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[0070]

[0072]

[0073]

[0075]

[0076]

[0078]

[0079]

[0080]

[0081]

[0082]

[0083]
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w48 Fz3)

W, 2y W (frame buffer)”} obd 3}E]A & (partition group) el wlZE &5 (macro
block) E9] F4% v°d (mapping) 7] wiZell T4 Hol&9 AY IS £Y F . m* n AFEE /A=
olm|Al9] A9 ZF FElA 279 A7IE m o+ 169 st FEH IF v ™ (ceiling) (n/MAR EF9

Eo])& AMSEle] AtEE 4 Aok SEA a5 Ul 16 + 16 AR B52 do] 1 HES 45 EE HolH
(Compressed Block Data, CBD)E &% v sl IEH 15 A& FadA A8z 442 4 o, o
71l A, ZEA 5 WY 45E E59 Fav T4 HolE(address table)o A44d 4 Q).

& 5 vlxee = dd dEAdE 25 dolEsh Mol AFHE hF &5 volHE AWt dA=oltt.
= 58 F=x:shd, ojulA AP FA(130)+= 241 (2-D) Az =5 dHeolHE hEste] 141 (1-D) CBD= Wk

&g vk olm A Ae A (130)= JEAA 2] A WA viaR 5 dlolEE JEAd T4 AE FE
A A WA B 45T = vk BE, ojwA] AP AA(130)= yHA vz =5 dlelEel tha] CBD
2 gFste] v Fadd cabdoes Agd 5 dnk. olujx] AE AA(130)= (BDE 04-# o8 AgomH
WAE A7) 7hest=s & 4= vk, W3, ol x| Ae] FA(130)= CBDE A&k &<t CBDol e 9
NA =S kst skv] S8l 2 wlelE o] Al fiAE AFD 4 st

£ 1920 X 1080 & HD M= o|uAe] FA4A Fo U HAAAE HYsts =Ho|t,

T 68 #HxshH, oA A A (130) A4 #%ﬂ%—%* g2 IEA 25 e (BDE thF7] dol
7} CBD %7re] 4= 15 HEY ®Badiy x F¥E 11 4

it

_I

ki

B,y #EE 4 E AT 5 A (). @
B4, F 8,100 9 WIAR B FEol 9 F WD ABE ol)xel S oF 16KBS F2 Eloli A TRl
eg # Avh. ARHoR, o4 el FA(BOE DL AF I1e AY ZaAe RE B A A
2% gk Do 23KBY AF T of 686 2 F ATk % 6014, Fa Hlol e A x #HEe)
ofulA] S WE G wldsAR y el ojulx A WE ok Fud & AHIE (). web,
F2 ol 2ol ojet 3

A S gk A& oA Sguel met 274 & v,
%78 R 3gel 9 A e ol A g AN FEE MY

T 78 FxeH, ovA AE A (130)& olnA ZPH(210)¢F HRT AAF(230)F £ 5 AL, oln
A #PH(210)= Video decoder, Compressor % DecompressorZ ¥3+ste] 3= 4= glom H
(230)= Write Cache % Read CacheZ XE3¥Fslo] 731" 4= ).

Video decoder= Z#H Y WH (frame buffer)E wlZE2 EF(macro block) T2 wEeo] A3t 4 gla, o
e A" wmz EF dolHE ¢lo Zid R e 4L 9% 4 At Compressori= Video
decoder 25-B] 413 w2 EF dlo]E (original block data)E ¢%3te] 4% 5= oo E (compressed
block data)E AT 4 A3l Write Cacheell AlFF 4= AT}, Decompressori= Read CacheZHF-E] FAIgH o=
E5 dlolHE 935t Az £ dolHE Video decoderel] A3 4 ST},

Write Cachet= Compressor ZH-E| A% ¢+% EF fo|HE 7|22 HAE IFS A BAE &5 @Y
2 mmao] A (burst write)d 4= rh. oluw] WMAR 1A AR FA HolE(address table)o] AFH 4
21Tk, Read Cachei= Video decoder’} w2 &% do]H (original block data)E& WHOZE o1& A5 T4 H
olBo] AHHH x| ARE 722 H2E IF dYE HolHE ¢S (burst read) 4 23l Decompressor ol Al
4= 25 dHolHE AT 5 ATt

Write Cache ¥ Read cachet memory bus access &&<S =o|7] $3A vEe e HolHE HAE AT
Jtl. o]= ¢alA] Write Cachex ¢F E= floJHE HAE I8 W92 37 ea o] w2y o) burst write
3 4 k. Egh, Write Cache®] W#H= t]E(double) 7&2 FdE 4 A7) Wl %7 burst ertea
FAlol =8 4= At}. Read Caches W2E IF W92 70A] 2}l (cache line)S 7§48

of A" dolHE MAES 4 k. vk AA] Z1S AAE u ZE WU fFE
Read Cacher AHH A7+e &AMtz 744 2¢lS thAlEd 4= 9tl. Read Cache: ©]H]
component) W& =HE A @1& 7Hd F vt

% 794, original block datax =3 7 AAHS 3 EHQQE address®= F+ =}d W7
2, original block data®] address?l XY+ HI°JEHE ¢4E3 5 address XY'®Z ¥W4=
E 59 549 compressed block data® %3} address XY'7} address XY''Z W
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[0085]

[0086]

[0087]

[0089]

[0090]

[0091]

[0093]

[0094]

[0095]

[0096]

[0098]

[0099]
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XY''+E burst group address(BG address)®} compressed block address(CB address)®] o= Zd=E 4 Qitt.
o 7] A | BG addressi= wWlE 2ol #A&H burst group datad] F2ol d|FT 4= 9al, (B addressi= WEE 1
& <tollA 7} compressed block data®] Xl sided 4= k. XY'olA XY'' o2 wjgo] g5 ¥ A5 ujE A

uE F4 dolBe 48" 4 Ar.
£ 88 % 1o g olulA Ael FAelA AP MAE g ERE HYsE oA Eol,

% 82 FxHW, ol A FA1NE 4F BF HolHE xE WAE I1FS YT 5 Uk, WAE
IFS 45 B dolgEd d¥osd 54 F49 =W Fi P49 5 vk WAE g9 Yot

compressed macro block dataJ Hi 27190 1 byteZ2 2AGE 5 d, HEE 259 U8 compressed

o7l A, M ne AEFEo| AlaEsid S7FE 4= AA R compressed block data® BH3HEA FoE 4= .
oAl A 2 (130)+= dlolHE AEE wf w=e] ¢17] MX(read bus)o &5 =017 A3iA compressed
block data’} WEE 79 ZA (boundary) & HA ¥=F & 4 vk, =, olvA] A7 FA(130)+= HEE
Tl A 1st compressed block data® 1st bytedl FHI 4 Qu}d. Hgh, o]n]X] A g 217](130)5 T4 Heol
9 A FE E0]7] A8 (B addressE bit address”} obd byte addressell A& 4= o}, wpghA], md
A compressed block data® jHA byteel AHd 4 ST},

=9

s
ki

1ol Sli= olmA] A Aol WMAE dis st

rir

HBAE sl oA Zot),
T 9 Fzahd, ojulx] A FX(130)+ 16x4 FE 2 HlolEE 4Fst ¥
dolelE WAE aFo=r #f7Yd ¢ rvt. 24 EF dolgE 3, 1.51, 3
(Compression Ratio, CR)& 7}& 4= Qlt}. ol&ldk ZHA WAE IFS 16x16 macro block data®] H+ <
= o]l 128 byte dol& 7H 4 gvk. olmA] A2 FX(130)= 87H¢] original block dataE 128 byte 2
o2 A3t 3749 HEE OFS AT + ATt

53], olvx] A FX(130)= HEE 5 A4 FAolA 3He HelH AEE& 38 ¢ Atk = 994, 3
HA compressed block datat™ Wle]E A (byte boundary)®} 3% (crossing) = 7] wliol] tha Hlo]E(next
byte)oll AEE 4 i, v HA UF HA compressed block datat WAE IF ZA(burst group
boundary) ¢} 53 = 7| Uﬁl'froﬂ T HZEE 259 A WA vle]Ed Ad= 4 ).

&
=102 2 2o o AAjeol] wE ofu)A] A FA|el 3 Write Caches AW sl 7id=ot.

el
i

o
nﬁﬂl
o
rO
onl
o
o
=
1o,

= 108 #Hxshd, oux] A7 #AX(130)= Write CacheZ EF3le] 7349 4 AL, Write Cachefﬂ TZRE =
109] #5 193 23 address alignerd A F2E = 109 5 299 25 F dvh. = 109 5 19
ol A, AddrAligner:= XY} bit lengthZS o834 switch BG 7% addressES ZAl4Msle] B E component &9

dole] YxE A|oje 4= glv}. Shifter:= compressed block dataZ (B address®+E $ZE(shift)d 4 ¢t
Selector0& switch BG7} 43} (enable) =™ compressed block data® A &3t= BG bufferE wvl&E S v},
Select1& valid BG7} 7}e]71%= BG dataZ BG address7} 7} 7] wiRag o) burst writed 4 Utt.

= 109] §-= 7oA, ByteAligneri= XYE byte address®} bit addresso2 ¥&|8 4= Qlt}. Bit address #k
o] wa} byte address’} & byte aligned address’} HAY 1 F7FgH ko] byte aligned address’} 2 <
9Jt}l. Byte aligned addressi= WZ2E Zi 7] 992 #2]9 4 A(split). ¢ addresst BG address&
Toted AFEE 4 90al 319 addressi= (B addressE b=l A2 St

qkek switch BGZ7F &4 3t (enable)® 4% (B addressi= clear¥ 3l BG addressi= 19+ 571 4= Qlt}h. switch
+ current compressed block dataZE next BGoll 7 & ] &A4stE 4 t}. =, Byte aligned address<}
byte aligned lengthZ T3l Fho] WAE 2F Zojel 1 byteXvl I A3
length™ byte aligned address®} wFZF7FA] WH O 2 bit lengthE HlolE HHs}

o
=
-&ﬁ

% 1S 2 ougel o AAdd] e ovA Aul FAe] AHESE FAE e wAS dust mwolu,

T 118 FxsHA, olmA] HE X (130)= BG Aol7l 128 Hlo]EQ]l A9 XY'E XY''E W 4 9t XV'+=
Zol7} 35 HIERQl H|E FA(bit address)oll sl@stal, XY'is 35'h7_0123_4567°]™ XY'e] ®lolE HE F2
(byte-aligned address)¥ 32'hE014_68ADo| al@a 4 v}, switch BGZ} H]&Ad3H(disable) ¥ ™ Hlo]E A
FAa9 A9 25 HEE BG F2(25'h1C0_48D1) ol dFE 4 gla mlolE HE Fi9 319 7 HIEE (B Fa&
(7'h2D)ell P = Uk, 7oA, HIE F2 XY” = 35'h7_0123_4568°] a3 4= vk, switch BGZF &4

r!
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[0101]

[0102]

[0104]

[0106]

SS90l 10-2154580

3H(enable) ¥ BG Fav 71€ BG 45 18 T7MAA €& 4 Ja(F, 25'h100.48D2), (B F4v 002
718k8 4= dv}h. whEbA] XY = 35'h7_0123_48000] © 4= vk, wek XY'7}F Hlo]|E FA(byte address)¢l 7

HpolE A™ Fao] wgk AL AudE 5 9lar, switch BGell #gF 4 AXE vbo] =8| S i),

B

= 12e 2 Ege] A AAleel] wE oju)A] A Ao E3HE Read Caches AWsh= 7id:=oltt.

% 128 FxsW, olwA A FA(130) Read Cached EFate] &€ 4 9lal, Read Cached TX2E &
129} 25 4 Jdub. = 120014, Splittert XY addressZ BG address¢} (B address® #8]& 4= ¢lt}. Shifter
= BG data°lA (B address”’} 7}el7]+% compressed block dataZ A&lsloe] dd 4= 9t}d. Selector0 B Y
o] BGnAddr fieldE <°l4 BG address& 2t& < i, iF HTH e BG datas A= < S}, Match
component+= BGnAddr fieldE°l BG address7} $12%, BG address®] dlo]el& wRe o] 84 4 v}, Read
Storage componenti= BGAddr¥} BG data® ¥ WHAEZE F4= 4 Jv}. Read storage™ color component
Hz Zb7 felE 4 o, d9 My dEZ(entry)E AZ ©E F ATk, Selectorl wEZoA ¢lo]E<S]
BG dataE e+==RI(round robin) s£Alell W} Read Storage Well EAjst= W#E 7440e &= gk,

AN L oure] v Ae AAaE gxstel ABSUAW, AP 1% okl HUH YPAE A 5
3 Aol Mglel Z1AR W owgel A 2 Joonuy Weluhd e el Ul ¥ wwe ket 4
2 uRAd e olald & e ol

259 49

1000 om A A2 Al 2~8
1102 ARG e 130 oM A7) 4]

150: dlolE{Ho] 2

210: olmx] IYH 2301 H R AL
2500 Ao -
=9
EH]
100
110 130
e
150
Gl OfEf 0] &
N ——————————
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EH2
130
210
oox mze ]
230
gz ans |
250

Hojg |

[t
)
(VA

E
o

B0 o|O|x| QF

5310
= Ta

=
HAZ 128 M

=

5330
=ol P

By

n:)
IN

iz piXe|S
A
1
: 1st
Block partition
(16 x 16)
2st
partition
Z piXe|S .
(n/16)st
partition
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EHS

Original frame buffer base address

o) partition 1

6o} partition 2

e partition 3

{80 partition 4

(o0} partition 67
(@)

Compressed frame buffer base address

1920 x 1080
resolution image

{bor = | ok
r CBDs of the partition 1 group :
E l 2
{r6:07 CBDs of the partition 2 group i
{8203 T - =+
i CBDs of the partition 3 group !
| : %S
{:‘*O’UJ CBDs of the partition 4 group ;
{Ii 064,07 = S
' CBDs of the partition 67 group !
(b)
EH6
x: 11 bits
i partition
Voo
=<
-
= 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} 4.1} {51} {119,0}
{0,2} {1,2} {2,2} 8.2} 4,2} {52} {119,0}
{0,3} {1,3} {2,3} {3,3} 4,3} {5,3} {119,0}
{0,4} {14} {24} {3.4} {44} {54} {119,0}
(0,66} (1,66} (2,66} (3,66} {4,66) (5,66} {119,0}
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=97
XY”
Proposed apchitecture
2 > Comp. x »| Write Cache >
Video | |
decoder
< 4 Decomp. [« 4 Read Cache |« %
/ /
d

original block data

Memory

Compressed block-data
and XY for Comp.

proposed burst group data

and XY ;
or XY" for Decomp. and BG address

Er8

< -Average size of compressed macro block (/ Byte)
NN - I
1 compz{::ed block " CBD 4% CBD
EH9

€164P

1 [ 2 ]3] 4[5 6] 7] 8| oOriginalblock data
<«—1233—)

[ "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

56 7 8

Packed data in BG

<“—1"B6—p€—2"BG—Pp€¢—3"BG—Pp€—4"BG—)»

EH]I0

Xy”

5 .
AddrAligner
bit length ;.

switch BG

BG address ™

§
b}
°
@
8 oL BG buffer
i (MB size)
compressed I 3
block data 12 burst write
]
w1 - BG buffer of BG data
WriteStorage taTd BG

XY’ (bit address)
|

bit length

ByteAligner
split
3] [2:0

| bit address

byte aligned length

[+

byte address [
L.

CB address

—

> 1 byte

XY” (byte address)
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EHI11
i [31:0, 2:0] 35'h7_0123_4567
(bit address) e = =
eiyte alighed [31:0] 32'hE014_68AD
address
switch BG enable 0 1
A0 [31:0, 2:0] 35'h7 0123 4568 | 35'h7 01234800
(bit address) SR = = = =
BG address [31:7] 25'h1C0_48D1 25'h1C0_48D2
CB address [6:0] 7'h2D 7'h00
EHI12
|+ BGoAddr BGO data
- BG1Addr BG1 data
© [ BG2adar BG2 data —
compressed 5 - - 5
block data § |+ BG3Addr BG3 data §
] 3 3
S
% .
= ——I BGnAddr | BGn data !
S s
XY” address Solitt Read Storage Y Ut
> PAUEE order

BG address

Match

burst read of BG data

no

_17_
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