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Abstract

The motivation is given for having computersupportof the rules for sailing races. SailRuleis a freely
available programintendedto analyseandimprove performancen applyingtheracingrules. A brief overviev
is given of sailingterminologyandracingrules. It is aguedthat a usefulprogramfor the racingrulesshould
run on hand-helddevices. The programshouldsupportan archive of rule scenariosracetraining, self-learning
of the rules,andanalysisof rule disputes.The SailRuleprogramhasbeenimplementedusingthe SuperVba
programmingervironmentfor hand-helddevices. The userinterfaceis describedfor the rules program. An
explanationis given of the principlesbehindformalising and codifying the racing rules so that they canbe
efficiently implemented Examplesaregivenof how the programrepresentandanalysesule scenarios.

1 Intr oduction

1.1 The Rulesof Sailing Races

Theworld-widerulesfor sailingracesaredefinedby ISAF (thelnternationalSailingFederationwwwsailing.org).

Thegoverningbodyin eachcountry suchasthe UK’s RYA (Royal YachtingAssociationwwwrya.org.uk), may
alsosetnationalrulesor definenationalinterpretation®f therules. Therulesareintendedo ensurefair andsafe
competition.

Theracingrulesareusuallyupdatedavery four years.For 1997—2000)SAF issueda muchsimplified setof
rulesthatarecertainlyeasierto learn. The 2001-2004uleshave continuedthis simplicity. However a surprising
numberof complicationscanarisein their application. Professionatailors,andthosesailing at nationallevels,
are of courseexpertin the rules. But mary sailors,suchasthosewho racecasuallyat their local clubs, know
only the majorrules. Situationsin a racecanalsochangequickly; for examplea changeof wind directioncan
completelyalterwhich boatshave priority. Unlessthe sailorcanimmediatelyrelatethe situationto therules,it is
easyto infringe them.

Therulesarewritten aspreciselyasnaturallanguagg English)will permit. Of necessitythey aresomevhat
legalisticin style. It is not alwayseasyto interprethow the rulesshouldapply Therulesaretextual andlinear,
whereaghe real world demandsa dynamicandvisual understandingf the relationshipsamongboats. To give
someideaof thedifficulty facedin learningtherules,hereis partof the text describingwho hasright of way on
passingamark (e.g.acoursebuay) or anobstruction(e.g.arock):

If boatswereoverlappedeforeeitherof themreachedhetwo-lengthzoneandthe overlapis broken
afteroneof themhasreachedt, the boatthatwason the outsideshallcontinueto give the otherboat
room. If the outsideboatbecomeslearasternor overlappednsidethe otherboat,sheis not entitled
to roomandshallkeepcleat

During arace,aboatmay be fouled by anotherover which thereis priority. For example,a boatwith right of
way may beforcedto altercoursetheboatin thewrong canrecover by takinga penalty However a disputecan
ariseasto which boathadright of way. In sucha casea boatmay protestmeaningthattheissuehasto be settled
ashore A formal protesthearingis heldto allow the partiesto arguewhy they werein theright. A protesthasto
bejustifiedwith referencedo therules,calling on othersailorsaswitnessesf necessaryf a protestis upheld,the
boatin erroris disqualified.
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Figurel: A SampleRacingSituation

To getanimmediatefeel for whatis involvedin therules,look at figure 1. Thisis a planview of threeboats
trying to passabuoy in the course.They arein dangerof collision, sowho hasright of way? A studyof therules
revealsthatC hasright of way over A andB. In turn, A hasright of way over B. This situationis analysedn more
detailin section3.4.

1.2 Software Support for The Racing Rules

Thenatureof theracingrulessuggestshatsomekind of softwaresupportmaybefeasible.The authorssetoutto
explorethis hypothesisTheaim wassupportthe analysisandimprovementof performancen understandingnd
applyingtherules. The specificobjectiveswereto supporta variety of actwities:

o It is usefulto have a diagrameditorfor drawing scenariosn which theracingruleshave to be applied. Of
course simple pen-and-papecould be usedfor this. However, computerisedupportmeansthatthe dia-
gramscanbedrawvn neatlyandunambiguouslyln a protesthearing,sucha diagramcould be a corvenient
way of recordinghow theinvolved partiessaw the situation.

e Computersupportalsomalkesit possibleto save diagramdor laterretrieval andanalysis.For example,an
archive of commonsituationscanbe preparecandusedin coachingandlearning.

e It is interestingto setup ‘what if " scenarioseitherto checkan understandingf the rulesor to investigate
how changesn a scenarianightaffectwhich rulesapply.

o If adisputearisescomputersupportcansuggestvhich rulesapplyandthereforewhich boatshave right of
way. Much of thisneedgoutinebook-keepinghatcanbeconvenientlyautomatedOf courseit still requires
humanexpertiseto decideon a protest but atleastthefactualaspectEanbe supportecautomatically

It would have beenpossibleto write a corventionalprogramto achiese theseobjectives. Howevera program
runningon a PCwould really only permitoffline analysis Whatis requiredis somethingnuchmoreportable.An
attractive possibility wasan implementatiorof theracingruleson a hand-helddevice — a PDA (PortableDigital
Assistantalsocalleda palm-top). CurrentPDAs aremuchmorethansimpledevicesfor recordingappointments
andtelephonenumbers.n factthey aresmallcomputersandprogrammablén their own right. The authorshave
implementedheracingrulesin SailRule- aprogramthatrunson a rangeof hand-helddevices.

For example, the programruns on PalimOSand WinCE devices. PalmOSis a small operatingsystemthat
supportdhand-heldleviceslik e the Palm Pilot andtheHandspringvisor. WinCE (CompactEdition)is acut-dovn
versionof Microsoft Windows for smallPC-like devices. (All theforegoingnamesaretrademarks.PalmOSand
WinCE accounffor alarge proportionof the millions of PDAs in currentuse.As aresult,the sailingrulescanbe
madeavailableon awide varietyof pocket-sizeddevices. Thesearehighly portable andcanbeusedonthewater
(say by a coach)or in the club-housgsay during a protesthearing). Use of the softwareby someoneactually
sailingaracemight beregardedasunfair, notto mentionimpractical!



In fact,the programis notrestrictedto runningonaPDA. It canberun onastandarccomputer(suchasaPC)
underavariety of operatingsystemslt is even possibleto run the programin a suitablyconfiguredweb browser
As a serviceto the sailing community the SailRuleprogramhasbeenmadeavailablefor public download and
freeuse:

www.cs.stirac.uk~kjt/software/pda/sailrule.html
The programis distributedunderthe GNU GeneralPublic Licence. Basically this meansit is free and without
warranty

1.3 RelatedWork

As far asthe authorsknow, the SailRuleprogramis unique. Creatingit hasnot beentrivial. The constraints
of a PDA (limited processingpower, memoryand screensize) place critical demandson how the programis
implementedIt hasalsobeennecessaryo formaliseandto codify theracingrulesfor computemse.

Fromasportspointof view, theaim of thiswork wasto helpimprove competitve performancelUnderstanding
therulesbetterallows a sailor to take legitimatetacticaladvantageof the rules,aswell asto avoid right of way
boats.Fromtheperspectie of sportssciencethework embodiesiovel researcton formalisingtherulesof sailing
races.For the computerscientist the challengevasto implementa complec setof ruleswithin the constraintof
asmallhand-helddevice.

2 Background

For the non-sailor this sectiongivesan overview of sailing terminologyandthe racingrules. The SuperWba
programmingervironmentfor hand-helddevicesis alsobriefly introduced.

2.1 Sailing Terminology

Sailing employs a very large vocahulary of specialisederms. For the benefitof the non-sailor the terminology
neededor this articleis explainedbelon. A numberof thetermsareillustratedin figure 2.

Boat: This meansary sailing vesselsuchasa yacht,a dinghy or a wind-surfer(sail-board).By commonusage,
boatsarereferredto as‘she’.

Course Leg: A courseis theroutedefinedfor therace. Thisis split up into a numberof sectionscalledlegsthat
lie betweercoursemarks.

Mark, Rounding Obstruction: Boatsfollow a routethatis determinedy markssuchasbuoys. A boatis saidto
rounda markwhenshepassed ontothenext leg of the course.An obstructionis anythinglike arock or a
shoalthathasto be avoided.

Windward, Leevard: Windward meangowardsthe point from which thewind is blowing. Leewvardis the oppo-
site,i.e. towardsthelee (shelter).

Headto Wind, Close-hauledl_uffing: A boatmay not point too directly into thewind or her speedfalls off dra-
matically. A boatis head-to-windf sheis headingtowardsthe point from which the wind is blowing. In
practicea boatcansail at an angleof about45 degreesaway from the wind, calledbeingclose-hauled A
boatis saidto luff if shesteerscloserto thewind.

Port, Starboad, Ona Tack: Portmeandeft, while starboardneansight. A boatis saidto beonatackdetermined
by the sideonwhich hersail lies. A porttackboathashersail outto theright; a starboardack boatis the
corverse.

Tack, Gybe: A boattackswhenherbow crosseshewind from onetackto theother A boatgybeswhenherstern
crossthewind from onetackto the other

Clear AheadClear Astern,Overlapped: Oneboatis clearaheadof anotherif sheis in front; clearasternis the
opposite.Two boatsaredirectly overlappedf neitheris fully aheachor fully asternof the othet

Upwind, Offwind, Downwind: Upwind meanstowardswherethe wind is blowing from, while offwind (down-
wind) meansaway from thewind.

Inside Outside: An insideboatis onewhosepathtakeshercloserto the mark; anoutsideboatis furtheraway.

Above ProperCourseg BelowProperCourse: A boats propercoursewill take her efficiently to the next mark of
the course.Sailing above (or below) the propercoursemeanssailing closerto (or further away from) the
wind thanthis coursewould dictate.
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Figure2: SomeSailing Terms

2.2 RacingRules

Theracingrulesareorganisednto anumberof parts.Of directconcerrto the SailRuleprogramarethe definitions
of termsandtherulesfor whenboatsmeet.

A boaton herown in openwater(i.e. not closeto ary otherboat) may sail freely. Whenboatsapproacheach
other, the rulesdefinewhich boatshave right of way over which others.Roughlyspeakingpoatsareconsidered
to becloseif they arewithin two boat-length®f eachother

Thesimplestrule casesoncerma pair of boatsasthey approachThreebasicrulesapply:

e astarboardackboathasright of way overaporttackboat
¢ if bothboatsareonthe sametack,the oneaheachasright of way overthe oneastern

¢ if both boatsare on the sametack but overlapped the oneto leeward hasright of way over the oneto
windward.

In practice,the rulesare rathermore complicated. For exampleif a boatis beingovertalkento windward,
shemay luff the otherboat(i.e. steertowardsher)in orderto avoid having herwind stolen. However thereare
restrictionson whenthis maybe doneandto whatextent.

More comple situationsinvolve morethantwo boats. Thesemay be on differenttacks,aheadpverlappedor
astern.To someextent, therulescansimply be appliedto eachpair of boats.For example,a starboardack boat
usuallyhasright of way over a porttack boat. But otherrulesdealwith a completegroupof boats.For example,
aboatmayluff anoverlappedoatonly if sheis allowedto luff all the boatsoverlappedo windward.

As boatsapproacha mark or obstruction the rulesarechanged.At an offwind mark (sailing away from the
wind), the normalport/starboardule may be suspendednstead aninsideboatmay have right of way over one
notsailingsocloseto themark.



To complicatemattersfurther, the rulestake the dynamicsof a situationinto account.lt is not suficient to
take asnapshoandthenapplytherules;the pastbehaiour of theboatscanbeimportant. Supposehattwo boats
areoverlappedvhenapproaching@ mark,but the overlapis thenbroken. Althoughthereis no currentoverlap,the
factthatthey werepreviously overlappedaffectstherules. In othercaseswhatthe boatsare presentlydoingis
relevant. For example a starboardackboatnormallyhasright overway over porttack. But if theboatis only just
tackingontostarboardhenshedoesnot yet have right of way. Somerulesarealsovariedat the startof arace.

As canbeseentherulesarenot straightforvard. It is not sosurprisingthatamateursailorsfind themdifficult
to grasp.A computersupporteduition andanalysisaid is thereforevery useful.

2.3 SuperWaba

Thestyleof the sailingrulesimmediatelysuggestsomekind of expertsystem.This couldanalysea situationand
applytherelevantrulesto draw inferencesaboutwhich boatshave right of way. Unfortunatelyexpertsystemsare
complex andcomputationallyhungry, sothey arenot suitablefor hand-helddevices.

Java would be an appropriatechoiceof implementatiodanguagen orderto maximiseportability. However,
Java is a sophisticatedanguagewith a very large classlibrary. It is difficult to supportit on small hand-held
devices.Severalcreditableattemptshave beenmade suchastheK Virtual Machine(java.sun.conmproductskvim)
and Spotlesywwwsun.comfeseach/spotlesk In the authors’experience the mostattractive of the Java look-
alikesis SuperVéba(wwwsuperwaba.ag).

SuperVbais an open-sourceroject, makingit accessibldo a wide numberof developers. It respectsa
substantiaportion of the Java language.The restrictionsin SuperVba,suchaslack of exceptionhandling,are
not particularlysignificantfor implementingthe sailing rules. SuperVbais supportedy an enthusiastigroup
of developerswho have helpedto createa respectablelasslibrary. Thisis notthe sameasthe Java classlibrary,
thoughthey sharesomecommonfeatures. A Java programmercan, however, learnto use SuperVébafairly
quickly.

In fact, SuperVbabuilds on a standardlava developmentervironment.For example, standardava toolslike
a compilerare used. SuperVbaprogramsmay be previewed by the usualappletviewer or in a web browser
This is extremely useful becausalevelopmentcan thentake placeon a desktopcomputer The developercan
take advantageof a full operatingsystem filing system,DE (IntegratedDevelopmentEnvironment),etc. Once
the programis fully developed,a utility corvertsit into a form thatcanbe loadedandexecutedon a PalmOSor
WinCE device. Developingsoftwareon sucha smalldeviceis difficult becausef the extremelylimited facilities.

Like Java, SuperVabacompilesinto compactcode. This is executedby a Java-like virtual machineon the
hand-helddevice. The maindisadwantageof SuperVbais thatit doesnot compileinto native code,soits execu-
tion is relatively slow (especiallyon thelimited processorin PDAS). In addition,a usercannotexecutethe code
immediately Thefreely available SuperVabavirtual machinemustfirst beinstalled,but this canthenbeusedfor
avarietyof SuperVbaprograms Becaus&uper\Viébais designedo run onarangeof devices,it is notintegrated
with the PDA’s operatingsystem For example,graphicalwidgetslik e buttonsandmenusarethoseof SuperVaba
andnotthenative ones.Howevertheforegoingweaknessearemorethanoffsetby the portability andpopularity
of SuperVéba.

It is possibleto write SuperVbaprogramsasonemightwrite Java, i.e. withoutregardto memoryor processor
limitations. The mostobvious restrictionis the limited screensize of a PDA (e.g.160 x 160 pixelson a Palm
device). However it is necessaryo bearthe target ervironmentin mind. For examplecomplex datastructures,
wastefuluseof memory andinefficientalgorithmsshouldbeavoided. The SuperVbaprogramwill run,certainly
but its performancenay be unacceptableln practice,carein programdesignwill allow SuperVdbato execute
with acceptablefficiency ona PDA.

3 Program Design

This sectiondescribeghe two key actiities of the SailRuleprogram: drawving a scenario,and determiningthe
applicablerules. Thefirst concernghe designof the userinterface. This s in principle straightforward, though
the limited screensizeis a notableconstraint. The secondactivity requiresthe racing rulesto be formulated
in a fashionthatallows efficient retrieval accordingto the scenario.Formalisingand codifying the ruleswasa
significantandnovel pieceof work.
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3.1 UserInterface

Figure3 shovsthemainscreengor SailRule ThediagramsareactualscreenshotsThearrownsin thefigureshov
how the usercan progressdrom screento screen.Nearly all the screenshave help pages(not shonn). This is
importantbecauséhe programis intendedfor non-technicalisersin ary location. It would be unsatiséctoryto
have the programon a pocket-sizeddevice but needto carryaroundalarge manual!

The programbeginswith the startscreenwherethe wind directionis entered.By corvention,directionsare
anglesin degreesmeasuringclockwisefrom 0 as North (the top of a diagram). The wind directionis a critical
parametebecausét determinediow boatsaredisplayed. The sail positionandtack of a boatareautomatically
determinedy its headingelative to thewind. For thisreasorit is not allowedto changehewind directionwhile
drawing ascenariolf necessarthecurrentscenariccanbe clearedyeturningto the startscreen.

Scenariosare mosteasilydravn on the mapscreen.To keepthis clean,thereare deliberatelyno controlson
this screen.Instead,menuchoicesor simple keystrokesare usedto control the actions. For example,‘'F’ calls
up thefile screenand‘R’ statesherulesthatapply Thewind directionis shovn by anarrov atthe edgeof the
screen(280 degreesin the map screenof figure 3). Boatsare addedto the scenarioby clicking on the screen.
Subsequentlyboatsmay be draggedo the desiredpositionandmay be rotatedto the requiredheading.The salil
positionandtack are calculatedautomaticallyknowing the wind direction. As boatsareenteredthey aresimply
numbered.



For a scenarioin openwater, this is sufficient. However rule disputesusually ariseasboatsrounda mark.
Themapscreerthereforeallows a markto be added.Certainrulescomeinto play asboatsapproacta mark. The
significantregion is thatdefinedby a circle roundthe markwith aradiusof two boatlengths.(Technicallythisis
twice the lengthof the nearesboat,but this complicationis ignoredby the program.)The mapscreenn figure 3
shaws this two-lengthscircle; Avast,CookandDainty arewithin it.

An ‘S’ againstamarkindicateshatthe markis roundedo starboardi.e. theboatskeepthemarkto starboard
asthey passit); a‘P’ (port) markis alsopossible.lt is necessaryo know the directionto the next markin the
course. The map screenof figure 3 shows this as 60 (degrees). Avast, Belay and Cook are thereforemoving
clockwiseroundthe mark, aimingto sail towardsthetwo o’clock position. Boat Dainty hasalreadyroundedthe
mark.

The map screendoesnot provide fine control of the scenariothoughit is much easierto usebecauset is
graphical.Themainscreerofferscompletecontrol. If desirecthetack,headingandnamecanbeenteredor each
boat. The automatiodeterminatiorof tackcanbe partly overriddenin this way, e.g.to shav aboat'sailing by the
lee’ (in dangerof gybing accidentally).Boatparametergsanbe edited. Marks canbe addedanddeleted(though
becausaf screenimitations only onemarkis currentlyallowed). The main screemalsoallows otherscreengo
bevisitedsuchasfor filing andboatediting.

Theedit screerallows boatparametersuchasheading hameandpositionto be changedMore importantly
boatstatuscanbe declared A numberof rulesdependon whatboatsarecurrentlydoingandwhattheir previous
relationshipwas. Thatis, the rulesdependon the dynamicsof the situation.Shortof animatinga scenariothisis
difficult to depict. The programsolvesthis by representingurrentandpreviousactiity.

Themapscreerof figure 3 shovs someexamplesof whatboatsarecurrentlydoing. Cookis currentlysailing
above her propercourse(AC) andis gybing (GY). Dainty is currentlyfinishing the race(FN). The mapscreen
also shavs someexamplesof previous relationships. Previously, Avastwas overlapped(WO) on Belay. This
is importantwhenroundinga mark. Although Belay is not currently overlappedby Avast, shewas previously
overlappedasAvastenteredhetwo-lengthscircle. Anotherpreviousrelationshipis thatDainty wasahead WA)
of theotherboatswhenapproachinghe mark.

By meansof the map screenmain screenor edit screenthe userdraws the scenarioto be analysed. This
scenariocan be storedin a file by enteringthe file screenand saving it. Previously storedscenarioscan be
retrievedandedited.They canbesavedunderanothemame makingit easyto createvariationsonabasescenario.
In practice,SuperVWbadoesnot save scenariosasindividual files; they are storedasrecordsin the programs
databasetHoweverthe SailRuleprogramrefersto ‘files’ asthey behaelike normalcomputeffiles.

Theprogramdatabasés createdseparatelyon the hand-helddevice andis separatelypackedup. This means
thatit is possibleto provide the userwith pre-preparedscenarios. The SailRuleprogramis suppliedwith a
substantiaket of 45 examplesillustrating the main rule cases.Userscanalso swap scenarios.If the SailRule
programwereto be usedwidely, anextensve library of scenariozould be madeavailablefrom awebsite. This
would be very valuablefor training, and could be usedto record‘caselaw’. This ariseswhen nationalsailing
bodiesprovide their interpretation®f difficult rule cases.

3.2 Invoking The Rules

Onceascenarichasbeensetup, selectingherulesscreerwill causeheapplicablerulesto bedisplayed.For each
pair of nearbyboats theirrelative right of way is statedandjustified by referenceo therelevantrules. Sometimes
morethanonerule mayjustify theright of way. As anexample thescenaridn figure1 yieldsthefollowing literal
output:

Boat B must give roomto Boat A

Rule 18.2(a):Whenboatsareoverlappedhe outsideboatshall give theinsideboatroomto passhe
mark or obstruction,andif theinsideboathasright of way the outsideboatshallkeepclear Other
partsof Rule 18 containexceptionsto this rule.

Boat C hasright of way over Boat B
Rule 10: Whenboatsareon oppositetacks,a port-tackboatshallkeepclearof a starboard-tackoat.
Theprogramaimsto provide a succinctstatemenof therules. For exampleif A hasright of way overB, it is
doesnotrestatethatB mustgive way to A. Many rulescanbe repeatedf therearemultiple boats.Only thefirst

instanceof aruleis citedin full; therule is referencedy numberif it is usedfor anotherpair of boats.
As amorecomplex example the scenarian the mapscreerof figure 3 yieldsthefollowing output:



Figure4: RelationshifbetweerBoats

Boat Avasthasright of way over Boat Belay

Rule 11: Whenboatsare on the sametack and overlappeda windward boat shall keepclearof a
leewardboat.

Boat Cook must give roomto Boat Avast

Rule 18.2(a):Whenboatsareoverlappedhe outsideboatshall give theinsideboatroomto passthe
mark or obstruction,andif theinsideboathasright of way the outsideboatshall keepclear Other
partsof Rule 18 containexceptionsto this rule.

Boat Dainty hasright of way over Boat Avast
Rule10: Whenboatsareon oppositetacks,a port-tackboatshallkeepclearof a starboard-tackoat.
Boat Cook hasright of way over Boat Belay

Rule12: Whenboatsareon the sametackandnot overlappeda boatclearasternshallkeepclearof
aboatclearahead.

3.3 Checking Boat Relationships

As will be seentherearemary factorsthatdeterminethe applicationof the rules. The programhasto perform
mary geometricakalculationsandlogical inferencesn orderto decidehow the rulesapply. Many of therules
requirethe relationshipbetweentwo boatsto be decided:leewvard, astern,overlappedetc. This is achiezed by
consideringhow the boatslie in relationto eachother As a small simplification, eachboatis consideredo be
boundedby a rectangleas shavn in figure 4. The cornersof this rectangleare numberedfrom 0 to 3. Each
relationshipis thenchecledbetweerthe cornersof theserectangles.

Althoughtherelationshipsarea straightforvard matterof coordinategeometrytheredo not seemto be stan-
dardformulaethat are efficient to program. The authorsthereforedevisedtheir own approach.As an example,
supposet is necessaryo checkwhetherB in figure4 is clearasternof A. Eachof B’s cornerss checledagainst
the (extended)ine from cornerO to cornerl of A. If all of B’s cornersarebehindthisline, thenB is clearastern.
If oneor morecornersareaheadof thisline, thenB is overlappecbr clearahead.

The SailRuleprogramfollows the usualconventionof screen-basedrograms.The point (0, 0) is atthetop
left of the screenandthey coordinategrows downwards.Sincelinesmay bevertical,they cannotberepresented
in mx + ¢ form (gradientm, y interceptc). Insteadthe endpointsof theline areused:(x0, y0) and(x1,y1). The
differencebetweerthesex andy coordinatess calculated:xdiff is x1 - x0, andydiff is y1 - yO. Now a candidate
point (X, y) canbechecledfor beingasternof aline. Thealgorithmis:

if xdiff £0
then astern=(y - y0) * xdiff > (x - x0) * ydiff
else
if ydiff >0
then astern=x < x0
elseastern=x > x0



Figure5: BoatsOverlapping

If thexdifferencds non-zerotheline is notvertical. Whetherthepointis asterrdepend®nits displacemenfrom
the startof theline (x0, y0) andthe extentof the line (xdiff, ydiff). If the x differenceis zero,theline is vertical.
The checknow splitson whetherthey extentis positive, andthex coordinaterelative to the startof theline.

Similarrulesareusedfor checkingclearahead|eevardandwindward. Checkingfor overlapis morecomplex
thanmightbe expected.Two boatsoverlapdirectly if neitheris clearasternof theotherandthereis nointervening
boat. However two boatsare consideredo overlapif thereis aninterveningboatthatis overlappedon both. In
figure5, A is clearasternC andsodoesnot overlapit directly. But becauseé\ is overlappedn B, andB onC, A
is consideredo beoverlappeddy C. Thelogic behindthis is thatactionsby A will affectC.

3.4 Formalising The Racing Rules

Theracingrulesaredefinedin naturallanguage Althoughthey arewritten very carefully, they arenotin aform
thata programcanuse.Furthermorelik e ary naturallanguagestatementhey oftenrely onthereaders common
senseor sailing experiencefor their interpretation.

For example,the rulesrely on the notion of oneboatbeingto port of another Although obvious (in most
cases)surprisinglythis termis not explicitly definedin the ISAF rules. In fact‘to port’ is ambiguousso the
programaimsto reachthe samejudgmentthata persorwould. The authorsalsodiscoreredotherincompleteor
uncleawordingsin therules,andhadto interpretthemin a sensibleway.

Computemprogramsneedexplicit algorithmicinstructions.A major challengewasto representherulesin a
form that allows their efficient matchingto the scenariobeing analysed.This is far from easysincea scenario
containggraphicalanddynamicinformation,whereasherulesaretextual.

Theproblemwassolvedby identifyingthe key factorsthatcausearule to becomeapplicable Thisinformation
hadto beteasedutof theway thattherulesarewritten. Therulesgenerallydealwith a pair of boats althoughby
extensionthey applyto relationshipsnvolving multiple boats.TherelevantISAF rulesarethoseof Part2 (‘when
boatsmeet’). Thefollowing factorsaresignificant:

¢ whetheraboatis onaportor starboardack,or is tackingto port or starboard

e whetheraboatis head-to-windsailingabove or below herpropercourse

¢ whethertheboatsarein dangerof colliding

e whethertheboatsaresailingin openwateror nearamark

¢ whetheroneor both boatsis within two lengthsof a mark, obstructionor otherboat
e whetherapair of boatsis on the oppositeor the sametack

e whetheroneboatis clearaheadbf anotheyclearasternor overlapped

e whetheroneboatis to leewardor to port of another

Eachrule wasthenindexedby which of thesefactorsapply. A numberof rulesareindexedby multiple factors.
If all thesefactorsapplyin ascenariotherule appliesbetweerthe pair of boats.

The graphicalscenarids usedto identify the factorsthatapply to eachdistinct pair of boats. This produces
alist of candidateules. The programs rulesresoher thenchecksa numberof additionalissueghatmay modify
which rulesapplyor how right of way is determinedThesefurtherfactorsdealwith:

¢ whetheraboatis approaching windward mark
¢ whetheraboatneedgo tackin orderto rounda mark
¢ whetheraboatis tackingwithin thetwo-lengthscircle rounda mark

e whetheraboatis above close-hauledhasalreadypassedead-to-windduring atack,or hascompletedher
tack



e whetheroneboatwasaheacdf, or overlappedn, the otherbeforeenteringthetwo-lengthscircle

e whetheroneboatis insidethe otherwhenroundinga mark.

As anexample,considerA andB in figure 1. Both boatsareon porttack,andwithin two lengthsof the mark.
A is overlappedn B andontheinsideline to themark. This selectgule 18.2(a)asa candidateTherulesresoher
determineshattheboatsareapproachin@windwardmark,thatthey needto tackin orderto roundthemark,and
thatthey wereoverlappedrior to enterthe two-lengthscircle. This confirmsthatrule 18.2(a)doesindeedapply;
andthatB mustgive roomto A underthisrule.

3.5 Program Design

The programwasimplementedusing SuperViba. The designis object-oriented.For example,boatsandrules
areimplementedas classes.Eachnew boator rule is an objectas an instanceof its defining class. The pro-
gramcontainsabout3,400non-commentines of code,developedwith aboutseren man-monthof effort. The
correspondingbjectcodetakesabout96 kilobytes of storage andthe programrunswith about50 kilobytes of
dynamicmemory This is reasonableonsideringthat the programhassucha complex taskto perform. PDAs
usuallyhave memorymeasuredn the megabytes.

The mostintensive activity for the programis determininganddisplayingthe rulesthatapplyto a scenario.
As anexample,it takesa Palm m505(33 MHz processoraboutthreesecondso show the rulesapplyingto the
scenarian figure 3. In factthis is quite a complex scenariowith four boatsroundinga mark, plus previous and
currentbehaviour to take into account. Executionspeedis quite reasonablebearingin mind that the program
mustperformalot of geometricatalculationsandlogical inferencesPDA processorarealsorelatively slow.

In fact, the programcanalsobe executedon a desktopcomputer Insteadof the SuperVbavirtual machine
it requireselementsof the SuperVébaDevelopmentKit, which is alsofreely downloadable.The programcan
executeon a standardappletviewer or web browser Using a PC obviously givesmuch greaterprocessingand
storagecapacity However the programscreersizeis maintainecdat thatof a typical PDA for consisteng.

4 Conclusion

The objectvesanddesignof the SailRuleprogramhave beenpresentedThe programallows rule scenariogo be
createdgraphically loaded,savtedandmanipulated Therulesarestoredin a databas¢hatmaybedistributedand
usedto evaluateknowledgeof racingscenarioslt hasbeenexplainedhow the programcodifiestheracingrules
sothatthey maybeefficiently appliedto a scenario.

Exampleshave beengiven of how the programrepresentscenariosand reportsthe applicablerules. The
programruns on a wide variety of hand-helddevices suchasthoserunning PalimOSor WinCE. Memory and
executionrequirementarereasonable.

The programmeetsthe objectivessetoutin sectionl.2:

e It accuratelyrepresentshe geometricaland dynamicinformationdescribinga rulesscenario. This infor-
mationis storedin computerform andcanbereadilyanalysedThe graphicaluserinterfacereflectssailing
terminologyandconcepts.

e Theprogrammakesit easyto prepardibrariesof scenariogor analysisandtraining.

e Theprogramlendsitselfto ‘whatif’ studies.Thussmallvariationsin ascenariccanbecreatede.g.whether
aboatwasoverlappedr not, to seehow theruleswould change.

¢ Althoughthe programcould not replacea protestjury, it is nonetheless way of recordingthe basicfacts
andproviding aninitial analysisof therightsof way.

Althoughthe programdoesnot embodyevery rule, it supportsthe major rulesthat often causeproblemsin
understandingFuturework will include handlingadditionalrules,suchasthosegoverningobstructionsandac-
quiring right of way. Howeverthe programhasalreadydemonstrateds potentialto improve racingperformance.
It is hopedthatthe sailingcommunityfind it of value.
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