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LSTM Forward Pass

ℎ𝑡 = 𝑡𝑎𝑛ℎ 𝑐𝑡 ⊗𝑜𝑡

𝑓𝑡 = 𝜎 𝑊𝑓 ∙ 𝑥𝑡 + 𝑈𝑓 ∙ ℎ𝑡−1 + 𝑏𝑖

𝑖𝑡 = 𝜎 𝑊𝑖 ∙ 𝑥𝑡 + 𝑈𝑖 ∙ ℎ𝑡−1 + 𝑏𝑖

𝑜𝑡 = 𝜎 𝑊𝑜 ∙ 𝑥𝑡 + 𝑈𝑜 ∙ ℎ𝑡−1 + 𝑏𝑜

𝑐𝑡 = 𝑡𝑎𝑛ℎ 𝑊𝑐 ∙ 𝑥𝑡 + 𝑈𝑐 ∙ ℎ𝑡−1 + 𝑏𝑐

𝒛𝒕 =

ǁ𝑐𝑡
𝑓𝑡
𝑖𝑡
𝑜𝑡

=

𝑊𝑐

𝑊𝑓

𝑊𝑖

𝑈𝑐
𝑈𝑓
𝑈𝑖

𝑊𝑜 𝑈𝑜

∙
𝒙𝒕
𝒉𝒕−𝟏

+

𝑏𝑐
𝑏𝑓
𝑏𝑖
𝑏𝑜

= 𝑊 ∙ 𝑰𝒕 + 𝒃



LSTM Forward Pass

𝑐𝑡 = 𝑐𝑡−1 ⊗𝑍𝑓 ⊕𝑍𝑖 ⊗𝑍 ǁ𝑐

𝑓𝑡 = 𝜎 𝑊𝑓 ∙ 𝑥𝑡 + 𝑈𝑓 ∙ ℎ𝑡−1 + 𝑏𝑖

𝑖𝑡 = 𝜎 𝑊𝑖 ∙ 𝑥𝑡 + 𝑈𝑖 ∙ ℎ𝑡−1 + 𝑏𝑖

𝑜𝑡 = 𝜎 𝑊𝑜 ∙ 𝑥𝑡 + 𝑈𝑜 ∙ ℎ𝑡−1 + 𝑏𝑜

𝑐𝑡 = 𝑡𝑎𝑛ℎ 𝑊𝑐 ∙ 𝑥𝑡 + 𝑈𝑐 ∙ ℎ𝑡−1 + 𝑏𝑐

𝑍𝑡 =

ǁ𝑐𝑡
𝑓𝑡
𝑖𝑡
𝑜𝑡

=

𝑊𝑐

𝑊𝑓

𝑊𝑖

𝑈𝑐
𝑈𝑓
𝑈𝑖

𝑊𝑜 𝑈𝑜

∙
𝒙𝒕
𝒉𝒕−𝟏

+

𝑏𝑐
𝑏𝑓
𝑏𝑖
𝑏𝑜

= 𝑊 ∙ 𝑰𝒕 + 𝒃

𝑐𝑡 = 𝑐𝑡−1 ⊗𝑓𝑡 ⊕ 𝑖𝑡 ⊗ 𝑐𝑡



LSTM Forward Pass

ℎ𝑡 = 𝑡𝑎𝑛ℎ 𝑐𝑡 ⊗𝑜𝑡

𝑓𝑡 = 𝜎 𝑊𝑓 ∙ 𝑥𝑡 + 𝑈𝑓 ∙ ℎ𝑡−1 + 𝑏𝑖

𝑖𝑡 = 𝜎 𝑊𝑖 ∙ 𝑥𝑡 + 𝑈𝑖 ∙ ℎ𝑡−1 + 𝑏𝑖

𝑜𝑡 = 𝜎 𝑊𝑜 ∙ 𝑥𝑡 + 𝑈𝑜 ∙ ℎ𝑡−1 + 𝑏𝑜

𝑐𝑡 = 𝑡𝑎𝑛ℎ 𝑊𝑐 ∙ 𝑥𝑡 + 𝑈𝑐 ∙ ℎ𝑡−1 + 𝑏𝑐

𝑍𝑡 =

ǁ𝑐𝑡
𝑓𝑡
𝑖𝑡
𝑜𝑡

=

𝑊𝑐

𝑊𝑓

𝑊𝑖

𝑈𝑐
𝑈𝑓
𝑈𝑖

𝑊𝑜 𝑈𝑜

∙
𝒙𝒕
𝒉𝒕−𝟏

+

𝑏𝑐
𝑏𝑓
𝑏𝑖
𝑏𝑜

= 𝑊 ∙ 𝑰𝒕 + 𝒃 ℎ𝑡 = 𝑡𝑎𝑛ℎ 𝑐𝑡 ⊗𝑍𝑜



𝑥𝑡 = 1, 2, 1 ℎ𝑡−1 = 0.3, 0.4 𝑐𝑡−1 = 0.1, 0.7
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𝑥𝑡 = 1, 2, 1 ℎ𝑡−1 = 0.3, 0.4 𝑐𝑡−1 = 0.1, 0.7

𝑊 ǁ𝑐 =
0.2 0.1
0.5
0.3

0.3
0.1

𝑈 ǁ𝑐 =
0.1 0.5
0.2 0.3

𝑊𝑓 =
0.2 0.1
0.5
0.3

0.3
0.1

𝑊𝑖 =
0.2 0.1
0.5
0.3

0.3
0.1

𝑊𝑜 =
0.2 0.1
0.5
0.3

0.3
0.1

𝑈𝑓 =
0.1 0.5
0.2 0.3

𝑈𝑖 =
0.1 0.5
0.2 0.3

𝑈𝑜 =
0.1 0.5
0.2 0.3
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𝑥𝑡 = 1, 2, 1 ℎ𝑡−1 = 0.3, 0.4 𝑐𝑡−1 = 0.1, 0.7

𝑊 ǁ𝑐 =
0.2 0.1
0.5
0.3

0.3
0.1

𝑈 ǁ𝑐 =
0.1 0.5
0.2 0.3

𝑊𝑓 =
0.2 0.1
0.5
0.3

0.3
0.1

𝑊𝑖 =
0.2 0.1
0.5
0.3

0.3
0.1

𝑊𝑜 =
0.2 0.1
0.5
0.3

0.3
0.1

𝑈𝑓 =
0.1 0.5
0.2 0.3

𝑈𝑖 =
0.1 0.5
0.2 0.3

𝑈𝑜 =
0.1 0.5
0.2 0.3
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𝑍𝑡 =

ǁ𝑐𝑡
𝑓𝑡
𝑖𝑡
𝑜𝑡

=

0.2 0.5 0.3
0.1 0.3 0.1
0.2 0.5 0.3
0.1 0.3 0.1
0.2 0.5 0.3
0.1 0.3 0.1

0.1 0.2
0.5 0.3
0.1 0.2
0.5 0.3
0.1 0.2
0.5 0.3

0.2 0.5 0.3
0.1 0.3 0.1

0.1 0.2
0.5 0.3

∙

1
2
1
0.3
0.4

+

1
1
1
1
1
1
1
1

=

0.99
0.97
0.93
0.89
0.93
0.89
0.93
0.89

𝑍𝑡 =

ǁ𝑐𝑡
𝑓𝑡
𝑖𝑡
𝑜𝑡

=

𝑊𝑐

𝑊𝑓

𝑊𝑖

𝑈𝑐
𝑈𝑓
𝑈𝑖

𝑊𝑜 𝑈𝑜

∙
𝒙𝒕
𝒉𝒕−𝟏

+

𝑏𝑐
𝑏𝑓
𝑏𝑖
𝑏𝑜



𝑥𝑡 = 1, 2, 1 ℎ𝑡−1 = 0.3, 0.4 𝑐𝑡−1 = 0.1, 0.7

𝑊 ǁ𝑐 =
0.2 0.1
0.5
0.3

0.3
0.1

𝑈 ǁ𝑐 =
0.1 0.5
0.2 0.3

𝑊𝑓 =
0.2 0.1
0.5
0.3

0.3
0.1

𝑊𝑖 =
0.2 0.1
0.5
0.3

0.3
0.1

𝑊𝑜 =
0.2 0.1
0.5
0.3

0.3
0.1

𝑈𝑓 =
0.1 0.5
0.2 0.3

𝑈𝑖 =
0.1 0.5
0.2 0.3

𝑈𝑜 =
0.1 0.5
0.2 0.3
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𝑐𝑡 = 𝑐𝑡−1 ⊗𝑍𝑓 ⊕𝑍𝑖 ⊗𝑍 ǁ𝑐

𝑐𝑡 = 0.1,0.7 ⊗ 0.93,0.89 ⊕ 0.93,0.89 ⊗ 0.99,0.97 = 0.09,0.58 ⊕ 0.92,0.86 = 1.01,1.44

𝑍𝑡 =

ǁ𝑐𝑡
𝑓𝑡
𝑖𝑡
𝑜𝑡

=

0.2 0.5 0.3
0.1 0.3 0.1
0.2 0.5 0.3
0.1 0.3 0.1
0.2 0.5 0.3
0.1 0.3 0.1

0.1 0.2
0.5 0.3
0.1 0.2
0.5 0.3
0.1 0.2
0.5 0.3

0.2 0.5 0.3
0.1 0.3 0.1

0.1 0.2
0.5 0.3

∙

1
2
1
0.3
0.4

+

1
1
1
1
1
1
1
1

=

0.99
0.97
0.93
0.89
0.93
0.89
0.93
0.89



𝑥𝑡 = 1, 2, 1 ℎ𝑡−1 = 0.3, 0.4 𝑐𝑡−1 = 0.1, 0.7

𝑊 ǁ𝑐 =
0.2 0.1
0.5
0.3

0.3
0.1

𝑈 ǁ𝑐 =
0.1 0.5
0.2 0.3

𝑧𝑡 =

ǁ𝑐𝑡
𝑓𝑡
𝑖𝑡
𝑜𝑡

=

0.2 0.5 0.3
0.1 0.3 0.1
0.2 0.5 0.3
0.1 0.3 0.1
0.2 0.5 0.3
0.1 0.3 0.1

0.1 0.2
0.5 0.3
0.1 0.2
0.5 0.3
0.1 0.2
0.5 0.3

0.2 0.5 0.3
0.1 0.3 0.1

0.1 0.2
0.5 0.3

∙

1
2
1
0.3
0.4

+

1
1
1
1
1
1
1
1

=

0.99
0.97
0.93
0.89
0.93
0.89
0.93
0.89

𝑊𝑓 =
0.2 0.1
0.5
0.3

0.3
0.1

𝑊𝑖 =
0.2 0.1
0.5
0.3

0.3
0.1

𝑊𝑜 =
0.2 0.1
0.5
0.3

0.3
0.1

𝑈𝑓 =
0.1 0.5
0.2 0.3

𝑈𝑖 =
0.1 0.5
0.2 0.3

𝑈𝑜 =
0.1 0.5
0.2 0.3
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𝑐𝑡 = 1.01,1.44

ℎ𝑡 = 𝑡𝑎𝑛ℎ 𝑐𝑡 ⊗𝑍𝑜

ℎ𝑡 = 𝑡𝑎𝑛ℎ 1.01, 1.44 ⊗ 0.93,0.89 = 0.77,0.89 ⊗ 0.93,0.89 = 0.72,64


