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Abstract

This paper explores several Reinforcement Learning algorithms, in-
cluding Q-learning, CNN(Convolutional Neural Network) and DQN(Deep
Q-Network). This paper then uses Q-learning to find the optimal strategy
for the classical ”Snake Game”, reproduces the MNIST model with the
help of CNN, and finally explores a model to optimize a random quantum
circuit.

1 Introduction

Reinforcement Learning (RL) is a machine learning paradigm where an agent
learns to make optimal decisions by interacting with an environment through
trial and error. The agent’s goal is to maximize the cumulative reward it receives
over time. The core components of RL include: the agent (learner), the envi-
ronment (world with which the agent interacts), states s (representations of
the environment), actions a (choices available to the agent), a policy 7 (strat-
egy mapping states to actions), a reward function r (immediate feedback),
and a value function V (s) or Q(s,a) (estimates long-term cumulative reward).
The learning process is formally modeled as a Markov Decision Process (MDP)
[1,3](@ref).

1.1 Convolutional Neural Networks (CNN)

CNNs are a class of deep neural networks particularly effective for processing
grid-like data such as images. In RL, CNNs are often used as function approx-
imators to extract features from high-dimensional state spaces (e.g., raw pixel
inputs in Atari games). The basic architecture consists of convolutional layers,
pooling layers, and fully connected layers.

The core mathematical operation in a convolutional layer is the discrete
convolution. For a 2D input image I and a kernel K, the output feature map



O at position (7, j) is computed as:
O(i,j) = (T« K)(i,5) =Y Y I(i—m,j—n)  K(m,n)

Activation functions like ReLU (ReLU(x) = max(0, z)) introduce non-linearity.
The final layers often use a softmax function for classification or a linear layer
for value regression.

: Input: Raw state representation (e.g., image pixels tensor) s;
: Procedure CNN _ForwardPass(s;):
x < Preprocess(s;) {Normalize input}
for each convolutional layer [ do
x + ReLU(Conv2D(z, K;)+b;) {Convolution + activation + bias}
x + MaxPooling(z) {Optional downsampling}
x < Flatten(x) {Convert to vector}
for each fully connected layer [ do
x < ReLU(Wjx + b;) {Linear transformation + activation}
Output: Feature vector ¢(s;) or predicted value V' (s;) =0
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1.2 Q-learning

Q-learning is a classic model-free RL algorithm that learns the action-value
function Q(s,a), which estimates the expected cumulative reward of taking
action a in state s and thereafter following the optimal policy. It is an off-policy
algorithm, meaning it can learn the optimal policy while following a different
behavior policy (e.g., an e-greedy policy).

The core of Q-learning is the value iteration update rule. The Q-function is
updated using the Bellman equation as follows:

Q(st,ar) + Qst,ar) + [Tt+1 +ymaxQ(ser1,0") — Qst, at)}

where « is the learning rate, v is the discount factor, r.y; is the immediate
reward, and max, Q(s¢41,a’) is the estimate of optimal future value [2,5](@ref).

0: Initialize Q(s,a) arbitrarily (e.g., to zero) for all s € S, a € A
Set learning rate « € (0, 1], discount factor v € [0, 1], exploration rate
e € (0,1]
Loop for each episode:

Initialize state s

Loop for each step of episode:

Choose action a from s using policy derived from Q (e.g., e-greedy:

with prob. e random, else a = argmax, Q(s,a))

=4

e




Until s is terminal =0

Take action a, observe reward r, next state s’

Q(Sv (L) A Q(S, a‘) +a [T + v maxy Q(slv a/) - Q(S, CL)]
s+

1.3 Deep Q-Networks (DQN)

Deep Q-Networks (DQN) combine Q-learning with deep neural networks, specif-
ically CNNs, to handle high-dimensional state spaces. It addresses instability
in naive Q-learning with neural networks through two key mechanisms: expe-
rience replay and a target network.

The loss function minimized by gradient descent is the Mean Squared Error
(MSE) between the current Q-network’s prediction and the target value from
the target network:

L(Q) = I['E(sm,,'r,s’)ND |:(7“ + FYHZ%XQ(S/a a/; 9_) - Q(Sa a; 9)>2:|

Here, 6 are the parameters of the online network, 6~ are the parameters of the
target network (updated periodically from ), and D is the experience replay
buffer [2](@ref).

0: Initialize replay memory D to capacity N
0: Initialize online action-value function @ with random weights 6
0: Initialize target network Q with weights 6~ =6
0: Loop for episode = 1 to M:
Initialize sequence s; = {x1} and preprocess ¢ = ¢(s1)
Loop for t =1 to T:
With probability € select random action ay
otherwise select a; = argmax, Q(¢(s¢), a;0)
Execute action a;, observe reward r;, image ;41
Set Si41 = St, ag, Teq1, Preprocess drp1 = O(Sp41)
Store transition (¢¢, at, ¢, pr+1) in D
Sample random minibatch of transitions (¢;, a;, 7, ¢j+1) from D
{rj if episode terminates
Set target y; = A B )
r; +ymaxe Q(¢j41,a’;67) otherwise
Perform a gradient descent step on (y; — Q(¢;,a;;0))* w.r.t. 0
Every C steps reset Q network: 6= « 60
St < St+1
End Loop
: End Loop =0

at step 5+ 1



2 MNIST Reproduction

2.1 Introduction to MNIST Task

The MNIST (Modified National Institute of Standards and Technology) dataset
represents a fundamental benchmark in computer vision and machine learning.
The primary task involves handwritten digit recognition, where the goal
is to classify grayscale images of handwritten digits (0-9) into their respective
categories. Each image in the dataset is 28 x28 pixels, containing a single digit
centered within the frame.

The mathematical formulation can be expressed as:

Let X € R?®*28 be an input image and y € {0,1,2,...,9} be the target
digit. The objective is to learn a mapping function f : R28*2% — f0,1,...,9}
that minimizes the classification error.

2.2 Code Architecture Overview
2.2.1 Document: MNIST.py

This script implements the complete training pipeline for the handwritten digit
classification task. The main components include:
Data Processing Flow:

e transform = transforms.Compose([...]) - Preprocessing pipeline

e Datal.oader - Efficient batch processing with configurable workers
Model Architecture (StandardCNN class):

e Convolutional layers with ReLLU activation and max pooling

e Fully connected layers with dropout regularization

Training Mechanism:

e train epoch() function handles iterative weight updates
e test() function evaluates model performance

e Adam optimizer with learning rate scheduling

2.2.2 Document: MNIST Prediction.py

This script focuses on model deployment and prediction:
MNIST Test Set Evaluation:

e predict_frommnist() - Random sampling from test set

e visualize predictions() - Comparative visualization
Custom Image Prediction:
e predict_image _from_file() - User-provided image processing

e Image preprocessing and format normalization



2.3 Mathematical Formulation
2.3.1 Convolutional Operations

The convolutional layers implement:

kn—1ky,—1

conv(z); ; = E E Titm,j+n * Wmn + b

m=0 n=0

Where kj, = k,, = 3, w denotes learnable weights, and b is bias.

2.3.2 Max Pooling Operation

The max pooling layers reduce spatial dimensions:

ool(x); ; = max To%itm. 27
pool(x)i; 0<m<2,0<n<a” 22Tt

This downsampling preserves important features.

2.3.3 Cross-Entropy Loss Function
The training minimizes cross-entropy loss:
| N0
L=-% ; ; isc - 10g(Ji.c)

Where N is batch size, y; . is ground truth, g; . is predicted probability.

2.3.4 Softmax Activation
The final layer uses softmax for probability distribution:

X exp(ze)

Ye=Z0
Zj:l exp(2;)

Where z. represents raw output score for class c.

2.4 Method Implementation Details
2.4.1 Training Process (train_epoch)

The training loop implements gradient descent:

2.4.2 Image Preprocessing Pipeline (predict_image from file)
The custom image prediction follows rigorous preprocessing:

1. Grayscale conversion: Igrqy = 0.299R + 0.587G + 0.114B

2. Background normalization: I,y = 255 — I if mean intensity ; 127

3. Standardization: Iy g = Iﬁ% with g = 0.1307,0 = 0.3081



Algorithm 1 Model Training Algorithm
0: Initialize parameters 6
0: for epoch = 1 to E do
0:  for each batch (z,y) in DataLoader do

0 Forward pass: § = f(x;0)

0 Compute loss: £ = CrossEntropy (g, y)
0 Backward pass: VoL = g—g

0: Update parameters: 6 <— 6 —nVyL

0: end for

0: end for=0

2.5 System Integration

The two scripts form a cohesive system:

Table 1: Training-Inference Pipeline Integration

Component Document 2 (Training) Document 1 (Inference)
Model Creation  StandardCNN() StandardCNN()

Model Saving torch.save(model.state_dict()) -

Model Loading - torch.load(model _path)
Data Processing transforms.Normalize() image preprocessing
Evaluation test () function predict_from mnist ()

2.6 Performance Metrics

The reproduction achieves high accuracy through systematic approach:
e Batch size optimization: batch_size = 256
e Learning rate scheduling: ny41 = v - n
e Dropout regularization: p = 0.5

e Early stopping based on validation accuracy

The mathematical foundation ensures robust performance across both stan-
dardized testing and real-world handwritten digit recognition scenarios.

2.7 Result

The first image depicts the training process of the machine learning model over
10 episodes (epochs). Each episode represents a full pass through the training
dataset, and the training time for each episode was consistently between 40 and
50 seconds, indicating a stable and efficient training procedure. Key metrics
recorded include epoch duration, training loss, training accuracy, test loss, and



test accuracy. The training loss decreases steadily from 0.3319 in Epoch 1 to
0.0242 in Epoch 10, while training accuracy improves from 89.75% to 99.25%.
Test accuracy also shows a strong upward trend, rising from 98.11% to 99.21%,
demonstrating effective learning without significant overfitting.

The following table reproduces the data from the first image:

Epoch | Time (s) | Train Loss | Train Acc (%) | Test Loss | Test Acc (%)
1/10 41.43 0.3319 89.75 0.0579 98.11
2/10 39.98 0.0991 97.06 0.0382 98.77
3/10 39.20 0.0708 97.88 0.0331 98.91
4/10 40.60 0.0504 98.50 0.0273 99.02
5/10 42.98 0.0459 98.65 0.0267 99.05
6/10 44.45 0.0397 98.78 0.0241 99.12
7/10 46.37 0.0333 99.01 0.0226 99.18
8/10 46.87 0.0297 99.14 0.0226 99.21
9/10 50.18 0.0285 99.14 0.0224 99.18
10/10 54.39 0.0242 99.25 0.0226 99.21

The second image showcases the prediction results of the trained model. Five
sample images were randomly selected from the MNIST dataset, and the model
successfully predicted all five digits correctly, achieving 100% accuracy on this
small sample. This confirms the model’s effectiveness in handling unseen data.

The following table reproduces the content from the second image, with
Chinese text translated to English:

Sample | Model Prediction | Ground Truth
Sample 0 7 7
Sample 1 2 2
Sample 2 1 1
Sample 3 0 0
Sample 4 4 4

3 Snake Game Model

3.1 Game Overview

The Snake Game is a classic arcade game where the player controls a snake
that moves around a grid-like playing field. The game’s objective is to navigate
the snake to consume food items that randomly appear on the field. Each time
the snake consumes food, it grows longer, and the player’s score increases. The
game ends if the snake collides with the walls or its own body.

3.2 Game Implementation Architecture

The implementation consists of two main components: the game environment
and the Al agent with deep Q-learning capabilities.



3.2.1 Game Environment (SnakeGameAT)

The game environment is implemented in SnakeGameAI class, which provides
the following key functionalities:

e Initialization: The __init__() method sets up the game window us-
ing Pygame with dimensions 640x480 pixels and initializes game state
through the reset () method.

e Game State Management: The reset () method initializes the snake
at the center of the screen with three segments and places the first food
item using _place_food().

e Game Mechanics: The core gameplay loop is handled by play_step(action),
which:
— Processes user input events
— Moves the snake based on the provided action
— Checks for collisions using is_collision()
— Updates score and snake length when food is consumed
— Renders the game state using _update_ui ()
¢ Movement System: The _move(action) method implements direction

changes based on the action vector [straight, right, left], using clockwise
direction rotation logic.

The movement logic follows this mathematical representation:
clock_wise[idx] if action = [1,0,0] (straight)

new_direction = ¢ clock_wise[(idx +1) mod 4] if action = [0,1,0] (right turn)
clock_wise[(idz — 1) mod 4] if action = [0,0,1] (left turn)

3.2.2 Neural Network Architecture (Linear_QNet)

The Al agent employs a simple feedforward neural network defined in Linear_QNet
class:

e Network Structure: The network consists of two linear layers:

— Input layer: 11 neurons (representing game state features)
— Hidden layer: 256 neurons with ReLLU activation

— Output layer: 3 neurons (representing Q-values for each action)
e Forward Pass: The forward(x) method computes:
Q(S, Cl) =Wy - ReLU(W1 -5+ bl) + by

where s is the state vector, Wi, W5 are weight matrices, and by, by are
bias terms.



3.2.3 Q-Learning Training Algorithm (QTrainer)

The QTrainer class implements the Deep Q-Learning algorithm with experience
replay:

e Loss Function: Uses Mean Squared Error (MSE) loss:
LN
L= N Z(Qtarget - Qpredicted)2
i=1

e Q-Learning Update Rule: The target Q-value is computed as:
Quew = 7+ 7 -max Q(s',a’) - (1 — done)

where 7 is the immediate reward, v = 0.9 is the discount factor, and done
indicates terminal state.

e Training Step: The train step() method performs:

1. Converts inputs to PyTorch tensors

2. Computes current Q-value predictions

3. Updates target Q-values using Bellman equation
4

. Performs backpropagation and optimizer step

3.2.4 State Representation and Agent Logic
The Agent class defines the Al player’s behavior:

e State Encoding: The get_state() method extracts 11 binary features:

— Danger detection in three directions (straight, right, left)
— Current movement direction (4 binary features)
— Relative food position (4 binary features)
e Exploration Strategy: Uses e-greedy policy with decaying exploration

rate:
€ = maX(E), 80 - ngames)

where exploration probability decreases as training progresses.

e Experience Replay: The remember () method stores transitions in a
replay buffer, and train_long memory() performs batch training from
random samples.



3.2.5 Training Pipeline

The training process in train() function follows this workflow:
1. Initialize agent and game environment
2. For each game iteration:

o Get current state using get_state()

Select action using e-greedy policy via get_action()

Execute action in game environment using play_step()

Train short-term memory with immediate experience

Store experience in replay buffer
3. After game completion:

e Train long-term memory with batch from replay buffer
e Update best model if score improves

e Update training statistics and visualization

The integration of these components creates a complete reinforcement learn-
ing system that enables the snake to learn optimal navigation strategies through
trial and error, progressively improving its performance through the Q-learning
algorithm and neural network function approximation.

4 Quantum Circuit Optimization

4.1 Introduction to Quantum Circuits

Quantum circuits are fundamental building blocks in quantum computing, com-
posed of quantum bits (qubits) and quantum gates. A qubit is the basic unit
of quantum information, represented as a superposition of states |0) and |1),
unlike classical bits. Key quantum gates include:

e X gate: Pauli-X gate, equivalent to a NOT operation, flipping |0) to |1)

and vice versa. Mathematically, X = [(1) (1)]

e 7 gate: Pauli-Z gate, which introduces a phase flip, defined as Z =
1 0
b )

. - . 1 1
e H gate: Hadamard gate, creating superposition, with H = % [1 _J.

e S gate: Phase gate, S = Ll) ﬂ

10



e I gate: Identity gate, I = [(1) ﬂ, leaving the qubit unchanged.

Important equivalence operations derived from gate multiplication include:

X -X=1I, (1)
77 =1, (2)
H-H=1I, (3)
H-X-H=2, (4)
H-Z-H=X. (5)

These properties are leveraged in quantum circuit optimization to reduce gate
count and depth.

4.2 Overview of the Code Files

The implementation consists of five main files, which together form a deep
reinforcement learning (DRL) system for quantum circuit optimization using a
4D tensor-based action space. The general workflow is:

1. Document 1: Latest_circuit_encoder.py - Defines the LatestCircuitEncoder
class for encoding quantum circuits into a 4D tensor representation using
the format by ® by ® ¢ ® a, where:

e a: Gate type (6D one-hot vector for X/CX, Z/CZ, H, S, M, I).

e b;1: Control qubit position (6D one-hot for single-qubit or qubits qO0-
q4).

e by: Target qubit position (5D one-hot for qubits q0-q4).

o ¢: Gate order (one-hot over max depth).

Key methods include encode_circuit () for circuit encoding and encoding _to_vector ()
for tensor conversion.

2. Document 2: Environment_two_NewVersion.py - Implements the
QuantumCircuitOptimizationEnv class, which provides a reinforcement
learning environment. It supports 17 operations (e.g., removing consec-
utive gates, swapping gates) and uses a 4D action tensor. Methods like
step() and _apply_operation() handle state transitions.

3. Document 3: DQN _model two_newversion.py - Contains the DQNNetwork
and DQNAgent classes for the DRL model. The agent selects actions based
on Q-values derived from a neural network, with methods such as act ()
for action selection and replay() for training via experience replay.

4. Document 4: Training script - Orchestrates three-stage training (be-
ginner, intermediate, advanced) using circuits of increasing complexity. It
calls train_stage () to train models and evaluates them with evaluate model ().

11



5. Document 5: apply_optimizer_two_newversion.py - Applies a trained
DQN model to optimize quantum circuits from QASM files. The QuantumCircuitOptimizer
class uses methods like optimize_circuit() to perform optimization.

4.3 Detailed Explanation of Key Methods with Mathe-
matical Formulas

This section elaborates on critical methods from the code, using mathematical
formulations to explain their functionality.

4.3.1 Circuit Encoding in LatestCircuitEncoder

The encode_circuit () method maps a quantum circuit to a structured repre-
sentation. For each gate, it computes indices for a, by, bs, and c¢. The tensor
product is defined as:

State Tensor = Z b ®by R c® a,

gates

where by, bs, ¢, and a are one-hot vectors. The encoding_to_vector () method
implements this by iterating over gates and summing their tensor contributions,
resulting in a 4D tensor of shape (6,5, max_depth, 6).

4.3.2 Action Selection in DQNAgent

The act () method in DQNAgent selects an action based on the current state ten-
sor s. It first computes a legality mask £(s) using -find legal operations(),
which identifies valid actions (e.g., consecutive gates for removal). The Q-values
are obtained from the neural network:

Q(s) = DQNNetwork(sgat ),

where sgay is the flattened state tensor. Actions are chosen probabilistically
using a softmax distribution over legal Q-values:

exp(Q(s, a:)/7)
ng,c(s) exp(Q(s, a;)/T)’

where 7 is a temperature parameter. This avoids epsilon-greedy by leveraging
probability.

P(a;) =

4.3.3 Optimization Step in QuantumCircuitOptimizationEnv

The step() method executes an action tensor a and returns the next state
s’, reward r, and done flag. The reward function combines depth and gate
reduction:

r=0.5- (depthold - depthnew) +0.3- (Xold - Xnew) -0.1 '“Aactionv
where W ,ction 18 an indicator for action cost. Methods like _remove_consecutive_gates()

apply equivalence rules (e.g., X - X = I) by modifying the circuit.

12



4.3.4 Training via Experience Replay in DQNAgent

The replay () method samples a batch of experiences (s, a,r, s’, d) and updates
the Q-network using the loss:

L= % Z (Q(s, a) — (T + - HLE}X Qtarget(slva’/) (11— d)))2 )

(s,a,7,s’,d)

where Qiarget is the target network, v is the discount factor, and d is the done
flag. This minimizes the temporal difference error.

4.3.5 Circuit Optimization in apply_optimizer_two_newversion.py

The optimize_circuit () method in QuantumCircuitOptimizer iteratively ap-
plies the DQN agent to reduce circuit depth and gate count. It tracks met-
rics such as depth reduction AD = Dipitial — Danal and gate reduction AG =
Glinitial — Ginal, using the agent’s actions to transform the circuit based on quan-
tum equivalences.

4.4 Conclusion

The code files implement a comprehensive DRL system for quantum circuit
optimization, leveraging tensor-based encoding and action spaces. By incorpo-
rating quantum gate properties mathematically, the system efficiently reduces
circuit complexity, demonstrating the potential of machine learning in quantum
computing.

There is large space for improvement though because of the limited time and
computing power. The algorithms doesn’t include the action such as I ® H -
CNOT -I® H = 1® Z Since the foundamental blocks of building all quantum
circuits are one-qubit gates and CNOT gates, it is necessary to consider two-
qubit gates in the further study. Nevertheless, the model above is still a good
start.

13



Selected files

11 printable files

Agent.py

apply optimizer two newversion.py
DON_model two newversion.py

DQON _train_improved two newversion.py
Environment two NewVersion.py
head

Helper.py

Latest circuit_encoder.py

MNIST Prediction.py

MNIST.py

Model DQN.py

Agent. py
1 # lEEER
2 # {EFADQNTEAEREY ;
3 # e-greedyfEAexploration
4
5 # {8 OpenMP E & #Ia{LiEiR
6 import os
7 os.environ['KMP DUPLICATE LIB OK'] = 'True' # RIFEENME OpenMP [F, #fhze
8
9 import torch
10 import random
11 import numpy as np
12 from collections import deque
13 from Snake Game Rectified import SnakeGameAI, Direction, Point
14 from Model DQN import Linear QNet, QTrainer
15 from Helper import plot
16
17 MAX MEMORY = 100 000
18 BATCH SIZE = 1000
19 LR = 0.001
20
21
22 class Agent:
23
24 def __init__ (self):
25 self.n games = 0
26 self.epsilon = 80 # BENIE
27 self.gamma = 0.9 # AR
28 self.memory = deque(maxlen=MAX MEMORY) # popleft()
29 self.model = Linear QNet(11, 256, 3)
30 self.trainer = QTrainer(self.model, 1r=LR, gamma=self.gamma)
31
32 def get_state(self, game):
33 head = game.snake[0]



34
35
36
37
38
39
40
41
42
43
44
45
46
47
48
49
50
51
52
53
54
55
56
57
58
59
60
61
62
63
64
65
66
67
68
69
70
71
72
73
74
75
76
77
78
79

80
81

Point
Point

point 1
point r
point u
point d

Point

(head.x - 20, head.y
(head.x + 20, head.y
Point(head.x, head.y - 20
(head.x, head.y + 20

)
)
)
)

dir 1 = game.direction == Direction.LEFT
dir r = game.direction == Direction.RIGHT
dir u = game.direction == Direction.UP
dir d = game.direction == Direction.DOWN

state [
# fERERE
(dir_r and
(dir_1 and
(dir u and
(dir d and

game.
game.
game.
game.

# felai%

(dir u and
(dir _d and
(dir_1 and
(dir r and

game.
game.
game.
game.

# fEbQRR

(dir _d and
(dir_u and
(dir_r and
(dir_1 and

game
game.
game
game.

# BEhARA
dir 1,
dir r,
dir u,
dir d,

# BYIUE

is collision(point r))
is collision(point 1))
is collision(point u)) or
is collision(point d)),

is collision(point r))
is collision(point 1))
is _collision(point u)) or
is collision(point d))

.1s collision(point r))
is collision(point 1))
.1s collision(point u)) or
is collision(point d)),

or
or

’

or
or

game. food.x
game. food.x

game.head.x,
game.head.Xx,

# BRYEEA
# BYIEARL
# R¥ELD

<

>
game.food.y < game.head.y,
game.food.y >

return np.array(state, dtype=int)

game.head.y # BYETL

def remember(self, state, action, reward, next state, done):

self.memory.append((state, action,
SMAX_MEMORY# T

def train_long memory(self):

reward, next state, done))

# popleft#ll



82
83
84
85
86
87
88
89
90
91
92
93
94
95
96
97
98
99
100
101
102
103
104
105
106
107
108
109
110
111
112
113
114
115
116
117
118
119
120
121
122
123
124
125
126
127
128
129
130

if len(self.memory) > BATCH SIZE:

mini sample = random.sample(self.memory, BATCH SIZE) # iR[El5t4%5R
else:

mini_ sample = self.memory

states, actions, rewards, next states, dones = zip(*mini sample)
self.trainer.train step(states, actions, rewards, next states, dones)

def train_short_memory(self, state, action, reward, next state, done):
self.trainer.train step(state, action, reward, next state, done)

def get_action(self, state):
# BENIFETN: tradeoff exploration / exploitation
# 1E&KepsilonitBEAN, WEFSIETNAK
self.epsilon = max(5, 80 - self.n games) # &ER/\epsilonA5, FIF—TEHEXR
final move = [0, 0, 0]
if random.randint(0, 200) < self.epsilon:
move = random.randint (0, 2)
final move[move] =1
else:
state® = torch.tensor(state, dtype=torch.float)
prediction = self.model(state0)
move = torch.argmax(prediction).item()
final move[move] =1

return final move

def train(n games target=100):
plot scores = []
plot mean scores = []
total score = 0
record = 0
agent = Agent()
game = SnakeGameAI()

while agent.n games < n games target: # [ [REIHKEHK
# FRIBRE
state old = agent.get state(game)

# IRENAETH
final move = agent.get action(state old)

# PITHREIFRBUTRE
reward, done, score = game.play step(final move)
state new = agent.get state(game)

# IZRFEHRI21Z
agent.train short memory(state old, final move, reward, state new, done)



131
132
133
134
135
136
137
138
139
140
141
142
143
144
145
146
147
148
149
150
151
152
153
154
155
156
157
158
159
160
161l
162
163
l64
165
166
167
168
169
170
171
172
173
174
175
176
177
178
179

if name == ' main_ ':

# icfE

agent.remember(state old, final move, reward, state new, done)

if done:
# ZRKERIZIZ, ERIZIZ
game.reset()
agent.n _games += 1
agent.train long memory()

if score > record:
record = score
agent.model.save()
print('Game', agent.n games, 'Score', score,
plot scores.append(score)
total score += score
mean score = total score / agent.n games
plot mean scores.append(mean_score)
plot(plot scores, plot mean scores)

train(n_games target=100) # [ ill&50F

def train():

plot scores = []
plot mean scores =
total score =0
record = 0
agent = Agent()
game = SnakeGameAI()
while True:
# FRIBIRE
state old =

[]

agent.get state(game)

# FRENAS TN

final move = agent.get action(state old)

# PITRREIFHREGTRE
reward, done, score = game.play step(final move)
state new = agent.get state(game)

# ZRFEHAIZIZ
agent.train short memory(state old, final move,

'Record:', record)

reward, state new, done)
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181
182
183
184
185
186
187
188
189
190
191
192
193
194
195
196
197
198
199
200
201
202
203
204
205

# iBfE
agent.remember(state old, final move, reward, state new, done)

if done:
# I KERIRIZ, ERIZIZ
game. reset()
agent.n games += 1
agent.train long memory()

if score > record:
record = score
agent.model.save()

print('Game', agent.n games, 'Score', score, 'Record:', record)

plot scores.append(score)

total score += score

mean_score = total score / agent.n _games
plot mean scores.append(mean_score)
plot(plot scores, plot mean scores)

if name == "' main_ ':
train()

apply_optimizer_two_newversion.py

O© 00N O U WN =

10
11
12
13
14
15
16
17
18
19
20

Rz A EIIZRRIDQNR L 235 B F B R

FTIFADKENERS
RGOS TEHEERR B G

fERAAE !

cd /d "D:\Pycharm\Py project\Quantum Optimization\Latest Model"

python apply optimizer two newversion.py --model quantum optimizer st-
age0 model.pth --circuit circuit new.qgasm

python apply optimizer two newversion.py -m stage® model.pth -c my circuit.qgasm
python apply optimizer two newversion.py # {ERBRINSH

import numpy as np

import torch

import os
os.environ['KMP_DUPLICATE LIB OK'] = 'True'
import sys

import argparse
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22
23
24

25
26
27
28
29
30
31
32
33
34
35
36
37
38
39
40
41
42
43
44
45
46
47
48
49
50
51
52
53
54
55
56
57
58
59
60
61
62
63
64
65
66
67
68

sys.path.insert(0, os.path.dirname( file ))

from DQN model two newversion import DQNAgent

from Environment two NewVersion import QuantumCircuitOptimizationEnv,
create _random circuit limited

from Latest circuit encoder import get encoder

class QuantumCircuitOptimizer:

A BEIIZRAIDQONIERIK M L & F FBER

def

def

__init__ (self, model path, max depth=10):
Neafbiiibss
Args:

model_path: JIZREFAIIRELERTR

max depth: mABEZERE
self.model path = model path
self.max_depth = max depth

# BIEIMERTIREY state shape
self.env = QuantumCircuitOptimizationEnv(max steps=50)
self.state shape = self.env.state shape

# INEHRE

self.agent = DQNAgent (
state shape=self.state shape,
max_depth=self.max depth,
num_operations=17,
learning rate=le-3,
gamma=0.99

self.agent.load(model path)
print(f"[4 #EEMEH: {model path}")

optimize circuit(self, circuit, max _steps=50, verbose=True):

RAE—TEFHEER

Args:
circuit: Ef{tHVZEFEBE
max_steps: mAMILTE
verbose: EEITENFHAER
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70
71
72
73
74
75
76
77
78
79
80
81
82
83
84
85
86
87
88
89
90
91
92
93
94
95
96
97
98
99
100
101
102
103
104
105
106
107
108
109
110
111
112
113
114
115
116
117

Returns:
optimized circuit: {R{L/ERIERER
optimization history: f{bAsE
# BEEINE
state = self.env.reset(circuit)

optimization history = {
‘initial depth': circuit.depth(),
"initial gates': len(list(circuit.data)),

'steps': [1],
"depths': [1,
'gates': [1],

"rewards': [],
'actions': []

fr#08arMEk: {optimization history['initial gates']1}")
||_|| * 70)

print
print

}
if verbose:
print("\n" + "=" * 70)
print ("%, FFREBEEL")
print("=" * 70)
print (f"#EEE: {optimization history['initial depth']}")
(
(

total reward = 0

for step in range(max_steps):
# FRENH AT ERERAVIEIR
metrics = self.env.get metrics()
current depth = metrics['depth']
current gates = metrics['total gates']

# RIBRZFEE - act() R[E 4D K=
action tensor = self.agent.act(state)

# WITEHE - step() &= 4D KZ action
next state, reward, done = self.env.step(action_tensor)

total reward += reward

# M action tensor FIREUREEEATET
positions = np.where(action tensor > 0.5)
if len(positions[0]) > 0O:

bl idx = positions[0][0]

b2 idx = positions[1][0]

c_idx = positions[2][0]

op idx = positions[3][0]
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120
121
122
123
124
125
126
127
128
129
130
131
132
133
134
135
136
137
138
139
140
141
142
143
144
145
146
147
148
149
150
151
152
153
154
155
156
157
158
159
160

lol

162
163
164

# FREURIERTR

operation names = {
0: 'X-X to I-I',
1: 'Z-Z to I-1',
2: 'H-H to I-TI',
16: 'Done’

}

op_name = operation names.get(op_idx, f'Unknown-{op idx}')

action info
else:
action_info

f"{op _name} [bl={bl idx}, b2={b2 idx}, c={c_idx}]"

"No action selected"

# REUTF—FBER
next metrics = self.env.get metrics()

next depth = next metrics['depth']
next gates = next metrics['total gates']
# IERAE

optimization history['steps'].append(step)
optimization history['depths'].append(next depth)
optimization history['gates'].append(next gates)
optimization history['rewards'].append(reward)
optimization history['actions'].append(action info)

if verbose and (step % 5 == 0 or done):
print(f"# {step + 1:3d}: FE {current depth} - {next depth} | "
"M% {current gates} - {next gates} | "
f3Fh {reward:7.3f} | ©fE: {op name}")

state = next state
# WERER
if done:
if verbose:
print(f"\nf4 1t (F#: {step + 1})")
break

# AT
optimized circuit = self.env.get circuit()
final metrics = self.env.get metrics()

depth _reduction
final metrics['depth']

gates reduction = optimization history['initial gates'] -
final metrics['total gates']

optimization history['initial depth'] -

optimization history['final depth']
optimization history['final gates']

final metrics['depth']
final metrics['total gates']



165 optimization history['total reward'] = total reward

166 optimization history['depth reduction'] = depth reduction
167 optimization history['gates reduction'] = gates reduction
168 optimization history['total steps'] = step + 1

169

170 if verbose:

171 print("-" * 70)

172 print("y] MILERELE:")

173 print(f" #%FE: {optimization history['initial depth']} - "
174 f'REFE: {final metrics['depth']} "

175 f*(OR2: {depth reduction})")

176 print(f" #0%8M#: {optimization history['initial gates']} - "
177 frER&ME: {final metrics['total gates']} "
178 f* (@Y : {gates reduction})")

179 print(f" 23%Fh: {total reward:.3f}")

180 print(f" 2F#: {step + 1}/{max steps}")

181 print("=" * 70 + "\n")

182

183 return optimized circuit, optimization history

184

185

186 def load circuit_from _gasm(gasm file):

187 e

188 MQASMZ 1% 2 F BB

189

190 Args:

191 gasm file: QASMI4E&TE

192

193 Returns:

194 QuantumCircuit: E2FHEEXR

195 e

196 print(f"L1 MQASMXfhnZiEBEE: {gasm file}")

197

198 # FiEL: =R qasm3 (##EF, Z#FOpenQASM 3.0)

199 try:

200 from qiskit import gasm3

201 circuit = gasm3.load(gasm file)

202 print(f"v A qasm3 MEMKIL")

203 return circuit

204 except Exception as e:

205 print(f" 0 gasm3 MHEEXMK: {e}")

206

207 # FE2: 2REA gasm2 (X1F0penQASM 2.0)

208 try:

209 from qiskit import gasm2

210 circuit = gasm2.load(gasm file)

211 print(f"v A qasm2 MEMIH")

212 return circuit

213 except Exception as e:



214 print(f" . gasm2 MHEEMK: {e}")

215

216 # A3E3: EiREA QuantumCircuit.from gasm str (IHARZA)
217 try:

218 from giskit import QuantumCircuit

219 with open(gasm file, 'r') as f:

220 gasm _str = f.read()

221 circuit = QuantumCircuit.from gasm str(qasm str)
222 print(f"v A from gasm str MNEAMIN")

223 return circuit

224 except Exception as e:

225 print ("X FAEAEBENT: {e}")

226 raise

227

228

229 def save_circuit_to_gasm(circuit, output file):

230 e

231 AL FERI B R ERTF /IQASMI 14

232

233 Args:

234 circuit: EFHEWNR

235 output file: #HiHXHRE

236 e

237 try:

238 # HEL: EH gasm3.dump

239 try:

240 from giskit import gasm3

241 gasm3.dump(circuit, output file)

242 print (f"[4 MILEHIBEERERE: {output file} (qasm3#&z)")
243 return

244 except Exception:

245 pass

246

247 # HiE2: A qasm2.dump

248 try:

249 from giskit import gasm2

250 gasm2.dump(circuit, output file)

251 print(f"[4 fILEMEBERERE: {output file} (gasm2t&z=()")
252 return

253 except Exception:

254 pass

255

256 # HE3: A gasm() A&

257 try:

258 gasm_str = circuit.qgasm()

259 with open(output file, 'w') as f:

260 f.write(gasm str)

261 print (f"[4 ML/EEBEMRE: {output file}")

262 return



263
264
265
266
267
268
269
270
271
272
273
274
275
276
277
278
279
280
281
282
283
284
285

286
287
288
289
290
291

292
293
294

295
296
297

298
299
300
301
302
303
304
305
306
307
308

except Exception as e:
print(f" \ REXRK: {e}")

except Exception as e:

print (f"X REXK: {e}")

def main():

FTEHE - ZFRTER

parser = argparse.ArgumentParser(

description="{EFDQNL{LEFILEFEBEL ",
formatter class=argparse.RawDescriptionHelpFormatter,

epilog="""
NI
# ERIASE

python apply optimizer two newversion.py

# IEERAN B
python apply optimizer two newversion.py
age® model.pth --circuit circuit new.gasm

# FESHN (5

python apply optimizer two newversion.py

# IBERATH
python apply optimizer two newversion.py
-s 100

# e
python apply optimizer two newversion.py
-0 result.qgasm

# EERIH
python apply optimizer two newversion.py
--quiet

parser.add argument(
'-m', '--model',

--model quantum optimizer st-

stage® model.pth -c

stage® model.pth -c

stage® model.pth -c

stageO model.pth -c

default="'quantum optimizer stage® model.pth',
help="'DQNRESZ#E&1E (ZRIA: quantum optimizer stage® model.pth)'

parser.add argument (
'-c', '--circuit’,

circuit new

circuit new

circuit new

circuit new

.qasm

.gasm

.qasm

.gasm
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310
311
312
313
314
315
316
317
318
319
320
321
322
323
324
325
326
327
328
329
330
331
332
333
334
335
336
337
338
339
340
341
342
343
344
345
346
347
348
349
350
351
352
353
354
355
356
357

default='circuit new.qgasm',
help="'QASMEBEEX #HE&TE (FIN: circuit_new.gasm)'

parser.add argument(
'-s', '--max-steps',
type=int,
default=50,
help='RAMILLSE (BIL: 50)°

parser.add argument(
‘-0', '--output',
default=None,

help="MHXHRE (BA: EFRAXGELEEERR) '

parser.add argument (
'--quiet’,
action='store true',
help="{fE &MmHRER"

args = parser.parse _args()

print("=" * 70)
print("@ ZFHBIDON{ILE: - QASM{LTE")
print("=" * 70)

if not os.path.exists(args.model):
print (") REXHFREE: {args.model}")
print (f"iERREEXHELFIEHRIIET ERIERE, ")
return 1

if not os.path.exists(args.circuit):
print (") QASMMX#ARTFIE: {args.circuit}")
print (f"i5HARQASMX 1L HF1 B REIEE EMAIRE, ")
return 1

print(f"\ns #&&XH: {args.model}")
print(f"v QASMXf: {args.circuit}")
print(f"v mASFE: {args.max steps}")

circuit = load circuit from gasm(args.circuit)
print(f"\n [[RiaBEER] ")
print(f" Qubits: {circuit.num qubits}")
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359
360
361
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363
364
365
366
367
368
369
370
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372
373
374
375
376
377
378
379
380
381
382
383
384
385
386
387
388
389
390
391
392
393
394
395
396
397
398

399

400
401
402
403
404

print(f" Clbits: {circuit.num clbits}")

print(f" FEE: {circuit.depth()}")

print(f" M#K: {len(list(circuit.data))}")
except Exception as e:

print (f"X FAEMBEBEE: {e}")

return 1

print(f"\ngy #ALMiLas...")

optimizer = QuantumCircuitOptimizer(args.model, max depth=10)

except Exception as e:
print (f") FTENRLMEE: {e}")

return 1

print(f"\n%, Fftk...")

optimized circuit, history = optimizer.optimize circuit(
circuit,
max_steps=args.max_steps,
verbose=not args.quiet

)

except Exception as e:
print (f") fbid@hEsE: {e}")
import traceback
traceback.print exc()

return 1
# ===== BTRER =====
print(f"\n [fA{tEREBEBREZR] ")
print(f" Qubits: {optimized circuit.num qubits}")
print(f" Clbits: {optimized circuit.num clbits}")
print(f" ®E: {optimized circuit.depth()}")
print(f" M#&: {len(list(optimized circuit.data))}")

print(f"\n [{{LERL%IT] ")
depth reduction = history['depth reduction']
gates reduction = history['gates reduction']

print(f"

REME: {depth reduction} ({100 * depth reduction / max(1,

history['initial depth']):.1f}%)")

print(f"

M#UE : {gates reduction} ({100 * gates reduction / max(1,

history['initial gates']):.1f}%)")

print(f"
print(f"

2%h: {history['total reward']:.3f}")
At #: {history['total steps']}/{args.max steps}")

# ERfitiEd (EERATHRETHE)
if not args.quiet:
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408

409
410
411
412
413
414
415

416
417
418
419
420
421
422
423
424
425
426
427
428
429
430
431
432
433
434
435
436
437
438

print(f"\n [FAMRLIE] ")
if len(history['actions']) <= 10:
for step, action in enumerate(history['actions']):
print(f" % {step + 1}: {action} (%Fh: {history['rewards']
[step]:7.3f})")
else:
print(f" ®&i3%:")
for step in range(min(3, len(history['actions']))):
print(f" % {step + 1}: {history['actions'][step]}")
print(f" hiaEPg (EB {len(history['actions']) - 6} %)...")
print(f" RFE3%:")
for step in range(max(0, len(history['actions']) - 3),
len(history['actions'])):
print(f" 3% {step + 1}: {history['actions'][step]l}")

# ===== RELER =====

if args.output is None:
# BhERRHXES
base, ext = os.path.splitext(args.circuit)
args.output = f"{base} optimized{ext}"

try:

save circuit to gasm(optimized circuit, args.output)
except Exception as e:

print(f" 0\ FTERFMCENERE: {e}")

print("\n" + "=" * 70)
print ("4 1L ")
print("=" * 70)

return 0

if name == ' main ':
exit code = main()
sys.exit(exit code)

DQN_model_two_newversion.py

O 00O NO Ul &~ WN -

= e
(O}

DONFREX - hRA3
XFFADKEMIERSE

S0 -

o SHEML16FY EBE] 6*5*MAX DEPTH*17 #H
o SHERTNADKEMASEI

o ETFQoEMNMIRIZEMAZepsilon-greedy
o BERRIFICNISEMEDQNAgentH

import torch
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55
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58
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60

import torch.nn as nn

import torch.optim as optim

from collections import deque

import random

import numpy as np

from sympy.physics.units import temperature

class DQNNetwork(nn.Module):

DQNHLZ WL

def __init__ (self, state dim, action dim, hidden dim=512):

oLl o2

state dim: K&EHEE (BFRHE)
action dim:
hidden dim:

super(DQNNetwork, self). init ()

# BRIMELIEFRIGHER

self.fcl = nn.Linear(state _dim, hidden_dim)
nn.Linear (hidden dim, hidden_dim)
hidden dim, hidden dim // 2)
nn.Linear (hidden dim // 2, action_dim)

nn.Linear

self.relu nn.RelLU()

# #MtY3—Ienk (]iE, MBRMmE)
self.batch norml = nn.BatchNormld(hidden dim)
self.batch norm2 = nn.BatchNormld(hidden dim)

forward(self, x):

"UEE R
self.relu(self.fcl(x))
# TG RERT)T—b

if self.training:
self.batch _norml(x)

self.relu(self.fc2(x))

if self.training:
self.batch norm2(x)

self.relu(self.fc3(x))
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67
68
69
70
71

72
73
74
75
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77
78
79
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84
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86
87
88
89
90
91
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95
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100
101
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x = self.fcd(x)

return Xx

class DQNAgent:

DONEREMR - XFFADIKERNIF

shfEZE(a) |

- shape: (NUM_CONTROL_TYPES=6, NUM TARGET TYPES=5, MAX DEPTH,

NUM_OPERATIONS=17)
- RE—NMIENL, HRAO

def __init__ (self, state shape, max depth, num operations=17,

learning rate=le-3, gamma=0.99):

max_depth, 6)

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

self.state shape = state shape # (6, 5, max depth, 6)

# (6, 5, max_depth,

print(f" JREIK: {state shape} - BFHE: {self.state dim}")
print(f" BHERZIR: {self.action shape} - BF4£RE: {self.action dim}")

e b IR
Args:
state shape: KEKERFK (6, 5,
max_depth: EBERRKAZEE
num operations: 2{EF (0-16, H17%h)
learning rate: F3=X
gamma: IFHIETF
# ARESMEERZAR
self.max_depth = max depth
self.num operations = num operations
# SHERAR
self.action shape = (6, 5, max depth, num operations)
17)
# HEEFENEE
self.state dim = int(np.prod(state shape))
self.action dim = int(np.prod(self.action shape))
print(f" ]l AgentHEd&E:")
self.gamma = gamma
# QMIZEH] B R4



107 self.q network = DQNNetwork(self.state dim,
self.action dim).to(self.device) # T

108 self.target network = DQNNetwork(self.state dim,
self.action dim).to(self.device) # BIEBIRQMLE

109

# S5 EMEERE, BSHEFIMERFE
110

# BENTMEREISENQERMN, BKES
111 # FBEMEBHNSHE FIRBITNE, TRERITNZSETLER
112 self.target network.load state dict(self.q network.state dict())
113
114 # ALBRARK B
115 self.optimizer = optim.Adam(self.q network.parameters(), lr=learning rate)
116 self.criterion = nn.MSELoss() # BIEHHIRERKEE
117
118 # ZRERATTF
119 self.memory = deque(maxlen=10000) # HEHXHEY, BohikRE&EIAMexperience
120 self.batch size = 64
121
122 # FIHER
123 self.update count = 0 # AFIEREMBELHTT T ZVREBHER
124 # BXHITHRE TREEITREEM
125 self.target update frequency = 1000 # S#H{T1000XEMEEH G, FEF—XEIT
126 # XMIERERREEB TSR EME
127
128
129 def _find_legal_operations(self, state tensor):
130 e
131 WA RERRE
132
133 =8
134 state tensor: 4D numpyikE, 2K (6, 5, max depth, 6)
135
136 U] I
137 valid tensor: 4D numpyikE, AKX (6, 5, max depth, 17)
138 valid tensor[bl, b2, c, op] = 1 RRNZRIEEE
139 e
140 valid tensor = np.zeros(self.action shape, dtype=np.float32)
141
142 # ##{F16 (Done) ZRERHEN
143 valid tensor[0, 0, 0, 16] =1
144
145 # BHstate tensoriktB4B+ERIAIM
146 # state tensor[bl, b2, c, al = 1 RRE—IMEZAMAE
147
148 for bl in range(6):
149 for b2 in range(5):
150 for a in range(3): # aRgER 0(X), 1(Z), 2(H)

[NA==]

151 for c in range(self.max depth - 1): # cFEER=&E—"1gate



152 # NERSEMMEBERRI

153 if (state tensor[bl, b2, c, a] > 0.5 and

154 state tensor[bl, b2, c + 1, a] > 0.5 and

155 bl == 0):

156 # IEAEFAIM !

157 # FAIUTESE—MIBRITERIE

158

159 # IRHE a RUZEE!, MTEIRIE:

160 # a=0(X): #fF 0 @ X-X to I-I

161 # a=1(Z): #1F 1 @ Z-Z to I-I

162 # a=2(H): #fF 2 2 H-H to I-I

163

164 operation idx = a # 0, 1, 2

165 valid tensor[bl, b2, ¢, operation idx] =1

166

167 # 4 #18 : T X/Z/H/S-1 &

168 for bl in range(6):

169 for b2 in range(5):

170 for a in range(4): # aRgER 0(X), 1(Z), 2(H), 3(S)

171 for ¢ in range(self.max _depth - 1):

172 # WERSEE X/Z/H/S-1 &R

173 if (state tensor[bl, b2, c, a] > 0.5 and

174 state tensor[bl, b2, c + 1, 5] > 0.5 and # FT—"2
1]

175 bl == 0): # REEFM

176 # BT - XS RESTI AR EA]

177 valid tensor[bl, b2, ¢, a + 3] =1

178

179 # 4 #18 :H-X-H to Z-I-I, H-Z-H to X-I-I (op 7-8)

180 for bl in range(6):

181 for b2 in range(5):

182 for c in range(self.max depth - 2): # « ;¥E '@ rangeZEZFmax depth-2

183 # HEH-X-HEX (op 7)

184 if (state tensor[bl, b2, ¢, 2] > 0.5 and # H

185 state tensor[bl, b2, ¢ + 1, 0] > 0.5 and # X

186 state tensor[bl, b2, ¢ + 2, 2] > 0.5 and #H

187 bl == 0):

188 valid tensor[bl, b2, c, 7] =1

189

190 # HEH-Z-HEX (op 8)

191 if (state tensor[bl, b2, c, 2] > 0.5 and # H

192 state tensor[bl, b2, ¢ + 1, 1] > 0.5 and # Z

193 state tensor[bl, b2, ¢ + 2, 2] > 0.5 and # H

194 bl == 0):

195 valid tensor[bl, b2, c, 8] =1

196

197 return valid tensor

198

199 def act(self, state tensor):



200
201
202
203
204
205
206
207
208
209
210
211
212
213
214

215
216
217
218
219
220
221
222
223
224
225
226
227
228
229
230
231
232
233
234
235
236
237
238
239
240
241
242
243
244
245
246
247

RIBRES SRR RN

B
state tensor: 4D numpyik=ZE (6, 5, max_depth, 6)

R[E
action tensor: 4D numpy®¥Z (6, 5, max _depth, 17), EE—MIEN1
# HWHEERE

valid tensor = self. find legal operations(state tensor)

# BFstateBTFMLERA
state flat = state tensor.reshape(-1).astype(np.float32)

state tensor torch =
torch.FloatTensor(state flat).unsqueeze(0).to(self.device)

# JREXQE
with torch.no grad():
self.q network.eval()
g values flat = self.q network(state tensor torch)[0] # (action dim,)

# HHNADIKE

g values 4d = g values flat.reshape(self.action shape).cpu().numpy()

# FRIFRBEENE
valid positions
valid positions

np.where(valid tensor > 0.5)
list(zip(valid positions[@], valid positions[1],
valid positions[2], valid positions[3]))

if len(valid positions) ==
# REGEEE, HekiEDone
action tensor = np.zeros(self.action shape, dtype=np.float32)
action tensor[0, 0, 0, 16] =1
return action tensor

# FRIFRB &EMIEBERNQE
legal q values = np.array([q values 4d[pos] for pos in valid positions])

# [ B51: BERENsoftmax (log-sum-expHzIs)
# 1. RLUBESH

temperature =1
scaled g values = legal q values / (temperature + le-8)

# 2. BERAEMIERE (X#!)

max _gq = np.max(scaled q values)

try:



248
249
250
251
252
253
254
255
256

257
258
259
260
261
262
263
264

265
266
267
268
269

270
271

272
273
274
275
276
277
278
279
280
281
282
283
284
285
286
287
288
289
290
291
292
293

exp _q_values = np.exp(scaled q values - max q) # FA=EH
except Exception as e:
print(f" ) BE : expitEXK {e}, EAHIHH")

exp g values = np.ones like(scaled q values)

# [ 1882 : 1©&NaN/inf
if np.any(np.isnan(exp q values)) or np.any(np.isinf(exp q values)):
print(f" 0 ZE : NRINaNsKinf, ERHESSH")
probabilities = np.ones(len(valid positions), dtype=np.float32) /
len(valid positions)
else:
# 3. P—LBFRBRDE

sum_exp = np.sum(exp q values)

# [ 83 HIERS
if sum exp <= 0 or np.isnan(sum _exp) or np.isinf(sum exp):
print(f" 0\ BE ! BIERMRE (sum={sum_exp}), EHAHIHH")
probabilities = np.ones(len(valid positions), dtype=np.float32) /
len(valid positions)
else:
probabilities = exp g values / sum_exp

# [ 1£84  BRIGENaN
if np.any(np.isnan(probabilities)) or
np.any(np.isinf(probabilities)):
print(f" 0\ EE  BIRMIZNaN/inf, FERHEIHH")
probabilities = np.ones(len(valid positions),
dtype=np.float32) / len(valid positions)

# 5. WEREIRMANL

probabilities = probabilities / np.sum(probabilities)

# 4 B85 RELE
try:

selected idx = np.random.choice(len(valid positions), p=probabilities)
except ValueError as e:

print (") EEFERK: {e}")

print(f" probabilities: {probabilities}")

print(f" sum: {np.sum(probabilities)}")

# FERIITEFEN

selected idx = np.random.randint(@, len(valid positions))

selected position = valid positions[selected idx]
# flEactionikE
action tensor = np.zeros(self.action shape, dtype=np.float32)

action tensor[selected position] =1

return action tensor



294
295
296
297
298
299
300
301
302
303
304
305
306
307
308
309
310
311
312
313
314
315
316
317
318
319
320
321
322

323

324
325

326
327
328
329
330
331
332
333

334
335
336
337
338
339

def

def

batch]).

batch]).

batch]).

remember(self, state, action, reward, next state, done):

FEREIAF

Args:
state: HERESKE (6, 5, max depth, 6)
action: “HfEK=E (6, 5, max depth, 17)
reward: #Zfh
next state: T—IREKEZE (6, 5, max depth, 6)
done: BELR

self.memory.append((state, action, reward, next state, done))

replay(self):

LZ2I0EK | NAERRIFHEHRISE

Returns:
loss: HEi#tRBmKE

if len(self.memory) < self.batch size:
return 0

# FENIREFLR

batch = random.sample(self.memory, self.batch size)

# HEARPNTER

# BT KERSHhE

states = torch.FloatTensor([exp[0].reshape(-1) for exp in
to(self.device)

actions = torch.FloatTensor([exp[1l].reshape(-1) for exp in
to(self.device)

rewards = torch.FloatTensor([exp[2] for exp in batch]).to(self.device)

next states = torch.FloatTensor([exp[3].reshape(-1) for exp in
to(self.device)

dones = torch.FloatTensor([exp[4] for exp in batch]).to(self.device)

# ITEHEIE
g values = self.q network(states) # (batch size, action dim)

# SHFEIANERE|
action indices = torch.argmax(actions, dim=1)
selected q values = q values.gather(1,

action indices.unsqueeze(1l)).squeeze(1l)

# THEBIRQE
FHQUEAT :
Q(s,a) = r + gamma * max[Q(s',a)] ## BEMERfEHc-greedy, &KIAEBmaxE#H



340 with torch.no grad():

341 next q values = self.target network(next states) # (batch size,
action dim)

342 max_next g values = next q values.max(dim=1)[0]

343 target g values = rewards + self.gamma * max next q values * (1 -
dones)

344

345 # IHEIRK

346 loss = self.criterion(selected q values, target q values)

347

348 # REERE

349 self.optimizer.zero grad()

350 loss.backward()

351 torch.nn.utils.clip grad norm (self.q network.parameters(), 1.0)

352 self.optimizer.step()

353

354 # TEHAEH BT

355 self.update count += 1

356 if self.update count % self.target update frequency == 0:

357 self.update target network()

358

359 return loss.item()

360

361 def update_target_network(self):

362 "R E AR

363 self.target network.load state dict(self.q network.state dict())

364

365 def save(self, filepath):

366 e

367 RIFIEE

368

369 Args:

370 filepath: REKEZE

371 e

372 checkpoint = {

373 ‘g _network': self.q _network.state dict(),

374 'target network': self.target network.state dict(),

375 'state dim': self.state dim,

376 ‘action dim': self.action dim,

377 'update count': self.update count,

378 }

379 torch.save(checkpoint, filepath)

380 print(f"[4 HEBHFER {filepath}")

381

382 def load(self, filepath):

383 "SR

384 checkpoint = torch.load(filepath, map location=self.device)

385 self.q network.load state dict(checkpoint['q network'])

386 self.target network.load state dict(checkpoint['target network'])



387 if 'update count' in checkpoint:

388 self.update count = checkpoint['update count']
389 print(f"[4 REEMN {filepath} MH")

390

391 def get_stats(self):

392 " RENRERAITHER

393 return {

394 "'memory size': len(self.memory),

395 "update count': self.update count,

396 }

DQN_train_improved_ two newversion.py

1| wuw

2 DONINZREIA - FhlkAs

3 =THES LG, ER="FRERE, SEHITIILT

4

5 XFFADKEMIERS

g nnn

7

8 dimport json

9 import random

10 import numpy as np

11 from datetime import datetime

12 import torch

13 import os

14

15 os.environ['KMP _DUPLICATE LIB OK'] = 'True'

16 from DQN model two newversion import DQNAgent

17 from Environment two NewVersion import QuantumCircuitOptimizationEnv,
create _random circuit limited

18

19

20 def create_stage dataset(stage: int, num circuits: int = 100, seed base: int = 0):
21 nmnn

22 NIEEM BRI E

23

24 Args:

25 stage: 0=AT1, 1=E#l, 2=#H
26 num circuits: EERHE

27 seed base: FENIFHFEL

28

29 Returns:

30 list of QuantumCircuit

31 e

32 circuits = []

33

34 if stage == 0: # Al :ERBEEK, 1-27qubit, FE1-4
35 for i in range(num circuits):

36 n_qubits = random.randint(1l, 2)



37
38

39
40
41
42
43
44
45

46
47
48
49
50
51
52

53
54
55
56
57
58
59
60
61
62
63
64
65
66
67
68
69
70
71
72
73
74
75
76
77
78
79
80
81
82

max _depth = random.randint(1l, 4)

circuit = create random circuit limited(n qubits, max depth,

seed=seed bhase + 1)

elif stage == 1: # £l . PFEBE, 2-3Mqubit, FE4-7

circuits.append(circuit)

for i in range(num circuits):
n _qubits = random.randint(2, 3)
max _depth = random.randint(4, 7)

circuit = create random circuit limited(n qubits, max depth,

seed=seed base + 1)

circuits.append(circuit)

else: # i#f) @ EHREE, 3-5qubit, RE7-10

for i in range(num circuits):
n _qubits = random.randint(3, 5)
max depth = random.randint(7, 10)

circuit = create random circuit limited(n qubits, max depth,

seed=seed base + 1)

circuits.append(circuit)

return circuits

def train_stage(stage: int, episodes per stage: int

IR R ERpIIRE

Args:

stage: BHER (0=Ar7, 1=EHt, 2=3#F)
episodes per stage: ZBHERAVIIZRECEK
max_steps: SRHEATH

Returns:

agent: jJIIZ4FAIDONIE
history: IZ&ASE

print("\n" + "=" * 70)

stage_names = ['AMMER', 'EHME", #HNMHE']

print(f"@ F#il4 {stage names[stagel}")
print("=" * 70)

# QUEIMEAAE

env

# ERAFAPIVIALRIE - ffAstate_shapeff@Estate dim

= QuantumCircuitOptimizationEnv(max steps=max_ steps)

agent = DQNAgent(

state shape=env.state shape,

100, max steps: int



83
84
85
86
87
88
89
90
91

92

93

94

95

96

97

98

99
100
101
102
103
104
105
106
107
108
109
110
111
112
113
114
115
116
117
118
119
120
121
122
123
124
125
126
127
128
129
130

max_depth=env.MAX DEPTH,
num_operations=17,
learning rate=le-3,
gamma=0.99

# BIEEIZRE
print(f"4m{stage names[stage] }l%E&E...")

training circuits = create stage dataset(stage,
num _circuits=episodes per stage, seed base=stage * 1000)

# IR AE

history = {
‘stage': stage,
'episode': T[],
"reward': [1,
'depth_reduction': [1],
"X reduction': [1],
'steps': []

# ZRPEIR
for episode in range(episodes per stage):

circuit = training circuits[episode % len(training circuits)]

state = env.reset(circuit) # stateR4DikE

episode reward = 0
episode depth reduction = 0
episode x reduction = 0

init metrics = env.get metrics()
init depth = init metrics['depth']
init x count = init metrics['x count']

# XEER

for step in range(max_steps):
# actAAWMERE4DKEaction
action tensor = agent.act(state)

# PITEE - stepIlfEiE=zaction tensorMAEEH
next state, reward, done = env.step(action _tensor)

episode reward += reward

# rememberIl{EEZIKEM A EELMEHIE
agent.remember(state, action tensor,
state = next state

# TEHRIIER
if step % 10 == 0:

reward, next state, done)



131
132
133
134
135
136
137
138
139
140
141
142
143
144
145
146
147
148
149
150
151
152
153
154
155
156
157
158
159
160
161l
162

163
164
165
166
167
168
169
170
171
172

173
174
175
176
177

agent.replay()

if done:
break

# B BEIRME
if episode % 20 == 0:
agent.update target network()

# B

final metrics = env.get metrics()

final depth = final metrics['depth']
final x count = final metrics['x count']

episode depth reduction = init depth - final depth
episode x reduction = init x count - final x_ count

# IERAE

history['episode'].append(episode)
history['reward'].append(episode reward)

history['depth reduction'].append(episode depth reduction)
history['x reduction'].append(episode x reduction)
history['steps'].append(step + 1)

# TEHRMIH
if (episode + 1) % 20 == 0:
recent rewards = history['reward'][-20:]
avg reward = np.mean(recent rewards)
avg depth red = np.mean(history['depth reduction'][-20:1])
avg x_red = np.mean(history['x reduction'][-20:])

print(f"% {episode + 1:3d}/{episodes per stage} ¥ -
{stage names[stage]}:")

print(f" FHERE: {avg reward:7.3f}")

print(f" FEEER2: {avg depth red:.2f}")

print(f" FEXMEL: {avg x red:.2f}")

print(f"[4 {stage names[stage]}l&5m ! ")

return agent, history

def evaluate_model(agent, stage: int, num test circuits: int = 50, max_steps:

= 50):

AR R 1ERE

Args:
agent: BillIZHRE

int



178
179
180
181
182
183
184
185
186
187
188
189

190
191
192
193
194
195
196
197
198
199
200
201
202
203
204
205
206
207
208
209
210
211
212
213
214
215
216
217
218
219
220
221
222
223
224
225

stage: MER
num test circuits: MEXEEEREK
max_steps: AT

Returns:

evaluation results: JFfHEERFH

print(f"\nj,] #&H{['AM', "', "#HM']1[stage] HER...")

env

= QuantumCircuitOptimizationEnv(max steps=max steps)

test circuits = create stage dataset(stage, num circuits=num test circuits,
seed base=2000 + stage * 1000)

results = {

for

'total reward': [],
'depth_reduction': [1],
"X reduction': [1],
'success rate': []

circuit in test circuits:
state = env.reset(circuit)

total reward = 0
successful actions = 0

init metrics = env.get metrics()
init depth = init metrics['depth']
init x count = init metrics['x count']

for step in range(max steps):
action tensor = agent.act(state)
next state, reward, done = env.step(action tensor)

total reward += reward
if reward > 0.1:
successful actions += 1

state = next state

if done:
break

final metrics = env.get metrics()
final depth = final metrics['depth']

final x count = final metrics['x count']

results['total reward'].append(total reward)



226
227
228

229
230
231
232
233
234
235
236
237
238
239

240
241
242
243
244
245
246
247
248
249
250
251
252
253
254
255
256
257
258
259
260
261
262
263
264
265
266
267
268
269
270

271

results['depth reduction'].append(init depth - final depth)
results['x reduction'].append(init x count - final x count)

results['success rate'].append(successful actions / ?step + 1) if step > 0
else 0)

# HTESIHER
evaluation stats = {
'avg total reward': np.mean(results['total reward'l]),
‘std total reward': np.std(results['total reward']),
'avg depth reduction': np.mean(results['depth reduction']),
'avg x _reduction': np.mean(results['x reduction'l]),
'avg success rate': np.mean(results['success rate'l),

print(f" FHEER: {evaluation stats['avg total reward']:.3f} =
{evaluation stats['std total reward']:.3f}")

print(f" FHEZFERERD: {evaluation stats['avg depth reduction']:.2f}")

print(f" FEXIUEA: {evaluation stats['avg x reduction']:.2f}")

print(f" F¥pEINE: {evaluation stats['avg success rate']:.2%}")

return evaluation stats

def main():
e )| gRiggg

print("=" * 70)
print("«’ Z=FEXDQNillZ - SKESH{ERRE")
print("=" * 70)

print("\nfc& : ")

print(" < =1MER : AM. Bt #HM")
print(" < THEAZR: (6, 5, MAX DEPTH, 17)")
print(" e SHELERE : 6%5*%10%17 = 5100")
print(" < EFEAN I ETFUERIBIERERE")

# ESE
EPISODES_PER_STAGE = 400
MAX_STEPS = 100

stage names = ['AMMER"', "B, "#HME']
trained agents = []
training histories
evaluation results

[
[

# WE=TER
for stage in range(3):
agent, history = train stage(stage, episodes per stage=EPISODES PER STAGE,
max_steps=MAX STEPS)
trained agents.append(agent)



272
273
274
275
276

277
278
279
280
281
282
283
284
285
286

287
288
289
290
291
292
293
294
295
296
297
298
299
300
301
302
303
304
305
306

307
308
309
310
311
312
313
314
315
316
317

training histories.append(history)

# REFEEIHNAFER
script dir = os.path.dirname(os.path.abspath( file ))
model path = os.path.join(script dir, f'quantum optimizer stage{stage}

~model.pth")

agent.save(model path)
print(f" [4 #BEEFER {model path}")

# ME=MRE
print(ll\nll + II=II % 70)
print(",/ #REEE")
print("=" * 70)

for stage, agent in enumerate(trained agents):
eval results = evaluate model(agent, stage, num test circuits=50,

max_steps=50)

evaluation results.append(eval results)

# ERXIEEIRS

print(ll\nll + II=II * 70)
print ("] =REMLIRE")
print("=" * 70)

print (f"\n{'$845':>20} | {'AM&EE":>15} | { EM&EE" :>15} | { #HMER" :>15}")
print("-" * 70)

metrics to compare = [
('avg total reward', 'FIgEIER'),
('avg depth reduction', 'FFEERD'),
('avg_x_reduction', 'FEHXMEL'),
('avg success rate', 'FIIHE"'),

for metric key, metric name in metrics to compare:
values = [evaluation results[i][metric key] for i in range(3)]
print(f"{metric name:>20} | {values[0]:>15.3f} | {values[1]:>15.3f} |

{values[2]:>15.3f}")

# RFIHHER
report = {
"timestamp': datetime.now().isoformat(),
"configuration': {
‘episodes per stage': EPISODES PER STAGE,
'max_steps': MAX STEPS,
‘stages': stage names,
‘action dim': 5100,
'action shape': [6, 5, 10, 17]



318
319
320
321
322
323
324
325
326
327
328
329
330
331
332
333
334
335
336
337
338
339
340
341
342
343
344
345
346

'training histories': training histories,
‘evaluation results': evaluation results,
"summary': {
stage names[i]: evaluation results[i]
for i in range(3)

script dir = os.path.dirname(os.path.abspath( file ))
report path = os.path.join(script dir, 'training report three stages.json')
with open(report path, 'w') as f:
def serialize(obj):
if isinstance(obj, np.ndarray):
return obj.tolist()
if isinstance(obj, (np.integer, np.floating)):
return float(obj)
return obj

json.dump(report, f, indent=2, default=serialize)
print(f"\n[4 IREBHREE] {report_path}")
print(ll\nll + II=II * 70)

print ("4 =MEBNETMA ! ")
print("=" * 70)

if name == ' main ':
main()

Environment_two_NewVersion.py

O© 00 NO Ul WN =

el T el el el
O~NOU A WNRO

BEFEBRMIMLIFE - FRA
FIFADKENERSE

DE 17 ERNSGHR rewa rd

HFH9 1721
0-2 : MiIERIEEIM
16: Done (f£1k)

import numpy as np

import random

from giskit import QuantumCircuit, QuantumRegister
import copy

import sys

import os
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20

21
22
23
24
25
26
27
28
29
30
31
32
33
34
35
36
37
38
39
40
41
42
43
44
45
46
47
48
49
50
51
52
53
54
55
56
57
58
59
60
61
62
63
64
65
66

sys.path.insert(0, os.path.dirname( file ))

WERTERIFF K

# FR— P HELER, SHAITIEEERNAE
try:

# Y MAREN B RAITIPY thonighig

from Latest circuit encoder import LatestCircuitEncoder, get encoder

HAS NEW ENCODER = True
except ImportError:
HAS NEW ENCODER = False
print(" ) FXZESA Latest circuit encoder")

# create_random circuit limited AZERBIE—NJLFIHINSqubits, 10gatesLkik

# FERAEHFwhile

def create_random_circuit_limited(n qubits=5, max depth=10, seed=None):

BIERIRFENEBERE (RZ57qubit, REKZ10)

Returns:
QuantumCircuit: FEN=FEER
if seed is not None:
random.seed(seed)
np.random.seed(seed)

n_qubits =
max_depth =

min(max(1l, n_qubits), 5)
min(max(1l, max_ depth), 10)

gr = QuantumRegister(n qubits,
circuit = QuantumCircuit(qr)

'q')

single qubit gates = ['h', 'x', 'z', 's'l]
two qubit gates = ['cx', 'cz']

current depth = 0
while current depth < max depth:
gate choice = random.random()

if gate choice < 0.7 and single qubit gates:

gate name = random.choice(single qubit gates)
qubit = random.randint (0, n_qubits - 1)
if gate name == 'h':
circuit.h(qrlqubit])
elif gate name == 'x':

circuit.x(gr[qubit])
elif gate name == 'z':



67 circuit.z(grlqubit])

68 elif gate name == 's':

69 circuit.s(qrlqubit])

70

71 current depth = circuit.depth()

72

73 elif n qubits >= 2 and two qubit gates:

74 gate name = random.choice(two qubit gates)

75 gl = random.randint(@, n _qubits - 1)

76 g2 = random.randint(0, n qubits - 1)

77

78 if ql1 !'= g2:

79 if gate name == 'cx':

80 circuit.cx(qrlqgll, qrlg2])

81 elif gate name == 'cz':

82 circuit.cz(qrlqll, qrlqg2])

83

84 current depth = circuit.depth()

85

86 return circuit

87

88

89 class QuantumCircuitOptimizationEnv:

90 e

91 EFBRRMIIFE - FRE

92

93 X FFADKETHE

94 e

95

96 # 17THRIERIE X

97 # BRI R FETMR0E

98 OPERATIONS = {

99 0: ('X-X to I-I', 'remove xx'), # I2{E0
100 1: ('Z-Z to I-I', 'remove zz'), # 121
101 2: ('H-H to I-I', 'remove hh'), # i2F2
102 3: ('X-I to I-X', 'move x right'),

103 4: ('Z-1I to I-Z', 'move z right'),
104 5: ('H-I to I-H', 'move h right'),
105 6: ('S-I to I-S', 'move s right'),
106 7: ('H-X-H to Z-I-I', 'hxh to zii'),
107 8: ('H-Z-H to X-I-I', 'hzh to xii'),
108 16: ('Done', 'done') # i2E16

109 }

110

111 MAX QUBITS =5

112 MAX DEPTH = 10

113 MAX GATES = 50

114

115 def __init__ (self, init circuit=None, max_steps=50):



116 nmmnn

117 ha(EIfR

118

119 Args:

120 init circuit: #FJEAEEER

121 max_steps: mATH

122 o

123 self.init circuit = init circuit

124 self.current circuit = copy.deepcopy(init circuit) if init circuit else
None # REEN, WRIENZFIBEAIIIIEER

125 self.max_steps = max_steps

126 self.steps = 0

127

128 # #a{timhSEs

129 if HAS NEW ENCODER:

130 self.encoder = get encoder(n_qubits=self.MAX QUBITS,
max gates=self.MAX GATES,

131 max_depth=self.MAX DEPTH)

132 # #HY state FRZE 4D KE

133 self.state shape = (self.encoder.NUM CONTROL TYPES,

134 self.encoder.NUM TARGET TYPES,

135 self.encoder.max _depth,

136 self.encoder.NUM GATE TYPES)

137

138 # EERCAR

139 self.action shape = (6, 5, self.MAX DEPTH, 17) # (bl, b2, c,
operation)

140 else:

141 self.state shape = None

142 self.action shape = None

143

144 def reset(self, circuit):

145 "t EEIRE

146 self.current circuit = copy.deepcopy(circuit)

147 self.steps = 0

148 return self. get state()

149

150 def _get_state(self):

151 "UUIRENHEIRS - R[El4DIKE"""

152 if self.current circuit is None:

153 return np.zeros(self.state shape, dtype=np.float32)

154

155 try:

156 encoding = self.encoder.encode circuit(self.current circuit)

157 state tensor = self.encoder.encoding to vector(encoding)

158 return state tensor

159 except Exception as e:

160 print(f" 1 ZwREKEM: {e}")

161 return np.zeros(self.state shape, dtype=np.float32)



162

163 def step(self, action tensor):

164 o

165 WIT—F M1k

166

167 Args:

168 action tensor: 4D numpyikE, F24K (6, 5, max depth, 17)
169 RE—MIENL, HFRAO

170

171 Returns:

172 next state, reward, done

173 e

174 self.steps += 1

175

176 old metrics = self.get metrics()

177 old x count = old metrics['x count']

178 old depth = old metrics['depth']

179

180 # Maction tensordiZEUR{EER

181 positions = np.where(action tensor > 0.5)
182 if len(positions[0]) ==

183 # RBEBRIERED

184 reward = -0.5

185 success = False

186 else:

187 bl idx = positions[0][0]

188 b2 idx = positions[1][0]

189 C_idx = positions[2][0]

190 op _idx = positions[3][0]

191

192 # HITIRIE

193 success = self. apply operation(bl idx, b2 idx, c_idx, op_ 1idx)
194

195 # IHERm

196 new metrics = self.get metrics()

197 new x count = new metrics['x count']
198 new depth = new metrics['depth']

199

200 X_reduction = old x count - new x count
201 depth reduction = old depth - new depth
202

203 # KMEZESE"Done"1#E

204 if op idx == 16:

205 number _action = 0

206 else:

207 number action = 1 if success else 0
208

209 # BB rewardiEsk

210 # NEABEX, XEEFRIEHNINE



211 reward = 0.5 * depth reduction + 0.3 * x_reduction - 0.1 *
number_action

212

213 # NRRIER, 4T /a9

214 if not success and op idx !'= 16:

215 reward -= 0.1

216

217 done = self.steps >= self.max steps or (len(positions[0]) > O and
positions[3][0] == 16)

218

219 return self. get state(), reward, done

220

221 def _apply operation(self, bl idx, b2 idx, c idx, op idx):

222 o

223 MITHEERVIRIE

224

225 Args:

226 bl idx: control qubitZ35| (0-5)

227 b2 idx: target qubit35| (0-4)

228 c_idx: REZ5| (0 to MAX_DEPTH-1)

229 op_idx: #fE3R5| (0-16)

230

231 Returns:

232 bool: 1R{EERELLY

233 e

234 if op idx == 16: # Done

235 return True

236

237 if self.current circuit is None:

238 return False

239

240 try:

241 if op idx == 0: # X-X to I-I

242 return self. remove consecutive gates('x', 2, bl idx, b2 idx,
c_idx)

243 elif op idx == 1: # Z-Z to I-I

244 return self. remove consecutive gates('z', 2, bl idx, b2 idx,
c_idx)

245 elif op idx == 2: # H-H to I-I

246 return self. remove consecutive gates('h', 2, bl idx, b2 idx,
c_idx)

247 elif op idx == 3: # [{4 I-X to X-I

248 return self. swap x i gates(bl idx, b2 idx, c_idx)

249 elif op idx == 4: # [{4 I-Z to Z-I

250 return self. swap z i gates(bl idx, b2 idx, c_idx)

251 elif op idx == 5: # [ I-H to H-I

252 return self. swap h i gates(bl idx, b2 idx, c_idx)

253 elif op idx == 6: # [ I-S to S-I

254 return self. swap s i gates(bl idx, b2 idx, c_ idx)

255 elif op idx == 7: # [ H-X-H to Z-I-I



256

257
258

259
260
261
262
263
264
265
266
267
268
269
270
271
272
273
274
275
276
277
278
279
280
281
282
283
284
285
286
287
288
289
290
291
292
293
294
295

296
297
298
299

300
301

return self. transform hgh to result('x', 3, bl idx, b2 idx,
c_idx)
elif op idx == 8: # [ H-Z-H to X-I-I
return self. transform hgh to result('z', 3, bl idx, b2 idx,
c idx)

return False

except Exception as e:
print (f"#ERITEK: {e}")
return False

def _remove consecutive gates(self, gate name, count, bl idx, b2 idx, c idx):

MIFRELLBIAREI]

Args:
gate name: TMBY&FH
count: ZEMFREVIESIME
bl idx, b2 idx, c idx: IR{EUE
try:
instructions = list(self.current circuit.data)

# 1BHEb1 idx, b2 idx, c idxEMZEMIEREIM
# XBEEIRDERS R E BERIED RS

gate count = {} # IBRENqubitEAIMEK
gate positions = {} # iERETqubit EAREZFEENMZRS]

for inst idx, instruction in enumerate(instructions):
gate = instruction.operation.name. lower()
qubits = instruction.qubits

if len(qubits) == 1:
qubit idx = 0 # fE{LibEE
if qubit idx not in gate count:
gate count[qubit idx] = 0
gate positions[qubit idx] = {}

gate count[qubit idx] +=1
gate positions[qubit idx][gate count[qubit idx] - 1] =
inst idx

# RiBc_idxIXEB EARIERERS]
target qubit = b2 idx
if target qubit in gate positions and c _idx in
gate positions[target qubit]:
start inst idx = gate positions[target qubit][c_ idx]



302
303
304
305
306
307
308
309
310
311
312
313
314
315
316
317
318
319
320

321
322
323
324
325
326
327
328
329
330
331
332
333
334
335
336
337
338
339
340
341
342
343
344
345
346
347
348
349

# KEELHMERM
removed = 0
for i in range(count):
if start inst idx + i < len(instructions):
inst = instructions[start inst idx + i]
if inst.operation.name.lower() == gate name:
removed += 1

if removed == count:
# BUEFERRHPIT XL
new circuit = QuantumCircuit()
# MARITERAHERNE F LSS
for qreg in self.current circuit.qregs:
new circuit.add register(qreg)

# RARMAERFREERNES, SSIMMERSR
for idx in range(len(instructions)):
if idx < start inst idx or idx >= start inst idx + count:
new circuit.append(instructions[idx].operation,

instructions[idx].qubits)

def

self.current circuit = new circuit
return True

return False

except Exception as e:
print (f"MIBRMEK: {e}")

return False

_swap_x_1i_gates(self, bl idx, b2 idx, c idx):
X - TN E TR - X
Bl :X-I - I-X

Args:
bl idx: control qubitZR3|
b2 idx: target qubit5|
c idx: FEZR3|

Returns:
bool: REREMIN
try:
instructions = list(self.current circuit.data)

gate count = {}
gate positions = {}



350 # IERB T qubit EMNMUE

351 for inst idx, instruction in enumerate(instructions):

352 gate = instruction.operation.name. lower()

353 qubits = instruction.qubits

354

355 if len(qubits) ==

356 qubit idx = 0

357 if qubit idx not in gate count:

358 gate count[qubit idx] = 0

359 gate positions[qubit idx] = {}

360

361 gate count[qubit idx] +=1

362 gate positions[qubit idx][gate count[qubit idx] - 1] =
inst idx

363

364 # RiEc_idxIEBBARIEDRE]

365 target qubit = b2 idx

366 if target qubit in gate positions and c_idx in
gate positions[target qubit]:

367 start inst idx = gate positions[target qubit][c_idx]

368

369 # MERTEX-TRN

370 if (start inst idx < len(instructions) and

371 start inst idx + 1 < len(instructions)):

372

373 instl = instructions[start inst idx]

374 inst2 = instructions[start inst idx + 1]

375

376 gatel = instl.operation.name. lower()

377 gate2 = inst2.operation.name.lower()

378

379 # 4 BEREREX-I B—1EX, BI1MED

380 if gatel == 'x' and gate2 == 'i':

381 # HOXFAT] D X-I - I-X

382 new circuit = QuantumCircuit()

383 for qreg in self.current circuit.qregs:

384 new circuit.add register(qreg)

385

386 # FIFRETES, BXMstart _inst idx#start inst idx+1

387 for idx in range(len(instructions)):

388 if idx == start inst idx:

389 # AINEZAT (I) HEFIE

390 new circuit.append(inst2.operation, inst2.qubits)

391 elif idx == start inst idx + 1:

392 # AME—M (X) BREEE

393 new circuit.append(instl.operation, instl.qubits)

394 else:

395 # AINEALT

396 new circuit.append(instructions[idx].operation,
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398
399
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411
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416
417
418
419
420
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423
424
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427
428
429
430
431
432
433
434
435
436
437
438
439

440
441
442
443

instructions[idx].qubits)

self.current circuit = new circuit
return True

return False

except Exception as e:
print (f"ZEX-IMKMK: {e}")
return False

def swap_z i gates(self, bl idx, b2 idx, c idx):
RIRZ-IMNIBERI-Z
Bp:z-1-1I-Z

Args:
bl idx: control qubitZR3|
b2 idx: target qubit5|
c idx: FEZR5I

Returns:
bool: RIEEEAIN
try:
instructions = list(self.current circuit.data)

gate count = {}
gate positions = {}

# iBRE M qubit FAIMIE

for inst idx, instruction in enumerate(instructions):
gate = instruction.operation.name. lower()
qubits = instruction.qubits

if len(qubits) == 1:
qubit idx = 0
if qubit idx not in gate count:
gate count[qubit idx] = 0
gate positions[qubit idx] = {}

gate count[qubit idx] +=1
gate positions[qubit idx][gate count[qubit idx] - 1] =
inst idx

# 1BIEC_1dxIXBIEFNIERERS]

target qubit = b2 idx

if target qubit in gate positions and c _idx in
gate positions[target qubit]:
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492

start inst idx = gate positions[target qubit][c_idx]

# WBERBRZ-IRN
if (start inst idx < len(instructions) and
start inst idx + 1 < len(instructions)):

instl = instructions[start inst idx]
inst2 = instructions[start inst idx + 1]
gatel = instl.operation.name. lower()
gate2 = inst2.operation.name. lower()

# 4 BWERERZ-I1 B—1RZ, BINEI « M—Um
if gatel == 'z' and gate2 == 'i':
# STHOXFNTT 1 Z-1 - I-Z
new circuit = QuantumCircuit()
for qreg in self.current circuit.qregs:
new circuit.add register(qgreg)

# FIFRETES, [BXMfstart inst idxflstart inst idx+1
for idx in range(len(instructions)):
if idx == start inst idx:
# ANNEZAT (I) BAEEiE
new circuit.append(inst2.operation, inst2.qubits)
elif idx == start inst idx + 1:
# ANE—T (2) BEREE
new circuit.append(instl.operation, instl.qubits)
else:
# ANINEALT
new circuit.append(instructions[idx].operation,
instructions[idx].qubits)

self.current _circuit = new circuit
return True

return False

except Exception as e:
print (f"33#z-IM&%kK: {e}")
return False

def _swap_h_i gates(self, bl idx, b2 idx, c idx):
ZHRH- IMAYIEZ AT -H
Bl :H-I - I-H

Args:
bl idx: control qubitZR3|
b2 idx: target qubit5|
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c_idx: FREZFR3I

Returns:
bool: RIEEREAIN
try:
instructions = list(self.current circuit.data)

gate count = {}
gate positions = {}

# IBRE Tqubit FHIME

for inst idx, instruction in enumerate(instructions):
gate = instruction.operation.name. lower()
qubits = instruction.qubits

if len(qubits) == 1:
qubit idx = 0
if qubit idx not in gate count:
gate count[qubit idx] = 0
gate positions[qubit idx] = {}

gate count[qubit idx] +=1
gate positions[qubit idx][gate count[qubit idx] - 1]
inst idx

# RiBc_idxIXB EARIERERS]
target qubit = b2 idx
if target qubit in gate positions and c _idx in
gate positions[target qubit]:
start inst idx = gate positions[target qubit][c_ idx]

# WBERBRZ-IRN
if (start inst idx < len(instructions) and
start inst idx + 1 < len(instructions)):

instl = instructions[start inst idx]
inst2 = instructions[start inst idx + 1]
gatel = instl.operation.name. lower()
gate2 = inst2.operation.name. lower()

# 4 REREREH-I E—1RH, HBZ1MRD
if gatel == 'h' and gate2 == 'i':
# HUXFAT] CH-I - I-H
new circuit = QuantumCircuit()
for qreg in self.current circuit.qregs:
new circuit.add register(qreg)
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# FIFRETES, (BXfstart inst idxflstart inst idx+1
for idx in range(len(instructions)):
if idx == start inst idx:
# AMEZAT (1) BEsE
new circuit.append(inst2.operation, inst2.qubits)
elif idx == start inst idx + 1:
# ANE—T (H) BEE=E
new circuit.append(instl.operation, instl.qubits)
else:
# AINEAT]
new circuit.append(instructions[idx].operation,
instructions[idx].qubits)

self.current _circuit = new circuit
return True

return False

except Exception as e:
print (f"33#H-IMKK: {e}")
return False

def _swap_s_i gates(self, bl idx, b2 idx, c idx):
RS - IMBIU BT RI -S
Bl:S-T - I-S

Args:
bl idx: control qubitZR3|
b2 idx: target qubit35|
c idx: FEZR3|

Returns:
bool: 1RIEREMIN
try:
instructions = list(self.current circuit.data)

gate count = {}
gate positions = {}

# IBRE T qubit ERMUE

for inst idx, instruction in enumerate(instructions):
gate = instruction.operation.name. lower()
qubits = instruction.qubits

if len(qubits) ==
qubit idx = 0
if qubit idx not in gate count:



589 gate count[qubit idx] = 0

590 gate positions[qubit idx] = {}

591

592 gate count[qubit idx] +=1

593 gate positions[qubit idx][gate count[qubit idx] - 1] =
inst idx

594

595 # RiEc_idxB BEARIERERS]

596 target _qubit = b2 idx

597 if target qubit in gate positions and c idx in
gate positions[target qubit]:

598 start inst idx = gate positions[target qubit][c_idx]

599

600 # RNERETES-IEN

601 if (start inst idx < len(instructions) and

602 start inst idx + 1 < len(instructions)):

603

604 instl = instructions[start inst idx]

605 inst2 = instructions[start inst idx + 1]

606

607 gatel = instl.operation.name. lower()

608 gate2 = inst2.operation.name. lower()

609

610 # 4 RERERES-I B RS, BTN

611 if gatel == 's' and gate2 == 'i':

612 # XA 0 S-I - I-S

613 new circuit = QuantumCircuit()

614 for qreg in self.current circuit.qregs:

615 new circuit.add register(qreg)

616

617 # FIFRETES, (BXfstart inst idxflstart inst idx+1

618 for idx in range(len(instructions)):

619 if idx == start inst idx:

620 # AMEZAT (1) BEsE

621 new circuit.append(inst2.operation, inst2.qubits)

622 elif idx == start inst idx + 1:

623 # ANNE—T (S) BEEE

624 new circuit.append(instl.operation, instl.qubits)

625 else:

626 # ANINEMMN

627 new circuit.append(instructions[idx].operation,

628 instructions[idx].qubits)

629

630 self.current _circuit = new circuit

631 return True

632

633 return False

634

635 except Exception as e:



636 print (f"33RS-IMEKK: {e}")

637 return False

638

639 def _transform_hgh_to_result(self, gate name, count, bl idx, b2 idx, c_idx):
640 e

641 H-gate-HERMENAIMFES

642

643 H-X-H - Z-I-1I (Z%gate name='x")

644 H-Z-H - X-I-I (ZHgate name='z")

645

646 BEFEFNHFMR :

647 - H*X*H = Z

648 - H*¥Z*H = X

649

650 Args:

651 gate name: HEIMMIBIT ('x' 3 'z')

652 count: BRIEMMM (FiZzFTF3)

653 bl idx: control qubitZR3|

654 b2 idx: target qubit3s5|

655 c_idx: REZKS5|

656

657 Returns:

658 bool: RIEEEAIN

659 e

660 try:

661 # ===== F—% | BELRM =====

662 if gate name.lower() == 'x':

663 result gate = 'z' # H-X-H » Z-I-I

664 elif gate name.lower() == 'z':

665 result gate = 'x' # H-Z-H - X-I-I

666 else:

667 print (f") FEZFHHEIMHE: {gate name}")
668 return False

669

670 instructions = list(self.current circuit.data)
671

672 gate count = {}

673 gate positions = {}

674

675 # ===== F_H ! EREPDqubit LHMEBFLME =====
676 for inst idx, instruction in enumerate(instructions):
677 gate = instruction.operation.name. lower()
678 qubits = instruction.qubits

679

680 if len(qubits) ==

681 qubit idx =0

682 if qubit idx not in gate count:

683 gate count[qubit idx] =0

684 gate positions[qubit idx] = {}



685

686 gate count[qubit idx] +=1

687 gate positions[qubit idx][gate count[qubit idx] - 1] =
inst idx

688

689 # ===== F=% | BIEc 1dxKICIHRIEHFRS| =====

690 target_qublt = b2 idx

691 if target qubit in gate positions and c idx in
gate positions[target qubit]:

692 start inst idx = gate positions[target qubit][c_ idx]

693

694 # ===== FIUY | KERLBH-gate-HIER =====

695 expected sequence = ['h', gate name.lower(), 'h']

696 matched =

697

698 for i in range(count):

699 if start inst idx + i < len(instructions):

700 inst = instructions[start inst idx + 1i]

701 inst gate name = inst.operation.name. lower ()

702

703 # MELFET RS SHAERIMITE

704 if inst gate name == expected sequence[il]:

705 matched += 1

706

707 # ===== BRY ! NRHBIFTEMH-gate-HER, #HITEMR =====

708 if matched == count:

709 # GIEFTERER

710 new circuit = QuantumCircuit()

711 for qreg in self.current circuit.qregs:

712 new circuit.add register(qreg)

713

714 # BAFABIET, #HITER

715 for idx in range(len(instructions)):

716 if idx == start inst idx:

717 # B—MMULE D FMERM (Z8X)

718 qubit = instructions[idx].qubits[0]

719 if result gate == 'z':

720 new circuit.z(qubit)

721 elif result gate == 'x':

722 new circuit.x(qubit)

723 elif idx == start inst idx + 1 or idx == start inst idx +
2:

724 # B, =MMUE  ARIIM

725 qubit = instructions[idx].qubits[0]

726 new circuit.id(qubit) # Qiskit®IMAid()FERR

727 else:

728 # HMAIE  ANREES

729 new circuit.append(instructions[idx].operation,

730 instructions[idx].qubits)



731

732 self.current circuit = new circuit
733 return True
734
735 return False
736
737 except Exception as e:
738 print(f"){ H-{gate name}-HZMELK: {e}")
739 return False
740
741 def get_circuit(self):
742 U IRER S A ER R
743 return self.current circuit
744
745 def get metrics(self):
746 " RERGEALIEAR
747 if self.current circuit is None:
748 return {'depth': 0, 'x count': 0, 'total gates': 0}
749
750 depth = min(self.current circuit.depth(), self.MAX DEPTH)
751
752 X _count =0
753 total gates = 0
754
755 for inst in self.current circuit.data:
756 gate name = inst.operation.name. lower()
757 if gate name != 'm':
758 total gates +=1
759 if gate name == 'x':
760 x_count +=1
761
762 return {
763 "depth': depth,
764 "X _count': x count,
765 ‘total gates': total gates
766 }
head
Helper.py
1 # SEWHE
2 import matplotlib.pyplot as plt
3 from IPython import display
4
5 plt.ion()
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def plot(scores, mean scores):
display.clear output(wait=True)
display.display(plt.gcf())
plt.clf()
plt.title('Training...")
plt.xlabel('Number of Games')
plt.ylabel('Score')
plt.plot(scores)
plt.plot(mean scores)
plt.ylim(ymin=0)
plt.text(len(scores)-1, scores[-1], str(scores[-1]1))
plt.text(len(scores)-1, mean scores[-1], str(mean scores[-1]))
plt.show(block=False)
plt.pause(.1)

Latest_circuit_encoder.py

O© 00O NO Ul WN =

NNNNNNNNNRRRRRRHB R B 2 -
O NOUBWNROOOOMNOU_AWNROD

EFEBERBEFELEE - HRELEAR
X% : Latest circuit encoder.py

4mi57A30 bl * b2 * c * a (GKEF)

Hrh:
a: MR (64 one-hot)
[X/CX, Z/CZ, H, S, M, I]

bl: Control qubitfii& (54 one-hot)
[#&FM, 90, ql, 92, g3, q4]

b2: Target qubitfiiif (54 one-hot)
(00, ql, g2, g3, qg4]

c: MMIEF (dynamic, one-hot)
WFBEEFM | cB%MiEtarget qubit EMIRE
HFWEFM : cEmax(control EMIRRZE, target EMIAF)

import numpy as np
from typing import List, Tuple, Dict, Any
import warnings

class LatestCircuitEncoder:



29
30
31
32
33
34
35
36
37
38
39
40
41
42
43
44
45
46
47
48
49
50
51
52

53
54
55
56
57
58
59
60
61
62
63
64
65
66

67
68
69
70
71
72
73
74
75

Hrimie A LR E F R RiDEs
SEHMER 0 X, Z, H, S, M, I (BEFM)
CX, CZ (WEFM)
migt&I0 bl * b2 * c * a
# [MSERIBRGY
GATE _TYPES = {
'x': 0, 'cx': 0, # XFICXEZAE0
'z': 1, 'cz': 1, # ZFMCZEEAE]
'h': 2,
|S| . 3’
'm': 4, 'measure': 4,
'i': 5, # Identityf!
}
NUM_GATE_TYPES = 6
NUM_CONTROL TYPES = 6 # BE&EFI', 90, ql, g2, q3, g4
NUM TARGET TYPES = 5 # q0, ql, g2, 93, q4
MAX DEPTH = 20 # SARZIFHIRE (one-hot##)
def __init__ (self, n qubits: int = 5, max _gates: int = 50, max depth: int =
10):
Ita L mED e
Args:
n_qubits: ®Aqubit# (0-4, H55%%)
max _gates: EmRAZFHIMHK
max_depth: BERRAZEE
self.n_qubits = n_qubits
self.max _gates = max gates
self.max_depth = min(max_depth, self.MAX DEPTH)
# Y4 © b1(5) + b2(5) + c(max_depth) + a(6)
self.feature dim per gate = self.NUM CONTROL TYPES + self.NUM TARGET TYPES

+ self.max depth + self.NUM GATE TYPES

def encode_circuit(self, circuit) -> List[Dict[str, Any]]:

FfQuantumCircuitRiZAFHEMLRT

X 9Eqmh
1. #HAIMEZERLE
2. HESTqubit ERIMF
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3. BREIENRFEERES (RENEEESHAZKER, MEFHR)

Args:
circuit: Qiskit QuantumCircuitXis

Returns:
encoding: List of dicts with new encoding format

# SIS FHAFRIZRE | RYRRST = 8l
qubit mapping = {qubit: idx for idx, qubit in enumerate(circuit.qubits)}

# PREE D qubitMIrFEit#K

qubit gate order = {idx: 0 for idx in range(circuit.num qubits)} # FATFEER

EFLER ERBRITIRER

# WEERIRMERNRE
instructions = list(circuit.data) # EBBERBMIZEES
# FEEBRATIREN, AU
circuit depth = circuit.depth()
actual max depth = min(circuit depth, self.max depth)

# PRt BRENIFUE (BFEAILMN)
# position on qubitl[q]l = &E—MEBEqLHMNRELMLE
position on qubit = {idx: 0 for idx in range(circuit.num qubits)}

encoding = []

# WIBFREED

for instruction in instructions:
gate name = instruction.operation.name. lower ()
qubits = instruction.qubits

if gate name not in self.GATE TYPES:
warnings.warn(f"R&IM2EE: {gate name}, Bkid")
continue

gate type idx = self.GATE TYPES[gate name]

# WIBREF]

if len(qubits) ==
target idx = qubit mapping[qubits[0]]
qubit gate order[target idx] +=1

control type idx = 0 # BEFMiFC
control idx = control type idx
target type idx = target idx

# depth_indexMOFF%a, #Mgate positionzZEl
depth idx = qubit gate order[target idx] - 1
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129
130
131
132
133
134
135
136
137
138
139
140
141
142
143
144
145
146
147
148
149
150
151

152
153
154
155
156
157
158
159
160
161l
162
163
164
165
166
167
168
169
170
171

# BRI
position on qubit[target idx] = depth idx + 1

# TEREDAREM _LFHRIMER

encoding.append({
'gate type idx': gate type idx,
‘control type idx': control type idx,
'target type idx': target type idx,
"depth idx': depth idx,
'qubits': (control idx,target idx),
‘gate name': gate name.upper()

})

# WIEWNE T

elif len(qubits) ==
control idx = qubit mapping[qubits[0]]
target idx = qubit mapping[qubits[1]]

# [EIBYEFcontrol M targetBAIERFER
qubit gate order[control idx] +=1
qubit gate order[target idx] +=1

control type idx = control idx + 1 # +1EAOREZFMHRIC
target type idx = target idx

# WEFMIREERUNRAE
depth idx = max(qubit gate order[control idx],
qubit gate order[target idx]) - 1

position on qubit[control idx] = depth idx + 1
position on qubit[target idx] = depth idx + 1

encoding.append({
'gate type idx': gate type idx,
‘control type idx': control_ type idx,
"target type idx': target type idx,
‘depth_idx': depth_idx,
'qubits': (control idx, target idx),
'gate name': gate name.upper()

})

else:
warnings.warn(f"Ax%#{len(qubits)}-EFM, Bd")
continue

# ANNIMEZENMUE (RFHRIEETE)
# X8 Tqubit, NMIBL1BIEKFRE, EIRZEM
for qubit idx in range(circuit.num qubits):

max_order = max(qubit gate order.values()) if qubit gate order else 0



172
173
174
175
176
177
178
179
180
181
182
183
184
185
186
187
188
189
190
191
192
193
194
195
196
197
198
199
200
201
202
203
204
205
206
207
208
209
210
211
212
213
214
215
216
217
218
219
220

for pos in range(1l, self.max depth + 1):
# KERLBELB/IZAIENM
has _gate at pos = False

# BEAMNME, BIREMTrue
for enc in encoding:
if qubit idx in enc['qubits'] and enc['depth idx'] == pos - 1:
has gate at pos = True
break

if not has gate at pos:

# AN

encoding.append({
'gate type idx': 5, # I
‘control type idx': 0, # BEFM
'target type idx': qubit idx,
'depth idx': pos - 1,
'qubits': (qubit idx,),
‘gate name': 'I'

})

# RREMqubitBEFEHRE
encoding.sort(key=lambda x: (x['depth idx'], x['target type idx']))

return encoding

# AT IEKER bl © b2 © ¢ ® afVAE
def _tensor_product_of_four_one_hot(self, bl, b2, c, a):

HET one-hot AIEHKER

O

.
bl: 1D numpy array, controlfiEM one-hot ME (6%)
b2: 1D numpy array, targetfiiiEfJ one-hot M= (54)
c: 1D numpy array, MIfFE one-hot MZ (max depth)
a: 1D numpy array, MNZEEHY one-hot EE (64)

R[E
4D numpy KZ, RN (len(bl), len(b2), len(c), len(a))

# WIFMAZSN one-hot ME
def is_one_hot(vec):
return np.sum(vec) == 1 and all(x in [0, 1] for x in vec)

if not all(map(is one hot, [bl, b2, a, cl)):
raise ValueError("FRiERIAREXIE one-hot 4RiE")



221
222
223
224
225
226
227
228
229
230
231
232
233
234
235
236
237
238
239
240
241
242
243
244
245

246
247
248
249
250

251
252
253
254
255
256
257
258
259
260
261
262
263
264
265
266
267

def

# KRB TMEF 1 W5
idx bl = np.argmax(bl)
idx b2 = np.argmax(b2)
idx ¢ = np.argmax(c)
idx_a = np.argmax(a)

# B 4D FTKE
tensor = np.zeros((len(bl), len(b2), len(c), len(a)), dtype=np.float32)

# ENNAUBEIKE 1
tensor[idx bl, idx b2, idx ¢, idx a] =1

return tensor

encoding_to vector(self, encoding: List[Dict[str, Anyl]) -> np.ndarray:

RIS A KERT

WAL

1. W8 gate info, IHHEKER bl @ b2 @ c © a
2. FFRE gate HIKS:ZFTHRAEM

SB[E : 4D numpy 3KE, 4R (NUM_CONTROL TYPES, NUM TARGET TYPES, max_ depth,

NUM_GATE_TYPES)

Bl (6, 5, max depth, 6)

# IRUIRESIKE
state tensor = np.zeros(

(self.NUM CONTROL TYPES, self.NUM TARGET TYPES, self.max depth,

self.NUM_GATE TYPES),

dtype=np.float32
)

# WEANMIHITRE
for gate info in encoding[:self.max gates]:
# SRR THEER one-hot ME

# bl: control fiiE (64 one-hot)
bl = np.zeros(self.NUM CONTROL TYPES, dtype=np.float32)
bl[gate info['control type idx']] = 1.0

# b2: target fiIiE (54 one-hot)
b2 = np.zeros(self.NUM TARGET TYPES, dtype=np.float32)
b2[gate info['target type idx']] = 1.0

# c: MMIRE (max_depth# one-hot)
C = np.zeros(self.max depth, dtype=np.float32)



268
269
270
271
272
273
274
275
276
277
278
279
280
281
282
283
284

285
286
287
288
289

290
291
292
293
294
295
296
297
298
299
300
301
302
303
304
305
306
307
308
309
310
311
312
313
314

depth _idx = min(gate info['depth idx'], self.max depth - 1)
c[depth idx] = 1.0

# a: [M3EE! (64 one-hot)
a = np.zeros(self.NUM GATE TYPES, dtype=np.float32)
al[gate info['gate type idx']] = 1.0

# 1HEKEM bl © b2 @ c ® a
gate tensor = self. tensor product of four one hot(bl, b2, c, a)

# BT ERBMBPRESIKE
state tensor += gate tensor

return state tensor

def vector_to _encoding(self, state tensor: np.ndarray, threshold: float = 0.5)
-> List[Dict[str, Any]]l:

¥ 4D KEFMEIRE

B8
state tensor: 4D numpy K&, 2K/ (NUM_CONTROL TYPES,
NUM TARGET TYPES, max depth, NUM_GATE TYPES)
threshold: HIMMEREEFENEE

&
encoding: List of dicts with gate information

encoding = []

# EMH 4D KENFREMNLE
for bl idx in range(self.NUM CONTROL TYPES):
for b2 idx in range(self.NUM TARGET TYPES):
for c idx in range(self.max depth):
for a_idx in range(self.NUM GATE TYPES):
# WMRZAIBREN, MWARE—T
if state tensor[bl idx, b2 idx, c idx, a idx] > threshold:
encoding.append({
"control type idx': bl idx,
‘target type idx': b2 idx,
"depth _idx': c_idx,
'gate type idx': a idx
})

# BFREMNBEIRqubitHiFz
encoding.sort(key=lambda x: (x['depth idx'], x['target type idx']))

return encoding



315

316

317 def print_encoding_info(self, encoding: List[Dict[str, Anyl], max _gates: int =
10):

318 "UETEDSRREIE R "

319 print("\n" + "=" * 80)

320 print ("4mBEE (Fi&z: bl*b2*c*a) ")

321 print("=" * 80)

322 print(f"{'#':>3} | {'Gate':>8} | {'bl(Ctrl)':>12} | {'b2(Tgt)':>8} |
{'c(Order)':>8} | {'a(Type)':>8}")

323 print("-" * 80)

324

325 gate type names = {0: 'X/CX', 1: 'z/Cz', 2: 'H', 3: 'S', 4: 'M', 5: 'I'}

326 control names = {0: '®2Z¥', 1: 'q0', 2: 'ql', 3: 'g2', 4: 'g3', 5: 'g4'}

327 target names = {0: 'q0@', 1: 'ql', 2: 'g2', 3: 'g3', 4: 'q4'}

328

329 for i, enc in enumerate(encoding[:max gates]):

330 gate name = gate type names.get(enc['gate type idx'], 'Unknown')

331 ctrl name = control names.get(enc['control type idx'], 'Unknown')

332 tgt name = target names.get(enc['target type idx'], 'Unknown')

333

334 print(f"{i:3d} | {gate name:>8s} | {ctrl name:>12s} | {tgt name:>8s} |

335 f"{enc['depth idx']:>8d} | {enc['gate type idx']:>8d}")

336

337 if len(encoding) > max gates:

338 print(f"... #®F {len(encoding) - max gates} MM")

339

340 print("=" * 80 + "\n")

341

342

343 # {EREEH
344 def encode_circuit new(circuit, n qubits: int = 5, max gates: int = 50, max depth:
int = 10) -> np.ndarray:

345 R R B

346 encoder = LatestCircuitEncoder(n qubits, max gates, max depth)

347 encoding = encoder.encode circuit(circuit)

348 state vector = encoder.encoding to vector(encoding)

349 return state vector

350

351

352 def get_encoder(n qubits: int = 5, max gates: int = 50, max depth: int = 10) ->
LatestCircuitEncoder:

353 " IRENYmbDER LB

354 return LatestCircuitEncoder(n qubits, max gates, max depth)

MNIST Prediction.py

1 dimport torch
2 import torch.nn as nn
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10
11
12
13
14
15
16
17
18
19
20
21
22
23
24
25
26
27
28
29
30
31
32
33
34
35
36
37
38
39
40
41
42
43
44
45
46
47
48
49
50
51

from torchvision import datasets, transforms
from PIL import Image

import numpy as np

import matplotlib.pyplot as plt

import os

# TEXAEEBICNNIZRLZEY) (A58 —E)
class StandardCNN(nn.Module):
def init_ (self):
super(StandardCNN, self). init ()

self.convl = nn.Conv2d(1, 32, kernel size=3, padding=1)
self.relul = nn.ReLU()

self.pooll = nn.MaxPool2d(2, 2)

self.conv2 = nn.Conv2d(32, 64, kernel size=3, padding=1)
self.relu2 = nn.RelLU()

self.pool2 = nn.MaxPool2d(2, 2)

self.flatten = nn.Flatten()

self.fcl = nn.Linear(64 * 7 * 7, 128)
self.relu3 = nn.ReLU()

self.dropout = nn.Dropout(0.5)
self.fc2 = nn.Linear(128, 10)

def forward(self, x):
self.pooll(self.relul(self.convl(x)))
= self.pool2(self.relu2(self.conv2(x)))
= self.flatten(x)

= self.relu3(self.fcl(x))

= self.dropout(x)

= self.fc2(x)

return x

X X X X X X

# MENGRIFREEY
def load_model(model path, device):
"B REFRIRENE "
model = StandardCNN()
model.load state dict(torch.load(model path, map location=device))
model.to(device)
model.eval() # IRBRIHEER
print (f"#=EEM {model path} MO&EAIN!'")
return model

# TNEKER (AXH)

def predict_image_from_file(model, image path, device):



52 mnuomn

53 AP RENFERFER

54 EREKR : 28x28t%%, IKEE, EEAFHHERT

55 e

56 # ZEE R

57 img = Image.open(image path).convert('L') # ®#HAIKEE
58 img = img.resize((28, 28)) # FEX/N

59

60 # B Anumpy#E

61 img array = np.array(img)

62

63 # YR EERFEEHERY, Si—¥NERERTF

64 if img array.mean() > 127:

65 img array = 255 - img array

66

67 # Y3—1t

68 img array = img array.astype('float32') / 255.0

69

70 # L (BIlZRE—E)

71 mean, std = 0.1307, 0.3081

72 img array = (img array - mean) / std

73

74 # ¥ AtensorFHANMbatchfchanne 4 E

75 img tensor = torch.from numpy(img array).unsqueeze(0).unsqueeze(0).to(device)
76

77 # T

78 with torch.no grad():

79 output = model(img tensor)

80 probabilities = torch.softmax(output, dim=1)

81 predicted class = output.argmax(dim=1).item()

82 confidence = probabilities[O][predicted class].item()
83

84 return predicted class, confidence, probabilities[O].cpu().numpy()
85

86

87 # FUMMNISTMXERHEF
88 def predict_from_mnist(model, device, num samples=10):

89 "t MMNIS TSR R LI A A T Fonm - "

20 # INEFMNISTINAE

91 transform = transforms.Compose( [

92 transforms.ToTensor(),

93 transforms.Normalize((0.1307,), (0.3081,))

94 1)

95

96 test dataset = datasets.MNIST(root='./mnist data', train=False,
97 download=True, transform=transform)
98

99 # FENLERFER

100 indices = np.random.choice(len(test dataset), num samples, replace=False)



101
102
103
104
105
106
107
108
109
110
111
112
113
114
115
116
117
118
119
120
121
122
123
124
125
126
127
128
129
130
131
132
133
134
135
136
137
138
139
140
141
142
143

144
145
146
147
148

results = []
for idx in indices:
img, true label = test dataset[idx]
img tensor = img.unsqueeze(0).to(device)

with torch.no grad()
output = model(img tensor)
probabilities = torch.softmax(output, dim=1)
predicted class = output.argmax(dim=1).item()
confidence = probabilities[0][predicted class].item()

results.append({

"image': img.squeeze().cpu().numpy(),

"true label': true label,

'predicted': predicted class,

"confidence': confidence,

'probabilities': probabilities[0].cpu().numpy()
1)

return results

# AL FIMILE
def visualize_predictions(results, save path='predictions.png'):
" A LB TSR
n = len(results)
fig, axes = plt.subplots(2, 5, figsize=(15, 6))
axes = axes.flatten()

for i, result in enumerate(results):
if i >= 10:

break

ax = axes[i]
ax.imshow(result['image'], cmap='gray')

# FIERTUNZ S ERA

correct = result['predicted'] == result['true label']
color = 'green' if correct else 'red'
symbol = 'v' if correct else '«x'

title = f"{symbol} FM: {result['predicted']} ({result['confidence'] *
100:.1f}%)\nEX: {result['true label']}"

ax.set title(title, color=color, fontsize=10)

ax.axis('off'")

plt.tight layout()
plt.savefig(save path, dpi=100, bbox inches='tight')



149
150
151
152
153
154
155
156
157
158
159
160
lol
162
163
lo4
165
166
167
168
169
170
171
172
173
174
175
176
177
178
179
180
181
182
183
184
185
186
187
188
189
190
191
192
193
194
195

196

print (f"fNEREREE] {save path}")
plt.close()

# SRFTEZRIRIEIR

def

def

100:

show_probability distribution(probabilities, predicted class):
" BN AT R
print ("\n& NEFRIFUMEEE @ ")
print("-" * 40)
for i, prob in enumerate(probabilities):
bar = 'l|' * int(prob * 50)
marker = ' « FUN4ER" if i == predicted class else '
print(f"#=% {i}: {prob * 100:5.2f}% |{bar}{marker}")
print("-" * 40)

main():

# RBIGE

device = torch.device('cuda' if torch.cuda.is available() else 'cpu')
print(f"fEAI%E: {device}")

# NNEEE
model path = './mnist data/mnist cnn pytorch.pth'

if not os.path.exists(model path):
print (f"f#iz | IHAREREXH {model path}")
print ("IBSITIIZGREIARERIRE S | ")

return
model = load model(model path, device)

print("\n" + "=" * 50)

print ("EFFUUET ")

print("1l. FUMMNISTMIXEFRRIFENE")
print("2. NECHFEHRFER")
print("=" * 50)

choice = input("iEMAEE (1 3% 2): ").strip()

if choice == '1':
# BEX1 © MMNISTA TN
print ("\nEFE MMNISTIHXEEREHIEFELOKE FFHFTIM. .. ")
results = predict from mnist(model, device, num samples=10)

# BRI
correct = sum(1l for r in results if r['predicted'] == r['true label'])

print (f"\nFNEME: {correct}/{len(results)} = {correct / len(results) *

L1f3%")



197 # A1t

198 visualize predictions(results, 'mnist predictions.png')
199
200 # ETRE—TERNFAER
201 print ("\nE—MERIFMATUNBEZE : ")
202 show _probability distribution(results[O]['probabilities'], results[0]
['predicted'])
203
204 elif choice == '2':
205 # B2 NAFE R
206 image path = input("\niBHABREE (B0 digit.png) : ").strip()
207
208 if not os.path.exists(image path):
209 print (f"$&5i% . ¥A2EF {image path}")
210 return
211
212 print(f"\nEEFM {image path}...")
213 predicted, confidence, probabilities = predict image from file(model,
image path, device)
214
215 print(f"\nFNLER: HF {predicted}")
216 print(f"&EE: {confidence * 100:.2f}%")
217
218 # BINTFAAGEER
219 show _probability distribution(probabilities, predicted)
220
221 # AL
222 img = Image.open(image path).convert('L').resize((28, 28))
223 plt.figure(figsize=(6, 6))
224 plt.imshow(img, cmap='gray')
225 plt.title(f"Full: {predicted} (EfSE: {confidence * 100:.1f}%)",
fontsize=16)
226 plt.axis('off"')
227 plt.savefig('single prediction.png', dpi=100, bbox inches='tight')
228 print ("FUNLERERFR single prediction.png")
229 plt.close()
230
231 else:
232 print ("JCXAEEEFE ! ")
233
234
235 if name == ' main ':
236 main()
MNIST.py
1 # (FkfEEK] #ROpenMPHZEEEIR
2 # WATESAtorchZaigiE, R "OMP: Error #15" [Al@k
3 import os
4 os.environ['KMP DUPLICATE LIB OK'] = 'TRUE'
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50
51
52

#

import torch

import torch.nn as nn

import torch.optim as optim

from torch.utils.data import Dataloader, TensorDataset
from torchvision import datasets, transforms

import numpy as np

import matplotlib

matplotlib.use('Agg') # FERIEXEREH, #FELiEHZe
import matplotlib.pyplot as plt

import os

import time

# IRERIREFMERE
data _path = './mnist data’
os.makedirs(data path, exist ok=True)

# REIRE (GPULE)

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

print (f"fEAIRE: {device}")

# TEXFRECNNIRE!
# FIEECNN, & forward

class StandardCNN(nn.Module): # ZfzpythonsHInn.Module fREZLRIELE RRIEREL

def init_ (self):
super(StandardCNN, self). init ()

# B—TEUR

# in_channels — WABEH (KEEREBE11MEE, RGBE3)
# out channels — HH32MFHERE (F 332 RREIRIHRHIE)

# kernel size=3 — 3x3MBIR

# padding=1 — MEERIGR, FIHERIAE
self.convl
self.relul
self.pooll

nn.RelLU()
nn.MaxPool2d (2, 2)

# BANETR

self.conv2 = nn.Conv2d(32, 64, kernel size=3, padding=1)

self.relu2
self.pool2

nn.RelLU()
nn.MaxPool2d(2, 2)

# EEE

self.flatten = nn.Flatten() # nn.Flatten: nn.Modules V%L, (RS LEISIEER—

HmEE

self.fcl = nn.Linear(64 * 7 * 7, 128) # nn.Linear &&%EE

self.relu3 = nn.ReLU()
self.dropout = nn.Dropout(0.5)

nn.Conv2d(1l, 32, kernel size=3, padding=1)



53 # KRS © 50%BERFENL X AT, PiEIlE

54 # MAE : BEh X, ERSEHET

55 self.fc2 = nn.Linear(128, 10)

56

57 def forward(self, x):

58 x = self.pooll(self.relul(self.convl(x)))
59 x = self.pool2(self.relu2(self.conv2(x)))
60 x = self.flatten(x)

61 x = self.relu3(self.fcl(x))

62 x = self.dropout(x)

63 x = self.fc2(x)

64 return x

65

66

67 # FUETIRCIEFIANEL

68 print("IEFETFHMNISTHIESE...")

69 # BUETIRLIE

70 # transforms.Compose : BZPTHURIEREGER, RINFHNIT

71 # transforms.ToTensor : PILEIF /Numpy#4E - PyTorchik= (Tensor)
72| transform = transforms.Compose([

73 transforms.ToTensor(),

74 transforms.Normalize((0.1307,), (0.3081,))
75 1)

76

77 #train: True=ill4i&, False=MIiit%
78 train_dataset = datasets.MNIST(root=data path, train=True,

79 download=True, transform=transform)
80 test dataset = datasets.MNIST(root=data path, train=False,

81 download=True, transform=transform)
82

83 # {EADatalLoaderi#{Tmiitt2iE (3@ AKbatch size)
84 # fEWindows_Enum workers@Zi&A0, % iHiE R
85 batch size = 256 # i@Kbatch sizefliRjl4k ;

86 # —REABRNERYE

87

88 # DatalLoader = Buiffxms (BMHMELIEHIE) ; PytorchENERHK

89 num workers = 0 if os.name == 'nt' else 2 # Windowsf#H0, Linux/MacfEfH2

90 train_loader = DatalLoader(train_dataset, batch size=batch size,

91 shuffle=True, num workers=num workers, pin memory=True)
92 test loader = DatalLoader(test dataset, batch size=batch size,

93 shuffle=False, num workers=num workers, pin memory=True)
94

95 print(f"jIIZEKXR/N: {len(train dataset)}")
96 print(f"Mik&EKXR/]): {len(test dataset)}")
97

98 # ¥ta(biREY

99 model = StandardCNN().to(device)

100 print("\nf=EUEHR: ")

101 print(model)



102

103 # HitBHE

104 total params = sum(p.numel() for p in model.parameters())

105 print(f"\n2B#&E: {total params:,}")

106

107 # TEXIKREHBAMMICRE

108 criterion nn.CrossEntropyLoss()

109 optimizer = optim.Adam(model.parameters(), 1r=0.001)

110

111 # ZIRPESE GHSREREIE)

112 scheduler = optim.lr_scheduler.StepLR(optimizer, step size=3, gamma=0.5)
113

114

115 # illZREE

116 def train_epoch(model, loader, criterion, optimizer, device):
117 model.train()

118 running loss = 0.0

119 correct = 0

120 total = 0

121

122 for inputs, labels in loader:

123 inputs, labels = inputs.to(device), labels.to(device)
124

125 optimizer.zero grad()

126 outputs = model (inputs)

127 loss = criterion(outputs, labels)

128 loss.backward()

129 optimizer.step()

130

131 running loss += loss.item()

132 _, predicted = outputs.max(1)

133 total += labels.size(0)

134 correct += predicted.eq(labels).sum().item()
135

136 return running loss / len(loader), 100. * correct / total
137

138

139 # Mk
140 def test(model, loader, criterion, device):

141 model.eval()

142 test loss = 0.0

143 correct = 0

144 total = 0

145

146 with torch.no grad():

147 for inputs, labels in loader:

148 inputs, labels = inputs.to(device), labels.to(device)
149 outputs = model (inputs)

150 loss = criterion(outputs, labels)



151

152 test loss += loss.item()

153 _, predicted = outputs.max(1)

154 total += labels.size(0)

155 correct += predicted.eq(labels).sum().item()
156

157 return test loss / len(loader), 100. * correct / total
158

159

160 # IZRHER

161 print("\nFEilZ&ER. .. ")

162 epochs = 10

163 train losses, train accs = [], []
164 test losses, test accs = [], []

165

166 start time = time.time()

167

168 for epoch in range(epochs):

169 epoch _start = time.time()

170

171 train_loss, train_acc = train_epoch(model, train_loader, criterion, optimizer,
device)

172 test loss, test acc = test(model, test loader, criterion, device)

173 scheduler.step()

174

175 train losses.append(train_loss)

176 train accs.append(train acc)

177 test losses.append(test loss)

178 test accs.append(test acc)

179

180 epoch time = time.time() - epoch start

181 print(f'Epoch {epoch + 1}/{epochs} - {epoch time:.2f}s - '

182 f'Train Loss: {train loss:.4f}, Train Acc: {train acc:.2f}% - '

183 f'Test Loss: {test loss:.4f}, Test Acc: {test acc:.2f}%')

184

185 total time = time.time() - start time

186 print(f"\n2iJIIZEE]: {total time:.2f}#")

187 print(f"F¥HENepoch: {total time / epochs:.2f}#")

188

189 # =m&IHhL

190 final loss, final acc = test(model, test loader, criterion, device)
191 print(f"\n&ZMLEARHSEK: {final acc:.2f}%")

192

193 # RFIRE

194 model path = os.path.join(data path, 'mnist cnn pytorch.pth")
195 torch.save(model.state dict(), model path)

196 print(f"#REEXREZERE {model path}")

197

198 # AIfLIIZRErE



199
200
201
202
203
204
205
206
207
208
209
210
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plt.figure(figsize=(12, 4))

# EEREREL

plt.subplot(l, 2, 1)

plt.plot(range(1l, epochs + 1), train accs, label='jllZ4#=", marker='0")
plt.plot(range(l, epochs + 1), test accs, label='MI{ 4K, marker='s")
plt.title('#REVEmMSR")

plt.xlabel('Epoch')

plt.ylabel (' #HE (%))

plt.legend()

plt.grid(True)

# RHIRK L

plt.subplot(1l, 2, 2)

plt.plot(range(l, epochs + 1), train losses, label='jll&i5is%k', marker='0")
plt.plot(range(1l, epochs + 1), test losses, label='ilifii%k', marker='s")
plt.title('fREHRK")

plt.xlabel('Epoch")

plt.ylabel('#i%k")

plt.legend()

plt.grid(True)

plt.tight layout()

plt.savefig(os.path.join3(data path, 'training history pytorch.png'), dpi=100)
print (f"JIZ4LEREER] {os.path.join(data path, 'training history pytorch.png')}")
plt.close() # XHER, BHAE

# BENUNHAFA

print ("\nFENIR L DEARRFUULER: ")

model.eval()

test samples = torch.stack([test dataset[i][0] for i in range(5)]).to(device)
test labels = torch.tensor([test dataset[i][1] for i in range(5)1])

with torch.no grad():
outputs = model(test samples)
_, predicted = outputs.max(1l)
predicted = predicted.cpu()

for i in range(5):

result = 'v' if predicted[i] == test labels[i] else 'x'

print (f"#A& {i}: Fll={predicted[i].item()}, EE={test labels[i].item()},
{result}")

Model DQN.py

u b~ WN B

import torch

import torch.nn as nn

import torch.optim as optim
import torch.nn.functional as F
import os
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class Linear_QNet(nn.Module):

def

def

def

__init__ (self, input size, hidden size, output size):
super(). init ()

self.linearl = nn.Linear(input_size, hidden size)
self.linear2 = nn.Linear(hidden_size, output size)

forward(self, x):

x = F.relu(self.linearl(x))
x = self.linear2(x)

return x

save(self, file name='model.pth'):

model folder path = './model'

if not os.path.exists(model folder path):
os.makedirs(model folder path)

file name = os.path.join(model folder path, file name)
torch.save(self.state dict(), file name)

class QTrainer:

def

def

__init_ (self, model, 1r, gamma):
self.lr = 1r
self.gamma = gamma

self.model = model
self.optimizer = optim.Adam(model.parameters(), lr=self.lr)
self.criterion = nn.MSELoss()

train_step(self, state, action, reward, next state, done):
state = torch.tensor(state, dtype=torch.float)

next state = torch.tensor(next state, dtype=torch.float)
action = torch.tensor(action, dtype=torch.long)

reward = torch.tensor(reward, dtype=torch.float)

# (n, x)

if len(state.shape) == 1:
# (1, x)
state = torch.unsqueeze(state, 0)
next state = torch.unsqueeze(next state, 0)
action = torch.unsqueeze(action, 0)
reward = torch.unsqueeze(reward, 0)
done = (done,)

# 1: TNQESLSHAIRES
pred = self.model(state)

target = pred.clone()
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for idx in range(len(done)):
Q new = reward[idx]
if not done[idx]:
Q new = reward[idx] + self.gamma *
torch.max(self.model(next state[idx]))

target[idx][torch.argmax(action[idx]).item()] = Q new

# 2: Q new = r +y * max(next predicted Q value) -> H7Enot doneBf#iiT
# pred.clone()

# preds[argmax(action)] = Q new

self.optimizer.zero grad()

loss = self.criterion(target, pred)

loss.backward()

self.optimizer.step()
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