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Abstract

The goa of this project is to design an embedded platform to
support next generation stereo video and 3-D man-machine user
interfaces for multimedia applications. The key design focus of this
platform is that it is not designed for any particular killer applications.
Instead, it is designed based on an open multimedia application
middleware, namely DVB-MHP. Therefore, any third party designer can
develop innovative applications for this platform without having to
worry about the underlying architecture, such as the type of processor or
the type of OS used to create the platform. More importantly, the
middleware provides user application accesses to highly efficient
feature-rich multimedia components, including audio-video decoding,
graphics, and 3-D video. The key technologies that will be developed in
this project include: DVB-MHP middleware with extension for stereo
video and man-machine user interface, a deeply-embedded minimal OS
designed specifically for Java runtime support, 3-D video accelerator,
3-D graphics accelerator, Java processor, and multiview video coding
technology.

Keywords: Middleware, Java Processor, Embedded OS, 3-D Video,
Disparity Estimation Accelerator, 3-D Graphics Accelerator, Multiview
Video Coding
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®2. %k +4-8 2 ground truth

A TR B ORLE B % R Mo A A 2 (computer vision) @ AT g iE =
LE o R e B [63][61]F - it A i o AL TR G RIE
527 %4 2 %22 (loca approach) ~ £ 2 3 = £ (semi-global approach)
rE 333k (global approach) = #f 0 F B 2 i ARACT B o

Block matching Block matching Block matching

Matching cost Diffusion Diffusion

Matching cost Optimization

Matching cost

Iterati

® 3. Local approach / semi-global approach / global approach ;% & iz in 4%

Loca approach i & rz block-based = ;V3 -8 A 847 AL A 9
matching cost # block matching ¥ 12 £_SAD(sum of absolute differences)
ZSAD(zero-mean SAD) ~ CENSUS-RANK % & #& 7 I 17 3% - Semi-global
approach 2 & 4v » 7 FE 4z (diffusion)matching cost 4% 41> 12 & % (iteration)
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function) » o ¢ EHE I PR ALAFTHEFE PR IBHREF 2 b DiE o
Global approach i * 7 I e i it (optimization)i& & i - Hi# ~ § »ceig
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approach 11 SSD+MF AR 4 75 & [T &1 7 >0 2 s » % global approach- ]
PR L TR R AR @ 3 > globa approach >t semi-global
approach if*+ |ocal approach -

Tsukuba Sawtooth Venus Map

fixed best fixed best fixed best fixed best

W4 AL FHEF K[63]

SSD+MF dynamic programming

graph cut belief propagation
W5 :2AFEZARATHES



#¢ local approach 1| global approach /% & i %8 547 fe & 58 ¥ &
FIHf < @ 340 @ AR L FOR Ol R P E AT 4 R ia’ mFEF TR
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W6 FEFfR K[63]

Bk 2 v w8 2 (image segmentation algorithm)
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Local approach OB R A MR 3 B 1993 E 71K Y AR
256x256 ~ -] ¥ if > rd2iE B 3.6fps oA 4 g;q; o P2 fSHEETF His an
A A% ﬁaﬁwﬁ7yﬁﬂw ﬁ BF BAEN e AABPIR S
BB~ 04 o (video interface) ~ B2 if gt ~ 4p 12 & (correlation 2 block
matching):- & ~ A £ Tz B84 > # ¢ crblock matching & & & 47
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Real-Time Image Frame Disp. Algorithm

System Size Rate Limit

INRIA 2656256 3.6 Normailized
Correlation

CMU Stereo  256x240 30 16 SSAD

Machine

PARTS 320x240 42 24 Census

SAZAN 320 % 240 20 SSAD

ACADIA 512x512 32 SAD

SRI SVS 320240 30 SAD

FPGA 640 x 480 20 20 Phase based

DeepSea 512x512 30 52 Census

®l7. Local approach & #% 3+[29]
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W8. Local approach & %3 3+ % #[73]
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1270 (18.75x14.4) 2 2. « # @ » 4opt + ® PEchi 5 €5E T & chf i &
47 75 2o 1B 48 (memory storage) > ™ % & % hF AL 4E % (data bandwidth) o

BLF LR > 5 LY FPGA (5 1 & hf RS X o FPGA ¥
BN BB ok BT FRE onchlpRAM ST A
AR LR B B ER PR cRF LI 0 FPGA § 1 + £ b
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Real-time Image Disparity PDS x10°/
h fps Method Processor type
system resolution p range [PDSx10%/fe] ¥p
9 585/9
Diaz et al Y N Custom FPGA, Xilinx
1280x960 52 15 975/15 Phase based Virtex-11 (65 MHz)
29 1885 /29
Gong and Yan Correlation-based with Pentium 4 3GHz
g o = 512x384 14.7 40 117/ - image-gradient-guided cost equipped with an ATI
aggregation 9800 XT (412 MHz)
S 256x256 304 200/~ AMD AthlonXP 2800+
orstmann et al. 640x480 7.23 100 222/ .- Dynamic programming and MMX
1024x1024 2.2 230/ - optimization
Niitsuma and .
. Custom FPGA, Xilinx
Maruyama 640x430 30 27 248.8 /3,66 Correlation. SAD Virtex-11 (68 MHz)
Darabiha et al. . Custom FPGA, Xilinx
360x256 30 20 553/1,1 Correlation phase-based Virtex, (S0MHz)
Woodfill, and ili
’ - . Custom FPGA Xilinx
Herzen 320x240 42 24 7741235 Census matching XC4000 (33MHz)
T. Kanade et. al. Multi-baseline Correlation. Custom HW & C40
2562240 244 20 B0~ SSAD DSP (2-6 cameras)

®9. Local approach # %3 3*+[74]

d ** semi-global approach i & i & & - P a2 WHRIF Y
i# % 4~ & local approach % global approache- 43+ % ¢ iy < semi-global
approach % loca approach Do F Rl R o BV ARG
d global approach 1§ it @ = o F]t A pt B fiE » global approach A 4%
FEPLAE o

Global approach # # % & =% 1-D 8 & i e dynamic programming(DP)
#7 scanline optimization » 2 2 2-D # i i ¢ graph cut £ belief
propagation(BP)- % #& global approach /% & ;2 #3% * % F 1§35 -4 (graph
model) - & A H mode * 4-¥ objective function sk id v G3EE o T Bl &
T FiFE EHEBgrapn model - H ¢ DP i - s B 0 BP i =
e B2 treeDP E_4 >t - ‘g - a2 B bk B350 @ treereweight
(TRW)R| E0t BP { S4Ff2ch- B, o — m % > BAARAF R AR T 24
Rl > @5 ERl4&3 o

il

s O—O l

BP TreeDP
B 10. Graph model
T B % 57 dynamic programming . FPGA T 5 } g say o H a2
fE47 B ¥ iE 512x512 5 g2 B 36.33fps - k22X DP v 1 | § »iay cid
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e DP#rA 4 m%ﬁ‘uip*#—'g DI AR e AR g o H R F) A

1-D i it i ¥ A 5 g 2 > 4 > scanline optimization ’T’ﬁ 1p e 2
Hiw o
Real-Time Image Frame Disp. Algorithm
System Size Rate Limit
INRIA 256 x 256 3.6 Normailized
Correlation
CMU Stereo  256x240 30 16 SSAD
Machine
PARTS 320x240 42 24 Census
SAZAN 320240 20 SSAD
ACADIA 512x512 32 SAD
SRI SVS 320240 30 SAD
FPGA 640 x 480 20 20 Phase based
DeepSea 512x512 30 52 Census

®11. Dynamic programming ;& ¥ /% cnfc 48 2 A % 3-[75)]

FHRLTHAELE 2 v 2 @2 B3 [76]-[78]3% ! % F 0 graph
model - 2 graph model 3 * 4 >t 1-D 2 2-D & ek 25 5% B) 10:TreeDP)
g 4 ez L dynamic programming enFE 48 o 2R @ 0 R P ik B2 R
Frig S iFE B A A s S S K K3 enFE o

2-D B i it ehgraphcut d *t3F B 4520 R B R < [79] ) A R K eV
o i fedT &ﬁ@ﬁ%iﬁﬂ&@« - @ BP .i[80]£ﬂ’“ v ’%%?[81]3%:':51
hierarchical BP =75 % «'\g{ﬁ?”ﬁ\‘ b X P HEE A T3
I B2 320x240 < | 0 a2 )§30fpsm£i§“'rj{ o FRm “"Pfﬁifﬁ’* 3
# FPGA » SRAM ¢iifé * £ %12 1.8M bytes H FHFTZ K43 - &
PFF 0 ARL hHE § P ASICH RR T E i F Rkt

| [Spec.(Resource usage percentage)]

FPGA Xilinx Virtex II pro-100
Clock Speed 25MHz(Max.=79MHz)
Number of FPGA 2
Number of Block RAM(18kbit) 800(90%)
Number of Multiplier 0
Number of Divider 0
Number of Slice Flip Flops 55.712(31%)
Number of 4 input LUTs 94,014(53%)

F112. BP & FPGA X % ¢ 482 3 [80]

ey H S P ASICH R D AR R AP AT T W T bR
E=2) X AERE ] 5\» mEE SRR £ < %M ZEL AT S
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& ZR 73 BT ek 302 c'rﬁw’m g5 %‘ﬁg@ AR RY w Fed RS

b3R2e g %8 (DRAM) » i (bus)#-¢ 5 7 i * R ) o
IR SR AR R o F%*@*W%ﬁw‘ﬁmé%w‘m4 FAE B
SR RPEFET RN AAELE L P HMR ST AR A
B chpr o

F3 Pz vEe2 3D EWMAri# BX (Reconfigurable 3D Graphics
Accelerator)

IT#E RAEF VLSI/SOC Hojisit o 2238 » 3% % S * cni 48 B L
FABAL AT RN MADERT R AL ENEEERT B4 AR
Bov gt . Eprn (T o3D BEHME F gAY 3D R 3D AR
WHTF A AR E DR G TR o 2 B 3D AN DT  BEAT D 7 AR
LR Y 3D B EBEATERAL K 7 ﬁiii#ﬁ%% T &
l'z'\i"fﬁ'ﬁ;% TR A j\mii—?}*@}‘%‘{« R AR R g R ¥V - BiRREE

B #:03D %s“—il‘lé‘é R ErAE PG 2 R d R & g o
3* TN RBRT OB PP R o hipBifEL ¢ 3D el
BRI ELDES > LR LTS DA AT ¢ 70 AFRT
A EPEE AR ERR PR SEL R RN S ks &
# AL RERARATR L p 2 B E LR ART il
3 N A AR BT RAFREROTEES ST ET o s AL
Rz endgt o 38 CPU a7k i 2 S R el 373 72 dc 25 b
I TpER R E R BEE A A NI BkE R AT F gk 0 B

R B r SR E R 2R i AR o Bl AR
PO MR EE R B e B B A g
FOAEE ST R I BT F R RO MER REF 3D g Rl gk
v BRJILEN T A F—ﬁ’“ﬁi;\m‘%f’f NEOE B =P K i Fak TN W%
Z R A A AT R o st s kS o F 3D eh
AP B H 1__13;\)‘ Ok ket b 1‘]4’”(@{ T & 3D 4 BAcik Beogfes o

B)

A FIDMANSREY e ETRI ZReEA L aZEY F A0 H
AR AT w4 R 3R 2 2 F 3DR mﬂ,m?ﬂﬂ RTRERT
F R ERR 4 (4 T}uaﬁ BRI R e 4 ) A ik 4 2R U’PB%m
TR otk R T £ e (Reconfgurability) » 23 5 P - 2 &
Liviez IDFRSEFR > AFHP - T4 3D FERE
BT OBFF BAREAaEF - EL B2 PEMAETZE 2 3D. g]]"]-éhé
Soft IP/H s 7 k3 m B r 38T DS o GBI e  F7 P - ¢4k
Mesh Reconstruction 22 Rendering st #8 i 3fics T & » @ @i 23 P —

2R ACHAE £ 23 L e B 5 1 Ak T = Rendering AP
2 ¢4 ¢ ¥ i Mesh Reconstruction 7 APl &5 38 B — {& * o gt o 4 s
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SN
BrREE > P ZFFF R A 4w g B APl X3+ OpenglES
Java3D > 1 > W AR A B o AR fEIRA % AP T E S PR
# F 5 % (Geometry Transformation Subsystem) # 7z Geometry
Transformation - Triangle Subdivision » Lighting ¥ & & &+ ¥ J 3 % it
(Raster Subsystem)# 7 Triangle Setup » Visibility Comparison > Z buffer
compressor » Shading % ; % & it E a3 kuapay o Bt
#Fﬁﬁﬁ%mﬁﬁmfﬁni'ﬁm§€$aﬁ

PP s e A i e BRI A AR AN T 2T HEL A
oA

ki

BF ARV € Eihkt
E3 3D FR ksbeid B

+I P =P D ﬁ:'—ﬁﬁﬁkﬁﬁ#?im*ﬁMﬁ%%ﬁﬁw
DEMRSCEEFE A LA WS AT S LR ﬁﬁf 14+ 3]
PR i R Y E',Ng P JE G R S L R S R s 2
3D g Bl4vid BV RIG %""Igg""*jﬁﬁ_:"*jﬁﬁlﬂbziwi?@
SRR E e A 3DEE A R E R AN R B IED =
B Ao g B APl KPR A IR LG ookE B enigr FFE

Bedt o e a IR LT R R o

A3 AR R4 42 3D 2 AR B i T AR § O T SR
FEST L0 3D R A oo SR PR LT R M R EIR R
#% 3D ¥R EREE - BT ks (Geometry Transformation
Subsystem) £ ¥ ¢ + % Yi(Raster Subsystem)y? 3D g Bl 4ciE B #cA WE &

NG ATE F e o2 B AR E & 0 v prap e o

3D 45 W AT B 4 .34 3 21 353

@i 3D ¥ W E R4-B 13 ¢ 7 Geometry Subsystem £ Raster
Subsystem = % (»[82][83] - 4=t B]#77 . Geometry Subsystem § 7 ## 4% =
25 F ke E B MR T ¥ % A4k > @ Raster Subsystem B #-i 4% 18 ch= &
VAR A LB T E‘?%J oo T RS hE P T 3D X Bl
B FE PGS AT E D ERASEET e § G R L H
Ao blheH i AR A A S f A TRA BTG R ERY Y
e A O *ﬁL}f@WEg”IJL%;—,,T}; W E ARG AR
Blocie R B8 0 L5 "UH] - TR ¢ 3 2N %]g%ioﬁfﬂ TR R R
LS SIS E LS ’]f]{:.)a M. Deering et al.[84]*% 1988 & . Proc.
SIGGRAPH & 11”The triangle processor and normal vector shader: A VLS
system for high-performance graphics”#7 Deferred Shading 7 # @ H#-47 5k &
PEB e (A DB frame g Wl 2 0 £ o A7 & & andr ki E
5 P~ k% % 2xit 5 1 2 Microsoft ** 2006 # »t DirectX10 # ! Unified

14



Shader <53 {f[85] » 5 ;& T T TR PR S
F%@ﬁ#ﬁ i th b kﬁﬁﬂﬁ@ﬁ&@ﬁf%i%%ﬁ$ﬂﬁﬁ

S e Ba 2 R EHEE T RES O RBRT 2 2B Rk
AR LY BTN R AR B RS R QLR P8
#et e

Geometry Subsystem
! |
Viewing Perspective
P Transform [P Culling [} Lighting Transform [ P]CliPping > Setup

N
o

=) =]
N  SE—

o Scan N Visibility | Shading Frame
¥°| Conversion Comparison| |& Texturing Buffer

Lighting '@

Raster Subsystem

l§]13 @&L 3D§§l§],a vb

AT

AR S ke 7 Viewing Transform & Perspective Transform ~
Culling ~ Clipping ~ ¥ ¢ ®(lighting & shading) » 4 it 4T

[ Viewing Transform & Perspective Transform

iz %_Geometry Subsystem ® & & & 338 (> » Viewing Transform #- 3D
3] 4 world space # #% T view space Perspective Transform #- view space
¢RI T ¥ F A4k o Raster subsystem o i kg Al o R Rk
o e e e 2 AR 0 R 7 gy oW 14 41w 0 F
M%%lf 452 [96][97] - 'm«m BlafiE o b pbs o A
IXSYy~Z oW A E s IANE BT a2 A A RSAPHBL
%M’kﬁﬂ@$21’$@°

W\Mxﬂ(
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mO md m8 ml2 | Vx| \mO<V.| md=<V.yl| m8<V || m2Z<FVaw
ml mS w9 ml3 | Vv | |ml<V.x|| mS<V.| m9=V.z{| ml3=<V
_ + + +
m2 m6  wl0 mld | Voz | \m2<VA| m6=V.yl| mlO=<V .zl mld <V
m3 m7 mll mlS | Vo | [m3x<Vxl| m7=<V.yl| mll=<Vz|| ml5<V
\ ) \ J \ J \ J
Y v \'s
W — i = HEI = g

W14, & LiFE
) Culling & Clipping

% 1 " Raster Subsystem 3 overhead - Clipping § # 71 “f * AR
FRP DS EA A meﬂﬂﬁﬁ*”m“%WﬁL*ﬂﬁﬁﬁ$%
7 o ok 0o PSRRI ok 2K G B E f°

® ¥ #Z(Lighting & Shading) -

KPrk ARG RY i AR DL R M T I
FEBERY ARG LR DET g APRBEERE LIRS P Y AT
BLAT R Lengp 4 (47 5k o lighting) » i@ A2 = &35 73 ok g d

(shading) - 35 4 4 ;xen shading #si% §_ H. Gouraud *» 1971 & 3 41 ¢h
Gouraud Shading[86] > = & e d >+ 5 = £ © 7 £ = BEE
iTgrkm Hepaip 2 @ % R3Eean> AR E5pd »d B F STt A
Red-time eng 7 i & 5 4 jiefE & o v §_Gouraud Shading =42 gk 3t
v § & 2 4 1{(Polygonal Defect) » + & &7 5tk 597 % § & . 5 1A% ena)
a4 4 B FR -4 {8 Phong Bui-Tuong #% ) 7 #x & Gouraud shading 7~
3 Phong -+ @ ik AR B e & R TFdTk o 2B A gued
Grouaud i Fmex fi 17 Phong Shading[97] - iz Phong 172 sk E‘L:i%‘{w E4
T Rehr R BT FE A gt red-time s 4~ 3¢ chgraphics i st i

* o

EOWALRMRNEA L e £ATE a0 R4 E > Abbaset al.][88]
# 41 * Spherical Linear Interpolation(SLERP) > SLERP p &7 & 4 e
LR 5 - Fpt ¥ g H 0% normalization d: iF> 2 & Barreraet al. [89]
» é SLERP ¢ * % Je evfir 38 kiE = Interpolation #: it o SLERP &
82 € 83 SLERP ezt & 22 @ = Incremental chivkae 4558 @ ¥ Scan
Lmem;is# WAETTEREFHE A ZEL LDy q‘ & ¥ Scan
Line F & & sh Setup Time k @ SLERP 4= 4 it #5iF o ' p w0 % @ F eh
i AR Y A3 A4 SLERP> 1 & e F] 3 SLERP engd b7 2b % >3

qul
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Forerd kR ek R G 2 BRG] & LwE hz 475
78 SLERP F & & % »%ii e f 44

4

B %t r SRS KAk Graphics & AT 1 2 gk LNS
(Logarithmic Number System) %k #4 74wk #7F end jiFif & - LNS & 5% o
Mitchell »+ 1962 # # IRE Trans. Electronic Computer # J!”Computer
Multiplication and Division Using Binary Logarithms” [90] » #-i& & ~ i& 5 %t
&%?@Emﬁ%%ﬁﬁ&%%ﬂﬁﬁm%%%ﬁﬁ’%%%ﬁ?&ﬁﬁ
BT AP R AR TEE 2% TR F - BaREdnF A BB A
ZER R AHS BEL AL BB MR LB R T T F7)
Fvﬂ:mﬁ(f ° H?-ﬁm" AV U AH G gREE b T A EIR Y VU
LNS = & i 38 5 2138 5 = 1[91] -

Table.l. Normal == Logarithmic {13

Operation Normal Arithmetic Logarithmic Arithmetic
Multiplication MUL Z=X"Yy X+Y
Division DIV z=x/y X-Y
Reciprocal RCP z=1/x -X
Square Root SQRT z=1x X>>2
Reciprocal Square Root RSQ z=1/x -X=>2
Square SQR z=x" X<<2
Powering POW z=x" Y+ logzX
Addition ADD z=x+y X + loga(142Y7%)
Subtraction SUB 7=x-y X +loga(1-2¥%)

- LNS:FE B3 & st i H ~ 4B 15 #77 » ¢ $2 % Logarithmic
Converter ~ Simple Calculation Unit (SCU) % Anti-log Converter o Log
Converter § # #-& 5 ~ % & 8 » SCU P13 9% opcode 4 7 4v 72 &
PAEREY > G hi BiFY H < & Adder 22 Barrel shifter > 3 B?%?’iii}ﬁ%
* % s ¥ oaw @ % Multiplier &t powering iE & oo & - 3R
Anti-log Converter £ #-$f#ics % #w f & chificF & Suihdp 8 3

noox y op
5 32 32 3
]
] 1 I I Comvert
LOG2 LOG2 onvert to
1st stage | | | | Logarithmic Value
log,x log,y
scu
Simple Calculation
Y/ [ADD,SUB | [/ BsH /
2nd stage
log,z
1 J. &2 Convert to
\ EXP2 (Anti-Log) | Exponential Value
z
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Mitchell 2. {8 LNS e 7 £ & F A2 F Higie t ixn B HE
A% LNSHEE Behi & 6 4 @ B 2R - Mitchell #1491 chitiic
B W E - 3R R S ol 16 HrF A R
%> # 15 Combet et al.[92], Alid et al.[93][94] £- %+ Mitchell iz #&:‘:su:
7% 5 B PR A AR RARY A P E R BT T RE
PEp iz m S E kL o

Mitchell
1
03 -
0.8 -
a7 4
’,:. a8
+
:’ L5
0.3 4
0.z 4
0.1
o T T T
o 0.2 0.4 0.6 0.8 1
z
N g . 3
W16, ¥ - E M@iTHEd A
7.00 4~ Exact M |reeereeeeeenes , ...........
logyx Exdct logx w8
2 Proposed /;"?
6.75 Model | ... s P / .............
T e i
KN 1 :/5.‘/’
o0 oo | Proposed [ g Mitchells 7}
,2 : Approximation : A ! :
Model i o § :
| > i i
l “_’_2. -
6.25 [ P .. “ﬁ"-""Hla"ls[ﬂo]i .......................................
X 1
4 1
6.00 - T T T T
80 100 120
X

W17 # B E R@THEd @

E IR Gt fE plecewise hE Ak T E G E AR T B IR
P ERFE LR RELRFR RSN Z E G onig kR R
Fipfpab2od 2o B 17 LA EmiTar LH - B 18 £ Khalid
# ”CMOS VLSI Implementation of a Low-Power Logarithmic Converter” »
‘T 0 ihpiecewise B ALip i g B ehfl A 4 -LOD £ iRl binary
word #* % - B leniz % - d 3% LOD%J 32bits crfZ 5 % % Flpt 7 & Bis
{7 Sk 0 BT X Shifter & * o Shifter &gt f :14@;1 » ehi#cF normalize
13 2% B> 89388 o 518 £ normaize {4 9 mantissa bits

(=)
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‘ 32 D flip-flops ‘

a2 |
S S
N

‘ 32-bit LOD Circuit ‘

32

32-word x 5-bit
MOS ROM

]

L‘ 32- bltLoganthmlc ‘

Shlfter
The orugma\ mantissa ‘

|/

5 f

sorrererne| 27 DFFs forlhe
el corrected mantissa

W18 A B EMNBITEHEEEE

H o4 he sk - /& 4 Tomas et al.[95] *+ 1971
#”Multiplication Using Logarithms Implemented with Read-Only Memory”
PUE A LD R SRR e i R b2 BT R
FoYRAMSATERALZS N ERT LAY X F B Rom ki
R oo A N AR s - B AR entry chB T kL
MrE R E PN *@';T}'-*ﬂ;“ BF L 8oy ayifed s AT
Mantissa -7 MSB bits & £ 33 1 # fdcdicia et = F > £ T a0 bits &
IR BN KR T R D -

f /J ?Vb

Fd 3 ke 7z 45551 & (Triangle Setup) ~ Scan Conversion »
Visibility Comparison ~ Shading& Texturing » 4 it 4c

[ = £ 3555 5/ #(Triangle Setup Engine)

wI 3D g BE AT 0 = & 3 5kE 31 & (Triangle Setup Engine)+> i#
AP iE Y 9 & (Geometry Engine){rig B 31 & (Rasterization Engine) <
¢ o B 5 TSEF A CPU ¥ Mg m > &X'y pF CPU f- GPU B e
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e I ;3,141m;ﬂﬁ°#{— 3K ﬂ'*“"‘ﬁ-#;?DSPE%’#%?IR,’
v ¥_DSP chip ¥ 7 &5 B B R ATH DSP L P g i
A il /J Z oA A b ﬁ&w 1997 & NVIDIA &% (75 3 Amg]rg]w
PAQIS AR Z AR EI Br e g DARnz A Bpdsl 2
PR B TRE R RIS e A o d P vz 4@]5@%
SIE & 5B 3D ¢ Mo ern&y i 5 B 2 < forl B 2 8 T T K b
# o NVIDIA {3 5 il p 3@ ggendo om0 = zﬂﬁm‘ﬁ 51 E R
LRl o BRSNS R 318 @k en g Bh(vertex) T AL 0 I * i
Epfes Xz a0 prd e ¢ 3 Fleh= &7 (Back Face Culling) »
BiP FI Tz A0 R g R F TR £ i (pixe)FTALT B2
wmg]rh]?xpk.— is ’H’E‘r?\!;r] PR R M ety oo

Ey
& ¢

AT AR 3D RS PR 2 R BRE S IERE RIT N RS
Fip o AR A 50 RS ,]‘a v AR AR R Y U5 TSE T
E'I e £ ifF (pixe) FTAF 2 E R G L2 L DE B F R maid

- B 19 % Ju-Ho Sohn % [97] % 4 2006 & . |IEEE JOURNAL % % A
155-mW 50-Mvertices/s Graphics Processor With Fixed-Point Programmable
Vertex Shader” PR IR Bl Bk LA ML o m BT T T G
APEEIE = 45 F 2 GRIEF = iF’*mﬁ«,@f’ﬁo

i 5 /\ PFs
LS | 32b 32b
ARM-10 | » & Clack
DS it A k2 CTRL
16KB v
tsnn
Co-processor Interface Bt
4005
Vertex Shader T
=
Fixed-point 2kB 32k8 3
SIMD Code Display o
Datapath Maemory = Memory ?
2 Standard
. External 32b_  Asynchronous
128b 32b ym
¥ S ¢ ¥  Memory SRAM
Vertex Buffer § Controller Interface
$1s0 &
Rendering Engme i _E
le ]
SlimShader [+ 7 @
d
Triangle Setup
Engine Graphics Cache H
el #KkB Depth M 56b
Prool::sor | Cachz : ‘_’3“ Peripherals E:::rnai
Texture || | 6KB Texture E 3z
Engine Cache w (W
Pixel .. 12kB Frame z H
Blendi Cache
= I N

W19, BW7) a2 & = S B

Anders Kugler 1% £ [98]»>* 1996 # # “The Setup for Triangle
Rasterization” # 73D % Bl # 8¢ > » #wd = & 45851 HFp %
oo i A A& ens (L 20) > 4 W E_edgewalk - span interpolation -

20



Floating-point intensive functions

Data = Modeling 3 Clip Face :
Input Transformation Test Determination Lighting sl
— Perspective Screen Space Set Up for Incremental
Divide Conversion Renderer
Drawing intensive functions

Edge Span Z-Buftered YRAM Qutput
= Walk ’_’ Interpolation + Blending | rame Butter ™) Display

Clip
Test

®20. 3D ¥ W ¥ 5 W

Edge wak i%; » Anders Kugler 1% 1 #74% 3l 2 £ * X &
Bresenham’s algorithm » 3 & § ¥ kehz B AR 2 B ik Z @S
= &3] % - Spaninterpolation & £ - &3 4 scan conversion #-f T -
|

F P AndersKugler % X = 351 % 7 Michagl Derring £ +.[99] % 1995 &
& ACM #p 73 1 5 geometry compression s 4 i p & sn TSE p
FElR T E A T hz & ek AR $5( triangle mesh compron)fria
17 2L %ﬁﬁt(vertex parameter) & 45 % %

Michael Derring £ 4+ &% f—agg"a" 3182 = & A SpEe 5l F A ;%,FK %R
- B e cgdadfp(stack buffer) » 8 2 = 4B £ % ch BB A ¥ PR
PR R R LA @R B TSE TR e B4 o4l 3D R
+orrd o BT B 2L A 0 2 & S ERAR o L A4
BT TR & B o AR BREED T EE AT B S F E 4T 50% 0 B
HRiSBE AR M S Y ST o EAF BT 5%z o+ 1t IS TSE
SHE R MR R B FEW IS o

\“P‘

K

Qrigin : R6,01, O7, 02, O3, M4, M8, 05,
09, 010, M11, M17, M16, M9, 015, 08, 07,
M14, 013, M6, O12, M18, M19, M20, M14,

021, 015, 022, O16, 023, 017, 024, M30,
M29, M28, M22, 021, M20, M27, 026, M19,

025, 018(26/43)

Mesh : R6p, 01, OTp, 02, 03, M4, Msp, 05,
09p, 010, M11, M17p, M16p, M-3, O15p, O-5,
06, M14p, 013, M-9, 012, M18, M19p, M20p,
M-5, 021p, O-7, 022p, 0-9, 023, 0-10, O-7,
M30, M29, M28, M-1, 0-2, M-3, M27, 026, M-4,
025, 0-5(2/43)

Legend:

First letter: R = Restart, O = Replace Oldest. M = Replace Mi
Trailing “p” = push into mesh buffer

Number s vertex number, -number is mesh buffer reference
where -1 is most recent pushed vertex.

W21 = & )35 B2 R 55 )

TEFHE § O Y e BE e - B EZ BB
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BB A G LB S A S RN T R K LR A R e
DPCM & ADPCM % % > #-7 11 & {8 #4F m@ﬁﬁ“ bl fesc g o

R B ez v £ R 57 % 0 Michael Derring 18 1 [99]75 % # AR (R
LN I llﬁ%frmﬁ,,ﬂh B i#“]",f ABEARE R ALE E R £ o fe
ﬁf le}ﬂp\ e £ R0 3 100,000 B 24 0 £ E RS G AN BRI E -
BRI LEP R\l 40T B 22 27 > & B A 100,000 B = +
01 2000 B =+ k& 1/48 (¥ - [F](8%6=48) » & {& #-iz 2,000 B
BT A REY ¥ 1 * 11bit £ 7 index B AR A kit B4 u
* 3oit L Ko fRIERF R Z R S ERA LA ERIETTEFDNERE 2R
100,000 e £ ¢ T- B & E o

W22, EFlH* " UfediciE < [ B A 2 hmg iz P
[ ] Scan Conversion

Scan conversion s £ = & A S5 HF P P E B S e s = £ 3]G
i edgewalk 2 & B2 g K E o b= lﬁ’ki%ﬁ#ﬁfsﬂi s A R
BB A BT P FRZ L NE P LB R 2 Z e B R LR T
e T B 23 ¢ 9 d 7 o Pofr Pa A ul A A BISEE O A A BhehX £ Oz
Bz A B A 0 Rfs B I 2 AN & B kR (pixd)ehiz B
(XY 2)fepid (R~G Bro)rt % 2 B (N)eniE i 52 {4 el B 31 6 o
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|l S

XA L . QUJT_ER'..EDQEII. B - | first
; 3 YW g | ¢ s”csanlune
[ T
\ 7_(x:- y2)
1 Yo \'//, T cument
.PG : .D"'_&) 4 Ph # scanline

X &13
d—hﬂ—b
leading edge trailing edge
Y
y Py zi=z;4 +020x

[ (= TIiq +0rox

9i'= iy + 09/0X
b b -1 + r)DfJ‘X

B23. = & 25§25 4F 4o & 5 W)
[ # R H R 2 B (Z Buffer Compression) £ Visibility Comparison -

R LA 5 §.d Sutherland et al. & 1974 & #1341 > @ iE
BEGRAPMSFE 255 P24 1975 #4 Camull 3 5 % PFE %
BRI 2 RAFREERAPM P L T A P p R g5 4 4
BE R o

Visibility comparison i & #_5 7 i 534k % B A T Akt kR
e A ROTAR RS PRT R AIEDRTHE R F kSt
o0 Gilde D YR 4P viewport @ 2 0 # %t viewport (hz &) > T EF

O S AL B R0 T R 5 visibility comparison 4p B coiE B2 & )
:LJZ buffer » @ & Z buffer /| 8T ¥ x| 5 TR anpf o
A&+ ey 2 R a0 Z buffer fr%%ﬁ* R R EHE AT
TR AT AT a0 visibility comparison B - % € 73 B~ 3| Z buffere

Hierarchical Z buffer[107] » d ATI #73¢ & 41 %k » & - & * ** visibility
comparison ‘¥ gulj c— AP ) * JER ¥ R 2E °h 3 273 1) hierarchical
Z buffer > 39 ¢ hierarchical Z buffer = ez & % 5 F s d 42 & o
VISIbI|Ity comparison ;& & % ; #p ¥t ATI & hierarchical Z buffer » nVidia

H Ap R enBoT A visibility comparison b5 gt fF > BRI R R R
[115] ~Z A E H32[103] 2§ B 0 Lee-Sup Kim #c$5:[104] & - % & visibility
comparison ji & ;= + & 11 2 b irig ATAR P o

S P EFHFIFEREHR LD E & § ttiledepth buffer > depth
cache - tiletables » fast z-clears » z-min culling » z-max culling > depth buffer
COMPression ; igdt = j2 < R¥ W% T g G R % bk 2% L Blic R
24 % £ T ip 3 E P E R 274 5 [106] o
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Depth Unit

Tile Table Cache

Rasterizer - > -
* * + Iy 7
- = - 5
z Z 3 z
= 3 = ‘ ! g
=z = = Z-min/Z-max [+ @
e = 2 =
] 8 a 5 e

o »| Compress |——>

Depth Depth Depth Tile Cache
Test Test Test HHHHH <2| Decompress |<l—
1 I : .
4
Y Y

W24, FREEF F L F

Z

# ¢ depth buffer compression * 4 3 % 3 % » 1 & ¥ 14 & fast
z-clear- offset> plane = 8/ &5 3% [106] - ¢ 3 :fast z-clear[108] - differential
differential pulse code modulation(DDPCM) [105] » Anchor encoding[113] -
plane encoding[114] - depth offset compression[111] - efficient depth buffer
compression[106] % = % » 2 i+ F M B fleh> N E R .

Fast z-Clear ¥ M EN P df 2 FBop w2 S H e i {;Fiﬁ,f 11 depth
tile> m 2 #:27 z test k& & . F L #7 depth tile + ez value » Fp+ 3 i
VUL AN E DG %m@‘{ﬁk" My B o

Differentia differential pulse code modulation(DDPCM)&_41 * z values
Booscreen space b oG U4 G chiF e & DRk o B 25 3§
DDPCM 3+ & 4z o
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d B (@)% 7 B A LB R Freh depthtiler (D) & 71 7 defe - B firdt
order differentials > (c) % -+ 4= 3+ & second order differentials - (d)p] # 7w 3+
¥ % - %2 % - 7 second order differentials - S £ Bk By > §
i¢ * 32-bit depth buffer p¥ » DDPCM + )+ 3% i 8:1 m@fﬁ‘ﬁ“ °

Anchor encoding £2 + it DDPCM e 4 & 5 4p 02 > — 2% 1 z
values screen space i &ML T endF i o [ 26 f32§# Anchor encoding
HREE AR o i Anchor encoding /iﬁ'ﬁﬁ,; gitile &8d 2~ AX~AY -~

d*ifg= 5z 3 f&é{ﬁﬂfm reference point » AX % Ay & B 5 fp ¥ 2 gk
Tz 4% 3w firgt order differentids: & d B % 4p #>+ first order
differentials = second order differentials - 4p &>+ it e DDPCM ~ Anchor
encoding 1% £ > plane encoding ¥ #. & i3 differentials = 3% @ 22 index
S PEA S N P RS 5 o B 27 f4$8 planeencoding #73- & i 47 o

dl|ldalalad
d f—»Av d
a|d|ala
dlalala

B 26. Anchor encoding of a 4x4 tile
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®]27. Plane encoding

d VB 270 % tilesize 7 8x8 FF o d A iEsiEd =
encoding T 44+ 7 e 6% 3 B index s 17 & 18 5 03 izt indices if BB
..4];,51’!4:{% °

Depth offset compression ~ i } g2 78 2 = >+ DDPCM % Anchor
encoding © # i & s ¥ E‘LI;“E?T:} A B kE D @‘iﬁmﬁ e o B 28 f2$# depth
offset compression =2 & ;42 o d ] 28 » 4 3t representable range * i
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478 Zmin & Zmax (hZ B 5 T kg @ 2 gtk %;ifa{%ﬁ#i%g&
ZEa EFIRAGDP h; FA LR A LG 5% Zmin 2 Zmax > B
VL has Bile? EH- B A B reference points o izt reference points
VAL E TR Zmin 2 Zmax o dopt - ii*urﬁ DDPCM % F ; — 4/ 3 »

depth offset compression #_rt g * % % 53k 3t A £ 3 75 Zmin 2 Zmaxe

Zmin Zmax
| | ! |
| ' ' |
S ——— e
Representable range Representable range

#]28. Depth offset I_B;%fﬁ

Efficient depth buffer compression ¥ DDPCM ~ Anchor encoding ' %
depth offset compression % L4 — R > JI* g5 £ B hid I]@‘{ﬁm*x
oot end A B Rt eJd2 5 T B 29 f2 7 efficient depth buffer
compression =zt & A% o

ol1|1]2]pr=0 0]-1 p=0 1101
E-1 []- 0
2345 |™ 0 Ax 111]1
%FZ |-£=2
4fsfel6|™ “|ofofof-1|® of1]11]0
718]8|9 ] ol-1]0 111fo]1
(a) (b) (c)

B 29. Efficient depth buffer @%‘ﬁ

= =

B 30. B 18 : Traversal order

d B 29 (@)% 77 Bdv A G BB 50 depth tile > (b) L5i8 B] 30 “1 i
e traversal order 503+ 5 @ Blend @ g5 d Ba(b)T R - B depth
tile + =z values 43 1% F ¥ » PIEZ BBl g 13015 15 595 hiL @
G AL R0 PF s LA PR L B 1o A 2 AZIAX
EAZAY A L RIS T 0 Lbit # i & MG L Ea 2t
(b) % 7 e depth tile § & 2 bitskk 3 £ & > 4o(Q)¥77 » & A &5 { 4B

f{'«;b °
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o Texturing

#-1@ 4§ visibility comparison shifck hpgE 4 chdp B F R 2 Bk Bl ek
FE Ak P d texturebuffer 3 B RERI M T B S R T RED HB
gl 1 ﬁi%l I framebuffer » § A ¥ % -

3D EF e EHAMESL 4 5

° A 0w

HAN G BAEEE k> THRIERY 2 3BHMT R
4o @ 3 BRde g5 (Driven) & irs g Bl4p £ 4 @ (RendenngAPI) % I"W@;’”
A2 A B (ngh level application API, optional) - Z&#- 4254 [116] § # ¢ =
Worile s A2 28 OSEFFAYE Fipdp 2T “ﬁx.-:mgbm
FWA L AP R 2N R WAL APLBE O g A Rk d
FERY A2 - REDGRI 2 15 o 2 o ] e R R iR o
AR RFIEREEEDR 2 S AN R a2 PAET ST e
e A EARE A T E AR el T L B < IR Y B e
HEp F o P ERFAMERY Qi 7 ELRFF AL
S R R R R el S I R § EFE i
# Khronos ‘e % = B %1 ¢ OpenGLES[117] - © ;?ﬁt AMD -~ ADI ~ Intel ~
NVIDIA SR p 24 - B2AF A RDEZERE 205 M2 2 £ 8 Bl
ﬂ%ﬁﬂ%‘gﬂféﬁﬁ? v @ Visua Simulation, Games, Virtual Reality,
Scientific Visualization % % Fé4Ffeeji* #2538 » FOORBEE &
F 4 32 chi ] (Scene-graph) & 2 5B B 4 2 ch3 F B R fo- 2
R B3 R TR R R AR IS > B ORY 2
PG 2 HAENE R FABEE T A F IR DT ﬁ‘wﬂ@‘"F’“ﬁ—*‘
BB AFRY NEL 2P RRpe gt 5= _E‘_."T‘;'
AR A R bl OpenSceneGraph[llS] ~ Java3D[119] & - A %ﬁ' *E % *
EE gl gk ﬂ:fﬂ £ i 6 4 OPENGL 2 DirectX =¥ g e an it 2 i *
NG EL

[ ) Mesh construction £2 Reconstruction

éi3f3+wrﬂﬂ ?uﬁ*iﬁ**’ﬁ—’T*ﬁ%ﬂﬁi
AR S - oR Y AFR BT HFRAE: 2 A28
Bz AFRGET RN A2l E R 2 & R
Ml A RipiEE A MER 2 B0 - P s BB
APl & B MBS Z A2 R o N et B RS
A R RIE S A B AR ) KPP AT R AR
guE B B (depthvalue) » & = = &= fHca) o
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FIEP = P MVC % & e g
AIE P AT SR AR SRR e L T P 1 B TR 0 AT

M G L E%ﬁuﬁbmp T E);ﬂﬁ_ﬁ’?f BTN AL A G fAmEE AT
W@ 7 (1) % AR & AR S G &’ﬂ Era e d o (& & = (View Synthesis)
B #()Y AR RESRE c T RP AL 2 R

MHP T 5 +t2 &8 TV *

i A el
SFPRGEPN F o PAcE FEIRFY o dok 5 ¢ IR R "/F”Lr';;i\'m/% [
JRO ¥ 2% FART H TR mJ.’«LLf"*%"P% Ao A AR T AR

S P ZDF RIAA 0T B8 ek s 8 0 Sona i 3 K 0 AT A5 b e
EEEFREY G BghFa[124] mmﬁw,@a LS
%ﬁﬁ&bwmﬁé-’n*ﬁﬁ%%gﬂ~ﬁﬁ@#\ﬁa&#~éw
B~ 2 EGRF 2 RTEAAIEBPN G 25 TIH TV [125 -
IWmIFpPFLALAEFY s E P EE (EPG) - "gEARRN L
PRk Aol AR GG e - A I S R 2 R R
o PPN K S ARy X EADNTARBATE A Ay o

% \—:4

[}
‘?!‘ ﬂ%\\:

MHP - S 2% &5 d 4R & 7 4(FreeViewpoint TV) & *

MEFMHP T S A2 W s 2 ¥ > ihE MHP T S g £ 42 3-D AR »
PREGEY S G e B LT S A e P gk S S P o § B E T
% 2D enflifm BiELrkak > Fav sl 3D AR > A FAR AR > B
& pl%q“—?{4£rp/&'ﬁfﬁ SRRVt Faap ERERdARE TS
AL JTARH PR W -%ﬁ,'réf}g—g;ﬂ%ﬂxmiéﬁpﬁ,z b & B £ A ﬁé‘:};ﬂ
ﬁﬂ~ﬁ***i’ﬂi*?+ﬂﬂ TARE ﬁ%#’%%mﬁﬂm#%
Fo 8 SRS AR S AR AT S R R ke R R
ek g enip b BEE %%"’ M F FRE R Bl B TE e~ 3-DAR
ﬂ*ﬁ%’?’%7?”ﬁﬁﬁﬂ’ﬁﬁ%ﬁ%mﬁﬁﬁ’i?ﬂgﬁﬁ
%ﬁf”mm* Ko 4o 5T AR RSET Y S AT I B R T
fo * 3t GPS &k kLo pFEBE G 3-D fdeo A4kt 3D f,ﬂ%g]q;m
SRR EEIRT ‘;—JJ"‘ZDm%ﬂﬁ(%*"ﬁLF} v e AL ERR > P IR
FAEPZAS AP vy - KAE T AEMVC T T 5 B F
iPRt“ﬁ;ﬁ_ﬁfﬁg’%ﬁé 5 AR & AR @%] VOURIRB A fFeh 4 F
oo FReTRERRE RS A AR RN E R S > T ud kFE S
i 11

B d A& F 4 (FreeViewpoint TV, FTV)R =
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AdARETHRETV)E - B3 TV Hjlrs LF- BAFTILER &
RHRABY R E E 3 ean BRIV FEHR2 3DF fﬁ%ﬁfﬁffgﬁ X oo i
SE3ID T B PR E o AR gL B 4 hR g R o 3F S B
FEBAARG A A ETARFTV)%3 £ 2~ BF £a L~ B agy *w
B2 ANFTTV Epre HEpd AMETHREFTV) 3F 5 25 752 Bike
PSR- ST blde ()3 BT - B R~ FE R (Interactive and
Realistic Appreciations of Sports, Events, and Exhibitions) » (2)iz » ;% =z 2%
fr ~ st € & (Immersive Virtual Sightseeing and Conferencing) » (3) 3 #: 3¢
4 8 3-D B % (Interactive and Redistic Presentation) » (4) 7 & N iR jE# 5 &2
%5 & (Interactive Remote Education and Medicine) » (5)F £ 3-D p A ¥ B
7] (Realistic Bird Watching » Safari, and Undersea Park) » #2 (6)# # 3-D » i
% - (Traffic Monitoring at Intersection) % o

- Display Configuration

- User Preferences

MR
S >
Stereo < %D 2D Display
Camera = N x Video + Dt‘,p[h E - pss
Q = —
—» .=
e - ==19
Dcpli? % (=
Camera g -8 »
b & Multi-View z @
MR > = (_oc.{mg nln L » B
am o 1 ) M-View
—» = DVB =1} 3D Display
BT =] Transmission [~~~ E
Multi-Camera O T
2 ! _
Setup a = —»
—3 &~
[ a)
2D/3D - Head-Tracked
Conversion Stereo Display

— Video ---Depth - Meta Data
FI3L 4 & TAR & % o [120]

Ak pd e TARFTV)Z 3 55 £ & MPEG a8 &
2007 & 7 * *t Geneva g 3kd P ~ -+ &~ & Prof. Tanimoto L %—Flf 45
FAAEEN P AR E TAFTV)E 2 7 15 =8 4n b $L/0mo ] 31 30P FF £
PdAld RALZ A HFITS 38 o Sarver :4#-#% * 3 % Camera kP4 4
SALEARN T B iF - L S R4 FAp B2 B end R & R ot et
2 (Misdignments) - & #8785 & BARI R e — H 1% 5 AL £ 4R
S F A (MVC) %k i& {7 @f{ﬁ‘:’k’ Bix o B F RIFALUTOR > AR S B IF
B 7 3 (Depth Information)(¥ @4 £ & R F R R AP T4 2 )R]~
L)% i Meta Data 2748 i 2 % & ¥%#5 (Depth Coding)# ;¢ % & % Client
o Client;v#;r'v’ﬂﬁ’ HERT kA e OB B AL T R
%iﬂff’niamfa’*r;fé%ﬂ?-mﬁ'ﬁ&.}iow«}bmgdzﬁ,i AR
(Frv)zf% T ke %% & MPEGNO168 <~ #[120]> H ¢ g T L% i p £ &
72 (1) % 4R & AR 275 B (Decoder) @ (2)4R3 & = 3 t(View Interpolation) »
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£ Q) FTV @ 741 3¢ (FTV DataFormat)(¢ 7 AL A - iR A T3 > &

% AL & AR 2 3648 & % (Multi-view Video Coding) ;=

FOEZ R SR B 2 bner 3] €4 0 Moving Picture Expert Group
(MPEG, ISO/IEC SC29/WG11) ¢ /¢ 2001 # %= = — B = Mk 3 A &
#3¥(3D Audio and Video Group) B 4¢4% 34 = 5 AR AP B B o B RIF
Rlzadp o p A2 RET EE Y F R+ < Fude Sony ~ Matsushita fr
Samsung 34 » * BTy A 4 B o RS E T Bk TE‘}‘J\-
v e 32006 # 17 L1 B & 3 #r# {7 Cal for Proposa of Multi-View
Video Coding ® P M Ap >t % AR & B W) R 4 Hgeh iz (Simulcast) > {1
* 2R EE G mﬁﬂfa‘? Pk e FREET LE I Rk e B
% 2006 & 7 * - ISO/IEC JTC 1/SC 29/WG 11 MPEG ** £ = 4| en% 77 =
BZEEH e g9 282 6 5 AR & AR LR 55 5% i 45 (MUlti-View
Video Coding, MVC) = % B*% % 2 5 ? (International Telecommunication
Union, ITU) &% & & & & (International Organization for Standardization,
ISO) £ F & 33¥(Joint Video Team, VT)eh™ — B & (TR FHE P o

2T i#ﬁi#ﬁﬂ@éﬁ?ﬁnﬁﬂ%(MVC)ﬁﬂ%“ %}“éif#" MPEG-4 Part 10
HF AR S48 (Advanced Video Coding)z. + » I #-=0 5 T MPEG-4 Part 10
Amendment 3 ¥ 3} A3 Y5 (Scalable Video Coding)z. {é e ¥ — 4 241
2 4% 7% (Advanced Video Coding) 2 i+ % (Amendment 4) - SRFE e 5 4R & 4R
2 S 34 % 3 % (IMVM Joint Draft 4.0) [121] © 4-%F Sequence Parameter
Set (SPS) ~ NAL Unit Header SVC Extension %# Reference Picture List
Reordering Syntax # ! 7 #7e1% Fe % #53% 2 (High-Level Syntax) /i & %
ﬁLﬁ_ﬁL AN EE EHE o 4o SPS P {1 * view_level * kip T NAL H ~4R

7 3 ek s(Level) > view_id 5 AR & ek u] 588 > num_views minus_1
* ia‘ﬂ AL & (View)endicp o ¥ ¢HE B 37 % 7 gy i 5 zFLMFL S S {2 7S ZE AR
T ehfE 5 42 5 (Decoding Process) ¢ 7 %P4 w B 7] > (Reference Picture
List Construction) ~ ¢ (27 %R & & &2 & (Decoded Reference Picture
Marking Process) ' % 275 % & % % % <7 ¢ = (Decoded Picture Buffer
Management) % - pt ¢k JFF £ g0 Joint Multi-view Video Model (IMVM 5.0)
[122] » & & % 78 ¥ s & i H 4o R R 4T F - Motion Skip Mode ~
View-first and Time-first %% g & & -

% AR & AL 348 HoEe 1,5%4;5%} (Technology Survey)

SARE AR SR L B AL AT e 7 AR £ AR 2 AT %
PGP EAT T o — AR FAR R AR B AP B ¥ 5 AR E B 0
Aulof P4 6 DAL R T £ SRR A L B o T
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Thh- B2AZ P lEE FAPSERE - AR S & Gl §
- RS %7ﬁﬂ§“*i@$7$fﬂﬁﬁmﬁamm’dvﬁﬁét¥ﬁ
% 4F Fe e g (Rotation)#7 < | & it (Dl|atI0n)° fmED e F ot 8 A
e & Y pFE s B B 7 B 5 A # (Block-based) s 4 1F
(Compensation) &2 i ¢l (Prediction)#-7 £ 5 »cd - 33 > AREF 7 £
BT E R PE AR EIFLSEGFER R OBB TS G F
By o T P4y p w Joint Multi-View Video Model 5.0 [122] #+
TR AP MY A R o

® AR & & g iz 857 HE(Mew-Temporal Prediction Sructure)

™ TI T2 3 T4 5 T T7 T8 T¢ T T ™ Te2 T9F OTM TR T%e 9T T9E T99 TIOD

S1 & 8 A S 6 &

\ym

W32 - gz § AR & % 5 - [122]

PALEARUSRRBIEEE D AR S G PR FERET FAR
&6 nif e o A& DI R R S MPEG-4 Part 10 Amd.3 ¥ 33 4R 3
B2 ¢ R 3% B % o (Hierarchical B Pictures) - Bl 32 P Fé & ;' B & w
(Hierarchical B Pictures) Ak & {epF ¥ F chif o i -2 7 Hhit L R &
FPHR LT A AR A o de BT o BRI AR AR ARFR A S| R
&3 B 3[» (Hierarchica B Pictures) = gt » &7 AL & FF RBI45 % 8 30
"IBPBPBP...."2_ 7f fz % #(Prediction Structure) - T*unﬁi % BB AR & R
PRI G ApASS BALEE G (FARLE SRR o hoBP? S1S3 2 S5 =
BALE RN A PR g2 0h o B w4 S0 S2" 0 "S2 A"
ME"SAs SBMIF L AL A B R DI BAR & o

E ¥ - A YeKui Wang # 174 [123] 4 47 7 pF & (Time-First) 7%
2E ‘f]%_ AR & £ (View-First) s 75 28 ‘f# e fRmE R RO Ko B 33 :
& L %078 2 W (View-First) » B % MVC %P g 8 e f® 28 0 20 4R
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LA W3R FRGRE R BRE RS §6 L
SaB SVIE B b R AR AR Dl ehe fnd A 45 AR & B (View Dimension)
B g S R & e & iRl(Hierarchical B-picture Prediction)sa= 3¢
IR EF AR ELREERE AT RRE R EOFEF L

number_of views + GOP_length* (1+log2(number_of views))+log2(GOP_length)
fOE LA E TR G BB AR R BT ER KA
(log2(GOP_length)+1)* number_of view+(1+log2(number_of views))

H¥¢ > number_of views i Ak & ch#icp > GOP_length 3 %% chd &
#(Group of Picture)si+ | o F % % 3 W - AR & L (View-First) s 7% 7% 1
AT Ny B F £ v g A (Time-First) s % 7 # %k ch< o 12 GOP=16 *
number_of_view=9 5 b] AL & LB EHF R 77T B B F E AP H S
FLHBERTFRAOBEEFE -

W33, AR & % (View-Fisrt) %8 % # - [122]

—

5 T

L=2)

L1l

[#]

2

@!ﬁ@@@@%

2]

]

5]

5

Mo
F134. gL (Time-First).

Hn

=)

!@@@ﬂﬂﬂﬂw

ke e e [ =

E- k) <

@!ﬁ!ﬂﬂﬂﬂa
S G E{E

—
> [122]

%’i
-?""\1

[ B. % & #7 7#(Illumination Compensation)
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PRAEASDT G FILRREEHA R T S ERPWRI AT FAR
$Fm A2 R A (Numination)s£ £ o i F % & (Illumination)sh 4 £ ¢ &
- ERRLA SR AANET 3 DCAELEH BB RG s o Ft o
P IMVM R0 - & BT A1 bl 248 el PR ig o F e 7
SDCHRAEZLE -

S PR HIES N REAHRE

W35 IMVM 5.0 B # #i3k 2 % B A O 2 4 - [122]

naT —

_sz(u)

.=n

M (P =g 3 2 1)
MR_SAD(x,y) = m+z mZ‘ f(i, )My} - {r(i+x,j+y)—Mref(m+x,n+y)}‘
i=m  j=n (1)

MR_R(, ) ={f (i, )) =My, }—{r(i+ X, j+y) =M (m+x',n+y)}
={f(i, ))-ri+x,j+y)—{Mgy M (M+x',n+y)]
={f(i,j)-r+x,j+y)}-DVIC @

B 3BHP P 5 IMVM 50#7# * cha Al = 2 « B@de i
#|(Motion Estimation)f] * # |- i* SAD %3+ & @ # » & (Motion Vector) °
Lo ERRESL R E e SAD 3 E 20 s Mean-Removed SAD
(MR_SAD) » #- @ 5Len SAD 3+ 8 & 58 { se 4o 258 (D) o741 > H 2 (],
DE DAY ZTE 9 EG 2 4RES M Me(p, Q)5 P o B3 %
T RADGFTIEE (P, QF 7 5F RHDEE > SXT RIA Y E T P W
T B R W F oo 258 (D) 2 A 2 R L R & Mean-Removed SAD
& 4538 » E (Motion Vector)enig4z > & ICA ME» ¢ ~ W& P w4 6
FAELEG S ) PDCE AL Db B LYY AL

LB R RAT K8 (8 ha A si(residual signal) o B ¢ Ap R s R AT I B
leference Vaue of Illumination Change (DVIC)#-12 DPCM = ;% &1 i% 4 f2
Fhrh ool u g pow R B AT W 44% Macroblock + -] 5 16x16 “fF
(% % Interl6x16 > B_Skip » B_Direct 16x16 > ¥2 P _Skip) » & H s ek
T (Partition) = -] T R BAT H -7 g AT o

[ C. Motion Sip Mode

d 3t ApARAR & & & ¢ ends i 7 3 (Motion Information) & § & & 4P

U
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B o P oo IMVM #7138 $ 9% 3 $2 75 (Motion Skip Mode) &
Macroblock %475 P+ 12 7% vg 6 fi 7 m(MotlonInformanon),fﬁu#%rs S kB
e He R T e 3 mb_type’ reference_index /4 2 mvd ¥t #-zcd %
RALE S 5 dadm (7o

, Corresponding MB

/
Vs

GDVA E]’ \G Dchr GDVB

Spatial

_-

S g
//
POCa 7 POCyy POCsg
Current MB

-

Temporal

#®136. Global Disparity Vector 2_ &3 - [122]

Eh R F* d Sequence Parameter Set #74y it £ § AR &
R ERZ > FHEEERS A LA BLERERK - (@Q2FHRL7 T
(Global Disparity Vector) i 22 (b)d: i 730 enB~17 o 11T & VJJT}%L & P
Boiiimpy i o

(1) >#4 % » £ (Global Disparity Vector) i %

PRRLL B aﬁa A kd e PR B R RRAL A Y AP
Macroblock chix ¥ o 7 L] * & | it F & £ 5 AL 5(residual signal) %
FdgrekE & (Anchor Plcture)F'* rFARL e B T e B B BT
f275 24 - 25452 F 5 (Non-Anchor Picture) ¥ ch 2 38 AL £ e 8 P % PR R
Bem— BerEbd e 2205 - Baygbd o 2L v £ 12 Bilinear * ;' 4
B ¥ odeB 9% » 527 H NP W E E RS (Current MB) & R AR & ¥
A0 ¥ & 70 % B (Corresponding Macroblock) » P % 3 & sh 2> B L » &
GDVey fI* - BT - BoyZhd 6 cn2 i1+ & GDVa 2 GDVg it
Wi Higd o e 258(3)#17 » POCqr © POCa ¥ POCg 4 W] %
TP mEe o v BAarRi e T - BarEkd G h Picture Order Count
(POC) -

GDV,, =GDV, +| 22 = PDa, Gy, - GDV,) ©)
POC, — POC,
(2) i& # F 21 (Motion Information)s~ 17
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flr @ EDrBRL e B SRR EES P D RDE
FoH BV HEE & v%m:‘ﬁvﬁ’ 1# 7z mb_type - reference_index
mE omvd (FARTWE R BABBITY o - R EE S BERFREEEN

k> @’Eﬂﬂﬁ%%mm@@ﬁ%AWﬁ@mE%’%%w°
® D. 2% % # ¢ 7/##/(Reference Picture List)

P BT MVC 1 £ %[122]% & * H.264/AVC B 4B % o
g o] > HitAEA RT A G

1 A dePEF S e P 3Epld o B PIGREPN 2B E ) o

2. 4945 MVC & 5| 48 B (SP)E 47 HAL &} 2B A 5 t @ 7]+ g
ﬁ, o

KA AFSRER B RAR F T o

4. iz Reference Picture List Reordering %4 #-%B4E 5 & % chd o & ¢
g;IJFmng v B ;IT' ﬁnl% ST AL ©

At L2 1,?&4;5%} (Technology Survey on View | nterpolation)

° A= g7 i A #7724 (2-D Image-Based Approach)

AR A AHFE A A RBNGE B FE LT AL e
£ (Disparity Vectors) » it 4 e[126][127][128] & L4 14 $6[129]) 1 &
4 Ma kP ik iz g ¢ BB (Intermediate Picture) » 7 % Bl A O G A
s 3+ 72 (Block-based Disparity Vector Estlmatlon)g FliwHE ST
FhadARLe T EFE DL o Fpt > Wang[130] 2 Park[126]

I SRR B&@L(M&h)—%i’ = & % #.(Delaunay Triangulation) % A
&rmﬁu; Ei 2 RELRAE 2 MER - Ra > - AEA E A#H
306 B TRRl SR ¢ 4 40 jr(Object Occlusion) #7ig = 1R 4E -

;Eai
=)

m&‘?

[ B. View Interpolation based on Ray-Space

(uv,w)

/ . Ny,
View 1 Synthesized View
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B37. cafFREE I 22 REEIME

1\:

zaFugEs i d prR I § e F A Fl(Depth Map)u % 40 45
% ¥ (Camera Parameters) i3 d 43 = 43| (Pinhole Model)#s - ey
e i P A F 2 - b £ 3501 m#ﬁtﬁ‘?‘\ﬁd 1
ZREF PG EZEREAEEI SN AREFT e o A L Y 42 )4”
FAL A HF G oo 4B 37 77 0 2 Y - ek &1 * Pinhole
GO HHP| Az B o kg2 AT R o BF L EE LTz R
FALHI|MELELAPREFR > TR ARFAREDE S = T
T B AT UL MBRORNE > R F R RERPERTR
(Depth Information) - ¢ *% & Bl(Depth Map)®~# % % » FanJQJ_Flé
FEER B P FARREEE B mAR YA Fl o b R R b
FREBl(DepthMap)= 2 = aFnE2 vV - BE&FA -

d A PRz SOk SLE D SRR 1S ks (Ray) 0 R %\.‘L
AN 0 7 08k &0 (fie i Pixel-based System o H % 4+
H-ALd B ¥ 2 3% 2> 2D h Pixel-space Data; »t + 3+ 3]
® 3 g * Ray-based System > gt kB2 T o er B2 3D LW
ks (Ray) "R FIP ¥ Mm%y Sampled Ray h#r3 T &
FHERR B B AR BT BRF R HRAESBAR E(View
Point) » % ¥ 14 Ray-based System & 3 kM2 = FF »ZE > 3D
Ray-space Data -

Ray-space *t % B} ehdk 1 2

L(xyD)EZMEE Y @i BB AT E 0 08 oAU RAT
FAREEF AR T A LB L Lo BY =0<n -n2=@<m/2- 1
LLL 7 ‘43_% ﬁ- /2{ (X’y,Z,e,(P)*#—t’\' Ray_spme » ¥ /jF’_ *{%\’ é 3‘; E‘&_P E’ﬁ—s- TB‘ f!lLL'E’ﬁ
B4 EF > 25 BPEREFSLE - Prof. Tanimoto * FTV (Free-view
point TV) ® [131] » 4& %5 67 &4k 4 77 /4 %k 4 7 Ray-space> * 1
A Pl & SRR & B e

e Orthogonal Ray-space : ( * [Spvl )

B 387 » 4 RLZFEFHEZ T BRay Q2 XY Ta > (Xxy)
NEARATG QL 2B 5(0,0) A5 A4 7 PABF AL T4 14

B EL o
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flz,y,6,9)

—r<f<T
{ -rf2< <2

-0 < T,y <oe

#]38. Orthogonal Ray-space[132]

4ot o 3% i 1T e 38 F - 5D e Ray-space #& % 5 4D 1 Ray-space-
[133]

x 1 0 —tan# 0 0 ;L,
iy B 0 1 —tang/cosf® 0 0O 7
g | | 00 0 1 0 9
o 00 0 01 '

» Spherical Ray-space : (EHYASHUm #)
B39 ¢ £ RIEWBZII - B Ry Q5 X-Y T55#i0
fri kil - BRE REE S5 > A EMHEAREQTH T ey
+

R (0,0)A B AR LB AR T E LD kL

f(&:m.6,9)

—-r<f<n
—m/2< p<7f2

—oo < &,n < oo

¥]39. Spherical Ray-space[132]

dopt > BT VT B BD o Ray-space # 4% 5 4D o
Ray-space - [3]

£ cost 0 —sin# 0 0 ‘;(
n | _ —sinfsing cos¢ —cosfsing 0 0 7
/ 0 0 0 1 0 P
& 0 0 0 0 1
]

Ray-space 2|1 | 45

Bl 40(2)5 N L% 5% chinqem » andlyze 525 ¥ & B Orthogonal
Ray-space =1 X-tanf # T & [131] 1 Variance > Selector # Variance 3+ & %
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8 o # {7 Filter Selection ;& & /235 1 & i3 eh Filter » @ Hi~H,
% e e Filter -

analyze Ho(=) L % 1 i
l / H.(x)
/ . | output
. image
. 50%
selector
Ho(x) || 100%

filters

T AL

input
image

®40. (=) Ray-Space } 7 AdaptiveFilter ~ (+)#44 Filters[134]

n A @ & Jf L 4 Orthogonal Ray-space 7 X-tanf # = & # Upsampling » 4]

41(%) > ™ + BIP] 5 5iF Interpolation 2. {5 ehi % -

B4l (Z)p £ % g Ray-space X-tan@ & T & ~ (¢
X-tan® & T & [134]

) P #& 15 ¢h Ray-space

Filter Selection ;& & i » §1* Variance & % i # if % « Filter(3~
Variance s fr2 & | &) >

Step 1 : Row process - Variance Filter 4 %] 4t=% % Row-data:* & -k -T =
= e Variance -

Step2: Lineproceﬁs— e FCR AL E P L B w2 AR
A B &R (RM)S Vaiances 2 fr > TPk B2 2 5 M

umfg P E G F 0 Filter o
Improved Filter Selection ;% & ;2 » 4Bl 42 #7757 » P 2 MB8iTe =3 p £
gL CEPH BN Z NP P RAE PREY FIA A8y
@ﬁpﬁ%%*%@MZmﬁé%ﬁyc%*ﬁﬁﬁ@%1Lﬁ*ﬁ*7
Filter - F]p C 2 & 3E 12 Filter pr(& 4) > & 555 C 27w (T %38 »

* 2 5 %m@ﬁW”ﬁkﬁpﬁmgﬁ’?ﬁﬁRWﬂHEXMﬁél
B (LB 42) it g RenME > XA R ARG - IERE -
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W42, Selector F# %3 8.7 R BI[134]

FHP® RN 5eh Java JZ R 3 (Java Processor Design for
Embedded Systems)

Bt~ N KL B4R ?ﬁi‘\ﬁa’;\—*“ﬂiﬁm— BRI A T %
- SR PR enT 5 (drd A ), 2 E X N’Q%ﬂ*%ﬂamﬁ
TR E Ko Fp9rd ¥ 4250 : ,\,;F.‘Pﬁﬂ,u v 4 F A PCR B
B RE R EAPLRAIR TR AR B o (R N TR S 4
Tt B AR o AR o ST S B B B o 50
JRAE B £ B2 F R EARE e 8 (F 2l =T AR5 DVB-ATSC-
OCAP{ri iz ¥ c13GPP~3GPP2)#% % X @ e chgk * 7 Javaft {7 %kt (Java
Runtime Environment, JRE) % ¥ 2 37— & F47 5 448 % A28 mﬁ 7 Tk
Hodd i &@d £ Sunti Eehlavar AEFET SR A
BB 5F FEDRAH -

v

AR XA Roehgt o U * o Sun Microsystems €& 7 Java 2
Micro Edition (2ME)sh#4: - iz BRI » 2% 7 7 F 7 profiles {v
configurations » % /% &_ & 8% I s * % K & 93 K[135]. $3+ £ - &
L3F0%% > 3GPP £ 8 = * J2ME % % ¢ Connected Limited Device
Configuration (CLDC) 12 2 Mobile Information Device Profile (MIDP) %
W B R 4250 5 o @ 4 3% CLDC/MIDP 1 Java & 4 1% &
Al E - B# g o VM, fita KVM o @ $ci= T 4 m 5 > Connected
Device Configuration (CDC) 4v Personal Basis Profile (PBP) R#t#x * 5 B

Tt f28 T 5[136] - @ & CDC/PBP z T (v VM P& - i 2 # 5 i
VM % i Sun 54 }\ SRR Ko FE[R T - B A BEDVM
L CVMF 5 CVM k3 1 & £ 4473 T 5 g2 e OS 4 48 i
RN G AT Sk et B £ 75 EBEY CYM
% CDCIPBP %% 425V 78 K a5 JavaVM s BTIA TR T A TR AR o 4 F
PR T R AF R AR o

AoREH G BARAER S ED Javadl (TRE AT IR &
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[~}

5P 2rE * o0 CLDC/IMIDP #1ip 4% & enid *'k B om o
BB L oA EE R SIS Ao F g B § g
4 & CLDCIMIDP 7 % % s » 110 & i o 5 4LM < 8 5 » &
KBS S &4 v 242 CDCIPBP L2 el 2a N Jp * 4858 T & o

e

B A” v.]f':l\/f:l;%’;;L A= e T_E OpFLS IR ﬁf‘] "%g‘:};;
MFRORELENA RS T T ek g S ];F_*g]}t PN oum‘*’ T5 %% »xag ¢
IR AL E fRd-o g Ao it e (object-oriented) AR F & R F 5 H
e ltlipe B ansd i @ o S R BA T ARy iR g e B
JavaVM £+ + § - B3 dpt% ® (stack machine) [137] - ]} A7 ix @

EHPE 63 7 8] r Stack kg E ane B R Boade v g B2t
KL g ine - A Z o Bona kJLEE € * registers kiedniE B AR
E’f"‘:’ Fé&‘é,;% ’ l/(l}';%'i‘l 75‘9;55 ﬁ&f@ ’ ‘\’Kl;? rﬂt],\)\ '\‘ “ l‘«u]% * 37— TB;'EE.?“ T"S._

** 300MHz i RISC a2 B s 1 AJL B io i enF R T miRis §
A % Bt $ o e9[138][139) -

W4 04§ A AT g EE 4R Java VM ekl e[138] o %3 x5t
,]‘ M@ 0 NLECR S A chdesd ik Justin Time (JIT) [144][145] e

2E MV RAFE D FEIT % FBA AT BRA gt a2
lif@* AN ET € G mFoverhead s d 2t~ ;\ i KL B
U RPN ol 1) PF R e R R R Mo g R R o A [141], - &
object-oriented #p B cds i fF 5 (dynamic resolution) %45 4 - A
b i TR S f,;;%ﬁrﬂié;ﬁﬂg& > A& Jo - & runtime sh R SRR D
LG S AR Y o 3 ks (40 ARM #rB 3 o0 Jazella [143]) B2
i * co-processor 17 ;\ ’ #U - lﬁiﬁ LERYAMMBEBENGF 2 F -k
HERE - BAMEFE RET L H FH DR §:F[142][153]
[154] = + 4 - = £ 3 #&3% 3 Java AJ ®[139][140] - JOP (R % Java
Optimized Processor)-#_d Schoberl [139] #7 ¥ 7 - i = B RTL #5 1 Java
FJ2 R o 7 i JOP 7 % 7 p ¢ & Javaprofile/configuration, #7121 ¢ #% &
H fﬂkﬁl AL SUN AT E A NE PR A EA AL > JOP I T IRE
e H Ot #dgiT CLDC -

B P Y AP E R - B JavakdL E k & 4% CDC/PBP =
Jwvaf FHRBE -FF L FF e B EER mi@—i - R g R
FEEES T % - Neh doubleissue Java SR E 0 P A FPGA & % #E =
oo 4> i 3% CDC/IPBPJava#, 7 %5 > 33;3 xirFE

it -

A
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L

kit
o+

A,
“‘&
ik

R D] ATEORAE SRR B - E AR (AR
K5 #p e MPEG-1/2 338 e MPEG-4, H.264, 2 WMV 9> @ﬁ%]féz T
5% #p e MPEG-2 transport /£ al-IP =0=* » 4_-> @ Java profiles %
presentation scripting language 4= SMIL ~ Flash ~ AJAX &% - & {3
) I HETAMERDS NAP R T LnER (BlAcEr g
DVD #%®)> B& X 3R E AR L BEMY 23R g ki
F o A KIRFFE r’v’ﬂfﬁ?ﬁé e R g R i@ K i A TLERAT
PRI d o dge A5 P ARG EIL g vie ¢ 4 i T 9 S
B g € L3 4/>€£m#~ L) BN B¢ dz FRAEATET AR DE K
,T%? Y% R FTEPRAR o

WP EEL O - BRSNS HMEY 2N T S(H43) 5T 432 3D
AL ENFS fp 0 U egFEEAeTT L

1. majienMHPJava 5 45487 4 fcd 5 A AR Ty 0 R
%Q;E'—fq)i%’i’r ﬁy_it;l' ‘; o

2. jiiproit PowerPC AQL E > pFeiag & & 300 MHz 1 (i
4295 DVB-MHP 2 [12]) -

3. ke s HUZ B Jva EJLE ~ 3-Dvideo 3t E 4viE
¥~ 12 3-D Graphicg/Video = i§ 51 & o iz = B 7 0 & by
HALEMHPRE* 4238 i 7 a0 4 - TR/ IE A F 9k 03-D
AL So et i o

4. g;_’r@ 2 VGA (640x480) fi#47 A ¢113-D ¥ ¥ (I*
AN kS DA

I’-U;"‘"r

5. JAEEENM Java HEHEB oo AP ARk AL
Z 7 - B interrupt-driven service routines i ¥ w e
native-code RISC kernel » 4 % & # 71 74 & v % Java
services~2-D graphics services~3-D graphics services:f- 3-D video
synthesis services - % 7 Java services E_f * interrupt-driven (¢
Java core % interrupt requests % RISC core)z_ *t » H v = #gen
services ¥_* f§ ¥ ¢ round-robin = ;%R Ag o

6. 7 I8N S HEMIcSDARN AR B R ET Jva BB
Ty e T A AR5 S A A o

7. sA¥ - 3DVideo gt BN R FHE G B r Tk
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HW

AL NIRRT A fomp

BB A AR R AR 439 o B Y B gE R 2 40T

1.

2.

—

3-DVideo 5 4rid w2 ApBiAR N E —d 3P - B

3-D Graphics/Video & §31 & 2 fp AN E —d 355 p - B4

3-DVideo ¥ Hitrz jph A2\ E —d F 78 p = B4
B2aF Java 2 B2 Java HiFHB—d TP e BF
45?4 Bk 2 native-code AR e —d B H B E
3-D Video Java Applications
> 2 Application Manager
S . B User Interface)
S = o
i =1 S
(] o 5
3 3 -g g MHP Extension
I > = MHP Middleware for
o @) .2 3-D Video/Graphics
o o x
& 5
= Java-based Middleware
Thin Deeply-
Embedded OS Java CDC/PBP Classes
. RISC 3-D Graphics 3-D Video Java Ao q
/O Devices Processor || accelerator || accelerator || Processor | Xilinx Virtex-4
we || v || wmms || s || s

B43. 7T 3 hB S 5 AT

U AR AR A E - B3P AT S R A %R B E
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BPd A EIDAWAANSEETAR S BT SR
(Design of a DVB-MHP Platform with 3-D Video Support)
BRF e FLELEIBPHBRFOAERE - BRETD IR - B
43 A e SRHE T e BI AP LB TR R FieER §F 7 A
B AR fa o Ty 6 f F B AR S anir ke
POAGCRE e B HE Y G £ 5 Xilink ML-507 ¢ i BA AT S Ao
A4 o i T SF USRER LA FEDGTA A SR o B Y o By A
Xilinx Virtex-5 &1 Platform FPGA - p 7 & 3§ PowerPC /&J2 % ¢ hard IP
cores~56,880 # FPGA & Logic cells + £ 4p % 3t 3M system gates )~4Mbits
siron-chip block RAM © iz i L 5 - B iREEE v & Virtex-4 & 7 P 973
* e on-chip bus £_IBM =1 CoreConnect » @ # £ AMBA » #7124 % f 2k
3 IP FFESiE - B bus wrapper kq{eH T o IP A 0 B & iz bus
wrapper # {& 3] 2 v 1 bus protocol z + » 3t IF“T%? Mg e P A4 T
Bl i L (e AMBA) o iz 7 MEA P AR IPRE S 2 2304 H - BUS
protocol #55= o

PRgE UL Bent B A B - BAY LT L
T e A MLBO7 FEFER S o 2 X U E %Em“"#](FPGA L ok

2 EE &NW%mﬁwvﬁ VB4R A BE L o B 45 E.p % & ML507
BT S FI AN B LHns o i .f»um@f?ﬂf’?‘&:%
100MHz - 3 & %< ¢ 1 PowerPC ¢ {r Java Processor 1 = Javafi 7 %% >
Jva X TS ERF MR e 3D TR LR (F 5
3DAAAc 3D RS ... %)

W44, R FIpEr & £ T L Xilink ML-507

43



LB SR REALY > £ UF BRFRG YFPGA + | ~ BUS
45 fr Al B H&y—&ﬂ%ﬁﬁﬁwkﬁﬁﬂﬁ’&%H&D&wmx
F i - germetry subsystem 14 & B 3B E 4~ FPGA 0 ¥ - X renfering
subsystem Y 2 gcdE > 5 &R .,PowerPC F *JL 75 ¥ ¢t 3-D video accelerator
S PR PR NFE R TR e BT R RFEERE
FEF UL BEDE BRI (H) Aaq T pARAFEE
IMaiv g E A AP T F b b RET R .

3-D Video Library
3-D Video Synthesis
Library

Java Service Routines

3-D Graphic Library
(Rendering Subsystem)

Bqufer PowerPC

System Bus (100MHz) t

]

VGA )
Controller S Grlaph|cs 3-D Video Java
accelerator accelerator Processor
(Geometry Subsystem)

FPGA

W45, @3dige T oy

FEET L eh A b2 £ - & JAVA 3D A 8/ 5 4250 > B B
LZHEEN3D A RETUENIDETEG B 460 BY T B EK
F_MLEO7 > A Javat S F (3P )R i7- B 3DUIRH 258 7
B0 3D B EAFFAT oA EG Y ID RN FRETR o
e e DR (FHP - o3P = )3DRE R (FHP D)
11E - i 3D A G R o

BRSNS BT 0 - BARE 3D TAL K S A] ATk O eh T S
BT - BRFTRFATEARAERAMAT Y T K E RS
WA BN EAF T S o % o

~



DImoge Displow

LINES

B146. #3341 % & Demo

Table.2. FPGA fili |2 W]

-

Selected Device : 5vix70tff1136-1 Integrated System

Number of Slices: 21139 outof 44800 47%
Number of Slice 6 input LUTs: 31194 outof 44800 69%
Number used as logic: 30803 out of 44800 68%
Number of |Os: 232
Number of bonded |OBs: 140 out of 640 21%
Number of Block RAM/FIFO 25 out of 148 57%
Number using Block RAM only 57
Number of PPC440: loutof 1 100%
Minimum period: 8.224ns(Max Freq: 121.590MHz)
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FEP - DA E Aeik fE v 2%k (Design of 3D Video accelerator)

:,_—‘:;_L%__ ':');”} .E@HW@ERW'—}:&’WEJ&F’I ’\:'/? /ﬁw/;°w/§'
B A R Y (Adaptive Weight) i & 2 % 2 3 4 &
(Mini-Census) vt $t = 5% > 10 2 § 3 it dp ek 4 47 ¢ 47 fE 4 (Quantized
Manhattan Color Distance) % 37 o j& & ;2 4- @] 47 #7771 ©

‘ . Weight
~ Generation
Left Image l
: -I;f;r:;f:rrzu; N Vertical Horizontal
Matching Cost Aggregation ® Cost Aggregation

T 1

Winner Winner Winner
Takes-All Takes-All Takes-All

=]

P | i
Initial Depth First Aggregation Depth

W47, AL FH G RITE 2

% 40 Mini-Census s+ & @ o et i@ (matching cost)sz FooE R
B det- B ART i Y B L BRaE Y § o A

o HiF H 4o
48 #7357 o Mini-Census 2k & 3T R R 4 if B %  at KX B xg\x KRB e
Fp“%i°
Census
:34313}:01 \|:46817\|: NERE
[ 1523 | " x|o]|, 1|ler|51|4 |+ 0]|X |
i 543.0:{100;'lzaasg;'l 10'I
bistream 1: 01110100 bistream 2: 10101110
| Hamming Distance=>5 |
Census Template Mini-Census Template

B48. Mini-Census

46



#F > 1 Weight Generation 1 2 + it dp#ick vb & pEHL A 2
Weight » * Weight * »%4¢ 48 4p 218 1% matching cost =% %_- Weight % %
b ek ho@] 49 17 o Proximity % o1 BEP o ARITE R B AR F
Color Similarity % 7 22 ¢ wggd ARBTE G A B £48F - 3 HApF 2
% matching cot % % et & o

Proximity Color Similarity

& N
Fo(B) = exp( - (D) = exp (_ L)

Ao N
Sy

Mot

\

#149. Cost Aggregation

SRCER R A A4 Weight & Proximity Al £ B EF R+ en
g1t o Bl 50 &7 ¥t 5 Proximity ﬁﬂzﬁ.&@m % » & Mask size < *+ 39
PEfE s o I 8 o 43 Mask size 39 14 > & Proximity £2 5 Proximity
HALE BEFE R F AP e o FPL AT 07 4 ek Proximity 3t Weight > ¥ 3%
T_Masksize»>t 39 p » wE EFI4p A e 7 Proximity ik o

With Proximity Without Proximity
40 40
s = — nonocc
'8 30 3 30 _a"
© 25 Pl disc
nf 20 5 2 —rank
O s =1 —_
£ = rms
w 10 10
5 5
0 0 T T T T T T T T T T T T T T T T T
Mm@ Mo m s o o MmN O Hm s O g mn s o
mmmmm ~N o O : : ﬂ 3 E Z - N M N O 0 m : 2 2 E 3 :
Mask Size Mask Size

®50. v #F Proximity £ & Proximity 4l £ B ¥k (hd 9]

EE i Weight Generation & & i & » A i &% & matching cost B
LoH R b8 B o £ 8 % R (Vertical Cost Aggregation) £ -k T %
(Horizontal Cost Aggregation) = # & o % rL b ordk 2z 3k 0 F RS Ry
WEIEEE f‘_z’ﬂ642%o ¥ ek e it @ Color Similarity chexpi&E & 5 2
FRenh Y 0 AAEE e SNoR BL AT o RS APERRR
x64, Quantize P1-bit m&? L= 30

a7



Original X64, Quantized
12 70
1 \ 60
50
0.8 \ 20 \
0.6 \
\ 30 \
0.4 \ 20 \
0.2 10
0 \ ‘ 0 \“h
0 20 40 60 80 0 20 40 60 80
. . x 64, Quantize, P 1-bits
x64, Quantized, P 2-bits N »Q !
80
60
60 50
40 40
2 \\ 30 \
\\_ 20
0 ‘ 10 ‘_\
20 40 60 80 N

-20

20 40 60 80

FI51. + & Color Similarity =i& & i §

BAcr P e FE E NIRRT AR AR REE RS
A BIEFERACT £ 9757 o HI AR G E K L2000 p 0 B FE R A
PEE M R i 1.9% ¢ 4ot o M E e F B U2 g It iE - A
UE
o Error Rate % -E:(rﬁce(sec)
TSUKUBA [VENUS[TEDDY |CONES
Original 1.85 1.19 13.3 9.79 95.65
+MC+2P 3.47 0.91 14.3 11.2 4.75
+MC+2P+ Manhattan 3.08 0.59 14 10.1 3.12
+MC+2P+ Manhattan +Truc(64,2) 3.03 0.61 14 10.1 2.52
+M C+2P+ M anhattan+Truc(64,1) 3.06 0.66 13.9 10.1 1.84

AT AR R
FD

EA BT R HRRR GRS o b

» AP 444 Mini-Census 2 Cost Aggregation =

Mini-Census 7 4 £ £ £ 1

¥ (Disparity-Order Reuse) ™ % fj#% |4 £ 4] * (Pixe-Order Reuse)z. -

/z‘°

R S S

& Cost Aggregation ¥ 7| %
W g 4] * (Vertically Expanded Row Reuse) -

FRE A1 (

Disparity-Order Reuse -~ Pixel-Order Reuse
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Vertically Expanded Row Reuse = i 41 88§ . Al £ 2 £ 4o ] 52 *77 o
PSR AT B B 4R S 4] (Handshaking) s B 7L » i 3] £ B R
PR el o

Memory Controller

|
|

I Arbiter | I Memory Controller
|

CENSUSL WEIGHTGEN

- IMGLY IMGLU IMGLV

Weight Generating

WEIGHTBUF
VWBUF HWBUF
SN SRR R R R
| WTA DEPTHFIFO
[ COST Aggregation, Winner-Takes-All DEPTH

W52 AR £ FH & RI% 0

ARMEFEMET S 00 2 8 W7 1 73 100MHz ¥ bus % &
32-bit » ¥ 2 CIF(352x288) %’ ff~ |- ¥ 64 4. £ = [l (disparity range)i
42fpse T Z frdne MY 2 0 E T ROBEMEE - P IR
BrEH2kizre s Ble b TRY £ 562K BIERM o 4ot A 8 s @
FFPE- P&

Perfor mance under UM C 90nm Technology

Clock rate 100 MHz

External buswidth 32 bit

Image size 352x288

Disparity level 64

Logic 562k equivalent gate counts
I nternal memory 21Kk bytes

FPS 42

?i'#?lﬁv-r ;z 2 ){}’h P T e ﬁid\/ﬁ-ﬂ/ k‘ ﬁ ¥ [gkﬁ-i@ﬁ”%ﬁ‘jﬁ ™
FEEER - APFE 2 VEFR R THELER o
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Ground truth

HBP

Real TimeBP

TrellisDP

Real DP
ReliableGPU CBiased
W53, AR LW &

Design Category MDE/s TSU VEN TED CON SAW MAP
Proposed Hardware 272.5 280 0.64 13.7 101 211 3.21
TrellisDP [39] Hardware 294 263 344 - - 1.88 0.91
HBP[80] Hardware 73.7 285 192 - - 6.25 6.45
EffectAggr [40] CPU 18.9 296 353 10.7 492 - -
RealDP [41] CPU 209 285 6.42 - - 6.25 6.45
Cbiased [42] CPU+GPU 605 477 102 - - 0.82 0.65
Sepl aplacian [43] CPU+GPU 679 13.0 - - - - -
Real TimeBP [44] CPU+GPU 19.6 340 190 132 116 - -
Real TimeGPU [45] CPU+GPU 19.6 422 298 144 137 - -
ReliableGPU [46] CPU+GPU - 136 1.09 - - 2.35 0.55
GradientGuided [47] CPU+GPU 117 248 391 - - 1.63 0.73
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FHI2BPRERFEZ S AFFHANBEE T AR BPRE
DP it J i o & % BPi 2 > A3 - F e N Me gl * 0@ f ~ (P
FAE - L F AW B4 A o b RS PR G Y TR
B B o] 55 Hhn o

W

Buffer-free PE ( 1 d)
p gg)
) &
M \ Agod)
wia i D
wew .t @) & E} mfy(d)
M (d) Agv(d) reg
+ + Ag,(a) o . temp mbo(d)

nor - reg

r 3
Z" zl :]
v K, regMinip
ms normy

reg
Post-normalization & Convolution circuit
aggregation circuit
1) 2
D(d), M (d), M, (@), M2 (d), M (d) Node plane mfofd),mfi(c),mfo(c),mf3(d)
normg, nOYMy, NOFMNOFMS ) M MM M Mt
3) “

mfo(L-1-d), mfi(L-1-d), mfx(L-1-d),mfs(L-1-d) mbo(d),mb,(d),mb,(d),mbs(d)

normg  norm;  nNOrm; NOFM3  NOFMg,NOFM |, NOFM 3 NOFNg

B]|54. Buffer-free PE % ﬁ

~— T

[v]

Old messages New messages

Overwriting
of center node of neighboring nodes

B155. Spinning message =g WA ¥ = 2

TR ZAMERT R TR FHEABPHE > T ET KR
EE TR R anE B i B > HA M T R 40T £ 977 o A o A
),Lmﬁ“r%é‘h;\dkﬁjrg v R R E ﬁggﬂv_.\_gga. 5 AR S &ﬂﬁg
&L Lo E ok x2baRy BPo

&
e
o3

et
-3‘1%
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BaselineBP  Hierarchical Block-based Tile-based BP

[67] BP BP [49]
[81] [39]
Iteration T 30 5,5,10,5 30 inner=8,
outer=2

Required 4,608,000 1,212,000 4,608,000 4,915,200
Throughput
(Node/Frame)
Operating 285 285 285 285
Freguency (MHz)
Number of PE 33 9 32 32
Gate Count (K) 273.9 74.7 265.6 265.6
Size of 30x480 5x480 30x32 8x32

Sliding-Bipartite  (image-scale) (image-scale) (block-scale) (block-scale)
Node Plane

Memory Cost of 2,793 465 186 49
Messages and Data

costs (KB)

FPS 30.01 31.12 29.11 27.29

AFFEAAHDPIHE 2l 3R €084 0 # 7 globa
approach /% & 2 ¥ § MR F OFPGA & L L o RdrenDPig iz @
# @ 1 & ¥ Zx:forward cost accumulation ¥ backward path tracing - &
ﬂﬁﬁ?ﬁﬂ@’éﬁiﬁﬁ’ IR G- AT ERERM EEF o F o
A ERDNENIOFHLE BRI HIEH TR - HAY
ﬁ;‘#ipath » H AR B4 56 7T o o d 3N tgtE K pi € > DPF
B voEdle F ot d FPGA &£ T L oB 57 2 B 58 4 B 5 A+
3R I DPIF L 2 2 ASIC ¥ FPGA s 8 ciy o
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Wrapper

BUS/IP Interface

L

SAD

Initial Cost Building

L

Dynamic Programming

DP Cost Building

Depth Assignment

Occlusion detection

Hole Filling

B)56. DP ;% & ;2

Performance under UM C 90nm Technology

Clock rate 100 MHz
External buswidth 32 bit
Image size 352x288
Disparity level 32
91k equivalent gate counts
46
B157. DP % % 2 2. ASIC A ®#% 32t
Item Subl System
Number of Slice Registers 4644 out of 44800 10% 21139 out of 44800 47%
Number of Slice LUTs 15703 out of 44800 35% 31194 out of 44800 69%
Number of LUT Hip Flop pairs 15830 41322
used
Number of 10s 795 232
Number of BUFG/BUFGCTRLS 1 out of 32 3% 10 out of 32 31%
Frequency(max) 154MHZ 100MHZ

B58. DP;# & ;2 2 FPGA A 8% - st
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+3EPp - v EE2 3D K@i BEK (Reconfigurable 3D Graphics
Accelerator)

AFEP 2T ERLIVERZ Z BRI BRI 4oR 59 A7
iRy

T T A GRS T Y b kB R % 5 eh %
N T §—."l/r/{ La]?n—h/#ﬁi&ﬂﬁﬁﬁﬁ; IR RIS SR 0
Jle AT 3 3 Jr‘w*ﬂ fefay » R E e 7 e R MR i ] Sl

\

Eoil ol P © LB AT (5 A Kbk A 18T B 32 FPGA HoE
L Lo Vs AR BT EA REE - 42 T2 & FPGA Xilinx
ML507 & s s = & o

it Reconfigurable
Triangle based model Geometry Engine
reconfigurable reconfigurable
Viewing | Culling & Perspe(twe Triangle i
Transform H Clipping _" Transform Subdivision H Lighting
~ _ Reconfigur
Triangle Scan Visibility | Shading & | T
"] Setup _.'l Conversion Comparison _'I Texturing Buffer
v 1
Compressor
Rendering Engine | S Texture
buffer
Reconfigurable 3D Graphic Pipeline
FI59. € %358 3D & Wl % 5%

AFE A e 3 aﬁm’n B EREA R R A R AT A AR A
LAPEET AABES S N ASR I A RE BRI R S
% g (T % o

5 w3 % 3u(Geometry Engine)

B #4ﬁﬁ€»’iiiﬁ%ﬁmﬁﬁgﬁm@?m,uw»

BlE IR E F ER G o

o Approximating Phong Shading

AP E BT RER AR ST RAB A RS AN L
ERE L TR S ETEY-L EEEE ERE S T SRR EY 35
B e T A u3 L .



Z A EFEEE R 60 {r@ 61 A W EA B i KiF 2
Subdivision Based Shading 1% % > d iz = 5 B 7 L #&fs ¥ 4+ Subdivision
Based Shading £2 Phong Shading «ig % % 40 § %35 > & & ¥ B H £
WRT Y E 620 BlY L d A A or FITT kBN hiE o d BT v
i KA R APIT O, T o BN FF H B L 9T g T T 50%:rdT ok
EE o

B®160. =)Gouraud shading % %+ % +)Phongshading 1% ¢ 4%

W61. Subdivision Based Shading & #4+%

Phong shading: 41300 imes

Gouraud shading with subdivision
scheme: about 21696 times

A
. AN
p -
D

®62. Phong shading 4+ Subdivision Based Shading i& & =t #ic'* #&

EH A~

THEL7HNFI 2P a2 HEFE S bl F rnd
- BRFEUPFEE AL RTOEL F AR T AR 2 R
PN A RTERE R TR AR PETIERAY L SR 2 E
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B T AR RANY RS RATEEGRT F R B @BiE oy s
FETHES AT A € ERva 2 o @kay BlFE R vhae en
PRI R U ADE I 5 umw B4R PR T At ey
L MR E I o d i N R g R ) *fillt'iﬁﬁl’ﬁév’ﬂfﬁ?;@’ﬁg
WG R RS A PR e ek A R H T

BLenb e B RMA L hE P EREE BEDFLE A ,Tagwwmm

BLEAFFT R o fTRE B EAR Y AP T AP E G R A LA g
R E 0T L0 JUREA REAR e A ks A % 1 b 3¢ (Incremental) 7 2
% R F T B[R o B 63 P HEN 2 B L 0 R B B2 45
MR ZANFEPFE NG LR BHTEA dy & O T R A
§ o SEERIE - el - B B ST LR B AL T g d
WREBLE RAERAL FP T UEREF|RE ARG ED T FRES
R TR AL TS 3 f BT AT T o b R T L
B A e E Rkl ﬁﬂ*fi'li’ﬁ?ﬁ » Jo@ 64 o 0 R RIEE DT R oh dX
Bdy » ELFEIH O A TT AL FRORE -

B¢

Va Va
dy
Vab Vea Vab dx: Vea
Vb Vc Vb Vc
Vbe Ve
(a) Subdivided four triangles (b) Incremental subidivision

163, b 35 > 35w & 2

SR TR A AT R R LSS 4

KAz ARG HEE o]



GlcsE * s T

1 ﬁﬁ /!
Ly

A iefg ¥ uﬁ’*’ 3

Coefficients setup

- X bz

£

ip jé-‘J

%ﬁzf—f *

r'TJ'“‘ (%]

Global coefficients
1) Fog factor: dfx, dfy
Original triangle 2) Depth: ddx, ddy
) 3) 1/w: dwx, dwy
1) Screen coordintate: (X,Y) 4) (u,v): dux duy, dvx dvy b
2)Fog factor | L etc. 8
3) Depth value T
4) 1w N >3
Local coefficients )
@
Vi . 1) (R, G, B): drx, dry,
Sglpdr']\tl.'der Small triangles A ) dox drgyy
Ighting AA dbx, dby
1) Screen coordintate: (X,Y) 2) Edge functions
2) Light intensity:(R, G, B)
5. Trdkck * BHIH
Table3. @HH 2 [yl SRl Bl itk
Conventional Proposed subdivision Complexity
subdivision algorithm algorithm reduction in percent
Number of the lighting operations 24 15 37. 5%
Number of the 4x4 matrix
multiplications for perspective 24 3 87.5%
transformation
Number of the c11pp1ng/cu111ng 16 | 93, 5%
test operations
Number of the 3x3 matrix
multiplications for setup 80 27 66. 25%
operation for rasterization
Rasterization anomalies Sometimes occur Comp%etely
eliminated
B alis g ¥ BRAEK P BT A L o 4R

(o2}

6 “rF 0 R AR ,"*i%PmT?i'iH@wiﬁ
FALRWEREDEEALFL g GR R DR 4oFl 66 2
R LR R B *ﬁJ#WF“]Iﬁ%“ﬂﬁ A AL R e 5
FedRiE B R AL AP R A 2 & ) 78 ZEB (IR A 2 2 {8 7R ke

o A R B B R AL do] 67 2 T ST A0 Rk ¢ S 2

BAp e g oo i 0 2 EEeh

—\
—n

e

17,

-

T

4 .

N
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(a) Before subdivision (b) After subdivision
] N ] ] ] T
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\ AR
V1 / \
\ \ \ /
\ IS et T —
\ R
\ \
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\ \
\ \ L] L L
IR
\ \ \ \
\
\ Q— \ L O
| mL_Ji LT
(c) Rasterization result (a) (d) Rasterization result (b)

F66. BLiF B fEmp

BI67. i L Wi %

¥4 3 % 3(Rendering Engine)

A& F ki ¢ 7 Triangle Setup Engine f # #-4% e g4 5 k sep
Triangle-level & 4 = {4 &< Pixel-level ; Depth Testing Unit §  ipl:2=
Fk (pixel)FE R B A T3 hE AF F R A & ¥ 1 Texture Mapping
Unit f 5% Bk 212323 R T ond Dog8™ k § 4 uliF~ 3= B+
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/%‘ ‘3;‘;‘_‘ m-’ﬁ Kﬁ& r/{

From Geometry Engine
From Control I/F

| Triangle Buffer | Control Regs

Rendering Engine

IoIng QuweL]

Memory I/F

¥6S. B 11: ¥4 & Sueim IR A2 )

Triangle Setup Engine (TSE) : i & 1 ¥ 43" %5 %0 Triangle-level #
% = {8 B Pixel-level o 5 L TSE g424ck p w i@z kenz £, B
8 BL(Vertex) T 3t 2 dr 43 E > A1 i Triangle PCU 1% p 4872 07 3%
MR Z AR g Ben Tl B F {1 Block PCU % Block Generator
e 37 5 ¥4 B Frame Buffer & (74F 45 1 17 » & {8 £ 54 Edge Test # 7l
Block ¢ &% 5 iz 20 Pixel > RS LINR 2 F Pl
BoEBIASLE §HEB fz»\% F #+ @ 0% B Bl R (Depth Testing
Unit) o ¥ #t » TSE ¥ e SKIP#1 22 SKIPH2 & %] #-~ | 0= i’],,?‘—vf B
= Block ';Fi",!rt °

VERFRASOTRREGE P T IR DM MR ATRER Y F DR
4gi% B 72 % 7 Modified HA, Modified DDPCM, General DDPCM, one/two

plane mode... ¥ ¥ #cfd 3 in ﬁ’l@%ﬁ;‘% » FFOp Y] lﬁ‘rﬁ?] » e 3D HF i &
R AR o g W e Kl e AR AR P e s e T R I B
TyoRiES > Ay ) 387%L 76.9% 0 B R SR IAMY (TH%KAE -
A 69 (@ ¢ W A BIREHE R o W AP E P AR
R 8" 2. DDPCM JF & B 45w 5 % 2 Bt 5 (D) 3-8 7§ iR
B (e Moy - AR LE Y 2 HARR RSN B 2 2 Bige 1 o
= f&i% & 2 (proposed : DDPCM : HA)& &+ - g 5 1.91: 1.37 1 1.09 -
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Average compression ratio per 5 tiles
B v —simmpiemt =y

Average compression ratio per 5 tiles

W69. ¥ * i ¥ % - proposed ¥ B ik 2 Bt 2 v

Texture Mapping Unit : Texture Mapping Unit 1* H_1# e Pixe
Processor> i & &3t 5 & B i chd LF Mo ¢ 77 & ¥ 4](Correction
Unit) ~ % & 4 % (Pixel Generator){r ¢ 2% = % (Color Blending Unit) - &
FdEckp TSE chFfl > A REDFHAIL - A G F A2 4 B
fek piRRPBFR EDER A2 AR DG TR KSR I & R
frBHE-4 LR foends (v I 4 % @ % 7] Frame Buffer -

Xilinx ML507 5% &

Table.4 % 3D g & e & B+ ki SLAl RB 1L 2 A& {5971 * chFPGA Tk o

Resource 3D Graphic Pipeline(GE+RE) %
Slice Logic Utilization
Number of Slices Register 18536 41%
Number of Slices LUTs 13622 30%
Number used as Logic 13574 30%
10 Utilization
Number of I0s 2515 -
Number of bonded I10Bs 0 -
Specific Feature Utilization

Number of BUFG/BUFGCTRLs 2 6%
Number of DSP48E 11 8%

AP EAPR Y T S o #EH S Xilink MLBO7 BT 5 4k
$% H4c@ 70 4 FPGA ¥ ¢ PowerPC processor fc#> FPGA ¥ = .}
Blicid BoH P o i+ ApiBe R Y T BogE s FALE Y
w’ﬁ#u@mwm iﬂ/F«}le:k.@_J_-g;?_,- Ko aES I AR
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A G EBFERPBRLE  RAIL S G E TR d B R 0 AR AT
3 AR g2z 1 i F PowerPC %é VGA Controller #4 7 g iy &g
2 EE o

PowerPC

1. Initial Program
2. Hw/Sw Interface

PLB WR

Reglsterfile

TS5,

W70. B 12: 3D Wl F 5 & AE IR

FIEP = MVC %arg & P A il

AP FE RS FAR LR BB/ 2 E G PSRBT AT
G LR T AR B L Foxi AR SRR
we (1) ARARN GBI TE EraF et o (M E & (View Synthesis)
BB E > 2R AHMIREEE  c N TRPAIFFAT 2 F P

BP e MU A R ik 2 IR

i# & Bl (Depth map) 58 3R (7 AR R AFHF nimfRsg (8 o #ig =~ 1248
RUFRRG A RARRSL L B A LT i § PN RN R G
N DA AR UER B2 R ARAKE RS~ R
BB ol [ % MR TR e 3R IR T B AT UR SRR I MVC $ R iR R
BB 71 iR > B g o (B 723 2 BARE L DmP e
Lo BldeB T P 0 AR P aFERE A AP B ORBTE(Blocking
Effect) o & % » f1% MVC BH5E H ¥ F auEa @ - Apsot i # o0 ALl
Intra 3% > F & = § 4E4R <08 B % 0 K3 BT iR R BUR i o 4o
B 73 &m0 ERTE S ST T B Inter #1582 F SRR RAEF & 48)%

N
L
v
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e Bitrate Saving > e ¥ E R Bitrate ko R E T 4% RA4Fie
BAPF AT 16 B o

B MPEG #- 4] % ] oo MIA K N2 c3 B 1 RE Bl aug Xy
# % - Kd Tanimoto #& &> H 1% & S ARAR S RARL & PFenn g 384 >
™ Linear Prediction =77 ;% > Jaip| I AL & 7 E‘E e RN FEL 0 B
AR RS A EARA Y BEEREZ S ¥ Bd Sung #%
B A Lo g BRAR & PE %E ke SRE G m%li:xg'f—?’mfixgm&
FHLLEAREREBPEE P FREFTERS T H S b3
& 1% Connected Component 45 ' — B EER BEHE » # 17 & 3L
PP EC e g A o PSR A RFR BRI B F R
¥ 47“7‘ e Bags TR A F g B irarh fE X IR BT TR

o

T

-

Ne o EF

\3“‘ N
ETIRS

3

e
F

B71. R4siFR B B72. 245

ﬁ:;
(\»
H
o
=

Leaving Laptop
6% -48% 10%

38

37 1

36

35 F

PSNR

34 |

33 1
—e— AllIntra

< Inter

32 L L L 1 L
3000 3500 4000 4500 5000 5500 6000 6500 7000

Bit-rate (kbps)

B 73. Current approach applies complex coding schemefor intensity to depth,
whileit only forms a small portion of the entire bit-stream.

B A AT LSRR ARE L SR R - B
- @«%Lé N A ORI o BB A2 A 450 T o IR E B
HF T A s AEAL o 1 2k 2RI & (Reference Views)d » 2 &
HRER G P$IEROFRAFTN > D RPB IV LAFER G F
62



(Unreliable Depth Pixel) » ¢ 2 fm 5 F2 5 & = 1 7 7 P ch o #
Ko AFEHFRNMFEAFIRZ - BIFR B CODEC» H 3357 R B2 ¥
Mol AP EFE2HFNER 2 IRATH LR Y APE LB RE
AT EEZIFRB o

H- k2 &AL kR T

v

A LIERBGR RGN A2 DX LA AR - BE-
F 2 & FGEL PR RIET > N IRG L AT RRB S AP o TR B
& & 5 H %% o 1345 Depth-Image-Based Rendering(DIBR)4 ift %~ P8 4R &
fom BAR & ¥ BN T 0 Ao 35 (D)

v P || |- ama| P 2 (1)
1] |1 1]z,

29 pfep A ul s AR E oA RUR £ B R o T 5 b Rein
MG e B 0 AfeA A S SR AR ek SR 8 i A 28

¥ A WP Z) AT AN(DZEEF - BFARIRG R LD
FIRT O VAR =Y(E;Z) 0 2 REREARRILE)=1:P) ; FFEET

2 5(Z, 4} s §p=Zp+np)’J‘lq’z‘I’(p;Qp)%«ﬁ’F."J@G“ﬁ—%_ép?

= (1) = 1:(@))" = (1x(P) ~ 12 (@))?
(1:(P) = 1(P) = VI (P)-(a-p))’ @)
(~V1.(P)-(q-p))*

Q

14 q=¥2(q72,) > Vig(p) & p o Gradient- 117 p  qfeq’ = B i

q':‘I’(q;Zq)z‘P(p;Zp+np) » W HR(Q-p) T AT R 25 (3) ¢

-n
Q-p)=——F7="—C ©

Z,(z,+n,)

29 c=[l, 0,]AR™T < #-(q-p) # » 25%(2) > L H AT
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&p ® L (p)-c 4
P~ (Z +n)
& MPEG FTV vk T 4483k % enf2R T » B EL R kT3 52 2§
rﬂb /\.\(4)**/L;¢;T;\::
2
&y _ x g5 (p)xc? (5)
P zq(zp+np)

D2 * gi(p) 5 Vlg(p) gk 2 & o Fot > Bk § E ¥ (Ground-truth)

FREMAERT P E N L AP HGFL PR Y E
E{5,12,.2,)
2
~E N, 1Z,,Z, pxm? (p)xc?
Z,(Z,+n,)) "
1 (Ein} E{m} E{m}
- x - +3 m? (p)xc*  (6)
22| Z2 Z Z,
1 (oz(p) oa(P) . (P) @ 2
= | 2o 9 +75-" m” (p)xc
22"\ z2 - z,
1 o.(P). 2
~r—X xmy (p)XC
Z; Z

¢ m?(p)=E{0}(p)} > ol(p) 5 N,z ¥ B # > &KX N 2 BT RA

,&A\?’Fn~N(Oa(p)) BN SR T - (fF2 L

S d e B FE & B R E  Depth-error Variance - Intensity
Variation ~

500 \ Y Zp=30, Zq=0.5Zp 500 \ Zp=60, Zg=0.5Zp
450 \ ! : 450 ‘-‘ o} 3 8
2 400 \ M\ — m,?(p)=36 £ 400 \‘\ — m,®(p)=36
2 350 . 333. —_ mg(ZJ(p):54 ‘Z 350 \\ —_ mg(z)(p):64
g 300 N .y % 300 \
2 250 2497 S~ —_— S 250 -\ '\
& 200 T & 200 NS e tegs
2 — i | 166.
s 150 B 150 <L
[ [ T TS ——
A 100 Ao 100 194,
50 50
0 0
0 5 10 15 20 25 30 35 40 0 5 10 15 20 25 30 35 40
Expected Synthesis Distortion Expected Synthesis Distortion



(a) (b)

500 500
450 I Zp=30, Zq=Zp 450 Zp=60, Zq=2p
\
2> \\ @(p)= > @)(y)=
H 400 \\ — m “(p)=36 s 400 — m,"(p)=36
7 350 1\ —— m(p)=64 g 380 ——- mP(p)=64
& 300 \\, & 300 it
§ 250 \\‘\ § 250 \.\
E 200 <1665 é" 200 \
£ 150 i £ 150
%100 I~ T~ ——— %lOO \ ~ 83.2
o 124. —~— T a NSS4
50 50 P oo
0 0
0 5 10 15 20 25 30 35 40 0 5 10 15 20 25 30 35 40
Expected Synthesis Distortion Expected Synthesis Distortion
(c) (d)
500 500
450 Zp=30, Zq=1.5Zp 250 Zp=60, Zg=1.5Zp
2 400 — mP(p)=36 2 400 — mP(p)=36
7 301 —— m(p)=64 g 380 ——- mP(p)=64
o 300 @ 300
) \ 1)
5 250 \\ 5 250
& 200 -\M 5 200
£ 150 < £ 150 [\,
S S~ 1110 S \\
& 100 I = & 100
—— e e e \\\~ 555
50 83.2 50 e e X e R —
0 0 41.6
0 5 10 15 20 25 30 35 40 0 5 10 15 20 25 30 35 40
Expected Synthesis Distortion Expected Synthesis Distortion

(e) (f)

B 74. Measuring the depth-error sensitivity under various settingsof Z , Z,

and g;(p).

L

A

>
>

q,

» Reference View

» Target View

B 75. A geometrical interpretation of the effect of Z, on depth-error sensitivity.

Ground-truth Depth Value ~ Virtual CameraLocation - # < % z_2> 314(6)

LR PNFER T REERHER T4 > F R e w2 BE

(2)% m? (p)A%~+ > p] Depth-error Sensitivity(Z, /o, (p))4&# - ¥ fF 4 14~ 48
R RAOBIGP 7 BERFZIFRERT T Lo

Q) wm B (@) (b)(d)(f) » & FiFARFE » Hig 22 £ S F L Ap A% ] -
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(4w (&) (@)() (# LMD (B)()) % Z, >Z, % Depth-error Sensitivity

g2, <Z %] o d B 75 @he ¥ 2,0 Z,~Z,0 Z, 0 pAREITQ, b

FReg @ F R FEF OB KA REEDEFEL K
20 pAREATQ s - B F R B RENRT § NP DS SR -

2
N GEL Gz(p)f PV hro EAHARL L 8RB & AR

p

# Depth-error sengitivity » € 4% 8 o

MHEAFRR 2 - BIRR BURSE
A3 REEF S 2 e MVCIntraticst 2 8 el &3 = ¢
(DiF & B - MVC 4 ¥ Ap ST 3l cnifd 7R A 6 I 9 B cnifd IR
BE, AFTHE AT BRAEY RBUFE 2 PERNL IR %L/;‘ﬁi LR

# E 0 MSE 1% 5 FE R BN e g 2 o

QF e~ B: Mvc;»,w £ & v E(Scaar Quantizer)# i ‘FT%
WATHCT — BHCl e S8 1 A5 91 )L P A E (Threshold) 3 - ?é?‘
N W»\&x rz';,% FRE BN L RBIRRE o

i
et E\

R

B F# A & : MVC #3354 & (Residual) i i i e 4 5% & 4 (DCT) {4 =
& 4 & % (Frequency Domain) £ -+ 2 F4 4] s 5 ~+ 5 7 % i @ Transform
Coding> & ¥ & Z ¥ 3 (Spatial Domain) @ i& {7 317 & 4f R 450 Residua s
E% o

FEHHHMI6X16 5 H A L ERFERRB DB E BRAIFR B2
Rt 2RI FR E 0 H 5 T #iA3k 7 B (Mode Determination
Prediction) » % 1 % b % ic#-2 #2548 Entropy Coder » 12 & 4 e 34 &
Hpeo A IFER BIERS 5 AN N 39:/ (B 76) > — Ak RR: ﬂﬁzﬁ-w E IR
HE 30 AR R o BT IORIERIER B 0 BT R L)
Residual £ % | MSE» &% i /rfi RS R R S R
oS i SR TR A 2 S

2o AT HHEETHEECFELFHARS ST IFRAE B
N heT o

(7)

' |D otherwise.

{M, if D, ~M|<TH;;
D:
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HY D 2R - BAERE M i Rs2 Rl THy 5 @
KAz ¥ o F ik RA B Wl S EL | S TP e
~;%nggﬁgw;m&@wwﬂmﬁﬁﬁwﬁﬁw?a“’
B 020 AVC # eh QP R0 THyAR o B2 AR T 14 4o iR B B2 R 45
L E S MERRBIL S

‘g\
*ﬂ Tl
>E\~ N

-\

PR 2RI P EERECF o 208 d 0 L&
Residual % & (B 76)°Residual % & £ -k T = ;W44 5 - A g, & U (F
BE, =8 ER)N V8 Resdud F o ~ 35 2B+ % 2o 2R
77(Q) - %m\ ek Fha-ERF - B ,ﬂhmé\ %) (isolated segment) » 4§
77(@)7 (33 1)4 E o pfha B F F AR M XA g4 k2
%¢$P%%ﬁ’ﬂ&%4ﬁ%ﬁﬁ§ﬁaaﬁﬁﬁﬁmbﬁ,@7nm
= EEEDESE o & E isolated segment 52 ¥ 3 Ia‘:&"l@ﬂﬁﬂ: v ey F@
3l FE R R xga‘?—i B s > % 1 Segmentation £d Table5 % % #
Segment Coding Mode > 12 & — # *5 KT E o
Mode Determination
) A
AEHE

4 Original 3x3 Blocks S1sls Residual

B76. Residual @ % B-RIFRFALEPIFE L FH LR GG ot d 29
Fe BB A B Fw o) s 6x6 TH 3k 5 20

A

“41,3)

e == T == T -
== =T

(a) (b)
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®77. (a) Line-based residual segmentation; (b) removal of isolated segments. 2
v EFIBEESO0L 145" F /ixF "Resdual Signals -

Table.5. ﬁﬁ‘[ segment coding mode fi* coding rule -

Segment Coding Mode Coding Rule
0 All the segment parameters are the same.
1 Only depth values are the same.
2 Otherwise.

P AT AERE

AIE P KRy FAREARNIMIEBMVCO)ZL T KM E LA AR A
nIEEA o BE P MHP 2 APl ¥ 3% & 3-D Vldeo/Graphlcs R -0
o A s CICH+# 454 Power PC 22 3 i 3 S AT R 3* # iR 1 2
MVC 2/ e & & = 42;% & (Libraries) - ¥ #-12 back-door Java native
interface 253\ 4% 48 97 7 5% 2. JavaAPI #f e o

FHPE T 2 Java g2 F 3K ¢ (Java Processor Design
for Embedded Systems)

AFIEP P AR AT SR O S SRR R - B R AT T
P Javaki B A APRend BE8e 1T ERE

(1) = & £ # Java 7 object-oriented 77:F 3 4F M o K IR 2 g A oh
Java 2 B e o f8 5 BN Java iR T Rt i bk AT ﬁi
H IR AR SR AT D B R TG B
RIEAVGLE o L E A Y o Java BB E 0§ L
dynamic classloading 4] o 2\ i o (TenJava kel B 0 Bl & 5

e

T b
—
ﬁﬂ
AN

(D OS i & i o % F 420 5 Java RS > FLEHF -
BITE ss (dolinux) w3 ehe AP AR F e hlavafl FHRBEFF
Ful 2 FETR AT o f Java F ki ke HA - T[H&';f" I Ao T
TR NITE K ALF 13 & interrupt service routines s 2 q}b? DR SEN

%,

i e Java <+ S8 .,vuﬁ_ﬂ:_grr- °
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(2% Bh’lﬁfp AR L o i §_ik Bt platform-based design & R i&
7 % 32L& 3 o Javatiw £ B reusable IP - i% i on-chip bus protocol f=#
T IP (4 RISC 7w ~ #h3Rze i@ #1 % ~ /O i ) B - 8228k A F
TP { 4% * IBM CoreConnect cr1bus > e 2% i % i - B if 4 7 buswrapper
% & % JavaCorelP> Pt v g b B3 E ¢ T 5 (4w AMBA) -

@# i g Al F 375 Java kL BRIk Y LR
S8 def T B R Bl A B Ay o b4edf fechinstruction folding 5
+] T B kR0 stack operations (i ® ~ T gk * - B Ag < ehregister file kg
T Java Stack Cache > 14 g > stack data dependency ~ =t & 4| * 37k Java
Object Cache % 4ci# object data accesses iif /& o gk K- BE AR 7 13 &
i RAEFHF PART EFFHTFASPRF c AP TR REFL
A BRAAPTE AR KRG AL i od A PR D PR FTR BRIV S
#7714 Bk ¢ double-issue 77 stack machine architecture ~ flexible Java heap
memory location ~ method area controller design for dynamic class loading and
caching °

(4) R pRT > HF2aa & CYM-JT mjiﬂzr#ya T o 3
AP RS NR TR Java k2R 0 R TR X|I|nx ML-507
T 5 RTERER DS R o ok F R E LA mﬁ_;‘ s & g JT
i iv e 130 > (4ofidf f2en method call structure) @ % i e Java a2 %
B g AZAE CYM-JIT e » 7 340 % J_H % &7 control loop =% method call
structure, CVM-JIT R] ¢ L i7enfi- o B FMa 3 > A PR a2 B4
RGE £ S s

Java % e

Bl 78 E_A R 3t en R R s ch Java kSRR 1#5%] 1 ¢ JavaCore
R 2 Ed AP AERITE Y DATEF P @ ka8 E In
240 @ 79 #7 o RISC ¥ 4 JavaCore Al e & &> - B 135§
shared memory - ¥ — i 7] 8% % interrupt-driven < mailbox fi-ie o & ¥ A
£ };F’:}é\ Java i 3 i m 2 )Lm#‘w% mailbox & . > @ e INI 4p
oo B R B REEE % Javato-C ehwed v e e @ 3E 0
overthead > 2 i » ¥ - > & > @1?4:& inter-processor v v > F] L Ap ¥t
P » ¢ i d1#® o communication cost o
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Java SoC

Java Core
Bytecode Dynamic symbol Java
execution engine resolution logic stack
Fast
Java heap
interrupt IPC (mailbox) Method area Method
RISC Core module controller area

DDR-DRAM

(Java heap, I I I system bus
cross-reference tales,

and J| External memory 110 On-chip memory
class runtime images) controller controller controller
‘ ‘ ;
CF card
(Java system & < System software Java dynamic
application classes) for RISC core resolution tables

— ¢

W78 & TR Java i@ FH#

RISC Core Java Core

| Initializes Java core memory |

b

Loads Java boot class
into method area
’, Executes an

l application class

,
y
K .
| Activates Java core }

User invokes an
application?

Receives a
service request?

User requests
shutdown?

shutdown™ s

Processes
service request

Sends shutdown signal to RISC |

B 79. Java i YLErds AR o

Java %o e gk Hdc ] 80 w0 AR 1 - B four-stage pipeline
architecture- # ¢ - trandate stage ¢ = Javabytecode ## = 3 7 & chjicdp 4 -
d 3 Java dp 4 AR R T #eh o 50 2 I B &g b instruction bytes % 3% i
translate stage - decode stage 74 £ R AR T — B4R e instruction
buffer & g o
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Java

bytecode <

counter branch info.
Translate Stage . Fetch Stage Decode Stage Execute Stage
u-code
pointers Fetch controll iona
bytecodes I — g signals Double-issue
1 R Bytecode - H-codes | Doublelissie | g datapath
classifier Microcode ROM “| microcode decoder
| g IPC Two-level Java stack
IPC request request (with interleaving
Hazard detector Operand buffer contrgller il dual-port RAMs)
operand operand
? info values ? ?

stall |

:I Pipeline stall controller I:

®)80. Java Microarchitecture -

Instruction buffer

instruction buffer £ & 5 48bits> 4~ 5 3 i# buffer cell » & 16bits- p «18_%
%] & Javabytecode - variable length instruction » 12 I ** it % & % instruction %
Rop] o s E R 5 48bits @ F] 5 Lk 4t i doubleissue frri— B ocel 58 B
instruction & o 1 * pt x|+ i 17 instruction buffer 7= # 4§ i operand buffer i * -
buffer controller ## i cycle ¢ j¥_method area » #<P~ 16bit 7 bytecode 4 { #7
buffer » ¥ ® 12 cell 3 ¥ = shift & i buffer (B 81) -

P

method area

Lot <L
bus 2 bu2 I bufl

B 81. Instruction buffer controller.

Trandate stage

SR ELFi o NP A TR - 2 ISA 3L {7 Javabytecode o T -4
17 Java bytecode % ik 4 #f = simple~ complex~operand = #& - ~ %4 Java bytecode
fhig 4 FRE- $t- ik o AL = simpleinstruction = -> 384 g 4 (ex:
invoke) il #& 4 = code sequence #¢ ¥ £ 2 5 complex instruction- %+  instruction
te o e BcP|fE2 % operand -

Trandate stage iz % f§ H > & 7 ¥ 4% Fetch stage 72 5L % iE 2
instruction buffer p A i3 bytecode - i #-# map | ISA - Simpleinstruction # #
map = ISA - % % complex instruction #| ¢ map = u-code address - Fetch stage i
195 1t address#f 11 - if 8 9 & 8 4F ehinstruction pair- Operand 72~ * §_d decode
stage £7 execute stage &k ;= d instruction buffer p B~ 1 o sr 3@ 25 ¥ 2 % HE
Operand > iz ¥_Translate stage & /# #iz 1 bytecode 4% trandate z- # {8 & { % 3
Ao %72 Operand » ¢ 4 map - @ 3| Fetchstage 4 7 &4 42 28787 5
Operand » & &R £ 1% 2 ©

instruction buffer crfz3§ = 3% - 4-§] 82 77+ » 3 trandate bufl only ~ trandate
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buf2 only 12 % trangdlate [upper bufl & lower buf2] - Tranglate stage P #-p* i 3 = =
73 16-bit instruction package ™ 2 g B F 31 pass ¥| Fetch stage °

buf3 buf2 bufl

e En
‘—’

B]82. Trandation form.

Fetch stage

Fetch stage sh1 171 & & @i 2 & & 44 {7 «hd £ % decodestage » ™ % 432
+] Trandate stage 7 instruction buffer f#: = ;% - j&_Trandate stage pass if * e
16bits instruction package /2 2 4p B 731 ¢ (5 d 2| $riB4E A 47 % (S instruction & &
*> simple ~ complex ~ operand ¥&— #& > f i&- % $|%7E_F % ordinary case - ] 83
#or 9 #73 ordinary case > winfAfiRT F F 40 operand 3% 5 nop o riﬁé‘; wE
pass 3| Decode stage- & 7 complex instruction- | Fetch stage i& » complex mode-
¥ % separatedcase § B ATH AJT o H - RAcB 8447w - A RF A EAfE o F A
& Simpleinstruction 4 # hazard p# & instruction package 3% # & operand £r z 3
complex instruction -

1% | 2" | Output instr.

Instr. | Instr. | combination

S |s | 1%nstr. + 2 nstr.
S 0 1%Instr. + nop

O |S nop + 2"Instr.

@] @) nop + nop.

C O complex mode

O C

®183. Theordinary cases.

1% | 2" | Output instr.
Instr. | Instr. | combination

Current Next
S S 1¥nstr. + | 2"nstr. +
S C nop 3"Instr.
C S complex | 2™instr. +
C C mode 3Instr.

®84. The separated cases.
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HEJT N4 Jower 8bits(2™Instr.) B2 T — & 8bitsbytecode & & & #7¢h
instruction package - # t¢ Translate i& » £ =t :& » Fetchstage- @ upper 8bits(~ ;IA
_1%Instr) % % simple s _p|#fe— % nop 14 pass 3] Decode stage % #_7 '
operand =7 complex instruction » B Fetch stage & » complex mode - Fetch stage 7
7 i mode » complex mode §- normal mode - % ¥ _norma mode > % 1%Instr. %
complex instruction & 18Instr. % operand @ 2™Instr. . % complex instruction €&
complex mode- #* B ¢ i% }* instruction *4 # ¢ operand #ic % stall jpc {= instruction
buffer - st e it 8_% 7 &t = & $ %73 ehoperand 3# | instruction buffer #73& 3+ o »
¥] % E_complex » #711 pass i k ¢ data ¥_u-code address - 4§ {4 ] % ¢t address j¥_
instruction code sequence ROM #2 2 ! instruction pair % decode stage > & 7
sequence % & o 7B rJLF 17 VR EE #&2 # 4] Trandate stage = instruction
buffer 22§ = ;% o 7R= faf: > N e & k4 & 4p £ 8bits> P KT F § 2" nstr.,
22 — i 8bitsbytecode it & > 1 iE F| delay »x % o

Decode stage

ipi Stager i g wx B cycle JEF BT RF PG Bip 4 R TEG o 4o
%ixA B4 ¥ o2 pF double-issue decodestage R ¢ A # i % < control signal
%3 % double-issuedatapath > & B > % = B4p £ ¢4 buffer A2k > @ % - By
£ plg e NOP 454 — dedt 7 -

Execution stage
% 7 i 7] double-issue = p 10 2 A execution stage s datapath # * 7 -

® two-level stack architecture > # e # 4 = ;gie PR Py RAFREL ARY G
Bt o % - B level chstack .4 = & register A, B, C#7 = > @ % = i level
enstack P2 d & B interleaving &0 dual-port memory ‘e = o K A& Y (T
LOAD-LOAD-ALU-STORE % =  bytecodeinstructions » #.if i =% B cycles
¥ datapath 3% 2 4- @] 85 #7757 o &% — i cycle ¥ » second level stack
# & read ports == B writeports ¢ =B - 1232 %  local variables g push
7] top of stacks (first-level registers)® > @ %% = # cyclep> A {vB ¢ = 5 ALU
1 input> @ ¥ ALU soutput ¢ 8+ loca variables 1 4= top-of-stack registers
wif § o update
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Interleaving dual-port RAM

banks as 2nd-level Java stack ~ r-s-------q Interleaving dual-port RAM
—_— 1-stlevel banks as 2nd-level Java stack
Java stack —
[ Toddenties T Nl — 1 -
:--éJen-éﬁt-n-e-s": | | I odd entries 1 | 1-st level 1
spespr2l -"gv'gn'aaﬁiys'“. - 1Java stack!
i

i
i

i

| =
E operand #4

i
I
I
' i
1
——®| local vari#n
local var #n+1|!
i

a) Parallel execution of Load-Load instructions. b) Parallel execution of ALU-Store instructions.

W185. Double-issue datapath # &) o

£ Ty ihJava 2 § FH e £ 45

Flh APkt Java mdl BG4 0 5 AU A K e T § AP
£ JavaCore & supF i & 0% 4~ 3% Javas B 5 3 * 0 CeffeineMark i
3 Benchmark & ¥ JavaCore aszat 22 CVM 2 CVM-JIT st g > e §_F] 5 i@
* benchmark i#{;#57 £ § Application o * # 5 2§ § & 31 r » 4T A i
& 17 caffeinemark cndp £ 4 % > 7 By fES T % g benchmark £F 5 & 4
Moo AP e el A & 4% p (Javaruntime system: characterization an
architectural implications) » 4 47.% % 4] 86 » & 4748 W] 4o B] 87 #7177 -

Field accesses
1.48% Stack

5.13%

Field accesses
Stack
26.67% Local variable
accesses
35.19%

ALU, 1.48%

Local variable
accesses
43.54%

LOGIC
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Stack
4.94%

Field

aCCEesses
10.56%

Branch
23.12%

Memory

accesses
10.20%

1] 86.

Local variable
accesses
40.84%

Field accesses

i gak 5.69%

ALU
18.09%

Branch
15.58%
accesses

52.20%

Field accesses
16.01%

Method
invocation
16.07%

ALU
9.53%

Branch
12.90%

Local variable
accesses
35.64%

Local variable

Method
invocation
5.63%

METHOD

% CaffeineMark # i Javabytecode 3 £ & -

Bytecode Description Examples
classification
Local variable transfer data between local variables | iload_1,
accesses and stack astore 0
Array accesses loads or store datafrom array (heap) | iaload, iastore
Field accesses loads or store datafrom field (heap) | getfield,
(dynamic resolution) putfield
Stack allows for push or pop datainto the iconst_1, pop
stack
ALU arithmetic or logic instruction iadd, iinc
Method invocation | method call (dynamic resolution) invokevirtual
Branches condition branch or jump, and return | Ifne, goto,
Return
Invoke RISC store service ID in aregister and new, ldc
service generate an interrupt

®87. Classification of bytecodes.
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CIHE L AR AR w&pﬁ JavaCore ~ CVM ~ 3 CVM-JIT & 7 p|z& o
¥15 CVM fr CVM-JIT &4 7P > 7 datacache {- instruction cache» @ 3\ i &5
JavaCore i X3 datacache> F]p* - 3\ i* - JavaCore =1 heap space *< & on-chip

BRAM } > /EJ?#.&‘%%-&FT] 88 #7171 o

B JavaCore
CVM
[ -
( Scor e) CVM-aT

B 88. Caffeine Mark Scorefor JavaCore, CVM, and CVM-JIT.

2 o> Loop RIzEF 5 A H o B2 Fl¥ CVM-JIT ¥ il 565 i
oA REntE 7 o ¥ b Method iR R LA H i el ¢ e
FHENE Y Tt CYMAT Pl v B HEPREARE - 50 %E
i fip] just in time compiler shis ] > g#&recursvefunctlon cal & B 2 loop
# 17 e Machine Code » i& @ i 1 i functioncall pFerff it ¢ RE 1172 o T
I G0 TR PR T - P {3 input i keS  enfe st 17 JIT & compile
Ffimiz - impr g g d &9 &2 B F < B4 7 <9 machine code & ¥ B

functioncal =ni7 3 » 2 % 4rB 89 #ror » * § B i Javamethod invocation
A iR g4 CVM-JT

(ms)
4000 T 3408
2043

3000
2000
1000 643

) =

CVM-JIT CVM JavaCore

B 89. Cyclic method invocation benchmarks.
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¥ ek JavaCore 2 di 7 String eoipl s pr2cic 2 2 %] 5 B & Javastring <5
operations £ i7" % > % IPC »&+1 RISCcore % it {7 &L » Fpt § (%% b
overhead £_i= ¢ inter-process communication o

BT gL S (Xilink MLB07) > - £ Z B BFE T;Mit Java
heap > R 43 FE X H & CoreConnect % »2 PLB Bus + c7BRAM 2 ¢t » :B 3
DDR2 =7 external memory > 12 2 Vi g 7R3 > B Fad B T| JavaCore p $R e
BRAM - 4% 24 i 3 heap space 5 %% .7 2o B8 % Bl > 1 308 07 38 4 Heap
Space 3 P~ B|:# 18 7| F %1% 1 PLB Bus 3 2 BRAM & over head ¥ 7~8cycles(\%
5 4o B] 90) s Pk {8 i * eheap space & + #+ i = A JavaCore p #R7BRAM
T Bm i d PLB BUS #1733 B~ BRAM -

emory DDR2 BRAM BRAM
Time (thru PLB) | (direct wires)
Cycles 18.87 8.39 1

®90. Memory access time from within Java logic.

B 9L R~ 477 F Ay Javaheap 7 Bt 7 F eic a8 Py > ¥ Caffeine

Mark »zic engi 8 o

B DDR2
B BRAM (thru PLB)
(score) BRAM (direct wires)
1000 906
827
800 76
600 579
377 410 24
400 P 1
18
] 10707
“ il 5
0 | N N
S
@XQ?\ OQQ 0‘\(’ (\oy «\(\
23 v Qé 2}

B 91. Caffeine Mark with Java heap allocated from different memory space.

Dynamic Class L oading % #| erd% st & 4%

¥t dynamic classloading sz 3% 5 SV i A 5 5 B384 > - B 5 parsing =
PR (B b class ~ - 3 M) ¥ - B % classloading =P fF (32 runtime image =
<ol M) AP i 20 3 e class < 0] 1 2 parse % soruntimeimage * |
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# dynamic classloading F #7F (hpE R > A 472 % 4@ 92 2 B 93 #roT o

RunTimeImage | 500 1000 2000 4000
Size (byte)

Class size (byte

1000 3766
2000 3783 6739
4000 3760 7350 13160
8000 4937 7700 14836 26518
®92. Classloadingtime.
Run Time Image | 500 1000 2000 4000
Size (byte)
Class size (byte)
1000 8214
2000 8782 8271
4000 14664 10631 83894
8000 36042 31013 17466 8639

®93. Class parsing time.

3 AP E 2 = classvs. runtimeimage size 4p ¥ i % & dynamic class loading
W P 2 18 > A F T k- 3] - & application e class File £_5%
e PR EE P D EF A KT IF L AP A4 T JavaCore p #8 s-imethod
areasn* o] > p AP L T N E R * AP PC AR A e Parser 4 4 17 2ME en
System Class File » 2 *t2*+iz4t class¥? Runtimeimage s~ ] R iv 5 v & » 247
5 drE 94 -

Item Class | Runtimeimage
Size(byte)

0-1000 | 62.3 % 86.7 %
1000 - 2000 | 18.4 % 8.2%
2000-3000| 51% 31%
3000-4000| 6.1% 1.0%
4000 — 500 | 2.0% 0.0%

5000 — 6000 | 3.1% 0.0%
6000 — 7000 | 2.0% 0.0%
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7000 - 8000 | 0.0% 0.0%

8000 - 9000 | 0.0% 1.0%

>10000 | 1.0% 0.0%

B 94. J2ME system classes and run time image size statistics (aver age class size:
1366 bytes, aver age runtime image size: 509 bytes).

fo 2V i a2k 3t 8 3% method area d 32 #. 2KB 7 BRAM #1% = o

Double-issue #3z s 4 5

d 3Pk 3t o JavaCore 4% * 7 double-issue 2 1 0 Flt A P ET

% -4+ JavaCore £ {7 doubleissue 3 {71 54 47 » kL% double-issue 73k
?L{?’ﬁ FFLad o bied > %0 CafeineMark dhgfzst 2 > s 5l

B3 E piafe kT AT A B 32d . CaffeineMark 4l anplid i 4o
ERA R R F AT 2Rk R i%} double issue %t »x i % s »
% 4oB 95 Ao o drdk JavaAzit §utE L 4 g double-issue mf;F, Ll
vE P 38% 0 A EAcE Al s A chfest o 1y 7 3] 10%:hdg 4
double-issued = o 3¢ i g 3R] A0 B R kit 3 double~issue v %
Fl e BEEEEANE A D

B Seve
Loop
B Logc
H Method
BP
60.00%
50.00%
40.00%
30.00%
20.00%
10.00% -
0.00%

doubleissue  non doubleissue nop op

B 95. Percentage of double-issuefor different Java programs.
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