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JTOJATOK A

Buxignuii koa KBaHTOBOTO TpaHchopmepa

'pip install pennylane torch numpy scikit-learn
'pip install pennylane-lightning[gpu]

import torch

import torch.nn as nn

import torch.optim as optim

from transformers import AutoTokenizer, AutoModel
import pennylane as gml

from sklearn.datasets import load files

from sklearn.model selection import
train test split

from sklearn.metrics import accuracy_ score,
precision recall fscore support

from torch.utils.data import DatalLoader,
TensorDataset

import numpy as np
import urllib.request
import tarfile

import os

import random

os.environ["TOKENIZERS PARALLELISM"] = "false"

# Configurations
n qubits = 8

g _depth = 3

batch size = 16

num epochs = 5

learning rate = 5e-5

num repeats = 5 # Uucjo NOBTOPiB

device = torch.device('cuda' if
torch.cuda.is available() else 'cpu')

# === Quantum circuit & Quantum Layer ===

gml dev = gml.device ("lightning.gpu",
wires=n_ qubits)

@gml.gnode (gml dev, interface='torch',

diff method="adjoint")
def quantum circuit (inputs, weights) :
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gmnl .AngleEmbedding (inputs,
wires=range (n _qubits), rotation='Y')

gml .StronglyEntanglingLayers (weights,
wires=range (n qubits))

return [gml.expval (gml.PauliZ (1)) for 1 1in
range (n_qubits) ]

class QuantumlLayer (nn.Module) :
def  init (self):
super (). 1init ()
welght shapes = {"weights": (g_depth,
n qubits, 3)}
self.glayer =
gml.gnn.TorchLayer (quantum circuit, weight shapes)
self.norm = nn.BatchNormld(n gqubits)
def forward(self, Xx):
x = nn.functional.normalize (x)
x = self.glayer (x)
return self.norm(x)

class QuantumBERT (nn.Module) :
def __1nit (self, bert model="bert-base-
uncased") :
super (). 1init ()
self.bert =
AutoModel.from pretrained(bert model)
self.dropout = nn.Dropout (0.3)
self.quantum layer = QuantumLayer ()
self.fc = nn.Linear(n qubits, 2)
def forward(self, input ids, attention mask):

bert output = self .bert (input ids,
attention mask=attention mask) .pooler output
bert output = self.dropout (bert output|:,

:n _qubits])

quantum output =
self.quantum layer (bert output)

return self.fc(quantum output)

# —-—— Prepare Data (load only once!) ---

tokenizer = AutoTokenizer.from pretrained("bert-
base-uncased")

url =

'https://ai.stanford.edu/~amaas/data/sentiment/aclImd
b vl.tar.gz'
filename = 'aclImdb vl.tar.gz'
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if not os.path.exists('aclImdb'):
urllib.request.urlretrieve(url, filename)
with tarfile.open (filename, 'r:gz') as tar:
tar.extractall ()
train data = load files('aclImdb/train',
categories=['pos', 'neg'], encoding='utf-8")

# -—-—- MeTpuku ---

accuracies, precisions, recalls, fls = [1, [1, [],
[]

train losses all, val losses all = [], []

def print mean std(name, arr):
print (f" {name}: mean = {np.mean(arr):.4f}, std
= {np.std(arr):.4f}")

for repeat in range (num repeats) :

print (f"\n=== Repeat {repeat +
1}/{num repeats} ===")

# —--—- CayuanHas subopka 2000 ---

indices =
np.random.choice (len(train data.data), 2000,
replace=False)

texts = [train data.data[i] for 1 in indices]

labels = [train data.target[i] for 1 in
indices]

train texts, val texts, train labels,
val labels = train test split(

texts, labels, test size=0.2,

random state=random.randint (0, 10000)

)

# TokeHl=aulg

train encodings = tokenizer (train texts,
truncation=True, padding=True, max length=128,
return tensors='pt')

val encodings = tokenizer (val texts,
truncation=True, padding=True, max length=128,
return tensors='pt')

train labels = torch.tensor (train labels)

val labels = torch.tensor (val labels)

train dataset =
TensorDataset (train encodings['input ids'],
train encodings['attention mask'], train labels)
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val dataset =
TensorDataset (val encodings['input ids'],
val encodings|['attention mask'], val labels)

train loader = Dataloader (train dataset,
batch size=batch size, shuffle=True, num workers=2,
pin memory=True)

val loader = Dataloader (val dataset,
batch size=batch size, shuffle=False, num workers=2,
pin memory=True)

# Model, Optimizer, Loss

model = QuantumBERT () .to (device)

optimizer = optim.AdamW (model.parameters/(),
lr=learning rate)

criterion = nn.CrossEntropyLoss ()

# -——— Train ---
model.train ()
for epoch in range (num epochs) :
total loss = 0
for input ids, attention mask, labels in
train loader:
input ids, attention mask, labels =
input ids.to (device), attention mask.to(device),
labels.to (device)
optimizer.zero grad ()
outputs = model (input ids,
attention mask)
loss = criterion (outputs, labels)
loss .backward()
optimizer.step ()
total loss += loss.item()
avg loss = total loss / len(train loader)
print (f"Epoch {epoch + 1}/{num epochs},
Train Loss: {avg loss:.4f}")
train losses all.append(avg loss)

# ——-- Evaluation ---
model.eval ()
preds, truths = [], []
val losses = []
with torch.no grad():
for input ids, attention mask, labels 1in
val loader:
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input ids, attention mask, labels =
input ids.to (device),

attention mask.to(device),
labels.to(device)

outputs = model (input ids,
attention mask)

loss = criterion (outputs, labels)

val losses.append(loss.item())

preds.extend (outputs.argmax (dim=1) .cpu () .numpy () )
truths.extend(labels.cpu () .numpy () )

val loss mean = np.mean(val losses)
val losses all.append(val loss mean)

accuracy = accuracy score(truths, preds)

precision, recall, f1, B =
precision recall fscore support (truths, preds,
average='binary')

accuracies.append (accuracy)

precisions.append (precision)

recalls.append(recall)

fls.append(fl)

print (f'val Loss: {val loss mean:.4f},
Accuracy: {accuracy:.4f}, Precision: {precision:.4f},
Recall: {recall:.4f}, Fl-score: {fl:.4f}")

# -——- BuBOOMMO KiHIIKB1 MeTpUKU ——-—

print ("\n==== Statistics over runs ====")
print mean std('Train Loss', train losses all)
print mean std('Val Loss', val losses all)
print mean std('Accuracy', accuracies)

print mean std('Precision', precisions)

print mean std('Recall', recalls)

print mean std('Fl-score', fls)
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