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https://arxiv.org/abs/1803.11173
https://github.com/lilipads/gradient_descent_viz

FHREEERWIAEER (PaddleQuantum) Fa8 ERTABSREX—INR, ERHRNIREMAR
U, (BRERHEEN TEFHENEIGPHEERIBAIAR, BRHA1%5 I AER libraryH]
package:

import time

import numpy as np

from matplotlib import pyplot as plt

import paddle.fluid as fluid

from paddle.fluid.framework import ComplexVariable
from paddle.complex import matmul, transpose

from paddle quantum.circuit import UAnsatz

from paddle quantum.utils import dagger

from paddle quantum.state import density op

FBATLEY Y 25 2514

XBHAURBRIEE McClean (2018)IEXHIR RAIEM T ERZN TR ER (BRI iEANE
89 control-Z ], A{E&EIE CNOT &) :

— Ry(7/4) Ry1(01,1)

— Ry(7/4) Ry(012) é
— Ry(7/4) Ry 3(013)
— Ry(7/4) Ry 4(014)

O—e
S

BREREMBEFLLIT LRMISHERA Y-Hhesk m/4,
HRNEM IR —MER (Block) , B MERHESHME:
o F—EEEMNANE. HEP Ry, € {R,, Ry, R.}. Tl RTLTELNEENER, L
B L =1, BN Trn RREBES/LTEFEE L,
e F_EH CNOTAM, FREESMMEINEFIEYT L.

FEERT, BATFIURXAEE,



def rand circuit(theta, target, num qubits):
# BAIEEN Numpy array ¥R, Paddle mSERENPZFEFH variable
const = fluid.dygraph.to variable(np.array([np.pi/4]))

# IR EF B

cir = UAnsatz(num qubits)

# EIERERN Ry hekl)
for i in range(num qubits):
cir.ry(const, i)

# target@—TRENAVEAE , FSREE B RA M ERBENL AV R LESS )

for i in range(num qubits):

if target[i] == O0:
cir.rz(theta[i], 1)
elif target[i] == 1l:

cir.ry(theta[i], 1)
else:
cir.rx(theta[i], 1)

# EEMMIELLH cNoT []
for i in range(num qubits - 1):
cir.cnot([i, 1 + 1])

return cir.U

KBRS UL B T

HEBATRE T BBNENZE, BIIEEEEN —MKEE (Loss function) EHEE ML ERE
(Optimization landscape) ., 1RBEIEE McClean (2018)IEX 2R, F1RFE VQEEEFHE
FRHOIRS PR ER -

L = (0|U"(6)HU(8)|0)

HAWEER U(0) BN L —Mo BN FERINEMNEFHENS. MTEFNEEZENE H
BMNABEREEEFN H = |00---0)(00---0[, REFXLER, HFIMAIUMREENHTE
FEEFRVBRFHIARIE T - A A% 300 HREH MBS ERIBENAIIRSE {0%21 00, BIITERE
HEER VQE NBEMBEEATITEXRTHE 158 0, NRESH. ARAITFEIRIX 300 MEENTF
ENAE. ERETEENARA:

BESES M arXiv:1803.00745


https://arxiv.org/abs/1803.00745
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# BEEIRE
np.random.seed(42)
N = 2

samples = 300
THETA _SIZE = N
ITR =1

IR = 0.2

SEED = 1

# VIR RENF S

grad info = []

FH o W W K HH

EE Numpy HIBEHLFHF
IREEFIERNHE

IRTE RAFHEAL LS SR ERE
RESE theta HIK/
IREIXRE

IREF S REK

B ZE (L 23R BEL A IR (L EOA F

class manual gradient(fluid.dygraph.Layer):

# MR —TAEISEIIR, FB [0, 2+pi] NHYDMREETIIRE
def init (self, shape, param attr=fluid.initializer.Uniform(
low=0.0, high=2 * np.pi, seed=1),dtype='float64'):

super (manual gradient, self). init ()

# I8 Numpy array ¥Ry Paddle mhiSERERXNPZIEFR variable
self.H = fluid.dygraph.to variable(density op(N))

# T XIRK R EA R R
def forward(self):

# B =" theta SEFIX

theta np = np.random.uniform(
low=0., high= 2 * np.pi, size=(THETA SIZE))

theta plus_np
theta minus np

# BRI ERITIEE
theta plus np[0] += np.pi/2
theta minus np[0] -= np.pi/2

np.copy(theta np)
np.copy(theta np)

# I8 Numpy array ¥R, Paddle mhiSERERXNPZIEFR variable
theta = fluid.dygraph.to variable(theta np)

theta plus
theta_minus

fluid.dygraph.to variable(theta plus np)
fluid.dygraph.to variable(theta minus_ np)

# HRBENLEHR, £ rand circuit FRBEHLIEENREEE]

target = np.random.choice(3, N)

U = rand circuit(theta, target, N)

U dagger =

dagger (U)

U plus = rand circuit(theta plus, target, N)

U plus_dagger

U minus =

U minus_dagger

# ITEBITEE

dagger (U _plus)
rand circuit(theta minus, target, N)
dagger (U_minus)

grad = (matmul (matmul(U_plus_dagger,
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self.H), U _plus).real[0][0]
- matmul (matmul (U_minus_dagger,
self.H), U minus).real[0][0])/2

return grad

# EXERFEK

def main():

# WAt paddleshSEINE
with fluid.dygraph.guard():

# IREONNRIAEE

sampling = manual gradient(shape=[THETA SIZE])

# RIEREBERER
grad = sampling()

return grad.numpy()

# 1CRIBITH(E]

time start = time.time()

# FHRREE
for i in range(samples):
if name == ' main ':
grad = main()
grad_info.append(grad)

time span = time.time() - time start

print ('FREFEREHIZTT', time span, '#')

print ("X%#¥", samples, "THENINEZXFE—T

np.mean(grad_info))

print ("X#", samples, "THHINEZXTFE—

np.var(grad_info))

TREFEBEHIEITT 9.175814151763916
EHE 300 MHENMMNEXTFE—NSEEENIER:
EHE 300 MHENMNEXTFE—NSEHEENLER:

SHHEENIER: ",

SHBENDER: ",

0.005925709445960606
0.028249053148446363
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AINEINERE—KEF R.-R, FMARTENTFREMZRINFETNERIN., EXMERT,
BMNA WA HRIVE. IRMFBECIHEE—LMAME, THSLATRE:

# SINILER package

from matplotlib import cm

from mpl toolkits.mplot3d import Axes3D

from matplotlib.ticker import LinearLocator, FormatStrFormatter

time start = time.time()
N = 2

0 4 o0 U & W N

9 # REEKRLEH = 4 = 0.3

10 fig = plt.figure(figsize=plt.figaspect(0.3))
11

12 # %W x, vy BIEMNS

13 X = np.linspace(0, 2*np.pi, 80)

14 Y np.linspace(0, 2*np.pi, 80)

15

16 # 4R 2D WM (mesh)

17 xx, yy = np.meshgrid(X, Y)
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# TEXINERIZHE]
def rx(theta):

mat = np.array([[np.cos(theta/2), -1j*np.sin(theta/2)],
[-1j*np.sin(theta/2), np.cos(theta/2)]])
return mat

ry(theta):

mat = np.array([[np.cos(theta/2), -l*np.sin(theta/2)],
[np.sin(theta/2), np.cos(theta/2)]1])

return mat

rz(theta):

mat = np.array([[np.exp(-1j*theta/2), 0],
[0, np.exp(lj*theta/2)]1])

return mat

CNOT () :
mat = np.array(([(1,0,0,0],70,1,0,01,[0,0,0,1],[0,0,1,011)
return mat

# BATAIMMAE_ER kron(Ry, Ry) HER
ax = fig.add subplot(l, 2, 1, projection='3d")

# [MRERITERR RN
def cost yy(para):

Ll = np.kron(ry(np.pi/4), ry(np.pi/4))
L2 = np.kron(ry(para[0]), ry(para[l]))

U = np.matmul (np.matmul (L1, L2), CNOT())
H = np.zeros((2 ** N, 2 ** N))

H[O0, 0] = 1

val = (U.conj().T @ H@ U).real[0][0]
return val

# BEHEG

Z = np.array([[cost yy([x, y]) for x in X] for y in
Y]).reshape(len(Y), len(X))

surf = ax.plot surface(xx, yy, Z, cmap='plasma')

#cset = ax.contourf(xx, yy, Z, zdir='z', offset=np.min(Z2),
cmap='viridis')

ax.set xlabel(r"$\theta 1$")

ax.set_ylabel(r"s$\theta 2$")

ax.set title("Optimization Landscape for Ry-Ry Layer")
#fig.colorbar(surf, shrink=0.5, aspect=5)

# BT EZRRE kron(Rx, Rz) HIIER
ax = fig.add subplot(l, 2, 2, projection='3d")
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def cost xz(para):

Ll = np.kron(ry(np.pi/4), ry(np.pi/4))
L2 = np.kron(rx(para[0]), rz(para[l]))

U = np.matmul (np.matmul (L1, L2), CNOT())
H = np.zeros((2 ** N, 2 ** N))

H[O, 0] = 1
val = (U.conj().T @ H@ U).real[0][0]
return val

7Z = np.array([[cost xz([x, y]) for x in X] for y in
Y]).reshape(len(Y), len(X))

surf = ax.plot surface(xx, yy, Z, cmap='viridis')

#cset = ax.contourf(xx, yy, Z, zdir='z', offset=np.min(2),
cmap='viridis"')

ax.set_xlabel(r"$\theta 1$")

ax.set_ylabel(r"s$\theta 2$")

ax.set title("Optimization Landscape for Rx-Rz Layer")

plt.show()

time span = time.time() - time_ start
print ('ERFREHEITT ', time_span, 'F')

Optimization Landscape for Ry-Ry Layer Optimization Landscape for Rx-Rz Layer

FREFEREHEIETT 2.8104310035705566
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# BEEIRE

selected qubit = [2, 4, 6, 8]
samples = 300

grad val = []

means, variances = [], []

# IExIBENK

time start = time.time()

# TEMBEINEFLLITHE
for N in selected qubit:
grad_info = []
THETA SIZE = N
for i in range(samples):
class manual gradient(fluid.dygraph.Layer):

# A —NKEARN THETA S1ZE WIAEISHIIR

def init (self, shape, param attr=

fluid.initializer.Uniform(low=0.0, high=2 * np.pi,

seed=1) ,dtype="'float64"'):

super (manual gradient, self). init ()

# BRIREL Paddle ENSEIRENHZIFH variable

self.H = fluid.dygraph.to variable(
density op(N))

# TE X IR R AN A E A Hl
def forward(self):

# A= theta SEIIK

theta np = np.random.uniform(

low=0., high= 2 * np.pi, size=(THETA SIZE))

theta plus _np = np.copy(theta np)
theta minus np = np.copy(theta np)

# BRI EBTEE
theta plus np[0] += np.pi/2
theta minus np[0] -= np.pi/2

# ¥LHRPY Paddle mSEMRINPIFH variable
theta = fluid.dygraph.to variable(theta np)
theta plus = fluid.dygraph.to variable(

theta plus np)

theta minus = fluid.dygraph.to variable(

theta minus np)



# ERBENLENR, £ rand circuit HAREHIEENERE)

target = np.random.choice(3, N)

U = rand circuit(theta, target, N)

U _dagger = dagger(U)

U _plus = rand_circuit(theta plus,

target, N)

U plus_dagger = dagger(U_plus)
U minus = rand circuit(theta minus,

target, N)

U minus dagger = dagger (U minus)

# ITEBEAEE

grad = ( matmul (matmul(U_plus_dagger,
self.H), U plus).real[0][0]
- matmul (matmul (U _minus_dagger,
self.H), U minus).real[0][0])/2

return grad

# EXERFER

def main():

# WliafpaddleshSEILE
with fluid.dygraph.guard():

sampling = manual gradient(shape=[THETA SIZE])

# FRIEERFHERER
grad = sampling()

return grad.numpy()

if name == main :
grad = main()

grad_info.append(grad)

# IDRRIEFER

grad val.append(grad info)
means.append(np.mean(grad_info))
variances.append(np.var(grad info))

grad = np.array(grad val)

means = np.array(means)
variances = np.array(variances)
n = np.array(selected qubit)

print ("HAHEEE L X NRFLREENTITER:
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plt.figure(figsize=plt.figaspect(0.3))

B—5KE

# SOTHRE RS ETHENEFESHENXR

plt

plt.
plt.
plt.
plt.
plt.
plt.
plt.

.subplot(1,

2,

1)

plot(n, means, "o-.")

xlabel (r"Qubit #")

ylabel(r"$ \partial \theta {i} \langle 0|H |0\rangle$ Mean")
title("Mean of {} sampled graident".format(samples))
x1lim([1,9])
ylim([-0.06,
grid()

0.061])

# B KE =
# SGUT BN RENEENA ZMEFLEISHENX R
plt.subplot(1l, 2, 2)

plt.semilogy(n, variances,

llvll )

# ZIMABE

fit np.polyfit(n, np.log(variances),
slope fit[0]

fit[1]
plt.semilogy(n, np.exp(n*slope
{:03.4f}".format(slope))
plt.xlabel(r"Qubit #")
plt.ylabel(r"$ \partial \theta {i} \langle 0|H |O0\rangle$
Variance")

1)

intercept

+ intercept), "r--",

label="Slope

plt.
plt.
plt.
plt.
plt.

plt.

title("Variance of {} sampled graident".format (samples))
legend()
x1lim([1,9])
ylim([0.0001,
grid()

0.17)

show ()
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