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Abstract— During 2007 Spring semesterthe studentsin
Computer Architecture course were intr oduced to Lego
Mindstorms RCX assembly programming. During the
semesterthey produceda few simple playable gamesusing
Lego Mindstorms RCX robots. This paper describesthe
project motivation, student background, student projects,
and experiencegained by doing the projects.

I. INTRODUCTION

In the current ComputerSciencecurriculum at
Park University, the ComputerArchitecturecourse
is the only course with the chance of teaching
assemblyprogramming, without adding an extra
courseload to the curriculum. In Spring 2007 the
ComputerArchitecturecoursestudentswere intro-
duced to Lego Mindstorms RCX assemblypro-
gramming. During the semesterthey produceda
few simpleLego MindstormsRCX playablegames,
designedand developedusing the RCX assembly
program language.All these gamesusedonly a
RCX brick, 3 touch sensors3 LED lights, and 3
wires. Figure 1 shavs therobotdesign.This simple
designis usedin the SimonSaysproject provided
by Lego Mindstormsin ComputerScienceEduca-
tion (LMICSE) [2], an NSF funded project. This
paper describesthe project motivation in section
Il, studentbackgroundin sectionlll, Simon Says
projectin sectionlV, studentprojectsin sectionV,
and experiencegyainedin sectionVI.

Lego MindstormsRCX robotswerechosenn the
ComputerArchitecturecoursefor several reasons.

The Information and Computer Science de-

partmentat Park University has several Lego
MindstormsRCX robotickits readily available

PROJECT MOTIVATION

as a result of conducting mary girls scout
robotic campsin the pastseveral years.

The instructor of this course attendedLego

Mindstorms in Computer Science Education
(LMICSE) [2], anNSF-fundedsummerrobotic
workshopfor faculty Throughthe workshop,
shelearnedthe simple Lego MindstormsRCX

robot design,the RCX assemblyprogramming
languageandassemblyprogrammingenviron-

ment.By shawving the studentsRCX robotsand
RCX assemblyshewishesto utilize the Lego

Mindstorms RCX robots in ways other than
thatin the girls scoutrobotic camps.

By using RCX robots, the studentscan ob-

tain touchableresults,as opposedo the result
shavn on the computer screen using other
assemblyprogrammingenvironment such as
SPIM Simulatorfor MIPS assemblyprogram-
ming languag€g3].

Lastly and most importantly by writing a

few programsin RCX assemblythe students
gain concreteexperienein using Comple In-

struction Set Computer(CISC) assemblylan-

guage. When ReducedInstruction Set Com-

puter(RISC)wasintroducedaterin thecourse,
the projectsin CISC using RCX helped stu-

dents understandthe difference betweenthe

CISC assemblyand RISC assembly(such as
MIPS) clearly and easily

[11. STUDENT BACKGROUND

At Park University, the studentstaking Com-
puter Architecture coursehave no prior assembly
programmingexperience.They have taken higher
programmingdanguagecourseausingJava andC++
beforecomingto this course.



Fig. 1. A Simple Lego MindstormsRCX robot

Lego Mindstorms RCX has its own assem-
bly programming syntax and structure, and its
own programmingernvironment(i.e., Script Editor).
Lego Mindstorms provides a speci cation on the
Lego Mindstorms RCX 2.0 Firmware Command
Overview [1]. The studentswere introduced to
this new programmingstructureand ervironment
in class. They then spenttime on their own in
understandinghe commandsyntaxand structurein
more details.

V. SIMON SAY PROJECT

The SimonSaysprojectis one of the two com-
puter architecturelaboratorymaterialsprovided by
LMICSE [2]. Simon Saysis a traditional follow-
the-leadeilgame.In this project,a RCX brick is the
leader(i.e., Simon). A playerof the RCX robot is
the follower.

As depictedin Figure 1, a RCX brick hasone
LCD display threeinput interfaces(labeledas, 2,
and3), andthreeoutputinterfaces(labeledasA, B,
andC). The SimonSaysrobotusesone RCX brick,
3 input touch sensors3 output LED lights, and 3
wires to connectinputsto the brick.

In this project,to outputa value,the RCX brick
displaysa value (where ) onthe LCD
display andturnson the correspondingutputLED
light. Speci cally, value 1 correspondsto output
interfacelabeledA, 2 to B, and3 to C.

When the RCX brick outputsa value, the user
is expectedto pressthe correspondentouchsensor
Thatis, outputvalue 1 correspondgo input touch
sensorat label 1, outputvalue 2 to touch sensorat
label 2, and outputvalue 3 to touch sensorat label
3.

The userwins a gameif he/sheis ableto follow

RCX brick's valuesconsecutiely, where is a
positive integer such as 12. As soon as the user
makes a mistake by not touching an appropriate
sensorthegameis over andthe userlosesthe game.

LMICSE [2] providestwo designsfor the Simon
Says project. In the rst design,to simplify the
coding compleity, the patternoutputtedby a RCX
brick is x ed. So arnytime when a game starts, it
outputsthe samenumberpatternin which a pause
is insertedaftereachnumber awaiting for the users
input. As a more realistic variation to the rst
design.the seconddesignhasthe RCX robotoutput



a randompatterneachtime a gamestarts.

V. STUDENT PROJECTS

After the introductionto the Lego Mindstorms
RCX assemblyprogrammingand programmingen-
vironment,andthe SimonSayprojects[2], students
were able to design their own simple gamesin
which the only requirements to write the programs
using RCX assemblylanguage.

After somestudiesall studentshoseto staywith
the samehardware piecesasthe SimonSay project,
i.e., a RCX brick, 3 touch sensors3 LED lights,
and 3 wires asin Figure 1.

Studentgproducedsimplegamesjncludingmem-
ory andslot-machinglottery) gamesThefollowing
subsectionsntroducethesegames.

A. MemoryGames

As a variation of the Simon Say project, a robot
ashes a series of lights in random order and
displayscorrespondingralueson the LED display
A useris to memorizethe random pattern of
numbers(where is a positive integer value) and
repeatthe samesequenceby touching the corre-
spondingsensorsto win the game.Thus, thereis
no pausewaiting for the users inputs inbetween
numbers. This is different from the Simon Say
projectdescribedn sectionlV in which an output
and input pair operatesone value at a time. That
is, in Simon Say project,a RCX brick displaysone
valueandthenwaits for the users input, andwhen
the userentersthe samevaluecorrectly the process
continues.

Anothermemorygameis similar to a gamewith
lots of randomcolorsin which a useris expected
to remembetrthe colorsto win the game.Here, for
our simple robot, a color correspond$o a number
The robot displaysa sequencef randomnumbers
with increasindength,i.e.,lengthl, length2, length
3, etc. Essentially eachsuccessfulinput from the
user increasesthe dif culty level by adding one
more randomnumber Speci cally, the gamestarts
by displayingonerandomnumber(betweenl and3,
inclusively). If a userrepeatsghe numbercorrectly
the robot displaystwo randomnumbers.The game

B. Slot Machine (Lottery) Games

In a traditional slot machinegame(i.e., a typical
game played in casinos),a player startsa game
by pulling a lever or pushinga button. After some
operation,the machinedisplaysa set of numbers
ontheoutputdisplay If all numberanatcha certain
pattern(e.g.,for example all numbersarethesame),
thenthe playerwins a prize.

In our game,a player pushesa button to signal
the start of a game.If all three output lights are
ashed, thenthe playerwins the game.Otherwise,
the playerlosesthe game.

As anideaanda variationto the traditional slot
machine,one can have a userselecta set of input
numbers.The robot then generatesa set of output
numbers.If the players input numbersmatchthe
robot's output numbers,then the player wins the
game.This is more akin to the lottery gamesuch
as Powerball in the market currently

VI.

The purposeof the Simon Saysproject and the
studentprojectsis for the studentgo learnthe RCX
programminglanguage,RCX programmingervi-
ronment, and ervironmental controls of the RCX
brick. Overall, the studentsin the courselearned
the conceptsand achieved this purpose.

As a side benet in doing the RCX projects,
since RCX is a CISC, the studentshave concrete
experiencein using CISC assembly which helps
themunderstandhe differencesbhetweenCISC and
RISC assemblies.

EXPERIENCE GAINED

VIlI. SUMMARY AND CONCLUSION

This paper describesstudent projectsin using
simpleLego MindstormsRCX robots.Additionally,
it describeshow this project comes about. The
studentslearnedthe RCX programminglanguage,
RCX programmingand control ernvironment. Fur-
thermore,learning the RCX assemblywhich is a
CISC assemblyhelpedthe studentsunderstandhe
differencebetweenbetweena CISC assemblyand
a RISC assembly
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