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RAFHIVE: W2, R, BAlte,. Al fs
PHEAN: HIZME. RREY. Hoh)E
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O HE— AT (- RAE R HiE

(1 23 + )
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LA
O ENLAS T PE R, 28 50 % WHRVC &
( winds tonight) > ( winds tonight)

O M TR RPHE 448
* The office is about 15 minuets from my home.

(about 15 minutes from) > (about 15 from)

O 5 Bhis 2 1

(Isawavan) > (eye awe of an)

Boyu. AI



GO

what is the |

what is the weather

what is the meaning of life
what is the dark web

what is the xfl

what is the doomsday clock
what is the weather today
what is the keto diet

what is the american dream
what is the speed of light
what is the bill of rights

Google Search

gle

I'm Feeling Lucky

=

Boyu. AI






6.1 NEid

O R b e =GR

OO S BESEIUFE TAE SRR, Bl A BT T
PRI Ab

O (“HRESLHHEDY)= (H) X @R|H) X GEIER) X
(GIERIE) X (JH|ERET) X
(B BRIE S Ab)

Boyu. AI



O A FRESHEI “REFKF” (Out Of Vocabulary = 00V
words ) ——IXAN LA A B RE B I
O fRRTTR: Al — % T3 N AR FNHH 1 #75 —— [UNK]

o IR, SoRIENCR, AR ATE AL TR 3R B R 5
[UNK]. JIZRmst, ¥ pr4a [UNKI/E A —AN 5 s A FE

o« AEFHIN, KRG SR B 4y [UNK]
O EATR: AT RRHIN A e a2 HORE LE 5 B4

Boyu. AI



ik

WITHE SR
O ntiEy kAR
o REAEERIEN . FEAS IR IR RS T 2 BT - 1 B
O G 25 o) 25 4 Y

o AEFIEIARR L 2% o AR FRL U] H I PR R 3 A 2 X AR IR 2 T T AT R
] i A= S BRUIR S

O Transformer/fy

o« FFUER L

Boyu. AI



6.2 nJGiBVEERY

O i & BB ) e iE VAR — JoiEv i Y, Bl =1
(1, 2 3,---): ( )

O REAN 5 1A] P ARE 2R A AR ST 1Y)
O ANZEREHIAE] A i F o< & (R4S RY, Bag—of-Words)

Boyu. AI



6.2 nyCigyERERl

O BEA™ B B H AR T B —AEs], B =2
(1! 2 3""): ( I —1)

O PAESHE, TR =70, Moo, TooiBiam s

O G IR B 2R AT RAR B B 1 1R R AR, (ESERR
BOR AN

Boyu. AI 10



o

R AN DARAE T (MLED

WISRTE: IZRHORTES & 5 5T R 2
FIUIORRE = TS IO — 1k

_count( ~1 ~( -1)
L =D T Toount( ~( -1))
_count( , 1)
Cl-0= count( _;)
( ):count( )

1

Boyu. AI 11



MLE H] Jia] 5

MUK, H8 KR 70 n-gramf -2 oA Ol 21 g, B
112 & FiEiE
eSS
denied the allegations
denied the reports
denied the claims
denied the request
A
denied the offer
{Hs2 (offer|denied the) =0

Boyu. AI 12



MLE H] Jia] 5

g A (Smoothing)

O BRI FE: EH—e, S~ 2N E—MEDE =0
00 f#): P(x | denied the)

O FaErgitE e (R

3 allegations

Q@
2 reports . S
s O
. o - (4]
1 claims = B 5
m E ©
1 request
O “FEERNSHE B
3.1 allegations i
v
2.1 reports s g
1.1 claims % {g § _ §
1.1 request S| 3|l £ ‘ 5\ ® E 3

0.1 for everything else



6.3 TEHIHHLE L%

O LM 28 (Recurrent neural network, FEJFRRNN) J&—ZBAbHH

Fr 5 B Ao 22 P 4%
O %0 B8 &2 =R PCE RS
wp @ ~(2) ~(3) ~(4)

&=

TP ) (2) (3) (4)

Boyu. AI
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RNNiE &= PR Y

i H AT N
S‘/ :Softmax( + 2) | | lﬁ,]‘/l:ﬁéj\%ﬁ
0) (1) (2) 3) 4)
B AN ) ) ) )
fR s @ @ @ @ @
= ( 7'+ + 1)@ C O O e
ORI RAR s o o o o C
AN o] o] o] o]
_ €S REY R SR O
@ [ @ ®
i ARG ) & T T T T
18] /R G n) B - T o g
|| (1) (2 (3) (4)



RNNiE &= PR Y

O RNNIE SR ARH & — AN nogiByk (BRafR) Fil
o D HO TN AR I T 2 B/ A D S E R

O R/ REE

o PR non B AR AL B

Boyu. AI 16



RNNiE &= PR Y

O & AAUSRAE 1T (Maximum Likelihood Estimation)
O 5 0 W08 B Ho T RS2 70 A0~ AT SERY &S e+ 148 (R 7
L) 2 A A8 X @ (Cross Entropy)

OC()=CE( ,”) =— log” =— log "

+1

O R 20 (40 % B BOR T 2915 21LE 49125 B 2L

1 1
()== O()== —log"
=1 =1

O fefris: BEALBGE F R (SGD)

+1

Boyu. AI 17
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&4
s

(1)

oxx

(4)( )
2 3) 4)
([ @ O
([ @ O
([ @ O
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BRETH R

(4)

=7
(CH
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) @)
QO QO

QO ()]

QO QO
@) @ ® @
D" 0T ® ©)

(3

(4)

Boyu. AI
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@ @) @3)
QO QO QO
O QO QO
QO QO QO
@) @) @ [ @ @
- @ @ @@

(4)

Boyu. AI
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HEREEN
=B el A B A%
ORI, B
ARATHRSRIE /N

(1) (2) (3)
® ® ®

@ (=== @ (ummmm{ ©
@ @ @

@) @ @) @ @
@ "o 2le @ T @

N

X LIEAE AR EL AN
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R S ST T R A U BR BSOS R, 1T N R K B B AR
|
\fﬁ _____________________________________________________ /
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PREETH R

O ESHEBES: The writer of the books (is/are)

O EHAZZ: The writer of the books is here

N

00 A)yEIT A (syntactic recency) : The writer of the books is

AN

O WP A (sequential recency) : The writer of the books

are

O R AR BT 2 1) Bl IR A AE, RNNIE = R B 25 5 22 S B i F i ]
S35 FRESEFIHEIL . [Linzen et al, 2016]

Boyu. AI
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PREE IR AE

@) ) 3) @)

® ® ®
O - ¢ === @ ==

@ @ @ @
@) @ @) @ @
@ "o 2le @

N

X LI R AR EE AR

Boyu. AI 26




PREE IR AE

O PRIl (gradient exploding) & FEEH K, it RS
BRNE—ANEE ZR X (R EEER KO

Boyu. AI 27



PREE IR AE

O PAZ a0 (Gradient clipping) sMfEMEAER— R IA

o QUSRS B RORR R RO R T B0E I BHE RS, CRERR R AL LU U4, A
PREEARA/N T I, PR A AT 5T
o BEMUWERE: UNdE)E BRI S SRR EE T 1 — 8 X D K

Boyu. AI 28



KEE1212Z (Long Short-Term Memory)

0 K5 HH121Z (LSTM) f& —FHochrei ter f1Schmi dhuber7E 19974F 32 H 1)
FH i R Asfs i Y 2 PRI TG A e 25 oK) 4%

O B o5, M%E—AFERE (hidden state) Fl—/NHITIRZ
(cell state)
o ISR KE Nl &
« B0 (cell) HigHFKIER
o LSTMR] DX B G HR A R AT o . ot 5 Bk
O 5 2/ S =XM% (gate) R
o THEMRKEE Al &
o FEFPH, TTERGRAT AT (D, KA (0) B 4T 2 1h)
o [ERIEBER: EATRERRYE 41T BT SOt EAR RN

Boyu. AI 29



IS SRR VAT

O JATG — o5 A
O 55 e T E A

W% #H B~
DS B R B A8 S

PNEGRE P AL
FWR— BB B N BITIRES

Bt Tz PR B TIRES R
— ko BRI

WHITAE: FritEERH 5
TOIRA

BODRE: #E E— D EHIuik
SR BN, AN
B ILN A

ks M TTIR AT
2ok

, REENTTHEEIRS AHTiREEs 41

Sigmoidpg#i: Frf 1+
PEERAEO0 R 1 2 [A]
RN _ de 4y —
\ — -1 + + ) ;’2
= 1+ + K
S
n
T = tanh( 1y + ) FI:JJ
/v = -1 + ~ %
/v = -tanh B
13 A8 % u E I Boyu. AL 30



IS SRR VAT

ZIEPHIETH R

O LSTMI) S5 M S AR 22 I 48 Bt o1 75 ) DAy =200 2 i Iis 5

- P, RBE RO E NSO R, T R Fo
15 BA =9 EAIRAF

T PO R B4 TR 2 31 B — AT LA BotR S TR A £ S R
I,

O LSTMAMRIUE — A = BB EE R AR BRE B 2K, (o e RE iR
S Ty o > KR B AR B

Boyu. AI 31



I3 1EIA BT (Gated Recurrent Units)

O [TBIEFIC (GRU) & (Cho et al., 2014) £ H —FLSTMH fEi 4k
H A

O ok, /ATAERAN FBRIRES A HRIORE)

TR EHERES A
1) B AN R B

HE I #H B ERR
A HH AR — & A 7 IR
THERB I A 2

\
WERSA: BE % ///
B R AT B 4, —(1- ). 14+ "
{5 FH 040 24 BT IO BN T
B ER ZS

SUIRZS: BRI 4 Rl I 42 )
SEUIR S Y A DR BE A BE B Boyu AT 32




6.4 FEESIHLH

IR LE WA 28 1) — A T2 2Ry IR A2 AN B AR S A5 2 2 4
N T B ARG B AR, BAT I NI UL (attention

mechanism)

R ALHERYE D APIRS TR E W (query) , RIERE— 1 SLEAR
STHHE (key) , Bt EEWSEAILERERE, BNVESI0%

(attention score)

XHE R 1 BH— WG 2R R 104G, BT a P SERUIRAS I E
(value) [A]= A1

exp( ' )

Attention( , =
( ) exp( T ) Boyu. AL 33




6.4 VEESIHLEI

0 —AME ARSI BB R, (R TR,
—AHITER Y R % B 2 AT

O B EES] ANFE IS (attention mask) , BF&— & WX 1%
T RN BERFEE I E NS

ZE TR IRIE R T

O fEE A AR E 3 R, ANFE g P A N A BUE e E =
TG OR,  HH It REVE R E MR A, AT DR 4 T aReiE = T
(scaled dot—product attention)

Boyu. AI 34



6.5 Transformert&il

1 Transformerfif! [Vaswani et al.,

2017]

O FEEH (non-recurrent) HIF%1H
JF 31 2l Bl 8 — g A e R Y
O 55 Hlasslix
O Zmhdas b B f A\ H)
O fEEAh 2 M O TR At 5] 5 ) 1]

“Attention Is All You Need” , Vaswani et al, 2017

Output
Probabilities
llméﬁll
4 )
Add & Norm
Feed
Forward
g ™\ Add & Norm
r—— 4
AL L Multi-Head
Feed Attention
Forward 7 N %
S
Add & Norm
r->| Add & Norm l P
Multi-Head Multi-Head
Attention Attention
At At
\"—‘ J \ _JJ
Positional Positional
Encodi P & -
ncoding Encoding
Input Output
Embedding Embedding
Inputs Outputs
(shifted right)
Boyu. AI 35



Transformeriit

O F—1MEEsmi1E
o Z39¥E 7)) (Multi—head attention)

o 2ZHTIAMAMZE (fE HReLU)

O f— N TREIERFHEREER (Residual
connection) AZEJH—4L (Layer Norm)

LayerNorm(x + Sublayer (x))

O LayerNorm#r#EAY 3 A\ FI BRI T 7

 Layer Normalization

Add & Norm

Feed
Forward

A

Add & Norm

Multi-Head
Attention

—t

Boyu. AI 36



(DA=R I

O i 2 i 25 220 1 LR A BLAE S
O NTERRIBERER, A E BN E 7B (Positional
Encoding) , fH15AH[FALEA[FINL B 1R 78 A AH [H]
( 2y=sin( /10000%/ moder)
( 2+1)=cos( /100002 / model)

sinusoidal positional encoding

Boyu. AI 37



WA

B (Perplexity)

O B E, 55 EA T CRIGER)D FSLH)AE]) 5 N 225 B
O X FMREFHRART 1, 2

n-, ()
o MERXTECA
> —1log, ()

o CPESEEAS HLE R AN

1
=—2Z_qlogy ()
MRyt B A B ] S B
O NEEREE = 27

Boyu. AI 38



WA

SE295 3
N2k, 18 R A
O 4n SR8 5 AR A SR T R ARG 5O 1
- =]
mIN PSRy Rtk st RGN TR RS VA
- =Y

O gp SR8 F AR A T2 8) 7 IR AL SN0
- WERE=IETYS

D) |
Boyu. AT &)
~ &



WA

\d

PR 2

O VER: HAFERRE SR, HHNSE AR
o Bl re AR MEF AR, O AR = i (UNK], AR A
ZIE S HAMR R RE —E2F 1 (FERH/MED

Boyu. AI 40



S8

|

O 15 5 Ay
© nUiEEEAY
o JEIRAH L 2%
o BRIV K S B RN
o KEIHIIZ S T 163 5T
© VERE LS
* Transformerfs /Y

P RS
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