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Outline

¢ Introduction to Embedded System Credits Program

Introduction to Embedded Systems
Understanding the ARM serious
Famous Embedded OS

Linux Overview

Introduction to Linux Programming
Guide to Programming on ARM serious

Embedded Systems Development
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Outline
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Famous Embedded OS

Linux Overview
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Ying-Hong Wang < inhon@mail.tku.edu.tw=>

2011/10/24 P 6




‘—
7:5. E G Tamkang Universty Software Engineering Group #STEREETIZEEAE http://www.tkse.thu.edu.tw/

Introduction to Embedded System Credits
Program
o TEpE "ix AX AR BNER
— SRR AR
— AR - BorEiE
- PEEEAL  EilTIEE A - ERTIEEA
- BB HEN TR SR
— BARMEFEETE - 33525y
— SN ¢ http://www.csie.tku.edu.tw
— (BREENEREE - "B RBGREES T RT
REER AT SRR 2R E

Ying-Hong Wang < inhon@mail.tku.edu.tw> 2011/10/24 P7

‘—
7:5. E G Tamkang Universty Software Engineering Group #STEREETIZEEAE http://www.tkse.thu.edu.tw/

Introduction to Embedded System Credits

Program

ey >
o TELE TRARXZM, BEENER
- EBEME
o ETEHRHSE 35825
o T
o BERGHEBAIRRGT) 4857 (F250)) A
© (B RS E B 2R 452 GHIE ) ER AR
- HENE
© EEERS 482 HaAEK
o DRURERMREGR 322 AR
o TURHEMETTER 1525y EAR
© RAALRSMERET(E 385 TEBILERE
© RAAZSERZGT 385 TERBILERE

Ying-Hong Wang < inhon@mail.tku.edu.tw=> 2011/10/24 P8




--
7:; E G Tamkang Universty Software Engineering Group BGTHREETIEREE  http://www.thse.tku.edu.tw/

Outline
e Introduction to Embedded System Credits Program
e Introduction to Embedded Systems
e Understanding the ARM serious
e Famous Embedded OS
e Linux Overview
e Introduction to Linux Programming
e Guide to Programming on ARM serious

e Embedded Systems Development
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Introduction to Embedded Systems
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What is Embedded System ?
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What is Embedded System ?

o PERWRHN?

o AREHAAKME
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Introduction to Embedded Systems
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Application Case Studies
The LEGO Mindstorms® is a robotic building system consisting of
e The NXT Intelligent Brick: the brain of the system
° Sensors and servo motors
*  LEGO TECHNIC Elements
*  Programming software

e 32-bit ARM7 microprocessor
— 256 Kbytes FLASH, 64 Kbytes RAM

e Bluetooth wireless communication using NXT softw
only.

e USB 2.0 port

e 4 input ports, 6 wire digital platform
e 3 output ports, 6 wire digital platform
e 100 x 64 pixel LCD graphical display
e Sound channel with 8-bit resolution

e Stores multiple programs

Ying-Hong Wang < inhon@mail.tku.edu.tw=> 2011/10/24 P 24
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System Peripheral ARM Core Multimedia Accelerator
Application Case Studies s S et
3 Timer w / PWM D-Cache 16KB (H264 / MPEG4 / VC1)
o lPhOne® Watch Dog Timer I;"":C:'I‘:; ooy
DMA (32ch) rsbiedlac
e Went on sale in June 2007 === LERCi ok
Connectivity | |n’:‘.1\1s=c[::nlnlg'.::'n
e One Samsung ARM1176 = R A L=t
application processor core e Memon Subspsen
DAV T sun;;f::ﬂk.‘;um
e Memory capacity: 8 — 16 GB Fr Contles e

USBOTG 20
HS-MMC /SO

. . . . Normal. Idle 1024x1024 Mobile DDR SDRAM
e Display: 3.5 inch widescreen multi-touch i v | | =% GREIFLED NAND s sLELE)

e Operating system: MAC OS X

e GSM: Quad-band

e VWireless data: WiFi, EDGE, Bluetooth
e Camera: 2 Mega pixel

e Audio and video playback

e Talk time: 8 hrs

e Standby time: 250 hrs

Ying-Hong Wang < inhon@mail.tku.edu.tw>
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Application Case Studies i
e Wii

e CPU - 1BM “Broadway”

* Runs at 729 MHz

e Similar to the chip found in the GameCube, but
almost twice as fast

e ATI “Hollywood” processor handles the
graphics

* Runs at 243 MHz
* 24 MB of internal main memory
* 64 MB GDDR3 SDRAM

e Up to four Wii-motes
— Connected via Bluetooth

* SD memory slot

*  GameCube memory slot

« 512 MB built in NAND flash memory

Ying-Hong Wang < inhon@mail.tku.edu.tw=>

13



=
Loy BEG Tamkang Universty Software Engineering Group #TEEETIERWERE http://www.tkse.tku.edu.tw/

Application Case Studies
e Tmote Sky Sensor

— Widely proven platform for wireless sensor systems deployments

— Tmote Sky offers a number of integrated peripherals including a 12-bit ADC
and DAC, Timer, 12C, SPI, and UART bus protocols, and a performance
boosting DMA controller

— Tmote Sky is the wireless sensor module of choice for large-scale, high data-
rate sensor network applications requiring ultra low-power, high-reliability and
ease of development

Pholosyninebcally Mo
Temperature
Actve Radaon ‘Sensor

‘Sorsox
(oponan

poor  Posel jopmons) Yo soer
\ Rackaton

Toxas Instrmonts
| span MSP430 Fi811
connector

10.pin expansen
connector

S8 Ricone LED

/ | use
LEDs

ol sotcn ST Code
connecion Isolating USE from Commactox ‘ Flash (1M8)
macrocontrccr

- R
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Application Case Studies
o BTM3015EC4C5-00 Bluetooth Module

— Bluetooth Specification V 1.2/2.0 compliant
— Enhance data rate( EDR ) V0.9 compliant

— Maximum transmit Power up to +14 dBm (Class 1)
— Low power consumption for running on 1.8V core
— Full Bluetooth data rate over UART and USB

— On-board Flash memory (8Mbits)

— 12 Programmable I/O lines

BTOM4CIMIL

Valtage 33V 1.5V LDO 1.5V inputs Optional

- = input Output interface
YIMg-HoNg Wang < mmonwman.tku.eou.tw=> 2011/10/24 P 28
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Application Case Studies
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Examples of Embedded Systems

* Product: Sonicare Elite
toothbrush

* Microprocessor: 8-bit

* Has a programmable
speed control, timer, and
charge gauge

Ying-Hong Wang < inhon@mail.tku.edu.tw=> 2011/10/24 P 30
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Examples of Embedded Systems

* Product: Any PC
Mouse, Keyboard, or
USB Device

* Microprocessor:
8-bit Microcontroller

Inside view of a Microsoft Mouse

Ying-Hong Wang < inhon@mail.tku.edu.tw> 2011/10/24 P 31
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Examples of Embedded Systems

* Product: Any Disk
Drive

* Microprocessor: Dual
32-bit Marvel ARM
SOC & mixed signal
DSP

Ying-Hong Wang < inhon@mail.tku.edu.tw=> 2011/10/24 P 32
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Examples of Embedded Systems

* Product: Vendo Vue 40
vending machine

* Microprocessor:
Two 16-bit Hitachi
H8/300H Processors

* A robot hand dispenses
items

Ying-Hong Wang < inhon@mail.tku.edu.tw>
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Examples of Embedded Systems

* Product: NASA's Twin
Mars Rovers

* Microprocessor:
Radiation Hardened
20Mhz PowerPC

* Commercial Real-time OS

* Software and OS was
developed during multi-
year flight to Mars and
downloaded using a radio
link

Ying-Hong Wang < inhon@mail.tku.edu.tw=>

2011/10/24 P 34
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Examples of Embedded Systems

* Product: Sony Aibo
ERS-7 Robotic Dog

* Microprocessor: 64-bit
MIPS R7000

* OS: Aperios - Sony’s
Real Time OS

Ying-Hong Wang < inhon@mail.tku.edu.tw> 2011/10/24 P 35
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Examples of Embedded Systems

* Product: Radiant Systems
= Point-of-Sale (POS)
T:::gif;};;“ Terminal
- * Microprocessor:

Intel X86 Celeron
* OS: Windows XP Embedded
* Look for one next time you

order fast food!

Ying-Hong Wang < inhon@mail.tku.edu.tw=> 2011/10/24 P 36
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Examples of Embedded Systems

* Product: Microsoft’s Smart
Personal Object Technology
(SPOT) watch

* Microprocessor: 32-bit ARM
with FM Radio Chip

* Downloads News using extra
bandwidth on FM radio
stations in major cities

Ying-Hong Wang < inhon@mail.tku.edu.tw> 2011/10/24 P 37
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Examples of Embedded Systems

* Product: Motorola Q
Pocket PC Phone

* Microprocessor:
TI OMAP (ARM+DSP)

* OS: Windows Mobile 5.0
(Windows CE OS)

Ying-Hong Wang < inhon@mail.tku.edu.tw=> 2011/10/24 P 38
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Examples of Embedded Systems

* Product: Atronic Slot
Machine

* Microprocessor: X86

* OS: Windows CE

* Slots are networked to a
casino’s back office computer
system. State Gaming
agencies audit code and
payoff odds

Ying-Hong Wang < inhon@mail.tku.edu.tw>
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Examples of Embedded Systems

* Product: Dresser Wayne

Ovation iX Gas Pump

* Microprocessor:

Marvel Xscale (ARM)

* OS: Windows CE
* Displays video ads &

is networked to a gas station’s
back office computer system.

Also has remote maintenance

features

Ying-Hong Wang < inhon@mail.tku.edu.tw=>

2011/10/24 P 40
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Examples of Embedded Systems

* Product: Bernina Artista
200 Sewing Machine

* Microprocessor:
Marvel StrongARM

* OS: Windows CE

» Can download new
images from Internet
and sew them

Ying-Hong Wang < inhon@mail.tku.edu.tw> 2011/10/24 P41
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More Examples

Aircraft autopilots, avionics and navigation
systems, automatic landing systems, guidance
systems, engine controls.

XRAY, MRI, and Ultrasound imaging systems,
patient monitors, heart pacers.

Engine control, anti-lock braking systems,
traction control systems, air bag controls,
heating and air conditioning controls, GPS

mapping, Satellite Radio, On-board Diagnostics.

Communication Satellites, network routers,
switches, hubs.

Ying-Hong Wang < inhon@mail.tku.edu.tw=> 2011/10/24 P42
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More Examples

Keyboards, mouse, printers, scanners, displays,
modems, hard disk drives, DVD drives, graphics
cards, USB devices.

Oscilloscopes, voltmeters, signal generators,
logic analyzers.

Microwave ovens, dishwashers, DVD players,
televisions, stereos, security systems, cameras,
TVs, clock radios, answering machines, satellite
or cable box

Elevator controls, surveillance systems, robots,
CNC machines, Programmable Logic Controllers,
industrial automation and control systems.

Ying-Hong Wang < inhon@mail.tku.edu.tw> 2011/10/24 P 43
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More Examples

FAX machines, copiers, telephones, calculators,
cash registers.

Cell phones, portable MP3 players, Video players,
Personal Digital Assistants (PDAs), electronic
wrist watches, handheld video games, digital
cameras, GPS systems.

Industrial robots, autonomous vehicles, space
exploration robots (i.e. Mars robots)

Video Game systems, “Aibo”, "Furby*, and “EImo”
type robot toys.

Ying-Hong Wang < inhon@mail.tku.edu.tw=> 2011/10/24 P 44
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A “short list” of embedded systems

Anti-lock brakes
Auto-focus cameras
Automatic teller machines
Automatic toll systems
Automatic transmission
Avionic systems

Battery chargers
Camcorders

Cell phones

Cell-phone base stations
Cordless phones

Cruise control

Curbside check-in systems
Digital cameras

Disk drives

Electronic card readers
Electronic instruments
Electronic toys/games
Factory control

Fax machines
Fingerprint identifiers
Home security systems
Life-support systems
Medical testing systems

Modems - )
MPEG decoders @ Computers are in
Network cards here
Network switches/routers and here...
On-board navigation

Pagers

Photocopiers
Point-of-sale systems
Portable video games
Printers

Satellite phones
Scanners

Smart ovens/dishwashers
Speech recognizers
Stereo systems
Teleconferencing systems
Televisions

Temperature controllers
Theft tracking systems
TV set-top boxes

VCR’s, DVD players
Video game consoles
Video phones

Washers and dryers

and even here...

And the list goes on and on

Ying-Hong Wang < inhon@mail.tku.edu.tw> zOll/lO _ . .5
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Three Kinds of Products
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Three Kinds of Products
e TAZ¥2 2464 5M™

Information Appliances

s il SR AR
G ) e ) ) (A )
“; PC Internet TV HPC/Palm Top
Internet Commerce Equip NetTV (WebTV ) Mini Nll()tebook
Internet Traffic Equip Internet STB E-Bool
WBT (Windows Based Game Console PDA
Terminal) Screen Phone Smart Phone
Lean Client AV over IP Super Phone

Ying-Hong Wang < inhon@mail.tku.edu.tw=> TR KRR L BEEA G v SRS B

--
7:; E G Tamkang Universty Software Engineering Group BGTHREETIEREE  http://www.thse.tku.edu.tw/

What I can do ?

o Skills and knowledge required for design of embedded systems

— Hardware

*  Microprocessors, digital logic, FPGAs, computer architecture/design,
networking, etc.
— Software
* Communication Protocol Design, Communication Interface and Control,
Assembly and high-level programming, operating systems, software
engineering, etc.
— Firmware
* In embedded systems, the software typically resides in firmware, such as a
flash memory or read-only memory (ROM) chip, in contrast to a general-

purpose computer that loads its programs into random access memory
(RAM) each time.

Ying-Hong Wang < inhon@mail.tku.edu.tw=> 2011/10/24 P 48
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What I can do ?
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Conter

we

@ INTERCOM

Stap shacting and save steps
with 4 podern mtercon

& INTERNET

Ream indoors or sut with
wirvless Intrnet aceess.

e Abways know wha's ol your
door before opeaing .
INTERNET

Smart Home Pt g

emad. shopping and srfing

Ying-Hong Wang < innon@mail.tku.edu.tw> 2011710724 P 50
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System integrity capacity

(inHouse |
Remote Control In House
e Mobile PC R Control Temperature (:"[lol AJC Contral
i = B d =] ~ - -
i@ ' 8 =1 (H . S
7 S AL A | ‘

PC Callular Telephona

D/V
Wireless port
Router

Router
LAN Internet
5 User
Firowall [ W/G
- sww‘(chiri .
s E= Touch Screen } b P
X LCD Pansl e
C . — 3 -
Mg | s = Pl B
H = in, jig =
Back = p— —
Bone |
wiG 1 L -
switching Smart Card Video Door Guard Unit/
Access Contriol | prone caretaker

Local
server CTI/WAP
S e arvar

K

E_
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Hardware Design -- Chip

e Application specific integrated circuit (ASIC § %
such as USB, MPEG, ....
e Full custom design vs. semi custom (cell-based) design

e The basic design flow for digital cell-based ASIC
— Describe circuits with hardware description language

(HDLA %845 35 )  VHDL and Verilog

L

Ying-Hong Wang < inhon mail.tku.edu.tw>
DL Lol 4 L laaial ]l - s

2011/10/24 P 52
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Hardware Design -- Chip
e Full Custom Design
(RE 7%

— Digital circuits

CMOS Inverter  in —[>o0— out

requiring custom done by
optimization chip designer
(smaller system)
— Analog circuits
— Long design cycle
(transistors and )
wires) masking
— No CPLD or FPGA p-substrate
solutions comactout POSieon MO e e done by
; 3 TSMC, UMC
Par‘l(ing 'T‘Paﬁng
Ying-Hong Wang < inhon@mail.tku.edu.tw> 2011/10/24 P 53
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Hardware Design -- Chip

e Semi Custom Design (¥ Z = %% 34)

a. Product specification

/

b. Modeling with HDL

\
s c. Synthesis (by using suitable standard cell) i -- implemented with
I d. Simulation and verification : suitable tools
ri e. Physical placement and layout __/l
~ f. Tape-out (real chip) - implemented by suitable Fab companies
g. Testing

-- implemented by suitable tools and mechanisms

more flexible, shorter design cycle, suitable for smaller production

\4 PI% FPGA or CPLD | Xilinx, Altera
Two different solutions :
% Real ASIC chip

Standard cell

Fab (TSMC, UMC, ..)

Ying-Hong Wang < infess@exdibkkuledg. tesign cycle, larger-scale production 20¥efua@price P 54
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Hardware Design -- Chip

e Synthesis Flow of Semi Custom design

Synthesis
High level synthesis

Behavioral representation
Boolean equations and RTL §

Synthesis
Logic synthesis

Structural representation

Logic gate:
Synthesis s

Cell generators

Structural representation
Transistors and connections {

Synthesis
Floorplanning,
Placement, Routing

Physical representation
Mask layout rectangles
Ying-Hong Wang < inhon@mail.tku.edu.tw>

Behavioral requirement

|

Functional design

Verification and analysis

Behavioral simulation

Logic design

Verification and analysis

connections ¥

Logic verification, Logic simulation

Testing

Circuit design

Verification and analysis

Circuit simulation, Circuit analysis

Physical design

Verification and analysis

Design-rule checking

Fah e 4 42
Circuit exXtraction
P

2011/10/24
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Hardware Design -- Chip

Functional design

Logic design

Circuit design

Physical design

Ying-Hong Wa

Control
unit

24 P 56
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Hardware Design -- Chip
e Synthesis = Translation+Optimization+Mapping

always @bS)
if ia]}=(§==1) \T‘ranslate into Boolean Representation
d=f;
else
d=1;
elsde_o_ a f
- b Optimize + Map
—d
HDL Source \
[
f
. —d
Process of logic synthesis b
Target Technology
Ying-Hong Wang < inhon@mail.tku.edu.tw> 2011/10/24 P 57
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Firmware Design

Input devices

[
Output devices

e Devices drivers for I/0 devices, extended devices, transmission interface

e Assembly codes and C codes for some dedicated CPUs (ARM, 8086,..)

— Architectures and instruction sets of different CPUs, DMA,...

Ying-Hong Wang < inhon@mail.tku.edu.tw=> 2011/10/24 P 58
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Software Design

Input devices
[ —

[
Output devices

e Embedded OS: WinCE, Palm OS, uC/OS, Linux, JAVA
— =>»Real time OS (time) =» as small as possible (memory)

=>Distributed embedded system (+ fault tolerance)

e Application Software:
— wireless communication, networking, multimedia,
health, convenience, Web, ....

— Porting a customized embedded system to different machines is very difficult

(need large modification)

Ying-Hong Wang < inhon@mail.tku.edu.tw> 2011/10/24 P 59
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Future

Today

ASIC/ASSP

Tomorrow
Integrati
IP/System-Board SOC
multi-core
Ying-Hong Wang < inhon@mail.tku.edu.tw=> 2011/10/24 P 60
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Example: Mobile Phone

Yesterday

cess\or\- 5

« Voice only; 2 processors » Voice, data, video, SMS
o 4 year product life cycle e <12 month product life cycle
o Short talk time o Lower power; longer talk time

ree: ELSONICS
Ying-Hong Wang < inhon@mail.tku.edu.tw> 2011/10/24 P 61
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Example: Digital camera

e Adigital camera

Digital camera chip

cco Central processor
CCD preprocessor | ‘ /élxel coprocessor ‘ | D2A |

y s s ¢/ L ¢1‘

JPEG codec | | Microcontroller | | Multiplier/Accum |

Input interface

DI g |ta| s | g n aI ; DMA controller Display ctrl

v s s v

| Memory controller || ISA bus interface | | UART | | LCD ctrl | utput d|5p|ay

v y

» Single-functioned -- always a digital camera
e Tightly-constrained -- Low cost, low power, small, fast
* Reactive and real-time -- only to a small extent

Ying-Hong Wang < inhon@mail.tku.edu.tw=> 2011/10/24 P 62
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Example: Digital camera

Shutter  Power

E [=] +!: +D il e

[Key input and standby control <

5

N
I_Ll Strobe control| | UART 3V
P vas0 e
| o | o B L
EEitonitoring| ) Rlé%:aggd
Backup AD Calendar I
= control I function PEG
Rl ciout Hbower control|——— Data | ]
YT — e
AF and S\ JPower [B3Ch L Video
ugometef 0e/mC B fatit | e {1
| circuit converter i E
2y Circuith] Sound and _Video signal
control signal
* Audio
SV=p| circuit

CCD drive
timing

Sl | D panel X
generator 18Vl 2gox220
Motor driver ~15V—| -
(uPD16811x) R I

e There are cases in which digital cameras realize all of their functions

through the main chip and do not employ a subchip

Ying-Hong Wang < inhon@mail.tku.edu.tw> 2011/10/24 P 63
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Various Microprocessors
o ¥ R BT R EA
— 8 bits : Intel:38080, 8051 f=Motorola:16800

s oex BERNHME CTMBEFT LGB TEEIE BRI eI E R
PR LA

— 16 bits: Intel 5798086 , 80286 frMotorola 168000 ,
coex P AR B EOTE - EN SR L

32 bits: Intel 7380386 , PXA250frMotorola:7168020
coex T HRdptE c EPAIT R B B3 s FHE A D DA
AR S R T A A RERRE L

64 bits: Alpha CPU
coex: BIFL TR S ATAITARLEEFE ~ MR

Ying-Hong Wang < inhon@mail.tku.edu.tw> 2011/10/24 P 67
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Cell-structure

Intel 828 Intel 8486

Ying-Hong Wang < inhon@mail.tku.edu.tw=> 2011/10/24 P 68
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The Industrial Tendency
o 2009 2T r B HHRAIBE

200420094 F A USSM
3,500 R
GilSEOA A0 FIRAS
3,000 Pl
2,500 |
Pl B 30 F it &
2,000 [ FE MR A
A oA
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500 | 7 U
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The Industrial Tendency
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The Industrial Tendency
o #r‘Linux® 3k j FEFEA
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The Industrial Tendency
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The Industrial Tendency
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The Industrial Tendency

o EPRP AP SHWIHLL
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VA AR W R MIC - 2006784
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The Industrial Tendency
o A4t > SLinux2 &7 41383 K
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The Industrial Tendency
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The Industrial Tendency
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The Industrial Tendency

e Embedded Linux# 3k i%(-)

50%
45%
40%
35%
30%
25%
20%
15%
10%

5%

0%

Embedded OS sourcing trends

RS
Which OSes have been in your (company's)
embedded designs during the past two years?

Ying-Hong Wang < inhon@mail.tku.edu.tw=>
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The Industrial Tendency
e Embedded Linux® 3k j=(=)

Embedded processor preference trends

35%
mPast 2 years

@ Next 2 years

30%

25%

20%

15%

10%

*  What CPU(s) have been in your (company's) embedded designs
during the past two years? The next two?

Ying-Hong Wang < inhon@mail.tku.edu.tw> 20T o/Ra T ipEACy
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The Industrial Tendency
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Amazon Kindle

amazonkindle

W) @O @6 EE O )G

D@E® 6)® G E 0 @

) (&) (&) (@) () (W) ) G
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Amazon Kindle

Kindlefy K~ 57.5" x

e Kindleffyfr{HE A 1 IUE .
electronic paperfVHZffy > 53"x0.7"
(SRR A [F 4R TR —R% (19x13.5x1.8cm )

e E510.3 ounces (290g)

o OFLITHYEHR

o 22600 x 800 pixel
167 ppi

o H—{HQWERTY## -
SR A TR S 5 (F
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Amazon Kindle

PSR AERS AT 52K - BRPASESE A n] SR — 4
NGRS ME RIS > BAEZ—AE %

MR R RSN B B 88 - WA oA
VBT TR - MEITEAFZEE MR - BT
H B AT MR

HAilAmazonfe {9 S i s (L = Tk > A DET
el RS
TUARHSEBIN E 2 & [ oS & Kindle g TR EE
fa ] RHREBE
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Outline

Introduction to Embedded Systems
Understanding the ARM serious
Famous Embedded OS

Linux Overview

Introduction to Linux Programming
Guide to Programming on ARM serious

Embedded Systems Development

Ying-Hong Wang < inhon@mail.tku.edu.tw=> 2011/10/24 P 84
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Embedded Microporcessor

e
4 Embedded
| Microprocessor
\, Unit, EMPU

Microcontroller

w: System on Chip S e

-

/" Embedded Digital
Signal Processor,
EDSP

Ying-Hong Wang < inhon@mail.tku.edu.tw> 2011/10/24 P 85
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Embedded Microporcessor

o MeRJILE AN
— 4t » F fcAJE B Embedded Microprocessor Unit, EMPU
C BOASLER L S A EE R D - Y 1 ke

s AL - K e ® #hCPU

o FRgAodor N M R o

c BRI EER RTETE T AEES G

A

© G S RJTEP A& F AmIB6/88 ~ 386EX + SC-400 ~ Power PC ~
68000 ~ MIPS ~ ARM s 7] %

o PR BR £ B s 5 @@%%L{d ARM 2 2 91 5.c9ARM 4 7

JJ2 F
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Embedded Microporcessor

o MEILFAY
- ﬁ%& » 3 B4 ® Microcontroller Unit, MCU

o ME - BHASTEN PP 0 & BN IRE £ ROM/EPROM ~ RAM »
T s iR R - 2 /R e®E ~ WatchDog ~ /O ~ B F138 ~ "R R
A %L#5 %~ A/D » D/A - Flash RAM ~ EEPROM ¥ £ f£.2 & # it fe /i 0 -
#H ¢ A EJTE CROM ~ RAMZ JO% % %3 @il - 3 & &1 &
L BAL: H & ¥ 4241 % (Single Chip Microcontroller )

o HRAIE s A PR HE P B SR o A R e A
THEATASHRS -

c T RFFE s Ly ka4t £ 3EUSBA & 0MCU 8XC930/931 ~ €540 ~
(541 ; £ 3212C ~ CAN-Bus ~ LCD% ® % & * MCU4r4p % 5 7] ©

o &AMk A& 358051 ~ P5S1XA ~ MCS-251 ~ MCS-96/196/296 ~
C166/167 ~ MC68HC05/11/12/16 ~ 68300 ~ 84% - p # MCU ¢ Efﬁ » g8k
170965 B o
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Embedded Microporcessor

o MeRJILE AN
- g]“%& » N B IR ® Embedded Digital Signal Processor, EDSP
o DSPRJE B4k s ipfodn 4 7 1 Hrk®yt o @A £ FDSPiE 2 o
BACFRA L REERS R
o Gl FFT 474 47 % % 5 DSPA B i & ft B3~ 4~ 5415 > DSP
Mo ® B - SH 20 0 H T 4p £ DSPH i 0 BT * 0 5 DSPRJZ
B o

=

o & MenA 7 Texas Instrumentse TMS320 % 71 feMotorola:DSP56000 % 71 -

o BB I B (Digital Signal Processor » DSP) > & ¥ & enE_E B4 R B o
2 OXp2k 47

© ABHEES
— EEE &Y REAPF I (EMC) i s Bt f B R R
— 4 DSPHHEY E

* REAL DSPJZ % » # gL 5 & s @ 2 4 (Harvard architecture) fr st/ % 4o &

E
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Embedded Microporcessor

o ML E AW

— & 3% 5 System on Chip

o h- BRI FIM- BAFRR LI
o BB LA AT B LT - M A SRS
s Bt FRTRFERERGE -

« SOCT 1A Sid* ok ¥ A 47 o

e i * k7] & }tInfineon (Siemens) < TriCore > Motorola:M-Core »
X 1 ARM s 7| 2 » EchelonfrMotorola® & #= %l c-Neuron & 5

&
o

qu

o E¥SoC- B * R BARM LY o3 NAMPE A

PhilipsSmart XA
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Embedded Microporcessor

There are many different CPU architectures used in embedded designs
such as ARM, MIPS, Coldfire/68K, PowerPC, X86, PIC, 8051, ATMEL
AVR etc...

For more complex applications, 8/16-bit microprocessors are no longer
suitable for the system because of the requirements of performance and

functionalities.

RISC (Reduced Instruction Set Computer)
— In the mid-1980s to early-1990s, a crop of new high-performance RISC
microprocessors appeared

— Some companies have attacked niches in the market, notably ARM, originally
intended for home computer use but since focused at the embedded processor

market
— Today RISC designs based on the MIPS, ARM, PowerPC core power the vast
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Embedded Microporcessor

e Modern Requirements for embedded 32-bit RISC

— Internet support

e TCP/IP stack (This is hard for 8-bit CPU to achieve)

*  WiFi, WIMAX
— Multithread support

¢ Operating System (Linux, Windows, ...)

— Large Memory, File-system
e Storage (GIS data, DSC, ...)

— GUI(graphic user interface) support

« LCD
— Multimedia support
¢ Video, Audio
— Widespread Interface support

« UART, SPI, USB, ZigBee, Bluetooth
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Embedded Microporcessor
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Core Architecture

o Lo BARTAEIR X862 PowerPC ¥ £ g2 B (Central
Processing Unit, CPU) #% = 7 #£ (core architecture)

o ¥ Rinftx st kS CPU RS EHS
—  MIPS
- ARM
- X86
—  PowerPC
—  SuperH

¢ EAOSASRPEPA N IAMFBFUR K - BP0 X 0

g1 5 FR? R H(F )T B (integrated circuit, IC) &
- 4E % 32 51 CPU
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Core Architecture-ARM

e ARM is a family of RISC architectures

e Architectural features of embedded processor

e General rules (with exceptions):

. Designed for efficiency (vs. ease of programming)

. Huge variety of processors (resulting from 1.)

. Heterogeneous register sets

. Limited instruction-level parallelism or VLIW ISA

. Different operation modes (saturating arithmetic, fixed point)

. Specialised microcontroller & DSP instructions (bit-field
addressing, multiply/accumulate, bit-reversal, modulo addressing)

. Multiple memory banks

. No “fat” (MMU, caches, memory protection, target buffers,
complex pipeline logic, ...)

o oo NN BN -

o ARM does not manufacture its own VLSI devices
— Licenses

=]
=
e ARM?7 - Von Neuman Architecture H]
e ARMDY — Harvard Architecture ARM'
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Core Architecture-ARM

e Global Partner Network provides a complete system and processor design
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Core Architecture-ARM

e ARMigEL:

— 32 ARISCAIZ B ¥ iE 7| b 4 47 fedrdleng £
C 320 A ASL B e & f;;_ 7 5
— BHa > M F 327 ARISCAIL B
— Thumb 167 =~ i ff 45 4 £
- PR

o ClAREAE  BEFE O MA A Fori

- 16324 4 B

o aibdt kg
- FHHH kA

e Thumb

* DSP: 4]* DSPik ﬁ’(ip A3

»  Jazeller: ©3¥ 34 7 JAVA op code
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Core Architecture-ARM

e Example: ARM7TDMI tetoh

— ARM single-cycle instruction 3-stage

decode

pipeline operation

1 | fetch | decode |execute | -

2 | fetch | decode | execute | executs
3 | fetch | decode | execute |
instruction
time
— AMBA (Advanced Microcontroller Bus Architecture):
*  Open standard memo 1/0
* Many external devices CPU |
— Two varieties:
. AHB APB
*  AMBA Advanced High-performance Bus (AHB)
* AMBA Advanced Peripherals Bus (APB)
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Core Architecture-ARM

e Example: ARM920T

— The ARM920T processor is a member of the ARM9TDMI family of
general-purpose microprocessors, includes
« ARMOITDMI (core)

* ARMO940T (core plus cache and protection unit)
* ARMO920T (core plus cache and MMU)
— Five-stage pipeline
* Fetch, Decode, Execute, Memory, and Write
— Interfaces
*  AMBA Advanced System Bus (ASB)
*  AMBA Advanced High-performance Bus (AHB)
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Core Architecture-ARM

e ARM920T - Block Diagram

Extengl . I IPA[31:0]
ul cache MMU l
inferface
T IMVA[31:0) T
R13
1D[31:0]
IVA[31 0]|
fp—
4+— Trace RMETDML AMBA | ASB
4= interface =l e CP15 [ bus b
- port (Integral EnphaddadICF) interface
-—
DVA[31 °1| DD[31:0] Weite
¥ bufted )|
R13
DMVA[31:0] DPA[31:0]
| }
JTAG
Data Data Write back
cache MMU PATAG RAM [Wwapag1:0]
I DINDEX[5:0] t
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Core Architecture-ARM

e ARMO920T - MMU features

standard ARMv4 MMU mapping sizes, domains, and access protection scheme
mapping sizes are I MB (sections), 64KB (large pages), 4KB (small pages), and 1KB
(tiny pages)

access permissions for sections

access permissions for large pages and small pages can be specified separately for each
quarter of the page (these quarters are called subpages)

16 domains implemented in hardware

64 entry instruction TLB and 64 entry data TLB

hardware page table walks

round-robin replacement algorithm (also called cyclic)

invalidate whole TLB, using CP15 register 8

invalidate TLB entry, selected by MVA, using CP15 register 8

independent lockdown of instruction TLB and data TLB, using CP15 register 10
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R AT\ % 4t B 25 R E
o FEZR|Fhttp://www.hhnet.net.com.tw
e XScalef{iiffyIntel PXA270Z 28 S20MHZ T {EAER

e 64MB SDRAM

e 64MB Nand Flash
e 16MB Nor Flash
o 87640*430TFTE¥LCD

o [EYEER:
o H[#h{TLinux 2.6.x 52 WinCE.net 5.0/E3E£ 2.4t
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XScale

e The XSecale, a microprocessor core, is Marvell's (formerly Intel's)
implementation of the fifth generation of the ARM architecture

e Consists of several distinct families: IXP, IXC, IOP, PXA and CE
e The XScale architecture is based on the ARMvSTE ISA without the
floating point instructions

e XScale uses a seven-stage integer and an eight-stage memory
superpipelined RISC architecture

e All the generations of XScale are 32-bit ARMvSTE processors
manufactured with a 0.18-pum or 0.13-pm (as in [IXP43x parts) process
and have a 32-KB data cache and a 32-KB instruction cache
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Outline
e Introduction to Embedded Systems
e Understanding the ARM serious
e Famous Embedded OS
e Linux Overview
e Introduction to Linux Programming
e Guide to Programming on ARM serious

e Embedded Systems Development
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Outline
e TinyOS
e Win CE
¢ Embedded Linux
e Android
e Palm OS
e Symbian

e 10S
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TinvOS(1)

o TinyOSiE—{EBIR IR ARIEE L - ERHIINA
BHaFI RS KA - 2 A AR B RS 4
PETTH o B —E4H (Component —Based ) HYZE
T - EGRES R E T S ER -

o TinyOSHYRE PRV EFHLA EEGET - AT A BRI
AR (—REitfz DAE AR FT A E R A E400
Bytes/e i) » REZel RN Es FEREE IR/ VHIIRS] - 12
REFE Tiny OSTRA RUH B (F AL SECR R HIS IS b0 5k
TTHEAVER TIFS -

Ying-Hong Wang < inhon@mail.tku.edu.tw> 2011/10/24 P 107

.-
EEG Tamkang Universty Software Engineering Group BGTHREETIEREE  http://www.thse.tku.edu.tw/

TinyOS (2)

> TinyOSA G4zt 7 —ZF 0Tt - Al IR E
R EmBERE 2 > F A B i BRI =3 I 2
Pl A i AR B A (RS

> A LA TinyOSFE e — i =] PAB RIS 2E 1752
HHJAPLFA > B2 ] ] DAAE T 25 AR -
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TinyOS (3)

> TinyOSFE R SRR BN s ais iy - =g a —(E
FHPZER & - £ 208 A AR (RS 8
B SRR T MR EEIRVER -
TinyOS A ZAEZERI G 3 HEHERE - AARHE
{E GRS fE AR AiEE O AR AR - AR ZEF (A
—EYHAY > LR E -
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TinyOS (4)

@ — WiredLi nk
-——- WirelessL inlu@

-
s
-
e
~~
Se
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TinyOS (5)
> TinyOSHYEFEE

» Componented-Based Architecture
» TinyOSHEft— &y eE A TH » —(EEAEX A LIEE
HPIEAEZE (A Wiring Specification ) f& 25 F& T4 #i 5
Ko DISERCEFT R EAYIIEE -
» Event-Driven Architecture

> TinyOSHYIE FHAE AL B AN B EEB Y - SRR/
SRR RO Es TAF -
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TinyOS (6)

> TinyOSHYEFEE
» Tasks And Events Concurrency Model

> Tasks—f FHAE S RIRFE ZORA ZAREHIER T > HitasksZ
EHEFER > BERTIF I e8RS AR A
BT » — M By TR D tasksHY & IS > SR —{Eltask
ARG /)N > BEF(E S Y SRR

> Events—fig FIFESS R I PRV ECRIRBRASHVIE A o i L]
LItE Je @ tasks FIE feventshdT » & ] DL — (B R IERY 52
FREGE AR B MR E 5% - AETinyOS T —fik i
g E AR E A -
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TinyOS (7)

> TinyOS Y4 EBE
» Split-Phase Operations

> HETinyOS I tasks Z A RE L ARG SE#hdT > ArATinyOS
SRR EIIHZRIRE > B 73— (BRI RRAVIR R
SER AR EN B B (B ERIRR KON S (R E R 5
RO BAARETT » DAESERS RS R TR -
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TinyOS (8)

> TinyOSHY4mIE
> nesC—E—HRLICHVEE S - EREHNCHIER > tE
RIEHVRES © TRANITAA AR - A EAY

2
axaol| °©

> nesC ToiF A WATE -
> Module (f54H )
» Configuration (B REZE
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TinyOS (9)
> TinyOSHY4RAZ

» nesC Component
> Module—{F 5840 H = ZHETEXVES - BT LAEHAR
B - A ERVE R B A S E LAY command Fl
{i F S e ventEf TEF IR -
> Configuration—7E B IE ZE th T 22K S E T A RIEEAH
BEFOA R R —(EREHE > Bt o] DA AR5 F S -
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TinyOS (10)

» TinyOS Simulator

> TOSSIM—E& ] DA[AIF A5 2 {[E sensor nodes {7 [Fl—
@2 > FREETTIFAVEEEAIERCE - Bt ] DiReal
TimeBE HIAEEEARNE » Wi 48R E AGEERE - Radio
or UART packetsZ§ » 7 0] DABIAEREHEI T2 T -
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TinyOS (11)
» TinyOS Simulator

e lwet g wiw] st 1t o G 1 (] [E)] (] (&
Badis Dk . APORIS G 40 R diable)
! % 2
> é .
¥ [ =€
F & ¢
y c
€ 2
€ J
€
] .
< u
¢
] \
[ e £
&
& & P c o T =l
L
Ying-Hong Wang < inhon@mail.tku.edu.tw> 2011/10/24 P 117

‘—
7:; E G Tamkang Universty Software Engineering Group ZGTHESTIEREEE http://www.tkse.tku.edu.tw/

TinyOS (12)

» TinyDB

> TinyDB & TinyOSHIE FFREL 247 » TR IaR e
B FR Y sensorfigG_FEEEVEHE AR A -

> TinyDBHe it T —{E R S A LISQLAY i > H 2R
FEE VKT RVELERT VS - Rl TR AR - A
HiE M EMENSE > B R T E ]

e -

» TinyOS B TinyDBfE T —{E [ F{EAITAVA APIFRES -
A LUETERG A -
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TinyOS (13)
» TinyDB

SELECT nodeid. light
—~—— FROM SENSORS

Query

o
mEeLDs
] Mote

=
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Result
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TinyOS (14)

» TinyDB GUI

Query Constructor

Graphical Interface | Text Interface |
Sample Period 1024 -
Available Attribute
odeid

light

termnp

[parent

accel _x

accel_y

Projected Attributes
ight
odeid

SELECT light, nodeid FROM sensors
SAMPLE PERIOD 1024
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WinCE(

o Windows CE 2k B Fyitk A Z 40k i Yembedded
OS » Windows CE HJ [ A 4EE&a%ff ~ Set-top-Box ~ T.
FEVEHIER IR ATAEE -

e Windows Mobile 5.0£%F Windows CE 5.069%%.() » B
JEPocketPCEASmartphoneffTHE H Y2 i

o WinCEHYFHEFRE o DAHE RAVIEEHRUS - 2T LI
FRBERRA

e Windows Mobile [1Y5H 28 IR RIS 0 A FH QU e 1%
HfS -

Ying-Hong Wang < inhon@mail.tku.edu.tw> 2011/10/24 P 121

- 73. E G Tamkang Universty Software Engineering Group #GTIREETIZRIRE  http://www.tkse.tku.edu. tw/

WinCE(2

[ o |

Board Support Package
OEM Adaptation Layer (OAL)
Device Drivers
Bootloader
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WinCE(3)

o WinCE HYEmbHsE M MR (K ~ G TR
[EFITER ~ BERE S R B B S ARG S
1% » ERFWinCEfEf T8 T A E RV E mbHSE -
B EESS -

o [T R MRV S i S R Y 25 G R
S > B A DL TMobile Office E4EHES (
Word Mobile ~ PowerPointMobile ViewerZs ) -~

{52 FAMSNEZY 3£ Email F -
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WinCE(4)

 Windows Mobile FgE#TETZPC LH FIAVFTZEMTE
7 40 : Mobile IE ~ Windows Media Player 10 Mobile
5 #/2s#Windows Mobile s SR T S R IR 4 Y B

o [Fir ATVHEERAEE /7 » Windows Mobile 7% .NET
CF (Compact Framework )

o (i3 THE HATthE G Visual Studio 2005 - [
Windows Mobileff i TR A S NIEEFA R © FRZE BRI
FEFMIEARER > AEFEAISQL Mobile R TT % -
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Embedded Linux(1)

e Embedded Linux LE I A2 —(EEE RS » M2
" jE FLinux .4 >embedded system | {445 o

 ° Embedded LinuxfyHffirfz 0 EHZAENTIE " A0{A5H
Linux %4t A £ A HIREER | -

o R ATLinux 2 4EHVHL T £l A — © (1) Linux kernel Eil
(2)Root file system
— Root file systemB[lig " /NI Linux 4% | root file system#EFH
FITLinuxy) Z40284% ( file system hierarchy) ~ f§< ~ TH ~
JEFFE S ~ shared libraries - EEEHFE N -
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Embedded Linux(2)

o FHELWinCE AR A FA3REE - Embedded
LinuxHyFas s e LA w5 ETHY -

o HATEFIEI ¥ Embedded LinuxiyFesE T B A
A R P ER & AE LinuxHy”PC” {3
Linux—R% BRI B8 T B ACET TR AL
LinuxfZ¢fE o

o HE MBI WinCERVZRHEREN: - LinuxAllE
teft i SRR A G -
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Embedded Linux(3)

User Applications
User
Space
GNU C Library (glibc)
GNU/ N
" I Systemn Call Interface
Linux I
Kernel Kernel
Space
1
Architecture-Dependent Kernel Code
N o/
Hardware Platform
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Embedded Linux(4)

System Call Interface (SCI)
Process Virtual File
Management (PM) System (VFS)
Memory
Management (MM) Network Stack
Arch Device Drivers (DD)

&

4
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Embedded Linux(5)

e Embedded LinuxHJFd2g T H » FELIGCCH

glleZ%*Z/D °

— GCC (http://www.gnu.org/software/gcc/gec.html ) &
GNU Compiler CollectionfJ45 %5 @ thik R 2 4mites
e - HRTSZIRIVIEAEES A €~ C++ o
Objective-C ~ Fortran - Java » Ada - GLIBC;ZZGNU
HYCEEERE U -

— GLIBCHgfisystem callffy 57 i el E AR C pLEL -
GLIBCH &t IrAE B - SR A GLIBCHYAE
A AUE A SIS H EUNIX P Z -
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Android(1)

e Android/ 25N Linux AL IVERAR - S HITER &

o EGooglefF20074 11 HSH A TEN B £:478F

AN
=

o FHHHGoogleff#¥ » 1822 FHEHI T
( Open Handset Alliance ) F74&FH 2%
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Android(2)

o IRF THREEHEE (software stack » W44 DAHKES
B ) HIZRES  XE S R=H0

— Application Framework

— Library and Virtual Machine

— Linux Kernal

o i/ LI Linux P TAE Rt - SRR AT
AE - HAAVEATHERAIRS A B TR > DA
JavafF FyémF e =00y —H0 57
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Android(3)

APPLICATIONS

Contacts Phone Browser

APPLICATION FRAMEWODORK

] Window Content
Activity Manager Manager Providers

View
System

Telephony Resource Location

Package Manager Manager Manager Manager

LIBRARIES ANDROID RUNTIME

Surface Manager Core Libraries

Media
Framework

W
OpenGLIES FreeType s

SGL SSL libe

LiNuX KERNEL

o Bluetooth Flash Memory Binder (IPC)
Camerd Driver Driver Driver river

Keypad Driver WiFi Driver i P
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Android(4)

LiNnuX KERNEL

Display Bluetooth Flash Memory Binder (IPC)

Driver Camera Driver Driver Driver Driver

? Audio Power
USB Driver Keypad Driver WiFi Driver Drivers Management
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Android(5)

e HFijAndroid #Y Linux kernel$Z 1 #5274 (Security) »
TE S & (Memory Management) » f£ (/& 2 (Process
Management) > 4EE&HEE (Network Stack) - BEEHFE U
7 (Driver Model)Z5

o NEfAndroid)Fl 2 Hif > JoE AL EAEE T B Reposk ]
B{LJEHE < Repo 72 Android H ARGt T{FHY—{[E T
El\ °

o AndroidfYRRAS H ETSRME]3.5 » (HIE A PIMEDDRET Al &
F52. 2813 .0hf

T
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Palm OS(1)

e Palm OSEFHAFU.S. Robotics ( EHiZ#73Com
ks - BRI ByPalm /N E] ) o BRI AN

HE FEISE mPamIE(E RS

o HHIAILIRME 458 2 FyPalmyz fasea I %
T L2 i FH HE HH R RS 28 T Apple /A EIHY
Newton [ 15 T AT - A LAPalm OSH
RIPEEE A K - HAZR M HIBM ~ Sony -

Handspring % g pHUSAE - fEFERE N
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Palm OS(2)

o Palm OS¥R(FE ARG ARG 2, H By KAiee » EIFFR
KEVECIE S B R 2R E RN > 2R AR TR
{HA T2 2801 748 (Multi-Threads)

e Palm OSHR#EFRIF FHPalmSource /N E|#HEA » i FH
PalmSourcefi &% [ 4 - 20059 H9H
PalmSourceff H ASH A5 2k pg 2 o] (S

e Palm OS H (s A E AT AE]S.0
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Svmbian(1)

o Symbianff 452 Symbian/y 5] 5 F A
HIFESE 20 » WENOKiallli % M EL RS
Symbiank 4 LIBIHSAGIEAT SRR

o BHYFIEZPsionAYEPOC - i H & {5 AT T
*ARMz g3 - &2 HHSymbian A SR fiEHY
MHEAAYeAZCUE (libraries) ~ (A HE (user
interface ) ZERERIH:A T E (common tools) Y
2ZE{E (reference implementation )
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Svmbian(2)

e SymbianE M EPOC FELRE » ﬁﬁzﬂﬁééff%ﬁ“fr&
£ FAEE AL BEEERXS T
BITERIL RS fRE

o SymbianfJi KBS EAE EE A ERAILEM
st o MEARER T > s USTEHER
B
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Svmbian(3)

— MEZEEFIIH R EC RS > (£ H]Symbianfil
FRHVRIEEL SR PRI -

— BT RE BR A R HE B E ] - & (HEECR
A {50 FH 2 (I H A RS it EAa /D

o DT flir th 28 R R Bl AR R (B /£ SymbianZe
B iR PR EC IR AR MG IR R EE A 22
[
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Svmbian(4)

e SymbianfJ{wfeEFHE SRS - EEMAEZUZ
A B - CPUEHEHR

o ERFEHETENEBAYHENREESHETE
TRHY > TERGERY{EE F 48 SR i iRe A S0 2k £ BE A (5
FAIRFE] 78 Ee Rl Symbianfy CH G IR
B2 o R[] » 3725 SymbianfyHEE t 0] DLFI A
OPL - Python ~ Visual Basic + Simkin[/ ;zPerlzik
FERCI2MERIE 1T B 388 Javazi(# A
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Svmbian(5)

o SymbianF {E{iZ VERE > EEFE I LAEAT
WREINER/VIIEE © % LR R EPRE 24
SURAEEH > EAEESHEENIEZ 2 1%

o HARJEHIIZEFHH
- IEZEFERES

S |8 HINRENSH
- ERES TS

Frr4H Rk
o Symbian H FiiBf#E 2 9.0k
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i0S(1)

o i0OS/Z2HApple/r&] FyiPhonefH 35 HI#EE £:4% -
B FEE451Phone ~ iPod touchlL K7 iPadfsi

e iOS)F H AR A AV L E A\ E S (Macintosh ;
Mac){EZE 2 4iMac OS X » { &g A Darwin fy 5L
BEFTEE R
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i0S(2

e Darwin > F—{E T F4k AP UNIXHFEZ - B
1 BER A T 58 RIS E MR

o DarwingE 45 R A2 BRI B RO R RE I [EIRS
e N S HYH[EGE &

e {EDarwinfYi% [ HEYEBSD
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i0OS(3

o IOSHYZ A AE I Ry VU g 2K
— BUMEZ# 44 (the Core OS layer)
— ¥ RS (the Core Services layer )
— #3882 (the Media layer )
— A[#Ef%EZ (the Cocoa Touch layer)

Ying-Hong Wang < inhon@mail.tku.edu.tw=> 2011/10/24 P 144

72



=
Loy BEG Tamkang Universty Software Engineering Group #TEEETIERWERE http://www.tkse.tku.edu.tw/

iOS(4)
o IOSHYZIRME 7 R PU{E g K -

Cocoa Touch '
Media L
Core Services -
.
> ~
Core OS _
| =
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i0OS(5)

o 1OSH HEEAYRL AN LAC LUK Objective-C 5
EERER S

e iPhonef{liPod Touchfsf F F: A ARMZEAE Y Hp o
FEHES o Ik > Mac OS X _FAVIEFTE =R EE
PEEELENOS F3fT » T 2T EOSHYARM
BT AR
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Outline
e Introduction to Embedded Systems
e Understanding the ARM serious
e Famous Embedded OS
e Linux Overview
e Introduction to Linux Programming
e QGuide to Programming on ARM serious

e Embedded Systems Development
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Linux Overview

e 75 Linuz Torvalds 21991 10. gl44
o REEFHIFHIATE(Open Source) i {H

o EHETFZUNIXHURE S TRl Intenet R A EEE TR AR &
BIfFEEAL

o —EQE HINAESEHAYUNIXE S - & —(E32fcAY(E
AR EFRE AR

o B EHHRB0x86(E N EHEATEGETHYUNIX{EE 28t

o LinuxiZ A FAT& TECE AT SR MEAVREASS © 132
WA K EMIT R W HTHIGNUE
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Linux Overview

o (RIEPOSIXAFEAE - BHUNIXSE 2 HHE

o LFESEELINAEIRENES - AIFETCP/IP ~ Email ~ Emacs ~ X
Window ~ NFS ~ NIS ~ News - WWWZ2:
o FRHLTEEAVERBHSMR - RBEN A HFIGIER
o TEZESEBVETY LB T UNIX—Re A S A e
o fTHREAAEHE
— http://www.linux.com/
— http://www.geocities.com/d64332/
— http://www.redhat.com/
— http://www.slackware.com/
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Linux Overview

e Linux Distribution (Linux ZZJi%)
— RedHat
— Slackware
— Fedora Core
— Mandriva
— Debian

— Gentoo

— 205D B AR ARSIZL - REEEHERY
FEEAE 5 BRIERY T CCFAREFO P RIE N
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Linux Operations

HAIHES
o YR

o f

Bk

Vg
&

g

T I
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Linux EHES

o UNIX{5CHE

%[:

“4(Command) #ETEs(Options) £:#§s(arguments)

— UNIXH$54 = KE5r 2 B2/ D —{# 25 H ##(Space) or <TAB>

SRl Z BT — L - R

ZKESY 2 B A

UNIXZ 45 » 355 - 508 K 22839 FsCase Sensitive » JRE[IA

INESREE A

H*(TFF‘TEF I A—ELL B2 355 > EI5S 2 IVEELST 5%
oyl

RS TIE 8
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Linux EHES
e alias
- IhEE T HEERSTR#
— Gk ¢ alias "HIA"="fE S HATE”

— Example:

$alias del=""rm -i*

— DHEE ¢ BHE RN TEGob) B BT
— EBE T bg "TAEHE ¢
— Example:
$jobs (AT H ATH % HTobsTERAT T H1)
$bg %1 (JHEE—IHIobfS B EE(T)
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[ ] —— A
Linux & B35
R -
 Linuxth—{Ellogin Session = #EA—(HRTEHEATE - FIHIER
Tt A ST T LR s IR T T

AR T A B RN A Ry TR fERE A 2 &
—({E"&" 558 o {#l40 ¢ "find / -name inetd.conf &"

e cat

— IhEE | ENHERE RN B 2R () &4 - cat filel
file2 > file3 H] [ fE ZEfilel ~ file2 ” NAMRIEF &0 » WSS E

fFZ£file3
— B7E ¢ cat [-15ETH] file
— Example:

$cat myfile
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Linux EHES

e cd
— IHEE : I H A T/E H 8t 2L E Edirectory » 5 [directorylig > >
R [B] 2 & 2 %5 Al 2~ H $%(Home Directory)
ik ¢ od [HEYH ]

— Example:
Scd /bin

o clear
- IIRE 1 BRREATIREEIR
— 0% ¢ clear
— Example:

$clear
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Linux EHES

[ ] cp
— DIRE © TEERERL - FHtarget HiEZE 4 - Hilfile L BESS
E—EEER > Htarget fy—{E H $745% - Hilgifilel -
file2. 7y pl B fb—HEE 2 T
— 3BE ¢ cp[#EIH] filel file2Bcp [#EETE]file directory

— Example:

Scp -i test.tar warnning

BIF"i"Htarget{FIE » GRORERHEHEZEEZEE
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Linux EHES

o df
— DIRE ¢ BENHEREAHRE & A
s df[E)

— Example:
$df

- HEREEARES:
-a Fi A fE2& 245 (Partition)
-i FRinodeEEH
-k DAKByte £ BE A7 BURIERE & 2R
-1 25" Local File Syatem(-R&NFS)
--help ERER _EORBTE @ A
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Linux EHES
e exit

- Tkt ¢ BHAS(=logout)

— GfA ¢ exit

— Example:
$exit
o fg
— THREE ¢ RHEER TIEGob)i ERTFR FEIT
— Bk T VAR "bg“
— Example
$fg
- BRI RS IR SRS iR ATE S
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Linux EHES
° find

CRIEHEERME o R E B
- m,{i find start_directory [-#£TH]
— Example:
$find ./ -size +500 —print
REBRTESRT » ABERA/NKI250K BytesHIRETE » M55SR i &4 im i
- %ﬁﬁéﬁ&ﬁ%ﬁ ﬂ#‘ﬁ:

-atime <day> H,)_HTM‘MW s
S5S> BRI A RIEE - ;

-mmin <min> JH,j—HTW

Al

-€XeC <

b Ut
Lw

i L
] +'5fX
[ size > "- = ﬂslze
-user <username> @ﬁ@"‘usemame”H; FEZE
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Linux EHES

¢ grep
— DJRE © He=li El H files R 575 S Sipattern FT{E{ TN
g
— 3£ © grep pattern file name
— Example:

$grep woody /etc/passwd
B /ete/passwd = H woodyFE EHIFT

$ps aux | grep woody

TR ERIARSH > FiA Lwoody ZZEH THIprocesssiE
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Linux EHES

® gunzip

— DhRE © bR R 4EtE (g2)

— #E7E ¢ gunzip file name

— Example:
$gunzip a.gz
FEBITE S Ry gzA U BRYERE - IEMBRa gz
$gunzip a.gz>b
fEBRtE % Ra gz BREEHE - (R a.gz - WAFESSREHIE D"
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. iz, = A

Linux EFHES

e gzip
- IHRE * TEEPRYE

— B3k ¢ gzip file_name

— Example:
$gzip a.out

— gzip -d = gunzip

o last
— DhAE ¢ FIH B RTS8 A S (E R &
— B last [IRSGEATH]
— Example
$last alex

— YltHalex{# fHEI G &S
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Linux EHES

o Is

~ DRE  FIHFTESSE H kAP ort 2 AR 1
— B s [EEE] [ H $porhE 2]
— Example:

Sls -1
- HRABERHEARZESR

a: FIHFTAREAHS - EFELL T, BISH R

#l.profile ~ logins
A ESBH R BRSBTS B R A -

-1 FIHREEAVEEIE R - RSP RE - FHUERR - H&EHE - #
A B - BHAAEE

Ying-Hong Wang < inhon@mail.tku.edu.tw>
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Linux EHES

e mail

~ DAk ¢ E-Maillig e st

— BB% * mail [-b <bcc_list>] [-f <mail_file>] [-s
<subject>] [-u <user>] [mail Address]
Example:

$mail -v -s "Mail Test" alex@gmail.com
- ZF—FHMZ4Ewoody, [EH-F 5/ “Mail Test” » A
enter ZRBAIREES T (B IFNA - B E1H Aquitdfhd
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o =5 = AN
Linux EHEZS
® man
— IhAE * 4% FORBARES

- GiUA - man <5< HfE>

Example:

$man Is

- EHISTE SRR

e mkdir
- DifE t EBILH
— 6% * mkdir <H 445>
— Example:

$mkdir movie
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o =5 = AN
Linux EHES
® more

- DigE ¢ MR —EH iR — g %
— 2B ¢ more file_name

— Example
$more myfile.txt

e passwd
- DhgE ¢ B
— B7£ * passwd [user name]
— fHEEREA -
L. Euser_name N ERHLET - KX HAlloginE
2 ERAGEGEG » DR A\ BT - HESTAERIR - A I
3AEHEMDSIIREN A4t - B A RE A8FIT
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Linux EHES

* myv
- LIRE * IIEAEZR /H B
- A T mv BEA(HES) HAVH RS
— Example

$mvy filename targetdirectory

— DIRE  FIHFrAEY LAE
~ BHE T ps
— Example

$Sps
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Linux EHES

e w (who)
— DR * Y HATER EE R E A
— FEE T w(EE who)
— Example
$who

e whereis
— LIRE ¢ FEFEE SR ERY H Sk mHAE S
— EB7% ¢ whereis file_name
— Example

$whereis myfile.c
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Linux EHES

¢ rmdir
- IhAE - MIBRZE H ek
- EBE ¢ rmdir ZEHSRE > WHEZEHEE
— Example

$rmdir olddirect

- DIRE * MIPRTEZE
— #E% * rmfile_name
— Example

$rm myfile.c
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Linux EHES
e Kill
— DIRE MR TRE R (TTHE)

— B/E © Kill process_id

— Example
$kill 2384

e pwd
- DhgE  BURH AR LIF H #%
— & pwd
— Example
Spwd
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HREEENBE—vi B vim
o vijg B RE S FARIE S

o« NEER  UAERIH, tIEE—FEmAE
UNIXfifz 4 2 Editor

o SRR : @SBt A (A Bt last
line G )54
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HREEENBE—vi B vim

E@hvi IR
(vi filename)
i,a,0,0
Any Key-Stoke Esc
//
; AR
Last linef&3
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{RESENBS—vi B vim
o ViEIH)

— $vi filename

o ST
— iy S ENXEARIG S 07 B rg®) . AT,
BRI BECCTFERE
- ABRSEFE S, EndEa80, ECFR
REAY T/ES SRR M AR
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HREEENBE—vi B vim

e last linef&E =
— last linef5i =07 $5-5— RNt SIS 2 R 2
— AR LA last linetE=CH5 S5 BrBEAYA S 52
FEESUWT
q AR ZE N AR VICR
:q! MEFEEN AR VIEZ]
:wq <filename> {7
w <filename> EE{FFE2ZE
BUTIAE B RIFTE 2 (T8
NIRRT
m,ms/strl/str2/optfESEnf S L mT - ARFTREIZ T sl HUT
By” str2” o opt=g = ELHUC » opt=chEZLFEFEL{L
o1 filenameRF 5 MR ZE 5 [ (paste) AL L B 2 12
‘e filename4ff i 57 —fE 2%
;1 Command #fTSHELL commandf%#%[0]

ﬁu V\ /\)
R
NS RV
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HREEENBE—vi B vim

o p A TE AL

- RN

Kk R —H4

JTE 1

h TR —H&

G —14

wiE Nl (word)
b 1 R —{lE5(word)
Lor0#% ‘**Jr’fﬁfﬁhﬁ T8
$ B EIFIERTETE

n G B E%nfT
GBEiER
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HREEENBE—vi B vim

o i SHE I S

— AR

a (R Rt A CEARRAREZD)
A TETTRIE AT CGEASR A

i FEIFER TR A ST (EEASE AR
[ IEA TR A T (AT AR
o fEATTZ NRaFT—1 Tl A

O TEAYT Z LR — 1T A

<Ctrl> v g AFRIIEFITC(FEFEAELT)
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HREEENBE—vi B vim

o A O F5 I
- 4RiEfE <
nyy copy n{7E R E 4% &
y+ S EIHE S copy i S B#iE 2 Bkl 2 R EE T
(e.g.:y3w: copy FIEE 7 1% = {[EF")
p R4 ET 6 Effcopy 2 H AIFRATE
nx fHFRIFEREL S Fnfl 57T

ndd 1% MiinT
d+ RS EHE S copyliRIFFRE B E Z & (e.g. .dwil]—
{E=~)
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HREEENBE—vi B vim

o iy fE G S
— HAfl
/7 ER<CR> BT RFTEME (ET)
P H<CR> BRFEHRFTEME (EF)
u i E— s S EE
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Linux X%

— H#e L= (Physically) » UNIXHHATEE" fHEZL
FHE FADOS i fypartition

— — (VT AR ZE 2 4R A 71V file table(inode table)

— —(ERERE R ATLAUTE R EAVREZE A%

— {HAE#E#E L1 (Logically) » —{EUNIXH - &5 —

— JRE > —(EUNIX{EE LS THER —E “tRE#%
—UE REBIRIR HEE > X THE
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Linux X%

o HEELGERE
— UNIXHEZ Z4/DOS—HE » £RIE /g 7X(Hierarchy)=g
ik (Tree) 2 H $74244
— f & E %8 Ry R H $(root)
- F—BRTIgI S ARERT H  BELETH
SHELE 85 IR R 1
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Linux 1§ %4

. PN
~ A (ordinary files) » WIFATER - i~ 2. %
~ FI#HEE directory files) » B RMIEFITOBISRIZE - BRIZ R4
A
~ FEFRIE (Special device files) - (AR FREEFFRIEMLH » 40
208 ~ TAREHE - HEAPI... 55 BT dev IR T -
o PR ZIEAY S]OAT & 77 fy L SR (block) K 57yt (Character) i
(UNIX{ESEZRERE T - FrAse g nl i R iEa » MARREZE T2 EF)
~ FRSRHRERY Symbolic link) - V7B - #5IAEFELARAT
TEGEREENAGIERTE) | SRR %
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Linux X%

o TEZEaAREAl

— ATAHEAIETOAR A BRIE) » ARFRRFIT(F <) 2 BRT b
BT REREEA - RAEGREE

- FHAUNIXAE % R R mhEE 8 1 4E 7T » TS UNIXZEH
Al EFIE AL R 2R 256(E 7T

— UNIXAEZE Z4H - ST Lg% » HUNIXTS1E
#4:file.a.b.c kkk EEER

- DU VRHZAES  RlEERE 0 THT Is- 1A RET
Y1.profile

- —(EREETEAE —EM LAER - IARRE R E A
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Linux 12X &%

o ik H SREARIREATE
- L{FH#k(working directory) * HHFIFTIEH % » 7 Llpwdts CEURZ -

— ZH#k(home directory) : IRFETL W) » BHER T EHAEZWHBHE
§% o EEERFAEEALZGZBNE—EITIEESE - " cd” NIE
ISR ERE R H % -

- & e FEBEAIMERS T RIRER g HEE

— MR H#k(root) “/” + FE{EUNIXAEHZE % [’EH‘J:ZE%?

— GEPRAR L DL /HEEE Y BRASHFE o A/ust/var/spool/mqueue © UNIXH1 »
F—(AE#EIEE - B AR R R S -

- M EEEXIE.‘E" PRIBERE > MR DL E BT T IE B 8% BBy
KE‘?%TE@@#P Jit

B H AT CF B 8% B/home/center » RIFHEIEEIE” work1/papers/lect”Bil
\‘Lijiﬂfz{h home center/work1/papers/lect” {17734 » FTHSHIAE 224
G
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Linux 12X &%
o FEZEARAE

- anffﬁT
- — R RE
d:H$tk
bR ZE (& IR)
cRERFE (D)
L5 A

Ying-Hong Wang < inhon@mail.tku.edu.tw=> 2011/10/24 P 184




- 7:5. E G Tamkang Universty Software Engineering Group #STEREETIZEEAE http://www.tkse.thu.edu.tw/

Linux 12X &%

o TEFMEHE

- m*fﬂﬂé[ﬁ&'
« [FHEESEEAE - A - Hin
o FEMRET : 3E(r) > B(w) > #fT(x)
+  UNIXS: BT af = feh s 3 =fEE ]

g %wn%'(

- fEEEER ZAEZE AR (inode) 2 (EHL  LE LS
A BB FHESS
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Linux 12X &%

o BEERZE
- AL ERZER A A

o B4
- B TEERTE B

o FEEAR/N
- HAI Kybyte

Ying-Hong Wang < inhon@mail.tku.edu.tw=> 2011/10/24 P 186

93



- 7:; E G Tamkang Universty Software Engineering Group #STEREETIZEEAE http://www.tkse.thu.edu.tw/

Linux 12X &%

o EHH

- BT —XHHESH
o fEH

- FEZEATH

o HiBIEREA

-rw-r--r--! root root 268 Jun 28 13:05 /etc/lilo.conf
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Linux X%

o BERFHIRE
—  UNIXIER RS & g = A~ B
HA =8 - FHEETI R RGEER () ~ HA(W)
)52%% T(x)=fd ; FEEEHEETPFIE) 24
TZ4HE > SHRUNIXAVIE EIRE L4

- MEE#HE#E
o F—(EfEIEHA —({E %S & (owner) ¢ {&75owner Kz super user
o] DLEE ke 25 2 IR B AR EE = (with command chmod, £7EH
AN SGRE) o T —A% R A A super user 7] DL SRS 25 2 1k

% (with command “chown”)
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Linux 12X &%

o MRBEFIURE

- REEFIEREH
o GEHU) ¢ ATEAEEANE - EEIEEAE
o BAW) A ERHEENE - A (REEZE) - MERTEZE
e BIfT(X) : H[ENITAEZE o (Ifit’s a executable file » Al¥Eshell

program)

- HERFAUERERH
o BEHU(r) - ABIEE HERPA (s directory)
o BA(W)EE H R T SR AR 2
© BIT(x) RS EEE o WA SCTAE H R (cd) £ I H #%

cat /var/spool/mqueue/syslog

- EEFESTIET o EEJEE var/spool/mqueueiE ([ H # B AT 2

7]

Ying-Hong Wang < inhon@mail.tku.edu.tw> 2011/10/24

P 189

ETSEG

Tamkang Universty Software Engineering Group #STENRE TIZBERE  http://www.tkse.tku.edu.tw/

Linux 12X &%

. #*%%Tﬁﬂgﬁﬁ
HETEZEHEA ¥ S SuperUser 7] DASE RS ZEHEFR
- HHSuperUser o] DL FE A #
- EMMEF‘E&T -- chmod » HEEEAT -

chmod {a, u, g, o} {+,-} {r,w.x} filename({H ¥} ~)%)
e chmod x1x2x3 filename(48¥1F57075)
. fiA User
CREEEEEE
bitai|
* HAt User
D HEIREST
- /DZQT )]
SEHY
w A

+ o0 & ®

—
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Linux X%

o MEXRMEREK

x1x2x3 : x1 ~ x2 ~ x385 B “ ={E AT BT AR
Z TR ¢ (HIE0~7)

—  x1FownerfE[R > x2FFf4HuserfElR - x3HIFRHA;

UserZ R
—  BIE755 (=111 101 101)FmAE ZZfZEURERR B2 rwx 1-
X Ir-X

Owner 5 rwxHYFEF
User Jz Other H A rEAX 1 REF]
— {40 chmod 755 myfile.c
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Linux 12X &%
o (HFHHEIHI

$1s -1 kerm

-rwxr-xr-x 1 woody users 164 Feb 4 14:49 kerm*
$chmod g+w,0-x kerm (= chmod 774 kerm)
$ls -1 kerm

-rwxrwxr-- 1 woody users 164 Feb 4 14:49 kerm*
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Linux 12X &%
o FEZEFEEE(File Link)

UNIX File System Structure
Vetc/passwrd
etch \
etc/pe \19454346 Data Block
fetc/motd 19454318 -
Data Block
e \
. Data Block
File Table
inode Table
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Linux 12X &%

o FEZEFHLE(File Link)
—  UNIXZR&GHEHE EE AR inodest G AR HITE S
—  Hls-i - RAT LB F T —{E 1§ % HJindoe number
—  FIFIAEZE S 7T DA —(EHE A 2 (ERE
— Hard Link
5% : Infilel file2

— filel HEFFAELIEZE > fle2 QIR EI5 STz 2 ZE S
~  Hard LinkfJ&5R 02" {£File Tablerr 2L —{af#riE+ - f5E—(HE

FAEHYinode”
— iz Efilel Biifile2fHE - filel Bilfile2 00 JH BIHFHEAMIFR A 5E E IE MR
R i

—  Hard Link“ R 70275 i file system” $Hi%E
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Linux EEX &%
o FEZEHELE(File Link)

— Symbolic Link
5% : In-s filel file2

- Afilel HEFEZEE - file2RIZ DL EHS-SPTEE 2 FFoREas

—  Symbolic Linkfy45 542"  {£File Tablerf FE4d: — (AL 4
file2 » f5[A 55— EEAFAE 2 A file]”

- ROR BfERfilel » 32482 NA(ETHAMF: - Bifile2FfE 2
S

—  Symbolic Link /0275 3 ile system ” fiss

Ying-Hong Wang < inhon@mail.tku.edu.tw> 2011/10/24 P 195

- 7:; E G Tamkang Universty Software Engineering Group #STEREETIZEEAE http://www.tkse.thu.edu.tw/

Linux 12X &%
o {FFHEREA

Sls -1 kerm*

-rwxrwxr-- 1 woody users 164 Feb 4 14:49 kerm
$ In kerm kerm1 (FE4—{&Hard Link)

$ Is -1 kerm™ (553 =link &> 18 K M {E % 2/ ile size)
-rwxrwxr-- 2 woody users 164 Feb 4 14:49 kerm

-rwxrwxr-- 2 woody users 164 Feb 4 14:49 kerml1
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Linux 1§ %4

o {EHIERHH
$In -s kerm kerm2 (4 —{iESymbolic Link)
Sls -1 kerm* (GEFxEkerm2” T )5 Hfile size)

-rwxrwxr-- 2 woody users 164 Feb 4 14:49 kerm

-rwxrwxr-- 2 woody users 164 Feb 4 14:49 kerml1

Irwxrwxrwx 1 woody users 4 Feb 4 16:26 kerm?2 ->

kerm
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Linux X%

o [FEAEREA
$rm kerm  (ffif&kkermfs)
scat kerm2 (ffiERkerm{%&kerm22> N2 JREE 2 JFi4%)
cat: kerm2: No such file or directory
Scat kerm1  (kerm1PZARIREELE)
-rwxrwxr-- 2 woody users 164 Feb 4 14:49 kerm1
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Outline

e Introduction to Embedded Systems

Understanding the ARM serious

e Famous Embedded OS

e Linux Overview

e Introduction to Linux Programming
e Guide to Programming on ARM serious

e Embedded Systems Development
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Introduction to Linux Programming
o ZHECygwin ~ GCC M4R=EERE

o RGCC ~ make HY4R==2 =
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GNU
GNU &% 4</E Linux {E3E ZtVBH 5 T B
Z5EGNU 2 TS ff—(ELinux {F3E 28t

Cygwin & —EFEWindows %45 FF2{HtUNIX IZ
EE A EE

o 1ECygwin #lfZZ4EGNU T 4% » [HERERE AT
LIfECygwin _ERfs& iR A EHIEL
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Cvowin

e Cygwin ;&—E7FWindows Z4% R UNIX I
HHRE NS S » FHRed Hat /A ]R8

o ElUCygwin BRHEMERBIEM > A PIEAFR
Unix Z28eHyERSE e 2000

o ML —TH » "JLI4RE I Win327 1 H =02
GUI JERIRES > 562 FF&Win32 APL BE
Cygwin AP > H] DIA RS [ 5 Unix F2 2(HY2K
RS A] LB fz ¢ R R Windows FR5E F ARG
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Cvowin

o JLFEEFIAEE TEFZGNU H18S > & Cygwin B
#TH - BETHUSWMEET
— —f{EDLL (cygwinl.dll) 28 » #EEUNIX BT
o FEHEEAUNIX APL IS

- —4HBEEUNIX 1 TEAER » 2L EE s
UNIX/Linux {5 EEAYDIRE
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Cvowin

TEARS akZRE 2=
— gEzEAGHEhttp://www.cygwin.com/

e <]
wE0 UMD wAQ AOAEL IRD KNG K
O HMRG Puehmmer @ 3-5 € -LIMEK B
-
GNU + Cygnus
+ Windows =
‘What Is Cygwin? S
g
ws: 95, Windows 98, and Windows Me will be discontinued with the
What Tsn't Cygwin?
c = o viawa g
1] - o . - - © FE
il WO TR HORRTE T O . | 280 Trun
. — Latl, men
&) ruovamran. | @)t Meen. | <o siAARE) ey stecrorn v | | Rel 2 o
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Cygwin
e Cygwin is a Linux-like environment for Windows.

e It consists of two parts:

— A DLL (cygwinl.dll) which acts as a Linux API
emulation layer providing substantial Linux API
functionality.

— A collection of tools which provide Linux look and feel.
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Cvowin

e The Cygwin DLL currently works with all recent,
commercially released x86 32 bit and 64 bit
versions of Windows, with the exception of
Windows CE.

e Note that the official support for Windows 95,
Windows 98, and Windows Me will be
discontinued with the next major version (1.7.0) of
Cygwin.
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What Isn’t Cygwin

e Cygwin is not a way to run native linux apps on
Windows. You have to rebuild your application
from source if you want it to run on Windows.

e Cygwin is not a way to magically make native
Windows apps aware of UNIX ® functionality, like
signals, ptys, etc. Again, you need to build your
apps from source if you want to take advantage of
Cygwin functionality.
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Download Cygwin
o FEFHHER PElcygwin

B Coavin Tafermition aad Tasiliation - Mictorti Taiurmat Balarer e
BEO WO R0 ROBFW TAD AW >
A < P, 1
<} O HNREAG PLww Jramnzx @ -5 & - AE B
A (@ e el ] Y= wiE > -
+ Newsgioops. =
Note that the official support tor Windows 95, Windows 98, and Windows Me will be discontinued with the
next major version (1.7.0) of Cygwin.
* Mioe Sivs
 Donations ‘What Tsn't Cygwin?
Documentation
= « Cygwin is not a way to run native linux apps on Windows. You have to rebuild your application #or?
* B sourceif you want it to run on Windows.
+ Users Guide - Cygwin is not a way to magically make native Windows apps aware of UNIX ® functionality, like signals,
+ APIRefeence pIye, ete. Again, vou need 10 build your appe oz sovrceif you want 1o take advantage of Cygwin
- functionality.
Contri Help, contact, web page, othet in
* Snapshots
+ SowreinCV§ find wherea package
* Cygwin Packages Jor ML"‘EN!;_"MQ or  orfle lives in the
release.
Software s
= Sewp Package Search fest Cygwin DLL release version is 1.5.24-2
Rl S
. Teams Installing and Updating Cygwin E
fro)
SWICEWAESOIZ The latest net releases of the Cygwin DLL are numbered /.7.x, where "n" is currently "S" (e.g., 1.5.24). Any oy
Cygwin program built from December 1998 onward should work correctly with 1.n.x DLLs. =
The J.n.x version numbering refers only to the Cygwin DLL. Individual packages like bash, gee, foss, etc. are
released independently of the DLL. The setup.exe utility tracks the versions of all installed components and
provides the ism for i ing or updating £ available from this site for Cygwin.

| &) vahoo mmIR@Es... | ) e - Moot | e FURERER (C) &) 58k Cywin-Micr,. | Mg oo0inins

=) 2ese e 205
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Download Cygwin
o [NElfEZE By setup.exe

o HJELFERNESITL AR - BOLTT FEREM A

‘?E’H(((

(2) FEPERENN MR

wa: sstup exe
wRE  EREA
fie: WWW.CYZWIN.Com

SELTREERES  EEELRRTIES
O SREEE

RIS RAI AT R AT E SIS

m@[;

B | eERw |

x|

¥ B E AR R AR TS L}
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Download Cygwin
TR - B IRV E

=1oix]
Cygwin Net Release Setup Program

Cygwin Setup

This wizard will guide you through the installation and updating
of the Cygwin environment and a plethora of GNU packages.

C

Selup.exe version 2.249.2.5
Copynght 2000, 2001 Red Hat Inc.

Ying-Hong Wang < inhon@mail.tku.edu.tw=>
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Download Cygwin

o BRI ACPT IR RN A
— AT - AlE

=101 x|
Choose A Download Source
Choose whether to install or download from the intemet, or install from files in L
a local directory.

" Download from Intemet
™ Install from Local Directory

t—#@ | [THm-] _ |
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Download Cygwin
- BEREEATELACHIHAYH #k

n Setup _I_l- =] ﬁ
Select Root Install Directory
Select the directory where you want to install Cygwin. &lso choose a few E
installation parameters.
~ Root Directory

f:-\cygwin Browse...

r~ Install For Default Text File Type
& All Users ¢ DOS
" JustMe & Unix

50| [F2w-] w8 |

Ying-Hong Wang < inhon@mail.tku.edu.tw=> 2011/10/24 P 212
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Download Cygwin
R R O R MR H 8%

etup _I_l— o) ll
Select Local Package Directory E

Select a directory where you want Setup to store the installation files it
downloads. The directory will be created if it does not already exist

o

Local Package Diu.lmy

IGv\cygwin install Bgowse...l

5@ | [FTHw-] = |
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Download Cygwin
o BEFRUEERAPENY T\

etup il = |D|l|

Select Your Internet Connection -
Setup needs to know how you want it to connect to the intemet. Choose C
the appropriate settings below.

" Use |E5 Settings
¢ Use HTTP/FTP Proxy:

Proxy Host |

Port IED

<t | [F2o-] @ |

Ying-Hong Wang < inhon@mail.tku.edu.tw=> 2011/10/24 P 214
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Download Cygwin
o SEFEFE A4S (Mirror Sites)

=10 x|
Choose A Download Site
Choose a site from this list, or add your own sites to the list E
Available Download Sites:
ftp://ftp.iitm. ac.in |

ftp://ftp.inf tu-dresden.de

fip://ftp.lug.udel edu

ftp://ftp.matrix com. br J
fip://ftp.miror.ac.uk

fto://ftp.nas.nasa.gov

fip://ftp.ntua.gr

ftp://ftp. plig.net

ftp://ftp.redins.es

fip://ftp.skynet.be

ftp://ftp.sunet.se

fip://ftp.tuke. sk LI

CUPST T | A

<@ | [F-fw-] _ =H |

Ying-Hong Wang < inhon@mail.tku.edu.tw>
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Download Cygwin
o IR EM

up —I—j- D 1'
Select Packages
Select the packages you want setup to install E
 Pev & ‘@E@ C Exp E|ew| Category
Category | Cur...| New | B...| S... Package -

+ ALl &¥ Default
+ Admin £ Default

+ Archive £ Defavlt
+ Database & Defanlt

+ Doc_&¥ Default
+ Editors £ Insta

+ Games £ Default ;l

50| [FZe-] = |

Ying-Hong Wang < inhon@mail.tku.edu.tw=>
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Download Cygwin

o BEFEANLIEIEN
— B E Y ST E R o RS
“Install” ~  “Uninstall” ~ 8¢ “Default”EHrf > —HJs%

P

TE
— REBENE P AT R T R R R A 3 T
— EERBTHE
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Download Cygwin

S HE
4 Q i(
0% - Cygwin Setup _ =101 x|
Progress
This page displays the progress of the download or installation. E
Downloading...

autoconf-devel-2.57-1.tar.bz2
14 % (81k/566k) 43.3 kb/s

Package: L]
Totak: [
Disk: (]
< E—2F(B) F—=F >
Ying-Hong Wang < inhon@mail.tku.edu.tw=> 2011/10/24 P 218
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Download Cygwin

o A MAZAERIEIAIUE

Cygwin Setup ) =i =] Ill
Create Icons
Tel setup if you want it to create a few icons for convenient access to the >
Cygwin environment.

[V Create icon on Desktop
v Addicon to Start Menu

Rl
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Download Cygwin
o SERNAES
x|

Installation Complete

o WIRLIRERZ HMEM R ZFHHIT
setup.exe, BRIV E(FRITH]

httingitiom gk dkkngde tinhon@mail. tku.edu.tw> 2020110024 P 220
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IR Cygwin

o 1F cygwin & P HEIEFRAVIZER > ATLIIK
(M= T8 5 2R PR

e Delete the following

1. cygwin {E 54T LU R BHATHRE S FI5E(T

2. & regedit > $RF
\HKEY LOCAL MACHINE\SOFTWARE\Cygnus

Solutions = delete FFL T DL T
3. delete F7&E ¥]) cygwin Z-2E0Y H $%
4. delete $ 2 LR g AT s AE HY TR,

htingitHom gk gde tithon@mail. tku.edu. tw> 2020110024 P 221
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MITCygwin
o R EFHYCygwin—Cygwin Bash Shell
le- _[/x]

5
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Cyswin'& FH¥5<—Recall

o FEAMIFEHIES
— I8 FHFEZE
— cp FEEFEZE : cp testl test2
— mv /L4 H kAT ERE ZZ 3478 9] mv test] test2
— cd B H &% H: ZZ[0]F]—FH4aHY Hik cd ~/
— mkdir lZEE R 1]: mkdir test
— rmdir fERERFE fF1: rmdir test
— man ZitHH f1: man mkdir

— exit ZEFH

httingitiom gk sdkkngde tinfhon@mail. tku.edu.tw> 2020110024 P 223
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GNU T E — C/CH472E22GCC

e GCC(Gnu Compiler Collection)ZFHGNU HHIC :E= 4
S22 AEHANSI C Sitraditional C 355 53R HIFE =0HES
e I A BT

o HIYGCC HETT IR E A TN [FIREAS ~ fFRE &SR
UREE( > FELinux 288 ERANE 2 AHRIC 3B fsdfs
i

e GCC T PIERZERichard Stallman F&IT7AIGNU -2 i
EENERZ— TRt T 5Bt A s n B4R

=% 25 (compiler)
o WIRZH GCC» AMaS HERMtAGHEEL T
By 5 HEES AT

httingitiom gk dkkngde tinhon@mail. tku.edu.tw> 2020110024 P 224
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GNU T E — C/C++45:222GCC

o FHH GCC & J7[a/2 LA C/C++ B Objective C 55
k¥ i “GCC” Mk Bl “GNU C Compiler”

o [HIFEEPRA - GCC HYNEA HUE C BUALL C ffE
AsEameE T - BEREES TEFHME SRS
ay o = fdmatay ol LR R R R EYS
% [HHMEERFREBEERS - [FRHEEA GCC
S EZ2 =N e R DESES)

o HItt > GCCHEE LEE T —ERKIREeSZIE > 1M
“GCC” HphE s 2 ##88 &y “"GNU Compiler
Collection”

httingitiom gk sdkkngde tinfhon@mail. tku.edu.tw> 2020110024 P 225
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GNU T E — C/C++45:222GCC
o GCC — (R AT o B i nT R

o HATERIA B =T1EEIG P B EE Ly 1)
LT GCC > Hrpffg-P e ffs -

— x86, 1a64, alpha, hppa, m68k, Power PC, mips, IBM rs6000,
sparc/sparc64

o [M{EHE L% HITE Microsoft -5 (DOS/Win32)
% IBM OS/2 5% 521 UNIX Z5

o ILEE AR MEIER GCC & Ry a2
S

httingitiom gk dkkngde tinhon@mail. tku.edu.tw> 2020110024 P 226
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GNU T E — C/CH422E22GCC

o FERFZREISERITUNIX 28t R0 H HH S
HI4ma 2R00EE CLEMFFRET) » AMHEE T EE
2785 GCC 2K {# A

o IMH -~ @EGCC EH MW Az ERZHzkAY - (HEFAT
e LAV IE A S B A BRAG RSE IR s s - "2
FERE V& PR AR 2 A A TRRE

o BT RIEGEEEELISN 0 GCCEBNE THMAY T HER
DR B IEAGES TR =UE > (& CH (g++) ArEE
Aylibstde++ > DL Kz Java (gej)FrEEclass bl = EElibgcj 25
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GNU T E — C/CH472E22GCC

o HTHENM » FEZEAFECPp ° B
S o AT B R E

o B (AR GRS AP BRI T

— BEEFIEEE  preprocess SLjm FE A EE#ifdef #define 72 LL BT
A — e B R

— FERIEAR SRR Rl compile fEEZE 0T > BIEENMHESES
— %HEE © assemble Bl I%ESREEHIOS HRIAVIEES o filtikrelocatable

obj &
— HEEUE - link $Esymbol(pfz{ - 8284) BifE (8 (shared
ob)) FHYEIFEF

— FEAEBITIE ¢ M AT Tobj £ (executable obj)

httingitiom gk dkkngde tinhon@mail. tku.edu.tw> 2020110024 P 228
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GNU T E — C/C++45:222GCC
o cpp W TAEGE B A TR H R IL M E — (B

o HEHMEEENEERTLEEEE
[E]HE 7 Zrinclude 75+ " #EEFE | (header files,
FitE 445 h)

o SEELFI U R B T AL AR
STEH cpp FREE  AESUGTED 2 EREIE - A%
AT EISRE (P

o ISEL{EIPIL GCC TR A S H BT
AP 75 8 5 R epp
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GNU T E — C/C++45:222GCC

o Rrtenitdmne iz > SRR G 4REER
object &

o NMRF RIS > plRy AT THE © He—(
S as R be PRI S B E 2 2805
— TEEMmEEES SR LY object fHEUE I THEAE #
- T S AR AL > ATERT AR AU TR

A ETL AR S FRAVIEIARE (header file) K AR FURAERY
E’f‘?&? TErE AR

— R P RVRE LLEE A A s R Ay g
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GCC NS B TE

RENBEH

g
of
%“ﬁ

AR L
-

hYiingitHomgk sk gde: inhon@mail. tku.edu. tw> 2020110024 P 231
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£ =120
GCC NEEEE

o LEZForgecH A2 EELRI
o FEEFANAY 2B AT DLELUNIX/ Linuxdap < 51# A

— gce —help
root@'uce Jho; -~
[rootB@loca ¢ --help ~
Usage: gcc | 5] fie...
Options ”‘y '“ =
-pass-exit codes Exit with highest error code from a phase
—=help Display this information il
—-—target-help Display target sSpecific command line options
(Use '-v —--help' to display command line options of sub-processes)
—dumpspecs Display all of the built in spec strings
—dumpversion Display the version of the compiler
—dumpmachine Display the compiler's target processor
-print-search-dirs Display the directories in the compiler's search path

=print-libgcc-file-name Display the name of the compiler's companion library
=print-file-name=<lib> Display the full path to library <lib>
=print-prog-name=<prog> Display the full path to compiler component <prog>

=print-multi-directory Display the root directory for versions of libgcc
-print-multi-lib Display the mapping between command line options and
multiple library search directories ~
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GCC NS B TE
. —ILE HAREESE > SRIBIT

- -c: HETTobj 18 - SR I A 24 (link)

— -S: HZ##Trassemblely fi&

- g LR SA A TTETA - bdebug T Flddd.gdb 7 BERR S

- o T e ST - AT R TR R E AT
a.out

— -D: r{F4maE - FERC#ifdef #define F o A1 defined 7 4k

- -W: GmRE IR B R TUE R

~ L R R B R 3

— -I: fEpERE.h AP H %

— -l IR S A Elibe S (E R - EoAt R TR S (e E A

— -01-02-03: ffE(k » SRECPU (ALE4R H i 0vfE s S —
AR SRR
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GCC FHEAE% EsR AH

o IEFEMEZE (header file)

— TEEERAE Y - B R ARTEAE 2ok bR it
HHHVER ~ BRES ... » {fELinux 247
—f @ finclude Hyheader file i 1E
/usr/include HFE D » EGCC {msgs ~ > H]
PAFITA -1 AR FE R E HYinclude BE1E -
i -

gcc -I/usr/src/include test.c

— Feontest.c FTAIE(HYinclude £& > A DLE]

/usr/src/include H g T =

httingitiom gk dkkngde tinhon@mail. tku.edu.tw> 2020110024 P 234
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GCC 1HEAE& EsR BB

e K ~EE (libraries)
— PRyEE(libraries) HiE— 2w A A H 2B udm AT
# > FELinux Z40 P REHE Y 247 B o JEE 3 A/ 1ib
¢/usr/lib HEE T
TR 2 AE AR LAib BHTE - BE1L N AR RS
2 PROREEIIREIME » RN EEAYRIRE ] LS By 51N
fi

— gcc -o test test.c /ust/lib/static_lib.a

— gce -o test test.c -lm
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make 7748

o HEMELHETF

- ERMEABGRBEAR (a2 FHEN
B3 o TR E AR SRR BN (F A RE R R =B
(Egma=ESeR > i H 22 IR & (s

— IERHEE - SCRET I TE (RS CBINERZ
AR

— [AEf - R — AR RAE A SRR A C IR AR
A SR TR N (R amEHIiEE S
%/ A e R E - R E AR -

— fEDAE 23 0 R make FE\ o R EE(EAE S
el LIFE#IL
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make 7748

o HFMLHEF

— EIEXREN: - EYgE A R TIEES TS
FEMakefile - iRIBEZAERIVIES— DT

— [NIL > BT DA R AR AR 2 A B B A
Makefile tf > EHEFFE B4R T FL N Tmake K E 4R
SESERK,

— 7£ GNU 5t&EH - [EETiRdt 7—(E5% KA make 72
o BT EFE MRS 24N  FFEE S
T4 GNU HYIE(RTRE
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make 7748

o HEJLIEF
- BlINSEEENES - GEHE..EE > ek
TE{HIIRE B MR AN make BT 4 A
— It > AHFZAHNTE RS - AR RIEIA =
GNU make (50E 2 HFEGCC KHAAIGNULR=E T E.)
A EEEEI 4R - R AT MAIMakefile FE[EE T
GNU make #F 2 FFHIIHAE

httingitiom gk dkkngde tinhon@mail. tku.edu.tw> 2020110024 P 238

119



‘_
7:; E G Tamkang Universty Software Engineering Group #STEREETIZEEAE http://www.tkse.thu.edu.tw/

make 7748

o makefile §EEHFHVERHI -
1) g5 iE {Eproject )2 H dmaeid > ANEIRMINIFTEC 18
F R w2l 7 A
2.) W5 E{Eproject FYFL L C AEHHEL - HIEEAT R
me i ECC A8 - 84S H VAR =
3.) Wk iE {Eproject HUEETAME A EE T > HIEHRFIREE
Umero | T 2 &(EEENC A > WS HiviE =
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make 7748

o Makefile[N 2451
— Makefilefs ZE N5 H H—4HAHAGR ANGHREL - 8B40 ¢

target... : dependencies

<tab>command
<tab>command
target... : dependencies
<tab>command

<tab>command

~ target RS R ERRIETREE E AR

— dependencies HINEHSREZERAMTHICHE - SRHHE 4 target AR (2
{4 > & dependencies 75 ELEHHF - targetit N FHEELITARAS » ILAF
make{F & FH4RE - LI A T target
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make 7748

o MakefileNZF4EHE
— FEEMyEREE TR, o Fs U I targetdy A
— HRAIF ) command$s i 2 A target B EETHY 2 40155
— EETI(H A)commandy] - T4eti<tab>§

o [EAEE

— frmakefilefyHH RIlgt o ﬂuEJ LeEE AR BT
{5 P S (BB ) 25 | B B AT (R R T

o allfi
- HRESER R (g
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make 7748

o MakefileN 45 S
— FEEMyEREE TR, o FZE U L targetdy A
— HRAIF ) command$E i 7 A target B EETHY 240155
— EETI(H A)commandy] - T4eti<tab>§

o [EAEE

— frmakefilefyHH RIlgt o ﬂu@ Al SR BT
A5 P S (B ) 25 | B B AT (R T

o allfEg#
- FARE SRR 2 (AR
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make 7748

o ERIERHA -
— FEER A — R - oo Ry NEEE S

— [l AFEZCIREA T neurses Y function calls ° [ffj
menu.c flutils.c 8 fF/usr/sre/menu | © {Hmenu.h
Flutils.h AHAF /ust/src/menu/include | o

— MEAMT 2 1% » BUTHE S Fymenu H 22E
/usr/bin A
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make 7748

e Makefile N T -
# This is the Makefile of menu, filename is makefileO1
CC=gcc
CFLAGS = -DDEBUG -¢
LIBS = -Incurses
INCLUDE = -I/ust/src¢/menu/include
all: clean install
install: menu
chmod 750 menu
cp menu /ust/bin
menu: menu.o
$(CC) -0 S@ $? $(LIBS)
menu.o:
$(CC) $(CFLAGS) -0 $@ menu.c $(INCLUDE)
utils.o:
$(CC) $(CFLAGS) -0 $@ utils.c $(INCLUDE)
clean:
-rm *.0
_rm *~
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make 728

o 1f FiltyMakefile H » Z2{HE A {Emacro F]H
$(macro_name)Z1 LAY = - make & HEHYINILAER

o $@/Fy#Zrule Ay Target » [f$?R1] 5% rule HYdepend

o Fiffcommand MYFTEI—({E&quot-= > FIRFF
command S $ERHIA THE > BEHIT N E

o makefYHIIT
— make —f makefileO1

- -fE&Eimaket5 < (E AT —{Emakefile
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Richard Stallman{@ ¥ At ?

¢ Richard Matthew Stallman (born March 16, 1953), often
abbreviated "rms

e He is an American software freedom activist, hacker
(programmer), and software developer

e In September 1983, he launched the GNU Project to create
a free Unix-like operating system, and has been the
project's lead architect and organizer

e With the launch of the GNU Project, he started the free
software movement and, in October 1985, set up the Free
Software Foundation
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Embedded Linux C #3585
e @ﬁ%ﬁg,é @fﬁpﬁ ex_min.c

/* ex_min.c */

) E H%COmpﬂe 5577{ *%Eﬁ #include <stdio.h>

#include “mymin.h”

oy N int main(){
o FfIFE=\ {

mymin.h mymin.c intnl, n2, n3;
/* mymin.h */ /* mymin.c */ printf(“Input first integer number: ©);
int min(int x, int y); int min(int x, int y) scanf(“%d”, &n1);
{ printf(“Input first integer number: *);
if (x <y) returnx; scanf(“%d”, &n2);
else return y; n3 =min(nl, n2);
} printf(“The smaller number is %d\n”, n3);
return 0;
}
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Embedded Linux C I\ 5%F

e Compilerfg<
— gCc eX_min.c mymin.c —0 exmin

o B (i F 1A X fex_min.c &xmymin.c4mipk—
BT TREexmin.exe
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Embedded Linux C #2585
o F Y Z 4RO R = (System Call Functions)

o TRFAE
— getpid()
— getppid()
— exec() Family

— system()
fork()
exit()
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o LS

\

e http://www.jollen.org/blog/2006/10/linux 26 syste
m call12.html

e Access Date: 2010.12.01
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e getpid() and getppid()
#include <unistd.h>
pid t getpid(void);
* It will return the process ID of the current process
pid t getppid(void);

* It will return the Parent process ID of the current
process
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e cxec() Family
— There are six functions in the exec() family

— They are
* execl(const char *path, const char *arg(), ..., (char ¥)NULL);
* execlp(const char *file, const char *arg(), ..., (char *)NULL) ;
* execle(const char *path, const char *arg(), const char *envp[]) ;
+ execv(const char *path, const char *argv[]) ;
* execvp(const char *file, const char *argv[]) ;

* execve(cons char *path, const char *argv[], const char *envp[]);
— They will return -1 if fail, No any return if success
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e system()
#include <stdlib.h>

int system(const char *String);

« It will call execve() function by parameter /usr/sh —c
String

* It will return 127 if no String existed in /ust/sh
* It will return -1 if the other reasons to fail

e Return O if success
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o fork()

#include <sys/types.h>
#include <unistd.h>
pid_t fork(void);
¢ It will return PID of child process in the original

parent process, if success. And it return O to the
created child process.

* It will return -1 in the parent process if fail.
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o exit()
#include <stdlib.h>

void exit(int status);

« It will terminate the execution of this process

+ Status uses to present the terminated status. In
general, 0 is normal termination and Non-zero value
to present one kind of Informal termination
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« fork(HYMEE

RARRS

printf("Hello\n), <————
child=fork();
printf(" World\n");

N forkORi

| | Y fork()i
printf{("Hello\n); priptf("Hello\n);
child=fork(); child=fork();
printf("World\n"); =<t—— printf("World\n"); «————
AZREFF ¢ child>0 FAEFE : child==
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e zombicfE 7

- B
- z;@%ﬁaéﬁii%ﬁ?ﬁ%hﬁ EEERBCERR - REIGCEREE IRV

o wait()Edwaitpid() i = °] 2K {75 Bf/Parent process
H# 5 FRzombiefZ 7
#include <sys/types.h>
#include <sys/wait.h>
pid_t wait(int *status);
pid_waitpid(pid_t pid, int *status, int options)
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o LinuxfE=E FAYSignal pi =
— signal()

— alarm()
— kill()
— pause()
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e signal()
#include <signal.h>
void (*signal(int sig, void (*func)(int)))(int);
* sig is one kind of signal, except SIGKILL and
SIGSTOP
* func is the function indicator which will handle the
signal, sig.

« func also be the following constant value
— SIG_IGN: it means ignore this signal, sig
— SIF_DFL: it means recover the default handling function for this
signal, sig
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e alarm()
#include <unistd.h>

unsigned int alam(unsigned int seconds);

It will set an alarm to wait some seconds and

generate one SIGALRM signal to specific process.

* It will return the remaining seconds to generate the
signal.
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e alarm()
#include <unistd.h>

unsigned int alam(unsigned int seconds);

It will set an alarm to wait some seconds and

generate one SIGALRM signal to specific process.

* It will return the remaining seconds to generate the
signal.
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o kill()

e pause()
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e GDB: The GNU Project Debugger

— the GNU Project debugger, allows you to see what is going on
‘inside' another program while it executes

— or what another program was doing at the moment it crashed

e GDB can do four main kinds of things to help you catch
bugs in the act:
— Start your program, specifying anything that might affect its
behavior.
— Make your program stop on specified conditions.
— Examine what has happened, when your program has stopped.

— Change things in your program, so you can experiment with
correcting the effects of one bug and go on to learn about another.
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e The program being debugged can be written in Ada, C,
C++, Objective-C, Pascal (and many other languages).

e Those programs might be executing on the same machine
as GDB (native) or on another machine (remote).

e GDB can run on most popular UNIX and Microsoft
Windows variants.

e (Current status, GDB version 6.8

e Download GDB from Project GNU's FTP server, or Red
Hat's sources site:
— http://ftp.gnu.org/gnu/gdb (mirrors)

— fip://sourceware.org/pub/gdb/releases/ (mirrors).
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o A4 [ FHAYED

gdb prog.out £7HA : debug prog.out B {EHFTTHE
gdb>run W] : fEgdb NBHIGETT

o [ fifgdbI{EH

— gdb —help

e HiERfgdb

— quit [expression]

- q

» To exit GDB, use the quit command (abbreviated q), or type an end-of-file

character (usually Ctrl-d).
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e gadb—help
(gdb) help List of classes of commands:
aliases -- Aliases of other commands
breakpoints -- Making program stop at certain points
data -- Examining data
files -- Specifying and examining files
internals -- Maintenance commands
obscure -- Obscure features
running -- Running the program
stack -- Examining the stack
status -- Status inquiries
support -- Support facilities
tracepoints -- Tracing of program execution without stopping the program
user-defined -- User-defined commands
Type "help" followed by a class name for a list of commands in that class.
Type "help" followed by command name for full documentation.
Command name abbreviations are allowed if unambiguous. (gdb)

httingitHom g de timhon@mail. tku.edu. tw>

P 266

133



--
7:; E G Tamkang Universty Software Engineering Group BGTHREETIEREE  http://www.thse.tku.edu.tw/

Outline
e Introduction to Embedded Systems
e Understanding the ARM serious
e Famous Embedded OS
e Linux Overview
e Introduction to Linux Programming
e Guide to Programming on ARM serious

e Embedded Systems Development
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Guide to Programming on ARM serious

e Download the Guidebook
— TKUEmbeddedDevelopmentSystem

o FKarm R ARGV & Bl R
e [P port: 163.13.128.2xx
o IR5T * HCHIEIR

o M 1 6666 0 F—E k% » 1] Fpasswd L <
B
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Guide to Programming on ARM serious

o YIAFAPC Linux FTHR AT A 2 S R ET?
1. N&cross compiler(toolchain) »
2. Z#Ecross compiler »
3. {#i Ffcross compiler &4 THE >
4. ¥ Fisttp A THES] H AR -
5. F|Hssh sHE 4R F| HARARGEITRZZOAE -
o REIEFE IS E BT - BAERYEE S A IANRFY
= ot A] DAREHR SR S IS R 2
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Guide to Programming on ARM serious

e FHREH
— PC : PentiumlIIl2 + ~ 128M ~ F4#g F %
— &% QT2440(&" 2 F)F %< : 400MHz ~ 64M
Flash ~ 64M DRAM
— oA
» PC% #Linux ~ ARM CROSS Compiler

* QT2440=% #ssh ~ sftp
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e AAiTERE
— * §“toolchain( 7" cross compiler)
— & * cross compiler & # F ZF P B (H A
i)
— & * sftp b B TALDIF R
— & * sshifl ST F S 47 & (7 B3R
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Outline

e Introduction to Embedded Systems

Understanding the ARM serious

e Famous Embedded OS

e Linux Overview

e Introduction to Linux Programming

e Guide to Programming on ARM serious

e Embedded Systems Development
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Embedded Systems Development

o &P
— R EA
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