0630p HEKOTOPbIX

!'_ coBpeMeHHbIX SoC

tOpun bepaHukoB

Video Group
CS MSU Graphics & Media Lab



i CopeprkaHue

= OnTnmMmnsaumm PNX

= [exas Instruments DaVinci
= Stretch

= NVIDIA Tegra

= ARM11

= CpaBHeHue

CS MSU Graphics & Media Lab (Video Group)



CopeprkaHue

= OntTmMmsaymm PNX
=« OUKCcMpoBaHHasA TOYKa
= Restricted pointers
= ONTMMKM3aUMS PacnonoXeEHUS AaHHbIX
= JINYHbBIV ONbIT

s [exas Instruments DaVinci
s Stretch

= NVIDIA Tegra

s ARM11

s CpaBHeHue

CS MSU Graphics & Media Lab (Video Group)




OnTumMmmlaumm PNX

dunkcnpoBaHHag TOUKa

= KoHBepTauua u3 float
A = (int) (a * (1<<N));
Latency = 6

= KonBepTtaums B float
a = (float) A*(1.0/(1<<N));
Latency = 6

s CrnoXxeHue n BbluMTaHUE
A=B+C; D=E-F;
fixedLatency = 1
floatLatency = 3

CS MSU Graphics & Media Lab (Video Group)

GRAPHICS & MEDIA LAB
VIDEO GROUP



OnTumMmnzaumm PNX =

duKcmMpoBaHHas Touka

= YMHOXeHue = [leneHue
CreneHb 2: A=B<<C CreneHb 2: A=B>>C
fixedLatency=1 fixedLatency=1
Llenoe uncno: A=B*C Llenoe uncno: A=B/C
fixedLatency=3 fixedLatency=23, fixedRecovery=17
Obwwnn cnyyan: Obwwnn cnyyan:
A=IMULM(B, C)<<NORM A=(int)((corr*B/C)
fixedLatency=4 fixedLatency=26, fixedRecovery=17
floatLatency=3 floatLatency=17, floatRecovery=17

CS MSU Graphics & Media Lab (Video Group)



OnTumMmmlaumm PNX

Restricted pointers

compiler must assume pointers to a, b, ¢ could overlap

vold unrolled_convolution{char *a, char *b, int *c)

b[0]*a[0]+b[1]*a[-1]+ b[2]*a[-2]+b[3]*a[-3]

——»c[0] =
+b[4]*a[-4]+b[5]*a[-5]+b[6]*a[-6]+b[7]*a[-7];
—»c[1] = b[0]*a[1]+b[1]*a[0]+b[2]*a[-1] + b[3]*a[-2]

+b[4]*a[-3]+b[5]*a[-4]+b[6]*a[-5]+b[7]*a[-6];

so this second assignment could be affected by...

— ...This first one

restrict_direct_convolution(

char * restrict a, char * restrict b, char * restrict c

VK|

restrict keyword tells compiler the pointers don't overlap

l

CS MSU Graphics & Media Lab (Video Group)

GRAPHICS & MEDIA LAB
VIDEO GROUP

in C, arrays are accessed by poinfers

}

c[k] = *(&c[0] + sizeof(c)*k)

l

so arrays may overlap

o

b[0]

b[1]

b[2]

b[3]

c[0] ——————{c[0]

b4]

c[1]

b[5]

c[2]

b[&]

c[3]

b[7]

c[4]

b[&]

c[5]

b[9]

c[6]

c[7]

c[&]

c[9]

c[0] may point to the same object as b[4]

TriMedia Optimization Training



OnTumMmmlaumm PNX

OnTMmnsauus pPacCrnosioXXeHnd AaHHbIX

= Xapaktepuctnku kawa PNX1500
= O6béM — 16 Kb
= bnok — 64 6anTa
= Perncrp<->kaw — 3 uukna
= Kow<->namatb — 40 unknios
= MPEG-2 pekopep
= 3ajada KoOMneHcaummn ABMXeHUs

= [lonynukcenbHasa TOYHOCTb
= bnok 17x17 gna Y, 8x8 pna U mn V

GRAPHICS & MEDIA LAB
VIDEO GROUP

= OueHka 3(phEKTUBHOCTN — KONMYECTBO 0OpaLLEHNM K3LLIA

K MamMsaTh Ha 610K, Xyawnn cny4yan

CS MSU Graphics & Media Lab (Video Group)

TriMedia Optimization Training



OnTumMmmlaumm PNX

OnTMmnsauus pPacCrnosioXXeHnd AaHHbIX

= QObpalleHuns K naMaTu
Y — 34 obpalieHus
U — 16 obpalieHun
V — 16 obpaiieHun
NToro — 66 obpalleHni

= /cnonb30BaHMe KaHana
Y: 13.1%
UV: 7.9%

GRAPHICS & MEDIA LAB
VIDEO GROUP

Y Buffer

Y Cache Line Format:
YD Y1 Y2 Y3 e Y63

U Cache Line Format:
UQ U1 U2 U3 . U63

U Buffer

\/ Buffer

CS MSU Graphics & Media Lab (Video Group)

V Cache Line Format:
Vo Vi Va2 V3 ... Ve

Figure 6.1 — Planar Memory Format

TriMedia Optimization Training



OnTumMmmlaumm PNX

OnTMmnsauus pPacCrnosioXXeHnd AaHHbIX

= QObpalleHuns K naMaTu
Y — 34 obpalieHus
UV — 16 obpaweHuni
NToro — 50 obpalleHni

= /cnonb30BaHMe KaHana
Y: 13.1%
UV: 15.8%

CS MSU Graphics & Media Lab (Video Group)

Y Buffer

GRAPHICS & MEDIA LAB

VIDEO GROUP

Y Cache Line Format:
YoY1Y2Ys... Yes

UV Buffer

UV Cache Line Format:
Uo Uy Uy Us Vo ViV, V3
Us Us Ug U5 V4 Vs Vs Vs

UZB UZS USO U31 V28 V29 VSO V31

Figure 6.2 — Quad Semi-Planar Memory Format

TriMedia Optimization Training



OnTumMmmlaumm PNX

OnTMmnsauus pPacCrnosioXXeHnd AaHHbIX

= QObpalleHuns K naMaTu
Y — 9 obpalueHuni
UV — 8 obpalueHni
NToro — 17 obpalleHni

= /cnonb30BaHMe KaHana
Y: 50.2%
UV: 31.6%

GRAPHICS & MEDIA LAB
VIDEO GROUP

Y Buffer

|'Y Cache Line Format:

YoY: .. Y,
Yn Yn+1 ore Yn+7’
Y?n Y7n+1 ves Y7n+7’

_ | Luma width = n bytes

U Cache Line Format:

U Uy ... U7
UC UC+1 sea UC"'?
U?c U?c+1--- UTG+?

Chroma width = ¢ bytes

U Buffer

\/ Buffer

CS MSU Graphics & Media Lab (Video Group)

V Cache Line Format:

VoVi ... V7
Vc VC+1 e Vc+?'
V?c V?c+1 - VTC+?

Chroma width = ¢ bytes

Figure 6.3 — 8x8 Tiled Memory Format

TriMedia Optimization Training




OnTuMmnzaumm PNX S

N3 NMYHOro onbITa

= [1poUNMPOBLLMK BNUSIET HA ONTUMANbHOCTb onepaumm!

//cTeneHs paSBEpPTHBaHUSA - 2

for (x=0; x<ext width; x+=2) {
Y[x ]=SplA[x]*(Y[x]-128)+128+SplB[x];
Y[x+1]=SplA[x+1]*(Y[x+1]-128)+128+SplB[x+1];

}

3aBucnMocTb FPS OT npodunupoBLUMKa U CTENEHN pa3BEPTbIBAHUS LIMKIIOB

CreneHb pa3BEpTbiBaHMA LUUKJIA

MpodpumnuposBuink
podmnnposLy 3 p . 6

Bbikn. 4.52 FPS | 4.65 FPS | 4.71 FPS | 4.43 FPS

Belian. 8.01 FPS | 8.24 FPS | 8.06 FPS | 7.54 FPS

Pabota Bcero punbTpa, NpuBeAEHHbIN parMeHT 3aHmMaeT ~10% uuMKIoB

CS MSU Graphics & Media Lab (Video Group) 1



OnTuMmnzaumm PNX

3 nn4HOIro onbiTa

= OaHOO6pasHble MHCTPYKUMKN CeayeT rpynnmpoBaThb

for (x=0; x<ext width; x+=2) {

Y[x]=SplA[x]*(Y[x]-128)+128+SplB[x];
Y[x+1]=SplA[x+1]*(Y[x+1]-128)+128+SplB[x+1];

for (x=0; x<ext width; x+=2) {
tmp[0]=Y[x]-128;
tmp[1l]=Y[x+1]-128;
tmp [0] *=SplA[x];
tmp[1l] *=SplA[x+1];
tmp[0]+=128;
tmp[1]+=128;
Y[x]=tmp[0]+SplB[x];
Y[x+1l]=tmp[1l]+SplB[x+1;

CS MSU Graphics & Media Lab (Video Group)

[TpypocT ckopoctn — 1.5 pazal

12



OnTumMmmlaumm PNX

3 nn4HOIro onbiTa

= KoMnunatop unknbl pa3BopadunBaET He Bceraa

= KOHCTpyKUMM BUAa

Y[x+1]
Y[x+2]
Y [x+3]

}

for (x=0; x<ext width; x+=4) {
Y[x] = <some expression>
<some expression>
<some expression>
<some expression>

MennieHHee, yeM

Y[0]= <some
Y[1l]= <some
Y[2]= <some
Y[3]= <some
Y+=4;

}

for (x=0; x<ext width; x+=4) {

expression>
expression>
expression>
expression>

CS MSU Graphics & Media Lab (Video Group)

GRAPHICS & MEDIA LAB
VIDEO GROUP

13



OnTuMmu3aumm PNX

3 nn4HOIro onbiTa

= Inline png 6onblMxX MYHKLUMN MOXET 3aMeannTb paboTy
= Cnepyet usberatb obpallleHUs NO BbIYNCASIEMbIM apecam

for (x=0; x<ext width; x+=4) {
Histogram[Y[x]]++;
Histogram[Y[x+1]]++;

Histogram[¥[x+2]]++: ~7.8 UMKnoB/nukcens!

Histogram[Y[x+3]]++;

}

= KOHCTpyKkuun Buaa {
[vars for algl]
[vars for algl] } [algl]
[vars for 21921 | MepneHHee, YeM |
[alg2] EZi;:]for alg?]

}

CS MSU Graphics & Media Lab (Video Group) t



CopeprkaHue

s OnTumMmsaumm PNX

= [exas Instruments DaVinci
= BBepeHue
= YCTPOWCTBO
= ARM256
= C64x+
= [lporpammmnpoBaHue

n Stretch
= NVIDIA Tegra
= ARM11

s CpaBHeHue
CS MSU Graphics & Media Lab (Video Group)

15



Texas Instruments DaVinci

BBeneHue

= LLnpokas nuHenka SoC
= Aapo — ARM926 n/nnn Ce4x+ .,

DAVINCI
u 135 MHZ —_— 900 MHZ TEXAS INSTRUMENTS
= PaznnyHbii Habop conpoLleccopos
= ObnacTtb NnpuMeHeHns - 0bpaboTka BNAEO
= 10% - 90%

DaVinci™ Technology Overview 16
CS MSU Graphics & Media Lab (Video Group) http:/TheDaVinciEffect.com 2008
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Texas Instruments DaVinci mw

dusnyeckme napameTpsl
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CS MSU Graphics & Media Lab (Video Group)

S-PBGA-N529 Package description



Texas Instruments DaVinci

CpaBHuTeNbHas Tabnmua Moaenen

DaVinci™ Processors: Tuned for Digital Video End Equipments

DaVinci Capture/
Processor |CPU MHz Display

DM 335% ARM926 135, 216, 270 | Capture/Display
DM355% ARM926%* 135, 216, 270 | Capture/Display
DM G467 Ce4x+™/ARM926™ | 594/297 Capture/Display
DMB48 Cedx+ 720, 900 Capture/Display
DM 647 Ce4x+ 720, 900 Capture/Display
DMEB446* C64x+/ARM926 600/300| Capture/Display
DME443 Ce4x+/ARMS926 600/300 Display
DMeB441* Ce4x+/ARMS926 512/256 Capture/Display
DME4 37 CB4x+ 400, 500, 600 | Capture/Display
DMB435 Cedx+ 400, 500,600 | Capture
DMEB433 CE4x+ 400, 500, 600 | Display

DME4 31 CB4dx+ 300 Capture

GRAPHICS & MEDIA LAB
VIDEO GROUP

*Includes video imaging co-processor **Includes MPEG-4/JPEG co-processaor
flncludes DaVinci High-Definition video/imaging co-processars pavinei™ Technology Overview 18

CS MSU Graphics & Media Lab (Video Group) http:/TheDaVinciEffect.com 2008
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Texas Instruments DaVinci

[lpnMep npoueccopa

= TMS320DM6446-513

= ARM Frequency - 256.5 MHz
= DSP Frequency - 513 MHz

= VICP - 256.5 MHz

= Peak MMACS - 4104

= L1-112 KB (DSP),40 KB (ARM)

= L2 - 64 KB (DSP)

= LleHa - 42%

CS MSU Graphics & Media Lab (Video Group)

Subsystem

Peripherals

Video- Video Processing Subsystem

FrontEnd
————————1  Praview

CCD Controller |
Hi:lnnlnturfa::n' Histogram/3A |

Coprocessor

ARMS926 DSP
Subsystem

Back End _ Resizer

On-Screen Video | 10bDAC
Display =~ Enc | 10bDAC
(0SD) | (VENC) @ 10bDAC |

10b DAC
Switched Central Resource (SCR)

Connectivity System

EDMA | "f: VLYNO™ E:;t Timer| WD | PWM
pyy |Interface | panp »2 |Timer| x3

Serial Interfaces

Audio IZC
Serial | || UART

Pnrtm <3

: Program/Data Storage
DDR2 | Async EMIF/

ATA/ |
Controller  NAND/ || Compact MM/

{16b/32h) .Sl'll rMedia| Fash

DaVinci™ Technology Overview 19
http://TheDaVinciEffect.com 2008
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Texas Instruments DaVinci —
ARM926E]-S

= RISC-apxutekTypa
= [exHonornsa — 110 nm

= Huskoe notpebneHune 1 | TeMinterface - o
= YnpaBnsieMbii K3LL ' |
= PaclimpsemMocCTb 3a CYET

coripoueccopos
= [ONbKO Leno4ymncneHHas Write buffer
d pMCIJMeTM Ka Control Logic and Bus Interface Unit

1

-

= [lonHbiM Habop komMaHa ans
HopMasibHON paboTbl OC

ARMI926EJ-S

CS MSU Graphics & Media Lab (Video Group) ARM926EJ-S™ Technical Reference Manual



Texas Instruments DaVinci e

Cé4x+

= 500-700 MHz

s 64 32-6UTHbIX perncrpa

= 8 MYHKUMOHANbHbIX 6/10KOB

= 48 ALU

= 16 YCTPOWCTB YMHOXEHUS

= 2 rnoToka AaHHbIX (Data Path)
= Internal DMA

= 32 KB L1P cache

= 16 KB L1D cache

= 64 KB L2 cache

Figure 1-2. TMS320C64x+ DSP Block Diagram

L1P Cache/SRAM

Cachel/ [T

SRAM

Unified
Memory

Controller
(UMC)

Program Memory Controller (PMC)

!

Instruction Fetch

N
<—>| IDMAI
— [

External
Memory
Controller
(EMC)

CS MSU Graphics & Media Lab (Video Group)

SPLOOP Buffer
16/32-Bit Instruction Dispatch

Instruction Decode
Data Path A Data Path B

L1].81].M1) D1 || .D2].M2] .52] .L2

h L 3 ' r
IR
| RegisterFile A || Register File B
-
. 1
Interrupt
Data Memory & Exception
Controller Controller
(bmc) Power
Control

F 3 - - F

L1D Cache/SRAM

TMS320C64x/C64x+ DSP CPU and Instruction Set

Reference Guide



Texas Instruments DaVinci e
Co4x+

= 3arpy3Kka MHCTPyKUMn 610kamMm no 256 6ant
= OT 8 g0 14 uHcTpyKumn B 610Ke
= [lapannenbHoe BbINOAHEHNE A0 8 onepaunn

Figure 3-1. Basic Format of a Fetch Packet

31 0 31 0 31 0 31 0 31 0 31 0 31 0 31 0
Ip Lp P | p | p 'p P | p

Instruction Instruction Instruction Instruction Instruction | nstruction Instruction Instruction
A B C D E F ] H

TMS320C64x/C64x+ DSP CPU and Instruction Set
CS MSU Graphics & Media Lab (Video Group) Reference Guide



Texas Instruments DaVinci e
Co4x+

[MpuMep napannenbHOro BbiMNO/IHEHMS onepaLmm

3 0 31 0 31 0 31 0 31 03 0 31 0 31 0
| 0 | 0 i1 1 | O | 1 i1 { 0
i i i | i i [ |
Instruction  Instruction  Instruction  Instruction  Instruction  Instruction  Instruction  Instruction
A B C D E F G H
;Tak ®TO BHIVIAOUT Ha accembiepe War BbINOMHSIEMblE MHCTPYKLUMN
Instruction A 1 A
Instruction B
Instruction C 2 B
|| Instruction D 3 CDE
|| Instruction E
Instruction F 4 FGH
| Instruction G
| | Instruction H

TMS320C64x/C64x+ DSP CPU and Instruction Set
CS MSU Graphics & Media Lab (Video Group) Reference Guide



Texas Instruments DaVinci

Cé4x+

s «OTNOXeHHbIe» onepaumu

GRAPHICS & MEDIA LAB
VIDEO GROUP

MWD M2 x 2O, B0
NOP
NOP
NOP BO = A0
= Onepaunun, opueHTnpoBaHHble Ha DSP
31 24 23 16 15 0
ua_3 ua_2 ua_1 ua_ 0 — srct
SUBABS4
| ub_3 ub_2 ub_1 ub_0 — sc2
31 24 23 16 15 0
| gbs{ua_3-ub_3) abs(ua_2-ub_2) gbs(ua_1-ub_ 1) abs(ua 0-ub_0) «— dst

CS MSU Graphics & Media Lab (Video Group)

TMS320C64x/C64x+ DSP CPU and Instruction Set

Reference Guide



Texas Instruments DaVinci e
Co4x+

= «YC/I0BHOE» BbIMNOSIHEHUE BO/BLLUMHCTBA ONepaLmm

[

[BO] ADD L1 Al,
|| [!BO] ADD L2 Bl1,B

-
=

[

[=
l-[:g

L L

B
Yckopenue ao 10 pa3!

= 40- n 64-6utHasa apndmMeTnKa

= CrneumnanbHble KOMaHAbl A4 OpraHn3auunn UMKI10B

= Annapat npepbiBaHUn
= Tanmepbl
= [lpepbiBaHusa ot ALM/LAT
= [lpepbiBaHKSa OT COMpPOLLeCcCcopoB

TMS320C64x/C64x+ DSP CPU and Instruction Set
CS MSU Graphics & Media Lab (Video Group) Reference Guide



Texas Instruments DaVinci
Co4x+

= OpwueHTaums Ha paboTty no 4 6aunta

= OTCyTCTBME onepauun OeneHns
= AnnapaTHble MYHKUMK ans paboTbl C anropMTMamMm
KoppeKumn omnbok

= [lone lNanya Gf(8), nonuHoM P(X)=x3+x+1
= Koabl Puaa-ConomMoHa

TMS320C64x/C64x+ DSP CPU and Instruction Set 26
CS MSU Graphics & Media Lab (Video Group) Reference Guide



Texas Instruments DaVinci

[lporpaMMupoBaHume

GRAPHICS & MEDIA LAB
VIDEO GROUP

= d3blk — C, C++ C AONONHUTENBHbLIMM KOMaHAAMMU
= OC - Windows, Linux, MacOS
= Code Composer Studio

IDE (Ha ocHose Eclipse)

3arosioBoYHbIE M 6MbNMoTeYHble hansnbl
Komnungarop

CpeacTtea OTaaKu

[lporpamMmbl aMynaunm
[podnnnpoBLLMKN

CS MSU Graphics & Media Lab (Video Group)

Tl CCStudio Description Paper



Texas Instruments DaVinci

[porpammupoBaHue. Code Composer Studio

¥ Debug - modemtx.c - Code Composer Studio (Licensed)

GRAPHICS & MEDIA LAB
VIDEO GROUP

File Edit View Navigate Project Target Scripts Tools Window Help
|RB S %HBB 223220 H- i~ ¥ it ooy & (35 Debug ”
%5 Debug 32| by @[22 ¢ @ ¢ Q7 70| Local o) |G Watch®) £3| B X %|$ & a5~ =0
=)-ifg modem [Debug] - C6455 Device Cycle Accurate Slmulator Little End:an/TM5320C64X+ [PrOJect Debug Sessnon] Name Value Address Type -
-2 Device 5 (# g_ModemData £ 0x00000080 struct MODEM_PARAME..
e 69+ samplesPerBaud 0 0x00000080 int \
= 0 main() at modemtx.c:313 0x00001704 9= phase 0 0x00000084 int |=
B e @ carrierfreq 0 0x00000088 int E
p| 6455 Device Cycle Accurate Simulator, Little Endian/TMS320C64 X+ (10:03:28 AM) )= noiseLevel 0 0x0000008C e
p. (6455 Device Cycle Accurate Simulator, Little Endian/TMS320C64X+: CIO (10:03:28 AM) = (# dataSymbols 0x00000090 000000090 int[1]
9= [0] 0 0x00000090 int
" a L0 | s e SR S Z|
[€ modemtx.c &2 ‘ =08 Memory (1) 22 main - | IE v @Ay P Q;U“ 7 argvy=o
Main loop for modem transmitter example program - Hex 32 Bit - TI Style V]LIDCache [V L1P Cache ELZCache
; 0xX000016FC main - I
2 _ X ' EEUhLLEESYe Lakislel R0 00002000 0184D028 01800069 0240A35B 02807FAA 020C0346 00002000
=woid.main (void) 0x0000171C 022B3C28 02091469 018D0059 02800040 020C0344 00002000 030C1FDA 021803E6
{ 0x0000173C 00006000/02108C22 021803C6 00002000 018F0059 02180FDA 021003E7 020C0364
int i; 0x0000175C 00006000 0310BD80 02909880 03949E81 02909882 03109F83 02109380 0214B07B
0x0000177C 0298E078/021204A3 02148078 0210C53A 0290B07A 020C0346 00002000 OFFF6A10
g _test.i = -16; 0x0000179C 01888162 (7
g_test.j = 0x12345678; 0x00001720 CSRLé |=
g_test.j <<= 4; 0x000017A0 0180A358 01BC22F4 00002000 020C1FDA 01801028 001078F8 D021A120 ‘ﬁ‘
P I 0xX000017BC CSDWSLS main$2$B, CSL23
= = 0x000017BC 01804428/01800068 018C0264 00006000 02107880 028C9883 OFFF0410 01907F80
" SRl A L RS R aEW (1 || 0x000017DC 0290BO7A 02160CA2 01830162 02107078
Initialize(): 0x000017EC CS$RL7
-~ Ox000017EC 023C22E6 02844E2A 0280006A 00002000 02148AF4 00002000 023C22E6 00006000
0210205A 023C22F6 00002000 02801024 00148AFA 2FETA120

m »

0x0000180C

b '?

Disassembly (main) Enter location here

0x000016fc:
0x00001700:
313

» ﬂxOOOOl"M :

Nennnni

71N

CS MSU Graphics & Media Lab (Video Group)

sﬂ

‘ l'm')l Registers (1)

Name Value Description
£ &4 Core Registers
aior AO 0x00000001
(4 Wi AL 0x00000001
oo A2 0x00000004
ot A3 0x00000000
- aioi Ad 0x00000000
b stet AS OXFFFFFFFF
LE

Tl CCStudio Description Paper

Ble® @i~ =0



Texas Instruments DaVinci e

[porpammmnpoBaHme.Code Composer Studio

= OcobeHHocTn CCStudio
= He3aBMCMMOCTb OT NIaTOPMbI
= He3aBMCUMMOCTb OT SA3blKa NPOrpaMMmMpPOBaHUS
=« [logoepXkka cKkpunToB
= ONTUMU3MPYIOLLIMA KOMMUNSATOP
=« B3aumopenctsme c DSP/BIOS
= Cpencrtsa Ans BU3yasnbHOr0 KOHTPONS

CS MSU Graphics & Media Lab (Video Group) TI CCStudio Description Paper



Texas Instruments DaVinci s

[porpammmnpoBaHme.Code Composer Studio

[ Properties &3 |Bige 55°F © O ety nEe R-yigme Y=o
Propesty vaua 5 {174, 201) RGE:(86 60 69) YUV:(69 128 140)
= General " M e
Title Image _ A
Background color RGB {255, 258, 255}
Image format uv
= YN
Mumber of pixels per line 512
Kumber of ines 482
Cata Format Manar
Resolution +:2:0
¥ Fixel stride (bytes) 1
¥ mask OxFF
¥ Une stride (brytes) 512 s
U Pixe! stride (bytes) i '
Umask OxF-
U Line stride (bytes) 256
Y Pieel stride (bytes) 1
¥ mask OxF
¥ Une stride (bytes) 256
Alpha Pixed stride (bytes) (if any) 0
Alpha mask (F any) 000000000
Alpha Une strde (bytes) (Fany) 0
Image souwce Connected Davice
¥ start address 0x31B00003
U start address 0x81B3C403
Y skart address 0x81B463503
fl;hfs >:t<.*srt add-ess (f any) — v Q

CS MSU Graphics & Media Lab (Video Group) TI CCStudio Description Paper



Texas Instruments DaVinci

[porpammmnpoBaHue. Hello, world!

//Simple HelloWorld program — only ARM
void main(int argc, char *argv|[])
{
printf (“DaVinci Rulezzz!!!'\n");
fflush (stdout) ;
return;

}

= ARM n DSP — pa3Hble Beluu!
= ARM — 0CHOBHOW npoueccop, Ha HEM paboTtaeT OC
= DSP — conpoueccop

= K3 Y Ka)Aoro cBowm

= Hu3kas ckopocTb Npu BbINOHEHUM
Noc/1eaoBaTeNbHbIX KOMaHA pa3HbIMM NpoLIECCOpaMm

Tl DaVinci: DSP and ARM communication
CS MSU Graphics & Media Lab (Video Group) Mark Johnson



Texas Instruments DaVinci

[porpammmnpoBaHue. Hello, world!

PasgenbHble nporpaMmel and ARM n DSP

//Simple HelloWorld program — DSP part
void main(int argc, char *argv([])
{
printf (“DaVinci Rulezzz!!!'\n");
fflush (stdout) ;
return;

//Simple HelloWorld program — ARM part

PROC_Setup() ;
PROC_Attach (ID_PROCESSOR, NULL) ;
PROC_Load (ID_PROCESSOR, "“Helloworld dsp part.out”, NUM ARGS, NULL) ;

PROC_Start (ID_PROCESSOR) ;

Tl DaVinci: DSP and ARM communication
CS MSU Graphics & Media Lab (Video Group) Mark Johnson



CopeprkaHue

s OnTumMmsaumm PNX
s [exas Instruments DaVinci

s Stretch

= BBepgeHue
= YCTPOWCTBO
= [lporpamMmmupoBaHue

= NVIDIA Tegra
= ARM11
s CpaBHeHue

33
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Stretch S6000

BBeneHue

= Obnactb NpMMeHeHns —
obpaboTka BUAEO

= KoHdurypmpyembin npoueccop
= BO3MOXHOCTb Knactepusauum

= KoaumpoBaHue B peasibHOM
BpeMeHun H.264 1xHD wvnun 4xSD

= OpueHTauusa Ha napannenbHble
BblYMCIEHUS

= LleHa — oT 25%

CS MSU Graphics & Media Lab (Video Group)

GRAPHICS & MEDIA LAB
VIDEO GROUP

Stretch

Extending the Possibilities™

(] :
2B Stretch®
S6106PC-3ES -

0820
. N64228.02W6 E
Talwan

The S6000 Family overview 34
http://stretchinc.com 2009



http://stretchinc.com/

Stretch S6000

YCTponCTBO

= VLIW
= Instruction Set Extension Fabric

= AnnapaTHaga peanusaumda 4yacTto
BCTPEYaoLWNXC PYyHKLUK

= OntumMmsmposaH ana H.264
= 64 KB RAM

= 4096 ALU

s 32 128-6UTHbIX perncrpa
= WM3meHeHune ISEF 3a 27 uS
= BBoa-BbiBOA A0 2.4 GB/S

= 167-345 MHz

CS MSU Graphics & Media Lab (Video Group)

AIM

Quad Data Port

AIM

DDR 2 Controller

GRAPHICS & MEDIA LAB
VIDEO GROUP

—I Processor Array =1
Wetworl Interface E
and Switch 0| &
I
~ Morth Bridge | EH
| K —
Entrepy Encading —JIE] RAM —
|Mistian Estimatia '|1|~ A4
HiFi 2 %| =
L:!"i'-"_ IRAM Ji [l—p
Programmahle
 Accelerator - ISEF o
Xiensa LX E A
S6 SCP Engine e
High-Speed
— | Peripherals PLEIn WAIB

PP

The S6000 Family overview 35
http://stretchinc.com 2009
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Stretch S6000

[lporpaMMupoBaHume
Software View Hardware View

" C/ C++ Annotated C/Ct++
s Stretch C salal 3T ‘_ e
= Assembler G X JUTTE R

"o \‘

o= .
%
[ ¥

Dual Port
RAM

P‘rame’
Accelerator

ot
~-.."

The S6000 Family overview 36
CS MSU Graphics & Media Lab (Video Group) http://stretchinc.com 2009



http://stretchinc.com/

i CopeprkaHue

» OnTmMmnsaumm PNX

s [exas Instruments DaVinci
s Stretch

= NVIDIA Tegra

s ARM11

s CpaBHeHue

37
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NVIDIA Tegra

BBeneHue

s AHOHC — 2 mioHg 2008

= [lepBoe KoMMep4ecKoe
npuMeHeHne —CceHTa6pb 2009
(Microsoft Zune HD)

= Obnactb NpMMeHeHns —
MOBU/bHbIE YCTPOUCTBA, GPS,
CMapPT@OHbI

= Sapo — ARM11, 600-900 MHz

NVIDIA Tegra Overview 38
CS MSU Graphics & Media Lab (Video Group) http:/www.nvidia.ru/object/product tegra apx en.html 2009
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NVIDIA Tegra

Ycrponcteo NVIDIA Tegra APX 2500

= Sapo - ARM11, 600 MHz

= [padmnyeckum conpoLeccop GeForce
ULP GeForce S
= Bbixog Ha LCD po 854x480 :
= [logaepxka kamepbl Ao 12 Ml o HD
g€ Video
= OpenGL ES 2.0 Rrocessor Processor

= Direct3D Mobile
= [JlekoanpoBaHune H264 — 720p, s | e

30FPS OTG UART SDIO Display HDMI

o

NAND Mobile Security I’S
Flash DDR Engine = [I°C

MIPI

NVIDIA Tegra APX Overview 39
CS MSU Graphics & Media Lab (Video Group) http:/www.nvidia.ru/object/product tegra apx en.html 2009
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CopeprkaHue

s OnTmMnsaumm PNX

s [exas Instruments DaVinci
s Stretch

= NVIDIA Tegra

= ARM11

= BBepeHue
= YCTPOWCTBO
= [lpumMepbl KOMaHA

s CpaBHeHue

40
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ARM11

BBeneHue

= ApxutekTtypa — RISC

= Obnactb NpMMeHeHns —
MOOW/bHbIE YCTPOUCTBA,
BCTPOEHHbIE CUCTEMBI

= Yactorta — 300-700 MHz

= [loTpebneHune - 0.6MBT/Ml'Y

= Habop komaHa ana DSP

= DddekTnBHoe BbinosHeHne JAVA-banTkoaa

= JTOT npoueccop ucnonbdyetcs B Apple iPhone!

ARM1156T2-S Reference Guide
CS MSU Graphics & Media Lab (Video Group) http://arm.com/products/CPUs/ARM1156T2-S.html|
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ARM11

YcTponcTeo

= TexHonormga — 90nm

s 32/16-buTHas apxuTekTypa
= Habop nHcTpykuun Thumb-2
= Habop SIMD-nHCTpyKUMm

= YNpaBnsSeMbIN K3LU

= PaclimpsemMocCTb 3a CYET
conpoLieccopos

= Global Branch Prediction Unit

= Annapart 3alnTbl NaMATH

= Cucrema otnagku CoreSight™

= Onepauunun ¢ GUKCMpoBaAHHOM
1 N1IaBaoLWEN TOYKOM

CS MSU Graphics & Media Lab (Video Group)

N
i

GRAPHICS & MEDIA LAB
VIDEO GROUP

1 M 1 M 1 [

I_II_II_II_II_II_II_IIH—II_II_ll_l

W POWERED

TCRAM I/F

TCRAM I/F

Memory Protection

Instruction Data Peripheral
Interface Interface Port

I_II_II_II_II_II_II_IIII_II_II_II_I

[ =B =B =

ARM1156T2-S Reference Guide
http://arm.com/products/CPUS/ARM1156T2-S.html
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ARM11 =

[MpyMepbl MHCTPYKLIMIA

s SIMD-nHCTpYKUMH

= USADS
= SUB16
= Thumb-nHcTpyKkunm
3l 28 27 26 25 24 21 20 19 6 15 12 11 ]
cond 0 01| opcode |5 Rn Rd shifter_operand
L5 14 13 12 1l 5 7 ]
1 1 0 1 cond &_bit_signed_ofTset

Boivrpbiw ~30% no CKOpPOCTU M KOMMAKTHOCTU KOoAa

CS MSU Graphics & Media Lab (Video Group) ARM Architecture Reference Manual



ARM11 =

[MpyMepbl MHCTPYKLIMIA

= VIHCTpYyKUUKM ynpaBieHUs K3LWEM
= PLD

= MHCTpyKUMM B3anMoOAeNCTBUSA C COMPOLIECCOPaMU
= MCR/MRC
= LDC

= NHCTpyKuun ynpasneHma GBPU
= PrefetchFlush

CS MSU Graphics & Media Lab (Video Group) ARM Architecture Reference Manual



ARM11

YcnoBHOe BbINO/IHEHME KOMaHA,

//ucxonusm xkonm Ha C
int ged(int a, int b)
{
while (a '= b)
{

if (a > b)
a=a - b;
else
b=Db - a;
}
return a;

LiMknoB Ha utepauuio

Peanusaums | v pis Jyywni
cnyyam cnyyam
«[psmas» 17 11
«YMHag» 10 10

CS MSU Graphics & Media Lab (Video Group)

GRAPHICS & MEDIA LAB
VIDEO GROUP

gcd

less

/ / «llpsimasi» peanmusaumst Ha ARM

CMP r0, rl

BEQ end

BLT less

SUB r0, r0, rl
B gcd

SUB rl, rl, r0
B gcd

end

b

//«YMHasi» peanmsaumst Ha ARM

gcd

CMP r0, rl
SUBGT r0, r0, rl
SUBLE rl, rl, r0
BNE gcd

Example of the use of conditional execution
http://www.keil.com/support/man/docs/armasm/



http://www.keil.com/support/man/docs/armasm/

i CopeprkaHue

» OnTmMmnsaumm PNX

s [exas Instruments DaVinci
s Stretch

= NVIDIA Tegra

s ARM11

= CpaBHeHUe

46
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CpaBHeHue

SoC

PNX

DaVinci

ARM11

Tegra

Scratch

HasHaueHue

DSP

DSP, 3D-rpaduika,
CPU

CPU

O6paboTka BUAEO,
3D-rpacdmka,
®yHkumm CPU

O6paboTka BMAEO

O6nactb
NnpUMeHeHus

BuaeoHabntoaeHwue,
obpaboTka 3BYKa

BCTpoeHHble cucTeMbl,
BMAeOHabnogeHme

MobunbHble
YCTPOWCTBa,
BCTPOEHHbIE CUCTEMBI

MobunbHble
YCTPOWNCTBa

BCTpoeHHble cucTeMbl

CS MSU Graphics & Media Lab (Video Group)

Cno)><HoCTb
nporpaMmm
poBaHus

Hu3kas

CpegHsas

Hu3kas

Bbiwe
cpegHero

MouwHOCTb

1-4 W

0.5-2W

0.2-1.2 W

0.7-1.5W

GRAPHICS & MEDIA LAB
VIDEO GROUP

LleHa

30-35 $/uun
3000 $/DevKit

10-90 $/umn
3-10 TbIC.$/DevKit

10-30 $/umn
1000 $/DevKit

25-35 $/umn
3000 $/DevKit

47
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CpaBHeHue

SoC NMpeunMmyuwiecTBa Hepocratku

PNX XopoLlas A0KYMeHTauus, NpocToTa «NepBoro Y3Kuin MoAenbHbIN psif, HU3KOE COOTHOLLIEHME
Liara», HeBbICOKas LieHa NPON3BOAUTENLHOCTL/NOTPebnsiemMas MOLLHOCTb

DaVinci | LLnpokas nuHenka NpoAayKTOB, BbICOKas Bbicokas LieHa KakK Ha 4unbl, Tak U Ha CpeacTBa
NPOM3BOANTENBHOCTb ANA LWMPOKOro Kpyra pa3paboTku

33[a4y, annapaTHas peanu3aums 4acTo
BCTPeYaoWmxcs MyHKLMIK, aKTUBHOE
coobLecTBoO pa3paboTUmMKoB, BO3MOXHA
paboTa nonHoueHHon OC

ARM11 | 2deKkTrBEH Ha «HepacnapanienmBaeMbiX» bonbLloe KoNMYecTBo BHELLHUX 3/1IEMEHTOB
3apavax, BO3MOXHa paboTa nonHoueHHon OC,
pacLLIMpAEMOCTb 3a CYET COMpOLIECCOPOB

Tegra O6beanHeHue B ogHoM kopnyce CPU u GPU, [BpeMeHHO?] OTcyTCTBME B CBO6OAHOM
AKTUBHOE «NPOoABMXXEHNE>» MPOU3BOANTENEM npoaaxe cpeacTs pa3paboTku, HeaoCTaToK
NHOopMaLUnn

Scratch | OTAMYHas Npon3BOAUTENBHOCTb Ha «XOPOLLO CnoXHOCTb 3(pPEeKTUBHOro NPOrpaMMmnpoBaHnS
pacnapannenMBaemMbix» 3agavax, XapakTepHbIX
ans 06paboTku BMaeo

CS MSU Graphics & Media Lab (Video Group) 0
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Crnncok nutepatypbl

= Ontummzaums PNX
= TriMedia optimization guide, TCS5.1, 2006
= TriMedia CookBook, TCS5.1, 2006
= Nexperia PNX100x optimization slideshow, NDK 6.1, 2009

= NVIDIA Tegra

= NVIDIA Tegra cepuun APX, http://www.nvidia.ru/object/product tegra apx ru.html, 2009
= NVIDIA Makes the Future, http://cnn.com, 2009

= ARM
= ARM Architecture reference manual, http://arm.com, 2008
= ARM DSP-Enhanced Extensions, http://arm.com, 2005
= ARM SoC Architecture, Lung Hao-Chang, 2006
=  ARM926EJ-S™ Technical Reference Manual, http://arm.com, 2008
= Stretch
= Stretch Goals, FPGA and Programmable Logic Journal, http://fpgajournal.com, 02.08.2005
= S6000 Family, http://stretchinc.com, 2009
= S6 Architecture Overview, http://stretchinc.com, 2009
= Stretch IDE Development tool, http://stretchinc.com, 2009
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Crnncok nutepatypbl

= DaVinci
= S-PBGA-N529 Package description, http://ti.com, 2009
= TMS320DM644 6/3 Power Consumption Summary, http://ti.com, February 2008
»« DaVinci™ Technology Overview , http://ti.com, September 2008
= Using the DSP in the Dual-Core DaVinci as a Graphics Render Engine, http://ti.com, March 2007
= TMS320DM644x™ Processors—Video Benchmarks, http://ti.com, 2006
= TMS320DM644x Digital Media Processors, http://ti.com, 2007
= HD Video Surveillance IP Camera Reference Designs , http://ti.com, 2007
= TMS320C6000 CPU and Instruction Set Reference Guide, http://ti.com, 2007
= TMS320C64x/C64x+ DSP CPU and Instruction Set Reference Guide, http://ti.com, October 2008
= TMS320DM6446 DVEVM v2.0 Getting Started Guide , http://ti.com, December 2008
= TMS320DM646x DMSoC ARM Subsystem Reference Guide, http://ti.com, September 2009
= DaVinci™-Based Products: TMS320DM355 Processors, http://ti.com, 2008
= Programming Details of Codec Engine for DaVinci™ Technology , http://ti.com, 2006

= TMS320DM6446 Digital Media System-on-Chip Silicon Revisions 2.1, 1.3, 1.2, and 1.1 Silicon Errata ,
http://ti.com, September 2009

= Digital Video Using DaVinci SoC, http://ti.com, 2007
= DaVinci™ Technology Background and Specifications , http://ti.com, 2007
= TMS320DM6446 Digital Media System-on-Chip , http://ti.com, 2007
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Bonpochl
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