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Ogg Vorbis[1] 2 - f85 B4t > § BR4F 0 MP3 #3505 5 4F
B sgiw b2 (Lossy Compression) i& {7 Rigehg #4235 o w5 - B2 b ih

» Ogg Vorbis #5:8 B 2 7 ~ B Aesimga ¥ kG & e g -
Vorbis #3F URMEFE FheF @ Ogg £~ Bdaifi &R Hk
3B ehp R - B RO B NS LA % 5 o Ogg Vorbis (p
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#'Jm°vorb|51\—,— 1"’701?_, % AT AL 0 TR ‘é‘ g,,/p%
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tag Hcp £z °

FrAEe Fenid F o Vorbis 2 27 L =

(granule):& (= i& 5 Vorbis £ 4% % B A=E (2 ) @ ind g * 7 i)

o

M IR Foke 5 Vorbis ¢ 2 ¥ llll&jﬁ_—' SN3n T i —61._3;_

Ogg Vorbis e E & A f = ¥k MEene o 30 B BP0 Gy &

EeflF o FI AT AL 7§ ol PR IE T akas ) Ogg Vorbis & G R o
TS &b BT Ogg Vorbis e * o B3 o 1T 5 B cie 538 B Ogg

“F_

Pl fa & Ferw IceCast ik

Bt R %E%“a’yf & Edk o F
Ao £ A L Ogg Vorbis gﬁa FrA o e s

Vorbis w fge

B BT - RPER

Ogg Vorbis = 3 B4R & 47 B % -

% ¥ Ogg Vorbis =#ci# rc (Release Candidate) [1]%x & e i » T ©

EARRAR NG o 3T R e 1.0rc3 B A re2 4prt fddae b4 F A 4 e
5% o prc2 @ > OggVorbis 4 7 S fai ik Fend g Ry FR

AR (Ao d BE) M E g R TREEHAT S A e P R T 3
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L) 5 g X E A (4o IMDCT) o 2% i g4 erdta * il k F
Bom AR E AR AR KT I AL PRI R LER
Ogg Vorbis § 3 f28 & 5t o 2 i % LEON2 2 % 2 Xilinx Multimedia
Board & 4 B % 5 AR A REHE BRI A IS 2T L5 - BREFSSC
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% - % Ogg Vorbis § 1 %358 k12

2.1 #2812 474 (The Psychoacoustic Model )

Ogg Vorbis 2_ #7125 43 £ 3| B @#ﬁﬂ'ﬁﬁﬂzwﬂ FLRC RIS NN 4
e F] o )ﬁﬂ\v BOOEBCEEA A B R o f1 A BRER
Fo b A) = S Tl (Masking Effect) #78 3| enygre P #2448 ( Masking
Thresholds) » Az #ric Z3F ek * £V 24 > B {FE L {6ehd B a0 7 4%
A -

PURECA] R AR S 2 e > L R PR 4E A+ (Critical
Bands) - & % 4 21 H#g (Tonal, Sinusoid-like) % 2L #7 (Non-Tonal,
Noise-like) = i» » xH #r e F = F B sg & 5 | » & W3- 5 ek Py
Booom FEE S B P AR A TP SRR A USRS T o
Fafce AR R PEEEEZ N L FATE- BET 5w R L
3 > SPL (Sound Pressure Level ) o SPL # - B8 B Tl & ofe
[2] > =5 dB e 42 p A B i i o

ARG A EE R 4 AL B S ] AL R o R
BLenf g BIRG B o A B % SMUBLA B IR Sk A E L
e AR R BT o om %ﬁﬂ%%ﬁﬁﬁ@iw@ﬁﬂﬁiﬁoﬁ
o R D S B AWEF R > A RAF A EF M HEF- 3
Wi 3 o FFAERe M Erka 4 BT O HH BB A e ekt iR

RCH A A engesn o Flpt o gd 0 R R RGIE R o TR
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2.1.1 # 3 M % (The Absolute Threshold of Hearing )

BEEFORRET 0 A DR RIS o blhed TR 6 0
Mo ivg S A EBARRT  RREE SR NPT - R
5 PHEw & (~ f£ 5 The Threshold in Quiet) > 4B 2-1 #7577 > ¥ 30

WRMATES Y R AT AR TSR iEY AT ud SN

(2-1) ehzbauft = f25% kg ig[4] -

80
g 60 ]
@
[=
2 ap ]
2o} _
=]
D
gof ;
-20 | | 1 | 1 | 1 l
002 005 01 02 0.5 1 2 5 10 20
frequency of test tone (kHz)
Bl 2-1# 5 Py &
6x(——-33)? f
T,(f)x3.64- 08 _g5_g w00 _100 ()¢ (2-1
(f) ( ) (1000) (2-1)

Ao FREAEF (Hz) o - a3 > A B A5 B a5 5 2
10~20,000 Hz - Tq(f)R] E_A#p & f g § P HEE o BRGEY |7 UF
A SERRRE MU B0 S IR AT 0 @ B S ) 3~4KHZ e
B o ATHR ©



2.1.2 =7 #g F (Critical Bands )

REEF A BRI HKEBFIR A DR ,@*L.;Iug,\{— BAE & e
AT E S PR S RE 20HZ 7] 20kHz =+ > F] 4 @ B o AP T s B
BT gdd F it gl Boresa a2 BF gk B
R LA LA B LA Rded 2-1 47 0 AP E TR

P 454 (Critical Band) - TR 47 # A M o 5% %) fdlcp Hz 2+ 0 e

B A BB G 0 6 4 FlBckHz o

F2-1 % SR & g 4E ¥ [5]

Band Center Freq. Bandwidth Band Center Freq. Bandwidth

No. (Hz) (Hz) No. (Hz) (Hz)
1 50 — 100 14 2150 2000 — 2320
2 150 100 — 200 15 2500 320 - 2700
3 250 200 — 300 16 2900 2700 - 3150
4 350 300 — 400 17 3400 3150 - 3700
5 450 400 — 510 18 4000 3700 — 4400
6 570 510 - 630 19 4800 4400 - 5300
7 700 630770 20 5800 5300 — 6400
8 840 770 - 920 21 7000 6400 - 7700
9 1000 920 — 1080 22 8500 7700 - 9500
10 1175 1080 — 1270 23 10500 9500 - 12000
11 1370 1270 — 1480 24 13500 12000 — 15500
12 1600 1480 - 1720 25 19500 15500 -
13 1850 1720 — 2000

2.1.3 ;113}4*}*;:)%?; ( Masking )



Masker

Minimum
d

Noise to Mask
Ratio, NMR{m)

% Masking Threshol
= Signal to Mask

2 Ratio, SMR Masking Threshold |
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£ | sNrR(m)

(=W
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=
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A

Noise Level of
m-bit Quantizer

!
-
1'rl

- . ) frequenc
Critical Neighboring 1 Y

band band
Wl 2-2 i b et oo [6]

% TR R %ﬂ?l- , ,f;é:?qg@,%}? o MAPAAE R o 4

I AR e oo s F B o ;%—9}—‘-‘; ] 22—%—55 xl%*ﬁ:% 5 £ (AR D epFiE
T § AR AR S RS Eﬁ?é%ﬁﬁﬁﬂﬂﬁﬁﬁa%%’ﬁwﬁ

» ey (Masker) > @ 3 jic ¢ ¥4 A0 5 e 040 Rl {rAe A 0 RIo fr
ALt BERAAEY M 3 R AR N PR H - B
PR RS AP RO P UL 0§ 3 R B Rk - RRR S
7% (Spreading Function) &t {fﬁ‘?& ;% (Masking Function) %3+ & o F it &
A oAt e JEE ool o A AL 5 I A oo (Frequency or
Simultaneous Masking) -

AR b SPL g% et B € P AP T e BLA 2 i ot 0 Ao

2-3 477 o B 2-3 ¢ 3 = B35t masker iy 0 H ¢ - B ELE 3 Mo
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70 Masker

50 _ Masking Threshold

a0
.
3D N -\-.\.- -,

20 e

!

Masked Sound /

Sound Pressure Level (dB)
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Bl 2-3Ewk P id S5 Y &

K$ 73 ﬂp‘ﬁ;@ﬁ”‘;*m@% , ,fig For T PEIRCF ZE IR #E Y m;E‘F’(‘;*;;)@ 3%
T o P OB B DRl o A AL S PR ol (Temporal or Non-
simultaneous Masking) » 3%+ [B] 2-4 P48 4 i (6 X B > BEIS
Pl A s 4 g el (Pre-masking) £ 8 i fr o s (Post-masking)
fa[r]c B hf NI AR 2-4 ¢ A e ﬁagwﬁ? o BEEAE
A_post-masking #7#: FepF FF gk 0 3 >3 160ms - @ pre-masking + ) ¥

7 post-masking + & 2. — epF [ o
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2.2 Ogg Vorbis #t ;‘“hf-q\‘ ) ﬁ'%% ﬁﬁi

a4y i Ogg mﬁ%“x@ﬁa 3 [8]! & ,p ;t*» PBE Y - B G A
1 A AR
1—'%‘;%‘9@% IT@‘A o _@-Oggé—l-%fé g 'b’ﬁ_gﬁ Eﬁ “_,? ’?_gfi;bg ‘/::L

( Physical Bitstreams) - uoﬁ"#‘ aﬁnl,% %wrg_ 4 “BE PR
(Logical Bitstreams) “i& {7 iﬁ*mﬁv Fo mFRE AP X A7 L2
i@ fen “Packets “ o packets ¥ ixG ¢ z R BTN T UARER

MRA - A=A B R o

221 Ogg iz=~8 ir
Ogg thiz~ g in¥ A = FME~p nEBET P e FHE~E IR
Ad RS R BIER AR i e, PR AR R |

BR- TOERE o AR AP A ,ﬁw g f*‘“ - I



C TN B E( % - B A F e Header 42) o pibu g E A 24 Y B
FEe? N EM c BERAT RN -RAFTHIAL LT NG ARSDER > A

HY ehHeader & 7 Tt EZ HF{ BT FH AR > B BRE
B B e 3RS B AR T — Azde s T (Begining of Stream)
My - BAE — 2EAF (EndofStream)— 2 & o

Az 4o f;”éf G z codec A2 b Foag B BT REE W K Tenjp M

Fioem P BRR P B A e WA S 0 B R A A B AR
ATAEFERIES B REE - - LRFARLAT Y- Birlesm
M&3% € 7 magic data & 3 FEak2 * (3P & vR iR codec) -

2.2.2 0gg Vorbis 3t % %%

7 0gg #pLBE kg 0 packets ¥ 4 EE e ] o fe B E B A feh
codec > U M RIZ P 7 &K 4rie kI packets o ldo#-T A N FE L
o Fli AR ks ok R A 64K e 5 BRI - B packet & R AL A 4%
P BEAF 7O » Ogg # # B packet *» = # B & & 5
255bytes e/ £L (# {5 - o] »t 255bytes) o it} B S “Ogg F £

(Segment) - 7 iFiE- % FETLBEL K TF L X AT P

Ris- e FenFbgke 7 - B2 header 52 5 A4 F o A |

header ¥ % £ # (Segmentation Table) # 27 codec #* 4~ F 42575 F £

“Lacing & “ (¥ % & Segment sh£ & ) o B 2-53P 1 dofe SBiE i~

10



BnigiE- @R Rz s FRER R

BEMAER
packet_1 packet_2 packet_3
\L 4§ segmentation
packet 1 (5 =segments) packet 2 (4 =egs) p_3 (2 segs)
|seg_l |5eg_2 seg_3|5eg_&|5_5 ‘ | seg_l‘ seg_2 |5eg_3 | | seg_l|5_2

\Lfv} B+ # page encapsulation

page 1 (packet 1 data) page 2(packet_1 data) page 3 (packet 2 data)
H H H
D (zeg 1|zeg 2 |seg_3 D(zeg 4 |2_5 D |seg 1l|seg 2 |seg 3
R B R
fedEgsa —
mg}ﬂﬁé-‘?
.
i
418
page 1 page 2 page 3

HH i #F M physical Ogg bitstream
Bl 2-5 #2475
223 AT B4

A A A At o i ¥ 2.4 5] 8kB >

B 57T 65307 B A e & BA T BTG § 0 doim BR AR kh

BEE AP N U E GHOBFOR CFHER FAAM AL o & 23

8 —
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BAT » PR AT FALRANA A FRER =R - B 2-6

R

A T AR e 5 o T S R e

01234567890123456789012345678901 Byte

Magic number 0-3
L fERRAE granulefif & 4-T
8-11
{1 T B i i 12-15
TEZF 16-19
CRCTZFEFI 20-23
B -k TrERER 24-27
28-

W 2-6° & 7 tn g% R
Magic Number : gt 5 8 “OggS “iEf3s Biip & B A | anf
Bo ok @I HFTH AT TP REBERA o - LA

%_’I °

g

RA- BATOAT > g 44 h CRCHf 44T LT

Wk Do BEAEA ] kAR Ogy R TR * AR

® - fin:AFRY- BAT R B Packet -
® V- A LFABEEAL RN - BAT

@ - FiBEFAP TR - BAR o
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granule =¥ : ~ B i e o

SIEBETRM M- BFR
PR R T

¢ @ 7 ¥ PCM sample =it &k -
AR AR e Bl BIEFR AT B o

AEEZR R AT ABERAR DT RE T

SN
SELEE

PR ARG ATEL o F BREEAL RPAT AR

o

CRC fasdr 1 32 (== » h & A F chz il

AR-ABRE - B A AEREY 3 BBAEK
9. L E & :

Aol - B RR e B AT P A A Ben

lacing & - & - Bz~ fedoor — WE.lacing & o #7120 FfEF e 0]

==
=
.5;
A=

11

AT AT 2T [ ]

&
=
|3;
A=
|

= Hho:

en= -] +lacing & i &

2.3 f275 B4

~

BfRFEZ A 0 LR REIL B IR EE B AR AR e AR B L ik
{747 dpcrds (5 o Vorbis 42 ¢ 7 = fafhep » R TF L2

FoEDIER TR

T
3
=

¥ ¥ oAk

. € #€ Vorbis ¢ ji iz - 1§ 3 Packet B 4 f%

~

oot Vorbis | e 3d 7 0 Bow i = A 4o BE 2 18 0 Packet FUE T

Packet o @ iz = & fh 2R ik B 4 %] 225 %] 44 £ (identification Header) ~ 31f% 4%

13



¢ (comments Header) 4 % 3k 4% #F (setup Header) - 3%~ 2 4

e% % 1T i 7 1745 s

—

Packet type decode ‘

.

Mode decode ‘

\

Window shape decode
[long windows onby]

)

floor decode

L

residue decode

L

inverse channel coupling

4 )
T » —=

-y

(TS AT BT o] 2-7 ¢

[

generate floor curve ‘

)

compute floor/residue
dot product

i

inverse monolithic
transform (MDCT)

i

overlap/add data

l

cache right hand data

L

return finished audio data

B 2-7 254

14
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322 0gg & BARE ik & hd &

FEULFREE T Wavgt i~ g L AE 5 Vorbis 5% 0 K
ArLE - b AR AR A R R PR S

el

o

S

PR KEMREEP L% Lo A S ihe

AREE E 0 3F S fRAE PR * Flehcodec 3 EF A

VQ 4= Huffman codebooks % -
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sh o > 4ol by 7 T A
FZF ANHE P RTERFET S

b

E S FME O F R 2 RRA R B #

4

Do
=F
T
-l
[\
ol
= »

SRR ] S B BB oo ko A e
O R RAMDE o LR S AR A et E R

KFER L dpg B g% 0 SLH & ¥ (System-on-a-Chip > § 4 SoC)

o E & 0]5 T o AT RE R L - ke S R
AEANPATREEE - PRMRBE RS 2 v T U P Rl

A

P — s sk ows o M o L ks s o oo . p
Fb o dofe B TR T R L R E R NIET AR

oo A £ RFR S RS A A (Silicon Intellectual Property >

i A SIP) e IR
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ik 2 J‘b%*(]%'* ’m,,< «uﬁz’\ﬁjj"t)‘ ’ il'é/ig'C;K

PREA e FI AR RS SRR s

% L L [l
a S W ERH S P

AN HIC R AR A 5 0 L Ao AR e T A A B R

SPIR R R PR R G SLHE B PR TARAD B H e 2 9]

PLL
Memory Memory
TAP
Microprocessor
) _ PCI
Core Glue logic
Memory Memory
Function || Function || Function
specfic || specfic || specfic
core A core B C
core A/D, D/A

31 - 4k LM & % i

3.2.1 & %k 3+ (Traditional design)

FrR* i off 48 T B (Application Specific Integrated Circuit » # £ ASIC)

?- |§ P

Bk IRARACR 32 fr o A AT A AAES S (HDLE R

17



G R r i Sl BRI R R LTE A ¥ TR~ SR A

OB RS O HURERE AL RESER BRI F D

=\
o~
\2

TELE R o R

=

RN SRR S L L EIRE St LI
B FpRs ERTIFAME R AT REIRF LRI E
KAJE 0 F AT ASLERRE R 0 T 0 4§ B R R e

E VIR .

Specification
development

RTL code
development

Timing
verification

Functional

P Place and route
veritication

Prototype
build and test

B]3-2 & ALK AR
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AN

3.2.2 k% H & F 3% 3(SoC Design)

B L
BB 1

™

FAROT S 2 AR > RO ARE R P L
T HRAPAE SRR G e R R R A
B R SRR L RER Y RTIS BRRR
g ~ MG A2 BRI AEE > 5 0H & P hRtinam o «oB 330 ¥
2N ER S T

VLSIdesign Architecture design
O ptimization

Physical design area/speed/power

Hardware design Software design

Timing specs
clock frequency
and I/0 timing algorithm development

Hardware specs: task

Physical specs allocation and

area, power and clock

Software specs
use case analysis

! v Y v

Use case design and
code development

Floorplan

v v y v

Block Block
synthess verification

Revision: area,
power and floorplan

Prototype
development

! ' y v

Top level
synthess

Top level . .
Place and route X D e Software testing
verification

Block level Partition into
timing subblocks

1111
1111

C Final floorplan. place and route - Tapeout

=
o
l(‘.”\:
e
oo
= Yl

Byl

W5 Ak ARE . R A MG A Mk BRI AR o 3B 4o A
WeadgeRE#a o d BAREP o LBFRB TRk Mmr i TES

PREIERNZ LB - ARERe > 28 KB BYK
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FOBGE IR R AR BB R F LT RAER
MEBREF I RS o AR PRI R A KA o ML R - 3
BAHEEAT 2IC SHMOLBRT > PEREDR L adm LA R

X T ATE KK EF SRR PR A o S R AT A P

Wk SRR BTRE £t - A & B Y

R
T

System requirement specification

¥

High-level algzorithmic model

Y

HW/SW partitioning and task allocation
(__Partitioning model)
(__Scheduling model ) T
{  Communication model)
Y

/'i HW/SW interface ﬂel’lnltionh\

Hardware specs Soffware Spees
[ Use case analvsis :]

l: Behavioral mcrdel:l
[ Architecture ﬂx-stgn:]
[Suhn'sle Case |
design design
Synthesi
I Architecture design l
i /

Hardware-software
co-simulation/verification

Create simulation model,
analyze and validate

/

B 3-4 #c/F R+ PRI AR

3.3S0C # E T 5
vk SE B B g EE k33 Ogg Vorbis f#8g ks H oS PN TR GO

% 3%
BOTE B AJE E AT AR B OH AR el B A e

20



~

1>

v d a7 &

2

e BAPchid 47 ad o 5> Apq]r 2 LEON % Ao

WRHSOCHFET L5 k- LAY 2R KRR/ E R
% 3+ 0gg Vorbis f225 % st o ptih < ¢ Fr B d Xilink & 2 4 & g B

T 5 — Multimedia Board[10] > 4- ] 3-5 > v # &3¢ 7 - %f Virtex Il FPGA

LR IE o

3% & MicroBlaze Mofd® % > f A28 i B 2k suendpd] > a BEHC
@RIF XilinK FPGA 11 s 13k 3 AT R o 2 2 b > B L 2 1 77 g

SystemACE » 3\ 7 7 B3k 3 enbit #ek s & CF+ ¢ o

21



3.4 LEON2 2 %
B2 2% Multimedia Board & £ 4 3% & - i soft core #cAJ2 B » fe &4

open source kA o AR+ Gaisler F 2% 3 47 B 3 c0 LEON2[11][12]

L4 VHDL foe » 1 3-6 3 A~ %4 o ML B R T BiEl 0 £

<k

Lif & £ k¢ & System-on-a-Chip & 3+ g2 B o :i‘&‘rhr'i AT P e

R ﬁéﬁiﬁé/ﬁ%ﬁ Pe¥ GNULGPL irfhz_» RF g chBHF M2 29 0 2 3

EERNPERLF ENF L > i5r L0 AIE Bavi B @ i fg ik a4
B Eap g £ R R Fl2 - o "ﬁfﬂ B2 B A £ Gaisler LAB » %7 %

Frene ko 01 Z A5 PE P chaiEne’é J2.GRMON ~ CCS % -

4
FPU ¥ Local ram
5-Stage ‘ Debug Debug
op Integer unit Support Unit| | Serial Link PCl  4——»
Local mam D-Cache ‘ |-Cache e Cthornet 4— >
MMU
I AMBA AHB

AHB Memory AMBA APB AHB/APB
Controller Controller Bridge

UARTS || Timers || IrqCtrl || VO port

8/16/32-bits memory bus
| | | | |
PROM Vo SDRAM SRAM

@] 3-6 LEON2 7 1 ¥
GRMON 2> & 5 GRMON Debug Monitor for LEON Systems » kg & &

BT ERI LA SR 2 BE G R - RS

22



2o 0 A% 1F RS232 Cable i 4% FPGA 4= &2 PC » ptid g &4
LEON2 g2 % + 557 DSU (Debug Support Unit) #7i& = 0> @ 72 5 53
FPC g Tag s 8 TR N TFEFLESF FREUSL L3 GDB-
3N HEER R R P R 4 N S CCS i R HiFis 0 LA PC FigfF
Bogged (7> 2 2R ¥ T ABRERY AN L FEDRH g S —w L
LEON o B & 7 it T NE F L AR B oA BB 20k o
Gaisler LAB #& =7 = #8 CCS ( Cross-Compiler System) > /& %] &_
Bare-c CCS ~ eCos Real-time Kernel CCS ~ RTEMSCCS » iz= # CCS 7 %
fendist B o 4 e CCS € tiiBpd @ s i end Rk o 4 A P
BN R K SR AR AL CR kR L B e B eniE

£ #r11E# 7 RTEMSCCS 185 4 B 1 = %i# % o

3.5 AMBA® /i £

e LEON2/2 B ¥ 4 * 1 AMBA[L3] % W B & stenfim g 2o
AMBAZR 3} " pE o2 % i 2 2 (Advanced Microprocessor Bus
Architecture, AMBA) | » it T 204 % d ARM#73% 01 > P oAb 37 2
2 WA 5200 o BI3-75 L A2 AMBA kLBl o HY @ 30 5 A fEL
L epiig  AHBEAPB - AHBA & £ 4- 43 »cd ~ B R M2 g k&b
B skt Bin > UV U B Ao AT R B P AR P2 e lpal
e s Rl EY 23 a3 e - AHBR Y L 5 £ 1 ey

(AHB Master) - @ # FF AHB % i 42 ﬁv#;‘;#ﬁéﬁﬁ‘ﬁ%ﬂ'l%ﬁé ## 4 (AHB
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arbiter) ;-2 o APBR|E_i * >t Mk 22 M F e o o AR IE
HFWHEEAFRAG B ET o APB_lffi’AHBE'v"lﬁﬁii %% ffﬁﬁﬁ@APB)}?}#&-%
(AHB to APB Bridge ) @ if = o APB?}%#%—?‘F; %= AHB ¢ 3ic e =4 (AHB

Slave) - #FE APBR /it ? vii— e fiCle s o

High-performance High-bandwidth
ARM processor on-chip RAM
B UART | | Timer
High-bandwidth AHB A
External Memory D
Interface G
E | | Kewad || PO |
DMA bus
master AHB to APB Bridge
Bl 3-7 & 2 AMBA k57 1 ]
3.5.1 AHB

AHB £ - fl 13 »c o BA R A Pid kSR Rt eh g o ¥
ko B ACES B~ st~ 122 PLD  hA M e X % o AHB minp R
$ BB

- ABIREAFNEFL TR (Burst) b

o AN (Split) hE R B

W

cAficEs - BRHPRLLEHT

o~ N AP G TG
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I~FPRYZETR -
2o~ L4564 2128 A e FH @4 o AHB Rt L a5
# TE o & FAHB Ay - AHB s « # £ % 12 2 AMBA

FUS

decoder - # # i frle=h i & f F % & nfoirdlsid fad - BH A B

ée

FTRBE e g kA e i B RkeF OB ¥
fEdldod o~ 4 e TR BT SmuEE e BAF fF aRs L ey
prg TR BEE RGP TN G - BAfes e fad TR
3111] VBRI B R %\‘kfﬂﬁ BT E FH T R R FEET LR
E* @3 AR 2 o AMBA decoder | A F R @R ehiznl ¢ iR )

- v %L (Enable Signal ) JeiE 8 - B ¥ &7 78 B gyl sy o

3.5.2 AHB i e =8 & Fle s 5 $ = ;U

AHB # B gk A emusiasg 2T 5% HCLOCK 5AHB # éhpsgsn
%.; HADDRESS i 32-bit shiz st ; HWDATA 3 i Hsh B » I
T H L HRDATA S A Hoke a8 e o3 B~ enF 4 - HWRITE® 5%
Pl e v R T E PR Y r s (T HREADY (e %2
BEI P AR TR LIRS NE TR ERERT o

B ARG B PEDT fRE 0 APE kg - THARSNE TR o
AMBAAHB: & A 5 & BRFE > - FPE L mabeni®if > ¥ - BFER L TR
gyl o B P o FARBEATE & cclockeyclew it § FIZ F R EFA G AT

LB o FRE RO L8 E I A U g 97 i 9 PHREADY UL % 2
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BT BRI AR B N TR AR e T 8o

=

¥ > BIHREADY 51 * &7 - xHCLOCK I % ff4 2 3B ji e 28 i )
TR T B R AR R AR RS TR A TRES > A

HREADY 50 ® Fif*hermf % @A k2 & FRBEDTHRGE o

HWDATA[31:0]

HRDATA[31:0]

= e

HADDR[31:0]

HREADY
HRESP[1:0]
AHB AHB
master HSELx slave

HWRITE
HBURST[2:0]
HSIZE[2:0]
HTRANS[1:0]

HRESETn

A A

Y Yy vyvyvwy

L
i

HCLK

BI3-8 AHB i #ie=d 2 e s VA 2 & 2050

3.6 RTEMSq‘ﬁ NI =0 2 S N

RTEMS[14]3&% >+ 20 & & 80 & % » B 5 * 3t % WE P % e sy 4]
jso U BSES FRRTET B TR T Y LR > 3 e Y e
TR et 2 B 2F v £4F R * (o § B RTEMS eh2> % 8

“wpr RS TR o WA RTEMS chx LR E “ 5 AT B W REE (T

26



N

G B BER32 A ks (d AR A1 F T 32 e s
% HuCOSI 7848 * 32 8 = 4o 16 =~ k%) o 5iE 1 20 % & dF B
% RTEMS #7 224 R iLenE @ v 2 B4 23 chBE Tk o £ 8 A Tpk
PR -RHFEA I AL 5 AN RS P

TR - AR E R B A E AR R b L

\-Hiz
q"

4o Linux fv Windows 3 { & Betéen® R o WpF S 5 MeEanid LAk o
WEELE o AT W g R S AR R I IREPTE R 0§ iR

TR AL T AT i AR s

ek

~>m

FiomT A 8 A M TR

:,§

ST E - AT ML G b B

F

g BT i Le BT
TR 5 G R E ST AT s S A T (Hard Real-time) e

#crpF (SoftReal-time ) % A e B 5 E 2 b R LFRF LG X =~

WPE R S b - B R R TR < RHCE B T AR 4 o Ear AL

F_L
N
‘L!m
F_L
;\\
e
&
e
L
L
T
P}
??
AN
AN
N
ﬁ%
w
:‘:L*

J
e
f*m
ﬁ

AL ke ) fo il ) AL 0 2Rk A 5 Bk F A 0 4ok § 7 RTOS » &
P R E 0 R o B RTEMS ¥ - BREFAN T e § 0 5+ e

AR F R FARIRAT dphe BB AR AR AR AT o haa
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BET LS BRI ERAAMT R4 o BFE o FRIEAE L
SRR 702 Bpbe A ¢ 8T o i RTEMS s B o TP & 5ok 2 §
EHE ek} S BALE S F- BAREY 5 B (e
ARM+DSP) + 3 % 8 L 5 fr'f » 5 BASZER el Ut 5 5 i AJL
B HFRA S ZE RTOSEFA AR » fiz— 81 & » RTEMS v i
4 c RTEMS e11 % B2 ByFE it b2 A 5 7 b AL B b § chiZ i3 o 1538
PR G APTEE R {4 Fko 4 L LT R

RTEMS #% 7 5 46 APl 514 6 > 12 7 RTEMS & & 51 APl 124 » B3
#3 POSIX 4 & (Linux ™ 2 VXWorks 238 it » if #%48) > pSOS
API 12 % ITRON 1 APl o i3 APl i B MGk s> F Bt 5 1 e 5 hun B
Frdlenk s o gt o RTEMS ik Bz lo i §02 - 2 L §92 + 7 % ik
FIL GDB %445 - f S API O LB APLRE i b oo B Y A2

) -

= —'\;I";%r—g 17"{___% o
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4.1 SrRse kLR

LEON2 - @7 ®fi gL B » kB F o cng Fo ko 4o & 8 0 p 28
e o pUol HE AR S A - BEREEA PR T BE TS
P34 %2 Ogg Vorbis 4§ » #4102 5 L & 47 B B fRAR IR AR Y & B R chg
P &2 vt g RUA RE partitioning shd & 345 o fp k2 vt e pEL
fRm e AL e R E o 0 AR 15 1 TSIM R B 8 7

SRR S AT LY m‘*% -
AR FE PSR {1— 'B; -lﬁhpf: '|Vorb|sf|Ie _example % + %

I-.
R TR R ST R

top - 22:29:37 up 7 dave, 18:40, QIﬁsers, load average: 0,15, 0,22, 0.4

Task=s: 42 total, 2 ruaning, 40 zleeping, 0 stopped, 0 zombie
Cpul=):  L.0% uzer, 20.7% svetem, 0.0% nice, 78.3% idle
Hemn: 19158858 total, 179168k used, 12720k free, a752k buffers
cwap: 465844 total, 15400k nsed, 450444k free, 42036k cached
) TSER BNV Es SHR S $CPO $MEM { COMMAND
23903 root 19 0 4]6 416 248 5 3.7 0.2 0:00.11 worbisfile_exan
7755 root 14 0 4008 4900 2872 5 1.7 2.6 0:32.6] s
8945 baga 17 0 1936 1892 1684 S 1.0 1.0  10:51.05 sshd
7703 baga 9 0 1920 187 1680 R 0.3 1.0 0:03.27 sshd
1 root Q 0 504 476 452 5 0.0 0.2 0:02.25 init
2 root a 0 0 0 05 0.0 0.0 0:00.00 keventd
3 root 19 19 i i 05 0.0 0.0 0:01.3] ksoftirgd_CPUD
4 root g 0 0 0 0% 0.0 0.0 0:26,48 kawapd
5 root 8 0 0 0 0% 0.0 0,0 0:00,00 bdflush
6 root a 10 1] 0 05 0.0 0.0 0:0523 kupdated
53 root o aq 0 1] 0% 0.0 0.0 0:15.66 kjeurnald
415 root 8 0 0 0 0S5 0.0 0.0 0:00,00 khabd
T13 root 9 0 652 640 5405 0.0 0.3  0:03.89 dhclient
797 root O 0 612 612 5205 0.0 0.3 0:03.93 syzlopd
800 root 9 0 1224 1224 4725 0.0 0.6 0:00.10 klozd
852 root g 0 520 508 436 5 0.0 0.3 186:24.89 vmware-guestd
883 Debian-e & 0 1438 1404 1260 S 0.0 0.7  0:00.90 exind

Bl 4-1 f288 i) 4 F iR
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R A-1 7 e endl W F R g cnF R 0 BIREOT S G Intel
Pentium-11 500 » 256MB RAM » i % % %t % Debian » %< 58 & &_
2427 o jEtop it S BEw o H TR Y 1 3.7%:h CPU PFRY » 2Rl it
* § + %5 1.54MB(256 * 0.6%) °

KEe R £ kg o A2 0 F & 154AMB e £t G Bz
BALN > A gz N B i » 1 RTEMS ehTrph e % 500 2 B
POSIX % 44 {7 #5efait 4 » 3 g2 #h » 34w J 4= Ogg Vorbis 57 444 »
FElRAR Y o RARSS Y 0 2 R Pk 248 50 Ogg Vorbis TR o Bt
BOUARED P AR RR o T RPIES R R TR e R A M

B fAe b ooriE Bof eh &R 0 e b Riedd b F & 2MB 1 e

&
=
i
I

1A BB L PR ) RO TR PR o

e

CPU PF*% F ek 479 » FIEE o 1 & 18 AV g * e LEON2

F_&

AL E HE Sparc V8 % 4E 0 SRR T 5 b chCPU FApg < 4R %
Boo BEIRIGE 2 D ARRE S % 0 CPU sk« 1 5 500 MHZ * 3.7% =

18MHz » 7 s ¥ i &

\\\ﬂr

¥ oo p| B PR gy 2 §_CPU &k
BERTROL I ER o TR ARE L T PP T A
Vorbis-dev s mailing list 2.3 A = 7 3+ &~ %f ARM e % F 7 7
Ogg Vorbis e B » 3% AJL B enpEv% 3 68MHz » #3c et # & 4

100% -

30



B RREAREEAERFTRG VO B WS TP R
W R TR g R PR AP RE R E U ERBE R
FE e A RT A NEEHEM (GRLIFEE > BN E N RFRETT
SUEIE) A F I AN (AILE AN Rms st A AN GT) kiR
Boid it oo FEREAME D G FL o AP A ot P vRiE A i 4
TR SCPURB R T S RAE M2 (1 A2 i 38 v Ak
A I o

GNU #t =7 — B A5 gprof[15]sh1 & ke §Ies s i = K47 e & & 47
iEFE o N B A EITHFF L -pg B BAEE o A S aie TR £ R
fadz 3 #4 7 profiling shds 17 o8 % A A A28 » H ¢ flat profile £ 72
mERBINHFLELT AR E e 20 o ¥ ¢k call graph

RIALE 30 % 0B an U ed ol sV REEH T g 33U 2 M L ek e

B e
Flat Profile
Each sample counts as 0.01 seconds.
% cumulative  self self total
time  seconds seconds calls Ts/call Ts/call name
31.58 0.12 0.12 mdct_backward
15.79 0.18 0.06 mdct_butterfly generic
10.53 0.22 0.04 Vorbis_book_decodevv_add
7.89 0.25 0.03 _Vorbis_apply_window
7.89 0.28 0.03 mdct_bitreverse
7.89 0.31 0.03 render_line
5.26 0.33 0.02 decode_packed_entry_number
5.26 0.35 0.02 mapping0_inverse
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5.26 0.37 0.02 oggpack_look

2.63 0.38 0.01 mdct_butterfly 32
0.00 0.38 0.00 main
Call Graph
granularity: each sample hit covers 4 byte(s) for 2.63% of 0.38 seconds
index % time self children called name
0.00 0.00 mapping0_inverse [8]
[1] 31.6 0.12 0.00 mdct_backward [1]
0.00 0.00 mdct_butterfly _generic [2]
0.00 0.00 mdct_butterfly_32 [10]
0.00 0.00 mdct_bitreverse [4]
0.00 0.00 mdct_backward [1]
[2] 15.8 0.06 0.00 mdct_butterfly _generic [2]
<spontaneous>
[3] 10.5 0.04 0.00 Vorbis_book_decodevv_add [3]
0.00 0.00 decode _packed_entry number [7]
0.00 0.00 mdct_backward [1]
[4] 7.9 0.03 0.00 mdct_bitreverse [4]
<spontaneous>
[5] 7.9 0.03 0.00 render_line [5]
<spontaneous>
[6] 7.9 0.03 0.00 _Vorbis_apply_window [6]
0.00 0.00 Vorbis_book_decode [452]
0.00 0.00 Vorbis_book_decodevs_add [455]
0.00 0.00 Vorbis_book_decodev_add [453]
0.00 0.00 Vorbis_book_decodev_set
[454]
0.00 0.00 Vorbis_book_decodevv_add [3]
[7] 5.3 0.02 0.00 decode_packed_entry_number [7]
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0.00 0.00 oggpack_look [9]

0.00 0.00 oggpack_adv [299]
<spontaneous>

[8] 5.3 0.02 0.00 mapping0_inverse [8]

0.00 0.00 memset [237]

0.00 0.00 mdct_backward [1]

0.00 0.00 decode_packed_entry number [7]
[9] 5.3 0.02 0.00 oggpack_look [9]

0.00 0.00 mdct_backward [1]
[10] 2.6 0.01 0.00 mdct_butterfly 32 [10]

0.00 0.00 mdct_butterfly 16 [227]

p_profiling en% % ¥ F=, ».mdct_backward & ;% (7 inverse MDCT)
HEREmAE b 20 31.6% ¢ FPEEVI A H L S0 Nk rie - H eh

A TFRAhe t A SRR RE R .

33




ACST7
—| controller
Integer Unit
d-cache i-cache
AHBE-
a-cache Arbites
IMDCT Core
AMBA-AHB
—— Specific HW
Memary ConftroBar UART 0 Port AHBE/APE-
(AMBA-Siave) Bridge
Timars Ing i
BPROM | I ]
1K AMBA-APE
32-bit Data bus
RO SRAM 1£2

Bl 4-2 kIR
Bl 4-2 5 FiRfEmEan s L& 4d LEON2 i & -
IMDCT core - AC97 core > memory controller ‘= - % % %@ 4]%* Gaisler
LAB #7# &7 DSU “ffﬁﬁ"f 4 % He o #-Ogg Vorbis # % &7 %
3 Cé@!@’ﬁﬁﬂé—fﬁﬁ?doifw*?%ﬁﬁCOMlmm#afw“ﬁi
Az3t ¢ o T F] SRAM AZ 0 2 {8 F ¥ SRAM #RP#7 F ikl R g

5 24 £ SRAM ¥ 4] - K. B Ogg Vorbis 3 s T4 o ik B

Plg s - @R s s 2 Bz {8 PCM ,b@?] 41 e buffer o
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Rk Suend TORE R R A 2TMHZ » F)t G fRag gAY R E IR R &
BIPTFTERERo: BiceZ BFanfFs » N2 T g & BICEAT T

shgate count #cp 0 B L kAT R T E DB L i o

4.3 FREF TLIN A
BT XA L4y IMDCT @52 AR K9 > ¥ ¥ 4 » ACO7

IS -

4.3.1MDCT & & ;2

¥ 5 RL g LS B0 %8l MDCT - ¥ MPEG-1 Layer-
Il > Dolby AC/3+ MPEG-AAC > % %+ & 5 3 Ogg Vorbis - MDCT £_
- fEMPD R E e o % 24 Princen % 1986 # vk 1) ko h
[16] -

Bk X, (K) E_fdg b R BBk > X (K) Bl & Z_Ap ' n &
Frame ch+ /] » t 5 Frame cnip#c > f (K) 5 AR % 2 #c> p] MDCT 2

IMDCT i & 2 8% 10 4 77 & ¢

MDCT :

X,(m)= z:j) f (k)X (k) cos(z—z (2k +1+ g)(Zm +1))

n
(m = 0,...,5—1)
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IMDCT :
N2 n
Vi(p)=fu(p), Xz X (m)cos(2p+1+2)(2m+1)
n 2
(p=0,.,n-1)

n
ft—l(z_k)z + ft (k)2 =1

n
(k=0....7-1)

S E A S RE TIPSR ik

>Zt =Y,,(q +g)+ y,(q) for g =0...g—1

#¥ 4 % MDCT e 6% 1= & § f= (Normal Window) -~ & ‘&%
{= (Start Window ) -~ 7% 1= (Short Window ) ¥2 2 £ % {= (Stop
Window ) - 4@ 4-3(a)~(d)#ror o it AT fE g 4 o ¥ (F R gl B
YR 0 A Y BT I o BT E R R IR o 1R e
Pl L EE R e e RTIE 'k TR 0w
BT g S N AoR] 4-3(0) 7 05X 1 5 £ BE R Bk

L ak)?+ f(k)2=1 for k=0..0-1

2 2

DEBEIECRE S v

(k)2 + ft(g—k)z ~1  for k =o...g—1

f.(k +g)2 Ff(n-1-k)?=1 for k =o...g—1
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0.s 1 0.g 1 0.8 1 0.s
0.6 1 0.6 1 0.6 1 0.6
0.4 1 04 1 0.4 1 0.4
0z 1 0z 1 0.z 1 0z
a - - - ] - - - a - - - a - - -
10 20 30 10 20 30 10 20 30 10 20 30
{(a) normal window (b) start window () stop window (d) short window

08

0.6

0.4

0z

i} 1 1
20 40 60 g0 100 120
(&) Dynarmic window adaptive to the input subband signals

Bl 4-3 MDCT 5% %6 # 1=
hBTiEHE K ¢ g BENA S k-8 MDCT e F &

oo Fu A AR NGB o X S g Y FFT & £ DCT & AA# shiw

,,
Jay

FiE e

ﬁ’l FaayE b o4 5 AR i ent SV kit
MDCT -

FFT-based e & /% — B 4oL n 2 MDCT i 4% & n/2 gkep
DFT %> Ris g & * FFT %3*% > 2% & & % 9w RAM - DCT-

based e & i % L 4 Sr 22 FFT-based cidp e > 7 i {4 £ LA % vhie ¢p

butterfly %:& & > 4r§ 4-4 -
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N2

N point Butterfly s

0 N4 NRY

N2 NRNM4 SNR

N/2 point Butterfly s

N/4 point

Butterfly -»>

N/4 N/4 N2

N2 NN/ N2+NA

B 4-4 vEse butterfly i# &

N2

% Ogg Vorbis » & $ % 7 Sporer[17]#r4 S e & % > * 2. F1k

wepbutterfly kg v EE pER 0 3 iE A TR OGE T 2 T hk B AR S

TR

4.3.2 IMDCT #-% ~ 47

frame

'i' T 4

Multiply IMDCT coefTicient
by twiddle factor

D e

| | | Perform butterfly

2) i w7 calculations
- (2nd half—> 2Znd half)

Reverse hit order of

3 ' address and copy data
Multiply result of (3)

4 el e by twiddle factor
| = =1 (Ist half=> 2nd half)

) |

Vi i Copy result of (3) in
order to attain the overall

frame data

Bl 4-5 IMDCT 2+ & 15 42[18]
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a7 3 IMDCT * @ fen™ 2 KF 17216 » &7 kAP T LE
F o8 ¢ e backward_mdct & 3% fas 5 o e Sporer #rdk A eE B ¢ o
F BB MDCT 2 IMDCT erii 424 = ~ B 3 > 3 @307 45 %
SRt bRk G e T B T A F 2 BRI T2
Sporer # & 2 Ap ¥ e8RS 0 RSB SRS B -
1) pre-twiddling : 4= F L e £ ok twiddle F]F 5 B R F FlAeiE B R
o R Rk At X o gt 3 mdct_backward() = = - @ { Sporer iF &

TREY

STEP1:
for k= 0..2—1
4

Voiakr = (Uge =Up_ae ) A= (Uggs =Y 4s) Aoy

Voaks = Uge = Un_a1) Ao — WUaa U s) Ao

STEP2:
for k= O..ﬂ—l
8
W7+3+4k - V2+3+4k Va3
LR THLeak Akl
Woiis (Vﬂ » V4k+3) N 4 a —(VE+l+4k 4k+1) '
Wyis = (V, i V) A, e + (VE - Vaes) A, »
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B L iy B e g twiddle B 0 5 PR
PR G A e R R R TR k0 YR 4

6 o

in M out —

n/2 n/2

O
s
IS

i8] 4-6 pre-twiddling

- By HP BB LR F :Hi;]» P JEN2-T 3 N2 5% & B AE
(n/2-7,n/2-5,n/2-3,n/2-1) » i ] 4-6 e i k- B o %% 5 1 3n/4 7
3n/4+3 - % i B ~ & (N/2-6, n/2-4, n/2-2,nf2) > R i ] 4-6 e % 5 %
%I 3n/4-4 1) 3n/d-1 o RIS EILT N B AE > TELN/2-15 T n/2-8 0 F #kc
T84 22D 3n/4+4 3] 3n/A+T i 3t A R E_3n/4-8 F| 3n/4-5 0 11 ik AE
Hood e BT R0 i e A A Output 7 3n/4 chi B L 5 $

I N2> Ap¥tend BRI EAE 34 e TR &I ne § A B IE N2 2 nEFL
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s+ pre-twiddling ¢ = = o

i 4-8 i #c pre-twiddling
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- Bpi o AP 8RR S~ 2T R N2 F
B =~ % (n/2-7,n/2-5,n/2-3,n/2-1) » % @] 4-6 e ;> k3t H o L% 5 1 3n/4
3 3n/4+3 o % i B iE ~ % (n/2-6, n/2-4, n/2-2,n/2) > R ik @) 4-6 7 E
%% %2 3n/4-4 3] 3n/4-1 -

v I 46> B = &5 A enE fEE Qﬁjuﬁ;f‘])\ iz &
AT Y B Trig e [AGA R AR S B~ E G AT L5
bldr& st 5% = B~k o o Ads g~ 1R 0 TOF g g ~ 33k

Tl M47T2RA4-82FF w48 LR o

2) butterfly 8 & : Ffehis 2 f% butterfly s g & o i€ * 5]ehs
L

® mdct_butterfly_8() : 8 i 2k butterfly :& &

® mdct_butterfly 16() : 16 i 2k butterfly :& &

® mdct_butterfly 32() : 32 i gt butterfly :& &

® Dutterfly generic() : N/2~64 i 8L butterfly i& &

® mdct_bitreverse() : Bitreverse i& %
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STEP3:

ld %7 72 5 &tk

for 1=0.1d(n)-4 k, =i k, =2

for r:O..%—l and s=0.2""-1
2+

n

Un-1-ky2s-ar =Wy o5 ar T Wiy (2541)-ar

n

Un-3-k,25-4r = Wn—3—k025—4r + Wn—3—k0(25+l)—4r

n

Un-1-ky (2s+1)-4r = (Wn—l—kO 2s-4r T Wn—l—ko(25+1)—4r ) Ark1 - (Wn—3—k025—4r + Wn—?)—kO (2s+1)-4r ) Ark1+1

n

Un-3-ky (25+2)-4r = (Wn—3—k025—4r 0 Wn—3—k0(25+1)—4r)Ark1 +, (Wn—l—k025—4r + Wn—l—k0(25+l)—4r ) Ark1+1

‘= 3§ pre-twiddling 2. t5 - oUtput e L £ & £ %k & butterfly :8 ¥
gilnput e FESEERL AT I output v EenfE LB BE B GE MK
ibutterfly i 5 o & 1535 = butterfly - #5 » § - £ E 365~ %
* 8 chpFiEd i)t o T aem=In(n/8) > A ¢ InE_u 2 5 Rk eh¥t
#co L@ 49-
%A fpstage 2 > 3> § 5 - % butterfly iy » 2.5 & 8 &%
B o gy £ B8 BAR AL  ILRIEA BHLIFLL 0 £
AT A B e o - & Stage ¥ > T & hbutterfly eh L BLE_ A b & 7R

B 4ok o d 2 L+ & 3 stage o butterfly € r2 2 i3 ks > Ap &
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¥ > butterfly eh& B £ 2 e #cf R o § 12§18y = B stage FF o
groupl | group2 2 fF cPjEHL € % = 0 o

Bl 4-10 H_] 4-9 AL R0 A e < B o & A& o butterfly 7 = T[Hi%l
r@BAFEPE D 2 - ) A BN L8R AN 2 )0
PR 2R FEE i o

- Sporer s Step 3 ¢ - & {5 — 1 stage ¢ i * ¥| 8-point 7 butterfly

St

W > P R ek R Ea A Z R 2R 4 B twiddle factor
% > @ ® 8-point s butterfly & & &t 43 &8 — B cycle /2% = - B 4-11 3

H2t B yn 28 o

1024 512
nf2 ] B

o

i
!

H j: =
) / g 8
%\ ﬁf :fﬁ’?ﬁ:
W4 ]
&é L, / :Efﬂljf
AN -
! \ : + S
rﬁf ":“ -“' ":
n-1 O o -

Bl 4-9 n/2-point butterfly i& &



Inl
In2
In3
In4
In5
Iné
In7

In8

3) bit reversal :

1
7
0
1
7 7
] 4-10 16-point butterfly & &
D ) Outt
\ /}% *\/V‘"T‘ » Oatz
\\/)J'T\ ><>-§5 Out3
W 25 » Outd
1 - *
/ m{\} v\ ﬂ,'} Quth
7 /\\‘_C S AD > OUt6
VA A
M 3 Outd
B 4-11 8-point butterfly & ¥
Bisis i a2 2 B A TR L R

A BoF 3 ¥ 3k 4335 block size #r R dy e Be o @ F Bleha st 5

bit_reverse -
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STEP 4 :

for i:1..2—2
8

j = BITREVERSE(i)

IF (i < j) THEN

n A

Vgj+1 = Usi+

N N

Vgj+3 = Usi+3

A A

Vgj+5 = Usgi+5

n n

Vgj+7 = Usi+7

STEP5:

A n

n n

Vsi+1 = Usj+1

n n

Vgj+3 = Usgi+3

A N

Vsgj+5 = Usi+s

n n

Vgj+7 = Usi+7

W=V for k:O..g—l

STEPG6 :
for k= O..E—l
8
l]n-1—2k = Wak

~ n

u 317"_1_2|< = Wik+2

STEP 7 :

for k= O..ﬂ—l
8

E+2k
2

~ N

Un-2-2k = Wak+

~ A

U%n—z—Zk = Wak+3

=(u g+2k +Un22k+C,,, (U g+2k —Un2-2k)+C,, (U g+2k+1+ Un-2-2k+1))/ 2
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V, ., =(U Ze2k+Un-z-2k— C,.,(u 22k = Un-2-2k )—-C,, (U2+2k+1+ Un-2-2k41))/ 2

Mg (u 2+1+2k—+ Un12k+Cyp . (U g+1+2k —Una2c)—Cy (U g+2k —Un-2-2¢))/ 2
—+1+
2

Voo = (—Ug+l+2k +Un12+Cy, (U %+l+2k +Un12c)—C, (U %zk —Un-2-2¢))/ 2

4) post-twiddling @ #= 2. % 3+ & 7 ] a0k & o L B3k 2 twiddle F]F (S £ F

SRS

STEP 8 :

for k = 0..2—1
4

— n n
Xk = V2k+5 sz + V2k+l+E BZk+l

— n . n
Xﬂ—l—k - V2k+E BZk+1 V2k+l+E BZk
2

Twiddle-Factors :
for k = O..E—l
4

4k .4k
Ao = cos(Tﬂ) Az = —sm(Tﬂ)

for k = O..E—l
4

Ba = cos((ZKZ;l)”) Bakiu = sin((ZKZ;l)”
n

)

for k= O..E—l
8
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) C2k+1 = _Sin( )

C, = cos (2(2kn+ G

202k +1)
n

4.3.3 IMDCT A #8 i ‘e 7% 4¢
IMDCT e $133e fR A 3 Po i F 13§ > Tt 4efe § 20 f st
- BRER A o Ao e B T 4 RS S RIEFY
Bh g o B 4-12 5 IMDCT Hoe e ) -
® AMBA /G : f F3 i€ AHB 2 APB % inft t #2431 CPU
FAihh s 2 BT RER S IHE AT R hT R o
® FNH A 34p Ogg Vorbis &g b 2 K D TR EE o
® p-d|H At d 3 IMDCT e et Bfre 5 7 F g B
AR B ER PR R R e T BRE
> W & o7 IMDCT enT izt & fice gy 778 & - 12 Verilog-
HDL & g > 2 dl TR A fyon- it » o g2
L3 BB IMDCT enfflinfe 2 A B4R e k¥ 38
H fEinfRdeT BT f R hF 5 8 AMBA APB R

B Benitn (RH S ) o i3 2 5 T ahizak > Trig h

<
<

aE) e K1k d IMDCT #ieh AMBA 4 6 o fc | eh T2 8 » 3%

=
R

SR E Y o b E AP B A HTU > A B A §
3:id r‘f’:?;}irﬁfy_hﬁ,ﬂ 4o 2 AMBA 1/ & %I\E‘Fl L S )‘#;,:’FIE'JE - B

buffer # = p il A e R FRILELE A FPFLEA
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R T EIRE 0 RS EFI Y - B buffer REITHE Al R

LA s
e

buffer p chF L @ w RAM ¢ o § 975 ch1l (T 18 > 48 ~de p

BHAAEE A7 EET - BRAI L o

B IMDCT #ole b edT 5 B " 5PF > U €40 AHB it anid * f# 4

55

Aompir BT AHB BCiei * it o g F Rl BAL Y LR %

oo PEENERIPEENTVELES

AMBA AHB
AMBA APB
IMDCT #8280 —
AMBA &
Dataln - Ctrl Regs' M
IMDCT #2551 BT IMDCT BB

B 4-12 IMDCT #-2.7 &, Bl
4.3.4 ACI7 I+ &

‘%7 IMDCT fi-ie2. b T RS9 ds f345 18 e PCM sample 353

Koo APy B LEON2 ¥ 4e » 7 ac97 #5241 % » 4 & chwt iy A4+ 1+ eh
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ac97 codeC A~ 41 eh1 iT10 2 M- Ze B P Jc 3| f245 4k eh PCM

sample & % ac97 codec - iz #I®F ¢ 0 & ac97 codec Ap i Fehk I

BB > 4ok 4-1> B 4-13 5 H % HEH -

# 4-1 AC97 #; 4] B &= codec i #30 5L

X I/0 fo it
RESETn | active-low & % 55 -
BIT_CLK 1/0 #E & L 12.288MHz capF a5 21 8L o
SYNC | [ 48KkHz dhak B > A B AR A A B
SDATA OUT 2 SDATA_IN } enf st » w2
k22 BIT_CLK F 3% -
SDATA _OUT | #%.0 f413Bi 2 DAC £ i o i
¥ 2% BIT_CLK 5 f %P4t o
SR UL O [¢ g i#lasis ADCEAFH > i

¥ 2 % BIT CLK & f 5Bk o
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AC97
FEas

SYNC

RESETn

BIT_CLK

SDATA_IN

SDATA_OUT

LM4549
AC97 REV 2.1
CODEC

Bl 4-13 ACO7 41 F £ codec i 42 7F 1l

St LEON2 A ¥ 4o » 1 1 B4 % B & 87 ACO7 14 B i

R CAE ;ﬁf:g?l;gg e ﬁij}u? ¥ codec F b £ ¥ ¥ £ v PCM sample

U RS T i S e

3 o ¥ .
T\'m,&;gﬁ .

® PCM FHl#rs®E  ACOT4:#1E Y 3 # B buffer> ~ )
4096 i x16 =~ isample ( = + & - i buffer) - AC97 ¢

A 4 Y BT @ Spd AR AR Y BTAST f2 5N B

iy 2 PCM FHRB I &8 BAH T 4o 4-14 -

A

16 15

X_i= H 4 buffer ¥

Buffer {17 -

PCM i

® i irGE:

» 0x180000 ( =t % 0x18) ¢ 3= PCM =h &% = 0db

Bl 4-14 PCM £ 41857 B 30
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attenuation > 4 @] 4-15 -

31 23 22 16 15 0

e CODEC (irH} CODEC &7

B 4-15 & £ 45 % BN

ARG R SRR T L E 6 & BITCOUNT ehim & 2 %7
2 7% codec it #: B~ PCM buffer » 4% % % (BITCOUNT it
% OXFO 3] OXFF 2 FF) » B 5eds 425" & F % 3| buffer sk it %

EB_%.B;‘{ Ezgf%:é;%ﬁjﬁﬂf%’—grﬁ4_l6o

31 87 0

e BITCOUNT

B 40654 i 4 E 1 5

R E A F AU sample rate kgt B A pEeR
“,% #c = LEON2_CLOCK/SAMPLE_RATE +1 - & ki » &
LEON_CLOCK =27Mhz » SAMPLE_RATE =44,1Khz » X1 &

d SRde 4754 0X265 B » 73 B > 4o@] 4-17 -

31 16 15 0

e R

) 4-17 v ey i F A5
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44 HWR R
A gL g £ 14 ié% ACI7 ¥4 B#E B & RTEMS F e 425 >
PR AR k@ o ¥k s AR F POSIX § R (TR 0 E g

D BV PR RS IR Fp B end st o

4.4.1 AC97 55 #7531

% LEON2 # 4v » ACO7 4541 F 18 » A R 7 NEES 8> 3 ki
Flv o H-FEF ”Lj*r‘i'\fﬁ. FHEFYGFBEGEPR » o0 170 E ek &
RS eI R iijwﬁmﬁ’f‘ggi*g%ﬁbey4_
872 A % RTEMS ¢ 4 » ACO7 #2313 Db 423 > & 36 AT 474>
oo R E N B R LD A e T . )’j‘f‘u&?ttlinux
TSR P I AR NES DI AGI AR HEE I RE R
AR o

RTEMS # £ 558> 42 ;% =5 & (Driver Address Table) % :g i * # 4
~ 3 7h 1/O enBRds F25N o SR mhk £ % kil 4 1/O manager [k (¢ F B
W SRDe f2.3° 2k coentry points o U shg i 4c ] 4-18

® initialization : entry point i stk > rtems_io_initialize » v gt = 4t

Foend 3 R AR B RE I A 4 1 el 1T o
® open : rtems_io_open ¥ e pLojm pb b e 3V iR 7 B ETends (T o 4

R CE % ¥ chopen G5t o
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® close : rtems_io_close »& ¥ pt = pt b e 3V B (7 R P cds 1T o 4p

¥t C 2 ¢ ehiclose &t o

tvpedef struct{+

rtems_device driver entrv initialization ;+
rtems_device driver_entry open;+
rtems_device driver entrv close;+
rtems_device driver entrv read;+
rtems_device driver_entrv write;+
rtems_device driver entrv control;+

jrtems driver address table;~

B 4-18 Spdsfzst mht & 2 SiF

® read : rtems_io_read rE et b i B E E0S 5N AR {7 3f Brcnds 1 o 4P
¥R CF 7 ¢ aread digt o

® write : rtems_io_write PERI TR F e SV B (TR O 0B T o 4p
¥R CF 3 ¥ awrite dnte

® control : rtems_io_contrl =¥ eH L i pl b e 33 {7 ] ends 1T o
¥R CF o @ drioctl &% -

B 4-19 5 B » i A2 0 ¢ 5 IR 4250 e e write 30383 PCM

TR A R FLE L kB~ SR AR 0 — B F] ACOT codec 42 )

54



FEFTEF, write{audio_fd, buffer[currentbuffer].buffer, buffer[currentbuffer].size);

BRENTEF, rtems_device_driver sound_write( );
HEETES {E POV R IR S A B T HL B\ B PR e
]
ISR hanlder acg?_regs-:t-leﬁl = (cnt << 16) | (Fpem);
ACO7#Ek% H AT P (BB R PCMETRHB RS ACS7 CODEC

Bl 4-19 B > PCM-F #1742 8]

4.4.2 33T EF (T AR
2w i Il RTEMS CCS A2 » 2 (g ¢ 3 7 FF L Saiddd e 3t
Boo BTG AR & POSIX 7 kehd 42 5 91002 F AT
T2 B S0 FPE o 4o r —-enable-posix sE IR 0 AT dhdg £ 4o
Scd <R 4poFE AT P 4>
$./configure --target=sparc-rtems --enable-posix --prefix=<% % i+ % >

$make all install RTEMS_BSP="leon2”
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- BL A RTEMS i * 4258 7 123% 3% = 48 APl (application
programming interfaces) - 4 % ¥_POSIX & # - RTEMS classic APl %
ITRON 3.0 APl » v i erfe ;¢ = i@ # 7 POSIX ¥2 RTEMS classic API - #%
AR AR A XA BINA O RAhEARZ hE2 T - BRI A
B (TR FE L H-PCM TR G d BRds 4258 g b B~ 3] ACIT 441
®oom ¥ - BT L Ogg Vorbis B iR infRm 1 iF o 8 F 2 [ anb 1%

v1E S (F ey AT he ) 4-20 o

45 BB

BT W L ER R A T aagiaE sk (F o 2 x £ AK
HoreArs ha Tk bR LR Siende 0F > S A 1§ BRI - B &
LEON2 F 34 {7 i %k o 2 3 FPGA b ok & A% i SystemACE 7 & >
FEAFADbItHEEFACEE P o FHEF B A H I CFF P T 4%

%7 ¥ B FPGA E i

0

=
di

= oo FRig A ¥ w4 GRMON 1 £ 42«7 DSU
Rt BN TRIFEFIRE 42 SRBORESE  RREOE
ERL20F > EAFSEEV waurd 10 RGP e

£24-2 1 TR A R RS

s * Multimedia Board
R I A 30.1 (#) 347 (#)
4v » IMDCT $ce <20 (#) <20 (%)
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Main process

BEEAN TR IETIE

!

Frr BRI .
BN bufferl Pyt @
buffer1 &R ...

buffer1 FERISTE
JEY buffer2 FIERE .

bufferz FETH ...

buffer? FET0E
3B bufferl FIEEH »

buffert &R ...

SEITHITRE

decoderThread
B EIE RN TEE

iEAMain process

iBHdecoderThreaddisE R RE

iBHdecoderThreaddHsShinE

B 4-20 #f 3475V i (T in AR
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EHAER... . buffer2
buffer2i=5

F T RERREE. .



hhme ? A - B * >+0gg Vorbis3 2t 245 cnIMDCT § & » 3%
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GRS B S S AR L RN N F R T
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oo FlR R FR T PRy BRSO B A RIARIZESY KRG RS K
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N

AR5 o

fon
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S

B K RGBT R AT L A

B AR ken i p 4o » K kg o Ah2 — Bt ¥ 0 A ¥ - B.FPGA
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HFLEON2EIE B AL ¥ 2 234+ FaDDR a4 » @ ¢ +“,ﬁ€£ﬁ'i 1 3
FIEL » #TI0H 40 T BHE L MR R o fde M AR R K SR A PIE_F] L A
B & H_-0gg Vorbisegh & 4 B * A2 0 23 2 9 BAAEE Y B -

R 258 25 ERS232 4 & 1@;%] CERARE B #F )8 210KB 2

P AL g R T PR RE A RO FHER R 2R
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~
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Iy
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*FUIEE K Sl i Dk 2 R PR B rd R PRPAL R AR e R o
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Appendix A. Glossary of terms and abbreviations

bos page: The initial page (beginning of stream) of a logical
bitstream which contains information to identify the codec type
and other decoding-relevant information.

chaining (or sequential multiplexing): Concatenation of two or more
complete physical Ogg bitstreams.

eos page: The final page (end of stream) of a logical bitstream.

granule position: An increasing position number for a specific
logical bitstream stored in the page header. Its meaning is
dependent on the codec forthat logical bitstream and specified in
a specific media mapping.

grouping (or concurrent multiplexing): Interleaving of pages of
several logical bitstreams into one complete physical Ogg
bitstream under the restriction that all bos pages of all grouped
logical bitstreams MUST appear before any data pages.

lacing value: An entry in the segment table of a page header
representing the size of the related segment.

logical bitstream: A sequence of bits being the result of an encoded
media stream.

media mapping: A specific use of the Ogg encapsulation format
together with a specific (set of) codec(s).

(Ogg) packet: A subpart of a logical bitstream that is created by the
encoder for that bitstream and represents a meaningful entity for
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the encoder, but only a sequence of bits to the Ogg encapsulation.

(Ogg) page: A physical bitstream consists of a sequence of Ogg pages
containing data of one logical bitstream only. It usually
contains a group of contiguous segments of one packet only, but
sometimes packets are too large and need to be split over several

pages.

physical (Ogg) bitstream: The sequence of bits resulting from an Ogg
encapsulation of one or several logical bitstreams. It consists
of a sequence of pages from the logical bitstreams with the
restriction that the pages of one logical bitstream MUST come in
their correct temporal order.

(Ogg) segment: The Ogg encapsulation process splits each packet into

chunks of 255 bytes plus a last fractional chunk of less than 255
bytes. These chunks-are called segments.
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Appendix B. backward_mdct function

void mdct_backward(mdct_lookup *init, DATA_TYPE *in, DATA_TYPE *out){
int n=init->n;
int n2=n>>1;
int n4=n>>2;
I* rotate */
DATA_TYPE *iX = in+n2-7;
DATA_TYPE *0X = out+n2+n4;
DATA TYPE*T = init->trig+n4;

do{
oX -=4,
oX][0] = MULT_NORMC(-iX[2] * T[3] - iX[0] * T[2]);
o0X[1] = MULT_NORM (iX[0] * T[3] - iX[2] * T[2]);
0X[2] = MULT_NORMC(-iX[6]* T[1] =iX[4] * T[O]);
0X[3] = MULT_NORM,(iX[4] * . T[1].-.iX[6]. * T[O]);
iX -=8;
T +=4;

Jwhile(iX>=in);

iX = in+n2-8;

oX = out+n2+n4,

T = init->trig+n4;

do{ T -=4;
oX]0] = MULT_NORM (iX[4] * T[3] + iX[6] * T[2]);
oX[1] = MULT_NORM (iX[4] * T[2] - iX[6] * T[3]);
0X[2] = MULT_NORM (iX[0] * T[1] + iX[2] * T[O]);
0X[3] = MULT_NORM (iX[0] * T[0] - iX[2] * T[1]);
iX -=8;
oX +=4;

Jwhile(iX>=in);

mdct_butterflies(init,out+n2,n2);
mdct_bitreverse(init,out);

[* roatate + window */
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DATA_TYPE *oX1=out+n2+n4;
DATA_TYPE *oX2=out+n2+n4;
DATA_TYPE *iX =out;

T = init->trig+n2;

[* post twiddling™/
do{
oX1-=4;

0X1[3] MULT_NORM (iX[0] * T[1] - iX[1] * T[O]);
0X2[0] =-MULT_NORM (iX[0] * T[0] + iX[1] * T[1]);

0X1[2] MULT_NORM (iX[2] * T[3] - iX[3] * T[2]);
0X2[1] =-MULT_NORM (iX[2] * T[2] + iX[3] * T[3]);

oX1[1] MULT_NORM (iX[4] * T[5].- iX[5]* T[4]);
0X2[2] =-MULT_NORM{iX[4]* T[4]+ iX[5] * T[5]);

0X1[0] MULT_NORM (iX[6] * TEZ}~iX[7] * T[6]):
0X2[3] =-MULT_NORM (iX[6] * T[6] + iX[7] * T[7]);

oX2+=4;
iX += 8;
T += 8§

Jwhile(iX<0X1);
[*post twiddling*/

iX=out+n2+n4;
oX1=out+n4;
0X2=0X1;

do{
0X1-=4;

iX-=4;

0X2[0] = -(0X1[3] = iX[3]):
0X2[1] = -(0X1[2] = iX[2]);
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}

}

0X2[2] = -(0X1[1] = iX[1]):
0X2[3] = -(0X1[0] = iX[0]);

0X2+=4;
Jwhile(oX2<iX);

iX=out+n2+n4;

oX1=out+n2+n4;

oX2=out+n2;

do{
o0X1-=4;
oX1[0]=iX][3];
oX1[1]=iX[2];
oX1[2]=iX[1];
oX1[3]=iX][0];
iX+=4;

Jwhile(0X1>0X2);

63



[1]
[2]

[3]

[4]

[5]

[6]

[7]

[8]

[9]

[10]
[11]
[12]
[13]

[14]
[15]

[16]

[17]

\\\?{.y

3

XIPH, “Ogg Vorbis,” http: //www.xiph.org/ogg/Vorbis/, 2002.

E. Zwicker and H. Fastl, “Psychoacoustics Facts and Models,” Berlin,
Germany: Springer-Verlag, 1990.

P.-Y. Lin, “Audio Coding Using Multi-Subband Hybrid Trees,” National
Chiao Tung University, June 1998.

E. Terhardt, “Calculating virtual pitch,” Hearing Res. , vol. 1, pp.155-182,
1979.

T. Painter, “Perceptual Coding of Digital Audio,” Proceedings of IEEE,
Vol. 88, No. 4, April 2000.

T. Painter and A. Spanias, “Perceptual Coding of Digital Audio”, Proc. of
IEEE, vol. 88, pp. 451-515, April 2000.

E. Ambikairajah and A.G. Davis, “Auditory Masking and MPEG-1Audio
Compression,” Electronics & Communication Engineering Journal, Aug
1997.

S. Pfeiffer, “The Ogg Encapsulation Format Version 0,” RFC3533, May
2003

Rajsumam and Rochit, “System-on-a-Chip : Design and Test,” Norwood,
MA : Artech House, 2000.

Xilinx, http://www.xilinx.com/products/boards/multimedia/

LEON2 Web Site, http://www.gaisler.com/, 2003.

“The LEON2 User’s Manual,” http://www.gaisler.com/, 2003.

ARM Corporation, “AMBA Specification 2.0,” http: //www.arm. com,

1990.

OAR Corporation, RTEMS Web Site, http: //www.oarcorp.com,
2002.

Man page of gprof command, 2002.

J. P. Princen and A. B. Bradley, “Analysis/synthesis filter bank design
based on time domain aliasing cancellation,” IEEE Trans. Acoust. Speech
Sig. Proc., pp. 1153-1161 (1986).

B. Edler, K. Brandenburg and T. Sporer, “The use of multirate filter banks

64



for coding of high quality digital audio,” 6th European Signal Processing
Conference, EUSIPCO, 1992.

[18] Atsushi Kosaka, Satoshi Yamaguchi, Hiroyuki Okuhata, Takao Onoye,
Isao Shirakawa, “SoC design of Ogg Vorbis decoder using embedded
processor,” 2004.

65



