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Emovainyn

* Aevn otavrop MPEG1/MPEG?2

— Extiunon kot emavopBmon kivnong

— Awovdopata Kivnong (LETOTOTIONG) WC TPOC To(0) TPOTNYOoOUEVO()
KOPE avVapopaC

— Axpifela kivnong ekppdletal e aKEPAIEC LOVADES KOVKIOMV 1
LOVAOEC UIOTNC KOVKIONG

— T v €0peon tov BEATIGTOL dVOGUOTOC Kivinomg,
YPNOLOTOLEITAL TO AOPOICUA TOV ATOADTOV TIUDV TOV OOPOPOV
(SAD):

15 15

SAD, ; (Mv,,mv,)=> > X(iy+i, jo+ J) = Y(i, +mv, +i, j, +mv, + j)]|

i=0 j=0
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MPEG]1 — MPEG2 differences

position at left

T pu

[[avemotuio Oecoaiiog
 Mny. H'Y, Tnhen. & At

KTUOV

M | Progressive YUV 8-bit Intra DC | IDCT Linear

P | Pictures 4:2:0 prediction; D- | mismatch for | Quantization

E Only: Color pictures; zigl- ;agh coseéf.; Scale only: half-

? chrominance format Zag scan only i dlt k pel motion
position at center code optional

M | Progressive YUV 10-bit Intra DC; | IDCT Linear & non-

P | & interlaced 4:2:0, no D-pictures; | mismatch for | linear

E Pictures: 4:2:2 & |alternate scan | AC[7][7] | quantization

G : 4:.4:4 only; 12-bit | scale; half-pel
chrominance )

2 ESC motion standard




Apyitektovikn MMX/SSE/SSE2

* Booiletot oTnyv TeYVIKT TS TAPAAANANC
EKTEAEONC ULOC EVTOANC GE TOAAATAN
ocooueva (SIMD)

* ATOTEAEL TO MO CMUAVTIKO EPYAAELD
BeAtioTomoinong alyoplOumy ToAVUECHY

* Emeépetl emtayvvon 3xX — 6X, avaAoyo LE
TNV EQOPUOYT KO TNV TOYVTNTA UVIUNG
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SIMD — the MM X phenomenon

Single-Instruction, Multiple-Data - Multi-Media
eXtensions

Intel IP, introduced early-1997 (Pentium MMX/
Pentium II) and incorporated in all Intel Pentium
CPUs by mid-1998

Allows for 64-bit quantities to be manipulated as
8x8-bit, 4x16-bit, 2x32-bit or 1x64-bit separate
entities

Effective speed-up for video applications of about
4x over integer (x86) performance

[Tavemot o Oeccaiiog
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SSE — the next step

Streaming SIMD Extensions

Introduced with the Pentium-III (early
1999)

Double MMX data-width (from 64-bit to
128-bit) for floating point operations

Add new 1nstructions (such as PSADBW,
PAVGB)

[Tavemot o Oeccaiiog
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SSE2

Evolution of the SSE family

Introduced with the Pentium-IV (early
2001)

Expanded 128-bit instructions to integer
operands (16x8-bit, 8x16-bit, 4x32-bit, 2-
64-bit or 1x128-bit entities)

Out-of-order execution, uop architecture

[Tavemot o Oeccaiiog
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SIMD Data types

Furndamental 128-BE Packad SINE Dala Types

128-Bit Packad Floatng-Point and Inkagar Data Types

| T T 1T 1T 1T 1T 1T 1T 1T 1 11 |
127 [}
| | | | | | | | |
127 [}
| | I | |
127 [}
| | |
17 (K}

127 [N ]
| | ]
17 1]
| T T T T T T 1T 1T 1T 1T 11 ]
127 1]
| ] ] | | | | | ]
1= 0
| | | | ]
17 [K]

Packed Byles

Packed Wiords

FPacked Doubewards

Packed Qustecdds

Packed Snole Precision
Floaling Palnl

Facked Dok e Fressision
Floaalireg Fainl

Packed Byle Inkagars

Packed Whord Ink=gers

Facked Doubeword Inleger=

Packed Cusdeord Inlsgers




SIMD example

« PSADBW mml, mm2/mmé64
« PSADBW xmml, xmm2/mm1l28

SRC X7 XE A5 x4 X3 X2 %1 x0
DEST Y7 Y Y5 4 Y3 h ¥ bl Y
TEMP [ABS(XT-YT)| ABS(XE-YE)| ABS(XE-Y 51| ABSIX4-Y4)| ABS( X3-Y 3| ABSIXZ2-Y2)| ABS(X1-Y 1) | ABRS(X0-Y10)
DEST n0H 00H 00y a0 00y ooH | SUMTEMPT. . TEMPO)

[Tavemot o Oeccaiiog
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Pentium-4 architecture

Pentiumi(r) 4 Processor Architectural Block Diagram

nst i Dynamic Branch
; TLE | Predictor; 4098 entries

Micro Code ;
ROM / EH:-E‘E:I.JI:-IEIT‘I Trace Cacha
Micro 12,000 pOPs
Instruction
Sequencer Ellocate Resources | Rename Reg
h
| Integer/Floati Foint poPF Qe O F £
| |
- w» INteger Schedule Floating Point Sche
Slowlnt | Fastlnt | Fast| | Memo FF Gen | FP Mem
: > SR Y v v v
intoger Register File L Floating Point Register File I'-

7

Slow ALLU

Complex
Inst.




SIMD

Source 1 X3 X2 X1 X0
Source 2 Y3 Y?2 Y1 Y0
Destination X3 0P Y3 X2 OP Y2 X1 0P Y1 X0 OP Y0

Figure 9-4. SIMD Execution Model
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EvtoAéc/xkataywpnteg MMX

Table 9-2. MMX Instruction Set Summary

63

MM7

MM

MMS

M4

MM3

MM2

Category Wraparound Signed Unsigned
Saturation Saturation
Arithmetic Addition PADDB. PADDW, | PADDSB, PADDUSB.
PADDD PADDSW PADDUSW
Subtraction PSUEBB, PSUBW. | PSUBSB, PSUBUSB,
PSUED PSUBSW PSUBUSW
Multiplication PMULL, PMULH
Multiply and Add PMADD
Comparison Compare for Equal PCMPEQB,
PCMPEQW,
PCMPEQD
Compare for PCMPGTPB,
Greater Than PCMPGTPW,
PCMPGTPD
Conversion Pack PACKSSWEB, PACKUSWB
PACKSSDW
Unpack Unpack High PUNPCKHBWV,
PUNPCKHWD,
PUNPCKHDQ
Unpack Low PUNPCKLBWV,
PUNPCKLWD,
PUNPCKLDOQ
Packed Full Quadword
Lagical And PAND
And Not PANDN
Or POR
Exclusive OR PXOR
Shift Shift Left Logical PSLLW, PSLLD PSLLOQ
Shift Right Logical PSRLW, PSRLD PSRLQ

Shift Right
Arithmetic

PSRAW, PSRAD

MM1

Doubleword Transfers

Quadword Transfers

MMO

Data Transfer Register to Register | MOVD MOWQ
Load from Memory MOWVD MOWQ
Store to Memaory MOVD MOWQ
Empty MMX EMMS

State

LIVVEILLO LT U DEOOUALLG

Tuiua Mny. H'Y, Tnien. & Awctdov




Katoaywpntéc SSE/SSE2

127

XMM7

XMM8E

XMMS

XMM4

XMM3

XMM2

XMM1

XMMO
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EvtoAéc MMX/SSE/SSE2

e Kivntng vmootoGTOANC
o IIpacelg akepaimv
— Ilep1oc0TEPO YPNGIUEC GTO YOPO TMV
TOAVUEC®V

— OpIGUEVEC EVTOALG £YVOY «KATA TOPOYYEALOD
v, epapuoyec molvuséomv (m.y. PSADBW)
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Evtoréc MMX/SSE/SSE?2 (2)

* H yprion toug yivetal €ite HEG® TPOYPUULUATIGLOD
o€ yYhwcooo unyovng (inline assembly) gite pécw
EMEKTACEWMV TNG YAWGGOS TPOYPOUUUOATIGHOV “C”
(intrinsics)

* Ot KatvoVpYy10l TOTTOL OEOOUEVMV Elvau

— __mo64 (64-bit packed integer)

— _ m128i (128-bit packed integer)

— _ m128 (128-bit floating point)

— _ m128d (128-bit double-precision floating point)

[Tavemot o Oeccaiiog
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EvtoAéc MMX/SSE/SSE2 (3)

* H ypnion tov kataywpntov XMM (128-bit)
OEV GUVETAYETOL OV TOLOTT ETLTAYLVO)
EKTEAEONC X2 O TTPOC TNV YPNON
Kataywpntov MMX (64-bit)

— AOY® LIKPOTEPNC TAYVTNTOC EKTEAECTG
evtolwv SSE2

— AOY® onuavtikng kabvotépnonc tpocPacng
O1eLBVHVGE®Y LVNUNG TTOL OV Elval

gvbvypappcUEVEC 6€ ToOAAATTAGGIO TV 16-
bytes

[Tavemot o Oeccaiiog
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Evtoléc MMX/SSE/SSE2 (4)

o [oloiTEPQ ¥PNGIUEC EVIOAES
— PAVGB ((xt+y+1)>>1): ypoapuikn mopepuoin
LLIGTC KOVKIOOG
— PSADBW: vroAoyiouog abpoicuotoc
ATOAVTMV OLOLPOPMDV - EVPEGT] OLOLVOGUOTOC
Kivnong
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AocKnon

* No ypAyeTe TNV pOLTIVA VTOAOYIGULOV TOV LEGOV
Opov 0Vo Kapé PBivteo, avd Kovkioa.
e No TNV VAOTOMGETE C€
— AplOunTikn KvnTg VTOOIUGTOANG, YPTCLLOTOLDVTOS
YAOGGO Tpoypaupatiopon “C”
— Axépato aptOuntikn, ¥PNOILOTOIMVTOC YADGGO!
wpoypoupaticuov “C”
— Axépata aptOuntikn, ¥pNoLoTol®VTIC EVTOAEC MM X
LEGM Intrinsics
— Axépato aptOuntikn, ¥pNoILOTOI®VTIC EVTOAEC MM X
LEG® YAMGCOG UNYOVIG

[Tavemot o Oeccaiiog
Tuiua Mny. H'Y, Tnien. & Awctdov



AGKNG™N - CLVEYELN

* No vAOTOMGETE TN povTIiVA GE

— Axépaio aplOuUnTIK, YPMNOILOTOLOVTOS EVTOAES
SSE2 uéow intrinsics/yYAMGGoC Unyoving
* No ypnoipuomomcete 10 epyoareio VTune
KO VO, VTTOAOYIGETE TNV EMITAYVVGT] TNG
EKTEAECTIC TV OLUPOPOV LOPPDV TOV

TPOYPAHUHLOTOG
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