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•  Andrew	  Moore’s	  slides	  
•  Xiaojin	  Zhu’s	  slides	  



•  Each	  state	  s	  has	  a	  score	  f(s)	  (or	  cost,	  energy)	  
that	  we	  can	  compute.	  

•  The	  goal	  is	  to	  find	  the	  state	  with	  the	  highest	  
score	  (or	  lowest	  cost,	  energy)	  –	  low	  /	  high	  
should	  be	  obvious.	  	  

•  EnumeraEng	  all	  the	  states	  is	  intractable	  (e.g.	  
NP	  hard	  problem).	  



















































hHp://ashakhov.files.wordpress.com/2011/01/6725437-‐0-‐large.jpg	  















hHp://www.youtube.com/watch?v=iaq_Fpr4KZc	  



•  hHp://www.youtube.com/watch?
v=rsGOB80v0-‐k	  

•  hHps://www.youtube.com/watch?
v=RtqoGeXDDbQ&feature=youtube	  

























Has the effect of “jumping” to a completely different new 
part of the search space (quite non-local) 
 











•  hHp://www.youtube.com/watch?
v=uxourrlPlf8	  





Assume we have some cost-function:  
 and we want minimize over continuous variables X1,X2,..,Xn 

 
1. Compute the gradient : 
 
2. Take a small step downhill in the direction of the gradient: 
 
 
3. Check if 
 
4. If true then accept move, if not reject.  
 
5. Repeat. 
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•  Many	  machine	  learning	  problems	  can	  be	  casted	  as	  opEmizaEon	  

•  Example:	  
–  Training	  data	  D	  =	  {(x1,c1),………(xn,	  cn)}	  
	  	  	  	  where	  xi	  =	  feature	  or	  aHribute	  vector	  
	  	  	  	  and	  ci	  =	  class	  label	  (say	  binary-‐valued)	  
	  
–  We	  have	  a	  model	  (a	  funcEon	  or	  classifier)	  that	  maps	  from	  x	  to	  c	  
	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  e.g.,	  sign(	  w.	  x’	  )	  	  =	  	  {-‐1,	  +1}	  
	  
–  We	  can	  measure	  the	  error	  E(w)	  for	  any	  sekng	  of	  the	  weights	  w,	  and	  given	  a	  

training	  data	  set	  D	  

–  OpEmizaEon	  problem:	  find	  the	  weight	  vector	  that	  minimizes	  E(w)	  

	  	  	  (general	  idea	  is	  “empirical	  error	  minimizaEon”)	  

Smyth,	  2007	  
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