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Chapter 1

Abstract

Agent control formalisms can facilitate the developmert of complex behaviours
by virtue of a high-level abstraction for the behaviour description. TeleoReac-
tive programsare an agert control formalism wherealist of hierarchical rulesare
evaluated in order; the highest priorit y rule evaluating true is the rule executed.

This project coversa formalism of the TR languagedetailing the operational
semartics required for synchronous execution. The de ned languageis imple-
mented in the application TRIDE, a Teleo Reactive Integrated Developmert
and Debugging Environment for robotic agerts. The power of TR programs
and the TRIDE application is demonstrated with a range of behaviours pro-
ducedto run on the Lego Mindstorm robots. The behaviours include searding,
learning, communicating and co-operating.

The TRIDE application o ers a structured ervironment for agert program-
ming. The TRIDE paradigm separatesde nitions of perceptions and actions
from the behaviours allowing complex agert behaviours to be de ned in a con-
cisemanner.
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Chapter 3

In tro duction

3.1 Overview

Teleo-Reactie programs are a mid level formalism of hierarchical programming
for agert control. Originally suggestedby Nils Nilsson in 1992 they o er an
intuitiv e method of agert control with a minimal semartic gap. TR programs
are an ordered list of production rules, the top rule evaluating true is the rule
that executes(more detail is provided in chapter 4).

TRIDE is an Integrated Developmert and Debugging Environment for writ-
ing, compiling and running TR programs. This project largely dealswith com-
piling and running programsto be run on the Lego Mindstorm robots however,
TRIDE can be expanded for other robots (as demonstrated with the Garcia
robot).

3.2 Motiv ation

The original motivation for TRIDE came from Professor Keith Clark. The
third year robotics course at Imperial College was split into two parts, one
covering hardware using the Lego Mindstorm Robotics Invertion System to
build robotic agerts, the other covering agert control formalismsincluding Teleo
Reactive programming. ProfessorClark wanted an application that could bring
the two parts of the coursetogether allowing studerts to apply the agert cortrol
formalisms to the Lego Mindstorm Robots. The conceptof TRIDE wasborn, a
tool that could allow students to write structured agert control programs and
allow lecturers to demonstrate real examplesof Teleo Reactive programming.

3.3 Aims

The aims of this project are:

To de ne aformal TR languagebasedon the looseconceptsreferredto in
paperson agert cortrol.

To producean application allowing programsto be designedand developed
in the de ned language,compiled and debugged.



To produce interesting and complex behaviours in the de ned language
using the application produced.

Chapter 5 formalisesthe TR language. Basedon the original proposalsby
Nils Nilsson, the syntax and semartics are formalised in detail. In cortrast to
more common models of TR programs, which model the program as hardware
(discussedin chapter 4), | have modelled TR programs executing sequetially
with operational semartics resenbling higher-level languages.| chosethis for-
malism asiit is closerto how the programs will actually be implemented (the
Lego Minstorms are not capableof e cien tly modelling architectures with par-
allel execution). Appendix D contains an example of the operational semartics
applied to an executing program.

The TRIDE application is described betweenchapters 6 and 12, ead chapter
coversa di erent packageand functionality. A listing of the classesusedin eath
padkage and their functionality is included in ead chapter. The application is
structured with ead functionality controlled by its own packageto separatethe
platform independert classedrom the platform dependert classeqdiscussedin
chapter 10). How to usethe application is fully documerted in the user manual
(appendix A), alsoincluded is a description of the templates (appendix B) and
a \W alk Through" detailing how to build a line follower and a light follower
(appendix C).

The behaviours produced using TRIDE are detailed in chapter 13. All the
behaviours use simple actions and percepts minimally modi ed from the tem-
plates. A hugerange of behaviours have beenproduced covering learning, state
machines, co-operation and searding.

TRIDE hasbeenput through basic usability testing and beenusedto write
mid-level proceduresfor the Garcia robot (seethe Evaluation), suggestedthanges
have beenincorporated into the designas a result of thesetests.

3.4 Achievements

TRIDE introducesan intuitiv e easyto grasp programming paradigm, it splits
writing the agert code into four stages,de ning perceptions, de ning actions,
de ning memoriesand nally de ning the behaviour. This method of program-
ming encouragesusersto step badk from the specics of their implemertation
and concerirate on designingmore complex behaviours. De ning the behaviour
code independenly of the percept and action code allows the behaviours to be
de ned in a very concisemanner (discussedin the Evaluation).

TRIDE is a functional application with a user-friendly interface; it is well
documerted and allows complex TR programs to be developed quickly and
easily Someparticularly complex functionality has beenincluded particularly
the interactive debuggingsystem and the compiler. The debuggerallows users
to step through their programsin the editing window either executing line by
line or running to a speci ed break point. The robust compiler will catch errors
in the sourcecode at compile time and display them to the userin a separate
error panel. The user can then double click any one of the displayed errors and
be taken to the relevant point in the code.

The behaviours produced have usedconceptsnot previously assaiated with
TR programming sudch as communication and seardiing. With more sophis-



ticated sensorsand outputs | believe even more re ned behaviours could be
produced.
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Chapter 4

Background

4.1 Higher Level Agent Programming

Robotic agert programming is a problem that can be approached from multiple
levelsof architecture, formalism and abstraction. Low-level programming canbe
performed at the binary, machine code or op-code level. Mid-level programming
usesformal languagesrequiring cross-compilationto be run on the host system.
High-level programming usesagert modelsto model mental states. This project
is concernedwith languagesbetweenMid-level and High-level programming.

TR programswere originally proposedasa method of agert cortrol in 1992
by Nilsson[1], he de ned them as follows:

A teleo-reactive (T-R) program is a mid-level agent control program that
robustly directs an agent toward a gaal in a manner that continuously takes
into account the agent's changing perceptions of a dynamic environment. T-R
programs are written in a production-rule-like languageand require a specialized
interpr eter.[2]

An alternativ e approach to agert cortrol is \Y ampa"[25]. Yampa s a func-
tional programing language basedon Haskel, it has been successfullyapplied
in a number of industrial applications. Yampa models inputs and outputs as
Signals,the agen program is composedof mappingsfrom one Signalto another.
To produce complex behaviours multiple Signals can produce a single output
(or a single Signal can produce multiple outputs) by combining Signals with
de ned combinators.

4.2 TR Programs

TR Programs have a number of advantagesover other agert control formalisms.
Their simplicity allowsthem to be run on extremely cut down architectures. The
small semartic gap allows the programs to map almost directly to hardware;
this allows TR programs to be built into the hardware of robots or similar
deviceswith extreme demandssuc as minimal power consumption or minimal
size. The e ciency and minimal hardware requiremerts of TR programs could
evertually seethem being usedto cortrol nano-devices,micronsin size.
Nilsson wrote the seminal paper on TR programsin 1994[3. Examplesare
given for the style proposedin 1992 and the concept of Hierarchical programs

11
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Figure 4.1: TR Programs as Circuits[3]

is applied more formally and examplesgiven.

TR programs are an ordered list of production rules of the form:
K1-> al
K2 -> a2

Ki -> ai

Km-> am

Where \Ki" is alist of conditions and\ai" alist of actions[3. The list is scanned
from top to bottom and the rule where all the conditions hold true the actions
are processed.The conditions are cortinually re-evaluated and the highest rule
holding true is the rule executed.

Another model for TR programs is an electrical circuit (4.1); this model
of TR Programs captures the idea of continuous execution by separating the
sensorsfrom condition computing circuits and actions. It is easyto seein
the circuit model how the sensorscan be continuously read and the conditions
updated in parallel[3].

The actions can either be corntinuous (such as move forward) or discrete
(such as move forward 10 cm), continuous actions are cortinuously executed
while their conditions remain true while discrete actions are executedin their
entirety with the next action being selectedon completion. It is assumedthat
all inputs are cortinuously processedand evaluated in parallel; it is unde ned
whether actions are executedin parallel or discretely.

There are seweral forms of syntactic sugar and extensionsto TR program-
ming, their exact syntax and semartics vary but | shall try to cover the most
generalforms.

12



Hierarc hical Execution (Sub pro cedures) Initially proposedby Nill-
sonin 1992[1 and 1994[3, the syntax was more formally de ned in 2001
with the example of a block-stacking robot. An example Java application
was also producedto demonstrate theseideas[3.

Programs are written of the form:
K1-> al

Ki -> Sp1
Km-> am
Spi
Kl -> a'l
Ki -> ai
K'm -> a'm
g

When the sub procedureis entered it is treated as an extension of the
main TR program. This is in e ect syntactic sugar for:
K1-> al

k.i , K1 -> a1l
K| Ki -> al

K| K'm -> a'm
k.m-> am

Variable Passing Variable passingis a syntactic sugarusedin many TR
examplesyet not formally de ned. Variablesare passedrom perceptionto
action within a condition or from sub proceduredeclaration to perceptions
and actions within a sub procedure.

The syntax is of the form
K1-> al

Ki (varl) -> Spl (varl)
K'm -> am

Spl (varl) f
K'l(varl) -> a'l

K| (var2) -> a'i (var2)

K'm (var2) -> a'm (varl, var2)
g

Non Determinism TR programs were, in their initial de nitions, de-
terministic however in many examplesa non-deterministic action is often

13
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Figure 4.2: Robots in an Environment[3]

qguoted[6]. Non determinism is further usedwhen applying TR programs
to reinforcemert learning and other machine learning techniques[q. There
is no standard syntax for de ning non-deterministic agerts however it is a
usefulextensionto prevernt deadlock particularly in domainswith multiple
agerts.

Recursion Hierarchical execution can have its expressienessincreased
with the conceptof recursion, arguably this is moving away from true TR

programs. In recursive execution a sub-procedure is called from within

itself, directly or indirectly, with di erent argumerts to the original call.
Conditions should be tail recursive to be truly Teleo-Reactiwe.

Comm unication Agent communication allows agerts to work e ectiv ely
together to achieve a common goal.

As well as the de nitions of TR syntax and semartics there has beenwork
on generating and optimising TR code[7, 8]. This is work done on generating
TR code from a formal higher level language and optimising generated and
handwritten code to eliminate redundant and unreachable clauses.

4.2.1 TR program examples

This simple example shows two grabbing robots (4.2). The robots can sensethe
ernvironment, they move around until they align themseles with a bar, move
towards the bar and grab it[3].
is-grabbing  -> nil
at-bar-center " facing-bar -> grab-bar
on-bar-midline  ~ facing-bar -> move
on-bar-midline  -> rotate
facing-midline-z one -> move
T -> rotate

Below is an example to show variable passing, recursion and hierarchical
execution. It will lead an agert betweentwo points around obstacles[3.
amble(loc):

14



Figure 4.3: Robotics Invertion System[g

equal(position,lo  ¢) -> nil
clear-path(positi on,l oc) -> goto(loc)
T -> amble(new-postio n(postio n,loc))

goto(loc):
equal(position,lo  ¢) -> nil
equal(heading,cou rse(posti on,loc)) -> move
T -> rotate

4.3 Lego

The Teleo-Reactie programs written in this IDE will needto be compiled to
run on the Lego Mindstorms robots. In 1989 MIT's Developmert Laboratory
of Computer Learning beganreseard into using and developing computer con-
trolled Lego, nine yearslater the Lego Mindstorms and Robotics Invention Sys-
tem was unveiled to the world[9].

The heart of the Robotics Invention System (4.3) is the RCX (4.4), a pro-
grammable microcomputer that can interface with a seriesof sensorsand actu-
ators aswell asa computer and other RCX's (via infrared)[9].

The RCX usesa Hitachi H8/3297 CPU with 16K ROM and 512B RAM.
The RCX can be programmed directly in OpCode (essetially machine code)
or a higher level language. The rm ware supplied with the RCX has support
for OpCode or NQC; alternative rm warescan be usedto run LegOS, TinyOS,
LeJOS or a seriesof other specialisedsystems[1(.

The USB / Serial infrared control tower is cortrolled by a PC through an
activeX cortrol, Spirit.ocx. Spirit.o cx can executebyte code on the RCX, down-
load new programs to the RCX and send/ receive messagesrom the RCX
(4.5)[22].

The Lego Mindstorms have a seriesof bespoke input and output devices,
produced by Lego and other third parties.

Inputs

The infrared transmitter / receiver at the front of the RCX can be used

15



Figure 4.4: RCX][9]

to communicate with a PC via the IR tower, other RCXs or specially
con gured IR devices. It can also be usedas a basic proximity sensor.

There are four buttons ontop of the RCX, all of which, with con guration,
can be usedasinputs.

Lego produce a seriesof sensorsto connectto the three sensorports of
the RCX to measuretouch, light, temperature and rotation.

Third parties produce a huge number of sensorsranging from accurate
range sensorsto microphones[22.

Outputs
Built into the RCX is a speaker that can play a seriesof prepared sounds.
On top of the RCX is an LCD display with v e seven-segmenrdisplays.

Legoproducea DC motor for the RCX, this is the main output devicefor
most projects.

Third parties produce a huge number of further outputs for the RCX
ranging from multi-coloured LEDs to stepper motors[22.

The inputs and outputs available to the RCX will limit the behaviours pro-
duced by this project.

The RCX CPU has a built in timer and (pseudo) random number genera-
tor that can be accessedy most rm wares[22. Recenly Lego have produced
\Vision Command", this is a video camerathat connectsto the RCX, it allows
for simple shape, colour and quadrant recognition[9]. With more advancedand
varied input and output devicescoming out all the time for the Mindstorms
any applications produced for this project will have to be easily expandableto
incorporate their full functionality.

16
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Figure 4.5: RCX Architecture[22]

4.3.1 Lego Higher Level Languages

LegOs LegOsis an open sourceoperating system written for the RCX,
it takesa step forward from the standard rm ware incorporating many
featuresyou would seein a full operating system. Code written for LegOS
is similar to C++. LegOSis still very much in dewvelopmert, until recertly
it was only supported under Suseand Redhat Linux, now limited Unix
and Windows support exists[17.

NQC Not Quite C is a cut down C like languagethat can be compiled
to run on the RCX's standard rm ware, it is supported under Windows,
MacOSX and to a limited extent Linux[12].

Tin yOS TinyOS is a generic open sourceoperating system designedfor
systemswhere code sizeand memory constraints are paramourt, it hasre-
certly beenported to the RCX, however is not widely supported and lacks
many of the features of the bespke rm wares/ operating systems[13.

LeJOS Lego Java Operating Systemis a cut down java virtual machine
running on the RCX, it cortains the basic java padkagesand a seriesof
interfaceswith the RCX. LeJOSis currently supported by Linux, Windows
and MacOSX; it is also hasthe best support for communication between
the RCX and the PC or other RCXs[14].

Conclusions- NQC and LeJOS are the bestand most used rm waresamong
dewelopers, both are well supported and documerted, LeJOS has best support
for communicating, NQC is simpler and the code more concise. The IDE when
written should support at least one of these two languages(preferably both)
and should be fully expandableto add more languagesas needed.

4.4 Mobile Robotic Agents

There are a huge number of robotic agerts you can produce with the Lego
Mindstorms Robotics Invertion System. Multi agert systemscan be designed

17



Figure 4.6: Lego Robots[24]

with agerts that communicate, co-operate and compete. Robots canbe designed
with di erential drive, drive and steer,turn and reverse,tyres, tracks and legs.
Robots can be produced to negotiate a variety of terrains, mazes,coursesand
tracks; following lines, walls, lights, soundsand other robots.

To illustrate the Mindstorms versatility here are some of the more exotic
examples:

The Tracked Bumper Bot (4.6 top right) is a standard Robotics Invertion
Systemrobot; it can senséobstacles” in front of it and react appropriately. An
object is de ned as a solid object or a dark line[24].

The Tri Wheeled Bot (4.6 top left) can negotiate a variety of terrains; a
di erential transfers power from rolling to stepping when an obstacleis encoun-
tered. The pictured implementation contains no inputs however the systemuses
di erential drive and has 3 open input ports sois very versatile[24.

The Killough platform (4.6 bottom left) and the Syndiro Drive (4.6 bottom
right) platform canboth movein any direction without changing the orientation
of the robot. The Syndro Driv e platform maintains direction with alight sensor
while the Killough platform usesa seriesof rotation sensors[2}

4.5 Integrated Development Environmen ts

An IDE is essetially a pieceof softwareto write software, normally consistingof
a sourcecode editor (often with syntax highlighting), a compiler, an interpreter,
build-automation tools and a debugger.

The rst IDE written was for BASIC in 1964, a command basedapproac
as apposedto most modern IDEs that are menu based[15.

The most popular Windows IDE is Microsoft Visual Studio, this supports a
seriesof multiplatform and bespoke languages,it contains the full functionality
described above as well as a comprehensie help library (the MSDN library)
and on-line support. The most popular Linux developmert ervironments are
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Figure 4.7: TR Soccerbots programming window[18]

Vi and Emacs, theseare essetially text editors with syntax highlighting; more
functional IDEs are slowly gaining popularity due to the greater productivity
available[15.

NQC and LeJOS both have open source IDEs available which sit above
the command line calls. For NQC the Bricx Command Certre is available[16],
BricxCC is a Windows only application that is currently being expandedto sup-
port multiple rm waresand languages(including LeJOS). LeJOS hasa bespoke
IDE, the LeJOS Visual Interface[17; Ivi is implemented in Java and therefore
multiplatform (it will run on any system capable of running LeJOS).

Both BrixCC and Ivi consist of a source code editor including a syntax
highlighter, a compiler and tools to communicate with the RCX (to download
rm ware and code).

There are seweral TR IDEs and simulation padagesavailable, however one
stands above producing the most interesting behaviour, TRSoccerBots. TRSoc-
cerBotsis a two-part program, a TR Editor (4.7) including syntax highlighting,
de nable percepts,actions and objects; and a TR Interpreter running an inter-
active Soccer Simulation (4.8) where a group of virtual Soccer robots compete
in a 3D ervironment[18].

TRSoccerBots was written at Stanford University under the supervision of
Nilsson, it is implemernted under Microsoft Dot Net and as sud runs only on
Windows, it is designedto be usedas an educational toy and teachesthe con-
cepts and applications of TR Programming[1§).

The TR Programswritten for TRSoccerBotsare basic TR code with variable
passingand hierarchical execution as extensions, there are a seriesof objects
and arbitrary values are denoted by constarts. Key words and constarts are
uppercase, Percepts and Actions begin uppercaseand unbound variables are
lowercase (variables are bound and typed at compile time). Below is some
example code for \Kiddie Soccer" where a robot runs to the ball and kicks the
ball assoon asit nearsit[18].
kiddiesoccer():

Close(ME,BALL,HI) ANDDirectlyFront(ME ,BALL) -> Kick(HI)
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Figure 4.8: TR Soccerbots playing window[18]

Close(ME,BALL,HI) -> Face(BALL)
DirectlyFront(ME, BA.L) -> MoveForward(HI)
True -> moveto(BALL)

face(pos):
DirectlyFront(ME, pos) -> Nil
Left(ME,pos) -> TurnLeft(HI)
True -> TurnRight(HI)

moveto(pos):
Close(ME,pos,HI) -> Nil
DirectlyFront(ME, pos) -> MoveForward(HI)
True -> face(pos)

Almost all IDEs comewith somesort of integrated documertation; this can
be as simple as a linked pdf or as complex as an interactive tutorial. As the
IDE deweloped in this project will be designedas a teaching aid somesort of
interactiv e tutorial will be necessaryto introducethe TR languageand style of
programming.

A previousIndividual Project at Imperial Collegeapproaceda similar prob-
lem to the T.R.I.D.E, \T eleoReactive Agents" by Nicola Hargreaves[19. Harg-
reaves'project transformed TR programsinto NQC; handcrafted TR programs
and NQC code were looked at and parallels found, basedon this a Prolog com-
piler was written. Part of her work involved de ning a TR formalism which
could easily be converted to NQC, extra NQC code had to be integrated into
this and the NQC setup proceduresabstracted out.

The nal formalism
TR Programs:

Main

Rule

<Name>

<Condition>

<Action Type>

<Sub Program Name>
<NQQCDef. Lines>
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Sub Program <Sub Program Name>
Rule

<Name>

<Condition>

<Action Type>

<Sub Program Name>

<NQODef. Lines>

Setup Commands:

SetSensor( <Sensor>, <Type>, <Mode>)
CalibrateLightSe nsor( < Sensor > )

SetOutput( <Output>, <Mode>, <Direction>, <Power>)
SetDisplay( <Mode>)

SetUserDisplay( <Var>, <Precision> )

Var( <Name>)

SetDatalog( <Size> )

This produced NQC code in the following format:
Constant Definitions
Variable Definitions
Main
Control
Initialise
For each Sub Program < Sub Program Name>
<Sub Program Name> Main
<Sub Program Name> Control
<Sub Program Name> Initialise
For Each Rule
Task
Formations and Subroutines

The example code for a simple line follower:
SetSensor(Sensor 2, Light, Percent)
CalibrateLightSe nsor( Sensor 2)
SetOutput(Out _A, Off, Fwd, 3)
SetOutput(Out _C, Off, Fwd, 3)
Main
Rule
Forward
Sensor_2 < average_Sensor2 + 3
Continuous
OnFwd(OutA + Out_C);
Rule
Swing
TRUE
Continuous
int t += 50;
while(true) f
OnFwd(Out_A);
OnRev(0Out_C);
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wait(t);
OnRev( Out_A);
OnRwd(Out_C);
Wait( t * 2);
t =t *4

g

Hargreaves'project works very well on converting simple TR programs into
NQC, however the scope of the project did not include a visual interface, or
IDE functions such as error cheking and integrated debugging. It was also
constrained by the limits of NQC which only allow ten concurrert tasks.

4.6 Interesting Behaviour

TR programs are a robust agernt architecture that can produce a seriesof in-
teresting behaviours, implemerting TR programs on the Lego Mindstorms will
allow quick and easyproduction of mobile reactive agerts[20].

4.6.1 PEAS Agents

A formal agert model is the PEAS agert, PerformanceMeasure, Environments,
Actuators and Sensors(Similar to a PAGE agert, Percepts,Actions, Goals and
Environments).

Performance Measure The performancemeasureis how well the agert
is succeedingat its task, for examplean agert building block towers could
have the sizeof its tallest tower as a performance measure.

Environmen ts An agert's ervironment is the world it interacts with, the
agert usesits sensorsto obsene the ervironment and produce actions.
There are a number of environmental properties which signi cantly a ect
any agert designdecisions:

{ Fully vs. Partially obsenable: whether agerts can obtain complete
and accurate information about the environment.

{ Deterministic vs. Stochastic: whether eat action is guaranteed to
produce a single evert.

{ Episodic vs. Sequetiial: whether the agert's next action depends
only on the current state of the ervironment (episadic), or on assess-
ment of past ervironment states (sequertial).

{ Static vs. Dynamic: whether the ervironment changesindependertly
of the agert's actions.

{ Discrete vs. Continuous: whether the possibleactions and percepts
on an ervironment are nite (discrete environment) or not (continu-
ous ernvironment)

{ Singlevs. Multiple agerts: Whether there will be other agerts in the
systemto interact with[20].
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Environment

Figure 4.9: Simple Agent[20]

c

Figure 4.10: Tropistic Agent[20]

Actuators The actuators are the agerts output, they may or may not ef-
fect the ervironment. For the Lego Mindstorms the actuators are Motors,
the Internal Speaker and the LCD display.

Sensors Sensorsallow an agert to obsene its ervironment. The Lego
Mindstorms have a selectionof sensorgproducedby Legoand third parties,
theseinclude light, range, touch, sound, temperature etc[20.

A simple agert can be described by their interactions with the environment,
how they perceiwe the ervironment, and how they act upon it (4.9). A slightly
more complex view can describe basic TR agerts, in this represenation we can
seethe agert internally mapping its perception of the ernvironment on to an
action or seriesof actions and then executing(4.10). This nal represenation
allows slightly more complex TR agerts to be modelled, the agert possesses
an internal memory which is viewed and acted upon in the sameway as the
ervironment (howevwer it is fully obsenable and static). Therefore an agert
must read its memory with de ned perceptions and write to it with de ned
actions (4.11).

4.6.2 Non-T rivial Mobile Agents

Adelardo A. D. Medeirosde ned basicrequiremerts for non-trivial mobile agerts

aswell assummarisingthe bestarchitectures and paradigmsfor mobile agerts[23].
Amongst Medeiros' proposed architectures was the subsumption architecture

which is directly analogousto the TR programs as circuits architecture dis-

cussedby Nilsson[3, and amongstthe proposedarchitectures is Teleo-Reactie
programming. The system requiremerts described by Medeiros are described

below and should be exhibited by any agerns designedusing the produced sys-
tem.
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Figure 4.11: Hysteretic Agent[20]

Reactiv e to the environmen t Able to react to suddenchangesin en-
vironment.

Intelligen t behaviour The reaction of the agert to external stimuli must
be guided by the objectivesof its main task and common senserules.

Multiple sensor integration Sensorlimitations are compensatedfor by
multiple sensorintegration.

Resolving of multiple goals The cortrol system should provide means
to resolve con icting concurrent actions.

Robustness The agert must handle imperfect inputs and unexpected
everts.

Reliabilit y The ability to operate without failures or performancedegra-
dation over a certain period.

Programmabilit y The agen should be able to achieve multiple tasks
described at an abstract level rather than a single precisetask.

Mo dularit y The cortrols systemshould be modular (rather than mono-
lithic) allowing subsystemsto be separately implemerted, debuggedand
maintained.

Flexibilit y Flexible cortrol structures are required to allow the designto
be guided by successand failure.

Expandabilit y An expandablearchitecture allows agerts to be designed
incremertally.

Adaptabilit y The cortrol system must rapidly switch between cortrol
strategiesin responceto rapid unpredictable ervironment changes.

Global Reasoning A global high-level decisionmaking agert is required
to account for lower level errors and fusion of all relevant data.

Teleo-Reactiwe agerts can producea seriesof complexbehaviours. This hasbeen
demonstrated with line followers[19, soccer playing agers[18], Robotag[19
gamesand basic animal behaviours[21]. As an example of the e ectiv enessand
versatility of any IDE produced by this project a suitably complex behaviour
should be demonstrated.
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Chapter 5

Language De nition

TR programs and TR programming are generally used as loose concepts in
agert programming. TR programs are usedto describe reactive, tropistic and
hysteretic agerts, however the language is never formalised. Before | could
begin writing a TR compiler the format of the languageto be usedhad to be
formalised.

My formalism of the TR languageincludes basic hierarchical execution and
the following extensions: Variable Passingand Recursion(These extensionsare
de ned in the background).

The Syntax describeshow a valid program is formed. Unique De nitions
describes the valid naming convertions of the language. The Semantics are
split into 3 parts, an Ob ject Store cortaining a heap, a global stack, a pro-
gram courter and local stacks; Lo okup functions which describe how to nd
data in the heap and the Op erational Semantics that describe the program
execution.

An exampleof the operational sematrtics being applied to a program is given
in Appendix D.

5.1 Syntax

trProgr = main, subproc*

main ::= condition+

subproc ::= spfcondition+ g | sp(arg) fconditio n+g
conditition = percept(,percept) * -> action(,action)*
percept == true | p | p(argument*)

action = stop | a | a(argument*)

argument ::= arg

a,p,arg := name

memlist := memory*

memory::= nftype, initialValue ¢

type = javaPrimitive | java.lang.Objec t
initialValue = javaExpresion
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actionlist ;= output*
output ::= outf javaVoidBody g |

out( argumentTuple(,a rgumetTuple) *) fj avavVdd Bodyg
perceptlist = input*
input ::= int fjavaBooleanB odyg|

int(argumentTuple (, argunentTupl e)* ) fja vaBoole anBodyg
argumentTuple ::= type arg

m,act,int,sp = uniguename

program ::= <trProg>trProgr< /tr prog>, <memory>memlistémemay > ,
<actions>actionli st </actio ns>, <percepts>percep tl ist </percepts >

5.2 Unique De nitions

8a2P! (out2P &a act)jj(9sp2P &sp a)
For every action in a program there exists an output or a subpiocedure
8p2P! 9int 2P &p int
For every percept in a program there exists an input
8uniquename2 Pif Q (P uniquename)! :9 uniquename2 Q
There only exists one of every unique name
8p(argl argN)2 P! 9int(typelargl typeNargN)2P &int p
For every percept of n argumentsthere is an input of n arguments
8a(argl argN)2 P! (9out(typelargl typeNargN)2 P &out a)jj

(9sp(argl  argN)2 P &ap a)

For every action of n argumentsthere is an output or sp of n arguments

8arg 2 argList where(p(argList) jj a(argList ) jj out(argList ) jj int (argList )) &

argList® argList arg! :9arg’2 argList &arg arg®

All argumentsin an arg list have uniqgue names

P correctwrt to names
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5.3 Semantics

The model of operational semartics | am using models the synchronous execu-
tion of TR programs,this variesfrom the classicalmodel of TR programswhich
models the system as a circuit. The hardware model of TR programs by its
very nature models the evaluation of perceptsin parallel, with the execution
of actions unde ned!. The Asynchronous model could be applied to the Lego
Mindstorms by evaluating perceptswith separateNQC tasks or LeJOS threads,
however the language extensionssuch as variable passing, hierarchical execu-
tion and recursionwould be unworkable. The synchronous model de ned below
supports all the de ned language extensionswhile trying to keepin the spirit
of the asyndronous paradigm. The thrust of this de nition is to formalise the
use and passingof variables and memory, the dynamic creation of objects, the
order of execution of percepts, actions and sub-procedures,and the execution
of sub procedures. There are four object stores.

The Heap is static, it storesthe TR Program, the input code and the
output code.

The Global stack has a static size, it maps the memory namesto values
plus an extra variable, Continue, which is mapped to a boolean.

The program counter marks the current placein the code, it contains two
integers,the Sub procedurenumber (main numbered 0, additional de ned
proceduresnumbered 1 ...n) and the condition number (O indexed).

The Local Stack contains the local variables, these are variables passed
into a sub procedurefrom a condition or from a perceptto an action; only
perceptscanadd objectsto the local stack. The Local Stack mapsvariable
namesto valuesand renamedvariablesto the original (like a pointer to a
pointer).

Perceptscan add to the Local Stadk or overwrite valueson it but cannot
read from it - This maintains the idea that percepts can be evaluated in
parallel.

Percepts can read from the Global stack but cannot write to it - The
Global stack can be consideredpart of the ernvironment and should not
be a ected by percepts.

It is assumedwhen an action is executed it will explicitly negate the
previously executedaction.

Actions can read from the Local Stack but not not write to it - Maintains
the ideathat actions can be evaluated in parallel.

Actions can write to the Global Stack but not read from it - The global
stack is part of the ervironment so should not be read by actions, instead
read by perceptsand passedto the actions in the local stadk. Actions can
write to the global stadk asthis is seenas a ecting the environment.

lwith respect to synchronicit y
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When a Percept with argumerts is initialised ertries are added to the
Local Stack either mapping to variable namesin the global stack or new
objects ertirely.

When an Action or Sub procedurewith argumerts is initialised ertries are
addedto the Local Stack mapping the argumert namesto other variable
namesin the Local Stack.

When a Sub procedureis initialised the local stack of the condition it is
called from is joined to the current Global Stack to create a new stad;
this new stack is seenas the Global stadk by the conditions of the sub-
procedure.

The operational semartics are de ned in steps of execution, a step (repre-
serted by >) takesa LHS, appliesthe de ned operations from top to bottom
and producesa new Local or Global stack.

Although the operational semartics do not enforce all the conditions and
behaviours detailed above it doesassumethem. If a lower level target language
than Java or C were usedand the operational semariics expandedto cover that
then enforced correctnesscould be possiblewith soundnessand a type system
de ned.

5.3.1 Object Store

The Heapis static.

Heap - Map actions to outputs or subprocedures,map perceptsto inputs, map
subprocNumber and condNumber to a condition.

Global Stack - Maps arg to memory and Continue to a bool initialised as
true.

Prog Counter - Keepsa record of the subprocNumber and CondNumber.
Local Stack - Maps arg to javaObjects and argsto other args.

5.3.2 Look Up Functions

ACCL(a,Heap¥
True if lookup of a in Heap returns action
Falseif lookup of ain Heap returns subPros
Udf othterwiseg
ACL (a,Heap)f
if ACCL(a,Heap) True then return addressin heap of javaCode
if ACCL(a,Heap) Falsethen return subProc number of sp
if ACCL(a,Heap) UDF then return UDFg
PECL(p,HeapX
True if lookup of p in Heap returns input
Udf othterwiseg
PEL(p,Heap)f
if PECL(p,Heap) True then return addressin heap of javaCode
if PECL(p,Heap) UDF then return UDFg
SP(sp,Heap)f
if lookup of spin Heap is successfulthen return args of sp
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elsereturn UDFg
OUT(out,Heap)f
if lookup of out in Heap is successfulthen return args of out
elsereturn UDFg
INT(int,Heap) f
if lookup of int in Heapis successfulthen return args of int
elsereturn UDFg
CONDL(spN,conN,ehp) f
if 0 spN Numberof subprocsin Heap&& 0 conN NCONL(spN,Heap)
then return condition conN in sp spN
elsereturn UDFg
NCONL(spN,Heap)
if 0 spN Number of subprocsin Heap returns number of conditions in sp
elsereturn UDFg

5.3.3 Evaluator

JE(Global Stack, Local Stack, JavaCode)f

Executesthe JavaCode with the Global and Local stack as global variables
returns the nreturn value of the execution and updates Stadks(nreturn, Global-
Stad(', LocalStak’) g

5.3.4 Operational Semantics

Execution
The condition operator is repeatedly called
This gives the continuous operation of TR programs
Heap,GlobalStack 0,[ ], pc(0,0) > GlobalStackl
While(GlobalStac k(Conti nue)) f

Heap, GlobalStackN, [], pc(0,0) >GlobalStackN+1

g

Evaluate Condition (False)
CONDL(N,M,Heap¥ Percepts -> Actions
Look up the condition in the heap
Heap, GlobalStack, LocalStack, Percepts > LocalStack', False
Call evaluate percepts (which return false)
numberCond= NCONL(M,Heap)
Look up the number of conditions in the subprocedure
if(N < numberCond)then Heap,GlobalStack ,Lo calSt ack, pc(N+,M) > GlobalStack’
If this is not the last condition execute the next condition
else GlobalStack' = GlobalStack
Otherwise the global stack is unmodified

Heap,GlobalStack ,LocalStac k, pc(N,M) > GlobalStack'

Evaluate Condition (T rue)
CONDL(N,M,Heap) > Percepts -> Actions
Look up the condition in the heap
Heap, GlobalStack, LocalStack, Percepts > LocalStack',True
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Call evaluate percepts (which return true)
Heap, GlobalStack, LocalStack’, Actions > GlobalStack'
Evaluate the actions and return the updated global stack

Heap,GlobalStack ,Lo calStac k, pc(N,M) > GlobalStack'

Evaluate (Multiple)P ercepts
Heap, GlobalStack, LocalStack, Percepts > LocalStack', result
Evaluate the first percept
Heap, GlobalStack, LocalStack',Perce pts > LocalStack",resu It "
Evaluate the rest of the percepts
result = result' &&result"
Return a conjunction of the results

Heap, GlobalStack,Loc al Stack, (Percept,Percep ts) > LocalStack", result

Evaluate (Single) Percept
PECL(Percept, Heap) True
Check the Input is in the heap
PEL(Percept, Heap) = JavaCode
Look up the input
(result, GlobalStack, LocalStack’) = JE(GlobalStack, LocalStack,JavaC ode)
Evaluate the result
result instanceOf boolean True
Check the result is a boolean

Heap, GlobalStack, LocalStack, Percept > LocalStack’, result

Evaluate (Single) Percept with argumen ts
PECL(Percept, Heap) True
Check the input is in the Heap
PEL(Percept, Heap) = JavaCode
Look up the input
INT(Percept,Heap ) = argsl
Look up the arguments of the input
GlobalStack, LocalStack, args, argsl > LocalStack’
Add the arguments to the local stack
(result, GlobalStack, LocalStack™) =
JE(GlobalStack, LocalStack' ,JavaCode)
Evaluate the result
result instanceOf boolean True
Check the result is a boolean

Heap, GlobalStack, LocalStack, Percept(args) > LocalStack", result

Evaluate true

Heap, GlobalStack, LocalStack, true > LocalStack, true
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Add (multiple) argumen ts to the LocalStack
GlobalStack, LocalStack, arg, argl > LocalStack'
Add the first argument to the stack
GlobalStack, LocalStack’, args, argsl > LocalStack"
Add the rest of the arguments to the stack

GlobalStack, LocalStack, (arg,args), (argl,argsl) > LocalStack"

Add a (single) argumen t to the Lo calStack
if(GlobalStack(a rg) != Udf) then LocalStack' =

LocalStack && (argl, GlobalStack(arg))
If the argument is in the Global stack add a reference to it in the
local stack
if(LocalStack(ar g) != Udf) then LocalStack' =

LocalStack && (argl, LocalStack(arg))
If the argument is in the local stack add another reference to it in
the local stack
else then LocalStack' = LocalStack && (arg, new Object) && (argl, arg)
Otherwise create a newobject in the local stack and add a reference
to it

GlobalStack,Loca ISt ack, arg, argl > LocalStack'

Evaluate multiple Actions
Heap, GlobalStack, LocalStack, Action > GlobalStack'
Evaluate the first action
Heap, GlobalStack',Lo calSt ack, Actions > GlobalStack"
Evaluate the rest of the actions

Heap,GlobalStack , LocalStack, (Actions,Action s) > GlobalStack"

Evaluate a Single Action
ACCL(Action,Heap) True
Check there is an output defined
ACL(Action,Heap) = JavaCode
Look up the output code
(result,GlobalSt  ack', Local Stack) = JE(GlobalStack, LocalStack ,JavaCode)
Evaluate the output code updating the Global stack

Heap,GlobalStack , LocalStack, Action > GlobalStack'

Evaluate a stop action
GlobalStack' = GlobalStack(Cont in ue = false)
Set Continue to false in the Global Stack

Heap,GlobalStack , LocalStack, stop > GlobalStack'

Evaluate a single action with argumen ts
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ACCL(Action,Heap) True

Check output code exists

ACL(Action,Heap) = JavaCode

Look up the output code

OUT(Action, Heap) = argsl

Look up the output arguments

Heap, GlobalStack, LocalStack, args, argsl > LocalStack'

Add the arguments to the local stack

(result,GlobalSt  ack’, Local Stack’) = JE(GlobalStack, LocalStack’, JavaCode)
Evaluate the java code

Heap,GlobalStack , LocalStack, Action(args) > GlobalStack'

Call a subpro cedure
ACCL(Action,Heap) False
Check no ouput code exists
ACL(Action,Heap) = spNumber
Look up the subprocedure number
Heap,GlobalStack && LocalStack, [] ,pc(0,spNumber) > GlobalStack'
Call the new subprocedure with a new Local stack and the current local
and global stack combined as its global stack

Heap,GlobalStack , LocalStack, Action > GlobalStack'

Call a subpro cedure with argumen ts
ACCL(Action,Heap) False
Check no ouput code exists
ACL(Action,Heap) = spNumber
Look up the subprocedure number
argsl = SP(Action, Heap)
Look up the sp arguments
GlobalStack && LocalStack, [], args, argsl > LocalStack'
Add the arguments to the newlocal stack
Heap, GlobalStack && LocalStack, LocalStack' ,pc(0,spNumber) > GlobalStack'
Call the new subprocedure with the new Local stack and the current
local and global stack combined as its global stack

Heap,GlobalStack , LocalStack, Action(args) > GlobalStack'
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Chapter 6

The Compliler

The TR compiler is a padage in TRIDE which parsesa TR program into
an Abstract Syntax Tree (AST), chedks the namesand typesare correct then
outputs a string of Native Code. The compiler is accessedhrough the AST
Generator, two Cheders and the AST to Native Interface.

6.1 Class Listing

6.1.1 AST Generator

Generatesa tree of AST objects from TR Code, Percept Code, Output Code
and Memory Code. The AST holds additional information on the Program
Name, the SensorTypes, the SensorModes, the Output Types, the Output
Modes, whether this is a communicating agert and the debug information.

If there is an error during parsing the AST Generator records an error de-
scription string, the code panel where the error occurred and the line number.
The partial AST is discarded.

The parseritself is a hand coded bottom up state machine which builds the
AST token by token.

6.1.2 AST Checker

The AST Cheder performs name cheds on the AST by repeatedly running
through it from root to nodes building an error list asit goes. The errors are
labeled critical (this program will not compile) or non critical (this program
may contain unused methods or variables), a program with no errors is labeled
okay.

The rst ched performed by the AST is the unique namesched, this con-
rms no action de nitions, perceptde nitions, sub proceduresor memorieshave
the samename. The next ched con rms that every perceptin the TR program
is de ned and that every action is de ned, critical errors are agged if these
cheds fail.

Finally it is cheded that every de ned percept, action, memory and sub
procedureare accessiblerom the TR program, non critical errors are agged if
this ched fails.
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6.1.3 Type Checker

The Type cheder recursively assignstypesto all the variables passedto and
between percepts, actions and sub-procedures. It cheds every passedvariable
is used at somepoint, that a type can be inferred for every variable, numbers
of argumerts always match and variable types always match. If any of these
cheds fail a critical error is agged.

6.1.4 AST to Nativ e

AST to Native is an interface allowing any native code generatorto be plugged

in. Two methods are speci ed:

void AstToNative(Ast ast, boolean debugger) - A method that takes as

argumerts an AST and whether debuggableTR code is being produced.

String GetNativeCode() - Returns a string represeration of generatedcode.
There are three classeswhich implement ASTtoNativ e: ASTtoJave, AST-

toNQC and ASTtoT ea.

6.1.5 ASTtoJa va, ASTtoNQC & ASTtoT ea

All three Abstract Tree to Native Code corverters are very similar, they run
through the tree starting with the TR Code and build a native code translation
(optionally with debuginformation). The native languagesimplemented so far
are respectively LeJOS (Lego Java Operating System), NQC (Not Quite C) and
Tea(a C like languageimplemerted on the Garcia robot).

6.2 AST

The Abstract Syntax Treeis built from small object classedrom the compiler.ast
padage.

6.3 Class Listing

6.3.1 AST

The root classof the Abstract Syntax Treeis the AST class. AST contains the
main Procedure, and ArrayLists of Sub Procedures(type Procedure), Percept
Descriptions (type Perception), Action Descriptions (type Output) and Memo-
ries (type Memory).

6.3.2 Pro cedure

A Procedureobject is usedto represen either the main TR program or a Sub
Procedure. Procedure has variables represerniing the name of the procedure
(\main" if this is the main TR program), the line number where the name of
the procedureis de ned (the line of the rst condition in the main procedure),
and ArrayLists of TR rules (type Condition) and Arguments (type Argument).
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6.3.3 Condition

The condition classrepresens a single TR rule, it corntains an ArraylList of
Percepts (type Percept), Actions (type Action) and Arguments passedfrom
perceptsto actions (type Argument). Extra elds hold debuggerinformation
and the line number the rule is held on.

6.3.4 Percept

Percept objects represen the perceptsthat must be true to trigger the actions
of a TR rule. They corntain a name and an ArrayList of Arguments.

6.3.5 Action

Action objects represernt the actions that that are taken when a TR rule is
triggered, they either correspond to action descriptions (type Output) or a sub-
procedure (type Procedure). They contain a name, an ArrayList of Arguments
and if they refer to a subprocedure,a link to that procedure (this link is neces-
sary for recursive inferenceof types).

6.3.6 Perception

Percept descriptions are held in Percept objects, when a Percept needsto be
chedked in the TR code the percept description is called. Percept descriptions
contain the Percept name, the native code and a list of argumerts.

6.3.7 Output

Action descriptions are held in Output objects, when an Action is executedit
calls the native code held in the action description. Action descriptions cortain
the Action name, the native code and a list of argumerts.

6.3.8 Memory

Memoriesare represeried by Memory objects. They contain a name, a type, an
initial value and the line number that they are declaredon.

6.3.9 Argumen t

All argumerts, whether passingvariablesinto an Action / Percept or between
TR sub-procedures, are represeried by argumernt objects. Argument objects
cortain the argumernt name and argumert type. Arguments within TR pro-
grams have type null; type information within the TR program is inferred after
the AST generation during the type cheds.

6.4 Example

Below is an example TR program, how it convertsto an AST and how the AST
is corverted to LeJOS code.
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Figure 6.1: Object Diagram of the AST padage
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The TR programis a Light Follower, the epsilonvalue changesthe hysteresis.

TR program
LeftGreaterThanR igh t( epsil on) -> Left
RightGreaterThen Left( epsil on) -> Right
True -> Forward

Percept Code
LeftGreaterThanR ight( int difference) f

return(Sensor.S2. readValue() < Sensor.Sl.readVal ue() + difference);
g
RightGreaterThen Left( int difference) f

return(Sensor.S1. readValue() < Sensor.S2.readVal ue() + difference);

g

Action Code
Forwardf
Motor.A.forward() ;
Motor.C.forward() ;
g
Left f
Motor.A.backward( );
Motor.C.forward() ;
g
Right f
Motor.A.forward() ;
Motor.C.backward( );

g

Memory Code
epsilon fint, 10g

The AST displayed in gure 6.2 is produced. The AST generator parses
the four code segmens separately this leaves four sub ASTs stored together
by the AST root node. The above program has no sub-proceduresso the only
procedure stored is main.

Oncethe AST is built the AST cheder will run name cheds. The rst will
build a list of unigue namesand ched that there are no clashes.

Unique namelist: [LeftGreaterThanRight, epsilon, Left, RightGreaterThen-
Left, Right, Forward]

The next ched will conrm that the perceptsusedin the TR code [Left-
GreaterThanRight, RightGreaterThenLeft] have corresponding Percept de ni-
tions. This is repeated for the Actions. For e ciency the samechedks are per-
formedin reverse,it is chedkedthat [LeftGreaterThanRight, RightGreaterThen-
Left, Forward, Left, Right] all appear in the TR code.

The nal name ched will conrm that [epsilon]is usedin either a Percept
/ Action description or in the TR code.

The type cheder will nd the percepts/ actions that take argumerts and
unify thoseargumerts to types. In the above examplethe rst ched will con rm
that LeftGreaterThanRight takesan int argument (di erence), if the argument

37



AST

| Precedure

el Memory

epsilon
Type: int
Thitial Value: 10

Figure 6.2: Example Abstract Syntax Tree

38

main
p| Condition
|| Perception
L | Percept
LeftGreater ThanRight
Args: int difference LeftGreater ThanRight
Code: retum{Sensor... Args: epsilon
|| Perception L mlAction
RightGreaterThanTeft | gl Condition Left
Arge:int difference
Code: retum{Sensor...
L | Percept
|| Action RightGreaterThanLeft
Args: epstlon
Forward
Code: Motor & for.. =
L wlAction
| Action L gl Condition Right
Left
Clode: Motor. & bac... - gl Percept
- True
|| Action
Right L mAction
Code: Motor & for. .
Forward




being passedis a memory its type will be cheded (in this caseepsilonis also of
typeint) asthe typesmatch no errors are thrown and the cheds cortinue. The
chedks will proceedin the sameway for RightGreaterThenLeft. The AST once
cheded for typesand namesproducesthe following LeJOS code (some calls /
methods have beenreplacedwith commerts to increaseclarity):

LeJOS Code
/import  appropriate libraries
public class LineFollower f
static int epsilon = 10;
static boolean running = true;
public static void main( String [] args ) f
//Sensor and motor initialisation calls
while(running) f
if(lcondition  _Main_0())
if(lcondition ~ _Main_1())
condition _Main_2();
g

g
public static boolean condition _Main_0() f

boolean conditionExecute d = LeftGreaterThanR ig ht (epsilon);
if(conditionExecu ted)f
Left();
g
return(conditionE  xecut ed);
g
public static boolean condition _Main1() f
boolean conditionExecute d = RightGreaterThen Left (epsilon);
if(conditionExecu ted)f
Right();
g
return(conditionE  xecut ed);
g
public static boolean condition Main2() f
boolean conditionExecute d = true;
if(conditionExecu  te d)f
Forward();

g
return(conditionE  xecut ed);

g
public static boolean LeftGreaterThanR ight( int difference) f
return(Sensor.S2. read\al ue()<Sersor. S1.readVal ue()+ di ffe rence);
g
public static boolean RightGreaterThen Left( int difference) f
return(Sensor.S1. read\al ue()<Sersor. S2.re adVal ue()+ di ffe re nce);
g
public static void Forward() f
Motor.A.forward() ;
Motor.C.forward() ;

g
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public static void Left() f
Motor.A.backward( );
Motor.C.forward() ;

g
public static void Right() f
Motor.A.forward() ;
Motor.C.backward( );
g
//Additional methods for Stopping the TR program

The memoriesare declaredas Static variables beforethe main method with
a boolean Running, while Running is true the loop will continue executing.
The main methods contains a \while loop", the core loop which evaluates eac
condition. If a condition returns uncalled (false) the next condition is evaluated
otherwise the loop is run through again.

Each condition method represeris a TR rule, when a condition is called it
begins by ewaluating the percepts. If the percepts evaluate to true the actions
are executed and \true" is returned from the condition, otherwise nothing is
executedand false is returned. If the percepts or actions take any argumerts
it is cheded if they are memories, if they are nothing is added, if not a new
variable is declared. The argumert variables are declaredwithin the condition
methods to take advantage of name spacesthis allows an argumert to be passed
from percept to action without a ecting the rest of the procedure.

After the condition methods comethe perceptsand actions, eat oneis de-
clared in their own method, the native code is taken from their initial de nition
untouched.

6.5 Nativ e Generation for languages other than
LeJOS

The implementation of the TEA native generationis practically identical to the
LeJOSgenerationapart from a few syntactic issues(TEA doesnot have boolean
typesand the Java speci ¢ declarations neededto be converted to a C style i.e.
removal of the \public" and \static" keywords).

The NQC de nition was a little trickier as NQC does not support return
types(ALL methods are void). This meansa pointer to a return variable must
be explicitly passedasthe rst argumert to the condition methods.

Example of the NQC core loop
while(running) f
int executed = false;

condition _Main_0( executed );
if(lexecuted)conti  nue;
condition _Main_1( executed );
if(lexecuted)conti  nue;
condition _Main_2( executed );
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Chapter 7

The Nativ e Interface

Communication with the Lego RCX is handled by third party software, the
particular software usedis dependert upon the rm ware running on the RCX
and the platform the systemis running on. Platform dependert classescan be
swappedin and out asneeded;there is a singleinterface with the main program,
RCXIn t, that must be implented by the platform dependert classes.RCXInt
cortains stubs for the genericprocedures.

There are three classesthat implemert RCXInt. LejosInt usesthe LeJOS
padkage, it is compatible with PC, MAC and Linux, and is for use with the
LeJOS rm ware. NQCInt usesthe NQC program, it is compatible with PC
or MAC and runs on the Lego Standard rm ware. NQCMaclInt is a partial
interface, it was implemented for testing purposes,it usesthe visual program
MacNQC. With LeJOSInt and NQClint, TRIDE sits above the command line
program and hides the lower level commandsfrom the user. NQCMaciInt uses
TRIDE only as a Pre-processorleaving the user to use MacNQC to interface
with the RCX.

LejosInt and NQCInt handle the cross-compilationof Nativ e code into byte
code/ assenbler. If there is an error during compilation or downloading this is
output to the userin a JavaSwingframe (7.1).

The frame has two buttons on it, \OK" and \Cancel". \OK" is only se-
lectable when the command called from the third party software has nished
executing, if \Cancel" is selectedit attempts to kill the thread in which the third
party software is executing. The frame is modal, meaning the main TRIDE

LEJOS Link and Download

Cancel

[4]

4] [
27"%

Figure 7.1: Download Window
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frame cannot be accessedvhile the Nativ e Interface dialogue is taking place.

7.1 Class Listing

7.1.1 RCXIn 't

The interfaceto the LegoRCX seenby the GUI. Contains the following method
stubs:

void downloadFirmware() - Downloads rm ware onto the RCX.

void linkAndDownLoad(File sourceFile) - Resohes any links and down-
loads the source le to the RCX.

void compile(File sourceFile) - Compilesthe source le into either byte-
code or assenbly.

void setRCXPort(Strin g rcxPort) - Setsthe port that the IR Tower is con-
nected to.

void setDir(String nativeDir) - Sets the directory cortaining the third
party software required for the native interface.

Also included are respective get methods for rcxPort and nativeDir.

7.1.2 LejosInt

LejosInt implements RCXInt providing an interface to the LeJOS Padckage. Us-
ing the RCX port and native directory, LejosInt constructs the external calls
neededto compile and download a program or download rm ware. These calls
are then passedto the relevant LejosDialogue.

7.1.3 LejosDialogue

LejosDialogueis an abstract classextending JDialog and implementing Action-

Listener. It displays a Java Swing dialogue frame with an optional progressbar.

The external action to be called is passedfrom the LejosInt and executedwith:
Runtime.getRunt ime() .e xec(c md, env)

The Input is read with an InputStream and formatted by the relevant extending

class.

7.1.4 LdDialogue, DIFDialogue & CompileDialogue

These three classesextend LejosDialogue, they control how the format of the
LeJOS program is displayed to the user. LdDialogue and DIFDialogue are the
windows displayed for the \link and download" command and the \download
rm ware" command respectively. A progressbar is displayed along the bottom
of the window during the download (7.2). If the download is successfulthe
user is displayed a \Program Download Successful"messageor a \Firm ware
Download SuccessfulMessage", if the download is not successfulthe user is
displayed the error messagegrom the LeJOS program.

The CompileDialogue has a similar display however there is no progress
bar (compilation generally takes lessthan 2 seconds). If errors occur during
compilation they are displayedto the user; otherwisea\Compilation successful"
messageés displayed.
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7.1.5 NQCIn t

NQCInt implements RCXInt, similar to LejosInt it providesthe interfaceto the
NQC program. External calls are constructed and passedto the NQCDialogue.

7.1.6 NQCDialogue

Becausethe output of the NQC program is less structured than the LeJOS
padkage, the output is passedstraight to the userrather than being formatted
into errors and progressinformation rst. This is not a major issueasthe output
is easily informativ e enough.

7.1.7 NQCMacin t

NQCMacint implements RCXInt but does not provide the full functionality.
MacNQC is an IDE designedspeci cally for NQC on the Mac and as such holds
signi cantly more functionality than TRIDE. The interface to MacNQC was
initially only usedfor testing purposes,however | left it in the nal application
as it shows how TRIDE can easily be used as a pre-processorfor language/
platform specic IDEs.

The interface to the RCX combined with the compiler can be coupledto any
text editor. If the userprefersto usetheir own GUI or text editor (e.g. Vi) the
compiler can be passedthe TR program asa seriesof strings and return a single
string of Native code. RCXInt can be passeda String of Native Code and the
RCX settings to download the program onto the RCX.
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Chapter 8

The Debugger

The debuginterface described is genericto all platforms and robots; the speci c
interface detailed here is the LeJOS interface. The LeJOS padkage allows far
greater cortrol of Low Level Communication through the IR port and greater
cortrol over the IR tower. As the debuggerusesthe IR tower to interface
betweenthe RCX and TRIDE, programs involving communication via the IR
port cannot be debugged.

The user interacts with the Debug interface on the same page that they
write the TR code. The user beginsby dragging out the break point tab from
the right of the screen(8.2-1). The break point tab contains two columns of
selectablebuttons, two buttons for ead line of TR code, where the user can
place breakpoints. If they select a breakpoint from a left hand button the
program will break when the percepts on the line assaiated with that button
are evaluated, if they selecta button on the right, the program will break when
the actions on the assaiated line are executed. This allows the userto run a
program to the exact point they want it paused.

When the break points have been set the user compilesthe TR code into
debuggable native code (using the compile debuggablebutton). Debuggable
native code contains speci ¢ methods allowing the program to be pausedand
to cortinue. The debuggablenativ e code is then compiled and downloaded onto
the RCX asnormal.

Currently debuggingcanonly take placewhenline of sight is maintained with
the RCX and the tower. The debug interface allows new forms of debugging
to be swapped in and out as required. A suitable extension to this project
would be to implement a remote debuggerover wirelesstechnology (more details
in extensions). To allow line of site to be maintained for mobile agerts it is
conveniert to physically attach the IR tower to the RCX (8.1).

The debugging sequencss initiated by the user clicking either \run to step
point" or \run to break point" (8.2-2). As variables cannot be passedto the
RCX at start up, regardlessof which button initiated the debuggingsequencet
will run to the default break / step point. Default is setto \run to step point"
if and only if there are NO de ned break points, otherwise the default is set to
\run to break point".

The userinterfaceswith the debuggerenrtirely through the step point, break
point and stop buttons. When the user clicks step point the RCX will run until
a condition which wasfalse or unevaluated on the previous cylce becomestrue.
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Figure 8.1: RCX connectedto the IR Tower

When the user clicks break point the RCX will run until it reachesa point in
the program agged asa break point. If no breakpoints are set or a break point
ag is never met, clicking breakpoint will causethe program to run as normal.

When the RCX readhesa step point / break point it broadcastsit's current
line to the tower. TRIDE then highlights the current line being evaluated in
the TR text area(8.2-3).

8.1 Class Listing
8.1.1 Debugint

Debuglnt is an interface to the Debuggerallowing platform dependert / wire-
lessdebuggersto be plugged in as necessary The following method stubs are
included:

boolean readyToDebug(Strin g port, String nativeDir) - readyToDebug
takes as argumerts the same settings as the Native Interface. It returns true
if it hasline of sight with the RCX and if the RCX is ready to start a debug
session.

void setTextArea(Text Area text) - Setsthe textArea to be usedfor the de-
bug session(although in TRIDE this will always be the TR text area, allowing
the userto specify meansthis interface can be usedwith alternate GUISs).
boolean goToStepPoint() - Sendsa step messageo the RCX and highlights
the next line of text the system stepsto, returns true if successful.

boolean goToBreakPoint( ) - Sendsa break messageto the RCX and high-
lights the next line of text the systembreaksto, returns true if successful.
void stop() - Ends the debug session.

boolean currentlyDebugg ing () - Returns true if a debug sessionis currently
active.

8.1.2 Towerln terface

An abstract classproviding methods to initiate communication with the RCX
via the IR tower, close communications and send padkets. The package uses
tower.dll provided by the LeJOS padkage making it LeJOS and Windows spe-
cic.
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Figure 8.2: Debugging Session

8.1.3 Debugger

Debugger is the LeJOS debugger, it extends Towerlnterface and implemernts
Debugint. It spawns a separatethread corntaining the debug cycle, this allows
the GUI to cortinue running smoothly during a debugsession.The debugcycle
is a loop which managessending and receiving messagedrom the RCX and
setting the lines in the text area. When a step point or break point is called
it setsa ag in Debugger class which is picked up in the next cycle of the
debuggerthread. When the user endsthe debuggingthe debugthread is killed
and communication with the IR tower closed.

8.1.4 NQCDebugger

NQCDebuggeris similar to debuggerexceptit debugsNQC code rather than
LeJOScode. NQCDebuggerimplemerts Debugint. All communication with the
RCX is managedwith the NQC command line application, unfortunately there
is no facility with NQC to listen for messagedrom the RCX so line numbers
are retrieved from the RCX by polling the RCX's DataLog (The datalog is
e ectiv ely a sharedmemory spacebetweenthe computer and the RCX held on
the RCX). Due to the polling the NQC debug protocol is not as ecient or
reliable asthe LeJOS protocol.
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8.2 Abstract Description of the proto col

The debuggercycleis spavnedin a separatethread to the main program. Below
is the pseudo-cale for the LeJOS debuggercycle (as implemenrted in the class
Debugger).
While(Debugging) f
Set current highlighted line to the last received message
Wait for the user to set run to step point or run to break point
Send messageto the RCX(either step point or break point)
Wait for a reply from the RCXconfirming messagereceived
If the messageis not received within 1 second, resend
Wait for the next line to highlight
If messageis not received within 1 second send a waiting msg

8.3 LeJOS code with debugger metho ds

Below is the sameTR program shown in the compiler, a simple light follower,
with the debuginformation italicised. There are no breakpoints placed.

The debuginformation is encapsulatedin a debuggerobject. An instance of
the debuggerobject is declaredwith the memory items:
static debugger d = new debugger();

The Low Level Communicator is then initialised to allow communication with
the IR tower:

LLC.init();

The debuggerobject contains a 2D array with the rst index represerting sub
proceduresand the secondindex represeting rules, this represeris the pro-
gram's state. The example program only has one procedure, the main proce-
dure, with three rules:

static boolean[][] state = new boolean[1][3];

Every time a condition is evaluated the state is updated with the rule and sub-
procedure:

d.updateS(0,0,co nditi onExecuted);

If a condition is evaluated true a step point is called

stepPoint(1,0,1) ;

The argumerts for a step point or breakpoint are the same: the line number
the rule relatesto in the TR code, the sub procedurethe rule is in and whether
the point is called on the LHS or RHS of a rule. When a step or break point is
called the step or break conditions are chedked to seeif the program needsto
be paused, then the point method is called. Point savesthe current state of
the outputs, stops any motors, communicates with the tower then restoresthe
states of the outputs.

Communicatesendsthe current line number to the tower, waits for the tower
to reply asto whether to run to a step or break point next, repliesthat it has
correctly received the messagewaits for the tower to reply that it is ready to
receive more messageshen cortinues.
import josx.platform.rc ~ x.* ;
import josx.rcxcomm.*;
public class LightFollower f
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static int epsilon = 10;
static debugger d = new debugger();
static boolean running = true;
public static void main( String [] args ) f
LLC.init();
while(running) f
if(lcondition  _Main_0())
if(lcondition  _Main_1())
condition _Main_2();
g

g
public static boolean condition _Main0() f

boolean conditionExecute d = LeftGreaterThanR ig ht(epsilon);
d.updateS(0,0,con ditio nExecut ed);
if(conditionExecu  te d)f

stepPoint(1,0,1 );

Left();

g
return(conditionE  xecut ed);

g
public static boolean condition _Main1() f
boolean conditionExecute d = RightGreaterThen Left (epsilon);
d.updateS(0,1,con ditio nExecuted);
if(conditionExecu ted)f
stepPoint(2,0,1 );
Right();
g
return(conditionE  xecut ed);
g
public static boolean condition _Main2() f
boolean conditionExecute d = true;
d.updateS(0,2,con ditio nExecut ed);
if(conditionExecu ted)f
stepPoint(3,0,1 );
Forward();

g
return(conditionE  xecut ed);

g
public static boolean LeftGreaterThanR ight( int difference) f
return(Sensor.S2. read\al ue()<Sersor. Sl.re adVal ue()+ di ffe rence);
g
public static boolean RightGreaterThen Left( int difference) f
return(Sensor.S1. read\al ue()<Sersor. S2.re adVal ue()+ di ffe re nce);
g
public static void Forward() f
Motor.A.forward() ;
Motor.C.forward()
g
public static void Left() f
Motor.A.backward( );
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Motor.C.forward() ;
g
public static void Right() f
Motor.A.forward()
Motor.C.backward( );
g
public static void STOP(f
Motor.A.stop();
Motor.B.stop();
Motor.C.stop();
running = false;
g
public static void breakPoint(int  lineNumber, int procNumber, int
side) f
if(side == 0| d.changed) f
point(lineNumbe r) ;
g
g
public static void stepPoint(int  lineNumber, int procNumber, int
side) f
if(d.break _step == 1 && d.changed) f
point(lineNumbe r) ;
g
g
public static void point(int  lineNumber) f
d.stopped = true;
boolean motorAFor
boolean motorBFor

Motor.A.isForwar d() ;
Motor.B.isForwar d() ;
boolean motorCFor = Motor.C.isForwar d() ;
boolean motorABac = Motor.A.isBackwa rd( );
boolean motorBBac = Motor.B.isBackwa rd( );
boolean motorCBac = Motor.C.isBackwa rd( );
Motor.A.stop();

Motor.B.stop();

Motor.C.stop();

comunicate(lineNu mier) ;

d.break _step = d.break step - 2;
if(motorAFor)Moto r. A.f orward();

if(motorBFor)Moto r. B.f orward();
if(motorCFor)Moto r. C.f orward();
if(motorABac)Moto r. A.backwad ();
if(motorBBac)Moto r. B.backwad ();
if(motorCBac)Moto r. C.backwad ();

d.stopped = false;

g

public static void communicate(int lineNumber) f
byte[] msg= new byte[1];
msg[0] = (byte)lineNumbe r;
LLC.sendBytes(msg,1);
int numberTries = O;
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int n=0;
while(n = 1 &&n = 2)f
n = LLC.read();
g
d.break step =4 - n;
msg[0] = (byte)110;
LLC.sendBytes(msg,1);
numberTries = 0;
n = 0;
while(n = 110)f
n = LLC.read();
g
g

class debuggerf
static int break _step = 1;
static boolean stopped = false;
static boolean[][] state = new boolean[1][3];
static boolean changed = false;
public static void updateS(int subProc, int condN, boolean condition) f
changed = state[subProc][co ndN] != condition;
state[subProc][co ndN] = condition;
if(condition)  f
forint i = condN+1;i < 3; i++)f
state[subProc][ i] = false;
g
g
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Chapter 9

Comm unication

Communication is not often dealt with in TR programs. As the RCX has
communication facilities, | wanted to exploit theseto allow usersto model com-
municating agerts and more complex multi agert systems.

9.1 Computer Agent Comm unication

Computer agert communication can be performed from within the TRIDE ap-
plication using the communication window(9.1). The communication can be
opened either from the communication menu or by clicking on the tower icon
(9.2).

In LeJOS you can send single bytes or padkets of 3 bytes, packets with
speci ¢ meaning can be selectedfrom the drop down meru (e.g. the padket
[210, 2, O] will start a program). The text area on the right hand side of the
communications window displays bytes or padkets read from the RCX (sending
padkets is slightly more complicated due to bu ered parity information however
they can cortain three times the information and canbe bouncedo white walls
if line of site is a problem).

NQC varies from LeJOS in a similar way to the debugger, messagesare
written by the RCX to the datalog which is polled by TRIDE. Also NQC will
only allow speci ¢ packetsto be sernt: Start Program, Msg1, Msg2 and Msg3.

Communication

Evytes wust he betwen 0..255

T T
Send Byte 0 Feceiving Bytes (]

(]

Jend Packet H |2

-

End Comunications

\Select Packet o] Change Receiver —

Figure 9.1: The Communication Window
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Figure 9.2: Tower Icon

9.2 Class Listing

9.2.1 Comm unicationin t

Communicationint is an interface allowing di erent communication modulesto
be swapped in and out as needed,it contains stubs for the following methods:
boolean startCommunicat ion s(Strin g port, String nativeDir) - Initiates
communications, takesas argumerts the samesettings as the Nativ e Interface.
Returns true if communications are started successfully

void sendByte(byte b) - Sendsa byte to the RCX.

void sendPacket(byte bl, byte b2, byte b3) - Sendsa packet containing
the three bytes speci ed.

void changeReciever() - Togglesthe receiver between receiving padkets and
bytes, the default is bytes.

void setText(TextArea text) - Setsthe text area for the received bytes /
padkets to be written.

void endCommunication() - Ends the communication session.

boolean supportBytes() ,boolean supportPackets() ,boolean supportMsgs()
- Returns true if this communication module supports the sending of bytes,
padkets and msgsrespectively.

9.2.2 LeJOSComms

LeJOSCommsallows communication betweenthe RCX and TRIDE; it extends
Towerlnterface and implements Communicationint. Messagesre received by a
receiver thread which runs cortinually in the badkground listening for messages
from the RCX; the receiver is started by the call to startCommunications and
terminated by the call to endComnunication.

9.2.3 NQCComms

NQCComms implements Communicationint. As with the debuggerthe NQC
messageeceiver polls the Datalog for messagesThe receiveris run in a separate
thread and cyclestwice a second. Messagesare sert via external calls to the
NQC application.

9.3 Agent Agent Comm unication

Communication betweenRCXs is very similar to betweenan RCX and a Tower
1. Communication in LeJOSis performedthrough the IR port with a Low Level

1Agent communication is covered in more detail in the behaviour listing
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Controller Object. Communications must be turned on in the settings panel.
Below is a percept and action to read and write bytes from an array, the array
is de ned asa memory.
Percept code
ReadMessage(int[ ] readArray) f
int n = LLC.read();
readArray[0] = n;
return(n > 0);
g
Action Code
WriteMessage(int [] readArray) f
int writeVal = readArray|[0];
byte[] byteBuffer = new byte[1];
byteBuffer[0] = (byte)writeVal;
LLC.sendBytes(by teBuffer,1 );
g

Memory Code
ReadArrayf int[], new int[10] g
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Chapter 10

Platform Dep endence

When referring to platform dependencein relation to TRIDE | am referring to
three variables:

The Native LanguageBeing Compiled.
The Platform TRIDE is running on.

The third party software being usedto interface betweenTRIDE and the
RCX.

All aspectsofthe application dependert on thesethree variablesare managed
by the Platforms padkage. This allows a new platform to be added quickly and
easily The platform to beloadedis speci ed by the rst argumert whenrunning
the program, e.g. to run the program with the NQC platform call:

java Runner nqc
from the command line.

The capabilities of eacd platform are held in a boolean array, the indices of
these referencesare contained in the static classPLATFORM. If a platform is
not capable of a speci ¢ function, that function is hidden from the userin the
GUI e.g. when compiling Teacode to run on the Garcia, TRIDE is unable to
debug Tea code, this meanswhen the platform is speci ed as\tea" there is no
option to compile debuggablecode and no debug cortrols are displayed.

10.1 Class Listing
10.1.1 Platformin t

Platformin t is the interface usedto specify a platform. Platformint contains
stubs for methods which specify the name of the native language,the le exten-
sionsand le lter; methods for de ning the contents of the drop down menus
on the sensorpanel; and the following methods:

boolean[ ] getFunctions() - GetFunctions returns a boolean array repre-
senting the capabilities of the platform.

AstToNative getAstToNative() - The getAstToNative method returns an ob-
ject implemerting the AstToNative interface.

RCXInt getRCXInt() - The getRCXInt method returns an object implemerting
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the RCXInt interface.

Communicationint getCommunicationint () - The getCommunicationint method
returns an object implemerting the Communicationint interface.

Debuglint getDebuglint() - The getDebuglnt method returns an object imple-
merting the Debugint interface.

10.1.2 PLA TFORM

Platform is a static classde ning the indexes of the capabilities array and a
method, getPlatform. getPlatform returns the respective classimplemerting
platformint, taking the platform string given at the command line as an argu-
mernt. The possiblecapabilities de ned in platform are: Debugging, Communi-
cating, Compiling Native Code and Downloading Native Code. The platform
strings recognisedare \tea", \ngc" and\lejos", the getPlatform method returns
a Teaobject, NQC object or LeJOS object respectively.

10.1.3 LeJOS

LeJOSimplemerts the Platformin t interface, it de nes the constarts and inter-
facesneededto compile, run and debug LeJOS code.

10.1.4 NQC

NQC implemerts the Platformint interface, it de nes the constarts and inter-
facesneededto compile, run and debug NQC code.

10.1.5 Tea

Compilation into Teacode only usesTRIDE as a pre-processor.The Teaclass
speci es the interface neededto compile Tea code, the other interfacesare re-
turned as null.

10.2 Adding a new platform

To add a new Nativ e language,port TRIDE to a new platform or specify TRIDE
usesa di erent Interfaceto the RCX (or other robot), a new classimplemerting
Platformint (or extending a previously de ned platform) needsto be de ned.
A key word identifying the new platform needsto be de ned and added to
the PLATFORM class. New classesneedto be de ned (or current classescan
be usedwhere applicable) implemerting the following interfaces: AstT oNative,
RCXInt, Communicationint and Debuglnt.
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Chapter 11

XML

The TR programsare savedin an XML format. | choseXML dueto its portabil-
ity, there are multiple XML viewers and editors allowing usersto edit and save
their documerts outside of TRIDE and returning for compilation and down-
loading. Java simpli es reading and writing XML providing a number of XML
parsing padkages.

The TR programsand the settingsare both savedin XML; XML le handling
is managedby the xmIRW package.

11.1 Class listing

11.1.1 ReadXML

ReadXML is an abstract classextendedby ReadRromXML and ReadSettings. It
cortains methods to read an integer or a string from a given documernt provided
with the XML tag.

11.1.2 ReadFromXML
ReadFromXML readsthe saved TR program and holds a publicly accessible
represenation of all the elds.

11.1.3 WriteT oXML

WriteT oXML usesthe java le handlersto createa le and output all the data
from the sensorpanel, the peaspanel, the TR panel and the Java panel.
11.1.4 ReadSettings

TRIDE savesthe port usedby the IR tower and the directory of third party
software usedto communicate with the RCX. ReadSettingsextends ReadXML
to read and store the contents of the settings le.
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11.1.5 WriteSettings

WriteSettings outputs a settings le. The settings le is named\.settings" and
held in the GUI directory.

11.1.6  XMLSTRINGFUNCTIONS

XMLSTRINGFUNCTIONS is a static classthat contains functions to change
badk and forth between XML readable strings replacing the <, >' and &
characters.

11.2 Example TRIDE saved le

The elds are arranged as follows: Sensorsettings, then percept, action and
memory code, then TR and native code. The given example is a simple light
follower.
<?xml version="1.0"?>
<trProg>
<sensorlType>0</sensorlType>
<sensorlMode>0</snsorlMode>
<sensor2Type>0</sensor2Type>
<sensor2Mode>0</snsor2Mode>
<sensor3Type>0</sensor3Type>
<sensor3Mode>0</snsor3Mode>
<outputlType>0</o ut putlType>
<outputlPower>0</ outp utl Pover>
<output2Type>0</o ut put2T ype>
<output2Power>0</ outp ut2 Pover>
<output3Type>0</o ut put3T ype>
<output3Power>0</ outp ut3 Powver>
<coms>0</coms>
<output>
Forwardf
Motor.A.forward () ;
Motor.C.forward () ;
g
Left f
Motor.A.backwar d();
Motor.C.forward() ;
g
Right f
Motor.A.forward () ;
Motor.C.backwar d();
g
</output>
<input>
LeftGreaterThanRi ght(i nt difference) f
return(Sensor.S 2.readValu e() @LESSTHA¢nsor.S1.readVal ue()
+ difference);

g
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RightGreaterThenL eft(i nt difference) f
return(Sensor.S 1.readValu e() @LESSTHA¢nsor.S2.readVal ue()
+ difference);
g
</input>
<memory>epsilonint, 10</memory>
<trCode>
LeftGreaterThanRi ght(e psilo n) -@GREATERTHA
RightGreaterThenL eft(e psilo n) -@GREATERTHRiyht
true -@GREATERTHAMward
</trCode>
<javaCode></javaC ode>
</trProg>

11.3 Example \.settings" Ile

<?xml version="1.0"?>

<settings>
<lejosDir>D: n My Documents) Final Project n LEJOS</lejosDir>
<rcxcom>USB</rcxmn®

</settings>
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Chapter 12

The Graphical User
In terface

The user interfaces with TRIDE through the GUI. When the GUI loads the
useris preserted with a blank documert open in the Sensorpanel.

12.1 GUI Structure

The GUI is split into objects and cortrollers. Objects make up the userinterface,
cortrollers react to Java Swing events and actions. The alternative way to
organisethe GUI would be to assignead object an evert / action listener, this
would spawn far more threads than necessaryas well as leading to potential
memory leaks.

12.2 Multi Document Supp ort

The user can open as many documerts asthey wish in TRIDE, documerts can
be selectedusing the \do cumert selection" tabs (12.1). Documerts are held
in memory as TRDo cument objects; the current documert being viewed /
edited is managed by the Do cumentCon trol class. The DocumenControl
classmaintains links to all TRDo cumerts; when the current selecteddocumert
changesTRDo cumert notifys the other documert controllers via the Documernt
interface. Do cumen tin terface is an Interface classcontaining a single method
stub:
setCurrentDoc(T RDeumet currentDocumnet);

12.3 Third Party Packages
12.3.1 jEdit

jEdit is a source code highlighter componert, it is releasedunder the GNU
General Public Licence[2§. All the code editing in TRIDE is done through

1For more information on the use of the GUI please seeappendix A in the Manual.
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e
File Edit Build Format Templ

al | Commicaionmal | Commmics
[ Semsor Page | Deas Page | TR Page | Java Code |
dstopMessage -> stap.

Jtrue —> FollerLine.

‘FollerLine{.
CwerLine —> Forward .

trus —> Swing.

Figure 12.1: Documert SelectionTabs

JEditT extArea componerts, highlighting is provided in either C syntax, Java
Syntax or TR Syntax depending on the panel. The key classesin the jEdit
padkageare the JEditT extArea which extendsJComponent, TextAreaP ainter
which rendersthe text area and TokenMark er which colours the key words.
TokenMarker can be extendedto provide syntax speci ¢ highlighting.

12.3.2 Renderer

The background of the tabbed panesare rendered with the Sun Microsystems
Tiled Fill[27].

12.4 Document Programming Panels

Each documert is made up of 4 documernt programming panels. Thesecan be
switched betweenby a Tabbed pane. An instance of SensorinstrP anel, Peas,
TeleoRP anel and JavaCodeP anel is held by eacth TRDocumert object.

12.4.1 Sensor Panel

The sensorpanel (12.2) is the rst panelthe useris preseried with. It contains
somebasic instruction on using the GUI and cortains sewen combo boxes. The
combo boxes allow the user to specify the Sensortypes and modes for their
robot and the output typesand powers;they can also specify whether they are
building a communicating agert.

A SensorlnstrPanel object represents the sensorpanel.

12.4.2 Peas Panel

The Peaspanel (12.3) is wherethe Percept, Action and Memory codeis de ned.
Initially it contains three jEdit text areasseparatedby split frames,thesecanbe
expandedto three tabbed panesby selecting\Expand Peas" from the Format
menu; this allows the userto choosewhether they work on all three at the same
time or oneat atime.

The Peaspanel is represeried by a Peasobject. The Peasobject corntains
methods for expanding and cortracting the Peaspanel, referencesto the three
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Figure 12.2: SensorPanel

Figure 12.3: PeasPanel
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Figure 12.4: TR Panel

text areasand a referenceto the last text areaedited (this referenceneedsto be
held sothat when copying / pasting from the Peaspanel the correct text area
is used).

12.4.3 The TR panel

The TR panel (12.4) is where the TR code is de ned. When the tab is rst
clicked on the useris shown an extendedjEdit text areaand a closedsplit pane
on the left and on the bottom. The split pane on the left can be dragged out
to reveal the debug buttons, two rows of buttons for placing step points and
break points. The bottom split pane is initially empty, it can be opened by
selecting\Expand TR" from the format menu. \Expand TR" togglestwo rows
of buttons in the TR window, the top row cortain the TR syntax key words ->
[implies] and , [conjunction], the bottom row contains the percept and action
namestaken from the Peaspanel. For correct labelling on the bottom panel
this should be usedin conjunction with \Compile Peas". \Compile Peas"syntax
cheds the Peascode extracting the percept and action names, the extracted
namesform the buttons on the bottom TR panel.

The TR panelis represenied by a TeleoRP anel object. The jEdit text area
on the TR panelis extended by the TREdit class,the TREdit classgenerates
and maintains an array list of DebugButton objects. The DebugButton ob-
jects display the debug button icons and listen for click events. The TextArea-
Painter and TokenMarker assignedto the TREdit panel are extended by the
TRP ainter classand the TR TokenMark er class;this meansevery time that
\Compile Syntax" is selectedthe perceptand action namescan be addedto the
key word list (held in TRTokenMarker) and the text area can be re-rendered
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Figure 12.5: Native Code Panel

(by TRPainter) highlighting the percept and action names.
The actions from the TR syntax buttons and the percept and action buttons
are cortrolled by the TR Control class.

12.4.4 Nativ e Code Panel

The name of the native code panel (12.5) is dictated by the platform padkage
and cortrolled by the TRDocumert class. The native code panel holds a split
panecontaining a jEdit text areaand a Java Swing JList. The native code panel
contains the native code after compilation from TR code. The JList contains a
list of errors producedduring compilation, double clicking on an error will take
you to the relevant panel and line of code where the error occurred.

The native code panel is represeried by the JavaCodePanel clasg. The
Error list is cortrolled by the ErrorMouseHandler , this locateswhich item of
the list was clicked on, looks up the corresponding error from the errors array
and highlights the relevant line of code.

12.5 The Help Windo w

The Help Window (12.6) is accessedrom the GUI. When accessedt opensin a
separateframe. The HelpF rame classloadsall the help pageson initialisation
and generatesa JTreeto navigate them. The useris preserted with the help page

2the name is a remnant from when the project was compatible only with LeJOS
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Figure 12.6: Help Window

Figure 12.7: Menu Bar

in the certre window with the JTreein a split pane on the left for navigation.
Helpltem is an abstract class corntaining abstract methods for page specic
tasks and genericmethods for reading les and images. Each pagehasits own
class extending Helpltem, the pagescan interact with the main GUI, contain
pictures and display HTML text. | experimented with a fully interactive help
menu and found it annoying, resenbling the paper clip in Microsoft Word.
Currently the help menu consistsof the Manual, the Template Guide and the
Walk through (contained in AppendicesA, B and C respectively).

12.6 The Menu Bar and Button Bar

To accesghe full functionality of TRIDE the useris provided with a standard
menu bar (12.7) however the most used commands are available as shortcuts
from the button bar (12.8) running along the bottom of the GUI3. The button
bar is implemented as a JToolBar sois positionable anywhere inside or outside
the TRIDE window. The menu bar is represerted by the Men uBarX , the
button bar is represerted by the ButtonBar class.

Each of the menusin the drop down menu bar have an assaiated controller.

3For more information on the use of the Menu Bar and Button Bar please seeappendix A
in the Manual
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Figure 12.8: Button Bar

12.6.1 File Menu

The le menu contains commandsto create a new documert, open, save, revert
and closedocumerts, and commandsto open and save native source les.

The le menu is controlled by the FileCon trol class. FileControl im-
plemerts ActionListener and Documertinterface; it contains le manipulation
methods and links to le lters dictated by the platform. The le Iters areheld
in the le Iter padage,thereis a Iter for eat le extensionin the project
(java, ngc, tea and xml), the Iters enforcethat the le extension matchesthe
format of the le.

12.6.2 Edit Menu

The edit menu contains commandsfor cut copy and paste. EditCon trol con-
trols the edit menu, it implements ActionListener and Documertin terface. The
edit methods are provided by jEdit text area.

12.6.3 Build Menu

The build menu contains the compile commandsand commandsfor interfacing
with the RCX.

The build menu hastwo cortrollers, CompileCon trol and LejosCon trol .
CompileControl implements ActionListener and Documertin terface;it manages
all interaction with the compiler and compilation to native code. CompileCon-
trol alsogeneratesthe buttons for the TR Panelduring compilation and updates
the highlighted keyword list.

LejosCortrol managesinteractions with RCXInt. If a usertries to perform
an RCXInt command beforevalid settings have beeninput, an error dialogueis
displayed.

12.6.4 Format Menu and Help Menu

The format menu contains commandsto toggle text highlighting and the format
or the Peaspaneland the TR panel. The help menu contains commandsto tog-
gletool tips or display the help menu. Both are controlled by FormatCon trol .

12.6.5 Templates Menu

The templates menu providesaccesso documerts demonstrating languagespe-
cic featuresand dierent styles of TR coding*. The templates Menu is gen-
erated by the MenuBarX object which converts every document in the tem-

4Instruction on using Templates can be found in App endix A, a description of each template
can be found in App endix B
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Figure 12.9: Settings Menu

plates folder to a JMen uT emplateltem and ewery folder to a JMenu, this
allows the structure of the templates menu to copy that of the templates folder.
JMenuTemplateltem extends JMenultem and holds a link to the le it repre-
serts. The template menu is cortrolled by the FileController, when the File-
Controller processesan action from a JMenuTemplateltem it looks up the le
addressand opensthe le asnormal.

12.6.6 Comm unication Menu

The communication menu corntains commandsto start communications (see
the Communication Chapter). The communication window is represeried by
the Comm unication object that interfaceswith the Communicationint. The
Communication object is initialised by Comm unicationCon trol .

12.6.7 Debug Menu

The Debug Menu contains commandsto run to step point, run to break point
and stop debugging. Debuggingis controlled by DebugCon troller ; this inter-
faceswith Debugint and provides error dialogueswhere necessary

12.6.8 Settings Menu

The settings menu (12.9) contains commands to directly change settings or
open the settings window. SettingsCon trol displays the settings window and
managesthe settings menu. Whenewer the settings are changedthe \.settings"
le is rewritten. Two settings are saved in the \.settings" le, the addressof
the directory wherethird party interface software is held and the port usedto
communicate with the RCX.

12.7 Package Listing

The Runner classsits outside the main project padageand initiates the GUI.

12.7.1 Pro ject

The project padkage cortains the GUI initialiser, Guilnit , and the v e main
padkages,Nativ elnterface , Platforms , Compiler , GUI and xmIR W'.
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Nativ elnterface

Nativ elnterface cortains all the classesthat interact with third party software
and the RCX including the debug classes,the communication classesand the
compile, link and download classes.

Platforms

The Platforms Padkage contains all the platform speci ¢ data.

Compiler

The compiler packagecontains all the classesneededto generatean AST, chedk
it and cornvert it into native code.
AST The ast padkagecontains the object les that the AST is made up of.

xmIR W

xmIRW contains all the les neededto read and write from XML.

GUI

GUI contains classesto create, show and cortrol a Graphical User Interface.
Also included are classesand methods to interface with the other packagesand
display a splashscreenduring loading.

FileFilters FileFilters contains the classeseededto enforce les are opened
| saved with the correct le extension.

Highligh ter Highlighter corntains the jEdit classes.

Renderer Renderer contains the classesprovided by Sun Microsystemsto
producetiled badkgroundsto Swing Componerts.

HelpMen u The helpMenu package contains classesto generate the help
menu and pages,alsoHTML les containing the page content.
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Figure 12.10: Object Diagram
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Chapter 13

Behaviours

One of the motivations behind this project wasto make the generation of com-
plex behaviours asquick and easyaspossible. In this chapter | shall detail some
behaviours that have been produced, the motivation behind producing them,

their TR program and the conclusionsreached from them. Where possiblebe-
haviours will be generatedusing perceptsand actions from the Templatest with

only minor modi cations, where this is not possible,a listing of the additional

code will be given.

13.1 Light Follower

The Light Follower (13.1) demonstratesthe simplicity of TR programs. Based
on a Braitenburg machine designedto imitate simple insect behaviour Light
Follower behaviour can be producedin only three lines of TR-code.

TR Program
LeftGreaterThanR igh t( epsil on) -> Left
RightGreaterThen Left( epsil on) -> Right
true -> Forward

The Light Follower is usedthroughout this report asan exampleof a simple
TR program, the percepts are modi ed slightly from the sensorstemplate to

1Seeappendix B

Figure 13.1: Light Follower & Torch
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Figure 13.2: Line Follower

add a hysteresisvalue, the actions are taken straight from the drive template.
An additional percept from the sensortemplate and action from the drive
template will createan agert which always keepsthe samedistance from a light
source.
TR Program
LeftAndRightLigh t -> StopCar
LeftGreaterThanR igh t( epsil on) -> Left
RightGreaterThen Left( epsil on) -> Right
true -> Forward
This demonstrates how easily simple behaviours can be expandedto add
functionalit y.

13.2 Line Follower

The line follower (13.2) is a robotic agernt equivalent of the \Hello World" pro-
gram written asthe rst program of many computer sciencebeginners. The
line follower demonstratesthe use of sub-proceduresto segmen a program to
increasingreadability. Actions are basedon previous actions as well as current
percepts making the line follower an example of a Hysteretic agert.

TR Program
OverLine -> Forward
true -> Swing

Swingf
LastDirectionLeft -> Right
true -> Left
g
When the light sensoris over a black line the agent goesforward, otherwise
it swingsin seard of the line. When the agert is going forward the length of
the swingis setto zero, with ead successie swing the length increasesand the
direction changes;this meansthe agert must keeptrack of its last direction and
swing length.
The following example shavs how a line follower can be extendedto listen
for messageseither from other agerts or the IR tower, the agent will follow the

2Seeappendix C for further description of a line follower
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line until it receivesa stop message:
TR Program

StopMessage -> stop

true -> FollerLine

FollerLine f
OverLine -> Forward
true -> Swing

g

Swingf
LastDirectionLeft -> Right
true -> Left
g
This demonstratesexpansionthrough sub procedures.
The nal line follower example shows how a light follower can be combined
with a state machine®.
TR Program
S4 -> stop
S3, Bump-> IncrementState
S3 -> FollowLine
S2, OverLine -> IncrementState
S2 -> Left
S1, Bump-> Backward, Pause, Left , Pause, IncrementState
S1 -> FollowLine

FollowLine f
OverLine -> Forward
true -> Swing

g

Swingf
LastDirectionLeft -> Right
true -> Left
g
Additional Memory
State fint,1 g
State Percepts tak e the form:
SXreturn(State == X); g
Additional  Action
IncrementState f State++;g
The above program will follow a line until it bumps into something, then
turn around and follow the line until it bumps into something elseand stop (if
the line forms a loop only one object is needed).
This shaws how a state machine can produce more complex behaviours.

3Seeappendix B for a full description of state machines
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13.3 Garbage Collection Bot

The Garbagecollection robot demonstratesmultiple behaviours being combined
in a singlerobot via a state machine to produce complex behaviour. The robot
has a light sensoron the front facing down and a scoop on the front connected
to a bump sensor.

The environment is a at surfacemodelling a corridor which bendsaround a
cornerand roomscoming o the corridor on either side (13.3). The corridor and
inside rooms are white, doors are greenand walls are black. The robot bounces
o the sidesof the corridor until it nd a door, it then enters the room and
seardesthe room for rubbish (coke cans). If any rubbish is around it is pushed
to the edgeof the room. When the robot has nished searding it returns to the
edgeof the room, follows the edgeuntil it nds the door and leavesthe room
turning down the corridor in the samerelative direction it erntered the room
(thus cortinuing its seard down the corridor). When the end of the corridor is
reached it turns around and starts again.

TR Program
S1, SensorDoor -> ChangeStateTo(State 2)

S1 -> FollowCorridor

S2, SensorFloor -> ChangeStateTo(Stat e3)

S2 -> PassThroughDoor

S3, SensorWall -> ChangeStateTo(Stat e4)

S3 -> Clear

S4, SensorDoor -> ChangeStateTo(Stat e5)

S4 -> FindDoor

S5, SensorFloor -> GetintoCorridor,  ChangeStateTo(State 1)

GetIntoCorridor f
CurrentDirLeft -> Forward , Pause(Constant) , Left , Pause(Constant)
CurrentDirRight  -> Forward , Pause(Constant) , Right , Pause(Constant)

g

FindDoorf
SensorFloor -> Forward
SensorWall, CurrentDirLeft -> Left
SensorWall , CurrentDirRight -> Right

g

Clear f
SingleBump -> Forward
true -> WanderForward

g

PassThroughDooff
SensorDoor -> Forward
SensorWall, CurrentDirLeft -> Left
SensorWall , CurrentDirRight -> Right

g

FollowCorridor f
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Figure 13.3: Garbage Collection Environment

SensorFloor -> Forward
SensorWall -> Swing

g

Swingf
CurrentDirLeft  -> SwingRight, ChangeDirTo(RightDir )
true -> SwingLeft, ChangeDirTo(LeftD ir )

g

WanderForward

WorkingValueL , CheckRandomValke(Const ant3) -> Left , incWorkingVal

WorkingValueL , CheckRandomVak(Constant2) -> Left , incWorkingVal

WorkingValueL -> Forward , incWorkingVal

true -> GenerateRandomMa e , incWorkingVal
g

There is a memory, CurrentDir, which is setby ChangeDirTo() and cheked
by CurrentDirX. This remenbers which side of the corridor the robot entered
the room, to make sure when it leavesit cortinuesup the corridor in the same
direction.

The Garbage Collection Bot demonstrates a practical use for the wander
behaviour (used in searding). Actions and percepts are formed into sub-
proceduresthat can then be switched betweenat a higher level on key percepts
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Figure 13.4: The Music Player

and states. This is as close an approximation to a single plan robot with a
Triple-T ower Architecture[4] that can be producedwithin the limits of the Lego
Mindstorms and TRIDE.

13.4 The Music Player (a.k.a. Greensleev esBot)

The Music player is a dierential drive robot with two light sensorson the
front both pointing downward (13.4). It movesforward slowly and reads music
from a barcode like strip beneathit. The robot can only play one tone at a
time through the RCX's internal speaker. Tonesare played synchronously and
cortinuously, while a tone is playing the robots main program pauses;all the
tones last a tenth of a secondand are played immediately one after the other
(tones of longer than a tenth of a secondcan be produced by playing the same
tone multiple times).

TR Program
SensorlLight , Sensor3Light -> Forward , ToneE4
SensorlLight , Sensor3Lightish -> Forward , ToneF4S
SensorlLightish , Sensor3Lightish -> Forward , ToneD4
SensorlLight -> Forward , ToneB5
Sensor3Light ->Forward , ToneG4
SensorlLightish ->Forward , ToneC5
true -> Forward , ToneA5

Example Action
ToneE4

Sound.playTone(65 9, 10);

LCD.showNumber(1)

try f

Thread.sleep(100) ;

g
catch(Exception e)fg

g

The frequency of ead tone is calculated with logarithms and the knowledge
that the frequency doubleswith every octave.

The music player can be extendedwith two communicating robots following
the client server model. One static robot acts as the music sener, playing
the tones, the second,client robot, readsthe music and sendsthe tonesto be

74



played (Line of site must be maintained betweenthe robots at all times during
communication). Following a similar implemertation to above:

TR Programs

Server
E4Msg-> ToneE4
FASMsg-> ToneF4S
D4Msg-> ToneD4
B5Msg-> ToneB5
G4Msg-> ToneG4
C5Msg-> ToneC5
A4Msg-> ToneA5

Clien t
SensorlLight , Sensor3Light -> Forward , SendE4
SensorlLight , Sensor3Lightish -> Forward , SendF4S
SensorlLightish , Sensor3Lightish -> Forward , SendD4
SensorllLight -> Forward , SendB5
Sensor3Light ->Forward , SendG4
SensorlLightish ->Forward , SendC5
true -> Forward , SendA5

This program demonstrateshow simply tasks can be split betweenmultiple
robots. An extension of this could be a host computer acting as server with a
music program extending the communication interface, this could allow multiple
notes and chords to be played at the sametime (creating more complex pieces
than Greensleees).

13.5 Multi Agent 2D Search

| wanted a program that would demonstrate multiple agerts with the samepro-
gram interacting to ful | a task faster than they would acting independertly.
This wasa di cult task to de ne consideringagerts can only reliably commu-
nicate when line of site is maintained. The solution wasthe following situation.

There is a black crosson a white background (13.5); there is a moveable
object somewhereon the vertical axis and another somewhereon the horizontal
axis. There is an immovable object where the two axescross. The job of the
agerts isto nd the movable objects and movethem o the crossonto the white
bad ground.

The agerts have a bump sensoron the front and badk, a light sensoron
the front facing downward and the IR communicator facing backward, they are
implemented asfollows. Both starting at the certre facing outward in opposite
directions, travel forward until one of them bumps into an object(13.6-1), it
sendsa messageo the other (13.6-2) which returns to the certre(13.6-3). The
agert which found the object then removesit from the cross,the other agert
when arriving at the certre sendsa messagesaying which its next direction will
be (left or right)(13.6-4) and beginssearding the crossin that direction(13.6-5).
The rst agert then returns to the certre (13.6-6) and starts seardiing in the
opposite direction to the rst (13.6-7)(although ascurrently facing the opposite
direction will turn in the samedirection). When either agerts nd the next
object they begin broadcastingits location until they get a reply. When a reply
is received they push the object o the crossand stop, the replying agert stops
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Figure 13.5: Multi Agent Searding

Figure 13.6: The Multi Agent Environment

immediately after the reply is sert.
TR Program

S6 -> LookFor2ndCan

S5 -> FindOtherAxis

S4 -> ReturnToMiddlel st

S3 -> ReturnToMiddle2 nd

S2 -> MoveCanAndWait

S1 -> LookForCan

LookFor2ndCarf
ReadMessage(ReadA ay) -> WriteMessage, STOP
Bump-> StopCar, WriteMessage
true -> FollowLine

g

FindOtherAxis f
OverLine -> SetState(St6)
true -> Forward
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ReturnToMiddlels t f
Bump2-> WriteMessage, Forward, ShortPause, ShortPause, ShortPause,
Left, Pause, ShortPause, ShortPause, ShortPause, SetState(St5)
true -> FollowLineBackward

g

ReturnToMiddle2n df
Bump2-> Forward, ShortPause, ShortPause, ShortPause, Left, Pause,
ShortPause, ShortPause, ShortPause, SetState(St5)
true -> FollowLineBackward

g

MoveCanAndWéiit
ReadMessage(ReadA ay) -> Pause, Pause, Pause, Backward, Pause,
IncrementState
Bump-> Forward, ShortPause, ShortPause, ShortPause, StopCar
true -> StopCar

g

LookForCarf
Bump-> WriteMessage, IncrementState
ReadMessage(ReadA ay) -> SetState(St4)
true -> FollowLine , OutputLightSensor

g

FollowLine f
OverLine -> Forward
true -> Swing

g

Swingf
LastDirectionLeft -> Right
true -> Left

g

FollowLineBackward f
OverLine, NotStraightening -> Backward
NotStraightening  -> SetStraightening , StraightenUp
true -> StraightenUp

g

StraightenUp f

true -> Straight, FollowLine
g

Program Description
Following a line backward involvesgoing badckward when lined up and straight-
ening up when wondering o course. There is a memory, Straightening, to
remember if the agert is currently straight or straightening. Straightening is
accessedhrough the percept NotStraightening and the actions Straight and
SetStraightening.
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Figure 13.7: The Monty Robot

Percepts
Bump refersto the front bumper, bump2 refersto the rear bumper.

Actions
Pausewill stop the cycle for 1 second,short pausewill stop the cycle for 1/4 of
a second. The state machine works as described in the line follower description
and the templates descriptionsin Appendix B.

This program showvsthe power of TR programming and how by extending the
TR paradigm to include agert communication, complex multi agert behaviour
can be producedthat is applicable to real world problems.

13.6 Monty

The Monty Hall problem is a common statistical mathematical problem.

\Supposeyou're on a gameshow, and you're given the choice of three doors:
Behind one door is a car; behind the others, gaats. You pick a door, say No. 1,
and the host, who knows what's behind the doors, opens another door, say No.
3, which has a gaat. He then saysto you, ‘Do you want to pick door No. 2?'
Is it to your advantageto switch your choice?"[28]

The answer is you should always switch (pleaserefer to Wikip edia for the
mathematical or philosophical arguments). By switching you will win two thirds
of the time.

The following program tests shawvs an RCX can learn this probability and
with that knowledge win two thirds of the time. The program is not xed
(valuescan be unlearnt) if the gameshowhost starts tampering with the game
sothat the RCX has more chancewinning by sticking then the RCX will learn
this.

The robot which runs this problem has three switches as inputs and the
LCD screenas output (13.7). The gameshowhost randomly selectsa door for
the car to be placed behind. The RCX will display its initial choice of box,
the gameshowhost then revealsa gaat by pressingthe button relating to that
box. The RCX then displays its newly selectedbox (either the sameone or the
remaining one). The gameshowhost then revealsthe true location of the car.

TR Program
Statel -> ChooseABox
State2 -> RemoveABox
State3 -> RevealHavingChangedMind
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State4 -> RevealHavingStuc k

ChooseABok
true -> Pause, selectABox, PrintSelectedBox , BeepChosenABox,
SetState(state2)
g

RemoveABdx
Buttonl -> Pause, setRemoved(boxl) , Think
Button2 -> Pause, setRemoved(box2) , Think
Button3 -> Pause, setRemoved(box3) , Think

g
RevealHavingChangedMindf
Buttonl -> Pause, setActual(boxl) , End3
Button2 -> Pause, setActual(box2) , End3
Button3 -> Pause, setActual(box3) , End3
g
RevealHavingStuc kf
Buttonl -> Pause, setActual(boxl) , End4
Button2 -> Pause, setActual(box2) , End4
Button3 -> Pause, setActual(box3) , End4
g
Think f
ChangeMind-> ChangeBox, PrintSelectedBox , BeepSecondChoosiug,
SetState(state3)
true -> BeepSecondChoosig , SetState(state4)
g
End3¥
Win -> IncrementProbabil it y, IncrementNumberRight, IncrementNumberGGames,
PrintProbability, HurrayBeep, SetState(statel)

true -> DecrementProbabili ty, IncrementNumberdGanes, PrintProbability
DissapointedBeep, SetState(statel)

g
End4
Win -> DecrementProbabil it y, IncrementNumberRight, IncrementNumberGGames,
PrintProbability, HurrayBeep, SetState(statel)
true -> IncrementProbabi li ty, IncrementNumberdGanes,
PrintProbability , DissapointedBeep , SetState(statel )
g

Esserially there aretwo TR programs selectedbetweenby the key percept
ChangeMind The probability of winning by changing boxesis held in memory;,
the probability is incremerted if a win occurs after the RCX changesits mind,
decremerted if a looseoccurs (vice versaif the RCX sticks). If the probability
is greater than 50% the ChangeMind percept returns true.

This program works well and demonstrates TR programs can be used for
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simple learning. The RCX can generally learn the probability within 5% in
20-40games.
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Chapter 14

Evaluation

14.1 Demo To The Robotics Class

On the 2nd of February 20051 did a brief demonstration of a prototype of the
project to the current 3rd year robotics class. There were 30 - 40 students and
the demonstration wasobsened by Keith Clark and lan Harris. The group were
already familiar with TR programs, Braitenburg machinesand similar mid level
/ high level behavioural robotics concepts. | was asked to give a real example
of TR Programming.

| spoke for 10 - 15 minutes, demonstrated the four main panelsand talked
through a simple light follower. There were two motors as Actuators, two light
Sensorsas inputs. The de ned actions were: Stop, Forward, Left and Right.
The de ned percepts were: tooDark, tooLight, DierentialLeft and Dieren-
tialRight. There was a main program and a sub-procedure both with three
clauses.

I shawed the action and percept code and then talked through the TR pro-
gram construction, nally demonstrating the compilation into the LeJOS code.

The demonstration was well received and understood by students, Keith
Clark commerted the only thing lacking was a failure to discussin more detalil
the conversionfrom the TR program to LeJOS code.

14.2 Usabilit y Testing

To test the usability of the project four volunteersran through the walkthrough
describedin Appendix C. All the usershad taken the third year robotics course
and fourth year multi agert systemscourse; they were familiar with TR pro-
gramming and agert programming concepts. The usersbeganby familiarising
themselves with the manual, particularly the sectionson \The SensorPanel”,
\P easPanel", \The TR Panel" and \Running Programs". The walkthrough
then leadsthe userstep by step through writing a line follower agert. After the
line follower the useris provided with a speci cation to produce a light seeler
agert, all the perceptsand actions are available from the templates menu (Ap-
pendix B). The useris given no guidance on what percepts or actions to use
other than what is implied by the walkthrough.
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All the participants successfullyjcompletedboth robots, someprompting was
neededin placeswhen designing the line follower but no help was given that
was not included in the manual.

14.2.1 Feedback and Response

The feed badk given is not referring to the nal project but to a proto-type,
where indicated in the responsethe feedbad has already beenacted upon.

1. Criticisms on the GUI When the TR panel is expandedthe TR key
words \," and \->" appear above the TR program while the action and
percept key words appear below it. If they both appearedtogether below
the programming areasigni cantly lessmousemovemert would be needed.

2. Instead of having the key word buttons on the expand TR page, have a
tab complete/ auto complete system.

3. On the peaspanel swap the Action window with the Memory window so
that the memory window appearssquashedon the right (okay as memory
de nitions tend to be quite short), while the perceptsand actions can be
spread wider.

4. Criticisms on the Man ual The manual needsa labelled picture of the
GUL.

5. Interface Criticisms When errors are returned by LeJOS or NQC they
should be converted into a more readable format

6. Overall Criticisms Instead of the Template menu have an Import option
which adds the actions / percepts/ memoriesfor a given template into
the TR program currently being edited with no needfor copying.

7. To de ne the PEAS code you need someidea how your overall systemis
going to work - essetially a picture of your TR code. Replacethis with
de ning the TR code rst and generatingempty PEAS allowing the user
to Il in the method bodies.

8. The Method bodies from the peasare a little long winded; add an extra
layer of pre-processingallowing lines lik e this:

return( Sensor.S2.readVal ue() < 42);
to be written as this:

sensor(S2) < 42

Resp onse

1. Previously when the TR page was expandedthe TR keywords appeared
above the programming area while the action and percept keywords ap-
peared below it. | have since updated TRIDE so that now all the key
words appear below the programming area.

82



2. To be able to implement tab completion | would have to de ne my own
Text Area/ Editing swing componert with support. This could be imple-
mented as a project extension, however is outside the scope of the current
project. The encapsulation of the dierent project componerts allows
alternative GUI's to be added as desired (potentially one with greater
functionalit y).

3. The reasonthe text areashave their current con guration is to provide
compatibility with screenresolutions of 800 x 600 (as well as the more
standard 1024x 768). If | wereto make the suggestedchangethere would
be signi cantly fewer visible lines in both percepts and actions making
writing procedurespractically impossible.

The expand peasfunction was implemented speci cally to allow usersto
maximise their programming areaand can be usedto (partially) solve this
problem.

4. Previously the manual contained no labelled pictures of the GUI, in re-
sponseto this criticism | have added the Visual Quick Guide section and
gures A.1 and A.2.

5. The parse/compile errors and interface errors are currently returned to the
userin the sameformat NQC/LeJOS returns errors to the commandline,
a useful extension of the project would be to write a complete command
line parser for ead native interface and display all errors in the error
window on the Java page. Unfortunately dueto time constraints | did not
seethis asa priorit y of this project.

6. During implementation | thought the templates facility would be adequate
for all the code segmerts needed. After testing it hasbecomeapparert that
an import facility would be extremely valuable. Due to time constraints
| am not able to add this extra functionality to the project however it
would be the rst extensionl| would include when cortinuing the project.

7. This is essetially a criticism of the TRIDE paradigm. TRIDE models
programming in four stages,ead of these stagesare represeried by a
di erent programming panel. It is assumedthe user will complete each
stage of programming in order (with only a small amount of iteration
switching badk and forth betweenscreens).

An alternative GUI could usethe componerts of TRIDE to form a new
programming paradigm but | think a separate approach would be more
appropriate here.

8. | decided to leave the percept and action code as close as possible to
the native languageto allow usersthe maximum exibilit y when de ning
them. This also makesthe addition of new languageseasier.

Apart from the above criticisms feedbad was positive. The usersliked the
rapid way behaviours could be built from smaller percept/ action blocks. All
the userssaid they preferredit to the standard IDEs (such as Ivi or BricxCC)
which are essetially little more than syntax highlighting text editors.
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| Behaviour | TR [ Total | LeJOS |
Light Seeler 3 24 70
Line Follower 7 45 98
Garbage Collection Bot | 48 | 180 425
Multi Agent 2D Seard | 37 | 177 391
Monty 25 | 179 | 400

Table 14.1: A table comparing the number of lines of code for somebehaviours

14.3 Used In Action

TRIDE hasbeenof practical useto Simon Co ey, a postgraduate student work-
ing with the Garcia robot. He used TRIDE to replacethe Garcia's mid-level
discretebuilt in functions (such asfollow corridor) with contin uousinterruptible
TR-programs. The built in functions could only be exited at de ned exit points
where asthe TR programs' cortinuous loop could be interrupted at any point.

14.4 Quantativ e And Comparativ e Evaluation

The TR programs produced by TRIDE are far simpler than their native code
counterparts; one reasonfor this is much of the code commonto mobile agert
programs is already provided to the user, all they need provide is a behaviour
system. A similar abstraction is provided by Lego's own visual interface to the
RCX however this interface can often be too constraining to allow ne tuning
of more complex behaviours (this is not a criticism of Lego's interface, it is
aimed at children 12 years+ and peoplewith no programming experience). The
Yampa functional languagefor agert cortrol[25] provides a similar conciseness
however it is yet to be implemented on the RCX (its implementations tend to
be basedin simulated ervironments).

Simplicity and levels of abstraction are tricky valuesto quartify, however |
shall useconcisenesss a guide. Table 14.1 comparesthe number of lines of TR
code and total behaviour code (lines of TR code + lines of percept code + lines
of action code + lines of memory code) to the number of lines of LeJOS code.

Table 14.1 should only be used as a guide as these implementations could
probably be written in a more conciseform. This table shows it requires ap-
proximately half the behaviour code or approximately onetenth the TR code
to produce the samefunctionality as LeJOS code'.

14.5 Evaluation of Behaviours

Giventhe limits of the RCX's sensorsand outputs a variety of behaviours have
been produced. From behaviours demonstrating simple concepts suc as the
Braitenburg vehicle style light follower to more complex behaviours demon-
strating Nilsson's Triple-T ower Architecture with the GarbageCollector. Simple

1The gure which is most useful depends upon whether the user writes their own percept
and action code or usestemplates
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Learning behaviours are demonstrated with Monty and simple communication
| co-operation with the Multi Agent 2D Seard.

The behaviours produced by this project are limited by the sensorsand
outputs available to the RCX. With accessto more sophisticated sensorsand
actuators (such as a cameraand visual analysis or better developed gripping /
manipulation tools) more complex behaviours could be produced.
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Chapter 15

Conclusions

TRIDE is a practical Integrated Developmen and Debugging Environment for

Teleo-Reactiwe programsto be run on the LegoMindstorm's RCX. With further

testing and a small amount of dewvelopment the application could be released
as an open source project and used on the Imperial College computing third

year robotics course. The project has a sound theoretical background (the op-
erational semartics) combined with wirelesscommunication and more complex
multi agent behaviour could provide material to usedin a publishable paper.

15.1 Strengths

Due to the initial designof the project, encapsulationand project managemetn,
the project has remained well organisedand expandable. Total separation of
the GUI from the rest of the project allows more functional GUIs to beinstalled
asrequired. The separation of the native code generation from the rest of the
compilation allows multiple target languagesto be quickly implemerted.

The project was initially designedto run on only one platform (LeJOS),
however motivated by Simon Co ey's request for compilation to Tea and lan
Harris' suggestionthat TRIDE alsosupport NQC, | createdthe platform padk-
age allowing multiple platforms to be selectedfrom the command line. The
integration of multiple platforms was possibledue to the degreeof encapsula-
tion and separation of the GUI and compiler from other parts of the project.
The support for multiple platforms is a major strength of TRIDE, and will
encourageits useas a teaching tool.

The \Expand TR" option providing TR keywords asbuttons allows TR pro-
gramsto be assenbled extremely quickly. The quick assenbly of TR programs
and complex behaviours is another strength of TRIDE.

Using state machines and communication more complex behaviours have
beenproducedthan speci ed in previousde nitions and paperson TR program-
ming. This is largely due to the easewith which the IDE allows TR programs
to be written.

Previous discussionson the implementation of the TR languagetend to refer
to implementation as a parallel machine. | have designeda full operational
semartics which allow the original syntax and sematrtics of TR programsto be
modelled and run on a machine using synchronous execution. Unlessthe TR
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programs are being implemented on hardware, | believe my synchronous model
of TR programs are more valuable and applicable to the current work being
done in the area: specifying previously ambiguous concepts such as order of
evaluation / execution and name spaces.

15.2 Weaknesses

15.2.1 Portabilit y

The support for third party software betweenWindows, Linux and Mac OSX
varies hugely. There is no support for other operating systems(Solaris, Mac
0S9.x etc). An improvemert to TRIDE would be more consistent support
acrossmore systems.

15.2.2 Interfacing with Third Party Software

The current interface with third party software was designedto be as generic
aspossible. The dialogue windows that display the commandline output of the
third party software are functional but not user friendly. Currently the only
parsing applied to the output from the command line is extracting the percert
download information and using this to form the progressbar.

An improvemert would be to parse the entire command line output and
display all errors in the errors panel on the native code page.

15.2.3 Late Addition of Features

Multiple documert support and multiple platform support were two features
conceived and implemerted relatively late in the project. As thesefeaturesare
fundamental to the structure of the code their implementation was particularly
tricky and in someplacesuntidy. If | wereto start the project again, | would
build in multiple documert and multiple platform support from the start.

An additional feature this would allow would be to set the platform as a
setting rather than with a command line argumert.

15.3 Extensions
15.3.1 Imp ort

It should be possibleto import a le aswell as opening one.
Description of the import function:

When import is selecteda standard le selectiondialogue will open. After a le
has beenselecteda Java Dialogue window will open containing a JComboBox.
The JComboBox will have as options \Imp ort Percepts”, \Imp ort Actions",
\Imp ort Memories", \Imp ort TR" and \Imp ort All". Once the appropriate
option hasbeenselectedand the user hasclicked \OK" the relevant sectionsof
code from the source le will be appendedto the current working le.

1This may require further low level support for the IR Tower.
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15.3.2 Simulator

Building arobot canbe expensive and time consuming;testing code on hardware
can be ine cien t and extremely di cult to debug (evenwith TRIDE's built in

debuggingfeatures). A simulated environment can considerablyaid this process.
A simulator can take multiple forms:

LeJOS s provided with a trace program called \emu-lejos"[14]; emu-lejos
prints a trace of the contents of the local variables, global variables, motor
directions and motor powers while varying the possibleinput values. A
similar simple trace program could be implemented for TRIDE.

An interactiv e graphical visualisation is a common form of robot simula-
tion that could be applied to TRIDE, current implemenrtations vary from
Nilsson's Tower Builder Demo[q to TRSoccerBots[1§.

A third form of simulation is an interactive model of the operational se-
mantics where the user can de ne and vary the values of the evaluated
perceptswhile the evaluated actions and stack contents are displayed.

15.3.3 Multi Threading

An extension of the current syntax and semartics is to allow multi threaded
TR programs; TR programs which combine the outputs of sub-TR programs
running concurrertly. Details follow of a possiblesyntax, semartics and example
of a multi threaded TR program.

As the inspiration and ultimate aim of TR programsis to write programs
to run on mini architectures potentially microns in size, it is unreasonableto
expect eacth perceptto run in its own thread.

A multi threaded TR program would allow separate TR programsto run in
the background writing to global memory. This would allow TR programs to
act asinputs to the main program. The syntax and semartics would obviously
changedramatically, however on an informal level:

Syntax
The sub-procedurede nition will be extendedto include:
subproc ::= spfcondition+ g | sp(arg) fconditio n+g | Thread_spfcondition+ g

The memory de nition extendedto include:
memory::= nftype, initialValue g | Thread_sp_nitype, initialValue ¢
The action de nition extendedto include:
output ::= ..|] Theadsp_outf javaVoidBody ¢ |
Thead sp_out(argumentTupl e(, argunentT upl e)*) f javaVoidBody g

Where the pre x Thread denotesthis sub-procedurewill run in a separate
thread. Thesesub-procedurescannot be called by any other sub-proceduresand
cannot call any normal outputs. They can simply call percepts and call their
speci ¢ outputs. The thread speci ¢ outputs can only write to thread specic
memory. Interaction betweenthe threads is done by percepts reading normal
memory and thread speci ¢ memory.

Example - Multi Threaded Line Follower:

88



When the agert losessight of the line a separatethread manageshe direction
the agert needsto swingto nd it.
Memory
ThreadO_CurrentDirectio nf... Left /Right ... g
BeginSwingf...Tr ue/False ... ¢
ThreadO_period f...10+ ... g

Percepts
OverLinef... g
GetBeginSwingf .. . g
Get_ThreadO_CurrentDirectio n_Equal(dir) f... g

Actions
Forwardf... g
ThreadO_Pause(int) f... g
ThreadO_SetCurrentDirec ti on(dir) f.. . g
ThreadO_increment _Period f ThreadO_period *= 4;g
SetBeginSwing(bool) f... g

TR code
mainf
OverLine -> SetBeginSwing(Fal se),F oward
true -> SetBeginSwing(Tr ue), Swing
g
Swingf
Get_ThreadO_CurrentDirection _Equal(Left) -> Left
Get_Thread0_CurrentDirection _Equal(Right) -> Right
g
ThreadOf
GetBeginSwing, Get_ThreadO_CurrentDirectio n_Equal(Left) ->
Thread0_Pause(ThreadO_period),
Thread0_SetCurrentDirect io n(Rig ht) , ThreadO_.increment _Period
GetBeginSwing, Get_ThreadO_CurrentDirectio n_Equal(Right) ->
Thread0_Pause(ThreadO_period),
Thread0_SetCurrentDirect io n(Left), ThreadO_increment Period

g

15.3.4 Wireless Debugging / Comm unication

At the time of writing this report, wirelessdebuggingwaspartially implemerted.
Wireless debuggingusesa C# program written by Ulrich Kadolsky, \Net work
Toolkit for Lego Mindstoms", running on a Hewlett Padkard iPAQ (15.1). The
iPAQ is attached to the top of the RCX and communicates with the IR port
using a battery-p owered tower connectedto the serial port (15.2). NTLM uses
the Microsoft dot net framework to communicate over a wirelessnetwork and
open sourcesoftware to communicate with the RCX via the serial tower.

TRIDE usesfour additional classeso communicate with the NTLM:
Wireless - Wireless is an additional classadded to the platform padkage; it
extends the LeJOS platform classand overwrites methods that needto return
wirelessspeci ¢ classes.
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Figure 15.1: NTLM ScreenShot from the iPAQ

AstToWireless - An additional classto the Compiler padage, implementing
the AstToNative interface. AstT oWirelessgeneratesLeJOS code that commu-
nicates with the IR tower with F7 packets. NTLM is not compatible with the
faster single bytes used by the Low Level Communicator and requires opcode
and error correction information to be added.

Trider and TriderIint - Are two additional classesaddedto the Nativ elnterface
padkage. Trider interfaceswith NTLM over the wirelessnetwork using the Java
network protocols. Triderint implemerts the debuginterface and usesTrider to
implement the debug protocol.

Unfortunately due to hardware restrictions and time restrictions | was not
able to fully implement wirelessdebuggingor a behaviour taking advantage of
the iPAQ allowing agerts to communicate over wireless networks. An exten-
sion of this project would take full advantage of this hardware and implement
behaviours involving multiple agerts co-operating and searding complex envi-
ronmerts.

15.3.5 Impro ved Debug Interface

The debuggercurrently only returns the currently executingline number to the
GUI, a signi cant improvemert would be to return the values of the de ned
memoriesas well.

15.3.6 Genetic Evolution

Genetic ewolution should be possibleto model on the RCXs using TRIDE. The

following example will describe robots containing a basic genomegoverning as-
pectsof their behaviour, asthey meetother robots in their environment genomes
are exchanged and merged (mating). The expected outcome s that the robots

will gradually get better at nding mates and passingon their genomes.
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Figure 15.2: The RCX attached to the iPAQ and Serial Tower

The robots have touch sensorson front left and front right, di erential drive,
and communication through the IR port. The genomeis corntained on the robot,
it is an integer array of size 12 and valuesbetween0 and 10.
A number of robots (8+) are put in a con ned walled area (this could be
a two metre squareon a lino o or surrounded by boxes). They drive around
bumping into walls and ead other, when they reach maturit y (e.g. 30 seconds)
they nd a mate, their genomeand their mate's genomeare overwritten with
a merge of the two (with a small amount of Mutation); analogousto parents
giving birth to two children and dying.
Example Program with Native pseudo-cale:
TR code
SeeAnotherRobot, AbleToMate -> Mate
LeftPressed, RightPressed -> LeftMotor(Genomel[1] ),
RightMotor(Genome[2]) , Pause(Genome[3)

LeftPressed -> LeftMotor(Genome[4]), RightMotor(Geno me[5]),
Pause(Genome[6])

RightPressed -> LeftMotor(Genome[ 7]) , RightMotor(Genome[8]),
Pause(Genome[9])

True -> LeftMotor(Genome[10]), RightMotor(Genome[l 1]),
Pause(Genome[12])

Percepts

SeeAnotherRobotf
Another robot in range old enough to mate
g
AbleToMatef
Amolder than 30 seconds
g
LeftPressed f
Sensor on front left currently pressed
g
RightPressed f
Sensor on front right currently pressed
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g
Actions

Matef
Exchange genomewith partner
Merge genomesand add mutation
Set age to zero
g
LeftMotor(int  Val) f
If(Vval == 0)f
Keep current motor speed and direction
g
If(0 < Val < 6)f
Set Motor to Reverse
Set Speedto Val - 1
g
If(val >= 6)f
Set Motor to Forward
Set Speedto Val - 6

g

g
RightMotor(int ~ Val) f

Sameas left
g
Pause(int Val) f
If(Vval == 10)f
Pause for random amount
g
else f
Pause for 2*Val

g

g
Memory

Genome
integer array with 12 elements, values varying between 0 and 10

g
TimeBornf

integer, the clock can be comparedto this to calculate age
g

15.4 Future Work
15.4.1 Develop into a paper

A paper could be produced from this project covering the formalisms, syntax
and semartics; and the complex behaviours produced (speci cally wirelesscom-
munication and co-operative searding if they can be successfullyimplemented).

92



15.4.2 A pro ject web page

TRIDE could certainly be usedin the third year robotics courseat Imperial
College either by the students deweloping their own robots or by lecturers as
a teaching tool. TRIDE could also be applicable to other universities teaching
robotics, arti cial intelligence or multi agert system courses. If TRIDE were
published on a webpagewith full documertation and an open sourcelicenceit
would be accessibleto anyone wishing to develop Teleo Reactive code.
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App endix A

Man ual

A.1 System Requiremen ts

Windows 98 or later

Java 1.4.1or later

Driv ersfor the appropriate lego communication tower (USB or Serial)
RCX 2.0 or later

LeJOS 2.1.0or later

A.2 Quick Start

To run the program usethe command:

java -cp LeJOSHomw.IBnpcrcxcomm.jar; LeJOSHoneLIBnclasses.ja r;.

Runner
Follow this step by step sequencethat describeshow to write a simple light
seeler.
1. Open the LeJOS settings window and selectthe port for the IR Tower
and the location of the Lejos directory.
2. Placethe RCX in front of the IR Tower and selectDownLoad rm ware -
Be patient.
3. Build your robot - The suggestedobot for this application is the Acrobot

describedin the LegoRobotics Invertion System2.0. Your robot will need
two light sensorson the front.

De ne your sensorsand outputs. On the sensorpage, the two sensors
chosen have type light and mode light percent. The outputs have
type Motor.

De ne the Percepts. Open the \Sensor" template, you will need two
percepts, DifferentialL which is true when the left sensorhas more
light and DifferentialR  which is true when the right sensorhas more
light. Copy and paste theseinto your documert.
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10.
11.
12.
13.
14,
15.

. De ne the Memory. The Di eren tial perceptsrequire an Epsilon memory;,

copy this from the \Sensor" template.

. De ne the Output. Youwill needthree outputs: left ,right andforward .

These can be copied from the \driv e" template.

. Move to the TR panel, compile the peasand expandthe TR panel.

. Write the TR code using the buttons in the bottom split panel of the TR

page. You will needthree conditions: When DifferentialL is true turn
left ; When DifferentialR  is true turn right ; otherwise go forward .

Compile the TR code.

Save your documert.

Save the java le with the samename asyour documert.
Compile the java code into a java class.

Link and download the java class.

Pressrun on the RCX and you areo !

A.3 Visual Quick Guide

The TR page(A.1) is wherethe TR programs are written.

1.

2
3
4.
5
6

The TR code text area.

. Tabsto selectbetweenthe di erent programming windows.

. TR key word programming buttons.

The button bar.

. The Documert SelectionTabs.

. The Menu bar.

The rest of the programming is split betweenthe Sensorpage(A.2 left), the
Peaspage (A.2 certre) and the Native Coding page(A.2 right).

A.4 TR Programs - An Intro duction

This is a short intro duction to TeleoReactive programs,a conceptof hierarchical
programming proposedby Nils J. Nilsson. This introduction in basedon slides
by ProfessorKeith L. Clark.

Teleo-Reactie programing is a production rule notation for cortrolling be-
haviour; inspired by cortrol theory ideasof contin uousmonitoring and persistert
responses(similar to Braitenberg vehicles). The Teleo-Reactiwe languageused
by the T.R.I.D.E has parameterised proceduresand recursion providing a rich
high level robotics behaviour de nintion language.
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Figure A.1: The TR Page

Figure A.2: SensorPage,PeasPage& Native Code Page
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A.4.1 General Form

K1-> Al
K2 -> A2

Km-> Am

K's are booleanconditions on perceptsor state of the robot memory; A's are
actions and/or updatesof memory (variable values). Rulesare scannedfrom the
top; the rst rule with true condition is red. Actions are by default contin uous
(eg move forward) persisting as long as the condition trigger remains true and
no earlier or higher level rule has a true condition. Although discrete actions
are also supported. Conditions are being constartly tested (or re-ewaluated).
Actions, aswell astriggering outputs, can be an application of a T-R program
of lower level rules, including recursive calls.

A.4.2 Explicit Goals

K1 canbean explicit goal condition with assaiated null action. K2 should then
be sudh that, when K2 and not K1, the durativ e executionof A2 will evertually
achieve K1; K2 is called the regressionof K1 through A2. More generally, the
whole program satis es the regressionproperty, i, for eat Ki, i>2, when Ki
and not K], for all j<i, the durativ e execution of Ai will eventually achieve Kp,
for somep<i.

A.4.3 Special Cases

A T-R rule sequences complete if K1 or K2 or ...Km is a tautology (always
true).

A T-R rule sequencss universal if it is completeand satis es the regression
property.

A.5 The Sensor Panel

When you start a new documert the rst thing you seeis the sensorpanel, on
this panel you needto selectwhat input and output devicesyou will be using.
Selectfrom the drop down merus the sensortype and mode, the output type
and power, and whether you will be using communication.

SensorType - The hardware being connectedto the RCX (e.g. Light or
Touch sensor).

SensorMode - The type of input you are expecting to read from the sensor
(e.g. Light Percert or Pressed).

Output Type - The hardware being connectedto the RCX (e.g. Motor).

Output Power - The amount of power to be deliveredto the output device
(on a scaleof 1-7).
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Communication - Whether you will usethe IR port for communicating
with the IR tower or other RCXs!.

A.6 The Peas panel

On the PEAS panel you de ne your Actions and Perceptsto be usedin the
TR-Code and the global Memory.

A.6.1 Percepts

Perceptsare de ned in the following forms:
PerceptName f

JavaCode
g
PerceptName(argType argName...) f

JavaCode
g

The Percept namesshould be unique java names,the JavaCode should be

method bodies written in LeJOS returning booleans. Argument Typescan be
java primitiv es or LeJOS objects, argument nhamesshould be java names. An
example percept could be:
SingleBumpf

return(Sensor.S1. readBode an\al ue()) ;

g
The advised Percept javaCode style is:

1. Read Global Memory

2. Read SensorValues

3. Write data to argumerts
4.

Return Booleanvalue from afunction over SensorValuesand Global Mem-
ory

A.6.2 Outputs

Outputs follow the samestyle as percepts except the javaCode should be the
body of a void method rather than a Boolean method.
OutputNamd

JavaCode
g
OutputNamg argType argName ...) f

JavaCode
g

An example output could be:
goForwardf

Motor.A.Fwd();

1The debugger relies on the IR port so you cannot communicate and debug at the same
time.
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Motor.C.Fwd();
g
To make an agert go forward.
The advised Output javaCode style is:

1. Read Argument Data
2. Void previously true action
3. Write data to global Memory

4. Call the Actuators

A.6.3 Global Memory

Global Memory is a seriesof Java objects arrays and primitiv es that can be
accessedby Action and Percept code or passedas argumerts within the TR
code. The Global Memory should be viewed as part of the ervironment, read
directly by perceptsand written by actions, perceptsshould not alter the global
memory; actions should only read the global memory when passedasa variable.
Global Memory takesthe form:
MemoryNamé type , initialValue g

An example memory could be:
NumberOfitemsColec te dfint ,0g

Where the memory name is a unique java name, the type is a Java object,
array or primitiv e and the initial value is a Java expression.

A.7 The TR Panel

The TR Panelis wherethe higher level code is written; it should be independert
of the implementation of the Inputs, Actions and Memorys. The TR code
implemented by TRIDE is basedon Nilsson's origial proposal, with extensions
allowing sub proceduresand variable passing.

TR Programs take the form:
Perceptl, Percept2 (Argl, Arg2 ..) -> Actionl , Action2 (Arg2)

PerceptM, PerceptN ... -> ActionM, ActionN
SubProc1f

Perceptl , Percept] ... -> Actionl , ActionJ
g

SubProc2(argl ...) f

g

Percept namescan be either the namesof the inputs they refer to or true .
Action names can be either the names of the actions they refer to, stop, or
the name of a sub-procedure. Sub-procedure names are unique java names,
argumert namesare java names. Arguments can referto Global Memory or can
be Java Objects or primitiv es created dynamically and used as local memory
within a condition or sub-procedure;argumerts on the TR Panelare not typed,
their typeis inferred at compile time from the typesde ned on the PeasPanel.
If an argumert cannot be assignedto a singletype a type error is produced. An
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example TR program could be:
BumpFront -> Reverse, TurnLeft
BumpLeft -> TurnRight
BumpRight -> TurnLeft

true -> Forward

A.7.1 Contin uous vs Discrete

There are two forms of actions, continuous and discrete. Contin uous actions
are actions which are executedonly while the perceptsthat triggered them are
true. For example:
Lightinfront ~ -> Forward
true -> StopRobot

In the example while the Lightinfront  condition is true the robot will go
forward, assoon asit ceasego betrue the robot will stop. The suggestedaction
style for continuous actions is the actions should persist after they have been
called until they are negated, eat action should negateany previous actions.

Discrete actions are actions which executefor a nite period of time, they
should be atomic, self cortained and should negatethemselwes. For example:
Lightinfront  -> GoForward10cm

In the example the GoForward10cmaction is assumedto move the robot
from a static start, forward ten certimeters and then stop. The program givesa
similar behaviour to the cortin uous example above but using one lessrule, this
would seeman advantage however the discrete program is lessrobust and will
react far slower to changesin the environment.

A.7.2 Tautology

A TR program is a Tautology if there is always a percept that equatesto true,
the easiestway to do this is to havethe nal condition in a program of the form
true -> Action, it is not necessaryto write ead procedureasatautology however
special caremust be takento stop persistert actions executingwhenthey should
not. For examplethe following program will not produce the expected results:
ClearFront -> Forward
This should be replacedwith the tautology
ClearFront -> Forward
true -> StopRobot

This is lessof a problem when using discrete actions, for example the fol-
lowing program will produce expected results:
RecieveMsg -> SendReply

A.7.3 Variable Passing

Arguments can be passedfrom perceptsto actions or sub-procedureswithin
a condition, and from the declaration of a sub-procedureto conditions within
that sub-procedure. An argumert can either be a memory, an argumert from a
sub-proceduredeclaration or a java hame which will be bound at compile time
to a type. An example program passingdynamically bound variables:
readSensorValues (valu es) -> sendSensorValues( val ues)

Input:
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readSensorValues (in t [] sensorValues) f
nnWrite the sensor values to the Array
return true;
g
Output:
sendSensorValues(in t [] arrayToSend) f
nnBroadcast the Array from the IR port
g

The above program will dynamically create a new array ead time the con-
dition is evaluated, read the sensorvaluesinto it, passit to the action where it
wil be output via the IR port?.

If the above program had a memory de ned values fint[], new int[3] g
then the valuesvariable would be bound to the memory rather than a dynami-
cally created variable.

A.7.4 Sub Pro cedures

Sub-proceduresallow you to separateyour program into separateTR programs
or into recursive TR programs. Using sub-procedurescan make TR programs
more readable. Previously written TR programscan easily be copiedand pasted
into new TR programs as sub-procedures. The following example usesa main-
program as a State Machine followed by a seriesof sub procedures:

Statel, NextToGarbage -> pickUpGarbage, changeState(State 2)

Statel -> LookForGarbage

State2, atBin -> dropGarbage, changeState(Sta tel)

State2 -> LookForBin

LookForBin f
SeeBin -> goForward
true -> rotate

g

LookForGarbagef

SeeGarbage-> goFarward

true -> wonder
g

The above program guides a robot to collect garbage and deposit it in a
waste bin.

A.8 Pre-pro cessing & The Java Code Panel

Oncethe PEAS code and the TR code hasbeenwritten you can\compile TR",
this will corvert the TR-code, the Input Code, the Output Code and Memory
Code into LeJOS while doing basic error cheding. If there are any errors they
will be listed in the box under the generatedcode. By double clicking on a
particular error you will be taken to its location. Errors described as \Non

2Version 2.1.0 and earlier of LeJOS DO NOT support garbage collection, this means you
need to be VERY carful when using dynamically bound variables. Garbage collection is
currently planned to be implemented soon.
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Critical" will not prevent your code compiling but you may want to address
why they have appeared.

The generatedJava Code will take the sameclassname as the name your
documen is saved as, so you must either save your documert at least once
before compiling or change the classname at the top of the Java Code from
NewDocumentto MyClassNamethis is the samename that you must save as
for java code.

The generatedJava code splits the percepts,actions and sub-proceduresinto
separatemethods taking their userde ned names. Conditions are also put into
seperate methods with automatically generatednames. Memory is declaredas
static global memory. The conditions of the main TR procedureare then called
from a certral loop in the main method of the generatedcode. The code will
run inde nitely until a stop action is called.

A.9 Running your programs

30ncethe TR code has beenpre-processednto Java code you needto transfer
it to the RCX and run it. Begin by saving the Java code as a *.java le, the
name of the le must be the sameas the name of the documert as this is the
name generatedas the java classname.

Click compile to generatea java class. If there are any compilation errors
they will be displayed in the compile window, otherwise there will be a com-
pilation successfulmessage.To debug any compilation errors, you will have to
look up the name of the java method it appearsin from the java code panel;
then backtrack to either the PEAS panel or the TR panel to solve the error.
When your code has been successfullycompiled it can be linked into a \bak ed
brick" or *.bin le and downloadedto the RCX. Click \Link and Download"
to openthe link and download window, this will display either an error message
or a progressbhar asthe program is downloaded. Common errors at this point
include the IR Tower not beingableto nd the RCX, this could be becausethe
RCX is out of range, the ervironment is too bright, the RCX is turned o or the
last program on the RCX has not nished executing; or the T.R.I.D.E cannot
open the IR Tower, this could be becausethe tower is connectedto the wrong
port, or a current Communication, debug sessionor download sessionhas not
yet completed.

Oncethe program hasdownloadedto the RCX click the run button to start?.
If a stop action is not executedby your program at any point the only way for
your program to stop is to pressthe red \on-o " button on top of the RCX.

A.10 Debugging

5T.R.L.D.E hasa debuggingfacility to allow you to step through your program
or run to a break point. The debuggerusesthe IR port so cannot be usedin
conjunction with communication. To debug a program begin on the TR page

3This Section assumesthe settings have been correctly set, please refer to the settings
section for more information.

4Seethe Communication section for alternativ e ways to start a program

5This Section assumesthe settings have been correctly set, please refer to the settings
section for more information.
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and pull out the debug panel from the left hand side. The debug panel hastwo
columns of buttons to place break points. To place a break point every time
a condition is evaluated selecta button on the lefthand side, to place a break
point every time a condition is executedselecta button on the right hand side.
When the break points have been placed select\compile debuggableTR" and
then cortin ue loading the program onto the RCX as normal.

To initialise the debuggerclick either the Break Point or Step Point button.
For the debuggerto run the IR tower needsto be in plain view of the IR port
at all times, the easiestway to do this is to attach the IR Tower to the RCX.
When the debuggerinitialises, if there are any break points set it will run to
until it hits a break point; otherwise the debuggerwill beginrunning to the rst
step point. To step through the program click the step point button; to run to
the next break point click the break point button. The current condition being
evaluated will remain highlighted on the TR page.

A.11 Comm unicating

T.R.I.D.E supports two types of communication, IR tower to RCX and RCX
to RCX. Communication from the computer is performed through the commu-
nication window, to open the communication window click \Comm unication".
The RCX supports three levels of communication, bytes, padkets and messages.

A byte is a raw unsignedinteger between 0 and 255.

A padket is a packed-byte, a byte with a control headerand error correction
bits.

A messagses three packets.

The communication window supports the sending of bytes and messagesand
the receiving of bytes and padkets. To change betweenthe receiving of bytes
and packets click \Change Receiwer". To senda byte type a number between0
and 255 into the byte window and click \Send Byte", to senda messagetype
a number between 0 and 255 into the three messagewindows and click send
message.

The RCX hasa number of messagesvith speci ¢ meaning, a subsetof these
can be accessedhrough the selectmessagealrop down menu; onceselectedthese
are sert in the sameway as normal messagesThe most useful prede ned mes-
sageis the \Start Program" messagewhich when sert to a robot in standby
mode will start a program. To end communications click \End Communica-
tions".

The RCX usesthe IR port for communications, to initialise the port as a
\Low Level Communicator" set communication to on in the sensorpanel. An
example program using communications:

Inputs:

ReadMessage(int[ ] readArray) f
int n = LLC.read();
readArray[0] = n;
return(n > 0);

g

Outputs:
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WriteMessage(int [] readArray) f
int writeVal = readArray[0] * 2;
byte[] byteBuffer = new byte[1];
byteBuffer[0] = (byte)writeVal;
LLC.sendBytes(byt eBuffer ,1);
g
Memory:
ReadArrayint[],  new int[10]
TR Program:
ReadMessage(Readlir ay) -> WriteMessage(ReadArray )
Singlebytes sert from the IR tower arereadinto global memory then doubled
and returned.

A.12  Settings

There are two settings required by LeJOS, the port that the IR Tower is con-
nectedto (e.g. USB) and the path to the LeJOSdirectory. Thesecan be viewed
and set from the \Settings" window or changeddirectly from the \LeJOS Set-
tings" menu. The settings will automatically be saved in the T.R.I.D.E direc-
tory.

A.13 Templates

There are a seriesof templates available from the templates menu, templates are
designedto allow you to copy and paste code segmeits into your new documert.
If you familiarise yourselfwith, and correctly usethe templates you should never
have to write any LeJOS code (although you may have to modify some). As
well as LeJOS examplesthere are some TR style examplesto demonstrate the
use of state machines, sub proceduresargumen passingetc.

A.14 The Menus - a quick guide

This is a quick guide to all the functions available through the T.R.I.D.E menu
bar and tool bar.

A.14.1 File

The le menu cortrols all the low level managemen of les.

New

Createsa new empty documert.

Open

Opensa previously saved xml documert.
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Save As

Opensa dialogue to save the currently selecteddocumert.

Save

Savesthe currently selecteddocumert asthe last assaiated le name,if no le
nameis assaiated the Save as dialogue will open.

Revert

Reverts the currently open documert to the last saved version.

Close

Closesthe currently selecteddocumert.

Close All

Closesall currently open documerts.

Save As Java

Opensa dialogue to save the current documerts java code as a .java le.

Open Java

Opensa previously saved .java documert.

A14.2 Edit

Contains the standard cut, copy and pastetools.

A.14.3 Build

The build menu cortains all the tools and commandsneededto compile, build
and run your programs on the RCX.

Compile Peas

Syntax cheds the Peascode and the TR code so that the TR code can be
correctly colourised, adds the Action and Percept buttons onto the expanded
TR page.

Compile TR
Compilesthe Peaspanel and the TR panel into LeJOS code.

Compile Debuggable TR
Compilesthe Peaspanel and the TR panel into debuggableLeJOS code.
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Compile Java

Compilesthe LeJOS code into a .class le.

Save Java

Savesthe LeJOS code asa .java le.

Link and Download

Compilesthe .class le into a\Bak ed Brick" and downloadsit onto the RCX.

Download Firm ware

Downloadsthe LeJOS rm ware onto the RCX.

A.14.4 Format

The format menu cortrols how you view your code.

Colour Text

Toggleswhen Syntax Highlighting is used. Default is syntax highlighting on.
To usesyntax highlighting in the TR menu you must rst \Compile Peas".
Expand Peas

Togglesthe Peaspanel betweenthe expandedand default version. The default
peaspanel allows you to edit the Percept, Action and Memory code at the same
time. The Expanded version of peassplits the three up into separatetabbed
panels.

Expand TR

Togglestwo rows of buttons in the TR window. The top row contains the TR
syntax key words ->[implies] and , [conjunction]; the bottom row cortains the
Percept and Action namestaken from the peaspanel. For correct labelling on
the bottom panel this should be usedin conjunction with \Compile Peas".

A.145 Templates

The templates menu contains a list of pre-written templates designedto save
time when writing new documerts.

A.14.6 Comm unications
Start Comm unications

Opensthe communications window and initiates communication with the RCX.

A.14.7 Debug

The debug mernu contains the tools neededduring a debuggingsession.
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step

If a debuggingsessionis not in progress,initiates a debuggingsession;otherwise
runs the program to the next step point.

break

If a debuggingsessionis not in progress,initiates a debuggingsession;otherwise
runs the program to the next break point.

stop

Stopsthe current debuggingsession.This MUST be selectedafter eac debug-
ging sessionbeforetrying to usethe IR tower for communications or download-

ing.

A.14.8 Settings
Options usedto setthe LeJOS directory and the IR tower port.

A.14.9 Help

The Help menu hastwo items which help guide you through the IDE and writing
your own TR programs.

Show Ballo ons

Togglesthe information tags. When selected,hovering the mouseover an object
will popup a brief description of it.

Help Windo w

Opensthe interactive help.

A.14.10 Tool Bar

The most commonly usedmenu functions are available in the tool bar. The tool
bar is movable to any part of the screen.Menu functions available are:

New

Open

Save

Compile Peas

Compile TR

Compile Debuggable TR
Save Java

Compile Java
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Link and Download
Show Balloons
Help Window
Break

Step

Stop

Start Communication

A.15 Building Lego Rob ots

I would highly recommendthe Acrobot as described by the Robotic Invertion
System 2.0 manual for use as a mobile Agert.

A.16 LeJOS - in brief

LeJOS stands for Lego Java Operating System and is an alternative rm ware
and programming languagefor the Lego RCX. The full LeJOS api is available
at:

http://lejos.sourceforge.net/
However below is a brief description of the most useful methods for writing TR
Percepts, Actions and Memories.

A.16.1 Percepts

There are sewven accessibleinputs for the RCX: three Sensorinputs, three but-
tons (Run, Prgm and View) and the IR port. The IR port will be discussedin
communication.

Sensors

The three sensorscan be accessedwvith the call:
Sensor.S SensorNunbe . Meho dGall ();
With the sensorsnumbered 1,2,3 and the following method calls:

readBooleanValue - returns a boolean represeting the sensorvalue
readRawValue - returns an integer represerting the raw sensorvalue

readValue - returns an integer represeting the canonical sensorvalue

Buttons

The three buttons can be accessedvith the call:

Button. ButtonNarne.i sPre ssed();

With the button names RUN, VIEW, PRGM and returning true when the
button is pressed.
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A.16.2 Actions

There are six accessibleoutputs for the RCX: three Output ports, the LCD
display, the Speaker and the IR port. The IR port will be discussedin commu-
nication.

A useful command for discrete actions is the thread sleep method which
will causethe thread running the TR program to pause for a given number
of milliseconds. The following example wraps the thread sleepmethod into a
pauseaction:

Pause(int Constant) f

try f
Thread.sleep(Cons tant) ;
g
catch(Exception e)fg
g
Motors

The motors when connectedto the Output ports can be accessedvith the call:
Motor. OutputLett er. directi on();

With motor letters A,B,C and directions forward, backward and stop. The
motor power can be set with the call:

Motor. OutputLett er. setPowe( Pover);

Where power is an integer between0 and 7.

LCD Display

The LCD display can be accessedvith two calls:

LCD.showNumbeiumier );

where the Number is an unsignedint between0 and 9999.

TextLCD.print( Strin g);

This prints the given string to the LCD display with generally disappointing
results.

Speaker

The speaker can be accessedwith either a built in sound or a de ned sound.
The built in soundsare called by:

Sound.BuiltinSou nd();

The built in soundsare: beep,beepSequencehuzz and twoBeeps. The de ned
soundsare called by:

Sound.playTone( f requency, durati on);

Where frequency is an int in Hertz between 31 and 2100 and duration is in
hundredths of secondsbetween0 and 255.

A.16.3 Memory

As explainedin the Peaschapter memory takesthe form:
MemoryNamédtype , initialValue g

Where type can be a Java primitiv e, object or array. The primitiv esin-
clude: int, bool, char, byte and oat; with the initial value a primitiv e value.
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The Objects de ned in LeJOS include: Float, Integer, Object, java.util. Queue,
java.util.Stack, String, StringBu er, java.util.Vector. Generally object memo-
ries are de ned:
MemoryNamé Object , new Object () g

Arrays of primitiv esare usedin a very similar way to objects, for example:
MemoryNamé Primitive [] , new Primitive [ArraySize ] ¢

Arrays of objects can be problematic unlessyou want to generatethe array
onthe y, however the following exampleshows how to get around this problem:
StringObject fString, "Hello World"g
VectorObject fjav a.uti I. Vedor, new java.util.Vector( )g
IntegerObject fInte ger, new Integer() g
ObjectArray fObject[], fStringObject, VectorObject, IntegerObject ¢

A.16.4 Comm unication

Communication can take place betweentwo RCXs or the RCX and the tower,
refer to the communication section of the manual for information on PC side
communication. RCX communication is done using the IR port asa Low Level
Communicator. The LLC hasthe following methods:

Read a byte:

LLC.read(); nnReturns an int

Wait a short period to seeif a byte becomesavailable:

LLC.recieve(); nnRdur ns an int

Sendan array of bytes:

LLC.sendBytes( buffe r, le ngth);

Where bu er is an array of bytes and length is the length of the array.
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App endix B

Templates Description

B.1 Language Specic Templates

Language Specic Templates are implemented seperately for ead language,
they demonstrate how to write and modify actions and perceptsin the given
language. The core actions and perceptsare in the languagespeci ¢ templates.

B.1.1 Audio

The audio template allows you to accesshe RCX's internal speaker, there are
two methods, synchronous and asyncironous. The synchronous method plays
a note and returns at the end of the note. The asyncronous returns instantly,
the note is then played while other actions execute. The argumerts for both
the methods are the note in Hertz and the length of the note in hundredths of
a second.

B.1.2 Comm unication

The Communication template gives an action to send a byte and a percept
to receive one, this can be used either for communication with the tower or
communication with other RCXs. The rst communication template performs
the TR ruleswith a bu er in memory, the secondusesobject passing.

B.1.3 Drive

Driv e provides actions for di erential drive: Go forward, left, right, backward
and stop. There is a pauseaction to allow the drive actions to continue for a
set period e.g. to drive forward for 2 secondsusethe following actions:
-> Forward, Pause(Constant)
The pauseargumert is milliseconds so for 2 secondsConstant would need
to be de ned as 2000.

B.1.4 Driv e and Steer

Drive and steer provides actions for robots that have one motor for forward
and reverse,and a secondfor steering. The actions are similar to Drive: Go
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forward, left, right, backward, stop and pause. There is also one extra action,
stop steering, which stops the steering motor in its current position.

B.1.5 Line Follower

The line follower templates show the ewvolution of a simple application, starting
with a basicline follower application then including communication and nally
producing more complex behaviour with a state machine.

B.1.6 Output to LCD

The output to LCD template holds a single action allowing the userto output
integersto the LCD display.

B.1.7 Sensors

The sensorgemplate corntains perceptsto interpret to the legobutton and light
sensor,as well as an action to output the value of the light sensoron the LCD
screen. All the perceptshave to be con gured to which sensorport the sensors
are connectedto. The perceptsare:

SensorLigh - Returns true if the sensoris in the light.
SensorDark- Returns true if the sensoris in the dark.

Di erentiall - Returns true if the rst sensoris darker than the second
sensor.

Di erential2 - Returns true if the rst sensoris lighter than the second
Equality - Returns true if sensorl and sensor2 are equal.
SingleBump - The sensorhas beenpressed

Dual Bumper Con guration - BumpLeft, BumpRight and BumpFront cor-
respond to the left, right and both bumpers being triggered.

B.1.8 Wander And Random

Wanderand Random cortains an action to generatea random number, a percept
to compare that random number to a constart and two TR-Programs which
make use of this. The rst TR program is a \W ander Behaviour", the agert
will move at random but tends toward a straight line. The secondis Random
movemert where the agert will move randomly in all directions.

B.2 Language Indep endent Templates

The Languagelndependert Templateswill work in either NQC or LeJOS, they
should also work in any C like languagewith integer assignmem, comparison
and basicmathematical functions implemented on a mobile agert. Any language
dependert actions/ percepts referred to in these templates will not have the
bodiesimplemented. When using thesetemplates copy the languagedependert
code from the languagedependert templates.
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B.2.1 Spinner

Spinner is an example of a very simple TR program using memory, there are
perceptsto read the memory and an action to setit.

B.2.2 State Machine

Using a state machine is the easiestway to model multiple plan agerts. The
State Machine Template cortains a state memory, perceptsto read the state
and actions to either setit or readit. Note the state cannot be set with a value
it MUST be set with a de ned memory.

B.2.3 SubSumption

Subsumptionis an exampleof a TR program whereelemens of the functionality
have beenencapsulatedinto sub-procedures.
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App endix C

Walk Through

C.1l

Line Follower Walk Through

This is a simplewalk through designedto takeyou step by stepthrough your rst
TR agert. The agert we will walk through is a di erential drive line follower.

Begin by building your robot, a drive wheel/ track on either side and the
light sensorin front pointing downward.

Start on the sensorpanel, setthe sensortypeto light sensorand the sensor
mode to light percent.

Set the Output typesto motor and the output power to 1 (or 7 if you
want a fast line follower).

Next go to the peaspanel and de ne the perceptions needed. A simple
line follower will needa percept see_line for whenit can seethe line and
a percept last _direction left to ched which way it swung last when
looking for the line.

see_line f
return(Sensor.S2 .r eadVdu e() <48);
g
last _direction left f
return(direction =),
g

The constart 48 in the see_line perceptis a con gurable constart to
determine its value ched the value perceived by the light sensorwhen
its over the line and when it is not over the line; then choosea value in
between.

The direction =="I' in the last _direction left perceptis chedking
the value of a memory (memoriesde ned later).

De ne the actions. You will needan action to go forward when over the
line. And actionsto swing_left and swing._right when searding for the
line. The swing actions will needto keeptrack of the length of the current
swing and the total length of the swing, incremerting the total length with
ead pass.
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forward f
Motor.A.forward( );
Motor.C.forward( );
swing_length = 5;
g
The Forward action setsboth motors forward and resetsthe swing length.
swing_left f
Motor.A.backward () ;
Motor.C.forward( );
running _swing_length++;
if(running _swing_length > swing_length) f
direction ="}
running _swing_ength = 0;
swing_length *= 4;
g
g
swing _right f
Motor.A.forward( );
Motor.C.backward () ;
running _swing _length++;
if(running _swing_length > swing_length) f
direction ="',
running _swing_ength = 0;
swing_length *= 4;
g

g
The swing actions set the agert turning left or right and incremert how

far it hasswungsofar. If it hasreachedthe length of its swing changethe
direction, incremert the total swing lenghth and reset the current swing
length.

Finally de ne the memories. You will needa memory to de ne how long
ead swing must be, swing_length , a memory to rember the current dis-
tance swung, running _swing_length , and a memory to chedk which was
the last direction you swung, direction

direction fchar, 'l 'g

swingength fint,5 g

running _swing_length fint,0 g

After the PEAS have been de ned go to the TR Panel and write the
TR code, there needsto be a main function which either goes forward
or swings and a swing function to nd the line. The TR code can be
expandedby clicking the \compile peas"icon and selecting\expand TR"
from the format menu, this will display the percept, action and keyword
buttons.

see_line -> forward

true -> Swing

Swingf

last _direction _left -> swing_right

true -> swing_left
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Finally Save the TR code, compile the TR code, compile the Java code
and test drive your line follower.

C.2 Light Follower

The secondTR program is a light follower, all the required perceptsare in the
sensorstemplate, all the actions are in the drive template. The robot to build
is a di erential drive robot with two light sensorson the front.

The robot must turn left when the light is brighter on the left, right when
the light is brighter on the right, forward otherwise. The light sensorswill need
to be callibrated.
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App endix D

Op erational Semantics
Example

D.1 Program Description

When the light intensity is between Threshold1 and Threshold2 the robot will
go forward.

D.2 Example Program

TR Code
SensorDark -> StopCar
SensorLight -> StopCar
true -> Forward
Output
StopCarf
Motor.A.stop();
Motor.C.stop();
g
Forwardf
Motor.A.forward()
Motor.C.forward() ;
g
Input
SensorLight f
return( Sensor.S2.readValue() > Threshold2);
g
SensorDarkf
return( Sensor.S2.readVa lu e() < Thresholdl);

g
Memory

Thresholdl fint,4 Og
Threshold2 fint,6 Og
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D.3 Environmen t

Assume the robot beginsin the dark, a light is then shoneat the robot, the
robot approachesuntil the light is too bright

D.4 Object Store

Heap

[
[

SensorDark -> StopCar,
SensorLight -> StopCar,
true -> Forward

]

]
GlobalStac k

[
(bool Continue true)
(int  Threshold1l 40)
(int  Threshold2 60)

D.5 Execution

2.1.PECL(SensorDark, Hea) True

2.2.PEL(SensorDar k, Heap) = Sensor.S2.readVa lue () < Thresholdl
2.3.(true,Globals tack, []) =

JE(GlobalStack, [],Sensor.S2.re adValue() < Thresholdl)
2.4.true instanceOf boolean True

Heap,GlobalStack0 , [],SensorDark > [],true

3.1.ACCL(StopCar, Heap) True

3.2.ACL(StopCar,H eap) = Motor.A.stop();Mo tor.C.stop() ;
(result,GlobalSta  ck1, Local Stack) =

JE(GlobalStack0, [],Motor.A.stop() ;Motor. C.sto p(); )

Heap,GlobalStack0 , [],StopCar > GlobalStackl

1.CONDL(0,0,Heap = SensorDark -> StopCar
2.Heap, GlobalStackO, [], SensorDark > [], True
3.Heap, GlobalStack0, [], StopCar > GlobalStackl

Heap,GlobalStack 0,[ ], pc(0,0) > GlobalStackl
First run through of the while loop

2.1.PECL(SensorDark ,Heap) True

2.2.PEL(SensorDar k, Heap) = Sensor.S2.readVa lue () < Thresholdl
2.3.(false,Global  Stackl, []) =
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JE(GlobalStackl, [],Sensor.S2.read Vdue() < Thresholdl)
2.4. false instanceOf boolean True

Heap,GlobalStackl , [],SensorDark > [].false

4.2.1.PECL(Sensor Li ght,Heap) True
4.2.2.PEL(SensorL ig ht, Heap)

= Sensor.S2.readV al ue() > Threshold2
4.2.3. (false,GlobalSta ck1, [])

= JE(GlobalStackl [ ],

Sensor.S2.readVal ue() > Threshold2)
4.2.4false  instanceOf boolean == True

Heap,GlobalStackl , [],SensorLight > []false

Heap, GlobalStackl, |[], true >, true

4.4.3.1.ACCL(fo rward,Heap) True

4.4.3.2.ACL(for wad, Heap) = Motor.A.forward( );
Motor.C.forward () ;

4.4.3.3. (result,GlobalSta  ck2,[ ]) = JE(GlobalStackl, T[]
,Motor.A.forwar d();Motor. C.for wad(); )

Heap,GlobalStac k1, [],forward > GlobalStack2

4.4.1.CONDL(2,0,H eap) = true -> forward
4.4.2 Heap,Global Stackl, [],Percepts > [, True
4.4.3.Heap, GlobalStackl, [],forward > GlobalStack2

Heap,GlobalStackl ,[ ],p ¢(2,0) > GlobalStack2

4.1.CONDL(1,0,Heap) = SensorLight -> StopCar

4.2 Heap,GlobalSt ackl, [],SensorLight > [],False

4.3. 2 = NCONL(0,Heap)

4.4.if(1 < 2) then Heap,GlobalStackl ,[ ],p ¢(2,0) > GlobalStack2

Heap,GlobalStackl ,[ ], pc(1,0) > GlobalStack2

1.CONDL(0,0,Heap = SensorDark -> StopCar

2.Heap,GlobalSta ck1, [],SensorDark > [],False

3. 2 = NCONL(0,Heap)

4.if(0 < 2) then Heap,GlobalStack 1,[ ], pc(1, 0) > GlobalStack2

Heap,GlobalStack 1,[ ], pc(0, 0) > GlobalStack2
Second run through of the while loop

2.1.PECL(SensorDark ,Heap) True

2.2.PEL(SensorDar k, Heap) = Sensor.S2.readVa lue () < Thresholdl
2.3.(false,Global  Stack2, []) =
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JE(GlobalStack2, [],Sensor.S2.read Vdue() < Thresholdl)

2.4. false instanceOf boolean True

Heap,GlobalStack2 , [],SensorDark > [].false

4.2.1.PECL(Sensor Li ght,Heap) True
4.2.2.PEL(SensorL ig ht, Heap)

= Sensor.S2.readV al ue() > Threshold2
4.2.3.  (true,GlobalStac k2, [])

= JE(GlobalStackl [ ],
Sensor.S2.readVal ue() > Threshold2)

4.2.4 false instanceOf boolean True

Heap,GlobalStack2 , [],SensorLight >

4.3.1.ACCL(StopCar, Hea) True

[].true

4.3.2.ACL(StopCar ,Heap) = Motor.A.stop(); Motor.C.st op();

(result,GlobalSta ck2,[]) =

JE(GlobalStack2, [],Motor.A.stop() ;Motor. C.stop();)

Heap,GlobalStack2 , [],StopCar > GlobalStack3

4.1.CONDL(1,0,Heap) = SensorLight -> StopCar

4.2 Heap,GlobalSt ack2, [],SensorLight

> [],True

4.3.Heap, GlobalStack2, [],StopCar > GlobalStack3

Heap,GlobalStack2 ,[ ], pc(1,0) > GlobalStack2

1.CONDL(0,0,Heap = SensorDark -> StopCar

2.Heap,GlobalSta ckl, [],SensorDark > [],False

3. 2 = NCONL(0,Heap)

4.if(0 < 2) then Heap,GlobalStack 1,[ ], pc(1, 0) > GlobalStack3

Heap,GlobalStack 2,[ ], pc(0, 0) > GlobalStack3

Third run through of the while loop
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