g1 E

H=EE

BAFERAE (118n) 7] LLA LA B Pe AR B e — 2R
o PV R

W

LR . A
ORI £ LB R IO 1

11.1 ESHEM

2% langid i

#pip3 install langid

JE Ay AT langid I SCARR)E

Fo= i
E

#langid

>>> This is a test

('en', -54.41310358047485)
>>> Questa e una prova

('it', -35.41771221160889)

langid 1 A] LA 25 52 [7) O N o
#langid <README.md
("en', -850.338193655014)

IR Al RE 2V AR A MR A THE . BOAE T, BRSO AR A vHE, (E AT R
I FREE H :
# langid -n <README.md
('en', 1.0)

11.2 (SERE

XTSRRI, RBGE AT EANGR, S R SO T . X
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BEOR Y, RBP OO N EEANSR), SR R E A S BT .
Ba)1 e BIPERUE) T ¢ IMESR.
c=argmax P(c)P(elc)

FREAE S o — R PR A A — MBS A,
(Eazanipazi-dlilaa hz P
P(elc)=] [P (B3I | i)

B A F 3 1 8] B BRI 2 P(IE R ST o 51l 2, E R )1 “ Although north wind
howls , but sky still very clear.” I}, 2 | FIHFHEZ

P(despite| E5R)

P (however| B /R)

P (although|H4R)

P (northern|k)

P (north|]k)

P (however| SRR FITHHE A 5
o CRIRT AFER “however” FRIREL

Plhowever | B0 ="~ 5k™ HiIARK

N T RS RREE, BRSO ANE B BRSO AR N L] DR T g 48 AE A

BHPRAS AL S 2 B R SRS 1B S B R . N T iR m e, RS S AN
BRI, R “Sun” AFEIERL “ KRB,

] FRL ) BRI AR Y W] DAANZE B Sy R 2 R AR (A R PR, R U R S B A
MEBHEFRRIAHR T . IBFHME KA N i,

AR HR B RS, FONMRIS . B e 2R84 il IR IR S0, XIS A = .

ZArid (Detokenization) sEARICAHINERE: 167 ZERMIBRbr L 2 WS B, F)F
AR BRI i (PR HB R B BIARIE) AN 45

Tokenized: Hello world !
Detokenized: Hello world!

FhRCIEE WS EIFEE IE B 5 — . Sacremoses(https://github.com/alvations/sacremoses)
BLFEZARIC IS

11.3 @&

FRZHL AR (NMT) BB A [ € R Rl R BEAT B AE, (BRI R — D IFBGER &
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— A5 T [P IR B SRR AR B SRR ORI R R 53 Ah 5 VR 5 AR K HL 3R] 2
0¥ BTy B R EAT T I Al %
SEFEGE, AP R AT A bL ] SN AT R, B0 44 T DU AT R A i
BEECE B, AT LB R R, FRTAANfE ] (kiR T LA TS AU SR R
FEZRIEFEH, Byte Pair Encoding(BPE) i 56K 1] 73— M F4F, ARG
BUTIREL  BRICR UEUR 2 AT ORAFE SR, ELRIE M OB R

import re
import sys
import collections

def get stats(vocab):
pairs = collections.defaultdict (int)
for word, freg in vocab.items() :
symbols = word.split ()
for i in range(len(symbols)-1):
pairs[symbols[i],symbols[i+1]] += freq
return pairs

def merge vocab(pair, v_in):
v_out = {}
bigram pattern = re.escape(' '.Jjoin(pair))
p = re.compile(r' (?<!\S)' + bigram pattern + r'(2!\S)")
for word in v_in:
w_out = p.sub(''.join(pair), word)
v_out[w out] = v_in[word]
return v_out

vocab = {'l o w</w>' : 5, 'l owe r</w>' : 2,
'newes t</w>' : 6, 'wides t</w>' : 3}
num_merges = 15
for 1 in range (num_merges) :
pairs = get stats(vocab)
try:

best = max(pairs, key=pairs.get)
except ValueError:
break
if pairs[best] < 2:
sys.stderr.write('no pair has frequency > 1. Stopping\n')
break
vocab = merge vocab (best, vocab)
print (best)

11.4 1ENXBI

“bank” W RERIBERGARAT, WA RERIVERGT R . BHIE H AR R I T3 AN AR SCA R R IR
Tl WordNet 52 S35 HIRTEHod e o Herp 8 — e T 9a] fA 3 SC LI
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BNE AP

T & nltk 1 H) WordNet 154} % .

>>> import nltk
>>> nltk.download('wordnet"')
[nltk data] Downloading package wordnet to

[nltk data] C:\Users\Administrator\AppData\Roaming\nltk data...
[nltk data] Unzipping corpora\wordnet.zip.
True

i) “bank” [[F] A5 .

>>> from nltk.corpus import wordnet
>>> syns = wordnet.synsets ("bank")
>>> print (syns[0] .name())

bank.n.01

EREHE SN
>>> print (syns[0].definition())
sloping land (especially the slope beside a body of water)

LT ELR

>>> print (syns[0] .examples())

K 27

['they pulled the canoe up on the bank', 'he sat on the bank of the river and watched

currents']

Lesk Sy2 e — /N T SR SCH B 7% Lesk AR TIXBERIMBR K. 4 “A0” Uk
) AR S AN R A

pywsd A2 i S AR Python SEHL.

27245 pywsd:

#pip3 install -U nltk
#python3 -m nltk.downloader 'popular'
#pip3 install -U pywsd

& pywsd:

>>> from pywsd.lesk import simple lesk

Warming up PyWSD (takes ~10 secs)... took 7.157701015472412 secs.
>>> sent = 'I went to the bank to deposit my money'

>>> ambiguous = 'bank'

>>> answer = simple lesk(sent, ambiguous, pos='n'")

>>> answer

Synset ('depository financial institution.n.01"')

>>> print (answer.definition())

a financial institution that accepts deposits and channels the money into lending
activities

11.5 1EXI3%

A AR 607 200 51 SEBLRDN 55 o Bilan,  ABRBCINZRiERHE T 2 D XESERI A5
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[("the house", "iX 5F"), ("red house", "4 J5T")]. 124 H

G 11-1 Fros a5 57 45

AT LA A EM S92 S 30 3] X6 5% s EML SR o 52 % AT B 22
(Expectation) B Bt il K4k (Maximization) BB, & HEF

Wed. Hr:

o E Bt (Al R AR T SR A T REXS

FrIER .

o MPrEe: fEAXER FERER AT R E R T R

HE E MM BB E SRRSO 1L

KRG BL:

FITAT (R0 % AR S5 ] BEXT 55

FITA B P(RROCHRAR | S SO ) AR ] -

BUX A = AN HR]: {red,house,the}, =N SCHE {41, 55 T,0X ).
BIPEMERINER 11-1 PR

red

l

AR

house the
T X
B 11-1 3axd 5%

house

l

bt

=11 EIFEEER
Al B F X
red 1/3 1/3 1/3
house 173 173 173
the 1/3 1/3 1/3

4. (4 |red)=1/3.

TFEXT M P(A, F | E), B2 R PR i E e f

P )7 IR SRR AR — . N, AT “red house” FRIX TR IT »

house

||

ZNN

1/3*1/3 =1/9

red

HHEPA,F| B ARM T

P(A,F|E):1;[ t( fj|eaj)

pat

a4 BT

1/3*1/3 =1/9

P(A,F|" red house") X7 MR

H)F “the house” HIXFFFHEZRANT .

house
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the house the  house
X BT X BT

1/3*1/3 =1/9 1/3*1/3 =1/9

P(A,F|"the house") XI5 %

H—14k, 132]P(A|F, E)

1/9 l
2/9 2
red house red  house the house the  house
a T AT 5 pT BT
12 12 12 12

M B BeAi i P(A | F, E)THEA B EER . THEINBGRI PR 114 C(f,ea(j)) += P(ale,f). 732/
TR R INFE 11-2 iR,

* 112 BEHEMEIEHREE

4 B F X
red 172 172 0
house 172 1/2+1/2 12
the 0 172 12
Fltn, C(4,red)=0.5. C(FH T ,red)=0.5,
H—AT, FATIMAER 1, BRFEMRmR 11-3 Fis.
F= 11-3 BREFHEEFEHESR
4 B F X
red 12 12 0
house 1/4 12 1/4
the 0 12 1/2

#i4n, t(4L|red)=0.5 t(J5 1 |red)=0.5
AR PURAG T P(F] ).

P(AFIE)-] [uct, | €a,)
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HFTTF X TR P(A, F | B):

red house red  house the house the  house
q BT ny T & BT
12x1/2=1/4 1/2x1/4=1/8 12x1/2=1/4 1/2x1/4=1/8
P AlEF1e P(AF|E)
AT LU il 3 P, F B, NABP SOl
A
red house red  house the house the  house
T T & BT B BT

ua_2 U _1 LA 573
3/8 3 3/8 3

k2 EM AL, BHRRES SO IE.

LIRS

from operator import itemgetter

import collections

import decimal

from decimal import Decimal as D

FREHMEETX

decimal.getcontext () .prec = 4

decimal.getcontext () .rounding = decimal.ROUND HALF UP

def mkcorpus (sentences:list):

VAR B DA O B R B E R E
return [ (es.split(), fs.split()) for (es, fs) in sentences]

def constant factory(value):
TR T AR E s

return lambda: value

def train(corpus, loop_count=1000):
f keys = set()
for (es, fs) in corpus:
for £ in fs:
f keys.add (f)
U R REBROAE

t collections.defaultdict ( constant factory(D(1/len(f keys))))

LREN
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for i in range(loop_ count):
count = collections.defaultdict (D)
total = collections.defaultdict (D)
s_total = collections.defaultdict (D)
for (es, fs) in corpus:
I EENMEF
for e in es:
s _totalle] = D()
for £ in fs:
s_totalle] += tl(e, f)]
for e in es:
for £ in fs:
count[ (e, £)] += tl(e, £)] / s_totalle]
total[f] += tl(e, £)] / s_totalle]

#AE TR
for (e, f) in count.keys():
t[(e, £f)] = count[(e, f)] / totall[f]
return t

def train(sentences, loop count=1000):
corpus = mkcorpus (sentences)
return train(corpus, loop count)

IR 5«

sent _pairs = [("the house", "das Haus"),
("the book", "das Buch"),
("a book", "ein Buch")]

t = train(sent pairs)
for k, v in t.items():
print (k, v)

B as R

('the', 'das') 1

("the', 'Haus') 0.0004999
('house', 'das') 2.398E-299
('house', 'Haus') 1

('the', 'Buch') 7.52E-301

(

(

(

(

(

oo

'book', 'das') 7.52E-301
'book', 'Buch') 1

', 'ein') 1

', 'Buch') 2.398E-299

a
a 4
ook', 'ein') 0.0004999

o

N LS R T F) MariaDB $d 7, & el 3.

create table wordtrans (en text, —— L
de text, - B
prob float) -- WIFEHE

IRJE TN H P

import pymysqgl.cursors

#EBE R R E

connection = pymysqgl.connect (host='localhost',
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11

E3Su

user="'root',

password='sa',
db="mysqgl',
charset="utf8mb4"',
cursorclass=pymysqgl.cursors.DictCursor)

cursor=connection.cursor ()

for k, v in t.items():
cursor.execute ('INSERT INTO wordtrans (en, de, prob) VALUES (%s, %s,%s) "', (k[0],k[1], v))

connection.commit () #4& % FH
cursor.close ()
cursor=connection.cursor ()

cursor.execute ("select * from wordtrans")
rows cursor.fetchall ()

for row in rows:
print (row(["en"],row["de"])

6 IR ZEEE

X AR PR N2 TR SE I — AME TN B . PyTorch R4 A1 ZRBE AL
A LA pip %% PyTorch:

# pip3 install torch torchvision
W] LSS AR 22386, SRJE AR 22 %% whl SO 7E Windows #8:4E R 48 P — A%
PRGN :

>wget -c https://download.pytorch.org/whl/cpu/torch-1.0.1-cp37-cp37m-win amd64.whl
>pip3 install torch-1.0.1-cp37-cp37m-win_amd64.whl

AV ESIEER

import unicodedata
import string
import re

import random
import time

import math

import torch

import torch.nn as nn

from torch.autograd import Variable
from torch import optim

import torch.nn.functional as F

BN — AN YGE R GPU (BfkjE CUDA) it CPU. W4 GPU, MP4HEE

4 false. FHJEMEIETKER, HATERHTOUE K ENRBEAE CPU LIt/ ENIE1E] GPU,
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USE_CUDA = True

N EAE BEIERI BRI

#wget http://www.manythings.org/anki/fra-eng.zip

il R4 -

# unzip ./fra-eng.zip

B ERE A A A

# more ./fra.txt

fra.txt SCAFIE DA R AT 70 B (1 0 0 271 3% -

I am cold. J'ai froid.

it EEARE AN B U PE— R 51, DA Ja AR R 2% AR H A

SOS_token = 0  #H#IFIE, HEH O
EOS_token = 1 ##&¥4Rit, %5 H 1

class Lang:

def init (self, name):
self.name = name
self.word2index = {}
self.word2count = {}

self.index2word = {0: "SOS", 1: "EOS"}
self.n words = 2 # Count SOS and EOS

def index words(self, sentence):
for word in sentence.split (' '"):
self.index word(word)

def index word(self, word):
if word not in self.word2index:

self.word2index[word] = self.n words #% word — %5 %5

self.word2count [word] = 1

self.index2word[self.n words] = word

self.n words += 1 R F B kT E
else:

self.word2count [word] += 1

$ Unicode “F/F46# )y ASCIL, (EFTH WAHVNS, FFEITRZEAr k5.

#44 Unicode /5 &4 Yy 4 ASCII 7
def unicode_ to_ascii(s):

return ''.join(
c for ¢ in unicodedata.normalize ('NED', s)
if unicodedata.category(c) != 'Mn'

)

#NB A, B A A B AT

def normalize string(s):
s = unicode to ascii(s.lower().strip())
s = re.sub(r"([.!2])", " \1", s)
s = re.sub(r"["a-zA-Z.!?2]+", x" ", s)
return s

277
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N T IR S, FATER SRR AT, SRR AT IR 0 O XSRS R i — 2
i, B DA SRR AR A 5 — 061, T U R bR R S et

def read langs(langl, lang2, reverse=False):
print ("Reading lines...")

#3 BP9 2 AT
lines = open('../data/%$s-%s.txt' % (langl, lang2)).read().strip().split('\n")

PR TR 2 BRRATAE

pairs = [[normalize string(s) for s in l.split('\t')] for 1 in lines]

#6)# Lang A
if reverse:
pairs = [list (reversed(p)) for p in pairs]
input_lang = Lang(lang2)
output lang = Lang(langl)
else:
input lang = Lang(langl)
output lang = Lang(lang2)

return input lang, output lang, pairs
HTHRZEIG), 7 PREINZR, KRS BT RO R A1) 1o 1K BLER ORI 2 10 A
B CEEFR SRS, BATE I IR “Tam” 8 “He is” &R MA) T G REMIBHE) .

MAX LENGTH = 10

good prefixes = (
lli am ll, "i m ",
Hhe iSH, Hhe s H,
"she is", "she s",
"you are", "you re "

)

def filter pair(p):

return len(p[0].split ("' ')) < MAX LENGTH and len(p[l].split(' ")) < MAX LENGTH and \
pll].startswith(good prefixes)

def filter pairs(pairs):
return [pair for pair in pairs if filter pair(pair)]

HESR R N e B R A2

o BRIUCARSCIEFF IR AT AT IR ORT
o MVEASOAR, HRKEMPNRETIEIE.

o WK ) AR A AR SR

def prepare data(langl name, lang2 name, reverse=False):

input lang, output lang, pairs = read langs(langl name, lang2 name, reverse)
print ("Read %s sentence pairs" % len(pairs))

pairs = filter pairs(pairs)
print ("Trimmed to %$s sentence pairs" % len(pairs))
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print ("Indexing words...")

for pair in pairs:
input lang.index words (pair [0
output lang.index words (pair|

1)
171)

return input lang, output lang, pairs
input_ lang, output lang, pairs = prepare data('eng', 'fra', True)

#3T 51 7 ) 4

print (random.choice (pairs))

FEAFN )3 W] TR A R — AN K, A BRI R 5 O B R HAE 1) Lang 2 51D

FRE SN E R L2 4507 $4H, Bltn: FloatTensor &Y, LongTensor. X FLKifd
FH LongTensor KK/~ BA % 51 404 .

AIYIZRI PyTorch HEHUG A EAE NI, AR TERKE. BTEEA FR—KE, Bt
i IREEEIRIRES, X418 autograd (H BRI AEEED RO T EE.

#E B & T 5k

def indexes from sentence(lang, sentence):
return [lang.word2index[word] for word in sentence.split(' ')]

def variable from sentence(lang, sentence):
indexes = indexes from sentence(lang, sentence)
indexes.append (EOS_token)
var = Variable (torch.LongTensor (indexes) .view (-1, 1))
if USE_CUDA: var = var.cuda()
return var

def variables from pair(pair):
input variable = variable from sentence (input_ lang, pair[0]
target variable = variable from sentence (output lang, pair[1l]
return (input variable, target variable)

B R
seq2seq [ 25 i) 4ih a5 /& RNN, &N AT PR Bl t— 288 0 TR NG,
G ith 5 L D R M BRUBOIR S, PR BB T TR — M

class EncoderRNN (nn.Module) :
def init (self, input size, hidden size, n layers=l):
super (EncoderRNN, self). init ()

self.input size = input size
self.hidden _size = hidden size
self.n layers = n layers

self.embedding = nn.Embedding (input size, hidden size)
self.gru = nn.GRU(hidden size, hidden size, n_layers)

def forward(self, word inputs, hidden):
HERE: EEMINF EREAT-RZ T %
seq_len = len(word_inputs)
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embedded = self.embedding(word inputs) .view(seq len, 1, -1)
output, hidden = self.gru(embedded, hidden)
return output, hidden

def init hidden(self):
hidden = Variable (torch.zeros(self.n layers, 1, self.hidden size))
if USE_CUDA: hidden = hidden.cuda ()
return hidden

i h e i PO B B s —— RN A AR B O R R TR S e R
BEEMZ; RNN EAH LR

class BahdanauAttnDecoderRNN (nn.Module) :

def init (self, hidden size, output size, n layers=1, dropout p=0.1):
super (AttnDecoderRNN, self). init ()
tEXSH

self.hidden_size = hidden size
self.output_size = output_size
self.n layers = n_layers
self.dropout p = dropout p
self.max length = max length

#E X HE

self.embedding = nn.Embedding (output_size, hidden size)

self.dropout = nn.Dropout (dropout p)

self.attn = GeneralAttn(hidden_ size)

self.gru nn.GRU (hidden size * 2, hidden size, n layers, dropout=dropout p)
self.out = nn.Linear (hidden size, output size)

def forward(self, word input, last hidden, encoder outputs):

HEEE, RORSWTET-NEGERE Y, B AaRDEmE

I N EONTEE PN
word embedded = self.embedding(word input).view(l, 1, -1) # S=1 x B x N
word_embedded = self.dropout (word embedded)

#IF SR Ty o PR T4 B
attn weights = self.attn(last hidden[-1], encoder outputs)

context = attn weights.bmm(encoder outputs.transpose(0, 1)) # B x 1 x N
FH A BN RN BT
rnn_input = torch.cat ((word embedded, context), 2)

output, hidden = self.gru(rnn input, last hidden)

#RAHE T E
output = output.squeeze(0) # B x N
output = F.log_softmax(self.out (torch.cat ((output, context), 1)))

FRERATME, BERSFEEANE
return output, hidden, attn_weights
E= WAL ith

class Attn(nn.Module) :
def init (self, method, hidden size, max_ length=MAX LENGTH) :
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super (Attn, self). init ()

self.method = method
self.hidden_size = hidden_size

if self.method == 'general':
self.attn = nn.Linear (self.hidden_size, hidden_size)

elif self.method == 'concat':
self.attn = nn.Linear (self.hidden_size * 2, hidden_size)
self.other = nn.Parameter (torch.FloatTensor (1, hidden size))

def forward(self, hidden, encoder outputs):
seq_len = len(encoder outputs)

R EEHEE S WEE
attn energies = Variable(torch.zeros(seq len)) # B x 1 x S
if USE_CUDA: attn_energies = attn_energies.cuda ()

HIHEEN R ER B ONEE
for i in range(seq len):
attn_energies[i] = self.score(hidden, encoder outputs[i])

PREEI -y 0B 1EEANRE, RYHEEANL x 1 x seq_len

return F.softmax(attn_energies).unsqueeze (0) .unsqueeze (0)
def score(self, hidden, encoder output):

if self.method == 'dot':
energy = hidden.dot (encoder output)
return energy

elif self.method == 'general':
energy = self.attn(encoder output)
energy = hidden.dot (energy)
return energy

elif self.method == 'concat':
energy = self.attn(torch.cat((hidden, encoder output), 1))
energy = self.other.dot (energy)
return energy

N T W ORGSR 25 AR S AR TR 1L I — S A, A R B ey N 2 AT BRI Ik«

encoder test = EncoderRNN (10, 10, 2)

decoder_ test = AttnDecoderRNN('general', 10, 10, 2)
print (encoder test)

print (decoder test)

encoder hidden = encoder test.init hidden()
word input = Variable(torch.LongTensor ([1, 2, 3]))
if USE CUDA:
encoder_test.cuda()
word input = word input.cuda/()
encoder outputs, encoder hidden = encoder test (word input, encoder hidden)

word inputs = Variable(torch.LongTensor ([1l, 2, 3]))

281
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decoder attns = torch.zeros(l, 3, 3)
decoder_hidden = encoder hidden
decoder context = Variable(torch.zeros(l, decoder test.hidden size))

if USE CUDA:
decoder test.cuda()
word inputs = word inputs.cuda ()
decoder context = decoder context.cuda ()

for i in range(3):
decoder output, decoder context, decoder hidden, decoder attn = decoder test (word

inputs[i], decoder context, decoder hidden, encoder outputs)
print (decoder output.size(), decoder hidden.size(), decoder attn.size())
decoder_attns[0, i] = decoder_ attn.squeeze(0).cpu() .data
AL
%uﬂjﬁﬂ1<:
EncoderRNN (

(embedding) : Embedding (10, 10)
(gru) : GRU(10, 10, num_layers=2)
)
AttnDecoderRNN (
(embedding) : Embedding (10, 10)
(gru) : GRU(20, 10, num_ layers=2, dropout=0.1)
(out) : Linear (20 -> 10)
(attn) : Attn (
(attn) : Linear (10 -> 10)

)

torch.Size([1l, 10]) torch.Size([2, 1, 10]) torch.Size([1l, 1, 3])
torch.Size([1, 10]) torch.Size([2, 1, 10]) torch.Size([1l, 1, 3])
torch.Size([1l, 10]) torch.Size([2, 1, 10]) torch.Size([1l, 1, 3])

2o EE S T -
teacher forcing ratio = 0.5

clip = 5.0

def train(input variable, target variable, encoder, decoder, encoder optimizer,
decoder optimizer, criterion, max length=MAX LENGTH) :

FEAML AR B EHE
encoder optimizer.zero grad()
decoder optimizer.zero grad()

loss = 0
#IR B N A0 E AR A B A
input length = input variable.size() [0]

target length = target variable.size() [0]

FE I EATHEIT A B
encoder_hidden = encoder.init hidden ()
encoder outputs, encoder_hidden = encoder (input variable, encoder hidden)

FEEMANFRETE

decoder input = Variable (torch.LongTensor ([[SOS token]]))

decoder_ context = Variable(torch.zeros(1l, decoder.hidden size))

decoder_hidden = encoder_hidden # Use last hidden state from encoder to start decoder
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if USE CUDA:

decoder_ input = decoder_ input.cuda ()
decoder context = decoder context.cuda ()
HE R TR HT R

use teacher forcing = random.random() < teacher forcing ratio
if use teacher forcing:

FHIFRES . LI HAREN T — M

for di in range(target length):

&« 283

decoder output, decoder context, decoder hidden, decoder attention =

decoder (decoder_input, decoder context, decoder hidden, encoder outputs)

loss += criterion(decoder output, target variable[di])
decoder input = target variable([di] # Next target is next input

else:
AT ES . A ML THBINGEN T M
for di in range(target length):

decoder output, decoder context, decoder hidden, decoder attention =
decoder (decoder_input, decoder context, decoder hidden, encoder outputs)

loss += criterion(decoder output, target variable[di])

FANH A R B T A By B R
topv, topi = decoder output.data.topk(l)
ni = topi[0][0]

decoder input = Variable (torch.LongTensor ([[ni]])) # Chosen word is next input

if USE CUDA: decoder input = decoder input.cuda ()

A TFHERAELE (EREMEREFREE)

if ni == EOS_token: break
# R e 1E
loss.backward()

torch.nn.utils.clip grad norm(encoder.parameters(), clip)
torch.nn.utils.clip grad norm(decoder.parameters (), clip)
encoder optimizer.step()
decoder optimizer.step()

return loss.data[0] / target_length

FH T2 25 52 21 IR T80 A02E B (AR 00 T 10 R I [R50 I 1] 6 B R 4

def as_minutes(s):
m = math.floor(s / 60)
s -=m * 60

1o o

return '$dm %ds' % (m, s)

def time since(since, percent):

now = time.time ()

s = now - since

es = s / (percent)

rs = es - s

return '%s (- %s)' % (as_minutes(s), as_minutes(rs))

iBAT Ik
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attn model = 'general'
hidden size = 500
n layers = 2

dropout p = 0.05

#AIEE AR R
encoder = EncoderRNN (input lang.n words, hidden size, n_layers)
decoder = AttnDecoderRNN(attn model, hidden_size, output lang.n _words, n_layers,

dropout_p=dropout p)

#HAE A 5) 2| GPU

if USE_CUDA:
encoder.cuda ()
decoder.cuda ()

AT HR AR A 2 A R K 2

learning rate = 0.0001

encoder optimizer = optim.Adam(encoder.parameters(), lr=learning rate)
decoder optimizer = optim.Adam(decoder.parameters(), lr=learning rate)
criterion = nn.NLLLoss ()

SR GBS DR
#H B I %

n_epochs = 50000
print every = 1000

H IR BR 22 3T 0 i JB] Fn P 2 2 AT A B
start = time.time ()
print loss_total = 0

N T SEbRNSR, A2 ORI SRR A, BER ST EDH 22
#F 4| %

for epoch in range(l, n_epochs + 1):

IR I B 09 5 Ak A

training pair = variables from pair(random.choice (pairs))
input variable = training pair[0]
target variable = training pair[1]

#IEAT I S 3
loss = train(input variable, target variable, encoder, decoder, encoder optimizer,
decoder optimizer, criterion)

HIR B K
print_loss_total += loss
plot loss_total += loss

if epoch == 0: continue

if epoch % print every ==
print loss_avg = print loss_total / print every
print_loss_total = 0
print summary = '%s (%d 3d%%) %.4f' % Ujﬂ@_since(start,epoch/’n_epochs),epoch,
epoch / n epochs * 100, print loss_ avg)
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print (print summary)
A LME A nvidia-smi 4 1 ZRd B o 1) GPU A G L
TS S INGRRBHE, (B3 BhR. PPATIS, REmRad & i B seites | O BRI — A
BRI, #SeR e E I B A A e SR E T EOS X AN, e s AE AR HL.

def evaluate (sentence, max length=MAX LENGTH) :
input variable = variable from sentence (input lang, sentence)
input length = input variable.size() [0]

PR R BEL
encoder_hidden = encoder.init hidden()
encoder_ outputs, encoder hidden = encoder (input variable, encoder hidden)

R BRI E
decoder input = Variable (torch.LongTensor ([[SOS token]])) # SOS
decoder context = Variable(torch.zeros(l, decoder.hidden size))
if USE_CUDA:

decoder input = decoder input.cuda ()

decoder context = decoder context.cuda/()

decoder_hidden = encoder_hidden

decoded words = []
decoder_attentions = torch.zeros(max_ length, max length)

HEAT AR 2
for di in range(max_length) :
decoder output, decoder context, decoder hidden, decoder attention = decoder
(decoder input, decoder context, decoder hidden, encoder outputs)
decoder_attentions([di, :decoder attention.size(2)] += decoder attention.squeeze (0).
squeeze (0) .cpu () .data

A A 2 T B 3R]
topv, topi = decoder output.data.topk(l)
ni = topi[0][0]
if ni == EOS_token:
decoded _words.append ('<EOS>")
break
else:
decoded words.append (output lang.index2word[ni])

#T =AM TR E Y R
decoder input = Variable (torch.LongTensor ([[ni]]))
if USE_CUDA: decoder input = decoder input.cuda ()

return decoded words, decoder attentions[:di+l, :len(encoder outputs)]

MANZREE TR PG RENL A7 IF AT BV . E AR AR H A — 28 00 2 W«

def evaluate randomly () :
pair = random.choice (pairs)

output words, decoder attn = evaluate (pair[0])
output_sentence = ' '.join(output words)
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print('>', pair([0])
print('=', pair([l])

print ('<', output sentence)
print('")

N

AT evaluate randomly()pF 1

evaluate randomly ()

B R

> je suils ambitieux .
= 1 m ampbitious .
< i m ambitious . <EOS>

1.7 WEEEMFEREM

XME, HLEBIRE VRN — BB HLAR SR = N TN ELE S0P . PR ML AS B2
B P bR HE: RSO AT R AR IR R SO SE R o N VPG LA B 2 e i B o o

A LA ST n-gram (1) BLEU {838 6] FEHLAS B SCR N T2 28 936 1 3 SRR Pk A 3D
PLAREN

IEA T 1E A BB B n-gram 5 2 F1E 1) n-gram JHAT HLEIFTHEULEC S . BLEU
{E PR 2%, B 1EJE I n-gram K FE AR 1651

BLEU FJ#H IR 22N 0 Fl 1 Z (AT« MAB RN IR SO 5 S5 SURBIMIRR B, 18
L 1 FOREAUGSCAR . RDE NSRRI 1, RNIX R SOR 5 H A — 52 30
. Bk, BABERSG 15 E. FEEZRNRITES, RSN SR 0 BLEU {H.

0 2| 1 Z[Alff) BLEU {H B n] LAFELA 100, 1X#f BLEU {H3EH48 & 0~100, wLL@it BLEU
BT RSHE R

A LL# ] nltk T BLEU #i¥ti} % BLEU 8.

import nltk

hypothesis = ['It', 'is', 'a', 'cat', 'at', 'room'] $ALE BN R
reference = ['It', 'is', 'a', 'cat', 'inside', 'the', 'room'] #5HFE X
A HANNSEEFX

BLEUscore = nltk.translate.bleu score.sentence bleu([reference], hypothesis)
print (BLEUscore)

11.8 ARENE

BIRE AN S EIFE R SRR HUEIR GO 2 Bl m BN S, BEF2 2R
AT LU A S B . AR B PRBIAN ], LA B R RS .
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