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= Computer Agent (Agent) as an opponent

= Agent targets
= Minimizing the impact of opponent’s actions
= Maximizing the return of agent’s actions

= Artificial Intelligence Principles
= Development of Search Strategies



= Basic search strategies
= Breadth First
= Deep First
= A* Search

= Adversarial search strategies
= Deterministic (Full observable)
= Minimax
= Alpha-Beta Pruning
= H-Minimax
= Stochastic (Partial observable)
= Expectiminimax
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Deep Blue versus Kasparov, 1996

Huge search space
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Stochastic Adversarial Games

Card games
More fun to play
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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
K6 cards worth 50 points



10 different combos
(such as Nizoro)

2 of them lead to
immediately win

(Nanatan and Shiko)
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Agent’s
" earned cards

Agent's cards

—"in hand

|~ Cards
on stock

Cards on
table

Player’s
cards in hand

\ Player’s

earned cards

Player and Agent
alternate a sequence of
two movements:

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.




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

Fun to play

No drawbacks of bets
and bluffing



= Context of stochastic card games
= Algorithms are developed considering two perspectives

" |nteractive environment

= Mobile application
= Fun to develop
= Fun to play

= Benchmark environment

* Terminal/Console application
= Play Al algorithms against each other
" Empower algorithms analysis (complexity and performance)
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Cartridge Pack
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Project avaiable at sourceforge
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= Compare Al cartridges running many matches
= Random Walk
= Greedy
= Greedy - Shiko
= Greedy - Nanatan
= Cut-Expectminimax

= Collects statistics from matches
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= 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 combinations should be
considered, as each card can be combined with 3 other
cards in the deck, general search when round # 1:

10367+ 2136
—-——

nodes 16632 588136
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A variation of expectiminimax considering a cut off depth

function Cut-Expectiminimax(state, d) returns an action
return MAX-VALUE(MIN-VALUE(RESULT(state, a), d)

function MAX-VALUE(state, d) returns a expected value
if CUTOFF-TEST(state,d) then
return EXPECTED-VALUE(state)
V (- 0)
for each a ¢ ACTIONS(state) do
v «—MAX(v, CHANCE(“min” (RESULT(state, a), d)))
return v

function MIN- VALUE(state, d) returns a expected value
if CUTOFF-TEST(state, d) then
return EXPECTED-VALUE(state)
V «<— o0
for each a ¢ ACTIONS(state) do
v < MIN(v, CHANCE( “max",(RESULT(state, a), d)))
return v

function CHANCE(node, state, d) returns a expected value
if CUTOFF-TEST(state, d) then
return EXPECTED-VALUE(state)
if node = “min”’ then
sum «— 0
for each a ¢ ACTIONS(state) do
val «— MIN-VALUE(RESULT(state, a), d)
sum «— sum + Pr(val) * val
return sum

if node = “max” then
sum «— 0
for each a ¢ ACTIONS(state) do
val —MAX-VALUE(RESULT(state, a), d)
sum «— sum + Pr(val) * val
return v
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= Benchmark comparison among four implementation
= Random walk algorithm (RWA)
= Greedy algorithm (GA)
= Cut-Expectiminimax (2) - CutEM(2)
= Cut-Expectiminimax (3) - CutEM(3)
= 100,000 matches
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Benchmark of Greedy

Criteria Greedy versus
Random Walk
Wins (%) 54195 (55,2%)
Draws 1961
Average score difference in wins 223
Average score difference in losses 164
Benchmark of CutEM(d) level 2 and 3
CutEM(2) versus CutEM(3) versus
Criteria Random G Random
Walk reedy Walk Greedy
Wins (%) 55619 49743 55703 49853
’ (56,7%) (50,7%) (56,7%) = (50,8%)
Draws 1978 1963 1904 1969
di‘;*f"mge SCOTe 535 227 232 228
erence 1n wins
Averagescore 5, g 156 209
difference in losses
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CutEM(2) versus | CutEM(3) versus
Criteria Random Greed Random Greed
Walk Y1 walk y
Wins (%) 57940 52651 58262 52858
° (59,1%) (53,6%) (59,3%)  (53,8%)
Draws 1948 1915 1851 1927
di‘i‘}f"mge SCOTe 536 23 238 236
erence in wins
Average score
difference in losses . 180 . 180

Analysis of influential states

: Average value
Actions of the Game (per match) Percentage
Combining a hand's card
with a board's card 102 71.4%
Discard a hand's card 4.1 28,6%
Combining a deck's card
with a board's card 31 35,6%
Discard a deck's card 8.3 58,8%

Benchmark of CutEM(d) level 2 and 3 Considering a Perfect Observable Scenarios
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Related works
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" Amé is an environment to study and develop adversarial
search algorithms for stochastic card games

" |t is intended to be a laboratory for discovering and
exploring search techniques

= We have conducted a preliminary study with computer
science students

" [t is a unique learning environment that provides
opportunities to evaluate algorithms from a user
perspective (Android application) and from a computer
perspective (Benchmark application)
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