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1. DSP#FiA

V. 1. DSP ( Digital Signal Processing )
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Why DSP?
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Why DSP?
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2. DSP KT AR?

v1. &R

Memory | : Memory
(Data) \‘ff CPU > |(Program
14
16

v, ERZ A

Memory
CPU S (Program
8| & Data)
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2. DSP TR

2. C6000/I % L ZER

CE2nCade'CaTx davice
Program cache/orogram memary
A2-bit address
256-bit data
r
CE2w a4 CET T CPU
Pewar Program fetch
dhowm Instruction dispatch [Sea Nota) '5'5_“"'3"
IrsAretion chacsta REEEUETE
.
Crata path A Drata path B o
| DA, EMIF Control
Register file A Ragester fila B logic
F 1 F - Tasl
Emulation
ntarrupts
" Additional
x x x paripharalks
Dala cache/data memary ) TL":"EH_Q —N
32-bit address Serial pors,
eic,
G- 16-, 32-bil data [B4-bit data, CSdx anly) |
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DSP I N

v3. FukK#EAE (pipdine)

vl) ¥

v2) AL, @LIEIRLIRIE, F84E AL
v3) PAT
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|17 Fetch 4+— Decode —+ Execute ——
I I I I I I I I

FAR(IGHT



DSP I N

Clock cycle
Fetch
packet | 1 2 3 4 5 6 7 8 9 10 11 12 13
n PG PsS BW PR DP DC E1 E2 E3 E4 ES
n+1 PG PS PW PR DP DC Ef E2 E3 E4 ES
n+2 PG PS PW PR DP DC E1 E2 E3 E4 ES5
n+3 PG P PW PR oP DC E1 E2 E3 £4
n+4 | PG PS PW PR DP DC E1 E2 E3
n+5 | PG P PW PR DP DC E1 E2
n+6 | PG PS PW PR DP DC E1
n+7 PG PS5 PW PR DP DG
n+8 PG PS PW PR DP
n+9 PG PS PW PR
n+10 PG PS PW
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DSP I N

VEIER R T ESF A
vEIE R 16bit/32bit
£ = MIPS, FLOPS, ##)sfhniz B k%
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5

v % ﬁﬁn'ﬁ‘%jiﬂj"gi)ﬂ DSPs.

@ Cost saving.
@ Smaller size. - IR A ZC
@ Low power consumption.  _

@ Processing of many “high” frequency signalsin real-
time. “SEIN 5075 5 4 PR
v HA 4T E R AL F GPPs:
@ Large memory.
@ Advanced operating systems.
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FPGA

] USER 1/0! s
 PMC 41-)
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C64164E#J/F]

BMA0E Eiddress
o}
Cachie FEALE L1 pracrsm schie
— ool e —'ﬂ“‘ 256
address
Ak
Y
Frogram Program
acldrass clala
256
Y Sl
Pregram fatch
o L cacha
CElo0 CPU confroller
Data path A Data path B (|
= LI A,
l‘l -l- % §
=) E1 = L E
3 — C IE [ E ‘
o e | o lals
=3 O L E E
Zlz I8 AlzlE
[ E B & % E
Yy Yy
address
data 258
Cache RAM L1 data cache data  fd :
Pealylignl] =y GH I
snoop address
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KR

O %[k 77 57 47)

IhiEE HriElR HEEHD | ERMEFESE | EEEMbyte)
FMC #r = | Cadla A | Cadla_ A R 53.4
G EMIFE
CE416 4 Ca416 & | CA416 A M 534
B SDEAM | EMIFA
Ce416 & | Cadla A | ChAdla A R 53.4
SDRAM EMIF &
CE416 A AV RAM | Ca416 4 Y 534
EMIF &
AN RAM | Cad4l6 B | CA416 B B 53.4
EMIF &
(B C6416 B Ca416 B | CA416 B B 534
B SDEAM | EMIFA
Ce416 B A | CA416 B | CA416 B B9 26.7
SDRAM EMIFA
CE416_B CA416 B | CA416 B B | 26.7
f SDRAM | EMIFA
) 6416 B i B | IRAN PCI IR | —
. PCI
CE416 B SR E 1)
CEL16 A CE416 B
ENIF A 5494 45%%
EMIFE & %4 0
L2 11%; 625




3. 2 DSPs A RIFEFFIEC 1
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VAR PR PR AR . SERTMESF, fER
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3.3 CCSHY{EH
v1. CCS Setup F 5 #9fe &

& Code Composer Studio Setup

Fil= Edt %iew Help

Family | Platf.. | Erdia...| = | My System =

Systam Lonfiguration &rvailable Fackory Boards |.|5.II 'T'l “’-" T| ||5.II T|
[ Systen B ARM1L - WPOMZ420 Plat,.. ARMIL  simal..  * ARMTT O

= B C6416 Devics Cyele Accurate Simulator BE: ARM7 - VPOMEa20 Platf,.. aRMT simdl., Eirmulator

' M TMS320C6416 ES: ARMT Sirdabor, Big End... ARMT  simul..  big LI R

= W OS5 Rew? x CPU Cyrle Arcurate Simulabor |BE:aARM7 Sindator, LEbs ... ARMT?  simal.. likde !

L Hﬁﬁﬁf;ﬁ?:m Iai.mm:f ¥DS510 Emulator  ARMT xdsS..  * CE5i Rav? ¥ P

; ER: AR M7 =DS5a0 Frnulator ARMT w5, * Cyele Arcurate

i CPU B ARMS 05510 Emulator - ARMS xdsS., ¥ Simulator

B} ARMS =DS560 Emnulator ARMa wkG,,,  * Furrer orDesic
B AR MO2EE 1-S Simulator L. aRMA simul...  litHe I

BN FZ40 20551 0 Emlator C2twx xS, * CEA16 Devica C
' *

BH: F240 %5550 Emulakor C2he xdsS. ., MiirAh Sr e T e

EF:F2401 ©DS510 Ernulator T2 kB, F a |

v |
£ ¥ | B8 Factory Boards |ﬁ Cuskom Boards | m Create Board | £ 3

Eave&Elu'tI = Rramimeeal | | | ; | | |

Crag o device driver b e left ko add aboard to the 51.':;I:-:n1.
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3.3 CCSHIfEH

v2. CCS & &It & IR0 o) fie
vl1) C, ILmiEE Mm-S HmiF
v2) KA

v3) KA

v4) 5% K09y B G

v5) sprus09f.pdf
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3.3 CCSHI{EH

v3. CCS &£ R IT & I3z -43

# 1C6416 Device Cycle Accurate Simulatar/TMS320C6416 - C6416 (Simulator] - Code .. = [ []

Fie Edit Yew Projsct Debug GEL Option Profie Tools DSP/BIOS  Windaw  Help

== W W A H AR R S

s T EIE AR N

BAler @ EziEERAL

= TF Fles
DSP/BIOS | = | |74 C3 ELfies
toolbar | |&E Build

C1 Dependznt Projects toolbar
-] Dacuments
: -] DSP{EINS Corlig
ACT_WE . 1 Generated Files
project s Inchidk
i+ Liorari=s
[= =4 Souree
" [#] sne.c
; _'I._'-'I sinemave. cmd

Project =T ——
view | I
window [1].%]

¢ @ HALTED : For Help, press F1




3.3 CCSHY{EH

) R AR AT A
J & B8] )&

v DSPs#4 Simul ator 5%t A2 44 v B 44
AZPATN e A BB 2y N Har b 69 T £8

v Tl CCS#ypin connectA=FILE 1O

vDSK L #4884 355E, Timer3X 25 & By
FAR\IGHT



3.3 CCSHI{EH

V B UI I d éﬁ Build Options for volume.pjt (Debug)
Lk Geneal Compiler |Lir‘ker | Link Order |
I g,

- -0 - EACCStudio- w3 10N akerialsimBdyweolume ] D eblg’” mnvadin

~\ 2

v (1%

Categorny: Bazic

‘ 2
d- COEN | TacetVesion | CBdws bmvBa00l <]
3\, Advanced
Feadback Gisnerats Debug Info: ] Full Symbolic: Debug [-g]_j
i _ 5 R ol
A % }:]i .qlsesimbly Opt Spe=d v Size; |5|:.ee-:| kst Critizal [no -ms]ﬂ
x Farzer Oat Level; None ¥
Freproceszar | _J

n ‘\r;, Diaghostics Prograrm Lewel Opt.: |N-:me _:J
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v1. BIOS #4414+

3.4 BIOStz /(5 7K

Host

Code Composer Studio

DSR/BIOS
Configuration

Aof
[(config
script)

OLE
application
using RTDX

Code Composer editor

source files | . |

DSPIBIOS API

Code

generation
tools

Code Composer project

Compiler,
assembler,
Inker...

executable

DSP/BIOS
Analysis
Tools

RTDX
plug-ins

ard party
plug-ins

Target

COO0O0000

0000 QO0Q00
Q0CO0CO000

(= Re el eileliene

DSP application program

DSP/BIOS

Target hardware




3.4 BIOSt% /L % 7K

= ) System

\/ 2 N B I OS@E, E éﬂ'f @ Global Settings

+-dfd MEM - Memory Section Manager
dﬂ BUF - Buffer poaol Manager

\/ 1 ) % Q}EJ SYS - System Settings
I &: HOOK - Module Hook Manager
G PWRM - Power Manager
~ )1. -
V 2 ) «L X %% U [nstrumentation
+ @ LOG - Event Log Manager
+ 5T5 - Statistics Ohject Manager

) £ }ﬁ" 4‘5 Scheduling
V3 ) 'L)g - + {5 CLK - Clock Managet

&5 PRD - Periodic Function Manager
4 ) \; J_F_ + "!, HWTI - Hardware Interrupt Service Routing Manager
V y B SWI - Software Interrupt Manager

Q TSK - Task Manager

v5) F N i & o

";? SEM - Semaphore Manager
% MB¥ - Mailbox Manager
"__.l CLUE - Akomic Quele Manager
% LCK - Resource Lock Manager
Q InpukfOutput
4 RTDEX - Real-Time Data Exchange Settings
+ B HST - Host Channel Manager
:‘E,-:. PIP - Buffered Pipe Manager
:;:_': 510 - Stream Input and Output Manager
GIO - General Inputf/Output Manager

+ % Device Drivers




3.4 BIOStz /L 57K

3. LA KA A A
— | e o
v2) SWI "
v3) TASK
v4) lde

4. KRAZZ_ 8] 9 EbiR

] 5
“ff:;;b:slr: Periodic
.\J -
o Functions
(SWI)
14 levels

Fricrity

(PRD)

Tasks
(T3K)
15 levels

Background
Thread

(IDL})
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3.4 BIOSt% /L % 7K

Characteristic HWI SWI TSK IDL
Priority Highest 2nd highest 2nd lowest Lowest
Number of priority DSP-dependent 15. Periodic func- 16 {Including 1 1

levels

Can vield and pend

Execution states

Scheduler
disabled by

Posted or made
ready to run by

Stack used

Context saved
whean preempts
other thread

Mo, runs to
completion except
for preemption

Inactive, ready,
runmning

HWI_disable

Interrupt occurs

System stack
(1 per program)

Customizable

tions run at priority of
the PRD_swi SWI
ohject. Task sched-
uler runs at lowest
pricrity.

Mo, runs to
completion except
for preempfion

Inactive, ready,
running

SWI_disable

SWI_post,
SWI_andn,
SWI_dec, 3WI_inc,
SWI_or

Systemn stack
(1 per program}

Certain registers
saved to system
stack (see Mote 2)

for the 1D loop)

Yes

Ready, running,

blocked,
terminatad

TSK_disable

T3K_create

Task stack
(1 per task)

Entire context
saved to fask
stack

Should not; would
prevent PC from
getiing target
information

Ready, running

Program exit

main{) exits and no
other thread is cur-
rently running

Task stack used by
default (see MNote 1)

--Mot applicable--

1T

|



3.4 BIOSt% /L % 7K

Characteristic

HWI

5wl

TSK

1oL

Context saved
when blocked

Share data with
thread via

Synchronize with
thread via

Function hooks

Static creaiion

Dynamic creation

Crynamically
change priority

Implicit logging

Implicit statistics

Mot applicalle—

Streams, qu=sues,
pipes, global
variahles

Mot applicalle—

Mo

Included in default
configuration
template

YWes (see Mote 3)

Mo (see Mote 4)

Mone

Maonitored valuss

--Mot applicable--

Streams, gueuess,
pipes, global
variables

SWI mailbox

Mo

Yes

Wes

Yes

Fost and
completion events

Sxecution time

Saves the C regis-
ter set (see opfi-
mizing compiler
users guide for
your platform)

Streams, quelss,
pipes, locks,
mailboxes, global
variables

Semaphoras,
mailboxes

Yes: initialize, cre-
ate, delete, exit,
task switch, ready

Yas

as

Yas

Feady, start, block,

resume, and
termination events

Execution time

--Mot applicable-—-

Streams, quaues,
pipes, global
variahles

-Mot applicable-—-

Mo

Yes

Mo

Mo

Mone

Mone




3.4 BIOSt% /L % 7K
v5. % XA2R LA

Events |

pogts SV B

= Hv 2 oocurs
HwA 2 posts
= A

= HW 1 occurs

= Swl A finishes

Background

= Thread prioriy |

Hardware interrupt]
(Hw1 1) ]

Hardware interrupt2
(HW 2]

===== Hi] 1 finishes
memmm—ae M 2 finishes

Software interrupt A
(5 A)

RIS NS FE—— T T E T

Software interrupt B
(= B)

Background -
I | I | | |




3.5 DMAX#ESMg R {FH

v1. C6000%y F ZI[3R% &
v1) HPI

v2) EMIF

v3) DMA

v4) McBSP

v5) TIMERZF
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3.5 DMAX #JMig A91F

EMIF L1P Cache

I MzBSPs =~ ;

r
L

8000 DSP core
Instruction Fetch Cantral
Time Rl Registers
e Instruction Dispaich Hg -
Enhanc=d - ~anin
TS Instruction Decode LOgic
) L2
i - i
HFI ] Controller FEPY o emory Data Path A Data Path B Tes!
| A Register File | | EBRegisterFile | I'EF-CIiFG_uit
miulation
Interrupt > ¢ t t t _'i ¢ I ; it -
Selector [ or]|[ozme]s2 2] nismupt
Caontred
Power Down Logic i i
——— L1D Cache
Boot Configuration FLL
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3.5 DMAX#ESMg R {FH

v2. 4 2DMA? Direct Memory
Access

v3. DMA Ak &4 JUA &5t

vl1l) JRiik

v2) B @ik

v3) Fir5 X, eement size, MK )
, 5%

v4) R TR 7 XA
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3.5 DMAE#E51 g B 1E FH
v4. DMA®EEF X

Host DsP

I
L
I
X

Port
Port [4—» DARAM
Port |4—— SARAM
DMA controller
FPeripheral
Port | » ous -+ P Peripherals
controller
Channels
0-5
Port |+ P EMIF
rF

,, (1GHT

External memaory




3.5 DMAXgESMZ I {FH
v5. 1@ 13BIOSE E DMA

v Structure DMA_Config

v Members

v Uint32 prictl DMA primary control register value

v Uint32 secctl DMA secondary control register value

v Uint32 src DMA source address register value

v Uint32 dst DMA destination address register value

v Uint32 xfrent DMA transfer count register value

v Description

v ThisDMA configuration structure is used to set up a DMA channel. Y ou create and initialize this
structure and then pass its address to the DMA _config() function. Y ou can use literal values or the
_RMK macrosto create the structure member values.

v Example

v DMA_Config MyConfig = {

\V 0x00000050, /* prictl */

v 0x00000080, /* secctl */

v 0x80000000, /* src */

\V% 0x80010000, /* d&t  */

v 0x00200040 /* xfrent */

v };

\V4

DMA_config(hDma,&MyConfig);
FAR(IGHT



3.5 DMAXF2M g a9 {E

|bi os_exma. pjt

Hoe 08 EEERMEAD

e

agom

_.VJJ]]ebug

(& Files

+1-[C1] GEL files

=] a Projects

=5 ﬁ bios_exma pjt (I

E D Dependent Fraoje
; [:l Documents
+-[_]] DSP/BINS Config
+] [C Generated File:
f D Include
E [:l Libraries
E D Source

dmaCfen Et

General ]

Frimary Control Begister:
Secandary Control Register:
Source Address Fomat
Source Address - Mumneric:

Destination Address Format

Transfer Counter Fomat

Operation Made ]

Synchronization I Count,/Index ] Interrupt Enable ] Condition

Destination Address - Numeric; | 0x00000000

Estimated Data Size: 2689 Est. Min. Stack Size [MaUz):
] @ System
|- (g2 Tnstrumentation
3% Scheduling
Synchronization
Input/Output
=] CSL - Chip Support Library (CSL CDE Rem.
D CSL Extern Declaration
=} E: IMA Direct Memory Access
= ﬁ IM& Configuration Manager
(-
= E IMA Resource Manager
- % M4 _Channeld
B& ons_Channell
B IM4_Channel?
B IMs_Channels
ﬂ IMA Global Register Manager
+ E’ EIMA Enhanced Direct Memory Access

Dlestination ]

F [

Source ]
Advanced

D.o0o00
[ —
I —

Murmeric v]

dmalCfg0 properties

Property

comment

StartfAutoinit, Fauze (START)

Source Address Modification (SEC DIIR)
Testination Address Modification(DST DIR)
Element Size(ESIZE)

Split Chammel Mode (SFLIT)

Tranzfer Count Keload (CHT EELOAL)
Select Frogrammable Index (THDEX)
Read Transfer Syme (RSYHC)

Write Transfer Symec (WSYHC)

Frierity Mode (FEI)

Tranzfer Controller Interrupt (TCINT)
Frame Sync (F3)

Emulation Mode (EMOD)

Src. Addr. Reload (SRC RELOAD)

Dzt Addr. Keload (DST EELOAD)

Frame Complete Condition (FRAME COKRD)
Last Frame Conditien(LAST COND)
Elack Transfer Finished Conditien (BLOCE COND)

Split Transmit Overrun Receiwe IE(SX IE)
Frame Complete IE (FRAME IE)
La=t Frame IE (LAST IE)
Block Transfer Finished IE(ELOCE IE)
Dropped Read Synchronization IE(ROROP IE)
Dropped Write Synchronization IE (WIROF IE)
Read Syme Status (RSTHC STAT)
frite Sync Status (WSYNC STAT)
Eead Syne Status Clear (RSYHC CLE)
Write Symc Status Clear (WSYHC CLR)
IMA Action Complete (DMAC EN)
Frame Syne Ignore (FSIG, CRZDZ only)
Read Syne Event FPolarity (RSPOL, CA202 only)
frite Sync Ewent Folarity (WSFOL, CBZ20Z2 only)
Source Address Format
Source Address - Fumeric

Sre Addr - Extern Dlecl. Symbol name

T hAde = Trdonr F0171 2ddeoee

<

r Help, press Fl

Split Transmit Owerrun Receiwe Condition(S¥ COND)

Tropped Read Synchronization Conditioen (RDEQF COWD)
Tropped Write Synchronization Condition (ROROF C. ..

Yalue ) -
<add comments hereX
Stop

Hone

Fone

32-bit

Dizable

Count Eeload Reg &
lobal Index Begister A
Hone

Fone

CFU

Disable

Dizable

Continue

Ho Reload

Ho Reload

Clear

Clear

Ei QB G- L8 Advanced [ @

cyadvanced [{EIRAZEIR ja] 81
clifad'va:nst]

Di ai Bel), A, it
Dizable

Enable T
Disable

Dizable

Hot Receiwed

Hot Receiwved

Hone

Hone

Low

Hone

hetive Low

hetive Low

Humeric

Q00000000

WL
et

L



3.6 ZEE; A R CATIL 1L

vi1 A& HILHE?

v RMEIL R AT ILAARAG, RE 62 &M%
I RAL R E 20 IL G A AD 0L S 48 i
BB A4S &, ZRMEIC XA X B4 85T
AEAT— 2 8, KA wILmhi b B4 2
. FTEEREZLEHNEE:

v 1) &R0 F A

v2) IBEUTFATE L

v 3) F54-04 3T JE HA

v 4) F8AE R 69T he U
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3.6 ZEE; A R CATIL 1L

v2. B AREE B AARAAL
v1)CiE Z KA

int dotp(short af[], short b[])

{

int sum, 1i:
sum = 0;

for(i=0; i<100; i++)
sum += al[i] * b[1i];

return (sum) ;
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3.6 ZZ %t AR CAZL 1L
v2)ASMiE = XA

LDH Dl *Rd 4+ AZ ; load ai from memory

LDH Dl *Lh3++ AL ; load bi from memory

MEPY M1 A2 A5 ARG ; al * bi

ADD Ll &g AT AT ;o sum 4= (a1 * bi)

SR 2l A1,1,41 ; decrement loop counter
[A1l] B .52 LOOP ; branch to loop

VAL ) 4 3 5T

Load (LDH and LDW) instructions must use a .D unit.
Multiply (MPY and MPYSP) instructions must use a .M unit.
Add (ADD and ADDSP) instructions use a .L unit.

Subtract (SUB) instructions use a .S unit.

Branch (B) instructions must use a .S unit.

Y .

FARSIGHT



3.6 ZEE; A R CATIL 1L

Ak 47649 ASMAX AL

MVE
ZERO

LOOP:

r

LOH
LOH
NOP
MEY
NOP
ADD
SUB
[A1] B
NOP

.51
Ll

Dl
Dl

M1

L1
.51
.52
5

100, Al
AT

*Ad++, B2
*hi++,AB

A2, AL, ARG
Re AT, AT

A1,1,A1
LOOP

Branch ooccurs here

; set up loop counter
: zero out acoumulator

; load ai from memory

; load bi from memory

; delay slots for LDH
:al * bi

; delay =lot for MPY
;osum += (ai * bi)

; decrement loop counter
; branch to loop

; delay slots for branch

I‘ﬂ_[\)_lUﬂ i



3.6 ZZ %t AR CAZL 1L
v4d) F476 ASMAX AL

MVE =l 100, Al ; 22t up loop counter
N ZERO .11 BT ; zero out accumulator
LOOP

LDH D1 *¥hd 44+ AZ ; load ai from memory
| | LDH D2 *Bd++,B2 ; load bi from memory

SUE =1 Al1,1,41 ; decrement loop counter

[A1] B .52 LOOP ; branch to loop

NOP 2 ; delavy slots for LDH

MEY M1XE A2 ,B2 A6 ; al * b1

NOP ; delav slots for MPY

ADD Ll A AT AT ;osum += (ai * bi)
:  Branch occcurs here

FAR(IGHT



3.6 ZZ %t AR CAZL 1L
v5) MAEbE

.ode Example 100 lterations  Cycle Coun
xample 5-9  Fixed-point dot product nonparallel assembly 2+ 100 x 16 1602
xample 5—10 Fixed-point dot product parallel assembly 1+ 100 x & a01
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3.6 ZEE; A R CATIL 1L

v6) XKML

LDW *at++,ai il i lead ai & al from memory

LDW *b++,bi il ; leoad bi & bl from memory

MPY ai il,bi il,pi ; ai * bi

MPYH ai_il,bi_il,pil roai+l * bi+l

ADD pi, suml, suml :oguml += (a1 * bi)

ADD pil, suml, suml :osuml += (ai+l * bi+l)
[entr] SUE cntr, 1, entr ; decrement loop counter
[entr] B LOOP ; branch to loop
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.glokal dotp
_dotp: .cproc a, b
.req sum, suml, suml, a, b
.reg ail:ai, bil:bi, pi, pil
MVE EQ,ontr ; ontr = 100/2
ZERO sumb ; multiply result = 0
ZERO suml ; multiply result = 0
LOOP: .trip 50
LODW *a34+,ai1l:a1l i load ai & ai+l from memory
LDDW *hi+,bil:bi ; load bi & bi+l from memory
MPYSP ai,bi,pi ;al * bi
MPYSP ail,bil,pil ;o al+l * bi+l
ADDSPE pi, suml, suml ;oauml += (a1 * bi)
ADDSE pil,suml, suml ;oauml += (ai+l * bi+l)
[entr] SUB ontr,l,ontr i decrement lecop counter
[entr] B LOOP ; branch to leoop
ADDSP sum, auml , sumd ; compute final result
Lreturn sum
.endproc
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