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JlabopaTopHasg paborta Nel

JIabopaTopnas padora Nel

OTa104HbII KOMILIEKT.

1. Beenenne

JaHHBII Kypc J1abopaTOpHBIX pabOT IpeaHa3HAuyeH ISl MOJyYeHUs] HadyalbHbIX MpaKTUYe-
CKMX HaBBIKOB PabOTBI ¢ MUKpOKOHTposuiepamu cemeiictBa M68HCI11 ¢upmbr Motorola. Kypc
npeanoJjaraeTcs nNpoBoauTh Ha otjianouyHoMm moayiae HC11EVB, paboraoliymM ¢ MUKPOKOHTPOJI-
nepom MC68HCI1EI. Ilepen mpoBeaeHMEM Kypca HEOOXOIMMO O3HAKOMMTCSI C ONMMCAaHWEM Ha
MukpokoHTposiep MCO68HCI11E1, Ha oT/IaqodHbIii MOAY/Ib M Ha TIporpaMmy-oTiaqunk XDBG11.

B nocnenyromux padorax Bam Oyner HeoOX0aAMMO MPOU3BECTU CTaHAAPTHYIO TOC/IeN0BaTEIb-
HOCTb JEUCTBUIA:

1. co3gaHue nmporpaMMbl B p€1aKTOPE;

2. acceMOMpoBaHKEe MPOTPpaMMBbl U UCIIPABJIEHNE OLIMOOK;

3. 3arpy3ka nporpaMmMsbl B MaMsTh OTJIaJ0YHOTO MOIYJIS;

4. oTiagka IporpaMMBbl.

B nanHoOi1 nabopatopHoOil paboTe WJUTIOCTPUPYIOTCS OCHOBHBIE MPUEMBI BBIITOJHEHMS 3TUX JAEH-
CTBUIA.

2. O0mas CTpyKTypa OTJIaI0YHOr0 KOMILIEKCa

OO11as cTpyKTypa OTJIaJ0YyHOro KoMIjiekca npeacrasieHa Ha puc.l.l. OH BKiouaeT B cedst
IBM PC coBmecTuMBIi KOMIObIOTEP, HA KOTOpoM padortaeT nporpamma XDBGI11, u otiamouHslit
monyiab HC11EVB. [1luranue o11ano4yHOT0 MOAYJISI MOXET OCYILIECTBISITHCS KaK OT OTACIbHOTO UC-
TOYHMKA IMUTAHUS, TAK U OT KOMITbIOTEPA (Yepe3 pa3beM MOAKIIOUEHUS TMCKOoBoIa 5725).

]
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OCHOBHBIMH YaCTSIMU OTJIAIOYHOT'O MOJIYJISI SIBJISIFOTCSI:
MukpokoHTposuiep MC68HCI11El,;
amyasgTop noptoB (PRU) MC68HC24;
BHemrHee O3Y (16K0);
CHCTEMa CBSI3U C KOMIIBIOTEPOM;
0JI0K MHAMKALIMK (8§ CBETOAMOI0B, MOJK/IIOUEHHBIX K BbIBOJaM MopTa B);
0JI0K BBOJA (8 mepekiiroyaTesieii, MOAKJIIYEHHbIX K BbiBoAaM nopTta C, KHOIKa reHepaluuy Ipe-
pbiBaHUs IRQ u kHOMKa reHepaluu nipepbiBaHus PAQ);
7. cucrema copoca;

A e
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JlabopaTopHasg paborta Nel

8. IBa pazbeMa IS MOAKJIIOYEHMS BHEITHUX YCTPOMCTB (HAa OJHOM M3 Pa3beMOB MPOUCXOIUT IMY-
aauuss O9BM B ogHOKpuUcTalIbHOM (single chip) pexume, Ha BTOpPOM - B pacIIMPEHHOM
(expanded) pexume).
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PacnionoxxeHue nepexiitouaresieii, mnepemMbluyek, CBETOAMOA0B MOAYJISI, a TAKXKE PacloIoKeHUe
pa3beMOB Ha IUIaTe IpeacTaBieHO Ha puc.l.2. Bcero Ha miare yctaHoBieHo 11 mepembruexk (J1-
J11), onucaHue KOTOPBIX IPUBOAUTCS HUXKE:

+ J1, J2 - ynipaBieHre UICTOYHUKOM CHUHXpOHM3alnn Mukpocxembl MO6SHCI 1.
Tabnumna 1.1

[Homoxenue J1

Tonoxenue J2

Hcrounuk cuaxponmn3aun M68HC11

1-2 (mepeMbIuka 2-3 KBapLeBbIii pe3oHaTop 8§ MI'1, ycTaHOBJIEHHBI Ha
yCTaHOBJICHA) riaTe
nepeMbluKa CHSITa 1-2 BHEIIHWI CHUTHAJ TI0JaBaeMbIii Ha BbIBOA 7

(“EXTAL”) pazbema X3 niu X4

« J3, J4 - mogkmoueHue 0JI0Ka TtociieqoBaTeibHOro nHrepdeiica K M6SHCI1 1. YcraHoBeH-
Has repeMbluka J3 monkimovaer BeiBog PD1 (TXD) Mmukpocxemsl M68HC11 ko Bxomy mie-
penaTtyrka nocjaeaoBaresibHOro uHtepdeiica. YcraHoBlieHHas epeMbluka J4 moakioyaeT
BBIXOJ] IPMEMHHUKA MOocIeoBaTe/IbHOT0 nHTepdeiica K BeiBoay PD0 (RXD) M68HCI11.

« J5, J6 - BBIOOD pexkuMa pabotel MukpocxeMbl MO68HCI11 nocne copoca. Ilepembruka J5
yrnpasigeT curHaioM MODA M68HCI11 (ycraHoBieHHas! IlepeMbluKa COOTBETCTBYeT “0”,
OTCYTCTBHE MEPEMBIYKM - “1”), mepeMbIuka J6 - curnasom MODB.

OT1ag04YHbBIN KOMIUIEKT. 3



JlabopatopHas padota Nel
« J7, J8 - nogaua onopHbIX HanpskeHuit Ha BHyTpeHHee ALLTT mukpocxembr MO68HCI11. Ec-
JIn yctaHoBJieHa niepeMmbluka J7, Ha BeiBog VRH HC11 nomaercs Hanpstkenue +5B. [lpu
ycTtaHoBJIeHHOM TtepeMbruke J8, BbiBom VRL M68HC11 moakitoyaeTcs K 3eMJie.

Tabnuna 2.1
J5 J6 cocTossHUE | cocTostHuEe | PexXum padoThl MUKPOCXEMbI
MODA MODB M68HCI11
YCTAaHOBJIEHA | yCTaHOBJIEHA 0 0 CHeLMaJbHBINA PEXXUM 3arpy3Ku
yCTaHOBJICHA CHsITa 0 1 OIHOKPUCTAJIbHBIN PEeXUM
CHATA yCTaHOBJIEHA 1 0 CrelMaJbHbIA PEXXUM TeCcTa
CHSITA CHsITa 1 1 paCLIMPEHHBIN pexXUM

* J9 - nogaya HanpstkeHus: mporpammupoBaHus (+12.25 B) Ha BbiBoa /XIRQ Mukpocxembl
M68HCI11. Eciin nepeMbruka J9 cHsita, Ha Bxox /XIRQ mocTymaer yepe3 pe3ncTop Hampsi-
KeHue +5B (Takum obpazoM obecneunBaeTcsl ypoBeHb “17). Eciu nmepembruka J9 ycraHo-
BJIeHa (Mpu 3TOM 3axuraeTcs KpacHbiii cBeroauon HL1), Ha Bxox /XIRQ momaeTrcs Ha-
NpsKeHue mporpaMMupoBaHust Vpp ¢ BeiBoAa 4 pazbema X1, HeoOXoaumoe IJIsl porpaM-
MupoBaHus BctpoeHHoro I13Y mukpocxembr MO6SHCI 1.

* J10 - nmoaxmouenne knapumm “PA0” x BeiBogy PAO mukpocxembr MO68HCI11. IIpu ycra-
HoBJeHHO# niepembruke J10, Ha BeiBog PAO M68HC11 moctymaer 6o “1” (knaBuima PAQ
He Haxarta), 1160 “0” (knaBuiua PAO Haxara).

» J11 - paspemenue npepbiBanus 1o JuHuu /IRQ ot amynaropa moproB MC68HC24. Ipe-

phIBaHME pa3peliaeTcs Mpu YCTaHOBJIEHHOI repeMbluke J11.

Ilepexntouyarenu SA1-SA8 mpemnHazHauyeHbl IS (pOPMUPOBAHUSI BXOJHBIX BO3NEHCTBUI Ha
JuHuun nopta C smylisiTopa MOpPTOB U COOTBETCTBYIOT JMHUAM PCO-PC7 nopra (iormueckuit “0”
¢dopmupyercst B HUXKHEM T10JI0XKeHUU nepekiatoudaress). Ceeronuoasl HL2-HL9 oTo6GpaxaloT co-
CTOSIHME JIMHUI nopTa B amynsitopa mopToB u cOOTBETCTBYIOT JIMHUAM PB0-PB7 moprta (ropsiiumii
CBETOAMOA UHAMIIUPYET HaJIM4KMe JJoThdeckoit “1” Ha COOTBETCTBYIOLICH IMHUN).

3. 3amycK 1 HaYaJbHAsI HACTPONKA Cpebl

3anyck cpeabl OCyLIECTBIISIeTCSI BBOAOM B KOMaHIHOM cTtpoke DOS komaHabl “xdbgl1” ¢ no-
ciaenyomuM HaxatueMm kjasBuinu <Enter>. Ilocie 3amycka IoJib30BaTel0 COOOIIAETCs O 3arpy-
>)KEHHOM T10 YMOJIYaHUIO MOJYJIe MOAIEPXKKU KaKOT0-JIMOO TUIla KOHTPOJUIEPOB WM TpeaiaraeTcs
BBIOpaTh MOIYJIb M3 UMEIOIIMXCS (CMEHY MOIYJISI MOXHO MPOU3BECTH HaxkaTtheM KiaBuim <F6>).
Hanee cieayeT yaoCTOBEPUTHCS, YTO IIporpaMMma HacTpOeHa Ha B3aMMOJIEMCTBUE C IUIATOM 4epes
MPaBWIbHbIA KOMMYHUKAIIMOHHBIN NTOPT B MeHI0 “Option—Communication”. Tenepb nporpamMmma
rotosa K padore. JI1g yCTaHOBKHU CBsI3U € ILIaTOM BbIOEpUTE MyHKT MeHI0 “Debug—Connect” wiu
HaxmuTe KiaaBuiny <F4>. B ciayyae ommOKU coenMHeHUsI HeOOXOAMMO HaxaTbh KjaBuilly “Reset”
Ha Iu1aTe OTJIaf0YHOTO MOYJISI U IOBTOPUTH OMEpalUIo.

4. PenakTupoBanue ¥ acCeMOJIMPOBAHNE MPOTPAMMBI

Co3zpaiiTe HOBYIO IIpOorpaMMy, Il Yero OoTKpoiTe okKHO yepe3 MeHio “File—New”, BBenurte
TEKCT IIpUMepa, KOTOPbI OyJeT MCIT0JIb30BaH B MOCJIEAYIOIINX SKCIIEPUMEHTaX:

cpu 6811 ; OIpenenmTh TUII IIpolleccopa
org $c800 ; aIpec pa3MelleHus IPpOTpPaMMBl B ITaMATU
; KOHTPOJIIepa
ldaa #$10 ; 3arpy3uTb B perucTtp A 16
11 staa 0,x ; COXPaHUTBL COLEPXKMMOE permucTpa A B

; d4erke TIaMAaATV, Ha KOTOPYK YKas3bBBaeT
; perucTtp X
inx ; YBEIUUYUTB COIOEpXMMOe permcrpa X
deca ; YMEHBIINUTE CONEPKMMOE akKKyMyJIAdTopa
; HA eoVHUITY

OT1ag04YHbBIN KOMIUIEKT. 4
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bne 11 ; TIepexomn, eclIM CcomepxkuMoe
; AaKKyMyJsIiTopa He paBHO 0
CoxpaHute mporpammy, BbiOpaB B MeHI0 “File” myHkT “Save as...” uim HaxaB kjnaBumy <F2>.
ITpousBenute accembaMpoBaHue, BbiOpaB B MeHI0 “File” myHkT “Assembly”. B ciaydae, eciau npu
acceMOJIMpOBaHUM HE MPOM30ILLI0 OLIMOOK, TO B paboyeM KaTajore OyaeT co3naH (aita ¢ yka3aH-
HbIM Bamu nMeHem u paciupeHuem S19.

5. 3arpy3ka nmporpamMmMbl B NaMATb KOHTpoOJLJIepa

s 3arpy3Ku mporpaMMbl B IaMsITh OTJIaJ0YHOTO MOJIYJIS CIEAYyeT BOCIIOIb30BaThCSI KOMaH-
noit otnaguuka “Debug— Download”. ITocie 3Toro oTKpoeTcsi OKHO, B KOTOPOM IIpeajiaracTcs oT-
KPBbITh OOBEKTHBIN Ko Balieit mporpaMmmebl B opmate Motorola S-Records.

6. IIpocMoTp U N3MeHeHHEe BHYTPEHHUX PETHCTPOB

g mpocMoTpa COAEPXKUMMOTO PErMCTPOB CIAYKWUT BEPXHSIS LIEHTpajbHas sdyeiika OKHa
“Debug window”. YUTOObI U3BMEHUTDH COAEPXKUMOE PErUCTPOB, HEOOXOAUMO MPHU MOMOIIY KIaBUILLIU
TaOYJISILIMM U CTPEJIOK TTOABECTU KypCOp K HY>KHOMY PETrMCTPY U 3aTeM HaxXaTh Mpobes (B 3TOM ClTy-
yae Ha 3KpaH OY/AeT BbIBEIEHO OKHO, B KOTOPOM MOXHO OyJIeT BBECTM HOBOE 3HAYEHUE) WJIU KJla-
BUIIY ‘C’ WJIM ‘N’ COOTBETCTBEHHO JJIsI TTOJIYYEHMST TBOMUHO-COMNPSI)KEHHOTO WIM YMC/ia ¢ TPOTUBO-
MOJIOKHBIM 3HAKOM.

7. IIpocMOTp ¥ U3MEHEHUE SYeeK MaMITH

[TpocMoTp comepXUMOro MmaMsiTu MOXHO OCYIIECTBUTh BbIOpaB B MeHI0 “Debug—Memory”
NOANyHKT “Inspect”, mociie 4ero mosiBUTCS OKHO, B KOTOpoM Bam OyaeT npemiokeHO BBECTH Ha-
YyaJbHbIA M KOHEYHbIN agpec misi mpocMoTpa. sl u3MeHeHusI COAep>KMMOTro PErucTpoB HEOOXO-
JUMO BbI3BaTh IMMYHKT MeHI0 “Debug—Memory— Modify”.

[Tpu nuamenenuu perucrtpa CONFIG nnu siueiiku EEPROM cnenyet yoeauThesi, 4TO OUTHI
sammThl B peructpe BPROT cOpomensl. Beenure anpec $1034 u Haxxmure crpenky Bepx. Ilpu
5TOM B OKHE JaHHBIX oToOpasurcs copepxumoe ssueiiku $1035 (BPROT). Iocie copoca 3amuch B
EEPROM u CONFIG 3anpeniena u B peructpe BPROT naxonurcs uncio $1f.

BtopbiM, nHOrAa ymyckaeMbIM MOMEHTOM, sIBJIsIETCSI TO, uTO 3anucaHHoe B peructp CONFIG
3HAUYEHME CTAHOBUTCS aKTUBHBIM (M BUAMMBIM) JIMIIIb TTOCIe cOpoca MUKPOKOHTpOJLIEepa.

8. Pasinunbie PC2KUMbI BbIIIOJIHCHHS NPOrpaMMbl

OTnag04YHbI KOMIUIEKT o0ecreuyrBaeT padoTy IporpaMMhbl B IBYX pexXHMax: pexKuM 3aIlyckKa
1 PeXUM TPaCCUPOBKM.

CHauajia pacCCMOTPUM PEXHMM TPacCUPOBKU. B 3ToM pexxume nmpu HaxaTuu KiaaBuiuum <F7>
BBITOJIHSIETCSI POBHO OJIHA KOMaH/1a, Ha KOTOPYIO yKa3blBaeT mporpaMMHbiii cdyetuuk PC. Wcnoi-
HsieMasi KOMaH/1a He 0JKHa 3aripeliaTh MpepbiBaHKs Mpolieccopa, MHaue BLIIIOJHEHUEe OyIeT Mpo-
HCXOJIUTh IO TOYKHU MPOrpaMMbl, B KOTOPOU IIpepbIBaHUs OyayT pa3pelieHbl. TyT e cienyeT oTMe-
TUTb, UTO BPEMs OTBETA JUMUTUPOBAHO U MOXET MPOU30MTHU pa3pbiB CBSI3U (B 3TOM Cydae MOXKHO
BOCIIOJIb30BaThcsl onuueit “Debug— Resynchronize” misi BoccTaHOBIEHUS CBI3U 0e3 MOTepu AaH-
HbIX). 11 TpacCMPOBKM MpOrpaMMbl U3 MPUBEICHHOIO BbIIIE MTpUMepa HEOOXOAMMO IpeaBapu-
TeJibHO 3aHecTu B peructp X uncio $0000, a B peructp PC yucio $¢800.

Ecnu HeoOXxoauMo Kakoi-11ubo (parMeHT TEKCTa BBIMOJIHUTD LIEIUKOM (HarlpuMep, 3TO MO-
KeT OBbITh LMKJI ¢ OOJIBIIMM MapaMeTpOM WJIM ITporpaMma ¢ BETBJIEHUEM), TO MOXKHO BOCITOJIb30-
BaTbCsl BTOPBIM PEXMMOM - BBIIOJHEHUE MTPOrpaMMBbl 10 TOYKM OCTaHOBa. 1 ycTaHOBKM TOYKM
octaHoBa B okHe “Debug window” Hago cTpejikaMu BbiOepaTh KOMaHAy, Ha KOTOPOil HEOOXOAUMO
MOCTaBUTh TOYKY OCTaHOBa. B Haiem ciaydae 3To OyneT KOMaHaa, cleaylollasi 3a KOMaHIOoM
“bne $¢802”. Nanee Haxmute <Ctrl-F8> 1, yoenMBIIMCh YTO COAEPKMUMOE MPOrPAMMHOIO CYETUH-
Ka KOppeKTHO, HaxxMuTe kKiaBuiny <F9> (coorBercTByeT onuuu “Debug—Run Program”). Ilpo-
rpaMMa OCTaHOBUTCSI Cpa3y IOC/Ie BBIITOJIHEHUS LIUKJIA.

OT1ag04YHbBIN KOMIUIEKT. 5
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9. KoHTpoOJIbHBIE BONIPOCHI

KakoBsl pynkium onuun “Option—Communication”?

Kakum 00pa3oM ocyliecTBIsieTcs: MpOCMOTP COAECPXKUMOTO IamMsTh?

KaxkoBsl pyHk1uu kHonku “Trace”?

Yro npeacTasisioT U3 cedsl JTaHHbIE, BBIBOAMMbIE KOMaHa0l “Decode”?

KakoBo Ha3zHaueHue ToYeK ocTaHOBa?

Kakoit KoMaHI0¥i BBIMTOJHSIETCSI IPOCMOTP cojepKUMoro peructpo OOBM?
KakoBbl OCHOBHBIE peXXUMbI BBITIOJHEHUS TTpOrpaMm?

Kakum o0pa3oM ocylecTBasieTcs: co3aaHue U peaakTupoBaHue (aitjaoB B pegakrope?
. HazoBute ocHoBHBIE yacT OM.

10.Kakum o6pa3zoM OCylIeCTBIIsIETCS 3arpy3Ka NporpaMmal B maMsiTb OM?

11.Kakoe 1onoJHUTEIbHOE 000pyIOBaHME U KaK MOXHO MOAKJIIOYUTE K OM?
12.Kakne ocobennoct umeer OOBM MC68HCI11E1?

13.Kakue TOHKOCTH cylecTBYIOT npu Mmogudukauu peructpa CONFIG?

14.KakoBbl pyHKUIMU IUpeKTUBHI “Debug— Registers—Modify”?

15.Kakum obpa3oM B Kpocc-acceMOJiepe ycTaHaBIMBAETCS aapec Hayaia IporpaMmmMbl?

PO NA LN

OT1ag04YHbBIN KOMIUIEKT.
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JIabopaTopnas padora Ne2
Mertoapl agpecanuu. KoManabl nepechbLIKM JAHHBIX.

1. Beenenne

B »T0i1 1aGopaTopHOIi paboTe U3y4aroTcs:
*  METOBI aipecalnu,
* TpyIna KOMaH/ MePeChIJIKU TaHHbIX.

2. MeTopl aapecanuu

MukpokoHTposuiepsl cemeiictBa MO68HCI11 mMeloT ciienyromme TUITBI agpecallii: HesBHad,
HEIoCpeICTBeHHas1, TIpsiMasi, paClIUpeHHasl, UHAEKCHAsl U OTHOCUTEJIbHAS.

PaccmoTpuMm Kaxablid U3 BUIOB apecaliiy MoapoOHee.

Hesenasa adpecayus Vicriofib3yeTcsl B TOM Cilydyae, KOrjaa B KauecTBe OlepaHa0B UCIIOJIb3YIOTCS
Jm60 peructpsl (Hanmpumep, COMA, CLI), 1ub6o ¢pukcupoBaHHas siueitka namsatu (SWI). Ipyrumu
CJI0BaMU MOXKHO CKa3aTb, UTO HesIBHasI aJpecaliusi He TpeOyeT OTIeIbHOro OMTOBOIO IOJIsI 1JIsl yKa-
3aHus onepaHaa. B 6oibIIMHCTBE CIyyaeB TaKue KOMaHIbl OTHOOANTHBIE.

43 COMA
53 COMB

HMcxioueHue cocTaBIsIioT KOMaHIbl, B3aMMOJIECTBYIOIIE C PETUCTPOM Y:

18 35 TYS
18 3A ABY

B cnyuae uncrnonb3oBaHUsl Henocpedcmeennoil adpecayuu orniepaHa (MUId OOUH U3 OINEPaHIOB)
BKJIIOUEH HEIOCPEACTBEHHO B KOJ KOMaHbIL. [IJTMHA TaKMX KOMaH MOXET COCTAaBJISATh OT ABYX 10
yeThIpex Oaidt. [Ipu 3amucu KoMaHH, MCIOJb3YIOIIMX HEMOCPEICTBEHHYIO ajpecalMio omepaH.I
MpeaBOpsIeTCS CUMBOJIOM “peretrka” (‘#7).

86 03 LDAA #3
CE 80 00 LDX #32768
18 8C 56 78 CPY #55678

Ilpamas adpecauus wvcnonb3yeTcsl s JOCTyNa K JaHHBIM, PacHoJOXEHHBIM B IEPBBIX
256 6aittax mamsatu. [1pn aTOM MIagmuii 6aiiT agpeca ornepaHIa pacIiojioKeH HEITOCPEICTBEHHO 3a
KoJaoM KoMaHabl. [IpyMeHeHue 3Toi IpyIbl KOMaHA MO3BOJISIET COKPAaTUTh 00bEeM IPOrpaMMBbl, a
TaKKe COKPATUTh BpeMsI BBIIIOJTHEHMS HAa BEIOOPKE OMepaHaa U3 NaMSITH.

96 3F LDAA 63
DA FF ORAB SFF

Hcnonb3oBaHue pacuupennoi adpecayuu TO3BOJISICT OCYIICCTBUTH JOCTYI K JII00OM sueiike
MaMsITHU B MpeJeiax aIpecHOro MpocTpaHcTBa KoHTpoiepa. [Ipu aTom nBa Oaiita, clieaylomne He-
MTOCPEICTBEHHO 3a KOJIOM KOMaHIIbI, TIPEICTaBIISIOT CO00i aOCOMIOTHBIN aapec orepaHa.

B6 40 00 LDAA $4000
7E 78 12 JMP $7812

Mertons! agpecaunu. KoMaHAbI IEpeChbIKA JaHbIX. 7
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Kak npaBuio, acceMOjiep aBTOMaTu4eCKM BbIOMpaeT Haubojee ONTUMAIbHBINA 13 ABYX BBILLIEOIH-
CaHHBIX METOAO0B aJpecalii.

st noctyma K MaccuBaM JaHHBIX yIOOHO MCIIOJIb30BaTh UHOEKCHY0 adpecauuro. B MuKpo-
KoHTpoyutepax ceMeiictBa M6S8HCI11 ucnonb3yeTcsl TaK Haszbieaemas UHOeKCHAs adpecayusi C
8-paspsonoim cmewernuem. Ilpu 3ToM B MHACKCHBIN perucTp X WK Y 3aHOCUTCST 16-pa3psimHbIin afi-
pec, a cleAyloluii 3a KOIOM KOMaH/Ibl OalT COMEpKUT 8-pa3psaHoe cMellleHUue. AOCOJIOTHBIN ajI-
pec mpu 3TOM BBIUMCISIETCS TIPOCTHIM CYMMMPOBAHUEM COAEPKUMOTO MHIEKCHOTO perucTpa ¢ oaii-
TOM CMEIIICHMSI.

A6 07 LDAA $07,X
18 AD 00 JSR 0,Y

KOMaHI[bI pa6OTLI CO CTCKOM TakK K€ ITPpUHATO OTHOCHUTb K KOMaHIaM C WHACKCHOM az[pecauI/IeI?I.

32 PULA
37 PSHB

DTU KOMaHbl UCTIOJB3YIOT UHOCKCHYIO adpecauuito 6e3 cMeueHus.

Ommuocumeavnas adpecayus VICTIONIb3yeTCs B KOMaHIax nepegadyu ynpasieHus. [1pu atom a0-
COJIIOTHBIN afipec Tepexo1a BEIYUCSIETCS TTyTEM CIOXKEHUST COAEPKUMOTO MPOrpaMMHOIO CYETYNKA
CO CMeIIeHUEeM, TIPEACTABISIOIINM co00i 8-pa3psimiHOe 3HAKOBOE YMCIo. Takum o6pa3oM, MCHOJIb-
3ysl OTHOCUTEILHYIO aJpecalinio MOXXHO OCYIIECTBUTh MEPEX0] Ha aapec, JieXKalllnii B TIpeaeirax oT
-128 o +127, oTHOCUTEIBLHO ajipeca CASAYIOLIEro 3a KOMaHI0M mepexoa.

8D 00 BSR *+52
24 FF BCC *-125

3aMeTHM, 4TO 151 HATJISIAHOCTU 3[eCh Mbl MCITOJb30BaIM CUMBOJI “3Be3mouka” (“*’), KOTophlil 3a-
MEHsIeTCs acceMOJIepoM Ha anpec TeKylleil KomaHapl. [IporpaMMbl, MCIONB3YIOIINME TOJIBKO OTHO-
CUTEJIbHYIO M HESIBHYIO afpecallvio, IPUHSATO Ha3blBaTb HO3UUUOHHO-HE3ABUCUMBIMU NPOCPAMMAMU.
DTO 00BSICHSIETCSI TEM, UTO MPU NEepeMelleHUN Kola U3 OJHOM 00JIaCTU MaMsITU B IPYTyi0 pabdoTo-
CIIOCOOHOCTD ITPOrPaMMBbI COXpPaHSIETCSI.

3. KomManpl nepechbLIKM JAHHbIX

[Ipocreitinymu KoMaHAaMU SIBJISIIOTCS KOMaHbI MEPEChUIKM JaHHbBIX. CIIMCOK 3TUX KOMaH]I
npuBeneH B Tabauie 2.1. PaccMoTpuM Kaxayio 13 KoMaH MoApoOHee Ha MPOCThIX MPUMEpax.
Komanabr TSTA, TSTB u TST ciyxar ojisl ycTaHOBKM perucTpa cTaryca B COOTBETCTBUU C

Tabnuua 2.1. KomaHabl epechblIKU JaHHbIX.

TSTA CLRA TAB PSHA
TSTB CLRB TBA PULA
TST CLR’ TAP PSHB
LDAA" STAA™ TPA PULB
LDAB” STAB™ TSX PSHX
LDD" STD™ TXS PULX
LDX" STX™ TSY PSHY
LDY" STY™ TYS PULY

LDS” STS™ XGDX

XGDY

IMpumeuvanus:

" - KoMaHbl, UCIIOJb3YIOLLUE PACLIMPEHHYIO U UHIEKCHYIO apecalllio
- KoMaHs1, MCIONB3yIOIINEe HEITOCPEACTBEHHYIO, TIPSIMYIO, PaCIIMPEHHYI0 U MHACKCHYIO aJpecalliio
- KoMaHb1, UCITONIB3YIOIIME MPSIMYIO, PACIIMPEHHYIO M MHICKCHYIO aJpecaliuio

Mertons! agpecaunu. KoMaHAbI IEpeChbIKA JaHbIX. 8
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TSTA, TSTB, TST (opr) COAEPKMMBIM peructpa A, B win siueiiku rmamMsiTi COOTBETCTBEHHO.
Janee pe3yabTaT MOXET ObITh UCIOJIb30BAaH B KOMAaHIaX YCJIOBHOTO

S XHI NZV C nepexona. 3aHecure B peructp A 3HadyeHue $00 M BBINIOJHUTE B
| : | : | : | : | 9 | 5 | 0 | 0 | noiaroBoM pexxume koMaHay TSTA. Tenmepb mocMOTpUTE Ha CO-

JIEPXKMMOE PEerucTpa craryca: J0JKeH ObITh YCTaHOBJIEH hjiar HyJist
(Z) n copoieHsl ¢ar oTpuiaTebHOro pesyiabrara (M), nepeHoca
(C) u nepenosHenus (V). IlpoBenure 1mogoOHbII ONBIT IIPU APYTUX
3HAYEHUsIX perucTpa A, oOpalias Ha pas3IMYHOE COCTOSIHWE pe-
TUCTpa cTaryca.

LDAA (opr), LDAB (opr),
LDD (opr), LDS (opr),
LDX (opr), LDY (opr)

S XHI NZV C PaccmoTpuM KOMaHObl 3arpy3ku B PETUCTP COASPXKUMOTO
| : | : | : | : | ) | ) | 0 | : | syeiiku mamsatu. 3arpy3ute B namsatb EVB cienytoiiyio mporpammy:
cpu 6811 ; OoIpernesieHue THulla MUKPOKOHTPOJJIepa
org $c800 ; HadYaJIbHHM ampec IPpOoIPaMMEB
ldab $56 ; 3arpy3UTh B pPermcTtp B coIepxmMoe
; AgYerkM $56, MCIONB3YS IIPAMYIo
; aIpecaluio
ldy $c800 ; 3arpy3uTb B permucTtp Y IOaHHHE,

; PacIoJIokeHHBe 110 anpecy $c000
;  (IIpemHoyIyio KOMaHIY )

1ldx #3S1£00 ; YCTAHOBUTHL permucTp X Ha 0Oaz30BHU
; ampec PRU MC68HC24
ldaa $03,x ; cumMTaTh MHOOpMAIIMIO C IIepekjndaTesien

BrinonHuTe €e B MOIIAaroBOM pexume, odpailiasg BHUMaHKE Ha COCTOSIHME perucTpa craryca. 3/1ech

MpeAcTaBIeHbl BCE BUAbI aApecallui, UCIOJIb3yeMble B 3TOM IpyIine KOMaH/I.

CLRA, CLRB, CLR (opr) PaboTta xkoMaHa OYMCTKU perucTpoB A U B u siueiiku namsitu
MOXET ObITh MPOWLTIOCTPUPOBAHA HA MPUMEPE CIEAYIOLIEN TMpo-

S X HI N Z V C CTOI MPOTrpaMMBbl:

[-[-[-[-loft]ofo]
cpu 6811 ; OoIpenenmMThb THUII MUKPOKOHTpPOJIIepa
org $c800 ; HadaJbHHM amgpec IpOTpaMMEbl
clrb ; OUMCTUTB permucTp B
ldx #s$1£00 ; YCTAHOBUTEL perucTtp X Ha 0a3OBHU
; ampec PRU MC68HC24
clr $04,x ; IIOTacCUTb CBEeTOIMOIR

[IpenBapurenbHO 3aHecUTe B MOPT B MUKpocxeMbl amMyssiTopa MopToB (sueiika mamatu $1f04) ka-
KOe-HHUOYyIb 4Kciio, HanpuMep $AA, 3aTeM BBIIIOJIHUTE IIPOrpamMMy B ITOIIAroBoM pexume. Obpa-
TUTE BHUMAaHUE, YTO MPHU 3aBEPILICHUM ITPOrpaMMbl B peructpe B Oymet HaxoauThest 3HaueHue $00,
a CBETOJIMO/1bl TOTACHYT.

STAA (opr), STAB (opr), Tenepp paccMoTpuM pabOTy KOMaHA MOAW(MUKALIMU SYeeK
STD (Opl‘), STS (opr), IIaMATH. ,Z[I[SI 9TOTI'0 BBCACM CJICAYIOIIYIO IIpOorpaMmy.

STX (opr), STY (opr)

S XHI NZVC

- [-[-[-12[2[o[-]
cpu 6811 ; oIIpenenuThb THUII MUKPOKOHTPOJIepa
org sc800 ; HadYaJIbHHM amgpec IPpOTPaMMEB
1ldad #SAASB5 ; YCTAHOBUTE B perucTtpe D 3HadeHue
; SAABS
1ldx #$1£00 ; YCTAHOBUTEL permcTtp X Ha 0a3O0BHU

Mertons! agpecaunu. KoMaHAbI IEpeChbIKA JaHbIX. 9
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; ampec PRU MC68HC24

clr s04,x ; IIOTacUTh CBeTOOMOIE
staa $04,x ; 3a)edb BCe YeTHHEe CBeTOOMOIB
stab $04,x ; Baxedbh BCe HedYeTHHE CBeTOIMOIH,
; IIOT'TaCUMB YeTHHIEe
ldaa $03,x% ; CcuMTaTh MHOOPMAlIMI C IIepekjndaTesien
staa $04,x ; OTOOpas’UTh COCTOSHUE IIepekindaTesien
; Ha cCcBeTOoOoMrMoIoaXx
TAB, TBA PaGoTy KoMaH nepechbUIKA JaHHBIX MEXy peructpamMu A u B
JIETKO TIPOCJIEIUTh Ha MPOCTOM TECTEe: BBEAUTE KAXKIYIO U3 KOMaH]I
S X HI N Z V C U BBIMOJHUTE B IOLIIAaroBOM pexume. B pesynbTare BbINMOJHEHUS
[-]-]-1-]2]2]0]-] xomannst TAB 3HaueHue akKymynsaTopa A GyIeT MPUCBOEHO AKKY-
myasTopy B, komanga TBA nmeeT npsiMo TIpOTUBOIOJIOXHBINA 3¢h-
TPA, TSX, TSY, TXS, (dekt. CieayeT OTMETUTD, YTO PETUCTP CTaTyca MPUHUMAET COCTOSI -
TYS, XGDX, XGDY HUe, moJooHoe BeinoaHeHuo komaHa STAA, STAB.
Komanga TPA ocyluecTBiasieT IepeHOC COOEPKMMOIO pe-
S X HI NZV_C ructpa CCR B akkyMyasaTop A. DT0 yIoOHO, €C/IM MOCje BbIMOJIHE-

-0 -1-1-] HUS KaKOi-T1OO MOAIPOrpaMMBbl HEOOXOIUMO COXPAaHHUTh COCTOSI-

HUe peructpa ctaryca (cm. Takxke TAP).

I'pynma KomaHa paGOThI C pETUCTPOM CT€Ka MMEET OJHY OCOOCHHOCTh: MPU MEpPeHOoce yuciia
13 UHAEKCHOIO PerucTpa perucTp creka rnojiyyaeT Ha eMHUILY MeHblllee 3HaueHUe, IIPU oOpaTHOM
MepechbUIKe MPOMCXOAUT yBEIUUEHUE MHAECKCHOIO perucrpa. PaccMoTpuM 3T KOMaHAbl MOAPOO-
Hee:

cpu 6811
org $c800 ; HadYaJIBLHBEN amgpec IIPOIPaMME
1ldx #5220 ; 3aHecTu B permcTtp X ampec,
; Cllemyomyry 3a IT'PaHullaMM BHYTPEHHEeTO
; O3V, mmoc HekKoTopoe cMmemenme ($20)
xgdx ; OOMeH COoOepxXMMOTO permucTpoB X u D
clrb ; OYUMCTUTL MJanumui 6amT permcTpa D
xgdx ; X = 5200
txs ; SP = S1ff
tsy ;Y = $200

OOMeH comepXMMOro MHIEKCHOTO peructpa u peructpa D, Kak MmpaBujIo, UCIIOIb3YyeTCsl IIpU
apudMeTUYeCKUX orepauusix (Tak Kak apudMeTHdecKrue KoOMaHIbl paboThl ¢ peructpom D Ooiee
pPa3BUTHI) WIKM B ClIydyae HEOOXOAUMOCTHU 8-pa3psiAHOTO JOCTYIA K COAECPKMMOMY MHIAEKCHOTO pe-
TUMCTpa, UTO MOXET OBITh ITOJIE3HO, HAaIlpUMep, I OpraHM3aliMy KOJIbleBoro 0ydepa.

TAP Komanga TAP ocyliecTBiasieT repeHoc 3HaueHUsT perucrpa A
B cooTBeTCcTBylo1Me 0uThl peructpa craryca CCR. Ilpu aTom co-

S XHI NZV C JIepKrUMoe pernucTpa A ocraercss Heu3aMeHHbIM. Diar X, ciryxKaiuii
| ? | 27| ? | ? | ? | ? | ? | ? | IJTIs1 MacKrupoBaHus npepbiBaHusg XIRQ, B pe3ysibTaTe BBINOJIHEHUS
" - 3HaueHMe MOXET ObITb M3Me-  ITOW KOMAaHIbl MOXET ObITh COPOILIEH, HO OH HE MOXET ObITh yCTa-
HEHO ToJIbKO 13 1 B 0. HOBJIEH, €CJIX IO BBIITOJIHEHUSI KOMaHIbI (bJjiar ObLI COPOILIECH.

cpu 6811

org Sc800 ; HadYaJbHHM amgpec IPOTPaMMEB

ldaa #$47 ; BaHeCcTM B permcTp A HOBOE

; COOEepXMMOE perucTpa cTaTyca
tap ; YCTAHOBUTB HOBOE 3HA4YEHMEe perunucTpa

; cTaTyca: 3aMeTbTe, 4Yro dmar X
; He OyneT yCTaHOBIJIEH

Mertons! agpecaunu. KoMaHAbI IEpeChbIKA JaHbIX. 10
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PSHA, PSHB, PSHX, Komanabs! paGoThl CO CTEKOM KakK IPaBWIO MCIIOJb3YIOTCS B
PSHY, PULA, PULB, MOJAMpOrpaMMax JJisl TOro, YToObl COXpaHUTh 3HAUYEHKUE OJHOTO MU
PULX, PULY Oosiee peructpoB. AnroputM padotsl KomaHa PSH takoB:

1. B g4eiiky maMsITh, Ha KOTOPYIO yKa3biBaeT peructp SP 3amuchi-
S XHI NZV C BaeTcs (MJaalIunii) OaiiT perucTpa-ornepaHaa;

CT-T-T-T7-T7-T-T-1 2. 3HayeHue peructpa SP YMEHDILAETCs Ha 1, ykaspiBag Ha cie-
JIYIOIIYI0 CBOOO/IHYIO STYE€MKY B 00J1aCTH CTEKA;
3. B cliyyae ABYXOAWMTHOIro oIlepaHja ITOcJienoBaTeabHOCTL (1-2)
MOBTOPSIETCS CO CTapIIMM OaliTOM onepaHa.
Komanapr rpynmel PUL BBITTOJHSIOT JaHHYIO MOCIEI0BATEIbHOCT B OOPAaTHOM TMOPSIIKE, YBEIN-
yuBasi 3HaueHue peructpa SP.
3arpy3ure U BHIIIOJHUTE B MIOLIATOBOM PEXMME CIEAYIOIIYIO TPOrpaMMy, IEMOHCTPUPYIOIIYIO
KakiM 00pa3oM MOXHO COXpaHMTb HEU3MEHHBIMM BCe€ BHYTpeHHME peructpol ODBM
(pekoMeHayeTCs Tak Xe 00paTUTh BHUMaHUE Ha COACPXKMMOE CTEKa):
cpu 6811
org $c800
psha ; TIOCJIeNOBaTEeINIBHO COXPaHsIeM PeTUCTPH
pshb ; B creke: A, B, X, Y, CCR
pshx
pshy
tpa
psha
ldaa #$20 ; BHIIOJIHAEM Kakmue-JImbo IelCcTBUS,
ldx S12 ; B pe3ybTaTe KOTOPHX M3MEHSAeTCSH
1dy S1£03 ; COIEPARVMOE PEermMcTPOB
clrb
xgdy
pula ; BOCccTaHaBiamBaem permuctTpe: CCR, Y,
tap ; X, B, A
puly
pulx
pulb
pula
Crnenyer OTMETUTb, UTO M3-3a OCOOEHHOCTE! SMYJISILIMU MPU BHIIIOJHEHUM MPOrpaMMbl B I10-
IIAarOBOM PEXMME COAECPKUMOE STUeeK MaMITH, PaCIIOJOXEHHBIX HIXKE YKa3aTessd, HE COXPaHsSIETCS.

Mertons! agpecaunu. KoMaHAbI IEpeChbIKA JaHbIX. 11
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4. KoHTpo.IbHBIE BONIPOCHI

Kaxkue meronpl anpecaium Bam n3BectHbI? JlaiiTe KpaTKylo XapaKTepUCTUKY KaxXKIOTO U3 HUX.
Kakue Metonbl agpecaliii MOTyT ObITh UCITOJIb30BaHbl B KOMaHIax LDAA, STAA?

Ha xakue ¢iaru BiusieT BoinojiHeHUe KoMaHasl TSTA?

Kaxk dopmupyetcst abCoOMOTHBIN alpec nmepexoJa B KOMaHAaX, UCMOJIb3YIOIIMX MHIECKCHYIO all-
pecaiuio?

5. Ykaxurte Ha HETOYHOCTHU (€CJIM OHM €CTh) B HAITMCAHUY KOMAaH/I;

o=

ldaa #20
staa #$50
ldab #$500
tax
xgdy
6. Kakye n3 M3y4eHHBIX B JTaHHOM JabOpaTOpHOI paboTe KOMaHI BJIMSIOT Ha COIEPKMMOE pe-

ructpa SP?
7. UTo Takoe MO3ULIMOHHO-HE3aBUCHUMas Iporpamma?
8. Kakue MeToabl aapecaliiy MCHOJb3YIOT IPUBEACHHbBIC HUKE KOMaH bl ?
ldaa #20
staa $20
psha
coma
pulb
9. KakoBo 3HaueHue peructpoB X u D B pe3y/ibrare BbIIIOJHEHUS TPOrPaMMBbI:
ldaa #30
1ldx #54020
tab
psha
psha
xgdx
pulx
10.Kakue ocobeHHocTH uMeeT KomaHaa TAP?
11.Kakoe npuMeHeHre HaxoauT komaHnaa XGDX?
12.KakoBo 3HaueHue peructpa SP B pe3ysibTaTe BHINOJIHEHUS (pparMeHTa IporpaMMBbl:
1dx #5200
txs
pshx
pula
13.Kak ¢opmupyeTcst abCOJIIOTHBIN apec Mmepexoja B KOMaHAaX, UCIOJb3YIOIIUX OTHOCUTEIbHYIO
agpecaluio?
14.Kakas jornueckas olmoKa J0mnyllieHa Mpy HallMCaHUM JaHHOTO (hparMeHTa MPOTrpaMMbl;
1ldx #5520
pula
ldaa
staa
ldaa
staa
psha
15.KakoBo 3HaueHue peructpa Y B pe3yJIbTaTe BHIITOJHEHUS TPOTPaMMBbI:
1dx #4644

7

7

N W Ul o
N X XX

2

stx s20
ldaa #$20
tab

Mertons! agpecaunu. KoMaHAbI IEpeChbIKA JaHbIX. 12
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7.
8.

9.

std S21
1dy $20

5. 3aganusa

. Hanuiwure nporpammy, 3anonssiomyio stueiiku $C900+$C905 3nauenuem $55, ncmosn3yst uH-

JCKCHYIO aapCCalinlo.

. Ilepe3anucarb peructp A B peructp B Takum obGpa3om, 4ToObl 3HaU€HME peructpa (JaroB He

N3MEHUIIOCH.

. 3anectu $AA u $55 B peructpsel A u B, cootBeTcTBeHHO. [lepeHecTn 3HaUYeHNE 3TUX PETUCTPOB B

peructp X TaKMM 00pa3oM, 4TOObI B peructpe X okasanoch 3HaueHne $55AA.
3anonHuTsh 10 sTyeek creka 3HaYeHUEM stueekK rmaMsatu, HaunHasg ¢ $C800.

. IIpousBectn 0OMeH perucTpoB X 1 Y TpeMsl pa3InuyHbIMUA CIIOCOOAMMU.
. 3anectu B peructp X unciio $1F0. Mcronb3ysa TOJBKO pacCMOTPEHHBIE B 3TOI J1a00OpaTOPHOIL

paboTe KOMaHIbl YMEHBIIUTh 3TO YUCJIO HA 3, HE UCIIONb3Ys HEMTOCPEACTBEHHYIO apecaLuio.
ITpousBecT 0OMEH COAEPKMMOIO MIAIIEro 0aiiTa peructpa X ¢ perucTpoM A.

M3MeHuTh MOpSI0K cliefoBaHUs 0alT B perucTpe X, He UCIoJib3ysd KoMaHay XGDX.

3aHecT 3HaueHre perucTpa creka B peructp D.

10.U3MeHUTh NOPSIIOK CAEA0BaHMS OAMT B peructpe Y, MCIOJIb3Yys TOJbKO HESIBHYIO aApecaliuio.
11.CoxpaHuTh TeKylllee 3HaUEHME PETUCTPa CTEKa B CTEKe.

12.YcTaHOBUTH perucTp (pjaroB B COOTBETCTBUE C COAEPKMMBIM Miladllero 6aiita peructpa SP.
13.Ilepenucats comepkumoe peructpa A B peructpsol B, Xu Y.

14.Coxpanutb Bce peructpel ODBM B sueiikax mamsatu $0000+-$0008. IIpu 3TOM CcomepKuMoe

JaHHBIX A4YC€CK IMMaMsATU JOJLKHO COOTBETCTBOBATh 3HAYCHUIO PETUCTPOB IIPU BXOAE€ B IIPOIrpaMMYy.

: -3aJIaHN€E TTOBBIIIIEHHOU CJTIOKHOCTH

Mertons! agpecaunu. KoMaHAbI IEpeChbIKA JaHbIX. 13



JlabopaTopHas padbora Ne3

JlabopaTopnas padora Ne3
ApudmeTHyecKne KOMaH/bl.

1. Beenenne

HpI/IBGI[CHHble B JaHHOM pa3acii€ SKCIICPMMCHTDLI IMPEAHA3HAYCHBI OJIA HN3YUYCHUA pa6OTbI
apI/I(I)MeTI/I‘{CCKI/IX KOMaH/A: CJI0XKCEHUA, BbIYUTAHUA, YMHOXCHUA, OCJICHUA U JIECATUYHOM KOPpPEK-

oun.

2. ApudpmeTnyecKre KOMaHIbI

Crncok apumMeTnyecKrux KomaHa npuseaeH B Taonuie 3.1. [IpuBeaem nmpuMepbl MCIIOIb30-

Tabnuna 3.1. Apudpmernyeckue KOMaHIbI.

INCA DECA NEGA CMPA’ SUBA ADDA’ ADCA’ DAA
INCB DECB NEGB CMPB’ SUBB’ ADDB’ ADCB’ MUL
INC” DEC” NEG~ CPD SUBD’ ADDD’ FDIV
INX DEX CPX SBCA’ ABA IDIV
INY DEY CPY SBCB’ ABX
INS DES CBA SBA ABY
IMpumeuanus:

" - KoMaHbl, UCMIOJIb3YIOILUE HEMTOCPEACTBEHHYIO, IIPSIMYIO, PACIIMPEHHYIO U MHAEKCHYIO apecaLlnio
- KomaHb1, UCTToNb3yolme paciiMpeHHYIO0 U MHIASKCHYIO apecalinio

BaHUS 3TUX KOMaH]I B IMOPSIIKE YBEIUYCHMS CIOXKHOCTH.
INCA, INCB, INC (opr)
DECA, DECB, DEC (opr)

S XHI NZVC

l-f-f-def2f2]-]

INS, DES

S XHI NZVC

INX, INY, DEX, DEY

S XHI NZVC

HE BB

KomaHnpl MHKpeMeHTa U JEKpPEeMEHTa SIBJISIIOTCS TMPOCTEii-
IUMH apu(PMETUUECKUMI ONepalMsIMU M CITy>KaT COOTBETCTBEHHO
JIUIS yBEJIMYEHUSI M YMEHbIIEHMS Ha €IMHMIY 3HAaUeHUsI perucrpa
ODBM wunu g4eiiky naMsiTu.

B 3aBrcHUMOCTH OT THMA OIepaHa 3HaUeHKE perucTpa craryca
IT0CJIe BBITTOJTHEHUSI KOMaHI MOXET NMPUHMMAaTh pa3JIMyHble 3Haye-
Hus. [Ipu padote ¢ 8-pa3psiiHBIM ONepaHAOM KOMaHIbl MTHKPEMEH-
Ta M JEeKpeMeHTa BIMSIOT Ha (j1arm OTpMLATEJILHOTO pe3yJibTaTa
(N), nyns (Z) v nepenonanenus (V). B caydae, eciam onepaHaom siB-
JIIeTCs yKa3aTesb CTeKa, 3HaueHNe perucTpa cTaTryca OCTaeTcsl He-
n3MeHHBIM. [Ipu orepaliusgx ¢ MHACKCHBIMU PErMCcCTpaMy KOMaHIbI
MHKPEMEHTA U JeKPEeMEHTa BJIUSIOT TOJIbLKO Ha diar Hys (Z).

Kaxk npaBuno, komanasl INC u DEC ncnons3yrorcst 1js op-
raHu3auuy UUKIOB. TOT (pakT, 4TO 3T KOMAHALI HE M3MEHSIOT
(nar nmepeHoca, UCHONB3YETCS TMPU apUPMETUUYECKUX OIepalusax
HaJ MHOTOOAWTHBIMM YMCJIAMMU.

Crenyomuii mpocToil mpuMep WITIOCTPUPYET pabOTy STUX KOMAHI:

cpu
org
ldaa

inca
tab
decb
std

1dx
inx

6811
$c800
#3510 ; IIOMeCTUTHL B pPEermcrtp A
; 3Hauenue S$10
; YBeIMYMTE Ha 1
; IIOMeCcTHUTHL B permcTp B
; YMeHBIMTEL B Ha 1
S10 ; COXPAaHUTL PEeruMCTPH A u B
; B siyenmkax S$10, $11 cooTBeTCTBEHHO
S10 ; 3arpy3UTh B perucTtp X

; MHKPEMeHTHPOBATEL permucTtp X

ApudmeTnyeckmue KOMaHIbl. 14
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des ; IeKpeMeHT yKazaTels CcTeka
NEGA, NEGB, Komanga NEG 3amenaer onepaHp ero JBOMYHBIM JOMOJIHE-
NEG (opr) HUeM. JIpyrumu cjioBaMu MOXHO CKa3aTh, YTO pe3yJIbTaTOM oIlepa-
LMY SIBJISIETCS M3MEHEHHEe 3HaKa 4Mcia, MPeIcTaBIeHHOTo B J0-
S X HI N Z V C MOJIHUTEJILHOM Kojie. [IpogeMoHCTpupyeM Ha TIpuMepe SMYJISLIO
[-[-[-]-]2]2]2]?2| xomanmst INC yepes NEG u DEC:
cpu 6811
org $c800
nega ; UBMeHUTHB 3HaK 4YMCJIla
deca ; YBeIMumuMTh Ha 1
nega ; UMBMeHUTHB 3HaK 4YMCIla
CMPA (opr), CMPB (opr), KomaHabl cpaBHeHUMsI MCHOJIB3YIOTCS MPU CpaBHEHUM 3Haue-
CPX (opr), CPY (opr), HUSI pEerucTpa CO 3HaYeHUeM sYeiKu MaMmsTh win peructpa. dak-
CPD (opr), CBA TUYECKM MPOUCXOIUT ONepalusl BbIYMTAHUS STYCUKU MaMSITU, yKa-
3aHHOM B KauecTBe olepaHaa, WiKu perucrpa B (B ciiyyae KoMaHbl
S XHI N Z V C CBA) u3 cootBetcTByouiero peructpa MK. KoMmaHabsl He oKa3bi-
| - | - | - | - | ? | ? | ? | ? | BAlOT BJIMSIHUSI HA OIEepaH/Ibl, U3BMEHSIETCS JIUIIb PETUCTp craTyca. B
JNajbHEUIIEM pe3ysibTaT OOBIYHO MCIIOJb3YeTCsl KOMaHIaMU mepe-
X0/a.
cpu 6811
org $c800
ldaa #$10 ; MHUILIMaIM3alus permucTpoB A u B
ldab #$50
cba ; CpaBHeHMEe permcTpoB A um B
stab $01
cmpb  $01 ; CpaBHEeHMEe COIOepXMMOTO perucTpa B
; ¢ suenmkom $01
ABA, [Tpy BBIMOTHEHUU KOMAH/, CJIOXXEHUST MPOUCXOIUT CYMMHUPO-
ADCA (opr), ADCB (opr), BaHUE COAEPXKMMOIO PETUCTPA-MIPUEMHMKA C HETTOCPEACTBEHHO 3a-
ADDA (opr), ADDB (opr) JaHHBIM 3HAaYE€HWEM, STYEHKOM MaMSITU WU APYTUM peructpom. B
koMmaHgax ADC K pe3yabTary JOMOJHUTEIBHO MpUOaBJIsIeTCs 3Ha-
S XHI N Z V C yeHue ¢uara nepeHoca. Pe3ynbTar CI0XeHMsT aKKyMYJISITOPOB KO-
[-[-[2]-]2]2]2]?2| wannoit ABA 3anocutcsa B peructp A, pe3y/ibTaT CIOXEHMS pe-

TUCTpa Bc MHIACKCHBIM PETUCTPOM - B COOTBGTCTBy}OHH/If/'I MHIACKC-

ADDD (opr), SUBD (opr),  HBII perucrp.

SBA, [Tpu BBINTOJHEHUM KOMaH BBIYUTAHMSI TTPOUCXOAUT BHIUMTA-
SBCA (opr), SBCB (opr), HUE U3 perucrpa-lpueMHMKa BTOpOro omepaHaa (B ciaydae SBA
SUBA (opr), SUBB (opr) MPOUCXOIUT BblUMTaHME peructpa B m3 peructpa A). KomaHabl
SBC nonosHMUTENbHO BBIUMTAIOT M3 perucTpa-lprueMHUKa 3Haye-

S X HI N Z V C HuUe (piara mepeHoca.
(- 1--]-12]2]2]2]| KomaHzapl, yuuThiBatolue ¢uiar nepeHoca, Kak mpaBujo, Uc-
MOJIB3YIOTCSI IIPU OMEepalvsIX HaJ MHOrooaTHBIMU ynucaamu. Hioke
ABX, ABY MPUBOIUTCS MPUMEP CJIOXEHMSI U BbIUYMTAHUS OBYX 3-X OaMTHBIX
qucell, pacrooXeHHbIX B gueiikax $0+$2 u $3+$5 coorBercTBeH-
S X HI NZV C HOo. B omHo#1 13 nocieaywomx 1abopaTOpHBIX padOT Mbl paCCMOT-

| _ | _ | _ | _ | _ | _ | _ | _ | PUM TTOJOOHBIN MTpUMEpP, peaTn30BaHHBIN C TTOMOILBIO LIMKJIA.

cpu 6811

org Sc800

ldx #01

1dd 0,x ; CJIOXeHMe MJlagmxX 2 0amnT

ApudmeTnyeckmue KOMaHIbl. 15



JlabopaTopHas padbora Ne3

DAA

S X HI

addd
std
dex
ldaa
adca
staa
1ldx
ldaa
ldab
sba
dex
ldaa
sbca
staa
dex
ldaa
sbca
staa

N Z V

- l-1-1-]2 ]

?*

C
12 ]

"_3HayeHue He OTpeneeHO

7

7

repexon K 3-My banty

CIIOXEeHUe C ydYeTOM IIepeHoca
3alIMcCHBaeM pes3yJbTaT

BEIUMTAHME C MCIOJNIBb30BaHMEM SBA

repexon K cruenyoimemMy 0anTy

Iepexon K IIocjenHeMy 0amTy

pe3yiapTaT II0JIy4YeH, 3allMChHBaeM
IIOCIIeOHMUM OamT

JIBOMYHO-AECITUYHAST KOPPEKLMUs MOCe CIOXEHUs KOMaH-
nmamu ABA, ADDA u ADCA obecrieurBaeT CyMMHUpPOBaHUE ABYX
yucen, MPeIcTaBIeHHbIX B ABOMYHO-AECATUYHOM ¢opmate. [Ipu
aToM Jar nepeHoca HCIOJb3yeTCsl B KauyecTBE CTapllero Oura,
o0ecneuunBasl MojiydeHre KOPPEKTHOTO IBOMYHO-IECITUYHOTO 3HA-

YCHMUAA.

dakTuecku, Komanaa DAA mociie KoMaH, CI0XKEHUS JECTBYET CIEIYIOIIMM 00pa3oM:
1. ecnu comepxkumoe Miaallei TeTpaabl akKyMmyJsitopa 6osblie 9 wiun ¢uar noaynepeHoca H ycra-
HOBJICH B “1”, TO K aKKYMYJISITOPY J00ABJISICTCSI YUCTIO 6;
2. eClIM COIepXXUMOe CTaplleid TeTpaabl aKKyMYJISITOpa CTajlo MOcje 3Toro dosee 9 win ycraHOBJIEH
¢daar nepeHoca, To 4rcio 6 7oOaBIIsIeTCs U K CTaplleil TeTpaae akKKyMyJIsTopa.

99 B IOBOMYHO-IOECATUYIHOM KOIE

pes3ynbpTaT paBeH B9
KOPPEeKLus: OO IOBOMYHO-OEeCSATUYIHOILO
3Hadenus: C = 1, A = $19

MCIIONB30BaHMe clra He OOIIyCTUMO,
T.K. OymeT cbpomeH dnar repeHoca
D = $0119

KomaHma yMHOXEHUST TIPOU3BOAUT 0€33HAKOBOE YMHOXEHME
JIBYX YMCeJl, TPeACTaBJICHHBIX B BOCBMUPA3PSIIHBIX AKKYMYISITOPOB.

Pesynbrar momemaercss B 16-paspsimHbiii akkymynsitop D. ®gar
repeHoca IpU 3TOM yCTaHaABAMBAeTCsl TaKMM oOpa3oM, 4TO IIpU
BoITTOTHEHUN KoMaHabl ADCA #0 IpoMCXOOUT OKPYIJIEHUE CTap-

cpu 6811
org $c800
ldaa #$99 ;
ldab #$20
aba ;
daa ;
tab
ldaa #0 ;
adca #0 ;
MUL
S XHI NZ V C
- l-1-f--1-1-]?]
1iero 6aiira.
cpu 6811
org $Sc800
ldaa #$10
ldab #5568
mul H

$10 * $68 = $0680

ApudmeTnieckrie KOMaHIbI. 16
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adca

IDIV

#0

S XHI NZVC

- f--1-]2]o]?]

FDIV

S XHI NZVC

i A= §7

Komanga IDIV nmpou3BOIMT 1LI€TOYMCICHHOE NEJIEHUE aKKYy-
myasaTopa D Ha uHaekcHbiit peructp X. Ilocie BbimosiHeHUs B pe-
ructp X 3aHOCUTCS 4acTHOe, a B peructp D - ocTaTok OT JeJIeHUs.
I1pu BeinosiHeHuu koMmaHabl IDIV neamnmoe oOb1YHO OObLLIE ASTU-
tenst. Komanna FDIV npowusBoguTt omnepainuio ApoOHOTO AEJCHUS
tex ke aprymeHToB. PakTnyeckn FDIV moxeT ObITh npencraBieH
KaK yMHOXeHue perrctpa D Ha 2'° ¢ mocsieyommM BbITOTHEHUEM
komanabl IDIV, noatoMy npu BbINOJHEHUM 3TOM KOMAaHIbI JIEJIM-
TeJb OOBIYHO OOJIbIIE ASIMMOro. DTU JABE KOMaHIbl OYEHb PEIKO

|' |' |' |' |' |? |? |? | UCIIOJb3YIOTCS Ha IMPaKTUKE.
cpu 6811
org $c800
1dd #1020 ; D = 1020 ($3fc)
1dx #512 ; X = 512 ($200)
idiv ; D=1 ($1), X = 508 (sl1fc)
fdiv ; D =129 ($81), X = 4 (s4)

ApudmeTnyeckmue KOMaHIbl. 17
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3. KoHTpoJibHbIE BONIPOCHI

1. Kakue koMmaHab! ciioxeHus Bol 3HaeTe?

2. Kakue MeToabl aapecaliii ucnojib3yoT KoMaHasl ABA, ADDA, ABY?

3. Kakue koMaHapl BelyutaHnusgd Bam n3BecTHBI?

4. Kakum oO6pa3oM MCHOJb3yeTCsl OUT MepeHoca B orepalii BBIYUTaHUS ?

5. Hang xakumu oriepaHaaMu MOTYT BBINOJIHSAThCS KomaHAsl INC, DEC?

6. O0bsicHUTE OTJINYME B BhITToTHeHUM KomaHag ADD u ADC.

7. T'me pacnonaratTcs pe3yabTaThl KoMaHasl FDIV 1 yTo oHu coboii ipencTapisiior?
8. UTo MOXeT CayXuTh onepaHaoM KoMaHabl ADCA?

9. Kakoii ¢iar yctaHaBIMBAaeTCs, €CJIA PE3YJIBTAT OINEpaLlii CJIoXeHus npeBbimaeT $FF?
10.00bsicHUTE, 110 KAKOMY MPUHILIMITY YCTaHABIMBAIOTCS (hjiary rnepeHoca, HyJisl ¥ MeperojiHeHUs B
peructpe cratyca CCR npu BoINOTHEHUN apuUPMETUIECKMX KOMAH/I CI0XKEHUSI U BBIYMTAHMSI.
11.00bs1cHUTE JTOTMKY pabOThl KOMaH/, CIOXEHMS/BBIYUTAHUSI C YUETOM IepeHoca/3aemMa Mpu 00-

paboOTKe MHOTO0ANTOBBIX YHCE.
12.006bs9cHUTE TOTUKY paboThl KoMaHabl DAA.
13.Yem omimmuarorcd koManael FDIV u IDIV?

4. 3aganug

1. Harmmmure mporpaMMy CyMMHUPOBaHUS ABYX 16-pa3psimHBIX 4YMcel, mpeacTtaBieHHbix B BCD

¢dopmare.
2. Hanuiure mnporpamMmy cymmupoBaHusi peructpoB MK 1o craepywouieir  ¢opmyie
D=A+B+lo(X)+hi(X)+lo(Y)+hi(Y), rae lo u hi cooOTBeTCTBEHHO MJIA[IIMI U CTapLIMii OANATHI
COOTBETCTBYIOIIIMX PETUCTPOB.
. Hanuinure mporpamMmMy BBIYMTAHUS COIEPXKMUMOTO PErMCTPOB X U Y 13 peructpa D.
4. Hamuiure nporpaMmy cpaBHeHus siueek nmamsaty $0 u $1. Peructp A mokeH ObITh paBeH eau-
HUIIE, €CJIU STYEUKU MTaMsITA PaBHBbI.

5. Beluncnure npousBeaeHue ABYX Sueek namsaTi. ColepXXuMoe BCeX PerucTpoB JOXKHO OCTaThCs
HEM3MEHHBIM.

6. Hammuimumre mporpaMmy, TO3BOJISTIOIIYIO BBIYUCIUTD anpec 3JeMEHTa IBYXMEPHOTO MacCHBa pas-
MEPHOCTBIO 6X6, pacrojoxeHHoro no aapecy $¢900. Munekc 3agaeTcst peructpamu A u B.

7. HanuinuTte mporpammMy, KoTopasl Iipeo0pa3yeT Yuciio, 3alaHHOE B PErucTpe A, B BOCbMEPUYHOE

npeacrasiaeHue 3toro uncaa B ASCII koze.

8. Hanuiumure mporpaMmy, KOTopasi Npeodpas3yeT YMCIo, 3aaHHOE B PETUCTpe A, B AECITUYHOE

npeacrasiaeHue 3toro yncaa B ASCII koze.

9. IlpocymmupyiiTe comepxumoe IByX sgueek mnamsaTh. Coaep>KMMOe BCEX PETrMCTPOB JIOJDKHO

OCTaThCsI HEU3MEHHbIM.
10.BbruncianTe pa3HOCTh COIEPKUMOTO PETUCTPOB X U Y.
11.BbrurcianTe mponsBeacHUE perucTpoB X u Y.
12.Ucnonb3ys Toabko KoMaHabsl TAB, SUBA, STAB, LDAB, DECA u XGDX 3aHecute B peructp
A 3nauenue $FF.

13.Beiuncanre 4yacTHOE OT JAEJEHMSI COASPKMMOIO MHIAEKCHOIO perucrpa X Ha COAepXKMMOE MH-
nekcHoro peructpa Y. [Ipu 3ToM Bce OCTajibHbIE PETrMCTPbl HEOOXOAUMO COXPAHUTH B HAadajlb-
HBIX YCJIOBUSIX.

14. Hannimumre nporpaMMmy cpaBHEHMST 16-pa3psiTHBIX YMCes, pAcIONOXEHHBIX B sSTYEHKaX MaMsITU

$0 1 $2. Peructp A 10oKeH ObITh paBEeH HYJIIO, €CJIU STYEUKH ITaMSITA HE PaBHBI.

(O8]
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JIabopaTopnas padora Ned

Jlornueckue Komanabl. KoManabsl padoThl ¢ OMTOBBIMH MOJISIMH.
KomMananl cIBUTOB.

1. Beenenne

B nanHoit naGopaTopHO#l paboTe OyayT NMPUBEIECHBI SKCIEPUMEHTBI, MPEAHA3ZHAYEHHbIC IS
u3yueHus1 padotsl Jornuyeckux komana (onepauuu HE, U, NI, uckmouaromee NMJIN), komaHa
paboThbl C OUTOBBIMU TMOJSIMU (YCTAHOBKA M COpOC OMTOB) M KOMaH[ CABUIOB (apupMeTUUYECKU,
JIOTUYECKMIA U IMKJIUYECKUN CIBUTH).

2. Jlornueckue KOMaH/Ibl

Jlornueckue KoMaHIbl BKJIIOYAIOT B ce0s AeHCTBUS OyJeBOi anredpbl Haj aKKyMyJSTOPOM
uiu, B ciaydyae komaHasl COM, Haja sg4eiikoil maMsITu, 3aJaHHOM MPU MOMOIIM pacIliMpeHHON Uau

Ta6auia 4.1. Jlornyeckre KOMaHIbI.

COMA ANDA BITA ORAA EORA
COMB ANDB BITB ORAB EORB
COM
uHaekcHoi anpecanuu. Komanasl BITA u BITB no npuHmumy paGoThl CXOXM C KOMaHAaMU
COMA. COMB ANDA u ANDB, HO He M3MEHSIOT COAEPXKUMOIO aKKyMyJsTopa
OOBIUHO JIOTMYECKHUE KOMaHIbl MCITOJIb3YIOTCS IS BLIOOPOY-
S XHI NZV C HOM yCTaHOBKM, OOHYJIEHUS, TOTIOJHEHUSI U TECTUPOBAHUSI OUTOB,
|_ |_ |_ |_ |? |? |O | 1 | YTO YacTO MCHOJb3yeTcsl Mmpu padore ¢ mepudepuilHbIMU YCT-
poiictBamu. Crneayomuii TpuMep ITOKa3bIBaeT KaKWM 00pa3om
ANDA (opr), ANDB (opr), MOXHO HepueHGCTI/I COIEPKUMOE cuTapmero " MJUIaL[Luero 6I/IT(3B nop-
BITA (opr), BITB (opr), Ta C (KpaI/IHI:IX MepekJiroyaresieii) B cTapiidii 1 MJ:IJaI[]_HI/II/I OUTHI
ORAA (opr), ORAB (opr), nopta B (kpaitHux CBGTOL[I/EOL[OB). ITpu 3Tom Maanmuii 6ut nopra C
EORA (opr), EORB (opr) nepeHocutrcs ¢ uHBepcueid. (Ilporpamma HamucaHa TakuM oOpa-
’ 30M, YTOOBI 3aJEHCTBOBATh MAaKCUMaJIbHOE YMCJIO JIOTUYECKUX KO-
S XHI NZV C MaHJ YU He ONTUMU3KUPOBAaHA Ha CKOPOCTb BBIMOJIHEHUS ).
-l-1-1-[2]2]0]-]
cpu 6811
org $Sc800
ldaa $1£f03 ; CUMTaTh COCTOdHME IIepeKindaTeren
ldab $1£f04 ; CcUMTaTh COCTOSAHME CBeTOIMOIOB
andb #%01111110 ; BHIOEIUTH HEM3MEHHYID 4YacCThb
oraa #%01111110 ; YCTAHOBUTHL BCE HEMCIIOIb3yeMBEe OWTH
; B “1”
coma ; VHBEePTHPOBATB 3HAYeHIMe aKKYyMYyJIATOopa
eora #%10000000 ; VHBEPTUPOBATH 3HaAYEHUE CTapmero
; bura
aba ; COBMEeCTUTHb pe3ynbTaT (3aMeTbTe, YTO

; MB 3abJylaroBpPEeMeHHO MAaCKWPOBaM
; HeMCIIONb3yeMbe OUTH, 4YTODH cendac
; COBMECTMTEL IOBa 4YMCIIa IIPOCTHM
; CYyMMMPOBaHMUEM)
staa $1f04 ; BHICBETUTB pe3yJIbTaT Ha CBeTOoOMoIax

Jlornueckue koMaHabl. KomaHabl paboThl ¢ OMTOBBIMY NOJSIMU. KOMaHAbBI CIBUTOB. 19
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3. Komanpl pa0doThl C OUTOBBIMH OJISIMH

KomaHab! paboThl ¢ OMTOBBIMU MOJISIMU MO3BOJISIIOT UBMEHSTh YKa3aHHbIE OUTHI MPUEMHUKA
(sueriky namsatu uam peructpa cratyca CCR), octaBisiss He3aaeliCTBOBaHHbIE OUThI HETPOHYTHIMM.
Cnurcok KoMaHI MpuBeeH B Ta0nule 4.2.

Tabnuua 4.2. KomaHas! pabOThI ¢ OUTOBBIMHU TTOJISIMU.

SEC SEI SEV BSET
CLC CLI CLV BCLR’
ITpumevanus:

" - KOMaHL[bI, HCITOJB3YIOIIME MPAMYIO MW MHACKCHYIO aadpe€callio B Ka4€CTBC II€PBOro rnapaMerpa U HEIOCPEI -
CTBCHHYIO - B KAY€CTBE BTOPOTIO.

Komanppl, nipencTaBieHHbIE B MEPBBIX TPEX CTOAOLAX TaOaulbl, ycTaHaBiauBaoT (SE?) wiu
copaceiBatoT (CL?) otnenbHble (jilar B pErMCTpe CTaTyca, Ha KOTOphIEe YKa3bIBaeT TPEThsl OyKBa B
MHeMoHuKe KomaHasl (C - ¢aar nepeHoca, I - mackupoBaHue npepbiBaHui, V - (ar nepemnoaHe-
Hus). [TpuBeaem npocroii npumep, rMokKa3blBalIUiA OAUH U3 cIOCOOO0B 3aHeCeHUs Yyucia 1 B akKy-

MYJISITOD:

cpu 6811

org $c800

clra ; OUMCTUTE aKKYMYJISTOD

sec ; YCTAHOBUTE ¢iar IIepeHoca
adca #0 ; TIpubaBUTB €Tr0 K akKyMyJIsSToOpy

B peanuzanuu oTiaaguuMka MMeeTcsl OJHa OCOOEHHOCTh - €CJIM Tpaccupyemasi KoMaHaa 3arpelaet
MpepbIBaHUs, TO BBIIIOJHEHNE ITPOrpaMMbl Oy/IeT MPOIOJIXKAThLCS 10 TeX IMOop, MoKa JIMO0O MpepbiBa-
HUsI He OyIyT pa3pelleHbl, JM00 He TTPOU30MAET MpephIBaHUS 110 HENPAaBUJILHOMY KOAYy KOMaH/bI.
B yactHocTM 3TO OTHOCUTCS K KoMaHaaMm SEI u SWI (aTta KoMaHma OyaeT pacCMOTpeHa B Ceaylo-
meid 1adbopatopHoii padore. Tak Xe cileayeT OTMETUTb, YTO €CJIM BBIMOJHEHUE MPOrpaMMbl 3aTsI-
HETCS1, TO OTJIaJAUYMK BbIIACT COOOIIIEHHE 00 UCTEYEHUU BPEMEHU OXUIaHUS OTBETA.

[Toutn B Kaxmoil mporpamme TpeOyeTcs BO3MOXHOCTh MAaHUITYJISILIMM OTAEAbHBIMU OMTaMU
BCLR (opr), BSET (opr) ssyeiiku maMsaTu. Tak, OJOK perucTpoB MpeacTaBisieT co0oii Mo

OOJIBIIEN YaCTU OUTOBEIE IO,

S XHI NZV C Komanasr BCLR u BSET B kKauecTBe nmepBOro orepaHjaa Io-

l-f-[-12]2]o]-]

JIyJaloT sSlYeKy maMsITU B KOTOPOM COOTBETCTBEHHO COpaChIBAIOTCS

WJIN yCTaHaBJINBAaIlOTCA 6I/ITI>I, YKa3aHHBIC B MaCKe, 3aJIaHHOI HETIo-

CPEICTBEHHO BTOPBIM MapaMeTPOM.
ITpuBenem npuMep, AEMOHCTPUPYIOLINIA HAa CBETOIMOIAX PAOOTY 3TUX KOMaH/I;

cpu 6811

org $c800

ldx #S1£00 ; HacTpouThb permcrtp X

bset 4,x,#SAA ; 3axedp dYepes OOMH CBEeTOOMONE, OCTaBUB
; HesamencTBOBAHHLHE OUTH B IIpeXHEM
; COCTOSAHUM

bclr 4,x,#$55 ; TIOTaCUTB OCTalbHBE CBETOOMOIHB

BBINOJIHUTE 3Ty MPOrpaMMy B IIOLIATOBOM PEXMME IPU Pa3HbBIX HAYAIbHBIX COCTOSHUAX CBETONNO-
108 (sueiiku $1104).

4. KomaHnapl cIBUIOB.

Cnucok KoMaH/ CABUIOB MpeAcTaBieH B Tabaule 4.3. DTU KOMaHIbl TO3BOJISIIOT aIpeCOBaTh-
Csl K aKKyMYJISITOPY WIN STYEUKe IMaMsITH.

KomaHabl ¢IBUTOB OOBIYHO TTOAPA3AEasIOT HAa TPU IPYIIIHL:

* apudMeTUIeCcKue CIBUTH,

* JIOTUYECKHUE CIBUTH,

* IUKJIUYECKUE CIBUTH.

Jlornueckue koMaHabl. KomaHabl paboThl ¢ OMTOBBIMY NOJSIMU. KOMaHAbBI CIBUTOB. 20
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Taonuna 4.3. KoMaHILI CIBUTOB.

ASLA/ LSLA ASRA LSRA ROLA RORA
ASLB/ LSLB ASRB LSRB ROLB RORB
ASLD/ LSLD ASR’ LSRD ROL ROR’
ASL/LSL LSR’
ITpumevanus:

" - KoMaHIbl, MCHIOMB3YIOIIME PACIIMPEHHYIO WM MHAEKCHYIO apecaluio.
HpI/I apI/Id)MGTI/I‘{eCKOM CABUIC IMPOUCXOAUT COXpPAaHCHUC 3HA-

ASLA, ASLB, ASL (opr), Ka TMepPBOHAYAIBHOTO OIEPaH/Ia P BHIMIOJHEHUH caBura. [1pu BbI-
ASLD, ASRA, ASRB, MOJTHEHMM KoMaHabl ASR mpoucxomuT paciumpeHue 3HAKOBOTO
ASR (opr) paspsiza. DTo MO3BOJIIET UCIIOIL30BaTh KOMAHLY Ul A€JIeHUs 3Ha-

KOBOro yucia Ha 2". OnHaKo AJIsl HEYeTHBIX 4Mces AeJeHHe He
S XHI NZVC BCETJa SBJISIETCSI KOPPEKTHBIM (pa3HUIA B pe3yJibTaTe MOXET CO-
|' |' |' |' |? |? |? |? | craBisgTh 1). Ilpu BBINNOJMHEHUM KOMaHIbl apuMETUYECKOIO

CIBUTa BJIEBO BCIKMIA pa3 MPU CMEeHE 3HAKOBOro OMTa ycTaHaBIMBaeTcs ¢Jiar V, a 0cBOOOAUBIIIMECS
pa3psabl 3anonaHsoTes 0. Takum o0pa3oM CTAaHOBUTCSI BO3MOXHBLIM TIpU IoMoluu kKoMaHia ASR
MIPOU3BOIUTH 3HAKOBOE YMHOXEHUE yncia Ha 2",
®ar nepeHoca ycTaHaBJIMBAETCS B COOTBETCTBMM C OTOPAChIBA€MbIM OUTOM.
Bce akcneprMeHThI B 3TOM YacTu J1abopaTOpHOI paboThl OyayT MPOM3BOAUTHCS CO CBETOAMO-
JaMM, TaK KaK 3TO HanOoJiee HaISIAHBIN CTOCOo0 1JIs1 AEMOHCTpallMy ONepaluii CIBUTA.
cpu 6811
org $Sc800
ldaa #%00101001
1ldx #S1£00

staa 4,x ; BHICBETUTH Ha CBETOOMOINAX COIEPKUMOEe
;  AKKYyMyJISITOpAa
asl 4,x%x ; YMHOXUTEHL Ha IBa
asl 4,x ; eme pa3 yMHOXUTBHL Ha IOBa (IpoucxXoIuT
; TIeperioHeHue)
asr 4,x ; pazmenuTb Ha OBa
asr 4,x ; pas3nenuTh Ha OBa
LSLA, LSLB, LSL (opr), Jlornyeckue COBUTU TPOU3BOASAT CABUI COACPKMMOIO aKKYy-
LSLD, LSRA, LSRB, MyJsTopa Ui siyeiiku namsitu BiaeBo (LSL) wmim BnpaBo (LSR).
LSR (opr), LSRD ITpu 3TOM OCBOOOAMBILIMECS pa3psiibl BCEraa 3aIlOJHSIOTCS HYJIsS-
mu. Komanas!l rpynmn ASL u LSL BBITIOJHSIIOT B TOYHOCTU OJMHA-
S X HI N Z V C KOBBIE JICHCTBUS U UMEIOT OJIMHAKOBBIC KOJa OIEpaLMid, TIO3TOMY
[-[-[-]-12]2]?2]?| nokaxem muub omimume komann ASR or komann LSR:
cpu 6811
org Sc800
ldaa #%10101010
staa $1f04 ; 3axedn CBEeTOOMONH dYepes OIMH
asr s1f04 ; apudMeTUMIeCcKHuM CIOBUI BIIPaBO:
asr s1f04 ; CTapmmy OMT CcoxXpaHseTcs
lsr S1£04 ; JIOTUMYECKUM CIOBUTL:
lsr s1f04 ; CTapmui 6mT 3amnonHsercs 0
; (cBeTommonm TracHeT)
ROLA,ROLB, ROL (opr), KoMaHabl LMKJIMYECKOTO CABUTA MO3BOJSIIOT OCYLIECTBUTH
RORA,RORB, ROR (opr) orepaluio JOTrMYeCKOro CABMIa HaJl MHOTOOAWTHBIMU YMCJIAMU.
Ot1anume 3TUX oIepaluii OT onepaluii JOrMYeCcKOro CABUIa COCTo-
S XHI N Z V C WUT B TOM, UTO OCBOOOJMBIIUIACS pa3psi 3aIlOJIHIETCS He HyJIeM, a
| - | - | - | - | ? | ? | ? | ? | coctosiHreM (para nepeHoca C. PaccMoTpuM npumep MCIOJIb30Ba-
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HUSI OTUX KOMaH/, 1J1s1 CABUTa 4-X 0aliTHOTO 4Yuciia, pacloJoXeHHOro B siueiikax 03, BJIeBO:

cpu 6811
org $c800
1ldx #0
1sl 3,x
rol 2,X
rol 1,x
rol 0,x
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5. KoHTpOJIbHBIE BONIPOCHI
1. KaxkoB pe3yJibTaT BbIIIOJHEHUS IPOrPaMMBbI:

cpu 6811
org $Sc800
sec

clra

adda #0

2. Kakue MeTonbl agpecaliiy IpUMEeHUMbI K KOMaHAaM LIMKJIUYECKOro caBura?

Pacckaxurte o kKoMmaHgax padotsl ¢ outamu peructpa CCR.

Kakue oco6eHHOCTHM pabOThl ¢ OTJIAAUYMKOM CJIeIyeT YYUThIBaTh MPU OTJIAAKE IporpaMm, 3a-

MpeaIIuX MpepbIBaHUs?

B yem pa3Hocts komang ASR u LSR?

MozxHo i1 ucnoab3oBaTh KomaHay ROLA Bmecto komana ASLA, LSLA?

Kakue nornueckue komadanl Bel 3HaeTe?

Kakum o6pazom peanusyercs komaHga ASRD (caBur peructpa D Ha 1 6aiiT BipaBo)?

9. Ha kakue rpyniibl MOXHO MOAPa3AeauTh KOMaH bl CIBUTOB?

10.darite onpeaesieHMe KOMaHI JIOTMYECKOTO CIABUTA.

11.Yem omiinuaetcd komaHna COM ot komadael NEG?

12.Kakum 00pa3oM MOXHO chaMyaupoBaTh komaHay COM, nmoab3ysich KOMaHIaMU, M3y4YeHHbIMU
B JaHHOM JlabopaTopHOi1 padoTe?

13.Kakue napametpnl umMmeeT komanaa BSET?

14.Yem otimmuaetrcd komanaa ORAA ot komanasl EORA?

B

P

6. 3ananusa

1. Hanumure mporpaMmy, OCYILIECTBJSIONIYIO CABUI BJIEBO 3-X siyeeK MaMITU TaKUM OOpa3oM,
YTOOBI BBIIBUTA€MbIA U3 CTapllieil SSUeiiKyu MmaMsIThU OUT CTAaHOBUJICS HAa MECTO MJIAAIIEro OuTa B
MJIALIEN TYENKe.

2. IIpousBeaute onepauuio “aornyeckoe UJIMN” Han peructpamu X u Y.

Hanuiuure nporpamMmy, Nporu3BOASIILYI0 OOMEH CTapllieil ¥ MJIalIeil TeTpaabl akKKyMyJasitopa A.

Hanumwure mporpammy, CO30a0IIYI0 3€pKaJIbHOE OTOOpaXeHre OUTOBOM KapThl perucrpa A B

peructpe B.

Peanu3oBaTh MOACYET YCTAHOBJIEHHBIX B PETUCTPE A OUTOB C 3aHECEHMEM CYMMBI B peTucTp B.

Hanuiure mporpaMmMy yMHOXEHMS JBYX TBOMYHO-IECATUYHBIX 8-pa3psiAHbIX YUCE.

ITpousBenute onepauuio “norudyeckoe M” Hang perucrpamu X u Y.

Hanucartpb TpeMst cnocob6aMu ycTaHOBKY OMTOB 2 1 3 B sueiike mamatu $10.

Hanucate nporpaMmmy, KOIMPYIOLIYIO CoaepKuMoe peructpoB A u B B peructp X takum o6pa-

30M, YTO CcTapuias TeTpaja perucrpa A W crapuias TeTpaaa peructpa B cocrapnsim crapmuit

OaiiT peructpa X, a MiaalIKde TETPaAbl - MJIAILINA.

10.HanucaTph nmporpamMmy, Mo3BOJISIIOLIYI0 MHBEPTUPOBATh T€ OUTHI perucTpa A, KOTopblie cOpoilie-
HBI B peructpe B.

11.Hanucarp niporpammy, cOpachbiBarolly0 OUThI B perucTpe A, €C/IM COOTBETCTBYIOIIME OUTHI pe-
ructpoB A u B ycraHoBieHbl. OcTajbHbIE OUTHI TOJKHBI OCTaBaThCS B UCXOJHOM COCTOSIHUM.

12.Hamnucatp niporpamMmmy, KOTopasi B YeTHbIe OMTHI peructpa X 3aluchiBacT OUTHI perucrtpa A, a B
HeuyeTHhIe - peructpa B.

13.HanucaTp mporpamMmmy, KOIMPYIOIIYIO peructp A B peructp B ¢ oOpaTHBIM MOPSIAKOM Clie10Ba-
HUSI OUT, UHBEPTUPYS HEYETHHIC OUTHI.

14.Hammcate mporpamMmy, 3amoiHAOLIyo sdeiiku mamatd $0+$7 coorBeTrcTByIOMIMMU OUTAMU
perucrpa A. T.e., HaripumMep, eciu 6uT 0 B perrcTpe A cOpolieH, To B g4eiiky $0 3ammceiBaeTcs
HOJIb, eciii yctaHoBjeH - $FF.

15.YcraHoBuTh 4 15 OUTHI B peructpa A ¢ riomoibsio KoMaHasl BSET.

Rl

LI
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JIabopaTopnas padora Ne5
KOMaHIlbI nepeaavm ynpaBJjacHHUA. Cl'lelll/laJIbH])Ie KOMaH/bI.

1. Beenenne
B nmanHoIi 1aGopaTopHOIl paboTe M3ydaroTcsl KOMaHIbl Iepeaadyu yIpaBiaeHUs, CAyXKallye IJIs

BETBJIEHUS TIPOTPaMMBbI 32 CYET U3MEHEHUsI perucTpa mporpaMMHoro cuetdynka PC, 1 cnenpanabHbIe
koMaHabsl STOP u WAL, cnyxaiuue mist opranu3zanuu 3¢p@HeKTUBHOU pabOThl MUKPOKOHTPOJIEPA B
cucTeMax, KpMTUYHBIX 110 MapamMeTpaM NoTpedJisieMOil MOILIHOCTH.

2. Komanpl nepenaym ynpabjieHus

Komanabl nepegauu yrpaplieHUsI MOXKHO pa3aeuTh Ha 4 TPYMIIbI:

* komaHzbl 6e3ycioBHoro nepexoga (JMP, BRA, BRN, NOP),

* KomaHzabl pabotsl ¢ moamnporpammamu (JSR, BSR, RTS),

» xoMaHabl ycioBHoro mepexona (BEQ, BNE, BMI, BPL, BCS/BLO, BCC/BHS, BVS,
BVC, BGT, BGE, BLT, BLE, BLS, BHI, BRSET, BRCLR),

* KoMaHAbl paboThl ¢ mpepbiBaHusIMU (SWI, RTI).

Cnucok KoMaHJ repenadyu yrpaBieHUsT MpeacTaBiaeH B Tadaune 5.1. Bce KoMmaHabl nepegadyu

yIpaBJI€HUsI HE OKa3bIBaIOT BIMSHUS Ha COCTOSIHUE peTUCTpa cTaTyca.

Tabauua 5.1. Komanasl nepegayr ynpabJIeHUS.

IMP BEQ” BCS/BLO” BGT" BLS™ JSR™™ SWI™
BRA™ BNE" BCC/BHS" BGE" BHI" BSR” RTI™
BRN" BMI™ BVS” BLT" BRSET™ RTS™
NOP™ BPL" BVC” BLE" BRCLR™
[TpuMeuyaHus:

" - KoMaH/Ibl, UCTIOJIB3YIONIME PACIIMPEHHYIO U MHAEKCHYIO apecaliiio

" - KoMaH/Ibl, MCTOJIB3YIOIIE OTHOCUTEIBHYIO afipecalinio

™ - KoMaHIBI, MCTIONB3YIONIIE HESIBHYIO aipecaliio

" - KomaH[bl, UCTOJb3YIOIME CMELIaHHYIO aJpecalliio: MepBblii onepaH UCHOob3yeT JM00 MpsAMYIO, TU60 MH-
JIEKCHYIO alpecaliyio, BTOPOil - OTHOCUTEIBHYIO

*****

- KoMaHbI, UCITOIB3YIOLINE MPSIMYIO, PACIIMPEHHYIO U MHAECKCHYIO aIpecalnio

JMP, BRA, BRN, NOP KomaHapbl 6Oe3ycaoénoco nepexoda ciyxaT [Jis Tiepenadyu

yIpaBJeHUs] IPYroMy y4acTKy IpOrpaMMbl HE3aBUCUMO OT COCTOSI-

S XHI NZVC HHUS PETUCTpA CTaTyca MUKPOKOHTPOJUIEPA M COIEPKUMOTO S4YeeK

[-|-]-1-]-]-]-]-] mamaru. Paccmorpum pabory aTux KomaHzx Gonee 1oapoOHO Ha

10

11

12
13

CJICIYIOIIEM IpUMepe:

cpu 6811
org sc800 ; HadYaIbHHM amgpec IPpOTpPaMMEB
ldab #3502 ; BHOOP BapuaHTa BEeTBJIEHUS IIPOTPaMMb
1ldx #ways ; 3aHeCcTM B permcTp X ampec TaOJuIIH
; TIepexomoB
1dy 0,x ; CcuMTaTh 3HadeHue B permucTtp Y
Jjmp 0,y ; BH3BATh IIOOIIPOTpaMMy IIO ampecy,
; HaAXOoO4meMyCcd B permcrpe Y
nop ; 3aIepxka B 2 TakTa
inx ; VBEIMYUTE PermucTp X Ha 2 OiId
inx ; BHIOOPKU cClenyolero ajpeca u3
; TaOIMIIB IIEePeXOomooB
bra 10 ; mIepenTtn HamMeTKy 10
bra 11 ; TIepenTu Ha MeTky 11
brn * ; 3BamepxkKa B 3 TakTa
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way s fdb 11, 12, 13

BoinmosiHMTEe MporpaMmy B Io1aroBoM pexume. Odpatute BHUMaHKe, 4To KoMaHaa “jmp 0,x” BbI-

MOJIHUTCS Ba pa3a, Ipy 3TOM B IIEPBOM CJlyyae nepexo1 OyaeT OCyllecTBIeH Ha MeTKY 12, a Bo BTO-

powm - 13.

JSR, BSR, RTS Komanowt pabomut ¢ noonpoepammamu 1103BOJISIIOT BBIACSTH
4acTO MCIOJIb3YEMYIO MOCAEA0BATEJIbHOCTb ACHCTBUI B IOAIPO-

S X HI N Z V C rpammy. IIpu nepexone k noanporpamme (JSR, BSR) B creke co-

- 1-1-1-]-1-1-| xpansiercsa anpec cnenyromeii 3a Texyeit KomaHabl u peructp PC

M3MEHSETCSl TI0 MpaBujlaM KOMaHz Oe3ycioBHoro repexoaa. [lpu
BBIXOJE U3 MoArporpaMmmsl o komanae RTS nmpoucxoanT BeIOOpKa U3 cTeKa aapeca Bo3Bpara. Pa-
00Ty 3TUX KOMaHJ MOXHO TPOCIAEAUTh Ha TpUMEpPE MPOrpaMMbl, pa3Mellalleii aapec CBOei BTO-
poit koMaHasl B ASCII ¢popmare B gueiikax $0-+3:

cpu 6811
org $Sc800
bsr 11 ; TIepexon Ha Cclenyoiyln KoMaHIy
11 pulx ; TIONYy4YUTH B permcTp X ampec 11 ($c802)
xgdx ; pacnmcaThb ampec B dopmaTe ASCIT
1dy #0 ; B adelrkax $0+S3
bsr bin2ascii ; BH3BATH IIOOIPOTPAMMY , COXPAHSIOIYIO
; perucTtp A B dopMaTe ASCII B AUerKkax
;o (y), (y+1)
tba ; IIepermcaThk permucTtp B B permcTtp A
iny ; U pacImcarb ero B sS4Yenmrax $2, $3
iny
bsr bin2ascii
bra *
bin2ascii pshb ; COXPaHMTL B CTEKEe PEerucTp B
tab ; CKOIMPOBaATL B HETrOo permcrp A
lsra ; BHIOENIUTE B A CcTaplyl TeTpany
lsra
lsra
lsra
bsr hex2ascii ; IpeobpasoBars umciio 0-f B ASCITI Ro@n
staa 0,y
tba ; TIOBTOPUTE OJIS MJanllell TeTpans
anda #Sf
bsr hex2ascii
staa 1,y
pulb
rts
hex2ascii adda #0 ; IIpeobpaszoBaHMe 4Yucia M3 IualasoHa
daa
adda #SfO0
adca #3540
rts

KoManabl ycaoenoeo nepexoda ciyxar s nepenadyu yrnpapieHUs B 3aBUCHMMOCTH OT COCTOSI-
Hus peructpa CCR OOBM wnu 3HaueHus siueiiku namsata (BRSET u BRCLR).

MHorna KoMaHbl YCJIOBHOTO Mepexoa, BhIMOJHSIONINE Tiepeaady YIpaBiIeHUs] B 3aBUCUMOC-
TU OT COCTOSIHMSI PErucTpa craTyca, IMOoJpa3iesiioT Ha TPU TPYIIbl: 3HAKOBbIe, O€33HAKOBbIE U
npocThie (CM. Tab. 5.2).
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Ta6nauna 5.2. KoMaHabl yCI0OBHOIO Iepexoaa.

YcinoBue Jlornueckass ~ MHemonHuka | IIpoTtmBomosioxxHoe neicTBre Tun
pyHKUIMSA

r>m Z+(NeV)=0 BGT r<m BLE 3HAKOBBIN
r>m N®V=( BGE r<m BLT -I-
r=m 7Z=1 BEQ rZm BNE -I-
r<m Z+(NeV)=1 BLE >m BGT -I-
r<m NeV=1 BLT r>m BGE -I-
r>m C+Z=0 BHI r<m BLS Oe33HaK.
r>m C=0 BCC/BHS r<m BCS/BLO -I-
r=m 7=1 BEQ rZm BNE -I-
r<m C+Z=1 BLS >m BHI -I-
r<m C=1 BCS/BLO r>m BCC/BHS -I-

MEPEHOC C=1 BCS/BLO HET T1ep. BCC/BHS MPOCTOM

OTpMIIAT. N=1 BMI TOJIOX. BPL -II-

Tieperl. V=1 BVS HET Tep. BVC -|I-

r=0 7=1 BEQ =0 BNE -I-

ITokaxkeMm oIMH U3 CIOCOOOB OpraHM3alluy LIMKJIOB C TOMOIIbIO KOMaH YCJIOBHOTO Tepexoaa
Ha pUMepe CI0XKEHUS IBYX 4-0aiiTHBIX UMCEJI:

loop

cpu 6811
org Sc800
ldx #33
1dy #S7
ldab #s4
clc

ldaa 0,x
adca 0,y
staa 0,x
dex

dey

decb

bne loop

; KOHEeYHHIN agpec IIepBOr0 dYucia
; KOHEeYHHM aIpec BTOPOIrO dYMcia

; pasMep ducia
; cbpoc ¢rmara mnepeHoca
; CJIIOXMTBL IBa Oamra

; TIepenTHr K CcuenyoimeMy OanTy

; YMEeHBIIMTL YMCJIO ObpabaTHBaeMex OamT

; Ha 1 m moBTOpPMTHL, eciu He O

Jpyroit mpuMep MoKa3bIBaeT UCIIOJIb30BaHNE KOMAaH/I, MIEPEX0A0B MPU MTPOBEePKe MPaBUJILHOCTH Ia-
ThI, 3arrcanHoil B Buge BCD uucna B sueiikax $0+$3 B hopmare JJAMMITIT (To ectb, B stueiike
$0 xpanurcsa neHb, B A4deiike $1 - Mecsil, a B ssueiikax $2 u $3 - croserne u rog B CTOJETUH, COOT-

BETCTBEHHO):

cpu 6811
org $c800
1ldx #0

1ldd 0,x
tstb

beg invalid
tsta

beqg invalid
cmpb  #S$13
bhs invalid
cmpb  #S2

bne lab2
ldab 3,x

bsr bcd2bin

; YCTaAHOBUTE YyKa3aTeJlb Ha Ha4daJllO IOaTEH
; 3arpys3UTh B A M B OeHb M MECHIT

; ecnu meHb MM Mecsi] paBeH 0
; Mecsdl] bonpme 13,

; ecnIm »TO He deBpanlb,

MIiinm

TO IIepeXono Ha

; BHOOPKY dYMCIa OHEeW U3 TabJMIIH

; IIPpOBEePKa BMCOKOCHOI'O TI'Ooa

TO maTa He KOPpPEeKTHAa

Komanap! nepegaun yrpanieHus. CrelyaibHble KOMaHIbI.
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lab2

labl

valid

invalid
done
bcd2bin

dpm

BRSET (opr),
BRCLR (opr)

S XHI NZVC

andb
bne

ldab
bra
bsr
decb
1ldy
aby
ldab
cba
bhi
clc
bra

sec
bra
psha
tba
anda
lsrb
lsrb
1lsrb
lsrb
1slb
aba
1slb
1s1b
aba
tab
pula
rts
fcb

S03
lab?2

#5529
labl
bcd2bin
#dpm
0,y
invalid

done

#SO0F

JlaGopato

7
7

.
7

7

IoydYeHMue ocTaTKa OT meseHus Ha 4
TOI HEeBMCOKOCHHIM, €CJM He OeJINUTCSs
Hallenao Ha 4

Ipeobpa3zoBaHMe Mecslla B OBOMYHHIY KOI
HaCTPOMTE yKazaTelb Ha CIIMCOK IHel
B Mecdlle

3aHecT B B 4mMCIIO IOHEN
eCJIM YMCJIO OHeM O0oJble
TO IHaTa He KOPPeKTHa
Tol MOXeT OHTHL JIIOHM, IIORTOMY
IIpOBEpPKa He IIPOUBBOIOUTCS U
BO3BpallaeTCsa IIPM3HAK YCIIEIHOM
IIPOBEPKU

yCTaHOBKaA ¢Jiiara OmMOKM

B MecHdlle
BEIYMCIJIEHHOTI'O,

ImpeobpazoBaHMe ducia B dopmaTe BCD,
3a0aHHOTO B PEermucTpe B B OBOMYHHM
dopmMmaT

BHIEJIEHME CTapliell TeTpalb

yMHOXeHre Ha 10 u croxeHue
C permcTpoM A

$31,$28,$31,$30,%31,$30,$31,$31,%$30,%31,s30,831

KomaHapl yCJIOBHOTO Tepexoja, BBIMOJHSIONINE Iepeaavy
yIIpaBJIeHUS] B 3aBUCUMOCTU OT 3HAUYEHUS STYESHKU MaMSITU UCIOJIb-
3yIOTCS B LIMKJIaX OXWAAHUS M3MEHEHUS KaKoro-jimbo permcrpa

10

11

cpu
org
1dx

yIIpaBJI€HMsI, ONPOCE BHEIIHUX JUHUIA JaHHBIX WU padoTe ¢ apy-
MMM OMTOBBIMU JaHHBIMU. [IpocToii TpuMep MoKa3biBaeT KaKUM

00pa3oM MOXHO O0ecIeuuTh OoToOpaxkeHue MH(OpMaLUKU ¢ Tepe-
KJII0YaTesiell Ha CBETOAMObI IO M3MeHeHUI0 nepekintoyaress CO:

6811
$c800
#51£00

brset 3,x,#s$01,11 ;

bsr

display

brclr 3,x,#s01,* ;

bsr

display

brset 3,x,#s01,* ;

YCTAHOBUTEL permucTp X Ha 0a3O0BHM
agpec PRU MC68HC24

ecnu Miaammui OUT yCTaHOBJIEH, ToTrmda
IIepenuTr K IporpaMMe OXUIaHus cbpoca
oTobpazmuUThL MHOOPMALIMIO

XIDIaTh YCTAHOBKMU OuTa (BrIndYeHuss CO)
* - ampec Teryllel KOMaHIH

XKIDAaThk cbpoca 6ura (BHKIOYeHMsT CO)
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bra 10 ; CIenoyomui ILIUMKII
display ldaa 3,x ; OTODOpAa3’UThL COCTOSHUE IIepekindaTesen
staa 4,x ; Ha cBeTOoIoMoOImax
rts
SWI Komanowvt pabomot ¢ npepvieanusamu npeaHa3HaAYEHBI 1J1S1 BXOIa
WJIY BBIXOJA U3 MIPEPhIBaHUSI.
S XHI NZ YV C MHorna ObiBaeT HEOOXOAMMO BBITIOJHUTH IPOrpaMMHYIO pea-
[-|-[]-11]-]-]-]-] nuzaumio npepbiBanus. KoHeyHo, 3T0 MOXHO peain30BaTh YEPE3
MOAMpPOrpaMMy, B Hauajle KOTOPOIi BBITIOJHSIETCS] COXpaHEHHE pe-
RTI TUCTPOB B CTEKE, OJHAKO 3TO CHMXKaeT 3((PEKTUBHOCTb PabOTHI
MporpaMMbl B 11eJI0OM. JIJIsT BBIMOJHEHUST 3TOM 3adauyd CIYKUT KO-
S XHI NZVC MaHja reHepauuu nporpaMmHoro npepbiBanust SWI. OHa BbiTosi-
(22222 ]2]2]2] HAET MOCJIeIoBaTeIbHOE coXpaHeHue B cTeke peructpos PC+1, Y,
" _ 3Hauenue moxet ObiTh mame- X, D, CCR, 3ampemiaeT mMackupyemble nmpepbiBaHUs (yCTaHaBJIU-
HEHO ToJIbKO 13 1 B 0. BaeT 6ut | B peructpe CCR) u nepenaer yrpasjieHUE Ha MOAIPO-

rpaMMy, aapec KOTOpOil HaXOIUTCS B Ta0JIM1IE BEKTOPOB MpepbIBaHUsI. Alpec 00padboTurKa Mmpephi-
BaHus SWI noikeH ObITH pacrioioxeH mo aapecy $fff6, ecnu padora mpoucxoauT B HOPMaIbHOM
pexume paboTel, Wi 1o aapecy $bffé, ecaum B crienmansHOM. B pexnme bootstrap mo agpecam
$bf40-+-$bfff Haxomutcs bootstrap T13Y, B KOTOpoM BeKTOpa MpepbIBaHUI yKa3bIBAIOT Ha SYENKU
namsaTu BHyTpeHHero O3Y. Takum oOpa3oM, B UCCIeAyeMbIX B JaHHOM JJabopaTOpHO# paboTe IKC-
MeprUMeHTaxX Il 3aJaHus OKOHYATEILHOIO aapeca repexoaa Mbl OyaeM UCIoJb30BaTh aapeca $f4-
$f6, B KOTOpBIX OYIET pacIiooXeHa KoMaHaa 0e3ycioBHoro nepexoga JMP.

st Bo3BpaTa u3 npepbiBaHus ucrnojab3yercss Kkomanaa RTI. OHa BoccTaHaB/IMBaeT 3HAUYEHMUS
PErvucTpoOB M3 3alIOMHEHHBIX B CT€KE, TEM CaMbIM OCYILECTBJSIETCS BO3BpaT K MpepBaHHOU Mpo-
rpaMMe C COXpaHEHUEM COCTOSIHUSI PETUCTPOB.

He6onbli1ast mporpaMmMa 1eMOHCTPUPYET pabOTy STUX IBYX KOMaH/I:

cpu 6811
org S00f4 ; YCTaHOBKa BeKToOpa obpaboTduura
Jjmp ih ; TIpepoBaHuss SWI
org Sc800
gen_int ldaa #S$55
swi ; BH3OB IIpEepPHBAHUS
coma
swi
coma
sSwi
coma
sSwi
done bra *
ih ldx #51£04 ; 00paboTYMK IIpepHBaHMUS OCYIEeCTBIISEeT
staa 0,x ; oToOpaxeHMe 4YMCIila U3 permucTpa A
1dy #3500 ; Ha cBeToIMoOIax ¥ 3alepxky ~=10Mc
delay dey
bne delay
rti

[TornpoOyiiTe BHIMOJIHUTH 3Ty MPOTrpaMMy B MOIIATOBOM pexXuMe (Kak ObLIO YKa3aHO B MpeAbIayleit
paboTte, 00pabOTUMK MpepbIBaHUSI OyIeT BBIMOJIHSATLCS 3a 1 1Iar) U ¢ yCTaHOBKOM TOYEK OCTaHOBa
Ha MeTke ih. [TocmoTpuTe comepxrmoe 00JIaCTh TaHHBIX BBILIE YKa3aTess cTeKa (CTEKOBOro (paii-
Ma) 1 yOenuTeCh, UTO BCe PErUCTpPHI Mpolieccopa ObLIM COXpPaHEHHI.
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3. CnenuajbHbie KOMAHIBI

Kak ormeuanoch paHee, K CIeLMaJbHbIM KOMaHIaM OTHOCSITCSI KOMaHMAbI, MEPEBOISIINE
KOHTPOJIJIEP B PEKUM HU3KOTO MOTPEOJCHUST SHEPTUM.

Komanga WAI nepeBOOUT KOHTPOJUIEP B PEXMM OXMAAHUS MEPBOrO HEMACKMPOBAHHOTO
npepbiBaHus. [lpu 3ToM coxpaHeHMe PErucTpoB MPOUCXOAUT B MOMEHT BBIMTOJHEHUS KOMaHbl
WALI, a He B MOMEHT OOHapy>XeHUsI TpepbIBaHUSI.

Komanga STOP BbINIOJIHSIET OCTAHOBKY BCEX BHYTPEHHMX FeHEPaTOPOB MUKPOKOHTPOJIIEpa U
MePEeBOJ] CUCTEMBI B PEKMM MUHUMAaJIbHOTO 3HepronotpedaeHus. B ciayyae, eciay ycraHOB/IEH OUT S
peructpa CCR, To komaHaa STOP BeinonHsieTcst Kak komanga NOP. BoccraHoBiieHe CUCTEMBI U3
peXrMa MUHMMAaJIbHOIO 9HEPTONOTPeOIeHUSI MOXKET IMIPOU30MTU B CiIydae MOSIBICHUS TIpepbIBAHUMA
ot RESET, XIRQ unu HemackupoBaHHoro npepbiBaHus IRQ. B ciaydae, korga ycraHoBieH out X
peructpa CCR, mackupytomuii mpepbiBaHue XIRQ, 1 mpoucxoaut 3To npepbiBaHUE, TO BHIITOJIHE-
HUE MPpOrpaMMbl IpoucxXoauT co ciaenytomieit 33 STOP komaHnbl. B HeKOTOpbIX Mackax ceMeiicTBa
M68HCI11 6b11a gomyieHa olnoOKa, MpUBOAIIas K HEIPaBUJIbHOMY MHTEPIPETUPOBAHUIO KOJa
KOMaH/Ibl B HEKOTOPBIX OCOOBIX CIy4asix, moaTomMy hupMa Motorola pekoMeHayeT nepea KoMaHaoM
STOP nomemars koMmaHay NOP, Takum o0pa3oM UCKIIIOUYast 3Ty OLIMOKY.
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5. KoHTpOJIbHBIE BONIPOCHI

1. KakoBo paznuuue mexay komangamu JMP u BRA?

2. O0bsacHure paznuune Mexay komanaamu WAI u STOP.

3. Kakum o06pa3zoM MOXXHO peajin30oBaTh MEPEeXo K MOANporpaMmmMe, He UCIojb3ys komaHa BSR u
JSR?

4. Ilpou3oitieT 11 BbI30B MPOrpPaMMHOIO MpepbIBaHUS MPU YyCTaHOBJIeHHOM (uiare 1 B perucrpe
CCR?

5. Kakue koMaHIbl OTHOCSITCSI K 3HAKOBBIM KOMaHIaM YCJIOBHOIO nepexoaa’?

6. Kaxkue Buabl nepexonoB Bam n3BecTHBI?

7. KakoBo HazHaueHue komaHa BLE, BSR, BCS, BRCLR?

8. CKOJbKO OMepaHJoB M KaKue MCIIOJb3YIOTCS KOMaHAaMM YCJIOBHOTO Mepexoda Mo COCTOSIHUIO
oura?

9. Peanuzyiite (mpuMepHo) KoMaHabl BRCLR 1 BRSET uepes apyrue KoMaHbl.

10.KakoB pe3yabTaT BbINOJIHEHMS (hparMeHTa MPOTrpaMMbl:

ldaa #34
ldab #$34
cba

bmi 12
beqg 13
bra done

12 ldaa #45

bra done

13 ldaa #$23

done clrb

11.MOXHO JI1 BBIIIOJIHUTH MEPEX0, aHAJTOTMYHBINA Tepexoay 1mo komaHae BCS, ncnonb3yss KomaH-
el BNE u BLE?

12.Kakum 00pa3oM MOXHO OCYIIECTBUTb KOPPEKTHBIN BBIXOJ M3 MOANPOrpaMMbI, HE MCIIOJIb3Ys
komaHay RTS?

13.Kakune KoMaHabl OTHOCSITCS K 0€33HAaKOBBIM KOMaHIaM YCJIOBHOIO nepexoaa?

14.1ns kakoit uenu ucnonb3yrorcs: Komanasl WAL u STOP?

15.KakoBo HazHayeHune komaHa BLE, RTI, JSR, BEQ?

6. 3ananusa

1. Hanuiure mporpamMmy, OCYILIECTBIISIIOIIYIO CI0XEHMEe OBYX 4-X OaUTHBIX Yucesl, IpeacTaBlIeH-
HbIX B opmate BCD.

2. Peanusyiite nepeBon AByx0aiiTHoro uucia B popmare BCD B 1BoMuYHBIN (hopmar.

3. Hamumure miporpaMMmy, KOMNUpPYIOIIYIO OJIOK JaHHBIX, PacIoOJIOXXEHHBIX II0 aapecam
$c900+%¢920, B coorBeTcTByIoIIMe stueiiku $0000-+-$0020. [Tpu 3TOM maHHBIE TIEPEe3aUChIBAIOT-
Csl TOJIbKO B TOM ClIy4ae, €cJii OUT 3 B COOTBETCTBYIOIIEH sTYCHiKe MaMsITU COPOIIEH.

4. Hanucath mporpamMmy IojcueTa CyMMbl 8-OMTHBIX 0€33HAKOBBIX 4YMCEJI, PACIOJOXEHHBIX B
aaeiikax $¢900-+3$cOff. Pesynbrar momectuts B peructp Y.

5. TlpousBecTH COPTUPOBKY 110 BO3PACTAHMIO YKMCEN, PACITOI0XKEHHBIX B gueiikax $¢900-+$cIff.

6. IpousBecTH MOACYET KOJUUYECTBA OTPULIATEILHBIX, MTOJOXUTEIbHBIX YMCE U HyJIeil B 00J1acTh
mamsaty $¢900-+$cOff.

7. Hanucarb niporpaMmy, IOACYMTHIBAIOIIYIO KOJTUUECTBO YCTAHOBJEHHBIX OMTOB B sTYEKax MaMsi-
™ $¢900-+-$c91f. Pe3ynbrar momecTuTh B perucTp X.

8. IIpousBecTy COPTUPOBKY I10 YOBIBAHUIO YMCEJI, PACIIOJIOKEHHBIX B stueiikax $¢900-+$cOff.

9. Hanucath nporpamMmy, MHNpOU3BOASIIYIO MOACYET KOJMYECTBA HEYETHBIX YMCEI B sSUeiKax
$c900-+-$coff.

10. Hamwmcarpr nporpamMmy mnpeoOpa3oBaHMsI JIBOMYHBIX YMCEJI, PACHOJOXEHHBIX B sUeiKax

$c900+-$c91f, B BCD dopmart. PesyiabraT pasmectuts B ssueiikax $¢920-$c¢95f.
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11.Hamnucatp nporpaMmy nojacyera CyMMbl 8-OMTHBIX 3HAKOBBIX YMCEJI, paCIOJOXEHHBIX B siueiiKkax
$c900-+-$coff.

12.I1pousBectu omnepauuio “aormyeckoe MJINM” mexny Outom 2 m OUTOM S5 I sSiYEEK MaMsITH,
pacnoioxkeHHbIX 1o agpecaM $¢900-+-$c91f, pesyabrar mpu 3TOM JOKEH OBITH 3amucad B OUT 3
COOTBETCTBYIOIEH STYEUKMU.

13.ITpousBectt OOMEH CTapIIMX TETpaj sS4YeeK, pPacIojgoXeHHBIX B Onokax $c900+$c9lf un
$c920-+-$c93f.

14.TTepecTpouTh MacCUB JAaHHBIX pa3MepoM 256 0ailT B oopaTHOM mopsiake. T.e. mepBBIil OalT Me-
HSIETCSI MECTAMU C TIOCJIEIHMM, BTOPOM C MPEAIOCIEIHIM U T.I1.

15.Hanmmimure TporpamMmy, OCYIIECTBIISIOLIYIO CIBUT MacCHMBa JAaHHBIX pa3MepoM 64 Oaiita Ha
4 duTta BJIEBO.

16.Harmimure mporpamMmy, 3¢pKaJbHO II€peCTpaMBaloOllyl0 OUTHI B MacCHMBE HAHHBIX pPa3MepOM
256 Gaiit. T.e. Hy/IeBOI OUT MEPBOIo JIEMEHTAa MaCCHMBa CTAHOBUTCS ITOCIEIHUM OMTOM MOCIIE -
HETO 3JIEMEHTa, TIEPBHII OUT ITEPBOTO 3JIEMEHTA - 6-M IMOCIIETHETO JIEMEHTA U T.JI.

17.HanumwuTe mporpaMmy BbIYMCIEHUS (paKTOopHraia yncia, 3agaHHoro B peructpe B.
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JIabopaTopnas padora Ne6
ITopThl Napa/iebHOTO BBOA,/BbIBO/A.

1. Beenenne

B manHoi#t 1abopaTtopHOil paboTe M3ydyaeTcs IMPOLIECC B3aMMOMACICTBMSI C IOpPTAMM Iapai-
JIeIbHOTO BBOJIa/BBIBOJIA.

2. ITopTbl mapaiieibHOrO BBOA/BbIBOIA

Muxkpoxkontpoiiep MC68HC11E1 umeer naTh napauieJIbHbIX TOPTOB BBOAA/BbIBoAa: A, B,
C, D u E. Kaxnag nuHusi BBoja/BbiBOAa MHOTO(YHKIIMOHAIbHA, T.€. 32 UCKJIIOYEHUEM ITPOCTOrO
rapajieJIbHOro 0OMeHa MOXET BBITIOJHSTh JOMOJHUTENbHbIE (PYHKIIUM (HampuUMep, JUHUU TTOpTa
E moryT ObITh HACTpOEHBI Ha paboTy B KauecTBe BX0A0B BcTpoeHHOro ALLIT; nuauu nopra D moryT
CIY>KUTh JIMHUSMM OOMEHa I0cJiefoBaTeIbHBIX MHTEP(EicoB; JUHUM TTOpTa A MOTYT OBITH MOJ-
KJIIOUEHBI K cUCcTeMe Taiimepa U T. A.). [Ipu paboTe B pexxriMe 0ObIYHOTO BBO/AA/BbIBOJIA TMHUU MOP-
toB B, E, a Takxxe nunum 0, 1, 2, 4, 5, 6 mopra A nMeIoT GpMKCUpPOBaHHbIE HAIIPaBJICHUS TIepeaayn
JaHHBIX, B TO BpeMs KaK HampaBJjieHUs1 ooMeHa JuHuii moptoB C, D u nunuit 3 u 7 nopta A MOXHO
3aJaBaTh nporpamMmMmHo. Kaxmomy rmopty BBoJa/BbIBOAA COOTBETCTBYET BHYTPEHHUI PErvcTp B al-
pEeCHOM IIpOCTpaHCTBe MUKpOKOHTpoJuiepa. st moptoB A, B, C, D, E 3T peructpbl Ha3bIBarOTCS
PORTA, PORTB, PORTC, PORTD, PORTE coorBeTcTBeHHO. BUTBHI perucrpa COOTBETCTBYIOT
JIMHUSIM TOpTa, MPUYEM €CJIM JMHUS HAaCTpOeHa Ha BBOJ MHGpOpMAalLMK, TO TIPU YTEHUN pEeTUCTpa
COOTBETCTBYIOILMI OUT MIPUMET COCTOSIHME MPUCYTCTBYIOIIEE HA JMHUM HAa MOMEHT YTEHUS;, €CIu
JIMHUS HACTPOEHA Ha BBIBOJ, TO YCTAHOBJIECHHOE MPOrPAaMMHO COCTOSIHME OMTa YIpPaBJsSIeT BbIXO-
HBIM COCTOSIHMEM COOTBETCTBYIOIICH JUHUU. [IJIsT HACTpOMKM HaIpaBieHNs OOMeHa JIMHUI TTOPTOB
C u D cymectBytoT peructpsl DDRC u DDRD cooTtBetcTBeHHO. Eciu Kakoii-11bo OUT perucrpa
HanpaBJI€HUS ycTaHOBJIEH B “0”, TO COOTBETCTBYIOLIAS JIMHWSI HACTpAMBAETCs Ha BBOJ, YU HA000-
poT, cocTosiHUe “1” mporpaMMupyeT JUHUIO Ha BbiBoA. HampaBieHue oOMeHa quHuii 3 u 7 nopta
A 3apaercs outamu DDRA3 u DDRAT peructpa PACTL.

Jlunuu noptoB B u C kpoMe 00BIYHOIO BBOJA/BbIBOJIA MOAAEPXKMBAIOT PEXUM TapaieIbHO-
ro oOMeHa ¢ curHajaMu KBuTHpoBaHus. Kpome 3Toro, eciayu y MUKpOKOHTPOJIJIepa HET BHYTPEHHEM
nmamatu (Hanpumep, y MC68HCI11E1 uer I13Y) nim ee o0beM HenocTaTO4YeH, TO Yepe3 3TU JIMHUU
MOXHO MOJKJIIOYUTh BHEIIIHIO MaMsATh. PexXuM paGoThl ¢ BHEIIHEH MaMsIThO Ha3bIBACTCSI paculu -
PEHHBIM MYAbMUNAEKCHbIM PeNCUMOM paboms. MUKPOKOHTpoJLIepa (0 MOAPOOHOCTSIX €ro YCTAaHOBKH
CM. oInMcaHMe Ha MUKpoKoHTposuiep). IIpu pabore B a3TOM pexxuMme Ijisi oOecrniedyeHuss oOMeHa ¢
BHEIIIHEe! maMsThio yepe3 nopThl B 1 C BEIBOAUTCS BHYTPEHHSISI MarUCTpajb aapeca/IaHHbIX MUK-
pokoHTposuiepa. Uepe3 nmopt B BbIBoguTCSl cTapluuii 6aiT agpeca, a yepe3 nopT C - JaHHBIE U
MJIaAIIKMIA 0aiT agpeca. s oTaenaeHus JaHHBIX OT aapeca nmopt C JoJkeH BKJII0UYaThCs uyepes3 pe-
TUCTP, 3alleJIKMBAOLIMK Maaaluii 0aiT agpeca mo curHajly AS MUKpOKOHTposuiepa. BapuaHTt
CXEMOTEXHMYECKON peajn3alliy BHEIIHE MarucTpaly aapeca/JaHHBIX MpeacTaBieH Ha puc. 6.1.
Kpome munbt agpeca (A0-A15) u muHbl faHHbIX (D0-D7) 31ech nokazaHo ¢hopMUpOBaHME CUTHA-
JoB 3anucu (WR) u utenust (RD).
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Puc. 6.1 Peanu3aius BHeIIHEH MaruCcTpalii aapeca/naHHbIX MUKpoKoHTpoyiepa MC68HCI11E].

B otnagounom monyie HC11EVB noptel B u C Takke McIoib3yloTcs 1Jisi oOMeHa ¢ BHEIITHEH
namaTeio (O3Y emkocThio 16 KOaiiT, 3aHuMaroliee agpecHoe nmpocrpanctso $C000-$FFFF). s
TOr0, 4YTOOBI KOMIEHCUPOBaTh “morepio” moptoB B u C B mopyse npeaycMoTpeHa MUKpPOCXeMa-
amynsitop MC68HC24, kxoTopast MMeeT JBa MOpTa, aHAJOTMYHBIX 10 (DYHKIMOHAJIbHBIM BO3MOX-
HOCTSIM (ITOJpa3yMeBaeTCsl peXXUM MOPTOB MpHY padoTe ¢ BHYTPEHHEH MaMsITbi0) COOTBETCTBYIOIIIUM
MopTaM MUKPOKOHTpoJIiepa. Peructpbl yrpaBiaeHUs 3TUMHU ITOpTaMU TakKKe HaXOISITCS BHYTPU
AMYJISITOpa 1 pacnojaraloTcs OHM B IPYTOM MecCTe aapecHoro mpocrpaHcTBa. HoBble agpeca aTux
PErvcTpOB MpeACTaBIeHbI HUKE:

SxF02

SxF03
SxF04
SxF05
SxF07
SxF3C

SxF3D

MCG68HC11E1

PB7
PB6
PB5
PB4
PB3
PB2
PB1
PBO

PC7
PC6
PC5
PC4
PC3
PC2
PC1
PCO

AS
R/W

A15

A14

A13

A12

A11

A10

A9

MC74HC373

DO
D
D2
D3
D4
D5
D6
D7

QO
Q1
Q2
Q3
Q4
Q5
Q6
Q7

OE

J CE

A8

PIOC

PORTC
PORTB
PORTCL
DDRC
HPRIO

INIT

=

; PermucTp YyIpaBJIeHMS IIapaljellIbHOTO
; BBOIOM/BBIBOIOM

DO

; perucTp ma”"HeXx opra C
; perucTp OaHHbBX IopTa B

; aJIbTepHATUBHEN perucTtp rnopta C
; perucTp HanpaBleHusa nopta C
; PEermMcTp BHCIIETO IIpUOpUTETa

; 1-mIpepoBaHmMA

; permcTp OpIaHM3alllMV IIaMATAN
IlepBas TeTpana anpeca onpenesercs cogepKuMbiM muiaamux 4-x 6ut peructpa INIT u nmoc-
Je copoca nmpuHuMaet 3HadyeHune $01. Pabora ¢ peructpamu sMyJIITOpa HE OTIIMYAETCS OT PabOTHI C
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aQHAJOTMYHBIMY PETMCTPAaMU MUKPOKOHTpPOJLIEPA, 3a UCKIIOUYEHUEM TOTO, YTO T€ OUTHI ATUX PErU-
CTPOB, KOTOpbI€ HE 3a[eiiCTBOBaHLI ISl yIipaBjieHusl pabotoil moptoB B u C, He MCHOJb3YIOTCS.
Takum oOpa3oM, He UCIOab3yIOTCs crapiuas Terpaga peructpa INIT, u B peructpe HPRIO uc-
1oJib3ytoTcs Toabko 0uThl 4 (IRV) u 5 (SMOD). bonee noapobHyo nHdoOpMaLO 00 IMYISITOPE
cMm. onucanue Ha moayiab HC11EVB.

[TapaniensHbie mopThl BBoAa/BbiBoga B u C kpome pexxnma oObIYHOIO MapajiebHOTO BBO-
1a/BbIBOJIa, B KOTOPOM MH(pOpMaIlMs 3alliMcaHHasi B COOTBETCTBYIOIIMIA PETUCTP MOPTA BHIBOAUTCS
HEIOCPEICTBEHHO 4Yepe3 JIMHUM BbIBOJA, a MH(pOpMalMsl MPUCYTCTBYIOIIAs Ha JIMHUSX BBOJA MO-
KeT ObITh CUMTaHa HEMOCPEACTBEHHO M3 COOTBETCTBYIOIIETO PETUCTpa IMOpTa, MOAACPXKMBAIOT IBA
JOIOJIHUTEJIbHBIX pexKrMa padOThI: MPOCTOI CTPOOMpPYEMBbIii BBOJ/BBIBO U BBOJ,/BBIBOJ, C MOJHOM
MOAAEPKKOM CUTHAJIaMy KBUTUPOBaHUS. PaccMOTpUM 0COOGEHHOCTHU 3TUX PEXMMOB;

Pexcum npocmozo cmpobupyemozo 660da/e6vt600a BrioVpaeTcst copocom 6ura HNDS perucrpa
PIOC (cm. puc. 2). B atom pexxume 3anuch B 1mopT C cTOpoOMpPYyeTCsl CUTHAJIOM MO BHEIIHEW JIMHUKU
STRA xoHTpoiepa, aHagsoruaHo nopt B crpodupyercst Ha BeiBog iuHuei STRB. [1pu o6Hapyxe-
HuUM Ha JuHUM STRA akTMBHOTO (ppoHTa (AKTMBHBIN (PPOHT cTpoba A 1JIs1 BCEX peXMMOB YHpaB-
nsercsa cocrostHueMm oura EGA perucrpa PIOC, npu EGA=“0" akTuBHbII (D)POHT - OTpULIATEIb-
Hblid, pyu EGA=“1" aKTUBHBII (PPOHT - MOJOXKUTEIbHBIN) TEKYIIEe COCTOSIHUE Ha JUHUSX MOpTa
C xonupyetcsa B peructp-3auienky nopra C PORTCL (agpec $1005) u B peructpe PIOC ycrana-
BnuBaetTcs paar ctpooupoBanust STAF peructpa PIOC. Ecau B peructpe PIOC ycraHoBiaeH OUT
pa3pelieHus MpepbiBaHUN MO CTPOOy A, MPOU3BOAUTCS 3alpOC BHYTPEHHEro IpepbiBaHUs (I10
IRQ). Copoc dnara STAF npousBoautcs npu yteHuun peructpa PIOC (¢ yctaHOBI€HHBIM (hy1arom
STAF) u nocnenytouum ureHuun peructpa PORTCL, npuuem 3anuch B peructp PORTCL npous-
BOJIUTCS He3aBUCUMO OT Toro, ObL1 Jiu (piar STAF panee ouniien wiv Het. Ha ntuauio STRB B pe-
>KMMe€ TIPOCTOro CTpOOMPYyEeMOro BBO/Ia/BbIBOJIA MOAAETCSI UMIYJbC AauTebHOCThIO 2 E nukna (E -
BHYTPEHHSISI 4acTOTa CUHXPOHU3ALUM KOHTpOJIepa) MpU KaxXIol 3alMucu JaHHBIX B MmopT B. Ak-
TUBHBI ypOBEHb uMIIyjJbca omnpenensiercss coctosHuem oOuta INVB perucrtpa PIOC. Ilpu
INVB=%0” akTuBHbIii ypoBeHb HU3KUI, TpU INVB="1" aKTUBHbI1 ypOBEHb BHICOKUIA.

7 6 5 4 3 2 1 0
$1002 [ STAF | STAI |CWOM | HNDS | OIN | PLS | EGA | INVB | PIOC

CocrosiHue

nocjue copo- 0 0 0 0 0 ~ 1 1

ca

Puc. 6.2 Peructp ynpasieHus napauieJbHbIM BBogoM,/BbiBogoM PIOC.

Pescum napanreavnozo 6600a/6b1600a ¢ NOAHBIM KGUMUPOBAHUEM YCIMAHOBACHUS C8A3U VICTIONb-
3yeT nmopT C u tuHuM STRA u STRB. CyiiecTByloT 1Ba OCHOBHBIX pexXrma (BBOJ M BbIBOI) U J0-
MOJIHUTEJIbHO K HMM BapMaHT peXuma BbIBOJIa C KBUTMPOBAHUEM YCTAHOBJICHMSI CBSI3M, KOTOPBIi
JgoryckaeT padoty mopra C B Tpex cocTossHUsIX. Bo Bcex pexkuMax ¢ TMOoJHBIM KBUTMPOBAaHUEM YCTa-
HoBJieHUs cBs13U BeIBOJ STRA siBisieTcst BxogoM, padoTaroium 1o ¢ppoHTty, a STRB - Beixogom.

B pexcume 6600a STRA - gpnsiercss nuHueit ynpapiaeHus: 3anucbio B peructp PORTCL u3
BHEIIHEeU cucteMbl, a TMHUS STRB - 1MHUS BbIBOJA CUTHaja TOTOBHOCTH, yIIpaBisieMasl JIOTUKOK
MUKPOKOHTpOJLIepAa.

[Tpu onpeneneHM curHaja rOTOBHOCTU, BHEIIIHEE YCTPOWCTBO MOMENIAET JaHHbIE HA JIMHUMU
nopta C, mocje 4yero oHo rojaetr uMnyjibc Ha JuHUo STRA. 1o akTuBHOMY (DpOHTY Ha JTUHUU
STRA nannsbie Ha Bxoae nopra C konupyroTtes B peructp PORTCL, ycranaBnuBaercsa ¢uar STAF
(He 00s3aTeNbHO BBI3bIBasI MpepbiBaHUE) U cOpachiBaeTCsl CUTHAl TOTOBHOCTUM Ha JuHuM STRB.
COpoc curHajga TOTOBHOCTM aBTOMATUYECKM TMPEMSTCTBYET CTPOOMPOBAHUIO BHEIIHUMU YCT-
poiictBamu HOBBIX JaHHBIX B opT C. YteHue nopta C (He3aBUCUMO OT cocTosiHUs (hjara STAF)
yCTaHABIMBAET CUTHAJI TOTOBHOCTU Ha JuHUU STRB, curHanusupys o Tom, 4yto B nmopt C MOXHO
3aIMChIBaTh HOBBIE IAHHBIE.
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JIunust STRB moxet ObITh HacTpoeHa (6utom ympasiaeHust PLS perucrtpa PIOC) kak nMm-
nyJibCHbIN Bbixoa (PLS=“1", uMnyabCcHbBIN pexxum) wiu cratudeckuii Boixoa (PLS=“0”, cratuue-
CKUU pexxum).

[TpoTokoa pexxuMa BBOJa HE OKa3blBaeT HUKAKOTO 3 deKTa Ha UCIIOAb30BaHUE JUHUI MopTa
C B KauecTBe CTaTUYECKMX BXOJAOB WIM CTaTUUeCKUX BbIxoAaoB. UteHue peructpa gaHnHbix PORTC
BCeraa BO3BpalllaeT JOrMYeckue ypoBHU Ha BbiBoaax nmopta C (ais1 IMHUIM HACTPOEHHBIX Ha BBOI).
3anuchk Kak B peructp PORTC, tak u B peructp PORTCL nocbiiaeT nHopMaluio B BbIXOJIHOM!
peructp nopta C, He BIMSISI HA CTPOOMPOBaHME BBOJIa ¢ KBUTUPOBAHUEM.

B pexcume evi60da na nuauio STRB BeIBoauTCs curHaji roroBHOCcTH U iuHUSL STRA sBiseTcst
BXOIHOI JIMHUEI MoATBepKAeHMs (padoTtatoniasi mo ¢poHTY), COOOIIAI0IIAasi MUKPOKOHTPOJUIEPY O
TOM, YTO BBIXOJHBIC JAHHBIC MPUHSTHI BHEIIHUM YCTPOMCTBOM. B pa3HbIX BapHaHTaxX 3TOro MPOTO-
kosa uHus STRA ucnonb3yercs Takke U B KaUYeCTBE JIMHUM pa3pellieHus] BbIBOA.

MUKpOKOHTpOJIIEp MOMeIaeT JaHHbIe Ha BbIXOAHBIC JUHUM nopTa C U MOATBEPXKAAET ITO
neiicrBue curHajiom Ha auHuu STRB. Ilociie 3Toro BHelIHee yCTpOHCTBO CUMTHIBACT JaHHbIE C MO~
CJeayIOIUM MOATBEpKAeHUEM 110 JuHUU STRA, o3Havaommm, 4yto Ha 1opT C yKe MOXHO BBIBO-
JIUTh HOBBIE JaHHbIE. AKTUBHBIN nepenan Ha JuHUM STRA no3BoiisieTr copocuth JuHuio STRB u
ycraHoBuThb ar STAF. B Ha ycraHoBKy ¢uiara STAF nporpamma BeIBogUT yepe3 mopT C HOBbIE
naHHble. 3anuch gaHHBIX B peructp PORTCL BbI3bIBaeT MOSIBIGHUE 3TUX JAaHHBIX HA BBIXOAHBIX
JuHusX nopta C v mogady curHajaa noarsepxaeHusd 1mo Juauu STRB.

CylleCcTBYIOT BapUMaHThI IIPOTOKOJIa BbIBOJA, KOTOPhIE AOIYCKAIOT peXXrM padoThl peructpa C
B TPEThEM COCTOSIHMM, TO €CTh BO3MOXHO IPSIMOE COEIMHEHUE 3TOro 8-pa3psiiHOro Mmopra c JIpy-
TMMU YCTPOMCTBAMM, UMEIOLIMMM TPEXCTaOMIbHBIE BBIXObI O€3 MCIOJIb30BaHUS IPYTUX BCIIOMOTa-
TEJIbHBIX CXEM.

Bo Bpems HaxoxneHust iuHUU STRA B HeaKTUBHOM COCTOSIHMM HallpaBjieHUE Tepeaadyd Ha
BceXx JTuHuUsX nmopta C onpeaensieTcss CoaepXKMMbIM PErucTpa HarpapieHUsl, TO €CTh JMHUU HACTPO-
€HHBbIe KaK BXOJIbl HAXOASATCS B BBICOKOUMMeAaHCHOM cocTostHuU. [1pu aktuBuzanuu auauu STRA
Bce JuHMU TopTa C CTAaHOBSTCS BBIXOAAMU HE3aBMCUMO OT COJIEPXKMMOTIO perucTpa HampaBIeHUS.
Crenyet 3aMeTUTb, UTO B pacCMaTpuBaeMoM IpoTokoJje yTeHue nopra C Bceraa Oyaet Bo3BpalllaTh
BEJIMYMHY Ha BXOJE BBIXOJHBIX Oy(epoB MopTa, HE3aBUCUMO OT COCTOSIHUSI peTUCTpa HaIlpaBICHUs,
MOCKOJIbKY 3TU JMHUU MOTYT HE UMETh 3HayallluX JaHHbIX B BApUAHTE TAaHHOTO MPOTOKOJIA C Tpe-
TbUM COCTOSIHMEM. DTa OCOOEHHOCTH JieJlaeT HENPaKTUYHBIM MCIOJIb30BaHWE HEKOTOPBIX JUHUIA
nopra C 11 BBOJIa BO BpeMsl IIPOTOKOJIa BbIBOJIa, HO HE MEIIAET UM SBJISIThCSI CTAaTUYECKUMM BbI-
XOJaMMU.

11 y4eOHBIX 1ieJ1eid Ha TuiaTe OTJIaJ0YHOr0 MOAYJIS MPeTyCMOTPEHbI HA0OP TMepekIiroyaTeaein
C7-C0O (cM. puc.2 TeXHUYECKOro OMMCAHUSI Ha MOJYJIb), MOAKIIOUEHHBIX K nopTy C amyssaTopa,
kHonka PAQ, nmoakiodyeHHas K JuHuuM 0 mopta A MUKpPOKOHTpoJIepa U Habop cBeToauoaoB B7-
B0, monkioueHHBIX K TTOpTy B. CxeMoTeXHUUYECKU 3TO MOAKIIOUEHME TPeACTaBIeHO Ha CIeaylo-
IIEM PUCYHKE:
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KOHTpONNep
MC68HC11E9
R
MopT A J10
PAO
muPAo
+5B IMynaTop
nopTos
MC68HC24 Byoep
8xR2 MC74LS245
co nopt CinopT B BO —= 8xR3
— - PCO PBO D/L 1
C1 B1_ _—=
— PC1 PB1 e
c2 B2 ——=
—" PC2 PB2) D/L ——
3 B3 —
[ PC3 PB3 D%L —
c4 B4 —=
—" PC4 PB4 @ ——
c5 B5 =
— PC5 PB5 B
6 B6_ —=
—" PC6 PB6 g
c7 B7 —=
—" PC7 PB7] Bl————

[TpencraBiieHHbIE HUXXE 3KCIIEPUMEHTHI WITIOCTPUPYIOT BO3MOXKHOCTHU MTPOCTOrO TMapasiesib-
HOro BBoJa BbIBoAa uyepe3 nopthl B 1 C. I1pu npoBeaeHnN 3KCNEPUMEHTOB JOKHA OBITh YCTaHO-
BJieHa nepembluka J10 m1s BO3BMOXHOCTU U3MEHEHUsI COCTOSIHMS JIMHMM (O mopTa A ¢ NMOMOIIbIO
kHonku PAO.

C nomolpo KoMaHIb! oyiagyrka “Memory Modify” otkpoiite sueiiky namsatu $1000, coor-
BETCTBYIOIIYIO perucTpy JaHHbIX mopta A. IIpu 3Tom Mianmuii OUT perucTpa J0JKeH ObITh yCTa-
HoBJIeH B “1” (T.K. KHomnka PAQO He Haxarta u Ha JuHuUM 0 mopTa A NPUCYTCTBYET BbICOKMIA ypO-
BeHb). Haxmure kHonky PAO u yoepxuBasg ee BHOBb oTKpoure s4yeilky $1000. Yo6emurech, 4To
MJIAAIIMA OUT M3MEHMJ cBoe 3HauyeHue Ha “0”, oroOpa3uB TaKUM 00pa3oM cocTossHUe JUHUU ()
nopta A npu HaxaToi kiaBuiie PAQ.

OTtkpoiite stueiiky namsati $1F04, cooTBETCTBYIOIIYIO perucTpy AaHHBIX nopTa B. 3amuminre
B Hee TIPOM3BOJILHOE YUC/IO U YOeIUTeCh, YTO OHO OTOOPa3MIOCh B IBOMYHOM BHUJIE HA CBETOAMOIaX
(Tops1urii CBETOAUO COOTBETCTBYET JOrMUECKOM “1”, morameHHsbIin - “07).

PaccMoTpum nmporpaMmy, IpoOU3BOJISIIYIO OIIPOC COCTOSIHUS Tepekiirouareneit mopra C u 3a-
MUCh TMOJIydeHHOM nHMOopMaLMu B TTopT B (Ha cBeToAMOAbI) MpU HaXKaTUM Ha KiaaBuiry PAQ.

cpu 6811
porta equ S00 ; CMelleHMe IOJIS permucTpa IOaHHHBX IIopTa A
portb equ $1£04 ; pPermcTp IOaHHBX IIopTa B
portc equ $1£03 ; permcTp maHHex mopTa C
ddrc equ S1£07 ; perucTp HanpaBleHusa roprta C
org sd000
1dy #$1000 ; Oobmee cMelleHMe IOJIsI BHYTPEHHMUX
; PermcTposB
clr ddrc ; HacTpoMka numHuMM nopTa C Ha BBOI
jl brset porta,y,$01,jl ; oxumaHme HaxaTuss Ha PAO
ldaa portc ; 3alMcChb B aAKKyMyJIATOP A COCTOSHUS
; TIepexrIondaTernen
staa portb ; BBIBOI IIOJIYYEHHHX OAHHBIX B IIOPT B
bra jl ; TIepexon Ha Hadallo

3amyctute nporpammy ¢ aapeca $D000. HaGepute Ha mepekiaoyareasaXx Kakoe-HUOyIb IBO-
UYHOE ymuciio (Jjorndeckuii “0” cOOTBETCTBYET HMXKHEMY ITOJIOXKEHUIO TepeKJIrouaresis), HaxKumast
knasuiny PAQ, ydoenuTech, 4TO COCTOSTHUE MEpeKIIouaTesieil oroopaxaeTcsl Ha cBeToanonax. Oopa-
TUTE BHMMaHHE, YTO B Havajie MporpaMMbl IPOU3BOAUTCS HACTpOIiKa HalpaBJIeHM oOMeHa JTUHUIA
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nopta C (normyeckuit “0”, 3anmvcaHHbIM B OIpeleIeHHbIA OMT perucTpa HalpaBIeHUsI Iporpam-
MUpPYeT COOTBETCTBYIOILYIO €My JIMHUIO BBOAA/BbIBOJAA Ha BBO). JIuHus (0 mopra A 1 JIMHUM MOpTa
B nMmerot ¢pukcupoBaHHbIe HallpaBIeHUsI OOMEHa U He TpeOyIOT HACTPOMKM.
Ilpumevanue. Ilpu npoepammuposanuu aunuii nopma C Ha 861600, nepekaouamenu, cooOmeenmcmey-
wue Smum AUHUSIM, 00ANCHbL OblMb YCMAHOBAEHbL 8 8epXHee NoaodceHue (cocmosHue aoeuveckoi “1”),
UHAYe MUKPOCXeMA IMYATMOPA MONCEM BblilmU U3 CMPOS.

B 3akitoueHre paccCMOTpUM MPOTrpaMMy peai3yIollyl0 MUTaHUE CBETOAMOAOB C YacToTOM 1
I'i ¥ ckBaxXHOCTBIO 3 (HAaIIOMHMM, UYTO CKBaXKHOCTBIO Ha3bIBa€TCsl OTHOIIIEHME MepuoAa CUrHajla K
JUTUTETbHOCTU UMITyJibca). JIJIsi opraHM3aly BPEMEHHBIX 3aepXeK BOCIOJIb3YeMCSI TEM CBOM-
CTBOM, YTO KaXasi KOMaHIa MMKPOKOHTPOJIJIepa BBIMOJHSETCS 3a (PUKCUPOBAHHOE KOJUYECTBO
BHYTPEHHUX LIMKJIOB CUMHXpOHU3aLUMU. KoJIMuecTBO IMKJIOB BBHIMOJHEHUS IS KOMaHJ MUKPOKOH-
TposuiepoB cemeiictBa MO68HCI11 mpeacTaBieHO B COOTBETCTBYIOIIEH TaOJMIlE B ONMMCAHUM Ha
MMKPOKOHTpoJIIep. JIMTeabHOCTh LMKIIA 11 MUKpoKoHTposuiepa MC68HCI11E1 onpenensercs
kak 4/f, tne f - yacToTa BHelIHEero KBapueBoro reHeparopa. s ornagouHoit miatel HC11EVB
f=8 MTI'u u, Takum oOpa3zoM, JIUTEILHOCTh OOHOTO LMKJa cocTaBisieT 0.5 mkc. CienoBaTenbHO,
€CJIM KOMaHa BBINOJIHsSeTCs 3a 3 1ukia (Hanpumep komaHaa PSHA), To 1JIMTEIbHOCTD €€ BbIMOJI-
HeHus cocTaBuT 3 X 0.5= 1.5 MKc.

cpu 6811
portb equ S1£04 ; PermcTp OaHHHX IIopTa B
org $do0o0
clra ; OOHYNIUTHL CYeTYUK
J1 bne 32 ; €CIIM COomepXkMMOe cuYeTdMra He pabBHo 0,
; TO He 3aXmurarThb CBeTOIOMOIH, MHade
ldab #Sff
stab portb ; Baxedb CBeTOOMONH
2 1dy #51282 ; LIMKII 3alepxkKM Ha 1/3 cexyHIOH
loop nop
nop
nop
dey
bne loop
clrb
stab portb ; IIOTaCUThb CBETOOMOINE
inca ; YBEIMYUTB COIOEepXMMOe cyYeTuuka Ha 1
cmpa  #3 ; €CHIy ero CcomepxuMoe MeHble 3,
bne j1 ; TO IIepexon Ha Hadalo,
clra ; MHade OOHYJIUTL CYeTUYMUK
bra j1 ; U TIepexon Ha Hadalo

Paccmotpum paborty nporpammbl. Ha akkymyssitope A peaiM30BaH CYETUMK, YBEJIMUYMBAIO-
UM cBoe 3HaueHue Ha 1 yepe3 Kaxabie 1/3 ceKyHabl. 3HaUeHUE CUeTUMKA MEHSIETCS B AMana3oHe
oT 0 10 2, mprYeM CBETOIMO/bI TOPST TOJAbKO Te 1/3 ceKyHIbl, KOrJla COCTOSIHUE CcueTYMKa paBHO ()
WJIM OJHY TpeTh 00l1lero nepuoaa, coctapistoniero 3 X 1/3 ¢ = 1 ¢. 3agepxka B 1/3 ceKyHIbI pea-
JIN30BaHa B LIUKJIE loop, KOTOphIi BeiMmoaHsIeTcs 51282 pa3 (3To 3HaUeHME 3alIMChIBAETCSI B PETUCTP
Y nepea HaualoM BBIMOJHEHUS LIMKJIA). Teno uuKiaa COCTOUT U3 TpexX KOMaHA nop (BBIMOJIHSIETCS B
TeUueHMue 2-X LIMKJIOB), KoMaHIbl dey (4 1ukiia) u KoMaHabl bne (3 nukia). TakuM odpa3oM KaxKablii
IIPOXOJI 1IMKJIa BBITTOJHsETCS 3a 2 X 3 + 4 + 3 = 13 nmkios, win 13 x 0.5 mkc = 6.5 mkc. Bech ke
LMK OyaeT mpoiineH 3a 51282 X 6.5 mxc = 333333 mkc = 0.333333 c=1/3c.

3amnycture nporpammy ¢ aapeca $D000. ITonpoOyiite MoaudULIMPOBATh YACTOTY MUTAHUS U
CKBaXXHOCTb.
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3. KoHTpoJibHbIE BONIPOCHI

1. CkobKO Tapajulie/IbHBIX IOPTOB BBONA/BbIBOIA MMeeTcsl Yy MUKpoKoHTpoyiepa MC68HCI11E1?
Ilepeunciure ux U T€ MOMOJHUTEIbHBIE (PYHKIIMUA, KOTOPbIE MOTYT BBIIIOJHSTH JUHUU 3TUX
MOPTOB.

2. Yto Takoe perucTp JaHHBIX NapajuieabHoro nopra? Kak cornacyercs nHdopMalusi, 3ariMcaHHast
B PErucTpe JaHHbBIX, 1 COCTOSIHME COOTBETCTBYIOIIMX €My JIMHUI BBO/Ia,/BbiBOJA?

3. Ilepeuncnure n1MHUU ¢ (PUKCUPOBAHHBIM HaIpaBjieHHeM OoOMeHa U ABYHarpaBJICHHbIC JTUHMU.
Kakum o6pa3om 3amaeTcst HanmpaBjaeHUe oOMeHa TIMHUK?

4. B kakux perucrpax 3ajgaercs HanpaieHue noptoB C u D?

5. B kakom peructpe 3amaeTcsl HarpapjieHue ooOMeHa JuHui 4 u 7 iopta A?

6. UYTo Takoe pacIIMpeHHbIN MYJIBTUIUIEKCHBINM pesXnM paboThl MUKPOKOHTpoJiepa? Kakue mopThl
BBO/a/BbIBO/IA UCIIOJIB3YIOTCS LIS €r0 peaau3auumn’?

7. J171st 9ero UCIoJb3yeTcsl BHEIIHSIS MarUCTpaib aapeca/maHHbix? Kakum o6pa3oM oHa peanusyer-
cs 11t MukpokoHtpoJiepa MC68HCI11E1?

8. Kakoii 00beM JIMHEMHOro aJpecHOro IPOCTPAaHCTBA MOXKET aapecoBaTh MUKPOKOHTPOJUIED
MC68HCI11E1?

9. OOBsICHUTE Ha3HAYeHKME MUKpOCXeMbI-amyisitopa MC68HC24.,

10.B yem m1st mporpaMMucTa 3akjodaeTcsl pa3Huia npu padore ¢ nopramu B 1 C MUKPOKOHTpOJI-
Jiepa 1 Ipu padoTe C COOTBETCTBYIOIIUMHU MOPTaMU 3MYJsITopa?

11.Kakum oO6pa3oM BEIYUCISIOTCS aapeca A1l peTUCTPOB 3MyJisiTopa?

12.0numuTte pyHKIIMOHUPOBAHKE MOPTOB B PEXKMME OOBIYHOTrO MapajljiebHOro BBOAA,/BbIBOIA.

13.YT10 Takoe napajieibHbIi OOMEH IpU MOAJIePXKKe CUTHAJIOB KBUTUpoBaHUs? Kakue napasieib-
Hbie moptel MC68HC11E1 nomaepXuBaioT 3TOT 0OMeH?

14.YT1o Takoe pexXxuM MpOCTOro cCTpodrpyemMoro BBoaa,/BbiBojaa? Kak 3a1eiicTBOBaHbI B 3TOM PeXu-
Me optel B C MC68HCI11E1?

15.0nuiurre MpoTOKOJ OOMEHa B peXMME IOJHOW MOMIEPXKKM CUTHAJaMUd KBUTHMPOBAHUS MpU
BBOJIc MH(MOPMALIUMN.

16.0nu1nTe MpoTOKOJI OOMEHa B pexkKUMe MOJTHOM OIS PXKKM CUTHAJIaMU KBUTUPOBAHUS TIPU BbI-
BoJie MH(OPMALIMU.

4. 3axanug

1. HammucaTth mporpamMmy, KOTopasi B LIMKJIe BBIBOJUT MHBEPTUPOBAHHOE COCTOSIHUE TIepeKItodyaTe-
Jiell Ha CBETOAUO/IbI.

2. Hamucatp nporpaMmmy, KOTopasli CKJIaablBaeT COCTOSIHME CTapllleil M MJyailleil TeTpaabl Iepe-
KJIIouaTesieil ¥ BBIBOAUT Pe3yabTaT Ha CBETOAMOMABI (B LIMKIIE).

3. Hanucarb niporpamMmy, TepeBOASIIYI0 IBOMYHOE COCTOSIHME TpeX MJAAIIMX MepeKaodaTeieil B
JIMHEWHBIA KOJ Ha cBeToauoAbl (T. €. ecaiu HabpaHO 4ucCiao aBouvyHoe uuciao 101, coorBer-
CTBYIOIIIEE AECITUYHOMY S, TO JOJIKEH 3aropeThbcs cBetoauon BS).

4. MoauduLpoBaTh MPeAbIAYIIYI0 MPOrpaMMy Tak, YTOOBI 3aropajcsl He TOJbKO CBETOAUOJ, CO-
OTBETCTBYIOLIMI KOAY Ha TMEePEeKJIIoYaTeIsiX, HO U BCe CBETOAMOIbl C HOMEPOM MEHbIIIe JaHHOTO
(T. e. o1 mpeabIayIero npuMepa J0/KHbI OyayT 3aropeTtbest ceetoauonsl BO, B1, B2, B3, B4 u
BS).

5. Hamucarp nmporpamMmy - “reHepaTtop ciydailHbIx yucen’. PaboraTh mporpamMma J0JKHA CIEAYIO-
IIMM 00pa3oM: B LIUKJIE UHKPEMEHTUPYETCS COCTOSIHME KaKOW-JTMOO siuefiku mamstu (C 00Jib-
IO CKOPOCTHIO), MO HaxkaTuio Ha KHOMKY PA(Q TeKyllee cocTosIHUE 3TOM sTYEKM BRIBOAUTCS Ha
CBETOIUOIbI.

6. Hammucarp nporpammy, peaiausyronnyio apdexT “Oeryimnii oronb” Ha cBETOAMOIax (BHaJaje 3a-
JKUTaeTcsl OOAUH CBETOAUOI, Yepe3 HEKOTOPOE BpeMsl OH TaCHET M 3aKUTraeTcsl COCEAHUM U T. 11.).
HamnpapieHue u CKOpocTh MepeMelleHUsI BHIOEpeTe CaMOCTOSITEIbHO.
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7. MoauduumrpoBaTh IporpaMmy O€ryiiero orHsi CjJeAylLIMM 00pa3oM: KPaTKOBPEMEHHO BCIIbI-
xuBaeT ceetonuon B7, uepe3 0.5 ¢ KpaTkoBpeMeHHO BCIbIXMBaeT cBeToauon B6 m T. o. ITocie
BCITbIXMBaHUS cBeToauroaa B0 nuki moBropsieTcsl.

8. Hanwucate mporpaMmmy, KoTopas Mo HaxaTuio Ha KHONKY PAQ yBenuuuBaia Obl Ha 1 ABOMYHOE
4yUCI0, OTOOpaxkaeMoe Ha cBeToauonax. McxomHoe 4uciio JOKHO CUMTBIBAThCS BHayajle Ipo-
rpaMMBbl C IIEPEKITIOYATENEH.

9. Hanucatb nporpaMmy, KOTopasl CKJaabliBajia Obl ABa IBOUYHBIX 8-pa3psiiHbIX YMCIa U BbIBOAWIIA
Obl pe3yabTaT Ha cBeTOnMOAbLl. PaboTa mporpaMMbl AOKHA MPOU3BOAUTCS CIASAYIOIIUM OOpa-
30M: MEpBOE YMCJIO YCTAaHABIMBAETCSI Ha CBETOAMOAX, MOCJe Yero Haxumaercs KiaaBuiua PAOQ,
Jajiee ycTaHaBIMBAeTCsl BTOPOE YMCIO U CHOoBa Haxkumaercss PAQ, mocie yero BHIBOOUTCSI pe-
3yJbTar.

10.Momanduumpyiite TpeablAyIIy0 MPOrpaMMy TaK, YTOObI MOXHO OBLIO IMMPOCMOTPETh CTapIIMA
out cymMmbl. OH gokKeH BoIBogUTCs Ha cBetoauod B0 (ocTajibHble JOJXKHBI ObITh MOTallleHbI) 10
HaxaTuio Ha PAQ.

11.Moauduumpyiite mporpammy 5. IJIsI YMHOXEHUS NBYX 8-pa3psiAHbIX IBOUYHBIX umcels. [lpu
3TOM pe3yJIbTaT - CTapliue U MJaaliue § pa3psiioB, JOJLKHBI UepeloBaThCsl Ha CBETOAMOAAX T10
Haxatuio Ha PAQ.

12.HamucaTth mporpamMmy, KOTopasi JOJKHA MUTaTh CUHXPOHHO BCEMU CBETOAMOIAMM (CO CKBaX-
HOCTBIO 2), TIpMYeM 4YacToTa MUTaHUS JOJKHA 3aJaBaThCs HA MJIAAIIEH TeTpajae Mmepekaodare-
Jen cnenytommM odpazom: =N, rae f - yacrora Muranus B repuax, a N - 41C/I0, yCTaHOBJIEHHOE
Ha MJiaaiuei tetpage nepexitoudarencii. CoctosiHUE TepekyroJaresieid JOKHO CUUTHIBATHLCS B
LIMKJIE B TIpoliecce padboThl MPOrpaMMbl.

13.Hamnucatp niporpammy “Oeryliuii OroHb”, CKOPOCTb IepeMelIeHUs] KOTOPOTro OIpeesiyiach Obl
KakK B IIpeablaylIeii mporpaMmme.

14.HanucaTh nmporpaMmy, B KOTOPOW M3MEHSJIACh OblI SSPKOCTb CBEYEHMUSI CBETOAMOIOB (SIPKOCTb
CBEUYEHMUSI BCEX CBETOIMOAOB JIOJIKHA OBITh OJMHAKOBA), B 3aBUCUMOCTU OT COCTOSIHUSI MJIaIIICHH
TeTpadbl MepeKaodaTesieil. YpapieHue SpKOCTbIO JOJKHO MPOU3BOAUTHCS IMyTEM YIpaBICHUS
CKBaXXHOCTbIO MuraHus. Yacrora muraHusi JojokHa ObITh B mpeaenax 25-100 I'u. 3HaueHue
CKBaXKHOCTH OJJHO3HAYHO COOTBETCTBYET ABOMYHOMY UMCIY, YCTAHOBJICHHOMY Ha MJIaJIIei TeT-
paze nepexiayaresei.

15.HammucaTh nmporpaMmy, KOTopasi B LIMKJIe TUIAaBHO YBEJINYMBaJIa Obl IpPKOCTh BCEX CBETOAUOIOB 10
MaKCUMyMa, TTOCJIe YeTo TyIInIa Obl UX.

16.MoaunduumpoBath NpeabIIYIILYIO IPOrPaMMy, YTOOBI ITOCJIE MEPUOA TUIABHOTIO YBEJIMYEHUS SIP-
KOCTH, cjieAoBaJ Obl MEPUO MJIABHOTO €€ YMEHbILICHMUSI.
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B mannoii pabote M3ydaeTcst cucTeMa IpepbiBaHNil MUKpoKoHTposuiepa MCO68HCI11E]1.

JIabopaTopnas padora Ne7
IIpepbiBanus.

1. Beenenne

2. Cuctema npepbiBaHUIA.

Muxkpokontpouiep MC68HCI11E1 obnagaeT rubKoii cucteMoii 00pabOTKU IpephIBaHUIT U
HMCKJIIOUYUTENBHBIX cuTyalmii. CructeMa o0pabOTKM NMpepbIBAHMI BKIIIOYAET B c€0s psifl armapaTHbIX
WCTOUYHUKOB (MOPTHI BBOJA/BbIBOJA, TaliMep, aCMHXPOHHBIM M CHHXPOHHBIN MOCIeA0BaTe/bHbIC
UHTepdeichl, BHELIHUE MpepbiBaHUs) U oauH nporpamMMHbiii (SWI). Ilocie BO3HMKHOBEHUSI 3a-
Mpoca Ha MpepbiBaHKEe MUKPOKOHTPOJLJIEP 3aBepIlacT BhINOJIHEHUE TEKYIIEe KOMaHIbl U MepeaaeT
yIpaBJIeHHUE 10 aJipecy, 3allMCAaHHOMY B BEKTOpPE IpepbIBaHMUsI, KOTOPbIiI COOTBETCTBYET UCTOYHM-
Ky, CTeHEepHUpOBaBIIeMy 3anpoc. B HopManbHbIX pexkumax padoThl (OJHOKPUCTAJILHOM M pacllIM-
PEHHOM) BEKTOpa MpepbIBaHUI pacnojaraioTcs B (GUKCUPOBAHHOM obyiacTu maMiaTHu (cMm. Tabi. 7.1)
U 3aHMMAIOT 110 2 Oaitta. B cnenumanbHbIX pexxuMax padotsl (bootstrap 1 Tecrta) TabaMIIa BEKTOPOB
MpepbIBaHUsI NepeHOoCUuTcs B 0061actb O3Y (cM. Tab:. 7.1); Kaxablii BEKTOP 31eCh 3aHMMaeT 3 6aiita
1 B HETO JOJIKHA ObITh 3alMcaHa KOMaHa repexoaa, a He aapec. DTO OTJIMYME ClIeAyeT UMETb BBU-
Iy IpY HalMMCaHUU U oTiaake rmporpamMm Ha moaysie HC11EVB.

Tabnuna 7.1. Bektopa npepbIBaHUI IJ1s1 HOPMAJIbHBIX U CIIeLIMaIbHBIX PEXXUMOB PaOOTHI.

Anpec BeKTOpa B
HOPMaJIbHOM PEXMU-

Allpec repexoja B
CIIEeLMAILHOM pe-

McrouHuK npepbiBaHUS

Me pabOoThI KM€ pabOThI
FFCO, FFECl1 - 3ape3epBUpPOBAHO
FFD4, FFD5 - 3ape3epBUPOBAHO
FFD6, FFD7 00C4 ITocnenoBarenbHbIM acMHXpOHHBINM MHTEpdelic (SCI)
FFDS, FFD9 00C7 IlocnenoBareibHbIN CUHXpOHHBIN MHTepdeiic (SPI)
FFDA, FFDB 00CA AKKYMYJISTOD ITyJIbCalUIA
FFDC, FFDD 00CD [lepenoiHeHME aKKyMyJIITOpa MyJIbCaliiii
FFDE, FFDF 00DO0 ITepenonHeHue Taiimepa
FFEO, FFE1 00D3 BrixogHoe cpaBHeHUE 5
FFE2, FFE3 00D6 BrixogHoe cpaBHeHue 4
FFE4, FFES 00D9 BrixogHoe cpaBHeHUe 3
FFEG6, FFE7 00DC BrixogHoe cpaBHeHUE 2
FFES, FFE9 00DF BrixonHoe cpaBHeHue |
FFEA, FFEB 00E2 BxopHoii 3axBat 3
FFEC, FFED 00ES BxonHoii 3axBar 2
FFEE, FFEF 00ES8 BxonHoii 3axBar 1
FFFO, FFF1 00EB ITpepriBaHME peaibHOTO BpeMEHU
FFF2, FFF3 00EE ITpepniBanue IRQ
FFF4, FFF5 00F1 ITpepriBanue XIRQ
FFF6, FFF7 00F4 ITporpammHoe npepbsiBaHue SWI
FFF8, FFF9 00F7 HenpaBuibHbINM KOa KOMaHIbI™
FFFA, FFFB 00FA Cucrema COP*
FFFC, FFFD 00FD CO0o01i TAaKTOBOI 4YaCTOTHI ™
FFFE, FFFF BF40 Copoc mukpokoHTposuiepa (RESET)*

* ['pyrnma MCKITIOYNUTETbHBIX CUTYaITuid

[IpepbiBaHUS.
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7 6 5 4 3 2 1 0
$103C | RBOOT* | SMOD* | MDA* | IRV* | PSEL3 | PSEL2 | PSELI | PSELO | HPRIO

CocrostHue
rnocJe

cbpoca - - - - 0 1 0 1

* BUTbI cTaplleil TeTpaibl, ONPEEISIOIEil PeXXUM paboThl MUKPOKOHTPOJLIEpA

Puc. 7.1 Peructp BbIcHIEro rpuoputeTa I-nipepBaHuii.

Tabnuna 7.2. OnpeneneHre MICTOYHUKA C HAMOOJBIIUM ITPUOPUTETOM,
B 3aBUCUMOCTHU OT cocTossHUs1 6uToB PSEL3-PSELO perucrtpa HPRIO.

PSEL3 | PSEL2 | PSELI | PSELO | McTouyHUK ¢ HauOGOIbIIIUM MPUOPUTETOM MPEPBIBAHUST
0 0 0 0 IlepenonHenue TaitMepa
0 0 0 | IlepenoiHeHME cueTUMKA NMyJIbCallii
0 0 1 0 CyeTyuK myabcaluii
0 0 1 1 SPI
0 1 0 0 SCI
0 1 0 1 PesepB (110 ymomuanuio - IRQ)
0 1 1 0 IRQ
0 1 1 1 IIpepbiBaHME pealbHOTO BPpEMEHU
1 0 0 0 BxonHoii 3axBat 1
1 0 0 1 BxomHoii 3axBar 2
1 0 1 0 BxonHoii 3axBat 3
1 0 1 1 BrixogHoe cpaBHeHue 1
1 1 0 0 BrixogHoe cpaBHeHUE 2
1 1 0 1 BrixonHoe cpaBHeHUE 3
1 1 1 0 BrixogHoe cpaBHeHUe 4
1 1 1 1 BrixomHoe cpaBHeHUE 5

[Tpy ogHOBpeMEHHOM BO3HMKHOBEHMU HECKOJBKMX 3alpOCcOB 00pabOTKa IMPOU3BOAUTCS B
COOTBETCTBUHU CO CTPYKTYpOI MpUOPUTETOB. M3 anmapaTHbIX IIpepbIBaHUI (IPOrpaMMHOE MPEepPhI-
BaHue SWI BBINOJIHSIETCS KaK KOMaHJa U TI0CJie Havyajla BBINIOJHEHUs] HUKaKue ApYyrue mpepbiBa-
HUS UM UCKJIOUUTeIbHbIe cuTyauuu, kpoMme RESET He MoryT npepBaTh €€ BbINIOJHEHUE) BbIC-
LW TPUOPUTET UMEET HEMAcCKHUpyeMoe BHelTHee npepbiBaHue XIRQ, pazpemaemoe coOpocom 6uta
X B peructpe yciaoBuilt CCR (ycraHoBKa 3TOro 6uMTa MOXET MPOU3BOAUTHCS TOJBKO alllapaTHO -
Mpu BO3HMKHOBeHUU npepbiBaHus 1o XIRQ unu no curnany copoca RESET). OctanbHble nmpephi-
BaHUs 00pa3yloT rpyriy I - npepbiBaHU, BCE OHU MOTYT OBbITh 3aIlpelleHbl/pa3pellieHbl ITyTeM CO-
OTBETCTBEHHO ycTaHOBKM/cOpoca 6uta I B peructpe yciosuit CCR (Hanpumep komanmamu SEI u
CLI). B aroii rpynrie BeICIIWI IPUOPUTET UMEET MPEPbIBAHUE, ONPEAEISIEeMOE COCTOSIHUEM M-
et rerpansl peructpa HPRIO (cM. puc. 7.1 u Ta6n. 7.2). Jlagee npuopuTeT UCTOYHUKOB MPEPhI-
BaHMS MafaeT B CAEAYIOIIEM MOPSIIKE:

npepbiBaHue IRQ

MpepbIBaHUE PeaJbHOrO BpeMEeHU
BXOJIHOI 3axBaT 1

BXOJIHOI 3axBat 2

BXOJIHOI 3axBaT 3

BBIXOJHOE cpaBHeHHUE |
BBIXOJIHOE CpaBHEHME 2
BBIXOJHOE CpaBHEHUE 3
BBIXOJIHOE CpaBHEHME 4

[TpepuiBaHus. 41
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BBIXOJHOE CpaBHEHUE 5

nepenoyiHeHue TaliMepa

MepernoJIHeHNe CUeTUMKa MyIbCcaluii

CUYETYMK ITyJIbcaluit

nocJjeaoBaTe/IbHbI CMUHXpOHHBIN nHTEepdeiic (SPI)
rnocJjenaoBaTe/bHbI aCUHXpOHHbIN nHTepdeiic (SCI)

BEI130B nipepbIBaHMS BJIEUET 32 COOO 3aIMCh OCHOBHBIX PETUCTPOB B CTEK, IIPU 3TOM MOPSIIOK
pa3MelIeHUs] perUCTPOB CIIeIYIOIIMIA:

Crexk
SP Mnagmumii 6aiT mporpaMMHoro cuetymka - PCL <—Y¥Yka3zarenb creka SP 1o
SP-1 Crapiuuii 6aiiT mporpamMmHoro cuerduka - PCH MpepbIBaHUS

SP-2 Munangmmii 6ait peructpa Y - IYL
SP-3 Crapiuii 6aiit peructpa Y - [IYH
SP-4 Munangmmii 6ait peructpa X - IXL
SP-5 Crapiuit 6aitT peructpa X - IXH
SP-6 Akkymynsitop A - ACCA
SP-7 Axkxkymynstop B - ACCB
SP-8 Peructp ycinosuii - CCR
SP-9 <V¥Ykasarenb cteka SP mocie
MpepbIBaHUS

[Tocne BbIMOJHEHUS MOANPOrPaMMbl OOCTY>KMBAHMSI PEPbIBAHUSI COCTOSIHUSI OCHOBHBIX pe-
TMCTPOB BOCCTAaHABJIMBAETCSI U3 CTEKA MPU BHIMOJHEHUM KoMaH 1kl Bo3BpaTa RTI.

Paccmorpum 6osee moapooHo npepeiBanue IRQ. OHO nMeeT 1Ba MICTOYHMKA, OMUH U3 KOTO-
PbIX BHELIHUM, APYrOil - BHYTPEHHUI, OT CUCTEMbI OOCTY>KMBaHMSI MapajlyieibHOTO BBOAA/BbIBO/IA.
B nanHoili 1a6opaTopHOil paboTe MbI OyleM paccMaTpuBaTh TOJAbKO BHelllHee IRQ - mpepbiBaHue.
ITpy BOBHMKHOBEHMM 3aIlpoca Ha MpepbIBaHWE OT KAKOrO-HUOYIb U3 UCTOYHUKOB IMPOUCXOIUT Te-
Hepauus npepbiBaHus 1o BekTopy IRQ (Haxomutcs mo agpecy $FFF2 mist HopMalbHBIX peXXMMOB
pa6otel 1 $00EE - s crieliMaibHbIX).

Bxon npepbiBanust IRQ MuUKpoKoOHTpoJIIepa MpeaHa3HaueH AJisl 00CIy>KMBaHUsI 3alIpOCOB Ha
NnpepbiBaHWE OT BHEIIHUX ycTpoilcTB. B 3aBucuMoctu ot coctosgHus outa IRQE peructpa
OPTION, oGHapy:keHue 3ampoca MPOU3BOAUTCS JIMO0 1Mo HU3koMy ypoBHIo (IRQE=%“1"), nu6o 1o
otpuuareabHomy nepenany (IRQE=“0") na Bxome IRQ MukpoxkoHTposiepa. g ydeOHbIX Lieaeit
Ha 1jiaTe OTJIaJ0YHOro MoayJs npeaycMorpeHa kKHomka IRQ (cMm. puc. NN TexHUUECKOro omnuca-
HUS Ha MOJYJb), CXeMOTEXHUYECKOE TMOJIKJIIOYEHUE KOTOPOM IMPENCTaBICHO Ha CJIECAYIOLIEM pU-

CYHKE:
+5B

|

68hc11

-
o

IRQ
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PaccmoTpum npumep obciiykrMBaHUS 3alpoca MpepbIBaHKS OT BHELIHETO MCTOYHMKA I10 JI-
Huu [IRQ. B nanHHOM mpuMepe 1pu Haxkatuu Ha KiaaBuilly IRQ nmpou3BoanTcss THBEpCUSI COCTOSTHUS
JuHui nmopta B (cBeTOIMOI0B).

cpu 6811
portb equ $s1f04 permucTp IOaHHBX IIopTa B
option equ $39 CMelmeHMue OJjsi perucrpa KOoHQUIYpalluM
org S00ee BEKTOP IIPEepHBaHUA IO IRQ (pexmuMm
bootstrap)
Jjmp sd100 IIepexon Ha IIOoOIpOorpaMMy OOCITYXKUBAHNMS
IpEepPHBaAHUSA
org $d000 Hadgailo OCHOBHOM IIPOTPAMMEI
ldx #51000 obmee cMemeHMVe OJIsi BHY TPEHHUX
PETMCTPOB
clr portb IIOTacuUThb CBETOIMOILI
bclr option,x,$20 YVCTAHOBUTE PEXMM OOHAPYXKEHMSI BHEIHEIO
; TIPEPHEBaAHUA IO YPOBHIO
cli ; paspemmTh 1-IIpepHBaHNA
bra * ; BAMKHYTHM IIUMKII
org sd100 ; Haugano nommporpaMMbel OOCIYXMBaHMUS
; TIPEepPHBaHMUSA
ldaa #Sff
eora portb
staa portb ; VMHBEPCUS COCTOAHUSA CBETOOUMOIOB
jsr dly06 ; zamepxka 0.6¢C
rti ; BO3BpAT M3 IIPEePHBAHUS
dly06 1dx #S7£00 ; Tmonmporpamma 3amnepxkyu 0.6cC
J1 mul ; 3amepxka 30 LIMKIIOB
mul
mul
dex
bne j1
rts

3amnycture nporpammy ¢ aapeca $D000. Kaxnoe cnenyroiiee Haxarue Ha kiaaBuiny IRQ Boc-
MIpUHKUMAaETCs TOJIBKO Yepe3 0.6 ¢, mpuyeM, ecIy KJIaBUIIYy OCTaBUTh HAXKATOM, TO CBETOAMOIBI OY-
YT MUTATh C IEPUOANIHOCTBIO 0.6 ¢. DTO OOBSIICHSIETCSI TEM, YTO IOCJIE BO3BpAIlleHUs U3 TTOAIIPO-
rpaMMbl 00paOOTKM MpepbIBaHUSI, BOZHMKAET HOBBI 3allpoc, MOCKOJbKY KiaaBuiia IRQ HaxaTa u
MOJAEPKMUBAET HAa COOTBETCTBYIOIIEM BXOJE HU3KUI YPOBEHb.
Tenepb 3aMeHUM KOMaHIy
bclr option,x,$20
Ha
bset option,x,$20
T.€. YCTAHOBUM PEXUM OOHApYy>XE€HUSI MPEPbIBAHUSI N0 nepenady W 3allyCTUM 3aHOBO MPOrpamMMy
(BMECTO 3TOTr0 MOXHO IPOCTO U3MEHUTh COOTBETCTBYIOLIMM 00pa30M COCTOSIHME perucTpa option,
C TOMOIIBI0 KOMaHbl oTjaagunka “Debug—Memory—Modify”). Ilpu pabore moauduumpoBaH-
HOI1 MMporpaMMbl MIHBEPCHUS COCTOSIHUSI CBETOAMOAOB TaK>Ke MPOMCXOAUT MPU HAXKATUM HA KJIaBUIIY
IRQ, koropoe BocrnpuHuMaercs depe3 0.6 ¢ mocje MPeAbIAYyIIero HaXaTus, HO €CJIM KJIaBUIIY
OCTaBUTh HAXXATOM, TO MUTAaHUSI CBETOJAMOIOB He OyIeT, T.K. mpy Haxkatuu kjaaBuiiu IRQ Bo3HuKa-
€T TOJIbKO OJIMH OTPULIATEbHBIN nepena.
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s ynoOGcTBa pacCMOTPEHMS YacTh IpepbIBAHMI BbIIEJEHBI B OTACJIbHYIO TPYMILY - TPYIITY
HUCKJIIOUMTENbHBIX cuTyauuii. K Heil oTHOcsaTCs: copoc mukpokoHTpoyuiepa - RESET, cucrema 3a-
uThl OT cboeB - COP, cucrema oOHapyXXeHUs MaJeHUs] YaCTOThl CUHXPOHU3aUU U CUCTeMa 00-
pabOTKM HEMPaBUJIBHOIO KOAA KOMAaH/IbI.

COpoc MUKPOKOHTpOJUIEPA MOXKET ObITh MPOU3BEAEH AByMs MyTIMU: 1. IO mepenaay Hamps-
JKeHMSI TUTaHus (ToKa HamnpsiKeHre MUTAHMSI He JOCTUIJIO HEOOXOAMMOIO YPOBHSI, BHYTPU MUK-
POKOHTpoJIepa ycTaHaBinMBaeTcs curHaj copoca RESET, KkoTopblit ocTaeTcsl yCTaHOBJIEHHBIM e111e
4064 TaKTOBBIX IIMKJIA TIOCJI€ JOCTVIKEHUSI HOPMBI); 2. TTogadeil HU3Koro ypoBHs Ha BeiBog RESET
MUMKpOKOHTposuiepa. Ilociie copoca MUKPOKOHTPOJLIEp MHULIMAJIM3UPYET BHYTPEHHNE PETUCTPHI U
HauyMHaeT BBHIMOJHATH IporpaMMy I10Jb30BaTeIsl, HAUMHAsSI C aapeca, HAXOMASIIErocsl Mo BEKTOPY
$FFFE, $FFFF.

Cucrema 3amuthl oT nporpamMmMHbix cooeB (COP) npeacrapisier co0oii TalimMep, KOTOPbI Mo
MCTEUEHUM OIpeIeIeHHOIO BpEMEHM IepeaaeT yrpapieHue Iporpammoii mo Bektopy $FFFA,
$FFFB (ripu 3TOM He MPOM3BOIMUTCS COXpPaHEHME OCHOBHBIX MapaMeTPOB MPOrpaMMblI B CTEKE, B
OTJIMYME OT OOBIYHBIX MTpepbIBaHUi). 1151 TOro, 4TOOBI 3TOrO HE MPOMU3OIILIO MpOorpaMMa MoJab30Ba-
TeJsl JO0/KHA MepUOAMYEeCKM MHMUMaau3upoBath TaiiMep COP, mpuyeM nepuon MexXmay ABYyMs
WHULIMAIM3alUsIMU He JOJKEeH MpeBbIIAaTh 3agaHHOro 3HauyeHus (nepuoma COP-taiimepa). Ot1o
3HAUECHME OMpEAeIsieTCs YaCTOTOM BHEIIIHe! TaKTOBOM CUHXPOHM3AUKU U cocTosiHueM 6utoB CR1
n CRO (mBa minammux 6uta) peructpa OPTION. Crnenyetr umMeTh BBUAY, YTO B HOPMAJIbHBIX PEXU-
Max pabOThl 3T OMTHI MOTYT OBITh 3aIIPOTrPaMMMUPOBAHBI TOJBKO B TeueHME NepBbix 64 E 1ukion
paboThl MMKPOKOHTpOJLIEpa nocje copoca. B cnenunanbHbIX pexxrumax padoThl 1OCTYIT K 9TUM Ou-
TaM He OrpaHMYeH (CM. OIMCaHKWe Ha MUKPOKOHTpoJuiep). sl BHeIIHel TaKToBOM 4yacToThl 8§ MI'1
cootBeTcTBUE Mexay coctosiHueM 6uToB CR1 n CR0O 1 nepuogom COP - Taiimepa npeacTraBieHoO B
Tabmu. 7.3.

Ta6nauna 7.3.
CR1 | CRO | Ilepuog COP
0 0 16.384 mc
0 1 65.536 mc
1 0 262.14 mc
1 1 1.049 ¢

Pazpemienue padbotsr COP npousBogutcsa nyreM copoca 6uta NOCOP (out 2) perucrpa
CONFIG (mpaBujia ero nporpaMMMpPOBaHUSI CMOTPUTE B OMKMCAHWM Ha MUKPOKOHTpoJiep). MHu-
nnanusanuss COP ocylecTBisieTcss mocienoBaTesbHOM 3amuchio 0aiitoB $55 u $AA B peructp
COPRST (ampec $103A).

Cucrema oOHapyxXeHHUsT cO0S1 YaCTOThl CMHXPOHM3AaLMU BKJItoYaeTcsl ycraHoBKoi outa CME
(6out 3) peructpa OPTION. CpabatbiBaH1€ CUCTEMBI IPOMCXOAUT, €CAM BHYTPEHHSISI 4aCTOTa CHUH-
xpoHuzanuun E mamaet Huke 10-200 xI'u (mpu BHemHei yactore 8 MI' BHYTpeHHSsIsSI COCTaBIIsIET
2 MTIn). ITocne cpabaTbiBaHus yrpasieHue repeaaercs no sekropy SFFFC, $SFFFD, 6e3 coxpaHe-
HUSI COCTOSIHMSI KOHTpoJIIepa B cTeke (Kak U B ciaydae ¢ COP).

M3 Tpex BbllIENEPEYUCICHHBIX WCKIIOUUTENIbHBIX CUTYallMid BBICIIMKA TPUOPUTET MMEET
RESET u Huzmmii - COP.

Ecnu B mpoliecce BHIMOJTHEHUSI MPOrpaMMbl BCTpEeTUIaCh KOMaHIa C HECYIIECTBYIOIIUM KO-
oM (Harpumep, $41), To nmpoucxoaut npepsiBanue no Bekropy $FFF8, $FFF9. ITo mporeccy BbI-
MOJIHEHHMS 3TO MpepbIBaHUE aHAJOTMYHO MporpaMMHOMY TipepbiBaHMI0 SWI, 3a McKI0UeHneM To-
ro, 4YTO MpH Iepexoe Ha MOANPOrpaMMy OOCTYy>KMBAHMSI MPEPbIBAHKS B CTEK 3aIlIMCBIBAETCS alpec
KOMaH/Ibl, BbI3BaBIlIel MpepbIBaHKUE MO HEMPaBUJIbHOMY KOy, a HE aapec Cleaylollieil KOMaHIbI.
PaccmoTpum nipuMep mporpamMMbl, KOTOpask MOACYMTHIBAET KOJIUYECTBO HECYIIECTBYIOIIUX KOMaH/I
B IMpOTrpaMMe U BBIBOJIUT €ro B IBOMYHOM BUJI€ HA CBETOIAMO/bI:

cpu 6811
portb equ $1£04 ; PermcTp IOaHHHX IIopTa B
tmp equ 0 ; OOTIONHUTENbHAas sdelka
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org

Jjmp

org
clr
nop
nop
nop
nop
fcb
nop
nop
nop
fcb
fcb
nop
ldaa
staa

bra
org
inc
tsy

inc

rti

$00£7
$d100

sd000
tmp

$41

$62
$5b

tmp
portb

$d100

tmp

JlaGopato

7
4
.
7

4

I
I

7

BEKTOp IIPEephBaHMS 10 HeNpaBUILHOMY
Kooy KoMaHOH (pexuMm bootstrap)
Iepexon Ha IMIoanporpamMMy OOCIyXMBaHUS
IIpepEBaHUA

Hadgano OCHOBHOM IIPOTPAaMMEI

O6HYHMTE> CHeT4YNMK HeIIPAaBUMIIBHBIX KOMaHI]

Kom HempaBUILHOM KOMAaHIH

Koo HenpaBMIIBHOM KOMAaHIH
Kon HenmpaBMIBLHOM KOMAaHIH

BEIBECTHM COCTOSHME cdYeTdMrKa Ha
CBeTOOMOIH
3aMKHY THM ILIMKJI

Hayarno TomOIpoIrpaMMBl ODOCIIY XKMBAHMUS
IIpEepPLHBAHNS

VHKPEMEeHTHPOBATEL CYETUYMK HeIIpaBUJILHEIX
KOMaH]I

VBenuuuThk Ha 1 ampec BoO3BpaTa (YTOOH
BO3BpaT OBUI Ha Clenyonlyln KOMaHIy, a
HEe Ha BH3BABIYI IIPEPHEBaHUE)

BO3BpAT U3 IIPEepHBaHUS

Ilpumevanune. [lpoepamma-omaaduux oasa pabomoer ¢ HC1IEVB ucnoav3yem npepvléanue no Henpa-
BUNLHOMY KOOY KOMAHObL 0151 OP2AHU3AUUU MOYeK OCMAH08A U MPACCUPOBKU, NOIMO-

MY 5mu QYHKYUU CMAHOBAMCA HeOOCMYNHbIMU NPU 8bINOAHEHUU OAHHOU NPOCPAMMb.

B céa3u ¢ amum nocae evinoanenus npoepammul caedyem copocumes KOHmMpoaiep u 3a-

HO0B80 80CCMAHOBUMDb C83b.

B kavecTBe cueTumKa HerpaBUIbHBIX KOMaH/I UCIIOJIb3YeTCsl JOMOJHUTEbHAS sueiika tmp. B
Hayajie MporpaMMbl OH MHUIIMATU3UPYETCS, a 3aTEM YBEJMUYMBAETCS Ha 1 mocyie Kaxaoro Ciaeayro-
1Iero oOHapyXeHUsI HEMpaBUJIbHOM KOMaHAbl. B KauecTBe “HOpMalbHBIX KOMaH~’ MCIIOJIb3YIOTCS
koMaHabl NOP. B KoHIIe TporpaMMbl COIEpPXKMMOE CUeTUMKA BHIBOAUTCS HAa CBETOAMOIbI. 3alyCTH -
te iporpammy c¢ aapeca $D000. Ha cBeTonnonax momkHo nmogButcsd nporndHoe yuciao 00000011 (t.e.
necatuaHoe 3). IIpoBepbTe paboTOCHOCOOHOCTD MPOrpPaMMbl MEHSISI YMCJIO HETIPaBUJIbHBIX KOMaH/I.
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3. KoHTpo.IbHBIE BOTIPOCHI.

Ha3zoBute Bce OCHOBHBIE MICTOYHMKY TTpepbiBaHNs MUKpoKoHTposuiepa MC68HCI11EI.

YTo Takoe BEKTOp IpepbIBaHUS?

Kaxkue oTinuust Mexny oopadboTkaMu IpepblBaHNSI B HOPMAJIbHBIX 1 CHELIMAIbHBIX PEXMMaxX pa-
060Tb1?

Yro Takoe nporpammHoe npepbiBaHue SWI?

Kak npoucxoaut o6pabdoTka AByX U 601ee OMHOBPEMEHHO NOCTYNUBIIMX 3alIPOCOB Ha MpephIBa-
Hue?

Kaxkoe u3 anmapaTHbIX IpepbIBaHUI UMEET BBICIIUIA TPUOPUTET?

Kak ero moxHo 3anpetuts ? Pazpeliuts?

Yro Takoe rpynmna [-npepbiBaHUA?

Onuiuure CTpyKTypy IIPUOPUTETOB B 3TOM TpYyIIIIE.

10.Kakue nBa MCTOYHMKA BbI3bIBAIOT MpepbiBaHue IRQ?
11.B yuem oTainumre oOHapykeHMsI pepbIBaHUSI 110 YPOBHIO 1 1o nepernany? Kakum odpa3om 3agaer-

csl MeTof, oOHapyxXeHMs nepenana aas1 IRQ?

12.4910 Takoe rpyIina UCKJIHYUTEIbHBIX CUTyaL[Uii?

13.Kakue nBa cOpoca MUKPOKOHTpOJIIEpa BaM U3BECTHbI?

14.Y10 Takoe COP? Kak ero pa3zpemintb?

15.Kak 3agaercs nepuog COP - taitmepa?

16.Kak nipousBoautca nanunanusanuss COP?

17.Kak paboTtaeT cucrema oOHapykeHus CO0s1 4acTOThl CMHXpoHM3auuu? Kak ee pa3peiiuTs?
18.Kakoe 0CHOBHOE OTJIMYME CYILIECTBYET MpU 00paboTKe uckiaouuTebHbiX cutyaluii mo RESET,

COP u c6010 4aCTOTbI CUHXPOHM3ALIMU U TIpU 00pabOTKe OOBIYHBIX IPEPbIBAHUIA?

19.49t10 IIPOUCXOIUNT, CCJIU IIPU BBIIIOJHCHUUN IMPOrpaMMbl BCTPETUIIACh KOMaHIa C HECIIPpaBUJIbHBIM

KozIoMm?

20.ABnsgerca 1 IIPECPLIBAHUC 11O HCIIPpAaBHUJIIbHOMY KOAY KOMaHAbl aHAJIOIOM ITpOTpaMMHOIO IIpEC-

pbiBaHust SWI? O0bsicHUTE IToUeMy.

21.Ha3oBuTte npumepbl HEMpaBUIbHBIX KOJOB KOMaHIbI?

4. 3aganud.

. Hanuiure nporpamMmy yBeIMUYMBaOIIy0 Ha 1 IBOMYHOE YMCJIO HA CBETOAMOAAX MPU KaXIOM,

CKOJIb YTOTHO OBICTPOM HaxkaTuu Ha KiaaBuiny [RQ.

. Hanumwure nporpammy, Kotopas ¢ yactotoit 1 'l MHKpeMEHTUPYET COCTOSIHME Ha CBETOAMOIAX

npu HaxaToi kiaasuiie IRQ.

. MonepHU3UpyiTe MpeabIayllyl0 IporpaMMy TakK, YTOObl COCTOSIHME CBETOAMOJIOB HE M3MEHS -

JIOCh TIPU KpaTKOBPEMEHHOM Haxkatuu (Haxkatusix) Ha IRQ.

. Hanmuiwure nporpaMmy - reHepartop ciaydaitHbeix uncell. [Ipu HaxaToii kHornke IRQ B HeKoTopoit

s4eiiKe MaMsSITU JOJKEH MPOMCXOAUTh OBICTPHIN MepeOdop 3HAaYeHU (Hampumep, MyTeM MHKpe-
MEHTMPOBAHMSI COAECPXKMMOTIO STUEMKN), U MOCJe OTIIYCKaHUS 3TO 3HAUYEHUE TOKHO BBIBOAUTCS
Ha CBETOIUO/IbI.

. Hammuiure nporpamMmy - onpeneanTeslb CKOPOCTh peaknu. Yepe3 HeKOTopoe BpeMsl Mociie 3a-

mycka rnporpammsl (1-3 ¢) moJKeH 3aropeTbesl cTapiuvii ceetroauon. Ilocie aToro 3amyckaercs
CUYETUYMK, OCTaHABIMBAIOIIMIACA TToce HaxaTus Ha KHOMKY IRQ. ITocie aToro Ha cBeTOaAMOIbI B
JBOMYHOM BUJIE JOJDKHO BBIBOAUTCS ero coaepxumoe. [lepuon cyera cienyet caenath 1 mc. Ta-
KM 00pa3oM Ha CBETOAMOAAX OTOOpA3UTCSl ABOMYHOE BpEMs peaklMM B MMKPOCEKYHIaXx.
danpuicTapT UHAULKUPYETCS MUTAHUEM CBETOAMOIOB.

Hanuiure nporpammy, KoTopas 1Mo HaxxaTuu Ha KHomnky PAQ yBenuuuBaia Obl COCTOSIHME Ha
cBeroamnonaax Ha 1, a mo Haxxatuio Ha IRQ - ymeHbIana Obl.

. Hanuiure nporpamMmmy, BBIBOJSIIYIO Ha CBETOAMO/Ibl COCTOSIHME MEpEKoUaTeneil npu HaxkaTuu

Ha [IRQ.
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8. MopepHu3upyiite NpeabIAyIIyI0 MporpaMMy Tak, 4YToObI pU yaepxuBaemMoil KHornke IRQ mpo-
HUCXOIWJT IMKJINIECKUI CABUT COCTOSTHUSI CBETOAMOIOB ¢ TieproaoM 0.6 c.

9. Hanuiuure nmporpamMmy, KoTopas onpenesisia Obl onpenesisiaa Obl U3 ABYX UTPOKOB OJHOIO - C
Jiydiieil peakuuein. Yepe3 HeKOTopoe BpeMsl mocJje 3arycka mporpammbl (1-3 ¢) gokeH 3aro-
petbes ctapiuuii ceetoguon B7. Janee onuH yenoBek HaxkumaeT kHonky PAO, a apyroi IRQ.
Ecnu nepsoit 0bl1a Haxkata PAQ, 3aropaercst crapiast TeTpana cBetoanonon, ecin IRQ - mian-
mag. PanplIcTapT MHAMLUPYETCS MUraHueM cBetoanona B6 misa urpoka Ha PAO, u Bl - pig ur-
poka Ha IRQ.

10.MonaepHUM3UpyiTe MPEabIAYIIYIO TPOrpaMMy TakK, YTOObI Ha CBETOAMOIbI BBIBOAMIOCH Pa3HOCT-
HOE BpeMs peaklMM MIPOKOB (Ha ceMb MJIAMIIMX CBETOAMOAOB) B MUKpoceKyHaax. Crapiiuit
CBETOMO/I YKa3bIBACT Ha MOOeaAUTENS (3a3KKEHHBIN CBETOIMO/ O3HAYAET, YTO MOOEAU YYaCTHUK
Ha PAO).

11.Hanuiuure nmporpammMy, KOTopas 3axkurajga Obl BCE CBETOIMOJbI, €CJIM OJHOBPEMEHHO HaXKaTbl
kHonku PAO 1 IRQ u racuia Obl X B MPOTUBHOM ClIy4ae.

12.Hanuiuure nporpaMmy coctosiyo u3 komaHa NOP ¢ kogamu HenmpaBWJIbHBIX KoMaH. [1pu
00HapyXeHNM HENpaBUJIbHOW KOMaHAbI IporpaMma J0JDKHA BbIBOAUTH Ha CBETOAMOIbI CTap-
WA M MJIAQAIIMA OGaliThl aJpeca MO KOTOPOMY HaxOAWUTCS HelNpaBWJbHas KoMaHpaa. IlepBbiM
JNOJKEeH oToOpaxkaTbcsl cTapiumii 6aiT. Ilociae Haxatusa Ha kHonkKy PAQ - muanmiuii, u mocie
caenyouiero Haxatus Ha PAO - mporpamma 10JKHa MPOJ0IKUTh BBITTOJHEHUE.

13.MoaepHu3upyiiTe TMpeablAyllylo MporpaMMy TakK, YTOObI MepekJiloueHue O0alTOB M BBIXOHA B
OCHOBHYIO ITpOrpaMmy IpOU3BOAMJICS TTPU Haxkatuu KHomku [RQ.

14. MonepHU3UpyiiTe TIpeabIAyIIyI0 MpOorpaMMy TaK, YTOOBI MepekJiloueHue O0alTOB M BBHIXOHA B
OCHOBHYIO TIpOrpaMMy IPOM3BOAMJICS TOJILKO MPU OJHOBPEMEHHOM HaxaThu KHOMOK [IRQ u
PAO.

15.Ycnonb3yst 00pabOTYMK MpepbiBaHUS OT IMporpamMmbl 11. MoaepHusupyiite 00y M3 IPO-
rpamum 1 ... 10, Tak, 4TOOBI IIpU TOSIBJICHUY B HEl HEMPABUJILHOTO KOAA, OH MHAUILIMPOBAJCS Obl,
Kak B mporpamme 11.

16.Harmnimumre mporpaMmy, KOTopasi IIpOCYMUTHIBaJIa Obl KOJIMYECTBO BCEX BO3MOXKHBIX HEIIPABUIIb-
HBIX KOMaH[I, 11 MUKpoKOoHTposuiepa M6SHCI11.
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JIabopaTopnas padora Ne8
Cucrema Taiimepa.

1. Beenenne

B manHoli paboTe nsydaercs Taiimep MukpokoHTposuiepa MC68HCI11E]l u ¢pyHKIMOHATIBHO
CBSI3aHHbBIE C HUM YCTPOICTBA.

2. Cucrema Taiivepa

BcrpoeHHblli TaiiMep o6ecrnieuMBaeT pabOTy HECKOJBbKMX BHYTPEHHUX CHUCTEM MUKPOKOH-
TpoJuiepa, B YUCI0 KOTOPBIX BXOISAT:

- cucTeMa obecrieueHus1 GPyHKIIMM BXOIHOTO 3aXBaTa;

- cucteMa obecrieyeHus1 PyHKIMU BbIXOJHOTO CPAaBHEHMSI;

- TIpepbIBaHUS PeajbHOTO BPEMEHU;

- CYETUYMK MyJIbCALIA.

OcHoBY TaiiMepa coCTaBIsIeT 16-pa3psiAHbIii CYETUNK, ICTOYHMKOM CMHXPOHU3ALIMU KOTOPO-
TO SIBJISIETCS BBIXOA MpeaaeanTenss yactoTel E (3Ta yactora B 4 pa3za MeHbIlIEe BHEIIHEW 4aCTOTHI
cMHXpoHM3auuu U B otiianodHom moayie HC11EVB cocrasnaser 2 MI'n). B npegaenurene MOXXHO
IMPOTpaMMHO 3a7aTh OJWH M3 YeThlpeX KoaddummenToB aenenus: 1, 4, 8 mim 16. YcTaHOBKa HyXK-
Horo kKoagduuueHta mnpousBoautcs mnocpeactBoM o6utoB PR1 m PRO peructpa TMSK2 (cMm.
puc. 8.4). CooTBETCTBUE MEXKAY COCTOSIHMEM 3TUX OMTOB U KOA(PDMUIIMEHTOM JIeJICHUS IPUBEJICHO B
Tadm. 8.1.

Ta6auma 8.1.
PR1 | PRO | KoadduimeHT neaeHust
0 0 1*
0 1 4
1 0 8
1 1 16

* ABTOMaTMUeCKM yCTaHaBIMBaeTcs rocie copoca.

B HOopMaibHBIX pexXrmax paboTbl MUKPOKOHTpOJIIepa MOAUMUKALIMS 3TUX OMTOB BO3MOXKHA
TOJILKO B TeueHue mepBbix 64 unkioB E mocie copoca. B cnenmanbHBIX pexXuMax pabOThl 3TOTO
OrpaHUYEHUS HET.

CocTossHUEe cYeTYrMKa MHKPEMEHTUPYETCS Ha 1 ¢ KaXIbIM MMIYJIbCOM CHUHXPOHM3ALUU. DTO
COCTOSTHME MOXKHO mpoumTaTh U3 16-0utHoro perncrpa TCNT, mpeactaBieHHOrO B BUIE JIBYX
8-OUTHBIX perucTpos, Haxomsmxcesd 1mo agpecy $100E (crapummii 6aiit) u $100F (Minammmii 6aiir).
Peructp TCNT He goctynieH mist Moaudukanuy (MCKJIIOYEHUE COCTABISIET PEXUM TeCTa) U TaKUM
00pa3oM I10JIb30BaTeb MOXET TOJIbKO CUUTHIBATh €ro cocTosiHue. [1pu nmepexoae coCcTosIHUS Taii-
Mepa ot $FFFF x $0000 ycranasnuBaetcst daar nepenojgHeHus taiimepa TOF (6ut 7) perucrtpa
¢naroB taiimepa TFLG?2 (cM. puc. 8.3.). [IpepriBaHMEe MO YCTAaHOBKE 3TOr0 OMTa MOXKHO pa3pellnTh
ycraHoBkoi 6uta TOI perucrtpa mackupoBaHus npepbiBaHuit TMSK2.

PaccmoTpuM npuMep MCHOIb30BaHUS MPEPbIBAHMS 110 MEPENOJHEHUIO TailMepa i peaau-
3allMM MMPOrpaMMBbl IMHAMMWYECKOIO YIIPaBJIEHUS CBETOAMOAAMU - OeTyIMX OrHel. 3anuiunTe B Ia-
MSITh CJAEIYIOLIYIO ITOAMPOTrpaMMy:

cpu 6811
tflg2 equ $25 ; perucTp dyarorB TanMepa 2
org $00d0 ; BEKTOP IPEepPHBaHMUA IO IIepelloIHEeHUIO
; TauMmepa
Jjmp to ; TIepexon Ha IOOIIPpOoTrpaMMy OOCITyXUBAHUS

; TIpPEpPHBaHUSA
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org sd100 ; Hada’sio IIOOIPOTrpPaMMBl OOCIIYXMBaHIMS
; TIDEpPHEBaAHUA
to 1dy #1000
bset tflg2,y,#%10000000 ; cbpoc ¢rnara IeperoHeHUS
; TauMepa
ldaa $1f04 ; LIUKJINMYECKUM COBUT BJIIEBO
1sla ; COCTOSAHUSI CBETOOMOIOB
bcc Jjl
oraa #1
J1 staa $1f04
rti ; BO3BpAT M3 IIPEPHBAHUSI

3anummure B peructp noprta B (ampec $1f04) kakoe-nmu60 uucno, Hanpumep, $49. IIpu sTOM OHO
JOJIKHO OTOOpasuThCs Ha cBeToaronax. 3amuiure rmo agpecy $1024 (peructp TMSK?2) yucio $83
(%10000011), ycraHOBMB TaKUM 00pa3oM KoaGhGULIMEHT AeJeHus I TaiiMepa 16 (IIpy 3ToM Jac-
TOTa MeperoHeHni TaitMepa Oyner coctaBiaTh 2000000/(65535X16) ~ 1.9 ') u pa3pelus Ipe-
pbIBaHMS TI0 MepenojHeHuto TaiiMepa. [Ipu 3ToM Ha cBeTonuomax OyaeT MPOMCXOAUTh LUKINYE-
CKOe mepeMelleHUe UCXOHOTO COCTOSIHUS BiieBO. [TonpoOyiiTe naMeHUTh KO3 GUIUEHT Tpeiie-
JIUTeNs1, oOpaTuTe BHUMaHNWE Ha U3MEHEHME CKOPOCTU MEPEIOJHEHUS TaliMepa.

IIpumeuyanue. B nipepiaraemoil 1abopatopHoil paboTe Mocjie BBIMOIHEHUST KaXI0ro IpuMepa
KeJIaTeJIbHO TIPOU3BOAUTL COPOC MUKPOKOHTPOJUIEpA C MOCIEAYIOIINM BOCCTAHOBJICHUEM CBSI3U
JUISI THULIMAJIM3alM1 COCTOSIHMSI BHYTPEHHUX PETHMCTPOB.

3. OynkuyA BXOAHOMH (huKkcammum

DyHKINIO BXOAHOUN (pUKCAIUM OOCCIIeUMBAIOT 16-OUTOBBIE PETUCTPBI, JOCTYITHBIE TOJIBKO
s yteHus. Ilpu oOHapyXeHMU 3aJaHHOTO Iepenaga Ha BXOJHOM JMHWM OJHOIO M3 KaHaJlOB
BXOJHOM (bMKcCaALlMM, MPOUCXOAUT 3aMUCh COIECPKMMOIO cCUeTYMKa TaiiMepa B COOTBETCTBYIOLLIMIA
perucTp BXoAHOM ¢ukcauuu. TakxkKe Mpu 3TOM yCTaHABIMBAETCsI COOTBETCTBYIOLIUI Jjiar B pe-
ructpe ¢aaroB TFLG1 (nmepBomy KaHaly BXOAHOM (hUKCallMM COOTBETCTBYET OUT 2, BTOPOMY - OUT
1, TpeTbeMy - OUT 0 1 yeTBepTOMY - OUT 3, cM. pucC. 8.1.) U MIPOUCXOAUT TeHepalusl NpepbIBaAaHUS,
€CJIM YCTAaHOBJIEH COOTBeTCTBYIOIIMI OUT peructpa TMSKI1 (cm. puc. 8.2.).

7 6 5 4 3 2 1 0
$1023 [ OCIF | OC2F | OC3F | OC4F | 1405F | ICIF | IC2F | IC3F | TFLG1

CocrtostHue

nocie <opo- 0 0 0 0 0 0 0 0

Puc. 8.1. Peructp ¢dnaroB npepbiBanus TFLGI1.

7 6 5 4 3 2 1 0
$1022 [ ocir | ocar | oc3t | oc4l | 14051 | IC1I | IC21 | IC31 |TMSK1

CocrosiHue

rroce ¢opo- 0 0 0 0 0 0 0 0

Puc. 8.2. Peructp mackupoBaHus npepbiBaHust TMSKI.
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7 6 5 4 3 2 ] 0
$1025 [ TOF | RTIF |PAOVF| PAIF | 0 | o0 | o0 | o0 |TFLG2
CocrtostHue
rocieoro 0 0 0 0 0 0 0

ca

Puc. 8.3. Peructp dnaroB npepbiBanus TFLG?2.

7 6 5 4 3 2 1 0
$1024 [ TOI | RTII [PAOVI| PAIl | 0 | 0 | PRI | PRO |TMSK2
CocrosiHue
roete <opo- 0 0 0 0 0 0 0

Puc. 8.4. Peructp mackupoBaHus npepbiBaHust TMSK2.

7 6 5 4 3 2 1 0
$1021 |EDG4B | EDG4A | EDG1B | EDGIA | EDG2B | EDG2A | EDG3B | EDG3A | TCTL2

CocrosiHue

nrocie <opo- 0 0 0 0 0 0 0 0

Puc. 8.5. Peructp ynpasnenus taitMepom TCTL2.

BxomaMu yeThipex KaHaJI0B BXOJIHOU (pMKCALUKU MOTYT CIyXUTh JIMHUM 0-3 mopta A. IlepBbie
Tpu uHuUM nopta A (PAO-PA2) coorBercTByioT kaHaiam 1C3, IC2 u IC1 BxogHo#t dhukcanuu, -
Hust PA3 , B 3aBucuMocTu oT coctosiHus outa 14/05 peructpa PACTL (cm. puc. 8.10), MoxeT uc-
M0JIb30BaThCs 15l obecneueHus: pyHKIMKU BxoaHou dukcauuu 1C4 (14/05 = “1”) unu BBIXOAHOTO
cpaBHeHust OCS5 (I4/05 = “0”).

Ilepenan, BeI3bIBAIONINI aKTUBU3ALIMIO (DYHKILIMU BXOAHOM (pUKcalMy IJIs1 3aJaHHOTO KaHajia
koaupyetrcsa B peructpe ymnpasiaeHuss TCTL2 (cM. puc. 8.5). Kaxnaa mapa auauit EDGxB u
EDGXA cooTBeTCTBYeT KaHally BXOAHOI (ukcauuu X. B tabn. 8.2 mpeacraBiieHO COOTBETCTBUE
MEXIy COCTOSIHUEM Iaphbl M BUJOM aKTMBHOTO Mepenaaa Ha COOTBETCTBYIOIICH TUHUM.

Tab6auia 8.2
EDGxB | EDGxA Kondurypanus
0 0 DyHKIIMS BBOZHOTO 3aXBaTa 3arnpenieHa
0 1 3axBaT TOJBKO IO MOJOXUTETLHOMY (PPOHTY BXOJHOTO CUTHAJIa
1 0 3axBat TOJbKO 10 OTpUIIATEIbHOMY (DPOHTY BXOJIHOTO CUTHAJIA
1 1 3axBaT TOJIbKO M0 JIIDOOMY POHTY BXOJHOIO CUTHAJIa

PaccmoTpum nipuMep mporpaMmbl, MCOJIB3YIOIIEN (PYHKIIMIO BXOAHOM (pUKcaluMu ISk omnpe-
JeJIeHUus ObICTPOTHI peakimy yeiaoBeka. [IpaBuna paGoThl ¢ mporpaMMoi CieayolIure: Mmociae 3a-
IycKa IIporpaMMbl HEOOXOAMMO MOXKAAaThes 3axkuraHusi cBeromuona BO um 3areM, Kak MOXKHO
obicTpee HaxaTb Ha KHOTIKY PAQ. ITociie aToro Ha cBeTonmoaax rosiBUTCS (B ABOMYHOM KOJI€) Bpe-
M$I peaKiMM B COTBIX TOJISIX CeKyHAbI. B ciyyae anblictapra 3aropstcs Bce CBETOAMO/IbI.

cpu 6811
porta equ s00 ; permcTp mnopra A
tic3 equ S14 ; PermcTp BXOOHOM OMKCcaLmu 3
tflgl equ $23 ; perucTtp drnaromB Tanmepa 1
tflg2 equ S25 ; perucTp darorB TanMepa 2
tctl2 equ S21 ; permcTp yIpaBJieHusl TarnMmepa 2
tmsk?2 equ $24 ; PeTrMCTp MaAaCKUPOBaHUS TPEPHBAHUM OT
; TanumMepa 2
tcent equ S0e ; permcTp cyYeTdMKa TarMmepa
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tmp

jl

52

equ S00 ; IOOIIOJIHMTEeJIbHAas sSdYerka

org s00do ; BEKTOP IIpepHBaHMUSA IO IIepeIloIHEeHU
; TanmMepa

jmp to ; TIepexon Ha IIoOIporpaMMy OOCIyXMBaHIMS
; TIpEepHBaHUS

org sd000 ; HadalJIo OCHOBHOM IIPOIPaMMEI

1ldy #3$1000

clr S1£04 ; IIOTAaCUTBh CBETONMOIE

ldad tcnt,y ; OIIpeneNmuTh IICeBOOCIIYYalHYyln BeIUYMHY
; HadYalbHOU 3alepXkKU

andb #S1f

orab #S$40

stab tmp

ldaa #%10000000

staa tmsk2,y ; pazpemmTh IPEPBBAHUS II0 IIEPEIIOJIHEeHMIO
; TarMepa, BXOOHOM KO2QOUIIMEeHT nejleHMs
; IV TamMepa - 1

cli ; paspemmTh 1-IIpepHBaHMA

brclr porta,y,1l,Jj3 ; 3amepkka Ha 2...3 CEKYHIOH C IIPOBEPKOM
; Ha o¢anbmcTapT

ldab tmp

bne jl

ldaa #%00000011

staa tmsk2,vy ; YCTAHOBUTH BXOIOHOW KO3OPUIIMEHT
; OeJleHus OJs TanMepa 16 (crmemyeT UMEeThb
; B BUOY, 4YTO yCTaHOBKA KOo3ddMIIMeHTa
; IOeJleHusT B HOPMAaJIbHBEX pexuMax paboTH
; IOOJIXHA IIPOM3BOIMUTCSA B TedeHue 64
; TIEPBHX LIMKJIOB E 1ocie cbpoca)

ldaa #S1

staa tflgl,y ; cbpoc drnrara BXOIDHOI'O 3axBaTa 3

staa $1f04 ; 3axkedp cBeTommonm BO

inca

staa tctl2,y ; pazpemmMTh BXOOHOM 3axBaT 3 IIO
; oTpullaTenbHOMY OPOHTY

1dd tent,y ; 3aImcaTh TeKylee COCTOsSHMe TanmMepa

std tmp ; B g4Yerke tmp

brset tflgl,y,#%00000001,j4 ; BHXOI, €CJIM IIPOUBOWEJI 3axXBaT

1dd tent,y ; LIMKJI Ha oOHapyxXeHus npeBumenmuss 0.5 ¢

inca

cmpa tmp

bne j2
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3 ldaa #Sff ; 3axedp BCe CBeTOIOMOIE B Ciydae
; danpmcTapTa MaM nOpu npeBbmenun 0.5 C
staa $1f04

bra *
j4 lad tic3,y ; pacuyeT 3amepXKU
suba tmp
tab
clra
ldx #5
idiv
xgdx
stab $1£f04 ; 0oTOOpPasUTL 3aOePXKYy Ha CBETOOMOIH
bra *
to ldaa #$80
staa tflg2,vy ; Ccbpoc ¢rara IMeperoyHeHus TanMepa
dec tmp ; YMEHBIIMTEL CYeTYMK Ha 1
bne to_1
clr tmsk2,y ; BalpeTuUTh IPEPHBAHUS II0 IIEPEIIOJIHEeHMIO
; TauMepa
to_1 rti ; BO3Bpar

PaccmoTpum Gosee moapoOHO paboTy mporpaMmbl. i ocyliecTBIeHUs 3aAepXKu Ha 2...3
CEKYH/Ibl MCITOJIb3YIOTCS TIPEPBIBAHUS MO MEPENOJHEHUIO TailMepa, KOTOPbIE MPOUCXOISIT C YaCcTO-
toir 2000000/65536 =~ 30.51I'u (koahGUIIMEHT OeNeHNUsT YcTaHaBIMBaeTcsl paBHbIM 1). CiemoBa-
TEJIbHO I 3ae€pKKM =~ Ha | cek TpedyeTcsl BO3HMKHOBEHME 31 mpepbIBaHUS MO MEPETIOIHEHUIO.
HMcxogHoe yuncno TpeOyeMbIX MPEpPBIBAHUI OIPEIessIeTCS CIeayroluM oOpa3oM: IOCJe cTapTa
MpOrpaMMBbl CYUTHIBAETCS cocTosiHUEe peructpa cuerdyuka taiimepa (TCNT). ITockosibKy 3TO 3Ha-
YeHMe HEMPEePhIBHO MEHSIETCS C MOMEHTA allapaTHOIo cOpoca, HA MOMEHT cTapTa IporpaMMbl TaM
HaXOOAUTCS HEKOTOPOE TMCEeBAOCIyYaiiHOE 3HaUeHUe. Y MJaaliero 6ainra cyeTynka, 3allMCaHHOTO B
akkymyJisitope B, oOHyJsI10TCS cTapiiue Tpyu OMTa, TaKUM 00pa3oM B akKymyJisitope B cogepxkurcs
TiceBaoCayvYaiiHas BeJquyrHa 3aaepXkKu Ha 0 ... 32 nukia, wid Ha 0 ... 1.05 cekyHabl. s cMmele-
HUSI 5TOM BEJIMUYMHBI HA = 2 CEKYHIHBI, K conepxuMomy B nobasisercs 64 (%01000000). Conepzku-
Moe peructpa B coxpaHsercs B s4eiike tmp, MocCje Yero pa3peiialoTcsl NPePbIBAaHUS MO MEePenoi-
HEHUIO TaiiMepa. B moanmporpaMmme oOciykuBaHUs MpepbiBaHUs (t0) 3HaUeHUE tmp YMEHBIIAeTCs
Ha 1 u npoBepsiercst Ha (. Ecnu 3HaueHue tmp oOHYIMIIOCH (T.€. MPOM30IIIO0 3aJaHHOE KOJUYECTBO
MpepbIBaHUI), TO MPEpbIBAHUS TI0 MIEPETIOJIHEHMIO 3arpelnaiorcs. B ukie oxuganus 3aaepxku jl
MOCTOSIHHO MpoBepsieTcs He HaxaTa Jiu KHonka PAQ; B 3ToM ciiyyae MHAMLIMPYeTCsl (hasIbIICTapT.
Hanee mociie onpeaeaeHus U pa3pelieHuss BXogHOro 3axsara 3 (cooTBeTcTByeT JuHUM PAQ) 3axm-
raerca cBeroauon B0, yacTora CMHXpOHM3ALIMM TaliiMepa yMeHbIIaeTcss B 16 pa3 (T.e. CTAaHOBUTCS
paBHoii 2000000/16 = 125000I'11) u 3armmycKaeTcs IMKJI OXUAAHUSI 1O BO3HUKHOBEHMSI BXOIHOTO
3axBara 3 (o ananmusy outa 0 perucrpa TFLG1). KpoMe atoro, nmepea HayajloM LMKJIa 3alTOMU-
HaeTcsl cTaplliasl TeTpaaa cueTurKa TaiiMepa, KOTopasi CpaBHUBAETCS B LIMKJIE C TEKYIIIMM 3HAYeHU-
€M cTaplleil TeTpaabl CUeTUYMKa ISl ONpeAeaeHUsI TPEeBbILIEHUST TOMYCTUMOIO BpeMEHHU, KOTOPOe
ompezensiercs Kak 16 X 65536/2000000 =~ 0.524 ¢ (nnsg Toro, 4ToObl UCKJIFOUUTH cpabaThIBAaHNUE MH-
JUKaToOpa MpPEBBIIICHUS Cpa3y IOCJe BXOAa B LMKJ TeKylllee 3HaueHMEe CUeTYMKA YBEJIUYMBAETCS
Ha 1). [Tocne Haxatus Ha kiaBuily PAO npoucxoaut BxoaHast (puMKcalusi, BEIYUCISIETCS Pa3HOCTh
MEXIy CTapIIMMM OaliTaM¥ KOHEUHOIO M HayaJbHOTO COIEePXKMMOTO0 cueTynka Taiimepa. [1pu atom
KaxXabIil pa3psia pe3yiabrara cooTBeTcTBYeT 256/125000 =~ 0.002 c¢. Pe3ynbTaT Oeaurtcs Ha S ¥ BBIBO-
IUTCd Ha cBetomuonasl. [Iporpamma 3anyckaercs ¢ agpeca $D000.
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4. OyHKIHUS BbIXOTHOTO CPABHEHHS

Kaxxaprit KaHal BEIXOZHOTO CpaBHEHUS TaKXKe UMEET CBSI3aHHBIN ¢ HUM 16-OMTOBBIN pEerucTp,
JNOCTYIIHBIN 11 yTeHus U 3anucu. [Ipy coBnageHun 3HaYeHWUsI, 3alIMCAHHOTO B 3TOT PETUCTP CO
3HaYCHWEM CYeTuYMKa TaliMepa ycTaHaBiauBaeTcs cooTBeTcTBywowuii ¢uar (OCxF) B peructpe
TFLGI (puc. 8.1) 1 mpouCXOAUT U3MEHEHUE COCTOSTHUSI COOTBETCTBYIOIIEH BBIXOIHOM JIMHUU. DTO
M3MEHEHME IS TMHUI 2 - 5 BRIXOOHOTO cpaBHeHUs Kogupyetcs B peructpe TCTL1 (cm. puc. 8.6).
CootBercrBue Mexay outaMmu OMx n OLX 1 U3MeHEeHHEM Ha COOTBETCTBYIOLIEH JTMHUM MPEACTaB-
JIeHO B Tao1. 8.3.

Tabnuua 8.3.
OMx | Olx JleiicTBMe mpy COBNAAEHUH
0 0 |TaiiMep OTKIIIOYEH OT BBIXOJIHBIX TUHUM
0 1 MHBepcusi cOCTOSIHUS COOTBETCTBYIONIEN BbhIxogHOM tuHuM OCx
1 0 | YcraHoButs B “0” coorBeTcTBYIOIIYIO THHUIO OCX
1 1 | YcranoBuTth B “1” cooTBeTcTBYIOMIYIO TUHMUI0O OCX

7 6 5 4 3 2 1 0
$1020 | omM2 | o2 | omM3 | oL3 | oM4 | or4 | oM5 | OL5 | TCTL1

CocrtosiHue

riocze copo- 0 0 0 0 0 0 0 0

ca

Puc. 8.6. Peructp ynpasienus taitMmepom TCTLI.

7 6 5 4 3 2 1 0
$100B | FOC1 | Foc2 | Foc3 | Foc4 | Focs5| o | o | 0 |CFORC
CocrosiHue
roete copo- 0 0 0 0 0 0 0

Puc. 8.7. Peructp popcupoBanus BeixonHoro cpaBHeHus1 CFORC.

7 6 5 4 3 2 1 0
$100C [ociM7]oCIM6|OCIM5|oCIM4]loCcIM3] o0 | o | o0 |ociMm
CocrosiHue
roctecopo- g 0 0 0 0 0 0 0

Puc. 8.8. Peructp MackupoBaHus BeixogHoro cpaBHeHus: 1 OC1M.

7 6 5 4 3 2 1 0
$100D | OCID7 | OCID6 | OCID5|0OCID4|0OCID3| 0 | o0 | 0 | oCciD
CocrosiHue
roctecopo- g 0 0 0 0 0 0 0

ca

Puc. 8.9. Peructp mackupoBaHusi BeixogHoro cpaBHeHusi 1 OC1D.

[Tpu ycnenmrHoM CpaBHEHMHU TakKXKe MOXET T€HEpUpOBaAThbCSl MpepbiBaHUE, €CAU YCTAaHOBJIEH
coorBercTBytomMii 6uT OCxI B peructpe TMSKI1 (puc. 8.2). 3anporpaMMHUpoOBaHHOE AECUCTBUE Ha
JIMHUM BBIXOAHOTO CpaBHEHMSI MOXKHO (pOopcUpoBaTh, €CU 3anucarh “1” B COOTBETCTBYIOLIMNIA OUT
peructpa CFORC (puc. 8.7).

Cucrema Taitmepa. 53



JlabopaTopHas padbora Ne§

B oTiimume oT ocTaabHBIX KaHAJIOB BBIXOJHOTO CPaBHEHMSI, BRIXOJAHOE CpaBHEHUE | MOXeET aB-
TOMAaTUYECKHU BIUSATH Ha JIOOYIO U3 TSITU BBIXOAHBIX JIMHUM BBIXOJHOIO cpaBHeHUs (IMHUM 3-7
nopta A). Ilpu atom 3aneiictBytorcst peructpsl OCIM (puc. 8.8) u OCID (puc. 8.9). Peructp
OCIM onpenensieT Kakasi JMHUS opTa A OyAeT NMoABepKeHA U3BMEHEHUIO B PE3YJIbTaTe YCIIeIIIHOTO
OCI1 cpaBHeHus. B peructp OC1D 3anuchiBaloTcsl JaHHbIE, TepegaBaeMble Ha COOTBETCTBYIOLINE
JIMHUU B pe3yJibTaTe YCIEIIHOro cpaBHeHs. B ciyyae omHOBpeMEHHOro BO3ACICTBUSI HA OJHY JIM-
HUIO IBYX BBIXOJAHBIX CpaBHEHU I BbIxogHOe cpaBHeHUe OC1 umeeT BBICIIUI TPUOPUTET.

PaccMmoTpuM npumMep rporpaMmbl, peajiM3ylolieil yrpaBieHue CKBaXKHOCTbIO MUTaHMSI CBETO-
IUOM0B. 3alaHle CKBaXKHOCTU MPOU3BOAMUTCSI Ha cTaplieil TeTpane nepekaodareneii. [lepuon Mu-
raHWsI CHHXPOHM3UPOBAH C TepernoHeHueM Talimepa. [Ipu 3ToM B MOMEHT MepernoiHeHUs TaliMe-
pa (MPOUCXOAUT ¢ YacTOTOM nmpubausurenbHo 0.5 ¢) mpoucxoaut 3axuranue ceeronuoga PB3, a B
MOMEHT COBMAJCHMS COIECPXKMMOTO TaiiMepa ¢ COAePKMMBIM perucTpa BoiIxogHoro cpaBHeHus OC3
(cTapiiasi TeTpaga KOTOPOIO COBMAAaeT C COCTOSHMEM CTapllieil TeTpaabl Tepekiarodareseii, a
miammue pasHbl 0) cBeToguon racHeT. M Takum oOpa3oM yeM OOJIbIlIe YMCI0 HabpaHO Ha cTaplieit
TeTpaje NepeKyardaTeseil, TeM BbIllIe JIUTEIbHOCTh BCIIBIIIKM CBETOIMO/IA (32 UCKIIIOUEHUEM KOM-
ounanuu $00-B 3TOM cllyyae CBeueHHME HempepbiBHOE). B maHHOI mporpaMme He MCIOJIb3YIOTCS
JIMHUM BBIXOJHOTO CpaBHEHUsI, a pabOTa OCYIIECTBISETCS IO TMpepbiBaHUIO. 3aMyCcK MPOrpamMMbl
JIOJIKEH mpou3BoauThes ¢ aapeca $D000.

cpu 6811
tmskl equ S22 ; PEeTrUCTPp MaCKUPOBaHUS IIPEPHBAHUN OT
; TanmMmepa 1
tmsk?2 equ S24 ; PEeTUMCTP MaCKMPOBaHUS IPEPHBAHUM OT
; TanmMmepa 2
tflgl equ S23 ; perucTtp diaror TanmMmepa 1
tflg2 equ $25 ; perucTtp draroB TamMmepa 2
toc3 equ Sla ; PEeTUCTP BHXOIOHOTO CpaBHEHUVSA 3
org s00do ; BEKTOP IIPEPHBAHUA IIO IIE€PEIIOITHEHU
; TauMmepa
Jjmp to ; TIepexon Ha IIoOIporpaMMy OOCIYXMBAaHNS
; TIpEepPHBaHUS
org $00d9 ; BEKTOP IIPEPHBaHMVA II0 BHXOIOHOMY
; CpaBHEHMD 3
Jjmp oc3 ; TIepexonl Ha IIoAIporpaMMy OOCIYXMUMBaAHNSI
; TIpEepHBaHUS
org sd000 ; HadaJIO OCHOBHOM IIPOTpPaMMEBl

1dy #1000

ldaa #%00100001

staa tmskl,y ; pa3penmThb IPEepbBBaHUS 10 BHXOIHOMY
; CpaBHEHMD 3

ldaa #%10000011

staa tmsk2,y ; pazpemrTbh IIPEepPHBaHUS II0 IIepPelloIHEeHUIo
; TauMepa; YCTaHOBUTHE BXOOHOM
; KOROOUILIMEeHT meneHus: OJjsa TarMepa 16

cli ; paspemnTb I-IIpepHBaHUSA
bra * ; BAMKHYTHI IIUKJI
to bset tflg2,y,#%10000000 ; cbpoc ¢rnara IeperoHeHUSs
; TayMepa
ldaa #Sff
staa $1f04 ; Baxedb CBeTOIOMOIH
rti ; BO3BpaT
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oc3 bset tflgl,vy,#%00100000 ; cbpoc ¢rmara BHXOIHOTO

; CpaBHeHMS 3

ldaa $1f03 ; BBECTM HOBOE 3HaYeHMe
; BEIXOOHOT'O CpaBHEeHUHA

anda #S$f0 ; C IIepexiwodaTeser (cTapmas
; TeTrpana)

staa toc3,y

clra

staa toc3+1l,y

clr S1£04 ; IIOTAaCUTBh CBETONMOIE

rti ; BO3BpaT

5. IIpepbiBaHus peajibHOrO BpeMEH!

PaGota cucrembl npepbiBaHuit peaibHoro BpemeHu (RTI) ympaBasieTcs: coctositHueM OUTOB
RTRI1 u RTRO peructpa PACTL (cm. puc. 8.10).

7 6 5 4 3 2 1 0
$1026 | DDRA7 | PAEN | PAMOD | PEDGE | DDRA3 | 14/05 | RTR1 | RTRO | PACTL
CocrosiHue
Opo-
o P 0 0 0 0 0 0 0 0

Puc. 8.10. Peructp ynpaBiaeHust akkymyasaTopom myibcauuii PACTL.
B 3aBMCHMMOCTM OT COCTOSIHUSI TUX OMTOB MEHSETCS MEPUOJ BO3ZHMKHOBEHUS MPEPbIBAHUS
peajibHOro BpeMeHM. [{Jis1 4acTOThl BHEIIIHETO KBaplieBoro reHeparopa 8 MI'1 3To coOTBeTCTBUE
npeacrasieHo B TadJ. 8.4.

Tabmuna 8.4.
RTR1 | RTRO | Ilepuox RTI
0 0 4.10 mc
0 1 8.19 mc
1 0 16.38 mc
1 1 32.77 mc

[Tocne ucreuenun 3aganHoro nepuoga RTI ycranaBausaetcs daar RTIF B peructpe TMSK?2,
u ecau yctaHosJieH ¢uar RTII peructpa TFLG?2, To IpoucXoauT reHepalus npepbiBaHUs.

Crnenyloliiasi ToANporpaMMa peajin3yeT MHBEPCUIO COCTOSTHUSI CBETOAMOIOB Yepe3 Kaxabie 32
uukiaa RTI. Cucrema npepbiBaHUI peaJbHOIO BpEMEHU MPOrpaMMUPYETCsl Ha BBIBOJ, 3apoca ¢ Ie-
puoandyHocThio B 32.77 mc. Tlocnae kaxaoro 3ampoca IMPOUCXOAUT YBeJIMUYEHUE COAEPXKMMOro J10-
MOJTHUTEJILHOTO cueTYrKa Ha 1, mocjie 32 3arpocoB IMPOU3BOAUTCS MHBEPCHUSI COCTOSIHUS MIaAIIeTo
o6uTta nmopra B 1 Takum oO6pa3oM cBeTOAMOAbI MUTAIOT ¢ yacTtoToit 0.5 I'm.

cpu 6811
tmsk2 equ S24 ; PermcTp MaCKMPOBAaHMUSA IIPEPHBAHUN OT
; TavmMepa 2
tflg2 equ S25 ; perucTtp draroB TavmMmepa 2
pactl equ $26 ; PermcTp yIpaBJIeHUSs akKyMyJIsSTOpOM
; IIyJIbCallll
tmp equ s00 ; IOOIIOJIHUTEJIbHAasI sddelnkKa
org $S00eb ; BEKTOP IPEepHBaHMUSA IO pPealbHOMY
; BpeMeHU
Jjmp rt ; TIepexon Ha IIoOIporpaMMy OOCIYXMBaHNS
; TIpepHBaHUS
org $d000 ; Hadasio OCHOBHOM IIPOTPaMMbl
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1ldy #1000

ldaa #%00000011

staa pactl,y ; YCTaHOBUTE IIepUOI IIPpEepBBaHUA
; peanbHoOTo BpeMmeHmM 32.77 MC

ldaa #%01000000

staa tmsk2,y ; pPa3penmuThb IIPEepbBBaHUS IO CHUCTEeMEe
; peanbHOTO BpPEeMeHU
cli ; paszpemmnTb I-IIpepHBaHUSA
bra * ; BaAMKHYTHM ILIUKII
rt bset tflg2,y,#%01000000 ; cbpoc dmara zarmpoca
; TIpEepHBaHUS PealbHOTO BPEMEeHU’
inc tmp ; YBEIMYUTE Ha 1 COOEPXMMOE
; IOOIIOJHUTENIBLHOTO CYeTdMKa
ldaa tmp ; OlleHKa TOJIBKO MJamMx 6 OuT
anda #S$1f
bne rcl ; eCIM paBeH HyJo, TO
ldaa $1f04 ; MHBEPCUS COCTOSHMSI CBETOIMOIOB
eora #%11111111
staa $1f04
rtl rti ; BO3BpaT

3aryck rmporpaMMbl ipou3sBoauTcs ¢ agpeca $D000.

6. AKKymyJIsTOp My IbCAIMIA

AKKyMYJISITOp MyJIbCAaLIMii MPEACTaBIISIET COO0M 8-pa3psiAHbINA CUETUYUK JOCTYITHBINA IS UTe-
HUS U 3aliCU, KOTOPbIi MOXET paboTaTh B ABYX pexXuMax (B 3aBUCMMOCTH OT COCTOSIHMSI OuTa
PAMOD peructpa PACTL): noacuer BHemHux coobituii (PAMOD = 1) unu ynpaBieHue Ha-
KorieHueM 4actoTel E/64 (PAMOD = 0), roe E - BHYTpeHHSIST yacTOTa CUHXPOHU3ALIMU. YTIpaB-
JIEHHE aKKyMYJISITOPOM MyJIbcaliiii Mpou3BoauTcs 1o JuHuM PA7 mopra A, mpuyeM He UMeeT 3Ha-
YeHHUs1 HACTpOeHAa OHa Ha BBOJ, WJIM Ha BbIBOJ, (HACTpoO¥Ka Ha BBOJ WM BbIBOJ OCYILECTBIISIETCSI CO-
OTBETCTBEHHO cOpocoM uian yctaHoBkor outa DDRAT peructpa PACTL). 3amanue Buma Bo3neri-
CTBUSI, YIIPABJSIOLIETO0 aKKyMyJIITOpOM MpousBoautcs ¢ mnomoinblo 6utoB PAMOD u PEDGE
peructpa PACTL. 3aBUCUMOCTb MEXAY COCTOSTHUEM 3THUX OMTOB M BUAOM BO3AEHCTBUS MpEaCTaB-
JIEHO B Ta0u1. 8.5.

Ta6nauua 8.5.
PAMOD | PEDGE Bun Bo3aeiicTBusa
0 0 OTtpunareabHbIl GPOHT HA BXOJAE MHKPEMEHTUPYET CUSTUMK
0 1 IMonoxurenbHbIN (GPOHT Ha BXOAE MHKPEMEHTUPYET CUSTUNK
1 0 “0” Ha BXOJIe 3alpellaeT CYeT TAKTOBbIX NUMITYJIbCOB
1 1 “1” Ha BXOJe 3alpeliaeT CYeT TAKTOBBIX UMITYJIbCOB

PaccMoTpum nmporpamMmy yrnpasiaeHUsT IPKOCTBIO TOpeHUsT cBeToanonoB. I1pu a3Tom nmpepniBa-
HUE TI0 TIePeNoJHEHUIO CYeTYMKa MyJbCalMii MCIOJIb3yeTCsl ISl YIpaBJIeHUs CKBAaKHOCTbIO MM-
MMyJIbCOB MOCTYIAIOIINX Ha CBETOAMOARI. JIj1s1 opraHu3alu JJIUTEIbHOCTH UMITYJIbCA UCITOJIb3YEeTCS
JOTOJIHUTENbHBIN cueTUYNK. CKBaXKHOCTh UMMYJIbCOB 3aBUCUT OT COCTOSIHUSI MJIQAIICH TeTpaibl Me-
pexiroyaTeseii. ITockobKy yacToTa CUTHaIa Ha CBETOJIMOJIE JOCTATOYHO BEJIMKA, TO IIPU U3MEHEe-
HUU COCTOSIHUS MepeKJiovaTesieii MeHsieTcsl SIpKOCTb ropeHust ceetoanona PB1 (uem Gosblie ync-
JIo, TeM 0oJiblIe IpKocTh). CYETYMK MyJIbCALIMA ITPOrpaMMHUPYETCS Ha CMHXPOHM3ALMIO OT BHYT-
peHHei yacToThl cuHxponusanuu E/64. 3amyck mporpaMMsl ocyiiecTsisieTcs ¢ aapeca $D000.

cpu 6811
porta equ s00 ; PermcTp OaHHHX IIopTa A
tmsk?2 equ $24 ; PermuMcTp MaAaCKUPOBaAHUS TPEPHBAHUN OT

; TauMmepa 2
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tflg2
pactl

pacnt

tmp

pao

paol

pao2

equ
equ

equ
equ
org

jmp

org
ldy

ldaa
staa

ldaa
staa

bset

cli
bra

bset

ldaa
staa
dec

bne
ldaa
staa
clr
rti
ldaa
anda
cmpa
bne
ldaa
staa
rti

$25
$26

$27
$00
$00cd
pao
$d000
#51000

#%11100000
pactl,y

#%00100000
tmsk2,y

porta,y,#%10000000 ;

tflg2,y,#%00100000 ;

#Sf0
pacnt ,vy
tmp

paol
#3510
tmp
s1f04

$1£f03
#s0f
tmp
pao?2
#Sff
$S1£04

JlaGopato

7
7
.
7

7

7

7

4

I

perucTtp $raroB TamMepa 2
permucTp yIpaBIIeHUS CYEeTUYUKOM

Iy IbCaluni

PEeTUCTP HAKOIJIEeHUS aKKyMyJsaTopa
Iy IbCaluni

OOIIOJIHUTENbHAS sS4derKa

BEKTOP IIPEepHBAaHUS II0 IIePeIIOIHeHU’
cYyeTdYMKa MMITYJIHCOB

Iepexon Ha IIoOnporpaMMy OOCIyXMBaHUS
IpEepPHBaHUSA

Ha4Yajgo OCHOBHOUM MIPOTPaMME

pa3penmuTsh CYeTYMK IIyJIbCallui
(BHYTPEHHSISA CUHXPOHM3AIIMSA, pal3peleHue
cyeTa o PA7=1), HacTpouTh PA7 Ha
BHIBOII

Pa3pemmTs IPEPHBAHUS II0 IIEPEIIOJIHEeHMIO
cyeTdrKa IIyJIbCallli

pazpemnmTh HaKOIJIeHue cYeTdMrKa
Iy IbCallun

pazpenmTs I-TIPEPEBAHNUSA
3aMKHY THI IIMKII

cbpoc ¢nara neperonHeHUsS
cHeT4YMKa

YVCTAHOBUTE 16 LIMKIJIOB OO IIEPEeIIOJIHEeHUS
YMEHBIMTEL Ha 1 3HaAYeHMe cYeTdrKa
IIEePENOoIHEHUN

ecnu paBen 0, TO

VHULIMANIM3UPOBATE 3HAYeHMe cUYeTdMKa
IIOTAaCUTEh CBETOOMUOMIH

¥ BO3BpaT

MHade BBECTUM COCTOSHME IIepekondaTeren
BHOESIUTEL MIaOIyln TeTpany

CPaBHUTE CO CYETUYUKOM

ecnu COoBIIameHme, TO

3akKedb CBEeTOMOMOIL
BO3BpAaT
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7. KOHTPOJIbHBIE BONIPOCHI

Kaxkue cucteMbl MUKPOKOHTpOJLJIEpA YIIPABISIIOTCSI BHYTPEHHUM TaiiMepoM?

Kakoii 31eMeHT JIeXXUT B OCHOBE Talimepa?

Kaxk nmpou3BoauTcst TakTUpoBaHME cueTurKa TaiiMepa? Kak ynpasisTh 4aCTOTOM TaKTUPOBAHUS?

YTO MpOUCXOAUT MPU TMEPEIOJTHEHUN Tarimepa?

Onuimmnte (PyHKUMIO BXOJHOU (PUKCALIAN.

CKOJIBKO CYIIECTBYET KaHAJI0B BXOAHOM (pUKcallMy ¥ ¢ KAKUMW BHEIIHUMM JIMHUSIMU OHU CBSI-

3aHbI?

7. Kakue coObITUSI BBI3bIBAIOT aKTUBU3ALIMIO KaHAJOB BXOAHOU (ukcaumu? Kak 3agaercst BUI ak-

TUBHOTO Tepenaga Ha BXo1e JIMHUM BXOAHOM (pukcauuu?

. OnummuTe paboTy PYHKIIMU BBIXOJHOTO CPaBHEHMUSI.

9. CKONBKO CYIIECTBYET KaHaAJOB BLIXOJHOIO CPaBHEHMSI M ¢ KAaKMMU BHEIIHUMM JIMHUSIMU OHU
CBsI3aHbI?

10.Kakue neiicTBUSI MPOUCXOAST IIPU COBIIAJICHUU COASPKMMOTIO TaliMepa U perucrpa BbIXOAHOIO
cpaBHeHMs? Kak 3amporpaMmMupoBaTh 3TU 1€HCTBUS?

11.0nuiure oTinyue JMHUM BhIXogHOro cpaBHeHust OCl.

12.Kakas uH@opmanus xpanurcs B peructpax OCIM u OC1D?

13.0nuiure padoTy cucTeMbl MpepbiBaHUs peaibHOro BpemeHu (RTI)?

14.Kak 3apgaercst nepuoa RTI?

15.0nuiuTe paboTy aKKyMyJIsiTopa MyJbCalluii.

16.ITo kakoif BHEIIHEN JIMHUM IIPOUCXOIUT yIIpaBJIeHNE aKKyMYJISITOpoM myibcanuii? Kak BbI ay-
MaeTe, KakKMe OTJIMYMSI, OTHOCUTEIbHO aKKyMYJIsITOpa MyJibcalliii, CyLIEeCTBYIOT MPU MporpamM-
MUPOBAHUU 3TOWM JIMHMM HAa BBOJ U HA BBIBOJ?

17.Kak ycTaHOBUTb BUJ, YIIPaABJISIIOLIETO BO3ACUCTBUS HA aKKyMyJIsiTop Tyabcauuii? Ilepeuncaure
BUBI YIIPABJISIONIETO BO3AECUCTBUS.

18.IlepeuncauTe npepbiBaHUs, KOTOPbIE MOT'YT BOBHUKHYTh MPU pabOTe CUCTEM, CBSI3aHHBIX C Tali-
MEPOM.

19.1Tepeuncaure u oxapakrepusyite (gaaru peructpoB TFLG1 nu TMSKI1.

20.ITepeuncaute u oxapakrepusyirte guaaru peructpoB TFLG2 nu TMSK2.

Sk L=

o0

8. 3aganusa

1. Hanmummmre porpamMmy, peaanu3yollylo MUTaHUSI CBETOAMOAOB ¢ nmepuonom ot 0.1 go 1.6 cexyHn,
MEepUO JOJDKEH 33aBaThCsl COCTOSTHUEM MJIAIIIECH TeTpaabl MepeKiatoyaresieil (IMCKpeT IS Te-
puoga 0.1 ¢).

2. Hanuiuure nporpammy, peajn3yolnyo GyHKIMIO BXOJHOIO 3axBaTa CAeAyoIUM o0pa3oM: TIpu
HaxaTtuu Ha KHomkKy PAOQ cocrosiHue mnepekiaiouaresieil TOJDKHO TNepenuchiBaThbCsl Ha CBETO-
JUOJIBI.

3. Hanuiuute nmporpamMmy, B KOTOPOI 4yacTOTa MMIaHMSI CBETOAMOMOB (CBETOAMOABI JOJKHBI MU-
raTh OJHOBPEMEHHO) yBeIM4YMBanach Obl TuHeiHO ot 0.5 'y mo 16 I'x 3a 5 cek, mocsie 4ero LUK
MOBTOPSIETCSI.

4. Hanuiuure mporpamMmy, KOTopasi MO3BOJisijia Obl MEHSITh SIPKOCTb CBEYEHMUSI CBETOAMOIOB I10-
CpeaCcTBOM (PYHKIIMU BBIXOAHOTO CpaBHEHUS. SAPKOCTb JOJDKHA YIPABASITHCS COCTOSIHAEM
MJIAAIIEH TeTpaabl MEPEeKIIIoYaTeIe.

5. MoauduuupyiiTe Tpeabiayllylo IIporpaMMy TaK, YTOOBI cTapllias TeTpaja MNepekirodaTeseil
yIpaBjsijia Obl 4YaCTOTOW MHWUTaHMsI CBETOAMOIOB (aHAJOTMYHO 3agaHuio 1), a muammas - sp-
KOCTBIO.

6. Hanmummre nmporpaMMy, 3acTaBJISIONIYIO CBETUTBCS CBETOIUOIbI C pa3HOU ApKOCThIO. [Ipu aTOM
SIPKOCTb CBEUEHMUSI JOJIKHA JIMHEMHO BO3pacTaTh OT cBeToauona B7 (moraiieH) Kk ceeronuony B0
(MakcumanbHas SIpKOCTb).
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7. Ucnonb3ysl (yHKIMIO BXOJHOIO 3aXBaTa peaIM3yiTe reHepaTop CAydyalHbIX YMCEI B AUaIla30He
0...255. CnyvaiiHoe 4MCJIO JOJDKHO MHAMLMPOBATHCS HA CBETOAMOJAX IOCe HaXaTusi KHOMNKU
PAO.

8. Momuduuupyiite nporpaMmy 3 Tak, YTOOBI SIPKOCTb CBEUEHHUSI MEPBOM TETpajabl CBETOIMOAOB
3aBMCEJIa OT COCTOSIHMS MEPBOM TETpaabl MepeKatoyaresieil, 1 COOTBETCTBEHHO SIPKOCTb CBEYe-
HUS BTOPOW - OT BTOPO¥ T€TPaibl MEPEKIIIOYATEIICH.

9. Moauduimpyiite mporpaMmy 6 Tak, 4ToObl OMHOBPEMEHHO pean3oBbiBaics 3(heKT “Oeryimii
OroHb” (T.e. TOCJEIOBaTeIbHOE MEepeMellleHUe “KapTUHKHU SIPKOCTEei” Ha CBETOAMOAAX) CO
CIBUIOM BIPaBO U CKOPOCThIO NepeMetieHus 0.5 cex.

10.Hanuiurte mporpaMMmy NepUOAMYECKU YBEJIMYMBAIOIIYIO MO JUHEMHOMY 3aKOHY SIPKOCTh CBE-
yeHus ceetonuonaa BO. [lepuon usmMeHeHUs SIpKOCTH AOJKEH COCTaBIATh 1c. [Tocie nocTrxeHus
MaKCHUMaJIbHOM SIPKOCTU CBETOAUOI 1OJIKEH TaCHYTb.

11.Momuduuupyiite mpeaplayllyo IporpaMMy Tak, YTOOBI ITOC/e Meproa IUIABHOIO HapacTaHMs
SIPKOCTH cJieIoBaJjl Obl IEPUOJ €€ YMEHbILICHMS.

12.Moauduuupyiite npeablayIlyl0 porpaMmMmy Tak, 4ToObl cBetoauoa Bl paboran Obl B MpOTUBO-
daze B0, T.e. nepuony yBeanueHus: ssipkoctu BO cooTBeTCTBOBAI Obl MEPUOJ YMEHBIIIEHUS SIp-
kocTtu B1 1 Haob6opoT.

13.Moauduuupyiite porpaMmy 7 Tak, YTOObI JOMOJHUTEILHO MuUraa cBeTonuoa Bl ¢ yacToToii
8 I'uw.

14.Peanu3yiite mporpammMy Oeryiero orasi (OJAuH 3aXKEHHbI CBETOIMO/I IIepeMELaeTCs BJIeBO), B
KOTOPOI CKOPOCTb ITpo0era OT MpaBoro Kpas K JIeBOMY MEHsJ1ach Obl JTMHEWHO OT 1 cex mis me-
pexona ot cBetonnona BO xk B1, 1o 0.1 cex oT B6 k B7.

15.Peanusyiite mporpaMmmy Oeryiero orts (OAvH 3aK>KEHHbIN CBETOAMO/, MepeMelllaeTcs BI€BO), B
KOTOPOI CKOPOCTh ITpodera oT MpaBoro Kpasi K I€BOMY MEeHSJ1ach Obl TMHEMHO ¢ KaXXIbIM HOBBIM
uukiaoM. [lepBolil HUKIT TOJDKEH MMETh eprof 4 cex, BTOPOM - 2 ceK, TpeTuid - 1 cex u T. 1. 10
nepuopa 0.125 cek, mocje yero NpuBeAeHHbBIN aIrOPUTM ITOBTOPSIETCSI.

16. Moaudunupyiite nporpaMMmy 8 Tak, 4TOOBI JOITOJTHUTEIBHO MOXKHO ObIJIO OBl YIIPaBIIATH SIp-
KOCTBIO cBeueHus cBeToauona Bl (kak B mporpamme 3).
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JIabopaTopnas pa6ora Ne9
ITocaenoBaTeibHblil acuHXpoHHbIA HHTEpdeiic (SCI).

1. Beenenne

B nanHoi# pa60Te paccMaTpurBacCTCA 0JIOK TOCIea0BaTEIbHOTO ACUMHXPOHHOIO HHTep(befIca n
METOIbI B3aMMOJICUCTBUS C HUAM.

2. ITocnenoBaTeIbHbI aCHHXPOHHDIN HHTEPdeiic

[TocnenoBaTeNbHBIM aCUHXPOHHBINM MHTEPPEIc MpUMeHseTcs 111 00ecIeueHUsI KOMMYHUKA-
LIMUA MEXIY KOHTPOJUIEPOM M BHEITHUMM ycTpoiictBaMu. OOMeH TaHHBIMU ITPOM3BOJIUTCS T10 IBYM
JIMHUSIM: OJIHA UCMOJIb3YeTCs I MpueMa AaHHBIX, Apyras i repegaun. PopMar nepeaaBaeMbIX
JAHHBIX TTpeACcTaBiIeH Ha puc. 9.1.

CBobomHoe

COCTOSAHHUE O 1 2 3 4 5 6 7 8 * 0

JIMHUU

crapT CTOIl  CTapT
our out our

* Hanuuue 9-ro 6UTa B OCHUIKE OMpe/ie/IseTcsl COCTOSIHUEM YIIpaBJsioliero 6uta M.
Puc. 9.1. ®opmar ganubix SCI.

OnuH Kanp nepenaBaeMbix 1o SCI JaHHBIX BKJIIOUAET B ce0sI:

- ctapT 6uT (mormueckuii “0”), MCOAb3yeMbIl 111 MHAMKALIMKA Havajia Kaapa;

- 8 win 9 6UTOB JaHHBIX (TTEPBBIM MEpPeaacTCI MIAAIINN OUT);

- CTOII OUT.

st oomeHa naHHbIMU Mexay SCI 1 mporpaMMoii 1oJib30BaTeisl CylLIeCTBYET PErUCTp JaHHbIX
SCI SCDR (anpec $102F), dousnyecku mpeacTaBisioOmInii co00i aBa PETUCTPpa: OAUH JUIST YTEHUS
(RDR), apyroii qns 3anucu (TDR). I1puHsaThIil 6aiiT gaHHBIX 3anucbkiBaeTcss B peructp RDR, no-
CTYIHBIN ToJib30BaTeNto rpu yreHuun peructpa SCDR. IlepenaBaeMblii 0aiiT JaHHBIX TTOMEIIAETCS
B peructp TDR nipu 3anucu nnpopmauuu B SCDR.

Kpome pexrma paboThl, mpeaycMaTprBaloOIIero rnepeaayy BOCbMU OalT B Kajape, CYylIeCTBYET
pexXuM nepenayn neBaty 6aiT. OH ycTaHaBIMBaeTCs IpU 3anucu 1 B OUT ynpaBieHuss M peructpa
yrnpasiaeHuss SCCR1 (cm. puc. 9.2). [1pu aToM npuHATHIN OUT 8 oToOpaxkaeTcst 6utom R8 perucrpa
SCCRI, a nepenaBaemMblii OUT 8 gokeH ObITh 3anucaH B out T8 peructpa SCCRI.

7 6 5 4 3 2 1 0
$102c{ R8 | T8 | 0o | M [WAKE| 0 | 0 | o0 |SCCR1
CocrosiHue
rocyue copo- _ _ 0 0 0 0 0 0

ca

Puc. 9.2. Peructp ynpasnenust SCI SCCRI.

7 6 5 4 3 2 1 0
$102D [ TIE | TCIE | RIE | ILIE | TE | RE | RWU | SBK | SCCR2
CocrostHue
e 0 0 0 0 0 0 0

ca

Puc. 9.3. Peructp ynpasinenuss SCI SCCR2.
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Pazpemenue padorsl SCI npousBoaurcs mmyteM ycraHoBku 6utoB TE (pa3pelieHue padOThI
nepenaturka) U RE (pa3penrenue padotel mpreMHUKa) peructpa ynpasiaeHus SCCR2.
Kontponuposars padoty SCI MoxHO 1o cocrosiHuio (aroB peructpa craryca SCSR (cwm.
puc. 9.4).

7 6 5 4 3 2 1 0
$102E | TDRE| TC | RDRF| IDLE | OR | NF | FE | o0 | Scsr
CocrtostHue
rocrecopo 1 0 0 0 0 0 0

ca

Puc. 9.4. Peructp craryca SCI SCSR.

®nar TDRE ycranaBiauBaeTcs, Korma paspeliaeTcest 3anuch B peructp gaHHeix SCDR (t.e.
Korga ob6paboTaHa mpeablayluas 3anuch). OuucTka JaHHOro ¢Jjiara MpOMCXOAUT aBTOMATUYECKU
nyrtem uteHus: peructpa SCSR (¢ ycraHoBneHHbIM ¢yiaroM TDRE) u nmocnenyroueit 3anuceio B
SCDR. Ecnu ycranosneH ¢uar TIE perucrpa SCCR2 (cm. puc. 9.3), To ycranoBka ¢uiara TDRE
BBI3BIBAET TeHepalunio rpepbiBaHus 1mo SCI.

®nar TC nHouupyert 3aBepieHue nepeaadyn faHHbIX 1o SCI. COpoc ero ocyiecTBisieTcs 1o
anHajmorun ¢ TDRE. Pa3pemurts npepsiBaHue no atomy (iary MoxHo ycraHoBkoit 6ura TCIE pe-
ructpa SCCR2.

®nar RDRF nipenHazHaueH Jjis1 MHAMKALIMM TOrO, YTO B peructp gaHHbix SCDR moctynun
HOBBI TIpUHSTHIN Oaiit. COpoc ¢iara ocyuiecTsisercs nociae ureHus: SCSR (¢ ycraHOBIEHHBIM
RDRF) n mocnenytommnm urennem SCDR. [IpepriBanue mo aToMy ¢Jary pa3peiraercs, eCJii ycTa-
HosJieH ouT RIE perucrpa SCCR2.

Ecnu npuHST HOBBIM OaiiT, a crapslil emie He cuuTaH (RDRF=“1"), To Bo3HMKaeT ominbka
nepernojiHeHus: U yctaHaBiauBaeTcs duar OR. Ilpu 3ToM HOBBIE MOMYYEHHBIC JaHHBIE TEPSIOTCS.
Copoc atoro (aara nmpousBogutcs 1o aHaigoruu ¢ RDRF. Pa3zpelnieHueM mnpepbiBaHUSI IO €ro
ycrtaHoBKe Takxke ynpasiseT out RIE peructpa SCCR2.

Ecnu nipu npueme Obu1 3a(UKCHUpPOBaH OOJBIIONH YpPOBEHb IlIymMa, WIKA MPOU30IIIa OLIMOKA
KagpupoBaHus, To yctaHaBauBawTcs dyiaru NF u FE cootBeTcTBeHHO. COpOC 3TUX (hj1aroB Mpou3-
BoauTcs no aHasioruu ¢ RDRF.

®ar IDLE ycraHaBnuBaeTcs il MHIMKALIMKA TOTO, UYTO JIMHUS HaXOMUTCS B CBOOOIHOM CO-
CTOSIHUM OOJIblIE JJIMTEIBHOCTU Tepenaun ogHoro kaapa. Copoc 3Toro ¢ara mpou3BOIUTCS IO
aHasioruu ¢ RDRF.

Ynpasnenue ckopoctbio mepenaun no SCI ocymectsiasercss yepe3 peructp BAUD (cwm.
puc. 4). Ckopoctb oOMeHa B 06odax MOXET OBbITb paccuuMTaHa Mo ciaeaywllein ¢opmyle:
V=E/(16XNXM), rome E - BHyTpeHHSIS TaKToBas 4YacToTa MMKPOKOHTpoJiepa (WIS MOMIYJIS
HCI11EVB E=2 MTI); N - ko3 duuueHT aeaeHus, 3agaBaeMbiit ouramu SPC1 u SPCO perucrpa
BAUD B coorBerctBuu ¢ Tabda. 9.1; M - xkoadpdunmeHT aeneHus, 3agaBaemblii outamu SCR2,
SCR1 n SCRO peructpa BAUD B coorBercTBUM Cc Taba. 9.2. Hanpumep, 11 MojydeHUsl CEpun
yacrtot pstaa 9600, 4800, 2400, 1200 6ox N moikHO OBITH paBHBIM 13, a M momkHO OBITE 1, 2, 4, 8
COOTBETCTBEHHO.

7 6 5 4 3 2 1 0
$102B | TCLR | 0 | SCP1 | SCPO | RCKB | SCR2 | SCR1 | SCRO | BAUD
CocrosiHue
rocyue copo- 0 0 0 0 0 _ _ _

ca

Puc. 9.5. Peructp ynpasiaeHust ckopoctbio oomeHa SCI BAUD.
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Tabnuua 9.1.
SCP1 | SCP0O | KoadpdpunueHtT neneHuss N
0 0 1
0 1 3
1 0 4
1 1 13
Tabauua 9.2.
SCR2 | SCR1 | SCRO | KoapdpuuueHnr ngenenus M
0 0 0 1
0 0 1 2
0 1 0 4
0 1 1 8
1 0 0 16
1 0 1 32
1 1 0 64
1 1 1 128

Hnst cBoeir padotrel SCI 3aneiictByer aBe auHuu nopra D: PDO (mpuem panHbix) u PDI1
(mepemava naHHbiX). B ormamounom moayie HCI1EVB acuHXpoHHBIA MHTEpdECc MCHOab3yeTCs
JJ1s1 oOMeHa ¢ LieHTpaJbHOIt DBM, nmoatomy u uszydyeHue padotsl SCI HanboJiee y1o00HO MPOBOAUTH
MpU UX B3auMoAeicTBUU. JJ1s1 BBIMOJHEHUS IIPMMEPOB B TaHHOM J1abopaTopHOil paboTe, Mocie 3a-
MycKa IMporpaMMbl B KOHTPOJIJIEPE CIEAYET BBIATHM M3 MPOrpaMMbI-OTJIaAYMKa W BOUTU B PEXUM
tepmuHaia. [Ipu stom npuHumMaemMbie DBM GailTel OyayT oTOOpaXkarbCsl Ha IUCIJIEE B BUIE MX
ASCII skBuBajieHTOB, a nepegaBaTbcst OynyT ASCII 3HaueHMsI, COOTBETCTBYIOIIME HAaXKMMaeMbIM
Ha KJaBuarype cuMBosiaM. [locie Bxoga B pexkuM TepMUHaJIa CAeAyeT YCTaHOBUTh MapaMeTphbl 00-
MeHa: : |1 ctapT-6uT, 8 OUT JaHHBIX, 1 CTON-OUT, cKkopocTh oOMeHa U Homep COM-nopTta, K KOTO-
POMY MOAKIIOUEH OTJIAOYHBINA MOIYJIb.

Crenymolas nmporpaMma peajansyeT pexum “axo” nmpu padote yrpapiswolieii DBM B pexume
TepMuHaja. PaboTa mporpaMMbl COCTOMT B CJIeAyIOLeM: IIPU HaXkaTUM KJIAaBMIIM Ha KJIaBUAType
OBM ee nBonuHbli ASCII Kon nmpuHMMaeTcss MUKPOKOHTPOJIJIEPOM M OTChLUIAETCSl 0OpaTHO, Ipu
3TOM MPUHATHIH DBM Koa MHAMLIMPYETCS Ha AUCIUIEE B BUIE CUMBOJIa, COOTBETCTBYIOIIETO HaxXa-
TOM KJIABUILIE.

cpu 6811
sccrl equ S2c ; permucTp vyopamieHuss SCI 1
sccr2 equ s2d ; permcTp yhapasienuss SCI 2
scsr equ S2e ; permucTp cocTodAHusA SCI
baud equ S2b ; pPermcTp yIpaBJIeHUs CKOPOCTBh ObMeHa
; SCI
scdr equ s2f ; permcTp maHHHxX SCI
org sd00o0 ; HadaJIO OCHOBHOM IIPOTpPaMMEl
1dy #1000
sei ; 3amnpetT I-IIpepHBaHUM
ldaa #S7e ; Koo rKoMaHme JMP
staa $00c4 ; 3alMChb IIO BEKTOPY IIpepbBaHusa SCI
; (pexmM bootstrap)
ldx #5d100 ; ampec IMIOoONPOTpPaMMH OOCITYXMBaHMUS

; TIpEepHBaHMUS
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stx $00ch ; 3aluchb B KadecTBe ollepaHla KOMaHIH
; JMP
ldaa #%00110010 ; YCTAHOBUTEL CKOPOCTHL oObmMmena 2400 6onm
staa Dbaud,y
ldaa #%00000000 ; 1 crapTr-6mT, 8 OUT ODaHHHX, 1 CTOI-OUT
staa sccrl,y
ldaa #%00101100 ; pazpenmnTh paboTy Iepemardyrka U
; TIIpUMEeMHMKa, pPa3pellnTb
staa sccr2,y ; TIPEepHBAaHMUSI OT IIPUEeMHMKA
cli ; paspemmrTh I-IIpepHBaHNUS
bra * ; BAMKHYTHM IIUMKII
org sd100 ; TIoOIIpoTrpaMMa OOCIIYXUBAHUSA ITPEPHBAHNUSI
1ldy #351000
ldaa scsr,y ; dTeHMe permcTpa Scsr (mius
; TIocienyomero cbpoca oéimara rdrf)
ldaa scdr,y ; dTeHMe permcTpa IOaHHHX (1 cbpoc dnara
; rdrf permcTpa sScsr)
staa scdr,y ; BalucCh JAaHHHX B PeTrUCTP IOaHHBX
; IIepemaTdukKa
rti ; BO3BpaT U3 IIOOIIPOTPaAMME

[TockosbKy porpaMma-oTjaaaumK ucrojb3yet nHTepdeiic SCI, 3anmuch BeKTopa mpepbiBaHUS
MPOU3BOAUTCS HEMTOCPEACTBEHHO TPU BBINIOJHEHUU nporpamMsbl. [locine nnnnmanuzanuu SCI pa-
0oTa BefeTCd 110 IpepbiBaHUAM. 3anyctute mporpammy c agpeca $D000. Beriiaurte u3 mporpaMMsl -
OTJIafuuMKa U BOMAWUTE B PeXMM TepMMHala. BBIKIIOUMTE pexXuM JOKaJbHOIO “sXa”, eCliu OH
BKJIIOUEH. YCTaHOBUTE MapaMeTpbl oOMeHa: 1 crapT-ouT, 8 OMT JaHHBIX, 1 CTON-OUT, CKOPOCTH 00-
MeHa 2400 6ox u Homep COM-niopTa, K KOTOPOMY MOJKJIIOYEH OTJIaa04YHbIi Moayab. Haxxumas Ha
ki1aBuiiv DBM ybenurech, 4TO X CUMBOJIbHBIE 3HAUEHUSI OTOOpakaroTCs Ha JUCTLIEE.

IIpu pabote B cucteme ¢ HeckoJbKuMU SCI npueMHMKaMu (BXOJIbl KOTOPBIX ITOACOEAMHEHBI
K OIHOI MPUEMHOI JMHNM) BO3HUKAET MpobjieMa KOMMYHUKALIMY, 3aKII0UAIOIIAsCsl B TOM, YTOOBI
OIpeNIeJINTh K KaKOMY YCTPOMCTBY MpOU3BOAUTCS AocTyI. s pemeHust atoil mpoodsembl B SCI
MpeIyCMOTPeHa BO3MOXKHOCTbD Tepexoaa B pexKUM “CHa”, KOTOPBI XapaKTepu3yeTcsl TeM, YTO TIpU-
€M JIaHHBIX 3aIlpellaeTCs 10 BOSHUKHOBEHUSI OJHOTO M3 CICAYIOIINX COOBITHI, B 3aBUCUMOCTU OT
coctosiHus oura WAKE peructpa SCCRI:

- JTWHUS IpUEMa OCTAeTCsl B CBOOOJHOM COCTOSIHMU (Jlormyeckast “1”) Ha Bpems mepenadyu
ogHoro kaapa (WAKE=“0");

- B IpyUHMMaeMoM Oalite ycraHoBjieH ctapiuii out (WAKE=“1").

ITepeBon SCI B pexxuMm “cHa” ocyiuecTBisercs: ycraHoBKoi 6uta RWU perucrpa ynpapieHust
SCI SCCR2 (cMm. puc. 9.3). DTOT OUT aBTOMAaTUYECKM COpachIBaeTCs Mocjae OOHApyKeHUsI COOTBET-
CTBYIOIIIETO U3 BBIIICIIPUBEISHHBIX COOBITHIA.

“ITpooyxnenue” SCI mo ¢cBOOOAHOI JIMHUM MOXKET MCIIOJb30BaThCsl, HATIPUMEDP, B CIEAYIO-
1Ieil cUTyalluy: nepegaTuYMK OCTaBJsIeT JUHUIO CBOOOMIHOM Ha BpeMsl OOJibllie OMHOIrO Kaapa, Mpu
3TOM BC€ MPUEMHUKHU “TIpoOyKAaoTcs” U akTuBU3UpyroTcs. [locie aToro HaYMHaeTCsl mpueM 0J10-
Ka JaHHBIX, TIpUYeM MHTEpBaJl MeXAy nepeaaveii 1Byx 0aiTOB He MpeBbIlIaeT OAHOro Kaapa. Kax-
IbI MPUEMHUK T10 IIepBOMY OaiiTy (OaiiTam) GJ0Ka oIpenesieT K HeMy JIM IPOU3BOAUTCS oOpaliie-
HUE U eCJIM HEeT, TO CHOBA BO3BpalllaeTCsl B peXXUM “CHa” 0 Hayajia mpreMa HOBOIO 0JI0Ka TaHHBIX.

ITpu “npobyxnenun” SCI no ycraHOBJIEHHOMY cTapliieMy OMTY HOMEpP YCTPOMCTBA, K KOTO-
pOMY MPOM3BOAUTCS OOpallleHUe, KOAUpyeTcsl B 0aiiTe ¢ yCTAaHOBJIEHHBIM cTapluuM OuToM. Takum
00pa3oM MepBblii OaliT 0J0Ka IepeaaBacMbIX JTaHHBIX JOJKEH ObITh C YCTAHOBJAEHHBIM CTapIIUM
OMTOM U yKa3blBaTh Ha HOMEP MMKPOKOHTpoJUIepa K KOTOPOMY IIPOM3BOAUTCS OOpallleHue.
OcTtanbHble 0aliThl OJ10Ka JOJKHBI UMeTh “0” B cTapiueM paspsiae. [Ipy 3ToM HeT HeoOXOAUMOCTH,

[TocnenoBarenbHbI acUHXpOHHBIN UHTEepdeiic (SCI). 63



JlabopaTopHasg pabora Ne9

YTOOBI MHTEPBAJI MEXIY ABYMsI OaiiTaMu COOOIEeHMsT ObLI MEHbIIIe JIUTEIbHOCTU Tepeaadyu OJHOTO
Kaapa. MUKpOKOHTpPOJIIEP MOCJIe TIpreMa 0aiiTa ¢ yCTaHOBJIEHHOM “1” B cTaplieM pa3psiie 10KeH
OIPENIEJINTD 110 3TOMY OAlTy K HEMY JId IPOM3BOAUTCS OOpallleHUE U €CJIM HET, TO CHOBA MEPEUTH B
pexXuM “cHa”. DTOT peXuM IPpOOYXIAECHUS TAKXKe Ha3bIBAETCS PEXKMMOM MPOOYXIECHUS MO ai-

PECHOMY MapKepy.

Crenyloliias rmporpaMma AeMOHCTPUPYET UCIOJIb30BaHMe pexrma “cHa / mpooyxaeHus”. I1o
CyTH 3TO Mpeablayllasi mporpaMmMa peaausyloiiasi pexum “sxo” mjist repMuHaia DBM, HO akTuBU-
3a1us ee paboThl MPOUCXOAUT TOJBKO MOCe mpreMa 0aiTa ¢ YCTAaHOBJICHHBIM CTapIlIUM OWTOM M
OCTaJIbHBIMY OUTaM1 COOTBETCTBYIOIIMMU CEMU MJIAJILIMM TIepeKIodaTeIsIM OTJIaf0YHOTO MOIYJIs.

cpu
sccrl equ
sccr2 equ
scsr equ
baud equ

scdr equ

org
1dy
sei
ldaa
staa

1dx
stx

ldaa
staa
ldaa

staa
ldaa

staa

cli
bra
org
1ldy
ldaa

ldaa

bita
beqg

anda
ldab

cba
beg

6811
S2c
s2d
S2e
$2b

s2f

$d000
#51000

#S7e
s00c4

#5d100
$00c5
#%00110010

baud, vy
#%00001000

sccrl,y
#%00101110

sccrl,y

*
$d100

#$1000
scsr,y

scdr,vy
#580
Jjl
#357f
S1£03

j_end

7

7

perucTtp vynparneHmss SCI 1

perucTp yrnpaBineHus SCI 2

perucTp cocTosdgHusa SCI

PermcTp VYIIPAaBIEHUS CKOPOCTBLI OOMeHa
SCIT

perucTp naHHbBxX SCIT

Ha4vaJIO OCHOBHOM IIPOTpPaMMEbl

3anpeT I-IIpepsHBaHUN

KOO KoMaHnoe JMP

3amlMch IO BEKTOpy IpepoBaHus SCI
(pexuMm bootstrap)

ampec IIOAOIPOTpPaMMbl OOCIYXKMBAaHNS
TIPEPHBaHUA

3alMchk B KadecTBe ollepaHOa KOMAaHIIH
JMP

YCTAaHOBUTEL CKOPOCTEL obmena 2400 6onm

1 crapT-6mT, 8 OUT HODaHHHX, 1 CTOII-
ouT, “mnpobyxmeHme” IIo

ampecHOMY MapKepy

pazpemmTs paboTry IepemaTrdmKa u
IIPMEMHYKA , Pa3pelnTb

IIpEPHBAHYSA OT IIPMEeMHMKa, YCTaHOBUTH
pexuM “cHa”

pazpenmTs I-IIPEPEBAHNUSA

3aMKHY THI ILIMKII

roamporpaMMa OobOCIIyXMBaAHUSA IIpephBaHUs

YyTeHre perucTpa scsr (ons
rocnenymomero cbpoca ¢nara rdrf)
YyTeHMre perucTpa OaHHHEX (M cbpoc drnara
rdrf perucTpa scsr)

IIPpOBEepPKa Ha YCTAaHOBJIEHHHM CTAapmIMil OUT

ecu yCTaHOBJIEH, TO

CPaBHUTEL COCTOSHME CeMMu MII.
IepexKkapdaresen u

ceMu MII. OUT HIPUHATOTO OamnTa

eCcM COBIIamanT, BHXON 6e3 yCTaHOBKU
pexmMa “cHa”
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bset sccr2,y,%00000010; mHadve yCTaHOBUTEL pexuMm “cHa”
bra j_end

jl staa scdr,y ; 3allMcChb IOaHHHX B PEeIrMCTP IOaHHBIX
; IIepenaTdyuka
j_end rti ; BO3BpAT U3 IIOOIPOTPAaMME

OcrtaHoBUMCS TIoApOOHee Ha padoTe IporpaMmbl. B Hauaje mporpaMMbl KpoMe OOBIYHBIX
YCTAaHOBOK MPOrpaMMMPYETCs PEeXXUM MPoOYKaeHUs 1o aapecHomy Mapkepy U SCI BBoauTcs B pe-
KuM “cHa”. Ilocyie BOBHMKHOBEHUS MPEPbIBAHUS OT MPUEMHUMKA MPUHSITHIN OalT MpoBepsieTCS Ha
HaJuuue B cTtapiueM paspsige “1”. Ecnu crapiuuit OUT yCTaHOBJICH, CJIeI0OBAaTEIbHO MPUHST aapec-
HBIA Mapkep U Jdajiee MPOM3BOAUTCS TPOBEpPKa Ha COOTBETCTBME 7-OMTHOIO KoJa Mapkepa U
7-OGMTHOTO KOJla, yCTAHOBJIEHHOTO Ha TepeKIoYaTe/IsIX OTJagouyHoro moayisi. Eciv oHu He coBma-
nawT, SCI cHoBa BBOAUTCS B pexXUM “CHA”, T.e. CIEIYIOLIMM MPUHSATHIM OaliTOM CMOXET CTaTh
TOJIbKO HOBBIN agpecHblid Mapkep. [Ipu coBmageHMn KOJ0B MPOUCXOAUT BBIXOI U3 MOAMPOrPAMMBbI
0e3 YyCTAaHOBKHU pexXuMa “cHa”, maBas TaKuM oOpa3oM Bo3MOxXHOCTb SCI mpuHMMaTh BCe mocie-
nyrolue 6aiThl JaHHBIX, KOTOPbIE CHOBA nepechbliatoTcs B DBM 1 oTobpaxkaloTcs Ha IUCILIEE.

YcraHOBUTE Ha MEPEKIIIOUATENISIX KaKoe-11bo IBOMYHOE uuciao, Hanpumep $10. 3amycrtute
nporpammy ¢ aapeca $D000. BeriiauTe 13 mporpaMMbl - OTIaq4MKa U BOMINUTE B peXXKUM TepMUHAIA.
YcraHoBute mapameTpbl oomeHa: 1 ctapT-OuT, 8 OUT maHHBIX, 1 cTOM-OUT, cKOpocTh ooMeHa 2400
601 1 Homep COM-1iopTa, K KOTOpOMY NOAKIIOYEH OTIad04YHbIi Moayib. Haxumas Ha uudpoBbie
u/uau cumBoJibHbIe KiaaBuiny DBM ¢ ASCII kogom meHbiie $80 ybeauTech, YToO OHU He OTOOpa-
XKaloTcd Ha aucruiee. BeenuTe Tenepb CMUMBOJ ¢ KOJIOM, COOTBETCTBYIOIIMM KOy Ha MepekJiroyaTe-
JISIX M C YCTAHOBJICHHBIM cTapiinM outoMm. s Hattero mpumepa 310 $90 - Ko, Kak mpaBujIo COOT-
BETCTBYIOILIMI pycckoil 3ammaBHoil “P”. BBom ASCII cumBoJia ¢ MpOM3BOJBHBIM KOJAOM MOXHO
MPOU3BOAUTh CIEAYIOIINM 00pa3oM: HaxkMuUTe KiaaBuiny <Alt> Ha kinaBuatype DBM, u ynepxuBas
ee HabepuTe Ha OOKOBOU LIM(POBON KJIaBUATYpe AECATUYHBINA KOJA CUMBOJIA (IS HAIlIeTO MpuMepa
a10 144). Ilepenaya cuMBoIa MPOU30MIET TTOcae OTIycKaHus kiaaBuinu <Alt>. I[Tociae BBoma map-
Kepa yoeauTech, YTO aKTUBU3MPOBAJICS PEeXUM “3X0” W BBOAMMBIE ¢ KilaBUaTypbl 9 BM cHMMBOJIBI
0TOOpaXkaloTcsl Ha AucIUiee. AHAJIOTUYHO TMPEabIAyIeMy BBEAMTE HOBbIM aApecHBbIl MapKep, HO C
KOAOM OTJIMYAIOLIMMCSI OT YCTAaHOBJICHHOTO Ha MEPEKIoYaTessaX. YOeauTech, YTO PeXnUM “3X0”
3a0JJOKMPOBAJICH.
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3. KoHTpoJibHbIE BONIPOCHI

[S—

. Onumute popmat nanHbix SCI. YTo Takoe Kaap faHHBIX?

B yem pazHuna 8- u 9- 6uroBoro popmaToB JaHHbBIX? Kak BeIOpaTh He0OXOAMMBIM (hopMaT?

OnuiuTe npolecc Ucnoab3oBaHus peructpa gaHHbIXx SCDR. Kak 3ToT peructp yctpoeH pusu-

yecku?

Kak paspeiaercst padbora npueMHUKa 1 repegaTynuka?

Onumumte pyHkumio ¢piaara TDRE peructpa SCSR u kak ¢ HUM paboTaTh.

Onumwmte pyHkumio ¢aara TC peructpa SCSR u Kak ¢ HUM pabOTaTh.

Onumumte pyHkumio ¢paara RDRF perucrpa SCSR u kak ¢ HUM paboTtaTtsb.

Onumute pyHkumio gaara OR peructpa SCSR u Kak ¢ HUM paboTaTh.

9. Omumure pynkuuio gaaroB NF u FE perucrpa SCSR u kak ¢ HUMu paboTars.

10.0Onumute pynkuuto ¢giaara IDLE perucrpa SCSR u kak ¢ HUM padboTtaTthb.

11.Kak ocymiecTBisieTcs ycTaHOBKa ckopocTu repegauu SCI?

12.Paccumraiite mapamerpsl N u M 1719 cKopocTu oOMeHa 15625 001, yUUThIBasi, YTO BHYTPEHHSIS
yacToTa CUHXpOHHU3auuu paBHa 2MI 1.

13.0Onumure pyHkiuio o6utoB peructpa SCCR2.

14.Kakue BHELIHKWE JIMHUMA MUKPOKOHTpPOJIJIEpa 3aeiiCTBOBaHbI JIs1 o0ecriedeHust padotsl SCI?

15. s yero ucnomab3yercs pexkum “cHa” SCI?

16.OmmmmmuTe npoiecc “npooyxaeHus” SCI 1mo cBoOOIHOM TUHNU.

17.0numute npouecc “npodyxaeHuss” SCI o anpecHOMy MapKepy.

hadig

PN B

4. 3aganug

IIpumevanue. /1151 BBINOJHEHUST HEKOTOPBIX 3agaHuii BaMm 1oTpedyroTcs ASCII Koabl KiaaBuill,
MPEACTABJICHHBIE B CJIEAYIOLIEH Tabaulie:

Crapias uudpa
0 1 2 3 4 S 6 7
0 NULL OTKJIIOYEHNE JINHUY TIEpea- | mpobes 0 @ P ! p
YU JaHHBIX
M 1 HayaJo 3arojioBKa | ympaBlieHHE yCTPOMCTBOM 1 ! 1 A Q a q
I 2 Hayajio TeKcTa yIpaBJIeHUE YCTPOICTBOM 2 ¢e 2 B R b r
a 3 KOHeII TeKCTa yIpaBjIeHUe YCTPOCTBOM 3 # 3 C S C S
I 4 KOHell Iepeaayu yIpaBJIeHUE YCTPOCTBOM 4 $ 4 D T d t
110 5 3anpoc OILIMOOYHAS CUTYaIUsT % 5 E U e u
a 6 MOATBEPKIEHNE CUHXPOHU3aLUs & 6 F V f \%
q 7 3BOHOK KOHEII TIepeChIIKM 010Ka ' 7 G A%V g W
JIAHHBIX
8 BO3BpaT Ha 1 mo3u- OTMEHa ( 8 H X h X
LIMIO Ha3ajl
9 TOPU3OHTAIbHAS KOHELl HOCUTEJIS ) 9 1 Y i y
TaOYJISIIIST
II A MepeBo1 CTPOKU MOJICTaHOBKA * J V4 _] 7
u B BEpTUKAJIbHAs Ta- OTKJTIOYEHHE + ; K [ k {
OYJISILINST
cb C nepeBo] hopmara pazaenuTesb daiiion , < L \ 1 |
p D BO3BpAaT KapeTKu pa3nenuTeNnb rpyImn _ E= M ] m }
a E HWKHUM perucTp pas3aenuTenb 3anucei . > N ~ n ~
F BEpXHUI PErUCTp pa3nenuTesb SJIEMEHTOB / 9 O _ 0 3a00i1

1. Hanumure mporpamMy “sxo” 1 peXXuMa TepMUHalIa, padoTaloniyto Ha ckopoct 9600 6o,
2. Hanuiuure nporpamMmy, KOTopasi BbICBeUMBaJia Obl Ha CBETOAMOAAX KOJ HaXkaTol Ha KJIaBUaType
OBM kiaBuim.
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3. Hanumwure nporpamMmy, KoTopasi 1o HaxaTuio Ha KHOINKY PAQ oTchbliaia Obl Ha AUCILIEH KO,
YCTAHOBJIEHHBIN Ha MEPEKTI0YaTeIsIX MOIYIS.

4. Hanuiuure nporpaMmy, KoTopast mocbkutiaia Obl Ha aucrieit ASCII coobmenne uz O3Y
(HanmpuMep oobeMoM 16 GaiiT), TIpeABapUTEIBHO 3allMCAHHOE B HETO, TTOC/Ie HaXKaTHsI Ha KJIaBU-
mry PAO.

5. HanuiuuTe nporpaMmy 3alKChIBalolyto B S-pa3psiaHblili 0ydep B O3Y Habop CUMBOJIOB C KJla-
BUaTypbl DBM, nocJje 4ero BhIBOASIILYIO OQHOBPEMEHHO Bech Oydep Ha IuCIIei.

6. Hamummre mmporpaMmy “sx0”, KoTopas IIpU BBOJIE 3aIVIaBHBIX OYKB IledaTayia Obl ITIPOMVCHBIE U
Hao0OpoT.

7. HanuiuuTe mporpamMmy, KoTopasl IOcJie BBOJa IPOM3BOJLHOTO 3apaHee 3aJaHHOro KOJI0BOTO
cJioBa 3axkurayia Obl Ha 1 CeKyHIy BCe CBETOIMOIbI.

8. HamuiuuTe mporpamMmy, BBIBOASIIYIO Ha AUCIUIEH MOCIeA0BaTebHO BCE 3arjiaBHble OYKBHI Jia-
TUHCKOTO ajdaBuTta. Kaxnblii HOBbIIA CUMBOJI JOJIXKEH BIBOAUTCS yepes 0.5 cex.

9. HanuiuuTe nporpaMmy, KOTopasi 1ocjie BBoAa Ha KjiaBuatype 9BM necatuyHoro yucjia B aua-
naszoHe oT 0 7o 255 u HaxaTus Ha KiaBuilny <Enter> nHauLponalia Obl €ro Ha CBETOAMOJaX MO-
JIyJisl B IBOMYHOM BUJIE.

10.Hanuiure mporpammMy, KOTOpasi ABOMYHOE YHCJIO, YCTAHOBJIIEHHOE Ha TEPEKIII0YATEISIX MOTYJIS
oToOpaxkaja Obl Ha IUCIUIEE B IECITUYHOM BUJIE MTOCJE HaxXaTus Ha KHOMKY PAQ.

11.HanuiuTe nporpamMmmy, KOTopas reHepupoBajia Obl Ha JUCILIEE CJIOBA, COCTOSIIME U3 Cydaii-
HBIX CUMBOJIOB JUIMHOI OT 3 10 8 mo3uliuii (ToXe ciydyaiiHasl BeJIMUYMHA), 10 HaXaTUIO0 Ha KHOM-
Ky PAO. [TociienHMM CMMBOJIOM KaXKJI0OTO CJI0BA J0JIKEH ObITh ITpo0eII.

12.Hanuiure nmporpamMmy, KOTopasi peajiu30BbiBajia Obl aJITOPUTM 3aJaHUsSI 2, HO TOJIBKO IOC/Ie
MpuemMa aipeCHOro Mapkepa ¢ KOJ0M, YCTAaHOBJIEHHBIM Ha MEPEKITI0YaTeNsIX MOMYJIS.

13.Hanuiure mporpaMmy, KOTopasi rmocje npremMa npaBUIbHOTO aapeCcHOro Mapkepa (Ko yCTaHO-
BJIEH Ha CBETOAMO/IaX) BbIBOIMIIA Obl HA AWCILJIEN MPOM3BOJIbHOE COOOIIEHUE, paHEe 3alMCaHHOe
B O3Y.

14. Hanuiuure nporpamMmy, KoTopas ABurajia Obl IO CTPOKE CJ€Ba HalpaBO MPOMU3BOJIbHBINA CUMBOJI.
Ilocne nocTKeHMs TTpaBoii rpaHUIIbI CTPOKM CUMBOJI IOJKEH MCYE3HYTh, MOCJIE Yero LUK IM0-
BTOpsieTcsl. CKOpOCTh MepeMeleHUsT BLIOEPUTE CAMOCTOSITEIBLHO.

15.Hanuiure nporpamMmy, peaav3yollylo aJropuT™M 3aaaHus 14, ¢ TeM OTIUYMEM, YTO CHUMBOJI
JIOJKEH JBUTAThCS 10 CTOJIOIY CHU3Y BBEPX.

16.Hanummuire mporpaMMy, peaau3yiolIyio CIenyIolii urpoBoii anroputm: Ilocie HaxkaTtus Ha
kHorKy PAO Ha nucriee BO3HMKAET CIy4aliHbI CMMBOJI JJaTUHCKOTO ajipaBuTa win uudpa. Ec-
JIM B TeyeHUe 1 CeKyHIbl HaXKMMAaeTCsl KjlaBMIlla Ha KjiaBuaTtype 9BM ¢ COOTBETCTBYIOIIMM CHM-
BOJIbHBIM 0003HAaYeHMEM, TO PSIAOM MOSIBJISIETCS] HOBBIM Cy4yailHbIii cMMBO U T.1. Eciu B Teue-
Hue 1 CeKyHIy HeT HaXaTus WM HaxXKMMaeTcsl HelpaBWIbHAs KJaBuilia, TO Ha 1 ceKyHay 3aro-
paloTCs BCe CBETOIMOIbI MOIYJIS.

17.Hanuiuure mporpaMmy, UCIHOJB3YIOLIYIO aJITOPUTM 3aJaHus 14 ¢ TeM OTan4ueM, YTO B TEUEHUE
1 cek CMMBOJI JOJKEH IepeMellaThcsl 1o CTpoKe ciieBa HampaBo. [locie mocTuskeHus: TpaBoii
IpaHMIIbl, WK €CJIM BO BpeMs IMepeMelleHMs] Oblla HaXkaTa MpaBUJIbHas KJIaBMIlA, TO TEKyLIUA
CUMBOJI JOJIKEH MCUE3HYTh, a Ha JIEBOI I'paHUIIE CTPOKU MOSBUTHCS HOBBIM, MOC/E YEro LUK
MOBTOPSIETCSI.

18.Hanuiuure rmporpaMmy, peajM3yolIylo aJropyuT™ 3agaHus 15 ¢ TeM OTIIMYMEM, UTO BpeMSI TIpO-
Oera CMMBOJIa Yepe3 CTPOKY JOKHO YMEHBIIATHCS C KaXIbIM HOBbIM CUMBOJIOM Ha 0.05 cekyH-
IIbl, TIPUYEM HaYaIbHOE BpeMs JOJIKHO ObITh 2 ceK. 1 KoHeuHoe 0.3 cek. Ecau cumBoJ1 HaOpaH
Ha kjaBuatype DBM HempaBuabHO, TO BpeMsl NPOXOXIECHMST CIAEAYIOIIEro CHMMBOJIA JOJKHO
yBeauuuBaThesd Ha 0.1 cex.
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JIabopaTopnas padora Nel(
Pa6ora c EEPROM.

1. Beenenne

B nmaHHoli paboTe M3y4aroTcsl METOIbl B3aMMOJEICTBUSI C BHYTPEHHEI 2JIEKTPUUYECKU - MPO-
rpammupyemMoii maMsitelo EEPROM.

2. Padora c EEPROM

EEPROM wmuxkpokoHTpoyuiepa HCI1E1 mnpeacraBnsier co®oif 3JeKTpUYECKM - CTUpae-
Moe/mporpammupyeMoe [13Y o6bemom 512 Gaiit u pa3mereHHoe o agpecam ¢ $B600 mo $B7FF.
OOBIYHO OH MCITOJIB3YETCS JJIsI XpaHEHUST JAaHHBIX, KOTOPhIC JOKHbBI ObITh COXpPaHEHBI M1OCJIE BbI-
KJIIOUEHMSI TIMTaHUSI MUKPOKOHTpPOJIIEpa. OTO MOTYT ObITh, HAlIpUMep, ONepaTUBHbIE JaHHbIE, KO-
TOpbI€ HE JOJIKHBI ObITh MOTEPSIHBI TIPU aBapUU IO MUTAHUIO, KOI(PPUILIMEHTHI WX 0a30Bble Tad-
JILIbI, TPEOYIOIIIMe MEPUOANYECKON KOPPEKTUPOBKHU U JIP.

MexanusMm 3anucu (mporpammupoBaHusi) EEPROM ynpasnsercs peructpom PPROG (cwm.
puc. 10.1). EEPROM pa3speiaercst (TosiBasieTcsl B KapTe nmamsTv) npu ycraHoBke outa EEON
peructpa CONFIG (o ctpykrype u ocodeHHOoCTsX rmporpammupoBanus peructpa CONFIG cM. na-
Jee).

ITpu ctupanuu 6Gaiita u3 oonactu EEPROM ero 3nayenne cranosurcs $FF. I1pu nmporpam-
MHUPOBAaHUM BO3MOXKHO M3MEHEHHEe 3HaueHUs1 outa Toybko u3 “1” B “0”. Ecam Kakoii-nubo OUT
TpedyeT ycTaHOBKHY 13 “0” B “1”, To mepen mporpaMMUpoBaHueM Oaiita cieayeT ero crepetsb. Eciu
HOBBII 0AalT JAHHBIX HE CONEPXKUT €AMHULL B MO3UILIUSIX YKE 3alpOorpaMMUPOBAHHBIX B “0”, TO BO3-
MOXHO IIporpaMMHUpOBaH1e HOBOTO 3HaUeHMs 0e3 MpeaBapUTeIbHOTO CTUPAHUS CTapOoTro.

Hnsa crupanus/nporpammupoBaHusi EEPROM He TpeOyercsl mogayuM BHEIIHETO BbICOKOTO
HarpsikKeHUs1 61arogapsi HAIMYUIO B MUKPOKOHTPOJIIEPE BCTPOEHHOIO reHepaTopa Hakauyku. Dg-
(pbeKTMBHOCTH pabOThHI reHepaTopa HaKauyku 3aBUCUT OT 4YacTOThl BHYTPEHHEN CUHXPOHU3ALMU
MmukpokoHTpoJuiepa E. Eciu yactora E ctanoButcst Huxke 2 MI'n, To a(pdeKTUMBHOCTh TeHepaTopa
MaaaeT, 4To BedeT K YBEJIMYEHMIO TpeOyeMOro BpeMEHU ISl MPOrpaMMUpPOBAHUS WM CTUPAHUS
EEPROM. I1pu E=2MTI'11 pekoMeHayeMoe BpeMsi cocTaBiisieT 10 Mc, 3To BpeMs ClIeyeT YBEJIUYNUTh
1o 20 mc ipu ymeHbiieHuu E no 1...2 MI'a. I1pu ymenbmenuu E Huke 1 MI'T uICTOUHUMKOM CUH-
XpOHM3ALUM [JII TeHepaTopa HakKauyku cjieayeT BblOpaTh BHyTpeHHUIT RC reHeparop. [ist atoro
HeobOxoaumo ycraHoBuTh 6ur CSEL (6ut 6) peructpa OPTION. Ilocne ycraHoBku 6uta CSEL
Tpedyercs 3anaepkka 10 Mc 10 Hayana nmporpaMmupoBaHust, YTo0sl RC reHeparop Bollesa B yCTaHO-
BUBILUICS PEXUM.

7 6 5 4 3 2 1 0
$103B ODD | EVEN 0 BYTE ROW | ERASE | EELAT |EEPG |PPROG
M
CocrostHue
e 0 0 0 0 0 0 0

Puc. 10.1. Peructp ynpasinenuss EEPROM PPROG.

Onpenenennble oonactu EEPROM MoryT ObITH 3alllMIl€Hbl OT 3alMCU/CTUpPaHUs MyTeM
ycTaHOBKHM B “1” coorBeTcTBYIOIIMX 6MTOB peructpa BPROT (cm. puc. 10.2).

7 6 5 4 3 2 1 0
$1035 [ 0 | 0o | 0 |PTCON| BPRT3 | BPRT2 | BPRTI | BPRTO | BPROT
CocrtostHue
rosiesoro 0 0 1 1 1 1 1

ca

Puc. 10.2. Peructp 3amutet EEPROM BPROT.
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Kaxnapiii u3 6utoB BPRT3...BPRTO oTrBeuaer 3a ompeneneHHyo obiaacte EEPROM, kak
MPEJCTaBAEHO B CEAYIOLIEH TabaulIe:

burt JamuinaemMbiii 0Jiok | Pasmep OJioka
BPRTO $B600-$B61F 32 Oaiita
BPRT1 $B620-$B65F 64 Gaiita
BPRT?2 $B660-$B6DF 128 Gaii
BPRT3 $B6E0-$B7FF 288 Gaiit

[Ipu ycraHOBKE BCeX YETbIpeX OUTOB (COCTOSIHME TOCie cOpoca) 3ampeuiaercsl CTUpa-
Hue/mporpammupoBaHue Bceil obisactu EEPROM. B  HopMallbHBIX pexXumMax pabOThbl
(pacimpeHHOM U OJHOKpUCTaATbHOM) O0UThl peructpa BPROT moryt 6b61Th cOpoleHbl B “0” TOJIb-
KO B TedeHue nepBbiXx 64 E LIMKI0B pabOThl MUKPOKOHTPOJIIEPA MOCie copoca. DTO orpaHUYEeHUE
HE pacIpOCTpaHSIeTCsl Ha CIelMalbHble PEXUMbl padOThl. YCTaHOBUTH J1000M OUT perucrpa
BPROT B “1” MOXHO B 11000/ MOMEHT HE3aBUCUMO OT pexXrma paboTbl MUKPOKOHTPOJLIEpA.

YrpaBieHue pexXuMOM CTUPaHUs/TIpOrpaMMUPOBAHUSI MPOU3BOAMUTCS 4Yepe3 PErucTp
PPROG (puc. 10.1). Pexxum ctupanusi EEPROM pa3spenraercst ycraHoBkoii outa ERASE perucrpa
PPROG. Crupanue sueek EEPROM ocyiiiecTBasieTcs B OAHOM U3 CASAYIONINUX PEXKUMOB:

- mobaiiTHOe cTUpaHue (CTUPaAeTCs TOJbKO KOHKPETHBIN 0aliT);

- IOCTPOYHOE CTUpaHUe (CTUpaeTcs CToKa n3 16-Tu 0ailT, HaYMHas ¢ OaiiTa, ampec KOTOPOTo
nmeeT $0 B Miamieit TeTpaae v KoHuas 6aiitom ¢ $FF B muamieit rerpane anpeca: $B600-$B60F,
$B610-$B61F, ... ,$B7F0-$B7FF)

- ctrupanue Bcero EEPROM.

Pexxum ctupanus 3amaercs outamu BYTE 1 ROW peructpa PPROG cienytonimM oopa3zom:

BYTE | ROW Pexxum ctupanus
0 0 Crtupanue sBcero EEPROM
0 1 ITocTpouyHoe cTUpaHue
1 X* | [loGailTHOE cTUpaHUe

X*-0e3pa3InuHOe COCTOSIHHE

B pexume nporpammupoBanus (uau uyteHus) 3HaueHus: outoB BYTE 1 ROW He umeeT 3Ha-
yeHue, a out ERASE nokeH ObITh COpOIIEH.

PexuyM 00pabOTKM JaHHBIX JJISI CTUPAHUS/TIPOTPAaMMUPOBAHMST pa3pelliaeTcs MpPU YCTaHOBKE
outa EELAT peructpa PPROG. B pexxume 4yTeHUs1 3TOT OUT AOKEH ObITh COPOIIEH.

HenocpenctBeHHO cTUpaHMe/TIpOrpaMMUpPOBaHKE BBIMOJHSIETCS MpY MOAAaYM BbICOKOTO Ha-
MpSDKeHUST OT TeHepaTopa Hakauyku. Bbicokoe HampsikeHue BKJIIOYaeTCs IMPU yCTaHOBKE OuTa
EEPGM peructpa PPROG u BeiKII049aeTCSI pU €ro copoce.

Yrenne EEPROM BeinonHsieTcs npu copoiieHHoM 6ute EELAT 1 HuYem He oTiMyaeTcst OT
YTEeHUS IpYyTUX obJlacTeii maMsITu.

s wimoctpanuu npouecca Baumoaeiictsusi ¢ EEPROM npemnaraercst psim mpumMepoB
MOJAMPOTrPpaMM, OCYILIECTBISIOIIMX €r0 MPOrpaMMUpPOBaHUE 1 CTUPAHUE.

1. ITporpammupoBaHue GaiTa.

Bxonnbie nanHble: peructp X - aapec siueiiku EEPROM, akkymyisitop A - mporpaMMupye-
MBbIii OaT.

cpu 6811
prog pshb
ldab #s02
stab $103b ; YCTAHOBUTHL PEXMM
; IIpOTpPaMMUPOBAHNSI/ CTUPaAHNUSI
staa 0,X ; 3BallOMHMTBL IOaHHBE II0 adpecy B EEPROM
ldab #$03
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dly10

i1

stab
jsr
clr

pulb
rts

pshx
ldx

dex
bne
pulx
rts

$103b
dly10
$103b

#50d10

jl
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; IIOOaThb BECOKOe HallpAXeHNMe
; 3amepxka 10 mMc
;  BHKIJIIOYMTEB BBICOKOE HaAlIpAXeHNVe U
; YCTAHOBUTEL PeXVM YTeHUSA

; TommporpaMMma zamepxku =~ 10 Mc (monas
; YacToTe E=2MI'1I)

2. Ctupanue scero EEPROM (512 6aitr).

bulke

pshb
1ldab
stab

stab

ldab
stab
jsr
clr

pulb
rts

#506
$103b

$b600

#4507

$103b
dly10
$103b

; YCTAaHOBUTB pPeXVM CTUPaHMsA BCeI'O
; EEPROM

; BaloOMHMTB JIoOBle OaHHBE II0 JIIOOMY
; ampecy B EEPROM

; TIoODaThb BECOKOE HalpsakeHNe
; 3amepxka 10 mc

; BHKIIOUYMTE BHCOKOE HaIpaXeHUe u
; YCTAHOBUTBL PeXVM YTeHUA

3. Ctupanue cTpoku inHoi 16 6aiit ($B600-$B60F, $B610-$B61F, ... .$B7F0-$B7FF)

Bxonnble naHHbIe: peructp X - 11000i agpec B ctupaemoit ctpoke EEPROM.

rowe

pshb
1dab
stab

stab

ldab
stab
jsr
clr

pulb
rts

#350e
S103b

0,x

#S0f

$103b
dly10
$103b

4. Ctupadue Oaiira.

; YCTAQHOBUTE PEXUM CTUPAHUS CTPOKU
; EEPROM

; BAlIOMHMUTL JIOOBE IOaHHBE II0 JIOoMYy
; aIpecy B CTHUpaAeMoM CTpoke EEPROM

; IIOOAaThb BBICOKOEe HaAlIpAXeHIUe

; 3amepxxka 10 mMc

; BBIKJIOYMTB BBEICOKOE HallpAXeHNVe U
; YCTAHOBUTHL PEeXMM 4YTeHUS

Bxonnbie nanHble: peructp X - aapec ctupaeMoit ssueiiku EEPROM.

bytee

pshb
ldab
stab
stab

1ldab
stab

#3516
$103b
0,x

#517
$103b

YCTaHOBUTEL PEeXUM CTUpaHusi banTa EEPROM
3allOMHUTE JI0OHE OaHHHEe II0 anpecy
cTupaeMoro bOarnra EEPROM

; IIOOAaThb BBICOKOEe HaAlIpAXeHUe
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jsr dly10 ; 3amepxxa 10 mMc

clr $103b ; BHKJIOYMTE BEICOKOE HallpaXeHNe U’
; YCTAaHOBUTHL PEeXMM 4YTeHUS

pulb

rts

3. Peructp kondurypanuu CONFIG

Peructp CONFIG (cm. puc. 10.3), onpeaensiomuii KOH(PUTIypaLMiO MUKPOKOHTpOJLIEpa
npeacraniasgeT codoit sueiiky EEPROM, nogunHSIIOIIYIOCS TEM e MpaBujiaM IMporpaMMUpPOBaHUs,
yto U ocTtajibHble EEPROM sueiiku.

7 6 5 4 3 2 1 0
$I03F [ o | o [ o | 0 | NOSEC | NOCOP | ROMON | EEON | CONFIG
Cocrosnue
nocjue copo- 0 0 0 0 _ _ _ B

ca

Puc. 10.3 Peructp kondurypauuu cuctembel CONFIG.

Kaxnpiit out peructpa CONFIG oTBevaeT 3a BKIIIOYEHHWE ONPEACTCHHOU CUCTEMBI B KOH(M-
rypaunuio MUKpoKoHTpoJuiepa. Hanpumep, copoiieHHbiit ouT NOCOP paspeniaet padboTy cucTeMbl
3aluUThI OT mporpaMMHbIX cooeB COP; ycraHoBineHHbI 6uT ROMON paspeiiaer paboTy BCTpOEH-
Horo I13Y mukpokoHTposiepa, T.e. oonacts [13Y nosiasiercs: B KapTe naMsITv (B MUKPOKOHTPOJI-
nepe MC68HCI11E1 BuyTtpennero I13Y Her u 6ut ROMON oTCcyTCTBYeT); YCTaHOBJICHHBIM OUT
EEON pa3zpeiaer padbory EEPROM.

Peructp CONFIG cocrout n3 gueitku EEPROM u cratnueckoro perucrpa, COCTOSIHUE OM-
TOB KOTOPOI'0 HEMOCPEICTBEHHO OIlpeaesieT KoHpurypauuto cucreMbl. Cpasy nocjie copoca MUK-
pokoHTposuiepa coaepxkumoe EEPROM sueiiku CONFIG nepenucbiBaeTcsi B CTaTUYECKUA pe-
TUCTp, (PUKCUpYS HOBYIO KOHpuUrypauuto. TakuM obpa3oM M3MEHEHHE COAEPKUMOIO PErucTpa
CONFIG npuBeger K M3MEHEHNIO KOH(PUTYpaALIMKM TOJIBKO TOCJIE OYepEeIHOIo cOpoca MUKPOKOH-
TpoJuiepa.

Cnenyloliiye MOANPOrpaMMbl MOKa3bIBalOT KaK MOXHO IPOrpaMMUPOBaTh/CTUPATh PETUCTP
CONFIG.

5. IIporpammupoBanue perucrpa CONFIG.

BxonHbie naHHbIE: aKKyMYJISITOp A - TIporpaMMUpyeMblii OaliT.
progc pshb

ldab #3502

stab $103Db ; YCTAHOBUTL PEeXUM
; [IPOTPaMMMPOBAHUSA/ CTUPAHUSI

staa S$103F ; 3BallOMHMTBL IOaHHBE II0 aOpecy perucTpa
; CONFIG

ldab #$03

stab $103b ; TIomaThb BECOKOE HallpskeHMe

jsr dly10 ; 3amepxka 10 mMc

clr $103b ; BHKJIIOUYMTEB BHCOKOE HalpsaXeHue u
; YCTaAaHOBUTE PeXVM YTeHUSA

pulb

rts

6. Ctupanue peructpa CONFIG.
bytec pshb

ldab #s$16

stab $103Db ; YCTAHOBUTL PeXUM CTUPaHUsS OamnTa
; EEPROM

stab $103F ; BAlIOMHUTL JIOOBE IaHHBE II0 ampecy
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; perucTtpa CONFIG

ldab #$17

stab $103b ; TIomaThb BECOKOE HallpskeHNe

jsr dly10 ; 3amepxka 10 Mc

clr $103b ; BHKIIOUYMTEB BHCOKOE HalpsaXeHUe U
; YCTaAaHOBUTEL PeXVM YTeHUSA

pulb

rts

PaccmoTpuM mnpakTUyeckoe NMpUMEHEHUE MPEACTaBIeHHBIX MOANpPOrpaMM. 3anuiluTe B Ta-
MSITh MUKPOKOHTpOJIJIEpA BCE IIECTh IMPEACTAaBIEHHBIX MOAMpPOrpaMM HaumHas ¢ aapeca $D100.
JIOOTHUTENBHO 3aMUILUTE CAEAYIONIYI0 TPOrpaMMYy:

cpu 6811
org sd000 ; Hada’sio OCHOBHOM IIPOTpPaMME
clr $1035 ; CcOpocuUTh permcTp bprot, pazpemus
; HOporpaMMmpoBaHme sddeek EEPROM
ldx #SB605 ; YCTAHOBUTH yVKazaTelNlb Ha dA4Yernky EEPROM
ldaa #S$55 ; YCTAQHOBUTEB 4YMCIIO OJIs HIPOTPaMMUPOBaHNUA
jsr prog ; BHIIOJIHMTL IIpOoTrpaMMMpOBaHmue banra
; EEPROM
bra *

JlaHHas mporpamMma BBINOJIHsIET 3armuch yncaa $55 B stueitky EEPROM ¢ anpecom $B605. Tlepen
BBIMIOJTHEHUEM MPOTpaMMbl yOeIUTECh, UTO MporpaMMupyemas siueiika ouuiieHa (T.e. COAEePXKUT
sHauenre $FF), 1 EEPROM mpucyTtcTByeT B KapTe MaMsiTU MUKPOKOHTpOJLIEpa, MPOBEPUB yCTa-
HoBJieH Ju Maanmuii 6utr peructpa CONFIG. Ecau HeT, ycTaHOBUTE €ro, BBIIIOJHUB KOMaHIY
“Memory Modify” ornagumka (mporpaMma-oTJIaAuuMK aBTOMATUYECKM OIpelelsieT SIBIsIETCS JIU
KOHKpeTHbI 0aiT syeiikoii EEPROM u BbIOMpaeT aaropuT™M €ro mporpaMMUpOBaHMs), IOCIIE
YEero BBIMOJHUTE COPOC MUKPOKOHTPOJIIEPA MU BOCCTAHOBUTE CBSI3b. BBIMOJIHUTE MporpaMmMy Hauu-
Has ¢ aapeca $D000. Yoenutech, uto B sgueiiky $B605 3anucanock uucno $55. [Tonpoobyiite B 3Ty
Ke STYeiKy aHaJIOTMYHbBIM 00pa3oMm 3amucath yncio $F0 (He ctupas npenpiayiiee 3HaueHue). Iloc-
Je aToro B siueiike $B605 Oymer 3anucano yuciao $50, T.e. mepexon MpomM3olLIea TOJIbKO oT “1” K
“0”, HO He HaobOPOT.
3aMeHuTe NpeablayIylo MPorpaMMy Ha HOBYIO:

cpu 6811
org sd000 ; HadaJIO OCHOBHOM IIPOTpPaMMEbl
clr $1035 ; cOpocuThb permcTp bprot, pazpemun
; IporpaMMMpOBaHMe sAdeek EEPROM
1ldx #SB605 ; YCTAHOBUTH yKazaTelNlb Ha d4ernky EEPROM
jsr bytee ; BHIIOJHUTL CTHUpaHue 6OanTa EEPROM
bra *

BeinmosniHuTe 5Ty nporpammy HaumHas ¢ agpeca $D000. Yoemnurecs, yto stueiika $B605 crepiacek,
T.¢. ee 3HayeHue crano $FF.
Crenyrollasg mporpamMMma IpeaHa3HaueHa sl BbIKJItoueHus: BctpoeHHoro EEPROM.

cpu 6811

org $d000 ; Hadasio OCHOBHOM IIPOTPaMMbl

clr $1035 ; cObpocuTb permucTp bprot, pazpemusn
; IIporpaMMMpOBaHMe sAdeek EEPROM

ldaa $103f ; 3amnmcaThk Tekymee 3HadeHme CONFIG B
; AKKYMYJISITOP

anda #Sfe ; cbpocuTh MIIAOWni OUT

jsr progc ; BHIIOJHMTBL 3alMCh HOBOTO 3HAYEHUsS B
; CONFIG

bra *
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Beinmosnaure mporpammy HaumHasg ¢ aapeca $D000. Mcmoas3yst KomaHay omiamgduka “Memory

Modify” ybenutech, uto EEPROM Bce elie mpuCyTCTBYeT B KapTe mamsiTu. HaxmuTe KHOIIKY

“Reset” 1 BoccTaHOBUTE CBSI3b ¢ MoayJieM. Yoeautech B oTcyTcTBUM EEPROM B kapTte namsTu.
J1s1 BocCTaHOB/IEHUSI MPeXKHE KOHMUTypaliy BHIIOJIHUTE CJIEAYIOLIYIO IPOTpaMMy:

cpu
org
clr

ldaa
oraa
jsr
jsr

bra

6811
$d000
$1035

$103f
#1

bytec
progc

; HadaJio OCHOBHOM IIPOTpPaMMEH

; CcObpocuThb permcTp bprot, pazpemmun

; IporpaMMUpOBaHMEe sgdeek EEPROM

; 3amnmcaThk Terviiee 3HaveHme CONFIG B
; AKKYMYJISITOP

; YCTAHOBUTEL MJIanmui OUT

; cbpocuTh permucTp CONFIG

; BHIIOJHMTB 3alMCh HOBOTO 3HAYEHUS B
; CONFIG
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4. KoHTpo.IbHBIE BONIPOCHI

1. Kakoit 06beM nmeer EEPROM mukpokonTpouiepa MC68HCI11E]1 u mo kakum agpecaMm OH
pacrojoxXeH?

2. IlpusBeaure npumepsl ucnonb3doBaHusi EEPROM B peajibHBIX yCTPOCTBAX.

3. Ecnu B stueiike EEPROM 3anucano unciio $96, MoxHO Jin B Hee 3anucath ynciio $95, He ctupas
npeapiayiiero 3HauyeHus ? OObSICHUTE ITOYEMY.

4. Kakum o0pa3oM ocyllecTBsieTcs (POpMUPOBAHME BBICOKOTIO HAMPSKEHUS JJI MPOrpaMMUpPO-
Banuss EEPROM B mukpokontposmepe MC68HCI11E1?

5. OObsicHUTE 1151 Yero ucnosab3yercs: BcTpoeHHbIM RC reHepatop, pa3pelinaeMblii yCTaHOBKOM OU-
ta CSEL perucrpa OPTION?

6. MOXHO JIM 3alIMTUTH onpeneiieHHbIe oomacti EEPROM ot ctupanus/3anucu? Kak sto cre-
J1aTh?

7. Kakyro 0coOEHHOCTh Haa0 yYMThIBaTh Npu Moaudukauuu peructpa BPROT, eciu MUKpOKOH-
TpoJuiep padoTaeT B paCIIMPEHHOM WJIM OMHOKPUCTAJIbHOM peKuMe?

8. Kakum o06pa3oM MpoucxoauT yIpaBjieHue cTupaHueM,/mporpammupoBanueM EEPROM?

9. IlepeuncauTte U ONMUILIKMTE BO3MOXHBIE pexkuMbl cTupaHuss EEPROM.

10.0OnuinuTe Ha3HaYeHue TSI Miaamux outoB peructpa PPROG.

11.0nuimrTe NOKOMaHAHBIN alrOpuTM nporpammupoBaHus sstueiiku EEPROM.

12.0nuirTe mMOKOMaHAHBIA anroputM ctupaHus 6ailta EEPROM.

13.0nuiuMTe NoOKOMaHAHBIN anropuT™ ctupaHusi ctpoku EEPROM.

14.0OnuiurTe moKoMaHAHBIA anroputM ctupaHusi Bcero EEPROM.

15.dns yero ucnonab3yetcs peructp CONFIG? OnuiunTte Ha3HaY€HUE TPeX ero MIaaiinx OUTOB.

16.06bgcHUTE, TTouemy Momudukanms peructpa CONFIG He npuBoaUT K HEMEUIEHHOMY M3Me-
HEHUI0 KOHUTYpalui CUCTEMBbI?

17.0nuiurTe mMOKOMaHAHBIA anroputM nporpammupoBaHus peructpa CONFIG.

18.0nuiuTe mokoMaHAHbIN anroput™m ctupanus peructpa CONFIG.

5. 3ananusa

1. Hanuiiure mnporpamMmy, KOTopas 3alMchiBajla Obl COCTOSIHME MEpeKJovaTeeid B SYEeUKy
EEPROM c anpecoM, ykazaHHBIM B perucTpe X 1o HaxkaTuio Ha KHonKy PAO.

2. Hanuiuure mporpammy, 3anuchbiBarolyto Obl 1o npepbiBaHuio IRQ cocTosiHue cyeTunka taiime-
pa B nepBbie ABe ssueiiku EEPROM.

3. Hammiuure nporpammy, 3anuceiBaoiiyio ynciio $AA B N nepoix stueek EEPROM no HaxaTtuio
kHonku PAO. Yucno N (ot 0 1o 255) onpeaensieTcs COCTOSIHUEM MepeKaouaTeieit MoayJisl.

4. Hanuiure mporpaMMy peaiM3ylollyio aJropuT™M 3aJaHusl 3 ¢ TeM OTJIMYMEM, YTO MPU HaxKaTUuu
Ha KHonKy IRQ 10/1KHO MPOMCXOIUTh CTUPAHME 3alIMCAHHbBIX STYEeK.

5. HanuiuuTe nmporpamMmy, KOTopasi B 3aBUCUMOCTU OT COCTOSIHUSI ABYX MJIAAIINX MepeKaouarenei
osjoknpoBaia 661 oauH U3 4eThipex 0J0koB EEPROM ($b600-$b61f, $6620-$b65f, $b660-b6df,
$b6e0-b7ff) nns 3anucu/cTupaHusi.

6. Hamummre niporpammy, npousBoadinyio 3anmuch B EEPROM 61o0ka manabix u3 O3Y mimHo#R
16 Gaiit. Anpec 610oka B O3V $d200-$d20f, anpec 610ka B EEPROM $b600-$b60f.

7. HanuiuTte nmporpamMmy, KOTopasi 1o3BoJisijia Obl peain30BbIBaTh OAWH U3 TPEX BapUaHTOB CTU-
panuss EEPROM, B 3aBucumoctu oT coctossHus akkymysasitopa B (B=0 - crupanHume Bcero
EEPROM, B=1 - ctupanue ctpoku, B=2 - ctupanue ogHoro 0aiita). BxogHoi mapameTp s
nporpaMmsbl: peructp X - aapec ssyeiiku EEPROM.

8. Hanmuiure nmporpaMmy MOBTOPSIONLIYIO aJITOPUTM 3aJaHus 7, C TEM OTJIMYMEM, 4To npu B=3
BBINOJIHSIIACch OBl poleaypa 3anucu 6aiita B EEPROM. BxonHbie mapamMeTpsl AJ1s1 TPOTpaMMBbI:
peructp X - agpec ssueiiku EEPROM, akkymyssiTop A - 3anucbiBaeMble JaHHbIE.

9. HanuiuuTte nporpaMmy MOBTOPSIONIYIO aJITOPUTM 3aJaHusl 8, ¢ TeM OTIMYMeM, uyTo npu B=4
BhITOJIHsIIach Obl Monudukauus peructpa CONFIG. BxoaHble mapamMeTpsl IS TPOTpaMMBbI:
peructp X - aapec sueriku EEPROM, akkymynsitop A - 3anicbiBaeMble JaHHBIE.
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10.Hanuiuure nporpammy, KoTopass MoauduilpoBaia O0bl maanmuii out perucrtpa CONFIG, B
3aBUCUMOCTH OT cocTostHUS nepekirouaTesss CO mociie HaxaTtust KHonku PAOQ.

1 1.Hamuiure mmporpaMMy MoCJIeA0BaTeIbHO 3aruchiBaionyio B sueiiky $b600 EEPROM yucna or
0 mo $3f ¢ mpoMexyTKOM Mexay nByMs 3amucaMu B 1 cekyHmy. Ilocne 3amucu uncna $3f cHosa
3anucbiBaeTcs 0 v LIMKJT TIOBTOPSIETCSI.

12.Hanuimure mporpammy, 3anoiHsonyio rneppyio nosopudny EEPROM unciamu ot $0 no $FF.
ITo nHaxxatumn kHonku PAO conepxkrumoe EEPROM poskHO cTuparthbces.

13.Hanuiure nporpaMmMy OCYILIECTBJISIONIYIO TTIepecTaHOBKY mepBoit 1 BTopoit ctpoku EEPROM
(t.e. ctpoku ¢ agpecamu $b600-$b60f 1 $b610 1 $b611).

14 Hanuiurte mporpaMmy, KoTopash M3Mepsiia Obl KOJMYECTBO OOCTYMHBIX UISI 3allUCU sTYeeK
EEPROM 06e3 obopamenus K peructpy BPROT. Ilpu noacyere nocrapaiitecb 000MTUCh MUHU-
MaJIbHbIM KonndyecTBoM 3anuceit B EEPROM.

15.Hanuiuure nporpammy, Kotopas xpaHwiach 0bl B EEPROM u mo3Bossiia Obl COXpaHUTH B
ocrtaBuiemcsa oobeme EEPROM nipou3BosibHbIN 010K JaHHBIX M3 O3Y nomycTUMON IJIMHBI U
MpU HEOOXOAUMOCTU BOCCTAHOBUTH €0 B UCXOJHOM MecTe. BXomHble mapamMeTphl 111 porpam-
MbI: perucTp X - HauaJbHbIM apec 0J0Ka JaHHBIX, peTUCTp Y - JIMHA OJioKa. DTU MapamMeTpbl
TaKXKe JOJKHBI 3aTIOMUHATBCS U151 OCJIEAYIOIIEro KOPPEKTHOTO BOCCTAHOBJIEHMS OJI0Ka.
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ITpunoxenue

IIpunoxenune

HekoTopbie 0c00€HHOCTH NMPH HANMKMCAHUK M OTJIAJKe MPOrpaMM Ha MOJIyJie
HCI11EVB.

3arycK MporpaMMbl MOJIb30BaTesl C TOMOIIBIO MPOrpaMMbl OTJIaIuMKa OCYIIECTBISETCS B
clelMaIbHOM peXuMe padoThl MUKPOKOHTpoJLIepa bootstrap. B oTiimune oT HOpMaJabHBIX PeXu-
MOB pabOThl (OAHOKPUCTAJILHOTO 1 PACIIUPEHHOTO) PEeXUM bootstrap mo3BoJisIeT U3MEHSITh COJep-
xuMoe peructpa HPRIO, a takxke B TeueHMe BCero BpeMeHM pabOThl NMPOM3BOAUTH 3allUCh B Te
PETUCTPHI U OUTHI, 3alIUCh B KOTOPbIe B HOPMAJIbHBIX PeXMMax pas3pellieHa TOJbKO mnepBbie 64 E
MKIiIa nocie copoca. Kpome aroro B pexxume bootstrap Tabduiia nepexoaoB BEKTOPOB MPepbIBAaHUM
nepeHeceHa B obyiactb O3Y (cMm. Ta6a. I1.1). B oriimune ot 006aCTU BEKTOPOB IpepbIBaHUS IS
HOpPMaJIbHBIX PEXMMOB, 3/I€Ch CJIEIyeT 3allMChiBaTh HE aipec Mepexoaa, a KoOMaHAy Mepexoja ¢ Co-
OTBETCTBYIOIIUM afapecoM (Hampumep komaHay JMP). Takum obpa3oM eciu mporpamMma OTJIaxKu-
BaeTcs B O3Y B pexxume bootstrap 1 TpedyeTcs, HarpuMep, o0padoTka npepoiBanusg IRQ, To B auc-
TUHTE accemMOiepa CaeayeT 3alucaTh CIeIyIoIIYI0 MOCIe10BaTeIbHOCTh KOMaH/I:

org S00ee

Jjmp int
, TJIe BMECTO int MOXeT OBbITh J1100ast MeTKa WIK apec, COOTBETCTBYIOIAsl Hayady IporpaMMbl 00-
pa6otku npepbiBaHusl o IRQ. Ilpu 3anucu otnaxeHHo# nporpammbl B I13Y (mipeamnosaraercs,
YTO MUKPOKOHTpOJLIEP OyneT padoTaTh B OMHOKPUCTAIbHOM PEXMME) BMECTO IPUBEIEHHOI BbILLIE
MOCAeA0BaTEIbHOCTH CJIeAYeT 3aMnucaTh KOMaH/Ibl:

org SEf£2
fdb int
Tao6mauma I1.1.
azpec BEKTOP
00C4 |SCI
00C7 |SPI

00CA | cueTumk mynbcaliiii, 10 BXOZTHOMY (PPOHTY
00CD | cueTumk mybcalmii, O TePETOTHEHUIO
00D0 | nepenonHeHue TaiimMepa

00D3 | BeIXOgHOE cpaBHEHUE 5

00D6 | BeIxomHOE cpaBHEeHUE 4

00D9 | BeIXOmHOE cpaBHEHHUE 3

00DC | BeIXOgHOE cpaBHEHUE 2

00DF | BeixomHOe cpaBHeHUE 1

00E2 | BxonHo# 3axBaT 3

00ES5 [ BxomHOI1 3axBat 2

00E8 | BxomHoI1 3axBat 1

00EB | nmpepbiBaHME peaJlbHOTO BpeMEHU

00EE |IRQ
00F1 |XIRQ
00F4 |SWI

00F7 | npepbiBaHKE MO HEBEPHOMY KOAY KOMaH bl
00FA | mpepriBanue ot cucteMbl COP

00FD | TakTOBBIIi MOHUTOD

BF00 | cbpoc

[Tpu otnagke mporpaMMbl CiaeayeT UMETh B BUAY, YTO IporpaMMa OTJIaAuMK 3aJeiCTBYET I10-
ciaenoBarenbHbiil uHTEpdeiic (SCI) u ¢pyHkuumo BbixogHoro cpaBHeHuss OC4 (njs opraHu3aluu
TOUEK OCTAaHOBA), T.€. IIPU 3aMyCKe MporpaMMbl MOJb30BaTeIsI UMEIOTCS OIpeie/IeHHbIe YCTAaHOBKU
(OTIIMYHBIE OT COCTOSIHUS Mocje cOpoca) B perucrpax 3TUX ycTpoiicTB. Kpome aToro mporpamma
OTJIaJYMK MCHOJb3YEeT MpepblBAHUE MO KOAY HEINpaBWIbHOM KOMAaHIbBI [JISI OpraHu3alydu ToYekK
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[Tpunoxenue

OCTaHOBa M pexxuMa trace. CienyeT UMETh B BUIly, YTO B MOMEHT 3aMycKa IporpaMMbl U3 Mporpam-
MbI-OTJIaguuKa copoieH 6ut I peructpa cratyca CCR, u Takum 06pa3om paspelieHbl CBI3aHHbIE C
HUM npepbiBaHus (I-TipepbIiBaHMSI); HEMOCPEACTBEHHO I0cie copoca OuT | ycraHaBiuBaeTcsl Aisl
3arpeTa MpepbiBaHUl U JIJis ero copoca B IporpaMmMe IMoJIb30BaTesi MOXKHO BOCIOJIb30BaThCs KO-
maHpoit CLI. Takxxe mocjie 3amycka nmporpaMmbl B IporpaMMe-oTJIaauuKe CTeK MHULIMAJIM3UPOBaH
3HaueHreM $C3 (B mporpamme Mmojib30BaTelis, MpeArnoiaralmieii aBTOHOMHBIM PEXUM pabOThI 3HA-
YeHHUe CTeKa, CJeayeT yCTaHaBJIMBAaTh B Hauajie MporpaMMbl KOMaH 101 1ds).
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