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⚝⴬ꠋ겗

٬┉芘䎬䌋 
٬ 泘剝⭹丘     
٬ ꡿⯆꥘⺭❇㯹 

٬ 㞝冽  黁㶩佭┘⹨꡿

f : ℝn → ℝ

C = ℝn

 minimize f(x)  subject to x ∈ C

C = {x |h1(x) = 0,…, hm(x) = 0, g1(x) ≤ 0,…, gr(x) ≤ 0}
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㷀鼨僄㵸 vs ⪓㷀僄㵸

٬⪓㷀僄㵸   
٬㷀鼨僄㵸 㰇㏇ ✳䐂  
٬✳榫鳦♏⚝⴬畀嫏全姳鉯┉芘⺆耇⟊阾界⮽㷀鼨僄㵸⡬

x* f(x*) ≤ f(x) ∀x ∈ C

x* ε f(x*) ≤ f(x) ∀x : ∥x − x*∥ ≤ ε

x * np.cos(np.pi * x)

https://courses.d2l.ai/zh-v2
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⭱꥘

٬┉╄  氳㯹꥘  佭⭱激┦别激ℝn C

αx + (1 − α)y ∈ C

∀α ∈ [0,1] ∀x, y ∈ C

https://courses.d2l.ai/zh-v2
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⭱⭹丘

٬⭹丘  佭⭱ 
激┦别激  

٬㞝冽 休┘璡䌋┽劲䡗环
黁╫⺈┽劲⭱⭹丘             

f : C → ℝ

x ≠ y, α ∈ (0,1)

∀α ∈ [0,1]

f(αx + (1 − α)y)

∀x, y ∈ C

≤ αf(x) + (1 − α)f(y)

https://courses.d2l.ai/zh-v2
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⭱⭹丘⚝⴬

٬㞝冽♏♯⭹丘  佭⭱氳┦꡿⯆꥘⺭  佭⭱氳黁╫㶩佭
⭱⚝⴬ꠋ겗黁╫㷀鼨僄㵸┉㲋佭⪓㷀僄㵸 

٬┽劲⭱⚝⴬ꠋ겗僗せ┉氳⪓㷀僄㵸
f C

Global minima

https://courses.d2l.ai/zh-v2
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⭱⽰ꪝ⭱❇㯹

٬⭱ 
٬ 篪䓪影䎍  
٬ Softmax 影䎍 

٬ꪝ⭱⪭☽ 
٬ MLP, CNN, RNN, attention, 

f(x) = ∥Wx − b∥2
2
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印䈲┖꡹

٬僄甏⶝氳鳦♏姳鉯畀嫏 
٬鴲⹧䋯㡏憠  
٬㵒   

٬  
٬  ⺈⢢㰣▊曎

x0

t = 1,…, T

xt = xt−1 − η∇f(xt−1)

η

https://courses.d2l.ai/zh-v2


ⲁ䣆㰣岑䈲㰣▊ v٬https://courses.dl.ai/zh-v

꣮儬印䈲┖꡹

٬僗 ╄劫儗休阞畀 
 氳㵗丘㜁顜 

٬꣮儬印䈲┖꡹㏇休ꠑ  ꣮儬鴲걸
劫儗  全鲤⛎  

n

f(x) =
1
n

n

∑
i=0

ℓi(x)

t

ti f(x)

xt = xt−1 − ηt∇ℓti
(xt−1)

𝔼 [∇ℓti
(x)] = 𝔼[∇f(x)]

https://courses.d2l.ai/zh-v2
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㵸䤉ꄈ꣮儬印䈲┖꡹

٬阞畀⶝劫儗氳印䈲ꥈ㱮⪓⮵榫漲♭顫嶏 
٬㵸䤉ꄈ꣮儬印䈲┖꡹㏇休ꠑ  ꃾ劫┉╄

꣮儬㯹꥘  ✳䐂  
 

٬⺱劫鲹佭┉╄仰⢏氳鲤⛎⛙꡹⛦▽
竞䄑

t

It ⊂ {1,…, n} | It | = b

xt = xt−1 −
ηt

b ∑
i∈It

∇ℓi(xt−1)

𝔼[
1
b ∑

i∈It

∇ℓi(x)] = ∇f(x)

https://courses.d2l.ai/zh-v2
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⫿ꄈ嫏

٬⫿ꄈ嫏✳榫䇖帑鲋氳印䈲㵒儹ꄆ催亍 
 
 
 
 
 

٬  䅻鈷⹧⡬ [0.5, 0.9, 0.95, 0.99]β

gt =
1
b ∑

i∈It

∇ℓi(xt−1)

vt = βvt−1 + gt wt = wt−1 − ηvt

vt = gt + βgt−1 + β2gt−2 + β3gt−3 + …

https://courses.d2l.ai/zh-v2
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Adam

٬阭䎓   鵠䅻  
٬㷤䋯  
٬㍕╙ 䢦♔儹ꄆ⽰╙1 
٬榺◇ ┦  

⟤塜 

vt = β1vt−1 + (1 − β1)gt β1 = 0.9

vt = (1 − β1)(gt + β1gt−1 + β2
1gt−2 + β3

1gt−3 + …)
∞

∑
i=0

βt
1 =

1
1 − β1

v0 = 0
t

∑
i=0

βt
1 =

1 − βt
1

1 − β1

v̂t =
vt

1 − βt
1

https://courses.d2l.ai/zh-v2
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Adam

٬眷⛎阭䎓 鵠䅻 ┦⟤塜
 

٬阞畀ꄆ亍隀丞⺵氳印䈲  
٬僄⺵催亍 

st = β2st−1 + (1 − β2)g2
t β2 = 0.999

̂st =
st

1 − βt
2

g′ t =
v̂t

̂st + ϵ

wt = wt−1 − ηg′ t

https://courses.d2l.ai/zh-v2
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䔅篾

٬岑䈲㰣▊嘗㑔㛻㛢佭ꪝ⭱ 
٬㵸䤉ꄈ꣮儬印䈲┖꡹佭僄䅻榫氳⚝⴬畀嫏 
٬⫿ꄈ㵒印䈲⢢䇖帑 
٬Adam㵒印䈲⢢䇖帑┦㵒印䈲⺨╄簟䈲⡬⢢ꄆ亍隀丞
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