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History




Back Story and Scope

- Embedded Linux emerged in about 1998

- Widely deployed, well understood and mature
* noMMU uClinux and MMU Linux 2.0-2.6

- Everything from DVD player to Cell Phones




Linux in Embedded Systems

- Functionality Fit
- Networking.

- Very large footprmt

- compared to a Commercial RTOS




Commercial Systems

Everyone builds their own

- Usually provided by the Silicon Vendor
Functionality is remarkably similar

- Classes of device and a few major Apps

._Impossible to count, or even know where used

00s of Milliens units

x °

inux installed base by far

d Systems Engine




Common Design Practice

From Reference Design... From OpenSource...
Provided Cookie Cutter - Huge Barrier
No product customization No consistent process

Vendor doesn'tknow! . Engineering commitment

P uality... | ailing List...
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Next Generation Platforms
Hardwarésand Software




Open Systems Objectives

- Freedom for the Engineer

- Control of the Platform and Application
- Code Freedom: To build what you need
- Design Freedom: To build it the way you want

- Freedom for the User

[



Design Examples

- Examples of Project Scope:

- Phone
- DVR

- VoIP VPN Fir_gwall Router
- NAS SetTopBos

out of Scope



Software Stacks

- Well Understood Practice®

- Upstream projects have this well covered

- Standard POSIX like environment

* Not necessary to go into here
. Standard but limited Application Packages
ictionality driven, net “Kitchen Sink”

Linux 1s what comes arte



Portability

 Minimum Requirements for Kernel Support

+ 32 or 64 Bit Address Space and Data types

- Periodic Interrupt
- GCC

- About 2Mbyte mer ory

____________



CPU Families

- All Standard Families are Supported
- ARM series, MIPS, SH, m68k/Coldfire

- Architecture Specific code

- In Kernel

etup, entry, interrupt, about 2950 Lines C + asm*

* v850 uClinux implementation =



Initial Targets

- Criteria: Minimum Requirements and Openess

- Simple Target: Plasma MIPS

VHDL model and C simulation
- CPU, Memory and 24 bit hardware timer

- ) D A




Just an Instruction Chewer

void cycle(State *s)

{

opcode = mem_read(s, 4, s->pc);

S->pc = s->pc_next;
s->pc_next = s->pc_next + 4;

mswitch(op)

{ .
case 0x03:/*JAL*/ r[31]=s->pc_next;

case 0x02:/*J*/  s->pc_next=target; break;
se 0x04:/*BEQ*/ branch=r[rs ;. break;
[FBNE*/ _branch=r[rs]!=r[rt]; w,.break;

(07} ' =d k,
case 0x08
g i_mm; break;



Initial Targets

+ Criteria: Minimum Requirements and Openess

+ Modern Target: LEON2/3 SPARC

VHDL model _gnd C simulation
- CPU, Memory anc

. -

ull peripheral set
nd,SMP in FPGA

""""""""



Initial Targets for Reference

- UserSpace will recompile anywhere
- Can make a Gate Array ASIC SoC cheaply

- Even low volume FPGA based system

- Proves noMML{ MMU and Endian issues

199

oC 1s trivial
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Hardware Examples

- Realtek MIPS: Similar to Plasma

- MIPS R3000 style CPU with timer
- Customer Peripheral set
+ Very successful commercial platform

- SH3: Similar to LEON SPARC

-

10N set v ---DSP extensions

""""""""



Technology Comparison

SH3+DSP LEON SPARC SMP Lexra MIPS Plasma MIPS
noMMU
233 MHz, cache, XY  50-400 MHz, 7 stage 190 MHz, low 36 MHz, Soft Core
mem pipe complexity
Separate DSP Engine  1-4 SMP Cores + DSP  DSP in MIPS machine  Single Core, no DSP
inst code
$18ASIC . $5 SoC $12 FPGA

" /Wireless Base Wired. Flexible
VoIP te B - App Specific
' Controller

2-4Mb




Memory Management - MIPS

Boot

SUE - Compressed EXT2 — -

FLASHL Boot Img Kernel Image PGM

B
b
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BootlLoader Kernel ‘h \ Program

!

Copied by Decompressec by Free RAM
BootStrap BootlLoader |




Memory Management — SH3

Boot
Strap

- RO CRAMfs —_—

FLASH Boot Img Kernel Image PGM

Ik

BootLoader

Copled by Decompressed by

Bootstrap BootlLoader




Reusable Basic Platforms

Open Hardware Platforms
- 400k Gate FPGA board with 10Base-T

- 2 Layer board, designed as a reusable module
- Plasma SoC Prototype platfrom
- Directly integrate into low volume projects/products

. 1.6M Gate FPGA module with 2x 100Base-T




2 Overall Objectives

- A Basic set of Platforms: HW and SW

+ Open and reusable as basis for future work
- Serves as a benchmark and a starting point
- Easily accessible and available

- A technical solution to Vendor Participation

nould we, we can just take it”
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Reusable Code




Unified Approach

BaseOS Layer

- Provide a standard Bundle of Functionality

- Miniature POSIX like environement
- Well Documented
- Very portable and self contained

. _Packages for Berkeley Networking

1 Storage layers
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Code Storage and Execution

- Storage as a set of components
- Digitally Signed
- Decompressed on-the-fly

- Sparse Pages in RAM, page cache backed

» On uClinux, executables loaded at runtime

—
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Boot
Strap

FLAS

Memory Management

R/W FAT or other Simple FS

Boot Img

Kernel Image

PGM

=N

g Sparse Pages Faulte

- From Union Moun

S
ically Generated




Embedded as a Platform

+ User is in control of his/her device

- Loads whatever they want
- Mangement/Configuration automatically integrates

- “Officially Supported” 3™ party Applications

‘the.OS guaranteed

P
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User Space Architecture

I&Configuration Storage  Utilities Iibé‘%

App Package O App Package 1 —_— App Package n
Services Platform Libraries
Network Daemons Configuration Pesistant Storage Cryptography Database Ul Services Common Code
Base OS

liam Filesystem Management Network Management

N _

'l'f-- . i

BootLoader Fleiionn Spe




Blocks, Not Bricks

- Single Filesystem is dangerous

- Update with incompatible package -> Brick
- Install malware -> Brick
- User Error -> Brick

- Storage of Components

ANort To

N1 O

tlaging broken Blocks

B
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The Package Concept

Basic Unit of Storage
- Concept: PalmOS Even Apps are db records

- Functionality is containerized
- Safety through Digital Signature

Package is Self Contained
- Concept: Mac OS'X Bundles or OpenOffice Docs




Packages in FLASH

Simple FileSystem

N

Package
1

AN

Package
2

N

Package
3

H {

Package Structure

Package Meta-Data
(name, description, format,
database scheme)

BN

Compressed Static
FileSystem Image Overlay
(union mounted)

Config File Templates
(dynamically mounted)

Digitak Signature




Dynamic Runtime Filesystem

Package 3

Package 1 PaCKage 2 Package Meta-Data B

Package Meta-Data
Package Meta-Data \
"‘/ FileSystem Image Overlay

“/ FileSystem Image Overlay 000

\

FileSystem Image Overlay

Config File Templates

N

Config File Templates

Digital Signature

N

Config File Templates

Digital Signature

Digital Signature

-

coNnfd mmm—— /usr/ {etc}
FUSE Mount

/usr/ {bin, sbin, lib, share}

Union Mounts



DB Backed File Generation
- XML Syntax like JSP, stored tokenized

for tag looping test

<ctl:for var=i start="10" stop="13">

<ctl:for var=j start="10" stop="%{%i}">

i has value <ctl:out value="%${%i}"/>

j is <ctl:out value="%{$;}"/></ctl:for></ctl:for>

EL arithmetic test
(7+3)*5 = <ctl:out value="${ (7 + 3 ) * 5}"/>
+3*5 = <ctl:out value="%{ -7 + 3 * 5}"/>

Set
<set val



Specification and
Implementation

- OpenSouce and Portable

- Bootloader support

- Dynamic FileSystem Implemetation
- Packaging Ultilities

. Cryptographic Utilities

lcations

e



@i’roj ects and Participation

1

Vendors, Engingers and Community




Community Building

A Community Framework

- Not just Project Components, also Process
- Vendor a part of the process, not just feed off it
+ Upstream Synchronization

- No more years-oldsknown bugs in products

e



3 Parties, Views and Objectives

OSE.org — Generating Community Effect

Public Project hosting (web front-ends) necessary for
community involvement.

for the various projects that have gone public with
code and documentation.

or Vendors showeasir o their OpenSource based



3 Parties, Views and Objectives

OSE.net — Software Engineers Collaborating

Like a sourceforge, with project management tools

Place to host the code, but with various legal
frameworks for public release

Provides access to NDA material to engineers

ovides the distribution mechanism for the GPL
of thewcom entity



3 Parties, Views and Objectives
OSE.com — Getting the Vendors to Contribute

Corporate entity legally able to sign NDA's and other
contracts

Standard engagement method with services and

point of contact for Silicon Vendors, ODM's, and
OEM's.

roject Management tools and services

e —
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SSTOREIE 'S engineers work
with the structured web to:
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The uClinux Experience

- A “kit” approach works for vendors

Community Building requires a code base

- Easily accessible, non threatening
- A clear set of goals that mesh with engineer's needs

Engineers Contribute

1zations den't (generally)




OpenSourceEmbedded

- New Home for 3 parties

- OpenSourceEmbedded.org
- Users |

OpenSourceEmbedded.net




Process Flow

- Vendors contract with the OSE.com entity
- OSE.com entity works with Engineers

- Engineers create code & projects on OSE.net
+ OSE.net publishes

e o=



GPL and Vendors

+ Vendors have no incentive to participate
- So we have to give them one.

- Vendors are only interested in shipping
products

: OpenSourceEIﬁ bedded gives them scalability

A e

ourceEmbedded, Provides compliance

aption

nforcement is a seconda

) bring vendors into the process




Getting Participation

- From Engineers
- Status, Cool Code, Cool Projects and Jobs
- From Vendors
- Scalable desigghprocess, High Quality Code

- Silicon Vendors just want to sell chips
1al ODMs

[ ] [ ]
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Upstream Projects

Pull code directly from the O.S.E Repositories

- Complete Coherent BaseOS and Basic Apps
- Embedded Specific trees hosted at OSE.org

Become involved in the development process

“...and I hear my application is used in some routers”

a0re Years Old bugs and Regressions



Scalable
OpenSource Embedded

Thank You

Questions and Discussion
http://dionne.ca/lk2008
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