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https://asia.nikkei.com/Editor-s-Picks/Interview/Catan-inventor-Klaus-Teuber-Board-games-make-us-laugh-together
https://fcit.usf.edu/matrix/resources/tech-cartoons/
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UVOD

 Umjetna inteligencija (AI):

 Učenje, donošenje odluka i zaključaka, rješavanje problema

 Umjetna inteligencija u igranju igara:

 Deep Blue (šah), AlphaZero (šah, Go, Shogi), AlphaStar

(StarCraft II)

 Cilj rada:

 Razvoj agenta za stratešku društvenu igru Catan

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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CATAN

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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RADNI OKVIRI ZA CATAN

 Open-source

 Postojeća implementacija agenta

 Mogućnost implementacije novog agenta

 Igranje kroz GUI

 Igranje bez GUI-a → prikupljanje statistike, 

učenje agenata

 Jednostavan model stanja

 Fleksibilno programsko sučelje igrača

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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JSettlers

https://nand.net/jsettlers/
https://nand.net/jsettlers/
https://nand.net/jsettlers/
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CatanAI

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

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

 Tri baseline igrača

 Random Player:

 Nasumično bira jednu od raspoloživih akcija

 Weighted Random Player:

 Nasumično bira akciju uz zadane težine

 Izgradnja grada > izgradnja naselja > izgradnja ceste…

 Greedy VP Player:

 Bira akciju s maksimalnim rezultirajućim brojem VP-a

 “Pohlepna” strategija

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

 Value Function Player:

 Bira akciju s maksimalnom rezultirajućom vrijednosti 

heurističke funkcije

 Heuristika:

 Skup pravila za usmjeravanje pretraživanja stanja

 Koliko je stanje igre povoljno za igrača?

 Broj gradova i naselja, dužina ceste, proizvodnja resursa…

 48 podataka o stanju igre → 18 agregiranih ulaznih vrijednosti

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

 Value Function Player:

 Učenje parametara – genetski algoritam:

 Turnirska selekcija → 4 nasumična igrača

 Funkcija dobrote → broj pobjeda u turniru

 Križanje → aritmetičko i heurističko

 Mutacija → normalna raspodjela (Gauss)

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
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IMPLEMENTACIJA

 Neural Network Player:

 Evaluira stanja neuronskom mrežom:

 Ulaz: 48 podataka o stanju

 Izlaz: procijenjena vrijednost stanja

 TensorFlow model

 Učenje mreže – neuroevolucija:

 Pred-treniranje na heurističku funkciju VFP-a

 Genetski algoritam nad težinama mreže

 Arhitektura mreže:

 → 48 – 32 – 16 – 1 →

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


12

IMPLEMENTACIJA

 Tree Search Player:

 Pretraživanje stabla igre algoritmom minimaks

 Algoritam minimaks:

 Igrač maksimizira svoj dobitak, protivnici ga minimiziraju

 Heuristika→ pretraživanje do ograničene dubine

 Alfa-beta podrezivanje

 Potrebno ekspandirati nedeterminističke akcije na sve 

moguće ishode (npr. bacanje kockica)

 Isti parametri kao i VFP

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

 Dorade radnog okvira:

 Skripte za pokretanje igri (play-batch i play-ui)

 Paralelno višeprocesorsko izvođenje igri (paket concurrent)

 Univerzalna implementacija genetskog algoritma

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

Agent Pobjede – 1v1 [%] Broj igri

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 - -

Agent Pobjede – 4 igrača [%] Broj igri

Tree Search Player + (d=3) 42%

1000

Tree Search Player (d=3) 22%

Value Function Player + 26%

Neural Network Player + 10%

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

Agent Pobjede – 1v1 [%] Pobjede – 2v2 [%] Broj igri

Tree Search Player + (d=3) 48% 62%

200
Alpha-Beta Player 52% 38%

Value Function Player + 45% 51%

1000
Catanatron VFP 55% 49%

Neural Network Player + 100% 100%

1000
MCTS Player 0% (< 5 igri) 0% (< 5 igri)

Agent Pobjede – 4 igrača [%] Broj igri

Tree Search Player + (d=3) 46%

200

Alpha-Beta Player 33%

Catanatron VFP 21%

MCTS Player 0%

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

 Povećati nezavisnost varijabli heurističke funkcije
(broj gradova i naselja → broj bodova)

 Podijeliti odabir akcije na zasebne strategije

ovisno o vrsti akcije

 Dodavanje ulaza u heurističku funkciju:

 Prosječna udaljenost između naselja, broj odvojenih nizova cesti…

 Podržano učenje:

 Q-learning, exploration & exploitation…

 Biblioteka Gym

 Učenje (GA) s različitim brojevima igrača

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

 Društvene igre i videoigre:

 Idealan izazov za razvoj umjetne inteligencije i strojnog učenja

 Testiraju sva poželjna obilježja inteligencije

 Agenti za Catan:

 Zadovoljavajući rezultati korištenjem heuristike i GA

 Problem nedeterminizma

 Bolje metode podržanog učenja?

 Iskustvo:

 Stvaranje heuristike iz pravila igre i osobnog iskustva igranja

 Učenje heurističkih modela genetskim algoritmom

 Rad s bibliotekom TensorFlow, paralelno programiranje, razvoj 

web-aplikacija u Pythonu…

https://fcit.usf.edu/matrix/resources/tech-cartoons/
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HVALA NA PAŽNJI!

Programsko rješenje nalazi se u javnom GitLab

repozitoriju:
https://gitlab.com/iskoric/catanatron

Upute za korištenje:
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

