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print(‘classical state ', classical_solution.state)
classical state: [1.125, 0.375]

S ol o HHL oyl S S oSS ) S
Sl sl sl S Sl S O 4 dls oy >
oo N oslass & L S gboldl S S 0551 e
e @ S Sl Sy cpl ol ol plasil s
el b e il Sy a8 b dalgs 2l O(N)
g oS s 5 Vpeme ol pls 25 o 1S
sl (AT M|x) Jlo sl 1) 55 dal s x) S 51 b
Ok 5 %ol s oS s nl e (555
ool 2 (3) S8 5t bopd e S B0 55 ks

.JD;L{: odalin V;i)‘}ﬁ‘
print (‘'naive state:")
print (naive_hhl_solution.state)

naive state:

q4: 1 circuit-95 3 3
q5_0: —————— @ Hz He
QPE QPE_dg
g5 _1: ——— |1 H1 H1
1,.!"3(
q5_2: ——— |2 He Hz2
q6: 3

ﬁ)ﬂh;bg}}:(\?)dﬁ

& g8l 5 SIS ol r o 5 5t Sl eslizad U
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

o Smen o3l b D) ole Sl @ O G
oS o enlimad 5 Dl g 1SS
from giskit.quantum_info import Statevector

naive_sv = Statevector (haive_hhl_solution.state).data
naive_full_vector = np.array ([naive_sv [16], naive_sv

71

print (‘naive raw solution vector : ', naive_full_vector)

3 Naive

S s QISKIT Lo 5y 2 as 0503 5 Giloand
B db% Sla By o aelie Lol sl (g3luesly IBM
LSLAUL‘}) PELY J\J QLL.’ L;"j:"‘}gﬁ ggz:w% @b LSLQU'.:'J)
VY LAC,.{J}J.)\-J U.AJSAS UI.JI‘J » aj}l\& Jlas 6:%
ol flw > 55 copw (2005805 Slalse S 2als
Qiskit Simulation_Sample Output:

Predicted solution:

[-171113]

Simulated experiment solution:

[-0.8425 6.9604 10.9980 13.0341]
Eroor: 0.1660

Predicted D
14 - Experimental

State Amplitude

oo} jo1) |10} 11}

QISKIT b g5k 55 ool Comss & g 5 1(2) S5

u.ojbbs Sleand s dlaw 6jL»o:L3: s g
QISKIT
LL;“):\J\‘}S‘)LVJM‘)J4 J&q)beu\,\z de)\éjw&é\f
3 oo kS et b Slags sy e
338 on 2
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)

Jo SedS K a1y YU Wl 1l 35 5 52w 31 eslizal U
S

classical_solution = NumPylinearSolver().solve(matrix,
vector)



params=b*t

qgc.p(np.pi/2,qrb[0])

qgc.cx(qrl[0],qrb[0])
qc.ry(params,grb[0])
qgc.cx(qrl[0],qrb[0])
qgc.ry(-params,grb[0])
gc.p(3*np.pi/2,qrb[0])

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

qgc.p(np.pi/2,qrb[0])

qgc.cx(grl[1],arb[0])
qgc.ry(params,grb[0])
qgc.cx(grl[1],arb[0])
qgc.ry(-params,grb[0])
qgc.p(3*np.pi/2,qrb[0])

# Inverse QFT

qc.h(arl[1])

qc.rz(-np.pi/4,qri[1])
qgc.cx(qgrl[0],qrl[1])

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

qgc.cx(qgrl[0],qrl[1])
qc.rz(-np.pi/4,qri[0])

qc.h(arl[0])

# 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
qgc.cx(grl[1],qra[0])

qgc.ry(t1,gra[0])

qgc.cx(qrl[0],qra[0])

qgc.ry(t2,gra[0])

qgc.cx(qgrl[1],qra[0])

qgc.ry(t3,gra[0])

qgc.cx(qgrl[0],qra[0])

qc.ry(t4,gra[0])

gc.measure_all()

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

q7191,
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naive raw solution vector : [0.75+3.01063-16j
0.25+3.3695-17]]

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 giskit 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 |b>

a=1 # Matrix diagonal

b =-1/3 # Matrix off-diagonal

# Initialize the quantum and classical registers

gr = QuantumRegister(NUM_QUBITS)

# Create a Quantum Circuit

gc = QuantumCircuit(qr)

grb = gr[0:nb]

grl = gr[nb:nb+nl]

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

# State preparation.

qgc.ry(2*theta, grb[0])

# QPE with er{iAt}

for quin grl:

qc.h(qu)

qc.p(@*t, arl[0])

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

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

# Controlled e*{iAt} on \lambda_{1}:

q7191;

4
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