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VLIW: Fetchs eight 32-bit instructions every single cycle
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Register Files
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16 32-bit registers
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Register files support 32-, 40-
and 64-bit data formats

T

A1:AO0 B1:BO
A3:A2 B3:B2
A5:A4 B5:B4
A7:A6 B7:B6
A9:A8 B9:BS
A11:A10 B11:B10
Al13:A12 B13:B12
A15:A14 B15:B14

Up to 64 bits

Register file B

16 32-bit registers
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Register File Example
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Table 2—1. Functional Units and Operations Performed

Functional Unit

Fixed-Point Operations

Floating-Point Operations

L unit (.L1,.L2)

S unit (.S1, .S2)

M unit (M1, .M2)

D unit (.D1, .D2)

32/40-bit arithmetic and compare operations
Leftmost 1 or 0 bit counting for 32 bits
Normalization count for 32 and 40 bits
32-bit logical operations

32-bit arithmetic operations

32/40-bit shifts and 32-bit bit-field operations
32-bit logical operations

Branches

Constant generation

Register transfers to/from the control register file
(.S2 only)

16 X 16 bit multiply operations

32-bit add, subtract, linear and circular address
calculation

Loads and stores with a 5-bit constant offset
Loads and stores with a 15-bit constant offset
(.D2 only)

Arithmetic operations
Conversion operations:
DP — SP, INT — DP, INT — SP

Compare reciprocal and reciprocal
square-root operations

Absolute value operations

SP to DP conversion operations

32 x 32 bit multiply operations
Floating-point multiply operations

Load double word with a 5-bit
constant offset
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C64x/c67x Fixed-Point Instruction Set

.L Unit .M Unit .S Unit .D Unit
ABS MPY ADD SET ADD STB (15-bit offset)+
ADD MPYU ADDK SHL ADDAB STH (15-bit offset)t
ADDU MPYUS ADD2 SHR ADDAH STW (15-bit offset)+
AND MPYSU AND SHRU ADDAW SUB
CMPEQ MPYH B disp SSHL LDB SUBAB
CMPGT MPYHU B IRPt SUB LDBU SUBAH
CMPGTU MPYHUS B NRPT SUBU LDH SUBAW
CMPLT MPYHSU Breg SuUB2 LDHU ZERO
CMPLTU MPYHL CLR XOR LDW
LMBD MPYHLU EXT ZERO LDB (15-bit offset)¥
MV MPYHULS EXTU LDBU (15-bit offset)¥
NEG MPYHSLU MV LDH (15-bit offset)*
NORM MPYLH MvCt LDHU (15-bit offset)F
NOT MPYLHU MVK LDW (15-bit offset)*
OR MPYLUHS MVKH MV
SADD MPYLSHU MVKLH STB
SAT SMPY NEG STH
SSUB SMPYHL NOT STW
SuUB SMPYLH OR
SUBU SMPYH
SUBC
XOR
ZERO
ts2 only

tD2 only



Pipeline

s Fetch
= Decode
s EXxecute
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Pipelined vs. Nonpipelined CPU

Clock Cycles
CPU Type 1 2 3 4 5 6 7 8 9

Non-Pipelined | |F;, D; E;||F, D, BE,||F, D; E;

Pipelined Fi | D | E;4 F, = fetching of instruction x
F, | Dy E, D, = decoding of instruction x
F; D; | Ej E, = execution of instruction x

Pipeline full
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Pipeline Operation of Céx DSP

s C62X and C64x

I I | I
[i——— Fetch 4+— Decode —+
I I | I

Execute

m C67/X

| I | I I I
[¢&— Fetch 4+ Decode +
| I I I | I

Execute
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Fetch Phase

= Fetching consists of 4 phases, each requiring a clock cycle

=« PG: Program address generation

= PS: Program address send to memory

= PW: Program address ready wait (memory read occur)
= PR: Program fetch package receive at CPU
(256-bit VLIW enables 8 instructions/package)

CPU

Functional
units

Registers

PG

PR

PS

Memory

PW
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Decode Phase

= Decoding consists of 2 phases, each requiring a clock cycle
» DP: Instruction dispatch to appropriate functional units
= DC: Instruction decode
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Decode Phase (Cont.) MPYH .M1 op

I MPYH .M2 op

ADD L1 op

|| ADD L2 op

|| STW .D1 op

|| STW .D2 op

The packet of two parallel instructions that I ADDK .52 op
were dispatched on the previous cycle | NOP

Decode 32 v 32 32 32 32 32 32 32
ADD ADD STW STW | ADDK Norpt | pbP

/ [\
/ e \
a e /

MPYH DC MPYH
Y Y Y Y Y Y Y Y
Functional
L1 S1 M1 .D1 units .D2 M2 S2 L2

T NOP is not dispatched to a functional unit.
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Execute Phase

= Pipeline of fixed-point DSP (C62x, C64x) has 5 phases:
E1l — E5S

= Pipeline of floating-point DSP (C67x) has 10 phases:
El - E10

= Different types of instructions require different
numbers of executing phases to complete their
execution

= Delay slots

= Occupy CPU cycles after E1 of an instruction

= Subsequent instructions are not available until the the
end of the last delay slot
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Execution Stage Length of C62x and C64x

Instruction Type

16 X 16 Single C64x
. Multiply/ Multiply
Single Cycle Store Load Branch
9 y C64x .M Unit Extensions
Non-Multiply
Execution E1 Compute Read operands Compute  Reads oper- Compute Target-
phases result and start address ands and address code
and write to computations start com- in PG¥
register putations
E2 Compute result  Send ad- Send ad-
and write to dress and dress to
register data to memory
memory
E3 Access Access
memory memory
E4 Write results Send data
to register back to CPU | Branch occurs
after ES
E5 Write data
into register
<+—
Delay 0 1 of 3 41 5%

slots

14




20
Dot Product Example: Y=Y a(n)*x(n)
n=1

Label Instruction Operands Comment
MVK .S1 a, A5 ;» Get address of a
MVKH .S1 a, A5
MVK .S1 X, A6 ;» Get address of x
MVKH .S1 X, A6
MVK .S1 y, A7 ; Get address of y
MVKH .S1 y, A7
MVK .S1 20, A2 ; Set loop counter, A2=20
ZERO .L1 A4 ;A4 =0
LDH .D1 *A5++, AO ; A0 = a (n)
loop: LDH .D1 *A6++, Al ; Al = x(n)
NOP 4
MPY M1 AOQ, A1, A3 ; A3 = a(n) * x(n) _
No operation but
NOP ) occupying a cycle
ADD .L1 A3, A4, A4 ; A4 = A4 + a(n) * x(n)
SUB .S1 A2, 1, A2 ; Decrement loop counter
[A2] B S1 loop ; if A2+ 0, branch to loop
NOP 5

STH .D1 A4, *A7 vy = A4
Function unit T T Data path: 1 for path A, and 2 for path B

Architecture 15



Considering NOP and Parallelism

loop:

[A2]

MVK
ZERO
LDH
LDH
NOP
MPY
NOP
ADD
SUB
B
NOP
STH

S1

L1

.D1
.D1

.M1
L1
S1
S1

.D1

20, A2

A4
*A5++, AO
*A6++, Al
4

AO, A1, A3

A3, A4, A4
A2, 1, A2
loop

Parralle/
Instruction

=’

Branch
occurs here

loop:

[A2]

MVK
ZERO
LDH
LDH
SUB
B
NOP
MPY
NOP
ADD
NOP
STH

S1 20, A2

L1 A4

.D1  *A5++, AO
.D2 *A6++, Al
S1 A2, 1, A2
.S1  loop

M1 A0, A1, A3

L1 A3, A4, A4

D1 A4, *A7
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Code Efficiency vs. Coding Effort

C
(*.c)

Linear ASM
(*.sa)

ASM
(*.asm)

Compiler
Optimizer

——>

—>

Assembly
Optimizer

——>

—>

Hand
Optimizer

——>

Typical Efficiency

50 — 80%

90 — 100%

100%

Coding Effort

Low

Medium

High
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Linear Assembly Code

= Assembly optimizer take care of :
» Finding the instruction can be executed in parallel
»« Handling pipeline latencies
= Assign register usage
» Define which funtional unit to be used
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Cé6x Software Tools

Assembly
V Optimizer
Text .asm
Editor
.C

Compiler

A 4

Assembler

.0bj

\ 4

Linker

.out

| Debugger/

| Simulator
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Dot Product: C

int dotp(int *a, int *b, short cnt)
{
int sum, i;
sum=0;
for (i=0; i<ent; i++)
sum += al[i] * b[i];
return(sum);

()
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Dot Product: Linear Assembly

dotp: .cproc ptr_a, ptr_b, cnt
.reg vall, val2, prod, sum
Zero  sum

loop: Idh *ptr_a++, vall
ldh *ptr_b++, val2
mpy vall, val2, prod
add sum, prod, sum
sub cnt, 1, cnt

[cnt] b loop
return sum
.endproc
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6713 DSK

24-bit stereo codec with up to 48 kHz sampling rate

-

© O] HPI_EN

0123 0123

We=10 Ol BOOTM O
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Memory Map

= 4 Gbytes (232) memory space
= Internal program memory
» Internal data memory
» External memory spaces
» Internal peripheral space
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External Memory Interface (EMIF)

-4—— ECLKIN
——» ECLKOUT
le—» ED[31:01

- » EA[21 :2] Shared by
: all external
—» CE[3:0] interfaces
—— BE[3:0]
Enhanced External
data @ memory
memory interface ¢ ARDY
controller (EMIF)
—» AOE/SDRAS/SSOE MUXed
—» ARE/SDCAS/SSADS Asynch/SDRAM/SBSRAM
- » AWE/SDWE/SSWE control
-<+—— FOLD

—» HOLDA

Control |—®BUSREQ
registers

Internal
peripheral bus
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Multichannel Buffer Serial Port (McBSP)

= Full-duplex communication
= Double-buffered data registers
= Independent framing and clocking for receive and transmit

= Direct interface to codecs, analog interface chips (AICSs),
and other serially connected analog-to-digital (A/D) and
digital-to-analog (D/A) chips
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Host Peripheral Interface (HPI)

= A parallel port through which a host processor can directly
access the CPU’s memory space

Host C621x/C671x
—®»{HCNTRL][1:0]
Address —p
<P —P>
—»{HHWIL EDMA
R/.W > HR/VV_ HPIA Address
Data[15:0] |4 1 HDI[15:0]  (1p) address register) generation
—»]HDS1 hardware
DATASTROBE }—» < —»{HDS2
—»]HCS ¢ I I
ALE (if used) »{HAS HPID
Ready [« HRDY (HPI data register)
INTERRUPT |« HINT
<P
r Internal
configuration
HPIC bus
>
(HPI control register)
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General-Purpose Interrupt I/O0 (GPIO)

= Can be configured as either inputs or outputs
= GPIO can produce CPU interrupts and EDMA events

GPIO
GP0 —P> GPINTO [—P
GP1 -—P» GPINT1 |——P
GP2 @—P> GPINT2 [—P
GP3 w@—P GPINT3 |——p
GP4 w—P> GPINT4 [—P
GPS -— GPINTS > Interrupts to CPU
GP6 w—P GPINTE [ and
GP7 -—p] GPINT7 |——p synchronization
GP8 g GPINTS | events to EDMAT
GP9 w—p» GPINT9 |——
GP10 @—P> GPINT10 [—P
GP11 -—p GPINT11 f——
GP12 —p] GPINT12 [—p
GP13 -—p GPINT13 |——
GP14 g—p GPINT14  |—
GP15 -—p| GPINT15 f—p
Control <:> Internal
registers peripheral bus

T Some of the GPx pins are MUXed with other device signals. Refer to the specific device datasheet
for details.
1 AllGPINTx are synchronization events to the EDMA. Only GPINTO and GPINT([4:7] are available

as interrupts to the CPU, Architecture 27



Enhanced Direct Memory Access (EDMA)

= Transfer data between regions in the memory map without
CPU intervention (background CPU operation)

= Internal memory, internal peripherals, or external devices
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Interrupts

= 16 interrupt sources
= Host port to DSP interrupt (DSPINT)
Timer interrupt (TINTO, TINT1)
= EMIF SDRAM timer interrupt (SD_INT)
= External interrupts (EXT_INT4 ~7)
= DMA interrupts (DMA_INTO~3)
= McSBP transmit/receiver interrupts (XINTO~1/RINTO~1)
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Interrupt Priority

Interrupt
Priority Name

Highest Reset
NMI <—— Nonmaskable Interrupt:
[ INT4 Alert the CPU of a serious

INT5 hardware problem such as
INT6 imminent power failure.

INT7
Maskable Interrupt: INTS8

v

Associated with external devices, INT9
on-chip peripherals, software INT10

control
INTA11
INT12
INT13
INT14
Lowest \INT15 pchitecture 30




- 000h RESET ISFP
Interrupt Service Table (IST)
020h NMI ISFP
040h Reserved
ISFP for INT6
060h Reserved
0COh Instr1 080h INT4 ISFP
0C4h Instr2 O0AOh INT5 ISFP
" ocsh| Instr3 0COh INT6 ISFP
0CCh Instr4 OEOh INT7 ISFP
Interrupt Service Fetch ~ 0DOh | Instr5 100h INT8 ISFP
Packet (ISFP) 0D4h | Instr6 120h INTO ISEP
. Cont_a_in COhde.fOI’ 0D8h B IRP 140h INT10 ISEP
serV|C|n.gt (?lnterrupts. ooch | Nop 5 160h NT111SEP
» Each with eight 32-bit
instruction words The interrupt service rou- 180h INT12 ISFP
tine for INT6 is short 1A0h
(32 bytes) enough to be contained INT13 ISFP
in a single fetch packet. 1COh INT14 ISFP
1EOh INT15 ISFP

Program memory



IST with Branch to Additional Interrupt Service Code

Located outside the IST

The interrupt service routine
for INT4 includes this 7-in-
struction extension of the in-
terrupt ISFP.

1220h
1224h
1228h
122Ch
1230h
1234h
1238h
123Ch

1240h
1244h
1248h
124Ch
1250h
1254h
1258h
125Ch

Instr9

B IRP

Instr11

Instr12

Instr13

Instr14

000h
020h
040h
060h
080h
O0AOh
0COh
OEOh
100h
120h
140h
160h
180h
1A0h
1COh
1EOh

IST
RESET ISFP
NMI ISFP
Reserved
Reserved
INT4 ISFP 080h
INT5 ISFP 084h
INT6 ISFP 088h
INT7 ISFP 08Ch
INT8 ISFP 090h
INT9 ISFP 094h
INT10 ISFP 098h
INT11 ISFP 09Ch
INT12 ISFP
INT13 ISFP
INT14 ISFP
INT15 ISFP

Instr15

Additional ISFP for INT4

ISFP for INT4

Instr1

Instr2

B 1234h

Instr4

Instr5

Instré
Instr7

Instr8

.‘

Additional ISFP for INT4

Program memory
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Project view
for 6713 DSK

[ Files
+[_7 GEL files
=49 Projects
=l &g test.pit (Debug)
|7 Dependent Projects
(] DER/BIOS Config

[ Generated Files
-4 Include

E| calh
czl_chip h

E| cal g h

E| cal inghalh
czl_mecbsph
=] sl stdinc h
czl_tmer.h

=] dska713h

) TIPS TR TSR RS (TG

#] csl5713 b

£] 6701 lib
-9 Source

[#] C6713dsk.cmd

% CA71 3dskinith

czl_chiphalh
czl_emifhalh

ezl mebsphalh

E| cal stdinchal h

ozl _timerhal h

#] dska713bsl lib

#] o671 3dskinit.c
] Sine8_LEDc
] Vectors_poll ssm
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C6713dsk.cmd

MEMORY

{
IVECS: org=0h, len=0x220
IRAM: org=0x00000220, len=0x0002FDEOQ /*internal memory*/
SDRAM: 0org=0x80000000, len=0x00100000 /*external memory*/
FLASH: org=0x90000000, len=0x00020000 /*flash memory*/

¥

SECTIONS

{
.EXT_RAM :> SDRAM

.vectors :> IVECS /*in vector file*/

text :> IRAM /*Created by C Compiler*/
.bss :> IRAM
.Cinit :> IRAM

.stack :> IRAM
.sysmem :> IRAM
.const :> IRAM
.switch  :> IRAM
far :> IRAM
.CiO :> IRAM
.csldata :> IRAM
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C6713dskinit.h and C6713dskinit.c

void ¢6713_dsk_init();

void comm_poll();

void comm_intr();

Uint32 input_sample();

short input_left_sample();

short input_right_sample();

void output_sample(int);

void output_left_sample(short);
void output_right_sample(short);
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dsk6713 aic23.h

#define DSK6713_AIC23_FREQ_8KHZ

#define DSK6713_AIC23_FREQ_16KHZ
#define DSK6713_AIC23_FREQ_24KHZ
#define DSK6713_AIC23_FREQ_32KHZ
#define DSK6713_AIC23_FREQ_44KHZ
#define DSK6713_AIC23_FREQ_48KHZ
#define DSK6713_AIC23_FREQ_96KHZ
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Example: Sine8_buf

#include "dsk6713_aic23.h" //support file for codec,DSK
Uint32 fs=DSK6713_AIC23_FREQ_8KHZ; //set sampling rate

int loop = 0;

short gain = 10;

short sine_table[8]={0,707,1000,707,0,-707,-1000,-707};

short out_buffer[256];

const short BUFFERLENGTH = 256;

inti =0;
interrupt void c_int11() //interrupt service routine
{

output_sample(sine_table[loop]*gain);  //output sine values
out_buffer[i] = sine_table[loop]*gain; //output to buffer
i++;

if(i==BUFFERLENGTH) i=0;

if (loop < 7) ++loop;

else loop = 0;

return;
by
void main()
{
comm_intr(); //init DSK, codec, McBSP
while(1); //infinite loop

}
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Example: Sine_stereo

#include "dsk6713_aic23.h" //codec-dsk support file
Uint32 fs=DSK6713_AIC23_FREQ_8KHZ; //set sampling rate

#define LEFT 0
#define RIGHT 1
union {Uint32 combo; short channel[2];} AIC23_data;

short loop = 0, gain = 10;
short sine_table[8] = {0,707,1000,707,0,-707,-1000,-707};

interrupt void c_int11()//interrupt service routine

{
AIC23_data.channel[RIGHT]=sine_table[loop]*gain; //for right channel;
AIC23_data.channel[LEFT]=sine_table[loop]*gain; //for leftchannel;
output_sample(AIC23_data.combo); //output to both channels
if (++loop > 7) loop = 0;

by

void main()

{
comm_intr(); //init DSK,codec,McBSP
while(1) ; //infinite loop

by
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Example: Sine8_LED

#include "dsk6713_aic23.h" //support file for codec,DSK
Uint32 fs = DSK6713_AIC23_FREQ_8KHZ; //set sampling rate
short loop = 0;

short gain = 10;
short sine_table[8]={0,707,1000,707,0,-707,-1000,-707}%;

void main()
{
comm_poll(); //init DSK,codec,McBSP
DSK6713_LED_init(); //init LED from BSL
DSK6713_DIP_init(); //init DIP from BSL
while(1)
{
if(DSK6713_DIP_get(0)==0) //=0 if DIP switch #0 pressed
{
DSK6713_LED_on(0); //turn LED #0 ON

output_sample(sine_table[loop]*gain);
if (loop < 7) ++loop;
else loop = 0;

}
else DSK6713_LED_off(0); //turn LED off if not pressed
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Example: Sine2sliders

#include "DSK6713_AIC23.h" //codec-DSK interface support
Uint32 fs=DSK6713_AIC23_FREQ_8KHZ; //set sampling rate

short loop = 0;
short sine_table[32]={0,195,383,556,707,831,924,981,1000,981,924,831,707,556,383,195,
0,-195,-383,-556,-707,-831,-924,-981,-1000, -981,-924,-831,-707,-556,-383,-195};

short gain = 1; //for slider
short frequency = 2; //for slider
void main()
{
comm_poll(); //init DSK,codec,McBSP
while(1)
{
output_sample(sine_table[loop]*gain);
loop += frequency; //increase frequency index
loop = loop % 32;
}

}
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Slider Gel

Applying the Slider Gel File

The General Extension Language (GEL) is an interpretive language similar to (a
subset of) C. It allows you to change a variable such as gain, sliding through differ-
ent values while the processor is running. All variables must first be defined in your

source program. m x|

1. Select File — Load GEL and open the file gain.gel, which you retained
from the original folder, sine8_LED (that you backed up). Double-click on
the file gain.gel to view it within CCS. It should be displayed in the Files
window. This file is shown in Figure 1.6. By creating the slider function gain
shown in Figure 1.6, you can start with an initial value of 10 (first value) for
the variable gain that is set in the C program, up to a value of 35 (second
value), incremented by 5 (third value).

2. Select GEL — Sine Gain — Gain. This should bring out the Slider window
shown in Figure 1.7, with the minimum value of 10 set for the gain.

fUEn B UE NE RN RN R RN

i
o

3. Press the up-arrow key to increase the gain value from 10 to 15, as displayed
in the Slider window. Verify that the volume of the sine wave generated has
increased. Press the up-arrow key again to continue increasing the slider,
incrementing by 5 up to 30. The amplitude of the sine wave should be about
2.5V p-p with a gain value set at 30. Now use the mouse to click directly on
the Slider window and slowly increase the slider position to 31, then 32, and
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Example: Sinegen_table

#include "DSK6713_AIC23.h" //codec-DSK support file
Uint32 fs=DSK6713_AIC23_FREQ_8KHZ; //set sampling rate
#include <math.h>

#define table_size (short)10

short sine_table[table_size];

inti;

interrupt void c_int11() //interrupt service routine

{
output_sample(sine_table[i]);
if (i < table_size - 1) ++i;

elsei=0;
return;

by

void main()

{

float pi=3.14159;

for(i = 0; i < table_size; i++)
sine_table[i]=10000*sin(2.0*pi*i/table_size);

i=0;

comm_intr(); //init DSK, codec, McBSP

while(1);
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Example: Loop_intr

//Loop program using interrupt. Output = delayed input

#include "dsk6713_aic23.h" //codec-DSK support file
Uint32 fs=DSK6713_AIC23_FREQ_8KHZ; //set sampling rate
interrupt void c_int11() //interrupt service routine

{

short sample_data;

sample_data = input_sample(); //input data
output_sample(sample_data); //output data
return;

}

void main()

{
comm_intr(); //init DSK, codec, McBSP
while(1);

}
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Example: Loop_stereo

// Stereo input/output to/from both channels

#include "dsk6713_aic23.h* //codec-DSK support file
Uint32 fs=DSK6713_AIC23_FREQ_8KHZ; //set sampling rate
#define LEFT 0

#define RIGHT 1

union {Uint32 combo; short channel[2];} AIC23_data;

interrupt void c_int11() //interrupt service routine

{
AIC23_data.combo = input_sample(); //input 32-bit sample
output_left_sample(AIC23_data.channel[LEFT]); //1/0 left channels
return;

)

void main()

{
comm_intr(); //init DSK, codec, McBSP
while(1);

}
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