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1. Introduction and History

· Presence List

· Explain what it means

· Presence is mandatory

· Schedule

· 10 weeks (9 with meetings)

· new 4 period system: 7.5 ECTS, more weeks and more work

The goals of the course

· Game design, both technique and design issues

· Contents and structure

· Game design (main focus)

· what is a good game

· storytelling

· interaction

· balance

· genres

· Game development

· basic game techniques

· isometric games

· behavior

· motion planning

· Literature

· The book

· Search the web sites (in particular GamaSutra), see the links on the course page

· Game Developer Magazine

· The way we work 

· No exam but lots of work expected

· You read the material, I only talk about it

· 2 projects

· Software environment

· Software: Game Maker

· Why we use this

· Version 6.0 (beta)

· Registration

· Home use or on the computers in the departments

· zip version

· Many other tools on the web

· Examination

· No final exam (so we can go on for 10 weeks, but we most likely won’t)

· Involvement (you have to be present during the lectures)

· Game presentation

· Review

· Simpe game (individual)

· More involved game (pairs)

· Why the course is being taught

· Important application domain (lots of money going around)

· Multi-disciplinary

· Area starts getting mature, need for educated people

· Fits in with our research area (GIVE)

· Minor and masters

· the Netherlands is slowly starting to play a more important role

· Relation to research and how it fits in GIVE

· Simulation

· Graphics

· Path planning/animation

· Geometric problems

· Visibility computations (portals, bsp's)

· Collision detection

· Terrain computations (vision, routes, etc.)

· What after the course

· minor

· other courses (3D modeling)

· go to masters afterwards

· masters

· other courses (Virtual worlds, Robotics, …)

· Larger project

· Seminars

· Masters project (on the underlying algorithmic issues)

· path planning for a camera

· finding routes in terrains

· automatic levels of detail

· fast collision checking

· automatic terrain generation

· human figure animation

· tissue simulation

· …

· Questions?

Who we are and why we are here

Everybody introduces himself and indicates why he is here and what he knows about games and game design and why he is interested.

Myself:

· Mark Overmars

· the teacher

· always interested in computer games

· reviewed games in the eighties for Atari ST journal

· wrote some games myself (Beehive: life, Unix: character based, Atari: Super Breakout, snake, gobang)

· am not much of an artist

· wrote software to create games in an easy way (Game Maker)

· related research

· one of the founders of ILS design

All the others

History of computer games hardware

· Pong

· 1958 Brookhave National Laboratory (on an oscilloscope)

· Lots of legal battles

· Later (1972) adapted and published by Atari

· Spacewar

· 1961/62 at MIT on a PDP 1  (cost about $120.000)

· Other games from that period: Lunar landing

· Hunt the wumpus

· Coin-up machines

· Started in the 70's

· Extremely simple games, e.g. pong

· Still a big hit

· Some Names: Shark Gun Fight, Death Race (banned because you had to hit pedestrians)

· Breakout

· Steve Jobs, Steve Wozniak (Jobs cheating Wozniak)

· Atari

· Star wars (vector machine)

· Grew from here until the current state

· TV gaming systems

· Odyssey (1970)

· Analog

· Overlays for playfield

· $100

· 100.000 units in one year

· Channel F (1976)

· programmable with game cartridges

· digital

· Video Computer System (VCS) (in 1982 renamed 2600)   THE MOST CRUCIAL SYSTEM

· 1977

· Atari

· Expensive: $250

· Did not sell well

· Then came Space Invaders , resulted in selling 25 million VCS's in 2 years.

· 120 million Game cartridges sold, 200 different games

· Other games: Pitfall (1982)

· Pacman boosts again the sale (Original name: Puck-Man)

· Bought by Commodore in 1984. Production ends in 1991!

· Around 1985 things went really bad

· Too many different systems

· Too much competition

· Many companies went bankrupt in particular in console market)

· Revival by the survivors: NES (1985), Sega Master System (1986), 

· Handhelds: Gameboy (1989), SEGA Genesis, Atari Lynx

· Next generation (1994-1995): Sega Saturn, Playstation, N64 

· Polygon count went up (around 300.000 per second

· Better sound systems

· Even better (1998-200): SEGA Dreamcast, Playstation 2, X-Box

· Polygon counts in the hundreds of millions

· Ethernet access

· Most game sales come from consoles

· Not all games are suitable for consoles (no mouse, keyboard, resolution issues)

· PC's

· Apple

· PC (not a gaming system originally but games where created)

· Commodore 64 (1983)

· ATARI ST (1985)

· …

· Special 3D graphics hardware ( only since about 1995)

· A problem is that all games start looking similar (because that is what the hardware supports)

· CD-ROM and DVD

· New trend: Mobile gaming

· Game Boy

· recent Nokia N-Gage

· mobile phones

· Completely new demands on the games

For some information see http://www.emuunlim.com/doteaters/index.htm
History of graphics technology

· Analog

· bits

· sprites

· fake 3D

· isometric

· 2.5 D (Wolfenheim DOOM)

· true 3D (Descent, Quake, …)

· what next??? Virtual reality?? Why not?

History of interaction techniques

· special build devices (knob for Pong was the best)

· joystick

· keyboard/mouse

· gamepads

· steering-wheels

· force-feedback

· using cameras

· Eye-toy

· Dance mats

· what next? Sensing?

· And again special build devices

2: Game Play

Types of games

Some examples

· Arcade/Pinball

· First person shooter, FPS (DOOM)

· Third person shooters 

· Role playing games, RPG (Leisure Suit Harry)

· Flight simulators

· Racing

· Sport simulators

· Strategy games (real-time or turn based)

· GOD games (Popoulos)

· Puzzle games

· Adventure

· …

What are the crucial aspects for the different game types:

· Reaction speed

· Experience

· Insight

· Cleverness

· Surprise

· Emotions

· …

Genres

Maybe it is better to split up into certain genres

· Action – Frantic button pushing (reaction speed, experience)

· Adventure (including RPG) – The story matters (surprise, emotions)

· Strategy – Nontrivial choices (insight, cleverness, experience)

· Simulation (Vehicles, Management, Construction) – Optimization exercises (insight, experience)

· Puzzle – Hard analytic thinking (cleverness)

· Competition (Sports, Online) – Beat the other (human) players

· Toys – Software to have fun with (surprise)

· Education – Learning by doing

Types of players

· Hard core gamers

· Mass-market

· Young-Old

· Male-Female

· You really need to adapt your game to this (Davilex)

What is a good game?

Collect the opinions. Some (possible) important issues:

· graphics/light effects

· sound effects

· music

· story

· game play

· interaction

· documentation

· FMV (movies)

· internet gaming

· person/computer opponents

· game balancing

· addicting

· atmosphere

· long-lasting (not repetitive)

· original

· …

Look at some games

Answer the questions:

· Why are they good

· Why are they bad

Presentations by students

3. Designing a game

The Focus of a Game


[image: image1]
· Game Play: deals with materials, moves, rules, balance, and winning

· Simulation: deals with the internal mechanics of the virtual world

· Story: deals with the setting, storyline, immersion, dramatic effect and motivation

· Put some games in the triangle

· Traditionally games where close to the corners

· There is a tendency among developers to move towards the center

· The question is whether this is desirable

· a realistic simulation of the world might interfere with good rules and balance

· gameplay requires control by the player while stories require control by the designer

The Ingredients of a Game
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· Core mechanics: the rules

· Storytelling and narrative: storyline, dramatic effect and motivation, involvement

· Interactivity: how the player perceives the world and how he acts within it

· Each of these aspects highly influences the impact of a game

· What is the effect of shooting

· Why do you shoot

· How do you shoot, how does the target look, and how do you see the effect

Game versus toy

· When is it a game, when is it a toy?

· Is SimCity a game?

· Is it important?

· Fun is what matters?

Features versus chrome

· What are essential features in a game

· Try to do some examples game

· What is chrome

· Again, consider certain games

· Age of Empires (choosing from 12 races?)

· Simcity (building styles)

· Puzzles in Black-and-White

· Is 3D chrome?

· Popoulos

· First-person view versus third person view

· The role of video sequences

· Is chrome important?

What is a game

Many Definitions

· A game is an activity among two or more independent decision-makers seeking to achieve their objectives in some limiting context. (Clark C. Abt)
· A game is a form of art in which participants, called players, make decisions in order to manage resources through game tokens in the pursuit of a goal. (Greg Costikyan)
· A game is a system in which players engage in an artificial conflict, defined by rules, that results in a quantifiable outcome. (Salen and Zimmerman)
Some important ingredients are

· players

· making decisions

· a goal or outcome

· rules (resources, game tokens)

· artifical, limiting context

Different contexts

· Rules: formal

· The moves you can make

· Play: experiential

· The excitement, immersion, pleasure

· Culture: contextual

· Your status as a player

· Role of the game in your life and in society

Rules

Rules define the inner formal structure of the game

· Rules limit player action

· Rules are explicit and unambiguous

· Rules are shared by all players

· Rules are fixed

· Rules are binding

· Rules are repeatable

Types of rules:

· Constitutive rules: core mathematical rules (game logic)

· Normally hidden

· For example number of hitpoints for units

· Operational rules: how to play

· The moves you can make

· Typical what you find in the instructions

· Implicit rules

· E.g. to have limited time for a move or to always play till the end

· More explicit when game gets more important (for example soccer)

Example:

· Tic-Tac-Toe

· 3 to 15
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· Constitutive rules are the same

· Operational rules are different

Winning condition

· Each game must have a clear winning condition

Meaningful Play

· Rules should be elegant and make sense in the setting of the game

· The relation between actions (following operational rules) and the outcome (following constitutive rules) should be reasonable

· The rules should make sense in the cultural context in which the game is played

· This results in a situation in which players can concentrate on the experience rather than the logic of the game

Your Game Review

· Pick a game you have not played before

· Test it immediately to see whether it works on your machine

· Look at the review guidelines on the webpage

· Now play the game and make notes

· Be very critical, avoid playing the game for fun!

· Write the review carefully following the instructions

4. Game architecture
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Hardware

· Physical

· graphics card

· sound cards

· input devices (keyboard, mouse, joysticks, game pads, steering wheels, …)

· Drivers

· Low level interface

Hardware abstraction layer

· DirectX

· HAL, HEL

· Components

· DirectDraw, Direct3D

· DirectSound, DirectMusic

· DirectInput, DirectPlay

· (DirectSetup)

· Still low level routines

· OpenGL

· others

User interface

· Rather simple

· Monitors Input status and stores it in the game data

· Displays menus and online help (can nowadays be pretty complex)

· Should be reusable!!!

Graphics engine

· Higher level interface, tuned to a particular graphics and game type

· sprite based

· isometric

· full 3D

(more about this below)

· Can deal with higher level modeling concepts

· Sprites

· Solids

· Characters (articulated)

· …

· Handles more complicated display aspects

· Mini map

· Multiple views

· Overlays

· Special effects

· …

· Some of these engines are for sale or available on the web

· Often remade or heavily tuned for each game 

· Too much time and money is spent on this

Sound and Music engine

· Function of sound

· Effects to enhance reality

· Ambience

· Clues about what to do

· Clues about what is about to happen (but be careful)

· Kind of music

· Wave (high quality, lots of memory, fast)

· MP3 (high quality, compressed, slower)

· Midi (lower quality, very low storage, limited, adaptable)

· CD (Very high quality, fast, limited to background music)

· Simultaneous sounds

· Mixers (hidden in the HAL)

· Buffer management

· Streaming sound

· Special features

· Positional 3D sound (possibly with Dolby surround)

· Important for clues

· Adaptive music (DirectMusic)

· How to create

· Get it from the web

· Create from samples and change

· Build your own music studio

· Requires special skill

Configuration system

· Adapt to hardware specs (requires choices)

· Adapt to player preferences

· Player dependent (store it that way!)

· Best avoid this as much as possible

Online help

· Players never read the documentation!

· Simple text file

· Screen overlays

· Assistants 

· Integrated in the game (requires extra lines in the diagram)

· Contents

· Static

· Context dependent

· Player dependent

· Tends to be a lot of work

Game Data

"A game is a database with a fancy interface"

· Resources

· graphics models (sprites, characters)

· sounds, music

· images, backgrounds, video

· text

· Level description

· Game status

· Event queue

· User profile

· The game components communicate with the support components through the game data

Event handler

· Most games use an event based model

· Events take place

· Logic and Physics engine change the game status based on this

· New game status is displayed on the screen

· Events

· User input

· Collisions

· Timers (controlled by the logic)

· Created by game tokens

· Game tokens/object

· All entities in the game are tokens

· Tokens have a state

· These tokens react to events and create events

· Use state diagrams (finite-state machines) and interaction matrices to describe the behavior.

· (Don’t mistake with notion of object in object-oriented programming.)

Logic engine

· Handles all the game play

· Enforces the rules

· Contains the game AI

Physics engine

· Handles the simulation of the world

· collisions

· terrain changes

· waves in the sea

· …

· Limited or non-existent in simple games

· Separation with logic engine is not always clear

Program structure

· Initialization

· Loading

· Intro

· Configuration

· Settings

· Game loop

· Handle input

· Handle game actions

· Display

· Finalization

· Saving

· Trailer

Timing

· Use the machines frame rate

· Double buffering

· Old games run way too fast (100 fps versus 50, or less)

· Sudden drop in speed

· Process events, wait and draw

· Triple buffering

· Wasting time

· Drop in speed when processing takes too long

· Avoid by making processing dependent on time passed (more difficult)

· Danger of creep (more processing results in longer delays, etc.)

· (Used in Game Maker)

· Drawing is an independent process

· semi-decoupled 

· system does complete event processing cycles with fixed frequency

· drawing when not busy doing a cycle

· fully decoupled

· system does small steps processing few events

· drawing when frame is needed and not inside a step

· game state must always be valid

· difficult to achieve

5. Designing Games with Game Maker

Global idea behind Game Maker

· Simple to use, using drag-and-drop

· Still considerable power through built-in language

· Integrated environment

· Not focused on a particular type of game

Architecture of Game Maker 6

· Uses DirectX as bottom layer

· Sprite based graphics engine with support for multiple views, etc.

· Can also be used for isometric games

· There is functionality for 3D graphics

· Sound engine, allowing for multiple buffers, sound effects, and positional sound

· Simple music engine, only allowing for midi files (integrated in sound engine)

· Some simple user interface support

· No built-in menuing system

· Simple on-line help using text file

· Minimal configuration system

· Designer can easily create such systems himself

· Game data stores levels, resources, current collection of game tokens (instances) and further settings

· Event driven model

· Uses objects = tokens

· Uses process-wait-draw timing model

· Designer can make this reactive to game speed but this is difficult

· No separate physics engine (although collision detection is automatic)

· Logic engine either action based or through code

Resources

· Sprite

· Backgrounds (also tiles)

· Sounds and music

· Fonts

· Paths

· (Scripts)

Sprites

· A sprite is a collection of images that stores an animation of some game token.

· There can be multiple animations of the token depending on its status

· direction of motion

· mental state

· …
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· Traditional: sprites are drawn using BitBlit operations (in GM 5)

· Combined with current background 

· Transparency color

· Exclusive Or

· Alpha blending

· Simple transformation

· Mirror

· Limited rotations

· Scaling

· Clipping

· More modern: sprites are drawn as textures on flat polygons (in GM 6)

· More, faster blending options

· More extensive transformation options

· Rotation

· Sheering

· Perspective

· On modern graphics cards this is faster then blitting

· Most machines have hardware for this

· Also game consoles like GameBoy

· Do not support all operation (e.g. scaling up versus scaling down)

· Problems

· Animation speed difficult to control

· Requires basically fixed frame rates

· Lots of memory

· Must be drawn in the correct order (no z-buffering normally)

· Fixed viewpoint

· Advantages

· High quality, also on low resolution

· Much detail

· Does not require 3D hardware

· Relatively easy to use and control

· Many games use them

· Almost all arcade games

· Age of Empires and similar games

· SimCity and other Sims

· Ceasar, and similar building games

· Diablo

· …

· Event some 3D games also use sprites

· Scaling can give 3D effect

· Doom

· Creating sprites

· By hand

· From 3D models but then often corrected by hand

· Style (realistic/cartoon)

· Plan carefully

· Use design templates for animation

· Book: Ari Feldman, Designing Arcade Computer Game Graphics, Wordware, ISBN 1-55622-755-8, now available electronically, through the Game Maker website.

Backgrounds and Tiles

· Background images play an important role

· Setting

· Replacing the graphics for static game objects (using invisible objects)

· head-up-display or status area (when uses as foreground)

· Scrolling backgrounds

· Continuously or when the player moves

· Repeating or large background of which a part is visible

· Tiles

· To save a lot of memory

· To allow changes in the background

· Much faster than game objects

· Must nicely match up
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· Mode-7 backgrounds

· Perspective view but only for the background

· Combine with scaled sprites

Objects, Events and Actions

· Game tokens are described as objects

· Multiple instances can exist in a room

· (Instances of) objects get events (creation, collision, user input, drawing)

· They react by certain actions

· Objects can have a visual representation but this is not necessary

· You can for example create objects that represent a game status

· Inheritance is simple

· Parent object

· Inherits behavior (can be overwritten) 

· Is seen as special instance of a type by e.g. collision events 

Rooms and Views

· The game takes place in rooms (= levels)

· Persistence (of instances and of rooms)

· Views

· Follow a player

· Multiple views

GML

· Built in programming language

· Has a bit of C syntax

· Some special functionality for variables

· local to code

· local to instance

· global

· Some special functionality to deal with instance types

· with statement

· A huge number of functions is only available through code

· Code is interpreted

· Tokenizing is done

· Parse trees are built

· Pretty fast (1.000.000 lines of code per second)

Finding Information

· Tutorials

· Forum

· …

Your first Game

· Start working on it NOW

· Follow the guidelines

· Install either at home or use zip file to install it in your home directory

· Hand result in by email or on CD

· Assistence

Steps in designing a game
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· Treatment document

· the concept of your game

· style, plot, character, setting, theme

· what makes it special

· why would people like to play it

· Don’t think about technical constraints here!!!

· Now ask yourself some questions:

· Can you do it?

· Is it not too ambitious?

· Is it technically feasible?

· Design document (or Game Script)

· Style, genre, look and feel

· Overview of the game

· Game story

· Characters/units/resources (precise, e.g. how many resources does it cost to build something)

· Game rules, Gameplay (precise)

· Screen mockups (how will things look)

· Levels

· Special effect

· AI

· People involved

· Tools required

· Schedule

· Budget

· Selling points

· Technical specification

· What modules or components should do what

· How do they interface to one another

· Game tokens

· These documents must be updated when things change

· Feature creep

· Problems when people get ill or leave

· Design documents on the web: http://www.ihfsoft.com/
· Now start making it

· And test it

6. Game Worlds

Game World

· Artificial universe

· Visible manifestation of this world

· But more is happening below it (e.g. the economics system in SimCity)

· World is governed by constituative rules

· World has a boundary and game play takes place within this boundary

· Soccer happens within the playing field

· A board game is played on the board, not outside it

· Boundary is both in space and in time

· The boundary makes the game a safe place

Game Setting

· The setting is its fictional component

· The fantasy

· The story

· The setting does not influence the rules but the way we perceive, accept, and appreciate them

· The setting provides part of the entertainment value

· For some games gameplay is the major entertainment value (chess, tetris, …)

· For other games the setting the major entertainment value

· Game setting can even distract the players from the core mechanics

· For example battle chess or 3D pacman

· Becoming a skilled player leads to abstraction, ignoring the game setting

· For beginning players, the setting is vital for creating interest

· The setting helps in selling the game

Setting versus Gameplay

· Big debate (also graphics versus gameplay)

· Graphics, sound, story create the setting

· Core mechanics and interaction create the game play

· Setting and gameplay must work together to create the highest entertainment value

Suspension of Disbelief

· Mental state in which you choose to believe that fiction is reality.

· Important for novels, movies, and games

· Lead to immersion in the game world

· To achieve this we need

· No unexpected surprises

· Consistency is crucial

· Harmony, all pieces belong to a coherent whole

· This applies both to the setting and the core mechanics and their interplay

· You must design for this

· Suspension of Disbelief is fragile

· Don’t add some stuff to a game later

· Realism is not crucial for suspension of disbelief

· Cartoons

· James Bond

· Science fiction

Physical Dimension

· Most games take place in some physical world

· You need to choose the correct dimensions to support your game

· 2-dimensional

· Top view

· Side view

· Multiple 2-dimensional planes

· 3-dimensional

· Even though representation is 3-dimensional the game can still be essentially 2-dimensional

· The dimension must fit the entertainment value.

· 3-dimensional space can make games frustratingly difficult

· Lemmings, Pacman, …

· 3-dimensional space can break suspension of disbelief

· 4-dimensional

· Be able to navigate through time

· Difficult for a user to navigate

· Sometime you can add an “alternative plane of reality”

· Scale of world

· The game world can be small (e.g. completely visible at all times)

· Scrolling larger world

· Huge and open for exploration

· Scale of objects

· For gameplay it often helps to exaggerate scale

· In scrolling shooters bullets are normally way to big

· In RTS games the characters are way to big and buildings and trees are small

· For a realistic setting they should be sort of correct

· Outside distances are normally a lot shorter than inside buildings

· Players are seldom bothered by this

· For example pokemon

· Speed of objects is normally highly unrealistic

· Airplanes in C&C

· The more realistic things look the sooner exaggerated scaled breaks suspension of disbelief

· Boundaries

· The game world normally has a boundary

· This is highly unrealistic

· Solutions:

· Wrap the world (Magic Carpet, Populous)

· Make the boundaries natural (indoor, sea, mountain ridges, cliffs) 

· In flightsimulators

· Block the player

· Force it to return

· Spherical world

· Repeating patterns

Temporal Dimension

· How is time treated

· time it takes to do certain tasks

· day and night

· seasons and years

· No time at all

· For example in action games

· Although there can be an (artificial) time limit to solve problems

· Time can be interesting as part of the setting

· Creates atmosphere (e.g. winter or summer landscape)

· Does not influence what the player can do

· Time can influence gameplay

· Shops are closed at night

· It is more dangerous to walk around at night

· During winter you can cross rivers but not during summer

· Time is normally not real-time

· Not even in real time strategy games

· Normally time in games runs faster

· Makes things more interesting

· Adds more tension

· Make the games playable

· Periods like night are often skipped

· Soldiers never get tired

· Tasks do not take the normal time

· Not even in game time

· Sims

· Trees often grow within a short period

· Making weapons though is extremely fast

· People are created, they do not grow up

· Time management can be a major gameplay aspect

· Sims

· One day is 20 minutes

· Characters don’t move 48 times as fast

· While time goes fast, the animations are normal

· This disturbs time considerably

· Still it does not need to destroy the suspension of disbelief, as long as it is functional in the game

· Players accept the actions as symbolic

· Adjusting time

· Sports games

· Flight simulators

The environment

· How does the world look

· Cultural context of the people in the game

· Different from the cultural context of the players outside the game

· Must match the story line, the visual appearance and the tasks.

· Should be consistent with players knowledge

· No Greeks with riffles

· Largely work of artists

· Requires study

· How did the Maori live

· Music and sound effect must match this

· Try to be original

· To many games use the same type of environment

· Read, watch movies

· Always ask yourself: could I make a game (setting) out of this

Detail

· Textures

· Number of objects

· Depth of the storyline

· How much simulation happens in the world

· Moving trees, etc.

· What actions can the player perform (besides the actual game play actions)

· Picking up objects and throwing them in the water

· Shooting unimportant objects

· Detail is limited by technical considerations

· Detail is also limited by gameplay considerations

· Too much detail will hamper gameplay

· E.g. in an adventure game you do not want to allow the player to pick up everything

· Too much visual detail might make it difficult to spot the important things

· The player can only handle a limited number of units

Emotions

· Emotions by the entities in the game

· Emotions by the player

· Standard in movies, not so much in games

· Make the player care and then threaten that.

· Dramatic tension

· Can be physical, social, economical

· Don’t overdo it (You must save the world)

· A game is not only about fun, it is about entertainment

· Many forms of entertainment are not fun

Ethical Issues

· What is right and wrong in the game world

· You define the morality in the game

· Is shooting cops right or wrong in your game

· Motivates the player to decide what to do

· Most of the time you play the good guy, sometimes the bad guy, sometimes you can choose

· Some games, like Black-and-White allow you to decide on your own morality and change it during the game.

· You have a responsibility as a designer.

· Many games deal with conflict and competition, but think about the role and type of violence in the game.

Realism versus Abstraction

· It is a range

· High realistic graphics requires realistic physics, but often this is not the case

· There are often realistic economic models but not realistic interfaces

· Life is rather boring so full realism normally does not lead to interesting game play

· Carefully think about what you model realistic and what not and what the consequences are

Saving the world

· To save or not to save

· Good: Leave the game and return to it later

· Good: Recover from bad mistakes

· Good: Explore different strategies

· Bad: Trial and error

· Bad: Avoid bad luck

· Bad: Making things easier by taking small steps

· Techniques

· Any moment in game slots

· Fixed points in the game

· Automatic saves

· Try to avoid needing it

· Always continue from where you left

· Make mistakes never fatal

· Diablo 2

· Saving should not help

Designing the world

· Besides designing the rules and core mechanics

· Think about the different aspects of the game world

· Make motivated decisions for every issue

· Also do this for your small games!

· Make sure it is all in harmony and consistent with the core mechanics

7. Game Balance

Three types of balance:

· player – player

· Each player has an equal chance of winning

· No special advantages, only skill counts

· There can be luck, but equality distributed over the players and not too crucial

· player – gameplay

· Learning curve is matched with rewards

· The gameplay should not be considered the opponent

· Like not being able to find the words in a text adventure

· Or not being able to remember the right keystrokes

· Or not being able to get the right view on what is happening

· Or not being able to find the correct pixel to click on

· gameplay – gameplay

· Features must be balanced against each other

· Each feature must be useful in certain situations

Player – player

· Exact symmetry

· Like in chess

· A bit boring

· Players have preferences

· A feature is only good in the hands of somebody who can use it, so there can be differences in the effectiveness of features but they should preferably be matched by other inconveniences (price, learning curve, …)

· Symmetry in game design

· Even though the features look different, they are effectively the same

· functional symmetry

· river versus mountain range (with ships versus helicopters)

· Just broken symmetry is relative easy to balance and often aesthetic appealing

· Different units but similar effects

· Complete asymmetry is almost impossible to balance

· Make sure it does not show up during the lifetime of the game (difficult to achieve nowadays with information exchange through internet)

· Avoid the need to patch later

· Much, much testing is required

· A player should never get into an unwinnable situation through no fault of his own

player – gameplay

· The most important aspect of the game is the player! Keep him in mind when designing the game

· If the player looses it must be his own fault, not the systems fault

· It matters here what the player thinks, not what is actually the case

· Reward the player

· Global rewards (like winning the game or a level)

· Small rewards, when you learn something new (can be graphics)

· Make sure game remains playable if you fail to get the rewards

· Score and highscore table

· Increase players social status

· Learning should widen the gaming experience

· Not just give e.g. points

· New knowledge or experience should be useful in the game

· Players are picky about their rewards

· Don’t reduce the bonus you get during the game for a particular action

· Rewards should increase during the game

· Different reward structures lead to different game playing

· A reward after each 50 stars collected leads to peaks in trying to achieve this

· A rewards with a 1/50 chance with each start gives no peak but a higher average achievement

· Don’t take rewards away without a logical reason

· Loosing your weapons at the next level

· Loosing a power-up when dying

· Carefully choose the level of the opponents in relation to the level of the players

· Make adaptive

· Avoid boring initial phase for experienced players
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· Challenges

· Must be consistent

· Must provide a fair playing experience

· Must not lead to stagnation

· Balance challenges against the players improvement

· The player should improve, not the character he plays!

· Just making the weapon stronger and, equally fast the opponent stronger is no fun (it is more like chrome)

· Increase the number of choices

· Must not be trivial

· Obvious things should be done by the machine AI

· A chore versus a game feature

· E.g. not supplying a map of explored dungeon such that you must draw it yourself

· constantly bringing food to your armies

· Pure challenges

· logical and interference challenges

· memory challenges

· intelligence-based challenges

· knowledge-based challenges

· Based on knowledge, both inside the game world (intrinsic) and outside it (extrinsic)

· lateral thinking challenges

· Combining the three above

· pattern-recognition challenges

· moral challenges

· special awareness challenges

· coordination challenges

· reflex/reaction time challenges

· physical challenges

· Combined challenges

· Race

· Puzzles

· Exploration

· Conflict

· Strategy

· Economics

· Conceptual challenges

· You should play WITH a game, not AGAINST it

· No progress by trial-and-error 

· No invisible death traps

· Give clues on what to do (but they might be concealed)

· Give hints on what the effects of certain actions are

· The curse of Save Game (as discussed before)

· Has become a game play feature

· Can be solved by better balancing and better level design

· A game should be fun to learn and fun to play

gameplay – gameplay

· Each feature or resource must be the best to use in certain situations

· Avoid dominant strategies, but how?

· Many games fail here

· Tank rush in Red Alert
· Transitive relationships
· A beats B beats C beats ...

· Must be balanced by indirect (shadow) costs

· Can be used a limited number of times

· Cost more money to produce

· Appear only later in the game

· Are only available by making difficult moves

· Cyclic (intransitive) relationships: Example: Fighting game

· Three moves: Leg sweep, Kick, Stomp

· Stone-Paper-Scissors (SPS) relationship between moves

· Leg beats Kick

· Kick beats Stomp

· Stomp beats Leg

· No move is dominant
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· For each interaction write down the relative benefit (or loss, or cost) you get

· Simple: +1, -1, 0


Leg
Kick
Stomp

Leg
0
+1
-1

Kick
-1
0
+1

Stomp
+1
-1
0

· Disadvantage: there is a simple optimal strategy:

· Randomly choose a move

· No other strategy can beat this

· Not much fun

· We can add costs

· Each move costs energy: Leg 1, Kick 2, Stomp 3

· When you loose an exchange it costs 5 energy

· You can again make the relative benefit matrix, e.g. Leg-Kick give -1+2+5 = 6 (its costs you one for the move it costs the opponent 2 for the move plus 5 because he looses the exchange.


Leg
Kick
Stomp

Leg
0
+6
-3

Kick
-6
0
+6

Stomp
+3
-6
0

· What is now the optimal strategy?

· Let l,k,s be the frequency of the moves

· Let L,K,S be the net payoffs of the different moves

· L+K+S = 0  (zero sum game, both players use same strategy so nobody wins)

· L = K = S = 0 (otherwise you would simply increase the frequency of the move with higher net payoff so your strategy was not optimal)

· From the table it follows that:

· L = 6k -3s

· K = 6s – 6l

· S = 3l – 6f

· This leads to l:k:s = 2:1:2, so 40% Leg sweeps, 20% kicks, 40% Stomps.

· You should not do anything predictable so random with these average frequencies

· There is one optimal strategy which in not too much fun

· Better

· more optimal strategies

· harder to find

· learning and anticipating what your opponent will do (e.g. through clues)

· With more attributes, make more interesting diagram
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bowman
infantry
cavalry
archer

bowman
0
+1
+1
-1

infantry
-1
0
+1
-1

cavalry
-1
-1
0
+1

archer
+1
+1
-1
0

· The relations should make sense in the game (such that the user naturally understands them)

· There are multiple optimal solutions (that is good)

· You can deal without bowman or infantry (which is bad)

· So change the shadow costs

· make them cheaper to create

· make them move faster

· Best choice should depend on earlier choices 

· A fast weak ship needs other weapons than a slow strong ship (if you designed the right opponents)

· How to find out what is nice you need to

· Draw payoff diagrams

· Try to compute some information about strategies

· Test

· All options in the game should be worth using sometimes and the cost must be in balance with the payoff you get when using it

8. Storytelling and narrative

Importance for the game

· No: Arcade

· Little: Strategy

· Medium: FPS games

· More: Role Playing games

· Most: Adventure Games

· Light backstory: You have to save the world

· Still useful to provide some form of motivation and justification

· Often enough; no need to add more

· But adding more can help (e.g. HalfLife)

· Can be told beforehand or in steps during the game

· Who is the story teller?

· Not the designer

· Don’t force a story onto the player

· The player wanted to play a game, not listen to a story

· The players tell the story 

· Don’t make the player think your way

The monomyth

· Called “The Hero Story”

· A pattern that most stories follow.

· Charts the progress of the story’s hero

· Are easily recognizable by all individuals

· It’s a form (guidelines), not a formula

· Still has lots of room for creativity

· The steps:

1. The ordinary world

2. The call to adventure

3. The refusal of the call

4. The meeting with the mentor

5. Crossing the first threshold

6. Tests, allies, and enemies

7. The approach to the innermost cave

8. The ordeal

9. The reward

10. The road back

11. The resurrection

12. The return with the reward

· Some steps are ignored in some games

· In particular 1 and 3

· this might feel unsatisfactory

· Purposeful or out of ignorance

The ordinary world

· Where you meet the hero and learn about him/her

· Create the contrast to the special world during the story

· Setting the context

· Best reveal gracefully

· Foreshadow an event to come

· Powerful technique

· Give some attention to issues that will become important for the later game

· Use in your games also later on (e.g. give a glimpse of a boss you will see later)

· Contrasts the special world against the ordinary world

· Confuses the player, making him eager to find out. 

· Eases mental suggestion which leads to more immersion which leads to suspension of disbelief.

· Gives motivation  and justification to the actions of the hero

· Makes the player identify with the hero

· Give the hero some flaw that the player can empathize (meeleven) with.

· Lack of experience

· Mainly being inactive (LOTR)

The call to adventure

· First indication to the hero something is going to happen

· The player has already got this indication (by knowledge and by foreshadowing)

· So this does not surprise the player

· You can try to still surprise him

· Better though build on his expectation levels

· Make him eager to enter the world

· Don’t let this take to long, the player wants to play the game

· Many ways to do this

· Simply have somebody ask the hero

· Message of a herald (archetype)

· Might later become the mentor or shadow

· There can be multiple calls

· Player must decide

· Maybe hinted by the designer

· It is personal to the hero

· Girlfriend is captured or missing

· Some major event or disaster

· Temptation

· Greed

· Sexual

· Good in movies but often not good in games

· A void

· Lack of knowledge

· The hero might have a choice or not

The refusal of the call

· Hero rejects the offer to leave the safety

· Can be simple, e.g. some doubts

· Gives dramatic tension

· Will he do it or not (even though we know he will)

· Sets the stage for conflict

· Not so much used in games

· The player is too eager to play

· Can be effective when there are multiple calls

· Creates dynamic tension

· which ones to refuse

· what will the consequences be

· E.g. choice between good and evil

The meeting with the mentor

· Mentor is an archetype (Gandalf)

· Gives the information the hero (player) needs to choose which action to take

· Does not need to be a character

· Past experiences

· A book (some old scrolls found at the entrance of the cave)

Crossing the first threshold

· First step into the adventure

· From the safe ordinary world to the special world

· Sometimes not a choice by the hero 

· Often fear etc. is expressed before making the step

· Increases the bond with the player by creating concern

· Threshold guardian (archetype)

· Warning

· Fear expressed by companions

· Memory

· There is no turning back!

Tests, Allies, Enemies

· The hero will be tested in many ways

· Makes up the core of the game

· Hero meets allies, shadows, and tricksters (archetypes)

· This is actually a testing phase for the big ordeal

· Hero learns, makes alliances and enemies

The approach to the innermost cave

· Here the reward is found

· Often towards the end 

· Not much worry about the journey back

· Often used in games

· But can also be in the middle

· player has to escape with the reward and bring it save home

· Prepared the hero for the ordeal ahead

· reconnaissance (verkenning)

· gathering information

· getting the right equipment

· mental preparation

The ordeal

· The ultimate test

· In a game each level can be a story in its own with its own end-boss

· During the ordeal the bond between player and hero increases further

· Make the hero almost be defeated

· Defeat means failure

· Victory means getting the big reward

· Sometimes the main challenge is to find the way to fight or not fight the enemy

The reward

· After the final shadow is defeated the reward is claimed

· Often positive but nor always

· Does not have to be the reward the hero sets out seeking

· Must be related to the effort done

· Often the end of the game but sometimes the beginning of the final phase

The road back

· Experience has changed the player

· Difficult to get back into the ordinary world

· Often very brief but can be a (different) game in its own

The resurrection

· Resolve of all plot threads

· Final set of tests for the hero before enjoying the reward

· Last minute plot twist

· The enemy resurfaces before finally dying

· Revelation the player has not foreseen

The return with the reward

· Finally back the ordinary world

· Story returns to its starting point

· Compare hero before and after

· Sometime good to leave some open ends

· New beginning (what happens next?)

· Left open for a sequel

Three act structure

· Act 1: Development. until crossing the first threshold

· Act 2: Complication. until the road back

· Act 3: Resolution. the final part

· In normal stories: 6%, 88%, 6%

· In games often: 2%, 97%, 1%

· Crisis appears a the threshold and at the ordeal

· The climax appears at the resurrection

· Second crisis can either be at the end of the second act or halfway the second act

Multipart stories

· Many stories are told in multiple parts

· Series

· Limited sequence of episodes

· Each is self contained story

· Often an overriding theme/storyline

· Common in games

· Serials

· Infinite sequence of episodes

· Plot threads not resolved in each episode but run over multiple

· Creates cliffhanger situations

· Multiple plot strands

· No overall storyline

· Contain many archetypes

· Character driven rather than plot driven

· From time to time plot twists

· Might become more common in games

Narrative

· Non-interactive part of the game

· You tell the player things without letting him do things

· Often required to tell the story

· Gameplay involves the interactive parts

· You must make the balance between the two

· Narrative helps create the setting

· It provides motivation and justification

· It provides an easy entrance into the game world

· But it hampers interactivity

Characters

· Must be developed carefully

· Good visual design 

· Often exaggerated to create affection (large head, large eyes)

· Super sensuality (but be careful)

· Cuteness

· Characters must fit the game

· Create a personality for the character 

· Using the beginning of the story

· Many game characters are weak in this

· Lara Croft versus Indiana Jones

· Show in particular in the movie

· Character growth

· While going through the story

Archetypes

· hero

· mentor

· higher self

· allies

· shape shifter

· threshold guardian

· trickster

· shadow

· herald

· angle (mother)

· father

· …

Carefully think about which ones to use in your games and when to use them.

9. Interactivity

User Experience

· Interactive element

· How the player interacts with the game

· The feel part of “look and feel”

· Visual element

· Overall impact of the artwork

· The look part of “look and feel”

· Audio element

· Creates the atmosphere

Human-Computer interface

· Whole field in its own

· A good interface enables the player to interact effectively with the game

· Aesthetics help but are not functional

· Interface to game have become more and more standardized

· keyboard assignment for FPS games

· unit selection and commanding in RPGs

· point and click interface in adventure games

· Arcade games: simple

· arrows and a few command keys

· a little demo mode was enough to teach players what to do

· a little bit of obvious feed back in the form of scores, lives, etc.

· sometimes a minimap to give additional information

· some got more complicated, but were effective, for example golf

· three click interface

· it is not natural

· still new players find this difficult to grasp (Microsoft studies)

· Adventure games

· Text based

· Problems with finding the right words

· Added the basic actions as words or icons

· Point and click when it became graphical

· First in combination with text commands

· Later often completely point and click 

· Role playing games

· Lots of information required and given to the player

· Tables full of information on the status

· Could be presented better

· Hide the core mechanics from the player

· Complicated character generation

· Choose basic character

· Assign points to properties

· Answer questions

· Large inventories of objects

· Machine could help here with organizing and indicating useless items

· Strategy games

· Simple resource management

· Unit selection and ordering 

· Minimaps

· Technology trees

· Lots of  information provided and lots of possibility

· Many users use only part of it

· For example, unit formation possibilities

· Not very accessible by new players

Interaction devices

· Keyboard

· Many possible choices

· Good for discrete commands and linear continuous commands

· Available on all PCs (not on consoles)

· Requires fixed position of player

· Mouse

· Good for position related commands like selecting

· Useful for continuous steering with two degrees of freedom in a limited domain

· Available on all PCs (not on consoles)

· Requires fixed position of player

· Joystick

· Good for continuous steering with 2-4 degrees of freedom

· Player can move

· Game pads

· More mobile than joystick

· Limited steering (discreet rather than continuous)

· Nowadays combined with joystick features

· Steering wheels

· Only useful for car-like control

· Take a lot of space 

· Special devices

· Dance mats

· Guns

· eye-toy

· Often game specific and part of the game

·  Tricks

· Force feedback

· Tilt sensors

Interaction tasks

· Navigation

· Player must find its way through the environment

· Direct control version indirect control

· The camera

· Selection

· Single items or groups

· In the world itself or through a control panel

· Ease versus immersion

· Assigning tasks or giving commands

· Text commands

· Iconic interfaces

· Keyboard (shortcuts)

· Invisible interface (e.g. in Black and White)

· Aiming

· Computer assistance

· visual 

· in the actual action

· Is it meant to be a challenge?

· Obtaining information

· Often for decision making

· How to present the information

· Hide complexity when not required

Design guidelines (not just for games)

· Be consistent

· Enable hardcore players to use shortcuts

· Give good feedback

· Design the interface to offer defined tasks

· tasks must have a beginning, middle and (clearly marked) end

· subdivide complex tasks into smaller subtasks

· For example a menu structure

· Don’t allow the player to make silly mistakes 

· Permit easy reversal of actions

· Remember that the player is in control

· Don’t strain the player’s short term memory

A bad interface will destroy a good game.

Summary of what we have done so far

We have seen that game design involves a number of aspects

· Game Play

· Core Mechanics

· Constituative Rules

· Feature design

· Balance

· Operation rules

· Interaction design

· Game Setting

· Game world

· physical dimension

· temporal dimension

· the environment

· emotional and ethical issues

· realism and simulation

· Story

· story ingredients

· character archetypes

· Game Play versus Game Settings

· Importance of the story

· Abstract or realistic

· Motivation but fast action

· Who has control

· A good game is in harmony

· Game setting and game play must fit together

· Game world matches the story

· Features are balanced

· Interaction is effective and intuitive

· This all lead to meaningful play
Game Genres

· In different game genres these aspects play different roles

· Genres offer different types of challenges

· Genres have their common type of interface

· Keyboard assignments, mosue, joystick

· Screen layout, information provided

· Makes it easier to play them

· Genres have their own special aspects and problems

· Book describes them

· Read through them, in particular 

· 9. Action games

· 10. Strategy games

· 11. Role-Playing games

· 14 Construction and management games

· 15. Adventure games

· You already created an action game. For the second game you should create one of the other 4.

· Decide early on the type you want to make

· Look at some examples

· Find a partner

· Make a treatment document (1-2 pages)

· Think about whether you can do it and how it can be achieved in Game Maker.

· Try out a few basic ideas in Game Maker.

· Write a design document and hand it in (next week (13-10)

· We will give you comments and whether it is doable in Game Maker

· Then design it further

· Start early with making it.

The coming three weeks we will discuss some aspects of Game Development, in particular graphics, AI, and motion.

10. Game Graphics 1: Isometric Games

Sprite based graphics

· sprite games are normally

· Top down (e.g. maze games)

· Front facing (e.g. platform games)

· clipping for showing a smaller part (views/scrolling)

· hidden surface removal

· drawn from back to front

· transparent area around them

· overlays or separate panel for status information

· depth can be achieved using layers

· parallax scrolling

· use scaling of the sprites

· collision detection

· bounding boxes

· pixel based

· Cheap enough by first doing bounding box test

· Only when action is required

Basics of isometric games
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· Isometric mean

· each object has a position on a ground plane (x,y)

· possible, each object also has a height above that plane (z)

· World is seen in an isometric projection

· Parallel

· 45 degree angles with major axes

· Advantage: good overview, each object same size

· Disadvantages: perspective distortion, no free view

· Can be improved by limiting the view

· Distortion along vertical axis the worst

· Horizontal control and information panel

· (C&C first vertical, changed this later)

· Most operations are done in the ground plane rather than in 3D

· Hidden surface removal by depth sorting

· Is easy when carefully done (see below)

· Used in many games

· Command and Conquer (except Generals)

· Diablo

· Age of Empires

· SimCity

· …

Tiles

· Most isometric games are tiled based

· Squares, leading to diamonds in the projection

· Hexagons

· Fixed size (because no perspective) so equal at all depths
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· Surface tiles nicely align such that the tile structure is not very visible.

· Carefully designed tiles

· Variation, even over similar terrain is important

· Height differences are often only visual, not actually implemented in the game

· Allows for Esher-like designs

· Not transparent, static
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· It is important for the 3D feeling that the major axis are clearly visible

· In graphics (roads, wall, etc.)

· In motion 

· Well-known but weird key mapping

· Can be composed in advance or on the fly

· Requires alignment rules

· Normally created from a higher level description

· roads, rivers, mountains, sea, etc.
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Structures on the surface

· Fixed

· Trees, buildings, etc.

· Represented by fixed position on the plane (2d)

· Often aligned with grid

· Transparent sprites

· Can be animated

· These can either be objects in the game or drawn on the background or foreground  (if not animated) 

· Moving units on the surface

· People, vehicles, etc.

· Represented by their position on the plane (2d)

· Do not need to stay on the tiles

· Can move behind structures and other units (see below)

· Moving units above the surface

· bullets, balloons, etc.

· Represented by point on plane and a height

· Movement

· User interface (arrow keys; correct direction)

· Preferred diagonal motion

· Different horizontal and vertical speed

Collision detection

· We want to avoid complicated 3D calculations

· Sprites can overlap, even though the objects don’t

· For an object, store its shadow on the ground plane

· Or some approximation or relevant part of the shadow

· If required, store its height interval

· Assumes ground projection is convex, otherwise split in pieces

· For collision checking

· Check whether shadows intersect

· If so, check whether their height intervals intersect

· If so, a collision is reported

· Sometimes more complicated checking is required (shape dependent)
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· When there are different height intervals at different places, also split

· For example a gate, consisting of left piece, middle piece, right piece

· For middle piece you might not store a mask at all (no collision can occur when only people are walking around)

· In Game Maker:

· use a mask for the object that is the shadow of the sprite

· Collision is based on masks

· height interval, if required you must handle yourself

Hidden surface removal

· Order:

· Background(s)

· Objects

· Forground(s)

· Overlays

· Each object has a position on the ground. 

· Must be carefully chosen, e.g. in the center of the shadow

· Sort the positions from top to bottom (in the isometric view)

· Draw in this order, so object furthest to the back is drawn first


· This is not always completely correct, in particular when the positions are close to each other.

· When shadows overlap and there is height information

· Sort by increasing height

· Draw in this order, so objects that are below other objects are drawn first

· In Game Maker:

· Choose the origin of the sprite at the ground position (can be outside the sprite!)

· In each step set depth = -y (this guarantees the depth sorting)

· If there is a height interval, adapt the depth in a more involved way, taking the interval in account 

Path finding

· Store the world also as an array of cells

· Mark a cell forbidden if it contains (part of) an object

· Do an A* algorithm on the free cells in the grid

· Will be treated later

[image: image19.jpg]



· Book: Ernest Pazer, Isometric Game Programming with DirectX 7.0, Prima Publishing, 2001, ISBN 0-7615-3089-4. (Low level and rather poor.)

11. Game Graphics 2: 3D Games

Modeling
· Levels

· 2D hardware -> pixels

· 3D hardware -> filled triangles with textures and Gouraud shading

· DirectX -> same plus Phong shading, transformations, projections, clipping

· Graphics Engine: e.g. levels of detail, curved primitives, etc.

· Modeling package: solid modeling, CSG, fractals, parametric surfaces, etc.

· Thing slowly move in the direction of the hardware. 

Polygonal representations

· Looks rather smooth using Gouraud or Phong shading

· Part of the detail using texture mapping

· Hard to design

· Manual

· 3D scanning

· How to connect the dots

· How to combine different shots

· Interactive generation

· Basic primitives (spheres, cubes, etc.), extrusions, sweeping volumes

· Transformations

· Mesh generation

· Density dependent on curvature

· Problems with crossing boundaries

· Created using higher level primitives

· Constructive solid geometry

· Extrusions

· Curves and surfaces

· Models are very large, but drawing is very fast in hardware 

· Bus now is the bottleneck, compression required (also over a network)

· Triangle strips

· Reduces storage required for the connections

· Difficult geometric problem

· Easier when taken into account in the design of the models

· Nowadays sometimes stored on the graphics card

· Level of Detail

· Reasons:

· Mesh simplification, to get the model on the level required

· Use different complexity, depending on the distance (level of detail approximation)

· Progressive transmission (over the internet)

· Problems:

· How to select the vertices to remove

· How to make it smooth (geomorph)

· Don't use the same moment when zooming in and out

· Use morphing on pixel level

· How to reduce storage

· Selective refinement of part of a model

· Techniques

· Resampling

· Edge collapse/edge swaps

· Vertex removal and retriangulation

Landscape/Terrains

· Terrains are rather special and need special treatment

· Continuous

· Very large (no object clipping possible)

· LOD more difficult

· Height fields

· 2D bitmap where pixel represents height information

· Can easily be drawn

· Can easily be transformed to triangle representation

· regular

· roughness dependent

· Separate color map, or generated from height field

· Fractal landscape generation

· Packages support this

· Level of Detail

· Triangle binary tree

· Use this to determine the local detail level

· Problem with suddenly disappearing peaks and valleys

· Interpolate between height on different levels of details

· Peaks will slowly rise

· Better: Make tree dependent on major features. 

Texture mapping

· Color mapping: simulate detail in scene and material

· multiple textures

· mip mapping (Use tri-linear interpolation)

· Light mapping: simulate light fall

· Reflection or environment mapping: simulate specular light and reflections

· Bump mapping: simulate roughness and structure in materials

· Displacement mapping: same

· Global idea

· Modulate certain parameters in the light calculations using data from a small (or large) map.

· We can modulate:

· Color (diffuse reflection coefficients) -> texture mapping

· Specular color (specular reflection coefficients) -> environment mapping

· Normal vector -> bump mapping

· Position (normally only perpendicular to the surface) -> displacement mapping

· Transparency (to get glass effects) (no refraction though)

· We can do texture mapping in hardware only when the corresponding light calculations are done in hardware.

Lighting

· Objects involved

· Static lights

· Dynamic lights

· Ambient light

· Static objects

· Dynamic objects

· Techniques

· lightmaps

· Good for static lights and static objects

· standard Phong or Gouraud shading

· blend with local light maps (e.g. a moving light)

· Fog

· 3D light fields

Additional issues

· Shadows

· Expensive because relation between light, object1, object2

· Only on ground plane (as a separate object)

· Shadow volumes

· Shadow z-buffers

· Transparency

· Back to front

· Reflections

· Reflection maps

· Double rendering using stencil buffers

· Shaders

· Modulate vertices and pixels during drawing using small programs

Camera

· First person

· Player controls the camera, not really a character

· Height above ground is normally done by the system

· Twist is normally not used (except for example Descent)

· View volume is important to avoid perspective problems

· Depends actually on the position of the player behind the monitor

· Watch out with zoom-in and zoom-out (is unnatural and dangerous)

· Third person

· Constant offset with respect to character

· Motion should "lag behind"

· Rotation only when character is not moving or under player control

· Watch out with the camera up vector (twist)

· Problems with obstructed view

Efficiency

· Still difficult to make the games efficiently enough

· Requires careful design

· Level of detail techniques

· Clipping

· Portal techniques

· Careful level design

· Careful collision detection (see later)

12. Behavior

Simple reactive behavior

· Actions happen as a reaction to things happening

· Events

· Collisions

· User actions

· For example, a bomb explodes when hit by the player

· Observation of the environment

· Sphere of area of influence

· Visibility lines

· Triggers

· Waypoints

· Move from waypoint to waypoint

· Waypoints indicate new direction of motion

Rule based approaches

· Often used because

· familiar

· predictable and, hence, testable

· most game designers don't know much about AI

· Rules describe the actions that should take place in certain circumstances

· Deterministic: for each situation a fixed action

· Random: multiple possible actions in the same situation

· Weighted: certain actions have a higher chance

· Based on further checks, e.g. take the direction that leads you to the opponent

· Work these out on paper before implementing them

· Pacman example, how to move

Ahead
Right
Left
Action

Open
---
---
Ahead

Blocked
Open
---
Turn right

Blocked
Blocked
Open
Turn left

Blocked
Blocked
Blocked
Reverse

· Deterministic

· Predictable

· Does not inspect whole maze

· Random

· Weighted 

· Most of the time move ahead

· Direction of player

Finite state machines

· Each object can be in a number of states

· A state corresponds with some local behavior

· Often described by a rule based approach

· State change occurs based on

· Events, observations, triggers, etc.

· A rule based systems

· Pacman example:

· Three states: hunter, hunted, dead

· Each has some behavior

· State changes based on eating of pills, timer, reaching the starting position

· Does a dead monster become a hunter or a hunted???

· Fuzzy state machines

· State changes are not deterministic

· Random or using some weighting

· Rules (both for behavior and for state changes) uses inputs

· current state of the world

· past state of the world (memory)

· restricted information using pseudo-sensors

· It is recommended to draw such state diagrams

· Implemented either in language or using a dedicated system

Agents

· Typically a game character

· Autonomous

· Communicates with the virtual world through input and output links

· perceives the world

· thinks, reason

· effect actions on the world

· Different types

· Reactive

· Typically rule-based

· Reactive with an internal state

· Agent has memory and can act based on that

· Goal-based

· Agent considers the results of possible actions

· They have a goal and pick those actions that lead towards the goal

· Hierarchies

· Goals

· Strategies

· Tactics

· Behaviors

· Actions

· How to create

· context dependent implementations (used most)

· Situational calculus

· Formal mechanism to model agents interacting with each other and the environment 

· Learning 

· Neural networks

· Evolutionary algorithms

Artificial Life (A-life)

· Combine agent techniques with concepts from real world organisms

· flocking and formation algorithms

· genetic algorithms

· motivating emotions

· …

· The Sims

· Uses desire-satisfaction model

· Smart terrain that satisfies certain needs of the characters

· Objects broadcast what they have to offer and what they need to nearby characters

Where are we going

· Emphasis on AI is growing in games

· from 5% to 30% to larger part of CPU power

· More dedicated employees

· AI for user interaction

· No more cheating

· Difficulty versus fun

· Some toolkits (AI SDKs) start appearing

· www.ai-implant.com

· Expert systems

· Game AI != Academic AI

· Leads to interesting research challenges

· Believable behavior

· Funny behavior

13. Motion Control

Interaction
· Goals

· React in a natural way to the input of the user

· Take the environment into account

· Collisions

· Current motion

· Camera

· Help the player

· Dangers

· Assists

· System interprets the interaction of the user with respect to the current situation and reacts accordingly (AI)

· Camera does not move into walls, even if the user tries it (possibly it does after a while)

· Player stops walking when it reaches a wall, or automatically starts climbing a ladder

· Interaction design

· Must feel natural

· Best with special built input devices

· Must be familiar

· E.g. doom like input style

· Same for many soccer games

· Few is better

· Limit keys, etc. as much as possible

· e.g. Black and white does everything with the mouse

· Teach and help the player

· Interaction should not be the challenge of the game

Control

· Controls

· In 2-d there are 3 degrees of freedom (DOF), x,y,
· In 3-d there are 6 degrees of freedom: x,y,z, yaw, pitch, roll

· Direct control

· Indirect (speed for each)

· difficult, in particular for rotation

· Direction (2-DOF), speed (1-DOF)

· keys or joystick (3-axis)

· If different: Looking direction (2-DOF), twist (1-DOF if required)

· mouse or view cap

· Special moves  besides simple motion control

· Strafe, duck, jump, …

· System takes actions that the player forgets to take

· Automatically dugs when getting to a small corridor

· Brake assist in racing games

· When steering a vehicle, the system takes the constraint for the vehicle into account

· Acceleration

· Infinite (walk or stand still)

· Constant (with a limit)

· Deceleration

· At what moment?

· Player looses control

· Turning behavior

· Dampening

· Stabilizing

· e.g., Decent

Three types of motion

· The motion of objects that move around in the game

· The motion of the objects themselves (animation)

· Not always clearly separated

· Animation depends on the motion through space

· e.g. waling animation depends on the speed

· Animation depends on the position 

· e.g. position of wheel son rough terrain

· Animation often limits the global motion

· e.g. you cannot turn halfway a step

· Motion of the camera

· First person view

· under direct control of the user, see above

· indirect control, e.g. through goal points

· Third person view

· Indirect user control

· Stay behind the character

· Keep character in view

· Stay away from obstacles

· Smooth motion

· Fully computer controlled

· Dramatic effect

Moving around

· Specify a number of way points

· Interpolate between them

· Linear

· Spline (parametric curves)

· how to keep the speed correct

· you cannot sample the u value in regular intervals

· Local methods, e.g. based on attraction

· potential field approaches (form of motion planning, see later)

· A waypoint specifies position (and orientation)

· 2-dimensional (or on a surface): x,y,
· 3-dimensional

· (x,y,z)

· yaw, pitch, roll

· Is turned into a matrix using homogeneous coordinates
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· For the motion, these will become functions

· Interpolating angles is a problem

· You cannot interpolate the matrix

· Euler angles are not unique 
· Interpolating does not give the "natural" motion.

· Use quaternions

· specify rotation by an axis and an angle around the axis

· forms a surface in a 4-dim space

· can be written as a matrix

· interpolate between these

· linear or spherical

· Non-holonomic constraints

· For example car-like objects

· Three configuration parameter: ( x,y, 

· Two steering parameters: steering wheel angle, speed

· Restrictions on these values

· Minimal turning radius

· Maximum speed

· Restrictions on how fast both can change

· Change in turning radius is bounded and speed dependent

· Sometimes the restrictions are again speed dependent

· Difficult to steer when you go fast

· Braking depends on speed (it is not linear)

· Local methods can be used but dead-lock can easily occur

· You have to plan further ahead

· Circling around a waypoint

· Oscillation

· Planning is possible but difficult 

· Also for a moving camera you want some form of non-holonomic constraints

· Normally no minimal turning radius but restrictions on how fast the steering wheel angle and speed can change.

Collision detection

· For all motion applications effective and efficient collision checking is essential

· Broad phase:

· Game rules or context

· Detect only those that you need at the moment

· e.g. monsters in other rooms can walk though each other

· Spatial partitioning of the world

· Scene based

· Geometry based

· Bounding volume hierarchies (AABB, OBB, spheres, …)

· Narrow phase

· Bounding box testing

· Polygon-polygon checking

· Tracking close features

· Maintain separating planes

· Pixel based techniques

· …

· To get real-time behavior:

· Exploit spatial and temporal coherence

· Pre-calculation

· Carefully distinguish static and dynamic scenery

14. Animation and Simulation

Object animation

· Predefined versus dynamically generated

· Scripting

· Animator precisely scripts the animations

· Using sort of key framing

· With a lot of fine tuning the animator can get the precise effect required

· Degrees of freedom

· Defines a number of crucial positions

· Animator specifies way-points for these

· System uses interpolation

· Animator can fine-tune these

· Lots of DOF are requires (>100)

· Facial expressions

· Articulated structures

· Taken from robotics

· Rigid links with joints in between

· Position of the objects vertices is specify with respect to the links

· kinematics

· From link positions, computer actual position of the object

· inverse kinematics

· From position of the object, computer the link positions

· Problems

· Motions are not natural

· the more familiar the object (e.g. a human) the more difficult

· you need notions of muscles, etc.

· physical constraints

· Real life links are not rigid

· How to "grow" flesh around them

· Fake joint with 0 length links

· Fixed shapes

· Marching cubes

· …

· Motion capture

· Use a life player with sensors

· Map these to the computer model

· Do a lot of fine tuning

· Limited to clear predefined motions

· Not good for close-ups

· Reuse of  animations for database

· Same character

· Similar character (e.g. other texture)

· Different character with same articulated structure

Particle animation

· Used to model certain special effects

· flames

· clouds

· fireworks/spells

· Create a large number of very small particles, each with

· initial position and sometimes orientation

· initial velocity and direction

· initial size

· shape

· color/texture

· alpha value

· gravity, bounce factor

· life time

· Particles can generate secondary particles

· stars with tails

· Do this with a certain distribution 

· Create a script of how the different parameters change over time 

· often with some randomness involved

· sometimes using dynamic constraints

· Generators, destroyers, attractors, changers

Dynamic simulation

· Let object react according to physical laws

· gravity

· friction

· forces, torques

· damping (turning kinetic energy into heat)

· elasticity (e.g. for bouncing)

· Examples:

· Simple: throwing a ball that bounced on the floor and the walls

· Slightly harder: modeling a billiard table

· Moderate: Letting rocks tumble down from mountains

· Hard: Automatic (human) figure animation based on physical simulation

· walking, etc.

· normally using some simplified model 

· Collisions:

· Time steps

· Exact collision times

· Spring models

· Most simulation techniques are either too slow or not precise enough

· Lots of numerical techniques available

· Use models that are simplified and tuned to the application

· projectile model

· billiard ball model 

· Car model

· Must look correct but does not need to be physically correct

· Some general purpose packages are appearing at the moment

15. Motion Planning

Motion planning

· Move a unit from one position to another

· Avoiding obstacles

· Avoiding other moving objects

· Short, natural motion

Configuration space

· Configuration: value for all DOFs

· translation in place: 2-dimensional

· tr + rot in plane: 3-dimensional

· trans + rot in space: 6-dimensional (complicated structure)

· articulated: many more

· Free space versus forbidden space

· Motion consists of:

· Path through free space

· Time function (gives information about speed)

Predefined motion

· Scripts (paths)

· Waypoints

Potential field approach

· Local method

· Global idea

· The goal position attracts the object

· Nearby obstacles repulse the object

· This leads to a resulting direction of force

· Do a small step in that direction and repeat

· Advantages
· Easy to compute, only local computations

· Sort of natural

· Disadvantages

· No global planning

· Object might get stuck in local minima

· Problems with e.g. non-holonomic (car-like) constraints

· Many techniques exist to get out of local minima

· Requires a computation of the whole path before starting to move

· Simpler approach

· Look at a number of nearby position (and orientations)

· For each compute the potential

· Even simpler: infinity if collision, distance to goal otherwise

· Go to the position with lowest potential

· Improvement: take positions further away but take a small step towards the position

· By only looking at positions “in front of” the object you can get car-like behavior and get better obstacle avoidance

· Can also be used for multiple moving objects by letting them also repulse each other

Flocking

· Used when there are many moving entities

· Steering behaviors

· Separation: keep enough distance

· Cohesion: keep close enough to other instances

· Alignment: move is similar direction

· Leader following: follow a leader in your group

· Constraints

· non-holonomic constraints

· avoid collisions with obstacles (like in potential field methods)

· Leads to “natural” group behavior

Cell-based

· graph on free cells

· Approximate or exact

· In configuration space

· A* algorithm

· Dijkstra shortest path

· Add lowerbound or estimate of distance to goal

· Prunes the search considerably

· easy in isometric games

· Only 2-dimensional cells

· Can be too expensive with many objects

· Only compute the path partially and assume that the estimate is correct

· Can fail to find a path (becoming trapped in an area)

· Can only be done with respect to static objects

·  leads to deadlocks with other dynamic objects

· Solutions:

· replan after each step, considering other entities as obstacles

· exclusion zones

· Local potential field approach

· Cheating

Roadmaps

· In preprocessing:

· Automatically generated way-points with connections in between

· In configuration space

· In query phase

· Compute paths from start and goal to the roadmap 

· Follow the roadmap

· Smooth the path

· Based on

· Grid in workspace or configuration space

· Voronoi diagrams

· Probabilistic sampling methods

· Our own research

· Couple with terrain analysis

16. A game company

Overview

Game Design
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· Core mechanics

· types of games

· rules

· balance

· Storytelling

· hero story

· archetypes

· character development

· Interactivity

· game worlds

· human-computer interactions

Game Technology

· global game architecture

· Game Maker

· Graphics

· sprite based

· isometric

· 3D

· Animation

· Interaction design

· AI and behavior

· Rule based systems

· Finite state machines

· Agents

· Motion planning

· Flocking

· Simulation

· Not discussed

· World design

· Sound and music

· Networking

In the real world

Game design timeline

· Inspiration

· getting the global idea of the game

· duration: 1 month (for a professional game)

· people: lead designer

· result: treatment document, decision to continue

· Conceptualization

· preparing the "complete" design of the game

· duration: 3 months

· people: lead designer

· result: complete design document

· Blueprint

· separate the project into different tiers

· duration: 2 months

· people: lead designer, software planner

· result: several mini-specification

· Architecture

· creating a technical design that specifies tools and technology used

· duration: 2 months

· people: project leader, software planner, lead architect

· result: full technical specification

· Tool building

· create a number of (preferably reusable) tools required for the game, like the 3D graphics engine, a level builder, or a unit builder

· duration: 4 months

· people: project leader and 4 (tool) programmers

· result: set of functionally complete tools (maybe not yet feature complete)

· Assembly

· create the game based on the design document using the tools; in the process the design document and the tools can be updated if required (consulting the lead designer)

· duration: 12 months

· people: project leader, 4 programmers, 4 artists

· the complete game software and toolset

· Level design

· create the levels for the game

· duration: 4 months

· people: project leader, 3 level designers

· result: finished game with all levels, in-game tutorials, manuals

· Review

· testing the code, the gameplay, and the levels

· duration: 3 months (partially overlapping level design)

· people: 4 testers

· result: the gold master

People involved

· Lead designer

· project leader

· software planner

· architectural lead

· programmers (tools and game)

· artists

· level designers

· testers

Prototypes

· Build prototypes as proof of concept

· In particular to test game play.

· Throw them away afterwards

A game company

· Designing and creating computer games is serious business

· Large budgets > 1000000 $

· Large number of people involved

· Large risk

· Most companies still work in old-fashioned ways

· No good division of tasks

· No good schedule/deadlines

· No good design

· feature creep

· No good software development techniques

· "not made here" principle

· No reusable components

· Not object oriented (or even assembly)

· No working hours, dress codes, etc.

· Bad salaries

· Things need to change

· It is getting too expensive

· Games are getting too complex

· Many projects fail

· Many companies go bankrupt

· Divide tasks and responsibilities

· See the timeline above

· Use modern software development techniques

· Keep creativity were it belongs 

· In the design

· Not during the programming

Concluding Remarks

What next

· Within minor media technology

· Graphics (period 1, next year)

· 3D modeling (period 3)

· With masters GIVE

· Geometric algorithms (period 2)

· Motion and manipulation (period 2)

· Advanced graphics seminar (period 3)

· Virtual worlds (next year)

· Experimentation projects

· On particular technical aspects

· Thesis projects

· Motion planning

· Graphics

· Animation

· Manipulation

· Navigation

· Form a company

· Utrecht Center for Game Education and Reseach

· www.gameeducation.nl
· Relations with HvU and HKU

I would appreciate comments on the course, preferably by email to markov@cs.uu.nl.
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