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Abstract

In this thesis, we present a software pipeline architecture to enhance performance of
H.264 decoder on multiprocessor platform. However, performance of multiprocessor
platform will be decreased easily due to the overhead of the software pipeline architecture
such as communication between successive stage, buffer transfer, problem of Hazard, and
computational load balance of the stages. This paper provides a method to reduce the
overhead of the software pipeline architecture by using a circual buffer and a DMA. The
design has been implemented and verified on a PAC Duo platform. Due to the constraint on
the number of DSP cores on the target platform, a two-stage software pipeline is used to
implement H.264. As a result, the performance of the two-stage software pipeline

architecture is 1.8 times higher on average comparing to conventional implementations.
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Tablel.Z PACDuo * & FeR¥ e 27 B W4E A7 b BUS I s fhil ¢

& 4t BUS %4

Memory Size Address On/Off SoC chip
AXI-SRAM 128KB 0x2100_0000~0x2101_FFFF On chip
AHB-SRAM 256KB 0x2000_0000~0x2003_FFFF On chip
AXI-SDRAM 128MB 0x3000_0000~0x37FF_FFFF Off chip
AHB-SDRAM 128MB 0x3800_0000~0x3FFF_FFFF Off chip
AHB-Flash 128MB 0x1000_0000~Ox1FFF FFFF Off chip
DSP1-SRAM 64KB 0xBOOA 0000 ~ 0XxBOOA_FFFF On chip
DSP2-SRAM 64KB 0xDOOA 0000 ~ 0xDOOA FFFF On chip

Table 1.PAC B 3 = ;= 1h 18 51T

ARM 926EJ-S RISC g2 & 4 :

® 32/16-bit RISC architecture

® 32-bit ARM instruction set for maximum performance and flexibility

® 16-bit Thumb instruction set for increased code density

® DSP instruction extensions and single cycle MAC

® Flexible instruction and data cache sizes

® 16K instruction cache

® 16K data cache

® MMU which supports operating systems including Symbian OS, Windows CE and

Linux

® Embedded ICE-RT logic for real-time debug

PAC DSP /A2 &40

® Architecture : 5-way VLIW; 9-stage pipeline
® Datapath : 32-bit fixed-point with 16-/8-bit (subword) support
® SIMD Operation : 16-bitx2; 8-bitx4

® 32K instruction cache

® 64K data memory

@® Support dynamic power management

® Developing Tools : C compiler, assembler/linker, cycle-accurate ISS, and debugger
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¥ ¥ PAC DSP1 4= PACDSP1 #nDMA i£ {73k % > ¥ *F 0xBOOA_0000 ~
OxBOOA_FFFF (64K) % PAC DSP1 p % p & e7SRAM o

® (0xDO000_0000~OXxDFFF_FFFF : % PAC DSP2 cricig 8z "> fizfiic itz &
¥+ PAC DSP2 4 PAC DSP2 o DMA :& {7k <> ¥ # 0xDOOA_0000 ~
OxDOOA_FFFF (64K) = PAC DSP2 p 3% p < :17SRAM -

15 PACDUO T & :EsRMEF AL FEEHE KXY (Fwdk LA

&=

g

¥ %% http://pac.itri.org.tw/ k¥ 2% i27V3.3_S0001_Processor_Architecture.pdf’{e

~ #”PAC_Duo_programmer_reference.pdf” -
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3.3. PAC DSP x s

PACDSP B % € BL¥ € % 17 J£ ~ B > 0 32-bits B2 8L B .o » PAC
DSP .4 5-WAY VLIW % #{-SIMD 474 SR AT FR T EE 0 A% WA &
BARE T AR T S AR ¥ F R X RE R o AME T § o B s
iR+ PACDSP crf# BhacT !

® Scalable VLIW data path : PACDSP d — & Scalar Unit f== i Cluster » = i
Cluster & ;% Load/Store Unit 4= ArithmeticUnit> £ 4 7 BE L E ~ > &
BAFHa 4 o
Variable instruction word/packet length : & 413 24352 Code size o

a7

L

—=\

Heterogeneous Register Files : # 8 5 8 ~ 85 p @ b2 ol iz & - #4205
BEHGEFERPLAINEPEFLIE A EHRTPF IR EIHEL 4 FREOA
LRl

® Constant Register File : fizd ¥ 5 B9 ¥ i3 FH 22 ¥ i &
ToobL BGE F G e 4L o

® Inter-cluster communication (ICC) by memory controller : % i # 7 dp = &
(ICC) v & = i Cluster 2. & * g il ¥ 3 fp4& B 5 B Cluster & (T eziy o

® Optimized interrupt design with fast interrupt response time : & * & %8 & §T &+
PAC DSP 7 Context Switch » # = *° 34 ¢ & d? pF I o

® Hierarchical encoding scheme : & i i@ * Fg ik 3= 2 i 2 4 2 B chip i
W% TR b ety £ B A s bR o

® Dynamic power management : ¥ # ik 2% £ PAC DSP eialg 3¢ 0 g -5 iy i erviyf’
45 o

® Customized functional unit interface : ¥ p 374 %8 4c ¢ Bi5:8:: B F & 22 PAC
DSP i ¥ % 8 PACDSP &8 5 iy 4 -

Figure 5.8 PAC DSP 7 1%l > & DSP Kernel ¢ # 1 & 5 & i# %> Program

Sequence Control Unit(PSCU) ~ Scalar Unit §== i Cluster » PSCU #* k#4447 ¢ fg5¢
A% 1 & ¥ 50 Z_{ A7 Program Counter ~Fetch address fo/aJd® » #74% /& o Scalar Unit
oLy fE - B H b 32-bit RISC M B > W o ok H by £ B ehT 5 R (ILP,

Instruction-level parallelism) - & — @ Cluster # = Arithmetic Unit 4= Load/Store Unit >
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Arithmetic Unit {- Load/Store Unit 3 # # =7 Arithmetic~Comparison = Bit-Manipulation
4p # b Arithmetic Unit 3 Multiplication4 4 » @ Load/Store Unit 7] € 3 Load and Store

Bt

Memory Subsystem

Program Sequence

]

|

1

Control Unit !
C;ESI { Ping-Pong RF ]

Accelerators

' Cluster 1 Cluster 2 1
R e
' | Address RF ‘:
1

Dispatch Unit !
| !

: 1 'y
Interrupt 1 Load/Store Unit I
Handler |
i
1
|
1
M

Const
RF

Scalar Unit

|

General Purpose
Scalar RF

=
=
3
!
a
c
El

I
1
I
I
|
Anthmetic Unit I
I
|
1
1
I
I
|

1
]
1
(]
[}
| | Accumulator RF
\

Scalar Unit VLIW Data Path
J
Customized
DSP Kernel Function Units
Bus Interface Unit TR KR AR

Figure 5. PAC DSP & ¥t7 1Rl
Figure 6 #_PAC DSP &3, 4 #5458 'PACDSP. - % ¢ s 5~ 7 ifdn 4 27 B3+
B H ~ &% > i&=c £ Scalar Unit ~ Cluster 1:Load/Store Unit ~ Cluster 1; Arithmetic Unit ~

Cluster 2:Load/Store Unit 4= Cluster 2: Arithmetic Unit -

>

Scalar Unit

Cluster 1:Load/Store Unit
Cluster 1: Arithmetic Unit
Cluster 2:Load/Store Unit
Cluster 2: Arithmetic Unit

v

-

A

{ instl | inst2 | inst3 | inst4 | inst5 }

Figure 6.PAC DSP =g £ 34 %K & 5
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3.4. H.264/AVC Decode

i

=1

B

& ¢ PEif i H.264/AVC baseline 275> 5 £ ¢ /i % H.264 j225 4z
A4t A2 B P iE 8 B L 4o Slice Extractor~Entropy decode~Q™ ' ~T™ '~ Intra Prediction

fo Inter Prediction » ¢ & d&™ ko] & ¢ lwmendjz o
3.4.1. ¥t H.264 f%45

H%MWC#;&mﬁﬁﬁﬁ%b*%EWMWﬁﬁﬁé’%El@mﬁﬁﬁﬁ
ot g 4 F (lossless) B Sgim &% > BRSER FRE R F G R 0 d 204 R
BARZ® > DERFEFF G ARG RAFEZZLTF < GRBBGES 5> A~
PR S AR & JEd B IERS P ek (redundancy) g TR R 0 - A T o
BRY AT R A ST

® (& @ p)R4 (Spatial or intra-frame redundancy) : - % 3 & 7 & F Ap A8 ik
% (pixel)id ¥ & 3 4p 02 0% & (Luma)st ¢ & (Chroma) -

® R (Fm ) 4t(Temporal or inter-frame redundancy) @ A — EpFREpN A5 ¢
BFende AEZE k- BHFF S H 0 W 3vaﬂﬁ£°

® g AR(Coding redundancy) @ B P LR ELN M A - 2o REHRF ¢
DIRARM L IR S RS R o * R auE kA T o

® R 7 Ax(Perceptual redundancy) @ A ZEARAE % ST A a2 7 B S et
BAR* @A °
h H.264 7 3t g e B Ap B> 41 Inter Prediction (Motion Vector 4= Motion

Compensation) iy’ % PR LA s At - SR mAp A il R chdp B > A% Intra
Prediction 4= transform % g s > iy % o R4 o A H.264 ¢ & * o transform
> 58§~ i 48 i Discrete Cosine Transform(DCT-like) s #icig 4% - F1 5 v 1 % £ _DCT
P B > Tt ¥ AP R A i 5 DCT-like e et 4 - & B4 8 - BV i
T EAR TR R A EcE ! com R EFBAE BB ARIT R BB
Intra Prediction fv DCT-like s 4 # & > 2 fF dp o 1% Tl e 0 D I8 F e < cnF

B R kA7 o eI IREF TR 3 AFBIE AR @8 BEER
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Entropy coding ¥ 3 »%ij’ 4 % #% 74 - 1 * Deblocking filter "2 macroblock (& # :
MB){- macroblock R e i & » 7 i 4 g F AR o i ¥ &R R HE Y 2 macroblock
% — B A ~H > macroblock = - ¥_16x16 B % -

Figure 7.%_H.264/AVC 25§ e #2.18] - Bl ¢ bitstream ¢ 54 Slice Extractor » #-
bitstream *» %] & ¥ % 5 NAL-unit - Entropy decode # =< 4z 3| - & NAL-unit » % — 4%
e o ¢ 2_SPS NAL 4= PPS NAL > € P~ {7 27848 7 & Zf <13 42 SPS(Sequence
Parameter Set){= PPS(Picture Parameter Set) > ¢ SPS = PPS F il ¢ P gxenik 75 ot
bitstream 27 ¢ * fﬁﬁ"ﬁﬁvhﬁj\(profile_idc) CEfeR L ERGE R M T L ke
K #%4_ Slice. NAL > & Slice NAL ¢ 2L B~ B SH(Slice Header) & #L » &7 k& »
macroblock Layer i ] > f- i# macroblock ¢ i Entropy decode ~ Q™ 'f= T ' {s eF
#L 4 1F & Residual block » % #- Residual block f= Prediction block 4c4= % % 2 p = it 3
macroblock 77 L « & Prediction block £ /& B # it 3% frame ¥ e 4L #73p Bk B i
¥ 5 8 =~ 4L 1% Intra Prediction - % Prediction block S & £ 5& frame ® &3 42 #7
FER VR A S B 18 B H < L1F Inter Prediction- d Figure 8 = g 21 & - 3k frame £_d

2F¥ % macroblock #1 % = »

o e e e e e e -

4 S
/
/ MB Loop
1 \
Sli l Ent l'
ice : ntropy Q- T :
Extractor | decode I
i I
I I
I I
I I
I . . I
I Motion Motion :
I Estimation Compensation I
: Inter/Intra I
| +> :
[ Intra :
: Prediction I
I I
I I
“ Frame
\ Memory

e o - - - ——

Figure 7. H.264/AVC % #5 i #2. 18]

15



Macro Block
AEERTEEE

Figure 8. macroblock
i H.264/AVC Baseline %=+ macroblock 73 Prediction i34 & 4 & fa > 5 Inter
Prediction = Intra Prediction » i&:##\ if* 2 & Inter Prediction # 3% Motion Vector -
Motion Compensation > Intra Prediction = & Spatial Prediction {=  Spatial
Compensation - Figure 9 {- Figure 10 % 7= — i macroblock ¢ f##5 iE 42 ¢ & Jf G i crid

EH Ao

Intra Prediction

{ Spatial Spatial
| Prediction{ Compensation

Entropy 1QIT

Figure 9. Intra Prediction Mode

Inter Prediction

Motion Motion

Entropy QT Vector | Compensation

Figure 10. Inter Prediction Mode
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3.4.2. Slice Extractor

i H.264/AVC % i msg &% ¢ ¢ /& Video Coding Layer(VCL){= Network Abstract
Layer(NAL)= & > VCL 3 AR EFI H ¢ 3£ Entropy decode ~Q ' ~T ! ~ Intra
Prediction & %> » izt VCL fm& ¢ A {6 F &35 /i % o NAL 4% & VLC %8 7
PR FERB G DTG o LR A TR T L T IR L

%_’1‘,}:}_ o

dF

ﬁ%%%%ﬂ&&ﬂgﬁ@ﬁ%%ﬁgﬁﬁa%ﬂﬁﬂ

NAL ¥ z_& ,’it\?:}@‘-ﬁfé.@ﬁ;i ¢ & 2 NAL-unit % — B H = > bitstream &_f% % NAL-unit
#rie = > 2 2 NAL Byte Stream =0 Start Code(0x00000001):#- » bitstream 4 ] = 3¥ %
NAL-unit>- NAL-unit & & % * 7 = & fa%f SPS NAL~PPS NAL {- Slice NAL - SPS NAL
&4k Bies 71 (Video Sequence)fp i 7ot o — B R R ARG AT enBiifs * - B
SPS NAL » PPS NAL % 4 Slice ¥ 4n b 730 » — 38§ s v7 4 ¢ Slice = * — & PPS
NAL - Slice NAL 4 5 Slice Header {= Slice Data » Slice Header % 45 Slice 42 &7 5
macroblock % [+ 42 - Slice Data e 4&* — i macroblock 7 ! - ¢ ;& Prediction Mode -
Motion Vector f- Residual data--- % & o

4 1 NAL-unit :& & 51§ Encapsulated byte sequence payload (EBSP)i| Raw byte
sequence payload(RBSP) 4 &> 1 & & % ¢ ¢ NAL Byte Stream :71 Start Code =% ;% »

HEHCRLR S FALY BIRF R S 0x000003 4 H- 0x03 ¥ o
3.4.3. Entropy decode

5 &% 3 bitstream & 47 % F AR R & H264/AVC ¥ § = B 5
UVLC (Universal Variable Length Coding) - CAVLC (Context-based Adaptive
Variable-Length Coding)f- CABAC (Context-adaptive binary arithmetic Coding) > UVLC
$ * Exp-Golomb Coding - v +* & % Huffman Coding { #3221 » #7020 7 1 5 2
g xe R 0 3§ &% 3t SPS ~ PPS -~ Slice Header {r Slice Data ¥ » MB Parameters o
CAVLC Mg * * B 1@ bitstream ¢ & < 34 & 7 Residual data - Residual data &_%:

integer DCT-like ( Discrete Cosine Transform) {v Zig-zag 2D # 1D 8 & g > T4 ¢
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35 0~ +1 fo-l o R0 1 et 4 CAVLC %5 B Tl R4 « 5 2

P& * gk A §_Baseline sx & > 723 & * CABAC » #710 fep v I 2 ¢ 3lmbcit o d

Figure 11  srif H.264 ¢ & SBcpI ot * vl g = 2

4

1
PENCOEIEIC T — — — — = 1

Figure1l. & %-#ci * i = 2
3.4.4. Inverse Quantization and Inverse Transform

H.264/AVC % 3¢ 3 & 3B~ AX4 i % i Discrete Cosine Transform(DCT-like)
Pk R A4 B REEAT TR MAE AR R 0 4 VLA B FlL M
B 32 A (roundoff error) #7:d & engs 28 o ¥ ¢k @ % Ax4A epdg de ¥ ' R Bz (block
effect) - H.264/AVC # & i (Quantization) > & # & 7 52 i Qstep - =+ & Qstep %4 QP
(Qunatization Parameter) *r45 % - % i Qstep #c i 1 2Lt end £ o F QP % 44 6
B] Qstep # 4r— 3 > & QP Hj+r 1 B Qstep #f v 12,59 o i& ek -7 % H.264/AVC i
£ P RAES » ¥ b AR b auEArY Rg S s 3k 2 2 A = (shifting)
EE o gk R JCH TR AR
BAd - BEFLHE L Entropy decode #2:7 CAVLC & <7 Residual Data £ % i
IQIT:EE » &~ % fhiin™ » § BT A A 237 % 514x4 sub-block » 3= sub-block i&
73 FFELIEE o Ax4 #dceh Inverse DCT-like Transform fv Inverse Quantization - 4x4

e Inverse DCT-like ## % <> ;4 4T @

18



— 1_
11 L3 2 b 2 ab 1 1 1 1
a“ a a” a
1 T -1 - Db ab b 1 -1
Y - . [K:lg} ﬂ.ﬂ ﬂ-ﬂ . .

1 -1 1 1 a® ab a® ab L -1 -1 1
- 1 ﬂ,b b: ﬂ,b bz = -1 1 —

1 -1 1 -= ? ?

=

#¢ X E .51 Entropy decode 421 CAVLC {8 enFfl 5i*» &) & 4x4 thie'L > g =

K,ért T it ek 3R G14x4 1QIT E & b 5 MBtype = Intra 16x16 & Chroma 8x8
7 DC ket B 2 & L5 1F Hadamard & 3% > ™ 6 #-dcitig = f6 K iR 4eim & (7 1QIT:

® = R4 34x4 Luma & Chroma =2 sub-block

E #4395 ¢ i 1 4%4 o Inverse DCT-like Transform = Inverse Quantization T+ o

® 8x8Chroma 7 DC x #+E"L &3 block
4o Figure 12(a) #f 7+ % %t DC & #ic4E 'L 2 2x2 Hadamard ## 4% f= Inverse

Quantization » £ + DC 4v AC i #icE' e 5 4 B 4o - 4 en 4x4 1 IDCT-like

Transform » Hadamard #3& 258 5 Y = E _11] [X] E 11] »aBr X 5 DC %

Hc+ErE o Figure 12 (b) £ DC 4= AC i #icsE ' e 5% o

® 16x16 Luma 5 DC i #+& "L e block
4- Figure 13(a)*71 2 % DC )k #c+& 'L g 4x4 Hadamard # # {- Inverse

Quantization> £ 3= DC 4r AC 4 BB fa e % o B 45— & en4x4 enIDCT» Hadamard
T 1 I8 T ils i1 1 1
. 1 i ' = 1 v =1 . .
A = B X G SR
1 -1 1 -1 1 —1 1 -1
&L > Figure 13(b)2_DC {r AC i #icied o 55 o
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Chroma 8x8 AC

Chroma 8x8 DC

DC

Hadamard & %
2x2

Inverse Quantization

AC 4 Bt

DC {4 e
Inverse Quantization

Figure 12. (a)8x8 Chroma 7 7%l (b) 8x8 Chroma ‘=

Luma 16x16 AC

DCHrAC i% #iciE ' e 5

IDCT

(@)

Luma 16x16 DC

|

Hadamard iz &
4x4

RN

NN

!

AC % BiiE
Inverse Quantization

DC i% #icAE
Inverse Quantization

!

DCArAC i e it o %

IDCT

(@)

DC

0
VA VA A |
2 67
"8 9 12(13
A | | |

Luma

(b)

Figure 13. (a)16x16 Luma =4z ®](b) 16x16 Luma = %7+ & Bl
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3.4.5. Intra Prediction

H.264/AVC {]* — 5k 4 & P 4p a8 MB 4p i | %k i& {5 3¢ ;| (Prediction) £ 1T Intra
Prediction - Intra Prediction # = = # 7 F block = ] # 5% @ (1)Intra_4x4 Av
(2)Intra_16x16 > 12 Intra_4x4 ket 4o Figure 14(8) %771 > ¥4 = ~ =+ ~ F ot 12
f% 7% = macroblock i % *k & Sample(A~M) » 1245 Figure 14(b)snsg BI#-;' £ 7 8 B

= e de b DC RN £ O IR RIS > @ Intra_16x16 7 % & Intra_4x4 < RAp ke >

A 5] # Intra_16x16 fpiplHc:t B 5 448 0 ¥ =5 Figure 15 ¢

M|A|B|C|D|E|F|G]|H

Il | a{b|c|d

(a) (b)
Figure 14. (a)Intra_4x4 Sample (b) Intra 4x4 Prediction Mode
A/IB|C/ID|E|F|G|H
l|a|b|lc|d|la|b]|c|d
J|le|flglh|e|f|lg|h
K|{il|j|lk[I]i k|1
J J ) 1
Limi(nfolp|{m|njo]|p
M|(a|b|c|d|a|b|c]|d
Nje|f|g|h|e|f|lg]|h
Oi|jlk{I]i]j|k]]! 3 V 3
P m{n|o|p|m|n|o]|p 0
() (b)

Figure 15. (a)Intra_16x16 Sample (b) Intra_16x16 Prediction Mode
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% 1% Intra Prediction f##5:iE42— 45> 1945 7 F ihintra_4x4 2 Intra_16x16 = 13
FIFRIBCS * ARiTeh Sample %3+ E Intra Predictor Block » 17 F izt #% i 30 i fied
Spatial Prediction - & ™ % 4= k|5 I % > Intra Predictor Block fris (5 1QIT 1 ¢
Residual Block &€ & (Reconstruct)#- ¥ » 12 F & {728 L iF Spatial Compensation -
Spatial Prediction 4= Spatial Compensation r‘]&{ Intra Prediction f##§ &4~ ¥ %% Figure

16 -

Entropy + Q™ '+ T

Residual Block ‘

e TN N TN l
B 4 >
Intra Prediction
T A Block

AT F LA
A

P % f3 /5 crFrame

Figure 16. Intra Prediction f2#§ 7= %. Bl
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3.4.6. Inter Prediction

M- R R R B R G @ ed e (Frame) it > FEE G LR S
(Object Scene)*c + # # (Back Scene)*tH-= » s fehdm 2 BB & E ] @ F §
HFFPREANEREE > FFELFREN REEPBE cFEn o Fad J
N AlaF e P T L e 2 Rap g of At e B2 d e FITIERS%
B tip i AP 4LIF Inter Prediction o @ ® @& Inter Prediction 4% >zt v¢ Intra
Prediction :& & { 4% » Inter Prediction # 3.8 H.264/AVC 4R Saf6 @ B & & ch— 30
Ao

& H.264/AVC AR3UR 557 H & 7 487 Ik 5 macroblock partition -5 :P16x16
P16x8 ~ P8x16 ~ P8x8 » P8x4 ~ P4x8 fv P4x4 4] Figure 17> @ § Z & » T8 - £
P16x16 #-5% » ¥ & o A R omm A b o dmai g o fjusé“a‘é: PAX4 #-5¢ » izt k¥ i
I FREGEE ST AR

16x16 16x8 8x16 8x8

Figure 17. Partition of macroblock and sub-block
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i Inter Prediction f##5iE42— B 4n > AP 7% &3 38 FL Reference Index fr
Motion Vector(# - MV) » Reference Index i # p = 2V i* & p = fZ 48 5 macroblock %-

7|83k Frame > i& 7 42 ¥ d Entropy decode # #7{% ¥ » ¥ ¢k Motion Vector &_i% % p
W {5 9 macroblock fo - «frmacroblock 2. fF ehf &+ = £ » & H.264/AVC =7 %
¢ ¥4 Motion Vector % 4 % bitstream # - 5 7 it > bitstream e+ | % ¢ % bk
Motion Vector differences (MVD) » #% i & & _Motion Vector Predictor(MVP)+4c + MVD
4 i & 3 MV> MVD ~ MVP 4- MV = 48 #% Bl4e Figure 18 - MVP & 41 # © 278 4p 48

macroblock s MV & 91 %k o

MVD
MVP
MV %+ i
Macroblock
B 355 e

Macroblock

Figure 18. Relationship of MV ~ MVD.and MVP

% 24 &g Reference Index {- Motion Vector = 38 7 #L{5 » & j&_Reference Index
$5 3 4+ chFrame » £ 4] * Motion Vector 2~ {% Inter Prediction Block - i&if 2 7 2 &
J%3*+ % Motion Vector 3|2~ Inter Prediction Block #:i® Motion Vector » 4™ &=
i 1QIT f& =7 Residual Block = Inter Prediction Block i & 2= (Reconstruct)#- it » iz #
£ 3% i F 1F Motion Compensation » Motion Vector = Motion Compensation i]%cé'\lnter

Prediction j##5 4% - ¥ %% Figure 19 -
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Entropy+ Q™ + T’

Residual Block

Inter Prediction

___________________
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3.5. PAC DSP Decode

i

=1

B

e EE SIELE

ER A

fRrg eniffz > d 2TieARN B A DSP & F T B LipR &

i 1A g

B e i TR

bofe A foé % TR AT Rf e i fRAS B AT o

3.5.1. PAC DSP Memory Allocation

EREREVER: FERNA |

~a kA % PAC DSP *

VAR s %0 8 * — B PAC DSP i H.264/AVC

Fiwen i 5 34

R & nE &~ ARM {- DSP @

Pretifefdm e 17 & s

Ho#42 PACDSPL & 5]+ »PACDSP1 | #73 p ¢ (2SRAM 2 i £ 7= DSP1-SRAM>

DSP1-RAM %t /& 5 address % OxBOOA_0000~0xBOOA_FFFF

<] 5 BAKB » % f3A5iE

f2 ¢ TR & R S foddican address s <« o ETH 0 B8 T & h264_decoder.inc

FhE P F 2t et Table 2 :

Name of structure Start Address Size Description

PPC_ADDR 0xBOOA 0000 6KB Pixel Prediction Compensation » *z4p % MB {v
¢ %< 1 MB 7 Luma Level ~ Chroma Level
e MV & F4

Streambuffer0 O0xBOOA 1800 2KB Bitstream 7% *c g

SD0_ADDR 0xBO0OA_2000 1792B %% p w MB &3 Luma Level ~ Chroma Level ~
Mbx - Mby ~ MbType % 4p B £ & 7 31

NAL_ADDR 0xBO0OA_2700 32B B an NAL-unit 4p B 5 30

SPS_ADDR 0xBOOA_2720 64B Sequence Parameter Set

PPS_ADDR 0xBOOA_2760 32B Picture Parameter Set

SH_ADDR O0xBOOA_2780 64B Slice Header

ED_ADDR 0xBOOA _5C00 2KB Entropy decode » % #x4p #8 MB 1 MbType 4+
nC & 7

EDTABLE_ADDR 0xBO0A_6400 2KB Entropy decode # #t& % % ehf

IQITTABLE_ADDR 0xBOOA_6C00 | 64B Q ! fr T !¢ #1& § & chE

Streambufferl 0xBO0A_7780 2KB Bitstream 7 #x e ¥

BS_ADDR 0xBOOA_7F80 32B 3 P~ Bitstream #7 F & FAL 54
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Global variables

REFRAME_ADDR 0XBOOA_7FA0 4B Frame & % & 7 % eh = % » & ¥ &
0x3800_0000

Cur_SD_ADDR O0xBOOA_7FA4 | 4B ko de pa g rih SD TR B
(SDO_ADDR or SD1_ADDR)

Frame_Count 0xBOOA_7FA8 4B kP A% A5k Frame

YSize 0xBOOA_7FAC 4B - 5 Frame ¥ Luma £ 3 % > pixels

PicWidth 0xBOOA_7FB0O 4B - 5 Frame ¥ Luma % £ 3 % > pixels

Y_ADDR 0xBOOA_7FB4 4B P iz 5% Frame & B 3| Output buffer
(AXI-SDRAM) » Luma ¢73e Jfa § = %

U_ADDR 0xBOOA 7FB8 4B po@ iz 5% Frame & B 3| Output buffer
(AXI-SDRAM) > Chroma &7ze [ 48 = %

V_ADDR 0XBOOA _7FBC 4B p_# iz 5% Frame & ¥ 3| Output buffer
(AXI-SDRAM) > Chroma &7z [ dl = %

MBX O0xBOOA_7FC4 1B p vzl MB e X Ak

MBY 0xBOOA_7FC5 1B P oAz ip MB Y &%

SD1_ADDR 0xBOOA_8000 1792B F 2% p @ MB & Luma Level ~ Chroma Level ~
Mbx ~ Mby ~ MbType % #p B £ & 7 3

Table 2.PAC DSP 1 H.264 %8 07 K % 4

3.5.2. Slice Extractor

& fz# PAC DSP1 ig 7 H.264/AVC & » & ARM =82 /i L fads bitstream *»
= 2¥ % e NAL-unit » =+ B NAL-unit & 5% Encapsulated byte sequence payload (EBSP)
7] Raw byte sequence payload(RBSP) =& #& » - it # NAL-unit & 3| Input
buffer(0x3A00_0000) » Input buffer & DSP =+ % tteizefid AXI-SDRAM + » %3+ 4
circular buffer > 37T % PAC DSP 2~1¥ NAL-unit & ¥ 4538 7 f245% > 3 % % B » Output
buffer % iz %48 AXI-SDRAM (0x3800_0000)_F - # f& ARM % ji_Output buffer # 4= %

B %P4 ¥ 5 Figure 20 -

".‘E\ “\
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AXI-SDRAM Q). #-f2r5 15 e %
0x3800_0000 ® » Output Buffer

pa
<

@. £ Output Buffer
P infR g B % @
v Output

Buffer veber
PAC

AR M Frame
DSP

0x3A00_0000

D). #-NAL-unit & » @).#%1Input Buffer
Input Buffer Input @ B~ # NAL-unit

Buffer

\4

NAL-unit

Figure 20. AMR £ PAC DSP = #: [§]

3.5.3. Entropy decode

% H.264/AVC 4 ¢ Entropy decode * UVLC =hue ~ se ~me fe te i CAVLC i
i Yr% > E 207 1F% ed_utitlity 625.5 ¢ -5 L PAC DSP1 7 Input buffer ¢ §]* DMA
BT T e 1B 48 = nk StreambufferO/Streambufferl '+ % i * e R A 4 &
BS_ADDR <73 bitstream L %f;f‘_ SHod] P Ee GE B bitstream sk ik

Figure 21. Flowchart ¥ 4 i & & i# Entropy decode fii#z » 5 L PAC DSP
Input buffer » 2~t¥ NAL-unit- i% i H264_NAL_Decode 2 4 7 NAL fa#f > % 4_SPS
NAL pie » H264_SPS_Decode ¥ ¥ # SPS F#48 Flz= k¥ 1 5 SPS_ADDR 7 #
47 o % £ PPSNAL RIi& » H264_PPS_Decode & ¥ 4= PPS F 4% Flze 1Al 1k 5

PPS_ADDR Fftig4¢ - 34 Slice NAL R|-Li& » H264_SH_Decode ¥ 3= Slice
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Header T 8 F3e 8483 »t SH_ADDR F# %47 - #& ™ % i& » macroblock Layer i
B¢ > =i » H264_SD_Decode - =t ¢ f# 1 — i macroblock #7 % & 3 #1 4 Residual

Data {- Prediction Mode---% macroblock Parameters > % » Cur_SD_ADDR #745 &

D ¥ % aiz¥ SDO_ADDR /SD1_ADDR -

Get NAL_unit

H264_NAL_Decode

SPS Slice Data
NAL Type

PPS l H264_SH_Decode

H264_SPS_Decode H264_PPS_Decode

H264_SD_Decode

NO

YES

Figure 21. Entropy Decode i~ #2 [#]

SD Tk 4t & - 1 macroblock -2 & X% 4% - i macroblock = Residual Data
frE € T BT kBB B A3t g #4494 SD TR R E L > Table 3.8.SD 7t
FhFm T er i o @ & CAVLC 345 7 ¢ 7 & i * 4p 48 5 macroblock ¥ MBType

FEM o T mis n ED_ADDR # o
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Name Offset Size Description

Mbx 0 1B g iz MB e X Ak

Mby 1 1B paiEm MB @Y &l

MbType 2 1B B iz B MB ¢ Type

VideoResolution 3 1B B % iz B Video ehfz 47 &

Intradx4PredMode 4 16B Byte Array [16] - + & sub-block = Prediction Mode
Intral6x16PredMode 20 1B B % iz MB ¢ Prediction Mode
IntraChromaPredMode 21 1B B = iz B MB #1.Chroma = Prediction Mode
QPy 22 1B # 5 |QIT ¢

QPc 23 1B * A QIT ¢

SubMBType 24 4B Byte Array [4] - sub-block =7 Type

Refldx_LO 28 4B Byte Array [4] » % 4% Reference Index
Refldx_L1 32 4B 7] = #_Baseline %= & p % ;2 * 3|

MV_LO 36 64B 4 Byte Array [16]> 12 4x4 & H i+ % 4% Motion Vector
Left_Avail 100 1B = MB £ FF

Up_Avail 101 1B taeMB EF V%

RightUp_Auvail 102 1B 4 e MB 32 ¥ *

LeftUp_Avail 103 1B S tMBEE T+

prevMBSkipped 104 1B @ — & MB £ % % skip mode

LumaCBP 164 2B Luma = Coded Block Pattern

ChromaCBP 166 2B Chroma <7 Coded Block Pattern
Lumal6x16DClLevel 168 32B 2 Byte Array [16] > Residual Luma DC Block
LumaLevel 200 512B 2 Byte Array [256] > Residual Luma AC Block
ChromaCbDCLevel 712 8B 2 Byte Array [4] » Residual Chroma DC Block
ChromaCrDClLevel 720 8B 2 Byte Array [4] » Residual Chroma DC Block
ChromaCbLevel 728 128B 2 Byte Array [64] > Residual Chroma AC Block
ChromaCrLevel 856 128B 2 Byte Array [64] > Residual Chroma AC Block
FrameCounter 984 4B B &% %5k Frame

mb_skip_run 988 2B mb_skip_run

previous_qpy 990 1B @ - B MB 7 QPy

Table 3.SD 7 #.% #
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3.5.4. Inverse Quazntization and Inverse Transform

e 1QIT b~ » ¢ ¥ SD 3k %4 7 «hResidual Data i& 7 1QIT Y FE A

344 5 ¢ #1iET > iz B EFHR D NESD ?#i-ﬁ;m LumaCBP f= ChromaCBP >
T8 AR ¢ 7 Lk 0 Coded Block Pattern(CBP) 3 & 37 1% e -

LumaCBP % 2 Byte + /] » & i bit * & — B 4x4 s block § & B block # CAVLC
f##§ t2 0 Residual Block & >3#8.% 0 Rl bit 2 0» 5 2 5 1. @ ChromaCBP =+ i
bit * % X, &~ * & 4pl » Figure 22 4= Figure 23 fﬁm‘?\ LumaCBP 4~ ChromaCBP # i

bit #7 %+ /& 7 block -

819 1]112]13
101 11|14} 15

v
0000 0000 0000 0000
LumaCBP

Marcoblock

Figure 22. Luma CBP

DC

L Fcr4rcnd
0000 0000 0000 0000

ChromaCBP

Figure 23. Chroma CBP
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3.5.5. Intra Prediction

Inter Prediction § i & H264 PPC # » &% & & & 3.4.5 3% 7|2\ i #- Intra Prediction
& = {E $8 > Spatial Prediction - Spatial Compensation - 7 Spatial Prediction %> >
F1* Predictor Sample % 3* % Intra Prediction Block - @ Predictor Sample % 45 # 2e % %8
3y PPC_ADDR ¢ PPC(Pixel Prediction Compensation) = #* % 4 ¢ - Spatial
Compensation %> #- SD 7t H? 38 IQIT 1 Residual Block fr Intra Prediction
Block & & = (Reconstruct) = i£ > = =« Intra Prediction > £ 3 % % * DMA & w

.8

N

S

AXI-SDRAM _E > = & — i macroblock 2% & it - B »* PPC FH FH o 6 hin

4 Intra Prediction * ¢ & 3% (> % Inter Prediction { @3 42+ %+ Table 4 -

Name Offset Size Description
Intra Prediction

PreRowlLumaLevelPPC 0 1280B & 4%+ 5 Luma o Level
PreRowChromaChLevelPPC 1280 640B &4%+ % Chroma 7 Level
PreRowChromaCrLevelPPC 1920 640B %4+ & Chroma 1 Level
PreColLumaLevelPPC 2560 17B ¢ 4% = 8 Luma 5 Level
PreColChromaCbLevelPPC 2577 9B ¢ 4% = 18 Chroma - Level
PreColChromaCrLevelPPC 2586 9B 245k =¥ Chroma  Level

Inter Prediction

PreRowRefldxPPC 2600 160B % 4%+ o 1 Reference Index
PreColRefldxPPC 2760 8B % 4+ % ## ¢ Reference Index
PreRowMVPPC 2768 1280B & 4% » 1 Motion Vector
PreColMVPPC 4048 24B % 4% = 8 ¢ Motion Vector
RefLumaLevel 4072 1296B % 4 Luna Inter Prediction Block
RefChromaCbLevel 5368 144B % 4% Chroma Inter Prediction Block
RefChromaCrLevel 5512 144B % 4% Chroma Inter Prediction Block

Table 4.PPC 3 a}iéﬁ
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3.5.6. Inter Prediction

w4 3.4.6 F 3| Inter Prediction ~ = & i $% > Motion Vector {r
Motion Compensation > Motion Vector % i» §F ¥ & H264_GetRefData.s * > %
H264_GCetRefData.s * i & s & ¥ > § Motion Vector {=P~{¥ Inter Prediction
Block-Motion Vector ¢ MVD f= MVP 3+ & 11> MVD % 4+ % SD F #L %Jf;" e MV_LO>
# MVP &4 PPC F %47 1 PreROWMVPPC fr PreCoIMVPPC 3+ 5 ) o 3 ¥ i *
SD F# %1 ¢ Reference Index - i 52 Motion Vector 2~ i Inter Prediction Block » %
p @ PAC %3+ ¢ Reference Frame & 2% . AXI-SDRAM ¥ » & #&:& DSP-SRAM £
* DMA » 515 &#3% Inter Prediction Block :f % £ 8 > fe £ (> #ics » #110 F & 4p % 47
B el 0 % % DMA 54 % Eeft f § 7 B B o @ 2 EMDMA
(Enhanced Multimedia Direct Memory Access) %+ i P~ {3 Inter Prediction Block » & %
EMDMA #- & ™ -] & ¢ 4 5 o

Motion Compensation 8 i» § i€ & H264 PPC Pluss ¢ - 5 £ & Lzt Motion
Vector £.F 5 < #2075 -] ﬂqf‘ui i Pixel Sample Retrieval > 4+ %t Inter Prediction Block
i & (Interpolation):& & » - SD TR GH Y £3E 1QIT & Residual Block - Inter

Prediction Block # & = (Reconstruct)#: i » s = Inter Prediction - £ = 2% # DMA &

v AXI-SDRAM F » = = — B macroblock f##5 & i% -
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3.5.7. Enhanced Multimedia Direct Memory Access

Enhanced Multimedia Direct Memory Access(EMDMA)f# it teiefhfl & % ¥ 2.

R E S
B £ RO heid FAL@KE R 585 PAC DSP eh1 (FE 0 2 R B sk
fv 22 P o EMDMA &4 5 SRR * 5 i

Jork TR AR R T Y - s

SIS A RR BT AR R E P D Aok TAS e RS o - B D

I AT IS S TR LE Y P

¥ 5 PAC DSP 2

P E e B e p et MDMA g B o#e e

# & eh Sample 4 CH Non-alignment

B oppEL g
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3.6. PAC I B3 5 fruf258 AR lm &

ap A PACT 5+ pa 8 ani®¥ k35 Linux v Android » A1 F7 Foehie ob ¢
[16]7F 4% & Android fv Linux Sad# e ffoff > @ E 47 4% * > BB 442 & 3.6.1
) EE BP0 ¥ b & dofe %3 Android 1E ¥k kb~ Linux 1% % %t PAC DSP 4%
N0 362 ¢ EP > 363 &Y EEMP hoe AN KIES o
3.6.1. ELEAR

GEEEEATY o F LA RAC R 1 1857 PAC B E R i Sk % 3 8 fc PAC
B P i &5 UART - Ethernet {= JTAG > iz A R 5 41 % UART v
Ethernet> &= UART = & 2% & #* Tera Term #2;% ¥ PAC B % = /£:8 > & i@ * Tera Term
A2 N 2w A 4 s & % 8 5 w42 0 PACDUO.  driver

( PL2303_Prolific_Driverlnstaller v1210.exe )4%.;% » i3k % Baud rate:115200 ~ Data:8

bit ~ Parity : none ~ Stop: 1bit ~ Flow control : none - &~ X fe % Ethernet> &7 & @;ﬁiﬁj

=

FLFj4EF F A @+ Ethernets 2% i * i 4 #8-PAC #+ + 53 7 %% 4 H8 ¥H4% - #-59 PAC
3 et s IP % 192.168.91.4000 & B B gx THp 425% -7 4 43 I B bl b

7L 4 o Service interface i 192.168.91.100 ¥ # > 2.t Z-UART 4r Ethernet cife % -

\\\?{r

s & LS A e Flash el Y anfe B R 38w 30 m ol TR 7 44
1 etk ik # PACDUO_Embedded _OS_Setup_Guide_v2_2.pdf o 2t 3 8 47 %

Script ¥ p 5 #-3 AR EE T & A S koo T A fj‘u'«ié Bk ¥t o

Name of Script A R A
dl-kernel-img.ttl Linux kernel
dl-linux_pure.ttl Linux file system
dl-fs-android-1050-91m.ttl Android kernel
dl-data-android-1620-30m.ttl Android file system

Table 5. Script ¥+ & #
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B RiTH PAC B8 0T ik > 7 Tera Term A2;% @ g’?ﬁ | Uboot #|#c > & iz ®
#e4tie » Uboot #25¢ ¢ » iE Control = Macro §¢ » Script » &4 Linux iF% % st ¥
& k=4 » Linux kernel f- Linux file system &7 Script > 2 ,éﬁ%l » setenv bootargs
mem=120M console=ttyS0,115200n8 root=/dev/mtdblock5 rw rootfstype=jffs2 {= saveenv

LR

3.6.2. %R

%¥ R B F & Linux-like enfe % & Sbo sz AP A * Ubuntu 10.04 LTS > & %
¥ Uboot = Android i& * Sourcery G++ Lite 2007g3-51 for ARM EABI: & & ¥ Linux
Kernel #& * Sourcery G++ Lite 2009g3-67 for ARM EAB - @ Source Code - { % ‘w & &
1Pkt 355 -

H PAC Bt B# DSP felcn iz g o fi %~ BE 15 (ks
JTAG B 4a¥t1 + el s B ol (70 % = fa 8 & ARM /g B} ja (50 & %o {1 % ARM
4 DSP AU B vk it b AP 48 5% - 3% ¢ & ARM AL E + R 7 Linux i
¥ i g AL AEYF ARM R 7 fest » S £ % Sourcery G++ Lite
2009g3-67 for ARM EABI » & # i}u{ DSP 1} 3% {7 erofg st o S £ & *F 1 it ik
71 pacdsp-elf-as ~ pacdsp-elf-ld {- pacdsp-elf-objcopy -

3.6.3. # {7 AR

FF AR el > AV B * software pipeline = jx A H.264 245 % T 6]+ KR
oA ARM 7 enfe N %48 3.6.2 F o 4 Bend £ ¥ DSPhin# 74> &s B
DSP ' # FehfeNd 1 A padk i h1 B %h# 2 NCTU_h264_decoder_dspl.bin -
NCTU_h264_decoder_dsp2.bin $4 i 45 » #-= B3 F43x 3| USB g £ a3+ o

AIEE k@ Linux > § A& USB S & gt FAEURLES s 4p £ mount
/dev/sdal /mut > I 4= USB % ¥ @ ¢ DSP.bin ~ NCTU_h264_decoder_dspl.bin f=

NCTU_h264_decoder_dsp2.bin <3| /bin * > & 334 {7 DSP.bin T+ -
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& DSP.bin 5 & & 4%+ DSP1 f- DSP2 fi4~ 45 it & iF » 5 L & %3 & DSP 4 {7 c5
#% % NCTU_h264_decoder_dspl.bin §= NCTU_h264_decoder_dsp2.bin < 3] AXI-SRAM
+ooo A e R g DSP1 &£ 44 7 eh 4% ;¥ (NCTU_h264_decoder_dspl.bin) *< 3= % 48
0x2100_0000 *+ » @ DSP2 & #4 {7 142 ;% (NCTU_h264_decoder_dsp2.bin)2x 3z f# 48

0x2101_0000 *+ » 47 k& 4-%F DSP } eh#f 3 B8 {747 4> 14 & iv4c™ §] Figure 24 -

1 *(volatile unsigned int *)(mDSP2_BASE_ADDR + DMCFGI) = 0;

2 *(volatile unsigned int *)(mDSP2_BASE_ADDR + DMCFGP) = 0;

3 *(volatile unsigned int *)(mDSP2_BASE_ADDR + DMBADDR) = (unsigned int)
0xd0000000;

4 *(volatile unsigned int *)(mDSP2_BASE_ADDR + PADDR) = (unsigned int)0x21010000;

5 *(volatile unsigned int *)(mDSP2_BASE_ADDR + IMNPF) = 0;

6 *(volatile unsigned int *)(mDSP2_BASE_ADDR + IMSPACE) = 0;

7 *(volatile unsigned int *)(mDSP2_BASE_ADDR + IMCFG) = 0;

8 *(volatile unsigned int *)(mDSP2_BASE_ADDR + IMFLUSH) = 1;

Figure 24. 4~ 41t DSP2
Figure 24 %_2 DSP2 % &3+ » mDSP2_BASE_ADDR :};q | & DSP2 srze i Al - bt
0xD000_000 > & £ % — {73k @ DSP [ #8:7 SRAM 3 addressing mode » 0 # % not

interleaved » % = 73k 3% B~ DSP p 389 SRAM 7 L fg > 0 i 2 PACDSP > DMA >

BIU >CFU » % = f7:% @ DSP A e 5| cine a5 1t » % v 73k T_DSP2 “T& 3 {7 :rfg.
7* (NCTU_h264_decoder_dsp2.bin)sdz 4ot 5t » % 7 7k TR KB HF LHB g 4 -
¥ = {73k Z_Instruction Memory ==} > 0 it £ 32KB - % = {7 X @ Instruction Memory

ezt > 0 % & cache mode > % ~ % IMFLUSH % %_% 1 - Instruction Memory 42 &
FoAt 20kl o FAEd e R S e (774 DSP & {7 ez » I DSPL ~ A - Rk
T o 45T KL LT 45 £ 4o W Figure 25 - DSP ffug B AR B el i7 o L S KA

PAC DSP ch 2 ® 44 [17][18] -

*(volatile unsigned int *)(mDSP2_BASE_ADDR + PSTART) = 1;

Figure 25. DSP2 P 4234 {7 4 4
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» ~ Software Pipeline § %
iz 4.1 &5 L ¢ ¥ software pipeline ¥/ 5 {-i@ * software pipeline -h= & £
Bho o 42 & PAC T 5t dmkilena s 0 43 &0 JEd 42 &9 RN T 7 b
software pipeline 7 1 - 4.4 & & macroblock Layer ¢ § %% € ip|* & macroblock - i

stage #4 (T pF R o
4.1. Software Pipeline Overview

# R (Pipeline)iz— Zi@ R &3 T > A 8 % BK35F 14 Reduced Instruction Set
Computing(RISC)ad2 B 5 &+ » 47— F4p 4 7 & 587 B stage(IF1D,EX,MEM Fr
WB) » i§ %0 RISC AR B~ pEfF R § — 13 stage i@ & » & :c ¥ [$¢h7 B stage
pipeline k3% > ¥ ke — PERTN T i stage #8438 b o 4p T8 SLen RISC a2 E
Pipeline 3 RISC adZ B ¥ 5 fiE s cycle time > 5 2<ia~ tgdk B 3% o @ 3R & Pipeline

LA R BA MR EGRGT T 0 R AR P R Y 5 3] Pipeline BLE chf K 4

i g o4e i Thread Pipeline f= Multitasking 1% 3 % it rz{P|peI|ne LA R o

IF ID EX MEM | WB

——— Cycle time ——y

Figure 26. % st RISC f&u &

IF |iD | EX |MEM | WB
IF | ID | EX |MEM| WB
IF | ID | EX |MEM| WB
IF | ID | EX |MEM| WB
Lcyde ‘i>cyde‘i IF | ID | EX |MEM| WB
time time

Figure 27. Pipeline 1 RISC riZ %
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Software pipeline = 2 E#—- 21 iTAr A - g @ HE A g H A BpEFHH
f‘um@?] A ET - BEHH f‘u;‘ﬁ@?]/\ o % software pipeline X7 2 g s 8 ~ [
Z R EFE buffer kg it - BFYHH ;m;—hjj;;]:lg«fr—r._ BEEH ;u;r,aﬁg]% o (%
software pipeline h:E 42 ¢ ¥ v ¢ i8 T4 48 Pipeline — & «-» Hazards F* ¢ -

® Structural Hazards @ - FRG BELE A @EL i@ * k- BHMET R § 7
% i¢ = Race Condition £« Exception % # -

® DataHazards : § - BiF 5 H 2 & @ * cof FL B &5 45 ¢ & 4 Data Hazards >
$WRE RS T AR (T 2 EE F iz 2 B4 TR b o

® Control Hazards : % #2 Pipeline ¢ %] 5 Branch 454 i = Control Hazards » %

software pipeline ® #> 8 | > ¥ & fxfs LiF 8 H ~enif Bk &5 TV $F L o

BRIk aaivs® - 1 iFE L5 4% software pipeline = 72 #77- e
pERF L T o 8 % software pipeline ez:g = j% > #— > 1 iT*» & & i Stage > ~ | 2 L5

BPELAA > DRTEERGF- PLIENFERAOFT L T2 TR FF G 3R L

\E

oR RS B § U & 75 & (B stage %f ¢k 13 B~ buffer eapF fF {e& i3 stage
ATTCEIPE R A L 39id ok ®E2 R B 28 B o friF 4 11 b 2434 & software pipeline %
PR T = B
(157 WA EFE A58 B R4 F8 @ L b if eh= ® Hazards ¥ 42 -
()& >3 TL B FPFRE 5 ostage ¢ chd L TR 0 f7027 3 stage £ 1 & {3 stage
REFFR L ED
(3)%1 5 & i stage i B~ buffer &ps i 5 overhead » & &3 buffer # 4 sk -1 >
overhead -
Software pipeline =4 %8 Pipeline == ;£ 378 4 & | * @ fH ~ A F 5 H ~enT i3
WL EE B E AR GFEF G F R L fr(overlap) > 23 B R Seea > @ software

pipeline -4 48 Pipeline e % 17 2. it &2 7 2 43 Table 6 o
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A 18 Pipeline

Software pipeline

Hazards problems

Data ~ Structural = Control

Data §= Structural

FiEL g AT o R kTSR
®* T Hardware description Software description
language language

v VHDL -~ Verilog

v C~ C++.. . Ect

Stage 7 buffer +* g | 4 Fal ~ Tl o R TR S
Stage i (7 FF -
Stage =3 (71 1F Bk TR A

Table 6.4 §2 Pipeline - software pipeline =3t f: #

% Table 6 v i £

Control Hazards -

7

& ¥/ software pipeline ¢ 7

%7 (HDL) - @ software pipelineg § i® % 7w T &

Data {= Structural Hazards @ /2

R AR S

A

F

F 7 SqesE < ¢ A AR Pipeline £ (¥ AR R8T 5 o P AR it

9-§er

C++o fuill §f stage R = buffer &0 #e > il % 4 §Y Pipeline 4L & -~ & ¢ @8Rk P>

@ software pipeline = ;=
PER > fed 48 Pipeline 3% 7 PRV i@ ¥ L T 20
g T LT RE

v F 2 A % @ software pipeline #

lziﬁfv’/lﬂ»".ﬁ]‘\

FHEAFRSA D Spal

By €25

G o
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@ fiE R R o & (B Stage # {7
% software pipeline #4 = pF {7 1@ 27
# stage =4 7 1 1T 24 % Pipeline

411 % B8 2 4] stage B 7 e (7 AR K




4.2. Timing Profile of H.264 Decode on PAC

A op HR-F ¢ * software pipeline = /2 3 % & PAC T [ i H.264/AVC 255 - 1343
41 F &eh% - ~ = 8 73] stage £ & B stage 4 TR AR 5 B B {o4-4 buffer
MAF TR 0 TR AR A4 PAC T L R AT 0 B DB A TR
4 #¢ 3K 3+ software pipeline = /2 o

BT kP %A PR Y ARMFe PAC DSPL AU E 44 DSP 5 % 5t dze il
(AXI-SDRAM ~ AXI-SRAM ~ DSP1-SRAM F= DSP2-SRAM):E {7 3 / B ik 5 & 47 > B

W SR aaT AT 2% 3.2/ & > d Figure 28 {- Table 7 # 5 A1z * ARM ¥fzz

ol

BAE B g ?Kil ¥ & 67MB/s » & 5 AXI-SRAM # 8 85MB/s » i:f ciig 5 4

4_AXI-SRAM # % 131MB/s > # mﬁ*u]ji % 5 & 40MB/s -

140
120
100
2 80 m AXI-SDRAM
S 60 - AXI-SRAM
'\ ¢ m DSP1-SRAM
m DSP2-SRAM
20
O of
Write Read
ARM
Figure 28. ARM :# B 2e 1548 A 17 B
AXI-SDRAM AXI-SRAM DSP1-SRAM | DSP2-SRAM
Write 67MB/s 85MB/s 67MB/s 67MB/s
Read 38MB/s 131MB/s 45MB/s 43MB/s

Table 7.ARM # Bz RBFRE » 47
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Figure 29 - Table 8 £ i¢ * PAC DSP1 4= R4 & copF & 4 45 - (3P B i1
1 % PAC DSP1 -4t on-chip 7 DSP1-SRAM 3 # & B 1442MB/s » gl i ;o 48 chik
B+t > PACDSPL $##8 & st B A7 > % $ AXI-SDRAM i
FRFILE Y312 o d B % Figure 29 4rif PAC DSP1 + 4+ 2 DSP1-SRAM tize

BAE B B R o L E R 7 DMA #-F 08 1 DSP1-SRAM + £ it (7

EE oo
1600
1400 -
1200
1000
L m AXI-SDRAM
o 800
= AXI-SRAM
600
» DSP1-SRAM
I & B DSP2-SRAM
200
O _
Write Read
DSP
Figure 29. DSP 3 3z 2% 4 17 Rl
AXI-SDRAM AXI-SRAM DSP1-SRAM | DSP2-SRAM
Write 100MB/s 194MB/s 1442MB/s 120MB/s
Read 46MB/s 119MB/s 1462MB/s 79MB/s

Table 8.DSP :f B e REFF R A 47

ET R R ER Y - BRIEE T ~ %W & ARME DSP 27 H.264 345 0 &

ARM _} 55«42 ;% 75 R _Android 2.3 42 & 3% B~ 11 517 H.264/AVC Decode > m DSP } B
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d 1 eF (60 H.264/AVC Decoder» iz 7 decoder ¥ 7 i * — i DSP % 38 {7 f2£5 o
¥ ehigRRR R %L 3 ¥ Timestamp # synchronization # 1% > & * # Poig f225 o 4 5 i@
FRIRAR T T AT DRRRRE Y A MPEG R AR A Crew s f247 & E_640
x480 > Bit rate £ 1Mbps > % % §5 30 5% > — £ F 300 BB oo PlE S N E A
H.264 f2#% ¢ & i& 5 ¥ =~ (Entropy~ IQIT ~ Inter Prediction 4= Intra Prediction):& {7 4 47 -
FEBHRELTES O AR Y 202 Inter foIntra % & £ Inter Prediction {- Intra
Prediction > i&:# * Time3 Rp| E PR » HAF 5 24MHz > F 6 2+ 5 0¥ 2 % cycle o

iw r g 6t~ s DSP fi#sg > fEiz R * -0 1364 0 & Figure 30 {- Table 9 #
|l ko de 5 e B Inter Prediction 47% - 42T ki = £_Entropy decode 32% -

IQIT 15%= Intra Prediction 6% <

DSP

Figure 30. DSP 245 P& & 4 47 ]

Total Entropy IQIT Inter Intra

341,715,671 | 110,217,174 | 53,106,956 | 157,315,246 | 21,076,295

Table 9.DSP &8 p A & 47 ficdy
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T E i ARM fR75 vk & 0 JRS R R T 127s) ST enpE P K L DSP f2sg o
8 i =+ » w4l t ARM g5 eni® % & ¥i(Android or Linux)#t & AHB-SDRAM » i
L3 i * on-chip ¢ AHB-SRAM - ¢ Figure 31 {= Table 10 ¥ ¢ e} % ik e + 3% i 1R

4_% Inter Prediction 48% > # =t £_IQIT 27%f~ Entropy decode 18% - # {s 4 €_Intra

Prediction 7% -

1896

Iglgure 31. ARM f&z5 pF i & 47 B

‘ \

Total | “h Dy / I

290

7 Inter. Intra
2.777,305,374 | 518,76¢ ‘T 68,769 | 206,041,035

m /] = Q
| B | '\ _& Y
Table 10.AR

27 P A 45 Bchh
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4.3. Software Pipeline Design of H.264 Decode on PAC

FNERY

% DSP =+ k kit 45 = i PAC DSP> #7134 ip# 2% 3+ 2-stage crisoftware pipeline =
%0 50 41 )&% - ghwrd Hazards 2 4 - #rai#@ * macroblock Layer % #a
software pipeline > # — 1 macroblock %78 424 5 — » 1 ¥ » & 3= macroblock %75
AR B = A B ostage 0 P & -3 B stage 4 {7 PF A AR ITA%4F - Figure 32 4+ Figure
33 2495 4.2 | & DSP 345 £i8 B H A /picenpE oL o7 I ¥ b 4945 Prediction

mode 7 F - 4 & Intra Prediction macroblock 4= Inter Prediction macroblock -

MB1 MB2 MB3
Entropy. IQIT 2 Entropy IQIT &= Entropy 1 IQIT i3
1 1 Q) | 1 Q) 1 1 Q)
>
Time Line
Figure 32. Intra prediction macroblock =2 time line 4 47 B
MB1 MB2

Entropy i IQIT E Inter Entropy i IQIT E Inter

Time Line

Figure 33. Inter prediction macroblock =~ time line 4 45 Bl
¢ Figure 32 4o Figure 33 4 17> % 7 f#/4- 4.1 -] & % = gbd% i e B stage 99 (7
PF R A0 & £ 4P > 12 Intra Prediction macroblock %3 % — 1 stage #x Entropy decode -
% = i# stage # IQIT §= Intra Prediction> ¥ ¢t <3 Inter Prediction macroblock - ¢ »% Inter
Prediction {=eps B % % > 2% % Inter Prediction 4 = Motion Vector f= Motion
Compensation = B8 i> » % - B stage # Entropy decode {= Motion Vector > % = i

stage # 1QIT 4= Motion Compensation -
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B Figure 34 v Figure 35 §_} & #r4cit i@ & 7 software pipeline = ;% #7& 41 %

£h o £2 [§] Figure 32 - Figure 33 it i » 7 5 ) k e - PR A software pipeline

e jE 97 g2 e macroblock fEFS R 5 o

MB1 MB2 MB3 MB4
Stagel Entropy Entropy Entropy Entropy
MB1 MB2 MB3
Stage2 IQIT ilntra IQIT ilntra IQIT ilntra

>
Ll

Time Line

Figure 34. Intra prediction-macroblock <7 software pipeline 2 # time line 4 47 Bl

MB1 MB2 MB3
Stagel Entropy i MV Entropy i MV Entropy i MV
MB1 MB2
- 1QIT i MC IQIT i MC
Time Line

Figure 35. Inter prediction macroblock = software pipeline 32 1 time line 4 47 B

202441 5% = BEE 0¥ S B stage 2 7 buffer i3 P~ Overhead » 3¢
7 3% 3+ buffer *x & DSP2-SRAM + ® Dbuffer = circular buffer » #x i+ DSP2-SRAM } #
> stage 2 3 B~ buffer 0% & > @ stage 1 5% " 41 % DMA g - i 7% buffer s i
5 b circular buffer 72k 3+ 7 § »2i b3 (B stage f#ABE 3 e enR AL 0 4§ F1E R A

% — i macroblock # stage 2 jsEPF R E £ @ H R ¥ ¢k stagel i& ~ busy wait ¢ o
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Figure 36 5 i * it e buffer sk 3> » B+ & % DSP J,;K#‘é:’ﬁ A ¢ 53SRAM »

-

TR EAXI-BUS o F ¥| % DSP2-SRAM _t i circular buffer 353+ - @ 2 Figure 36
- BRI ERR T software pipeline 245 (e il ¢ SRR BB o B
® PR 2k stage 1(DSP1)¥+ MB3 it = Entropy decode FF>DMA & #-k| k| f2 7 % MB2
i@ ~ DSP2 i circular buffer(DSP2-SRAM)# » pt p& stage 2(DSP2)~ & f%t MB1 i (7
IQIT §r Intra Prediction =3j%#§ o i%k 71 buffer 2% 3+ # #- DSP1 ~ DSP2 fr DMA = &

MR E R R Overlap » 7 5 2cep 2 4.1 & & = BR¥E3T 5 F stage 2 fF buffer 75 2~

&1 QOverhead o

DSP2-SRAM
\
MB1 e—
MB2
DSP1-SRAM -
V
MB3
MB3 MB2 o Circular Buffer v
<
> IQIT
Entropy DSP1 DSP2 Intra

MB2

Figure 36.7 * software pipeline %5 &[54 @ * et 7 B
iz circular buffer </ 2 8 B 990B  buffer #t% = » & i buffer * 4 - B
macroblcok f##5 #7 % & chF 4 - & B buffer 3415 820B = residual block 74 » @ #
T 170B 2 & 5 macroblock block type ~ prediction mode ~ moction vector {- coded

block pattern... % 25 7% & chF sl » F 7 L FwF ¥ %3 Table2 o

47



4.3. F % p|£ Software Pipeline

1A F %7 f# software pipeline £ A& % macroblock # {7k o A

IS

timer kpry 5 BFL HE A Tonpd > Aipf R 4.2 & ¢ 41 % aotimer 0 i&if
B & eHH = F_cycle -

fER AT RORY F B RALALDLL

® | E |:stagel ¥ :hE * 4% Entropy decode i& & ¥ ~

® A MBYEFZE k& KZTDAM iz Bfe 47— & 282 ¥ 8 4ot MBX
{r MBY...% o

® MB-#: X % macroblock %5k o

° %/ ¥ % circular buffer > # stagel #& & 4. % 7 z buffer > ;2 5 #]i&» Busy

waitinge & stage 2 R £t & A F buffer 7L i 47 » 5L F L% i 45 B :2 ~ Busy

waiting e

® | |OIT |:stage2 ¥ ik & IQIT i& & 8 ~ o

o Intra | : stage 2 ¥ & & Intra Prediction i& & & ~ -

) MV | :stage2 # = 4 Motion Vector & & 8 ~ o

o MC | : stage 2 ¥ it £ Motion Compensation i& & ¥ = -

Figure 37 ¥_intra prediction macroblock % ! =3 ¥ time line » 7@ > ¢ B ¥ “F’
11 macroblock % stage 1 fv stage 2 #7 = <pF & T 35 330 i cycles = + > ¥ ¢+ Figure
38 &_inter prediction macroblock % ! =F *2 time line 4 47 B8] B * + % macroblock %
stage 1 4v stage2 #fi-enpr L 325 350 i cycles » # 51 24 7 p 7 ¢ B Stages *» 2

22 Aed BHRE ET R
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MB-77 MB-78 MB-79
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Figure 37. Intra prediction macroblock 3§ * time line 4 +7 [
MB-1982 MB-1983 MB-1984
336 122 51 201 107 34 159 132
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MB-1981 MB-1982 MB-1983
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Stage2 It |mclest] 1o | mMc hef] 10T |mc
Time Line
Figure 38. Inter prediction macroblock 3§ *= time line 4 17 ]
e g 45 ALl oo 4o Figure 39 » MB-435 &3 Entropy decode =71 865

cycles » 4p > MB-434 % 502 F 5 % [ e macroblock € 1345 7 & ¢ coded block
pattern 3£ entropy decode #ti-:rPFER 2 ko i {8 MB-435 % stage 2 ¥ % % {F 7 200
cyclese ¥ ¢t &3 Figure 40 % MB-1865 :amotion compensation 8 i» = +“ $& 5 s ¥ >
Jr F1E_f% MB-1865 P~ motion vector 5 /| # » #7 & #f *t ¥} inter prediction block

& 1 gL #E2 (interpolation):& & fCepd BV L i 5 o
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I ~R%ERE

g ¥y e g4 53 B DSP @ * software pipeline = ;2 # H.264 f245

[

BT

i

o * — & DSP % H.264 f28 crsiy v die > S - * T ECRIERL Y 7 K bitrate v
st ¥ bt i T BOR2 P i@ * software pipeline * 2 ¢ stage 1 {v stage 2 - 35pE fF o
5.1. RIFFHEE

AR * T BOPIRERLS 4 Moving Picture Experts Group (MPEG) %% 1 # &
SRR ePRIRR R AN PRR GRIGE 17 R AL 640%480 0 @ i & MPEG f# 3 I chip]
B8 317 R 5 T20x480 2 832x480 5 s i B~ ¢ Y 5 640x480 2K x4 Figure 41. - 4
* JM15.0 Encoder j\@‘{ﬁ T B R 2B 5 (1) Crew  (2) Flowervase  (3) Keiba

(4) RaceHorses  (5) Sailormen > Bt :& 7 Boge 5 iR ﬁ*ﬁ?gm 4oF Table 11 -

Frames 300

Frame Rate 30

Resolution 640x480 (VGA)

Format H.264/Baseline

Number Reference Frames 5

Quantisation Parameter for | Slice 28

Quantisation Parameter for P Slice 28

GOP type IPPI

Bitrate 1.6Mbps ~ 2Mbps ~ 2.4Mbps

Table 11.8 & T3
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|

Figure 41. P~*¢ i =12 640x480 )

PlEenT L6 * PACDuUO B o M3 B B F AT

® PACDSP 2 % : 204MHz

® AXI-Bus : 204MHz

®  DSP-SRAM : 204MHz

® AXI-SDRAM : Clock speed : 204 MHz ; Data rate : 408 MHz

® timer : 24MHz

%Y & & £ = B macroblock = epE R 7‘%3 ¢ * APB-Bus t crtimer3 > H
#F % 5 24MHz » Table 12 &_timer3 %715 B 7] £ > timer3_DR & 4 ¢ timer3 B 4.p¥
¢ L2~ timer3_DR g B 4541 F 7]8c > timer3_CTR # 1 4324 timer3 B 47 ~ 7 i% &%

%3] F P 4 Interrupt » timer3_COUNTER & % p % ig|$cendic i@ -

Register Name Address Function description R/W
timer3_DR 0x502_0010 Data register R/W
timer3_CTR 0x522_0014 Counter register R/W
timer3_COUNTER 0x522_0018 Count down register R

Table 12. timer #7 5 ®
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5.2. 4p £ Bitrate § =%

e RRREY T ERPT 0 FERET 3 = A7 ko Bitrate(1.6Mbps ~ 2Mbps {r
2.4Mbps) - 41 * 72  eh Bitrate & g% software pipeline shsiit :2 % - F 2% = 2 & B]R|
3 software pipeline = ;= {-ix 3 & * software pipeline = ;> i H.246 348 *7 = chps & >

TR | R RER nE 5 fy 0 B % R 3058 & clock()# #) 41 » Frames Per Second

(FPS) % & #yf2 % > % F. 1> & FPS 2 3% 5 FPS = Frames / Time »

Crew Software pipeline No software pipeline
Bit rate Time FPS Time FPS
1.6Mbps 7s 42.6 13.2s 22.7
2Mbps 7.5 39.7 14.2s 21.1
2.4Mbps 8.1s 37 15s 20

Table 13. Crew ¥ & & 45 P&/

Flowervase Software pipeline No software pipeline

Bit rate Time FPS Time FPS
1.6Mbps 6.9s 43.3 11.8s 25.4
2Mbps 7.5s 40 13s 23
2.4Mbps 8s 37.3 13.9s 21.5

Table 14. Flowervase > 5 f%#5 p¥ [
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Keiba software pipeline Non software pipeline
Bit rate Time FPS Time FPS
1.6Mbps 6.7s 44.8 12.1s 24.7
2Mbps 7.2 41.8 12.9s 23.3
2.4Mbps 7.7s 39.1 13.6s 22
Table 15. Keiba % & 75 P& &
RaceHorses software pipeline Non software pipeline
Bit rate Time FPS Time FPS
1.6Mbps 7.2 41.6 13s 23.1
2Mbps 7.8s 38.3 14.3s 20.9
2.4Mbps 8.3s 36 15.3s 19.6
Table 16. RaceHorses - & &5 p& ¥
Sailomen software pipeline Non software pipeline
Bit rate Time FPS Time FPS
1.6Mbps 7.8s 38.3 14s 21.6
2Mbps 8.3s 36 15s 20
2.4Mbps 8.81s 34 16s 18.8

Table 17. Sailomen $% 5 5 p& &

¢ Table 13. ~ Table 17. 83 ¥ 5 =it % » i1 5 #& * software pipeline ji%#5 p& B 3742

A0 F) 0 A F NP PR S 104 0 fRBE R S B € BT &2 L Video sync

i * software pipeline 9> 2 #

¥ 5% Video sync »
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software pipeline = ;2 cnf# B v b B ¥ 4 T 7 4) > 4 Table 16Table 17 ¢

2.4Mbps - @ Bitrate fa e F BB+ ¥ 4 T 6.2 ) 0 4 Table 13.¢ 1.6Mbps -

X

1 A : a7

Table 18. 5 =+ E g2 5 i * software pipeline = /% {8 kit s B % » 345 o538 Dk

2
®

)

I :z & =no software pipeline time / software pipeline time - 32 1 + i * 2-stage =
software pipeline »=F & 8+ 2 & > e 8 _¢ F] % Stage *» 2] 7 T t2{c buffer 3§ P~ hif

MERERFIR Frea A VP 2% o d Tablel18.¢ R E BT F MR ¥

A<

software pipeline »zi # & $85 =ty s » 45| LF 7 Crew ¢ Bitrate 5 1.6Mbps »<
FRBZEFDLBE B oRARIERTE L 2 B EF R LR ENE ] Banth

2T aEI2 8 R F iy & 188 B A chig % o m A i insoftware pipeline

557§ B RS 1.7~1.88 & o
1.6Mbps 2Mbps 2.4Mbps
Crew 1.88 1.87 1.85
Flowervase 1.7 1.73 1.73
Keiba 181 1.79 A
RaceHorses 1.79 1.83 1.83
Sailomen 1.77 1.8 18

Table 18.7 3 8% & »Ta sxie

=
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B3R L Stage #1 f- eopF B

i¢ * software pipeline » 3 Stage *» 2| A& T 32> € @ »xic R BAXF o Lo B 7 %
PR EANPIRAS B Stage 732 2o TR EE T 20 TR EF B
macroblock A7 B stage #ricepFER > A * 51 ) &Y F Partimer3 kplE o H
5 F 24MHz > Bl cnE =5 cyclec Bl » 2@ * Crew B 5 » @ * = 8% F e Bit
rate(1.6Mbps~2Mbps = 2.4Mbps) > #-= # macroblock i stage 1 = stage 2 1 f= 2 cycle

Hol E R L -

Crew stage 1 stage 2

Bit rate kS wEL T 358k £
1.6Mbps 505 218 516 201
2Mbps 550 249 532 208
2.4Mbps 594 280 541 208

Table 19. Stage #7 1= erap& Y

d Table19.7 - ¥ g% 3| Bitrate 4%~ ¢ i¢ stage 1 {- stage 2 -~ 2 cycle #cit & -
HFwH_stagel = £ tFAR 3 3¢ stage 2 > F] 5 Bitrate 4%+ ¢ & ¥ Residual block ¢ 2t
FHc¥ 0 PP stage 1 ¢ Entropy decode #7 - erpE F Ao & Bitrate 1.6Mbps
" stage 1 f- stage 2 T #5#c R 4p £ 11 cycles > Bitrate 2Mbps = % 4p £ 18 cycles »
Bit rate 2.4Mbps #r4p £ 3| 53 cycles> 14 F cficip 45 fe Table 18 »x 5 4% 8 £ > ¥ 4% IR Stage
7 3 T 3aens 3 (Bit rate 1.6Mbps §- 2Mbps)»c % #% B 2 1.87~1.88 & - @ Stage
7 3§ T $aengs 5 (Bit rate 2.4Mbps)# 8 sx g b 1.85 & o d F i34 ¥ 3 I Stage
2 AR T 2T B AR o

d 8 Z ¥ 5 o) %k Bitrate $0 0 082 ¥ % 1B macroblock i stage 1 #f f- e B i
$if » & 2 > Bitrate #& % % 5 % 1 macroblock % stage 1 # - ehps ¥ s §z o ¥ 7}

% £~ ¥ 5 2 Bitrate ¥t stage 2 < ] -
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v

AW P ORET - BA 0 NS TSI &S e T 5 fsoftware
pipeline = ;= shoverhead %% » & F] &>t stage 2. FF 4o @ A i ~ buffer en#i& ~ hazards
R Lfe+r 2 stage ¢ 2 % 8 ¢ i & {3 choverhead W] 2% 4445 & B stage
ZFEF A EFTHOEIE > FRI AT ESIFEMN T VN AARFF NI
Dynamic pipeline stages =7 ;% %k i é% i stage A7 FF R o { 2170 F] 5 d + 5 Table

TR L 4p g+ N A& B macroblock 7 stage % (FEEE Y X B AR R < 0 T
PP R Ve B o0 JE 0 4395 B macroblock 7 e #5 i5 3 33 BEE B stage #rH (7 ¥
T & oA {8& B ostage (7 PF R b { BT o

* ¥~ o PAC B 345 g software pipeline = j2 % ix X H.264/AVC %5 c
W B kR Y FASHPACESEF Y Ll BE A cl e RER
P Efe & 4 B 4e3K 3t e software pipeline » "o 2 1% PAC B 3 7 ¢ #15 A48 &k f2
i4- software pipeline % :* enF] £t » & ¥ Stage ¥ & i@ enf® {2 % i 4| * circular buffer %
f24- > Ra& T4 4 buffer ¢ 28 &4+ > T i@ Stage ff.&;? BT o 1% DMA Bk $#:F
7 kL 3] circular buffer - i€ ¥ stage 1 ~ stage 2 ~ DMA 2 & 41 #8:0% & Qverlap » f#;+-fc
f% i+ buffer en#.:& ¢ Overhead - 3% 2= macroblock layer £ software pipeline & f% ;4
Hazards =% %% o ;ﬁ d &+ F timer 4 47#cdy k*7 ] Stage & £ fFe P L AP AR
WY EIE B S e T 4 b g software pipeling #7i8 3| R EL o

A A
e H

Iy

F ondcdp sk & PAC T 5 k@& #* & i PAC DSP & software pipeline it
B VHE 188 M AP asoftware pipeline = jEa A f e i 3 REKER
Ferkiy o FrEf A R E GO U ke R R Y hiad & € #F 2] HD - Full
HD % 73 FEX ¢ gk 8o 5 Progeor 38 % MALe 2R endg$h o @ 24P chsoftware
pipeling = j# ¥ 1U3E § oo T {7 RJE > & B B RAE ki 0§ RH-g R LH T E

.\‘ A ~ _\‘ f zcgu‘:{ °
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