Collaborative Diffusion Student Guide

Overview

What is the best way to find your way through a maze? How would you program the ghosts to track down
Pac-Man? If you need to find your way through a complex space or need multiple agents collaborating
with each other, then collaborative diffusion is a great and simple way to do so! In this project you will
learn how a few simple rules can result in complex behavior. Read on to see how you can use a these
few rules to help the ghosts track down Pac-Man!

To learn about what collaborative diffusion is and how it works, read through the Collaborative Diffusion
Demo section.

Collaborative Diffusion Demo

Questions think about:

The purple triangles are trying to find their way through the maze to the blue star. How would you tell
them to go through the maze? If you are trying to get through a maze, all you know is about the space
surrounding you. What rules would you use to find your way through the maze quickly?

Now imagine you are in a group of people. The goal is for someone (not everyone) to get out of the maze
as quickly as possible. How you work with the group to find the exit? You only need one person to find
the exit. Would you split up? Would you stay in a group and look for it together?

How would you ask a computer to guide the ghosts through a maze?

Using the Model

Open the collaborative diffusion demo. Drag the speed slider on top of the screen (below interface) to the
left to slow down the simulation.
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Click setup and the screen should look like this:
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What route do you think the turtles will take? Press go to find out!

As you can see, each ghost took a different path! This is because of collaborative diffusion.

Let’'s break down what is going on:

e The world can be thought of as little squares called patches. You can see these patches by
looking at the different colors they all take on. Look at the purple ghosts- that is a patch they are
sitting on.

e The goal spreads a ‘scent’ through the world. Think of it as the smell of food from the kitchen
spreading throughout the house. The scent doesn’t spread through the walls, but it spreads
around them.

e Each patch has a number called a diffusion value. This value represents how strong the scent is
at that location.



e The brightness of the patch shows how strong the scent is- the brighter the shade of orange, the
stronger the scent.

e When a ghost decides when to move next, it picks the patch with the strongest scent. It keeps on
doing this until one of the ghosts reaches the goal.

But why do they work together and take different paths?

Here is the trick: The ghosts block the scent wherever they are. In this example there are three halls. So
if ghost A picks hall 1, the scent cannot pass through that hall. See below how the areas behind the

ghosts are darker. If the scent is blocked, then the other ghosts will pick different paths with stronger
scents.
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With these simple rules, the ghosts work together to find the goal!

What happens if we turn collaboration off? If we turn collaboration off, the ghosts don’t block the
scent. Click setup, flip the collaboration switch, and see what happens!
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They all go the same direction. This is because the ghosts don’t block the scent. If they don’t block the
scent, there is nothing that keeps them from taking the same path.

Next, play around with the other configurations. Try the maze configuration- switch the configuration to
“Maze,” press setup, and then go!

Now that you have a good idea of how collaborative diffusion can be used to find a target, try drawing

your own maze.

Here’s what you need to know:
e Switch to “Draw” mode- otherwise the drawing buttons will not work.
e Atthe top of the there is pulldown menu under ‘view-updates.” Right now it is probably set to on-
ticks. Switch it to continuous.
o |If there are arrows in a circle at the bottom of a button, make sure to click it after you are done
with it to turn it off. They are called forever buttons, which means that they will run until you turn

them off.

o There are several buttons to the right of the screen. Here’s where you use them:

o Press clear to clear the screen.

o Click ‘draw-maze’ to draw the maze. Just click on the screen where you want the green
walls. Click ‘draw-maze’ again when you are finished.

o You can use ‘erase’ to erase parts of the wall you don’t want there- just click it when you
want to erase, and click it again when done.

o Use ‘add-ghosts’ to place the ghosts and ‘add-goal’ to place the goal. ‘Delete-agent’

removes agents when you click on them.

Once you are done drawing the maze: click ‘load-maze’ then ‘go.” You may want to change the updates
back to ‘on ticks. 'To draw another maze clear the screen and start over!

Try to draw your own maze and see what happens! What kind of mazes do the ghosts do best in? What
situations are not so good for collaborative diffusion?



Pac-Man

Pac-Man is a classic arcade game. The goal is to navigate the Pac-Man through the maze and eat all of
the pellets without being eaten by the ghosts.

If the ghost eats the Pac-Man, the level is either reset or the game is over (depending on how many lives
you have left).

When the Pac-Man eats a powerup pellet (large white circle), the ghosts will become scared and flee
from the Pac-Man. If the Pac-Man catches the ghost, the ghost must return to its home base before

becoming a ghost again. The ghosts will start to flash back and forth when they are about to go back to
their normal appearance.

If the Pac-Man eats all the pellets, you move to the next level.
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Here’s the catch to this version- the ghosts look for the Pac-Man through collaborative diffusion! The only
difference between this and the demo is that now the goal moves, so the location of the scent is
constantly changing.

To start a new game, press new. Then press play when you are ready to start. Use the up/down/left/right
buttons to navigate.

The difficulty slider controls the speed of the game. Higher difficulty means faster speed, lower difficulty
means slower speed.

The diffusion speed slider controls how fast the scent diffuses through the maze. Try playing the game
on different diffusion speeds- do the ghosts get better at quickly finding the Pac-Man?
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Flip the collaborative diffusion switch to play Pac-Man without collaborative diffusion.

Flip the visualize scent switch to turn off the scent visualization.

When playing the game, notice how the ghosts follow the scent! See how the diffusion-speed makes
things easier or harder.

Hubnet Activity

For this activity, you will be controlling one of the ghosts. However, you will only be able to see the area
directly surrounding the ghost. The only information you have about the Pac-Man is the color of the scent
on the surrounding tiles. You can move left, right, up, or down

To join the activity, ask your teacher for instructions.

800 HubNet: PacMan-Hubnet

User name: Testl Server: wireless-165-124-208-227.nuwlan.northwestern.edu  Port: 9173

Once you have joined the activity and the teacher has started the game, use the left, right, up, and down
buttons to navigate the ghost. Use the colors of the surrounding tiles to follow the scent to the Pac-Man.



If the Pac-Man eats a power-up pellet and you are set to ‘scared,’ use the scent information to run away
from the Pac-Man.

If you get eaten, you will have a view of the entire board so you can return to the home base. Once you
are set to a ghost again, the view will reset to the original view.

Can you work together with the other ghosts to find the Pac-Man before it finds you?



