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1 Project Overview

Thisyear, theELE538Projectis to programtheeebotmobilerobotwith anavigationsystemthatcanfind it’sway
througha maze,reverse,andbackit’s wayout again.A possiblemazeis shown (not to scale)in figure1.

1. Therobotis startedat theentrypointandtracksdown theguidanceline.

2. TherobotmustnavigatetheS turnsto demonstratethattheguidancealgorithmis working correctly.

3. Whenever theencountersa junction,it shouldmakeadecisionwhich branchto take.

4. If thebranchcomesto adeadend, therobotwill encounterabarrierthatactuatesthefront bumper. It should
thenexecutea 180

�
turn, retracethe path,andtake the otherbranch. It shouldalsonotethat the branch

takenwastheincorrectone,andnotethecorrectbranch.
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Figure1: RobotGuidanceChallenge

5. If therobotdoesnotencounteradeadendon thatpath,it shouldrememberthatthebranchit chosewasthe
correctone.

6. This processcontinuesuntil the robot reachesthe mazeforward destinationpoint. The operatortapsthe
rearbumperto indicatethis to therobot.

7. Therobotshouldthenretraceits path,backto thestartingpoint,eachtime choosingthecorrectbranch.In
effect, therobothaslearnedor solvedthemaze.

A possiblevariationon this is that therobotfirst learnsthemaze.Thenit is startedagainat thebeginning
andshouldnavigatethemazewithout errors.However, reversetraversalof themazeshouldbedoableand
is muchmoreexciting to watch.

2 Rulesof the ChallengeProject
� Studentswill begradedon thedegreeto which theirprogramaccomplishestherobotguidancetaskandthe

featuresof their guidanceprogram.

� Theprojectwill beworth30%of thetotal ELE538labmark.

� Theexactlayout is subjectto changeat thelastminute,but will includefeaturessimilar to thoseshown in
figure1.

� Only L andT junctionsarepossible,sothatthereareonly two choicesat eachintersection.
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� Eachbranchleadseither to an obstactleblock that may be detectedwith the front bumper, or another
intersection.(It is possibleto designthemazeso that the robotcouldgo several intersectionsdeepinto a
particularpathbeforedetectinganerror. But we’ll leave thatcomplicationfor a futurechallenge.)

� Presolvingthe mazefor the robot is not permitted. It mustshow learningbehaviour by venturingdown
someincorrectbranchesandrecovering.

� We recommendthattheguidanceprograminclude

– An alive indicator

– Readoutof batteryvoltage

– Someindicationof thecurrentstateof therobot

Youareencouragedto includereadoutsfor thesensorsignals(eithertheraw dataor thethresholdedvalues
indicatedaslight anddark). It mayalsobeusefulto show thestateof thebumperswitches.

� Demonstrationsmustbecompletedby theendingtimeof thescheduledlab in Week13 of theterm.

� Guidancemethodsare unrestricted. You may usebang-bangcontrol, turning the motorson and off in
responseto variousguidersignals.Or you mayusethe line detectorandvariablemotorspeedto provide
proportionalcontrolof heading.

� Robotsaredeemedto have lost their way whenthey collide with oneof the boundariesof the challenge
area.

� Therobothardwaremustnot bemodifiedin any way1.

� Paperdecorationsmaybemountedon therobotandheldin placewith smallpiecesof maskingtape.

� A printedcopy of the properlydocumentedassemblylanguageprogramguidance.asm mustbe sub-
mitted at the time of the demonstration.The programwill alsobe submittedelectronicallyat the demo,
usingthesubmit538instruction.Someproportionof thefinal markwill beallocatedfor thequality of the
documentation.

� Therobotis startedby loadingits program,placingit in theStartarea,andtouchingoneof thebumpers.

� Onceit is started,no humanassistanceof therobotis permitted.It’son its own.

� Eachdemonstrationis allowedtwo tries.

� If thedemonstrationfailsandtimepermits,thestudentwill beallowedto revisetheir program.

� At the discretionof the instructor, the instructormay requirea demonstrationon the benchthat the robot
hassomechanceof operatingproperly.

� Part marksare awardedin the caseof robotsthat can exhibit somefunctionality that is relevant to this
problem.(Seesection4).

1A possibleexceptionto this rule may be requiredif we find that room lighting interfereswith robot guidance.In that case,it may be
necessaryto provide skirtson theguidersection.However, this is notexpectedto beaproblem.
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3 Solving the Maze

Herearesomethoughtson solvingthemaze.

� Therobotcandetectanintersectionbecausetheguiderpatterndetectorswill sensethattheoutriggersensors
B and/orD areactivatedin additionto thecentresensorsA andC.

� Whentherobotis started,it maybeinitializedwith theknowledgethatit is facingEast.It shouldbeableto
deduceanew headingbasedon it’s currentdirectionandthedirectionof theturn. For example,if it makes
aright turnat intersection1, it is now goingSouth.

� Eachtime it detectsan intersection,it shouldnotethat it hasfounda new intersection,giving it a number.
Therobotmustmustthenmake a decisionwhich pathto follow. During theexplorationphase,this choice
can be maderandomly. The mazeis designedso that thereare never more than 2 possibilitiesat any
intersection.Therobotshouldnotewhatdirectionit haschosento pursue.

� The datastructureto containthis information could be a numberedlist in which the list entry number
representsthe intersectionnumberandthedataenteredrepresentsthedirectionchosen.Thereare7 or so
intersectionsandfour possibledirections: North, South,EastandWest. So a 7 byte list would hold the
MazeSolutiondata.

� If the robot next comesto a deadend, the front bumperwill be actuated.In that case,the robot should
executea 180

�
turn andretraceits pathbackto thepreviousintersection.It shouldthennotethecorrected

decisionat thatintersectionandfollow thecorrectbranch.

� If therobotnext comesto anintersection,thepreviousdecisionwascorrectandtherobotcancontinue.

For example,supposetherobotentersthemazeshown in figure1 andencountersintersection# 1. It detects
the branchingpathto the Southandunderstandsthat it hasa choiceof continuingEastor turningSouth.
Randomly, it chosesto continueEast(which is incorrect).

It thenencounterstheobjectblock thatterminatesa branchandrealizesthatit hasmadea mistake. It must
retraceits pathby turning180

�
anddriving West.Whenit reachesintersection#1again,it knowsthatit has

to take theotherbranchwhich is to theSouth.Becauseit is now facingWest,this is a left turn. Therobot
wouldenterSouthasthecorrecteddestinationat intersection#1 in theMazeSolutionlist.

So theremustbe a datastructurethat tells the robot if we are going East,a right turn facesus South. It
wouldhave

�����
entries,asshown in thefollowing table:

CurrentDirection RightTurn StraightAhead Left Turn

North East North West
West North West South
etc

Similarily, thereshouldbe anotherdatastructurethat tells the robot if we are going Eastand want to go
Southat thenext intersection,that is a right turn.

(Alternatively, you might codeinto the programan understandingthat directionssequenceNorth, East,
South,West,North . . .astherobotrotatesclockwise,ie, executesright turns.)
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� This processof exploring the mazeanddocumentingthe correctdecisionat eachintersectioncontinues
until therobotreachestheForward Destinationpoint. Theoperatortriggerstherearbumper.

� Therobotnow retracesits path.Becauseit hasrecordedthecorrectdecisionat eachintersection,it should
bepossiblefor it to retraceits pathbackto theentrypoint of themazewithouterror.

4 DevelopmentStrategy

This is not the kind of programthat onesits down andwrites from start to finish in oneburst of activity. It is
simply too complicated.

Theproblemmustbe decomposedinto simplersub-problems,andthesesub-problemsfurtherdecomposed,
until eachof the sub-problemsis doableby a humanoidprogrammer. You canthenwrite andtestthe codefor
this problem.Oncethecodeis debugged,it hasmovedyousystematicallytowardafinal goal.Thisalsoprovides
achievementsthatwill generatepartmarks.

Herearesomepossiblesub-projectsthatcontributeto thewhole.

1. Geta smallprogramgoingthatactuatesthealive indicator, shows thestatusof theguider, shows thestatus
of thebumperswitches.

2. Modify theprogramcansothattheeebotmotorscanbestartedandstoppedunderbumpercontrol.

3. Add in guidercontrol,sotherobotwill tracktheline andnavigatethefirst S turn. This will beworth part
marks.

4. Add the �	��
 � rotationroutineso thatactuatingthe front bumpercausesthe robot to do anabout-turnand
retraceit’spath.Thiswill beworth partmarks.

5. Add in intersectiondetectionlogic, so the robotcanindicatewhenit hasdetectedan intersectionandthe
typeof intersection.(Youcouldputa messageon theLCD eachtimeanintersectionis detected.)

6. Add in steeringcontrol logic sothat therobotmaybeinstructedto take theleft, right or straightbranchin
anintersection.At this point you shouldbeableto
� follow theline andnavigatetheS turn.
� detectanintersectionandnavigateonebranchor theother.
� detectanobjectblockandexecutea �	��
 � rotation.

This is significantprogress.

7. Createadatastructurethattherobotcanreadanduseto determinethecorrectdecisionateachintersection.
Loadthisupwith themazeinformationandseeif therobotcannavigatethemazeonceit hasbeenlearned.
Thiswill beworth partmarks.

8. Developtheartificial intelligencesystemthatcanlearnfrom themazeandputtheinformationin thenaviga-
tion datastructure.Developit in suchawaythatit canbeeasilybench-testedwith readoutsandbreakpoints.

Thefirst stepis to constructthe algorithm thatwill searchthe maze.This shouldbe written out aspseu-
docodeandthencarefullycheckedagainstthemazelayoutto seeif it actscorrectly.

Thesecondstepis to designthevariousdatastructuresthatsupporttheprogram.Someof thesestructures
areread-only, otherswill requirewriting informationto themwhile the systemis in operation.Carefully
considerhow to accesstheinformationin thesedatastructures.
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5 Structure of the Program

This is a complex software system. It will requireinterrupts,passingof parametersto subroutinesand time-
critical operations.Thefinal programwill belengthyandincludemany subroutines.This is deliberate:oneof the
objectivesof this courseis to challengeyou with a majorsoftwareprojectthat requiressignificantplanningand
designin additionto theproductionof assemblylanguagecode.

As you develop the design,you musthave in mind the final structureof the program. It shouldincludethe
following sections,preferablyin thesameorderin yourcodelisting aspresentedhere:

� Equates(definitions)of microprocessorregisterssuchasTCNTLO.

� Workingstoragearea(thedatasegment),with definitionsof variables(RAM locations),usingFCB, ˆFCCˆ,FCD
andRMBstatements.This shouldhave its own ORGdirective.

� Thecodesegment,with its own ORGdirective.This is thecomputerprogram,startingwith theinitialization
routines. In this sectionof the code,eachinitialization routineshouldbe calledwith a JSR statement.
Device interruptsandvectorsshouldbeinitializedhere.

� Thelastinstructionin theinitializationcodeis theCLI statement,which turnsonglobalinterrupts.

� Following the initialization routinesis the main loop. This startswith a label (Main is a suitablechoice)
andendswith aJMP Main instruction.Themainloop includessubroutinecallsto thevariousoperational
routines.For example,it would includeonesubroutinecall to updatethedisplayandanotherto checkthe
navigationstatemachine.

For aprogramof thissize,theinitializationcodeandmainloopshouldeasilyfit ontoonepage.It simplifies
debuggingto minimize the sizeof thesecodesectionsbecauseit is easyto determinewherebreakpoints
shouldbeinsertedandtheprecisesequenceof codeevents.

� Therestof thecodecontainesthesystemsubroutines.Eachsubroutineshouldbevisibly setoff by some
visualdevice suchasextra spaceor a row of characters.Eachsubroutinemusthave a headerthatincludes
a title, descriptionof the routinefunction,what is passedinto the routine,andwhat it returns.The orga-
nizationof theroutinesshouldbesuchthatsimilar routinesaregroupedtogetherandthesimplestroutines
are last in the listing. The assemblershoulddeterminethe addressof eachsubroutine:do not useORG
statementsin thissection.If therearedefinitionsthatnaturallygowith aparticularsubroutineandnoother
routine,thenyou maywish to includetheEQUequatestatementswith thesubroutine.Otherwise,put the
equatesat thetop of theprogram.

Variablesthatareusedby subroutinesshouldbegroupedwith all theothervariables(RMBstatementsetc)
at thetopof thelisting. Why notput themwith thesubroutine?Because,ultimately, thecodemaybemove
to EEPROM or someotherform of non-volatilememoryandtheread-writeregistersmustbemovedto or
stayin someareaof RAM. Sothecodeandtheworking RAM areasshouldbekeptseparateanddistinct.

If you stick to the organizationsuggestedhere,this can be donequite easily becausethereis one ORG
statementfor theRAM working storageareaandoneORGstatementfor thecode.Moving thecodeis then
primarily a matterof changingits ORGstatement.
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6 Hints on Developinga Lar geSoftwareProject
� Beware of NameConflicts. Becausethis is a big programandwe do not have a linking loader2 available

to us,everylabel is global in scopeandmustbedistinct. Consequently, you will needto beverycarefulto
uselabelsthataredifferentfrom eachother. Soa labelnamelikeLOOPis very risky - it’s likely to beused
somewhereelsein theprogram.

A goodapproachto this is to prefaceeachlabelnameof this typewith asomecharactersthatareuniqueto
thesubroutine.For example,in a displayroutineyouwouldusethelabelDISP_EXIT ratherthanEXIT .

Theassembleras11 generatesa crossreferencelisting of all variablesusedin theprogram.This is useful
in determiningwhatvariablenamesyouhaveused.

� Back up files. At theendof eachsession,or after importantchangesandbug fixes,beextremelycareful
thatyou have backedup your files andhave printedlistingsof your work. It is unlikely that the network
will loseyour work – files arebackedup extensively – but it is possiblethatyou mayinadvertentlyin the
heatof battledeletesomeimportantfile.

You shouldhave onedirectorycalledsomethinglike developmentwhereyou do developmentwork. This
is wherecodeis written,modifiedandtested.A seconddirectorycalledtestedcode(or somethingsimilar)
shouldcontainthemostrecentworking versionof thesoftware3. It is importantthatyou not modify files
in the testedcodedirectory. If you can’t get somethingto work andyou feel that the harwareis bad,for
example,you shouldbe ableto returnto a previousversionof the program,onethat wasworking in the
past,andtestthat.

� Number Versions. It is goodpracticeto give eachversionof the programits own revision number. It is
quitefrighteningto have two versionsof theproject,bothwith thesamename,andnot know which oneis
themostrecent.If thecodechanges,it getsa new revision number. This alsotells you how many versions
youconstructed,which canbeentertaining.

� Instrument your code. Theprograminstrumentationconsistsof aroutine(many of whichyouhavealready
written) thatdisplaysthebehaviour of theprogramto helpwith debuggingandto reassuretheoperatorthat
theprogramis functioningcorrectly.

For example,if you want to checkthat a particularroutineis beingcalledat the correcttime, you could
write onecharacterto the LCD on entry to the routineanda secondcharacteron leaving the subroutine.
Or you couldpulsethealive indicator. If thealive LED flashesor stayson continuously, thesubroutineis
beingexercised.

Instrumentationis enormouslyhelpful in identifying situationslike Theprogramwasin state3 andwhen
it enteredthemotorcontrol routineit crashed. This immediatelynarrowsdown theproblemarea.Without
instrumentation,onehassituationslike, It wasworkingandthenit stopped, which is notmuchinformation
atall.

� Testearly, testoften. Thereis nowayaprojectof thismagnitudewill work properlythefirst time it is run.
It will requireddebuggingatevery level from thesimplestsubroutineup to themainloop. A goodstrategy
for a programof thissizeis to designtop down,codebottomup. Thatis,

2A linking loaderallows eachsubroutineto beassembledseparatelyandthevariablenamesareprivateto thatsubroutine.Nameconflicts
arethenmuchlesslikely.

3If you know RCS(RevisionControl System) or SCCS(SourceCodeControl System) youmaywish to usethemon this project.
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– Designthe overall architectureof the program(main loop, interrupts,subroutines)so that the big
pictureis in mind.

– Startwith thelow-level routinesthatinterfacewith thehardwareandtestthemthoroughly.

– Oncesufficient low-level routinesareconstructedandtested,placetheminto theoverall structurein
sucha way thata simple,basicprogramcanoperate.In theworstcase,this canbedemonstratedto
thelabsupervisorfor partmarks.In thebestcase,it will show thatthebasicdesignconceptis correct.
For example,youmightstartwith arobotprogramthatrunsthewheelmotorsuntil thebumperdetects
a collision.

– Add onefeature,at any level of this working program. For example,you might addthe subroutine
to readthe guiderat the bottomlevel, andthenmodify the main loop to readthe guidervaluesand
displaythem.Carefullytestthismodification.

– Continuethis processof incrementaldevelopmentandtestuntil theprojectmeetsrequirements.

7 Subsystems

To accomplishtheprojecttask,theeebotwill requireanumberof subsystemsintegratedinto acompleteprogram.
Theseinclude:

� Navigation Manager Software routinesthat managethe navigation of the robot, for example,during
searchmodefor theguidetrack.

� GuidanceRoutine Routinethat interpretsguiderreadingsandcommandsthemotorsappropriatelywhen
following theguidetrack.

� SensorScanner Readsthephotodetectorsensorsandthresholdsthereadingsto determinewhena trackis
in view.

� Motor SpeedControl Controlstherelativespeedsof themotorsto steertherobotandexecuteturns.

� Rotation Counters Usedwhenexecutingaccurateturningmanoevres.

� Bumper Detectors Detectwhentherobothascollidedwith anobject.

8 Hints

As a resultof the studentblood,sweat,tears,successesandfailuresin doing this projectin the 2001academic
year, we offer up thefollowing hints.Thesearehintsthatstudentsprovidedin their final reporton theproject.

� I shouldhavestartedearlier. I underestimatedthedifficulty of doingthis projectandran out of time. This
projectcannotbedonein a weekor two. Themostsuccessfulprogramsweretheonesthatstartedbefore
theGrandPanicin thelab,andthestudenthadlotsof time to debug theinevitableproblems.

� Readtheguiderfrequently. This is a negativefeedbacksystem,anddelaysintroduceinstability into sucha
system.Consequently, themicroprocessorshouldchecktheguiderfrequently, which turnsout to beseveral
timespersecond.A numberof studentshadbuilt a softwaredelayinto their LCD displayroutine,andthis
distractedthemicroprocessorfrom theguidancetasksothatit missedcertainimportantguiderevents.
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With carefuldesignof thesoftware,it shouldbepossibleto updatethedisplayoccasionallywhile checking
theguiderfrequently.

� Beware of the ’galloping state’ problem. Eachtime the processormakesa transitionfrom onestateto
another, the statemachinemust verify that it hasleft the previous statecompletely. The statemachine
mustcheckfor any intermediatestatebeforeproceedingto thenext majorstate.Otherwise,you will geta
situationwherethestatemachineapparentlyjumpsfrom state4 to state6 without properlydetectingstate
5. It actuallygoesthroughstate5, but doesso too quickly for the conditionsto be detected.This bug is
mucheasierto debug if themachinereportsits currentstateon theLCD display.

For example,this might be a problemwhenthe microprocessordetectsan intersection.The first time it
detectsthe intersection,the micro notesit asintersection#1. But thenthe micro immediatelydetectsthe
sameintersectionagain(remember, themicro is executingtensof thousandsof instructionspersecond)and
thinksit hasfoundanotherintersection,#2.

The programmustsearchfor an intersection(that’s #1) and then the end of the intersection #1 before
startingto look for thenext intersection,which is #2. A statemachineapproachto this is veryhelpful.

� Learn to usebreakpoints.The softwarebreakpointis the mostpowerful debuggingtool that you have in
assemblylanguage.It canbeusedto determinewhat themachinewasdoingwhenthingswentwrong,or
if a particularbranchof codeis beingexecutedat all. Surprisinglymany studentsdid not really understand
how to usebreakpointsandsowastedmany hoursin trial-and-errorattemptsto fix bugs. Thisprogramis
toobig andcomplicatedfor trial-and-error to beeffectivein findingproblems.Youmustbesystematic,and
youwill needto usebreakpoints.

� TesttheHardware If someparticularaspectof therobotis notdoingwhatit should,thefirst thing to check
is that thehardwareis working properly. Yeah,it’s a painif thehardwareis broken,andit’s not your fault.
But identifying a hardwarefault is a part of this discipline,soyou shouldbe ableto do it. Not to fix the
hardware,but to identify theproblemandreportit to thelab supervisor.

– For example,we foundthat somehardwareproblemsweretracedto the benchpower beingdiscon-
nectedat thefloor outlet. Disconnecttheribboncablefrom therobotandif all theLEDs go out, the
powerwasleakingthroughthelogic signalsratherthancomingthroughthepoweradaptor.

– Whentestingthe robot,ensurethat the adaptoris pluggedinto the correctsocket in the robot – the
oneat thebow (front).

– It is possibleto turn eithermotor ON andmake it run in eitherdirection,directly from the monitor
program.

– It is possibleto readtheA/D converterwith a few instructionsto themonitor. This allows checking
theguiderhardware.

� The questionof the differencebetweenEQU, FCB andRMB is often not well understood,so hereis a
clarification:

– EQU (equate)is usedto definesomething(asin FOO EQU 24) that is thenstoredin (becomespart
of) theinstructionwith a statementlikeLDAA #FOO. Thereareotherwaysto useEQU aswell, such
asBAR EQU FOO+10, which wouldmakeBAR equalto 34.
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– FCB(ForceConstantByte) is usedto definesomethingandallocatestoragespacefor it. For example,
youcouldcreatea lookuptablewith aseriesof FCBstatements.eg:lookup FCB 01 02 03 04 .
FCB statementscreatedatathatis partof thecompletedprogram.In this case,youcoulduseindexed
addressinginto this datastructureto retrievea datavalue.

– RMB (reservememorybyte)simply reservesanareaof memory, sothenext instructionis assigneda
locationsomedistancefurtheron. For example,for thecodesequence:

ORG6000
FOO RMB $10

LDAA FOO
LDAA FOO+2

The programwould begin at $6000. The valueof FOO would be $6000. Therewould be $10 (16)
locationsreserved, startingat $6000andendingat $600F. Their contentsareuninitialize, ie, could
beanything. TheLDAA statementwould beassembledat address$6010.ThestatementLDAA FOO
would loadthecontentsof locationFOOinto theaccumulatorA. ThestatementLDAA FOO+2would
load the contentsof location 6002 into the accumulatorA. So if you load somethingfrom oneof
these$10 registers,you can’t predictwhatwill be in theaccumulator. Soyou would probablystore
somethinginto theselocationsbeforeloadingit.

� Theguider wasa problem. In the original design,the guidersignalsweremarginal because(a) the light
from one LED would leak into anotherphotoresistor(the crosstalkproblem),and (b) the photoresistor
detectorswerenot closeenoughto the roadsurface. Most studentsovercamethe difficultiesandgot the
guiderto work successfully, but it consumedmoretimeandeffort thanit shouldhave.

For the2002academicyear, a completelynew guiderhasbeenconstructedandinstalled(at greatexpense
andeffort, by theway),andweexpecttheoperationto bemuchmorereliable.In thenew design,thesignal
deltabetweenlight anddark levels is typically morethanonevolt. Theoperationis improvedby having
oneLED light at a time, undercontrolof themicroprocessor, so thereis no crosstalk.TheLEDs arenow
mountedon the top of the guiderboard,which makesit possibleto move the guidercloserto the road
surface.This improvesthesignalfrom thephotoresistors.

Thesehardwarechangesrequirecompletelynew softwareto operatetheguider. By thetimeyou arework-
ing on theproject,youshouldhaveaworkingguiderroutinethatyoudevelopedor wasprovidedby thelab
instructor.

9 Documentationand Submission

Whenyouhavefinishedyourproject,whetherit workscompletelyor not,youmustsubmit

� The source(.asm)file, properlycommented,and formattedwith the Unix pr utility. The sourcefile is
submittedelectronicallyusingtheusualmethod.

� A two pagesummaryof yourresultsonpaper, which is givento your lab instructor. Thetwo pagesummary
shouldinclude:

– A descriptionof your completedproject(ie, themainblocksof code)andwhatit wasableto accom-
plish
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– A list of themainproblemsyou encounteredandhow you dealtwith them. For example,you might
have had difficulty getting the software to work becauseyou neededto usea different methodof
organization. I am particularly interestedin hearingan insights,with respectto managinga major
software project, that you may have acquiredwhile doing this project. For example,would you
approachanotherprojectthesameway, or wouldyoudo it differently?Whatworkedwell anddid not
work? Whatareaswereparticularlydifficult to constructor debug?

Thereportdoesnotneedto befancy. However, it mustincludeyourname,studentnumber, andlabsection
numberat thetop of thedocument.Thepagesmustbenumberedandstapledtogether.

This reportandyoursoftwaredocumentationwill begradedandtogetherthey will countfor 5%of the538
labmark.
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