
Maximum	  likelihood	  es/ma/on	  exercise	  
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Maximum	  likelihood	  es/ma/on	  

Example:	  consider	  an	  experiment	  consis/ng	  on	  tossing	  a	  coin.	  The	  outcomes	  of	  n	  
tosses	  are:	  
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Where	  xi = 1	  for	  heads,	  and	  xi = 0	  for	  tails.	  	  
	  
This	  is	  a	  single	  coin	  tossing	  model	  with	  parameter	  p	  	  ,	  i.e.	  probability	  of	  obtaining	  
heads.	  The	  likelihood	  aDer	  n tosses	  is:	


The	  extreme	  value	  of	  a	  func/on	  is	  the	  solu/on	  to	  the	  condi/on	  of	  zero	  deriva/ve	  
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Dividing	  by	  
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We	  leave	  as	  exercise	  to	  proof	  that	  this	  is	  indeed	  a	  maximum	  
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The	  probability	  es/ma/on	  that	  maximizes	  the	  likelihood	  is	  the	  one	  obtained	  from	  
calcula/ng	  the	  frequencies	  of	  events.	  

In	  general	  it	  is	  easier	  to	  calculate	  the	  maxima	  for	  the	  log-‐likelihood:	  
	  
	  
	  
	  
The	  log	  func/on	  is	  a	  monotonically	  increasing	  func/on;	  hence,	  log	  L	  it	  aLains	  the	  
maxima	  at	  the	  same	  values	  as	  L.	  
	  
In	  more	  complex	  situa/ons,	  op/miza/on	  techniques	  are	  applied,	  like	  gradient	  
descent,	  Montecarlo	  with	  simulated	  annealing,	  expecta/on	  maximiza/on	  (EM),	  etc..	  
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The	  likelihood	  is	  not	  a	  probability	  distribu/on.	  So	  we	  should	  not	  say	  “the	  
likelihood	  of	  the	  data”.	  Always	  say	  “the	  likelihood	  of	  the	  parameters”	  


