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Generation and 
Prediction 

• Obvious way to generate a 
sequence: repeatedly predict what 
will happen next 

• Best to split into smallest chunks 
possible: more flexible, fewer 
parameters



The Role of Memory 

• Need to remember the past to 
predict the future 

• Having a longer memory has 
several advantages: 

• can store and generate longer 
range patterns 

• especially ‘disconnected’ 
patterns like balanced quotes 
and brackets 

• more robust to ‘mistakes’ 



Basic Architecture 

• Deep recurrent LSTM net with skip 
connections 

• Inputs arrive one at a time, outputs 
determine predictive distribution over 
next input 

• Train by minimizing log-loss

• Generate by sampling from output 
distribution and feeding into input 



Text Generation 

• Task: generate text sequences 
one character at a time 

• Data: raw wikipedia from Hutter
challenge (100 MB) 

• 205 one-hot inputs (characters), 
205 way softmax output layer

• Split into length 100 sequences, 
no resets in between 



Network
Architecture



Compression 
Results



Real Wiki data



Generated Wiki data



Handwriting 
Generation 

• Task: generate pen trajectories by 
predicting one (x,y) point at a time 

• Data: IAM online handwriting, 10K 
training sequences, many writers, 
unconstrained style, captured from 
whiteboard

• How to predict real-valued 
coordinates???



Recurrent Mixture 
Density Networks 

• Suitably squashed output units 
parameterize a mixture 
distribution (usually Gaussian)

• Not just fitting Gaussians to 
data: every output distribution 
conditioned on all inputs so far 

• For prediction, number of 
components is number of 
choices for what comes next 



Network Details 

• 3 inputs: Δx, Δy, pen up/down 

• 121 output units 

• 20 two dimensional 
Gaussians for x,y = 40 
means (linear) + 40 std. 
devs (exp) + 20 
correlations (tanh) + 20 
weights (softmax) 

• 1 sigmoid for up/down



Output Density



Handwriting 
Synthesis

• Want to tell the network what to 
write without losing the 
distribution over how it writes

• Can do this by conditioning the 
predictions on a text sequence

• Problem: alignment between text 
and writing unknown 

• Solution: before each prediction, 
let the network decide where it is 
in the text sequence



Network 
Architecture 



Unbiased 
Sampling 



Biased 
Sampling 


