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ДОДАТОК А 

Псевдокоди алгоритмів 

 

А.1 Псевдокод алгоритму DQN 
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А.2 Псевдокод алгоритму «Random Forest» 

 

 

 

А.3 Псевдокод алгоритму SVR 
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А.4 Псевдокод алгоритму SAEs 
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ДОДАТОК Б 

Код програми 

 

Б.1 Реалізація DQN алгоритму 

 

mport random 

import torch 

import torch.nn as nn  

import nnarch 

from collections import namedtuple 

import copy 

import math 

 

device = "cuda" if torch.cuda.is_available() else "cpu"  

Transition = namedtuple('Transition', 

('state', 'action', 'next_state', 'reward')) 

 

 

class DqnAgent:  

def init ( 

self, 

mode: str,  

replay, 

target_update: int,  

gamma: float,  

use_sgd: bool,  

eps_start: float,  

eps_end: float,  

eps_decay: int,  

input_dim: int, 
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output_dim: int,  

batch_size: int,  

network_file: str = '' 

): 

self.mode = mode 

self.replay = replay 

self.target_update = target_update 

self.gamma = gamma 

self.use_sgd = use_sgd 

self.eps_start = eps_start 

self.eps_end = eps_end 

self.eps_decay = eps_decay 

self.n_actions = output_dim 

self.batch_size = batch_size 

 

self.network_file = network_file 

self.policy_net = nnarch.DqnNetwork(input_dim, 

output_dim).to(device) 

self.target_net = nnarch.DqnNetwork(input_dim, output_dim).to(device) 

self.policy_net_copy = nnarch.DqnNetwork(input_dim, 

output_dim).to(device) 

if network_file: 

self.policy_net.load_state_dict(torch.load(network_file, 

map_location=torch.device(device))) 

self.target_net.load_state_dict(self.policy_net.state_dict()) 

self.target_net.eval() 

 

self.learn_steps = 0 

self.z = None 

self.fixed_gamma = copy.deepcopy(gamma) 
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self.update_gamma = False 

self.q_value_batch_avg = 0 

def select_action(self, state, steps_done, invalid_action): 

original_state = state 

state = torch.from_numpy(state) 

if self.mode == 'train': 

sample = random.random() 

eps_threshold = self.eps_end + (self.eps_start - self.eps_end) * 

math.exp(-1. * steps_done / self.eps_decay) 

if sample > eps_threshold: 

with torch.no_grad(): 

_, sorted_indices = torch.sort(self.policy_net(state), 

descending=True) 

if invalid_action: 

return sorted_indices[1] 

else: 

return sorted_indices[0] 

 else: 

 decrease_state = [(original_state[0] + original_state[4]) / 2, 

(original_state[1] + original_state[5]) / 2, 

(original_state[2] + original_state[6]) / 2, 

(original_state[3] + original_state[7]) / 2] 

congest_phase = [i for i, s in enumerate(decrease_state) if abs(s-1) < 

1e-2] 

 if len(congest_phase) > 0 and invalid_action is False: 

 return random.choice(congest_phase) 

 else: 

 return random.randrange(self.n_actions) 

 else: 

 with torch.no_grad(): 
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 _, sorted_indices = torch.sort(self.policy_net(state), 

descending=True) 

 if invalid_action: 

 return sorted_indices[1] 

else: 

 return sorted_indices[0] 

 def learn(self): 

 if self.mode == 'train': 

 if self.replay.steps_done <= 10000: 

 return 

 loss_fn = nn.MSELoss() 

 if self.use_sgd: 

optimizer = torch.optim.SGD(self.policy_net.parameters(), 

lr=0.00025) 

 else: 

 optimizer = torch.optim.RMSprop(self.policy_net.parameters(), 

lr=0.00025) 

 transitions = self.replay.sample(self.batch_size) 

 batch = Transition(*zip(*transitions)) 

 state_batch = torch.cat(batch.state) 

 action_batch = torch.cat(batch.action).view(self.batch_size, 1) 

 next_state_batch = torch.cat(batch.next_state) 

 reward_batch = torch.cat(batch.reward).view(self.batch_size, 

1) 

 state_action_values = self.policy_net(state_batch).gather(1, 

action_batch) 

 with torch.no_grad(): 

 argmax_action =  

self.policy_net(next_state_batch).max(1)[1].view(self.batch_siz

e, 1) 
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 q_max = self.target_net(next_state_batch).gather(1, 

argmax_action) 

 expected_state_action_values = reward_batch + self.gamma * 

q_max 

 # for plot 

 self.q_value_batch_avg = 

torch.mean(state_action_values).item() 

 

 loss = loss_fn(state_action_values, expected_state_action_values) 

optimizer.zero_grad() 

 

loss.backward() 

 

 self.cal_z(state_batch, action_batch, q_max) 

 

 for param in self.policy_net.parameters(): 

 param.grad.data.clamp_(-1, 1) 

 optimizer.step() 

 self.learn_steps += 1 

 self.update_gamma = False 

 

 def cal_z(self, state_batch, action_batch, q_max): 

 self.policy_net_copy.load_state_dict(self.policy_net.state_dict()) 

 z_optimizer = torch.optim.SGD(self.policy_net_copy.parameters(), 

lr=0.0001) 

 state_action_copy_values = self.policy_net_copy(state_batch).gather(1,  

action_batch) 

 z_optimizer.zero_grad() 

 f_gamma_grad = torch.mean(0.00025 * q_max * state_action_copy_values) 

 f_gamma_grad.backward() 
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 self.z = {'l1.weight': self.policy_net_copy.l1.weight.grad, 

 'l1.bias': self.policy_net_copy.l1.bias.grad, 

 'l2.weight': self.policy_net_copy.l2.weight.grad, 

 'l2.bias': self.policy_net_copy.l2.bias.grad} 

 

 def learn_gamma(self): 

 loss_fn = nn.MSELoss() 

 optimizer = torch.optim.SGD(self.policy_net.parameters(), 

lr=0.00025) 

 

 transitions = self.replay.sample(self.batch_size) 

 batch = Transition(*zip(*transitions)) 

 state_batch = torch.cat(batch.state) 

 action_batch = torch.cat(batch.action).view(self.batch_size, 1) 

 next_state_batch = torch.cat(batch.next_state) 

 reward_batch = torch.cat(batch.reward).view(self.batch_size, 1) 

 state_action_values = self.policy_net(state_batch).gather(1, action_batch) 

 with torch.no_grad(): 

 argmax_action =  

self.policy_net(next_state_batch).max(1)[1].view(self.batch_size, 1) 

 q_max = self.target_net(next_state_batch).gather(1, argmax_action) 

 expected_state_action_values = reward_batch + self.fixed_gamma * 

q_max 

 

 loss = loss_fn(state_action_values, expected_state_action_values) 

 optimizer.zero_grad() 

 loss.backward() 

 

 l1_weight = self.policy_net.l1.weight.grad * self.z['l1.weight'] 

 l1_bias = self.policy_net.l1.bias.grad * self.z['l1.bias'] 
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 l2_weight = self.policy_net.l2.weight.grad * self.z['l2.weight'] 

 l2_bias = self.policy_net.l2.bias.grad * self.z['l2.bias'] 

 

 gamma_grad = -0.99 * torch.mean(torch.cat((l1_weight.view(-1), 

l1_bias.view(- 

1), l2_weight.view(-1), l2_bias.view(-1)))) 

 self.gamma += gamma_grad 

 self.update_gamma = True 

 

Б.2 Архітектура мережі DQN 

 

import torch 

import torch.nn as nn 

import torch.nn.functional as F 

import numpy as np 

 

device = "cuda" if torch.cuda.is_available() else "cpu" 

 

def normalize_output(outputs): 

 with torch.no_grad(): 

 for m, output in enumerate(outputs): 

 max_t = torch.max(torch.abs(output)) 

 if abs(max_t-0) < 1e-2: 

 continue 

 for n, t in enumerate(output): 

 outputs[m][n] /= max_t 

 return outputs 

 

class DqnNetwork(nn.Module): 

 def __init__(self, inputs, outputs): 
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 super(DqnNetwork, self).__init__() 

 self.l1 = nn.Linear(inputs, 512) 

 self.l2 = nn.Linear(512, outputs) 

 c = np.sqrt(1 / inputs) 

 nn.init.uniform_(self.l1.weight, -c, c) 

 nn.init.uniform_(self.l1.bias, -c, c) 

 nn.init.uniform_(self.l2.weight, -c, c) 

 nn.init.uniform_(self.l2.bias, -c, c) 

def forward(self, x): 

 x = x.to(device) 

 return x 

 

Б.3 Прогнозування транспортного потоку за допомогою мереж LSTM, 

SAE та GRU 

 

import math 

import warnings 

import numpy as np 

import pandas as pd 

import tensorflow as tf 

from data.data import process_data 

from keras.models import load_model 

from keras.utils.vis_utils import plot_model 

import sklearn.metrics as metrics 

import matplotlib as mpl 

import matplotlib.pyplot as plt 

warnings.filterwarnings("ignore") 

 

tf.compat.v1.disable_v2_behavior() 
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def MAPE(y_true, y_pred): 

 y = [x for x in y_true if x > 0] 

 y_pred = [y_pred[i] for i in range(len(y_true)) if y_true[i] > 0] 

 num = len(y_pred) 

 sums = 0 

for i in range(num): 

 tmp = abs(y[i] - y_pred[i]) / y[i] 

 sums += tmp 

 mape = sums * (100 / num) 

 return mape 

 

def eva_regress(y_true, y_pred): 

 mape = MAPE(y_true, y_pred) 

 vs = metrics.explained_variance_score(y_true, y_pred) 

 mae = metrics.mean_absolute_error(y_true, y_pred) 

 mse = metrics.mean_squared_error(y_true, y_pred) 

 r2 = metrics.r2_score(y_true, y_pred) 

 print('explained_variance_score:%f' % vs) 

 print('MAPE:%f%%' % mape) 

 print('MAE:%f' % mae) 

 print('MSE:%f' % mse) 

 print('RMSE:%f' % math.sqrt(mse)) 

 print('R2:%f' % r2) 

 

def plot_results(y_true, y_preds, names): 

 d = '2022-3-4 00:00' 

 x = pd.date_range(d, periods=288, freq='5min') 

 

 fig = plt.figure() 

 ax = fig.add_subplot(111) 
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ax.plot(x, y_true, label='Дані з доріг') 

 for name, y_pred in zip(names, y_preds): 

 ax.plot(x, y_pred, label=name) 

 plt.legend() 

 plt.grid(True) 

 plt.xlabel('Час дня') 

 plt.ylabel('Потік') 

 

 date_format = mpl.dates.DateFormatter("%H:%M") 

 ax.xaxis.set_major_formatter(date_format) 

 fig.autofmt_xdate() 

 

 plt.show() 

 

def main(): 

 lstm = load_model('model/lstm.h5') 

 gru = load_model('model/gru.h5') 

 saes = load_model('model/saes.h5') 

 models = [lstm, gru, saes] 

 names = ['LSTM', 'GRU', 'SAEs'] 

 

 lag = 12 

 file1 = 'data/train.csv' 

 file2 = 'data/test.csv' 

 _, _, X_test, y_test, scaler = process_data(file1, file2, lag) 

 y_test = scaler.inverse_transform(y_test.reshape(-1, 1)).reshape(1, -

1)[0] 

 y_preds = [] 

 for name, model in zip(names, models): 

 if name == 'SAEs': 
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 X_test = np.reshape(X_test, (X_test.shape[0], 

X_test.shape[1])) 

 else: 

 X_test = np.reshape(X_test, (X_test.shape[0], X_test.shape[1], 

1)) 

 file = 'images/' + name + '.png' 

 plot_model(model, to_file=file, show_shapes=True) 

 predicted = model.predict(X_test) 

 predicted = scaler.inverse_transform(predicted.reshape(-1, 

1)).reshape(1, -1)[0] 

 y_preds.append(predicted[:288]) 

 print(name) 

 eva_regress(y_test, predicted) 

 

 plot_results(y_test[: 288], y_preds, names) 

 

if __name__ == '__main__': 

 main() 
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ДОДАТОК В 

Апробація результатів наукових досліджень 
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