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Outline

n C 8 0  M u lt im e d ia  V ideo  P roces so r

4M a s t e r  p r oce s s or

4P a r a llel  f ixed -poin t  d igit a l  s ign a l  p rocessors  (D S P s )

4M u lt it a s k in g  e x e cu t ive

n M a t r ox C 8 0  G e n e s is  Deve lopm e n t  B oa r d

n P r ogr a m m in g  t h e  C 8 0

4G e n e s i s  N a t ive  La n g u a g e

4G e n e s i s  N a t ive  L ibr a r y

4M a t r ox I m a g i n g  L i b r a r y

4P a r a llel  p r oces s or  p r ogr a m m in g
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C80 Architecture

Clock rate = 50 MHz

Crossbar network

MP

TC

PP1PP2PP3 PP0

10 kB
RAM

10 kB
RAM

10 kB
RAM

10 kB
RAM

64

MP: Master Processor
PP:  Parallel Processor
TC:  Transfer Controller 
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C80 Architecture

n F ou r  p a r a llel  p r oce s s or s

4 3 2 -b it  D S P  (3 2 -bit  in t e g e r  a r it h m e t ic u n it s )

4O p t im ized  for  im a gin g  a p p lica t ion s

n M a s t e r  p r oce s s or

4 3 2 -b it  R I S C  p r oces s or

4 I E E E -754  floa t in g  p o i n t  u n i t

n I n p u t /ou t p u t  u n it s

4C r ossba r  n e t w or k : on -ch i p  d a t a  t r a n s fer  of 2 .4 G B /s

4T r a n s fe r  con t r olle r : ex t e r n a l  d a t a  r a t e  of 4 0 0  M B /s
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Master Processor

n F u n ct ion s

4Co-or d in a t e on -ch i p  p r oce s s in g  r e s ou r ces

4Com m u n ica t e  w it h  e x t e r n a l  devices

4P e r for m  floa t in g-poin t  ca lcu la t ion s

n Ar ch it e ct u r e

4L o a d /s t or e  a r ch it e ct u r e

4P ipel in e d  floa t in g -poin t  u n it

4 4  K B  in s t r u ct ion /d a t a  ca ch e  a cce s s ible  by cr os s  b a r

n e t w or k

4D e s ign e d  for  e fficie n t  e x e cu t ion  of C  cod e



n 3-operand ALU

n 31 32-bit registers

n Register scoreboarding

n 32-bit addresses

n 4 double-precision floating-point
accumulators

n 10 KB RAM

n 50 MIPS

n Separate floating point multiply and
add pipelines

n Control registers

Master Processor
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Register Scoreboarding

n S y n ch r on izes  in s t r u ct ion  a n d  floa t in g -poin t  p ipel in e s

n I n d ica t e s  w h e n  a  p ipel in e  s t a ll is  r e q u ir e d

4R e g is t e r s  w a it in g  o n  a  m e m o r y  l o a d  c o m p l e t i o n

4R e g is t e r s  w a it in g  for  r e s u lt s  of p r e v iou s  floa t in g -poin t

in s t r u ct ion  t o  b e  w r i t t e n

n S cor e b oa r d  r e g i s t e r

4S cor e b oa r d  v a lu e  for  e a ch  r e g i s t e r

4M e m or y -loa d  fla g  a n d  floa t in g -poin t - w r i t e  f l a g s  a r e  u s e d  t o

syn ch r on ize  t h e  p ipel in e
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Master Processor Floating-Point Pipelines

n F loa t in g -poin t  m u lt ip ly  p ipe l in e

4 I n t e g e r  m u lt iplica t ion

4S in g l e /doub le  p rec i s ion  m u lt iplica t ion

4S in g l e /doub le  p rec i s ion  d ivision

4S in g l e /doub le  p rec i s ion  s q u a r e  r oot

4M u lt ip ly  por t ion  of   m u lt ip ly/a ccu m u la t e  o p e r a t i o n s

4P ipel in e  s t a g e s

n U n p a ck

n M u lt iply (p r od u ct  of m a n t i s s a s )

n N or m a lize (p a ck  s ign ,  expon e n t ,  m a n t i s s a )
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Master Processor Floating-Point Pipelines

n F loa t in g -poin t  a d d  p ipel in e

4F loa t in g  p oin t  a d d

4S in g l e /doub le  p rec i s ion  s u b t r a ct  a n d  com p a r e

4 I n t e g e r  t y p e  con v e r s ion s

4A d d /s u b t r a ct  p or t ion  of m u lt ip ly  a ccu m u la t e s

4P ipel in e  s t a g e s

n U n p a ck

n Align  (a lign  b in a r y poin t  of t h e  t w o m a n t i s sa s )

n A d d  (a d d s /s u b t r a ct s  m a n t i s s a s )

n N or m a lize (p a ck  s ign ,  expon e n t ,  m a n t i s s a )
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Parallel Processors

n M u lt ip le  p ixe l  opera t ion s

n C a n  execu t e  a  m u lt iply,  a ccu m u la t e , a n  ALU

o p e r a t i o n ,  a n d  t w o  m e m o r y  a c c e s s e s  i n  o n e  c y c l e

4T h r ee -in p u t  A L U  w it h  2 5 6  B oole a n  o p e r a t i o n s

4U p  t o  10  ope ra t ion s  p e r  in s t r u ct ion  p e r  p r oce s s or

(500  m illion  o p e r a t i o n s /s  a t  5 0  M H z  p e r  p r oce s s or )

n B it  fie ld  m a n ipu la t ion

4D a t a  m e r g in g

4B it  t o  by t e /h a lf-w or d /word  conve r s ion

4Acce le r a t e s  v a r ia b le  len g t h  cod in g  a n d  d e cod in g



n 64-bit instruction word
supports several parallel
operations

n Registers

4 8 data

4 10 address

4 6 index

4 20 other

n Data Unit
4 16x16 int. multiplier

4Splittable 3-input ALU

4 32-bit barrel rotator

4Mask generator

4Expander

Parallel Processors
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Parallel Processors

n Con d it ion a l op e r a t ion s

4Con d it ion a l a s s ign m e n t  of d a t a  u n it  r e s u lt s

4Con d it ion a l  sou r ce se l ect ion

n T w o a d d r e s s  u n it s

n 3  h a r d w a r e loop  cou n t e r s  (zero-overhead  loop ing)

n I n s t r u ct ion  ca ch e

n Algebr a ic a s s e m bly la n g u a g e
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Parallel Processor Instruction Set

n D a t a  u n it  o p e r a t or s

4Ass ign m e n t  o p e r a t o r  (=)

4Ar it h m et ic op e r a t or s  (+,  -, * , |  | )

4B it w ise  Boolea n  o p e r a t o r s   ( | ,  &,  ^ ,   ~)

4E x p a n d  o p e r a t o r  ( @m f )

4M a s k  gen e r a t or  o p e r a t o r  ( % )

4R o t a t e  o p e r a t o r   ( \ \  )

4S h ift  o p e r a t or s   (<<,   >>)
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Parallel Processor Instruction Set
Data Unit Instruction Examples

; conditional assignment
a15 = d6 - 31 ; a15 is read-as-zero register
d6 = [lt] d6 + 1    ;increment d6 if it is less than 31

; conditional source selection
; sr = 0x80000000 (n=1)
d5 = d5 + d7[n]d6 ; Add d7 (if n=1) or d6 (if n=0)

; subtract and shift in parallel with unsigned multiply
    d7 = u d6*d5
        ||d5 = d4 - d1 >> -d0

; expand operation (uses mf and sr registers)
; mf=0x3, sr=0x20 (msize = byte, expand LSB)
d1 = (d6 & @mf) | (d5 & ~@mf)

; mask generator operator
(d6 & %7) ; d6 & 0x0000007F
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Parallel Processor Instruction Set

; Multiple arithmetic example
; sr is set to Asize field set to byte
; 2 unsigned byte multiplications, subtractions and
; shifts preformed using a ‘split’ multiplier
d7 = um d6*d5
         || d5 = d4 - d1 >> -d0

n B y t e  a r it h m e t ic s p e e d s  u p  o p e r a t i o n s  b y  u p  t o   4

t im e s : s p e e d u p  is  n ot  d u e  t o fe w e r  m e m or y  a cce s s e s

b u t  r a t h e r  d u e  t o h a r d w a r e  s u p p or t  for  t h is  fea t u r e
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Parallel Processor Parallel Data Transfers

n T w o of  t h e  follow in g  o p e r a t i o n s  c a n  b e  s p e c i f i e d

in  p a r a lle l  w it h  a  d a t a  ope ra t i on  i n  a  s i ng l e  cyc l e

4L o a d /s t or e

4A d d r e s s  u n it  a r it h m e t ic

4M ove

n G lob a l  da t a  t r a n s fer

a m (a d d r e s s  r e g i s t e r ) a 8 -a 1 2 , a 1 4

n Loca l  da t a  t r a n s fer

a m  ca n  b e  a 0 -a 4 , a 6  or  a 7
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Parallel Processor Addressing Modes

n S ca led  in d exin g

4Allow s  for  d a t a -in d e p e n d e n t  in d ice s

4U s e fu l for  look u p  t a b le im p lem e n t a t ion

; a2-pointer to first element of a lookup table
; Data may be of any type (here it is word)
 d6 = w *(a2+[1])  ; Second element is loaded into d6

n Relative addressing

4Allows for code independent of parallel processor

; dba automatically contains address of local PP RAM
 d6 = w *(dba +[1])  ; Second element in PP RAM -> d6
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Parallel Processor Transfer Examples

; 2 loads in parallel
x9 = w *(a8 + [5])         ; access to global memory
     ||d7 = w *(a1 + [x1]) ; access to local memory

; store to memory location
*(a0 == 12) = x1

n External memory locations accessible by transfer controller
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Multitasking Executive

n M a s t e r  p r oce s s or  s oft w a r e con t r ol of on -ch ip

p a r a llel  t a s k s

n K e r n e l

4S oft w a r e  l ibr a r y of u s e r -ca lla b le  fu n ct ion s

4P r ovid e s  in t e r -t a s k  com m u n ica t ion  a n d  syn ch r on iza t ion

4P r e s e n t s  u n ip rocesso r -lik e  in t e r fa ce  to  h os t

n S o f t w a r e  i n t e r fa ce

4T a s k s  on  m a s t e r  p r oce s s or  i s su e  com m a n d s  t o  pa r a llel

p r oces s or  com m a n d  in t e r p r e t e r
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Flow of Data and Control

(C80) Master
Processor

Parallel Processors
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Host Communications

C80: Multimedia Video Processor (MVP)
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Parallel Processor Processing Flow

n Parallel processors

may be configured

in

4 parallel  flow

4 pipelined flow

4 hybrid flow

Parallel flow

Pipelined flow
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Intertask Communication in Kernel

n M e s s a g e s

4M e s s a g e  h e a d e r  s p e cifie s  d e s t in a t ion

4M e s s a g e  b ody con t a in s  p a r a m e t e r s  a n d  r e s ou r ce id s

4M e s s a g e s  w r it t e n  t o a n d  r e a d  from  p or t s

n Cou n t i n g  s e m a p h or e s

4B i-leve l  s ign a ling  l oca t i ons

4U s e d  t o  syn ch r on ize in t e r -t a s k  r e s ou r ce  sh a r in g

4E x a m p le: e n s u r e  m u t u a lly exclu s ive  m e m o r y  a c c e s s

n 3 2 -bit  e v e n t  fla g  r e g i s t e r  m a y  be  bou n d  t o

p o r t s /s e m a p h or e s
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The Kernel (cont.)

n K e r n e l m a n a g e s  r e s ou r ces

n E a ch  p or t  h a s  p oin t e r s  t o t h e  h e a d  a n d  t a il of

4M e s s a g e  q u e u e

4T a s k  d e s cr i p t o r  q u e u e

n M e s s a g e s  a r e  a s s ign e d  t o t a s k s  on  a  fir s t  com e

fir s t  s e r v e d  b a s is  (in  or d e r  of  m e s s a g e  a r r iva l)

n Com m u n ica t ion  p r otocol im p lem e n t e d  a s  a  C

fu n ct ion  lib r a r y
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Task Scheduling

n T a s k  m a y  be  a s s ign e d  a  p r ior it y  (0 -31)  when

cr e a t e d

n L o w e r  p r i o r i t y  t a s k s  a r e  p r e e m p t e d  b y  h igh e r

p r ior it y  t a s k s  t h a t  a r e  r e a d y  t o  execu t e

n M u lt ip le  t a s k s  m a y  h a v e  t h e  s a m e  p r ior it y

4 ei t h e r  w a it  in  lin e

4 s h a r e  p r oce s s or  in  r ou n d  r obin  fa s h ion

n volu n t a r y  t a s k  y ield com m a n d

n p e r iod ic in t e r r u p t s  for  t ime- s l i ce  ope ra t ion
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Parallel Processor Command Interface

n P a r a llel  p r oce s s or s  u s e d  a s  co-p r oce s s or s  b y

m a s t e r  p r oce s s or  t a s k s

4P a r a llel  p r oces s or  s oft w a r e  i s  s in g l e  t h r e a d e d

4 I n t e r p r e t s  a  s e r ia l com m a n d  s t r e a m

n M P  s e n d s  com m a n d s  t o  pa r a lle l  p r oce s s or  t o

fixed -s ize com m a n d  b u ffe r s  in  loca l  R A M

Com. buf. 0 Com. buf. 1 Com. buf. 2

PP MP

read write

Mbox
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Matrox Genesis Board
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Programming the C80

n M a t r ox I m a g i n g  L i b r a r y

4P or t a b le  a cro s s  a l l  M a t r ox boa r d s

4D oes  n ot  r e q u ir e  k n owledge  o f  C80

n G e n e s is  n a t ive la n g u a g e  a n d  d e v e lop e r s  k it

4P r ovid e s  C  fu n ct ion  s u p p or t  for  k e r n e l a n d  in t e r -t a s k

com m u n ica t ion

4Allow s  p r ogr a m m in g  of p a r a llel  p r oces s or s  in  a s s e m b ly

n G e n e s is  N a t ive  Libr a r y

4P s e u d o  C  f u n c t i o n s  t h a t  m a y  b e  c a l l e d  f r o m  h o s t

4C a n  s p e cify  opcodes  for  p a r a llel  p r oce s s or  fu n ct ion s
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Steps in Using the Genesis Native Library

n I n it ia l ize p r oce s s or  a n d  a lloca t e  bu ffe r s  u s in g

M a t r ox I m a g i n g  L i b r a r y

n Alloca t e  p r oce s s in g  t h r e a d s

n S e t  con t r ol r e g i s t e r s /bu f f e r s  fo r  t a sks

n S e n d  t a s k  t o t h r e a d  for  e x e cu t ion

n S y n ch r on ize t a s k s  w it h  h o s t  t h r e a d

n N ot ify  M a t r ox I m a g i n g  L i b r a r y  o f  b u f f e r  c h a n g e s

n F r e e  r e s ou r ces
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Programming on the Host

n C r e a t e  a  C  ca lla b le  fu n ct ion  (C-bin d in g )  F u n c

/* Allocate thread, operation status buffer, buffers */
...
/* Start custom function (set OSB to 0 if not used) */
    Func(Thread, SrcBuf, DstBuf, OSB);
/* Host can now do other work while MVP is processing */
...
/* Wait for all threads to finish */
    imSyncHost(Thread, OSB, IM_COMPLETED);

n Operation status buffer (OSB)

4Status codes for error checking

4Synchronization



31

Programming on the Host

/* Host C-binding for custom function*/
void Func(long Thread, long Src, long Dst, long OSB)
{
_IM_MSG_ST msg;

 /* Initialize message contents */
im_msg_start(&msg,OPCODE_Func, 2, “Func”);

/* Pack function parameters in message */
im_msg_put_long(&msg,0,Src);
im_msg_put_long(&msg,1,Dst);

/* Send message to target thread and don’t wait */
im_msg_send(&msg,0,Thread,OSB,_IM_NO_WAIT);

/*Report errors and clean up */
im_msg_end(&msg);
}
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Initializing the Task Table

/* Add an external declaration for each new function */
extern void PrevFunc();
extern void Func();

/* Add a task table entry for each new function */
void(* mp_opcode_user[])() =
{
PrevFunc,  /* _IM_START_USER_OPCODE + 0 */
Func,      /* _IM_START_USER_OPCODE + 1 */
};

n To ca ll a  fu n ct ion  fr om  t h e  h o s t ,  i t s  t a s k  d e s c r i p t o r

(opcode)  m u s t  b e  k n o w n  t o  t h e  c o m m a n d  d e c o d e r

on  t h e  M a s t e r  P r oce s s or
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Programming the Master Processor

/* include standard header file for MP code*/
#include “xyz.h”

/* MVP code for custom function */
void Func(_IM_MSG_BODY_ST *msg)
{
MP_RESOURCE_ST *resource;
...
/*Allocate resource structure */
resource = mp_res_alloc(msg, MP_SYNCHRONOUS,”Func”);

/*Unpack the parameters */
SrcBuf= mp_msg_get_long(msg, 0);
DstBuf = mp_msg_get_long(msg,1);

/*Allocate a device and a thread */
imDevAlloc(0,0,NULL,IM_DEFAULT,&Device);
imThrAlloc(Device, 0, &Thread);
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Programming the Master Processor

/* Initialize parallel processors (next 2 slides) */
...
...

/* Wait until processing has finished */
imSyncHost(Thread, 0, IM_COMPLETED);

/* Free allocated resources */
mp_res_free(resource);

}
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Initializing Parallel Processors
/* Allocate Parallel Processors in Master Processor
code*/
mp_res_alloc_pps(resource, 1, 4) /* Alloc 4 PPs */
...
/* Determine how the job is to be divided */
...
/* Set up each Parallel Processor */
for(PP = 0; PP < NumPPS; PP++)
{
/* Get Parallel Processor number */
PPNum = mp_res_ppnum(resource, PP);

/* Pass parameters to this Parallel Processor through
its internal RAM */
mp_res_arg_pp(resource, PP, (void*) Param[PP]);

/* Tell Parallel Processor which function to execute */
mp_res_set_entry_point(resource, PP, PP_func);
}
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Programming the Parallel Processors

/* Start the parallel processors */
mp_res_start_pps(resource,pp_bit_mask);

/* Wait until they finish */
mp_res_wait_pps(resource, pp_bit_mask);

; Parallel processor assembly code
.include “ppdef.inc”
.global _PP_func

_PP_func
     pp_enter     ;save return address(Macro)
           …
           pp_exit 0    ; return with value(Macro)
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Optimizations using the Native Library

n U s e  M I L  on ly for  s e t u p /in it ia liza t ion

n M inim ize op t ion s

n U s e  b y t e  a r it h m e t ic a s  oft e n  a s  p oss ib le

n T a k e  a d v a n t a g e  of 3 -in p u t  ALU  for  m u lt ip le

o p e r a t i o n s

n Con s i d e r  m u lt it h r e a d in g  for  m u lt i-n o d e  s y s t e m s

n P r e -a lloca t e  a ll b u ffe r s

n Avoid  s y n ch r on ou s  fu n ct ion s
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Genesis Native Library Benchmarks

Operation Time(ms)

3 x 3 convolution

5 x 5 convolution

3 x 3 erosion

Bilinear interpolation

FFT

  7.6

23.9

19.2

  6.5

240.0

Benchmarks are for a 512 x 512 image, using 8-bit
signed kernels for convolution
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Conclusion

n W e b  r e s ou r ces

4 T I  C 8 x  l i t e r a t u r e  a n d  d o cu m e n t a t ion

h t t p ://w w w .t i.com /docs/p s h e e t s /m a n _d s p .h t m

4 M a t r ox C 8 0  b a s e d  i m a g e  p r ocess in g  p r odu ct s

h t t p ://w w w .m a t r ox.com /im a gin g

n R e fer e n ces

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/

4 W . Lin , et .  al .  ,  “R e a l t i m e  H . 2 6 3  v i d e o  codec  u s in g  p a r a l lel  D S P ”, I E E E

Proc.  I n t . Con f.   Im a g e Processin g ,  vol .  2 ,  p p .  586-9 ,  Oc t .  1997 .


