
  

Final review

● You are allowed to bring two 8.5”x11” sheets of notes to the 
final.
– You may write whatever you want on them

● The final will be comprehensive, but will emphasize material 
since the midterm
– Please also study the midterm review slides

● These slides cover lecture 7 (Graphics in Processing) to the 
end of the semester

● Our final is next Wednesday 6-8pm in WEB 105

● Project 4 is due next Tuesday at 6pm



  

CISC 1600 Lecture 7
Graphics in Processing

Topics:
Overview
Examples

Coordinates
Shapes
Color



  

Processing is for sketching

● Designed to allow artists to “sketch” with code

● Does a lot behind the scenes to make this possible

● Simplified version of Java

● Allows imperative, event-driven, procedural, and 
object-oriented programming paradigms

● Large collection of powerful libraries
– 3D, sound, data visualization, text analysis, etc.



  

Drawing in Processing 
is like drawing on graph paper

● Remember graphs 
from 8th grade?

● Drawing in processing 
is like telling a friend 
how to make a drawing 
on graph paper

● How would you 
describe this line to 
your friend?
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Processing gives you functions
to draw various shapes

● point( x, y )
– draws one point (looks like a dot...)

● line( x1, y1, x2, y2 )
– connects two points

● rect( x, y, width, height )
– origin + extent; square if width=height

● ellipse( x, y, width, height )
– origin: center of ellipse’s; circle if width=height

● triangle( x1, y1, x2, y2, x3, y3 )
– connects three points

● quad( x1, y1, x2, y2, x3, y3, x4, y4 )
– connects four points



  

Processing color functions 
use grayscale, RGB, or HSV



  

Processing color functions 
use grayscale, RGB, or HSV

● Functions: stroke(), fill()
– Change color of all subsequent shapes drawn

● Have two versions: stroke(gray), stroke(r,g,b)



  

Colors mix slightly differently 
than they do in art class



  

CISC 1600 Lecture 8
Interactivity in Processing

Topics:
Processing syntax

Read processing demos
Interactivity
Animation



  

Processing's if statements 
are the same as JavaScript's

● Processing implements the imperative paradigm

● The syntax of its if statement is identical to JavaScript's

if (mouseX < 150 && mouseY >= 150) {

    // mouseX is less than 150 

    // AND mouseY is greater than or equal to 150

} else if (mouseX < 150) {

    // What can we say about mouseY here?

} else {

    // What can we say about mouseX here?

}



  

Processing's for loops
are the same as JavaScript's

● For loops are good when the number of iterations is known in 
advance

for (int i=0; i<5; i++) {

    rect(0, 60*i, 40, 40);

}

● The three statements in the parentheses are 
– Initialization: run once before loop

– Continuation: loop continues until this is not true

– Increment: update counter, run before each iteration



  

Processing's while loops
are the same as JavaScript's

● While loops are good when you don't know the 
number of iterations in advance

● Repeat a set of statements while a condition holds

while (y < height – 60) {

    rect(0, y, 40, 40);

    y = y + 60;

}



  

Processing uses typed variables,
unlike JavaScript

● JavaScript uses untyped variables
– All variables are declared using the var keyword

– The same variable can hold a string and then a number

● Processing (like Java) uses typed variables
– Variables must be declared to  be a specific type

– int, float, double, boolean, String, etc.

– You cannot assign a value of one type to a variable of 
another type

– Create your own types using the class keyword



  

Outline of a Processing sketch
/* Comment describing sketch */

// Global variables

int x, y;

// Setup function is called once before everything

void setup() {

    // Do things that need to be done once

}

// Draw function is called once for every frame

void draw() {

    // Draw to canvas

}

// Event handler functions

// ...

// User-defined helper functions

// ...



  

Interactivity variables and functions

● Mouse variables: mouseX, mouseY, 
mousePressed, mouseButton

● Keyboard variables: keyPressed, key, keyCode

● Mouse event listeners: mousePressed(), 
mouseReleased(), mouseMoved(), 
mouseDragged()

● Keyboard even listeners: keyPressed(), 
keyReleased(), keyTyped()



  

Graphics: vector vs bitmap/raster



  

CISC 1600 Lecture 9
Objects and Arrays in Processing

Topics:
Arrays
Objects

Arrays of objects



  

Say that we want to create a bar chart

● From the following 
values:

[0] [1] [2] [3] [4] [5] [6] [7] [8] [9]

50 61 83 69 71 50 29 31 17 39x



  

Here are two equivalent ways 
to store the values

int x0 = 50;
int x1 = 61;
int x2 = 83;
int x3 = 69;
int x4 = 71;
int x5 = 50;
int x6 = 29;
int x7 = 31;
int x8 = 17;
int x9 = 39;

int[] x = { 50, 
61, 83, 69, 71, 
50, 29, 31, 17, 
39 };



  

Draw the chart without an array
int x0 = 50;
int x1 = 61;
int x2 = 83;
int x3 = 69;
int x4 = 71;
int x5 = 50;
int x6 = 29;
int x7 = 31;
int x8 = 17;
int x9 = 39;
fill(0);
rect(0, 0, x0, 8);
rect(0, 10, x1, 8);
rect(0, 20, x2, 8);
rect(0, 30, x3, 8);
rect(0, 40, x4, 8);
rect(0, 50, x5, 8);
rect(0, 60, x6, 8);
rect(0, 70, x7, 8);
rect(0, 80, x8, 8);
rect(0, 90, x9, 8);



  

Draw the chart with an array

int[] x = { 
  50, 61, 83, 69, 71, 
  50, 29, 31, 17, 39
};

fill(0);
// Read one array element 
// each time through the for loop
for (int i = 0; i < x.length; i++) {
  rect(0, i*10, x[i], 8);
}



  

Objects let you define new data types

● Like JavaScript, Processing implements the object 
oriented paradigm

● Objects have facts and functions
– Facts: current state of the object

– Functions: operations that can be performed on it

● A class defines a kind of object
– The class is the cookie cutter

– The objects of that class are the cookies

From: http://wesleyumcwausauwi.org/2014/12/20/advent-are-we-called-to-be-cookie-cutter-christians/



  

Example: car driving across canvas
Using the cookie cutter

Car myCar;

void setup(){
  myCar = new Car();
}

void draw() {
  background(255);
  myCar.drive();
  myCar.display(); 
}



  

Example: car driving across canvas
What if we want different cars?

● The existing Car class always has the same facts!

● What if we want to be able to model different cars?

● If we change the constructor function, we can

Car(color tempC, float tempXpos, float tempYpos, float tempXspeed){
  c = tempC;
  xpos = tempXpos;
  ypos = tempYpos;
  xspeed = tempXspeed;
}

● Then we create new Cars with the options we want
Car myCar1 =  new Car(color(255,0,0),0,height/3,2);

Car myCar2 =  new Car(color(0,0,255),0,height*2/3,2);

http://cisc1600.sketchpad.cc/sp/pad/view/JsK9HYxOia/latest


  

How constructor arguments work



  

Objects can be stored in arrays

● Classes are just new data types (like int, float, ...)

● So it is natural to make arrays of objects

Car[] traffic = new Car[22];
void setup() {
  for (int i = 0; i < traffic.length; i++) {
    traffic[i] = new Car(…);
  }
}
void draw() {
  for (int i = 0; i < traffic.length; i++) {
    traffic[i].drive();
    traffic[i].display();
  }
}



  

Helpful links

● Processing tutorials: 
– https://processing.org/tutorials/

● Processing objects tutorial
– https://processing.org/tutorials/objects/ 

● Processing array tutorial
– https://processing.org/tutorials/arrays/

https://processing.org/tutorials/
https://processing.org/tutorials/objects/
https://processing.org/tutorials/arrays/


  

CISC 1600 Lecture 10
Introduction to Scratch

Topics:
Scratch interface

Programming in Scratch
Examples Scratch projects



 Scratch

● Scratch is visual programming language for 
creating games and animations

● It has a powerful integrated development 
environment that will help you work faster

● It supports imperative, procedural, object-
oriented, and event-driven paradigms



Scratch Interface



The stage

y

x

x:240 y:180

x:240 y:-180

x:-240 y:180

x:-240 y:-180

x:0 y:0

● Like Processing, Scratch has a Stage (Canvas)

● The Stage is 480 units wide and 360 units tall. 

● Unlike Processing, (0,0) is the middle of the stage



Code blocks and scripts

● Code is written by assembling Blocks 
into stacks called Scripts

● Stacks are executed from the top

● To run a block or a stack, click on it

● Multiple scripts can run at the same 
time. Running scripts are highlighted

● Some blocks have values that you can 
edit as text, or put other blocks in



Objects in Scratch: Sprites

● Sprites have Facts and 
Functions

● Some facts are built-in
– Position, rotation, pen

● You can add more by 
adding variables

● Functions are scripts 
specific to each sprite



Sprites talk to each other in Messages

● Main message is the start flag

● Any sprite can send a message 
to any other sprite

● Messages start scripts running

● Also use messages in 
animations to cue events
– Best to have a single message 

source in this case



Are you an Artist?
(not necessarily a 'gamer')

● Using Sketch you can develop, movies, animations 
and visual storyboards.
– What's your story?

– Who are the characters?

– What's the conflict?

– What do you want your audience to feel?

● What objects would you need to create?

● What would their properties/functions be?



Designing a Scratch project

Object Facts Functions
● Name
● Description

● What are the facts about 
this object? 

● What does the object look 
like? 

● How many images will you 
need for it? 

● Where does it start? 
● What are its states (alive, 

dead, etc.)

● What does this object do?
● Can it move? 
● Can it change costumes? 
● Can it interact with other 

objects? 
● Can it interact with the 

player?

● Cat
● Controlled by player

● Position
● Orientation
● 2 costumes for walking
● Starts at (0,0)

● Follows mouse
● Changes costume to 

walk
● Bounces off edge



Lab 7: Intro to Scratch

● Key concepts
– Familiarity with Scratch interface, language

– Writing Scratch scripts

– Formulating project as interacting sprites

– Basics of animation and interaction

– Programming paradigms in Scratch



Resources

● Reference guide
– https://download.scratch.mit.edu/ScratchReferenceGuid

e14.pdf
● Scratch cards showing how to do different things

– https://scratch.mit.edu/help/cards/ 

https://download.scratch.mit.edu/ScratchReferenceGuide14.pdf
https://download.scratch.mit.edu/ScratchReferenceGuide14.pdf
https://scratch.mit.edu/help/cards/


  

CISC 1600 Lecture 11
Game design

Topics:
The business of Games

“Funativity”
Concrete components

Narrative
Mechanics, Dynamics, & Aesthetics



Video Games = Big Business

● International video game sales 2014: $81.5 billion
– Double international film industry revenue

– US video game sales 2014: $20.5 billion

● 1.8 billion “gamers” in the world
– Compare to 3.0 billion people online

● Video games have been the driving force behind:
– CPU power

– Graphics processing power 

– Rendering and 3D projection algorithms

– Interest in computer science/mathematics



Game studies:
Ludology vs Narratology

● Ludology: Games are experiences
– The experiences are generated by a framework of rules

– Analyze games in terms of abstract formal systems

– From the Latin ludus  (game) +  -ology (study of).

● Narratology: Games tell stories
– They are a form of narrative

– But: What is the compelling story behind “tetris”?



“Funativity”
● How, why is something fun?

● Do these kittens look like they are having fun?



“Theory of Natural Funativity”

● Fun derives from practicing skills that aid survival

● They are a safe way to “practice” skills

● Applied to Cats:
– Adult cats need to be able to catch small prey for food 

and fight for territory/mates

– Thus kittens practice:
● Hunting  Chasing feather, ball of string, tail→
● Fighting  Attacking each other, ball of string, your leg→



Funativity & Humans

● For most of history humans were tribal hunter-
gatherers

● Fun things should be related to those skills
– Physical: hunting, spatial reasoning

● Shooters, sports games, hand-eye-coordination

– Mental: pattern recognition, gathering
● Pattern games, powerups, resources

– Social: tribal interactions
● High scores, head-to-head, the Sims, MMO



Concrete Components

● Sid Meier (creator of Civilization) says

“A great game is a series of interesting and meaningful 
choices made by the player in pursuit of a clear and 
compelling goal”

● Interesting and meaningful choices

● [Intermediate rewards and punishment]

● Clear and compelling goal



Clear and compelling goal

● You aren't just trying to 
save the princess, you are 
also collecting, buying, 
trading, completing stages.

● Player should never be 
“wondering what to do”

● One impossible jump, one 
too-difficult boss fight and 
the player WILL quit.



Interesting and meaningful choices

● Choice is an illusion, only be so many paths through 
a game (no “infinite” content)

● But players MUST feel that their choice matter
– If the result of winning a boss battle and losing a boss 

battle are the same you won't be happy

● Players want to feel that their game experience is 
“unique”

● Customizable characters, branching game 
progressions and multiple endings all help



Intermediate rewards and punishment

● Isn't the reward winning and the 
punishment losing? NO!!!
– Rewards are positive reinforcement 

signals (auditory/visual)

– Punishments are negative 
reinforcement signals (auditory/visual)

● Modern games have “rewards” about 
every 2 minutes (achievement 
unlocked!)

● You are more likely to keep playing 
when killed, if you’re mocked in 
some way

● Games starting to directly condition 
players (addiction)?



Narrative

● Questions:
– What about the story? 

– Shouldn't a game have a good story?

● The narratological view of game studies says that games 
should be understood as a form of storytelling ("choose 
your own adventure")

● Treating a game as a narrative (or including narrative as 
part of a game) can help us make a more compelling game, 
and may even be thought of as adding a "social" component



Narrative in Games

● Ultimate goal (as with literature, and cinema) is 
to get the player or viewer to “suspend disbelief” 
and have a “real” emotional response to events 
that are entirely fictitious.

● Including a compelling narrative in a game can 
“make it incredible” (ChronoTrigger, BioShock) or 
simply create a series of annoying cut scenes that 
a player has to wade through.  



Mechanics, Dynamics & Aesthetics 
(MDA)

● Game development paradigm designed to help 
developers make the most out of a game idea

● Mechanics: how the game will be built.  Tools, 
languages, platforms, formats

● Dynamics: the rules of the game. Objects, 
characters, skills, abilities

● Aesthetics: how it looks. Visual theme, visual style, 
fonts, colors, lighting, rendering



Genres

● MDA also gives us a way to classify games

● Group by mechanics:
– IPhone game, C++ game, Quake Engine

● Group by dynamics:
– Shooter, Strategy, RPG, MMORPG

● Group by aesthetics:
– Fantasy, Sci-Fi, Horror Survival



Summary

● Theory of Funativity
– Spatial, mental, or social challenge

● Concrete rules (Sid Meier)
– Goals, choices, punishments/rewards

● Narrative
– How do you want the player to feel?

● Methodology like MDA
– Mechanics, dynamics, aesthetics



Goals for Lab 8: Games

● Learn about cloning sprites

● Work more with variables

● Work more with parallelism and broadcasting

● Get ideas for Project 3

● Get feedback from classmates on your idea

● Give feedback to classmates on their ideas



  

CISC 1600 Lecture 12
Game state and math

Topics:
Game state and object state

Game physics
Collision detection



Game state controls global behavior

● All games consist of a sequence of states.

● Each state is characterized by a combination of visual, 
audio and/or animation effects

● As well as a set of rules that are being applied.



Object state controls local behavior

● Objects in the game proceed through their own states as well
– Same representation, different meaning

● These states are defined by the game state as well as local 
conditions for that object (health, position, etc.)



State machines 
are a general way to represent this

● A state machine is a collection of states and legal 
transitions between them

● The machine is in one state at a time (at all times)

● The machine can transition between states based 
on various events

● The behavior of the machine only depends on its 
current state, not any previous state

● Examples: vending machine, combination lock



Game physics:
Position, velocity, acceleration

● Position: 2D or 3D coordinate of a point's location
● Velocity: rate of change of position over time
● Acceleration: rate of change of velocity over time

● Newton's second law of motion: F = ma
– Force = mass * acceleration

– Pushing on something accelerates it

Position
at time t

Acceleration
at time t+1

Velocity
at time t

Position
at time t+1

Position
at time t+2

Velocity
at time t+1



Game physics: friction

● Friction is a force against the direction of motion
– Of a magnitude independent of the velocity

Position
at time t

Constant
acceleration



Game physics: gravity

● Gravity is a constant acceleration downwards

● Simulate projectiles, jumping, explosions, etc.

Position
at time t

Constant
acceleration



Game physics: collisions

● Bouncing off an immovable object reverses the 
part of the velocity perpendicular to that object

Position
at time t



Common game math issue:
Collision detection

● Are two objects in the game touching each other
– If so, they should interact: bounce, explode, push, 

infect, etc.

● Two basic approaches:
– Overlap testing: are they overlapping?

– Intersection testing: will they overlap in the future, 
given their current positions and velocities?



Overlap Testing

● For every simulation step, test objects to see if 
they overlap

● Easy for simple shapes like spheres

● Harder for polygonal models

● Most common technique

● Works poorly for objects moving quickly



Simple Overlap Testing

● Simple example is particle interacting with a square.

● This will still require 4 logical tests in a 2D game.



Small-scale efficiency:
Bounding boxes avoid some tests

● Bounding Boxes can be used to reduce the complexity of shapes to 
simplify overlap testing. 

● Note that secondary testing may need to be done if the bounding box 
is found to overlap. 

● How many tests now?



Large-scale efficiency:
Hierarchical BBs avoid many tests

● Still need to test all objects against each other
– If there are N objects, that is about N2 tests

● Instead, can just test pairs of objects that are close

● Several data structures that let you do this
– Bounding volume hierarchy

– K-d trees

● Sort objects by position, test candidate pairs



Limits of Overlap Testing

● Overlap testing fails with objects that move too fast

● Unlikely to catch time slice during overlap

● Possible solutions
– Design constraint on speed of objects

– Reduce simulation step size



Game math in Scratch

● Scratch does collision 
testing for you!
– For other objects: 

“touching” block

– For walls: “if on edge, 
bounce” block

● Other trigonometry 
issues also built-in 
(point towards)



Summary

● “State machines” are useful representations of 
things that transition between discrete states

● Position, velocity, and acceleration allow 
reasonable simulations of objects that don't touch

● Collision detection is slow if done naively, but has 
lots of room for optimization



Lab 9: Game state in Scratch

● Implement a game of “tag” in Scratch

● Use a state machine model to drive it

● Understand interaction of messages and state in 
this framework

● Work on Project 3



  

CISC 1600 Lecture 13
Agent-based programming

Topics:
Agents and environments

Rationality
Performance, Environment, Actuators, Sensors

Four basic types of agents
Multi-agent systems

NetLogo



Agents interact with environments

● An agent is anything that can be viewed as perceiving its 
environment through sensors and acting upon that environment 
through actuators
– What are the sensors and actuators for a Human agent?
– For a robotic agent?

● The agent decides what to do at every point in time given its 
past experience and existing knowledge



We are interested in agents
for two different purposes

● Agents for interacting with the world
– Autonomous hardware or software systems

– Doing real things on behalf of a person

● Agents for simulating the world by interacting 
with each other
– Idealized models of some sort of behavior

– Program local behaviors, observe global effects

– Study emergent properties of systems



Agent "Paradigm"

● Agent-based programming is a paradigm similar to Object-
oriented programming

● Four key notions distinguish agents from arbitrary programs: 
– persistence
– autonomy
– reaction to the environment
– goal-orientation 



Rational agents

● An agent should strive to "do the right thing", based on 
what it can perceive and the actions it can perform. The 
right action is the one that will cause the agent to be 
most successful

● Performance measure: An objective criterion for success 
of an agent's behavior

• Rational Agent: For each possible percept sequence, a 
rational agent should select an action that is expected to 
maximize its performance measure



PEAS defines the task setting

● Performance measure, Environment, Actuators, Sensors
● The setting for intelligent agent design
● Consider an automated taxi driver:

– Performance measure: Safe, fast, legal, comfortable trip, 
maximize profits

– Environment: Roads, other traffic, pedestrians, customers
– Actuators: Steering wheel, accelerator, brake, signal, horn
– Sensors: Cameras, sonar, speedometer, GPS, odometer, engine 

sensors, keyboard



PEAS for other tasks

● Internet shopping agent

● Backgammon-playing agent

● Agent driving virtual car in simulation



There are four basic types of agents

(in order of increasing generality)

● Simple reflex agents

● Model-based reflex agents

● Goal-based agents

● Utility-based agents

All of these can be turned into learning agents



Agents for simulating the world: 
Multi-Agent System

● (MAS) is... an environment in which many (well, two or 
more) agents exist and interact

● They can cooperate, coordinate and negotiate

http://www.netlogoweb.org/launch#http://www.netlogoweb.org/assets/modelslib/Sample%20Models/Biology/Flocking.nlogo


Properties of multi-agent systems

● Individual agents are self-interested
– they have their own goals
–  there may be team rewards for a group of agents achieving a goal 

together
● Cooperation is not governed, 

– It is emergent (if it happens at all)
● Versus “distributed systems”, where 

– goals are only group-based
– cooperation is engineered to be inherent in the system

● Can we conceive of a system as a series of interacting devices rather then 
as a single system?



Key Research Areas

1. Agent design (micro level):
– how do we design individual agents to operate 

effectively?

2. Society Design (macro level):
– how do we design groups of agents, or societies, to 

operate effectively?

3. Hive Intelligence (abstract level):
– Can simple agents, working together, effectively  

demonstrate high level reasoning abilities.



  

Summary

● Agents interact with environments through actuators and 
sensors
– The agent decides what to do at every point in time given its past 

experience and existing knowledge

● A perfectly rational agent maximizes expected performance 
– The performance measure evaluates the environment sequence

● PEAS descriptions define task environments

● Several basic agent architectures exist:
– Reflex, reflex with state, goal-based, utility-based



NetLogo Background

● NetLogo is an IDE (integrated development environment)that 
can be used to create programs that simulate natural and 
social phenomena

● NetLogo is particularly well suited for modeling complex 
systems that develop over time

● Using NetLogo you can create programs containing thousands 
of agents (called “turtles”) all operating independently

● For us, NetLogo will serve as another programming 
environment in which to explore the Imperative, Procedural 
and Object-Oriented Paradigms



NetLogo Desktop IDE

There are 3 tabs:
– Interface: for creating 

buttons and plots

– Code: for writing 
procedures and 
defining variables

– Information: for 
explanatory text about 
the project



NetLogo Web IDE

● Pros
– JavaScript, so portable, 

mobile-compatible, etc

– Nothing to install

– Embed NetLogo simulations 
in any HTML page

● Cons
– Not all features 

implemented yet

– Can't edit interfaces



NetLogo Agents

● NetLogo creates programs by specifying behaviors 
using procedures) for sets of agents and then 
allowing those agents to interact

● NetLogo has 4 types of agents:
– Patches  The squares on the world grid→
– Turtles  Agents that can move→
– Links  Lines between agents→
– The Observer  The master controller→



NetLogo Syntax

The syntax for NetLogo is different than what you may be familiar with:
● Comments are specified using ;;

;; this is a comment

● Variables and functions can contain some characters that other 
languages consider “special”: “-” and “?” (but not spaces)

clear-all

● Blocks of related code (such as those that belong to an if statement) are 
designated using square brackets:

ifelse x > 10 

  [ print “x is greater than 10” ]

  [ print “x is not” ]



NetLogo Sensors and Actuators
● Agents can use special primitives (built in functions) to see their environment.

– turtles-here: returns a list of turtles nearby

– patches-here: returns a list of patches nearby

– turtles-at: returns a list of turtles at a specific location

– patches-at: returns a list of patches at a specific location

● Agents can use other primitives to affect their environment, even other agents (ask)
– forward, right, left: step forward and turn left and right

– setxy: change a turtles location

– set color: change a turtles color

– set pcolor: change a patches color

– hatch: create NEW turtles

– die: delete a turtle



Lab 10: NetLogo Basics

● Introduction to NetLogo

● Explore an existing model: wolves and sheep

● Explore agents in an existing model: traffic
– Observe emergent phenomena

● Write your own code for a model: grazing turtles
– Explore syntax and semantics of NetLogo



Useful NetLogo links

● Documentation (Everything)
– http://ccl.northwestern.edu/netlogo/docs/

● Quick Guide (Important aspects of the language / 
interface)
– http://luis.izqui.org/resources/NetLogo-5-0-QuickGuide.p

df
 

● Dictionary (full list of commands and descriptions 
of them)
– http://ccl.northwestern.edu/netlogo/docs/dictionary.html

http://ccl.northwestern.edu/netlogo/docs/
http://luis.izqui.org/resources/NetLogo-5-0-QuickGuide.pdf
http://luis.izqui.org/resources/NetLogo-5-0-QuickGuide.pdf
http://ccl.northwestern.edu/netlogo/docs/dictionary.html
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