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Spec of LDPC Codesin |IEEE 802.16e

(19 kinds of code-size)

B Dimension of Base matrix : 12*24 —
. yles
B Code rate (R) : 1/2 Nots) Nyt 2
B Expanding factor : p = 24, 28, ......, and 96 Tl ol &
H H H . 1 1\ * T8 96 48
B Number of cyclic-shifted bits : (D i) = s(i,j)*p ool IO
(pi, J) =[—2—]
96 980 120 60

. . 1056 132 6E
B Parity check matrix : 1152 | 144 | 72

1248 156 78
1 2 3 4 5 6 7 8 9 10 11 12 13 14 15 16 17 18 19 20 21 22 23 24

1344 168 B4

1 9%]73 55183 710

2 27 2217199 12 00 1440 | 180 80

3 2412281 33 0 00 1536 192 96

4] 61 47 65|25 0|0 1632 204 102

5 39 84 417 0]o I e

6 46| 40 82 9]0 0lo0

7 95| 53 A 1418 R 0]o0 L el

8 11]73 2 47 = “Tolo 1920 | 240 | 120

9[ 12 83|24 43 51 00 2016 252 126

10 94 59 70]72 0]o sgin | 2es | 1

11 7165 39| 49 0]0

(3 6|4l %] 7 0 2208 | 276 | 128
C D | 2304 288 144

pp. 2




ACCESS IC Graduate Institute of Electronics Engineering, NTU

Multi-mode Chip Summary

Irregular LDPC codes with Code Rate %
(19 Kinds of operating mode)

Cell Library TSMC 0.13um 1P8M
Work Voltage 1.2V/33V
Gate Count 393 K
Core Size 2.11lmm x 2.11mm
Die Size 2.88mm x 2.88mm
Operating Frequency 100 MHz
Power Consumption 62mwW

# of Single-Port Register file | 24 (96*8)

Published in IEEE Journal of Solid-State _ )
Circuits (JSSC), Feb. 2008 # of Two-port Register file 76 (96*8)
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History of SoC Technology Center (STC) in ITRI

UwVIC

(1985) EOL (formerly ERSO)

PMD

(Personal MediaDevic®)

# ICL

==& South ITRI

SoC Technology Center (STC)
(founded: 2000)

* Lead/coordinate ITRI-WiIMAX Project!

* RF/AMS Circuits -~ PAC DSP Processor & SoC Platform
* MIMO Mobile WiMAX Technologies

* WiMAX-enabled PMD

ICL (formerly CCL)
Founded :1990)

2008/4/25
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Modern SoC Platform

RGB Monitor

==

LCD, Mono/Colour
(STNITFT)

& — JTAG Debug

2008/4/25
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Flexibility & Energy Efficiency

Source: ISSCC Proceedings
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HTC TyTN (Qtek 9600)

* Samsung 2442@400 MHz

* Microsoft Windows Mobile 5.0

* 3G: UMTS/GSM850/900/1800/1900

iFi Nokia N93
* WiFi 802.11b/
miamlézlgo(gm MHz (QD! ’ « TI OMAP2420 (330MHz ARM1136+
™
« Microsoft Windows Mobile 5.0 220MHz TMS320C55x™DSP)

5 * Symbian 0S 9.1
+ WCDMA 2100,GSM/GPRS A
900/1800/1900 J GSM850/900/1800/1900

« Wi-Fi 802.11 b/g, Bluetooth

m RIM Blackberry 7130e

] * Marvell PXA901 "Hermon"

Programmable E RMOS
Solution

Microsoft Zune

« Freescale i.MX31L
(400MHz DSP)

* Windows Mobile

Nokia 7710
* 220MHz TI OMAP 1710
« Internet Tablet OS 2006

Apple iPod Video D

« Broadcom video decoder q -
- Sony Ericsson P800 ] ‘2 |
+ 208 MHz NXP PNX4008 Ty

« Symbian OS B |
S

=/ LGAT7710
@f * Renesas SH-Mobile
+ Savale OS

Samsung Digital TV Mobile
* ST Nomadik STn881x processor

*» DVB-H, MediaFLO, and DMB

» GSM Triple - WCDMA -~ HSDPA

* We need Programmable DSP Solution in Internet Era!

2008/4/25 9
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ISO/IEC ITU-T Others
Video .
i AVS - Bink - Dirac - Indeo - MJPEG -
COMPIEssION = 11JPEG - MPEG-1-MPEG-2+  H.261-H.262 -
formats RealVideo - Theora - VC-1 - VPG - VPT -
MPEG-4 ASP - MPEG-4/AVC H.263 - H.264
WMV
ISO/IEC ITU-T Others
Audio MPEG-1 Layer lll (MP3) - G.711-G.722- G.722.1- AC3 - Apple Lossless - ATRAC - FLAC -
compression MPEG-1Layer Il - MPEG-1 G.722.2-G.723 - iLBC - Monkey's Audio * p-law -
formats Layer |- AAC - HE-AAC - G.723.1-G.726 - G.728 - Musepack - Nellymoser - RealAudio -
HE-AAC v2 - aacPlus v2 G.729-G.729.1-G.729a SHN - Speex - Vorbis - WavPack - WA -
TAK
ISO/IEC/ITU-T Others
Image

compression  \oe . JPEG 2000 - lossless JPEG - JBIG- APNG - ICER + MNG - BMP - GIF - ILBM - PCX -

formats JBIG2 - PNG - WBMP PGF - TGA - TIFF - HD Photo
General Audio only
Media container
formats 3GP - ASF - AVI - DMF - DPX - FLV - Matroska - MP4 - MXF - NUT - Ogg - Ogg  AIFF - AU -
Medlia - QuickTime - RealMedia - VOB WAV

http://en.wikipedia.org/wiki/H.264
2008/4/25 10
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DSP SoCs: NRE and Cost

2008/4/25

Total $ Amount —»

Total Revenue

Breakeven -

Custom \

Total Cost - Custom

Variable Cost — Custom

________________________________ L S NRE & Fixed Cost - Custom
Breakeven - - N ‘
DSP SoC _— K3 Total Cost — DSP SoC
: Variahle Cost — DSP SoC
““““““““““““““““““““ i--“h—-— NRE & Fixed Cost — DSP SoC

.
>

Volume ——

Figure 3: Standardized DSP SoCs Lower NRE and Fixed Cost

Source: Tl C6x DSP datasheet
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Outline
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2004.6 2005.6 2007.1

DSP Flow Portable Media Player Smart Phone
Performance
Evaluation

PACDSPVL5 | B} | PACDSPV20 | PACDSP 3.0

Freq: 200MHz Freq: 250MHz Freq: 300/350MHz
Power: N/A Power: 1.5mW/MHz Power: 1 mW/MHz
0.13um 0.13um (AP) 90nm Tape-out ready

MP3 Demol! Newly Added Features Newly Added Features

= Customized FU Interface = Power Management (DV S/DFS)

= Embedded ICE = Optimized Memory Subsystem

= Gated Clock, Multiple Vth &
Low-power Clock Tree Synthesis
Power Management (Multi-

Frequency) H.264 Decoder

VGA Demo @30fps!!

Copyright ITRI -1 3 4 (5l

T STzl

=
Indusil Technology PAC DSP Kernél

* 5-way VLIW with Customized Function Units

Memory Subsystem

Cluster 1 Cluster 2

Y

Dispatch Unit
¥
Y v

‘ ; L

Load/Store Unit | ! Load/Store Unit !
Interrupt Custmoized | | Custmoized | : r
Handler = FU [ EU ! 1
- Jiy i |

e oo T ) |
Program Sequel I l T T ! l ! Accelerators -
Gl Ui | Puic Ping-Pong RF [ Public Ping-Pong RF [}
s . L

!
T T
] I

L4 Lvy }
Scalar Unit Arithmetic Unit | Arithmetic Unit !
L LCus“xmoized T’ [Custmoized |

|

|

|

|

I

I

|

RF

e

Scalar Unit VLIW Data Path

Customized
DSP Kernel L Function Units )

Bus Interface Unit

Copyright ITRI 1 % 4 (el
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T STzl N

mzsimze PAC DSP3.0 DSP Kernel Benchmarks

PACDSP 3.0 ADI CEVA-X| CEVA-X LSl StarCore | StarCore Tl Tl
DSP Platform BF5xx 1620 1640 ZSP500 SC1200 [ SC1400 C5501 C6414
300MHz | 750MHZ| 450MHZ | 340MHZ | 340MHZ | 305MHZ | 300MHZ | 300MHZ | 1000MHZ
. 3-way 1-issue 8-way 8-way 4-issue 4-way 6-way 1-issue 8-way
Architecture VLIW dual MAC VLIW VLIW Superscalar VLIW VLIW dual MAC VLIW
2MACs 2 MACs | 4 MACs 2 MACs | 4 MACs
21 40 33 18 25 19 19 47 27
23 29 26 19 22 25 16 43 25

43 35 29 22 32 44 27 45 36

444 639
146 408 106 61 164
317 354
993
18 23 21 19 20 16 14
IR 19 16 9 8 11 10 9
LMS 34 45 29 24 32 26 19
Viterbi 3505 6067 2304 1925 3249 2880 1935
1684 2632 2207 1248 2323 3230 1631

97

« (Cycle counts: Submitted for certification and subject to change)
4 benchmarks NO.1, 5 benchmarks NO.2, 3 benchmarks NO.3
eCompared Targets: CEVA-X 1620, Star Core SC1200

Copyright ITRI 1 % 4 (el
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Vender Property

ITRI/STC

PAC DSP

-
STC PAC DSP No.1'Index

StarCore

SC2000
(SC2400)

SC1200
(SC1400)

CEVA

CEVA-X 1620

Architecture

5way VLIW

6 way VLIW

6 way VLIW

8 way VLIW

Frequency (MHz)

312

250~350

305

450

Process

0.13pum

0.13um~90nm

0.13pum

0.13pum

Performance (MIPS)

1560

1500~2100

1830

3600

Power Consumption* (mW/MIPS)

0.08

0.098

0.08

Power Consumption* (mwW)

el

179.34

288

Area

1.6 mm?

Power Management

1.2mm2# -
Yes |

Yes

Yes

*Without Memory
**350K Gates

Copyright ITRI -1 3 4 (5l
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Outline

e PAC SoC Platform with DVFS Feature

2008/4/25
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Under the Hook of MID/GPhone: PxD SoC Platform

RGE Monitor LCD, Mono/Colour

(STNITFT) '
Ase §

{1 scsan) €3> RS232

RS232

JTAG Debu oniche MMC
im B ebug Memo
= — pLL&OSC MPU snm?

(ARM) | J=on

2008/4/25 20

TSR TTICRR
Research Insufute " PAC Solo with
Dynamic Voltage and Frequency Scaling (DVEFES)

MPU domain SRAM domain (4 ME domain DSP domain
Power mode | DFS Total 9 Domains Power mode | DVFS Power mode | DVFS Power mode [ DVFS
Voltage | Frequency Voltage | Frequency Voltage | Frequency Voltage | Frequency
1.2V 228MHz Same as AHB domain Same as DSP domain 1.2V 228MHz
12V 152MHz 0| 0 0 | 0 1.0V 152MHz
12V | 114MHz | Na——— ! e N 09V | 114MHz
12V 0 7 MPU | | | | SRAM | | |FLASH| [SDRAM | ME || 0.9V 0
1 1 1 1 1 1 0 0
| M@ | | 128 | 64MB 128MB | [©) |
1 1 1 1 1 1
L ——— T T 77 | |
1
PLL : MPU Mailbox| | SMI || SMI SMI SDRAM DSP : DSP :
®) VIC Ctrl. VIC | ONE
_— 7y 1 1
oon i _lﬂ | m | -
Power mode [ Fixed V.
VDD2 = Voltage | Frequency . AHB domain
° 12V__| 456MHz |r DVFS domain Power mode | DVES
. Power mode | Fixed V. ® _Voltage Frequency
. Voltage | Frequency 12V |152/114MHz
VDDn = 1.2V 48MHz 1.0V 76MHz
U DVEFSC |,
e i

" 1
1
c |||”
i s
= [S+ISO i | GPIO | CCIR LCD || Ext.FB SD USB2.0 | (10/100M
— LS i : ! 601 Panel 1MB Card PHY PHY
- [SO | * '
o TTmmme — LCD domain .
== General_V IO APB domain Power mode | DVFS M E and Entropy mg' nes are
5% DVFS_V IO Power mode | Fixed V. Voltage | Frequency developed by Prof. J. I. Guo of CCU
Voltage | Frequency Same as AHB domain
2008/4/25 1.2V 48MHz 0| 0 21
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Power Domains of PAC SoC

Power domain Operation condition Individual
Power modes
name Voltage Frequency power down
Active-1 1.2V 228MHz
. Active-2 1.2V 152MHz
MPU-domain Active-3 1.2V 114MHz N
Inactive 1.2V 0
Active-1 1.2V 228MHz N
Active-2 1.0V 152MHz I
DSP-domain Active-3 0.9V 114MHz Y I
Inactive 0.9V 0 I
_______ — —Slep_ _ Jd__0_ _ 1L __0_ __|_____"7
ME-domain Same as DSP-domain Y
. Full-speed 1.2V 152/114MHz
AHB-domain Low-power 1.0V 76MHz N
SECAII;/{ ;ﬁ;;:;;n’ Same as AHB-domain Y
APB-domain,
. FixV 1.2V 48MH N
DVFS domain > z
PLL-domain FixV 1.2V 456 MHz N
2008/4/25 2
T ZF TR
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0.2 Without DVFS With DVFS
‘ 48% Energy Saving
0.15 +
o Wm‘
(% Ol B "! J b o 2t It o
D_ l ”‘ ‘.‘w*t‘\ Q4
0.05 |
O o SO
2 0 4 ®m®my o d© Q%9 O Wwmo Qo
28 9 8B T8I I3 I I P TS 853 I Y
3338885388 E5E65666588383 3823
888 8888888888888 8888 8
Time

Figures during H.264 Decoding (real-time data shown on PC Screen)

2008/4/25
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200
= [ H.264 VGA Decoding on ARM+DSP
150 [ H.264 VGA Decoding on DSP
100 80.04 75.99
52.3 48.82
50 ¢
0% d O 0% 3 0
0
1.2V 1.0V 0.9V
@228MHz @152MHz @114MHz
PAC DSP Voltage & Frequency
2008/4/25 24
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PMP Dual-core SoC by ITRI/STC

TSMC 0.13um CMOS Logic

Process | 1pgMm Salicide 1.2V/2.5V

ARM 228MHz

DSP 228MHz

Frequency

AHB 114MHz

APB 48MHz

Package | BGA

Voltage |1.2V/2.5V

Chip Size | 9,991x10,000pum?

Gate Count|1,169K (w.0o. ARM, SRAM & PLL)

Taiwan’s first low-power/high
performance DSP and Dual-core
multimedia processor platform

(PAC DSP & PAC Platform)

2008/4/25 25
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ITRI PAC PMP SoC EVB v3.0
Jupiter s/mm [

Ry Byl

T T LT T

Copyright ITRI — 3 & F5Ffi
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PMD SoC (ARM+PAC) Platform Running H.264

2008/4/25

27




T3 FE AT FTIORR :
nawnai ooy INntegrated Development Environment

(IDE) for PACDSP

PACDSP EVB
R PSP 1SS

Source codes

IDE
\’/F -

R ~
1 ® Project management
\\ /)\( \L ® Source file editor
Y ® Source level debugger

\
g %i/: ® Simulation

Tool-chain and IDE are developed by Prof. J. K. Lee of NTHU

2008/4/25 28
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Codec Menu for PACDSP

e Multimedia Codec
— H.264 decoder : 1SO 14496-10 MPEG-4/AVC
— WMV decoder : SMPTE 421M-2006 simple
— MPEG-2 decoder : MPEG-2 (13817-2) main
— JPEG codec : T.81 baseline interlace
— AAC codec : MPEG-2 AAC (13818-7) low complexity
— WMA decoder : WMA-7

2008/4/25 29
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PAC PMP Sales Package

PMIC Module
DSP ICE (for DVFS)

Power Line

2008/4/25
T RARITHTFT
Resoarch Insiuie " PAC - Parallel Architecture Core
PACDSP + PAC Platform
PACDSP PAC Platform
* Low-Power High-Performance DSP e Multimedia Processor SoC for
Mobile Devices (PMP SoC)
DSP Features SoC Features
* Scalable VLIW Datapath * Scalable Performance
* Variable-Length Instruction/Packet * Dynamic Voltage & Frequency
* Distributed & Ping-pong Register File Scaling (DVFS)
* Dynamic Power Management * Rich Codec for Multimedia
* Customized Instruction Set Applications
* Coprocessor Interface * Peripherals and I/O ready
Technical Spec
* Process : 130 nm/ 90 nm
* Frequency : 300 ~ 450MHz
* Performance : 1200 ~ 2000 MMACs, 1500MIPS
* Power Consumption : ~0.08mW /MIPS

2008/4/25 31
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Outline

* PAC Phase-II Project (PAC-II)

2008/4/25
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I. Enhanced PACDSP Family

(e V3 (PAC-VLIW)
-V3.2
* Original design with IP consolidation
* Ready for sale/transfer
- V3.3 (PAC-plus!)
* AMBA AXI-support

* Configurable system interfaces with automatic application-specific
customization tool (based on ESL technology)

(&

Vs

- Digital audio & ultra-low voltage/power applications
* V5 (PAC-SIMD) for Multicore Structure

- Improved performance & energy efficiency

* V4 (PAC-lite) 9,

2008/4/25
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PAC-plus! (v.3.3)

AXI (AMBA 3.0)

E cratchpad
‘ BIU (B) ‘ ‘ HIU (H) ‘
F I_} Fﬁ | 2 e controller

[ F |
e | e rallel banks with individual

power modes

- Four ports with programmable
priorities
- DSP-enhanced DMA controller

* Bus Interface Unit (BIU)

- AXI-support (AMBA 3.0)
- Asynchronous FIFO-support

2008/4/25 34
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PACI & PACII

« PAC I (2004~2007)
- 1xMPU + 1 x PAC-VLIW (PACDSP V3)

- PAC Solo (PMP SoC)
* ARM922T + PACDSP V3.0

PAC DSP 0

* PACII
-k x MPU + Multicore Interconnect
n x PAC-VLIW (PACDSP V3) +
m x PAC-lite (PACDSP V4) + tertace ntetace

I x PAC-SIMD (PACDSP V5)
- PAC Duo (2008)
* ARM926 + 2 x PAC-plus! (PACDSP V3.3; PAC-VLIW)
- PAC Quad (Planning)

2008/4/25 36
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II. PAC-Duo SoC Architecture

MPU DSPO DSP1 LCD Camera

M M S M S M S M S

v [ A A
I;l \i \i v
AXI BUS
‘ vy oo vy
S S

\

AHB2 || AXI2 DR M > s s >
AXI AHB EMDMA SRAM Entropy Viterbi
s M Controller
Security USB Ethernet DW- DVB Reset
) ) DMA. receiver Controller
M S M S M S M S S S
AHB lite BUS * 5 (not fully connected)
N liixtemasl * ° > ° >
(URIERRIAE Flash MPU_VIC | | DSPO_VIC | | DSPI_VIC Mailbox SD/MMC/
SDIO
< APB BUS >
S S S S S
Timer * 4 PWM SPI DVEFS UART *2
S S S S S
. System
12C master 128 *2 GPIO Watchdog * 3 e e
2008/4/25 37
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reseacnmsie . WiIMAX-ITRI System with
MIMO WiMAX and PAC Duo

N
{ F ol WiMAX MIMO WiMAX Platform

PAC-plus! <«»  Camera I/F

RF e ;: Analog BB i
; WiMAX <« ARM926 i
! digital BB !
: WiMAX - ) : R
| LowMac - USB20 |« i >
';
DDR2 |4 [ DRAM control | PACDuo |
: and DMA |
I.‘CD q LCD scaler [¢ * ARM926 !
Display |, [
| <«  USB20 |¢—
|
I
1

“On-demand Computing”
for low-power, flexibility, I <« Ethernet

Security
and performance (3DES/AES)

|
: «  SD/MMC
|

2008/4/25 38
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PAC Duo Application

* Mobile WiMAX MIMO connection
e IPTV with H.264 decoding and display
* VoIP and Web connection (Google, youtube etc)

e ‘E‘;{
Mobile WiMAX =
(802.16e) 2 Internet
= >3
BS

QoS
640*480 Wi20 PMD Internet connected Mobile WiMAX MIMO
3-4 inch display thin-client
2008/4/25 39
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ITI. DSP-based Accelerator for Android

APPLICATIONS

Browser YouTube IPTV VolP

APPLICATION FRAMEWORK

T—
Activity Manager Window

Content
Manager

View MNotification
Providers System Manager
Package Manager Telephony

Resource
Manager

Location
Manager

Manager XMPP Service

LIBRARIES ANDROID RUNTIME

Surface Manager Media

SQLite Core Libraries
Framework

OpenGL[ES FreeType WebKit

SGL SSL libe

LiNnux KERNEL

Display oy oy Bluetooth Flash Memory Binder (IPC)
Driver Camera Driver Driver Driver Driver

USE Driver

Keypad Driver WiFi Driver E:'IJ:{:‘IJ

Power
Management

I Single/Multicore Accelerator (PAC I/l : Host CPU (ARM)

2008/4/25
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Android Media Player

ARM Versatile Platform + PAC V3.0

2008/4/25 41
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Demo in Computex Taipei 2008

B [TRI/STC Android SoC
Prototype Demonstration
in Computex Taipei 2008

2008/4/25 42
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researcn mentte ' 1V, Taiwan Dual-Core Platform
(AndeScore & PACDSP)

ITRI/STC
PACDSP V3.0

AndesN12
Platform

FPGA Prototyping with 2 Xilinx Virtex 5 Boar-ds

2008/4/25
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V. Move to ITRI Multicore Architecture

Multicore Array

e 2D-Mesh

* Cluster

» 3D IC Packaging
(under planning)

Multicore I nterconnect

Memory
Interface

2008/4/25

I/0
Interface
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Target: Battery-powered Multicore Applications

* Intelligent robot with sense,
thinking, move, vision, etc.

» Real-time Smart 3D image (2D
photo realistic) data processing
on mobile handset

e Smart EV cars + ITS
» Autonomous vehicles
(MIT Angstrom project)

2008/4/25 ' - 45
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PAC Multicore Roadmap
Normalized Power
\ ITRI Technology
10 PACplus! Development Project
= AMBA AXI interface
= Optimized memory organization PAC Quad
== (FY 2009~
PAC DSP FY 2010
(FY 04~06) @ )

T e .o ............................................ .. PAC Duo

ITRI Exploratory A (FY08)
Research Project z
PAC-lite

. Low voltage
= Timing-tolerant p-arch

Performance-Scalable &

01 [ T H Energy-Efficient
oY </ mmm PAC 11 Platform
m PAC-lite Multicore for low-power
(FY09) = Low-power interconnect

" Parallel programming model

1 13 2 Normalized Performance
2008/4/25 46
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Outline

Introduction

PAC Hardware

Energy-Aware H.264 Decoding on PAC SoC
PAC Phase-II Project (PAC-II)

Conclusions

2008/4/25 47

T EHMTHFTEE
Industrial Technology
Research Institute

Conclusions

A complete PAC DSP family is in progress
- PAC-plus! predicts 30% performance improvement

- PAC-lite and PAC-SIMD (for mulitcore platform) are under
development for target applications

* An integrated PAC-Duo platform and SoC (2008)
- Scalable software programming
- Start to port Android based on dual-core SoC platform

- Integrated with Taiwan MPU core (Andes) for Taiwan dual-
core platform

Still many open issues (SIMD, VLIW, Multicore, Architecture, Tool
Chains, Software, Applications, ...)

From PAC core to next-generation ITRI Multicore research works

2008/4/25 48




T R F T
Industrial Technology
Research Institute

Thanks for your attention!
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