MUHNUCTEPCTBO OBPA30BAHWA V1 HAYKM POCCUNCKOW ®EOEPALINA
rOCYIOAPCTBEHHOE OBPA30BATENBHOE BIOMXETHOE
YUPEXOEHWE
BbICLLEFO MPO®ECCUOHANBHOIO OEPA30BAHUA
«[JOHCKOWM rOCYOAPCTBEHHbIA TEXHUYECKUA YHUBEPCUTET»
arTy

Kadpeapa «lMpubopocTtpoeHne»

WHTErPUPOBAHHAA CPEOA NMPOEKTUPOBAHUA YINMPABIAIOLLNX
NPOIrPAMM ANA MMKPOKOHTPOJNIEPOB PIC — MPLAB IDE

MeToanyeckne ykasanus kK nabopaTtopHou paboTte no gnucumnuHam
«ABTOMaTN3MPOBaHHbIE CUCTEMBI COopa 1 06paboTkn n3mepuUTENLHON

NHPopMaLMny», « MUKPONPOLIECCOPHAsA TEXHUKA»



PocTtoB-Ha-[loHy 2012



YK 004.382.7

CocTtaButenu: K.T.H., gou. A.B. JInteuH
K.T.H., gou. K.A. Mopos
cT. npenogasatens W.H. HectepeHko

cT. npenogasatens B.H. CbipoBaTka

dopmupoBaHne UHTepBanoB BpemeHu: MeTond. ykasaHua K
nabopaTtopHon paboTe no gucuunnnHaMm «ABTOMATU3MPOBAHHLIE CUCTEMbI
c6opa n o6paboTkm MaMepuTensHon uHgopmaumum» n «MukponpoLeccopHas

TexHuka». — PocTtoB H/[: N3paTtenbcknii ueHTp AFTY. 2012. — 16 ¢.

B meToauueckux ykasaHusXx MpuMBOAATCA Uenb paboTbl, kpaTkoe
onucaHWe WHTErpupoBaHHOM cpedbl  npoektupoBaHus MPLAB  IDE,
codepxXaHve W MopsAoK BbINONHeHWA nabopaTopHow paboTel, nNpuBedeH
nopsaoK  CO34aHust  MpoekTa, nNpuBeAeHbl  MPUMEpbl  UCMONb30BaHUS
BO3MOXHOCTEM MO OTNagke BCTPOEHHbIX B cpedy MPLAB IDE.
MpegoHasHayeHbl ONsi CTYOAEHTOB O4YHOM WU 3a04HOM hopM  0by4eHus
crneumansHoCTen «lMpunbopocTtpoeHne» " «Ctangaptusauns "

cepTudmKaumnsay.

[leyaTaeTca NO pELIEHUIO METOOAMYECKON  KOMUCCUMU cbaKyaneTa

«MpnBoPOCTPOEHME U TEXHNYECKOE PETYITMPOBAHUEY

PeLeH3eHT K.T.H., goueHT M. C. ObyxoB

HayuHbIn pegakTop K.T.H., npod. B.H. AHaH4yeHko

© WNzpartenbckui ueHTp OITY, 2012



1. Llenb  pabGotbl. W3yyeHne  uMHTErpupoBaHHOM  cpeabl
npoektuposaHuss MPLAB IDE v8.56. [lonydyeHue npakTUyYecKkux HaBblKOB
paboTel B cpege Ha npumepe C€O3daHus npoekTa YCTpOWCTBa Ha
MukpokoHTponnepe (MK) PIC16F628A.

2. KpaTtkne cBefeHus 13 Teopumu.

MPLAB ato Habop nporpamm, KOTOpble MO3BONSANT NPOrpaMMucTy
MakcMmarnbHO 3((EKTUBHO COCTaBNATb, OTNaxuBaTb M OMNTUMU3UPOBATL
TEKCT nporpammbl, a Takke, MOCMe 3aBeplUeHusi npouecca OTnagky
cosgaBatb HEX - dparn nporpammbl. (HEX — apxuBHbI chain, cogepxaui
TEKCT NporpaMmMbl B MalLMHHOM KOle, NpeaHa3HayeH A HenocpeacTBEHHOro
nporpaMmMMpoBaHUSA MUKPOKOHTpoOInepa).

Cpena MPLAB cospgaHa Tonbko ang MukpokoHTponnepos PIC. Ons
MUKPOKOHTPONEPOB APYrMx BUOOB MMEIOTCA CBOU Cpefbl NMPOeKTUPOBaHUS.
PaboTa no cosgaHuio TekcTa nporpammbl Unu pabota No U3MEHEHU TeKcTa
roToBOW NporpaMmMbl BCerga HauvHaeTcs € co3gaHus rpoekma. Npu atom
cosgaeTca cpann npoekta ¢ pacwupeHvem MCP. WameHaTb TEeKCT
nporpaMmbl, MNPOU3BOAMTL €€ ONTMMM3auMio W OTnafky Iydwe Bcero B
npoekte. B 3ToM cnyyae, MOXHO MOMb30BaTbCA MOMHbIM  Habopom
Bo3moxxHocTen MPLAB.

Cpena cofepXuT crneumnanbHbIili TEKCTOBbIA peaakTop AN co3aaHus
(paina c TekCTOM nporpaMMbl Ha accembriepe. 3TO 4YacTb MNpoOrpamMmbl
MPASM Bxogswen B naket MPLAB. Takke pepaktop ocylwecTBnsieT psa
CEPBUCHbIX (PYHKUMI Mo oTnagke nporpammbl. dannbl pegaktopa WMeEOT
pacwupeHne ASM.

CoBMECTHO C TEeKCTOBbIM pedaktopom paboTtaeT nporpamma -
cumynatop. OHa Bocco3paet paboty ycTponctBa ©6e3 npumeHeHus
pearnbHOro MUKPOKOHTpoOMepa v sSiBNSAeTCS CPEeACTBOM OTNaaku nporpammel.
70T "BMpTyanbHbIRN", (U3NYECKN He CyLLeCTBYIOWMUN MUKPOKOHTpOIep,
cosgaetca nporpaMMmHbiMu cpeactBamm MPLAB, KOHKpeTHO Ans Kaxgoro
Tna PIC. C noMoLblo cuMynsaTopa MOXHO NpoBepuTb paboTy nporpamMmmbl BO
BCEX BO3MOXHbIX pexuMax (Kkak B LenoMm, Tak M Mo 4YacTsiM), oTCneauTb ee
BPEMEHHbIE XapaKTEPUCTUKU, HAWTU OLUMOKM U NPOBEPUTbL UX YCTpaHEHUE.
Mporpamma - CUMYNSITOP, MOKaXeT: MO KakuM agpecam HaxoAsaTCcs Te Wiu
WHblE pPErMCTpbl W KakMe W3MEHEHUS TMPOUCXOOSAT C WX COLEPXKUMBIM,
nocuMTaeT KONMUYECTBO MALUMHHBLIX LUWKNOB Ha BblIOpaHHOM y4yacTke
nporpamMmbl, CBIMUTUPYET TY UIW UHYI0 CUTYaLMIO 1 T.4.

3. Mopsigok BeinonHeHUs paboTbl
3.1. Co3ganue katanora. lNepeg Havanom paboTbl C Mporpammon
HeobxoAMMO co3fdaTb KaTtanor (namky), B KOTOpoM OyayT pasmeliatbcs



dannbl npoekta. OTkponte nanky PIC Ha aucke C, n co3ganTte B Hew nanky ¢
nmMeHeM primer1.

3.2. Hactpovika naketa MPLAB.

3anyctute  MPLAB. (Myck/MNporpammel/ Microchip/ MPLAB IDE
v8.56/ MPLAB IDE);

BbibepnTe TUN MUKpOKOHTpomnnepa. [Ons aToro B rNaBHOM MEHHO
nporpammbl Bbioepute nyHkT Configure, a B Hem — nyHKT Select Device...
Otkpoetca okHO Select Device, B koTopom B nyHkTe Device HeobGxoguMmo
BblbpaTh TN MK PIC16F628A. Haxxmute Ok.

OcTtanbHble HaCTPOWMKN NPOMU3BOAATCS NO XoAdy paboTkl nporpaMmmbl.

3.3. CospgaHune npoekra.

B rmaBHOM meHI0 nporpammel BbibepuTe nyHKT Project, a B HeM —
nyHkt Project Wizard. Otkpoetca pawmanor Project Wizard no cosgaHuio
npoekTa. Haxmute Janee.

Ha nepBom wware npegnaraeTcs BblGpaTh TUM MUKPOKOHTpONepa, Ha
kKoTopom OyneT cospaBatbesi npoekT. Boibepute MK PIC16F628A. HaxmuTe
Hanee.

Ha BTOpOM Lware npegnaraeTcs BbiOpaTb A3bIK NMPOrpaMMUPOBaHUS.
MpoBepbTe, 4TOObI B nyHKTe Active Toolsuite 6bino BbiGpaHo Microchip
MPASM Toolsuite. B nyHkte Toolsuite Contents nepeuncneH cocras
nporpamm Ansi noaaepXkku gaHHoro s3bika. Mx scero tpu: MPASM Assembler,
MPLINK Object Linker, MPLIB Librarian. Kaxpass nporpamma unmeeT cBoe
MECTO pacrnorioXeHusi, KOTopoe ykasaHo B cTpoke Location. Ecnu nonoxeHue
nporpaMMbl  He YykasaHoO, MNM OWMOOYHO, TO BO3Ne COOTBETCTBYIOLLEN
nporpammbl B okHe Toolsuite Contents nosiBUTCA kpacHbIi KpecTuk. B aTom
cnyyae, Heobxoaumo cHadvana BbibpaTb AaHHYH nporpaMMy B okHe Toolsuite
Contents, 3aTem HaxaTb Ha kKHOMKy Browse... n HaWTh nyTb K nNporpamme.
Mocne Toro kak nyTb OygeT KOPPEKTHbIM M He OyaeT HWM OOHOro KpecTuka,
HaxmuTe [danee.

Ha TpeTbem ware npeanaraeTcs BBECTU MMs npoekTa. BeeouTe B

none Project Name wms primer1. B none Project Directory Heobxogumo
BBECTM MyTb K Marnke, B KOTOPOW GyaeT coxpaHeH AaHHbIN NpoekT. [nsa aTtoro,
HaxMmuTe Browse... u Hangute nanky primer1 B nanke PIC Ha pgucke C.
LWenkHute Ha nanke primer1. Haxmute Ok. Myt (C:\pic\primer1) okaxeTcsa B
ctpoke Project Directory. Haxmute [Janee.
- Ha yeTBepTOM Liare B NpoekT MOXHO o06aBWTb NGO BHEWHWUIA charn n3
APpYyrx npoekToB, TecT nporpammbl 1 T.4. Cenvac y Bac HeT Takux ¢annos,
noatomy HaxmuTe [danee. B npouecce nabopatopHoi paboTtbl Bbl HayunTecb
[06aBnATbL BHELWHWE dalinbl Ha Nobom aTane NpoeKkTUPoBaHKUS.

B nosiBuBLUEMCSA OKHE Bbl BUAUTE UTOr HACTPOWMKU NPOEKTA, HAXMUTE
loToeo. MpoekT co3gaH. 3akponTe okHo Output.



B npouecce paboTbl Hag MPOEKTOM BO3MOXHO W3MEHeHue Tuna
MCMNONb3yeMoro MMKpOKOHTponsnepa. [ins aToro Heo6xo4UMO B rMaBHOM MEHHO
nporpammbl Bblibpatb nyHKT Configure, a B Hem — nyHkT Select Device...
OTtkpoeTcsa okHo Select Device, B koTopom B nyHkTe Device MoxHO BbIbGpaTb
Heobxoaumbit TN MK 1 HaxaTb OKk.

MpoekT co3paH. [danee, HeobxoaMmo co3gaTb ain, B KOTOPOM
OyneT HaxoouTbCa NMporpamMa, HanMcaHHas Ha s3blke acceMbnepa. [nsa aTo
co3fanTe HoBbli (pann (meHto File/New). [aHHbii  dann HeobGxoamMmo
coxpaHuTb (MeHio File/Save As...) no agpecy C:\PIC\primer1\ ¢ umeHem
primer1. Mpun atom, B cTpoke ‘Tun anna’ gomkHO 6biTb ykazaHo Assembly
Source Files (*.asm,....). Tpu 3TOM npu coxpaHeHun K umeHu anna
Heob6xoAMMO AonucaTb pacliMpeHne, a MMeHHO umsa canna.asm . Tenepb y
CO3[aHHOro TEKCTOBOro channa ectb UMA 1 MecTo nonoxeHus. OgHako 3ToT
arin noka He aBnseTcs dannom npoekra. YTobbl OH UM cTan, Heobxoanumo
NpUKpenuTb ero K npoekTy. [Ons 3Toro, B OKHE MPOEKTa C 3arofloBKOM
primer1.mcw, BblGepuTe cTpoky Source Files. [MpaBow KHOMKOW MbILN
aKTUBMpYWTE HUCNagalwLee MeHo, B KOTOpoM Bbibepute nyHkT Add Files...
MosButbCcs okHO AobGaeneHmsa davinoB B npoekt (Add Files to Project), B
KOTOPOM HamauTe npexae COXpaHeHHbI dann ¢ mmeHem primer1. BaxHo
4yTOObI B CcTpoke Tun cpainoB 6bin BbibpaH TUn (*.asm). Beigenute daiin c
nmeHem primer1, Haxmute OTKpbITb. Tenepb oani HaxOOWUTCA B COCTaBe
NpoeKTa, U B HEM MOXHO HaneyartaTb nporpammy.

3.4. 3arpyska B TEKCTOBbIM peJakTop TEKCTOB NpOrpamm.

B cnyyae ecnu ecTb BHewWHu hann ¢ nporpaMmon, To nporpammy
MOXHO He HabupaTtb B chann, a ckonupoBaTb €€ B ¢hain npoekta. OTkponTe
3aflaHHbI MpenofaBaemM BHEWHWA dan ¢ nporpaMmon (Hanpumep, C
nomowbio  meHto File/Open, nporpammbel MPLAB IDE). ®awnn wumeet
pacwupeHve asm. [lanee, BbiAenuTe BCE COAEPXKMMOE OTKPbITOrO BHELUHErO
danna, [ ckonupymTe ero B OKHO danna npoekTta
(C:\PIC\primer1\primer1.asm). 3akpouTe BHelwwHWI hann. Tenepb nporpamMmma
nepBOro NpvMepa Haxo4uTbCS B MPOEKTE.

3.5. Hactponka nHtepcgenca MPLAB.

Hanee, ona obecnevyeHnss MuHUManbHoro ygobctea paboTbl C
nporpaMMoi HacTpouTe pasmep LWpudTa TekcTa nporpaMmbl.  (MeHo
Edit/Properties...., Bknagka Text). Haxmute Ha kHonky Select Font un
yCTaHOBWUTE HeoOXxoaouMbI pasMep LpudTa TekcTa nporpammbl. MNepengute
Ha Bknagky Editor nyHkta meHio  Edit/Properties..... YcTaHoBUTE ranouky
HanpoTtus nyHkTa Line Numbers. Tenepb, kaxxgas cTpoka B TEKCTe nporpammebl
OyoeT npoHymepoBaHa, YTO CYLECTBEHHO OOMNeryuT HasBurauui no
nporpamme B npotecce otnagku. Haxmurte Ok.

3.6. Mposepka 1 KoMNUNAauus ganna ¢ NporpaMmon.



[ns npoBepku 1 KoMNUNsiLum BelbepuTe NyHKT MeHto Project/Build All.
Ecnn nposepka cuHTakcuca nporpaMMbl MpoLlna ycnewHo, To ronoca
BbIMONHEHUs onepauun 3eneHoro LugeTta. [lo OKOH4YaHuM npouenypsbl
NosIBMSETCA OKHO pPe3ynbTaToB, B KOTOPOM YKasblBAlOTCA AMarHOCTUYECKune
coobleHna (Message), u cospgaeTcd ain Cc apxvuBoM MPOLUMBKA ANS
HernocpeACcTBEHHOMO nporpaMM1poBaHuns MWKPOKOHTpOrnnepa Ha
nporpammaTtope. ®avn HaxoguMTca B nanke npoekTa n  umeet
paclwupeHne .hex. B cnyyae ecnu B npouecce NpoBepkn Obinu HavaeHbl
OLUNOKM, TO Noroca BbIMOMHEHUST OMepaLn OKpalUMBaeTCs B KpacHbIM LBET, a
B OKHe pe3ynbTaToB MNOMMMO AuarHoctuyeckux coobuweHun (Message),
ykasblBaloTCs 1 coobeHmsa 06 owmnbkax (Error 1 Warning). ®ain ¢ apxusom
NPOLWMBKA He Cco3fjaeTcsd, A0 MOMEHTa WCMpaBMneHus BCeX OLUMOOK.
BbinonHute npoBepky ¥ KOMNWAAUMIO Mporpammbel primer1 u wucnpasbTe
owmnobKu.

Mpn coobLieHnax o6 owmnbkax BCcerga ykasbiBaeTcsi HOMEpP CTPOKU, B
KOTOPOW OHa HangeHa. Homep CTpoku Bcerga MOXHO y3HaTb no napameTpy Ln
HVXXHE MHAOPMAaLMOHHONW nornockl okHa nporpammbel MPLAB. Takke, MOXHO
NnepemnTn Ha CTPOKY C OLUIMOKON LLEMKHYB JIEBON KHOMKOM MbILM HA COOBLLEHUN
06 owwmnbke aBa pasa.

3.7. PaboTa c cumynsiTopom.

WcnpasneHne Bcex CHUHTakCM4ecKux OWKWBOK He rapaHTupyet
KOPpekTHoW paboTbl Mporpammbl  COFMAcHO  3aMbicily  paspaboTuuka.
Mporpammy Heob6xoaumo nNpoBepuTb Ha COOTBETCTBME paboTbl anroputma
3a0aHuM0 Ha npoekTMpoBaHue. [na aTon uenu B coctaBe naketa MPLAB
umeetca Cumynsatop. 3ToO nporpamma, KoTopas BOCCO3gaeT NporpamMMHO
paboTy BbIOPAaHHOIO MWKPOKOHTPOSIEPa COrfacHO CO34aHHOM pa3paboT4MKom
nporpammbl.  [lo3BonseT  oTcnexvBaTb BeCb  MNPOLECC  BbIMONHEHUS
nporpamMMmbl, COCTOSIHNE PErMcTpoB, BPEMEHHbBIE XapaKTEPUCTUKN U T.4.

Ona  BKNOYEHWs  cMMynsTopa, BblbepuTe  MyHKT  MEHI0
Debugger/Select Tool/MPLAB SIM. lNpu aTom nosiBnfeTcs naHenb 3anycka
nporpammbl Ha cumynsauumio. (KBagpatukm ¢ cumsonamu Run, nepemMoTku u
duUrypHble cKoOKu Co CTpernkamm).

Hanee, HacTponTe CUMYNATOP Ha TaKTOBYIO YacTOTY UCMONb3yemyto B
npoekTe. B cnyyae npvmepal ncnonb3yeTcs KBapLeBbIn pe3oHaTop Ha 4 Mru.
Otkpovite nyHKT mMeHio Debugger/Settings... Beibepute Bknagky Osc/Trace u
yCTaHOBWTE 3Ha4YeHne TaKToBOW YacToTbl reHepaTopa. Haxmute Ok.

Mocne ycnewHon nNpoBepkM M KOMNWAAUMM TeKkcTa nporpaMmmbl Ha
neBOM norne TeKkcTa NporpaMMbl yCTaHaBMnMBaeTCA MepuaroLlmin Kypcop C
3eMeHOoN CTpernkon HanpoTVMB NepBON KoMaHAbl nporpammel goto Start. Janee
BO3MOXHO HECKOMbKO PEXUMOB paboTbl cumynaTopa.

Haxmute Ha kHomky Run (0gMH UBETHOW TPEYronbHWK B MaHemnu
3anycka nporpaMmMbl Ha cumynsuuio). NporpamMma HauyuHaeT BbIMOMHATHCA B
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HenpepbIBHOM pEXuMe C MakcumarbHoW ckopocTbto. O paboTte cumynsaTopa
MOXHO cyauTb no Gerylein nonocke B HWXHen Yactn okHa MPLAB ¢ Ha3BaHue
Running... OcTtaHoBuTe cumMynaumio, HaxkaB Ha kHonkKy Halt — octaHoBka (aBe
BepTMKanbHble 4epTbl). 3eneHas cTpenka OCTaHOBUTCS Ha TOW KOoMaHge
nporpaMMbl, B MOMEHT BbINONIHEHUST KOTOpoW Obina HaxaTa KHomka
ocTaHoBKkW. Ecnv noBTOpHO HaxaTb kHOMKy Run paboTta nporpammbl Ha4YHETCS
C aTou KomaHabl. OCTaHOBUTE CUMYNALIMIO.

C6pocbTe TekyLlee nonoxeHne paboyven TOUKM NporpaMmmbl (3eneHon
CTpenkun) Ha Havano nporpaMmmel (komaHaa goto Start). [insa aTtoro HaxmuTe Ha
kHoMKy Reset (xenTbIn KBagpaT CO CTPENKon).

Haxmute «kHonky Animate (AHumaums) Cc [OBYMS UBETHbIMMU
TpeyronbHUkamu. HayHeTcsi HenpepbiBHOE BLIMOIHEHWE MporpaMmbl B
3aMeaneHHOM pexume, 3erneHasi CTpenka nepemelyaeTcd no nporpavmme. B
3TOM pexume yaobHO oTcnexuBaTb COCTOSIHME PErncTpoB, MOCKOMbKY
N3MEHEHMNE X COOEPXKMMOro NPOUCXOAUT OTHOCUTENBHO MeaieHHo. CKopoCTb
aHMMaLuun BO3MOXHO MEHATb C MOMOLLBI0 MyHKTa MeHo Debugger/Settings...
Bknagka Animation / Realtime Update , napametp Animate step time.
OcrtaHoBuTe cumynauuio. He HaxmmanTe Reset.

OcTaBLlUMEeCs TPU KHOMKX NpefHasHa4YeHbl A5 NoLaroBoro pexuma
cumynsummn. KHonka Step Into co cTpenkoi Bxogsiien B CKOOKM 3anyckaeT
CMMYMATOP Ha BbINOMHEHME OJHOW KOMaHAbl. Haxmute Ha 3Ty KHOMKY
Heckonbko pa3, ybegutecb, 4YTO paboyvas Toyka mnporpammbl (3eneHas
cTperka) nepemMeLlaeTcs.

KHonka Step Over (BbiNOnHeHWe noanporpaMmmbl C NPOMYCKOM) CO
cTpenkow obxopsien ckobkv, NpefHasHayeHa Ans BbINOMHEHMS wWara, HO B
cnyyae ecnu Ha nyTu pabodyert TOYkM NosBUMTLCA komaHaa call Bbi3biBaroLlas
nognporpammMy, TO nognporpamma OyaeT BbinonHeHa u paboyas Toyka
YCTAHOBUTCS Ha KOMaHge criegywuwen 3a komaHgon call. (BusyanbHoro
nepexoja B noanporpammy He 6yaer).

KHonka Step Out (Bbixog v3 nognporpammbl € BbINOAHEHUEM)
Nno3BOnseT BbIATU M3 TEKyLlen nognporpaMmbl Ha KOMaHZy, cregyloLwylo 3a
KOMaHgon eé (mognporpamMmy) Bbi3BaBwew. [lpu 3TOM  npovcxoguT
YCKOPEHHOE BbINOSHEHME OCTaTKka KOMaHZ, BbIMOSHABLUEACS NoANporpamMmbi.

MoakcnepumeHTupynTe ¢ kHonkammn  Step Into, Step Over, Step Out,
YSICHUTE CMbICH BbINOMHAEMbIX UMW OEACTBUN.

Ha npakTuke Bce pexumbl CUMYMAUUMA WUCMOMb3YIOTCA KOMMIEKCHO,
nogyac oauvH pexmm CMEHSeTcs ApYrum, 3aTeM TPeTbuUM U T.4.

3.8. OtcnexvBaHue COCTOSHUSA pPerncTpoB B npouecce paboTbl
cumynaTopa.

Maketr MPLAB npepgocTtaBnsieT LWMPOKMI Habop cpeacts Aans
OTCNEXMBaHNS COCTOSHUSI PErMCTPOB CUMYIUPYEMbIX MWKPOKOHTPOMMEPOB.
[aHHble nporpaMmHble YHKUMM Haxopatcs B MeHwo View. Paspabotumk
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MOXeT Habniopatb 3a coctogHuem cteka (View/Hardware Stack ), roe
XpaHATCA agpeca Bo3Bpata M3 noanporpaMMm. Takke MOXHO MEHATb
cojepxumoe fyeek cteka. ([JBOMHOM LUENYOK MbIWbI0 Ha SYenke, U a4yeika
CTaHOBUTCA AOCTYNHa ANa pefaktupoBanusi). 3akponTe okHO  Hardware
Stack.

BbibpaB cTtpoky View / Program Memory nporpammuct MoXeT
Habnogatb 3a COCTOSIHUEM MaMsATU MporpaMM B TPeX pasfuuyHbIX Buaax:
Opcode Hex — paskoauMpoBaHHbI hain u3 3aapXMBMPOBAHHOW MPOLUMBKU
(pannbl ¢ pacwwupeHuem .hex), BUAHbI SYENKM MaMATU C YUcnamu, ¢
LecTHaguaTepuyHblM cogepxumbiM; Machine — nporpamma B MalUMHHBIX
Kogax, B KOTOPOM BMECTO CUMBOJIOB YyKa3aHbl WX YMCIOBble (afpecHble)
3HayeHusi; Symbolic — nporpaMma B MalUMHHBIX KOAax, HO C yKa3aHueMm
CUMBOJIIOB MEPEMEHHbIX, METOK W HasBaHui nognporpamm. Coaepxumoe
nobon syenkn Program Memory MOXHO pegakTMpoBaTtb. 3akponTe OKHO
Program Memory.

BeibpaB ctpoky View / File Registers moxHo Habniopate 3a

COCTOSIHMEM MaMSITU OAHHbIX, BKIOYasa Kak perucTpbl obLero, Tak u perncTpbl
crneumanbHoro HasHadeHus. HabnogeHwe OoCTynHO kak B pexume hex, Tak u
B pexume Symbolic. 3HayeHue nwboro permctpa BO3MOXHO PefaKTUPOBATb,
npuyemM 3Ha4yeHusl npeacTaBfeHbl B LWECTHaAUATepPUYHOM, [ABOUYHOM U
AECATUYHOM BuAax.
Mpencraenenne B Buge hex Gomee komnakTHO. B npouecce BbINOMHEHWS
nporpamMmmbl perucTp NamaTu AaHHbIX, C COAEPXMMbIM KOTOPOro Nponu3sogauTca
OecTBue BblaenseTcs kpacHbiM LUBeToM. Pasmectute Ha akpaHe okHO File
Registers u okHo ¢ nporpammoii. Beibepute Bug hex. CopocbTe nporpammy Ha
Hayano. 3anyctute Cumynstop B pexume aHumauun. MpoHabnioganTe 3a
M3MEeHeHMeM COAEPXKMMOro perncrpa cyetduka komaHg PCL (agpec 02h), n
KaK 9TO coaepxumoe oTobpaxaeTtcs B Apyrux 6aHkax (no agpecam 82h, 102h,
182h). lMpoHabnioganTe 3a mM3MeHeHWe cogepxumoro sivevikn 70h, agpec
KOTOpOW npucBOeH nepemeHHon n. OcTtaHoBuTe cumynsumio. Cb6pocbTe
nporpaMMy Ha Ha4vano. Kak MOXHO 3aMeTuUTb, PEerncTpbl NamsaTb AaHHbIX
COXpaHuIu 3Ha4YeHns ocTaBLLMECS MOocne nocregHero 3anycka. [oatomy, ans
0GHyNeHnst NaMsTM pekoMeHayeTcsl Bocrnonb3oBaTbes nyHkToM  Debugger/
Clear Memory/ All Memory. lMNocne o4ncTkn namaTn Heo6xoaMmMo NPOUn3BECTU
npoBepky ¢ komnunsiuuen (Project/Build All). 3akpowite okHo File Registers.

[ns oTgenbHOro HabnaeHUs perncTpoB crneumnanbHOro HasHavyeHus
MOXHO BOCMONb30BaTbCcA NyHKTOM MeHio View / Special Function Registers.
[oe cobpaHbl BCe PerncTpbl CneumanbHOro HasHa4YeHUs U KX 3HaAYeHUs,
COAEepXXMMOE KOTOPbIX YyA0OOHO N3MEHsSTb B criydae HeobxoanmocTu. 3akponTe
okHo Special Function Registers.

Ha npaktuke, Mcnonb3oBaHWe BCEX MEPEYUCIIEHHbIX CPEACTB Ans
OTCNEXMBaHNS COCTOSIHUSA PErncTpoB He Bcerga yaobHO B curny GonbLUoW
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YMCNEeHHOCTU perncTpoB. Korga 4eTko M3BECTHO Kakue perncTpbl Heobxoanmo
oTCcnexuBaTb, Nonb3ylTca NyHKToM meHo View / Watch. OaHHaa dyHkums
nossonseTr BbiOpaTb M3 COCTaBa pPErncTpoB CreumanbHOro Ha3HayeHus
BblbpaTb Heobxogmmble. Bbibop oCyllecTBNSETCA M3 HUCMaQAloLWEero MeH
Bo3ne kHonkn Add SFR, ¢ nocnegyroLwmm HaxxaTmem Ha 3Ty KHOMKY. Takum xe
cnocoboM MOXHO BbibpaTe Heobxogumble perucTpbl obLero HasHayeHws.
Bbi6op ocyliecTBnsieTcst N3 HUCMagaloLWero MeHro Bosne kHonku Add Symbol,
C rMocnegylownM HaxatmeM Ha 3Ty KHOmMKy. Bbibepute un3 pernctpos
crneumanbHoro HasHadeHusi peructpbl TrisB, PortB. M3 peructpoB obliero
HasHayeHus — nepemeHHole n, n1, n2. CbpocbTe nporpamMmy Ha Hayano.
3anyctnute aHuMaumioo, noHabnopgaWTe 3a M3MEHEeHVWeM  COLEepPXKMMOro
pernctpos. OcTaHOBMTE aHMMaLumio, COpocbTe NPorpaMMy Ha Havarno.

3.9. Vicnonb3oBaHne To4YeK OCTaHOBKM.

Mpn oTnagke 6GonbluMX nporpamMMm, 3a4acTyld MCMOnb3oBaHWe
aHMMauuM unyM MoLiaroBoro pexvma B MacwTabax BCel nporpamMmmbl He
apdekTMBHO, B CUNY Manow CcKopocTu onepauui. Kcnonb3oBaHue
NepeyncrnieHHblX  PeXuMMOB  [OMOMHAETCA  WUCMOMb30BaHUEM  pexuma
HenpepbIiBHON cumynsauun. OgHako 3TOT pexuMm HeobXoaMMO OCTaHOBUTL B
onpefeneHHoN TO4YKe Mnporpammbl, C KOTOpPOW HeobXoaMmO Mpou3BecTu
oTnagky. [Ons SToM uenu B TeKCTe NporpaMmbl YCTaHaBMMBAKOT TOYKU
OCTaHOBKW. [INs 3TOr0 HYXHO yKasaTb LIENYKOM MbIM Ha KOMaHdy B
nporpaMme (ykaxxute Ha CTpoky 71 mporpammebl), a 3aTem LLENYKOM NpaBou
KHOMKM MbIlWM B HWCNagjawowemM MeHo BblbpaTb nyHKT Set Breakpoint
(yctaHOBWTL TOYKY OCTaHOBKM). [1osBMTbLCA KpacHas Toyka Ha none BO3ne
CTPOKM, OTMEYEHHON MWraloLMM KypcOpoM. AHAMOrMYHbIN pe3ynbTaT MOXHO
MONyYNTb NPOCTbIM ABOWHBIM LLEMYKOM NEBOW KHOMKOW MbIlwKn. Y6paTb TOYKy
MOXHO UMW ABOVHBIM LLEMYKOM MbILIW, U KOMaHAOW HUCNAaAaloLWwero MeHo
Disable Breakpoint.

YcTaHOBUTE TOYKY OCTAaHOBKM Ha cTpoke 71. 3anyctute cumynsTop B
pexuMe HenpepbIBHOTO BbINONHeHMs (kHomka Run). CTpenka ocTaHOBMTCSA Ha
KpacHou Touke. [lanblue BO3MOXeH BbIOOp nowaroBoro vunu nboro apyroro
pexuma. [pn NOBTOPHOM HaaTum KHOMKM Run nporpamMma BbIMOMHWTCS MO
KPYry M OnsiTb OCTAHOBUTCS B OTMe4YeHHOMN Touke. [NoakcnepumeHTupyiiTe ¢
TOMKaMU OCTAHOBKM W pexmmamu cumynaumm. OcTaHoBUTE CUMYNSALMIO,
yaanute Bce To4kn. CobpocbTe nporpaMmmMy Ha Havano.

3.10. CekyHpomep.

[ns oTcnexuBaHWs BPEMEHHbIX XapakKTePUCTUK  BbIMOMHEHUS
nporpammbl B coctaBe MPLAB wumeetca cpeactBo No4  Ha3BaHUEM
StopWatch pacnonoxeHHoe B nyHkTe wMeHw Debugger. 3anyctute
cekyHgomep. OTkpoeTtca okHo StopWatch. B okHe npefctaBneHa vacTtoTa
npoueccopa, a Takke gpa napametpa: Instruction Cycles — konuyecTBo
MaLUUHHBIX LUMKNOB, a Takke Time — BpeMs BbINOMHEHMSA MNpOrpamMmbl
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(komaHg). Kaxabii napameTp pa3geneH Ha aBa okHa, cobetBeHHo StopWatch
- CeKyHOoMep, M OOLWMI CYETYMK MAaLUMHHBIX LMKIOB U BpemeHn — Total
Simulated.

3anyctute cumynatop B pexume aHuMauuun. [oHabnwopainTte kak
MeHsieTcst  cyeTumkn. OcTtaHoBuTe cumynsatop. COpocbTe nporpammy Ha
Havarno.

B nporpamme  primer1 otcnegute  Bpems BbIMOSTHEHUA
nognporpammbl Pause1. [nsi 9TOoro nocraBbTe TOYKM OCTAHOBKW HaMpoTUB
komaHgb! call Pause1 ctpoka 111, u - komaHabl decfsz n1,1 cTpoka
112. 3anyctute cMMynaTop B HenpepbiBHOM pexume (kHorka Run). Mocne
yero, paboyas To4ka YCTAHOBWTCA Ha MepBoOW Touyke octaHoBa. OGHynuTe
cekyHoomep (kHonka Zero). NoBTOpPHO 3anycTuTe CUMYNATOP B HEMPEPbLIBHOM
pexume (kHonka Run). Paboyas Toyka YCTAHOBWUTCA Ha BTOPOW TOYKe
octaHoBa. B okHe  StopWatch — Time npoytute 3HayeHue BpeMEHU
BbIMONMHEHUss  nognporpammbl.  [1O3KCNEPUMEHTUPYATE CO  3HAYEHUEM
nepeMeHHon n. Y6eguTtecb 4TOo umcrno 199 obGecneumBaeT Heobxoammoe
BpeMSA 3a4epXkn B 1mcC.

Ypanvute TOYKM OCTaHOBKU. AHanornyHbiM obpasom ybeauTtech, 4TO
WHTEpBarn BpeMEHU MeXy NEepeKnoYeHUs MU CUrHarnoB Ha NuHUSX nopTta B,
CTPOro COOTBETCTBYET 3HAYEHMIO B 1 CeKyHAY. (TOYKM HEOOXOAMMO MOCTaBUT,
Hanpumep Ha nuMHMAX 79 M 85, Ha KOTOPbIX pPAaCMONOXEHbl KOMaHAabl,
N3MEHSIoLLME COCTOAHME NUHWIA nopTa B).

3aBeplunTte BCe 3IKCNepumeHTbl. [lpoBepbTe W OTKOMNUAMPYNTE
nporpammy npoekta primer1. Ckonupywnte davin-apxms C NPOLUMBKOW ANA
NporpaMMMPOBaHUS  MUKPOKOHTPOMNepa Ha BHEWHWA Hocutenb. (Pann
Haxogutcs B Kartanore  npoekTa, MMeeT  paclumpeHuem  hex).
3anporpaMMunpyiTe  MUKPOKOHTponnep, ybegutecb 4TO  nporpamma
BbINOTHAETCH COrMacHoO 3agaHuio.

Co3paiite HOBbIA MNpoekT, Habepute U oOTnNagbTe nporpammy,
peanu3ylollylo  3a4ady  MOJNyYEHHOrO  COMMacHO  BapuaHTa  3ajaHusl.
MpousBegute nporpaMMUpOBaHWE KOHTpornepa, ybeautecb B MOMHOM
COOTBETCTBMU paboTbl MPOrpaMmbl NONTYYEHHOMY 3a[aHuIo.

3.11. MosTopuTe n.3.1 — 3.10 A4na cnyyas nporpaMmmbl, COCTaBIEHHOWN
COrnacHoO BapuaHTy MWHOMBMAYyanbHOro 3agaHusi B nabopaTtopHow pabote
«lMporpammupoBaHne MUKpoKoHTposnnepa cepumn PIC16».

4. CogepxaHue otyeTa

4.1. Uenb paboThbl.

4.2. CBegeHus o cpege npoektuporarHmns MPLAB IDE.

4.3. Onwncanne nopsigka paboTbl CO CPefol NpPOEKTUpoBaHWME
MPLAB.

4.4. TekcT nognporpammel no n.3.11 n pe3ynbTaTthbl €e aHanusa.
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4.5. *.hex chann npowmBkM Ans NporpaMMMpoBaHus
MUWKPOKOHTpOMnepa.

5. KoHTponbHble BOMPOCHI AN NMPOBEPKN FOTOBHOCTWU CTYAEHTOB K
BbINONHEeHUo nabopatopHon paboThbl.

5.1. Kakue Buapl S136IKOB NporpaMmMmnpoBaHus Bam n3BecTHbl,
onuwmTe nx ocobeHHocTn?

5.2. Kak paccunTbiBalOTCS BPEMEHHbIE XapakTePUCTUKN NporpaMmm?

53. W3 kKakMmx OCHOBHbIX 4acTelm COCTOMT  nporpamma
MUWKPOKOHTPOMMepa CocTaBneHHas Ha a3blke accembnepa?

5.4. OnuwnTe OCHOBHbIE MpaBuUna HanucaHsa NPorpaMMm Ha si3blke
accembnepa?

5.5. Kak 3agaeTtcs cogepxumoe crosa KoHdurypaumm?

5.6. MNepeuuncnure nssecTtHole Bam gupektnebl accembnepa?

6. KoHTponbHble Bonpockl No utoram naéopartopHoi paboTbl.

6.1. OnnwwTe coctaB cpedbl npoekTupoBaHua MPLAB IDE?

6.2. OnuwmnTe NopsaoK co3daHusa npoekTa?

6.3. Kak 3agaTb TOYKM OCTAHOBKM B NporpaMmme?

6.4. Kakne pexumbl cumynstopa Bam n3sectHbl, onuwmTe nx?

6.5. dann ¢ KakuM  paclUMpeHMeM  COOEPXKUT  MPOLLMBKY
MUWKPOKOHTpOnnepa?

6.6. OnuwuWTe nOpPSAOK MOUCKA W MCMPaBMEHUS CUHTAKCUYECKUX
owmnbok B nporpamme?

6.7. Kak npoBeputb B CUMYNSITOpPE BPEMEHHbIE XapaKTEPUCTUKU
nporpammbI?

6.8. OnuwuTte Bo3mMoxHoCcTM cumynatopa MPLAB IDE B yactu
HabnogeHna 3a  W3MEeHEeHMeM COOEepPXMMOro perucTpoB B npouecce
CMMYNMPOBaHUS BbINOMHEHWS NPOrpaMmbI?
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