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1 Obijectives

This tutorial introduceghe basiclab ervironmentusedin the course.Onceyou have completedhelab, you will
beableto:

1. Usethe Buffalo Monitor for basicoperationssuch as examining and modifying memorylocationsand
registers.

2. Usingthe’handassemblynethod’,createandrunatiny programatfull speedwith or withoutbreakpoints).

3. Usingatext editor, createa completeassemblyjlanguageprogram,assemblet, loadit into the computer
andrunit.

4. Usebreakpoinandmemorydumptechniquedo delug problemswith a sourcecodeprogram.

2 Preparation

Readthesdab notesto geta generaldeaof the conceptsandwork required.

3 Requirements

To getcreditfor thelab, you must:
1. Setuptherequiredenvironment(i.e. directorystructure accesso ele538commands.)
2. Be ableto demonstrat&nowledgeof how to usethe basicBuffalo Monitor commands.

3. Demonstratean assemblylanguageprogramto multiply two integers. This shouldinclude a copy of the
listing file andmay requireddemonstratiomf breakpoints.



4 Theory

A little bit of theorycanhelpyou understandhelab ervironmentyou will beusing.

The MPP 6811microprocessoboardandthe EEBOT robotarethe ultimatetargetsof theembeddedystems
youwill designin the course.Themicroprocessois setupto runaspecialprogram,calledthe Buffalo Monitor,
whenit is turnedon or theresetbuttonis pushed.The Monitor softwarereadsusercommandsexecutegshemand
displaysinformationbackto the user

The Monitor is designedo communicatewith the userthrougha serialport connectedo a dumbterminal.
In the lab, the MPP boardis connectedo a serialport on the workstationwhich emulatesa dumbterminalin a
command-linevindow.

The Monitor Programin this developmentsystemis BUFFALQ which asa matterof intereststandsfor Bit
User Fast Friendly Aid to Logical Operationst.

Typingacommandnto theterminalemulatorcausest to be sentto the microprocessodevelopmentystem,
wherethe commandis executedby the monitor program. For example,typing in '"MD’ instructsthe monitor
programto do a’Memory Dump’, ie, sendthe contentsof someareaof microprocessomemory

The monitor programis a low-level (ie, very simple and primitive) methodof sendingprogramsto the de-
velopmentsystemandexecutingvariousdelhuggingcommand®on the developmentsystem.As such,it is avery
basictool thatis usedin the early stageof gettingsoftwareto work on the microprocessodevelopmentystem.

The 6811 systemhasa memoryspaceof 64 Kbytes. Memory locationsare specifiedwith 16-bit numbers
expressedn hexadecimal Consequentlythe memoryspacerangeis 0x0000-0xFFFF

The completememorymapof the microcomputedevelopmentystemis shovn in figure1 on page7. Some
of the memorylocationsare occupiedby bytesof RAM, othersby ROM or device registersand somememory
locationsarenotusedatall. It is importantto notethatnotall memorylocationsbehave in the sameway.

For example,if you write Ox1A to a byte of RAM andthenreadthatlocationback,you will of courseread
whatwasjust written. However, if you write to ROM, the contentsof the byte will not be changed.Locations
mappedo device registerscanbehae evenmorestrangely

4.1 Number Representations

Whenyou interactwith the Buffalo monitor, byte contentsarealwaysinputanddisplayedn hexadecimaformat.
As aprogrammerhowever, it is oftenmorecorvenientto think in termsof decimalnumbergsignedor unsigned),
binary representatiomr ASCII charactercodes. To usethe Buffalo Monitor effectively, you shouldbe ableto
translatebetweerthesedifferentrepresentations.

For example,supposehata bytecontains0xB6. As a binarynumber thisis expressedsOb10110110(Note
thatwe usethe corventionof numberingthe individual bits of ann-bit binary numberfrom n-1to 0 wherebit-0
is the leastsignificantbit. In this casewe cansaythathit-7 is a 1 andbit-0 is a0.) If the numberis meantto
represenfin unsignedquantitythatis normally thoughtof a a decimalnumber you would corvert 0xB2 to the
decimalnumberl82. If, however, it wasmeantto represena signedquantity thenyou would corvertit to -74.

As anotherexample,a programmemay wantto seeif a 16-bit variablethatshouldbe 61466really hasthat
value. If the numberis encodednto two sequentiamemorylocations,the Buffalo monitor allows you to see
thatthe mostsignificantbyteis OxFOandtheleastsignificantbyteis 0x1A. Simplecorversionshavsthat,indeed
0xFO01A (unsigned)s 61466.(Similarly, asa signednumber OxF01Ais equivalentto -4070.)

1Someothergeniusat Motorolathoughtof this. Don’t blameme.

2The prefix Ox is the C style methodof indicating hexadecimal format. Sometimeghe $ is usedfor the samepurpose. You shouldbe
familiarwith bothformats,sinceyourtwo professor®nthis coursehave differing preferencesin the caseof theBUFFALO monitorprogram,
it assumeghatall numericalvaluesarein hexadecimalandno prefaceis usedatall.



If youhaveforgottenhow to corvertbetweemumbersf differentbasesr how thetwos-complementnethod
for representingignednumberswork, thisis agoodtime to review them.

5 Settingup

1.

Enterthecommand:

which aslln
Theresponseahouldbe:

aslln not found

If thecommandwvasfound,askthelabinstructorfor help.

. Typein thefollowing commandsxactly asshown:

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

. Now log off andlog backon again.

. Onceyou areloggedbackon, enterthe commandwhich aslln again. This time the responseshould

be:

/home/courses/ele538/binfas11ln

. If you do not obtainthis, carefully checkyour typing to try to figure out what you did wrong. Ask your

instructorfor helpif necessaryDo NOT continueuntil you gettheproperresponséo thewhich aslln
command.

. Usingthe Unix mkdir commandCreatea directorycalledele538 anda subdirectorylabl within it.

(i.e. thedirectory /ele538/lablshouldnow exist.) Changeto thatdirectory Therestof the lab shouldbe
conductedrom “/ele538/labl

It is essentiathatyou bewell organizedn this course sowe recommendhatyou

e Createaseparatesubdirectoryfor eachlab

¢ Numberin sequenceachversionof ary programyou write, sothatyou alwaysknow which is the
mostrecent.(Thetime anddatestampon thefile will alsohelpwith this.)

e Carefullybackupany workto floppy disk (or usesomeothermethodof backingit up, suchasemailing
it to yourself.)



What this means

It'snotabsolutelynecessaryo understandavhatis goingonin the previoussection put it mayhelp,soheregoes.

This sectionis all aboutensuringthat the correctversionof the assembler programasl1ln is in place.
Theassemblers a programthat corvertsatext file into executablebinary codes,andis an essentiacomponent
in programdevelopment.Theoriginalassemblewasas11 . ProfessoClowesfixed severalshortcoming®f that
programandgeneratghenew version,aslln .

Thewhich aslln commandsearcheyour PATHto seeif agive programaslln exists. The PATHIists
directorieswhereexecutablesrefound,sothis commandessentiallyasksif theexecutableasl1ln existsandwill
runwhencommanded.

Thecommands

touch “/.myzshrc
echo ’'source  “courses/ele538/.stdsh’ >> “/.myzshrc

ensurehatyour shellis setup with the correctPATHvariableto find thenew as1ln .

5.1 Usingthe Terminal Emulator

Executetheterminalemulatorprogramon the hostcomputey by executingthe commandvt6811’. Paver onthe
microprocessodevelopmentsystem. You shouldseea sign-onmessagdrom the microprocessosystem. This
establisheshatit is alive andsendinga startupmessagé¢o the hostcomputer
In all thefollowing commandsthe commandstringis typedin, followedby <carriagereturrc>.
Whenyouaredone,<ctrl>-c  will exit youfrom theterminalemulator

5.2 HELP command(H)

You cannow type commandso the Buffalo Monitor. Whenyou arefinished,exit theterminalemulatorprogram
with control-C.

ThecommanHELP, for example causeshemicroprocessosystento list theavailablecommandsasshovn
below:

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

BF <addrl> <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 [<addrl> [<addr2>]] Memory dump

MM[<addr>] or [<addr>]/ Memory Modify
[/,=] Same addr, [(,-,CTLH] Prev addr, [+,CTLJ,SPACE] Next addr
<addr>O Compute offset, [CR] Quit

MOVE<sl> <s2> [<d>] Block move



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. Thecommandsrecase-insensite (SOHELP andhelpareequialent.)

2. Thecommandsnaybeabbreiatedby usingonly enoughlettersto make thecommandunambiguous(For
example the only commandstartingwith theletter Gis GQ it maybe enteredasthesingleletterG)

3. Hitting thereturnkey invokesthe previouscommand.To repeaia commandasrapidly aspossible enterit
onceandthenhold down thereturnkey, which will auto-repeat.

4. Thecommandine editingfacilitiesareessentiallynon-eistent.If youmake atypingmistale, hit <ctrl>-
x or<ctrl>-  andto getbackto the monitorprompt,whereyou canstartover again.

5.3 Memory Dump (MD)

Oneof the mostcommonlyusedcommandsllows the userto examinethe contentsof memory The MD com-
mandhasthefollowing syntax:MD addrladdr2

Thetwo addressegexpressedsfour-digit hexadecimahumbersyive therangeof memorylocationsto look
at. Eachmemorylocationis readand displayedas a two-digit hex number Eachline of the memorydump
displaysthe contentsof 16 sequentiabytesof memory Theinitial 4-digit numberis the addres®f thefirst byte
displayed.

Example
Thecommandmd e060 e072 givesthefollowing output:
E0O60 A3 08 20 FO 32 39 48 45 4C 4C 4F 20 57 4F 52 4C 29HELLO WORL

EO70 44 20 56 39 36 00 48 43 31 31 20 4D 50 50 20 28 D V96 HC11l MPP (

Notes

1. In this casethefirst byte displayedOxA3 is locatedat addres©OxE060. This is equivalentto the unsigned
decimalnumberl63or, if interpretedn twos-complemenformat, to the signeddecimalnumber-93.

2. ThebyteatlocationOXEQ72is 0x56. Thisis equivalentto decimal86 (in bothsignedandunsignedormats).

3. Notethatfollowing the 16 hex numbersareanadditional16 columnsof singlecharactergmary of which
arethespacecharacter)For example thecontentof OXEO070is 0x44which correspond$o the ASCII code
for thecharacteD.

Thecompletememorymapof the microcomputedevelopmentsystemis shavn in figure 1.
Noticethe EPROM, RAM andEEPROM areas.The monitor programbegins at memorylocation$E000Oand
endsatlocation$FFFF (The'$’ signindicateshexadecimahotation.)
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Figurel: MemoryMap

5.4 Exercises
1. Do amemorydumpfrom OXE650to OXE67f.

2. Whatarethe contents(in hex, binary, decimalboth signedandunsignedand ASCII) of memorylocation
E6537?



5.5 Memory Modify (MM)

TheMM commandallows modifying thecontentsof oneor morememorylocations.Thesyntaxfor thecommand
is:

MM address

For example,typingthecommand:

>mm 6000 (then hit the enter key)
producegheresult:
6000 FF

Onceyou gettheresult,therearethreechoices:

e Entera2-digit hex number Notice thattwo digits arealwaysrequiredfor the data. For examplethevalue
$E would beenterecasOE.

The memorylocationis modified. You canthenhit the spacebarto view the next memorylocationor hit
the ENTERKey to terminatethecommand.

¢ Hit thespacebar. The currentbyteis not modifiedandthe next byteis displayed.

e Hit ENTER. This terminateshe MM command.If it is thefirst key you type, thenthe MM displaysthe
contentof a singlememorylocationanddoesnot modify it.

Example:If youtypein mm 6000, youwill see:

>mm 6000
6000 FF

(wherethe'>" symbolis themonitorprompt.)If youthentype 11 andhit the enterkey, youwill see:

>mm 6000
6000 FF 11

A memorydumpthenconfirmsthatthelocationhasbeenmodifiedasshovn below:

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

Multiple bytesmaybe modifiedin onemnoperationasdemonstratetiere:

>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 OO0 00 00 4Vw



5.6 Questions

1. Determinethe ASCII charactecodedfor thefirst four (4) lettersof your userid(i.e. theusernameyoutype
in responséo the”Login:” prompton theworkstations.)Modify memorylocationsOx7000-0x7003o0that
they containthe 4 ASCII codesandensurethatthe next memorylocation (0x7004)contains0Ox00. Shov
thesequencef commandsequiredandtheresultingmemorydump.

2. MemorylocationOxE00Qis in ROM (Read-Onlymemory).Whathappensf you try to changet to some-
thing else?Explain.

3. The 68HC11contains512 bytesof EEPROM memorystartingat location$B600. EEPROM is memory
cells that can be individually changed,and will containtheir contentseven whenthe power is cycled.
However, the write cycle is quite slow (by computerstandards).A normalwrite to RAM occursin one
machinecycle, a few microsecondsA write to EEPROM requiresseveral millisecondsto complete.The
MM commandnusttake thisinto accounwwhenwriting to EEPROM. Laterversionsof themonitorprogram
MMcontainedhesespecialinstructionsfor writing to EEPROM.

4. Checkwhethermemorylocationsin the EEPROM areacanbe modifiedby the MMcommand.

6 Devices: Hardware Input and Output

TheMemory DumpandMemoryModify commandganbevery usefulin detugginghardwarethatis attachedo
themicroprocessorOften, the hardwaresignallines of anexternaldevice are’mapped’into the memoryaddress
space.

Hardware Inputs

For aninput device (signalsfrom an externaldevice into the microprocessor)this meansthat eachlogic signal
appearsasonelogic bit in somelocationof memory Usingthe MD command,one canreadthatlocationto
determinewhethera particularelectricalsignalis beingreadasa logic 0 or 1. The MD commandproducesan
outputin the form of a hexadecimalbyte, soit’s necessaryo corvert the datato binary formatto interpretit
properly

For example,if aparticularhardwaredatainputlocationreadas$AA, thenit’sbinaryvalueis 10101010.This
tells usthatbit zerois readaszerovolts, bit 1 as+5 volts, andsoon.

Hardware Outputs

Whenhardware outputlines aremappednto the addresspaceat a particularlocation, the logic level on these
particularlines may be changedrom zerovolts to 5 volts by changingthe contentsof somememorylocation
from logic zeroto logic 1. For example,in thelabrobot,the starboardnotorenablés bit (something)f location
(something) A logic 0 turnsthe motor off, alogic 1 turnsit on.

6.1 RegisterModify (RM)

The 68HC11microprocessocontainsa numberof ‘machineregisters’. A diagramof theseregisters,calledthe
‘programmingmodel’,is shovn in figure 2. (Seethe’HC11 ReferencéManual’, Sectionb).
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Figure2: 68HC11ProgrammingVodel

This diagramrepresentshe registersthatareinternalto the centralprocessinginit of the microprocessorit
ignoresfor example,input andoutputregistersthatcontrolexternalhardware.
Theregistershave variousfunctions:

AccumulatorA (8 bits): Math operationsandgeneralpurposestorage

AccumulatorB (8 bits): Math operationsandgeneralpurposestorage

AccumulatorD: Operationghat take placeon both A andB aretreatedastaking placeon the 16 bit D register
regardedasa 16 bit accumulatar

Index X (16 bits): Pointeroperations

Index Y (16 bits): Pointeroperations

StackpointerSP(16 bits): Pointerinto the stackregion

StatusRegyister(8 bits?): Variousdevice flags

ProgramCounterPC (16 bits):  Pointerto the addres®f the next instructionto execute

Forourpurposestthispoint,theregistersof interestarethe ACCUMULATOR andthePROGRAMCOUNTER

Whenthemonitorprogramstarts,t copiesthemachineregistersto a storageareain RAM. Usingthe monitor
ReagisterModify instructionRM the programmemay modify the valuesof thesevariousstoredregistercontents.
Whenthe programmeiexecuteghe GO instruction,the monitor programrewrites thesenew registervaluesinto
themachineregistersandstartsprogramexecutionatthememoryaddresspecifiedoy thecontentsof theProgram
Counterregister (You canalsostarta programat somelocation$1234by enteringthecommandGO 1234).

¢ Executethe RMinstructionandexaminethe contentof eachmachineregister

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

10



7 Hand Assembly

Usingamethodcalled’handassembly’jt is possibleto usethe Memory Modify andRegisterModify commands
to install a programon the developmentsystem.We'll do this with a programto increment(increaseby 1) the
contentf theaccumulatoregister In symbolicform the programis:

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

EachINCA instructionincreaseshe contentsof the accumulatoA by 1. If we initialize ACCA to 00, it should
contain02 whenthe programbreaksto the monitor.

SWI standsfor SoftWare Interrupt. For now, it’s only requiredto understandhatan SWI commandcauses
the machineto terminatethe currentprogramandswitch to the monitor program. The detailsof how this occurs
requiresomeunderstandingf the stackmechanisnandinterrupts,andis in the TechnicalManual.

7.1 Exercise

Manually corvert eachinstructioninto its correspondingpperationcode,andthenenterthe computerprogram
into the microcomputerin detail:

e Usethe MC68HC11 ReferenceManual (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.

¢ Decideonasuitablestartingaddresgthe‘Origin’) for the program.Thestartof RAM, location$6000,is a
suitablechoice.

¢ UsetheMMcommando enterthe sequencef threebytes,startingat the choserorigin.
¢ UsetheMDcommando verify thattheinstructionshave beenstoredcorrectly

Next, you needto setup the machineregistersto run the program:

¢ UsetheRMcommando setthe ACCA to 00.

¢ UsetheRMcommando setthe PCto thevalueof the Origin address

¢ Don't changeary of the otherregistervalues. If you make a mistale, press<ctrl>X to abortthe current
command,andthenstartover. The monitoris too primitive to have muchin the way of commandline
editing.

¢ UsetheRMcommandnceagainto examinetheregistercontentsandensurethatthey arecorrect.

Now runtheprogramby executingthe Go ( G command.

The computershouldbreakto the monitor with the programcounterpointing at the next byte thatwould be
executed.TheaccumulatoACCA shouldcontainthe expectedresult. Checkthatthis is the case.

This ‘Hand Assembly’processs fartoo tediousanderrorproneto usefor enteringanything morethana few
linesof programcode.lt is howeverusefulfor modifying anexisting programduringdelugging,aprocesknown
as‘patching’thecode.

11



8 Writing an AssemblyLanguageProgram

An assemblylanguageprogramis the symbolic descriptionof a programthatis to be translatednto machine

languageandloadedontothe microprocessoror a high level languagesuchasC, oneinstructionusuallycorre-

spondgo mary machineinstructions.For assemblyjanguagegachinstructionin the sourcecodecorrespondso

onemachinenstruction.Theresultantranslationnto machineanguages referredto as‘the programbinary’.
Theprocesss asfollows:

Usingthe editorof your choiceon the hostmachine(Sunworkstationor PC),write the assemblylanguage
sourceprogramandsave it asatext file, whichwe will call firstprog.asm

Corvert the programto machinelanguageby processingt with the 68HC11assembleaslin . This
generates ‘listing file’ firstprog.|st , which shavs the sourcecodeandits correspondingnachine
translation.t alsoshovs wherein the memorymapthe machinecodesarestored.

The assemblecanoptionally includein the listing file a ‘symbol table’ that shavs the location of each
symbolicaddressn memory

The assemblernlsogeneratesin encodedorm of the programbinary that canbe uploadedo the micro-
processarfirstprog.s19 . Theformat of the encodingis known as‘S-Records’. The S Recordsfile
includesaddressnformationthat specifieswherethe binary shouldresidein microprocessoRAM, and
checksumshatcanbe usedto ensurehatthe uploadingoccurredcorrectly

The AS1lassembleusedin this exercisegeneratesabsolutecode’: thebinaryis assembledo run atits final
location. This s relatively simpleto useandunderstandbut it doesnot supporttheinclusionof library routines.

Hereis firstprog.asm , theexampleof anassemblyanguageprogram:

*kkkk * * *kkk * * *kkk * *kkkkk *%

* Demonstration Program

*

* This program illustrates how to use the assembler.

* |t adds together two 8 bit numbers and leaves the result

* in the ‘SUM'’ location.

* Peter Hiscocks, August 2001

*kkkk * * *kkk * * *kkk * *kkkkk *%

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
SwWi

Thefeaturesof this programareasfollows:

12



A line beginningwith an**' is ignoredand may be usedfor commentary The commentsare extremely
important.Assemblylanguages difficult to understandt the bestof times,soheadelcommentsarevital.

e Commentgnayalsobe addedo individual text lines, aftera semicolon.

e ORGis an‘assemblydirective’. It doesnottranslatedirectly into machinecode,but advisegsheassembler
In this case,it specifiesvherethe programis to be located. We have two ORG statementsThefirst one
definesthe startof ‘working storage’in RAM, wherevariableswill be stored. The secondORG defines
wherethe ‘programtext’ starts.

¢ Noticethathexadecimalaluesmustbedesignatedvith aleading$ sign. Withoutthedollarssign,thevalue
is interpretedasa decimalvalue. This is an easymistale to make, but it's obviousif you checkthatthe
programloadedcorrectlyinto the memoryareayou expected.

e FIRSTNUM, SECNUMandSUM are‘symbolicaddressesThey will betranslatednto specificaddresses
in thememoryspace An assemblytanguagerogrammustadhereo arelatively strictformat. In the case
of this assemblerit is requiredthat only symbolic addresseshegin in the first column, all other text
(suchasdirectives)must be indented at leastone spaceor tab. Notice thatthe symbolicnamegreflect
their functionin this program. This is animportantdocumentanclue for thoseunlucky souls(including
yourself,perhapsthathave to readandunderstandhis programat a later date.Symbolicnamescanbe up
to 13 charactersdong andcancontainthe understrok character

e The FCB (ForceConstanByte) resenesonebytein memoryandinitializesit to somevalue. Notice how
symbolicnamesFIRSTNUM andSECNUM, areattachedo this reseredspace.

¢ TheRMB (Resere Memory Byte) resenesoneor morebytesin memory They arenotinitialized to ary
particularvalue.Notice how a symbolicname, SUM, is attachedo this reseredspace.

Two otherimportantdirectivesareFCCandFDB:

FCC ForceConstant Characters . This directive is usedfor defininga string messagén memory For exam-
ple, the following stanzacould be usedto definea null-terminatedstring with symbolic startingaddress
‘HELLO':

HELLO FCC 'HELLO WORLDV9®’
FCB $00

Thecharacterbetweersinglequoteswill betranslatednto their ASCII valuesandstored oneperbyte,in
memory

FDB ForceDouble Byte . Thisdirective resenesandinitializestwo bytesof memory It's often usedto storea
16 bit addressn memory For example thefollowing stanzawill initialize thelocationVECTOR to the 16
bit addres$HELLO:

VECTOR FDB HELLO

13



8.1 Assemblethe Program

Using the editor of your choice(l preferthe Joeeditor, but anything will work), type in the programasgiven
above. Whenit is complete save it asfirstprog.asm.
Invoke theassembleprogramto processghis file with thecommandine

aslln firstprog.asm

Noticethataslln isas<eleven>n ,notas<elel>n . (A moredetailedreferenceonaslin isin section
12 onpagel?).

If thereareno errors(causedby mistakesin typing, for example)the assemblewill generatdfile first-
prog.Ist  andpossiblyalsothefile firstprog.s19

(If thereareerrorscausedyy mistalesin typing for example,errormessagewill appearon screen.)

Startupanothemwindow andloadfirstprog.|st into aneditorin thatwindow, soyou canview it easily
Thelisting file firstprog.Ist will look somethindike 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 * |t adds together two 8 bit numbers and leavesthe result
0006 * in the SUMIlocation.
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

Thisis anextremelyimportantfile andcontainsessentialnformationfor deluggingthe computeprogram.

e In eachline, thefirst numberis theline numberof theinstruction.

e The secondnumberabsoluteaddressvherethe instructionor datawill be stored. Using this listing file,
we know what computermemorylocationsare usedby the program. We can usethe memory dump
instructionto checktheslocationsto ensurehatthe correctinstructionsareat thoselocations,andto read
outthe programdata.

e The symbolic instructionsare corvertedinto op code and operand. Notice how the instruction LDAA
FIRSTNUMis corvertedinto a one-byteop codeb6 andtwo-byte operand60 00 that correspondgo
theabsoluteaddres®f FIRSTNUM. Referto the LDAA instructionin the 68HC11ReferencéManualand
confirmthattheop codeis correctfor anabsoluteaddress.

The SWI instructioncorvertsinto a single-byteoperand.
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o If thereis anerror(whichis the usualcasewhenfirst assemblinga program) thelisting file will announce
it. It usuallytakesseveraltriesto getan errorfree assemblyof a new program. However, noticethatan
absencef errorsin the assemblycodeis no guarante®f correctnessA syntacticallycorrectprogramcan
represensomethinghatis logical nonsense.

Whenthesourcecode.asm file is finally correct,the assemblyoperatiorwill producethelisting file and an
S19 file calledfirstprog.s19 . TheS19 file is anencodingof theassembleg@rogramthatcanbeloadedinto
themicroprocessor

Now useaneditorto examinethe Srecordfile. It will look somethindike this:

S1056000010297
S10D6010B66000BB6001B760023FF8
S9030000FC

Eachline of the S Recordcontainsa memoryaddressvherethe informationshouldbe stored,the information
itself, anda checksumThefinal line of thefile informstheloaderthatthefile is completed.For our purposesit
is enoughat this pointto know thatthe S19 file existsandit is loadedinto the microprocessor

8.2 Upload the Program

Therearevariousmethodsof loadingthe programinto the 68HC11developmentsystemdependingyn thecom-
puterandthetoolsavailable.

On a SunWorkstation,the programVT6811 (written by JasonNaughtonfor useat Ryerson)will loadan S
recordfile andconnecto the microprocessomonitorprogram.Thecommands:

vt6811 firstprog.s19

Whenthe uploadcompletesthe monitorwill generate ‘ready’ messagé.

Important Note

: Only onevt6811terminalsessiortanbeopenatatime. You canhave multiple windowsrunningotherprograms
openontheworkstation but youcant have any morethanonevt6811sessioroperationabecausehey fight over
accesdo theserialport.

If you arehaving troublegettingvt6811to work, be carefulto ensurethatyou have not startedotherinvoca-
tionsof the programon your workstation possiblyin otherwindows.

8.3 Checkthe Program

Oncethe programis loaded,you shouldcheckthatit is actually presenton the developmentsystem. Use the
MD 6000 commando dumpdevelopmentRAM. Comparehe contentf memorywith theinformationshovn
onthefirstprog.Ist file. They shouldmatch.

SAlternatively, if you arerunningthe Linux operatingsystemyou could usea terminalemulatorsuchas Seyon. Youwould first establish
contactwith the monitor program,so that whenyou pressreseton the 68HC11 developmentsystem,you seethe signonmessagen the
terminalemulatorwindow. Next, executethe monitor‘load’ commandL T (load from theterminal). Thenselectthe ‘uploadtext’ optionin
the Seyon terminalemulator andselectthe ‘firstprog.s19'file. Whenthe uploadcompletesthe monitorwill generate ‘ready’ message.

OnaPCsystenrunningWindows, you canusetheHyperterminalAccessoryto communicatavith the68HC11system Executethemonitor
‘L T' commando preparehe developmentsystento loadan Srecordfile, andthenexecutethe ‘uploadtext’ commandn Hyperterminal.
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8.4 Run the Program
Now you canexecutethe programwith the command
G 6010

Theprogramshouldbreakto the monitorat the correctlocationanddisplaythe contentsof the machineregisters.
CheckthatthememorylocationSUM containghe correctresult.

Usethe Memory Modify commando changethe contentsof FIRSTNUMto 0A and SECNUMb FF. Rerun
the programandverify theresult.

9 Breakpointsand Debugging

In generalcomputemprogramsdo notwork correctlythefirst time they arerun, andthey mustbe detugged.The
monitor Breakpointinstructionis very usefulfor this.

Whenyou inserta breakpointin a program,the programwill exit to the monitor at thatpoint. Thenyou can
examinememoryandthe machineregistersto determinevhatwentwrong.

If everythingseemscorrectat that point, thenyou can cancelthat breakpointandinserta new breakpoint
fartheralongin the program.

For example,thecommand

BR 6013

would inserta breakpointat address6013, and the computerwould switch to the monitor when the program
counterreachedhataddressie, just beforethe machineexecutesheinstructionat addres$013. Notice thatthe
breakpoinimustcorrespondo theaddres®f theinstructionop-code.lt can't referto anaddrespartway through
aninstruction.

It is possibleto insertseveralbreakpointsat the sametime, but to keepthingsclearit’s usuallybestto work
with oneatatime. However, thereis onesituationwheremultiple breakpoint@reuseful.If oneis notentirelysure
which brancha computerprogramis taking, you canput breakpointsn both branchesaindseewhich breakpoint
is activated.

Thecommand

BR -

removesall breakpoints.

Inserta programbreakpointso thatthe programbreaksjust after the additionof the two numbers.The sum
shouldbein the A accumulatoat that point.

In orderto know theaddressatwhichto insertthe breakpointyouwill needacopy of theassemblegrogram.

Rerunthe programandverify thattheprogramdoesbreakcorrectlyandthatthenumberin the A accumulator
is correct.

9.1 Crashduring Breakpoint

Thebreakpointmechanisnworksby replacingtheinstructionop codeat the breakpointwith an SWI instruction.
For thisreasonthe programunderntestmustbein read-writememory(RAM). For example,aprogramin EPROM
cannotbe breakpointed.

16



Now, if thereis a breakpointsetin a programundertest,thenan op codehasbeenreplacedwith an SWI
instruction. The monitor programhasa recordof this replacemenso thatit canrestorethe op-codewhenthe
breakpointis removedusingthe BR - command.However, supposéhereis a breakpointsetin the programand
the programcrashes.You then have to pressthe RESETbutton to get the monitor programback. The RESET
wipesoutary recordof theoriginalbreakpointandthe SWlinstructionis still installedsomeavherein theprogram
text. Consequentlythe BR - commandwill notwork to remove the original breakpoint.

Facedwith this situation,you couldmanuallypatchthe codeby replacingthe breakpointSWI instructionwith
the correctop-codeinformation,which canbe determinedrom thelisting file. Alternatively, youwould simply
reloadthe program.

Themoralis this: if you have ary doubtat all aboutthe programbeingcorruptedaftera crash reloadit.

10 Assignment

Thisassignmenis duein Week2 andmustbedemonstrateé the openingminutesof thelab sessionn Week?2.

Usingthe previous programasa modelandreferringto the 68HC11ReferenceManual,write, assembleand
testa programto multiply two 8 bit numbergogether You may usethe MULinstructionto do the multiplication
operation. The input valuesshouldbe held in two 8 bit locationsnamedMULTIPLICAND andMULTIPLIER.
Theresultshouldbeheldin a 16 bit locationnamedPRODUCT

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

Demonstratehis programto your lab supervisorusingthefirst digit andlastdigit of your studenthumberas
inputsto theprogram.Thelab supervisomwill selecttwo otherinputdigitsto usein your program.

You shouldbe preparedshov andexplain the contentsof thelisting file, andto demonstratéhe useof break-
pointsasappliedto the operationof this program.

11 Additional Readings

Thefastestouteto gettinganunderstandingf assemblyjfanguages to readcodethatotherpeoplehave written.
Oneplaceto look is in the coursedirectory\library subdirectory This directory containsuseful example
routineswhich you canusein your own programswithout penalty As well, theWeb pageof Jim Koch,the Senior
Tech SupportEngineerfor Electricaland ComputerEngineeringhasa link to the sourcecodeof the Buffalo
monitor. Thisis avery largeassemblyanguagerogram but therearemary usefulideasin thecode.
Reverseengineeringotherpeoples codeis hardwork at first, but onceyou geta basicunderstandingf the
mostcommoninstructionsandgroupsof instructionsjt will gomuchmoreeasily

12 Appendix: Theaslln Assembler

The assembleaslln is actuallya shell scriptthat actsasa pre-processofor a secondprogram,asll , that
doesthe bulk of thework. The shell scriptwaswritten by Ken Clowesandbasicallymalkesit easierto usethe
assembler

e Normaluseto assemblyfile foobar.asm
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aslln foobar.asm

If the assemblyis without error, the scriptwill generatehe files foobar.Ist andfoobar.s19 . The
file foobar.Ist containsan assemblylisting and symboltable,both of which areusefulfor dehugging
purposesThefile foobar.s19 is uploadableao the microprocessotdevelopmentsystem.

If thereareerrors,the existing file foobar.s19 is renamedo foobar.s19.0LD  sothatthereis no
longeraworking .s19 file to confusethings. (If you wantto go backto the previous.s19 , usethe Unix
mvcommando renameoobar.s19.0LD  tofoobar.s19 ).

Thelisting .Ist  alwayscontainsthelisting of the assemblytogetherwith ary errorswherethey occurin
thecode.

Thecommandine
aslln -h

generates helpmessageAppartfrom the.asm file name thisis the only possibleparameteto as11n .

Theaslln scriptis containedin the coursedirectory/home/courses/ele538/bin . You have to
ensurethatthis directoryis in your PATH variableto executeas11ln easily If you areinterestedn how

theshellscriptworks, it is areadabldile.
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Production Note

This file wascreatedon a Linux systemusingthe joe editorandtypesetusingthe IATEX typesettingorogram.Diagramswere createdwith
thexfig program.Previewing wasby xdvi andcorversionto postscripformatby dvips . Previewing of the postscripformatusedgs and
conversionto .pdf formatusingthescriptps2pdf . Thecontritutionsof Ken Cloweswereprovidedin html format, manuallycorvertedto
IATEX formatandinsertedinto thetext. The html renditionis derived from the XML file ele538/labs/lab1/d.xml. It wastranslatedo html
with the XML translatiorspecificatiorin ./article2html.xslusinga standardslt commandwrittenin Java. The sourcefile waswritten by Ken
Clowes(kclowes@ee.ryerson.cayhe dtd andxsl files werewritten by kclowes. Everythingwaswritten usingxemacsandmaintainedusing

male andthebashshellunderWindonsME, SolarisandLinux operatingsystems.
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