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knowing	
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  so#ware	
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  such	
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  role.”	
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New Classes 
of 

Applications 





Computer Science: 
    Doing the right thing, 
    efficiently, when you 
    can define what that means 
 
Artificial Intelligence: 
    Doing the right thing, 
    efficiently, when you 
    don’t know what to do 
 



Visual 
Object 

Recognition 









Traditional Software 
vs 

Machine Learning 



Traditional Software 



Machine Learning 

Data







Example: 
Spelling 

Correction 





if (is_before(‘i’, ‘e’) and 
    not is_after(‘i’, ‘c’)):  
    return CORRECT  

2000+	
  lines	
  of	
  code	
  per	
  language	
  



Examples 



Datareturn argmax(P(observed|w) * P(w)  
              for w in dictionary)

def	
  train(features):	
  
	
  	
  	
  	
  model	
  =	
  collecBons.defaultdict(lambda:	
  1)	
  
	
  	
  	
  	
  for	
  f	
  in	
  features:	
  
	
  	
  	
  	
  	
  	
  	
  	
  model[f]	
  +=	
  1	
  
	
  	
  	
  	
  return	
  model	
  
	
  
def	
  words(text):	
  return	
  re.findall('[a-­‐z]+',	
  text.lower())	
  
	
  
P	
  =	
  train(words(file('big.txt').read()))	
  
	
  
alphabet	
  =	
  'abcdefghijklmnopqrstuvwxyz'	
  
	
  
def	
  edits1(word):	
  
	
  	
  	
  splits	
  	
  	
  	
  	
  =	
  [(word[:i],	
  word[i:])	
  for	
  i	
  in	
  range(len(word)	
  +	
  1)]	
  
	
  	
  	
  deletes	
  	
  	
  	
  =	
  [a	
  +	
  b[1:]	
  for	
  a,	
  b	
  in	
  splits	
  if	
  b]	
  
	
  	
  	
  transposes	
  =	
  [a	
  +	
  b[1]	
  +	
  b[0]	
  +	
  b[2:]	
  for	
  a,	
  b	
  in	
  splits	
  if	
  len(b)>1]	
  
	
  	
  	
  replaces	
  	
  	
  =	
  [a	
  +	
  c	
  +	
  b[1:]	
  for	
  a,	
  b	
  in	
  splits	
  for	
  c	
  in	
  alphabet	
  if	
  b]	
  
	
  	
  	
  inserts	
  	
  	
  	
  =	
  [a	
  +	
  c	
  +	
  b	
  	
  	
  	
  	
  for	
  a,	
  b	
  in	
  splits	
  for	
  c	
  in	
  alphabet]	
  
	
  	
  	
  return	
  set(deletes	
  +	
  transposes	
  +	
  replaces	
  +	
  inserts)	
  
	
  
	
  

	
  

def	
  known_edits2(word):	
  
	
  	
  	
  	
  return	
  set(e2	
  for	
  e1	
  in	
  edits1(word)	
  for	
  e2	
  in	
  edits1(e1)	
  if	
  e2	
  in	
  P)	
  
	
  
def	
  known(words):	
  return	
  set(w	
  for	
  w	
  in	
  words	
  if	
  w	
  in	
  P)	
  
	
  
def	
  correct(word):	
  
	
  	
  	
  	
  candidates	
  =	
  (known([word])	
  or	
  known(edits1(word))	
  or	
  	
  
	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  known_edits2(word)	
  or	
  [word])	
  
	
  	
  	
  	
  return	
  max(candidates,	
  key=P.get)	
  
	
  
	
  

	
  

21	
  lines	
  of	
  code	
  total	
  



Object 
Recognition 

via 
Supervised 

Machine Learning 



Gibbon 
 
Panda 
 

panda	
  

gibbon	
  



Object 
Clustering 

via 
Unsupervised 

Machine Learning 





A Parable 







Inventory



Object 
Recognition 

via 
Unsupervised 

Machine Learning 

Inventory

?	
  





Choose a set of, say, 1000 Pieces 
to make near-copies of each Image 
minimizing difference:  

Σ (Copyx, y – Imagex, y ) 
where 
Copyx, y = Σ weight i ⨉ Piecei 
 



Object 
Recognition 

via 
Unsupervised 

Machine Learning 

Inventory

?	
  





Inventory 1 Inventory 2

Inventory 3





10,000,000 YouTube video frames 









Layer 7

...

Layer 1

Input

ImageNet���

2012 Model

8 layers

U Toronto Team: ���
Krizhevsky, 
Sutskever &  
Hinton

16.4% top-5 error rate



ImageNet

2014 Model 

24 layers

Google Team

6.6% top-5 error rate



End-to-End Caption Writing 



Human: Three different types of pizza on top of a stove.   	
  
Machine: Two pizzas sitting on top of a stove.   	
  



A couple of 
giraffe 

standing next 
to each other



A 
reflection 
of a dog 
in a side 

view 
mirror



A man 
riding a 

skateboard



Challenges 
for 

Machine Learning 
Systems 





Gibbon 
 
Panda 
 







Gibbon 
 
 
 
Panda 
 
 
 
Sifaka  
Lemur 
 

Chimp 
 
 
 
Kuvasz Dog 
 
 
 



Gibbon 
 
 
 
Panda 
 
 
 
Sifaka Lemur 
 

Chimp 
 
 
 
Kuvasz Dog 
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?	
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Lack of Clear 
Abstraction  
Barriers 







Non-Modularity: 
Changing  
Anything 
Changes  
Everything 



Google Now 

Time	
  of	
  travel:	
  
23	
  minutes	
  by	
  bicycle	
  

event	
  =	
  ExtractEvent(email.body)	
  
trip	
  	
  =	
  Travel(current.locaBon,	
  event.locaBon,	
  event.Bme)	
  
CreateAlert(trip)	
  



Mars Polar Lander 



Nonstationarity 



Feedback Loops 





Attractive 
Nuisance 

“Synonyms”



Privacy and Security 



Lack of  
Intuition 



Lack of Tooling 



Data/Config Dependencies 



Build / Test / Release Cycles 



act* = argmax a in actions E(Utility(a, s))

Fundamental Formula of AI 

PLANNING	
  

STATE	
  
ESTIMATION	
  

PROBABILISTIC	
  
INFERENCE	
  





Avoiding Negative Side Effects 



Avoiding Reward Hacking 



Mechanism Design 



Safe Exploration 



Inattention Valley 



Transfer Learning 



Scalable Oversight 



“the worst … except all the 
others that have been tried” 


