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% 38 % 19 Qi olulx Awl FAAA FAsE oA A e ushs wAwelT
= 39 xS, oA A AR (130)% oA TYR(I0)E B onAE vlm ] Al FaF7e] 4%
s BgelA, olnlAE Bae] ojnlx AMER RAF F AHS Fol B5e) o)A 4F ARNEL ANY



[0069]

[0070]

[0072]

[0073]

[0075]

[0076]

[0078]

[0079]

[0080]

[0081]

[0082]
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T (A §310). olm A A2l FA(130)= HEE AF(230)E Sl Hgo] ojvA ¢bF e A=
ol PRl WMAE O AASte] MR A2 FAEter Wad 5 Ju(E 5330)
LT 4e = 1ol e olvA A A elA ARRSE 4 Holao A T e o]l 9% ZHel vy 1iE

EEED ER-EE S RS

T 45 Hxstd, Zdd w3 (frame buffer)”7t obd TIE|A & (partition group) We] mla= EF(macro

=9 F2% "F(mapping) 7] W2l T4 HolEe] AR #te €4 4 . mox 0 HFEE T
oA o] A zF e 2Fe] A7IE m o+ 1600 aigstar AEA 5 = AP (ceiling)(n/viAE 559
=o)L AbgSte] A& 4 vk BEH 2F 9] 16 ¢ 16 AR B2 Zo] 1 HE9] ¢4F E= folH
(Compressed Block Data, CBD)E ¢4=d t}2 ald FJE|A 2F AZ FhoA x5 oz A" 4 Art. o
71914, 8 15 W 45E EF9 Fi4E T4 HeolE(address table)ol A= 4 o).

9

A FEAE 25 dlolE e} WL AfE 45 =5 dolEE dushs oA =olt.

55 Fxshd, olmA Al AA(130)= 22H(2-D) "jA2 &5 dHolHE tHste] 1ak(1-D) (BDE W
T vk olm Al AP AR (130)= FHEA 2Fo] A HA viaz &5 dolHE e T4 Al Fi
3 A CBDE H5e 4= Slvh. E9k, oujx] A2l AA(130)= WA wja= &5 dlolEel thsl CBD
2 A 4= g}, olwx] A A (130)+= CBDE 01%— o8 AFgomH
o ATk TS, oM A] AHE FX|(130)= CBDE A3t &<t (BDoll theh dHY
SRS Eet=, }—0‘0}7‘” 0}7] %’4311 ZF dlolg o] A& f1AE A =

ki
[@]]
gls
=
t
)

o 3k

rr

HU 2o ki
o3
Tt
>>I

ki

2 1920 X 1080 & HD s = o|u|x]9 F=4& ¥ ¢ HAAAE HYsl= E=do|g,

65 Fxstd, olwA Ay AFA(130)°lA] e 25 WHe BDE the7] wiel
CBD z7te] F4% 15 HIEZ} HQashH x HE E 4 HEd 3T 4 ArH(1H (a). @
A, F 8,100 7He] wiAE EF gEo] gl F HD oH*JE olmz]e] AL oF 16KBL F4 ElolE A% F3ko]
s ook, AdAoR, omx A FXA(130)= HL& ZYde] RE CBDo ¥o A
2Z dgel=d Fad 23KB AF T of 68%E =Y EAE}. T 6914, F4 HolEY A E x FE9
ojm| A L HE o HletAw y Hike] o]uA] 4= g 5 (2" (b)), wEhA,
T2 ol gl ek A7 &8 A nlES oW A] Ff 4=l w}ﬂ}

u ol
o2
1,
= T
N
B>
£
ofd

&R

i
3
lo
e
uf
ol
1o
°

) Aol whe ol A A AN T2E AWes AdEet

= 7% gES, olvA A AA30E olvA 2Y(210)%h Hwe QAAR(230F EFT 3L, oln]
A #QPH(210)= Video decoder, Compressor % DecompressorZ ¥3+ale] t3d 4= glom, H
(230)= Write Cache % Read CacheE F3tslo] 73" 4= ).

Video decodert Z#:Y WZ (frame buffer)E "lZ=Z EZF(macro block) = WX A43 4 Qi o
o] A vz =5 dlolHE ¢lo] ZHld HHAR &V 4E FIE 4 k. Compressor+= Video
decoder 25-E] 4413k w32 5E do]E(original block data)E UF3FY 4% EF dylolE(compressed
block data)E AT 4 I Write Cacheol A|FE 4= AUt}. Decompressor= Read CacheZF-E A3k b=
5= folEE Hdste] vz 5 HolHE Video decodere] A&d 4= T}

Write Cache:™ Compressor 25-E 4413+ ¢t&F B do|HE 7|2E BAE IHFS AAStY] Bl2E 2§ 99
2 w2 A (burst write)d 4 Art. olwf WAE 94 FRE F4 Ho|E(address table)d X442
2T}, Read Cachei= Video decoder’} w2 EF dlo]E(original block data)E WHOR ¢+ H5 T4 H
olEo] AHHgH X AHAHE 7|2E HAE IF H¥Z dHeolHE ¢S (burst read) 4 13l Decompressor ol A
45 EE dolHE AT & Ut

Write Cache ¥ Read cachet memory bus access &&= =0]7] Yl dWEE e deolHE HAE M2 5
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[0093]

[0094]

[0095]
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fin)

ATt ol& A Write Cacher &5F EF dolHE HAE & W92 s7)slal o] WX el burst write
& 4 ok, T3, Write Cached] W& YE(double) FZZ FdHE 4 7] wiZol WA burst writed
Aol 8% 4 AT, Read Caches WZAE i @9® A E‘r"](cache line)& 78418 4= 9lar, 7HA] €<l
of A7F dolHE AL & vk, Wk JfA] BRlE AAE W 2E HHYE f& delHE 7P S,
Read Cache:= Agd Azte] =Mtz A 2els Al 4= dub. Read Cache: o|v]x]¢] A 24 (color
component) W& ZHHE A gels 7FE = Q).

%= 794, original block data: &3} 97 AL F3) EH H+& address®= 7 2k ©AdE ¢ vk AA
2, original block data®] address?l XY+ HIo|EHE 4F3 & address XY'Z ¥WAE & v}, A=, W
E &9 549 compressed block datags 373} address XY'7} address XY''2 WA=

XY''= burst group address(BG address)®} compressed block address(CB address)®] o2 Rd=E 4 9u.
o371 A, BG addresst= wlEEloll A% burst group data®] F4ol s|EE 4 i, (B address= HEE 1
5 CtollA Z+ compressed block data2] Xl st 4= ). XY'olA XY'' o2 ujFo] dFH A$ w3 A

e F4 "HolEdd AdE 5 At

% 82 % 1) 9 oA A FHAA AR WAE g TR dgsts A melt,

T 88 Fxsd, oA Ay AA(130)v 4F EF HoHE 7|22 HEE I8 AT F AT HiE
IS 45 ES doHEY JAFoEA 5H Ao xUE FI FAHE ¢ Jduh. HEE 59 deole
compressed macro block data®l H 7]¢l 1 byteEZ AFA F Y, HAE 159 WHE&S compressed

block datas W n7/ivkE X33 4 Qo).

q7lo A, MF ne AEFE| vl S7FE 4 AT compressed block data® FHE3IHA FolE & U},
oAl A F2(130)= dlolHE AEE wf wW=e] ¢7] M=(read bus)® &S F°]7] A3HA compressed
block data’} B]Z=E 289 ZAA(boundary)S 9A K== g £ o}, =, on|A] A A (130)= BEE
aEo A4 1st compressed block dataZ 1st byteo] BET = r}d. w3 olmx] g #X(130)E F4 H 9]
5o A TS =0]7] 98] (B address= bit address”’} o} byte addressoll F&EE 4 v}, wabA, A
A compressed block datav jHA byteol AHd + AT}

= 9= & Lo = ovA A ZAAM MAE d5s WA shs s AWk drE=olt.

% 9% Fashu, olulx Ael FH(130)E loxd FeE dolEHE ¢EST B dEHEol 29 S 89 =

dolelg WaE aFez A F Aok Z+ BF delEe 3, 1.51, 3, 1.5, 2, 2, 2 & 29 }HE
ok
H

(Compression Ratio, CR)E 712 4 Ut}. olg|dt ZAdA WAE T1F& 16x16 macro block data®l Hit
S o]l 128 byte AolE 7H 4 Ak, olmA M FXA(130)+ 8709 original block datag 128 byte 4
ol FF st 37l HAE I8 AAEE 4 ).

53], olm =] A A (130)= HEE I A A 399 oy AEE& 38 4 vk, = 9914, 3
HA compressed block datai= HFe]E 77| (byte boundary)®t F3 (crossing)¥”7] W&ol th3 Hlo]E(next
byte)ol AE=E 4 i, Ul WA} A WA compressed block datar= W2=E 1& ZAl(burst group
boundary) ¢} S35 7] wZel thd WMEE 2759 A HA nlo]Eo] JHd Q.

T 102 & Iy o AAde mE olnA] A FXA o] E3E Write Cached AWt 7@ =0t

T 108 #Fzxskd, oAl A FX(130)% Write Cached XFFate] 7= 4 Uil Write Cached] T72E &=
109] #= ™9 23l address aligner®] Al 732+ &= 109 5 293 25 5 v = 109 #5 19
oA, AddrAligner+= XY®} bit lengthE ©]&3|4 switch BGSF Z}% addressE2 Al4lste] E component & 2
tlolEl $XE Ao 4= Y}, Shifteri= compressed block dataZ (B addressWhE HAZE(shift)d 4 9t
Selector0< switch BG7} &4 3}(enable) =¥ compressed block datas A3} BG bufferd wWHE 4 T},
Select1 valid BG7} 72171 BG datas BG address7} 7F2l7]+= wlEElol burst write® 4 AT},

% 109 = 1¥oA, ByteAligneri= XYE byte address®} bit addresso @ #2]& 4= ). Bit address #t
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[0096]

[0098]

[0099]

[0101]

[0102]

[0104]

[0106]
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o wel byte address?} & byte aligned address?} EAY 1 Z713F kel byte aligned address7t 2 4
2lt}. Byte aligned address®= B|2E IF 37 992 242 4 A (split). A$ address= BG addressZ
TFaled AFEE 9= 9ol 319 addressi (B addressZ et AHEE 4= Q.

Tk switch BG7} &4 3H(enable)d 7%~ (B addressi= clear® il BG addresst= 19+8 Z71e 4= ldh. switch
BGi= current compressed block data® next BGell =%k uw] sdste 4= 9lt}. &, Byte aligned address<t
byte aligned lengthE T3k Zko] WAE 28 Zo|el | byteRtt =W @A3=" 4 v}, byte aligned
lengthi= byte aligned address®} vF71A] WO R bit lengthE WlolE AH3le] AA4E 4= 9},

>

o

11 Eg e A AAlee uhE ojwA] A FA ] AbgdtE T4

it
)

o $E AYss mhold,

N

T 11S Fxsd, olmA 2 & (130)+ BG dol7l 128 nlolEQ A% XY'E XY''® Wad .
Zol7} 35 H]ES] HE FA(bit address)ol] sl@3la, XY':E 35'h7_0123_4567°]™ XY'e] Hlo]|E AHH
(byte-aligned address)i= 32'hE014_68ADol| 3l@da 4= lth. switch BG7} H]&AdH(disable)H ™ H}oE
F20 A 25 HIEE BG F4(25'h1C0_48D1)l alw® 4 gla Hlo]E AY FA9 39 7 HEE (B
(7'h2D)ell sl 4= Qltk. 7)ol A, HIE FA& XY” = 35'h7_0123_45680 @ 4= T}, switch BGZF 24
3l(enable) ¥|¥ BG 4+ 7]& BG 45 1% F7HA €& 4 (5, 25'h100_48D2), (B F4+ 002

718t 4 Qo). whEbA] XY7 & 35'h7.0123_.4800¢] E 4 vk, Tk XY'7} vlolE FA(byte address)d

HpolE A™ Fao] wgk ALk Au™ S 9lar, switch BGoll ¥3F F4 ARt who] dE S gl

4>
=)
o
=

N ot AN

]11 |

n,
onl

= o12e B Ewe) A AAdol & owlA] A2l Ao EIE Read CachedE AW dh= 7id =olt).

T 128 =S, olmA A X (130)% Read Cache® XEF3te] 3 4= 9lil, Read Cache® 7% =
129} 25 4 Atk & 12914, Splittert XY address® BG address®} (B address® #-&3 4 I}, Shifter
i BG data°l*] CB address”} 7}2]7]% compressed block datas A€ldte] 43 4= glt}. Selector0E W o
o] BGnAddr fieldE <°l4 BG address& Zt& <+ i, F HT e BG datas A < S}, Match
component+= BGnAddr fieldE°l BG address7} $12%, BG address9] dlo]el& wlRg o] 84T = v}, Read
Storage componenti= BGAddr¥} BG data® 4% WHAEZE F4= 4 v}, Read storage™ color component
HE 247 f9d ¢ i, d@E My dE(entry)® AR BHE F AUtk Selectorl #REEolA $olE<]
BG datas e+ ==RI(round robin) #Aoll whe}k Read Storage ol EAst= W¥E 740 & Q.

AZAAE B agl AR AAE Fxste]l AESHAAT, AF & Robel SuE FYAE e §
5 gl wslel ZAE W owwel b % Jomue olub g Wel Weld B 3we tel £4
% OABAR F AeS AT £ e Aol

2z 4

1000 ofujx] A ] AJ=E)

110: AREAF g 1300 olm x| A A
150: ©lo]EHlo] 2

2100 oW x] YR 230 w]ie] AR

250: Aloj 5

_13_



=y
EH]
100
Jf110
Agrt gz [ —
EH2
130
210
oz 2ge ]
|-230
LRI
|-250
Rojs o
EH3

o[D|x|& B2 ale] K1 F2EZ0| MBS
0|, 0[0|R|§ =40| O[0|X| HHEZ Eu
3 U%E 56 S50 ojojx| U5 FHES 44

130
olojx| x2|
BX|

|

g

150
Gj| O Ef Hf| O] &

—

$310
s

S330
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k1
(N2
N

n pixels =

m pixels
A

Macro
Block
(16 X 16)

1st
partition

Zst
partition

EWS

(n/16)*
partition

Original frame buffer base address

o) partition 1

6o} partition 2

e partition 3

e partition 4

partition 67
(@)

Compressed frame buffer base address

1920 x 1080
resolution image

E 1 53 ]

{E‘”W CBDs of the partition 1 group :

k : 3 ]
{r6:07 CBDs of the partition 2 group i

{B=67 — T =2 :

i CBDs of the partition 3 group !

(T — — '

' CBDs of the partition 4 group ;

:. ; 53 1
{FO6,0}

CBDs of the partition 67 group
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Ed6
x: 11 bits
i artition
1 e e
=
-
= 1920 x 1080
()
<15 bits>
{0,0} {1,0} {2,0} {3,0} {4,0} {5,0} {119,0}
{0,1} {1,1} {2,1} {3.1} {41} {51} {119,0}
{0,2} {1,2} {2,2} {3,2} {4,2} {52} {119,0}
{0,3} {1,3} {2,3} 8.3} {4,3} {5,3} {119,0}
{0,4} {1,4} {24} {34} {4,4} {5,4} {119,0}
{0,%6) {1 ;86) {2,%6) {3,%6} {4,;6} {5,%6} {1 1”5,0}
(b)
EH7
XY”
Proposed apchitecture
2 > Comp. x »| Write Cache >
Video : Memory
decoder |
< 4 Decomp. [« 4 Read Cache |« %

original block data
and XY

aata

Compressed block-data
and XY for Comp.
or XY" for Decomp.

A

proposed burst group data

-Average size of compressed macro block (/ Byte)

and BG address

..........

)

1 compressed block
data

7" CBD

_16_
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EH9

<€16x4Pp

1 [ 2 ]3] 4]5 7] 6] 7] 8| originalblock data
<—128B—p
| 1"BG | 2BG | 3"BG | 4"BG | BursGroup

1 : 3 4 5 6 7 8 Compressed block data

G CI PGPS PP 2P P> <2> Compression ratio

1 2 3 4 5 6' 7.8 Packed data in BG
<“—1"B6—p€—2"BG—Pp€¢—3"BG—Pp€—4"BG—)»

EH10
XY’ (bit address) bit length
|
------------------------ |
--------------- ByteAligner
"""""""""" split
XY’ = a3] [2:0 -
AddrAli = bit address ; .
bit length rAligner . g icadcress byte alighed length
]
xv"<—, 2 E > ¥
z +
g BG address . L — P
= {3 i o B’
I v
) o L[ BG buffer <L
i (MB size)
compressed S \
block data 12 burst write
."-.BG address CB address
WriteStorage =Tid BG
XY” (byte address) sWit(!h BG
EHII
X [31:0, 2:0] 35'h7_0123_4567
(bit address) e = =
i U [31:0] 32'hE014_68AD
address
switch BG enable 0 1
. A [31:0, 2:0] 35'h7_0123_4568 35'h7_0123_4800
(bit address) S = = = =
BG address [31:7] 25'h1C0_48D1 25'h1C0_48D2
CB address [6:0] 7'h2D 7'h00

_17_
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compressed
block data

XY” address
—

CB address

Splitter

Selector 0

|+ BGoAddr BGO data
- BG1Addr BG1 data
—— BG2Addr BG2 data -
|+ BG3Addr BG3 data g <
12
——I BGnAddr | BGn data I
Read Storage Y U -
order

burst read of BG data

Match

no

_18_
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