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Today's lecture

• Brief introduction to reinforcement learning


• Minecraft + Malmo + MineRL


• Duckietown + AIDO


• ColosseumRL
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Learning policies

Explicit Implicit

"how"

Programming Imitation Learning

"what"

Specification Reinforcement Learning
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RL is ML... but special
• Test distribution of trajectories depends on the policy!


‣ Cannot avoid train–test mismatch


‣ To reduce it, learner interacts with the environment to collect data = exploration


‣ Balanced exploration is challenging


• Policy space is strewn with local optima


‣ Actions in a sequence need to be coordinated


• A good policy may require memory


‣ Learning to remember is hard!
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RL — the frontier

• How to perform better exploration?


• How to model / structure the agent's policy? in particular, its memory


‣ Hierarchical RL


• How to jointly learn multiple tasks?


• How to learn from more kinds of data?


‣ RL + imitation learning / NLP / vision / program synthesis


• How to interface with a human teacher?
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What makes a good project
• Science: what have we learned?


‣ Compare multiple methods


‣ Demonstrate a failure mode of a method


‣ Explain why the results are what they are


• Technology: how is this useful?


‣ Propose a new method or component


‣ Contribute an elegant design or implementation


• Art: what is the aesthetic value?


‣ Make something cool!


‣ Make something inspiring



Learning Goals
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• Be creative about ideas
• UndeƌƐƚand ǁhaƚ Ɛ͛ pƌacƚical
• Implement and debug algorithms
• State-of-art AI application!

Practical AI/ML

• Design a complex software system
• Use modern software practices
• Learn to program collaboratively
• Small team of developers!

Software Engineering

• Be able ƚo ͞Ɛell͟ ǇoƵƌ idea in ǁƌiƚingͬimageƐͬǀideoƐ
• Present your project in a convincing manner
• Document and maintain a website
• Public presence of the project!

Presentation Skills

Slides by Prof. 
Sameer Singh
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Course Project
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• Team size should be 3
• Larger teams not allowed
• Smaller in special cases (meet me)

Groups for the Project

Use Github
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Project “Submissions͟
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Maintain a website with a page for every submission

Easiest option: Github Pages
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What is
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Original released in 2011, bought by Microsoft in 2014

Second best-selling video game ever, after Tetris

Available on almost every device possible!

͞Parent͟ Speak: Like Lego, but in computers!
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Video
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https://www.youtube.com/watch?v=LsDRgz6xZr0
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Gameplay Components
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Navigation

Virtually infinite environments!
First person shooter controls
Walking, turning, strafing, turning head, ͙
Jumping, climbing, crouching, falling, ͙

Gathering

World is made up of blocks/cubes
that you can pick up, and store
Many different types of blocks (~100)

Building

Put blocks on top of each other
Different blocks interact differently
Can create all kinds of structures

Crafting

Blocks can be combined
Recipes describe how to combine
Build: Blocks, Tools, Weapons, Vehicles, ͙

Combat Basic combat with one-button control
A few different types of enemies
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Recipes and Crafting
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Impressive Examples
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https://www.youtube.com/watch?v=Z0sq9SR4kgI

https://www.youtube.com/watch?v=8o2vRGiJ0ms
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Introduction to Malmo
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https://www.youtube.com/watch?v=KkVj_ddseO8
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Minecraft & Player
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Minecraft Player
World, Inventory, Health

Movement, Changing View,
Using the Inventory͕  ͞Action͟
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Minecraft & Player Code
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Minecraft
View, Inventory, Health

Movement, Changing View,
Using the Inventory͕  ͞Act͟

Agent

def player(world) {
…
…
return action

}
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World: Player View
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Minecraft Player

+ how far each pixel is



Slides by Prof. 
Sameer Singh

World: Simple View
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Minecraft Player

floor3x3: ['lava', 'obsidian', 
'obsidian', 'lava', 'obsidian', 
'obsidian', 'lava', 'obsidian', 
'obsidian']
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Navigation: Continuous
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Minecraft Player

TƵƌŶŝŶg head ŝƐ ͞Ɖŝƚch͟
Turning body is ͞ƚƵƌŶ͟
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Navigation: Discrete
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Minecraft Player

["movenorth 1",
"movesouth 1",
"movewest 1",
"moveeast 1"]

Move one block at a time
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Items
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Example Malmo Project
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https://www.youtube.com/watch?v=9XRL6d-yxp4
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Designing Worlds: XML

CS 175: PROJECTS IN AI (FALL  2019) 3



Slides by Prof. 
Sameer Singh

Designing Worlds: Code!
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Designing Worlds: Code!
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Designing Worlds: Code!
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Designing Worlds: Mazes
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Designing Worlds: Third-Party
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Slides by Prof. 
Sameer Singh

Malmo Github
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https://github.com/Microsoft/malmo#getting-started
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Malmo Gitter
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https://gitter.im/Microsoft/malmo
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The Malmo Challenge
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https://www.microsoft.com/en-us/research/academic-program/collaborative-ai-challenge/
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MineRL Competition
Advanced RL Competition, by extending Malmo
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https://www.youtube.com/watch?v=ggo1WAldyq0
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Dataset
Examples of humans doing tasks, and more importantly, subtasks!
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Evaluation
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How would YOU define that your project was a success?

Quantitative 

Evaluation

Numerical Metrics:

• Accuracy, F1, AUC, ͙
• Time ƚo ͞ƌƵn͕͟  ƚime ƚo ͞ƚƌain͟
Baselines:

• What would be currently used?

• Whaƚ aƌe ƌeaƐonable ͞ƐimƉleƌ͟ meƚhodƐ͍
By how much amount?

We hope to improve the METRIC by AMOUNT over BASELINE!

;I ǁon͛ƚ hold ǇoƵ ƚo iƚ͕ jƵƐƚ ǁanƚ ǇoƵ ƚo ƚhink aboƵƚ iƚͿ
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Evaluation
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How would YOU define that your project was a success?

Qualitative 
Evaluation

Simple Example Cases:
• What are examples that your idea

ǁill ͞definiƚelǇ͟ ǁoƌk on͍
• What is the expected output on these?
Error Analysis and Introspection:
• Are there plots/figures to verify the behavior?
• If iƚ doeƐn͛ƚ ǁoƌk͕ hoǁ ǁill ǇoƵ impƌoǀe iƚ͍
The Super-Impressive Example
• Whaƚ iƐ ƚhe beƐƚ eǆample͍ ͞aǁeƐome if iƚ ǁoƌkƐ͟
• E.g. something that perfectly captures your idea!
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You will have doubts!
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Every team has to meet me during Week 4.

Is it too simple?
Is it too ambitious?

Is my evaluation inappropriate?

I am available for more 
appointments every week

Can I only use off-the-shelf code?

Is there data to train my classifier?

Use 
Campuswire!

Is there a different algorithm I should use?
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Previous Projects
• Full list will be posted on Canvas soon. Meanwhile,
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https://www.youtube.com/watch?v=JkVa7xYHzVA https://www.youtube.com/watch?v=QOfay_gvvJ0

https://www.youtube.com/watch?v=sS253RfbM3s https://www.youtube.com/watch?v=ulUQLIo7MJY
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Reinforcement Learning
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Observation

Action

Reward

Agent learns to do things by trying things, and succeeding/failing

What the agent sees

What the agent can do

What the agent likes/dislikes New Item++
No Item-

Goal++
Died---
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Reinforcement Learning
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Navigation

Learn Recipes

• Explore the map without dying
• Solve mazes
• Learn the best way home from anywhere
• Get to the highest hill in the map

Combat

Agent learns to do things by trying things, and succeeding/failing

• Learn to hide/find shelter
• Learn to fight, example paper

• Figure out best way to make items
• Without any knowledge of the recipes

http://alekhagarwal.net/arxiv_geql.pdf
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Describe the Scene
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Houses and a pig on a grassy 
field during the day. Pig staring at me in a village.
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Live Commentator
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͞Hŝƚ a ƌabbŝƚ͟
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How is this even possible?
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3 block in a line

Grass blocks as floor

Daylight, clear weather Malmo

Machine 

Learning

Deep Learning,

CNN + LSTM

͞ϯ blŽck iŶ a liŶe͟

Training Signal
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Natural Language Navigation
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Quite Difficult!

＞ Go forward till you hit a wall
＞ Go to the pig
＞ Go to the house on the right
＞ Go behind the house

trivial

hardest
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Recipe Planners
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Inventory ͞Need͟;sͿ

＞ Get 2 wood planks

＞Make a stick

＞ Get 2 diamonds

＞Make diamond sword

Steps
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Lots of other possibilities

CS 175: PROJECTS IN AI (FALL  2019) 37http://www.planetminecraft.com/

Many other games in Minecraft

Create AI for those?

One AI that works for all of those?
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AIDO: AI Driving Olympics
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Duckietown Urban Event
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Specification
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Challenge 1: Lane Following (LF)
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Challenge 2: LF with other Vehicles (LFV)
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Challenge 3: LFV with Intersections (LFVI)
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Challenge 4: Autonomous Mobility on Demand (AMoD)
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Simulator
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Real Duckiebots!
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ColloseumRL


