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Development of Decision-Making Algorithms

DQN, 2013 AlphaGo, 2016



Development of Decision-Making Algorithms

AlphaStar, 2019 Gato, 2022



Challenge I: Learning at Human-Level Speed

1Tsividis, Pedro A., et al. “Human learning in Atari.”, 2017.

Humans reach “expert” performance within 15 mins, and exceed DDQN’s 10- and 25- million-frame with a few minutes. 1



Challenge II: Reasoning in an Ever-Expanding Space 

Stone to Fire：18,000,000 million years
Steam engines to Computers：247 years

2 Gelly, Sylvain, et al. “The grand challenge of computer Go: Monte Carlo tree search and extensions.”, 2012.

⚫ 2009, 9x9 game, Fuego beated Zhou Junxun (9 dan professional). 2

⚫ 2009, 19x19 game, MoGo won against Zhou Junxun, with 7 handicap stones. 2

9×9 19×19 23×23



CivRealm：A Learning and Reasoning Oddysey

✓ The Civilization Game：

 Multi-agent interation, a general-sum game.

 Long-term planning, multi-task generalization.

 Interactive and open-ended decision making.



Expansion of State and Action Spaces

Unknown Peace War Alliance

The Gunpowder Age The Space AgeThe Industrial AgeThe Bronze Age

Settler Musketeer Transport Stealth plane

Granary City wall Power plant Space infra
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Challenges of CivRealm



Mini-Games: Development, Battle, Diplomacy



Tensor-based Reinforcement Learning Agent
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Tensor-based Reinforcement Learning Agent



Language-based Agents

• Hierarchical observation and decisions
• Communication between agents
• Grounding problem



Language-based Agents

Evolution of the Civilization:

Inception, establishment, expansion, invasion, and collapse.



Take-away

⚫ CivRealm: an interactive environment inspired by Civilization
⚫ Learning with prior knowledge
⚫ Reasoning over an expanding space

⚫ Two kinds of APIs: tensor-based and language-based

⚫ Two flavors of baselines provided and analyzed
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