


▪

▪

•

•

•

▪

•

•

•



❖



❖



•

•

•

•

•

•

•

•

•

•

❖



❖



▪

•

•

•

❖



▪

•

❖



𝑝 𝑦𝑡 𝑦𝑡−1, … , 𝑦1, 𝑐 = 𝑔(𝑠𝑡, 𝑦𝑡−1, 𝑐𝑡) 𝑐𝑡 = σ𝑖=1
𝑇 𝑎𝑖ℎ𝑖𝑝 𝑦𝑡 𝑦𝑡−1, … , 𝑦1, 𝑐 = 𝑔(𝑠𝑡, 𝑦𝑡−1, 𝑐)

ℎ𝑇ℎ2ℎ1

𝑠𝑇` 𝑠2

𝑠1

❖

▪

•



= 𝑓(𝑠t−1, ℎ𝑗)

ℎ1 ℎ2 ℎ3 ℎ4

𝑠0 =

tanh(𝑊𝑠 , ℎ1)

[𝑠𝑡−1, ℎ1]

[𝑒𝑡1, 𝑒𝑡2, 𝑒𝑡3, 𝑒𝑡4] 𝑎𝑡𝑗 =
exp(𝑒𝑡𝑗)

σ𝑗=1
4 exp(𝑒𝑡𝑗)

[𝑠𝑡−1, ℎ2] [𝑠𝑡−1, ℎ3] [𝑠𝑡−1, ℎ4]

[𝑎𝑡1, 𝑎𝑡2, 𝑎𝑡3, 𝑎𝑡4]

𝑐𝑡 = 

𝑗=1

4

𝑎𝑡𝑗ℎ𝑗

𝑠1

❖



= 𝑓(𝑠t−1, ℎ𝑗)

[𝑠𝑡−1, ℎ1]

[𝑒𝑡1, 𝑒𝑡2, 𝑒𝑡3, 𝑒𝑡4] 𝑎𝑡𝑗 =
exp(𝑒𝑡𝑗)

σ𝑗=1
4 exp(𝑒𝑡𝑗)

[𝑠𝑡−1, ℎ2] [𝑠𝑡−1, ℎ3] [𝑠𝑡−1, ℎ4]

[𝑎𝑡1, 𝑎𝑡2, 𝑎𝑡3, 𝑎𝑡4]

𝑐𝑡 = 

𝑗=1

4

𝑎𝑡𝑗ℎ𝑗

❖

https://jalammar.github.io/visualizing-neural-machine-translation-mechanics-of-seq2seq-models-with-attention/


❖

𝑓(𝑠t, ℎ𝑗)

[𝑠𝑡, ℎ1]

[𝑒𝑡1, 𝑒𝑡2, 𝑒𝑡3, 𝑒𝑡4] 𝑎𝑡𝑗 =
exp(𝑒𝑡𝑗)

σ𝑗=1
4 exp(𝑒𝑡𝑗)

[𝑠𝑡, ℎ2] [𝑠𝑡, ℎ3] [𝑠𝑡, ℎ4]

[𝑎𝑡1, 𝑎𝑡2, 𝑎𝑡3, 𝑎𝑡4]

𝑐𝑡 = 

𝑗=1

4

𝑎𝑡𝑗ℎ𝑗

▪ 𝑠𝑡-1 𝑠𝑡

▪ 𝑓(𝑠t, ℎ𝑗)
𝑓(𝑠t, ℎ𝑗) 𝑒𝑗

https://towardsdatascience.com/attn-illustrated-attention-5ec4ad276ee3


❖

▪



❖

▪



❖

▪



❖

▪



▪

▪

▪

▪

▪

❖



❖



❖



ℎ1 ℎ2 ℎ𝐿−1 ℎ𝐿

s1 s2

𝛼𝑡𝑖 =
exp(𝑒𝑡𝑖)

σ𝑘=1
𝐿 exp(𝑒𝑡𝑘)

Ƹ𝑧𝑡 = 𝜙( ℎ𝑖 , {𝛼𝑖})

𝑒𝑡𝑖 = 𝑓(ℎ𝑖 , s𝑡)

𝑝 𝑦𝑡 𝑓𝑚, 𝑦1, … , 𝑦𝑡−1 = 𝑔(s𝑡, 𝑦𝑡−1, Ƹ𝑧𝑡)

❖



Ƹ𝑧𝑡 = 𝜙 ℎ𝑖 , 𝛼𝑖 = 

𝑘=1

𝐿

𝛼𝑖ℎ𝑖

Ƹ𝑧𝑡 = 𝜙 ℎ𝑖 , 𝛼𝑖 =

𝑖

𝑝𝑡ℎ𝑖

𝑝 𝑝𝑡,𝑖 = 1 𝑝𝑗<𝑡, ℎ = 𝛼𝑡,𝑖

ℎ1 ℎ2 ℎ𝐿−1 ℎ𝐿

𝑝𝑡

ℎ3

𝑖

𝐿

𝛼𝑡,1 𝛼𝑡,2 𝛼𝑡,𝐿−1𝛼𝑡,𝐿𝛼𝑡,3

𝑠𝑡−1 𝑠𝑡

𝑦𝑡

𝑦𝑡−1

𝑓(ℎ𝑖 , 𝑠𝑡)

𝑝𝑡 = 𝑙𝑜𝑐𝑎𝑡𝑖𝑜𝑛 𝑣𝑎𝑟𝑖𝑎𝑏𝑙𝑒

❖



•

•

•

•

•

❖



▪

▪

❖



h1

h2

h3

h4

h5

𝑠1

𝑠2

𝑠3

𝑠4

𝑠5

𝑠2

𝑋1

𝑋2

𝑋3

𝑋4

𝑋5

𝑌1

𝑌2

{𝛼𝑖2} = 𝑠𝑜𝑓𝑡𝑚𝑎𝑥(𝑓(h𝑖 , 𝑠2)){𝛼i2}

𝑓𝑒𝑎𝑡𝑢𝑟𝑒 = 

𝑖=1

5

𝛼𝑖2 ∗ h𝑖

대리

대리

0 ∗ 𝑖𝑛𝑡(𝑉1)

1 ∗ 𝑖𝑛𝑡(𝑉2)

0 ∗ 𝑖𝑛𝑡(𝑉3)

0 ∗ 𝑖𝑛𝑡(𝑉4)

0 ∗ 𝑖𝑛𝑡(𝑉5)

과장

❖



h1

h2

h3

h4

h5

𝑠1

𝑠2

𝑠3

𝑠4

𝑠5

𝑠2

𝑋1

𝑋2

𝑋3

𝑋4

𝑋5

𝑌1

𝑌2

{𝛼𝑖2} = 𝑠𝑜𝑓𝑡𝑚𝑎𝑥(𝑓(h𝑖 , 𝑠2)){𝛼i2}

𝑓𝑒𝑎𝑡𝑢𝑟𝑒 = 

𝑖=1

5

𝛼𝑖2 ∗ h𝑖

h1 h1

h2 h2

h3 h3

h4 h4

h5 h5

𝑠1

𝑠2

𝑠3

𝑠4

𝑠5

𝛼12 ∗ h1

𝛼22 ∗ h2

𝛼32 ∗ h3

𝛼42 ∗ h4

𝛼52 ∗ h5



𝑖=1

5

𝛼𝑖2 ∗ h𝑖

❖



h1

h2

h3

h4

h5

𝑠1

𝑠2

𝑠3

𝑠4

𝑠5

𝑠2

𝑋1

𝑋2

𝑋3

𝑋4

𝑋5

𝑌1

𝑌2

{𝛼i2}

𝐴(𝑞, 𝐾, 𝑉) =

i

𝑠𝑜𝑓𝑡𝑚𝑎𝑥(𝑓 𝐾, 𝑞 ) 𝑉

{𝛼𝑖2} = 𝑠𝑜𝑓𝑡𝑚𝑎𝑥(𝑓(h𝑖 , 𝑠2))

𝑓𝑒𝑎𝑡𝑢𝑟𝑒 = 

𝑖=1

5

𝛼𝑖2 ∗ h𝑖

❖



h1

h2

h3

h4

h5

D

𝐶𝑙𝑎𝑠𝑠1

𝐶𝑙𝑎𝑠𝑠2

𝐶𝑙𝑎𝑠𝑠𝑘

𝑋1

𝑋2

𝑋3

𝑋4

𝑋5

{𝛼i}

{𝛼𝑖} = 𝑠𝑜𝑓𝑡𝑚𝑎𝑥(𝑓(h𝑖 , c))

𝑓𝑒𝑎𝑡𝑢𝑟𝑒 = 

𝑖=1

5

𝛼𝑖 ∗ h𝑖

𝐴(𝑞, 𝐾, 𝑉) =

i

𝑠𝑜𝑓𝑡𝑚𝑎𝑥(𝑓 𝐾, 𝑞 ) 𝑉

❖



❖

▪



❖

▪



ℎ1,𝑛−1

ℎ2,𝑛−1

ℎ3,𝑛−1

ℎ4,𝑛−1

ℎ5,𝑛−1

ℎ1,𝑛

ℎ2,𝑛

ℎ3,𝑛

ℎ4,𝑛

ℎ5,𝑛

ℎ1,𝑛−1

ℎ2,𝑛−1

ℎ3,𝑛−1

ℎ4,𝑛−1

ℎ5,𝑛−1

ℎ1,𝑛

ℎ2,𝑛

ℎ3,𝑛

ℎ4,𝑛

ℎ5,𝑛

{𝛼i}

▪

▪

𝐴(𝑞, 𝐾, 𝑉) =

i

𝑠𝑜𝑓𝑡𝑚𝑎𝑥(𝑓 𝐾, 𝑞 ) 𝑉❖

•

•

• 𝑓 =

▪

•

•

•



ℎ1,𝑛−1

ℎ2,𝑛−1

ℎ3,𝑛−1

ℎ4,𝑛−1

ℎ5,𝑛−1

ℎ1,𝑛

ℎ2,𝑛

ℎ3,𝑛

ℎ4,𝑛

ℎ5,𝑛

ℎ1,𝑛−1

ℎ2,𝑛−1

ℎ3,𝑛−1

ℎ4,𝑛−1

ℎ5,𝑛−1

ℎ1,𝑛

ℎ2,𝑛

ℎ3,𝑛

ℎ4,𝑛

ℎ5,𝑛

{𝛼i}

ℎ1,𝑛−1

ℎ2,𝑛−1

ℎ3,𝑛−1

ℎ4,𝑛−1

ℎ5,𝑛−1

ℎ1,𝑛

ℎ2,𝑛

ℎ3,𝑛

ℎ4,𝑛

ℎ5,𝑛

𝐴(𝑞, 𝐾, 𝑉) =

i

𝑠𝑜𝑓𝑡𝑚𝑎𝑥(𝑓 𝐾, 𝑞 ) 𝑉❖



▪

▪

▪

▪

▪

❖



❖

http://jalammar.github.io/


𝐴(𝑞, 𝐾, 𝑉) =

i

𝑠𝑜𝑓𝑡𝑚𝑎𝑥(𝑓 𝐾, 𝑞 ) 𝑉

𝑓 𝐾, Q Q𝐾𝑇

❖

http://jalammar.github.io/


𝐴(𝑞, 𝐾, 𝑉) =

i

𝑠𝑜𝑓𝑡𝑚𝑎𝑥(𝑓 𝐾, 𝑞 ) 𝑉

𝑓 𝐾, Q Q𝐾𝑇

Q𝐾𝑇

dk

❖

http://jalammar.github.io/


𝐴(𝑞, 𝐾, 𝑉) =

i

𝑠𝑜𝑓𝑡𝑚𝑎𝑥(𝑓 𝐾, 𝑞 ) 𝑉

𝑓 𝐾, Q Q𝐾𝑇

Q𝐾𝑇

dk

𝑠𝑜𝑓𝑡𝑚𝑎𝑥(
Q𝐾𝑇

dk

𝑠𝑜𝑓𝑡𝑚𝑎𝑥(
Q𝐾𝑇

dk
𝑉

𝐴(𝑄,𝐾, 𝑉) = 𝑠𝑜𝑓𝑡𝑚𝑎𝑥(
Q𝐾𝑇

dk
𝑉

❖

http://jalammar.github.io/


𝐴(𝑄,𝐾, 𝑉) = 𝑠𝑜𝑓𝑡𝑚𝑎𝑥(
Q𝐾𝑇

dk
𝑉

❖

http://jalammar.github.io/


[head1, head2, … , headℎ]𝑊
𝑂

head𝑖 = 𝐴(Q`, K`, V`)

V` = 𝑉𝑊𝑖
V𝑄` = 𝑄𝑊𝑖

𝑄
K` = 𝐾𝑊𝑖

K

[head1, head2, … , headℎ]

𝑀𝑢𝑙𝑡𝑖𝐻𝑒𝑎𝑑 𝑄, 𝐾, 𝑉
= [head1, head2, … , headℎ]𝑊

𝑂

❖
𝐴(𝑄,𝐾, 𝑉) = 𝑠𝑜𝑓𝑡𝑚𝑎𝑥(

Q𝐾𝑇

dk
𝑉

(𝑖 = 1…ℎ)

http://jalammar.github.io/


❖
𝐴(𝑄,𝐾, 𝑉) = 𝑠𝑜𝑓𝑡𝑚𝑎𝑥(

Q𝐾𝑇

dk
𝑉

http://jalammar.github.io/


❖
𝐴(𝑄,𝐾, 𝑉) = 𝑠𝑜𝑓𝑡𝑚𝑎𝑥(

Q𝐾𝑇

dk
𝑉

http://jalammar.github.io/


❖
𝐴(𝑄,𝐾, 𝑉) = 𝑠𝑜𝑓𝑡𝑚𝑎𝑥(

Q𝐾𝑇

dk
𝑉

http://jalammar.github.io/


▪

▪

▪

▪

❖

http://jalammar.github.io/


❖

▪

https://www.researchgate.net/publication/333112125_An_islanding_detection_method_based_on_image_classification_with_convolution_neural_network


❖

▪

▪

▪

▪

▪

▪

▪

▪

▪

▪

▪

▪

▪

▪

▪

▪



𝐹𝑒𝑥 𝑧,𝑊 = 𝑠𝑖𝑔𝑚𝑜𝑖𝑑(𝑊2𝑅𝑒𝑙𝑢(𝑊1𝑧) = 𝑠𝐹tr(X = v𝑐 ∗ X = 𝑢𝑐

𝐹𝑠𝑞(𝑢𝑐 =
1

𝐻×𝑊
σ𝑖=1
𝐻 σ𝑗=1

𝑊 𝑢𝑐(𝑖, 𝑗) = 𝑧𝑐 𝐹scale 𝑢𝑐 , 𝑠𝑐 = 𝑠𝑐𝑢𝑐 = x𝑐

❖



❖

https://towardsdatascience.com/understanding-and-visualizing-se-nets-1544aff0fc68


❖



𝑦𝑖𝑗 = 

𝑎,𝑏∈𝑁

𝑊𝑖−𝑎,𝑗−𝑏, 𝑥𝑎𝑏

𝑦𝑖 =
1

𝐶(𝑥)

∀𝑗

𝑠𝑜𝑓𝑡𝑚𝑎𝑥(𝑓(𝜃(𝑥𝑖), 𝜙(𝑥𝑗)))𝑔(𝑥𝑗)

𝑧𝑖 = 𝑊𝑧𝑦𝑖 𝑥𝑖

❖



𝑦𝑖 =
1

𝐶(𝑥)


∀𝑗

𝑠𝑜𝑓𝑡𝑚𝑎𝑥(𝑓(𝜃(𝑥𝑖), 𝜙(𝑥𝑗)))𝑔(𝑥𝑗)

𝑌 = 𝑠𝑜𝑓𝑡𝑚𝑎𝑥(𝑋𝑇𝑊𝜃
𝑇𝑊𝜙𝑋)𝑊g𝑋

𝐶 𝑥 = 1 𝜃, 𝜙, 𝑔 = 𝐿𝑖𝑛𝑒𝑎𝑟 𝑓𝑢𝑛𝑐𝑡𝑖𝑜𝑛

𝑦𝑖 𝑥𝑖 𝑥𝑗 𝑌, 𝑋, 𝑋

𝑓 = 𝑑𝑜𝑡 𝑝𝑟𝑜𝑑𝑢𝑐𝑡

𝐴(𝑄,𝐾, 𝑉) = 𝑠𝑜𝑓𝑡𝑚𝑎𝑥(
Q𝐾𝑇

dk
𝑉

𝑌 = 𝑠𝑜𝑓𝑡𝑚𝑎𝑥(𝑋𝑇𝑊𝜃
𝑇𝑊𝜙𝑋)𝑊g𝑋

❖



𝑦𝑖𝑗 = 

𝑎,𝑏∈𝑁(𝑖,𝑗)

𝑊𝑖−𝑎,𝑗−𝑏𝑥𝑎𝑏

❖



𝑦𝑖𝑗 = 

𝑎,𝑏∈𝑁(𝑖,𝑗)

𝑊𝑖−𝑎,𝑗−𝑏𝑥𝑎𝑏
𝑦𝑖𝑗 = 

𝑎,𝑏∈𝑁(𝑖,𝑗)

𝑠𝑜𝑓𝑡𝑚𝑎𝑥𝑎𝑏(𝑞𝑖𝑗
𝑇 𝑘𝑎𝑏)𝑣𝑎𝑏

𝑞𝑖𝑗 𝑊𝑄𝑥𝑖𝑗 𝑘𝑎𝑏 𝑊𝐾𝑥𝑎𝑏 𝑣𝑎𝑏 𝑊𝑉𝑥𝑎𝑏

❖



𝑦𝑖𝑗 = 

𝑎,𝑏∈𝑁(𝑖,𝑗)

𝑠𝑜𝑓𝑡𝑚𝑎𝑥𝑎𝑏(𝑞𝑖𝑗
𝑇 𝑘𝑎𝑏 + 𝑞𝑖𝑗

𝑇 𝑟𝑎−𝑖,𝑏−𝑗)𝑣𝑎𝑏𝑦𝑖𝑗 = 

𝑎,𝑏∈𝑁(𝑖,𝑗)

𝑠𝑜𝑓𝑡𝑚𝑎𝑥𝑎𝑏(𝑞𝑖𝑗
𝑇 𝑘𝑎𝑏)𝑣𝑎𝑏

❖



❖



❖

▪

▪



▪

▪

▪

▪

▪

▪

❖



❖

▪

•

•

•

▪

•

•

•

•

•




