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

1 # Vanilla Self Attention

2

3 # conda activate word2vec

4| # python self_attention.py

5

6 import torch

7 | import torch.nn.functional as F

8| import numpy as np

9| import math

10

11 | #=================c=soosooooooosooosooosooooosssSosoossos=ss
12 # Input Target batch OIOIH M4 &=

13| # #==============c=ccoos-ossoosoos-sosooooosooososoossssss===s

14 | def make_batch(sentences, forTrain=True):
15 input_batch = []

16

17 if forTrain :

18 target_batch = []

19

20 for sen in sentences:

21 words = sen.split()

22 inputNdx = [wordDictionary[n] for n in words[:-1]]
23 target = wordDictionary[words[-1]]

24

25 # inputP M Atel2F 101 & Al One-Hot Encoding
26 # input list JF 200 2t8t JtXI ™ Olei= 2J02l one-hot vectors A4
27 input_batch.append(np.eye(noOfClasses)[inputNdx])
28

29 target_batch.append(target)

30

31 return input_batch, target_batch

32

33 else : # for Prediction

34 sentence = sentences

35

36 words = sentence.split()

37 #print(f'words: {words}')

38 inputNdx = [wordDictionary[n] for n in words[:-1]]
39

40 input_batch.append(np.eye(noOfClasses)[inputNdx]) # One-Hot Encoding
41

42 return input_batch

43

44 | #============c=c==cosoosoosSossooSssSSSsSSoSoSSSSssSzssS==s
45| # Self-Attention Class

46 | # #====================so=s=ssoosssssssssssSsssss=s==s==s
47| class SelfAttention(torch.nn.Module):

48 def __init__ (self, embeddingSize, headSize):

49 super(SelfAttention, self). init_ ()

50 self.embeddingSize = embeddingSize

51 self.headSize = headSize

52 self.headDimension = embeddingSize // headSize
53

54 assert (

55 self.headDimension * headSize == embeddingSize
56 ), "Embedding size needs to be divisible by headSize"
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# query, key, valueE scalarg!{O| Ot 2Xt& & SHEH=Z2 X2l

# A O ME DEUAME 242 weighrEE 0 £ nn.Linear EAE AIS

# 2rek ) outer product Jb Ot dot productE & Z AU vectordt ERE.

self.values = torch.nn.Linear(self.headDimension, self.headDimension, bias=False)
print(f'\nvalues %1 2== HJ[: {self.values}')

self.keys = torch.nn.Linear(self.headDimension, self.headDimension, bias=False)
self.queries = torch.nn.Linear(self.headDimension, self.headDimension, bias=False)
self.fc_out = torch.nn.Linear(headSize * self.headDimension, embeddingSize)

def forward(self, valuesBatch, keysBatch, queriesBatch):
batchSize = queriesBatch.shape[@] # sentence 2H%+2 S => 12

valuelLength, keylLength, querylLength = valuesBatch.shape[1l], keysBatch.shape[1],
queriesBatch.shape[1]

print(f'\nbatchSize: {batchSize}\n [query, key, value] 2| AI2A Z20]: \
[{valueLength}, {keyLength}, {queryLength}] \n")

# Split the embedding into self.headSize different pieces

queriesBatchMultiHead = queriesBatch.reshape(batchSize, querylLength,
self.headSize, self.headDimension)

keysBatchMultiHead = keysBatch.reshape(batchSize, keylLength, self.headSize,
self.headDimension)

valuesBatchMultiHead = valuesBatch.reshape(batchSize, valuelLength, self.headSize,
self.headDimension)

queriesBatch = self.queries(queriesBatchMultiHead)
keysBatch = self.keys(keysBatchMultiHead)
valuesBatch = self.values(valuesBatchMultiHead)

#q *t E o0 similarity(attention gt)2 &,

# simililarity H&tEHE &HotJl LHEQ U, (HIIM= outer product(BE2=)E o2 2
# attention Z = 4Xt3 tensor [batch, head, queryDimension, keyDimension]
attention = torch.einsum("nghd,nkhd->nhgk", [queriesBatch, keysBatch])

# queries shape: (N, querylLength, headSize, head_dim),

# keysBatch shape: (N, keyLength, headSize, head_dim),

# attention: (N, headSize, querylLength, keylLength)

# Scale attention scores
attention = attention / (self.embeddingSize ** (1/2))
attention = F.softmax(attention, dim=-1)

£

82 A AFSH attentiont valuesE =0ot0 =g A A,

-1 = embeddingSize AMOIZE HEZE & & =AE shape HE

out = torch.einsum("nhqgl,nlhd->nghd", [attention, valuesBatch]).reshape(
batchSize, querylLength, self.headSize * self.headDimension

#
#

)
# attention shape: (N, headSize, querylLength, keylLength)
# valuesBatch shape: (N, valuelLength, headSize, head_dim)

# after einsum: (N, querylLength, headSize, head_dim) then we flatten the last two
dimensions

out = self.fc_out(out) # (N, queryLength, embeddingSize) 3AJIZ 2| &
print(f'attention ® =% y: {out}')
return out

sentences = ["i like my dogs", "i love hot coffee", "i hate cold milk", "i enjoy hot tea",
"you like cute cats", "you love hot milk", "you hate cold coffee", "you want rainy days"

J

"he expects big promotion", "he wants nice gifts", "he wants my dogs", "i expect rainy
days"]

dtype = torch.float



113

114 | wordList = list(set(" ".join(sentences).split()))

115 | wordList.sort() # 0 AHAIDICH S8 word index S E 2
116

117 | wordDictionary = {w: i for i, w in enumerate(wordList)}

118 | print('\n','="%*80)

119 | print("word dictionary:",wordDictionary,'\n")

120 | number_dict = {i: w for i, w in enumerate(wordList)}

121

122 | windowSize =
123 | headSize = 4
124 | noOfClasses = int(math.ceil(len(wordDictionary) / headSize) * headSize)
125 | embeddingSize = noOfClasses

126

127 | print(f'\nheadSize: {headSize}, noOfClasses: {noOfClasses}')

128

129 | # make one-hot encoded input batch

130 | input_batch, target_batch = make_batch(sentences,True)

131 | valueLength, keyLength, queryLength = windowSize, windowSize, windowSize # sequence
lengths => 3

3

132

133 | queries = torch.tensor(np.array(input_batch), dtype=torch.float32)
134 | keys = torch.tensor(np.array(input_batch), dtype=torch.float32)
135| values = torch.tensor(np.array(input_batch), dtype=torch.float32)
136 | print('\n',"'="%*80)

137 | print(f"Self-Attention& [{len(queries)}]JH input batch:",input_batch)
138

139 | attention = SelfAttention(embeddingSize, headSize)

140

141 # Self-attention(Forward Pass only) 4! &

142 | out = attention(values, keys, queries)

143

144 | print(f'\noutputl shape[batchSize, sequencelLength, VectorDimension]: {out.shape}\n') #
Expected shape: (batchSize, sequencelLength,embeddingSize)

145 | print('> BT batchl & Z 242 AR AN OISt attention Z gt SEMEZII")
146 | for i in range(2):

147 print('-'*80)

148 for j in range(out.shape[1]):

149 print(f'sequence #[{i}][{j}] {sentences[i].split()[j]1}\n")
150 for k in range(out.shape[2]):

151 print(out[i, j, k].item(), end=" ")

152 print('\n")

153 print('\n")

154

155



