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n I n t r odu ct ion

n 2 -D  F IR  f i l t e r s

n B e n ch m a r k in g  a  J P E G  cod e c

n Assem b ler ,  C com p iler , a n d  s im u la t or

n Code  Com p oser  E n vir on m e n t

n D e v e lop m e n t  b oa r d s

n Con clu s ion
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Introduction

n Architecture

4 8-way VLIW DSP processor

4RISC instruction set

4 2 16-bit multiplier units

4Byte addressing

4Modulo addressing

n Applications

4Wireless base stations

4 xDSL modems

4Non-interlocked pipelines

4Load-store architecture

4 2 multiplications/cycle

4 32-bit packed data type

4No bit reversed addressing

4Videoconferencing

4Document processing
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Introduction

Arithmetic
ABS
ADD

ADDA
ADDK
ADD2
MPY

MPYH
NEG

SMPY
SMPYH
SADD
SAT

SSUB
SUB

SUBA
SUBC
SUB2
ZERO

Logical
AND

CMPEQ
CMPGT
CMPLT

NOT
OR

SHL
SHR

SSHL
XOR

Bit
Management

CLR
EXT

LMBD
NORM

SET

Data
Management

LD
MV

MVC
MVK

MVKH
ST

Program
Control

B
IDLE
NOP

C6x Instruction
Set by Category

(un)signed int/fixed multiplication
saturation/packed arithmetic 
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Introduction

.S Unit
ADD NEG
ADDK NOT
ADD2 OR
AND SET
B SHL
CLR SHR
EXT SSHL
MV SUB
MVC SUB2
MVK XOR
MVKH ZERO

.L Unit
ABS   NOT
ADD   OR
AND   SADD
CMPEQ   SAT
CMPGT   SSUB
CMPLT   SUB
LMBD   SUBC
MV   XOR
NEG   ZERO
NORM

.M Unit
MPY SMPY
MPYH SMPYH

.D Unit
ADD   ST
ADDA   SUB
LD   SUBA
MV   ZERO
NEG

Other
NOP IDLE

C6x Instruction Set by Category

Six of the eight functional units can perform
add, subtract, and register move operations
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2-D FIR Filter

n D iffe r e n ce  equ a t ion

y (n )  = 2  x (n 1 ,n 2)  + 3  x (n 1-1,n 2)  + x (n 1 ,n 2-1) + x (n 1-1,n 2-1)

n Vector dot product plus keep M1 rows in memory and

circularly buffer input

∑ ∑
−

=

−

=

−−=
1

0
221121

1

0
21

1

1

2

2

),(),( ),(
M

m

M

m

mnmnxmmannyn Flow graph

0 0 0

0 2 1

0 3 1

a(m1,m2) x(n1,n2)

m2

m1

n2

n1 (rows)



7

2-D Filter Implementations

n S t or e  M 1  x  M 2  filt e r  coe fficie n t s  i n  s e q u e n t ia l
m e m or y  (vector)  of  len g t h  M  =  M 1  M 2

n F or  e a ch  ou t p u t , for m  vector  f rom  N 1  x  N 2  im a ge

1 M 1  s e p a r a t e  d ot  p r o d u c t s  o f  l e n g t h  M 2  a s  b y t e s

2 F or m  im a ge vect or  b y r a s t e r  s ca n n in g  i m a ge  a s  b y t e s

3 F or m  im a ge vect or  b y r a s t e r  s ca n n in g  i m a ge  a s  w or d s

I m p lem e n t a t ion
1             2              3

T h r ou gh p u t

(s a m p les/cycle)
1 2 1 .5

D a t a  r e a d  a t

on e  t im e

( b y t e s )
1 1 2

Raster scan
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2-D FIR Implementation #1 on C6x

; registers: A5=&a(0,0) B5=&x(n1,n2) B7=M A9=M2 B8=N2
fir2d1 MV   .D1  A9,A2 ; inner product length
|| SUB  .D2  B8,B7,B10 ; offset to next row
|| CMPLT.L1  B7,A9,A1  ; A1=no more rows to do
|| ZERO .S1  A4 ; initialize accumulator
|| SUB  .S2  B7,A9,B7 ; number of taps left
fir1 LDBU .D1 *A5++,A6 ; load a(m1,m2), zero fill
|| LDBU .D2 *B5++,B6 ; load x(n1-m1,n2-m2)
|| MPYU .M1X A6,B6,A3 ; A3=a(m1,m2) x(n1-m1,n2-m2)
|| ADD  .L1  A3,A4,A4 ; y(n1,n2) += A3
||[A2] SUB  .S1  A2,1,A2 ; decrement loop counter
||[A2] B    .S2  fir1 ; if A2 != 0, then branch

MV   .D1  A9,A2 ; inner product length
|| CMPLT.L1  B7,A9,A1  ; A1=no more rows to do
|| ADD  .L2  B5,B10,B5 ; advance to next image row
||[!A1]B    .S1  fir1 ; outer loop
|| SUB  .S2  B7,A9,B7 ; count number of taps left
; A4=y(n1,n2)
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2-D FIR Implementation #2 on C6x

; registers: A5=&a(0,0) B5=&x(n1,n2) A2=M B7=M2 B8=N2
fir2d2 SUB  .D2  B8,B7,B9 ; byte offset between rows
|| ZERO .L1  A4 ; initialize accumulator
|| SUB  .L2  B7,1,B7 ; B7 = numFilCols - 1
|| ZERO .S2  B2 ; offset into image data

fir2 LDBU .D1 *A5++,A6 ; load a(m1,m2), zero fill
|| LDBU .D2 *B6[B2],B6 ; load x(n1-m1,n2-m2)
|| MPYU .M1X A6,B6,A3 ; A3=a(m1,m2) x(n1-m1,n2-m2)
|| ADD  .L1  A3,A4,A4 ; y(n1,n2) += A3
|| CMPLT.L2  B2,B7,B1  ; need to go to next row?
|| ADD  .S2  B2,1,B2   ; incr offset into image

[!B1] ADD  .L2  B2,B9,B2 ; move offset to next row
||[A2] SUB  .S1  A2,1,A2 ; decrement loop counter
||[A2] B    .S2  fir2 ; if A2 != 0, then branch
; A4=y(n1,n2)
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2-D FIR Implementation #3 on C6x

; registers: A5=&a(0,0) B5=&x(n1,n2) A2=M B7=M2 B8=N2
fir2d3 ZERO .D1  A4 ; initialize accumulator #1
|| SUB  .D2  B8,B7,B9 ; index offset between rows
|| ZERO .L2  B2 ; offset into image data
|| MVKH .S1  0xFF,A8   ; mask to get lowest 8 bits
|| SHR  .S2  B7,1,B7 ; divide by 2: 16bit address

ZERO .D2  B4 ; initialize accumulator #2
|| ZERO .L1  A6 ; current coefficient value
|| ZERO .L2  B6 ; current image value
|| SHR  .S1  A2,1,A2   ; divide by 2: 16bit address
|| SHR  .S2  B9,1,B9 ; divide by 2: 16bit address

Initialization
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2-D FIR Implementation #3 on C6x (cont.)

fir3 LDHU .D1 *A5++,A6 ; load a(m1,m2) a(m1+1,m2+1)
|| LDHU .D2 *B6[B2],B6 ; load two pixels of image x
|| CMPLT.L2  B2,B7,B1  ; need to go to next row?
|| ADD  .S2  B2,1,B2   ; incr offset into image

AND  .L1 A6,A8,A6 ; extract a(m1,m2)
|| AND  .L2 B6,A8,B6 ; extract x(n1-m1,n2-m2)
|| EXTU .S1 A6,0,8,A9 ; extract a(m1+1,m2+1)
|| EXTU .S2 B6,0,8,B9 ; extract x(n1-m1+1,n2-m2+1)

MPYHU .M1X A6,B6,A3 ; A3=a(m1,m2) x(n1-m1,n2-m2)
|| MPYHU .M2X A9,B9,B3 ; B3=a*x offset by 1 index
|| ADD  .L1  A3,A4,A4 ; y(n1,n2) += A3
|| ADD  .L2  B3,B4,B4 ; y(n1+1,n2+1) += B3
||[!B1]ADD  .D2  B2,B9,B2 ; move offset to next row
||[A2] SUB  .S1  A2,1,A2 ; decrement loop counter
||[A2] B    .S2  fir3 ; if A2 != 0, then branch
; A4=y(n1,n2) and B4=y(n1+1,n2+1) Main Loop
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JPEG

n E n cod e r

4B r e a k s  im a ge in t o 8 x 8 block s

4Com p u t e s  D C T  on  e a ch  b lock

4Q u a n t izes  D C T  coefficien t s

4H u ffm a n  e n cod in g  of coe fficien t s

n D e cod e r

4H u ffm a n  d ecod in g

4 I n v e r s e  D C T
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Discrete Cosine Transform (DCT)

n 1 - D  D C T  o f  s e q u e n c e  x (n ) d e fin e d  on  n  in  [0, N -1]

( )
( ) 
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n 2-D DCT is 1-D DCT applied in each dimension

n Execution time for 1 8 x 8 block of 16-bit values

4 230 cycles for inverse DCT and 226 cycle for DCT

4www.ti.com/sc/docs/products/dsp/c6000/62bench.html
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JPEG Codec Benchmarking on C6x

n U s e d  s ou r ce cod e  in  T h e  Da ta  Com p r ession  B ook

4N ot  a  fu ll-fea t u r e d  J F I F  r e a d e r / w r i t e r

4R e a l izes  J P E G  cor e  (DCT coefficien t s , H u ffm a n  cod e s )

n M odifica t ion s  t o sou r ce cod e

4 I m a g e  i s  s t o r e d  i n  6 4  x  6 4  g l o b a l  a r r a y  a t  1 6  b i t s /p ixel

4U s e d  6 4  k b y t e s  of on -ch i p  R A M

4 I m a g e  d a t a  is  loa d e d  a t  s t a r t u p  in t o m e m or y

4R e p la ced  f i le  I /O rou t in e s  w it h  m e m or y  a cces s e s

n I m p lem e n t a t ion

4P a r a llel iza b le  loop s  ( D C T )

4Con t r ol dom in a t e d  cod e  (H u ffm a n  cod in g )
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JPEG Codec Benchmarking on C6x
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75-80% of execution time is spent on Huffman coding

http://www.ece.utexas.edu/~bevans/hp-dsp-seminar/benchmarkJPEGC6x.pdf
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Assembler, Compiler, and Simulator

n Assem b ler  o p t i m iza t ion s

4Ass ign  fu n ct ion a l u n it s

4P a ck  a n d  p a r a l lel ize lin e a r  a s s e m bly la n g u a g e  cod e

4S oft w a r e  p ipel in in g

n Com p ile r  op t im iza t ion s

4Alloca t e  r e g is t e r s

4S oft w a r e  p ipel in in g

n S im u la t or
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Code Composer Environment

n I n t e g r a t e d  s oft w a r e  d e v e lop m e n t  on  P C  a n d  U n ix

n C 2 x ,  C3x ,  C4x ,  C6x  su p p or t e d ;  C54x in  O ct o b e r

n Ani m a t e d  r u n  w it h  g r a p h ica l  s ign a l  d i sp la y

n I n t e r a ct ive  p r ofilin g  a n a lys is  a n d  d e b u g g i n g

n O p e n  p lu g -in  a r ch it e ct u r e

n F u ll m u lt ip rocess in g  s u p p or t  u n d e r  W in d ows

n U s e s  T I  C  com p iler  a n d  a s s e m b ler

n P r obe poin t  s u p p or t  for  file  I /O

n R e a l-t im e  d a t a  exch a n ge  (J T A G )  20  KB/s  fo r  C6x

n S cr i p t i n g  l a n g u a g e  t o  a d d  n e w  G U I  fea t u r e s

n F r e e  t r a in in g  a v a i l a b l e  fr om  S a n  J ose office
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Development Boards

n D a y t on a  S p ect r u m  S ign a l  C 6 x  B oa r d

4 2  2 0 0 - M H z  T M S 3 2 0 C 6 2 0 1  V L I W  D S P s  (3 2 0 0  M I P S )

4 3 2  k B  s h a r e d  d u a l-p o r t  R A M  for  m e s s a g e  p a s s in g

4 5 1 2  k B  of S y n ch r on ou s  B u r s t  S R A M  p e r  p r oce s s or

4 1 6  M B  of S y n ch r on ou s  D R A M  p e r  p r oce s s or

4P r oce s s or  E x p a n s ion  M o d u l e  p r o v i d e s  4 0 0  M B /s

4H u r r ica n e  P C I  b r i d g e

4D S P ~ L I N K 3  I / O  i n t e r f a c e  f r o m  p r o c e s s o r  N o d e  A

4 h t t p ://w w w .s p e ct r u m s ign a l.com /
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Spectrum Daytona C6x Board

PEM Processor Expansion Module
PMC PCI Mezzanine Card

http://www.spectrumsignal.com/catalog/Daytona.pdf
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TI C6x Evaluation Module

n 1 3 3 - M H z
C 6 2 0 1

4 2 5 6  k B
1 3 3 - M H z
B S R A M

4 8  M b
1 0 0 - M H z
S D R A M

4P C I  b r idge

4 J T A G

4 1 6 -b it
a u d io
D A C

www.ti.com/sc/docs/tools/dsp/tmds3260a6201.html
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Conclusion

n Bot t l eneck  fo r  m u lt i m e d i a  a p p l i c a t i o n s  o n  C 6 x  i s
b it  s t r e a m  p a r s in g  a n d  v a r ia b le-le n g t h  d e cod in g

4B it  m a n a gem e n t  r ou t in e s  a r e  on ly a v a i l a b l e  o n  S  u n i t

4 7 5 -8 0 %  e x e cu t ion  t im e  for  J P E G

4 5 0 %  e x e cu t ion  t im e  for  b a s e lin e  M P E G -4 decodin g

n I n t e g r a t e d  d e v e lop m e n t  e n v ir o n m e n t s

4T e x a s  I n s t r u m e n t s  C ode  Com p os e r

4S p e ct r u m  S ign a l  ex t en s ion s  t o  Mic roso f t  V i sua l  C++

n C 6 x  b e n ch m a r k in g  for  s p e e ch /a u d io a p p lica t ion s

4D . T a lla ,  L.  K . J oh n , V. L a p in s k ii, a n d  B .  L.  E v a n s ,
“P e r for m a n ce of S ign a l P r oce s s in g  a n d  M u lt im e d ia
A p p lica t ion s  on  S I M D ,  VLIW , a n d  S u p e r s ca la r  A r ch .,”
1 9 9 9  I E E E / A C M  M icroa r ch itectu re S y m ., s u b m it t e d .
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Conclusion

n W e b  r e s ou r ces

4 com p .d s p  n e w s g r ou p : F A Q  w w w .b d t i.com /fa q /d s p _fa q .h t m l

4 e m b e d d e d  p r oce s s or s  a n d  s y s t e m s : w w w .eg3.com

4 on -lin e  cou r s e s  a n d  D S P  b oa r d s : w w w .t e ch on lin e .com

4 T I  C 6 x  b e n ch m a r k s :
w w w .t i.com /sc/docs /p roduc t s /d s p /c6 0 0 0 /62ben ch .h t m

n R e fer e n ces
4 R . B h a r g a va ,  R.  R a d h a k r i sh n a n ,  B.  L.  E v a n s , a n d  L .  K.  J oh n ,

“E v a lu a t in g  M M X  Tech n ology U sin g  D S P  a n d  M u lt i m e d i a
Appl ica t ion s ,” Proc.  IE E E  S ym . M icroarch itectu r e, p p .  37 -46 ,  1998 .

h t t p ://w w w .ece .u t e x a s .e d u /~ r a v ib /m m x d s p /

4 B . L.  E v a n s , “E E 3 7 9 K -17  Rea l -T im e  D S P  L a b or a t ory , ” U T  Au s t i n .
h t t p ://w w w .ece .u t e x a s .e d u /~ b e v a n s /cou r s e s /r e a lt i m e /

4 B . L.  E v a n s , “E E 3 8 2 C  E m b e d d e d  S o ft w a r e  S y s t e m s ,” U T  A u s t i n .
h t t p ://w w w .ece .u t e x a s .e d u /~ b e v a n s /cou r s e s /ee382c/


