
D:\myprojects\nlp\transformer\transformer_decoder.py

1 # Decoder Only Transformer
2 #       (https://debuggercafe.com/text-generation-with-transformers/)
3 # conda install matplotlib
4 # conda install pytorch torchvision torchaudio pytorch-cuda=12.1 -c pytorch -c nvidia
5 #       또는 conda install pytorch torchvision torchaudio cpuonly -c pytorch
6 # set  KMP_DUPLICATE_LIB_OK=TRUE 
7 # python transfor_decoder.py train 2
8
9 import torch
10 import torch.nn as nn
11 import torch.optim as optim
12 import torch.nn.functional as F
13 from torch.utils.data import Dataset, DataLoader
14 from collections import Counter
15
16 from tqdm import tqdm
17 import sys, math, warnings
18 import matplotlib.pyplot as plt
19
20 # Ignore Flash Attention compilation warnings
21 warnings.filterwarnings("ignore", message=".*not compiled with flash attention.*")
22 #===============================================================================
23 # [1/4] Data Preparation
24 #===============================================================================
25 SEQUENCE_LENGTH = 16    # 문장내 최대 단어 갯수 크기를 16으로 설정
26
27 with open('book.txt', 'r') as file:
28     text = file.read()
29 # Tokenize the text into words
30 words = text.split()
31 word_counts = Counter(words)
32 vocab = list(word_counts.keys())
33 vocab_size = len(vocab)
34
35 word_to_int = {word: i for i, word in enumerate(vocab)}
36 int_to_word = {i: word for word, i in word_to_int.items()}
37 samples = [words[i:i+SEQUENCE_LENGTH+1] for i in range(len(words)-SEQUENCE_LENGTH)]
38
39 print(f"\nvocab : 총 [{vocab_size}] 단어 중 앞 10개\n",vocab[:10])
40 print("\nword_to_int[0~10]")
41 for i, word in enumerate(word_to_int):
42     print(f"[{word}],",end='\t')
43     if i==9 : break
44
45 #===============================================================================
46 # My Dataset Class
47 class TextDataset(Dataset):
48     def __init__(self, samples, word_to_int):
49         self.samples = samples
50         self.word_to_int = word_to_int
51     def __len__(self):
52         return len(self.samples)
53     def __getitem__(self, idx):
54         sample = self.samples[idx]
55             # 첫문자에서 마지막 문자까지 input vector 만들기
56         input_seq = torch.LongTensor([self.word_to_int[word] for word in sample[:-1]])
57             # 둘째 문자부터 마지막 문자까지 target vector 만들기



58         target_seq = torch.LongTensor([self.word_to_int[word] for word in sample[1:]])
59         return input_seq, target_seq
60
61 #===============================================================================
62 #    Generate a square mask for the sequence. The masked positions are filled with float('

-inf').
63 #    Unmasked positions are filled with float(0.0).
64 def generate_square_subsequent_mask(sz,device):
65         # sz크기의 정방형 upper triangular matrix 후 transpose (filled with 1 in the upper 

triangle and 0 elsewhere)
66     mask = (torch.triu(torch.ones(sz, sz, device=device)) == 1).transpose(0, 1)
67         # 0의 값 --> -inf 로,  1의 값 --> 0으로 바꿈
68     mask = mask.float().masked_fill(mask == 0, float('-inf')).masked_fill(mask == 1, 

float(0.0))
69     return mask    
70
71 #===============================================================================
72 # Embedding 된 입력 벡터에 Positional Encoding 값을 더하여 반환
73 class PositionalEncoding(nn.Module):
74     def __init__(self, max_len, d_model, dropout=0.1):
75         """
76         :param max_len: Input length sequence.
77         :param d_model: Embedding dimension.
78         :param dropout: Dropout value (default=0.1)
79         """
80         super(PositionalEncoding, self).__init__()
81         self.dropout = nn.Dropout(p=dropout)
82         pe = torch.zeros(max_len, d_model)
83         position = torch.arange(0, max_len, dtype=torch.float).unsqueeze(1)
84         div_term = torch.exp(torch.arange(0, d_model, 2).float() * (-math.log(10000.0) / 

d_model))
85         pe[:, 0::2] = torch.sin(position * div_term)
86         pe[:, 1::2] = torch.cos(position * div_term)
87         pe = pe.unsqueeze(0)
88         self.register_buffer('pe', pe)
89         
90     def forward(self, x):
91         """
92         Inputs of forward function
93         :param x: the sequence fed to the positional encoder model (required).
94         Shape:
95             x: [sequence length, batch size, embed dim]
96             output: [sequence length, batch size, embed dim]
97         """
98         x = x + self.pe[:, :x.size(1)]  # word_encoding(x) + positional_encoding(x)
99                 # dropout(x)한 결과값 return
100         return self.dropout(x)
101
102 #===============================================================================
103 class TextGenDecoder(nn.Module):
104     def __init__(self, vocab_size, embed_dim, num_layers, num_heads):
105         super(TextGenDecoder, self).__init__()
106         self.pos_encoder = PositionalEncoding(max_len=SEQUENCE_LENGTH, d_model=embed_dim)
107         self.emb = nn.Embedding(vocab_size, embed_dim)
108         self.decoder_layer = nn.TransformerDecoderLayer(
109             d_model=embed_dim, 
110             nhead=num_heads, 
111             batch_first=True
112         )
113         self.decoder = nn.TransformerDecoder(
114             decoder_layer=self.decoder_layer,



115             num_layers=num_layers,
116         )
117         self.linear = nn.Linear(embed_dim, vocab_size)
118         self.dropout = nn.Dropout(0.2)
119         
120     # Positional encoding is required. Else the model does not learn.
121     def forward(self, x):
122         emb = self.emb(x)
123         
124         # Generate input sequence mask with shape (SEQUENCE_LENGTH, SEQUENCE_LENGTH)
125         input_mask = generate_square_subsequent_mask(x.size(1), x.device)
126         
127         x = self.pos_encoder(emb)
128         x = self.decoder(x, memory=x, tgt_mask=input_mask, memory_mask=input_mask)
129         x = self.dropout(x)
130         out = self.linear(x)
131         return out
132     
133 #===============================================================================
134 # draw loss changes
135 def draw_loss_changes(allEpochLosses):
136     plt.plot(allEpochLosses, marker='o', linestyle='-', color='b')
137     plt.title('Training Loss')
138     plt.xlabel('Epoch')
139     plt.ylabel('Loss')
140     plt.grid(True) 
141     plt.show()    
142         
143 #===============================================================================
144 # Training
145 def trainDecoder(model, totalEpochs, dataloader, criterion, modelPath, printInterval=10):
146     device = torch.device("cuda" if torch.cuda.is_available() else "cpu")
147     debugFlag = False
148     if debugFlag :  # 각 파라미터가 gpu/cpu 중 뭘 사용하는지 확인
149         for name, param in model.named_parameters():
150             print(f"{name} is on {param.device}")
151
152     model.train()   # 학습 모드로 설정
153     
154     print('\n','='*80,'\n*** Training Starting......')
155     allEpochLosses = []
156     totalDataSize = len(dataloader)
157     for epochNo in tqdm(range(totalEpochs)):
158         running_loss = 0
159         for dataNo, (input_seq, target_seq) in enumerate(dataloader):
160             input_seq, target_seq = input_seq.to(device), target_seq.to(device)
161             
162             outputs = model(input_seq)
163
164             if epochNo == 0 and dataNo == 0  :
165                 print('-'*80)
166                 print(f'\nEpoch #[{epochNo}]')
167                 print('input 크기',input_seq.shape)
168                 print('input[:3] 값:',input_seq[:3])
169                 print('\ntarget 크기',target_seq.shape)
170                 print('target[:3] 값: ',target_seq[:3])
171                 print('\noutputs 크기: ', outputs.shape,'\n')
172
173             target_seq = target_seq.contiguous().view(-1)
174             outputs = outputs.view(-1, vocab_size)



175             if dataNo % printInterval == 0  :
176                 print(f'\n---------- epochNo: [{epochNo}], dataNo [{dataNo} of 

{totalDataSize}] ----------')
177                 print('***outputs[0]:', outputs[0].detach().cpu().numpy())
178             
179             loss = criterion(outputs, target_seq.view(-1))
180             if dataNo % printInterval == 0  :
181                 print(f'\t*** [{dataNo}]번째 data에 대한 loss:', loss.detach().cpu()

.numpy())            
182     
183             optimizer.zero_grad()
184             loss.backward()
185             optimizer.step()
186             running_loss += loss.detach().cpu().numpy()
187             
188         epoch_loss = running_loss / len(dataloader)
189         allEpochLosses.append(epoch_loss)
190         print('\n','='*80)
191         print(f"======== Epoch {epochNo} loss: {epoch_loss:.3f} ========")
192         print('='*80,'\n')
193     
194     draw_loss_changes(allEpochLosses)
195     torch.save(model.state_dict(), modelPath)    
196     
197     return allEpochLosses
198
199 #===============================================================================
200 # 입력 문장을 정수 벡터로 변환
201 def get_integer_vector(text):
202     words = text.split()
203     input_seq = torch.LongTensor([word_to_int[word] for word in words[-SEQUENCE_LENGTH:]])

.unsqueeze(0)
204     return input_seq
205
206 #===============================================================================
207 # 예측 문장 생성
208 def sample_next(predictions):
209     """
210     Greedy sampling.
211     """
212     # Greedy approach.
213     probabilities = F.softmax(predictions[:, -1, :], dim=-1).cpu()
214     next_token = torch.argmax(probabilities)
215     return int(next_token.cpu())
216
217 #===============================================================================
218 # Prediction
219 def predict(model, query_sentence, totalPreditedWordNo):
220     model.eval()
221     
222     sample = query_sentence   # query sentence로 시작
223     for i in range(totalPreditedWordNo):
224         int_vector = get_integer_vector(sample)
225             # smaple 문장의 길이가, 가능한 최대 길이 보다 길어지면 종료
226         if len(int_vector) >= SEQUENCE_LENGTH - 1:
227             break
228         input_tensor = int_vector.to(device)
229         
230         with torch.no_grad():   # prediction하여 출력값 계산
231             predictions = model(input_tensor)
232



233         next_token_ndx = sample_next(predictions)   # 최대 출력값 인덱스 계산
234         sample += ' ' + int_to_word[next_token_ndx] # 최대 출력 단어를 sample에 추가
235     return(sample)
236
237 #===============================================================================   
238 # Model feature printing 
239 def displayModelFeature(model) :
240     if showModelFlag :
241         print('-'*80)
242         print('Decoder Model 구조')
243         print(model)
244         print('-'*80)
245
246         # Total parameters and trainable parameters.
247         total_params = sum(p.numel() for p in model.parameters())
248         print(f"\n{total_params:,} total parameters.")
249
250         total_trainable_params = sum(
251             p.numel() for p in model.parameters() if p.requires_grad)
252         print(f"{total_trainable_params:,} training parameters.\n")
253     
254 #===============================================================================
255 # Gpu status printing
256 def displayGpuStatus(showFlag):
257     totalGpuNum = torch.cuda.device_count()
258
259     if showFlag :
260         print("="*80)
261         if totalGpuNum  > 0 :
262             if torch.cuda.is_available():
263                 torch.cuda.empty_cache()
264             print("Available GPU Devices: ")
265             for i in range(totalGpuNum):
266                 print("[[[ Device [%d]: %s ]]]" %(i, torch.cuda.get_device_properties(i)))
267             print("-"*50)
268
269             print("현재 사용중인 GPU #: ",torch.cuda.current_device())
270             print('Allocated:', round(torch.cuda.memory_allocated(0)/1024**3,1), 'GB')
271             print('Cached:   ', round(torch.cuda.memory_reserved(0)/1024**3,1), 'GB')
272         else :
273             print("NO Gpu exists...... Will use the CPU")
274         print("="*80)
275
276     return totalGpuNum
277     
278 #===============================================================================
279 # [2/4] dataset 준비
280 #===============================================================================
281 BATCH_SIZE = 32
282 dataset = TextDataset(samples, word_to_int)
283 dataloader = DataLoader(
284     dataset, 
285     batch_size=BATCH_SIZE, 
286     shuffle=True, 
287 )
288 print('\n*** input, target dataset[0]:\n',dataset[0])
289 print('\n*** input, target dataset[1]:\n',dataset[1])
290
291 modelPath = './decoder.pth'
292



293 #===============================================================================
294 # [3/4] Decoder 모델 준비
295 #===============================================================================
296 totalEpochs = 100
297 learning_rate = 0.001
298 device = torch.device('cuda' if torch.cuda.is_available() else 'cpu')
299 print(f'\n*** device = {device} \n')
300
301 printInterval = 10 if device == 'cpu' else 100
302     
303 model = TextGenDecoder(
304     vocab_size=vocab_size, 
305     embed_dim=512,
306     num_layers=6, 
307     num_heads=4,
308 ).to(device)
309
310 criterion = nn.CrossEntropyLoss()
311 optimizer = optim.Adam(model.parameters(), lr=learning_rate)
312
313 showModelFlag = True
314 if showModelFlag == True:
315     displayModelFeature(model)
316     
317
318 #===============================================================================
319 # [4/4] main, train or predict
320 #===============================================================================
321 if __name__ == "__main__" :
322     print('\n','='*80)
323     print('Usage [Training]: python decoder.py   train   totalEpochNo[예:10]')
324     print('Usage [Prediction]: python decoder.py   predict   totalPreditedWordNo[예:100]')
325     print('*** ',displayGpuStatus(True),' Gpu(s) will be used.\n')
326     
327     if len(sys.argv) >= 3 :
328             #---------------------------------- 학습
329         if 'train' in sys.argv[1] and int(sys.argv[2])> 0:
330             totalEpochs = int(sys.argv[2])
331             allEpochLosses = trainDecoder(model, totalEpochs, dataloader, criterion, 

modelPath, printInterval) 
332
333             # Test prediction using a sentence
334         elif 'predict' in sys.argv[1] and int(sys.argv[2])> 0:
335             totalPreditedWordNo = int(sys.argv[2])
336             state_dict = torch.load(modelPath)
337             # Update the current model state with the loaded state dictionary
338             model.load_state_dict(state_dict)
339             model = model.to(device)
340             print("*** Model loaded successfully from ", modelPath, '\n')
341             
342             if showModelFlag :
343                 displayModelFeature(model)
344             
345             while True:
346                 query_sentence = input("\n*** Type a sentence or 'quit' to stop: ")
347                 if 'quit' in query_sentence :
348                     break
349                 #print("Predicting for sentence:", test_sentence)
350                 print("===> query sentence:", query_sentence)
351                 predicted_output = predict(model, query_sentence, totalPreditedWordNo)



352                 print("===> Predicted output:", predicted_output, '\n')
353                 


