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MepLexopeva evotntoC

TnAemikovoviokd Zu6THHoTo
Yook Eneepyocio XNuatog
Tonucd Xoetnuo DSP

Multiply, Add and Accumulate (MAC)
Instruction

Apyrtexktovikég HI'Y
Avantuén Epappoywv ce DSP
[TAeovextuoto tov DSP
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TnAEMIKOWWVLAKA ZUGTHHOTO

Vv oV

nmAnpodopia Mopmog Agktng nAnpodopia
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1. Metaboon — AnPn MNAnpodopiac (Puokod

Entirtedo)

2. Eneéepyaoia NAnpodoplac — 2AUATOC



', Wndaka Enegepyaoia ZApatog-Evotntal-Elcaywyn-Mnxavikwv NMAnpodopikig T.E. —TEI HMEIPOY- Avolktd Akadnpaikd MaOnpoti

oto TEl Hrieipou

TnAEMIKOWWVLAKA ZUoTHHOTO

* Metadoon NAnpodoptiac (Mopumoc)

Aloapopemon,
J Oiktpapioua yio
amopvyn 1S1, K.A.x.

minpogopia. = Tloumog
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TnAEMIKOWWVLAKA ZUoTHHOTO

2. \nYn NAnpodopiac (Aektnc)

Ouktpapioua,

L , - Awyopiopoc

Agktng =% mnpoeopia , ,

TANPOQOpPiaC amd
0opufo,
Toyov evioyvon,
Aloywpiouoc TpOTMV
LETAOOOTG,
AToo1opoppmo,
K.A.TT. :
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Ynowkn Exelepyocio Xnotog

* H WYnowxn Eneéepyacio Zuatog (DSP)
TPOTEIVEL TPOTOVG EMECEPYUGIOC TOV CNUATOV,
01 070101, 0TV EQAPUOCTOVV GTO OLDEGIUL
onuato, etval e OEGM Vo ATOUOVMOGOLY TNV
emBountn TANPOPOPIN KoL VO, TNV
TOPOVGIACOVV GE LOPPT] CAUEGO AVOYVOPIGIUN
KO YPNGIUOTOGLUN OO TOV TEAKO
OTTOOEKTT).
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Ynowkn Exelepyocio Xnotog

To DSP gival £&va 0AOKANPOUEVO KOKAMUO, TOV
EXEL  GYEOLOOTEL YL  VYNANG  TOYVTNTOGC

EMECEPYAGIU OEOOUEVOV.
XPNGIUOTOEITOL GE!

* TnAEMIKOIV®VIEC

« SDR
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Ynowkn Exelepyocio Xnotog

e Smart Antenna Systems
» Enclepyacio Hyov, Ewkdvac, Real Time Video
* Eneepyncio 10Tptk®@Vv 0E00UEVDV

* Enelepyocio 0£00UEVOV ETIGTNHOVIKOV N

GTPUTIOTIKOV pOVTOP

* Epapuoyég data-acquisition ko data-control
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Ynowkn Exelepyocio Xnotog

Analog Computer 0

Digital Computer

DSP
“
TS — ADC —> — PAC W
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Tomko Xvotnuo DSP

« DSP Chip
<+—>| MEMORY o Memory

 Converters
(Optional)

« Analog to Digital (ADC)

« Digital to Analog (DAC)

 Communication

Ports
« Serial

—h PORTS | «— * Parallel

- ADC [*

DSP

» DAC }—»
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Multiply, Add and Accumulate
(MAC) Instruction

0001

0010

0011
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Multiply, Add and Accumulate (MAC)
Instruction

d N

Shifted and added
multiple times =

\J : /

ultiply 5*3 =15
Ol x 8 x| 0011 |— 0000
1/x 4 x| 0011 |[— 0011
Olx 2 x| 0011 |— 0000
1/x 1 x| 0011 |—~ 0011
5
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Multiply, Add and Accumulate (MAC)

Instruction
* H Zuyvotepn Asttoupyla o DSP
A=B*C+D
E=F*G+A

Multiply, Add, and Accumulate. MAC
Instruction

MAC Operation
* Typically 70 Clock Cycles With Ordinary Processors
* Typically 1 Clock Cycle With Digital Sighal Processors

16



', Wnoaka Ene€epyacia Znpatog-Evotntal-Eloaywyn-Mnxavikwv NMAnpodopikng T.E. —TEI HMEIPOY- Avolkta Akadnpaikd Madnpoti

oto TEl Hrieipou

Multiply, Add and Accumulate (MAC)
Instruction

R

TIME (ns) ,
600 ATo1tovpEVOL

500- YPOVOL Y10l TNV

400- MAC
300-

200 S ns 1.4 ns

100- /

0 | === .
1971 1976 1998 2005

YEARS
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Apyrrektovikég HIY

von Neuman Machine

A
<
STORED
PROGRAM inpUT/ || ARITHMETIC [ A = ADDRESS
OUTPUT LOGIC
AND D UNIT D = DATA
DATA 1 -
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Apyrrektovikég HIY

Harvard Architecture
A A
) ARITHMETIC g
PSRB%RREADM LOGIC O'B?;’E/T STORED
— UNIT I DATA
D D

e DSPs typically use Harvard architecture
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k7 oto TEl Hreipou

CACHE RAM 0 RAM 1
64 x 32 1K x 32 1K x 32
A23-A0 /]
o] 7 SEPARATE BUSES (P/D) |
D31-D0 \| 1
Lnl DMA |(e—=l || SERIAL
a PORT 0
=
I I __________________ 0
: D)
@ | [+ TIMERO
-]
« JMULTIPLIER ADDER ~
2| 1 TIMER 1
—
o
LL
o
D MULTIPLEXER P=PROGRAM D =DATA
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AvarToin Eeappoyov oe DSP

11100010010100001001 HIGH-LEVEL LANGUAGE

ASSEMBLER / CODE TEST
S/W DESIGN

ADD A, B l

| N
EMULATOR . { } @
= Y
| [TITTTTTIT LEF‘ :=
/a L PRODUCT
—— ———"\\
DSP ' |
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[TAeovektnuoto v DSP

—>| ADC —*|PROCESS |——*>| DAC |T—>

* Avvatdmra [poypappoaticpnod (Programmability)
« Ytabepotnto (Stability)

* Emovainyudtnrto (Repeatability)

* Amno6doon (Performance)

* Ewdikéc Eeapuoyéc (Special Applications)
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ITAcovekmpota tov DSP

* Avvatdmnra [poypappoaticpnod (Programmability)
— 'Eva Hardware = IToAAéc Aettovpyieg

SOFTWARE1 — — > LOW-PASS FILTER

SOFTWARE2 — IAIO — > MUSIC SYNTHESIZER
] HARDWARE ]

SOFTWAREN —™ — MOTOR CONTROL

* Avvatomrta AvoPdOuionc kot EveAicia
— Develop New Code — Upgrade
— Analog — Solder New Component
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[TAeovektnuoto v DSP

» Xtabepotnra (Stability)
— Ta avaAoykd KUKAwpata emnpealoviol amno:
* Oepuokpacio
» Hlextpikn Katomovnon (Aging)
— Awaxopaveelg ECoptnudtov
* AVO aVOAOYIKA KUKAMUOTO TOV YPTGILOTOL0VV TO 1010

GYE010 Kol ECUPTNUATO UTOPEL VO OLOLPEPOVY GE
aTOO00.

% 1kQ +°10 ypovia’ = % 1.1k
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* Emavoinyuotnta (Digital Repeatability)
— 2xedov bavikn amodoon amno povada o€ povada
— Artoboon nou Oev emnpealetal oo SLOKUUOVOELCG

— 2t00epn anodoon os StadopeTika tepBarlovta
(aA\ayec Beppokpaaciog, NAEKTPLKN KaTamovnon)

— E¢aodaAiopevn akpiBela

@ ‘Eva CD player mopdyet tnv id1a
. TO10TNTO MOV
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ITAcovekmpota tov DSP

Amndooon (Performance)

MEPIKEC EI0IKEC GLVOPTNGELS — AEITOVPYIES
avomTUGooVTaL Wavikd ce DSP:
* Lossless Compression

gain =<

 Adaptive Filters .

_—-
T

* Adaptive Filters

A

[/
" I
W I
“'I
W

¢ frequency

phase

Jfrequency
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Ipoktikd Xvotnuato DSP

 Digital Cellular Phones
* Wireless Base Stations
« Smart Antenna Systems
 \oice Recognition

* Modems

* Phone Systems

* Videophones

* Image Processing
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Ipoktikd Xvotnuato DSP

* Video Processing
 Video Conferencing
 Radar

« 3D Graphics

* Hi-FI Equipment
KA. ...
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Baowkég Texvikégs Wnolakng Eneéepyaciag Znuatwy, Newpylog B. Mouotakidng, 2004, Ekdooelg TULOAa
Digital Signal Processing, Electrical Engineering EE-880 , Kunio Takaya, College of Engineering University of
Saskatchewan.

Introduction to Signal Processing, Sophocles J. Orfanidis, Rutgers University
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Copyright Texvoloywko ldépupa Hmeipouv. Kwvotavtivog
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>NUelwpa Adetodotnonc

To mapov VALKO SlatiBetal pe Ttoug opouc NG adelacg xpnong Creative Commons
Avadopa Anuloupyou-Mn Epmoptky Xpnon-Oxt Moapaywya Epya 4.0 AleBvec
[1] A petayeveéotepn. E€alpouvtal ta AuTtoteAn €pya Tpitwyv T.X. Pwtoypadieg,
Alaypappata KA., TO Omola EUTEPLEXOVTIOL OE QUTO KoL Ta ormola
avadepovtal pall pe Toug 6pouC xpPnong Toug oto «Znueiwpa Xpnonc Epywv

Tpitwvy.
[@101Sle)

O OSwkawovxoc pmopel va mopexel otov adewodoxo Eexwploty adewa va
XPNOLUOTIOLEL TO £PYO YLOL EUTTOPLKA XPron, Ebocov auto tou {NtnOeL.

[1] http://creativecommons.org/licenses/by-nc-nd/4.0/deed.el
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