N3KYCTBEH MHTEeNEeKT

Tema #20
MeTtoan 3a anapaTtHa peasn3ayns Ha
ajaropurtmurte 3a Al




" J
CbhabpixaHue

[ToHATMe 3a npunoXxeHne paboTewo B peasHO BpeMe
(real-time application)

Anroputmn 3a LLOC

3auo Aa nanonsesame npouecopum 3a LLOC?
[Mpouecopu 3a LOC vs. lNpouecopn c obuio
npeaHasHavyeHue

[lporpamupyemm vs. ASIC DSP

damunnuna npouecopmn TMS320 3a LOC

npod. T. Nl'aHuesB, Al, JleteH ceMmecTbp 2024



" A
lNoHATHe 3a peasiHO BpeMe

Walting
 Processing Time | Time

>

v

n n+1
Sampling Period

m Waiting Time"” >0
m [lepuHNUMATa 3aBUCN OT KOHKPETHOTO NpUNOXeHUe.

NMpumMmep: Ountbp ¢ KNUX oT pea 100 moxe aa 6bae nanbjHEH
B peaJiIHO BpeMe aKo npouecopa ycnee ga U3nb/HU
cnegHuTte 100 onepauun 3a 3a BpeMe no-mManko oT Ts:

Y(0)= 3 alkKn k)

npodp. T. MaHueB, Al, JleteH cemecTbp 2024



" A
AropntmMmm namckeawm npouecop 3a LOC

CymaTta ot npousseneHuns (SOP) e oCHOBEH eneMeHT Ha NoBeYyeTo
DSP anroputmu:

Algorithm Equation

M
Finite Impulse Response Filter y(n)=z a, X(n—k)
k=0

M N
Infinite Impulse Response Filter y(n)=z ay x(n— k)+z b, y(n —k)
k=0 k=1

N
Convolution Y(n)=z X(k)h(n —k)
k=0
N-1
Discrete Fourier Transform X (k)= > x(n)exp[—j(2z / N)nk]
n=0
N-1 e
Discrete Cosine Transform F(u)= ZC(U)- f (X)-COS{NU(ZX +1)}
x=0

npodp. T. MaHueB, Al, JleteH cemecTbp 2024 4



" J
CneunanusuvpaHum umnose?

Intel CEO Pat Gelsinger (Credit: Michael J. Miller)



" N

Hy>xaa ot LLOC ymnoBe?

Global DSP Market

Study Period 2019 - 2029
Market Size
CAGR >7.28% Base Year For Estimation 2023
CAGR >7.28%
Fastest Growing Market Asia-Pacific
Largest Market Asia-Pacific
Market Concentration Medium

Major Players

®

e (intel

13 TEXAS =
m INSTRUMENTS (|nfineon

2024 2029

) N *Disclaimer: Major Players sorted in no particular order
Source : Mordor Intelligence A S\

(Compound Annual Growth Rate) 6
npod. T. MaH4yeB, Al, JleTeH cemecTbp 2024



" EEE——

Hy>xaa rpacdmnuyHm npouyecopm?

Graphics Processing Unit (GPU)

Study Period 2019-2029
Market
Market Size in USD Billion Market Size (2024) USD 65.27 Billion
CAGR 33.20%

USD 274.21 B Market Size (2029) USD 274.21 Billion

CAGR (2024 - 2029) 33.20 %

Fastest Growing Market Asia Pacific

Largest Market Asia Pacific

Major Players

AMDl €nviba

USD 65.27 B

QT imagination ‘i@ @”

ELECTRONICS

2024 2029

) \ *Disclaimer: Major Players sorted in no particular order
Source : Mordor Intelligence A (N

(Compound Annual Growth Rate)
npod. T. MaH4yeB, Al, JleTeH cemecTbp 2024



" A
Hannyuum TtexHonorumm 3a LLOC

m O6bwo-uenesu npouecopu (CPU, GPP)
Intel, AMD, ARM, IBM PowerPC, Apple M1,2,3

m [pouecopu 3a LIOC (DSPs)

Texas Instruments, Analog Devices, Motorola, Infineon,
Intel

m [padmnyHun npouecopu (GPU)
Nvidia, AMD, Intel

m Field Programmable Gate Array (FPGA)
Xilinx, Altera

m Application/Algorithm Specific Integrated Circuit (ASIC) unnose

npod. T. NaHu4eB, Al, JleteH cemecTbp 2024



"
XapakKkTepuctukm Ha umnosBeTte 3a LLOC

m Field Programmable Gate Arrays

3a 6bp30 nauncngasaHe Ha puntpn ¢ KUX, FFTs n kopenatopu
(Correlators)

m  Algorithm/Application Specific Integrated Circuits (ASIC) DSP

3a TACHO cneunanu3npanun y-ea (LUMdpoBoO paamo, aBToMObUIHA
nuaycrtpus, DTMF, meamymHcka anapaTypa)

m [1pouecopwu 3a LIOC (DSPs)
OnTnMunsaumnsa Ha cebectomHocTTa(HamanseBaHe Ha UeHaTa)
OnTuMmn3laumsa Ha pasmepa
Hcka KoOHCcyMauus
3a ynpaBsieHne Ha 6bP30-U3MEHSLLM Ce npouecu

m [pouecopu c 06L0 nNpeaHasaHayeHume
AZpecupaHe Ha rosieMu aJipecHM NpoCTPaHCTBA
bBKABW OMepaLmMoHHU CUCTEMU

npod. T. MaHyeB, Al, JleteH cemecTbp 2024 9



AnapatHuv mam MukponporpaMmHu

YMHOXUAUTEIN

m DSPs ca ontuMunsnpaHun 3a 6bp30 U3NbAHEHUE Ha onpaynuTe
YMHOXeHne-cyMupaHe.

m YMHOXEHMe-CyMupaHe ce U3NbJHSABaA 3@ €AUH TaKT Ha

npoLecopa.

m [IpnmMep: 4-bit yMHOXeHUe (6e3 3HaK).

Hardware

1011
x 1110

10011010

Microcode

1011
x 1110

0000
1011.

1011..
1011...

10011010

Cycle
Cycle
Cycle
Cycle

Cycle

(€2 I S GV A

npodp. T. MaHueB, Al, JleteH cemecTbp 2024
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"

OocTtaBumum Ha npouecopu 3a LOC

Global DSP Top Companies

Texas Instruments Inc.

Intel Corporation ANALOG m |®
" DEVICES < Int )

Analog Devices Inc.

[ T S SR e P XS Ginf
nfineon Technologies x NSTRUMENTS infineon
NXP Semiconductors NV

*Disclaimer: Top companies sorted in no particular order

11
npod. T. MaH4yeB, Al, JleTeH cemecTbp 2024



" N

AdoctaBumum Ha npouecopu 3a LLOC

Digital Signal Processor Market Leaders Market Concentration

Consolidated- Market dominated by 1-5 major

o Texas Instruments Inc. players

9 Intel Corporation

Global Digital Signal Processor

. Market
e Analog Devices Inc.

o Infineon Technologies AG

o NXP Semiconductors NV

Fragmented - Highly competitive market without

dominant players
*Disclaimer: Major Players sorted in no particular order

Source: Mordor Intelligence

12
npod. T. MaH4yeB, Al, JleTeH cemecTbp 2024



"

[ocTaBuMuUM Ha rpadPmyHM npouecopm

Graphics Processing Unit (GPU) Market

Leaders Market Concentration

Consolidated- Market dominated by 1-5 major players

o Intel Corporation

Advanced Micro Devices, Inc.
Nvidia Corporation

Imagination Technologies Group
_ Graphics Processing Unit (GPU) Market
Fragmented - Highly competitive market without dominant

Samsung Electronics Co. Ltd players
Source: Mordor Intelligence h U\

npod. T. NaH4YeB, Al, JleteH cemecTbp 2024 13



'_
DSPs nau ASIC DSP

Application Specific Integrated Circuits (ASICs) ca UC
npeaHa3Ha4vYeHu 3a BUCOKO cneumanmnsnpaHun npuioXeHus u
crneynduYHn anropntMm n yHKLUMN.

N3non3eaHeTo Ha ASICs e cBbp3aHO CbC cnegHuTe

npod. T. MaH4eB, Al, JleteH cemecTbp 2024



" A
DSPs uan FPGA DSP

[TapanenHoTo nsnon3saHe Ha FPGAs n DSP npouecop no3BosdaBa
MOCTUIrAHETO Ha Mo-rondmMa U34yncanTenHa MoLy

Mpumep: peanusaumnda Ha duntbp ¢ KUX oT 256-Tu pea.

Data In
Coefficients (K g i g L e [t e L UL il Wi
! MAC Unit B30 H00) 300 00 S0 00 ==K
256 loops e, RN TR g
needed + ‘
to process - &
256 operations
samples Reg in 1 clock cycle ,‘
; Data Out
Data Out
Mocpeactsom DSPs [Mocpeactsom FPGA - N3ugano
[locnenoBaTe/IHO U3YUCIEHNE napasieiHo U34ncreHue

npodp. T. MaHueB, Al, JleteH cemecTbp 2024 15



" A
DSPs nnm Mukponpouecopum

NMpeanmcrtBa Ha DSPs:

NMmaT cneumanusnpaHun cTtpyktypmu 3a DSP algorithms
Bbp3n YMHOXUTENN: YMHOXEHUEe-CyMUpaHe 3a eAnH UMKBI

EdekTnBeH goctbn A0 nametta: CneunanmsampaHm MeToam 3a
aapecupeaHe Ha NamMeTTa

Pre- and post-modification of address pointers

Circular addressing

Bit-reversed addressing
XapBapAcka apxutekTtypa: Pa3zgeneHun agpecHM NpoCTpaHCTBa
3a NporpamMa v gaHHu
Multiple Execution Units & Specialized execution control
CneumnaneH Habop OT MHCTPYKUUU
CneumnaneH dopmaT Ha AaHHUTE

YckopeH I/O Ha aaHHuUTe
npodp. T. MaHueB, Al, JleteH cemecTbp 2024 16



"
The Multiple Execution Unit

m [lopaan ronsmaTta COXHOCT Ha U34YMNCNEHUSATA Ce N3NCKBA
Pa3/INYHU TUNOBE apUTMETUYHMN U JTIOTUYECKU onepauumn aa
6baaT n3NbJIHABAHW B napasesn 3a nogobpsiBaHe Ha CKOPOCTTa.

m [lapanenHo pabotewmn ycTponcTsaa ca:

MAC
ALU
Shifter

NMpumMmep: Texas Instruments C6713 DSP
8 execution units ( two sections called .L, .M, .S, .D )
Bcnuku 6n10KoBe ca MHOroyHKUMOHaNHM u pabotart ¢ Integers

CaMo 6nokoseTe .M MoraTt ia YMHOXaBaT
.D ce nsnonssa rnaBHO 3a 3anMCBaHe UM CbXPaHSABAHE Ha JlaHHM

.L e rnmaBHO 3a normyeckun onepaumm
.S e rnaBsHo 3a onepaumnn shifting

npodp. T. MaHueB, Al, JleteH cemecTbp 2024 17



"
EcdbekTBEeH AOCTbHN A0 NaMeTTa

m M3nbaHaBaHe Ha MAC 3a eauH UUKBJT UBNCKBaA:
(1) instruction (n3nvnHasawa MACQC)
(1) retained accumulated value
(2) data (Two new terms to multiply)
(HeobxoanMm ca marncTpanum c ronsiMa nponyckaTtesiHa CrnocobHOCT)

m TexXHWKN 3a ocurypsiBaHe Ha r. nponyckartesiHa CrocobHOCT:
OTaenHun marmcTpasm 3a nporpaMa M HAKOJIKO 3a AaHHMU
KewunpaHe Ha MHCTPYKLUU
L1 and L2 caching for single cycle access

ABTOMATUYHO reHepupaHe Ha aapecu
s FIFO buffers
m Auto increment for arrays access
m Delay lines

npodp. T. MaHueB, Al, JleteH cemecTbp 2024 18



" A
XapBapAcCKa apxXuTeKTypa
OnarpaMma Ha agpecHuTe npocTtpaHcTtBa B TMS320 cepusaTa

AL, Xakid

Pap

i
1 k) l l l

RABO MU MO | R

R ET &1 il i F1

R1IES T o Audldress =
r (]l =’ W

- - Arnithmetic =

R11/83 M3 M Unit R3

] il m =t

ML

e el M5

] A e 313]

ST =

B W W " S E

ik o

=
Frogram Counter (F0) Adddress '-.I:Ia ak
it
|ERILL
iemory Data Bus 1 (Z0BA) =] T #
X - . M
Mermory Date Bus 2 [(XDBH) X i.
— . - x

AGL Block Diagram
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" J
MoandpvumpaHa XapBapAacCcKa apXuTeKTypa

m He3zaBucuMmM agpecHM NpoCcTpaHCTBa 3a AaHHOBaA U
nporpamMHa nameT

m OTAaenHuW Marmctpanu 3a nporpaMHa u AaHHoBa NaMeT U 3a
anpekTeH aocTtbn ao nametta (DMA)

N3nbnHaBa egHOBPEMEHHO U3BJIMYAHE Ha NPOrpaMHuUA Koa,
3arnnc n 4yetTeHe oT AaHHOBA NaMeT n onepaumnm € AgNpeKTEH

aAoctbn o nametta (DMA)
m [lo3BonsgBa 4 HMBaA Ha KOHBeunpHa o0bpaboTka

[loKaTo ce M3NbJIHM NbpBaTa MHCTPYKUMUSA, 3 UHCTPYKL UK CE
npouynTaT, AEKOANPAT N U3BAMYAT

[Mo-Manko efieMeHTM 3a BCAKO HMBO Ha KOHBEWpa
YBennyeHa paboTHa 4ecTtoTa n NpomM3BOANTENHOCT

npodp. T. MaHueB, Al, JleteH cemecTbp 2024 20



"
NpuMmep: OuarpamMa Ha naMeTTa

Intermal Memory

PDE
F 1 F1
XDBA
XDBB 3 L L]
data mux
B 4 KBytes B 4 KBytes ] s KByies
# %Gmup i : # Groap 1 % e Group 0
- 4;‘.:1.-i1u~ - 415; |  4KByies
F n F ] F
= - finr-
—- - —-
- Module - -
[ ] + L] - [ ]
i l - finr-
'y Yy Y
=' —';E!-;:ru -_- 4 :}H};h -_- —'{LE!-;-_'&
] 4 KBytes B 4 KBytes ] 4 KBytes
XABA
XABE

FAH

Internal Memory Structure Example

Figure 2-19.



"
CneumanunsmpaHo ynpasJZieHUe Ha
M3NbJIHEHUETO Ha KoOMaHaAuTe

| 0 X1 0
o | | |
1 i i
S I I LC1 ‘i
51 0 1 i
31 0 a1 ¥
e I I LC3 |
LOCF START LOOF COUNTER
ADDRESE REGISTERS REGIZSTERS

31 s 28 28 27
sk [SCF_| Les | LF2 [ e [ cro ]

STATUS
REGISTER

Hardware Loop Programming Model

DSPs nogabp>XaT MHCTPYKUMU 338 LMKDBA 3@ 6bpP30 U3MbJIHEHNE HA
PEKYPEHTHU NN NOBTaApPALLM ce onepaunn. ToBa ce peanunsunpa
arapaTHO 3a ocurypsiBaHe Ha no-rossiMmo 6bLp3oaencTeume.



" J
CneumannsunpaH Habop OoT MHCTPYKLUMMU

CneunanusnpaH Habop OT MHCTPYKLMN OCUrypsiBa MakCUMasiHO
U3Mnosi3BaHe Ha anapaTHUTE Bb3MOXHOCTU Ha DSP

N3nbnHeHWe Ha napanenHn onepaumm ¢ eAMHUYHN UHCTPYKLUUM

EnHOBpEeMEHHO U3Nb/AHEHWE Ha ornepaunn C AaHHU, 06HOBSABAHE Ha
yKasaTenu n aputMeETUYHN onepaumm

MMHMMM3auna Ha U3nosiaBaHaTa NamMeT
N3mon3BaHe Ha KbCU MHCTpYKLI,l/Il/I C MaJiKa AbJ1)XXNHA Ha ,EI,YMaTa

[MpoMsiHa Ha anapaTHaTa KOHdUrypaumna 3a HamansiBaHe Ha
Heobxoanmmsa 6pon MHCTPYKLUN

3a pas3siMka oT MUKponpouecopuTe ¢ 060 npegHasHavyeHue,
npn DSPs e Bb3MOXHO apUTMETUYHU onepauun aa ce
M3NbJIHABAT €4HOBPEMEHHO C NMPeMecTBaHe Ha AaHHMU

npodp. T. MaHueB, Al, JleteH cemecTbp 2024 23



" J
dopMmaTtu Ha AaaHHuTe npu DSPs

m [Ipn peanunzaumnsa Ha anropntMm ¢ DSP obnkHOBEHO ce
M3MNoN3Ba HaM-KbcaTa Ab/IKMHA Ha AyMaTa, KOATO OCUTypsBa
HeobxoammaTa TOUYHOCT

16-bit ayma c fixed point e obuwonpueTa
24 wnun 32-bit anapaTHa 4acT ocurypsiea no-gobpa TO4YHOCT

Pernctpute Ha akyMmyJsiaTopa 4ecTo ca C No-BUCOKA pa3psiAHOCT
(40-bit ayma) 3a n3bareaHe Ha npenb/BaHe NPU LUUKITUYHUA

ornepauuu.

npodp. T. MaHueB, Al, JleteH cemecTbp 2024 24



" J
Yckopenum I/0 onepaunm

m BrpageHun B DSPs BxogHo/mn3xoaHu (I/0) ycTtpoucTBa:
CepumnHn n/mnun napanenHun nopTose
ONTUMU3NPAHO yrnpaB/ieHNe Ha NMPeKbCBAHUATA

Direct Memory Access (DMA) 3a ocurypsiBaHe Ha 6bp30
npexBbp/siHE HA AAaHHU KbM BbTpeLlHaTa NaMeT Ha

npouecopa 6e3 U3nosa3BaHe Ha pecypcuTe Ha caMus
npouecop

npodp. T. MaHueB, Al, JleteH cemecTbp 2024
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" A
NMpouecopu C nnaBawa m
dmKcmpaHa 3aneras

[MoBeueTo DSPs n3nonseart MmateMaTtmka ¢ PuUKCMpaHa 3aneTs
(onepaunn c uenun 4yucna).

m [Ipouecopu c nnaBalla 3aneTs ce M3NonBaT B NMPUNOXKEHUS
KOUTO U3UCKBAT:

Bucoka To4HOCT

[[0oNaM AMHaMU4eH aguanas3oH

BMCOKO CbOTHOLWIEHUE MeXY curHan m wym (signal-to-noise ratio)
Yao6cTBO Npu npoekTnpaHe

m HepoctaTtbuu Ha npouecopumTe C rnJsiaBalla 3anetad.
[To-BMCOKaA KOHCYMaLUuA
O6MKHOBEHHO Mo-cKbnu (NO-rosasiMa njaouw, Ha 4yuna)
[lo-6aBHM OT CbOTBETHUTE MpoLecopu ¢ PMKcUpaHa 3anertasd

Ocob6eHHOCTUTE Ha NPUIIOXKEHMETO ONpPEAENaT TUMNa Ha NMpoL.ecopa
-> MOCTUraHe Ha onTMMasaHa NPoM3BOAUTENIHOCT U LieHa.

npod. T. FaHueB, Al, JleTeH cemecTbp 2024 26



" A
O6uwo cpaBHeHue

DSP DSP/uc DSP w/ puc uc w/DSP nuc
combination | extensions | extensions
Raw DSP Excellent | Excellent Excellent good poor
Bandwidth
Address Small to Small to Small to medium Small to
space medium medium/ medium medium
Cost Medium medium Medium Low to Low to
to high medium medium
MAC Yes High Yes Yes No
Fast Shifter | Yes Yes Yes No No
Architecture | Harvard/ |Harvard & Harvard/ Von Von
modified \Von modified Neumann Neumann
Harvard Neumann Harvard

npodp. T. MaHueB, Al, JleteH cemecTbp 2024
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" A
O6uwo cpaBHeHue (npoab/HKeHue)

DSP DSP/uc DSP w/ uc | uc w/DSP uc

combination | extensions | extensions
Memory 2-3 2-3 DSP 2-3 1 1
busses 1

uc

Circular Yes Yes Yes Yes No
addressing
Saturation/ Yes Yes Yes Yes ?
Overflow
Zero-over- Yes Yes Yes Yes No
head looping
Stack Hw Hw & Hw (& Memory Memory

Memory Memory)
FFT addressing | Yes Yes Yes ? No
Digital I/0 Minimal | Medium Medium Excellent Excellent

npodp. T. MaHueB, Al, JleteH cemecTbp 2024

28




" A
O6ukHoBeHHU DSPs

= Hucka ueHa / Jo6pa npounsBoaANTENTHOCT
PaboTHa vectoTta 20 - 50 MHz
Bkntousat 1 MAC n ALU 1 HAKOMKO AOMNBbJIHUTENHN YCTPOMCTBA 3a
N3YNCNEHUS

LleneBun npunoxxeHusa: Disk drives, Answering machines, etc

[Tpumepn: ADI ADSP-21xx, TI TMS320C2xxx, Freescale (Motorola) DSP
560xx

m DSPs cbC cpeaHO-BUCOKa NPOU3BOAUTESTHOCT
YBenuuyeHo 6bp3ogencremne
JonbnHuTenHa anapatHa 4dacT (shifter or instruction cache)
Mo-Abn60K KOHBEWP

[MpuMepn: Freescale 563xx, TI TMS320C5xxx

npodp. T. MaHueB, Al, JleteH cemecTbp 2024 29



" A
NMopno6penun DSPs

m [logabpxaTt 4o6pO CbOTHOLUEHME LeHa/Nnponu3BoanTeIHOCT 3a Mo
B3UCKATE/THUTE NPUIOXKEHUS

m BkntousaTt MHOXecTBO MACs, ALU u shifter c napanenHa pa6oTa.
m PaswunpeH Habop MHCTpyKUnmK

m [lo-ronsma ob/XXKMHA Ha AyMaTa 3a AaHHU U UHCTPYKLUMK
[TpnMepun: Lucent DSP16xxx, ADI Blackfin BF533

npod. T. MaHyeB, Al, JleteH cemecTbp 2024 30



" A
Multi-issue Architecture

s MoTmBauuq.
MopobpsaBaHe Ha TpaanumoHutTe DSP ype3 nanonssaHe Ha
cneumannusnpaHuy anapaTtHU cpeacrtsa U KOMMO3UTHU MHCTPYKLUUM Ha
acembnep
OcurypsiBa yaobHu ctpyktypu 3a C koMmnmnaymsa n ontmuMmsaums

M3non3Ba rpynu oT No-rnpocTn UHCTPYKLUMM B napanen

m Buagose Multi-issue Architecture:

Very Long Instruction Word (VLIW) nnun hybrid VelocTI
s BCAKO n3umcnmtenHo y-Bo MMa Co6CTBEHN MHCTPYKLUMN KOETO
No3B0JgBa A0 8 UHCTPYKUMUM 3@ 1 LUUKDBI
s VIHCTPYKUMN N N3NBIHUTENHO Y-BO Ce rpynupart rno BpeMe Ha
KOMNUAMpaHe Ha nporpamMara

Superscalar
= VI3non3Ba anapaTHW CpeacTBa 3a rpyrnupaHe Ha UHCTPYKUUU U
N3NBbJIHUTENTHO Y-BO B napanen
s C/TOXXHO YCTPOWCTBO N HE Ca AETEPMUHUCTUYHN (M3MBbJIHABAWUKN
nporpaMata MHOIOKpaTHO BOAWM A0 pa3fInyeH pej Ha U3NbJIHEHME

BCEKMN MNbT)
npodp. T. MaHueB, Al, JleteH cemecTbp 2024 31



" A
damununua TMS320 Ha Texas Instruments

L owest Cost Efficiency

Control Systems Best MIPS per
+ Motor Control Watt / Dollar / Size ) )
. + Multi Channel and Multi
+ Storage + Wireless phones . ,
" ) Function App's
+ Digital Ctrl Systems + Internet audio players
. . + Comm Infrastructure
+ Digital still cameras : :
+ Wireless Base-stations
+ Modems
+ DSL
+ Telephony :
. VoIP + Imaging
+ Multi-media Servers
+ Video

npodp. T. MaHueB, Al, JleteH cemecTbp 2024 32
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C6000 Roadmap

Object Code Software Compatibility

)
Q
C
©
=
o
g
O
o

C62x/C64x/DM642: Fixed Point
C67x: Floating Point

, J1eTeH ceMeCTbp 20424



"

The TMS320C6000 family

Program RAM Data RAM
or Cache
Addr

/
Data

v Vv Dl D2 = Serial Port

D

(o ¢]
External M1 .M2 ,‘é Host Port

Memory @

Sync L1 L2 os)
B Boot Load

-Async -

Sl .S2

Timers

Control Regs

C6200 fixed point Pwr Down

C6400 fixed point

C6700 floating point
npodp. T. MaHueB, Al, JleteH cemecTbp 2024



"
dyHKLUMOHANHKN 6/n10k0oBe Ha TMS320C6000

m .M multiplication unit
16 bit x 16 bit signed/unsigned packed/unpacked
m .L arithmetic logic unit
Comparisons and logic operations (and, or, and xor)
Saturation arithmetic and absolute value
m .S shifter unit
Bit manipulation (set, get, shift, rotate) and branching
Addition and packed addition
m .D data unit
Load/store to memory
Addition and pointer arithmetic

npod. T. MaHyeB, Al, JleteH cemecTbp 2024 35



" J
dyHKLUMOHANHKN 6/n10k0oBe Ha TMS320C6000

m Address 8/16/32 bit data + 64 bit data on C67x

m Load-store RISC architecture with 2 data paths
16 32-bit registers per data path (A0O-15 and B0O-15)
48 instructions (C62x) and 79 instructions (C67x)

m Two parallel data paths with 32-bit RISC units
Data unit - 32-bit address calculations (modulo, linear)
Multiplier unit - 16 bit x 16 bit with 32-bit result
Logical unit - 40-bit (saturation) arithmetic & compares
Shifter unit - 32-bit integer ALU and 40-bit shifter
Conditionally executed based on registers A1-2 & B0-2
Work with two 16-bit half-words packed into 32 bits

npod. T. MaHyeB, Al, JleteH cemecTbp 2024 36



" A
dammnnna TMS320C6000
m TMS320C62x:

[Mpouecopun ¢ dUKCcMpaHa 3aneTas 3a yckopsaBaHe Ha multi-
channel, multi-function npunoxeHus:

CTtaHuum 3a 6e3Xn4yHa KOMyHUKauums,
CbpBbpU 3a oTaanedeH goctbn (RAS),
xDSL cucrtemum,

OXpaHUTENTHU CUCTEMMU,

brnomeTpuga

CrneuunanusunpaHa goTtorpadpus,
[TpOMULLNEHU CKEHEPU,

[Tpeun3HN MHCTPYMEHTH,

MHOrokaHasaHun TenedoHHN CUCTEMU N AP

npodp. T. MaHueB, Al, JleteH cemecTbp 2024
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damumunna TMS320C6000
m TMS320C64x:

[MpouecopuTte oT pamMmmnmnaTta C64x ca C Han-BMCOKaA
NPOU3BOANTENIHOCT 3a pellaBaHe Ha CbBPEMEHHM
npobnemMun Ha undpoBaTa epa:

TakToBa 4yectoTa Haa 1 GHz, C64x DSPs
[Jo 8000 MIPS
LleHa oT $19.95

B ponb/iHEHME Ha BUCOKATa TakToBa yecTtoTta, C64x DSPs
N3Mon3Ba BrpageHun paswinpeHns 3a: HOBU MHCTPYKLUWUU 3a
yCKOpsiBaHEe Ha NpOuU3BOAUTENMHOCTTA B KJIHOUYOBU NPUSTOXKEHUS
KaTo MHPpACTPYKTypa 3a undppoBm KoOMyHuUKaumm, ob6paboTtka
Ha BMAEO N N306parkeHus.
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" A
dammnnna TMS320C6000

m TMS320C67x:

Te3n ca DSP npouecopu ¢ nnaBalla 3aneTtas nputexasaT
CKOPOCT, NMPeun3HoCT, eHeprmmHa edeKTMBHOCT, AUHAMNYEH
Ananas3oH KOeTo N0o3B0JisiBa U3noJsi3BaHe B pa3HOObpa3Hu
MNpUIoOXeHn4.

OcurypsasaTt noaxoadlm peleHnd 3a NpunoXeHus KaTto

O6paboTka Ha ayauo,

O6paboTKka Ha MeaAnLUUHCKU n3obpaxeHus,
N3paboTBaHe Ha ypeaun,

ABTOMOGWUSTHUN, 1N Ap.
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" A
Direct Comparison

Processor MHz | MIPS | DSP ISR Power | Price | Dimen
Bench- |Latency | cons. sions
marks (in)

Pentium 233 | 233 49 1.38us |4.25W |$213 |5.5x

MMX 2.47 X

.647

Pentium 266 | 266 56 1.38us [4.85W |$348 | 5.5 x

MMX 2.47 x

.647
TMS320C62 | 120 |960 62 0.09us |1.14 W |$25 1.3 x
(est.) 1.3 x

.07
TMS320C62 (200 |1600 |103 0.09us [|1.9W |$96 1.3 X
1.3 x

.07

npodp. T. MaHueB, Al, JleteH cemecTbp 2024
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"
OcHoOBHM npeanMmcTBa Ha DSP
npouecopure
m [Ipe-nporpamMmmpyemum

[TporpamMmpaHe Ha BUMCOKO HMBO U Ha acembnep c aobpe
NOKYMEHTUPAHU UHCTPYMEHTH

m banaHcmpaHe Ha ueHaTa B HUCKO-CEPUMNHU NPUSTOXEHUS
PaspaboTBaHe Ha hardware Ha cpeaHa ueHa

m Bb3MOXHOCT 3a 6anaHcupaHe Ha:
Bbp3ogencrene
LleHa

EdeKTMBHOCT Ha nNpoeKkTa

npodp. T. MaHueB, Al, JleteH cemecTbp 2024
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" A
DSP npouecopu

m Pa3Hoobpasune ot DSP npouecopwu

m DSP npouecopuTe ca KJIOUOBU eIeMeHTU 3a
[MoBMwaBaHe Ha 6bP304EeNCTBUETO
HamansiBaHe Ha KOHCyMauusaTa
HaMansBaHe Ha U3MoA3BAHOTO KOSIMYECTBO NaMeT
HaManaBaHe Ha UeHaTa.

OcHoBeH nNpobsieM e HeobXxoAMMOCTTa OT No-ePeKTUBHU
KoMmnunatopun. Cb3aaBaHeTo Ha nporpamMn Ha AceMbnep e
TPYAOEMKO N CpaBHUTENTHO 6aBHO.

npodp. T. MaHueB, Al, JleteH cemecTbp 2024
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" J
NMpuno>xeHua Ha DSP

m [loTpebuTtencka (4epHa) TexHUKa
DVD, MP3, HDTV

m KOMyHUKaLUun
Lindbposo paano, MobunHmn tenedoHu

m MeaUUMHCKU
Pacemakers, MRI, CnekTpoMeTpu

m VIHAYCTpUanHuU NpUNIoXeHUs

Motor controllers, environmental controls

m BoeHHU

m Aepo-KOCMUYECKU

npodp. T. MaHueB, Al, JleteH cemecTbp 2024
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" J
DSP pa3pab6otku c DSPs

« [pn DSPs-only MeToaa, cblecTByBaT rotoBn 6M6NNOTEKN C
npeaBapuTenHo KoMnmnnpaHm yHkumm kato FIR puntep, FFTs

Correlators kouto ca Assembly onTumMnanpaHun n morar aa ce
MNOBUKBAT OT nporpamun Ha C.

« OnTMMM3MpaHeTo 3a ToYHO onpeneneH DSP npouecop e TpyaHO u
M3NCKBA Ab/1IOOKO NMo3HaBaHe Ha apxXuUTeKTypaTa Ha CbOTBETHUS
npouecop.

« KaTto usno, DSP npoekTtaHTuTe npeanoyuntat the DSP-only meToaa
3apaju necHoTaTa Ha U3MbJ/IHEHME.
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"
LLOC c Field Programmable Gate Arrays
(FPGA)

m FPGAs ca nporpammpyemMmun nonynpoBOoAHNKOBU y-Ba U3rpageHu
KaToO MaTpuuun oT KoHPUrypyemm normdeckm énokose (CLBs),

CBbpP3aHN C NPOrpamMmMpyemMm Bpb3KHU.
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" A
Oo6wum ceBeaeHmna 3a FPGA

NbpBuTe FPGA npounsseaneHu npe3 1985 ot Xilinx (1000 JIE)
N3MO0N3BaHM rMaBHO 3@ BPb3KU, Marnctpanu n nepudepus.

AHec 6pos Ha JIE e yBenunyeH x10000.

FPGAs no3sonsasaT napanenHa ob6paboTka Ha curHana
nocpeACcTBOM €AHOTUMHU anapaTHU MOAYN.

Xilinx n Altera ca sogewmTte nponssoamtenm Ha FPGA u
npe3 nocnegHoTo aecetunetuve abp>kat Hag 90% oT nasapa.

[TaszapHU HULWKM 3@ MHTEH3UBHK DSP npunioxeHusa ca:
6e3>XMYHMN KOMYHUKaummn, obpaboTka Ha BUAEO U
n30bpaxeHns, aepo-KOCMMUYECcKa n BOeHHa UHAYCTpUs n ap.
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DSPs vs. FPGA DSP

[MpunMep: peanusaumsa Ha Guntbp ¢ KNX oT 256-TKn pea.

Data In
l Data In {Reg VReg |Reg Reg|= = = n mmp
Coefficients s l l ‘ ‘ Lrl '
@ | C&'X' 16 3 C2 4 x\ = X ca x)cs /X "'52-53()(
MAC Uni' o
256 loops \\ /
needed
to process 256 operations
samples Reg in 1 clock cycle
Data Out
Data Out
NMocpeacTtBom DSPs MNocpeactsom FPGA - N3uan0
[MocnenoBaTenHoO N3dnCNeHne napanesiHo U3uncreHme
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" J
MNBKaBOCT Ha FPGAs pewleHuATa

[MpuMep: pa3IMyHN N3NBbJIHEHUS HA PYHKUUATA YMHOXEHME-
cymmupaHe (MAC) Ha aBe 4-bit uncna.

Parallel Semi-Parallel Serial

+_|_+ E—+\::f}”'- L’T
e B B+

FEYY

+
Device Area: 4A Device Area: 2A Device Area: 1A
MMAC/s: 600 MMAC/s: 300 MMAC/s: 150
|IGH SPEED OPTIMIZED FOR SMALL AREA
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FPGA konpouecop

FPGA konpouecopuTe ca MHOIro eeKkTMBHU U Ca eBTUH crnocob 3a
pa3ToBapBaHe Ha DSPs oT anroputMun nanckeawm ronsMm ob6em Ha
N34YNCNEHNATA.

FPGA Coprocessor for WiMAX Baseband Processing
npod. T. MaHyeB, Al, JleteH cemecTbp 2024 49
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PGA konpouecop

Motion
Estimation

Deblocking
Filter

Memory

FPGA Coprocessor for High-Definition H.264 Encoding
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" A
NMpumMmep: FFT Co-Processor c FPGA

MegaCore FFT konpouecop n3nb/iHeH ¢ FPGA Ha Altera Stratix n Bpb3Ka C
Texas Instruments DSP no 32-bit External Memory InterFace (EMIF)

Peanunzauunsa Ha FFT c
TI DSP npouecop

TI DPS @ 720 MHz

32-Bit naumcnasa 1024-point
Texas EMIF Transmit 16-bit FFT 3a 9.06 ps
Instruments | ... facn — FIFO
TMS320CE416
DSP Processor FIFO

Interlace Function
Receive

TI TMS320C6416 DSK FIFO n FPGA konpouecop

Peanuzsauunsa c TI DSP

Buffer

Stratix Il FPGA
Stratix Il DSP Development Board FFT 32 4.64 ps

@ 278 MHz nsyucngaesa

FFT konpouecop cbce Stratix II FPGA
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" J
Paspa6oTtka Ha FPGA

m Pa3pabotkaTta Ha FPGA konpouecop namnckea Ab160KO
Mo3HaBaHe Ha xXapAayepa 3a peanu3npaHeTo Ha FPGA co-
processor cucrtema (EMIF/FIFO interface, transmit and receive
FIFO buffers, and co-processing function).

m Hanuumneto Ha 6MBNNOTEKU OT apXUTEKTYPHO ONTUMU3UPAHN
BrpageHun yHKuUMmn, cb3ganeHn ot npomssoantenn Ha FPGA
(HanpumMmep Altera & Xilinx), 6naronpuartcTBaT pa3paboTBaHETO
Ha FPGA co-processors

npodp. T. MaHueB, Al, JleteH cemecTbp 2024 52



Paspa6oTtka Ha FPGA

m Develop DSP
Algorithm
B Model System

Translate
to HDL

FPGA

Hardware Description Language
PROCESS (clk)

BEGIN

IF (clk'event and clk = '1") THEN
a_reg <= (a);

b _reg <= (b);

pdt_reg <= a_reg * b_reg;
adder_out <= adder_out + pdt_reg;
END IF;

END process;

accum_out <= (adder_out);

npodp. T. MaHueB, Al, JleteH cemecTbp 2024
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" N
NMpoussoauntTenHocTt Ha FPGA vs DSPs

BDTI’s benchmark TecTt e 6a3npaH Ha onpocTteH BapuaHT Ha OFDM
(Orthogonal Frequency Division Multiplexing) npneMHunk

IQ Viterbi

Demodulator FIR ull Slicer Decoder

Peannsauuna c DSP processor
Test Harness

|

rocess_Frame(indata, outdata)

FIR Scaling Scaling, Data
Clipping Shuffling
npod. T. MaHueB, Al, JleteH cemecTbp 2024 54



" A
FPGA m3nbiHeHune Ha BDTI Benchmark

FPGA peanusauyunga c Xilinx Virtex-4 Ha egnH moayn Ha NpuUeMHUK

— 36-ch IQ 36-ch -
— Demod TDM 72-ch Block Slicer : _
to FFT To Viterbi
— 36'Ch IQ BIGCk FIR TDM 36'Ch
— Demod Slicer —

\

Operating Frequency = 360 MHz

4 sets of 18-channel
TDM input samples

N3non3BaT ce TpM HMBA Ha MapasnenHocCT:
e BbB Bcekn 610K Ha NPUEMHMKA €AHOBPEMEHHO CE U3MbJIHABAT

MHO>XECTBO onepaunmnum

2 sets of 36-channel
TDM output symbols

e Bcnyku 6510KOBE Ha NpneMHunKa paboTaT eqHOBPEMEHHO

e MHOXeCTBO NpUeMHULUM ca peanm3npaHu B egHa UC

npodp. T. MaHueB, Al, JleteH cemecTbp 2024
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"
Pesyntatu ot BDTI Benchmark Tecra
BDTI Communications Benchmark (OFDM)™

BDTIchannel/$ (Normalized)

New BDTI-Certified Cost-Performance Optimized Results

20

45 A
M 40 -

Bette
8]
[,

2 30

gher
N
&

1 20

[,
(¥,
!

10 4

Xilinx
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SX25

 — |

[
Altera Tl

Stratix Il TMS320C6410
2515 400 MHz

Results © 2007 BDTI

Freescale
MSC8144
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"
N3MeHeHue Ha Npou3BOoAUTENTHOCTTA Ha
FPGA v DSPs BbB BheMeTo

1 ;.:';.:';.:":.:':.:':.:' l
FPGA =
100, 000 -
|
48 50,000 4
@
o
3
.
0 1 1995 2000 2002 2005 2007
TI D5SP 33 160 00 2 400 8,000 17,000
Altera FPGAs 35 43 5016 47 520 255 980 565 400
10
1980 1985 2000 2005

Node: Assume 33% of device wsed for 16x 16 (@ 2500 Es per MAC
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" A
3aKaroyeHue

m FPGAs npeBb3xoxaaTt DSPs npu HAKOW 3a4ayn, KOUTO U3NCKBAT
ronsMm obem Ha n3umncneHnsaTa U MoraT Aa ce peanm3mpart B napanen

m DSPs umaT npeauMMCTBOTO Ha Cb3AaJeHaTa pa3BOMHA
MHpacTpykTypa, 6bp3 time-to-market, n WKMpoka 3ano3HATOCT C
npoueca Ha pa3paboTka

m DSPs ca no-necHu 3a nonssaHe
m MHOro MHXeHepu nMaT yMeHUs pa3BonHa aenHocTt ¢ DSPs
m [ongaMo 6bp30oaencTeme He BUHArm e Heobxoammo

m KombuHauyuarta ot FPGA n DSPs e yaayHo pewieHne ako DSPs He
MoOraT Aa YAOBJIETBOPAT U3NCKBAHUATA

m "Han-pobpata apxutekTypa” 3aBUCU OT U3UCKBAHUATA HA
KOHKPETHOTO NPUJTIOXEHUE

npod. T. MaHyeB, Al, JleteH cemecTbp 2024 58
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