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Connecting

Screen Phone

ieg Niobile Phone

Computing
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Why do we need OS in the
Embedded system!?

INING.COM.TW " B % & - 3 8 JE )L iy IR




Embedded Applications

~

fEmbedded Middlewares
gﬁ D-TV Engine Media Player | File System Window Manager | Internet Protocols
Embedded Operating System . (umP) (UMP) J (UFs) || (UWM) J (UNET)

- J
Intertask r =

Scheduler Communication & Realtime Operating System (UITRON, WinCE, Embedded Linux, Nucleus, Symbian, etc)
Synchronisation L )
r/Firmu.'.rare / Device Drivers \‘

Memory |
Management Bootloader = SDHI | VIO |  USB | LCD | | CMOS | | SDAC |
NAND | | NTSC | SIM | UART | MFI |

\- J
Hardware Platform / Multimedia Processor
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=mbeddedlllinux
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APPLICATION

| EMBEDDED os |
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llenminelogy;

MCU vs SoC

DSP

FPGA

IC

MP vs. uC

CPU architectures:

Von Neumann vs. Harvard
RISC vs. CISC

o
o

o 8/16/32 bits
o Big vs. little endian
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SeC (OMAFD)

Trace Emulator NOR NAND Maobile
Analyzer Pod Flash Flash DDR
=
Fast ITAG) GPIO | cpio |
IrDA Trace Emulation GPMC |
I/E | Camera I/F Camera
Antenna UART/IrDA Saerial Parellel Module
7 — OMAP3440
MavilLink™ pe Camera-Serial m
GPS
IVA™ 24
Antenna Accelerator
Hollywood ™ TWL5030
Mobile TV 2D/3D Graphics Image Signal T Battery m
0y Accelerator Processor | s r:-ﬂ-:“ Charger | Reset |
Wer Kneéese
WiLink™ ! Clock Manager
mWLAN SpIO Shared Memory Controller/DMA ; Power 32 kHz Crystal
: Manager
Cotxtitence Timers, Interrupt Controller, Mailbox B [ Audio |
MeBS
o i MG Audie/Voice (1|1)) speaker
BlueLin Boot/Secure ROM McBSP Codec

Bluetooth® = ! 0| Iﬂ Speaker
................... M-Shield™ Security Technology: Hich-Speed (HS o)
Antvane SHA-1/MDS, DES/3DES, RNG, okl i g Infout

USB2 OTG H5 USB
Fashing T AES, PKA, Secure WDT, Keys i i .-Qf sk

TCS _ - Connector
Modem Control/Data McBSP Ms/ Video Display ED

. L
Chipset - MMC/ DAC Controller
Lkl Mcesp B SD/SDIO | Parallel-Serial _ e ZE| Keypad

5-Video

H H [ TSC2046

MS/MMC/ Touch
SD/SDIO QVGA XGA Screen
Card Color TFT Color TFT Controller LEGEND

Display  Display I Tl Products
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/AWM uPreEasser

Embedded Application

oT iR P rocassors oI Procresors

Gortex-Al5

Gonex-A8

GortexsAS

I
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ARMv | ARMI

ARMv2 ARM2,ARM3

ARMv3 ARM6,ARM7

ARMv4 StrongARM,ARM7TDMI, ARM9TDMI

ARMv5 ARMY7E],ARM9E,ARMIOE, XScale

ARMv6 ARMI I,ARM Cortex-M

ARMv7 ARM Cortex-A,ARM Cortex-M,ARM Cortex-R

ARME TS AT A SR AR B MRS 0y (1P
core) » FRRERIK HIRREE B LT R 2
FiIe R
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Application (IE)

Operating

Compiler

Digital Design

____Circuit Design Machine
Transistors Organization
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BSP (Beard suppert padegss )

O Device software to aid you with board bring-up and
design.

O BSP provides a development platforms for your
specific architecture supporting the latest processors.

o Typically, BSP is provided by silicon vendors and
hardware manufacturers

O processor- or platform-dependent code

Drivers for most on chip peripherals

USB Host mass storage class application
USB device mass storage class application
Ethernet driver

TCP/IP stack and file system
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=mbeddedillinux

O Embedded Linux is the use of a Linux OS in
embedded computer systems

o Use of Linux in embedded devices continues
to grow at an exciting pace :

o mobile phones, PDA, media players, set-top boxes,
and other consumer electronics devices,
networking equipment, industrial automation,
navigation equipment
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=mbeddecdillinuix2 =1

Process / Thread
Process / Thread
Process / Thread
Process / Thread

% Process / Thread

." :
write data back read

to user memory - sys call

Driver = Kernel
System n

Mode |—’

Hardware
Embedded Linux
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Interactive Linux kernel map

Ia;gpé:tlons ) j networking g T onr processing ir?t‘;?f:rc‘e

net/ kernel/
sockets access f memory acce! Processes HI char devices

sys socketcall . ys brk 5ys_execve sys_fork

user space "t g ket . e e e ayanok
. Lk > % | sys _clone
interfaces

socket_file_ops

protocol families

kit ) network controllers disk controllers memory user peripherals

H contraller o
(= Ie Ct FONICS opors .;D.!.J;SE'HE‘- DMA Ethernet wiFi Ses IDE  SATA RAM egister: z keyboard cam

mouse graphics card audio

1_29 (cc) (nc) 2007 Constantine Shulyupipy w inuxdriver.cq.i RE 2 ernel_map@linuxdriver.co.il Ver 0.3, 7/21/07
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Sinux4kesnel

o Kernel Architecture Overview
o User Space

o  Kernel Space

o Kernel Functional Overview
o  File System

Process Management

Device Driver

Memory Management

Networking
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O Advantages of embedded Linux :

o no royalties or licensing fees, a stable kernel, a
huge variety of applications and networking
protocols, a huge number of developers

O Disadvantages of embedded Linux :

o Larger memory footprint (kernel and root
filesystem), complexities of user mode and kernel
mode memory access and complex device drivers
framework

WWW.ITTRAINING.COM.TW " B M Z 28 - 3 8 JE )L 1 1R 4



wi# TEXAS INSTRUMENTS

¥ Products @® Applications ¥ Design Support #® Sample & Buy

-5 : ;

\ﬁffﬁ Wireless Solutions

OVETVieW Operating Systems: Linux
Linux development tools

Industry-standard Linux development tools provide OMAP developers a fully tested, full-function

Linux environment that streamlines software development and delivers software programs to
market faster.

. With a full board support package (BSP) for Linux, and TI s development tools like the award-

w winning Code Composer Studio integrated development environment (IDE) and the Innovator™
Development Kit for the OMAP Platform, software developers can quickly get started with the
high-performance and power efficiency of the OMAP platform.

Visit linux.omap.com for mailing lists, downloads, documentation, and other resources.

® e
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Legends

Processes with
this color need
only host machine

Frocesses with
this color need
both host and

target machines

esses with
or need

target machine

only

-

Write Code

L]

Compile and Link

Y

Download to the
Target

v

Debug on the
Target

Works OK 7

Burn a ROM or copy to
any other permanent

storage medium like

Compact Falsh

o ISS

o Gives us control over time — set
breakpoints, look at register
values, set values, step-by-step
execution, ...

o But, doesn’t interact with real
environment
o Download to board
o Use device programmer
o Runs in real environment, but not
controllable
o Compromise: emulator

o Runs in real environment, at
speed or near

o Supports some controllability
from the PC
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Labiz ADC1Z2_YR_Measurement Ans.c

=

#include "mepd30xSde.h" LJ ]Memo'-'r' LJ
A/l UCAICTLWOD = 0x0041
ot nainirod] ooscz4 1300 Te_ |[@UCAICTLO = 0xz00
WDTCTL = WDTPW + WDTHOLD; ¢ Stop WHT bnain: FUCALCTL1 = O%s
L. F53EL = BITG+BITT: #F PE.6,7 = USCI A0 TXD/RXD 005C26 40B2? SAEBOD 0150 me UCA1ERW = HxllHY
| 0o UCAICTLL |= UCSURST; /7 *#Dut state machine in reset#s : - BITI UCA1BRO = Dz00
: UCALCTLL |= UCSSEL_1: /¢ CLE = ACLE oosczo 40F2 i UCA1BR1 = 0=z00
| }_ 5 5 S 32KHzZ9600=3.41 (ses User's Gu 48 CTL1 | = UCSWE ; [HUCAIMCTL = 0x00
| }— UEALERL = Lx Rl A 00sC32 D302 0600 bi  EHUCAISTAT = 0x00
UCALMCTL = UCERS_3+UCERF_0; ¢ Modulation UCBRSx=3, UCERFx=0 1 ELl =T 1 UCA1RXBUF = 0xz00
| UCALCTLL &= -~TICSWRST: /4 #=Initialize USCI state machinm 0o0SC36 ‘DOFZ 0040 0ROOD hi UCAITXBUF = 0%00
El=e) UCALIE |= UCRXIE; /7 Enable USCI_A0 RX interrupt 2 1BR0 = CAI1ADCTL
__hiz SR_register(LPM3_bits + GIE): A4 Enter LIM3, interrupts enabled UCA1TRCTL = 0x0000
_ no_operation{); /4 For debugger b 0o05C4z 4307 0607 o1 [HUCAI1IRTCTL = 0z00
1 [HUCAI1IRRCTL = 0=z00
005046 40F2 0006 0608 me UCAIICTL = 0x0000
A Echo back RXed character, confirm TX buffer is ready first [FHUCAIIE = 0x00
#pragma vector=USCI_Al VECTOR oosC4c C3D2 0s00 bi [HUCA1IFG = 0x00
_ imterrupt woid USCI_Al ISR(void) UCAL1IV = Dx0000
{ ooscso D302 0B1C bi
switchi_ even in range (TCAIIV,4)) 3
Lab07_Timern8 | Lab ¢ [ v || |5 I|‘| | ;H amEms- T 3
Log
Thu Sep 09 21:31:46 2010: Download complete.
Thu Sep 09 21:31:46 2010: Loaded debugee: ClDocuments and Settings\Josephi @ U-Program Lab and Documents\DebudghExe!,
Lab09_USCI-UART d43
Thu Sep 09 21:31:46 2010: Target reset
E: Debug Log | Build x
Ln 8, Col 58 NUM
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offbusibasedll/®:memonyzmappedll/®.
I/®

O Processor talks to both memory and peripherals
using same bus — two ways to talk to peripherals

o Memory-mapped I/O

Peripheral registers occupy addresses in same address space as
memory
e.g., Bus has 16-bit address

o lower 32K addresses may correspond to memory
o upper 32k addresses may correspond to peripherals

o Standard I/O (I/O-mapped I/O)

Additional pin (M/IO) on bus indicates whether a memory or
peripheral access

e.g., Bus has |16-bit address

o all 64K addresses correspond to memory when M/IO set to 0
o all 64K addresses correspond to peripherals when M/IO set to |
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MemeryEmepped MO v, Sendard O

o Memory-mapped |/O

o Requires no special instructions

Assembly instructions involving memory like MOV and ADD
work with peripherals as well

Standard I/O requires special instructions (e.g., IN, OUT) to
move data between peripheral registers and memory

o Standard |/O

o No loss of memory addresses to peripherals

o Simpler address decoding logic in peripherals possible

When number of peripherals much smaller than address
space then high-order address bits can be ignored
o smaller and/or faster comparators
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Seandard VO (B0:45)

data bus
ot || /O port
CPU cE =
Decoderl Decoder2
M/IO | o
|
address bus
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O A table or diagram containing the name and address range
of each peripheral addressable by the processor within the
memory space.

O Though the address ranges differs from device to device,
overall behavior remains the same.

EPROM FFFFFh
(128K) E0000h
Flash Memory
(128K) C0000h
Unused
T2000h
Zilog SCC 70000R
Unused
20000h
SRAM
“25” CO0O0R
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Jl.f**********************************************************************

#define
#define
#define
#define
#define

Memory Map

SREM BASE
SCC_BASE

SCC_INTACK
FLASH BASE
EPROM BASE

Lddress Size Description

*k**A‘************A‘*****************k**A‘**A‘*********************************f

#define __REGI(x)
#define _ REGw(x

128K SRAEM —
Unused

Zilog SCC Registers

Zilog SCC Interrupt Acknowledge
Unused

128K Flash

128K EPRCM

(volatile u8 *) 0x00000000
(volatile wule *) 0x70000000
(volatile u8 *) 0x70001000
(volatile u8 *) 0xCc0000000
(volatile u8 *) O0xE0000000

(*(u32%)(x))
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[y picalfembeddedisystem

O View and manage system memory as a single
large, flat address space.

FFEE-FFPFF

FEOO_0000

FOOO_0000

S000_0000

03FF_FFFF

0000 _0000

Flash Memory

PCI Bus Addresses

DRAM

} 16 MB Flash

Peripherals Base Address

-
/} PCI Address Range

} 64 MB RAM

WWW.ITTRAINING.COM.TW
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O A memory location that is part of a processor or a
beripheral.

O In other words, it's not normal memory. Generally,
each bit or set of bits within the register controls
some behavior of the larger device
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JJAG debligSenS

o Using a debugger, you can download software to the
target for immediate execution.

O You can also set breakpoints and examine the
contents of specific memory locations and registers

o Emulators emulate hardware; Simulators mimic
software
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