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20 ® pentium® 4 2000 7

1.0 1999 9

Information Technology - Generic Coding of Moving Pictures and Associated Audio Information
International Standard ISO/IEC DIS13818-2 Part 2: Video 1994

MPEG Video Compression Standard  Joan L. Mitchell William B. Pennebaker Chad E. Fogg
Didier J. LeGall C&H ITP 1996 28 29 237 262

Image and Video Compression Standards, Algorithms and Architectures Vasudev Bhaskaran
Konstantinos K onstantinides Kluwer Academic Publishers 1995 91 92 171 174

Using MMX™ Instructions to Implement Optimized Motion Compensation for MPEG1 Video

Playback AP-529
http://devel oper.intel .com/drg/mmx/appnotes/ap529.htm
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2.2.1
pavgb AP-529
MC SSE2 pavgb 16 (
pavgb MPEG 2
pavgb
2
4 3 +1
avg (a, b, c, d)=avg [avg (a,b),avg(c, d)] 4
a b c d 2 1 2
avg(a, b) avg(c,d) +05 1
2 avg[ avg(a, b), avg(c,d)] +0.5
1 +0.5 2 +0.5
+1 5201 4
(5+2+0+1)/ 4=2 2 2
avg[ avg(5,2), avg(0,1)] = avg[4, 1] = 3 +1
0.5 (5+2)/2=3.5 avg(5,2)=4
avg(0,1)=1 avg(4,1)=3
1 4
novdga xmmD, XMMAORD PTR [ al6 ] ; load 16 pixels fromsrc "a"
nmovdga xmil, XMMAORD PTR [ bl6 ] ; load 16 pixels fromsrc "b"
novdga xmmR2, XMMAORD PTR [ c16 ] ; load 16 pixels fromsrc "c"
nmovdga xmB, XMMAORD PTR [ d16 ] ; load 16 pixels fromsrc "d"

pavgb xmD, xmml ; avg l=sind_avg(al6, bl6); // 1lst stage averagi ng #1
pavgh xm?, xmB ; avg_2=sind_avg(cl6,d16); // 1lst stage averagi ng #2
pavgbh xmD, xm®2 ; result=sind avg(avg_1,avg_2) ); // 2nd stage avg

1 4 16

2 37% +1
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novdga xmmD, XMMAORD PTR [ al6 ] ; load 16 pixels fromsrc "a"
novdga xmil, XMMAORD PTR [ bl6 ] ; load 16 pixels fromsrc "b"
novdga xmm2, XMMAORD PTR [ c16 ] ; load 16 pixels fromsrc "c"
novdga xmB, XMMAORD PTR [ d16 ] ; load 16 pixels fromsrc "d"
pavgb xmD, xml ; 1st stage averagi ng #1
pavgh xmmR2, xmB ; 1lst stage averagi ng #2

; avg_1l = sat_sub( avg 1, const_1 16 bytes )
psubusb xmrD, XMMAODRD PTR [const_1 16 bytes] ; conpensate errors

pavgbh xmD, xmR2 ; 2nd stage avg
2: 4 16
-1 13%
MC
1 4
®CIC++ SIMD
C++
2001/12/06 10
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| u8vecl6 Accurate_4pels_average ( lu8vecl6 al6, |u8vecl6 bl6,

| u8vecl6 c16, |u8vecl6 d16 )

lu8vecl6 avg 1, avg 2, result;
lu8vecl6 half_err_1st, half_err_2nd, fixup_mask;

avg_1l = sind_avg(al6, blé6); /1 1st stage averagi ng #1
avg_2 = sind_avg(cl6, d16); /1 1lst stage averagi ng #2
result = sind_avg(avg_1, avg_2); // 2nd stage averagi ng

/1 record 1 in |sb <=> sone avg in the 1st stage carries +0.5 error

hal f _err_1st (al6 ~ bl6) | (cl6 ~ di6);

/1 record 1 in |Isb <=> 2nd stage avg carries at |east +0.5 error
half_err_2nd = ( avg_1l ™ avg_2);

[/l record 1 <=> result carries +1 error

fixup_mask = half_err_1st & half_err_2nd &(*(1u8vecl6*)const_1 16 bytes);

return ( result - fixup_nmask ); /1 conpensate error where needed

3: pavgb (SSMD 16) 4

2001/12/06 11
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5 C/IC++
Y 5 MC

#i ncl ude <wi ndows. h>
#i ncl ude <dvec. h>

/1 dobal Declarations
_MM ALI GN16 BYTE const _1_16 bytes[] =
{1 121, 12, 1, 1, 1, 1, 1, 1, 1, 1, 1, 1, 1, 1
/1
/1l ny_loadu() is used for unaligned |oads, for nore readabl e code than
/1 currently supported by Intel ® C/ C++ Conpil er
/1
inline lu8vecl6 ny_| oadu(ML28 *p)
{ return ( _mmloadu_si128( (__m28i*)p ) ); }

/1 Full notion (no average) fromone frame only
/1
void nc. Wit Nl _full _b( DWORD stride, DWORD |i nes,
BYTE *dst _start, BYTE *bw start )

DWORD ;

/1 num of 128 bits (16 bytes) chunks are in stride
DWORD stride 128 = stride >> 4;

lu8vecl6 *src = (luBvecl6*) bw start;

lu8vecl6 *dst = (lu8vecl6*) dst_start;

/1 sinply copy all the 16-pels lines fromreference to dst
for (y=0; y<lines; y++)
dst[ y*stride_128 | = ny_loadu( (M28*)src + y*stride_128 );

/1l Average half-pels horizontally (in the "X" axis),
/1 fromone reference frame only
/1
void nc_Wht NI _hx_b( DWORD stride, DWORD |ines,
BYTE *dst _start, BYTE *bw start )

DWORD v;
/1 num of 128bits (16 bytes) chunks are in stride

2001/12/06
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DWORD stride 128 = stride >> 4;
| u8vecl6 *dst = (luBvecl6*) dst_start;

/1 avg each ref pixel with its adjacent pel, and store to dst
for (y=0; y<lines; y++)

{
dst[ y*stride_ 128 ] = sinmd_avg(
nmy | oadu( (ML28*)( bw start + y*stride ) ),
my_ | oadu( (ML28*)( bw start + y*stride + 1) ) );
}
}
L i e e

/1 Average half-pels vertically (in the "Y' axis),
/1 fromone reference frame only
/1
void nc_ Wit Nl _hy b( DWORD stride, DWORD |ines,
BYTE *dst _start, BYTE *bw start )

{
DWORD v,
/1 num of 128bits (16 bytes) chunks are in stride
DWORD stride_128 = stride >> 4;
| u8vecl6 *dst = (luBvecl6*) dst_start;
/1l avg each ref pixels with the pel fromline below, and store to dst
for (y=0; y<lines; y++)
{
dst[ y*stride_128 1| = sinmd_avg(
my | oadu( (ML28*)( bw start + y*stride ) ),
my_| oadu( (ML28*)( bw start + (y+1l)*stride ) ) );
}
}
i i e T

/1 Average hal f-pels both horizontally and vertically ("X'" and "Y" axis),
/1 fromone reference frame only
/1
void nc_ Wit Nl _hx_hy b( DWORD stride, DWORD |i nes,
BYTE *dst _start, BYTE *bw start )

| u8vecl6 avg_above, avg_bel ow,

DWORD v;

/1 num of 128bits (16 bytes) chunks are in stride
DWORD stride 128 = stride >> 4;

2001/12/06
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|l u8vecl6 *dst = (luBvecl6*) dst_start;

/1 avg each 2x2 ref pixels, and store to dst
for (y=0; y<lines; y++)

{

/1l Average fromtwo franes,

I

void nc_ Wit Nl _hx_hy b hx_hy f( DWORD stride,

/1 avg 2 pels fromupper line

avg_above = sind_avg( nmy_l oadu((ML28*) (bw start
my_| oadu( (ML28*) (bw_start

/1 avg 2 pels fromline bel ow

avg_bel ow = sind_avg( my_l oadu((ML28*) (bw_start
my | oadu( (ML28*) (bw _start

+

+

y*stride)),
y*stride + 1)));

(y+1) *stride)),
(y+1)*stride + 1)));

/1l conpensate possible error for 4-pels avg accuracy
avg_above = sat_sub( avg_above, *(lu8vecl6*)const_1 16 bytes );

/1 avg the two lines

dst[ y*stride_ 128 ]| = sind_avg( avg_above, avg bel ow );

each franme has 2x2 hal f-pels avg

DWORD | i nes,

BYTE *dst _start, BYTE *fw start, BYTE *bw start )

I u8vecl6 bw avg, fw avg, avg_above, avg_bel ow
DWORD v;

/1 num of 128bits (16 bytes) chunks are in stride

DWORD stride 128 = stride >> 4;
| u8vecl6 *dst = (luBvecl6*) dst_start;

for (y=0; y<lines; y++)

{

/'l 4-pels (2x2) avg fromone reference frane

avg_above = sind_avg( ny_loadu((ML28*)(bw start + y*stride)),

nmy_| oadu( (ML28*) (bw _start + y*stride + 1)));
avg_bel ow = sind_avg( ny_l oadu((ML28*) (bw start + (y+1)*stride)),

nmy_| oadu( (ML28*) (bw_start + (y+l)*stride + 1)));

avg_above
bw avg = sind_avg( avg_above, avg_below );

/1 4-pels (2x2) avg from anot her reference frane
avg_above = sind_avg( nmy_l oadu((ML28*) (fw start + y*stride)),

nmy_| oadu( (ML28*) (fw start + y*stride + 1)));
avg_bel ow = sind_avg( ny_l oadu((ML28*)(fw start + (y+1)*stride)),

2001/12/06
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my | oadu( (ML28*) (fw start + (y+1l)*stride + 1)));

avg_above = sat_sub( avg_above, *(lu8vecl6*)const_1 16 bytes );
fw avg = sind_avg( avg_above, avg bel ow );

/1l avg result fromboth reference frame
dst[ y*stride_128 ]| = sind_avg( bw avg, fw avg );

2001/12/06
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6 SSEZ2

SSE2
e LR R T
/1 Full notion (no average) fromone frame only

/1

void nc_Whrt NI _full_b( DWORD stride, DWORD lines,

{
{
next Li
}
}
[]----

BYTE *dst _start, BYTE *bw start )

asm
nov edx, bw start ;

nmov ecx, dst_start ;

nov esi, lines ;

nov eax, stride ;

| ea edi, [eax + eax] ; stride*2

; sinply copy all the 16-pels lines fromreference to dst

; each loop iteration copies 2 lines

nesLoop:

movdqu xm0D, XMMAORD PTR [ edx] ; copy 2 lines fromref frame

movdqu xmil, XMMAORD PTR [ edx+eax] ;

nmovdga XMMAORD PTR [ecx], xnmmD ; and store to dst lines
movdga XMMAORD PTR [ ecx+eax], xml ;

add edx, edi ; advance 2 |lines ahead
add ecx, edi

sub esi, 2

ig next Li nesLoop

/1 Average half-pels horizontally (in the "X' axis),
/1 fromone reference frame only

I

void nc_ Wit Nl _hx_b( DWORD stride, DWORD |ines,

BYTE *dst _start, BYTE *bw start )

asm

2001/12/06 18
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{
nmov edx, bw start ;
nov ecx, dst_start ;
nmov eax, stride ;
nov esi, lines ;

| ea edi, [eax + eax] ; stride*2

; avg each ref pixel with its adjacent pel, and store to dst
; each loop iteration conputes 2 |lines
next Li neLoop:

movdqu xmD, XMMAORD PTR [ edx] ; load 16 pels
movdqu xmil, XMMAORD PTR [ edx+1] ; and their adjacent pels
movdqu xm2, XMMAORD PTR [edx+eax] ; do the sanme for line below it

movdqu xmB, XMMAORD PTR [ edx+eax+1]

pavgbh xm0, xmrl ; avg one line
pavgb xm2, xmB ; avg second line
nmovdga XMMAORD PTR [ecx], xmmD ; and store the results

movdga XMMAORD PTR [ ecx+eax], xm?

add edx, edi ; advance 2 |lines ahead
add ecx, edi
sub esi, 2
ig next Li neLoop
}
}
A R e R

/1l Average half-pels vertically (in the "Y' axis),
/1 fromone reference frame only
/1
void nc_ Wit Nl _hy b( DWORD stride, DWORD |ines,
BYTE *dst _start, BYTE *bw start )

{

__asm

{
nmov edx, bw start ;
nov ecx, dst_start ;
nov eax, stride ;
nov esi, lines ;
| ea edi, [eax + eax] ; stride*2

2001/12/06
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; avg each ref pixels with the pel fromline below, and store to dst
; each loop iteration conputes 2 result |ines

movdqu xmD, XMMAORD PTR [ edx] ; prepare data for 1% iter
next Li neLoop:
; xmm0 al ready holds the first line pels

movdqu xmi, XMMAORD PTR [ edx+eax] : load 2™ line

movdqu xm2, XMWAORD PTR [ edx+edi ] ; and 3" line

pavgb xmm0, xnmmi ; avg 1 line with 2™
pavgh xmml, xm® ;avg 2™ line with 3™
nmovdga XMMAORD PTR [ecx], xmrD ; store result to first line
movdga xnmmD, xmmR ; save "first" line of next iter

nmovdga XMMAORD PTR [ecx+eax], xmmil ; store result to second line

add edx, edi ; advance 2 lines ahead
add ecx, edi
sub esi, 2
jg next Li neLoop
}
}
A R e R

/1 Average half-pels both horizontally and vertically ("X' and "Y" axis),
/1 fromone reference frame only
/1
void nc_ Wit Nl _hx_hy b( DWORD stride, DWORD | i nes,
BYTE *dst _start, BYTE *bw start )

{

__asm

{
nmov edx, bw start ;
nov ecx, dst_start ;
nov eax, stride ;
nov esi, lines ;
| ea edi, [eax + eax] ; stride*2

; avg each 2x2 ref pixels, and store to dst

novdga xmmv, XMMAORD PTR [const 1 16 bytes] ; used for higher accuracy

movdqu xm0D, XMMAORD PTR [ edx] ; prepare data for 1% iter
nmovdqu xmil, XMMAORD PTR [ edx+1] . prepare data for 1% iter

2001/12/06 20
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next Li neLoop:
; xmm0 al ready holds the first line pels
; xnml al ready holds the first |ine adjacent pels

movdqu xm2, XMWAORD PTR [ edx+eax] ; load 2™ line

movdqu xmB, XMMAORD PTR [ edx+eax+1] ; and its adjacent pels
movdqu xmm¥, XMWAORD PTR [ edx+edi ] ; load 3 line

nmovdqu xmb, XMMAORD PTR [ edx+edi +1] ; and its adjacent pels
pavgb xm0, xmrl : horizontal avg of 1% line

pavgb xmmR2, xmmB : horizontal avg of 2™ line

nmovdga xmi, xmb ; save "first" adjacent line for next iter
pavgb xmmb, xnmmd : horizontal avg of 3 line

psubusb xm®?, xmmy/ ; conpensate error for accuracy

pavgb xmm0, xm® ; vertical avg for 1% dst line

pavgb xm2, xmb . vertical avg for 2™ dst line

nmovdga XMMAORD PTR [ecx], xmD ; store 1% line to dst

movdga xm®O, xmmd ; save "first" line for next iter

movdga XMMAORD PTR [ecx+eax], xm® ; store 2" line to dst

add edx, edi ; advance 2 lines ahead
add ecx, edi
sub esi, 2
jig next Li neLoop
}
}
e i R R

/'l Average fromtwo franes, each frane has 2x2 hal f-pels avg
/1
void nc_ Wt Nl _hx_hy b _hx_hy f( DWORD stride, DWORD |i nes,
BYTE *dst _start, BYTE *fw start, BYTE *bw start )

{

__asm

{
nov edx, bw start ;
nmov edi, fw.start ;
nov ecx, dst_start ;
nov eax, stride ;
nov esi, lines ;

nmovdga xmv, XMMAORD PTR [const 1 16 bytes] ; used for higher accuracy

2001/12/06 21
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next Li

nmovdqu
novdqu

nmovdqu
nmovdqu

neLoop:

;Xm0
;o xnmil
novdqu
nmovdqu

ToXmmyd
;. Xmb
nmovdqu

pavgb
novdqga
pavgb

psubusb xmB,

pavgb
novdga

nmovdqu
pavgb
novdga
pavgb

psubusb xm?,

pavgb

nmovdga xmm¥,

pavgb
novdga
add

add
add

xmD, XMMAORD PTR [ edx] ;
xnml, XMMACORD PTR [ edx+1]
xmmd, XMMAORD PTR [ edi ]

xmb, XMMAORD PTR [ edi +1]

al ready holds the first bwline
al ready holds the first bw line
xnmm2, XMWAORD PTR [ edx+eax]
xmB, XMMWAORD PTR [ edx+eax+1]

al ready holds the first fwline
al ready holds the first fwline
xmm6, XMMAORD PTR [ edi +eax]

prepare data for

1 iter

pel s
adj acent pels
; load 2™ bw line
; and its adjacent pels

pel s
adj acent pels
; load 2™ fw line

xmD, xmil ; horizontal avg of 1* bw line
xnmml, xmB ; save "first" adjacent bw line for next iter
xmB, xmm : horizontal avg of 2™ bw line
Xmv ; conpensate error for accuracy
xm8, xmD ; vertical avg for bw line
xmoO, xR ; save "first" bwline for next iter
xnmm2, XMWAORD PTR [ edi +eax+1] : load 2™ fw line (adjacent)
xm¥,  xmb ; horizontal avg of 1* fwline
Xmmb, xmP ; save "first" adjacent fwline for next iter
xme, xmb : horizontal avg of 2™ fw line
Xmv ; conpensate error for accuracy
xmme, xm#d ; vertical avg for fwline
xmmb ; save "first" fwline for next iter
xmmB8, xmP ; final result: avg bw and fw franes
XMMAORD PTR [ecx], xmmB ; store to dst

edx, eax ; advance 1 |ine ahead
edi, eax
ecx, eax

2001/12/06
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sub
jg

esi, 1
next Li neLoop

2001/12/06
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A -
2.0 1.20 GHz Pentium 4 2000 7
10 1999 9
3
1. SIMD ® C++ SIMD (IVEC)
2. SIMD 2(SSE2)
3. C++SIMD - SSE2(DVEC)
3
1: (MC) ( )
( ) -
® Pentium® Il ® Pentium © 4
full_b hx_hy b hx_hy f full_b hx_hy b hx_hy f
SSE IVEC 2.58 5.17 1.54 3.39
SSE2 ASM - - 1.48 3.24
2: 1 ( )
full_b hx_hy b _hx_hy f
Pentium 4 (SSE2 ASM vs. SSE
IVEC) 1.04 1.05
SSE IVEC(Pentium 4 vs. Pentium 111 167 152
SSE2 ASM  Pentium 4 vs. SSE
Pentium Il 1.74 1.60

2001/12/06
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3: MC ( )
( ) -
Pentium Il Pentium 4
full_b hx_hy b hx_hy f full_b hx_hy b hx_hy f
SSE IVEC 0.434 1.19 0.373 0.990
SSE2 ASM - - 0.260 0.838
4: 3 ( )
full _b hx_hy_b_hx_hy_f
Pentium 4 (SSE2 ASM vs. SSE IVEC) 1.435 1.181
SSEIVEC(F;entlum4 vs. Pentium 111 116 1.20
SSE2 ASM  Pentium 4 vs. SSE
Pentium 111 1.67 1.42
733 MHz Pentium ll1
1.20 GHz Pentium 4 26
2 Pentium 4
hx_hy b hx_hy f SSE2 SSE 1.05
4
Pentium 4 hx_hy b _hx_hy f SSE2
SSE  1.181
hx_hy b_hx_hy f
full _b
1.04 1.435
hx_hy b _hx_hy f
full b
o SIMD SSE2 64 MMX 128
XMM SIMD
1 2
e SSE2 SSE pavghb
AP-529 MMX Pentium Il
SSE prefetch
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5: Pentium Il
Pentium Il (733 MHz)
® Desktop Board VC820
BIOS V C82010A.86A.0028.P10
2 256 KB
128 MB RDRAM PC800-45
UltraATA 6.00.012
IBM DJINA-371800 ATA-66
Creative Labs 3D Blaster™ Annihilator’ Pro AGP nVidia GeForce256"
DDR -32MB
NVidia Reference Driver 5.22
Windows' 2000 2195
6: Pentium 4
Pentium 4 (1.20 GHz)
Desktop Board D850GB
BIOS GB85010A.86A.0014.D.0007201756
2 256 KB
Size 128 MB RDRAM PC800-45
UltraATA 6.00.012

IBM DINA-371800 ATA-66

Creative Labs 3D Blaster Annihilator Pro AGP nVidia GeForce256 DDR
-32MB

NVidia Reference Driver 5.22

Windows 2000 2195
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