RNN (Recurrent Neural Network)

(https://towardsdatascience.com/rnns-from-theory-to-pytorch-f0af30b610e1)
(http://cs231n.stanford.edu/slides/2023/lecture_8.pdf)
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® A Sequence : a series of related things or events
a set of data that contains trainable context

® RNNo =2 o2 7hs3et =AS] of 27H

(1) Timeseries Forecasting (2) Natural Language Processing
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= fixed-window size of w+k
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look-back size of w ¥ look-ahead size of k
Fig. 1 Using a sliding window of width w to construct the training set
for predicting k time steps in the future.
(https://arxiv.org/ftp/arxiv/papers/2204/2204.11115.pdf)
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® RNN9] Hidden State, Output AAF
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© Pytorch RNN Parameter
(https://pytorch.org/docs/stable/generated/torch.nn.RNN.html)

RNN

CLASS rorch.annRNN({self, input sire, hidden_sirze, num_ layers=1, nenlinearity="tanh’,
bias=Trie, batch_first=False, dropout=8.8, bidirectional=False, device=Nane,
dtype=None) [SOURCE]

Apply o multi-layer Eiman RNMN with tanh or Rel 17 non-linearity to an input sequence, For each element in the input
sequence, gach layer computes the fellowing function:

he = tanh{z, W7 + by + by W + buy)

where /1; Is the hidden state at time £, .I; is the input at time t, and h,:r —1) Is the hidden state of the previous layer at
time t-1 or the initial hidden stace ot tfime o, IF nonlinsarity Iz “relu’, then RellLl is ssed instead of tanh,

Parametars

* input_size - The number of expected features in cthe input &

* hidden_size - The number of features in the hidden state i

+ num_layers - Number of recurrent layers. E.g., setting nusm_layers=2 would mean stacking two RNMNs
together to form o stacked RN, with the second RNN taking in outputs of the first RMN and computing
the final resalts. Defaufc: 1

* nonfinearity - The non-lingarity ta use, Can be either “tanh’ or “m=lu’ . Defauls 'tanh’

& bias - It False, then the layer does not use bias weights b_ik and b_hh. Default: Trus

¢ batch_first - If Tzue, then the input and cutput tensars are pravided as (barch, seq, feature) instead of
{seq, batch, feature}. Mote that this does not apply to hidden or cell states: See the Inputs/Outputs
sections below for details. Defauit: False

* dropout - If non-zera, introduces a Dropovt layer on the cutputs of sach RMNN layer excepe the last layver,
with dropout probability equal to dropout . Default: ©

& bidirectional - If True , becomes a bidirectional RMM. Defauln: Falae

Inputs: input, h_0

= input: tensor of shape { L, Hiy ) for unbatched input, (Lo, V', Hin ) when batch_fizst=False or
(N, L, H,,)when bateh_first=True containing the features of the input sequence; The input can
also be a packed variable lengeh sequence. See toxch.nn.utils.zon . pack_padded_sequence() or
torch.nn ., utils. ron. pack_sequence(} for details:

» h_0: tensor of shape ([0 & num_layers, Ho. ) for unbatched input or (1) &
num_lavers, N, Hout) containing the initial hidden state far the input sequence batch, Defaules to

zeros if not pravided,
where:

N = batch size

L = J:i!:l'.luEI] [l =3 ]l‘.‘.I]gth

1} = 2if hidirectional=True otherwise 1
H;,, = iupul_size

H e = hidden_size



© Character-Level? Language Model 9] o (1)

- Vocabulary : [h,e,l,0] 0],
- A3l(test time)A]of] 3t character® T}& charactergs &#st= o

4
Sample t
0%
Softmax o
target chars: e T T o wed
B m O R ua
output layar Aok ; 3 10
=T 10 19 0.1 13
41 al = 232 oW
N s = ENl
I | | [y T
03 10 0.4l 03 B
hidder layer | g4 0.3 08 === 0.9 Pl :
08 01 a3 ar il
' ' — R
| I R i
B v : :
1 o ot e |
npul layer o o ¥ 1 :
i} 0 a o s
Input chare; “n" a" T L 2o .2

Sample 4 | t AU
&] .: M ;;
Softmax 00 50 -3
o &) [®]] =
) ! ' i
10 gi- o1 ni
22 0s A
e skl 10 18 201
al 12 -1.1 22
[ i | W_ny
0.3 1.0 01 b bnl-03
hikdon layer | g1 1= 03 |—4= u-—m-.?'- 08
0.8 0.1 03 o7
! ! ! L)
TERIERIE
inpad layer o pt b b
L] 1] 0 [+]
mput chars:  he -

*.
<

i

{

—= g

PR b

| gl:i's —[5228]- smbn |-

i[ees] -[eee | -[F2Ee] - esrs |

R —

i
g

=



© Word-Level?9] Language Model 9] of (2)

- Vocabulary : {'cat': 0, 'coffee': 1, 'dog': 2, 'enjoy': 3, 'expects': 4, 'hate': 5, 'he': 6, 'i":
7, 'like': 8, 'love': 9, 'milk': 10, 'money': 11, 'promotion': 12,
‘snowing': 13, 'tea': 14, 'waits': 15, 'want': 16, 'wants': 17, 'you': 18}

- 2719] o} Bl g ol § /1S o5 (2-to-1 model)
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[1] Two-to-one Language Model RNN Example
(https://justkode.kr/deep-learning/pytorch-rnn/)

# Many-to-one (2-to-1) RNN <]

#### conda create -n word2vec nltk pandas

# conda activate word2vec

#### conda install pytorch torchvision torchaudio pytorch-cuda=12.1 -c pytorch -c nvidia
# K= conda install pytorch torchvision torchaudio cpuonly -c pytorch
# (word2vec) python rnn_m21.py train 500 # oA/

# (word2vec) python rnn_m21.py i Love # Prediction A/

importnumpy asnp

importnltk

importtorch, sys

importtorch.nn asnn

importtorch.optim asoptim

importtorch.nn.functional asF

fromtqdm importtqdm

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

ifforTrain :
target_batch =[]
forsen insentences:
words =sen.split()
input =[word _dict[n]forinwords[:-1]]
target =word_dict[words[-1]]
# input #/ A <}2/7F 10] X 7] One-Hot Encoding
# input Llist 7} 27} #%F 7}X]H ofg]i= 2 7] <] one-hot vectors 4%
input_batch.append(np.eye(n_class)[input])

target_batch.append(target)
returninput_batch,target_batch

else :# for Prediction
sentence =sentences

words =sentence.split()

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

input =[word _dict[n]forinwords[:-1]]
input_batch.append(np.eye(n_class)[input]) # One-Hot Encoding

returninput_batch

def make_windows(cleaned sentences,windowSize=2):
MASK_TOKEN ="<MASK>"

# 2} YY) EF gAEE 735 HA X FH Z7)(d o] 57)) 9] window=E Fol 7]
# Lambda ")7)H 5= : 249 <.
# matrix = [[1, 2], [3, 4], [5, 6]]
# squared = [num ** 2 for row in matrix for num in row]
# print(squared) # Output: [1, 4, 9, 16, 25, 36]
# 23}E-->12}H 02 7 7]

flatten =lambda outer list:[item forinner list inouter list foritem ininner list]
# nltk.ngrams([1,2,3,4,5], 3)) ===> [(1, 2, 3)1 (25035 4)) (31 4, 5)7
# %1% cleaned sentenses Z1E],

H

cleaned sentences Z-E] 7}A41<2 ZF {34l 5709 Hol(EE) Z o]Fol X windowx 2AEE TFA] S}
# cleaned sentences9]*] sentenceE 3}L} 7}%]2FA] nltk.ngramS- &3

# sentence W SFyl @ F o] z}zZ} 2 R O] «<MASK> EZS F7}eF &, 57) Ho] Z/o]o] wind /A EE
# vl 7, flatten of2f

I iove you --> [<MASK>, <MASK>, 'I', 'love', 'you',<MASK>, <MASK>]

windows =flatten(nltk.ngrams(sentencel:-windowSize].split('"),windowSize +1)\

forsentence intqgdm(cleaned sentences))

H

returnwindows




class TextRNN(nn.Module):
forward_pass =0

def __init__ (self):
super(TextRNN,self).__init_ ()
# dropout 547> hidden Layer =7} 1 Z A w7} A)-&-
#self.rnn = nn.RNN(input_size=n_class, hidden_size=n_hidden, dropout=0.3)

# input_size=n_class : Y 7S = Z7]7F+ Z /9] one-hot vectorZ e71]7}
# hidden_size : hidden Layer node 5= = 5 £ 1]2 &

self.rnn =nn.RNN(input_size=n_class,hidden_size=n_hidden)
# trainable weight matrix initialized with random values
# nn.Parameter() : &5 F}u]E 7} S5 Ao Fof sl weight 7F &

self.W =nn.Parameter(torch.randn([n_hidden,n_class]).type(dtype))# n hiddex * n class 77/ matrix
# n _class =7/ bias & vector

self.b =nn.Parameter(torch. randn([n_class]).type(dtype))
# raw = S0 g -

self.Softmax nn.So-thax(dlm 1)

def add_count (self,n=1):
self.forward_pass +=n

def reset_count (self):
self.forward_pass =0

# X : 98 AFYA ] Hf= Xt

# hidden ;A= update %/+= hidden matrix #

# ©] forward $/5-+= epoch S0 &

def for‘war‘d(sel-F,hidden,X):
# input tensor to have a shape of (seq_len, batch, feature),
# batch 9} seq_Length 7/7'/4{ F
# o] djxj°e] F-? (seq_Len, batch size, hidden size) &</ S 2 2]E =10
# (2, 11, 5) 277} ¥
X =X.transpose(0,1)

# hidden vectors: Z} time step T}L}2] hidden vector ==529] #(h(t)) = <&
# 1}529] back-propagation*/°] gradient #l 7JFS $/5to] AFE &=
# (seq_Llen, batch, hidden size) = (2, 11, 5)

# hidden : P}X/2F time step 222/ hidden vector ,;/

# hidden Layer’} T}5 ¥ F--of= Layer 59 A+ & #& 717

# 3819 S == ) batch, H= AH=L, HE 3EYEJ) j3F HEHES 2 E
# 2 A/F= * 11 batch * 5 vector nodes M:
hidden_vectors,hidden =self.rnn(X,hidden) # 9= batch #E7 0/ - WE]E o] §3}of
# 3l HE FJEL A
print(f'\n*** hidden_vectors[{self.forward_pass}]: {hidden_vectors}')

print(f'\n*** hidden[{self.forward_pass}]: {hidden}")
last hidden vector =hidden vectors[-1] # many-to-one X Z/¢/Z = hidden »=Z=3% r}X/o}F =g ZQ
# torch.mm() : matrix multiplication, &4 A} ZH#s 7] 2E
model =torch.mm(last_hidden_vector,self.W)+self.b

self.add_count(1)

returnmodel
def print_output_softmax(self,output):
softmax values =self.Softmax(output)
print("\n*** Softmax Results:",softmax values)

def train_rnn(totalEpoch):
criterion =nn.CrossEntropyloss()# &/ 8/5-Z CrossEntropy = ’/”/
optimizer =optim.Adam(model. parameters() 1r=0.01)# Optimizer= Adam S Z {1E/
GEEE T S/5 5003/
forepoch intqdm(range(totalEpoch)):
# requires grad=True: backpropagation?/9] gradients -=%/3}2}
# back propagation */9)] batch size * sequence length %= gradientZ 7%+ X BFY5l=5
# hidden vector5< H+7l H2 (2= F713})
hidden =torch.zeros(1,batch size,n hidden,requires grad=True)

output =model(hidden, input batch)




#1f epoch == totalEpoch-1 :
print(f'\n*** Epoch # {epoch}d uj
output:\n{output}"')
print('-"'%*80)
loss =criterion(output,target_batch)
iftotalEpoch <=3 or (epoch %100)==
print('Epoch: "', '%04d'%(epoch), 'cost =", '{:.6f}"'.format(loss))

L%
)3

A% wjxdglelE  AAY W3 output layer =

g

optimizer.zero_grad()
loss.backward()
optimizer.step()

sentences =["i like dogs","i love coffee","i hate milk","i enjoy tea" >
"you like cats","you love milk","you hate coffee","you want snowing",
"he expects promotion","he wants money","he waits snowing"]

windowSize =2

dtype =torch.float

word_list =list(set("".join(sentences).split()))

word_list.sort() # 1 HIYRplr} &S word index HEE ZEHA

word_dict ={w:fori,in enumerate(word_list)}

print(‘'\n','="%*80)

print("word dictionary:",word_dict,'\n")

number_dict ={i:fori,in enumerate(word_list)}

n_class —len(word d1ct)

# [2] Input, Target batch data &

# sentence % 2 E ¢/ Ztensor,
input_batch,target_| batch -make batch(sentences True)
input_batch =torch.tensor(np.array(input_batch),dtype=torch.float32,requires_grad=True)
print('\n', '="*80)
pr‘int("fﬂ'f;% input batch:",input_batch)
target_batch =torch.tensor(target_batch,dtype=torch.int64)
print('\n', '="*80)
print("l<% 8 target batch:",target_batch)

# [3] TextRNN model #% E

oj& a]7]~ z]o]9) ZFoJoF ET)

/ } hidden matrix</ == ¢

2
# 5//1/0#4 " BRI F A~ F "= "bqtchislze" o/, batch 2/5~ 7FF9] 98 #9J gradientE Yo/ E

L]z}

batch_size =len(sentences)

n_hidden =5 # 24359/ Zo]

model =TextRNN() # rnn 22 273 4]

if _name_ =="_main__
print('\n', '="*80)
print('\nUsage [3}55]: python rnn_m21.py train 100')
print('Usage [Prediction]: python rnn_m21.py wordl word2\n')
# [4] textRNN X2 &'+
if len(sys.argv)>=3 :
B oo 5}
if "train'insys.argv[1]land int(sys.argv[2])>0:
train _rnn(int(sys.argv[2]))

# 3 o5 i" 70// 5]5] prediction %2 7]
# ’/47// 3l s o E HlE %

print('\n"', '='%80)
print(' 35 g2 oy, A4 9 tﬂo]a‘ﬂ o, prediction® = st Ayt gel')
model.reset count() # hidden vectors 9] =2/ 1nder 092 % reset
input =[sen.split()[:2]forsen insentences]
# hidden Layer # =7]3}
# 1 : hidden lLayer =

# batch size : X2 hidden matrix o &, =, backward pr‘opaqatlon j3Fo] H= time -
# n hidden : hidden matrix9 <, = hldden vector ?F7J°] =& =

hidden =torch.zeros(1,batch size,n hidden,requires grad=True)
# input #9] U3 prediction &3

predict :model(hidden input batch).data.max(1,keepdim=True)[1]
# /7 17/ == /




print('\n',"'.'*80, '\n[g5F H22E ZI}]\n")
print([sen.split()[:2]forsen insentences], '->',[number_dict[n.item()]forinpredict.squeeze()])
# S5 g7 o= XY
torch.save(model.state_dict(), 'text_rnn.pth")

Hmm e o ) H = ZFFo bld) Prediction
queryStr =sys.argv[1]+''+sys.argv[2]+' "+sys.argv[2]
sentence =[]
sentence.append(queryStr)

#query_input_batch = make_batch(sentence, False)
query_input_batch =make_batch(queryStr,False)
query_input_batch =torch.tensor(np.array(query_input_batch),dtype=torch.float32,requires_grad=False)

print(‘'\n',"'-"'*80)
print("*** Prediction input batch:\n",query_input_batch,'\n")

model =TextRNN() # Initialize the model the same way you did before
model.load_state dict(torch.load('text_rnn.pth'))# & 7= FE 2d % g2lojy F&907]
model.eval()
hidden =torch.zeros(1,1,n_hidden,requires_grad=False)
# input #l°] ¥ prediction ¥ output Layer = 7l(softmax#l) =21 7]
output =model(hidden,query_input_batch)
model.print_output_softmax(output) # /% =7k 5o)u 7
# gl 7 27]
#predict = model (hidden, query input batch).data.max(1, Reepdim=True)[1]
predict =output;iﬁtg.Tax(l,keepdim=True)[1]
# 7% =5
print('\n',"'-"'%*80)
print(f' 74| sentences : {sentences}\n')
print(‘'\n',"'-"'*80)
print(f'predict Z¥}:{predict}")
print(f'*** {sys.argv[1]} {sys.argv[2]}==> {number_dict[predict.item()]}")




word dictionary: {'cats': 0, 'coffee': 1, 'dogs': 2, 'enjoy': 3, 'expects': 4, 'hate': 5, 'he': 6, 'i': 7, 'like': 8, 'love': 9,
'milk': 10, 'money': 11, 'promotion': 12, 'snowing': 13, 'tea': 14, 'waits': 15, 'want': 16, 'wants': 17, 'you': 18}

input batch: tensor([[[0., 0., 0., 0., 0., 0., 0., 1., 0., 0., 0., 0., 0., 0., 0., 0., 0., e
0., 0.1,
[0., 0., 0.,0.,0.,0.,0.,0., 1.,0.,0.,0.,0.,0., 0, 0., 0, <—--—= ‘like’
0., 0.]]
[fo., o., 0., 0., 0., 0., 0., 1.,0.,0.,0.,0.,0.,0.,0.,0.,0 <---- 1
0., 0.1,
0., 0.,0.,0.,0.,0.,0.,0.,0.,1.,0.,0.,0.,0.,0.,0.,0 <===-= love
0., 0.11,
[fo., 0., 0., 0.,0.,0.,0.,1.,0.,0.,0.,0.,0.,0.,0.,0.,0
0., 0.],
[o., 0., 0.,0.,0.,1.,0.,0.,0.,0.,0.,0.,0.,0.,0.,0.,0
0.. 0.]].
[to., 0., 0., 0., 0.,0.,0.,1.,0.,0.,0.,0.,0.,0.,0,0.,0
0., 0.1,
[o., 0., 0.,1.,0,0.,0.,0.,0.,0.,0.,0.,0.,0.,0.,0.,0
0.. 0.11.
[to., 0., 0., 0., 0., 0., 0.,0.,0.,0.,0.,0.,0.,0.,0,0.,0
0., 1.],
(0., 0.,0.,0.,0.,0.,0.,0.,1.,0.,0.,0.,0.,0.,0.,0.,0
0.. 0.11.
[fo., 0., 0., 0., 0., 0.,0.,0.,0.,0.,0.,0.,0.,0.,0.,0.,0
0., 1.],
[o., 0., 0.,,0.,0.,0.,0.,0.,0.,1.,0.,0.,0.,0.,0.,0.,0
0.. 0.]].
[fo., 0., 0., 0., 0., 0., 0.,0.,0.,0.,0.,0.,0.,0.,0,0.,0
0., 1.1,
[o., 0., 0.,0.,0.,1.,0.,0.,0.,0.,0.,0.,0.,0.,0.,0.,0
0.. 0.11.
[to., 0., 0., 0., 0., 0., 0.,0.,0.,0.,0.,0.,0.,0.,0.,0.,0
0., 1.],
(0., 0.,0.,0.,0.,0.,0.,0.,0.,0.,0.,0.,0.,0.,0.,0.,1
0.. 0.11.
[fo., 0., 0., 0.,0.,0.,1.,0.,0.,0.,0.,0.,0.,0.,0.,0.,0
0., 0.],
[o., 0., 0.,0.,1.,60.,0.,0.,0.,0.,0.,0.,0.,0.,0.,0.,0
0.. 0.]].
(to., 0., 0., 0., 0., 0., 1., 0., 0., 0., 0., 0.,0.,0.,0.,0.,0
0., 0.],
[o., 0., 0.,0.,0.,0.,0.,0.,0.,0.,0.,0.,0.,0,0.,0.,0
1., 0],
(to., o., 0., 0., 0., 0., 1., 0., 0., 0., 0., 0., 0., 0., 0., 0., 0.,
0., 0.],
(0., 0., 0.,0.,0.,0.,60.,0.,0.,0.,0.,0.,0.,0., 0,1, 0.,
0., 0.]]], requires_grad=True)
target batch: tensor([ 2. 1, 10, 14, 0, 10, 1, 13, 12, 11, 13])  <————- batch T2 updatesto@ =7 wjx] 27|
oAl A R 2410 targetdl ‘dog'e] APE QIHlA  ‘snowing'©] AN QIElA

Usage [3t4]: python rnn_m21.py train 100
Usage [Prediction]: python rnn_m?21.py wordl word?2
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+** hidden[0]: tensor([[[ 0.2026, -0.3466, -0.
-0.4523,
-0.4327,
-0.4602,
-0.2357,
-0.3553,
-0.3339,
-0.3640,
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0.2187,
0.2309,
0.2578,
fn=<StackBackward0>)
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0.

-0.

-0.

0.

0.

0.
[[-0.6419,
0.8113,
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0.5705,
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0.8007,
0.8041,
0.8551,
0.5781,
0.
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[ 5928,
ra

[[-0.6419,
[-0.8113,
[-0.8378,
[-0.9027,
[-0.5705,
[-0.7689,
[-0.8007,
[-0.8041,
[-0.8551,
[-0.5781,
[-0.5928,
ad_

gr.

+x*x* Epoch # 0¥ T
tensor([[-6.4833e-01,

-0.4523,
-0.4327,
-0.4602,
-0.2357,
-0.3553,
-0.3339,
-0.3640,
-0.0225,

0.2187,

0.2309,

0.2578,
d_fn=<StackBackward0>)

(WiR 7] « AIEA Zo] « W

12 * 2 = 5 gr2o] Z7to]

Al #ix EPOCH >>
hidden_vectors[0]: tensor([[[-0.3216, -0.5452, -0.4059, -0.0968, 0.1629],
-0.5452,
-0.5452,
-0.5452,
-0.4483,
-0.4483,
-0.4483,
-0.4483,
-0.0316,
-0.0316,
-0.0316,

-0.4059, -0.0968,
-0.4059, -0.0968,
-0.4059, -0.0968,
-0.1498, 0.0155,
-0.1498, 0.0155,
-0.1498, 0.0155,
-0.1498, 0.0155,
-0.4030, 0.4874,
-0.4030, 0.4874,
-0.4030, 0.4874,

0.1143,
-0.1408,
-0.0627,
-0.1514,

0.2137,
-0.0395,

0.0394,

0.4262,

0.6095,

0.2089,

0.5898,

0.0491,
0.4089,
-0.1802,
-0.1480,
0.2038,
0.5312,
-0.0246,
0.5456,
0.6462,
0.4037,
0.1458,

0.1143, 0.0491,
-0.1408, 0.4089,
-0.0627, -0.1802,
-0.1514, -0.1480,
0.2137, 0.2038,
-0.0395, 0.5312,
0.0394, -0.0246,
0.4262, 0.5456,
0.6095, 0.6462,
0.2089, 0.4037,
0.5898, 0.1458,

st 1% wjx|elolE] AA] fE output layer

-2.9322e+00, -1.0049e+00,

1333,
0.6902],
0.4649],
0.4266],
0.2277],
0.5425],
0.2570],
0.2118],
0.3920],
0.0743],
-0.3434],
0.4193]11,

37)) gr39] 33ro] Wa

09

0.1629],

0.1629],

0.1629],

-0.0091], <==----
-0.0091],
-0.0091],
-0.0091],
-0.2441],
-0.2441],
-0.2441]],

0.6902],

0.4649],

0.4266],

0.2277], <---
0.5425],
0.2570],
0.2118],
0.3920],
0.0743],
-0.3434],
0.4193]11,

0.4393, 0.2556],

F2ig)

4.8337e-01, -6.1329e-01,

e AR gl

(A EA = ] ool ‘love’

A A Al A wordo] gt
117§ batch ®1E{ZF
J'you’,'he’)

< wiR} WA wordo] Tt
11 7§} batch E{ZF

output:

8.1251e-01, 8.4654e-01, 6.8093e-01, 1.3145e+00, -8.1489e-01,
6.0670e-01, -8.3706e-01, -1.4239e+00, 1.4976e+00, 5.8864e-01,
-3.7782e-01, 1.2989e+00, 1.5892e+00, 2.3070e+00],
[-7.7896e-01, -1.4255e+00, -7.4623e-01, 1.4793e-01, -1.3802e+00,
-1.5912e-01, -3.1743e-02, 1.1281e+00, -5.2364e-02, -8.2708e-01,
-3.3585e-02, -1.1563e+00, -1.6578e-01, 1.6628e+00, 1.8821e+00,
-9.8718e-01, 2.0494e+00, 1.8044e-01, 1.8818e+00],
[-1.3983e-01, -2.1078e+00, 2.5746e-02, 3.2418e-01, -1.3213e+00,
5.9797e-01, 6.6105e-02, 5.7694e-02, 7.6094e-01, -3.3888e-01,
-1.695%-01, -3.3911e-01, -1.4665e+00, 6.4343e-01, 6.1448e-01,
-1.1721e-01, 1.2287e+00, 2.9005e-01, 2.4833e+00],
[ 8.4713e-01, -3.0561e+00, 3.3510e-01, 6.3071e-01, -1.9067e+00,
1.3770e+00, 1.9177e-01, 1.2768e-02, 6.8869e-01, -2.3248e-01,
6.2754e-01, -3.1910e-01, -7.7025e-01, 1.0212e+00, 1.3338e+00,
-1.7861e+00, 1.0615e+00, 2.0591e+00, 1.6063e+00],
[-1.0192e+00, -2.9346e+00, -1.3047e+00, 3.7716e-01, -3.5192e-01, <- &7 dg (1971 %)
6.6778e-01, 9.3493e-01, 9.6906e-01, 1.1621e+00, -8.9816e-01,
5.6283e-01, -9.6474e-01, -1.3552e+00, 1.6901e+00, 6.9903e-01,
-1.8911e-01, 1.3973e+00, 1.5615e+00, 2.3382e+00],
[-1.1473e+00, -1.4429e+00, -1.0580e+00, 5.0107e-02, -1.1259e+00,
-2.9190e-01, 7.1117e-02, 1.4192e+00, -1.9714e-01, -9.1899e-01,
-6.5957e-02, -1.2854e+00, -9.6860e-02, 1.8736e+00, 1.9868e+00,
-8.1909e-01, 2.1460e+00, 1.8468e-01, 1.9104e+00],
[-5.3831e-01, -2.1364e+00, -3.1332e-01, 2.1790e-01, -1.0424e+00,
4.5888e-01, 1.8025e-01, 3.7554e-01, 6.0257e-01, -4.3698e-01,

,like’, ‘expects’

)




-2.0079e-01, -4.7861e-01, -1.3902e+00,
6.2158e-02, 1.3312e+00, 3.0612e-01,
[ 4.8552e-01, -3.1463e+00, -3.2052¢-01,
1.1193e+00, 5.1561e-01, 4.0880e-01,
1.3142e+00, -9.8599¢e-01, -6.9701e-01, 1.3200e+00, 1.3657e+00,
-1.6998e+00, 1.3174e+00, 2.2577e+00, 1.4332e+00],
[-1.3133e+00, -4.0400e+00, -1.4056e+00, -2.2649e-03, -6.4476e-01,
1.2944e+00, 1.0697e+00, 1.6412e+00, -8.1092e-01, -4.6251e-01,
7.1146e-02, -4.0148e-01, -6.8558e-01, 2.3919e+00, 1.7335e+00,
-7.6502e-01, 1.1387e+00, 3.0120e+00, 1.9884e+00],
[-1.0214e+00, -3.0319e+00, -9.1045e-01, 1.8372e-01, -1.9075e-01,
7.5400e-01, 7.3972e-01, 7.1543e-01, 9.2161e-01, -5.1882e-01,
1.5404e-01, -5.7331e-01, -1.7213e+00, 1.1494e+00, 5.1697e-01,
5.0940e-01, 1.1277e+00, 1.1662e+00, 2.5953e+00],
[-4.6642e-01, -4.1781e+00, -1.2497e+00, 5.5634e-01, -4.7946e-01,
1.5034e+00, 1.2723e+00, 1.0460e+00, 1.0640e+00, -7.4989e-01,
1.1997e+00, -8.3166e-01, -1.0273e+00, 2.0602e+00, 1.1370e+00,
-1.2105e+00, 1.0814e+00, 3.3736e+00, 1.7545e+00]],
grad_fn=<AddBackward0>)

Epoch: 0000 cost = 3.998404

8.7401e-01,
2.5109e+00],
7.1677e-01, -1.1276e+00,
1.4897e+00, -6.3281e-01,

7.3158e-01,

<< &= Y5 EPOCH >>

**+* hidden_vectors[1]: tensor([[[-0.3483, -0.5238, -0.3806, -0.1264, 0.1920],
[-0.3483, -0.5238, -0.3806, -0.1264, 0.1920],
[-0.3483, -0.5238, -0.3806, -0.1264, 0.1920],

-0.3483, -0.5238, -0.3806, -0.1264, 0.1920],

.0671, -0.4240, -0.1203, -0.0144, 0.0209],

, -0.4240, -0.1203, -0.0144, 0.0209],

, -0.4240, -0.1203, -0.0144, 0.0209],

, -0.4240, -0.1203, -0.0144, 0.0209],

, -0.0016, -0.3775, 0.4642, -0.2157],

, -0.0016, -0.3775, 0.4642, -0.2157],

, -0.0016, -0.3775, 0.4642, -0.2157]],

Sooo

0.2646],
, -0.2395],
0.1769],
0.0930, 0.3090],
0.4436, 0.1463],
0.3136, -0.3522],
0.1675, 0.0550],
0.1430, 0.3532],
0.6992, -0.3463],
0.3345, 0.0351],
0.5436, 0.2141]]],

, -0.3167, -0.1297,
, -0.2612, -0.2096,
0.1138, -0.0618,
, -0.1013, 0.5273,
, -0.3910, -0.2139,
, -0.3385, -0.2910,

0.0293, -0.1476,
, -0.4654, 0.2769,
, -0.3860, 0.3115,
, -0.1537, -0.1557,
, -0.5889, 0.2526,
n=<StackBackward0>)

0.3769,
0.2396
0.0886,

o2 ooo

BNONOWNWO AT

|
000000000

Joje]
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x** hidden[1]: tensor([[[ 0.1371, -0
4078, -0.2612, -0.2096,
0488, 0.1138, -0.0618,
3986, -0.1013, 0.5273,
2275, -0.3910, -0.2139,
3270, -0.3385, -0.2910,
0447, 0.0293, -0.1476,
2693, -0.4654, 0.2769,
0.2506, -0.3860, 0.3115,
0.4762, -0.1537, -0.1557,
0.1609, -0.5889, 0.2526,
grad_fn=<StackBackward0>)

3167, -0.1297, 0.3769, 0.2646],
0.2396, -0.2395],
0.0886, 0.1769],
0.0930, 0.3090],
0.4436, 0.1463],
0.3136, -0.3522],
0.1675, 0.0550],
0.1430, 0.3532],
0.6992, -0.3463],
0.3345, 0.0351],
0.5436, 0.2141]]],

e
[-0
[-0
[-0
[0
[-0
[0
[-0
[
[
[

x*x Epoch # 19 @] &5 A3 djx|glol8 AAo] tigt output layer £33} output:
tensor([[-4.8692e-01, -2.7425e+00, -8.2792e-01, 4.7641e-01, -7.3864e-01,
7.2247e-01, 6.9434e-01, 5.6740e-01, 1.3308e+00, -8.0572e-01,
6.1457e-01, -8.3047e-01, -1.3536e+00, 1.3891e+00, 6.3840e-01,
-4.5871e-01, 1.3231e+00, 1.3668e+00, 2.2397e+00],
[-6.4890e-01, -1.2065e+00, -6.0693e-01, 1.5485e-01, -1.4448e+00,

-2.6766e-01
1.6299e-02

-1.0342e+00,

[ 3.1174e-03,
4.7546e-01

, -1.6749e-01,

., -1.2038e+00
2.0847e+00

-1.8821e+00,

., ~8.5855e-02

1.0322e+00,
., -9.5441e-02,
, -5.7576e-02,

1.7645e-01,
, ~3.5786e-02,

2.8342e-02, -8.2432e-01,
1.5498e+00, 1.9359e+00,
1.8190e+00],

3.2934e-01, -1.4002e+00,
8.3950e-01, -3.4156e-01,




-1.3273e-01

-1.7912e-01,

[ 9.7434e-01,

1.2678e+00,

6.4882e-01

-1.8408e+00,

[-8.7091e-01,

5.8595e-01,

5.5985e-01

-2.6983e-01,
[-1.0256e+00,

-3.9587e-01
-3.0072e-02

-8.7671e-01,
[-4.0492e-01,
3.4294e-01,

-1.7953e-01

-3.9193e-04,

[ 5.7277e-01,

9.9532e-01,

1.3118e+00

-1.7664e+00,
[-1.2590e+00,
1.1756e+00,

1.7010e-02

-8.1933e-01,
[-9.5710e-01,
6.8239%e-01,

5.0130e-02

5.0731e-01,
[-4.0961e-01,
1.3788e+00,

1.1279e+00

-1.2706e+00,

, -3.9180e-01

-2.8744e+00,
3.2782e-02
, -3.5911e-01

, =9.4560e-01

, -1.3207e+00

2.1780e+00

, =5.1557e-01

, -1.0181e+00

, -3.9544e-01

, -5.0114e-01

, -8.1253e-01

1.2868e+00,

1.1084e+00,
-2.7557e+00, -1.1379e+00,
7.9294e-01,

1.4143e+00,
-1.2243e+00, -9.2459e-01,
, =6.0002e-02,
, -1.9728e-02,
, —4.2025e-02,
-1.9151e+00, -1.6674e-01,
3.3727e-02,

1.3819e+00,
-2.9413e+00, -2.1231e-01,
3.7752e-01,

1.3733e+00,

9.3893e-01,
, -5.8232e-01,
2.7833e+00,
-2.8819e+00, -7.7331e-01,

6.1304e-01,

1.1800e+00,

1.1297e+00,

1.1265e+00,

, —1.3885e+00,
2.9669e-02,

4.8450e-01,

, -5.2103e-02,
, -6.7168e-01,
1.8318e+00,

1.3273e+00

1.5912e+00

8.6044e-01,
, —1.2859e+00,
1.3566e+00,

2.8298e-01,
, —1.3124e+00,
5.5517e-02,

3.6431e-01,
, -5.9784e-01,
2.0294e+00,
-3.8298e+00, -1.3101e+00, -3.8968e-02, -7.7036e-01,
, -9.0418e-01, -4.7946e-01,
2.3650e+00, 1.7907e+00,

6.3968e-01,
, —1.6790e+00,
9.5796e-01,
-3.9635e+00, -1.1470e+00,

1.1346e+00, 1.0005e+00,
, -9.3141e-01,
3.1326e+00,

5.2216e-01, 6.8483e-01,

2.4120e+00],
6.1153e-01, -1.9696e+00,

7.0074e-01, -2.1742e-01,
9.1882e-01, 1.4502e+00,

1.5279e+00],

3.6654e-01, -4.8349e-01,
1.1554e+00, -8.8953e-01,
1.5963e+00, 7.4091e-01,

2.2774e+00],

5.4029e-02, -1.2090e+00,
, -1.4613e-01, -9.1766e-01,
1.7772e+00, 2.0386e+00,

1.8511e+00],

2.1878e-01, -1.1343e+00,
6.5408e-01, -4.3837e-01,
7.6379e-01, 7.9383e-01,

2.4470e+00],

6.9449%e-01, -1.2193e+00,
1.4683e+00, -6.4916e-01,
1.2726e+00, 1.4562e+00,

1.3730e+00],

1.9592e+00],

1.3686e-01, -3.1608e-01,
7.9641e-01, -4.8734e-01,
1.0732e+00, 5.4674e-01,

2.5914e+00],

5.1349e-01, -6.2367e-01,
9.5173e-01, -7.7085e-01,
2.0427e+00, 1.1967e+00,

1.7260e+001],

grad_fn=<AddBackward0>)
Epoch: 0001 cost = 3.849265
100 | N e N O NN
I | 2/2  [00:00<00:00,
29.05it/s]

x**x hidden_vectors[0]: tensor([[[-0.3743, -0.5019, -0.3546, -0.1557,

-0.3743, -0.5019, -0.3546, -0.1557, 0.2206],
-0.3743, -0.5019, -0.3546, -0.1557, 0.2206],
-0.3743, -0.5019, -0.3546, -0.1557, 0.2206],
-0.0969, -0.4004, -0.0907, -0.0443, 0.0508],

-0.0969, -0.4004, -0.0907, -0.0443, 0.0508],
-0.0969, -0.4004, -0.0907, -0.0443, 0.0508],

.2534, 0.0280, -0.3516, 0.4409, -0.1869],

.2534, 0.0280, -0.3516, 0.4409, -0.1869],

[
[
|
[-0.0969, -0.4004, -0.0907, -0.0443, 0.0508],
[
[
[
[
[

.0692, -0.2882, -0.1287, 0.3104, 0.2757],

0
0
0.2534, 0.0280, -0.3516, 0.4409, -0.1869]],
0
0.4634, -0.2505, -0.2277, 0.1674, -0.2283],

[-0.1169, 0.1250, -0.0807, 0.0135, 0.1884],
[-0.4547, -0.0900, 0.5277, 0.0179, 0.3016],
[ 0.1643, -0.3603, -0.2078, 0.3865, 0.1550],
[-0.3843, -0.3244, -0.3034, 0.2502, -0.3444],
[-0.0210, 0.0451, -0.1609, 0.0998, 0.0639],
[-0.3291, -0.4530, 0.2644, 0.0948, 0.3435],

d_fn=<StackBackward0>

+** hidden[0]: tensor([[[ 0.0692, -0
[-0.4634, -0.2505, -0.2277,

[-0.1169, 0.1250, -0.0807, 0.0135, 0.1884],

[-0.4547, -0.0900, 0.5277, 0.0179, 0.3016],

[ 0.1

[-0.3

0
0
-0.
0
-0.3843, -0.3244, -0.303

)

.2882, -0.1287,
0.1674, -0.2283],

0.1915, -0.3562, 0.3029, 0.6700, -0.3653],
0.4430, -0.1001, -0.1456, 0.3030, 0.0137],
0.0999, -0.5632, 0.2436, 0.5185, 0.1933]]],

0.3104, 0.2757],

.1643, -0.3603, -0.2078, 0.3865, 0.1550],

4, 0.2502, -0.3444],

0.2206],




[-0.0210, 0.0451, -0.1609, 0.0998, 0.0639],
[-0.3291, -0.4530, 0.2644, 0.0948, 0.3435],

[ 0.1915, -0.3562, 0.3029, 0.6700, -0.3653],

[ 0.4430, -0.1001, -0.1456, 0.3030, 0.0137],

[ 0.0999, -0.5632, 0.2436, 0.5185, 0.1933]]],
grad_fn=<StackBackward0>)

'expects'], ['he',
'wants']

(word2vec) D:\myprojects\nlp\rnn>

[, ‘'like'], ['1', 'love'], ['i', 'hate'], ['i', 'enjoy'], ['you', 'like']l, ['you', 'love'], ['you', 'hate'], ['you', 'want'], ['he',
wants'], ['he', 'waits']] -> ['you', 'want', 'you', 'wants', 'you', 'want’, 'you', 'wants', 'wants', 'you',

() ¥ myprojects ¥ nlp * mn

] -
L | 1 S

™ mn_r‘n?_'l.p',-' 04 118 2B 1010 wihon H 2 I

text_mn.pth 24-03-18 23 1031 TH I}




g
x|
fo

[3] A3 Zu} 3H (epoch = 100091 329

5% | I | 51/1000 [00:00<00:01,
506.30it/s|Epoch: 0100 cost = 0.359241

20% | I | 198/1000 [00:00<00:01,
684.45it/s]Epoch: 0200 cost = 0.080004

27% | I . | | 272/1000
[00:00<00:01, 704.26it/s]Epoch: 0300 cost = 0.032804

35% | I . B | 346/1000
[00:00<00:00, 715.21it/s]Epoch: 0400 cost = 0.019037

429% | I . 1 | 424/1000

[00:00<00:00, 732.85it/s]Epoch: 0500 cost = 0.012798
589 R |
583/1000 [00:00<00:00, 761.90it/s]Epoch: 0600 cost = 0.009329
66% HNNNNNNEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEN]
| 660/1000 [00:00<00:00, 645.02it/s]Epoch: 0700 cost = 0.007160
73% ANEIEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEE
| 734/1000 [00:01<00:00, 667.76it/s]Epoch: 0800 cost = 0.005695
e
| 817/1000 [00:01<00:00, 711.61it/s]Epoch: 0900 cost = 0.004651
e |
I § | 976/1000 [00:01<00:00, 744.74it/s]
output:tensor([[ 3.9732e+00, -7.4295e-01, 1.0679e+01, -1.5475e+00, -1.4130e+00,
-7.6496e-01, -2.6051e+00, 1.0280e+00, -1.6184e+00, -5.0603e-01,
-3.1869e+00, 3.1225e+00, -3.7419e+00, -4.5599e+00, 3.5744e+00,
-2.1134e+00, 7.7988e-01, 1.6859e+00, -2.7212e+00].
[-4.4071e+00, 9.6890e+00, 2.3904e+00, -8.243%-01, -2.0167e+00,
1.6433e-02, -3.8855e+00, 7.3833e-01, -1.6364e+00, -6.3082e-02,
4.1032e+00, 3.2472e-01, -5.2712e+00, -4.9465e+00, 2.4004e+00,
-2.2290e+00, 8.7414e-01, -1.4412e+00, -2.5981e+00],
[ 1.5414e+00, 5.6497e+00, -2.6562e+00, -2.3532e+00, -1.5386e+00,
-2.1983e+00, -6.8863e-01, -1.8932e+00, -2.2135e+00, -8.6792e-01,
1.0725e+01, -6.0771e+00, -4.3620e+00, -3.6462e-01, 4.5291e+00,
-3.5665e+00, -2.1578e+00, -1.0329e+00, -1.2957e-01],
[ 2.9879e+00, -6.1173e-01, 3.7650e+00, -2.5124e+00, -1.0231e+00,
-1.7067e+00, -1.5188e+00, -1.3329e+00, -1.7335e+00, -1.9950e-01,
3.8721e+00, 1.1781e-01, -9.3178e+00, 2.6524e+00, 1.0225e+01,
-3.0782e+00, -1.6747e+00, -1.7745e+00, -1.7399e+00],
[ 9.1560e+00, -1.0838e+00, 2.0633e+00, -3.1632e+00, -1.5701e+00,
-3.6775e+00, 1.1202e+00, -1.9993e+00, -2.4950e+00, -1.3714e+00,
7.8098e-01, -1.1055e+00, 1.1936e+00, 2.3160e+00, 2.0379e+00.
-4.2024e+00, -2.3752e+00, 8.7838e-01, 2.9556e-01],
[-1.7748e-01, 2.8993e+00, -4.8895e+00, -1.2671e+00, -4.4669e-01,
-6.7811e-01, -5.5662e-01, -7.8443e-01, -1.4019e+00, -1.0853e+00,
1.0091e+01, -5.2677e+00, -6.9972e-01, 3.6488e-01, 6.3611e-01,
-2.1398e+00, -1.2390e+00, 6.3345e-01, 2.8676e-01],
[ 1.6716e+00, 1.0555e+01, -7.1278e+00, -2.7063e+00, -2.6328e+00,
-3.6337e+00, 3.6573e-01, -2.5980e+00, -2.7877e+00, -1.0024e+00,
4.8987e+00, -1.8106e+00, 2.3658e+00, 3.5843e+00, -1.1466e+00,
-4.9528e+00, -2.4343e+00, -2.8042e+00, 7.0498e-01],
[ 1.5831e+00, -1.3362e-01, -6.1620e+00, -1.9043e+00, -4.2109e-01,
-1.6555e+00. 4.8784e-01, -1.5940e+00, -1.3440e+00. -7.1461e-01,




1.1559e+00, 2.7416e+00, 6.1064e-01, 9.5525e+00, 1.6986e+00,
-2.9542e+00, -1.8912e+00, -1.9064e+00, 3.3447e-01],

[ 6.4686e-01, 2.3411e+00, -5.3618e+00, -4.1216e-01, -5.1260e-01,
-3.5726e-01, 1.2945e-01, 6.5325e-01, -1.1409e+00, -1.5355e+00,
-3.7832e-01, 1.3510e+00, 1.0276e+01, 1.4321e+00, -9.5501e+00,
-1.6775e+00, 3.7272e-01, 2.5168e+00, 7.3887e-01],

[-1.7582e+00, -9.9419e-03, 1.6405e+00, -2.1629e-01, -4.9273e-01,
7.5057e-01, -2.2772e+00, 1.6833e+00, -5.8559e-01, -2.4122e-01,
-8.3152e+00, 9.9620e+00, 2.3384e+00, 3.9064e+00, -2.3832e+00,
-1.1171e+00, 1.6102e+00, -1.6989%e-01, -2.0377e+00],

[ 1.4766e+00, -2.3942e+00, -5.7177e+00, -1.5569e+00, 8.1021e-02,
-1.0472e+00, 4.5251e-01, -1.1019e+00, -9.8438e-01, -7.2816e-01,
4.9863e-02, 3.7017e+00, 1.1693e+00, 1.0020e+01, 1.2132e+00,
-2.3450e+00, -1.5043e+00, -1.2159e+00, 2.6166e-01]],

grad_fn=<AddBackward0>)
Epoch: 1000 cost = 0.003875
o ./ |
I (000/1000 [00:01<00:00, 701.66it/s]

[['i", 'like']l, ['1",

'love'], ['1",

'coffee’, 'snowing', 'promotion’', 'money', 'snowing']

(word2vec) D:\myprojects\nlp\rnn>

‘hate'], ['i', 'enjoy'], ['you', 'like'], ['you', 'love'], ['you', 'hate'], ['you',

'want'], ['he', 'expects'], ['he', 'wants'], ['he', 'waits']] -> ['dogs', 'coffee', 'milk', 'tea', 'cats', 'milk’,
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word dictionary: {'cats': 0, 'coffee': 1, 'dogs': 2, 'enjoy': 3, 'expects': 4, 'hate': 5, 'he': 6, 'i': 7, 'like': 8, 'love': 9,
'milk': 10, 'money': 11, 'promotion': 12, 'snowing': 13, 'tea': 14, 'waits': 15, 'want': 16, 'wants': 17, 'you': 18}

g
>
ofo
5
hol
c
=3
o
Q

—_—
Q
=
—
[0]
B
[05)
(@]
2
S
o
o
o
o
o
o
-
o
o
o
o
o
o
o
o
o

0., 0.],
[o., 0., 0., o0.,0.,0,°0.,0,1,0.,0,°0,0.,0,0.,0.,0,
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.. 0,0,1,0.,0.,0,0.,0.,0.,0.,0.,0,0,

., 0.,0.,0.,0.,0.,0.,0.,0.,0.,0.,0.,0.,1.,0.,
requires_grad=True)

— O

Usage [8t&]: python rnn_m21.py train 100
Usage [Prediction]: python rnn_m21.py wordl word2




*** Predictiong input batch:
tensor(([fo., o., o., o., o., o., 0., 0., O., O, O., O, 0., 0., 0., 0., 0.,

0., 1.],
[o., o., o., o, 1., 0., 0., 0., 0., 0., 0., O, 0., 0, 0., 0., 0.,
0., 0.11)
<--- sequence Z10|7} 2 ol g
+*xx hidden_vectors[0]: tensor([[[ 0.6937, 0.9746, -0.2059, 0.7871, 0.6672]], <--- oA &= WA hidden vector
[[-0.6732, 0.8177, -0.9851, 0.9908, -0.8579]]]. <--- OFX|9HA] hidden vector

grad_fn=<StackBackward0>)

*+* hidden[0]: tensor([[[-0.6732, 0.8177, -0.9851, 0.9908, -0.8579]]],
grad_fn=<StackBackward0>)

+x** Softmax Results: tensor([[1.5386e-03, 5.9495e-03, 2.0055e-02, 2.1666e-04, 9.3051e-06, 1.1651e-04,
2.2295e-05, 8.6550e-05, 1.2712e-04, 1.8810e-06, 6.6586e-02, 1.6248e-06,
9.0000e-01, 7.1958e-04, 5.2887e-07, 9.9300e-04, 3.2143e-06, 2.8805e-04,
3.2852e-03]], grad_fn=<SoftmaxBackward0>)

KA sentences : ['i like dogs', 'I love coffee’, 'i hate milk', 'i enjoy tea', 'you like cats', 'you love milk', 'you hate
coffee', 'you want snowing', 'he expects promotion', 'he wants money', 'he waits snowing']

predict Z¥}t:tensor([[12]])
*** you expects ==> promotion

(word2vec) D:\myprojects\nlp\rnn>




% [Questions]

# 1. OneZ2one, Many2one, Many2Many <, RNN &7} & TfQ] X}o]& H&s| olsfist=71?

# 2 [Prediction Al8j]. “python rnn_m2l.py you want’ ¢} Zto] ©o] 74 29] tjofst ZAro =z
rnn.py g 7=RS

A HA| Q. ojm ZAQo| 2A|7F Qs =R| 9} 2A| Aol 0] 92 MWFIA| Q.
# 3. [eF5 tlol8 #71% AlS¥] hidden layere] #1E Zo]g 1002 WZstal, &5 ol #4532 10
7 O F7tsto] Adsisto] BHA|Q. ol F7tE= 0= MEE o7t 2 7 § 5017t S ofe)

# 4. |batch_size W3 I &
batch_size’t Z7}sHcY.

batch_sizeE min(8rs 249 & 74, 32) o=z
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