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BBenenne

gpsim — 9TO MPOrpaMMHBIH CUMYJISITOP, C MOJHOH MOJAEPKKOHU BCEX CBOMCTB
PIC mukpoxontposiepo Microchip, pacnipoctpansiemsiii non GNU General
Pablic License (cmoTpute paznen COPYING).

gpsim ObL1 pazpaboTaH co BCEH BO3MOKHOM TOUHOCTbIO. TOYHOCTBIO,
BKyovamomer Bech PIC — oT sigpa 10 BHIBOAOB BBOJIa-BbiBOJA, BKIOUasi BCIO
BHYTPEHHIO nepudepuio. Takum 00pa3oM, BOSMOKHO OTKPbITb CTUMYJIbI U
CBSI3aTh MX C BBIBOJIAMH BBOAA-BbIBOJA, U MpoBepHUTh PIC, ToT campiit PIC, u
TEM XK€ MaHepOM, KaK BbI cJieJiayid Obl B peaJlbHOM MHDE.

gpsim Obu1 pa3paboTaH, 4TOOB! OBITH CTOJIb OBICTPBIM, CKOJIb BO3MOXKHO.
PaboTaeT cumyJisiius peasbHOro BpeMeHH co ckopocThio B 20 MIw.

gpsim MOXET ynpaBJisiTbest JIMOO yepes rpadpuyecKui MoJib30BaTEIbCKUH
unrepgeiic (GUI), uepes uatepderic komanguon crpoku (CLI), nmubo ¢
MOMOLIBIO TIpoLiecca yrpasJieHusl. TUnuuHble cpeacTBa OTIAAKH, TOJOOHO
TOYKaM OCTaHOBA, MOIIArOBOMY PEXHMY, AU3aCCEMOJMPOBAHHIO, IPOBEPKE
NaMsITH U MOAH(HKALUH, U T. 1., IOJJepKUBaAIOTCS Bce. B1ob6aBokK, Takue
KOMIUIEKCHBIE OTJIaJI0UHbIE CPEACTBA, KaK TPACCHPOBKA PEabHOrO BPEMEHH,
3asIBKH, YCJIOBHbIE OCTAHOBKH H MOJKJI0UAEMble MOJYJIH IJIS1 HECKOJBbKHX
HaMMEHOBAHHUH, TaK:Ke MOJAepKUBAIOTCSI.



Yacts 1

gpsim — O030p

Ecnu Bbl He HamepeHbl OpecTH uepe3 Bce IeTad, TO 9TOT pas3zes IOMOKET BaM
MOJIyYUTh HEOOXOAUMbIe 3HaHUs AJisi Havasia paboTel. Daisl INSTALL u
README npenoctassat Oosblue nociegHed HHGOPMAaLHH, YEM 3TOT JOKYMEHT,
MO3TOMY, MOKATYHCTa, OOPATUTECh CHAUasIa K HUM.

1.1 Co3pganue ncnogHsieMoro duaii ja

Hcnonnsiemsbiit pais gpsim co3gaeTcsi Ha MaHep APYTHX MPOrpam,
MPeICTABJICHHBIX HCXOAHBIMH TEKCTAMH:

Komanoa Onucanue
tar -xvzf gpsim-x.y.z.tar.gz pasapXHUBHPYET CKAThIX tar (pain
.configure cospaeT “makefile” yHUKaIbHBIA 1JIS1

Ballled CUCTEMBI

make KOMITWJIPYET gpsim

make install yCTaHaBJIMBaeT gpsim

[Tocneanuit mar TpeOyeT MPUBHIIETHH TOOL.

1.1.1 3aganue nerainem - .J/configure onuu
gui-less
Kondurypanus no ymonuanuio OyaeT noaaepxkupath gui (rpadHueckun
noJsib3oBatesibckui uHTepdenc). Ho takxke noctynen cli (uaTepdeiic
KOMAaHAHOM CTPOKH), OCKOJIBKY €CTh MHOTO JIIOAeH, MPEANOUYHTAIOMINX

T10JIb30BATHCS] UM. DTH CTOMKHE AYIIH MOTYT IIOCTPOUTb HHTEP(PENC TOIBKO
KOMaHJIHOHW CTPOKH, KOH(pUTYpHpYs gpsim:

./configure —disable-gui
debugging

Ecnu Bam yrogHo oTiaguth gpsim, TOrAa Bbl, BO3MOXHO, BOcNojb3yeTech gdb.
CnenoBaTesbHO, BbI 3aXOTHTE OTBEPTHYTh 00IIHe OHOIHOTEKH:
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Jconfigure —disable-shared

DTHM CO3[aeTCsl €JUHCTBEHHBIH, HO OOJIBIION UCTIOHSIEMbIH (haiJI C
CHUMBOJIBHOH HH(POpPMAaLHEH.

1.1.2 RPMs

gpsim Takxe pacnpocTtpansiercs: B popme RPM. B rekymux Bepcusix nsa RPM
— gpsim-devel u gpsim. O6a AoKHBI ObITH YcTaHOBJEHBI. ECTh Tak ke RPM
1151 ICXOJHBIX KOJOB. OH MOKET UCHOJb30BAaThCS 7151 NOCTPOEHHS] JBOUUHOTO
RPM ynukanpHOro aist Bamed cucteMsl. OOpature, moxaiyncra, BHHMaHUE Ha
nociennue INSTALL u README niist nosyueHHst HoBeHeH HHGpOpMaLyH.

1.1.3 Windows

gpsim pabotaeT u Ha Windows. BopyT Pasem cosman gpsim Windows web-
Caur:

http://gpsim.sourveforge.net/gpsimWin32/ gpsimWin32.html

Bl MOXeTe HalTH JieTalbHble HHCTPYKIIMH [0 YCTAHOBKE gpsim U ee

3aBUCUMOCTSM. BHEIIHUHA BUJ MOXHO HAWTH:

http://gpsim.sourveforge.net/snap.php
1.2 3amyck

Hcnonnsiemslit ¢aiil, OTKPHITBIA KaK ONHUCAHO BbILIE, HA3BIBAETCS: gpsim.
Crnenyomue onuuyu KOMaHIHON CTPOKH MOTYT ObITb YCTaHOBJIEHBI, KOTJa gpsim
3aIyCKaeTCsl.

gpsim [-?] [-p <device> [<hex_file>]] [-c <stc_file>]
-p, --processor=<processor name> processor (uHaue -pp16c84 s 'c84")
-c, --command=STRING startup KOMaHAHBIA hain
-s, --symbol=STRING .cod CUMBOJIbHBIH (hai1
-L, --sourcepath=STRING uepe3 nBoeTOUHE CIMCOK TUPEKTOPUH MOHCKA
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-V, --version gpsim BepcHst
-E, --echo CTPOKA 9XO KOMaHIHOM JIHHUH B KOHCOJIb
-1, --cli PEKUM TOJBKO KOMaHJHOH JIMHHH

-S, --source=STRING 'enable' unu 'disable' 3arpy3ku HCXOAHOTO KoJa.
ITo ymosyanwio 'enable’.
[Tonesno asist 3amycka ObICTPBIX PErpeCCHOHHBIX
TECTOB.

-d, --icd=STRING ucnosib3oBaTh ICD (unaue, -d /dev/ttySO0).

-D, --define=STRING omnpeneauts CHMBOJ CO 3HaU€HHEM, JOOABIEHHBIM
B gpsim Tabsmiy cuMBoJIOB. Onpenesnsiercst moboe
KOJIMYECTBO CHMBOJIOB.

-e, --exit=STRING  IIpuBOJHT K aBTO BBIXOLy gpsim
0 yCJIOBHIO. 3a1anue onbreak npusenet
K BBIXOAY gpsim, KOrJa CUMYJISIIUS
OCTaHABJIMBAETCSI, HO HE paHbIle, UeM TeKYIIHH
KOMaH/IHBIH CKPHUIIT 3aBEPIINUTCSI.

Examples:
gpsim -s myprog.cod <-- loads a symbol file
gpsim -p p16f877 myprog.hex <-- select processor and load hex
gpsim -c myscript.stc <-- loads a script

Help options:
-2, --help [TokaspiBaeT 910 coobmenue help
--usage OTtoOpaxaeT KpaTKyIo MOACKAa3Ky

OO0bIyHO gpsim 3ammycKaeTcs cienyomuM 00pasoM:
[My-Computer]$ gpsim -s mypic-program.cod

([My-Computer]$ TekcT — npuMep THITHYHOM KOMaHIHOM CTPOKH bash — BbI
TOJIbKO BBOJUTE TEKCT IMOCJIE 9TOro npuriamenus). Komanna sarpyxaet .cod
(arin (mypic-program.cod), cozgannsii ¢ momomipio gputils. [Toxq Windows
gpsim Tak:ke MoxkeT OTKpbITb 0KHO DOS nimn CygWin ceccuio bash
(TepMHHAJIBHBIM HHTEPIPETATOP KOMAHAHOM CTPOKH), M 3alyCTHTDh ZpSim U3

HETO.
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1.3 TpeOoBanus

[Tporpamma gpsim Obl1a paspaboTana noa Linux. OHa 10JI)KHa BCTpauBaTbhCs U
3aIyCKaThCsl MPEKpacHbIM 00pa3oM MOJ BCEMH MOMYJISIPHBIMH JTUCTPHOY THBAMH
Linux, nogo6usiMu Redhat. gpsim tak:xe 6p11 moptupoan B MAC, MicroSoft
Windows, Solaris u BSD. J[IBa makeTa gpsim TpeOyIOTCsI MOCTOJBKY, MOCKOJIbKY
He Bce TUcTpuOyTuBbI Linux umelot readline u qtk (MHCTpyMeHTaIbHBIE
cpeactsa gimp). Ckpunt ./configure moackaxeT, €CIM 9TH MAaKeThl He
YCTAHOBJIEHBI Ha Ballled CUCTEME, WK yCTapey.

Heobxogumo yaoBI€TBOPHTH MHHHMAJIbHBIE TPEOOBaHHS 1O 0OOPYJOBAHHUIO
1181 3armycka gpsim. Ho yem oHo ObicTpee, TeM syuie!

Y tunute gputils ¥ gnupic Takke OUeHb MOJIE3HBI. ZPSIM MOXKET UCIOJIb30BaTh
cpasy hex-¢atibl, HO, €CM Bbl XOTHUTE UCIOJIb30BATh CHMBOJIbHYIO OTJIAJIKY,
TOrjaa Bam notpedyercst .cod-daitsi, KOTOpbIM MPOU3BOIUT NakeT gputils. cod-
(paitn umeet TOT ke popmart, yto npousBogutcst MPASM.

(.cod-aiin — 970 cHMBOJIBHBIN (pain cozganHbi ByteCraft 1 ncnosb3yembii
Microchip, a MPASM - accembisiep Microchip).
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HHarepdieric K OMaHIHOH CTPOK H

HuTepderic komaHTHOH CTPOKH B U3BECTHON Mepe nepBUYeH. Tabiuna Huxke
CYMMHPYET JOITyCKaeMble KoMaHIpl. KpaTkoe OnHcaHHe STHX KOMaH[ MOXKET
ObITH BbIBEJICHO MpH BBOJE help B KomaHHOH cTpoOKe.

10

Komanda Cymmapno
attach NPUCOEHUHSIET CTUMYJI K Y311y
break yCTaHaBJIMBAET TOUKY OCTaHOBA
bus A00aBJIsSIeT UM NOKa3blBaeT 0A30BbIN y3ei
clear yJajsieT TOUKY OCTaHOBa
disassemble aucaccemMOJIMpyeT TeKYIHUH cpu
dump orobpaxaer RAM niu EEPROM
frequency yCTaHABJIMBAET YacTOTY Ipoleccopa
help BBenuTe help nis nonckasku
icd MojAAepkKa OTJAAKU B CXeMe
list oToOpakaet ucxonbie H list paribl
load 3arpyskaet im0 hex, 1160 KOMaHAHBIH haiin
log Log/record coObITHs B (harin
node A00aBJISIeT WM OTOOpaXaeT y3Jbl CTUMYJIA
module Bri6op&OT1obpakenre Mmoayien
processor J06aBuTH/CIHUCOK MPOLIECCOPOB
quit MOKHHYTh gpsim
reset cOpPOCHUTD BCE MJIM YACTb CUMYJISILUH
run BBITIOJIHUTD PiC MPOrpamMmy
set OTOOpakeHHE U yIpaBiieHHE (paramu gpsim
step BBITIOJIHUTD OJIHY MJIM O0Jiee HHCTPYKIUH
stimulus OTKPBITb CTUMYJT
stopwatch U3MepEeHHe BPEMEHH MEKIY COOBITHSIMHU




Komanada Cymmapno
symbol Ho6aBuTh/CIMCOK CHUMBOJIOB
trace JaMIl MocJie 0BAaTEJIbHOCTH TPACCHPOBKH
version 0TOOpaXxaeT BepCHIo gpsim
X MPOBEPKa W/WIH MOAU(UKALUS TAaMSITH

Betpoennsiit help npenocTasiisieT AONOMHUTENBHYO online HH(pOpMaIHIO.

2.1 attach

attach node1 stimulusi [ stimulus2 stimulus_N]

attach ucnosb3yeTcs 1151 ONpeAesIeHUs CBSI3H MEKAY MEXIy CTUMYJAMH U
y3amMH. XOTsI Obl OIMH y3€J U OJJUH CTUMYJI JOJUKHBI ObITh onpeesiensl. Eciu
orpezeseHo 0oJiblIe CTUMYJIOB, TOI1a OHH BCE Oy Iy T CBSI3aHbI C Y3JIOM,

HanpuMep:

gpsim> node n1 # OnpenenseT HOBbIV y3en

gpsim> attach n1 porta4 portb0 # Cesa3biBaeT asa Bbisoga I/O ¢ y3nom
gpsim> node # OTobpaxaeT HOBbIA “CNNCOK
cesazen”

2.2 break

KOMaHI[a break HCIIOJIb3YETCS IJIsI YCTAHOBKH H ITPOBEPKH TOUCK OCTAHOBA.
HoBbiM TOUKaM ocTaHOBa MPUCBAHUBAIOTCS YHUKAJIbHBIC HOMEDPA. OTtH HOMEpa
MOTYyT OBITh HCIIOJIb30BAHBI IpH 3arpocax HJIK Yy JaJICHHH TOUYEK OCTAHOBA.
Touku ocTaHOBa OCTaHABJIUBAIOT CUMYJISIIHIO, KOT'Ida aCCONMHPOBAHHBIC C HUMH
YCJIOBHS BBINIOJIHAKOTCA (CT&HOBHTCH I/ICTI/IHHI:IMI/I). Touku ocTanoBa
HIHOPHUPYIOTCS B IIOIIAarOBOM pEeKHUME.
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IIpoBepka ToUyek ocTaHOBa

break [bp_number] (HOMep TOYkM OCTaHOBA)

Touku ocTaHOBa MOTYT NPOBEPSIThCSI KOMaHI0M break 0e3 TOMOJHUTETbHBIX
onuui. OnpeneneHHasi TOYKa OCTAHOBA MOKET ObITh POBEPEHA 3a/1aHHEM
HOMepa.

IIamsaTe nporpammbl/BoinonHenns octanoBkH (Program

Memory/Execution breaks)

Bonee oOmue TOUKH OCTAHOBKH — 9TO TOYKH OCTAHOBKH BBITIOJIHEHHUSI.
[TocneaHue ocTaHaBJIMBAIOT BBHITIOJHEHHE B TOT MOMEHT, KOTJa POrPaMMHBIH
CUETUMK JOCTHUraeT aJpeca, Ha KOTOPOM YCTaHOBJIEHA TOUKA OCTAHOBA.
CHHTaKCHC CJIe1yIOIInH:

break e | r | w ADDRES [expr (BblpaxeHue)]

CuMy SISt OCTaHABJIMBAETCS, KOT 1A aPeC BbIMOJIHEH, MPOUYMTAH WK 3alTHCaH.
ADRESS MokeT ObITh CHMBOJIBHBIM HJIH YHCJIOBBIM. ECJIM JOIOJIHUTEIBHOE
BbIpaX€HHE OTPEAeJIEHO, TOTAa OHO JOJIKHO CTaTh HCTHHHBIM, IO OCTAHOBKH
cumyJisiiii. ONIMK UTEHUs] U 3aITUCH OTHOCSITCSI TOJIBKO K TEM MPOLECCOopaM,
KOTOpbIe MOTYT paboTaTh C UX COOCTBEHHOH MPOTrPaMMHOMN MaMSIThIO.

Touku ocTtaHoBa perucTpoBoi obnacTu namsaTH (Register Memory)

gpsim MOKET TaKKe aCCOIUHUPOBATh TOUKH OCTAHOBA C IOCTYIIOM K PErHCTpaMm.
DTO MOJIE3HO J1J1s1 BISIBJIEHHSI OIHOOK, KOTOpble CBsi3aHbl ¢ RAM. To ecTp, Bb
MOJKETe CKa3aTh UTO-HUOY b BpOJIie “OCTAHOBUTH BBIMOJIHEHHE, KOTraa OUT 41
peructpa 42 copacbiBaeTcs”. CHHTaKCHC KOMAaHIbI:

break r | w REGISTER [expr]

Cumynsuust octanaBinBaeTcst, Korga REGISTER untaeTcs unm 3anuceiBaercs,
U JOMOJIHUTEJbHOE BbIPaKEHHUE CTAaHOBUTCS HCTHUHHBIM. [lonnepxkuBaioTcst qBa
cTus Bbipaxenui. OguH obpamaeTcs TobKo K Bbipakenusim REGISTER,
IpYror npoBepsieTcst KOMIUIEKCHO. [IpuMep Hrke WILTIOCTPUPYET Pa3HULLY.

Bot npumep octaHoBa npH 3armucH B perucTp. OH OCTaHOBUT CUMYJISILIMIO, €CJTH
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JI000€e 3HaueHHE 3aIIUCHIBAETCS B PETHUCTD OJiA HepeMeHHOfI, Ha3BaHHOH temp] .
break w temp1

Bort YCJIOBHAA 3alTUCh IJI CIyuada TOJIbBKO HEKOTOPBIX 3HAYEHHH:

break w temp1==0x22

Bot YCJIOBHE, 3aTparuBaromee onpeacjiCcHHbIC OHUTHI:

break w temp1 & 0b11110000 == 0b11000000

OcTaHOBKa MPOUCXOUT TOJIBKO B CJIyyae, KOTAa MeCTHAAATePHYHOE YHUCIIO
“C” 3anucpIBaeTCs B CTapIile OUThbl IEPEMEHHOH temp 1.

ByJIeBbI BbIPA)KE HHSA

HHorpa HeoOXoauMO OTpeieIuTh BCIOMOTaTeIbHOE YCJIOBHE C TOUKOH
octaHoBa. Hanpumep, ecTh BpeMeHHas liepeMeHHasi, KoTopasi 00001maeTcs
yepes3 KoA. Bel MoXkeTe 3aX0TeTh pepBaTh 3aMUCh B 9Ty MEPEMEHHYIO TOJIBKO,
KOT'J1a BHITIOJIHSIETCS ONpeieieHHas moamnporpaMMa. Hanpumep, cienyiomas
TOYKa OCTAHOBA MePEKJII0UAeTCsI, Korjaa fempl 3alUChIBACTCS, H MOKA CYETUHK
MpOrpamMmbl HAXOAUTCSI MEXAY METKaMH func_start u func_end:

break w temp1 (pc >= func_start && pc < func_end)

I[MPEOYTIPEXIEHHE: Ucnonp3ydTe 9TOT THII TOUKH OCTaHOBA, €CJIH Bbl
MOA03pEBAETE MPEPHIBAHUE TPOrPAMMBI UEPE3 3AMHCh B IEPEMEHHYIO.

Ipyrou cutyaumen MOKET OKa3aTbCsl Takasl, IAE Bbl XOTUTE MPEPBATh 3aIHCh B
MEPEMEHHYIO TOJIBKO, €CJIM KaKasi-TO Apyrasi IepeMeHHast UMEET TO Ke
3HAUYEHHUE:

break w temp1 (CurTask & 0x0f = 0b101)

Ecnu nporpamma 3anuchiBaeT B IEPEMEHHYIO femp ], TOT1a CUMYJISIIHS
ocTaHaBiuBaeTcs, eciau Miagmue ouTel CurTask He 9KBUBaJIEHTHBI 5.

13
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Touku ocranoBa ar pudyTa

gpsim Tak:ke NOJAepKHUBAET KOHLEMNIHIO TOUEK OCTaHOBA aTpUOyTa. ATpHOYTHI
— HapaMeTpbl, KOTOPbIE gpSim U €€ MOJyJIH NPEJOCTaBISIIOT
MoJib30BaTeJIbcKoMy HHTepdercy. Harpumep, ocTaHOBKa HaOJI01eHUS
CUMYJISITOPA NPENOCTAaBIISIET aTPUOYThI, KOTOPbIE MOAAEPKUBAIOT TOUKH
OCTaHOBA. DTO CBOWCTBO MPEAHA3HAUEHO B OCHOBHOM [Is1 CO3JaTeNIeH MOy JIeH,
111 IOAAEPKKH MEXaHW3Ma, KOTOPBIM MO3BOJISIET MOJIb30BATENIO YIIPABIISITh
MOJLyJIEM.

2.3 clear

clear bp_number

Komanga clear ucnionbiyeTcst 1jisl yjajeHusi Touek octTanoBa. Homep Touku
OCTaHOBa IOJIKeH ObITh 3afaH. Komanna break 6e3 apryMeHTOB OTOOpaxkaeT Bce
B HACTOSIIIMA MOMEHT ONpeeJIeHHbIe TOUYKH OCTaHOBA. DTO MOXKET
HCIIOJIb30BATHCA OJIs1 YTOUHCHHUS HOMEpPA TOUYKH OCTAHOBA. HpPI YOaJICHHH,
TOUYKA OCTAHOBA yAAJISETCSI.

2.4 disassemble

disassemble [begin:end] | [lenght]]

Kowmanna disassemble packogupyeT opcodes NporpaMMHOM MaMsITH B UX
CTaHJapTHYI0O MHEMOHUKY. Be3 onmuit komanna ausacceMOIMpyeT HHCTPYKLHH
BOKPYT TEKYLIErO 3HAYEHHUS CUETUYHKA IIPOrPAMMBI:

gpsim> disassemble
current pc = Ox1c
0012 2a03 incf reg3,f,0
0014 0004 clrwdt
0016 5000 movf reg,w,0
0018 1001 iorwf reg1,w,0
001a 1002 iorwf reg2,w,0
===> 001c 1003 iorwf reg3,w,0
001e e1f4 bnz $-0x16 ; (0x8)
0020 d7ff bra $-0x0 ; (0x00020)

14
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C eIMHCTBEHHOH YHCJIOBOH OIIHEH KOMaHIa TU3acCEMOIMPOBaHUs Oy aeT
2.5 dump
dump [r | €]

dump r or dump with no optios will display all of the file registers and
special function registers.

dump e will display the contents of eeprom (if the pic being simulated
contains any)

OO6patutech K KOMaHe 'X' 11l MPOBEPKH U MOIU(PHKAIKNH KOHKPETHBIX
PErUCTPOB.

2.6 echo

Komanga echo ucnonbsyercst nogoOHO 3asIBJICHUIO NeYaTH B (paiaax
KoH(wuryparmu. OHa TOJIBKO MO3BOJISIET BaM OTOOPa3uTh HH(GOPMALIHIO O BalleM
(paiine KoHdpUrypaHH.

2.7 frequency

DTa KOMaHAa yCTaHABJIMBAET TAKTOBYIO yacToTy. [lo ymouanuio gpsim
ucnojb3yeT yactoty 4 MI'n. YacTora HCHOb3yeTCs 1151 BBIUUCIIEHHS] BPEMEHH
B ceKyHgax. Mcnosb3yiTe 9Ty KOMaHy IJisl 3a1aHUsl 3HaueHus1. Ecan He
MIPEIOCTaBJIEHO HUKAKOIO 3HAUEHH S 9Ta KOMaH/1a NIEYaTaeT TEKYILEE BpEMSI.
3ameTsTe, uTo PIC nMetoT HHCTpyKLmIo clock, KOTOpasi IpOABUraeT BHEIIHEE
BpeMs1. DTO 3HaYEHHE BHEIHETO BPEMEHH.

2.8 help

Cawmo 1o cebe help OyaeT oToOpakaTh Bce KOMaHIbl BMECTE C KPAaTKUMH
OMHCAHUsIMHU, Kak oHH paboTtaioT. Komanga 'help' mpenocrtasisieT 6osee
6oratyio online momomnib. Komanga MoxeT Takxke oToOpakaTh HHpOpPMAIUIO 00
aTpuOyTax.
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2.9 icd
icd [open <port>]

Komanpga open ucnosnbsyetcs 1151 BKJoueHus pexxuma ICD u onpenensiet
nocJieJ0BaTebHbIM MOPT, B KOTOpbIH BKIoueHo ICD (To ecTs, “icd open
/dev/ttyS0”). Bes omwii (1 mocie BKoueHus icd) oHa OyeT nmevarartb
HeKoTopyio HHgopMmaruio 06 ICD.

2.10 list

list [[s | ] [*pc][line_number1 [,line_number2]]]

OTtoOpaxaeT coep:kumMoe UCXOAHOTO hakia U daina rMcTuHra. bes onmui
KoMaHJa OyJleT UCNOJIb30BaTh MOC/IEJHHE ONpeAeICHHbIE OMLIHUH.

list s OymeT oToOpaxaTb CTPOKH B HCXOHOM (MM .asm) pariie.

list 1 6ymet otobpaxarp nuHUM B .Ist darine.

list *pc OyneT oToOpax)arp OO0 .asm, JMOO .ISt THHUK BOKPYT pC (CUETUHKA
MPOrPaMMBbl).

Komanpa list mo3BosisieT BaM BUIETh UCXOJHBINA KOJ MPH OTJIAIKE.

211 load

Komanna load ncnonb3yeTcs nis 3arpysku hex-daiina, aina KoHguUrypauuu
niu .cod daiina. Hex-daiin 0ObIYHO HCTIONB3yeTCsl AJisl TPOrPaMMHUPOBAHHUST
(pusnueckoir yactu. Cie10BaTebHO OH HE MOAJEPKHBAET CUMBOJIbHYIO
uH(popManm. .cod ¢aiti, ¢ Apyrod CTOPOHbI, MOAAECPKHUBAET CUMBOJIbHYIO
uHpopMaimo. EqMHCTBEHHAs TPHUUHHA 17151 HCTIOJIb30BaHUs hex-daiia, mojaHoe
oTcyTcTBHE .cod paiina.

CuHTaKcHC 3arpy3KkH (paiia HCXOAHOTO KoJa:

load [processortype] file

gpsim aBTOMaTHUECKH OIpeAesuT, ¢ain hex wu .cod popmara. Onuus
processortype Mo3BOJIMT NePeoIpeaeuTb IpoLeccop, 0003HaueHHbIH B .cod
(paiine.
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®aii KOH(Urypauu — 9TO CKPHIT, cogepKamui gpsim komanasl. Kpaiine
MOJIE3HO CO3[aBaTh OKPYKEHHE OTJIaJKH, KOTOpoe OyAeT HCIOJIb30BaHO
MIOBTOPHO.

2.12 macros

MaKPOCbI ONpEaCIATCA 11O ,HO6HOZ

name macro [arg1, arg2, ..., argN]
macro body (Teno makpoca)
endm

U oHuU BHI3BIBAIOTCA:
name param1, param2, ..., paramN

Makpochl — ciocob KOJUIEKIIMOHUPOBATh HEKOTOPBIE MapamMeTPHU30BAHHbIE
KOMaH/bl B OIHOH KOPOTKOH KoMaHe. [lepBasi cTpoka onpeneneHusi Makpoca
onpeaesieT UMsI MaKpoca U JOMOJHUTEbHbBIE apTyMEHTBI. NAME UCTIOJb3yeTCs
IUIS1 BBI30BA MaKpoca. ApryMeHThl — TEKCTOBAasi CTPOKA yAep:KUBaoIasi MecTo.
Korpma Makpoc BbI3bIBa€TCS, TapaMeTPbl COOTHOCSITCS C apryMeHTaMHu. To ecTb,
parami B BbI30BE MOXKET ObITh ACCOLIMMPOBAH C argl B ONpeaesieHHH.
[TapameTpsl 3aMemIaIOTCsI apryMEeHTaMH B TeJie MaKpoca.

B cnepylomem npumMepe nepeMeHHast WM aTpuOyT HasBaHHBIN mac_flags Oynet
HCIOJIb30BaH B BBIPAKEHUH. APryMEHTHI add v mask NOSIBISIIOTCS B TeJie
Makpoca U IpeJoCTaBIISIIOT NapaMeTPU30BAHHBIH My Th [JIs1 K3MEHEHHUSI 9TOTr0
BbIPQKEHHUSI.

mac_exp macro add, mask
mac_flags = (mac_hlag+add) & mask
endm

BaMeTbTe, yToO I/II[CHTI/I(I)I/IK&I.[I/ISI IMMPOU3BOJIbHA. MaKpoc BbI3bIBACTCH.
mac_exp 1, 0b00001111 # HapawwmBaeT mnaawme GUTLI

[TapameTp add 3ameHen uncyiom 1, Toraa Kak mask 3amenieHa OWHAPHBIM

17
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yucsiom 0b00001111. Bpi30B BO3BpamaeT B gpsSim KOMaHay:

mac_flags = (mac_flags+1) & 0b00001111

Bioxxe HHbIe MaK pOCBI

Teo Makpoca MOXET COCTOSITh U3 JIIOObIX KOMaHA gpsim. YacTHbIH HHTEpec
MIPEACTaBIsIET BBI30B MaKpOca BHYTPH Ipyroro makpoca. Bot gpyroi makpoc,
KOTOPBIH BBI3BIBAET MAKPOC, ONPEAEICHHBIN BbIIIE:

# [NprMep BNOXEHHOro Makpoca
macl macro p1, p2
run
mac_exp p1, p2
endm
H oH MOXET HCIOJIb30BaThC S TOJJOOHBIM 0Opa3oM:

macl 1, 0b00001111 # npoBepsieT Mmnaawmne OUTbI
macl (1<<4), 0b00001111 # npoBepsieT cTapwme 6UThI

[TepBbiit BbI30B HAUMHAET CUMYJISILUIO C BBIIOJIHEHUSI KOMaH bl run. Korga
TOYKa OCTAaHOBa OOHAPYKHUBAETCS, YIIPaBJICHHE BO3BPANIACTCsI KOMaHIHOM
CTPOKE, U BBI3BIBAETCSI MAKPOC Mac_exp.

OTobpake HHE onpe IeJIEeHHbIX MAK POCOB

Bce onpeneneHHble K HACTOSIIEMY BPEMEHH MaKpOCH MOTYT OTOOpaKaThCsI
BBOJIOM KOMaH[IpI macro 6€3 IMEHH WK apryMEHTOB:

gpsim> macro
macl macro p1, p2
run
mac_exp p1, p2
endm
mac_exp macro add mask
mac_flags = (mac_flags+add) & mask
endm
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2.13 module

Komanga module ncnosnbayercst 1Uist 3arpy3KH U 3alpOCOB K BHELIHHM
MOIyJisM. MoayJib — crieliMaibHast 4acThb IPOrpaMMbl, KOTOPAsi MOXET
pacuMpsITh gpsim HEKOTOPbIM 00pa3oM. MHIMKaTOphl M epeKJIoyaTesy —
npuMepbl MoayJied. bubanorexka Moayen — KOJJIEKIMST MOy JIEH.

3arpys3ka Ou0JIHOTEK MOIyJIeH

module lib lib_name

Ormmwst [ib ucnionb3yeTcst IJis1 3arpy3ku OHOIHOTeKH MoayJist. BubroTeku
MOJYJIsl — 3aBUCHMBIE OT CHCTeMbI 00mmue onomoTtexkn. Ha Windows — aTo
DLL, a B UNIX — o0mue OMOIHOTEKH. DTO O3HAYAET, YTO JIMOO OHOIIMOTEKH
TOOJUKHBI pacriojiarathCst B qUpeKTopHH, rae OC 3HaeT, 4ToO TaM pacrojIokKeHbl
OUOMOTEKH, UM CJIelyeT 3a1aTh MOJHBIA My Th 1151 [ib_name. gpsim
MPeIoCTaBIsieT OMOIHOTEKY MOIYJIeH C HECKOJIBKUMH MOYJISIMH:

gpsim> module lib libgpsim_modules
OTto0paxeHne JOCTYIHBIX MOy JIeH
module list

Onuus list oToOpasUT Bce MOAYJIH, KOTOPBIE MOTYT OBITH 3arpysKeHsl. Bot
MIPUMEP BCTPOEHHBIX ZpSim MOJyJIEH.

gpsim> module list
Module Libraries libgpsim_modules.so
binary_indicator
pullup
pulldown
usart
parallel_interface
switch
and2
or2

19
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xor2

not
led_7segments
led

PAL_video
Encoder

3arpyska 0003H a4eHHOr0 MOIYJIsl

module load module_type [module_name]

[Tocne Toro, kak OuOIMOTEKA ObLIA 3arpykeHa, 0003HAYEHHBIH MO1YJIb MOXKET
OBITh MPOWJLTIOCTPHPOBaH. module_type — 9TO TO, UTO OTOOpakEeHO KOMaHAOH
module list. B kayecTBe onuuM MOXKeT BBICTYNaTh UMs1 MoAyJisl. Bot npumep:

gpsim> module load led D1

OToOpake HHe 3ar py ke HHbIX MOIyJIeH

3anpoc moayen

2.14 node

node [new_node1 new_node2 ...]

Ecnu He o003HaueHOo new_node, TO BCe y3Jibl, KOTOPbIE ObLITH OIpeAeeHbI,
otoOpasstcs. Eciu new_node 0603HaueHo, Torga oH OyaeT A4o0aBJieH B CITIUCOK
y3710B. [TocmoTpuTe Ha KoMaHAb! 'attach' u 'stimulus', 4TOOBI YBUIETD, KaK
CTHUMYJI 10OABJISIeT y3JIbl.

ITpumepsr:
node // oToBbpaxaeT Cnncok y3nos
node n1 n2 n3 // oTKpbiBaeT 1 pobaBnseT 3 HOBbIX y3na B

CrMncokK

20
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2.15 pI‘OCESSOI‘

processor [new_processor_type [new_processor_name]] | [list] | [dump]

Komanga processor ucnonpsyercst 1160 AJis OnpeesieHust HOBOro Mmporeccopa,
100 17151 3ampoca OOHOTO U3 yiKe ornpeaeseHHbIX. OObIYHO HET HEOOXOJUMOCTH
CIELIMaJIbHO OIpeAesIsATh MPOLECccop, MOCKOJbKY CUMBOJIbHBIN (pai yxe
coAepKUT 3Ty HH(popManmo. Ho ecTb 1Ba HCKITIOYEHUSI — CHMBOJIbHAS
uH(OpMaIHs He TOCTYIHA, WIH Bbl XOTUTE MEPEONPENETUTD MTPOLECCOP,
o0o3HaueHHbIH B amie. (ITocmoTpute komanay load gyist noHUMaHMS, KaKk
MIPOLIECCOP MOXKET ObITh IEPEONpPEAECIIEH).

YT0OBI MOCMOTPETH CIIUCOK MPOLECCOPOB, MOAAEPKUBAEMbIX gpsim, BBEAUTE
'processor list'. [11s1 oToOpaskeHHsI COCTOSIHHSI BBOJIOB-BBIBOJOB IpoLieccopa —
'processor pins'. BoT, HanpuMep, cieayioniee 0TOOpa3uT HoMepa BBIBOJIOB M UX
TeKylllee COCTOSIHUE.

[Ipumepsr:

processor /I OTobpaxkaet yxe onpeaeeHHble MPOLEeCcCOpPbI
processor list /I OToOpaxkaeT CIHUCOK MOALEPKHUBAEMbIX
processor pins // OTobpax)aeTr HOKOJIEBKY H COCTOSIHHE BBIBOJIOB
processor plécr84 fred /I Co3paeT HOBBIF MPOLIECCOP

processor p16¢74 wilma /I m mpyrow

processor pl6¢c65 /I Co3naet npoueccop 6€3 UMEHH

2.16 quit

[Tokumaem gpsim.

2.17 run

HauunaeT (wm npogosokaet) cumyisiupio. CumMyJisiiyst Oy IeT npogosiKeHa
MOKa Ccleyiomas Touka OCTaHOBA HE OOHAPYKUTCSI.

2.18 step

step [over | n]
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HET apryMEHTOB: Iar Ha OAHY HHCTPYKLHIO
YHMCJIOBOM apryMEHT: IIar Ha KOJUUYECTBO (YUCJI0) HHCTPYKLIUHA
apryMeHT 'over': mar uepes CJeQyIoIy0 HHCTPYKIIHUIO

2.19 symbol

symbol [symbol_name[symbol_type value]]

Komanna symbol ucnionb3yetcst aJisi 3anpoca ¥ onpeaesieHus CiMBoJioB. Ecin
HET OIMIIKH, 0TOOpasuTcs Besl Tabyuua cuMBoJioB. Co3gaHue onpeneeHHbIX
MOJIb30BATEJIEM CUMBOJIOB OTPAaHUUYEHO B HACTOSIIIUA MOMEHT (cBepbTech ¢ 'help'
IU1s1 YTOUHEHH S TIOJIOKEHHUSI Ie).

2.20 stimulus
stimulus [{type} options]

Komanga stimulus co3gaeT curaas, KOTOpbIH MOKET ObITh MPHUBSI3aH K Y3y WIH
atpuOyTy. Eciii HeT omnimi, Torga oToOpaxarTcsi BCe B HACTOSIIUA MOMEHT
OTpeIeIeHHBIE CTUMYJIbL.

3ameTbTe, 4TO B OOJIBIIMHCTBE CJIyYaes Jerue co3nath paia cTumyia, yToObl He
BBOJIUTh KOMaHly BPYYHYIO.

COCmostHuUe_npu_uHuuyuaiusayuu cocmosiHue npu cmapme u 66lnO/IHEHUU

start_cycle

cycle cUMyJIsIMH, KOrJa HAYUHAETCS] CTUMY.JT

period MEPHOJI CTUMYJIA
name OTpeieIeHHOe UMSI CTUMYJIa
BoT npumep cTumMyia, KOTOpbIH OyAeT TeHepUpPOBATh JBA UMITYJIbCA U TIOBTOPEHHE

storo yepe3 1000 nuKJIoB.

stimulus asynchronous_stimulus # CoctosiHne nHnumnannsaumm AND

# COCTOsIHME CTUMYyNa NPW BbIMNONHEHNM

initial_state 0
start_cycle 0 # aCMHXPOHHbIA cTUMYn ByaeT BbINOMHEH B 'period’ LMKIOB.

# Ypanute aTy NMNHNIO, €CNIN HE XOTUTE BbINONHEHUS.
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period 1000
{ 100, 1,
200, 0.
300, 1,
400, O
} # Oaem umga ctumyny: name two_pulse_repeat
end

CTumys MOKeT ObITb 3alpoIIEeH BBEJAEHHEM €0 HIMEHH B KOMAaHAHOH CTPOKeE:
gpsim> two_pulse_repeat
two_pulse_repeat attached to pulse_node
Vth=0V Zth=250 ohms Cth=0 F nodeVoltage= 7.49998e-07V
Driving=0 drivingState=0 drivenState=0 bitState=0
statetes = 5
100 1
200 O
300 1
400 0
1000 O
initial=0
period=1000
start_cycle=0
Next break cycle=100

Haxe B 9TOM npuMepe, ucrnob3yomem 1 1 0 411 JaHHBIX, MOKHO BMECTO HHX
IIPUMEHHTD LIEJIbIE, C TUIABAIOLIEH TOUKOH YMCIa, WK BeipaxkeHus. Llenble nosesHsl
1J1s1 IPUBSI3KH CTUMYJIOB K aTpuOyTaM. BeipakeHus1 mosiesHsl AJist abcTparupoBaHUst

naHHbIX. 3arnsHuTe B YacTp 6, rae 60Jbiie BHUMaHUS yaensieTcst 00Cy K IeHUI0, U
MpHUBeIeHO OO0JIbIle MPUMEPOB CTUMYJIOB.

2.21 stopwatch
2.22 trace

trace [dump_amount]

trace OyeT pacneyvaTblBaTh camble nocjeanue “‘dump_amount” TPaCCHPOBKH.
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Ecnu vet cnenmdunmpoBanabix dump_amount, Torga 0yaet oToOpa)eH MOJHbIHN
Oydep TpaccHpOBIIUKA.

2.23  version

version

OTtobOpaxaeT BepcHIo gpsim. 3aMeTbTe, YTO 9Ta KOMaHa Oy IeT, BO3MOXKHO,
NOJIyYeHa yepe3 aTpHOyT C TeM ke (WM 10100HBIM) HMEHEM.

224 X

x [file_register][new_value]

OINIIHUH:

file_register — MecTo ram, KOTOpoe OyIeT MPOBEPEHO UK MOJU(MPHULHUPOBAHO
new-value — HOBoe 3HaueHHe, 3anucaHHoe B file_register.

Ecnu oniuu He 3agassl, Bce cogepxumoe file_register'oB OyaeT oToOpakeHo
(dump).
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I'pachriyeck ui MoJIb 30BaTe)Ib CKHH HHTEPeHC

gpsim MpegocTaBisieT Takke rpadpHUecKUi Mob30BaTeNIbCKHA HHTEpdeC,
KOTOPBIA HECKOJIBKO O0JIEryaeT jKU3Hb M0 CPABHEHHUIO C cli. BO3MOKHO OTKpBITH
OKHO 151 0030pa Bcex AeTasled Balero oKpykKeHus oTiaagku. YToOsl monyunuTh
MaKCHMYM OT Balllel CECCHH OTJIAJKH BaM CJIeJyeT OTKOMIIMJIMPOBATh Balll KO, C
MOMOIIBIO gpasm (gnupic acceMOJiep) U UCMOJb30BaTh CUMBOJIbHBIE .cOd (patiibl, UM
MIPOU3BOIUMBIE.

3.1 I'maBHOE OKHO

3.1.1 Menmw

File->Open .stc niu .cod aisl
File->Quit MOKHUAeM gpsim
Windows->* OxppiBaeM/3aKpbIBacéM OKHa

3.1.2 KiuaBuuu

(Tax xe ecTb MpUBSI3KA K KJIAaBHATYPE B UCXOJHOM OKHE)

Step [lar Ha 0gHY UHCTPYKLHIO

Over [lar go nepexopa pc K cienywmed HHCTPYKLUHUH
Finish BrinosiHenue 10 Bo3BpaTa K agpecy

Run ITocTosTHHOE BBIMOJIHEHHE

Stop OcTaHOBKa BBIMIOJHEHHU ST

Reset Copoc CPU
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3.1.3 Pexum cUMYJISIHH
OTuM yrnpaBisieTcsl TO, Kak paboTaeT gpsim, U kak obHosisietcst GUIL

Never He o6HoBassTe GUI npu cumyisiuu. DTo caMblil OBICTPBIN PEXKHM.
Bbi osikHbI OcTaHOBUTH cuMyJisiiuio HaxkatueM Ctrl-C B unTepderice
KOMaHOHOW CTPOKH.

x cycles O6noBasteT GUI Kaxaple X UKJIOB CUMYJISILIUH.

every cycle  O6HoBnsier GUI B Kax oM ukie. (Bbl YBUIUTE BCE, €CJIH MOMOJHUTE
3amnacsl Kode :-)

X ms animate 34ecb Bbl MOXKETE 3aMEJJIUTh CUMYJISILIUIO BBEJIEHHEM 3a/IEPKEK
MeX 1y KaXAbIM [UKJIOM

realtime DTO AacT BO3MOKHOCTh ZPSim MOMbITATHCSI CHHXPOHU3UPOBATh
CKOPOCTb CUMYJISILIUK C HACTEHHBIMH YacaMH

3.2 IIpoBOHHKH HCXOJHOI0 KOIa

3.2.1 .asm IIpoBoaHHK

Korpa 3arpy:xeH .cod ¢paitsi ¢ HICXOIHBIM KOJIOM, UTO-HUOY b TOSIBUTCSI B 9TOM OKHE.

EcTb npocTpaHCTBO clieBa OT TEKCTA, 1€ CUMBOJIBI ITPEACTABJISIOT MPOrPaMMHBIH
CYETUHK (pC), TOUKH OCTAHOBA, U T. J. [{BOHHOM IMETUOK B 9TOM MPOCTPAHCTBE
MEPEKJIIUAET TOUKH OCTAHOBA. Bbl MOKeETe NepeTacKuBaTh 3TH CUMBOJIbI BbILIE U
HHKE, YTOOBI IEPeMeCTUTh X U U3MeHUTh PC U mepeMecTUTh TOUKY OCTaHOBA.
[Ienuok nMpaBo# KJaBUILIEH HA TEKCTE BbI3bIBAET BbINAJAIOIIEE MEHIO C MECTHIO
MyHKTaMH (CJIOBO “34€Ch’ B HEKOTOPBIX MMYHKTaX MEHIO 03HAUaEeT JIMHHUIO B TEKCTE,
Ha KOTOPYIO OBLT YCTAaHOBJIEH MapKep MBIIIKH, KOTJa MpaBasi KJaBuia Oblia

HakaTa):

ITyHKTBI MeHI0 Onucanune

Find PC OT10T NyHKT OyneT uckath PC 1 MeHATh TabJULly CTpaHHUI] U
NPOKPYYHBaTbh 0030p TEKCTa 10 TeKyero (3HayeHus) PC

Run here OTHUM yCTAHOBUTCSI TOYKA OCTaHOBA ‘‘34ECh, U CTAPTYET

CUMYJISILUS, TTOKA HEe MOMNajgeT Ha TOUKY OCTaHOBa

Move PC here 9tum npocto usmensiercst PC Ha agpec, KOTOpbIi UMeeT
“ora” JIMHUS TEKCTA.

Breajpoint here YcranaBiMBaeT TOUKy OCTaHOBA “‘3[€CH .

Profile start here VcranaBmuBaeT cTapT Mapkepa sl IpogHIMPOBAHUS

26
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MpaBHJIa 311€Ch.

Profile stop here YcranaBnuBaet cron mapkepa. (IlocMotpure pasnesn o
OKHY NPO(PHIMPOBaHUS)

Select symbol OTOT MYHKT MEHIO AOCTYMEH TOJbKO, KOrJa HEKOTOPBIH TEKCT
BbIOpaH B TEKCTOBOM ToJie. YUTO OH [ieaeT, Tak 9TO HIIET B
CIIUCKE CUMBOJIOB BBIOPAHHOE CJIOBO, U €CJIM HaXOIHT,
BBIOHPAET ero B CHMBOJIbHOM OKHe. B 3aBUCHMOCTH OT THMa
CHUMBOJIA €lIe KOe-UTO AEJIAaeTCsl, TOKE CAMOE, YTO MIPH
BbIOOpE CUMBOJIa B CHMBOJIbHOM OKHE:

Ecnu 910 agpec, Torga opcode 1 IpOBOJHUK OTOOpaKaoT
9TOT ajpec.

Ecnu 970 peructp, mpoBOJHHUK PETUCTPOB OTMEYAET STYEHKY.
Eciu 970 KOHCTaHTa, afpec, perucTp UM NopT, OH
OTMEYaeTCsl B CHMBOJIBHOM OKHE.

Find text DTHUM OTKpbIBaeTCs Auaor noucka. C KaxapM Ha)KaTHEM
kiaBumM “Find” HaxoauTCs TeKymasi cTpaHula OJIOKHOTA, U
TEKCT Ha 9TOH CTPAHHMIIE HCITOJIb3yeTCSl.

Settings Juasor, B KOTOPOM Bbl MOKETE H3MEHHUTD MIPHPT.

Controls [TogmeHio, conepxaniee KOMaHIbl CHMYJISIIIHU (TaKKe
MIPHUBSI3KA KJIABHATYPHI (PEKOMEHIYETCsI), UM B OCHOBHOM
OKHE).

Bort npuBsizKa K Kj1aBuaType:

KnaBuma Komanna

s,S,F7 ITomaroBoe BbIIOJIHEHHE

0,0,F8 [lepemarnyTb HHCTPYKLHIO

r,R,F9 ITocTosIHHOE BBHINOJIHEHHE

Escape OCTaHOBUTb CUMYJISILIHIO

f.F BrImonHATh 10 BO3BpAIIeHUs agpeca

3.2.2 IIpoBoauuk Opcode - .obj npoBoaHHK

D710 OKHO uUMeeT aBe Tabauibl. OHa ¢ TUSHKOH MaMsITH, agpecoM,
IIECTHAAATEPUYHbIM 3HAUEHHEM U I€KOIUPOBAHHOW HHCTPYKIIMEH HA JIMHUH,
apyrasi ¢ MPOrpaMMHOH MaMsIThiO, OTOOPaKEHHOM MO MECTHAAIATD slUeeK B CTPOKE
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u KoHurypupyembeiM ASCII cronbrom.

C Tabnuunein accem0Jiepa Bbl MOXeTe:

[lepexirouaTh TOUKKM OCTAHOBA JBOHHBIM ILETYKOM IO CTPOKE.
HCHOJ’[bSOBaTb T€ K€ KJIaBHIIIHbIC KOMaHIbI, UTO U B HpOBOIlHHKe
HCXOOHOIr0 Koza.

HpaBbIM IMEJTYKOM MBIIIKH IMOJIYYUTb MEHIO, I'1I€ MOKHO U3MCHUTDb H.IpH(bT.

Tadomuma Opcode.

3pech nmporpaMMHasi MaMsiTb OPraHU30BaHA B KOJIOHKHM IO MECTHAAUATh sSTYeeK B
KOJIOHKE, a CTPOK CTOJIbKO, YTOOBI MIOMECTHUTD BCIO MaMSITh.

Cemuaguarast kojioHka otBeaeHa nox ASCII npeacraienue naMmsiTi. Bel Mmoxkere
KOH(UTYpHPOBAThb 9Ty KOJIOHKY AJIsSl HCTIOJIb30BAHHUSI B TPEX PasHbIX pekHUMaXx:

OpuH OalT Ha STUEHKY
JIBa GaliTa Ha slueHKy, cTapiide OUTHI Biepeau
JIBa GadiTa Ha sTUeHKy, MuIa[IIHe OUTHI BIiEpeId

Bel MokeTe H3MEeHUTh WpUPT, UCHOJB3Y ST MEHIO “Settings” (Y cTaHOBKH).
Bbl MOkeTe 3a1aTh TOUKH OCTAHOBA HAa OJHOM HJIH 00Jiblle (IToMedast MBIIKOH

BbI6paHHbIC quﬁKH) aJlpeCax MCHIO, BbI3bIBACMOM KJIMKOM HpaBOﬁ KJIaBHIIIH MBbIIIKH.

3.3 O0o03peBareyib pErHCTPOB

B Bamem pacnopsikeHuH Ba MOX0XKHX OKHa peructpos. Onun i RAM, apyroin
st EEPROM naHHBIX, KOT1a OHU JOCTYIIHBI.

31ech Bbl YBUIUTE BCE PETUCTPBI TeKyMIero npoueccopa. llesdyok Ha siuerike
O0TOOpaxaeT ero UMsl U 3HaueHHe Haj Bced Talsuiei. Bel MoXeTe H3MEeHHUTh
3HaUEHHE 3/1eCh, HJIK BBECTH €T0 B SIUEHKY TaOJIHIIBI.

Crenymomue npoueaypsl MOTYT BBIIOJHSITBCSI C OIHUM PETUCTPOM HIIH C
HECKOJIbKUMH. (BbIOOP HECKOJIBKMX PETHCTPOB BHIMOJHSIETCS C YAEPKaHHEM JIEBOH
KJIQBHILIHA MBIIIKH U IEPEMELIEHHEM MapKepa 10 HY)KHOTO MECTa, 1 KJIaBHIIA
OTIIyCKAeTCsl).

Y cTaHOBUTH U COPOCHUTH TOUKH OCTaHOBA. Mcrosnb3ylTe Bbilagamniee
MEHI0, BbI3bIBAEMOE MTPABOH KJIABHIICH MBIIIKH, T'A€ BBl MOKETE

IMpoOYUTaTh, 3aAlIKUCATh, MIPOYUTATH 3HAUCHHUEC H 3alTHCAThb 3HAYCHHUC TOUYCK
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ocTtaHoBa. Bel MokeTe Takxke “COpOCHUTh TOUKH OCTaHOBA™, HO, 3aMEThTE,
4TO MpH “‘cOpoce TOUEK OCTaHOBA Kak[asi TOUKA OCTAHOBA HAa PErUCTPax
OyJner yjajieHa.

Y cTaHOBUTB U COPOCHTB JIOTH PEerucTpoB. Bel MOXeTe MPOYUTATS JIOT,
3arMcaTh, MPOYUTATD/3aNUCATh CIIELUU(PHUECKHE 3HAUECHHS U 151
BBIOpAHHBIX OMT C MOMOIIBIO CIENUAIBHON MacKH. Bbl MokeTe BBIOpaTh
pasHble MMeHa (paiioB yepes “set log filename...” (yCTaHOBUTb UMSI JIOT-
(aiina). [To ymomuanuio sTo “gpsim.log”. Bel Mmoxete BoiOpaTh LXT wiu
ASCII ¢popmar. LXT moxet ObITh IpounTaH nporpammon gtkwave. Io
ymosuanuio yctanosieH ASCII ¢popmar.

MoxHOo KonHpoBaTh siuelKkH. KonrpoBaHue HOCTYNHO MepeTacKUBaHUEM
3a paMKy BBIOPAHHOM SIUEHKH (SIUEEK).

MOXHO 3alOJHUTD sTYeHKH. [lepeMecTHTe MbIlIb K HHKHEMY ITPABOMY
yIJly OKHa BBIOpAaHHOM sTYeHKH, U nepetaimure ee. Cogepkumoe sTUeHKH
OyZIeT CKOIMPOBAHO B PyTHe sTUCHKH.

MoskHo HabmoaaTh 3a HUMH. Beibepute nyHkT menio “Add Watch”
(1o6aBuTh HaOMIOIEHUE).

Sueliku UMEIOT pasHbil (POH, B 3aBUCHMOCTH OT TOTO, UTO B HUX MPEJICTABJICHO:

®aiin peructp (To ecth, RAM): cBeTJIO ronyooi

Peructpsl cienmanbabiX pyHKIHHA (TO ecTh, STATUS, TMRO): Temuo
royiyoom

[Tepeobo3Hauennsiit peructp (To ecth, INDF, pacnionoxenHsii o agpecy
0x80, Tot xe, uto 0x00): cepoblit

HenpaBuibHbil peructp: yepHsid. Eciin Bce mecTHaauaTh perucTpoB B
CTPOKE HEUCTIPaBHbl, TOTJa CTPOKA HE NOKA3bIBAETCSI.

Peructp ¢ ogHo# niam 60Jblue TOUKOH OCTaHOBA: KpacHbIH. PerucTpel ¢
Jor-cpafiaMu TOXKE KPaCHBIE.

gpsim TUHAMHYECKH OOHOBJISIET PETHCTPBI B IIpoLiecce CUMYJISIMU. Peructpsl,
KOTOpBIE MEHSIIOT 3HAUEHHE MEk 1y OOHOBJICHHSIMH OKHA B IIPOLECCE CUMYJISILUH

MOJCBEUMBAIOTCS] CHHUM LIBETOM (DOHA.
B meHI0 ecTh MyHKT 'settings ', ¢ TOMOLIbIO KOTOPOTO Bbl MOKETE H3MEHHUTD IIPUPT.

3.4 CuMBOJBHBIN 0003peBareb

B sTom oKkHe, Kak 9TO CJIEAYCT U3 HAa3BaAHUS, OTOGp&)KElIOTCH cuMBOJIBL. Bee
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PETHCTPBI CIIEHHANIBHBIX (DYHKIMH OMYCKAIOT BBOJ B CHMBOJIBHOM IPOBOJIHHKE.
Ecnu BbI ucnosibdyete .cod ¢aisbl, TOrJa Bbl JOMOJIHUTEIBHO HMeeTe (paiyioBble
perucTpsl (onpeaesieHHsle B cblocks), 9KBUBaJIEHTB U METKH apECOB.

BbI MOkeTe (pHIBTPOBATh HEKOTOPBIE THUITBI CHMBOJIOB, HCTIOJIb3Y sl KJIABHIIH B
BEPXHEH YacTH OKHA, U Bbl MOKETE COPTHPOBATh CTPOKH KJIMKOM Ha KJIaBHIIAX
KOJIOHOK (uHMTaromue cuMBoJIb (symbol), Tum (type), agpec (address).

Bbl MOkeTe 100aBUTh CUMBOJI B OKHO HAaOJIIOIEHHUSI EJTYKOM MPaBOH KJIABUIIH
MBIIIKH U BBIOOpOM IyHKTa “‘[lo0aBUTh B OKHO Habmonenus” (Add to watch
window). Otum nobasutcst RAM peructp ¢ agpecom, 9KBUBJICHTHBIM 3HAYEHHIO
CHUMBOJIA.

CHUMBOJIbHBIM POBOJHMK CBSI3aH C IPYTMMH OKHaMH. Hampumep, eciii Bbl LEJIKHUTE
10 CUMBOJTY H:

Ecnu sto aJpec, Toraa NMpoBOOHHKH OpCOdC H HCXOJHOI'O TEKCTA 0T06p8.351T

ajpec.
Ecin 970 peructp, NpoBOJHHUK PETUCTPOB BBIOEPET SIUEHKY.

3.5 (O0o3peBarenb HADI IO dEHHSI

3TO He TOJIbKO OKHO BBIBOJIA, UTO MpEAroJiaraeT Ha3BaH!e. Bbl MokeTe U BUAETD, U
MEHSITh AaHHbIE. [JBOMHOM WETYOK Mo OUTY MEHSET ero 3HaueHue. Bel nobasnsiete
NepeMEeHHBIE CI01a, OTMeuasi B IPOBOAHUKE PETUCTPOB U BbIOMpas “Jo0aBUTDH B
Habmonenue” (Add watch) u3 meHio. Beimagatomee MeHIO 1O METYKY MpaBoH
KJIABUIIH MBIIIKH UMEET CJIeyIOMHe MyHKThI:

Y ganuTh U3 HaOJMOJeHU S

Y CTaHOBUTH 3HAUEHHE PETUCTPA

COpOCHTb TOUKH OCTaHOBA

Y CTaHOBUTH OCTAHOBKY MO UTEHHIO

Y CcTaHOBUTH OCTAHOBKY IO 3aIUCH

Y CTaHOBUTH OCTAHOBKY IO UTEHHIO 3HAUCHHUSI
Y CcTaHOBUTH OCTAHOBKY TIO 3aIUCH 3HAUSHHSI

Komouku

[TocnenHee OTKPBIBAET OKHO, TI€ Bbl MOKETE BbIOpaTh, KAKHE U3 CIEYIOMUX
JAaHHBIX OTOOpaXaTh:

Touka ocTaHoBa
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Tun

HUms

Anpec

HecsaTuuHoe
[lecTHaguaTepuuHOE
Bx (Outsl cyioBa)

Bbl MOKETE COPTHPOBATDH CIIUCOK HAOIOAAEMbIX LIEJIUKOM I10 KJIaBULIE KOJOHKH.
JIBOHHOM LIETUOK COPTHUPYET CITUCOK B OOPAaTHOM IMOPSIIIKE.

3.6  O0o3peBareb cTEeKa

DTO OKHO OTOOpakaeT TeKYyIHH cTeK. BriOOp BBOAA CO3MaeT OKHO KOJa,
oToOpaxaromee agpec Bo3BpaTa. [JBOMHOMN METUOK YCTaHABIMBAET TOUKY OCTAHOBA
Ha aJpec Bo3Bpara.

3.7 Makert (breadboard)

31ech Bbl MOKETE CO3AaBATh/MOAU(HULIMPOBATh U POBEPSATHh OKpY:xeHue PIC.
BriBo/1bI 0TOOpaXkeHsl, Kak cTpesiku. HampasieHne cTpes Kk MOKa3bIBaeT, 9TO BHIBOJ
BBOJIa WK BbIBOJA. LIBET CTpesku oToOpakaeT COCTOSIHUE (3€JIEHBIH — HU3KOE,
KpacHBIH — BBICOKOE).

Bbl HE MOXeTe WLTIOCTPHUPOBATh MOBEIEHHE MPOLECCOpa OTCIOAA, BbI TOJIKHBI
cleyaTh 9TO U3 KOMaHIHOW CTPOKH, HITH C IIOMOIIBIO .Stc (parna.

Bbl MOkeT co3naTh y3es1 mEeUKOM M0 KJaBuile “HOBbIH y3ea” (new node). (Y3en —
YacTbh CXEMBI, K KOTOPOH Bbl MOKETE MPUCOETUHUTh CTUMYJIbI). BBl MOkeTE BUAETD
CIIMCOK CO3JaHHBIX Y3JIOB B MYHKTE “y3JIbI B BEPXHEM JIEBOM OKHE JIEpeBa MaKeTa.
Bbl MokeTe co3maTh COeIMHEHHE C y3JI0M, IIEJIKHYB MO BbIBOAY, &, 3aTeM, IIEJIKHYB
no kJaBuie “TIpucoe JUHUTH CTUMYJI K Y31y~ . DTO BbIBEAET CIUCOK Y3JIOB.
BeiGepuTte 0quH JBOMHBIM IIETUYKOM 10 HEMY.

Ecnu Bbl mIeJIKHUTE MO BBIBOAY, YK€ MPUCOETUHEHHOMY K Y371y, Bbl YBUAMTE Yy3€J U
€ro COeJIMHEHUE B HUKHEH JIEBOM YACTH OKHA. Bbl MOKeTe OTKJIIOUMTh CTUMY.JI,
IIEJKHYB M0 HEMY, U HA’KaB KJIABHIIY “‘yJAJUTh CTUMYJ (remove stimulus).
Korpa Bam 3axoueTcst 100aBUTh MOIYJIb K CUMYJISILIMH, Bbl BHAYaJIe JOJIKHBI
OIpeAeuTb OUOIUOTEKY, KOTOpast COAEPKHUT TpeOyembi Moayib. LllenkuuTe mno
“Io6aButh Monysis” (add module) u BBenuTe uMsi OUOJIHOTEKH (TO €CTb,
“libgpsim_mofules.so”). Tenepb Bbl MOKETE MEJKHYTH MO KiaBuile “/Jo0aBUTh
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MoAyJib . BoiOepuTe HyKHBIH MOYJIb U3 CITUCKA IBOMHBIM MIETYKOM MO HEMY.
Beenurte ums 115t MoayJist (OHO IOJIKHO ObITh YHHKAJIBHO M HE HCIIOJIb30BATHCS
panee). Tenepb Bbl MOKETE MO3UIMOHUPOBATh MOAYJIb. [lepemMemaiite ykas3aresb
MBIIIKH TYyJ1a, KyJa XOTUTE JOOABUTb MOAYJIb U MIEJIKHUTE JIEBOH KJIABHULIEH MBILIIKH.
Ecny menkHyTh cpeiHEN KJIaBHILEH 110 BBIBOJY, Bbl YBUIHUTE, KaK BbIBOJ
npucoenuHer. Haxwmure “TpaccupoBats Bee” (trace all) njst Toro, 4ToObl yBUAETD
BCE Cpa3y, U “OUuCTUTb TPACCUPOBKY  IJISl yAAJEHUS BCETO (BBl Y JAIUTE TOJbKO
rpaguueckoe npeacTaBjieHue, a He coequHenus!). Eciu TpaccupoBka He paboTaer,
NOCTapanTeCh Pa3MECTUTh 3JIEMEHTHI TaK, 4YTOOBI OCTaBaJIOCh MOOOJIbLIE MECTA
BOKPYT BBIBOJIOB.
Korna Bbl Bce clienaere, Bbl MOKETE COXPAHUTh BCE LIEIUKOM IO KJIaBHLIE
“CoxpanuTb KoHbuUrypauuo” (save configuration). Ilo3xe Bbl MOKETE 3arpy3uTh
9TOT (hpakyl U3 KOMaHIHOH CTPOKH MOJOOHO TOMY, Kak 3arpy:xanu .cod daiin, u daitn
“mynet.stc’:

gpsim -s mycode.cod -c mynet.stc
Bbl MOKeTe 3arpy3uTh TOJIBKO .StC (palil MOCKOJIBKY OH HE COAEPKHUT THI
npoleccopa U Ko, Bel MokeTe co3aaTh (B peJakTope) Baml COOCTBEHHbIH .StC ham
U B 9TOM (paiisie nath KoManay “load ¢ mynet.stc” nmocne 3arpysku .cod atina.
[To3xe Bam MOHAAOOUTCSI TOJBKO 3arPy3UTh TOT haii (gpsim -c my_project.stc).

3.8 O0o03peBareb TPacCHPOBKH

OTO OKHO MOKA3bIBaeT TPAaCCUPOBKY BbITIOJIHCHH A HHCprKHHﬁ. Cwm. 5.

3.9 O0o3pesarenb npodwu s

B 9TOM OKHe MoKa3blBaeTCsl CUETUHK [JIs1 aAPECOB MPOrpaMMHOM MaMsITH. OKHO
POHIIST TOJIKHO OBITh OTKPBITO MEpe CTAPTOM CUMYJISILIHH, TOCKOJIbKY
TPAaCCHPOBKA HE YCTAHOBJIEHA 110 YMOJIYAHHIO.

IIpodm 16 HHCTPYKIHHA

BJICCb IMOKAa3aHO 3HAUYCHHUE BPEMCHH BbITTOJIHCHU S KaxgoHn HHCTPYKIHH.

IIpodm ib psina HHCTPYKIHH
3aech Bbl MOXKETE IPYNIHUPOBATD Psifi HHCTPYKLHUH B OIUH BBOJ.
Beinagaroniee MeHI0 (ITpaBbld LIEJTYOK MBIIIKH) COOECPKHT:
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Remove range Y nanuts psa

Add Range ... OTKpbIBaET JHAJIOT, B KOTOPOM BBl MOKETE JOOABUTD PsIJl
Add all lables JlobaBisieT Bce METKHM KOAa, KaK psif
Snaphot to plot OTKpBIBaeT OKHO, cofepkaiiee rpad ganHbix. M3 storo

HOBOT'O OKHA Bbl MOXKETE TaK)K€ COXPAHUTb (Postscript) Win
pacrnevaTaTb.

IIpodm b perucrpa

31ech MOKa3aHO YHUCJIO YTEHUH WIIM 3aITUCH CHIEJIAHHBIX CUMYJIITOPOM B PETHCTP.

IIpodm 16 mporpaMMHOro 0JI0Ka

31ech Bbl MOXKETe YBHAETh CTATUCTHKY BPEMEHH BBITIOJIHEHHS 1711 BHIOPaHHOTO
IporpaMMHOro 0jioka. Bel oTMeuaeTe TOUKH BXOAA U BbIXOAA B IPOBOJHUKE
ucxonHoro tekcta (profile start/stop). Eciu 610K, KOTOPBIH Bbl XOTHTE H3MEPHTD,
HUMeeT HECKOJIbKO TOUEK BXOJAA W/WJIM TOUEK BBIXOJA, TOTIa BBl JOJIKHBI
OTMapKHPOBATh KaXIYI0 TOUKY BXOJA, TaK ke, KakK (M 00513aTeIbHO) KakKAYI0 TOUKY
Bbix01a. IHaue Bbl MOJTyYHuTE HEBEpHbIE JaHHbIE.

Korpa Bbl caenaete 910, gpsim OyAeT (C HayaJloM CUMYJISILIHK) COXPAHSITh BpeMeHa
BBIMIOJTHEHH ST 9THX OJIOKOB M BBIYUCIISITh MUH/MaKc/cpeanHee/u T. 1. Bol MoxkeTe
TaKke UCIOJIb30BaTh MyHKT MeHIo “Tleuarats pactipenenenue” (plot distribution)
IJIs1 OTKPBITHSI OKHA, MOKAa3bIBAIOIIET0 TMCTOrpaMMy JaHHBIX. M3 9TOro HOBOro okHa
Bbl MOKETE TaKKe COXPAHHUTD (B POSSCript) HJIKM pacrevaTaTh ee.

Bpl MOXkeTe U3MepUTh MEepHO[ BbI30BA MEPEKTIOUEHHEM MEXK Y TOUKOH BXOJa
BbIxoja. Eciu Takke 3aX0TUTe U3MEPHTh BpeMsi OT cOpoca (MM 9KBUBAJICHTHOH
TOUYKH) A0 MEePBOro BXOJa, TOTAa Bbl JOJIKHBI 31€Ch OTMETHUTh TOUKY BXOAA.

3.10 OcranoBka HaOn10deHHs (stopwatch)

DTO OKHO MOKAa3bIBaET CUETUUK LIMKJIOB U N€PEeyCTaHABIUBAEMbIN cueTurK. CYeTurkK
LIUKJIOB TOT K€, YTO U B OKHE perucTpoB. OH, B OCHOBHOM, CUMTAET HHCTPYKIIMH.
Jlpyro# C4eTUMK CUMTAET TaK ke, KaK CYETUMK LIMKJIOB, HO MOXET ObITh OUMIIEH
EJTYKOM M0 KJiaBHine “clear” (WM MpeyCcTaHOBJIEH BBOAOM UHCJIa B OKHE BBOJA).
HupukaTop BBEpX/BHH3 OTMEUAET HANIPABJIEHUE CUETA.

[IpokpyunBaeMoe 3HaUEHHE OINpeneIsieT MPEAESIbl CYETYHKA HUKIJIOB (MO JIbHBIHA
cueTurK). Harmpumep, ecim npokpyunuBaemMoe 3HaueHHe N0JKHO ObITh 0x42, TOorna B
KakoH Obl MOMEHT NEPeyCTAHABIMBAEMbBIH CUETUMK HE JOCTUT BeJnuuHbl 0x42, OH
MPOBEPHETCSI K HY 0. ECJIM CUeTUMK CUUTaeT BHU3, TOT1a TIOCJIe YCTAHOBKH HYJIS
cnenymwoiee 3Hauenue Oynet 0x41. Eciu Bbl He XOTUTE, UTOOBI TaK OBLIO,
YCTaHOBHUTE 3HAUEHHE MPOKPYTKH HECKOJIBKO OOJIbIIeE.
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KonTposb 3a BpinoHeHHeM : ToukH ocTaHOB a

OZOHUM U3 CHUJIBHBIX CBOWCTB gpsim sIBJISIETCSI THOKOCTb, IpeoCcTaBsieMast TOUKaMU
OCTaHOBA. BOJIBIIMHCTBO CUMYJIATOPOB OIPAHHUYEHBI B BBIITOJIHEHHH THIIOB TOUYEK
OCTaHOBA.

Eciu BbI XOTHUTE YCTAHOBUTH TOUKH OCTAHOBA HA PETUCTPDI, HA BHIIIOJIHSIEMbIE
LIMKJIbl, HETIPaBHJIHOE Pa3MELICHUE ITPOrPAMMBI, IEPETIOJHEHHE CTEKA, U T. 1., TOTr1a
Bbl, OOBIUHO, YCHJIMBAETE OTJAAUMK 11 Bamero kona npumenenueM ICE.

4.1 To4YKH 0CTaHOBA BbINOJIHEHHS

Touku ocTaHOBA BBIMIOJHEHHS — 9TO TO, YTO OCTAHOBHT BBITIOJHEHHE MIPOTPAMMBI,
Korja agpec MporpaMMHOMN MaMsITH, HA KOTOPOM OHA yCTaHOBJIEHa, OyAeT
nocturayT. Hanpumep, eciu Bol oTiaxuBaete PIC cpennero knacca, 1 XOTHTE
OCTAHOBHUTDH BBIIIOJIHCHHUC HpH HpeprBaHI/IH, BbI JOJIKHBI 3a4aTh TOLIKy OCTaHOBA B

MPOrpaMMHOM MaMsITH 1o agpecy 0x04:
gpsim> break e 4

(bonee TouHO, NpepbIBaHUE HE AOJKHO OOHAPYIKUTCSI, OCKOJBbKY 9Ta TOUKA
OCTaHOBAa OyJIeT BBIUKCJIEHA — KOJ 00OpaOOTKH IOJIKEH TOXKE MIEPEeNUTH CI01a).

Touka ocTaHOBa OOHAPYKUBAETCSI 10 BBIMOJIHEHUSI HHCTPYKLUH. [pyrue
cumyJissTopbl, Kak MPLAB, octanaBiMBaloTcs nocjie Toro, Kak MHCTPYKLHUS
BBINIOJIHEHA. Bo MHOTHX cilyyasix 9Ta pasHULa He cymecTBeHHa. OgHaKo eciu
OCTaHOBKA 3aJjJaHa Ha HHCTPYKLHUSIX 'goto' wiu 'call', Toraa npeanouTuTeibHee
CliesiaTh OCTAHOBKY JIO TOTO, KaK OOHAPYKHUTCS BETBJICHHE MPOrPaMMbl. DTHM My TeM
Jierye Onpeaes T MECTO BETBJICHHSI.

4.1.1 ToykH OCTaHOBA HeNPABWIbHbIX HHCTPYKIIHH

gpsim aBTOMAaTUYECKH OyIeT OCTaHABIMBATDH BBITIOJHEHHE MTPOTPAMMBbI MPH MOTMBITKE
BBITH 32 ee npenebl. PacnoioxkeHre naMsiTi NporpaMMbl, KOTOPOE HE ONpeeIeHO
BaIllUM UCXOJHBIM KOJOM, Oy IeT HHHULHAIU3HPOBAHO, KaK HEMPaBUJIbHAS
uHcTpyKuus ('Invalid instruction'). 9To XOpomo BUAHO, KOTAA BbI
au3acceMOIUpyeTe MporpaMmy.
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42 Perucrposblie TOYKH OCTaHOBA

gpsim MpenocTaBisieT BO3MOXKHOCTh OCTAHABJIMBATBCS MTPU OOPAIIEHHH K PETHCTPY,
KakK JJIsl UTEHHUs], TaK U [Tl 3aITUCH, WK B 000HX ciiyyasix. bojiee Toro, BO3MOKHO
OCTaHABJIMBAThCSI MPH CHIENH(PHUSCKOM 3HAUCHHH YATAEMOM HJIH 3aITHChIBAEMOM B
pErHcTp.

4.3 IlHKJIOBbIE TOYKH OCTAHOBA

[{1K10BbIE TOUKH OCTAaHOBA MO3BOJISIIOT OCTAHOBUTD MTPOrpamMmy ONpeiesIeHHOR
IUKJIOBOH HHCTpyKLHMeH. [Ipencrasbte, uto Bol iMeete 20 MI' PIC u xoTute
OCTaHOBUTb POrPaMMYy Yepe3 OJHY CEKYHAY CUMYJISIIMU. Bbl 1OJKHBI 3a0aTh TOUKY
OCTAHOBA HHCTPYKIMEH B 5 MUJLTHOHOB IUKJIOB. (IIpy 4 npkiax Ha BbINOJTHEHHE
OJIHOW MHCTPYKIMH. B manpHermem mpeanoiaraetcsi BBECTH B gpSim BO3MOKHOCTb
3a7aBaTh HHCTPYKIMIO TOYKH OCTAaHOBA B TEPMHUHAX CEKYH]I).
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Tpaccupos ka: Yro ciayumiocs ?

36

HpOBepKa TEKYIETO COCTOAHUSA BarieH IporpaMmbl BpEMEHAMH HEAOCTATOUYHA OJIs

BBIABJICHUS IIPHYHHBI oIHOKH. YacTo MoJIE3HBIM OKAa3bIBAETCS BBISICHHTD yCJIOBHSA

IIPH KOTOPBIX HHAHUKATOP MEPEXOJUT B TEKYIee COCTOsIHUE. gpdim MpesocTaBisieT

HCTOPHIO HJIK TPACCHPOBKY BCETO, UTO MPOHUCXOOUT — XOTHUTE Bbl 3TOI'0, HJIK HET —

YTOOBI IOMOYb B AUArHOCTHKE 3THUX, APYTHMH MCTOJAMH IJIOXO aHAJIM3UPYCMBIX,

OLIHOOK.

Ymo mpaccupyemcs

Ilpumeuanus

Cuetuuk nporpammsl (PC)

AJzipec BBINIOJIHEHUS

HucTpyKkumu

opcode (Koa oneparum)

Yrenue perucrpa

3HaueHHE U MOJIOKEHHUE

3anuce peructpa

3HadeHHe U MOJI0KEHHE

CYEeTUHK [UKJIOB

TeKymee 3HAYCHHC

[TponyimeHHble HHCTPYKIMH

[TponymenHsle agpeca

Craryc peructpa

B Teuenue noreHnuanbHON MOIU(MUKALINN

IIpeppiBanus
Touku ocTaHOBa Tun
CO6pocsl Tun

Komanpa 'trace' Oyaet 3anmuchiBaTh coaepxumoe 0ydepa TpacCHPOBKH.

Bonbmoii 3amkHy ThIH Oydep (uer pasmep MpeayCTaHOBJIEH) COXpaHsIET
uHdpopMmamio ais 6ydepa Tpaccuponumka. Korga oH 3anonssercs, oH
BO3BpallaeTCsl K Hayasly U 3alMchiBaeT noBepx ctapou 3amucH. Conep:xkumoe Oydepa
TPacCHUPOBIIKKA pa3dupaeTcs no ¢ppermam, riae oauH pperM COOTBETCTBYET IUKJTY
CUMY/JISILIUH.

BoT npumep BbIBOJA TPACCHPOBKH:

gpsim> trace

0x00000000000025F6 p18f452 0x001C 0x1003 iorwf reg3,w,0
Read: 0x00 from reg3 (0x0003)

Wrote: OxE7 to W (OxOFES8) was OxE7

Wrote: 0x18 to status (OXxOFD8) was 0x18
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0x00000000000026F7 p18f452 0x001E OXE1F4 bnz $-0x16 ;
(0x8)0x00000000000026F8 p18f452 0x0008 Ox3E0O incfsz reg,f,0
Read: OxE4 from reg (0x0000)

Wrote: OxE5 to reg (0x0000) was OxE4

0x00000000000026F9 p18f452 0x000A 0xD004 bra $+0xa ; (0x00014 0x000000C

0x00000000000026FB p18f452 0x0016 0x5000 movf reg,w,0
Read: OxE5 from reg (0x0000)

Wrote: OxE5 to W(0xOFES8) was OxE7

Wrote: 0x18 to status(OxOFD8) was 0x18
0x00000000000026FC p18f452 0x0018 0x1001 iorwf reg1,w,0
Read: 0x03 from reg1 (0x0001)

Wrote: OxE7 to W(OxOFE8) was OxE5

Wrote: 0x18 to status(OxOFD8) was 0x18

Kaxapii ¢pperim HauMHAETCSI C HOBOTO IUKJIa CUMYJISITAA. OOBIYHO 9TO BKJIIOUACTCSI
B HHCTPYKIIMIO CUMYJISIIUK. BOT Kaxkaoe U3 moJje:

64-bit simulation cycle processor PC opcode instruction
0x00000000000026F6  16f452 0x001C 0x1003 iorwf reg3,w,0

Jpyrue coObITHsI, OOHapyKEHHBIE B POLIECCE TPACCHPOBOYHOTO (hperimMa, BbIPE3aHbI.
OOBIYHO 9TO OYyAYT TPACCUPOBKH UTEHHSI HJIH 3aITUCH perucTpa. TpacCHpOBKH
YTEHMSI TOKa3bIBAIOT YUTAEMOE 3HAUEHHE. TPACCUPOBKH 3aITMCH NTOKA3bIBAIOT
3alMChIBa€Mble 3HAUCHHS M NIPEblAyLIHe 3HAUSHUsI PETHCTPA.
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Cum yJsiiisi peajib HOT 0 MHpPa: CTHM YJIbI (BO3E€HCTB U1 )

CTuMyJibl KpalHe MOJIe3Hbl, €CJIH HE HEOOXOTUMBI, 1JIsI CUMYJISIHAH. OHH
MPEIOCTABJISIIOT 3HAYCHHUS! )11 CHMYJISILIHOHHOTO B3aUMOJEHUCTBHS C PEAJIbHBIM
MHPOM.

B03MOXHOCTH CTUMYJIOB gpsim pa3padOTaHbl TOYHBIMH, 3(P(PEKTUBHBIMH U
ruOkumH. Mogenu 1151 BBIBOJOB BBOAA-BbiBoJIa PIC uMUTHPYIOT peasibHble
ycTporcTBa. Hanpumep, oTkpbiThiH KosiekTop BeiBoga nopta A PIC16C84 moxer
OBITh TOJIBKO B HU3KOM COCTOSIHUH. MHOKECTBO BHIBOJAOB BBOJ1a-BbIBOJIA MOTYT
COEUHSIThCS MEKIY COOON TaK, UTO OTKPBITHIA KOJUIEKTOP MOPTa A MOKET
MOJIyYUTD “NOATSTUBAIOIMK pesrucTop nopra B. B nepyio ouepenp cTuMyJibl
TOJIbKO OOHAPYKUBAIOT, KOT1a CTUMYJI MEHSIET COCTOsIHUE. [IpyrHMH CJIOBaMH,
CTHUMYJIbI HE BBIOMPAIOT ONpEAEsIeHUs] UX cTaTyca.

AHAJIOroBble CTUMYJIBI TOKE JOMYCTUMBL. BO3MOKHO CO34aTh CCBUIKH Ha
HaMpsiKeHHUEe W YPOBHU HATIPSIKEHUS ISl CUMYJISIIIMH, TIPaKTHUECKH, JTI0O60ro poaa
Belel peanbHOro mupa. Hanpumep, BO3MOKHO KOMOMHHPOBATH [1Ba aHAJIOTOBbIX
CTUMYJIa BMecTe, 4TOObI co3aaTh curHaiisl mogoousie DTMF ToHam.

6.1 Kak onu padoraioT

B npocTefimem ciyyae cTUMYJ1 JEHCTBYET KaK HCTOYHHK 11 BbIBOJA BBOJA-BbIBOJIA
PIC. Hanpumep, Bbl MOXETE 3aXOTE€Th CUMYJIMPOBATDb Yachl U U3MEPSITh UX MEPHO],
ucnosnb3yss TMRO (tafimep 0). B aTom ciyuae ctumysom Oyaet uctousuk 1 TMRO
BxoHOH BbiBOJ PIC, Kak nens. B gpsim Bbl co3gaauTe CTUMYJT 151 4acoB,
HCIMOJIb3Y sl KOMaH/bl CTUMYJIA U COEIMHUB HUX C BBIBOJIOM BBOJIA-BbIBOJA, HCIIOJIb3Y I
KOMaHAy ys3Ja.

B 001mem, BbI MOKETE UMETH HECKOJIBKO “HCTOUHHKOB’ M HECKOJIBKO “‘menew’”,
KOTOpbIE COeIMHEHBI C y31aMH. (XOTs gpsim B JaHHBIH MOMEHT OrpaHHUeHa “0JIHO-
MOPTOBBIMH™ yCTPOUCTBAMH. [IpyrMMH CIOBaMH, OHA IPUHAMAET, UTO 3eMJIsI
o0cJTyKHUBaeTCsl, Kak o0Iasi CChIIKA JJ1s1 HKCTOUHHKOB U 1ieTieH ). XOpOoIUM aHaJIorOM
OyneT uenb spice. spice crucok Lenei (netlist) oOpamaercst K CIUCKY y3JI0B B gpsim
U 9JIEMEHTBHI Spice 00paIanTcsl K HCTOYHUKAM U LETSIM CTUMYJIOB. DTOT TJIaBHBIA
MOJXO[ AeJIaeT BO3MOXKHBIM CO3[aBaTh pa3HOOOpasHeHiIee OKPYKEeHHE CUMY JISILIUH.
BoT criucok pasHbIX myTeH, KOTOPHIMH CTUMYJIBI MOTYT ObITh COETHHEHBDI:

1. Ctumyn coeaunen ¢ ogauM 1/0O BeIBOgOM
2. CtumyJ coeiMHEH ¢ HeCKOJIbKUMHU 1/O BbIBOgaMHU
3. HecKoyibKO CTUMYJIOB IPUCOEIUHEHBI K 0JHOMY [/O BBIBOIY
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4. HeckoJbKO CTUMYJIOB COE€IMHEHbI C HECKOJbKUMHU [/O BhIBOAAMHU
5. 1I/O BeiBOZ coenuneH ¢ 1/0 BeIBOIOM

OcHoOBHast TEXHUKA 1J1s1 peaju3aly CTUMYJIOB ClIeyIomast:

1. OnpeneauTb CTUMYJIbI UM CTUMY L.
2. Onpenenuts y3ed.
3. IlpucoeiMHUTD CTUMYJIBbI K Y3J1aM.

Yame ObIBaeT, YeM HET, ONpeesieHHe CTUMYJIa B (haiiie.
6.1.1 CoenuHeHHs1 MEKXIy CTHMYJIAMH

OnHoit 13 npoOJieM ¢ 9THM Y3JI0BBIM MOJX0I0M K MOJEJIUPOBAHUIO CTUMYJIOB
SIBJISIETCSI BO3MOKHOCTb [JIs1 COeIHHEHH I cylecTByomux. Hanpumep, ecnu nsa I/0
BBIBOJIa COEIMHEHBI OJJUH C IPYTHUM U pabOoTaIOT B IPOTHBOMOJIOKHBIX
HarMpaBJIeHHUSIX, COeIUHEHHE MOTYUUTCS. gpSim MPUHUMAET COeJUHEHHE C CYMMOH
aTpuOyTOB. KaK Ol CTHMYJI, TaKe €CJIM 9TO BBOM, MPOU3BOJIUT BIIMSIHHE HA y3€II.
D70 BiMsIHUE 3a1aHHOM cuitbl. Korna ysen oOHOBIsieTCs, gpsim Oy eT mpocTo
00BEOUHSITH CHIIy BCEX CTUMYJIOB BMECTE M ITPUMEHSITh 9TO UHCJIOBOE 3HAUCHHE K
y3iy. Cuiia co 3HaUeHHEM HYJIb OTHOCHUTCSI K OTCYTCTBHIO LieTd. BoJbimas
MOJIOKUTEJIbHASI CHUJIA UCTIONIb3YETCSI CTUMYJIOM JJISI TTOJIOKHUTEbHOTO IBHKEHHSI

y3ia, OonpIas OTpHLIATCJIbHASA CHJIA UCITOJIb3YETCA OJIA OTPHLATCIJIbBHOI'O IBUKCHHUS.

CyMMupoBaHue aTpruOyTOB MOJE3HO 151 “NIOATSTUBAIOIINX pe3ucTopoB. B mpumepe

C OTKPBITBIM KOJUIEKTOpOoM nopTta A/ nopT B cnaboe “noarsiruBanue”, gpsim 3agaet
OTHOCHUTEJIBHO CJIa0YI0 CHITy “NOATSITMBAHUS JISl PE3UCTOPOB U OOJIBIIYIO
OTPHULATEJbHYIO CHJTY JIs1 OTKPBITOrO KOJUIEKTOPA, €CJIM OH aKTHBEH, UJIM HE 3aJ1aeT
CHJIY, €CJIM HET ABWKEHHs (u3MeHeHus ). DddeKT KoHIeHcaTopa (MOKa He
HO)_'[)lep)KI/IBaeTCSI) MOJKET OBITh CUMYJIMPOBAaH C THHAMHUCCKH MCHAIOIUMCS
3HAUEHHUEM CHJIbI.

6.2 BwBogbl I/0

gpsim monenupyet BbiBoAbl I/0, kak ctumyibl. Takum 06paszom, rae Ob1 CTUMYJIbI
HE HCIOJIb30BAJMCh, /O BbIBOABI MOTYT ObITh 3aMeHeHbl. Hanpumep, Bbl MOXeTe
3aXOTETh MPUCOEOUHUTD J1Ba /O BbIBOJA OJMH K APYroMy, Kak MPHCOEIUHSIICS
MOJTSITUBAIOIKH pe3ucTop nopta B K mopTy A ¢ OTKPBITBIM KOJIJIEKTOPOM. gpsim
aBTOMAaTHYECKH co3aaeT cTuMyJ /O BbIBOa MpH co3gaHuM npoueccopa. Bee, uto
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BaM HY’KHO, TakK 9TO 0003HAUUTH Y3€JI K 3aTEM HA3HAUHUTb CTUMYJI OJIs1 HETO. Hmena

IJIS1 9TUX CTUMYJIOB (DOPMHPYIOTCSI CBSI3bIBAHUEM MMEHH NOpTa ¢ nosuuuen oura I/0

BpiBOAa. Hanpumep, out 3 nopra B HaspiBaeTcs portb3.

BoT cniucok nogaep:kyuBaeMbIX TUIIOB CTUMYJIOB BbIBOAOB 1/O:

Tun 1/0 evieodoe

Dy nkuus

40

INPUT_ONLY (TOnBKO BBOI)

[Tpunnumaet ToabpKo BBOA (MogooHo MCLR)

BI_DIRECTIONAL (nByHanpaBJjieHHbIE)

MoxkeT ObITh HCTOUHHKOM HJIH 1IETIbIO
(6ompmUHCTBO BHIBOJIOB 1/0)

BI_DIRECTIONAL_PU (nBynanpasniennsie PU)

PU — noarsrusaromue pesuctopst (Ilopt B)

OPEN_COLLECTOR (OTKpBITBIH KOJJIEKTOP)

MoryT aBuratbcs TOJbKO BHU3 (RA4 y c84)

HeTt cnienmanbHOro THUITA BBIBOLOOB IS aHAJIOrOBBIX BEIBOLOB 1/O. Bece aHasiorossie

BBOABI PIC MynbTuIIekcupyloTcs ¢ nudgpoBeiMu BBogamu. Onpenesnenue /0

BbIBOIOB 6yneT BCErga st LII/I(ppOBbIX BBOJOB. gp81m ABTOMATHUYCCKH OIIPEHACJIACT,

ecyii I/O BBIBOII — aHAJIOTOBBIH BBOJI.

6.3 ACHHXPOHHBIE CTHMYJIbI

ACHHXPOHHBIE CTUMYJIbl — AaHAJIOTOBBIE UJIH LIU(PPOBbIE CTUMYJIbI, KOTOPbIE MOTYT

HU3MEHSTh COCTOSIHHE B JIIOOON 3aJJaHHBIH MOMEHT (OTpaHMUEHHBIH pa3pelieHHeM

CUCTUHKA LII/IKJ'IOB). Onu MOT'YT TAKXKE ONPEACIATLCA KAK MMOBTOPAIOMHECA.

Iapamemp

Dy nkyus

start_cicle (HauaTh LHKJI)

Konmuectno IHKJIOB MIEPEI HAYAJIOM CTUMYJIa

cycles[] (ukJi0B)

Maccus HOMCEPOB IIUKJIOB

data[] (manHbIC)

CocrosHHe CTHMYJIa OJIs TUKJIA

period (nepron)

KonnuectBo IIUKJIOB B OJHOM II€EpHUOIC

initial_state (HauaJbHOE COCTOSIHHE)

HauvanbHoe coctosihue nepen data[0]

KOF)Ia CTHUMYJI BII€PBbIC HHUITUAJIUSUPYETCS, OH 6YJ1€T IMPUBCOCH B IBHXCHHUE B

'initial state' (HauaJIbHOM COCTOSIHHH) U OyaeT ocTaBaThCsl B HeM, oka CPU cueTumnk
KOMaH/]I He CTaHeT paBeH 'start' (HauaTb) MKy. [Tocie aToro nBa Mmaccusa cycles[] u
data[] onpenensiioT BBIX04 cTUMYJIa. PasMep MacCMBOB TOT ke, UTO OTHOCHUTCS K
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KOJIMYECTBY COOBITHH, KOTOPbIE CO3AABAIUCh. TakuM 00pa3oM KOJINYECTBO
COOBITHH, ecJii ObLJI0, OOCTYKHBAET HHJIEKC 9THX JIBYX MacCHBOB. Maccus cycles|]
onpenessieT, Korjga coopiTue oOHApYKUBAETCsI, TOrAa Kak maccuB datal]
orpejesisieT, Kakoe COCTOSTHHE CTUMYJIa OyieT BBeJieHo. cycles[] uamepsietcs B
COTJIACHH C IIUKJIOM Start. ACHHXPOHHbBIE CTUMYJIbl MOTYT OBITb CIEJIaHbI
MEPUOUUECKUMH Uepe3 3aJaHre Yncia IMKJIOB B apameTpe period.

Bot npumep, KOTOpPBIF TeHEPHUPYET TPH UMITYJIbCA, 4 3aTEM IIOBTOPSIETCS:

stimulus asynchronous stimulus # or we could’ve used asy
# The initial state AND the state the stimulus is when

# it rolls over

initial state 1

# all times are with respect to the cpu’s cycle counter
start cycle 100

# the asvnchronous stimulus will roll over in ’veriod’

# cycles. Delete this line if you don’t want a roll over.
period 5000

# Now the cycles at which stimulus changes states are
# specified. The initial cycle was specified above. So
# the first cycle specified below will toggle this state.
# In this example, the stimulus will start high.
# AL cycle 100 the stimulus "begins’. However nothing happens
# until cycle 200+100.
{ 200, O,
300, 1,
400, O,
600, 1,
1000, O,
3000, 1}

# Give the stimulus a name:

name asy test

# Finally, tell the command line interface that we’re done
# with the stimulus

end

6.3.1 AHaJI0r0BbIH ACHHXPOHHBIH CTHMYJI

AHaHOFOBbIﬁ aCHHXpOHHbIﬁ CTHMy.H HUIOCHTHUCH CHHXpOHHbIM CTHMyJIaM, HCKJII0Uas
TOT MOMEHT, UTO JAaHHbIE TOUKH — 9TO UHCJIA C IUIaBaIOIEed TOUKOH.
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Moy

gpsim ObL pa3paboTaH 1151 OTJIaAKH MUKpompolieccopoB. OHAKO
MHKPOMNPOLECCOPBI BCET 1A YaCTb CUCTEMBI. 1 HEM3MEHHON 4acTO BCTPEUAIOIENCS
OHOKOM CTAaHOBUTCS HHTEp(elc ¢ cucTeMor. Moayiu npefocTaBisiioT
T10JIb30BATEJIIO Y Th PACIIUPEHHS gpsim U CUMYJIsIMK cucteMbl. Hanpumep,
cucnmemol MOXET ObITh IPOLIECCOP C HECKOJbKHUMH MOATSTUBAIOIIUMH PE3UCTOPAMH
U MepeKJIIoyaTeNsIM1i, WM MoxeT ObITh nporeccop ¢ LCD gucnneem. gpsim
MPeIOCTABISIET HECKOJbKO MOAYJIEH, KaKAbIH MOKET HCIIOJIb30BATbCS KaK JJIs
OTJIAJKH, TaK U B KauecTBe mabJioHa J1Jis CO3/1aHHsI HOBBIX MOAYJIEH.

71 Moayau gpsim
gpsim NpegocTaBisieT CAeAYIOIHe MOy JIH:

binary_indicator
pullup

pulldown

usart
parallel_interface
switch

and2

or2

Xor2

not
led_7segments
led

PAL_video
Encoder

7.2 Hanucanune HOBBIX MO 1yJieH

Mopynu — 910 6ubmMoTeka koaoB. B Windows 6ubimoreka sto dll, a B Unix
o0mue 6ubaroTekH. ECTh HECKOJIBKO AeTased, KOTOPbIX MOJYJIb AOJDKEH
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MIPUIEPKUBATHCS, HO B OCHOBHOM MOJYJIb JOJIKEH UMETb MOJIHBIA JOCTYH K
gpsim APL.

Yacts 8

CuMBOJIbHAS OTJIANK A

gpsim NogaepKUBAET TaOIHUIy CUMBOJIOB.

Yactp 9

Mak pocbl

Yacts 10

Hex daribi

LleneBo# KOO, CUMYJIMPYEMBIH gpsim MOXKET coaep:katbesi B hex daiine, wiu

6onee Touno B Intel Hex caiine. gpsim npunumaet ¢opmar hex,

npenocTaBisieMbl mporpammamu gpasm 1 mpasm. HEX caiin ve

NpeJoCTaBIsieT HUKAKOH CUMBOJIbHOH HH(opmauu. PekomeHnyercsi, 4ToObl

hex ¢pafsbl HCNOJB30BATMCD TOJBKO, ECIIH

1. BBl OOHapy:xuBaeTe MpoOJIeMbl C UCIOIb30BaHUeM .cod ¢aiina,
TeHepUPYEMOro BalllMM acceMOJIEPOM HJIH KOMITUJISITOPOM, HJIH

2. Bam acceMOJiep WK KOMIHISITOp He reHepupyet .cod (haubl.

Takoke Bbl JOJKHBI 3aIIaCTHCh MPOLIECCOPOM, Korja 3arpy:xaete hex dan.

[TocmoTpuTte KomManay load.
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ICD

gpsim noaaepxkuBaeT (4acTuuHo) nepByio Bepcuio ICD (B mpoTHBOMOIOKHOCTD
ICD2 (c popMoit XOKKEHHOM manObI))

ConennanbHasi KOH(pUrypanusi Koga

[TpounTaiite pykoBoacTBo nosib3oBaresis no MPLAB ICD.
Bort kpaTtkas Bepcus:

HEBO3MOXKHO MO KparHeH Mepe: oOHapy:kKeHHe HeonpeaeIeHHOrO BhIX0a,
HHU3KOBOJIbTHOE IIPOrPaMMHPOBaHHE H MOJIHAS 3allMTa Koaa. BoamoxHO
Jyylie BeIKJIOUaTh Takxke watchdog. OOpaTturech K pyKOBOJACTBY
nosnb3oBaresisi o MPLAB ICD 3a 6osee moapoOHon HHpOpManyen.
umeTb NOP B KauecTBe nepBOH UHCTPYKIIHH.

He Ttporaiite RB6 niu RB7.

He ncnosp3yiiTe nociaegHUNA ypOBEHb CTEKA.

He ucnone3syiite cienyomue perucTpbl U NporpaMMHbIE CJIOBA:

44

IIpoueccop Pezucmp IIpozpam ma
-870/1/2 0x79,0xBB-0xBF 0x6E0-Ox7FF
-873/4 0x6D, 0x1FD, OxEB-0xFO, 0xEEO-OxFFF
0x1EB-Ox1F0
-876/7 0x70, Ox1EB-Ox1EF 0x 1F00-0x 1 FFF
icdprog

3arpysute ¥ ycTaHoBUTe icdprog.
Hcnonpsyhite icdprog mis mporpammHo# e ¢ hex dgainom (icdprog
mycode.hex).

Hcnonn3osanne ICD

3amycTuTe gpsim, Kak yKa3aHO HHXKeE:
gpsim -d /dev/ttyS0 -s mycode.cod
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npuauMaetcsi, uto ICD npucoeguneno k neppomy COM-nopry.
Tenepb Bbl MOXeTe HareuaTaTh icd, YTOOBI OJIYUHUTh HH(OPMAILIHIO:
**gpsim> icd

ICD version “2.31.00” was found.

Target controller is 16F877 rev 13.

vdd: 5.2 Vpp: 13.3

Debug module id present

2.13 - 9TO BepcHsi BHyTPEHHETO NPOrpaMMHOro odecnedeHust. S ToIbKO
NONpoOOBaJI 9TY YACTHYIO BEPCHIO. ..

Bu MmoxeTe marartb, C6pOCI/ITb, 3alyCTUTb, OCTAHOBHUTD, 3aJaTb TOUYKH OCTAaHOBA

U MIPOYUTATh (paiioBble peruCcTphl. ITO paboTaeT Kak B KOMaHIHOH CTPOKE, TaKk

U C rpadpuuecKkor 000JOUKOH.

ICD TODO

MPLAB umeet yctaHoBKy 111 yacToThl nesnesoro CPU, s Tosnbko
nonpo6osain ¢ 20 MI'1 KprcTaiIoM, TaK 4YTO BO3MOKHO MPUAETCS
COTJIACOBBIBATH TAWM-ayT MOCJIEOBATEIBHOTO MOPTa C YCTAHOBKAMH gpsim.
OkHa UCXOHOTO KOJa, Au3accembiiepa, HabmoaeHus, CHMBOJIbHOE 1 RAM
pabotaioT. A ocTasibHble HET. Sl mojaraj, uTo MakeT AOJKEH ObITb
pabotocnocobeH xoTst Obl 1151 PIC, HO 9TOrO HET.

EEPROM nopaepxuBaeTcst

MopudHuuupyloTcst JaHHbIS

3adukcuponano, Ul 1omkHO naBaTh 00JIblle CUTHAIOB OOPAaTHOM CBSI3U B
YaCcTH, UTO CIYUYHJIOCh BO BpEMSI JIJIMHHBIX 3aJIePKEK.

Jlyumee oOHapy:xeHHe OmUOOK. gpsim He Bceraa BUIHUT, UTO LieJib He
(pyHKUIMOHANBHA.
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Teopus onepamun

DTOT pasjes npeaHasHaueH TOJIBKO AJIS TeX, KOT0 MOXKET 3aHHTEPECOBATh, Kak
gpsim onepupyet. Madopmanus 3gech MakcuManbHO TouHa. OJIHAKO,
MOCKOJIBKY gpSim pa3BHUBAETCSI, TOXKE MOJIKHBI IeJIaTh ACTAIH TEOPHU
onepauuil. Ucnonb3yiTe HHpOpMaLHIO, MPeayIOKEHHYIO 3[1eCh, KaK BBEJICHHE
BBICOKOT'O YPOBHSI U UCITOJIb3YHTE (XOPOLIO 3aKOMMEHTHPOBAHO :]|) HCXOIHBIN
TEKCT, UTOOBI BHISICHUTD AECTaJIH.

12.1  3amHHH IUIaH

gpsim Hamucad B ocHOBHOM Ha C++. [Touemy? Xopo1o, OCHOBHBIM
cooOpaxxeHueM Oblla JIerkocTb pa3paboTku uepapxudyeckor monenu PIC. Eciu
BbI TIOJIyMbIBa€T€ O MUKPOKOHTPOJLIEPE, TaK AEHCTBUTEINIBHO JIETKO
KOHCTPYHPOBATb pa3jiMyHble KOMIOHEHTbI. C++ caMm MpegocTaBJIsieT BCe s
9TOM KoHIeNTyanu3auuu. bosnee Toro, Microchip, kKak ¥ Ipyrue npoH3BOIUTENN
MHKPOKOHTPOJIJIEPOB, CO3AaJl CEMEHCTBO YCTPOUCTB, KOTOPBIE OUEHb MOXOKH
0HO Ha fapyroe. Onsth ke, C++ MpeaocTaBisieT “HacieIoBaHHE , KOTOpOe
IOIYyCKaeT, uTOObl B3aUMOCBSI3b ObUIa 0000IeHa Ha pa3nnunbie Moaenu PIC.

12.2 HHCTPYKUIHH

IIpencraBnen 6a3oBblf Kjacc ajs 14-OMTOBBIX HHCTPYKLMH (S nmutaHupyio
caenaTh B OyaymeM cledyIolHH mar U co3aaTb 0a30BbIM KJIACC, H3 KOTOPOTrO
MO:kHO noJsryunTh Bce PIC nHCTpyKumu). OH B NEPBYIO OUEPEb CIIYKHUT ABYM
LeJISIM: XPaHUTb Bce oOlee AJis1 KakI0M HHCTPYKLMH U JaTh 3HaYEHHE 151
BUPTYaJIbHBIM (PYHKLHMSIM OCHOBHOTO focTymna. Obmasi ”HpopMalus COCTOUT U3
UMEHH — WK 0oJiee TOUHO, MHEMOHHUKH MHCTPYKIMH, opcode, ¥ yKasaTeJsb Ha
MPOLIECCOP, NOJIb3YIOMMHCS HHCTPYKIHEH. HeKoTopble U3 BUPTYaJIbHBIX
(pyHKIMH BbINOJHsIEMblEe U UIMeHOBaHHbIe. [locne nekonupoBanus hex daria
COJEPKHMOE HHCTPYKLHMH CO3[AeTCsI U COXPaHSIETCs] B MAaCCHUBE, HA3BAHHOM
program_memory. MHIeKkcoM MaccHBa Cily:KHT aJpec, 0 KOTOPOMY IpeObIBaeT
HUHCTPYKLMS. 1151 BBINOJHEHH S HHCTPYKLHH BbI3bIBAETCS CJIEAYIOIIAs
M0CJIe10BATEIbHOCTh KOJIOB:

program_memory|[pc.value]->execute();
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KOTOpasi TOBOPHT, B3ATb HHCTPYKIHIO 11O TEKYHIEMY COCTOAHHUIO CUCTUHKA
KomauJ (pc.value) v BbI3BaTh uepe3 BUPTyasbHyo (pyHKIHIO execute(). Takom
moaxoad 1o3BOJISIET, YTOOBI TOUKH OCTAHOBA ITPpH BbINTIOJIHCHHH OBLIIH JIETKO
3afanbl. MHCTPYKIUM CrienHaibHBIX TOYEK OCTAHOBA MOTYT 3aMellaTh
COOTBETCTBYIOLIHE, HAXOSLIUECS] B MACCUBE NMamsTH rporpammbl. Korna

BBI3BIBAETCS eXecute, MOXKET IMOSIBUTbCS TOUYKA OCTAHOBA.

12.3 OcHOBHBIE perucTpnl hai j1a

Peructp aiina cumynupyetcs kinaccowm file_register. EcTe ogun o6pasern
obwvekTa file_register mns kaxmoro peructpa ¢aina PIC. Bee peructpst
coOpaHbl BMECTE B MACCHB, HA3BAHHBIM register, KOTOPbIH HHAEKCHPYETCS
perucTpamu, oopamatomumucs Kk agpecam PIC. MaccuB nMHEeHHbIH U He pa3ouT
Ha OankwH, Kak B peasibHOM PIC. (Mcnosib3oBaHne OaHKOB MaMsITH
MOJEPKUBAETCS TPH CUMY JISILIHH).

12.4  ConenmnanbHble haii JIOBbIe PErHCTPbI

Crienmanbhble (halIoOBble PETUCTPBl BCE OCTAJIbHbIE PETHCTPBI, KOTOPBIE HE
OTHOCSITCSI K OCHOBHBIM (DafJIOBBIM PETUCTpPaM. DTO BKJIOUAET PETUCTPHI SApa,
Kak status u option, a Takxe nepudepuiiHble PerucTpbl, Kak eeadr 115 eeprom.
Cnenuasibabie (haiIOBbIe PETUCTPBl MTPOU3BOJIHBIE OT OCHOBHBIX (PaHIOBbBIX
PETrUCTPOB M TaKXkKe XpaHsTCsS B MaccuBe register. ECTb oaun obpasen nis
KaXJOro perucTpa — Jaxe, ecd perucTp JOCTyneH Oosee, ueM B OJHOM OaHKe.
Tak, HanpuMep, ecTb OJAMH 0Opasel sl perucTpa status, XoTsi OH MOKET ObITh
JIOCTYTICH Uepe3 MacCHB register Oosiee, 4eM B OJHOM MecTe.

Bce paiinoBble perucTpbl JOCTYIHBI UEPE3 BUPTYasibHble (DYHKIMH put U get.
DTO cAeslaHo MO ABYM OCHOBHBIM NpHUYMHAM. Bo-niepBbix, 9T0 y100HO 1J1st
MHKAICYJISIIUH NIEPEe3alluCH TOUEK OCTAHOBA ([J1s1 PETUCTPOBBIX TOUEK
OCTaHOBA) B (palyIOBble PETUCTPBI, @ HE B HHCTPYKUMH. Bo-BTOpBIX, UuTO OOJIEe
BaXHO, OMYCKAIOT MPOU3BOJHBIE KJIACCHI JIs1 peaslu3alyy put U get 6osee
cnemuduyno. Hanpumep, put ans indf peructpa umeet uesbii psii OTIUUHHN OT
put aJis intcon peructpa. B kaxaom ciydae put HHULMUPYET AEUCTBHSI MEXKAY
MIPOCTO COXPaHSIEMBIMH OalTaMH JaHHBIX B MAaCCHBE. JTO TAKXKE MO3BOJISIET
HCIOJIb30BATh CJIEAYIOUYIO MOCJIeA0BATENIBHOCTb KOAOB [JIs1 JIETKOM
peau3anuu:
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moviw trisa ; nonyyaert agpec trisa
movwf fsr
movf indf,w ;. 4yuTtaer trisa KOCBEHHO

12.5 IlpumMep HHCTPYKIHH

BoT npumep kona 11 HHCTPYKIMK movf, KOTOPbIH HITIOCTPUPYET TO, YTO
o0cyxaanoch Boimie. ['ne-HuOyab B gpsim BBITIOJHSETCS TTOCJIEIOBATEIbHOCTh
KOJIOB:

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

Haaiite ckaxem, yto PC ykasbiBaeT Ha HHCTpyKuuio movf. BuptyanbHas
(yxukus ->execute() BeizBeT MOVF::execute. S nob6aBun ocodsie
KOMMEHTApHH (MX HET B OCHOBHOM KOJ€) Uil A€ TAJIbHOH HJUTIOCTPALUH TOTO,
YTO MPOUCXOIHT.

void MOVF::execute(void)
{

unsigned int source_value;

// Bce nHcTpykummn traced (obcyxaaetcst Huxe). LloctaTouyHO

// TonbKo coxpaHuTb opcode. OgHaKO gaxe 3TOro MOXeT okasaTbCs
// He Hapo, ecnu cYeTUYNK KoMaHa Toxe Tpaccupyetcsa. OxunpaeTcs,
// 4TO 9TO UCYE3HET B OA/IbHENLIEM...

trace.instruction(opcode);

// 'source’ — aTo ykasatenb Ha 06bekT 'file_register'. OH

/l vHMumMannampyeTcs YTeHnem maccusa 'registers'. 3ameTtbTe, 4TO
// nHBEeKC 3aBMCUT OT 6UT 'rp' (B AEACTBUTENBHOCTM OT OAHOrO) B
/I perncTpe status. Bpems coxpaHaeTcs KaWnMpoBaHMEM rp B

// NPOTUBOMONIOXHOCTb AEKOAMPOBAHUIO pernuctpa status.

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

/I'Y Hac HeT coobpaxeHunii N0 TOMy, 00 KaKOro PerncTpa Mbl NbiTaemcs
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// nobpaTbCs U Kak OH 6yneT OOCTUrHYT UAK €CTb NI Ha HEM
// Touyka octaHoBa. HeT npobnem, BupTyanoHasa yHkuus 'get’
// pa3pewnT BCE 3TK OAeTann n “caenaeT Bce NpaBuibHO”
source_value = source->get();

// Ecnn mbl obpawaemcs Kk W, Torna KOHCTPYKTOp yXe
/ nvHnunanunauposan 'destination’. MiHaye source u destination
// Te Xe camble.
if(opcode&DESTINATION_MASK)
destination = source; // Pe3ynbTat oTNpaBuTCs B source

// 3anuwem 3Ha4veHune sorce B destination. BHOBb y Hac HeT
// coobpaxeHuii, roe MmoxeT OblTb destination nnm

// Kak paHHble ByoyT Tam 3anucaHbl.
destination->put(source_value);

// iHcTpykumsa movf yctaHoBuT Z (Honb) 6UT B pernctpe status,
// ecnn 3HayYeHne sorce ObINo HyNeM.
cpu->status.put_Z(0O==source_value);

/I OkoH4YaTenbHo, HapawmsaeM PC Ha eanHuuy.
cpu->pc.increment();

}
12.6 TpaccupoBka

Bce, uro cumynmpyertcs, Tpaccupyet -all Bce Bpemsi. Bydep TpaccupoBkH -
€JUHBIF OrpOMHBIM IUKIHUYecKuH Oydep uenbix. Magopmanus nocie OR ¢
CHUMBOJIaMH TPACCHPOBKH coXxpaHsieTcst B Oydepe TpaccupoBku. He nenaercs
TMIOTBITOK ACCOLMHUPOBATh MYHKTHI B Oyepe TpacCHPOBIIHKA, TOKA CUMYJISITOP
cumysupyet PIC. XoTs1, eciiv Bbl B3IJIsIHETE HA CTPOKH Oydepa, TO yBUANUTE
HeuTo noxoxee: cycle counter = ..., opcode fetch = ..., register read = ..., registar
write = ..., 1 T. 4. OfgHaKo 9Ta HH(MOPMALHSI — MOCT-MPOLECC 1JIsl TOTO, YTOOBI
YAOCTOBEPUTHCS], YTO MPOUCXOAUT U KOTJa OHO MPOUCXOIUT. MOKHO
HCIOJIb30BATh 9Ty HH(pOpMaIHio 1715 “undo’” CUMYJISILHAH, IPYTHMH CJIOBAMH, BbI
MOJKeTe CIeaTh Iar Hazaa. XoTs s1 He pa3padaTbiBaj 9TOrO COBCEM.
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12.7 Touku ocTanoBa

Touku ocTaHoBa MOXKHO p8.36I/ITb Ha TPpH KaTEropHH: BbIIIOJIHCHHU S, PETHCTPOBBIC
H IIUKJIOB.

BoinoineHus:

JLJist TOUeK OCTaHOBA BBIMIOJHEHHSI CIeHaIbHASI HHCTPYKLHSI, COOTBETCTBEHHO
HasBaHHas1 'Breakpoint_instruction', co3mana u pasmMelneHa B MaCCHBE
MPOrpaMMHOH MaMSITH B MECTE, I JKeJlaTebHa TOUKA OCTaHOBA.
OpuruHasibHast HHCTPYKIMS COXPAHSIETCS] BO BHOBb OTKPBITOH HHCTPYKLUH
TOUKH OocTaHoBa. Korga Touka ocTaHOBa OUMIIAETCS, OPUTHHAJIbHAS
HUHCTPYKIIHS U3BJICKAETCS] M3 HHCTPYKIMHA TOUKH OCTAHOBA W MIOMEIIAeTC sl Ha3al
B MAacCHB MMPOrPaMMHOM MaMSITH.

3ameTbTe, 4TO 9Ta CXeMa UMeeT HyJieBylo nepesanuch. Cumynsitop Oyaet
MOTPEBOXKEH TOJBKO TOT1a, KOTJa BCTPeUYaeTcsl TOUKa OCTAHOBA.

Perncrposbie:

EcTb, o KpaliHel Mepe, YeThpe pa3HbIX THIA TOUEK OCTAHOBA, KOTOPbIE MOTYT
MIPUMEHSITBCS K PErHCTpaM: UTEHHE JTI000ro 3HaYeHH S, 3alHCh JII000ro
3HAUEHHSsI, YTEHHUE ONPEeJICHHOTO 3HAUSHH I, 3aIIMCh OIPEIeJICHHOTO 3HAUCHHSI.
HO,[IO6HO TOYKaM OCTAaHOBA BBINNOJIHEHH A, €CTh CIICHHAJIbHBIC PETHCTPOBLIC
TOYKH OCTaHOBA, KOTOPBIE 3aMeIalnT 00beKT peructpa. Tak uro, Korga
M0JIb30BaTEJIb YCTAHABJIUBAET TOUKY OCTaHOBa Ha peructp 0x20, Hanpumep,
CO37aeTCsl HOBBIF OOBEKT TOYKH OCTAHOBA M BCTABJISIETCSI B MAcCHB (paryia
peructpoB B nosuimio 0x20. Korga cumyisiTop nbITaeTcst MOJYYHUTh JOCTYI K
peructpy no anpecy 0x20, BMECTO HETo NMoJyyaeTcst JOCTYH K OOBEKTY TOUKH
OCTaHOBA.

3amMeTbTe, UTO 9TA CXEMa TaKKe HMEeT HyJIeBYIO Mepe3arich, aK THBU3HPYSICh,
KOrJa BCTPEYaeTcsi TOYKa OCTaHOBA.

I[uknoBble:

HI/IKJ’[OBI)IG TOUYKH OCTaHOBA ITO3BOJIAIOT gps1m HU3MCEHSATD BBITIOJIHEHHUE B

0003HAUEHHBIX MHUKJIaXx HHCprKHHfI. 3ITO MOJIE3HO IJ151 BBIITOJIHEHH A BalIeH
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CHUMYJISIIIUK Ha OTpe/ieJieHHbIe TPOMEKYTKH BpeMeHH. BHyTpeHHe gpsim
MPUMEHSIET IMUPOKOE UCII0JIb30BAHHE IIUKJIOBBIX TOUEK ocTaHoBa. Hampumep,
00bekT TMRO MOKEeT mpOrpaMMHpPOBATBCSI HA T€HEPALIUIO IEPUOAUYECKHUX
IIUKJIOBBIX TOYEK OCTAHOBA.

[IuKI0BBIE TOYKH OCTAHOBA UMIUIEMEHTHUPYIOTCSI C COPTHPOBAHHBIM CITUCKOM
IBOHMHBIX CBsi3e. CIIMCOK CBSI3eH COOEPKUT ABE 4acTH HH(OpMaIHU (Kpome
CBsI3eH): LIMKJI, HA KOTOPOM OOHApYKUBAETCSI OCTAHOBKA, U (pyHKIIMSI BO3BpaTa
u3 Bbi3oBa (DyHKIMS BO3BpaTa U3 BbI30BA — yKa3aTesb Ha (pyHKLHIO. B 9aTOM
KOHTEKCTE gpsim MOJIyyaeT yKasaTesb Ha (DYHKLHUIO, KOTOpasi JOJIKHA
MOSIBUTHCS1, BBI3BAHHASI ITPH OOHAPYKEHUH UKJIOBOTO OCTAHOBA), KOTOPast
JOJI)KHA MOSIBUTCS, KOr'Aa OOHApyKHUBaeTCsl UUKJ. JIoruka ocTaHoBa KpaiHe
npocTta. Korga cyeTunk IMKJIOB HapamuBaeTcsl (AHKPEMEHTHPYETCSI), OH
CpPaBHHMBAETCS CO CJIEAYIOLIEH kKelaeMOot IIMKJIOBOM TOUKOH ocTaHoBa. Ecin
HET coBnagenusi, Torga MHKpeMeHTHpYeM. Tak uTo nepes3anuch AJisi HUKJIOBbIX
OCTAHOBOK TpeOyeT BpeMeHH JJisl peasid3allvi U cpaBHeHUsl. Eciu coBnaneHue
ECTDb, Torga ¢pyHkuus Bo3BpaTa U3 BbI30BA ACCOLMUPYETCS C MOSIBJIEHHEM STOH
TOUKH OCTAHOBA B JIBYX-CBSI3HOM CIIUCKE OOCITYKMBaHHS, KaK CCbUIKA Ha
CJIEAYIOIYIO LIUKJIOBYIO OCTAHOBKY.
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