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1 Objectives

This tutorial introducesthebasiclab environmentusedin thecourse.Onceyou havecompletedthelab,you will
beableto:

1. Use the Buffalo Monitor for basicoperationssuchas examining and modifying memory locationsand
registers.

2. Usingthe’handassemblymethod’,createandrunatiny programatfull speed(with orwithoutbreakpoints).

3. Usinga text editor, createa completeassemblylanguageprogram,assembleit, load it into thecomputer,
andrun it.

4. Usebreakpointandmemorydumptechniquesto debugproblemswith asourcecodeprogram.

2 Preparation

Readtheselabnotesto geta generalideaof theconceptsandwork required.

3 Requirements

To getcreditfor thelab,youmust:

1. Setuptherequiredenvironment(i.e. directorystructure,accessto ele538commands.)

2. Beableto demonstrateknowledgeof how to usethebasicBuffaloMonitor commands.

3. Demonstratean assemblylanguageprogramto multiply two integers. This shouldincludea copy of the
listing file andmayrequireddemonstrationof breakpoints.
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4 Theory

A little bit of theorycanhelpyouunderstandthelabenvironmentyou will beusing.
TheMPP6811microprocessorboardandtheEEBOT robotaretheultimatetargetsof theembeddedsystems

you will designin thecourse.Themicroprocessoris setup to run a specialprogram,calledtheBuffaloMonitor,
whenit is turnedonor theresetbuttonis pushed.TheMonitor softwarereadsusercommands,executesthemand
displaysinformationbackto theuser.

The Monitor is designedto communicatewith the userthrougha serialport connectedto a dumbterminal.
In the lab, theMPPboardis connectedto a serialport on theworkstationwhich emulatesa dumbterminalin a
command-linewindow.

TheMonitor Programin this developmentsystemis BUFFALO, which asa matterof intereststandsfor Bit
User Fast Friendly Aid to Logical Operations1.

Typinga commandinto theterminalemulatorcausesit to besentto themicroprocessordevelopmentsystem,
wherethe commandis executedby the monitor program. For example,typing in ’MD’ instructsthe monitor
programto do a ’Memory Dump’, ie, sendthecontentsof someareaof microprocessormemory.

The monitor programis a low-level (ie, very simpleandprimitive) methodof sendingprogramsto the de-
velopmentsystemandexecutingvariousdebuggingcommandson thedevelopmentsystem.As such,it is a very
basictool thatis usedin theearlystagesof gettingsoftwareto work on themicroprocessordevelopmentsystem.

The 6811systemhasa memoryspaceof 64 Kbytes. Memory locationsarespecifiedwith 16-bit numbers
expressedin hexadecimal.Consequently, thememoryspacerangeis 0x0000–0xFFFF. 2

Thecompletememorymapof themicrocomputerdevelopmentsystemis shown in figure1 on page7. Some
of thememorylocationsareoccupiedby bytesof RAM, othersby ROM or device registersandsomememory
locationsarenot usedat all. It is importantto notethatnot all memorylocationsbehave in thesameway.

For example,if you write 0x1A to a byteof RAM andthenreadthat locationback,you will of courseread
what wasjust written. However, if you write to ROM, the contentsof the bytewill not be changed.Locations
mappedto device registerscanbehaveevenmorestrangely.

4.1 Number Representations

Whenyou interactwith theBuffalomonitor, bytecontentsarealwaysinputanddisplayedin hexadecimalformat.
As aprogrammer, however, it is oftenmoreconvenientto think in termsof decimalnumbers(signedor unsigned),
binary representationor ASCII charactercodes.To usethe Buffalo Monitor effectively, you shouldbe ableto
translatebetweenthesedifferentrepresentations.

For example,supposethatabytecontains0xB6. As abinarynumber, this is expressedas0b10110110.(Note
thatwe usetheconventionof numberingthe individual bits of ann-bit binarynumberfrom n-1 to 0 wherebit-0
is the leastsignificantbit. In this case,we cansaythatbit-7 is a 1 andbit-0 is a 0.) If the numberis meantto
representan unsignedquantitythat is normally thoughtof a a decimalnumber, you would convert 0xB2 to the
decimalnumber182. If, however, it wasmeantto representa signedquantity, thenyouwouldconvert it to -74.

As anotherexample,a programmermaywant to seeif a 16-bit variablethatshouldbe61466really hasthat
value. If the numberis encodedinto two sequentialmemorylocations,the Buffalo monitor allows you to see
thatthemostsignificantbyteis 0xF0andtheleastsignificantbyteis 0x1A. Simpleconversionshowsthat,indeed
0xF01A(unsigned)is 61466.(Similarly, asasignednumber, 0xF01Ais equivalentto -4070.)

1SomeothergeniusatMotorolathoughtof this. Don’t blameme.
2The prefix Ox is the C style methodof indicatinghexadecimal format. Sometimesthe $ is usedfor thesamepurpose.You shouldbe

familiarwith bothformats,sinceyourtwo professorsonthiscoursehavedifferingpreferences.In thecaseof theBUFFALO monitorprogram,
it assumesthatall numericalvaluesarein hexadecimal,andnoprefaceis usedatall.
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If youhaveforgottenhow to convertbetweennumbersof differentbasesor how thetwos-complementmethod
for representingsignednumberswork, this is a goodtime to review them.

5 Setting up

1. Enterthecommand:

which as11n

Theresponseshouldbe:

as11n not found

If thecommandwasfound,askthelab instructorfor help.

2. Typein thefollowing commandsexactlyasshown:

touch ˜/.myzshrc
echo ’source ˜courses/ele538/.stdsh’ >> ˜/.myzshrc

3. Now log off andlog backon again.

4. Onceyou areloggedbackon, enterthe commandwhich as11n again. This time the responseshould
be:

/home/courses/ele538/bin/as11n

5. If you do not obtainthis, carefully checkyour typing to try to figureout what you did wrong. Ask your
instructorfor helpif necessary. Do NOT continueuntil yougettheproperresponseto thewhich as11n
command.

6. Using the Unix mkdir command,Createa directorycalledele538 anda subdirectorylab1 within it.
(i.e. thedirectory /ele538/lab1shouldnow exist.) Changeto thatdirectory. Therestof the lab shouldbe
conductedfrom ˜/ele538/lab1 .

It is essentialthatyoubewell organizedin this course,sowe recommendthatyou

� Createaseparatesubdirectoryfor eachlab
� Numberin sequenceeachversionof any programyou write, so that you alwaysknow which is the

mostrecent.(Thetime anddatestampon thefile will alsohelpwith this.)
� Carefullybackupany work tofloppy disk(orusesomeothermethodof backingit up,suchasemailing

it to yourself.)
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What this means

It’ snotabsolutelynecessaryto understandwhatis goingon in theprevioussection,but it mayhelp,soheregoes.
This sectionis all aboutensuringthat the correctversionof the assembler programas11n is in place.

Theassembleris a programthatconvertsa text file into executablebinarycodes,andis anessentialcomponent
in programdevelopment.Theoriginalassemblerwasas11 . ProfessorClowesfixedseveralshortcomingsof that
programandgeneratethenew version,as11n .

Thewhich as11n commandsearchesyour PATHto seeif a give programas11n exists. ThePATHlists
directorieswhereexecutablesarefound,sothiscommandessentiallyasksif theexecutableas11n existsandwill
runwhencommanded.

Thecommands

touch ˜/.myzshrc
echo ’source ˜courses/ele538/.stdsh’ >> ˜/.myzshrc

ensurethatyourshellis setup with thecorrectPATHvariableto find thenew as11n .

5.1 Using the Terminal Emulator

Executetheterminalemulatorprogramon thehostcomputer, by executingthecommand’vt6811’. Poweron the
microprocessordevelopmentsystem.You shouldseea sign-onmessagefrom the microprocessorsystem.This
establishesthatit is aliveandsendinga startupmessageto thehostcomputer.

In all thefollowing commands,thecommandstringis typedin, followedby � carriagereturn� .
Whenyouaredone,<ctrl>-c will exit you from theterminalemulator.

5.2 HELP command(H)

You cannow typecommandsto theBuffaloMonitor. Whenyou arefinished,exit theterminalemulatorprogram
with control-C.

ThecommandHELP, for example,causesthemicroprocessorsystemto list theavailablecommands,asshown
below:

ASM [<addr>] Line asm/disasm
[/,=] Same addr, [ˆ,-] Prev addr, [+,CTLJ] Next addr
[CR] Next opcode, [CTLA,.] Quit

BF <addr1> <addr2> [<data>] Block fill memory
BR [-][<addr>] Set up bkpt table
BULK Erase EEPROM, BULKALL Erase EEPROMand CONFIG
CALL [<addr>] Call subroutine
GO [<addr>] Execute code at addr, PROCEED Continue execution
EEMOD[<addr> [<addr>]] Modify EEPROMrange
LOAD, VERIFY [T] <host dwnld command> Load or verify S-records
MD [<addr1> [<addr2>]] Memory dump
MM[<addr>] or [<addr>]/ Memory Modify

[/,=] Same addr, [ˆ,-,CTLH] Prev addr, [+,CTLJ,SPACE] Next addr
<addr>O Compute offset, [CR] Quit

MOVE<s1> <s2> [<d>] Block move
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OFFSET [-]<arg> Offset for download
RM [P,Y,X,A,B,C,S] Register modify
STOPAT <addr> Trace until addr
T [<n>] Trace n instructions
TM Transparent mode (CTLA = exit, CTLB = send brk)
[CTLW] Wait, [CTLX,DEL] Abort [CR] Repeat last cmd

Try it.

Notes

1. Thecommandsarecase-insensitive(soHELP andhelpareequivalent.)

2. Thecommandsmaybeabbreviatedby usingonly enoughlettersto make thecommandunambiguous.(For
example,theonly commandstartingwith theletterGis GO; it maybeenteredasthesingleletterG.)

3. Hitting thereturnkey invokesthepreviouscommand.To repeata commandasrapidly aspossible,enterit
onceandthenhold down thereturnkey, which will auto-repeat.

4. Thecommandlineeditingfacilitiesareessentiallynon-existent.If youmakeatypingmistake,hit <ctrl>-
x or <ctrl>- andto getbackto themonitorprompt,whereyou canstartoveragain.

5.3 Memory Dump (MD)

Oneof themostcommonlyusedcommandsallows theuserto examinethecontentsof memory. TheMD com-
mandhasthefollowing syntax:MD addr1addr2

Thetwo addresses(expressedasfour-digit hexadecimalnumbers)givetherangeof memorylocationsto look
at. Eachmemorylocation is readanddisplayedasa two-digit hex number. Eachline of the memorydump
displaysthecontentsof 16 sequentialbytesof memory. Theinitial 4-digit numberis theaddressof thefirst byte
displayed.

Example
Thecommandmd e060 e072 givesthefollowing output:

E060 A3 08 20 F0 32 39 48 45 4C 4C 4F 20 57 4F 52 4C 29HELLO WORL
E070 44 20 56 39 36 00 48 43 31 31 20 4D 50 50 20 28 D V96 HC11 MPP (

Notes

1. In this case,thefirst bytedisplayed0xA3 is locatedat address0xE060.This is equivalentto theunsigned
decimalnumber163or, if interpretedin twos-complementformat,to thesigneddecimalnumber-93.

2. Thebyteat location0xE072is 0x56.Thisis equivalentto decimal86(in bothsignedandunsignedformats).

3. Notethat following the16 hex numbersareanadditional16 columnsof singlecharacters(many of which
arethespacecharacter).For example,thecontentsof 0xE070is 0x44whichcorrespondsto theASCII code
for thecharacterD.

Thecompletememorymapof themicrocomputerdevelopmentsystemis shown in figure1.
NoticetheEPROM, RAM andEEPROM areas.Themonitorprogrambeginsat memorylocation$E000and

endsat location$FFFF. (The’$’ signindicateshexadecimalnotation.)
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Monitor
Buffalo

$D000

$DAE8

Figure1: MemoryMap

5.4 Exercises

1. Do amemorydumpfrom 0xE650to 0xE67f.

2. Whatarethe contents(in hex, binary, decimalbothsignedandunsignedandASCII) of memorylocation
E653?
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5.5 Memory Modify (MM)

TheMM commandallowsmodifyingthecontentsof oneor morememorylocations.Thesyntaxfor thecommand
is:

MM address
For example,typing thecommand:

>mm 6000 (then hit the enter key)

producestheresult:

6000 FF

Onceyou gettheresult,therearethreechoices:

� Entera 2-digit hex number. Noticethat two digits arealwaysrequiredfor thedata.For examplethevalue
$Ewouldbeenteredas0E.

Thememorylocationis modified. You canthenhit thespacebar to view thenext memorylocationor hit
theENTERkey to terminatethecommand.

� Hit thespacebar. Thecurrentbyteis not modifiedandthenext byteis displayed.

� Hit ENTER.This terminatesthe MM command.If it is the first key you type, thenthe MM displaysthe
contentsof a singlememorylocationanddoesnot modify it.

Example:If you typein mm6000 , youwill see:

>mm 6000
6000 FF

(wherethe ’>’ symbolis themonitorprompt.)If you thentype11andhit theenterkey, you will see:

>mm 6000
6000 FF 11

A memorydumpthenconfirmsthatthelocationhasbeenmodifiedasshown below:

>md 6000 6000
6000 11 FF FF FF FF FF FF BF 04 65 81 20 05 30 08 00 e 0

Multiple bytesmaybemodifiedin onemmoperation,asdemonstratedhere:

>mm 6000
6000 FF FF FF FF 34 FF 56 FF 77

>md 6000 6000
6000 FF FF FF 34 56 77 FF FF 00 00 00 00 00 00 00 00 4Vw
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5.6 Questions

1. DeterminetheASCII charactercodesfor thefirst four (4) lettersof youruserid(i.e. theusernameyoutype
in responseto the”Login:” prompton theworkstations.)Modify memorylocations0x7000-0x7003sothat
they containthe4 ASCII codesandensurethat thenext memorylocation(0x7004)contains0x00. Show
thesequenceof commandsrequiredandtheresultingmemorydump.

2. Memorylocation0xE000is in ROM (Read-Onlymemory).Whathappensif you try to changeit to some-
thingelse?Explain.

3. The 68HC11contains512 bytesof EEPROM memorystartingat location$B600. EEPROM is memory
cells that can be individually changed,and will contain their contentseven when the power is cycled.
However, the write cycle is quite slow (by computerstandards).A normalwrite to RAM occursin one
machinecycle, a few microseconds.A write to EEPROM requiresseveralmillisecondsto complete.The
MM commandmusttakethisintoaccountwhenwriting to EEPROM. Laterversionsof themonitorprogram
MMcontainedthesespecialinstructionsfor writing to EEPROM.

4. Checkwhethermemorylocationsin theEEPROM areacanbemodifiedby theMMcommand.

6 Devices: Hardware Input and Output

TheMemoryDumpandMemoryModify commandscanbeveryusefulin debugginghardwarethatis attachedto
themicroprocessor. Often,thehardwaresignallinesof anexternaldeviceare’mapped’into thememoryaddress
space.

HardwareInputs

For an input device (signalsfrom anexternaldevice into themicroprocessor),this meansthateachlogic signal
appearsasone logic bit in somelocationof memory. Using the MD command,onecanreadthat location to
determinewhethera particularelectricalsignalis beingreadasa logic 0 or 1. The MD commandproducesan
output in the form of a hexadecimalbyte, so it’s necessaryto convert the datato binary format to interpretit
properly.

For example,if aparticularhardwaredatainput locationreadas$AA, thenit’sbinaryvalueis 10101010.This
tellsusthatbit zerois readaszerovolts,bit 1 as+5 volts,andsoon.

HardwareOutputs

Whenhardwareoutputlinesaremappedinto the addressspaceat a particularlocation,the logic level on these
particularlines may be changedfrom zerovolts to 5 volts by changingthe contentsof somememorylocation
from logic zeroto logic 1. For example,in thelabrobot,thestarboardmotorenableis bit (something)of location
(something).A logic 0 turnsthemotoroff, a logic 1 turnsit on.

6.1 RegisterModify (RM)

The68HC11microprocessorcontainsa numberof ‘machineregisters’. A diagramof theseregisters,calledthe
‘programmingmodel’, is shown in figure2. (Seethe’HC11 ReferenceManual’,Section6).
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ACCUMULATOR A7 0 ACCUMULATOR B7 0

ACCUMULATOR D15 0

15 0INDEX REGISTER X

15 0INDEX REGISTER Y

STACK POINTER15 0

PROGRAM COUNTER15 0

CVZNIH

Carry

Overflow

Zero

Negative

Interrupt Mask

Half Carry (from bit 3)

X interrupt mask

Stop Disable

XS

Figure2: 68HC11ProgrammingModel

This diagramrepresentstheregistersthatareinternalto thecentralprocessingunit of themicroprocessor. It
ignoresfor example,input andoutputregistersthatcontrolexternalhardware.

Theregistershavevariousfunctions:

AccumulatorA (8 bits): Mathoperationsandgeneralpurposestorage
AccumulatorB (8 bits): Mathoperationsandgeneralpurposestorage
AccumulatorD: Operationsthat take placeon both A andB aretreatedastaking placeon the 16 bit D register. D may be

regardedasa 16 bit accumulator.
Index X (16bits): Pointeroperations
Index Y (16bits): Pointeroperations
StackpointerSP(16bits): Pointerinto thestackregion
StatusRegister(8 bits?): Variousdeviceflags
ProgramCounterPC(16bits): Pointerto theaddressof thenext instructionto execute

Forourpurposesatthispoint,theregistersof interestaretheACCUMULATORAandthePROGRAMCOUNTER.
Whenthemonitorprogramstarts,it copiesthemachineregistersto astorageareain RAM. Usingthemonitor

RegisterModify instructionRM, theprogrammermaymodify thevaluesof thesevariousstoredregistercontents.
WhentheprogrammerexecutestheGO instruction,themonitorprogramrewritesthesenew registervaluesinto
themachineregistersandstartsprogramexecutionatthememoryaddressspecifiedby thecontentsof theProgram
Counterregister. (Youcanalsostarta programat somelocation$1234by enteringthecommandGO 1234).

� ExecutetheRMinstructionandexaminethecontentsof eachmachineregister.

Now we have enoughinformationto enterandrun a small computerprogram,usinga methodcalled‘Hand
Assembly’.
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7 Hand Assembly

Usingamethodcalled’handassembly’,it is possibleto usetheMemoryModify andRegisterModify commands
to install a programon the developmentsystem.We’ll do this with a programto increment(increaseby 1) the
contentsof theaccumulatorregister. In symbolicform theprogramis:

INCA ; Increment the A accumulator
INCA ; ditto
SWI ; break to the monitor program.

EachINCA instructionincreasesthecontentsof theaccumulatorA by 1. If we initialize ACCA to 00, it should
contain02 whentheprogrambreaksto themonitor.

SWI standsfor SoftWareInterrupt. For now, it’s only requiredto understandthatan SWI commandcauses
themachineto terminatethecurrentprogramandswitchto themonitorprogram.Thedetailsof how this occurs
requiresomeunderstandingof thestackmechanismandinterrupts,andis in theTechnicalManual.

7.1 Exercise

Manually convert eachinstructioninto its correspondingoperationcode,andthenenterthe computerprogram
into themicrocomputer. In detail:

� Use the MC68HC11ReferenceManual (aka ‘The Pink Book’) to look up the ‘operationcode’ for the
INCA instructionand the SWI instruction. Theseinstructionshave a ‘one byte’ op code,which keeps
thingssimple.Otherinstructionscouldrequireup to 4 bytesin total.

� Decideonasuitablestartingaddress(the‘Origin’) for theprogram.Thestartof RAM, location$6000,is a
suitablechoice.

� UsetheMMcommandto enterthesequenceof threebytes,startingat thechosenorigin.

� UsetheMDcommandto verify thattheinstructionshavebeenstoredcorrectly.

Next, youneedto setup themachineregistersto run theprogram:

� UsetheRMcommandto settheACCA to 00.

� UsetheRMcommandto setthePCto thevalueof theOrigin address

� Don’t changeany of theotherregistervalues.If you make a mistake, press� ctrl � X to abortthecurrent
command,and thenstartover. The monitor is too primitive to have much in the way of commandline
editing.

� UsetheRMcommandonceagainto examinetheregistercontentsandensurethatthey arecorrect.

Now run theprogramby executingtheGo ( G) command.
Thecomputershouldbreakto themonitorwith theprogramcounterpointingat thenext byte thatwould be

executed.TheaccumulatorACCA shouldcontaintheexpectedresult.Checkthatthis is thecase.
This ‘HandAssembly’processis far too tediousanderror-proneto usefor enteringanythingmorethana few

linesof programcode.It is howeverusefulfor modifyinganexistingprogramduringdebugging,aprocessknown
as‘patching’ thecode.
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8 Writing an AssemblyLanguageProgram

An assemblylanguageprogramis the symbolicdescriptionof a programthat is to be translatedinto machine
languageandloadedontothemicroprocessor. For ahigh level language,suchasC, oneinstructionusuallycorre-
spondsto many machineinstructions.For assemblylanguage,eachinstructionin thesourcecodecorrespondsto
onemachineinstruction.Theresultanttranslationinto machinelanguageis referredto as‘the programbinary’.

Theprocessis asfollows:

� Usingtheeditorof yourchoiceon thehostmachine(Sunworkstationor PC),write theassemblylanguage
sourceprogramandsave it asa text file, which wewill call firstprog.asm .

� Convert the programto machinelanguageby processingit with the 68HC11assembleras11n . This
generatesa ‘listing file’ firstprog.lst , which shows thesourcecodeandits correspondingmachine
translation.It alsoshowswherein thememorymapthemachinecodesarestored.

� The assemblercanoptionally include in the listing file a ‘symbol table’ that shows the locationof each
symbolicaddressin memory.

� The assembleralsogeneratesan encodedform of the programbinary that canbe uploadedto the micro-
processor, firstprog.s19 . The format of the encodingis known as‘S-Records’.TheS Recordsfile
includesaddressinformation that specifieswherethe binary shouldresidein microprocessorRAM, and
checksumsthatcanbeusedto ensurethattheuploadingoccurredcorrectly.

TheAS11assemblerusedin thisexercisegenerates‘absolutecode’: thebinaryis assembledto runat its final
location.This is relatively simpleto useandunderstand,but it doesnot supporttheinclusionof library routines.

Hereis firstprog.asm , theexampleof anassemblylanguageprogram:

*********************************** ****** **
* Demonstration Program
*
* This program illustrates how to use the assembler.
* It adds together two 8 bit numbers and leaves the result
* in the ‘SUM’ location.
* Peter Hiscocks, August 2001
*********************************** ****** **

ORG$6000 ; Program location
FIRSTNUM FCB 01 ; First Number
SECNUM FCB 02 ; Second Number
SUM RMB 1 ; Result of addition

ORG$6010
LDAA FIRSTNUM ; Get the first number into ACCA
ADDA SECNUM ; Add to it the second number
STAA SUM ; and store the sum
SWI

Thefeaturesof this programareasfollows:
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� A line beginningwith an ‘*’ is ignoredandmay be usedfor commentary. The commentsareextremely
important.Assemblylanguageis difficult to understandat thebestof times,soheadercommentsarevital.

� Commentsmayalsobeaddedto individual text lines,aftera semicolon.

� ORGis an‘assemblydirective’. It doesnot translatedirectly into machinecode,but advisestheassembler.
In this case,it specifieswherethe programis to be located.We have two ORGstatements.Thefirst one
definesthe startof ‘working storage’in RAM, wherevariableswill be stored. The secondORG defines
wherethe‘programtext’ starts.

� Noticethathexadecimalvaluesmustbedesignatedwith aleading$ sign.Without thedollarssign,thevalue
is interpretedasa decimalvalue. This is an easymistake to make, but it’s obvious if you checkthat the
programloadedcorrectlyinto thememoryareayouexpected.

� FIRSTNUM,SECNUMandSUM are‘symbolicaddresses’.They will betranslatedinto specificaddresses
in thememoryspace.An assemblylanguageprogrammustadhereto a relatively strict format. In thecase
of this assembler, it is requiredthat only symbolic addressesbegin in the first column, all other text
(suchasdir ectives)must be indented at leastonespaceor tab. Notice that thesymbolicnamesreflect
their function in this program.This is an importantdocumentaryclue for thoseunlucky souls(including
yourself,perhaps)thathaveto readandunderstandthis programat a laterdate.Symbolicnamescanbeup
to 13 characterslongandcancontaintheunderstrokecharacter.

� TheFCB (ForceConstantByte) reservesonebyte in memoryandinitializes it to somevalue.Noticehow
symbolicnames,FIRSTNUM andSECNUM,areattachedto this reservedspace.

� TheRMB (Reserve MemoryByte) reservesoneor morebytesin memory. They arenot initialized to any
particularvalue.Noticehow a symbolicname,SUM, is attachedto this reservedspace.

Two otherimportantdirectivesareFCCandFDB:

FCC ForceConstant Characters . This directive is usedfor defininga stringmessagein memory. For exam-
ple, the following stanzacould be usedto definea null-terminatedstring with symbolicstartingaddress
‘HELLO’:

HELLO FCC ’HELLO WORLDV96’
FCB $00

Thecharactersbetweensinglequoteswill betranslatedinto theirASCII valuesandstored,oneperbyte,in
memory.

FDB ForceDoubleByte . This directive reservesandinitializestwo bytesof memory. It’s oftenusedto storea
16bit addressin memory. For example,thefollowing stanzawill initialize thelocationVECTORto the16
bit addressHELLO:

VECTOR FDB HELLO
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8.1 Assemblethe Program

Using the editor of your choice(I prefer the Joeeditor, but anything will work), type in the programasgiven
above. Whenit is complete,save it asfirstprog.asm.

Invoketheassemblerprogramto processthis file with thecommandline

as11n firstprog.asm

Noticethatas11n is as<eleven>n , notas<elel>n . (A moredetailedreferenceon as11n is in section
12 on page17).

If thereareno errors(causedby mistakesin typing, for example)the assemblerwill generatefile first-
prog.lst andpossiblyalsothefile firstprog.s19 .

(If thereareerrorscausedby mistakesin typing for example,errormessageswill appearon screen.)
Startupanotherwindow andload firstprog.lst into aneditorin thatwindow, soyoucanview it easily.

Thelisting file firstprog.lst will look somethinglike this:

original program by Motorola.
a few modifications by Randy Sargent (rsargent@media.mit.edu)

0001 ****************************************** *
0002 * Demonstration Program
0003 *
0004 * This program illustrates how to use theassembler.
0005 * It adds together two 8 bit numbers and leavesthe result
0006 * in the SUM location.
0007 * Peter Hiscocks, August 2001
0008 ****************************************** *
0009 6000 ORG$6000 ; Program location
0010 6000 01 FIRSTNUM FCB 01 ; First Number
0011 6001 02 SECNUM FCB 02 ; Second Number
0012 6002 SUM RMB 1 ; Result of addition
0013 6010 ORG$6010
0014 6010 b6 60 00 LDAA FIRSTNUM ; Get the first number into ACCA
0015 6013 bb 60 01 ADDA SECNUM ; Add to it the second number
0016 6016 b7 60 02 STAA SUM ; and store the sum
0017 6019 3f SWI ; Break to the monitor

This is anextremelyimportantfile andcontainsessentialinformationfor debuggingthecomputerprogram.

� In eachline, thefirst numberis theline numberof theinstruction.

� The secondnumberabsoluteaddresswherethe instructionor datawill be stored. Using this listing file,
we know what computermemorylocationsare usedby the program. We can usethe memory dump
instructionto checktheslocationsto ensurethat thecorrectinstructionsareat thoselocations,andto read
out theprogramdata.

� The symbolic instructionsare convertedinto op codeand operand. Notice how the instructionLDAA
FIRSTNUMis convertedinto a one-byteop codeb6 and two-byte operand60 00 that correspondsto
theabsoluteaddressof FIRSTNUM.Referto theLDAA instructionin the68HC11ReferenceManualand
confirmthattheop codeis correctfor anabsoluteaddress.

TheSWI instructionconvertsinto asingle-byteoperand.
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� If thereis anerror(which is theusualcasewhenfirst assemblinga program),thelisting file will announce
it. It usuallytakesseveral tries to get an error free assemblyof a new program. However, noticethat an
absenceof errorsin theassemblycodeis no guaranteeof correctness.A syntacticallycorrectprogramcan
representsomethingthatis logicalnonsense.

Whenthesourcecode.asm file is finally correct,theassemblyoperationwill producethelisting file and an
S19 file calledfirstprog.s19 . TheS19 file is anencodingof theassembledprogramthatcanbeloadedinto
themicroprocessor.

Now useaneditorto examinetheS recordfile. It will look somethinglike this:

S1056000010297
S10D6010B66000BB6001B760023FF8
S9030000FC

Eachline of the S Recordcontainsa memoryaddresswherethe informationshouldbe stored,the information
itself, anda checksum.Thefinal line of thefile informstheloaderthatthefile is completed.For our purposes,it
is enoughat this point to know thattheS19 file existsandit is loadedinto themicroprocessor.

8.2 Upload the Program

Therearevariousmethodsof loadingtheprograminto the68HC11developmentsystem,dependingon thecom-
puterandthetoolsavailable.

On a SunWorkstation,theprogramVT6811 (written by JasonNaughtonfor useat Ryerson)will loadanS
recordfile andconnectto themicroprocessormonitorprogram.Thecommandis:

vt6811 firstprog.s19

Whentheuploadcompletes,themonitorwill generatea ‘ready’ message3.

Important Note

: Only onevt6811terminalsessioncanbeopenatatime. Youcanhavemultiplewindowsrunningotherprograms
openontheworkstation,but youcan’t haveany morethanonevt6811sessionoperationalbecausethey fight over
accessto theserialport.

If you arehaving troublegettingvt6811to work, becarefulto ensurethatyou have not startedotherinvoca-
tionsof theprogramon yourworkstation,possiblyin otherwindows.

8.3 Check the Program

Oncethe programis loaded,you shouldcheckthat it is actuallypresenton the developmentsystem. Use the
MD 6000 commandto dumpdevelopmentRAM. Comparethecontentsof memorywith theinformationshown
on thefirstprog.lst file. They shouldmatch.

3Alternatively, if you arerunningtheLinux operatingsystem,you couldusea terminalemulatorsuchasSeyon. Youwould first establish
contactwith the monitor program,so that whenyou pressreseton the 68HC11developmentsystem,you seethe signonmessagein the
terminalemulatorwindow. Next, executethemonitor ‘load’ command,L T (loadfrom theterminal).Thenselectthe‘uploadtext’ optionin
theSeyon terminalemulator, andselectthe‘firstprog.s19’file. Whentheuploadcompletes,themonitorwill generatea ‘ready’ message.

OnaPCsystemrunningWindows,youcanusetheHyperterminalAccessorytocommunicatewith the68HC11system.Executethemonitor
‘L T’ commandto preparethedevelopmentsystemto loadanSrecordfile, andthenexecutethe‘uploadtext’ commandin Hyperterminal.
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8.4 Run the Program

Now youcanexecutetheprogramwith thecommand

G 6010

Theprogramshouldbreakto themonitorat thecorrectlocationanddisplaythecontentsof themachineregisters.
CheckthatthememorylocationSUM containsthecorrectresult.

UsetheMemoryModify commandto changethecontentsof FIRSTNUMto 0A andSECNUMto FF. Rerun
theprogramandverify theresult.

9 Breakpointsand Debugging

In general,computerprogramsdo not work correctlythefirst time they arerun,andthey mustbedebugged.The
monitorBreakpointinstructionis veryusefulfor this.

Whenyou inserta breakpointin a program,theprogramwill exit to themonitorat thatpoint. Thenyou can
examinememoryandthemachineregistersto determinewhatwentwrong.

If everythingseemscorrectat that point, thenyou cancancelthat breakpointand inserta new breakpoint
fartheralongin theprogram.

For example,thecommand

BR 6013

would insert a breakpointat address6013, and the computerwould switch to the monitor when the program
counterreachedthataddress,ie, just beforethemachineexecutestheinstructionat address6013.Noticethatthe
breakpointmustcorrespondto theaddressof theinstructionop-code.It can’t referto anaddresspartway through
aninstruction.

It is possibleto insertseveralbreakpointsat thesametime, but to keepthingsclearit’s usuallybestto work
with oneatatime. However, thereis onesituationwheremultiplebreakpointsareuseful.If oneis notentirelysure
which brancha computerprogramis taking,you canput breakpointsin bothbranchesandseewhich breakpoint
is activated.

Thecommand

BR -

removesall breakpoints.
Inserta programbreakpointso that theprogrambreaksjust after theadditionof the two numbers.Thesum

shouldbein theA accumulatorat thatpoint.
In orderto know theaddressatwhichto insertthebreakpoint,youwill needacopy of theassembledprogram.
Reruntheprogramandverify thattheprogramdoesbreakcorrectlyandthatthenumberin theA accumulator

is correct.

9.1 Crash during Breakpoint

Thebreakpointmechanismworksby replacingtheinstructionop codeat thebreakpointwith anSWI instruction.
For thisreason,theprogramundertestmustbein read-writememory(RAM). For example,aprogramin EPROM
cannotbebreakpointed.
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Now, if thereis a breakpointset in a programundertest, thenan op codehasbeenreplacedwith an SWI
instruction. The monitor programhasa recordof this replacementso that it canrestorethe op-codewhenthe
breakpointis removedusingtheBR - command.However, supposethereis a breakpointsetin theprogramand
the programcrashes.You thenhave to pressthe RESETbutton to get the monitor programback. The RESET
wipesoutany recordof theoriginalbreakpoint,andtheSWI instructionis still installedsomewherein theprogram
text. Consequently, theBR - commandwill not work to removetheoriginalbreakpoint.

Facedwith thissituation,youcouldmanuallypatchthecodeby replacingthebreakpointSWI instructionwith
thecorrectop-codeinformation,which canbedeterminedfrom the listing file. Alternatively, you would simply
reloadtheprogram.

Themoral is this: if you haveany doubtat all abouttheprogrambeingcorruptedaftera crash,reloadit.

10 Assignment

Thisassignmentis duein Week2 andmustbedemonstratedin theopeningminutesof thelabsessionin Week2.
Usingthepreviousprogramasa modelandreferringto the68HC11ReferenceManual,write, assembleand

testa programto multiply two 8 bit numberstogether. You mayusetheMULinstructionto do themultiplication
operation.The input valuesshouldbeheld in two 8 bit locationsnamedMULTIPLICAND andMULTIPLIER .
Theresultshouldbeheldin a 16 bit locationnamedPRODUCT.

The programshouldbe written asan assemblylanguagesourcecode. It shouldhave a descriptive header
andincludecommentsin the code. For example,your headershouldindicatethat this is an unsigned multiply
operation.

Demonstratethis programto your lab supervisor, usingthefirst digit andlastdigit of your studentnumberas
inputsto theprogram.Thelabsupervisorwill selecttwo otherinput digits to usein yourprogram.

Youshouldbepreparedshow andexplain thecontentsof thelisting file, andto demonstratetheuseof break-
pointsasappliedto theoperationof thisprogram.

11 Additional Readings

Thefastestrouteto gettinganunderstandingof assemblylanguageis to readcodethatotherpeoplehavewritten.
Oneplaceto look is in the coursedirectory \library subdirectory. This directorycontainsusefulexample
routineswhichyoucanusein yourown programswithoutpenalty. As well, theWebpageof JimKoch,theSenior
TechSupportEngineerfor ElectricalandComputerEngineering,hasa link to the sourcecodeof the Buffalo
monitor. This is a very largeassemblylanguageprogram,but therearemany usefulideasin thecode.

Reverseengineeringotherpeople’s codeis hardwork at first, but onceyou geta basicunderstandingof the
mostcommoninstructionsandgroupsof instructions,it will go muchmoreeasily.

12 Appendix: The as11n Assembler

The assembleras11n is actuallya shell script that actsasa pre-processorfor a secondprogram,as11 , that
doesthebulk of the work. Theshell scriptwaswritten by KenClowesandbasicallymakesit easierto usethe
assembler.

� Normaluseto assemblyfile foobar.asm :
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as11n foobar.asm

� If theassemblyis without error, thescript will generatethefiles foobar.lst andfoobar.s19 . The
file foobar.lst containsanassemblylisting andsymboltable,bothof which areusefulfor debugging
purposes.Thefile foobar.s19 is uploadableto themicroprocessordevelopmentsystem.

� If thereareerrors,the existing file foobar.s19 is renamedto foobar.s19.OLD so that thereis no
longera working .s19 file to confusethings.(If you wantto go backto theprevious .s19 , usetheUnix
mvcommandto renamefoobar.s19.OLD to foobar.s19 ).

� Thelisting .lst alwayscontainsthelisting of theassemblytogetherwith any errorswherethey occurin
thecode.

� Thecommandline

as11n -h

generatesahelpmessage.Appartfrom the .asm file name,this is theonly possibleparameterto as11n .

� The as11n script is containedin the coursedirectory /home/courses/ele538/bin . You have to
ensurethat this directoryis in your PATH variableto executeas11n easily. If you areinterestedin how
theshellscriptworks,it is a readablefile.
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Production Note

This file wascreatedon a Linux systemusingthe joe editorandtypesetusingtheLATEX typesettingprogram.Diagramswerecreatedwith

thexfig program.Previewing wasby xdvi andconversionto postscriptformatby dvips . Previewing of thepostscriptformatusedgs and

conversionto .pdf formatusingthescriptps2pdf . Thecontributionsof KenCloweswereprovidedin html format,manuallyconvertedto

LATEX formatandinsertedinto thetext. Thehtml renditionis derived from theXML file ele538/labs/lab1/lab1.xml. It wastranslatedto html

with theXML translationspecificationin ./article2html.xslusingastandardxslt commandwritten in Java. Thesourcefile waswrittenby Ken

Clowes(kclowes@ee.ryerson.ca).Thedtdandxsl fileswerewritten by kclowes.Everythingwaswritten usingxemacsandmaintainedusing

make andthebashshellunderWindowsME,SolarisandLinux operatingsystems.
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