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+ EIEEME NG M 4S
> RESEMAMME— MBI, BI—MANIE— MAARRSIREXRN.

- REESHEEBEFIERIINGES
> HIENEATSENBANEEXRN. i, LER—aIEEE, TS

ERIXOIENE NIRTB, BEAEXTEEERE S,

> LOMTUYRORHR, FHERBMOEDTE—IN, MEDITRLITERITR
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| NECiZ8ETD

sEfl1: ESIEE
SE—ANERIEERD, TE M EEE R eI — ARt A

KRIFR EFRET, ZIFHIFT__

DIAER !
& PER Ex RE] T, EIF B T



| MNE1CIZBETD

& WER b RE] T O RUF I T

e 2-Gramiz=hl
EERES, 8% [7] EE&aTaEH—E

e 3-Gramizhl
BER [HnF7] EExrTser%HE

« 4-Gram, 5-Gram, ..., N-Gram
R A/NONR R R RN, 5B EENFHE=TIE

MiEAHERLZRNNIEE_ ERILIEFRI(R) XSS A
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Sci5ll2: fE1EFE(Slot Filling)[a)RR
HlaE— P BEnIER KR, BFRRA "BE/\BZS8h&adt” , EEEFE(slot),

H 6 #: 64t
P A BFla] . 2022.08. 02

N{a){sE FREl Sk 2% (Feedforward network)f#R It E]ER ?

ZRER-B8FS-RNN  https://speech.ee.ntu.edu.tw/~tlkagk/courses ML19.html



| WZ&IC(ZBES]

B5c{EA1-0of-N encoding 5/ 58E— 1 BIEFRRK— A=,

1-of-N Encoding lexicon = {apple, bag, cat, dog, elephant}

The vector is lexicon size. apple=[1 0 0 0 O]
Each dimension corresponds bag =[0 1 0 0 0]
to a word in the lexicon cat =[0 0 1 O O
The dimension for the word dog =[0 0 0 1 O
is 1, and others are O elephant =[0 0 0 0 1




| W12 1ZBESD

JIIZrEiReEE LS, EEEMA "adt" B, BRIMAISEREK,

ANCIIVEEE ERolts  HARTE
N Yo

BT BRI & R R TSR 7 )RR ? I I
J I

N —MEE (BTRESRAA— I EE)

Bh: RBARETERRSh
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| WEC(Z8E

Er— THFRA "BEE/\B—S5E]

R M 6k
b R BFla) . 2022.08. 02

Fadt” | FEEFE(Slot),

X TRIREERLEE, FEEEA "adt" B, HARRISEREK,

Problem: Y3FE—" @A
FItRIEREE N EH A RES,

A

(FNBNEEEF) BRIAERSEIL.

e, TR RS

| AR S TR R, A

5 "ici2”

anp

IR E

(-

]
B

(memory) HIBES], BEIEIR]

L

5L BIHHERE
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| KzHiciZee
WA teMILEIENNICIZRES] (BRRNNSM)?

JEATHREEMILE (Time Delay Neural Network, TDNN)

e — MTOMNOTERT 7T, PSRRI 8 e
FEEE (ALSERA. B, BRSS)

o Ll

® L]

Second Layer |— —
Neurons Ll @ » 9
@ Ll

® O

[ -1 -1 -1
B = f(ni ™" W5, BER)

X, BUIRMBEIES 7 RERRICZAYEE i
Input
Sequence

Jin C, Schenkel M, Carlile S. Neural system identification model of human sound localization[J]. The Journal of the Acoustical Society of America, 2000, 108(3): 1215-1235.
ERSZME. (FREMBINREZS) 11



| B2 [28E

H@)JtEE! (Autoregressive Model, AR) : —ER1aFFIIEE, AT Ey NHLEERTMUES

K
Yi =Wy + Z Wk Y-k t € ~ N(0, 0?) HEt IS ZIRIEERS
k=1

BIMERmARIEZLTERMDIFtEEY (Nonlinear Autoregressive with Exogenous Inputs Model,
NARX)

Vi =fXeX1, 0 Xk, Yi-1:Yi-2 > Yi-K,)

Hep f() RAEIEREL, AJLUR—1BERMES, K, K, JSESE

INPUT Hidden layer Output layer
Pressure
Speed @ W OUTPUT
Temperature W -
Predicted
x(t) @ W f / braking
torque
b b
Measured y
braking .V( )
torque = Y J
_)_I(t) Feedforward neural network

Leontaritis |, Billings S A, 1985. Input-output parametric models for non-linear systems part i: deterministic non-linear systems[J]. International journal of control, 41(2):303-329. 12



02 | BEFEEMLZ (Recurrent Neural Network)
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TBINHEMNZE (RNN)

—ME R AYEIAERLE K 2

B

fRiE=

TN

o

LETUAN

=, —MEEEN— M EEK,

- ZEABWHTESLHNE, MRk EENRIERREMLE
* XBE—IHEE, BRTMABRE

- sE—TRE, BRFEEERIE, sHMUEBIRTIRNX
IXBVEIAX, BREURT E—RIEEEE

- oBR—RE, BFRaHENE
- UM\ EZIFiEt ER0R E R
- VEREER% L E0NEERE
- WEREE L —XVE X —RAVE N EE
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B INZE (RNN)

0

O O t t+1
+

0 0
vV VT VT
w S S S

Iy —>—05>05->0"~

Unfold w
U U U U
X X

X xt

-

g X

t—1 t+1

pERERTZIRB R A 2R, REENERs,, BHER. sHMEARX
BURTx, , EBURT s 1.

TEAHEERILEZEYITR o = g(Vst) (=(1)
s¢ = f(Ux¢ + Wsi_q) (=(2)




| IEIAEEMZS (RNN)

NRRER (

EHEMET L FRIEEEZ T RNMENRE
o = g(Vsy) (=1)
s¢ = f(Ux¢ + Wsi_q) (=2)
n2) mA (1) |, BEATEER
O = Q(Vst)
= g(Vf(Uxt + Ws; 1))
= g(Vf(Uxi + Wf(Uxi—1 + Wsi_3)))
= g(Vf(UXt -+ Wf(UXt_l + Wf(UXt_z + WSt_g))))
=g(VfUxt + Wf(Uxt 1 +Wf(Ux4 o+ Wf(Uxt 3+...)))))
ﬁﬁﬁ = b']>ﬂ¢@)\1§xt 1 Xe—1s Xf—2. Xt_3---E|,‘J$2|]r”]o

RN%80:

H{Eo, ,

17
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| Bk %S (RNN)
RN N/—?z—/l\l‘%'ﬁ =5

NIRRT B RERSIE/BN?
. illlﬂj@ﬁ,u_f RERFFIWE/SSE?

— » g"w‘ﬂ ‘ka‘v“
EE&M".‘-‘& S
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fERZE
EF'

——

~fE

Bz (RNN)
ZRIREY] "2 ZRRAESE NE" . SR
?gx':\'rm 'izZIEﬂi-_LW tj:?c, mRNN aijEI'JTHZlY_

(:JKWEIJT‘E'%%?TU@Q—_LT*R i_j:ito

0

O Ot—l 0 Ot+1
S %74 f—1 t S it

Unfold T W T W T W
U U U U
s % 0% X

RNNAYFRELSH
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| BIMEBREMZE (RNN)  Many-to-Onet&EY

ENADER, WMASEARENFEY, BNz,

Y =Softmax(Vh, +c) %

@_bhl_’hzﬁl%_’hé;

5660




| IEIEEMNZE (RNN)  One-to-Manyt&aY

BMIAA—RKE R, AR RIS AR

s
i




EIMEE M43

(RNN)  Many-to-Manyig%

ke \F%80
YRR

HAIFZINEUER, WEAINSFS,

11T
BéEé:

22



| BIREEMZE (RNN)  Many-to-Manyt&Ey

A HRIFRS N ECRE, WEEEES, RESHMBERESHY

BFEEFREHEEINIKE.
h {1

@—+h] > h, > h, >h4—>@—>

b0 b

XFhzEa X IEncoder-Decodertz8Y, HBATLAFRZ 9Seq2Seqiefy




| BB (RNN)

-

one to one one to many many to one

many to many

BalaE
H=sEHE

many to many

18] %EFRIC
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RN N#&EY N FAZE51

/

l

BINMEZMZS (RNN)

RNNiE[ JES

RNNZ&HIJES
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| {EIREMNL (RNN)
U A

RNN7&Z

S HE

SHANDONG UNIVERSITY

'man in black shirt is playing “construction worker in orange “two young girls are playing "boy is doing backflip on
guitar.” safety vest is working on road." with lego toy." wakeboard."

s ;@ % ; : , , g e £ “man in blue wetsuit is surfing
“girl in pink dress is jumping in black and white dog jumps young girl in pink shirt is s g
air.” over bar." swinging on swing." iaphds

Karpathy A, Fei-Fei L. Deep visual-semantic alignments for generating image descriptions[C]//Proceedings of the IEEE conference on computer vision and pattern recognition. 2015: 3128-3139.

26



| BB (RNN)

-

RNN7&Z

Vi

23]

PANDARUS:

4las, I think he shall be come approached and the day
Yhen little srain would be attain’d into being never fed,
ind who i1s but a chaln and subjects of his death,

I should not sleep.

Second Senator:

They are away this miseries, produced upon my soul,
Breaking and strongly should be buried, when I perish
The earth and thoughts of many states.

DUKE VINCENTIO:
Well, your wit is in the care of side and that.

Second Lord:

They would be ruled after this chamber, and

my fair nues begun out of the fact, to be conveyed,
Yhose noble souls I’1l have the heart of the wars.

Clown:
Come, sir, I will make did behold wour worship.

VIOLA:
I'11 drink it.

Shakespeare

S HE

SHANDONG UNIVERSITY

28



| BEAEEk%s (RNN)

RN N#&EHEY N =7

-

[(EZEx, HMERBEA. EEHEN, OABza. CHKEBE, SEEitk. SBLLE, XMMEFY. |
BREAESR, BESEDN. THLE, 867H. ]

INEBIEESRF, BEEINESM, RAKEESIH, FENREEA, ]

[(ElRENLE, —FERENZ, SFCREER, SMERFEE, |

[BEEFETETE, BEFIHER. HUIEER/S, A LREREE, |

RNNEiF

https://github.com/aipiano/PoemRNN

29



03 | RERTE],

NG

5 (BPTT)




| FERYB &R (BPTT)

« BPTT (Back-Propagation Through Time) Ejx2% A%

RNNBYA;E, EAIRNNIEREFEFIEGE, R AEES Hj‘aj&rnﬂfs‘
1%, tFRMEBERT B2 [REHE,

- BPTTRFRILERBE nEFZ MRS HIRSEE S RS EN
HREZEIE (FIBPRIAERE) .

- BPTTEIEAARLIAEBPE L, BPEEAARERHE FEE, BBAXK
BINSHABERER 7 HEERIZLD.

31



| FERYB &S (BPTT)

SO W Ot I Ot Ot I
T Unfold: T L T " w
B U U U
X xt—l xt xt—i—l

ﬁ%—rﬁcﬁﬁﬁ*ﬂl' =1, FAI_RU. V. W, 5BPEIEA[ERY

=, NEEEWHIUNSHSIEEEEH 2B HhBEIE
(BPTTEIZRVER) .

C—/\\\

32



| FERYB &R (BPTT)

BPTT,%/fE'*‘EﬁUﬂEW;EI'JUl|ﬁ;§r/£ ERNEAXREFNBPEZE—HFARY,
BEIEFN=ITE:

1. BIETES T HEIThIEHE;

2. RIFTEE L TEEI’J REIS H, BEIRERIEXTHZIT/AIM
BUsAnet; RS

3. ITEE MNERE, A VU DS DR F R O
i O O OO OO
= I . 42 o] ——— J— + A “ A o a
o8 HEEEE FIEE AE#FMNE. u o ju JuoJuu U
X1 Xz X Xa X5 Xe

RNNREYEIRE



| BERYEl= @RS (BPTT)
A. BIRETE

{EARRIERIEN2XI BN EHITRIRILTE

s; = f(Uxy + Ws;_1)

R, LEBs.. x. s #ERE, BREFEER, mU. WEiEE, BAXEFEFT.
RAENTREREZ, 670, s RERIZIAESHYE.

34



RN

BN REXA4E
EEnxn, FNEZLIV

&1 (BPTT)

Uipur2 ..

U21U2D - -

| Up1Up2 - - -

. 'lle

- U2m

EEm, WbrEsH4EE
AR

EEn, WHEFURNEREEnxm, B

Wi1wi2.. .- Win | r . t—1"
S1
Wwo1w2 ... Won +1
S
E 2
st—l
Wn1Wp2 .« .. Wyp | *~ n

t¢: sy = f(Uxy + Wsy_q)

35



| FERYB &S (BPTT)

B. iz=INAYTE

BPTTE LGS Bt ZIARREIR S BRI FERE:

— A EREERE F—EME, BR6, XEo RIINERFEUEX;

B— 1A REEEGIE%EEREIIEG RZ, 836, XEs RINEREWEX,

FAFIE net, FELTTEETZIBIMBBHAN (FEA)  HI9:
net ; = Uxy + Wy

st—1 = f(net;_1)

Lt :
Onett - Bnett 6St_1

Onet; ;  Os;_1 Onet;

36



| FERYB &S (BPTT)

Jax~lRE, Ha FxRThE, TN E—IERE=RENRERS, HER
J3Jacobianfgf%:

_ . ;- - -
Onet} dnet! o dnet', Wiy W19 . Win,
Bstl_ 1 ds 1 dst!
Onet}, Onet!, . Onety w21 w99 oo Won
—1 t—1 -1
Onet ¢ ds; Js, 0s;, - . — W
Ost—1
Onet! Onet!, dnet!
2 R w w .. w
| 9st7! dsy ! dsi 1 | Ynl n2 nn_
-u11u12 . ~-U1m- ] -w11w12 . --wln- 'St—l'
1 1
U1U22 . . . UM W w2 ... W -1
) 85
_+_ o
| T | Sfl—l
_UnIUn2 .. unm,_ _wnl wn2 .. wnn_ - =

37



2 [A{&iE (BPTT)

5 Tnth 2—™Jacobianfb[%:

4

oneti T onety” Hrh, diaglalETRIER BatlzE
Si(neti ) 00T AN RSERE, B
0 f'(nethy™) 0
- a; 0 0
. 0 a- 0
0 0 oo fl(neth )] diag(a) = :
= diag[f’(net; 1)] 0 0 ... a,]



| FERYB) = R

(BPTT)

Bnett

8nett ~1

&a, BRIaE—IE, 115

6nett BSt_l
BSt_l Bnett_l
W diag | f'(net;_1)]

wi f (nett™!)  wiaf (nety )

way f’ (nettl_l) was f' (netg_l)

Wy f (netﬁ 1) Wpa f' (nett{l)

39



| PERIE)[F{&HE (BPTT)
ERER TS SRIIAERMEE— SRR, B TIAIE, BATLARSERA
KBRS

T __
5T =

OF

OJ nety.
oF 3nett

9 net; Onety

_ QE  Onet; Onet; onety.q
- Onety; Onet; ; Onet; o " Onet,

= W diag|[f'(net;_1)|W diag[f'(net;_5)] ... W diag[f'(nety)] 6!

t—1
=67 || W diag[ £’ (net;)] (£3)

i=k

(I\3) MERREIGAMERFEUEENEZX,

40



| BERTE[F{EHE (BPTT)
EREGRERRAGEE BN, STENSEEERS—H#

TERERIMNBGEAnet' 5 E—ERIMEE A net " XEUT

| _ J7al-1
net, = Ua, ~ + Ws;_;

a1 = fi-1 (netﬁ_l)

LR FEInet; BB ISHZTRUMBEAN (RIRBIZZE/HRE) ;| net; '2%
| — 1IZMZTHMBNEA ;. o "2 - 1IEMZTiEmL, 2% - 120
3 T2

41



fERd B [F{E3E (BPTT)

Bneti

Onet!

Onet! Oal !
dal~! Onet! ™!
U diag[f" ' (net; )]

OF

B Omet! !

oF 8netft
Onet. Onet. !
(6)" U diag[f" " (net! )]

(TV4) MRFHREEIER E—E&FX.

net! = Ua/ ' + Ws;_;
l 1 fl l(netl 1)

(zC4)
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| BERYIBI A& (BPTT)
C. ’ERERITE
BPTTEIZHNE&EE—: ITEEMMIERHE.

B, NIRRT E R W R £

ow

s éaéuéa

X1 X2 X3 X4 Xs X6




| FERYB &S (BPTT)

RIS ELITRERINERET M ITZI B!

KEER—TLENREIRS, , LUK E— 1 BZERE

TERATIUKE

HINE

S KRRt ZIAYEE)

BVy,E:

A s, IARIRZETNG,,

HY%IH

Eseq , FATLARER
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| FERYB &S (BPTT)

TEALEEES— TS,
2A0:

nett = U:Bt an W.St_l

- - — — B t—l- t 1 t_]. N
nettl wy;p w2 ... Win| | S wusl 14 W1289 ... W1nS,
nettz W91 W2 ... Wy Sg_l W91 81 + ’wgzsg L. wgnsfl_l

= Uxy + = Uz +
_ t—1 _
_netfl_ | Wn1  Wn2 Wnn _sfl 1_ | Wn1 Sl + Wn28y =~ -+ ’wnnS% 1_

45



fERd B [F{E3E (BPTT)

— t— — — B t—l- B t 1 t_]. 7]
netl wyp w2 ... Wip 84 ’w1181 + W128y ... W1pSy,
t t—1 t—1 t—1
net2 W91 W22 ... Wop Sy W91 81 —1— W28y =~ ... W28,
= UXt + : . - Ua:t +
¢ _ —
-netn- _wnl wn2 DR wnn_ _S:l l- wnlstl 1 + wn 8t2 1 .o wnns.ﬁl 1_

ARB[WKESUx, TR, BEAEER. WEFEIINEW; KT, BEWEL
AL EEIw;; R5net;BX, FilA:

gistt gtsht L Ststtl
OE  OF 3net§ stst™t otstt ... Gstl
3wﬁ Bnetg Gwﬁ VWtE=
=5;3§_1
otstTt o gtsht oLl otst]

bR AT LA A 5 R I AEE. '
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| FERYB &S (BPTT)

KIG T NERFWERZIEE Y, E, RENBEYy EESTHZBBEZH:

t
VwE =) VwE
1=1

-t b1 t-1 t—17 "1 0 510 1,0
Osih syt ... Sish 618 6189 ... sy
t—1 t—1 t—1 1.0 §10 1.0
Ohsi  Ohsy - ... Ohsh 058] 0385 ... dysh

= |- +...+| - (Z,6)
-1 st -1 t—1 1.0 1.0 140
sy sy ... st 0,87 0p8, 58

L6 21T BRI ENEREWHEEERN AT

47



| FERYB &R (BPTT)

AT AEZHISE RS T IHZIA R ZHE? net; = Uz, + Wy

E%}Ag/l\ft¥a::§é s; = f(Ux¢ + Ws;_1)
net; = Uxy + W f( net ;)

XA Ux, SWRELK, AJLUBEEMEE. WE, FREF— TN FIISHEBHERD
X AWHIS (net,_ ) ERWHIERZL, FILERZISEERERESE

(wv) = u'v + wd

A, FEHE—PINTFE:

(9nett oW Bf(nett_l)

oW o met) + W70
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| FERYB &S (BPTT)

REFETRIIRVWE:

OF

W
OF anett

- Bnett oW
_ W
L OwW

VwE =

Bf(nett_l)

f(nett 1) - 5TW W

(zC7)

S ERTINS MBS, S EEMERRS, HERE— 4IRS
(tensor), 0 T~R7:
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| FEAY(E]

ow
ow

5 (BPTT)

011)1" ]
oW

oW

" I Own Owny
Jwyy Owia
Jwyy Jwny
Owyy Oway
Jwy; Jwyy

. awnl awn?

"~ Jwp Ownz
Jwyy Ows
Owyy Owyp
Owsyy Oway
Jw;o Jwyp

L au}nl a'wn.Q

[
&) ) A7
oy VA

SHANDONG UNIVERSITY

Owz

aln
Owry

Oon

Bwl-z
a'nn -
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| B&EHYIa],
E K, BAfNsi_1 = f(nete_1), E—T7RE, 1L EERN4ERKESIXNEEES

CITRIES, , REZEEI— 1 EME:

D=, B

5T OW
L ow

4

TR

5 (BPTT)

f(net; 1) =6

- 417

t—17]

r OW
L oOw

_ T
St_l — 5t

-5

%

1
0

0
0

o O
O =

0 - 1
S
of ||
2
O-
st ]
- ot b1 t—1
5551 5332
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| FERYB &S (BPTT)

ERSETERTINSEHIES Ve 2
~ OE Onet;
~ Onet,; OW
ow Of(net;
5TW 8f(nett—1) _ 5TW Bf(nett_l) Bnett_l 25?Wf(nett—1)+5fw f(aw )
t oW t Onet; ow
(9nett_1

= [0 W' (nete )

_ 5T 8Ilett_1
t—1 8W

t—1
5f = 6f | [ W diag[£'(met;)]
i=k




FERTIB) R F)&3E (BPTT)
TR BETUTEEAR:

OF
E S
Vwh =55
o OFE 0 nett
~ Onet; OW
Onet;_

- E + 6,

Vi oW

dnet;_»

— E E + 6],

= VwitE + Vi PTG

=VwitE + Vw1 B+ ...+ Vuy1 B

t
= Z VwiE
k=1

XHEFFRERR Y . REZRIEEY ERFZNMHZIREEZ.



| FERYB &S (BPTT)

EINEFEFEWZELL, BILASRITNE

S EfEURIITE G A:
St dhal ... Shal
Vi, E =
KOR R S .

T\ 8 R 1R SRR RITN E
RS THRAIEEZA:

SFEfFURIESE., FIINE

=S FEfEW

t
VvE=) VyE

1=1

(=\8)

o, EREZHIE
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| FERYB &R (BPTT)

IEIEFVRIITR

SHVENEE, HEX
Eaaum&w . AN,
RNNBYIREABEES BLEE
B ZE MY, FrLAAEE
Rkt ZIAwS.

OE®) OE®  Hot)

WV 8o oV

Oe
S

|

o
23S

s

=~
—
S
~
M<
<
“

%74 3 t t+
Unfold T T
U U U U
X X1 X4 N
E = n E®
t=1
OF <~ OEW 9ot
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| W EEEA L M) 2

KO FHIRT, KATHE

NFESEENRR, REHIREER

THNERATEHY, ECATE
_—3R#FAL,

X9

NRFANRAEERZERENE, FUAT, BBAREFIIRE—Z? mm—a0Hh
177 XEELRTTEIEER,

RY? RRRR

(BINRBAIEEER 7 iEsk/5

5 [£] A=K EEZ T,

ELESS R,
73HYRE

AL — MR A SRR S B AR

TRYAE [—afFFL] | BBA,

s AN

, TEEK
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AETRE R TTIENT LU T,

H

IEEAERZE I 25

I

—
—

Z|Ff7~:

(sh)—iA

©

T RIS
=S EBAITARE.

Ao

X

Ite, FEW BRI,

*

Al

(%o

)

A A%A LA @
F

SEIAMPLLRERY, BAIRYEAERE

O
[
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| W EEEA L M) 2

=73 (LAyafal)
Yo

A 14, MoHtE:

W RTEA L PILEHIF R 2R FRME,

»—MEAZSSREITE.

EE2AYHIL

— Q(VAz +

H{EEUR

V')

A2 — f(WAl + U.’EQ)
= f(W'A5 + U'xy)

Ay

—AFNA’,

—MBEASS5IEEITE,

Hit8h




| W EEEA L M) 2

AR, REENEs S BX;
TR, REENEs SsBX,
ERZ2AYHIE BUA T IE AR ETTERYDIF,

or = g(Vs; + V's})
= f(UXt + WSt 1)
sp = f(U'xe + W's)4)

MNEB=PRTIER, ERTENIRETEARZNE, BHEixU
MU', wEIW'. VRV &R RRINERERE.




EESZEEA

. https://zybuluo.com/hanbingtao/note/541458
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