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000000o0UoO0.000,0 (21) 000000000 one-hot00 w; 000O00O0OOOOOO
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Word Embedding 00 0000000000000 OO0OODOODOOO.
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Wmh th Wfbh
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hO bh hl bh h2 hn,1 bh hn
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0 21: RNNOOOO
goouooboooooboooooa.
hi =0 (thxt + Whnhi—1 + bh) (22)
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B 1
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0 (22) 0000000000 +0000RNNODOO 0000000000 2,00000,0
gooopoooooo . 0000D0O0.OD0000,RNNODODOOOODOODOOODOODOOOO
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(2.4)

2.1.4 Long Short-term Memory (LSTM)

gboooooooobooobooob,obob0ooooooooooooooboooooooooon
go0o0oO0oo0. ODO0 RNNOODODOOOOOOOOooOooooooooooooooooobooo
obO,000000000000O00000O000O00O00O0O00bO0000O00. 0000, RNN
0000000000000 00000000U0O000O00,00000 (25000000 Long
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Tt
022 00¢t0000LSTMOODOOO

Short-term Memory (LSTM) [7] 0000000000000 CO0O0OO0OO0OOOOOOOOOOO
gboooooo.

is = 0 (Waiare + Whihe_1) (2.5)
fe=0Wypzi + Whthi—1) (2.6)
g¢ = tanh (Wagay + Whghye—1) (2.7)
o =0 (Waowt + Whohi—1) (2.8)
= frkei—1+ir* g (2.9)
ht = o¢ x tanh (¢t) (2.10)

000, ¢ € RPO00+0000000000DO. OO0, 4 € R™, f, € R™, g, € R™,
0 cR"00000000O00,00000,00000,00000, W,; € R™%e, W, € Rm*m,
Wy € R™%C Wy p € R™*™ W, € R™€ W, € R™X™ W,, € R™*¢, W), e R™™ 00000
000000000000000.000,h O000000000C0000. 00,¢00000
0000 +«0000000000.00¢0000LSTMOOOOOOOO 22000000.

LSTMOODOO0OOO0OO0O0O0OO0OO0O000O000, 000000, 0000000000000
00000.0000000,0000000000,00000000000000000,000
000000000 O0O0oO0OoooO.

000 LSTMOOOO t=100+¢=T700000 2, 0000000.000000,0 “I used
to rule the world.”0 “I”, “used”, “to”, “rule”, “the”, “world”, “”’ 0 800000COCOODO D
00000000000000000.0000,000000000 LSTMOOOOOOO,O00
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goo,000 «00000000 LSTMOOOOO. OO0OO0ODOODOODOOoO0O0O LST™MOd
00000000000 LSTM (Bidirectional LSTM) 0O 00O .

000,000 LSTMO00000 Stack LSTMOOOUODOOOOOOOO. Stack LSTM O
0,001000LSTMO0000000,00000000000,0000000 2000 LSTM
goodooo. 2000 LSTMOODOOODOOOOOOO,0000000 LSTMOOO.OOO
007/—1000 LSTMOOO0OOOI000LSTMODODOODOODOODOODOOO LSTMO
o0oooooooooo. ogoo LSTMOOOODOoOOoOooooo,000 1000 LSTMOO
00O000O0DbOO00O00obOo0ob0.ooo,200 Stack LSTMOODODOOODOODO 23000
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Gated Recurrent Unit (GRU)8|0 0 00000. GRUD LSTMUOOOOO,000000000
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2.1.5 Encoder-Decoder 00O O

Encoder-Decoder 000 [1,9]000000000000O000O0O0O0OOOOOOOOOOO
00000.00000000000000000000D00000 (Encoder) O, Encoder 0 00O
00000000000 00000 (Decoder) 0 200000000000 . Encoder-Decoder O
ooooooooooooo 24000,
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Encoder O Decoder 0 LSTM OOUODOOO, 00O00D0DOOOO0. 00DO0DOOOODOO
[w1, ws, ..., w;, ..., wr] 0000000,0000 (21)0000,000000000 [21, 22, ..., Tt ..., T7]
000000, 0000000000 Encoder 00 LSTMOOO t000000 A OO (2.11)
oooooo.

h™e = LSTMenc (24, h{"5) (2.11)

00000 (211)00000000000000O0OO0,0000LSTMOOOOO0O, 00
O00.00000 LSTMOODOCOOO0O0,Decoder00000O00O0OOOODOOO.

Decoder 00D 0D (2.12)000000000.00, Decoder LSTMOIODODOOOO (2.13)
O0O0Q0OO, Encoder LSTMOOOOOODDODODO.

h{® = LSTMaec (yi—1, hi9) (2.12)
h{ec = hgre (2.13)
Di = Wprojhi (214)

000, Wpoj € R*™ 0O Decoder 000000,00000000000000000O000
ob.p,eRVO0OD0O00O0O0ODO0OOOODODOOOOOD. OODOO,

w; = arg max (p;) (2.15)

0000000000000,0000000000000000000000. «,0000000
000000000y €eR°0000,00 ¢ 0 Decoder 000000000000000000
00.000 000000000000 onehot0000000. 0000000000000
000000000000000, argmax 0000000000000, 00000000000
000000000000000000000. Decoder 0000000000000000, 00
00000000000000000000,00000000000000000000. 000
0000,00000000,00000 wlw,,..,00000.
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0 (212)00000000000,00000000000O00DO000,D0D0000000D000
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0000000000 (Cross-entropy Loss) 0, 00000000000O00O0O0OOOOO,O
0000000000000 0000D000O0oOo0ODOg. Cross-entropy Loss0OOO0OOOOO
00000o00000U0o0o000,0000o00 000000000, 0 340000000
go.

Cross—entropyLoss:—Zy[v'] log p [v'] (2.16)
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O000,yeR0O000D0OODOdOOOOODOOOO1000DO0O0O one-hotdOOoonQ
O0,peR0O0000O0O0OO0OO0OOUOOOOOUOODO. OO,y 00000 y0O 000
O0000. 0 (212)0000,Decoder 0000000000000, 00000000000,
softmax 0000000, [0,1)]00000000000O0O0OOO0O, Cross-entropy 100000
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0000000, 000000000000000. 0D0O0O0d, Cross-entropy Loss 000000
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O0000. 00000 Cross-entropy Loss O

T
1
Cross-entropy Loss = -7 Z <Z i [v'] log py [v']) (2.17)

000000. 000, y1,Y2, e Yty eoyr ERY 00000, p1,p2, ooyt .,pr 100000000
00OoooO0O0oooooooo.
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00000000000 0000O000000D Teacher Forcing O OO .
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00.00,00000000000000000000DO000DODOO00DOOO,0000oOo00
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Teacher ForcingO OO OODOOOOODO Decoder 000000 D0OO0O0OOODOOODOONO, O
0000000000 Decoder 00 O0O0OOO0O0OOOOOODO Scheduled Sampling [10] 00 00O
0000. Scheduled Sampling 0 LSTMOODO0OOOOOOODOODOOODOOOOO,0000
00000000ooooO. 000, 00004 Transformer O O Teacher Forcing OO OO OO0
0000000000DoO0Oooogn, Scheduled Sampling 0000000000 OOOOOO
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2.1.8 0000 (Attention)

0000 (Attention) [2,11]0000000,0000000000000000000000O
0. Attention 0 000000, 000000000000000000DO0D00O0O0O00O0OOOODN
00000000, 00000000000000000000000000O0O00O0000000
goooo.

000 Encoder-Decoder 00000, 0000000000,0000000000000000
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000000000,000000000000000 Encoder 00000000000 O0DOOO
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Attention 00000, Encoder 00 000000000000 (hy,he,...,h,....,hy) 00000,
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i00000000000000 Decoder 000 A, 00000000000,

hi = tanh (W, [¢}; hi]) (2.18)

¢ => af(t)h (2.19)
t

a; = softmax (s}) = M (2.20)

B >4 €XP (Si’)

O000h; 0 Decoder 00000000, ;0 Context 00 O0ODOODO. O0,00000 57’5
0 Encoder 0 Decoder OO OOOOOOOOOO

st=h; hy (2.21)

0000000. ¢,0 Encoder 000000« 0000000000000 DO,00000O0O Decoder
DEncoderDDDDDDDDDD.a%D softmax 0000000000 O00O0ODO ;00000000
0000000 Encoder 000000000000 DOODOODOOOO. AttentionO OO0 ODOO
00t0:0000000000C00000000,0000D0O0000ODOO0Oo0OooDooOoon
oooooo.

00, Attention 0 000 Decoder 0000000000, 00000 Encoder 000, Bidirectional
Encoder 00O, 0000 Encoder 000000000 AttentionJ DO D0O0D0O00O0OO0O0ODOO
0.00,Decoder 000000000000 DOO0O0OOOODOOO0OOO,0000000 Attention
000000000000 00D000.000,0000000 Encoder0000000O00O0O00ONO
Decoder 000000000, Input feeding 00O OO [11].

2.1.9 Transformer

Transformer 3|0, LSTMUOO0OO0O00O00000O0O000O0O0O0O00O0OO, AttentionO0 00O
0000000000000 bO0DO0DoO0o0o0O0o0d. Transformer 00 0O O Transformer 0000
0o00ooooooood. Transformer D OO0 OO OO Encoder O Decoder 00O DO OOOOO
2000000000.

Transformer 00000 100000000 Attention DO OO0 0. OO Attention O Encoder-
Decoder 0000000, Encoder D0 O0O00OO0OOOODOOONO Decoder0O00O0OO0OOODONO
0oo0ooooodoog, Transformer 100000000000 O0OOO0OO0DOODOOODOODOO
000 mO Attention DO D0 O0. OO0D0ODO00OO0O0OO0DOO0OOODOO AttetntionO0 O 0O0O0O
00 (Self-attention) D00 00O . Transformer 00 00 Attention 00000 (2.22) 000000
00O, Scaled Dot-Product Attention D O OO 0.

Attention (@, K, V) = softma (QKT> Vv (2.22)
s Iy = X .
Vi,

12
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000, Q € RlaXde K ¢ Rkxde I/ x Rlexde 00000, query, key, value 0 000, query O
000000 [g1,q2, ., q,), keyDOOOO0DODO [k, ko, .oy kg, ], value DO OO00D0DO [v1,v2,...,0,]
0000000000000, V4, 000000000,0000000000A0, softmax000
goboooOOobDOd0oOo,00b00obOoo0oooboOobooooOoboon.

000 Transformer 00, 00000000000, 000 AttentionO 000, 000 Attention
00000000 Multi-head Attention 00000000000, Multi-head Atttention 0 0O (2.23)
gobooooooo.

MultiHead (Q, K, V) = Concat (head;, heads, ..., head,) W© (2.23)
head; = Attention (QW?, KWK, VWiV) (2.24)

000, WS e Rémoterxdi WK g Rimoaerxdi |V g Ridmoderxds PO g Rhdvxdmoser 000000
000000, Concat () 000000,

Encoder 000000000 Decoder 0000000, 00000000 Attention (Source-target
Attention) O, O (2.23) 0 ¢ = A%, ky = b, v, = b 000 Q, K, VOOOOOOO0OOOO
0. 00, Self-attention 00 ¢ =ky = v, = A" 0000, ¢ =k =v, =hdec000000.

00000000000000,000 Attention 0000000, head 0000000000
000000000000 00DOd. 000,000 heedOOODODODOODOOOODOODOODOO
0,00 head DOOOODO00OOCODOO0O0OOODOOOO,heaedOOOODOOOOODOOOOODOO
00000, 0000000000DOoU0DoUDo. OooOo, Attention00DO00O0OO0ODOOOOO
0000000000000 00000D00oo00oO0O0,00000000d Attention Head O 0O O
0000000000000 00000O000Do0oUoOOoooOoO 12).

Transformer OO0 000000000000 O0OOOQODO Position-wise Feedforward Networks
(Position-wise FFN) O 0 0. Multihead Attention 0 0 0000000000000 0O0OOOOO
000000, Poesition-wise FENOOOOUOOOODOOO0OODOOO0OOO0OO,O (2250000
gpoooo.

FFN (2) = WaReLU (Whz + by) + b2 (2.25)

000, z € Rémeaee 00O, W € RUsXdmoder Ty € Rémeaerxdsy O OO0, by € RYS, by €
Rimetee 0000000, OO0, ReLUD ReLU (z) = max (0,2) 0000000000000OO.
00 000000000C00000CO000C0CO00000. dff0 dnedee 000000
0000000000,000 dneae =5120000,dyy =204800000000. O (2.25)0
000, Vaswani 0 O Transformer O O Position-wise FFNO OO OOOO ReLUOOOOODOO,
0000000 Gaussian Error Linear Units (GELU) 000000000000 OOOOOOOO
0 [13).

Transformer 0 Encoder O Self-attention 0 Position-wise FENO O OOOOOOOOOOOOO,
Decoder O Source-target Attention O Self-attention O Position-wise FEN OO0 000000000
0o000. 0000b000b0o00oooobooooooond, Residual Connection 000000
0000, Layer Normalization OO OO QOO DOOODOO.
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Multi-head Attention 00 Postion-wise FFN O OO OOO0OOO0O0O0OOO, Transformer 0 0 0O O
gooo0ooo0ooOo,0Do0j0o0oDoU0oDoU0DoU0ooODoU0ooO00ooOooogooooogon
0O0O0O0Oo0DODbOO0O00. 000000 Postional Encoding 0000 0O0O. Positonal Encoding 0
0 (2.26),0 (227)0000ooOOO.

PE (pos, 2m’') ::snl(pos/100002"“/dmvdd) (2.26)

PE (pos,2m’ + 1) = cos (pos/100002m//d"’“’d”) (2.27)

O00,pes0O000000OOOOO, 2,2 +1000000000000000000O
0. 00, dmnoder O Transformer 0 Attention 0000000, 0000 Word Embedding 0000
O000000D000. Positional Encoding0 0000000000000, 00000000 27
OO0 10000-2700000000000ODODO.

gooooOoOoOoOoOooooOoOoO0o0UOOOoooOoOOOo0oOOoOO,Dooooooooog
000000000 Postional Encoding0 00, 0000000 Positional EncodingO0 00000
000000000 0000D0.000,00000000000,pes00 KOO0 pos+k000
O Positional Encoding0000. OOOOO up,y :1/100002’”/ oooo,

PE (pos,2m’) = sin (pos - tp,) (2.28)
PE (pos,2m’ + 1) = cos (pos - ) (2.29)

000000, PE(pos+k,2m/) 0000

PE (pos + k,2m’) = sin ((pos + k) w,/) (2.30)
= Sin (Pos - Uy ) €08 (Kt ) + 08 (POS « Uy ) sin (Kt ) (2.31)
= PE (pos, 2m/) cos (ku,/) + PE (pos, 2m’ + 1) sin (k) (2.32)

O0000.00000, PE(pos+ k,2m') 0 PE (pos,2m’) O PE (pos,2m/ +1) 00000000
oooooo.

Positional Encoding0 000, 00000000000O0CODOOQO Positional Embedding 0 OO
gO000oO0poooo0o000.000oo,0000oooooo Positional Encoding0 OO0, 00O
gooooooooOoOoOOOOO0O00O0O0,00000000.000000000000000
goo,000goooooooooooOo0OoOoOoO0oO00o0o0ooOoOooooooooooD. 00O
oo0o00o00odoooO0o0oU0UdOoooOOO0O0U0O0. 000D oooDooUoUoooooOOoo
oo0o0oooOoQoOoO0OOL,0000000000,00000000000000000O0O00O0
000000000 ooooooo [14).

Transformer 000000, 00000000,000000000000000000000,
ooodooooooooooU0UUoUoUooooOoOooOU0UUUU0. Doooooooooooggg
go0dooooooo0o0oooooo0oOooooooO.0oDoo,00n0 Encoder00000OO00OO

14



220000 o220 0oOoo

oo, 00oboobodoooooobooboooooooo,bbob0oooooooooooooa
00000000000 000.000,Decoder00000000DO0ODO, 00000000000
000000000000, 000000D00000DO000.000,00000 Teacher Forcing
0000D0000,00000 Decoder00000000OODOOODOOODOO.

Transformer 00 Decoder 0000000000000 DOODOODODOODOODOODODO. OOO
gooboboobobuooobooobbuooobooobooubboU. obbooobboo
oo, 00dbobobbto00ooooboboooo, oo bbb0o0oo0ooooobooooooad
goooooo. ooooboo,bob0dddogooooooooobobbo00oooooo, d
gbooooobooooboooobuoobobouooo. oo, . booooboooooobog
000000 Attention D ¢+ 1 0000000000000 O0O0OCODOO0OOODOOOOOOOO
goog.

0oo00,000000000000000, Transformer 0 LSTMOOODOOOOODOOODOOO
J0odo0oodooodo,b0000Doodooooooo. oo GPUODOODODODOODODOO
0oo0ooooDooooo,LSTMOOD0O0 Transformer 0 000000000 OOOOOOO.

Transformer OO0 00000, 0000000000 DO0O0OO0O. ODOODODOOODODOOOO, OO0
dodobooooooooooooooobobooo,0bo0ooobooooboooooooa
0000,000000000000000000000000000000d. 0O004d, Transformer
gooboobooodboobooboobooboooboooDbooDooboooDbooooboo
00o000OO0D0.00o0ooooog, Transformer 000000000000 DOOOOOOOOO.

_ 0.5 . —-0.5 1.5
Ir=d_ ., -min (nstep Mstep * nwarmup) (2.33)

000, ng, 0000000 (000000000 000)00, Nweme 00000000000
gooodod. oo bobooo0o, oo bb. od
000, Transformer 00 0000000000000, 00000000 nyermey 0000000
goodooooobooo,oobodooooboooooobooo.

00000D000D0000000000, Layer Normalization 000000000000 OOO
0000000000O0O00OO 15 0000000000000 0000, 000000 OooO0
g, ggoboogoboooboo, oo, ggbbooobouoooobg
goobobooboboooboboobbuoooboooo. bbb oboobbuooobbooa
00, Layer Normalization 0 0000000000000 OOO [15, 16].

22 0000

gbobooooobooooooobobooboboboooooboooooboobobobaoon. oo
u,0b0o0o0oo0ooo,gboboboocoooboboooobooboooobooboooooboooobooonoa
goooooo.ooboooboooooo,oboooboobboooboo.oob,0bo0ooog
gbooooboo,boobooobooobooobooooooooooooo0oooooooooboooog
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g,gbogbooobboobooboobboobooboo. boo,boobboooboobo
gbooboobooooboboooogan.

2.2.1 BLEU

Bilingual Evaluation Understudy (BLEU) [17] 00 0000000000000 00O0O0OOOO
00.00000000000000C0O0000O00,000000000000,0000000
ooooooooooooooooo.

BLEUOOODOOOUOOOOOO (DO0)000000000,00000000000 (n-gram)
ooo0oooo0o0oo,bo0000000000000C000000O000,00000000000
ooooo0oo0oooo0. 0ooooo0o0o0oooooo0o0000,000000B000000.
0000000 ngram0 NODOOOOOO,000000 (2349)000000. 00000000
000 N=400000000.

N
HEU:BPem«ézwﬂ%po (2.34)

n=1

000, p, 0 n-gram 00 (n-gram precision) JO000,0 (2.35)0J00000000.

_ZiDDDiDDDDiDDDDDDDD n-gram 0 [J

2.35
P S.000i00 ngramO 00 (2:35)
00,w,0 BPOOOOOOOODO
1
=% (2.36)
000000000
BP — min { 1, 2 ! (2.37)
S, 000:000000

000000. w, 00 ngram 0000000000, BPOO00000O0 (Brevity Penalty) O
00. n-gram precision 10000, 0000000000000000000000000000
00000000000, Brevity Penalty 0 00000000000000000000. n-gram
precision ] n=100000000000,0000 »n00000000000000. BLEUO
0w, 000000000000000000000000000000000000000000
oooo.

0 (2.34)00 (237)00000000,BLEVUD [0,1]00000,0000000000000
0000000.0000000000000010000,0,1000000000000000000
ooooooo.

BLEUOOOOOOOOOO,00000000000000000000000000000
0,00000000000000000000000.0000000000000000000
00000000000000000000000. 0000000,0000,00000000
00000000000000000,000000000000000000000.00000

16
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00000000 BLEUOODOODOODODOODOOOODODODODOOODOOOODOOOO. OO
0,000 “Iatetheapple.”’0000,300000 “I counsumed the apple.”, “T ate an apple.”, “I
ate the potato.”0 0000, 000000000000 0O0DOO BLEUODOOOODOOODO.ODOAO,
00000000 00ooooo00oooooo000,0000oooo00oo0ooooooooon
000.00000,BLEUODOODOOOODODOOOOODOODOODOO0ODO, 0000000
goooooooooooOoooooooooooooo.
BLEUOOOOOOOOOOODOOOODOODOO,0000O000DO0ObOO,00bD0boooboOoo
0000000000 METEOR (180000000000 O0O00OO0. 00,0000000 BLEU
0000000000000 0 n-gramO0 0000000000 ROUGE [190000000,00
ooooooooooooooooooooogog.
O0,BLEUOODOOODOOODOOOOODOO0ODOO0OOOODOODOOODOOODn,BLEUOOO
000o0000oo0o0oo0ooo0ooo0O. 00000, 0000000000, 00000000000
0000o0,00000000000 BLEUOOODODOOOOO.

2.2.2 GLEU

BLEUDOOOOOOOODOOOOOO0O0O0000000000000000000. 00 Brevity
Penalty 000 0000000,0000000000,00000000000000000000
0000000.00,0000BLEUOOOOO ngram000000000000000,000
0000000000000000000.00000000,0000 BLEUOOOOOODOOO,
0000000000000000.000,0000 ngam00000000000000000
00000000000000.00000000000000000000000, Google-BLEU
(GLEU) [20)00O.

GLEUO,0000000000,100 NOODO ngram000 pyy 0000 ¢, 000,000
000000000000000000000000.00000,000000 (233)00000
0.BLEUOOO N=400000000000.

GLEU = min (ply, 7'y (2.38)
00,p,NO 000000 (2.39),0 (240)000000000.

3 n= ? D D D 7 D D D D D D D [ n—gram

Zi(znzlmmm ;00 n-gramDDD)

Zi(zﬁlemmm i0000+i00000000 n—gramDD)
(2.40)

/
N
Zz(ZiL—]DDD 100 n—gram[l[l[l)

GLEU U BLEUOO [0,1]00000,000000000000000O0O0OO00OO0OOOOOO
0.000,BLEUOOOO,GLEUOOODODOOOOO0OOOOO,0000 ngramOO00000O
gbooooooooobooo.
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ngram0000000000COCO00OO00,GLEUO BLEUOODODOOODOOOOOODODOOO
gooooooooooo. oo,ooooooboooooooo,ooboobooboobo,bd
gboobOooboooboobooobooboobooooboooo. oo, obooooboooboa
gooo0oo0O000,BLEUODOODODO GLEUOODODO,O0000 BLEUOOODOOOOOOOOO
oo.

23 OJO0O0ooon

00o0oooooo,0000000000oDooo00000oooooo0oooooDoooOg
go0ooooooo.0ooooo0o0dooooooooo0o0goooooooooOogoooon
goooooooooooOooooO.0Doo0,00000ooo0o00ooDooOooooooOoon
00000oDooo0000ooDooo0oooooDooo0ooooD,00oooooooooon
00.000000,00000000000000D00000O0O0O0O0OO0OO.

000000000000000000000000000, Word2Vec 21000000000
00oooooDooo0o0o00oooooDoo0o00. oCoo0ooooooooooooooon
0,000000000D0D000000COODO.ODDODOODO0OOODOOO0O000OO0OOOO0O0Og,0O
oooo0oooooooooooo, 0000000000 o0ooooooooooo. ooo
0ooooooooooooo0oooooooOdOo,00dg0ooooo0ooooooooooo
00oooo0ooo,00o0000oo0o000ooooooooooooo,0Do00ooooooon
oooooooooooog.

oo0,000ood00oopodoooodgooo0ooooooooo,0boo0ooooog
Oo0. Word2VecOODOODOODOO, 0000000000 OCOO,00000D0O0DODODO
000ooo0oooo. 0oooo0oooooooooooooooooooo. ocgoooo, o
00o0ooooooo, 0000000000000 00o0oDooooooooooDooDoO.
O0O0oOoog, “I have a pet mouse.”d “I bought a mouse for my laptop.” 000000000,
“‘mouse’0 00 000000DOOOOO. 000O00O0ODOOOODO,000000DOOO0OODOO
o00oDooOooooooooo,0po000DooooooDooooooooon.

ooooooooooooo0oooooO00,0000ooo00o0ooDoo0oooooO. oog
goodogdgogo,bopooooo00ooo,000oooooooooooooooooooo. O
00,000000000000000000000000OO000oDoOO,0Do000ooooOoon
ooooooooooooog.

2.3.1 Embeddings from Lanuage Models (ELMo)

Embeddings from Lanuage Models 0 LSTM O OO ODOOOOOODOODOOOOOOOOOO
0.000000000,NOOOOOoooOd (w,ws,...,wy) 00000000, 00000000
O (wy,we,..,wx—1) 00000000 w, DO00O00O0O0OOO0O0OOOOOOO,0 (241)000

18
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goobooo.
N

p (Wi, wa, ..., wy) = Hp(wk | wy,wa, ..., wp—1) (2.41)
k=1

p()00000LSTMOUOOOOOOOOOOODOOD,0000000 KODOOO,LSTMO !
gboooobooogn ﬁk)lDDDDD.DDD,l:LZ,...,LDDDDD LsSTMOOOooono
DDDDDD.E}MDDD kOpDooOoOoOoOooooooooobooboog,bbooboo0oooooo
gobobooooooo,bobobooooooboobobobooob. bo,boobobooobDooDo
googooo 7k,LDDDD softmax 0000000000000, 0000000000000O
go.
gbooboooooo,oboboooooboboobooobooobooOoooooboobooooooon
O00O. ELMo00O0O00O00O,0000000000000DOO (242)00000000.

N
p(wl,wg,...,wN)znp(wk|wk+1,wk+2,...,wN) (2.42)
k=1
<_
ooo0ooooOoooLsSTMOO00,0000000000000000 A, 00000.
ELMoOOODOOODOOODOOLSTMODOODOODODODODOODODODOODODOODOODOO
00o0000dbO0OD 00000 2L+1000000000000000,00 kO0OODOOOO
000 (243) 00000000 R,OODO.

=
szz@%,hhhth‘zzlﬂznwL):(hM\Z=0JﬂznwL) (2.43)

DDD,mp:kaJ¢ODDDi%F:Pﬂﬁ%M}DDD.
ELMo0OOO0000000000000000000,00000000000000000
00000000000000000.00000000000000000 Ry, Ry,..., Ry 000
0000000000000000000. ELMeOO0,000000000000000000
000000,00000000000000000000000000

2.3.2 Bidirectional Encoder Representations from Transformers (BERT)

Bidirectional Encoder Representations from Trasnformers (BERT) O, 00000000000
00 ELMoO00,0000000000000C00000O00.LSTMOO000 ELMoOOOO
O,BERTO Transformer OO OOO0OO0O0O0DO. BERTOOOOOOO0OO0OO0O0O0,00000000
ooo0O00000,0000,ELMo00000O0O00O0 LSTMOOOOOOOOOO0ODOODODOOO
ooooooooOooOoOOOOOO0OO0O00O00000000000. 00000,000000000
oooooOOoooooooooOoOOOoOoOoOoOoOooOOOOOOoOoOooobooOoOO,b0O000000
ooooooooooooooooooooooooooOoOobooOb0oO00O0o0o0oo000. BERTO
0, Transformer 0 Attention 0 00 000000000000 OO,0000000000O0O0DOO
ooooooooooooOooOoOoOOODODDOOOO.
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BERT 00000000 Masked Language Model (Masked LM) O 0000 0OO. Masked LM
go,0boboooooboboboobooobobobuoooobobob.oobobobooo,
00O0000DOO0O0OO0O0ObOODbDO0ObO0ODOD,Masked LMODOODOODOOODOODOOOODOO
goboobobobobooo,bobbobbooboobuoobooboo.

0000000000000 DO0000oD0DO0o0D0D0DbO0o0ODODOn0, Masked LM OO
gogbgooobooboo.boobooboobooboon.

e 5%000000000ULDDO. DO0OUOUODOUOOOO,

- 80%U0 0000000000 (<msk> 00000,
- 10%00000000000000000000.
- 10%00000000.

goo.
e J0UIDODDODDOOOODOUDO (<els> 00O,
e 000D UIDDOODUDODOUDDDO (<sep>)00O0O.

goooo,bo0000ooooodo,BERTOODODODODOOODODDODDOOOoOooooooood
000000, 000ooooooooooooog. <cls>00000,00000000000
00,0000000000000,00000000D0000.00,<sep>00000,0000
0000oooooooooooo,00000oooooo0oo0o0o0o00oooooooooon.

dooooobooooooboooooo,BERTOOOOOOOoOoOODoOO,ooooooood
gooooodooooooo,0ood0ooo00ooo0ooooo0ooDooo0. Ooooooo
gooo0,000000000O00o0ooo0ooooOo,0oop00ooooooooooooon
ooooooooooo.

Masked LM OO0 00O, BERT OO Next Sentence Prediction 00 00000000 O0OO0OO0OO
gooo0o. 0ooooo,00oo0d 20000000000, 000D0DD0D00DOOO00DOOOOO
000o00o00oo00oooooO0. 0000,20000000000000000 <sep>00
00000000.000,1000000 (w,ws,..,wr), 2000000 (w),w),...,w,) 000,
BERT OODOODOOO, (<cls>, w,ws, ..., wp, <sep>, wh, wh, ..., wr,<sep>) 00 0. 00000
goooooooo,0booo000ooo00ooo0oooog,00gooooooooooo
0000ooo0oooo0. 00000, BERTOOODODOOODOOODOOOOODOOO,0000
gobooooooobbooogoobobooooo. odoooo,bbooooobooobog
JddddoOo,000fd0 2000000o0oooooooO BERTOODODODOOOOOOooOooa
goopoooooooo.

Masked LM 0O Next Sentence Prediction 00000000000, 0000000000000
goooooboooooo. oboobb bbb oo oooooo,boooboooo,
<cls>000O0O0OUOO0O0O0ODODODOOOOOOO0O0O0OD,000000D0ODOOODOOO0OOOOn
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00.00,00000000000000000000O0,DO000D0O000O0OO00DOOO0O0O
oooooooooooooooo.

ELMoOOODOOOOOOOOOOODODOOOO,ELMoODOOOOOOO0O0OOOODDODOO
go0o0d0oOo0ooOoOobOoOoob0O,BERTOOOODOODOOODODOODOODOOODOOOODODOO
Jo0o000o00o0oboOoO0oOo0. 00, ELMo 000000 OO0ODOODOO0ODOODDOODOODOO
O,BERTO0O0U00OD0O0O0OOOUO0OOD0OO0O0O0O0O0U0OO0OO0O0O0OOUoooooog [22.

BERTOOOODOOOOOODOODOOODODOODOOOODOOD.ODODOOODOoOooOO,Ooo
000oDoo000oooo0ooDoo, 000000000 ooo00,00o0oDoooooooon
0000000o0oooOo. 0000, BERTOOODOOOOODODODOOD,0000ooogd
00o0oooo0o0ooooo0o0oooDoooO0ooooDooO0O. BERTOOOOOOoDOoOO, O
0000000o0o0o0o0oOoUoOoUoOoUo 12%000000,000000000000000
0000080000 DbO00O0DbOo0O0oDbOoOn0O. 000, BERTOOOO Transformer 0000,
Transformer 0000000 Attentiond Head 000000000, 00000000 GPUODO
0o0oDooooooooooooooooOoooooooooo.

00000,BERTOODOOODOOOODOOOOOOO,0000000DO0DOO0O0ODOO. 00O
O,BERTOO0O0ODOOODOODODOOOOOODOO,00000000000DOO00O0DO0O00O0DOO.
000o0o0Do0oO0,00000000 BERTOOOOOOOOOOOOO gGpUODOODOOO
O0. Google DOOOOOO BERTOOOOOODODOOOODOODODOODO,0b00O0OoOoDO
0000o0oooo00o0oooooooo, 0000000 o0ooooo0ooooooogooon
0.00,0000BERTU,00000000D00000DOOO0CO0O0OOODOOO GLUE 2310,
0000000000 SQuAD 1.1 [24)0000,00000000000.

24 0O00O0O0O

00000 [25,00000000 (Markov Decision Process; MDP) 000000000000
goboooooooooo. MDPODOOOOODOODOODOODOOOOODOODO,0O00000DO00
ggoodooobob. oo, obbobbbbooooobobDbDbbbbdoooUULUbL b . oo
gooboooobooboboobobobooboboooobobo,boboboboobobobo
gob,0obooooboobooboobobooboobo0. bobbooboobog, oo
t0gooouo 00000,0 (244)000000000000O0OO0 R,OODOOOOOOOO
ggooooon. .

Ry=Y 4""'ry (2.44)
t'=t
godb,vy00<y<10000D0OO0OOOODODODOO.

0000000000000 0DODODOO value-based 00O OO policy-based DO OO 200
go0O. Value-basedOOOOODOOO,00¢00000O0O0O0O s, 000D0O0OODOOO g.00O
ud

Q" (st,g)t):mng[rt—i—vrtH +72rt+2+...] (2.45)
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0000000000000000000 Q*(s,§) 0000000000000 Q(s,§) 000
000 QOO0000.QDO00DDD Q*0000000000D00, arg maxy, Q (s¢,§) 000
0,000000000000000000.

000,00000000000000 policy-based 100000, 0000000000000
000000,00000000000000000000.0000000000000 (2600
00,0000000000 REINFORCE [27]000.

24.1 0O00O0OO0OOO0OO0OO

000oo0o0o0oo0ooo0oodooooooooooo, 000000 o0oooooooooog
000000000.000,00000000,0000 Cross-entropy Loss 000000000
0,00000000000BLEUODDOOODOOOODOOO. Cross-entropy Loss 0 BLEU OO
0000, Cross-entropy Loss 0000000000 OCOOO,BLEUODOODOOOOOOOOOO
0.000BLEUODOODODOOOOOO,00000 BLEUODODODOODODODOOOOOOODOO
0oo0o0OoboOoo. 0D00,BLEUO ngram 00000000000 OCODOOOODOO,0000
gdooopoooo0ogooooooooooooDpooo,0DDoDooo0D0gooooooogooon
o0ooooo0Ooo0o. Joooooo0ooooo0oooooooooooooooooon
000o000D0O. 000oo00ooo00ooooooooooooooooooooooooon,
0ooo00oooo00ooo0oooooO00ooo0oO0oo. D00, 000000000000
000oooooooooooDoooooDooooooooOooDoooooo.

oooooooooOOoOO000oO0oOodooooooOOooO,00000000oooooooD. od
000o00ooo0oooooo0oooD,00Do000o0Do000oDoO00. 0c0oooooooon
00ooooooooooooo, 0000000 00oooooo00oooooooooooon
goooo,00d0oo00oo00ooo0oo0o0ooDoooooO0. Obog,ooooooo
00000000000000 Decoder0O0O0DOO0O0O0ODODOOOOODOOO.ODO0O, AtariOO
gobo0ooooooodooooOo oooogo,00obo0db0boooDooooboDOooooooonod
ooopoooOdOo,100dgoooogoooooo.

00ooooooo0o0oooooooo00o0,00gdoooooooooooooooogog
000o0o0oo0ooooooo. 000, 000ooo0ooooooooooooooooooon
00,00000000000000000000C00. 000,0000000000O0O00O000
gooooooo,00booo00oooo0oooo0oooogooD,0ooo0oooooogo
00000o0000O00,000000000000O0000O0UOOULOoOOoUOoOOO [28,29).

2.4.2 REINFORCE

REINFORCE [27]0000000000000O0O0000O0OO0OOO0OO0O0OOODOOO,00
0000 (246)00000000O0O ?:(Ql,gz,...,gT)DDDDDD rgo0o0gooooogoo

22



240000 o220 0oOoo

ooo.
MaxlmlzeE(yl Y2 yeuns g7 )~ [T (Qh g27 seny :&T)] (246)

DDD,?D pO0O0000D0ODOO0DODO mpOODOOO,r0O Y OOOOOOODOO. REINFORCE
gbooooboooobooboooobooo

Lo =B, [ (V)] (2.47)

000.00,00000640000000000000000
Volo = —Ey . [vglogm (Y)r(f/)} (2.48)

goo.go ?DDDDDDDDDDD,WQDDDDDDDD YOoOoOoOoooooooooooo
gboooobobo.oob,b0bo OO YOOODOOOOOOO0OOO00000000000
gbooooboooo,ooaon

VoLg ~ —ﬁ i Vo log (Ym> r (Yn> (2.49)
m=1

gooooobooo. b0, MOODODOODOOOODOO.0ODODODODOOOODOD M=1000.0
gboooobooboooobo,0obo0booooboooooo,ob0obooooobooooobo
0.000,0 (250)00000000OOU0OOOODODOODOOUOO n,00O0ODOO,0000
gboooooo.

Voo =L S Stogm (%) (r (V) ) 2:50)
m=1

»O00000000000000000000000.000,-00 /00000000000
DDDDDDI]DDDDDJ;,DDDDDDDDDDDDDD.DDDD,E[Vglogwe(ff)-rb]D

0000000000000.000,Y = @,d,...9r) 000000000000000000.
00,000000000000, Velogmy=AVem 000,

Ey ., {V@ log g (Y) -rb} =Ey ., - E )erg (A> Th
)

s,
? - (Y)V (¥)
=y Z Voo (Y) (2.51)

000000.00000000,V,0 Y 00o0oooooooo,

Y Vomg (Y) =V m (Y) (2.52)
v v
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240000 o220 0oOoo

goboogd. ogo, =m0 ?DDDDDDDDDD,DDDDDDDD YOOoOooooooooo
1go0o0.0o0o0o0oooa,

TbVQ Z’frg (Y) = TbVQl =0 (253)

Y
gboooo.oood
Eywﬂ_e [V@logw(g (}A/) ~T'b} =0 (254)
ooooo,n0-000000000000.
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30 tUbgtdbuotdbootdbootdbbotdd
oot

3.1 Cross-entropy Loss [ [ [ [

Cross-entropy Loss U000 O0O000OD0OODOODOOOOOOOO. Cross-entropy LossO 0O, 00
000000000000 0DO00000O0DO000O0,0000000. Cross-entropy Loss 0 O
goodoooo,0obooobbouooo. oo, 000000000 oDooooog
000,00000000poo00oooog,00gooo0ooooooooDooooon.

oo0,0000 “Isaw a film last night”, D0 00O “I watched a movie last night”0 0 0 0O
00. 000000000004, “aw’0d “Alm”00000 “watched’d “movie’0 0000000
0,00000000000000000. OoOd, Cross-entropy Loss 00, “saw” “watched”,
“ilm”0 “movie’0 00000000000 O0OODOO0O0ODOO,DO0000D0O0O00O00ODOO
ooooo.

O000,0000 “He often walked to school”, 00 0O 0O “He walked to school often”d 0 0 OO
000000000oo0U0oDooO0.000oDoo0ooooooooood, Cross-entropy Loss 00O
0000000 0DooOonD, 0000 “often”, “walked”, “to” “school”0 00000 OO0OOONO
O0.00000, Cress-entropy Loss 00 0000000000000 OOO,0000000000
goooooooooo.

0000D0ooo0ogdd, Cross-entropy Loss 0 000000000000 0OO0OO0OODOOOOO
000000DoooOoooooo. 0oog, Croess-entropy Loss 0000000 O0OO0O,000
godoobbooobbuoobbooooboooobooobuoobbooobobuooooboog
goood.

Cross-entropy Loss 0000000, 00000000000 DOOCO0OOOOO,0000000O
0000000000000 0000U0O0O0OO0O00OO0n 28,29 DOo0OOOUOOOOO,0000
00 BLEU,00000C ROUGEODOOODOOOOOODODOO0OO0 ngramO00O00000OOOO
00ooooood. Cross-entropy Loss OO 0O0O0, ngram 0000000000 O0DOODOO0
0o0ooooooo0ooooooD,000oooo00oooooooooooooooogoon
0.00000,00000000000000000D0O0000O0O0OC0O0O0OOOO0O0O.
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3.25TS O30 0000b00booooobobobooboobooon

0 31:8TS-BO000O0OOOOOOSTSOOO0O0O0

SITSsOooQ0 0OOoO00o

08 a man is playing a guitar.
' a girl is playing a guitar.

49 a panda bear is eating some bamboo.
' a panda is eating bamboo.

3.2 STS

Semantic Textual Similarity (STS) [4] 00, 00000 200000000000000000
0000000o0.0000o0oDo(U0OD0D0O0O0)U0S 000U UOUOD)0D0UD
00000o000o0. 00000oo0o0o0oooOooooo STSOooOoOoooo STSsooogo. STS
0000000o00ooooO0,000oo STS0g0oooooooo sSTsoooooooon
gooooooooono.

STS-BOOO0O0OO0OO0ODOODOOSTSOODOODOOOO 3.1000. 00000000 STSO000d
oooooo,00o00s0000000000D0D0O00000DODOOOOOOO. STSOO00n
0000100 20000000000,0000000D000000000DODOOO000O000O0O0O
00O0000. 000,0 310 100000 “a man is playing a guitar.”0 “a girls is playing a
guitar.’/0 0000000000 “man”0 “irl’"000000O000O0OCO,00 100000000
00oo00Do0o0oDoooooOoooOoO,0DoO0oo STSO0oo 28000000000
oagd.

00,03.10200000 “apanda bear is eating some bamboo.”J “a panda is eating bamboo.”
000o0gdno “bear”d “some’0 000000000000, Cross-entropy Loss 0 n-gram 0 0 0O O
ooooo0oooooooooooo. 0Doo,00000000oDoOo0ooDoOooooooo, O
oooOoSsTSd0nOo4200000000000000. 00000 STSOOOOOODOOOO
00000O000oOo0ooooogg, Cross-entropy LossO n-gram 0000000000000
ooo.

STS O Textual Entailment [30] O Paraphrase Identification [31]0 0000000000000
0oo0doooo,00000d000bD0Doo0booooooOonogn. Textual Entailment O 0O 0O
O000000OD0000oooooooono,b000odnnOn entailment, contradiction, neutral O
30000000000000. 00, Paraphrase Identification 00 0000000000000 2
000o000o0ooooooD. 00000, 000 2000000000000000DOO0O000O, 0
doo000Odoooooooooooooo. oo STSoO,o0ds00n00ooooonooog
o000, 000j0oooo00gooooo0goooooOo,Do0o00goooDooogoooo.
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330000 O30 0000b00booooobobobooboobooon

3.3 oo

gbo0o,000b00000000b00b0b00obo0oo0o0oob0ooooboooobooobo.ooon
goooooOoooooOoo.ooopoooooooooooo0oooooooboooooo, STS
go0oooo0o0d.000o0o,00 BERTOOOOODOO STSOODOOoOoOOooooogooo.
gooo020000000000000STSOO0O0OO0OOOOOOOOOOO0. 00 STSOOd
goooooboOoOo,000000000obo00obDoOo STSOo0ooDOoOoo0oDo. bogo STS
gooooobooooooooboooooooobO,oo00obo0oboogooo sTsooo
goo,0bg,bo0gboobooboobobooboobooboon.

3.3.1 00Oon

gboboooboooo,oooboooo,obooobooooo,0cooboooobooobooon 3o
gbobooooooooo. oboooooooo,boooooooooboobobooooo,oo
gooooooooobooboooobooo. ooooboooobooooobobooobDooboOoobooog
000000, 00000 STSsooooooooo0. 00000 SsSTSso00ooooooooog
gboooobooooboobooooboboooboobooooooo.

3.3.1.1 000000

00000000 oooooooooo, LSTM OO0 O Attention 0 O Encoder-Decoder O O
00000. Encoder 0 Bidirectional LSTMO0O. OO0O00O0O0O0OO, Encoder 0000000
000000000 Decoder 0000000000 20000000000, Decoderdd0Odnnn
000000000oo00ooo0ooooOoooo.0o000,0000 AttentionO00O0O0O0O
000 Decoder 0O OO input feeding OO O. OODOOOOOOO pip000,00000000
ooopoooooooog.

3.3.1.2 O0000OO0OO0OO0OOOO

000000000000000,20000000000000.0000000000000
000000000, 000000 STSO0000000. 0000000 BERTOOOOOOO
000,STSO0000000.00000200VY,,Y,00000,STS00000000 S,0
0000 (3.1)000000.

S (Y3, Y3) = ReLU [Wy - Pool {BERT (Y7, Y2)} + by (3.1)

000,ReLUODDOOOD, BERT ()0 BERT OO0, Poold BERTOOOOD000D0000
000000000000 10000000000000000000.00,BERTO00000
0000 dpprr 0000, Wy € RX4serr 00000, by e ROODOOOOOO. 0000 Devlin
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330000 O30 0000b00booooobobobooboobooon

0 [13)000,000000 <cls>00000000000000000000O0. BERTOODO
OO0oO0o0o0o0,we0b,00000000000000.00,00S8TSO00000000O
ooo0DoOOoOoooooOooDboOOo ¢DbOO.

3.3.1.3 ODOO0OOOOODOOOO

0000000000000 000000, RanzatoO [28) DO O, Decoder OO OOODODO
ooooooooooooooooooooooo. oooooooooog B, 0,00 ¢00
Decoder 00000 s, 000000 (3.2) 0000000,

By (st) = 0 (Wyst + by) (3:2)

000, Decoder 0000000000 dpiggen 10000, Wy, € RNXdhiaaen 00000, by € RO
0000000.,0000000000000.,0000,B,0000(0,1]0000000. O
00000000000000,0000000000000000000000¢000.

3.3.2 00O
gboooooboobooooobo3oboooooooon.
1. 0000000000000 0 (Cooooooo).
2.0000000000.
3. 000poooOoopooooosSTsgoooogooooooon.

oooo0ooooooo S0 BERTOOOOOO0OO00O0O00O0,0 (3.3)0000000000
oboooooboooboooooboooooon.

Ls =[Sy (Y1,Y2) —v (Y1, Ya)|? (3.3)

000, (Y;,Y2) eROOO (V3,Y,) 000000 STSOOO0O000. 000000000000
0o,S,00000000000.

00000 7000000000 Cross-entropy Loss000. 00000,00000000 X,
0000Y = (y,y2...,yr) 000,00000

T
LCE = — Zlogﬂ'a (y =Yt | Yt—1, st—17X) (34)
t=1

oooooooooDO.000,s,000¢t—-10 Decoder0O000O00O0O. OO0O0ODOOOOO
ggbgob,oboobobboobboobbooboobooboobon.
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3.400 O30 0000b00booooobobobooboobooon

0 32 000000000000, OO0, mutiokO0OO0OOO0ODOO 200000000
(mscoco2017, flickr20170) DO OOOO. OO0, WIT3OOOOOOOOOOOO TED2014 O
TED2015000000000.

0oo0oo0o 00 (0) 00 (@) 000 (@) 00 (D)
STS-B (en) 5,749 1,500 1,379 8,628
multi30k (de-en) 29,000 1,014 1,461 31,475
WIT3 (de-en) 206,112 888 2,115 209,115

000000 REINFORCE [27]0000. 0000000

T

LRL:—ZAtlogﬂg (Y =3¢ | 9-1,50-1,X) (3.5)
t=1

00000.000,0000000000 4,0
1 N
A= Sy (Y,Y)—Bw (s¢) (3.6)

EII:II:II:I[I[I.DDD,Y:(Ql,QQ,...,QT/)D T DO0O0D0000000D000O00000O0ODOn.
Se O %DDDDDDDDDD,&,D [0,5)0 STSOODOODODO0ODODOOOODODOOO, By
oo0ooo,l]000o00o000000o000oo0. 0 (3500000000000 UODOOO
oooooooooeonODOO.

gbooooobo0oooooooboobooDb,bbobbd Legd Ly 000O0ODOOOOO. OO
gbo,0000b00oboooobooooon

L=MLcg+(1—X Lgy (3.7)

O00. A€ (1,0)0 Cross-entropy Loss U0 0000000000000, 0000000000CO.
oooo0o0o0oooooooo0ooooooooooonooooono By, 000000.0000

goo
2

T R
Lp=) :‘55¢, (Y,Y) — By (1)
t

oooo S;,000o0o000000o000o0. 0000 S;,0000000000000000,4¢0
gbooooooooon.

(3.8)

3.4 0OU

3.4.1 000000

000000000000O000o 32000.0000000000000000, STS-B[32]0
goo.STs-BO0OOO0O0O0OOOO0,000p0ooO0OooO,0opooooooooooooooon
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3.400 O30 0000b00booooobobobooboobooon

goooo,0db1000b0o0o0oo STsocoooogooooobO. ooopooooooooo
BERTOOOOOODO,000000000000D000000O00O wordpieceODDOOO.
000000 multi30k-dataset [33) 0 WIT3 [34]00000000-0000000000CO0ODO.
multi30k 000000000000 (0000000000000 000o0oooooooooog)
goboboobooo,0ooboooooooooooooobooobboooboobooOoo. oo, wIT3d
TED talk OO0 DOOO00O00D0OOO00OO0O0DOOO0DO0OOD. ODO0OOO0DDO sentencepiece O
gbooboobOoobo,0o0booobooooogoeoUubo. oboboobooobooooooog.
goooboob,boo0obooboooboooo,boboooboob10bo0ooobooobooooog.

3.4.2 0000

STS00000000000000000000000000000 BERT-base-uncased 0 0 0
0.00000000000,000000001280000000. 0000000 32,0000
002x10°000 6000000000,

000000 LSTMOODOOD 2600000. 000, Encoder O Bidirectional LSTM 0O O
000,000000000020000000.0000LSTMO 10000.00000000
00000 LSTMOOOD0 256000,

000000000000000000 Stochastic Gradient Descent 000 00. 000000
1.000,00000000075 0000000005 00000000002000.00000
00000 128,00000000001000000000. 000000000 100000000
oooo.

O0000000000000000000D000 Stocahstic Gradient Descent 0000 . OO0
00000000,00000000000.01,000000000000000000 1.0 x 10-3
000.00000001000000,0000000000000000000000000

00 STSOOODODO0D0O00000DDODNO000,GLEU [20000000000000000
00000000, 00 STSO0000000000000000000000,0 (3.6)00 (3.8)
D%%(ﬁy)mGUR(KY)DDDDDDDDDDD.DDDDDDDDD,DDDDDDD
STSO0O00000000000.

3.4.3 U0UU

gooo0o0oDOoO00oDoOoobD BLEUDDOO STSOODOOOOO0OOOOO0O0DO 33000.
000000000 Cross-entropy Loss 000000000 COOO0OO0OOO0OOOOOOO BLEU
gooooooOoOooo.oo,sTSsg0oooooooooooooooooooooooooo
gooooooo.

0000 (RL-STS) 0 GLEUOOOO ngram 0000000000000 OOOOOOO,O
go0oooosTSOoo0o0gdooooooooo0o0ogo BLEUODODODOOODOOOooooo
goooo0O.0oopoooo,0o08TSO000 ngram 0000000000 OCOOOOOOOO

30



3400 O30 0000b00booooobobobooboobooon

033: 0000 BLEUOOO STSODODO. mscoco2017 O flickr2017 O multi30k-dataset, TED2014
0 TED20150 WIT3OOOUOOOOOOO. RL-GLEUO GLEUOOOOOOOOoOoO, RL-STS
00O sSTSOoopoooooooooooooooo.

mscoco2017 flickr2017 TED2014 TED2015
Model BLEU STS BLEU STS BLEU STS BLEU STS
Cross-entropy  16.44 2.76  22.22 3.03 12.54 2.63 13.43 2.80
RL-GLEU 20.13 2.93 2583 3.15 1397 2.71 14.59 2.89
RL-STS 18.31 296 24.70 3.21 13.58 2.87 14.56 2.99

034 00000000000

Model Output Sentences

ood T’ll show you what I mean. So how do we solve?
Cross-entropy | I'll show you what I mean. So how do we solve?
RL-GLEU I’ll show you what I mean. So how do we solve?

RL-STS I'm going to show you what I mean. | So how do we solve problems?

000,GLEU000OO000ODO0O0DOOO00oo0oooooooog. oogooD GLEuUOO
0000ooOooooooOo,00 SsSTSO0000Doo0oooodd, ngram 000000 STS
goboooooooboooooobbuoooooo.

00000000 0o00,0000000 Cross-entropy Loss 000000000 0O. 000O,0O
0000 STSO000O0O0O0OO0O0 GLEUOODOODOOO0O0OO0OO0OOO00. Cross-entropy Loss O
00000,000000000 BLEUOOOOOODOOOOOOO0O0O, Cross-entropy Loss 00 0
goodoooo, bbb oooooobooo.

00 STSO00000O0O0oOoooooooD,00000000DoDoo000000000o0o0oo0g
0.000,0 340000 RL-STSOOOOOODOOOOOOODOOOOOODOOOOOOOO.
000000000000 0000000000DO0DO0DOO0DOO0OoOooOoogan, Cross-entropy
LossO0 GLEUOOOODOOODOODODOODOOO. DODO0OODODO0DODO0OO0DODOoOoDoOooDoOod
ooooooOoooo,0poogooo STS00ooo0oooooooooooooogooon.
00000oO0oo0o0o0o000000000,000000000000000.0000000000
000000000000000000000000000. 0000000000 (multi30k) O
TEDTalk OO O (WIT3)OOOODOOOOODO,000000000D0O00O0O0O0ODOOO0O0UOO
00o00o0ooooodoo. 00,000000000, 00000000000 OoOoOo0ooog
000000000000, 00000000ooo000oooo00ooooooooooooog,
goooooboobuooooooouooooooo.

00,0000000000000,00STSO000000000000000O0O0O0O0O0O00
0000000000O0oooogg, Cross-entropy Loss 0000000000 ODOOOOOOO
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350000 O30 0000b00booooobobobooboobooon

0.000,8STSO00000000O0C0c00o0o00 BERTOOOOOODODOOODOOoOoOooooo
O.BERTOOOOODODOOOODO wordpiece DO ODOODODDOOOODO. ODODOO, BERTO
000000o0o00U0o00o000000O00 (OUooO0O,00000000)0O000OOOOO0
gbooooooooo.oboob,0oo0oboobooboooobooooboooobooooboooobooooog,
0000000 BERTOODOO <cls>0 <sep>00000 STSOOO0O0O0O0O0O0OOOOOOO
ug.gboboogoobooo,bcouobooobooobooooboooboooboooooono,oboa
gboooooobooooobooboooooboon.

3.5 U400

gooooOooOoooOooo0ooUOooOooOoOoOoOoo0ooUoDOL. Doboooooodg
0000000 REINFORCEDODOO,O0D00C00O0 BLEUO ROUGEOODODODOOOO n-gram
0000000000000 00000 [28,29. D00D0O0ODODOOO0OO,0000000O0OODO
0000000 [28)0,000000000000000000O0O0OOOOOUOO (299000
O0000.000000000000000000 Actor-critic [35)]0 0000000000 [36]0
000,000000000000000000000O0ODOOOOOO.

0000000,0000000000000000000O0DOO0000000D0OODOO0O0O0
00000000000,00000 SIMILEDOOUOOOUOOO0OOOO0OO WietingO0OOQO [37]
ooO0. SIMILEOO SIM [38] 0000000000, 0000000000000 OOOOOO
o0.SIMO 20000000000000 Encoder0000,00000000000000O
o0o000oo0o0o0oooooooooooog. WietingODOOOOOOOOOOOODOODOOOO
siMOOOOOoOoOoOooooooooo,siMOooooooo SIMILEOOOOOoooooooo
gooooOoOOoOo0000. 000000000000 OOOODOO0O00UOOOOOoD. OO
00000000000 REINFORCEOOOOOODODO, Wieting 00 Minimum Risk Training
(MRT) [39)0000000. OOODOOOOO rO00O,MRTO [0,1]0000000000 r
gooo,1--00000O0O0OCO0O0OOOO0. 00D -00000O0O0DOOOOOO,MRTO
000000000 REINFORCEODOUOOO.OOOOOUOOOO REINFORCEOO, O (3.6)
0000000000000 0000000000000000. 000,00000000000
gooooOoOo0oOoooo,00oooOo0Oo0o0oo0ooooOooOOoOoOoOoooooooDOoOO
goooo.00Oo,oopoooooooOoO0O0,0o0O00000O00ODODODDDOOD.

3.6 00U

gboboooobooboooo,0o0b00obobooobooboooooboooooo,obo0ooboooon
goooobooboooboobooboboobobooooboboboboboo. bobobo,b0ob0o0o0bo
goooooooooooooooobobobobo. boooooobUobobobobobo
O,0000oooooO0o0o0oooopooo. LsSTMOOOOO0oooooooooooooooo
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3.600 O30 0000b00booooobobobooboobooon

goooooboooooooooo,0b0ooogoooogo LSTMOODOO0ODOOODOOOO
Transformer 00 00000O0. OO00O0O0O0O0 LSTMOOOO0O000O0O0OODOOOOOCOCOO
oo0o0o0O000oOoO,00000000000LOoOD00O0000O0OO TransformerDOOOOO
oboooooobooooooo.
0000000OO00ooO00oo00DoO00oDoO0O0oDooOgO Transformer 0000000
gbobooooooooobo. ooo,obobobooboooooobob,bcobooooobo
gboobooboboobobobobobobooboooOoobOoooooobooooooooobooobo
goooOd. o0oo, Transformer 0000000000 OOOOODOOOO,0000000O
gboooooobooooobobooobooboooooo.
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40 UOoUodbootdbootdbootdbotdgd
Juooguogd

4.1 Transformerd O O OO

Vaswani 0 0 00O Transformer (3]0 0000000, 0000000000000000000O
00000 LSTM OO Transformer 0 0000 O. Teacher Forcing OO O OOO0OO0OOOOO,
0000 Transformer 000 000000000000 0O0OO, 00000000000 LSTMO
ob,0b0000b0b000obDOobooooooDo.

000 Transformer 0000000000000 OOOO. Transformer 10000000 Trans-
former 00000 100000000000 0O0O0ODOOODOO, 0000 Transformer 00 00
00 600 Transformer 00000000000 O0ODOO0OOOOOOODOODODO. DODOO, O
gooooooooooo,100000o0oo0oooooogoooogo. LSTMOOOOoono
goooooooodobOdbO,b000fdbO0obO0bdbOdb,10booboooooooooooa
00o00oOooOgO, Transformer 000 0,60000 Stack LSTMOOODOOODOOOODO.

000, Attention0 0000000000000 000O0OOOQOOOODODDOOOOOOOOOO
Oo0.000o000g,LSTMO0000000000000000D0000000000. Transformer
0 Decoder 0 Transformer 0 0000 OO O Self-attention O Source-target attention 0 0 0000
00,0000 Attention 00O LSTM Decoder O Source-target attention 0 10000000. O
000d0o,00000,100000000000000 LSTMOOOO Decoder 00O Transformer
O Decoder 00O00O0ODO,000000000000DO0O.

Transformer 000000000000 OODOO, Teacher ForcingO OO0, 000000000
000000 1000000000000000000d. 000, Scheduled SamplingO0 00000
g, 00ofdo0bo0o0oboo0oboo0ooooboOoooOoooooooooOoooOoboooooOobooo
gooo.

4.2 0O000O0O0OO0OO0OOOOO0

Transformer 00000000000 00O00O0O0O0O0COOOOOO0ODO. ODOOOOQODOO
000000DOo0o0oDOoooOooOoOo,0o000bo0o00gng Transformer 0000, 00
000000000 0oooo LSTMOODOO0O0O000O000d Transformer 00000000
Knowledge Distillation [40]000000O.
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42000000000000 040 00O0O0OO0OO0DOOO0OO0O0OOO0ODbOOO0OOOoDbOOboOnDo

000, Knowledge Distillation 00000, 0000000000 O0D0O0OQDOOJ, Transformer O
000000000000, 000000000000 41)000.0000000000DO0O0OD
0000000ooo0o0oo0ooOo,00ooooooon0,ood Transformer 0000, OO
ooooDoooooooooooooon.

00000000000000, 000 Encoder-Decoder 1000000000000 ODOODO
0000.0000000,0000Y =(y1,ve,..)000000000000,0000 XOOO
0o0o0o000O. 0o0,0000000000o0oo0ooOooo0,0oDoo00ooooooooon
000o00ooo00o0ooo,0o00000DoO000oDOoODoD000oDoO00. 0C00DooDoooooon
00000 4l)ooooooooo.

L
p(Y | X)=pr (LI X)]]py (i | X, L) (4.1)
i=1
000,p, (0000000000, py(()0000000000000O. 000000000
00000000000000000000000000000000000. 0000, 0 (4.1)
0000000000000 0000000000000000000000000000000
0000 [41). 0000,00000000000000000,000000000000000
00000000000O0OOOOOO.

4.2.1 Conditional Masked Language Model (CMLM)

Conditional Masked Languge Model (CMLM) [42] 0 BERT O Masked LM OO0O 000000
Encoder-Decoder 000 O000. CMLMOOOO, BERTOOOO0O0O000O000,0000000
00doooooodoooodoooooooooooooooooooDooogoooog. CMLM
0 Masked LM OOODO, 0000000 DecoderDO00OD0OO0O0O0O0O0O0O, Encoder00, 000
00o00ooO0o0ooo0o0ooO0o0ooooooooooooon.

CMLMOOOO,00000000 Transformer J 00O 0O Encoder-Decoder 00 O0O0O0O0OOO.
obO0o0,Decoder 0000, 0000000 0ODOODOOOOODOOOOOOODODOOOOODOO
O000000000,00000 Decoder0 0000000000 0O0O0BDOOOOOCOOOOOOO.

CMLMOOOOOOOOOOO0OO0O0OO0OO0OO0. O00000, Encoder 0000000 X0OO,
Decoder 0000000 YODODO.ODODO,YOOOOOOOOOOODDODOD Yonese 0000
O00000000 Y, 0O0000,YOOOO|Y|=NOODO, N = |Yask| + |Yoss| D000
O.CMLMOO YOOO Vo 000000O00000C0O0O0O0O0O. 0B00O0,0000000
oo0oooo0oo0,Xo0Y,O0ooooooooooooo. ooooo, 000000000
0,0 41)OO0O0O0OO0oO0oU000 VY, O0OO0O0OOOoO0oooooo,00000000oooo
O00. 00000,00000 <msk>0000000000000000 Decoder0O000O0O,
<msk>000000000 Cross-entropy Loss 00000000,

good0ooooOooOo,00000o0o0bOdboOob0. o000, BERTOOOO <msk>000
00000,000000 (<len>)0 Encoder 1000000000000, 000000000
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O 4.1: Mask-Predict 0000000 (T'=3000)

ooad primarii din localitatile de la granita , chestionati privind locurile de cazare

00000 <msk> <msk> <msk> <msk> <msk> <msk> <msk> <msk> <msk>

t=20 the <msk> of <msk> <msk> <msk> asked <msk> <msk>
t=1 the mayors of the <msk> <msk> asked about <msk>
t=2 the mayors of the border towns asked about accommodation

00 Encoder 100000000000000. 0000000000000 Cross-entropy Loss
ooo.

CMLMOOODOOOOOODOODO0DO Mask-Predict [42) D000 0. Mask-Predict 00,
000000000000000000000000,00000000000.000,0000
00 7T000,000 NOOODOO. OOODOOOOOO N,000000¢000000000
(ﬁﬂgﬂmwﬁ)mmmmmmmmumm(ﬂﬂéﬂmmﬁ)DDDD,<mw>DDDDDDDD

oooooooooYy®, 00 42000000000

y® ) = arg min (p;, n) (4.2)

mas
7

Y(t) =Y\ Y(t)

obs mask

(4.3)

000,t=00000,n=N,0000000000000 <msk>000.000000000
000000,0000000+»,0000.00,000000000000n0,0 (440000
0000000000,00000000000000000000000000
Tt

n:N~T (4.4)
000,T7T=100000,¢=10000 90%, t =20 80%, t =30 70%, ...00000000
<mask>000000000000.
00000000,0000000000000000YY, 00000,0000 X0,000
000000000000000 YY) 00000000000000000000. 4eY®, 0

0o0o0o0,0 45),0 (46)0000000000O0OO0OOOOOOUOOOOO.

obs

yz(t) = arg max P <y1 =w ‘ X, Y(t)) (4.5)

obs

pgt) = max P (yi =w ‘ X, Y(t)> (46)

000,y eY{)00D0D,0 (47),0 (48)00000000000000000000000
oo.

y = yl=Y (4.7)

p =pih (4.8)
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CMLMOOODOODOO,00000 XOOOoOooooooooooooooooooooo,d
000oo0ooogOo. oo, Mask-Predict OO0 O0O0 XOOOO,00000,0000000
gooo0oOo,00oo00ooo00oo0ooo0ooDoo0oooO0. oDog,0oooooon
00000oooo000ooooooo0oooon,000oooo00o0goooooooooon
000.00,000000000000D000CO0,000D0000000000000. 0000
00,000000000DOo00oo,00opopo0goooogooDooon.

0000000000000 00000000000O0O, 0000 Knowledge Distillation [40]
0oooooO. 0obO0,0000000 Transformer O 0 O Encoder-Decoder 00000000
000,0000000 Transformer 000000000000 CMLMODOOODOOOOOOOO
000.000000,CMLMOO0ODDOO0O0OOO Vo OOOOOOOODOOOODOOOO
000000, 00000doo00Do0oDo0o0o0ooooooDooooooooo. ooo
“Thank you”OO OO OOOODOODOO, “Danke”, “Danke schn”, “Vielen Dank”0 000000
goo0o0o.0020000,0000 2000000000000, CcMLMOODOOOOOOOO
0, “Danke”O “schn”, “Vielen”O “Dank”0000000000C0OOCODOCO.O0OO,00000
000000000 00,000D000000 “Danke Dank”O “Vielen schn”0 00000000
00000000000. Knowledge Distillation 00, 00000000000 O0DOOOOOO, O
000000000000 0ooooooooo [43).

Mask-Predict 0000000, 000000000000DO0, 000000000000, 00R0O
00o0o000. 00000, 000000000000 o0oOo0oooooooO,Do000oDooo0n
00o0o0oo0o0oU0oO0o0oo0ooOoUOO0O0. 000, 0000040 (000000 2)00
00,000000 Transformer 00000,3000000000000,BLEUDO 200000
0,00000 100 (000000 2)0000,000001300000,BLEUOOOO 100
00o0oUooOoooooooooo [42).

CMLMOOOOODODODOODOOODOODODODODOODODOOO,0000bO00000ooog
gooooo0ooooooOd.ogooooogoooooUdoooDoo,boo00oooooogoon
o0ooo0ooooooooooooooooOoooDoooooo. ooo,0o000oDoo00oo, O
000oDoo0ooooooDooooooo00O0,000o0o000oDoo0oo0oDooooODo, O
00ooodooooooooo0oooooooooo00. ogooooooooooooooo
0,0 36)00000000000COOO0OOOOUDOOO0OODOOOOODOOOOO, CMLM
000ooooooooooooooooooooooo.

4.3 0000

gooo,cMLMODOOOOOOOOOOOOO0ODOOOOOOODOOOOOOODOOOODOO
goo,00o00boooobooooboooboboooboooobooo.ooboobooooboboooo
000000ooooooooooOo0ooooono. 000, gumbelsoftmax 00000000
gbooooboooooooboo,boooob0oboooooboobooboOobo,o0b0o00a
obobooooobooooobobooobooboooooboooboon.
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4.3.1 00000

gbgboooboobobobobobooooboobobobobobo. oboobobobon
CMLMOOOOOOODOOOO. OO0OOO0OU0ODOOO,00D0000DO00O0OO00DOO0O0ODO
gbooo,0oboboooboobobooooobooooobooboooooboooboog.

4.3.1.1 00O00OO0O0OO0OOO

Transformer O 0 0 0 Encoder-Decoder 0000000, OO0 Transformer 0O OO, CMLM
O Decoder 0O0ODOO, Decoder 100000 0OOUOOOOOOO. DODOOUOOOO,00000O
00000 CMLMOOOOO,GuO [44]000 SshulO [45|0000,000000000000
dodoooooOoooDOo. 00,0000 oooooooDgoog,CMLMOODOO <len>00
0000000 Encoder 000000000, Encoder 000000000000 O00OODOOOO
goooogooooo.

4.3.1.2 0OO000O0OO0OO

0o00ooooood, Transformer 0 Decoder 000000000000 . Transformer 00000
00000 Decoder000D0ODOOOO00O0O,0000000000O0D0DDOOOOOO,00000O
01000.0000000000000000D0DODDO0DOO0OO000000O0ODOODO. ODODOO0OO,
0000000000000000000 Decoder00000000000OO. O00000O0OOO
0000000ooo0oooo0ooooooo,000Doo00oooooooog, Transformer O
oo0010000000000.000,000000000000,0000000000 Decoder
000000000000 0000D000000. 00 Decoder000D0OO, 000000000
00,000 Source-target Attention 0 0 00000000000 DODOODO. D0OO0O0OOOOOO
00oooooo0o0ooooDoooo0ooooDoooOoooooo,00o0ooooogoon
00000000 0b000,100000 Transformer 00000000000 ODOOODOOODOO
0000.000000 Transformer 000000000000 O0D00O, 000000000000
0000o0o0o00oo0. 0000o,0000000oo0U0oo0dd one-hot0OOOOOO
O Cross-entropy Loss 0000 O0OO0OOODO.

4.3.2 00

gbooooo,0o0b0b0o0oobooboobooooo,oboooobooboobooooobooon
gb.0ooboog,0ooboboooboooooboobooboooobooobooboooooboboooDo
ug.oobooooobooobooboooboooobooboooobooobooboooobooon,bo
gbooboooocooooobobo. oboo,0b0c10b0boooooooooboo,o0o0o000a
gboooob.ooboboo,oboooobooocob1b000obo0oob0ooobooboooboonoag
obooooboooboobooboooooD.
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4.3.2.1 001000000 (single-step)

o0l1000oooogoooo,0oocdoooooo ecMLMODOOOOoOoOoOOoooOoOD. Ood
0,0000000000 Decoder00000,00000000 <msk>00000000000
0000,<msk>0000000000000000000000O000O0 Cross-entropy Loss O
gooooooooooooo.

0000oDO00oD0oo0,000d0DO000000DO0d0DO00o0ooooOO0g, 00 Decoder
00o0oDoooooo,0000000000o0oo00ooooooooog,00oooooon
Cross-entropy Loss 000 00O. OO0, 0000000000000 “when it it started had no
hope”0 0000 “when we started we had high hopes”’0 0000, 1,2, 600000000000
000,0000000000.000,000000000000000000 “<no msk> <no
msk> <msk> <msk> <no msk> <msk> <msk>"000.

4.3.2.2 0000O0O0O0OOOO (multi-step)

gogogobtoooobooooob,oobbboooobboooobbooobboobbooo
000o0ooooon. Mask-Predict 00O 0, 0000000000000 O0O0OOOODOOOOOO
0000,00000 (argmax) 000000000000 O0O0. O0 argmax00000O00OO
gobooboobobboo.0cbobbobbo0obDo0ob00o0ob0o0obO0,00n argmax O
00000 gumbelsoftmax 00 000000000000 [46].

gumbel-softmax 00 0 0000000000000 0ODOOOOODO0ODOOOOODOOOOOO
O0000.00002000000 70000, gumbel-softmax00 (4.9)000000000.

gumbel-softmax (m;) = exp ((log m + gs) /7) (4.9)

-~ xv_ exp((logm; + g;) /7)

000, ~0«0:00000000,r>000000000000.00,¢,0,0 (4100000
0000000000 gumbelDOOOODO.

gi = —log (—log ;) (4.10)
u; = Uniform (0, 1) (4.11)

0 (4907000000000, gumbel-softmax 0000 one-hot 00000, 0000000
one-hot 000O000O0. one-hot 000000000000 0CO0O0COOO0OOODOO,00000O
oo0ooooooo0ooo,00000000000000000000O00O0O00O0O0O00B0O0
oooO0,000000000C000000O0O0O0O00COOOC0OO0O. 000, Straight Through
Estimator (STE) 000000000 0O0. STEOOOOUOOOOO, argmax0O000000O one-hot
0000,00000000 one-hot 0000 gumbel-softmax000000O0000000O0O0OO.
00000,000000000o0ne-hot0000000000,0000000000O0C0000
oooooooooooo.
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042 WMT160DOOOOO-000DOD0OO0OOO0ODOOOOO.

00 (D) 00 (@) 000 (@) 00 (D)
608,319 1,999 1,999 612,317

OooOOoO0O0O,000000000000000O0 gumbel-softmaxO0 0000000000
g, jboobooboooboooocoboboooboooo. oboobooooboooobooonoa
000, gumbelsoftmax 00000000, 0000000000O0O0C0O0O000000O0O0O0OO
goboooooooo.

00000000000 gumbelsoftmaxO0 0000000, 00000000000C000O00O0,
gboboboboooooobooooooooooooooooooboobooboobooboOoboOona
u.0oo0g,0ooooboooooboooooboob. oo, 00b0bo0oobooobooobooog
goboooooobooooobooooooboooob,0obooboooboboo,bob0ooboo
gbooooooooo. booboo,bobobobooobo,obobobooobooboooboooba
0000D0O0O000000O00000D0O00. 00000 gumbel-softmax 0000000000
0000000000 0000000000 GAN 47jooooooooo.

4.4 00

4.4.1 000000

WMT160OOOOOO-0000000 (wmtl6roen) JO0OO. DODO0OO0OOOOOOO 4.2
O00. 0000000000000 CMLMOOOOODO Leed 4800000000 DOO,00
40,0000 BPE [5|0000. 00000000000 ODOOOOOOO.

4.4.2 0000

0000000000000 0000 Ghazvininejad O [42] D000000. O0OOOOOOO
00 Encoder 0 Decoder UODOOOODOOODOOODOODO 51200, attention d head O 8 0 O
Transformer 00000 6 00000000000. 00O, Transformer 00 0 0O O Postion-wise
FFNOOODO Small CMLM OO ODOOOO,512000. 00,0000000000000
[0 128,128)00000. 000000000 attentiond head 0 8 00 Transformer 0000 10
gooooo0oO0.0bo0bOoO0bO0o0O0o0ooooooooOoboOoboDs12000.000
000 gumbelsoftmax 000000000 0.100000. 000000 (Mask-Predict) 000
00 Small CMLM OO O0ODOOOOOOOO.

0000000000000000000 BERT [13)0000. D000O0OU0OOOOOOOO
goo,000o020000000000000,0D0000 0000. Layer Normalization 0 O
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0 43: 00000 BLEUOODO (WMT16 ro-en)

oon dev test
Mask-Predict (00O00) 23.86 23.02
0000 (single-step) 2474 24.09
0000 (multi-step) 14.12  13.94

04400000

goo “a fost o oportunitate pierduta in 2012”, a continuat fostul presedinte al finlandei.

Mask-Predict “it, was a lost opportunity in 2012,” former president of finland continued.

0000 (single-step) “it was a lost opportunity in 2012,” the former finnish president continued.

0000 (multi-step)  “it was an missed lost in 2012,” the former president of finland.

goo “it was a missed opportunity in 2012,” continued the former president of finland.

ooo0,p=0y=1000.000000000000,00000000 0.3, Ly weight decay O
0.01, label smoothingO OO 0.1000.
0000000D0000000, Adam [49)0000, 8=1(0.9,0.999),e=10"°000. 000
00000,00005%x107400,00000000000000 10,000,0000000000
000000000000 0O000 (inverse squareroot schedule) 000 O0O00OO. O0OOOOO
0,000000 (Mask-Predict) O single-step 00 100000 30,000 0000, multi-step OO
1000006,00000000000000003.Mask-Predict O single-step 0 0 1.5 O, multi-step
03000000o0.0o0oooooooo,ooo000000000000000DODODDOOO.

4.4.3 00

0000000 Mask-Predict 000 00000000000 (single-step, multi-step) 0 BLEU
00000 43000.0000,000000000 BLEUODDODODOODOO 00000000
oooooo,00boooo0dg0 2, 00000d0 000D oooooooooogoon
0000000O0.00000D000DOd,singlestep000000DOOODOOOOO BLEUOO
goo00oO0.000,00000000000000 multi-stepO0O00OD0O0O0OOODOOOOODO
0.000020000000000000000D000000O0,000000000DOOOO0OO
goooo,00000booo0doooooooooouoooooo.

single-step 0 Mask-Predict 000 0000000000000 O0O0OOCO0OOO, 00000000
00000o0ooooo000oooooDooo000oooooDooOoDo0000oo0o0. oooooon
00000, Mask-Predict 0O 0000000000000 O0OD00OD0OODOODOODOODOODOODOO
go0opoo,0000000oo000ooo0oooooooooOooooDooog.
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multi-step 000 0000000000000 O0OCO0OOOOODODOOO. 0O000O0DOOO0O0O00O
ooooo0O.00o0o0oobooooobooo0ooooobobooooooobooO, Mask-Predict
O single-step 00000 100000000O000ODOOO %DDDDDDDDDD.DDDDDDD
gooodoooo,1bbo00oobood0oooooo0obooOoooD,00Do0obboogoooodg
000000. D0D00000O00000000. 00000 multi-step 00000 Mask-Predict
O singlestep0 0000000000 ODO. OO0OCOO0O00, multi-stepO0O0O0D0O0OOOOOO
000000000, Mask-Predict OO OOOOOOOOODODOODODODODODODO
goooooooono.

00000000, single-step 0 Mask-Predict 0000000, single-step 0000000 (1.10
00)000.0000000000000O0O0O00O0O0OO0OO0ODOOODOOOOOUOO,
g0o00bOO00oO0bO0bO0DO0OO0OO0bOO0.Oo00obooboOobooOobog, Mask-Predict
goooooooooO0oo0ooo0ooo0obOOobOdDOOoDOO0. booooo0ooo0ooooooobood
0000,00000000000000000000. 00000000 softmaxO000, 000
o0o00bO0o0oO0obOO0bOoooOOobOOoOOD,b00obO0o0obOOobO0oOooOoog. Mask-Predict
000000000000 softmax0000000O0O0OOOODOODOODOO.ODOO,0000
goooooooOo,000000bO00o0dD. 00000000 oDooooooooooog
000000, softmax000000000DO0OCO0OODODO.

gooooodob 44000.000000D0O0OOCO0ODOO0ODOODOODOOOODODO,OOO
00 single-step0000O00. Mask-Predict 0O 00O, 0000000000 OO0OOOOODOO
godooooopOoodoOo. oboooooOdooDoooobOOooO,000D0D0D0DO00o,000d
ooobOobO,0b0b0b0b0ob0obob0obb00o0oob0OooOo0gd. multistepd O OO, O
goboooobOobooobo,00b0booo0b0oo00ooDO0obOooboOobDOobOo,oboboooo
goo0ooOobOo0ooooOOooooooboooooOoooon.

4.5 0000

0000000000000 00O000UO,10000000000000oO 41,45 0,0
0000000000000 000000000O00000 [42,48,4400000. 000000
gooooo CcMLMOODOOOOOOOO.0D0DOO00O0OOOO0DOOOO,00000000
0000000000000 ooooooooo [43).

goooooooOOopoboOooOo,b0b0o0b0b00odoOo0ooO, 000000 bDoobDOoooOgon
0000000000000 0000, Levenshtein Transformer [44) 000 0O O 0O. Levenshtein
Transformer 00 0000000000000 O0O0DOOOO Transformer 1000000 Encoder-
Decoder 00 ODOOO. CMLMOODODOO, Decoder0 3000000D00O0OOOO. DOODO
Decoder 0000000000 DOODOOOO,000000,000000000000. Levenshtein
Transformer 0000, 0000 300 Decoder 00000000 DO0OOOOO0OOODOOOOO
go0O.000O000bO00obooboO0oooO00obOoobOooooOoOooOoobDooboOoooog
O00O0O000. Levenshtein Transformer O, 0 Decoder 000000000 OOOOOOOODOO
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goboboooooooogoo,oboo0obooobooobob0obooooooo. bo,0b00ooboooDo
gbooboo,booobooooboooobooboooooboooobboooobooboo
gooo.

4.6 OO

000000 multi-step000000D00OOOO0OD. O0DOOO0OOODOOOOOO,00
gbooboooooooosboboobooboobooboooboobooooboo,ocobooooog
gbooooooobobooobooooobo. bo,oboboooooobobboboboooboooDo
g,gbdooobooboooobo,obooooboboooobooboooooboooonbo
gooo.

gboooooooobooooooooooboooobooobobo. ocobobooobooooooooooobon
gooooooooooooooooboobooboob,booobooooDooooooobooog
00000000000 singlestep00000000000D0OO00OO0O. 000, multi-step00O
gbooooboooboooooobo,b0bo0b00oob0ooocooobooooobooboooogo,o0n0a
0000000000 Transformer 0000000000 DOOOOODOOO.
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5.1 OUOUoon

oO00DoOOo0o00oDoo0oO0oDoO0.ooopooogon, Cross-entropy LossDOO0O0O0OOOO
gbooooboobooooboobooo,boooboooooboobo,0booooobooboobo
gbooooboooboobooooboooboooboooo. ooboooobooooboobooooa
gbooooooo,bobo0oobooboboooboboocoooboooooOo,oboooboooa
gbooooboobooboboooogoD.

OO00000000,000000000000000000 Transformer 01000000000
O,0000000000000000.000000, Transformer0000000000000OO
gbooobooooooooooogoobooobooob,booboooooobooobooobooboooog
gobooooooooooogoboobogob.bobooboobo,ooboobooooboooo
gbooboobooobooboooboo.oboboooobooooboooob,booooboooboa
gboooobooooboobooboo,b0ocob00boooooboooobobooooobooog.

5.2 JOO0OOO

gbooooobooo,o0o0o0boboobcobooboboooboooobobooooboooo. boo
goooo0, Transformer 0000000000000 OOOOOOODOOOOOODOOOOOO
goboooopbooobooboobooooboboobooog.

gbooooboooobooobooboooobooboooo,00obooobooobooobooooboOoon
gboooo.ooo,0bo0oooboooboooboobooooobooooobooooboonoag
000000000000 000o0o0oUOU0oO0oOon [p0. OO0OO0DO0ODO0O,000000
0000000000000 0000000000 [(f1]00000000DO0DO0OUOODOO0UD
000000000 (p2j0000000booo0ooooooooo.
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