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BAREIEZSIANEEY library®] package:


https://arxiv.org/abs/1803.00745
https://arxiv.org/abs/1804.00633

import time

import matplotlib

import numpy as np

from numpy import pi as PI

from matplotlib import pyplot as plt

from paddle import fluid

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

from paddle quantum.circuit import UAnsatz

from paddle quantum.utils import pauli str to matrix

# XRHFREPSAINITEZRE, TEBARE—DH
_all =

"circle data point generator",

"data point plot",

"heatmap plot",

"myRy",

"myRz",

"Observable",

"U_theta",

"Net",

"QClassifier",

"main",
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1 # EFRRDFRAD EBIRELNZ
2 def circle data point generator(Ntrain, Ntest,
3 boundary gap, seed data):
4 wan
5 :param Ntrain: number of train samples
6 tparam Ntest: number of test samples
7 :param boundary gap: value in (0, 0.5),
8 means the gap between two classes
9 :param seed data: random seed
10 :return: 'Ntrain' samples for training and
11 'Ntest' samples for testing
12 e
13 train x, train y =[], []
14 num samples, seed para = 0, 0
15 while num samples < Ntrain + Ntest:
16 np.random.seed( (seed data + 10) * 1000
17 + seed para + num_ samples)
18 data point = np.random.rand(2) * 2 - 1
19
20 # WREERAENTF (0.7 - gap), HWAHO
21 if np.linalg.norm(data point) < 0.7 - boundary gap / 2:
22 train x.append(data_ point)
23 train_ y.append(0.)
24 num_samples += 1
25
26 # MBRBIBREKRTF (0.7 + gap), M1
27 elif np.linalg.norm(data point) > 0.7 + boundary gap / 2:
28 train_ x.append(data_point)
29 train y.append(1l.)
30 num_ samples += 1
31 else:
32 seed para += 1
33
34 train x = np.array(train x).astype("float64")
35 train y = np.array([train y]).astype("float64").T
36
37 print ("IGENEER/N x {3 My {3"
38 .format (np.shape(train x[0:Ntrain]),
39 np.shape(train y[0:Ntrain])))
40 print ("MNAEKMNEREAR/N x {} My {}"
41 .format (np.shape(train_ x[Ntrain:]),
42 np.shape(train_y[Ntrain:])), "\n")
43
44 return train x[0:Ntrain], train y[O:Ntrain], train x[Ntrain:],
train y[Ntrain:]
45
46

47  # FAARIACA R RIERIESS
48 def data point plot(data, label):
4 9 mamwn



50 :param data: shape [M, 2], means M 2-D data points
51 tparam label: value 0 or 1
52 :return: plot these data points
53 e
54 dim samples, dim useless = np.shape(data)
55 plt.figure(1l)
56 for i in range(dim samples):
57 if label[i] == O0:
58 plt.plot(data[i][0], data[i][l], color="r", marker="o")
59 elif label[i] == 1:
60 plt.plot(data[i][0], data[i][l], color="b", marker="o")
61 plt.show()
1 # BUEESEHRE
2 Ntrain=200 # MEINZRE K
3 Ntest=100 # MEMRERN
4 boundary gap=0.5 # RERARLANRE
5 seed data=2 # EEBENMF
6
7 # EBECHIEES
8 train x, train y, test x, test y = circle data point generator(
9 Ntrain, Ntest, boundary gap, seed data)
10 print("ZE {y THIERNAIMML: . format (Ntrain))
11 data point plot(train x, train y)
12 print("MHA&E {} TEIFELRAIRIMAML: ".format (Ntest))
13 data_point plot(test _x, test y)
14 print("\n EERHESEATEEENSHSERENETECSHEIEEIE! )
1 IGEMSEEAN x (200, 2) M y (200, 1)
2 MRXEMHERE AR x (100, 2) Fl y (100, 1)
3
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BERHNBIES BT EETEREETITEN LR, ETRENEEEGEEARRN, BER
NREBREERANETIENE. BORNGHE (20 = (20, 21)} 2240, 18 Mitarai 2018)
X ARHHEEARENEL BB R TI. BEEE—RINMEETS 00), AEBRHES
{20} BBHE—RHETFT U(e®) HERENHRETS L. REBH—RIINETS

9®) = U(21)]00), ZHEEINMEAMBRIEEHBTEEORET! AT m MEFLEERB
HEIBIES, TSR

U(z") = @75 R? [arccos(xﬁnm ' w;ZI)IlodZ)}RJy [arcsin(xg.?now)}

FER BMRTT, FMIBE—TEFLEERESH j = 0. Tin j &kl R, & R, FAES
j+ 1P EFIEE, BXPEEHEEREATERXARBEAER, EZHEHRN Robust data
encodings for quantum classifiers, XEHEATEIONIEE B S IFELEMNREBAR! AT XFE
BHAREELERER, HEINBERE—ERNT. RIEENEE—TBIER

z = (zg,z1) = (1,0), BEAXMNEIESHRMENIZA 1, M EEBEGBNS, BEIEIE SN2
EFU(z) 2
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ERANEBEFTABAIMEESE:


https://arxiv.org/pdf/2003.01695.pdf

U(e) =( B3 0] B8 [m/2] ) @ Ri /2] R o))

BAIRIC— T BRVhesE IRz :

cos g —18in % cos g — sin g e '3
Rm (9) 0= . .0 0 ’ Ry (9) S .0 0 ) RZ (0) =
—ising  cosyg sing  cosy 0 e

BAXTREEFE S U(x) EERRIUNER:

cosXT —sinZ
U(m)=([1 0] o eng
0 1 sm% cos%

el
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0 ei% 0 1

HEEHNEREZTVAMLEN |00) EFSLAINUEERBENEFS |¢),
1—i 0 —1+4i 0 1 1—i
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EERIREERBLEAIMEZMERLN., FEIENZE: BHERT —TKRER RIS

(U110)) ® (U2]0)) = (U1 ® U2)|0) ® |0) = (U1 ® U)|00)

1 def myRy(theta):
2 W
3 tparam theta: parameter
4 treturn: Y rotation matrix
5
6 return np.array([[np.cos(theta/2), -np.sin(theta/2)],
7 [np.sin(theta/2), np.cos(theta/2)]])
8
9 def myRz(theta):
10 e
11 :param theta: parameter
12 :return: Z rotation matrix
13 e
14 return np.array([[np.cos(theta/2) - np.sin(theta/2) * 1j, 0],
15 [0, np.cos(theta/2) + np.sin(theta/2) * 13j11])
16
17 # 28 > EFHERGESE
18 def datapoints_transform to state(data, n qubits):
19
20 tparam data: shape [-1, 2]
21 :param n_qubits: the number of qubits to which
22 the data transformed
23 :return: shape [-1, 1, 2 ©~ n qubits]
24
25 diml, dim2 = data.shape
26 res = []



for sam in range(diml):
res_state = 1.
zero_state = np.array([[1l, 0]1])
for i in range(n_qubits):
if i & 2 == 0:
state tmp=np.dot(zero_ state,
myRy (np.arcsin(data[sam][0])).T)
state tmp=np.dot(state tmp,
myRz (np.arccos(data[sam][0] ** 2)).T)
res_state=np.kron(res_state, state tmp)
elif i & 2 ==
state tmp=np.dot(zero state,
myRy (np.arcsin(data[sam][1])).T)
state_tmp=np.dot(state_tmp,
myRz (np.arccos(data[sam][1] ** 2)).T)
res_state=np.kron(res_state, state_ tmp)
res.append(res_state)

res = np.array(res)
return res.astype("complex128")

print ("fERMAEATEMA ERNZHER:")

print("(x 0, x 1) = (1, 0)" )

print ("RIBERHMN2LEISEFER
print(datapoints_transform_to_state(np.array([[1, 011),
n_qubits=2))

ERMR NN ERNEZRER

(x 0, x 1) = (1, 0)
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1 # BIEEEFHEMNE

2 def U theta(theta, n, depth):

3 mmon

4 :param theta: dim: [n, depth + 3]

5 :param n: number of qubits

6 :param depth: circuit depth

7 sreturn: U_theta

8 moan

9 # YIRS

10 cir = UAnsatz(n)

11

12 # SR XWhekE

13 for i in range(n):

14 cir.rz(theta[i][0], 1)

15 cir.ry(theta[i][1l], 1)

16 cir.rz(theta[i][2], 1)

17

18 # BNREAN depth = 1

19 # BRUEEN rylitkE

20 for d in range(3, depth + 3):

21 for i in range(n-1):

22 cir.cnot([i, 1 + 1])

23 cir.cnot([n-1, 07)

24 for i in range(n):

25 cir.ry(theta[i][d], 1)

26

return cir.U
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# ERREREE—TEFEIF LREN 2 85
# HREFI5 EE AR
def Observable(n):

:param n: number of qubits

:return: local observable: Z \otimes I \otimes ...\otimes I

Ob = pauli str to matrix([[1.0, 'z0']], n)
return Ob

# BEBIMAORREE
class Net(fluid.dygraph.Layer):

Construct the model net
def init (self,
n, # number of qubits
depth, # circuit depth
seed paras=1,
dtype="'float64"'):
super (Net, self). init ()

self.n = n
self.depth = depth

# YIRS IR theta, HA [0, 2*pi] KT DHREERVIGE

self.theta = self.create parameter(
shape=[n, depth + 3],
attr=fluid.initializer.Uniform(
low=0.0, high=2*PI, seed=seed paras),
dtype=dtype,
is_bias=False)

# WIRIRE (bias)
self.bias = self.create parameter(
shape=[1],
attr=fluid.initializer.NormalInitializer(
scale=0.01, seed=seed paras + 10),
dtype=dtype,
is_bias=False)

# EXERIERENE. ITEMKRE MRXIXINEERE
def forward(self, state in, label):
Args:
state in: The input quantum state, shape [-1,
label: label for the input state, shape [-1,
Returns:
The loss:
L = ((<Z> + 1)/2 + bias - label)"2

1,
1]

2”°n]



# J& Numpy array %Al Paddle mpSEERNFZIHFM variable
Ob = fluid.dygraph.to variable(Observable(self.n))
label pp = fluid.dygraph.to variable(label)

# IREBHEAIR RIS EL theta
Utheta = U_theta(self.theta, n=self.n, depth=self.depth)

# AR uthetaZFIEH, FMIXERTOEEERBEMASRMIYIZER
state out = matmul(state in, Utheta) # #E [-1, 1, 2 ** n]

# NWERFEEN z BROHEE <z>
E 7Z = matmul (matmul(state out, Ob),
transpose(ComplexVariable(state out.real,
-state out.imag), perm=[0, 2, 1]))

# BREY <z> IR AI(LITE
state_predict = E_Z.real[:, 0] * 0.5 + 0.5 + self.bias
loss = fluid.layers.reduce mean((state_ predict

- label pp) ** 2)

# ITERXXINIEE R

is correct = fluid.layers.where(
fluid.layers.abs(state predict - label pp)< 0.5).shape[0]
acc = is correct / label.shape[0]

return loss, acc, state predict.numpy()

NEZBRS S

937, BAEXFTALRBRIRZ ZEHATIGHREEZFRIIIZRER !

def heatmap plot(net, N):
# generate data points x y
Num_ points = 30
xy =11
for row y in np.linspace(0.9, -0.9, Num points):
row = []
for row x in np.linspace(-0.9, 0.9, Num points):
row.append([row_X, row _y])
X_y_.append(row)
X y = np.array(x y ).reshape(-1, 2).astype("float64")

# compute the prediction: heat data
input state test = fluid.dygraph.to variable(
datapoints_ transform to state(x y , N))
loss_useless, acc_useless, state predict =
net(state_in=input state test, label=x y [:, 0])
heat data = state predict.reshape(Num points, Num points)



# plot

fig = plt.figure(1l)

ax = fig.add subplot(111)

x_label = np.linspace(-0.9, 0.9, 3)

y label = np.linspace(0.9, -0.9, 3)

ax.set xticks([0, Num points // 2, Num points - 1])
ax.set xticklabels(x_label)

ax.set _yticks([0, Num points // 2, Num points - 1])
ax.set yticklabels(y_ label)

im = ax.imshow(heat data, cmap=plt.cm.RdBu)
plt.colorbar(im)

plt.show()

def QClassifier(Ntrain, Ntest, gap, N, D, EPOCH, LR, BATCH,
seed paras, seed data,):

Quantum Binary Classifier

# #iRftpaddlestZSE VLI
with fluid.dygraph.guard():

# EREUES

train x, train y, test x, test y =

circle data point generator (Ntrain=Ntrain, Ntest=Ntest,
boundary gap=gap, seed data=seed data)

# ERNGROER

N train = train x.shape[0]

# EXMHE

net = Net(n=N, depth=D, seed paras=seed_paras)

# —RRE, FAIFIFAAdanfl it 28RIREIEITIFHIULEX
# HAIRE] AN SGDEL & ERMSprop
opt = fluid.optimizer.AdamOptimizer (
learning rate=LR, parameter list=net.parameters())

# MRS FRFMEERER acc FER

summary iter, summary test acc = [], []

# LRI,
for ep in range(EPOCH):
for itr in range(N_train // BATCH):

# BREMBREBHEFS |psi>, HE [-1, 2 ** N]
input state = fluid.dygraph.to variable(
datapoints_transform to state(
train x[itr * BATCH:(itr + 1) * BATCH], N))

# HIEEETEIRKRE
loss, train_acc, state predict useless \
= net(state_in=input state,
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label=train_y[itr * BATCH:(itr + 1) * BATCH])

if itr %

loss_useless, test acc, state predict useless \

10 ==

# ITEMAE LAIERE test_acc

input state test = fluid.dygraph.to variable(
datapoints_transform to state(test x, N))

net (

state in=input state test,
label=test y)

print("epoch:", ep, "iter:", itr,

"los
"tra
"tes

s: %.4f" % loss.numpy(),
in acc: %.4f" % train acc,
t acc: %$.4f" % test acc)

# FEERE acc FER
summary iter.append(itr + ep * N train)
summary test acc.append(test_acc)

# ENSENGIT, REEERIMUIRKEE

loss.backward()

opt.minimize(loss)

net.clear gradients()

# B, heatmap RRAGRFKRIDR
heatmap plot(net, N=N)

return summary_ test acc

def main():

main

time start

time.time()

acc = QClassifier(

Ntrain = 200,
Ntest = 100,
gap = 0.5,

N = 4,

D =1,

EPOCH = 4,
IR = 0.01,
BATCH = 1,

seed paras = 19,

seed data = 2,

time span
print (' FERF

if  name
main()

FEINZRE R

FLE Mz & A\
BRERRIDANEE
FRENEFLEF I E
KANBERRE

Iz epoch 3%

BREFIRK

YRS batch HIK/)N

R E A F R MIE &S
& E 4 R SE AR E R RENL A T

time.time() - time start
SR HIEITT ', time span, '#)')

main '
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WEHENLEEAN x (200, 2) F y (200, 1)
MR ENSEEA/N x (100, 2) F y (100, 1)

epoch: 0 iter: 0 loss: 0.0249 train acc: 1.0000 test acc: 0.5200
epoch: 0 iter: 100 loss: 0.1369 train acc: 1.0000 test acc: 1.0000
epoch: 0 iter: 190 loss: 0.1123 train acc: 1.0000 test acc: 1.0000
epoch: 1 iter: 0 loss: 0.1815 train acc: 1.0000 test acc: 1.0000
epoch: 1 iter: 100 loss: 0.0649 train acc: 1.0000 test acc: 1.0000
epoch: 1 iter: 190 loss: 0.1235 train acc: 1.0000 test acc: 1.0000
epoch: 2 iter: 0 loss: 0.1762 train acc: 1.0000 test acc: 1.0000
epoch: 2 iter: 100 loss: 0.0608 train acc: 1.0000 test acc: 1.0000
epoch: 2 iter: 190 loss: 0.1243 train acc: 1.0000 test acc: 1.0000
epoch: 3 iter: 0 loss: 0.1759 train acc: 1.0000 test acc: 1.0000
epoch: 3 iter: 100 loss: 0.0603 train acc: 1.0000 test acc: 1.0000
epoch: 3 iter: 190 loss: 0.1231 train acc: 1.0000 test acc: 1.0000
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