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Instructor: Santiago Ontañón  
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TA: Alberto Uriarte  

 office hours: Tuesday 4-6pm, Cyber Learning Center 
Class website:  

 https://www.cs.drexel.edu/~santi/teaching/2014/CS387-680/intro.html 
 



CS 387/680 
• Focus: artificial intelligence techniques for 
computer games.  

• Goal: cover basic and advanced AI techniques 
used in commercial games: 

•  Platformers  
•  Shooters 
•  Racing games 
•  Board games 
•  Strategy games  
•  RPG games 
•  Rogue-likes 



Outline 
• Structure of the course 
•  Intro to Game AI 
• Examples of Game AI 
• Course Scope 
• Projects 
• Papers 
• Game Engines 
• Perception and Action 
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Structure of the Course 
•  Individual projects 

•  For each project, I will give you a small game engine. 
•  You will have to implement an AI technique in it. 
•  You turn in the code and demo your project in class. 

• Paper presentation 
•  680 sections students will read one paper and give a short 

presentation in class (10 – 15 minutes) 

• Exams: 
•  Midterm 
•  Final 



Grading (CS 387 Section) 
• Projects: 50% 
• Midterm: 20% 
•  Final: 20%  
• Attendance and class participation: 10% 
 
 



Grading (CS 680 Sections) 
• Projects: 40% 
• Paper presentation: 10% 
• Midterm: 20% 
•  Final: 20%  
• Attendance and class participation: 10% 
 
 



Miscelania 
• Prerequisites: 

•  CS 380 (Artificial Intelligence) 
•  C++ / Java programming 

• Book: 
•  “Artificial Intelligence for Games” (Millington & Funge) 
•  But I will use materials from other sources to complement topics 

not covered by the book. 

•  If you have doubts about any AI technique: 
•  “Artificial Intelligence: A Modern Approach” (Russell & Norvig) 
•  “Machine Learning” (Mitchell) 



Outline 
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Artificial Intelligence 



Artificial Intelligence 

We propose that a 2 month, 10 man study of artificial intelligence 
be carried out during the summer of 1956 at Dartmouth College in 
Hanover, New Hampshire. 
 
The study is to proceed on the basis of the conjecture that every 
aspect of learning or any other feature of intelligence can in 
principle be so precisely described that a machine can be made to 
simulate it. An attempt will be made to find how to make machines 
use language, form abstractions and concepts, solve kinds of 
problems now reserved for humans, and improve themselves. 
 
- Dartmouth AI Project Proposal; J. McCarthy et al.; Aug. 31, 
1955. 
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- Dartmouth AI Project Proposal; J. McCarthy et al.; Aug. 31, 
1955. 



What is Game AI? 
• Artificial Intelligence for Computer Games 
• Different from traditional AI 

Traditional AI: Optimality, efficiency Game AI: Fun, artificial “stupidity” 



What is Game AI? 
•  Intersection of games and AI: 

•  Two (three) main communities working on it: 
•  Academics: 

•  Artificial Intelligence community: how can games help us have better AI 
(AI centric) 

•  Computer Game scholars: how can AI help us have better/more 
interesting/new forms of games? (Games centric) 

•  Game industry: 
•  Their goal is to make games that sell more units (games centric) 

Games AI 
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Examples of Game AI 

Pac-Man (1980) 
First ever game to feature AI 

AI: finite state machine 



Examples of Game AI 

“Pac-Man” (1980) 
First ever game to feature AI 

AI: finite state machine 



Examples of Game AI 

“Double Dragon” 
 
AI: Finite State Machines 



Examples of Game AI 
Chess 
 
AI needs to provide a collection of 
difficulty levels.  
 
Only one: hardest (to be played only 
against grand-masters), falls into the 
realm of traditional AI. 



Examples of Game AI 
“The Secret of Monkey Island” 
“And Then There Were None” 
 
Dialogues, storytelling 



Examples of Game AI 

“Left 4 Dead 2” 
 
AI Director adjusts game pace to ensure desired dramatic effects 



Examples of Game AI 

“Black & White” 
 
Uses machine learning to simulate a learning creature 



Examples of Game AI 
“Starcraft II” 
 
Strategy, 
planning, path-
finding, 
economics, etc. 



Examples of Game AI 

“Spelunky” 
 
Procedural content generation 



Types of Game AI 
•  Inside the game: 

•  Character control 
•  Director (drama management) 

• During game development: 
•  Help in behavior/content design 

• After game deployment: 
•  Analysis of game data 



Types of Game AI 
•  Inside the game: 

•  Character control 
•  Director (drama management) 

• During game development: 
•  Help in behavior/content design 

• After game deployment: 
•  Analysis of game data 

Covered in this course 
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Course Scope 
• Movement and Steering 
• Pathfinding 
• Decision Making 
•  Tactical and Strategic Reasoning 
• Board Games 
• Procedural Content Generation 
• Machine Learning 
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Course Scope 
• Movement and Steering 
• Pathfinding 

•  Dijkstra 
•  A* 
•  A* variants for computer games 

• Decision Making 
•  Tactical and Strategic Reasoning 
• Board Games 
• Procedural Content Generation 
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Course Scope 
• Movement and Steering 
• Pathfinding 
• Decision Making 

•  Decision trees 
•  Finite State Machines 
•  Behavior Trees 

•  Tactical and Strategic Reasoning 
• Board Games 
• Procedural Content Generation 
• Machine Learning 



Course Scope 
• Movement and Steering 
• Pathfinding 
• Decision Making 
•  Tactical and Strategic Reasoning 

•  Rule-based Systems 
•  Waypoints and Influence Maps 

• Board Games 
• Procedural Content Generation 
• Machine Learning 



Course Scope 
• Movement and Steering 
• Pathfinding 
• Decision Making 
•  Tactical and Strategic Reasoning 
• Board Games 

•  Minimax  
•  Montecarlo Tree Search 

• Procedural Content Generation 
• Machine Learning 



Course Scope 
• Movement and Steering 
• Pathfinding 
• Decision Making 
•  Tactical and Strategic Reasoning 
• Board Games 
• Procedural Content Generation 

•  Search-based content generation 
•  Tile-based content generation 
•  Machine-learning-based content generation 

• Machine Learning 



Course Scope 
• Movement and Steering 
• Pathfinding 
• Decision Making 
•  Tactical and Strategic Reasoning 
• Board Games 
• Procedural Content Generation 
• Machine Learning 

•  Supervised learning in games 
•  Reinforcement learning in games 
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Projects 
•  Individual projects 

•  I will give you a list of 5, and you have to pick 3: 
•  Steering behavior 
•  Pathfinding 
•  Behavior Trees 
•  Strategic decision making 
•  Procedural Content Generation 

 
•  Goal of each project: implement a specific Game AI algorithm in the 

game engine provided 

•  Deliverables: 
•  Source code 
•  Present your project in class (on-line students, please record a 1 – 2 minute 

video with voice-over explaining your project, or you can also present the 
project via Skype/Google-hangout to us) 



Projects 
• Projects are due 2 weeks after the lecture in which their 

topic is covered: 
•  Turn in your source code (please document your code 

appropriately): 
•  Via learn.drexel.edu 
•  No additional documentation is needed 

•  In addition to those deadlines, you will demo your projects 
in class in special sessions (week 5 and week 10). 



Project 1: Steering Behaviors 
•  Implement steering behaviors (explained week 2) 
• Game Engine: 

•  PTSP (Java) 

• Competition: 
•  http://www.ptsp-game.net/index.php 
•  (if you are interested) 

 
 



Project 2: Pathfinding 
•  Implement A* in a RTS Game 
• Game Engine: S3 (Java) 

 



Project 3: Scripting 
•  Implement a Behavior Tree  

• Game Engine: 
•  Mario (Java, with bindings 

for other languages) 

•  Competition: 
•  https://code.google.com/p/marioai/ 
•  (if you are interested) 

 



Project 4: Strategic Decision Making 
•  Implement a rule-based AI to play an RTS Game 
• Game Engine: microRTS(Java) 

 



Project 5: Procedural Content Generation 
•  Implement an automatic map generator  
• Game Engine: A4Engine (JavaScript) 



Projects 
• After the lecture in each of the topics relevant to each 

project, I will describe the project in more detail: 

•  Project 1: Content covered week 2 (due week 4) 
•  Project 2: Content covered week 3 (due week 5) 
•  Project 3: Content covered week 4 (due week 6) 
•  Project 4: Content covered week 7 (due week 9) 
•  Project 5: Content covered week 8 (due week 10) 
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Paper Presentations 
• Students enrolled in the 680 sections will have to: 

•  Select a paper from the list given in the class website (see 
learn.drexel.edu for the PDF files) 

•  Read the paper 
•  Prepare a short presentation in class 

• Please select your top 3 picks for the paper and send 
them to me via email. Also send me your preference for 
presentation day (any day except for midterm/final day is 
good). 



Outline 
• Structure of the course 
•  Intro to Game AI 
• Examples of Game AI 
• Course Scope 
• Projects 
• Papers 
• Game Engines 
• Perception and Action 



Game Engine Architecture 
• Composed of a set of layers, each one of them providing 

higher and higher-level functionality (not unlike a regular 
OS) 

• Can be very simple of very complex 

•  In addition to the run-time (the code that runs when the 
game is being played), game engines typically include 
content authoring tools (level editors, script editors, etc.) 





Game Engine Architecture 
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SDKs 
•  Typically used: 

•  Data Structures: STL, Boost, Loki  
•  Graphics: OpenGL, DirectX 
•  Animation: Havoc, Edge, Granny, Euphoria 
•  Sound: OpenAL 
•  Physics: ODE, Havoc, PhysX 
•  … (add your favorite library here) 
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Platform Independence Layer 
•  Layer that offers the functionality of all the libraries below 

in a platform independent way. 
•  For example:  

•  If coding a game for 2 platforms, where one only allows Physx, and 
the other only ODE, this layer would define an API that the game 
engine can use, independently of the physics library underneath 

•  There are many existing platform independence layers 
available for graphics, sound, etc. the most popular is 
SDL (Simple Directmedia Layer) with abstractions for: 
•  Graphics, sound, keyboard, mouse, network, threading, etc. 
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Utility Layer 
• Set of basic functionalities, not provided by any of the 

linked SDKs, and that are required by the game engine. 
•  Typically: 

•  Memory management: standard memory allocation might not be 
fast enough for a game engine, custom memory allocation routines 
are typical. 

•  Math: basic set of functions for geometry, trigonometry, quaternion, 
matrix, equation solving, numerical integration, etc. as needed by 
the game engine. 

•  Data structures: trees, graphs, etc. (anything not supported by 
STL, Boost, etc. that the engine needs) 

•  Algorithms: search, sort, etc. 
•  Random number generation (if standard does not satisfy needs) 
•  File parsers (XML, etc.) 
•  Configuration 
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Resource Management (Assets) 
•  All games require assets (bitmaps, 3D models, maps, sounds, 

etc.) 
•  The game engine should provide functionality to load/save/

create/query assets such as: 
•  3D models: 

•  Meshes 
•  Textures/Materials 
•  Skeletons 
•  Animations 

•  2D models: 
•  Bitmaps 
•  Skeletons 
•  Animations 

•  Fonts 
•  Maps 
•  Sound files 
•  Collision resources (collision shapes) 



Game Engine Architecture 
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Game Engine Functionalities 
• Most complex layer of the game engine, composed of 

multiple sub-systems 

Rendering 
Engine 

Animation 
Engine 

Collisions 

Physics Audio 
Subsystem 

Online 
Multiplayer 

Profiling & 
Debugging 

Gameplay Foundations 
(Game State, Game Flow) 

Artificial 
Intelligence Scripting 



Game Engine Functionalities 
• Most complex layer of the game engine, composed of 

multiple sub-systems 

Rendering 
Engine 

Animation 
Engine 

Collisions 

Physics Audio 
Subsystem 

Online 
Multiplayer 

Profiling & 
Debugging 

Gameplay Foundations 
(Game State, Game Flow) 

Artificial 
Intelligence Scripting Graphical rendering of the game. It can be very 

complex, and also subdivided in a collection of 
layers: 
•  Low-level renderer: materials, lighting, camera, 

text, primitives, viewports, etc. 
•  Scene drawing: culling, Level-of-detail (LOD), 

scene subdivision 
•  Visual effects: particle systems, shaders, post 

effects, etc. 
•  Front end: HUD, GUI, menus, etc. 



Game Engine Functionalities 
• Most complex layer of the game engine, composed of 

multiple sub-systems 

Rendering 
Engine 

Animation 
Engine 

Collisions 

Physics Audio 
Subsystem 

Online 
Multiplayer 

Profiling & 
Debugging 

Gameplay Foundations 
(Game State, Game Flow) 

Artificial 
Intelligence Scripting 

It is in charge of playing skeletal 
animations, interacting with the physics 
of the game engine. 
 
Might also trigger sound effects 
(requests sent through gameplay 
foundations). 



Game Engine Functionalities 
• Most complex layer of the game engine, composed of 

multiple sub-systems 

Rendering 
Engine 

Animation 
Engine 

Collisions 

Physics Audio 
Subsystem 

Online 
Multiplayer 

Profiling & 
Debugging 

Gameplay Foundations 
(Game State, Game Flow) 

Artificial 
Intelligence Scripting Run physics simulations taking 

collisions and animations into account. 
 
Forces, constraints, etc. 

Detecting collisions points, surfaces 
and directions between complex 
objects using the functionalities of the 
lower layers.  

Play sounds: depending on distances, 
walls, relative velocities, etc. (volumes, 
panning, Doppler effects). 
 
Fading in/out music, dynamic music, 
etc. 



Game Engine Functionalities 
• Most complex layer of the game engine, composed of 

multiple sub-systems 

Rendering 
Engine 

Animation 
Engine 

Collisions 

Physics Audio 
Subsystem 

Online 
Multiplayer 

Profiling & 
Debugging 

Gameplay Foundations 
(Game State, Game Flow) 

Artificial 
Intelligence Scripting 

Some game engines allow the 
attachment of scripts to each asset 
(models, animations, maps, etc.) in a 
high-level language (e.g. Lua). 
 
The game engine needs an interpreter 
that runs those scripts. 



Game Engine Functionalities 
• Most complex layer of the game engine, composed of 

multiple sub-systems 

Rendering 
Engine 

Animation 
Engine 

Collisions 

Physics Audio 
Subsystem 

Online 
Multiplayer 

Profiling & 
Debugging 

Gameplay Foundations 
(Game State, Game Flow) 

Artificial 
Intelligence Scripting 

Focus of this class 

Game state replication, and policy for 
coherent state maintenance. 
 
Match-making, messaging (not 
message rendering, just message 
sending/reception), etc. 



Game Engine Functionalities 
• Most complex layer of the game engine, composed of 

multiple sub-systems 

Rendering 
Engine 

Animation 
Engine 

Collisions 

Physics Audio 
Subsystem 

Online 
Multiplayer 

Profiling & 
Debugging 

Gameplay Foundations 
(Game State, Game Flow) 

Artificial 
Intelligence Scripting 

Core of the game engine, location of the “Game 
Loop”, also maintains the game state. 
 
Location of the “game flow” FSM (transition 
from menus to game, to game over, etc.) 
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AI Interface with the Game Engine 

Rendering 
Engine 

Animation 
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Artificial 
Intelligence Scripting 
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AI Interface with the Game Engine 

Collision 

AI 

Gameplay Foundations 
(Game State, Game Flow) Input Game 

State 
Game State 
Information 

Collision data 
(what touches 

what, or is in the 
line of fire of 

what) 

AI actions 
(might or not 
be the same 

as the human 
player’s) 



AI Interface with the Game Engine 

Collision 

AI 

Gameplay Foundations 
(Game State, Game Flow) Input Game 

State 

World 
Interface 

(perception) 

Strategy 

Decision Making 

Movement 



Example: RPG Game 
• Consider Morrowind (Elder Scrolls III) 



Example: RPG Game 

Game 
State 

Collision 
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Line of sight 

Input 

AI 

Perception: 
•  Navigation 

mesh 
•  Quests’ 

status 
•  Interaction 

events 
(hits, etc.) 

Strategy 

Decision Making: Scripts 

Movement: A* + Animation 



Example: RPG Game 

Game 
State 

Collision 
+ 

Line of sight 

Input 

AI 

Perception: 
•  Navigation 

mesh 
•  Quests’ 

status 
•  Interaction 

events 
(hits, etc.) 

Strategy 

Decision Making: Scripts 

Movement: A* + Animation 

In some games (e.g. Spore) 
animation is so complex, that it is 

considered part of the Game AI (we 
will not cover animation techniques 

in this course) 



Example: RPG Game 

Game 
State 

Collision 
+ 

Line of sight 

Input 

AI 

Perception: 
•  Navigation 

mesh 
•  Quests’ 

status 
•  Interaction 

events 
(hits, etc.) 

Strategy 

Decision Making: Scripts 

Movement: A* + Animation 

For the triggers and conditions 
used in the scripts (basically, we 

need all the information needed to 
test the conditions in the scripts, or 

an interface to do so) 



Example: RPG Game 

Game 
State 

Collision 
+ 

Line of sight 

Input 

AI 

Perception: 
•  Navigation 

mesh 
•  Quests’ 

status 
•  Interaction 

events 
(hits, etc.) 

Strategy 

Decision Making: Scripts 

Movement: A* + Animation 

Basically for A*, although some scripts 
might check for things like “if there is 

path between A and B then …” 
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• Structure of the course 
•  Intro to Game AI 
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• Course Scope 
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• Game Engines 
• Perception and Action 



Perception and Action 
•  The interface between the game engine and the AI is key 

• As you already know (from the previous AI class): 
•  Most AI algorithms are very brittle 
•  Information needs to be represented in exactly the right way 
•  A non appropriate representation might make the AI code very 

complex 

• AI algorithms are eager consumers of information: an 
efficient way to get information from the game engine is 
required 



Two Approaches to Perception 
• Polling 

• Message passing 



Polling 
• Simplest idea: 

•  No special perception layer 
•  Whenever the AI wants some piece of information, it just asks the 

Game State / Collision / Line of Sight modules about it 

• Benefits: 
•  Easy 

• Problems: 
•  Inefficient 
•  The same information might be asked for multiple times 
•  Most of the time the player does not collide with enemies, why 

check it at every frame? 
•  Hard to debug 



Polling Station 
• Rather than asking the game engine directly: 

•  Create a perception module with an API to access the game engine 
•  All AIs ask this perception module (the polling station) 

• Polling station can improve efficiency by caching queries 

• Easier to debug (polling station can be used as the one 
stop place to set break-points or logging instructions) 

• Having an API in between the AI and the Game Engine, 
allows game engine developers to work independently 
than the AI developers 



Message Passing 
• Event-based approach 

• Wait for an event message to arrive rather than constantly 
checking for conditions to be true at each cycle (e.g. 
check if the player is in line of sight): 
•  When something relevant happens (e.g. player is in line of sight), a 

message is sent to all the AIs that care about this condition. 

• Centralized “event manager” 



Event Manager 

Checking 
Engine 

Event queue 

Registry 
of 

Event 
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AI1 

AI2 

AIn 



Event Manager 

Checking 
Engine 

Event queue 

Registry 
of 

Event 
Listeners 

AI1 

AI2 

AIn 

AIs register for certain events, like 
collisions with certain objects, etc. 



Event Manager 

Checking 
Engine 

Event queue 

Registry 
of 

Event 
Listeners 

AI1 

AI2 

AIn 

A single checking engine checks for the 
events for which any AI is registered 



Event Manager 

Checking 
Engine 

Event queue 

Registry 
of 

Event 
Listeners 

AI1 

AI2 

AIn 

Certain events, do not need to be 
checked for, since the originating entity 
sends the directly (e.g. state changes in 

another AI) 



Polling vs Message Passing 
• Polling is simpler, better for simple games (where 

message passing is overkill) 

• Message passing can be more efficient but it is more 
complex to deploy 

• Best choice depends on the game type, but it is always 
worth spending effort into determining how the AI is going 
to get information from the game. 



Sensing 



Sensing 
• Polling Stations and Event Managers address the problem 

getting information from the game engine 

• But not all characters in the game should have access to 
all information: 
•  If a character in a room wants to know if another one across the 

map made a noise, it should not be able to get that information 
•  Recent realistic games need a sensing model  

• Sensing models are typically implemented over event 
managers, rather than polling stations. 



Easiest Approach: Fake it! 
•  The AI has access to everything that happens in the 

game, but it is programmed to act as if it didn’t know. 

• Example: Warcraft II 



Simple Sensing Model 
• Characters can only see/hear what happens in the room 

Event 
Manager 1 

Event 
Manager 2 

Event 
Manager 3 

Event 
Manager 4 



Simple Sensing Model 
• Characters can only see/hear what happens in the room 

Event 
Manager 1 

Event 
Manager 2 

Event 
Manager 3 

Event 
Manager 4 When a character moves from a room 

to another, it unregisters from an event 
manager, and registers in another one 



Realistic Sensing Models 
• Sight: 

•  Sight cones (60 degrees is standard) 
•  Line of sight 
•  Distance (although it is not realistic, it’s very typical in games) 
•  Brightness/differentiation (used in games like Splinter Cell) 

•  Touch 
• Hearing 

•  Distance (reduce volume and use audible threshold) 
• Smell 

•  Not common, but some games use it (e.g. Alien vs Predator) 



Alien vs Predator (1993) 



Event Manager + Sensing (simple) 
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When characters register, they send 
their position and sensing capabilities to 

the registry 
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Event Manager + Sensing (simple) 

Checking 
Engine 

Event queue 

AI1 

AI2 

AIn 

Registry 
of 

Event 
Listeners 

Sensing 
Model 

Each “sense” has defined: 
-  Attenuation factor (for distance) 
-  Maximum range 
-  Transmission speed 
-  Restrictions (line-of-sight?) 



Event Manager + Sensing (complex) 
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Event Manager + Sensing (complex) 

Checking 
Engine 

Event queue 

AI1 

AI2 

AIn 

Registry 
of 

Event 
Listeners 

Sensing 
Model 

Sensing 
Transmission 

Graph 

Graph can be precomputed if map is static 
Divide game map in a finite set of regions. 
Define if different events (visual, sounds, 

etc.) can transfer from region to region, and 
at which speed and attenuation. 

Can model one-way glass, mirrors, sound 
travelling through pipes, etc. 



Show Off the AI Features! 



Summary 
• Class structure: 

•  3 projects (choose out of 5) 
•  680 students: read and present paper (Send me your preferences!) 
•  Mindterm/final 
•  Check class website 

• Game AI combines traditional AI plus design 
• AI interfaces with a game engine. Basic AI components: 

•  Perception 
•  Movement 
•  Decision Making 
•  Strategy 



Next Week 
• Movement 
• Steering Behaviors (for project 1) 


