
gpsim

T. ScottDattalo

24 DECEMBER1999



Contents

1 gpsim - An Overview 4

1.1 Making theexecutable . . . . . . . . . . . . . . . . . . . . . . . . . 4

1.1.1 MakeDetails- ./configureoptions . . . . . . . . . . . . . . . 4

1.2 Running . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 5

1.3 Requirements. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 5

2 Command Line Interface 6

3 Graphical User Interface 13

3.1 Main window . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 13

3.2 SourceBrowsers . . . . . . . . . . . . . . . . . . . . . . . . . . . . 13

3.2.1 .asmBrowser . . . . . . . . . . . . . . . . . . . . . . . . . . 13

3.2.2 Opcodeview - the.obj Browser . . . . . . . . . . . . . . . . 14

3.3 Registerviews . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 15

3.4 Symbolview . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 15

3.5 Watchview . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 16

4 Controlling the Flow: BreakPoints 17

4.1 ExecutionBreakPoints . . . . . . . . . . . . . . . . . . . . . . . . . 17

4.1.1 Invalid InstructionBreakPoints . . . . . . . . . . . . . . . . 17

4.2 RegisterBreakPoints . . . . . . . . . . . . . . . . . . . . . . . . . . 18

4.3 CycleBreakPoints . . . . . . . . . . . . . . . . . . . . . . . . . . . 18

5 What hashappen?: Trace 19

6 Simulating the RealWorld: Stimuli 20

6.1 How They Work . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 20

6.1.1 Contentionamongstimuli . . . . . . . . . . . . . . . . . . . 21

6.2 I/O Pins . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 21

1



CONTENTS 2

6.3 SynchronousStimuli . . . . . . . . . . . . . . . . . . . . . . . . . . 22

6.3.1 SquareWave . . . . . . . . . . . . . . . . . . . . . . . . . . 23

6.3.2 TriangleWave . . . . . . . . . . . . . . . . . . . . . . . . . 24

6.3.3 SineWave . . . . . . . . . . . . . . . . . . . . . . . . . . . . 24

6.4 AsynchronousStimuli . . . . . . . . . . . . . . . . . . . . . . . . . 24

6.5 AnalogStimuli . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 26

7 Symbolic Debugging 27

8 Hex Files 28

9 Theory of Operation 29

9.1 Background. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 29

9.2 Instructions . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 29

9.3 GeneralFile Registers. . . . . . . . . . . . . . . . . . . . . . . . . . 30

9.4 SpecialFile Registers . . . . . . . . . . . . . . . . . . . . . . . . . . 30

9.5 Exampleof aninstruction. . . . . . . . . . . . . . . . . . . . . . . . 30

9.6 Trace . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 32

9.7 Breakpoints . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 32



Intr oduction

gpsim is a full-featuredsoftware simulatorfor Microchip PIC microcontrollersdis-
tributedundertheGNU GeneralPublicLicense(seetheCOPYINGsection).

gpsimhasbeendesignedto be asaccurateaspossible.Accuracy includesthe entire
PIC- from thecoreto theI/O pinsandincludingALL of theinternalperipherals.Thus
it’spossibleto createstimuli andtie themto theI/O pinsandtestthePICthesamePIC
thesameway youwould in therealworld.

gpsim hasbeendesignedto be as fast as possible. Real time simulationspeedsof
20Mhzpicsarepossible.

gpsimhasbeendesignedto beasusefulaspossible.Thestandardsimulationparadigm
includingbreakpoints,singlestepping,disassembling,memoryinspect& change,and
soonhasbeenimplemented.In addition,gpsimsupportsmany debuggingfeaturesthat
areonly availablewith in-circuit emulators.For example,a continuoustracebuffer
trackseveryactionof thesimulator(whetheryou wantit or not). Also, it’s possibleto
setreadandwrite breakpointson values(e.g.breakif a specificvalueis readfrom or
written to a register).

gpsimis not fancy. It’sa straight-forwardtext basedcommandline interface.TheCLI
usesthesamelibrary asgdb(theGNU debugger).Thuscommandhistory, command
editing, and commandcompletionare all available. Other projectsare beautifying
gpsimwith gui wrappers.
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Chapter 1

gpsim- An Overview

If youdon’t careto wadethroughdetails,thischaptershouldhelpyougetthingsupand
running.TheINSTALL andREADME files will providemoreup-to-dateinformation
thenthis document,sopleasereferto thosefirst.

1.1 Making the executable

gpsim’sexecutableis createin a mannerthat’s consistantwith many of theotheropen
sourcesoftware:

command description

tar -xvzf gpsim-0.x.0.tar.gz expandthecompressedtar file
./configure Createa ’makefile’ uniqueto yoursystem
make compilegpsim
make install install gpsim

Thelaststepwill requirerootprivileges.

1.1.1 MakeDetails - ./configure options

gui-less

Thedefault configurationwill provide a gui (graphicaluserinterface).The cli (com-
mandline interface)is still available,however many peoplepreferjust to usethe cli.
Thesehardysoulsmaybuild a command-lineonly interfaceby configuringgpsim:

./configure --disable-gui

As of version0.17.0,you’ll still needthegui to compile(I know, thatsucks).

4



CHAPTER1. GPSIM- AN OVERVIEW 5

debugging

If you want to debug gpsimthenyou’ll probablyusegdb. Consequently, you’ll want
to disablesharedlibraries:

./configure --disable-shared

Thiswill createone,hugemonolithicexecutablewith symbolicinformation.

1.2 Running

Theexecutablecreatedabove is called: gpsim. The following commandline options
maybespecifiedwhengpsimis invoked.

gpsim [-h] [-p<device> [<hex_file>]] [-
c<stc_file>]

-h : this help list
-p<device> : processor (e.g. -

pp16c84 for the ’c84)
<hex_file> : input file in "intelhex16" for-

mat
-c<stc_file> : startup command file
-s<cod_file> : .cod symbol file
-v : gpsim version

1.3 Requirements

gpsim hasbeendevelopedunderLinux. It shouldbuild just fine underthe popular
Linux distributionslike Redhat.I know of no port to windows. Two packagesgpsim
requiresthatmaynotbeavailablewith all Linux distributionsarereadlineandgtk (the
gimp tool kit). The./configurescriptshouldtell you if thesepackagesarenot installed
on yoursystemor if therevisionsthatareinstalledaretooold.

Thereareno minimumhardwarerequirementsto rungpsim.Fasteris betterthough!

gpasm,thegnupicassembler, is alsovery useful. gpsimwill acceptstraighthex files,
but if you want to do any symbolicdebuggingthenyou’ll want to usethe .cod files
thatgpasmproduces.The .codfiles arein the sameformat asthe .codfiles MPASM
produces. Unfortunately, it’s not possibleto useMPASM produced.cod files with
gpsim. This is becausethe.codfile hasosdependentdirectoryinformation(If I geta
seriousrequest,thenI’ ll fix this limitation).



Chapter 2

CommandLine Interface

Thecommandline interfaceis fairly straight-forward.If you’refamiliarwith gdb’scli,
thenyou’ll fill fairly comfortablewith gpsim’s cli. The tablebelow summarizesthe
availablecommands.

command summary

attach Attachstimuli to nodes
break Seta breakpoint
clear Removea breakpoint

disassemble Disassemblethecurrentcpu
dump DisplayeithertheRAM or EEPROM
echo echo"text"
help Typehelp"command"for morehelpon a command
list Displaysourceandlist files
load Loadeithera hex or commandfile
node Add or displaystimulusnodes

processor Add/list processors
quit Quit gpsim
run Executethepic program
step Executeoneor moreinstructions

stimulus Createa stimulus
symbol Add/list symbols
trace Dumpthetracehistory

version Displaygpsim’sversion
x examineand/ormodify memory

Thebuilt in ’help’ commandprovidesaddtionalonlineinformation.

attach

attach node1 stimulus1 [stimulus2 stimulus_N]

6



CHAPTER2. COMMAND LINE INTERFACE 7

attachis usedto definetheconnectionsbetweenstimuli andnodes.At leastonenode
andonestimulusmustbespecified.If morestimuli arespecifiedthenthey will all be
attachedto thenodeexamples:

gpsim> node n1 # De-
fine a new node.
gpsim> attach n1 porta4 portb0 # Con-
nect two I/O pins to the node.
gpsim> node # Dis-
play the new "net list".

break

Thebreakcommandis usedto setandexaminebreakpoints:

break [c | e | w | r | wv | rv | wdt [loca-
tion] [value] ]

options:
c - cycle
e - execution
w - write
r - read
wv - write value
rv - read value
wdt - wdt timeout

- no argument, dis-
play the break points that are set.

examples:
break e 0x20 # set an execu-

tion break point at address 0x20
break wv 0x30 0 # break if zero is writ-

ten to register 0x30
break c 1000000 # break on the one mil-

lion’th cycle
break # dis-

play all of the break points

clear

Theclearcommandis usedto clearbreakpoints:

clear bp_number
where bp_number is the number as-
signed to the break point
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when it was created. (type "break" with-
out any arguments to
display the currently set break points.

disassemble

disassemble [[start | length] [end]]

no arguments: disassembles 10 instructions be-
fore and 5 after the pc.

one argument: disassemble [length] instruc-
tions after the pc.

two arguments: disassem-
ble from [start] to [end].

disasembledoesnot usesymbols.However, specialfunctionregisterslike statuswill
bedisplayedby nameratherthanvalue.

dump

dump [r | e]

dump r or dump with no options will dis-
play all of the file

registers and special function registers.
dump e will display the contents of the eep-

rom (if the pic
being simulated contains any)

Seethe’x’ commandfor examiningandmodifying individual registers.

echo

Theechocommandis usedlike a print statementwithin configurationfiles. It just lets
youdisplayinformationaboutyourconfigurationfile.

help

By itself, helpwill displayall of thecommandsalongwith a brief descriptionon how
they work. ’help <command>’providesmoreextensiveonlinehelp.

list

list [[s | l] [*pc] [line_number1 [,line_number2]]]
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Display the contents of source and list files.
Without any options, list will use the last spec-
ified options.
list s will dis-
play lines in the source (or .asm) file.
list l will display lines in the .lst file
list *pc will display ei-
ther .asm or .lst lines around the pc

Thelist commandallowsyou to view thesourcecodewhile youaredebugging.

load

The loadcommandis usedto load eitherhex, configuration,or .codfiles. A hex file
is usuallyusedto programthe physicalpart. Consequently, it providesno symbolic
information. .cod files on the otherhand,do provide symbolic information. Unless
you suspectthere’s somethingwrong with the way you’re assembleror compiler is
generatinghex files, I’ d recommendalwaysusing.codfiles for debugging.

Configurationfiles arescript files containinggpsimcommands.Theseareextremely
usefulfor creatinga debuggingenviromentthatwill beusedrepeatedly. For example

node

node [new_node1 new_node2 ...]
If no new_node is speci-

fied then all of the nodes that have been
defined are displayed. If a new_node is spec-

ified then it will be
added to the node list. See the "at-

tach" and "stimulus" commands
to see how stimuli are added to the nodes.

examples:

node // display the node list
node n1 n2 n3 // cre-

ate and add 3 new nodes to the list

processor

processor [new_processor_type [new_processor_name]] | [list] | [dump]
If no new processor is specified, then the cur-

rently defined processor(s) will be dis-
played. To see a list of the processors sup-
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ported by gpsim, type ’processor list’. To de-
fine a new processor, specify the proces-
sor type and name. To dis-
play the state of the I/O processor, type ’pro-
cessor pins’ (For now, this will dis-
play the pin numbers and their current state.
examples:
processor // Display the processors you’ve al-
ready defined. proces-
sor list // Dis-
play the list of processors supported. proces-
sor pins

// Display the processor pack-
age and pin state processor p16cr84 fred

// Create a new processor. proces-
sor p16c74 wilma

// and another. processor p16c65
// Create one with no name.

quit

Quit gpsim.

run

Start(or continue)simulation.Thesimulationwill continueuntil thenext breakpoint
is encountered.

step

step [over | n]

no arguments: step one instruction.
numeric argument: step a number of instruc-

tions
"over" argument: step over the next instruc-

tion

symbol

stimulus

stimulus [[type] options]
stimulus will create a sig-

nal that can be tied to an io port.
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Note that in most cases it is easier to cre-
ate a stimulus

file then to type all this junk by hand.

Supported stimuli:

square_wave | sqw [pe-
riod p] [high_time h] [phase ph] [ini-
tial_state i]

port port_name bit_pos end
creates a square wave with a pe-

riod of "p" cpu cycles.
If the high time is speci-

fied then that’s the number of cycles
the square wave will be high.
The phase is with respect to the cpu’s cy-

cle counter.
The "port_name" and "bit_pos" de-

scribe where the stimulus
will be attached.

asynchronous_stimulus | asy [pe-
riod p] [phase ph] [initial_state i]

d0 [d1 d2 ... dn] port port_name bit_pos end
creates an asyn-

chronous square wave with a period of "p" cpu
cycles. The phase is with re-

spect to the cpu’s cycle counter.
The "port_name" and "bit_pos" de-

scribe where the stimulus
will be attached.

examples:
stimulus sqw pe-

riod 200 high_time 20 phase 60 port portb 0 end
create a square wave stimulus that re-

peats every 200 cpu cycles,
is high for 20 cpu cycles (and low for 200-

20=180 cycles). The
first rising edge will occur at cy-

cle 60, the second at 260,...
Bit 0 of portb will receive the stimulus
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trace

trace [dump_amount]
trace will print out the most re-

cent "dump_amount" traces.
If no dump_amount is speci-

fied, then the entire trace buffer
will be displayed.

version

version
Display gpsim’s version.

x

x [file_register] [new_value]
options:

file_register -
ram location to be examined or modified.

new_value -
the new value written to the file_register.

if no options are specified, then the en-
tire contents

of the file registers will be dis-
played (dump).



Chapter 3

Graphical User Interface

gpsim also providesa graphicaluserinterfacethat simplifies someof the drudgery
associatedwith thecli. It’ spossibleto openwindowsto view all thedetailsaboutyour
debug environment. To get the most out of your debuggingsession,you’ll want to
assembleyourcodewith gpasm(thegnupicassembler)andusethesymbolic.codfiles
it produces.

3.1 Main window

Only settings/windowsandhelp/aboutareusable.

3.2 SourceBrowsers

gpsim provides two views of your source: ’.asm’ and ’.obj’ browsers. The ’.asm’
browseris a colorcodeddisplayof yourpic source.

3.2.1 .asmBrowser

Whena .codfile with sourceis loaded,thereshouldbesomethingin this display.

Thereis an areato the left of the source,wheresymbolsrepresentingthe program
counterandbreakpointsaredisplayed.Doubleclicking in thisareatogglesbreakpoints.
You candragthesesymbolsup or down in orderto move themandchangethePCor
movea breakpoint.

A right buttonclick on the sourcepopsup a menuwith six items(theword ’here’ in
somemenuitemsdenotetheline in sourcethemousepointerwasonwhenright mouse
buttonwasclicked.):

Menu item Description

13
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Selectsymbol. This menuitem is only availablewhensometext is selectedin the
text widget.Whatit doesis searchthelist of symbolsfor theselected
word,andif it is foundit is selectedin thesymbolwindow. Depend-
ing of typeof symbolotherthingsarealsodone,thesamething as
whenselectinga symbolin thesymbolwindow:

� If it is anaddress,thentheopcodeandsourceviewsdisplaythe
address.

� If it’s a register, theregisterviewerselectsthecell.
� If it’sa constant,address,registeror ioport, it is selectedin the

symbolwindow.

FindPC Thismenuitemwill find thePCandchangedpagetabandscroll the
sourceview to thecurrentPC.

Runhere This setsa breakpoint’here’andstartsrunninguntil a breakpointis
hit.

MovePChere Thissimply changesPCto theaddressthatline ’here’in sourcehas.

Breakpointhere Setabreakpoint’here’.

Find text This opensup a searchingdialog. Every time you hit the ’Find’
button, the currentnotebookpageis found and the sourcein that
pageis used.This dialogis similar to theonein netscapenavigator,
exceptfor a combowidgetcontainingprevioussearchstrings.

Thesearethekeyboardbindings:

Key command

s,S,F7 step

o,O,F8 stepover

r,R,F9 run. (currentlythe only way to stoprunningis to pressCtrl-C in the ter-
minal window wherethecli is)

q,Q quit

3.2.2 Opcodeview - the .obj Browser

Thisa gui versionof thedisassemblecommand.

Doubleclick on a line to togglebreakpoints.

Thiswindow hasthesamekeyboardcommandsasthesourcebrowser.
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3.3 Registerviews

Therearetwo similar registerwindows. Onefor theRAM andonefor theEEPROM
data,whenavailable.

Hereyouseeall registersin thecurrentprocessor. Clicking onacell displaysit’sname
andvalueabovethesheetof registers.Youcanchangevaluesby enteringit in theentry
(or in thecell).

The following thingscanbe doneon oneregister, or a rangeof registers. (Selecting
a rangeof registersis doneby holding down left mousebutton, moving cursor, and
releasingbutton.)

� Setandclearbreakpoints.Usethe right mousebuttonmenuto pop up a menu
whereyoucanselectsetread,write, readvalueandwrite valuebreakpoints.You
canalso"clearbreakpoints",noticethesin "clearbreakpoints",everybreakpoint
on theregistersarecleared.

� Copy cells.Youcopy cellsby draggingtheborderof theselectedcell(s).

� Fill cells. Movemouseto lower right cornerof theframeof theselectedcell(s),
anddragit.

� Watchthem.Selectthe"Add Watch"menuitem

Thecellshavedifferentbackgroungcolorsdependingon if they represent:

� File Register(e.g.RAM): light cyan.

� SpecialFunctionRegisters(e.g.STATUS,TMR0):darkcyan

� aliasedregister(e.g. the INDF locatedat address0x80 is the sameasthe one
locatedat address0x00): gray

� invalid register:black. If all sixteenregistersin a row areinvalid, thentherow is
not shown.

� a registerwith oneor morebreakpoints:red

gpsim dynamicallyupdatesthe registersas the simulationproceeds.Registersthat
changecontentsbetweenpausesin the simulationare highlightedwith a blue fore-
groundcolor.

3.4 Symbol view

This window, asits namesuggests,displayssymbols.All of thespecialfunctionreg-
isterswill have entriesin the symbol viewer. If you’re using .cod files then you’ll
additionallyhave file registers(that aredefinedin cblocks),equates,andaddressla-
bels.
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You canfilter out somesymboltypesusingthebuttonsin the top of thewindow, and
you cansort the rows by clicking on the columnbuttons(the onesreading’symbol’,
’ type’ and’address’).

The symbol viewer is linked to the other windows. For example,if you click on a
symboland:

� If it is anaddress,thentheopcodeandsourceviewsdisplaytheaddress.

� If it’s a register, theregisterviewerselectsthecell.

3.5 Watch view

This is not a output-onlywindow asthenamesuggests(changename?).You canboth
view and changedata. Double-clickingon a bit togglesthe bit. You addvariables
hereby markingthemin a registerviewer andselect“Add watch” from menu. The
right-click menuhasthefollowing items:

� Removewatch

� Setregistervalue

� ClearBreakpoints

� Setbreakon read

� Setbreakon write

� Setbreakon readvalue

� Setbreakon write value

� Columns...

"Columns...” opensup a window whereyou canselectwhich of thefollowing datato
display:

� BP

� Type

� Name

� Address

� Dec

� Hex

� Bx (bitsof word)

You cansort the list of watchesby clicking on thecolumnbuttons.Clicking sortslist
backwards.
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Controlling the Flow: Break
Points

Oneof gpsim’sstrongfeaturesis theflexibility providedwith breakpoints.Most sim-
ulatorsarelimited to executiontypebreakpoints.

If you want to setbreakpointson registers,on executioncycles,invalid programlo-
cations,stackover flows, etc. thenyou’re usuallyforcedto debug your codewith an
ICE.

4.1 ExecutionBreakPoints

An executionbreakpoint is onethat will halt a runningprogramwhenthe program
memoryaddressat which it is setis encountered.For example,if you weredebugging
a mid-rangedPIC andwishedto stopexecutionwhenever an interruptoccurs,you
couldseta breakpointat programmemoryaddress0x04:

gpsim> break e 4

(To be moreprecise,an interruptdoesn’t have to occurfor this breakpoint to be en-
countered- errantcodecouldhavebranchedheretoo).

The breakpoint occursBEFOREthe instructionexecutes.Othersimulatorssuchas
MPLAB breakaftertheinstructionexecutes.In many casesthisdistinctionis insignif-
icant. However, if thebreakis seton a ’goto’ or ’call’ instruction,thenit’s convenient
to stopbeforethebranchoccurs.This way it’s easyto determinefrom wherea brance
occurred.

4.1.1 Invalid Instruction Break Points

gpsimautomaticallywill halt executionif a programattemptsto venturebeyond its
bounds.Programmemorylocationsthat arenot definedby your sourcecodewill be

17



CHAPTER4. CONTROLLING THE FLOW: BREAK POINTS 18

initialized with an’Invalid Instruction’. Thesearequitevisible whenyou disassemble
theprogram.

4.2 RegisterBreakPoints

gpsimprovidestheability to breakwhenevera registeraccessed,eitherreador written
or both. Furthermore,it’s possibleto breakwhenever a specificvalueis written to or
readfrom aregister.

4.3 CycleBreakPoints

Cyclebreakpointsallow theprogramto behaltedat a specificinstructioncycle. Sup-
poseyou have a 20 Mhz pic andwant to breakafter onesecondof simulationtime.
Youcouldsetabreakat the5 millionth instructioncycle.1

1Thereare4 clockcyclesperinstruction.Also, a futurefeatureof gpsimwill provideyouwith theability
to setbreakpointsin termsof seconds.
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What hashappen?:Trace

Inspectingthecurrentstateof yourprogramis sometimesinsufficient to determinethe
causeof abug. Oftentimesit’susefulto know theconditionsthatledup to thecurrent
state.gpsimprovidesa historyor traceof everythingthatoccurs- whetheryouwantit
or not - to helpyoudiagnosetheseotherwisedifficult to analyzebugs.

What’s traced notes

programcounter adressesexecuted
instructions opcode
registerread valueandlocation
registerwrite valueandlocation
cyclecounter currentvalue

skippedinstructions addressesskipped
statusregister duringimplicit modification

interrupts
breakpoints type

resets type

The’ trace’commandwill dumpthecontentsof thetracebuffer.

A largecircularbuffer (whosesizeis hardcoded)storesthe informationfor the trace
buffer. Whenit fills, it will wraparoundandwrite over theold history. To sustainhigh
performance,gpsimencodesall traceinformationinto a 32 bit integer.

19



Chapter 6

Simulating the RealWorld:
Stimuli

Stimuli areextremelyuseful,if not necessary, for simulations.They providesa means
for simulatinginteractionswith therealworld.

The gpsim stimuli capability is designedto be accurate,efficient and flexible. The
modelsfor thePIC’s I/O pinsmimic therealdevices.For example,theopencollector
outputon port A of an PIC16C84canonly drive low. Multiple I/O pins may tied to
oneanothersothattheopencollectoron port A cangeta pull up resistorfrom port B.
Theoverheadfor stimuli only occurswhena stimuluschangesstates.In otherwords,
stimuli arenot polledto determinetheir state.

Analogstimuli arealsoavailable.It’spossibleto createvoltagereferencesandsources
to simulatealmostany kind of realworld thing. For example,it’s possibleto combine
two analogstimuli togetherto createsignalslike DTMF tones.

6.1 How They Work

In the simplestcase,a stimulusactsa sourcefor an I/O pin on a pic. For example,
you may want to simulatea clock andmeasureits periodusingTMR0. In this case,
thestimulusis thesourceandtheTMR0 inputpin on thepic is theload. In gpsimyou
wouldcreateastimulusfor theclockusingthestimuluscommandandconnectit to the
I/O pin usingthenodecommand.

In general,you canhave several ’sources’andseveral ’ loads’ thatareinterconnected
with nodes1. A good analogyis a spicecircuit. The spicenetlist correspondsto a
node-listin gpsimandthespiceelementscorrespondto thestimuli sourcesandloads.
Thisgeneralapproachmakesit possibleto createavarietyof simulationenvironments.
Here’sa list of differentwaysin which stimuli maybeconnected:

1Although, gpsimis currently limited to ’one-port’ devices. In otherwords, it is assumedthat ground
servesasacommonreferencefor thesourcesandtheloads.

20



CHAPTER6. SIMULATING THE REAL WORLD: STIMULI 21

1. Stimulusconnectedto oneI/O pin

2. Stimulusconnectedto severalI/O pins

3. Severalstimuli connectedto oneI/O pin

4. Severalstimuli connectedto severalI/O pins

5. I/O pinsconnectedto I/O pins

Thegeneraltechniquefor implementingstimuli is asfollows:

1. Definethestimulusor stimuli.

2. Definea node.

3. Attachthestimuli to thenode.

Moreoftenthennot, thestimulusdefinitionwill residein afile.

6.1.1 Contention amongstimuli

Oneof theproblemswith this nodalapproachto modelingstimuli is that it’s possible
for contentionto exist. For example,if two I/O pinsareconnectedto oneanotherand
driving in theoppositedirections,therewill becontention.gpsimresolvescontention
with attribute summing. Eachstimulus- even if it’s an input - hasan effect on the
node.Thiseffect is givenaweight.Whenanodeis updated,gpsimwill simplyaddthe
weightsof all thestimuli togetherandassignthatnumericvalueto thenode.A weight
valueof zerocorrespondsto no load. A largepositive weight is usedby a stimulusto
drive thenodepositive,while a largenegativeweightis usedto drive it negative.

Attributesummingis usefulfor pull up resistors.In theport A opencollector/ port B
weakpull-up connectionexample,gpsimassignsa relatively smallweight to thepull
upresistorandalargenegativeweightto theopencollectorif it is activeor noweightif
it’snotdriving. Capacitiveeffects(whicharenotcurrentlysupported)canbesimulated
with dynamicallychangingweightvalues.

6.2 I/O Pins

gpsimmodelsI/O pinsasstimuli. Thusanywhereastimulusis used,anI/O pin maybe
substituted.For example,youmaywantto tie two I/O pinsto oneanother(for example,
aportB pull upresistorto aportA opencollector).gpsimautomaticallycreatestheI/O
pin stimuli wheneveraprocessoris created.All youneedto do is to specifyanodeand
thenattachthestimuli to it. Thenamesof thesestimuli areformedby concatenating
theportnamewith thebit positionof theI/O pin. For example,bit 3 in portB is called
portb3.

Here’sa list of thetypesof I/O pin stimuli thataresupported:
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I/O Pin Type Function

INPUT_ONLY Only acceptsinput (like MCLR)
BI_DIRECTIONAL Canbea sourceor a load(mostI/O pins)

BI_DIRECTIONAL_PU PU=Pullupresistor(PORTB)
OPEN_COLLECTOR Canonly drive low (RA4 on c84)

Thereis no specialpin typefor analogI/O pins. All pic analoginputsaremultiplexed
with digital inputs. The I/O pin definitionwill alwaysbe for thedigital input. gpsim
automaticallyknowswhenI/O pin is analoginput

6.3 SynchronousStimuli

Synchronousstimuli areperiodicfunctionsthataresynchronizedto thecpu’s clock2.
They aredefinedby thefollowing parameters:

parameter function

phase The# of cycles(afterstart)beforethestimulusstarts
period The# of cyclesfor oneperiod
start Thecycle thestimulusbecomesactive

initial_state Theinitial stateof thestimulus
type Analogor Digital

Onecycleof theperiodicfunctioncanbewritten likeso���������
	���
���������	�������������� 	!
�"$#�#%#
&������'�)(
And thencanbemadeperiodicby:���������*	,+-&.�����'�)(/��
0���.���1�
	��
which just saysthatthefunctionhasthesamevalueat

	
and

	�+-&.�����'�)(
.

The
&��.23���

allows theperiodicfunctionto beshiftedby anarbitraryamount.

In someinstances,youdon’t wantthestimulusto beactiveuntil afteracertainamount
of time. Theparameters

��	42/��	
and

���,�5	'�'2768��	42/	4�
describehow long thestimulusshould

wait beforebecomingactiveandwhatstatethestimulusshouldbein duringthatwait-
ing period.

By default, thesynchronousstimulusis assumedto bedigital. This canbeoverridden
by specifyinganalog. In many cases,thecontext in which thestimulusis usedmakes
theanalog/digitalchoiceclear. For example,asquarewaveis usuallydigital andasine
wave is usuallyanalog.Thereareinstanceswhereyou might wantto changethis. For
example,[how wouldyoucreatea sinusoidallyPWM’d wave form???addit here...]

2This will probablybe madeoptional in the future. In other words, you’ll get the choiceto specify
whetheror not the ’synchronous’stimulusparametersare synchronizedto the cpu or are absolutetime
values.
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6.3.1 Square Wave

Thesimplestexampleof asynchronousstimulusisasquarewave. All of theparameters
describedabovestill apply. There’soneadditionalparameterfor thesquarewave:

parameter function

dutycycle ’high time’ for a squarewave

Thesynchronousstimulusbeginswith the’initial state’atcycle0. After ’phase’cycles
happen,thestimuluschangesstates.After ’high time’ morecycles,thestatechanges
again.Thefrequency of thesquarewave is:

��94:$
 ;&������'�)(�<
��=>9�?
@

Where
�1=>94?

is thesimulatedoscillatorfrequency. Theduty cycle is:

A �.	'B�CDB3�E6*�F
 �G�H���G	'�5���
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Synchronousstimuli areusefulasclocks.For example,it’spossibleto createa
synchronousstimulusandattachit to theTMR0 inputpin. Or anotherexamplemay
betheclock line in an I/J C interface.

SquareWaveexample

Here’sa sequenceof commandsto createa squarewave:

stimulus sqw
initial_state 1
start 10000
period 1000
high_time 300
phase 100
port portb 0
end

There’sreally justonecommand,’stimulus’,spreadoverseverallines.In thisexample,
thesquarewavehasaperiodof 1000cpucyclesanda30%dutycycle(it’shighfor 300
outof the1000cycles).It will startoff highandremainhighuntil cycle10000,thestart
cycle, afterwhich it will go low. Then100cycleslater (phasedelay)it will go high.
This is the ’phaseshift’. 300morecycleslater, or cycle 14000it will go low. Since
theperiodis 1000cycles,thesquarewill repeatthis sequenceat cycle 11000,12000,
etc. So in termsof absolutecpucycles,thestimulusstartsoff high andthengoeslow
atcycle10000,high atcycle10100,low at 10400,highat 11100,low at 11400...

Or if youprefer, thestateof thesquarewavecanbeexpressed:
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if(cpu cycle < start)
state = initial_state;

else {
cycle_in_period = (cpu cycle - start) % period;
if( (cycle_in_period > phase) && (cy-

cle_in_period < (phase+high_time)) )
state = 1;

else
state = 0;

}

6.3.2 Triangle Wave

In it’s simplestform, you can describeda triangle wave as a periodic wave that is
composedof two line segments,onewith a positive slopethe otherwith a negative
slope. It’s sometimesalsocalleda ’sawtooth’ wave becausethe repeatedrising and
falling edgeslook similar to the cutting teethon a handsaw. gpsimdefinestriangle
wavesthe sameway assquarewavesandaddstwo new parameters.In otherwords,
all of the parametersthat apply to squarewavesalsoapply to trianglewavesandin
additionyou mayalsospecifythepositive andnegative peaks.Thetrainglewave can
bemosteasilyenvisioned(PICTURE!!!) whensuperimposedonasquarewave. When
the squarewave is ’high’ the triangle wave hasa positive slopeand when it’s low
the trianglewave hasa negative slope. If the trianglewave hasthe sameamplitude
excursionsasa squarewave, thenthe trianglewave peaksexactly coincidewith the
squarewave’shigh-to-low andlow-to-hightransitions.

6.3.3 SineWave

Doesn’t exist yet.

6.4 AsynchronousStimuli

Asynchronousstimuli areanalogor digital stimuli thatcanchangestatesat any given
instant (limited to the resolutionof the cycle counter). They can be definedto be
repetitive too.

parameter function

start The# of cyclesbeforethestimulusstarts
cycles[] An arrayof cycle#’s
data[] Stimulusstatefor acycle
period The# of cyclesfor oneperiod

initial state Theinitial stateof data[0]
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When the stimulusis first initialized, it will be driven to the ’initial state’ and will
remainthereuntil thecpu’sinstructioncyclecountermatchesthespecified’start’cycle.
After that, the two arrays’cycles[]’ and ’data[]’ definethe stimulus’ outputs. The
sizeof the arraysarethe sameandcorrespondto the numberof eventsthatareto be
created.So the event number, if you will, servesasthe index into thesearrays. The
’cycles[]’ arraydefinewhentheeventsoccurwhile the’data[]’ arraydefinesthestates
the stimuluswill enter. The ’cycles[]’ aremeasuredwith respectto the ’start’ cycle.
Theasynchronousstimuluscanbemadeperiodicby specifyingthenumberof cycles
in the’period’ parameter.

Here’sanexamplethatgeneratesthreepulsesandthenrepeats:

stimulus asyn-
chronous_stimulus # or we could’ve used asy
# The initial state AND the state the stimu-
lus is when
# it rolls over
initial_state 1
# all times are with respect to the cpu’s cy-
cle counter
start_cycle 100
# the asynchronous stimu-
lus will roll over in ’period’
# cy-
cles. Delete this line if you don’t want a roll over.
period 5000
# Now the cycles at which stimu-
lus changes states are
# specified. The initial cycle was speci-
fied above. So
# the first cycle specified below will tog-
gle this state.
# In this example, the stimulus will start high.
# At cycle 100 the stimulus ’begins’. How-
ever nothing happens
# until cycle 200+100.
200 0
300 1
400 0
600 1
1000 0
3000 1
# Give the stimulus a name:
name asy_test
# Finally, tell the command line inter-
face that we’re done # with the stimulus
end
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ds

6.5 Analog Stimuli

AnalogStimuli arereally a subsetor typeof asynchronousor synchronousstimuli.



Chapter 7

SymbolicDebugging

Early versionsof gpsim provided hardcodedsymbolslike ’status’or ’porta’. As a
version0.0.12,gpsimprovidessymbolicdebuggingcapabilities.Soin additionto the
hardcodedsymbols,you cannow have accessto all of the symbolsdefinedby your
assembler. This includescrossreferencingthe programmemoryto sourceand list
files,accessto registersdefinedwithin cblocks,accessto programmemorylabels,and
accessto all of theconstantsthataredefined(eitherwith equatesor #defines)by your
program.

27



Chapter 8

Hex Files

Thetargetcodesimulatedby gpsimcomesfrom ahex file, or morespecificallyanIntel
Hex file. gpsimacceptstheformatof hex providedby gpasmandmpasm.Thehex file
doesnot provide any symbolic information. It’s recommendedthat hex files only be
usedif 1) you suspectthere’s a problemwith theway .codfiles aregeneratedby your
assembleror compilerOR2) yourassembleror compilerdoesn’t generate.codfiles.

28



Chapter 9

Theory of Operation

This sectionis only providedfor thosewho maybeinterestedin how gpsimoperates.
The information in hereis ’mostly’ accurate.However, asgpsimevolvesso do the
detailsof the theoryof operation.Usethe informationprovidedhereasa high level
introductionandusethe(well commented:]) sourceto learnthedetails.

9.1 Background

gpsimis written mostly in C++. Why? Well the main reasonis to easily implement
a hierarchicalmodelof a pic. If you think abouta microcontroller, it’s really easyto
modularizethe variouscomponents.C++ lendsitself well to this conceptualization.
FurthermoreMicrochip, likeothermicrocontrollermanufacturers,hascreatedfamilies
of devicesthatarequitesimilar to oneanother. Again, theC++ provides’inheritance’
thatallows therelationshipsto besharedamongthevariousmodelsof pics.

9.2 Instructions

There’s a baseclassfor the 14-bit instructions(I plan to go onestepfurtherandcre-
atea baseclassfrom which all pic instructionscanbe derived). It primarily serves
two purposes:storagethatis commonfor eachinstructionanda meansfor generically
accessingvirtual functions. The commoninformationconsistsof a name- or more
specificallytheinstructionmnemonic,theopcode,anda pointerto theprocessorown-
ing theinstruction.Someof thevirtual functionsare’execute’and’name’. As thehex
file is decoded,instancesof the instructionsarecreatedandstoredin an arraycalled
program_memory. The index into this array is the addressat which the instruction
resides.To executeaninstructionthefollowing codesequenceis invoked:

program_memory[pc.value]->execute();

29
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which says,get the instructionat the currentprogramcounter(pc.value)andinvoke
via the virtual functionexecute().This approachallows executionbreakpointsto be
easilyset.A specialbreakpoint instructioncanreplacetheoneresidingin theprogram
memoryarray. When’execute’is calledthebreakpoint canbeinvoked.

9.3 GeneralFile Registers

A file register is simulatedby the ’file_register’ class. There is one instanceof a
’file_register’ objectfor eachfile registerin thePIC. All of theregistersarecollected
togetherinto anarraycalled’registers’which is indexedby theregisters’correspond-
ing PIC addresses.Thearrayis linearandnot bankedlike it is in thePIC. (Bankingis
handledduringthesimulation.)

9.4 SpecialFile Registers

Specialfile registersare all of the other registersthat are not generalfile registers.
This includesthecoreregisterslike statusandoptionandalsotheperipheralregisters
like eeadrfor the eeprom.The specialfile registersarederived from the generalfile
registersand are also storedin the ’registers’array. Thereis one instancefor each
register - even if the register is accessiblein more than onebank. So for example,
there’s only oneinstancefor the ’status’register, however it maybeaccessedthrough
the’registers’arrayin morethanoneplace.

All file registersareaccessedby the virtual functions’put’ and ’get’. This is done
for two mainreasons.First, it convenientlyencapsulatesthebreakpointoverhead(for
registerbreakpoints)in the file registerandnot in the instruction. Second,andmore
important,it allowsderivedclassesto implementtheputandgetmorespecifically. For
example,a ’put’ to the indf register is a whole lot different thana put to the intcon
register. In eachcase,the’put’ initiatesanactionbeyondsimply storingabyteof data
in anarray. It alsoallows thefollowing codesequenceto beeasilyimplemented:

movlw trisa ;Get the address of tris
movwf fsr
movf indf,w ;Read trisa indirectly

9.5 Exampleof an instruction

Here’s an exampleof the codefor the movf instructionthat illustrateswhat hasbeen
discussedabove. Somewherein gpsimthecodesequence:

program_memory[pc.value]->execute();
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is executed.Let’s saythat the pc is pointing to a movf instruction. The ->execute()
virtual functionwill invokeMOVF::execute.I’ veaddedextracomments(thataren’t in
themaincode)to illustratein detailwhat’shappening.

void MOVF::execute(void)
{

unsigned int source_value;

// All instructions are ’traced’ (discussed be-
low). It’s sufficient

//to only store the opcode. How-
ever, even this may be unnecessary since

//the progam counter is also traced. Ex-
pect this to disappear in the

//future...
trace.instruction(opcode);

// ’source’ is a pointer to a ’file_register’ ob-
ject. It is initialized

//by reading the ’registers’ ar-
ray. Note that the index depends on the

//’rp’ bits (actually just one bit) in the sta-
tus register. Time is

// saved by caching rp as opposed to decod-
ing the status register.

source = cpu->registers[cpu-
>rp | opcode&REG_IN_INSTRUCTION_MASK];

// We have no idea which register we are try-
ing to access and how it

//should be accessed or if there’s a break-
point set on it. No problem,

//the virtual function ’get’ will re-
solve all of those details

// and ’do the right thing’.
source_value = source->get();

// If the destination is W, then the construc-
tor has already initialized

//’destination’. Otherwise the destina-
tion and source are the same.

if(opcode&DESTINATION_MASK)
destination = source; // Re-

sult goes to source

// Write the source value to the destina-
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tion. Again, we have no idea
// where the destination may be or
// or how the data should be written there.
destination->put(source_value);

// The movf instruc-
tion will set Z (zero) bit in the status register

//if the source value was zero.
cpu->status.put_Z(0==source_value);

// Finally, advance the pc by one.
cpu->pc.increment();

}

9.6 Trace

Everythingthat is simulatedis traced- all of the time. The tracebuffer is onehuge
circularbuffer of integers. Informationis or’ed with a tracetoken andthenis stored
in thetracebuffer. No attemptis madeto associatethe itemsin thetracebuffer while
the simulatoris simulatinga PIC. Thus,if you look at the raw buffer you’ll seestuff
like: cycle counter= ..., opcodefetch= ..., registerread= ..., registerwrite = ..., etc.
However, this information is postprocessedto ascertainwhat happenedandwhenit
happened.It’s alsopossibleto usethis informationto undothesimulation,or in other
wordsyoucanstepbackwards.I don’t have this implementedyet though.

9.7 Breakpoints

Breakpointsfall into threecategories:execution,register, andcycle.

Execution:

Forexecutionbreakpointsaspecialinstructionappropriatelycalled’Breakpoint_Instruction’
is createdandplacedinto theprogrammemoryarrayat thelocationthebreakpoint is
desired. The original instructionis saved in the newly createdbreapointinstruction.
Whenthebreakpoint is cleared,theoriginal instructionis fetchedfrom thebreakpoint
instructionandplacedbackinto theprogrammemoryarray.

Note that this schemehaszerooverhead.The simulationis only affectedwhen the
breakpointis encountered.
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Register:

Thereareat leastfour differentbreakpointtypesthatcanbeseton a register:readany
value,write any value,reada specificvalue,or write a specificvalue.Like theexecu-
tion breakpoints,therearespecialbreakpointregistersthatreplacearegisterobject.So
whenthe usersetsa write breakpointat register0x20 for example,a new breakpoint
objectis createdandinsertinto thefile registerarrayat location0x20. Whenthesim-
ulatorattemptsto accessregisterlocation0x20,thebreakpointobjectwill beaccessed
instead.

Notethatthisschemetoohaszerooverhead,acceptwhenabreakpointis encountered.

Cycle:

Cyclebreakpointsallow gpsimto alterexecutionataspecificinstructioncycle. This is
usefulfor runningyoursimulationfor averyspecificamountof time. Internally, gpsim
makesextensive useof the cycle breakpoints.For example,the TMR0 objectcanbe
programmedto generatea periodiccyclebreakpoint.

Cycle breakpointsareimplementedwith a sorteddoubly-linked list. The linked list
containstwo piecesof information(besidesthe links): thecycle at which thebreakis
to occurandthe call backfunction1 that’s to be invoked whenthe cycle doesoccur.
Thebreaklogic is extremelysimple.Whenever thecycle counteris advanced(that is,
incremented),it’scomparedto thenext desiredcyclebreakpoint. If there’sNO match,
thenwe’re done. So the overheadfor cycle breaksis the time requiredto implement
a comparison. If thereIS a match,then the call back function associatedwith this
breakpoint is invokedandthenext breakpoint in thedoubly-linkedlist servesasthe
referencefor thenext cyclebreak.

1A call backfunction is a pointerto a function. In this context, gpsimis givena pointerto thefunction
that’s to beinvoked(called)whenever acycle breakoccurs.



COPYING

Thedocumentis partof gpsim.

gpsimis freesoftware;you canredistribute it and/ormodify it underthe termsof the
GNU GeneralPublic Licenseas publishedby the FreeSoftware Foundation;either
version2, or (at youroption)any laterversion.

gpsim is distributed in the hopethat it will be useful, but WITHOUT ANY WAR-
RANTY; without even the implied warrantyof MERCHANTABILITY or FITNESS
FOR A PARTICULAR PURPOSE.Seethe GNU GeneralPublic Licensefor more
details.

Youshouldhavereceivedacopy of theGNU GeneralPublicLicensealongwith gpsim;
seethefile COPYING.If not,write to theFreeSoftwareFoundation,59 TemplePlace
- Suite330,Boston,MA 02111-1307,USA.

34



Index

attach,6

break,6, 7

clear, 6, 7

disassemble,6, 8
dump,6, 8

echo,6, 8

GNU, 34

help,6, 8

instructions,29

License,34
list, 6, 8
load,6, 9

NO WARRANTY, 34
node,6, 9

processor, 6, 9

quit, 6, 10

registers,30
run,6, 10

step,6, 10
Stimulus,20
stimulus,6, 10
symbol,6, 10

trace,6, 12

version,6

x, 6, 12

35


