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* Slot Filling

| would like to arrive Taipei on November 2",
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¥

ticket booking system

Destination: Taipei

Slot
time of arrival: November 2nd

Trivial Sol.




Example Application

Solving slot filling by
Feedforward network?
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1-of-N encoding

How to represent each word as a vector?

1-of-N Encoding lexicon = {apple, bag, cat, dog, elephant}

The vector is lexicon size. apple=[1 0 0 0 O]
Each dimension corresponds bag =[0 1 0 0 0]
to a word in the lexicon cat =[0 0 1 0 O]
The dimension for the word dog =[0 0 0 1 0]

is 1, and others are 0 elephant =[0 0 0O 0 1]




Beyond 1-of-N encoding
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IINIRZS Z£BFSM -> RNN

The output of hidden layer I
are stored in the memory.

store

Memory can be considered % .
as another input.



Example
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All the weights are “1”, no bias

All activation functions are linear



sthts are “1”, no bias
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Input sequence: [ﬂ H] [g] ......
Exam P le output sequence: 2] [3][25
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Changing the sequence 1 52 t
order will change the output. /) y.

store

All the weights are “1”, no bias

All activation functions are linear




RN N The same network is used again and again.

Probability of Probability of
“arrive” in each slot  “Taipei” in each slot
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Of course it can be deep ...

Elman Network & Jordan Network

ElIman Network « Jordan Network

Elman : Fhidden layer



Jordan : fFoutput ERIF s
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Bidirectional RN
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Long Short-term Memory (LSTM)

Other part of the network

Special Neuron:
4 inputs,
1 output

Signal control
the output gate

(Other part of
the network)

Output Gate

L

Signal control
the forget gate

(Other part of
the network)

Signal control
the input gate
(Other part of

the network)
Other part of the network el ~b Mo Cumn

Activation function fis
usually a sigmoid function

Between O and 1

Mimic open and close gate

[ Zf




A a

:ﬁj Output Gate !

) Lo@f@)
@—>,multiply

Input Gate

Forget Gate

¢ f(z)

cf (zf)

9(2)

Activation function f is
usually a sigmoid function

Between O and 1

Mimic open and close gate
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Created with EverCam.
http://www.camdemy.com
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Activation function f is
usually a sigmoid function

Between 0 and 1

Mimic open and close gate
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Created with EverCam.
http://www.camdemy.con



LSTM - Example

2 B B BE E 5 E @ =
X1 3 2 4 2 1 3 6 1
X2 0 1 0 1 0 0 1] 1 0
x5 0 0 0 0 0 1 0| |0 1

When x, = 1, add the numbers of x; into the memory
When x, = -1, reset the memory

When x; = 1, output the number in the memory.



Forget Gate
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Forget Gate
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Original Network:

» Simply replace the neurons with LSTM

X1 X5 Input

Created with EverCam
ttp://www.camdemy.co

4 times of parameters X1
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LSTM
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