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Mediaprocessor Programming Compared

• Performance:

– Register pressure and data 

dependences limit ability to 

overlap computation and data 
transfers

– Little control to efficiently utilize 

main memory

• Programmability:

+ Cache is transparent to 
programmer, no DMA program 

needed

DMA-basedCache-based

• Performance:
+ Computation and data transfer 

effectively overlapped

+ Blocked memory transfers 
typically effectively utilize 
DRAM’s page-mode access, 
thus achieving high throughput

• Programmability:
– DMA programs can be difficult 

to write and debug

– Lack of standardized API for 
DMA programming complicates 
porting of functions to other 
architectures

Tight Loop

#include <eti/mm.h>
#include <hmpv_icl.h>
#include <invert8.h>

void invert8_tight_loop( n64 *restrict src64_ptr,
n64 *restrict dst64_ptr,
n32 size)

{
int i, j;
n64 const64_ff;

const64_ff = hmpv_combine_64(0xffffffff, 0xffffffff);

precondition_amount(16);

for(i=0, j=0; i<size; i = i + NUM_PIXELS_INVERT8_TIGHT_LOOP, j++)
dst64_ptr[j] = hmpv_sub_pu8(const64_ff, src64_ptr[j]);

}

#include <eti/ds.h>
#include <eti/mm.h>
#include <hmpv_icl.h>                                                          
#include <hmpv_icl_ds.h>                     
#include "invert8.h"     

void invert8(uchar *input_ptr,
uchar *output_ptr, 
n32 width,
n32 height,
n32 src_pitch, 
n32 dst_pitch)

{

DS_DESCRIPTOR mem[11];

int i=0, j;
uchar *ds_input_ptr[2], *ds_output_ptr[2];

n32 num_row_per_dt,
num_row_last_dt;

n32 num_row_per_dt_last_strip,

num_row_last_dt_last_strip;

n32 num_dt,
num_strip,
frag;

n32 num_dt_last_strip;

n32 ping = 0, pong = 1, mode;

n32 size, size_last_strip;

DT_PARAM *dt_arg;

static DS_PATH_INFO init_path;
static DS_PATH_INFO input_path,

output_path;

static DS_DESCRIPTOR *src_mem_desc, *src_cache_desc[2],
*dst_cache_desc[2], *dst_mem_desc;

static DS_CONTROL_DESCRIPTOR *dummy_cache_desc;
static DS_CONTROL_DESCRIPTOR *update_in_desc, *update_out_desc;
static DS_CONTROL_DESCRIPTOR *init_input_desc, *init_output_desc;

int remainder;
DsDescriptorAPIInit();

src_mem_desc = &mem[0];
dst_cache_desc[0] = &mem[1];
src_cache_desc[0] = &mem[2];
dst_cache_desc[1] = &mem[3];
src_cache_desc[1] = &mem[4];
dst_mem_desc = &mem[5];
dummy_cache_desc = (DS_CONTROL_DESCRIPTOR  *) &mem[6];
update_in_desc = (DS_CONTROL_DESCRIPTOR  *) &mem[7];
update_out_desc = (DS_CONTROL_DESCRIPTOR  *) &mem[8];
init_input_desc = (DS_CONTROL_DESCRIPTOR  *) &mem[9];
init_output_desc = (DS_CONTROL_DESCRIPTOR  *) &mem[10];

init_path.buf.bufferSize = 512; 
init_path.buf.srcChunkSize = 32; 
init_path.buf.dstChunkSize = 32;
init_path.flags = 0;

init_path.srcCh.transferBurstSize = DS_DEFAULT; 
init_path.srcCh.minInterburstDelay = DS_DEFAULT; 
init_path.srcCh.dtsPriority = DS_DEFAULT; 
init_path.srcCh.channelPriority = DS_DEFAULT; 
init_path.srcCh.descriptorFetchMode = DS_ACCESS_MODE_COHERENT_NO_ALLOCATE; 
init_path.srcCh.wayMask = 0; 
init_path.srcCh.base = 0; 

init_path.dstCh.transferBurstSize = DS_DEFAULT; 
init_path.dstCh.minInterburstDelay = DS_DEFAULT; 
init_path.dstCh.dtsPriority = DS_DEFAULT; 
init_path.dstCh.channelPriority = DS_DEFAULT; 
init_path.dstCh.descriptorFetchMode = DS_ACCESS_MODE_COHERENT_NO_ALLOCATE; 
init_path.dstCh.wayMask = 0; 
init_path.dstCh.base = 0; 

init_path.isSrcIO = FALSE; 
init_path.isDstIO = FALSE; 

if((DsOpenPath( &init_path, &input_path)) == -1) {
printf("Input path allocation failed\n");
exit(-1);

}

if((DsOpenPath( &init_path, &output_path)) == -1) {
printf("Output path allocation failed\n");
exit(-1);

}

if((height*width) < INVERT8_PINGPONG_MEM_SIZE) {
num_dt = 1;
num_row_per_dt = height;
num_strip = 1;
num_row_last_dt = 0;
size = width;

size_last_strip = 0;

}

if(width>INVERT8_PINGPONG_MEM_SIZE) {

num_strip = width/INVERT8_PINGPONG_MEM_SIZE;
size = INVERT8_PINGPONG_MEM_SIZE;
size_last_strip = width - size*num_strip;

if(size_last_strip) {
num_strip = num_strip + 1;
num_row_per_dt_last_strip = INVERT8_PINGPONG_MEM_SIZE/

size_last_strip;
num_dt_last_strip = height/num_row_per_dt_last_strip;
num_row_last_dt_last_strip = height -

num_dt_last_strip*num_row_per_dt_last_strip;
}
num_row_per_dt = 1;
num_dt = height;     
num_row_last_dt = 0;

}

if(width <= INVERT8_PINGPONG_MEM_SIZE &&
(height*width) >= INVERT8_PINGPONG_MEM_SIZE)  {
num_strip = 1;
num_dt_last_strip = 0;
size_last_strip = 0;
size = width;
num_row_per_dt = INVERT8_PINGPONG_MEM_SIZE/size;
num_dt = height/num_row_per_dt;     
num_row_last_dt = height - num_dt*num_row_per_dt;

}

remainder = (size*num_row_per_dt)%NUM_PIXELS_INVERT8_TIGHT_LOOP;
if(remainder) remainder = NUM_PIXELS_INVERT8_TIGHT_LOOP - remainder;

frag = size*num_row_per_dt + remainder;

hmpv_icl_ds_buffer_init(4*frag + num_strip*sizeof(DT_PARAM));

dt_arg = (DT_PARAM *) hmpv_icl_ds_buffer_alloc
(num_strip*sizeof(DT_PARAM), 32);

for(i=0; i<num_strip; i++) {
dt_arg[i].size = size;
dt_arg[i].num_dt = num_dt;
dt_arg[i].num_row_per_dt = num_row_per_dt;
dt_arg[i].num_row_last_dt = num_row_last_dt;

}

if(size_last_strip) {
dt_arg[num_strip-1].size = size_last_strip;
dt_arg[num_strip-1].num_dt = num_dt_last_strip;
dt_arg[num_strip-1].num_row_per_dt = num_row_per_dt_last_strip;
dt_arg[num_strip-1].num_row_last_dt = num_row_last_dt_last_strip;

}

ds_input_ptr[ping] = (uchar *) hmpv_icl_ds_buffer_alloc(
frag*sizeof(uchar), 32);

ds_input_ptr[pong] = (uchar *) hmpv_icl_ds_buffer_alloc(
frag*sizeof(uchar), 32);

ds_output_ptr[ping] = (uchar *) hmpv_icl_ds_buffer_alloc(
frag*sizeof(uchar),32);

ds_output_ptr[pong] = (uchar *) hmpv_icl_ds_buffer_alloc(
frag*sizeof(uchar),32);

dummy_cache_desc->control.all = DS_DESC_CTRL_HALT;
dummy_cache_desc->next = src_cache_desc[ping];
dummy_cache_desc->command.all = DS_CTRL_DESC_SET_BASE_ADDR;
dummy_cache_desc->arg.all = 0;
dummy_cache_desc->address = init_path.srcCh.base;

update_in_desc->control.all = DS_DESC_CTRL_HALT;
update_out_desc->control.all = DS_DESC_CTRL_HALT;

update_in_desc->next = src_mem_desc;
update_out_desc->next = dst_mem_desc;

update_in_desc->command.all = DS_CTRL_DESC_ADD_BASE_ADDR;
update_out_desc->command.all = DS_CTRL_DESC_ADD_BASE_ADDR;

update_in_desc->arg.all = 0;
update_out_desc->arg.all = 0;

init_input_desc->control.all = DS_DESCRIPTOR_CONTROL;
init_input_desc->next = src_mem_desc;
init_input_desc->command.all = DS_CTRL_DESC_SET_BASE_ADDR;
init_input_desc->arg.all = 0;

init_output_desc->control.all = DS_DESC_CTRL_HALT;
init_output_desc->next = dst_mem_desc;
init_output_desc->command.all = DS_CTRL_DESC_SET_BASE_ADDR;
init_output_desc->arg.all = 0;

for (i = 0; i<(int)num_strip; i++) {

init_input_desc->address = (uchar *)(init_path.srcCh.base + i*size);
init_output_desc->address = (uchar *)(init_path.dstCh.base + i*size);

update_in_desc->address = (uchar *) (dt_arg[i].num_row_per_dt*
src_pitch);
update_out_desc->address = (uchar *)
(dt_arg[i].num_row_per_dt*

dst_pitch);
DsDescriptorGenericFmt1(src_mem_desc,

update_in_desc,
DS_DESC_DATA_ACCESS_CNA,
input_ptr,
dt_arg[i].size,
dt_arg[i].num_row_per_dt,
src_pitch -
dt_arg[i].size);

DsDescriptorGenericFmt1(dst_cache_desc[ping],
dst_cache_desc[pong],
DS_DESC_HALT|
DS_DESC_DATA_ACCESS_CA,
ds_input_ptr[ping],
dt_arg[i].size,
dt_arg[i].num_row_per_dt,
0);

DsDescriptorGenericFmt1(src_cache_desc[ping],
src_cache_desc[pong],
DS_DESC_HALT|
DS_DESC_DATA_ACCESS_CA,
ds_output_ptr[ping],
dt_arg[i].size,
dt_arg[i].num_row_per_dt,
0);

DsDescriptorGenericFmt1(dst_cache_desc[pong],
dst_cache_desc[ping],
DS_DESC_HALT|
DS_DESC_DATA_ACCESS_CA,
ds_input_ptr[pong],
dt_arg[i].size,
dt_arg[i].num_row_per_dt,
0);

DsDescriptorGenericFmt1(src_cache_desc[pong],
src_cache_desc[ping],
DS_DESC_HALT|
DS_DESC_DATA_ACCESS_CA,
ds_output_ptr[pong],
dt_arg[i].size,
dt_arg[i].num_row_per_dt,
0);

DsDescriptorGenericFmt1(dst_mem_desc,
update_out_desc,
DS_DESC_DATA_ACCESS_CNA,
output_ptr,
dt_arg[i].size,
dt_arg[i].num_row_per_dt,
dst_pitch -
dt_arg[i].size);

DsKick(input_path.srcCh.id, init_input_desc);
DsKick(input_path.dstCh.id, dst_cache_desc[ping]);

mode = 1;

DsKick(output_path.srcCh.id, dummy_cache_desc);
DsKick(output_path.dstCh.id, init_output_desc);

for(j = 0; j<(int)((dt_arg[i].num_dt) - 1); j++) {
mode = mode^1;

DsWaitHalted(input_path.dstCh.id, INVERT8_DS_TIMEOUT);

DsContinue(input_path.srcCh.id);
DsContinue(input_path.dstCh.id);

invert8_tight_loop((n64 *)ds_input_ptr[mode],
(n64 *)ds_output_ptr[mode],

dt_arg[i].size*dt_arg[i].num_row_per_dt);

DsWaitHalted(output_path.dstCh.id, INVERT8_DS_TIMEOUT);

DsContinue(output_path.srcCh.id);
DsContinue(output_path.dstCh.id);

}
mode = modê 1;

if(dt_arg[i].num_row_last_dt != 0) {
src_mem_desc->count = dt_arg[i].num_row_last_dt;
dst_cache_desc[mode 1̂]->count = dt_arg[i].num_row_last_dt;

}

DsWaitHalted(input_path.dstCh.id, INVERT8_DS_TIMEOUT);

if(dt_arg[i].num_row_last_dt != 0) {
DsKick(input_path.dstCh.id, dst_cache_desc[mode 1̂]);
DsKick(input_path.srcCh.id, src_mem_desc);

}

invert8_tight_loop((n64 *)ds_input_ptr[mode], 
(n64 *)ds_output_ptr[mode],

dt_arg[i].size*dt_arg[i].num_row_per_dt);

DsWaitHalted(output_path.dstCh.id, INVERT8_DS_TIMEOUT);

DsContinue(output_path.srcCh.id);
DsContinue(output_path.dstCh.id);

if(dt_arg[i].num_row_last_dt != 0) {

j = j+1;
mode = mode^1;

DsWaitHalted(input_path.dstCh.id, INVERT8_DS_TIMEOUT);

invert8_tight_loop((n64 *)ds_input_ptr[mode], 
(n64 *)ds_output_ptr[mode],
dt_arg[i].size*dt_arg[i].num_row_last_dt);

src_cache_desc[mode]->count = dt_arg[i].num_row_last_dt;
dst_mem_desc->count = dt_arg[i].num_row_last_dt;

DsWaitHalted(output_path.dstCh.id, INVERT8_DS_TIMEOUT);

DsKick(output_path.srcCh.id, src_cache_desc[mode]);
DsKick(output_path.dstCh.id, dst_mem_desc);

}

DsWaitHalted(output_path.dstCh.id, INVERT8_DS_TIMEOUT);

}

DsClosePath(input_path.id);
DsClosePath(output_path.id);

hmpv_icl_ds_buffer_free();

}
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Mediaprocessor Overview

• Programmable processor
– Flexible

– Cost-effective (~ US$50)

– High-performance

• Multimedia processing
– Set-top boxes, DVD players, printers, camcorders, HDTV, 
security devices, camera on a chip, etc.

• Examples: Hitachi/Equator Technology MAP-CA, 
Texas Instruments TMS320C64x, TriMedia
Technologies TM-64

• Likely to be a dominant choice for future embedded 
market
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• Allows simple cache-based programming

– Programmer must only specify a set of prefetch hints per 
region of data, which are stored in hardware registers

• Mimics data flow of DMA controller to achieve DMA-
like performance
– Prefetching of larger blocks of data possible to efficiently 

access main memory

– Can prefetch far ahead for effective overlapping of 
computation and memory transfer

– Multiple prefetch regions used to maximize prefetch
accuracy for each type of data flow present in function 

Program-directed Prefetching (PDP) No-write-allocate (NWA) Write-miss 

Cache Policy

• Write-allocate (WA) policy popular, but not 

efficient for writing output data

• NWA eliminates allocation of output data in 

cache when output data is not modified

• For typical image processing functions with 

one input image and one output image, WA 

has 50% greater memory traffic than NWA

Execution Time Results

0

1

2

3

4

5

6

a
d
d

a
ff
in
e
 w
a
rp

b
in
a
ry
 d
il
a
te

1
D
 c
o
m
p
le
x
 F
F
T

2
D
 c
o
n
v
o
lu
ti
o
n

F
IR
 f
il
te
r

fl
ip
 x

fl
ip
 y

h
is
to
g
ra
m

in
v
e
rt

lo
o
k
u
p
 t
a
b
le

m
o
ti
o
n

c
o
m
p
e
n
s
a
ti
o
n

m
o
ti
o
n
 e
s
ti
m
a
ti
o
n

tr
a
n
s
p
o
s
e

M
il
li
o
n
s

N
u
m
b
e
r 
o
f 
c
y
c
le
s

Base-model PDP-model DMA-model

Conclusions

• DMA-based programming: best performance

• Cache-based programming: fast development

• Program-directed prefetcher:

– Runs cache-based programs annotated with prefetching 
hints

– Achieves almost DMA-based performance

– Less flexible than DMA controller

– Can simplify porting of functions across platforms

• PDP is intended to significantly simplify software 

development process without sacrificing performance
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Simulation Models
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