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LSTM Networks
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Outline

Recap

GRU++

Long short -term memory LSTM

LSTM applications



PROTOPAPAS

<latexit sha1_base64="uDZ1ypTA1cZGKfNiMncAIoGGYBw="></latexit>

h t = tanh ( VX t + Uh t ! 1 + ! 1)
<latexit sha1_base64="uDZ1ypTA1cZGKfNiMncAIoGGYBw="></latexit>

ht = tanh (VX t + Uh t�1 + �1)

<latexit sha1_base64="mh2V1pGda3UhfeDSdcrXJ6JJKzw="></latexit>

h t = tanh ( VX t + U [PP t ! ht ! 1] + ! 1)
<latexit sha1_base64="+2bdBjwkrM8lcDSQXsEfCilxG/s="></latexit>

PP t = ! (V ppX t + U ppht ! 1 + " pp)
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Gated Recurrent Unit (GRU)

<latexit sha1_base64="jabI/UoEASobNN5VhabmCsBu+uY="></latexit>

h̃t = tanh (VXt +U [Rt ! ht! 1] + ! 1)
<latexit sha1_base64="7X96zEnpGCu/mV4HLnJwBARtcEg="></latexit>

ht = Z t ! ht! 1 + (1 " Z t) ! ÷ht

<latexit sha1_base64="z3Q9MTIRIwqienW3rXFVtMBiR78="></latexit>

R t = ! (V R X t + U R ht ! 1 + " R )
<latexit sha1_base64="S40gcODZov69vg8T9KVMwZAyMb0="></latexit>

Z t = � (V Z X t + U Z ht�1 + �Z )

!"#"$ %&$"'"()*+&,"-$.$/.
00.1&$"2.

345&$".%&$"
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GRU

GRU STRENGTHS?

! Current input can affect how much of the past information to consider

! The update gate solves the vanishing gradient problem

! Hidden state more robust to outlier inputs because of the update gate

GRU ISSUES?

! The same hidden state is used for memory and 
output

! With only two gates, performance suffers on longer 
sequences
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GRU++

! "#$%&' ! ( )*+!

How can we 
improve GRU?

+! ! , ! - +! " # ) &. / , ! 0- *+!

1!- +! " # 2 ) 3#0& 0
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GRU++

1!- +! " # 2 ) 3#0! "#$%&' ! ( ) & 0*+!

+! ! , ! - +! " # ) &. / , ! 0- *+!

I have an idea!
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GRU++

+! " # 2 ) 3#0! "#$%&' ! ( )*+!

Instead of resetting the 
previous hidden state, we can 
reset the candidate directly

*+! 1! - *+!!
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GRU++

LetÕs just call it the input
gate instead of reset gate 

*+! ! -4! *+

+! " # 2 ) 3#0! "#$%&' ! ( )*+!
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GRU++

4! -+! ! 5$ - +! " # ) *+!
So now we can directly 
use this to find the 
current hidden state 

We change the notation of ! ! to "!
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GRU++

+! ! 5$ - +! " # ) 4! - 6+!
Can become unbounded!

But isnÕt it possible 
for ! ! to become 
unbounded over time?
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GRU++

7! ! 5$ - 7! " # ) 4! - 87!

Yes, itÕs possible. 
Before we fix that,  letÕs call the 
memory part as ! ! instead of " !
(why not) 
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GRU++

7! ! 5$ - 7! " # ) 4! - 87!

"#$%&7! 0+! ! And use a nice activation 
function such as 
hyperbolic tan on it
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GRU++

7! ! 5$ - 7! " # ) 4! - 87!

"#$%&7! 0+! ! And use a nice activation 
function such as 
hyperbolic tan on it

!"#$%&'$&()*$&#+"&
,$,"-.$/0&

#" ./&1"234$4
$" ./&3"#&1"234$4
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GRU++

"#$%&7! 0+! !

7! ! 5$ - 7! " # ) 4! - 87!

How about we add another 
gate at the end?
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GRU++

+! !

7! ! 5$ - 7! " # ) 4! - 87!

How about we add another 
gate at the end?

Come on now!!! 
You are killing me

"#$%&7! 0
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GRU++

"#$%&7! 09$ -+! !

7! ! 5$ - 7! " # ) 4! - 87!

Why not!  
This could make 
our network more 
versatile
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GRU++ ! LSTM 

"#$%&7! 09$ -+! !

7! ! 5$ - 7! " # ) 4! - 87!

+! " #2 ) 3#0! "#$%&' ! ( ):7!

Now, putting it 
all together !

<latexit sha1_base64="bmbF26B3x9oZdJgEF4eawnzo7yw="></latexit>

ot = � (V oX t + U oht�1 + �o)
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GRU++ ! LSTM 

Where !

We now have 
three gates 
instead of two

<latexit sha1_base64="bmbF26B3x9oZdJgEF4eawnzo7yw="></latexit>

ot = � (V oX t + U oht�1 + �o)
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LSTM

But this looks 
like the vanilla 
LSTM!

<latexit sha1_base64="bmbF26B3x9oZdJgEF4eawnzo7yw="></latexit>

ot = � (V oX t + U oht�1 + �o)

<latexit sha1_base64="EE+t1wbNm5H+IW6UJBlSR9uN7Vk="></latexit>

÷ct = tanh ( X t V + ht ! 1U + ! 1)

<latexit sha1_base64="3uYCRPLbyqZxrKvhtNRCBvAJipI=">AAACLnicbVDLSgMxFM34tr6qLt0Ei6CbMiOiboSiCC4VbCt0ypBJM51gJhmSO0IZ5ovc+Cu6EFTErZ9hOm3B14HAueeeS+49YSq4Add9caamZ2bn5hcWK0vLK6tr1fWNllGZpqxJlVD6JiSGCS5ZEzgIdpNqRpJQsHZ4ezbst++YNlzJaxikrJuQvuQRpwSsFFTP/YRAHEZ5XAQ5FCeTUpUl9lVPAfaByBj7gkWwOzHQ0uBr3o9hL6jW3LpbAv8l3pjU0BiXQfXJ7ymaJUwCFcSYjuem0M2JBk4FKyp+ZlhK6C3ps46lkiTMdPPy3ALvWKWHI6Xtk4BL9ftEThJjBkloncNlze/eUPyv18kgOu7mXKYZMElHH0WZwKDwMDvc45pREANLCNXc7oppTDShYBOu2BC83yf/Ja39undYd68Oao3TcRwLaAtto13koSPUQBfoEjURRffoEb2iN+fBeXbenY+RdcoZz2yiH3A+vwDeHarX</latexit>

h t = ot ! tanh (ct )

<latexit sha1_base64="jqsWMkNYv9IsESahbjQCPGHvnqg=">AAACN3icbVDLSgMxFM34rPVVdekmWARBLDMi6kYounElFewD2lIymUwbmpkMyR2hDPNXbvwNd7pxoYhb/8BMW7APLyQczrmHe+9xI8E12PartbC4tLyymlvLr29sbm0XdnZrWsaKsiqVQqqGSzQTPGRV4CBYI1KMBK5gdbd/k+n1R6Y0l+EDDCLWDkg35D6nBAzVKdy1AgI9109o2kkgvfKzH7ekJwFPSSdOeswnReDCY8lfz9DfKRTtkj0sPA+cMSiicVU6hZeWJ2kcsBCoIFo3HTuCdkIUcCpYmm/FmkWE9kmXNQ0MScB0OxneneJDw3jYl8q8EPCQnXQkJNB6ELimM1tTz2oZ+Z/WjMG/bCc8jGJgIR0N8mOBQeIsROxxxSiIgQGEKm52xbRHFKFgos6bEJzZk+dB7bTknJfs+7Ni+XocRw7towN0hBx0gcroFlVQFVH0hN7QB/q0nq1368v6HrUuWGPPHpoq6+cXnPiuzQ==</latexit>

ct = f t ! ct ! 1 + i t ! ÷ct
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LSTM

But this looks 
like the vanilla 
LSTM!

EXACTLY, my 
young 
padawan!

<latexit sha1_base64="bmbF26B3x9oZdJgEF4eawnzo7yw="></latexit>

ot = � (V oX t + U oht�1 + �o)

<latexit sha1_base64="EE+t1wbNm5H+IW6UJBlSR9uN7Vk="></latexit>

÷ct = tanh ( X t V + ht ! 1U + ! 1)

<latexit sha1_base64="3uYCRPLbyqZxrKvhtNRCBvAJipI=">AAACLnicbVDLSgMxFM34tr6qLt0Ei6CbMiOiboSiCC4VbCt0ypBJM51gJhmSO0IZ5ovc+Cu6EFTErZ9hOm3B14HAueeeS+49YSq4Add9caamZ2bn5hcWK0vLK6tr1fWNllGZpqxJlVD6JiSGCS5ZEzgIdpNqRpJQsHZ4ezbst++YNlzJaxikrJuQvuQRpwSsFFTP/YRAHEZ5XAQ5FCeTUpUl9lVPAfaByBj7gkWwOzHQ0uBr3o9hL6jW3LpbAv8l3pjU0BiXQfXJ7ymaJUwCFcSYjuem0M2JBk4FKyp+ZlhK6C3ps46lkiTMdPPy3ALvWKWHI6Xtk4BL9ftEThJjBkloncNlze/eUPyv18kgOu7mXKYZMElHH0WZwKDwMDvc45pREANLCNXc7oppTDShYBOu2BC83yf/Ja39undYd68Oao3TcRwLaAtto13koSPUQBfoEjURRffoEb2iN+fBeXbenY+RdcoZz2yiH3A+vwDeHarX</latexit>

h t = ot ! tanh (ct )

<latexit sha1_base64="jqsWMkNYv9IsESahbjQCPGHvnqg=">AAACN3icbVDLSgMxFM34rPVVdekmWARBLDMi6kYounElFewD2lIymUwbmpkMyR2hDPNXbvwNd7pxoYhb/8BMW7APLyQczrmHe+9xI8E12PartbC4tLyymlvLr29sbm0XdnZrWsaKsiqVQqqGSzQTPGRV4CBYI1KMBK5gdbd/k+n1R6Y0l+EDDCLWDkg35D6nBAzVKdy1AgI9109o2kkgvfKzH7ekJwFPSSdOeswnReDCY8lfz9DfKRTtkj0sPA+cMSiicVU6hZeWJ2kcsBCoIFo3HTuCdkIUcCpYmm/FmkWE9kmXNQ0MScB0OxneneJDw3jYl8q8EPCQnXQkJNB6ELimM1tTz2oZ+Z/WjMG/bCc8jGJgIR0N8mOBQeIsROxxxSiIgQGEKm52xbRHFKFgos6bEJzZk+dB7bTknJfs+7Ni+XocRw7towN0hBx0gcroFlVQFVH0hN7QB/q0nq1368v6HrUuWGPPHpoq6+cXnPiuzQ==</latexit>

ct = f t ! ct ! 1 + i t ! ÷ct
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LSTM

<latexit sha1_base64="bmbF26B3x9oZdJgEF4eawnzo7yw="></latexit>

ot = � (V oX t + U oht�1 + �o)

<latexit sha1_base64="EE+t1wbNm5H+IW6UJBlSR9uN7Vk="></latexit>

÷ct = tanh ( X t V + ht ! 1U + ! 1)

<latexit sha1_base64="3uYCRPLbyqZxrKvhtNRCBvAJipI=">AAACLnicbVDLSgMxFM34tr6qLt0Ei6CbMiOiboSiCC4VbCt0ypBJM51gJhmSO0IZ5ovc+Cu6EFTErZ9hOm3B14HAueeeS+49YSq4Add9caamZ2bn5hcWK0vLK6tr1fWNllGZpqxJlVD6JiSGCS5ZEzgIdpNqRpJQsHZ4ezbst++YNlzJaxikrJuQvuQRpwSsFFTP/YRAHEZ5XAQ5FCeTUpUl9lVPAfaByBj7gkWwOzHQ0uBr3o9hL6jW3LpbAv8l3pjU0BiXQfXJ7ymaJUwCFcSYjuem0M2JBk4FKyp+ZlhK6C3ps46lkiTMdPPy3ALvWKWHI6Xtk4BL9ftEThJjBkloncNlze/eUPyv18kgOu7mXKYZMElHH0WZwKDwMDvc45pREANLCNXc7oppTDShYBOu2BC83yf/Ja39undYd68Oao3TcRwLaAtto13koSPUQBfoEjURRffoEb2iN+fBeXbenY+RdcoZz2yiH3A+vwDeHarX</latexit>

h t = ot ! tanh (ct )

<latexit sha1_base64="jqsWMkNYv9IsESahbjQCPGHvnqg=">AAACN3icbVDLSgMxFM34rPVVdekmWARBLDMi6kYounElFewD2lIymUwbmpkMyR2hDPNXbvwNd7pxoYhb/8BMW7APLyQczrmHe+9xI8E12PartbC4tLyymlvLr29sbm0XdnZrWsaKsiqVQqqGSzQTPGRV4CBYI1KMBK5gdbd/k+n1R6Y0l+EDDCLWDkg35D6nBAzVKdy1AgI9109o2kkgvfKzH7ekJwFPSSdOeswnReDCY8lfz9DfKRTtkj0sPA+cMSiicVU6hZeWJ2kcsBCoIFo3HTuCdkIUcCpYmm/FmkWE9kmXNQ0MScB0OxneneJDw3jYl8q8EPCQnXQkJNB6ELimM1tTz2oZ+Z/WjMG/bCc8jGJgIR0N8mOBQeIsROxxxSiIgQGEKm52xbRHFKFgos6bEJzZk+dB7bTknJfs+7Ni+XocRw7towN0hBx0gcroFlVQFVH0hN7QB/q0nq1368v6HrUuWGPPHpoq6+cXnPiuzQ==</latexit>

ct = f t ! ct ! 1 + i t ! ÷ct
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LSTM

<latexit sha1_base64="bmbF26B3x9oZdJgEF4eawnzo7yw="></latexit>

ot = ! (V oX t + U oht ! 1 + " o)

<latexit sha1_base64="EE+t1wbNm5H+IW6UJBlSR9uN7Vk="></latexit>

÷ct = tanh ( X t V + ht ! 1U + ! 1)

<latexit sha1_base64="3uYCRPLbyqZxrKvhtNRCBvAJipI=">AAACLnicbVDLSgMxFM34tr6qLt0Ei6CbMiOiboSiCC4VbCt0ypBJM51gJhmSO0IZ5ovc+Cu6EFTErZ9hOm3B14HAueeeS+49YSq4Add9caamZ2bn5hcWK0vLK6tr1fWNllGZpqxJlVD6JiSGCS5ZEzgIdpNqRpJQsHZ4ezbst++YNlzJaxikrJuQvuQRpwSsFFTP/YRAHEZ5XAQ5FCeTUpUl9lVPAfaByBj7gkWwOzHQ0uBr3o9hL6jW3LpbAv8l3pjU0BiXQfXJ7ymaJUwCFcSYjuem0M2JBk4FKyp+ZlhK6C3ps46lkiTMdPPy3ALvWKWHI6Xtk4BL9ftEThJjBkloncNlze/eUPyv18kgOu7mXKYZMElHH0WZwKDwMDvc45pREANLCNXc7oppTDShYBOu2BC83yf/Ja39undYd68Oao3TcRwLaAtto13koSPUQBfoEjURRffoEb2iN+fBeXbenY+RdcoZz2yiH3A+vwDeHarX</latexit>

h t = ot ! tanh (ct )

<latexit sha1_base64="jqsWMkNYv9IsESahbjQCPGHvnqg=">AAACN3icbVDLSgMxFM34rPVVdekmWARBLDMi6kYounElFewD2lIymUwbmpkMyR2hDPNXbvwNd7pxoYhb/8BMW7APLyQczrmHe+9xI8E12PartbC4tLyymlvLr29sbm0XdnZrWsaKsiqVQqqGSzQTPGRV4CBYI1KMBK5gdbd/k+n1R6Y0l+EDDCLWDkg35D6nBAzVKdy1AgI9109o2kkgvfKzH7ekJwFPSSdOeswnReDCY8lfz9DfKRTtkj0sPA+cMSiicVU6hZeWJ2kcsBCoIFo3HTuCdkIUcCpYmm/FmkWE9kmXNQ0MScB0OxneneJDw3jYl8q8EPCQnXQkJNB6ELimM1tTz2oZ+Z/WjMG/bCc8jGJgIR0N8mOBQeIsROxxxSiIgQGEKm52xbRHFKFgos6bEJzZk+dB7bTknJfs+7Ni+XocRw7towN0hBx0gcroFlVQFVH0hN7QB/q0nq1368v6HrUuWGPPHpoq6+cXnPiuzQ==</latexit>

ct = f t ! ct ! 1 + i t ! ÷ct
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LSTM

<latexit sha1_base64="bmbF26B3x9oZdJgEF4eawnzo7yw="></latexit>

ot = ! (V oX t + U oht ! 1 + " o)

<latexit sha1_base64="EE+t1wbNm5H+IW6UJBlSR9uN7Vk="></latexit>

÷ct = tanh ( X t V + ht ! 1U + ! 1)

<latexit sha1_base64="3uYCRPLbyqZxrKvhtNRCBvAJipI=">AAACLnicbVDLSgMxFM34tr6qLt0Ei6CbMiOiboSiCC4VbCt0ypBJM51gJhmSO0IZ5ovc+Cu6EFTErZ9hOm3B14HAueeeS+49YSq4Add9caamZ2bn5hcWK0vLK6tr1fWNllGZpqxJlVD6JiSGCS5ZEzgIdpNqRpJQsHZ4ezbst++YNlzJaxikrJuQvuQRpwSsFFTP/YRAHEZ5XAQ5FCeTUpUl9lVPAfaByBj7gkWwOzHQ0uBr3o9hL6jW3LpbAv8l3pjU0BiXQfXJ7ymaJUwCFcSYjuem0M2JBk4FKyp+ZlhK6C3ps46lkiTMdPPy3ALvWKWHI6Xtk4BL9ftEThJjBkloncNlze/eUPyv18kgOu7mXKYZMElHH0WZwKDwMDvc45pREANLCNXc7oppTDShYBOu2BC83yf/Ja39undYd68Oao3TcRwLaAtto13koSPUQBfoEjURRffoEb2iN+fBeXbenY+RdcoZz2yiH3A+vwDeHarX</latexit>

h t = ot ! tanh (ct )

<latexit sha1_base64="jqsWMkNYv9IsESahbjQCPGHvnqg=">AAACN3icbVDLSgMxFM34rPVVdekmWARBLDMi6kYounElFewD2lIymUwbmpkMyR2hDPNXbvwNd7pxoYhb/8BMW7APLyQczrmHe+9xI8E12PartbC4tLyymlvLr29sbm0XdnZrWsaKsiqVQqqGSzQTPGRV4CBYI1KMBK5gdbd/k+n1R6Y0l+EDDCLWDkg35D6nBAzVKdy1AgI9109o2kkgvfKzH7ekJwFPSSdOeswnReDCY8lfz9DfKRTtkj0sPA+cMSiicVU6hZeWJ2kcsBCoIFo3HTuCdkIUcCpYmm/FmkWE9kmXNQ0MScB0OxneneJDw3jYl8q8EPCQnXQkJNB6ELimM1tTz2oZ+Z/WjMG/bCc8jGJgIR0N8mOBQeIsROxxxSiIgQGEKm52xbRHFKFgos6bEJzZk+dB7bTknJfs+7Ni+XocRw7towN0hBx0gcroFlVQFVH0hN7QB/q0nq1368v6HrUuWGPPHpoq6+cXnPiuzQ==</latexit>

ct = f t ! ct ! 1 + i t ! ÷ct
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LSTM

<latexit sha1_base64="bmbF26B3x9oZdJgEF4eawnzo7yw="></latexit>

ot = ! (V oX t + U oht ! 1 + " o)

<latexit sha1_base64="EE+t1wbNm5H+IW6UJBlSR9uN7Vk="></latexit>

÷ct = tanh ( X t V + ht ! 1U + ! 1)

<latexit sha1_base64="3uYCRPLbyqZxrKvhtNRCBvAJipI=">AAACLnicbVDLSgMxFM34tr6qLt0Ei6CbMiOiboSiCC4VbCt0ypBJM51gJhmSO0IZ5ovc+Cu6EFTErZ9hOm3B14HAueeeS+49YSq4Add9caamZ2bn5hcWK0vLK6tr1fWNllGZpqxJlVD6JiSGCS5ZEzgIdpNqRpJQsHZ4ezbst++YNlzJaxikrJuQvuQRpwSsFFTP/YRAHEZ5XAQ5FCeTUpUl9lVPAfaByBj7gkWwOzHQ0uBr3o9hL6jW3LpbAv8l3pjU0BiXQfXJ7ymaJUwCFcSYjuem0M2JBk4FKyp+ZlhK6C3ps46lkiTMdPPy3ALvWKWHI6Xtk4BL9ftEThJjBkloncNlze/eUPyv18kgOu7mXKYZMElHH0WZwKDwMDvc45pREANLCNXc7oppTDShYBOu2BC83yf/Ja39undYd68Oao3TcRwLaAtto13koSPUQBfoEjURRffoEb2iN+fBeXbenY+RdcoZz2yiH3A+vwDeHarX</latexit>

h t = ot ! tanh (ct )

<latexit sha1_base64="jqsWMkNYv9IsESahbjQCPGHvnqg=">AAACN3icbVDLSgMxFM34rPVVdekmWARBLDMi6kYounElFewD2lIymUwbmpkMyR2hDPNXbvwNd7pxoYhb/8BMW7APLyQczrmHe+9xI8E12PartbC4tLyymlvLr29sbm0XdnZrWsaKsiqVQqqGSzQTPGRV4CBYI1KMBK5gdbd/k+n1R6Y0l+EDDCLWDkg35D6nBAzVKdy1AgI9109o2kkgvfKzH7ekJwFPSSdOeswnReDCY8lfz9DfKRTtkj0sPA+cMSiicVU6hZeWJ2kcsBCoIFo3HTuCdkIUcCpYmm/FmkWE9kmXNQ0MScB0OxneneJDw3jYl8q8EPCQnXQkJNB6ELimM1tTz2oZ+Z/WjMG/bCc8jGJgIR0N8mOBQeIsROxxxSiIgQGEKm52xbRHFKFgos6bEJzZk+dB7bTknJfs+7Ni+XocRw7towN0hBx0gcroFlVQFVH0hN7QB/q0nq1368v6HrUuWGPPHpoq6+cXnPiuzQ==</latexit>

ct = f t ! ct ! 1 + i t ! ÷ct

! !! ! " #

" ! " # " !

#! $!

%!

&! !

' !

! !

" !
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LSTM

" ! " #

#!

%!
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LSTM

" ! " #

#!

%!

$!
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LSTM

" ! " #

#!

%!

$!

<latexit sha1_base64="EE+t1wbNm5H+IW6UJBlSR9uN7Vk="></latexit>

÷ct = tanh ( X t V + ht ! 1U + ! 1)

&! !
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LSTM

" ! " #

#!

%!

$!

<latexit sha1_base64="EE+t1wbNm5H+IW6UJBlSR9uN7Vk="></latexit>

÷ct = tanh ( X t V + ht ! 1U + ! 1)

&! !

<latexit sha1_base64="jqsWMkNYv9IsESahbjQCPGHvnqg=">AAACN3icbVDLSgMxFM34rPVVdekmWARBLDMi6kYounElFewD2lIymUwbmpkMyR2hDPNXbvwNd7pxoYhb/8BMW7APLyQczrmHe+9xI8E12PartbC4tLyymlvLr29sbm0XdnZrWsaKsiqVQqqGSzQTPGRV4CBYI1KMBK5gdbd/k+n1R6Y0l+EDDCLWDkg35D6nBAzVKdy1AgI9109o2kkgvfKzH7ekJwFPSSdOeswnReDCY8lfz9DfKRTtkj0sPA+cMSiicVU6hZeWJ2kcsBCoIFo3HTuCdkIUcCpYmm/FmkWE9kmXNQ0MScB0OxneneJDw3jYl8q8EPCQnXQkJNB6ELimM1tTz2oZ+Z/WjMG/bCc8jGJgIR0N8mOBQeIsROxxxSiIgQGEKm52xbRHFKFgos6bEJzZk+dB7bTknJfs+7Ni+XocRw7towN0hBx0gcroFlVQFVH0hN7QB/q0nq1368v6HrUuWGPPHpoq6+cXnPiuzQ==</latexit>

ct = f t ! ct ! 1 + i t ! ÷ct

! ! " #
! ! ! !
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LSTM

" ! " #

#!

%!

$!

<latexit sha1_base64="EE+t1wbNm5H+IW6UJBlSR9uN7Vk="></latexit>

÷ct = tanh ( X t V + ht ! 1U + ! 1)

&! !

<latexit sha1_base64="jqsWMkNYv9IsESahbjQCPGHvnqg=">AAACN3icbVDLSgMxFM34rPVVdekmWARBLDMi6kYounElFewD2lIymUwbmpkMyR2hDPNXbvwNd7pxoYhb/8BMW7APLyQczrmHe+9xI8E12PartbC4tLyymlvLr29sbm0XdnZrWsaKsiqVQqqGSzQTPGRV4CBYI1KMBK5gdbd/k+n1R6Y0l+EDDCLWDkg35D6nBAzVKdy1AgI9109o2kkgvfKzH7ekJwFPSSdOeswnReDCY8lfz9DfKRTtkj0sPA+cMSiicVU6hZeWJ2kcsBCoIFo3HTuCdkIUcCpYmm/FmkWE9kmXNQ0MScB0OxneneJDw3jYl8q8EPCQnXQkJNB6ELimM1tTz2oZ+Z/WjMG/bCc8jGJgIR0N8mOBQeIsROxxxSiIgQGEKm52xbRHFKFgos6bEJzZk+dB7bTknJfs+7Ni+XocRw7towN0hBx0gcroFlVQFVH0hN7QB/q0nq1368v6HrUuWGPPHpoq6+cXnPiuzQ==</latexit>

ct = f t ! ct ! 1 + i t ! ÷ct

! ! " #
! !

<latexit sha1_base64="bmbF26B3x9oZdJgEF4eawnzo7yw="></latexit>

ot = ! (V oX t + U oht ! 1 + " o)

' !

! !
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LSTM

" ! " #

#!

%!

$!

<latexit sha1_base64="EE+t1wbNm5H+IW6UJBlSR9uN7Vk="></latexit>

÷ct = tanh ( X t V + ht ! 1U + ! 1)

&! !

<latexit sha1_base64="jqsWMkNYv9IsESahbjQCPGHvnqg=">AAACN3icbVDLSgMxFM34rPVVdekmWARBLDMi6kYounElFewD2lIymUwbmpkMyR2hDPNXbvwNd7pxoYhb/8BMW7APLyQczrmHe+9xI8E12PartbC4tLyymlvLr29sbm0XdnZrWsaKsiqVQqqGSzQTPGRV4CBYI1KMBK5gdbd/k+n1R6Y0l+EDDCLWDkg35D6nBAzVKdy1AgI9109o2kkgvfKzH7ekJwFPSSdOeswnReDCY8lfz9DfKRTtkj0sPA+cMSiicVU6hZeWJ2kcsBCoIFo3HTuCdkIUcCpYmm/FmkWE9kmXNQ0MScB0OxneneJDw3jYl8q8EPCQnXQkJNB6ELimM1tTz2oZ+Z/WjMG/bCc8jGJgIR0N8mOBQeIsROxxxSiIgQGEKm52xbRHFKFgos6bEJzZk+dB7bTknJfs+7Ni+XocRw7towN0hBx0gcroFlVQFVH0hN7QB/q0nq1368v6HrUuWGPPHpoq6+cXnPiuzQ==</latexit>

ct = f t ! ct ! 1 + i t ! ÷ct

! ! " #
! !

<latexit sha1_base64="bmbF26B3x9oZdJgEF4eawnzo7yw="></latexit>

ot = ! (V oX t + U oht ! 1 + " o)

' !

<latexit sha1_base64="3uYCRPLbyqZxrKvhtNRCBvAJipI=">AAACLnicbVDLSgMxFM34tr6qLt0Ei6CbMiOiboSiCC4VbCt0ypBJM51gJhmSO0IZ5ovc+Cu6EFTErZ9hOm3B14HAueeeS+49YSq4Add9caamZ2bn5hcWK0vLK6tr1fWNllGZpqxJlVD6JiSGCS5ZEzgIdpNqRpJQsHZ4ezbst++YNlzJaxikrJuQvuQRpwSsFFTP/YRAHEZ5XAQ5FCeTUpUl9lVPAfaByBj7gkWwOzHQ0uBr3o9hL6jW3LpbAv8l3pjU0BiXQfXJ7ymaJUwCFcSYjuem0M2JBk4FKyp+ZlhK6C3ps46lkiTMdPPy3ALvWKWHI6Xtk4BL9ftEThJjBkloncNlze/eUPyv18kgOu7mXKYZMElHH0WZwKDwMDvc45pREANLCNXc7oppTDShYBOu2BC83yf/Ja39undYd68Oao3TcRwLaAtto13koSPUQBfoEjURRffoEb2iN+fBeXbenY+RdcoZz2yiH3A+vwDeHarX</latexit>

h t = ot ! tanh (ct )

! !

" !
" !

" !
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Long short -term memory  (LSTM)

! First introduced in 1995 to counter the 
vanishing gradient problem.

! Training was done using a mixture of 
Real Time Recurrent Learning and 
Backpropagation Through Time.

! Underwent several major modifications 
including addition of forget gate , peephole 
connections etc.

! In the last two decades, several other 
variants were introduced with mixed 
results

! First prototype of LSTM cell
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Long short -term memory  (LSTM)

After its introduction in 1995, here are the eight popular types of LSTM 
variants other than the vanilla version:

! NIG ÐNo input gate
! NFG  - No forget gate 
! NOG ÐNo output gate
! NIAF ÐNo input activation
! NOAF ÐNo output activation
! CIFG ÐCoupled input/forget gate
! NP ÐNo peepholes
! FGR ÐFull gate recurrence

Please refer to the paper LSTM: A Search Space Odyssey for a thorough 
analysis of all the variants

LSTMs
MUST TRY 8 VARIETIES OF  PIZZAS

https://arxiv.org/pdf/1503.04069.pdf


PROTOPAPAS

Exercise: LSTM v/s GRU

The goal of this exercise is to compare the 
performance between two popular gating methods, 
i.e LSTM and GRUs:



PROTOPAPAS

Exercise: LSTM v/s GRU
As in previous exercises you need to add an 

embedding layer. 
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