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w #$%&'()*+
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w 2345601
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w !"
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w ,-./01

w 2345601

w (7LSTM'#$%&89
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./0123 (1)

w !"#$%&'Recurrent Neural Network, RNN(
RNNAcdeXYfg9hijklmnWlon@pqnb

← ← ← 

输入层

隐藏层

输出层

← 全连接层和激活函数 连结 复制

Xt-1 Xt Xt+1

Wxh

Whh

bq

Ht-1 Ht Ht+1

Ot-1 Ot Ot+1

Whh Whh

Wxh Wxh

bq bq

bh bh bh



./0123 (2)

w h=;8

N�O������RNN)��4𝐗!����u>?�t)��@

N�O�����Q%&>?�)��𝐗!9R >?�)��¡8𝐇!"#4<¢
£¤¥¦�§%&>?�)��¡8𝐇!�

𝐇! = 𝜑 𝐗!𝐖$% + 𝐇!"#𝐖%% + 𝐛%

N¨O�©��ª𝐇!�¢«¬¦9®¯¦st�§�©𝐎!�

𝐎! = 𝐇!𝐖%& + 𝐛&



./0123 (3)

w h=rs

RNNWXYZ[7\]^_I`1aRNN*bcdef𝜙 𝑥 = 𝑥1

7ghi!Cross-Entropy"jkdel?Zmnt!1≤t≤T"*jkU

𝐿 𝐎! , 𝐲! = −𝐲!log𝐎!

oZmnefTZ1pq*jkdel?rsU

𝐿 =
1
𝑇2!'#

(
𝐿(𝐎! , 𝐲!)



./0123 (4)

w h=rs

RNNWXY4tu*vewx𝐖!"y𝐖""y𝐖"#y𝐛"和𝐛#1z{|
;veWXYZ*}~D(U

Xt-1 Xt Xt+1

Ht-1 Ht Ht+1

Ot-1 Ot Ot+1

... ...

Wxh Wxh Wxh

WhqWhqWhq

Whh Whh Whh

bq

bh bhbh

bq bq



./0123 (5)
w h=rs

!1"HI�Zmn���{|𝑂$*��U
)*
)𝐎!

= )*(𝐎!,𝐲!)
(0)𝐎!

!2"HI��{|𝐇$*��
)*
)𝐇!

= 𝐖%%
!2345 )*

)𝐇!"#
+𝐖%&

!2345 )*
)𝐎!

= ∑6'!!2345(𝐖%%
!2345)("6𝐖%&

!2345 )*
)𝐎$"!%&

!3"HIve𝑊"#;𝑏#*��U
)*

)𝐖'(
= ∑!'#( )*

)𝐎!
𝐇!!2345 , )*

)8(
= ∑!'#( )*

)𝐎!

!4"HIve𝐖!"、𝐖""和𝐛"*��U
!"L#$𝐇!, 𝐇", ⋯ ,𝐇#%&'()𝐖$%、𝐖%%和𝐛%，*+,-./01，2：

)*
)𝐖)'

= ∑!'#( )*
)𝐇!

𝐗!!2345, 
)*

)𝐖''
= ∑!'#( )*

)𝐇!
𝐇!"#!2345 , )*

)𝐛'
= ∑!'#( )*

)𝐇!

!5"����U[7��s�`1���*����]�ve����U
𝐖%& ← 𝐖%& − 𝜂 ⁄𝜕𝐿 𝜕𝐖%&, 𝐖$%← 𝐖$% − 𝜂 ⁄𝜕𝐿 𝜕𝐖$%, 𝐖%% ← 𝐖%% − 𝜂 ⁄𝜕𝐿 𝜕𝐖%%

𝐛% ← 𝐛% − 𝜂 ⁄𝜕𝐿 𝜕𝐛%,  𝐛& ← 𝐛& − 𝜂 ⁄𝜕𝐿 𝜕𝐛&



./0123 (6)

w )*+,
!"#$%&'()*+,𝐖!"、𝐖""-𝐖"#./01234567.#$%i=1
While i£nRNN Do

For each 𝐗$, 𝐲$ ∈ 𝐷 Do
8𝐇$ = 𝜑 𝐗$𝐖!" + 𝐇$%&𝐖"" + 𝐛" 9:;<=t(>?@A𝐇$
8𝐎$ = 𝐇$𝐖"# + 𝐛#9:;<=t(BC𝐎$
8𝐿 𝐎$, 𝐲$ = −𝐲$log𝐎$9:;<=t(DEF,𝑙(𝐎$, 𝐲$)
8𝐿 = &

'
∑$(&' 𝐿(𝐎$, 𝐲$)9:DEF,Loss

8
)*
)𝐎!

= )*(𝐎!,𝐲!)
'0)𝐎!

9:;<=t@A𝐎$(GH ⁄𝜕𝐿𝑜𝑠𝑠 𝜕𝐎$

8
)*
)𝐇!

= 𝐖""
$2345 )*

)𝐇!"#
+𝐖"#

$2345 )*
)𝐎!

= ∑6($$2345(𝐖""
$2345)'%6𝐖"#

$2345 )*
)𝐎$"!%&

9:;<=t@A𝐇$(GH ⁄𝜕𝐿 𝜕𝐇$
End For
8

)*
)𝐖'(

= ∑$(&' )*
)𝐎!

𝐇$$23459:IiJKL+,𝐖"#(GH

8
)*
)𝐛(

= ∑$(&' )*
)𝐎!
9:IiJKL+,𝐛#(GH

8
)*

)𝐖)'
= ∑$(&' )*

)𝐇!
𝐗$$23459:IiJKL+,𝐖!"(GH

8
)*

)𝐖''
= ∑$(&' )*

)𝐇!
𝐇$%&$23459:IiJKL+,𝐖""(GH

8
)*
)𝐛'

= ∑$(&' )*
)𝐇!
9:IiJKL+,𝐛"(GH

8GH ⁄𝜕𝐿 𝜕𝐖!"M ⁄𝜕𝐿 𝜕𝐖""、 ⁄𝜕𝐿 𝜕𝐖"#M ⁄𝜕𝐿 𝜕𝐛"- ⁄𝜕𝐿 𝜕𝐛#.NO+,𝐖"#M𝐖!"、𝐖""M𝐛"和𝐛#
End While
Return𝐖!", 𝐖"",𝐖"#,𝐛"和𝐛#

>?°±z�
O(nRNNTd2h)
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4567823 (1)

w 2345601tLong Short-Term Memory, LSTMu
ü o��5���*�B<=�LM*��Z1^)*RNN�����
 ¡¢£���¤k¢*¥¦§R

ü LSTM¨7©ª«¬1®¯°�5�±²³m*}~D(R

*+,RNN-./012



4567823 (2)

w h=;8

LSTM´µ¶·©（Forget Gate）y�µ©!Input Gate"y¸¹º»;�
�©!Output Gate"1¸¼½¾$%1¿ÀRNN��¤k;�� ¡<=R

σ	 σ	 σ	

输入:

隐藏状态：

遗忘门 输入门 输出门

tanh

候选记忆
细胞

⊙ +

⊙

记忆细胞

⊙

tanh

Ct-1 Ct

Ht

OtFt It Ct!

Ht-1

Xt

Wxf ,Whf ,bf Wxi ,Whi ,bi Wxc ,Whc ,bc Wxo ,Who ,bo



4567823 (3)

w h=;8

!1"¶·©ULSTMÁÂ¶·©ÃlÄÅ*$%R

�Q>?�t-1)�©𝐇!"#9>?�t)��𝐗!4<¢Sigmoid¥¦N²³σO
´stµ¶·𝐅!�

𝐅! = 𝜎(𝐗!𝐖$: + 𝐇!"#𝐖%: + 𝐛:)

!2"�µ©U34σÃlÆ*��R

𝐈! = 𝜎(𝐗!𝐖$6 + 𝐇!"#𝐖%6 + 𝐛6)



4567823 (4)

w h=;8

!3"¸¹º»UÇtanhdeÈÉ�*ÊËÆ𝐂$′1NÌ𝐂$%&��f𝐂$U

𝐂!′ = tanh(𝐗!𝐖$; + 𝐇!"#𝐖%; + 𝐛;)

𝐂! = 𝐅!⊙𝐂!"# + 𝐈! ⊙𝐂!′

!4"��©U34σdeJKÍÎ��𝐎$134tanhdeHIZm
nt*��{|𝐇$U

𝐎! = 𝜎(𝐗!𝐖$< + 𝐇!"#𝐖%< + 𝐛<)

𝐇! = 𝐎! ⊙ tanh(𝐂!)                        



4567823 (5)

w h=rs

!1"HItZÏ*ÐÑÒ𝛿$1Zmnt*��{|f𝐇$U

𝛿! =
)*
𝐇!

fÓÔÕÖ��HI�`1l?𝑛𝑒𝑡',$y𝑛𝑒𝑡),$y𝑛𝑒𝑡*,$;𝑛𝑒𝑡+,$U

𝑛𝑒𝑡:,! = 𝑋!𝑊$: + 𝐻!"#𝑊%: + 𝑏:

𝑛𝑒𝑡6,! = 𝑋!𝑊$6 + 𝐻!"#𝑊%6 + 𝑏6

𝑛𝑒𝑡;,! = 𝑋!𝑊$; + 𝐻!"#𝑊%; + 𝑏;

𝑛𝑒𝑡<,! = 𝑋!𝑊$< + 𝐻!"#𝑊%< + 𝑏<



4567823 (6)

w h=rs

t2"HI�� ⁄𝜕𝐿 𝜕𝐧𝐞𝐭',$y ⁄𝜕𝐿 𝜕𝐧𝐞𝐭),$y ⁄𝜕𝐿 𝜕𝐧𝐞𝐭*,$; ⁄𝜕𝐿 𝜕𝐧𝐞𝐭+,$U
)*

)𝐧𝐞𝐭*,!
= 𝛿!!2345⊙𝐎! ⊙ (𝟏 − tanh(𝐂!)@) ⊙ 𝐂!"#⊙𝐅!(𝟏 − 𝐅!)

)*
)𝐧𝐞𝐭&,!

= 𝛿!!2345⊙𝐎! ⊙ (𝟏 − tanh(𝐂!)@) ⊙ 𝐂!A ⊙ 𝐈!(𝟏 − 𝐈!)

)*
)𝐧𝐞𝐭,,!

= 𝛿!!2345⊙𝐎! ⊙ 𝟏− tanh 𝐂! @ ⊙ 𝐈! 𝟏 − 𝐂!A @

)*
)𝐧𝐞𝐭-,!

= 𝛿!!2345⊙ tanh(𝐂!) ⊙ 𝐎!(𝟏 − 𝐎!)



4567823 (7)
w h=rs

!3"Ì�×Zmn*����ØÙ1JK𝐖"'y𝐖")y𝐖"*;𝐖"+*��U
)*

)𝐖'*
= ∑!'#( )*

)𝐧𝐞𝐭*,!
𝐇!"#!2345, )*

)𝐖'&
= ∑!'#( )*

)𝐧𝐞𝐭&,!
𝐇!"#!2345

)*
)𝐖',

= ∑!'#( )*
)𝐧𝐞𝐭,,!

𝐇!"#!2345, )*
)𝐖'-

= ∑!'#( )*
)𝐧𝐞𝐭-,!

𝐇!"#!2345

!4"Ì�ZÏ*����ØÙ1JK𝐛'y𝐛)y𝐛*;𝐛+*��U
,-
,𝐛?

= ∑$/&0 ,-
,𝐧𝐞𝐭?,@

, ,-
,𝐛A

= ∑$/&0 ,-
,𝐧𝐞𝐭A,@

,-
,𝐛B

= ∑$/&0 ,-
,𝐧𝐞𝐭B,@

, ,-
,𝐛C

= ∑$/&0 ,-
,𝐧𝐞𝐭C,@

!5"HI𝐖!'y𝐖!)y𝐖!*;𝐖!+*��U
,-

,𝐖D?
= ∑$/&0 ,-

,𝐧𝐞𝐭?,@
𝐗$$5678,

,-
,𝐖DA

= ∑$/&0 ,-
,𝐧𝐞𝐭A,@

𝐗$$5678

,-
,𝐖DB

= ∑$/&0 ,-
,𝐧𝐞𝐭𝒄,𝒕

𝐗$$5678, 
,-

,𝐖DC
= ∑$/&0 ,-

,𝐧𝐞𝐭C,@
𝐗$$5678



4567823 (8)

w h=rs

!6"[7��s�`1QlÚÛÜη(0<η<1)1���*����]ÝÞv
e1����ßà;áâU

𝐖%: ← 𝐖%: − 𝜂
)*

)𝐖'*

𝐖%6 ← 𝐖%6 − 𝜂
)*
)𝐖'&

𝐖%;← 𝐖%; − 𝜂
)*

)𝐖',

𝐖%< ← 𝐖%< − 𝜂
)*

)𝐖'-

𝐖$: ← 𝐖$: − 𝜂
)*

)𝐖)*

𝐖$6 ← 𝐖$6 − 𝜂
)*
)𝐖)&

𝐖$;← 𝐖$; − 𝜂
)*

)𝐖),

𝐖$<← 𝐖$< − 𝜂
)*

)𝐖)-

𝐛: ← 𝐛: − 𝜂
)*
)𝐛*

𝐛6 ← 𝐛6 − 𝜂
)*
)𝐛&

𝐛; ← 𝐛; − 𝜂
)*
)𝐛,

𝐛< ← 𝐛< − 𝜂
)*
)𝐛-



4567823 (9)

w LSTMrsvw
!"#$%&'()*+,𝑊"9、𝑊"6、𝑊":、𝑊";、𝑊!9、𝑊!6、𝑊!:-𝑊!;、𝑏9、𝑏6、𝑏:.𝑏;/0
12345678/#$%i=1
While i£nLSTM Do

For each 𝑋$ , 𝑦$ ∈ 𝐷 Do
9𝐹$ = 𝜎(𝑋$𝑊!9 + 𝐻$%&𝑊"9 + 𝑏9):;<=>t(?@A𝐹$
9𝐼$ = 𝜎(𝑋$𝑊!6 + 𝐻$%&𝑊"6 + 𝑏6) :;<=>t(BCA𝐼$
9𝐶$′ = tanh(𝑋$𝑊!: + 𝐻$%&𝑊": + 𝑏:):;<=>t(DEFGHI𝐶$′
9𝐶$ = 𝐹$⊙𝐶$%& + 𝐼$ ⊙𝐶$′:;<=>t(FGHI𝐶$
9𝑂$ = 𝜎(𝑋$𝑊!; + 𝐻$%&𝑊"; + 𝑏;):;<=>t(BJ𝑂$
9𝐻$ = 𝑂$ ⊙ tanh(𝐶$):;<=>t(KLMN𝐻$
:;<=>t(OPQ,L(𝑂$ , 𝑦$)ROPQ,L
9𝛿$ =

)*
<!
:;<=>t(KLMNSTU𝛿$

:;<=>t(VW ⁄𝜕𝐿 𝜕𝑛𝑒𝑡9,$- ⁄𝜕𝐿 𝜕𝑛𝑒𝑡6,$、 ⁄𝜕𝐿 𝜕𝑛𝑒𝑡:,$和 ⁄𝜕𝐿 𝜕𝑛𝑒𝑡;,$
End For
:;XiYZ[<)*\]𝑊"9、𝑊"6、𝑊":、𝑊";、𝑊!9、𝑊!6、𝑊!:、𝑊!;.^_bf-bi-bc-bo(VW
`a)*\]W=>-W=?-W=@-W=A-WB>-WB?-WB@ .WBA

`a^_𝑏9-𝑏6-𝑏:.𝑏;
End While
Return𝑊"9 , 𝑊"6 , 𝑊": , 𝑊"; , 𝑊!9 , 𝑊!6 , 𝑊!: , 𝑊!; ,𝑏9 , 𝑏6 , 𝑏: , 𝑏;

>?°±z�
O(nLSTMTd2h5)
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w ãU<L�q=“äåæ-ç¢ya=“èéêëç¢1LSTM�B�ì±²
í�*4trsU

（1）345678记𝐪G = (𝐗
"
, 𝐗

#
, ⋯ , 𝐗

𝟓
)8

𝐚′ = (𝐘
"
, 𝐘

#
, ⋯ , 𝐘

𝟓
)9

（2）:𝐗
"
, 𝐗

#
, ⋯ , 𝐗

𝟓
;<LSTM8=>5?

E@5ABCDE9

（3）FGHI67𝐂 = 𝐇H8JKLM
NO8P8Q8R8STAUV@

（4）WXY2Z ~Y3Z[8=>𝐂G8\
N]8^8_8`8STAUV9

O1

H1

世

O2

H2

界

O3

H3

最

O4

H4

高输入

隐藏层

输出

标签

H5

峰

“界” “最” “高” “峰”

时间步 1 2 4 53

O5

“/”

X1 X2 X5X4X3词向量

C
H0
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w !"
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w :;



*9LSTM)%&'(:; (1)

w (7LSTM89#$%&':x*y

N1O:�vw�_`aYbklmnopj@

N2O¸(LSTM��vw9op@

N3O¹º��4'�vwe»cop)��¼8xyz�:G{@

rîï7LSTMðÉ<L()



*9LSTM)%&'(:; (2)

w -.LSTM/012345+,
-���

𝐷!" = 𝑞# , 𝑎# #$%
& !"#$%&'q!()*+,-.'G!/012

-�©�
a!-345,36

-�½�
1. 9𝑎𝑟𝑔𝑚𝑎𝑥

C%,C&

&
D
∑6(&D 𝑙𝑜𝑔 ∑EFG H 𝑃C% 𝑦 𝑞6 𝑃C& 𝑎6 𝑦, 𝑞6 bc+,𝜃&和𝜃I

2.9𝑃C% 𝑦 𝑞 = 𝑆𝑜𝑓𝑡𝑚𝑎𝑥 𝑊EJ𝑀# = K!L(M'(N))
∑'(*+(-) K!L(M'(

( N))
:;𝐺defg𝑞hijkef(lm/Enlmop(ef𝑦$L

qjkef

3.h𝑦$Lrs2tuv(wxef𝐴E = 𝑎&, 𝑎I,⋯ , 𝑎P yz{|}~/����x~��(��/y�������Gy
4.9 𝐺E→3 = &

#S32K4$(3)
∑3/∈S3234$ 3 , 3/,2,3 ;2 3,2,3/ ∈H'

𝜏 𝑉× 𝑔 𝐺E→3 , 𝑒2 :;𝑦$L(����𝐺Ed��ef(�N

��/Fq𝑔 𝐺E→E!0
5. 𝑎 ← 𝑎𝑟𝑔𝑚𝑎𝑥3 𝑃C& 𝑎 𝑦, 𝑞 //:;𝐺Ed(��efg��(lm/Enlmop<(ef�q��
6. Return a



*9LSTM)%&'(:; (3)

w (7LSTM89#$%&'QRz{
!1"34XYñ𝐷#6 = 𝑞), 𝑎) )/&

9 1ÚÛve𝜃&;𝜃:：

arg max
s#,s.

#
t
∑6'#t log ∑uvw x 𝑃s# 𝑦 𝑞6 𝑃s. 𝑎6 𝑦, 𝑞6

!2"Wò�EF:óuôõ<=�ö*÷=øùU

abcLSTMdefg𝑞Ahi8:qjk>dlmn67opℝI8q4𝐌J ∈ ℝI9

rbcTransEG0:stuv𝐺@Awxmyjk>zl67op8q4𝐌K9

{|c}~�0FG𝐺@my�4fg𝑞�gmyABC�

𝑃s# 𝑦 𝑞 = Softmax 𝐖u
A𝐌& = yz{ (𝐖𝒚

0𝐌()
∑1023(5) yz{ (𝐖10

0 𝐌()

��𝑃L' 𝑦 𝑞 BCQ��81��my4𝐺@���gmy8\argmaxM 𝑃L' 𝑦 𝑞 9
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