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llpHXO,O.bl(O B.¥!.' 
Cy,n.eK a. 

..; 

<·\>-~;,.:"'"'~ ':,, :.~~'-~ 

RAepHbiX HCcne.o;OBaHHH ,Uy6Ha, 1990 

, .. -, 

BBe.o;eHI1e 

8 063ope paCCMaTp11BaiDTC~ TeXHI1Ka U11~pOBOH 06pa60TKI1 Cl1rHaJIOB 
11 CTpyKTypa Cl1rHaJibHbiX npoueccopOB 1 ~OpMynl1pyiDTC~ Tpe6oBaHI1~ 
K HI1M 11 K 11x 6noKaM

1 
noKa3aHbl no.o;xo;nbi K nporpaMMHOMy o6ecne'!eHHID 1 

TeXIIOJIOrl111 11 cnoco6aM OUeHKI1 np0113BO;JJ;I1TeJibHOCTI1 U11~pOBbiX 
cl1rHaJihHbiX npoueccopoB

1 
naeTc~ · KpaTKI1H aaan113 pa3BI1TI1l'l ::noli 

TeXH11KI1 11 np11Be;neHbl np11Mepbl ee np11MeHeHI1~. 8 KOHUe np11BO;JJ;I1TCS'I 
Cni1COK Jli1TepaTypbl C KpaTKI1MI1 3aMeTKaM11 0 co;neplKaHI111 CTaTefi • 

U11~poBhle c11raanhl 

8 TeKCTe ;JJ;JIS'I "UI1~pOBOH o6pa60TKI1 Cl1rHana" 6y;neM 11CnOJib30BaTb 
aa3BaHI1e "dsp" (digital signal processing). llnl'l "u11~poaoro 
cl1rHaJibHoro npoueccopa" 6y;neM ynoTpe6nl'ITb aa3BaHI1e "DSP" (Digital 
Signal Processor). Ha3BaHI1e lCH-DSP 6y;neM ynoTpe6nl'ITb B cny'!ae 1 

EfCJII1 pe<.!b nofi;neT o6 o;nHoKp11cTanbHbiX DSP; 11 BB-DSP - B cny'!ae DSP I 
C03;JJ;aHHOrO 113 6JIOKOB. 

DSP o6pa6aTb!BaiDT U11~p0Bble Cl1rHaJibl, T. e. CHrHaJibl, ;JJ;I1CKpeTHble 
no aMnJII1Tyne 11 so apeMeHI1. 0HI1 npe;ncTaBJIS'IIDT co6ofi nocnenoaaTenh-
HOCTb ;JJ;B011'!Hb!X '-i:11ceJI. 

U11~pOBbie c11raanb1 MoryT 6b!Tb: 
- 11CKYCCTBeHHOrO np011CXOlK;JJ;eHI1S'I (reaep11pyeT 11X 1 

aanp11Mep 1 

KOMnbiDTep) ; 
- aaanoroaoro npo11cxolK;neHI1S'I. 

ll11~pOBOH Cl1rHaJI aaanoroBoro np011CXOlK;JJ;eHI1S'I B03HI1KaeT np11 
Bbi60pKe 11 OUI1~pOBKe BXO;JJ;HOro , aHaJioroBoro Cl1rHaJia. 0CHOBHbiM 
Tpe6oBaHI1eM · K Bb!60pKe S'IBJIS'IeTCS'I BblllOJIHeHI1e TeopeMbl llleHHOHa-

. KOTeJibHI1KOBa, KOTOpaS'I rJiaCI1T 1 'ITO JIID60H aHl:l.JIOrOBbiH Cl1rHan 
c nonocofi '!aCTOTbi, ·orpaHI1<.!eHHOH <.~acToTofi Fl 1 MOlKHO o;nH03Ha<.!HO 
3aMeHI1Tb nocne;noBaTeJibHOCTbiD ;JJ;I1CKpeTHbiX 3Ha<.!eHI1H 1 nony<.~eHHblX 
Bb!60pKOH 113 Henpepb!BHOrO Cl1rHaJia B ;JJ;I1CKpeTHbJe MOMeHTbl BpeMeHI1 
c <.~acToTofi Fs. Ecn11 BbmonHeHo Tpe6oBaHI1e 

Fs > 2.Fl, (1) 

TO 113 TaKI1X OTC<.!eTOB MOlKHO O;JJ;H03Ha'!HO BOCCTaHOBI1Tb 

auanoroBbJH cl1r·uan • 
'IT06bJ He nonycTI1Tb 11CKalKeHI1~ cneKTpa 1 Heo6xo;ni1Mo orpaHI1<.!11Tb 

nonocy <.!aCTOTbl axonuoro c11rnana ~11JibTpOM ( antialiassing filter) 
11 BblllOJIHI1Tb TaKI1M o6pa30M Tpe6oBaHI1e. ( 1). 

llp11 OUI1~pOBKe aMnJII1TY;JJ;bi Cl1rHaJia B ;JJ;I1CKpeTHble MOMeHTbl BpeMeHI1 
B03H11KaeT U11~pOBOH Cl1rHaJI

1 
KOTOphlH ;JJ;HCKpeTeH 11 no aMnJII1Ty;ne. 

TaKofi Cl1rHaJI MOlKHO o6pa6oTaTb np11 noMOW11 DSP. Ecn11 HYlKHO 
BbmonHI1Tb npeo6pa3oBaHI1e o6pa6oTaHnoro c11rnana o6paTHO 
B auanorOBbiH c11rnaJI

1 
ueo6xo;nuMo nocne BbJxo;nHoro UAn BKJIID<.!l1Tb 

"peKOHCTpyKU110HHbiH" ~11JlbTp 1 KOTOphlH y;naJI~eT. . '!aCTOTbl 1 

He COOTBeTCTBYIDW11e peaJibHOMY Cl1rHany 11 S'IBJIS'IIDWI1eC~ CJie;JJ;CTBI1eM 
OUH~pOBKI1. . . 

r r.n.,,.,w(.S;~"·;l iCHCTITJT J . ~ ]. . 
. ~ ttA'!5tliW.X !it:::.~P.JO.IIIid 
; . 5l1SJlHOTEHA .. 



'liTo TaKoe UH<l>poBaH o6pa6oTKa cHruana ( dsp )-? 

3To npHMeueuHe MaTeMaTH~ecKoro anropHTMa K o6pa6oTKe 
UH<f>poBoro cHruana, nony~euuoro, KaK npaBHno, H3 
AU-npeo6pa3oBaTenH. AnropHTM B 6onbiiiHHCTBe cny~aeB nepHOAH~ecKH 
noBTOpHeTCH. HHCTPYKUHH, KOTOpbie pea1!H3YIOT anropHTM, Bbl3biB8IOT 
H3 naMHTH. A8HHb!e H K03<f><f>HUH8HTbl H 38T8M o6pa6aTbiB810T HX. )lanee 
BbiXOAHOll · UH<f>pOBOll CHrHaii o6pa6aTb!BaeTCH B UH<f>pOBOll <f>OpMe HIIH 
npeo6pa3yeTCH cuoaa B auanoroBbili cHruan. 061IlaH cxeMa dsp 
npe,ncTaBneua ua pHc.l. 

AHAI\, 
---1 

CHr. \__ SfH 

~ri'P. 
~ 

cur. 

PHc.l. 

I.I,H'P­
~ 
cHr. 

o61IlaSI cxeMa dsp. 

Korna B03HHKna ueo6xo.nHMOCTb dsp? 

AHA/\. 
SfH \_ 

CHf". 

B neKoTOpbiX cny~aHx o6pa6aTb!BaTb curuan auanorOBbiMH MeTo,naMH 
HIIH 0~8Hb Tpy,nuo, HIIH H8B03MO~HO, uanpHMep, B cny~ae o6pa60TKH 
AByMepHb!X H306pa~eHHH. Pauee T8KHe 3a,na~H p81Il811HCb K118CCH~8CKHMH 
M8TO,l:l8MH Bbi~HC11HT811bHOll TeXHHKH Ua YHHBepC811bHb!X KOMnbiOTepax. 
0opa60TKa npOHCXO,l:lHIIa B 601!biiiHHCTB8 cny~aeB BHe peanbHOrO BpeMeHH 

. (off-line). 
3aTeM A115! HeKOTOpb!X CIIO~HbiX 3a,na~ ( B T8118KOMMYHHKatiHH, ' 

Hay~Hb!X 11CC11S,l:lOB8HH5!X, BOeHHOll TeXHHKe) 6bl11H C03A8Hbl Ha 6a3e 
11HTerpa11bHb!X cxeM ( HC) M8110H ( SSI) H cpe.nueli ( MSI) CTenmm 
HHTerpaUHH 61JOKH CHrH811bHb!X npoueccopoB, KOTOpble pa60T811H 
B peaiibHOM BpeMeHH. 

llo5!BneuHe MHKponpoueccopoB (Mn) B 70-x ronax paciiiHpHno c<I>epy 
npHMeHeHHH dsp (off-line) • ;I:InH DSP 6b!CTpo B03HHK orpoMHb!J:i pb!HOK -
Te1!eKOMMYHHK8UliH. B 1979r. no5!BH11C5! nepBbiH cneUH811113HpoBaHHblH 
DSP (Intel i2920), no3~e ,npyrHe DSP. C cero.nH5IWHHMH DSP HX ,na~e 
Tpy,nHO cpaBHHB8Tb ( i2920 HM811 18000 Tp8H3HCTOpOB, a COBpeMeHHbiH 
TMS320C50 yJKe 1000000), HO OHH OTKpb111H ABepb A115! npHMeHeHHH 
M8TOAOB ·UH<f>pOBOH o6pa60TKH .B 3a,na~aX, ,l:l115! peW8HH5! KOTOpblX ,no TeX 
nop npHMSH5!118Cb TOIIbKO auanoroBa5! TeXHHKa (HanpHMep, 
B . TS11SKOMMYHI1K8UHH Ha~a11ll npHMSH5!Tb DSP BMSCTO aHanorOBb!X 
<l>HIIbTpOB). 

r.ne HCn011b3yeTC5! dsp? 

Celi~ac pbiHOK DSP cocTaBn5!eT e~ero.nHo·oKono MHJIJIHapna nonnapoB 
11 nponon~aeT paCTH npHMepHo Ha 30% B ron. 06nacTb npHMeneHH5! DSP 
pacnpOCTp8H5!STC5! OT HrpyweK ,[10 KOCMH~SCKOH TSXHHKH. MO~HO 
yKa3aTb cne.nyiOIIll1e o6nacTI1 11 3a,na~u. rne Hcnonb30BaHue DSP y~e 
celi~ac .naeT 3Ha~HTe1!bHbiil: :o~<I><f>eKT: 

2 

t> - UH<f>pOBaH <f>H11bTp8UH5! B pea1!bHOM BpeMeHU 1 

- cneKTpanbHbiH auamt3 cHruanoB B peanbHOM BpeMmm ( FFT), 
- aHa1!H3 H CUHTS3 pe~H, . 
- ynpaBneuHe npH noMOIIlH ronoca, 

3ByKoTeXHHKa (CD, 3KB anai13epbl), 
nepe,na~a ,naHHb!X .H KOMnpeCCHH ,naHHb!X, 

- WH<f>paTOpbl H ,neWH<f>paTOpbl B C8T5!X CB5!311, 
- UH,PpoBaH o6pa60TKa 6110CHrHa1IOB B MSAHUHHe, 
- uu,PpoBaH o6pa6oTKa curuanoB B reo<f>H3HKe, 
- KOppe115!UHOIIHb!H aUa1!H3, 
- UH,PpoBaH o6pa60TK8 H306pa~eHHll, B T0!1 ~HCIIe 11 B 

KOMMep~eCKOi1 BH,[IeOT8XHHK8, 
KOMnbiOTepuaH rpa,PHKa;· · ·· ·· · 

- conapbi, 
- o6pa60TK8 ,naHHbiX -B pa,nH0110K8UHH l! ,npyrHe npHM8HSHH5! B 

B06HH0ll T8XHHKe, 
c6op H o6pa60TK8 ,naUHbiX B uay~Hh!X 3KCnepl!MSHTax·::/· 

- 311SKTpOHH08 o6opy,noBaHHS aBTOM06H1!Sll, . " ... 
- po60TOTeXHHKa, 

KOY!Tp011118pbl ,[IHCKOB H ,npyrHe. 

"" . ~-· ~ :.,·;-.-:-: 

KaKne anropHTMbl npuMeHHIOTCH B dsp? 

-.~ .. 

llo,naB1151IOIII86 6011bWHHCTBO npHM8H8HHH dsp-,TeXHHKH OCHOBaHO 
na anropHTMa:t-uH<PpoBoi1 ,PHnbTpauuu (Finite Impulse Response (FIR), 
Infinite Impqlse Response (IIR) H .npyrHe), .nHcKpeTHbiX 
npeo6pa30B8Htlij) ~ypbe (FFT) H onepaUl!HX C MaTpHU8MH (cBepTKa 
H ,np.). B cny~ae npHMeHeHHH DSP "He no npHMOMY na3Ha~eHHIO", 
HanpHMep B CHCT8M8X c6opa H o6pa6QTKH 3KCnepHM8HT811bHbiX ,naHHblX, 
Hcnonb3YIOTCH pa3H006pa3Hbl8 anropHTMbl 111060fi CTeneHH CIIO~HOCTH. 

KaK 6oicTpo .non~en pa6oTaTb DSP ? 

BOIIbWHHCTBO 
peanbuoro BpeMeHH. 
noKa3aHE>I na pHc. 2. 

3a,na~, KOTOpble pewaiOT DSP, HBIIHIOTCH 3a,na~aMH 
llpH611H3HT811bHbl8 xapaKTepHCTHKH noTOKOB ,naHUblX 

GEOt.. 

SPcEC# 

.41 TEI..GMSrHY ( DATA 

H .4 DA~ -P 

IHAGG~ 

AQI.IJ.sirroN 

-tOO liz I kHz. lOkHz /OOA:I{z IHHz. fOHHz. tCQI1Hz f(;Jiz 

~'-~~.'r 

PHC. 2. flpH611H3HT811bHbl8 nOTOKH ,naHHb!X B 3a,na~aX peanbHOrO BpeMeHH. 
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TipuMep 3a~a~u ~n~ DSP 

O~HOH H3 caMbiX pacnpocTpaHeHHbiX 3a~a~ ~n~ DSP ~BnHeTC~ 
~un&Tpauu~ B pean&HOM BpeMeHH (on-line). qacTo ynoTpe6n~eTCH 
TpaHCBepcanhHbiH ~HflhTp FIR, KOTOpbiH ODHCb!BaeTC~ ypaBHei-meM 

M 
Yn=SUM Ak • Xn-k 

k=O 
(2) 

r~e {Xn } H {Yn J - BXO~Ha~' H Bb!XO~Ha~ nocnenoBaTeJihHOCTH 
curHanoB, 

Ak - K03~~HUHeHTbl ~HD.hTpa, 
M,- CTeOeHh ~HflhTpa. ~ 

FIR - ~HnbTp CHMBOnU~eCKH DOKa3aH Ha puc.3. 

.un~ Bbi~ucneHu~ o~Horo BbiXo~noro oTc~eTa Yn ny)I(HO 3anoMHHTh 
M+1 nocne~HHX BXO~Hb!X OTC~eTOB Xn H M+1 K03~~HUUeHTOB Ak, ·8 T8K)I(e 
c~enaTh M+1 YMHO)I(BliHH H M+1 CYMMHpoBanuii, T.e. 2M+2 
apu~MeTu~ecKHX onepauui1. Ecnu ~acToTa Bbi6opKH u ouu~pOBKi1 F=8Kru 
U ecnu XOTHM C03~aTh FIR - ~HflhTp 10-ii CTenenu (M=10) (H 3TO 
He o~eHh CTporue Tpe6oBaHU~ B CHCTeMaX CB~3H), Torna ~nH 
Bbl~HcneHH~ O~Horo Bb!XO~Horo OTC~eTa OCTaue.Tc~ 1/F =125MKC. KpoMe 
Bbi~Hcnenu~, Ha~O e~e 06ecne~HTh BBO~ K03~~HUHeHTOB ~UJ!hTpa Ak, 
BBO~ ~aHHblX Xn H Bb!BO~ pe3yn&TaTa. 

MuKportpoueccop i8080 Bbmonn~eT o~no YMHO)I(enue ·16x16 6HT 3a 
500MKC, a c conpoueccopoM 8231 3a 31MKc. nn~ MTI i8086 3To BpeM~ 

x~~ 

MIJI.. 

Puc.3. FIR - ~HnhTp. 

cocTaBn~eT 32MKC (u 17MKc c conpoueccopoM 8087). Hcno, ~To 
cTan~apTHbiH MTI ne cnoco6eH B peanbHOM BpeMenu pewuTh 3TY 3a~a'!y. 

Tipoueccop i2920 - caMbiH nepBbiH u nau6oriee Me~nennbiH H3 DSP -
Bbi~ucn~eT BolO 3a~a~y, T. e. Bbmonn~eT 22 MaTeMaTu~ecK11e onepauuu u 
I/O onepauuu B Te~enue 36MKc. • 

· .HHJKe npuae~eno BpeM~ pewenuH 3Toii 3a~a~u ~n~ H.eKo'i'opbiX 
COBpeMeHHbiX DSP: 

NEC mPD7720 
AD ADSP-2100 
NEC mPD77230 
TI TMS320C30 

(1981r.) 3,3MCK/166UT FXP (Fixed Point) 
(1986r.) 2,5MKc/166uT FXP 
(1987r.) 1,8MKc/326UT FLP (Floating Point) 
(1987r.) 0,6MKC/326UT FLP. 

KaKUe Bb!BO~bl MO)I(HO C~enaTb H3 3THX pe3ynbTaToB? 

KoHe~no, peanu3auu~ onucanHoro 
:~uncTBennbiM. KpHTepueM ~n~ cpaBnenu~ 

~HflhTpa He ~Bn~eTC~ 
DSP, . HO 3TOT TUn 3a~a~u 

4 

qpesB~'laAHo pacnpocTpaHeH u ee ananu3 HaM noKa)l(eT, KaK llOJI)I(Ha 
BbirnH)lBTb CXeMa, BbiDOJIHHIOirtaH dsp. 

1) 

2) 

3) 

4) 

5) 

6) 

HcHO, 'ITO OCHOBOA pa60Tbl DSP B FIR - ~llnbTpax (a Ta!OKe B IIR, 
FFT u ~n.) HBnHeTcH 6blcTpoe BblnonHenHe onepauHA YMHO)I(eHH~ 
( !·lUL) 11 cyMMHpOBaHHH ( ACC). Bee DSP ( HCKJI!O'IBH TOflbKO i2920) 
HM~!OT D03TOMY KaK YMHO)I(HTBJ!b, TaK H CYMMaTOp 
(MAC=Multiplier+ACumulator). · 

DpOH3BODHTBJ!bliOCTh DSP DOBbiCHTC~ B 2 pa3a, ecnu MAC MO)I(B~ 
ocy~eCTBJIHTb OllHOBpBMBHHO YMHO)I(C!Il!e H cyMMHpOBaHue - B HaiiiBM 
cny~ae, nanpHMep, yMHOJKaTb Xn-2 .A2 H OllHOBpeMeHHO npe~biil;y~Hff 
pe3yn&TaT Xn-l.Al npH6aBHTh B cyMMaTope K nocnenHeA cyMMe. 
3Ta B03MO)I(HOCTb ecTb y Bcex DSP. 

narr~HeAwee ycKopeHue pa6oTbl DSP nony~uM, ecrru ~aHHble, 
K03~~HUHeHTcl ll HHCTpyKUHH nporpaMMbl 5ynyT XpBHHTbCH 
He B 06Irtefi naM5!TH ( KBK y CTBH)lapTHblX MD C apXUTeK Typofl 
~OH Hei1Mana), a OT)lBJ!bHO, H DSP CMO)I(B'I' K HHM o6pairtaTbCJ1 
O)lHOBpeMeHHO (!apBap~cKaH apXUTeKTypa). 

qaCTO npHXO~HTCH O)lHOBpeMBHH6 o6pa~aTbCH K DBYM onepaH)lBM, 
HanpHMep, K )laHHbiM H K03~~HUUBHTBM, ll03TOMY y t1HOrUX 
DSP CYirtBCTBY!OT UJIH )lBB OT)lBJ!bHbiB IIIH!Ibl AJ!H )laHHblX, HJIU 
6biCTpb!H DOCTyn K DBYM 6aHKaM naMHTU naH!IbiX B o.nHOM 
UHKJIB ( MYJibTHDflBKC). KaK HCKn!O'IBHHe, namlble ~!0)1(110 

xpaHHTb H B naMHTH )lJ!H nporpaMMbl. 
!13 pUC. 3 crre.nyeT, 'ITO npH Bbl'lHCneHHH Yn DSP HCllOJlb3YBT .nali!Ible 

Xn,Xn-1, •• ,Xn-M, a Yn+l - )laHHbie Xn+l,Xn, •• ,Xn-M+l. 8 3TOM 
cny'!ae BblrO)lHO, BCJIH reHepaTOp a.npecoB ( ADRGEN), KOTOpblH 
ynpaBn5!eT ~TeHUeM/3anucb!O naHHbiX Xn, o6ecne'!HBaeT 
aBTOMaTH~BCKHfi C)lBUr npll anpeCBUHH )laHHbiX 6e3 TOrO, ~T06bl 

pearrbHO cnBuraTh naHHbie Xn, Xn-1... B naMHTU. 3TOT pe)!(I!M 
'Ha3b1BaeTCH circular buffer U npHCYTCTByeT DO'lTH y BCeX DSP. 

H3 xapaKTepa 3a)la'1 dsp cnenyeT 'lacToe Hcnon&3oBaHue 
nporpaMMHbiX uuKnoB H nepexonoB. 3To 03Ha<IaeT, 'ITO B DSP 
)lOJ!)I(Ha 6b!Th B03MO)I(HOCTh pearru3aUHH UUKJ!OB, nepeXOllOB 
H Bb130BOB DOllDporpaMM npOCTbiM~ l!HCTpyKUUHMH, 6e3 
)lOllOJ!HUTBJ!bHbiX npoBepOK. 

ll3 'lero COCTOHT DSP? 

Ha npuMepe FIR npounn!OcTpupoBaHbl pa3JIU'!Hble Tpe6oBaHIIH K DSP. 
BnoK-cxeMa, npencTaBnenHaH . Ha puc.4, noKa3biBaeT, KaK np1mepno 
MO%BT BblrJI5!)leTb DSP. 

Dpe)l()lB Bcero DSP llOJ!JKeH HMeTb YMHO)I(UTeJ!b ll 6JIOK ALU, KOTOpblfl. 
pa60TaeT He TOJ!hKO KaK cyMMBTOp, HO < ll BbinOJI!IHeT npyrue KOMBI!Jlbl, 
THnH'lHoie nnH cTannapTHoro MD, nanpHMep, rroru~ecK!le onepaum1, 
CllBllr )1 T. TT. BJ!OK MUL+ALU 6yneM B llBJ!bHeffweM l!a3b!BaTb CPU. 

CPU non%eH uMeTh BbiCOKoe 6oiCTponeiicTBile, o6ecne'lHBaTb 3anncb 
pe3yJ!hTaTOB B perHCTpbl 06Irtero llOCTyna, ynpaBn5!Tb CTaTyC!IbiM!l 
perucTpaMH u BbiDOJ!H5!Tb. npyrue onepaumi. Pe3ynbTaTbi pa6oToi ALU 
H MUL 'leCTO HY)I(HO o6pa6aTb!BaTb B perucTpax CllBllra (SHIFTER, 
BARELL SHIFTER-BS), 'lT06bi npellOTBpaTHTb nepenonuenne, o6ecne'll!Tb 
oKpyrneuHe H T.Jl. 

0T CKOpOCTll, BHyTpeiiHeff apXUTeKTypol H CTpyKTypbl perHcTpOB 
ALU, MUL u BS. 3aBncnT npoH3BOlli!TerrhHOoTh DSP B uenor1. 

Bonpoc TO'IHOCTH Bbl'lllCJlelii!H 6y~eT )leTanb!IO pacCMOTpelj D03)!(C. 

DSP non%eH HMCTb 6oiCTpo;uei1cTBY!OirtY!O naMHTh nocTaTO'l!loro 
o6"beMa ~JI5! xpaHeHltH nporpa!1Mbl ( PROG M) • qacTo neo6xomm 
( B cny'lae .1CH-DSP) )lOCTYII K HHCTpyKUll5!M BO BHeWHeli DBH5!Tl! 
( PROG/DATA BUS);. Ha nepBb!X ndpax IIpll necoBepwemiOft TeX!IOJ!Orl!li 
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PHc.4. 06o6~ennaH 6noK-cxeMa DSP. 

I I .Hl/A' l,f;IVSIS 

I I t2 PAtAW. 
.f--~·""'.::" 81./S 

1CH-DSP HCnOflb30SanH liflli He6onbWYID BHYTpeHHroro naMHTb nnH 
nporpaMM, HnH 6onhwyro, no 3a c'leT ynpo~emm snyTpenueii cTpyKTYPbi. 
HeKOTOpble <l!HpMbl pewanH 3TY npo6neMy nyTeM HCKfliO'IeHHH scefi naMHTH 
!13 'IHna DSP 11 o6ecne'leHHH nocTyna K snewHHM 6noKaM naMHTH Yepe3 
HeCKOflbKO WHH. KpOMe TOre, He06XO;llliMOCTbiO CTana 6biCTpaH CACHE 
- naMHTb nenocpe;ucTsenno na Kpl1cTanne DSP ;unH caMbiX Kpl1TH'IHbiX 
no SpeMeHH no;unporpaMM. CoBpeMeHHble 1CH-DSP 06be;llHHHIOT 
npeHMY!IleCTBa 60flbWOH BHYTP9HHej:j: naMflTH ( <,IJ;O H9CKOnbKHX TbiCH'i 
HHCTPYKUHii), CACHE-naMHTH H · 6biCTporo nocTyna K SHeWHHM 
HHCTpyKUHHM. 

IlaMHTb ;unH naHHbiX (DATA M_. ) pa3BHsanacb TaKHM. l!<e o6pa30M. 
Cei1'18C S lCH-DSP '!aCTO HCnonb3YIDT ;use SHyTpeHHHe RAM c 06beMOM 
;110 HeCKOflbKHX KHflOCflOS ;ll8HHbiX l1 60flbWOe a;upeCHOe npOCTpaHCTSO 
llflH SHeWHHX ;uaHHbiX. 8 O;llHOM UHKne pa60Tbl DSP MOli<HO SblnOniiHTb 
H UHCTPYKUHH C TpeMH onepaHilaMH. TpeTnii onepaH;u MOli<HO 6paTb 
!13 pa3HbiX pernCTpOS: Hfll1 !13 TeX~ KOTOpb!e HSflHIOTCH '18CTbiO fiO'ITH 
scex 6noKos,- nnn !13 TaK Ha3b!BaeMoro REGISTER FILE - cneuHanbHOro 
6noKa. 6biCTpblX perHCTpOS C 06~HM ;llOCTynoM. 

. . IlporpaMMHblll ceKSencep (PROGRAM SEQUENCER) Tpe6yeTCH ;unH 
ynpasneHnH · noTOKOM HHc'i-pyKUHii nporpaM-Mbi, OH ;uonl!<eH o6ecne'IHTb 
He· TOflbKO HopManbHbiii xo;u SbmonHeHHH nporpaMMbi (program counter, 
address pointer), Ho TaKl!<e nepexo;ubi, Sbi3os nonnporpaMM 
( o6cnyli<HSaHHe perHcTpos STACK) 1-1 npepb!BaHHH. KpoMe SbiCOKoii 
CKOpOCTH, CeKSeHCep ;uonl!<eH ;uonycKaTb peanH3aUUID UHKflOS 
s nporpaMMe-6e3 nononHHTenbHoro o6cnyli<HSaHHH. 

reHepaTOp -a;upecos (ADRGEN) onpe;uenHeT fi03HUHID S naMHTH 
IlaHHbiX ;llflH 'ITeHHH/3aiiHCH K03cllcllHUHeHTOS H Il8HHbiX. _MHOrHe 
anropHTMhi HYli<IlaiOTCH s O'leHb cnoli<HbiX nepeMe~enHHX ;uaHHhiX, no3TOMY 
ADRGEN ,JIOnll<eH 6biTb 11 6biCTpbiM, 11 nocTaTO'IHO r116KHM. Hnorna 
l1Cfi0flb3YIOTCH ;usa ADRGEN S O;llHOM DSP, npH 3TOM OilHH !13 HHX MOll<eT 
SblnOflHHTb <l!YHKUHH nporpaMMHOrO ceKsencepa. 

KoHTponnep KaHana npHMoro ;uocTyna (DMA) nyll<eH 
nepeKa'IKH ;uaHHbiX ( HHOr;ua l1 HHCTpyKUHH) M9li<IlY SH9WH9H 
naMHTHMH. Ecnli DMA 'KOHTponnep l!MeeT CBOH ADRGEN, 
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;unH 6biCTpOH 
H SHyTpeHHeH 

TO OH MOll<eT 

pa6oTaTb onHospeMeHHO c CPU u 3MynHposaTb DATA CACHE. 3To 
no3sonHeT ucnonh30S8Tb s Ka'leCTSe SHewnei1 na11HTU naHHLIX Mennennhte 
(no 3aTo newesbte) DRAM. Bonpoc Hcnonh3osanHH naMHTH nanHbtX 
l1 nporpaMM MOll<eT pewaTbCH H no-;upyroMy. HeKOTOpbte DSP He HMeiOT 
na 'IHne HHKaKOH naMHTlil S TaKOM cny'lae llOflli<Ha ~b!Tb O'leHb· 6biCTp8H 
snewHHH naMHTh, '!acTo c nocTynoM Menee 50nc (T.e. noporaH). 
Cy~ecTsyeT S03MOli<HOCTb npnMeHeHHH HeCKOflbKHX SHeWHUX naMHTeii 
;uaHHblX C COOTSeTCTSYID~UM KOflH'IeCTSOM WUH. Torn a OHH MOryT 
pa6oTaTb Mennennee, HO noSbiWaeTCH CTOUMOCTb KOpnyca DSP. 8 o6~eM 
cny'lae HeB03MOli<HO O;llH03Ha'IHO CKa38Tb, KSKOH · fiO;llXOll HaHny'IWHH, Ta·K 
KaK pa3Hbte 3ail8'1li HMeiDT pa3Hbte Tpe6oSaHHH K 06beMy naMHTH 
l1 CKOpOCTH llOCTyna K Hell. 

DSP HMeroT O;llHH Uflli HeCKOflbKO nocne;uosaT9flbHblX nopTOS -·llflH';' 
sso;ua n SblBOila ;uaHHblX (SERIAL IN/OUT PORT) • OHH HCnOflb3YIDTCH ·--nnH'' 
CSH3li c AUI1, UAI1, IlflH coe;uuueHHH DSP Meli<IlY co6oii l1 T.;u. 'facTO OHH 
HM9IDT rH6KyiD HSCTpoiiKy <l!OpMaTa ;uaHHblX .. H . 'l_ac:o!bl ~. pepeHOCa •• 
'IaCTOTa · 3a;uaeTCH UflU ,; SHyTpeHHHM · OCUHflflHTOp()_~~;·, cJ1fll1' • . ',SH!3WHHM :: 
TaKTOSbiM cnrHanoM. CBH3b no;u;uepli<HSaeTCH CHrnanaMH'THna,cseTocllop~ · 

IlapannenhHbtii nopT nMeeT s_ 6on'bwnHcTse cny'laes nonHyiD WHpHHY 
;uaHHbiX, HHorna on t1ynhTHnneKcHpo8'au. ·· · · · · - · · .. .' 

YnpasnHIDJilliH 6nOK ( CTRL) SblnonHHeT pa3nl1'1Hble <l!YHKUHH,. 
HanpnMep, renepnposaHHe onopnoii . ~ac~OTbi, HHHUHanH3aUHID (RESET), 
o6pa6oTKY npepbtsamiii · 11 i. n., HO ocnosuoli 4>YHKU!1ei1 HSnHIOTCH 
;ueWHcllpaUHH.HHCTpyKUHH l1 KOOp,IInHaUUH HX.·SblfiOnHeHHH •. 

KaKlie.6WB6,IDT <l!OpMSThl ;Q.SHHiolX li THnw_-CPU S DSP? 
~ !..:: •• _. - - • 

n--<UI~~~' KOTb~' .·o6pa6a-~'atoT MlJL a_ ALU ( T. e. CPU), HMeiDT 
pa3H}"IO Wl1p!1Hy·~ -- CyllteCTiilYIOT- _.DSl'c, ·.CPU. KOTOpbiX o6pa6aTbiSaeT ;uaHHble 
IIllipHHOH 8, 16, 18, 22, 2·4; 32, 64- 6HTS ~ - - . 

EcnH CP.U pa6oTae'l' c STUMM nanHblMH HCKITID'Il1Tenhno KaK c uenbtMI-i, 
'lliCnaMH ('integer,- fix paint_),'" 6y;ueM ua:3btBaTh ero ueno'lliCneHHbiM'. 
CPU ( FXP CPU) • . '' 

- Ecn11 CPU MO)I(9T o6pa6a,&llHlTb SXO;llHble ;uaHHbte KSK 'IHCna 
s :::lKcnoHenul1aJtbHOM _ aline, 6yneM · Ha3b1B8Tb ero CPU c nnasaw~efi;: 
3~mHToii (Floating- point·-_ - FLP CPU) • no ananoruu 32-pa3pH;uHbtll 
DSP, liM9101Ill1iL CPU . C. nnasaro~efi -_.380HTOii, · 6yneM H83b1B8Tb 32 6HT FLP 
DSP, B HeM H3 3-2 . 6!1T cnosa JUiHl-lbiX . 24 OTSO;llUTCH non MSHTliCCY 

n 8 - non :::lKPfiOHeHTy. "-. 

_ Ilpoueccopbl_-Ueno'lncneHHble, c nnasa10~eii 3anH_Toii -
;D;liH8MliK8 li_. _TO'IHOCTb 

_WHpHH8 ;uaHH~ li THfi _CPU BMeCTe onpe;uenHIDT TO'IHOCTb 
ll;H8fi830H ·naHHbiX, C KOTOpb!MH M0li<9T Bbi'IHCfl9HHH H ;D;HH8MH'19CKHH 

pa6oTaTb CPU. 
lll1H8MH'19CKHH ;D;H8fi830H (ll~) - npaKTR'IeCKH H3M9pHeMblX DeflH'IHH' 

npH nccne;uoBaHHH _ npupo;uHblX -HBneHHH o6&t'IHO ne npesblwaeT 145nB. 
Pa6oTa c cnHTe3Hposi:I.HHblMH - 06"beKT8MH ( MalliHHHaH rpacllnKa, 
MonenHpoBaHHe, H np·. );;.1'pe6yeT 6oni>IJiero llll· ·• · ·. · · · · 

. .... 16~. 6HT :~p;x_:p- ·• C~U. _MOlKeT ,.pa60T8T&'-.>C _'IHCnaM_H ,OT 0 llO 65535,. 
nn. s _ 3TOM cnyy:ae ,_ ciocTaenHeT oKono'_96nB ( 20 .log65535). Ho era 
TO'IHOCTb { 5 UHcf>p) CliJibHO na;naeT npH :cHrnanax,. 6nH3KHX·.·nynro. • . ~- :. 

16 6HT FLP CPU - c opraHH38Unei1-. 11 6HT .MaH'rltcc·a·'n 5· 6nT 
3KCnoueHT8-HMeeT llll OKano 190;uB. Era ~O'IHOCTb TOflbKO 4 Uli$pbl 
(11 6HT), HO OCTSHeTCH TSKOH l!<e B. npenenax scero llll, T.e. H npn 
HH3KUX ypoBHHX CHrHana. 

06~ui1 B3rnHn na nuuaMHKY, 
H THna CPU npe;ucTanneu na pHc.5. 
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PHe. 5. 3aBHeHMOeTb ;D;HH8MJ1',feeKoro' ;D;Harta30Ha 
OT lliHpHHbl enoBa 11 THrta CPU. ~ 

llpH MaTeMaTH'leeKHX onepaLtHHX B CPU pe3yrthTaT 'laeTo HaMHoro 
60rtb!Jie, 'leM onepaH;D;bi. ll09TOMY BHyTpeHHHe IIIHHbl ~nSP, KOTOpb!e 
eoe;n:HHHIDT ALU 11 MUL, 3Ha'lHTerthHO w11pe, 'leM ;n:aHHhle B naMHTH, 'lTO 
;n:aeT B03MOlKHOeTb pa60T8Tb e "HeeHMMeTpH'lHbiMH" ;D;8HHbiMI1 (HartpHMep, 
16-pa3pH;D;HOe ALU MO)I(eT HMeTb O;D;HH BXO;D; .Ii;nH onepaH;I:ta 113 rtaMHTH 
WHpHHOft 16 6HT, a ;n:pyroft- WHpHHOH 24 6HTa - ;D;llfl BBO;D;a pe3yrtbTaTa 
H3 MUL) • IIIHpOKHe BHyTpeHHHe WHHbl B CPU '18eTH'lHO npe;n:oxpaHHIDT 
ciT nepenonHeHHH 11 noBbiWaiOT~ TOY:HoeTb BbiY:HeneHHi1 • 3TOT nonxon 
yrioTpe6nHeTeH KaK nnH FXP CPU, TaK a ;n:nH FLP CPU. 

. FXP CPU npo!Jle, neweane 11 6bieTpee, Y:eM npoueeeop e FLP CPU, 
Ho'eMy 'Y:aeTO rp03llT onaeHOeTb rtepertOrtHeHHH. · llporpaMMHeT ;D;Ort)l(eH 
9TY OrtaeHOeTb orpaHH'!HB8Tb rtpli -llOMOlllH MaewTa6HpOB8HHH e;n:BHrOBblMH 
perHeTpaMH ( Bare11 Shifter). HeKoTopb!e CPU THna FLP . HMeiOT 
BHyTpeHHIDIO apXHTeKTypy THrta FXP. 3KertoHeHTa o6pa6aThlBaeTeH 
OT;D;ertbHO (BLOCK FLOATING POINT). 3TO ll03BOrtHeT eoxpaHHTb BbieOKYIO 

. nHHaMHKY ~FLP 11 ynpoeTH.Tb CPU, HO Tpe6yeT ertO)I(Horo ynpaaneHHH. 
Pa3BHTHe TeXHOrtOrHH ll03BOrtHeT e03;D;aB8Tb 6bieTpb!e 

"nonuoueHHbie" FLP CPU ua Y:Hrie 1CH-DSP 11 nporpaMMHeT MO)I(eT 
eoepe;n:oTO'lHTbeH ua anropHTMe 11 He ene;n:HTb 3a nepenonHeHHeM. 
B Ka'leeTBe npHMepa MOlKHO H83B8Tb TMS320C30 - 32 6HT FLP 'DSP 
( 24 6HT + 8 6l!T), HMe!Oll:ll!H. BbieOKYID TO'!HOCTb Bbl'll!erteHHft, 60rtbWOft 
;D;HHaMH'leeKHft nHarta30H (OKOllO 1600;n:B), Manoe BpeMH BblllOrtHeHl!H 
THllH'!HbiX OrtepaLtHft ( HartpHMep, Ortepaltlill (A X B ) + C BblllOllHHeTefl 
3a 60He), 11 lliHpl·IHY ;naHHbiX B CPU . ( TaK H83biBaeMbiH BHyTpeHHHft 
nHHaMn'leeKHft nHana3oH) 40 6HT. 

Cy!JleeTBYIOT · pa3Hbie B03MO)I(HOeTH npeneTaBrtElHHfl '!Hen a 
e nnaBaiO!Jlei1 3artHToft. qaeTo ynoTpe6nHeTeH • naoHY:Hoe nononHeHue, 
eTaunapTbl DECVAX, IEEE7 54 ( .10) • MHorHe FLP DSP pa6oTaiOT B eBOeM 

·· eneiJ.HartbHOM cpopMaTe naHHblX, HO HMeiOT HHeTpyKLtHH Allfl 
npeoopasoaaHH.fi ;n:aHHbiX pa3HbiX cpopMaToB np11 BBone/BbiBone. 

BweoKaH TO'lHOeTb H 6onbwoi1 ;n:HHaMHY:eeKHft ;n:Hana30H FLP CPU 
Heo6xonUMbl ;!lllH KaY:eeTBeHHOH o6pa60TKH aKyeTHY:eeKHX eHrHartoB, 
B TerteKOMMYHHKaLtllli, Mo;n:enupoBaHHH 11 MHOrHX ;n:pyrHX 3anaY:aX. BMeeTe 
e. TeM , Cy!JleeTBYIOT 06rtaeTH rtpHMeUeHHH, r;ne BbleOKafl . TO'!HOeTb 
ue uy)I(Ha (uanpHMep, npH o6pa6oTKe BH;n:eoeuruana ;n:oeTaToY:uo .8 6HT), 
HO 'laeTO Tpe6yeTeH . BbleOK8H eKOpOeTb o6pa60TKll. B 9THX erty'laflX 
nyY:we uenortb3oBaTb ueeKortbKo .z:teli!eBh!X npoueccopoa HJIH eneU:HartbHble 
apXHTeKTypbl, 

-;," 

•. "!,. 
;:';j:..: . .J 

;:~. ~.:: ""~ . 
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OTrtH'lHTertbHble oeo6euuoeTH DSP 

nro6oi1 Mn MOlKeT peanu3oBaTb dsp. anropHTM, e.enH ;n:nH 9Toro 
y uero 6y;neT ;n:oeTaTO'!HO BpeMeHH. Ho DSP rtpHMeHHIOTCH '18ll:le Bcero 
;n:nH peweuuH 3a;n:a'l peanbuoro BpeMeHH. 

HX MO)I(HO onpe;n:enHTb IlflTbiO yertOBliflMH, KOTOpb!e BbiTeKaiOT 
113 BbiCKa3aHHOrO Bbi!Jie. qeM rtyY:we BblllOllHHeT DSP 9TH Tpe6oBaHUH, 
TeM 60rtb!Jie OH OTllHY:aeTefl OT eTaunapTHOrO Mll. 

1) BbleTpaH H rH6KaH apH<t>MeTHKa. 803MO)I(UOeTb oey!JleeTBllHTb B.onHOH 
HHeTpyKLtlm TaKHe · onepaLtHH, KaK yMHO)I(eHHe, YMHOlKeHHe 
e eyMMlipOBaUHeM, e;n:BHr, eTaHnapTH8fl apH<l>MeTHK8 H norHY:eeKHe 

'onepauuH. KpoMe Taro, CPU nonlKeH eripaBnHTbeH e n106oi1 

2) 

3) 

4) 

5) 

noene;n:oBaTertbHOeTbiD BbiY:HeneuHft. 
llOBbiWeHHbiH BHyTpeHHliH ;D;liH8MHY:eeKHft. ;n:Harta30H ;D;llfl onepaLtHH 
YMHO)I(eUHH 11 eyMMHpOBaHHH (eM. pa3;n:en 0 TO'!HOeTU). 
O;n:uoBpeMeHHblft noeTyn K ;nByM onepau;n:aM nnH onepau11i1 THrta 
(Ax B)+ C (eM. npHMep.<I>HrtbTpa FIR). 
HartH'!He LtHKllHY:eeKHX 6ycpepoB HllH ua BHyTpeuuei1, HllH Ha . BH9WHei1 
rtaMHTli naHHblX ;D;llH 3Ha'!HTertbHOr'o yrtpO!JleHHH BblllOrtHeHHH UeKOTOpblX 
anropHTMOB H yeKopeHHfl Bbl'lHerteHHH (eM. npHMep <l>HrtbTpa FIR) • 
ABTOMaTH'leeKHe nporpaMMHbie LtHKllbl 11 nepeXO;D;bl. 

KaK peartli30B8Tb DSP? 

llHTb yrtOMHHYTbiX • llYHKTOB 11 06!JlHe rtpe;neTaBrteHlifl 0 TOM, 'lTO 
;D;Oll)I(HO BXO;D;HTb B eoeTaB DSP, ;n:onyeKaiOT ueeKOllbKO B03MO)I(UOeTeH 
peartH3aLtHH eHeTeMbl dsp. 

Bo BTopoi1 nonoBHHe 70-x ro;n:oB uaY:anH llOHBllf!TbeH · 
<l>YHKLtHH 

cpaftrtbl,. 
co3naHw 

rtepBble eiieLtH8lll13HpOBaHHble MHKpOeXeMbl, Bblll0llHfl19lllHe 
oTnenbHbiX 6noKoB, uanpuMep, yMHO)I(HTenH, perHeTpOBble 
reuepaTopbl a;n:peeoB~ 11 T .;n:. noeTeneuHo pa3HbiMH <I>HpMaMH 6bmH 
KOMrtrteKTbl HC, 113 KOTOpblX MO)I(HO 6blll0 eTpOHTb BB-DSP. 

8 1979 r. llOflBHrtefl nepBbiH DSP ua O;!IHOM '!line. Cei1Y:ae 
ey!JleeTByeT 60rtb!JIOe KOllHY:eeTBO pa3HbiX BB-DSP H ,1CH-DSP. 

llepBble 1CH-DSP o6na;n:artli MeHb!Jieft Bbl'lHertHTertbHOft MOll:lHOeTbiD 
u npou3BO;D;HTertbuoeTbiO, 'leM BB-DSP. CoBpeMeHHble 1CH-DSP 
no epaBHeHUID e TeMH BB-pSP ywnH naneKO Bnepen. Ho "6rtO'!HbiH" 
nonxon pa3BHBaneH nanbwe. KpoMe HC, npe;n:eTaBnHIOlllHX eo6oft 
<l>YHKLtHOHartbHbie 6noKH nnH dsp ( KaK, uanpHMep, HC yMHOlKHTenH, 
HC ALU H T. ;n:. ) , IlOflBllHJilieb TaKlKe HC, co;n:eplKa!JlHe B ee6e Bee 6rtOKH 
nnH FIR <l>HrtbTpa 10-i1 cTeneHH un11 ;n:nH Bbi'!HcneHHH "Hnpa" FFT 
( buferfly) li np. 3TH 6rtOKH 6bllll1 CrteLtHartH311pOBaHbl ;D;llH 
onpe;n:eneuuoro anropHTMa 11 ne HMenu npH3HaKoB yuuBepeanbuoro DSP. 

ll03lKe B03li11Kll0 TpeTbe uanpaBneuHe lCH-DSP, B KOTOpOM 
npHMeHeHbl HOBble T9XHOrtOrHY:eeKHe B03!10lKHOeTH VLSI 11 liOBbiH no;n:xon 
ASIC ( Aplieation Specific IC). lloHBHrtHeb HOBble THllbl MHKpoexeM :· 

1) 
2) 

3) 

CneLtHartbHble 3aKa3Hble HC ;D;JIH KOHKpeTHbiX ueneft. 
llony3aKa3Hble HC, B KOTOpblX 11Cll0llb3yeTCH "Hnpo" C'l;'aU;n:apTHOrO 
DSP 11 Ha TOT lKe 'lHil ;n:o6aBrtHIOTeH HYlKHble naMHTH 11 HHTepci>eiicHble 
6rtOKH. 
llorty3aKa3Hble HC, B KOTOpblX oeHOBIIble 6rtOKH ( CYMMaTOpbl, 
YMHOlKHTertH 11 T.;n:.) HHTerpupy!OTefl B O;D;HOM '!Hrte ·BMeeTe C "Mope!1 
BeHTHneft" (gate array, sea of gates). llpHMepoM HBnHeTcH 
npo;n:yKLtHfl <l>Hp11 LSI-Logic, Plessey. 

8Topoi1 nonxon ynoTpe6nfleTeH oY:eHb WHpoKo. KaK "Hnpo" 
Henollb3yeTcH, nanpHMep, OTllH'!Hhlft 16 6HT · FXP DSP cpupMbl Texas 
Intstruments TMS320C10. Ha 3TOH oeHOBe C03;D;aHbl '!Hrtbl TMS320C14 1Illfl 
HD-KpHTponnepa 11 TMS320C17 ;n:nH TeneKOMMYHHKaLtHH. 

9 



3TOT nonxon o6xonHTCH cpaBHHTenhno neweno, npuY:eM 
y nonb30BaTens ocTawTcs nee Te yno6nwe cpencTBa nns pa3pa6oTKH 
nporpaMM, KOTOpble . HCriOJib3YWTCH JlJIH "snpa", T·.e. 320Cl0. 
B KaY:eCTBe snpa npm.~enseTCH TaKJKe 24 6HT. FLP DSP 86220 (Fujitsu). 

EJIOY:Hblfi riOJlXO:U riO BCeM KpHTepHHM ( iJ.ena, KOHCTpyKUHH, 
noTpe6JI51eMaH MOWHOCTb, 06beH) ycTynaeT "miTerpaJibHOMy", 
Jio B HeKOTOpb!X . cny'<asx HBJIHeTcs en»HCTBeHHblM Bh!XO:UOM. 

lCH-DSP Bcerna 6binH Ha Hl1lKHe!1 npenene Tpe6oBaHHfi, HO 3TO 
riOHHTHe HBJIHeTCR 6eAY:ac OY:eHb OTHOCHTBJibHhlM l1 B03MOlKHOCTH lCH-DSP 
orpoMHbJe •• 

06!IlHe TeHnenu;HH pa3BHTHH DSP noKa3aHbl na p11c.6. 

,..; 

HOLJI,HOCTb 
.· (f..w® 

. ~@1c) 
(81.0~)/ 

(s4Jci) / (!__'H·~s?J 
'-.,.(IC'II-~/j / 

1910 19So 1990 F0.£1 

PHc.6. TeuneHU:HH pacTa npOH3BOJlHTenbuocTH DSP. 

. llpou:eccopbl cneu:HaJibHOR apxHTeKTyphr 

B :lTOH Y:aCTH KOpOTKO l13JIOlKeHbl OCHOBHble riOHHTHH, KacawwHeCH 
uecTan;napTHhlX apxHTeKTYP npou:eccopon. HeKoTop&re H3 :lTHX nonxonos 
l1CriOJlb3YIOTCH HJIH MoryT HCriOJib30BaTbCH l1 B TeXHHKe DSP. 

Pipeline (KOHBeRep) 
0JlHH H3 M6TOJlOB riOBb!WeHHH r1pOH3BOJlHTeJibHOCTH npou;eccopa 

COCTOHT B TOM, Y:TO· npou;eccop ocyweCTBnHeT HeCKOJibKO onepau;HH 
OJlHOBpeMeHHO. 3TO HariOMHHaeT l13I"OTOBJieUHe aBTOHaWHH KOHBeAepHbiM 
CriOC060M. 3TOT Me Ton B pa3Ub!X BapHaHTaX npHMCH>!eTCH BO BCeX DSP, 
lfO · , KOHeY:HO, He MOlKeT 06ecneY:UTb BblriOJIHeHHSl BCeX 3a)laY: dsp ~ 

napannenbuas o6pa6oTKa 
. llpOl13BOJlHTCJlbHOCTb npou;eccopa MOJKiiO riOBbiCHTb 3a CY:eT 
OJlHOBpeMeuuoro peweHHH HCCKOJlbKHX 38JlaY:. B cnyY:ae· OllHOI"O 
npou;eccopa OH nepeKJliOY:aeTCH MeJKny HeCKOJlbKHMH 38;1laY:aMii. 
B MHoronpou;eccopuoA CHCTeMe 3a;llaY:H ;lleJlHTCH Ha HeCKOJlbKO Y:aCTeH 
H KalKJlb!A npoueccop BhmonnHeT Y:acTb 3a;naY:H. 

Array processor 
napannenhHhlR npou:eccop, . npenna3HaY:eHHbiR ;nnH 6bJCTpoA 

06pa60TKH 60JlbWHX 6JlOKOB ;llaHHb!X, KOTOpble He06XOJlHMO CHaY:ana 
OpraHH30BaTb B CTannapTHYIO CTpyKTypy, Y:awe Bcero B M8TpHu;y. 
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Systolic array 
3TO TOlKe THri napannenbHbiX npoueccopoB. HeCKOJlbKO H)leHTHY:HhiX 

npou;eccopoB B38HMOJleHCTBYIOT TaKHM o6pa30·M, Y:TO COCCJlHlie 
npoueccopbl coenHneHbl npyr c npyroM · necKonhKHMH . WHHaMH 
BBona/BbJBona li nee npou:eccopbl coe;nHneubl o6weA wlinoii c ynpaBnRWWHM 
npou:eccopoM H o6weii naMHThiO. Bee npoueccopu onuonpeMeHHO 
BblriOJlHHffiT · OJlHY liHCTpyKU:liffi C pa3Hb!MH Jl8Hilb!Mli. 3Ta CHCTeMa Y:aCTO 
Ha3biBaeTCH single-instruction, multiple-data-stream ( SIMD). 

Data-flow apxl!TeKTypa 
- RBnHeTCH OJlHOH H3 caMbiX COBepWeHHbiX BepcHA napannenbHOA 

o6pa6oTKH. Oua l!cnonb3yeT opraHH3aU:HIO multiple-instruction, 
multiple-data-stream (MIMD). HecKonhKO npou:eccopon, KalKJlhiA 
H3 KOTOpb!X o6pa6aTb!BaeT He3aBl!CliMO pa3Hble naHHble, COTPYJlHH'JaffiT 
n mmxpouuoii ClicTeMe. npoueccopbl nepenawT npyr ;npyry pe3ynbTaTbl 
CBOeR pa60Tbl BMeCTe CO cnenyWJl.\eii HHCTpyKUlieii. CnoBa Jl8HHbiX 
"TeKyT" Y:epe3 CHCTeMy BMeCTe CO CBOHMli liHCTpyKU:HHMH :UO TeX nop, 
riOKa Bee onepau;HH He BblriOJlHHTCH li OKOHY:aTeJlbHbiH pe3yJlbT8T 
He nocTynHT na Bblxon. 

nporpaMMHoe o6ecneY:enHe H cpe;ncTBa nns pa3pa6oTKH 

B uaY:ane 80-x ronan cywecTBOBanH nporuo3bl, Y:To B uaY:ane 90-x 
I"O:UOB pb!HOK DSP 6yneT COCTaBnHTb OKOJlO 1 MJlP.rl• ,I:lOJIJiapOB. ·na3lKe 
oKa3anocb, .Y:To npHMeuenl!s DSP ue nonyY:Hnii Macconoro xapaKTepa, 
no::fTOMY u;eHbl He nananH JlOCTaTOY:HO 6b!CTpO H MHOI"He pa3pa60TY:HKH 
Bbi6Hpanli KnaccHY:eCKHH no:uxon. 

llpHY:HHhl 6blmi pa3Hb!B: DSP-TeXHHKa 6bma uonoR, cxeMoTeXHHKa 
HeripHBbiY:HOJ:i H CJlOJKHOH, npaKTliY:eCKH He Cyll.\eCTBOBaJIH CTannapTbl, 
COBMeCTHMOCTb HOBbiX H CTapblX THriOB DSP 6bma HH3KOll,. KOHKpeTHble 
ripHMeHeHHH Tpe60B8JlH pa3pa60TKli MaTeM8Tl!Y:eCKHX MeTOJlOB, 

· a nporpaMMHponanHe 6bmo apxal!Y:Ht!M. 

CeiiY:aC npencKa3aHHH ylKe onpaB:UbiB810TCH H HHTepec K DSP 
pacTeT. HMenno TpynnoCTli B cepe;nHne 80-x ronan 3acTaBHJIH 
H3I"OTOBHTenefl riOMeHHTb riOJlXOJl K riOJlb30BaTeniO. 

CnaY:ana npe;nnonaranocb, Y:To ocHOBHbiM opynneM ;nns 
nporpaMMHponanus DSP 6y;neT acceM6nep~ H3rOTOBHTenb npo;nanan 
DSP-Y:nn, Mo;nynb nns pa3p~60TKH (evaluation kit) H acceM6nep. 
3TOI"O XBaTano ;D;JlH npOCTbiX anropHTMOB H ManeHbKHX nporpaMM. 
CoxpaHHTb Bh!COKYIO npoH3BO;D;HTenhHOCTb DSP - 3HaY:HT, npelK;ne ncero, 
XOpOWO HCriOJlb30B8Tb B03MOlKHOCTli napannenH3M8 H KOHBefiepl!38UHU. 
ll03TOMY cl>Hplibl 60HJlHCb KOMriHJlHTOpOB H3b!KOB BbiCOKOI"O ypOBHH, nepBble 
06pa3U:bl KOTOpblX HMeJIH :3$$eKTHBHOCTb OKOJlO 30%.. Ho He06XO;D;HMOCTb 
wHpoKo nonnepJKHBaTb npHMenenl!e DSP npHBena K noRBneHliW 
J!:OMriHJlHTOpOB R3b!Ka "C", KOTOpble npH HCriOJlb30B8HHH cpe;llCTB 
OrlTHMH38UHH ;D;OCTHraiOT 90% :3$$CKTliBHOCTH. PbiHOK cpeJlCTB ;D;JlH 
pa3pa60TKH - annapaTHble MOJlYJlli, • :3MYJlHTOpbl, CHMynHTOpbl - 38HHJlH 
"TpeTbH" riOCT8BWliKH, KOTOpble C H3I"OTOBl!TeJlHMli Y:liriOB TOJlbKO 
COTpy;nHliY:810T. 

nporpaMMHoe o6ecneY:eHHe opHeHTliponano, KaK npaBHno, na R3biK 
"C" H ri03BOJlHeT. B KpHTl!Y:eCKliX MeCTaX nporpaMMbl l!CriOJlb30B8Tb KO;D; 
acceM6nepa. · · 

nporpaMMbl, nanl!caHHble TOnhKO . na · acceM6nepe, nawT nns 
KOHKpeTHOI"O DSP nyY:Wl!e pe3YJlbT8Tbl H B "High End" - npHMeHeHHHX 
liCriOJlb3YIOTCH H CE.RY:ac ( TaK JKe Kar: B annapaType l!CriOJlb3YIOTCH 
noporl!e BB-DSP). Ho l!X pa3pa6oTKa Tpe6yeT 6onbWliX 3aTpaT npeM.CHH 
H cpe;ncTB. nporpaMMa, nanw:::annaR ua yno6HOM R3b!Ke, 6y;neT 
pa6oTaTb Menneuuee, no oTnowelil!e uena/MownocTb.6y;neT nee paBHO 

11 



nyq~e, IIOTOMY qTO B CTOHMOCTb CHCTeMhl C DSP Heo6XOltHMO BKn~qHTb 
11 pa3pa6oTKY nporpaMMHoro o6ecneqeHHH. · . . 

Ba3HUK u npyron·nonxon K pa3pa6oTKe nporpaMMHoro o6ecneqennst 
npuMet:eHHC "3KCnepTHhlX CUCTeM". 3TO HHTepaKTHBllb!e CHC::TeMbl, 

opuenTnpoaannLie, nanpnMep, na uncl>poBLie cl>nn&Tpbi; .a nnx 
non&3oBaTen& "pncyeT" xapaKTepnc'i'nKy cl>nn&Tpa na 3Kpane PC,.· 
onpenenHeT cao~ annapaTnyro KOHcl>nrypaunro DSP n nonyqaeT nporpaMMY, 
KOTopyro nocne MonennpoaannH MOliCHO cpa3y "npoliC.eq&" B DSP. · 

KaK cpena nnH pa3pa6oTKH ucnon&3yeTCH npeliCne.Bcero IBM PC, 
no qacTo npnMeHHIDTCH TaKliCe VAX, Macintosh, Sun u np. Monynn DSP 
lt1l5l 3TUX ltOMIIbiDTepoB roxtHTCH He TOilbKO lt1IH "nepBbiX lllaroB" 
ocsoeHHH DSP, no u nnH pelllennH cep&e3HbiX 3a,naq B pean&HbiX · 
npnnenennHx TexHHKH dsp ( cl>npMbJ Spectral !novation, AT&T, · Spectrum 
Signal Processing n np.). ~ 
. ; CaME>IM conpeMeHHE>IH nonxon - 3TO CHCTeMa SPOX cl>HpMbl Spectrum 
Microsystems. 3To onepaunonnaH cncTeMa pean&noro npeMenn nnH DSP 
cllnpMhl TI Tim a TMS320C30 c lliHpOKHMU B03MOlKHOCTHMH. 

MOliCHO CK83aTb, qTO cpe,ncTBa lt1l5l pa3pa60TKH annapaTyphl 
11 nporpaMM nnH DSP nrparoT cel\qac, KaK MHHHMyM, TaKyro liCe pan&, KaK 
qnnbl DSP. 

KaK ouennBaT& n BbJ6upaTb DSP? 

llpOH3BOltHTe1lbH9CTb 6onee-MeHee YHUBepcanbHOrO 
t-IOXCHO X6pD.KT6pH30BaTb: 

HHCTPYKUHH (B MHnnuonax 

npoueccopa 

HHCTpyKUHH - CltOpOCTbiO 
B ceKynny 

- CKOpOCTbiD 
D ceKynny 

06pa60TKH 
- MIPS), 
Bblnonnen:t~H MaTeMaTu~ecKnx onepauun a uunnnonax 
(B MOPS ltllH FXP DSP u B MFLOPS lt1l5l FLP DSP). 

3Tu nae xapaKTepucTUKH - MIPS, MOPS (MFLOPS)- OTnuqa~T DSP 
He TO:rl:bKO OT KJISCCHqeCKHX Mll, HO H OT apHcl>HeTUqeCKHX 
conpoueccopoa, npoueccopoa c apxnTeKTypoH RISC u Tpancn&roTepoa • 

. DSP HB1IHIOTCH cneuuanbHbiMH npoueccopaMH, KOTOphle 
npe.tiuasnaqenw npeJKne acero nnH UHKnnqecKoro B&monnennH 
onpenenenHLIX MaTeMaTnqecKnx onepauun (nanpuMep, Tuna (AxB)+C). 

Col:ipeMeHHLie nyqlllne lCH-DSP nocTuraroT 33 MFLOPS u 16,5 MIPS 
(TMS320C30) H BB-DSP -100 MFLOPS. llpu 3TOM ne roaopUTCH 
0 cneuuaJIU3HpOBDHHbiX DSP-npoueccopax, C03lt8Hb1X ltJlH KOHKpeTHOH 
sa~aqu, unu: o Myn&THnpoueccopnbiX cucTeMax •. 

Hano nonuMaT&, qTo ;nnH onnoro Bblxonnoro (o6pa6oTannoro) 
oTcqeTa DSP nomxen ·cnenaT& npnMepno 10-100 MaTeMaTuqecKnx 
onepauuii.. Tor.u;a Bl:onnon noToK .u;aHHbiX nnn TMS320C30 cocTaBnHeT 
l1aKCHMYM 330k - 3, 3M. OTCqeTOB/C, ·u M8KCUM61lbHaH nonoca qacTOT 
Bxonnoro auanoroaoro curnana - TOJI&Ko 165Kru-1,65Mru! 
· 3To o61>HcnneT ronRy sa, KonuqeCTBOM MFLOPS aceMH nocTymt&IMu. 
cpe;ncTBaMu - T.e. np11MeuenueM u cnei.tuan&HbiX Myn&TnnpoueccopH&Jx· 
apxnTeKTyp,· u npoueccopos cneuHan&noro uasHa:<IeHnlt. 

CTannapTna51 nporpaMMa .J."tnn ynpasnenHH H BI>Nncnenust ( T. e. ne 
ll:Jift dsp) UCI101lb3YOT CMOCb HHCTpyKUHR, B KOTOpO~ peJtKO BCTpeqaroTCH 
UHKJIH'lOCKl!O BIINHCJICHUSI O;EXHOro THIIO ' .ztpyr :la ,npyroM. BI>ICOK65l 
I1pOH3BO;EXHTOllbHOCTb OnpC,IlCilftOTCSl B 3TOM cnyqae, B OCIIOBHOM, 
CKOpOCTbJO o6pa60TKII 0611lHX HHCTpyKUlllt ( lUPS) • R03TOMY COBpeMeHHble r;:n UM'OIOT IlpoH3BOJlHT8llbliOCTb B MIPS 6on&tto, .qeM DSP, HO HX 

Hl1T8M8TII'JSCKBSI" npoH3BOltHTOJibHOCTJo OTHOCliT6JlbHO HH3Ka. Ecnu 
ucnonr.syoTcst 5on&ZIIe HBTeMaTHKli, Ho:cno npuu·ennT& conpoueccop, 
Y KOTOporo MeHJ:.tce MFLOPS, qeM B DSP, HO 36TO OH 6biCTpo Bb!II01IHHeT 
UeKOTOpl:le .YHKUHH, lltOTOptiS DSP ll:ClJOGT Mextnenno, IIOTOMY qTo 
n dsp:-anropliTHa:t 3TH ottepauuu ne scTpeqaroTcst (nanpuMep, 
TpAHCUGH,ll;GHTJWO tYHXUJUt) • . . 
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RISC - npoueccop&I u TpancnbroTep&l. nMeiOT a'len& B&JcoKyro 
CKOpOCl'b IIOTOKa HHCTpyKUHH H . naHHbiX, - orpoMHOe anpecnoe 
npocTpBHCTBO H B03MOliCHOCTb ( TpaHCIIbiDTepbl) npOCTOrO II ::>¢l<l>eKTHBHOro 
coe,nHJieHHH npoueccopoB, HO HX CKOpOCTb B'MFLOPS B llY'lWeM cnyqae 
cpenHHH ( 9 MFLOPS - RISC Motorola MC88000) • RISC - npoueccopb! 
1-10ryT ·3aHeHHTb DSP TaM, . rne Tpe"6yeTcH cnoJKnoe ynpaanenne, MHoro 
HHc'i'pyKunn- nnH "MannnynHUuH", uo Men&we UHKnoa dsp 
( po6oToTexnnKa, na3epH&Ie npHIITep&I, rpa<I>uqecKne ycKOPHTenn). 

TpaiiCIIbiDTepbl MOryT Il.nean&HO COTpynnuqaTb C DSP 
B MYllbTHnpoueccopHbiX clicTeMax,. rne· o6be;nnnste'i'cH BbiCOKaH 

:s&JqncnHTCilbHast MOMHOCTb . DSP C COBepweHHOH CHCTCMOH nepena'lH 
ltaHHblX, KOTOpofi Bna;ueeT TpaHCilbiDTep. 

npn ouenKe DSP n Ba3MOliCHOM cpaBIIennu npoH3BanHTen&nocT& 
B MIPS n MFLOPS HBnHeTCH TOJlbKO OltHUM 113 KpHTepneB. Bcerna BaliCHO 
yqHTI>IBBTb, KaKHC anropHTMbl 6y.nyT HCI10llb30BaTbCH B KOHKpeTHOH 
sa;naqe, 3aTeM onpenenHTb, KaKyro npon3BonnTellbHOCTb o6ecneqnT 
nann&IH DSP · nnH sTore anropuTMa n nacKonbKO npocTo namti>IH anropHTM 
MOJKHO peallli30BaTb B 3TOMDSP. 

llnH <l>HJibTpOB H .npyrHX "OltHOMepHbiX" npiiMeHeHnfi qaCTO 
B KaqeCTBe KpHTepliH OUCHKII npOU3BO;IlHTe1lbHOCTH 6epeTCH peanH3BUHH 
FIR, IIR- <l>HnbTpoB H FFT. llnH .nByMepHb!X. npuMeHeHHfi TaKHMH 
KpHTepHHMII HBllH~TCH npeJKne BCero FFT H onepaUIIII C MaTpHUBMII.· 

B&I6npaH DSP, neo6xonnMo TBKliCe cneniiTb 3a nocTynuocTbiO 
cpeltCTB nnH pa3pa6oTKH, npoCTOTOfi IIOltKJl~qeHHH K OKpyJKa~lllefi cpene, 
ToqHOCTbiO n nHnaMH'lecKIIM nnanasouoM CPU, neo6xonnHOCTbiO 
IICI101lb30BaHHH BHeWHHX IIBMRTefi H T.n. 

BaJKHOH HBJlHeTCH II uena. Hnorna HOBI>Ifi TIIII DSP B 2-3 pa3a 
MOMHee, qeM CTapb!H DSP, HO npn ::>TOM B 10-20 pa3 nopOJKe. 

Hano TaKJKe 3HaTb, I103BOJlHT llH naHHb!H DSP nanbnefiwee pa3BUTHe 
naweii:annapaTypbl (pe3epBb! nnst pac~npennst}. 

HaKoneu, nano coxpaustTb onpenenenuyro .r~omo KOHcepBaTH3Ma, 
'lT06b! He IIOltltBTbCH UBeTHb!M peKllat1at1 6eCKOHe'lHOro· qHcna cl>HpM, 
npe,nnara~lllHX HaM CBOID npo.nyKUHID Ha CBMbiX BblrOJtHb!X ycnOBIIHX. 

TexiwnorHH 

B naqanbHOH <l>a3e pa3BHTHH DSP Bb!COKYIO CKopoc'i'b Horna 
06ecne'lUTb TOJlbKO 6HIIOJIHpHaH TeXHOJlOrHH. MO!ilHOCTb 6b!CTpOro 
yMIIOJKHTenH cocTaBnHna 1-3BT, ECL - no 9BT. Co3naBaTb 1!3 TaKHX 
::>neMeHTOB 1CH-DSP 6binO HeB03MOJKHO He TOJlbKO H3-3B 60JlbWOll 
paccenBaeMOfi MO!ilHOCTU, HO TBKliCe H B CtlH3U C TeXH01IOrH'leCKHMH 
orpaHH'leHnHMn pa3MepoB CTPYKTYP. Co BpeHeneM ::>TH napaHeTpbl 
ynyqWI!llHCb, n .nnH cneuHanbHbiX npHMelienHH ynoTpe6nHIOT 6nnonstpHbJe 
HC n ceftqac ( BB-DSP), B nepay10 o'lepen&, H3-3a ux cKopoCTII 
(yMIIOJKenue 16x16 6HT B&moniiHeTcH 3a Sue). Ho ycoBepwencTBoBanacb 
TBKliCC Ii ,MOS-TexnonorHH. B nepBI>IX 1CH-DSP HCII01lb30Banacb 
TexnonorHH NMOS, nanpnMep, B npoueccope .i2920 - (6MKM NMOS, 18000 
TpaH3HCTopos, 0,8BT). B nacTOHIIlee apeMH nnH 1CH-DSP npHHCH51eTcH 
ncKnroqHTen&Ho CMOS-TexnonornH. 5lpKnM npHMepoM TaKara DSP 
HBJIHCTCH 'rMS320C50 ( 0, 8HKI1 CNOS, 1000000 TpaH3IiCTOpOB, 1BT). 

0JKH.naeTc5l TaKliCC Bne.npeune TexiionorHn na ocuoBe apcennna 
rannnH (GaAs) n BiCMOS. 

Cnrnan&Hbifi npoucccop Tl'tS 320C30 

\ 3TOT 326HT FLP lCH-DSP cl>IIpMbl Texas InstrumentS.HBn~CTCft 
onlinM H3 caMbiX coapeMeHHbl1c, · cosep!lleHHbiX .u cno:a:nwx DSP. 
On llOHBHllC51 ua pb!IIKC B 1988 rony.~ B HeM -IICRon&3YC'i'Cft lUKM .CMOS 
TexnonoruH, UHKn nmtTCH 60nc, · pacceuuaettaH .MOi!IUOCTb" ·- l!aT, 
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CKOpOCTh-16,5 MIPS H 33 MFLOPS. Ero 8pXHTeKTypa npencTaBneEa 
ua pHc.7 •. 3TOT DSP HMeeT 32~pa3p~nuy~ WHHY nauuwx H 24-pa3pHnuy~ 
WHHY anpecoB (a.npecuoe npocTpaucTBo 16M enos). K8~naH H3 nsyx RAM 
HMCeT ".D;BOHHOfi" .D;OCTyn, "T,e. B O.D;HOM UHKne MO~IIO o6paTHThCH 
K nsyM o"nep8HnaM. 

. EnoK CPU conep~HT MUL, p860T8~111Hfi lfllli KaK FXP 24x24- >32 6HT, 
Hllli KBK FLP 32x32- >40 6HT, a T8KJKC 32-pa3pH.D;llblfi KOllhUCBOft 
C.D;BHraTOllb BS, 32 6HT FXP /FLP ALU, 2 a.npeCHbiX reuepaTopa. 
H · · 28 · perHcTpoB. Eonhwoe '!Hcno perHcTpoa ycKop~eT pa6oTy CPU 
H ynpowaeT nporpaMMHpOB8HHe. 80CeMb perHCTpOB b!Hp!H!Oft 40· 6HT 
npe.nua3Ha'l~Hhl .nn~ FLP Bbi'JHCllei!HH, · cne.ny~wHe 8 scnoMoraTenhHbiX 
perHcTpoB AUX R. Hcnonh3Y~Tc~ .nnH npoMeJKyTo'luoro xpaueuHH 
pe3ynhTBTOB H .nn~ pa6oTw· reuepaTopo~ a.npecos. ADRGEN MoryT 
pa60T8Tb O.D;IIOBpeMei!IIO, T.e. B O.D;IIOM UHKlle HMCeTCH_ .D;OcTyn K .D;BYM 
no3HUHHM ·RAM HllH ROM. MOJI(HO Hcnonh30BaTh cno~Ubie cnoco6bl 
anpecaUHH, uanpHMep, UHKllH'JCCKHH 6y~ep. 

nseua.nuaTb perHcTpoa CTRL R. npHMeuH~TcH .nnH pa3nH'lllbiX 
.ynpaBnH~IIIHX $yHKUHfi, T8KHX K8K ynp8Bllei!He CTeKaMH, xpaueuue 
CT8Tyca npoueccop8, ynp8BlleHHe UHKnaMH, npepblaamiH H T.n. 

CACHE-n8M~Th 64x32 6HT ·ycKopHeT BblnonueuHe KpHTH'lecKHX 
no apeMenH nonriporp8MM. · 

EnoK DMA HMeeT CBOH OT.D;ellbllble WIUibl H CBOH reuepaTop anpecoB. 
npH'·p860Te C .D;8llllbiM DSP MO~CT HCllOllh30B8Th MC.D;llCHHble BIICWIIHe 
yc.Z.poficTB8 H ll8MHTH. 8 3TOM cny'18e DMA-KonTponnep ::o.·MynHpyeT 
$YliKUH~ DATA CACHE. HanpHMep, DMA - KOHTponnep MOJI(CT '1HT8Tb 
.tl8llllbiC C 060HX napannellbllbiX llOpTOB 'H 38llliCb!B8Th HX B 6llOK RAMl. 
O.nnoapeMeuuo CPU MoJKeT o6pa6aTblaaTh· · naiii!bie. H3 6noKa RAMO. noToM 
$YIIKUHH RAMO H RAMl MCliH~TC~. 

. <l>HpMa TI BblllYCKaCT .D;BC BCpCHH ::JToro DSF. Onua H3" HHX 
HCllOllh3YCTCH KaK MHKpOKOHTponnep (84 pin PCC-plastic chip 
carrier) H He HMCCT BbiXO.D;OB BCeX WHII, BTopaH (ll0l1H8H) BepCHH 
o6ecne'1HBaeT .D;OCTyn K BlleWHll!1 HIICTpyKUI-IHM, 118 Kopnyce i1MC~TCH 
BbiBO.D;bl .tlllH 1111111 . anpecoB ( 24) H naiiHbiX( 32), IIIHU BBO.D;a/BbiBO.D;a 
( namJbiX ( 16), anpecoB ( 10 )) , npepbiBaHHH ( 4), nocne.noBaTenhHbiX 
llOPTOB . ( 2) , TafiMCPOB ( 2) H .!lPYrliX CHrHanOB ynpaBllCHHJl, 
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nsa -nocnenosaTenhHbiX nopTa nonuocTb~ ue3aBncHMhi npyr oT 
,npyra H MoryT nepe.D;aB8Th ' .D;8HllbiC B $OpMaTe 8,·16, 24 H 32 6HTa, 
CUHXpOHii38U:IiH 06MeHOB - BHyTpCHHHJl lillli BHCil!HHH, CKOpOCTh nepena'lli 
-. no 8M6HT I c. HanH'llie nocne.nosaTenbHbiX nopToB c B03MOJKHOCThiO 
no.nTBepJKneuHH nepe.na'lH , .nsyx cneuHallbllbiX HHCTPYKU:Hfi H cHruanoa 
ll03BO::tHeT .D;OCT8TO'JHO npOCTO C08.1UIHHTb IICCKOllbKO DSP B C.D;HHY~ 
CliHXpOHHyiO MYllhTHnpoueccopuy~ CHCTeMy. 

TMS320C30 · npe.ncT8BnHeT co6ofi npHMep Ho.nynhnoro nonxo.na. 
K KOHCTPYKUHH: Bee ::o.neMCHTbl DSP HBllH~TCH no cybleCTBY 6nOK8Mli 
BBo.na/BbiBO.D;a, llO.D;Kll~'JCHHbiHH K 0611lefi BHyTpeuneif. IIIHHe. KaJK.D;biH 6noK 
HMCCT CBOii perHCTpbl, KOTOpble anpecy~TC~ liB 3TOfi IIIHHe K8K ll8MHTb. 
3l1Cl1CHTbl o6pa3y~T 6H6l1HOTCKY MO.Ilynefi, KOTOpa~ ll03BOllHCT npOCTO 
co3naaaTh 3aKa3Hble BepcHH DSP. 

TI pa3p860T8n nn~ 3Toro DSP ·p8::moo6pa3Jtue . nporpaMMHbie 
cpe.D;CTBa, npe.D;H83H8'1Cl!Hb1C .llll~. ·p83pa60TKH M8TCM8Tll'JCCKOro 
o6ecne'lellHH dsp H8 KOHllb~Tepax IBM PC H DEC VAX. Pa3pa60T'JHKH 
MoryT Hcnonb30B8Th H3~K "C", no~nporpaMHW ua 8CCeM6nepe, 
CTaH.D;8pTH~e 6H6llliOTCKH H T.n. 

COBMCCTHMOCTh cepHH TMS320 Jl03BOllHCT npHMCHHTb .D;nH C30 
nporpaMHY, ,H8llHC8HHy~, H8npHMep, DllH Cl0. 

HHCTPYKUHH C30 MOJI(l!O pa3.D;Cl1HTb ll8 cne,nyiOIJIHC K8TeropHH: 
- qTeune·H·3anHcb, 

2-oriep8HZIH8H apH$MeTHKa H norHKa, 
3-onepaunua~ apn$MeTHK8 H norHKa, 

- napannenhHble onep8UHH, 
- 8pH$HeTHK8 H norMKa C 3allHCb~ pe3yllhTaTOB B ll8HHTb

1 

- ynpasneuHe nporpaMMOH, 
- onep8UHH B38HHO.IlCHCTBHH HCCKOllbKHX DSP (interlocked op.). 

Hnn~cTp8UHeH 
H8npHMep, KOManna 
FLP-yHHOJI(eHHe c 
c 3 onep8H.D;BMH. 

BbiCOKOfi CTeneHH 
r-1PYF3, B KOTOpofi 
3 onepannaHH H 

n8pannenH3H8 HBn~eTcH, 

B O.llHOH UHKJle B~ll0l1H51CTCH 

FLP-cyMMHpOB811He, ·. T8KJKe 

npeiJ;CT8Bl151CT HHTepec HHCTpyKUHH "nepeXO.D;8 C 38.D;epJKKOH 11 

(delayed branch). EcnH npnMeHHTb ee H8 3 W8ra paubwe,'leM nepexo.n 
H8 C8MOM nene nylKeH, coxpanHTCH BblronuocTb cTpyKTYPb! "n8finn8fin". 

8 1988 ro.ny CTOHMOCTb 06p83UOB TMS320C30 : COCT8Bll~lla 1300$, 
B 1990 ro,ny OliCH.D;8CTC~ CHHliCeHHC .llO 100$. 

HeKoTop~e npHMeuenHH DSP 

npe.n~.nywue pa3.nenbl nocs~wenbl, B ocnosnoH, TexnHKe cHrnanbn~x 
npoueccopoB, B HHX np8KTlltJecKH ue 3aTp8rnaaeTCSI o6wnpublfi Kpyr 
BODpOCOB, CB~38HHbiX C. anropHTMBMH UH~pOBOfi.o6p860TKll CHrH8llOB 
H npHMCHCHHCH DSP B p83l111'1HbiX 06l18CT~X H8YKH H. TCXHHKH. 

Q 

•· 

8 063ope He CT8BHl18Cb UCllb .ll8Tb peuenT peb!CIIliH K8KHX - 111160 
onpe.neneHHbiX 38.118'1 npH noMOIIIH DSP. ll8 3To, 3a pe.nKHMH 
HCKll~'lCHH.IIMll, H HCB03MOJI(HO, llOCKOllbKY K8lK.D;aH npHKl18.D;Ha~ 38.D;8'18 
liMCCT. CBOJO cneUH$HKy, KOTOp8H 0Tl1H'188T ee OT KHOrHX npyrHX, .ll8lKC 
CXO.D;HbiX, 3T8 -CllCUli$HK8 BblpaliC88TC~ B KOHKpeTHbiX Tpe60B8HHHX 
K CHCTCMC dsp (llOTOKH .D;8HHbiX, '8nropHTH o6pa60TKH, Tpe6yCM8H' 
TO'lHOCTb,. BpeHH peb!CllliH-.H T.n.): •MbJ XOTCJlH llHIIIb 06paTUTb BHHM8Hiie 
cneuHanHCTOB H8 cylll.eCTBOB8HHe TaKara MOIII.uoro nucTpyMeHTa,KaK 
Ull$pOBble ClirH8llbH~e npoueccopbl, Kp8TKO OllHC8Tb HCTOpH~ 
H TeH.IlCHUHH HX p83Bl!THSI H .D;8Th npe.llCT8BllCHHC 0 xapaKTCp11CTHK8X 
H _B03MOJI(H0CTHX DSP~ 8MCCTC C TCM eCTb OCIIOB8HHH roBOpHTb 06 06tUIX. 
MCTO.IlH'JCCKiiX ll0.D;X0.D;8X K llOCT8HOBKe H peb!CHHIO HCKOTOpbiX Kl18CCOB 
3a.lla'1. K 'JHcny T8Kl!X 3S.D;8'1 1 npe.ncTaBn~~IIIHX HHTepec .llllH 
Cll.aUH8llHCTOB, 38HHM8IOIIIHXCH 8BTOM8TH38UHCH ci>H3H'1CCKl!X 
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11ccnenoBaHHH, OTHOCflTCH 3ana'1.11 
c5op·a n o6pa6oTKH naHHbiX, 
ua ycKOpHTCJ1flX. 

C03naHl15i CHCTCM Tp.11I'I'ltpOB8HlUI, 
nony'laCMb!X B 3KCnepliHCHTaX 

B COBpCMCHHb!X cneKTpOMCTpax <l!H3HKH . Bb!COKHX 3HCpi'HH noTOKH 
naHHb!X l10I'YT COCT8BJ1HTb HCCKOJ1bKO r6aHT/C. B 6yny~HX 
3KCnepllMCUTaX H~ KoimaHnepax YHK,. (CepnyxoB), LHC (UEPH) .11 SSC 
(CiliA) noTOKH B03pacTyT 6onee '1eM ua nopHnoK. llpHMoe uaKonneune 
TaKHX 06'bCMOB naHHb!X npaKTli'1CCKH HCB03MO)I(ll0, 
na n ueuenecoo6pa3HO, TaK KaK none3Hbie co6biT_HH a 3THX noToKax 
COCT8BJ11110T. Tb!CH'1Ub!C non !I. npOUCHTa ll na::Ke -MCHbii!C. TpHrrepUb!C 
Cl!CTCMbl 3KCnepHMCHT8J1bHb!X- ycTaHOBOK nonJKHbl · ocy~eCTBJ111Tb 
B 'pean&HOM BpeMenn npenaapnTe:r;!;>'Hb!H- auanH3 n oT6op co6b!THH, 
ynoaneTBopHIO~Hx onpeneneHHbiM KpnTepHHM. B 3aBHCHMOCTH 
OT <f>H3H'1CCKOH 3ana'1l! B .K8'1CCTBC_Kpl!Tepl!CB MOI'YT l!CflOJ1b30B8TbCfl 
MHO)I(CCTBCHHOCTb C06b!TMH, BCJ1.11'1Hl!a nonepe'1HOI'O HMnyn&ca,. flOTCp51-
3HCpi'lll! B KanopHMeTpe, paccTOHHHe - o.Y. ·T0'1KH pacnana no Bepii!HUbi 
C06b!Tl!H H T • n • 

B CHCTeMax TpHI'I'HpOB8IfHH HCflOJ1b3YIOTCSj: HCCKOJlbKO ypoBHCH 
o6pa6oTKH naunbiX, o6bi'1no Tpn. Pa3neneune ua ypoBHH HBnHeTCH 
ycnoBHbiM,, rpanHUbi Mell(ny UHMH pa3MbiTbi H pacnpenenenHe <l>YHKUlii1 
Me::Kny 1 H 2 HJ1H 2 H 3 ypOBU51MH 38BHCHT, KpOMC npo'1CI'O, 
OT 3J1CMCUTHOH 6a3bl H apXHTCKTypbl Tpnrrepa. Ha Kall(nOM. ypoBHC 
nocnenoBaTCJlbHO COKpa~aCTCfl n_o_TOK naHUbiX', HO, CO_OTBCTCTBCUHO, 

(17000 

'Pnc.8. 3aBHCHMOCTh npOH3BOnHTCJ1bHOCTU Tpl!I'I'CpHOH 
cncTeMbl oT THna npoueccopoa. · 
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B03pacTalOT CJ10li(UOCTb · anropHTMOB H BpeMfl," 3aTpa'1l!BaeMoe 
na o6pa60TKY KannnnaTOB B C06b!THfl. He BnaBaflCb B neTaJlH, OTMCTHM, 
'1TO BTOpoi1 ypoBeHb '18CTO HBJ1HCTCH KpHTli'1CCKHM B CMblCJle 
ocy~eCTBHHOCTl! 3KcnepHMCHTa HJ1H 34J<f>CKTHBUOCTH e'ro BbinOJlHCUH.R. 
HMenuo BTo~oii ypoaeu&, nn11 KOToporo xapaKTepHbi axonuoii noTOK 
10~ 4 - 10 5 C06b!THii/c, K034Jcjll!UCHT Cli(8THH -100, 06'beM naunb!X 
10-100 K6aiiT/C06b!THC li BpeM51 peii!CUHH -10 MKC, · SIBJ151CTC51 Han6onee 
nonxonHIIIHH nnH npHMenennH DSP, nocKon&Ky nnH oT6opa none3uofl 
HU<!>OpMaUHH Ha 3TOM ypoBue - Tpe6y!OTCH 6b!CTponeHCTBY!O~He, 
Bb!COKOnpOU3BOnHTeJ1bHb!C Ht OTHOCHTCJlbHO neweBb!C npOUCCCOpb!, J1CI'KO 
06'bennHHCMb!C B napannenbHb!C Bb1'1l!CJ1liTCJ1bHblC CHCTCMbl. . 

llpennocblnKn K·napannen&HOMY BbmonneHHIO onepaunii no o6pa6oTKe· 
.naHHb!X 38J10li(CHbl B CaMOH npHpone nony'laCMOH B ~H3U'1CCKHX 
3KCnepHMCHT8X HHcl>OpMaUHH: 

C06b!TllH . CT8THCTH'1CCKH HC38BHCHMbl, 
- HMCCTCH nap'annel1H3M BHyTpH C06WTHsi ( TpCKH 

BOCCTaHaBJlHBBTbCH napannenbHO, H nalKe BHyTpH onHOI'O 
MOlKHO napannenbHO 06pa6aTbiBBTb OT.t\CJlbHb!C CCI'MCHTbl); 

- npouecc o6pa6oTKH nerKo pa36naaeTC51 ua non3a.na'1H. 

MOI'YT 
TpeKa 

. B SLAC .nnH 3Kcnep.11MCHTa E781 . 6&mo npoae.neuo cparmeuue 
pa3nH'1H&IX Tnnoa npoueccopoB nn51 Tpnrrepa BToporo ypoBB11. 
Pe3yl1.hT<l.Tbl cpaBHCBH51 noKa3aBbl Ba pHC. 8. H3 pHCYHI~a BH.llHO, '1TO 
HaH60J1blll851 npOH3BO.t\HTCJ1bHOCTb TpHrrepuoii CHCTCMbl npH MHHH~lBJlbHioiX 
3aTpaTax nocTHraeTcH nyTeM Hcnonb3oaannH cnruan&Hblx npoueccopoa 
320C30. 3TH JKe npoueccopb! npe.nnonaraeTcH ncnonb30BaT& B Tpnrrepe 
TpeT&ero ypoBBH. · · Bcero nnH peann3aunn o6onx yposueii Tpnrrepa 
Tpe6yeTC51 5 npoueccopHbiX nnaT B CTannapTe· FASTBUS (no 8 DSP 
Ba K6ll(.t\Ofi nnaTe) 06~eii CTOHMOCTblO 40 Tb!C51'1 $, 8 TO BpeM51 KaK 
npn HCflOJ1b30BaHHH, uanpnMep, YHHBepcaJlbHb!X Mll MOTopona 68020 
c conpoueccopoM 68881 noTpc6oaanocb 6bl 200 nnaT (4 npoueccopa 
Ha nnaTe, 12-KpeiiTOB VME) CTOHMOCTbJO 600 TbiC51'1 $. 

Ha pnc.9 npHaeneBa ynpo!llennast cxeMa 6b!CTporo un4>poaoro 
napannenbHOI'O Bb1'1HCJ1HTCJ1bHOI'O MonynH (FDPP), pa3pa60T8HHOI'O 
B UEPHe, a nepay10 o'1epen&, nnH pewennH 3ana'1 peanbnoro speMeun 
B Tplll"I'CpHb!X CHCTCMBX H CIICTCMaX c6opa .t\BHHbiX [ 37) • 

t-1onynh conepli(HT .naa npoueccopa: · Tpancn&IOTep T800 ( 25 Mru) 
H cnruanbHbiH npoueccop ATT DSP32C c . npOH3BOJlHTCJ1bBOCTbiO 
25 MFLOPS. 05a npoueccopa HMCIOT IIOCTyn K IIBYM 6aUKaM CTilTH'1eCKOi1 
naMHTH CMKOCTbiO 128 IC6aiiT (30 HC), KOTOpb!e MOI'Y"r: nepeKJ110'!8TbC11 
TpaHCllbiOTepoM MC)I(IIY T800 11 DSP32C B Te'lenne 100uc. . BXOIIHbte 
naun&te nocne OUH<l>pOBKH B ADC nocTyna!OT B naM.fiTb FIFO ( 2048 
wecTnanuaT.11pa3pHIIH&tx enos) c MaKcnManbnoii CI<opocTbiO 50 M6afiT f c. 
OTTyna OBH MoryT 6b!Tb 3anncanbl a n106yro o5nacTb naMHTH anpecuoro 
npocTpancTBa DSP '1epe3 DMA co cKopocTbiO 10 M6aiiT/c 6e3 
npnocTanoDKn nporpaMM, BblnonuyeMbtX npoueccopoM. _ TpaHCllb!OTep 
B FDPP nMeeT noKan&Byto n~maMn'lecKyJO nau.RTb eMKOCThiO 8 M6aftT nnR 
xpaneBHH nporpaMM n naBnbiX • 

. CB.fl3b TpaBcnbiOTepa c DSP32C ocy!lleCTBnHeTCSI TpeM.fl nyT.fiHH: 
- KOpOTKHC C006l!lCiiH.fl nepenaiOTC.fl '1epe3 "n0'1TOBiote 511l!HKH" 

( na pHCYUKC UC noKa3aHbl) C 11CllOJ1b30BaHHeM uyneBOI'O J1HHKa 
Tpaucnb!OTepa, s · 3TOM cny<1ae npncyTcTBHe natiuwx no BX0111iOM 
6y4>epe ll0'1TOBoro .fllll!1Ka renep11pyeT npepb!DaBne DSP; 

- 6on&wne 6nOKH naun&tx 3anl!cbiBaJOTc.R TpancnbJOTepoM D o.::my 
lf3 IIByXllOpTOBbiX CT8Tlf'lCCKHX naMSJTefi X Hnlf Y.; 

- Kauanbl BBOIIa/Bb!BO.t\3 .DSP HCflOJ1b3YIOTC.R I1l151 MOHHTOpnpo~&Hlfft 
pa60Tbl DSP32C n IIll.fl 3arpy3KH nporpaMM H KOHcTanT .113 T800~ 

r.1o;nynb FDPP CMOHTUpo:aau Ba CTan;napTBOH lll!l'!aTHOH fll1AT'i<, 
npenna3na'1enuoi1 .~tnfl pa::me14emm '1eTNpex 6noKOB TRAM. TaKoe pa!l.!oJme 
I!03BOJ151CT flOJlKJl!O'IHTb FDPP K nm6oii TpancnbiOTepuofi CHCTONG, . 
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6a3Hpyw~eficfl Ha TRAM, C B03-
!-!0lKHOCTbW HCilOJib30BaHHfl 
cy~ecTBYW~HX cpe.UCTB pa3-
pa60TKH nporpaMMHoro o6ec­
ne'ieHHfl (Occam 2 toolset) 
H one'paUHOHHbiX CHCTeM 
(Helios, UNIX H np.). 

HeCKOJibKO Monynefi FDPP 
MoryT 6biTh nerKo o6;,enuueHbl 
B ceTh unu npyquyw nocpen-
cTBOM COOTBeTCTBYW~ero 

coenuueHHfl TpaucnbWTepHbiX 
JIHHKOB, HJIH qepe3 nporpaMMHO 
ynpaBnfleMhlH KOMMyTaTOp 
nHHKOB IMSC004, 'iTO no3Bo-
nHeT .UHHaMH'ieCKH H3MeHHTh 
Kouctmrypauuw cucTeMbl 11 ua­
pa~uBaTh e~ npOH3BO.UHTeJib-
HOCTb. .· 

llporpaMMHOe o6ecne'ieHHe 
nnfl FDPP pa3pa6aTwBaeTcfl 
H OTJialKHBaeTCH ua IBM PC 

..J 

u 3aTeM 3arpylKaeTCH qepe3 
TpaucnhwTepuyw ceTb B naMRTb 
T800 H DSP32C Kali(.UOro 
MonynH. 

ff)PP <----+----; I I ->FDPP 

rnaBuaH qacTb onepauu­
ouuofi CHCTeMbl HaXO.UHTCR 
B TpaHCilbiDTepHOH CeTH l! MO­
lKeT ynpaBJIRTb pa60TOH Kall(­
noro DSP32C 'iepe3 COOTBeT­
CTByW~l!H TpaHCilbWTep. B DSP 
l!MeeTCfl He60JibWaH OC, KOTO-
paH qepe3 no'iTOBhlH RWl!K no-
nyqaeT 3a.UaHl!R OT T8QQ 
Ha o6pa60TKY naHHbiX l!3 FIFO 
(on-line) Hnl! l!3 nnyxnopTo-
Bofi naMRTH (off-line). lloKa 
DSP o6pa6aTwnaeT nauuwe 
H3 . onuoro 6noKa naMHTH, 
TpaucnhwTep 3arpyll(aeT npyrofi 
6JIOK HOBblMI1 naHHbiMI1. 

HHTerpaUHH 60JibWOH 
11 KOMMYHl!KaUHOHHhlX B03M0li(HOCTeH 
npo6neMbl, C KOTOpblM11 Hl! O.l111H 
B O.UHHO'iKy. 

IJ/1'1ASfER 
TRANSfi.!TeR 

Pnc.9. EnoK-cxeMa FDPP. 

npOH3BO.l111TeTibHOCTH DSP32C 
T800 IT03BOnHeT pewaTh TaKI1e 

H3 HHX He MOJI(eT cnpaBl!TbCH 

CnenyeT OTMeTl!Tb, 'iTO DSP l!CilOTib3yeTCR He KaK conpoueccop 
.UTIH · BblilOTIHeHI1R cneU11<!iH'ieCKHX 11HCTpyKUHH, a KuK MO~HblH 

.Bbl'i11CTil!Tenb, peanH3YID~HH CTIOJI(Hble a-.rop11TMbl, Hailpl!Mep, MannnynHUHH 
C MaTp11UaMI1; HaX.0li(JleHI1e ilHKOB, KnacTepoB l! TpeKOB; cl>11TibTpaUl!fl 
11 6biCTpb!e npeo6pa3oBaHHfl cl>yp&e. 0)1(11JlaeTCH, 'iTO FDPP nafineT 
W11pOKOe np11MeHeH11e He TOflbKO B Tp11rrepl!biX CHCTeMaX BToporo 
11 TpeThero yponuefi, HO TaKJI(e B 3anaqax, rne Tpe6yeTcH npnMeHenue 
napannenbHOH apXI1TeKTypbl 11 Tl1ill1'iHbiX dsp- anropHTMOB ( pacno3HaBaHHe 
o6pa3oB, o6pa6oTKa 113o6pall(eHI1ii, pewenue cl!cTeM nuueiiHbiX ypanneul!ii 
u np.). 

B HeCKOTibKO l!IIOM CO'ieTalll!H l!CilOTib3YIDTCH DSP H TpaHCilbiDTepbl 
B Cl!cTeMax c6opa naHHbiX n Tp11rrupoBaHHH B 3KcnePHMeHTe ZEUS 
(D33H, raM6ypr) [38). 3necb DSP npHMeHHeTCR,B OCHOBHOM;B TpHrrepe 
nepnoro . ypoBHR nnR BbmonneHI1H onepauuii "nonauneHHH nyneft", 
nony'ieHI1H Hn<t>opMauuu o npeMeHI1 .upeii<t>a 11 nnowanu HMnyn&coB, 
npennapl!Ten&noii o6pa6oTK11 naHHbiX nnR Tpur:-epa BToporo ypoBHH. 
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llpl!MeHeH11e DSP B TpHrrepHbiX CHCTeMaX 06Cyli(JlaeTCH TaKJKe 
B pHne np}trl!X pa6oT ( ci1., nanpi1Mep, · c6opHHK [ 39], a TaKJKe npenpHHT 
[ 40) I! CilHCOK Til!TepaTypbl K HeMy). . ' 

Cn.nhHOe nne'iaTnenl1e ocTaBnHe"l' onncauuaH B pa6oTe · [ 41] 
cncTeMa c6opa n o6pa6oTKI! naHHbiX, npenn'araeMa.H nn.H 3Kciiep11MeHTOB 
Ha Konnaftnepax LHC ll SSC (pnc.lO). 3Ta Cl!CTeMa KOHUeHTpupyeT 
B ce6e MaKCHManbHO JlOCTynHylO Ha cero.UHR Bbl'ii1C:Ill!TSJibHYIO MO~HOCTb 
B CO'JeTaHlll! C Hai160nbWeft CKOpOCTbffi nepena'ill 11Hcl>opMai.U111, npocTOTOll 
ynpanneHl!.H u nocTyna K o6pa6aTbiBaeMhlM nanHblM. · 

B CHCTeMy BXO)lHT KOHTponnep KpeftTa (CC) Ha 6a3e TpaHCilbiDTepa; 
T414 11 MHKponpoueccopon HHTen i860 u i960CA, a TaKlKe 6noKu 
C'ii1TbiBaHHH ( RC), Ka)l(nbiJ1 113 KOTOpblX coneplKHT c11rnanhHblft npoueccop· 
ADSP2101. Ha DSP B03naraiDTCH <l>YHKUUll OT6paKOBKH wyMOBbiX 
H napaMeTpl13aUH11 ilOTI83H!>IX 11MnynhCOB, HaXOlK.U8HI1fl cerMeHTOB TpeKOB 
H Cll(aT11H naHHoiX. 3TH onepauun ADSP2101 m.monuHeT c'ieHh 6biCTpo 
( Hanp11Mep, .UJHl HaXOJI(,UeHI1H aMITTII1TY.llbl 11 WHp11Hbl 11~mynbca Tpe6yeTCR 
4, 5 MKC, TO'iHOrO onpeneneHI1H cl>pOHTOB - 2, 6 MKC, Bbl'ii1CneH11H. 
nno~an11- 2,2 MKc). 

BbiCOKOilp0113BO,Ili1TeJibHblll MUKponpoueccop i860 ( .,.100 t4IPS) 
HCilOTib3yeTCH .UTIR CWUBaHl!R cerMeHTOB TpeKOB. K 3TOH pa6oTe !10)I(eT 
nonKJilO'iaTbCH TaKJKe i960 (-66 MIPS), o.nnaKo, 6cuonnoe' ero 
ua3Ba'ieHIIe - o6ecne'ienue 6biCTpo:H nepena'il! nanHblX MeJK:n;y KpeiiTaMI1 
( CKOpOCTb nepe,uaY:H 32-pa3pH,IlHbiX CJIOB qepe3 DMA MO)I(eT ;J:IOCTHraTb . 
132 M5aAT/c). . 

llp11~1eueu11e nnyxnopToBb!X naMRTeA nnH MeJKnpoueccopHbiX cBR3eA 
no npenena yripo~aeT HHTepct>eAcuyro norHKy. TpancnbroTep HBnHeTCH 
e.UliHCTBeHHblM ynpaBTIHr11!ll1M npoueccopoM B CliCTeMe. OnepaUHOHHaH 
cHcTeMa, o6ecn'e'iHBawwaH 3arpy3KY nporpaMM;. C'iHTb!BaHI1e naHHbJX 
H3 RC, TecTHpoaaime 6noKoB u ynpanneHIIC KpeiiTOH, uemiKmt nanHcana 
ua H3b!Ke · OCCAM 11 3cl><t>ei<TI1BHO nonnepJK11BaeT o.tu-roBpeMennyro pa6oTy 
Bcex nponeccopoB. 

H3 np11aeneHHbiX npuMepoB BHnua TennenuuH o6;,enHHOHI1R 
yimBopcan&HbiX npoueccopoB 11 DSP nnH peweHHH :::~Toro l?;nacca 3a,lla'i. 
llO-BI1.11HMOMy, 3Ta TeH,IleHUUH nony'ii1T 38KOH'ieHHOe BOllJlOI!lel!He 

lnt•nnt• 
OIOA 

i960CA 

i860 

cc 

P11c.10. 

[»!A 
1\educod Data 

. M'ORt4S 

RC 

11102 a;,ol ~ tiiO n..·a 
~=21.01 D..u. 

<l>yHKUHOH8TibH85l CXeMa CI1CTeM~ C60pa 
H o6pa6oTKU .nammx [41]. 
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B pa3pa6aTbtBaeMOM cllHpMOH HHTeJI HOBOM MH~ponpoueccope 80.786. 3TOT 
Nll [42), BbtnOJIHHeMbiH no TeXHOJIOrHH BiCMOS Ha KpHCTanne DJIOIII3l1bl0 

. 1KB. lt!OHM, 6yneT conep)l(aTb 50 MJIH. TpaH3HCTOpOB. 0CHOBHbte 
xapaKTepHCTHKH 80786: 

pa6oqaH qacToTa - 200 MI'IU 
IIIHpHH3 IIIHHbi l13HHbiX - 64 6HTa; 
npoH3BOl1HTenbHOCTb - 1000 MIPS. 

KpoMe. qeTblpex cynepcKanHpHbiX npoueccopos c FPU, K3lll 
-naMHTeH, KOHTpOJIJiepa IIIHHbi, 6JIOKOB ynpasneHHH riaMHTblO, norHKH 
l1Jl5l TeqTHpOBaHHH H CaMOltHarHOCTHKH, 6JIOKOB BBOl13-BbiBOl13, OH 6yneT 
HMeTb BCTpoeHHbiH DSP, conep)l(a!IIHH OKOJIO 2 MJIH. TpaH3HCTOpOB. 

TpynHo nepeoueHHTb B03MO)I(HOCTH TaKoro "MHKponpoueccopa". 

_,.! 

063op HC nnH dsp 

Ta6JIHUa naeT KpaTKY!O HHcllOpMaUH!O o HeKOTOpblX 1CH-:DSP. 
8 Ta6JIHUe HCD0Jlb30B3Hbl HeKOTOpbte ,COKpa!IIeHHH: 

100 PGA = Kopnyc THna "Pin Grid Array", 100 HO)I(eKj 
28 DIP = KOpnyc DIP, 28 HO)I(eK; . 
84 PLCC = Kopnyc "Plastic Leaded Chip Carrier", 84 pin; 
MAC = yMHO)I(HTenb + aKKyMynHTop; 
FXP-166 = Fixed point DSP, l1JIHHa cnosa naHHbiX B 3Y 16 6HT; 
16x16->26 = BHyTpeHHaH nnnHa cnosa naHHbtX (pe3yJibTaT pa60Tbi MAC) 

COCTaBJIHeT 26 6HT; 
FLP-326-24E8 = Floating point DSP, 32-pa3p51l1HbiH, 24 6HT MSHTHCa, 

8 6HT 3KCDOHeHTa; 
3Y: D ·( P, C) 128x16 = naMHTb l1Jl51 ltSHHbiX ( nporpaMM, KOHCTaHT), 

128 CJIOB, pa3p51l1HOCTb 16 6HT; 
64FIR-9, 5MKC = Bbi'lHCJienue onHoro BbiXOl1HOro OTC<,~eTa cllUJibTpa FIR 

64-ft CTeneHH l1JIHTC51 9,5MKC; 
lk-CFFT = 6biCTpoe npeo6pa30BaHHe <l>ypbe H3 1024 KOMnneKCHbiX 

BXOl1HbiX OTC'leTOB. 

0TnenbHO ODHCaH HHTepeCHbiH DSP IQ-MAC H noKa3aHbl npHMepbl 
HeKOTOpbtX 'lHnoB cneunanbnoro na3naqennH. 3aTeM cnenyeT o63op 
16-H 32 -pa3p51l1HbiX 6JIOKOB MAC l1Jl51 FXP 88-DSP H l1JI51 FLP 88-DSP. 
B KOHUe npnseneHbl npHMepi>I na6opos FLP npoueccopos. 

UT69532 IQ MAC (United Technology (UTMC), 1989). 32 6HT FLP, 100 
MFLOPS. · 1, 2MKM CMOS, 2BT., Kop. 280 pin! _TaKTOBaH· qacTOTa 
15MHz, HeCKOJibKO onepaUHH BbtnOJIH51eTC51 B Ol1HOM UHKJie. <l>OpMaTbl 
naHHbiX: CTannapT IEEE754 .10. FLP MaTeMaTHKa 32 6HT 
(peanbnble) H 64 6HT (KoMnn.) H np. nonnep)I(HBaeT npuMenenne 
3Y THITa FIFO H RAM. 2x32 6HT FLP ALU, 2x32 6HT FLP MUL, 
23x32 6UT MUX, 9 perilcTpoB ti ·1000 6HT pipeline perucTpoB! 
I/O: 2xPAR 32 6UT IN, 2xPAR 32 6HT.OUT, 2xPAR 32 6HT IN/OUT 
nopTbl. 1k-C-FFT-0,7Mc. DSP npocTo o6bel1HHH!OTCH- 10 qnnos 
BbiDOJIHH!OT 1k-C-FFT 3a 64MKC! 111 '1HCTPYKUHH BbiCOKoro 
ypoBHH, nanpnMep, nnH FFT buterfly, nnH cllHJibTpas·, 
CaMOTeCTHpOBaHHe. OnHa HHCTp. BbiDOJIHHeT YMHOJKeHHe l1BYX 
peanbHbiX MaTpHU 10x10 3a 34MKC. <l>HpMa nponaeT . TaK)I(e 
BCTaBHbie s' IBM PC nnaTbl nnH pa3pa60TKH 11 OTJI3l1KH annapaTypbl 
H SW. UeHa B 1989r. OKorio 2000$. 
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HeKoTopbie cneu11anbHbie '-IHIIhi 

TDC1028 (TRW). llC L\JIH FIR ~11JibTpOB 8 CTeneHI1. Conep~11T 8 MUL, 
8 ACC, 8 perl1cTpoB nnH K03~~11UHeHTOB, rraMHTb nnH 8 rrocnenHnx 
BXOL\HbiX OTC'-I8TOB. IriHpHH8 ,naHHblX 4 6!1T8. llC MO~HO IlpOCTO 
o6"beL\HHHTb KaK IIO L\Jll1!~e CJIOBa, T8K 11 IIO L\JIHHe ~HJI.bTpa. MaKe. 
qacTOTa IIOTOK8 naHHbiX 2QMHz. 3Ta llC SIBJISieTCH XOpO!l!HM 
npnMepoM "sistolic-array"- apxHTeKTYPbi. 

TMC2220 ( TR"I'l). UH<t>poBofi J<oppeJUITop c nnHHOfi cnoBa 4 6nTa, nerKo 
Hapa!I1HBaeHbiH. 

mPD7281 (NEC, 1983). llC "data flow" apX11TeKTypw. , 
IMS AllO (INMOS, 1988). 400000Tp., CMOS, 2BT, Kop.lOO PGA, 53mm2. 

XopOI:IIHH IlpHMep rrapanneJibHOH opraHH38U11H. Ha '-IHIIe 21 MAC 
I{ 3 c,nBHrOBbiX peri1CTpa ( 112Q,....steps), B03HO~Ha KOH<t>HrypaUlUI 
KaK 21 steps pipeline HJII1 3x7 MAC array. llJI11H8 CJIOBa 8 6HT, 
BXO.nHaSI '-!aCTOTa ,naHHbiX L\0 20MHz. MaKe. IlpOH3BOL\HTeJibliOCTb 
100 MOPS. npenHa3Ha'-IeH .nnH o6pa60TKI1 BHneocl1rHana. HC MO~HO 
O'-IeHb IIpOCTO COeL\11HHTb. H IIOBbllllaTb TaKI1M 06pa30!1 IlpOH3BOL\11-
T6JibHOCTb rrpoueccopa. UeHa 200$ B rrapT11H 6onee 100wT. 

ZR33481 (Zoran) - Digital Filter Processor. Conep~HT 8 MUL. 
Crreul1aJIH3HpoBaH nnH o6pa6oTKH H3o6pa~eHHH. tJionynb HTC150 
.P11pMbi Imaging Technology ( nnH VME) c yKa3aHHbiM rrpoueccopoM 
nenaeT CBepTKY C SIL\pOM 3x3 HJIH 4x4 L\JISI KapTHHKI1 512x512 
B peanbHOM BpeMeHH (340 MOPS). 

PDSP16401 (P1essey) - 2D 15 Mpixe1sls edge detector. Conep%HT 
.4x2D FIR <t>HJibTpbl .. 11 2 KOMIIapaTopa. 

GAP ( ~11pMa NCR) - GAP-'-IHII co,nep~11T 72 ALU, K8~L\biH 11I11p11HOH 1 6HT 
11 120 6HT RAM. GAP-'-Inn HBJISieTCSI rrpi1MepoM SIMD -apxHTeKTypoi. 
Bee ALU .nena!OT TY ~e caMy!O orrepaU11!0, HO c pa3HbiMH naHHbJMH. 
GAP pa6oTaeT cpaBHHTeJibHO Me;nneHHO, HO eCJIH OH npHM8HSI8TCH 
L\JISI ;IJ;8HHbi:X:, KOTOpb!e MO~HO opraHH30BaTb KaK IIOJie (array), 
TO rryTeH 061>8L\~He!IlUI HeCKOJI.bKHX '-I!IIIOB L\OCTHraeTCH BblCOKaSI 
Ilp0113BOL\HT8JibHOCTb. 

0630p 6JIOKOB ;IJ;JISI d s p 

YMHOJKHTenl1 11 cyMMaTopbi (MAC) Ha onHoM KpHcTaune, 
U8JIO'-IHCJieHHbJe: 

16 BIT: 

TRW: TMC2210 - 65Hc, 400MB. 
Wafersca1e Integration: WS5910 - 30Hc (HCIIOJib3yeTCSI TaK~e KaK 

Mo,nynb L\JISI ASIC). 
Logic Devices: LMA101011043 - 45Hc. 
LSI Logic: L64010 - 40Hc. 
B"ipolar Integrated Technology (BIT): B 3011, 2011 - 16Hc. 

32 BIT: 

LSI Logic: L64032. B OL\HOM U11KJie (80-100Hc) 32 611T MAC orrepaU11SI, 
B 4-6 UHKJiaX - 64 6HT MAC onepaU11SI. Kc • 132 PGA, lBT. 

TI: SN74ACT8836.: 32x32 - 67 6HT MACI35Hc, l:J.Jx64 - 128 611T MAC: 
7 U11KJIOB. Kop. 156 pin. 

AMD: 29C323 - 32x32 - 67 611T MAC onepaUHSI 80 (55)Hc, 64x64 17 
UHKJIOB. Kop. 169 pin, 25mA. 

Micro Integration: Ha6op MI32l•Cit-116MP - 10 waroB pipeline - lxl'-1AC 
orrepauHSII20nc. 

24 
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Weitek: XL8137 - 32 611T ALU, MUL, .nenHTeJib, ·32x32 611T perl1cTpOBbiH 

~afin, 32 6!1T BS; UHKJI 80, 100, 120Hc. Mo~eT pa6oTaTb 
11 c XL8136 ( 32 6HT rrporpaMMHbi£r ceKBeHcep). 

AMD: 

O.nHoJ<pl1cTanbH~e MAC c rrnaBaromen 3aiiHTofi 

29C325 24x24 
B 611JIOJISipHOH Bepc1111, 

36 611T MAC, 
100-120Hc B 

IEEE 
CMOS 

MO!I1HOCTI1 ) • . 

CTaH,napT., 
(HO 114 

LSI Logic: L64132 - 32 611T FLPPI55MKC. 30 MFLOPS. 
Weitek: WTL3332 - 25. MFLOPS, U11KJI 80,100~120Hc. 
AMD: 29C237 - 32x32 - 64 611T MAC. 10 MFLOPS L\JIH (AxB)+C. 

,70HC 
IIOTp •. 

TI: SN74ACT8837 - 64 611T! 20 MFLOPS. Co.nepxmT MAC, ALU, perl1cTpbl, 
MYJibTI1IIJieKcop. Kop. 201 PGA. 

Weitek: 3364, 3164 - pa3HHUa TOJibKO BO BHelliH11X lli11H8X 11 KOpnyce. 
20MFLOPSI100HC·, L\BOHH8H TO'-IHOCTb, 1, 5MKM CMOS. 

GE Intersil: ISP9326 - 32 611T MAC, 16 MFLOPS. 2x32 6HT IN llii1Hbt, 
lx32 611T OUT WHHa. 1,25MKM CMOS, 100000Tp., Kop.144PGA; lBT. 

TRW: TMS3202-FLP-rrpoueccop \ non,nep~HBalOT BOeHHbiH CTaH,napT 
Raytheon: Rayfap MAC I FLP: MIL 1750A 

Ha6opbi FLP npoueccopoB 

Weitek: 236412365': 646HT, 32 MFLOPS, 3aM;HH!OT rrpoueccop IBM 370, 
,nBOHHaSI TO'-IHOCTb 128 611T (16MFLOPS). ll11KJI 60-70Hc. 1,5MKM 
CMOS, KOp. 144 PGA, lBT. CTOI1MOCTb Ko'MrrneKTa - OKOJIO 1000$. 

IDT: IDT 721264/721265: 32 611T 33,4 MFLOPS, 64 611T - 25 MFLOPS. 
U11KJI 30Hc. 

UTMC: UT 173211733. 10 MFLOPS B KOHBefiepHOM peJKHMe. llonnep~I1BaeT 
FLP CTaHnapTbi IEEE, MIL 1750A, DEC VAX. 

AD: ADSP-321213222: 40 MFLOPS, neneHHe c L\BOHHOH TO'-IHOCTb!O 600Hc. 
BIT: B 311013120 11n11 B 211012120 - ALU: 32 6HT I 40 MFLOPS 

11JIH 100 MIPS .nnst ueno'-II1CJieHHbiX orrepau11fi 32 11 64 611Ta. · 
MUL- 28 MFLOPS. llpyr11e ~YHKU1111: BOLEAN, SHIFT, INVERS, 
ROOT, DIVIDE, 3x36 611T IIO port. 

3aKn!O'-IeHI1e 

B o63ope naH auani-13 pa3BI1T11H TeXHI1KI1 DSP 11 ee cero.nHHWHee 
COCT05IH11e. llOKa3aHo, '-ITO, KpOMe KJI8CCI1'-IeCKHX IIpi1MeHeHI1H ,nn5I 
UH~pOBOH o6pa60TKI1 Cl1rHanoB, DSP HBJIH!OTCSI .MO!I1HhlM 11HCTpyMeHTOM L\JIH 
C03L\8HI15I CI1CTeM TpHrrl1pOB8HI15I, c6opa 11 06pa60TKI1 ,naHHbiX 
B 3KCIIep11MeHTaX ~11311KI1 Bb!COKI1X 3Hepr11fi. 

MO~HO O~H;t:l8Tb, '-IT_O~,;t:tanbHefiwee pa3BI1THe TeXHHKI1 dsp 6y;t:teT 
H;t:ITI1 B HanpaBneHI111 11CllOJib30BaHI1SI HOBbiX TeXHOJIOrHH ( GaAs, ' BiCMOS, 
cy6M11KpOHHbie CTPYKTYPbi), · I1HTerpau1111 DSP c YHI1BepcanbHbiMI1 
M11KporrpoueccopaMI1 11 rrp11MeHeHI15I HOBbiX apX11TeKTypHbiX peweHI1H. 
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