
ᴇ @ ȅȒȉ ̸



¾ȅȒȉ ̸ ǵʴǵ˲șǞǭȅǠ
¾ᾦ Ҳǵʝ ǯǞǭẎἶ4₴ǵẃǲ

MPEG-2ɅȱɶȾș̸ǪǭǋǦȐ ̔ ǲ
ǪǭȉȐǏȅǞǦ

¾ᾦ ϼǵʣֶǵ ǮƲ ͬ ǵ ǲ
ǷǜȓǭƲH.264/AVCǵȦɱȱɶȾș
̸ǪǦȑǞǭȅǞǦ

¾ ᷀ǶɓȟɔɪȷLSIɟɶȩǲ ǞǭȨ
ɨȶɈɩǵCODECș̸ǪǭǦȑǞȅǠ



¾Ҳ CODECǵɕɫȮɧɞ ⱪ
¾SIMDǯǶ
¾x86/x64ǵSIMD

¾SIMDǵ̓ǋ
¾SIMDǲׄǖы /ׄǒǱǋы
¾Ҳ CODECǮǵSIMD ͈
¾SIMDȱɶɇTips



¾4x4/8x8/16x16 ǵɔɫɁȭӴ̬ы Ǔʺ
¾ ǲ ǲֿǟы ș ǍǚǯǓẉǋ

¾ΉƵǵы ǶǤȓȂǰ ǖǱǋǓƲы ᾍ
Ǔẉǋ

¾8bit or 16bit ǵ ǓȂȃЋǭ



¾4x4/8x8/16x16 ǵɔɫɁȭӴ̬ы Ǔʺ
¾ ǲ ǲֿǟы ș ǍǚǯǓẉǋ

¾ΉƵǵы ǶǤȓȂǰ ǖǱǋǓƲы ᾍ
Ǔẉǋ

¾8bit or 16bit ǵ ǓȂȃЋǭ

¾Ҳ CODECᾶǲǯǪǭǶ

Ƽ ӓ=SIMDӓƽ



¾Ӵʝᴁ̉ ɅɶȽ (Single Instruction 

Multiple Data)

¾ẎǔǱɪȶȷȽș8bit¥8Ήǯǒ16bit¥4

ΉǱǰǲѝҊǞǭ ǲֿǟы șǠȒ



A3 A2 A1 A0

B3 B2 B1 B0

A3+B3 A2+B2 A1+B1 A0+B0

+

mm0

mm1

mm0

SIMD paddw mm0, mm1;

64bit



¾CPUǵʫ̈˧̈ ǲ ᴁ̉Ǔ қǜȓǭǔǭ
ǋȒ

¾MMX / SSE / SSE2 / SSE3 / SSSE3 / SSE4.1 / 
SSE4.2 / AVX / AVX2

¾Ҳ CODECǲ Ǳ ᴁ̉ǮǶ
ÅMMX Ǯ 64bit ɪȶȷȽǓ
ÅSSE2 Ǯ 128bit ɪȶȷȽǓ
ÅAVX2 Ǯ 256bit ɪȶȷȽǓ
Ǥȓǥȓ̓ǏȒȏǍǲǱȒ

¾ ƵʱѦ↓ǓʣǓȑƲ͛ѫǱᴁ̉Ǔ қǜȓ
ǭǔǭǋȒ



MMX SSE SSE2 SSE3 SSSE3 SSE4.1 SSE4.2 AVX AVX2

Pentium4

[Willamette]
Ʀ Ʀ Ʀ

Pentium4

[Presscotte]
Ʀ Ʀ Ʀ Ʀ

Core

[Merom ]
Ʀ Ʀ Ʀ Ʀ Ʀ

Core 2

[Penryn]
Ʀ Ʀ Ʀ Ʀ Ʀ Ʀ

Core i7

[Nehalem]
Ʀ Ʀ Ʀ Ʀ Ʀ Ʀ Ʀ

Core i3/i5/i7

[SandyBridge ]
Ʀ Ʀ Ʀ Ʀ Ʀ Ʀ Ʀ Ʀ

Ʀ Ʀ Ʀ Ʀ Ʀ Ʀ Ʀ Ʀ Ʀ



MMX SSE SSE2 SSE3 SSSE3 SSE4.1 SSE4.2 AVX AVX2

Athlon Ʀ ơ

Athlon XP Ʀ Ʀ

Athlon 64

[ClawHammer ]
Ʀ Ʀ Ʀ

Athlon 64

[Venice]
Ʀ Ʀ Ʀ Ʀ

Bobcot Ʀ Ʀ Ʀ Ʀ Ʀ

Bulldozer Ʀ Ʀ Ʀ Ʀ Ʀ Ʀ Ʀ Ʀ



¾ԍѸƲʱѦ↓ǵ ǋᴁ̉ȋ Ǟǋ͛ѫǱᴁ
̉ș̓ǪǦ Ǔ ǲǱȒȉǵǵɵɵɵ

¾֦ǋCPUǮҲǒǱǖǱǪǭǞȅǍǵǮƲ֦

ǋᴁ̉Ǟǒ̓ȖǱǋὕ ȉ ǞǭҲ ǲ
ўȑ ǏȒⱳ ǓǉȒ

¾ Ǳ ƲǒǱȑǞȚǰǋ
¾SSE2șѼ ǲǞǭȉ ǋǵǮǶǯדǍǓƲ
ӽ Athlon (ThunderBird ) ɤɶȴǒȐҲ

ǒǱǋǯǋǍɪɛɶɆǓȅǧ Ȓ



¾C/C++ ȱɱɏȢɧǶ Ʋ̓ǪǭǖȓǱ
ǋ

¾ʝ Ǳ ǯǞǭ ǵ ǓǉȒ
Åintrinsic ᴁ̉ș̓Ǎ

ÅȢɱɧȢɱȠȹɱɔɧǮ ǖ

ÅȠȹɱɔɨ Ǯ ș ǋǭɨɱȭǠȒ

¾ ǯǞǭǚȚǱ ȉ
Åxbyak Ǯ ǖ

ÅNT2 (boost.simd ) Ǯ ǖ



#include < emmintrin.h >

void __stdcall add_residual_16x16_sse2(unsigned char *block, const short *residual)

{ // intrinsic ᴁ̉ǵȱɶɇȳɱɕɩ

__m128i w0,w1,w2,w3;

__m128i zero = _mm_setzero_si128();

for ( int i=0;i<16;i++) {

w0 = _mm_loadl_epi64((__m128i const *)(block+0));

w1 = _mm_loadl_epi64((__m128i const *)(block+8));

w2 = _mm_loadu_si128((__m128i const *)(residual+0));

w3 = _mm_loadu_si128((__m128i const *)(residual+8));

residual += 16;

w0 = _mm_unpacklo_epi8(w0, zero);

w1 = _mm_unpacklo_epi8(w1, zero);

w0 = _mm_add_epi16(w0, w2);

w1 = _mm_add_epi16(w1, w3);

w0 = _mm_packus_epi16(w0, w1);

_mm_storeu_si128((__m128i *)block, w0);

block += 16;

}

}



void __stdcall add_residual_16x16_sse2(unsigned char *block, const short *residual)

{// ȢɱɧȢɱȠȹɱɔɧǵȱɶɇȳɱɕɩ
__asm {

mov esi, residual;
mov edi , block;

mov ecx, 16;
pxor xmm7, xmm7;

LOOP_HEAD:

movq xmm0, qword ptr [edi+0];
movq xmm1, qword ptr [edi+8];
movdqu xmm2, oword ptr [esi+ 0];

movdqu xmm3, oword ptr [esi+16];
add esi, 32;
punpcklbw xmm0, xmm7;

punpcklbw xmm1, xmm7;
paddw xmm0, xmm2;
paddw xmm1, xmm3;

packuswb xmm0, xmm1;
movdqu oword ptr [edi+0], xmm0;
add edi , 16;

sub ecx, 1;
jnz LOOP_HEAD;

};
}



; Ƞȹɱɔɨ Ǯǵȱɶɇȳɱɕɩ
; nasm (__stdcall ) ◐╛

section .text

global _add_residual_16x16_sse2@8
_add_residual_16x16_sse2@8:

push edi ;

push esi;
push ecx;
mov edi , [esp+12+ 4]; 

mov esi, [esp+12+ 8];
mov ecx, 16
pxor xmm7, xmm7;

LOOP_HEAD:
movq xmm0, [edi+0];
movq xmm1, [edi+8];

movdqu xmm2, [ esi+ 0];
movdqu xmm3, [esi+16];
add esi, 32;

punpcklbw xmm0, xmm7;

punpcklbw xmm1, xmm7;
paddw xmm0, xmm2;
paddw xmm1, xmm3;
packuswb xmm0, xmm1;
movdqu [edi+0], xmm0;

add edi , 16;
sub ecx, 1;
jnz LOOP_HEAD;

pop ecx;
pop esi;
pop edi ;

ret 8;



¾ intrinsic Ǯ ǖ
Åѫ / gccǯVCǮֿǟȱɶɇǓ̓ǏȒ / 32bitǯ

64bitǮֿǟȱɶɇǓ̓ǏȒ
Å ȱɱɏȢɧǵɪȶȷȽ ǵᴜ Ǔɵɵɵ

¾ȢɱɧȢɱȠȹɱɔɧǮ ǖ
Åѫ ȷȽɁȭǵ ȋɪȶȷȽ Ǔʥ
Å gccǯVCǮ Ǔ Ǎ / 64bit ǵVCǮǶ̓ǏǱ
ǋ

¾Ƞȹɱɔɨ Ǯ ș ǋǭɨɱȭ
Åѫ ȱɱɏȢɧș ǷǱǋ ȠȹɱɔɧǶ ǽ
Å ȷȽɁȭ ɵᴀǺїǞ ǵ Ǔⱳ / 
ⱳǡ ᴀǺїǞǲǱȒ ȢɱɧȢɱ᾽ ǜȓǱǋ



¾xbyakǲǫǋǭǶɵɵɵ
ÅȉǪǯ Ǟǋ˲ǓǋȒǵǮǤǨȐǲ ǋǭǴ



¾NT2ǯǶ
Åx86/x64 ǧǘǮǱǖƲPowerPC ǵ AltiVec ȋARM

ǵ NEON ȉ ʝ ǲ ǏȒȏǍǲǞȏǍǯǋǍ

Å █♥ǵȉǵǓboost.simdǯǞǭ ǜȓǭǋȒ

Åhttp://www.slideshare.net/faithandbrave/boosts

imd

Å Ƕʣ ǵ ɕɪȺɱș֓

http://www.slideshare.net/faithandbrave/boostsimd
http://www.slideshare.net/faithandbrave/boostsimd


¾ǹǯᶭȅȑǵɅɶȽǲᾍǞǭƲֺ ǲֿ
ǟы ș Ǎḹֻ
ÅYUV <-> RGB Ẁ

ÅFIR ɓȡɩȽ

¾ᾐ ᴁ̉Ǔ ǜȓǭǋȒы
ÅҲǔ ǵȱȷɆ ͔ (psadbw )

¾ы ǵʴǮȭɨɁɒɱȮǓǉȒḹֻ



// YUV -> RGB Ẁ ы
void yuv2bgra(

unsigned char * bgra , const unsigned char * luma,
const unsigned char * cb,const unsigned char * cr,
int width, int height) {

for ( int y=0;y< height;y ++) {
for ( int x=0;x< width;x ++) {

int lw = ( luma[x] - l_offset) * l_scale;

int cbw = cb[x] - c_offset;
int crw = cr [x] - c_offset;
int b = ( lw + cbw *ub_scale + round) >> shift;

int g = ( lw + cbw *ug_scale + crw *vg_scale + round) >> shift;
int r = ( lw + crw *vr_scale + round) >> shift;
bgra [x*4+0] = clip_u8(b);

bgra [x*4+1] = clip_u8(g);
bgra [x*4+2] = clip_u8(r);
bgra [x*4+3] = 0xff; // dummy alpha

} 
bgra += (width*4);
luma += width;

cb += width;
cr += width;

}
}



// YUV -> RGB Ẁ ы
void yuv2bgra(

unsigned char * bgra , const unsigned char * luma,
const unsigned char * cb,const unsigned char * cr,
int width, int height) {

for ( int y=0;y< height;y ++) {
for ( int x=0;x< width;x ++) {

int lw = ( luma[x] - l_offset) * l_scale;

int cbw = cb[x] - c_offset;
int crw = cr [x] - c_offset;
int b = ( lw + cbw *ub_scale + round) >> shift;

int g = ( lw + cbw *ug_scale + crw *vg_scale + round) >> shift;
int r = ( lw + crw *vr_scale + round) >> shift;
bgra [x*4+0] = clip_u8(b);

bgra [x*4+1] = clip_u8(g);
bgra [x*4+2] = clip_u8(r);
bgra [x*4+3] = 0xff; // dummy alpha

} // ǚǵɩɶɕș 4 or 8 Ӵ̬ǵ SIMD ы ǲ ǔ ǏȒ
bgra += (width*4);
luma += width;

cb += width;
cr += width;

}
}



// FIR ɓȡɩȽ (3 tap)
void filter_3x1(

short * dst,
const short * src,
int length

const short *weight) {
for ( int i=0;i< length;i ++) {

int w = src[i -1] * weight[ -1];

w += src[i+0] * weight[0];
w += src[i+1] * weight[+1];
w = (w+round ) >> shift;

dst[ i] = clip_s16(w);
} 

}



// FIR ɓȡɩȽ (3 tap)
void filter_3x1(

short * dst,
const short * src,
int length

const short *weight) {
for ( int i=0;i< length;i ++) {

int w = src[i -1] * weight[ -1];

w += src[i+0] * weight[0];
w += src[i+1] * weight[+1];
w = (w+round ) >> shift;

dst[ i] = clip_s16(w);

} // ǚǵɩɶɕș 4 or 8 Ӵ̬ǵ SIMD ы ǲ ǔ ǏȒ
}



// ᾐ ᴁ̉ǓǉȒḹֻ (Ҳǔ ǵɔɫɁȭȱȷɆ ͔)
int sad_16x16(

const unsigned char *block,
const unsigned char * ref_frame ,
int ref_stride ) {

int sad = 0;
for ( int y=0;y<16;y++) {

for ( int x=0;x<16;x++) {

sad += abs(block[x] -ref_frame [x]);
} 
block += 16;

ref_frame += ref_stride ;
}
return sad;

}



// ᾐ ᴁ̉ǓǉȒḹֻ (Ҳǔ ǵɔɫɁȭȱȷɆ ͔)
int sad_16x16(

const unsigned char *block,
const unsigned char * ref_frame ,
int ref_stride ) {

int sad = 0;
for ( int y=0;y<16;y++) {

for ( int x=0;x<16;x++) {

sad += abs(block[x] -ref_frame [x]);
} // ǚǵɔɫɁȭǓ psadbw ǲ ǔ Ǐ֯
block += 16;

ref_frame += ref_stride ;
}
return sad;

}



// ȭɨɁɒɱȮș̢Ǎы
unsigned char clip_u8(short val) {

if (val < 0) { return 0; }
if (val > 255) { return 255;}
return (unsigned char)255;

} 

short clip_s16( int val) {

if (val < -32768) { return -32768; }
if (val > 32767) { return 32767; }
return (short) val;

} 

short clip(short val, short min, short max) {

if (val < min) { return min; }
if (val > max) { return max; }
return val;

} 



// ȭɨɁɒɱȮș̢Ǎы
unsigned char clip_u8(short val) {

if (val < 0) { return 0; }
if (val > 255) { return 255;}
return (unsigned char)255;

} // 8 or 16 șȅǯȈǭ packuswb Ǯы ֯

short clip_s16( int val) {

if (val < -32768) { return -32768; }
if (val > 32767) { return 32767; }
return (short) val;

} // 4 or 8 șȅǯȈǭ packssdw Ǯы ֯

short clip(short val, short min, short max) {

if (val < min) { return min; }
if (val > max) { return max; }
return val;

} // 4 or 8 șȅǯȈǭ pmaxsw / pminsw Ǯы ֯

// ǚȓȐǓѫ ǮǔȒǯƲѝΉᴁ̉ș ǢȒǵǮẎ₦ǲ ӓǠȒ
// SSE4.1 (Core 2/ Penryn ̊ ) Ǯ short ̊Ẇǵ pmax / pmin Ǔ қǜȓǦǵǮ̓ǋ ǓṔқ



¾їҘɅɶȽǒȐǵɓȡɶɇɎɁȭǓǉȒы
(͈ IIRɓȡɩȽ)

¾ЊҘɅɶȽǲꜘǟǭы КὦǓẀӓǠȒы
͈ ꜘɓȡɩȽ

¾ɟɠɨɋɁȭǱы



// їҘɅɶȽǒȐǵɓȡɶɇɎɁȭы ǓǉȒḹֻ
void filter_iir (

short * dst,
const short * src,
int length) {

int pre = src[0];
for ( int i=0;i< length;i ++) {

dst[ i] = clip_s16(( src[ i]+ pre +1)>>1);

pre = dst[ i];
} // ɓȡɶɇɎɁȭǓǉȒǯ SIMD ӓʥ

}

¾ȵɨȠɩǱы ǶʱѦ(SIMD)ӓǮǔǱǋ



¾ЊҘɅɶȽǲꜘǟǭы ǓẀȖȒḹֻ
ꜘɓȡɩȽ
Å͈ H.264 ǵɅɔɫɁȭɓȡɩȽ

¾ѝΉǓ1ǫǱȐǷʰɏȽɶɱș Ǟǭ

ɑɁɆɜȷȭֻ ǠȒǚǯǮ ӓǮǔȒ
ḹֻȉ

¾ὕ ǲx264ǶɅɔɫɁȭɓȡɩȽșǤǵ
Ǯὕ ǞƲ ӓǞǭǋȒ


