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BBenenue

NHTEeHCUBHBIN pOCT MpUMEHEeHU U(ppoBOil 00pabOTKH CUTHA-
noB (IIOC) B cambIx pa3HbIX cepax HayKH, TEXHUKH U UHPOpMAaIIU-
OHHBIX TE€XHOJOTUM 00YCJIOBIMBAET HEOOXOAMMOCTh BJaJeHUs 0azo-
BBIMH 3HAHUSIMU B 3TOM 00JIACTH BCE OOJIBIIIETO KOJUYECTBA MHKEHE-
pPOB W uccienoBareneid. BrImoiHeHUE NBYX J1abOpaTOpHBIX padoT,
npejyiaraeMbIX B JaHHOM y4eOHOM MOCOOMH, MOMOTAET MPUOOPECTH
HayaJbHbIC HAaBBIKM Pa0OThl C MHTETPUPOBAHHOW Cpeloi pa3pabOTKU
CUCTEM Ha OCHOBE HHM(POBBIX CUTHAIBHBIX TMporeccopoB (LICII)
Visual DSP++. Ha yueOHOI MakeTHOM Ij1aTe npejjiaraeTcsi CaMmoCTos-
TEJIbHO pa3padoTaTh MPOrpaMMy BBOJA-BBIBOJA JaHHBIX B CXEME C
[ICIT ADSP 218, a takxe U3y4uTh MPUMEp peau3aiuu MugpoBoro
K1X-dunsTpa u nccienoBaTh €ro XapakTepUCTHKH.

1. OcnoBHble cBeaenusi mo [HHOC

OcHoBHbiMU HanpaiaeHUsIMU [[OC SBISIIOTCA: CNEKTPabHbBIN
aHaju3, JUHEWHas (UIbTpalMs, YaCTOTHO-BPEMEHHOM aHaju3, ajarl-
TUBHAsl (PUIbTpalvs, HEJIMHEHAss 00padoTKa 1 MHOTOCKOPOCTHAsi 00-
pabotka. Matematuyeckoit ocHoBoil LIOC ciyxuT annapar, COriacHO
KOTOPOMY KaXKIbIii CUTHAJI pacCMaTPHUBAIOTCS KaK (DyHKIIHS, UMEIOIas
HKBHBAJICHTHOE TPEJICTABIICHUE B BUJIC PA3JIOKEHUS 110 OPTOHOPMHPO-
BaHHOM Oa3ucy (MPEICTaBIICHUE CUTHAJIOB OOOOIICHHBIMHU PsIaMU
®dypbe). OObIYHO B KauecTBe 0A3UCHBIX (PYHKIUN MPUHUMAIOTCS Tap-
MOHHUYECKUE CUTHAJIbI C YaCTOTAMM, KPATHBIMU MEPUOY HUCCIEAYEMO-
ro curHaiga. CoOTBETCTBYIOIIMA HA0Op YACTOT OMpPEAENSET CIEKTP
CUTHaJla. ODHEpPrusi CHUrHajga paBHA CyMMeE€ KBaJpaToB KOMITOHEHT
00o0061enHoro psga Oypbe, 1 MOKHO TMOKa3aTh, YTO TaKOE MPEICTaB-
JICHUE 1aeT MUHUMAJIbHYIO OMIMOKY anmpokcuManuu (cM. cTp. 35 [1]).

dyHIaMEeHTaIbHON OCHOBOM TEOPUH OOPaOOTKH CUTHAJIOB CIY-
xuT Teopema KorenbHukoBa (Teopema HalikBucTa, Teopema oTcye-
TOB), KOTOpasi I0Ka3bIBaeT, YTO €CJIH f,, — caMasl BbICOKas 4acToTa B
CrieKTpe (PYyHKIMU X(?), TO QPYHKIUS MOJHOCTHIO OINpEIENseTcsl Mo-
CJIEIOBATEJIbHOCTHIO CBOMX 3HAYEHUM, €CITU BHIOOPKA OCYIIECTBIISACT-
Csl C YaCTOTOM HE MEHbIIEH, ueM 2f,,. (cM. cTp. 143 [1], ctp. 67 [2]).

[IprHIMTIHATEHOM 0COOCHHOCTHIO MU(POBOM 0OPaOOTKH CUTHA-
JIOB SIBJISIETCS MIX JMCKPETU3AIUs TI0 BPEMEHHM U 10 YpoBHIO. [Iporecc
JTUCKPETHU3AIIUH 110 BPEMEHHU MOYKHO pacCMaTpUBaTh KaK yYMHOKXCHHUE
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aHAJIOTOBOTO CHUTHAJIA X(?) Ha MEPUOJAUYECKYIO IMOCIEI0BATEIBHOCTD
nenbTa-PyHKIMN, TOBTOPSIONIUXCS ¢ nepuojioM BeiOOpku 1/F,. Kak
MOKa3aHo Ha puc. 1, PyHKIMSA CIEKTpa TAKOTO AUCKPETU3ZUPOBAHHOTO
CUTHAjJa TPEACTaBISIET COOOM MEPUOJAMYECKH TMOBTOPSIOIMINICA
CIEKTP MCXOJHOIO aHAJIOrOBOr0 CUTHAla, MPUYEM MEPUOJ MMOBTOpE-
HUS coctaBisier [//F,. KOMIOHEHTHI 9acTOT C IIEHTpaMH B TOYKaXx,
KpaTHbIX F,, Ha3bIBAIOT 3€PKaJbHBIMU YacTOTaMH (MOAPOOHO
C BOIIpocaMu 00PabOTKU JUCKPETHBIX CUTHAJIOB MOKHO O3HAKOMUTh-
csl, HarpuMep, B T1aBe 15 yueOHuka [1]).

x(t)
X0
A
X(t)y
P A
1
0 1 -2F, F, 0 F, 2F, [
ON
X'
’\ A
IIRVAVIAVALVALVARY
0 ! -2F, F, 0 F, 2F

Puc. 1. Yacmommuwiii cnekmp Ouckpemusupo8aHHo2o CUsHAa.

N3 puc. 1. BUIHO, YTO €CIIM MOJIOBHHA YaCTOThI JTUCKPETU3ALHNU
(3TO 3HaYeHHE Ha3bIBAIOT YacToTOW HailkBHCTa) MEHBIIIE MaKCUMAJIb-
HOM 4aCTOTHI CUTHAJIA, TO 3€pKaJbHbIC YaCTOThI OyAyT HAKJIaIbIBATHCS
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HA YacCTOThl OCHOBHOMW MOJIOCHL. DTO MPUBEAECT K TOMY, YTO CIIEKTp
curHaja OyJeT MCKaXXEeH U TI0 HeMYy OyJIeT HEBO3MOKHO BOCCTAHOBUTD
UCXOJIHBIA HENpPEPbIBHBIA cUTHAT (3(DPEKT HATOKEHUS I TTEPEKPhI-
THS CIIEKTPOB).

OO6o01IeHne MpeACTaBiICHUsT JJisi peajbHO 00pabaThIBaeMBbIX
CUTHAJIOB, OTPAHUYCHHBIX BO BPEMEHH, U MOTOMY HE SBISIOIIMXCS
MEePUOJUYECKUMHU, MPUBOJUT K TOMY, YTO HAOOp OA3MCHBIX YaCTOT
(CIIeKTp) CTAaHOBUTHCS OCCKOHEUHBIM. DTO SBIISICTCS HEMPEOI0TUMBIM
NPENsSTCTBUEM [IJISl TUCKPETU3allMM U BOCCTAHOBJICHHUSI CUTHajia 0e3
uckaxenut. OnHako ¢uzuyeckas mTpupoaa J0O0ro MU3MEpPSIEMOro
curHasia (COOTHOIIEHHWE HEOMPEACIICHHOCTH) OOyCIaBIUBAaEeT TOT
(daKT, 4TO B €r0 CIEKTPE €CTh TAKWE BBICILIME COCTABIIAIONIUE, YHEPTUS
KOTOPBIX, HAUMHAsI ¢ HEKOTOPOW BEPXHEH YaCTOTHI f, CTAHOBUTCS Ma-
JIOM HACTOJIBKO, YTO BCEMH IMOCIEIYIOIMIMMU BBICIIMMH COCTaBIISIO-
IIMMU B paMKaxX pelaeMoi KOHKPETHOM 3ajjauyu MOKHO MpeHeOpeyb.
TumnoBast cxema 1UdpoBoil 0OPAOOTKU aHATIOTOBBIX CUTHAJIIOB IIPUBE-
JIeHa Ha pHuC. 2 (CM. noz[po6Hee ctp. 72—-134 [2] u cTp. 511 [3]).

X(l"? AHTHDIaliCUHTOBBIH| X (1) X:{I’lT) YCTPOVCTBO V:(nT) y(t) |CrimaxxuBaronuii y:(f)
—» DHY > AL[I'I_?_"HOC (BBIYHC- H—p LAn—> BHY —>
i JIUTEIh)
R U it R

Puc. 2. Ob06wennasn cxema ycmpovicmeaa LJOC.

s ycrpanenus 3¢ @dexra HaIOXKEHHUS 4acTOT HEOOXOIUMO Or-
PaHUYMBATHh BEPXHIOKD YACTOTY PabOThI yCTPOMCTBA 00pabOTKM 4Yac-
TOTOM F', ompeaensieMol 4acTOTOM AUCKPETU3alMU C T€M, 4TOObI OJ1-
HOBPEMEHHO BBINOJHSIUCH ycaoBuss F=f, u f,2>2F. OrpaHnuydeHnue
CIEKTpa CBEPXY YaCTOTOM PeaNn3yeTcs C MOMOLIBIO 00S3aTEIbHOTO B
cucreme [{OC ananoroBoro ¢guiastpa HuU3kux yactor (OHY), Hazwi-
BA€MOTO €Ill€ AHTUAJIANCHUHIOBBIM (MPEAOTBPAIIAIONINM HaJ0KEHUE
4acTOT, OT aHTJI. aliasing).

Cnenyromuit 32 ®HY ananoro-uudpoBoit mnpeoOpazoBaresib
(ALIT) dbopmupyer mocineqoBaTEILHOCTH YHUCEN, OMUCHIBAIOIINX OT-
CUEThbl CUTHAJIOB X(n7T), B3ATbIE YEpe3 paBHbIC MPOMEKYTKH BPEMEHHU
T=1/F. SIcHo, 4TO MJIs1 HAMJTYYIIeTO MPEACTABICHUS CUTHAJA CICAYeT
CTPEMUTHCA K YBEIMYECHUIO YaCTOThI AMCKPETU3AIUU, HO 3TO TpeOo-
BaHME MPUXOAUT B IPOTUBOPEUUE C PECYPCAMH CUCTEMBI, MOCKOJIbKY
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00pabOTKa CUTHAJIOB B PEAJbHOM BpPEMEHHU, TPEOYET BBIMOJIHEHUS
npeoOpa3oBaHUi U BRIUUCICHUN B TEMIIC MOCTYIUICHUSI OTCYETOB.

Jluckperusanys CHUTHaJOB IO YPOBHIO SIBJISIETCSl CJEACTBUEM
dbopmupoBaHusi UMPOBLIX OTCYETOB, MOCKOJbKY BECh HAMAa30H U3-
MEHEHHMS CUTHAJIOB Pa30MBAETCsl HA CYETHOE KOJIUYECTBO JUCKPETHBIX
YPOBHEH, ompeaesieMoe pa3psTHOCThIO TpeoOpa3zoBaHusl (OOBIYHO 8—
20 pa3psaoB).

[TocnenoBarenbHOCTh X(n7)=x(n) MOCTyNaeT HA BXOJ BBIYHMCIIH-
TeJsl, KOTOPBIM MO 3aJJaHHOMY aJroputMmy (GOpPMHUPYET MOCIeI0Ba-
TEJILHOCTh BBIXOJHBIX OTCUeTOB y(n). KommdecTBo omepanuii obpa-
O00TKH (YMHOXKEHUM, CIIOXKEHHI, MEPEChUIOK U T.I.) ISl MOTy4YeHUs
MOXET HUCUMCISITHCS ThICSTYaMHU, IMO3TOMY BBIUUCIHUTENb JOJLKEH pa-
00TaTh C 4aCTOTOM f;, CHHXPOHU3UPYIOLIECH TAKThl ONEpalluii BHIYKC-
JICHWH, 3HAYUTEJIbHO IPEBBIIIAIONICH YaCTOTy AUCKpeTu3aiuu f,. Ilo-
Jy4YEHHBIE BBIXOJHBIC OTCUETHI MOJAIOTCA Ha HHUGPO-aHATOTOBBIM
npeodpazoBaTesb, GOPMUPYIOMINN CTYIIEHYATHIN aHAJIOTOBBINM CUTHAI
Y(t), KOTOpBIN 3aTeM ¢ Momolbio craaxupatoniero ®HY npeodpasy-
€TCS B BBIXOJIHOW aHAJIOTOBBIM CUTHAM (7).

Takum oOpazom, nipeamerom [{OC sBISIIOTCS MOCTEI0BaTEIBHO-
CTH 4YHCEJ, MPEJACTABIAIONIME CO00M N pPaBHOOTCTOSIIUX OTCUYETOB
X(n), 15 KOTOPBIX MO GopMysiaMm AUCKPETHOTO MpeodpazoBanus Dy-
pse (HAIIdD) cTaBsTcs BO B3aMMHOOIHO3HAYHOE COOTBETCTBHE 3HAUe-

HUSI KOMILJIEKCHBIX COCTaBIISIIOIIMX CrieKTpa X(k):
N-1

npsimoe JT1D: X(k)z% > x(nWik, 0<k<N-1, (1)
n=0
rJe W]’\}k — SI7IpO MpeoOpazoBaHus (MIOBOPAYMBAIOIINIT MHOKHUTEIND):
- jz—ﬂnk
Wik —e "N, (2)

Cocrapnstoniue crnekrpa X(k) umerot nepuoa N U pacnojararor-
Csl 10 YaCTOTHOM OCH C MHTEPBAJIOM, Ha3bIBAEMBIM YacCTOTOW MPeOO-
pa3oBaHMUs:

Aw=27/NT, T=1/f, 3)

Brixoguoii cnexktp JAIID X(k) saBnsiercst pe3yiabTaToM BbIYUCIIE-
HUS CBEPTKH MEXKy BRIOOPKOM, COCTOSAIIEH M3 BXOJHBIX OTCUETOB BO
BpEMEHHOM 00s1acT U HabopoMm u3 N map rapMOHUYECKUX Oa3HCHBIX
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GyHkuuil. MOXHO MOKa3aTh, TakkKe, 4To 3anuch (1) o3HavaeT BbIYMC-
JICHUE CKaJSIPHOTO TMPOU3BEJCHUS BEKTOpPA X(71) U BEKTOpPa OPTOHOP-
MHUpPOBAHHOTO 0a3uca B N-MEpPHOM MPOCTPaHCTBE (IpeoOpa3oBaHUe
@ypbe 03HAYAET MPOCTO PA3IOKEHUE UCXOAHOW (PYHKIHUU MO OPTO-
HOpMHUpPOBaHHOMY 0a3ucy). IIockoJIbKY MpeaCTaBICHHs] CUTHAIOB BO
KaK (PyHKIUU BpEMEHU M (PYHKIMU YACTOThl SKBUBAJIECHTHBI, TO CHUT-
HaJl TaK)Ke MOTHOCTRIO onpeaesieT ooparaoe 1D (OAIID):
N-1
x(n)= kZO X(Wwy™, 0<n<N-1. (4)

[Tpsimoe Beruncnenue 1D u OATID pis 6onbmux N Heapdek-

2 ~ ~ L

TUBHO, T.K. TpeOyeT mopsaka N° omnepanuii yMHOKEHUN U CIIOKCHUIN
KOMIUTEKCHBIX 4ucen. Jlns yMeHbIneHuss oObeMa BBIYUCICHUN HC-

MOJIB3YIOTCSI CBOMCTBA MEPUOJMYHOCTH sifipa MpeoOpa3zoBaHUs W]Gk :

Nnes anroputma 6sicTporo npeodopazoBanus Oypee (bIID) cocTtout B
TOM, 4TOOBI pa3aeauTh N-ToueuHyto (N BbIOMpaeTCsl KpaTHBIM CTeTe-
HSIM 2) TIOCIeIOBaTeIbHOCTh Ha JiBe, U3 J[IID KOTOPHIX MOXKHO MOJTY-
ynuTh 11O ucxomHOM MOCIEA0BATEILHOCTH U MIPOJOJKATh TAKOE pa3-
JEJIEHUE 10 MOMEHTA, KOrJa OCTAHETCSI TOJIBKO JBa 3JIEMEHTa IMOoCJe-
JIOBaTEIIbHOCTH.

2. lIpumenenue LICII nas peanuzanun ungpoBbuix GUILTPOB

[udpoBas ¢unbTpanus sSBISETCS OJHUM U3 HauOOJIEE MOIUIHBIX
MHCTpyMeHTanbHbIX cpeAacTB [{OC. OueBUaHBI NPEUMYILIECTBA YCT-
paHeHus omUOOK B (GUIBTPE, CBSI3aHHBIX C (DIYKTyallUsIMU TapaMeT-
POB NACCHUBHBIX KOMIIOHEHTOB BO BPEMEHHU U IO TEMIIEpaType, Apeu-
dbom OV (B akTUBHBIX (HUIBTPaxX) U T.J1. XapaKTEPUCTUKU LUPPOBOTO
bunbTpa MOTYT OBITH JIETKO M3MEHEHBI TTporpammHo. 1o psany mapa-
METpPOB IIU(PPOBBIE PUIBTPHI CIIOCOOHBI YOBIETBOPATH TAKUM TPEOO-
BAaHUSIM, KOTOPBIX HEBO3MOKHO JIOCTUYh B aHAJIOTOBOM HCITOJTHEHHUH.
[ToaTOMY OHM HIUPOKO UCHOJB3YIOTCS B TEJIEKOMMYHHKAILIUSAX, B IPH-
JOKEHUSX aJanTUBHOM (UIbTpallUM, TaKUX KakK IMOJAaBJICHUE 3Xa B
MOJIEMax, MOJIaBJICHHE IIyMa U PaCliO3HABaHUE PEYUH.

CymiecTByeT JBa OCHOBHBIX THINA UUQPPOBBIX (UIBTPOB:
GbuabTpel ¢ KOHEYHOM wuMIyJIbcHOM xapaktepuctukon (KUX) wu
GbUIbTpHl ¢ OeCKOHEYHOM UMMy IbcHON XapakTepuctukon (b1X). Boi-
cokodpdextuBHbie KUX-punbtpsl (FIR-GunsTpel) crpositca ¢ 00i1b-
UM YUCIIOM ONEpalnil YMHOXKEHHUS C HAKOIJIEHHEM U MTO3TOMY Tpe-
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OYyIOT MCIOJIb30BaHUs OBICTPBIX U 3PPekTuBHbIX nporeccopoB L[CII.
brnaronapsa ucnonb3oBaHuio oOpaTHOUN cBsi3u, BUX-PunbTpsl MoryT
OBITh pEaM30BaHBI C MEHBIITUM KOJUYECTBOM KOA(PODHUIIMEHTOB, YeM
KUX-punasTpsl.

Cxema KUX-dunpTpa npeacrasiieHa Ha puc. 3 (cMm. 1. 6. [5]).
Nnes nmoctpoenuss KUX-dunbTpa ocHOBaHA Ha METOJIE YCTpPaHCHUS
BBICOKOYACTOTHBIX IIYMOB METOJOM CKOJIB3SIIEro cpeaHero [5, 6],
B KOTOPOM JIJIsl OTIPEICICHUS TEKYIIEro 3HaUeHUsI OT(PUIBTPOBAHHOTO
CUTHaJa MCIOJB3YIOTCS MPEAbIAYIINEe 3HAUCHUSI CUTHAJA C Pa3HbIMU
BECOBBIMH KO3 (DUIIIEHTAMU.

x(n) %x(n-1) x(n=N+2) x(n=N+1)
oO—o— z° @ 2" ®

nG) =09 | S

Puc. 3. Qurvmp c xoneunoil umnyabcHou xapaxmepucmukot nopsioka N.
Yepes 7' 0bosnauensl 2nemenmol 3a0epiucKil.

[Iyctb nmeercs N 3BEHbEB, X(n—k) — BXOIHOHW MAacCCUB JaHHBIX
(k=0,1,..N-1), h(k) — maccuB ko3pdurmmeraroB, KUX-bunstp ocyrecTs-
JBICT B3BCIMBAHUC 1 CYMMHUPOBAHUC BXOJHBIX OTYCTOB B YaCcTOTHOM 00-
nactu. CoryiacHO M3BECTHOM TeopeMe, MPOU3BEICHUE B YaCTOTHOM 00-
JaCTH MOYKHO 3aMEHUTH OTIepaIieil CBepTKU BO BpEMEHHON M HA00OPOT:

Y(n)= Zg;h(k)x(n —k)=h(n)*x(n) (5)

OcHoBoit mpoektupoBanus KUX-GunbTpoB sBISETCS YTBEp-
KICHUE, 4TO €ro KO3 UIMEHTHI /(1) SBISIOTCS KBAHTOBAaHHBIMU
3HAUCHUSIMU MMIYJbCHOW XapaKTepuCTHUKU 3Toro ¢unstpa. Cyi-
HOCTh pazpabotkun KUX-dunbrpa cBOAUTCS K BBIOOPY COOTBETCT-
BYIOIIUX KO3(PPUIIMEHTOB U HEOOXOIUMOT0 YUCIa 3BEHBEB M Pop-
MUPOBAHUS JKEJIAEMON YAaCTOTHOW XapakTepucTuku ¢unbtpa H(f).
JI71s1 5TOro UMEIOTCS PA3JIMUHbIC AITOPUTMBI U IPOTPAMMHbBIEC TTAKETHI,
pazpabotannbie ns coBpeMeHHbIX I[IK W 1gocTynmHble Ha pBIHKE.
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HNckomass ummyinbcHas xapakrepucruka LD sBisgercs ITUCKPETHBIM
npeoopazoBanueM Oypbe Tpedyemoit H(f).

Cxema, peanusytomasi, KUX-punbtp ¢ 4-Ms 3BEHbsIMU TIPUBE-
neHa Ha puc. 4. B o0miem cityyae B psijiax, 3a1aBaéMbIX YpaBHEHUSIMHU
K1 X-¢punetpoB, npeamnonaraercs nociaeaoBaTeabHoe oopaiieHue Kk N
koddurmentam ot A(0) no h(N—I). CoOoTBETCTBYIOIINE TOYKH JIaH-
HBIX HUPKYJIUPYIOT B aMATH. [Ipy 3TOM 100aBIsIOTCS HOBBIE OTCUE-
Thl JAHHBIX, 3aMEHSSI CaMbl€ CTapble, U KAXKIBIA pa3 NPOU3BOAUTCS
BBIUMCIIEHUE BBIXOJIHOTO 3HaueHus QpuibTpa. Kak nokasano Ha puc. 4,
JUIS peaiM3aliiid TaKoro IUKINYEeCKOro Oydepa MOXKET HCMOJIb30-
BaThbCsl (PUKCUPOBAaHHBIA OOBEM OlEpaTUBHON mamMsaTH. BeiOopka u3
NOCJIEIHUX OTCYETOB JAHHBIX BCEr/Ia COXPAHSETCA B OINEPATUBHOMU
aMSITH.

Aveika
namsiTi Yr1eHue 3anuchb YUTeHwne 3anuce YTeHwne
0 x(0) x(4) " x(4) x(4)
1 x(1) X(1) X(5) X(5)
2 x(2) x(2) Jxm}
3 v x(3) X(3) x(3)
y(3) = h(0) x(3) + h(1) x(2) + h(2) x(1) + h(3) x(0)
y(4) = h(0) x(4) + h(1) x(3) + h(2) x(2) + h(3) x(1)

y(5) = h(0) x(3) + h(1) x(4) + h(2) x(3) + h(3) x(2)

Puc. 4. Bviuucnenue vixoonozo cuenana KUX-gpunompa 4-20 nopsoxa c opea-
HU3ayuel Yyukauieckozo oyghepa namsamu.

Bribopka ko3(phUIIMEHTOB U3 TaMATH OCYIIECTBIISIETCS OJHO-
BPEMEHHO C BBIOOPKOM JaHHBIX. B COOTBETCTBHMU C ONMHMCAHHOU CXe-
MOl ajipecaliiu, CaMblil CTapblil OTCUET JAHHBIX BHIOUPACTCS TIEPBBIM.
[ToaToMy cHauana JOJKHA OCYHIECTBIISITHCS BHIOOpPKA M3 MaMSTH TO-
ciennero kordduimenta. [Ipu ucmnonb30BaHUM aAPECHOTO T'eHEepPaTO-
pa, MOJJICP)KUBAIOIIETO MHKPEMEHTHYIO ajpecaliuio, KodOPUIIMEHTHI
MOTYT OBITh COXpaHEHBI B MaMsATH B 0OpaTHOM mopsake: A(N—1) mo-
MeElaeTca B MepBylo siueiky, a h(0)) — B nocuenHioo. I HaoOopor,
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KOA(PUITMEHTHI MOTYT OBITh COXPAaHEHBI B MOPSIKE BO3PACTAHHUS HX
HOMEPOB, €CJIM MCIOJb30BaTh aJPECHBIA T'€HEPATOP, MOAAECPKUBAIO-
IMI JEKPEMEHTHYIO aapecanuio. B npumepe, nokazaHHOM Ha puc. 4,
KOA(PUIIMEHTHI COXpaHEHBI B 00paTHOM MOPSJIKE.
Anroput™m, peanmmsytonuii KUX-punstp B LICII npencrasien
Ha puc. 5. OauH UMK QUIBTPAIUU BBIJEICH CTPEIIKOM.
1. Nony4veHune oTtcyeTa oT ALUM (06kIMHO NO NpepbIBaHUKD)
2. MomeweHne oTcYeTa B UMKNUYECKUA Bydep BXOAHOMO cUrHana
3. O6HoBNEeHWE YKasaTenA UuMKknuyeckoro Bydepa BXxogHOro curHana
4. OBHyneHWe akkyMynaTopa
5. OcywecTtBneHWe chunbTpauun (UMKN No ecemM KoadhdmuneHtam)
i 6. BeiGopka kKoachdmunenTa U3 uMknuyeckoro dydepa koaddpuuneHTos
7. OGHoBNEeHWE YKasaTenA umKknu4yeckoro bydeepa koadchhbMUMeHTOB
8. BeiGopka oTc4eTa U3 UMKNu4Yeckoro Bydpepa BXxogHoOro cMrHana
9. OGHoBNEeHWe YKa3aTena uMKnu4yeckoro Bydoepa BXoAHOro cUrHana
10. YMHOXeHNE Ko3adhhMUNEHTA HA OTCHYET
11. DoBaBneHne HOBOro cnaraeMoro K NPOMeXyToMHOMY pesynbeTaTy
12. Belgava oTchuneTpoBaHHOro otc4eTta Ha LLAN

Puc. 5. Anecopumm, pearuzyrowuii KHUX-¢punopayuio ¢ yuxnuueckum oyghepom.

[ICIT komnanuu Analog Devices cnienuaibHO pa3paboTaHbl Tak,
4YTO BCE ONEpalMH, BBIIOIHSAEMBIE 3a OJWH LUK (PUIbTpa, IPOU3BO-
JATCA 32 OJIMH KOMaHIHBIN LUK TIpoiieccopa, Ojaroaaps 4emy cyliie-
CTBEHHO yBenuuuBaeTcsi 3(G(PEKTUBHOCTh BBIUUCICHUN. AccemOiep-
el ko KUX-punerpa mins cemeiictBa npoueccopo [JOC ADSP-
21XX ¢ (pukcupoBaHHOU TOYKOM MpencTaBieH Ha puc. 6. Ctpenkamu
B TEKCTE MOMEYEHBI UCTIOJIHsIEMbIe KOMaH bl [lepBas komaHnaa (mome-
YeHHas METKOW fir :) MHUIMUPYET BBIYUCICHUA, ounilas peructp MR
U 3arpy’kasi IEPBbIM AJIEMEHT JaHHBIX U3 MaMSATHU JAHHBIX W 3HAYCHUE
KO3(p(UIMEHTa U3 TNaMATH MPOrPaMM COOTBETCTBEHHO B PETUCTPHI
MXO0 n MYO. 3arem, 11 BBIYUCIICHHUS] CyMMBI IIEPBBIX N—/ Claracmslx,
B N—I 1MKJIaxX BBINOJHIETCS ONEpanusi YMHOXKEHHUS C HAKOIJICHHUEM C
ABTOMATUYECKOM MPOBEPKOM YCJIOBHSI 3aBEPLUCHUS LIMKJIA JJI1 BbIUKC-
JIEHUSI CyMMBI NIEPBbIX N—/ TTPOU3BEACHUMN.

Tak peauzyercs CBepTKa BEIOOPKU CIIEIYIONIET0 HA00Opa TaHHBIX
U KO3(PPUIMEHTOB. 3aKIIFOUATENbHASI KOMAHIa YMHOXKEHHS C HAKOILIE-
HUEM TMPOU3BOAUTCS C OKPYIJIEHHUEM PE3YyJIbTaTa ¢ TOUHOCTBHIO J10 24-X
cTaplumx paspsanos perucrpa MR.



11

JODULE fir sub;
[ FIR Filter Subroutine
Calling Parameters
I0 --> O0ldest input data value in delay line
I4 --> Beginning of filter coefficient takle
) = Filter length (H)
= Filter length (N)

CHTR = Filter length - 1 (N-1)

MR1 = Sum of products (rounded and saturated)
I0 --> O0ldest input data value in delay line
T4 --> Beginning of filter coefficient takle
red Registers
MX0, MY0, MR
Computation Time

(H - 1) + &6 cycles = N 4 5 cycles
A1l coefficients are assumed to be in 1.15 format. }

.EHNTRY fir;
— fir: ME=0, MXJ=DM{IO M1), MYO=PM(I4, 6 MS)
— CHNTR = N-1;
— " 0 convolution UNTIL CE;
— convolution: 41 KO=DM (IO, M1}, MYO=PM(I4,M5)
—
—
— RTS;

.ENDMOD;
Puc. 6. Accembnepusiii koo ona ADSP-21x, peanuzywuii KUX-guromp.

Ipumep: Ananorossii ®HY ¢ gactoTon cpe3a 1 kI’ peanuzy-
ercst punpTpom YUeOnllieBa MepBoro pojaa MeCcToro nopsiika (Xapakre-
pU3yeTcs HauuueM MyJbcaluid K03 UIMEeHTa Tiepeadynd B IOJ0Ce
MPOITYCKAHUSI U OTCYTCTBHEM ITyJIbCAIIMiI BHE MOJOCHI MPOIMYCKAHUA).
Ha npaktuke 3ToT GUabTp MOXKET OBITh MIpEACTaBIeH TpeMs (uiIbTpa-
MU BTOPOTO TOPSJIKA, KOKIbIA U3 KOTOPBIX MOCTPOEH Ha OMNepariioH-
HOM YCHWJIMTEJIE M HECKOJbKUX pE3UcTOpax W KoHjeHcaTopax. C mo-
MOIIBI0O COBPEMEHHBIX CHCTEM ABTOMATH3WPOBAHHOTO MPOEKTHUPOBA-
Husi (CAIIP) co3mathe ¢uiabTp 1MIeCTOro mopsika AOCTaTOYHO MPOCTO,
HO 4TOOBI YJOBJIETBOPUTH TEXHUUYECKUM TpPEeOOBaHUSIM IO HEPABHO-
MepHOCTH xapaktepuctuku 0,5 1b, TpeOyeTcs TOUHBIN MOA00p KOMIIO-
HEHTOB (cM. [5], L. 1., ctp. 7-9).

Hudposoit KNUX-bunstp, NoCTpoeHHBIN MO cxeme puc. 2 co 129
KO3 UIIMEHTAaMH HMEET HEPABHOMEPHOCTh XapaKTEPUCTUKH BCETO
0,002 nb B mosoce nmpomyckaHus, THHEHHYIO (ha30BYIO XapaKTEPUCTHKY
U HaMHOrO Oojiee KpyTod cnaja. Ha mpakTuke Takue XapaKTepUCTHKU
HEBO3MOYKHO PEaIM30BaTh C MCMOJIB30BAHUEM OJHMX TOJIBKO aHAJIOTO-
BbIX MeTo/0B. Kpome Toro, nudpoBoit puibtp He TpeOyeT mnoadopa
KOMITOHEHTOB M HE YyBCTBUTEJIEH K Jipeii(y 4acTOThI, TaK KaK OHA CTa-
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Ounu3MpoBaHa Ha Kpuctauie. J[ns BBIYUCICHHS BBIXOAHOM BBIOOPKU
bunbTp co 129 korddunmentamu tpedyer 129 onepauuii yMHOXKEHUS C
HakorieHueM (MAC), KoTopble TOJKHBI ObITh 3aKOHUEHBI 32 HHTEPBAI
nuckperusaiuu 1/F,, 9To0b1 00ecnieunTs padoTy B peaabHOM MacIuTade
BpeMeHH. B 3ToM npumepe yactora nuckperusanuu pasHa 10 kI, mo-
aToMmy st o0pabotku gocratouno 100 mkc. CemerictBo ADSP-21xx
MOJKET BBITIOJHATH BCE (YHKIMU, HEOOXOJUMBIC IS peau3aluu
bunbTpa) 32 0auH KoMaHAHBIA UK. [TosTomy buabTp co 129 ko3d-
dunuentamu TpeOyet ObicTponeicTBus 6onee 129/100 mxc = 1,3 mui-
auoHa onepauuit ¢ cekyHay (MIPS). CymectByromue LCII umeroT Ha-
MHOTO OoJbliiee ObicTposeiicTBue (i cepun 16-paspsaabix ADSP-
218x ¢ ¢pukcupoBaHHOM TOUKOM ObIcTpoieiicTBUE nocTuraet 75SMIPS).

3. ba3oBas apxurekrypa LICII cemeiictBa ADSP-21xx.
Oco0eHHOCTH TIPOrPAMMUPOBAHMS

JImgupyroriee mojgoKeHue B 001acTH pa3pabOTKH U TTPOU3BOICT-
Ba [ICII 3anumarot ¢pupmer Analog Devices, Texas Instruments, Mo-
torola, AT&T Microelectronics m ST Microelectronics. OTanuus 3a-
KIIIOYalOTCsl B apu(METHUECKUX OJIOKaX, MPOU3BOJIUTEILHOCTH, pa3-
PSAAHOCTHU IIMH JAHHBIX, CTPYKTYPOM BHYTPEHHUX PETUCTPOB BCTPOECH-
HBIMU MOAYJIAIMU MHTEp(ENCOB U MpeaBaputesibHOl 00padoTku. He-
CMOTps. Ha MHOrooOpasue MpOIECCOPOB, BCE OHU CHPOEKTUPOBAHBI
TaK, 4YTOObl ONTHUMHU3UPOBATH BBHIMOJHEHHWE HAMOOJIEe 4YacTO BCTpE-
yatomericst oneparuu [{OC: yMHOXKEHUS C HAKOTUICHUEM (CYMMHPOBa-
HUEM) pe3yJbTaTOB. MOKHO BBIICIUTH TSITh OCHOBHBIX TpeOOBaHUM,
KOTOPBIM JIOJKHBI yA0BIETBOPATH coBpemeHHble L[CII: 1) ObicTpoe
BBITIOJITHEHUE apU(PMETUUECKUX ONepaluii; 2) MOBBIIIEHHAs] TOYHOCTb
MPEICTaBICHUS ONEPaHO0B; 3) BOBMOKHOCTh OJTHOBPEMEHHOMN BBIOOP-
KM JIBYX OIEpaHlioB; 4) mojajepkka IUKInYeckux Oydepos;
5) opraHuzanus IUKIJIOB C aBTOMATHUYECKOM MPOBEPKON YCIOBUS UX 3a-
BepiieHus. Jjist ObIcTpoli 0O0paOOTKHM CHUTHAJIOB HanOOJEEe IMOIXOJIUT
rapBapjcKasi apXUTEKTypa IMOCTPOCHUS MPOoIeccopa, B KOTOPOU Mmamsi-
TH TIPOTPAMM U JIAaHHBIX Pa3JICICHBI.

JIJ11 mpuMepa OCBOEHHUSI M PUOOPETEHUS] HABBIKOB paOOThI C 3TH-
MH YCTPOMCTBAMHM PacCMOTPUM IPOILIECCOPHI ¢ (PUKCUPOBAHHOM TOYKOM
ADSP 2181, Beimyckaembie gupmoit Analog Devices. [eTanbHO ¢ 0co-
OeHHOCTAMHU TporpammupoBanus cemerictBa ADSP 21xx MOXXHO O3Ha-
KoMUThCA B [7...10]. Apxurektypa ADSP 2181 npuBenena Ha puc. 14.
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SN



14

Apudmerndeckuii 0JIOK BKJIIOYAET apu()METHUSCKO-IOTHYECKOE
ycrpoiictBo (ALU), KOTOpoe BHITIOIHAECT apu(PMETUUECKHUE U JIOTHYE-
CKME oOllepaluu, YyMHOXuTeNb-HakonuTeabr (MAC), chneruaibHO
CKOH(UTYpUPOBAHHBINA [IJI1 BBINOJHEHUS OINEpAIMii YMHOXEHUS U
yctpoiictBo casura (SIFTER), mo3Bosisitoliee HOpMHpPOBaTh 4HCIA
MIOCJIE BBITIOJHEHHUS CJIOKEHUSI U YMHOKEHUSI.

JIBa reHeparopa ajapeca JaHHBIX MpeAHa3HAYeHbI 711 MOJIU(U-
Kaluuy OUT ajipeca Mpu BhIOJHEHUH nporieccopoM BITD.

IIporpaMMHBIN aBTOMAT, COCTOALIMHA M3 CYETUYHMKA, PETUCTpa
KOMaHJ[ ¥ TeHepaTopa ajpeca 3arpy3Ku KOMaHj, OCYIIECTBISET MOJ-
JEPKKY OINEpaIUi C YCIOBHBIMU MEPEX0IaMH, BBI30B MOMPOrPAMM H
BO3BpaT B OCHOBHYIO MPOrpaMMy.

OnepaTrBHas MaMATh pa3jielieHa Ha maMaTh AaHHbIX (16K cioB)
u namsath nporpamm (16K cioB), ogHako cucTteMa KOMaH# MOAJAEp-
KMBAET MCIIOJIB30BAHUE MAMSTH MPOrpaMM TaKXKe WM JJIs XpaHEHUs
JTaHHBIX (MoaudUIIMpOBaHHAs TapBapJ/cKas apXxuTekTypa). Paznene-
HHE€ OCHOBHBIX IIMH MPOIECCOpPa HA YEThIpE (IIMHBI JAHHBIX MMAMSTH
IpOrpaMM, JaHHBIX NaMATH JAHHBIX, aJIPECOB MaMSITH U aJpPECOB JIaH-
HBIX) MO3BOJISIET pacrapasuieiuBaTh MPOLECCHl U OJHOBPEMEHHO BbI-
NOJHATH omnepauuu o0padboTku. IlluHa R CHOyXUT IJ1s TEpeCchbUIKU
MPOMEKYTOUYHBIX PE3yJIbTATOB MEXKAY BHIUMCIUTEILHBIMUA OJIOKaMHU.

JInst mporpaMMHUpOBaHUs Tpoleccopa CIAEAYET MNPEACTaBIAThH
€ro MporpaMMHO-JIOTMYECKYI0 MOJieNb (CM. puc. 15). Snapo nporecco-
poB cemerictBa ADSP-21XX ¢ TOYKH 3p€HHS] MPOrPaMMHKCTa COCTOUT
U3 TPEX BBIYUCIUTEIBHBIX YCTPOWCTB, IBYX T'€HEPATOPOB aapeca H
nporpaMmHoro apromarta. O0OpaiieHue K perucTpam 3THX yCTPOMCTB
U3 NpOrpaMMbl MPOU3BOJUTCS MO UX JIOTUYECKUM MMEHaM, BO3JIE pe-
TUCTPOB yKa3aHa UX pa3psIHOCTb.

VY KaxJI0ro U3 perucTpoB BBIYUCIUTENS €CTh TEHEBOM PErUCTp-
NBOWHUK. [lepekitoueHne Mex 1y OCHOBHBIMU U TEHEBBIMU PETHCTpPA-
MU IIPOU3BOAUTCS NpPOrpaMMHO, KoMaHgamu ENA SEG_REG (BEbI-
OpaTh BTOPUYHBIA HA0Op PETrUCTPOB, T.€. YCTAHOBUTH B 1 COOTBETCT-
Bytomuii O6ut B peructpe cratryca MSTAT) u komaHmoi
DIS SEG_REG (cOpOCHTH 3TOT OWT).

[Ipu pazpaboTke mporpamMm yI00HO MOJB30BaTHCA HUHTETPUPO-
BaHHOU cpenoi pazpabotku u oriaaku (IDDE). Jlna cemelictBa
ADSP coOTBETCTBYIOIIMI MakKeT MNPOrpaMM HOCUT HA3BaHHE
VisualDSP++. On Bkitouaer B ce0s1 Bce HEOOXOUMbIE HHCTPYMEHTHI
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JUISL BBITIOJIHEHUSI MPOEKTa, B KOTOPOM HCIOJIB3YETCS KAaK S3BIK aC-
ceM0Jiepa, TaK U SI3bIKM BBICOKOTO YPOBHS (B YacCTHOCTH, sI3bIK CH).
Kpome Toro, B VisualDSP++ BXOAST TEKCTOBBIN PEAAKTOP, TPAHCIA-
TOP, PEIKTOpP CBSI3EH, OTIIAAUUK-CUMYJISITOpP, MIpOrpamMMa 3arpy3ku U
JIPYTHUE MOJIE3HBIE TPOTPAMMEI.

) TAHMEP . HHTEPOENC NIAMATH
NPOUECCOPHOE S1iPO
TEHEPATOPBI AJIPECA JIAHHBIX OOl RE=oD OX3FFF SCR
TCOUNT
DAG1 DAG2 Ox3FFC Noxerre | wsr
AJIPECAIASI TOJBKODM - AJPECAIYWSA DM H PM Ox3FFB | TSCALE
SPORT 0
o 1 o s Y -y DmovLAY | [PMOVLAY
n | u ([ s | s |[m
PA3PENIEHHE
2 L2 L. L] L6 L] MYJBTHKAHAJIBHOCTH
B | 13 "M 7 | u w oxaFFA. [ SORWI
14 14 14 14 14 14 Ox3FF9 SORWO SPO-RT .
IOPOrPAMMERI ABTOMAT :::: Sul "';
e 5 L ‘ ymmmm-mnb‘
LoOP ICNTL PC L ] YTIPABJIEHUE
STACK : STACK Ox3FF6 | SOCR 0x3FF2 SICR
ax18 |18 16 X14 '
b Ox3FF§ |SOCLKDIV| Ox3IFF1 S1CLKDIV
14 L Ox3FF4 | SORFDIV Ox3FF0 | SIRFDIV
 OWRCNTR | . SSTAT Ox3FF3 | SOABUF v OxSFEF | SIABUF
CNTR 10 7 8 . )
o IMASK | MSTAT | ASTAT ’ T
STACK BDMA HOPT
4x14 STATUS STACK [OPOrPAMMHPYEMBIE ®JIATH
IDMA PETHCTPH BDMA PETHCTPH
ALU . MAC 0x3FED oxaFE4 | BWCOUNT
16 1616 16 161616 __ R OX3FE3 | BDMACR
iAXDIA)ﬂ |I Avolm | mxo [mxt | ) myo [mye DPOTPAMMHPYEMHIX ~ OX3FE2 | BEAD
DJIATOB .
. 18 le s s 1 ocres [P 0xX3FE1 | BIAD
ot | |EEE=iE i R
‘ Ox3FES PFDATA
YCTPOUCTBO OBMEHA
SHIFTER " MEXIY IHAHAMHE
16 8 [
==
Ii 16

Puc. 15. Jlocmynuvle 05 npoepammuposanus pecucmpul npoyeccopos cemeli-
cmea ASDP218x.

S3pIk accemOiiepa COCTOUT U3 HAOOPa KOMaH-UHCTPYKIIUH, B KOTO-
PBIX MOKHO HCIIOJIB30BaTh MPOCTHIE ONEPATOPHBIE BBIPAKEHUS, U JTUPEK-
TUB, UCIOJIb3YEMbIX Ha ATare TpaHCISAIMHU-acceMOIrpoBaHusi. ba3oBblit
HaOop komaHg ADSP-21xx BKIIIOUaeT TpaJUIIMOHHBIE JJIi MUKPOIIPOILIEC-
COPOB Orepalyy ¢ OJIOKaMU BBIYUCITUTENIS, KOMAHIbI TIEPEChUTKU JAHHBIX
Y MUHCTPYKLUHU YripaBiieHus. HekoTopele mpyuMepbl TUIMWYHBIX WHCTPYK-
Ui puBeieHbI B Tabiuile 1 (MoaHbIN CiucoK KoMaH T cM. [9], mi. 15):
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Ta6muma 1. [Ipumepsr komang ADSP-2181.

IF EQ AR = AXO0+AYO; MpHU YCJIOBUM HYJICBOI'O 3HAYCHUS B PETUCT-
pe AR, k cogepxxumomy AX0 npubdasnsercs
conepxxumoe AY0 u pe3ynbTar coxpaHseT-
cs1 B AR (ecin yciioBue He BBIIOJHSETCS, TO
BbINoHsIeTca HHCTpYKIMs: NOP)

AF = MR1 XOR AY1; B AF 3aHocuTCs pe3ynbTar JIOTMYECKOU
onepaun «uckrovaromee MIJIN», Bwimon-
HsiemoH ¢ maHueIMi B MR1 1 AY1

AR = TGLBIT 7 OF AX1 ycraHoBka B AR 3Hauenus 7-ro 6ura AX1

MR = MXO0*MYO (US) ; YMHOXEHHE, PUIEeM MOAUPHUKATOP B CKOO-
kax (US) cooOmraer mporieccopy, 4to mep-
BBIN omepaH]] — OE€33HAKOBBINA, a BTOPOU —

3HAKOBBIN

MR = MR-AR*MY]1 (SS) YMHOKEHHE C BBIYMTAHMEM M YYETOM 3Ha-
KOB COMHOKHMTENIEN

MR = MR+MX1*MYO (RND) YMHOKEHHE ¢ CyMMHUpoBaHueM, puaeM RND

O3HayaeT, Yro 00a omnepaHia — 3HAKOBbIE, a
pE3YJIbTAT CIEIYEeT OKPYTIIUTh

IF LT MR = MXO0*MXO0 (UU) YMHOKECHHUE BBINIOJHACTCS IIPU  YCIIOBUHU,
yTO 3HaueHue B MR MeHble HyIs, pe3yib-
Tat coxpanserca B MR

SR = ASHIFT SI BY -6 (LO) apupmernyeckuil (T.e. C YYETOM 3HAaKa)
caur BopaBo SI Ha 6 OUT OTHOCHUTENHHO
miaaien yacta SR

SR = nornyeckoe WJIN copepxumoro SR u pe-
SR OR LSHIFT SI BY 3(HY) syaprara casura SI BieBo Ha 3 MO3HIMHU
OTHOCHTEIBHO CTapIICH TOJIOBHHBI TPYIIIHI
paspsaoB (¢ JoOaBIeHUEM HYJIEH CipaBa)

MX0 = 1234 3anuck B peructp MXO0 uucna 1234

IMASK = OxF 3allUCb B PErMCTP MACKH IIPEpbIBAaHUN
IMASK umncna Fig

AX0 = DM(IO,MO0) KOCBCHHOC CYMTBIBAHHC YHCJIa M3 PErUcTpa

AX0 B mamATh AaHHBIX, apeC KOTOPOM yKa-
3aH B peructpe 10, mpuuem mo 3aBeprIeHHUIO
cunteiBaHusl 10 oOHOBIsIETCS 3HAYEHUEM, CO-

nepxaremcs B MO
AX0O = 0 T.K. HET UHCTPYKIUU 3aMUCU KOHCTAHTHI MO
DM (0x3FFE) = AX0 HETMOCPEJICTBEHHOMY aJpecy, TO 3TH KO-

MaHJIbl MCHOJB3YIOTCS Ul OOHYJIEHHs pe-
ructpa DM, KOTOpBIN HAXOIUTCS 110 agpecy
namaTtu gaHHeIX 3FFE
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PM(I4,M5) = MR1 KOCBEHHAsI 3aIliCh TAMATH KOMaH[| (3Haue-
HueM, conaepxkamemcs B MR1) mo ampecy,
yKa3zbiBaeMoMy [4 U oJHOBpeMEHHOW Mo-
mubukamnmeit 14 3Hauennem uz M5

JUMP (I4) nepexox K KOMaHje, COJAEp/KaIleicss B
A4yeilke ¢ ajapecoM, ykazaHHoOM B I4 (koc-
BEHHas aJipecalys)

IF NOT CE JUMP my_ label €CIIM CYETYMK YHCIIa TIOBTOPEHUIN HEHYJICBOH,

e TO TIEpEeUTH K MeTke my_label (UMs METKH

my_label: — OIpenessieMblil TONB30BaTeIeM HACHTH(U-
KaTop, KOTOPBIM HCIIOJB3YETCsl KaK aapec Ie-
pexona)

CNTR = 10 TEKyLIEEe CONEP)KUMOE CUETUYMKA [UKIIA

CNTRL nomemraercs B CTEK, ITOCIIE YEro B
ATOT PErUCTp nomenaercs 3HadeHue 10

RTS BO3BpaT M3 MOANPOTrpaMMbI 0OecIeuynBaeT
YCIIOBHBIA BO3BpaT K TOYKE TMPOTPAMMBEI,
OTKYyJIa MPOU30IIIEIT BBI30B MOITPOTPAMMBI

RTI BO3BpaT U3 MOANPOrpaMMbl 00pabOTKH Mpe-
pBIBaHMs
ENA pa3peluTh Kakue-mubo HIEHTH-(PUKATOPbI

WY BBIIIOJIHEHUE OJHOIO M3 CEMH DPEXU-
MOB, COOTBETCTBYIOIIUX OWUTaM perucrpa

MSTAT
ENA TIMER paspemnTh 00pabOTKy TpephIBaHUN OT
Tarimepa
DIS 3anpeTUTh (TO XkKe, 9To ¥ KoManaa ENA)
NOP HET BBITIOJTHEHUSI HUKAKOW onepanuu

Crnetmuduueckoit ocooennoctbio LICII aBnsitoTcss MHOTOQYHKIIMO-
HaJIbHBIC WHCTPYKITUHM, KOTOPBIE MCIIONB3YIOT NPEHMYIIECTBA Mapaiie-
JM3Ma CEMEMCTBA U MO3BOJIIOT BBITOJIHATH KOMOMHAIIMIO OTEpalldii 3a
ofuH UK. [IpuMepsl Takux HHCTPYKITUI MPUBEICHBI B Ta01.2.

Tabnuua 2. Muorodynkiuonansueie HHCTpyKinu ADSP-2181.

YMHOXCHHUC C HAKOILICHUCM

MR = MR+MXO0*MYO (SS), MX0 = DM(IO,M1), MYO = PM(I4,bM4)

K coaepxkumomy MR mpubaBnsiercst pe3yabTaT NEePeMHOKEHUS YUCEN, Ha-
xomsmuxcest B MX0 u MYO ((SS) — o3nauaet, uto o0a onepanjia sIBIASIOTCS
3HAKOBBIMH)), MOCJIE Yero U3 mamsTd JaHHbIXx B MXO0 3arpykaercs 3Haye-
HUE U3 SYEUKHU C ajipecoM, ykazaHHbeiM B 10, 3ateM coxepxkumoe 10 moau-
dbunupyercs 3HaueHueMm u3 M1, B ToMm xe 1ukiie coaepxumoe MY0 3ame-
HAETCS YUCJIOM XPAHSIIEMCS B TaMATH MPOrpaMM 110 aJIpecy, YKa3aHHOMY B
14 n 3nauenue B 14 3amensercsd Ha 3HaueHue n3 M4
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BBIYHMCJICHHUC C YTCHHUECM U3 ITaMATH.

AR = AX0+AYO, AXO0O = DM(IO,6M3)

cioxenue B ALU u 3dIrpy3Ka OIICpaHaa U3 NaMATH JAHHBIX

BBIYHMCJICHHC C 3aIlMChIO B IIaMSTh:

DM(IO,MO) = AR, AR = AXO0+AYO

B Ha4YaJIC INUKJIA UJACT 3arpy3ka CTaporo 3Ha4CHUA, a 3aTCM - BbIYHUCIICHHC
HOBOT'O

BBIYHUCJICHUE C MIEPECHUIKON U3 PETUCTP-PETUCTP:

AR = AX0+AYO, AXO0 = MR2

NEPEChUIKA PETUCTP-PETUCTP MO MHUHE R MOXkeT ObITh MEXIy JIFOOBIMU Pe-
THECTPAMU BBIYUCIIHTENA, KpoMe peructpoB obpatHoit csizu AF, MF u pe-
ructpa SB

B nporpammMe Ha accemOiepe BMECTE C KOMaHJIaMH COJIEp>KaTCs
TUPEKTUBBI, HCIOJIb3yEeMbI€ Ha 3Tare TPaHCISALUMM TPOTrpaMMbl B
MAIlIMHHBINA KOJ, HO CaMU OHU HE TPAHCIUPYIOTCA. B mporpammMHoM
KOJI€ TUPEKTUBBI IOMEYaroTcsl Toukamu. [Ipumep:

.VAR/DM my_ array[128]

JTUPEKTUBA, OOBSIBIISIONIAS, YTO B MAMSITH JAaHHBIX (GOPMUPYETCS MacCHB
u3 128-mu 16-TH OUTOBBIX PJIEMEHTOB, C HAYAJIOM 10 aJpecy my_array.

.INITmy array: <filename.dat>
9Ta IUPEKTUBA CUMTHIBACT 3HaUCHWE U3 (paiiia JaHHBIX filename.dat B Mac-
CHB BO BpeMsi COOPKH MPOrpaMMBbl (pabOTaeT TOJIBKO B PEKUME IMYJISILINN).

.include «def2181.h»
noaktouaet Qaiin def2181.h pacnionoKeHHBIN B TON XKe TUPEKTOPUH,
YTO U MPOrpaMma, B KOTOPOM KaK KOHCTAHThI OMPEEIECHbl UMEHA pe-
TUCTPOB U UX OTHAEIbHBIX OWUT, a TaKK€ MMEHa aJpecoB BEKTOPOB
IpephIBAHMUS.

4. Onucanue JJa0OPATOPHOr0 MaKeTa

B naGopatopHpix paboTax HCIOIB3YyeTCS OTJIaJ04YHas TIUiaTa
EZ LAB-2181 u coeqnHeHHas ¢ HEW IU1aTa CO CBETOBLIMHU MHUKATO-
paMu U Tiepexitrouaressimua (cm. puc. 16, 17 u 18). Kak nmokazano Ha
puc. 17, BMecre ADSP-2181 na maGopaTopHOi muiaTe pa3MELIEHBI:
cratuueckoe [13Y, Mukpocxema kojeka ayauocuraioB AD1847, (B
ATOM YCTpPOMCTBE O0OBEAUHEHbl aHTHANalicuHroBeii ®HY, AIIII,
HAII, n crnaxuBarommit ®HY), pazbem MmocineaoBaTeibHOTO MOpPTa
(nns cBsizu ¢ ynpasistomum 1K), pazbeMbl BBoJIa 1 BBIBOAA aHAJIOTO-
BOIO CUTHAJIa, a TAKXKE Pa3beMbl IIMH aJpeca, JTaHHBIX M BHEIIHUX
nopToB mporeccopa. I[lutanue ycTpolcTBa OCYIIECTBISECTCS OT HUC-
TouHuka =9...12 B, Tok notpednenus He 6osee 300 MA.
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Puc. 16. JlabopamopHhuwiti maxem ycmpoticmea 0iasa pabomsi ¢ L{CII.
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Puc. 17. Pacnonosicenue snemenmos na yueonou niame ¢ ADSP 2181.
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Kak cnenyer u3 puc. 18, nepexiiroyaresin U CBETOAUOBI TO/I-
KJIFOYEHBI K BBIXOJAHOM IIMHE JaHHBIX MPOleccopa MpU MOMOIIU MPo-
cTeliero aemudpparopa aapeca Ha OCHOBE «Jiornueckoro My (Muk-
pocxemsl JIJI1), OydepHbIX MpueMonepeaTuuKoOB IITMHBI (MUKPOCXE-
MbI AIIS) u OydepHbIx peructpoB-3aiesiok (Mukpocxemol MP23).

5. Jlabopatopuas paoora ILICII-1.
Pa3paborka npocreiiiero ycrpoicrsa Ha ocHose ADSP 2181

Heanb paboThl: 03HAKOMUTCS C OCHOBHBIMHU 3JIEMEHTAMU UHTET-
pupoBaHHON cpeapl mnpoektupoBanus VisualDSP++. Ha mnpumepe
IpPOrpaMMBbl, pEaJu3yIOIIeil CUUTHIBAHUE WU 3alUCh LU(PPOBBIX IaH-
HBIX, U3YUUTh OCHOBHBIE CTaauU pa3paboTku mpoekTa. PazpaboraTh
YCTPONCTBO, peaN3yIOlIee CUYUTHIBAHUE TMOJIOKEHUN (IIa’KKOB-
nepeKIyaTesield U pa3IndHble AITOPUTMBI BBIBOIa HH(pOpMaALUK.

3ananue 1. BHMMaTenbHO M3YyUYUTE BO3MOKHOCTH OTJIAJI0YHOM IJIaThI
U TUIaThl BBOJA-BBIBO/IA. Y SICHUTE, KaK OCYIIECTBIISICTCS BBOA UHGOP-
MaIlMd OT MEPEKJIIOYATENEH M BBIBOJI CUTHAJIOB YIIPABJICHHSI CBETO-
nrogamu. OrnpenenuTe aapec NSl CYUTHIBAHUS MTOJOKECHUN NEPEKITIO-
yaTeser U aapec Ui 3allMCH CBETOBBIX MHIAWKATOPOB, KOTOPHIE 3aTEM
JIOJIPKHBI UCTIOJIb30BAaThCS B IIPOTPAMME.

3amanue 2. M3yunte 0COOCHHOCTH PabOThl ¢ UHTETPUPOBAHHOU Cpe-
JIOM TIPOEKTUPOBaHUs U oTiaaku cucteM VisualDSP++. Cnenys npu-
BEJICHHBIM HIDKE WHCTPYKIIMSM, BBIIOJIHUTE IO IIIaraM Bce JCHCTBUS
HEOOXOUMBIE A pa3paboTKu mpoekTa. Co3maiTe marky, B KOTOpOH
Oyzner xpanutbes Bail npoekt «CODE)y. [lomecture Tyna, daiin ¢ uc-
XOJIHBIM I1a0JIOHOM TIpoekTa «firstO0.asmy, a taxxe Qaitn ¢ ympas-
nstouiel uuopmanmeit s peaakropa cpsizeit «ADSP-2181.1df», co-
JEpIKaI WHCTPYKIIMHA, HEOOXOAUMBIC JJII KOMIWISIIMA U OPUCHTH-
poBanHbie Ha qaHHbI Thn LICIL.

2.1. Pazpabomka npoekma ¢ npumepom npozpammsl 6600a-6b1600a
2.1.1. 3anycture Ha BbINoJIHEHUE nporpammy VisialDSP++. B mporec-
ce 3arpy3kd motpedyercs mpoBepka, uto K I1K mogkmrouena mmara EZ-
LAB. Jl5ia vHUTIMAMU3aI|K 10 3aMpocy CIIEeAyeT HaXaTh KHOMKY cOpoca
(reset) Ha rate. [locne 3TOro Ha 3KpaHe MOSABUTCS TUITUYHOE OKHO, UH-
Tepdeiica mporpaMmbl, MOAOOHOE TOMY, YTO M300paxeHO Ha puc. 19.
[To puc. 19 u npuBeneHHON HUKE TAOIUIE 3, MONB3YSICh CIPABOYHOM
cuctemoit (knapuia {F1}), BHUMAaTeIbHO U3y4YUTE BXOMSIINE B UHTEP-
(elic moyib30BaTENsl JIEMEHTHI HHTEp(eiica U UX Ha3HAYCHUE.
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Tabnuia 3. OcHoBHBIE UHCTPpYMEHTHI VisualDSP++.

onepaumu ¢ painamu:

I hEeEaS | CO3/1aTh, OTKPHITh, COXPaHHTh, paclievyararhb, 3a-
& i TPY3UTh IPOTPaMMy, TIepe3arpy3uTh
HOBYIO
: PeIAKTHPOBAHME KO/IA POrPaMM:
J i BB | o |

BbIpE€3aTh, KOMUPOBATh, BCTABUTH, OTMEHUTb,
CHOBA BOCCTAHOBUTb, ITOUCK, TIOBTOPUTH MTOUCK,
3aMEHUTb, UCKATh TEKCT, IEPEITH, IT0Ka3aTh UC-
XOMIHBIN (paiisl, yCTaHOBUTD 3aKJIA/IKY, IEPEUTH K
CJIETyIOLIEH, MPEUTH K NIPEAbIAYILEH, CHAITh BCE

BAECHTE 4%%%

3aKJIaJIKU
=] orepanmu ¢ MPOeKTOM:
JJ_E‘ * N00aBUTH (haiii, yJamuTh U3 MPOEKTa, OTKPHITH
————— OKHO OIIIIUH, COOpaTh U3 BHIOPAHHBIX (PailioB,
‘ % Y | coOpaTh MPOEKT € Y4ETOM OOHOBJICHHBIX (haiisioB,

coOpath 3aHOBO, OCTAHOBUTH COOPKY, PEXKUM pa-
| = i “DEhuQ i 00TBI

0TJIA/IKA MPOrPaMMbI:

I TS | CTapT WK NPOJOLKEHUE, 3allyCK CHavyasa, ocTa-
| o G W | HOBKa, cOpOC Ipolieccopa, Ha3HAYeHUE TOYKH OC-

TAHOBKH, YaJIEHNE BCEX TOUEK OCTAHOBKH, Pa3-
PELINTH WIA OTMEHUTD JaHHYIO TOYKY, B ITOIIA-
TOBOM PEXHMME Pa3peLIUTh BXO/ B OAIPOrpaM-
My, 00OWTH MOAMPOrpaMMy, BEIMTH U3 TIOATIPO-
rpaMMBbl, OTKPBITh OKHA IIPOCMOTpPA BbIPAKEHUH,
Locals, Stack, Disassembly

# 00 s B &

2.1.2. Coznaiite HOBBIN MpoeKT. JJist 3TOro BbIOEpUTE MyHKT «INew»
bynkuun «Project» B COOTBETCTBYIOIIEM pa3jielie IJIaBHOIO MEHIO. B
okHe Project/Project options... HazHaubTe TUN Tporeccopa (ADSP-
2181). JlaiiTe mpoeKTy UMS U COXPAHUTE MPOEKT, BHI3BAB COOTBETCT-
BytoIiee MeHIO PyHKIHH «Project».

2.1.3. Teneppb cieayeT BKIOUNUTH B MPOEKT (Paiiia KOJIOM MPOrpaMMbI
Ha s3bIke accemOsiep win C++. Jljist 3TOTO ciienyeT B OKHE MpOeKTa
BBIJIETTUTH CTPOKY «Source Files» u BbI3BaTh KOHTEKCTHOE MEHIO, Ha-
’KaB MIPaBYI0 KHOMKY MBIIIH. 3aTeM clielyeT BbiOpath oniuio «Add to
projecty/«File(s)...». TlosBUTCS CcTaHIApPTHOE AUAIOTOBOE OKHO OT-
KpbITUs (haiisia, TOo3BOJSAIONIEE YKa3aTh MyTh K (aitny u ero ums. Jlo-
O0aBbTE B MPOEKT (haiin madsoHa mporpaMmmsl «first00.asmy. [{ns 31o-
ro Haigute Qain B (aiiioBoit cucTemMe W ABAXKIbI MICIKHUTE JEBOU
KHOMKOW MBIIIA Ha COOTBETCTBYIOIICH MUKTOTpaMMe 3TOTO OKHA WJIH
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IPOCTO UCIOJB3YyUTE KOMaHIY «OTKPBITH». AHAJTOTHYHO, HCIIOJIb3Y S
BKJIFOUUTE B MPOEKT (aidi ¢ ynpapistomend nHbpopmManmen 1 peaax-
Topa cBszerd «ADSP-2181.1df». OtkpeiB daiinoBoe okHo Windows,
yOeauTech, 4TO HEOOXOJUMBIE sl padOThl HAJ MPOEKTOM (aiiibl
co3nanbl. ['aBHbBIN (aitn mpoekTa MoOKeT ObITh TOJIBKO oauH. OH
UMEET pacIIUpeHHe .drj U COIEPKUT CIyKeOHYI0 MHPOPMAIUIO IS
MOCTPOEHHUSI TPOTPaMMBbI: TIEPEUCHb UCXOAHBIX (PailioB MPOEKTa U Ha-
YaJIbHbIE CBEACHUS 00 YCIOBUAX MTOCTPOCHUS IPOEKTA.

2.1.4. Otkpoiite okHo «Computational», BbIOpaB COOTBETCTBYIOIIHIA
NyHKT MeHIO «Register». [1ockoIbKYy MPOEKT YK€ HACTPOEH IS pa-
00T1bl ¢ TunoMm npoueccopa ADSP-2181, To perucTpsl ero BbIYUCIH-
TEJIsA, CICANTh 3a KOTOPBIMHU MOJIE3HO B MPOLECCE OTIAIKH MPOTrpaM-
MBI, OTOOpa3sITCSd B 3TOM OKHE aBTOMATHYECKU. BBl Takke MOXeTe
CaMM U3MEHATH 3HAYCHMS PETUCTPOB, IIEJKAs JICBOM KHOIKOM MBIIIN
Ha COOTBETCTBYIoIIeM peructpe. [lonap3ysich HEOOXOAUMBIMU TaHE-
JSIMU MHCTPYMEHTOB, BbI3bIBAEMBIMHU M3 MEHIO, & TAKKE OTKPBIBAIO-
HIMMUCA CHUCKaMHU (DYHKIUN, OTKPONTE U PACIOJOXKHUTE HA SKpaHE
paboune okHa npoekta «Disassembly» 1 «Dump memory» Tak, Kak
3TO MOKa3aHO Ha puc. 19. B 3Tux OKHax B MOMIaroBOM pPEKUME BbI-
MOJIHEHUS MPOTrpaMMbl MOKHO HAOJIIO/1aTh, KaK MU3MEHSETCA COCTOS-
HUE PETUCTPOB U MAMSITH B X0J/1€ paOOTHI.

2.1.5. Otpenaktupyite Qaiin madioHa, BOMCAB B HETO CTPOKHU C OIle-
paTopaMu UYTEHHS W 3alUMCH JIaHHBIX TaK, KaK 3TO IMOKA3aHO HIKE
(CTpOKH 1711 BBO/IA BBIIEIICHBI KUPHBIM HIPUDTOM):

#include «def2181.h»
.SECTION/DM datal;
.VAR temp;

.SECTION/PM interrupts;/*Hukxe Bape3epPBUPOBAHEI MecTa IJjsa*/
/*nonnporpaMMm o0BpaboTKM MNpPepeBaHmi */
Jump start; /* address = 0x00: reset interrupt vector */
rti;
rti;
rti;
rti; /* address = 0x04: IRQ2 interrupt vector */
rti;
rti;
rti;
rti; /* address = 0x08: IRQL1 interrupt vector */
rti;
rti;
rti;
rti; /* address = 0x0Oc: IRQLO interrupt vector */
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rti;
rti;
rti;
rti; /* address
rti;
rti;
rti;
rti; /* address
rti;
rti;
rti;
rti; /* address
rti;
rti;
rti;
rti; /* address
rti;
rti;
rti;
rti; /* address = 0x20: SPORT1 tx or */
/* IRQ1 interrupt vector */

0x10: SPORTO tx interrupt vector */

0x14: SPORT1 rx interrupt vector */

0x18: IRQE interrupt vector */

Oxlc: BDMA interrupt vector */

rti;
rti;
rti;
rti; /* address = 0x24: SPORT1 rx or */
/* IRQO interrupt vector */
rti;
rti;
rti;
nop; /* address
rti;
rti;
rti;
rti; /* address = 0x2c: power down interrupt vector*/
rti;
rti;
rti;
.SECTION/PM seg code; /*OkOHYUaHME CeTrMeHTa oOpaboTkm */
/ *npepuBaHuii* /

0x28: timer interrupt vector */

start:
ax0=0x0007; /* VMHMUManmM3aumsa naMaTm */
dm (0x3ffe)=ax0;
/* 3pmech m.0. nepecTaHoBka OuUTOB */

start2:
axl=io (0xXXXX) ; /* Bmech n.6. ampec Ha BBOJ IaHHEIX */
io(0xZZ2ZZ) =axl; /* Bpmech n.6. ampec Ha BHBOJ IaHHEX */

jump start2;
2.1.6. Cnenyronuii mar 3aKJF04aeTCs B CO3/IaHUHA MAIIAHHOTO KOJIa

W3 UCXOJHOTO TEKCTA MPOTpamMMBbl. [{JIs BBITIOJIHEHUS 3TOM MPOLEAYPbI
cienyer BbIOpaTh omiuio «Build project» B meHio «Projects» wiu
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Haxath kiaBuiny {F7}. [locie BBIMOJHEHUS MPOrpaMMbl accemMOJIH-
poBanus B okHe «OQutput Window» OyzeT BeiBeeHa nHMOpMAIIUS O
pesyabratax. Ecnu BbIJaHO cooOllieHHe 00 omuOKax, TO CIEAyeT
HaWTU HUX, UCMIPABUTH, PEAAKTUPYS KOJ MPOrPaMMBbl U 3aTE€M IOBTO-
puTh COOpKY TpoekTa. B ciyuae ycrexa B 3TOM OKHE OyJeT BBIJIaHO
coobmenne «Build completed successfully». Obpatute BHUMaHHUE, YTO
NocJie KOMIWIALIMKM B paboyel marnke mpoeKTa aBTOMaTHYECKU CO3/a-
ercs nanka «Debug», koTopas conepxuT (aitibl 00BEKTHBIM KOAOM
(.doj) u ucnomugemsiM koj0M (.dxe) ITpu sToM B pexxrme pabOTHI C
OTJAI0YHOM TUIATOM KUCIIOJIHSAEMBbIA KOJ aBTOMAaTUYECKU 3arpyKaercs
B IPOLIECCOP U TOT 3aITyCKAETCS HA BHIIIOJIHEHUE MPOrPAMMBL.

[IpoBepbTe, YTO OTJIAKEHHAs] U 3arpy>kK€HHAasi B IMPOLECCOpP Ha

OTJIAJIOYHOM TIIaTe IMporpamMma padoTaeT 0e3 JOTMYECKUX OIITHOOK.
Jlnst aTOro HaOMIOIaTe PeakIuio CBETOJIMOJIOB HA U3MEHEHHUE MOJI0-
XKEeHUd rnepexntoyareneil. OOpature BHUMaHHUE, B KaKOM pacroyiara-
IOTCSl OUTHI BXOJIHBIX M BBIXOJHBIX JTAHHBIX, COOTBETCTBYIOIIUE MOJIO-
YKEHHSIM MEPEKITI0YATENCH U CBETOINOIOB.
2.1.7. JIns HaOnrogeHus 3a X0JI0M pabOThI IPOTPaMMBI MPU €€ OTIaj-
K€ M TOHUCKE JIOTUYECKUX OMIMOOK, 3ayCTUTE MPOrpaMMy B pPEKHUME
CUMYJISITOPa, BbIOpaB B MeHIO «Debug» nyHKT «Step into» wiu HaxaB
knasuiry {F11}. O nepexojie B 3TOT peXuUM CBUICTEIBCTBYET BbIJICIICHUE
CTPOKH KOJ[a B OKHE PEJaKTUpOBaHUs Tporpammbl (cM. puc. 19). XKenras
CTpeJIKa CJieBa YKa3bIBaET HA MHCTPYKIMIO, KOTOpast OyAET BBITIOIHITHCS
Ha CJIEAYIOUIEM IIare B COOTBETCTBUU C COACPKMMBIM CUETYHKA KOMaH/
PC. BriOpag oniuio «Go to cursor» u3 MmeHio «Debug» MoxxHO cpazy
MEePEUTH K HY’)KHOMY MECTY MPOrpaMMBl.

[Iporecc oTnaaKy 3aKIFOYAETCS B OTCIEKUBAHUH U YIIPABICHUU
XO0JIOM BBITIOJTHEHUSI TPOTPAMMBbI C TTOMOIIBIO OKHA PETAKTUPOBAHUS U
CIEMAIBHBIX OKOH, MOKA3bIBAIOIIUX COCTOSIHUSI pab04YMX PErUCTPOB
U COZEPKUMOTO TTaMsITH.

3aIryCTUTE MOIIArOBbIM PEKUM pabOThl M, HaXKUMask HECKOJIBKO
pa3 knaBuiry {F11} nabmrogaiiTe, Kak U3MEHSIOTCS IO I1araM JaHHbBIS
B peructpe AX0 v B maMsTH JaHHBIX.

[Ipu oTnanke mporpaMmMbl MOJIE3HO OCTAHOBHUTH €€ MOCIJE BBIIOJI-
HEHMSI KaKOr0-JIM0O Oreparopa, 4ToObl MPOaHAIM3UPOBATE COACPKUMOE
pErucTpoB U mamatu. g 3agaHus TOYEK OCTAHOBKH B acceMOJIepHOM
KOJ/Ie TIpOrpamMMbl, HY>KHO BBIOpaTh MyHKT MeHIO «Insert Breakpoint»
wm {F9}. KpacHbplii Kpyr, MOSBHMBIIMICS B MOJSIX CJeBa OT KOJa,
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OTMEYaeT 3aJlaHHOE€ MeCTO OcTaHOBKM. Ilocne Hakatus kmapumm {F5}
wid BbIOOpa MmyHKTa «Run» B MeHio «Debug@», nporpaMma Ha4HET BbI-
MOJIHATHCS U OCTAHOBUTCS IIEPE] BBIIOJIHEHHEM OTMEYEHHOW BamMH KO-
MaH/1bl. BO30OHOBUTH BBINIOJTHEHWE MPOrpaMMbl MOXHO, BBIOPAB COOT-
BETCTBYIOIIUH IMyHKT MEHIO, Win HakaB {F11}.

3apanue 3. Moauduuupyiite, pa3padOTaHHYIO BbIIIE MPOrpaMMmy,
TakK, 4TOOBl MOPAJIOK BKIIIOUEHHUS MEPEKII0YaTeNeil COOTBETCTBOBAI
NOPAJKY 3aKUTaHUs CBETOAMONOB. JlJig mepecTaHOBKH OWUTOB BXOJ-
HBIX JAHHBIX BOCHOJIb3YUTECH CIEAYIOIIHMM (parMeHTOM Koja, IO-

MCCTHB €0 B YKa3aHHOM MCCTC I/ICXOI[HOfI IIporpaMmabI:
start2?:
ax0=i0(0x000a) ;
ax1=0;
ay0=1;
ayl=0x8000;
nextBit:
ar=ax0 and ay0;
if ne jump bitEQL;
ar=axl or ayl;
axl=ar;
bitEQ1:
srO0=ay0;//1
SR = LSHIFT Sr0 BY 1 (LO);
ay0=sr0;
srO=ayl;//0x8000
SR = LSHIFT Sr0 BY -1 (LO);
ayl=sr0;
ar=pass ayl;
if ne jump nextBit;
endRotate:

3ananue 4. Pazpaboraiite nporpamMmy, OCyIIECTBISIONIYIO BBIBOJ Ha
CBETOJMO/Ibl MHKPEMEHTHBINA cyeT. [IpoBepsTe paboTy mporpaMmsl B
MTOIIarOBOM PEXKUME.

3amanme 5. PazpabotaiiTe mporpamMmy, OCYIIECTBIISIIOIIYIO BBIBOJ
WHJIUKAIIUM HAa CBETOJIMOJIBI B PEKUME «OEryIlre OrHU», T.€. MOCJie-
JIOBATEJIBHO BKJIFOYAIOLIYIO U BBIKIIFOYAIOIYI0 COCEIHUE CBETOAUOIBI.
[IpuMepHBI KOJI COOTBETCTBYIOIIETO (PparMeHTa:

start2:
ay0=1;
10 (0x0005)=ay0; //BHBECTUM Ha CBETOOMOIL €IOUHUILY
nextBit:
CNTR=0x776; //CUeTurK TaKTOB 3alepXKu

DO delay UNTIL CE; //3amepxka
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idle;
delay: nop;
sr0=ay0; //COBUT €IMHULE BJIEBO
SR = LSHIFT Sr0 BY 1 (LO);
ay0=sr0;
10 (0x0005)=sr0; //BEIBOOMM HOBOE BHAaUYeHMe Ha CBeTOIMOINE
ax0=0x8000;
none=ay0-ax0;
if ne jump nextBit;
ay0=1;
i0(0x0005)=ay0;
Jump nextBit;
HpOBepBTe pa60Ty IIporpaMmMbl B IIOIIAroBOM pPCXKXHUME U B PCIKHMCE

HCIIPCPBIBHOT'O BBLITTOJIHCHUSI.

3ananue 6. B3sB 3a ocHOBY mporpammy u3 3ajaHus 3, pazpaboTaiite
IporpaMMy TMEPEMHOXKEHUS JIBYX 4YHUCEN, 3aJaBa€MbIX MOOANTHO C
MOMOUIBIO MEpeKIIIoYaTenei. Pe3ynbTaT nmepeMHOKEHUs BBIBEUTE HA

cBeToiuoIbl. [TpumMep pparmenTa kojga mporpaMMbl MEPEMHOKECHHUS:

ayl=0x00ff; //BHIOENIUTL MIIAOUUM OanT
ar=axl and ayl;
mx0=ar; //coxpaHuTb MIaguMii GalT B perucrpe yMHOXuUTe s mx0

ayl=0xff00; //BHIOENIUTH CTapmmi OGanT
ar=axl and ayl;
srO=ar; //nepenaTs CJIOBO B PEeTMCTP CIBUTA

SR = LSHIFT Sr0 BY -8 (LO); //cmoBur B wMiaimmii GamT
myO=sr0; //HOJyYeHHHN CcTapumi OaiT BaHEeCTUM B YMHOXUTEJb
mr=mx0 * myO0 (su) ; //yMHOXEeHVe cTapil. ¥ Mianm. 0alToB
10(0x0005)=mr0; //BHBECTHU pPe3yJIbTaT YyMHOXESHMUS
jump start2;
[IpoBeprTe pabOTy mporpamMMbl B IIOIIATOBOM PEKHUME U B PEKHUME
HENPEPBHIBHOTO BBINMOJHEHU. [10 MHAUKAIIMK HAa CBETOJMOIaX yOeIu-

TECh, UTO CUCT BBITTOJIHACTCSA O0€3 OIMOOK.

6. Jlaboparopnas padora LICII-2.
IIpumep paspadorku uupposoro KUX-puiabrpa Ha ocHOBe cur-
HAJILHOTO npoueccopa ADSP-2181.

Iear padorbi: Ha mpuMepe nporpammsel, peanusyromien 1mud-
poBoit KMX-hunbtp, U3yunTh BO3MOKHOCTH CUTHAJIIBHOTO IMPOLIECCO-
pa ADSP-2181 mo ympaBieHHIO BBOJIOM-BBIBOJIOM aHAJIOTOBBIX CHT-
HaJoOB W WX (UIbTpAIMU, a TAKXKE MNPUHIUIBI paOOThl UQPPOBBIX
dbunsTpoB. Uccnenoats nudposoit KUX-punbTp, peaan3oBaHHBIN C
noMoupio MaketHou miatel EZ LAB-218]1.
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3aganue 1. [Ipoananu3upyiTe Ko MPOrpaMMBbl, peaau3yromiei mudpo-
Boil KUX-puibtp. JleMOHCTpalMoHHas mporpamMma, MUCHOJIb3YIoIascs
B JIaHHOHM pa0OTe, COCTOMT M3 HECKOJBKHX MOyJiel. ba3zoBbiii MOTyb
yHOPaBIsiET BBOJIOM-BBIBOJOM aHAJIOTOBBIX CUTHAIOB. AHAJIOTOBBIM CHUT-
HaJl ¢ MUKPO(OHHOTO BXO/Aa OLU(PPOBHIBAETCS C MOMOIIBIO ay/IUO CTe-
peo-koyeka AD1847 (16 6ut, yactota aucKpeTm3anud ot 5.5 mo 48
k['11) 1 epenaeTcst B mocaeA0BATEIbHBIA MOPT CUTHAIBLHOTO MPOIECCO-
pa. LICII cuuThiBaeT cUrHai ¢ nocieoBaTesIbHOTO MOpTa; Janee ouud-
POBAHHBIN CUTHAJ JTMO0 BBIBOAUTCS 0€3 M3MEHEHHI Yepe3 3TOT JKe MOPT
oOpaTHO Ha KOJIEK, MO0 CHaudajga oOpadaThIBae€TCsl C MOMOIIBIO MPO-
rpaMMHOTO Moayis, peanusyromiero KNUX-gunbtp (256-3BeHHbI), a
3aTeM TepeacTCsl B KOJIEK, KOTOPBIM mpeoOpa3yeT 1udpoBON CUTHAT
oOpaTHO B aHAJOroBbIA. B mporpamme peann3oBaH Takke T'€HEpaTop
IIyMa, KOTOPBIM MO3BOJISIET MPOJAEMOHCTPHUPOBATH pabOTy IU(POBOIo
¢bunbTpa 6€3 Mogaur BHEIIHETO CUTHalIa HA MAKETHYIO IJIaTy.

1.1. Cozpaiite manky, B KOTOpPOMl OyJET XpaHUThCA Balll TMPOEKT
«FIRy. TlomectuTe Tyaa (aiti ¢ UCXOMHBIM KOJIOM JE€MOHCTPAIlMOH-
HOUW TIporpamMmbl «firdemo.asmy, ¢aiin ¢ kosddurmentamu GuIbTpa
«fir.daty, a Taioke (aiin ¢ ynpasisitoiieid nHpopMalien s peaaKkTopa
cBszeit «ADSP-2181.ldf». 3anyctute Ha BblnoigHeHue VisualDSP+,
co3/1aiiTe HOBBIM IPOEKT, a 3aTe€M BKIIOUMTE B HETO (hailibl ¢ KOJOM
nporpammel (B pasnen «Source Files»), koapdunmentamu puiabTpa
(«Data Files») wu ympasisitomieit uagopmarnueit («Linker Filesy, mog-
poOnee cMm. 1. 2.1.1 — 2.1.3 naboparopnoit padotst LICII-1).

1.2. BaumaTtenbHO u3y4yuTe KOJ MOporpaMmbl IUGpoBoro (uibtpa
(«firdemo.asmy). OcobeHHOE BHUMAaHHE OOpAaTHUTE HA YacTH IpOrpam-
MBI, OTBEYAIONIME 33 MHUIMATU3ALMUIO IIU(PPOBOrO CUTHAIBHOTO IPO-
neccopa ADSP-2181 u ero nmoptoB BBOJIa-BbIBO/IA (COCTOSIHUE MPOIIEC-
copa ompenensercs 3HaueHueM peructpoB Sys Ctrl Reg, mstat,
Sport0 Ctrl Reg, Sport0_Autobuf Ctrl,) 3a nHunmanu3zanuo ayamo-
KOJIEKA, a TAK)KE€ OpraHU3aluIo NMpepbiBaHuil (peructpsl icntl, imask) u
TakTupoBaHua cxeMbl (peructpsl Sport0 Rfsdiv, Sport0 Sclkdiv).
N3yunTe KOMMEHTapuu B IPOrPaMME K 3HAYEHUSIM PETHCTPOB.

1.3. U3yuute 4acTh KoJia, OTHOCSIIYIOCS K peanu3anuu udpoBOro
bunbTpa, HAAUTE MMepPEeMEHHbBIC, OTBEYAIOMKe 3a padboTy ITUPPOBOTO
¢bunpTpa. OTKIIOUKTE UCNOIb30BaHuEe GuiabTpa. Onpenenure mo TeK-
CTy MpOrpaMMbl, KaK 3a/1aeTcsi MacCUB KOA(PHUIIMEHTOB sl peain3a-
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[[MY TOTO WJIM MHOTO (UIIbTpa U KakK B IaHHOW MpOorpaMMe MOKHO M3-
MEHSTh XapaKTEPUCTUKU (PUIBTPOB.

1.4. Co3pailiTe MalIMHHBIA KOJI U3 HMCXOJHOIO TEKCTAa MPOrPAMMEI.
3arpy3urte UCHOJIHSIEMBIN Ko B mpoieccop (cM. m. 2.1.6 madoparop-
Hoi1 padoTel LICTI-1).

3ananue 2. BEIOJIHUTE TECTUPOBAHUE MTPOTrpaMMBbl ITU(PPOBOTO
¢bunpTpa, peanuzoBannoro Ha ADSP-2181.

2.1. Jlns mpoBepkud pabOTOCHOCOOHOCTH IIpOrpaMMbl yA0OHO HC-
M0JIb30BaTh TpapruecKre BOZMOKHOCTH BU3yaTU3AIMKN COACPKUMOTO
10001 00JIacTH TaMATH JaHHBIX WA MPOrpamMM, KOTOPBIE MPeaoc-
TapigeT pa3padotuuky B VisualDSP++ (cm. puc. 20).

N Plot Configuration fied B
M0 ata Sef
Type: [Line Plot =
Title: |Untitled
— Data Setting firl_coefs

MHarne: |Data Setl

Memary: D =l
Address: [finl_cosfs [am&l Offset: [0

o Count [T0 Rowecount[l0

Remove | Stide: [I° Colmncount[lD

Hew | Data: Iint j
Browse for Symbol EE3
Auis Selection
’7 O ey Symbol | Address |«
buf_warl Ox01070
buf_war2 0=017100
LS Cancel buf_vard 001 500 .
datal 000000 it .
rtl firl coefs (101100
fir2_cosfz Dw01200
fird_coefs 001300
fird_coefs 007400
init_crmdz D01 &00
hdnum 000005
_buf 0=01070 |
0.33M I LI zeed_lsw O=00004
zeed_maw (w0003 e
romplet=d stat_flag Cw00000 —
. ) ) | the_data (01500
cam Film=syaAnalog Devices W Timz b, buf 01600 LI plea=' EIRDE
cmam File='Analog Device=hWi=wus : : L ple=% EIRDE
)4 I Cancel |

Puc. 20. Hacmpotuixu cpeocms suzyanruzayuu VisualDSP++ u epaguuecroe
uz00padiceHue 3Ha4eHUli Maccusos Kodppuyuenmos Guibmpos.

Hns  sroro wucnons3ys  komaHael  «Debug  Windowsy/
«Viewn/«Plots»/«New...», OTKpoTe AUAJIOroBO€ OKHO KOH(UTYpPUpPOBa-
Hus rpaduka «Plot Configuration». B mento «Type» crieayer BoIOpaTh
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TUT Tpaduka (JTMHEHHBIN, 3aBUCUMOCTh X-Y, CIEKTporpaMMa M T.1.) U
3anaTh ero uMs B ctpoke «Title». 3aTteM creayer onpeaenuTs napamer-
pbl BBIBOJIA JIAHHBIX: THN 00JacTH JaHHBIX («Memory», PM — mpo-
rpamMm, DM — naHHBIX W T.J.), HAUaJdbHBIA agpec-MeTKy («Address»),
capur («Offset»), uynucno BeiBoguMBIX Touek («Count»), THUIN JAAHHBIX
(«Type») u np. [nst norcka Ha4aIbHOTO aJpeca TOro WM UHOTO MAacCH-
Ba JIaHHBIX, OMpPEACICHHBIX B MpOrpamMme, YJIOOHO BOCIIOJIb30BaThHCS
dbynkiumel noucka «Browse». [Tocie 3a1anus Bcex napameTpoB CIIETyeT
HaxxaTb «Add», 1 B JI€BOM YacTU OKHA JIOJDKHO IIOSIBUTHLCS HA3BaHUE
rpaduka, KOTOpbId OYJIET BBIBE/ICH B pabouyeM OKHE MPOEKTa MOoCje BBO-
na «Ok». [Ipn HEOOXOAMMOCTH MOYKHO 3a/1aTh BBIBOJI HECKOJIBKMX Mac-
CUBOB JAHHBIX B OJIHOM OKHE (KHOMKa «New»), IPOM3BOJIBHO 33/1aBaTh
ocu sl (PYHKIIMOHATIBHBIX 3aBUCHMOCTEN («Axis Selection»); ¢ momo-
610 MEHIO «Settings» — onpeenuTh 1BeTa JIMHUK U (PoHa, pazMep Io-
JIeH, CeTKy, HAAIMMCH Ha OCSX, MacIlITald, min/max 3Ha4eHHs U T.1.
BoiBenute Ha rpaduk (maHenb «Plots») UMITyIbCHBIE XapakTepu-
CTUKH (PWIHTPOB, PEAIM30BAaHHBIX B JIAHHOW TMporpamme (MacCHUBBI IO
256 Touek). [l 3TOrO HCIONB3YHUTE CBSI3b MEXAY KOI(PHUIMECHTAMU
buIbTpa ¥ €ro UMITYJIbCHON XapaKTEepUCTUKOM (CM. pazaen 2 u [5, 9]).

2.2. [lopaiite Ha MakeTHyro 1aTy (Ha pasbeM «IN») cuHycoumaib-
HbI curHai ¢ yactorou 20 I'm m ammutynon 0.5 — 1 B ¢ BHemHero
reHeparopa. 3alyCTUTE Ha BBITIOJHEHHE KOJ, 3arpyKEHHbIA B IPO-
neccop («Debugy/«Run...» wmm {F5}). Ilockonbky 1mdpoBoit
(GUIBTp OTKIJIIOYEH, BXOJHOW CUTHAJ JOJDKEH MOSIBUTHCA Ha BBIXOJIC
MakeTHoU 1iaThl (pazbeMm «OUT»). [ToakmounTe K aHAJIOTOBOMY BBbI-
xoay miatel EZ LAB ocriuminorpad u cpaBHUTE BXOJIHOW M BBIXOTHOM
curHayibl. MI3MeHsisl 4acTOTy BXOJHOTO CUTHAJIA, ONpEEIUuTe padounii
JIMaIa3oH 4acToT Ja00paTOPHOro MaKeTa.

2.3. OcranoBute BbinosiHeHUE nporpammel («Debugy/«Halt...» nnm
{Shift+F5}). Ilocne ocranoBku VisualDSP++ cuuThiBaeT JaHHBIE U3
naMsTH nporeccopa. BeiBenuTe Ha rpaduk BBIXOAHBIC JAHHBIE KOJIe-
ka (MaccuB «the datay, 4ncio Touek MaccuBa JIOJAKHO COOTBETCTBO-
BaTh YMCITy 3B€HHEB (DUIIBTPA).

2.4. Brmmomnwute n.m. 2.2-2.3, 3agaBas 3Ha4SCHUS YaCTOTHI BXOJHOTO
curHaiia ot reneparopa 200 I'n u 2 kI'. Hactpoiite okHO «Plots» st
BHU3yau3allii BBIXOJAHBIX JaHHbIX. Ha 3kpane ocumwuiorpada u B co-
oTBeTcTByIomeM okHe VIsualDSP++ naOmromailiTe BBIXOAHBIC J1aH-
Hble. Onpenenure, Kak U3MEHSETCS aMIUIUTY/1a BEIXOIHOTO CUTHAJIA.



2.5.

32

BxirounTe QuiabTpaliuio CUTHaJIa M BBIMOJHUTE ILIL 2.2-2.4.

N3MeHsis 4acTOTy BXOJAHOTO CUTHAJIa, YOEIUTECh B pabOTOCIIOCOOHO-
ctu peanuzoBaHHoro Ha ADSP-2181 nudposoro ¢unsrpa. Ouenure
IPaHULIBI TIOJIOCHI TPOITYCKAHMSI.

3amanue 3. Beinonnute uccieaoBanue mudpoBoro GuibTpa.

[Ipennoxute BapuaHThl cxeM uccienoBanus AUX u ®UX mud-

poBbIX (unbTpoB. CobOEpUTE OJHY U3 CXEM IO YKa3aHUIO MpernojaBa-
TEJISl ¥ BBIOJIHUTE UCCIEIOBAHUS XapaKTEPUCTUK U(PPOBOro (HUIBT-

pa,

peammm3oBanHoro Ha EZ-LAB ADSP-2181. Onpenenute Ttumn

(buIBTpa M €ro MoJIoCy MPOITyCKaHUS.

AN
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