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Brains! 

 

 

 

 

 

• Intelligent machines 



Brain architecture 

• Neurons 
– Basic building block of brains 
– Humans have 100 billion 
– Given enough input =>  

voltage spikes, neuron sends 
output to neighbors 

• Synapses 
– Connect neurons 
– Neurons excite or inhibit their 

neighbors 

• Fault tolerant & massively parallel (CPUs headed this way too) 
• Massively interconnected (100 to 10K neighbors per neuron) 
• Slow switching time vs. CPUs 



Basic Artificial Neuron 

 

 

 

 
 

 

 

 

 

 

From Manaal Faruqui 



Neural Network Language Models 

• Statistical Language Modeling: 
– Predict probability of next word in sequence 

 

I was headed to Madrid , ____ 

 P(___ = “Spain”) = 0.5, 

 P(___ = “but”) = 0.2, etc. 

 

• Used in speech recognition, machine 
translation, (recently) information extraction 



• Estimate: 

Formally 
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ftp://tlp.limsi.fr/public/emnlp05.pdf from 

ftp://tlp.limsi.fr/public/emnlp05.pdf


Optimizations 

• Key idea – learn simultaneously: 

– vector representations of each word (e.g., 120 dim) 

– predictor of next word. based on previous vectors 

 

• Short-lists 

– Much complexity in hidden->output layer 
• Number of possible next words is large 

– Only predict a subset of words 
• Use a standard probabilistic model for the rest 



Word prediction performance 

• http://arxiv.org/abs/1312.3005 

http://arxiv.org/abs/1312.3005


LMs for Analogies 

 



Analogies Performance 

 

 

 

 

 
• http://arxiv.org/pdf/1301.3781.pdf 
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Analogies Performance 
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