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- UcCenje, donosenje odluka i zaklju€aka, riesavanje problema
- Umjetna inteligencija u

- Deep Blue (Sah), AlphaZero (Sah, Go, Shogi), AlphaStar
(StarCraft Il)

- Cilj rada:

Outcome Prediction
I Wi

-
Lose



https://fcit.usf.edu/matrix/resources/tech-cartoons/
https://www.wired.com/2012/09/deep-blue-computer-bug/
https://www.theguardian.com/technology/2016/mar/15/alphago-what-does-google-advanced-software-go-next
https://www.deepmind.com/blog/alphastar-mastering-the-real-time-strategy-game-starcraft-ii
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https://www.dicebreaker.com/games/catan-1/feature/catan-house-rules
https://bryantcabrera.github.io/Settlers-of-Catan/
https://www.catan.com/understand-catan/game-rules
https://www.catan.com/understand-catan/game-rules
https://www.catan.com/understand-catan/game-rules
https://fcit.usf.edu/matrix/resources/tech-cartoons/
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https://fcit.usf.edu/matrix/resources/tech-cartoons/
https://www.researchgate.net/figure/A-typical-situation-in-a-Settlers-of-Catan-game-screenshot-from-the-Java-simulation_fig1_228728063
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https://nand.net/jsettlers/
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Random-Greedy-AT collects 1 WHEAT from Settlement
Player:Random-Greedy-AI, Resources:{'ORE': @, 'BRICK': 1, 'WHEAT": 2, 'WOOD': 1, ‘SHEEP': 1},
MaxRoadLength:1, LongestRoad:False

Insufficient Resources to Build City. Build Cost: 3 ORE, 2 WHEAT

Player:C, Resources:{'ORE': 6, "BRICK': 2, 'WHEAT': @, 'WOOD': 5, "SHEEP': 1}, Points: 2
C Built a Road. MaxRoadlLength: 2
Player:C, Resources:{'ORE': 6, 'BRICK': 1, 'WHEAT': @, 'WOOD': 4, °SHEEP": 1}, Points: 2
Insufficient Resources to Build Settlement. Build Cost: 1 BRICK, 1 WOOD, 1 WHEAT, 1 SHEEP
Player:C, Resources:{'ORE': 6, "BRICK': 1, 'WHEAT': @, 'WOOD': 4, 'SHEEP': 1}, Points: 2

Current Player: Random-Greedy-AL

Dice Roll = 4 {31}

Player:A, Resources:{'ORE': 5, "BRICK': 2, 'WHEAT': 1, 'WOOD': @, 'SHEEP': 2}, Points: 2
MaxRoadLength:3, LongestRoad:False

B collects 1 WOOD from Settlement
Player:B, Resources:{'ORE': 6, "BRICK': 2, '"WHEAT': 1, 'WOOD': 2, °SHEEP": @}, Points: 3
MaxRoadLength:2, LongestRoad:False

C collects 1 WHEAT from Settlement
C collects 1 WOOD from Settlement
Player:C, Resources:{'ORE': 6, 'BRICK': 1, '"WHEAT': 1, 'WOOD': 5, °"SHEEP": 1}, Points: 2
MaxRoadLength:2, LongestRoad:False

Random-Greedy-AI collects 1 WOOD from Settlement
Player:Random-Greedy-AI, Resources:{'ORE': @, 'BRICK': 1, "WHEAT": 2, 'WOOD': 2, 'SHEEP': 1},
MaxRoadLength:1, LongestRoad:False

AL Player Random-Greedy-AI playing...

Random-Greedy-AI Built a Road. MaxRoadlLength: 2

Player:Random-Greedy-AI, Resources:{'ORE': @, 'BRICK': @, 'WHEAT': ‘WOOD': 1, 'SHEEP': 1},
Current Player: A

Dice Roll = 6 {51 }

A collects 1 SHEEP from Settlement

Player:A, Resources:{'ORE': 5, 'BRICK': 2, '"WHEAT': 1, 'WOOD': @, °'SHEEP": 3}, Points: 2
MaxRoadLength:3, LongestRoad:False

L

Player:B, Resources:{'ORE': 6, "BRICK': 2, "WHEAT': 1, 'WOOD':
MaxRoadLength:2, LongestRoad:False

, 'SHEEP': @}, Points: 3

Player:C, Resources:{'ORE’': 6, 'BRICK': 1, 'WHEAT': 1, "WOOD":
MaxRoadLength:2, LongestRoad:False

il

, 'SHEEP": 1}, Points: 2

Random-Greedy-AI collects 1 SHEEP from Settlement
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END TURN

SHEEP (6)

/00D PWHEEAT (9)

WHEAT (8)

SHEEP (10)

Player:Random-Greedy-AI, Resources:{'ORE': @, 'BRICK': @, "WHEAT": 2, 'WOOD': 1, ‘SHEEP': 2}, Points: 2

MaxRoadLength:2, LongestRoad:False
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~ [ code

Ee AlGame.py

g board.py
ﬁcatanGamE.p}r
ﬁ.game‘-ﬁew.p}r

e heuristicAlPlayer.py
B hexLib.py

I hexTile.py

ﬁ. modelState.py

E% player.py

B tensorflowTest.py



https://github.com/kvombatkere/Catan-AI

m

¥ master

~ ' cAtAnatron

Playing 188 games. ..

wWeightedRandonPlayer :WHITE

2%
0%
0%
9%

Last 18 Games

Terminal

catanatron-play =--players=R R ,R,W =-nun=168
109% 0:806:90

SEATING BLUE wp WINNER
€ Catanatron x + © - 0 x 91 -0, DRANGE  WHITE, 223 y ] 11 T
92 | WHITE, ; 118 2 2 2 16 | WHITE

3 . 93 | WHITE, o DRANG 332 H t1:] 2 ¥

& > C @ localhost:3000/games/1cb79fc4-bb25-4ef9-871b-0fe3534c3255/states/2269 Tt N @ Incognito ol ,ORANGE,, JWHITE 215 2 18 5 2
95 L RED, WHITE , OFAl 148 2 & L] 18 | WHITE
B = a 96 JHITE, 393 5 T 18 -1 ARGE

1]|2 2 97 | WMITE,RED, , ORu 263 11 2 u 2
= CATANATRON g8 | crmictwiire, oo, 139 2 2 5 10 | wire

99 | WHITE, . o+ ORANGE g83 H 18 9 3

4 5 5 166 \NGE , WHITE , RED), 226 11 2 5 2

knights roads VPs

2:1 2:1

Player Summary

I WINS | AVG VPs

1 5.82

gl 5.16
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BOT ENDED TURN

BOT ROLLED A8
BOT TRADED 3 WHEAT => ORE

BOT ENDED TURN

XT Game Over. Congrats, BLUE!


https://github.com/bcollazo/catanatron
https://github.com/bcollazo/catanatron
https://fcit.usf.edu/matrix/resources/tech-cartoons/

IMPLEMENTACIJA

>

» Random Player: S
> Sl
» Weighted Random Player:

>

>

» Greedy VP Player:
>

>

self.action_type_weights = {
ActionType.BUILD_CITY: 1000,
ActionType.BUILD_SETTLEMENT: 700,
ActionType.BUILD_ROAD: 300,
ActionType.BUY_DEVELOPMENT_CARD: 250,
ActionType.PLAY_KNIGHT_CARD: 50,
ActionType.PLAY_MONOPOLY: 50,
ActionType.PLAY_ROAD_BUILDING: 50, ))
ActionType.PLAY_YEAR_OF_PLENTY: 50

weights = list(map(lambda action:
self.action_type_weights.get(action.action_type, 1),
playable_actions

return random.choices(playable_actions, weights, k=1)[8]



https://fcit.usf.edu/matrix/resources/tech-cartoons/

self.valve_multipliers: dict[value, int]
Value.VP: 1580,

IMPLEMENTACIJA

Value.SETTLEMENTS: 250,
Value.ROAD_LENGTH: 150,
Value.KNIGHTS: 8@,

» Value Function Player: Value. DEV_CARDS: 40,
> Value.RESOURCE_TYPES: 120,
Value.PORT_VALUE: 168,
 Heuristiko: e
| 2 pre’rrciivonjo sta ﬂjO Value.DISCARD_PENALTY:
> Value.ENEMY_VP: -200,
> Value.ENEMY_RESOURCE_PRODUCTION: -100,
Value.ENEMY_RESOURCE_TYPES: -50,
> Value.ENEMY_BUILDABLE_NODES: -108,

Value.ENEMY_BUILDABLE_EDGES: -50

self.expense_multipliers: dict[Expense, int] = {
Expense.CITY: 108,
Expense.SETTLEMENT: %8,
Expense.ROAD: 20,
Expense.DEV_CARD: 20

X's turn (MAX)

0
X

self.resource_multipliers: dict[Resource, int] = {
Resource.BRICK: 100,
Resource.ORE: 160,
Resource.SHEEP: 100,
Resource.WHEAT: 100,
Resource.W00D: 100



https://www.ocf.berkeley.edu/~yosenl/extras/alphabeta/alphabeta.html
https://fcit.usf.edu/matrix/resources/tech-cartoons/

IMPLEMENTACIJA

» Value Function Player:

> genetski algoritam:

ingle-point
- - Crossover
Generate Evaluate objective Are stopping
initial function criteria met?
o — —
Parent
'0IMosomes
Generate
new

Blending

crossover

Linear
Crossover

crossover

Heuristic
crossover

crossover

Linear
interpolation

Binary-1i
Crossover



https://fcit.usf.edu/matrix/resources/tech-cartoons/
https://www.researchgate.net/publication/290789986_Enhanced_Solutions_for_Misuse_Network_Intrusion_Detection_System_using_SGA_and_SSGA
https://www.researchgate.net/publication/315384001_Global_Optimization_of_an_Analog_Method_by_Means_of_Genetic_Algorithms

IMPLEMENTACIJA

» Neural Network Player:

Hidden layers

h h

N On— A0
> neuronskom mrezom: V//@\\\\»//@ >
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» TensorFlow | n N\, n
» neuro eVO|UCijO: Error backpropagation
| 2
>
> TRAINING DEPLOYMENT
':fe::t: 'f,;:tpurl?::lsu mt: TensorFlow Serving
bt Cloud,
| 2 E m oud, on-prem

TensorFlow Lite

Android, iOS, Raspberry Pi

SavedModel

TensorFlow.js
Browser and Node Server

Other Language Bindings
C, Java, Go, C#, Rust, R, ...


https://fcit.usf.edu/matrix/resources/tech-cartoons/
https://www.nature.com/articles/s41598-021-96808-4
https://blog.tensorflow.org/2019/01/whats-coming-in-tensorflow-2-0.html

IMPLEMENTACIJA

» [ree Search Player: O G

>
» Algoritam minimaks:

>

» Heuristika

» Alfa-beta podrezivanje

> nedeterministicke akcije



https://fcit.usf.edu/matrix/resources/tech-cartoons/
https://www.geeksforgeeks.org/minimax-algorithm-in-game-theory-set-4-alpha-beta-pruning/

IMPLEMENTACIJA

» Dorade radnog okvira:
>
» Paralelno viseprocesorsko izvodenje igri

>

def play_batch_core(num_games, players, game_config, accumulators=[]):
for accumulator in accumulators:
if isinstance(accumulator, SimulationAccumulator):
accumulator.before_all()

with concurrent.futures.ProcessPoolExecutor(max_workers=max(os.cpu_count() - 2, 1)) as executor:
futures = [executor.submit(play_game, players, game_config, deepcopy(accumulators)) for _ in range(num_games)]

for future in concurrent.futures.as_completed(futures):
game, accumulator_copies = future.result()
for accumulator, copy in zip(accumulators, accumulator_copies):
accumulator.join(copy)
yield game

for accumulator in accumulators:
if isinstance(accumulator, SimulationAccumulator):
accumulator.after_all()



https://fcit.usf.edu/matrix/resources/tech-cartoons/

RELULTATI

Tree Search Player + (d=3) 60% vs Tree Search Player (d=3) 1000
Tree Search Player (d=3) 60% vs Value Function Player + 1000

Value Function Player + 70% vs Neural Network Player + 1000

Neural Network Player + 52% vs Value Function Player 1000
Value Function Player 99% vs Greedy VP Player 1000
Greedy VP Player 60% vs Weighted Random Player 1000
Weighted Random Player 55% vs Random Player 1000

Random Player

Neural Network Player

Tree Search Player + (d=3) 42%

Tree Search Player (d=3) 22%
Value Function Player + 26%

Neural Network Player + 10%



https://fcit.usf.edu/matrix/resources/tech-cartoons/

RELULTAT

Tree Search Player + (d=3)

Alpha-Beta Player
Value Function Player +
Catanatron VFP

Neural Network Player +

MCTS Player

Tree Search Player + (d=3)

Alpha-Beta Player
Catanatron VFP

MCTS Player

48%

52%

45%

55%

100%

0% (< 5igri)

46%
33%
21%
0%

62%

38%

51%

49%

100%

0% (< 5 igri)

Pobjede - 1v1 [%] Pobjede - 2v2 [%]

200

I | I | | |
WINS | AVG VP | AVG SETTLES | AVG CITIES | AVG ROAD | AVG ARMY | AVG DEV VP
] ] ] ]

TreeSearchPlayer:RED 91 | s.11 | 2.16 i 1.34 i 8.57 i 8.53 i 1.86
66 | 7.21 | 2.71 | 1.93 | 0.30 | 0.01 | B.04
valueFunctionPlayer:ORANGE (value_fn=base_ 43 | 6.60 | 2.73 | 1.75 | 0.12 | 0.01 | B.12
TSPlayer:WHITE(10:False 0| 2.40 | 2.00 | 0.06 | 6.00 | 0.01 | 0.27

I | I | | |



https://fcit.usf.edu/matrix/resources/tech-cartoons/

MOGUCA POBOLJSANJA

~ Povecati ri=zcivisniost varjcol heuristiCke funkcije
(broj gradova i naselja -2 broj bodovo)

- Podijeliti odabir akcije na zcis= o= 5
ovisno o vrsti akcije

_ Blejele)zelnif= Ulerel U heuristicku funkciju:
>

» Podrzano ucenje:
>

>

> razlicitim brojevima igraca



https://fcit.usf.edu/matrix/resources/tech-cartoons/

ZAKLJUCAK

» Drusivene igre I videoigre:
- ldealan izazov za razvo] umjetne inteligencije i strojnog ucenja
- Testiraju sva pozelina obiljiezja inteligencije

>

A’.’ 4e CC IQLFD:

>
| 2
>
» |skustvo:
>
>

>



https://fcit.usf.edu/matrix/resources/tech-cartoons/

et

HVALA NA PAZNIIE

Programsko riesenje nalazi se u javnom GitLab
repozitoriju:

L

ttps://gitlab.com/iskoric/catanatron

catan ai/README.md



https://fcit.usf.edu/matrix/resources/tech-cartoons/
https://gitlab.com/iskoric/catanatron
https://gitlab.com/iskoric/catanatron/-/blob/master/catan_ai/README.md

