
Adversarial	  Search	  



Toolbox	  so	  far	  

•  Uninformed	  search	  
– BFS,	  DFS,	  itera;ve	  deepening	  DFS,	  uniform	  cost	  
search	  

•  Heuris;c	  search	  
– A*	  

•  Local	  search	  
– Hill	  climbing,	  simulated	  annealing,	  gene;c	  
algorithms	  

•  Constraint	  sa;sfac;on	  problems	  

Common	  environmental	  factors:	  
sta;c,	  discrete,	  fully	  observable,	  
determinis;c	  ac;ons.	  
Also:	  single	  agent,	  non-‐episodic.	  



Kick	  it	  up	  a	  notch!	  

•  Add	  a	  second	  agent,	  but	  	  
	  not	  controlled	  by	  us.	  

•  Assume	  this	  agent	  is	  our	  adversary.	  
•  Environment	  (for	  now)	  
– S;ll	  sta;c	  
– S;ll	  discrete	  
– S;ll	  fully	  observable	  (for	  now)	  
– S;ll	  determinis;c	  (for	  now)	  



Games!	  

•  Determinis;c,	  turn-‐taking,	  two-‐player,	  zero-‐
sum	  games	  of	  perfect	  informa;on.	  





Adversarial	  search	  

•  S;ll	  search!	  	  
– But	  another	  agent	  will	  alternate	  ac;ons	  with	  us.	  

•  Concepts:	  
– Two	  players	  are	  called	  MAX	  and	  MIN.	  
–  Instead	  of	  goal	  states,	  we	  have	  terminal	  states.	  
– U;lity	  func;on:	  tells	  how	  good	  a	  state	  is	  for	  a	  
certain	  player.	  

– Every	  state	  has	  a	  set	  of	  ac;ons	  that	  can	  be	  taken.	  
– Given	  a	  state	  and	  an	  ac;on,	  you	  get	  another	  state.	  



Game	  Tree	  
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Minimax	  algorithm	  

•  Select	  the	  best	  move	  for	  you,	  assuming	  your	  
opponent	  is	  selec;ng	  the	  best	  move	  for	  
themselves.	  

•  Works	  like	  DFS.	  



Proper;es	  of	  minimax	  

•  Complete?	  
– Yes	  (assuming	  tree	  is	  finite)	  

•  Op;mal?	  
– Yes	  (assuming	  opponent	  is	  also	  op;mal)	  

•  Time	  complexity:	  O(bm)	  
•  Space	  complexity:	  O(bm)	  	  	  	  (like	  DFS)	  
•  But	  for	  chess,	  b	  ≈	  35,	  m	  ≈	  100,	  so	  this	  ;me	  is	  
completely	  infeasible!	  


