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1.1 seiesiH

R MMX U P 8 A B
Wi ANt (Fade In & Fade Out) f—Fat LAY PR AL B 2.
LR T AR 4 Ak T 475

p=piw +pa(l —w) = w(p1 — p2) + p2, (w € [0,1]) (1.1)

Hrr, pop1,pe HOREUE, FR pr,pe HIEE, p HEKA.

AR F R AT RS w @ewifhgif.

AT AR A 0%(100%) FFIRIE RGBS () w BEEREE R p ek e . FEX AR, —Fb
P50 AE A R T F GRS N 2 100%, 55 —Fh AR D B2 0% .

12

EIENY, BGARRMEIIREAEW, DRGSR, seecilgiam . s
A, RIRTSE B AT ROR

ANEH MMX 0 R] PASEBLET AETH {5 MMX ] DAF] FH 5 i it il A X A 2

DA 24 DifLEIERIFGERT S, BRI A TTHER A 8 A0 FFRFHE 2, HAR MR FE A 24 bits (3 Bytes)
For, BN RGB. 4L (Red). %t (Green). i (Blue) RUJIERI—A> Byte KK, WEIEHEY
0- 255,

AR, pop,pe WG MR =FEANMEGZS M, AR — DR R RGE,
Fif, (OxFFFFFF) 586 (0x000000) BA 50% 1 H 0k & 0mH% , Aeaif Fo FR A A 0 2

(0xFFFFFF - 0x000000) / 2 4+ 0x000000 = 0x7FFFFF

BEMEE 6 (XTFFFFF), X 5HBRKE (0xTFTETE) A4,

TERRPECE R = R e AR AR A A2

(0xFF - 0x00) / 2 4 0x00 = 0x7F

EFEA RIS (0XTETETE),

FrABR G Rl AT 2 iR, 90 e R s A S oRE 5

MMX 58 APt 79 & 7 ) A 82, excited!

INMMX: R RIF R SIMD ks 44, J6AT 57 4454, ©F 1996 AFRIESA/RAER (Pentium) MMX AbFRSE 1, DAL
U ARARAATREE Sy, [F0r07]
PMMX FAEEFIANIE 257 R, 7500 BERE A LA I T R R 57

2
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2.1 Skl

[ it D AL B — MR R 0T, IR AN L1 BB A .
X 64 x 64 BRI 24 (7K, FEIAT 3 x 64 x 64 = 12288 WAL,

2.2 BO Ui

TESEB A T ATL fy Clmage 2.

void ImageFusion
int width =
BYTE *pFrom
BYTE *pTo =
BYTE x*pDest
int t = 3 *
while (t--)
*pDest =
pTo++;
pFrom++;

pDest++;

U5 2.1 @Ay IR A

(CImage &from, CImage &to, CImage &dest, WORD fading) {
dest.GetWidth(), height = dest.GetWidth();
= (BYTE*)from.GetPixelAddress (0, height - 1);
(BYTE*)to.GetPixelAddress (0, height - 1);
= (BYTE#*)dest.GetPixelAddress (0, height - 1);
height * width;
{

(*pFrom * (0x8000 - fading) + *pTo * fading) / 0x8000;



3.1.

3.1.

B d MMX 54k

3.1 HEA
1%y
Byte: F15 (8 bits)
Word: 5 (16 bits)
Doubleword: X5 (32 bits)
Quadword: PUF (64 bits)
Double Quadword: /\F (128 bits)
Pack: 45
Unpack: fi#/E

Saturation: HuFl

2
WA (Saturation) j& MMX f—MRAREAMs R, EREFEI 45 R R B R A (E

YERia i aiR .

TSR, FRN GRS OxFFFF, R IEE RN 00000,
EHAFSEMTsES , EREREEHR N 0xTFFF (32767D), T EL4EH A 0x8000 (-32768D).,
PA 0x4000 * 0x4000 = 0x10000000 A7, — i) iz E W & A= BUR A 5453 0x0000 1R 45

R, M HWAZFEGE OXFFFF, AP EALsH52] 0xTFFF,
3.1.3  JE4;

B4 (FT8)/MEg () £ MMX fog —XHMREZAEAE, BA15 MMX SRS A 7.

PA PACKUSWB ' (¥ S0 45757 77) 5 PUNPCKLBW 2 54 B HIAE MMX i)
e /TR A A

H AR AT

1 PACKUSWB mm mm/m64
2 PUNPCKLBW mm mm/m32

'PACKUSWRB: Pack with Unsigned Saturation from Word to Byte
2PUNPCKLBW: Packed Unpack Low-order Byte to Word
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% =% MMX 54 % o

mm & MMX &1 64 (2 fEeetg=, A mm0, mml, ..., mm7, 3£ 8 4> 64 (i2FfEas. m64 NE
N 64 LN, m32 WIFRIR 32 (i NAFEES g .

MR B RBAERC, HERE N S Tk 5 AN RO “TRERER, mIRA
A A AR -k ] DA A A

JESR 2RI ARG WIS .

PACKUSWB fHLHELE Jek 64 MEAVERHIE 4 NSFRFS, 40 BT AT S MpEgs, 43 4 A~
55 B4 2 A 64 CERAERUR T ARS8 T, BIl—A> 64 (s, REIRER B WERF g, 1
W PRV RS B 4 DNFEATESS R S 32 47, T H MBI EREAS R 4 DEATELS R SRR
32 1,

fRIEZE RE “22 XA (Interleave) (1505

PUNPCKLBW FALEE 2 e 64 A EEOMC 32 iU, BE 4 ANFTT; IBA 2 4 64 L EERT
PAFRE] 2 20 4 ADNFATR0EHE . ACUBCEX AT E] 4 AN, BI—AS 64 (s, SRETRIEE H R
AT, A IR RSB T SRR AL, B E RSB T SR AR .

Ze— A BRI T

; mmO: 7FFF8000FFFF002B, mml: 002D1121DEADBEEF
packuswb mmO, mml

; 002D[1121|DEAD|BEEF |7FFF[8000|FFFF [002B
; 2p| FF| 00/ 00/ FF| 00/ 00/ 2B
; mmO: 2DFFO000FF00002B

punpcklbw mmO, mml

; interleave mmli, mmO

; mml's lower doubleword: DE|AD|BE/|EF

; mmO's lower doubleword: FF[00/00/2B

; DE|FF|AD|0OO|BE|0OO|EF|2B

; mmO: DEFFADOOBEOOEFZ2B

3.2 1HAUW
3.2.1 HAWM®
% R4
e movd: Move Doubleword # JI X5 (32 bits)

o movq: Move Quadword #% DI P07 (64 bits)

JE4iiR 4
i E4i (Packed Unpack)
o punpcklbw: Packed Unpack Low-order Bytes to Word
e punpcklwd: Packed Unpack Low-order Words to Doubleword
e punpckldq: Packed Unpack Low-order Doublewords to Quadword
o punpcklqdq: Packed Unpack Low-order Quadwords to Double Quadword

e punpckhbw: Packed Unpack High-order Bytes to Word
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% =% MMX 54 % 6

e punpckhwd: Packed Unpack High-order Words to Doubleword
e punpckhdq: Packed Unpack High-order Doublewords to Quadword

e punpckhqdq: Packed Unpack High-order Quadwords to Double Quadword

WAL (Pack with Saturation)
TSN 73 s R S RS JCAF 5 T

packuswb: Pack with Unsigned Saturation Word to Byte

packusdw: Pack with Unsigned Saturation Doubleword to Word

packsswhb: Pack with Signed Saturation Word to Byte

packssdw: Pack with Signed Saturation Doubleword to Word

B

MMX fizfE 2R “H4hsE” .

—RRBL, 84 A p HFk (packed), RJGHEHAES (add, sub, mul %), RE2EHEN (v
Unsigned, s: Staturation, h: High-order, 1: Low-order 5%), fix)g @B /EEUKE (b: Byte, w: Word, d:
Doubleword, q: Quadword, dq: Double Quadword),

PA add SHfi:

o paddb: Packed Add Bytes
e paddw: Packed Add Words
e paddd: Packed Add Doublewords
e paddq: Packed Add Quadwords
e paddsb: Packed Add with Signed Saturation Bytes
o paddsw: Packed Add with Signed Saturation Words
e paddusb: Packed Add with Unsigned Saturation Bytes
o paddusw: Packed Add with Unsigned Saturation Words
T mul SR :
o pmuldq: Packed Multiply Doublewords to Quadword
o pmulhrsw: Packed Multiply High with Round and Scale Words *
e pmulhuw: Packed Multiply High-order result of Unsigned Words
o pmulhw: Packed Multiply High-order result of signed Words
e pmulld: Packed Multiply Low-order result of signed Doublewords
o pmullw: Packed Multiply Low-order result of signed Words

e pmulludq: Packed Multiply Low-order result of Unsigned Doublewords to Quadwords
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4.1 Gk

1 24bpp 'EF, —ANETTIEEE ST, TR R R T, TR A
A fign, THIAl, ZSRECA LIRS, AR ARy, Y, R EZ A Ao, 1 HAIEIE L
AT, ARG MMX b 4.

M 15 TRl A 7R B (e — AT yk, RIALPE (6 eI yE TR — P K py2sE), Rk 64 (7%
a2 R — IR AL 4 DM TT.

AIPA—IR B 4 M ETTHCETE 64 (27t 32 7, FIHZ AT 3.1.3 SE M ELiTe 4, RFIHHL
F) 64 LA L 4 N, RIEHRA 11 AR ERTIEE .

¥ max F = 32767, XFTWAME F € [0,max F], 4EBZEGT A B < |0,255)

FA+ (maxF — F)B  2FA+2(maxF' — F)B
max F B 2max F
N FA (max F — F)B
- (Q(maXFJrl) * 2(max F + 1)

= 2(mulhw(A, F') + mulhw(B, max F' — F))
WA REON— MRS AR AT, HoR{EN OxXTFER, #4872 32768 4.
EFRIET, PIANFHTRAGE] RS, pmulhw A 755 RIERE R AR A, ST
FHIRVAJEER LA 65536, PIAERIR A 4.1 W, BRI E 2B 65536, X A4 AT AR pmulhw,

) X 2 (4.1)

4.2 RSB

A 4.1 MMX E1g LG
void ImageFusionMMX(CImage &from, CImage &to, CImage &dest, WORD fading) {
int width = dest.GetWidth(), height = dest.GetWidth();
DWORD *pFrom = (DWORD*)from.GetPixelAddress (0, height - 1);
DWORD *pTo = (DWORD*)to.GetPixelAddress (0, height - 1);
DWORD *pDest = (DWORD#*)dest.GetPixelAddress (0, height - 1);
DWORD *pDestEnd = (DWORD*)dest.GetPixelAddress(width - 1, 0);
WORD fadel[4], fade2[4];
fade1 [0] fade1[1] = fadel[2] fade1 [3]
fade2[0] fade2[1] = fade2[2] fade2[3]
LPWORD fade_ptrl = fadel, fade_ptr2 = fade2;

O0x7fff - fading;

fading;

_asm {

194 bits per pixel: 82 24 {7, B 24 fififA.
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$vwE  MMX B2k

pxor mm7, mm7
mov ebx, fade_ptril
movq mm2, [ebx]
mov ebx, fade_ptr2
movq mm3, [ebx]
}
while (pDest <= pDestEnd) {
_asm {
mov ebx, pFrom

movd mmO, [ebx]

mov ebx, pTo

movd mml, [ebx]

punpcklbw mmO, mm7
punpcklbw mml, mm7

pmulhw mmO, mm2
pmulhw mml, mm3
paddw mmO, mml
paddw mmO, mmO

packuswb mmO, mm7

mov edi, pDest
movd [edi], mmO
}
pFrom++;
pTo++;
pDest++;
}
_asm EMMS

4.3 PERESEHENA

RS 4.2 FRUEN 1L

void ImageFusionCPUBenchmark (CImage srcl, CImage src2, WORD fading) {

CImage templ, temp2;

int width = min(srcl.GetWidth(), src2.GetWidth());
int height = min(srcl.GetHeight (), src2.GetHeight());

templ.Create (width, height, 24);
temp2.Create (width, height, 24);
while (1) {

ImageFusion(srcl, src2, image3, fading);



Hras MMX FERHRAF

9 ImageFusionMMX (srcl, src2, image4, fading);
10 }
11 3}

A Visual Studio BYERERAL & AT DAMEIN CPU .
IBATIAL 1 3 h)a 2k, A58 e Buat T SRR A R

PREA SRR
ImageFusion 45049

ImageFusionMMX 15633

PRI L -

009 o
15633

2SEBRBIRARIE AR A M SR IR BT A IS, IEHERZ 2.0 - 4.0,



B TGS

—IHEA T R IO, 2% 7 — T B2 RAYEERE, HE B uadk A i .

ERECT fif 2N Win32 2l —AS A, KL 51 Wind2 i@ s 7 — MESR UGS IR BT
FAZL ) MMX IS 470«

ARZEILHIIEL, SRR

JERARE] T — AR S5 TR

o x86 Instruction Set Reference [rje]

NJE8fr Visual Studio #EAT BB RIRR — 5 - E T MRERIECR .

R BT — T AE AT B PR R A SO MMX R R ERIA T .

RJa— NG e e, ES TR, (R A T .

BRI THRAS Clmage, VA W % H A Win32 4ife, A EAR 0 R/ Win32 78 MMX 1y
L PN ENTASRA R KR

5.1  JALHW]

Copyright ©zccz14(%4#), Follow CC-BY-NC License.

ASCHEH BTEX HERR, S EITIE A GitHub
URL: https://github.com/zccz14/ComputerOrganization And ArchitectureMMX
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https://github.com/zccz14/ComputerOrganizationAndArchitectureMMX

%25 Sk

[Fur97] B. Furht. Multimedia Technologies and Applications for the 21st Century: Visions of World
Ezperts. The Springer International Series in Engineering and Computer Science. Springer US,

1997. 1sBN: 9780585287676. URL: https://books.google.com/books?id=2E%5C 1BwAAQBAJ.

[rje] rjeschke. 286 Instruction Set Reference. URL: http://x86.rencjeschke.de/.
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