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Computer Agents in Adversarial Games 

§  Computer	
  Agent	
  (Agent)	
  as	
  an	
  opponent	
  
§  Agent	
  targets	
  

§  Minimizing	
  the	
  impact	
  of	
  opponent’s	
  ac:ons	
  
§  Maximizing	
  	
  the	
  return	
  of	
  agent’s	
  ac:ons	
  

§  Ar:ficial	
  Intelligence	
  Principles	
  
§  Development	
  of	
  Search	
  Strategies	
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Adversarial AI Search Algorithms 

§  Basic	
  search	
  strategies	
  
§  Breadth	
  First	
  
§  Deep	
  First	
  
§  A*	
  Search	
  

§  Adversarial	
  search	
  strategies	
  
§  Determinis:c	
  (Full	
  observable)	
  

§ Minimax	
  
§ Alpha-­‐Beta	
  Pruning	
  
§ H-­‐Minimax	
  

§  Stochas:c	
  (Par:al	
  observable)	
  
§  Expec:minimax	
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Deterministic Adversarial Games 

Tic-tac-toe Chess 

Deep Blue versus Kasparov, 1996 
Too	
  easy!	
  

Huge	
  search	
  space	
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Stochastic Adversarial Games  

 Bridge Poker 

Four	
  players…	
   Bets	
  and	
  Bluffing!	
  

Card games 
More fun to play 
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Japanese Hanafuda Cards 
(flower cards) 

•  Twelve Families 
•  Family  

•  month of the year  
•  basic flower  
•  Four cards 

•  Cards can only be 
combined with family* 

•  Kasu cards are valueless 
•  Tan are striped cards  

(10 points) 
•  Tane cards have more 

information and worth 10 
points 

•  Kô cards worth 50 points 
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Hanafuda Combos 

•  10 different combos 
(such as Nizoro) 

•  2 of them lead to 
immediately win 
(Nanatan and Shiko)  

Shiko 

Nanatan 

Nizoro 
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Playing Hanafuda 

Agent’s 
earned cards 

Player’s 
earned cards 

Agent’s cards 
in hand 

Player’s 
cards in hand 

Cards on 
table 

Cards 
on stock 

Player and Agent 
alternate a sequence of 
two movements: 
 
1.  Pick one card of hand 

and try to combine it 
with table to earn 
them. Leave it on 
table if no match 
found. 

2.  Pick a card from 
stock and try to 
combine it with table 
to earn them. Leave 
it on table if no 
match found.  

Manual	
  at	
  hSps://sourceforge.net/p/gpca/wiki/Hanafuda	
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Benefits of Hanafuda 

•  Different ways to win 
such as Poker, i.e., 
empowers the 
development of multiple 
strategies for search 
algorithms 

•  Fun to play 
•  No drawbacks of bets 

and bluffing 
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Amê: An Novel Environment to Learn and  
Analyze Adversarial Search Algorithms 

§  Context	
  of	
  stochas:c	
  card	
  games	
  
§  Algorithms	
  are	
  developed	
  considering	
  two	
  perspec:ves	
  
§  Interac:ve	
  environment	
  

§  Mobile	
  applica:on	
  
§  Fun	
  to	
  develop	
  
§  Fun	
  to	
  play	
  

§  Benchmark	
  environment	
  	
  
§  Terminal/Console	
  applica:on	
  
§  Play	
  AI	
  algorithms	
  against	
  each	
  other	
  
§  Empower	
  algorithms	
  analysis	
  (complexity	
  and	
  performance)	
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Amê Architecture 

Alg	
  X	
  

Benchmark	
  App	
  Android	
  App	
  

Slot	
  

Alg	
  A	
  

Slot	
  Baseline	
  

Alg	
  X	
  

Slot	
  

Alg	
  Y	
  

Cartridge	
  Pack	
  

Project	
  avaiable	
  at	
  sourceforge	
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Amê Class Diagram 

Benchmark 
Interactive 

Game play 
AI algorithms 
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Android Application 

Available	
  at	
  Google	
  Play	
  Store	
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Benchmark Application 

§  Compare	
  AI	
  cartridges	
  running	
  many	
  matches	
  
§  Random	
  Walk	
  
§  Greedy	
  
§  Greedy	
  -­‐	
  Shiko	
  
§  Greedy	
  -­‐	
  Nanatan	
  
§  Cut-­‐Expectminimax	
  

§  Collects	
  sta:s:cs	
  from	
  matches	
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Hanafuda Search Space 

§  Game	
   starts	
   with	
   8	
   cards	
   on	
   the	
   table	
   and	
   8	
   cards	
   in	
  
each	
  player's	
  hand	
  	
  

§  The	
   cards	
   of	
   the	
   adversary	
   are	
   not	
   known	
   by	
   the	
  
algorithm,	
   so	
   all	
   possible	
   combina:ons	
   should	
   be	
  
considered,	
  as	
  each	
  card	
  can	
  be	
  combined	
  with	
  3	
  other	
  
cards	
  in	
  the	
  deck	
  ,	
  general	
  search	
  when	
  round	
  ≠	
  1:	
  	
  

i21 ⋅ i−136i=1

d /2#$ %&∑ + j21 ⋅
j36j=0

d /2#$ %&∑

depth 1 2 3 4 

nodes 22 756 16632 588136 



16 

Cut-Expectiminimax 

A	
  varia:on	
  of	
  expec:minimax	
  considering	
  a	
  cut	
  off	
  depth	
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Experimental Evaluation 

§  Benchmark	
  comparison	
  among	
  four	
  implementa:on	
  
§  Random	
  walk	
  algorithm	
  (RWA)	
  
§  Greedy	
  algorithm	
  (GA)	
  
§  Cut-­‐Expec:minimax	
  (2)	
  -­‐	
  CutEM(2)	
  	
  
§  Cut-­‐Expec:minimax	
  (3)	
  -­‐	
  CutEM(3)	
  	
  

§  100,000	
  matches	
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Experimental Evaluation 

Benchmark	
  of	
  Greedy	
  

Benchmark	
  of	
  CutEM(d)	
  level	
  2	
  and	
  3	
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Experimental Evaluation 

Benchmark	
  of	
  CutEM(d)	
  level	
  2	
  and	
  3	
  Considering	
  a	
  Perfect	
  Observable	
  Scenarios	
  	
  

Analysis	
  of	
  influen:al	
  states	
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Related works 

Many	
  ini:a:ves	
  	
  
for	
  interac:ve	
  AI	
  
applica:ons	
  

Benchmark	
  ini:a:ve	
  	
  



21 

Conclusions 

§  Amê	
  is	
  an	
  environment	
  to	
  study	
  and	
  develop	
  adversarial	
  
search	
  algorithms	
  for	
  stochas:c	
  card	
  games	
  

§  It	
   is	
   intended	
   to	
   be	
   a	
   laboratory	
   for	
   discovering	
   and	
  
exploring	
  search	
  techniques	
  

§  We	
  have	
  conducted	
  a	
  preliminary	
  study	
  with	
  computer	
  
science	
  students	
  

§  It	
   is	
   a	
   unique	
   learning	
   environment	
   that	
   provides	
  
opportuni:es	
   to	
   evaluate	
   algorithms	
   from	
   a	
   user	
  
perspec:ve	
   (Android	
  applica:on)	
  and	
   from	
  a	
  computer	
  
perspec:ve	
  (Benchmark	
  applica:on)	
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