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f53k R SR P R BhAS S

MASE : BAESAE. E5 R MEFISH
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a4 (RNN)

L

Outputs y

Hidden h

o o

e
2
O O O
O O O
O O O
O O O
O O O

at Wht_l + UXt + b

2

ht = tanh(at)
Ot = Vht +C

y: = softmax(0;)

time

#ib2ARX: h(t) =tanh(Wh - h(t-1) + Wx - x(t) + b ) Hd h(t-1) 2L —BZIBRERE, x(t) 2YFEHA

Kt

/MRS, BESENFIAICHERT
JLERIE

= h(t-1) £E—FEERKES

HEE x(t) + 181212 h(t-1)
— FTEEAE h(t)




a4 (RNN)

L

FFE]EFF (Unrolling)

Y, Y, " R—TRNNETEZTEL E LA,
HER—BENE W,
f

O |
4 4 4 % — /1
* V V T ) g
W —1 , h., 1BF51H< 1005182100025,
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Y
“’ T
w
h
X

w W /
Unfold v W Xﬁttéi&?&lﬁ}iﬁ:\/
U U U U 1004 FAIFE100 x NE
RNNREEZE—FE W
X X X
-1 § t+1
HEANBRAERE — a; = Wh;_; +Ux;+b

ZLHERE—T Wh
h; = tanh(a;)

OtZVht+C

y+ = softmax(o¢)
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N REAIREMZE, BRTERAEEREBE,
R#ERTIE) /% [814548 (BP Through Time)

opus y O O O O O

Hidden h

e O & &S E 8

dy: 0y Ohy oh, Ohg

Oxo  Oh; Oh,_,  Ohg 0%

BWETE: dL/AW = sum_t dLt/dW (2INE—ZIBNEHE) | Kt BEEE—8 — P EEHMENRABLIMHAE !
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Outputs y

Hidden h
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Outputs ¥ O O O O O O O
v
Hidden h (>—’§W; o O O O O O
fu
InputSXOOOOOOOQ
time
a; = Wh;_ +Ux; +b
oL
a
At | E h; = tanh(a;)
l 0o; = Vh; +c¢
y+ = softmax(o;)
B oc oL oL _% 9oL 0L 0Ohy 4
a; = Why1 +Ux; +b oh,_; aatw Ox;  a” |oW T oh,_, OW
T oc |
ht—l X4 V@ht_l v aXt
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one to one one to many many to one many to many
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one to many
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many to one

R FIMIAZLCAR MY, £3RNNAEERREH—1MER

ERES: EEEEEA S MHLESR S RNES, FIER
P SirmnnmeneE s 268
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many to many

Bm: (RZRB)FHIMAFFSIHIL, WAFmEKERRS

BINMEZMZE (RNN)

iBEAES: 11

SAEESMARAFGL, ERATERZRLLE

=g

BRMES, WMiAMRRE
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many to many

FINEZZLMZE (RNN) &

R (REPRB)FIMAMFSIBL, WAFELIKEATHERE

ERES: ARLGEMANMEKEATERER, RrMgSaE
MRFEHLEER, WMAFEFEMETRANES




RERNNKZS: Deep RNN

Deep RNN: ZMZEMSHE, TRAMEALEMA, % 1 E:h(t) = tanh(W() h(t-1) + Uyh(-1.0)) % BBRAN, RFIEMIMNFE "
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X EIRNN%S: Bi-RNN

At L FERRA 2 -
FERNNRBEENE X
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TERXEE
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AIIE h_f(t)
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— MAEER):
- FE/WEIRE/IRIEN
R E. ?ﬁﬁ?ﬁ'h—‘(MA,RSD ngh
HEs$ t=8—X

Value Medium

many to one

RNN&RE: h(t) = ST EMBESBHER — y(t) = FOUAXKEN TE: BRHRBER/FEZW, ARARERNNEFR !
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. Seq2SeqZEfi:
Encoder RNN ZEAJRIEE
— EHEALETXAEE

Decoder RNN Ll ¢ AfE S

— FaE R BIRES

many to many

P22 (RNN) HIRZ

target output words
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Je suis étudiant </s> iloss layer

A

>» €

>
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|

| am

a student <s> |

\4

[ .
A 4
- .

D —

i‘
suis étudiant

)

<,
source input words

»> €

target input words

projection layer

hidden layer 2

hidden layer 1

Iembedding layer

IR
=300
| Encoder
FTTFXmR=ZEc
| Decoder

[l love you]

HRET AR

FE{E BIE4s
A—1TREE

— KASELXAD

X2 ek
Attention#/1 il
HEARRE !
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B2 MZS (RNN)
RNNBIER &S . #5E H5k [o] B

2z elRR: EVIZRNNET, <F5RE: E B iE e &
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B MZE (RNN)
RNNHYER S : #h EEiH K (9] @AY 5§20l

FIfERS: WEEFH M, #iﬁIJZEE%ZHHHQ%E,JEHHJ (%t
Rz ;-}%MJEI’J IRERSY) , FERBEAEENEIIFIINE
JE¥FIIE

F‘ SIACERBRSI : X 746 o] & PRI 7 RNNAL IR K751 RY
gEJ1, BIARFFIBIC, #hERKMNIEB®EE.




BN MZE (RNN)
RNNBIER &= - #55 B 18 VE o] 35

#%1L> o) 7R TRNNE’JI)IIZE?L_?EEJ *'JF%F“ HETE & [B)1%
BHREFRREIEXR, 4 TAEE, SSBMNENEE
-T-F Tj: Mﬁ'ﬁ1 '?%?7 HizAiaE, & "*'fiﬂi'é” #MET
Eﬂll’] *%r“ IRIES S SFERENIZ P HINEENTR
T_, GlanIREEFIE K, FSERTEWE, FTIN Ik
CRBVEE IR AE T ANaN (RE—MF) .




B2 (RNN)
RNNRIFR = : #6 E IEKE (o] &0

WEmHE: ShEIEKERU, EEEEEREEIUEN
I»Jr'fr';?%iuﬂ’] BEIHENZRFRFEKRET, Il
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PREMNERXE, BRwEELE,
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(RNN)

RNN (Recurrent Neural Network)

Exploded View

RNN unfolds the recurrent computation

across time steps.

\;ﬂ Input @,
f Hidden State h,
[.‘ Output ¥y,

Weight Matrices

Yo

T
it
, <?

Hidden States

=LY

Yo

A Weights W,,h
[ Bias b
1= 4- -» bh
(X) Matrix Multiply
(®) Add Wau| W,
(o) Activation (tanh) T
Inputs { J
Computations Where
» > 1T € D
[ 0‘(”1.,7517, + Winhe—y + 1),,) 1
h, € R¥
Y = o (Wi, hy + by) s neBie

"~ W,
il
+“—‘\ by, |
War Way,

1
R

Input at time ¢
Hidden state at time ¢

Output at time ¢

\J
=
%)

Wan | Wa,

W, € IR” x D
H’I:h = IR” = H
H',,,/ € IR“ < H

by, € RH,b, ¢ R®

Input-to-hidden weights
Hidden-to-hidden weights
Hidden-to-output weights

Biases

th
A

Xr

|

RNN Cell (single time step)

| v
-
)
\ L,\ hy

h: 1) 1 Whn ‘_{
4
I—p((H b,'

rh W, xh

& -

b,

“““;rh

Flow (per time step t)
1) Take input &, and previous hidden state h,_;.
2) Compute new hidden state h;.

3) Generate output y, from h,.
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1. FARRNN? ESEHHBAENEZNFEXFIEMHA?
RNN (fEIfZ2M4E) E—fE | THRAIEFTHIRNHEMNE, BT RIPIREITIZ

ZHIHIE SR, (R EFISE A

2. RNNRIEER SRS 2T A?

e BB IR, EAMERET. XAZIES.

e NGEIER RS I e S bt IRIEIRISR, M EEENFTIERICIZeE hineE

3. fT42ZRNNE “BflE]Z” (time step) ? EERNNAERMERAZTA?
B8] 22 ERNNALIEFF BRI E R BAL. FMESE S NFFPH—1ITE, RNNED

ELAEFD

BB 22 BN F B FRREVIRTS, TR FY IR RER.
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Unfold

W w 4%
U e F Ok
X

X
[

4. EEHESRNNEEIEEBATR
Y
O yt | yt Y}.[
VT - \'T V vT
7 h
OC} ) — OOt
x -

Xl 141
a:=Wh,_; +Ux:+b

h; = tanh(a;)

o; = Vh; +c¢

y+ = softmax(o¢) .
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5. BRRNNEISRURESh MR oo, EAHAT ATERFTIREESEAS

JRAE

BhEEIHK :

dh,

H-TRNNYH E 21814 B8] & [E) {5 18

TESTIUNEIEE W. R W H’Jfﬁﬁﬁd\:ﬂ

EiH%

BRERIE: R W FHEEXRT1,

(BPTT) T8/, BEEET—
EESIEH AR, FEE

R SIEWRIER, FEHEIELE.
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3. (540 —AHIBNIEFEMHEAMEMNL (RNN) KHATIERMEARE (Part-of-
Speech Tagging) 1£5%5. ZEFH HirRNA]FHHE—NEIFE SR —NIE
AR AR ES (W440A . BhiE TERRSE)

MR A FEA]F "The cat sat" FHIEE=/NHIA] "sat" B, ‘BETHEZ 1A KA

MRS (FhiA) B, EEARBTHREHTMERE?

A, HETEINKEGE "sat" FIMALFE "cat" BRI SRAIREEARZS (hidden
state)

B. #Aa)F "The catsat" HIER{E B HAREEARE "3)iA]"

C. X H4urfm NBIELIA] "sat" FI—ANBENIHIEELH 0 =

D. HEi¥ ARIEE "sat" FA)FH I PNRERGEE (WREE)




25> AT @

3. (540 —AHIBNIEFEMHEAMEMNL (RNN) KHATIERMEARE (Part-of-
Speech Tagging) 1£5%5. %S HirRNA]FHHEFE—NHEIE SR —NIE
AR AR ZS (W440A . BhiE TERRSE)

MR A FE AT "The cat sat" FHIEE =/ NHIA] "sat" B, ‘BETHE XA KA

MRS (FhiA) B, FEARBTHREHTMERE?

A, HETEINKEGE "sat" FIMALFE "cat" BRI SRAIREBARZS (hidden
state)

B. #Aa)F "The catsat" HIER{E B HAREEARE "3)iA]"

C. X H4urfm NBIEIA] "sat" FI—ANBENIHILEALH 0 =

D. HEiE ARIEIE "sat" FE)FH I PNRIERGEE (WREE)
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KEAC(ZEMZE (LSTM)

Long Ago
g

T~

. s f ...for events that

...and events that just /\
happened yesterday...

HERHTEE y
Yesterday
SRpEE ...to make a prediction

about tomorrow...

\TOd >

NGRS

S
l

Tomorrow

-y

L EELSTM?

RNNHICIZ & bERT (B 2=
P

« 10581 — #HE
xWh*0 =0

« 100F 81 — ERJLTF
Ex

LSTM5| A
BRI c(t)
FEATKERITIZ )
EYES
TiRMGAIE A
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— PNLSTMWE B SR ZLSTMIRR, &
— MR B A RIEN A B E B

>» =

T ~
oy » C,
I
R C
o tanh
Jin , ) |
0,
LSTME R

https://www.youtube.com/watch?v=YCzL96nL7j0
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KEAC(ZEMZE (LSTM)

. A=
gﬁ)\l _.| . i(BtJ) = si;moid( Wi-x(t) + Ui-h(t-1) + bi )
c~(t) = tanh( Wc-x(t) + Uc-h(t-1) + bc )
c(t) = f(t)Oc(t-1) + i(t)Oc~(t)

KLHIENZ:
AL = 1R R E L R E BT T k"
- i(t) #HIEARE (0=FIC, 1=21C)

which indices to write to « c~(t) BIRERNE (FrEmR)
/ « XEZE A = [RICZRE + HTIREFA

it =0 (Wi-lhi—1,2¢] + b;)
ét =tanh(WC-[ht_1,xt] + bC)

\

what to write to those indices

>
20
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IAGRTICIZAEMES (LSTM) &

e
Cr}
o

ool A
f(t) = sigmoid( WF-x(t) + Uf-h(t-1) + bf )

B SEE: f(t) € (0, 1)
f(t) — 0: E2ETIBIEZ
f(t) —» 1: TEREZIBICIZ

Kthiiz:

Bl ] = 8K & SIBRE "HLE IR &0TH Al LU e
5 : LR FNEENIET, SRRz 8RS
E%uo

RNNEZEEX MG, T SHEBERTXER"ER
"y




KERNCIZHEMZ2S (LSTM)

RS E
RS T Z A =t
c(t) =f(t) O c(t-1) + i(t) © c~(t)
C C, O = ZitFFi% (HadamardFl)
t—1 IR 2% x BiDiZ GERMEEE)

FIT FA] X RISE(EREEA)

B SR HE SRR !

c(t) @I MiEER, HERUEERRTE, 8
tanh BB RS EIEHE, IXIEELSTMAR R E
HERBIXHE,

suTEsfEs:. Cr = [ixCio1 + 1 * ét
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KEAC(ZEMZE (LSTM)

tan] K

e fan] /N W
o(t) = sigmoid( Wo-x(t) + Uo-h(t-1) + bo )
h(t) = o(t) © tanh( c(t) )

o(t): ¥ HI"EER" % D ARIEIZ
tanh(c(t)): FFZHRKSELER(-1,1)
h(t): REZRREIRS (W2 AT EE)

2Lt
L W h b i) = ZiAR E R LR E R A S £
Ot =0 ( o [ t—hﬂﬂt] =+ o) IBEARC)FETES, ERGEHLMEOHEEENES .

= oy * tanh (C})

>
20

s
|
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KERCIZEE M2 (LSTM) G

LSTM A ATEKFYEIERIALIE LSTM vs RNN =K {15
EERNNE LT ? D FRR B S S MR
, SR A R ANk
MR A TR G

@ F R AR
BES IR R
HAED ZAER

@ ER AT
=N =S AT
BT/ BA g

KM SHEAS
RNN# 4 5
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ARSI 2R

2% (LSTM) %

LSTMATATEKFEFIE

EERNNE LT ?

4 LSTMEEBE R R S SRk 2

X 52 AR o(t) EFTEME
c(t) = f()Oc(t-1) + i(t)Oc~(t)

¥ R MG HERY
ac(t)/ac(t-1) = f(t) (REFRLUE T HE)

« L f(t)=1: BEJLFEEIRERRLARGZ
« 7&RNNHESFtanh', #HEREES

OBR: MEEHE, [HEE R/ !

RNNA/Y#E B TH 5/ K ERY (2] & Bk 1]

Y

ERYALTE
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KEAC(ZEMZE (LSTM)

LSTM AT ATEIKFFIEHERALIE
EERNNE {35 ?

KR SR : LSTMARITAE B3 2 hy

L2 B85 F -
"R F R BB R, _ T
(ZARE"H"EF101ME, RNNSET"H"ZE1E)

LSTMan e[ &g E| 2

BT IENRERBEEREN

- PR RS AR — K "ICIZE E A IR
B LB E"#E R EIRRFEGXR

SCIGZER -
LSTMAEFE500+45 LL E < EAKER
FIMES P, AHRELLRNNE30%LL L !
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KEAC(ZEMZE (LSTM)

LSTM AT ATEIKFFIEHERALIE
EERNNE {35 ?

[E BT AR = T h,

FRES, THITATR:

A (EBAREER)
BRI TS R LA KR EE
— WA R S AR T A E

HBFR(RB2a4544)
— B JHEFREE (f=0.8~0.9)
— REFHRBIEEEMER

RNNZH XM EEML", REESERER
— LR A0 E A0
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KAGRTICIZE L (LSTM) W

LSTMBYIIZR: R FE

IIZREAKTRIE -

@ BIF{ERE
ZRSELITTE h(t), c(t), y(t)

@t aim% g N

L = 1/T - X Loss(y(t), label(t))

(3) BPTTR EfE4E > C

¥ E R ETE R MR,
RIRT @ d [ ] AcFih > fi

@) SHEH
Adam/SGDEHFRAEW, U, b g
(E=/A )& B EH) j
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KEAC(ZEMZE (LSTM)

LSTMEYIIZR: BIEMEE -> iTE ik -> REERE

EfFRR: BIR->RR->BPTTHERE -EHW GENERF: WLWI,Wc,Wo) | LSTMEHE ~4 x RNNSHE, J/IIZ4ER, BMRELH




KRERCIZfRERZzs (LSTM) @ B{RsCE)

LSTM Cell Exploded View

Long Short-Term Memory Cell PIEBE5H R NE Zf%

LSTM @i iciZ 8t (Cell State c,) S KHAER,
FMI=ANNEEN GBS, WA, BE)
HRRBHERMICIZ. BHSHE.

h,_,

L—BRRBRE |
[batch, H)

A
[batch, D)

B (Legend)

fl em/E

|

(Vector / Matrix) o
Tanh &
#HEM (-1,1)

at ETHRNE

N/ (Element-wise Add)

(%,

PHE
[Re—1; ]
[batch, H + D)

Sigmoid e
WHem (o, 1)

RTHRIRE

(Element-wise Multiply)

MRS

(Data Flow)

D) wassz  (2) Kt

HMAS L iR AR W FEREBR ST B %3 E)

REpHE
ATl
Wf (Forget Gate)
[H,H+D)
WA
Wi
(Input Gate)
# [H, H+D]
7
W; Rigiee
[H, H+D) (Cell Candidate)
W i
[H, H+D) (Output Gate)

RIEEHR

(Linear)

I HE R 2AK (Gating Equations)

fo = o (Wy[hy_y; @] + by)
o (W; [he—y; ) + bi)
tanh(W [hy_1; z¢] + bg)
oy = (W, [he—y; ] + bo)

~.
-~

o
Il

(3) st

LR, @A), REICIZSMmEN

[
| -—+bf —| O i,
[ (Sigmoid) |
[ 1
i— '—+bi —_— 0 —_—
=i (Sigmoid)
. A
—+b; —| tanh || > j
J (Tanh) %r
[ ‘ 0y
+bo—| O I,
L (Sigmoid)

AT

(Linear)

RARFRYL

(Activation)

esht
(Gate Output)

[ ¢ =ft®ciy +1i @G
l hy = oy ® tanh(c,)

W © RRRTESEE (element-wise multiply)

(4) fzacE

EHHTTRE ¢,

A\
i U:’_'_LL[_U\»(X ,

HEREVEH (Dimensions)
batch: #tX/)\ (Batch Size)
D: $AHHE (Input Size)

H: BRZEHM (Hidden Size)

HTRE

() sty

R ERIRRE hy

Ct
i TR
[batch, H)

tanh |
\ (Tanh) |

'

N\

S

04

hy
|
[ LHHRRS (W)
[batch, H)

z, € Rhmrh xD

mbatch xH

hy, hy_, €

bateh x H

¢y C-1 €ER

W, € RExE+D) = ihi.e RY
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BRI
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1. F22LSTM? E5EBERNNBEEXFIZEMFA?

LSTM (K5ZHBICIZMLE) E—M432kBIRNN, BT 5| NEBRASFTING GRS,
AT W) SRERZERNNEISEE Bk, &1 F iFthinieK il = A#Hi.

2. 2L LSTMEERERRNNAIES & jE 5k (o) /L ?

LSTMIBE AR SEIBRER, ARSI E R UBER EIPEZER, MAFTEEY
R HLH G2=) A ) ZEHEEErRE), EEHEAEERTE
PASHIRTR, MTE R EIHKE)E.

3. LSTMey I IHLEI" B 3EMRLE ] ? ENTHMER 2 RI—HA?

MINI]: REMRLFTE 2NN B BAIRTS
== REML|RE R N BRSSP EER.
Mt REMLEBNARRTEBBIREARTS, BTHEL.
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1986 Rumelhart et al. — BPTT, EZERNNI)I|IZER

1997 Hochreiter & Schmidhuber — LSTM (Neural Computation)
2014 Cho et al. — GRU + Encoder-Decoder (arXiv:1406.1078)
2014 Bahdanau et al. — Attention#/lF] (arXiv:1409.0473)

2015 Sutskever et al. — Sequence to Sequence (NeurlPS)

2017 Vaswani et al. — "Attention is All You Need", Transformer
2018 BERT / GPT-2 — il KIREETTS

2023+ Mamba / RWKV — XS EREY, HkikTransformer



GRU: )=t (Cho et al., 2014)

IRITHIER: (RELSTMRY TI=RE, ROSEHE, TE)%

GRU 2B (LSTMBZ=A)
28] r(t) = o(Wr[h(t-1), x®)]) RE [miczPIE]
B z(t) = oWz [h(t-1), x(V)]) RE [RESDIHRE]

{RiZEIAZS: h(t) = tanh(W-[r(t) 0 h(t-1), x(t)])
EHIAES: h(t) = (1-z(t) oh(t-1) + z(t) o h(t)

X#EXAI: GRU FEMIZAREINGS c(t), BRIRZ h(t) ERTEAERIEHAIC!Z
SHE: ANERNELSTME 3/4, iIIZGEEER

SLIO4ES (Chung et al,, arXiv:1412.3555) : GRUSLSTMMBEEY,
ESIRERDEFYIAERT GRU SR




GRU vs LSTM — #n{a[i5%6iE 2

IEE 3N WNE=AED) 210 (EE/EH)

icizinEl JRITABEARTS co(t) + BRIRZS h(t) (PR h(t)

sH=E B% (~4xRE4E?) B> (~3xfREHEE?)
IR ENSESE EIR (£91R25-30%)
ERnR KPP, SHaF. AHE G5, NSRS, RIRSZR
1e3hak Hochreiter & Schmidhuber 1997 Cho et al. 2014

SEEREEIN : St AGRUMRERIGIE, BEHERETEHBHELSTM, REBEXZHIES LEFHE1%LIN (Chung et al., 2014)




Attentionf/lill — FITR(E 2RI
Seq2Seq YRR I=lE3 i
- FrERNEREHETE— M EEKERE c BNE [EERF E] A
— KA(EEEEEL « &Rk [cat] BHER [
o &RY [mat| FHFR [#7]
Bahdanau (2014) RIfFRGE AEEBEEaEEH— N EE!
* Encoder EpEEERIAT hy, hy, ..., hT
» Decoder 82 IEIFEINE: Ry ur=A
« a(ti) = softmax( score(s(t), hi) )  H28EMF BLEU D ECKIERFA
o TS c() = Ziadt,i)hi « FAEOIRERIXI T ER AL

« B¥EFEREAT Transformer (Vaswani et al., 2017)
— HSREBNNARREERS! . ChatGPT £ LLM B9 AIRE




MRNNZ|Transformer: FHIE#ENEIL 2B

4 N [ N N [ )
RNN LSTM / GRU Attention Transformer
(1986) (1997/2014) (2014) (2017)
pE3ER 1 =L ISR E THITIHE
BHEHEX KEIEZ FTHE#RSm eHEE
\_ O\l O\ O\l J

St 4. Transformer B4t LSTM /9 NLP £ 2

* 3F471E :RNN/LSTM ZRlliF1+5, Transformer FiARIIEIS FRTHE — GPURIAZEEZF100x
o IK<F2IKE - Self-Attention EEEEEAERMMIE, BEKE O(1), LSTM &% O(n)

« ELSTMHFH KRBT DR FHEIE, RN, /NURZE N ERNN/LSTMM 17




LSTM/RNN BRI Ak (2020-2024)

E3prgiedzs
BBmA (EHR) AT : LSTMIGMICUSBESET_ XL, AUCHIA0.87+
LEBE (ECG) BERN: WELSTMSCRHRBIOELKE
I&PRNLP: BERT/BILSTMIZENEFHREFHISLIA KR

BAESIE (TIERIHA)
ELMo (2018) : XELSTM&ERL EFGRRE, FEFllgRnESRE A
ESPATREZRESHIBRO M. asRENR!

T S5¥IB%R
TR . LSTMIS NG R8T B AR B PERTIK
BERETN : LSTMECNN;BSHEEULW RS IE

{FRHETE . LSTM Networks: A Comprehensive Survey (MDPI Al, 2025)




iR=EdiE: LSTM / RNN &iEE&NE?

S
Transformer Bt Mamb‘:v(HZ\OZE;UGu \S;Iiao) |
SRR —SRRATAREER e
FHTHHE: IgRERTER 100x L E R, B ensormer

TR ANEEANEET ¢ HWIALSTMISEIIIIREX

GPT / BERT / LLaMA 19ETF Itk 224
RWKV (2023)

LSTM / RNN {3 AS (a0 +  HTransformerfyFH1TIE SRNNRYIFHEERE S
" E i— = 1 ML
T/ BERMIE (Transformerfess © DI PAmt, SEUA148
ZrE5l)
W58 RFE < 1GB BIFRNNEEER BEm:
AHEREFNETRE . SIS XUBEAE ZFTLSTM, FIHLIREBRN?

B FSY: BN IMEEINFRR — T EEfTE M Transformerflpi iR 27 B4 |




ff1FSLE% : PyTorch 3 LSTM / GRU

LSTM BiFF

53 (BF)

import torch
import torch.nn as nn

class LSTMClassifier(nn.Module):

def

def

model =

XS #:hidden_size (I2[ZEE)| num_layers (i
MELSTM: bidirectional=True — HIH4ERE x 2, A[HHEFAER K L TX

__init__ (self, input_size, hidden_size,
num_layers, num_classes):
super().__init_ ()

self.1lstm = nn.LSTM(
input_size, hidden_size,
num_layers, batch_first=True

)

self.fc = nn.Linear(hidden_size, num_classes)

forward(self, x):

# x: (batch, seq_len, input_size)
out, (h_n, c_n) = self.lstm(x)

# HS(TFETIEU‘FE’JIS%'%U\

return self.fc(out[:, -1, :])

LSTMClassifier(28, 128, 2, 10)

GRU &R &—
class GRUClassifier(nn.Module):

def

def

model

__init_ (self, input_size, hidden_size,
num_layers, num_classes):
super().__init_ ()

# RuX—17!

self.gru = nn.GRU(
input_size, hidden_size,
num_layers, batch_first=True

)

self.fc = nn.Linear(hidden_size, num_classes)

forward(self, x):

out, h_n = self.gru(x)

# GRU &%F c_n !

return self.fc(out[:, -1, :])

= GRUClassifier(28, 128, 2, 10)

)| batch_first=True (#FEFE)




R EE B el

OBEIRENER, B JaassmlZiaet?
(@DGRU Zhiti ], anfarissl [XIIMEEHAL 2
BLSTM MR KBS IEER? =N IR—FT1E?

@OWELSTM (BILSTM) LEBEBHAMKRE? &S
RLE(ESS?

@ﬁr;A'T%}E'Fi&%%?)%LSTMtb%)f‘—;%t?‘? BIFRLLIX,

BN RS

EEEREHSEE

.—\—.
3




O BHERIE, &S MR ISR EME?

[RZASRE] BPTTHBEEERSRE, NEEMERAFIEE>1N, HERIEZEIHIEKR.
(&S RN E(ER]

- BIS JE0L0RT: ARRTSHERS, ISERITRE, BIREMIRIF

- BRINEN (BEl) B BEJLFARE, BIEKRKAEFE

[SCERARE] BERE] (Gradient Clipping)
S lgll>0<ge—g-0/lgl, BEETEHRFIZEHNERN

St Bl JREMBEEANXELR, EXEERFER, FEESHERSIER,



(2 GRU Fciathil ], snfafEhl Massr@eEHan ?

[LSTMEYZS T i ] o(t) = o(Wo - [h(t-1), x(t)]), BRRZS h(t) =o(t) © tanh(c(t))
— R RIS, h(t) # c(t)

[GRURYAT\] 'RBEMIUMMINGE, AR h(t) EiEmExIMat.
RIS TEFT ] z(t):
h(t) = (1-z(t)) © h(t-1) + z(t) © h(t)

( ) Tﬁﬁ 1— mﬁgﬁﬁﬁ%ﬁi«lﬁu, ?Eﬁ%ﬁg%ﬁ%,%

A GRUR IEEEMH ABT IE&H) , FAEBESIRSS, BESHED. JILER,



@ LSTM iR XFIEE TS EMHE? =N T—ARIL?

=EMINST
« BRI AEEFARKSHHLERER
BN RESNBLEHRESHNARAT
Widil) RENINRBEARRSHRHLEESEER h(t)

EiERSIIEEH?
MRS RE=ER]MN, KX EBFRIFER
KFEHIF c(t) =TRIEK, SBHRERIFNER TR
SLIOIGIE (Jozefowicz et al.,, 2015) : Bl JR=NIHREEN

GRU BB
GRU AT HILI), BERSHRNGHAEMR ], MEEKRAED - Bl 2= JF&RAIER,



@ W ELSTM (BIiLSTM) Lt EBHLMHE? EESHPLES?

*;’La‘lu\ X
AR MEIZHLSTMARIME-R. EoEREREY, RERBRITRRESHE:
h(t) =[h—=(t); h(t) ], bR X2

K% FEFRELI EMERR ETX
o fl: TMEERTIRIT—EREZEAA? | BRELSTMIRE| NR17) REAREI/GE, BiLSTMAILL
RTEENIERE, RFSW T ORERREEF2-5%

BEE Vs PiEarIESS
v &R BROW. mREMRH. AEiRE (BagR)
X FREE: BEER. ERFTUN GRFEZEARANL)



6 HABRTHRESELSTMLL 2R EIF? SULRE?

HWELSTMHEE
F | EfviaE hM@t) 1ERE 1H1 BRvEIAN, BERIE MR FHHIE.

EEIRRTER

« EREFRES, FEMEZNEMNFEHNE (WMESEIRM: EFx-1d-49)
HIEEEBK, BEXEESZSHAIUE
BELSTME 28I, mM3E (FGKhidden_size) thigHNE

B 5 R %o
UG : BERHBZSHEE — B.&/Z(8 Dropout £Z1#
NEZE: REHRBENHEEME, BREAT
KEEW: FTil2E, Bild4E; BU4ERROHHENE






