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VLIW: Fetchs eight 32-bit instructions every single cycle

Architecture 2
14 interrupts: reset, NMI, INT4-INT15



Register Filesg

16 32-bit registers16 32-bit registers
Cross 
paths

Register files support 32-, 40-
and 64-bit data formats

A1:A0
A3:A2
A5:A4
A7:A6

B1:B0
B3:B2
B5:B4
B7:B6and 64 bit data formats A7:A6

A9:A8
A11:A10
A13:A12
A15:A14

B7:B6
B9:B8

B11:B10
B13:B12
B15:B14
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A15:A14 B15:B14

Up to 64 bits



Register File Exampleg p

MPY  .M1  A1,A2,A3
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C64x/c67x Fixed-Point Instruction Set



Pipelinep

 FetchFetch
 Decode
 Execute Execute
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Pipelined vs. Nonpipelined CPUp p p
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Pipeline Operation of C6x DSPp p

 C62x and C64x C62x and C64x

 C67x
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Fetch Phase

 Fetching consists of 4 phases, each requiring a clock cycleFetching consists of 4 phases, each requiring a clock cycle
 PG: Program address generation
 PS: Program address send to memoryg y
 PW: Program address ready wait (memory read occur)
 PR: Program fetch package receive at CPU

(256-bit VLIW enables 8 instructions/package)
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Decode Phase

 Decoding consists of 2 phases, each requiring a clock cycleDecoding 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  opMPYH  .M1  op
|| MPYH M2|| MPYH M2

( )
||    MPYH  .M2  op||    MPYH  .M2  op

ADD     .L1   op   ADD     .L1   op   
|| ADD L2 op|| ADD L2 op

Th k t f t ll l i t ti th t

||    ADD     .L2   op||    ADD     .L2   op
||    STW     .D1  op||    STW     .D1  op
||    STW     .D2  op ||    STW     .D2  op 
|| ADDK .S2 op|| ADDK .S2 opThe packet of two parallel instructions that 

were dispatched on the previous cycle

||    ADDK   .S2  op||    ADDK   .S2  op
||    NOP||    NOP
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Execute Phase

 Pipeline of fixed-point DSP (C62x, C64x) has 5 phases: Pipeline of fixed point DSP (C62x, C64x) has 5 phases: 
E1 – E5

 Pipeline of floating-point DSP (C67x) has 10 phases: Pipeline of floating point DSP (C67x) has 10 phases: 
E1 – E10

 Different types of instructions require different Different types of instructions require different 
numbers of executing phases to complete their 
executionu o

 Delay slots
 Occupy CPU cycles after E1 of an instruction 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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end of the last delay slot



Execution Stage Length of C62x and C64x

Branch occurs 
after E5
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Dot Product Example: 



20

1
)(*)(

n
nxnay

1n

MVK    .S1      a, A5
S

; Get address of a

CommentOperandsInstructionLabel

MVKH  .S1      a, A5
MVK    .S1      x, A6
MVKH  .S1      x, A6
MVK S1 A7

; Get address of x

Get add ess ofMVK    .S1      y, A7
MVKH  .S1      y, A7
MVK    .S1      20, A2
ZERO L1 A4

; Get address of y 

; Set loop counter, A2=20 
; A4 = 0ZERO .L1     A4

LDH    .D1      *A5++, A0
LDH    .D1      *A6++, A1
NOP 4

; A4 = 0 
; A0 = a (n)
; A1 = x(n)loop: 

NOP    4
MPY    .M1      A0, A1, A3
NOP   
ADD .L1 A3, A4, A4

; A3 = a(n) * x(n)

; A4 = A4 + a(n) * x(n)

No operation but 
occupying a cycle

ADD    .L1       A3, A4, A4
SUB    .S1       A2, 1, A2
B        .S1       loop
NOP    5

; A4  A4  a(n)  x(n)
; Decrement loop counter
; if A2≠ 0, branch to loop[A2]
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STH    .D1       A4, *A7 ; y = A4

Data path: 1 for path A, and 2 for path B Function unit 



Considering NOP and Parallelismg

MVK S1 20 A2 MVK S1 20 A2MVK    .S1      20, A2
ZERO   .L1     A4
LDH    .D1      *A5++, A0
LDH D1 *A6 A1

loop: 

MVK    .S1   20, A2
||     ZERO   .L1    A4

loop:   LDH    .D1 *A5++, A0
|| LDH D2 *A6 A1ParrallelLDH    .D1      *A6++, A1

NOP               4
MPY    .M1      A0, A1, A3

||     LDH    .D2 *A6++, A1
SUB  .S1     A2, 1, A2

[A2]   B    .S1     loop

Parrallel
Instruction

NOP
ADD    .L1       A3, A4, A4
SUB    .S1       A2, 1, A2

NOP
MPY    .M1    A0, A1, A3
NOP, ,

B        .S1       loop
NOP               5
STH D1 A4 *A7

[A2] ADD    .L1     A3, A4, A4
NOP
STH D1 A4 *A7

Branch 
occurs hereSTH    .D1       A4, A7 STH     .D1 A4, A7
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Code Efficiency vs. Coding Efforty g

Typical Efficiency Coding Effort

Compiler
Optimizer

Typical Efficiency      Coding Effort       

50 – 80%                       Low       C
(* c) Optimizer

Assembl

( .c)

Assembly
Optimizer

90 – 100%                   Medium       Linear ASM
(*.sa)

Hand
Optimizer

100%                              High      
ASM

(* asm) Optimizer( .asm)
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Linear Assembly Codey

 Assembly optimizer take care of :Assembly optimizer take care of :
 Finding the instruction can be executed in parallel
 Handling pipeline latenciesg p p
 Assign register usage
 Define which funtional unit to be used
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C6x Software Tools

AssemblyAssembly
Optimizer.sa

Assembler
.asmText

Editor Linker Debugger/
Simulator

.obj .out

.c

Compiler

Architecture 19



Dot Product: C

int dotp(int *a int *b short cnt)int  dotp(int *a,  int *b, short cnt)
{

int  sum, i;, ;
sum=0;
for (i=0; i<cnt; i++)

sum += a[i] * b[i];
return(sum);

}}
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Dot Product: Linear Assemblyy

dotp: .cproc ptr a, ptr b, cntdotp:   .cproc   ptr_a, ptr_b, cnt
.reg      val1, val2, prod, sum
zero     sum

loop:   ldh      *ptr_a++, val1
ldh      *ptr_b++, val2

l1 l2 dmpy     val1, val2, prod
add      sum, prod, sum
sub cnt, 1, cntsub      cnt, 1, cnt

[cnt]   b         loop
return  sum
.endproc
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C6713 DSK

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

 4 Gbytes (232) memory space4 Gbytes (2 ) memory space
 Internal program memory
 Internal data memoryy
 External memory spaces
 Internal peripheral space

Architecture 23



External Memory Interface (EMIF)y ( )
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Multichannel Buffer Serial Port (McBSP)( )

 Full-duplex communicationu dup e co u cat o
 Double-buffered data registers
 Independent framing and clocking for receive and transmit Independent framing and clocking for receive and transmit
 Direct interface to codecs, analog interface chips (AICs), 

and other serially connected analog-to-digital (A/D) and y g g ( )
digital-to-analog (D/A) chips
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Host Peripheral Interface (HPI)p ( )

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

(HPI address register)

(HPI data register)(HPI data register)

(HPI control register)
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General-Purpose Interrupt I/O (GPIO)p p ( )

 Can be configured as either inputs or outputsCa be co gu ed as e t e puts o outputs
 GPIO can produce CPU interrupts and EDMA events
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Enhanced Direct Memory Access (EDMA)y ( )

 Transfer data between regions in the memory map withoutTransfer data between regions in the memory map without 
CPU intervention (background CPU operation)
 Internal memory, internal peripherals, or external devices

Architecture 28



Interruptsp

 16 interrupt sources16 interrupt sources
 Host port to DSP interrupt (DSPINT)
 Timer interrupt (TINT0, TINT1)p ( , )
 EMIF SDRAM timer interrupt (SD_INT)
 External interrupts (EXT_INT4 ~7)
 DMA interrupts (DMA_INT0~3)
 McSBP transmit/receiver interrupts (XINT0~1/RINT0~1)
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Interrupt Priorityp y

Nonmaskable Interrupt:

Alert the CPU of a serious 
hardware problem such as 
imminent power failure.

Maskable Interrupt:as ab e te upt

Associated with external devices, 
on-chip peripherals, software 
control
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Interrupt Service Table (IST)

Interrupt Service FetchInterrupt Service Fetch
Packet (ISFP)
• Contain code for 

servicing the interruptsservicing the interrupts.
• Each with eight 32-bit 

instruction words
(32 bytes)   



IST with Branch to Additional Interrupt Service Code 
Located outside the IST
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Project view 
for 6713 DSKfor 6713 DSK
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C6713dsk.cmd

MEMORY
{{
IVECS:               org=0h,  len=0x220
IRAM: org=0x00000220, len=0x0002FDE0 /*internal memory*/
SDRAM: org=0x80000000, len=0x00100000  /*external memory*/
FLASH: org=0x90000000 len=0x00020000 /*flash 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.bss         :> IRAM
.cinit        :> IRAM
.stack       :> IRAM
.sysmem  :> IRAM
const :> IRAM.const      :> IRAM
.switch     :> IRAM
.far          :> IRAM
.cio          :> IRAM
csldata :> IRAM.csldata    :> IRAM

}
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C6713dskinit.h and C6713dskinit.c

void c6713 dsk init();void c6713_dsk_init();
void comm_poll();
void comm intr();void comm_intr();
Uint32 input_sample();
short input left sample();short input_left_sample();
short input_right_sample();
void output sample(int);void output_sample(int);
void output_left_sample(short);
void output right sample(short);void output_right_sample(short);
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dsk6713_aic23.h

#define DSK6713_AIC23_FREQ_8KHZ        1
#define DSK6713_AIC23_FREQ_16KHZ      2
#define DSK6713_AIC23_FREQ_24KHZ      3
#define DSK6713 AIC23 FREQ 32KHZ 4#define DSK6713_AIC23_FREQ_32KHZ      4
#define DSK6713_AIC23_FREQ_44KHZ      5
#define DSK6713_AIC23_FREQ_48KHZ      6
#define DSK6713_AIC23_FREQ_96KHZ      7
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Example: Sine8_bufp

#include "dsk6713_aic23.h" //support file for codec,DSK
Uint32 fs=DSK6713 AIC23 FREQ 8KHZ; //set sampling rateUint32 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];short out_buffer[256];              
const short BUFFERLENGTH = 256;     
int i = 0;                  

interrupt void c int11() //interrupt service routineinterrupt 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++;i++;
if(i==BUFFERLENGTH) i=0;
if (loop < 7) ++loop;            
else loop = 0;                    
return;return;

}

void main()
{{
comm_intr();              //init DSK, codec, McBSP
while(1);                    //infinite loop
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Example: Sine_stereop

#include "dsk6713_aic23.h" //codec-dsk support file
Uint32 fs=DSK6713 AIC23 FREQ 8KHZ; //set sampling rateUint32 fs=DSK6713_AIC23_FREQ_8KHZ;  //set sampling rate

#define LEFT  0
#define RIGHT 1
union {Uint32 combo; short channel[2];} AIC23 data;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;AIC23_data.channel[LEFT]=sine_table[loop] gain;      //for leftchannel;
output_sample(AIC23_data.combo); //output to both channels 
if (++loop > 7) loop = 0;

} 

void main()
{   

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

} 
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Example: Sine8_LEDp

#include "dsk6713_aic23.h"  //support file for codec,DSK
Uint32 fs = DSK6713 AIC23 FREQ 8KHZ; //set sampling rateUint32 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 BSLDSK6713_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 pressedif(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;if (loop < 7) ++loop;   
else loop = 0;

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

}}
}
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Example: Sine2slidersp

#include "DSK6713_AIC23.h" //codec-DSK interface support
Uint32 fs DSK6713 AIC23 FREQ 8KHZ; //set sampling rateUint32 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 indexloop +  frequency;                //increase frequency index 
loop = loop % 32;                    

}
}
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Slider Gel
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Example: Sinegen_tablep g

#include "DSK6713_AIC23.h" //codec-DSK support file
Uint32 fs=DSK6713 AIC23 FREQ 8KHZ; //set sampling rateUint32 fs DSK6713_AIC23_FREQ_8KHZ;       //set sampling rate
#include <math.h>
#define table_size (short)10
short sine_table[table_size];
int i;

interrupt void c_int11() //interrupt service routine
{

output_sample(sine_table[i]); 
if (i < table_size - 1) ++i;  
lelse i = 0;

return;
}

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;i = 0;
comm_intr();                   //init DSK, codec, McBSP
while(1);                      

}
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Example: Loop_intrp p

//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_stereop p

// Stereo input/output to/from both channels
#include "dsk6713 aic23 h“ //codec DSK support file#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]); //I/O left channels
return;;

}

void main()
{{

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

}
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