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Abstract

Though a deblocking filter of H.264/AVC provides enhanced image quality by removing blocking artifact on block
boundary, the complex filtering operation on this process is a dominant factor of the whole decoding time. In this paper,
we designed an ASIP to accelerate deblocking filter operation with the proposed instruction set. We designed a processor
based on a MIPS structure with LISA, simulated a deblocking filter model, and compared the execution time on the
proposed instruction set. In addition, we generated HDL model of the processor through CoWare's Processor Designer and
synthesized with TSMC 0.25um CMOS cell library by Synopsys Design Compiler. As the result of the synthesis, the area
and delay time increased 75% and 3.2%, respectively. However, due to the proposed instruction set, total execution
performance is improved by 18.18% on average.

Keywords : ASIP, H.264/AVC, deblocking filter, LISA

I.M E AAY B9 45 B0 Adudstn o &

% Ee 4EER J Fase ngyez A

H264/AVC+:= JVT(Joint Video Team)7} 7]&9 < 3o, #dZ % DMB 5l *}%ELTL Rew, ¢X|
MPEG-4 3 H2631th Hold o1& A5g sia) At & TV R a3elelzba] 2 A8 HEHT o

3594 43 EEOT ¥ UBEF ANY Fdz a9 oW HBYAVCE B 4FEI 44
A9 94S AT dAl #5719 557 78l
CaaEd, 3N, A A HAT e BsiAls @] slem, Farldl X e et
(Department of Electrical and Electronic B 9 B33 ne ZAAo] Wolx|a EF 7|9 7HFo
Engineering, Yonsei University) ] = uEz) o 2] o) L Eoa ol
B2 ATE 9IRYNEAR FANRARNe,  oViv HEHA AEHY ERG 8y 5o A
RO1-2006-000-10156-0) X ¥ 2.2 a5 o IDEC Abdko] ZrlskE 9 E zta Qv 53 HEST ¥
(IC Design Education Center)el <}s] A g== B 23 gele A4akm ke Wz A2z 9ty
ek 2008L41é11% SASE D 200894924 B = == ° ¢ = Tle=

(282)



2008 53 MASEE =

Astar glo} 0|2 HAstaly| 93 UEY w4 2 &
49 WEe] T2 Fo| Bol d7H vk [3]2
EERH ¢ 2 34 g o5 2EHAA A
2 7 e &5 999 A= dHY £ME At

1 AT 7hsE A ZE GAAEHE o|FolA o]
B A9 2-XE SRAME o]€3t wmag Hzo|

W Aas =AoH, Mle ARY AEEE o, T
2 8 5 AAH diz] nE Y3 A5 A

d & Qe BHY 4B Ads

ol g3l vlzal Hze| tE EAZ
AdsEch £, Bl 85 9917 ohd 29l g9l
LY ¢S Aol B4 e A3Y AA2HY
A5g E90m, o A A4 F4% AX2HY
A7t B} G Z2AA Jlge] AxgeA 7
R ANES TS OIS 5 5 ses s

#8, HBW/AVCS A7 $52 Adsy] 94 2

15 7Has QuSel Bel AFHT Y, 57
AZTA AL $lal AHEATt AME Wo) Az
dolel  WAE Aol AgSE  ZzANQ

ASIP(Application Specific Instruction-set Processor)
59 0% ZzAN 870 naHa U oY@

el
=
Z:
1.
o

ol 23] E =EdME HESH BHE 7H&53t
HEol AE Alctstar, o 7HA| opF|EA e <
o] o ZAJUHE H 23 AZTEYGY AW E 2
HDL =& AAo] 7}s3t LISA(Language for

Instruction-Set Architecture)E& 3] ASIPS A A 31
I 2 AA 7]8ke] A]AEJIoﬂ A3+et [5]12 7Fo0 2 A<}
st o & e A 01] T:Hﬁl RNt kAR

Oﬂ M LISAE
27 2y

o

...,_.—-

ZZANE Akehs 12 ﬂ%zﬂ o-rslr 3
A ke A3 A4 27 HDLE
Aste] WA @ =7} =y
Astoz ARANE 4Y BHE

t:

1I.

1. LISAZ 0|8t 7

iI
[ o 1 —_—

EMAM EA

I >~
[

==X
i

(283)

M4 HCIHEIZ 143

LISAE op7|83 9 FHARE e 7|zl 75
s Al2"l HF HAd BE F Al gigh Ao
7hsgk AoJE=A thdg ZAA g HH
of A& 7T F = qe Zﬂ%lﬁ‘}“ﬂ =
4% ol zelel TANE 4 megd &
itk o] 3 LISAE Z2AAM A4 (resource)ﬁr &2
(operation)®] F 7}A 842 FAHEH resources
YA 2, Wiy 9 golzeiel T3 22 AYE A
3 AR E ey, operatione FEHe] 3, HH o
Aol A 4 glo|y F& 54 Aerh B wa’*ﬁ}
d9y, AAEY, FA, A EHCH € A T &
Edo] AL 2 g BAdo] 7HesiH, %%?—éﬁi%
g %"é 7158 HDL 258 AAE ¢ ot i
l/ﬂ LISAZ o] &3t AAR 7|E Z2AA
S5t dolZeEgl A|AERIe®  o]FofR
4 ZTEAMZ 29 19 2 +2E YRS
A A st 4o AHEH HA &
B9 WA A ‘”301 3 A
g dAME |iE A8t
Art w2 —;f‘*ﬁ:g 74] toh 2 w2 GA A
Uﬂl%j-ﬂi-‘?*‘ﬂ dolHE AU wEEd dHolgE

A HH, 715 QAN dite] Adh vl
e A AEH JuolEa, w3t 73 =2
= 32%bit ALUS shifter, 2831 32x32bit MACE

o]

FIO 10

=
=7

e

o)

4
_Q. }\-]_L_

=
Ad

_U.

i‘%‘—f

?
, A
Ak

7|& Z2MAel & mlo| =2}l A[AH
5-stage pipeline of basic processor.

extens:on

add sub

A8

not, and, or “oEEEE—— S __:::::::::::::_::_:_:_::::::::::::_:::::_:::::::::::::_:_::5:::5_5_;;5 :g%ol ,9! :l%
nor, Xor  branch, jmp, set ¥ b multiply, mac
load, store shlﬁ rotate
a2 2. J|1E ZZ2AMAMe HEN M AS A=

Fig. 2. Hierarchy of instruction set for basic processor.



144 H.264/AVC #Z&

=2 L=5

E3sir, 128kbyted] W@ ol Wzl R oy w2
2 7Y LISAE Alg 7&4 Rdgor 559

et a7l golstH, ol& olfd] HAY & T2
Aol gEol Al 2F gk AlST2E 29 24 Y
EPfiSlth Hedole] Ao wet 6718 2Fos2 A

sgov], B2y BEE M) da B =R
A bt ‘%101 A2 A W] of(extension) 1§
gel=o] ASIPS FAsHA dd

2. H=57Z EHY EHHE A

H264/AVCe HEST e 53 JAdM o &
I L °—E‘. %EMI 4] 3 %%91 AAAA EAEE

=~

AR Y, ool 3 BAwe 4
= A g 3¢ 54 9

rEoro

=) ul o S
L oo

-

=
o

& A <1> ~(5)e
q0~q3¢l #E ¢
2Elg A4S Sdstn BegE AR 3 v
ULE‘MI ARsA B Ao 2

o oy e gl HIZE AN o]Fo|AH,

T2AN Jwe] AzeeA 44T 43 BE o )
) ROIZ kol B¥ED Wefs) HANLE X
ANI1E 3 adel M2 e qEEy BElD
o] AN S5 B MEA QBE 4 2

& ol7t 8 qEh

a2
o | 8
=y
AR
T8 A 2
T2 BA =3
o}
| =
p3{p2 [p1 | p0 190 ] ql | q2| g3 -
o | B
4% 289 YYg SEE R YIE =l d
m | a
o | E
a7 3. dAHHe o2 fixgt "HAES
Fig. 3. Pixels on both side of block boundary.

Y LEE

(284)

Jt&st| 5t ASIP A

(1)
(2)

(p1+((g1 +q0+p0) € 1) +¢q2+4) > 3
(2+q0+ql+p0+2)> 2

((3+¢2) €1)+q2+gl+¢0+p0+4) >3 (3)
(4)
(5)

(gl € 1)+q0+p1+2) > 2

(@+p0+1)>1

3. Miotst= HFHO Al
Al (D~ UF HZES] QEF FZE ANE
2yzy FAT WA Ao R upgto] Aylsta 7hzte
HAS a8 e h7tx|9o gapdlo g vehdH 4 B
Aoz A @ We A (DE, 283 4 O
3)2 A Q) Xd € 4 dod o= Hd 270, 470
o g/ Ao 3t ¥ HTE Fole A 2E
& o = 9l
at+b+1
5 (6)
at+b+ct+d+2 7)
4
a+b+ctd+etftgthta 9
o)
wpela] o] & 7hEE] YA E WAl A4k A &
TE = davt e, 71E Z2AA A X Y3
Ao~ B9 Al &9 HE TR |(carry save
adder)= A9A A glo] oy 7l AAS & Mo ¢

Abstel IEE A KSR o A A v 23y
MIPS 7]¥te] 7158 ZEAAME F 719 22 AL
vhS IR B2 $lop 2 A WE R Attt A
£317] M e WA Hd 87he] A HolHE F Y
o] 22 YA AHA E& dart e, €4 dolH
o] B4t 4zke) A dolHE 8hite] A7E MR
2 39hite] A7E HAE A2 R 2HA s HUl 47)
o] A dlolHE B& + A doh wepd B =79
e o3y iy g4 dlolglE shube] gl LEd Eo
H#o]el gthrhot gthrwE Al¢tsty I A4S

L
T

Y 49 JeEPIAE. 29 494 B 5 R0, gthl’hg}
gthrws 747} 8bit -2 16bit I71E Ze + 79 &

A~ AAAHE 2o} E3 PR 2E O] 16bit FL& 32bit
A7zl & A wHojol &, 4749 A=



20084 53 ®X}

Ok
Jou

AAHAAE ) 22 HAAE 2 12

. N L. . 7

SH HAAH (rd)

[gthrh rd, rsl, rs2]

SN HAAH 1 (rs1) S HRAH 2 (rs2)

[ 2 [ 5%

-'577—“. | RliH (1)
[gthrw rd, rs1, rs2]

agl 4. gthrh 2F gthrw & 0of
Fig. 4. gthrh and gthrw instructions.

A HAAE 1 asl)  4AAHARNAE 2 @s2)

124 oo T
7 TTTT T
—— " Wallace tree (CSA) .~

1
l—’ > —QZ
| 3

[ravr(a) rd, rsl, rs2] : : . a
54 AALH (vd)

a2 5. ravr?, ravrid 2 ravrg &2 o

Fig. 5. ravr2, ravr4, and ravr8 instructions.

v Y TS e doe gthrh7t ARS8

el AAE zZhe vhEd HiEE ehe ol gthrh

o gthrw7l 25 A8 e A7l 249 U7
712 wo= o) Aol B QA Hut

He] AA FGAAH
EE T, BHY 9
T3t7] &) ravr?, ravrd 18]I ravr8
a3l 1 5ol WrERISI T
BEo] Holl 25 A= ZV—T Bl
24 o ]ELJ 7H

=3

o
2
2

1 =
el F4 HolHE 1

Zt} 51*}\0}6]' OOM 255-‘4 ak
& 7EAH. ol 8hite] AVIE AT B =T

AotslE othrxet ravixs= o] H 8 R4 dgo|ge] B4

L
& o] &3 Ao Shite] AVE 2tE EHZ A
O]H% ot Eﬂxl_/_"_EiOﬂ Bo3l o]g 1:}}\] EEJ;G oz

A4l dolelE A
At} gthrx®}t ravrxE o]

¥ 6o HERY o™,
gthrws o] &35to] A2 HAAHS rs13 rs29

.
E_'T

Rl —”F%E‘ 04’*4 g A&

"‘l_.

M—a}oa Shite] 2712 2= g2e =
:'
o]

=
=

2l ==X X 45 @ Cl B

(285)

H 33 145
p3 | p2 | pl | pO )
/%/%%% b
4 ax elzl*el l(rsl) N elzl*ei 2(1.'92) :
[ b it 1
/ Wallace tree (CSA) /
> ravr
'—» >3
{
%%1 alZli:‘:EH;-d) s
[@’2 =(p0 + g0 + gl + 3Xg2 + 2Xq3 +4) > 3]
a2l 6. gthrx2F ravixE 0|28 EE{Zle] of
Fig. 6. a filtering example using gthrx and ravrx.
T 1. Heolstks HEo A
Table 1. proposed instruction set.
Haol |54 473
ravr2 |+ 71¢ &bit gl gk whEE Hot 38
ravrd [ 709 &bit T theh ¥kEE Ht 53
ravrs 021 7hel 8bit ol st ¥red Hd 58
gthrh |7 719 8bit & o|&3t 16hit T& A
gthrw |l 7}¢} 8bit & o] &3t 32bit T8 A
absdiffb |+ 71¢] &bit T—J 2kold digk Ak 438
absdifth |7 7§€] 16bit =&} Apojo it Aigt 43
min_|F A9 ol Bt e g A%
max |+ ¢ gl 2o & %S A%
2O ravr8E o]&3ste] A HAAHSU rddl A7t
= AAS veEbdY. gthrx$} ravrx ol 2 =X+
ZF7}2 min, max, absdiff ¢ WHAE A|¢kstt} o
= 7h7h % el Adgh Adgh 29T A oY

gts 75t7] s WEOEA DSP ZEA|AMA &
HHFAA T MIPS 7|9te] 7| ZEAX A&
= gEolzM B =RA F3#sl= ASIP
%7 9HE& 7t&8t A a7k A

o R okato] LERRSITH

o,
rir

LISAE ©]&3) Aletet= o
A ALFgo.

k=l 701] e 3113}

o
4
2
[

fr o p>

2
Ogl;l‘,

o2
o ¢

101] ch gt
[5]¢]

g Hrelr) 9l
HEEd 2



146 H.264/AVC BZ=2Q| C|E2F

GROUP func ={ rawr2 || ravrd || raw8 |] athrh || ghtrw || max || min || absdiffb || absdiffh };
CODING { Ob 110000 rd r51 rs2 GbO00O00O0 func }
SYNTAX { func ~" " rd "," 151 "," 152 }

OFERATION ext_ex POLL IN pipe.EX {
BEHAVIOR {
uint8 ext_func;
uint32 ext_tmp;
switch (ext_func) {
case EXT_RAVR2 :
exttmp = ( (ext_in1 & O0x0C0000ff) + {ext_in2 & 0x000000ff) +1 ) >> 1;
ext_ott = ext_tmp & Ox0Q0000ff;
break;
case EXT_RAVR4 :
ext_tmp ={ {ext_in1 & 0x000000ff) + ({ext_int & QxOADOFFOD) >> 8)
+ (ext_in2 & OxO00000ff) + ({ext_inZ & OxQOOOFfO0) >> &Y + 21 >> 2
extout = ext_tmp & Ox0OCO0Off;
brealc
case EXT_RAVRS :
ext_tmp = { (ext_in1 & OxD00000ff) + ((ext_in1 & OxCOOOFFOQ) >> 8)
+ ((ext_in1 & 0xQOff0000) >> 16) + ((ext_in1 & OxfFOO0Q0GC) > > 24)
+ (ext_in2 & Ox000Q000ff) + ((ext_in2 & OxOQO0Ff0O) >> 8)
+ ((ext_in2 & 0x00ff0000) >> 16) + ((ext_n2 & OxffOC0000) >> 24) + 4 ) >> 3;
ext..out = ext_tmp & Ox 000000,
break;
?UT,wbv = ext_out;
}
}

% 7. LISAE ol &8t Hlotst=
Fig. 7. LISA model for proposed instruction set.
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