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NMpeauncnosue

MpymeyaHue

O pykosodcmee

B mpenucnoBun onuchiBaeTCs Ha3HAUEHHE U COCTaB JIOKYMEHTA,
NPUBOAUTCS KpaTKuii 0030p pas3zienoB, ONpeneisercs CTWIb U
CHUMBOJIbHBIE HOTAIIUH, UCIIOJIb3yEMBIE B JOKYMEHTE.

B oannom pyxosoocmee codepoicumces ungopmayus 06 ycmpoiicmee
00H020 U3 NPOSPAMMHO CO8MeCmUMbIX npoyeccopos cepuu 1879BM, a
umenno JIL8T9BML1 (NM6403), oocmamounas onsi moeo, umoobwl
pazpabamuléams npocpammbl Ha s3viKe accembnepa.

JlaHHOE PYKOBOJCTBO COJCPIKUT HEOOXOAUMBIC CBEICHUS I10
S3BIKY acceMOiiepa. AcceMmOiiep SBISETCS OIHOM M3 MPOTrpaMM Kpocc-
CPEICTB pa3pabOTKH MPOrpaMM Ui TMPOrPAMMHO  COBMECTHMBIX
nporeccopoB cepun  1879BM  (NM640x), a wumenno, JI1879BM1
(NM6403), 1879BM2 (NM6404) u 1879BM4 (NM6405). (Janee B
tekcte cokpanieHHo umenyetrcsi KPOCC-CPEJICTBA, wiu yka3biBaeTcs
¢ momoripio abopesuarypsl — NM SDK)

JlaHHO€ PYKOBOJCTBO COJEPIKUT CIEAYIOLIYI0 HH(POPMALIHUIO:

® ONUCaHUE CTPYKTypbl U (PYHKIMOHUPOBAHUS OCHOBHBIX Y3JIOB
IIpoLecCopa C TOUKH 3PEHHs TPOrPAMMHUCTA,

® OINCaHUE PErUCTPOB MPOLIECCOPA;

® OMNHCAaHHE MEXaHM3MOB HCIOJB30BAHHS BHYTPEHHUX OJOKOB MaMSTH
BEKTOpHOTO TIporieccopa (BIT);

e oONucaHue BCEX KOHCTPYKIUH s3blKa accemOiiepa ¢ MpUMEpamMHu HX
HCIIOIb30BaHNS,

® CTPYKTYPHUPOBAHHBII CIIMCOK BCEX CKAJSAPHBIX U BEKTOPHBIX KOMAaHJ;

® KOpOTKOE OIMCaHWE pa3IMYuil B s3bIKE accemOiepa MpOIEecCOpoB
NM6403 u NM6405.

Kak opeaHu3oeaH OaHHbIlU OOKyMeHm

JIaHHBIM JOKYMEHT CTPYKTYPHO MNOJpa3JeiseTcss Ha pas/elbl,
MIOPa3eIIbl, ITyHKThI U MOIITyHKTHIL.

JIoKyMeHT pa30uT Ha IIECTh pa3zeiioB:

Pazgen 1 00630p Crpykryps! IIponeccopa

euro
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Paznen 2

Paszgen 3

Paznen 4

Pa3zgen 5

CoenaweHusi o Homauusix

ConepXuT crnpaBOoYHYI0 HMH(MOpPMAIMIO O CTPYKType
mporeccopa € TOYKM 3peHHs nporpammucta. Jlaér
obmee  mpeicTaBieHHMEe O  (YHKIMOHMPOBAHUHU
OCHOBHBIX BbIUYHCIIUTEIbHBIX Y3JIOB.

0030p OcHOBHBIX DiieMeHTOB SI3bIKka AcceMOiepa

ConepXUT TMOJIHYI0 HHPOpPMALUMIO O CTPYKType U
MpaBWwiIax  IMOCTPOEHUS  MporpaMM  Ha  f3bIKE
accembrniepa, BKIIOYAeT TPUMEPHl HCIOIB30BaHUS
Pa3IUYHBIX CHHTAKCUYECKHX KOHCTPYKIIUH.

Onucanue Perucrpos Ilpoueccopa

Copepxut moapoOHYI0 HHPOPMAIUIO O COCTaBe U
pPa3IMYHBIX THUIAX PETHCTPOB, OIMCAHHE IIOJIEH
PETUCTPOB yTpaBJICHUS, TpPaBHUa HUCIOIB30BaHUS U
Ha3HAYCHUE  BEKTOPHBIX  PETHCTPOB,  MPHUMEPHI
HNCITOJIB30BaHUA PErucTpoOB B Pa3InYHbIX
acceMOJIEPHBIX UHCTPYKIIHSAX.

®opmat AcceMOepHbIX MHCTpYKIMii

Copepxutr uHpopManuioo o ¢opMaTe CKAIAPHBIX U
BEeKTOPDHBIX ~ MHCTPYKLIHMI  accemOiepa, ONUCAaHUE
COCTaBa M CTPYKTYPBI MAIlTMHHBIX KOMAaH/I.

Haoop UHcTpykumii S3bika Accembiepa

Conepxut TIOJTHBIH Habop CYIIECTBYIOIINX
WHCTPYKIHUNA TPOIECCOpa, WX CHUHTAKCHUC, IOJIOKCHHE
T€X WJIH WHBIX ONEpaluid WIM KOMaH] Ipoleccopa B
acceMOJIEpHON MHCTPYKIIUH, TIPUMEPBI acceMOJIEpHON
WHCTPYKIIMA C HCIOJBb30BAHMEM TOM WIM HWHON
oIepay Wil KOMaHIblL.

B nanHOM cripaBOYHOM PYKOBOJCTBE MCHOJIB3YIOTCS CIEAYIOLIUE
TUNOrpaduuecKre HOTaIHH:

Courier

Courier

Tak momedaeTcst TEKCT, KOTOPbI MOXKET ObITh HaOpaH
MOJIb30BaTEIeM C KJIaBHATYPBI: MCXOJTHBIE TEKCTHI Ha
S3BIKE accemMouepa.

OTMmeuaeT TEeKCT, KOTOPbI JOJKEH OBbITh 3aMEHEH
MI0JI30BATEIbCKON uHpopMaImeH, HaInpumep,
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Mpeancnosue

PCAJIbHBIM 3HAYCHUCM KOHCTAHTEI.

Teker Tak mnomewaercs TEKCT, Ha KOTOPBIM HEOOXOAMMO
WIn 00paTuTh 0cO00C BHUMAHHE.

Teker

I Texcm Tak moMeyaroTcss KOMMEHTapUH K IPOrpaMMaM.

MpumeyaHue Jaunoe npumeuanue npedcmagisem cobol npumep moeo, KaxK
oghopmaenbl 6ce 8adCcHble 3aMeUanUst U KOMMEHMAapuU, 603HUKAIOWUE NO
X00y onucaHusi.

Kak oghopmnsimb 3ameyaHusi u npeosioxeHust

Mo gokymeHTaumm

Ecau npu pabote ¢ qokymMeHTaIMen, OmuCchIBAIOIEH IPOLeccop U
€ro Kpocc-CpeICTBa pa3pabOoTKU MporpaMM, y Bac BOSHUKIM CIOKHOCTH,
HampuMmep: Bwl cuurTaete, YTO MarepHal H3N0XKEH HEAOCTATOYHO
NOAPOOHO ISl TOHUMAaHUS, TOXKATYHCTa, MPUChIIaiiTe CBOM 3aMEYaHUs B
CJIETYIOIIEM BHJIE:

e 0003HaUYeHNE H HAMMEHOBAaHHUE JOKYMCHTA,
® HOMCEpa CTpaHMII, HA KOTOPBIC IPUBOJUTCS CCHIIKA,

¢ KpPAaTKOC OIMMCAaHUC 3aMCYaHU.

Mo paboTe nporpamm n3 coctaa NMSDK

Ecnmu npu pabote ¢ xakoit 6o u3 mporpamm NMSDK y Bac
BO3HHUKJIM CIIO)KHOCTH, TOXaIIyiicTa, NMPHCHUIAHTE CBOW 3aMeyaHHs B
CIIE/TyIOIEM BUJE:

® HOMEp BEPCHH IMPOrPaMMBI M3 COCTaBa KPOCC-CPEICTB Pa3pabOTKu
porpamm, pu pabote ¢ KoTopoil y Bac BOSHUKIIU CIIOXKHOCTH;

e HEOOJBIIOW (DparMeHT MCXOMHOTO KOJa, Ha KOTOPOM MPOSBIISETCS
ommokKa;

® KpaTKO€ OIMMCAHUC €€ IMPOABIICHHA W BO3MOXKHBIC IPCAINIOIOXKCHUSA O
INpHUYrHaxX €€ BOBHUKHOBCHUS, €CIIM TAKOBBIC UMCIOTCA.

3ameuyanus npuchbLIaiiTe MO agpecy: NM-support@module.ru

[G]
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Kpatkun O630p CtpykTypbl lNMpoueccopa

1.1 BeedeHue

[Ipexxne 9em TPUCTYNUTh K ONUCAHUWIO sI3bIKA acceMOlepa,
HEOOXOUMO BBECTH HEKOTOPBIC IMOHSTHS, CBSI3aHHBIC CO CTPYKTYpOU
nporeccopa NM6403, Ha KOTOpHIE B JAJBHEHIIEM MOXHO Oyner
CCBUIATBCS TPH ONHMCAHUM TEX WJIM WHBIX KOHCTPYKIHUH sI3bIKA.
Crpykrypa nporeccopa NM6405 He ommchiBaeTCsi, IPUBOSATCS TOIBKO
otimuus ot nporeccopa NM6403.

1.2 BHewHul uHmepgeuc npouyeccopa

CrpykTtypa mpoleccopa, ONHCaHHass B JaHHOM paselle,
OTpaXacT B34 HOpOorpaMMHUCTa, IMO3TOMY HCKOTOPLIC JIMOHATHA,
KOTOPBIE PEOKO HCIIOJIB3YIOTCA MPU MPOrpaMMHUPOBAHHUU, OIIYILCHBI.
bonee neranmpHBI  0030p Tpoleccopa TMPUBENECH B JIOKYMEHTE:
IOPKB .43 282.00 [O1. Apxutektypa. NeuroMatrix® NM6403.
PykoBoacTBO nonb3oBarensi.

Kanaunsl, mo kotopbeim nporieccop NM6403 moxeT 0OMeHUBATHCS
uHpOpMaIMeH ¢ BHEITHUMHU YCTPOWCTBAMH, H300paKCHbI Ha PUCYHKE 1-
1, rne ceuenusiMu 0003HAYCHBI PA3PSTHOCTU IIHH JAHHBIX.

Puc. 1-1 Cxema kaHaIOB I»HOCTyHna K IJaAHHEM CO CTOPOHE IIPOLECCopa

NM6403.

0-oii
8 }|xommyHuKaMOHHEIIH
opT
64 . 64
<—Z—> NeuroMatrix® NM6403 [—~Z—>
I'moGanbHast JlokasnbHas
IMHA IIMHA
VYnpasienue II 1-pii
8 }| xomMyHUKaIMOHHDIH
nopT
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KpaTkun O63op CtpykTypsbl INMpoueccopa

ITo xanasy ynpaBieHHs NEPENatOTCsl CUTHAJBI: TAKTOBBIA CUTHAI,
BbIXOJ TaliMepa, BHEIIHEE MpepbIBaHUE, IOATBEPKICHHE BHEIIHErO
IIPEPBIBaHMs], PEKUM HAYAJIbHOM 3arpy3Ky U IpyTHE.

['mobGanpHas W JOKanmbHAs IIMHA HCIIOJNB3YIOTCS IS AOCTymHa K
BHeIIHeH naMaTu. [laMsaTh, KoTopas 1oCTyHa yepes IM00aNbHyI0 IHHY,
Ha3bIBaeTCcs I100ajbHOI mamMaATb0. [lamsaTe, nocTynHas uepes
JIOKQJIBHYIO LIMHY, Ha3bIBACTCS JOKAJBHOM. AJlpec BHEIIHEH NaMATH —
32-x paspsimHOe 3HadyeHwe. Ecmu crapmmii Out ampeca paBen 0, To
azipecyercs JoKallbHas MaMsTh, HHaYe — IJ100aabHasl.

[TomuMo paboOTBl C BHEUIHEH MNAMATBIO TPOLECCOP MOXKET
NpUHUMAaTh M TEPeAaBaTh JAaHHBIC Yepe3 KOMMYHHKAIMOHHBIC MOPTHI.
KoMMyHUKaIIMOHHBIEC TIOPTHI CBS3BIBAIOT JAHHBIN MPOIECCOP C IPYTUMH
TakuMu ke, wm ¢ mnporeccopamu MS320C4x, KOTOphIE HMEIOT
AQHAJIOTHYHBIA UHTepdelic oOMeHa maHHBIMH. bonee mnoapoOHOE
ormucanue paboThl ¢ KOMMYHUKAIIMOHHBIMU TIOPTaMU JaHO B IYHKTE
3.2.2 Peructpbl ynpapieHUsT KOMMYHHKaMOHHBIME moptamu (ica, iCC)
(oca, occ) .

BuyTtpu nporeccopa NM6403 mporpaMMHO TOCTYITHBI PETUCTPHI
(32-x 1 64-x pa3psHbIC) U ClICIHATIbHBIC Oy(pephl TAMSITH.
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KpaTknin O63op CtpykTypsbl Npoueccopa

1.3 O6buwee onucaHue eHympeHHel cmpyKkmypbl npoyeccopa

OOmiee mpejacTaBIeHUE O BHYTPEHHEH CTPYKType Mpoleccopa
NM6403 maét cneayromuil pUCYHOK:

Puc. 1-2 Bpounas crpykTypa nporeccopa NeuroMatrix NM6403.

<3 K—>
> Kowmm. mopt O Komwm. mopr 1 l—>
<+ [—>
> [—>
<+ [—>
«——] DMA-compoueccop DMA-conpoueccop [—»
E JIOKAJTGHAS IIHHA AZPECA > z
—1 [ T T - R —
S < TJIOBAJIHASI IIMHA AJIPECA 5
i B Tt T | § [—
— 1 & BXOJIHAS LINHA #1 g [,
o
— | 1 | =
— = BXOJIHAS LIMHA #2 B e
— Z I I ! -0 g
<> g < BBIXOIHAS LIMHA N 2 =
< = d = >
Bekropublii  mporieccop SIBASETCS OCHOBHOM OCOOEHHOCTBIO
mporeccopa NM6403, o paboTaeT COBMECTHO CO CKalspHBIM

nporieccopom u  nByms DMA-conpoueccopamu. JlaHHbI  64-X
pa3psAHBIA MPOLIECCOpP MPEIHA3HAYEH IS BBIIIOJIHEHUS MapaJuIeIbHbIX
orepariii ¥ crmocoOeH BBITOJHATH OJHOBpeMeHHO 10 2048 onepanuii 3a
OMUH TakT. Ero apxXxuTekTypa TMO3BOJIIET MEHSITh OTHOIICHUE
MIPOU3BOIUTEIILHOCTH/TOYHOCTD, U3MEHSS pa30MCHUE TaHHBIX (BEKTOPOB)
Ha PJIEMEHTHI ¢ OHOro OuTa 10 64-X.

BekTopHbIil mpolieccop BBIMOJHSAET MHOKECTBEHHBIE JEHCTBUS
HaJ JaHHBIMH 3a OJHY HHCTPYKIIMIO, Tak HassiBaemas SIMD (single
instruction, multiple data) mapamienbaas 06paboTKa.

ITpoeccop NM6403 umeet nBe 64-X pa3psIHBIX IMIMHBI TaHHBIX
IUIs1 paboThI C JIOKAIBHOW W TJI00aThbHOW BHENTHEH MaMATHIO. 3a OIHO
oOpalleHre K BHEIIHEeH maMaTu no 4yétHoMy ajpecy npoueccop NM6403
MO3BOJISICT 3aIMCaTh WU MPOYUTATh OJHO 64-X pa3psiiHOEe 3HAUYCHHUE TIO0
Ka)KJIOW W3 IITHH.

[G]
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KpaTkun O63op CtpykTypsbl INMpoueccopa

MuHUManbHOW aApecyeMOM €IMHULEH BHEIIHEW NaMsiITH s
nporeccopa NM6403 sBnsiercs 32-x paspsimHoe cioBo. Ceneknuei
MUTajIIeii/cTapiieii  MOJIOBHHBI  epeJaBaeMoro Imo  ImuHe  64-x
pa3psAHOTO 3HAYECHMs YIPaBIseT 3HAUCHHE MIIAJIIIETO paspsia aapeca
(0/1 — cooTBETCTBEHHO).

[Tpomeccop nMeeT HaOOp KOMaHJI, COCTOSIINN KaK u3 32-X, TaK U
u3 64-x paspsamHbIX KoMaHI. Ecim B KomaHAe coaepKuTcs 32-X
paspsiHas KOHCTaHTa, TO KOMaH/a TPAaKTyeTcs, Kak 64-X paspsaHas, B
OCTAJIbHBIX CITydyasiX OHa SABJSIETCS 32-X pa3psiIHOM.

[Ipu BbIOOpPKE KOMaHJA U3 BHEUIHEH MaMATH B IPOLECCOP
noctymaet 64-x paspsaHoe 3HaYeHHE (BO3MOXHO, ABE 32-X PaspsAaHBIX
KoMaH ibl). TIpy MOCTYMJIEHUH OBYX 32-X pa3psAAHBIX KOMaHI, MEPBOi
nemmdpupyercs KOMaH/a, pacloioKeHHAs B MITAJIIINX YeThIpeX OaiTax
64-x paspsiHoro 3HadeHus (110 YETHOMY ajpecy).

[IpuBenem mnpumepsl 32-Xx U 64-X  pa3psAHBIX  KOMaH]
nporieccopa:
aro 80808080h; Il 64-x paspsaonas komanoa

I (cooeparcum xoncmanmy).
[ar0]; Il 32-x paspsonas xomanoa.

groO

Bonee moapoOHyr0 MHGOPMAIHIO O CHCTEME KOMaH]I Iporieccopa
NM6403 MmoxHO HaiiTh B pazaene 5.

1.3.1 OnncaHue OCHOBHbIX 3N1EMEHTOB CKanspHOro npoweccopa

Ckamspublii  mpoueccop mnpezcrasiaser coboit RISC  sapo,
OTBEYaroIlee 3a MOATOTOBKY JaHHBIX JUIsI BEKTOPHOro mpoueccopa. OH
TaKKE  MOXET  HWCIONB30BaThC M KaK  CaMOCTOSTEIbHBIN
BBIYHCIIUTEIHBIN OJIOK.

CIl umeer 8 anpecHBIX PETUCTPOB U 8 PETUCTPOB OOIIETO
HaszHadeHus. [lomMumo 3Toro, cymecTByer HabOp CIeIHaTU3UPOBAHHBIX
perucTpoB, TOApoOHas wWHMOpPMAIHMS O KOTOPBIX COICPKUTCS B
noapasznene 3.2.CnenuanbHble PETUCTPHI.

CII no3Bosg€T OCYLIECTBIATH CIELYIOIINE ONEPALUN:
® pa3NIMYHBIE BUJBI aJJpecaliui ¢ MOJU(pUKaLUel apeCHbIX PErUCTPOB,;

e YTCHHE/3amUCh B MaMATh KaKk 32-X paspsAHBIX CIOB, TaK U Map CJOB,
o0pasyronmx 64-x pa3psIHOe YHUCIIO.

e BCe BHJIBI ApU(YMETHICCKUX U JIOTHICCKUX OIEpalliii HajJ perucTpaMu
o0miero HasHaueHUs ¢ Moaudukanuei U 0e3 Moaudpukanuu ¢Giaaro
COCTOSIHUS,

® PA3JIMYHbIC THUIIBI CIABUI'OB, B TOM YHCJIC Ha IPOU3BOJILHOC
KOJINYCCTBO 6I/ITOB;

e YCIIOBHbIE M O€3yCIOBHBIE IE€PEXOJbl, B TOM YHCJE OTJIOKCHHBIE
nepexonl (cM. myHkKT 5.1.9);
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Kpatkuin O630op CtpykTypbl Npoueccopa

® BBI30BBI (PYHKIIMI C 3aIMCBIO B CTEK aJipeca BO3BpaTa, B TOM UHUCIE U
OTJIOKEHHBIE BBI30BbI (DyHKIINIA;

® [IOIIArOBOE YMHOXKEHHUE;
® yIIpaBJICHUE TaliMEpaMu;

® HACTPOWKA PErMCTPOB YIIPABICHUS JOCTYIIOM K BHEIIHEH ITaMITH Ha
THII, UCIIOJIB3YEMBI B KOHKPETHOM YCTPOMCTBE;

® ympaBlCHHE BEKTOPHBIM IIPOLECCOPOM TyTEM 3aJaHUsl  €ro
KOH(UTypaIHH.

[TonHplii Habop CKaISIPHBIX KOMaHJ IpoLeccopa NPUBEIEH B
noapaszneine 5.1.CkanspHble MHCTpykuun NM6403.
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Puc. 1-3 BrnouHas crTpykTypa ckajaspHoro nporeccopa NM6403
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1.3.2 OnncaHme OCHOBHbIX 3N1IEMEHTOB BEKTOPHOro npoueccopa

ApXHTEKTypa BEKTOPHOTO TIIpoIeccopa MpEeACTaBlICHAa Ha
pucyHke 1-4.

Puc. 1-4 Cxema BerxTopHOTro mnporeccopa NM6403

Bxopnnasd [lluna BekropHbix JlaHHBIX

[ =

Bbiiox MackupoBanus

DES &

biok biok
AxTuBanun AKTHBaIu

Huxnmaeckuit
CaBsurareib

Pabouas
Marpuua

Vv

BexkropHoe
AJIY

oy

Brixognas 11Iuna BexTopHbix JJaHHBIX

Bxognas Illuna Bekropubix JlaHHBIX, HM300paskeHHass Ha Puc.
1-5, cootBeTcTBYeT Ha Puc. 1-2 Bxogunoii mmmHe #1 u Bxoanoit une #2,
Beixonnas I1Iuna BexkTopHbix /[aHHBIX oTpakeHa kak Brixonnas IIuHa.

LentpanbuapiM  y310M  BekropHnoro Ilpomneccopa siBisieTcs
onepauuonHoe ycrpoiictBo (OY). OHo cocrout u3 Pabouero/TeneBoro
Marpuunoro 650xa u Bekroprnoro AJIY.
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OneparionHoe  Ycrpoiicteo  (OY)  ucnosnb3yercs  Juis
BBITIOJIHEHHSI OTIEpAIii YMHOKEHHUS C HAKOTUICHUEM, apu(PMETHIECKUX U
JIOTUYECKUX OIepaiuii, Mporu3BOJIbLHON MEPEeCTaHOBKHU OUTOB B BEKTOpaX
YIAaKOBAaHHBIX JAaHHBIX. JIOMONHUTENbHBIE BBIYUCIUTEIBHBIC  Y3IIbI
Bekropuoro  IIpomeccopa  MO3BOJISIIOT — BBIIOJIHATH — ONEPALIUU
MacKHUpOBaHMsI, OCYIIECTBIATh IpPeoO0pa3oBaHUsA HaJl BEKTOpaMU U
MaTpUIlaMUd KyCOYHO-JIMHEWHBIMUA TOPOTOBOW (GyHKIHMEH W (PyHKIHEH
HACBILICHHUS.

B cocras BII Bxozdr cineayronue KOMIOHEHTHI:

e Paldouass Marpuma - OIEpPalMOHHBIA  y3€l, B  KOTOPOM
OCYIIECTBIISIOTCS OTEpalui YMHOKEeHUs ¢ HakoruieHueM. C paboueit
MaTpULIEd CBsi3aHa IIapa PETUCTPOB, KOTOPBHIE ONPEIEISIIOT €€
pa3buenue Ha cTonOubl M cTpoku. OnmcaHue (QyHKIMOHUPOBAHHUS
paboueli MaTpUIlbl MPUBEACHO B MyHKTE 1.5.2.;

e TeneBasg MaTpHua - yCTPOMCTBO, HCIOJIB3yE€MOE I YCKOPEHUS
3aKayKy BECOBBIX KOA((UIIMEHTOB B pabouyro Marpuily. B To Bpems
Kak paboyass MaTpulla Y4yacTByeT B OIEpalMd YMHOXEHHH C
HaKOIJICHWEM, B  TEHEBYI0 MAaTpHUIly MOXET HapaijellbHO
MOJKAYMBATHCS HOBas NOPHMA BecoBbIX Kod(duuuentos. Ilocie
TOTO, Kak TEHEBass MaTpulla 3arpy’keHa, OHa B TEYEHHE OJHOIO
MPOIIECCOPHOTO TaKTa MOXKET OBITh TeperpyxeHa B pabouyr. C
TEHEBOW MaTpHLel CBA3aHa CBOs Mapa PEeruCcTPOB, ONpEeNsionias ee
pa3buenue Ha CTOJOLBI W CTPOKH. DTO pa30MEHUE MOXKET OBbITH
OTJIMYHBIM OT TOTO, KOTOPOE MCIOJIb30BaJIOCh B paboueil MaTpuile Ha
IpebIIYLIEM JTAIE;

e BexkropHoe AJIY - yCTpOWCTBO, IO3BOJISIONIEE COBEPIIATH
CTaHAApTHBIA HAOOp apuMETHUECKUX U JIOTMUECKUX OMepaluii Haj
napamMu 64-X paspsaHBIX CIIOB, KaXJ0€ W3 KOTOPBIX pPa3JeieHO Ha
MajopaspsaHble aneMeHThl. [lpu apudmeTHueckux omnepanusx B
CJIydac IICPCIOJHCHUA BHYTpPU AUWalla3oHa, OTBCACHHOIO IIOJ OIWH
MaJIOpa3psIAHBIA DJIEMEHT, OJIOKHpPYETCs MepeHOC OMTOB B COCETHUM
anemMeHT. bonee mompoOHoe omucanue paboThl BekTOpHOTO AJIY
NpuBeAcHO B nyHKTe 1.5.3. BbiNnonHeHue onepauuii Ha BEKTOPHOM
ANY:

¢ bydep BecoBbix ko3pdumuento (WFifo) - ouepens riryounoii B 32
64-x pa3psAHbIX cioBa, opraHu3oBanHas no npuniuny FIFO. B nee
HOJrPY’KalTCS BECOBbIC KOX(P(UIMECHTH, ¥ B HEH OHHU XpaHATCH,
MIPEXJIe YeM MPOUCXOIUT UX 3arpy3Kka B TEHEBYIO MaTpHIly. 3arpy3Kka
JaHHBIX ¥ UX BBITpY3Ka 13 WFi o MOXKeT OCyIIeCTBIATHLCS 110 YaCTSIM,
TO ecth, Harpumep, B WFIFO MOXHO 3arpy3uTh cHadama 8 cjoB, a
3areM eie 24, HO Tak, 4YTOObI HE MPOU3OILIO NepenoiHeHus. boiee
noApoOHyI0 HMHpOpPMAIMI0 O TMpaBwiax wucrnonb3oBanus wFifo
coaepxut nyHkT 3.4.8. Perucrp-kouteituep WFifo;
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e Bydep BHyTpeHHeii mamsiti (ram)- ouepenp riyOuHoit B 32 64-x
pas3psAHBIX ~ ClIOBa, oOpraHu3oBaHHas mno npuHnumy  FIFO.
Hcnonp3yercs, Kak OAMH U3 apryMEHTOB B ONEPAIMsIX YMHOKEHHS C
HAaKOIUICHHEM, a TaKXke B onepauusax Ha BekTopHoM AJIY. B ram
MOXXeT ObITh 3arpykeHo oT 1 nmo 32 cnoB. bydep wmoxer
UCTOJB30BAThCS MHOTOKPAaTHO, OJHAKO B ONEpaluix IOJKHBI
y4acTBOBaTh BCE IaHHbIC, XpaHsmmecs B ram. He momyckaercs
UCIOJb30BaHUE TOJIBKO YAcTH XpaHsIUXcs TaM JaHHbBIX. bonee
noJapoOHyI0 HMHPOPMALMIO O TPaBWIAX HCIOJIB30BAaHHUS  ram
coepkuT NyHKT 3.4.7.Peructp-konTeiinep ram.

o IlceBnoOydep mmHBI aaHHbIX (data) wucmomb3yercs s
o003HaUeHMs]  JAHHBIX, HAXOASIIMXCS  HA  I[IMHE  JAHHBIX
HEMOCPEACTBEHHO B TIpolecce uX 3arpy3ku u3 mamsatu B BIL
[To3Bomnsier oOpabaThiBaTh JaHHbIE Ha mpoxoje. [lceBnoOydep nmeer
rryonHy B 32 64-x pa3psIHBIX CJIOB W OPraHW30BaH 1O MPHHIIHITY
FIFO. Hcrnonp3yercsi, Kak OAWH M3 apryMEHTOB B OIEpaIHIX
YMHOXKEHUSI C HAKOIJICHHWEM, a TakKe B ONepanusix Ha BEKTOPHOM
AJLY. bonee monpo6Hyio nH(GOPMAIHMIO O MpaBHJIaX UCIOIb30BAHUS
data conaepxut nmyHKT 3.4.6. Jlorndeckuii peructp-konTeiiHep data;

e Bydep nakomienus pesyiabraroB (afifo) - ouepens rimyOuHOM B
32 64-x paspsaHBIX CJIOBa, opraHu3zoBaHHas 1o mnpuHnumny FIFO.
Pesynprat moboii omeparuu Ha BII coxpansiercs B afifo. Moxer
TaK)K€ MCIIONb30BaThCsl, KaK OAMH U3 apryMEHTOB B OIEpalUix
YMHOKE€HHS C HAKOIUICHUEM M B Olepanusix Ha BeKTopHoMm AJTY. [ns
TOro, 4YTOOBI TOJYYUTh JAOCTYH K pe3yJbTaTaM BBIYMCICHUH Ha
BEKTOpPHOM Tpoueccope, Xxpausmumcs B afifo, Heobxomumo
BBITPY3UTh HUX B MaMATb. bonee mnoapoOHyr0 HHPOpMaLHIO O
npaswiax ucnons3oBanus afifo coxepxur nyHkr 3.4.5. Perucrtp-
koHTetinep afifo;

e BekropHubiii permctp (vr) - 64-x  paspsOHbBIE  PErHCTP,
HCIIOJIB3YEMBI B KayeCTBE OIPEACIICHHOIO OIepaH[a B Olepanuu
YMHOXXEHHUSI C HakolJIeHHeM. MOXXHO NpeACcTaBUTh €ro kak Oydep,
COCTOSIIIMA M3 3aJaHHOTO KOJMYECTBO OJMHAKOBBIX CJIOB. Moker
obiTh 3arpyxeH u3 CII. Jloctymen Tonpko Ha 3amuchk. bonee
oipoOHOE OMMCAHME HCMOJIb30BAaHUS VI JaHO B MyHKTe 3.4.4.
Peructp vr;

e VYcrpoiicTBa, 00ECNEYMBAIOIINE BBHIOTHECHUE (PYHKUMH AKTHBAIIUM
Haa BxoaHbiMU Bektopamu. B BII coaepxutcsi nBa ycTpoiucTBa,
pabotaromux HezaBUCUMO. OHHU TO3BOJSIOT aKTUBUPOBATH BXOJHBIC
JTAaHHBIE TEepe]l BBHIIIOJIHEHUEM OIEpallid YMHOXKEHUSI ¢ HAKOIIJICHUEM
Wi nepen momadein mx Ha BekropHoe AJIY. Bonee mompoOHOe
nucanue paboThl (PYHKIWMKA aKTUBAIMKM JaHO B MyHKTe 3.4.1.
Peructpe flecr u f2cr;
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e VYCTpOiiCcTBa, o0ecrieunBaroIye BEINIOJIHEHHE onepauuu
MACKHPOBAHMS HaJ BXOAHBIMH BeKkTOpamu. bojee moapoOHOE
MMMCAHUE BBITIOJIHEHUS OIlEpallii MaCKUPOBAHUsS JAaHO B IyHKTEe 1.5.4.
Onepanust MAaCKMpOBAHMS,

e VYcTpoiicTBO, o0ecnevynBaoliee HUKJINYECKHH CABUI BIPaBO HA
OAMH OMT cl0Ba JaHHBIX, 10JaBAaEMOro Ha BXoa X paboueil MaTpHIIbI
B OINEpalluM B3BELIEHHOro cyMMmupoBaHus. bonee mnoapoOHoe
nucaHue paboThl YCTPOMCTBA IMKIWYECKOTO CIIBUTA JAHO B IYHKTE
1.5.6. Iluknuueckuil caBUT BIpaBO omnepaHaa X IMPH B3BELICHHOM
CYMMMPOBaHUH.

1.4 NMpedcmaeneHue 0aHHbIX 8 BeKMOPHOM Mpoyeccope.

[Ton  BexkTOpaMM  HOHHUMAIOTCS  OJAHOMEPHBIE  MACCHUBBI
OJITHOPOJHBIX JIaHHBIX, PACIIOJI0KEHHBIE B IAMATU B BHJI€ HEIPEPHIBHOI'O
61o0ka. Marpuia - 3T0 MaccuB BEKTOPOB.

PaspsimHocte  Bcex y3imoB BII cocraBiser 64 Owmra. BII
OCyHIeCTBIIET  O00pabOTKy  LENOYHMCICHHBIX  JIAHHBIX,  KOTOpBIC
ymakoBaHbl B 64-X paspsgHble cJIOBa C  I[OMOLIBIO  NPOCTOM
koHkareHaiu (cM. Puc. 1-5). B obOmem ciydae clioOBO ynaKOBaHHBIX
JAHHBIX TPEACTaBIISIET COOOW BEKTOP
D = {Dx...D:},

coaepammi K 3JIeMEHTOB, CyMMapHas pa3psIHOCTb KOTOPBIX
cocrapinsieT 64 6uta. [IprueM B ogHOM ciioBe D MOTYT OBITh yHaKOBaHbBI
JlaHHbIe, MMEIOIHE pa3Hylo pas3psaHocTh. KommdecTBo anemeHTOB K,
YIIaKOBAHHBIX B OJHOM CIJIOBE, 3aBHCHUT OT MX Pa3psAHOCTEH M MOXKET
NPUHUMATD [EJIOUMCIIEHHOE 3HaUeHUE B Tuana3one ot 1 1o 64.

Puc. 1-5 dopmarT croBa yHnaxkOBaAHHEIX BEKTOPHEIX IAHHEIX .

Paspsaner ciioBa
63 < 0

Dk - - - Dl DO

1.5 OcHoeHbIe eblYucIUmMenbHbIe 6510KU 8€KIMOPHO20 Npoyeccopa

Jlanee mpuBOAWTCS OMHMCaHWE PabOThI OCHOBHBIX O50KOB BII,
OTIPEICIIAIOMINX BO3MOKHOCTH Tiporieccopa NM6403 B BeImonHEHUN
CIEIYIOIIMNX ONEpalyii:

® YMHOXCHUC C HAKOIIVICHUCM, HA3bIBACMOC TaKKC B3BCIICHHLIM
CYMMHPOBAHHUEM,

e apudMeTHUYECKHUE U JIOTHYECKHE olepaluu Ha BeKTopHOM AJLY;

® MACKHPOBAHMEC JAHHBIX;
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¢ (yHKIMU aKTHUBAINY,
e CBWI onepanaa X IIPH BBIIOJHEHUH B3BELIEHHOIO CyMMHUPOBAHUS.

ITomumo 3TOTO, IIPUBENIEH MOPSAIOK BBIIIOJIHEHUS
npeoOpa3oBaHWil HaJ MAHHBIMH, €CIHM 3TH TPEoOpa3oBaHMs 3aJaHbl B
OJIHOM BEKTOPHOW KOMaH/IE.

1.5.1 ACTOYHMKM N NYTU OAHHBIX.

JlaHHBIE B TIPOIIECCOP MOTYT IMOCTYIATh U3 JOKAIbHOW BHEIIHEH
MaMSATH TIOCPEACTBOM HCIOJIb30BAaHUS JIOKAIBHON IIWHBI TaHHBIX U U3
ro0aNbHOW BHENIHEW MaMATH dYepe3 TI00aNbHYIO0 HIMHY IaHHBIX. B
coctaB Bekropnoro Ilporneccopa Bxoast Tpu BHyTpeHHux FIFO 6ydepa
ram, afifo, u wfifo, koTOpele Takke NIPUHUMAIOT YyYacTHE B
oOpaboTke JgaHHBIX. JlIs  ympaBiIeHWS TOCTYIUICHHEM  JTaHHBIX
HEMOCPEACTBEHHO W3 BHELIHEH MaMsTH, HCIHOJb3yeTcsl IceBA00ydep
data(cm. myHKT 3.4.6).

FIFO G6ydep BecoBbix ko3¢ ¢unumenror (wFifo) npeanazHaueH
JUI XpaHeHHsI BeCOBBIX kKoddduuuentoB s Paboueit Matpuiisl, moka
apyrue Oydepsr (ram, data, afifo) wucnonp3yloTcs B KadecTBe
HUCXONHBIX OydepoB mis 00paboTku naHHbIX. Korma mporieccop
HaunHaeT BbluncieHus, ram wu afifo nyctel. [lpexne uem
WCTIONB30BaTh ram, HEOOXOOMMO 3arpy3uTh B Hero naHHele. [locie
ATOrO JAaHHBIE MOTYT HCIIOJIb30BaThCS MHOTOKPATHO, A0 T€X MOp, MOKa
He OyyT 3aMEHEHBI HOBBIM OJIOKOM JaHHBIX.

Pesynbrarer moObix BeruucieHuit Ha BextopHom Ilporeccope
coxpausitorcsi B afifo. OHu mMoryT OBITH BBITPYKEHBI BO BHEIIHIOIO
namsITh WIW/M MOTYT TPUHHUMATh YYacTHUE B MOCICAYIONIMX IIarax
BbIuuciieHni. Bydep HakoruieHus: pe3yibTaToB TPEACTABISIET COOOMU
neyxctoponauii nopt FIFO, oH mo3BossieT, HampuMmep, BBITPYKATh
JaHHBIE BO BHEIIHIOD MaMAThb W BO3BpallaTh HOBBIC JIaHHBIE U3
BexTtopHoro AJIY ogHOBpeMEHHO.

Ilepemaua  pgaHHBIX B OnepanmoHHbId ~ Y3€1  MOXKET
OCYIIECTBIIAThCS uepe3 aBa Bxoma X wu/wimm Y. Kaxnaeiii u3z Oydepon
(data, ram , afifo) moxer ObITH CBSI3aH C OJHUM HIH OOOMMH
KaHaJlaMH TaHHBIX.

Hamnpumep, Bektop 64-X pa3psaHBIX CIIOB, XpaHSIIUKACS B ram,
MOKET OBITh TepeaH Ha 00pabOTKy B ONEPALMOHHBINA y3€l 4epe3 BXOJ
Xulum Y.

B kawectBe Bxoma Y MOXKET Takke OBITh HCIOJIB30BaH
BEKTOPHBIN peructp vr.(cM. myHKT 3.4.4.).

Kpome »3TOoro B KayecTBE BXOJOB MOTYT BBICTyNaTh TakK
Ha3bIBa€Mble "'HyJIEBbIE' yCTPOMCTBA, YTO O3HAYAET, YTO JAHHBIE HA BXOJ
HE TIOCTYyHaroT.

[G]
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1.5.2 B3BelleHHOEe CcyMMUpOBaHue

Omnepanyisi yMHOXXEHHUSI C HAKOIICHHMEM BBITIOJHSETCS padoUeit
MaTpulle, BXoJdlell B coctaB omepanuoHHoro ysna BII. Cxemarudno
OHa mpejacraBieHa Ha Puc. 1-6.

Puc. 1-6 CxeMaTuyHOe npencTaBjeHne oneparmm B3BEIIEHHOI'O
CYMMUPOBAHMS -

MareMaTiuecku — omeparis  B3BEHICHHOTO  CYMMHPOBaHWUS,
BBITIOJIHACMASA Ha ONCPALIMOHHOM Y3JIC BH, 3aIlUCBIBACTCA CJICAYIOIIUM
o0Opazom:

N
Z =Y, + Y XW,,(i=1..,M;j=1..,N),
j=1

rac Z| - DJICMCHT BBIXOJAHOT'O BEKTOpA

Xj - DJJeMEHT [IaHHBIX, TOoCTymalmmx Ha Bxoxg X
onepanuroHHoro y3ia BII.

Y, - uyacTMyHas CyMMa, HaKOIUICHHAs Ha TPEAbLIYIIEM IIare
B3BEIICHHOTO CYMMHUPOBAHHSI.
Wi - BECOBOM KO3 pHUIHEHT, PacoJI0KEHHBIH B
COOTBETCTBYIOIIEH sUeiike paboueit MaTpHIIBI TPOIIecCcopa.
M - konu4ecTBO CTONOLOB paboueit MaTPHUIIBI
N - KOIM4ecTBO CTPOK pabodeil MaTpHIIbL.
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PaGouas Matpuiia umeer BXoJ, CBsi3aHHBIN ¢ kKaHaioM X (cM.
Puc. 1-7). On ucnonb3yercs ist 3arpy3Ku 64-pa3psiTHbIX CIIOB BXOJIHBIX
JaHHBIX U3 BHelIHeH namstu (data) win u3 BHyTpeHHux 0ydepos FIFO
(ram mmm/u afifo) B PabGouyro Marpuily uisi BBIOJIHEHHS ONEpaIiu
B3BEIICHHOTO CyMMHUpoBanus (X). Pe3ysnbTar BeIUMCICHHN TTepeaacTcs B
Bekroproe AJIY s BBINOJHEHHS OKOHYATENBHOIO CIIOKEHUS C
pe3ynbTaTaMu MPEeabIAYyIIMX BBIYUCICHHUM, MOCTYNUBIIMX [0 KaHaIy

Y(Y +X).

Bxogpt X u Y uHMEIOT pa3nuyHOe MpelHa3HAueHue IpH
BbIUMCIICHUSAX. JlaHHBIE, MOCTyMaroUIMe Ha BXOJ X, YMHOXAalOTCs Ha
aueiikn PaOoueét Marpuibl, U CyMMHUPYIOTCS B Tpeaenax CTojiOra.
Jannele ¢ Bxona Y B Bekrtopnom AJIY nobGaBisitoTcsi K pe3ynbTaTy
YMHOEHHS CO CJIOKEHUEM, BBIITOJIHEHHOTO HaJl TaHHBIMH BXxoja X.

[lepen navanom BerumciaeHnii B Paboueit Matpuiie, 10KHA OBITH
ompenenena koHburyparmus TeneBoit/Pabodueii MaTpuIilel, a TaKKe
TpeOyeTcsi mpeaBapUTENIbHO 3arpy3uTh BecoBble K03(duuueHTsl. bomee
noapo6Ho cM. 3.4.8 Peructp-konreitaep Wfifo.

Pa3Ouenune matpuipl Ha CTPOKH OIPENESIETCs] pErucTpoM sh2.
DTOT K€ PerucTp onpeaenseT pazdoueHue 64-x paspsaIHbIX CI0B BXOAHBIX
JaHHBIX, MocTymalommx Ha Bxoxg X. B sb2 mnpeasaputensHO
3allUCBIBAETCS. CIOBO, OIpelesioniee rpaHulbl pasdueHus. bonee
NOJpPOOHOE ONMCAHME UCIONb30BaHUS perucrpa sb2 mnpuBeneHO B
nyHkre 3.4.1. Peructpsr flcr u f2cr.

@
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Puc. 1-7 Cxema BHIOJHEHMS ONEPALMM B3BEIIEHHOI'O CYMMUPOBAHMS HA
BII.
Bxon Y
32 Y3 Y2 Y1 Yo
1 Ys Y- Y1 Yo
3 4 ) ] T o
Bxon X +
X7 X 63 5| X*MWy X Wor X Wa7 XA\ |6
3
Xe Xe —> Xe™Was Xe™Wos X6™Wis Xe™Wos
Xs Xs - | XWss Xs*Wos Xs*™Wis Xs*Wos
X4 X4 —> Xa* sy Xa* Wby XaWha X Wos
X3 X3 — | XMW Xa* Wz Xa*Was Xa*Wos
Xo X - | XMW X Wor Xo™Waz X Woz
X1 X1 —> Xo*Way X Wby Xo*Wag X Wor
Xo X o | XMW Xo™Weo Xo™Wao Xo™Woo o
32 1 63 = 0]
32 Y3 +ix| *V\éi Yz +ixi *VVZi Y1 +ixi *V\éi Yo +ix| *V%i
1 Y +ix. W Y, +ixi W Y, +ixi *W 1Y, +ixi *W;
63 Pesyrerar B aftfo 0
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Puc.

1-8

Paz6uenne paboueil MaTpuUIlbl Ha CTOJIOLBI 33Ja€TCs PETUCTPOM
nb2. On xe ompenensier pazdueHne 64-x pa3psIHBIX JAaHHBIX Ha BXOJE
Y, ¥ pa3psAAHOCTH pe3yJbTaTOB BBIYMCIICHHH, cojepkamuxcs B Oydepe
afifo. bonee mompoOHOe omucaHUE HUCHONB30BaHUS perucrtpa nb2
npuBesieHo B myHkre 3.4.2 Peructp nb1l(nb2).

Pucynok Puc. 1-7 Cxema BBITIOJIHEHHS OTNEpaIldy B3BEIICHHOTO
cymmupoBaHnusi Ha BII. noka3biBaer, kakue JEHCTBUS MOKET BBIIOJIHUTH
BII npu nmoMomu OJHOM NPOLECCOPHOM HMHCTpYyKUMH. JlomycTum, B
Oydep maHHBIX ram OBLIO MPEABAPUTEIHHO 3arpy’KEHO W3 MaMsATH 32
JUIMHHBIX cjoBa. J[pyrod MCTOYHUK [aHHBIX HAXOJUTCS BO BHEIIHEH
namst. [Ipu omepanuu B3BEHIEHHOTO CYMMHPOBAaHUS U3 MaMATH IO
oueper MOJUUTHIBAIOTCS CIIOBA BXOAHBIX JAHHBIX, KaKJI0€ U3 KOTOPBIX
HanpaBisieTcss Ha Bxox X Paboueit Matpuiel. [Tapamnensao u3 Oydepa
ram IOJYUTHIBAETCS OYEPEIHOE CJIOBO M HampaBisercd Ha Bxoa Y
Bexropnoro AJIY.

IIpoxoxneHmne  HaHHBIX  yepes  OHnepalMOHHER  Y3eJy  Opu

BEIIIOJIHEHMY OIlepaliyy B3BEIIEHHOI'O CYMMMOOBAHMA.

PaGouas
Martpuua

Vv

BexTopHoe
AJLY

oy

AFIFO

Kaxxaplii »iaeMeHT, COCTaBISIONIMH CI0BO Ha Bxome X,
YMHOXAETCSI  Ha  BECOBOM  Kod(duImeHT, HaxXOAIIMICI B
COOTBETCTBYMOIIEH siueiike Paboueit MaTpulibl, pe3ynbTaThl yMHOXKEHUS
CKJIQABIBAIOTCS B  Tpelenax CcroiOna. BbuuclIeHHBIE — JTaHHBIE
HampaBJsitoTcsi Ha Bxoa X Bekropmoro AJIY, a 3areMm K HuUM
n00aBIISIETCSl 3HAUCHUE DJIEMEHTA, HaXOMSIIETOCs Ha COOTBETCTBYIOIICH
MO3UIIMM B CJIOBE, TOCTynuBIIeM Ha Bxoa Y. Bce st omepaunun
3aHUMAIOT OJMH TAaKT Ha OJHO YINAaKOBAaHHOE CJIOBO [IaHHBIX. 3a
CIENYIOIIUA TAaKT IMPOLIECCOP BBINOJIHIET TE€ JKE€ ONepaluud Hal
CIIEYIOIICH Mapoil BXOAHBIX CIIOB JAHHBIX M TaK jJaiiee A0 32-X pa3 3a

[G]
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BEKTOPHYIO MHCTpYKLHUIO. Pe3ynprar omepanuu 3anuceiBaercsi B Oydep
afifo.

Hannsle, Haxomsmmecs B Oydepax FIFO  Bekropnoro
nporeccopa, XpaHsarcs B 64-x paspsaHbx cioBax. [lyis HMUX Ha 3TOM
JTane pa3OueHue Ha DSJEMEHTHl He ompenenaeHo. Takoe pazOueHue
HOSABISETCS TOJBKO TOTJa, KOTAAa OHM MocTymaioT Ha Bxoa X wimm Y
OneparnoHHoro Ysna.

B 3aBucumocTu ot TOrO, Ha Kakoi BxoH, X WM Y, TOCTYIAIOT
JTAHHBIE, OHU JIEJISITCS Ha DJIEMEHTHI TEM WJIH HHBIM 00pa3oM.

Hampumep, ecnu paszbuenue Bxoma X - 8 OuTOBOE, TO €CThH
KaXJI0€ CJIOBO TIPEACTaBIsICTCS Kak 8 3JIeMEeHTOB mo 8 OurtoB, a
pa3z6buenue Y - 16 OutoBoe, TO B 3aBUCHMOCTH OT TOTO, KyAa OyayT
HaTpaBJICHbI JIaHHBIC, XpaHsIIuecs B ram, Ha Bxox X win Y, OHU OyIyT
TPaKTOBAThCA JTHOO KaK MacCHB 8-MH, MO0 16-T OUTOBBIX JIEMEHTOB.

1.5.3 BbinonHeHne onepauun Ha BekTopHoM AJTY

ApudmMernueckue u JIOTHUECKUE omepanui Ha BeKTOpHOM AJIY
BBIMOJIHSIOTCSL Hajl HabopamMu 64-X pas3psaHBIX CIIOB, OJaBacMbIX Ha
Bxonel X u Y omnepanuonHoro ys3na BII. Otu HabGopbl momaroTcs Ha
Bxozbl U3 Oydepor ram, afifo, mubo u3 mamsatu (data). [lauHsie,
XpaHsAIIMecs, HampuMep, B ram, MOTyT OBITh TIepefaHbl Ha 00paboOTKy B
OIEpaIMOHHOE YCTPOMCTBO Kak uepe3 Bxoa X, Tak u uepe3 Y (Puc. 1-8).
Kpome sToro B kauecTBe BXOJOB MOTYT BBICTYyNaTh TaK Ha3bIBaeMbIC
"HyneBble" yCTpOHCTBA, YTO O3HAYaeT, YTO JaHHbIE Ha BXOJ HE
nocTynarT. Pe3ynbTaT BeruuciaeHuii Bceraa nonagaet B afifo.

Bxonet X u Y BektopHoro AJIY SBISIOTCS paBHOMPABHBIMHU.
Pa3Ouenue AaHHBIX, MOCTYMAIOIUX HAa OSTH BXOJbl, Ha 3JIE€MEHTbI
onpexaesiercsi peructpom nb2. Peructp sb2 ne oka3piBaeT HUKaKoro
BIIMSIHUA Ha BbIUMCIECHHS B BekTopHoM AJIY. B 3toM coctout
0coO0eHHOCTh paboTel BekTopHOro AJIY mo cpaBHeHHio ¢ paboueit
MAaTpHULIEH.
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Puc. 1-9 BrmonHeHMe BEIUMCIIEHMII HAa BEKTOPHOM AJLY.

63 Onepann X 0 63 Onepauzn Y 0
Xo | Xe | Xs | Xa [ Xa [ Xo | Xe | X0 [B32 32 Y7 | Yo | Ys| Ya| Y| Ya]| Y] Yo

Xo| Xe | Xs | Xa | Xa | Xo | X2 [ Xo [ YYz| Ye| Ys|Ya] Ya|Ya]| Y] Yo
PRy
BekropHoe
AJIY

VvV Iy i
Z7 | Zs | Zs | Za | Zs | 22| Z1 | Zo 32

Zy | Zs | Zs | Za | Zs | Zo | Za | Zo 1
63 0

PesyneTar B afifo

Onepaunn Ha BeKTOpHOM AJIY BBINONHSIOTCS C  y4eTOM
pa30ueHusT BXOTHBIX JaHHBIX Ha 3neMeHThI (cM. Puc. 1-9). Dto o3Hauvaer,
YTO B MeCTax pa3OmeHus 64-x pa3psAIHBIX CJIOB Ha AJIEMEHTHI CTaBATCS
"meperopoaku”, KOTOpble B Clly4yae MepernoTHEHHs] OIOKUPYIOT TEPEHOC
cTapiiero Oura B cCOCelHEEe MoJie, 3aHMMaeMOE€ JPYIMM 3JEMEHTOM, a
TaKXKe TPEMSTCTBYIOT PACIpOCTPAHEHUIO 3HAKa 3a MpPEIeNbl TPaHUII
anemenTa. [Ipu G10KUpOBKax MepeHoca MepeHOCUMBIN OUT TEPSIETCS.

Ha Puc. 1-10 npuBeaeH npumep clokeHus IByX 64-X pa3psaHbIX
CJIOB, pa30OUTHIX HA 8 3JeMEHTOB M0 8 OWUTOB KaXKIbIi, HA BEKTOPHOM
AJIY mporneccopa NM6403.

Puc. 1-10 Crnoxenme nByx 64-x paspsAmHEX CJIOB HA BEKTOPHOM AJY.

01 80 80 FO 02 FF FF 01

FE 20 80 1F 02 01 FF 01

FF AO 00 OF 04 00 FE 02
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CepbIM 1BETOM Ha pHUCYHKE OTOOpakeHBl sYEHKH, T/
"neperopoAKu’ MOBIMSIIN HA pe3yIbTaT BHIYUCICHUI.

1.5.4 Onepauus MacknpoBaHus

Puc. 1-11
MackupoBaHMs.-

Jns BBIMOJIHEHUS MAaCKUpOBaHHMS B onepanudoHHoM y3ne BII
CYIIECTBYET CHENHaIbHOE yCTpoHcTBO. OHO MMEEeT TpuU BXOJAa U JBa
Boixozaa (cM. Puc. 1-11). [lanuble, mogaBaeMbie Ha BX0abl X 1 Y paboueit
MaTpulbl uiau  BekropHoro AJIY, cHauana mHpoxoIaT uepe3 3TO
YCTPOMCTBO, ¥ TOJBKO TMOCIIE ATOTO MOMaaloT B pabovyr0 MaTpUIly WIH
Ha BekTopHoe AJIY. Ecim koI BEKTOpPHOW KOMaHAbl HE BKJIIOYAET
OTepaluio MacKUpOBaHUs, TO JAaHHbIE, MOCTyMaomue Ha Bxoasl X u Y
YCTpOICTBa, MPOIMYCKalOTCS Ha BbIXOA Oe3 m3MeHeHuil. Ecnu B koze
KOMaH/Ibl TPUCYTCTBYET 3ampoCc Ha MACKHPOBAHUE, TO HCIOJIb3YETCA
TaK)Ke TPETHM BXOJ B YCTPOMCTBO, HA KOTOPBIMA MOJAETCS BEKTOP MACOK.
OH MOXeT MoauYuThIBaThCa U3 mamsatu (data), mubo u3 GydepoB ram
unu afifo.

BxomHEIe 1z BEIXOIOHEIE IIOTOKM IJAaHHEBIX B YCTpOVVICTBe

BXOJI XIL @3){01{ Y

BCKTOP MAaCOK o
[ {YcrpoiicTBo MackupoBaHust

N3smenennsiii X Usmenensiii Y

Pa6ouast Marpura
unu BexktopHoe
AJlY

BekTopHble KOMaHIbl MAaCKHpPOBaHHs, KaK M BCE OCTaJbHBIC
BeKTOpHBIE KoMaHbI mporieccopa NM6403, Bemonastores ot 1 o 32
takToB. Ha kaxmom takte Ha Bxoabl X, Y M Ha BXOJ BEKTOpa MacoK
noaagrest Mo oJHOMY 64-X pa3psiTHOMY CIIOBY.

JlanHble, mnpomenmue 4epes YCTpoucTtBo MackupoBaHus,
nojgaroTcss Ha Pabouyio Martpunyy wu/unmm  Bekropnoe AJIY s
JaapHEenIen 00paboTKH.

MackupoeaHue ¢ BekmopHbIM YMHOXXeHUeM

B cucreme xomaH nporeccopa CymecTByeT BEeKTOpHas KOMaH/a,
Harpumep:

macka X Y
rep 32 data = [arO++] with vsum ram, data, afifo;

KOTOpasi COBMEIIACT BBHITIOJHEHUE ONEpallid MAaCKUPOBAHUS C
00paboTkoil pe3ynbTaToB Ha pabodeit marpuie. B stom cimydae Han
JTAHHBIMH BBITIOJTHSIOTCS CIIEAYIONINE IPeoOpa3oBaHus:
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noouroBast omepammsi AND cioBa ¢ Bxoma X H ClloBa MAacKH:
X and MASK. Dta onepanus OCTaBis€T B pe3yIbTUPYIOIIEM BEKTOPE
X TOJBKO T€ OUTHI, KOTOPHIE B MacKe ObLIN PaBHbBI €IUHUIIE,

nooburoBasi omeparsit AND croBa ¢ Bxoga Y W WHBEPTHPOBAHHOTO
cioBa macku: Y and not MASK. Drta omepauusi OCTaBJISIET B
pe3yNbTUPYIOIIEM BEeKTOpe Y TOJBKO T€ OWUTHI, KOTOpbIE B Macke
ObUIN paBHBI HYJIIO,

BBINIOJTHEHUE  OMNEpallii  B3BEIIEHHOTO  CYMMHUPOBAaHUA  HAJ
MaCKHUpPOBaHHBIMH JaHHBIMH, TI0JaBacMbIiMH Ha BX01 X (Z);

CIIO)KEHHE MAaCKHUPOBAHHOTO BEKTOpa Y C Pe3yJIbTATOM B3BELICHHOT'O
cymmupoBanus (Y+2X).

Jloeuyeckoe MackupoeaHue

B cnyuae coBmelieHust onepanyy MacKHpPOBaHUS C 00pabOTKOM

Ha BekTopHOM AJIY, 3amaBaeMoil KOMaHIOM:

macka X Y

rep 32 data = [arO++] with mask ram, data, afifo;

Haa JaHHBIMM Ha KaXJIOM IHarc¢ BbIIMOJIHACTCA CICAYIOLICC

npeoOpa3oBaHue:
(X and MASK) or (Y and not MASK)

CrnoxHo 3anucaHHas (opMyJia BEPOSTHO CKPHIBA€T MPOCTOTY U

NoJIb3y JaHHOro mnpeoOpaszoBanusa. Ha Puc. 1-12 naercs mosicHeHue B
rpadudeckoit popme:

Puc. 1-12 BrimosHeHme onepanmm MaCKUMpPOBAHMS .

X7 Xe X5 X4 X3 Xz Xl Xo BXO0J X
and and and and and and and and
FF 00 FF FF 00 00 FF 00 Macka
andnot andnot andnot andnot andnot andnot andnot and not

Y7 Ye Y5 Y4 Y3 Yz Y1 Yo BXO0J Y
J J \s \s J J J \s

pe3ynbTat
X7 Ye Xs X4 Ys Y, X1 Yo orneparmi

B Tex mo3unusx, Ha KOTOPBIX B MACKE€ CTOAT €AWHUIBI, B CIIOBO

pe3ynbrara OyayT 3amuMcaHbl OWUTHI clIOBa C BXxojaa X, HAa OCTalbHBIC
MecTa momanyT OuThl crmoBa ¢ Bxoga Y. Takum oOpasom, omepanus
MacCKHPOBAHWsI TTO3BOJISCT 32 OJIMH TAKT U3 JIBYX JUIMHHBIX CIOB COOpaTh
OJIHO, B3sIB HY>KHBIE OUTHI U3 OJTHOTO CJIOBA U U3 APYTOTO.

[G]
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1.5.5 O6paboTka gaHHbIX PYHKLMEN aKTUBaALIUN

Bekropubpiii  Y3enm comepkuT aBa  OJIOKAa aKTHUBAIMHM  JJIS
00paboTku moporoBoi (pyHKIMEH W (yHKUIMEH HACHIIICHHUS BXOIHBIX
naHHbIX. OJIMH U3 HUX CBSA3aH C BXOJOM X, JIpyroi ¢ BXOJ0M Y.

Bceero cymectByer aBa Tuna (GpyHKIUI aKTHBAIIUH:
e mnoporosas ¢pyuknus (cm. Puc. 1-13a);

o (ynkuus Hackimenus (cm. Puc. 1-130).

Puc. 1-13. Twuner BcTpoeHHBIX QyHKIMIT axTmBarmm nporeccopa NM6403
APesynbtaTt APesynbraTt
H
0 . 0 .
NcxogHble aaHHble McxogHble AaHHble
—0-1 -H-1
Moporu

a) lNopoeosas pyHKYUs b) ®yHkyusi HacblweHus

B Onokax aKTHBaMU OCYIIECTBISIFOTCS BBIYUCICHHUS HaJ
YIIaKOBaHHBIMH CIIOBAaMH JIaHHBIX. bBIJIOKM aKTHBalMK MO3BOJISIOT
NPUMEHATh (YHKIMH aKTUBAlMM KO BCEM JIJIEMEHTaM YIaKOBAaHHOTO
cioBa OXHOBpeMeHHO. OCHOBHYIO pOJIb B YINpaBI€HUH (QYHKIHSIMU
akTuBauuu wurpator peructpel Flcr u F2cr. bonee nonpobHyro
uH(popMaIrio 00 UX POJH B YIpaBIeHUH 00paOOTKON MOTOKOB JaHHBIX
cM. nyHKT 3.4.1 Peructpsi flcr u f2cr.

brioku  akTHMBanuMM =~ pa3MemIalOTCS  MEXAY ~ YCTPOWCTBOM
MackupoBaHus u Paboueit Matpuneit win Bexkropasim AJIY. OyHKIMH
aKTHUBALIUM MOTYT OBITh MOJBEPTHYTHI MO0 NaHHBIE, MOCTYMAIOIINE Ha
BxoJ X, mu6o Ha Y, 1100 Ha 06a Bxoa cpasy.

Bbi0op THIa akTUBAIMM 3aBHCUT OT TOTO, B KAaKOil KOMaHJE 3Ta
akTuBanus 3agaercs. CymecTBYIOT JBa THUIA BEKTOPHBIX HHCTPYKIHWH:
apudmMeTnyeckne u Jornueckue. TepMunsl “apudmMernyeckas BEKTOpHas
MHCTPYKLHUA ~ ¥ “JOruYecKasl BEKTOpHas HHCTPYKIUS OMHCAHBI HUXKE B
HTOM IOAITYHKTE.

[ToporoBasi (h)yHKIHSI MOKET OBITh NMPHMEHEHAa K YMaKOBAHHBIM
CJIOBaM JIaHHBIX, TOJBKO €CIIM OHU OOpadaThIBarOTCA JOTMUYECKOH
BEKTOPHOM MHCTpyKUHeH. PyHKIUSA HACBIEHUS MOKET UCIIOJIb30BaThCs
TOJIBKO B Tape C apupMETHYECKOW BEKTOPHOW HHCTpyKIHen. Takum
oOpa3oMm, TmoporoBass (YHKIUS HA3bIBACTCS TaKXKe “JIOTHYCCKOU
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aKTuBaluel”’, Torma Kak (YHKUOMS HACBHIMIEHUS yKa3aHa Kak
“apupmMeTndecKas akTUBAIUs .

Apugpmemuyeckast AkKmusayusi

@OyHKIMSA HACHIMICHUS MOXET OBITh HCIHOJIb30BaHAa TOJBKO B
cocTaBe  apU(METHUUECKOH  BEKTOPHOW  HMHCTPYKIMH.  TepMHH
“apupmernyeckas BEKTOpHas HMHCTPYKLHUS  BKIIOYaeT B  ce0s
CIICAYIOUINIA CIICOK BEKTOPHBIX WHCTPYKITHIA:

e Bce TuUmbl MHCTPYKLMI, COIEp)KAIUE ONEPALUI0 B3BEIICHHOIO
cymmupoBanus. Hampumep:

Bxoa X Bxoa Y
rep 12 with vsum , activate ram, afifo;

3ape3epBUPOBAHHOE  CJIOBO “activate” ykaspIBaeT, 4TO
q)YHKHI/ISI HAaChIIICHUA NPUMCHACTCA K AAaHHBIM, IIOCTYIIAONIMM Ha
Bx0ja X PaGoueit Matpuiisr;

e Bce Tumbl MHCTPYKIMM, coAepialiie apupMeTHYecKue OIepaluu.
Hanpunwmep:

Bxoa X Bxoa Y
rep 32 data =[arO++] with data + activate ram;

B sToM cnywae tepmun “activate” osHauaer mpuMEHEHHE
(GYHKIMM HachIIEHWs K JaHHBIM, I[OCTyNAaloIIUM Ha BXonx Y
BexropHoro AJIY.

Bce BekTOpHBIE MHCTPYKLMM, YKa3aHHbIC BBIIIE, HMMEIOT
HEKOTOpBIC XapaKTepHbIC 4epThl. Bce OHU comepkar apudMeTHuecKue
onepanuu. Utak, QyHKIMS HACBHIIICHHWs] HAa3bIBaeTCs “‘aprupMeTHUECKON
aKTHBAIMEH’, TaK KaK HCIOJIb3YeTCs BMECTe C apu(pMEeTHYeCKUMHU
UHCTPYKUHUSAMU.

Jloeuyeckass Akmusayusi

[loporoBass ¢yHkuMs, B OTIMYME OT (PYHKIMHM HACHIIIEHUS,
UCIOJIb3YETCS TOJBKO COBMECTHO C JIOTMYECKHMMH BEKTOPHBIMHU
MHCTPYKIMAMU. TepMuH “norudeckasl BEKTOpHAst HHCTPYKLUS~ CBSA3aH C
MHOXECTBOM BEKTOPHBIX MHCTPYKLHUH, KOTOpPBIE COAEPXkKAT TOJBKO
JIOTHYECKHE Ollepaluy, BelnojHsAeMble Ha Bektopaom AJIY. Hanpumep:

Bxoa X Bxoa Y
rep 32 data = [arO++] with data or activate ram;

B sToMm ciyuyae TepMuH “akTHBaMsA’ O3HAYAET, YTO MOPOroBas
GyHKIMA TNpUMEHAETCs K JaHHBIM, [OCTyMalolIMM Ha BXox Y
BexropHnoro AJIY.

[ToporoBasi (yHKIUS HCIOJNB3YETCS BMECTE C JIOTUYSCKUMU
BEKTOPHBIMH HHCTPYKIIMSIMH, TIO9TOMY HA3BIBACTCS TAKXKE “‘JIOTHYECKast
aKTUBaLusa .
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bonee moapoOnas wuHQOpMALUs O BBINOJIHEHUH AKTUBAILUH
npuBeneHsl B noanyHkTe 3.4.1 Peructper flcr u f2cr.

1.5.6 Uuknuyecknin casur Brnpaso onepaHga X npu B3BeLLEHHOM CyMMUPOBaHUU

JlanHble, mocTynapmye Ha BXoa X MpHU ONepariy B3BEIIEHHOTO
CYMMHPOBAHUS WJIM MACKUPOBaHUS, MOTYT OBITh TIOJBEPTHYTHI
[IUKIMYCCKOMY CMEIIEHUI0 Ha oauH OuT BmpaBo (cm. Puc. 1-4). Dto
CMeIeHrne He0OXOAMMO ISl TOT0, YTOOBI KOMIICHCUPOBATh HEYJ00CTBA,
KOTOpBhIE BO3HHUKAIOT M3-32 HEBO3MOXKHOCTH pa3OMeHUs JaHHBIX,
MoJlaBaeMbIX Ha BxoJ X paOoueil MaTpullbl, HAa HJIEMEHThl HEYETHOU
pa3psAAHOCTH, B YACTHOCTHM Ha DJIIEMEHTHI pa3psaHocTH 1  Owur.
MuHUMaIBHO BO3MOXKHAs Pa3psAIHOCTh 3JeMeHTOB 2 Outa. Tak Kak
peructp Sbh2 He mo3BoisSeT 3aaTh NOOUTOBOE pa30MEHHE JAaHHBIX Ha
Bxoje X, HE0OXOIUM JOMOJHUTENbHBIN mpeoOpa3oBaTenb A TOrO,
4yToObI OOecreynTh 00paboTKy cTapmmux OHTOB MpPU JIBYXOMTOBOM
pa30oueHun. JTO TpeoOpazoBaHUEe O0ECIIEUYMBACT IUKIUYCCKUI CHBUT
BpaBo Ha oauH Owut. Ilpm 3TOM pa3dOueHue Ha SIEMEHTHI HE
YUHUTHIBAETCS, TO €CTh CIBUTAeTCs IEIUKOM BCE CIOBO. B aToM ciydae
cTapiiue OUTHl JBYXOUTOBBIX CIIOB CTaHOBSITCS MIIQAIIUMH U MOTYT
TENeph MPUHUMATH YydYacTHE B BBIYHCICHHUSIX. Miammmue OWThI
CTaHOBSITCSI CTapIIMMH B COCETHEM JJIEMEHTE CIIpaBa, HO OHH MOTYT
ObITh MACKHUPOBAaHBI B TOH e BEKTOPHON HMHCTpPYyKIuHU. PaccmoTpum
CIIEAYIOIINM IpUMeEp:

Ham HeoOXoauMoO MpOW3BECTH TOJTHYIO TEPECTAHOBKY BHYTPHU
64-pa3psgHOTO CIIOBA

63

N -

~ 4 ‘H

Pabouas Marpuna pa3buta Ha 32 cTpoku U 64 cronlua.
3amomHUB oTHenbHBIC stueiiku Paboueir Matpurer 0 mim 1, MBI MOXXeM
OCYILIECTBUTh MEPECTAHOBKY KaKIOro MIIAIIEro OMTa 2-X pa3psAHbIX
3JIEMEHTOB BXOJHOT'O CJIOBA JUIS MOJY4YEHHs] HEOOXOAMMBIX TMO3UIMHA B
BBIXOJTHOM CJIOBE.
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Kpatkuin O630op CtpykTypbl Npoueccopa

Puc. 1-14. [ob6uroBas nepecrTaHoBKaA Ha Pabouer MaTpuie

Pabouas MaTtpuua

63
El

NcxogHoe cnoso

B

[k g il
63 LleneBoe cnoso 0

JI7st IepecTaHOBKY CTApIINX OMTOB 3JIEMEHTOB HCXOIHOTO CJIOBA
MBI JOJDKHBI CIBUHYTh MX Ha OJMH OHMT BIpaBo. B 3TOM ciyyae crapiue
OWUTBI CTAHOBATCA MIAAUIMMM M MOTYT OBITh 00pabOTaHBl TeM e
crroco0oM, Kak nmokasano Ha Puc. 1-14.

LIMKINYECKUI CIOBUT MOKET OBbITh MPUMEHEH K HCXOIHBIM
JaHHBIM B BEKTOPHOM WHCTPYKIIMH BMECTE C OIEpaIlell B3BEIIEHHOTO
CYMMMpOBAHHUSI WJIH MAacCKUpOBaHHEM. AKTHBU3UPYETCS YCTPOWUCTBO
IMUKIINYCCKOIro caBura HpI/I HUCIIOJIb30BAHHUHN B BeKTOpHOI\/JI KOMaHIC
KJIroueBoro ciiosa “shift”.

Hanpuwmep,
Bxon X Bxoa Y
rep 12 data = [arO++] with vsum , shift data, O;

Bonee moapobno cm. monpasznen 5.2 BekTOpHbIE MHCTPYKIUH
NM6403.

1.5.7 MNMopsgok BbiNoNHEHNA Nnpeobpa3oBaHnini Haa AaHHbIMK Ha BI

B BekTopHOM OJI0KE pacHOJOKEHBI IIECTh BBIUYMCIUTEIbHBIX
y370B. MHOTHE W3 HHUX MOTYT OBbITh BKJIIOYEHBI B BBIUHCICHHS OTHOU
BEKTOPHOW MHCTPYKIIMEH, B 3TOM Cllydae MpeoOpa30BaHUs BBITIOTHSIIOTCS
B omnpexneneHHoM mnopsanke. Ha Puc. 1-15. Tlopsimox BBIOSHEHUS
npeoOpa3oBaHMIA Ha Bektopaom IIpoueccope MoKa3zaHa
MOCIIE0BATEIBHOCTh MPEOOPa30BaHMIA, KOTOPHIM MOIBEPraloTCs JaHHBIC
B Iporuecce BeruucieHuid Ha Bekropaom IIponeccope.

[G]
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Kpatkmn O630p CtpykTypsbl Npoueccopa

Puc. 1-15. llopganokx  BEIIOJIHEHMS  Opeobpas3oBaHMy  Ha  BekKTOpHOM
Iponeccope
Bxopanas IlIuna BekTopHbIx JJaHHBIX
d RAM
Bbrnox MackupoBanus
Biok Biok
AKTHBAIMN AKTHUBaLINHU
Huknuueckuii
CaBurareib VR
Pabouas
Matpuua
Bextopaoe
AJTY
AFIFO
Brixognas luna BextopHbix JlaHHBIX
Kaxapiii 6510k 00paboTKH MOXKET MPOIYyCKaTh Yepe3 ceOs JaHHbBIS
0e3 wu3MeHeHMH, JHMO0 MOAUPUIIUPOBATH HX. OTO OMPEASIAETCS
acceMONMepHOM  WHCTpyKUMEH.  AKTUBU3HMPYIOTCS  OIpeAelcHHbIC
BBIYUCIIUTENbHBIE Y3JIbl C TOMOIIBI0O HCIHOJIb30BAHUS B HHCTPYKIHUU
CIIEIMAIbHBIX KJIIFOUEBBIX CJIOB.
Hanpuwmep, “shift” ucnosnp3yercst mist akTHBU3AIMK yCTPOHCTBA
[UKJIMYECKOro caBura, “mask” wucmomb3yercst IS aKTHBH3AIUH
omnepaly MacKHUpPOBaHMs, M Tak jajee. B oqHON MHCTPYKIUU MOXKHO
aKTHUBU3UPOBATH 1o LIECTH y3JI0B, OJIHAKO, BBLIIIOJIHEHUE
@
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npeoOpa3oBaHUil HaJA JAHHBIMH OyAeT MpPOU3BOAUTHCS B MOpPSJKE,
mokazanHoM Ha Puc. 1-15.

1.6 Omnu4usi cmpykmypsi npoyeccopa NM6405 om npoyeccopa NM6403

e [Iporeccopsl COBMECTUMBI CHU3Y BBEpX, T.€. Bce KomaHbl npoueccopa NM6403 umerorcs
Ha NM6405 u paboTaroT B TOYHOCTH TaKKe.

e [lepucdepuiinple ycTpoiCTBa BEIHECEHBI 3a MPEAEIIBI SApa MPoLEeccopa.

O Hanmnune KOMMYHMKAalMOHHBIX IIOPTOB U PETUCTPBI YIPABICHUS HUMU MOTYT
BapbUPOBATHCS B PAa3HBIX BapuaHTax KoMIUIeKTanuu sapa. I[logpoOnee cwm.
onmcanue mporeccopa NM6405.

O Moryt mnpucyrcTBoBaTh Heckolbko DMA-kananoB nns oOMeHa ¢ BHeUIHEH
namsiTbio 0e3 yuyactus mporeccopa. OmucaHue perucTpoB YIPaBICHHS CM. B
ormcanunu nporieccopa NM6405.

O Hanuuue taiiMepoB M PETUCTPHI YNpaBICHHS HMMH MOTYT BapbUpOBAaTHCS B
pa3HBIX BapHaHTaX KOMIUIEKTaluu siapa. [logpobGHee cM. omucaHue mporeccopa

NM6405.
O @opMar perucTpoB YIpaBICHUs BHEIIHEH NMaMATBIO CM. ONHCAaHHE IIpoleccopa
NM6405.
®
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O630p OcHOBHbLIX dneMeHTOB fA3blka Accembnepa

[Iporpammebl, HamucaHHbIe Ha si3bIke accemOiepa ans NM6403,
COCTOSIT U3 Pa3IMYHBIX CHHTAKCHUYECKUX KOHCTPYKIIUH, KOTOPHIE MOTYT
BKJIIOYaTh B Cce0S JHUPEKTUBHI acceMOiepa, WHCTPYKIIUU, MaKpPOCHI,
MICEBJOKOMAH/IbI, KOMMEHTapuu. JIJIMHA CTPOKHM CHHTAKCUYECKOU
KOHCTPYKIIMM OTpaHUYEHAa TOJIbKO TPeOOBAaHMUSMHU TEKCTOBOTO (aiiyia u
yI00CTBOM MIPOCMOTPA B Pa3INIHBIX TEKCTOBBIX PEIAKTOPAX.

Crnenyronme CTPOKH JIEMOHCTPUPYIOT HECKOJIBKO TMPUMEPOB
KOPPEKTHBIX CUHTAKCUYECKUX KOHCTPYKIUH!
MySym: word = 80h;
<L1>

Il Onpeoenenue nepemennoil.
Il Onpeoenenue memru
arO = ar2 + gr2; Il Moougpuxayus adpecrozo pecucmpa

rep 32 [arO++] = afifo; // Bekmopnas komanoa

CuHTakcuyeckass  KOHCTPYKIUSI HE  COAEPKUT  KECTKHUX
TpeOOBaHUN K CTPYKTYpE CTPOKH, TO €CTh HET MpPeIONpeeICHHbBIX
MO3UIIMH, B KOTOPBIX JOJKHBI PACIIONaraTbCsi T€ WIM MHBIC TIOJISI KOMaH/I
WJTU TUPEKTHB.

Kaxnas accemOnepHass MHCTPYKUUS JOJDKHA 3aKaHUMBATHCS
3HakoM ‘;’. Ecnm Ha Tekymieidl cTpoke accemOiep He HaXOIUT 3HAaK
OKOHYaHUS MHCTPYKIMH, OH IOJAraeT, YTO MHCTPYKLHS IPOIOJIKAETCS
Ha cIIelyIoIIel CTpOKe.

OOmwmii BUJ CHHTAKCUYECKOH KOHCTPYKLUH, COOTBETCTBYIOIICH
acceMOJIEpHBIM UHCTPYKIUSAM, MOXKET BBITJIJETh CAEAYIOIUM 00pa3oM:
[<meTKa>] accemOnepHas HHCTPYKIWMS,; [//koMMeHTapuu]
MeTKy U1 KOMMEHTapUU MOTYT OBITh OIYIICHBI.

C-mof00HBle MHOrOCTpOuHble (/**/) KOMMEHTapuu B S3bIKE
TaKKe JIOMYCKAIOTCSL.

2.1 CnyxebHble croea u uéeHmugukamopbl

B pacnonoxxeHHBIX HWXKE TaOMWIIaX MPUBEIACHBI OTIEIBHO
OCHOBHAsl TpyTIa CIy>KeOHBIX CIIOB, U CITY>KEOHBIE CIIOBA, UCIIOJIb3yEMbIE
JUISL XpaHEHUs OTIa0YHON HHPOPMAITUH.

Tabs. 2-1 OcHOBHEE cCiyXeOHEIE CJOBa SA3BKA acceMbjepa.

-align -branch | .endif | _endrepeat | .repeat | .wait activate
addr afifo and begin call callrel |carry
cfalse clear code common const ctrue data
delayed | double dup end extern false flag
float from ftw global goto hiword if

euro
atrix
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0O630p OcHOBHbIX OnemMeHToB A3blka Accembrepa

import ireturn | label local locdesc | long loword
macro mask nobits | noflags not nul offset
own push pop ram ref rep return
sconst set shift sizeof skip store string
struct true uconst | vfalse vnul vregs vsum
vtrue weak wFifo with word wtw Xor

Tabys. 2-2 CrnyxeCHele CJA0Ba S3BKa adcceMbyepa IJjs ILejell OTJAAaLKM.

-debug_arange -debug_die -debug_die_child
-debug_die_endchild -debug_end_sequence -debug_frame_cie
-debug_frame_fde -debug_line -debug_macro_def

.debug_macro_end_file | .debug_macro_start_file | .debug_macro_undef

-debug_pubname -debug_root_die -debug_source_directory

-.debug_source_file -debug_start_sequence

Accembnep yuumvisaem pecucmp cumeonos (paziuuaem nponuchvie u
CMpoUHbIE), NOIMOMY CILYIHCEOHBIE CN068A  OOJNHCHBL  3ANUCHIEAMBCS
CcmpounbIMU OYKEamu, 6 NPOMUBHOM CyYae Cl060 OyOem GOCHPUHSIMO
KaKk uoeHmughuxamop.

lNpnmevaHue

Bce peructpsl mnpoumeccopa Takke SBISIIOTCS  KIOUYEBBIMU
cnoBamu. OHH BCer/a 3aMUCHIBAIOTCS CTPOYHBIMU OykBamu. Hampumep,
3amuch "'gr0" o6o3HavaeT peructp npoieccopa, a "Gro" wiam "GRO" - 3TO
y>Ke UICHTHU(PHUKATOPHI IEPEMEHHBIX.

Tabs. 2-3 Perwmcrpr nporeccopa NM6403.

OBO3HAYEHME | HABHAYEHUE PA3PAOHOCTb
grj Peructp o6mero Hasnauenus j (j=0,...,7) 32
arj Anpecnsiii peructp j (j=0,...,7) 32
pc CyéTunK KOMaH 32
pswr Peructp ciioBa cocrosiHUS mporieccopa 32
intr Peructp 3ampocoB Ha npepsIBaHKE U MIPSIMOI 32
noctym K mamsta (TT/IIT)
fjer(h, 1) Peructp ynpasienns byukuueii akrusanun j | 04(32+32)
(1=1,2)
vr(h, D) BekropHsbli peructp 64(32+32)
nblch, 1) Peructp rpanui HeipoHOB 64(32+32)
sb(h., 1) Peructp rpaHmil cHHancos 64(32+32)

@
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0O630p OcHoBHbIX OnemeHToB A3blka Accembnepa

gmicr Peructp ynpasnenust uarepdericom ¢ 32
JI00aTHbHOM ITUHBI

Imicr Peructp ynpasnenus uarepdericom ¢ 32
JIOKaJIbHOM IINHBI

ocaj Peructp anpeca kaHana Beisona j (j=0,1) 32

icaj Peructp anpeca kanana Beosa j (j=0,1) 32

occj Cuerunk Kanana BeiBosa j (j=0,1) 32

iccj Cuerunk Kanana Boza j (j=0,1) 32

dorj Peructp naHHBIX KaHana BeiBoja j (j=0,1) 64

dirj Peructp nanHBIX KaHana Beoja j (j=0,1) 64

tj Peructp ynpapienus Taiimepom j (j=0,1) 32

MpumeyaHue  Pecucmpor dorj, dirj ucnonvszyiomes kax Oyghepnvie pecucmpol npu

pabome KOMM. nOpmog. Xoms OHU U HPOSPAMMHO OOCHMYNHbI,
B03MOJCHOCMb UX NPAKMUYECKOE NPUMEHEHUe 6 NOab3068aAMmeNbCKOl
npozpamme 8ecbMa CcoMHumenvHa. Jlanee 6 OOKyMeHme OHU He
ONUCHIBATOMCSL U HE YNOMUHAIOMCAL.

Tabsn. 2-4 Perwmcrpr nporeccopa NM6405.

OBO3HAYEHME | HABHAYEHUWE PA3SPAOHOCTb
grj Peructp o6mero HazHauenus j (j=0,...,7) 32
arj Anpecasiii peructp j (j=0,...,7) 32
pc CYETunK KOMaH/I 32
pswr Peructp c1oBa COCTOSHHUS TPOIIEccopa 32
intr Peructp 3ampocoB Ha NIpephIBAHUE U NPAMOiT | 32
noctyn k mamsta (ITJ]IT)
ficr(h, 1) Peructp ynpasnenus GyHKIIUCH aKTHBAIHH | 64(32+32)
(1=1,2)
vr(h, 1) BekTopHbIii peructp 64(32+32)
nblCh, ) Peructp rpanuil HeiipoHOB 64(32+32)
sb(h, 1) Peructp rpaHmIl CHHAIICOB 64(32+32)
pri Peructp nepudepun j (j=0,18) 32
MNpumevaHue  Haszunauenue pecucmpos prO-prl8 6 pasnuunvix pecucmposvix oKHAX CM.

OOKYMeHmayuio no npoyeccopy.

@
euro OnucaHue sA3blka accembnepa 13
atrIX CrpaBo4yHOE PyKOBOJCTBO



0O630p OcHOBHbIX OnemMeHToB A3blka Accembrepa

Tabn. 2-5 Perwmcrpr, orcyrcreyomme Ha NM6405

gmicr Peructp ynpasnenus uarepdeiicom ¢ 32
rI100aTbHOM ITUHBI
Imicr Peructp ynpasnenust uarepdericom ¢ 32
JIOKAJTbHOW TITHHBI
ocaj Peructp aapeca kanaia BeiBoja j (j=0,1) 32
icaj Peructp aapeca kanana Beoaa j (j=0,1) 32
occj Cuerunk kaHasna BeiBoja j (j=0,1) 32
iccj Cuerunk kanasna Beoja j (j=0,1) 32
dorj Peructp nannsix kanana BeiBoja j (j=0,1) 64
dirj Peructp nanneix kanana sBoza j (j=0,1) 64
€ Peructp ynpasnenus taiimepoM j (j=0,1) 32
2.1.1 NgeHTndpumkatopsbl
Unentuduraropst MCIIOJTB3YFOTCSI TSI 0003HaYCHHS

IMpOorpaMMHBIX O6”beKTOB, TaKUX KaK MCTKH, IIEPEMCHHBIC, KOHCTAHTHEI U
MaKpOCHI.

Jlekcuuecku  MOCHTU(UKATOPOM  MOXKET  ObIThb  Jro0as
HOCJIEIOBATEIbHOCT  CHUMBOJIOB,  Y/AOBJICTBODSIONIAs  CIIEAYIOIIUM
YCIIOBUSIM:

o HepBLIf/'I CHMBOJI IMOCJICAOBATCIBHOCTHU — JIATUHCKAasA 6yKBa
MJIM CUMBOJI IOJYCPKUBAHUS «_»;

® OCTaJbHBIE CHMBOJIBI MOCIEIOBATEILHOCTH — JATUHCKUE
OykBbI, IU(PBI, CUMBOJIBI MOAYEPKUBAHUSA «_» M TOUKH
«»;

® [IOCJICNOBATEIBHOCTh HE COBNANACT HHU C OJHUM
CITyKEOHBIM CIIOBOM

HI[GHTI/I(bI/IKaTOpBI, KaK " CJ'Iy>KC6HLIC CJIOBA, YYBCTBHUTCIIbHBI K
peructpy.

2.2 Cmpykmypa accembnepHozo Paiina

@aiin HMCXOJHOTO TEKCTa MPOrpaMMBbl, pa3pabaTbiBaeMoOil Ha
S3BIKE acceMOJiepa, MMEET ONPEACTICHHYIO CTPYKTYpY, IPUBEICHHYIO Ha
Puc. 2-1:
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0O630p OcHoBHbIX OnemeHToB A3blka Accembnepa

Puc. 2-1 CrpykxrTypa acceMbaepHOIo Qariia.

2.3 Cekuyuu

AcceMbJiepHEM bani

Cexkumus

Cexkumus

Cekuusga

Cexkumus

VYCIIOBHO MPOCTPAHCTBO acceMOyiepHOTO (paiiina MOKHO pa3OUThH
Ha MOANPOCTPAHCTBO CEKIMA U TIOATPOCTPAHCTBO MEKIY CEKITUSIMH.

Cekuuu B s3bIKe acceMOiiepa ObIBAIOT TPEX TUIIOB!
® CEKIMH KOJa,
® CCKI[MU MHHUIIMATU3UPOBAHHBIX JaHHBIX;
® CEeKIIMU HEMHUIIMATN3UPOBAHHBIX JAHHBIX.

CeknuM BCeX THIIOB, BCTpEYaeMBIX B S3bIKE acceMoOiepa Jyis
mpoueccopa  NM6403, mMOAYMHSIOTCS  OAMHAKOBBIM  MpaBHIIaM
oopmienus, KoTopsie OyyT epEUNCICHbBI HUXKE.

lMpasuna oghopmsieHus1 cekyul

Cekiusi HaYMHAETCSL CO CITy’)keOHOoro cioBa: begin, data wiu
nobits, sBIfIONIEroCcsT OTKpPHIBAIOMIEH CKOOKOM W 3aKaHYMBAETCS
cioBom end (3akpbiBaromiasi ckoOka). Ilo oOTKpbIBaromieii CKOOKe
accemOrnep omnpeaensieT, KakoB THUIl JaHHOW cekiuu. MHbopmaius o
COOTBETCTBUHU KIIFOYEBBLIX CJIOB OTKpLIBaIOH_[eﬁ CK06KI/I TUIIaM CCKI_[I/II\/JI
Oymer  mpuBeneHa  HWKe B 3ToM  nyHkre. Cpasy  3a
OTKPBIBAIOIICH/3aKphIBAIOIIECH CKOOKOW B TOH K€ CTPOKE JOJIKHO
pacmnonaratecs uMs cekuuu. Hampumep, cekmus koga mysect AoimkHa
OBITH O(hopMITEHA CIIEAYIOIIUM 00pa3oMm:

begin mysect // nauano cexyuu mysect
meijo cekyuu

end mysect; [/ koney cexyuu mysect

[Tocne oTkphIBaroel CKOOKM TOYKA € 3aMsSITOH He CTABHTCH,
MOCJIe 3aKphIBAIOLIEH CTABHTCH 00s13aTesibHO. MMeHa cekuuu mpu
OTKPBIBAIOMICH U 3aKPBIBAIOIICH CKOOKAX JIOJDKHBI COBIIAIATh.
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0O630p OcHOBHbIX OnemMeHToB A3blka Accembrepa

2.3.1 Cekumu koga

WMst cexmu MOKeT OBITh MPOM3BOJIBHON JUTMHEI B Tipefenax 255
cuMBosIoB. OHO mpezcTaBisgeT coO0l HAOOp 3arjiaBHbIX U MPOMUCHBIX
JATUHCKKUX OyKB, udp u 3HaKa *_’. IMs ceKkIuu He TOHKHO HAYNHATHCS
¢ UQPBHI, TOIBKO ¢ OYKBBI WK *_

Nmst cexinu MOsKeT OBITh 3aKJIFOYEHO B JBOMHBIC KaBBIYKH, TUOO
HCIIONIb30BaThCs 0e3 KaBblueK. Eciau 0HO He 3aKiII0UeHO B KaBBIYKH, OHO
HE JOJKHO COBIMAgaTh HU C OJHUM U3 CIy)KEOHBIX CIIOB S3bIKa
accembnepa. Ilpu »TOM, K Ha3BaHUIO CEKIMH, HE 3aKIIOYCHHON B
KaBBIYKH, TIPH 3alUCU €€ B OOBCKTHBIA (aill crepenau T00aBIICTCS
TOYKa, TO €CTh, HAIPUMED, CEKIUs MysSect, coxpaHEeHHas B O0BEKTHOM
daiine, momyyaer HoBoe UM - mysect.

Ecim uMs CeKIUM 3aKiIFOYCHO B JIBOMHBIC KaBBIUKH, HAIpUMeEp:
begin "mysect”, To B 3TOM ciy4ae 3TO WMs MOMAaJET B OOBEKTHBII
daiin 6e3 m3MeHeHHs. VIMs CeKInM, 3aKITFOYCHHON B KABBIYKH MOKET
COBIIAJIaTh CO CIIY)KECOHBIM CIIOBOM.

B CCKOMAX HNAHHOI'O THUIIA COACPIKATCA IMOCICAOBATCIIBHOCTU
PIHCprKI.[PIfI, OMPCACIIAIOIIHNEC MOPAAOK BBIITOJHCHUA ITPOTrPpaMMBI.

Cekuust KoJla HAUMHAETCS C OTKPBIBAOILEH CKOOKHU begin.

Jns ynoGctBa manbHeimield paboOThl C  CEKIHMSIMH  KoJa
pekoMeHayeTcst (OpPMHUPOBATH UM CEKIMM IyTeM IMpHOABICHUS K
IpUIyMaHHOMY HMeHH Impedpukca text, Hampumep: begin
textmycode. Hamnume naHHOro mnpedukca SBISETCS CUTHAIOM IS
JeKozepa OOBEKTHBIX W HUCHONHSIEMBIX  (QaitioB  (dump.exe)
OCYULIECTBJIATh ABTOMATUYECKOE ACKOIMPOBAHHUE CEKIUH, KaK CEKLNU
KoJa.

B cekuum Koga BO3MOXKHO IOMEIATh HE TOJNBKO KOJbI
MHCTPYKLUN, HO ¥ CTPOKH OOBSABICHUS nepeMeHHbIX. Ecnu nepeMenHas
WHUIHAIM3UPOBAaHA, TO €CTh €l MPUCBOCHO HaYaIbHOE 3HAYEHUE, TO OHO
pacrmojaraercsi B CEKIMHM II0 COOTBETCTBYHOIIEMYy anpecy. Ecnu
NEpeMEHHAas HE WHUIUAIU3HPOBAHA, TO B CEKIMM BBIIEISAETCS MECTO,
KOTOPOE 3aIOIHSIETCS HYJIEBbIM 3HaYCHHEM.

Hanpumep, cekius kona MoxKeT ObITh odopMIIeHa CIeAYIOUIM
obpazom:
begin "_textmycode"

Il 6r0x 06vAGICHUA NEpeMeHIbIX.
A: long = 0123456789ABCDEFhI ;
B: word;
Il 6nox uncmpyxyuil npoyeccopa.
<Label>
ar0O = A;
ar2,gr2 = [ar0];
end ' .textmycode';
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0O630p OcHoBHbIX OnemeHToB A3blka Accembnepa

B03M0OKHOCTh 0OBSBICHHUS IEPEMEHHBIX B CEKIMH KOJla BBE/ICHA
CKOpee Kak yJIoOHas BO3MOXHOCTb, HEXEIU KaK IOCTOSHHO
UCHONb3yeMblid mpueM. Jlns oObsBIEHHS WHULIUAIN3UPOBAHHBIX U
HEMHULMAIN3UPOBAHHBIX IEPEMEHHBIX CYLIECTBYIOT CBOM THIIBI CEKIIH,
paboTtath ¢ KOTOpPBIMH OoJiee y100HO, TOTOMY YTO MOXKHO YTIPaBIISATh UX
ITOJIOKEHUEM B ITAMSTH IIpOLEcCopa.

2.3.2 CeKkumn NHMLUNann3npoBaHHbIX AaHHbIX

B cekumax maHHOro THma colepxkarcs OOBSBICHUS U
WHUIIAIA3AIHS IEPEMEHHBIX, UCMOJb3YEMbIX TPOrPaMMOil.

Cekuuss  MHUIMAIM3MPOBAHHBIX  JaHHBIX  HA4YMHAETCA  C
OTKpBIBaromiei ckooku data.

[Tpumep cekny UHUIHMATU3UPOBAHHBIX TAHHBIX:
data ".my_init _data"
Vall: word = 12;
Val2: word = 0A5h;
Arr: long[4] = ( OFFOOFFOOFFOOFFOOhI dup 4 );
end ".my_init data";
AccemOnep mo3BoJIsieT OOBSABIATh HEHMHHUIIMATM3UPOBAHHBIC
MIEPEeMEHHbIE B CEKIMM WHHUIMAIM3UPOBAHHBIX JAHHBIX, HAlpUMEp, HE
BBI30BET OIMIMOKH CIeAYIONMas KOHCTPYKITHUS:
data ".my_init_data"
Vall: long = 12;
Arr: long[4]; /I neunuyuanuzuposannas nepemennas.
Val2: word = OA5h;

end ".my_init _data";

Omnako B mpolecce  acceMOMUpOBaHUSI  Pa3ACIISIFOTCS
WHUIMAIM3UPOBAaHHBIE U  HEHMHHWIIMAIU3WPOBAaHHbIE JaHHble. Jlis
HEUHUILIMAIU3UPOBAHHBIX TMEPEMEHHBIX CO3JA€TCsl  JIOMOJIHUTENbHAS
CeKIMs, KyJa TIIOMEIIAI0TCs BCce OOHapy)XCHHBbIE TEPEMEHHBIC.
CymiecTByeT MpaBWIO BHIOOpAa UMEHU CEKIIMHM HEHMHHUIHATH3UPOBAHHBIX
JaHHBIX, aBTOMATHUYECKH TMOpokaaeMoil accemOnepom. K wumeHu
COOTBETCTBYIOIIEH CEKIIMY MHUIMATU3UPOBAHHBIX JaHHBIX J00aBIsSETCS
npedukc ".bss", mampumep, mis cexmum ‘'.my_init_data' Oyzner
co37aHa JIOMOJHUTEIBHO cekius "' .bss.my_init _data".

Takum 006pa3om, €ciiv B CEKLIUIO MHUITUATU3UPOBAHHBIX JAHHBIX
MOMaIal0T HEMHUIIMATU3UPOBAaHHBIE TIEpEMEHHBIE, acceMOyiep BO BpeMs
KOMITUJISIITHH co3aer JIOTIOJTHUTEBHY O CEKIIUIO
HEMHUIMAIM3UPOBAHHBIX JAHHBIX, KyJla IOMEIIaeT BCE HaleHHBIC
HEWHUIIMAJIM3UPOBAHHBIC TEPEMEHHBIC, YTO SKBHUBAJICHTHO CICAYIOIICH
KOHCTPYKIIUU:

data ".my_init _data"
Vall: long = 12;
Val2: word = OA5h;

end ".my_init data";

@
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MpnmeyaHue

nobits ".bss.my_init_data"
Arr: long[4]; /lmeunuyuanusuposannas nepemennasi.
end ".bss.my_init_data";

Ecim B cexkuuM WHULIMATW3UPOBAHHBIX JaHHBIX OOBSBIICHA
CTPYKTYypa, MOJS KOTOPOW YAaCTUYHO HHHUIMATM3WPOBAHBI, TO OHA He
pa3pbiBaeTcsi Ha WHUIMAIU3UPOBAHHBIE W HEHHHUIIMAIM3UPOBAHHBIC
yacTu. HenHunmanu3upoBaHHbIE MMOJIS 3alOJHAIOTCS HysiMu. Eciou Bce
MoNis  HE  WHUIMAIW3UPOBAaHBI, TO  CTPYKTypa I[OomMajaeT B
COOTBETCTBYIOUIYIO CEKIIMI0 HEUHUIMAIU3UPOBAHHBIX JaHHBIX. Jlis
TOTO, 4YTOOBI  CTPYKTypa oOcCTajach Ha MeCTe, JOCTaTOYHO
WHULUATIM3UPOBATH XOTsI ObI OJTHO €€ TOoJIe.

Ecnmu uma cexyuu uHUYUATUSUPOBAHHBIX OAHHLIX He 3AKNIOYEHO 8
KABbIUKU, MO 8 Npoyecce KOMAUIAYUU NPU CO30AHUU COOMBEMCMBYIoujel
ell ceKyuu HeUHUYUANUZUPOBAHHLIX OAHHBIX, UMs NOClIedHell Oydem
nopooicoeno nymem oobaenenus npegurkca ".bss.". K npumepy, no
cexyuu AAAA U3 UCXOOHO20 MeKCma NPOSPaMMel, 8 00beKmMHOM ¢haiiie
0yoym cozoanvl cexyuu -AAAA u _bss.AAAA.

2.3.3 CeKumm HENHNLMaNmM3npoBaHHbIX AaHHbIX

B cekuusx NDaHHOTO THUIA  COAEPXKATCS TOJIBKO OOBSBICHHS
NEPEMEHHBIX, HCIIONIb3YEMBIX MTPOrpaMMOi, 6€3 NX MHULUAIN3ALUH.

CGKHI/I?[ HeI/IHI/IIII/IaHI/I3I/Ip0BaHHI)IX JAaHHBIX HAYMHACTCA C
OTKpBIBarolel ckoOku nobits.

HpHMep CCKIIMU HCUMHUIIUATIU3UPOBAHHBIX JJAHHBIX .
nobits "_my bss_data"
Vall: word;
Val2: word;
Arr: long[4];
end .my_bss_data';

Ecimu B CCKIIUIO HCUHUIHNAIMU3UPOBAHHBIX JAHHBIX MOMAAacT
WHULUAIM3UPOBAHHASL TIEPEMEHHAas, TO acceMmOJiep WrHOPUPYET €€
WHUIMATU3ALHIO, paccmaTpuBast MEPEMEHHYIO, Kak
HEMHULIMAJIM3UPOBAHHYIO.

2.3.4 [1poCTpaHCTBO MeXay CeKUNamMu

[TpocTpaHCTBO MEXKIY CEKLUSIMU B acceMOepHOM (aiiie Takxke
MOJKET HCITOJIb30BATHCS IS PA3MEIICHHS CICAYIOMNUX CHHTAKCUICCKIX
KOHCTPYKIUM:

® 3a/1aHUA KOHCTAHT 58 KOHCTAHTHBIX BBIpa)KeHHﬁ, BKJIFOUYaAsl
WCIIOJIH30BaHUE MCEBA0]DYHKINH;

e OOBSABIEHHUSI METOK BCEX BO3MOKHBIX THIIOB,
e 00BsABICHUS MMEpEeMEHHBIX THITa common, extern u local,

® OIMCaHUA CTPYKTYPHBIX TUIIOB JIaHHBIX;
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2.4 KoHcmaHmsbI

B nmanHOM paznene OyneTr mpuBeneHa HHPOpPMAIUS O TOM, KaK B
sa3bIKe  acceMOiepa OMPEACNsIOTCS KOHCTAHTBI W KOHCTAHTHBIC
BBEIpQOKEHHUS, a TaKke TO, B KakoM ¢opMaTre OHU MOTYT OBITh
MPEICTABJICHBI.

Koncrautet moryt ObiTh 32-x unu 64-x paspsaabsiMu. [lo
YMOJYaHUIO KOHCTAaHTa CYHMTaeTcs 32-X paspsagHoit  (KopoTkas
KoHcTaHTa). [lyis 3anucu 64-x paspsIHBIX IETbIX KOHCTAHT, Ha KOTOPHIC
B JlabHEHmeM OyaeM cChIIaThCsl, KaKk Ha JJIMHHBIC, UCTIONB3YETCs 3HAK
I(L), moGaBistemblii B koHem. Hampumep, konctanta A = 0x123h
apnsieTcs 32-X paspsaaHoi, a A=123h1 64-x pa3psaaHOu.

KoHcTaHTEl ¢ INIaBamomEed TOYKONW Taxke ObIBaroT 32-X M 64-X
paspsaHbIMU. [ MX MPEICTAaBJICHUS B TOJIh30BATEIBCKON MpOrpamMme
Ha s3bIKe acceMmOiepa HCHOJB3YIOTCA CHElHalIbHbIE MCEBAOQYHKIMU
nepuona kommuwasiuu:  Float() u double().boiree moapobHYyIO
MHQPOPMAIIHIO CM. HUKE B 3TOM pasele.

2.4.1 ®opmaTbl NpeacTaBfEeHUs] KOHCTAHT

AccemOrnep mnoiep)KUBaeT IIECTh (POPMATOB MpPEICTaBICHUS
KOHCTaHT:

L4 I[BOI/I‘IHBIC LIEJIbIC KOHCTAHTHI,
L4 BOCI)MepI/ILIHI)IC LICJIbIC KOHCTAHTHI,
L4 HGCHTI/I‘IHLIe LICJIbIC KOHCTAHTHI,

e [llecTtHanuaTepuyHbIC LETbIE KOHCTAHTHI;

B mene 8blutenepeduCieHHblX KOHCMAHRN MOJCHO UCNOJIb306AMb CUMBO0J]1 nodqepkueaﬁuﬂ (_) ons
6‘I/l3ya./le011 cpynnuposKu pa3pﬂdoe. Om makux 6cmasox unmepnpemayusl KOHCmaHm He USMEHAEMC A

e KoHcTaHTHI C TUIaBafOIIEeH TOUYKOI;

e CHUMBOJILHBIE KOHCTAHTHI.

2.4.1.1 [1BOMYHbIE LENbIE KOHCTAHTDI

JIBoWuHBIC TIIeNIbIe KOHCTAHTBI MPEACTABISIOT COOOM CTPOKY
HyJIeW ¥ eIUHUI] JUTMHON 10 64 351eMEeHTOB. 3a JBOMYHON KOHCTaHTOU
cinenyer Oyksa b(B), kotopast cooTBeTcTBYeT 1aHHOMY (hOopMaTy 4Kcia B
npenacTaBieHu accemonepa. Eciin Konn4yecTBO 371EMEHTOB B CTpPOKE
JBOMYHOM KOHCTaHTHI MeHbIIe 32-X uiu 64-X, HeompeaeleHHbIe OUTHI
ciieBa (cTapiast 4acTh CJIOBA) aBTOMATHUECKH 3ATIOJTHSIOTCS HYJISIMU TIPU
accemOmupoBanuu. [IpuMepbl TPaBHIBLHO 3allMCAHHBIX JIBOMYHBIX
KOHCTaHT:

00000000b I Koncmauma, pasuas wynio.
001Dbl 1l Jnunnas xoncmanma, pasuas 1.
10000B /! Koncmanma, pasnas 164.
10101010b 1l Konemanma, pasnas 17010 unu AAse.
@
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10001000_10001000b  // I'pynnuposka pasps0os

2.4.1.2 BoCcbMepUYHbIE LIENbIE KOHCTAHTHI

BoceMepuuHbie 11e51ble KOHCTaHThI MPEACTaBISAIOT CO00M CTPOKH,
cocrosiue u3 mudp ot O 10 7, B KOHIIE KOTOPBIX ciaeayeT cuMBoi 0(O).
[Tpumeps! IpaBUIILHO 3aMMCAHHBIX BOCBMEPUYHBIX KOHCTAHT:

0000 I Koncmanma, pasnas nynio.

0010 /! Koncmanma, pasnas edunuye.
200L 1/ Jnunnas koncmanma, pasnas 161g.
2520 /! Koncmanma, pasnas 1701 unu AAse.

7777_00_000l I I'pynnuposka pazpsoos

2.4.1.3 [lecaATNYHbIE LieNnble KOHCTaHThI

JlecaTUYHBIC IIeJIble KOHCTAHTHI TPEACTABISIOT COOOM CTPOKH,
cocrosimue u3 1udp or 0 mo 9. /lmanazoH M3MEHEHUS COCTaBISET OT
-2.147.483.648 no 2.147.483.647 mis 3HakoBbeIX U oT O 10 4.294.967.295
1151 0€33HAKOBBIX KOPOTKMX KOHCTaHT, B OT -9.223.372.036.854.775.808
no 9.223.372.036.854.775.807 mna 3HakoBelix u or O gmo
18.446.744.073.709.551.615 s 0Oe33HAKOBBIX IMHHBIX KOHCTAHT.
[Tpumepsl MPaBUITBHO 3aMTMCAHHBIX JICCATUIHBIX KOHCTAHT:

7000 /! Koncmanma, pasnas 70004.
-1 I Koncmanma, pasnas munyc edunuye.
-201 /! Jnunnas xoncmanma, pasuas -20.
170 /! Koncmanma, pasnas 1701 unu AAse.
1 234 567_8901 // I'pynnuposka pazpsoos
Smak "-" MOXET HCHOJB30BaThHCA UIT  00O3HAUYEHUSA

OTPULATCIIBHBIX YHUCCJT TOJIBKO B JCCATCPUIHOM (bopMaTe.

2.4.1.4 WectHaguaTtepuyHble Lernble KOHCTaHTbI

[IlecTHaguarepuyHble IieJbleé KOHCTAHTHI MPEACTABISIIOT OO0
CTpOKH, cocTosimue u3 uudp ot 0 mo 9, a Takxke OykB A, B, C, D, E u F,
3arJlaBHBIX HWJIM CTPOYHBIX B KOHIIE KOTOpBIX ciexyeT cumBoi h(H).
3anmuch KOHCTAaHTHl JOJDKHA HauumHAThes ¢ nugpsl. Ecom mepBeiM
3HAYMMBbIM CHMBOJIOM sBiIseTcsi OykBa, TO Iepel Hell HeoOXoaumo
noctaButh muppy O. CumBon "O" B Hayane IIeCTHAaAUATEPUYHOU
KOHCTAHTBl CTaBUTCA C MEJIbI0 OTIMYUTh €€ OT WACHTU(HUKATOPA.
[TprMepb! NpaBUIIBHO 3alIMCAHHBIX IIECTHAATEPUUHBIX KOHCTAHT:

000h I Koncmanma, pasnas nynio.

O1H /! Koncmanma, pasnas eounuye.

20h1 /! Jnunnas koncmanma, pasnas 321g.
OffFfFfffffh I Konemanma, pasnas -1.
OFFFFFFFF_FFFFFFFFQI I I'pynnuposxa paspsoos

2.4.1.5 KoHcTaHThI ¢ NnaBaoLLen TOYKON

Onepanuu HaJ JAaHHBIM THUIIOM KOHCTAHT HE IO KHBAIOTCS
ammapatHo. Jlns WX 3ampcH B SI3BIKE acceMOiiepa  MCIIONIB3YIOTCS
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crnienuanbHele nceBao¢yHkun. s 32-x paspsaaabix yucen tuna Float
ucnionb3yetrcs nceaopynknus Float(). ms 64-X pa3psaHbIX dUCENT
tura double ucnone3yercs nceBnopynkuus double(). Baytpu ckobok
NCeBAOPYHKIIMA MOXKET pacIloyiaraTbCsi BEIIECTBEHHOE YHCIO B
NPUBBIYHON (hOopMeE, HATIpUMED:
float(123.456) Il Qucno ¢ naasaroweri mouxoi (32 6uma).
double(-1.02E-3) // Ompuyamenvroe uucno.

dopmaT BEIIECTBEHHOTO YHCIa!
[+]-Inum[[-num]E[+]-Inum], 20e num - OJecamuunvie yucna.

Nnn
[+]-1num_num
bubnuorexkn ¢yHKIMA, >Mynupyrone padoTy ¢ IUIaBaoLIeH

Toukoil Ha mpoueccope NM6403, HCroONB3yIOT €e TpeACTaBICHUE B
dbopmate |IEEE 754.

2.4.1.6 CTpoKOBble KOHCTaHTbI

CtpokoBasi KOHCTaHTa TMPEACTaBIsET COOOW MPOU3BOIBHYIO
(Bo3MoOkHO,  TyCTywo)  mocienoBatesibHocTh  cuMBosioB  ASCII,
3aKJIFOYCHHYIO B JIBOWHBIC JINOO OJMHAPHBIC KaBBIUKH. Eciu B Tekcre
CTPOKH HEOOXOIUMO 3a/laTh CHUMBOJ KaBBIUKH, TO OH JOJDKEH OBITh
yJIBOCH.

IIpuMepsl CTPOKOBBIX KOHCTAHT:

"Cmpoxosas koncmanma",

'Vnakosannas cmpokoeas koncmanma'

CrtpokoBass KOHCTaHTa 3aHMMAeT pa3IUYHOE YHUCIO CJIOB, B
3aBUCMMOCTH OT CHUMBOJIa orpanuuutens. CTpoka, 3akiiouéHHas B
JBOMHBIC KaBbIUKH, B TMAMSITH paCIoiaraercsi B COOTBETCTBHUU C
COTJIAIIICHUEM, TPUHATHIM B s3plke Cu++ — 10 MHUHHMAIBHO
azpecyeMoMy 3JieMeHTy mamstu (32-X paspsaHoe CIIOBO B IMPOIIECCOPE
NM6403) Ha Kaxkaelii cuMBOJI. Takum  00Opa3oM, BO3MOXKEH
MIPOU3BOJIBHBIN IOCTYT K CUMBOJIAM CTPOKH.

B crmygae mcmonp30BaHUS CHMBOJIA-OTPAaHUYMTENS ‘“‘OfMHApHAS
KaBbIYKa” CHMBOJIBI ‘‘yIaKOBBIBAIOTCS TIO YETHIPE B KOPOTKOE CIIOBO.
VYnakoBaHHasi CTPOKOBAash KOHCTAHTA 3aHMMAET B IaMATH KOJHYECTBO
CJIOB, IOCTAaTOYHOE ISl XPAaHEHHUSI BCEX CHMBOJIOB KOHCTaHTHI.

CtpokoBasi KOHCTaHTa HE COJEPKUT HUKAKOW WHOUM nH(pOopmauu
(cenuanbHOTro 3aBEPIIAIOIIET0 CHMBOJIA WM 3HAYCHUS JTUHBI CTPOKH),
KpOMe TOM, KOTOpasi IBHO yKa3aHa BHYTPU KaBbIUEK.

JlomyckaeTcss MCIHOJIB30BAaHUE JCKEWII-KOJIOB B  CIEAYIOIIEH
dbopwme:
"Cmpoxoeas\032xoncmanma'

UT0 5KBUBAJIEHTHO MEPBOM CTPOKE U3 MPEIBIAYIIETO MPUMEPA.
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YroObl HamewyaraTth oOparHbiid cidmi (\) B Telie CTPOKU €ro
CIIEIyeT YABOUTh, TO K€ CAMOE KaCaeTCsl CHMBOJIA OTPAHHIUTENSI CTPOKU
(" ecnu cTpoKa HEeyMmaKOBaHHAs WM’ B TPOTHBHOM CITydac).

Jomyckaercss Takke KOHKareHamusi CcTpok B crwie C:
"Cmpoxosas™
" koncmanma"

2.4.2 KOHCTaHTHbIE BblpaXXeHUs

[ToMuMO HCIONB30BaHUS KOHCTAHT B s3BIKE accemoOiiepa JUIs
NM6403 gpomyckaeTcss HCIONb30BAaHHE KOHCTAHTHBIX —BBIPAKEHUA,
KOTOPBIE MOTYT OBITh BBIYUCIICHBI Ha dTarie KOMITHIISIIUU TPOTPAMMBI,
TaK 4TO B OOBEKTHBIN KO/ TIOTAAeT TOJEKO PE3yJIbTaT BEIYUCICHUH.

KOHCTaHTHBIE BBIDAKEHUS PpAa3NEIAIOTCA HA YHUCIOBBIE U
agpecHsle. B mepBoM cilyyae pe3ysibTaT BBIYMCICHUS KOHCTAHTHOIO
BBIPQ)KEHUS TPAKTYETCSl KaK OObIYHAsI YMCIIOBasi KOHCTaHTa, BO BTOPOM,
KaK aJpec B MaMsATH.

2.4.2.1 Yuncnosble KOHCTAHTHbIE BblpaXXeHns

YucnoBoe KOHCTAHTHOE BBIPAKEHHE CTPOMTCS MO IpaBUIaM,
TPaAMIMOHHBIM JUIS TIOCTPOCHUSI BRIpaKCHUH. B s3pIke nmeercss HaOOp
U3 OOBIYHBIX apU(METHUECKUX OIEepalui, omepanuid MOOUTOBOTO
CJIO)KEHUS, YMHOXCHHS, CIBHIa M JIOTMYECKHX OIEpaluii CpaBHEHHS.
[IpuoputeTsl omepanyii COBMANAIOT C TNPHOPUTETAMH HJICHTUYHBIX
onepauuii  s3pika Cu++. Jlng 4YacTUUHOrO M3MEHEHUS TOpsIKa
BBITIOJIHEHHSI OTIEpaIMid UCTIONB3YIOTCS KPYTIIble CKOOKH.

Tabsi. 2-6 CBonka onepanmil YMCJEHHBX KOHCTAHTHEIX BEPAXEHMUIH .-

ONEPALINA OMMCAHNE

not [ToOuroBoe HE

- YHapHbI MUHYC

* YMHO)XEHUE
/ [enenune
+ Crnoxenue (Miroc)

- Berunranue (MuHyc)

<< CBUT BIEBO

>> Cnur BpaBo

< MeHnsbIie

<= MeHbl111€ UM paBHO
> bonpire

>=

bonpuie wim paBHO
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== PaBHo
I= He pagno

and [Toburosoe 1

xor [To6uToBoe uckmrovaromiee NI
or [Toburosoe NJIN

[IpuMep 4rCII0BOrO KOHCTAHTHOTO BBIPAKCHMS
const A = 117;
const B 23;
const C ((A + B)Y/2 + A>>2)*2;

2.4.2.2 AOpecHble KOHCTaHTHbIE BblpaXXeHNs

A,[[peCHOG KOHCTAHTHOC BbIPAKCHUC boiee OTpaHU4YCHO II0
BBIPA3UTCIIBHBIM  BO3MOXKHOCTAM, YCM YHUCIIOBOC. HpI/I BBIYHMCIICHHUHA
AAPCCHBIX 3HAYCHUN B KOHCTAHTHBIX BBIPAXKCHUAX UCIOJB3YIOTCA agpeca
MCTOK U IICPEMCHHBIX.

B agpecHoii apudmeTuke A7 KOHCTaHTHBIX BBIPa)KEHUI
pa3pelleHbl JIMIIb ONEPALUN CJIOKEHUS U BBIUUTAHUS CO CIELYIOLIMMU
3aMeyYaHUsIMU:

e pe3yJbTaT CJIOXKEHHS aapeca ¢ YUCIOM (BBIYMTAHHS U3 ajpeca JKcia)
— aJpECHBIH; 3aMpeIleHO CKIaAbIBaTh JIBa aJIpeca,

® Da3HOCTh [IBYX aJpEecOB W3 OJHOW CEKIUU SIBJISETCS YHCIIOM,
3aMpenieHo BRIYUTATh apeca U3 pa3HbIX CEKIUHN U aJpec U3 YUCIa.

Hapymenne yka3aHHBIX YCIOBUM Ha IIOCTPOEHHUE aIpPECHBIX
KOHCTaHTHBIX BBIPAYKEHUH SIBJISIETCS OIIMOKOM.

B koHCTaHTHBIX BBIPAXKCHUAX HE OOITYCKACTCA HCIOJIb30BAaHUC
HMCH PETrUCTpOB WA KOHCTp}/'KI_II/Iﬁ KOCBCHHOI'O JOCTYIIA K IMaMATH.

IIpumep aapecHOro KOHCTAHTHOTO BBIPAYKEHUS!
ar2 = ARRAY + 2;

2.4.3 OnpenenexHne 1 UCnonb3oBaHWe KOHCTaHT BPeMEHU KOMMUMALUN

Onpe):[eneHI/Ie KOHCTaHTBl BPEMCHHM  KOMIIMJIALHANA 3a7aéT
OTHOIICHHUEC JOKBUBAJICHTHOCTU MCKAY CHMBOJIbHBIM 0003HaUYeHHEM
(vMeHeM) KOHCTAHTBI M 3HAYCHHEM KOHCTAHTHOTO  BBIPAXKCHHS.
Koncranra ONpeACIIICTC C IIOMOLIBIO KIIFOYEBOTO CJIOBA const u 3Haka
paBEHCTBA, HaIIpUMeEP.
const MyConst = OFA5Fh;

B mpaBoii yacti KOHCTpYKIMH (IOCie 3HaKa ‘=) 3alHChIBACTCS
KOHCT@HTHOE BBHIpaXKeHHE (KOTOpOe MOXET OBITh M YHUCIOBBIM U
aIpecHbIM), CJIEBa — €€ CHMBOJIbHOE 00O3HaueHHe (MMs), KOTOpoe B
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naaneﬁmeM MOXCET HCIIOJB30BaThCA BC31C, rac AOIIYCTHUMO
HCIOJIb30BAHHUEC KOHCTAHTHOI'O BBIPAKCHHA TAKOI'O THUIIA.

Takum oOpa3oMm co3gaBaeMble  MPOrPaMMHBIE  CYIIHOCTH
Ha3bIBAIOTCS KOHCTAHTAMH BPEMEHH KOMIWISAIUH (WA CHMBOJIbHBIMH
KOHCTaHTaMI/I), TaK KaK BpEMA HUX CYHICCTBOBAHUA OI'PAHUYCHO
nepruoaoM KOMITUIIALUA POTPpaAMMEL. KouncranTtel BPEMCHHU KOMIIWJIAIUN
camu 1o cebe MecTa B IIeJIeBOM MaMsITH MPOTrpaMMbl HE 3aHUMAIOT U He
0071a/1a10T TaKo¥ XapaKTepUCTHKOM, Kak aapec. Mcnonp3oBaHue MUMEHU
KOHCTAHThI ITIOJIHOCTHBKO 3J3KBUBAJICHTHO HCIIOJIB30BAHUIKO 3HAYCHUI,
3aaHHOI'0 BBIPAXKCHUCM IIPU eé OIPCACIICHUU - IIPU MHUIHAIHU3ALUA
KaKou-mn00 TEepEeMEHHONW CHMBOJIBHOM KOHCTAaHTOH, IO aapecy
MEPEeMEHHON OyJleT MOMEIICHO 3Haue€HHUE KOHCTAHTHOTO BBIPAKCHUS W3
[IPaBOM YaCTH ONPEACIICHUS] KOHCTAHTBHI.

KoHcTpykuust onpeneneHuss KOHCTaHTbl BPEMEHU KOMITHIISIIUU
MOXET OBITh PACIOJIOKEHA KaK BHYTPH KaKOW-THOO CEKIIMH, TaK BHE
cekuuii. YacTo, 11 TOro 4ToOBI ITOKa3aTh, UYTO KOHCTAHTA HE 3aBHCUT OT
HATMYUS KaKOW-TMO0 CeKInH, e€ onpeaeNieHue BEIHOCAT B MMPOCTPAHCTBO
MEXKY CEKLIHM.

KoHctanTa nmomwkHa OBITH ompesereHa A0 MOMEHTa €€ IepBOro
MCIIONIb30BaHUs, HAIPUMED:

const C = 12; /I Onpedenenue xoncmanmol epemeni KOMRUAAYUL

begin text

ar0O = C; Il Ee nepsoe ucnonvzosanue;

end text;

KoHCTaHTHI SBISIFOTCS JIOCTYIHBIMHU TOJIBKO BHYTPH TOTO (paiina,
B KOTOPOM OHH ONPEJIETICHBI.

2.4.4 OnpegenexHne n ncnonb3oBaHNE NEPEMEHHbLIX BPEMEHN KOMMUNALMMN

[TepemeHHbIC BpEMEHH KOMIMWIALMK (HE MyTaTh C HACTOSIIUMHU
NEpPEeMEHHBIMH ONMCAHHBIMU B 2.6) aHAJOrWYHBI KOHCTAaHTAM BPEMEHH
KOMITWJISAIMK 32 MCKIIOYEHHEM TOrO, YTO B TCYCHUU KOMITWIISAIMH WX
3HAYCHUE MOXKET M3MEHAThCs. llepeMeHHas BpEeMEHH KOMITWIISIHU
OIPEICNIACTCS. ¢ MOMOIIBIO KITFOUEBOTrO CIIOBA Var U 3HaKa PaBeHCTBA,
HarpuMmep:
var MyConst = OFA5Fh;

B mpaBoii 4yacTi KOHCTPYKLMH (IOCIe 3HAKa ‘=) 3alHChIBACTCS
KOHCT@HTHOE BBIpaXKCHHE (KOTOpOe MOXET OBITh M YHCIOBBIM U
aJ[peCHBIM), ClieBa — €€ CHMBOJIbHOE O0O3HaueHue (MMsi), KOTOpoe B
JaTbHEHIIEM  MOXXET HCHOJNB30BaThCs  Be3le, TAC  JOMYCTHMO
UCIOJIb30BAHUE KOHCTAHTHOTO BBIPAKECHHSI TAKOTO THUIIA.

[lepemeHnHass BpeMeHHM KOMITWJISIIUMA JOJKHA OBITH OMpeesieHa
JI0 MOMEHTa €€ MEePBOro UCIOIBb30BaHNUs, HAIIPUMED:
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2.5 Memku

var C = 12; [/ Onpedenenue nepemennoii 6pemenu KOMAUIAYUL

begin text

ar0 = C; // Ee nepBoe MCHOJL30BaHUE;

C = 13; // TlpycBoeHME HOBOTI'O BHAUCHUHA;

ar0 = C; // 3necy B perucTp sanmucuBaerca 13;
end text;

IlepeMeHHbIE BpEeMEHHM KOMIWIALMUHU SBJSIOTCS JIOCTYIHBIMHU
TOJILKO BHYTPH TOTO (paiisa, B KOTOPOM OHH ONpEEIICHBI.

JIro0as koMaHIa B CEKIMHU KOJa MOKET OBIThL CHAaOKeHa METKOM
(Bo3moskHO, OOsiee yeM OaHO¥M). B 3TOM ciayuae MOKHO OpraHM30BaTh
nepenavdy ynpaBlieHHUs] Ha TOMEUEHHYIO KOMaHy MOCPEICTBOM OIHOMU U3
KOMaHJl MmepexoaoB. MeTka - 3TO ajpec B NaMsITH TOW KOMAaHIAbI, C
KOTOPOM OHa acCOLIMMPOBAHA.

Mertka npezacrasisier coooit uaentudurarop(m.2.1.1). [Tpuseaem
pUMEpPBI KOPPEKTHBIX KMEH METOK:
Loop O,
__main,
Z987654321A.

2.5.1 O6bsaBneHne MeTKu

OOBsBIIEHHE METKH - 3TO MPOCTO COOOIICHHE KOMITWISTOPY, YTO
Takasi METKa JI0JDKHA B JTaJIbHEHIIIEM BCTPETUTHCS B JTaHHOM (aiie.

[Tpumep oOBsBICHUS:
MyLabel: label;

KoHcTpykuus 0ObsIBICHUS METKH MOKET OBITH PACIONIOKEHA KaK
BHYTpPHU KaKOU-THOO CEKIINH, TaK U BHE CEKIUI.

2.5.2 OnpegeneHne MeTku

[ToMuMO OOBSIBICHUST METKH CYIIECTBYET €€ OIpeesiCHHE.
[Tonp3oBaTens ompeAensier, 4YTo METKOM TMOMEYaeTcs HEeKOTopas
accembnepHas uHCTpyKuus. [Ipumep onpeneneHuss METKU:

grO0 = 123;
<loop> Il mecmo onpedenenus memxu.
[arO++] = groO;

goto loop;

Mertka OonpeaAcsICTCd MyTEM 3aJaHud €€ HMCHU B YTJIOBBIX
ckoOkax, Hanpumep, <loop>. Ilpu 3ToM OHa moMedYaeT Ty KOMaHY,

KOTOpas clieAyeT mocie Hee M0 Onmvkaitmei ";". B mpuBeneHHOM BEhIIIe
MpUMepe METKOM nmomevaeTca komanaa [arO++] = gro;.

[G]
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2.5.3 CcbInkn Ha MeTKy

Kpome o0OBsiBICHUST METKH W €€ OINpPEACIICHHs B IMPOTpaMMe
BCTPEUAIOTCA CCBHUIKM Ha MeTKy. WX MoxkeT OBbITh Heckonbko. B
OCHOBHOM CCBUIKM BCTpPEUYarOTCA B KOMaHmax mnepexona. lIpusenem
MIPUMEPBI CCBUIIOK HA METKY:
goto loop; // cevinka na memxy loop.
call Func; [/l ewi306 ¢hynxyuu, Func - memxa ee nauana.
gr3 = Func; /I npuceoenue pecucmpy aopeca memxu Func.

CCI)IJ'IKa Ha MeTKy COI[ep)KI/IT TOJBKO €€ UM TaK, KaK OHO 6I)IJ'IO
00BsABIIEHO, 0€3 KaKUX JIM0O0 ITOIMOJHUATEIHLHBIX CKOOOK.

HpI/IBe)IeM IIPUMEP UCIIOJIL30BAHUS MCTKH.

L: label; [/l o6wvasrenue memku.
beg in text
<|-_> Il onpedenenue memiu.
gr0 = gr2 or gr3;
g-;(-)1-:o L; [/ ccvinka na memxy.

end text;

2.5.4 Tunbl cBA3bIBaHUA U 00NacTb AEeUCTBUSA METOK

B s3pike accemOnepa mist NM6403 monnepkuBaeTcsi 4eThIpe
Pa3IMYHBIX TUTIA CBSI3BIBAHUS METOK:

e local - nokajabHBIE METKHU,

e global - rmo6anbHBIC METKH;

e extern - BHCIIHUE METKH,

e weak - riIo0aabHBIE METKH CO CIA0BIM CBI3BIBAHHUEM.

CmyxeOHOe CIIOBO, OMPEACISAIONIee TUIT METKH, CTaBUTCS TEpe.
ee UIMEHEM TP 0ObIBICHUH, HATIPUMED:

global MyFunc: label;
local MyFunc: label;
extern MyFunc: label;
weak MyFunc: label;

Tun meTku onpenensier 006IacTh ee IeHCTBUSI.

[Ipocreitmum Tunom ssisiercss tun local. O6macts aeicTBUs
METKA TaKOr0 THUIAa OTrpaHWYeHa paMkamu (aiima, B KOTOPOM OHa
ompeieeHa.

Buytpn opHoro (aitnma nokampHas MeETKa MOXET OBITh
ompejieNieHa, TO €CTh AacCOIMHpPOBAaHA C OMNpEAENEHHBIM aJpecoM B
nporpaMMe, TOJBKO OJIUH pa3. B To jxe BpeMsi BHYTpH onHOro (haiina
MOKET HaXOJUTBHCSA TPOU3BOJIBHOE KOJIMYECTBO CCBHUJIOK HA METKY.
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Ccpiiku w3 apyroro daiia Ha JIOKQIBHYIO METKY JOaHHOTO (aiina
3ampeIneHsl.

B passbix @Qaiiiax MOTyT HCIIOJIb30BAThCS JIOKAIBbHBIE METKU C
OJIMHAKOBBIMH HMEHAMH, KaXJIas M3 KOTOPBIX HMEET CBOIO 00JacTh
JEUCTBUS U CBOE MECTO OTpPEICICHUSI.

Jlnst ynoOCcTBa HammMCaHUs MPOTPaMM, MOXKHO OITyCKaTh CJIIOBO
local B 00BsIBNIEHNY JTOKATHHOW METKH, HATIPUMED, MOKHO 3aIUCaTh.
MyFunc: label;

u accemMOimep caM ONpEeAeNuT, YTO JaHHas MeTKa HMeeT
JOKQJIBHBIN TUM. bolee TOro, MOXHO OIyCKaTh U caMO OOBSBICHHE
JIOKaJBHBIX METOK. Ecnu accemOiep BCTPETHT OIpenesieHue METKH 0e3
MIPEIBAPUTENILHOTO OOBSIBICHHUS, OH MOJIATaeT, YTO ATO JIOKAJIbHAS METKa.

OObsBIIeHHE JIOKAJbHBIX METOK B OCHOBHOM HCIIOJIB3YCTCA IS
MOBBIIICHUA YATACMOCTHU, JOKYMCHTUPOBAHHOCTH IPOTPaAMM.

Tun global B 00BsIBICHUU METKH COOOIIACT KOMITHIIATOPY, YTO
oHa OyJeT ompezeneHa B JaHHOM (haiise, a 00JIacTh ee NeHCTBUS, TO eCTh
BO3MOXXHOCTh CCbUIaThCSl Ha Hee, MpOCTUpaeTcsi Ha Bce (aiibl
MIPOTrpaMMBl.

OO0s3aTenLHbBIE YyCJI0BUs UCITOJIB30BAHUA rI100aIbHBIX METOK.

e HE JOIYyCKaeTCs MCIOJIb30BAHME B IMpPOrpamMme JBYX TIJI00aIbHBIX
METOK C OJJMHAaKOBbIM UMEHEM;

e riobanbHasi METKa JOJDKHA OBITH OmpenesieHa B TOM ke (paiine, B
KOTOpPOM OHa ObLTa 00BSBIICHA.

Bo Bcex ocranpHbIX (haitax mporpaMMbl MOTYT COJCPIKAThCS
CCBUIKM Ha JaHHYI0 METKY, TO €CTh Ha ajpec, ¢ KOTOPbIM OHa Oblia
accoruupoBana. [yt Toro 4toObl, rI00aabHass METKa, Onpe/ciicHHas B
apyroM daiisie, crana AOCTYNHA W3 JaHHOTO (haiiia, OHA JOJDKHA OBITh
o0BsIBIICHA KaK BHEHIHss (extern).

Tun extern ucnons3yeTcs, KOrjaa B JaHHOM (aiisie coaepKUTCs
XOTs1 OBl OJJHA CChUIKA Ha INI00ANBbHYI0 METKY, ONpPENEIeHHYIO0 B IPYTrOM
¢aiine. Tonbko mocine TOro, kak ObUIa OOBSBICHA BHEIIHAS METKA, OHA
CTaHOBHTCS JOCTYITHOW M3 TaHHOTO (haiina.

Coomeemcmaytowas 2n00anbHAst MEMKA MeMKA MOJICEm PACNOAa2amobest 8 Opy2oM atiie, Ho MOdicem
bvimb u 8 mexyuem ¢aiine

Wrak, rinobanpHasi MeTKa pacnpocTpaHseT o01acTh ACHCTBUS Ha
BCIO TPOrpamMMy, COCTOSIIYIO W3 TPOU3BOJBHOTO KOJHYECTBA (aiiioB.
Ona MOXXeT OBITh OIpeeICHa TOBKO OHAXABl. B Tom daiine, rae oHa
ompezesiceHa, OHAa JODKHA ObITh o0OBsaBIeHA, kak global. Bo Bcex
OCTJIbHBIX (hailyiax IMPOrpaMMBbl IPH HEOOXOIUMOCTH AOCTYIIA K TaHHOK
METKe OHa OoOBsBIsAeTCA, Kak extern. Bo3MoXHO MHOrokpaTHOE
0OBsIBIICHHE B OJTHOM (hailyie OJJHOM U TOW e METKH.

IIpumep:

[G]
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dartnn F1_ASM:
global MyFunc: label; [/ o6vsaerenue cnobanvroti memku
. Il memxa 6yoem onpedenena 6 smom dice aiine.

begin text

<MyFunc> Il onpedenenue memxu.
push ar0O, groO;

return;

call MyFunc; [/l ccoiika na memky.
end text;

damnn F2_.ASM:
extern MyFunc: label; // o6wvsasrenue snewnei memxu
. Il memxa onpedenena 6 opyzom ¢hatine.

begin textl

call MyFunc; // ccoinka na snewnion memxy.

end textl;

Kpome merok ¢ tumamu global um extern k Tmio6anbHBIM
OTHOCATCSI METKH C THIIOM CBs3bIBaHHus weak. O0macTeio JeHCTBUSA
MeTok Tuna weak sBisioTcs Bce (aiinbel mporpaMMbl. OTandne METKU
weak ot global coctout B TOM, 4YTO OHa 00JagaeT MEHBIITUM
MIPUOPUTETOM.

Ecin B mporpaMMe BcTpedaeTcs OINpPENEICHUE METKU C THUIIOM
CBsI3bIBaHUsA Weak ¥ OJHOMMEHHOW C HEH METKH C TUIIOM CBSI3bIBAHUS
global, To weak MeTka WrHOpUpyeTcs pEeAaKTOpPOM CBs3el, a BCe
CCBUIKM HACTPaumBalOTCAd Ha MECTO OIpeleieHMs IN100anpHOM MeTku. B
oTcyTcTBHE onHOMMEeHHON MmeTku global ona cama BocnpuHMMAaeTCs
pPEeakTOpOM CBsI3EH, Kak riao0anbHast METKa.

OCO0EHHOCTH METOK C THIIOM CBSI3bIBaHHUS Weak:
® B OJHOM (bafme HE MOJKET OBITh ABYX OJJHOMMCHHBIX MCTOK,

e MeETKa JOJ/DKHA OBITH OmpenesieHa B TOM jke (aiiie, B KOTOPOM OHa
ObLIa OOBSBIICHA;

® JIOIyCKaeTCsl MCIIOJIb30BAHME B INpOrpamMMme ABYX M 0OOjee METOK ¢
OJIMHAKOBBIM HWMeHeM. Ilpum »9ToMm, ecnu B pasHbIX (aiimax
BCTPETUIIUCh METKU C OJMHAKOBBIM UMEHEM, TO PEIAKTOp CBsi3el B
KayecTBE MeCTa OINpeAeTeHUs BBIOMpPACT NEpBOE U3 BCTPEUCHHBIX
MECT;

e eccniM B IporpaMMe BcTpeueHa IyloOanbHas MeTKa, TO BCe
OJIHOMMEHHBIE C HEN Weak METKU UTHOPUPYHOTCS.

® B OTCYTCTBHC OHHOHMGHHOﬁ r100adbHOM METKH METKa CO CIa0BbIM
THUIIOM CBA3BIBAHHA CTAHOBUTCA FHOG&HBHOﬁ, TO €CThb K Hel
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OCYIIECTBIIICTCS OCTYN W3 APYruxX (ainoB myteM OOBSBICHUS €€
BHEIIIHEN.
[Tpumep ucnosnb30BaHUS METOK CO CJIA0BIM THUTIOM CBSI3bIBAHHMS:

¢ain F1.asm, e komopom AB - craboe cessvlieanue.
weak AB: label;

Bééin text
<AB>
é;é = grl + gr2;
return;
end text;

davin F2 .asm, 6 komopom AB - 2nobanvHoe cesa3bleanue:
global AB: label;

Bééin text
<AB>
é}é = grl - gr2;
}éiurn;
end text;

¢ann F3.asm - gviz06 pyukyuu AB:
extern AB: label;
global _ main: label;

begin text
<_main>

call AB;

return;
end text;

Ecan mpu moMomu pemakropa CBA3€H B €QUHYK0 INPOrpPaMMy
OyayT coOpansl ¢aitnel F1_.ELF u F3.ELF, To Oyner Bei3BaHa (QpyHKIUS
u3 (aiina F1_ELF, cogepkaras onepauuto grO = grl + gr2.

Ecmn B BoegmHo OynmyT coOpanbl ¢aiiner F1.ELF, F2_ELF u
F3.ELF, To Oyner BbI3BaHa (hyHkuusa u3 ¢aitna F2_ELF, congepxkaras
omepauo gr0 = grl - gr2.

Takum oOpa3oM, B OTCyTCTBHE TIJI00aJbHOM METKU ciabas
BOCIIPUHMMAETCsI, KakK TIi100ainbHas, a Npu HATUYUU TI00abHOU
UTHOPHUPYETCSL.

@
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2.6 lNlepemeHHbIe

[Ton mepemenHoi B s3bike accembiepa st NM6403 monumaetcs
aapec 00IacTH TWaMATH TpPOIECcCopa, B KOTOPOH XpaHSATCS TaHHbBIC,
UCIIOJIb3YEMBbIC IPOTPAMMOM B TIPOIECCE CUETA.

Wms mepeMenHO# npeacTaBiseT coboit uaentudukarop(m.2.1.1).
[puBeaeM MpUMepbl KOPPEKTHBIX HMEH MEPEMEHHBIX
Array O,
__Long_Vvalue,
Z987654321A.

Kakaoe uMst mepeMeHHOM B sA3bIKE acceMOIiepa acCOIMUPOBAHO C
apecoM KOHKPETHON 00jacTh maMsaTH. llepeMeHHBIC TOCTYITHBI IS
YTCHUS WK 3aITHCH.

B s3eike accembnepa miust NM6403 cymectByer nBa crocofa
UCIIOJIb30BAaHNs TEpeMEHHBIX. IlepBBII - 3TO MOJIydYeHHE ajapeca
MEPEMEHHOM, BTOPOW - MOJIYYEHHE COJACPKUMOIO SUYECHKU MaMsTH, C
KOTOpPOM acCOLlMMpPOBaHA JaHHas [EpEeMEHHas, TO €CTh 3HAYCHUs
MIEPEMEHHOM.

2.6.1 lNony4eHne agpeca nepeMeHHon

B s3pIke accemOnepa mMmeercs aBa MPOCTHIX TUNA JAaHHBIX H
HECKOJIbKO BHJIOB arperaTHocTH. TakuM oOpa3oM, NepeMeHHbIE AesITCs
Ha TPOCTBIC M COCTABHbIC (MACCUBBI U CTPYKTYPBHI).

Jns  pgoctyma K 3J€MEHTaM  COCTaBHBIX — IIEPEMEHHBIX
UCTIONB3YIOTCS MOJIU(PUKATOPHI WMEHU TEPEMECHHOH, 3alliChIBacMbIe
HEIOCPEICTBEHHO 32 UMEHEM ITEPEMEHHOM.

Jns snementa mMaccuBa mMonudukarop umeer Bui: '[mumexc]’,
rie mHAekc JOKEH OBITh YUCIOBBIM KOHCTAaHTHBIM BBIPAKCHHEM,
UMCIOIIMM  3HAYCHHE TOPSIKOBOITO HOMEpa JJIEMEHTa MacCHBa
(mymeparust seMeHToB HaunHaeTcs ¢ 0).

Hns snementa (MoJisl) CTPYKTYpbl MOIU(HKATOP HMEET BHUJ:
' mMsa_nons.

Jis Toro uyToOBI TMONYYUTh aApec MEPEMEHHOM, TOCTATOYHO
IIPOCTO MCHOJB30BaTh €€ wumsdA. llpuBenem mnpuMepbl KOPPEKTHBIX
3anucel MOJy4eHHs apecoB IIEPEMEHHBIX:

arO0 = Value;
arO = Array[4];
aro Struct.Field;

2.6.2 lNony4eHne 3Ha4YeHns nepemMeHHON

Jis Toro, 4ToOBI MONYYUTh 3HAYCHHUE NTEPEMEHHOM, HEOOXOAUMO
ee MM 3aKIIOYUTh B KBajJpaTHble CKOOKu. IlpuBeneM mpumMepsl
KOPPEKTHBIX 3aIlIMCEN MOJyYCHUS] 3HAYEHU I [IEPEMEHHBIX
grO0 = [Value];
grO = [Array[4]1];
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gr0 = [Struct.Field];

2.6.3 lNpocTble NepeMeHHbIe

MpnmeyaHue

K IMPOCTBIM THUIIAM TEPEMCHHBIX OTHOCATCI MHWHHUMAJIbHBIC
alrapaTHoO MOAACPKUBACMBIC THIIbI 3HAUCHUH, paccMaTpuBaACMBbIC KaK
CANHOC 1ICJI0C.

Tak xaxk mnporeccop NM6403 momnepkuBaeT nBa 0a30BBIX
dhopmata — 32-paspsanHoe u 64-pa3psaHOE CIOBO, TO B s3BIKE acceMOepa
UMEeTCs JiBa MPOCTHIX THIIA JaHHBIX, KOTOPBIC HA3BIBAIOTCS CIOBHBIM U
JIBYXCIIOBHBIM. B mporpamMmax oOHHM 0003HAYAIOTCSA CIY)KCOHBIMU
cimoBamMu "word® mus 32-x paspsgaeix u " long® st 64-x paspsaHbIX
MEPEMEHHBIX

[Tpumeps! onMcaHuii TaHHBIX MPOCTHIX (HOPMATOB!

Varl : word;
Var2 : word = Oabch;
Var3 : long;

Iepemennvie muna long ecezda pacnonazaromes 6 namsimu npoyeccopa
no uyemuomy aopecy. 3a smum clredum accembiep 8 npoyecce
komnunsiyuu. Ecnu 080liHOe €060 Npuxooumcs Ha HewemHwlil aopec,
nepeo HUM 6CMABIAENCs NYCMoe KOPOMKOe HEUCHOIb3YeMoe ClO60, Mo
ecmb OCYWecmeansaemcst e20 8blpaAGHUBAHUE NO YEMHOMY AOpec) .

2.6.4 CocTaBHble NepeMeHHble

2.6.4.1 MaccwuBbl

CocraBHBIE THUIBI TEPEMEHHBIX (OPMHUPYIOTCS Ha OCHOBE
MIPOCTHIX. B s13bIKe MMEIOTCS /1Ba TAaKUX COCO0A: MaCCUBBI U CTPYKTYPBI.

MaccuB mpeACTaBiIseT COO0OM KOHEUHOE  YIOPSIOYCHHOE
MHOKECTBO d3JIEMEHTOB OJAMHaKoBoro ¢opmara. Pasmep maccuBa
(KOJMIMYECTBO 3JIEMEHTOB) 3aJa€TCSl CTATUYECKH, TO €CTh OINpPEIeIseTCs
BO BpeMs KOMIWISILIMM MporpaMMbl. JlocTyn K OTAENbHBIM 3JIEMEHTaM
MacCHBOB ITPOM3BOAUTCS IIOCPEACTBOM 33JlaHWs MMEHH MacCuBa H
WHJEKCa 3JIEMEHTa B 3TOM MaccuBe. CUMTAETCs, UTO NEPBBIM 3JIEMEHT
MacCHUBa UMEET HYJIEBOU HOMED.

Omnmcanue MaccuBa JOJDKHO COJIEPKATh YKa3aHHUE €ro pa3Mepa B
KBaJpaTHBIX CKOOKax, WpHUIHChIBAEMOEe K 0003HadeHUI0 (Qopmara
OT/ICIbHBIX AJIEMEHTOB (KOTOpBI B 3TOM Cllydac Ha3bIBACTCs 0a30BBIM
(dbopmMaTomM MaccuBa).

[Ipumeps! onmucaHnii MacCHBOB!

Word : word[32]; // maccueé uz 32-x 32-paspsonvix cnos.
Long : long[10]; /I maccueé uz 10-mu 64-paspsousix cnos.

[G]

€UrO onucanve sisbika accembrnepa 61
atrix Crpasounoe pyxosoacrso



0O630p OcHOBHbIX OnemMeHToB A3blka Accembrepa

lNpnmeyvaHue

2.6.4.2 CTpyKTYypbI

lNpnmevaHue

IIpuMepsl OIy4Y€EHUs apeCOB JIEMEHTOB MACCUBA!

aro0
arO

Word[4]; /Il adpec 4-oz0 crosa maccusa.
Long[8]; // aopec 8-o20 osotinozo cnosa maccusa.

IIpuMepsl ony4YeHNs 3HAYEHUHN 3JIEMEHTOB MAaCCHUBA!

ar0 = [Word[41]1; /! snauenue 4-ozo cnosa maccusa.
ar0,grO = [Long[81]; !/ snauenue 8-ozo0 dsoiinozo cnosa.

Ilpu unoexcayuu no s1eMeHmam Maccuéa yuumol8aemcs mun
anemenmos. Eciu anemenmamu maccuea sA61110mcst 080UHble C068d, MO U
paccmosnue mexncoy 08yMs COCEOHUMU INEMEHMAMU MACCUBA PABHO
08YM CIO8AM, HANPUMED:

ar0O = Long[0]; // aopec 0x00000010;
arl = Long[1]; // aopec 0x00000012;
ar2 = Long[2]; // aopec 0x00000014;

CtpykTypa TpelacTaBisieT Cco0O0i CIOXKHYIO TEepEeMEHHYIO,
COCTOSIIIYIO U3 KOHEUHOTO MHO>KECTBA 3JIEMEHTOB IIPOM3BOJIBHOIO THIIA.
Joctyn K 3ieMeHTaM CTPYKTYpbl OCYILECTBISETCS 3aJlaHueM HMEHH
CTPYKTYPHOT'O 3HAYCHHUS U UMEHH dJIeMeHTa (IPUMEp CM. HUKE).

UroObl  3adaTh  OMHCAHME  CTPYKTYPHOH  MEepEeMEHHOM,
HEOOX0AMMO CHayana omucath ooumi Buj ('m1abiioH") ee CTPYKTYpBHI.
[TpuBenem mpumMep omnrcaHus MadIOHA CTPYKTYPHI:

struct MyStructName // omxpwisarowasn ckobra cmpyxmypuol

F1 :© word; Il nonss cmpyxmypoi
F2 : long; I -l-
F3 : long; I -l-

end MyStructName; I 3axpwieaiowas ckobka cmpyxmypol

Onucanue wabnona cmpyKkmypbl A61Aemcs abCmpakmHul;M NOHAMUEM 00
mex nop, NOKa 6 npozpamme He NOSAGUNACL NEPEeMeHHAs OAHHO20 Mund.
Camo no cebe onucanue wabiona He 3aHuUMaem mecma 6 NAMAMU,
no3mMomy O YAYYUEeHUs YUmaemoCmu Hnpocpammbl peKOMeHOYemcs
BLIHOCUMb €20 3a Npeoesibl CeKYUl.

HNmest omucanue mabiaoHa CTPYKTYPBl, MOXHO OOBSBUTH
KOHKPETHYIO TIEPEMEHHYI0, 00JIa/IaloIIyI0 TaKOH CTPYKTypoi. st aToro
CJIelyeT UCII0JIb30BaTh UM BBEJIEHHOTO paHee 11adyioHa, HallpuMep:
nobits ".data"

\-/é;‘S : MyStructName;

end ".data'';
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B kadecTBe 371€MEHTOB COCTAaBHBIX (POPMATOB, KPOME MPOCTHIX,
MOKHO HCITOJIb30BaTh TAKXKE JPyTrHe COCTaBHbIE (opmarbl. MHBIMHU
CIIOBaMH, JOIYCKAalOTCS TaKME KOHCTPYKLUH, KaK MacCUB CTPYKTYP,
CTPYKTYpBbl, COJEpKallie B KaueCTBE CBOUX 3JIEMEHTOB MAacCHUBBI WIIU

IpYyTue CTPYKTYpBI.

Jnst  TOoro 4YTOOBI TONYYHTH aApec DJIEMEHTa CTPYKTYPHI,
WCIIONIB3YETCSl TOY€UHAsI HOTAIWs, TO €CTh CHavaja UACT UMs CTPYKTYPBI,
a 3aTeM uepe3 TOUKY HMs €€ T0JisA, HalpuMep:
nobits ".data"

éil-‘uct > MyStructName;

end ".data';

begin text
é;é = Struct.F2;
gr0 = [Struct.F3];

end;

Kaxk yXKe OBLIIO 3aMEYEHO BEIIIIE, nepeMmenHble Tuna long Beerna
pacrojiaraloTcsi B MaMATH MpoIEccopa MO YETHOMY aJpecy. DTO ke
OTHOCUTCA K IEPEMEHHBIM, €CJIM OHU BXOJAT B COCTaB CTPYKTYphl. Eciun
Ha 3TOT (akT He oOpaliaTh BHUMAHUS, TO B CTPYKTYPE MOTYT MOSIBUTHCS
HCHCHOHBSYCMBIG H‘IGfIKI/I ImamMsiaTu - HyCTOTI)I MG)KI[y II0JIsIMH, KaK B
HIWDKENPUBEICHHOM MPUMEPE:

I Ilepemennas cmpykmypno2o muna
Var5: MyStructName;

/| ======= Pasmewenue nepemennon Varb ¢ namamuy ==========
Var5.F1 (short) |] 0x00000000
Empty field ] 0x00000001
Var5.F2 (long) ] 0x00000002
Var5.F3 (long) | 0x00000004

MNpumevaHue Eciu cmpykmypa codepacum nore muna long, mo oannvie smozo nons
npu 00vAGNEHUU CMPYKIMYPbL 8bIPAGHUBAIOMCS NO YeMHOM) Aopecy.

2.6.5 HavyanbHble 3Ha4yeHus

HpI/I OMUCAaHUN TICPCMCHHLIX MOXHO 3aJaBaTb HX Ha4YaJIbHBIC
3HadYeHMsA. HadanpHOE 3HAaYeHHME WM CIHHCOK HaYallbHBIX 3HAUCHHUU
CJICAyCT 3a OOBsABIECHHEM THIIA HepeMeHHOﬁ U NpeaBapiacTCsa 3HAKOM

=". IIpuBenemM npuMepsl HA4aJIbHON MHULIMATIN3ALUH IEPEMEHHBIX

data "".data"
Varl: word = 01234567h;
Var2: long = 0123456789abcdefhl;

Var3: word[4] = ( 0, 1, 2, 3 );
end ".data"

@
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JUis maHHBIX TPOCTHIX (JOPMATOB HavaJbHOE 3HAUYEHHUE 3a1aETCS
B BHJIC KOHCTAHTHI (MJIM KOHCTAHTHOTO BBIPKEHHSI), HATIPUME:
Varl : word = 123;

[Tpy WHUIMATU3AIMK TIEPEMEHHBIX Thma loNg mocie 3HaYeHwUs
KOHCTaHTBI CIIEAyeT 100aBUTh JaTHHCKYIO OykBY 'L’ 'I' mst ykasanus
TOTO, YTO JAHHOE YUCIIO CYMTACTCS JUIMHHBIM. Hampumep:

Var2 : long = OFFFFFFFFFFfFFrFFfFHL ;

B ciydae uWHMIMANM3alMK JaHHBIX COCTaBHBIX (OPMATOB B
KauecTBE HA4YaJbHOTO 3HAUEHUS UCIOIB3YETCS CIHCOK HaYaJlbHBIX
3HAYCHUH, pa3AeiseMbIX 3aISThIMHA U 3aKITFOYCHHBIN B KPYTJIbIe CKOOKH.
KonuuecTBo 3HAYCHMIA B CHHCKE JOHKHO COOTBETCTBOBATH COCTABHOMY
TUIY, @ BHUJ KaXJIOTO 3HAYCHHS — THUITy COOTBETCTBYIOIIECTO JIEMEHTA
coctaBHOro TtHma. AccemOIepoM HE TPOU3BOAUTCS  MPOBEPKHU
COOTBETCTBUSl WHUIIMAIHM3ATOPA ¥ HHHUIMATU3UPYIOIIETOCS O0BEKTa TI0
0a30BbIM THMaM. [Ipy MHUIMANTH3AIMKE CTPYKTYPHI M3 3JIEMEHTOB THIIA
long He0OX0IMMO SIBHO MPHUMUCHIBATE 'L’ K HCHIONB3YIOIUMCS YHCITOBBIM
auTepanaMm. B mpoTuBHOM citydae acceMOiep caMOCTOSTENbHO MIPUBEACT
€ro K JBYXCJIOBHOMY THITY, B3SIB B Ka4€CTBE MJIQJIIICTO MIPHUCBAUBACMYIO
MEPEeMECHHON KOHCTAaHTy WHHUIIMAIHM3AIlMK, a B KadecTBE CTapIIero
HyJieBoe clioBo. OO 3TOM MOJIB30BATEIh MOXKET y3HATh M3 COOOIICHHS,
BBIJIABACMOTI0 B IIpolecce acceMOIMPOBAHUS (cM.  OKyMEHT:
FO®KB.30047-01 95 01. Kpocc-cpenctBa pa3pabOTKH MPOTPAMM.
PyKOBOACTBO MOJIb30BATEIIS.).

HpI/IMepBI WHUIMATIN3aui IEPEMCHHBIX COCTABHBIX TUIIOB.

struct MyStruct
First : word;
Second: long;
Third : word[2];

end MyStruct;

data ".data"
Varl : word[3] = (1, 1

]:

: , 1);
Var2 : MyStruct[2 (C 3,
2,

Z1L, (12, 345) ),
-2L, (67, 89) ) );
end ".data'';

ECJ’II/I B CIIMCKEC I/IHI/IIII/IaJ'II/ISI/IpyIOHII/IX KOHCTAHT 3a4acTCs
IIOCJICI0OBATCIIBHOCTD OANHAKOBBIX 3Ha‘IeHI/II71, TO 3allUCb MOXHO
COKpaTuTh, YKa3zaB nosroputens dup. [Ipumep:

Varl : word[3] = ( 1 dup 3 );
Var2 : MyStruct[2] = ( (3, -1L, (12, 345)) dup 2 );

2.6.6 ObnacTtb AencTBUsa JaHHbIX

[lepemeHHbIe, ONMCHIBAEMBIC B POrpaMMe Ha sI3bIKE acceMOIIepa,
MOXKHO KJIacCH(UIMPOBATH MO UX oOmacTu AeiictBus. Jlomyckarorcs
CJIEAYIONINE 00IaCTH ICUCTBHS TaHHBIX
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e local - nokanbHBIE NTEpeMEHHBIE, KOTOPBIE MCIIOJIB3YIOTCS TOJNBKO B
npenenax JaHHOro (ailia W HeJOCTYNHbI (HEM3BECTHBI) BHE €ro, B
apyrux (ainax , o0pa3yroumx Mnporpammy;

e extern - BHEIIHHE NEPEMEHHBIE, ONMCAHHBIE B HEKOTOPOM JIPYroM
(haiine u uCroNb3yeMbIe B TJAHHOM;

e global - rnoGanpHBIC HaHHBIC, OMHCaHHBIE B JaHHOM daiie u
JOCTYIIHBIE JJIS IPYTHX (ailyioB MporpamMmel,

e weak - rmioOanbHble [aHHBIE CO CJIA0BIM THUIIOM CBSI3bIBaHUSA,
ONKCaHHbIE B JAaHHOM (aillie M JOCTYNHBIE AN Jpyrux (Qaiiiaos
nporpaMMbl. Eciu B HEll BCTpeTW/IOCH ompefesieHue TIio0aibHOU
NIEPEMEHHOM € TEM € HMEHEM, TO IEPEMCHHbIE IAHHOIO THIIA
UTHOPHUPYIOTCS,

e common - oO0mWe JaHHbIC, HE ONWCAaHHBIC HH B OJHOM (haiiie u
JIOCTyIHbIE u3 Jroboro aina (Mecto moj oOIMe JaHHBIC
PE3epBUPYETCS PEAAKTOPOM CBSI3CH).

Cayxebnoe cmoBo local B cnemudukanusx JOKaJIbHBIX
IIEPEMEHHBIX MOXHO OIyCKaTh, CUUTAE€TCsS, YTO €CIU B ONHMCAHUU
NEpEMEHHON SBHO HE yKa3aHa ee O0JIaCTh JeHCTBUS, TO IEepeMEHHas
JIOKaJIbHA B JAHHOM MOJYJIE.

Uto0Bl yKa3aTh, YTO HEKOTOPOE OIMMCAHHWE BBOJUT BHEIIHIOIO
MEPEeMEHHYI0, He0OX0IMMO 3a7aTh Mepel €€ UMEHEM CIy:KeOHOE CIIOBO
extern, Hampumep.
extern Var3 : word;

JInsi BHEWMIHUX JIaHHBIX, OMHCAHHBIX B MOYyJIe, MaMsITh HE
OTBOJMTCS; BCE CCHUIKM Ha TaKue MEepEeMEHHBbIE B MPOrpaMMe OTHOCSTCS
K OMHUCAHUIO TTI00aTbHON MepeMEHHON ¢ TaKUM e UMEHEM B HEKOTOPOM
IpyroM Mojyliie. B onucaHusiXx BHENIHUX NAHHBIX WHULUATH3AIMUS HE
JIOITyCKaeTCsl.

I'moGanpHBIC JaHHBIE BBOJSTCS OMUCAHUSMH, B KOTOPBIX TMEPE
MMEHEM TepeMeHHOM yka3aHo ciyxebHoe cnoBo global, nHanpumep:
global Varl : long;
weak Var3 : word = 1234;

Pa3HOBHIHOCTBIO TJI00AJIBHBIX HAHHBIX SBISIOTCS NaHHBIE THIIA
weak, nMmeromue cira0blid THII CBSI3LIBAHUSL.

Ha Bce mepednciieHHBIE BBINIE TUIBI CBSI3BIBAHHS MEPEMEHHBIX
pacIpoCTpaHsIOTCs T€ XK€ MpaBHia, YTO U Ha METKH, 32 UCKIIOYCHUEM
TOTO, YTO HEJb3s 0OBABIATH NepeMenHbie global u weak 3a npenenamu
cekruii(cM. moapazaen 2.5 Merku). UtoOsl omwucaTh OOIIHME daHHBIC,
HEOOXOAMMO 337aTh COMMON Tepe]] UMEHEM ITEePEMEHHOM:
common Var : word;

WNuunumanuzanus o0mux AaHHBIX HE Aomyckaercs. OcoOeHHOCTH
MIEPEMEHHBIX C TUTIOM CBSI3BIBAHUS COMMON:

@
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e B OIHOM (aiisie He MOXET OBITh IBYX OJJHOMMEHHBIX IEPEMEHHBIX;

® [IEpEMEHHBIE C OJMHAKOBBIMU UMEHAMHU, OOBSIBICHHBIC B PAa3IUYHBIX
MOJYJISIX MIPOrpaMMBbl OOBEIHHSAIOTCS PEJAKTOPOM CBSI3€i BOSANHO;

® BCE CCBUIKM Ha OJHOMMEHHBIE IMEpPEeMEHHbIE U3 pasHbIX (aijoB B
pe3ynbTaTe HaCTPAauBaIOTCA HA OJUH M TOT K€ aipecC MaMsITH;

¢ MCTKM C OAMHAKOBBIMU HMCHAMH MOI'yT HMCETH PA3JIMYHBIC THIIbI,
HarpuMep, €cii B ogHOM (aiiyie oOBbsBIICHA MEpEMEHHas COmmon
MyCommon: word;, a B ipyrom common MyCommon: long[4], To
mocie OObEIUHEHMs] OOIMI pa3Mep BBIICICHHONW mamsaTH Oyaer
paBeH sizeof(long)*4;

® MECTO TIOJI TIEPEMEHHBIC BBIJCISIETCS PEJAKTOPOM CBsi3el B
CIIENUAJIPHOM  CEKIIMM  .common. OTa  CEeKLUHUsA  COo3aaeTcs
ABTOMATUYECKU TPU HAIUYUK  TEPEMEHHBIX JaHHOTO  THUMA
CBSI3LIBAHUA.

2.6.7 Mecta onga o6bABNEeHU U HaYanbHOM NHULMaNM3auum nepeMeHHbIX

[Ipr 0OBsBICHHH TEPEMEHHOH MPOUCXOIAUT PE3EPBUPOBAHKE
o0JIaCTH TaMsTH, HEOOXOIUMOH I pa3MelIcHUs e 3HadeHus (3a
UCKIIIOYeHHeM  extern — u  common). Ecnmu  mepemeHHas
VHUIHATU3UPYIOTCS HaYa bHBIM 3HAYCHHEM, TO OHO 3aMUCHIBACTCS B ATY
007acTh MaMATH.

[Tepemennbie THnoB global, weak mOKHBI OOBSABIATHCA
TOJIbKO B Ipejesaax cekuuii. /st 3Toro cnenuanbHO OTBEACHBI CEKIIUU
WHULHAATM3UPOBAHHBIX W HEMHMIMAIM3UPOBAHHBIX [JaHHBIX. boiee
MOIPOOHO O CEKIUAX JaHHBIX cM. Tojpa3zen 2.3 CeKIuu.

[Ipu oOBsABIEHMM NEPEMEHHBIX TUIOB extern u common He
MPOUCXOAUT pe3epBUpoBaHue mamsATu. [loatomy s Gonbliei
HarJiiIHOCTHU peKOMeHIIyeTCH OG"LSIBJISITB HepeMeHHBIG JAHHBIX THUIIOB
BHE CEeKIMMH.

[Ipumep  TpaBWIBHOTO W HENPABWIBHOTO  OOBSBICHUS
MePEMEHHBIX
data ".data"
Il Obracme ¢aiina euympu cexyuu.
global Aglob: word; // npasusvnoe o6vsaeénenue;
Bloc : long; // npasurvrnoe obwssienue;

weak Cweak: word; // npasurvnoe obvsaerenue;
end ".data";

Il Obracme ¢aiina sne cexyuil.

global Dglob: word; /I wenpasunvroe o6vsaenenue;

common Ecomm: long; // npasuavnoe obvserenue;
Floc : long; /Il npasunvnoe obvasnenue,

weak Gweak: word; // nenpasunvnoe o6vssnenue;

extern Hextr: word; // npasurvnoe obvsaerenue;
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data "".datal"

Il O6racme ¢aiina suympu cexyuu.
common lcomm: long; // nepexomenoyvemoe obvsenenue;
extern Jextr: word; [/ nepexomendyemoe obwasnenue;

end ".datal"';

2.7 Qupekmuenbl si3bIKa accembriepa

B nmanHOM paszene mepedncieHsl BCe AUPEKTUBBI acceMbiepa,

ONMCaHO WX Ha3HAa4YeHWEe, NPUBEACHbI NpaBwia paboTel ¢ HUMU. B
OTJIIMYME OT MHCTPYKIMH MpoLeccopa AUPEKTUBBI HE TPAHCIUPYIOTCS B
KaKoH-muOo CHeruanbHBIA KOJ, a JIMIIb OKa3bIBAIOT BIHMSHHUE HAa XOJ
KOMITWJISILIMM TTPOTrpaMMBbl. J{upeKTUBBI accemOiiepa no3BoJIsItoT!

OCYIIECTBIIATH YCIOBHYH KOMIIMIIALINIO,

3a/1aBaTh  BBIPABHUBAHWE JJIEMEHTOB MPOTPAaMMbI, a HMEHHO
WHCTPYKIUN U JAHHBIX;

OTIPEACIISATH KOJIMYECTBO MMOBTOPEHUH OJIOKOB JaHHBIX;
BBOJIUTH B TEKCT Ha SI3bIKE acceMOiepa OTIag0uHy0 HH(pOpMaIHIo;

paspliiatb W 3alpeilarb MapalJICIbHOC BbIIIOJIHCHHUC KOMAaH
nporeccopa.

JNlanee OyayT mpuBeneHbl aBe TaOauiel nupekTtuB. CHavasa

CBOJHasl Tabnuia 0e3 cnucka AUPEKTHB OTJIAAOYHON MH(popManuu U
OTAENBHO TaONHIAa IUPEKTUB OTIAJ04YHOM HHGpopmanmu. B kaxmoi
TaOJUIIE TUPEKTUBBI PACIIONIOKEHBI B aJ(aBUTHOM IOPsIKE. A 3aTeM K
KaX/101 qupekTuBe OyayT JaHbl KOMMEHTApUH 110 UCIIOJIb30BAHHUIO.

Tabs. 2-7 CeBomHas Tabimuina OupekTuB sseika accembiaepa (Yacrs 1).

MHEMOHWKA OMNUCAHKME

align BripaBHUBaHME IO YETHOMY aJIpecy.

.Jbranch Bxuttouenue pexxuma napauieIbHOTO BBITOTHEHUS
WHCTPYKUHUU Mpoueccopa.

endif Konery 6110ka yCIIOBHOW KOMITHIISIIHH.

.endrepeat Komner 010ka noBTOpeHus: UHCTPYKLUH.

If ycnoBue Hauaio 6110ka yCcI0BHON KOMITHIISIIIAH.

.repeat ko;-Bo nosropenuit | Hauasio O10ka noBTOpeHuss HHCTPYKLUH.

wait OTxiIroueHHe pexxuMa napauIeIbHOTO
BBITIOJTHEHHUSI.
.nm6403 [lepexmtodyeHrne B PEXKUM  KOMIFUIAIMM IS
NM6403.
®
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.nm6405 [lepexitoueHrne B PEXKUM  KOMIWIALMH ISt
NM6405.

B sa3pike accemOnepa mMeercss HaOOp IUPEKTHB JUIsl 3aJaHUS
nH(popmayu, HeOOXOAMMOM ISl JATBHEHIIICH OTIaIKH.

AcceMmbnep MO//IEPKUBAET TeHEePaLIo OTJIaJJOYHOMU
unpopmanuu B popmare DWARF Bepcun 2.0. Omnwucanue ¢opmara
MOXXHO HaWth B JOokKymeHrte: TIS Committee “DWARF Debugging
Information Format. v2.0".

Mpumevanve  Jlupexmusvl omaadouHol uHGopmayuu ceHepupyiomcs KOMRUISMOPOM C
azvika C++, 014 ucnonv3o8anus npu npocpamMmupo8aHul Ha s3vike
accembnepa He NPeOHA3HAYEHDL.

Bce MpeKTHBBI OTIAMOYHON HMH(POPMAIMH HAYHHAIOTCS C
npedukca .debug_":

Tabs. 2-8 CBomHas rabsmnia AUpekTUB sS3bka acceMmosepa (Yacres 2).

MHEMOHWKA OMNCAHWME

.debug_arange uHbopManus 00 aJIpecHbIX AHANa30Hax MPOrpaMMBbl;

.debug_die onuceiBaeT HOBYI0 DIE(Debug Information Entry);

.debug_die_child onuceiBaeT HOBYI0 DIE, m04epHIO0 10 OTHOIICHHIO K
.debug_die;

.debug_die_endchild yKa3bIBACT Ha OKOHYAHHE IETTOYKH TEKYIIETO YPOBHS,

.debug_end_sequence MapKep KOHIIa KyCKa HEIPEPhIBHOTO KO/Ia;

.debug_frame_cie uH(OpMaIKs 0 CTeKe BHI30BOB,;

.debug_frame_fde uH(oOpMaIrs 0 CTeKe BHI30BOB,;

.debug_line uH(pOpMaIHs 0 CTPOKAX UCXOTHOTO TEKCTa,;

.debug_pubname uHpopMaIrs o rI00aTbHBIX CHMBOJIAX;

.debug_root_die omuchiBaeT  KopHeBylo DIE  KOMIWIAIMOHHOM
enununibl (CU);

.debug_source_directory | urdopmanus o Karajaorax, B KOTOPBIX HaXOMSATCS
HUCXOJIHBIE TEKCTHI;

.debug_source_file Wudopmarnus o paitax HCXOAHBIX TEKCTOB,;

.debug_start_sequence MapKep Hayasia KycKa HEPepPhIBHOTO KO/,

Kaxnas ©3 JAMpPEKTHB OTJIAJOYHOH WHGPOpPMAIMA  HUMEET
HECKOJIBKO ~ apryMEHTOB, [IEPEYMCICHHBIX 4Yepe3  3aliaTyr, W

OKaHYMBaeTCs TOUKOM ¢ 3ansitor. Hanpumep: .debug_line 2, 3,
1;
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Jnst Toro, yToOBl MPAaBUIBHO MOHMMATh Ha3HAUYEHUE JUPEKTHB
OTJIAa0OYHON KOMIHJISIIIH, UX CTPYKTYpPY M TPUHIMITEI HCIIOJIH30BAHMUS,
HEOOXOAMMO TpeBAapUTEIHHO O3HAKOMUTHCS C OMMCAHHEM CTaHIapTa
mpelacTaBieHuss oTiaanoyHol wuHbopmanuu B (popmare DWARF.
(moxyment: "TIS Committee “DWARF Debugging Information
Format. v2.0").

[Tocne nupekTuB s3bIKa acceMmOiepa Bceraa JOHKEH CTaBUTHCS

3aBCPUINUTCIIb CTPOKHU ;.

2.7.1 OvpekTnBa .align

HupexktuBa .align B 1mpolecce KOMIWISLUM COOOIAeT
acceMOuiepy, 4TO ciefyomas 3a Hel MpOLEecCOpHas MHCTPYKLMS MU
3JIEMEHT JaHHbIX OJKHBI HAYMHATBCS C YETHOIO aapeca. Eciu Texymumi
azpec ObLT HEYETHBIM, TO OyJeT BBIOpaH ONMKaWIIMI YETHBIM anpec,
cienyromuii 3a HUM. Ecim Tekymmil aapec ObLI YETHBIM, TO OH HE
U3MEHHUTCS.

HupektuBa -align He TpeOyeT HHUKAKUX OMOJHUTEIBHBIX
I1apaMeTpoB.

JupektrBa .align He MOXET HCIONB30BATHCS BHE CEKIUH.
Ecimu omna HCIIOJIB3YCTCA BHYTPH CCKIMM KOJQ4, IPU BbBIPABHUBAHUU B
nporpaMMmy  BCTaBisieTcss  WHCTpykmust nul; ecnmm B ceknuu
HWHUIIUAJIM3UPOBAHHBIX HAHHBIX, IPOITYCK 3allOJIHACTCA Hy.]IeM; €CJIN B
CEKIINU HCHHHUIIMAJIU3UPOBAHHBIX JAaHHBIX, TGKYI]_II/Iﬁ aapec
yBenuuuBaercs Ha 1.

ITpumep ucnonp3oBanus aupekTussbl -align:

e [Ipu pabGoTte ¢ TaHHBIMHU:

data "Init" I cexyus ececoa navunaemes
Il ¢ wemnozo aopeca.
Varl: word[5] = (-1 dup 5);
Il hewemnoe kon-6o anemenmos.
Il cnedyrowas nepemennas oondxicna Gvime
Il pasmewena no newemnomy aopecy.
-align; Il oupexmuea evipasnueanus;
Il accembnep nponyckaem croso.

Il nepemennasn nauunaemcs ¢ wemnozo aopeca.

Var2: word[2] = (BA5A5A5Ah dup 2);
end "Init";
Toraa B maMsiTH JaHHBIE PA3MECTATCS CIETYIOIIMM 00pa3oM:
00: FFFFFFFF FFFFFFFF /I Varl 5 anemenmos.
02: FFFFFFFF FFFFFFFF
04: FFFFFFFF 00000000 /I 6cmasnennoe nynesoe cinogo.
06: 5A5A5A5A 5ABA5A5A /I Var2 ¢ uemnozo adpeca.

e [Ipu paboTe ¢ HHCTPYKLUUSAMHU:

[G]
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begin "textFunc' [/ cexyus 6cezoa nauunaemcs
Il ¢ wemnoeo aopeca.

gr0 = [Varl]; Il onunnas xomanoa pacnonosicena
Il no uemnomy adpecy.
grl = grO << 1; [/l kopomkas xomanoa.

I cnedyrowas xomanoa donicna 6vime
Il pazmewena no neuemnomy aopecy.
.align; Il oupexmuea evipasnusanus;
Il accembnep scmasnsiem nul.
gr2 = not grl; [/l kopomkas komanoa,

Il pacnonosicena no wemmnomy aopecy.
end "“textFunc'';

2.7.2 Ovnpektnea .branch

JupektuBa .branch ycranaBnmBaer OWT TapayuICIbHOCTH
PaBHBIM €IMHUIIE BO BCEX CIEAYIOMIMX 32 HEH MHCTPYKIHUAX MPOIEccopa
JI0 TeX TMop, ToKa He OyIeT BCTpeueHa AWpeKTHBa .wailt mwim He Oyner
JOCTUTHYT KOHel ¢aiina.

HupexktuBa -branch He TpeOyeT HHMKakuX JIONOJHUTEIbHBIX
napameTpoB. OHa MOKET OBbITh MCIIOJB30BaHA TOJILKO BHYTPH CEKIMU
KOJa.

[To ymorganuio B mporpamMmme OUT mapajuienbHocTH cOporieH B 0.
Ucnonb3oBanne AUPEKTHBBI -branch mo3BosisieT BKIOYWTH PEKUM
[apaJuIEIbHOTO UCIIOJIHEHHSI MHCTPYKIIMM IPOLECcopa.

IIpumep ucnonb30BaHus JUPEKTUBEI - branch:
begin "textFunc"
<MyFunc> Il memxa nawana ¢pynxyuu,

Il 6um napannenvnocmu p = 0.
arO = Vector;

.branch; Il 6um napannervrnocmu p = 1 30eco
Il u oanee 6o scex komanoax.
rep 16 ram = [arO++]; // eekmopnasn komanoa
I evinonnsiemes 16 maxmos.

gr0 = grl << 4; Il ckanapnas komanoa
I sbinonusiemes napanienvho.
wait; Il 6um napannervrnocmu p = 0 30eco
Il u 0anee 6o scex komandax.
gr0 = grl << 4; Il ckanapuas komanoa

Il osrcuoaem oxonuanust pabomor

Il eexmopnotl komarowi.
end "“textFunc'';

2.7.3 Onpektnea .endif

HupexktuBa .endif sBusercs 3akpbiBaromield CKoOKoil Oioka
YCJIOBHOM KOMNWJISILIMHU, HCIOJNb3YETCSI TOJBKO B TMape C JUPEKTUBOU
OTKpBIBaIOIIEH CKOOKM OJioka ycimoBHOM kKommwisanuu -iF, w
CaMOCTOSITEJIBHOTO 3HAUEHUSI HE UMEET.
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IIpumep wucnons3oBanuss .endif npuseneH B myHkre 2.7.5
JlupexTuBa .if .

HupexktuBa .endif He TpeOyeT HHUKaKuX JIOMOJHUTEIbHBIX
apaMeTpoB.

2.7.4 Onpektnea .endrepeat

2.7.5 Onpektnea .if

HupektuBa .endrepeat coobmaeT acceMOaepy, 9TO TOCTUTHYT
KOoHell OJ0Ka MHCTPYKIUH, KOTOpPBIA OMKEH OBITh MPOAYyOJIMpOBaH B
porpamMMe TO YHCIIO pa3, KOTOpoe yKa3aHo MpH JUPEKTHBE . repeat.

HupexktuBa .endrepeat wucnonb3yercs TOJIBKO B Iape ¢
.repeat, ¥ HUKaKOro caMOCTOATEIBHOIO 3Ha4eHUs He umeer. IIpumep
UCIoNb30BaHusd -endrepeat mnpuBeneH B MyHKTe 2.7.6 JlupexkTtuBa
.repeat.

HupektuBa .endrepeat He TpeOyeT HUKAKUX JOMOTHUTEIbHBIX
apaMeTpoB.

HupexktuBa . 1F ycrosue onpenenser Hadaao OJIOKa YCIOBHOH
kommwsanuu. OHa ucnoisb3yercs B mape ¢ .endif u 3amaer ycioBus,
IIPH KOTOPBIX OJIOK MHCTPYKIUH TPOIeccopa, 3aKITFOUCHHBIN B KaBBIYKA
.iF ... _endif, Oyxer cKoOMIIWIMPOBAH acCceMOJIEPOM.

Pesynbrar BeIpakeHus, crosuero nocie . iF, paccMarpuBaercs
Kak OyseBckoe uncio. Ecinu ycnoBue HCTUHHO, acceMOJiep KOMIMIUPYET
JAHHBINA OJIOK, €CJIU JI0)KHO, OJIOK MPOITyCKaeTCs.

bioK yCIOBHOM KOMIWIISIMUM MOXET HCIIOJIb30BAaThCS KaK B
CEKIMIX JAHHBIX, TAaK U B CEKUUAX koaa. OH HE MOXKET pacroJiaraThCs
BHE CEKIIUH.

[Ipumep mnporpamMmbl € UCIOJB30BaHUEM OJIOKAa YCIOBHOM
KOMITHJISIIIVIH:

const DEBUG = 1; // koncmanma ucnonvzyemcs ons

S Il omnaoxu npoepammet.

nobits ".data" Il cexyus oannvix.

- 1T DEBUG; Il hauano 6roxa ycroenoi komnunsyuu.
GenRegs: word[8]; /I mecmo noo 8 pecucmpos.

.endif; Il koney 6roxa ycnosnoi kKomnunayuu.

end ".data'';

begin "._text" Il cexyus kooa.

. 1T DEBUG; Il hauano 6roka ycroenoil komnursyuu.
[GenRegs[O0]]1 = grO; // 6 omradounom pexcume

[GenRegs[1]1] = grl; /I ece pecucmpwi obwezo
[GenRegs[2]1]1 = gr2; /I nasnauenus copacwisaromes
[GenRegs[311 = gr3; // s ewiderennyio obracme
®
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[GenRegs[4]1] = gr4; !/l nawamu.

[GenRegs[5]1]1 = gr5; /I B peanvrom pedxcume pabomet,

[GenRegs[6]] = gr6; // koecoa DEBUG =0, oannuvtit

[GenRegs[7]1]1 = gr7; [/ 6aox 6yoem nponywer.
.endif; I koney broka ycnoenoil kKomnuasyuu.

end ".text';

2.7.6 dnpektnea .repeat

JupektuBa .repeat kon-60 nosmopenuii ONIPEAEISIET HAYaIo
0710Ka, KOTOpPBIM OyJIeT pa3MHOXEH TO YHCIO pa3, KOTOpOe YKa3aHO B
KauecTBe ee napamerpa. OHa ucrnosp3yercs B nape ¢ -endrepeat.

KonnuecTBO MOBTOPEHMIT 3aa€TCS MTOJOKUTENBHON KOHCTAHTOM.
CkoOKHM MOTYT HCIONB30BAaThCsl, KaK albTepHATHBA IIMKIA, OJHAKO
CJIG,Z[yGT IIOMHUTH, YTO 60HLH.IO€ KOJINYECTBO HOBTOpeHI/Iﬁ MOXET
HEOIPaBIaHHO YBEIHMUUTH 00BEM KOJa.

[TpuBenem IIpuMep HUCIOJIL30BaHUS -repeat -
-endrepeat:
begin "._text"

gr2 [Mask] ;
grO [arO++];

-repeat 9; /I noemopums 6510k uz 08yx xomano 9 pas.
gr0 = [arO++] with grl = grO and gr2;
[arl++] = grl;

.endrepeat; // koney 6noka.

[arl++] = grl;

end ".text';

BHyTpn Onoka TIOBTOpEHHMS HE  JIOJDKHO  BCTPEUAThCS
onpe,ueneHHe MCTOK U HepeMeHHBIX, TaK KakK HOI[O6HBIC onpe,ueneHHH
IyOIUPYIOTCA TEKCTyalbHO, YTO TMPUBEAET K MOTOKY CHHTAKCHUECKHUX
OIINOOK.

2.7.7 dnpektnea .wait

JupektuBa .wait ycTaHaBIMBaeT OUT MapauIeNbHOCTH PABHBIM
HYJIIO BO BCEX CIEAYIOIIMX 3a HEM MHCTPYKLHMAX IPoLeccopa A0 TEX Mop,
nmoka He OyJeT BcTpedeHa AupekTuBa . branch uim ve Oyner TOCTUTHYT
KOHEI| TEKYILEN CEKIIUU.

HupexktuBa .wait He TpeOyeT HUKAKUX JIONOJHUTEIbHBIX
napameTpoB. OHa MOKET OBbITh MCIIOJb30BaHA TOJILKO BHYTPH CEKIIMU
KOJa.

[To ymoruanuio B mporpamMmme OUT mapajuienbHocT cOporieH B 0.
Ecim mpu momomm mupekTuBbl .branch Obul BKIIIOYEH pexuM
[apaJUIEJIbHOTO HUCIIOJIHEHMS HMHCTPYKLUM 1mpoueccopa, 1O .walt
cOpaceiBaeT ero. B pesynbrare Kaxaas MHCTPYKIHS Ipoleccopa,
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NpeXaAe YeM  BBIIOJHHUTHCSA, OyAeT  JOXHIAThCS  BBIOJHEHHUS
MIPEABITYIIEH.

[Ipumep wucnonp3oBaHUS AUPEKTUBBI CM. 2.7.2 JlupekTtuBa
.Jranch.

2.7.8 Onpektnebl .nm6403, .nm6405 n .nm64revision

JupextuBel  .NM6403, .nNm6405 3acTaBisAlOT TPAHCIATOP
yOequThCs, UYTO HMCXOOHBIM TEKCT TPAHCIMPYETCA Ul MOIXOASIICH
Bepcuu mporieccopa. Vcnonp3yiiTe kak Mepy NpeIoCTOPOKHOCTH, YTOOBI
rapaHTHpOBaTh, YTO MporpaMmy He OyayT KOMIMIHPOBATH MJs TOU
BEPCHUH IIPOLIECCOPA, C KOTOPOM OHA HECOBMECTHMA.

Tekymmuii  pexuM MOXKHO y3HaTh, IPOBEPUB 3HAUYCHUE
MPEIONPECIICHHOTO CUMBOJIa -nm64revision. JT0 3HaUE€HUE — YHUCIO
ot 3 1o 5.

[Tpumep:
Il 3anycmums maiimep
-if _nmé4revision=3;
/I [function ... function + fend - fbegin

2.7.9 Onpektnebl OTnagovHon MHdpopmaumn

2.7.9.1 QupektnBa .debug_arange

JupextuBa  .debug_arange  mo0OaBnsier  uHpOpPMAIHIO O
JMana3oHax aJpecoB, OMUCAHHBIX B TEKYIIEW E€IWHHIBI KOMITHAJISIIAH
CU(Compilation Unit) gms 6sicTporo morcka mo aapecy. Y JUPEKTHBBI
7Ba mapamerpa: ajpec W JJIMHA. AZIpec — MepeMelaeMblii B II€JIE€BOM
npoctpancTBe. COOTBETCTBEHHO, 3HAYCHHEM 3TOrO IapaMeTpa MOKET
OBITH TOJILKO BBIPAKCHHE, BEIYUCISEMOE KaK TIEpEMEIacMOe.

[Tpumep:
.debug_arange function, fend - fbegin;
Il ouanazon adpecos:
/I [function ... function + fend - fhegin]
Il npunaonesxcum koody, onucannomy 6 dannoti CU.

2.7.9.2 Oupektuebl .debug_die n .debug_die_child

Co31at0T HOBBINM 2JEMEHT XpaHEHHS OTIAAOYHOUW HH(OpMAIUH
DIE (Debug Information Entry) B Texymeit CU. [IupextuBa .debug_die
cosnmaeT DIE kak Gpara npeapiaymero DIE. Tupextusa .debug_die_child
co3naet DIE kak ceraa npenpiaymero DIE.

[lepBBiii mapaMeTp ITUPEKTHBBI COJAEPKUT HIECHTHU(PUKATOP,
UCTIONIb3YeMBbIil accemOiiepoM B kadectBe MeTku DIE s cceumok nHa
tekyuii DIE u3 npyrux ornagodHsIx AUPEKTUB. JTa METKAa HUKAK HE
cs3ana ¢ umeHeM DIE, koTtopoe sBisieTcss 3HaueHHWEM aTpuOyTa
DW_AT _name.

@
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Bropoii mapaMeTrp AUPEKTUBBI COACPHKHUT LEIOUHUCICHHBIN TeEr
tuna DIE. 3Hauenus pa3nuuHbIX TErOB 3aJaHbl B ONUCaHuM ¢dopmara
DWARF. B makpo6ubanorexe dwarf _ct.mlb, mocrasnsemoii BmMecte ¢
oubnnoTexol, mis Kaxaol BenuuuHbl ctanaapta DWARF onpenenenst
KOHCTAHTHI, IMEHA KOTOPBIX COBIAJAIOT C UCTIOIb3YEMBIMH B CTAHIAPTE.
Kak m B crammapre, mMeHa teroB HaumHaroTcss ¢ DW_TAG_ . B
JanbHEWIIEM ONUCAaHUM BMECTO YHCICHHBIX 3HAuYe€HUH OyayT
MCIIOJIb30BaHbl UMEHA.

OcTanbHble MapamMeTpsl AUPEKTHBBI MPEACTABISIIOT cO00 CrIMCOK
onucanuii atpudyTtoB DIE:

uMms, popma, 3HaUeHUE,
ums, Gpopma, 3HAUCHHE, ...

MNmsi  arpubyra siBisieTcss KOHCTaHTHBIM — BbIpakeHHEM. B
Ka4eCTBE CHMBOJIHOIO HMEHHM MOXXHO  HCIIOJb30BaTh HWMCHA,
onpenenéunsie B cranaapre DWARF (B dwarf_ct.mlb). CranmaprtHsie
nMeHa aTpuOyToB HaunHatotcst ¢ DW_AT .

dopma - ciyxebOHOE cIOBO, 3amaromiee (Gopmy, B KOTOpOH
MpeJICTaBICHO 3HaUeHue aTpudyTa. Bo3moxubie popmer atpubyToB DIE
npencrasicHsl B Tabm. 2-9.

Tabs. 2-9 oopmer arpmubyros DIE.

OOPMA OMMCAHWE
ref Ccruika Ha apyryro DIE.

addr AJipec B 1I€JIEBOM IIPOCTPAHCTBE.

flag drar.
uconst KoHcranTa 6e3 3Haka.
sconst KoHcraHTa co 3HaKOM.

block BIIOK JaHHBIX.
locdesc OnucaTenb MECTOMOOKEHHUS.
string CuMBOJIbHAS CTPOKA.

3HayeHue - 3HaueHWe arpulyTa, KOTOPOE 3aBUCHUMOCTH OT
dopmer atpubyta DIE, MoxkeT mMMeTh pasmuuHblii cMbica (cM. Talur.
2-10.)

Tabs. 2-10 Cessp sHavenwmrr arpmubyros DIE ¢ mx ¢opmori.

®OPMA

3HAYEHUME NPUMEYAHUME

ref

Mertka DIE (nepssriii mapamerp | AccemOiep (GoOpMHUpYET 3HAYCHHE
kakoi-muoo DIE). 9TOr0 aTpudyTa Kak CMEIICHHE
DIE, Ha xotopyro Oblia CCBUIKA,
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orHocuteapbHo CU B cexumm
oOBekTHOTO (haiila ¢ HWMECHEM
“.debug_info”.
addr [lepemeIaeMblii aapec B Accembiep 06pabaTeIBaET €ro Kak
IICJIEBOM MTPOCTPAHCTBE. W BCE IepeMeliacMble aapeca B
mporpamMMe. 3HaY€HUEM aTpuodyTa
MOXET CIIYXKHUTh JUO0 MeTKa, JIN0Oo
TepeMeHHas, 00 aZpecHoe
BBIpa)KCHHUE.
flag KoncTanTta pazmepoM B 01MH
OaiT.
uconst, Koncranra, monnmaemasi, Kak
sconst 4pciio 6e3 3HaKa MU CO
3HAKOM, COOTBETCTBCHHO.
block BIJIOK IaHHBIX, T.€. HE 3HaueHMss B (UIYPHBIX CKOOKAax
UHTEPIPETHPYEeMast MOTYT OBITh JIMOO KOHCTAHTAMH,
[IOCJIEI0BATELHOCTh OANTOB, MMOHUMAaeMBIMHA KaK OauThl, MO0
MIEPEYUCIICHHBIX Yepe3 3aISITYI0 | aIpeCHBIMH BBIPAKECHUSIMHU.
B (pUrypHBIX CKOOKaX.
locdesc ITocenoBaTenbHOCTE KOMAaH/I Bcga nmocienoBaTenbHOCTL HOJDKHA
a0CTPaKTHOM CTEKOBOM ObITh 3aKiOYeHa B (uUrypHbie
MAIIHHBI, OMIPEIeIIoIIast CKOOKHM, KpOME€ TOTo, Kaxmas
MECTOIIOJIOKCHHE 00BEKTA, KOMaHJa, CcocTosmas U3 Tpex
onucwiBaemoro DIE. KOHCTAaHT (BO3MOKHO aJpECHBIX),
TaK)Ke JIOJDKHA OBITh 3aKII0ueHa B
¢burypHsie CKOOKHU:
{{12,23,24},{24,24,0},...}
string CuMBOJIBHAS CTPOKA. JIroOble  CUMBOJIBHBIE  CTPOKH,
HCIIOJIb3YeMbIe B OTJIAJOYHBIX
KOMaH/[aX, JIOJDKHBI 3aKJIFOUaThCS B
OJIMHApHBIC KAaBbIUKHM, HWHAuYe, B
COOTBETCTBUU C MIpaBWIaAMHA
acceMOiepa,  KaXIblii  CHUMBOJI
CTPOKH B OTJIaI0YHON
uHpOopMaIU Oyner
MIPEJICTABISATHCS YETHIPHMS
OaifTamu.
[Tpumeps! niceBaokoman sl .debug_*die*:
.debug_root_die diel856, DW_TAG compile_unit,
DW_AT name,string, "myfile.c",
DW_AT_producer,string, "Compiler: version 137,
DW_AT compdir,string, "/home/mydir/src”,
DW_AT_language,flag,1, // DW_LANG_C89
®
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DW_AT low_pc,addr,start // start — smo memka
DW_AT high_pc,addr,start + 138;

.debug_die _child die78235, DW_TAG base_ type,
DW_AT_name,string, "char”,
DW_AT encoding,flag,8, //DW_ATE_unsigned_char
DW_AT byte_size,flag,1;

.debug_die diel234, TAG_pointer_type
DW_AT_type,ref,die78235;

.debuf _die_endchild;

.debug_die die2l, TAG_typedef
AT _name,string, "POINTER",
AT_type,ref,diel234;

2.7.9.3 OupekTtunea .debug_die_endchild

3aBepiiaeT TeKyluid yposeHb aepesa DIE, npoucxoaur nepexon
Ha ypoBeHb Bbiie (kK oty nocieanux DIE), cnemxyrommit DIE Oyner
Oparom otma nocieanero DIE.

KOMaHI[a HC UMCCT IIapaMCTPOB.

2.7.9.4 OupexTuebl .debug_start_sequence u .debug_end_sequence

Hupextusl .debug_start sequence wu .debug_end_sequence
OTPAaHMYMBAIOT KYyCKM HENPEPBIBHOTO KoJa IporpaMMmbl. KomaHzsl
.debug_line MoryT BcTpeuaThest TOJIBKO MEKIY STHX OMPAaHHUUUTEIICH.

KOM&HI[LI HC UMCIOT MTapaMETpPOB.

2.7.9.5 OQupekTtnea .debug_frame_cie

HoGasnser HoByro 3amuck (Call Information Entry) x
MH(OPMAIIIU O CTEKE BHI30BA.

[TapameTpsi:
e crpoka-uHpopmanus o pyHkuH, nopoxaatomeit CIE,
¢ BHIpaBHHMBaHHE KOJIa,
® BBHIPABHMBAHUE JTAHHBIX,
e HOMEp pEerucTpa agpeca BO3BpaTa,

® CIUCOK KOMaHJ  aOCTpakTHOM  MalmlMHBI —  HMHCTPYKLUH,
conepkaiuecs B CIE (3anmuchiBatoTcsi B GUTypHBIX CKOOKAX).

[Tpumep:
.debug_frame cie "func()",2,2,7, {{1,2,3},{4,5,0}};
2.7.9.6 OupekTtunea .debug_frame_fde

JloGaenser HoByro 3ammch (Frame Description Entry) «
I/IH(I)OpMaI_II/II/I O CTCKE BbI30OBA.
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[Tapametpsl:
® TIOPSIIKOBBIM HOMep cooTBeTcTBYIOMIEH CIE,
® aJIpec B IIEJIEBOM MPOCTPAHCTBE HaUaIa JaHHOW (DYHKIINY,
e JUIMHA KoJa (PyHKIUH,

® CIOHCOK KOMaHJ  aOCTpaKkTHOM  MamlMHbl —  HMHCTPYKLUH,
coaepkainuecs B FDE (B ¢purypHbix ckoOkax).

[Tpumep:
.debug_frame fde 1, addr, 2056, {{1,2,6},{45,7,4}};

2.7.9.7 Oupektuea .debug_line

JupektuBa .debug _line mobaBiasier wHOpMaIMio 0 HOMEpe
CTPOKH, COOTBETCTBYIOIIEH TaHHOMY ajpecy.

dopmar 3anucu:
.debug_line <Homep CmpoKu>
[, <unoexc ¢paina> ]
[, <womep xoronxu>]

WNunexc daitna nomkeH OBITh HA3HAUYCH paHee KOMaHIOH
.debug_source_file. Muaexc ¢aiina MOXeT OTCYyTCTBOBAaTh, O3HAYAs, 4TO
OH TOT K€, YTO M y mpeabiayineii komanasl .debug_line. Camas mepsas
komanaa .debug_line momkna umets uHACKC ¢aiina. B kauecTBe aapeca
CTPOKH acceMOJiep HCIIONB3yeT TeKyHmMi ajpec. Bmecte co BTOpBIM
napameTpoMm (uMHIEKCOM (haiiima) MOXeT ObITh ONYIICH W TPETHH
napameTp (HOMep croidIa), Toraa HOMEp CToNOIa B JaHHOW CTPOKE
CUUTAETCS HEOTPEICTICHHBIM.

IIpumep:
.debug_line 10,5,6; /1 10-2 cmpoka 5-20 ¢aiina
.debug_line 11; Il 11-2 cmpoxa mozo sce ¢paiina.

2.7.9.8 OupektnBa .debug_pubname

HupektuBa .debug_pubname goGaBiseT ums TI00aIBHOTO
cumBona u cceuliky Ha DIE, comepxkamyio wuHpopmammio o0 3ToM
cumBosie, B cekmuio .debug_pubname s yckopenus mowmcka 1o
CHUMBOITY.

Y KOMaH[IbI 1Ba apaMeTpa.
® 1MS CUMBOJIA B BUJIE CUMBOJILHOW CTPOKH;
e ccouika Ha DIE B Buge metxu DIE.

[Ipumep:
.debug_pubname “TBigArray::find",diel23;

@
euro OnucaHue sA3blka accembnepa -
atrIX CrpaBo4yHOE PyKOBOJCTBO



0O630p OcHOBHbIX OnemMeHToB A3blka Accembrepa

2.7.9.9 OupekTtunea .debug_root_die

Cosmaer kommwmsiionnyto exuauiy CU (Compilation Unit), u
nobasnsieT B Hee kopHeByto DIE, comepxamryro B cebe atpubytsl CU B
nenom. Bee mocnenyronme nupextussl .debug_die cosnmator HoBeie DIE
B CU. ITapameTpsl y TaHHOW AUPEKTUBBI Takue ke, kak u 'y .debug_die,
T.K. Toke omumceiBator DIE. Drta mupexkrtuBa ormencHa ot .debug_die
YTOOBI JIOTHUECKU BBIETUTH KopHEBY10 DIE.

Kommuisatopom accembiiepa MOIEPKUBACTCS CYIIECTBOBAHHE
TOJIBKO OI[HOﬁ KOMHI/IHﬂHI/IOHHOﬁ CANHHNIIBI, H03TOMy HOBTOpHOG
BXOXIeHHe qupekTuBsl .debug_root_die ne momyckaercs.

2.7.9.10 OupektmBa .debug_source_directory
JNupextusa .debug_source_directory umeer aBa mapamerpa:
e HHJIEKC KaTajora;
® CTPOKY-IyTh K KaTajory.

WNuneke ¢aitna umeer muiib UHGOPMATUBHOE 3HAUCHHE U JIOJDKCH
COBIAaTh C MOPSIKOBBIM HOMepoM Komajbl .debug_source_directory
(cpemm Bcex TakMX KOMaHJI), HyMepauusi HAYHMHACTCS C SAMHHIIBI.

Bce ucxomubie (aiisl JOIDKHBI OBITH JOCTYIHBI IO OJHOMY H3
KaTaJIOTOB 3a/laHHBIX KoMaH 0¥ .debug_source_directory.

IIpumep:
.debug_source_directory 3, "/user/myfiles/";
2.7.9.11 OumpekTtunea .debug_source_file
JHupextusa .debug_source_file umeer nsath mapameTpos:
e wuHAEKC (Qailna,
® UHJIEKC KaTajora,
® CTpOKa-uMms,
e pasmMmep,
e rara (haiiya HICXOHOTO TEKCTA.

Pasmep W nmaTta, XOTS W SBJISIFOTCS OOSI3aTEIbHBIMH, OJHAKO KX
NPaBUIBLHOCTh HHKAK HE TPOBEPSETCsS, 93Ta HHPOPMAIUS MOKET
UCITOJIb30BATECS  OTIATYUKOM. Bce HCXomHble (ailiibl JOKHBI OBITH
omucanbl komangamu .debug_source_file. Muaekc daiina ucmomb3yercs
NICEBIOKOMAaHIaMH JIUIsl yKa3aHust Ha ¢aiiasl. MHIeKe Katamora J0/KeH
OBITH 3a7aH paHee KomaHaoi .debug_source_directory.

[Tpumep:
.debug_source_file 6,3, "myfile.c",1352,19071996;
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2.8 lMcesdogpyHkyuu

B sa3eik  accemOmepa mnms NM6403 BBeIeHO HECKOIBKO
TNICEBIOKOMaH/, OOJIEr4aloInX 3alich W BBIYHACICHUE KOHCTAHTHBIX
BBIP2)KECHHI TPOTPaMMBI U MOBBIIIAOIINX €€ HATJISIHOCTb.

[TceBnodynkiuu oOpabaThIBaIOTCA Ha dTale acCeMOIMPOBAHMS.
B KkauecTBe BXOHIHBIX JIaHHBIX OHHU HCIOJIB3YIOT KOHCTAHTY WIIH
KOHCTAHTHOC BBIPAXKCHUC. Pe3y.]II>TaTOM ux pa6OTLI TaKXE€ SABIACTCA
KOHCTAaHTa, KOTOpasa 3aTEM HCIIOJIB3YCTCA JJIA HUHULInAJINn3alnuu
MEPEMEHHBIX, MOAU(HUKAIINN PETHCTPOB, aPECAIHH.

[IceBnodyHKkuMH  MOTYyT  paccMaTpuBaTbCsl  Kak — 4acTb
KOHCTaHTHBIX BBIPDAKEHUHM, IOITOMY OHM MOIYT HCIIOJIB30BaThCs B
BBIPAKEHUSAX KaK BHYTPHU CEKIU, TaK U BHE UX.

B s3pike acceMOiiepa MOTYT HCIOJB30BaThCSA — CIICAYIONIUE
NCeBIO(YHKIINH:

Tabn. 2-11 CeomHasa Tabsauila NCEeBOOQGYHKIMIT SA3EKA acceMbjepa.

NMCEBOODYHKLNN OMMCAHWE

double [Ipeobpa3zoBanue 64-X paspsaHOrO YMCIIA ¢ IUIABAKOIIEH
TOYKOW BO BHyTpeHHee npeacrasienue (IEEE-754).

float [IpeoOpasoBanre 32-X paspsaHOrO YMCia ¢ IUIABAONIEN
TOYKO# BO BHyTpeHHee npenactasienue (IEEE-754).

hiword [Monyuenue crapiueii yactu 64-X pa3psaHOro CIIOBA.

loword [Monyuenne muaamei 9acTu 64-X pas3psAIHOTO CIOBA.

offset [Tony4yenue cMmelieHus: MoJisi CTPYKTYPbl OTHOCHUTEIIBHO
ee Havaa.

sizeof [Monyuenue pasmMepa 00bEKTA JAHHBIX.

2.8.1 dyHkuusa loword

Oynknus loword CityXuT 11 MOJTyYeHUs MIaAIIed Jactu 64-
pPa3psAIHOTO CJIOBA, BBIPAXKEHHOIO TMPU TMOMOIIM KOHCTAHTHI WM
KOHCTAHTHOT'O BBIPAKCHUSI.

Crnenyronuii npuMep I1EMOHCTPUPYET CIIOCO0 €€ UCTIOJIb30BaHUS:
begin "._text"

grO0 = loword(OFfOFOFOFFOTOhE * 5);

end ".text';

Jannas GyHKIMS BO3BpamaeT 32-X pa3psIHOe 3HaUYCHHUE.

C noruueckoit Touku 3peHus ¢pyHkuus loword He MokeT ObITh
HCIOJIb30BaHa MPHU BBIUKUCICHUM aJPECHOr0 BBIPAXKEHHUS, IOCKOJIBKY IO
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CBOEH IIPUPOJE aApPECHBIC BBIPAXKECHUS HE MOTYT JaBaTb DPE3yJbTarT,
KOJINYECTBO 3HAYMMBIX OMTOB B KOTOPOM TpeBhImaet 32.

2.8.2 ®dyHkuusa hiword

Oynknus hiword ciyXUT IJis TOJy4YeHHUs CTaplied dactu 64-
pa3psAIHOTO CJIOBA, BBIPAKEHHOI'O TMPU TOMOIIM KOHCTAaHThl WU
KOHCTAHTHOTO BBIPQKCHHUSI.

Crnenyronuii mpuMep I1EMOHCTPHUPYET CIIOCOO €€ UCTI0JIb30BaHUS:
begin "._text"

gr0 = hiword(OFfOFOFOFFOFONI * 5);

end ".text';

Jannas QyHKIMs Bo3BpamaeT 32-xX pa3psaHOe 3HAUCHHE.

Oyukuust hiword He MoxeT OBITh HCIONB30BaHA MPH
BBIUMCIICHUH aJPECHOTO BBIPAKEHHsI, MOCKOJBKY IO CBOCH TMpHUpoOje
aZipeCHble BBIPAXKEHUS HE MOTYT JaBaTh pE3yJbTaT, KOJIMYECTBO
3HaYUMBIX OUTOB B KOTOPOM MpeBbIIIaeT 32.

2.8.3 ®yHKuus sizeof

Oyukuua Sizeof CilyKUT I MOJYyYEHHs] PEallbHOTO pa3Mepa
IIEPEMEHHOHN YKa3aHHOI'O THIIA C yYE€TOM BCEBO3MOXKHBIX BBIPABHUBAHUNI
Y BHYTPEHHEHN CTPYKTYPBIL.

Pesynbratom pa0®oThl JaHHOW (YHKUMU SBISETCS pa3Mep
YKa3aHHOT'O THIIA JAHHBIX B 32-X Pa3psAIHBIX CIOBaX.

[IpuBenem npumep ucnosibzoBanus sizeoft():

struct S Il o6vserenue muna cmpykmypeol.

Varl: word; // kopomxkoe cnoso, nocne nezo nepeo

Var2: long; [/ orunneim obpasyemes npomercymox.

Var3: word[4];
end S;
begin "_text"

grO0 = sizeof(S); /I noryuennviii pezynomam: 8 cnos.
end "'.text";

B kauectBe BXxonmHOro mapamerpa ¢yHkiuu Sizeof monmaercs

WM THUIIA, & HE UM NIEpEMEHHOM AaHHoro tuna. IIpuBemem mpumepsl
MPaBUJIILHOTO U HENMPABUJIBHOTO UCNOJIb30BaHus Sizeof:

® [IPpaBUJIBHOC HCIIOJIB30BAHUC, B KA4YCCTBC aprymMcHTa IOAaHO HMs
THUIA:

gr0 = sizeof(S) + 10;

¢ HCIPABUJIBHOC HCIOJIB30BAHUC, MOTOMY UYTO B KaUCCTBC aprymMcHTa
BMECTO UMCHU TUIIA ITIOJAHO UMA HepeMeHHOﬁ:

grO = sizeof(Dest) + 10;
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2.8.4 OdyHKumsa offset

2.8.5 dyHkums float

Oyukiusas offset ciayXuT I TOJYYEHHUS]  CMELICHHS
YKa3aHHOTO TMOJsi B YKa3aHHOW CTPYKType C YYE€TOM BO3MOXKHOIO
BBIPaBHUBAHMUS.

PesynbraToM paboThl QYHKIMHU ABISAETCSA Pa3Mep CMELIEHUS O
OT aJipeca Hauaua CTPYKTYphl B 32-X pa3psIHbIX CIOBax.

JlanHas (QyHKIMS TOJNE3Ha IS JIOCTyHa K HOJSIM CTPYKTYpbI
aZpecyeMou Yepe3 perucTp.

[TpuBenem npumep ucnonb3oBanus Gynkiuu offset:

struct S
Varl: word;
Var2: long;
end S;

data ".data"

VarStruct: S = (1, -11,);
end ".data"';
Bééin otext”

Il 3anocum adpec cmpyxmyphot nepementoi 6 pecucmp.
ar0 = VarStruct;

Il vumaem none cmpyxkmypeot.
arl, grl = [ ar0 += offset(S, Var2) ];
end ".text";
B kauectBe BxomuHoro mapametrpa (ynkiuun offset momaercs
UM TUIA, @ HE UM NepeMeHHOM aaHHoro tuna. [IpuBenem npumepsl
IIPaBUJILHOTO U HENIPABUIILHOI'O UCHOJIb30BaHus offset:

¢ JIPpaBUJIbHOC HCIIOJIB30BAHUC, B KA4YCCTBC aprymMEeHTa MNOAAHO HM:
THUIIA.

gr0 = offset(S, Var2) + 10;

¢ HCIPAaBUIILHOC HCIIOJB30BAHUEC, IMMOTOMY 4YTO B KAUYCCTBC aprymMcCcHTa
BMECTO UMCHU THIIA I1I0JaHO UM nepeMeHHoﬁ:
gr0 = sizeof(VarStruct, Var2) + 10;

Oynkiusa  Float nepeBOAUT MNEPEMEHHYIO, 3alUCAaHHYI0 B
¢dopmare uncna c IUIABAIONIEH TOYKOH BO BHYTpeHHee 32-X pa3psaHOe
MpeAcTaBiIeHUE, BRIOpaHHOE B cOOTBEeTCTBHUM ¢ IEEE-754.

Onepanuu C IUIaBarone TOYKOH armapaTHo HE
MOJEPKUBAIOTCA TIPOLIECCOPOM, TOITOMY BCS apuUPMETHKA YUCeN C
IUTABAIOIICH TOYKOM peanu3oBaHa B BUAEC OHOMHOTEKH (QYHKITHHA,
Bxojamei B coctaB libc.lib.

AcceMbnep ucnonszyer ¢opmar IEEE-754 nns BHyTpeHHero
MPEJCTABIICHUS YUCEI C TJIABAOLLEH TOYKOM.

[IpuBenem npumep ucnoaszoBanus ¢pynkuuu Float:

[G]
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Floatl: word float( 1.57 ) - float(-4.32E2);
Float2: word float( -4.98 ) + float(5.51E2);
Float2: word = float( -2.23E-3 ) + float(5.51E-2);

B nmnpuBeneHHbIX NpHUMeEpax MCHOJIB30BAHbI BCE BO3MOXKHBIC
dbopMaTsl NIPEACTaBJIEHUS YUCEN c IJIABAIOIIEH  TOYKOM,
MO/I/IEPKUBAEMBIE TTPOILIECCOPOM.

dopmaT BEIIECTBEHHOTO YHCIIA!
[+]1-dnum[[-num]E[+]-Inum], 20e num - Odecamuunvie yucna.

W
[+]-1num_num

2.8.6 ®yHKkuusa double

Oyukuusa double mepeBOoIUT INEpEMEHHYIO, 3allICAaHHYIO B
dbopmaTe yncaa ¢ IJIaBAOIICH TOYKOW BO BHYTpEHHee 64-X paspsiiHOe
npeJcTaBjieHne, BbiopaHHoe B cooTBeTcTBUM ¢ IEEE-754.

Oyukmust double anamormuna ¢yskmun  fFloat, ¢ Toi
nonpaBkoH, uro B ommmune oT Float ¢pynkums double onepupyer ¢ 64-
X pa3psAHBIMU YHCTIAMHU.

2.9 Ucnonb3oeaHue MakKpocoe 8 si3biKe accembriepa

2.9.1 CuHTakcuc

2.9.2 OnucaHuve

Onpenenenne Makpoca:
macro mus maxpoca ( [mapamerpl [, mapamerp2 ...1]1 )
NOCIeLOBaTEbHOCTE_3JI€MEHTOB
end nmMs_makxpoca;
Br130B Makpoca:
mmsi_makpoca( [mapamerpl [, napamerp2 ...11 );

OOBsBICHNE BHEITHUX MaKpOCOB, HIMIIOPT M3 MaKpOOMOIUOTEK:

import [mms maxpocal [, mmsa maxpoca2 ...]] from
uMsSa_6ubJIMOTEKM,

3nech  mma_maxpoca -  MPOU3BOJBHBIA  HUIACHTHU(PHUKATOP.
dopmanbHbIC MapaMeTpbl Makpoca (€Cid MakpoC HMEET MapaMeTphi)
TaKKe JIOJDKHBI OBITh MICHTU(HUKATOPAMH.

IlonmHas cuHTaKcU4YecKkas M CEeMaHTHYeCKas IMMPpOBEpKa TCJia
MakpocCa Mpou3BOAUTCA TOJIBKO HPH MOACTAHOBKE, C yqéTOMﬁKOHTeKCTa
HOACTaHOBKH U q)aKTI/I‘-IGCKI/IX mapaME€TpoOB BbI3OBA.

B kauecTBe NOJACTAHOBOYHBIX IapaMEeTPOB MOTYT OBITh
UCITOJIb30BaHbl MPAKTUYECKU JIHOObIE KOHCTPYKIMH, 33 HCKIIOUYCHHEM
3aITHIX (TOIMYCKAIOTCS 3aIAThie BHYTPH KPYTJIBIX CKOOOK) M HEMapHBIX
KPYTJIBIX CKOOOK.
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[MpymeyaHue:

MpmeyaHue:

nepedams 6 MAKpOC U3BECMHYI0 NPOSPAMMHYIO CYWHOCMb He NOo
3HA4eHulo, a no UMeHu, Hego3modicHo. Henv3s, k npumepy, nepeoams &
MAxKpoc ums nepemMeHHOU BpeMeHU KOMNUAYUU Ol e€ USMEeHeHUs
6HYmMpU mena MaxKpoca.

nepeoaua  ewé He  ONpedeléHHO20 — udeHmugukamopa — 0aém
B03MONCHOCMb OJi1 CO30AHUSL 6HYMPU MAKPOCA HOBbIX NPOSPAMMHbBIX
cywHocmell, UMEHOBAHHLIX 3A0AHHBIM 0OPA3OM:

macro entry point( name )
<name>

nul 10;

call subroutine;
end entry_point;

OmnpeneneHuss MakpoCOB MOTYT OBITH PACIOJIOXKEHBI B JIFOOOM
MECTE acCeMOJIEPHOTO TEKCTa, OJHAKO MPEANOYTHTEIbHEE IIOMEIATh UX
BHE CEKIMH, B HavaJe (paitna.

IToncTaHoBka Makpoca BO3MOXHa B JIFOOOM MeCTe MpPOrpamMMbl,
IIE Pa3pelICHO UCIOJIB30BAHUE BCEX COACPKALIUXCA B MAaKpoOCe
KOHCTpyKuui. Hanmpumep, Makpoc, cozepKaiuii MHCTPYKIIMH, HE MOKET
OBITh BBI3BaH BHE CEKIIHI.

Buytpu Tenma Makpoca BO3MOXKHO HCIOJb30BAaHUE OJIOKOB
YCJIOBHOM KOMIUJISILIUH.

JlomyckaeTcsi peKypCUBHBIN BBI30B MaKpoca.

2.9.3 cnonb3oBaHMe METOK B Makpocax

Hcnonp3oBaHne METOK B Makpocax HMMEET Cleayrouiee
OTPaHUYECHHUE - MAKPOC, B TEJIE KOTOPOr0 UMEETCS ONPENECICHUE METKH,
MOJET OBbITh MHCTAHIMPOBaH (MOACTABJICH) TOJILKO OJMH pa3, TaKk Kak
IpH  TOCJEIYIONMX MOJCTAHOBKAaX OyJeT BO3HUKATH  OIIMOKA
TMIOBTOPHOTO OMPEAECTICHUS METKH C TEM K€ HUMEHEM.

JUis peosiofieHusl TaHHOTO OTPaHWYEHHUs B A3BIKE CYILIECTBYET
MeXaHU3M COOCTBEHHBIX METOK MaKpOCOB - METKa, OObSIBIICHHAS] BHYTPU
Makpoca co cnemnudpukaropom own, odpadaTsiBaeTcsi 0cOOBIM 00pa3oM
Tak, 4ToObl B Ka)XJOH MOJCTAHOBKE Makpoca JaHHas MeTKa HMela
YHUKQJIbHOE CpEAM BCEX IOJCTAHOBOK JAHHOIO MakKpoca HM.
Hanpuwmep:

macro FEQ ( Res, Argl, Arg2)
extern FCmp :label;
own Cont :label;

ar5 = sp;
sp +=2;
[ ar5++ ] = Argl;

[G]
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[ar5] = Arg2;
call FCmp;
if carry delayed skip Cont
with Res = false noflags;
sp -=2;
// cond. skip Cont
if <>0 skip Cont;
Res++;
<Cont>
end FEQ;

Makpoc FEQ(), ucnonb3yromnuii coOCTBeHHYI0 MeTKy Cont s
OpraHu3allii BHYTPEHHETO BETBJICHUS, MOXKET MHCTAaHIIMPOBAThCs Oolee
OJIHOTO pa3a.

Hcnonb3oBanue crenudukaropa Own mpu OOBSIBICHUH METKH,
BO3MOJXKHO, TOJIFKO BHYTPH TeJla MaKPOCOB.

Boo6me, “own” mo3BosseT co3maBaTh U ApPYyrue JOKalbHbIE
CYLIHOCTH, HalpuMep KOHCTaHThl, C YHHUKaJIbHbIMH (B TIpenenax
UCXOJHOTO (paiiia) MMEHaMH, T.C. NMPH KaKAOH MOJICTaHOBKE MakKpoca
CO34aeTCsI HOBBII OOBEKT.

2.9.4 MNopT MakpoCoB N3 MakpobmnbrimoTek.

B03MOXXHOCTh ~ WCIIONIB30BaHUS  MAaKpOCOB W3  BHEIIHUX
MakpoOHOIMOTEYHBIX (DAalijIOB HAa YPOBHE SI3bIKA PEATU3YET JUPEKTHBA
import from.

OObsBICHHE BHEIIHUX MAaKpPOCOB C TOMOIIbIO JTUPEKTUBBI
UMIIOpPTa  MPEIMUCHIBACT  acceMOJiepy  BKIIOYHUTH  ONPEACICHUS
yKa3aHHBIX MaKpOCOB W3 HEKOTOPOH BHEHIHEH MaKpOOHOIHMOTEKH.
uMsA_OubIJIMOTEKHA CUMTACTCS YHUCTBIM HNMCHEM daiina
MaKpOOUOIMOTEKH; OHO JTOJDKHO OBITh 3a7]aHO 0e3 MyTH U MOXKET OBITh
3ajlaHO0 0e3 pacIIMpeHwHs, ©CIM paclmpeHue Qaiiia OuMOIMOTEeKH He
otanyaetcs ot ctanaaptHoro (.mib).

CHucoK BKIIFOUYAEMBIX MaKpOCOB MOXKET OBITh OIyIIEH, B 3TOM
ClTy4ae BKJIFOYAIOTCS BCE MAKPOCHI YKA3aHHOH OMOIIMOTECKH.

[Tpumepsl 0OBsIBICHUI BHEITHUX MaKpPOCOB!
import mode_constants from com_decl.mlb;

import mode_constants, irqtab_layout from
com_decl.mlb;

import from com_decl.mlb;

3mech TepBas  JUPEKTHBA  BKJIIOYAaET W3  OMOJIIMOTEKH
com_decl.mlb oauH, yka3aHHBI, Makpoc, BTOpas - JIBa Makpoca,
TPETHS - BCE MaKpOCHI OMOIHOTEKH.

[Torck MakpoOMOIMOTEK TPOU3BOAUTCS CHadaja B TEKYLIEM
KaTajore, a 3aTeM, B IOpPSJIKE CJIEJOBaHUsS, B KaTajJorax, yKa3aHHbIX
KJII0YaMU KOMaHIHOM cTpoku accembuepa - 1.
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Hpumewanne:  fudopmayus o nopsoke cozdanus MaKpoOubIuOmex ¢ nOMOWbIO

CREYUATIbHORO pedicumMa pabomul accembiepa, a makice 0 napamempax
8vi306a, dana 8 dokymenme:. FODPKB.30047-01 95 01.Kpocc-cpeocmesa
paspabomxku npoepamm. Pykosoocmeo nonvzoeamens.

MpumeyaHue: Bosmooicna cumyayus, K020a 6 HOGOU 6epcuu accembiepa MaKpoCsl u3
CO30AHHOU 8 Npedvldywell 8epcuu MaKkpooubauomexu 6yoym
UHMEPRPEmupo8amscsi HeKOPPEKMHO, 8 IMOM CLyHde HeoOX00UMO
NepeKoOMNUIUPOBAMb MAKPOOUOIUOMEKY .
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Peructpbl

B naHHOM pasgene paccMaTpuBalOTCS TPU TPYIIBI PETHCTPOB
mporeccopa NM6403:

® aJpecHBIC PETHCTPHI,

® DETUCTPHI 00IIEro Ha3HAYCHMUS,
® CIeIUAILHBIC PETHCTPHI,

® BEKTOPHBIC PETHUCTPBHI.

AnpecHble U pPErucTpbl OOILIEro Ha3HaueHus 00pas3yloT TIpymniy
OCHOBHBIX PETHCTPOB.

[Tpoueccop NM6405 coaepkuT aApyroil HabGop CHEIHMATBHBIX
perucTpoB cM. onucanue npoueccopa NM6405.

Kpome Ttoro, ma mporeccope NM6405 cHATBI OorpaHUYCHHUS 110
rpyIIaM aJpecHbIX peructpoB (cm. 3.1).

3.1 OcHo8HbIe peaucmpbi

K OCHOBHBIM peructpaMm IpoLeccopa OTHOCSTCS — aJpECHbIE
perucTpsl M PErucTphl OOIIEro Ha3HA4YeHMs, TO €CTh Te€, KOTOphIE
UCTOJb3YIOTCS B OOJIBIIMHCTBE BBIYMCIUTENBHBIX ONEpaLUil poLeccopa.

Bcero mmeercs 8 ampecHbIX PErHCTPOB W 8 PErMCTPOB O0OIIEro
HaszHaueHus (cm. Tabn. 3-1). Bee onn 32-x paspsijiHbie, JOCTYIHBI KaK IO
YTEHUIO, TaK U T10 3alKCH.

Tabs. 3-1 OcHoBHEIE permcTprl nporeccopa NM6403.

AOPECHbIE PET'MCTPbI PEMMCTPbI OBLWEIO
HA3HAYEHNA
ar0 gr0
arl grl
ar2 gr2
ar3 gr3
ar4 gré
ar5 gr5
aré gr6
ar7(sp) gr7
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Pernctpobl
3.1.1 AgpecHble perncTpbl

AJpecHble pEerucTphl JENsITCs Ha JBE pPaBHOINpPABHbIE Ipynnbl. B
nepByro Bxojar arO .. ar3, a Bo BTOpylo ar4d..ar7. DTo CBA3aHO C
HaJU4MeM JIBYX aJPECHBIX YCTPOMCTB B IIPOLIECCOPE.

Ha mpomeccope NM6405 Bce aapecHble PETUCTPBI OTHOCATCS K
OAHON Tpynmne |, COOTBETCTBEHHO, OH HE HMMEET OrPaHMYECHUH MO
WCIIONIb30BaHUS IPECHBIX PETHCTPOB.

CymiecTByl0OT OrpaHMYEHHsT Ha BO3MOXXHOCTb  MCIOJIb30BaTh
aJpEeCHbIC PETUCTPBl W3 pa3HbIX TPyl B OJHOM IPOLECCOPHOU
MHCTpYKIMHU. bonee moapoOHble 3aMedaHus Ha 3TOT cueT OyayT JlaHbl B
paszene, ONMCHIBAIOIIEM ONepanud MOIM(UKAMH aJIpeCHBIX PErHCTPOB
(cMm. mynkT 5.1.7).

AJpecHbIe PETUCTPBI MOTYT HCITOJIB30BAThCS TOJBKO B JICBOW YACTH
acceMOJIepHOI MHCTPYKIHHK (CM. monpasaensl 5.1 CkasipHble HHCTPYKIUH
NM6403 u 5.2 Bekropabie uacTpykituun NM6403).

IIpuMepsl UCIIONB30BaHUS AIPECHBIX PETUCTPOB!

ar0O = ar5; Il konuposanue.
ar2 = ar3 + gr3; Il mooughuxayus.
[ar4++] = gr7 with gr7 -= gr4; [/l sanuce 6 namsame.

AJIpecHBI perucTp ar7 UCHOJIb3yeTCs MPOLECCOPOM B KAaYECTBE
yKazaTenss CcTeka ajapecoB Bo3Bpara sp(Stack Pointer). D3to
0003HayaeT, 4To ar7 MoaAu(pUIPYETCs aBTOMATHYECKH, KOT1a IPOUCXOAUT
BbI30B (DYHKIIUU WU TPEPBIBAHUSA, BO3BPAT U3 PYHKIINH, U3 IPEPbIBAHUS.

3.1.2 Pernctpbl 06LLEro Ha3Ha4YeHns

Peructpsl o01iero Ha3HaueHUs B OTJIMYME OT aJIPECHBIX HE MMEIOT
pasfesieHnss Ha TpYIIbl, MOTYT HCIIOJIb30BAaThCA Kak B JIEBOM, TaKk U B
npaBoi dYacTsax acceMOiepHOM HHCTpyKUMU. C HX IMOMOIIBIO MOXHO
BBIOJIHATh ~ apu(MeTHdeckue M JIOTHYECKHE  NpeoOpazoBaHM,
azipecoBaThbCs MO MaMSITH.

XOoTa perucTpsl OOIIEro Ha3HAYEHHs MOTYT HCIOJIb30BaTHCS JUIS
ajZipecaliyy 1o namsTH, HanpuMep:

[grO0] = gr4; /[l sanuce snauenus pecucmpa gra 6 namsme
Il no aopecy, xpanswemycs 6 gro.

OIHAKO aApCCHbIC PETUCTPHBL O6J'IaI[aIOT B 5TOM CMBICJIC 3HAYHUTCIBHO
Ooiee IMAPOKHUMHU BO3MOKHOCTAMHU.

[TpuMepbl UCTIOIB30BAHUS PETUCTPOB OOIIET0 HA3HAUCHHUS !

gr0 = gr5; Il konuposanue.
gr2 = grl + gr3; Il mooughuxayus.
[ar4++] = gr7 with gr7 -= gr4; [/l sanuce 6 namame.

lMpumeyanve B npoyeccope NM6403 ne npedycmompenvt cneyuanvhvie pecucmpol OJist
oOpeaHu3ayuu NPOSPaAMMHbIX YUKIOB.
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3.1.3 PernctpoBsble napsbl

KaxxnoMmy aipecHOMY perucTpy IMOCTaBJICH B COOTBETCTBUE PETHCTP
o0Iero Ha3HauY€HUS C TEeM e HoMepoM. Takum oOpazoM oOpa3yroTcs
naphbl, KOTOPbIC B JalIbHEHIIIEM Oy IyT HAa3bIBATHCS PETHCTPOBBIMHU ITAPAMH.

PeructpoBele mapel 4acTO MCHOJNB3YKOTCS B HMHCTPYKLHAX
MPOIIECCOpPa, OCYIICCTBISIOMINX KOMMPOBAHUE, YTCHUE/3aMUCh B aMsITh 64-
X pa3psAHbIX JaHHBIX, HEKOTOPBIE BUIBI aJPECHBIX ONEpaLUil.

[TpuBenem mpumep 3arpy3Ku M3 HaMsTH B PETHCTPOBYIO Mapy 64-x
pa3psAHOIrO 3HAYEHUS:

ar0, gr0 = [arl++]; [/l umenue 64-x paspsonozo crosa.

Eme onua npuMep MCTOIB30BaHMs PETHCTPOBBIX Map BCTPEUaCTCs B
HEKOTOPBIX METOJaX aJpecaluu, HapuMep:
[arO+=gr0] = gr4; // zanuce ¢ namsamos c moougpurayuei.

Henapuble peructppl He MOTYT HCIHOJB30BaThCS B TMOIAOOHBIX
omnepanusax. MHpIMH CJIOBaMH:

arO, grl = [arl++]; /Il nenpasunvras uncmpyxyus.
[arO+=grl] = gr4; Il henpasunvras uncmpyxyus.

3.2 CneyuanbHble pecucmpbl NM6403

[Tpouieccop NM6403 comepkut 00bII0E KOJTHUECTBO CHEIMATBEHBIX
PETUCTPOB, KOTOPBIC MO3BOJIIOT OCYIIECTBISATH yIPABICHUE OTACIbHBIMU
BBIYHCITUTEILHBIMEA, KOMMYHUKAIIMOHHBIMUA, KOMMYTAIITHOHHBIMHA OJIOKaMH,
BXOJISIIMMH B €r0 COCTaB.

Jlasiee TIPUBOMTCS CITUCOK CIEIUATBHBIX PETUCTPOB MPOIECCOpa B
dopme Tabmumbl (cm. Tabn. 3-2), a 3areM HarOTCsI KOMMEHTapUU IO HMX
MCIIOJIb30BAHUIO U MPaBHIa paOOTHI C HUMHU.

Tabs. 3-2 CBomHas Tabismuila CHelOMasIbHEX perucTpos nporeccopa NM6403.

HAMMEHOBAHWE OMNCAHUE NMPUMEYAHNE

gmicr

Peructp ympaBnenus wunTepdeiicom c | 32 Oura.
rI100aTBbHOM ITHHBI.

ica0, iccO

Peructp agpeca u cueruuk naHHbIX KaHana | [IapHbie
npremMa gepes HYJICBOH | PETUCTPHI,
KOMMYHHKAITMOHHBIHA MTOPT. 32 OuTa KaXKablIi.

ical, iccl

Peructp agpeca u cuetunk JaHHbIX KaHana | [lapHbie

npuema qepes NIEPBBIN | pETUCTPHI,
KOMMYHHKAIIMOHHBIN MOPT. 32 OuTa KaXk/Iblil.

intr Peructp 3ampocoB Ha mpepbiBaHue U | 32 Oura.
npsimoit foctyn K mamsitu (ITIT).

Imicr Peructp ynpasienus wuHrepdeiicom ¢ | 32 Oura.
JIOKaJIbHOM IINHBI.

®
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oca0, occO Peructp agpeca u cuetunk naHHbIX KaHana | [lapHeie
nepeaavu qyepes HYJICBOU | PETHUCTPHI,
KOMMYHHKAIITMOHHBINA MTOPT. 32 ouTa KaXxKIblil.

ocal, occl Peructp ampeca u CYETUHK JaHHBIX KaHama | [TapHbie
nepeaadu qyepes HEPBBI | PETUCTPHI,
KOMMYHHKAIIUOHHBIH MOPT. 32 OuTa KaXXIbld.

pc CuéTunk KOMaHI, 32 Oura.

pswr Peructp cioBa cocrostHus nporeccopa. 32 bura.

10, tl Peructpsl ynpasnenus Taiimepamu. 32 Owura.

3.2.1 Peructp gmicr

Peructp gmicr umeer pazpsaHoctb 32 Outa. C €ro moOMOIIbIO
OCYILECTBIIACTCS YIPABICHWE JOCTYIIOM K BHEIIHEH IaMiITH 4epe3
rnobanpHyo 1muHYy. Ilyrem KoH@UrypupoBaHMsI [JaHHOTO pPETUCTpa
POTPAMMHUCT MOXKET OTKPBITh JIOCTYH 1O TJI0O0ATBHOM IWHE K OJTHOMY WA
JIBYM OaHKaM MaMSTH, Pa3IHYAONIMMCS TUIIOM, CTPAHUYHON OpraHu3aluen
U JUHAMHUYCCKUMU MMapaMCTpaMu.

PGFI/ICTp agm icr AOCTYIICH KaK JJIsA YTCHUA, TaK U IJId 3allCH.

OH B 00s3aTENbHOM TOPSAIKE [OJKEH OBITh YCTAHOBJIEH MPHU
3arpy3Ke MPUKIAAHON HCIONHIEMOW MPOTpaMMbl B MaMSTh IMPOIECCOPA.
OOBIYHO €ro YCTaHOBKOM 3aHMMAETCSl 3arpy34HK, BXOJSIIUA B COCTaB
OMOIMOTEKM 3arpy3KH U OOMEHa.

lMpumevaHve [lorvzoeamens 6npage CAMOCMOSMENLHO —UBMEHIMb  COOEPAHCUMOE
pecucmpa gmicr. QOO0OHako npu 35mom HeoOX00uUMo cobadams
npeodoCmopPONCHOCIb, NOCKOAbKY HENnpAGUIbHO CKOHQUSYPUPOBAHHDI
peaucmp He nO3601UM NPOYECCOPY KOPPEKMHO OCYWEeCMBIsimb OOCMYN K
2N100aNbHOU NAMAMU, YO MONCEM NPUBECTNU K 3ABUCAHUIO NPOSDAMMbL.

B npuBenennoit Hmke Tabnuie Tabmn. 3-3 cogepkutcs nHGOpMAIIHS
0 TIOJISIX perucTpa gmicr.

Tabsi. 3-3 dopMmaT permcrpa yHpaBJIeHUS MHTEpYEercoM C IJIOBAaJbBHOM IMMHOM

GMICR.

B0V B| 2126524 28322120| 19 18 17 16 |1514131211({109876] 5 4 3 2 1 0

BOUND | PAGEl1 | PAGEO | TYPELl | TYPEO| TIMEl1 | TIMEO |TRAS|RDY1|RDYO [SHMEM

Jaiee cnemyet 6osee MoapoOHOE ONMHMCaHue TIOJIeH perucTpa gmicr.

Mosie BOUND

[Tore BOUND 3amaer pa3OWeHHE aJpEeCHOTO MPOCTPAHCTBA
rinobanbHoi muHBl Ha Oanku 0 m 1. OHO ompenenser Hamuume Oanka 1
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(6ank O cymiecTByeT Bceria), aapec Hauyama Oanka 1, ero pasmep. buthl,
KOTOpBIE OHO 3aHUMAET B PErUcTpe gmiCr, OTMEUYEHBI CEPhIM:

|3130292827262524|2322212019181716|1514131211109 8|76 54321 0]

B mpuBenennoit Huxke Tabmmme Tabm.  3-4.  comepiKuTCs
nH(pOpMaINUs O 3aBUCUMOCTH Pa3MepoB 0aHKOB M HAaYaJbHBIX aJIPECOB MX
PacIoJIOKEHUS B TI100abHON TaMATH OT KOMOWHAuu OUToB B 1mojie BOUND
peructpa gmicr.

Tabs. 3-4 PazbueHue ampecHOI'O NPOCTPAHCTBA IJIOBAJIEHOM MMHEI HA OaHKU
0 » 1, zamasaemoe nosem BOUND permcrTpa gmicr.

BOUND | PA3ME AIIPECHOE PA3ME AIIPECHOE
P MPOCTPAHCTBO P MPOCTPAHCTBO
BAHKA BAHKA 0 BAHKA BAHKA 1
0 1
(64 (64
BUTA) BUTA)
0000 | 2%=32K | 80000000 - 8000FFFF 32K 80010000 - FFFFFFFF
0001 2'®= 64K | 80000000 - 8001FFFF 64K 80020000 - FFFFFFFF
0010 2t = 80000000 - 8003FFFF 128K 80040000 - FFFFFFFF
128K
0011 2% = 80000000 - 8007FFFF 256K 80080000 - FFFFFFFF
256K
0100 2= 80000000 - 800FFFFF 512K 80100000 - FFFFFFFF
512K
0101 2”=1M | 80000000 - 801FFFFF M 80200000 - FFFFFFFF
0110 2*'=2M | 80000000 - 803FFFFF 2M 80400000 - FFFFFFFF
0111 2#=4M | 80000000 - 807FFFFF aM 80800000 - FFFFFFFF
1000 2=8M | 80000000 - 80OFFFFFF 8M 81000000 - FFFFFFFF
1001 2% = 80000000 - 81FFFFFF 16M 82000000 - FFFFFFFF
16M
1010 2%= 80000000 - 83FFFFFF 32M 84000000 - FFFFFFFF
32M
1011 2% = 80000000 - 87FFFFFF 64M 88000000 - FFFFFFFF
64M
1100 2% = 80000000 - 8FFFFFFF 128M 90000000 - FFFFFFFF
128M
1101 28 = 80000000 - 9FFFFFFF 256M A0000000 - FFFFFFFF
256M
1110 2= 80000000 - BFFFFFFF 512M C0000000 - FFFFFFFF
512M
1111 2%°=1G | 80000000 - FFFFFFFF 0 -

lMone PAGE1

[G]
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[Tone PAGE1l 3amaer pa3mep cTpaHHIBI HamsaTH i Oanka 1
rno0anbHOM maMsITH. BUTBI, KOTOphIE OHO 3aHMMAET B perucTpe gmicr,
OTMEUYEHBI CEPhIM:

313029 28 27 26 2524|2322 2120191817 16[151413121110 9 8|7 6 5 4 3 2 1 0]
lllillllll||||||||||H||||||
B npuBenennoit Hmke Tabnuie Tabn. 3-5 cogepkutcs nHGOpMAIIHS

0 3aBHCHMOCTH Pa3MEpOB CTPaHUIbI MamsATH O0aHka 1 rimobanbHOI mamsTu
oT koMOuHarmu 6utoB B rosie PAGEL peructpa gmicr.

Tabs. 3-5 Pasmeprl crpanmi] navstu, 3azasaemeie nossvy PAGE(O,1).

MOJIE PAGE(0,1) PA3MEP CTPAHNWLbI MAMATA
(B 64-X BUTHbIX CINOBAX)

0000 2° = 256 crios
0001 2° =512 cnos

0010 2% = 1K cros

0011 21 = 2K cros

0100 2'2 = 4K cros

0101 213 = 8K cios

0110 2 = 16K cnos
0111 2'° = 32K cros
1000 2% = 64K cos
1001 2'" = 128K cios
1010 218 = 256K cios
1011 219 = 512K cros
11xx Pe3sepBHas KOMOMHAIIHSA

Mpumevanve  Komobunayuu 6umos 1000 u cmapwe (nocneonue 5 cmpox mabauywl)
MO2ym  UCNOTb308AMbCSL MONLKO Npu  pabome co  CMAMUYECKOU
namsmoto (SRAM).

Mosie PAGEO

[Tone PAGEO 3amaer pa3mep cTpaHuibl HamsaTh st Oanka 0O
rno0anbHOM MmaMsITH. BUTBI, KOTOphIE OHO 3aHMMAET B perucTpe gmicr,
OTMEUYEHBI CEPhIM:

|31302928272625242322212019181716'151413121110 9 8|7 6 54321 O|
BRERRRR rrrrrrrrrrrrrr e
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B tabnuue Ta6n. 3-5 comepkurcs uHdopmanus O 3aBUCHMOCTH
pa3MepoB cTpaHuilbl maMaTu 6anka 0 To0anbHON MaMSITH OT KOMOUHAINH
6uros B mosie PAGEO peructpa gmicr.

lMone TYPEL

[Tone TYPEL ompenensieT TUI MaMATH, UCTIOIb3yeMon s O6anka 1
I00aNbHOM TaMATH. BUTHI, KOTOpPBIE OHO 3aHMMAET B perucrpe gmicr,
OTMEYEHBI CEPBIM:

|31 30 29 28 27 26 25 24232221 20 19 1817 16/1514 13121110 9 8|7 6 5 4 3 2 1 0]

crrrrrrrrrrreErrrrrrrrrrrrrrr e

[Tone MoxeT NpUHUMATh 4 pa3IMYHBIX 3HAYCHHUS.

00 MCIIONIB3YETCS AJIsl AOCTYMA K cTaTudeckoi mamsitu SRAM.
01,10,11 wucnonb3yroTcs IS AOCTyNa K AuHaMuueckoi mamsitu DRAM.

bonee mompoOnas wHpOpMamus O pa3zIMUMAX B THIAX
JTUHAMUYECKON MaMsITH conepkutca B nokymeHte: FO®KB .43 282.00 A1.
ApxuTtekTtypa. NeuroMatrix® \NM6403. PykoBoacTBO nonb3oBaTens.

Mone TYPEO

[Tone TYPEO ompenensieT TUIl aMATH, UCTIOIb3yeMon st Oanka 0
I00aNbHOM TaMATH. BUTHI, KOTOpBIE OHO 3aHMMAET B perucrpe gmicr,
OTMEYEHBI CEPBIM:

|3l30292827262524|23222120191817161514131211109 8|7 6 54321 Ol

crrrrrrrrrrrrrE e rrrrrrrrrrr e

[Tone MoxeT MpUHUMATH 4 pa3IMYHBIX 3HAYCHHUS.

00 HCIOJIb3yeTCAd JUIsl  JOCTylla K CTaTUYECKOM IaMsATH
SRAM.

01,10,11 wCHOAB3YIOTCS I JOCTyNa K JAWHAMUYECKOW IaMsITH
DRAM.

bonee moagpoOHas wuHpOpMAIMA O pa3NIMYMAX B THIAX
JUHAMUYECKOW NaMTH COAepKuTca B nokymeHTe: FODKB .43 282.00 A1l.
ApxuTtekTtypa. NeuroMatrix® \NM6403. PykoBoacTBO nonb3oBaTens.

Mone TIME1

[Tone TIME1l omnpenenseT BPEMEHHBIE MapaMeTpbl ILMKJIOB
oOparmieHust kK 6anky 1 rmo6anbHOM nmaMaTu. BUTHI, KOTOpbIE OHO 3aHUMAaEeT
B perucTpe gmiCr, OTMEUEHBI CEpPhIM:

313029 28 27 26 25 24|23 222120191817 16]151413121110 9 8|7 6 5 4 3 2 1 0]

crrrrrrrrrrr e e P

[ukier agpecanuu maMsTH BKIOYalOT B cedst oT 1 1o 5 ¢a3z. Tumbl
3THX (a3 ¥ UX IPOTpaMMHUPYEMBIC JITUTEITLHOCTH MTpuBeaeHBI B Taom. 3-6.

Tabs. 3-6 InurensHocTM ¢as LukIa OOpaleHus K HaMsaTH.

®A3A LIMKNA OBPALLEHNA K MAMATHU ONUTENBHOCTb ®A3bI

@
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O06o3HaueHne HanmenoBanue O6o3nauenne | DRAM SRAM
RP ®daza cOpoca CHUTHAIOB |:| Tre 1-2)T 1T
PAGE da3za ajpecaryivi CTPAHUIIBI TAMSITH. Trace (1-2)T 1T
Cp [TaccuBHas ¢aza aapecarnuu sTueHKU Tep ©O-)T | (0-3)T
IIaMATH.
CA AxTtuBHas ¢aza agpecaruu SUYCHKH Ten 1-2)T | 1-4)T
MaMATH.
BE da3a nepexoja BBIXOJOB MaMSTH B Toc 1-2)T | -2)T
BBICOKOUMIIEAHCHOE COCTOSTHHE.
Janee mnpuBoAMTCS  HEKOTOpas  copaBo4yHas  WHGOpMalus,

KOMMCHTHUPpYIOIIAad OTACIILHBIC ITOJIOXKCHUA, ITPUBCACHHBIC B Ta6nnue:

JlnurenbHOCTh T COOTBETCTBYET OJTHOMY MPOLIECCOPHOMY TaKTy.

®daza CP gBnsgercd onuuoHanbHOoU. Ecinn ee MTENLHOCTL Tcop 3aZ1aHA
paBHoii 0, To nanHas ¢a3za He OyJIeT BCTpeuaThCsl HU B OJHOM M3 ITUKJIOB
aapecanuy maMsITy.

JmurenbHocte ¢da3 RP m PAGE B mmknax aapecanmun SRAM  He
[pOrpaMMUpyeTCsd  [OJIb30BAaTe€IEeM W BCETJa paBHA  OAHOMY
MIPOIIECCOPHOMY TaKTYy.

®opmatr mnonss TIMEL1 3aBHCHUT OT TOro, KakoW THUIl MaMsTH

ucnonsiyercs, SRAM wi DRAM.

Hanee B Tabmuue Tabn. 3-7 mpuBoautcsi ¢opmar mosss TIMEL B

ciydae WCIOb30BaHMs cratnueckoi mamsatd SRAM, a B Taba. 3-8 ero
dbopMar B ciiydae UCMONb30BaHUs AUHaMuueckoi mamstu DRAM.

Tabs. 3-7 dopmarer moserir TIMEO » TIMEl permcrpa gmicr(Imicr) nas
SRAM.
BUTLI MONA BUTEI OBO3HAYEHUE JUIMTEJILHOCTb
TIME1 [10JIs ®A3BI
TIMEO

15 10 Tec (1) ﬁ

00 3T

14 9 T 01 2T

cP 10 1T

13 8 11 0T

00 4T

12 7 T 01 3T

CA 10 2T

11 6 11 1T

[
94 euro

Onncanue si3biKka accemoOJiepa

atrix

CrnipaBouHO€E pyKOBOJICTBO



Pernctpsbl

Taba. 3-8 odopmarer moserr TIMEO w» TIMEl permcrpa gmicr(Imicr) nns
DRAM.
BUTbI MonsA BUTHI OBO3HAYEHU ONMNTENBHOCTb
TIME1 nonA E SA3bI
TIMEO
0 2T
15 10 Tee 1 1T
0 2T
14 9 Trace 1 1T
0 1T
13 8 T
® 1 oT
0 2T
12 7 Trp 1 1T
0 2T
11 6 Tca 1 1T
bonee moapoOHas wHDOpMamHMS O PANIMYUAX  BPEMEHHBIX
rmapaMerpax JIOCTyna K pa3jM4yHbIM THUIAM NaMATH COAEPKUTCS B
JTOKYMEHTE:! IHODKB 43 282.00 ai. ApxuTeKkTypa.
NeuroMatrix® NM6403. PykoBoacTBO nonb3oBaTensi.
Mosie TIMEO
ITone TIMEO ompenenseT BPEMEHHBIE IapaMeTpbl  LIUKIOB
oOpamenust k 6anky 0 rino0anbHOM maMsaTH. BUThI, KOTOpBIE OHO 3aHMMAET
B perucTpe gmiCr, OTMEUYEHbI CEPbIM:
313029 28 27 26 25242322 212019 18 17 16[1514 131211 10 9 8|7 6543210
Crpykrypa monst TIMEO wuneHtmuHa crpykrype mnomns TIMEL,
COJIEP’KUT aHAJIOTMYHOE YKCJIO LIMKIIOB aJpecaliuy, ONpeaesseT Te ke (a3bl
(cMm. Tabu. 3-6) u BpeMeHa JOCTyIA K Pa3IMYHBIM TUIIaM rnamsaTe (cMm. Taoi.
3-7 u Tab6un. 3-8).
bonee moapoOHas wuHGpoOpManMs O pa3IUYMsIX BPEMEHHBIX
rnmapaMeTpax JOCTyla K pa3jJuyHbIM THIAM TMaMSATH COJIEPKUTCS B
nokymente: FO®KB .43 282.00 A11. ApxuTtektypa. NeuroMatrix® NM6403.
PykoBoacTBO nonb3oBaTtens.
lMone TRAS
[Tone TRAS onpenensieT AIUTEIbHOCTh AKTUBHOTO YPOBHS CUTHaja
I:I. buThl, KOTOpPBIE OHO 3aHUMAET B PETUCTPE gMICY, OTMEUYEHBI CEPBIM:
313029 2827 26 2524[2322212019181716[1514131211109 8|7 6 5 4 3 2 1 0
®
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Huxe npuegena Tabn. 3-9, B koTOpoii oTpaxkaeTcs 3aBHCHUMOCTh
JUIUTEJIbHOCTY AKTUBHOI'O YPOBHSI CUTHAJIA OT 3HaueHus noJist TRAS.

Tabsn. 3-9 InurTejnnHOCTE AaKTHMBHOI'O yYPOBHsS curHasa RAS.

3HAYEHWE MOJIA TRAS ONNTEJIbBHOCTb B TAKTAX
(Tras)
00 4 TakTa
01 3 TakTa
10 2 TaKkTa
11 1 takT

Mpumeyanne Ecau 6 oboux nonsx TYPEO u TYPElykazan mun namsmu SRAM, mo
nonre TRAS mooicem npunumams 11000e 3Hauenue, NOCKOIbKY OHO He
nosausiem Ha 00CMyn K namsamu.

bonee mompoOHas wHpOpMaIuss O pereHepanuyd IWHAMHYCCKON
naMmsTu cojaepkurcs B JokymeHTe: FO®KB .43 282.00 A11. ApxuTteKkTypa.
NeuroMatrix®NM6403. PykoBoACTBO Nosib30BaTesns.
Mone RDY1

[Tone RDY1 ompezenser ycloBHEe OKOHYAHHS IUKIA OOpalIeHUS K
maMmaTtu O0anka 1:

e 0 - TOJIBKO 10 BHYTPEHHEMY CUETUUKY;
e 1 - 10 BHYTpEHHEMY CUETUYHMKY C YUETOM BHEILIHEI'O CUTHAJIA TOTOBHOCTH.

butel, KOTOpBIE OHO 3aHMMAET B PETUCTPE JMICK, OTMEYEHBI
CEpBIM:

313029 28 27 26 25 24|23 222120191817 16|151413121110 9 8|7 6 5 4 3 2 1 0]

crrrerrrrrrrrrrrrrrrrr e

Mose RDYO

[Tone RDYO ompezenser ycloBHE OKOHYAHUS IUKIA OOpalIeHUS K
rmaMsaty 6anka 0:

e 0 - TOJIBKO 10 BHYTPEHHEMY CUETUUKY;
e 1 - 10 BHYTpEHHEMY CUETUYHMKY C YUETOM BHEILHEI'O CUTHAJIA TOTOBHOCTH.

butel, KOTOpBIE OHO 3aHMMAET B PETUCTPE gMICK, OTMEYEHBI
CEpBIM:

313029 28 27 26 25 24|23 222120191817 16|151413121110 9 8|7 6 5 4 3 2 1 0]

crrrrrrrrrrrrrrrrrrrrrrrrr e

Mpumevanvne Ecmu 6 nore SHMEM  (cm. nuowce) ykazam o0un u3 munog
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MHO20npoOYyeccopHol Kongueypayuu, mo 3uavenusi noaer RDY1 u RDYO
He GIUAIOM HA OO0CMYN K RAMAMU U MOZYM UMemb HPOU3BOIbHOE
3HayeHue.

Mone SHMEM

ITone SHMEM omnpenensier KOHGUTYpPAIUIO TI00ATFHONW IMIMHBI TIPH
paboTe ¢ pazaenseMoi NaMsTbhIO:

e 00 - mHoromporeccopnas koHpurypamus mneporo tuma (bank 0 -
"o0mmii”, 6aHk 1 - "ooOmmii");

e 01 - wmHoromporeccopHas KoHpurypamus Broporo Tuma (bank 0 -
"cBoii", baHk 1 - "o0muit");

e 10 - wmHoromporeccopHas KoHpurypaims Tperbero tuma (6ank 0 -
"cBoii", 6aHk 1 - "uyxoit");

e 11 - omHOMpoOIIECCOpHAs KOH(DHUTYpaIus.

buTel, KOTOpHIE OHO 3aHMMAaeT B pPETUCTPE QgMICK, OTMEYCHBI
CepBIM:

313029 28 27 26 25 24|23 222120191817 16]151413121110 9 8|7 6 5 4 3 2 1 0

crrrrrrrrrrrrrrrr e e

Bonee moxpobHas uHpOpManus 0 KOHOUTYpalUsaX pasaenseMon
MaMsATU coaepkutcs B JokymeHTe: FO®KB .43 282.00 A11. ApxuTeKkTypa.
NeuroMatrix® NM6403. PykoBoAcTBO nonb3oBaTensi.

3.2.2 Perncrpbl ynpaBreHns KOMMyHUKaLMOHHbIMK nopTamu (ica, icc) (oca, occ)

O6uwue ceedeHusi 0 KOMMYHUKaUUOHHbIX Mopmax rpouyeccopa

IMporteccop NM6403 wmmeer 1gBa KOMMYHHMKAIIMOHHBIX IIOPTA,
COBMECTHMBIX 10 CHTHaJaM ¢ KOMMYHUKAIIHOHHBIMHU ITOPTaMH IpoIeccopa
TMS320C40. D10 o3HayaeT, YTO MOCPEACTBOM ITHX IOPTOB IPOIECCOP
MOXKeT oOMeHMBaThcsi MHGpopMmarueil ¢ apyrum mporeccopom NM6403,
6o ¢ TMS320CA40.

s 00Cy’>KMBaHUS KOMMYHHUKAIIMOHHBIX ITOPTOB B IPOIECCOPE
NM6403 wumeercs nBa DMA-componeccopa. Kaxnplii comporeccop
00CITy’>KUBaeT CBOU MOPT KaK Ha MpHUEM, TaK U Ha nepenady. Conporeccopsl
paboTaroT HE3aBHCHMO KaK APYT OT APYyTa, TaK U OT CAaMOT0 MPOIIeccopa, TO
€CTh KaXKJIbIii MOKET BBIMTOJIHATH CBOIO PabOTy MapauIeIbHO ¢ OCTALHBIMH.
Hanpumep, BO3MOXXHO Tak OpraHM30BaTh IOJIb30BATEILCKYIO MPOrpaMmy,
9TOOBI MPOLIECCOP OJHOBPEMEHHO MPUHUMAJ OJHY MOPIHUI0 JTAHHBIX Yepe3
HYJICBOH KOMMYHUKAIIMOHHBIN MTOPT, TIPOU3BOIAMII BBIYUCIICHUS HAJl BTOPOU
MOPIIHMEH, a TPEThIO MOChIIAN ObI Yepe3 MEPBhI KOMMYHHKAITMOHHBIN MTOPT
B JIPYTOi TIPOIIECCOP.

Oba  KOMMYHHMKAaIlMOHHBIX  TIOpPTa  SBJISIIOTCA  aOCOJIIOTHO
paBHONPAaBHBIMU. ENMHCTBEHHOE MX OTIIMYME B TOM Ha4aJIbHOM COCTOSTHHH,

[G]
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BHumaHue!

B KOTOPOE OHH yCTaHaBiIuBaroTcs nocie copoca. Komm. mopr 0 no curnany
RESET nepexonuT B cocTosiHHE Nepejaun JaHHBIX, a TIEPBbIA KOMM. MOPT B
COCTOSIHUE TpUEMa.

B nanbHeiimeM Kaxaplii 13 KOMM. TIOPTOB MOKET OBITh IEPEBEICH B
moboe w3 nByX cocrtosiHui. IlepeBom KOMM. TOpTa B COCTOSIHHE
npuemMa/nepeadl OCyIISCTBISCTCS P MOMOIIU PErrcTpoB ajapeca icao,
ical, oca0O, ocal wu peructpoB cuetuukoB iccO, iccl, occO, occl
KAaHAJIOB BBOJA/BBIBO/IA.

Peructper ¢ 0 Ha KOHIE YIPAaBISIOT HYJIEBBIM KOMM. IIOPTOM,
peructpsl ¢ 1 mepBbIM. Peructpel, Ha3BaHUS KOTOPHIX HAYMHAIOTCH C 1,
UCIOJIB3YIOTCS AJIs YNPaBJICHUsI IPUEMOM JIaHHBIX, a HAUMHAIOIIUECSA C O
JUISL TIEpelavuu.

CocmosiHue KOMMYHUKaUUOHHbIX Nnopmoe rnocirie npOXO)KdeHUﬂ CU2Halna
«C6poc»

[Tocme copoca komm. mopt O MEpeXOqUT B COCTOSHUE IMEpeaadu, a
nopt 1 B cocrosuue mpuema. [JlanHas wH(MOpPMALUS HMCIOIB3YETCS MPU
COCIMHCHUH TpoIeccopa ¢ JPYTHMH  MPOIECCOPAMH WM HHBIMH
I/ICTOIIHI/IKaMI/I/HpI/IeMHI/IKaMI/I JAaHHBIX. HpI/I COCANMHCHUHA ABYX MPOLECCOPOB
4gCpe3 KOMM. IOPTHI CICAYCT Y6€I[I/ITBC5I, YTO B MOMCHT MoJa4du ITUTaHUS
KOMM. MOPT OJHOTO M3 IMPOIECCOPOB HAXOMWIICSA B COCTOSHHM TpHEMa, a
MOPT JAPYTOro B PEXKUME MEPEIAUH.

Hanpumep, npu coeaunenun nByx mporeccopoB NM6403 uepes
KOMM. MOPTHI HEOOXOAUMO MPOCIEAUTDH, YTOOBI HYJIEBOW MOPT OJHOTO ObLI
COCJIMHEH C MEPBBIM TOPTOM BTOPOTO.

Heobxo0umo nomrumos 0 mom, umo coeourHenue 00OHOUMEHHBIX HOPHLOG
npoyeccopos (06a Ha npuem uiu Ha nepeoayy) 8 Xyouem ciyuae MoHcem
npugecmu K 8b1X00y CUCHEMbL U3 CHPOA 8 MOMEHM ROOAYU RUMAHUA.

dopmam npuHumaembix/nepedagaeMbix OaHHbIX

IMpomeccop NM6403 mo3BosisseT NpHHUMATH/TIEpeaBaTh Yepe3
KOMM. TIOpPThI TOJIbKO 64-x pa3psigabie naHHbie. s TOro, YTOOBI
mooutbess  coBMectumoctd ¢ TMS320C40, HeoOxoaumo,  4YTOOBI
paboraromasi TaM IporpaMma OOMEHHBAJIACh C HEHPOIPOIECCOPOM
0JIOKaMH, COCTOSITIIIMY M3 YETHOTO KOJIMUECTBA 32-X pa3psIHBIX CJIOB.

[epenava/mpuem cioBa aaHHbIX B mporeccope NM6403 Benercs B
MopsiAKe OT MIAIIIMX OWUTOB K  CTapmidM, TO €CTh CHayaia
MOCHUTAIOTCS/ TIPUHUMAIOTCST MITAIIITHE OUTHI CJIOBA, a 3aTEM CTapIIue.

Takum o6pazom, mipu npueme AaHHBIX B TMS320C40, mocimaHHBIX
u3 NM6403, cHagana mpuxoauT miaamiee 32-X pa3psIHOE CIOBO, a 3aTeM
cTapiiee, U HaoOOpOT, mepBoe 32-X pa3psAHOE CIIOBO, TMpHUILEANIEe U3
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TMS320C40 cranoBHUTCS MIaIIed YacThio 64-X pa3psgHOTO CloBa B
NM6403.

lNpuém daHHbIX Yepe3 KOMMYHUKaUUOHHbIU nopm

DMA-conporieccop B pexume MpueMa JaHHBIX YIpaBiseTCs
peructpamu ica0 u iccO (31ecs U Janee BCe PacCyKACHHS MPUBEICHBI
JUISL PETUCTPOB HYJIEBOI'O KOMM. IIOPTA, OJIHAKO BCE CKAa3aHHOE CIPABEJINBO
TaKKe JIJIsl PETUCTPOB MEPBOTO).

B peructp ica0 3aHocuTCs aipec B MaMsATH NpoOLieccopa, HaAUYMHas C
KOTOpOro 6y,£[€T pacnoiaratbCsa MaCCMB MPUHUMACMBIX NAHHBIX.

B peructp iccO 3aHOCHTCS KOJMYECTBO MPUHUMACMBIX 64-x
paspsaaHbix ciioB (co 3HakoM '-'). 3amuch B peructp iccO HHUIMUPYET
MepeBoJ; KOMM. TIOpTa B peXUM TIpueMa JaHHBIX. Hampumep,
WHUIUAIA3alMs. KOMM. T[OpTa Ha TMPHEM MacCHBa JAaHHBIX MOXET
BBITTISIZICTH CIIEAYIOIUM 00pa3oM:

nobits "data"
InputBuff: long[100];
end "'data'";
begin "text"
ica0
iccO

end "text';

Cuérunk iccO nocie npruema Kakaoro cjioBa yBeiauuuBaeTcs Ha 1.
IIpuém nanHbIX OyAeT 3aBeplI€H, Koraa 3HadeHue §1CCO JTOCTUTHET HYJIS.
IIpu 5>TOM HE HMMeeT 3HA4YE€HMs, YTO TOM CTOPOHBI KaHajga el MOIJIH
ocTaThCsl HE nepenaHHble AaHHble, DMA-conpoueccop npekpaTur npuéM,
KaK TOJIBKO CYETYUK JOCTUTHET HYJISL.

InputBufTt; // ykazamenv na 6yghep npuema.
-100; Il nauano npuema 100 onunnvix cos.

CymiecTByeT /Ba crioco0a HHUIMATU3alUU KOMM. IIOpTa Ha MpUEM:

e [porpaMMHas uHuULManu3auus. IIporpammucrt numer mnporpamMmy
WHHIIHATU3AIAN, B KOTOPOM HANpsAMYIO 3a1aeTCs 3HAUYEHHE PETHCTPOB
ical u iccO (cM. mpuMep BhIIIIE);

e BHEMIHs MHUIManu3auug. B atom cayuyae DMA-compoueccop, nmpuHsB
nepBoe 64-x paspsigHOE CiI0BO, Miammue 32 OuTta 3amuchkiBaeT B ical,
paccMmaTpuBas UX Kak aJpec B mamsTH, a crapmue B 1ccO, TpakTys ux
KaK KOJUYECTBO MPUHUMACMBIX CJIOB.

Bri0op pexuma MHULMAIN3ALUN HYJIEBOIO KOMM. IOpTa Ha MpHEM
ocymecTBisiercs: npu nomoutu 6ura CPOI mons CPO control peructpa
pswr (6ut 22). Beibop pexuma MHUIHATU3AIMHA [IEPBOI0 KOMM. MOPTa Ha
npueM ocymiecTBisieTcs npu nomornu 6ura CP11 mons CP1 control (6ur
25). Cm. myHkT 3.2.6 Peructp pswr.

ITocne cucremHoro copoca Bce MOJS PEruCTpa PSWI PaBHBI HYJIIO.
Ecnu ucnonbp3yemplil 3arpy3uuk HE M3MEHSET 3HAu€HUE 3TUX OUTOB, TO
UHULIMAIM3alusg KOMM. IIOPTOB Ha IIpUEM JOJDKHA OCYLIECTBIATHCA
IPOrPaMMHO.

[G]
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[Tpumep BHENIHEH MHUITUANTU3AIMA KOMM. TIOPTa HA TIPHEM JAHHBIX:
begin "text"

pswr set 400000h; // yemanosxa 22-20 buma 6 1.

end "text';

[Tocne Toro, kak OUT, OMpPENEISIOMUNA TUI UHUIHMAIA3AIUN KOMM.
nmopra ycraHoBilieH B enuHuily, DMA-comporeccop roTtoB k mpuemMy
naHHbIX. Kak TOJILKO TIepBbIE JaHHBIE C TOrO KOHIIA KaHajla TOCJIaHB,
HAQYHCTCA UX NPHUCM, U NCPBOC CJIOBO HUCHOJIB3YCTCA IS MHUIHAIW3ALUA
DMA-comporieccopa, cooOmiasi eMy aapec U pa3Mep NPUHUMAEMOTO
MacCCHBA.

lMepedaya OaHHbLIX Yepe3 KOMMYHUKaUyUOHHbIU nopm

DMA-conpoueccop B pexuMme Iepelaud JaHHbIX YIPaBiIsSIeTCs
peructpamu oca0 u occO (37ech U aanee Bce pacCy ISHHs MPHUBEIACHBI
JUIsl PETUCTPOB HYJIEBOIO KOMM. IIOPTa, OJHAKO BCE CKA3aHHOE CIIPaBEIINBO
TaKKe JJIsl PETHCTPOB MIEPBOTO).

B peructp oca0 3aHocuTCs agpec B IaMATH Ipolieccopa, HaunHas ¢
KOTOPOT'O pacroyaraeTcs MacCUB MepeaBacMbIX JaHHBIX.

B peructp iccO 3aHOCHTCS KOJUYECTBO IepelaBaeMbIX 64-X
paspsaHbIX ciioB (co 3HakoM '-'). 3amuchk B peructp icCO HHUIMUPYET
nepeBoJl KOMM. IIOpTa B peXHM Iepenaud JaHHbIX. Hampuwmep,
MHHUIMAIM3alKs KOMM. IOpTa Ha IMepefadyy MacCuBa JaHHBIX MOXET
BBITJIAZIETH CIEAYIOIINM 00pa3oMm:

nobits "data"
OutputBuff: long[100];
end "'data';

begin "text"
oca0 = OutputBuffF; // ykasamenv na nepedasaemolii
Il maccus.
occO = -100; Il momenm nauana nepedauu

- /1 100 onunnwix cos.
end ""text";
Cuérunk occO mociie nepeaayu KakJ[oro CIoBa YBEIHUHUBACTCS Ha
1. Ilepenaya manHpIX OyAeT 3aBepiiéHa, Korjaa 3HaueHue OCCO JTOCTUTHET
uyJs. [Ipu 5TOM He UMeeT 3HAYEHHs, YTO TOH CTOPOHBI KaHajga KOMM. ITOPT
rotoB npuHuMath emé, DMA-comporieccop NpeKpaTHT Mepeaady, Kak
TOJBKO CUETUUK JOCTUTHET HYJIS.

B cnywae, ecnm TtutaHMpyeTcs TiepelaBaTh JIaHHBIE B JAPYTOH
nporeccop, coorBercTByrommii DMA-comporieccop KOToporo ycTaHOBJICH
B PEKUM BHEIIHEH HHHUIIMATU3AIUU, HEOOXOIUMO MPEeAyCMOTPETH, YTOOBI
MEPBOE CIOBO IMEPEAABAEMOI0 MACCHBA COJEPIKAIO €ro ajapec M pa3Mmep.
ITon anmpecoM mnoOHMUMAaeETCs aapec B AAPECHOM CETKE MPUHUMAOIIETO
npoueccopa. Pazmep maccua naetcst 6e3 yuera nepBoro cjiosa.

[Tpumep:
nobits "data"
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OutputBuff: long[101];
end "'data'';

begin "text"
arO = OutputBufT;
ar4d = 80000000h; // aopec maccusa ¢

Il npunumarowem npoyeccope.
grd4 = -100; Il pazmep maccusa.
[ar0] = ar4, grd; [/l sanuce 6 nyresoe cnoso
Il nepedasaemozo maccusa.
oca0 = ar0; [/l ykazamensv na nepedasaemviii maccus.
occO -101; /I momenm nauana nepedauu

- /1 101 onunnwix cros.
end "text';

OxudaHue oKoH4YaHusi npuemalnepedayu Mo KOMMYHUKayUOHHOMY ropmy

CyIecTByIOT J1Ba KpUTEpHs, CBUAETEIbCTBYIOIUX 00 OKOHYaH
npuemal/niepeiadn JaHHBIX Yepe3 KOMM. TTOpT.

IlepBbIil KpUTEpHI - IPEpPBIBaHHE, MOPOXKAAEMOE IO OKOHYAH

nn

15051

npuemal/niepenadn. J[aeT CTONMPOICHTHYIO TapaHTHIO, YTO Mpolecc oOMeHa
NaHHBIMH 3aBepiieH. OJHAKO WCIOJIb30BAaHUE TMPEPBIBAHUS  KaXKETCs

rpOMO3JIKHUM B OOJIBIIINHCTBE CJIy4acB.

Bropoii kputepuil - HyJlEBOE 3HAYEHUE B PETUCTPE CUETYHKA.

atrIX CripaBoYHOE PyKOBOZCTBO

YnoOHoe cpeAcTBO TPOBEPKH OKOHYAHMS Tiepemaun. Mcmomszyercs B
OOJIBIIMHCTBE CIIYYaeB.
IIpumep:
begin "text"
oca0 = OutputBuff;
occO = -100;
<Loop> Il memxa navana yuxna oxcudanus.
gr0 = occO; Il cuumwisaemces 3nauenue cuemuuxa.
gro; Il yemanasnusaiomes ¢nacu
I yenosnozo nepexooa.
if < goto Loop; //yuxn nosmopsemes noka cuemuux
Il 0occO ne docmucnem nyns.
end "text';

[MpymevaHwe B cayyae 6HewHell UHUYUATU3AYUU ONPOC PEeSUCPA CHEMYUKA He
MOdicem UCNONb308AMBCA KAK CNOCOO 0XCUOAHUSL OKOHUAHUS Npuemd.
Buewmnsas  unuyuanuszayus — npoyecc  ACUHXPOHHbBIU,  HOIMOMY
NPUHUMAIOWULL NPOYeccop He 3Haem, Ko20a oHa Hawuxaemcs. Ilposepka
cuemuuka Ha HObIHe HOb MOJicem npusecmu K omubke, 6e0b 6 MOMEHM
NpoBepKU HeU38eCmHO, 3AKOHYUICA Npuem OAHHbIX UIU ewé He
Hayunancsa. M 6 mom u 6 opyeom ciyuae 3HaveHue cuemuyuxka pagHo HyJio.
Ilpu enewHell unuyuanuzayuu eoOUHCMBEEHHbIM CHOCOOOM NPOBePKU
OKOHYAHUS NpUEeMa s6JI51emcsl NPepuleanue.

®
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OdHoepemeHHas nepedayal/npuem OaHHbIX Yepe3 KOMMYHUKaUyUOHHbIU nopm

DMA-comporieccop  umeer aBe mapbl  peructpoB. OpjHa
UCTIONB3YeTCS UIS YIPABICHHS MPUEMOM, JpyTas iepeadeii TaHHbIX. DTH
nmapbl HMKAaK HE CBS3aHBl Mely COOOH, MO3TOMY HHUYTO HE MeMIaeT
OJHOBPEMEHHO MHULIMAIU3UPOBATH IIOPT HA IIPUEM U Ha IIepeavy.

OnHOBpeMEHHAs HMHUIMAIM3AlUs KOMM. TIOpTa Ha MpUEM U
nepeaayy BO3MOXKHA, OJHAKO HUKAKOTO BBIUIPHINIA B CKOPOCTH OOMEHa
JIAHHBIMU OHA He TpHHeceT. Takas BO3MOXHOCTh BBEJCHA ISl COXPAHCHUSI
¢ynkumnonansHOCTH 1pu padore ¢ TMS320C40.

B ciyyae 0THOBpEMEHHON MHULMAIU3ALMA KOMM. IIOpTa Ha IIPUEM
U Tiepeiavay BBIOOp OCTaHETCs 3a APYroi CTOpoHOM kaHama. Eciau ToT KomMm.
MOPT TOTOB MPUHUMAThH JaHHBIE, TO HAYHETCS mepeaada u HaobopoT. [Toka
nepeaavua HE 3aBCPIINTCH, IMPUCM JAHHBIX HC HAUYHCTCA.

Bbrnokupoeka npuémal/nepedayu Yyepe3 KOMMYHUKaUUOHHbILU nopm

[Ipoteccop MO3BOJISIET 3a0JIOKUPOBATH/pa30IOKHPOBATH
npuem/riepeaady NaHHBIX 4epe3 KOMM. MOPT. BiioKupoBaHHE MOXXET ObITh
YCTaHOBJICHO KaK JI0 MOMEHTa OOMEHa JaHHBIMHU, TaK H B IIpoliecce 0OMeHa.
[Ipy 3TOM COOTBETCTBYIOIIMH KOMM. TOpPT OyJeT HaxOAUThCS B
"3aMOpPOKEHHOM" COCTOSTHHH JI0 T€X TMOp, MOKa OUT OJOKUPOBKH B PETUCTPE
pswr He OyaeT cOpoIIIeH.

brokupoBka mpuema mo komm. mopty 0 ocylmecTBIsieTCS MmyTeM
3anucu equauipl B 0utT 1CHO mosst CPO control peructpa pswr (6out 21).

BiokupoBka mpuema Mo KOMM. TMOPTY 1 OCYIIECTBISIETCS MyTeM
3anucH equHuiel B out 1CH1 mons CP1 control peructpa pswr (6ut 24).

brokupoBka nepenayn mo komm. mopty 0 OCyIIecTBISETCS MMyTeM
3amucu equHuIpl B 6uT OCHO mosst CPO control peructpa pswr (6ut 20).

brnoxupoBka nepenaun mo KoMMm. moprty 1 ocyiiecTBisieTcsl myTem
3anucH equHuIel B Out OCHL monst CP1 control peructpa pswr (6ut 23).

[Tpumep ycTaHOBKHM peXrMa OJOKMPOBKHM IpHEMa JaHHBIX dYepes
KOMM. noprt 1:
begin "text"

pswr set 1000000h; // yemanoska 24-20 6uma e 1.

end "text';

Pa3z6iiokupoBaHre KOMM. IOpTa OCYUIECTBISIETCS IyTeM cOpoca
cootBercTByIomero outa B 0. [IpuMep cHATHS pekrMa OJOKUPOBKH ITpUeMa
JAHHBIX Yyepe3 KoMM. ropt 1:
begin "text"

pswr clear 1000000h; /I copoc 24-20 6uma 6 0.

end "text';
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3.2.3 Peructp intr

Peructp intr wumeer paspsaHocts 32 Outa. OH JOCTyNeH U3
accemOiepa TOJBKO IO YTCHHUIO M UCIIOJIB3YETCSl KaK PETHUCTp 3allPOCOB Ha
NpepbIBaHUE U ONEPALNH MPSIMOTO AOCTYTA K TTAMSITH.

OH HenoCTymneH MO 3allkCH, TO €CTh HE MOXET OBbITh W3MEHEH.
[TombiTka 3ammcu B peructp Intr w3 accemOiepa mpuBeneT K
CUHTAKCUUYECKOM OLINOKE.

Texkymiee 3HaueHre 1Ntr onuChIBACT COCTOSIHUE Mpoleccopa. Huke
B Tabymie Ta6m. 3-10 mpuBeneHO HaMMEHOBAaHUE €T0 TOJIEH, a TaKKe UX
HayalbHbIE 3HAYEHUS, OTpPaXKalolIMe COCTOSHUE perucrpa Imoclie
cucteMHOro cOpoca. 3HakoMm 'X' MOKa3aHbl HEOIpeAeTCHHBbIC 3HAYCHUS,
KOTOpBIE ITPH cOpPOCE MOTYT OBITh KaK HYJIEM, TaK U €AMHHIICH.

Tabsn. 3-10 PerwmcTp 3anpocoB HA MNPEPEBAHME M MOPSIMOM HOCTYHN K NaMSITH
INTR.
MMEHA HAYAITbHOE

BUT nonA BUTOB 3HAYEHUE
31 BS GBS 0
30 LBS 1
29 DMAR IC1IDR 0
28 ICODR 0
27 OC1DR 1
26 OCODR 1
25 PS CP1S 1
24 CPOS 0
23 AFIFO_VAL EMPTY 0
24 - X
21 - X
20 - X
19 - X
18 - X

X
17 RAM_VAL - X
16 - X
15 - X
14 - X
13 - X
12 VPF EMPTA 1
11 FULLA 0
10 EMPTW 1
9 FULLW 0
8 INTREQ TOR 0
7 SPR 0
6 VPR 0
5 INR 0
4 IC1IR 0
3 ICOR 0
2 OC1R 0
1 OCOR 0
0 TI1R 0
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I[aﬂee MMPUBOAUTCS boiee HO,Z[pO6HO€ Pa3bACHCHUEC 3HAYCHUSA

Ka)KJIOT0 IOJIs perucrtpa intr.

lMosie BS

[Tone BS comepxur uHPOpMALUIO O TOM, MPUHAAJEXKAT JIK B
JAHHBIA MOMEHT IPOIIECCOPY HYJIeBble OaHKH MaMSTH Ha JOKAIBLHOU H
r100anbHOM mMHAX. BUTBI, KOTOpble OHO 3aHMMaeT B peructpe intr,

OTMCUYECHBI CCPBIM:

3130

292827262524'2322212019181716'151413121110 9 8|7 6 54321 Ol

I[aﬂee CJICAYCT OIMMCAHNC 3HAYEeHUH OMTOB I1OJIS.

OIMMNCAHME

Cocrosguue 1i100aJIbHOM INHEI.

e 0 — mMHAa TNPUHAUIKHUT TPOLECCOPY TNpPHU
HEO0OXOUMOCTH OOpalleHHus MO0 Hel B HyJEBOM
OaHK IMaMsTH,

e 1 — mmHa mpoueccopy B JaHHBI MOMEHT HE
IIPUHAJICHKUT.

CocTosiHUE TOKAIBbHOM IIIUHEI:

e 0 — mMHAa MNPUHAUIEKUT TNPOLECCOPY INpHU
HEOOXOIMMOCTH OOpalleHusi Mo Hell B HyJeBOU
0aHK mamsTH;

e 1 — mmHa mpoueccopy B JaHHBIH MOMEHT He
MPUHAIIICKUT.

BUT NMA

31 GBS

30 LBS
Mosie DMAR

ITone DMAR comepsKHT 3ampochl Ha IPSAMOM JOCTYIl K MAMSTH OT
KOMMYHHMKAIlMOHHBIX IOPTOB Ipoueccopa. IIpm mosBieHun 3ampoca Ha
JIOCTYTI COOTBETCTBYIOLIMI OUT B3BOAUTCS B €IMHUYHOE MOJIOXKEHUE, MpU
CHATHM 3ampoca, a TaKke B €ro OTCYTCTBUE, OUT paBeH HyI0. buth,

KOTOpBIE OHO 3aHUMAET B peructpe intr, oTMe4YeHbl CEPhIM:

130292827262524'2322212019181716'151413121110 9 8|7 6 54321 0|

S

Hanee crnemyeT onucanue 3HaAYCHU OUTOB OIS

BUT MA OMNNCAHUE
29 IC1DR | 3ampoc Ha npsmoit goctyn k mamsitu (IT/II1) ot kanana
npueMa JaHHbIX nopTta 1.
28 ICODR | 3ampoc nHa IT/IIT ot xaHana npuema nanHbix mopta 0.
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27 | OC1DR | 3ampoc Ha [I/IIl oT kaHana nepegauu 1aHHBIX MopTa 1.

26 | OCODR | 3ampoc Ha [I/II1 oT kaHana nepegaun naHHbIX opTa 0.

Mpumevanue  Ilpu eosnuknosenuu 3anpoca wa Il om kananos npuema OAHHLIX 8
coomeemcemsyrowux paspsaoax 29 u 28 pecucmpa intr asmomamuuecku

YCMAaHaeIusaemcs eOUHUYyd, Komopas copacwvieaemcs, Koeoa 00Cmyn K
namsamu pazpeueH.

Ilpu eo3nuxnosenuu 3anpoca na IIJJII om kananos evioayu OAHHHIX &
coomeemcmeyowux paspsaoax 21 u 26 pecucmpa intr agmomamuuecku

YCMaHaenueaemcsl Hoib, KOMOopblli MeHAemcs Ha eOUHUYY, K020a 00CMyn
K NamMAmu pa3peuie.

lMone PS

ITone PS conepxutr wuHOpMAIMIO O TEKYLIEeM HalpaBICHUU
neperayd JIaHHBIX 4Yepe3  KOMMYHMKAI[MOHHBIE IOPTHI Ipolieccopa

NMG6403. butbl, KOTOpbIE OHO 3aHMMAeT B perucrpe Intr, oTMEYCHBI
CephIM:

|31302928272625242322212019181716'1514131211109 8|7 6 54321 0|

crrrrreErrrrrrrrrrrr e e

Z[anee CJICAYCT OIMMCAHUC 3HAYEeHUH OMTOB IOJIA.

BT NMA OMMNCAHME

25 CP1S | Tekymiee HampaBlIleHHE NEepeJadyd JAaHHBIX 4Y€pe3 MOpT
1:

e 0- IIOPT HAXOAUTCS B PCKUME BbIJIAYM JTAHHBIX,

o 1- NOPT HAXOAUTCA B PCIKUMC IIpUEMa JaHHBIX.

24 CPOS | Tekyuiee HampaBlIeHHE INepefadyd NAaHHBIX 4Yepe3 MOpT
0:

e (- mopT HaXOAWTCS B PEKUME BBIJIAYH JTAHHBIX,

e 1 - nopT HaxOOUTCS B pEeXKUME NPUEMA TaHHBIX.

Mosnie AFIFO_VAL

[Tone AFIFO_VAL comepxuT uH(pOpMAIMIO O TOM, CKOJIBKO 64-x
paspsAHBIX CIIOB JOMKHO ObiTh B AFIFO mocie Toro, kKak 3aKOHYUTCS
BBHITIOJTHEHHE BCEX BEKTOPHBIX KOMAaH/I, U3 MOMABIINX HAa JAHHBIH MOMEHT B

KOHBEMeEp mpoueccopa. buTel, KOTOpblE OHO 3aHUMaeT B perucrpe intr,
OTMEYEHBI CEPHIM:

|31302928272625242322212019181716|1514131211109 8|7 6 54321 Ol

crrr e e

Jlanee crnexyeT onvMcanue 3HAYCHU OUTOB OIS

BT NMA OMMCAHNE

[G]
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23 | EMPTY | IIpu3nHak Toro, uyro AFIFO He mycTo:
e 0-AFIFO nycro;

e 1 - AFIFO He mycTO, ¥ YHCIIO 3alHUCaHHBIX B HEM
CJIOB ompeensercs pa3psaamu 22 ... 18.

22 Uwucno 3anucannubix B AFIFO cioB B auama3one ot 1 1o
21 32. Ilpu stom:

20 00000 cOOTBETCTBYET OJHOMY 64-X pa3psIHOMY CIIOBY;
19 00001 coOTBETCTBYET IBYM 64-X pa3psiAHBIM CJIOBaM,
18 11111 cOOTBETCTBYET TPUALIATH JBYM CIIOBAM.

Mone RAM_VAL

[Tone RAM_VAL conepxuT uH(}OpMAIMIO O TOM, CKOJBKO 64-x
paspsaHBIX CIOB JOJDKHO ObITh B RAM (BHyTpenHee O3V mporeccopa)
MoCJie TOTO, KaK 3aKOHYUTCS BBITOJIHEHHWE BCEX BEKTOPHBIX KOMaH, Ha
MOTIABIIMX HA JAHHBI MOMEHT B KOHBeEWep Impolieccopa. bUTel, KOTOpbIe
OHO 3aHUMAET B perucrpe INtr, OTMEUYEHBI CEPhIM:

313029 28 27 26 25 24|23 222120191817 16]151413121110 9 8|7 6 5 4 3 2 1 0]
||||||||||||||h|||||||||||||
Jarnee cnemyeT onucanue 3HaU€HUH OUTOB TOJIS:

BUT OMUCAHME

17 | yucno cnos, Haxoxasmuxcs B RAM, B auanazone ot 1 qo 32. [pu
16 3TOM.

15 | 00000 coOTBETCTBYeT OgHOMY 64-X pa3psIHOMYy CIOBY;
14 00001 cooTBeTCTBYeT JABYM 64-X pas3psaHbIM  CIIOBaM;

13 11111 cooTBETCTBYET TPUALIATH ABYM CIIOBAM.

Mone VPF

[Tone VPF coxmepxur uWHGOpPMALUIO O CTENCHU HATIOJHEHUS
oydepoB WFIFO u AFIFO BekTopHOTO Tporieccopa. bUThl, KOTOpbIE OHO
3aHUMAET B peructpe intr, OTMEYEHBI CEPhIM:

313029 28 27 26 25 24|23 222120191817 16}151413121110 9 8|7 6 5 4 3 2 1 0]

Jarnee cnemyeT onucanue 3HaU€HUH OUTOB TOJIS:

BUT NMA OMMCAHNE

12 | EMPTA | @nar Hanuuus uapopmanuu B 6ydepe AFI1FO:
e 0-AFIFO conepuT naHHBIC;

e 1-AFIFO mycro.

11 | FULLA | ®nar crenenu HamosiHeHus: 0ydepa AF1FO:

@
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e (- AFIFO 3amoyiHEeHO HE HOIHOCTRIO;

e 1 - AFIFO 3amojiHeHO MOJTHOCTBIO.

10 | EMPTW | ®unar nanuuus unpopmanuu B 6ypepe WFIFO:
e 0-WFIFO conepXut JaHHBIE,
e 1-WFIFO mycro.

9 FULLW | ®nar crenenu HanonHeHus 0ydepa WFIFO:

e 0 - WFIFO 3amojiHEHO HE TOJIHOCTBIO;

e 1 - WFIFO 3amoJIHEHO TTIOJTHOCTBIO.

Mone INTEREQ

OHO 3aHHUMACT B PETrUcCTpeC intr, OTMCUYCHBI CEPBhIM:

|31 302928272625 24|23 222120191817 16|15 1413121110 9

Z[anee CJICAYCT OIMMCAHUC 3HAYEeHUH OMTOB IOJIA.

[Tone INTEREQ comepsKUT 3anpockl Ha pepbIBaHue. bUTHI, KOTOpBIE

8|76543210‘

BT MA OMNNCAHUE

8 TOR | 3anpoc Ha mpepbiBaHKe OT Taiimepa tO.

7 SPR 3anpoc Ha MpephIBaHUME IO MEPENOJHEHUIO IIpH
BBIMIOJTHEHUH apU(METHYECKOW Orepaluu, 3aJaHHON
CKaJISIPHOM KOMAHIOM.

6 VPR | 3anpoc Ha npepblBaHME IO 3aNPEIIEHHON BEKTOPHOU
KOMaH/IE.

5 INR | 3ampoc Ha BHeUIHee MpephIBaHUE.

4 ICIR | 3ampoc Ha mpephiBaHUE 110 3aBEPIICHUIO TIpHeMa
JTAHHBIX 10 KOMMYHHKAIIMOHHOMY TOpTy 1.

3 ICOR | 3anpoc Ha mpepbplBaHUE 10 3aBEPUICHUIO IIpHEMaA
JaHHBIX 0 KOMMYHHKAIIMOHHOMY TTOpTy 0.

2 OC1R | 3ampoc Ha mpepblBaHUE IO 3aBEPLICHUIO Mepeaadu
JAaHHBIX 110 KOMMYHHKaIIMOHHOMY TopTy 1.

1 OCOR | 3ampoC Ha IIpEepBIBAaHUE II0 3aBEPILICHUIO IIepenayu
JAHHBIX TI0 KOMMYHHKaIMOHHOMY 1opTy 0.

0 T1R | 3ampoc Ha nmpepbIBaHUE OT Talimepa t1.

MpumeyaHue [lpu 603HUKHOBEHUU 3ANPOCA HA Npepbléanue 8 COOMEEmCmEYIouwem
paspsde pecucmpa INtr agmomamuyecku yYCMaHaeIu8aemcs eouHuyd,

KOmopast
00CIYAHCUBAMBCSL.

copacvigaemcsi, K020a  OAHHLIL — 3aNPOC  HAYUHAEM

[G]
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3.2.4 Peructp Imicr

Peructp Imicr umeer pazpsmHocts 32 Outa. C €ro moMOIIBIO
OCYIIECTBIISIETCSl  yNpaBJICHWE JIOCTYIIOM K BHENIHEH MamsTH uepes
JOKaJmbHYy!0 1MHY. [lyTeM KOHUIypupOBaHHsS JAaHHOTO PpErucrpa
MPOTPAMMHUCT MOXKET OTKPBITh JOCTYII TIO JIOKATBHOM IIMHE K OJHOMY WA
JBYM OaHKaM MaMSTH, PAa3IHYaiONIMCS THIIOM, CTPAHUYHON OpraHu3anuen
U TUHAMUYECKIMH TTapaMeTPaMH.

Peructp Imicr qocTyneH Kak il YTEHHUs, TaK U IS 3aIIUCH.

OH B 00s3aTENbHOM TMOPSAIKE [OJDKEH OBITh YCTAHOBJIEH IPU
3arpy3Ke MPUKIAJAHON HCIONHIEMON mporpammsbl B mporieccop. OOBIYHO
ero yCTaHOBKOW 3aHMMAETCs 3arpy34MK, BXOJSILIMNA B COCTAaB OMOIMOTEKU
3arpy3kd 1 OOMeHa.

Ionvsoeameny  6npase camoCmosimenbHO USMEHAMb — COOEPAHCUMOe
pecucmpa Imicr. Oo0nako npu smom HeoOX00umo cobIVOams

MpnmeyaHue

Tabs. 3-11 PazbueHme ampecHOr'oc MNpPOCTPAHCTBA JIOKAJIEHOM HIIMHEI Ha OaHKM

npeodoCmMOpPONCHOCHb, NOCKONbKY HENpAGUIbHO CKOHQUSYPUPOBAHHDIL
peaucmp He no380uUm NPOYeccopy KOPPEeKmHo 0Cyujecmsisims 00Cmyn K
JIOKAIbHOU NAMAMU, YMO MOJICEM NPUBECTNU K 3ABUCAHUIO NPOSPAMMDBL.

B Tab6n. 3-3 comepxurcs MHPOpPMALUsA O TOISIX pErucTpa gmicr.
Peructp Imicr umeer aOCOJIOTHO Takyw e CTPYKTypy. Bce ero mosns

COOTBETCTBYIOT TCM, YTO IIPUBCICHLI B I[aHHOI\/JI Ta6J'II/IHe.

[TockoybKy JIOKalbHAsg IIMHA UMEET CBOM JHMAaNa3oH aJpecoB,
pa3buenne Ha 6aHku omnpenensercss Taom. 3-11.

0 u 1, samasaemoe nosem BOUND permcrpa Imicr.

BOUND | PA3MEP AIIPECHOE PA3MEP APECHOE
BAHKA 0 MPOCTPAHCTBO BAHKA 1 | TMPOCTPAHCTBO
(64 BAHKA 0 (64 BAHKA 1
BUTA) BUTA)
0000 | 2%™=32K | 00000000 — O00OFFFF 32K 00010000 - 7FFFFFFF
0001 | 2%=p4K | 00000000 — 0001FFFF 64K 00020000 - 7FFFFFFF
0010 | 2Y=128K | 00000000 - 0003FFFF 128K 00040000 - 7FFFFFFF
0011 | 2'8=256K | 00000000 - 0007FFFF 256K 00080000 - 7FFFFFFF
0100 | 2%=512K | 00000000 - 000FFFFF 512K 00100000 - 7FFFFFFF
0101 2°=1M | 00000000 - 001FFFFF M 00200000 - 7FFFFFFF
0110 2”'=2M | 00000000 - 003FFFFF 2M 00400000 - 7FFFFFFF
0111 2”=4M | 00000000 - 007FFFFF 4aM 00800000 - 7FFFFFFF
1000 2%=8M | 00000000 - 0OFFFFFF 8M 01000000 - 7FFFFFFF
1001 | 2*#=16M | 00000000 - 01FFFFFF 16M 02000000 - 7FFFFFFF
1010 | 2®=32M | 00000000 - 03FFFFFF 32M 04000000 - 7FFFFFFF
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1011 | 2%=64M | 00000000 - O7FFFFFF 64M 08000000 - 7FFFFFFF
1100 | 2¥=128M | 00000000 - OFFFFFFF 128M 10000000 - 7FFFFFFF
1101 | 2%=256M | 00000000 - 1IFFFFFFF 256M 20000000 - 7FFFFFFF
1110 | 2®=512M | 00000000 - 3FFFFFFF 512M 40000000 - 7FFFFFFF
1111 2%=1G 00000000 - 7FFFFFFF 0 -

3.2.5 Pernctp pc

3.2.6 Peructp pswr

Peructp pc ucnonb3yercsi MpoleccopoM Kak yKazaTelb Ha aJapec B
MaMsTH TIPOIIeccopa, U3 KOTOPOro OyaeT MOATrpYyKeHa ClIeIyIolas KoMmaHaa
BBITIOJTHSAEMOM MTPOTPAMMBI.

ITporeccop Bceraa MOATpy» aeT M3 MaMsATH 64-X pa3psiHOE CIIOBO
KoMaHZ. B HeM MoxxeT copepxaTbCsl OJHA JJIMHHAs KOMaHJa WIH JIBE
KopoTkHe. JITMHHAs KOMaHJa He MOXKET HaUMHAThCsl ¢ HEYETHOTO apeca.

Ha wu3smeHeHue 3HaueHus perucrpa PC OKa3bIBAIOT CEPHE3HOE
BIHstHAE Oy(ep MOTINTHIBAEMBIX KOMaHA U Oydep UCTIONHIEMBIX KOMaHI.
OTO BIIMSHUE BBIPAXAcTCsd B TOM, YTO HE BCETJA M3BECTHO, KaKOBO K€ B
JAHHBI MOMEHT OBbITh 3HaY€HHE PErHCTPa, PABHO JIM OHO TEKYILIEMY aJipecy
IUTEOC JIBA WJIM ILJTIOC YETHIPE.

N3-3a minoxol mpeackazyeMOCTH 3HAYEHUSI PETUCTPA PC B KA bl
KOHKPETHBIH MOMEHT BpEMEHH ajpecaluss [0 CUETYHKYy KOMaH]
acceMOJIepoM He MOJAEeP )KUBACTCSL.

Peructp pswr (CIOBO COCTOSIHHS) BXOIMT B OJIOK PErHCTPOB
yIpaBlIeHHs COCTOsSHHEM mpoieccopa. Ilocie cuctemHoro copoca OH
MEPEeXOAUT B HYJIeBoe cocTosiHue. OH COCTOMT W3 HECKOJBKUX TIOJICH,
KaXJ10€ U3 KOTOPBIX JOCTYITHO MO YTCHUIO M 3aIUCH.

B Tabmune Tab6m. 3-12 mpencTaBieHO pacIoONIOKEHUE IOJIeH B
perucTpe pSwr.

Tabs. 3-12 Permcrp croBa cocTosHusA nporeccopa PSWr (32 6ura).

BUT MnornA MMEHA BENTOB
31 BC GBRE
30 LBRE
29 TIMER pin control TEN
28 T™M2
27 TM1
26 TMO
25 CP1 control CP1l
24 ICH1
23 OCH1
22 CPO control CPOI
21 ICHO
20 OCHO
19 TOC T™MO
18 TEOQ
®
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17 T1C ™1
16 TE1
15 FCL WFCL
14 AFCL
13 INTERRUPT MASKS TOM
12 SPM
11 VPM
10 INTM
9 ICIM
8 ICOM
7 OCiM
6 OoCcoM
5 TiM
4 STM
3 FLAGS N

2 y4

1 \Y

0 C

Janee mpuBOAMTCS TOAPOOHOE pPAa3bICHEHHE 3HAYCHUS Ka)IOTO
TOJISL PETUCTPA PSWI .

Mone BC

ITone BC 3amaer pexuM JOCTylla IIpolieccopa K IaMATH IO
BHEIIHUM IIIMHAM Tpu pabote ¢ oOmed mamsaTeio. OOmer Ha3bIBaeTCs
namsTh, JOCTyH K KOTOpPOH HMEIOT 1Ba MU Ooiyiee mpoueccopoB. burhl,
KOTOpbIe nosie BC 3aHUMAET B PETUCTPE PSWI, OTMEYECHBI CEPBIM:

3130292827262524{2322212019181716}1514131211109 8|7 6 5 4 3 2 1 0

Jarnee cnemyeT onucanue 3HaY€HUH OUTOB TOJIS:

BUT NMA OMMCAHNE

31 GBRE | paspelieHue/3amnpelieHie Mmepefayd KOHTPOJST Haj
rno0anbHOM IIMHONW BHEIIHEMY YCTPOWCTBY TIpH
3ampoce OT HEro:

e 0- KOHTPOJIb HEC NICPEAACTCH,

e 1 - KoHTpOJb IEpEIACTCS.

30 LBRE | pa3peiieHue/3anpeiieHne nepeiayd  KOHTPOJIS Hal
JIOKAJIbHOM I[IMHOW BHEIIHEMY YCTPOWCTBY HpH
3ampoce OT HEro:

¢ 0 - KOHTpOJIb HE TIepeaaeTCs,

o 1- KOHTPOJIb IEPEAACTCA.

IMone TIMER pin control

[Tone TIMER pin control omnpexaenser pexuM pabOThl BHEIITHETO
BeiBoZa [IMER. butel, koTtopsie OHO 3aHUMaeT B pErHCTpe PSWI,
OTMEYCHBI CEPBIM:

110

@
Onncanue si3biKka accemoOJiepa eu ro
CrpaBo4HOE PYKOBOJCTBO at rX



Pernctpbl

3130 29 28 27 26 25 24|23 222120191817 16]151413121110 9 8|7 6 5 4 3 2 1 0]
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Jlanee crnexyeT onvMcanue 3HAYCHU OUTOB OIS

BUT NMA OMMCAHME

29 TEN paspelieHue/3anpenicHie  BbIAYUd  CUTHajda Ha
BHemHui BhIBOJ (HOkKY) TIMER mporeccopa.

e (- BbIJIa4ya HE pa3peIIacTcs,

e 1 - BpI1aya pasperiaercs.

28 ™2 noJie ynpasjieHus BHeIIHUM BeiBojgoM TIMER
27 ™1 noJie ynpasjieHus BHeIIHUM BeiBogoM TIMER
26 T™O noJie ynpasieHus BHeIIHUM BeiBogoM TIMER
Ecmu outr TEN = 0, To HUKakue KoMOMHAmuu OmroB TM2, TM1 u

TMO He pUBENYT K U3MEHEHHIO COCTOSTHUS HOXKKHU T IMER.

B caywae TEN = 1 mons TM2, TM1 m TMO wucmoJsib3yroTcs IJist
ONpeAeNIeHUsI TOro, KaKol MMEHHO CHTHAJI BbIIAaeTcs Ha HOXKKY TIMER.
3aBUCUMOCTb THIIA CHUTHAjJa OT COCTOSIHUSI JAaHHBIX MOJIEM MpuBeleHa B

Tabum. 3-13.

Kpome cnyuaeB "mormveckuid HOJB' W ''Jormyeckas eauHuUIA’,
koraa HoxkKa TIMER ycTaHOBI€Ha B COOTBETCTBYIOLIEE IOJIOKEHUE, U HE
MEHSETCS C TEUYCHHUEM BPEMCHH, BCE OCTaJbHBICE HA0OPHI CHTHAJIOB

ompenensatorcess padboror BHyTpeHHHX TaiiMepoB TO m T1 mpomeccopa
NM6403.

Tabs. 3-13 Ynpasneume sHemHmM BriBomoMm 1IMER.

T™M2 T™M1 TMO COCTOAHME BbIBOOA TIMER
0 0 0 it
JIOTHYECKHH HOJIb
Q
t
0 0 1 1
JIOTMYECKast MM
0
t
0 1 0 I epuox Taiimepa TO |Hepnozl Taiimepa TO
MOMEHT JIOCTHIKEHHS CHETHHKOM HYJIst t
0 1 1 it - ,
Ilepuon Taiimepa T1 Ilepuon Taitmepa T1
%L/IOMGHT JAOCTHXKCHHUSA CUHETUYNKOM HYJISL t
1 0 0 it ,
Iepron Taiimepa TO .I
1 takT (IpU JOCTIKEHUU CUCTINKOM HYJIST) t
®
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ITepuox Taiimepa T1

1 TaxT (IpU JOCTHIKEHUH CUETUMKOM HYJISL) t

Ilepron Taiimepa TO

1 rakr (IpU ZOCTHXKEHHU CYCTUMKOM HYIIS) t

Ilepuon Taiimepa T1

1 takt (P ZOCTHKEHHU CYCTINKOM HYIIS) t

B cinydae, eciu Taiimep TO mnm T1 pabGoraeT B IUKIMYECKOM
peKHMe, TO TMPUBEACHHBIC BPEMEHHBIC IHUAarpaMMBI TAaKKe OyIyT HMETh
nepuoauyeckuii  xapakrep. Eciam ke TailmMep 3amporpaMMHUpOBaH Ha
OJHOKPATHBIN OTCYET, TO MO AOCTUKEHUIO CYETYMKOM HYJSI B 3aBUCUMOCTH
OT ycTaHOBIeHHBIX TM2, TM1 u TMO BO3HUKHET JHOO OJHOKPATHBIA MUK C
MOCJICAYIOIIMM BO3BPAIIICHUEM B OCHOBHOE COCTOsiHHME (Kak B TOCIICIHUX
YeThIpeX Cilydasx), JM00 CMEHA COCTOSIHHS Ha MPOTHBOIOIOXKHOE (KaK B
TPETHEM H YETBEPTOM CIIyUasix).

Mone CP1 control

ITone CP1 control omnpeaenser pexumbl padOThl TEPBOTO
KOMMYHHUKAI[MOHHOTO MOpTa Mpoueccopa. buTel, KOTOpble OHO 3aHUMAET B
pErucTpe PSWI, OTMEUYEHBI CEPBIM:

313029 28 27 26 25 24|23 222120191817 16}151413121110 9 8|7 6 5 4 3 2 1 0]
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Jarnee cnemyeT onucanue 3HaY€HUH OUTOB TOJIS:

BUT | NMA OMMCAHNE

25 CP11 | Out BHeUIHeW MHUIIMATHU3AIMH KaHalla BBoAa mopra 1:

e 0 - pyHMNManm3amMs KaHajga BBoma mopra 1
OCYIIECTBIIACTCST MPOTPAaMMHO. DTO 3HAYHUT, YTO
azipec ¥ pa3Mep NPUHUMAeMOT0 MacCcHBa 3aJacTCs
nepesa TeM, Kak HayaThb mpueM jJaHHbIX. [Ipu sTom
DMA cormporuieccop yxe 10 Hadyaja mpuemMa 3Haer,
CKOJIBKO CJIOB IPUHATH U KYy/1a pa3MECTHTb,

e 1 - uyHMIManM3auMg KaHala BBoJa moprta 1
OCYIIECTBIIICTCS 10 TIEPBOMY INPHHITOMY CIIOBY.
To ects, DMA comnpornieccop cHauana nMpuHAMAET
nepBoe ciioBo (64 6uTa) U paccMaTpUBAET €ro, Kak
napy 32-pa3psgHbIX CJIOB, OJHO M3 KOTOPBIX
COJICPXKHT aJIpEC, a BTOPOE pa3Mep MacCHBA.

24 ICH1 | OuT paspericHus/3anpeiicHs MprUeMa JaHHBIX Yepe3
mopt 1:
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e 0 - pa3penieHue nmpremMa JaHHBIX;

e 1 - 3ampenienue npuemMa JaHHbIX.

23

OCH1

OuT paspemeHus/3anpelieHnsl Tepeaadn  JaHHbBIX
yepes mopt 1:

e 0 - pa3pernicHue repeayu TaHHBIX;

o 1- 3aIIpCUICHUC IICpeaavun JaHHBIX.

IMone CPO control

[Tone CPO control omnpenenser peXuMbl pabOTBI TEPBOTO
KOMMYHHKAIIMOHHOTO MOpTa npoueccopa. bUTkl, KOTOpble OHO 3aHUMAET B
pEerucTpe PSWr, OTMEUYEHBI CEPHIM:

313029 28 27 26 25 24|23 222120191817 16]151413121110 9 8|7 6 5 4 3 2 1 0]

crrrrrrrrEmE T r e

Jlanee crnexyeT onvMcanue 3HAYCHU OUTOB OIS

BUT

NMA

OMNCAHVE

22

CPOI

OWT BHEUTHEH MHUIIMATN3AIMU KaHata BBoja mopta 0:

e 0 - wHMIManu3anus KaHama BBoja mopta O
OCYUIECTBIIACTCS MPOTPAaMMHO. DTO 3HAYHUT, 4YTO
aZipec M pa3Mep MPUHUMAEMOTO MaCcCHBa 33JIaeTCs
nepea T€M, Kak HadaTb NPHUEM NAHHLIX. HpI/I 9TOM
DMA comporieccop yxe 10 Hadajia mpueMa 3Haer,
CKOJIBKO CJIOB MIPUHSATH U Ky/ia Pa3MECTHUTh;

e 1 - wHunmanm3amus kaHaiga BBojga mopra 0
OCYIIECTBIISIETCSI TI0 MEPBOMY HPUHITOMY CIIOBY.
To ectb, DMA compouieccop cHauana nNpUHAMAET
nepBoe cioBo (64 OuTa) U paccMaTpUBaeT ero, Kak
napy 32-pa3psOHBIX CIIOB, OJHO W3 KOTOPBIX
COZICPIKHUT aJIpec, a BTOPOE pa3Mep MaccuBa.

21

I1CHO

OUT paspelieHus/3apenieHns NpreMa JTaHHBIX Yepe3
nopt O:

e 0 — paspenieHue prieMa JaHHBIX;

o 1- 3aIlIpCUICHUC ITPpUCMaA JaHHBIX.

20

OCHO

OWUT paspelicHus/3anpelieHnss TMepeaadyd  AaHHBIX
yepe3 mopt 0:

e (0 — pasperieHue niepeIayn JaHHBIX;

e 1 —3anpeleHue nepeaadn JaHHBIX.

MNpumevanne  Uszmenenue noneii CPO u CPL control manpsmyio 6 pecucmpe pswr
BO3MOJICHO MOJILKO Nymem UCNONb3068AHUS KOMAHO PSWY set unu pswr

[G]
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clear (cm. nynkm 5.1.8 KomaHgbl MoaMdUKaLmMmn peructpa pswr).

Mone TOC

[Tone TOC ympaBnser pabortoit Taiimepa TO. Butbl, xoTopsie OHO

3aHHUMAaeT B PETUCTPE PSWI, OTMEUYEHBI CEPhIM:

|31 30 29 28 27 26 25 242322212019 1817 161514 13121110 9 8|7 6 5 4 3 2 1 0]

I[aﬂee CJICAYCT OIMMCAHNC 3HAYEeHUH OUTOB IOJIS.

BUT MA ONMMCAHUE
19 TMO | ompenensieT pexxum padboTsl Taiimepa TO.
18 TEO | 3amperniaet/pa3perraet pabory taiimepa TO.

Paznnunpie kKoMOMHAIIMK OUTOB JAHHOIO ITOJIS MO3BOJISIOT 3a4aBaTh

CJIeyIOle BapHaHThl paboThl Taiimepa:

Tabs. 3-14 Pexumer pabore Tarmepa TO.

TM™MO

TEO

OMUCAHUE PEXXUMA PABOTbl TAMEPA

Pabota TaliMepa T0 OCTaHOBJICHA
HE3aBHCUMO OT 3HAYEHHs CYETYHMKa TaKTOB B
peructpe t0.

TaliMep, OTCUMTaB IIOJOKEHHOE  YHCIIO
TaKTOB, 3aJaHHBIX B peructpe t0, ocTaHaBIMBaETCS.
[Ipu oOHyNEeHMH CcYeTYMKa BO3HHMKAeT 3alpoc Ha
MpepLIBaHUE.

Talimep paboTaeT B HUKIMYECKOM PEKUME.
[Ipu oOHyJNeHMM CcYETYMKA TaiMepa BO3HHUKAET
3arpoc Ha MpepbIBaHNE, CYETYUK BOCCTAHABIMBACTCS
B MCXOJHOE MOJIOKEHUE U HAUMHAETCS] HOBBIM OTCUYET
TakToOB. 3HaK 'X' 0003HAaYaeT, 4YTO 3HAYEHHE OUTa HE
UMeeT 3HAUYCHHUS.

bonee mogpobGHoe omucanue padoter TaiiMepoB TO m T1 cm. 3.2.7

Peructpsl Taiimepos tO, t1.

Mone T1C

[Tone T1C ympasmnsier pabortoit taiimepa T1. butTel, KOoTOpbIE OHO

3aHUMACT B PETUCTPE PSWI, OTMCUCHBI CCPBIM.

|3130292827262524'2322212019l8l716|151413121110 9 8|7 654321 0|

I[aﬂee CJICAYCT OIIMCAHNC 3HAYEeHUH OMTOB IOJIS.
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BUT | VMA OMNCAHNE

17 TM1 | ompenesseTr pexxuM padoTsl Taiimepa T1.

16 TE1 | 3ampemraet/pa3pemiaet padboty taiimepa T1.

Kom6unamust 6utoB TM1 u TE1 onpenensier paboty Taiimepa T1 B
coorBeTcTBUM ¢ Tabmn. 3-14.

Bonee monpobHOe ommcanue padboter TaiimepoB TO m T1 cm. 3.2.7
Peructpsl Taiimepos tO, t1.

Mone FCL

ITone FCL ympasnsier ounctkoir OydpepoB AFIFO u WFIFO. bursi,
KOTOpBIE OHO 3aHMMAET B PETUCTPE PSWI, OTMEUCHBI CEPBIM:

|3130292827262524|2322212019181716|1514131211109 8|7 6 54321 Ol

Jlanee crneayeT onvMcaHue 3HAYCHU OUTOB TTOJIS:

BUT | UMA OIMNCAHNE

15 | WFCL | OuTt paspemienust/3anpeiienus ourctku WF1FO:
e 0 - ouncTka 3ampereHa,

e 1 - oumcTKa pa3pelieHa, Ipu 3TOM Ha KaKIOM
TaKTe MPOIEeCCOp OYIET MOChUIATh CUTHA OYMCTKH
Oydepa, moka 3HaUYeHWE TOJIsI BHOBb HE OyIeT
ycTaroBieHo B 0.

14 | AFCL | OuTt paspemieHust/3anpeiieHus ounctku AF1FO:
e (0 - ouncTka 3ampeiieHa,

e 1 - oumcTKa paspelieHa, Ipu 3TOM Ha KaKIOM
TaKTe MPOIEeCCOp OYyIeT MOChUIATh CUTHAI OYMCTKH
Oydepa, moka 3HaUYeHWE TOJII BHOBb HE OyIeT
yctaroBieHo B 0.

Mosie INTERRUPT MASKS

ITone INTERRUPT MASKS wucnons3dyercs mjis MacKUPOBAaHMs WU
CHSITHS MAacKU C TpepbhIBaHUM mporieccopa. but, paBHbI 1, COOTBETCTBYET
YCTaHOBJIEHHOH Macke (00paboTka mpepbiBaHHs pasperieHa), outr 0 -
cHATOW Macke (0OpaboTka mIpepbIBaHUs 3ampeleHa). buTel, KoTopsie OHO
3aHUMAET B PETUCTPE PSWI, OTMEUYEHBI CEPHIM:

|3l30292827262524|2322212019181716|1514131211109 8|7 6 543210
RERRRRRRRRRRERRRE
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I[aﬂee CJICAYCT OIMMCAHNC 3HAYEeHUH OMTOB IOJIS.

OMNCAHNE

Macka npepbiBaHusi OoT Taiimepa t0. 3ampoc Ha
OpEpbIBAHUC BBICTABIISICTCA, KOrJa CUCTUYUK TaﬁMepa
JIOCTHUTAeT HYJIEBOTO 3HAYCHUSI.

Macka mpephlBaHUsS 10  TEPENOTHEHUIO  TPHU
BBITIOJITHCHUH apU(PMETHIECKON ornepanuu, 3aJaHHOU
CKaJISIPHOM KOMAaHOM.

Macka mnpepbplBaHMS 1O 3alpEUICHHONW BEKTOPHOU
KOMaHJIe.

Macka mnpepblBaHUS 110 BHEUIHEMY IPEPHIBAHUIO
(mosp30BaTEIBCKOE MPEPHIBAHUE).

Macka npepbIBaHHSs 10 3aBEPIICHHUIO MPUEMa TaHHBIX
Mo KOMMYHHKallMoHHOMY mopty 1. 3ampoc Ha
MpEephIBAaHUE BBICTABISIETCS, KOT/Ia CYETYHK MOPTa,
OTCUMUTHIBAIOIIMM  TMPUHATHIE  CJOBa,  JIOCTUTAET
HYJICBOTO 3HAYCHUSI.

Macka npepbIBaHHs 110 3aBEPIICHHUIO MPUEMa TaHHBIX
no KoMMyHHKaloHHomy mopty 0. 3amnpoc Ha
MpEephIBAaHUE BBICTABISIETCS, KOT/Ia CYETYMK MOPTa,
OTCUMUTHIBAIOIIMM  MPUHATBIE  CJOBa,  JIOCTUTAET
HYJICBOTO 3HAYCHUSI.

Macka TMpepbhIBaHUS 10 3aBEpIUICHUI0 Tepeaadu
JaHHBIX TI0 KOMMYHMKaIlMOHHOMY mopTy 1. 3ampoc
Ha MpEepPbIBAHUE BHICTABISETCS, KOT/Ia CUETYHK MOPTA,
OTCUMUTHIBAIOIIMMA TOCBUIAEMBIE CJIOBA, JIOCTUTAET
HYJICBOTO 3HAYCHUSI.

Macka TpephIBaHUS IO 3aBEPILICHUI0 Tepeaadu
JaHHBIX TI0 KOMMYHHKamoHHomy nopty 0. 3ampoc
Ha MpEepPbIBAaHUE BHICTABISETCS, KOT/Ia CUETYHK MOPTA,
OTCUMUTHIBAIOIIMMA TOCBUIAEMBIE CJIOBA, JIOCTUTAET
HYJICBOTO 3HAYCHUSI.

Macka mpepelBaHMs OT TaiiMepa tl. 3ampoc Ha
npephIBaHNE BBICTABISETCS, KOTAAa CUETYUK Taiimepa
AOCTUTACT HYJICBOT'O 3HAYCHUH.

MacCKa momaroBoro npepbiBaHus.

BUT MA
13 TOM
12 SPM
11 VPM
10 INTM
9 1C1M
8 1COM
7 OC1M
6 OCOM
5 TiM
4 ST

Mone FLAGS

[Tone FLAGS mpencraBisieT co0oif Habop ¢uaroB, BBICTABISEMBIX
NPU Pa3IMYHBIX apU(YMETHUYECKUX OINEpalUsAX Ha CKAISIPHOM IIPOLIECCOPE.

butel, KOTOpBIE OHO 3aHUMAET B PETUCTPE PSWI, OTMEUYEHBI CEPHIM:

313029 28 27 26 25 24|23 222120191817 16/151413121110 9 8|7 6 5 4
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Z[anee CJICAYCT OIMMCAHUC 3HAYEHUH OMTOB IOJIA.

BUT | UMA OMNMNCAHNE

3 N NpU3HAaK 3HaKa. YcraHaBiuBaeTcs B 1 Beskuil pas,
KOTJ]a Pe3yJbTaToM apu(pMETHYeCKOl omeparuu Ha
CKaJsIPHOM TPOIIECCOPE SBISETCS OTPUIIATEIBHOE
YHUCIIO.

2 z NpU3HaK HyJs. YcTaHaBnuBaeTca B 1 Beskuil pas,
KOTJa pe3yJIbTaToM apu(pMETHYECKOW olepalnuu Ha
CKaJIIPHOM IIPOLIECCOPE SIBJISETCS HYJIEBOE 3HAUCHHUE.

1 \Y NpU3HAK T[EpernoyiHeHus. YcTaHaBiauBaercs B 1
BCAKUN pa3, Korga B pe3yjbTare apu(pMeTHuecKoit
omepaluyd Ha CKaJSIPHOM IIPOLECCOPE BO3HHUKIO
IIEPETIOTHEHHUE.

0 C MpU3HAK MepeHoca. Y cTaHaBluBaeTcs B 1 BCsAKHil pas,
KOTJa B pe3yJbTare apu(pMeTH4ecKoil omepanuu Ha
CKaJISIPHOM TIPOIECCOPE BO3HUK MEPEHOC.

3.2.7 Pernctpbl Tanmepos to0, tl

Peructper taiimepoB t0 u tl mmeror paspsaHocts 32 O6urta. OHH
JOCTYTHBI U3 acceMOIepa Kak 10 3alKCcH, TaK U 10 YTSHUIO.

Peructp tO cuuTaeTcss CUCTEMHBIM U Ha HETO OOBIYHO BO3JIOKECHBI
GyHKIMU cueT4YMKa TaKTOB JJIsl pereHepanuu JuHaMHuecKod mamstu. B
3TOM CiIy4yae OH HE MOXET HCIOIb30BAThCS  MOJIb30BATEIbCKOM
nporpammoii. Ecnam ke mporieccop paboTaeT TONBKO CO CTaTUYECKOU
MaMsThlO, TIOJIb30BATEIbCKAsE MPOTpaMMa MOXKET HCIOIb30BaTh 00a
perucrpa.

PesxxuM paboThl TaliMepOB OIMpEACNSACTCS TMOJSIMH PErucTpa PSwWr.
(cm. mynkr 3.2.6 Peructp pswr). Peructpsr €O u t1 ympaBisitoTCs
HE3aBUCHMO, KaXK[blii IOCPEICTBOM CBOMX IMOJNel peructpa pswr. B
3aBUCHMOCTH OT 3HAYCHUWH, MPOMUCAHHBIX B JTHX TOJISAX, TalMEp MOXET
BBINIOJIHSATH CIIEIYIOIIEe:

e 1pu npoxoze yepe3 0 mopoxkaaTe NpepbIBaHKE,;
® JI0W1s 10 HyJI IPEKPATUTh CUET;

L4 ILOI\/JII[H A0 HYJII MHULUAJIU3UPOBATHCA 3HAUYCHUCM HGpCMCHHOﬁ OUKJIa 1
HepeﬁTH OTCYCTY HOBOI'O IHKJIA.

Taiimep nmemaeT MoJHBIM Mpoxom o paspsaHoi cetke (oT O 10
OxFFFFFFFF) 3a:

e 107,37 cek mipu wactore 40 MI';
e 85,9 cex npu wactore 50 MI11.

[G]
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Huxe cnenyer npumep paboOThI ¢ PETUCTPOM TaiiMepa:
begin "text"
tl = 0; [/l yemanosxa cuemuuxa matimepa 1
Il 6 nynesoe nonoscenue

[l soinonnaromes gviuucnenus.

gr7 = tl; |/l épecucmp Qri sanucvieaemcs epems
Il ébinonnenus evruucienuil, usmepentoe 6

Il npoyeccopuvix maxmax.
end "text';

lMpumevanve [locae 3anucu 3uauenus ¢ pecucmp t0(tl) nmpoxooum ewe 6 maxmos,
npedxcoe uem 6 maiimep 6yoem 3anucaHo Hogoe 3HaYeHue cuemuura. Imo
00BsCHACMCA MeM, YMO npexcoe ueM UHCMPYKYus Oyoem 6blNoJHEeHd,
OHA 00JIHCHA NPOUMU Yepe3 6ce Cmaouu KOHeeliepa KOMAaHO.

3.3 CneyuanbHbie pecucmpbli NM6405

Omnucanue criennanbHbIX peructpoB NM6405 cMm. B onucanuu mporeccopa NM6405.

3.4 BekmopHbie pe2ucmpsbl

[Tporieccop NM6403 comepXUT BEKTOpPHBIE DPETHCTPHI, KOTOpHIE
MIO3BOJISIIOT  OCYIIECTBIATH yIpasieHne BII, xpanuTe npomexyToudHbIE
JIaHHbIE, ITOJIyYaeMble B ITpoLecce cYeTa.

BekTopHble perucTpsl AensATCs Ha JBE I'pynnbl. B mepByio BXOAST
peructpsl ynpasienus BII, ompenensionire xoHdurypauuioo paboueid u
TeHeBOM Marpul, BekropHoro AJIY, ¢ynkuumii axtuBanuu. Bo BTOpylo
BXOJST TaK Ha3bIBa€MbIE ' PErHUCTPHI-KOHTEHHEPHI', BHYTPEHHHE OJIOKH
namsitu BII, paGoraromue no npunnumy FIFO. Bee peructpoi-koHTeHHEpHI
UMEIOT OJMHAKOBYIO TTyOnHy. OHM paccUyMTaHbl MaKCHMaJIbHO Ha 32 CJI0Ba
no 64 6ura xaxmuoe.

Jlayiee TIPUBOJUTCS CHUCOK BEKTOPHBIX PETHUCTPOB Ipolleccopa B
dopme Tabmunel Tabnm. 3-15, a 3aTem nparoTcs KOMMEHTapuu MO HX
UCTIOJTb30BAHUIO U TIPaBUiIa padOThI C HUMHU.

Tabs. 3-15 Ceommas Tabmmila BekTOpHEIX permcTposB nporneccopa NM6403.

HAMMEHOBAHWNE OMMCAHUE NMPMMEYAHNE

flcr,f2cr PerucTpsr yIIPaBIICHUS dyukuuei | 64 Oura.
aktuBanuu. MIMeroT paspsaHocTh 64 6uta | JlocTymHbI
KaXJblil, paspenieHa 3aluch 3HAYEHUH | TOJBKO MO
OTACNHFHO B MIIAJIIYIO M CTapUIyI0 YacTH | 3aIHCH.
PETUCTPOB.

nbl Peructp rpanuny  HeiiponoB. Hmeer | 64 Oura.
paspsaHocTh 64 Outa, paspenieHa 3anuch | JIOCTYIEH TOJIBKO
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3HAa4YCHUU OTACJIBHO B MIaJmyro " | 1O 3aIIuCH.
CTapIIyIO YaCTH PETUCTpA.

sb Peructp rpanun  cunancoB. Mwmeer | 64 Oura.
paspsimHocTh 64 OuTa, pasperieHa 3anuch | JlOCTyIEH TOJIBKO
3HA4YCHUU OTACIBHO B MIaJmyro u | 1O 3aIInCH.
CTapIIYIO YaCTH PETHCTpA.

vr Peructp mopora. Mmeer paspsaHocts 64 | 64 Gura.

OuTa, pa3pemieHa 3amuch  3HadeHW# | JlocTyneH TonbpKo
OTJIETHbHO B MJIQJIIIYIO M CTapIIyI0 YacTH | MO 3aIHUCH.
perucrpa.

afifo Perucrp-konteiinep  mns  xpaHeHus | 32x64 Guta.
pe3ynbTaTa BHIIOIHEHHS TI000i1 oneparuu
Ha BEKTOpHOM y3Je nporieccopa NM6403.

data Jlornueckumii perucTp-koHrteiHep, | Otobpakaercs Ha
ONMHUCBHIBAET JAHHbIE, NPOXOMASIIHE B | IUMHY JAHHBIX,
JTAHHBI MOMEHT 1O MmuHe (TJI00aJbHOU | TOATOMY UMEET
WIHA JIOKAJIbHOM) MaHHBIX B IMPOIECCE MX | TAKOW 00BEM,
3arpy3ku u3 namsitu B BII. Kakoe KOJI-BO
CJIOB 3arpy»aercs
U3 MaMsITH
KOMAaHIO0H,
KOTOpast ero
UCIIONB3YET.

ram Peructp-xonteitnep TUTST xpaneHus | 32x64 Oura.
JAHHBIX, KOTOpbIE MOTYT  IIOBTOPHO
WCTIOJIB30BATHCS B MPOLIECCE BEIUNCICHUH.

wfifo Peructp-konreiinep  mns  xpasenus | 32x64 Guta.
BECOBBIX KOX((DHUIIMEHTOB, KOTOPBIC 3aTEM
3arpy’KaroTcs B TeHeBYI0 MaTpuity BII.

3.4.1 Pernctpsl flcr n f2cr

Peructper flcr u F2cr umerot paspsaHocTb 64 6uta kaxaeiii. OHu
JOCTYIIHBI JJISl 3aIIMCH M UCTIOJB3YIOTCS JAJISl YIPaBICHUS KOH(PUTyparen
OINEpaH/JOB IpPHU BBHIIOJHEHUH KYCOYHO-JIMHEHHBIX NpeoOpa3oBaHUM Hal
BXOJIHBIMH JTAHHBIMH BEKTOPHOTO ITPOIECccopa.

Peructpsl flcr u f2cr HenocTynHsl o yTeHUo. [lonbiTka yTeHus
u3 Flcr wiu F2cr BocnpuHUMaeTcs accemMOJiepoM, KaK CHHTaKCHYecKas
orrnoOka.

Jlannble, noctynatomue Ha Bxoasl X u Y BII, npeasaputensHo Ha
MPOX0/I€ MOTYT OBITh MOABEPrHYTH IPEe0OPa30BaHUIO KyCOYHO-TUHEHHBIMU
(GYHKIHMSAMH, HA3bIBAEMBIMH (DYHKIUSMH aKTHUBAIMA. OJTO TPOHMCXOIHT,
€CIM B KOJE BEKTOPHOM KOMAaHIbl MCIIOIB30BAHO KIIFOYEBOE CIOBO

@
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activate. [IpaBuna BbI30Ba TOW MM MHOM (YHKIIMM aKTHUBALlUU OMHUCAHO
B noanyHkre 1.5.5 O6paboTka naHHBIX QyHKIMEH aKTUBALUH.

Bcero cymectByer nBa Tuma (GyHKITUN aKTUBAIUH:
e mnoporoBas pyHkuus (cM. Puc. 3-1a);

e (¢yukuus HaceimeHus (cMm. Puc. 3-16).

Puc. 3-1 Tunel BcTpoeHHEIX QyHKIMI akTuBanmuu nporeccopa NM6403.

4Pesynbrar 4Pesynbrar
H
0 > 0 >
Wcxonabie maHHBIE Wcxonabie manHbIE
-0-1 -H-1
IToporu
a) Ilopocosas pynryus 0) QynKyust HACLIUWEHUs.

Peructpsl flcr u F2Cr urparOT OCHOBHYIO pOJib B OINpPEIEICHUN
NOpOroB (YyHKIMNA aKTUBAIIHH.

Peructp flcr 3amaer moporu GVHKIMNA aKTUBALMKA JUIS HAHHBIX,
nocryraromux Ha Bxox X BII, a f2c¢r i maggeix Bxoma Y.

Peructper flcr u f2cr pensat 64-x paspsiiHble CIIOBa BXOIHBIX
JAHHBIX Ha 2JeMeHThl. Hajx KaKabIM 3JIEMEHTOM BBINOJIHACTCS (YHKLHA
aKTUBALlUM, TO €CTb AaKTHBALlMM IIOABEPralOTCS OJHOBPEMEHHO U
HE3aBUCHUMO BCE JIEMEHTBI, COCTABJIAIONINE JUIMHHOE CII0BO.

PasOuenune Ha 3memenTtsl, 3amucanHoe B Flcr u f2cr, moxer He
COBIIAJATh C TEM, KOTOPOE 3ajaeTcs Ha BXxojgax X U Y peructpamu sb2 u
Nb2 COOTBETCTBEHHO MpPH ONEpPALUSIX YMHOXKEHUS C HAKOIUICHUEM, WU
peructpoM nb2 Tipyu BBINOJHEHUH BBIYUCICHUA Ha BeKTOopHOM AJlY.
OpnHako B OOJIBIIMHCTBE CIy4aeB MPOTPAMMHUCT yCTaHABIMBAET pa3OUeHUE
B Tlcr u f2cr TakoBbIM, YTOOBI OHO COBIAAANIO C pa30UCHUEM, 3aJaHHBIM
peructpamu Nb2, sb2.

Pa36ueHue OaHHbIXx Ha 3sieMeHmbI npu nomouwu ficr (f2cr)

Hanee B ommcanuu OyneT ucnoisib3oBaThesi peructp Flcr, ogHako
BCE CKa3aHHOE HWXKE, €CIIM ATO CIELUAIbHO HE OrOBOPEHO, CIIPABEIJIMBO U
g F2cer.

Pa3Obuenne Ha osneMeHTHl 3amaercs B peructpe Flcr myrtem
nepenaja 3Ha4eHui coceaHux OutoB ¢ 1 B O mpu ABMKEHUH OT MIIaJLIMX
ouToB K crapimm (cM. Puc. 3-2).
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Puc. 3-2 PazsbueHme 64-x 6urTHOTrO CioBa Ha sjaeMeHTH npu nomomy Flcr

(f2cr).

flcr (1111000011110 ... 100001111000 11110000
0
63 \L \L \L 0

[TockonbKy JeNeHHEe Ha SJIEMEHThl MPOUCXOIUT TOJIBKO TMPHU
nepexoae ot 1 k 0, HaMMeHbIIHMI pa3Mep dIIeMeHTa cocTaBisier 2 outa (y
ANIEMEHTa caMblii MJIaAImui OUT JomKeH ObITh paBeH 0, a caMblil cTapmuii
1).

[TocnenoBarenbHOCTh HyNeH W eauuul] B F1Cr nmpousBoibHA, a 3TO
3HAQYWT, YTO JUIMHHOE CJIOBO JAaHHBIX MOXET OBbITh pa3douTO Ha
MPOU3BOJILHOE KOJIUYECTBO dyieMeHTOB (B mpemenax ot 1 mo 32)
MIPOU3BOJILHON PA3PAIHOCTH C CYMMapHBIM KOJHYECTBOM OWTOB, PaBHBIM

64.

UcnonbzoeaHue flcr(f2cr) e ¢yHkyuu HacblweHusi (apughmemuydeckasi

akmueauyusi)

B pexnme apudmernyeckoil — akTMBalUMM, KOTAa  JaHHbBIE
HO/BEPraloTCs MPpeoOpa3oBaHUIO IPH ITOMONIM (PYHKIUHM HACHIMICHUS (CM.
Puc. 3-16), BaxHyH poJib WIpAlOT 3HaueHWs OuToB peructpa Flcr,
PAacCIIONIOKEHHBIX B TIPEJIeiaX JIEMEHTa JaHHBIX.

Nmeercs B BUay, 4T0 ecTh peructp F1Cr U ecTb BXOJHbBIE JaHHBIE,
nocrynatonre Ha BxoJ X BII. CnoBa BXOJHBIX 1aHHBIX, Takxke Kak u Flcr
UMEIOT pa3psiiHOCTh 64 O6uTa, TO €CTh KaXIOMy OHUTY CIIOBAa JAHHBIX MOYKHO
comoctaBuTh OUT peructpa Flcr.

Kak yxe Obuto ckazano, mepexon or 1 k 0O B flcr Bexer k
pa3leNIeHHI0 CIIOBAa BXOAHBIX JAaHHBIX Ha dyeMeHTH. JlanbHeimme
paccyieHHs OTHOcATCS K Ourtam peructpa F1Cr, COOTBETCTBYIOUIMM
THIOJTIO JIEMEHTA JaHHBIX.

Camomy crapmieMy OWTy TOJsI DJIEMEHTa BCETZa COOTBETCTBYET
emuannia B flcr (cm. Puc. 3-2). KomuuectBo equuuil B F1cr BopaBo ot
HETO ONpEACISET MOPOT HACKIIICHHS, YTO WTIocTpupyeT Tadm. 3-16.

Bce moBenenne (yHKIIMU HACBHIMICHUS ONPENETSETCS TeM, KaKue
3HAYEHUS UMEIOT OUTHI TOJS AJIIEMEHTA JAHHBIX B T€X MO3MIMIX, KOTOPBIE
COOTBETCTBYIOT €AMHUYHBIM Ourtam peructpa Flcr. Ecaum Bce OuTh
3JIEMEHTA JAHHBIX, HAXOIAIIMECS B ATUX IMO3UIHUAX, PAaBHBI HYJIO, TO
3HAUYEHHE 3JIEMEHTA JAHHBIX IOJIOKUTEIBHO U MEHbILIE YCTAaHOBIEHHOTO
nopora.

Tabs. 3-16 Hoporw mns 8-6uMTHEX NaHHEIX.

BUTbI F1CR MnopPOr
10000000, 127
11000000, 63
11100000, 31
11110000, 15
®
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11111000, 7
11111100, 3
11111110, 1

Bo3MmoskHBIE 3HaUEHHS TOPOTOB Ompenessatorcs Gopmynoit: H = 2"
-1.

B kauectBe mpumMepa paccMaTpuBaeTcsl 8-MH pa3psIHBIA AJIEMEHT
naHHbIX. B cmywae, korma Tpu crapmux Outa peructpa Flcr,
COOTBETCTBYIOIIIME IIOJIO ITOrO 3JIEMEHTA, PaBHbl €IUHMIIE, OCTaJbHBIC
HYJII0, MO>KHO Ha0JII0aTh CleayIolIee:

flcr: .--11100000. .. <« sepxnuii nopoe pasen 31(0X1F)
none OaHHbIX. ...00010110... <« snauenue snemenma 22(0x16)
nocie akmugayuu: .-.-00010110. .. <« swuauenue snemenma 22(0x16)

3HavueHWE DJJIEMEHTA JAaHHBIX paBHO 22, YTO MeHbIne, dem 31.
[ToaTomy naHHble OyQyT mepenaHbl Ha BBIXOJ (YHKIUM aKTHBAIMH 0e3
N3MCHCHHH.

Ecimm Bce Tpu crapmux OWTa 3HAYCHUS DJIEMEHTA JTaHHBIX PaBHBI
€IMHHUIIE, TO.

flcr: ...11100000. .. <« nuscnui nopoe pasen —32(0OXEQ)
none OaHHbIX: .--11110110. .. <« 3nauenue snemenma —10(0OXF6)
nocne akmueayuu. ...11110110... <« snauenue snemenma —10(0OXF6)

3HaueHue AJIeMEeHTa JaHHBIX paBHO -10, yto Oomnbiie, yem -32. B
TOM CiIy4yae JaHHBIC TaKXke OyayT TIepeaaHbl Ha BBIXOA (QYHKIHUU
aKTHUBaIMu 0e3 U3MEHEHUN.

B cmyuae, korma OWTHI TOJS 3JIEMEHTa, COOTBETCTBYIOIIHE
enuHUYHBIM Outam FlCr, IMEIOT HEe OJIMHAKOBHIC 3HAUYCHHUS, PA3THYAIOTCS
nBa ciydas. [lepBeiii - crapmmuii Out mons dneMmeHta paBeH 0
(monoKUTETPHOE 3HAYEHHE), BTOPOM - CTapIIHil OUT TOJIS 3JICMEHTa paBeH
1 (oTpunateabHOE 3HAUCHHE).

B nmepBom ciyuwae apudmernyeckas (PyHKIUS ~ aKTUBAIUU
OCYUIECTBIISET CleyIolIee MpeoOpa3oBaHue:

flcr: ...11100000. .. <« sepxnuii nopoe pasen 31(0X1F)
none OaHHbIX: .--01010110. .. <« 3wnauenue snemenma 86(0X56)
nocne akmueayuu. ...00011111... <« snauenue snemenma 31(0X1F)

3HaueHue AIeMEeHTa JaHHBIX paBHO 86, uTo Oombiie, yeM 31. [Ipu
9TOM (DYHKIIMS aKTHBAIMH 3aMEHUT 3HAYCHHE JJICMECHTA Ha MOJIOKHUTEITHHOE
TOPOTOBOE.

Bo BropoM ciywae apudmernueckas (QyHKUUS ~aKTUBALUU
OCYILIECTBIISET CeayIolIee Ipeodpa3oBaHueE:

flcr: .--11100000. .. <« Hudxcnuii nopoe pasen —32(0XEQ)
none OaHHbIX. ...11010110... <« s3nauenue snemenma -42(0XD6)
nocie aKkmugayuu: .--11100000. .. <« snauenue snemenma —32(0OXEQ)

3HavyeHHE JIEMEHTA JaHHBIX PaBHO -42, 4yTO MeHbIe, yeMm -32. B
ATOM cilyyae Ha BbIXoJe (DyHKIIMU aKTUBAIMK 3HaUY€HUE OyJeT 3aMEHEHO Ha
OTPHULIATEIIBHOE TTIOPOTOBOE.
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Wtak, ecnu 3HayeHHss OWUTOB NOJS JAHHBIX, COOTBETCTBYIOIIUX
eIMHUYHBIM OuTaM peructpa Flcr:

OJIMHAKOBBI, TO IIOJI€ JaHHBIX HE HU3MeHseTcs npu o0paboTke
apudmerndeckoil pyHkipeit aktuBauu (GyHKIHMEH HACBIIICHHS);

HE OAWHAKOBBI U CTAPIINMI our PaBCH O, TO 3HAYCHUC 3aMCHACTCA Ha
IOJIOKUTCIBHOEC IIOPOT0OBOC,

HE OJIMHAKOBEI M CTapIIHMI out PaBEH 1, TO 3HAYCHUEC 3aMCHACTCA Ha
OTpULATCIIBHOC IIOPOTr'0BOC.

Ucnonb3zoeaHue flcr(f2cr) e nopozoeoli hyHKkyuU (Jl02uveckass akmueauyusi)

B pexume mormdyeckoi akTUBALIMM, KOTA JAHHBIE NOABEPraroTCs
npeoOpa3oBaHUIO TPH MOMOINM TmoporoBoit ¢yHkimu (cm. Puc. 3-la),
BOKHYIO pOJIb WrpaeT 3HaueHue crapmiero Owurta peructpa Flcr,
PACIIOJIOKEHHOTO B MIpEeiax JIeMEHTA JIaHHbIX.

Nwmeetcs B Buay, uto ectb peructp F1Cr u ecTb BXO/HbIE JaHHbIE,
noctymnarontue Ha Bxoq X BII. CiioBa BXOIHBIX TaHHBIX, Takke Kak U Flcr
UMEIOT pa3psiHOCTh 64 6UTa, TO €CTh KaXI0My OUTY CIIOBA JAHHBIX MOYKHO
comoctaBuTh Out peructpa Flcr. Ilepexoq or 1 x 0 B Flcr Bexmer k
pa3eIeHUIO CII0BA BXOIHBIX JAHHBIX Ha 3JIEMEHTHI.

Camomy crapiiemy (3HakKOBOMYy) OHUTY IIOJIsi 3JIEMEHTa BCerna
coorBeTcTByeT enaunuiia B flcr (cm. Puc. 3-2). 3HaueHue 3TOro mois
SIBJSIETCSL ONPEACISIONIMM PpU 00pabOTKe BXOHBIX JAHHBIX JIOTHYECKOM
¢dyHkuueir aktuBanuu (moporoBoi ¢yHkumeit). Takum oOpazom, st
JIOTMYECKOW aKTHBAI[MM BAXXHO TOJBKO TO, KaK CJIOBA BXOJIHBIX JIaHHBIX
nensTcss Ha ayeMeHThl npu nomoutd Flcr. 3nauenus O6utoB Flcr, He
YYaCTBYIOIIMX B pa30MEHUH POJIU HE MTPAIOT.

B kauectBe mpumMepa paccMarpuBaeTcs 8-MH pa3psIHBIA AIIEMEHT
JTaHHBIX. Pe3ynbTaT 00paboTku Jorndeckor GyHKIMEeH aKTHUBAIlUN 3aBUCHUT
OT 3HaKa 0O0pabaTbiBaeMOro uncia. J1Jisg monoxXuTeabHbIX YHUCEN:

flcr: .--0]10000000]1.-.
none OaHHbIX: o e 00010110. .. <« sunauvenue 22(0x16)
nocie akmugayuu:s - - - - . - 00000000. .. <« pe3ymvmam O.

3HaYCHUE AJIEMEHTA JJAaHHBIX paBHO 22 (mosiokuTensHoe). [ToaTomy
pe3yapTaT 00pabOTKH JIOTHYECKON (PyHKIIMEH akTUBauu paBeH O.

I[JBI OTPHULATCIIBHBIX YHACCII:

flcr: .--0]10000000]1-..
none OAHHbIX: e 10010110... <« suauenue -106(0x96)
nocie akmueayuu: - - - - - 11111111. .. <« pesyavmam -1(0xFF) .

3HaveHHe OJJIEMEHTa [aHHBIX paBHO -106 (oTpHLATEIBHOE).
[ToaTomMy pe3ynbTaT 00pabOTKH JOTUUECKOH (DyHKIMEH aKTHBALMK PaBeH —
1.

Urak, norunueckas ¢yHKIMsA aktuBanuu  (moporosas  (QyHKIMA)
IICPCBOAUT HCOTPUIIATCJIBHBIC 3HAUYCHHUA DJICMCHTOB HOJIGf/i JIAHHBIX B 0,
OTpHULIATEIBHBIC B —1.

@
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3aepy3ka 3Ha4yeHul 8 pecucmp flcr (f2cr)

Bce ckazannoe B JaHHOM ITYHKTC OTHOCHTCA B OHHHaKOBOfI CTCIICHU
Kak Kk peructpy Flcr, tak u k f2cr.

[Ipexxne Bcero, HEoOXoAMMO TOMHHTH, 4To FlCcr - srto 64-x
paspsaHblil peructp. Cucrema komana nporeccopa NM6403 uve comepxut
KOZla KOMaHIbl, KOTOPBIA ObI MO3BOJMI HAMPSAMYIO Pa3rpy3UTh B PETUCTP
64-x paspsaHyio KoHCTaHTy. OJHAKO CYyIIECTBYET HECKOJBKO KOCBEHHBIX
croco0oB 3arpy3ku 3HadeHuii B peructp Flcr.

Cnoco6 1. 3arpy3ka 1o 4actsim.

[Tpoueccop NM6403 1mo3BoISIET OCYIIECTBIATh AOCTYI K PETUCTPY
flcr mo uactsam. To ecTh OTAEIBHO MOXKET OBITH 3arpy’keHa cTapiuas
YyacTb PErucTpa, OTAEeNbHO Miaamas. Jias 3Toro B s3bIK acceMOiepa
BBEJICHBI CIIEI[MAJIbHbIE CUMBOJIBI:

e Tlcrh - crapmas yacte peructpa Ficr;
e fTlcrl - mnanmas yacts perucrpa Flcr.

[IpuBenem npumep 3arpy3ku peructpa F1Cr mo yacTsaMm:

flcrl = 80808080h; /I 3aepyska maaoweit uacmu flcr.
flcrh = 40404040h; /] saepyska cmapweit uacmu fler.

B  pesymprate B peructp  Flcr  3arpyXeHOo = YHCIO
40404040808080h1.

Cnoco6 2. 3arpy3ka OJMHAKOBOW MITAJIIICH U CTapIIeit yacTei.

Ecnm B Miaamyro u cTapuryio MOJIOBHHBI PETHCTpa HEOOXOIUMO
3arpy3uTh OJHO W TO K€ YHMCIO, TO MOXHO HCIIOJNb30BaTh CIEAYIOIIYIO
KOMaHJy:
flcr = 80808080h; /I saepyska oounakoevix KoHcmanm

Il 6 cmapwyro u mnaowyio wacmu flcr.

[Ipu sTOM, TpolIECCOpP aBTOMATUYECKH 3alMIIET 3Ty KOHCTAHTY B
00€ TOJIOBUHBI PETUCTPA, TO €CTh, TTOCJIC BHIMOTHEHUS KOMaHbl B PETUCTPE
flcr Oyner HaxoauTbes ymnciio: 8080808080808080h1.

Cnocod 3. 3arpy3ka B pEerucTp COAEPKUMOTO ITAMSITH.

Peructp Fflcr MOXHO WHUIMAIM3HPOBATh 64-X  pa3psaHON
KOHCTaHTOH, pacnoiokeHHo B naMaTu. [IpuBenem npumep:

data " .data"
MyF1CR: long = 0123456789ABCDEFhI ;
end ;:éata";

begin "._text"

flcr = [MyF1CR]; // zazpyska e flcr koncmanmol uz namamau.

end "'.text";
B pesynbrare B peructp Flcr 3arpyxeno 0123456789ABCDEFhI.
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TabJi.

3arpy3Ky KOHCTaHTbl M3 MaMATH BO3MOYKHO OCYILECTBUTH MpHU
IIOMOUIM OJHOM KOMaHAbl, IIOCKOJbKY IPOLECCOpP aBTOMAaTHUYECKU
OTIpeNIeNIIeT, 4YTO JaHHBIE 3arpykalTcs B 64-X paspsHBIA pETucTp,
MO03TOMY OyZAET MOJIKaYeHO Cpa3y JABE COCEIHUX AYCHKH MaMATH, HAUYMHAA C
YEeTHOTO ajpeca.

B tabnune Ta6n. 3-17 npuBeaeHbl Hanbosee YacTo BCTPEUAOLIHECs
3HA4YCHUs, 3anKchIBaeMble B peructp F1Cr mpu MCTIOIh30BAHUH TIOPOTOBOM
¢byHkuun aktuBanmu. [lpenmonaraercs, yto 32-X paspsgHas KOHCTaHTa
3anocutrcss B Flcr cnocoOoM 2, mpuBeneHHBIM BbIIe, a 64-X paspsaHas
CUUTHIBACTCS U3 TTAMSTH.

3-17 YacTo wmcHnoab3yeMele OPM JIOTMUYECKOM AaKTHUBALMM KOHCTAHTE

paszbuenmus nusa permcrpa Flcer(f2cr).

PA3PAOHOCTb KOJIMYECTBO 3HAYEHWE KOHCTAHTHI
SJIEMEHTA OJIEMEHTOB B CJIOBE B F1CR (F2CR)
64 dura 1 flcrh = 80000000h
32 Outa 2 80000000h
21 out 3 4000020000100000h1
16 6ur 4 80008000h
10 6ur 6 0802008020080200h1
8 our 8 80808080h
4 durta 16 88888888h
2 buta 32 OAAAAAAAAK

3.4.2 Peructp nb1l(nb2)

Peructp nbl umeet paspsanocts 64 6uta. OH JOCTYIICH IO 3alUCH
U3 acceMOiiepa W WrpaeT CIEAYIONYI0 pOJlb B padoTe BEKTOPHOTO
nporeccopa:

¢ OHIpeacisiacT pa36I/IeHI/IC MaTpulbl BEKTOPHOI'O MpoLEeCCOpa Ha CTOJ'I6I_U:I;

e omnpezenseT pa3OMeHHE Ha HE3aBHCHUMBIC JJIEMEHTHl 64-X pa3psIHBIX
CJIOB, YYaCTBYIOIIMX B apU(PMETUUECKUX M JOTMUYECKHX ONEpalusix Ha
AJIY BeKTOpHOrO mporeccopa.

Peructp nbl He pocrynmeH mno ureHuto. [lombiTka mnpodyuTaTh
COCTOSIHUE PErucTpa IyTeM MpsMOro oOpalleHus K HEMy IpUBEAET K
CHUHTaKCHYECKOH OIIMOKe.

IIpexne dem paccMmarpuBaTb €ro CTPYKTYpy U BapUaHTHI
HUCITOJIB30BaHUA, HGO6XOI[I/IMO IIOSACHUTH TO, KAKO€ MECTO 3aHHUMACT OH B
CTpYKType BekTopHOTrOo Tiporeccopa NM6403.

BekTopHbIi IIpoLieccop UMEET B CBOEM COCTABE IBE ONEPAlMOHHBIX
MaTpuipl: pabouyi0 M TeHeBylo. Pabodas wMaTpuma HCHOIb3yeTcs

[G]
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HEMOCPEACTBEHHO IS BBIYUCICHUMN, a TeHEeBas JIJIsl TOJATOTOBKU O4YepeaHON
MOPIIMU  BECOBBIX KOX((UIIMEHTOB, KOoTopas OyaeT HCHOJIh30BaHA Ha
MOCJIeIyIOIIEM IIare BhIYMCICHUH. MHbopManus u3 TEHEBOW MaTpUIBI B
pabovyro TepernuchiBaeTCs 3a OJMH MPOIECCOPHBIN TakT (CM. OmNMHMCaHHE
KoMaHabl Wtw). Takasi opraHu3anusi BEKTOPHOTO MPOIIECCOpa MO3BOJISIET
OJTHOBPEMEHHO BECTH BBIYHCICHHS W 3aHUMATHCS 3arpy3KOil odeperHon
MOPUUHU BXOJHBIX TAHHBIX.

Kaxxgas matpuiia conpoBok/1aeTcsi CBOEH Mapoil perucTpoB:
e nb - onpenensieT paz3dueHNE MATPHUIIHI HA CTOJIONIHI,

e sb - onpenensier pa30MEHHE HA CTPOKHU.

Puc. 3-3 TeHeBas u paboyas MaTPHIE BEKTOPHOI'O MNPOILECCOopa.

ﬂeHeBaﬂ MaTpula u e¢ pCFI/ICTIZm ﬂ’a6oqaﬁ Marpuna u €€ peFI/ICTpB\

| Peructp nbl (64 6ura) | Peructp nb2 (64 Gura) I

| Peructp shl (32 6ura) I | Peructp sb2 (32 6ura) I

TeneBas maTpuna Pabouas marpuia

\J NG /

Jns Toro, yToObl OTIAMYATh Mapbl PErHMCTPOB TEHEBOM M padoueit
MaTpullbl, OHM IOMEYeHbl LudppaMu. Tak pErucTpbl TEHEBOH MaTpUIlbI
oTMmeueHbl kKak Nbl u sbl, a peructpsl paboueit - nb2 u sb2.

Omnucanne W TpaBWia HCIOIB30BaHUS PErucTpoB sSbl u sb2
npuBoasaTcs B M. 3.4.3, 37ech ke fanee OyJeT JaHO OMUCAaHHE PETUCTPOB
nbl u nb2.

M3 mporpaMMbl Ha S3BIKE accemOyiepa JIOCTYIIEH TOIBKO PETHCTP
nbl. OH gocTymeH TOJNBKO Mo 3amucu. UreHue u3 nbl HEBO3MOXKHO.
[TombITKM YTEHUS BOCHPUHUMAIOTCS acceMOJIEpOM, KaK CHHTAKCHUYECKUE
OIIINOKH.

Peructp nbl, «kak yxe OBUIO  OTMEYEHO,  SIBJISCTCA
MPUHAJIKHOCTRI0O TEHEBOM MaTpuibl. Jlns Toro, YToOBl HU3MEHHUTH
3HAYCHHE perucTpa padoueld MaTpuilsl Nb2, HE0OX0AMMO:

e CHauaja 3arpy3uTh €ro B peructp nbl,
e IIpM IOMOIIM KOMaHJIbl WEw, OCYLIECTBIAIOLIEH KOIMPOBAHUE

COJICPKUMOTO TEHEBOIM MaTpPHIIBI B pabouylo, IepenucaTh B Nb2.

Ucnonb3osaHue pecucmpa nb1(nb2)
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Peructp nbl(nb2) ympasasier paszbuenuem TeHeBoW (paboucii)
matpuiibl BIT Ha HEe3aBHCHMbIC BBIYUCIUTEIHHBIC JIEMEHTBI M OIMPEICIISET
koHOQurypanuo Bxoga Y. OH TakkKe 3aJaeT TPAHHUIBl DJIEMEHTOB IIPH
BBITIOJIHEHNH ornepanuid Ha BekropHoM AJIY. Ero pa3psaHocTs 64 6urta.

I'paHubl MeXAy 3JIEMEHTaMHM BHYTpPU ClIOBa B OOIIEM cCiydae
3aJjal0TCs MEpenajoM 3HAUYEHUS COOTBETCTBYIOIMX TI'PAaHUYHBIX OWUTOB ¢
€QUHULIBl B HOJb, €CIM JBUTaTbCA B HAIPABICHUU YBEJIUYCHUS
pa3psAIHOCTH. EnMHMIIEN NMOMEYaeTCss CaMblil CTapIIMM pas3psi dJIEMEHTa
(cMm. Puc. 3-4).

Puc. 3-4 Pazbuenme marTpune Ha cronbue permcrpom hbl(nb2).

Peructp np1(nb2)
|10000000 00000000|10000000 OOOOOOOO|1000OOOO 00000000|10000000 00000000|
63 0

Tenesas (pabouast)
MaTrpuIia

Kpaiinuii 13 BO3MOXXHBIX CIIy4aeB - BCE OWUTHI PETUCTPA pPaBHbI
eluHUIle. OTO O3HA4aeT, YTO KaXAbI OUT sBIsAETCS cTaplMM OUTOM
3JIeMEHTa pa30ueHus, TO €CThb pa3psAHOCTh BCEX JJIEMEHTOB paBHA
eQUHULE.

Jlnama3oH BO3MOKHBEIX Pa3MEPHOCTEH 3JIEMEHTOB, ONPEICIIAECMbIX
peructpom nb1(nb2), cocrarnser ot 1 6uta 10 64.

Bo3MokHO Takke pa3OueHHe CIOoBa Ha 3JIEMEHTHl HEPErYJISIPHBIM
o0pa3oM, TO €CTh D3JEMEHTBI, COCTaBISIOIIAE CJOBO, MOTYT HMETh
pasnuyHyto paspsaaHocTh. Hampumep, 3amuck B peructp nbl cinemyroriero
3HAYCHUS:

data ''NB"
NB1: long = 8000000080008000hl;
end ""NB";

begin "text"
nbl = [NB1]; // npuceoenue snauenus pecucmpy nbl.
wtw:

end "text';

ompezenseT pasoueHue 64-X paspsIHBIX CIIOB, TMOCTYMHAIONIMX HA
BXOJ X BEKTOPHOTO y3ja, Ha OAUH 32-X pa3psaHbIA deMeHT U 1Ba 16-Tu
pa3pAIHBIX.

@
€Ur0O onucanve sizbika accembnepa 197
atnx CripaBo4HOE PYKOBOJCTBO



Pernctpobl

[Tpu oTcyTcTBHM HEOOXOIUMOCTH pa30OMEHHs MAaTPHUIBI HA CTOJIOIIBI
B peructp nbl moxxer ObiThb 3ammcan 0. IIpomeccop B 3ToM ciydae
aBTOMATHYECKH BBICTABHUT IPAHUILY JIeMEHTa B 63-eM pazpsize.

3aepy3ka 3Ha4deHuli 8 pecucmp nbl

[Ipexxne Bcero, HeoOXOAUMO TMOMHHTH, 4TO hbl - 310 64-x
paspsanbiii peructp. Cucrema koman mporeccopa NM6403 He comepxut
KOJ/Ia KOMaHJIbl, KOTOPBIH OBl TO3BOJIMJI HANPSMYIO Pa3rpy3UThb B PETUCTP
64-x paspsaHyro KoHcTaHTy. OHAKO CYIIECTBYET HECKOJBKO KOCBEHHBIX
croco00B 3arpy3Ku 3Ha4eHUi B peructp nbl.

Cnoco0 1. 3arpy3ka 1o 4actsm.

[Tporieccop NM6403 mo3BosisieT OCyIIECTBIATh JOCTYII K PETUCTPY
nb1l no vactsam. To ecTh OTIEIBHO MOXET OBITh 3arpy’KeHa CTapliias 4acTh
peructpa, oraenbHOo Mitammas. s 3Toro B S3BIK accemOiepa BBEIEHBI
CHeIHaTbHBIC CUMBOJIBL

e nblh - crapmas yacTe perucrpa nbl;
e nbll - mianmas yacTh peructpa nbl.

IIpuBeneM nmpumep 3arpy3ku perucrpa nbl mno gactsam:

nbll = 80808080h; // saepyska mnaoweu yvacmu nbl.
nblh = 40404040h; /I saepyska cmapweti vacmu nbl.

B  pesymprare B peructp nbl  3arpyxeHo  4YHCIIO
40404040808080hl.

Cnoco6 2. 3arpy3ka OJMHAKOBOW MITAJIIIEH U CTapieil yacTeil.

Ecnm B Miaamyro u cTapiryio MOJIOBHHBI PETHCTpa HEOOXOIUMO
3arpy3uTh OJHO W TO K€ YHCJIO, TO MOXHO HCIIOIBh30BaTh CIEAYIOIIYIO
KOMaH/Yy:
nbl = 80808080h; /I zaepyska oounaxoswix KoHcmanm

Il ¢ cmapwyro u maaowyio wacmu nbl.

[Tpu 3TOM MpoIIeCCOp aBTOMATHYECKH 3AMHIIET 3Ty KOHCTAHTY B 00€
MOJIOBUHBI PETUCTPA, TO €CTh, NOCJIE BHIMOJHEHUSI KOMaH/IbI B peructpe nbl
OyneT HaxoauThes yncio: 8080808080808080hl.

Cnocod 3. 3arpy3ka B perucTp COAEPIKUMOTO IMTAMSITH.

Peructp nbl MOXHO WHHIMAIU3UPOBATh 64-X  pa3psaHON
KOHCTaHTOM, pacnojokeHHoU B naMaTh. [IpuBenem npumep:

data " .data"
MyNB1: long = 0123456789ABCDEFhI;
end ;:éata";

begin "._text"

nbl = [MyNB1]; //sacpyska ¢ nbl koncmanmer uz namsamu.

end "'.text";
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B pesymprare B peructp nbl  3arpyXeHo  4HCIO
0123456789ABCDEFhI.

3arpy3Ky KOHCTaHTbl M3 MaMSATH BO3MOYKHO OCYIIECTBUTH IpHU
IIOMOUIM OJHOM KOMaHAbl, IIOCKOJBbKY IPOLECCOpP aBTOMAaTHYECKU
OTIpeNeNIIeT, 4YTO JaHHBIE 3arpy)kaloTcs B 64-X paspsiHBIA pETUucTp,
M03TOMY OyZAET MOJIKaYeHO Cpa3y JABE COCEIHUX AYCHKH MaMATH, HAUYMHAA C
YEeTHOTO ajpeca.

B tabnune Ta6n. 3-18 npuBeneHsl Hanbosee YacTo BCTPEUAOLIHECs
3Ha4YeHWs, 3amucbiBaeMble B peructp nbl. Ilpenmomaraercs, uyto 32-x
paspsiiHas KOHCTaHTa 3aHOCHUTCS B Nb1 crmocoOoM 2, MpUBECHHBIM BBIIIE,
a 64-X pa3psiIHast CANTHIBACTCS U3 TTAMSITH.

Tabs. 3-18 YacTo mcrnosbsyeMmele KOHCTAHTH paszbueHms myisa permcrpa nbl.

PA3PAOHOCTb KOJIMYECTBO 3HAYEHME KOHCTAHTHI
OJIEMEHTA OJIEMEHTOB B CJIOBE B NB1
64 Outa 1 0
32 Outa 2 80000000h
21 our 3 4000020000100000h1
16 6ut 4 80008000h
10 6ut 6 0802008020080200h1
8 our 8 80808080h
4 buta 16 88888888h
2 buta 32 OAAAAAAAAN
1 6ur 64 OFFFFFFFFh

3.4.3 Peructp sb (sh1 n sb2)

Peructp sb umeer paszpsanocts 64 6ura. OH IOCTYIEH MO 3alHCH
U3 acceMOiepa W HUCIOJNB3yeTCs Ui yNpaBlIeHHS KOH(HUTyparuen
onepaunonHoil Marpuuel BII. C ero mnomompio 3anaercs pa3zdueHue
MaTpUIIBl Ha CTPOKH.

Peructp sb nemocrynmen mno urenmro. IloneiTka urtenus u3 sb
BOCIIPUHUMAETCs acceMOIepoM, KaKk CHHTaKCHYecKasl OIInOKa.

Cmpykmypa pea2ucmpa sb

Peructp sb, sBmssace ckopee JIOTMYECKHMM, YEM peajbHBIM,
MPEACTABISAET COO0M COBOKYIMHOCTh perucTpoB sbl u sb2. Peructpsr sbl u
sb2 umerot pazpsaHocTh 32 OuTa KaskIbIi.

Hasnauenune sbl u sb2 cranoBurcs sicabiM u3 Puc. 3-3. Peructp
sbl sBasercs atpubyrom TeHeBoW MaTpuisl BII u  ynpaBmser ee
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pa3bueHueM Ha CTpoKH, a Sb2 ompenenser pa3OueHHe Ha CTPOKU padboueit
MaTpPHULIBI.

Onnako U3 acceMOrepa HampsMyr HeAocTyneH Hu Sbl, Hu sb2.
I[JISI TOro, I-ITO6I>I 3alucaTth B HUX 3HAYCHMUS, HGOGXOI[I/IMO HUCIOJIL30BaTh Sb.

Kaxxnprit u3 6uros peructpa sb npunapiexxurt mu6o sbl, mudo sb2.
butel, mpuHaaexamue OgJHOMY U3 PErHCTPOB, PACIOJIOKEHBI B Sb HE 1O
HOPSIIKY, a MepeMelansbl ¢ outamu apyroro (cm. Puc. 3-5.).

Puc. 3-5 PeI’MCTp sb u cocrasnaomme ero permcrper Sbl mu sb2.

|63 6261605858575

5554535251 5049 47464544434241 &3837%%3433 31&29282726252 2322212(]L1817 15141312111C 9 8 7654321 O

Heuernbie Outhl peructpa sb npunamiexar peructpy sbl (ua
pHCYHKE - Oelibie), YeTHBIC - perucTpy Sb2(Ha pucyHke - cepbie).

[Ipu 3amucu 3HAYEHHWH B peructp Sb, U3MEHSIOTCS TOJIBKO OWTHI
peructpa sbl(HeueTHble). AccemOjep He 3ampeniacT 3alKMChiBaTh HOBBIC
3HAYECHHUS B YETHBIE OUTHI Sb, 0JJHAKO TO HUKAK HE BJIMACT HAa COCTOSHHE
sb2.

Ucnonb3osaHue peaucmpa sb (sbl, sb2)

Peructp sb sBusercs normueckoir QGopmoit mpeacTaBICHHUS
peructpoB sbl u sb2. On pocrynen u3 s3pika acceMOiepa W MO3BOJISET
3aJaTh 3HaYeHHe peructpa sbl. 3agaHue HaNpsAMYyIO 3HAYEHHUS PETUCTpA

sbl HEBO3MOXHO B CWIY AapXHUTEKTYPHBIX OrpaHUYEHUN Mpoleccopa
NM6403.

Kak yxe ormedanoch, peructp sbl ympamnser pa3OueHneM Ha
ctpoku TeHeBod Marpunibl BII. sb2 ompenenser to ke mis paboueit
MaTpHIIBl ¥ OMHMChIBAECT KOH(PUTYpalmio ee BXxoja X.

3HayeHue B Sbl 3aHocHUTCS IyTeM 3alucu B HEYETHbIE OWTHI
peructpa sb. B sb2 coxmepxumoe sbl kommpyercs npu BBITOJTHEHUH
KOMaHIbI Wtw.

Peructp sb1(sb2) umeer paspsanocts 32 6ura. ITO 0O3HAYACT, YTO
KXl ero OUT ympaBiseT AByMs OWTaMH JAHHBIX, MOCTYMAMONIMX Ha
BXOJl X paboueii marpuiibl. B 3TOM ero otnuume ot permctpa hbl(nb2),
MIO3BOJISIOIIETO YIPABIATH KaXIbIM OUTOM BXO/a Y.

['panunpl MeXay SJIE€MEHTaMH BHYTPH CJoBa B OOIIEM cliydae
3a[al0TCS TEpernajioM 3HAYeHUs COOTBETCTBYIOIIMX TPaHUYHBIX OHTOB
peructpa sbl(sb2) ¢ Hyns B eIWHHILY, €CIIM JBUTAThCS B HANPABICHHU
YBEJIMYECHUS pa3psAIHOCTU. EnvHuIel moMeyaeTcsl caMblid MIIaqIIuN pa3psig
JJIEMEHTA.

Ha Puc. 3-6 n300pakeHO, Kak MMEHHO HPOHCXOIUT pa3ieiicHHue
pabodyell MaTpHUIbl HAa CTPOKM IpHU momoimu peructpa sb(sb2). Burh,
3aMEHEHHbIe 3HaKOM ''-", mpHHaJIekaT peructpy sbl u He BIUSIOT Ha
pazOuenue paboueid MaTPHUIIbI.
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Puc. 3-6 Pazbmenme pabouert marpuipl Ha cTpokm permcrpom Sh(sb2).

[%2)
=2

Pabovas maTpuia

63

Q1 |k 1 OI O1I O

I O1I Ol |k 1T O1I O1I Ol |k, 1 Ol

N3 Puc. 3-6 BUaHO, KaK MOSBHJIACH JIOTWUYECKAs MOJIETb PETHUCTpa
sb, HanmomuHarmas “pacdecky’, "3yOumamu" KOTOpOH SIBISIOTCS OUTHI
peructpoB sbl u sb2. DOrta momens mno3Bomsier “pacTaHyTh' 32-X
paspsAHbIE perUCTphI Ha 64 OuTa.

MuHMManbHas pPa3psAAHOCTh JJIEMEHTOB, BXOISIIMX B COCTaB
JUIMHHOTO CJIOBa, paBHa 2-M Outam. Takoe pa3OWeHWEe BO3HUKAET TpPH
sb2=0FFFFFFFFh. MakcumanbHast - 64 Outa, ipu 3Tom sb2 = 1. Ecnu B
pPEerucTp 3ammMcaH HOJb, TO TMPOLECCOP aBTOMATUYECKHU YCTaHABIUBACT
MITAIIAN OUT B €UHHUILY.

3aepy3ka 3Ha4yeHul e peaucmp sb

[Ipexne Bcero, HEOOXOAUMO IOMHHUTh, 4YTO Sb - 3T0 64-x
paspsanbiit peructp. Cucrema komana mporeccopa NM6403 He comgepxut
KO/Ia KOMaH/Ibl, KOTOPBIA ObI TIO3BOJIMJ HANPSIMYIO Pa3rpy3dTh B PETUCTP
64-x paspsaaHyr0 KoHcTaHTy. OJHAKO CYHIECTBYET HECKOJBKO KOCBEHHBIX
CIOCOOOB 3arpy3KHd 3HaYCHHU B perucTp sb.

Cnoco0 1. 3arpy3ka no 4acTsm.

[Tporieccop NM6403 mo3BoIIsIET OCYIIECTBISATH AOCTYI K PETUCTPY
sb o wactsam. To ecTh OTIETBHO MOXET OBITh 3arpy’KeHa cTapiias 4acTb
perucTtpa, OTACJIBHO MJIaJlias. I[JISI 9TOIr0 B A3BIK acceM6Hepa BBCACHBI
CIICIIUAJIbHBIC CUMBOJIBI.

e sbh - crapmas yactb peructpa sb;
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e sbl - myagmas yacts peructpa sb.

[IpuBenem npumep 3arpy3ku peructpa sb no gactsam:

02020202h; /I 3aepyska maaoweit uacmu Sb.
05050505h; /I 3aepyska cmapweit wacmu sb.

sbl
sbh

B  pesynprare B  peructp sSb  3arpyxkaercs  yucno
0505050502020202h 1 — 1 noytyyaeTcsi 3Ha4CHUE BU/IA:

6362616059585756555453525150494847464544434241403938373635343332313029282726252 2322212019181716 151413121110 9 8 7654321 O

lol ol Tel Tol ool fol Tol To[ fo ol fol Tol fol ol fol ol To[fol el ol lo fo ol ol fol Js  To ol fol <]}

HanomHuM, 4TO 1O BBINOJIHEHHs] KOMaHIbl WIW HedeTHble OWTHI
peructpa Sb ompenenstorcs TekymuM 3HaueHHWeM  peructpa  Sh2,
HETOCPEICTBEHHO TIOCJIC BBIOJHEHUs KOMaHIel Wtw B peructpe Sb

okaketcst 3HauerHre 0000000003030303hl.
Cioco6 2. 3arpy3ka OJMHAKOBOW MITAJIIICH U CTapIIei yacTei.

Ecnm B Muaamyro u cTapuryio MOJIOBHHBI PETHCTpa HEOOXOIUMO
3arpy3uTh OJHO W TO K€ YHMCIO, TO MOXHO HCIIOJIb30BaTh CIEAYIOIIYIO
KOMaHJy:
sb = 03030303h; [/ sazpyska oounakoswix koncmanm

Il 6 cmapwiyro u maadwyio uacmu sb.

ITpu 3TOM mporieccop aBTOMaTUUECKH 3alMILIET 3Ty KOHCTAHTYy B 00€
IIOJIOBUHBI PETUCTPA, TO €CTh, ITOCIIE BBITOJIHEHHUS KOMaHAbl B peructpe sb
Oymer (mocnme BBIMOJTHEHWS KOMaHAbI WIW) HaXOOUTBCS  YHCIIO:
0303030303030303h1.

Cnoco06 3. 3arpy3ka B perucTp COACP>KUMOTO MaMsITH.

Peructp sb MoxHO uHMUOManu3upoBaTh 64-x  paspsaHOU
KOHCTaHTOH, pacIioioKeHHO!U B maMATH. [IpuBenem npumep:

data "'Cexumsa_naHubx'
MySB: long = 0123456789ABCDEFhI ;

end "'Cexumsa_naHHBX';
begin "Cexums_xona"
[MySB]; Il 3aepyska 6 Sb koncmanmor u3z
Il uz namamu.

end "'Cexumsa xoma'';
B pesynbrate B peructp sb (mocie BBIOJHEHHS KOMaHABI WIW)
3arpy>xeHo yucio 00330033CCFFCCFFhI.

3arpy3Ky KOHCTaHThl M3 TIaMATH BO3MOXKHO OCYIIECTBUTH MPH
MMOMOIIM  OJHOW KOMAaHbI, TIOCKOJbKY TIPOIIECCOpP aBTOMAaTHYECKH
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OlpeNieNIIeT, 4YTO JaHHbIe 3arpykaroTcsi B 64-X paspsaHbIi peructp,
M03TOMY OyZAET MOJKaYeHO Cpasy JABE COCEIHUX AYCHKH MaMATH, HAUYMHAS C
YETHOI'O ajipeca.

B Tabn. 3-19 mnpuBenensl HamboJiee dYacTO BCTPEUAIOIIHECS
3HAYCHUs, 3amucbiBacMble B peructp sb. Ilpeamonaraercs, uyto 32-x
paspsiHasi KOHCTaHTa 3aHOCHTCS B Sb criocoOoM 2, MpUBEACHHBIM BBIIIIE, a
64-x pa3psiiHasi CUUTHIBACTCS U3 TTAMSITH.

Tabs. 3-19 Ipumep koHcTaHT paszbueHus misa perucrtpa Sb.

3.4.4 Peructp vr

PA3PAOHOCTb KONMNYECTBO 3HAYEHUE KOHCTAHTHI,
ONEMEHTA ONEMEHTOB B 3AMNCBIBAEMOW B SB
CNOBE
(BNTOB)
64 1 0
32 2 2
20 3 2000020000200002h1
16 4 00020002h
10 6 0208020080200802h1
8 8 02020202h
4 16 22222222h
2 32 OAAAAAAAAN

UtoObl HE BO3HHMKAJA MyTAaHMIIA, KaKUe OUTHI perucTpa Sb HyXHO
3aloJIHATh, a KaKhe HET, MOXKHO OJHHMHU M TEMH K€ 3HAYCHUSIMH
MIPOMKCHIBATh TTAPhl OUTOB. DTO HE MPHUBEACT K KAKUM-JIMOO TTOCIIECICTBUSIM,
MTOCKOJIBKY YeTHEIC OWTHI, COOTBETCTBYIOITHE sb2, OoynyT
MIPOUTHOPUPOBAHBI MporieccopoM. TakuM 0Opa3oM, HaIlpuMep, 3amuch B Sb
3HayeHus 02020202h skBuBanenTHa sb = 03030303h.

Peructp Vvr wucnoms3yercs TOJBKO B ONEpalMd B3BEIICHHOTO
CYMMHPOBaHHsI Ha BEKTOPHOM TPOLIECCOPE, BBICTYIAasi B KAUECTBE ONEpaH/ia
Y (cm. mynkT 1.5.2). O umeert paspsaHocts 64 6ura. Peructp vr gocrynen
s 3anucu. Comepkumoe VI He mopaeTcs Ha PabGouyro Martpuiy, a
npuxoauT npsimMo Ha Bektoproe AJIY (cm. Puc. 1-5). ['maBHOW ¢yHKIUECH
VI sBIsieTCsl NOOaBJICHHE OJMHAKOBOTO CMEUICHHS KO BCEM JJIEMEHTaM
BEKTOPA JIaHHBIX.

Ucnonb3zoeaHue peaucmpa vr

Kak yxe OBUIO CKa3aHO, PETHCTP VI HCHOJB3YETCS TOJIBKO B
OIepalliy B3BELIEHHOT0 CyMMMpPOBAHHUS TOJBKO B KadyecTBe omepanaa Y.
IIpy BBINOJHEHUM KOMAHIbl VSUM M3 perucrpa VI Ha KaKIOM TaKTe
CUMTBHIBACTCS XpaHALICECS TaM 3HAYCHHE M CYMMHPYETCS C PE3yJbTaTOM
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YMHOXKEHHUSI COOTBETCTBYIOILEIO 3HA4y€HUs M3 omnepaHaa X Ha pabouyro
MaTpuLy.

IIpumep HMCIIONB30BaHUSA pPETUCTpa VI B ONEPALMM B3BELICHHOTO
CyMMHUPOBaHUSL:
begin "text"
rep 20 data = [arO++] with vsum, data, vr;

end "text';

B pe3ynbraTe BBIMOTHEHUS JAHHON KOMAaHIBI U3 TMAMSTH 110 aapecy
ar0 Oyner mpounutaHo 20 JUIMHHBIX CJIOB, KaXKJI0€ U3 KOTOPHIX Oyjaer
YMHOKEHO Ha pabouyro MaTpHIly, a K pe3yibTaTy 100aBJICHO 3HaUCHUE U3
vr.

3azpy3ka 3Ha4yeHul e peaucmp Vr

[Ipexne Bcero, HEOOXOAUMO IOMHUTH, 4YTO VI - 3TO0 64-x
paspsanbiil peructp. Cucrema xomann mporeccopa NM6403 He comepxut
KOJ/1a KOMaH 1bl, KOTOPBIA ObI MTO3BOJIAJI HAMIPSIMYIO 3arpy3UTh B peructp 64-
X paspsaaHyro KoHcTaHTy. OJHAKO CYIIECTBYET HECKOJBKO KOCBEHHBIX
CIOCO0O0B 3arpy3Ku 3HAYCHUI B PETHCTP VI .

3arpy3ka 3HAQYEHH B PETUCTP MOXKET OCYIIECTBIATHCS JHOO U3
naMsTH, TUO0 U3 Mapbl PETUCTPOB - aAPECHOTO U MAPHOIO C HUM PETUCTpa
0011ero Ha3HAYCHHUS.

Cnoco0 1. 3arpy3ka 1o 4acTsim.

[Tporieccop NM6403 mo3BosisieT OCymEeCTBIATh AOCTYI K PETHCTPY
Vr 1o vactsaM. To eCThb OTAENBbHO MOXKET OBITh 3arpy’eHa cTapiias 4acTh
peructpa, orieiabHO Miafmas. s 3Toro B s3bIK acceMOyiepa BBE/ICHBI
ClIeIHUaJIbHBIC CUMBOJIbBI.

e Vrh - crapuias 4acTh perucrpa Vvr;
e vrl - Mytagmas 4acTe perucTpa vr.

[TpuBenem mpumMep 3arpy3Ku peructpa Vr o 4acTsM:

vrl = 02020202h; [/ sacpyska mraoweit wacmu VY.
vrh = 05050505h; /I 3aepyska cmapweti uacmu V.

B pesymprate B peructp VK  3arpy)keHo  4YHCIO
0505050502020202h1.

Cnoco6 2. 3arpy3ka oqMHaAKOBON MJIQIIICH U CTapIIeH YacTeu.

Ecnu B Miaamyro M CTapiiyto MOJIOBUHBI PETHCTpa HEOOXOAUMO
3arpy3uTh OJHO W TO K€ YHCJIO, TO MOXXHO HCIOJb30BaTh CIECAYIOIIYIO
KOMaHJy:
vr = 03030303h; // saepyska oounaxosvix koncmanm

Il 6 cmapwyio u maadwyio uacmu VY.
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[Tpu 3TOM mporieccop aBTOMATHUECKH 3aMHILIET 3Ty KOHCTAHTY B 00€
MOJIOBUHBI PETUCTPA, TO €CTh, MOCJIE BBHIMOJIHEHUSI KOMaHbl B PETUCTPE VI
Oyner HaxonuThes ynciao: 0303030303030303hl.

Cnoco06 3. 3arpy3ka B perucTp COASPKUMOT0 MaMsTH.

IIpumep 3arpy3ku VI U3 naMsTH:
data "'data"
InitvVR : long = 0123456789ABCDEFhI ;
end "'data';
begin "text"
vr = [InitVR]; [/l onunnas komanoa
Il (cooeparcum xoncmanmy).

arO = InitVR;
vr = [ar0]; Il kopomxkas xomanoa.

end "'text';

[Tpumep 3arpy3ku Vr U3 mapbl peTUCTPOB:
begin "text"

arO, gr0 = [InitVR];
vr = ar0O, gro; Il kopomkas xomanoa.

end "text'';

3.4.5 Peructp-koHTenHep afifo

Bextopnsiii peructp afifo npencrasnser coboit AByX HMOPTOBBIN
oydep, oprannzoBannbiii o npuanuiy FIFO u umerommii o0bem 32 64-x
paspsaaHbIX cioBa. Ero  OCHOBHOE Ha3HA4Y€HUE - AKKYMYJSATOP UL
XpaHEHUs pe3yJIbTaTa BBIIIOJHEHUS MOCIEIHEN BEKTOPHON KOMaHIbI.

Puc. 3-7 Bzammogericreue afifo ¢ gpyrmmm ycrporicreamm nporeccopa

NM6403.
BII
ram
OnepaimoHHbIH
Buemnss |, i Vi3en
MaMaThb afifo |« X %
Peructp afifo gocrynen u3 accemOiepa Kak Mo YTCHHUIO, TaK U MO
3anucu. OHAKO OH MOKET MCIOJIb30BATHCS TOJIBKO B BEKTOPHBIX KOMaHIaX
nporeccopa. JlaHHbIe U3 MAMATH HE MOTYT HANpPSMYIO OBITh 3alUCaHbI B
afifo, munysa oneparuonubsiii y3en BII. To ecTp mmeercss TOJBKO OOUH
BXOJ - 9TO BbIXoJ omepanuoHHoro ysna (cm. Puc. 3-7). Hwxke Oyner
MOKa3aHO, KaK MOKHO 3arpy3uTh JaHHbIC U3 aMmsTu B afifo.
®
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bypep afifo yuacTByeT HEMOCPEICTBEHHO WM KOCBEHHO B
KaXJIOM BEKTOPHON WHCTPYKIIMHU, UCKIIOYas 3arpy3Ky BEeCOB B pabodyro
Mmatpully. bydep MoxkeT ucmonb3oBaThCsi B 00€MX 4YacTAX BEKTOPHOU
KoMaHAbl. Ecim OH mcnosb3yercs B JIEBOM 4acTH KOMaHIbl, TO B HEM
coxpaHseTcs pe3yibTaT BeluuciaceHul, eciu afifo ucnonasdyercs B mpaBoit
YaCTH KOMaH/Ibl, TO OH y4acTBYET B BBIUMCIICHUSX Kak onepan X uiau Y.

bydep afifo MokeT 0cBOOOKAATHCSA M/HIH 3aMOIHATHCS TOJIBKO B
TEYCHHE OJHON BEKTOPHON KOMaHAbl. B HeM He MOryT HakKaruIMBaThCS
PE3YIbTAaThl HCCKOJIbKUX BEKTOPHLIX KOMAH/.

Conepxxumoe Oydepa aFifo u3MeHseTcs B KaXI0M BEKTOPHOU
WHCTPYKIIMHY, 32 WMCKIIOYCHHEM 3arpy3ku BecoB. Eciau Oydep comepkut
JaHHbIe (T.€. OH 3alOJIHEH), CJCIYyoIas BEKTOpHAs KOMaH/a MOJDKHA WIIH
COXPAHHTH JAHHBIM B TTAMSATH WIH MOBTOPHO MCIOJB30BATh UX KaK BXOHBIC
JAHHBIC B TIOCJICIYIONIUX BBIYUCICHUSIX. BBITIOJHEHNE KOMaH/bI, KOTOpas
MPOM3BOJIUT BHIUUCIICHUS U HE COXPAHSET WIIM HE UCIOJIB3YET CONCPKUMOL
afifo, BeI3bIBacT cOOM.

st Toro 4To0BI M30€kKaTh HEKOPpPEKTHOro Hcnoiab3oBanus afifo,
H€06XOI[I/IMO MNPUACPKHUBATHCA CICAYIOINX HpaBI/IJI:

. He 3arpykath gaHabie u3 mycroro afifo (mycroe afifo ne moxer
OBITh  WCMOJNB30BAHO KAaK HMCTOYHUK-ONEPAH] B  BEKTOPHBIX
KOMaH/1ax);

o He 3arpyxkatb naaHHele B Hemycroe afifo, eciu Tekymas

MHCTPYKLHs HE CcoXpaHseT mnpeapiayuiee coxaepxkumoe afifo B
NaMsATh WIK HE UCIIOIB3YET €ro Kak MICTOUHUK-OMepaHI.

° BCE PETUCTPHI-KOHTEHHEPHI, HCIIOJB3YIONMECS B  BEKTOPHBIX
KOMaH/1axX, JOHKHBI COACPIKATh OJMHAKOBOE KOJIMYECTBO JaHHBIX.

O4qucmka codepxumozo aFifo

Koutpons 3a comepxumbiM  afifo MOXET OCYIIECTBIATHCS
nporpaMMHO TyTeMm aHanu3za outoB EMPTA (6ur 12: “afifo mycroe"/"afifo
Herycroe™) u FULLA (6ut 11: "afifo 3amonneno”/"afifo ne 3anmonneno”) B
noine VPF peructpa intr (cm. 3.2.3 Peructp intr). Onu orpaxaror
nuHamudeckoe coctosiHne afifo (To, Kak MEHSeTCs ero COCTOSHHE B
MPOILIECCE BBIMOTHEHNUSI BEKTOPHON KOMAaH/Ibl).

buter momst AFIFO_VAL peructpa psSwr xpadsaT HHGOPMAIUIO O
KoJinuecTBe cioB B afi o 10 1 mocse BBINOJIHEHU KOMaHAbl WA TPYIIIbI
KoMmaH/. Dta uHpopmarus 6ojee cratiuHa (MEHSETCS OJUH pa3 B TCUCHHE
BBITTOJTHEHUSI KOMaH/Ibl M OMTUCHIBAET PE3yJIbTAT, 4 HE MPOIECC).

Conepxxumoe afifo Moxer OBITH MPOrpaMMHO OYHILIEHO IyTEM
ycranoBkd B 1 6ura AFCL (6ut 14) mons FCL peructpa pswr (cm. 3.2.6
Peructp pswr). Ilocine Toro, kak 6ut AFCL B pSwr BbicTaBieH B 1, OH
nopkeH ObiTh cOpomen B 0, mHawe Oynmer OsjokupoBaHa paborta BII.
KomaHnapl yCTaHOBKM W CHATUS OUTa MOTYT CJIEIOBaTh APYT 3a JPYTOM.
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Crnenyromuii mpuMep mOKa3blBaeT (parMeHT MpOrpaMMbl, KOTOPBIH
ouniaer coaepxumoe afifo:
begin “_text”

pswr set  4000h; // 6um AFCL ycmanasruseaemes 6 ‘1’
pswr clear 4000h; // 6um AFCL ouuwaemcs, afifo nycmo

end “.text’;

3azpy3ka daHHbix e afifo

Peructp afifo npencrasiser coboii ouepens FIFO. I'myOuna eé
3al0JHEHUs] 3aBUCUT OT BBINOJIHIEMON BEKTOPHOW KOMAaH[bl, U MOXET
MU3MEHAThCA B NIpeaesiax OT OJHOTO A0 TPUALATH ABYX JJIMHHBIX CJIOB,
HaIpuMmep:
rep 24 data = [arO++] with vsum , data, ram;

Bceneacreue BBINOIHEHUS ONEpAallMM B3BELIEHHOIO CYMMHUPOBAHMS,
npuBeIeHHOH BhINIe, B afifo monano 24 ciioa pe3yibTara.

Xors pgannele nonagator B afifo Tonbko B pesyibrare
BBIITOJIHEHMS BeIuMCieHU Ha BII, cymecTByeT BO3MOXKHOCTb 3arpy3HUTh UX
u3 maMsITH 0e3 m3MeHeHuid. Hampumep, crienmyromas KoMaHa HampaBisieT
10 muHHBIX c10B BXOIHBIX naHHbIX B afifo:
rep 10 data = [arO++] with data; // oannvie nonaoarom

Il hanpsmyio ¢ afifo.

[Ipy  BBINOJHEHMHM NPHUBEACHHOW BbIMle HHCTpykuuu B BII
BBITIOJTHSIETCS omepanus jJorudeckoro OR ¢ HyJeBBIM BEKTOPOM, KOTOpas
HE TPHUBOJUT K HU3MEHeHWio naHHbiX. Temepp B afifo xpanutca 10
JUTMHHBIX CJIOB, 3arPy>KCHHBIX U3 MMaMSITH.

Kak y»e Obu10 ckazaHo, HeB03MOXHO 3anonHATh afifo mo gactsm,
TO €CTh IEPBOM KOMaHAOW 3arpy3uTh TyJa S CJIOB, a BTOPOW €LIE MSATh.
3arpy3ka naHHbiX B aFifo Bo3MOHA TOJNBKO B TOM Cllydae, €Clid K 3TOMY
MoMeHTy afifo mycro, wiM OHO HCHOIB3YyETCS B KAauyeCTBE BXOJHOTO
Ooydepa B manHoii onepanuu. bonee moapoObHO 00 ommbKax mpu padore ¢
afifo cMm. HIKe.

Boizpy3ka 0aHHbix u3 afifo e namamb u e ram

Jlannsie, xpansimuecs B aFifo, MOryT ObITh BBITPYKEHbI B IaMSTh.
JI71s1 3TOrO MCNoNb3yeTcs, HallpuMep, cleayronas KOMaH/a:
rep 1 [arO++] = afifo;

[IpuBeneHHas Bhille KOMaHJa BeIrpy»kaet u3 afifo B naMath ogHO
cioBo. HeoOXoamMo OTMETHTh, YTO HEBO3MOXKHO BBITPYXaTh JAaHHBIC U3
afifo B mamsTh MO YacTsAM, TO €CTh OJTHOM KOMaHJ0i BHITpy3uTh 10 ciioB
U3 Haxoasmuxcs Tam 16-TH, a Apyroi ocraBmiuecs mecTb. Bo3MokHa
TOJIBKO BBITPY3Ka COAEPKUMOTIO LIEIIMKOM, 3aJaBaeMasi OJHOM KOMAaHIOM.

[TapannensHO ¢ BBITpYy3KOM B mamsaTh conaepxkumoe afifo moxer
OBITh CKOMUPOBAHO B ram. DTa omepaius OCYLIECTBISIETCS OOBIYHO TpHU
ITOMOILH CIEAYIOIIEH NHCTPYKIIVH:
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rep 8 [arO++], ram = afifo;

[Tpu Takoii 3amUCH CTapoe COAEpKUMOE ram OyneT 3aMEeHEHO Ha
HoBoe, npumeamiee u3 afifo. HesosmoxkHo ckonuposats afifo Tonbko B
ram, 0e3 3aIicH B IaMATh.

Mpumevanue  Coodepocumoe aFiTo ne moocem Gvimob vicpyceno 6 pesucmpuvl npoyeccopa
UIU Pe2UCTPOBbLE NAPbL, MOILKO 6 NAMAMb.

UcnonbzoeaHue afFifo e kavecmee exo0Ho20 6yghepa @ GeKMOPHLIX
onepayusix

Conepxxumoe afifo moxker OBITH MCIOJIB30BAHO HA CIEAYIOIIEM
miare BBIYMCIICHUH, B Ka4yecTBE BXOIHOTO Oydepa, comaepKUMoe KOTOPOro
nomaercss Ha Bxoxm X wm/m Y BII (cm. Puc. 3-7). Takoe BO3MOXKHO
onarogaps tomy, uro afifo sBisgerca qByX nopToBbIM. OAHOBPEMEHHO €r0
crapoe coaepxumoe mnomaercs Ha Bxoa BII, ouepens BHyTtpum afifo
CIABUTACTCSA, 2 B OCBOOOIMBIIYIOCS SYCHKY 3aHOCHUTCS PE3YyJbTaT HOBBIX
BBIYHCIICHUH.

euro

CrpaBo4HOE PYKOBOJCTBO at rX

138
Onncanue si3biKka accemoOJiepa



Pernctpbl

Puc. 3-8 Comepxwumoe aFifo ma pasnamuHEx cTanmsax BEOOJIHEHMS BEKTOPHEIX

UHCTPYKIIMMA
Texywee Iocne oonozo Ilocne mpex Ilocne
codep:»cwwoe makma maKkmoe 3aeepmeHuﬂ
afifo BbINOIHEHUS BbINOIHEHUS onepayuu
3arpyska u3 3arpyska u3
oy | oy
7-0€ CII0BO HoBoe 0-oe HOBOE 2-0€ HOBOE 7-0€
CJIOBO CIIOBO CIIOBO
7-0€ CII0BO HOBOE 1-0€e
CIIOBO
"HoBoe 0-0e
CJIOBO
7-0€ CI10BO
- — —
2-0€ CIIOBO HOBOE 2-0€
CJIOBO
1-oe cnoBo 2-0€ CJIOBO 4-0€e cII0BO HOBOE 1-0€e
CJIOBO
0-oe ci10BO 1-o0e ciioBO 3-0€ CII0BO "oBoe 0-oe
CJIOBO
{ N BBITpY3Ka
BBITPY3Ka B B OV
oy

Conepxxumoe afifo MoxeT noaBarbCcs Ha BX0oJ X ONEPALMOHHOTO
y3I1a, HalpuMep:

Bxog X Bxon Y
rep 32 data = [arO++] with afifo and data;

[IpuBeneHHas BbIllIe MHCTPYKIUS BHITIOJHSET MIOOUTOBYIO OTIEPALIUIO
AND conxepxuMOro mamsTH C T€M, YTO XPaHWJIOCh K 3TOMY MOMEHTY B
afifo. Onepanus BeosiHAETCS Ha BEeKTOpHOM AJIY, BXonsiieM B cOCTaB
ONEpPAllMOHHOIO y3J1a, IEPBBIMI WX JABYX OIEPaHAOB B IIPaBOM YaCTH
KOMaH/IbI TIOTIa1aeT Ha BXoA X, BTOPOil Ha BXoA Y.

Taxoke conepxumoe afifo moxer ObITH MOJAHO HA BXOA Y

Bxox X BxonmY
rep 32 data = [arO++] with vsum , data, afifo;
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[IpuBeneHHas  BbIIE  WMHCTPYKUUSA  BBINOJHSET  OINEPALUIO
B3BEIICHHOTO CYMMHpPOBaHUsI Ha paboueit marpuie BII, Bxoasiieit B coctaB
ONEPaAlMOHHOIO y3Ja.

Conepxxumoe aFifo MoxeT ObITh TOIAaHO ¥ HA BXOJ X M HA Y

Bxon X BxogY
rep 32 with afifo + afifo;

[TpuBeneHHas BbllIe MHCTPYKLUS yABaUBAET 3HAUCHMS JIEMEHTOB,
pacnonioxeHHbIX B afifo.

PGSYJ'II)TaTLI BCCX TpCX HpI/IBGI[eHHI)IX BBIIIIC onepaunﬁ IIornagarT B
afifo.

OO0HoepemeHHas ebizpy3ka u3z afiTo e namams u nepedaya ezo Ha exod OY

Peructp afifo no3Bonser OQHOBPEMEHHYIO BBIIPY3KY AAHHBIX B
naMsaTh M Tepegady ero coiepkumoro Ha Bxoael X w/wm Y
onepannoHHoro y3ia BII, nanpumep:
rep 32 [arO++] = afifo with afifo - ram;

B npuBenennoit Beiie komanzae conaepxxkumoe afifo coxpansercs B
naMsiaTH U OJHOBPEMEHHO HCIONb3YyeTCs ISl OINepaldyd BbIYUTAHUS B
NpaBoil 4acTH KoMmaHIbl. B pesynbprare sToro neiictBus depe3 32 Takra
crapoe coaepxkumoe afifo okaxkercs Bo BHemHed namsatu, a B afifo
OyIeT XpaHUThCS PA3HOCTh €ro CTAPOTO COACPIKUMOTO U JaHHBIX U3 ram.

Peructp afifo mo3BosisieT B OJHOM KOMaHJI€ BBINOJHATH JdaXKe
TaKyl0 MHOTOXOJOBYI0 KOMOWHAIIMIO TEPEChUIOK U MpPeoOpa3oBaHUi, Kak
OJIHOBPEMEHHOE COXpPAHEHHE COJCPKMMOTO B MaMATH, B ram W Iepeaavya
€ro Ha BXOJI OTIEPAIlMOHHOTO Yy3I1a, HalpuMep:
rep 20 [arO++],ram = afifo with not afifo;

B npuBenenHoii Boie komanae coaepxkumoe afifo coxpansercs B
MaMsATH, KOMMUPYETCS B Fam U OJHOBPEMEHHO HCIIOJIB3YETCS JJI ONepariiu
OTPHUILIAHMS B MTPABOM YacTU KOMaHbl. B pe3ynbrare 3TOro AEiCTBUA Yepe3
20 taktoB crapoe coaepxkumoe afFifo okaxercss BO BHEIIHEW MaMsTH, T
e naHHbple noranyT B ram, a B aFifo Oyaer XpaHWThCS OTpHUIlAaHUE €T0
CTaporo COAEPKUMOTO.

Ucnonb3oeaHue aFiTo e onepayusix mackupoeaHus

B omnepanmsix mackupoBaHUs, BBITOJHAEMBIX Ha OINEPAMOHHOM
y3ne BII, momumo BxomoB X u Y CylmiecTByeT BXOX i Macku. boiee
nmoApoOHO 00 omepamuax MackhpoBaHus cMm. 1.5.4  Omnepamwus
MackupoBanus. Conepxkumoe afifo MokeT MCHOIb30BaThCS B KaueCTBE
MacKH, HalpuMep:

BXOJI MaCKH
rep 32 data = [arO++] with mask afifo, ram, data;

ITpuBeneHHas BbllIe KOMAaH/a BBITOJIHACT ONEPALMI0 MACKMPOBAHHUS
Ha BeKTopHOM AJIY.
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Hpyroii mnpumep aeMoHCTpupyeT ucnois3oBanue afifo B
orepanyy MacKUpOBaHMs, COBMEILEHHOW C BBIIIOJHEHUEM B3BELIEHHOIO
CYMMUPOBaHMS:

BXOJ MacCKH
rep 32 data = [arO++] with vsum afifo, ram, data;

Owu6ku npu pabome c afFifo

Crnenyrolue NPUYHMHBI JIe)KAaT B OCHOBE OHIMOOK Tpu paboTe ¢
afifo:

® [IONBITKA YUTATh JaHHbIE U3 mycToro afifo;

® TIONBITKA YATATH OOJIBIIIE JAHHBIX, YeM conepxkutcs B afifo;
® [IOMbITKA YUTATh MEHBIIE JAHHBIX, 4eM cojaepxkurcs B afifo;
e [IOIBITKA 3alUCHIBATh pe3yibTaThl B Hemycroe afifo.

B cnyuae Bo3HukHOBeHHs ommbOku mnpu padore ¢ afFifo mo
yKa3aHHBIM BbIIIEC TPUYMHAM KOMaH/1a, B KOTOPOH COJAEPKHUTCS OIMOKaA, HE
orpabareiBaeTcs. Ilporeccop 3amenHsieT ee myctoi komaHmod vnul u
MOPO’KJIAET MPEPhIBaHUE IO HEMPABUILHON BEKTOPHOM KOMaH/IE.

3.4.6 Jlornyeckui perucTp-KoHTenHep data

BextopHbiii peructp data sBusieTcs IJOTUYECKUM PETUCTPOM,
HCIOJIB3YCMBIM JJIsI OIIMCAHHA OAHHBIX, MPOXOAAINHX IO IWHE JAaHHBIX B
HaMpaBJI€HUU U3 BHEIIHEW MaMsaTH B omepauuoHHbIA y3ena BII Bo Bpems
BBITIOJTHEHHS] BEKTOPHOM KOMaH/IBI.

Ha xaxnom TakTe BBINOJHEHUS BEKTOPHOW KOMAaHJbl 3HAYCHHUE
peructpa data paBHO 3HAYEHUIO CJIOBA JAHHBIX, CYUTAHHOTO W3 MaMATH U
MPOXOJSIIIET0 B JAHHBIH MOMEHT IO IIMHE AaHHBIX (TJI0OATBHON WM
JoKanbHOM). Peructp data BBemeH [uis TOro, 4ToObl YIPaBIATh MOTOKOM
JAHHBIX, CYWTHIBAEMBIX M3 MNaMATH W HANPABIATH €ro Ha BXOJbI
onepauuoHHoro y3na BII.

Peructp data wmoxer a1 OOLIHOCTH paccMaTpuUBaThcs —Kak
nceBnoOydep muHbl naHHbIX. [IceBnoOydep nmeer riryouny 32x64 Ourta u
opranuzoBan mno npuHiuny FIFO. Ilockonpky omHa BEKTOpHAas KOMaH[a
MOKET CUMTBIBATH COAEPKUMOE MPOM3BOJIBHOIO YHUCIA SUEEK BHEUTHEH
namsTH B ripenenax ot 1 no 32, rmy6una rnceBaodydepa MoKeT U3MEHSThCS
B ATUX IIpeJIeNax.

Ucnonb3oeaHue data dns o6pabomku AaHHbIX Ha Npoxode

Peructp data ucnonbs3yercs Ui 00pabOTKU JaHHBIX HA IPOXOJIE BO
BpEeMsI CYMTHIBAHUS MX U3 BHEITHEH MaMsTH, HAPUMED:

Bxoxn Y
rep 32 data = [arO++] with ram or data;

[G]
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B npuBenenHoi Bbllie koMaHze 32 ClIOBa JaHHBIX, CYUTHIBAEMbIEC U3
MaMsTH, TOCTYNaloT Ha BXOJ Y OMNEPallMOHHOTO Y3Ia, T/I€ BBINOIHAETCS
noburtoBas omnepamus OR ¢ comepxkumbiM ram. TodHO Takke TaHHBIC U3
MaMsATH MOTYT OBITh TIOJIaHBI Ha BXOJ X:

Bxong X
rep 32 data = [arO++] with data or ram;

B npuBeneHHOI BbIIIe KOMaHe 32 CJIOBA JAHHBIX, CYUTHIBAEMBIC U3
naMsATH, MOCTYNAKOT HAa BXOA X OINCPalMOHHOI'O y3Jia, I'IC BBIIIOJIHACTCA
nooutoBas omnepanus OR ¢ comepkxumpiM ram. Pe3ynbTaT BBITTOJIHEHHS
JIBYX MPUBEJACHHBIX BhIIIC KOMaH OyIeT OJIMHAKOBBIM.

C momompio peructpa data naHHblE M3 MAMSITH MOTYT OBIThH
HaIpaBlIeHbl Kak Ha BxoJ X onepaunoHHoro y3ia BII, tak u Ha Bxon Y, B
TOM YHUCJI€ OJHOBPEMEHHO, HAIPUMED:

Bxog X BxonY
rep 32 data = [arO++] with data + data;

B HpI/IBe,[[eHHOﬁ BBIIIC KOMAaHAC 3HAUYCHUA 3JSJICMCHTOB BCKTOPAQ,
CUUTBIBACMOI'0 U3 MAaMATH, YABAUBAIOTCS HA MPOXOAC.

PGSYJ'II)TaTLI BBIIIOJTHCHUS BCEX HpI/IBGI[eHHI)IX BBIIIIC KOMAaH/
nonanaroT B aFifo.

Ucnonb3soeaHue data e onepayusix MmackupoeaHusi

B omnepauusax MacKMpOBaHHs, BBIIOJIHAEMBIX Ha OINEPAllUOHHOM
y3ne BII, nomumo BxomoB X u Y cymiectByer BXxoa Ajsi macku. bonee
nogpobHo 00 omepamusx ~MackupoBanus cMm. 1.5.4  Onepanws
mackupoBanus. Coxepkumoe data MOXKET HCIIONIB30BATHCSA B KadecTBE
MAacKH, HallpuMep:

BXOJ MaCKn
rep 32 data = [arO++] with mask data, afifo, ram;

HpI/IBeI[CHHaH BBIIIC KOMaHAa BBITIOJIHACT OINICPAUIO MAaCKHPOBAaHUA
Ha BekTopHOM AJIY.

Jpyroii mpumMep JeMOHCTpUPYET UCMoIb30BaHNe data B onepauu
MacKUpOBaHMs, = COBMELIEHHOW C  BBINOJIHEHHEM  B3BELIEHHOIO
CYMMUPOBaHMUS:

BXOJ MacCKH
rep 32 data = [arO++] with vsum data, ram, afifo;

Owubku npu pabome ¢ pecucmpom data

Omumbxu npu padore ¢ peructpoM data mpoucXoaaT MPU MOMBITKE
UCIIOJIb30BaTh peructp data B mpaBoil YacTH MHCTPYKLUMU O€3 3arpys3ku
JTAaHHBIX B PErHCTP U3 NaMSITH B JIEBOM YacTU MHCTPYKLIUH.

WHCcTpyKIMH, coaepikaliye MoJgo0HyI0 OMMOKY, HE BBIOJHSAIOTCS,
MpOLECCOp 3aMeHsAeT UX NycTo KoMaHaod vnul wu mopoxkaaer
MpEPHIBAHKE 110 HEMPABUILHON BEKTOPHOU KOMAH/IE.
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3.4.7 Pernctp-KoHTenHep ram

BekTopHBIi perucTp ram mnpeacTaBisieT co0oi ouepeas IimyOuHoi B
32 64-x paspsaHBIX clloBa, opraHu3oBaHHas mo npuHiuny FIFO. B ram
MOKeT ObITh 3arpykeHo oT 1 mo 32 cioB. OCHOBHBIM €r0 OTIMYHEM OT
ooprgygoro FIFO sgBisercss TO, 4YTO IMOCIIE CUMTLIBAHMUS W3 ram €ro
collep>)kuMoe coxpausiercsi. To ecTh, 3amucaB OJMH pa3 BEKTOpP JAHHBIX B
ram ero 3aTeM MOXHO TTOBTOPHO MCIIOJIb30BaTh B BEKTOPHBIX ONEPAIHIX.

Peructp ram poctyneHn u3 accembiepa Kak MO YTEHHIO, TaK U IO
3armucu. OHAKO OH MOXKET MCTOIb30BaTHCS TOJIBKO B BEKTOPHBIX KOMaHIaX
IpoLeccopa.

JlaHHbBIC B Fam MOTYT ObITh 3alMCaHbl HAMPSAMYIO U3 MAMSITH WIH U3
afifo(cMm. BeIme).

JlaHHbIe, XpaHSAIMIMECS B Fam, UCHOJIB3YIOTCS B KaU€CTBE BXOJHBIX
i BekTopHoro AJIY u i onepaunuii B3BELIEHHOIO CYMMHpPOBAaHHS Ha
paboueri wmatpurie BII. Onu moryt ObITh mMOJaHBl Kak Ha Bxox X
onepanuonHoro y3na BII, Tak u Ha Bxox Y.

Conepxxumoe ram He MOXeT ObITh HamnpsMYyI0 COXPaHEHO BO
BHEIIIHEH MMaMsITH, TOJIBKO Yepe3 onepauuoHHbli y3en BII.

BekTopHBIIl perucTp ram npeaHa3HayeH Uil XPAaHEHUS TOJIBKO
OJTHOTO BEKTOpa YIMaKOBAaHHBIX JAHHBIX, JITUHOU OT 1 10 32 JUIMHHBIX CJIOB.
Jro0as 3amuch B ram MPUBOJIUT K IMOTEPE €ro MPEKHEro COACPKUMOTO.
ConepxuMoe ram MOKET MHOTOKpPaTHO HCIOJIb30BAaThCA B BEKTOPHBIX
onepauusax, OJHAKO B BBIUHMCICHUSAX JOJDKHBI y4aCTBOBAaTh BCE JAHHBIE,
xpasnsmuecss B ram. He nomyckaercs HCIONB30BaHWE TOJNBKO YacTH
XPAHSIIUXCA TaM JAHHBIX.

KoHTposib Hag CONEpXKUMBIM ram MOXKET OCYIIECTBIATHCS
OporpaMMHO, TyTeM aHanu3a mojist RAM_VAL peructpa intr (cm. 3.2.3
Peructp intr). Dto mone coobiaeT, Kakoe KOJIWYECTBO JJIHHHBIX CJIOB B
JAHHBI MOMEHT HaXOAMTCA B ram.

3azpy3ka OaHHbLIX 8 Fam

JlaHHBIE 3arpy’Kar0TCsi HENOCPEACTBEHHO U3 BHEIIHEH IIaMATH,
HaIpuMmep:
rep 16 ram = [arO++];

[IpuBenenHas BbIlIe KOMaH/1a, ONMMCHIBACT 3arpy3Ky 16-Tu JITMHHBIX
CJIOB YIIAKOBaHHBIX JaHHBIX M3 BHEIIHEW mamsaTu B ram. IIpu 3ToM crapoe
conepxkuMoe Oydepa TepsieTcs, Jaxke ecil TaM XPaHWIOCh 32 CIIOBa.

BaxHoe cBOMCTBO mpolecca 3arpy3kd ram COCTOMT B TOM, YTO
JaHHbIE, CUYMTHIBAEMbBIC M3 MAMSTH, IPOXOIAT MO MIMHE JAHHBIX, a 3HAYUT
napajyielIbHO € 3arpy3kod B ram MOryT OBITh HAampaBieHbl Ha BXOJbI
onepanuoHHoro y3ia BII, nanpumep:
rep 32 ram = [arO++] with data + afifo;
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B npuBeneHHON BbIllIe KOMaH/AE JaHHbIE U3 MaMSATU KOMHUPYIOTCA B
ram ¥ TmapajuieibHO TepelaioTcss Ha BXoJ BekropHoro AJIY mis
BBITIOJTHEHHSI OTIepaIliU CI0KEHUS ¢ cofepkuMbiM Oydepa aFifo.

Ucnonb3oeaHue ram e onepayusix Ha OY BI1

Kak yxe roBopuioch, COAEPKUMOE ram MOXET MHOTOKpPATHO
WCIIOJIH30BAThCS B BBIYMCICHHUSAX, BBIMOJTHIEMBIX Ha OMEPAIMOHHOM Y3JIe
BII. Conepxumoe ram Mo>KEeT oAaBaThCsl Ha BXOT X ONEPALMOHHOTO Y314,
Harpumep:

Bxog X
rep 32 data = [arO++] with ram and data;

[TpuBeneHHas BbIIe HHCTPYKIIHS BHIMOIHSAET IIOOUTOBYIO OTIEPALIUIO
AND copepxumoro mamsTM C TEM, 4YTO XpaHUTca B ram. Onepauus
BBITNOJHAECTCST Ha BEKTOpHOM AJIY, BXOZAsIIEM B COCTaB ONEPALMOHHOIO
y371a, MEPBbI UX JBYX ONEPaHIOB B MPAaBOM YacTU KOMaHABI NOMAJAET HA
BXx0J X, BTOpoii Ha BXxoA Y.

Takxe comep) KUMoe ram MOKeT OBbITh TIOJITAaHO Ha BXO[ Y

Bxonx Y
rep 32 data = [arO++] with vsum , data, ram;

HpI/IBeI[CHHaH BBIIIIC I/IHCTPYKIII/UI BBITIOJIHSCT onepaumo
B3BEIIIECHHOTO CyMMHUpPOBaHUs Ha paboueit matpuiie BII, Bxoasiieit B cocta
OTIEPAIMOHHOTO Y3Ia.

Conepxumoe afifo Moxer ObITH TOJIaHO U HA BXOA X M HA Y

Bxox X Bxong Y
rep 32 with ram + ram;

[IpuBeneHHas BbIllle MHCTPYKLHUS YIBAUBAET 3HAYEHUS SJIEMEHTOB,
pPacIoI0KEHHBIX B Fam.

Pe3ynbrarthl BBINOJHEHUST BCEX MPUBEACHHBIX BBIIE KOMAaHJ
nonanaroT B aFifo.

Ucnonb3oeaHue ram e oriepayusix MacKupoeaHus

B omnepammsix MacKupoBaHUS, BBITIOJHAEMBIX Ha OINEPAMOHHOM
y3ne BII, momumo BxomoB X m Y CymiecTByeT BXOX JJisi Macku. boiee
noapoOHO 00 omepamusax MackupoBaHuss cM. 1.54  Omnepanus
MackupoBanus. ColepKUMOe ram MOXET HCIOJIb30BaThbCsl B KaueCTBE
MacKH, HalpuMep:

BXOJ MacCKH
rep 32 data = [arO++] with mask ram, afifo, data;

ITpuBeneHHas Bblllle KOMAaH/a BBIOJIHACT ONEPALIMI0 MACKUPOBAHUS
Ha BeKTopHOM AJIY.

Hpyroil npuMep AEMOHCTPUPYET MCIOJB30BAaHUE Fam B Olepanuu
MacCKHpOBaHMs, COBMEILEHHOM  C  BBIIOJHEHHMEM  B3BEIIEHHOIO
CYMMHUPOBAHUS:
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BXOJl MAaCKH
rep 32 data = [arO++] with vsum ram, data, afifo;

Owubku npu pabome ¢ ram

Crnenyroliue NpuYUHbI JIEXKAT B OCHOBE OIIMOOK IpH padoTe ¢ ram:
® TIOMNBITKA YATATh JAHHBIE U3 IIyCTOrO ram,
® T[IONBITKA YUTATh OOJbIIE JAaHHBIX, YEM COACPIKUTCS B ram;
® [IONBITKA YNTATh MEHbIIE JAHHBIX, YEM COAECPIKUTCS B ram;

® IIONBbITKA OAHOBPCMCHHO BCCTH 3allMCh B Fam M HMCIIOJIB30BATh €ro
CTapocC COACPKUMOC.

B ciryyae BO3HMKHOBEHUS OMIMOKYU MPHU paboTe ¢ ram 1o yKa3aHHbIM
BBIIIE NPUYMHAM KOMaHAa, B KOTOPOW COAEPXKHUTCSA OIMMOKa, He
orpabarsiBaercs. Ilpomeccop 3amensier ee mycToil komaHmoir vnul u
MOPOYKAAET MPEPhIBAHNE TI0 HETIPABIIILHOW BEKTOPHON KOMaH/IE.

3.4.8 Peructp-koHtenHep wiifo

Bekropupiii  peructp wFifo nmpeacraBiaser coboil  ouepenn
rnyOuHON B 32 64-X paspsaHBIX CJIOBA, OPraHU30BAHHYIO 10 MPUHIUILY
nByx moproBoro FIFO. On ucnone3yercst xak Oydep UIs HAKOIUICHHS U
XpaHEHHUsI BECOBBIX KOI((HUIMEHTOB, KOTOPHIE 3aTeM 3arpykarTcs B
TeHeByto MaTpuiy BII, a u3 Hee B pabouyto.

Puc. 3-9 Barpyska BecoB u3 BHEUHEIN IaMsaTu

BekTopHbIN npoueccop

ftw | Tewesas |WIW | PaBouas

BHewHas i
wiwfo maTtpuua maTtpuua

namMmdaTb

Kax BugHO u3 pucynka 0ydep wFifo MoxeT HUCIonb30BaThes IS
ObICTpOH 3arpy3kd JaHHBIX M3 BHEUIHEW ©aMsiTH, JaHHBIA THpolecc
MIO3BOJIIET PA3TPy3UTh BHEIIHIOK IINHY JTAHHBIX.

Peructp wfifo noctyneH kak 1o yTeHHIO, Tak U 1o 3anucu. OJ1Hako
OH MOXET HCIOJIb30BaThbCS TOJIBKO B BEKTOPHBIX KOMaHAax Ipoleccopa.
3arpy3ka JaHHbIX U3 BHemHed mnamsatu B WFifo ocymectBusercs
HanpsMyto 64-x paspsaHbiMu ciioBaMu (cM. Huke). JlaHHbIe, XpaHsIIUecs B
wFifo, MOTyT OBITh BRITPYKEHBI OTTY/1a TOJLKO B TEHEBYIO MATPHILY.

Peructp wfifo He MOKET OBITH HCIIOJIB30BaH B KAYECTBE NCTOYHUKA
st BXoz1oB X Y omneparimoHHoro y3ia BII, a Takke 171 BX0/1a Macku Ipu
olepanusax MacKMpoBaHUs. ENMHCTBEHHOE €ro nmpelHa3HauyeHUE COCTOUT B
XpaHEHHUHU BECOBBIX KOA()(HUITMEHTOB.

[G]
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B oTiiMume ot gpyrux BEKTOPHBIX PErMCTPOB-KOHTEHHEPOB 3arpys3Ka
JIAaHHBIX ¥ UX BbIrpy3ka n3 WFITO MOXeT OCyIIeCTBIATBCS 10 4acTsaM, TO
ecTh, Hanpumep, B WFiF0O MOXHO 3arpy3uTh cHadana 8 cJioB, a 3aTeM ellle
24, HO Tak, 4TOOBI HE MPOU3OILIO MepenoIHeHus. To e MPOUCXOAUT TMPHU
gyrenun u3 WFifo. [Iporneccop NM6403 B 3aBucMMOCTH OT KOH(pHUTYparuu
TeHeBOM Marpuubl cuuThiBaeT u3 WFifo pasHoe kommuectBo cinoB. Ilpu
aToM B Oydepe MOryT ocraBaThCcs [aHHBIE, KOTOpPBIE OYIyT CUYHTAHBI

cienyromiei komanaoi oopamenus k wFifo.

Mpumeyanne  3aepyska eecoe uz WEiTo 6 menesyio mampuyy ecezoa npoucxooum 3za 32

maxKkma, 4mo A614€emcsi OCHO6HbIM OcpadHU4YeHUuem BII. Bce UCnonb3yrwmuecs
ajeopummbsl 00JIJICHbL npuHUMams 9mo 60 6GHUMAHUE. Ho oannas onepayus
MoaKcent B6blNOJIHAMbCA 6 d)OHOGOM pearcume 60 epemi 6blnOJHEeRUs ()pyZLlX
CKAJIAIPHBIX U 6EKNMOPHbBIX KOMAHO.

Mpumeyanne Ha npoyeccope NM6405 3acpyska eecos uz WEITO 6 menesyio mampuyy

3HAYUMENIbHO YCKOpEHA U npoucxodum 3a YUClo maKkmoe paeHoe 4uciy cmpokK 6
pa36ueHuu mampuysl, HO He MeHee 2-x maxkmos. ﬂaHHCI}l onepayust mooaitcem
BbINOJIHAMbCA 6 d)OHOGOM pestcume 60 6pemMs 6blNOJIHEHUA Opyeux CKAJIAIDHbIX U
BEKMOPHbLX KOMAHO.

O4ucmka codepxumozo WFifo

Koutpons 3a comepxkumbiv  WFIFO MOXET OCYIIECTBIATHCS
nporpaMMHO mmyTeM aHaimu3a outoB EMPTW (6ur 10: "wfifo mycroe"/"wfifo
Hernyctoe") u FULLW (6ut 9: "wfifo 3anmonueno"/"wfifo ne 3anonneno"”) B
none VPF peructpa intr (cm. 3.2.3 Perumctp intr). Onu oTpakaior
muHamudeckoe coctossuue WFifo (To, Kak MeEHsSeTCs ero COCTOSHHE B

MPOIIECCE BBIMOIHEHHUSI BEKTOPHOH KOMAH/IbI).

[Tonre WFIFO_VAL peructpa Intr coaepXutr HHPOpPMAIHIO O
KonuyecTBe cioB B WFITO mocie BBIIOJHEHHUs] MHCTPYKIMM WM TPYIIIBI
MHCTpYKUMHU. JlaHHOE MoJie U3MEHSAETCA MeIJIeHHeW, yeM nosie EMPTW u

FULLW, T.K. OHO OIUCHIBAET PE3yabTaT, a HE POLECC.

Conepxxumoe WFifo MoxeT ObITh MPOrpaMMHO OYHILEHO ITyTEM
ycraHoBkU B 1 Outa WFCL (6ut 15) mons FCL peructpa pswr (cMm. 3.2.6
Peructp pswr). ITocrme Toro, kak 6ut WFCL B pSwr BeICTaBieH B 1, OH
nomwkeH ObITh cOpomeH B 0, mHaue Oyzner OmokupoBana pabora BIIL.
KomaHpl yCTaHOBKHM U CHATHS OUTa MOTYT CII€Z0BATh APYT 3a JPYroM, Kak

B HUKETIPUBEJICHHOM IIpHUMeEpe:
begin “.text”

pswr set  8000h; // 6um WFCL ycmanoenen ¢ 1’
pswr clear 8000h; // 6um WFCL copowen, wiifo nycmoe

end “.text”;

3azpy3ka eecoebix koagppuyuenmos e Wi fo
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3arpy3ka BecoBbIX Ko3(duuuentoB B wFifo mnpoucxoaur
HanpsMyro H3 namsatd. WFITOo MoXeT 3amonHATbCS 3a OJHY WIH 3a
HECKOJIBKO KOMaH]l, HallpuMep:
rep 16 wfifo [arO++]; [/ zazpysxa nepsvix 16-mu cros
rep 16 wfifo = [arl++]; // sazpyska emopuix 16-mu cros

[TepBoii u3 npuBeneHHbIX Bhime komana B WFifo 3arpyxatorcs 16
JUTMHHBIX CIIOB BECOBBIX KO3(DPHUIIMEHTOB, BO BTOPOU MOATPYKAIOTCS €Ille
16 cnoB ¢ apyroro amgpeca mamste. [Ipu 3Tom obmiee 3amonHenue wifo
coCTaBIsIeT 32 CIIOBA.

Boizpy3ka eecoebix koaghgpuyueHmoe uz WFifo

N3 wFifo BecoBble KOI((GUIMEHTHI MOTYT OBITh BBITPY>KEHBI
TOJBKO B TEHEBYIO MaTpuily. /Iy sToro mcnoib3yercs MHCTpyKims Ftw,
KOTOpast MOKET UCIOJIB30BATHCS KaK OTAeNbHasi KOMaH/1a, HalpuMep:
ftw;

U MOXET TaKK€ BXOJIUTb B COCTAaB JPYTrOM BEKTOPHOM KOMAaHIBI,
Harpumep:
rep 32 data = [arO++], ftw with not data;

OdHoepeMeHHasi 3a2py3Ka U ebi2py3ka daHHbix uz WFifo

bypep wFifo  sBusercs  OByX  MOPTOBBIM,  BO3MOXHA
OJTHOBPEMEHHAasi 3arpy3ka B HEro Habopa BecoBBIX K03(duuueHToB u
BBIIPY3Ka B TEHEBYIO MaTpPHUILy, HAllpUMED:!
rep 32 wfifo = [arO++], Ttw;

[IpuBeneHHass BbllllE KOMAaHAA OCYIIECTBIISIET OJIHOBPEMEHHO
3arpy3Ky BecoB B WFiTo u Beirpy3ky u3 wfifo B teHeByro marpuny BIIL
Ecnu x MomeHTy Haudana BeImoiHeHus koMmaHasl WFifo Obuto mycto, TO
omepanusi BBITPY3KM BECOB B TEHEBYIO MaTpuily OyJAeT ammapaTHO
onokupoBaHa, nmoka B WFiITO He MOABUTCS TEPBBIM JJIEMEHT JIaHHBIX,
MOATPY>KEHHBIN U3 MAMSITH.

[Tocne Toro, kak mepBoe CJIOBO JIAHHBIX TMOSBHUTCS B Oydepe, OHO
CIIEYIOIIMM € TaKTOM OyIeT OTHPAaBICHO B TEHEBYIO MATPHILy. DTUM Ke
takToM B WFifo Oyner moarpyskeHo cieayromiee CiIoBO U3 MaMATU. Takum
o0pa3om, B TeHEeBYI0 MaTpuIry 32 ciioBa OymyT 3arpyskeHsl 3a 33 Takra. [Ipu
sToM WFiF0 ocTaHeTcs B pe3ysbTaTe My CThIM.

Ecan B wFi O K MOMEHTY BBINOJIHEHUSI KOMAaH/BI YK€ HaXOIHUIOCh
KaKOe-TO KOJUYECTBO BECOBBIX KOA(DPHUIIMEHTOB, TO OHU MEPBBIMH OYIyT
HampaBlieHbl B TeHeByl Marpuiy. B 1o ke Bpems B wFifo Oynyr
MOATPYKAaThCsl HOBBIE NaHHbIE. Eciam Tex BecoB, KOTOpbhIE HAXOIUIUCH B
wfifo K MOMEHTYy Hayajia BBINIOJHEHUS KOMAaHJbl, HEJOCTATOYHO IS
3aloJIHEHUs TEHEBOW MAaTpullbl, TO B HEE TMOMaJeT U YacTb BHOBb
3arpy’kaeMbIX JaHHBIX.

3azpy3ka e WFiTO Heckonbkux Mampuy eecoebix KoaghghuyueHmos

KonnuectBo ciioB, 3arpyxaeMblx B TeHEBYIO MaTpuily u3 wfifo,
ompejenseTcss pa30ueHHeM ee Ha CTpOKu. Kaxaod CTpoke MaTpullbl

[G]
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COOTBETCTBYET 64-x paspsiaHoe cioBo aaHHbIX (cM. 3.4.3 Peructp sb (sbl u

sb2)).

Ecnin KonmuecTBO CIIOB, 3arpyKaeMblX B TEHEBYIO MaTpUIly W3
wFifo 3HaUUTENTEHO MEHBIIIE €T0 EMKOCTH, TO I1eJIecO00pa3Ho 3arpy3uTh B
wFifo cpa3y HECKOJbKO MaTpHll BECOBBIX KOX(PQHUIMEHTOB, a 3aTeM
koMaHaoi Ftw TDOMYUTHIBATH TMOPLUMU JAHHBIX JUIsi  OOHOBIICHUS
COJIEP’)KUMOI'0 TEHEBOM MATPUIIbl. DTO MO3BOJUT PA3TPy3UTh LIMHBI JAHHBIX
Y HCIIONIb30BaTh WX 0ojee 23pPEeKTUBHO, HATTPHMED:
data "'dataMatrix"

Matrix: long[32] = (...);
end "'dataMatrix';

begin "text"
sb = 02020202h; [/ 6 mampuye 8 cmpok.
ar0 = Matrix; I 3azpyska e pecucmp adpeca mampuyeoi.
rep 32 wfifo = [arO++], Ftw, wtw; //zaepysxa eecos c
. Il oonospemennoii 3anucvio 8-mu uz Hux
Il 6 menesyio mampuyy.
Il B wfifo ocmanocw 24 cnosa.
ftw, wtw; I 3aepyska 6 menesyio mampuyy
I cneoyrowux 8-mu cnos.
. Il B wfifo ocmanoce 16 cnos.
ftw, wtw; Il 3aepysxa 6 menesyro mampuyy
I cneoyrowux 8-mu cnos.
. Il B wfifo ocmanocs 8 cnos.
ftw, wtw; Il 3azpyska 6 menesyro mampuyy
I cneoyrowux 8-mu cnos.
. Il B wfifo ocmanocey nycmoim.

end "text'';

3arpy3ka BecoBbIX Kod(pduuuenToB u3 WFifo B TeHEeByI0 MaTpuIly
HE 3aHMMAaeT BHEIIHIOI IIMHY, IMO3TOMY MOXXET HpoTekaTh Ha (oHe
BBITIOJTHEHUSI IPYTUX BEKTOPHBIX M CKAIAPHBIX KOMaHI. YacTo omMCaHHBIN
BBIIIIE 110AX0] K padote ¢ wFifo ynpoiaeT pa3paboTKy nmporpamm.

Owu6ku npu pa6ome c wFifo

Crnenyronye TPUYUHBI JIeKAT B OCHOBE OIIMOOK MpHU paboTe ¢
wFifo:

® [ONbITKA YUTATh JJaHHbIEC U3 ITycTtoro wfifo;

e TIONMBITKA 3aIlMchiBaTh gaHHble B 3amonHenHoe WFifo  0Oes
OJTHOBPEMEHHO UX BBITPY3KH B TEHEBYIO MaTpPHILY;

B ciiydyae BO3HUKHOBEHUsI OIIMOKY NP paboTe ¢ ram 1o yKa3aHHbIM
BBIIIE TPUYMHAM KOMaHAa, B KOTOPOW COJAEPXKHUTCS OIIMOKa, He
0TpadaThIBacTCs M MPOILECCOP OIOKHUPYETCS.

Mpumep 3azpy3ku eecoe e WFiTo

[Ipouexypa 3arpy3ku BeCOB B pabO4yr0 MaTpPHUILy PacCMaTpUBACTCS
Ha TpUMepe, B KOTOPOM MaTpuia pa3durta Ha 8 ctpok m 8 crombmos. Ha
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Puc. 3-10 mpencraBrnena cxema oOpaOOTKM JTaHHBIX B BEKTOPHOW YacTu
nporeccopa:

Puc. 3-10 Barpyska KO3QQUUMEHTOB B pabouyild MaTPUILY .

BX0I X pabouas MaTpuIa
ams|---las| > |FF] 2 | 2 |[FF| 2 [FF|FF| 1 [ censmasn crpoxa
s |---laz | > L1 1 |FF|FF|FF|FF|[ 1 | 1
axss|---las | > 1 |[FF| 1 |FF|FF| 1 |FF] 1
axsz|---la | > |FF|[FF|FF | FF| 1 1 111
Aysp [---| A4 | > 1 |FF|FF| 1 1 |FF|FF| 1
Asi|---|las| > |FF|FF] 1 1 |FF|FF| 1 1 | BrOpas crpoka
axso|---la | >|FF|[ 1 |FF|] 1 |FF| 1 |FF] 1
Qo |---las | > 1 1 1 1 1 1 1 1 | HyJeBas cTpoka
2 5 0t el L L L Ll o
| d256| d255| d254| d253| d252| d251| dzsol d249| 32
|d8|d7|d6|d5|d4|d3|d2|d1|1
DE3VILTAT B aFiFn
JlanHble B pabouyro MaTpUIly 3aHOCSATCS W3 BHEIIHEH MaMsTH,
JOCTYyIHOU mporeccopy. B mamsaT oHM XpaHSTCS B BHAE MaccuBa 64-X
paspsaHbix cioB. Ilpu 3arpy3ke MaTpuilsl B HEE MOMAAET CTOJBKO CIIOB,
KaKoBO ee pa3OueHue mo cTpokam, 3ajaHHoe B peructpe sb2. Kaxnas
CTpOKa 3a7aeTcsi OTAeIbHBIM 64-X pa3psiaHbM cioBoM. CJIOBO MaccuBa ¢
HYJIEBBIM MHJIEKCOM IOMAJaeT B HYJEBYIO CTPOKY MaTpullbl. Kak BUIHO U3
Puc. 3-10, cTpoku paboueil MaTpuibpl HyMEpYIOTCS CHU3Y BBepX. Takoi
crocob Hymepaluu 00yCIOBICH HyMepanueil OMTOB B ciioBe (HyMmeparus
BEJIETCsI CIpaBa HAJeBO, MUK OMT HAXOJUTCSA crpaBa). B ToMm xe
HATPABIICHUU BEACTCS YBEIHMUCHUE aIPECOB MAMSTH.
Ha si3p1ke accemOiepa 3anmich MacCHBa JaHHBIX, COOTBETCTBYIOILY IO
0J10Ky KOA(DPHUITMEHTOB, 3arpy>KaeMbIX B MaTPHUIly, UMEET BU/I;
data "'data"
Matrx: long[8] = (00101010101010101hl, // uynesas cmpoxa
OFFO1FFO1FFO1FF V,—//mnaowuii 6aiim cnosa
OFFFFO101FFFFO101hl, // 8Mopas cmpoxa
001FFFFO101FFFFO1h1,
OFFFFFFFF01010101h1,
001FFO1FFFFO1FFO1h1,
00101FFFFFFFFO101h1,
OFFO0101FFO1FFFFO1h1); [/ ceovmas cmpoxa
[Tockonbky pabouas marpuna mporieccopa NM6403 pazbuBaetcs
peructpoM nNb2 Ha 8 cronbioB, MiaamMii 6aliT HyJIEBOTO CIOBa MaccHBa
MomnajeT B HyJIEBOM CTOJIOCI, IEPBBIM OAWT B MEPBBI CTONOEI], U T.1.
®
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lNpnmeyvaHue

Cmoum obpamumb HUMAHUe HA MO, YMO XOms CMpPOKU pabouell
Mampuyvl HYMEpPYIOmcs CHU3Y 66epX, 8 HYIesylo CMpOKYy nonaoem
HY€BOUL DJIeMEHM MACCU8d, KOMOpbill NPU 3aNUcu MAccued 8 cmoaoux (6
accembiepHom Qaiiie) OKa3vl8aemcs CambiM GePXHUM.

BecoBbie koadummentsl uutarorcs u3 namsata wFifo. 3arpyska
JaHHBIX M3 HaMsiATH B pabouyr0 MaTpUIly OIHUCHIBACTCS CIEAYIOLIMMHU
KOMaHJIaMH Ha sI3bIKe accemOuepa:

begin "text"
<_Func>
nbl = 80808080h; /I pazbuenue mampuysl na cmonbyuol.

sb 03030303h; [/ pasbuenue mampuyst Ha cmpoxu.

arO = Matrix;
rep 8 wfFifo = [arO++], ftw, wtw;

end "'text'';

CHavasa 3anonssitoTcst peructpel nNbl u sb, omnpexpensromue
Oynymiee pazOueHne MaTpuilbl. PeanbHO pa3OueHue, 3agaBaeMoe HMH,
BCTYNHUT B CHUJy HE Cpa3y MOcCe MPHCBAaMBaHUS WM HOBBIX 3HAYEHUH, a
TOJIBKO ITOCJIC BEIITOJTHCHUS KOMAaHIBI WEW.

Peructper Nnbl u sb  sBusrorcs 64-x OutoBeiMu. Ecnu oHHM
MHHULHAATH3UPYIOTCA 32-X pa3psIHONW KOHCTAHTOM, TO MPOLECCOP KOMUPYET
9TO 3HAuYCHHE B crapiime 32 OuTa, TO €CTh MOJydYaeTcs, 4To peructp nbl
VHUIMAIU3UPOBaH JIJIMHHOW KoHcTaHTo 8080808080808080hl1. To xe
BepHO U Ju1i peructpa sb. bonee monpobno padota ¢ peructpamu nbl u sb
onucana B myHkTax 3.4.2 Peructp nb1(nb2) u 3.4.3 Peructp sb (sbl u sb2).

Urak, onpexneneno Oyayiuee pazdueHne pabodyeil MaTpuIbl.

B agpecHbll peructp 3aHOCHTCS aIpec MacCMBAa BECOBBIX
K02 PHUIIMEHTOB, a 3aTeM JTaHHbBIE 3arpyx)arotcs u3 namstu B wiifo.

ITo xomanne Ftw ganusie u3 wFifo nomnagaroT B TEHEBYIO MATPUILY.
Ora mepenava 3aHUMaeT Bcerna 32 TakTa, HE3aBUCHMO OT TOTO, CKOJIBKO
CJIOB 3arpy’aercs B Marpuily. Hampumep, B ciiydae 3arpy3Kyd MaTpHIIbI U3
BOCBMHU CJIOB, MX TEpPEeKOAMPOBKA BO BHYTPEHHEE MpPEACTaBICHUE II0-
npexkHeMy anutcs 32 takra. OQHAKO MEPEKOAUPOBKA BEETCS MapauieIbHO

C SaKa‘IKOﬁ BCCOB U HAYHMHACTCA C MOMCHTA IIOABJICHHUA nepBoro CJIOBA B
wFifo.

Ha mnpoueccope NM6405 3arpyska BecoB m3 WFITO B TeHeByio
MaTpUIy 3HAYUTEIBHO YCKOPEHA W TPOHMCXOJHMT 33 YHCJIO TAKTOB PAaBHOE
YHCITy CTPOK B pa30MEHUU MATPUIII, HO HE MEHee 2-X TaKTOB.

Ilocne Toro, kak 3akayka BECOB B TEHEBYIO MaTpPHIly 3aBEpLICHA,
BBINOJIHACTCS KoManaa wtw. OHa 3a OMH TaKT MEPENUCHIBAECT COACPKUMOE
TEHEeBOW MaTpHibl B pabouyio. [Ipu 3Tom 3HadeHus peructpos nbl u sbl
Konmupytotcs B Nb2 u sb2. 3arpyska pabodeit MaTpHIlbl 3aBEpIIICHA.
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zl PopmaTt AccembnepHbix UHCTpyKUMN

[Tporieccop NM6403 pabGoTaeT ¢ MAaIMHHBIMU KOMaHJIaMH 32-X U
64-x pazpsinHoro ¢opmara. B onHOM MalIMHHON KOMaH/AE COACPIKUTCS 1B
onepauuu mporeccopa. B srom cmeicie NM6403 mpencrasnser coboit
CKaJISIpHBII MUKponpoleccop co ctatuueckoi LIW-apxurektypoi.

[Tockoneky mpomeccop NM6405 coBmMecTHM CHH3Yy BBEpX C
npoueccopom NM6403, To Bce comepKUMoe JaHHOTO pasjiena MPUMEHHUMO
6e3 n3menenwuii k mporeccopy NM6405.

PaspsidHocmb uHcmpykuuti npoyeccopa

KopoTkue HWHCTPYKIUM HE CcOACpXKaT KOHCTAaHTBI M HUMEIOT
pa3psaHOCTh 32 OuTa.

JITMHHBIEe MHCTPYKIMM COJIEpPKaT B KOAE€ KOMaHIbl 32-X
pa3psAIHYIO0 KOHCTAHTY, TO3TOMY UX Pa3psIHOCTh COCTABIsAET 64 Oura.

ITponieccop aapecyercst k 32-X pa3psaHbIM cioBaM. Ha xpaHeHue
KOPOTKMX WMHCTPYKIIMHA OTBOAMTCS OJHA siYeiKa MaMsTH, Ui JUIMHHBIX -
IBE.

Mpumeyanue  [iunnvie uncmpykyuu 6ce20a pacnonazaromcs no YemuvlM aopecam.

Ecnu nauano onunnoti uncmpykyuu npu accemoauposaHuu npuxooumcst
Ha HeyemHblll aodpec, nepeo Hell asmoMamuyecku CMaessiemcs nycmas
xomanoa nul.

[Tporreccop NM6403 3a omHO oOpamieHHe K MaMsITH CUHUTHIBACT
60 IBE KOPOTKUX WHCTPYKILHUH, JHOO OJHY JATUHHYIO, TIO9TOMY PETUCTP
pC, ONpENENAIOMMNI aApeC CIEAYIOUIEN CYUTHIBAEMON UHCTPYKLIMH, BCEraa
nMeet yeTHoe 3HadeHue. [lonpobOuee o peructpe pc cM. 3.2.5 Peructp pc.

Tunbl uHCMpyKyul npoyeccopa

Bce unctpykuuu nporeccopa NM6403 nensitcs Ha:

® CKaJsIpHble WHCTPYKIHUH, KOTOPBHIE YIPABIAIOT pabOTOH CKaJIIpHOTO
RISC-szpa, TaiiMepoB, OCYIIIECTBIIAIOT 3arpy3Ky/dTeHHEe BCEX PETUCTPOB
(mocTYymHBIX MO YTEHHWIO/3alMCH) 33 MCKIIOYCHUEM BEKTOPHBIX
peructpoB, obpazyronux ouepenu FIFO;

® BEKTOPHbIe MHCTPYKIMH, KOTOpBIE YIPABISAIOT pabOTOH BEKTOPHOIO
mpoueccopa.

Cmpykmypa uHcmpykyuu npoyeccopa

euro
atrix
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dopmaT AccembnepHbix MHCTpyKUnn

Kaxnan wuncTpykuus mpomeccopa NM6403 cocroutr u3 aByx
yacTeil, Ha3pIBa€MBIX YCJIOBHO 'JieBoM' U ''mpaBoi’’. O06e dYacTu
WHCTPYKIIMU BBIMTOJHSIOTCS MIPOIIECCOPOM OJHOBPEMEHHO.

B JeBoii yacTM MHCTPYKLMH 3alHMCHIBAIOTCS TOJIBKO ajJpecHble
onepanuM, B MpaBoil Bce apupMeTHYeCKO-T0THYeCKe, HE CBA3aHHbIC C
BBIUMCIIEHUEM AJPECOB U OOpAIIEHUEM K ITaMATH.

JleBass u nmpaBasg 4aCTU HHCTPYKIHU COCAUHAIOTCA BOCAHWHO IIpH
MOMOIIM KJIF0YEBOro ciioBa With. [IpuMep HHCTpyKIMH MpoLieccopa:

gr0 = [arO++] with grl = gr3 << 4;

JleBast 4acTh UHCTPYKIIHH, [IpaBast yacTh HHCTPYKIHH,
aZipecHast OIeparus apudMeTHIecKas oneparys

B s3bike accemOiiepa JieBast M TpaBasi YacTh HHCTPYKIIUH MOKET
OBITH OIyIIEHA, OJHAKO IOCKOJBKY IPOIECCOp HE MOXKET BBITIOJHUTH
TOJIBKO JIEBYIO WJIM TOJBKO MPAaBYH YacTh KOMAaH]Ibl, BMECTO OITyCKaeMoOi
YacTU MPU KOMIWIALMK aBTOMAaTHYECKU M00aBIseTCS MycTas omepanus
null. To ecTb accemOuepHast MHCTPYKIIMA 3alIMCAHHAS KaK:
gr0 = [arO++];

TpakTyeTcs acceMOJIepoM Kak:
gr0 = [arO++] with nul;

Wi To ke caMoe ¢ J1€BOU 4acTbhIO:
grl = gr3 << 4;

paccMaTpuBaeTcs Kak:
nul with grl = gr3 << 4;

Jns ynydiieHust Y4uTaeMOCTH MIPOrpaMMBbl, B CIIydae €Ciu JieBasi Win
mpaBasi 4yacTh MHCTPYKIMM HE WHCIONb3yeTcs, cBsizka With Moxer
OITYCKaThCH.

Ocob6eHHOCMU cMpPyKMypbl 8 eKMOPHbLIX UHCMPYKyY Ul npoyeccopa

BekTopHbIE MHCTPYKLMH IIpolleccOopa TakKe KaK U CKAIApHBIE
pa3JesIeHb] Ha JIEBYIO M IIPaBYIO0 4acTH. OHAKO MOMUMO 3TOrO0 OHU MMEIOT
JIOTIOJIHUTEIBHOE TI0JIE, KOTOpPOE€ IPHUCYTCTBYET BO BCEX BEKTOPHBIX
MHCTPYKLUAX 3a UCKIIFOUEHUEM OJMHOYHBIX HHCTpyKuMi Ftw u wtw. Iloxe,
0 KOTOPOM HJET pedb, HA3BIBACTCA IIOJIEM KOJIMYECTBA MOBTOpPEHHH. Bor
IIPUMEP TOTO, KaK BBIMIAIUT BEKTOPHAs MHCTPYKIMA:
rep 32 data = [arl++] with vsum , data, afifo;

Jleass u mpaBas dYacThb BEKTOPHOMH WHCTPYKIHMH pa3/ieicHbI
KJIIOYEBBIM CJIOBOM With, moyie KonuyecTBa MOBTOPEeHUH (MOAUEPKHYTO)
OTpeensieT, CKOJIBKO JUTMHHBIX CJIOB Oy1eT 00paboTaHO TaHHOW KOMAaHJIOH.
B GonbiminHCTBE cyyaeB BEKTOpHAS KOMaHa Oy/IeT BBHITIOIHATHCS CTOJIBKO
TAaKTOB, KaKOBO 3HAUYEHHE CUETUMKA, MOCKOJIbKY Olepauus Haja IITUHHBIM
CJIOBOM B BEKTOPHOM IPOIIECCOPE BHITIOJIHACTCS 32 OJIUH TaKT.

B cnyuae, ecnmu 1neBas dYacTh MHCTPYKIMHM OMYIIEHA, IIOJIE
MOBTOPEHMSI U CIOBO-CBsI3ka With ocTaroTcs Mpu HAMMCaHUM UHCTPYKIIHH,
Harpumep:
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dopmaT AccembnepHbix MHCTpyKUnI

rep 16 with ram - 1; // npaBusibHas MHCTPYKLUSA

Jlro6b1e npyrue ¢popMbl 3aIIMCH UHCTPYKIIMHU, KaK TO
rep 16 ram - 1; wmwm with ram - 1; // conepxar ommbxu

SIBIITFOTCS OIIMOOYHBIMHE, O Y€M COOOIIUT acceMOep.

MNpuMeyaHue  BexmopHvle u ckaisphvle UHCMPYKYUU He MO2YM CMEWUBAmspCsi 8 00OHOU
KoManoe, oadxce eciu y 0OHOU U3 HUX ONYWeHA Jleds Yacmy, a )y Opyeoll
npaeast.

4.1 Tunsbl cKansipHbIX KOMaHO

CkansipHas MHCTPYKIUSI TpoIieccopa COCTOUT U3 ABYX 4YacTe, B
KOKIOW M3 KOTOPBIX MOTYT BCTPEUYaThCS TOJBKO OIPEACICHHBIC THUIIBI
CKaJIApHBIX KoMaHJ. [lanee B Tabnuie yka3aHo, Kakue IpyMIbl CKaIsPHBIX
KOMaH/JI MOT'YT OBITh 3aIlMCaHbl B JIEBOH, a KaKUe B IIPABOM YaCTH CKAJSIPHON
WHCTPYKLHH.

Tabs. 4-1 [osoxeHme pPAaBJIMYHEIX THUIIOB KOMAHI B CKAJISPHOM MHCTPYKLIMAM-

NEBAA YACTb CKANAPHOW MHCTPYKLN MPABAA YACTb CKANIAPHOW

MHCTPYKLUNN
e KomaHbl 3arpy3Ku/3anucu e Apudpmernueckue
PEruCTpOB; ONepalnH;
e KoMaHIbl TEPECHUIKM  3HAYEHUU ® JIOTMYECKHUE OIEpPALnH;

PETUCTPOB; .
® CIBUTOBBIC OIICPAIINH;

o Komaunanl anpecHor apu(pMeTUKY,;
Jbt alp pug ® IIyCTas Omeparus.

e CnernuanbHbIC CKaISIPHBIE KOMaH/IbI,

e KomaHzbl 0€3yCII0BHOTO U
YCIIOBHOT'O TIEPEX0a,;

e Komannst 0e3yCI0BHOTO u
YCIIOBHOTO oOparmieHus K
HOJIIPOTpaMMe;

e Komannpt BO3BpaTa u3

MOANPOrPaMMBbI UJIH IIPEPBIBAHUSA;

e [lycras komaHga.

B ckamspHoit komaHzAe 1000 THIT ONepaniyd M3 JIEBOW KOJIOHKH
TaOJIULIBI MOXKET OBITh COBMEIIEH C JIIOOBIM THIIOM U3 mpaBoil. OgHaKo He
MOTYT BCTPETUTHCS JBA THUIIA ONEPALMIA U3 OJTHOW KOJIOHKHU.

B kadecTBe mpumepa CKalspHON MHCTPYKIMH, COAEPKAIIEH JIEBYIO
Y TIPaBYIO YaCTH, MOKET OBITh pACCMOTPEHA UHCTPYKIIUS:
grd = [arO++] with grO = grl and not gr2;

@
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dopmaT AccembnepHbix MHCTpyKUnn

B eé neBoll yacTM MPOMCXOAUT WHULMAIU3ALMI perucrpa gré
COJICPKUMBIM SIYEHKH TaMsITH, Ha KOTOPYIO yKa3bIBaeT peructp ar0 c
O/JIHOBPEMEHHOW MHKpEMEHTAIMEN aapeca.

B nmpaBoii 4YacTu BBINOJHAETCS TPEXOIEPAHIHAs JIOTHYECKast
oneparusi. CoepKuMoOe PerucTpoB grl m gr2 moasepraercsi moOUTOBOU
Joruyeckor omepauuu and not, a pe3yJbTaT 3alUCHIBAETCS B PETUCTP
gro.

4.2 Tunbl eKMOPHbLIX KOMaHO

BekTopHast MHCTPYKIIUS, TAKKE KaK M CKAJIApHAs, COCTOUT U3 JIEBOI
Y TpaBoOM YacTed. B J€BOM 4acTH MCHOJIB3YIOTCA ONEpalyy aapecaluy, B
npaBoil OONBIIMHCTBO BEKTOPHBIX KoMaHia. s Ooibiell HarsIHOCTH
HU)KEe TpHUBEIeHA Ta0NHIla, B KOTOPOU COMEPKUTCS HH(OpPMAIHS O TOM,
KAaKWe€ THUIIbI BEKTOPHBIX KOMAHJl MOTYT pacriojiaratbCsi B JICBOM, a Kakue B
IIPaBOM 4aCTH BEKTOPHON MHCTPYKLHUH.

MPABASA YACTb BEKTOPHOW
NHCTPYKLUWN

NEBASA YACTb BEKTOPHOM
NHCTPYKUUU

° KOMaHIH)I 3arpy3Kn JaHHBIX B ® B3BCHICHHOC CYMMHUPOBAHUEC

BEKTOPHBIN MPOILIECCOP;

e KomaHabl BBITPY3KH JAaHHBIX
13 BEKTOPHOI'O MPOLIECCOpa,;

o (CrnenuaiabHbIE BEKTOPHBIE
KOMAaH/HI,

e [ycTas BEKTOpHasl Oneparus.

(MaTpUYHOE YMHOXKCHHE);
® MacCKHpOBaHHUE,;
e apudMeTHUECKHUE OTEePaINH;

® JIOTUYECKHE Olepaluu,

e ornepanus LHUKINYECKOTO
CIBUIA;

e onepanuu aKTUBaLlUU
OIIEpaHIOB;

® BBHIIPY3Ka YIPABIISAIOMUX

BEKTOPHBIX PETUCTPOB,;

® IIyCTas oncpanus.

[Ipumep BEKTOPHON MHCTPYKIMU C JIEBOM U MPABOM YaCTSIMH:
rep 32 ram = [arO++gr0] with vsum , data, afifo;

KunroueBoe ciioBo with paznenser jieByto U npaByto yacTu. CueTuuk
MOBTOPEHU rep  umcso  (YUCIOBOE  KOHCTAHTHOE  BBIPAKCHHE)
MPUCYTCTBYET B KaXKJA0W BEKTOPHON KOMaH/IE 332 UCKIIIOUEHUEM OJIMHOYHBIX
ftw u wtw. B neBoii yacTu BEKTOpPHOI KOMaH/bI BBINOJHIETCS ONepanus
3arpy3Kd JaHHBIX BO BHYTPEHHHH Oydep ram BEKTOpHOro mpoueccopa, B
MpaBol JaHHBIC, MPOXOASIIME B ram Mo IIMHE JaHHBIX, TyOIupyroTca U
HaIpaBlAIOTCS B pabouyyr0 MaTpully /Ajsi BBIIOJHEHHS] B3BELIEHHOIO
CyMMHPOBaHHUSI.
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dopmaT AccembnepHbix MHCTpyKUnI

4.3 MawuHHbIe KOObI KOMaHO npoyeccopa

B ongHoM MammMHHOW WHCTPYKIMHU COBMEIIAIOTCS KOABI ABYX
KOMaHf, (uar mapamienbHOro HCIOIHEHUS U, BO3MOXHO, KOHCTaHTA,
KOTOPYIO UCITOIb3YET JaHHAs MHCTPYKIIUA.

Puc. 4-1 CrpykrTypa MAammMHHON WMHCTPYKIIMM MIPOILECCOopa -

63 1-e cnoso 32 31 0-e cnoso 0
| KOHCTaHTa (4151 ANMHHBIX KOMaHL) | P | nesas onepauusi | [paBas onepauus |

bur P yka3pIBaeT, JOJKEH JIM NIPOLIECCOP 0KUJIATh 3aBEPLICHUS YIKE
paloTaroLMX BEKTOPHBIX KOMAHJ MPEXIE YEM HCIOJIHUTh JAHHYIO WIH
IIBITATHCS BBIMOIHUTH €€ Cpasy.

B Tabn. 4-2 npuBeaéH CNUCOK CKAJSPHBIX U BEKTOPHBIX KOMaHJ C
yKa3aHUEM JUIMHBI B 32-X pa3psiIHBIX CJIOBAX.

B mepBoii KojmoHKE TaONMIBI yKa3aH YCIOBHBI HOMEp THIIA
MalIMHHONW KOMaHJbl. JTH HHAEKCHl BBEICHBI N7 YJ0OCTBAa CCHUIKH Ha
MAalIMHHBIC KOAbI U GYI[YT B ILEUII:HGI\/JILHCM HUCIIOJIB30BAaThHCA.

Tabusi. 4-2 [oJHERT CHMCOK MamMHHEIX KoMawHz mporeccopa NM6403.

Ne KOMAHOA ONMHA COOEPXWMMOE 1-TO
CJIOBA KOMAHObI

1.1 | 3arpy3ka/BeIrpy3Ka peructpa B maMsTh 1 -

1.2 | 3arpy3ka/BeIrpy3Ka peructpa B maMsTh 2 AnpecHoe cMeleHne

2.1 | lepechunka “peructp-peructp” 1 -

2.2 | 3arpy3ka KOHCTAHTBI B PETHCTp 2 KoHncranTa

3.1 | Moaugukamus agpecHoro perucrpa 1 -

3.2 | Moaugukamnus agpecHoro perucrpa 2 KoncranTta Mmoaugukanum

3.3 | [Iycrast komanga 1 -

3.4 | [lycrast komaHga 2 JIrobast KOHCTaHTa

4.1 | Ilepexon k nmoamporpamMmme 1 -

4.2 | Ilepexon kK moAamporpaMme 2 KoHcTanTa-cMenienue

4.3 | Bo3Bpar u3 1 -

HpepbIBaHUS/TIOATIPOTPAMMBI

5.1 | BekropHas 3arpy3ka/BeIrpy3Ka 1 -

5.2 | 3arpy3ka BECOB U3 MAMSITH 1 -

5.3 | Ilycras BekTOpHasi KOMaH/a 1 -

[Tomo6HOe omucanue GoOpMaTOB M TUIIOB KOMAH]I IPUBEICHO B TIaBE
7 u mpuioxeHun nokymeHta «HO®KB .43 282.00 Al. ApxutekTypa.
NeuroMatrix NM6403: PykoBoCTBO MOIb30BATENISI»

@
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EI Habop UHcTpyKkumn Asbika Accembnepa

B nanHnom pasnene mpuBOIUTCS CTPYKTYPHUPOBAHHBIM 0030p Habopa
MHCTPYKIMIA si3bIka acceMOiuiepa mporeccopa NeuroMatrix® NM6403.
O030p cocToHT U3 ABYX MOpPa3IeioB: 0030p HaOOpa CKaISIPHBIX U Habopa
BEKTOPHBIX HHCTpYKUUA. WMHCTpyKuuMM rpynnupyrorcs mno tumam. Jlid
KOKIOW KOMaHAbl WM OMEpalii JaeTcsl ee IMOJIOKEHHE B acceMOJIepHOU
UHCTPYKIMK (B KaKOW YacTW MHCTPYKLMUU JICBOH WM MPaBOW OHA MOXET
HOSIBJIATHCS).

B TperbeM pazjerne mepedrcIsIoTCs AOMOMHUTEIBHBIC HHCTPYKIHU
npoueccopa NeuroMatrix® NM6405.

5.1 CkansipHble uHcmpykyuu NM6403

B naHHOM pasnene NPUBOAMTCS TNOJHBIM CIHCOK CKAaJSPHBIX
MHCTPYKIMH Ipolieccopa ¢ KPaTKUM MOSICHEHHEM.

Bce ckansipHble KOMaH Bl IpoLieccopa cBeACHBI B Tabuiy. IlepBorii
cToyOeI] 1aeT NOsSCHEHNE Ha3HAYCHUsI KOMaH/Ibl, BTOPOI OMUCHIBAET GPopmy
3allUCH KOMAaH/bl, TPETHUH M YETBEPTHIN CTOJOLBI COAEPIKAT pa3Mep U THII
KOJUPOBKHA KOMaH/BbI.

Pazmep accemOnepHON HHCTPYKLUMH ONpEAEIseTcs JIEBOM YacThio
UHCTPYKIMH. Eciu HHCTPYKIUS COACPIKUT KOHCTaHTy (32 Outa), TO pasmep
HHCTPYKIMKU — 64 Outa. MHCTPYKIMH, HCIONB3YIONME KOHCTaHTy (32
Outa), MOryT OBITH TONBKO B JIEBOW 4acTu. BenuywmHa caBura B
apu(METHKO-JIOTUYECKON OIlepallud HE CUUTAeTCs KOHCTAaHTOM, OHa
3aIUCHIBACTCS B MPABOM YacTH | €€ ToJie 3aHUMAaeT 6 pa3psoB.

Ecnu cunTakcuc ompenensier ToJIbKO MPaBylO 4acTh, B 3TOM ClIy4yae
pa3Mep UHCTPYKIMH HE OTPEIeNIeH U 0003HAYACTCS «-».

ITockonbKy MHCTPYKIMM IpOLECCOpa COJEpKaT JEBYI U IpaByIO
4yacTH, Ta KOMaHJa WIM olepanus, 0 KOTOpOHl UAET pedb B KOHKPETHOU
CTpOKE TaOJuIbl, MoA4YepkHyTa. He MoadepkHyThle 4YacTW HMHCTPYKLUU
NPEJCTABISAIOT COOON peanbHO BCTpEyarolluecsl ONepaluu, NpUBEACHHBIE
JUIS COXpaHEHMsI IPEACTABIIEHUS O €€ CTPYKTYpe.

Eciu He 0roBOpeHO CIEeIMaabHO, TO Ha MECTO aJpPECHOTO PErUCTpa,
UCIOJIB3YEMOr0 B ONMMCAHMKM CHHTAKCHYECKUX KOHCTPYKIIMHA, MOXKET OBbITH
MOCTaBJICH JIFO0O# aapecHblit peructp. To ke OTHOCHUTCSA K pErucTpam
00II1ero Ha3HAYEHHUS.

5.1.1 lNMycTasa komaHga

OMMCAHNE CUMHTAKCHC PA3SMEP | TUM

Ilycras xomanna

nul ; 1 33
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IMycras komMaHa nul Const; 2 3.4
Ilyctas komMaHZa B  JIeBOM  4YacTH nul with g ro += gr 1: i 3.3,
HHCTPYKIMU —_— 3.4
Ilyctas komMaHga B  JIEBOM  4YacTH g ro += gr 1- i 3.3,
uHCTpYyKIHH. (*) ? 3.4
Ilycras koMaHma B  JE€BOHM  4acTH nul Const with gr0 += gri; 2 3.4
HUHCTPYKIHH. _—

Ilyctas xomanma B TMpaBoO  4YacTH [ar0++] = groO; 1 3.3
uHCTpyKIHu. (*) ?

Ilyctas komanma B TpaBoOi  4acTH = — >> 0O- i 3.3,
HHCTpYKIHH. (**) with gro gri 0; 34

MpnmeyaHue Hnempykyuu, nomeuennvie snaxom (*), nokaseieaiom npumep

mo2o, 4mo 6 mex Cryuasx, Ko20a 8 NeGou Ulu Npagou 4acmu CHoum
nycmas onepayus u npu 3MmMom Opy2as 4acme UHCMPYKYUU He nycmd,
nycmas onepayusi Modjcem Ovlms ONyUWeHda.

MpumeyaHue B uncmpyxyuu, nomeuennou snaxom (**), moboti mun cosuea na
0 socnpunumaemcs xkax nycmas onepayus. Ilpu smom neob6x00umo
OmMemumy, 4mo_KONUPOBAHUs. 3HAYEHUsL Pe2UCIPd He NPOUCXOOUM, MO
ecmo pecucmp gr0 ne 6ydem pasen gril, e2o 3nauenue ocmanemcs mem
JHce, umo u 00 onepayuu.

5.1.2 KomaHabl YTeHUs1 N3 namsaTu

KOMaHIIa YTCHUA U3 MAMATHU MOKCT pacnoiaratbCia TOJbBKO B JICBOH
4acTH acceMOJIEpPHON MHCTPYKLIUH.

B rpade "CuHrakcuc KoMaHABI' MENKUM MIPUPTOM IOKa3aH
MIPUMEpP UCIIOJIb30BAHUS PacCMaTPUBAEMON OMEepallii B COCTaBEe CKaJSIPHOU
KOMAaH/IbI C HEIyCTOM IIPaBOM 4acCThIO.

OMNMNCAHNE CNHTAKCNC KOMAHAbI PASMEP|TUMM

IIpsimoe uTeHHMe H3 NaMATH B AAPECHBIN arO = [Const]; 2 1.2
peructp. ar0 = [Const] with grl = gr2 and

gr3;
[IpssMoe uTeHne U3 MaMsATH B PErUCTp OOLIETO gr0 = [Const]; 2 1.2
HA3HATCHHA. grO0 = [Const] with grl = gr2 A>>
[IpsimMoe uTeHHEe W3 MaMSITH B PETHCTPOBYIO arO,grO = [Const]; 2 1.2

*

mapy. (*) ar0,gr0 = [Const] with grl +=

gr2;
KocBeHHoe uTeHHME U3 HaMsITH B aAPECHBIN arO = [arl]; 1 1.1
peructp. arO = [arl] with grl -= gr2;
KocBeHHOoe uTeHHe M3 NaMATH B PETHUCTP gr0 = [arl]; 1 1.1
o01ero Ha3HAYCHUS.
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atrIX CripaBoYHOE PyKOBOZCTBO

gr0 = Jarl] with grl = not gr2;
KOCBEHHOE UTEHNE U3 [AMSATH B PETUCTPOBYIO ar0,gr0 = [arl]; 1.1
*
napy. (*) ar0,gr0 = Jarl] with grl += gr2;
KocBeHHOE YTEHHE M3 MAaMSTH B aIpecHBIH] arO = [gr4]; 1.1
peructp (ampecaumst mo peructpy o6miero ar0 = [gr4] with grl = —gr2:
Ha3HAYCHUS). ar0 = [gr4]
KocBeHHOE YTeHHE W3 TAMATH B PETUCTD| grO = [grl]; 1.1
obmiero Ha3Ha4YeHus (agpecalust Mo PerucTpy| r0 = [gri] with grl = gr2 << 10:
001IIero Ha3HAYCHHUS). gro = fori]
KoCBeHHOE YTeHHe U3 MaMATH B PETHCTPOBYIO) ar0,gr0 = [gri]; 1.1
napy (a/:[pecafm IO perucTpy obuiero ar0,gro = [gri] with grl = gr2 or
HasHaueHus). (*) gr3;
KOCBEHHOE 4YTE€HHE M3 NAMATH B aJpECHBIN arO = [arl++]; 11
PErUCTp ¢ MOCT HHKPEMEHTAIUeH ajapeca ar0 = [arl++] with gri -= gr2;
KocBeHHOE dTeHHME W3 MAMATH B PETHCTP grO = [arl++]; 11
001Iero Ha3HAYCHHS C OCT HHKPEMEHTALHEH gro = [arl++] with grl -= gr2:
angpeca _—
KocBeHHOE uTeHHE U3 TaMATU B PETHCTPOBYIO ar0,gr0 = [arl++]; 11
mnapy ¢ mocT HHeré\deIiTaHHeH ampeca. Azmpec ar0,gr0 = [arl++] with gri +=
yBenuuuBaeTcs Ha 2. (*) gra:
KocBeHHoe uTeHMe W3 HmamsATH B aApECHBIH] ar0 = [——arl]; 11
PErHUcCTp ¢ mpe JeKpeMeHTalHel aapeca ar0 = [--arl] with grl -= gr2:
KocBeHHoe uTeHHE M3 NaMATH B PETHCTP grO0 = [--arl]; 11
00lIero HazHaueHUs C Mpe JEKpeMeHTaIel gro = [--arl] with grl -= gr2:
ampeca _
KocBeHHOe uTeHHE U3 aMATU B PErHCTPOBYIO ar0,gr0 = [--arl]; 11
napy ¢ 1mpe ,HereMiHTaIII/IeI/I anpeca. Anpec ar0,gr0 = [--arl] with gri +=
yMeHbInaercs Ha 2. (*) gra:
KocBeHHoe uTeHMe W3 MaMsATH B aApPECHBIN arO = [ar1++gr1]; 11
PETHCTP © NIOCT MHKpEMEHTAMMeE a%peca Hal\ o _ ror14iar1] with grl -= gr2:
BENIMYUHY, 3alHCAHHYI0O B PErucTp oOmero
HazHaueHus. (*)
KoCBeHHOE UTEHHE W3 MaMATH B PETHUCTP grO0 = [arl++grl]; 11
001Iero Ha3HAYCHHS C TIOCT MHKPEMEHTAMMEH o) _ v g 0r1] with grl -= gr2:
agpeca Ha BENUYHHY, 3alUCAHHYIO B PETUCTP|
obmiero HaszHaueHust. (*)
Kocsennoe urenne u3 namsity B peructposyro|  ar0,grO = [arl++grl]; 11
mapy ¢ HOCT HHKPeMeHTalmen aapega H3 0r0,gro = [arl++gri] with gri +=
BEJIMYKHY, 3alMCaHHYI0 B DErHCTp OO6IIero ora;
Ha3HaueHus. (*)
KOCBEHHOE YTEHHE M3 NaMSTH B aJPECHBIH arO = [arl+=grl]; 1.1
PETHCTP ¢ Npe MHKpEMEHTAMEH anpeca HAl, o _ ror14-gr1] with grl -= gr2:
BEIIMYMHY, 3allMCAHHYI0O B PErUCTp OOMLIEro
nasHayenus. (*)
KoCBeHHOE UTEHHE W3 MAMATH B PETHUCTP grO0 = [arl+=grl]; 11
00LIero Ha3HAYCHHS C IMpe MHKPEMEHTAMMER o) _ v g =017 with grl -= gro:
agpeca Ha BENUYMHY, 3aIHCAHHYIO B PETUCTP|
®
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obitero HasHayenus. (*)
Kocsennoe utenne u3 namsty B peructposyrol  ar0,gr0 = [arl+=grl]; 1 1.1
mapy ¢ Ope WHKPEMEHTalueil aapeca Hal ar0,gr0 = [arl+=gri] with gri +=
BEIMYMHY, 3aMHCAHHYI0O B PErucTp 00IIero gre;
Ha3HaueHusl. (*)
KOocCBEHHOE UTEHHE M3 MAMATH B aJPECHBI ar0 = [arl=gril]; 1 1.1
PErHCTp ¢ NPEABAPUTENBHON 3amHCHIO B 0 [arl=gri] with gri -= gr2:
aJIPECHBIN PETHCTp aiapeca, XpaHsIIErocs B
MApHOM perucTpe oouero HazHaueHus. (*)
KOCBEHHOE YTEHME W3 TAMATH B PETHCTD grO = [arl=grl]; 1 1.1
o0liero HazHAYCHUS © TPEABAPHTENBHOM () _ 1o 1-0117 with grl -= gr2:
3alMChI0 B aJPECHBId PErucTp ajapeca,
XPAHAIIETOCS B IAPHOM pETHCTpPe 00mLIero
HasHayenus. (*)
KocBeHHOE uTeHHE U3 TAMATH B PETHCTPOBYIO ar0,gr0 = [arlzgrl]; 1 1.1
mapy ¢ TpEABAPUTENLHOH  3alNChIO B ar0,gr0 = [arl=gri] with grl +=
aJIpeCHBIl PErHCTp ajpeca, XPaHsIIErocs B gra;
MapHOM perucTpe oomero HasHaueHus. (*)
KOCBEHHOE YTEHHE M3 MaMATH B aJPECHBIN ar0 = [arl=Const]; 1 1.1
PErHCTp ¢ MPEABAPUTENBHON 3amuchio B . o [arl=Const] with grl -=
aIpeCHBIl  perucTp  azapeca,  3aJaHHOIO| gra:
KOHCTAQHTHBIM BBIPOKCHUEM.
KoCBeHHOEC dYTeHHe W3 NaMATH B PETUCTP grO0 = [arl=Const]; 1 1.1
o0liero HazHAYCHUS © TPeBAPHTENBHOM () _ 1o 1-Const] with grl -=
3allMChI0 B aJAPECHBId PErucTp ajapeca, gra:
3aJAHHOTO KOHCTAHTHBIM BBIPAKCHUEM.
Kocennoe urenne u3 namsty B peructposyrol ar0,gr0 = [arl=Const]; 1 1.1
mapy ¢ - MpeBAPUTENbHOM  3AMCHIO B, 016 _ ari=Const] with grl +=
aIpecHbIi  pEermcTp  ajpeca,  3aJaHHOIO gra;
KOHCTaHTHBIM BeIpakeHueM. (*)
KocBeHHoe uTeHHMe U3 HaMsITH B aAPECHBIN arO = [arl+=Const]; 1 1.1
pETUCTp C TIpe MHKPEMEHTAlUeH ajapeca Haj ar0 = [arl-=Const];
BEJIMYUHY KOHCTAHTHOT'O BBIPYKCHHMSI. i

ar0 = [arl+=Const] with grl -=

grz;
KOCBEHHOE YTEHHE W3 HaMATH B PETHCT gr0 = [arl+=Const]; 1 11
00IIero Ha3HAuCHHUsA C Ipe MHKpEeMEeHTaIneH gr0 = [arl-=Const];
amgpeca  Ha  BENMYMHY  KOHCTaHTHOIQ _ _ N _
BBIPAKEHHS. gro = [ar1+—ConsF] with grl -=
gr2;

Kocennoe urenne u3 namsity B peructposyrol ar0O,grO0 = [arl+=Const]; 1 1.1
napy C Ipe HHKpEMEHTalueH ajpeca Ha ar0,gr0 = [arl-=Const];
BEJIMYMHY KOHCTAHTHOTO BBIpaKeHHs. (*) )

ar0,gr0 = [arl+=Const] with grl;
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MpumeyanHue

MpumeyvaHune

B uncmpyxyusix, nomeuennvix snaxom (*), ucnonvsyromes pecucmpogoie

napol. OHu 06pa3yIOMCs AOPECHLIM Pe2UCMPAMU U PeUCMpamu 0oue2o
HA3HAYeHUsl ¢ OOUHAKO8bIM HOMepamu, Hanpumep, (ar3, gr3) umw (arb,
gr5). Pecucmpovr ¢ pasubimu HOMepamu He MO2ym 00pA306bI6AMb
peaucmposylo napy. Pecucmposas napa cooepocum 64-x paspsaonoe
€060, MAAOULAS YACTb COOEPHCUMCS 8 AOPECHOM pecucmpe, Cmapuids 8
peaucmpe obwez2o HaszHavenus. bonee nodpobmyro umgopmayuro o
peaucmposwvix napax cm. ¢ 3.1.3 .

pe2ucmpom NPUEMHUKOM.

5.1.3 KomaHabl 3anucu B namMsATb

Tun xomanowl yumenus: umenue 64 oum wiu 32 6uma, onpedeisemcs

KOMaH,Z[a 3alIMCU B IIaMATb MOXCT pacrojiaraTbCs TOJIBKO B JICBOU
4acTH acceMOJIEpHON MHCTPYKLIUU.

B rpade "Cunrtakcuc komaHapl' MeENKUM MpuU(TOM TMOKa3aH
MpPUMEP HUCIIOJIIB30BAHUS pacCMaTPUBAEMOM OMEpallii B COCTaBE CKASIPHOU
KOMAaH/JIbl C HEIIyCTOM ITPaBOM 4aCThIO.

atrIX CripaBoYHOE PyKOBOZCTBO

OMNCAHNE CNHTAKCNC KOMAHAbI PASMEP| TUMM
Ipsmas 3anmuMch B TaMaTh M3  aAPECHOTO [Const] = arO0; 2 1.2
pernctpa. [Const] = ar0 with grl = gr2 and
gr3;

IIpsimass 3amuMce B HaMsITh M3 PErHCTPA [Const] = grO; 2 12
00111er0 Ha3HAYEHHS. [Const] = grO Wi1_:h gri = gr2 A>>
IIpsimast 3amuce B MaMATh U3 PErHCTPOBOU [Const] = ar0,gro0; 2 12

*
mapet. (*) [Const] = ar0,gr0 with grl +=

gr2;

KocBennas 3amuck B MaMATh U3 aJpEeCHOrQ [arO] = arl; 1 11
pernctpa. [ar0] = arl with grl -= gr2;
KocBennas 3amuch B maMsATh U3 PErucTpa [arl] = grO; 1 11
0bIIero HasHAuCHHS. [arl] = grO with grl = not gr2;
KocBeHHast 3aICh B aMATh U3 PETUCTPOBOA [arl] = ar0,grO; 1 11

*
mapsr. (*) [arl] = ar0,gr0 with grl += gr2;
KocBeHHast 3amuCh B TAMATH U3 aJPECHOrO) [gr0] = ar4; 1 1.1
peructpa (agpecaiysi O PETHCTPY OOIIEro] ro] = ar4 with grl = —gr2:
Ha3HAYCHUS). [gr0] = ar4 ’
KocBeHHast 3amuch B MaMATh U3 PETHCTPaA [grO0] = gri; 1 1.1
obmero  HasHaueHwst  (agpecanus IO 01 = arl with arl = ar2 << 10-
pErUCTpy 00IIEero Ha3HAYCHMU) 9 9 i

®
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KocBenHas 3anuce B NaMsITh U3 PETUCTPOBOY [grl] = ar0,groO; 1 11
napsl (a;[pecafm 00 perucTpy oomiero) [gri] = ar0,gr0 with grl = gr2 or
HasHayenus). (*) gr3;
KocBenHas 3amuch B MaMATh U3 agpeCHOrO [arO++] = arl; 1 11
PETHCTpa C TIOCT MHKPEMEHTAIIKEH ajipeca. [ar0++] = arl with grl -= gr2:
KocBenHas 3amich B MaMATh M3 PETHCTPA [arl++] = grO; 1 11
00IIIET0 HA3HAYEHUS C TIOCT MHKPEMEHTAIKEH [arl++] = grO with grl -= gr2:
anpeca. larl++] = gr0 g gr2;
KocBenHas 3amuich B MaMsTh U3 PETUCTPOBOM [arl++] = ar0,gro0; 1 11
mapsl ¢ MOCT WMHKPEMEHTAIMEl ajpeca. _ . _
1++] = h 1 +=

Anpec ysenuunBaetcs Ha 2. (*) [ari++] arOg,'gzr_O with or
KocBeHHast 3amuch B mamsTh U3 aJpECHOrO) [——arl] = arO; 1 11
pErKCTpa ¢ Ipe JeKpeMeHTalrei aapeca. [--arl] = ar0 with grl -= gr2:
KocBeHHasi 3amuch B MaMsTh W3 PETUCTPa [--arl] = grO; 1 11
00IIEero Ha3HaueHus C Mpe JeKpeMeHTaIuel [--ari] = grO with grl -= gr2:
azpeca. —_— 7
KocBeHHast 3aIMCh B IaMATh M3 PETHCTPOBOH] [--arl] = ar0,groO; 1 1.1
napsbl ¢ Ipe JeKpeMeHTauuen ajapeca. Anpec [--ar1] = ar0,gr0 with grl +=
yMmeHbLIaetcs Ha 2. (*) g,r2 =
KOoCBeHHAs 3aIHCh B NAaMATh M3 afpECHOro [arl++grl] = arO; 1 11
PErHCTpa C MOCT WHKDEMEHTALNEH afpeca Hal v 1,013 = ar0 with grl -= gr2:
BEJIMUKHY, 3QMHCAHHYI0 B PErUCTP OOIIEro
nasHayenus. (*)
KocBenHas 3amich B MaMATh M3 PETHCTPA [arl++grl] = grO; 1 11
:6H1er0 Ha3HAYEHHS C MOCT HHKPEMEHTAWMEH| 1 1,019 = gr0 with grl -= gr2:
Jpeca Ha BENIMYHHY, 3aIlHCAHHYIO B PETHCTP|
o6itero HazHayenus. (*)
Kocennast 3anuch B mamsts u3 perucrposoil — [arl++grl] = ar0,grO; 1 11
mapsl ¢ MOCT MHKPEMEHTAlWell ajgpeca Ha [arl++gri] = ar0,gr0 with grl +=
BEJIMYKHY, 3allMCaHHYI0 B PErHCTP OO6IIEro gra;
Ha3HaueHusl. (*)
KocBeHHast 3amiCh B NAMATh M3 AJPECHOTrO) [arl+=grl] = arO; 1 1.1
};:;I::ITHT ¢ Tpe MHKPEMCHTAICH az(pe60a " rar1+=gri] = ar0 with grl -= gr2;

y, 3alUCAHHYIO B PErUcTp OOIIEro
Ha3HaueHus. (*)
KocBeHHast 3amich B IaMsTh H3 PErHCTPa) [arl+=grl] = groO; 1 11
00IIEro Ha3HAueHHs C NPe MHKPEMEHTALKEH [arl+=gri] = gr0 with grl -= gr:
aJpeca Ha BEMYUHY, 3AIIMCAHHYIO B PETHUCTP|
obiero HasHayenus. (*)
KocBennast 3anuch B mamsts u3 perucrposoiil  [arl+=grl] = ar0,grO; 1 11
mapsl ¢ Ope HHKPEMEHTAlued ajpeca Ha [arl+=gri] = ar0,gr0 with grl +=
BEJIMYKHY, 3allHCaHHYI0 B PETUCTP OOIIEro gre;
nasHayenus. (*)
KocBennas 3amuch B MaMATh U3 aJpeCHOrQ [ar1:g I"l] = ar0; 1 11
pETHCTpa C MpeABAPUTENBHON 3alUChI0 B [arl=gri] = ar0 with grl -= gr2:
aI[PECHBII PErHCTp aapeca, XPaHsIerocs B g g gres
MapHOM peructpe oomero HasHaueHus. (*)
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KocBennas 3amuce B maMsThb U3 PErHCTPA [arl=grl] = grO; 1 11
o0mIero HazHa4CHUsI C MPEBAPUTEIBHON| o1 011 = gro with grl -= gr2:
3alMChI0 B aJPECHBIl perucTp anpeca,
XPAHSAIIEroCss B IAPHOM PErHCTpe 0O6IIero
Ha3HaueHus. (*)
Kocsennast 3anucb B namsts u3 peructposoiil — [arl=grl] = ar0,grO; 1 1.1
MapHl ¢ NPEIBAPMTENRHOM 3AIMCEIO Bl Lo o011 = a4r0,gr0 with grl +=
aIPECHBIA PETHCTP ajpeca, XPAaHSIIErocs B or2;
MapHOM perucTpe 00IIero HazHadeHus. (*)
KocBeHHas 3amyuch B MaMATh U3 aJPECHOIO [arl=Const] = arO; 2 1.2
PErHCTPa ¢ NPENBAPUTENBHOM 3AMMCHIO B o _ 1o 1 const] with grl -=
ampeCHBI  PErucTp ajzpeca, 3agaHHOTO gra:
KOHCTAHTHBIM BBIP)KCHHEM.
KocBennas 3amuce B maMsTh U3 PErHCTPA [arl=Const] = grO; 2 12
o0mIero HazHa4YCHUsI C MPEMBAPUTEIBHOM| o1 o] = gro with grl -=
3alMChI0 B aJPECHBIl perucTp anpeca, gr2;
3a/JAHHOTO KOHCTAHTHBIM BBIPAXKEHUEM.
Kocsennas 3anucs B namsts u3 peructposoiil  [arl=Const] = ar0,grO; 2 2
mapel  © - NPENBAPUTENBHON  3AMMCEIO B o1 conct] = ar0,gr0 with grl +=
aJpeCHBIl  PerucTp ajapeca, 3aJaHHOTO gr2;
KOHCTAaHTHBIM BBIpaXeHUEM. (*)
KocBeHHas 3alKCh B NaMATh U3 aipPECHOTrO [arl+=Const] = arO; 2 1.2
perucTpa ¢ npe MHKpeMeHTalel aapeca Haj [arl—:Const] = arO;
BEIIMYUHY KOHCTAHTHOTO BBIPAKCHHS. i

[arl+=Const] = arO with grl -=

grz;

KocBennas 3amich B MaMsATh M3 PETHCTPA [arl+=Const] = grO; 2 1.2
00LIero Ha3HAUCHHS C IPe MHKPEMCHTAIUEH] [arl-=Const] = gro0;
agpeca  Ha  BENMYHHY — KOHCTAHTHOTO _ _ i _
BBIPAVKEH. [arl+=Const] érgro with grl -=
Kocsennast 3ammcs B mamsits u3 perucrposoil [arl+=Const] = ar0,gr0; 2 1.2
Imapel ¢ Ipe WHKPEMEHTAWeH azpeca Ha [arl-=Const] = ar0,gro;
BEJIMYMHY KOHCTAHTHOTO BRIpaxeHwus. (*) )

[arl+=Const] = ar0,gr0 with grl;

MpnmeyaHue

MpumeyaHue

B uncmpyryusix, nomeuennvix snaxom (*), ucnonvsyromes pecucmpogoie

napot. Onu 00pazyromes A0PecHbIM peucmpamu U pecucmpam ooue2o
HA3HAYEeHUsl ¢ OOUHAKOBbIM HOMepamu, Hanpumep, (ar3, gr3) umw (arb,
gr5). Pecucmpvr ¢ pasubimu HOMepamu He Mo2ym 00paA306bI6aAmb
peaucmposylo napy. Pecucmposas napa codepoicum 64-x paspsonoe
CII080, MAAOUWIASL HACTb COOEPAHCUMCS 8 AOPECHOM pecucmpe, Cmapuids 6
peeucmpe o0bwe2o HasHavenus. bonee nodpobmyro ungopmayuio o

Pe2UCmpossiX napax cm.

63.13 .

pecucmpom UCmo4YHUKOM.

Tun xomanowl umenus. umenue 64 oum umu 32 6uma, onpedensemcs

[G]

atrIX CripaBoYHOE PyKOBOZCTBO
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5.1.4 KomaHabl paboTbl CO CTEKOM

Komanisr paboThl CO CTEKOM MOT'YT PacrojiaraTthCsi TOJBKO B JICBOU
YacTH acceMOJIEPHOW HHCTPYKIMH. B cTeke MOTyT ObITh COXPaHCHBI U
BOCCTAHOBJICHBI TOJILKO 3HAYEHHS PETHCTPOB JOCTYIMHBIX KaK MO YTEHHIO,
Tak ¥ 1o 3amucu (cM. Taom. 5-1).

B rpadge "Cunrakcuc xomaHzapl" MeNKUM HIpU(TOM TOKa3aH
IPUMEP MCIIOJIb30BaHMsI pPACCMATPUBAEMOI OllEpallui B COCTAaBE CKASIPHOM
KOMaH/Ibl C HEITyCTOH MpaBoii 4acTbIO.

OMNCAHNE CNHTAKCKNC KOMAHbI PASMEP| TUIN

3amuch aApecHOr0 pErucTpa B  BEPIIHHY| push arO; 1 1.1

cTeKa. push arO with gr7 = grl + gr2;

3amuce perucTpa OOIIEro Ha3HAYCHUS B push groO; 1 11

BCPLIAHY CTCKa. push grO with gr7 = gro;

3anuch PErucTpOBOM Mapbl B BEPLIUHY) push ar0,grO; 1 11

*
crexa.(*) push ar0,gr0 with grl = not gril;

UreHue aapecHOro pErucTpa W3 BEPIIUHBI pop arO; 1 11

CTCKa. pop ar0 with gr7 = gr0 << 2;

Urenue peructpa oOmeT0 Ha3HAUCHUS U3 pop groO; 1 11

BEPIIUHBI CTEKA. o rO with gr7 - grO;

UreHue perucTpoBoil mNapbl U3 BEPILUHBI pop ar0,groO; 1 11

*
crexa.(*) pop ar0,gr0 with grl += gr2;

VY naneHue 3Hau€HUs U3 BEPIIUHBI CTEKA. Pop; 1 11

pop with gr7 += grO;

lMpumevanve B uncmpykyuu, nomeuennvie snaxom (*), coxpamsiom 6 cmeke 64-x

paspsouvlie C108a, 6ce20a OCMAGIAA YKA3amelb HA BEPUIUHY CMmeKd
yemnvim. Tpebosanue uemHoCmu BepulHbl CMeKa B03HUKAEm U3 Mo2o,
Umo 8 ciyuae NPepuleaHUsl U 6036pAMA U3 He20 NPOSPAMMA MOdiCem
BEPHYMbCA 8 NPABUNILHOE MECMO MOJbKO NPU YCI08UU, YMO YKA3amelb
cmeKka 8 mMomenm npepvigaHusi 0vl1l yemHviM. IlockonvKy npepwvisanue
Modcem  CAyHUmvbCs 8 000U MOMeHm, CmeK 6ce20d HeodXo0uUMo
Ooepacamov  yemnvimM. Omcioda npeonoumumenviee npu pabome co
cmeKom UCNOIb306AMb UHCMPYKYUU, coxpansowue u
80CCMAHABIUBAIOWUE PE2UCTIPOBLLE NADYL.

5.1.5 KomaHgbl KonMpoBaHUst permcTpos

Komannpl komupoBaHUsi MPOU3BOAST MPOCTOE KOMUPOBAHUE
3HAQYEHUsS W3 PETUCTpPa-UCTOYHUKA B PETUCTP-NPUEMHUK. B KadecTBe
pPErUCTpa-UCTOUYHMKA MOXKET BBICTYIATh JIIOOOH perucTp mnporeccopa,
JOCTYIHBIN O YTEHHIO, B KAU€CTBE PETUCTPA-TMIPHEMHHKA JIF000H peructp,
JIOCTYITHBIH T10 3aIUCH.
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Ilepecvinka «namamo-namsamo» He NOO00ePICUBAEMCS NPOYECCOPOM.
Konupoeanue xoncmanmei 6 pecucmp HA3616AEMCA: SUHUYUATUZAYUSL
peaucmpa koncmanmou» (cm. 5.1.6).

MpumeyanHue

B Tab6n. 5-1 npuBOAUTCS CHUCOK PETHUCTPOB M PETHUCTPOBBIX Map
npoueccopa NM6403, mocTynmHbIX Kak [0 YTEHUIO, TaK U [0 3aIUCH:

Tabsi. 5-1 PermcrTprl M peruMcTpoOBEE Napk, OOCTYyHOHEE 0O uTeHuiof 3anmcu.

KOMNPOBAHWE 32-PA3PAOHBLIX KOMNPOBAHWME 64-PA3PAOHBLIX
CJ10B CJi10B
aro, gro, (ar0, gr0),
ar%iép) é}% (arf:.gr7)
iccO ica0 (icc0, ica0)
iccl ical (iccl, ical)
occO ocal (occ0, oca0)
occl ocal (occl, ocal)
t0 tl (to, tl)
pswr pc (pswr, pc)
Imicr gmicr -

JIro00ii U3 perucTpoB, MPUBEIACHHBIX B KojoHKe "KommpoBanue 32-
pa3psAIHBIX CJIOB" MOXET OBITh KaK pPETUCTPOM-HCTOYHUKOM, TakK |
PETUCTPOM-TIPUEMHHKOM, TO JK€ CaMO€ MOXXHO CKa3aTh O PETUCTPOBBIX

napax.

B Ta6m. 5-2. mpuBoguTcs crimcok peructpoB mporeccopa NM6403,
JOCTYIHBIX TOJIBKO TIO 3aIUCH:

Tabsn. 5-2 Perwucrprl, HOCTYMIHEE TOJBKO IIO BalMCH.

3AIMNCH 32-PASPAOHBIX CJ1OB SAIMNCH 64-PASPAOHbBIX CITOB
nbll nblh nbl
sbl sbh sb
flcrl flcrh flcr
f2crl f2crh f2cr
vrl vrh vr

B pa3spsia 1ocTynmHBIX TOJIBKO MO 3alUCH MONAAaroT CIEHUaTbHbBIE
BEKTOPHBIM  IIPOLIECCOPOM.
paspsaHble, MOATOMY JUIsl JIOCTyNa K HHUM IPEAyCMOTPEH OTAENbHBIH
JOCTYH K UX MIJIAJIIMM M CTapIIUM 4YacTsM. Bce muaiire 4acTi moMeUYeHbl

pEerucTpsl

nHaekcoM I, crapmme naaexkcom h.

yIIpaBJICHUS

Bce

oHU 64-x

[G]
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EnVMHCTBEHHBIH perucTp, JOCTYMHBIA TOJBKO MO YTEHHIO - 32-X
paspsaaHbIA INntr.

Komanapl konmupoBaHusi perucTpoB MOTYT PacrioyiaraTbCsi TOJIBKO B
JIEBOM YacCTH acceMOJIEpHOIM MHCTPYKIIHH.

B rpage "Cunrakcuc KoOMaHAbI' MEIKUM HIPUPTOM TOKa3aH
pUMEp HCIIOJIb30BAHMS pACCMATPHBAEMOM OTIEPallii B COCTABE CKAISIPHOU
KOMaH/Ibl C HEMyCTOM MPaBOW YaCThIO.

OMNUCAHME CVMHTAKCNC KOMAHbI PA3MEP| TWUIN

Konupoanue 3HaYeHuit aJIpeCHBbIX] ar2 = ar0; 1 2.1

PETHCTPOB B anmpecHblit peructp. (*)
ar2 = ar0O set;

ar2 = arO with grl = gr2 and gr3;

Konuposanue 3HAYEHHUSI aJIpecHoro grO = ar3; 1 2.1

perucrpa B periuctp oOIero Ha3HaYeHUsl. gro = ar3 with grl = gro A>> 1

KonmpoBanne 3HaueHHMs perucTpa OOIIero| ar0O = gr5; 1 21

Ha3HAYEHUS B aJAPECHBIH peructp. (**)
P peretp arO0 = gr5 set;

ar0 = gr5 with grl = grO and gr5;

KonmpoBanne 3HaueHHWs] perucTpa OOIIero| gr0 = gr5; 1 21

Ha3HAUCHUs B PETHCTP OOIIEro Ha3HAYCHUS. r0 = gr5 with grl = gr0 or gri;

KonmpoBanue 3HaYeHHs] PErHCTPOBOM Maphl arO,grO = ar4,gr4; 1 2.1

B PerHCTPOBYIO Mapy. ar0,gr0 = ar4,gr4 with not gri;

KonupoBaHue  3HaueHUs aJpecHoro arO,grO0 = ar5; 1 2.1
perucTpa B perucrpoByio mapy. OmHO H
TOXe 3HAUEHHE KOMMpyeTcs B 06a perucrpa.

()

ar0,gr0 = ar5 with gri++;

KommpoBanne 3HaueHHs perucrpa oOIIEro arO,grO = gr4; 1 21
Ha3HA4YCHUs] B PErucTpoByo mapy. OmHo H

ar0,gr0 = gr4 with gr2 = grl — 1;
TOXKE 3HAUCHUE KOMMpPYeTcsl B 00a perucrpa——— ———— —

()
Konupoasue 3HAUEHHS aJIPecHOTO nbll = ar5; 1 2.1
perucTpa B MIiajmiyro/crapiryio 9acth (32

OuTa) CIEHAIBHOTO BEKTOPHOIO PETHCTPA|
YIpaBICHHUS.

nbll = ar5 with gr0 += gril;

KonmpoBanue 3HaueHus perucrpa oOIIero] vrh = gr4; 1 21
Ha3HAYCHUsI B MITA IITYIO/CTapINyIO YyacTh (32
OWTa) CIELHAIBHOTO BEKTOPHOIO PETHCTPA|
yIIpaBICHHS.

vrh = gr4 with grl = grl << 3;

Konuposanue 3HAYCHHUS aJIpECHOTO| sb = ar5; 1 21
perucTpa B CICLMAIBHBIA  BEKTOPHBIN
peructp yrpasienus (64 6ura). Crapimas u
MJIaIIast 9aCTh BEKTOPHOI'O PErUcTpa Mocie
BBITIOJIHEHHS OTIEPAIIMH UMEIOT OJTHO U TOXKE
3HaueHue. (**)

sb = ar5 with grO -= gril;

KonupoBaHue 3HaueHHs PErUcTpa OOIIEro flcr = gr4; 1 2.1
HasHAYeHUs B CIEHMANBHBIA  BEKTOPHBIM

peructp ynpasieHus (64 6uta). Crapmas u Ticr = gr4 with grl = not gri;
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MJIaJIIasi 4acTh BEKTOPHOTO PETHCTpa IOCIE]
BBITIOJTHEHHS OTIEPAIMH HMEIOT OTHO U TOXKE
3HauyeHue. (**)

KonuposaHue 3HauYeHHs PErdUCTPOBOIl Maphl nbl = ar5,gr5; 1 2.1
B CHEHMANbHBIA  BEKTOPHBIA  PETUCTP
yrpasiienus (64 6uta). 3HaUCHUE aIPECHOTO
perucrpa KOMUPYeTCsi B CTAPIIYIO YacTh.

nbl = ar5,gr5 with gr0O -= gri;

KonmupoBanue  3HaueHUs  CHEIMATIBHOIO] ar5 = Imicr; 1 2.1
PETHCTpa B aAPECHBINA PETHCTP. ar5 = Imicr with gro = - gri:
Konmupopanue  3HaYeHUs  CHELUAILHOIO gr7 = ti; 1 2.1

perucrpa B peructp oOIero Ha3Ha4eHusl. gr7 = t1 with grl = not gri;

KomupoBanue  3HA4YEHUA  CIENUAIBHOTO ar5,gr5 = i1cal; 1 2.1
perucTpa B perucTpoByro mapy. OnHO H|
TOKe 3HAYEHHME KOMUpPyeTcs B 00a perucrpa.

(**)

ar5,gr5 = ical with gr0 = - grl;

MpuMeYyaHue B uncmpyKkyusx KORUPOBAHUS Pe2UCMPOM-APUCMHUKOM U DPeSUCmpPOM-
UCMOYHUKOM MO2Yym Oblmb_jilo0ble a0pecHble pe2ucmpobl He3d8UCUMO OM
Mo20, NPUHAONLEHCAM OHU OOHOU UIU PA3HBIM PeSUCMPOBLIM 2PYANAM
(cm. 3.1.1. AgpecHble perncTpsi).

MNpumeyaHue B uncmpykyusx, nomeuennvix 3naxom (*), oonornumenvHo K 00bIYHOU
popme npuceausanus, 3anucvliéaemoli gvipaxcenuem ar0 = ar2, moowcem
Ovimb ucnonvsosan cneyuanvhvii cyggurc Set. On ucnonvzyemcsa 0
moz2o, ymobvl NOKA3aMb, YMO OAHHASL KOMAHOA ABIAEMCS KOMAHOOU
KONUPOBAHUsL 8 OmMau4ue Om KOMAHObl MOOUDUKAYUU AOPECHO20
peaucmpa, Komopasi cCoomseemcmayem opy20u MauluHHOU KOMAHOe, XOms
no cymu evinoansem me e oevicmsus. Cypgurc Set moocem Ovimo
onywje,  NOCKOIbKY  accembnep, — 6cmpemug  mMaxyilo — CHPOKY,
Mpanciupyem ee ¢ KOMaHoy KONUpOo8aHusi.

MNpumeyaHwe B uncmpykyusix, nomeuennvix 3uaxom (**), npoucxooum konuposanue
32-x paszpsaodnozo pecucmpa 6 64-x paspsaousiil unu 8 pecucmposyro napy.
Ilpoyeccop, 6cmpemus maxyio UHCMPYKYUIO, KONUPYem COOepAHCUMOe
32-x paspsonoco pecucmpa-ucmouHuka Kak 6 MAAOwio, MaKk u 8
cmapwyto  yacmv  64-x  paspsoHoco pesucmpa-npuemMHuKa, Uil 8
0O0HOBPEMEHHO 6 00a pecucmpa pe2ucmposoll napbi.

5.1.6 KomaHapbl HMymanusaumnm perncTpoB KOHCTaHTaMM

KoMaHapl  WHHIMATM3AIMd  PETHCTPOB  KOHCTAHTAMH WU
KOHCTAaHTHBIMU BBIPOKCHHSIMU TIEPEChUIAIOT 32-X OWUTHYIO KOHCTaHTy B
pETUCTp-TIPUEMHUK. B KauecTBe perucrpa-mpueMHHKa MOXKET BBICTYIATh
mo00i peructp, moctynHbiii mo 3amucu (cM. Ta6m 5-1 u Tabm 5-2 B
NPEIBIAYIIEM MYyHKTE).

@
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KoManapsl UMHUIMAIW3aLlMA  PETUCTPOB  KOHCTAHTAMHM  MOTYT
pacrioyiaratbCsi TOJIBKO B JIEBOM YacTH acCeMOJIEPHON HHCTPYKIIHH.

B rpadge "Cunrakcuc xomaHzpl" MeNKUM HIpU(TOM TOKa3aH
IPUMEP MCIIOJIb30BaHMsI pACCMATPUBAEMOM OllEepallui B COCTAaBE CKASIPHON
KOMaH/Ibl C HEITyCTOH MpaBoii 4acTbhIO.

OMNMNCAHNE CNHTAKCNC KOMAHObI PASMEP| TUIN

WHunpanusanyss  KOHCTaHTOH  aJpecHOro| ar2 = Const; 2 2.2

peructpa (*) ar2 = Const set;

ar2 = Const with grl--;

Wuunuanusaiuss  KOHCTAHTOH  peructpal grO = Const; 2 2.2

001ero HasHaICHHUA. gr0 = Const with grl = gr0O A>>

1;

WHunuanu3anys  KOHCTaHTOH — PErHcTpOBOH ar2,gr2 = Const; 2 2.2
* %

mapsi. (**) ar2,gr2 = Const with gril++;
Mavnuanusanus KOHCTAHTOM  CIIEMAJIBbHOIO) occl = Const; 2 2.2
peructpa. occl = Const with grl = - gr2;
VHAManm3ais KOHCTAHTOM]| sbl = Const; 2 2.2
miammeii/craprre#t wactu (32 Gwura) gr0 = Const with grl = gro >>
CIIELUAIBHOTO BEKTOPHOTO peruetpal T q5-
yIpaBJCHUS.
Mavmnamusanusa 32-X OWTHOM KOHCTAHTOM nbl = Const; 2 2.2
CIIELUAIBHOTO BEKTOPHOTO perucTpa

ynpassicHus, (64 Gura ). (*) nbl = Const with grl = gr2 - 1;

Mpumevanve B uncmpykyuu, nomeuennou snaxom (*), donoarHumenvHo K 06bIYHOLU
@opme npucsausanus, 3anucvieaemoli ewvipasxcenuem ar0 = Const,
Moxcem — Oblmb  UCNOAL306aH — cheyuanvhvill  cypguxc Set.  Owu
ucnonv3yemcs Oisi mMo20, 4modbl NOKA3amMb, YMO OAHHASL KOMAHOA
ABNAEMCA  KOMAHOOU — KONUPOBAHUA 6  OmMaudue om  KOMAHObL
MoOougukayuu aopecho2o pesucmpa, Komopds coomeemcmasyem Opy2oll
MAWUHHOU KOMAHOe, XOms MO CYymu 6bINOJHAem me e OeuCmsUs..
Cyghghukc set moowcem 6vimsb onywer, NOCKOIbKY accemonep, 6CMpemus
MAaKyo CMpoKy, MpaHciupyem ee 8 KOMAHOy KONUPOBAHUSL.

Mpumevanne B uncmpykyusx, nomeuennvix 3uaxom (**), npoucxooum konuposarue
32-x paspaouoi koucmaumel 6 64-x paszpsouvil pecucmp Ul 8
peaucmposylo  napy. Ilpoyeccop, ecmpemue maxyio UHCIPYKYUIO,
KONupyem KOHCMAHMy KaK 6 MIAAOULyl0, maK u 6 cmapuiylo dacmo 64-x
PA3PAOH020 pecucCmpa-npuemMHuka uiu 6 0ba pesucmpa pecucmposoll
napeoi.
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5.1.7 KomaHabl mogmdukaumm agpecHblX permcTpoB

Komanna Moaudukanuy apecHOTO PEerucTpa MOKET pacroiaraTbes
TOJIBKO B JICBOM YacTH acceMOJEPHOU HHCTPYKIIUH.

B komanmax MomupuUKanuu agpecHOr0 pPErucTpa BaXKHYK pOJIb
uMeeT pa3OueHHe anpecHbIX peructpoB Ha rpymmbel (cm. 3.1.1). Bce
aJIpeCHbIC PErHCTPhl Pa30HMTHI HA JIBE IPYMIIbI, T.K. MPOLECCOp MMEET JiBa
reneparopa anapecoB (DAG). K mepBoii rpymme OTHOCATCS PETHUCTPHI
ar0, ...,ar3, ouu coorBerctByloT DAGI, a ko BTOpOIi ar4, ... ,ar7,
oHu cooTBeTcTBYIOT DAG2 cMm. Puc. 1-3 brnouyHast cTpyKkTypa CKaJIIpHOTO
nporieccopa NM6403.

B KOMaHJIEC MOI[I/IQ)I/IKEU_H/II/I MOTYT BCTPEYATHCA TOJIBKO aApCCHBIC
PETUCTPBI U3 OJHOM IPYIIbI, HAPUMEDP, KOMaHIA
arO = ar2+gr2; // npaBuibHas KOMaHOa

SIBJISIETCSI KOPPEKTHOM, TOT/Ia KaK KOMaHAa
arO = ar4d+gr4; // oumbounas koMaHIa

He OyJeT mporyiieHa accemonepoM u OyaeT paccMaTpuBaThCs, Kak
OILIMOOYHAS.

Paznenenme Ha rpymmel  HE  KacaeTCsl PETHCTPOB  0OIIero
Ha3HA4YeHUs, TO €CTb JIOOOW aJgpecHbId pEerucTp MOXKET OBITh
MOJIU(UIIMPOBAH JTIOOBIM PETUCTPOM OOIIEro Ha3HAYCHHS.

B rpage "CuHTakcuc KOMaHABI' MEIKHM MIPUPTOM TIOKa3aH
IpUMep UCTIONB30BAHUS PACCMAaTPUBAEMON OTEPALMH B COCTABE CKAJIIPHON
KOMaH/IbI C HEITyCTOU MPaBOi YacThIO.

[G]
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ONUCAHME CVHTAKCNC KOMAH[bI PASMEP| TUIN

Mopuduranus aNpPECcHOro peructpa ar3 = ar0O addr; 1 31
3HAYEHUEM JPYTOTO aapecHoro perucrpa.(*)

ar3 = ar0 addr with grl = gr2 and
gr3;

Mopuduranus aNPECHOro peructpa ar0 = gr7 addr; 1 31
SHACHICM " peractpa obmero ar0 = gr7 addr with grl = gr2 xor
HasHayenus. (*) gr3;
Momudukanust aJIpeCHOTO perucTpal ar5 = ar6+gro6; 1 3.1
3HA'EHHEM CYMMEI DETHCTPOB DETHCTPOBOM o _ ;16,06 with grl = gr2 -
Hapsl. T
Monmudukanust aJIpeCHOTO perucTpal ar4d = ar6+Const; 2 3.2
SHACHHEM CYMMEI alPECHOTO DETHCTPa H 4 _ ;igiConst with grl = gr2
KOHCTAHTBI. C>> 1:
Moaudurkanus aJIPECHOTr0 perucrpal arl = Const addr; 2 3.2

*
3HaueHHEeM KOHCTAHTHL (*) ar5 = ar6+Const with grl = gr2;

MHKpeMeHTanus aipeCHOTo perucTpa ard++; 1 3.1

ar4++ with grl += gr2;

JlexpeMeHTanus aApecHOro perucTpa. ar4--; 1 3.1
ar4-- with grl = - gr2;

WHKpeMeHTauusi  aJpecHOr0  PErucTpa ar2+=gr2; 1 3.1

3HaYeHHEM IIapHOTO €My perucrpa oOIIero _ - _ .

HA3HAYCHS. ar2+=gr2 with grl = not gr2;

VHKpeMEHTalMs. ~ agpecHOro0  PETHcTpa ar4+=Const; 2 3.2

3HAYEHUEM KOHCTAHTBI. ,
ar4+=Const with grl -= gr2;

JlexkpemeHnTanus aJpECHOTO peructpa ar4-=Const; 2 3.2
3HAYCHHEM KOHCTAHTBIL

ar2-=Const with gri;

lMpumevanvwe B uncmpykyusx, nomeuyennvix snakom (*), xomamnoa moouguxayuu
aopecrhoco  pecucmpa  conposodcoaemcs  cypgukcom addr.  Owu
ucnonv3yemcs O mMo20, 4modbl NOKA3amMb, YMO OAHHASL KOMAHOA
ABNAEMCS KOMAHOOU MOOUPUKAYUU AOPECHO20 PecUCmpa 6 Omauyue om
komanowl konuposanusi (cm. 5.1.5), komopas coomeemcmeyem Opyeoii
MAWUHHOU KOMAaHOe, XOms no Cymu 6vinoixsem me dice Oeucmeus. 1o
VMOIUAHUIO NPU OMCYMCMBUU CYPPUKCO8 8 OaHHOU KoMaHOe accembiep
npeonoiazaem ucnoiv3oganue cy@gurkca Set u mpaunciupyem ee 8
mawunnyio uncmpykyuro 3.1/13.2 (cm. 4.3).

5.1.8 KomaHabl moandukaumm permctpa pswr

PGI‘I/ICTp PSWIr uMeeT 60HBH_IOC 3HAQUYCHUEC, OH OIIUCHIBACT COCTOAHUC
IpoIieccopa, BXOIUT B OJIOK PETHCTPOB YIIPABICHHS ITPOIIECCOPOM.
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Xots PETUCTP PSWI OOCTYIICH KaK I10 YTCHHIO, TaK U I10 3aIlUCH, €TI0
MOI[I/I(i)I/IKaHI/IIO PEKOMCHAYCTCA HNPOU3BOJAUTHL IPHU IMOMOIIN CICHHUATIbHBIX

acceMOJIEPHBIX UHCTPYKIIMA.

B cucremy komana BXoadat ase GyHKIMHU Moaudukanuu pswr. Obe
OHM PacIIoIararoTCs B JIEBOM YaCTHU CKAJSIPHOM MHCTPYKLMH.

B rpade "Cunrakcuc koMaHIbI' MEJKUM MPUPTOM TOKa3aH
MPUMEP KCIIOJIb30BaHMsI pAaCCMAaTPUBACMOI OIIEpallii B COCTABE CKAJSIPHOU

KOMAaH/JIbI C HEIIyCTOM ITPaBOM 4aCThIO.

OMMNCAHWNE CUHTAKCNC KOMAHAbI PASMEP| TUM
YcTaHOBKa B €IMHMILY OTIPEIEIICHHBIX OMTOB pswr set Const; 2 2.3
pernctpa PSWI- pswr set Const with grl++;
Copoc OuTOB peructpa pswr, pswr clear Const; 2 2.3
OTIpEETISIEMBIX KOHCTaHTOH, TK|  bowr clear Const with gri--;
BBITIOJTHSCTCS JIoTHYecKas orepanys
nobutroBoro I HE coxmepxxumoro PSWIr c
KOHCTaHTOH.

5.1.9 KomaHgbl nepexoaa

[Toxg coOuparenbHBIM MOHATHEM KOMAH[ IMEPeXoja MOHUMAKOTCS
KOMaH/Ibl, HapyIIaOII{e BBIMOJHEHHE MOCIEAOBATEIBHO PACHIOI0KEHHBIX
UHCTPYKIIMHA C UENBI0 TMEPeUTH K ApyroMy HaOOpy, HaxXOsIIEMyCs B
KaKOM-JTHOO IPyroM MeCTe TaMsITH.

K xomangam nepexoaa OTHOCSITCS:
® KOMaHJIbI IEpeXoja Ha IPyrou aapec;
® KOMaH/]Ibl BBI30Ba MOANPOTPAMMEI,
® KOMAaH/]Ibl BO3BpaTa U3 MOAIPOrPAMMBI;
® KOMaH]Ibl BO3BpaTa U3 MpephIBaHUSI.

Komanzapl mepexonma paszmenstorcss Ha JBa Tuma. K mepBomy
OTHOCATCS KOMaHIbl OOBIYHOTO Tepexona, KO BTOPOMY KOMaHIbI
oTioxeHHoro. JIrobast komaH/a repexoia MOXKeT ObITh Kak OOBIYHOM, TaK U
OTJIO’KEHHOM.

Jlis  oTnAu4YMs  OTJIOKEHHOTO Tepexojia OT OOBIYHOrO Tepen
KOMaH oM Tiepexo/ia muiercs ciyxebnoe cnoso delayed.

Bce xomanipl mepexoja AensaTcs Ha Oe3yclioBHBIE U yciaoBHbIE. [lof
0e3yCIOBHBIM TOHUMAETCS TMEPEXO, KOTOpbIii OyAeT BBIMIONHEH BCErja,
KOrJa JaHHAas WHCTPYKIMS OyAeT NMpOoYHTaHa MPOIECCOPOM. Y CIOBHBIN
nepexox OyIeT BBINOJHEH TOJIBKO B TOM Ciiy4ae, ecind uary,
YCTaHOBJIEHHBIE B PErucTpe PSWI, CBUAECTEIHCTBYIOT O HEOOXOIWMOCTH
TaKoro Nepexo/a.

Tonbko apupMeTHUecKue U JOTHYECKUE ONepaIiy B MPaBOil 4yacTh
acceMOJIEpHON WHCTPYKITUU U3MEHSIOT COCTOSTHUE ()I1aroB.

[G]
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5.1.9.1 KomaHgbl 6e3ycnoBHoOro nepexoaa

Komanapr 6€3yciioBHOTO Tepexoia MOTYT pacrojaraTbCs TOJNBKO B
JIEBOM YaCTH acceMOJIEPHON HHCTPYKITHH.

B rpage "Cunrakcuc KoMaHAbI' MEJIKUM HIPUPTOM TOKa3aH
IpUMEp HCIIOJIB30BaHMSI pACCMATPUBAEMOI OIlEpalluil B COCTABE CKASIPHOU
KOMAH/IbI C HEIyCTOM ITPaBOM 4aCThIO.

OMNNCAHUE CNHTAKCNC KOMAHIbI PA3SMEP| TUMM
Be3ycloBHBIH Mepexo[ 10 abCOTIOTHOMY)| goto Const_addr; 2 4.2
azipecy, 3a/1aBaCMOMy KOHCTAHTOI, 3HACHNE goto Const addr with gri++:

KOTOPOiA BBIYHCIISIETCSI Ha JTamne
KOMITHJISILIUY.
BesycioBHBIH TIepexom MO  aOCONIOTHOMY] goto arO; 1 4.1

azpecy, 3a/laBaeéMOMY aJIpECHBIM PETHCTPOM. goto ar0 with gri--:

Be3ycioBHBIH TIEpexon MO  aOCONIOTHOMY] goto groO; 1 4.1
azipecy, 3aJaBaeMOMY PETHCTPOM OOIIEro goto gro with grl = —gri:

Ha3HAYCHHUSI. B

Be3ycioBHBIH TIEpexon MO  aOCONIOTHOMY] goto arO0+grO; 1 41

azpecy, 3aJaBacMOMy CyMMOH 3HaueHH

+ ith 1 = 1-
Haphbl PErUCTpPOB. goto ar0+gr0 with gr not gri;

Bbe3ycnoBHBIi Mepexo MO0  abCOIIOTHOMY] goto arO+Const; 2 4.2

ajgpecy, 3alaBaéMOMy CyMMOH 3HAYEHHUH goto arO-Const;

aJPECHOTO PETUCTPA U KOHCTAHTHI. :
goto arO+Const with grl = grl <<

2;
Be3ycIoBHbIN MEPEXO 10 OTHOCUTEILHOMY] skip Const_addr; 2 4.2
CMCIICHHIO ot TCKYH.ECFO anpeca, skip Const_addr with grl = gr2
3a[aBa€MOMy  KOHCTAaHTOH.  3HaueHHe ~and gr3:
CMELIEHHs  BBIYMCIAETCS  Ha  OJTare
KOMITUJIALIN,
Be3yciIoBHBIH MEPexos M0 OTHOCHTENEHOMY] skip groO; 1 4.1
MeIIEHH T  TeKyLler _ _
CMEIIEHUIO O eKyllero  ajipeca, skip gro with gri--:
3a71aBaEMOMY PErucTpoM 001IEro| _—

nasHayenus. (*)

OTn0XeHHBIH 6e3ycnoBHEIH nepexo. (**) delayed goto groO; luma 2 | 4.1,
4.2

delayed goto grO with gri++;

MNpumevanve  Uucmpykyus, nomeuennou snaxom (**), noxasvieaem npumep 3anucu
omnodicenno2o  bezycnosenozo nepexoda. Kuwouesoe cnoso delayed
Modcem Oblmb UCHONB308AHO C NHOOLIM U3 ONUCAHHBIX GblULe MUNOS
Oe3yCl106H020 nepexoda, NPespamue €20 8 OMJIONCEHHbI.

Pazoenenue Ha 00bluHBLL U OMIOJICEHHBIN — NEPex00  B8EOEHO
ucKkyccmeentno, 01a yooocmea npoepammupoganus. Om  momenma
8b100pa KOMAaHObI nepexooa u 00 Moo, KAK COCMOUMCS DedibHbll
nepexoo, Npoxooum om O00H020 00 MPEX mMaxKmos. 3a dmo 8pems
npoyeccop ycnesaem 6bi0pamv OONOIHUMENLHO OOHY-MPU UHCIPYKYUU,
CnedyrowWux HenocpeoCcmeeHno 3a UHcmpykyuel nepexooa. Hazoeém
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maxKkue UHCmMpYKuuu Omiao04CEeHHbIMU.

Omuodicennvle UHCMPYKYUU, NOMeujeHHble Nocie KOMAHObL nepexood,
8LINONHAIOMCS 00 MO020, Kak npousoudem nepexod. Onu 6yoym
UCNOTHEHbL 8 JH0O0M Clyyae, He3a8UCUMO OM MO20, BbINOJHUIOCH
Yyenogue nepexooa uiu Hem.

Onpeoenenue mMoOYHO2O0 KOIUHECMBA OMIONCEHHbIX UHCMPYKYUU 6
3a6UCUMOCIU OM . ONUHBL, PACNONIONHCEHUS 6 NAMAMU U MUNA KOMAHObL
nepexooa.

Eciu xomanoa nepexoda OnunHas, unu KOPOMKAs, OKA3ABUWIAACS NO
HeuemHoMy aopecy, mo CI0mo8 08d, U Mmam nomewaemcsi 00OHa ONUHHAS
KomaHnoa uiu 0ge xopomxux. Eciu dice komanoa nepexooa KOpomkas u
PasmMeweHa OHa no YemHomy aopecy, mo ciomog mpu u mam aubo mpu
KOpoOmKue KOMaHowvl, 1ubo Kopomkas a 3a Heti onunnas. ([Jwunnas e
Modicem Oblmb Nepeoll, NOCKOIbKY ONUHHbIE KOMAHObL 8bIPABHUBAIOMICSL
no uemHomy aopecy).

5.1.9.2 KomaHgbl nepexoga K nognporpamme

B  manmHOM pasmene  paccMaTpHBAIOTCS  TOJBKO — KOMAaHJIBI
Oe3ycrmoBHOro mepexona K  moamporpamme. Jlns  Toro,  4TOOBI
CKOHCTPYHPOBATh HMHCTPYKIIMIO YCIOBHOTO Tepexoja K MOANPOrpaMMe,
HE0OXO0IMMO yCJIOBHE, OMUChIBaeMOe B moAmyHkTe 5.1.9.4 Habop ycnosuii
nepexoaa, 100aBUTh K KOMaHjie Oe3ycioBHOTrO niepexoaa. Hampumep, ecnu
KOMaHa 0€3yCIIOBHOTO Mepexo/ia K MOIporpaMMe BRITJISIIUT Tak:
call MyFunc;

TO mocjie 100aBlieHUsl yCIOBUSI KOMaHAa YCJIOBHOTO Iepexoja K
noamnporpaMme 6y;[eT HUMETH BHUI.
if =0 call MyFunc;

Komanzs! nepexona K nOAIIPOrpaMMe MOTYT pacIoiararbCsi TOJbKO
B JIEBOW YacTH acceMOJIEpHON UHCTPYKLIUU.

B rpade "Cunrakcuc koMaHIbI MEJNKUM MIPUPTOM TOKa3aH
MpPUMEpP HUCIIOJIb30BAHUS PacCMaTPUBAEMOM OMEPallii B COCTaBE CKASIPHOU
KOMAaH/JIbI C HEIIyCTOM ITPaBOM 4aCThIO.

ONMUCAHWE CUHTAKCWNC KOMAHIbI PA3MEP| TUIN
Be3ycloBHBI Mepexos K IOAIPOrpaMMe IIo| call Const_addr; 2 4.2
abCOMOTHOMY ampecy, 3aMABACMOMY| o1 Const addr with grist:

KOHCTaHTOM (METKOIA). = ’
Be3ycoBHEIM Mmepexo K MOANPOrpamMMe TI0 call arO; 1 4.1
abCOMOTHOMY ampecy, 3a/1aBaEMOMY|

call ar0O with grl--;
aJpECHBIM PErUCTPOM. —_—

be3ycnoBHBINM nepexosl K MOANPOrpaMMe IO call groO; 1 4.1
a0COIIOTHOMY azapecy, 3a1aBaeMoOMY]|

call grO with grl = -gril;
perucTpom ob11iero Ha3Ha4YeHUs. e’ gro 9 9

[G]
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be3ycnoBHBIN nepexoa K MOANPOrpaMMe IO call arO+groO; 1 4.1
abCoMOTHOMY azpecy, 3a1aBacMOMY

o . call arO+gr0O with grl = not gri;
CyMMOM 3HaU€HUH Napbl PpErUCTPOB. S ——

besycnoBHBIN nepexo] K NOANPOrpaMMe IO call arO+Const; 2 4.2
a0COIIOTHOMY ajpecy, 3a/1aBacMOMY| call arO-Const;

CyMMOW 3HAQUE€HUH agpECHOIO PETUCTpa U ; _

KOHCTAHTEL goto arO+Const v2v!th grl = grl <<

Be3yciIoBHBIH Mepexos K MOAIpOrpaMMe TI0 callrel Const_addr; 2 4.2
OTHOCHTE/IBHOMY CMELICHHIO OT TEKYWIETO| by o) Const_addr with gri++:

ajpeca, 3aJjaBaeMoMy KOHCTaHTOM.

3HavyeHNe CMEIICHHS BBIYHMCIACTCS Ha dTaIre

KOMIIFJISIIIHH.

be3ycnoBHbIN mepexo K MOANPOrpaMMme o callrel groO; 1 4.1

OTHOCUTCJIBHOMY CMCHICHUIO OT TCKYLICTO

callrel grO0 with gril--;
azpeca, 3alaBaeMOMY PETHUCTPOM OOIIETro| —_—

Ha3HAYEHHUS.
OTNOXEHHBIH ~ OE3yCIOBHBIH IIEPEXOX K delayed call groO; lor2 | 4.1,
moanporpamme. (**) 4.2

delayed call grO with gri++;

Mpumevanne  Uncmpykyus, nomeuennou suaxom (**), noxaswieaem npumep 3anucu
OMI0IHCEHH020 De3YCNI08H020 nepexoda K noonpocpamme. Iloopobree cm.
npumeyanue uz npeovioyue2o noonynkma 5.1.9.1.

5.1.9.3 KomaHgbl Bo3BpaTa 13 nognporpaMmmbl/npepbiBaHnS

Komanapl BO3Bpara U3  MOANPOrPaMMBbI/TIPEPHIBAHUS ~ MOTYT
pacmojaratbCs TOJIbKO B JIEBOM YacTH acceMOJIepHOI HHCTPYKITHH.

B rpage "Cunrakcuc KoOMaHAbI' MEIKUM HIPUPTOM TOKa3aH
NpUMEP HCIIOJIE30BAHMSI pACCMATPHBAEMOI OTIEpallii B COCTABE CKASIPHOU
KOMaH/Ibl C HEMyCTOM MPaBOW YacCThIO.

OIMNCAHNE CVMHTAKCNC KOMAHbI PA3MEP| TWUIN

Bo3Bpar u3 monporpaMmsi. return; 1 4.3
return with gr7 = grl + gr2;

Bo3Bpart u3 npepbIBaHus. ireturn; 1 4.3
ireturn with gr7 = groO;
OTJ0XEHHBIN BO3BPAT U3 MOANPOTPAMMBIL. delayed return; 1 4.3
delayed return with gr7 = grl +
grz;
OTJ0XEHHBIN BO3BPAT U3 PEPHIBAHUSL. delayed ireturn; 1 4.3

delayed ireturn with gr7 = groO;

176 euro

Onncanue si3biKka accemoOJiepa

CrpaBo4HOE PYKOBOJCTBO at rX



Habop UHcTpykunn Asbika Accembnepa

5.1.9.4 Habop ycnosun nepexoaa

KoMmaHp! ycIioBHOTO Tepexo/ia, Bbi30Ba (DYHKIIMH WIIH BO3BpaTa W3
GbyHKIMH/TIPephIBAHUS BBITOTHSIOTCS UM HE BBITIOTHSAIOTCS B 3aBUCHMOCTH
OT TOro, Kakue (ruar B perucTpe PSWr ObUIM YCTAaHOBJIEHBI OJHOU U3
MpEeABIIYyIINX KOMaHJ. YCTaHOBKa (JIaroB MPOUCXOIUT TOJBKO IyTEM
BBITIOJTHEHUST apU(PMETHYECKO-JIOTUYECKON omepaly B MpaBoil 4acTu
CKJIIPHOM KOMaH/IbI.

Takum o0Opa3zoMm, [ TOro, YTOOBI YCIOBHBIM TEpPEXOid CTal
BO3MOXXCH, CHauaja BBITIOJMHICTCS CKalspHAs apudmeTndeckas WiIn
JIOTUYECKasi KOMaHJa WM OIepaliis CIABUTa, YCTaHABJIMBAIOIIAS 3HAYCHHE
(1aroB B pSWr, a 3aTeM yKe caM yCJIOBHBIHN mepexo1. Hampumep:
begin "text"

gr2 = [arO++] with grO--; // KomaHpma, yCTaHaBJIMBAKILASNA
// dnaru B permucTpe PSWI.
it > goto Label; // YcrnoBHEM mepexon Ha
// verxy Label.
end "text";
KomaHabel ycnoBHOTO mnepexoja MOTYT pacnoyiaratbCsi TOJIBKO B
JIEBOM YaCTH acCeMOJIEPHON HHCTPYKITHH.

B rpade "Cunrakcuc komaHzabl" MOJYEpKHYTask 4acTh MWHCTPYKIMU
MOKa3bIBaET TO, KAK 3alMChIBAETCS yCiaoBUE. MelkuM MIpUPTOM TOKa3aH
MIPUMEP HCTIOJIb30BAHMSI pAaCCMAaTPHBAEMOH OIIEpallii B COCTABE CKAJSIPHON
KOMaHJIbl C HEMyCTOM MpaBoi 4yacThio. B rpade «YcnoBue nepexoma» mpu
sanucu ¢uaros Z,N,V,C skeuBanentHa 3anucu (Z=1),(N=1),(V=1),(C=1)

OMNCAHME CNHTAKCNC KOMAHbI YCJIOBUE
MEPEXOOA,
GNAI
PaBHo HyITIO. if =0 goto ...; z
if =0 goto Label with grl++;
He paBHo Hy10. if <>0 goto ...; ~Z

if <>0 goto grO0 with grl--;

3HaKoBOE OOJIBIIIE. if > delayed goto ...; ~Z AND ~N
if > delayed goto arO with grl--;

3HaKOBOE MEHBIIIE. if < skip ...; N
if < skip Label with gri--;

3HaKOBOE€  OOJIBIIE if >= call ...; ~N
W paBHO. if >= call Label with gri--;
3HAKOBOE  MEHbIIE if <= callrel .._; N OR Z
HWJIN PaBHO. if <= callrel Label with gri--;
Be33HakoBoe GOIbIIE if u>= goto ...; ~C
WJIA paBHO. if >= goto Label with gr7 -= gri;
@
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Bes3zHakoBoe if u< return ...; C
MCHBIIIE. if u< return with gr7 = grl

noflags;
[Ipou3omen nepeHoc if carry call ..._; C
(6ur C=1). if carry call ar0 with gr7 -= gri;
He npomzomen| IF not carry return ...; ~C
nepenoc (6ut C = 0). [if not carry return with gr7 = gril;
Bo3uukio it vtrue call ...; \%
NCPCIIOJIHCHUC if vtrue call ar0 with gr7 -= gri;
(6ur V =1).
He BO3HUKJIO if vfalse return ...; ~V
NCPCIIOTHCHAC if vfalse return with gr7 = gri;
(6ut V =0).
3HaKOBOE OOJIBIIE (| if v> goto ...; ~((NXORYV)
TIPOBEPKOH Outal if v> goto ar0 with gr7 -= gri; ORZ)
MIEPEIIOJIHEHHUS.
3uakosoe menbme ¢ 1F v< delayed goto ...; N XOR V
IPOBEPKOA outa if v< delayed goto grl with gr7 =
[EPENOJHECHUS. grl;
3HakoBOe  OOJBIIE if v>= callrel .._; ~ (N XOR V)
uim paBHO Clif v>= callrel gr0O with gr7 -= gri;
IPOBEPKOI oura
MIEPEIIOJIHEHHUS.
3HAKOBOE€  MEHBIIIE if v<= ireturn ...; (N XOR V)
nin paBHO C| if v<= ireturn with gr7 = gril; ORZ
MIPOBEPKOI ouTal
[IEPEIIOJIHEHHUS.

5.1.10 OcHoOBHbIE CKanspHble onepawmm npoueccopa

Bce  cxamsgpHble  BBIYMCIMTENBHBIE — ONEpPallMM  IIpoLeccopa
pacrioyiaratotcsi B paBoil 4acTH acceMOJIepHON HHCTPYKIMH, TO €CTh TOCIIe
KJIFOYEBOr0 ciioBa With. B BBINOJHEHWH CKaJSPHBIX ONEpallMd MOTYT
UCIIOJIb30BaThCS TOJIBKO PErUCTPhI 0OIIETr0 Ha3HAYECHUS.

CkansipHbple  omepaluy SABISIOTCS  TpexomnepaHaHbIMU. JIroOoi
perucTp oOLIEro Ha3HA4YeHUs MOXKET pacHojaraTbCsl Kak cjeBa, TaK HU
CIpaBa OT 3HaKa PaBCHCTBA, HAIIPUMeED:

e gr0O = grl + gr2;-cuesa OT 3HaKa PaBEHCTBA;

e gri gr0 + gr2; - cupasa OT 3HaKa paBEHCTBA,

e gro0 grO + groO; - cieBa u cripaBa OT 3HaKa PAaBEHCTBA.
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Crpykrypa m1000# CKaIspHOM omepanuu JIOIMyCKaeT CleAyIolue

BapHUaHThI ICUCTBHIA:

e Ecnu ckanmspHas omepanusi uMeeT (opMmy MpUCBaUBaHUS, HalpuUMep:

grl = gr2 + gr3;

TO pe3yibTaT BBIYUCIICHHUH, 3aJJaHHBIX B MPABOW YacCTH, MMOMEIIAETCS B
pEerucTp, yKa3aHHbIN B JIEBOM YacTH.

Ecnmu cnpaBa oT omeparuu npumnucaHo ciayxebHoe cioso 'noflags’,
Harpumep:

grl = gr2 + gr3 noflags;

TO 9TO O3HAYaeT 3alpeT MOAU(UKAIUHU (IIArOB M3 PETUCTPa COCTOSHHUS
nporeccopa 1o pe3yJsibTaTtaM BHIMOJHEHHs onepaiui. HBIMH CIIOBaMH,
COCTOAHUEC I10JIA (I)HaFOB J0 BBIIIOJJHEHUA KOMAaHIAblI OCTacTCs 663
u3MeHeHuit. B omeparnmsx caBura  ciykeOHoe cimoBo 'noflags’
HCITOJIb30BATHCS HE MOJXKET.

Hakonen, ckansgpHas omnepamnusi MOXET HMeTh (GopMy HpPOCTOro
BBIpA)XXCHMSI, HAIIpUMep.

gr2 + gr3;

WA TTPOCTO

gr2;

B 3TOM cnyqae pGSYHBTaT BBIYUCJIICHUA BI)Ipa)KeHI/I}I HUTOC HE
3alIOMHHAETCSl ¥ BJIMSET TOJIBKO Ha yCTaHOBKY ¢uiaroB. [y omeparmii

CIBUTa  HCHONb30BaHWe  (opmbl  mpoctoro  Beipaxkenus  (0e3
MPUCBAaNBaHUsI) HE TOMYCKACTCS.

5.1.11 ApucmeTryeckme onepauum

Apudmernueckue onepaui MOTYT PacIioyiaraThCsi TOJIBKO B IIPaBOM

4acTH acceMOJIEpHON HHCTPYKLIUU.

B rpage "CuHrakcuc KOMaHAbI' MEJIKUM HIpUPTOM TOKa3aH
IpPUMEp HCIIOJIb30BAHMSI pacCCMAaTPHBAEMOI OIIEpallii B COCTABE CKASIPHON
KOMAaH/IbI C HEIYCTOM JIEBOM YaCThIO.

OMNNCAHME CVHTAKCNC KOMAHIbI TUIM
CyMMa 3HaueHui IByX perucTpos. grO = grl + gr2; 6.3
ar0O = gr0 with gr0 = grl + gr2;
CyMmMa 3HaueHuil AByX perucTpos (CokpaméHHas] gr0 += gril; 6.3
bopma sanmcn). sxBuBasenTHo gr0 = gr0 + grl;
ar0O = 100h with gr0 += gri;
CyMMa 3Ha4YeHMs PETUCTPA C €AUHULIEH. grl = gr2 + 1; 6.3
arl+=grl with grl = gr2 + 1;
VHKpeMeHTalus 3HAY€HHs] PETMCTPA. grl++; 6.3
®
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skBMBajsieHTHO Qrl = grl + 1;

arl++ with gri++;

Pa3HOCTE 3HAYEHUIA IBYX PETUCTPOB. grl = gr0 — grv7; 6.3
[arl++] = arO with grl = grO — gr7;

Paznocts 3HAYECHUH IBYX PErKCcTpOB grl -= grv/; 6.3

K ¢HHas Ma 3aIlMCH).
(coxpam@rras popma sanmcn) skBuBaJsieHTHO grl = grl - gr7;

[--arl] = grO with grl -= gr7;

BbluUTaHHE eMHULBI U3 3HAYCHUS PETHCTPA. grl = gr2 - 1; 6.3
call gr4 with grl = gr2 - 1;
JlekpeMeHTaIsI 3HAUEHHsI PErUCTpa. grl--; 6.3
skBuBasienTHo grl = grl - 1;
arl-- with gri--;
IloGanenne 3HadeHust (uara mepeHoca K grl = gr2 + carry; 6.3

SHAHCHMIO perncTpa ard += gr4 with grl = gr2 + carry;

CnoxeHne 3HAYCHUH JABYX  PETHUCTPOB
nobaBiieHHeM 3HaYeHHS (hara mepeHoca.

(@]

grl = gr2 + gr6 + carry; 6.3

ard++ with grl = gr2 + gr6 + carry;

BolumTanue 3HaueHus (uara IepeHoca M3 grl = gr2 - 1 + carry; 6.3

3HAUEHUS PETUCTPA. ar6 -= gré with gri = gr2 - 1 +

carry;

BrrunTanue 3HaueHMH JIByX PETUCTPOB C yUETOM gr‘l = gr‘2 - gr‘6 - 1 + car ry. 6.3

3HA4YCHUA qmara NEepeHoOCa. ard—with grl - gr2 _ gr6 -1 + carry;

VI3MeHeHNe 3HaKa PerucTpa. grl = - gr5; 6.3
goto gr4 with grl = - gr5;
IlepBblif  IIAr MHOIOLIATOBOIO  YMHOMKEHHUS, grl = gr2 *: grv; 6.3

BTOPBIM HCTOYHHKOM-OIIEPAHIOM JOJIKCH OBITH

pervctp gr7 ard,grd = grO0 with grl = gr2 *: gr7;

Iocnexnyromue [aru MHOTOIIIATOBOTO grl = gr2 * gl’?; 6.3
YMHOKEHHS, BTOPbIM HMCTOYHHKOM-OIEPaHOM

JIOJDKEH OBbITh peructp gr7. [ar6] = gré with grl = gr2 * grv:

[pumep BEITIOTHEHUS apudmernyeckoil  grl
orepanuu 0e3 W3MEHEHHs 3HaueHHs (JIaroB B
perucTpe PSWr.

gr2 + gr2 noflags; 6.3
ar5++ with grl = gr2 + gr2 noflags;

[pumep BBITTOJTHEHHSI apupMeTHIECKO] grl + gr2; 6.3
orepanyy C yCTAaHOBKOW KejaeMbIX (iaroB 0e3

arl++] = AAA with grl + gr2;
W3MEHEHHUsI 3HAYEHUSI PETUCTPOB. L 1 gre * gre.

5.1.12 Jlornyeckune onepawmm

Jlornueckue omepamuy MOTYT pacrojiaratbCsi TOJBKO B TPaBOr
YacTH acceMOJIEpHOI HHCTPYKIIHH.

B rpage "Cunrakcuc KoMaHAbI' MEIKUM HIpUPTOM TOKa3aH
IpUMEp HCIIOJIb30BaHMSI pACCMAaTPUBAEMOM OIlEpalluil B COCTAaBE CKASIPHOU
KOMAH/IbI C HEIYCTOH JIEBOM YacCThIO.

180 euro

Onncanue si3biKka accemoOJiepa

CrpaBo4HOE PYKOBOJCTBO at rX



Habop UHcTpykunn Asbika Accembnepa

OMNNCAHWNE CVHTAKCWNC KOMAHIbI T™MnN
IMo6urosas onepanust OR qByX omepaHoB. grO = grl or gr2; 6.2
ar0O = grO with gr0O = grl or gr2;
Io6uToBas oneparus AND onepanios. grl = gr2 and gr3; 6.2
ar0O = 100h with grl = gr2 and gr3;
[Mo6uTosas onepanus XOR aByx onepaHioB. gr2 = gr3 xor gr4; 6.2
ar0O = gr0 with gr2 = gr3 or gr4;
Onepanyst OTpULIAHHS. grl = not gr2; 6.2
ar0 = 100h with grl = not gr2;
KoMmOuHamus omepaiuu OTPUIAHHUS [EPBOTQ grO = not grl or gr2; 6.2
orepania ¢ noburtoBoii omnepanueit OR aByX| ar0++ with gr0 = not grl or gr2:
OIIEpaH/IOB.
KoMmOuHamus omepanuu OTPHIAHUsS. BTOPOTO grl = gr2 or not gr3; 6.2
32252:22]: noburoBoit onepaipein OR 1ByX ar6-- with grl = gr2 or not gr3:
Kom0uuanuss  omepammu otpuianus obonxl  grl = not gr2 or not gr3; 6.2
orepaHIoB ¢ mobuToBoi oneparueii OR. return with grl = not gr2 or not gr3:
KoMmOuHamust onepanuy OTPHMIAHUS [EPBOIO gr2 = not gr3 and gr4; 6.2
gEZgZEii; nourosoit onepauueit AND 18yx ar4+=gr4 with grO = not grl and gr2;
KoMmOuHamust onepaluy OTPHIAHUS BTOPOIO gr3 = gr4 and not gr5; 6.2
gEZgZEii; nobutosoii onepaueit AND 1syX [ar6]=gr6 with gr3 = gr4 and not gr5;
KomGunaums  onepammun orpuuanns obonxl gr3 = not gr4 and not gr5; 6.2
orepaH0B ¢ mooutoBoit oneparueir AND. [ar6]=gr6 with gr3 = gr4 and not gr5:
KomOuHaiust  orepauyy OTPUL@HHUS TIEPBOLO) gr2 = not gr3 xor gr4; 6.2
gEZgZZﬂiBC. nobutopoii onepatmeii XOR asyx [addr]=grO0 with gr2 = not gr3 xor gr4;
3amuch B PErHCTp OOIIETO HA3HAUYCHHS gré = false; 6.2
o 1w 09N S 0 < ar,ors e o < fase:
3amuch B peructp OOLero Ha3HaueHHs] grO0 = true; 6.2
gZ;;z;;;iiﬂ;inﬁgfnnumnHBaeT BCE OHUTHI ar0=[ar2=10h] with gro0 = true:
KonupoBanue 3HaueHHs OJHOTO PETHCTpal with gr2 = gr4; 6.2
0011ero Ha3HaYeHusI B APYToit. (*) gro = gr5 with gr2 = gra:

MpnmeyaHue

Onepayusi, nomeyennas 3naxkom (*), ucnonvzyem xuouesoe cnogo With,

8 NPOMUBHOM Clyyae KOMRUNAIMOP B0CNpUMem e€ KaK KOMAHOY
KONUPOBAHUSL U NOMECMUM 6 1e8VI0 4aCmb aAcCemMONepHOL UHCPYKYUU.
Ilpu smom ucuesnem GO3MOJCHOCMb NO pe3yibmamy onepayuu
YCmMaHosums @nacu, maxk Kaxk KOMAaHoOwl, 8bINOJHAEMble 8 NeBOl YACU

accembaepHol uHcmpyKyuu He 8osoeticmayrom Ha gaacu. Cpasnume:

gr2 = gr3;

// xoMaHIa KONMPOBAHMA B JICBOM YaCTH

[G]
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// vucrpyxuvu (Hanpumep :
// gr2 = gr3 with gr4 += gr5;)

with gr2 = gr3; // noruyeckasa onepauusa B NPaBOM YaCTU
// vncrpykuvu (Hanpumep :
// [ar0+=5] = ar7 with gr2 = gr3;)

5.1.13 Onepauunn YctaHoBkn dnaroB 6e3 iameHeHnst 3HadeHnn Pernctpos

B nmanHOM pazgene mpuBoasTcS apu(METHYECKHUE U JIOTUYECKUE
BBIPQXXEHUS, KOTOPBIC BIMSIOT Ha ()JIard, MCIMOJB3YIOIIMECS B KOMaHIaX
YCIIOBHOTO MEPEX0/1a, OJTHAKO HE MEHSIOT 3HAYCHUIN PETUCTPOB, OCKOJIBKY
HE COJepkaT onepaluuy MPUCBAUBaHUS.

Bce npuBoaMMbIe HUXKE BBIPAXKEHHS MOTYT PacIojlaratbes TOJIBKO B
IPaBoil yacTu acceMOJIEPHOIN HHCTPYKIIHH.

B rpadge "Cunrakcuc komaHnapl' MeNKUM HIpU(TOM TOKa3aH
IPUMEP MCIIOJIb30BaHMsI pACCMATPUBAEMOM OllEpallui B COCTAaBE CKASIPHOM
KOMaH/Ibl C HEITyCTOM JIEBO YacThIO.

OMNCAHNE CNHTAKCNC KOMAHObI TUM

YcraHoBKa (IaroB 1o 3HAYCHUIO PETUCTPA. groO; 6.2

if > goto gr2 with gro;

VYcraHoBka (raroB 1O 3HAUEHHWIO peETHCTpa ¢ - gril; 6.3

HU3MCHCHHBIM 3HAKOM. [ar4++gr4] - ar2,gr2 with — gl’l;

VYcraHoBKka (1aroB Mo 3HAYCHUIO CYMMBbI PETHCTPOB. gr2 + gr3; 6.3

ar0 = 100h with gr2 + gr3;

VYcraHoBka (iaroB mo cymMMe 3HA4YCHHUSI PETUCTpa ¢ gr4 + 1; 6.3

CAMHHTCH. gr2++ with gr4 + 1;

YcraHoBka (aro Mo 3HAYCHUIO PA3HOCTH PETUCTPOB. gr0 — gr7; 6.3

ar0 += grO with gr0 + gr7;

YcraHoBKa (aroB 1Mo pasHOCTH 3HAYEHHS PETHCTpa Y gr2 — 1; 6.3

CAUMHHIIEL. gr7 = [arO++grQ0] with gr2 - 1;

YcraHoBka (hIaroB Mo CyMMe 3HAYEHUS PErHCTpa C grl + carry; 6.3

¢narom nepeHoca. ar4 -= gr4 with grl + carry;

VcranoBka (rarop 1o cymMMme 3HadeHMil  JBYX| gr2 + gr6 + carry; 6.3

€r'UCTPOB C N0OaBIeHUEM 3HaueHus iara nepeHoca. =
P P A ¢ P ar4++ with gr2 + gré + carry;

VcranoBka (IaroB 10 pe3yibTaTy  BBIYHTAHHSA gr2 - 1 + carry; 6.3

3HaueHus (iara IepeHoca U3 3Ha4€HUsl PErucTpa. -
¢ P p P goto addr with gr2 - 1 + carry;

YcranoBka uaroB mo pesyneraTy BhlumTaHms, Qr2 — gré - 1 + carry; 6.3
3HAYCHUs ABYX PETHCTPOB C YYETOM 3Ha4eHHs (ara

ar4d-- with gr2 - gr6 - 1 + carry;
IepeHoca. g 9 Y

VYcraHoBka (¢uiaroB 1o  pe3yibTaTy  IOOWUTOBOH grl or gr2; 6.2

onepaun OR Hajx AByMs onepaHIamMu. Ar0 = gr0 with grl or gr2:

YcraHoBka (iaroB 1o pe3ynpTary  IMOOHTOBOM gr2 and gr3; 6.2
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onepauuu AND Hag aByMs onepaHaaMu. ar0 = 100h with gr2 and gr3;

VYcraHoBka ¢uiaroB  mo  pe3yibTaTy  IOOMTOBOW gr3 xor gr4; 6.2

onepanuu XOR Haja qByMs OlepaHIaMH. ar0 = gro with gr3 or gra:

VYcraHoBka  (aroB  mo  pe3yibTaTy — ONepaluy not gr2; 6.2

OTPHLAHML. Ar0O = 100h with not gr2;

YcraHoBka ()1aroB MO pe3ynbTary  BBIIOJHEHHUS not grl or gr2; 6.2

KOMOWMHAILIMK ONepalliyd OTPHLAHUS [IEPBOTO ONEpaHid ar0++ with not arl or ar2-

¢ noburooii oneparerd OR 1ByX orepaHIOB. 9 gre:

YcraHoBka ()1aroB MO pe3ynbTary  BBIIOJHEHHUS gr2 or not gr3; 6.2

KOMOWMHALIMK ONepallid OTPULAHUS BTOPOTO ONEpaHid ar6—with ar? or not ar3-

¢ noburooii onepaireri OR 1ByX ornepaHJIOB. 9 gr=>

VYcraHoBka ()1aroB MO pe3ynbTary  BBIIOJHEHHS not gr2 or not gr3; 6.2

Egggf::g;ﬁi;?j;;ﬂgép ULaHH3 000KX ONIEPaH/IoB ¢ return with not gr2 or not gr3;

VYcraHoBka ()1aroB MO pe3ynbTary  BBIIOJHEHHS not gr3 and gr4; 6.2

KOMOWMHALIMK ONepalliyd OTPHLAHUS [IEPBOTO ONEpaHid ard+=ar4 with not arl and ar2-

¢ moburoBoit onepareit AND nByx onepaHmos. 9 9 gre:

VYcraHoBka ()1aroB MO pe3ynbTary  BBIIOJHEHHS gr4 and not gr5; 6.2

KOMOMHAILIMK ONepallii OTPULAHUS BTOPOTO ONEpaHid [ar6]=gré with gr4 and not grs:

¢ moburoBoit onepareir AND nByx omepanmos. 9 9 gros

VYcraHoBka ()1aroB MO pe3ynbTary  BBIIOJHEHHS not gr4 and not gr5; 6.2

KOMOHWHAIIMM OIlEpaIliil OTPUIIAHU 000MX OIIEPAHIIOB C| _ )

HOGHTOBOG onepa?uneﬁ ANpD P [--ar6]=gr2 with gr4 and not gr5;

VYcraHoBka ()1aroB MO pe3ynbTary  BBIIOJHEHHUS not gr3 xor gr4; 6.2

KOM6I/IHaLlI/IEI Orepaluy OTPHIAHHA TEPBOTO ONCpaH/Y [addr]=gr0 with not gr3 xor gra:

¢ noburooii onepaieri XOR nByx onepanjios.

YcraHoBka ()1aroB MO pe3ynbTary  BBIIOJHEHHS gr2 xor not gr7; 6.2

KOM6I/IHaLlI/IEI OrepaLuy OTPHLAHHS BTOPOrO ONCpaH/y [ar0++]=gr0 with gr2 xor not gr7:

¢ noburooii onepaieri XOR nByx onepanjios.

YcraHoBka ¢rara Z B eIUHHUILY, @ OCTAJIBHBIX B HOJIb. false; 6.2

[ar0] = ar5,gr5 with false;

YcranoBka ¢uiara N B eMHUILY, @ OCTAJIbHBIX B HOJb. true; 6.2

arO=[ar2=10h] with true;

5.1.14 Onepaunn caosura

Onepauuu ciBura MOTryT pacHojiararbCs TOJBKO B IIPABOM 4YacTH

acceMOJIepHON UHCTPYKIUH.

B rpade "Cunrakcuc koMaHIbI MEJKUM MIPUPTOM TOKa3aH
MpPUMEP UCIIOJIb30BAHUS PacCMaTPUBAEMOM OMNEpallii B COCTaBE CKASIPHOU
KOMAaH/Ibl C HEITYCTOM JIEBOW YaCTHIO.

OMNMNCAHNE CNHTAKCNC KOMAHAbI TUM
Casur BIeBO Ha NPOW3BOJILHOE YHCIO OHTOB BIEBO. grO = grl << 10; 6.1
Koncranra ciasura B npenenax ot 1 mo 31. Muaamiue] ar0 = gr0 with gro = grl << 10:
OUTHI 3aMOJHAIOTCS HYJISIMH, CTapIlie OMTHI CABUTAIOTCS
yepe3 OUT TepeHoca.
®
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ChBur BIIEBO Ha IIPOM3BOJIGHOE YHCIO OWTOB BIIEBO gro <<= 2; 6.1
(coxpamennas 3ammch). KoHcTaHTa caBura B Impeiernax| sxEmBanenTo Qr0 = gro << 2:
or 1 ngo 31. Mianmme OUTHI 3aMOJHSIOTCS HYJISIMU, g
crapuive GUTBI CIBUTAIOTCS Yepe3 OUT mepeHoca. [ar0] = gr0 with gro <<= 2;
Be33HaKOBBI CABUI HA MPOU3BONLHOE YHCIO OHMTOB grl = gr2 >> 24; 6.1
BrpaBo. Koncranra casura B mpenenax or 1 go 31. ar0 = 100h with grl = gr2 >> 24:
Crapiive OWTHI 3aIOJNHSIOTCS HYJISIMH, MJlajaiiue OUTHI
C/IBUTArOTCS 4epe3 OUT rmepeHoca.
be33HakoBbIi CABUT Ha NPOU3BOJIBHOE YHCIO OHMTOB grl >>= 3; 6.1
. K
BIpaBo (CokpamieHHas 3amuch). KoHcraHTa ciBura B oxmmmanentio grl = grl >> 3:
npepenax or 1 no 31. Crapmme OWTBHI 3aroJIHSIOTCS] i
HYJIAMHM, Miuajmme OuThl casuratorcss uepes oumi| [arO++] = gr3 with grl >>= 3;
nepeHoca.
ApupmeTndecKuii CIBUT Ha MPOU3BOIBHOE YUCIIO OUTOB gr2 = gr3 A>> 5; 6.1
BrpaBo. Koncranra casura B mpenenax or 1 go 31. ar0 += gr0 with gr2 = gr3 A>> 5:
Crapiue OWTBI 3aIOJHSIOTCST 3HAKOM, MIIAJININE OHTBI
CIBUTAIOTCS Yepe3 OUT mepeHoca.
ApudMeTHyecKuii CABUT HA NPOU3BOILHOE YHCIIO OHTOB gr2 A>>= 9; 6.1
BIpaBo (COKpaiieHHas 3amuch). KOHCTaHTa caBura B cxBMBaneHTHO QI2 = gr2 A>> O
mpenenax or 1 mo 31. Craprime OWTBI 3amOJHSAIOTCS i A
3HAKOM, MIIAImKMe OWTHI CIOBUTarOTCs dYepe3  OuT skip addr with gr2 A>>= 9;
mepeHoca.
[IMKIMYEeCKUI CABUT HA IPOU3BOJIBHOE YUCIO OHTOB gr3 = gr4 R<< 6; 6.1
BieBo. KoHcranTa ciBura B mpenenax ot 1 qo 31. ar0 -= gr0 with gr3 = grd R<< 6:
[IMKIMIecKuii CABUT HAa TPOM3BOJIBHOE YKCIO OWTOB gr3 R<<= 12; 6.1
. K
BieBO (cokpaiieHHas 3amich). KoHcTaHTa caBura B sxEMBancHTHO gr3 = gr3 R<< 12:
npexnenax ot 1 mo 31.
goto grO0 with gr3 R<<= 12;
[{uKIM9IeCKui COBUT HA TMPOHM3BOJIBHOE HYHCIO OWTOB gr3 = grd R>> 7; 6.1
.K 1 1. -
BrpaBo. KoHcranra cipura B npeaenax ot 1 g0 3 [--ar0] = gr0 with gr3 = grd R>>
[{uknuueckuid COBUT Ha IPOM3BOJIBHOE YHUCIO OUTOB gr3 R>>= 14; 6.1
. K
BIpaBo (CokpamieHHas 3amuch). KoHcraHTa ciBura B oxemBancHTHo r3 = gr3 R>> 14
npenenax ot 1 mo 31.
ar5—-with gr3 R>>= 14;
LuKudyeckuii CHBAr BICBO 4Yepe3 OWT IepeHoca. gr4 = grb5 c<< 1; 6.1
K 1. .
oHcraiTa cipura ar0 -= grO with gr4 = gr5 C<< 1;
Llukaudeckuil cIOBUr BIEBO uepe3 OMT IIepeHoca) gr4 C<<= 1; 6.1
(cokparnennast 3amuch). Koncranra casura 1. sxevpanenTio grd = gra C<< 1:
gr0 = gr7 with gr4 C<<= 1;
[uknuyeckuil cABMr BOpaBO uepes OMT IepeHoca. gr5 = gr6 C>> 1; 6.1
Koncranra casura 1. [ar0+=2] = grO with gr5 = gré
C> 1;
[{uknuveckuii COBUT BOpPAaBO Yepe3 OWUT MepeHoca gr5 C>>= 1; 6.1

(cokpamennas 3amuce). Koncranra casura 1

skBuBajieHTHO Ogr5 = gr5 C>> 1;

ireturn with gr5 C>>= 1;
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5.2 BekmopHbie uHcmpykuyuu NM6403

B manHOM pasnene mpuBOAUTCS MOJHBIN CITUCOK BEKTOPHBIX KOMaH]]
MPOLIECCOpa C KPATKUM MOSICHEHUEM.

Bce BekTOpHBIE HMHCTPYKIMH TIpOIECCOpa CBEIEHBI B TaONHILY.
[lepBorit  cronben; maeT TMOACHEHHE HA3HAUYCHHUS] KOMAaHIbI, BTOPOM
onmuchiBaeT (GOpMy 3allUCH KOMAaHIbl, TPETUH U YETBEPTHIM CTOJOIIBI
COJZIep>KaT pa3Mep U THUIl KOJUPOBKHU KOMaH/IbI.

ITockonbKy MHCTPYKIMM IpOLECCOpa COJEpKaT JIEBYI U IpaBYyIO
4yacTH, Ta KOMaHJa WIM Olepanus, 0 KOTOpOHl UAET pedb B KOHKPETHOU
CTpOKe Taluuipl, Nog4epkHyTa. HemomuepkHyTble 4YacTH HMHCTPYKLUHU
NPEJCTABISAIOT COOOW peasbHO BCTpEyarolluecsl Olepaluy, NpUBEACHHBIE
JUISL COXpaHEHMsI IPEACTABIIEHUS O €€ CTPYKTYpe.

5.2.1 YTeHne 1 3anncb AaHHbIX B BEKTOPHbIX UHCTPYKLUUNAX

Komanapsl mocTymna K MaMsATH NPU YTCHHUK/3AMMUCH TaHHBIX MOTYT
pacmojaratbCs TOJbKO B JIEBOM YaCTU BEKTOPHON UHCTPYKIUH.

[lpu oOpaleHur K MAMATH CYMTHIBACTCS/3AMUCHIBACTCS YHCIIO
JUITMHHBIX CJIOB, PaBHOE KOJHMYECTBY IOBTOPCHMI, 3aJlaHHOMY B KOJE
BEKTOPHOU UHCTPYKIUU (FEP KOI-BO MOBTOpPEHMIL).

T.Kk. BEKTOpHbIE HHCTPYKIHH 0OpabaThIBatOT

TOJIBKO

64-x

pa3psIHbIE JaHHBIE, BCE aJipeca, UCIONb3YIOIIUeCs B KOMaHAaxX aJipecaluu,
JIOJDKHBI OBITh YETHBIMU.

B rpade "Cunrakcuc koMaHIbI MEJKUM MIPUPTOM TOKa3aH
MPUMEpP UCIIOJIb30BAHUS pacCMaTPUBAEMOM OMEpPallii B COCTaBE BEKTOPHOU
KOMAaH/JIbI C HEIIyCTOM ITPaBOM 4aCThIO.

YmenHue u3 namsimu

OMUCAHME

CNHTAKCHNC KOMAHObI

PA3MEP

"IN

UreHue no anpecy, XpaHALIEMYCS B
aZpeCHOM peructpe. Janubie
3arpyxatorcst B BIT st o6paborku B
paboueii MaTpHIe WIH B BEKTOPHOM|
AJLY. Anpec, c KOTOPOIQ
MIPOUCXOAUT CUNTHIBAHUE, HE|
U3MEHsIeTCS, U BCE  JIAHHBIC
CUHUTBIBAIOTCS MO OAHOMY U TOMY K€
agpecy. KommdecTBo 3arpyxaeMsix
JUTUHHBIX CJIOB COOTBETCTBYET]
CYETUUKY IIOBTOPEHUH.

data = [ar0];
rep 4 data = [ar0O] with not data;

1

51

[G]

€UrO onucanve sizbika accembrnepa
atrix Crpasounoe pykosoacrso

185



Habop MHcTpykuun Asbika Accembnepa

Urenne mo azapecy, XpaHsmemycs B
peructpe  oOmiero  Ha3HAYCHUS.
Jannele 3arpyxarorca B BII nis
00paboTKH B paboucii MaTpUIlC WU B
BekTopHOM AJIY. Anpec, ¢ KOTOporo)
MIPOUCXOIUT CUNTHIBaHHUE, Hej
U3MEHseTCH, U BCE  JIaHHBIE
CUHTBHIBAIOTCS TI0 OJJHOMY M TOMY JKe
anpecy. KommuectBo 3arpyskaeMsbIx|
JUTHHHBIX CIIOB COOTBETCTBYET]
CUETYHKY TOBTOpPEHUIA. (*)

ram

[or2];

rep 12 ram = [gr2] with data + O;

51

Urenne mo azapecy, Xpasmemycs B
perucTpe OOLIero Ha3HAuYeHUs C
MoauGUKaKe aJpecHOT0 perucTpa.
Azpec, ¢ KOTOPOro IPOHCXOMUT
CUNTHIBAaHWE, HE HM3MEHSETCS, U BCE
JaHHbIE CUUTBHIBAIOTCS 110 OXHOMY H
ToMy ke anpecy. KonmdecTBo
3arpy’aeMbIX JUTMHHBIX CJIOB
COOTBETCTBYET CUCTYHKY]
MOBTOpeHHiA. (*)

rep 1 ram

ram = [ard=gr4];

[ar4=gr4] with data + 1;

51

Utenue mo anapecy, XpaHSIIEMYCs B
aJpECHOM peructpe c oCT
nHKpeMmeHTauuer Ha 2. KomuuectBo
3arpy’kaeMbIX JUTUHHBIX CJIOB
COOTBETCTBYET CUYETUHKY
MOBTOPEHUIL.

data
rep 32 data

[arO++];
[arO++] with data;

5.1

Urenue 1o aipecy, XpaHALIEMYCS B
aJPECHOM peructpe c npe|
nexkpemenTanueir Ha 2. KommdecTBo
3arpyKaeMbIX JUTHHHBIX CJIOB
COOTBETCTBYET CYETUHKY
MIOBTOPEHUII.

rep 16 data

data [--ar4d];

[--ar4] with data or ram;

51

3arpyska wfifo TAHHBIX,
XPaHSIIAXCS o azapecy,
XpaHSIIEeMycs B aJpeCHOM PETHCTPE C
IOCT WHKPEMEHTAIllMe anpeca HA
3HaUEHUE perucrtpa o0b1ero
HA3HAYCHHUSL. Konngectro
3arpyKaeMbIX JUTHHHBIX CJIOB
COOTBETCTBYET CYETUHKY
IIOBTOPEHUH.

B

wfifo
rep 8 wfifo

[arO++gr0];
[arO++gr0], ftw;

51

3arpy3ka B ram JaHHbBIX, XPaHAIIUXCS
[0 afapecy ¢ npe MHKpeMeHTauuei Hal
3HAUYCHUE perucrpa obmiero
Ha3HAYCHUSL. KomnmyectBo
3arpy’KaeMbIxX IUTMHHBIX CIIOB
COOTBETCTBYET CUCTYHKY]
noBTOpeHuid. (*)

rep 12 ram

ram

[arO+=gr0];
[arO+=gr0] with afifo - 1;

51

3anuck 8 naMssmsb

OMMCAHNE

CNHTAKCNC KOMAHbI

PASMEP| TUIN

Coxpanenne panaeix um3 afFifo B

[arO] afifo;

1 51
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naMATh 1Mo azapecy, Xpawsawmemycs B rep 4 [arO] = afifo with not afifo;
agpecHoM  peructpe.  Anpec, 1O
KOTOpPOMY  IIPOMCXOIUT  3allUCh, HE

M3MEHseTCH, u BCE JIaHHBIE
3aIMCHIBAIOTCA 110 OJHOMY M TOMY K€

azpecy.

Coxpanenne namueix u3 afifo [gr2] = afifo; 1 5.1

mamMsATh IO ajpecy, XpaHAIeMycs B
peructpe oOmero Ha3HaueHHsA. Ampec,
0 KOTOPOMY IIPOMCXOJHUT 3aIliCh, HE

rep 2 [gr2],ram = afifo with afifo +

H3MEHseTcH, u BCE JTaHHBIE|
3alHACBIBAIOTCS 110 OJHOMY M TOMY XK€

azgpecy.

Coxpanenne namueix u3 afifo [ard=gr4] = afifo; 1 5.1
TIAMATb — Tl0 — a/ipecy,  XpaHAlIeMyCd B rep 1 [ar4=gr4] = afifo with ram +

peructpe  oOmEro  Ha3HAYEHHUS 1:

MoauduKalKeil  aJpecHOro  perucTpa.
Aznpec, 1O KOTOPOMY IPOMCXOAMT
3aIich, HE W3MEHSETCS, U BCE JaHHbIC
3aMUCHIBAIOTCSI 110 OJJHOMY M TOMY K¢

azpecy.

Coxpanenne nanneix u3s afFifo B [arO++] = afifo; 1 5.1
MaMATh 1O AApecy, XPAaHAWEMYCA B oo 4 Far0++] = afifo with vsum

aJpeCHOM perucrpe c nocT ram.0:

MHKpEMEHTaleH Ha 2.

Coxpanenme namueix n3 afifo [--ar4d] = afifo; 1 5.1
MaMATe [0 ajpecy, XpaHilleMycs Brep 16 [--ar4] = afifo with ram - 1;

aJpecHOM peructpe c 1pe ’
JEKpeMeHTanuei Ha 2.

Coxpanenne nmannbix uz afifo s [arO++gr0] = afifo; 1 5.1
namaTh 10 ajpecy, XpaHAIeMycs B

rep 8 [arO++gr0] = afifo with not
aZpecHOM peructpe c OCT] ram:

WHKpEMeHTalel aapeca Ha 3HAa4YeHHE
perucTpa o0Iero Ha3HaYCHHUS.

Coxpanenne namneix u3s afFifo B [arO+=gr0] = afifo; 1 5.1

TIaMATE 1o N anpecy ¢ P9 rep 12 [arO+=gr0] = afifo with not
WHKPEMEHTALUEN Ha 3HAYEHHE PETHCTPA| ram;

00111ero Ha3HAYEHUS.

3amuch B MAMATh C  OJHOBPEMEHHEIM [arO++],ram = afifo; 1 5.1
xonuposanueM conepxumoro aFifo B

rep 5 [arO++],ram = afifo with 0-1;
ram.(*) PS5l 1

MNpumeyaHue B npasoii uacmu onepayuu, nomeuennou 3uakom (*), ne moowcem
ucnonb308amvcs Oygep ram, HOCKOAbKY OH Modcem aub0 MmMoabKO
NPUHUMAMb OanHble, TUOO MOILKO Nepedasamy Ux.

5.2.2 lNycTas komaHaa v OTCYTCTBME afipeCHbIX onepaumin

Cucrema xomang mnporeccopa NM6403  mpemycmarpuBaeT
BO3MOYKHOCTh OTCYTCTBHSI aJJpeCHON KOMAH[IbI JICBOH YAaCTH B BEKTOPHOMU

@
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UHCTpyKunu. bonee Toro, cymiectByer IycTass BEKTOpPHAas KOMaHZA,
KOTOpasi MOXeET ObITh HCIOJb30BaHA B Mporpamme. OCHOBHOE CBOHCTBO
IyCTOM BEKTOPHOW KOMAaHABI COCTOUT B TOM, 4YTO €H COOTBETCTBYET
HYJIEBOW MAIlIMHHBIN KO/I.

OlNMNCAHME CUNHTAKCNC KOMAHIbI PA3SMEP| TUM
[lycTas BEKTOpHAs KOMaH/a vnul ; 1 5.3
OtcyTCcTBHE aIpecHOM omepauuu B JIEBOU rep 32 with not ram; 1 53
YaCTH BEKTOPHOU MHCTPYKIUH.

5.2.3 Jlornyeckune onepaunn Hag onepaHgamm X n'Y

Jlornueckne omepamuu Haxg omepangamMu X WY MOTYT
pacmojarateCs TOJNBKO B TMPaBOW 4YacTH BEKTOPHOW WHCTpyKuuu. B
JNEHCTBUTENLHOCTH B KadecTBe omnepaHnoB X ©u Y HCIONIB3YIOTCS
BHYTpPEHHHUE PETHCTPBI-KOHTEHHEPHI BEKTOPHOTO Ipolieccopa: ram, data u
afifto, u HyJeBOI BEKTOP.

Jlornueckue omepanuu HajJ BEKTOPAMH BBIMNOJHSIIOTCS BEKTOPHBIM
AJIY. 3ameTtum, 4YTO pe3ysNbTaT JOTUYECKUX ONEpaIii HE 3aBUCHT OT
pa3OueHMsI TaHHBIX.

B rpage "Cunrakcuc KoMaHAbI' MEIKUM HIPpUPTOM TOKa3aH
IpUMEp HCIIOJIb30BaHMSI pACCMATPUBAEMOI OIlEpalliil B COCTaBE BEKTOPHOU
KOMAH/IbI C HEIYCTOH JIEBOM YacCThIO.

Ecnu BekTOpHast MHCTPYKIMS HE COACPNKHUT KOMAaHIbl JOCTyla B
[aMsTh, TO JIeBask YaCTh HHCTPYKIIMH MOXKET OBbITh onmymieHa (M. moapasuern

4.2).

OMNCAHME CUHTAKCHC KOMAHAObI TWN
[Mo6utoBas omnepamus OR, with X or Y; 7.1
pe3ynbTar  COXpaHseTcsl B _ _ - )
afifo. (%) rep 4 data [arO+=gr0] with data or ram;

[o6uToBas omepamust AND, with X and Y; 7.1
pe3_y JIbTAT - COXpAmieTes B rep 32 wfifo = [ar2++] with ram and afifo;

afifo. e

[o6utoBas omepamus XOR, with X xor Y; 7.1
pe3_y JIbTAT - COXpamAcTes B rep 10 [arO++] = afifo with afifo xor ram;

afifo. alffo xOF rafl

Onepanus OTpHLIaHHS, with not X; 7.1
pe3_y JIbTAT - coXpamietes B rep 16 data = [ar4++],ftw with not data;

afifo. E—
Kom6unanus oneparuy| with not X or Y; 7.1
OTPHUAHHA qepBoro OHGPaHﬂa rep 8 [ar2++] = afifo with not afifo or ram;

¢ noburoBoit onepanueir OR

JIByX OIIEPaHIIOB, PpE3YJbTaT]

coxpansercs B afifo.

Kom6unarms onepanuy| with X or not Y; 7.1
OTpUIIAHUSL BTOPOTO ONEPAHJA

188 euro

Onncanue si3biKka accemoOJiepa

CrpaBo4HOE PYKOBOJCTBO at rX



Habop UHcTpykunn Asbika Accembnepa

¢ noburoBoii omepanueir OR rep 1 [gr4] = afifo with ram or not afifo;
JIByX OIEPaH/IOB, pe3yJbTaT|
coxpansercs B afifo.

KombuHauus oreparuu with not X or not Y; 7.1
oTpullaHusi 00OUX OIEPAHJIOB
¢ moburoBoit omnepanueit OR,
pe3yibTar  COXpaHseTcs B
afifo.

rep 3 data = [ar6+=gr6] with not data or not ram;

Kom6uuamms onepanuy| with not X and Y; 7.1
OTPHIIAHUS TIEPBOTO OIEPaHa
¢ moburooii oneparmeit AND
IBYX OIIEPAHIOB, pE3YIbTaT
coxpansiercs B afifo.

rep 2 with not afifo and ram;

Kombuuamms onepanuy| with X and not Y; 7.1
OTpHILAHHSI BTOPOTrO OIEpaHAa)
¢ noburooii oneparmeit AND
IBYX OIICPAHIOB, pE3yJbTaT
coxpaunsercs B afifo.

rep 9 [ar2++] = afifo with afifo and not ram;

KomOuuarms onepanuu with not X and not Y; 7.1
OTpHuIlaHUs 00OWX OIIepPaHIOB
¢ moOuToBOM  omeparueit
AND, pesynbraT coxpaHsercs
B afifo.

rep 24 ftw with ram and not afifo;

Kom6unanus oneparuy| with not X xor Y; 7.1
OTPHIIAHUS TIEPBOTO OIEPaH/a
¢ mobuToBoit onepanueii XOR
IBYX OIEPAHIOB, pE3YJbTaT
coxpansiercs B afifo.

rep 21 data = [arO++] with not data xor ram;

Hynepas JlorMyecKas with vfalse; 7.1
onepauys (anosmser aflfc? rep 16 [ar3++] = afifo with vfalse;

JUTHHHBIME CcII0BaMH: —
0000000000000000h1).

Jloruueckas OIEpaIys, with vtrue; 7.1
3aTOMHAOIIA af'f(? rep 32 wfifo = [ar5++gr5] with vtrue;

JUTHHHBIMH CIIOBAMH: —
OFFFFFFFFFFFFFFFFhI.

MNpumevaHwe Eciu 6 uncmpykyuu, nomeuennou 3naxkom (*), yuacmeyem wynesot
8EKMOp KAK ONepano, mo oH Modcem Oblmb OnyweH, Hanpumep:

rep 32 data = [arO++] with data;

B oannom cayuae oanmvie, 3aepysicaemvie uz namamu, nonadym ¢ afifo
0e3 uzmeHeHull.

5.2.4 ApndpmeTtudeckme onepauum Hag onepaHgamm X n'Y

Apudmernueckue omnepanuu Hajg omepaHzamMd X U Y MOTYT
pacrosaratbCs TOJBKO B IPABOM YacTH BEKTOPHOW MHCTpyKIMH. B
NEHCTBUTENPHOCTH B KauecTBe omnepaHgoB X U Y HUCHOJB3YIOTCA
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BHYTPEHHUE PETUCTPBI-KOHTEHHEPHI BEKTOPHOTO Mpoleccopa: ram, data u
afifo.

Apudmernueckue oOmepaludyd  HaJ BEKTOPAMHU  BBINOJIHSIIOTCS
BekTOpHBIM AJIY, mostomy mnepen BoimonHeHueM AJIY apudmernyeckoi
ornepanuu HEOOXOAMMO ONPENECIUTh 3HAUYEHUE BEKTOPHOIO perucrtpa nbl
(cm. mynkrt 3.4.2).

B rpage "Cunrakcuc KoOMaHAbl' MEIKUM HIPUPTOM TOKa3aH
pUMEP MCIIOJIb30BAHMSI pACCMATPHBAEMO OTIEpallii B COCTaBE BEKTOPHOU
KOMaH/Ibl C HEMyCTOM JIEBOM YaCThIO.

Ecan BCKTOpHAsdA HHCTPYKLUA HE COACPKHUT KOMAHIbI ANOCTyIla B
MNaMATh, TO JICBAAd 4aCTb MHCTPYKIHUU MOKCT OBITH omnmymnicHa (CM. noapasacit

4.2).
OMNCAHNE CNHTAKCNC KOMAHAbI TUM
CymMma  JByX  BEKTOpOB,  pe3yibTaT with X + Y; 7.2
coxpansiercs 8 afifo.. rep 4 data = [arO+=grQ0] with data + ram;
PasHOCTh  JBYX  BEKTOPOB,  Pe3ylbTaT with X — Y; 7.2
coxpanserca B afifo.. rep 32 wfifo = [ar2++] with ram - afifo;
3MeHeHHEe 3HAaKa OIEMEHTOB BekTopa Y, with O — Y; 7.2
pe3ynbrar coxpansercs B aFifo.. rep 16 wfifo = [ar2++] with 0 - ram;
CymMMa BeKTOpa C €OUHHYHBIM BEKTOPOM, with X + 1; 7.2
pe3yabTar coxpansercs B afifo.. rep 8 ftw with afifo + 1;
WEunyanu3aims  DIEMEHTOB BEKTODA| with 0 + 1; 7.2
€IMHIUIHBIMA 3HAYCHUSIMH, PesymsTal oo 4 [ar4+=gra] = afifo with 0 + 1:
coxpansiercs B afifo. —_—
BerunTaHne €IMHUYHOTO BEKTOpa M3 BEKTOPA with X — 1; 7.2
JOAaHHBIX, MOJaBAEMOT0 Ha BXOJ BEKTOPHOIO _ . .
- 8 = [--ar2 th data - 1;
AJLY, pesynbrat coxpansercs B afifo. rep € ram [--arz] with data - 1
MHULHATH3AIHS 3JEMEHTOB BEKTOpA with 0 — 1; 7.2
3HaueHneM —1 (Bce 6GuThI paBHBI 1) , pe3ybTar rep 8 with O - 1-
coxpansercs B afifo. P e

5.2.5 Onepauus mackmpoBaHusi Ha BekTopHoM AJTY

Onepauusa mackupoBaHus Ha BekTopHOM AJIY pacnonaraercs B
IIPaBOM 4aCTH BEKTOPHOM MHCTPYKLUMHU. B HEMCTBUTENBHOCTH B KadecTBE
onepaHAoB X U Y HCIHOJB3YIOTCS BHYTPEHHHE PETUCTPHI-KOHTEHHEPHI
BEKTOPHOTO Tpoleccopa: ram, data u afifo.

Omnepanuy MacKUPOBAHUS BBIMOIHIIOTCSA OJIOKOM MacKHPOBaHHS,
nepeq ero paboTOH HEOOXOAMMO OMNPENCTUTh 3HAYCHUS BEKTOPHBIX
peructpoB nbl u sb (cm. myskr 3.4.2 u nyskr 3.4.3).

B rpape "Cunrakcuc KoOMaHAbl' MEIKUM HIPUPTOM TOKa3aH
NpUMEP HCIIOJIb30BAHMSI pACCMATPHBAEMOI OTIEpallii B COCTaBE BEKTOPHOU
KOMaH/Ibl C HEMyCTOM JIEBOM YaCThIO.
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Ecmn BCKTOpHAd HHCTPYKLUA HE COACPKHUT KOMAHIAbI ANOCTyIla B
MMaMATb, TO JICBAd 4aCTb MHCTPYKIHUU MOXKCT OBITh omymcHa (CM. noapa3acia

4.2).
OINMCAHME CUHTAKCUC KOMAHObI TN
MackupoBaHre BEKTOPOB, TIOJJaBacMbIX Ha BXOJBI X U Y] with mask M, X, Y; 7.3

BektopHoro AJIY, mackoit M, pe3yJbTaT ONeparim. rep 4 data = [arO+=gr0] with

(X AND M) OR (Y AND ~M) mask afifo, data, ram;

coxpaunsercs B afifo.

MackupoBaHue BEeKTOpoB, nofaasaemeix Ha Bxoasl X u Y|wWith mask M, shift X, Y;| 7.3
BekTopHOro AJTY, mackoit M (Y AND ~M), (X AND M) rep 8 data = [--ar0] with mask
Y TUTIOC IMKJIMYECKUN CIBUT BIpaBo Ha 1 OUT omepaHna afifo, shift data, ram:
X mo BemoxHeHus jorndeckoro MJIN nByx ormepaHmoB,
pe3yibTrar coxpansercs B afifo.

Onucanue omepard MacKUpOBaHHUs TpuBeneHO B nyHKkTe 1.5.4
«Omepanus MackupoBaHus». Onepanus UUKINYECKOro CIBUTA OMKCAaHA B
nyHkte 1.5.6 «l{ukauueckuii cIBUT BIpaBO onepaHia X MPH B3BEIICHHOM
CYMMHPOBAHUUY.

5.2.6 Onepauus B3BELLEHHOIO CYMMUPOBAHUSA

Omneparusi B3BEIICHHOTO CYMMHPOBAHUSI PACIIOaraercs B MpaBoOM
YaCTU BEKTOPHOM HWHCTPYKIMU. B [EHUCTBUTENBHOCTH B KadyeCTBE
omepanioB X W Y WUCIHOJB3YIOTCS BHYTPEHHUE PETUCTPHI-KOHTECHHEPHI
BEKTOpPHOro mpoueccopa: ram, data u afifo, kpome TOro, B KauecTtBe
ornepanyia Y MOXKET UCTOJIb30BaThCS PETUCTP VI .

Omeparuy B3BEIIEHHOTO CYMMHPOBAHUSI BBITIOJIHSAIOTCS Ha pabodeit
MaTpHIe, Tepe]] BBIIOJIHECHHEM OmNepalud HEOOXOAWMO OINpeaeiTUTh
3HAYEHHS BEKTOPHBIX peructpoB Nb1l u sb (cMm. myHkT 3.4.2 u nyHKT 3.4.3).

B rpade "Cunrakcuc koMaHIbI MEJIKUM MIPUPTOM TOKa3aH
MPUMEP HUCIIOJIb30BAHUS PacCMaTPUBAEMOM OMEpPallii B COCTaBE BEKTOPHOU
KOMAaH/Ibl C HEITYCTOM JIEBOW YaCTHIO.

Ecnu BekTOpHast MHCTPYKLUS HE COAEPNKHUT KOMAaHIbl JOCTyna B
aMsTh, TO JIEBask YaCTh MHCTPYKIIUH MOXKET ObITh omyiieHa (M. moapasuesn
4.2).

Ecam B omepanuu B3BEHICHHOIO CYMMHpOBaHUs Macka HeE
UCIIOJIb3YETCs, TO MEpBbIA omepaHi (Macka) MOXET ObITh OMYIICH, HO
3ansTas nepej onepasaoM X COXpaHseTcs

OMNCAHVE CUMHTAKCNC KOMAHObI TUM

IIpocras oneparus with vsum , X, O; 7.4
B3BENICHHOTO  CYMMHPOBAHHS,
pesyibTaT  COXpaHsercs B
afifo.

rep 12 data = [ar2++gr2] with vsum , data, O;
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BEKTOpa YaCTUYHBIX

afifo.

Onepanys B3BEILIEHHOI'O with vsum , X, Y; 7.4
CyMMHUpOBaHHs C J00aBJIeHHEM

pe3yabTar COXpaHsieTcst B

rep 32 ram = [--ar2] with vsum , data, vr;

CyMM,

MpeABaPUTEIHHBIM

afifo.

Onepanus B3BEILICHHOTO, with vsum M, X, Y; 7.4
CYMMHPOBAHHS, COBMEIICHHAS C

MacKHUpPOBaHHEM apryMeHTOB
(M AND X) OR (Y AND ~M)),
pe3ynpTaT  CcoOXpaHAeTcs B

rep 8 data = [ar2++] with vsum ram, data, afifo;

CABUI'OM BIIpABO Ha

coxpansercs B afifo.

Onepanus B3BEIICHHOTO) with vsum , shift X, Y; 7.4
CYMMHPOBAHHS C IMKIMYCCKUAM

orepania X, pe3ymbTaT

rep 1 [ar2=gr2] with vsum , shift ram, ram;

1 ourn

5.2.7 Onepaunn aktmBauum

Ornepanuy akTUBAllUM BBIMOJHSAIOTCS HAJ OMNEpaHIaMHU B IpaBoOil
YaCTH BEKTOPHOW HWHCTPYKIMU MyTeM J00aBJICHWs] K HWMEHH OIlepaHa
KJII0YeBOro cioa activate. Onepanus akTUBAlMU BBITIOJHIETCA Hal
Ka)KJbIM OIIEPAHJOM HE3ABUCHMO.

B 3aBHCHMOCTH OT TOTO, COBMECTHO C KAKHM THIIOM KOMAaHIbI
BBITMIOJIHSACTCSL AKTHBAIMS, OHAa MOXET OBITh JIOTHYecKol (Ioporoast
byukiwst) win apudmerndeckoit (GyHKIMS HACHIIICHUS).

Omnepanuy aKTUBAIMU BBIMOJIHSIOTCA B JIBYX OJIOKaX aKTHBAI[WH,
mepes  BBITOJHEHHEM OIEpalii  HEOOXOJMMO ONPEACIUTh (PYHKIHH
aKTHBAIMK JIJISI KaXIOT0 ONepaH/a, KOTOPBIE OMPEIENIAIOTCS 3HAUYCHUSIMHU
BekTOpHBIX peructpoB Flcr (mas onepanma X) u F2cr (s omepanga Y)
(cm. mynkT 3.4.1).

B rpadge "Cunrakcuc xomaHnpl" MeNKUM HIpU(TOM TOKa3aH
IPUMEP MCIIOJIb30BaHMsI pACCMATPUBAEMOI Ollepallui B COCTaBE BEKTOPHOM
KOMaH/Ibl C HEITyCTOM JIEBON YacThIO.

Jloezuveckass akmueauusi

Jlornueckas aKTHuBalus 3HAUCHUIN BCKTOPOB MOKCT HNPOBOAUTHCA
npu JI000W JIOTUYECKOH orepanuy W3 NMpuBeIeHHBIX B 5.2.3. Jlornyeckue
onepauun Hag onepaHgamu X n Y. Hmke B Tabmuiie mpuBOSATCS MPUMEPHI
aKTHUBALIUU OINIEPAHNIOB, CTOSIIMX HA PA3NIMYHBIX MMO3ULHUAX B IPAaBOW 4acTH
BEKTOPHOM UHCTPYKIUU.

OMMCAHNE CNHTAKCNC KOMAHObI Izl

IIpumep noruueckoi

omnepasaa X c

aKTHBaLMel omnepaHaa X, aKTUBALMs

BBINOJIHEHMEM Jtornueckoro MJIM ¢ Y.

omepamuy ¢ with activate X or Y; 7.1

rep 32 data = [arO++] with activate data or
MOCJEAYIOIINM| ram;
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[IpuMep 1OTHYECKOH omepamuu with not activate X and Y; 7.1

aKTHBAKCH onepanna X, KOrja Hal Xrep 16 data = [--ar0] with not activate data

JIOTIOJTHUTENLHO COBepIIIaeTCs and ram:

oreparys OTPHIIAHKS [OCIIEe aKTHBAIHY]

U Tepe]l BBIMOIHEHHEM Jiorudeckoro M.

[IpuMep JOTHYECKOH ONEpalud  C with X or activate Y; 7.1

aKkTHBalMel omepaHaa Y, aKTHUBAIus rep 8 data = [arO++gr0] with data or

omepaHaa Y ¢ TOCIEAYIOUIHMM activate ram: —_—

BBITIOJIHEHHEM Jiormdeckoro MJIN ¢ X.

[IpuMep 1OTHYECKOH omepauuyu with X and not activate Y; 7.1

aKTUBAICH onepania Y, Korna Han Y| rep 12 [--ar0] = afifo with afifo and not

JIOITOJTHUTEIBHO coBepIIaeTcs activate ram:

oreparyst OTPHIIAHHS [OCIIEe aKTHBAIHH|

U Tepe/l BBIMOJHEHHEM Jorudeckoro U.

Ilpumep normueckoii omepaumn ¢ WIth activate X xor activate Y; | 7.1

afmsaunen oboux orepanios. nepes rep 8 ftw with activate afifo xor activate

€& BBINTOJIHEHUEM. ram;

[IpuMep JIOTMYECKOH oONepanuu  © with not activate X and not 7.1

aKTUBaLUeld 0OOMX OIEpaHAOB, KOIIA| activate Y:

HaJ HUMH JIOTIOJTHUTEIHHO ) ) )

COBEpIIAETCSI  OmNepauusl OTPUIAHUS, rep 2 with ngzt?\(i;::\e’aﬁgm?ﬁfo and not

MEPBBIM  BBIIOJHACTCS  aKTHUBAIHS] E——

OIEPaH/IOB, 3aTeM OTpHIIAHUE]

OTEPaH/IOB, 3aTEM U CaMa JIOTHYECKas]

onepanus (B nansom crygae AND).

MackupoBaHue ~ BEKTOPOB  Tepe with mask M, activate X, Y; 7.1

aKTHBALHCH onepania X, N rep 8 data = [arO++] with mask afifo,

MOCIIEAYIOIIUM BBINTOJIHEHUEM activate data, ram:

soruueckoro WJIN onepanaos.

MacKknpoBaHHE ~ BEKTOPOB  IepeN with mask M, X, activate Y; 7.1

TIOTHECKOf aKTHBALMEH omlepatya Y, ¢ rep 1 data = [--arO0] with mask afifo, data,

MOCIIEAYIOIIUM BEITIOJTHEHHEM| activate ram;

sornyeckoro MJIN onepannos.

Mackupoanue ~ BektopoB  nepeaffWith mask M, activate X, activate| 7.1

JIOTHYSCKOM aKTHBaIuein 00oux Y;

OTIEPaH/IOB, C MOCIIEAYIOIUM ) ] }

BBIMONHEHHEM  Jjtormueckoro  WJIN rep 4 with mask afifo, activate ram,
activate ram;

OIIEPaH/IOB. —_—

Mackuposanue  Bektopos  nepeWith mask M, shift activate X, Y;| 7.1

nomqecux O akTHBauMeH onepanna X, rep 12 with mask afifo, shift activate data,

KOTOPBIH rocJie aKTHBALIMH

MTOJIBEPTACTCS ONEPAIIH IIIKINICCKOTO|
capura Ha 1 OuT BIpaBo, mocie 4ero|
BBINIOJTHSETCS JIOTHYECKOE 1IN
OTICPaHJIOB.

ram;

Apupmemuydeckasi akmusayusi

Hmwxe B Ta6J'II/IH€ IMPUBOAATCA IMPUMEPLI aKTHBAIWU OIICPAHIOB,

CTOAINMX Ha PA3JIMYHBIX IMO3ULUAX B

MHCTPYKIIHU.

MpaBO YacTH BEKTOPHOMU

[G]

€UrO onucanve sizbika accembrnepa
atrix Crpasounoe pykosoacrso
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OINMMNCAHUE CUHTAKCHUC KOMAHbI TUM
[Ipumep apudMeTHUECKON ONEpaIuu ¢ with activate X + Y; 7.2
aKTHUBaIUEH omnepaHia X 7o)

rep 32 data = [arO++] with activate data +
BBINIOJIHEHUS OMEpaluy, K onepanay X ram:

J0  BBIIIOJIHCHUA  CJIIOKCHHA C Y
MMPUMCHACTCA (byHKHI/IH HaCBIIICHUS.

[Ipumep apudMeTHIECKON OTEepaIiu ¢ with X - activate Y; 7.2
aTHBaICeH oriepara Y 710 rep 8 data = [arO++grO] with data - activate
BEITIOJTHEHUSI OTIEpaIliuy, K OrepaHay Y] ram:
JI0O BBIIOJHEHUS BBIUUTAHUS U3 X
pUMEeHseTCsl QYHKINS HACBIICHHUS. .

Ipumep apudmernueckoit onepamuu ¢, WiIth activate X + activate Y; 7.2

NPHUMCHCHHEM YHKIMH HACKULCHHS K rep 16 data = [--arO] with activate data +

060MM ONepaHIaM JO BHIIOTHEHHS] activate ram-

omepanmm.

[Ipumep  omepauuy  B3BELICHHOTO with vsum , activate X, Y; 7.2
CYMMHPOBATTHA ¢ HPHMEHCHHCN rep 2 data = [ar4++] with vsum , activate
yHKIME HachlleHHs K omepaHay X data, ram:

Tnepes  BBIIOJNHEHHEM  B3BEIICHHOTO

CYMMHpOBAHHS.

pumep T0CIIEI0BATENBHOTO) with vsum , X, activate Y; 7.2
BBHIOJHEHMS ~ MAaCKMPOBAaHHS  0OOMX| rep 2 [ar6++] = afifo with vsun . ram,
ONepaHIOB,  3aTeM  IPUMEHEHHEM| activate afifo:
dyHKIME Hacklenus K onepanay Y

BBITIOJTHEHHUS B3BEIICHHOTO)

CYMMHpOBAHHS.

pumep nocienosarensroroWith vsum M, activate X, activate| 7.2
BBITIOJTHEHHS OTEPALMHM MACKHPOBAHHS Y:

ONepaHIOB,  3aTeM  IPUMEHEHHEM|

rep 5 with vsum ram, activate ram, activate
afifo;

(I)yHKLlI/II/I HAChIIICHUA W BBIIIOJTHCHU]
B3BCIICHHOI'O CYMMHUPOBAHUS.

[pumep  omepaumu  B3emennorol With vsum , shift activate X, 0; | 7.2

CYMMHPOBAHIA ofepana Y 9 rep 30 ftw with vsum , shift activate ram,

pe3yJbTaToM IMKIMYECKOro CIABHra Haj 0:
1 ©Our BHpaBO aKTHBHUPOBAHHOTO -
onepanaa X.

5.2.8 3arpy3ka BeCOB B MaTPUYHbIN y3en

B nmanHOM pa3nmene coOpaHel BCE  BEKTOPHBIE  KOMaHJBI,
HEOOXOIMMBIC [UIsi 3arpy3KH BECOBBIX KOI(P(HUIMEHTOB B TCHEBYIO H
pabouyto matpuisl BIL.

B BEKTOpHON MHCTPYKUMM BCE OINEpallMM 3arpy3Kd BECOB
pacrnojararTcs CjeBa OT KJIK0YEBOro cjioBa Wi th.

B rpage "Cunrakcuc KoOMaHAbI' MEIKUM HMIPUPTOM TOKa3aH
pUMEp HCIIOJIE30BAHMS pACCMATPHBAEMOI OTIEpalliil B COCTaBE BEKTOPHOU
KOMaH/Ibl C HEMyCTOM MPaBOW YaCThIO.

OMNUCAHME CUNHTAKCNC KOMAHbI PA3MEP| TUIN

3arpy3ka BeCOBBIX KOX((QHIMEHTOB rep 24 wfifo = [arO++]; 1 5.2
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u3 mamstu B 6ypep Wi To. rep 24 wfifo = [arO++] with ram + 1;

3arpyska BeCOBBIX KOI()(HUIHEHTOB] Rep 32 wfifo = [arl++], ftw; 1 5.2
3 MaMATH Bv6y(1)ep vaIfO ¢ Rep 32 wfifo = [arl++],ftw with 0 - 1;

OJIHOBPEMEHHOH mepenayeil ux B

TEHEBYIO MATPHILY.

3arpyska Becobix kodddummenroslrep 32 wfifo = [arl++], ftw, wtw; 1 5.2
13 TaMATH B“6y(pep qulfo ¢ rep 32 wfifo = [arl++],ftw, wtw with not

OJIHOBPEMEHHOM Tiepenaveil ux B ram:

TCHEBYIO, @ 3areM M B pabouyro|

Matpuiry(*).

Iepenaua BECOBBIX| ftw; 1 5.3
xoapummentos s WFITO rep 16 ftw with not ram and afifo;

TEHEBYIO MaTpuily.(**) —

Konuposanue BECOBBIX witw; 1 53
Koo puumeHTOB Hi feHenon rep 12 wtw with activate afifo;

MaTpuIbl B pabouyro.(*) —

[MpumeyaHue B uncmpykyusx, noMe4eHHbIX

snaxom (*), ucnonvzyemces onepayus Wew

KONUPOBAHUSL COOEPAHCUMO20 MEeHeBOl Mampuybl 8 pabouyio. U3-3a
HAIUyus 8 npoyeccope annapamuot ouubKu HeobXxo0umo npu
UCNONb3068aHUU onepayuu WEW UCnoIb308ams c1edyiouyio
KOHCMPYKYUIO, meM camblm OJ0KUpYs napaiiebHoe 8bINOJHeHUe Opy2ux

UHCMPYKYULL

wait
nbl = 3nauenue;
wiw;

.branch;

MpymeyaHue

Onepayus £tw, nomeuennas snaxom (**), moosicem ucnonvzosamecs He
MONILKO UZ0NUPOBAHHO, HO U OblMb 3ANUCAHA 8 1e80ol dacmu 100l
BEKMOPHOU KOMAHObL, HANpumep,

rep 32 data = [arO++], ftw with vsum , data, O;.

5.2.9 CoxpaHeHue B

NamMsiTU 3Ha4YeHUn BEKTOPHbLIX PErmcTpoB

Jns coxpaHeHus B mamsATH 3Ha4eHu peructpos F2cr, Flcr, nb2,
sb, vr ucnons3yercs crnenuanbHas KoMmannaa. llepedncineHHble perHCTpEI

HANpsIMyl0 HEIOCTYITHBI
MOJy4YUTh KOCBEHHBIM ITyTEM.

[0 YTEHHUIO, OIHAKO,

X 3HA4YCHHUA MOXKHO

OMMNCAHWE

CNHTAKCNC KOMAHbI TUM

Coxpanenue BekTopHbIX peructpos B 0ydep aFiFo.

rep 5 with store vregs;

7.5

@
€UrO onucanve sizbika accembrnepa
atrix Crpasounoe pykosoacrso
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Bce coxpansiemble peructpsl SBistoTcs 64-x pazpsaHbiMu. CueTduk

NIOBTOPEHUM B BEKTOPHOM WHCTPYKLUMHU JOJDKEH PpaBHATHCA O,
KOJIMYECTBY COXPAHSEMBIX pPETUCTPOB.

1o

HpI/IBGILGHHaﬂ BBIIIIC KOMAaHIa

coxpansier peructpel B afifo, oTKyaa OHM Cleayroleld HHCTPYKIUEH
MOTYT OBITh COXPAHEHBI B TAMATH CM. IYHKT 5.2.1.

5.3 JononHumensbHbie onepayuu NM6405

B sToMm paznene nepeducisiroTcs TONOTHUTENbHBIE KoMaH bl iporieccopa NM6405.

5.3.1 [lononHuTenbHble KOMaHObl YTEHUSA U3 NaMATH

KOCBEHHOE YTEHHE M3 NMAMATH B PETHCTP C gr0 = [arl+gril]; 1.1
azipeca paBHOTO CyMME aJIpECHOTO PETHCTPa U _ . - .
perucrpa obuiero HazHaueHus (*). gro = [arlrgri] with gri grz:
ApecHBII pErHCTp HE MEHSETCA
KocBeHHOE dYTEHHME W3 NAMSATH B PETHCTP gr0 = [arl+Const]; 11
o0Iero Ha3HAuYeHHS II0 aJpecy PpaBHOMY| gro = [arl—Const] :
CyMME a/IpECHOTO PETHCTPa M KOHCTAHTHOTO _ ) _
BBIPAKEHHA. gro = [ar1+Cogn'§2t_] with grl -=
AnpecHblll perucTp He U3MEHSETCS.
5.3.2 [ononHuTenbHble KOMaHAbl 3annucu B NnamMaTb
KocBenHas 3anuch B maMsATh U3 PETHCTPa IO [ar1+g I"l] = gro; 11
azipecy paBHOMY CyMME aIpeCHOTO PETHCTPA _ - _ .
1+grl] = h grl -= gr2
M perucrpa obimero HazHadeHus. (*). [ari+gri] = grO with gr gres
AJZpecHBII peTucTp HE MEHSAETCH.
KocBeHHast 3anmuch B MaMATh U3 PETUCTPA [arl+Const] = grO; 1.2

o0IIero Ha3HA4YeHHs II0 aApecy pPaBHOMY)
CyMMe aJpecHOTO PErucTpa U KOHCTAHTHOTO|
BBIPaYKEHUSL.

AIpecHBII pEruCTp HE MEHSETCS.

[arl-Const] gro;

[arl+Const] = grO with grl -=
grz;

5.3.3 [lononHuTenbHble KOMaHAbl KONMMPOBaHWNSI PErMCTPOB

HM3MeHeHne B CIHCKeE PErucCTpoB AOCTYIHBLIX I10 3anUCH/ITEHUIO. HpI/I HUCIIO0JIb30BaHUU

cnenuanbHbIX peructpoB NM6403 orcyrerByromux Ha NM6405 Brigaercst ommoka.

Tabs. 5-3 Perucrpel M peruMcTPOBEE AP

yrenuio/ 3a111cH.

NM6405 rpocrymnHele [o

KOMNMNMPOBAHWE 32-PA3PAQHBLIX

KOMNMNMPOBAHWE 64-PA3PAOHBLIX

CJioB CJioB
aro, gro, (ar0, gr0),
ar%iép) gr7 (ar7-,- -gr7)
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pro

pri8

pswr

pcC

(pswr, pc)

Crucku PETUCTPOB AJOCTYIHBIX TOJIBKO I10 3aIIMCH U TOJIBKO 110 YTCHUIO HC U3MCHUJINCD.

5.3.4 [lononHuTenbHble KOMaHAbl MoAnMUKaLNUM aapecHbIX PErmcTpoB

B otnuuue ot mporeccopa NM6403 na mporieccope NM6405 oTCyTCTBYIOT OrpaHHUYCHUS

0 TPYMIIaM aJIpECHBIX PErUCTPOB!

arO = ar2+gr2; // npasunbHas xomanza u Ha NM6403 1 na NM6405.
ar0 = ar4d+gr4; // oumbGounas xomanma Ha NM6403, npaeunbHas Ha

NM6405 .

B npyrux xomangax u3MmeHnenuii mo cpaaeHuto ¢ NM6403 uer.

[G]

€UlIO onucanme sisbika accembnepa

atrIX CripaBoYHOE PyKOBOZCTBO
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6 I NMpunoxeHne A PacwumpeHune accembdbnepa: cneumanbHble
nuTepansl AnAa pasdbueHUsa cNoB Ha 3feMeHThbl (nons)
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