3))/4
t3=(np.pi -np.pi/3 - 2*np.arcsin(1/3))/4
t4=(np.pi +np.pi/3 + 2*np.arcsin(1/3))/4
qe.cx(arl[1],gra[0])

qe.ry(t1,qra[0])

qe.cx(arl[0],qra[0])

qe.ry(t2,qraf0])

qe.cx(qri[1].qra[0])

qe.ry(t3,qraf0])

qe.cx(qri[0].qra[0])

qe.ry(td,qraf0])

qc.measure_all()

print(f"Depth: {qc.depth()}")
print(f"CNOTS: {qc.count_ops()['cx1}")
qe.draw(fold=-1)
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