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What	
  is	
  Machine	
  Learning?	
  

•  Algorithms	
  that	
  “learn”	
  from	
  data.	
  
– What	
  do	
  they	
  learn?	
  
– How	
  do	
  they	
  learn?	
  

•  A	
  lot	
  of	
  our	
  decisions/judgements/ac)ons	
  are	
  
based	
  on	
  data	
  
– Medical	
  diagnosis	
  
– Should	
  I	
  drop	
  this	
  course?	
  



Applica)on	
  Domains	
  
•  Detec)ng	
  Spam:	
  
–  Data:	
  keywords	
  from	
  
user	
  marked	
  emails	
  

–  Task:	
  automa)cally	
  
decide	
  on	
  spam	
  or	
  ham	
  

–  Performance	
  Measure:	
  
Accuracy	
  



Applica)on	
  Domains	
  

•  OCR	
  (op5cal	
  character	
  recogni5on)	
  
– Data:	
  HandwriOen	
  zip	
  
codes	
  

– Task:	
  Iden)fy	
  zip	
  code	
  

– Performance	
  Measure:	
  
Accuracy	
  



	
  
Output/Target:	
  Discrete	
  
	
  
ML	
  Task:	
  Classifica)on	
  
	
  For	
  Spam	
  Detec5on:	
  Binary	
  Classifica)on	
  

	
  	
  	
  	
  	
  For	
  OCR:	
  Mul)class	
  classifica)on	
  (10	
  classes)	
  
	
  
Training	
  Data:	
  Examples	
  +	
  labels	
  

Applica)on	
  Domains	
  



Applica)on	
  Domains	
  

•  Stock	
  Market:	
  
– Data:	
  Trends	
  over	
  the	
  
past	
  hour/days/weeks.	
  

– Task:	
  predict	
  stock	
  value	
  
for	
  next	
  min/hr/day	
  

– Performance	
  Measure:	
  
Devia)on	
  from	
  realized	
  
value	
  



	
  
Output/Target:	
  Con)nuous	
  
	
  
ML	
  Task:	
  Regression	
  
	
  	
  

Training	
  Data:	
  Examples	
  +	
  labels	
  (con)nuous)	
  

Applica)on	
  Domains	
  



Applica)on	
  Domains	
  

•  Image	
  Segmenta)on	
  

– Data:	
  Image	
  	
  

– Task:	
  group	
  pixels	
  that	
  
are	
  similar	
  

– Performance	
  Measure:	
  
Precision,	
  F-­‐Measure	
  



Applica)on	
  Domains	
  

•  Clustering	
  Images	
  for	
  
Retrieval	
  
– Data:	
  Images	
  	
  

– Task:	
  group	
  similar	
  
images	
  into	
  groups	
  

– Performance	
  Measure:	
  
Precision,	
  Recall	
  



	
  
Output/Target:	
  Discrete	
  
	
  
ML	
  Task:	
  Clustering	
  
	
  	
  

Training	
  Data:	
  	
  Examples	
  only	
  	
  
	
   	
   	
   	
   	
  	
  	
  	
  For	
  image	
  segmenta-on	
  just	
  pixels	
  

Applica)on	
  Domains	
  



Applica)on	
  Domains	
  

•  Other	
  ML	
  tasks:	
  
	
  
– Collabora)ve	
  Filtering:	
  Recommender	
  systems	
  
(Amazon,	
  Ne^lix,	
  etc.)	
  

– Ranking:	
  retrieving	
  objects	
  relevant	
  to	
  a	
  query	
  and	
  
assigning	
  them	
  a	
  rank.	
  (Google	
  web	
  results,	
  
content	
  based	
  image	
  retrieval,	
  etc.)	
  



Machine	
  Learning	
  

Applica)on	
  
Domain	
  

Training	
  Data	
   Learning	
  
Algorithm	
  

Classifier/
Regressor	
  

New	
  Data	
  

Predic)ons	
  for	
  
New	
  Data	
  

Slide	
  taken	
  from	
  Roni	
  Khardon’s	
  slides.	
  



Machine	
  Learning	
  

•  How	
  do	
  we	
  represent	
  that	
  training/new	
  data?	
  
–  It	
  depends	
  on	
  the	
  applica)on	
  domain	
  
– and	
  also	
  on	
  our	
  interpreta)on	
  of	
  the	
  domain	
  

•  Digit	
  Recogni)on:	
  
–  	
  Image	
  represented	
  as	
  a	
  vector	
  (vector	
  data)	
  
– So	
  all	
  training	
  data	
  can	
  represented	
  as	
  table	
  with	
  
each	
  column	
  represen)ng	
  an	
  individual	
  pixel.	
  



Machine	
  Learning	
  

•  How	
  do	
  we	
  represent	
  a	
  classifier/regressor?	
  
– This	
  also	
  depends	
  on	
  the	
  task,	
  its	
  complexity	
  and	
  
our	
  judgment	
  



Machine	
  Learning	
  

•  Learning	
  Algorithm:	
  

– How	
  do	
  we	
  analyze/process	
  the	
  training	
  data	
  to	
  
create	
  a	
  classifier/regressor	
  that	
  has	
  high	
  
“accuracy”?	
  

– Depends	
  on	
  the	
  type	
  of	
  classifier/regressor	
  we	
  are	
  
using.	
  

Slide	
  adapted	
  from	
  Roni	
  Khardon’s	
  slides.	
  



Supervised	
  Learning	
  

•  Given	
  a	
  training	
  set:	
  
– Examples:	
  xi	
  
– Labels:	
  yi	
  

•  Find	
  a	
  func)on	
  f(x)	
  :	
  X!Y	
  that	
  	
  “correctly”	
  
predicts	
  labels	
  for	
  examples.	
  


