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Abstract

In this paper, we present a multi-media processor which can decode multiple-format video standards. The designed
processor is evaluated with optimized MPEG-2, MPEG-4, and AVS (Audio video standard). There are two approaches for
developing of real-time video decoders. First, hardware-based system is much superior to a processor-based one in
execution time. However, it takes long time to implement and modify hardware systems. On the contrary, the
software-based video codecs can be easily implemented and flexible, however, their performance is not so good for
real-time applications. In this paper, in order to exploit benefits related to two approaches, we designed a processor called
ASIP(Application specific instruction-set processor) for video decoding. In our work, we extracted eight common modules
from various video decoders, and added several multimedia instructions to the processor. The developed processor for
video decoders is evaluated with the Synopsys platform simulator and a FPGA board. In our experiment, we can achieve

about 37% time saving in total decoding time.
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Fig. 2. MPEG-2 scanning order.

ot @AE FAAM FH WF] T v g N
HHes 9¥ FAlshe HAo2 §Ae] & wEF

A WA 238 2l

MPEG-4% 7|&¢] MPEG-¥t) 2. ¥&d tig 819
S E X gon, uYEE L53E st AT
Hlen, Fo 92 2 Folg TVeA F2 Ag8Y
B nsse g3 AR JleEa: a8 58 F¥S
A% 1/4 34 AEEE 72+ 339 24 B Zdg,
FEe 2718 Yol 3 HE7X YT = 9
¥ UMV (Unrestricted motion vector)5¢] Ak&-o] 3t}

AVSE F3odA A Azd HYe/ere BFo
ZA A AHEET e P S vge =299
H264/AVCS} A1 A% e Z2e Aoz 484 o
A AVSE H264/AVC 2o} Addog e 2y

g Zon, 7|9 ¥y E¥FH ¢ Bis} w
& Adss 29Eg B30 Hasy/AVCS ga
A NEHoZ 39l 3E f o= 2 34 7 9
& AHESla 22 3719 Aestd ot Jd MEe
A& 3 7E dlE AolE 4-tap DEIE 0] 8319
BHE ez, ol5 B3] H264/AVCY 6-tap TH
o Bls) ERx=E FHoh

al
=

o ow

2

=
=

2. HI|R HEQ AZEYH L =0 8

Ytz oz WYL EFEL AZEJolr T
fAlME GPP % DSP9}F Z2& Z2AME olggi}
GPP9 % &2 29 & 2w ZaAA AHA9
EARAA7 £4 oJFgAolMo] ohd R olm Yt

49 tse AFAA AN FL A5E e Ao
7l AR, 1% W BEHE 93 27149 9

& A YA Ytk &3 DSP dAE A5 A )
&8 HHolY Algo] sMEdtx, SIMD(Single
instruction multiple data) & ol g g7t 715

ASIPE 0|88 CHE dlC|2 22817 44 4 AH3

(118)

I

3@ §Ho 371} o FoiA

E587)oA AHgHA]

s e wEe
A7lE AR HYe
%ozt g3l BHolo AHEE YA E 718
Q BHo] Zge] Mook gt & B, £ %
& AR st A gk 4R T HE 248t
=Y AHEE 4 e F#%(Clipping) 4ol st
Arry, F29 dig 48] H8ME mn BH
of(dE & 5 AL vt WHo)Y max BH
o (9 3 T HHzgke wEste WH)Y At
S8 of3tet

L=k s=golz dAse 39 weE 4
7 He Ay pu)Fe] FHe ek AR, 27 )
WA vgo] Ea, 54 EHd s H Y]
w ol AAEAT §EA0] B BEE e
3 F1EQ A)Fol 8FHE old g FAAE B
& Azte] 2agt

ey ol d ZAYES 4

szgoyrnt 7l1e9 %
o} 71wk 7lzo] FH
g B dAFEe] o
H264/AVCE 91§ ASIP Z2AXE stz HH 3
e =3 Yo R3] ad ¥ spx] WEo
Z71go e HYe B33l A%E FFANF. 3
QA4 Agtate WHel 39 H264/AVC
¥3etd g BF YL ES|dAE
THOoZ AMEE7] PETE Bl Utk

o
e
- AR

N1A
e o

B

[0

sy
I

ol

T=20.
XTI

off

L
p

)

o

=2
=

k=3
=

II. Agksh= 88 25 Tx9 ASIP H|H<2
523p| 44

1. B8 7X9 2E3 4A

MPEG-1/2%¢ H9 H264/AVCe ©| 27|71 1|
te 34 5 3H Y o5 9 34 T oS, HE o
Frrst aElm 7hE ol H33kE 39 459 HF
& PHAA gt 27 viE @A vde ZEES
s g 7S AFsAT HYe B587]e] 7
B F2E 74 7l%d g3 E55E FRs9 v
TFoME 715d REE ¥3d B33

= =

RE3 AAE Y39

MPEG-2, MPEG-4, AVS 5331718 19 3% 2o

ded



201191 18 MX-Zes =2X M 48 U CIE H 1 2 119

FAetE St 27k v FY FEuith B3
IPRED
2 ¥ Aolx Qout FEHOE VLDIQ HE)
‘ 4 e Regd WE2EYolT £HL B35 Jurt
VLD JQ ™ IbCr RECON [ DEBLOCK MEM_RECON e ] e P o
A" Wegoty i Zo] B3d AFEI B
84% Z7 Wy v AAsA @t IPRED
I Bl g W BES F W 45 REF uRoR 95 258 4
a2 3 Hoksls mE 2= 4|0 Esiy|e 2= sl ZEolth IPRED RE9 982 VLDIQ &
ctolof a3y 28E 253d g9 U] dF 2= 2 FH E5Y K
Fig. 3. The blpck diagram of the proposed common 9 BrBoly, FHE FW ZE2g wgoz Y
block video decoder. = L2o|t}. IDCT BES o o]it A48 Wae &
71 RER FEET 7% B8R 28 ¢ PokE REEA VLDIQ REAN AR @ Ae
HYe B3537)0AM 2zt 259 EALE 44 2AT % 9dEe va, o olit 4 ¥idd AR dNs &
F 9ot BAx 2428 nt)e BEslre A Al o o] od WA MPEG-29 MPEG-4%
slof Aagslofol & B4 gxov, vt Baayld  AA2FH PHoR AW AVSAME AF
gg B Ed. 7% BEY BgE Bye B dugon THH0gt MEMMC EEL 39 B
AT ¥ 28 UF s=go] TP golaA 3 el A8 EAQ MEE AAYsta, o &9 WH
=t} 2 o]&3aly] Fx L YoA o= YA s|Fets
2 =R E "o B33V 89 J)5E 2 A58 WEe 2R 550 MEM.MC 2&5¢ 94¥
52 2UAY00, 24t BES 0w e 4ge £ Oo2E dF 49 ¥y % A4 859 meh glo
el 1A, VLD IQ BE& 7P Zo) B33t ¢ o o, 2402 F oF A AFs= sAFEIT
E 2 =8 "™ 2lAE
Table 2. The list of common instruction.
o] AEDY g5 A S5 A8 BE
5 32H|E AGE dEto AgkS 2BE A FA AT
I max ckf ;X} |E A4E it} & 5 A% | 7} HA 2E VLD.IO
F RHE AFE Yol & F ARHE IWNE A HALE
Imin Imin_ckf :12} 1E & ¢ I & F A |E A3 gA&EH VLDIO
48 A ~Ee B(M ignificant bit)5F-E] A& =+ 09 74
& oz okt 218 H X 28 9] MSB(Most significant bit)¥-€ HE 09 AF VLD 1O
& 2% gA2gdA A%
WU E ASE o A= 2ol A P E A} X
b labs, ckf F 324] ] H o} Zre] Adgh | 7 A YLD IO
}\E-]oﬂ ;qx]—
8H|E AL 42 J5 PHE 9= S ko) xpe) A S
labs_4 labs_4_ckf | e 74 |& A= 274 dHeeh A e MC, VLD_IQ

PN E A GA2EA AA

) . WHolg A Ase AQgy A4l F 2YE Ae9h HE3h= 324
Iclip Ichip_ckf £ A% SUE @Ml 2o ANS VLD_IQ, IDCT
237} e QHIE A4 42 FAE RUE = 271E §Yite
smul_4 smul_ 4 ckf | 7t 3t 8l N TAE S E H= 2hE el MC, VID_IQ

S 79 B9 S okl e AT AL A%
5501 9= e 3% U= 7d RIE 9 18 990
4 T MC, VLD I
umul il e de) e gre ool e A3 AX2E A VIDIQ
=37 19 A% NSBE VoI B4aaL a7t 03 A% LSB .
bext Paddi
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leadingZeroBits = -1;
for(b = 0; 'b; leadingZeroBits++)
b = read_bits(1);

a8l 4 ¢z A
Fig. 4. iz operation

smul_4-<dst>, <srols, <sre2d

31 23 15 7 8

srcl [ a8 l al I a2 | &3, l
3% 23 15 7 o

srel l be l bl l b2 | b3 I
3% 23 15 7 8

dst | (a@xb)+(alxbl)+(a2xb2)s+(a3xb3) I

agl 5 smul 4 EEA
Fig. 5. smul_4 instruction.
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bext <dsty, <flag>, <src>

31 23 15 7 @
aw 1 [ [ e |

31 23 15 7 8
sSrC I a& ] al ] a2 l a3 I

) N7

dst [ a0 I

31 23 15 7 @
flag l l ( j Ax00 [

a8 6. bext WO
Fig. 6. bext instruction.
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HE EAlslFE 988 ¢} o] ¥3dv F2 2y
del A F9E AT 9 st gAE FH Fga
2 BAbsteE AMS-Eh 01 2 32
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& AR EFda vE 7} 1 391 8rlES]
£ 0% A5 3k BHE g 4w %A}‘ﬁiﬂr.
add_clip 4 3ol NBERZ AFAFH 3= 419
SHIE dlol¥ 1748t 32MER A Ho] = 2749 16
HIE dolf 2718 olgala} 168|E o]y ¢} 8uE
Hole] & 04 & F29 3is 33 o] 3
Fole RECON REA 54 94-¢ AT

HE o g3 168 E 42 4438 9
Qe TS AAHAA ARE AY FE 7
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VEE JEDS (Intnnsm)oi TENAT. JEdA
9}\
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add_clipd <dst>, <srci>, <src2>, <sre3d>

31 23 15 7 e
srel I ad ‘ al L
31 23 15 7 ]
src2 [ a2 } a3 }
31 23 15 7

=1
b3 |

31 23 is 7 8
dst {dip(a&ba)lclip(a1+b1)]clip(a2+b2)[c11p{aa+rﬁ}

src3 ( be I bl $ b2 l

8l 7. add_clipd WEO
Fig. 7. add_clip4 instruction.
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#32 A2¥y(Loop unrolling)eltt FZ 9% (Loop
switching)¥ #& Wz 3% A5 734
o npAAg ANt BVEE AAToEN HH
o7} mojZeloloj Mo ~F (Stal)e HAis AFH
T3, F2A A 2 A MFe] AME Fola %%
23 Wry 9 A4FE AAGe FREQA FH3E
15-3ATh

T3 b Ygod ulEdolE
Table 3. Bitrate for each sequence.
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(kbit/s)

Miss America IPPP 300
Deadline IPPP 600
Foreman IPPP 900
Paris IPPP 1200
Coastguard IPPP 2300
Tempete IPPP 2600
Funfair 1PPP 3400
Mobile [PPP 3600
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TUAF 71F R W2 AAETE oz, gHE
St 992 s4% HY e EFS] SHo= g% 7
& =g Eol7] $iste] SIMD FelZ HlolE]
AZSEE BEs AYS AP dE 29,
Hl stad shie] RHE A4y TAHE AHE3tA o
RHE JIe G2, T2 F3 $EE
B 5 gAeH ol E HAolM £7)89 $x 7
adhe ZAE 4S5 Y3
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V. 4% 2 % £

2 =89 H4¥% 989, MPEG-2, MPEG4 %
AVS Mo md s FPsgon, Bas Ay Ade
A% A MEAEY PAHL EF R33E A1 83}
Aok Ao A A4S CIF (352x280)F 94 871
2, 7 vt gEdR QP W97t dEy) fid 4%
A% v EFo|E(Bitrate)2 7183t APl AHg
H 9449 vEHoEE ¥ 33 Zvh. GOP(Group of
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A AR vy n&% E33E A FHo-Al
(Instruction-set)e] F7IHG o, 2789 &2 & JkA
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AEHAT RHE @9 FHolx HEgzoz Hy)
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Zzke) MR E 7HAE FRolth VLIW-2i Z2A4
PF(Pre-fetch),  FE(Fetch),  DC(Decode),
EX(Execute), MEM (Memory), WB (Write back)¢] 6
DA R 450913, GPR(General purpose register)<
16719k 22t 1709l ZR(Zero register), SPR(Stack
pointer register) $ FPR(Frame pointer register)7} ¥
grelo] 9Jrt.

O 82 ASIPE A€ VLIW-2i Z2Ax9 F13
FAEZ o]Fo7 ASIP FHAEY EE dojojaygs
UEdch ASIP E9%2 dirz HEEH(Memory
controlle) & ol-83t9] Z2ad/dgojy wing
(Program/data memory)9t ZZAA ko] dHlolg] w3k
£ Y3, 9% v 2e](External memory)$}t o E
WELE H2ABus)E FIHAT 7HEES AAE ¢
0. AN = 512MBY JRHEEE AHE3td DPB
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o dlolEl & A= A

B =59 492 A3 A wg AuAz Ur
o AFAL Wgd v o Az 74 vre
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Edlole] 2E3 WA C-#d HH3 2 Fyo| 5
7F @AY AlelE ZAaHlEE e ¥ 5~79
A% Ang A¥rd, MPEG-29 7% C-d4d #x3g
ok 243198 o 87 FAol diste] PFE 8% Aol
& 24 Ui, C-d9 HA s AL P o
-AE 271819E AS 51%E Alo]E ZAE Yehfe]
N EBF F P B2 A% &L U
MPEG-4%& C-#d H#H3e AL39S o 2% A
olg 7AE vpehllo] MPEG-21 AVSdl H]ated Abr]
Aoz & C-4d HAs} 0|7 A1, C-dE
H3lol] Wol-Ag FI189 & A¢ 3% Ale]E 3
A5 Yeligith AVSY 3¢ C-dd A goA 9%
o Ato)F Zastyln, AQke HH-ME FIhENE

3% 31%9] Atolg Hag YehiT.

Program/Data Memory

External
{Frame)
Memory

a8 Hokst ASIP 7igt ZeiEe 28 clojoj1y
Fig. 8. The block diagram of the proposed ASIP-based
platform.
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Table 5. Running cycles of MPEG-2 for optimization A0 B
level. Table 8. Number of running cycle for each module of
A% oA N, ] N B MPEG-2 with the proposed added‘ instructions.
EER ARG gay |FEC AR 995 9A] =53 4% | 999 371 | 295
o (cycle) (cycle) (Cylee) njg ug (cycle) (cycle) r
Miss America| 43413300 3892639%| 18515880 57.3% VLDIQ 149,697,714 87571,449] 41.5%
Deadline | 44855097 40493,187| 19812,029| 56.8% IDCT 119,282,898 T2241.272)  394%
Foreman | 462188%| 42144190 21,007,753| 545% MEM_MC 9,035,766 9,035,766]  0.00%
Paris 47041836|  42,693537|  22,032.28%| 53.2% MC 13,116,013 7167385 60.4%
Coastguard | 47592,406| 47592406 25973283 49.2% RECON 89,344971 8,969,968 90.4%
Tempete | 51562666 47,398,366| 26,354,105 489% MEM_RECON 8,192,448 8135424|  0.70%
Funfair 53660,958| 49827725 28561,705| 46.8% TOTAL 393,669,810 192,721,264 51.0%
Mobile 55742457 51,808800] 30,464.221| 45.3% 9 o Zilo| ME MPEG4e SEE 49
E 6 HHs Fof 0B MPEG-42] 2 AlO|E Aol &
Table 6. Running cycles of MPEG-4 for optimization Table 9. Number of running cycle for each module of
level. MPEG-4 with the proposed added instructions.
H48 oAl C-#d i HAHs gA EEd 4 | "EHdo F7t | HA
REs 24 o o) F7H A A5 nE {cycle) {eycle) &
ay R AR B VIDIQ 2ATBI5!| 162846887 27.6%
Miss America| 41,239,270 30,432800| 26487,129| 35.8% IDCT 82,299,494 495%,048|  40.2%
Deadline 45585,194) 35,799,000 29,931,979! 34.3% MEM_MC 15,204,686 14,410493]  52%
Foreman | 46428530 36,119693| 30,339,420| 34.7% MC 23,269,829 1647260 29.2%
Paris 48699767 38,071,437 32,018297) 34.3% RECON 58,239,024 26564,935|  54.4%
Coastguard | 52,723,275 42980837\ 36,274,322| 31.2% MEM_RECON 6,947,424 5103648 265%
Tempete | 56265940 44,162,967 37,383,031] 33.6% TOTAL 411348608 274993655 33.1%
Funfair 57585824| 4739249%| 38576083 33.0% = sizo =7lo] TE AVSSl BEY 22 Ao|
Mobile 62,820799] 51,132,115) 43,983,389 30.0% =
E 7. AHEE £Zof M= AVSe EXF Al0|Z Table 10. Number of running cycle for each module of

Table 7. Running cycles of AVS for optimization level.

L Mogn mg) C lygot 24299
{eycle) Ao {cycley | vi&

3 {cycle)

Miss America| 63,259,833 57,392,730 40,458561| 36.09%
Deadline 72,192,618 66115072 48881,041| 32.8%
Foreman &B331L,183| 75,671,860| 55590,007| 35.2%

Paris 78918592 74,363812| 55,802,187| 29.3%
Coastguard | 91448863 86925569 66,859570] 29.1%
Terpete 101,885,098 88,792,341 68992,151| 32.3%
Funfair 101523944 93531092 72,428443| 28.7%
Mobile 111585644 99,356913| 78468365 29.7%

# 8~102 7} 2FY 7?‘5
HEA Fx 2ZEHY] B
g % gEo] F7F dAA 4

% 25 g% 2
s woAsh C-ald H7
2E9 Aol23 BE

(123)

AVS with the proposed added instructions.

HHg A EEg AL | BH F7b | AXE
nE {cycle) {cycle) )&
VLD_IQ 208,157,690 200223211  0.90%
IDCT 112,953,397 634725820 43.8%
IPRED 23,678,549 15508340 34.5%
MEM_MC 36,638,669 34,480,893 5.90%
MC 124,455,988 78179385 37.2%
RECON 99,451,331 13,410,144) 865%
MEM_DEBLOCK 101,880,541 74,206,265 21.2%
TOTAL 707,216,175 485,480,325| 31.4%
W A4 vg vERdTh
¥ 8~10= ’éﬂl B 37}X] EFA 7 8HoR
& HAs Ass yeds %

MPEG-2% A\/SM = 900/0521L
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Fig. 9. Complexity ratio of MPEG-2, MPEG-4, and AVS before/after optimization
422 el ol Aetet add clipd HEolg oy wge Bir)e BERE A AuET,
SIMD #elg £7]8 ZaA7a Wi HT 3FE VLDIQ %89 3% nE2EYE SUdAREH ¢l
29 & 9g7) BEo 2 olald SIMD e} smul 4 o= 99 g7 W= (File read overhead)$} &
HHolE ALt 27 CEYS £YPse MC B 712 Qg slojmglel A2 5 MM w2 ER

NME 7242 60.4% 292%, 372%9) AlolE A
g 39% & i+
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