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Lesson Objective:

1 The students will apply the computational thinking patterns of user control,
absorb, collaborative diffusion and Hill Climbing while creating a version of the
8006s arcade game, Pac Man.

Prerequisite Skills:

i Students are presumed tdnavethe CompUtatlonal
following skills. Thlnklng

o Create agents
o Basic agent behavior including: Patterns:
A Key control
A Random movement User Control
A Ending the game Collision
Collaborative
Diffusion
Hill Climbing
Polling

Length of Activity:

i Three to Five30-45 minute lessos,
although some students may advance more

Activity Description:

1 Part1l: Createabasic world with aPacMan and randomly moving ghosts
1 Part 2: Make the Ghostschase thePacMan
1 Part 3: Enhance the gameso that the game is over when the pellets are gone
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cALABLE :
(SSAME DESIGN PacMan (Continued)

Vocabulary/Definitions

Algorithm ............ a set of instructions designed to perform a specific
task.
Attribute ............. a variable belonging toan agent (such as scepalso
calleda Local Variable by computer scientists
Brackets ............. method of setting information apartusingin [ i a.nd @A ]
Broadcast............ controllers send outa message
Ghost .......ccvvveennn. the agent that chase®acMan.
Collision .............. an event wherein two agents run into each other.
Diffusion.............. the process in which an attributdé s val ue (i n ¢t}

game, scent) is calculated based on the scent values of
the neighboring agents.

Increment............ to increase by one

Hill Climbing ...... a specific form of searching/seeking technique, or
algorithm, by which the seeking/searching agent uses
information (the value of the scenagentattribute)
embedded in the floor agent

Method............... anamed set of rules evaluated by an agent in response
to a message

PacMan..............the main character whoeats the pellet as the user
moves him around the world

Parentheses........ method of setting information apartusing ( and ).

Polling ................ the process of asking agents to update a simulation
property and then taking some action based on the
value of the simulation property.

Propagate............ the spreading of the scent
Randomly............ to occur in nonpredictable ways.
Rule Order.......... the order in which rules are placed for each agent

Simulation Property A named value that all agents can see and update
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General Teaching Strategies

BasicPhilosophy

|l

1

The educational goal of these lessons is to learn and apply Computational Thinking
Patterns in the context of a familiar game. Emphasis on these Computational Thinking
Patterns is essential for student understanding.

These lessons are also dgd to give students positive experiences with and
perceptions of computer science. Research shows that students turn away from high
school and college computer science courses if they perceive it as boring, unrelated to
what matters to them, and hard. Wape to change that by providing a fun, relevant and
accessible computer science experience where they can personalize their experience to
make computer science about them.

Guided discovery is the central tenant of our curriculum. Direct instructsnmstimes
used for aspects where students are learning the code for the first time; however,
materials have been provided to ensure that students understand the programming
concepts, as opposed to simply copying code.

Whenever possible, students shouydter come up with the steps on their own or in small
groups, when differentiation and more structure is needed, we have more structured
materials available.

1 This information is supported by research found in the following documents:

Basawapatna, A. R., Koh, K. H., & Repenning, A. (2010, Judsing scalable game design to teach
computer science from middle school to graduate school. In Proceedings of the fifteenth annual
conference on Innovation and technology in computer science education (1282ACM.

Google. (2014). Women Who Choose Computer Sciénd&hat Really Matters The Critical Role and
Exposure. Retrieved from https://www.google.com/edu/resources/computerscience/research/

National Research Council. (2011parning science through computer gasrand simulationgM. Hilton
& M. Honey, Eds.). Washington, DC: The National Academies Press.

National Research Council. (201$TEM Integration in KL2 Education:: Status, Prospects, and an
Agenda for ResearcliM. Honey, G. Pearson, & H. Schweingrubgds.). Washington, DC: The
National Academies Press.

Repenning, A., & loannidou, A. (2008, March). Broadening participation through scalable game design. In
ACM SIGCSE Bulletivol. 40, No. 1, pp. 30809). ACM.

Taylor, H. G., & Mounfield, L. C. (1994Exploration of the Relationship between Prior Computing
Experience and Gender on Success in College Computer Sclenoeal of Educational
Computing Researghi1(4), 291 306.
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1 Student materials are available for each portion of the game design. These materials are
intendedto be used in addition to teacher materials, which provide prompts and
discussion points.

T Students may become frustrated with too little teacher support, THIS IS OK! A little
frustration and moving at a slower pace is well worth the deeper conceptual
understanding that comes with guided discovery.

Guided Discovery Process

1 Model the processrather thanyst giving students the answer. Aszacheffocus on
explanations and discussionsgfiY s omet hi ng wor ks or doesnot
studentdigure ou HOW to make it work.

T Building the game on your own, lmeé trying it with your claswill enable youto see
which steps may challenge or confuse your students.

1 Have students work through problemdependently or in small group#\sk directing
guestios or give helpful suggestions, purovide only minimal assistanceand only
when needed to overcome obstacles.

T Group work is your friend! It is common for computer programmers to talk through
problems with one another, and to use code snippets found from other programs and
other programmers. Talking through coding problems enables students to think more
critically about Computational Thking Patterns, as well as the steps needed to solve a
problem.

T Additionally, seeing how others solved an issue with code helps students realize that
problems often have multiple solution strategies, and that some solutions might be more
effective than thers. Also group work lets them see that they are not alone and that
others have similar and different questions, struggles, inspirations and perspectives.

1 Recognize that programming is largely a processaifand error , particularly when
students arérst learning. It is helpful to encourage this mindset with your students.

T AWhat have you tried so far? Why didnodot i
troubleshooting discussion.
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Building Blocks

1 Each project is designed to build on the prior oneryVWtle student support is provided
where expertise has already been created. Conversely, material that is new has more
support.

1 Be sure to talk through the building blocks (especially for PacMan in the area of diffusion
and hill climbing) as these Comgational Thinking Patterns will appear often in future
games and simulations.

1 Encourage discussion and reflection on these Computational Thinking patterns. Small
group or whole class discussion relating Computational Thinking patters to the outside
world can be super productive.

T Remember that conceptual understanding takes time, and it may be necessary to review
these concepts multiple times, using different examples, so that all students can be
successful.

Support Learning

1 Research shows that game desggassociated with engaged students, and engaged
students show higher levels on conceptual understanding. Allowing students to
personalize their games aids in this engagement and motivation. Plus, it makes grading
and reviewing games more fun for you.

1 Caoding may be difficult for some students, and all students are likely to be frustrated at
times when the code does not produce the expected reBrdise studentdor sticking
with the troubleshooting process and encourage them to share what theyvatrned
others.

T Consider students who are ahead to the rol
help their peers with coding questions.

1 Be sure to communicate thae process is more important than the answerand that
coding of a project often takési me . Do not place pressure o
and resort to giving them the code. The process of figuring it out on his/her own will
result in much stronger conceptual understanding.
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Differentiated Instruction

Note that there are many vocabulary words in this lesson that may be new for your
students. Take time to define those words. Using the words in context often will

HelpLul reinforce their meaning for the students.
Tips

1 Students who need a challengeSome studentaith more fluency in programming may
finish this very quicklyi be prepared for by having challenge activity materials ready in
advance.

1 Students who need more assistancéther students (especially those with no Frogger
experience) may struggle a hibre. There are two options for differentiated instruction.
Consider the needs of the student and the class as you decide which will work best.

A Option 1: Pair a struggling student with an experienced student

A Option 2: Provide student with a tutorfalind on the Scalable Game
Design Wik?. Note that tutorials do not support independent thinking and
should only be used when absolutely needed.

A Vocabulary for ELL Students: Generate, Absorb, Collision, Agent,
Grotto, Depiction, Condition, Transport

A Time management issues: While students can be more engaged when they
design their own agents, some students can spend too much time on this
design offind it frustrating.

1 Note: Two student packets are available. The STANDARD packet is for studénts wi
sone basic knowledge of AgentCub®slline The ALTERNATIVE packet is for
students with NO prior AgentCuls0nline experience who may need more support. The
ALTERNATIVE packet should NOT be used for most students as it significantly reduces
the active thinking processes.

2 http://sgd.cs.colorado.edu/wiki/Scalable_Game_Design_wiki
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Teacher Instructions:

PacMan

Part 17 Basic Game

Teaching Suggestions

Task your studentsith creating a new game. The bafsiatured of the game are as
follows:

The player controls Paban through a maze, eating pellefghen all pellets are
eaten PacManis taken to the next stage. Enemy ghosts roam the, ofesing
PacMan andrying tocatchhim. PacMandies if an enemy touches him

Give studentsime to discuss the features of this gampairs or small groupsiave
them share their responses together.

Consider these prompts:

1 How is this game similar to FroggeDifferent thanFrogger?

1 Whatare theskills thatyou learnedirom Froggetthat you mighheed here?

1 What agents will weeed?

1 How do you think you might be able to progréme Ghossto move randomly
(and, what doefrandomly mean)?

1 What would make the game moreattbnging? Less challenging?

Once the students have had a few r@suo think through
these promptgprovide them wittHandout 1 so that they
may begin work.

You may have some students who have never worked with
AgentCubes Online. Use Handout 1A for those students.

The student pages can be found on pgagéthe STANDARD packet and pa&def the ALTERNATIVE
packet.

3 From http://en.wikipedia/org/wiki/PaeMan
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StudentHandout 1;
Part | - Basic Game

Initial Story:Cr eat e t he quintessential arcade game of
while eating pellets. Watch out for the ghosts!

Create theseAgentsand the world or cloneour blank gamewith the agents already designed
https://www.agentcubesonline.com/project/902095

Pellet

g

> e ]
PacMan

Ground Wall 16x21 World with PacMan, Red & Green Ghosts

Turn to your partner and discuss:
1 Do you want ground under the walls?
1 Why would it matter?
1 What could go wrong?

Create the following BEHAVIORS for your agens:

Step 1: Ghost

Program thé&hostto moverandomly on thgroundand the pelletHere is the first rule that allows
the ghost to move on the ground. What should the second rule looBekeithdful of what will
happen if both commands have th@a me t i me f O(SeeAgpbandix ¢ Giidagce/oeGth ¥ ©t. 6 s

Random Movemerfbr more help It is found on the last page of your les$
Behavior: Ghost

Put text here to explain what this method dosas!

then

IS
once every .5 sec move random on .
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Step 2: PacMan:
1 Make four rules so your agemtoves in the right directions when each arrow key is typed
just like the frog in Frogge(cursorcontrol).

Step 3: Prevent your PacMan from going through walls
Work with the person next to you to figure out how to prevenPdeManfrom walking into
awall,First come up with an iféthen sentence to
code.

Programming Tip: Use the NOT button below the method to add &OT to a condition:
+ Rule + Methad - Duplicate NOT Help

Scaffolding Tip: if they need help, encourage students tasei f é a n d é tséneemcés

Step4d:. Enabl e your PacMan to 6eat b6 the pellets
Work with the person next to you to figure out hovh&wve the PacMan eat the pellets.

/ Collision

The event that occurs when two
agentsrun intoone another

IFthe PacMan and the Pellet COLLIDE,
THENhe Pellet should ERASE

If the PacMan and the Ghost COLLIDE,

K THEN the Game is OVER /

Step5: Game Over when the PacMan is nextb a Ghost
Show a message so that the player knows why the game ended.

) stop simulation * reload world .
Very Important Tip: Put or in your Game over rule.

If you forget to do this, AgentCubé&mnlinewill do the game ending rule over and over until
you are able to type the Retufmy to click theOK on tre dialog box anthenimmediately

H

afteruse the mouse tick on the stop game buttc (the red square).
If you camot click on the stop game button before the dialog box reapyearsust shut
down and restart your computercathen restart AgentCubégiline.
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Step5: Test your game

Play your game by pressing the green arrow.

o Does your PacMan move in all four directions?

Does your PacMan stay on the floor (and not go through walls)
Do the ghosts move randomly?
Does yourPacMan eat pellets?
Does the game end when the PacMan is next to the Ghost?
Did you show a message to tell the player why the game ended?

O o0o0oo0oo
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GAME DESIGN
Student Handout 1A:

Part | - Basic Game

PacMan

Initial Story : Create the quintessential arcade game o8tBed s ! Wind your way thr
while eating pellets. Watch out for the ghosts!

Create these Agentsind the world or clone our blank gamewith the agents already designed

https://www.agentcubesonline.com/project/902095

= - 7 =R N Shanl b e
PacMan Ghost with two depictions Pellet

Ground Wall 16x21World with PacMan, Red & Green Ghosts

You are about to create your first game. Because this is new to you,
we will give you some parts of the code. Be carefulyou will have

to find the patterns tocreatethe rest of the code. If you get stuck,
check in with a nearby student to get some help!
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Launch AgentCubes Online and Create a New Game

Step 1:
Create Project

Go to https://www.agentcubesonline.com/
If you have an account, click on the Login link. If
not, click on the Sign up link.

After you login, click on the blue i lw projecto link
belowyour login name

Step 2:
Name theProject New project
Name it PacMan and Project name:

click Create project. l |

Create project

Create the agents folPacMan

Step3

Name: PacMan

. Animals Bed
s Buildings Coin
A ﬁ t‘ﬁ Inflatable Icon [ o
Landscape FloodFillMonster
Machines ForestMonster
Miscellaneous Kite
Numbers LavaMonster
People Manuscript
Plants Money
Robots PackyS
Tools Savepoint
Vehicles Star
YinYang
blank slate
brain
fire
Tile e
ghosty
gravestone
packy
l Cylinder

Click on the +Agent button.
Choose Inflatable | con, then Miscell aneou

Type PacMan in the Agent Name box andlick on the OK button.
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Step4
g [Em B Inflation
; Pressure | + 0.0
S
£ Ceiling — 1.00
i Noise 0.00
:': Smooth 0
n Clear Flatten
O Geometry
© z offset 0.00
@ V| upright
‘? surfaces front and back conn... ¢
distance  m— 0.00
b\ Cancel Save
1. To edit the drawing of PacMan, double clickonthegi ct ur e next to th
2. Use the drawing tools teedit the image or click on the Clear button to erase the picture.
3. Use the pencil and the color picker (black square in the center of the row of drawing tools

©CoNoO A

on the left of the 2D drawing) to drawa new picture.
Click on the color picker to choose a new color.

Use the bucket tool to fill in the outline with color.
Click on the + to inflate your drawing into a 3D image.
Use the Ceiling slider to flatten it.

Click the upright box to stand PacMan up.

Pick front and back connected next to th

Ste

Create the Ghost.

If you go to the
Miscellaneous category
under Inflatable Icon, there
is an agent named
Aghostyo.

You can edit the drawing
and change the color or

draw your own ghost. Here is a PacMan Ghost like the ones in the original game.

p5
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Step 6

Make a second shape for
your Ghost

Click on the agent name,
then click on the +Shape
button at the bottom of the
window.

Give your new shape a

nameand click OK Change the ghost color so this shape looks different from the

Then double click on the original ghost.

picture next to the name of
the new shape and edit it.
Step 7

Create the Wall

Click +Agent
and name it Wall

Select Cube and therpick a
cube that you like.

Step 8

Create the Ground

Wall

Click +Agent and name it
Ground

Select Tile and pick one Ground
that you like.

Step 9
Create the Pellet Ll |

Click +Agent and it u
ic gent and name i | Pellet

Pellet

Pick aninflatable icon, erase the picture, draw a pellet, use +
to inflate & ceiling to flatten it.
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GAME DESIGN PacMan (Continued)
Step 10 rer———
Make a Level 1 World l World: ~ ‘ *
Click on the
World Mame: Level 1
When the New World box Number of Rows: 16
appears, type the name into
the Name box. Number of Columns: 21

We recommend your world Number of Layers: |

has atleast 16 rows and 21 Mew Waorld | Cancel |
columns

Step 11
Design your World

Use the dotted ;-
rectangle tool to =
place a rectangle ofvalls
on the World.

Use the same tool to place
the walls of the maze.

Then place ground where
there is not maze.

Place a rectangleof pellets
on top of the ground

i
]
|
1
T
T
1
1
T
T
]
1
|

Use the pencil to draw The Ghosts are the in the rectangular area with an opening
single agents (PacMan, the
Ghosts).

Step 12 World: | + | levell [ | Save

Saveyour world every

time you make a change
that you wish to keep.

When agentsget moved around after playing or testing, click

on the Reset button on the top bar of AgentCubeSnline
to return to the saved version of your World!
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Time to Create Behaviors for your Agents

Step 13 (2 Behavior: Pacman
Create an agent
behavior

- Pur text here to explain what this method does!

if then

Click on an agent ' .
and its behavior ol | move

window will * noTsee T [l
appear below the
world. This rule says:

ZOU aredgging 0 | |F the user presseshe up arrow,
fop and orag | AND | Do NOT See a Wall in the updirection,

the conditions (on :
the left) and the THEN my PacManwill move UP

actions (on the
right) to create

Tip: Click on the See condition, then the NOT button at the bottom of
the window to make the NOT see condition.

the rules.
Create 3 morerules to make PacManmove right, left and down.
NOTE: Click on the rule you made, thenclick on the +RULE button
at the bottom of the window to create each new rule.
Step 14 First, take a moment to think aboutthe PacMan and the Pellets
Program the When the PacMancollides with the Pellets, then the Pellet
PacManto eat | gisappears, making it look like the PacMan ate it.
the pellets.

Take a look at this code when th®ellet sees thdPacMan aboveor
belowhim:1 t saysé

1 Behavior: pellet

while-running
e -

if [ €  then “erase H

IF | see aPacMan aboveor below me

THEN¢ erasemyself (the pellet)
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Play with adding await time before erase What happens whenwait
before adding the pelle? Choose a wait timeg(or no wait time) that
you think makes the eating behavior look the way you want it.

Step 15 Click on the agent to addbehaviors to that agent
Program the
Ghoststo move

randomly Put text here to explain what this method does!

(7] Behavior: Ghost

[3
once every .5 sec mowve random on .

How can you make the Ghost move faster or slower? Experiment w
the number in theonce everyondition.

The ghost should also move on the pellets so add a secontl rule

Be mindful of what will happen if both commands have the same time fd
flonce (sewAppendixdGui dance on Ghost forsmof@an

help)
Step 16 This second Ghogtle says:
Create rule to
end the game IF | amNEXT TO at least PacMan
when the
PacManis nextto| THEN, stop the simulationshowa messagéYoulosd 6 A Ré&oad
the Ghost the World

Click on PacMan

and add this rule. stop simulation " reload world

Very Important Tip: Put and/or in your

Game endingrule.
Note: You need a
similar rule for If you forget to do thisAgentCubesOnline will do the game ending rule
each different over and overuntil you are able to type the Return Key to click the OK o
Ghost shape. the dialog box anthenimmediately afteuse the mouse wick on the stop
L

game buttor (the red square).

If you camot click on the stop game button before the dialog box appea
you mustclose the browser window, then open a new browser window, (
AgentCube®nling find your project and click on the edit button so it ope

ACO PacMan Curriculum v2.0 Pagel9 of 54 Scalable Game Design


http://sgd.cs.colorado.edu/wiki/images/2/28/T_9.0_ACO_Guidance_on_Ghost%E2%80%99s_Random_Movement.pdf

sCALABLE
GAME DESIGN PacMan

Teacher Instructions. Part 217 Making the Ghost Chase thePacMan

Overview:

In this part of the project, students will change the game to make it harder to win and more
interesting. Instead of t@hostmoving randomly, th&hostwill now actually move toward the
PacMan

There are two GmputationalT hinking Patterrs that willbe included in this lesson:

Diffusion: The PacMan leaves a scent on the floor and the pellets. The scent will
spread along the floor and pelletseéet
and pellets will DIFFUSE the scent.

Hill Climbing: Thi s i s a parti cul arThiswade makésthé SEE K| N(
Ghostcheck the scent in all four directions, and follow the strongest
scent.

These computational thinking patterns reqi@ENT ATTRIBUTES

An Agent Attributeis a VARIABLE that can beisedLOCALLY (by an individual
agent) Note that AgentCulsgOnlinealso has Simulation Properties, or variables that
can be useGLOBALLY (seen by ALL agents).

Instruction:
Talk to your students about tBhost

Consider these prompts:

1 DoestheGhostr e al | y ®ackarsVeh§ or why aot?
1 Why would we change the game so that he really did chastatidar?
1 How could we change the game so that he could chagathar?

[Give students a minute or two to discuss this with the person next to tfem.
solicit their ideas.Remember that allowing students to discuss new concepts will aid
their conceptual understanding of those concepts.
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[Say to your students]imagine thePacManemits a scent
Any of these videos cair | thattheGhostc oul d smel | éwoul d that ma
be used with the class | Chostto find him? [Give the students an example they can
to provide different rel ate toébacon cooking in the
: e coffee,sharks seeking blood in an oceargtc.]
views of how diffusion

of scent and This YouTube video explains hovegds use scent for search
subse@izS y G- & and rescue
Of AYOAY AE https://www.youtube.com/watch?v=XXXUOuKLWo00
used by different

animals This YouTube video of a MythBusters@&gment shows how
k jquickly sharks will respond to
may be disappointed to see that tharks do not respond to
human blood with the same enthusiasm!
https://www.youtube.com/watch?v=gU9Ce3hlo

A more scientific explanation of how to determine if sharks can smell blood in the water.
https://www.youtube.com/watch?v=ugvOEmfkkGE

Explain: In Part I of this project, th&hostagent simply moved around randomly on the
ground. In thisext phase of the design, t@&ostwill intelligently seek thdPacManagent using

~

a computational thinking at t e r Hill Climbing.e d A

Imagine thePacManagent emits a scent.he scent wilbe propagated by the ground agents

using a computati onal t hDiffuasionisafundaméentalephysicalc al | e d
process by which matter moves down a gradient fi@hest to lowest concentrations. The

closer to the source of the scent, the greatemltse Hill climbing, which is an algorithm to find

the direction in which thecent is strongest, is then used by the ghosts to chase the PacMan.

You may usehe Diffusion PowerPoint Presentation to support understanding of these ctincepts

Students have a handdbat accompaniethis lesson. The following screen shots of code are
for the teachemhut this information should not be shared fully with the student unless

needed
First, | et 6s gwadfascent Tedo bhia, svdreeed to set the value of an
attributem med fAS0 which stands for Scent. The scen

set when the PacMan is created by being drawn on the Wwhiikiguarantees that the scent
attribute always has a meaningful valleen the game starts running

To setthe value of s this waye must click on the +Method button at the bottom of the
Agent Cubes Online window and make a new metho
corner of your new medehtogh eavndhgemdamge it to fAw

4 Available on the Scalable Game Design Wiki. Use Quick Links>>Teacher>>Lesson Plans
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ALABLE :
g;A:ME DESIGN PacMan (Continued)

when-creating-new-agent
your comments

then |set B to K[l

Thismethod of setting an agent attribute value ONLY works if the agent is erased and redrawn
on the world after the wheereatingnewagent method is added to its rules.

Erase your PacMan agent and redraw it, BANE the worldso that you save the new PaaMa

with s set to 1000.

If you forget to save the world, reloading the world will bring back your original PacMan that

did not have an s attribute and the rest of the code that makes the ghosts chase PacMan will not
work.

Checkt hat RB& atMlautedset to 1000 bgouble clickng on Padlan with the big arrow

tool * P a c ddennaftribute window will appear showing the value of s if it has been set.
v Attributes: pacman-1 .

S 1000

Both the Pellet and the Background diffuse the scent so that the Ghogtertdy the direction
of thestrongest scent he value of the agent attribute s belonging to any pellet or ground agent
is the average of the values of the s agent attributes of the four surrounding agents:

s =0.25*(s[left]+s[right]+s[up]+s[down])

Behavior: Pellet

M :"wﬁg’r&;:’ﬂ Put text here to explain what this method doas!

mry

if then

set 5 to
0.25 * (S[left] + Siright] + S[up] + Sidawn])

[l Behavior: Ground

Put text here to explain what this method does!

if then

set S to
0.25 * (5[left] + S[right] + S[up] + S[dawn])

Every 0.5seconds, lhe Ghostwill follow the scent by determining which direction is
strongest up, down, left or right. (Note, only the first of four rulesis shown below).
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(] Behavior: Ghost

Put text here to explain what this method does!

S I g

if then

»>
once every .5 sec message *  Chase Pacman

¥ r A A s sy
::n‘:hase Parmanpilyour comments
sl rrrrrrrrd

if then

" move T

test S[up]’ >=| S[down]
test S[up]” ==/ S[right]

test 5(up] ==| 5[left]

More realistic Ghost catching

Have you noticed how your Ghost will Afcatcho Pa
him. Ask your students how they could now changddbkecondition for when the ghosts catch

PacMan to make the Ghosts onh?%d fAcatchod him when

Ask them why this didndt work before you added
partner.

Answer:when ghosts were moving randomly ondghaundthey would not move onto Pa&t¢an so

the only way to make them ficatcho him was by be
PacMan theyan be on top. Changing theskoconditiontdo i f st acked above or bel
PacMan be next to Ghosts buteth Icse when he moves onto them or they move on to him.

gl above or below il

Having students experiment with differences between staked above, below and above or below is a
good critical thinking exercise

Shortcut for Hill Climbing

AgentCube Onlinehas an even better way to hantiile process of Hill Climbing which should be
shared with students AFTHRey understand the process of Hilintbing. It is worth the time to
create theG h o sHill&kmbing rules before using the shortcut to ensure thastudents
understand the Hill Climbing computational thinking pattern. The use of the Hill Climbing
action (see rule belowhakesuture extensions in the gansjch as having the ghosts run from the
PacManesasier.

A learner may find the message actidmegpful reminder of what the hill climb action does.
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{7) Behavior: Ghost

o

- ‘: Put text here to explain what this method does!
CHFFFTIEFS,

then

& message * Chase Pacman|

if | then

hill elimb §) in
Four Directions (Von Neumann neighburhnudﬂ

animation accelerated|
time slider() sec

However this behavior could be programmed in a single rule as follows:
{7] Behavior: Ghost

Put text here to explain what this method does!

if I then
once every .5 sec hill climb S in
Four Directions (Von Neumann nelghbnrhooq!i

animation accelerated

time slider() sec

This code is a shortcut for checking in all fou
Neighborhood st udent s coul d choose to c INeighborhooth ei ght

You could therextendthe learning by asking students to compare what happess the ghosts
search 4 directions around themselves versus searching 8 directions arosaiviteeHave the
students do some tests to see which method catches PacMan more rapidly.

The von
Meumann

neighbourhood _ “.
{in green) of a Moore (Llfe) “.

single cell HEN

http://www.conwaylife.com/wiki/Von_Neumann_neighbourhood

u
Von| Neumann q.
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There are many resources available on the Scalable Game Design Wiki to support the
computational thinking patterns of Diffusion and Hill Climbing. Take time before the lesson to
check these out and determine how they might support your students in better understanding
these concepits.

http://sqgd.cs.colorado.edu/wiki/Collaborative Diffusion

Teacher Tip:
If students saved the game before tenscould diffuse throughout the world then the
ghosts will move through walls at the start. This is a great opportunity for them t@abook
why they might be observing this behavior and what they can do to fix it.

Using a plot action to visualize S values

Plotting can be used to look at values in simulations. PacMan offers an opportunity to introduce
the concept to students.

Students can ugihe plotaction tovisualize the value of S in tlggound agerstand the pellets
The plot action will plot the values of S logarithmically in a 3D surface above the world. The
peak on the plot represents the highest value of S in the Wwbddoeak should be over PacMan
since his S value is 1000.

Make a new rul e at t huwning methodbamd add the Plat acibaa:n 6 s wh i

I Behavior; PacMan

then | *plot-agents-attribute [
from row [ to
from col [i] to

incolor|  at elevation
plot

To make the plot action work

1. Thisrule mustbe thiastrulei n P a ¢ Ma-mriisg methad!lWhy? What is the
effect of the blank if condition?

Ent er fAeSnamefofathe aderit attribute.

3. Edit the row and column numbers so that values from the entire world are plotted.
Remembethat the world size for PacMas 16 rows and 2¢éolumns. Computer

scientists always count from O @dumberi 1), in this case, rows 0 to 9 and columns 0 to
20. If you changed the default size, you must count from 0 to (New-5jze

Pick a coloffor the plot that will show up against your background

5. Change the elevation toQL

no

e
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6. Make sure to choose flogarithmicallyo as
plotting linearly when some of the values are quite large and others are verjockeso.

7. Make a test world that just has a layer of ground agents, a layer of pellets, PacMan and
one ghost.

\1&

8. Use the Rotate to¢.—! to tilt your world so that it is nearly horizontal and you can see
the agents below the plot surface.

9. Run the game and mewacMan around. The peak, which represents the high value, will
follow him. The ghost will move towards the high value (the peak).

10.Add a couple of rows of wall agents. What happens to the shape of the plot when the
walls are added?

11.The walls have no S itz so the plot gets some wrinkles and valleys.

12.Watch the ghost go around the walls following the increasing S values towards PacMan!

13.Now run your PacMan world with the complete maze on it and see what happens to the
plot of the S values!

14.You may find thareloading the world does not erase the plot surface. Reload your

browser window or click on the AgentCub@slinelogo in the upper
right cornerof the AgentCubes Online windoawnd click the edit button for your project
again.

Figure 1. Plot of the S values with peak over PacMan.
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Why is there a low spot over the ghost? Does the ghost have an S value?

Figure 2. Plot of the S values with some walls in the world.

PacMan and the ghost are under the peak. Why is there a valley over the wall?

Pass out Student Handout 2

The student pages can be found on paigéthe STANDARD packet and pdfeof the ALTERNATIVE packet
The troubleshooting guide is found on pag2sand 5 respectively of the standard and alternative packets.
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StudentHandout 2
Part 217 Making the GhostChase thePacMan

ﬂ) far, your Ghost just moves randomly,}
doesndét atheaPhygyMahasédoes he? That 6s abc

The Ghost will intelligently seek the PacMan agent using a computational thinking pattern ce
fisearching 0 I n this instance, ssachimgalled HIlCEmbinga s |
Imagine the Pddan agent emits a scent. Hill climbing is a proceduralgorithm to find the
direction in which the scent is strongest.

The scent will spread out, or peopagated,by the ground agents using a computational thinkir
pattern cal | e donisdfufdimerstal pposcessd(physibal, bidlogical, and social)
which objects move from areas of highest concentration to areas of lowest concentrations.
closer to the source of the scent, the greater its ¥alue

This phase of the projectintrocile s t h e ¢ agernt &tpbute, 00f wehni cfh i s

information that is stored within each occurrence of an agent. Computer scientists egltiis
attribute docal variable.

Step 1:The bestvay to initializePacMad® s S agent at t rPacMansdrawn s t

on the world because then PacMan s attribute will alwtys at the same value

To do this, create a new Method by clicki
then ew met h omt@dlowlstlipacctdqpe amdclpe t he | abel {fr om
creatingnewa gent 0.
Your whencreatingnewagent method should look as follows:
(¢ Behavior: Pacman
. ;}EFEE'E-;’;;'%EE;EE!E Put text here ta explain what this method does!
if then

set 5 to 1000

If you use this methodtoseacMa® s S attri but e, ma k e PaaMare

and therSAVE the World.

Important Note: If you forget to save the avld, PacManmay not have any value set for S when
the world is reloaded.
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Checking the Value ofPacManb s S agent attri but e:

1. Double click on PacMan with the big arrow tc k .
v Attributes: pacman-1 .

S 1000

You should seghis window appea
If S is not visible in the window, it did not get set to a valaee

Erase and redraRacManand thersavethe world. ThenS should appear in the
Attributes window.

pwn

Step 2:

Now, since the scent is diffusing, or spreading out, we need to find the average of the scent from
the area around ground agerdr a pellet agentThink of it as the smells are coming in from the
North, South, East and West. The smell in the centem, ik the average of these four smells.

How will you create that programmatically?

/ Why do we \ Diffuse the scent using the pellet agents

multiply by 0.25? | 1pepelietagent will have the behavior below; the single
When you find the average | action is to calculate and store thesrage of the four
of a setof numbers,youadt | s yrroundi ng ageRementerayonamett at t r |

themup and divide by the | thea gent adt(fbutecaBt) .
number of numbers.

The fset oeaaccht ipoenl |seett sdg & ot Gheat
averageof the attributes in thagents above, below, and on
each side:

/ S = 0.25*(s[up]+s[down]+s[right]+s]left])

In this case, dividing by 4 is
the same as multiplying by

K which equal®.25

’ pr— ut text here to explain what this method does
M f' P h lain what thi hod does!

'whnerunMHE’

it lthen
set 5 to

| 0.25 * (§[left] + S[right] + Sjup] + S[dewn]) |
L —

Behavior: Pellet
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NOWeéedi f f us eacrosktiee greundabyg adding
a rule to the ground agents

nelpedl Match both theapdr &hehlassowntee equition

Tips

Step 3:For theGhostto know which way to walk, he has to determine where the scent is the

strongest.We call this HILL CLIMBING. If this were real
K/Vhat do FIRE ALARMSQ life, he would smell up, smell down, smell left and smell

to do with coding? right. Wherever the smell was strongest, he would walk in

A METHOD is a set of rule: | that direction. We need to program takostto do this.
GAGK | yIYSX!
in a specific situation. Thes | We will create a METHOD for th&hostto follow a set of

are done when there is a rules
ALISOAFTAO OF 1

like the fire alarm means Take a look at the pgramming below.

you follow different rules.

You @n create a METHOD | The rule in the while running methsdys

by clicking the +Method ARONCE EVERYO0.5 seconds, follow thehasePacMan

\buttoy IEIEY I} procedur eo.

The rule in the ChadéacMarmmethod says
flF the smellabove youis greater than or equal to any of the other smells in different directions
(down, left or right)y THEN move up 0
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PacMan (Continued)

(7] Behavior: Ghost

Put text here to explain what this method does!

then

once every .5 sec & message *  Chase Pacman)

S YOur comments

F
- JIIJIJ’I.A

test S[up) =/ S[down]
test S[up] »w=| S[right]

test S[up] | >=| S[left]

then

move 1

Now, add thethree morerules to the Chase Pacman methodo that theGhost knows what
to do if the smell down ($down)) is greater. What if the smell to the left is greater? What

about the smell to the right?

LT Ad

(0]

(0]

Run your game to see if the Ghost chases the PacMan!

A &hédk the folldwNidy:A y 3 =

Erase and redraw PacMan, theavethe world so the initial value of S
is saved.

Ly GKS [/ KIFaSNIn&a NHzZ S 3 xsameikte Y S i
message action and the black arellgw striped method name tag of
the hill climbng method!

Use of parentheSa a6 a | YR 0 Ndur@and felletagedi &
rulesmust be correctChe¢ G KS LA OGdzNBE 2F (K
2 pages ago and compare it to the equations in your ground and pe
agents.

Check your hill climbing rules again and make sure that the arnrows
the actions point the correct direction and that the conditgfor each
rule are correct.
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More realistic Ghost catching

Have you noticed how your Ghost wil/l Acatcho Pa
him. How could you now change yowde condition for when the ghosts catch PachManake the

Ghosts only fAcatcho him when they are above him

Why didnét this work before you added Hill Clim

Shortcut for Hill Climbing

AgentCubes Online has an even better way to hahdlprocess of HilClimbing. The use of the

Hill Climbing action (see rule below) makes future extensions in the game, such as having the ghosts
run from the PacMan, easier.

There is a single action, hill climb, that replaces all the rules in the Chase PacMan method.

- [] Behavior: Ghost o -

- ﬁ Put text here to explain what this method does!
CFFFFFrry,

A

then

" message *  Chase Pacman

if then

hill climb 5| in
Four Directions (Von Neumann neighburhnnd]i

animation accelerated|
time slider() sec !

It is possible to eliminate the Chase PacMan method by simply putting the hill climb action in the
rule in the ghostdés while running method.
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(] Behavior: Ghost

y j Put text here to explain what this method does!

u
FFFFFFEFEFT.,

if then

once every 5 sec hill climb § in

Four Directions (Von Meumann neighborhood)|

animation accelerated

time l5||dEll::l S8C

Test out the options in the hill climb action.

What happens if the ghosts search in 8 directions?
Can PacMan escape?

Would it help to use fewer ghosts?

After you have ra your game several times, choose whether your ghosts will search in 4 or 8
directions and decide on the number of ghosts in your game.
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Student Handout:

Troubleshooting Guidefor Diffusion and Hill Climbing i
Part 1. Tracking the Ghost One Step at a Time

To determine what is happening in your game, it is helpful to look at the agent attributes.
1. On your world click run until the ghosts move out of the box, and then click stop.
2. Running the game briefly made PacMands sce

3. Check Pac Man 6dsuble clickihgton hintwith the bigbagrow too k .

v Attributes: pacman-1 . :

PacMan

Smell 1000

H

This window will appear.
Makesure that you erased and redrew PacMan on the world and then SAVED the world.
6. Toseeh o w P a cddi (thé galue of S)as diffuseddouble dick with the big arrow

tool anywhere on the grourat on a pellet.
7. A window will appear that lists th8 attribute value for thzagent.
¥ Attributes: pellet260 . |

o

Smell 254.78611124:

8. Click around the world. Is S biggest close to PacMan and smaller far away from PacMan?
Before you do stMAKE SURE YOU TEMPORARILY REMOVETHE ionce every
0.50 secondso so you get more i mmediate feed

Checkthe attribdes of the four boxes around tG#ost(up, down Jeft and right) and then single

: : Ik . . : .
step the game using this butt soyou can see if youghostis moving towards the agent with
the largest S value

If the Ghost moves the wrong way or does not move, go back and check your rules in the Chase
PacMamirme t hod . Compare your rules with a friendbs r
9 Are the conditions correct?
i Are the arrows in the move actions correct?
1 Ifyouusedthe hillcimbactign check that you changed dAval ue
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hill-climb in
Four Directions (Von Neumann neighborhood)

animation
time ElEI)] sec

T

Now put the Aonce every 0.5 secondso back in so

9. You can also try erasing all but one of the ghosts to see if it moves towards PacMan. This
helps because the Ghosts do not propagate the scent.

Critical thinking questionrwWhy dondt you want the Ghosts to pr o]
happen if they d®

Part2: Using a plot action to visualize S values

We can us¢he plotaction tovisualize the value of S in tlggound agerst and the pellet§ he

plot action will plot the values of S in a 3D surface above the world. The peak on the plot

represents the highest value of S in the world. What agent should be under the peak?

Make a new rul e at t huwning methodbamd add tpeoPactoMa n 6 s whi

I Behavior; PacMan

then |*plot-agents-attribute ]
from row [ to
from col [{] to

incolor|  at elevation

[+« @ logarithmically

To make the plot action work

1. Thisrule must be thiastrulei n P a ¢ Ma-mrinieg methad!l e

2. Ent er fe&namefofitire agert attribute.

3. Edit the row and column numbers so that values from the entire world are plotted.
Remember thate world sizéor PacMan is 16 rows and 2blumns. Computer
scientists always count from O @dumberi 1), in thiscase, rows 0 to 15 and columns O
to 20 If you changed the default size, you must count from 0 to (New5jze

4. Pick a colorfor the plotthat will show up against your background
5. Change the elevation toQL
6. Make sure to choose filogarithmicallyodo as t

plotting linearly when some of the values are quite large and others are very close to zero.
7. Make a test world that just has a layer of ground agents, a layer of pellets, PacMan and
one ghost.
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8. Use the Rotate tO(E, to tilt your world so that it is nearly horizontal and you can see
the agents below the plot surface.

9. Run the game and move PacManund. The peak, which represents the high value, will
follow him. The ghost will move towards the high value (the peak).

10.Add a couple of rows of wall agents. What happens to the shape of the plot when the
walls are added?

11.The walls have no S value se@tplot gets some wrinkles and valleys.

12.Watch the ghost go around the walls following the increasing S values towards PacMan!

13.Now run your PacMan world with the complete maze on it and see what happens to the
plot of the S values!

14.You may find that reloadg the world does not erase the plot surface. Reload your

browser window or click on the AgentCub@slinelogo in the upper right
corner of the AgentCubes Online window and click the edit button for your project again.

Figure 1. Plot of the S valuegth peak over PacMan.

Why is there a low spot over the ghost? Does the ghost have an S value?
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Figure 2. Plot of the S values with some walls in the world.

PacMan and the ghost are under the peak. Why is there a valley over the wall?
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TeacherlInstructions
Part 317 Making the gamemore sophisticatedi
Polling and Broadcast

Background:

In a classroom, when students are working on
see if everyone is done yeA teacherdoes this by asking students to raise their hand if they are still
working. If no or raises &and, the teacher knows everyone is dddace everyone is done, the
assignment is finished. Students will use this same concept to change their gameitonoeke
challenging.

Introduction to students:

Using the example of the classroom, guide your students through a discussion of how to poll for
answers. Now, tell them they are going to use this same concept to change their game. This time,
the gamdooks like this:

In our game, the game ends whacManis next to a ghost. Now we need to find a way to
win the game when all of the pellets are gone.

Give students a couple of minutes to discuss this programming activity.

Consider these prompts:

1 Who will poll (look to see if there are still mopelletsto be collected)
1 What stops the game?
1 Whatsteps (codeyill change?

[Give students a minute or two to discuss this with the person next to them. Then
solicit their ideas.]

Students will struggle with the idea of who polls. Introduce the ideaofimoller, an agenthatis
responsible for tracking the numberpsiletsleft on the world Remind the students that they should
take time to think through each programmingse they can use these skills later.

Hand out handout 3

No code is provided in the teacher instructions as all code is provided for students.
The student pages can be found on pEgyef the STANDARD packet and p&feof the ALTERNATIVE
packet.
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StudentHandout 3 Part 3:
Making the gamemore sophisticatedi Polling and
Broadcast

PacMan (Continued)

In this enhancement to tikacManproject, thePacMamm u s €ab afi of the pelletsn order to
win. Polling will tell us when all the pellets are gone &atMarhas won.

Polling uses aimulation property, alsocalled aglobal variable by computer scientists, which

is a piece of information that all agents in the simulation or game may check or set if they have
the correct rules. A controller agent does theipglby sending out a message at intervals to all
the agents thianust be counted. These agents respynadding one to the simulation property.
The controller determines when all the pellet agents are goreaahtianhas won.

The teacher has given assignment to the class and wants to know if

SOSNE2YS Aa '-F)\)f)\VKSIquD {KS &l ea

G2N] Ay Tdé | ' Y RA Htheredatelive stydén® stid 2 d:
gZ2ZNJAYyID Gh{leé&sx Llzi &2dz2NJ KI yRa

Il ¥S¢ YAydziSa fI-t]éNJZ aKS R2Sa Al

dzLJ A ¥ ‘é2dz 3 NE adAftf 62N &tficede two
aidzRSy (& GAfTE g2NJAY3ID Ghil ez

A few minutes later,shR2 Sa A G | 3 Ay o { KS &l

dzL) AF @2dz FNB adGAtf ¢2N]AYyITdE ¢

put your books away

That s what this programming wil| l ook | i ke.
The ControlPtlleecownt | stsarts i/~ % the
classroom, no hands are up when the teacher asks who i¢  Définition: Computer

working). scientists call the process

When thepelles 6 h e aontrdllertask €bro&icast) the
guestion, theellets respondback (raise their hands).

making a decision by
sending a message to
multiple recipients and

The @ntroller counts theelless. If the answer is more than
zero, nothing happens and the game continues.
remainingpellets on the board), the game ends.
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PacMan (Continued)

Step 1:Create the Pellets simulation property as described in the green bdvelow.

ﬂow do Simulation Properties Wom

Step 2:Create the Controller agent.
1 Use +Agent to make a Controller
agent andlwoose any image
1 Place the Controller agent on top
of a wall in yourPacManworld
and SAVE the world!

Step 3 Add a rule to the Controller
agenbs whil e runni ng¢
1. Setthe number gdellets to zero.
(this is like the teacher saying
Ahands downo)
Set @Rllets to zero
2. Ask thepellessif they are still on
the world
Broadcast to Pelleagents tado
ACountd
3. Check the number gfelless to see
if the game is done.
Send aCheckwin message to
myself.

Step4 Program the Co
Checkwin method.
1 If there are no pellets left, tell the
player thatPacMarwon and stop

the game.

Step 5 Program the PelletAg e nt 6 s
Count method.
1. Make a new method for the Pellet
agent.
2. Name it Count.
The name must exactly match the
name broadcast by the Controller.
3. Add a rule with an action that sets
t he v adPellet®ot oii
@Pellets + D .

This is how programmers addo a
number.

Try setting up these rules now!

ACO PacMan Curriculum v2.0

\

1.

. Open this window by clicking on

Simulation properties may be
added, saved or deleted in the
Simulation Properties window.

the gearbutton on the top right
side of the AgentCubes Online
GAYR26 | YR OK2?2
{AYdzA Fdazy #Ep L

Make the Pellets simulation
property by clicking on the +
button at the bottom of the
simulation properties window and
GeLAy3a GKS yIYS

Click on the Save button so that
the new simulation property is
saved!

The value of a simulation property
can be changed or checked by an
of the agents in the game or worlc

All conditions and actions which
check or change the value of a
simulation progrty must place an
GXé 0ST2NB GKS

set @Pellets| to O

_/

property name.

v Simulation Properties

Pellets 0
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ALABLE :
cszi\:ME DESIGN PacMan (Continued)

R Countis not part of the continuallyr unni ng AWhi | e IRmustbd Nngo m
HelpLul a separate methosdince it only runs when called by the controller agent.
Tps  Check your program:
~ " Here is the Controller agent behawuith the rule in the while running method that
makes the pellet agents count themselves and the new Checkwin method that ends the game if
PacManhas eaten all the pellets:

our comments

Lif vthen
once every 1 sec set @Pellets/ to 0
broadcast Pellet| Count!

‘ " message * Checkwin|

7 r .
/
if then
test @Pellets <= 0 play sound Hallelujah.mp3/

" show message
PacMan won this game! Try again!

Here is the Pellet behavior with the n@wunt method that allows each Pellet agent to add 1 to

the Pellets simulation property:
- Behavior: Pellet

Put text here to explain what this method does!

while running

if then

set S to
0.25 * (5[left] + S[right] + Slup] + S[down])

"
mﬁ our comments
F s

CF

then

set @Pellets| to @Pellets + 1
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ALABLE :
g;A:ME DESIGN PacMan (Continued)

The Bigger Picture: Communication between Agents

Polling introduces a technique that allows agents to create a complex behavior by cooperating: a
particular set of conditions cause one type of agent to send a message to another type of agent to
do anamedmethod that containsspecialset of rulesCourt was the special method in the

polling example.

This type of communication between different typeagednts can besedto create interesting

gamesFor exampe, if PacMan eats a power pill, then PacMan can broadcast a message to all
ghosts t odof GeTth eScGerte Scared met hod can change
look different as they run away instead of chasing PacRathe Traveler in Journey can fire

ice arrows at Chasers. When an ice arrow hits a Chaser, it sends the Chaser agewfeatina¢ss

makes it freeze if it is unfrozen. Frozen chasers cannot move so the Traveler can collect the
treasures without being caught by the Chaser.

However, when the goal is just to count up the number of agedtstick the value in a
simulation propest, AgentCubes Online has a simpler methardthe controlleto do this:

1 Behavior: controller

IERRERS @Pellets Rl agents_of_type("Pellet")

> .
message [l

(on] checkwin|

If Pac-Man ate all the pellets, he won and the game ends! A
if |test =§ 0] then |play-sound

"show-message
He ate all the pellets!!!

stop-simulation

These two actions have beendeldtedom t he controll erdés whil e ru
=l @Pellets feN 0|

WGEDL =S Pellet

. |[=¥creies] ts_of_type('Pellet’
And replaced byhis action |6 ol 2gents_of_type("Pellet)

The set actiomontainsa specialized communication between the rblerr and the Pellet agents,
theagent s _of _ tmepsade,iwRiehImbkestthe pellasnt themselves without the
need for us to code a separate count method.

You learned polling so that you would understand how to make different types of agents
communicate. But there is usually more than one solution to a programming problem so now you
have seen an alternate way to keep track of the numbeydind of agent
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scALABLE

GAME DESIGN
Student Handout:

Troubleshooting Guide forPacManPart |11

Polling and Broadcast

PacMan

-

1.
2.

3.

/Common Problems:

Is your Controller agent saved on the worl®

Did you type in @pellets whenever the simulation property was checked or

changed?

Do you refer to the correct agents ireach step?

~

J

Another Approach to Troubleshooting:
Make a quick check on how many Pellets are in the World:

Click onthegear buttorI X~ | on the upper right side of the AgentCubes Online windod/

sel ect fiShow si mul ati on
v Simulation Properties .
Pellets 0

+

| Save | Edit |J

Propertieso. This

The correct number dtelletswill not appear in this window until you have singiepped (click

on the black triangl » next to the stop and go buttons) or briefly run the game. If your
programming is correct, the valueRélletswill decrease by 1 each tinRkacManeats(erases) a
Pellet When the value d®ellets is equal to ®acManshould win the game.

More detailed troubleshooting:
To determinavhat is happemig in your game, it ieelpful to look ahowthe simulation

propertychanges over time. Adtieplottowindowa ct i on t o t he rwhiee
running method.

ACO PacMan Curriculum v2.0
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cALABLE :
(SSAME DESIGN PacMan (Continued)

Fill it out as it appears below:

In theplot to window action, you must name the simulation property to be plotted (Pellets),

name the window where it will appear (Pellets Plot), say what it represents (number of pellets)

and pick the color of the line that will appear on the graph.

Note t hat you must put A@ before the Pellets i
checking the value of the simulation property Pellets!

ThePellets Plot windowvill appear as soon as the run button is clickddve the Pellets Plot
window somewhere where you can watch it while you run the game. In this window, you will
seea graph that shows you whatodés happening O0beh

This information will help you determine where a mistake may be. For examghlendmber

of pelletsnever goes above 0, tleeis a problem with the method Cowntthebroadcast. If the
numberofpellety oes t o zero but the gaméthdgamsending end,
rule in the @ntroller.
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