Middleware for Cortex-M
based Microcontroller




Today’s Microcontroller Selection

= Microcontroller have
= Processor On-chip Flash
= On-chip Memory
= Interrupt System
" Rich peripheral Set Power management, RTC, reset and watchdog, internal
= |/O Pins, Timers, PWM oscillator and PLL
= A/D and D/A converters Two CAN Channels
= UART, SPI, I2C (Sixtoen channels)

= Complex communication 10/100 Ethernet MAC
peripherals (CAN, USB,
Ethernet)

JTAG Debug

Serial Wire Debug (SWD) &
Serial Wire Viewer (SWV)

Cortex-M3

USB 2.0 Interface

Three USART Channels

Two channels for 12C, 12S,
SPI & SSI

16-bit standard Timers

SD/MMC card Interface including PWM

80 GPIO Pins

Block Diagram of a Standard
Microcontroller
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Embedded Connectivity Challenges

= Embedded devices are used everywhere
= Need to support many different interfaces...
= CAN, USB, SD/MMC, Ethernet
= _..and different protocols
= HTTP, FTP, SMTP...

= Customers demand ease of use

= Today’'s embedded devices need to
support plug and play compatibility

= Developers need more functionality
= Ability to support a wide range of interfaces
= Need better development and debug tools for this task
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RL-ARM

RTX Real-Time Kernel
TCPnet Networking Suite
Flash File System
USB Device Interface
CAN Interfaces




What is RL-ARM?

= A collection of resources for solving these challenges
= Middleware components created and used by ARM engineers

All library components
supplied - no hidden costs

RL-ARM
Real-Time Library

Flexible usage model (with
or without the RTX Kernel) RTXRTOS Source Code

TCPnetNetworking Suite

Flash File System

USB Device Interface

Delivered as libraries
and source code

CAN Interface
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All components are
royalty-free

Provided for many
popular microcontrollers

Uses RTX Kernel
messaging implementation



Where iIs RL-ARM used?

= Everywhere that embedded devices are connected & -;7
= |t supports traditional embedded functions
= For example CAN in industrial applications
= And emerging applications for embedded devices
= Web-based and mass storage products

= |n simple and complex applications

= Optimized routines give fast performance from
a small code footprint

= Component libraries can be used stand-alone or integrated with
other resources and optional RTX kernel

= Templates and examples are provided for all applications on
many popular microcontrollers




How does RL-ARM work for me?

= |ntegrated solution

= Developed with MDK-ARM, the tools and middleware
are guaranteed to work together

= ARM engineers can support every part of your project

= Cost effective

= Allows you to focus effort on developing the important =
parts of your application

= Provides tested and optimized components

= Proven and reliable
= Thousands of designs using RL-ARM in the field today
= Trusted in applications by ARM and its Partners
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Using RL-ARM with MDK-ARM

= MDK includes dedicated support for RL-ARM functionality
= Examples supplied as pVision projects — ready to build
= Build options include settings for RL-ARM resources
= pVision supports RTX Kernel-aware debugging

Active Tasks ]System} Event Viewer RTX Kernel
TID | Task Mame Pricrity | State Delay | EventValue | Event Mask | Stack Load Active Tasks] System Event Wiewer
2 phased 1 WAIT_DLY 1226 32
3 phaseB 1 WAIT_AND 0x0000 0x0007 2%
4 phasel 1 WAIT_4ND w0000 w000 32% ki Time: bax Time: Range: Grid: Zoom;
5 phasweD 0T _AND 00000 OOt 3@ . -y =
5 clock 65 | 34441335 | 2000000s | 10.00000s (infl Out| Al Sel| W Running
7o lked
285 os_idle_d
Active Tasks SyStemlEvantV\ewer] |dle
System service usage phased g | o e e e
folive Avaiatle phaseB [ L e
Tasks: |6 of 10 INNNRNNNNNNNNEEN phaseC | 1 1l I 1 1 1l I n 1 ] n
User Timers: |0 of |232 phaseD o e
clock e | | mm | | | | mw| | el ] e
Configuration led 1 1 [] n 1 [N
Timer nurm ber: |0 Round Fobin Timeout: | 26684372 msec ) = = ol
e Quse Fos ursar elta
Tick timer |53687450 msec . [Tirne: 1651030 = 0.000000 = 165.1030 = 0.00E05683 Hz
Stack size: 200 bytes Tasks with User-provided Stack: |0 1 5D.DIDDD 3 25D.DIDDD 3 350.0000 s
Stack overflow check [ | =

Detailed view of system status from pVision IDE
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uVision Configuration Wizard

= User-friendly way to adjust settings
= No need to search for relevant source code sections
= All useful parameters are instantly accessible
= Less risk of making mistakes
= Simple checking of selected values

Met_Config.c* l v X Met_Config.c* v X
00ss S/ <i> Default: 192 E‘
Expand All | Collapge Al | Help 0086 #define IP1 192
0087 L
Option Value % ooge coxAddress byte 2 <0-255>
+- System Definitions ooga AS wix Default: 165
—|- Ethernet Metwark, Interface [+ 0030 #define IPZ 165
+- MAC Address 0031
SR Address 1 gggé i;’ <§->ﬂddress byte 3 <0-255>
<ix Default: O
Address byte 1 192 > 0094 #define TIP3 g
Address byte 2 168 0095 -
Address byte 3 0 0096 <orAddress byte 4 <0-255>
Address byts 4 00a7 s <i> Default: 100
+- Subnet mask, % Default: 100 0098 #Hdefine IF4 za
+- Defaulk Gateway ht 0033
oo S/ </ f
1 3
Text Editor Configuration Wizard rn'r Text Editor r'{. Canfiguration Wizard r"r
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RL-TCPnet
TCP/IP Networking Suite

RL-ARM
Real-Time Library

RTX RTOS Source Code

TCPnet Networking Suite i 3

Flash File System

USB Device Interface

CAN Interface
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TCPnet Networking Suite

= Add network support to your projects quickly and easily
= Libraries support common network protocols
= Supplied with templates and examples ready to port to any target
= Take advantage of standard networking applications
@

\../?; A Q o @

Email, Modem, Remote Access, Serial, SLIP Web interface,
SMTP PPP Telnet HTTP

TCPnet Networking Suite

HTTP Server Telnet Server SMTP Server

ARP, CGl Scripting FTP Server DNS Resolver
IEEE 802.xx network

Ethernet Modem UART Debug UART

g SIKEIL




Example — using Network Devices

= Control LEDs from a remote PC or another board

= Example implementations of TCP and UDP

PC running LED
Switch Utility

LAN

' Ethernet Switch

Evaluation Boards with LED Switch Client

4

e LEDswitch [ ][01[[X]

Pratacal Transfer part
+ TCP 1001
" UDP
Board IP
|1:32.1 £2.2.110
P2
15 Bits 8
00 T rr

LEDSwitch Utility
C++ PC application with
source code



Example —using a HTTP Server

" Access the board from a browser N
= Control LEDs & LCD

assssssssananss

= View board status, switches, & inputs

= TCPnet includes a HTTP server
= Typically used to host websites
= Also provides a web-style interface
to your application

= C interface to CGI scripts

Ele  [dt Wew Moy [odmaks Lok M
| LED Control (%]

Embedded Development Tools ]>Z| ISMEGLE

/% Parse all returned parameters. */
dat = http get_wvar (dat, wvar, 40); Control LEDs on the board

if (var[O] '= 0O} { T e bty b ph g o o
/* Parameter found, returned string is non 0-length. */ This Form uses 3 POST mothad 1o sand data to 3 Wob sarver.
if [st.r_sc:ump (var, "ledO=on"™) == _TRTJE] { S— Item - _ Setling
PZ |= 0Ox01; » LED diode parts [7..0]: 07 @6 E5 B4 030201 0o
i » All LED diodes On or OFF [Con J[orr ]

else if (str scomp (var, "ledl=on") ==  TRUE)} {
P2 |= 0Ox02;

Conyright © 2004-2000 KLIL - An ARM Comaany All ights reervad.

i D|KEIL




Using TCPnet to enable Ethernet

= Two items must be added to the project
= Both supplied with RL-ARM

Project * o X Project * o X Project v 0 X

--524 5TM3210D --524 5TM3210D 1 Tall = 4 5TM3210D ~
+-(77] HTTP Files +-(77] HTTP Files lerary Contalnlng TCP +-{77 HTTP Files
+-{27 Source Files +-{27 Source Files H +-{77] Source Files
o Confounetn Fles e stack and hardware drivers R confioustion Fles
-5 Library / == Library + Met_Config.c
TCP_CHM3.lib TCP_CM3.lib T..] Met_Debug.c
TCPD_CM3.lib TCPD_CM3.lib ) ) . RT%_Config.c
+-[£] ETH_STM32x.c SMEAIETH STMG2x.c CO nf| g uration settin g S fo r Startup.s
+ systerm_stm32CL0.c + systerm_stm32CL0.c Startup_RTx.5 L
+-{77 Documentation +-{77 Documentation netWO rk com po ne ntS i g :E:ir:'ﬂnhﬁm v
]EProjectl@Books | {}Funct...lll.,TempI...| ]EProjectl@Books | {}Funct...lll.,TempI...| ]IE'PFOJEC'I'@BOOKS | {}Funct...lll.,Templ...|

= Ethernet can be enabled and parameters selected graphically

Net_Config.c*

Expand &l | Colapse Al | Heip Check-boxes enable desired

/
ot V/ network components
+| Systemn Definitions
- Ehr::rnr::t Metwork Interface v

+-MaC Address

- IP Address

kdress byts 1 52 Configurable options instantly

ddress byte - - . . .
et - ) accessible via configuration wizard
Address byte 4 1

+- Subnet mask

+- Default Gateway

+|- Primary DNS Server

+- Secondary DNS Server
+- BRP Definitions

Text Editor )\‘Eonﬁguration Wizard fn'r

|<
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TCPnet built-in Debug Support

= TCPnet provides optional debug information

View network activity via log
files or terminal window

g

“-.____..~..~....

. Initial check OK, proceeding...

DHCP: Client state REQUESTING
DHCP: Received DHCP_ACK message
DHCP: IP Address 0 10.1.201.40
DHCP: T1 timeout : 302400 sec
DHCP: T2 timeout 1 929200 sec
DHCP: Lease time © 604800 sec
DHCP: Net Mask D 299.299.255.0
DHCP: Default Gateway: 108.1.201.1
DHCP: Prim.DNS Server: 10.1.2.23
DHCP: Sec. DHS Server: 10.1.2.24
DHCP: Next state BOUND

—

< |

Met_Debug.c - X
Expand &ll | Collapze Al Help Contr0| the debug Ievel
— for each network component
pion Yalue
—|- TCPnet Debug Definitions [v
Memary Management Debug Errors only
Ethernet Debug Errors only
PRP Debug off
SLIP Debug OFf
ARP Debug Errors only
IP Debug Errors only : . =
S
IiaMP Debug Errors only . - =
UCP Debug Errors only DD:'CP Rg D ﬂd HCP OFFER
b Il deb . Receive _ message =
i . b il 1L
. Server Identif.: 1. .
DHCP Debug h DHCP:Sending BCast DHCP_REQUEST. ..
DS Debug Errars anly DHCP: MNext state REQUESTING
Application Debug Errors only DHCP : #== Processing DHCP_frame =
DHCP ERR:4rong KID, dumping packet
Texk Editor )\Eunﬁguratinn Wizard l.l'r BHEE iy Processmg DHCP frame s

Connected 00:00:33 Auko detect 115200 8-M-1 UM




TCPnet Performance

UDP TCP
Packet size Packets / sec kByte / sec Packets / sec kByte / sec
10 19,790 176 7,540 74
200 21,370 4,164 6,450 1,272
400 17,490 6,820 5,600 2,202
600 14,230 8,330 4,730 2,782
800 11,950 9,360 4,210 3,300
1000 10,370 10,090 3,736 3,652
1200 9,120 10,670 3,322 3,894
1400 8,140 11,130 3,082 4,215

Examples shown using Cortex M3 device at 96MHz, 100 Mbps full duplex
Using CMSIS compatible Ethernet drivers
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TCPnet footprint — 5 sockets enabled

Demo Example
HTTP Server (without RTX Kernel)

Total ROM Size

41,984 Bytes

Total RAM Size

20,112 Bytes

HTTP Server (with RTX Kernel)

45,240 Bytes

21,776 Bytes

Telnet Server

22,312 Bytes

20,112 Bytes

TFTP Server

34,996 Bytes

24,320 Bytes

SMTP Client

16,736 Bytes

19,600 Bytes

LED Switch Server

11,220 Bytes

19,568 Bytes

LED Switch Client

15,328 Bytes

19,576 Bytes

DNS Resolver

15,328 Bytes

19,776 Bytes

= HTTP Server: Web Server supporting dynamic Web pages and CGI Scripting

= Telnet Server: with command line interface, authorization etc

= TFTP Server: for uploading files (for example Web pages to a Web Server)

= SMTP Client: for sending automated emails

= LED Switch Server and Client: shows basic TCP/IP and UDP communication

= DNS Resolver: used to resolve IP address from the host name

= Further TCP sockets require an approximate 2kB additional space
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RL-Flash

Flash File System

RL-ARM
Real-Time Library

RTX RTOS Source Code
TCPnet Networking Suite
Flash File System

USB Device Interface
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Flash File System (RL-Flash)

= Enables industry-standard file system compatibility
= Accessed via standard 1/O function calls

= Two file system implementations provided
= Small & fast file system for internal RAM and ROM
= FAT32/16/12 for external storage — SPI Flash & SD/MMC cards

Directory of Cintmp

27/85,2087 @8:52 <DIR> -

27/85,20807 @A8:52 <DIR> .-

27/85,2082 B8:52 14 LONGFI™1.THXT Long Filename.txt
1 File{s> 14 bytes
2 Dir{s> 143.698.612,.224 hytes free

\ 8.3 and long filenames,
SD/MMC royalty-free option available

ROM/RAM,
data access storage

Flash File System

\\\} Standard C File I/O Functions

Q/M File Table | Flash Driver | FAT32/16/12

Sub-directories,
folder support

L DKEL

ROM RAM Flash ROM SD/MMC




RL-Flash Example

= Standard file I/0 with SD Card
= Command line interface
= |nterfaces with UART or RTX

o
USH =
)

& 5TM3210D - HyperTerminal

-

File Edit Wew Call Transfer Help .
- e [HIKEIL  ULINK 7o |
b= S =0 B a B
b

+-— +

| 3D/MMC Card File Manipulation example | & STM3210D - HyperTerminal

+ command —-—-—--————-——-— + function ——-—----————————— - + File Edit Yew Cal Transfer Help

| CAP fnamwe [/L] | maptures serial data to a file | NS 5 DB

| | [f& option appends data to a £ile] | —

| FILL frnsme [nnnn] | create @ f£ile f£illed with text | ) b |

| | [nnon - number of lines, default=1000] | Crod> dir

| T¥I'E fnoanc | dioplayo thce contcnt of o toxt filc | File b1

| REN frnamel fhnamez | renames a file to ' fnamel' | Mi ;(Tystem lrectory... 1.000.014 01.11.2006 12:00

. . . . R ; , ) - . . .11, :

| COPY fin [finZ] four | C:DIIJlE.S ? f11|='T fin' tao Ifqutlz fllnle _ . | M2 . TXT > 000.028 01.11.2006 1z:00

' | ['finz' option merges 'fin' and 'finz'] | M4.TET 4.000.056 01.11.2006 12:00

| DEL fname | deletes a file | Ma.TET §.000.112  01.11.2006 12:00

| DIR [mask] | dizplays a list of filez in the directory | M1i6.TET 16.000.224 01.11.2006 12:00

| FORMAT [lshel] | formats Flash Memory Card | Miz.TET 32.000.448 ©01.11.2006 12:00

| HELF or 72 | displays this help | Med. TET £4.000.896 01.11.2006 12:00

it s + 7 Fileia) 127.001.778 hytes

S963.469.568 hbytes free.
Crodl >
Crocl-
v
< | >

Disconnecked Auto detect 115200 8-N-1 Disconnected Autodetect | 115200 8-N-1

2]
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RL-Flash Performance

Device CPU Core CPU Card Interface
[MHZz]
MCBSTM32 ST STM32 Cortex-M3 72 SPI at 18MHz 711.1 758.1
Luminary
LM3S8962 LM3S8962 Cortex-M3 50 SPIl at 12.5MHz 537.8 607.6
Luminary
LM3S6965 LM3S6965 Cortex-M3 50 SPIl at 12.5MHz 539.2 603.6
Luminary
LM3S3768 LM3S3768 Cortex-M3 50 SPI at 12.5MHz 539.5 603.8
AT91SAMOG Atmel
50-EK AT91SAMIG20 ARM9 99 SD4 at 25MHz 4,083.8 5,403.7
MCB2400 NXP LPC2468 ARM7 48 SD4 at 24MHz 4.084.3 b5,525.9
MCB2300 NXP LPC2368 ARM7 48 SD4 at 24MHz 3,946.3 5,330.6
MCB2140 NXP LPC2148 ARM7 60 SPI at 7.5MHz 299.4 313.4
MCBSTR9 ST STR912 ARM9 48 SPI at 12MHz 355.2 357.1
MCBSTR750 ST STR750 ARM7 60 SPIl at 15MHz 402.2 416.1

Figures shown were achieved working with 4MB of data in 4KB blocks

DIKEILL
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RL-USB

USB Device Interface

RL-ARM

Real-Time Library

RTX RTOS Source Code
TCPnet Networking Suite
Flash File System

USB Device Interface
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USB Device Interface (RL-USB)

= Offers plug-and-play compatibility for your design
= Enables interfaces for standard USB device classes
= Uses native drivers provided for Windows 2000/XP/Vista

Human Audio, Mass storage, Commes devices,
interface entertainment & drives, cameras... telephone modems...
devices communications

USB Device Driver

HID Device MSD Device Audio Device

USB Core

USB Hardware Layer

")




RL-USB Configuration

= Device configuration settings are easy to access
= User must select the appropriate settings for their device

= Start with a standard USB template

= Adjust USB Core Parameters A M
= Update the Device Descriptors Erpandl | _Colapse o |
= Extend the USB Event Handlers S o ot o -
IISE Power Bus-powered
= Composite devices et
= Single device with multiple functions e e BBytes
= e.g. keyboard with mousepad e Ejaifﬁﬂff -
= Configure each function in turn i
= |Implement USB Class Code i - 3
= Add USB Class Code from e Configuration Wiserd / §
the related USB Template
= Re-assign USB Event Handlers USB Configuration using the

KVision Configuration Wizard

2]
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RL-USB Example — HID Template

= Human Interface Device
= Connects to PC without driver Device:[Keil MCBS RS HID =
= LEDs controlled from PC application ity
= Switches reported to PC application

== HID Client 3

Hurnan Interface Device

HID Client Application
supplied with source code

= Example USB templates include:

uSB -

Audio, PC speaker @1/

Storage, memory stick

CDC, virtual COM port
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RL-CAN
CAN Interface

RL-ARM
Real-Time Library

RTX RTOS Source Code
TCPnet Networking Suite
Flash File System

USB Device Interface
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CAN Interface (RL-CAN)

= Generic CAN driver with hardware adaptations
= |nterrupt-driven hardware layer
= Supports several ARM-based microcontrollers

= Common API for access to many CAN controllers
= |ncluding Atmel, NXP, ST, Luminary, Tl, and Toshiba

= |Implemented using RTX Kernel
Memory Pool
Message Passing

Configure Send,
and request and CAN Interface
initialize receive .
. Can Driver
devices messages

RTX Memory Pool RTX Messages
CAN Hardware Layer

4




RL-CAN Examples

= Hardware

= A/D Converter gets input voltage from Potentiometer
= |nput Voltage sent every second via CAN2
= Message received via CAN is shown on LEDs via CAN1

= Using pVision Simulation

= Script generates A/D input voltage
_ . Analog Input =% CAN TXx
= Messages received via CAN2 Voltage

CAN Communication

Incremental CAN Rec M LEDs

Mumber | Statesl # | 1D [Hex] | Dir | Len | Data [Hex] SC” pt

10 4B0M3333 2 021 #mt 1 58

11 490581119 1 021 Rec 1 (2

12 BOZ581120 1 021 Rec 1 03

13 B581121 1 021 Rec 1 04

14 B26581122 1 021 Rec 1 05

15 538581123 1 021 FRec 1 (6

18 0013308 2 031 wot 1 om Gal Purpose Input/Output (GPIO)

" el a1 O 31 Bits 2423  Bits 1615  Bis 8 7 _ Bits D
I im0 \0DIF: (MMM T 7T f T T T LT T T ITTrrrrTr
20 BEEEE1127 1 021 Rec 1 0OA IOSET: | 000000000 FrTT T T T T T T T T T T T I T T I IrTrrrrrr—
21 EJBEE1128 1 021 Rec 1 (B

22 EO0D13319 2 021 wmit 1 0 IOCLR: 000000000 T T IO T FIrrrrrr Frrrrrrr Frrrrrrr
" R i IOPIN: [OFFFFFFFF PRI PRRRRRE FRRRRRRR FRRRRRRR
- e G pe D E Fins: |IFFFFFFFF GV Vv MMMV MRVVeve Ve v v v
27 FE8581133 1 021 Rec 1 10

28 BEOM3333 2 021 Hmt 1 36 4

29 B70581134 1 021 Res 1 1 v

g SIKEIL




RL-CAN Virtual Simulation Registers

o uVi S i 0 n p rOVi d es VT R EG S Ax I anll—bit ar 29-hit identifier of the message currently

transferred. The 1D size is specified with the walues in the
CANOIN or CANOOUT YTREG. For short 11-hit identifiers only

[ A”OWS Control Of Communicatlon the 11 LSB bits are used of this ¥TREG.

CaNKL The data length of the CaAM message. Yalid values for CANOL
are 0...8.
(CAN y I2C, SSP, S P I) CANxBO The data bytes of the CAN message. 8 data bytes are
L CANRBT implemented to access the individual message bytes of the

current object.
< CANRIN ) Is set by the user or within debug functions to simulate

incoming messages, The following values are possible:

u CAN I/O Can be Slmulated and - %Zﬁiilf[:]er:, 1 receive the current message using a 11-bit

» CANxIM = 2 receive the current message using a 29-hit

scripted using these registers

» CANxIM = 3 request a remote frame from the application
program with matching 11-bit identifier.

» CANRIN = 4 request a remote frame from the application
program with matching 29-bit identifier.

= CAMNxIM = 0=FF simulate BUSCFF mode of the CAN
controller. CAN®IN is set to O by the simulator when the
message has be processed by the pWision3 simulator,

< CANXOUT ) Is set by the simulator when transmitting a message by the
application program. The following walues are possible:
B CANROUT = 1 transmit the current message using a 11-hit
identifier,

m CANxOUT = 2 transmit the current message using a 29-hit
identifier,

» CANxOUT = 3 request a remote frame with matching 11-bit
identifier from the user or debug function.

» CANXOUT = 4 request a remote frame with matching 29-bit
identifier from the user or debug function.

CANXTIMIMG  allows you to set a performance factor that controls the
simulated communication timing within pYision3, This
perfarmance factor simulates a busy CAN network, With a
perfarmance factor of 0 an CAN network with infinite
baudrate is simulated, With a factor of 1 the CAN messages
are transferred in real-time taking care of the current
selected communication baudrate. A factor of 2 simulates the
performance that is identical to 50% of the communication
baudrate. CANXTIMING is a floating point walue that can be
between 0 ., 1000,

- 7 >IKEIL




uVision Debug & Signal Functions

= Users can define and generate input functions as
stimuli to simulation models

FUNC void SendCANmessage (void) {

. CANOID = 0x4500;// message ID = 0x4500
= Scripts for CAN Input CANOL = 2;  // message length 2 bytes
CANOBO = 0x12; // message data byte O
and Output Messages CANOBI = 0x34: // message data byte 1
CANOIN = 2; // send message with 29-bit ID
}
] S|gna| Functions FUNC void Print_CANmessage (void) {

switch (CANOOUT) {
case 1: printf('"\nSend 11-bit 1D=%X", CANAID) ;

break;
= Automated Message case 2: printf("\nSend 29-bit ID=%X", CANAID);
. break;
PrOceSS|ng case 3: printf('"\nRequest 11-bit ID=%X", CANAID);
return;
case 4: printf('"\nRequest 29-bit ID=%08X",
. . CANAID); return;
= Periodic CAN Messages 3

printf('"\nMessage Length %d, Data: ", CANOL);
printf(""%X .. %X, CANOBO, .., CANOB7);




RTX Real-Time Kernel

MDK-ARM RL-ARM

Microcontroller Development Kit Real-Time Library

ARM C/C++ Compiler RTX RTOS Source Code

RTXRTOS Kemel Library TCPnet Networking Suite

pVision

Device Database & IDE Flash File System

pVision
Debugger & Analysis Tools

Examples and Templates
Examples and Tem plates

Complete Device Simulation




Software Concepts for ARM

= Embedded applications typically have two design concepts
= ‘main’ as Infinite Loop

= Each task called from main loop
= |nterrupts perform time-critical jobs
= Stack usage un-predictable

= User manages task interactions

= Using a Real-Time Kernel
= Allows application to be separated into independent tasks
= Message passing eliminates critical memory buffers
= Each task has its own stack area

= |[nterrupt communication with event flags and messages

r) >KEIL



Why use a Real-Time Kernel?

= Structured framework for embedded applications
= Hardware interface layer
= Easy expansion of system software
= Hardware independent

= Housekeeping
= Process scheduling
= CPU resource management
= Task communication

= Focus on Application Development
= |eave basic system management to the RTOS kernel

= Avoid re-writing resource management code that already exists
= Reduce porting and testing overheads

Embedded System

Application Software

Hardware Driver

Real-Time Kernel

Hardware

g SIKEIL




What makes a Good RTOS?

= Performance
= Predictable behaviour
= Low latency
= High number of interrupt levels

= Ease of Use
= Flexible API and implementation

= Tool-chain integration
= Scheduling options

= System Friendly
= Consumes small amount of system resource
= Proven kernel
= | ow cost

4




Real-Time?

= Real-Time does not simply mean High Speed
= Not all tasks are ‘Most Urgent’
= Tasks need to complete before deadline and other tasks
= Real-Time OS not to be confused with high-speed requirements

= Real-Time, not mission critical
= Varying levels of Real-Time
= RTOS not confined to critical systems
= Deterministic behaviour is often most important
= A Real-Time OS is a framework

= RTOS provides good multitasking environment
= Reliable and scalable management of housekeeping tasks




RTX Real-Time Kernel

= Full-featured Real-Time kernel designed to meet the
challenges of Embedded System Design

= Process Management RTX Kernel
= Create and delete tasks \
T N Mailbox /
= Change task priorities Memory . /" Delay& %
Pool Interval
= Eventflag mapagement Mutex - Scheduler ~Event&
= |nterrupt functions Semaphore
= CPU resources
= Multi-Tasking = Inter-task Communication
= Pre-emptive context switching = Mailbox management
= Scheduling = [nterface to interrupt functions
= Semaphore management = Memory Allocation
= Real-Time Control = Thread-safe (usage even in ISR)

= Deterministic behaviour

"}




RTX Real-Time Kernel

= Full-featured real-time kernel for embedded systems

= Process Management
= Create and delete tasks, change task priorities
= Manage event flag and CPU resources

= Multi-Tasking
= Pre-emptive context switching, scheduling, and semaphores

= Real-Time Control

RTX Kernel
= Deterministic behaviour o
] . = Memory \\ Mailbox //Delay s o
= [nter-task communication ~_Pool Interval
Mutex . " Event &
= Mailbox management Seheduler Semaphore

= Interface to interrupt functions

= Memory allocation
= Thread-safe (usage even in ISR)

g SIKEIL




RTX Specifications

= Provides all real-time kernel requirements
= Multi-Tasking — Round Robin, Pre-emptive, Cooperative
= Unlimited — User Timers, Semaphores and Mailboxes
= Royalty free

Task Specifications Memory Requirements Bytes

Priority Levels 256 CODE Space 1.5K — 5K

] .. (depending on used functionality)
No. of Tasks Defined Unlimited
RAM Space < 500

No. of Tasks Active 256 (each active task requires its own
Context Switch < 300 Cycles stack space)
Interrupt Latency < 100 Cycles




RTX Performance

Task Specifications ARM7TDMI Cortex-M3
CPU Clock Speed 60MHz 72MHz
Initialize system, start task 46.2uS 22.1uS
Create defined task, (no task switch) 17.0uS 8.1uS
Create defined task, (with task switch) 19.1uS 9.3uS
Delete Task 9.3uS 4.8uS
Task Switch 6.6uS 3.9uS
Set event (nho task switch) 2.4uS 1.9uS
Send semaphore 1.7uS 1.6uS
Send message 4.5uS 2.5uS
Max Interrupt lockout for IRQ ISR’s 3.1uS n/a




Enabling RTX in MDK

-ARM

S| C:\Keil\MARM\RL\RTX\Examp les\Meas ure\example.c

Infinite while loop in main() is

an T o
J12-lint wain (veid) | /* program exec. starts here 74 =
33 initialise(); FER TR 3
4 while (1) s A* loop forever &7
e L task = ¢et_response (s
316 switch (task){
37 case 'M': measure_task():
38 break:
N3
320 case 'S': save measurement n =ittt
321 break; - 312[-int ma void) | St ox
. 33 L 05_sys_init_prio (init_task, 50); A4
é 34
il
B e o
Ny

replaced by an OS initialisation call

Core application duties are defined
as RTOS tasks

Graphical configuration of RTOS
settings

init_task

get_escape

B C:KeiMARMARLARTX\ExamplesIMe: sure\RTX_Config.c

Collapse Al | Help |
\

MNumber of tasks with user-provided stack

Option | Yalue
[=I- Task Definitions

< Number of concuprent Funning tasks

3

clock task (void):
command task

measure_task (void):
interval task

(- [E]X]

(void) ;

(roid) ;
(void) ;

(roid) ;

init_task (void):
clock _task (woid):
get_escape (void);

Save currd

Default: &

Check for the stack overflow

2]
1
Task stack size [bykes] jDefine max. number of tazks that vill rur at the same tine.
!
o

‘- Number of user timers

[=]- System Timer Configuration
RTX Kernel timer

|Project Woarkspace .
EE Simulatar
[“_‘| Main Files
Ea Configuration Files

- Timer clock value [He]
L Timer tick walue [us]
- Round-Rabin Task switching

P Rimimd Fmkie Tinsmmok Thieles1

: tartup.s
(-7 Documentation

Text Edtar A Configuration Wizard

068 | _ task void command task (rvoid):

065 |  task void measure_task (void]:

070 | _ task void interval task (void):

071

0F2 | e

073 * Save current measurements Iin ¢
g
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Kernel Aware Debugging

= RTX and pVision are tightly integrated
= Kernel status information is easily visible

Advanced RTX

Active Tazks l S_I,Igteml

TID | Tazk Mame Frionty | State Drelay
0 os_clock_demon 285 wWalT_ITY 1
2 clock 1 RUNMING
3 command 1 READY
4 lights 1 WalT_DLY i
5  keyread 1 WAIT_DLY 5
258 og_idle_demon I} READY

= Tasks and Event analysis

= Resource Loading

|

EwventWalue | Event Mask | Stack Load
RTX Kernel

Aclive Tasks] System  Event Vigwer ]

tdin Time: b & Time: Fange: Grid: Zoom;
0000626s | 344.4193s | 2000000s |10.00000s [fF M ﬂ ﬂp Funning
Idle
prased | AWK
phaseB om0
phaseC { | | 0 | 10 )AL
DhaSEDI...l...I....I...I...I....I...I...I....I...I...I...
C|DCkl - | - | | - |} - L] - |

fed '%" ....... P R R A

| -~

Maouse Pos Cursar Delta
Time: 1651030 5 0.000000 & 165.1030 & = 0.00605683 Hz
| rrrr e [ e n e
150.0000 ¢ 250.0000 ¢ 350.0000 s

B




RTX Event Viewer

= Displays task switching and events of a running RTX system
= Available on running Cortex-Mx devices or using pVision simulation

M RTX Kernel

Active Tasks] Spstern  EventViewer l

kirn Timne: b ax Time: R ange: Gnd:

0664510 ns | 1947367 =

£ oo

B000000s 02500005 [In] cu| &1 Sel| ¥ Running

it
phazed,
phaszeB I 1

l=d

phazeC I ' T
phazel I

clock, Il I I

| Time:

kouze Poz

Cursar
301001 = 3013363 =

Delta
-3.262019 ms = J06.559 He

I T T T
2.000000 =

|

2013363 3

O A A A
4.500000 =

7.000000 5
&

(]

"




RTX Examples

= Traffic Light
= LEDs are timed or controlled by push button

= Uses interrupt control, event management, and multitasking
capabilities of RTX Kernel

= UART #1 FE®

B C:Keil2MARMRLARTX\Exam ples\Traffic\RTX_Config.c

+*%%% TEAFFIC LIGHT COMNTROLLER using EWCT and RTX kernel xExx4
| This program is a simple Traffic Eight Controller. Betwesen | M M w
| start time and end time the system controls a traffic light | Option Wallie
| with pedestrian self-service. Outside of this time rangs | = Task Definitons
| the yellow caution lamp is blinking. | Mumber of concurrent running tasks &
+ Egmm?nd -t e ee—— < — Murmber of tasks with user-provided stack 1
I Tirsnz e I Tack stack size [bytes] ’2_00

. Check for the stack overflow v
I Eﬁgrt I Aoctive Tasks l System l Event Viewer Murmber of user timers 0
S +- TID | Task Mame Priority | State Delay | Ewent'Yalus | EwentMask | Stack Load m Timer Configuration _
Command: d 0 os_clock_demon 5 WATITY 1 0% RTX Kerel timer number Timer 1
Start Time: Ol | 1 g9etescape 1 wWAIT_OR 00000 0011 0 E2% Timer clack value [Hz] 12000000
Clock Time: 1 2 clock 1 WAIT_ITY 43 0% Timer tick value [us] 10000

3 command 1 Wl T_OR (0000 00003 13% + Round-Robin Task switching [v

4 lights 1 WA T_DLY 24 443

5 keyread 1 Wl T_DLY 4 40%

285 oz_idle_deman 0 RUMMING 0%
Text Editar )\Ennﬁguratiun Wizard /




RTX Examples

= CAN Example using RTX

= Mailbox and event handling
= CAN Send (Tx) - shows automatic data handling capabilities

= CAN Rec — message checking with instant message receipt
— task wait and return
— almost impossible without Real-Time Kernel

Analog Input = CAN Tx

MNumber | States| # | 1D [Hex) | Dir | Len | Data [Hex) |

10 480013333 2 021 ¥mt 1 58 VOItage
11 430581119 1 021 Rec 1 02

12 502581120 1 021 Rec 1 03 |

13 514581121 1 021 Rec 1 04 ncrem ental — — 1
14 526581122 1 021 Rec 1 05 . CAN ReC L ED S
15 538551123 1 021 Rec 1 06 SCHpt
16 540013304 2 021 Wmit 128

17 SE0531124 1 021 Fec 1 07

18 5E2531125 1 021 Rec 1 08

19 574581126 1 021 Rec 1 09

20 586531127 1 021 Rec 1 04

21 538581128 1 021 Fec 1 OB

22 BOOO1 3319 2 021 ®mit 1 0B

23 B10581123 1 021 Fec 1 (OC

24 £22531130 1 021 Rec 1 0D

25 B34581131 1 021 Fec 1 IE

26 46531132 1 021 Rec 1 OF

2 BE9531133 1 021 Rec 1 10

28 BEOONT 3333 2 021 Wmit 1 36 L

23 70581134 1 021 Fec 1 M v

g SIKEIL




How does RL-ARM work for me?
= Develop robust and powerful applications fast
= The RTX kernel and sources, gives you all the

real-time applications that can be tailored to your system. ! l

resources you need to create and control multi-threaded,

= Ensure you only do what you have to

= RL-ARM enables USB, CAN, TCP/IP networking, and
file-system support. Use existing resources to ensure you
focus on the important parts of your application.

= Take advantage of the expertise of others

= RL-ARM is designed, tested, and optimized by
ARM engineers. Documentation and examples make it
easy to re-use the work done by our experts.




New Features coming to RL-ARM

= Next release — September 2009

l B—— Authentication Required ]
}1._,’} e Enter user name and password for http:/fkeil-m3-board
- User Neme: [ acmin |
f Password: | |
@ = Now!
RL-Flash FAT FS will User/admin access RTX Kernel
tolerate power-failures control for HTTP login
- ‘-‘“-_ ——
‘ % task A task B | task C
E g
FTP client and function 1 = function 2

host support

Library code

= 2010 Full thread-safe

implementation of all features

= New lightweight graphics library
= CMSIS compliant components
= Enhanced USB support — Host, Hub, & OTG

4 S1KEIL




Need More Help?

= Application Notes on www.keil.com/appnotes

= 192: Using TCP/IP Examples on ARM Powered Evaluation Boards
= 195: Developing HID USB Device Drivers For Embedded Systems

E? AppNote 192: Using TCP/IP Examples on ARM-powered Evaluation Boards

=
Hide Frint Options

Contents l Search] LS : ™ F
— Application Note 192: Using TCP/IP Examples on KE I L
- 23 TCR/P Basics ARM-powered Evaluation Boards
[E] Ethemet MAC Ad: An ARM® Company

[£] TCPAP Caonnectic
[E] IP Address Setup

B EasyWWEE Example Keil provides extensive TCP/IP examples for ARM-powered evaluation boards such as the Keil MCBSTRY, the Atmel
[£] LED Switch Server SAM7X, or the Phytec LPC229x Board. These evaluation boards offer a 10Base-T (RJ45) standard Ethernet interface
[E] LED Switch Client for fast data transmission in a local area network (LAN). This application note explains the usage of the Keil TCR/IP

) HTTP Server examples with evaluation boards.

Software that handles a TCP/IP or a UDP communication is a lot more complex than running a simple serial interface.
The chapter TCP/IP Basics explains the terms used and explains the TCP/IP connections and configuration possiblities.

The RealView Microcontroller Development Kit (MDK-ARM) comes with the popular EasyWEB example which
implements a small TCP/IP stack and a webserver. EasyWEB is an entry-level example that may be compiled with a
MDK-ARM evaluation version. EasyWeb handles the protocols ARP, ICMP, IP and TCP and is optimized for low resource
consumption, not for performance.

The RealView Real-Time Library (RTL-ARM) adds to MDK-ARM essential components for real-time applications such
as a full-featured RTOS Kernel including source code, TCP/IP networking support, Flash File System, and various
communication drivers. RTL-ARM includes a complete ground-up implementation of a fast and reliable TCP/IP
Netwaorking Suite (library) that can be fully configured and offers extensive debugging facilities.

RTL-ARM ships with the following TCP/IP example applications that help you to understand the performance of this
solution:

= LED Switch Server controls LED's using a TCP/IP connection (ethernet, SLIP, or PPP),

= LED Switch Client sends commands to the LEDSwitch Server,

= HTTP Server, a Web Server supporting dynamic Web pages and CGI Scripting,

» Telnet Server with command line interface, user authorization, etc.,

= TFTP Server for uploading Web pages to a Web Server,

= SMTP Client for sending automated emails,

= DNS Resolver used to resolve IP address from the Host name.

Dowvicinn Hictnrms
—_—

| 158
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Get More Information

= Customers use www.keil.com on a daily basis to obtain
= Program examples
= [atest technical information
= Application Notes
= Program Examples

3 Keil Embedded Development Tools for ARM7/ARM9/Cortex-M3, XC16x/C16x/ST10, 251, and BO51... \:
Fle Edit View Favorites Tocls Help
Address ‘@ht{p://www kel .com/

Embedded Development Tools

‘3 List of Chips Supported by Keil - Microsoft Internet Explorer
Ble Edt Mew Favoites Took Hep >

ageioess | @) ity fareve ke com/dd/ ~ EGo
= Device Database Y ice Database DIKEIL| |
= Support Knowledgebase pE— SIKEIL
= Discussion Forum = |

pitations. =
b 1. abucess. apucesn. apucaze
Threads 1-25 of 7,771 R [1. ADucges

36,358 Total Masiager
242 PrtedDar {Lait 30 Dars)

b AHNAFE, A oMl atie {sEBrRRImBLRn)
£all by vudue dags et wark
Rur sran)

imgaratinn and dailzacetsn of Oest inberma of chacastor
iearatinn and fisinteacetsen ol flost inteema. of tharactor
dinmbe AL ARAL BrRATMI

¥55
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Middleware

SEGGER
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D
SEGGER

Middleware
emWin
embOS
embOS/IP
emFile

emUSB

Licensing

9. Juni 2009

Slide 50

Middleware

Product overview

) emmbdrs /19 erver enamphe - Maslls Teedos
B (& Hew oy foolmads [ook twb
P -@ (8 s iman

SEGGER Microcontroller GmbH & Co. K

presents

embOS/IP Webserver demo

Ve

L) (K] oo

T 00 Doutsch gl . || e Tochvwkogy S Gotc- 1408, Prnaid... 1| Google

USB (emUSB)
Host + Device

File System
(emFile)

CompactFlash ™
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emUSB
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(4:1{clc]3:] Embedded Software Solutions

Any CPU, any LCD, any LCD
controller

Very fast drawing routines
Small footprint

Unicode font support

Font converter available
Touch screen support
Simulation included
Virtual display support
Multiple layer / multi display
support

Child windows

Customizable Widgets

e Alpha blending
e Support for transparent windows
e PNG, JPEG support

e VNC Server available

emWin - ImageFlow Demo

Start & End ~ Sew

L‘Start: 2. March 1993 |

(Enc:_29. January 1908 |

A
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(4:1{clc]3:] Embedded Software Solutions

Preemptive scheduling, Round-robin for tasks at same priority
Unlimited number of tasks

Zero interrupt latency time

Small footprint: ROM <3 kB, RAM <1kB (Kernel only, ARM7)
Very easy to use, No configuration needed

Start application and projects (BSPs) for an easy start.

Fully dynamic task creation / termination

Fast context switch (independent of number of tasks)

High resolution time measurement

High precision per task profiling

Real time kernel viewer (embOSView) included
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)
(4:1{clc]3:] Embedded Software Solutions

embOS”®
g with embO

Included with embQOS

Real-time profiling

i embOSYiew ¥3.10f
File “iew Setup Trace ‘Window 7

G Task list
Pria | Id | Mame | Status

| [ata | Timeout |

Stackl EF'LILu:uau:Il EDnte:-ctSwitchesl RoundR obin

120 40088 Maintask Delay A44436] 156 /1024 @ 400033 0.83% 2157 042
113 4M0OC4 TaskO[RR) Exec 116 /1024 @& 400433 32.92% 6551 242
113 40113C TaskZ[RR]  Ready 108 /1024 @ 400C33 33.09% 6233 242
113 401100 Taskl [RR]  Ready 108 /1024 @& 400333 J313% 6233 242

PU load ¥z time

Mame I W alue
0S_VERSION 3.10)
CPU ARMFTDMIALR
LibMode AFSLSF
05_Time 44384
05S_MNumT azks 4
05_Status 0.k,
05_péctveT ask 401100
05S_pCurrentT azk 401100
SysStack 152 /508 & 401260
IntSkack, 80 / 504 = 401460
TraceB uffer 0/0 [0Ff
o Terminal

Maintask: Everthing Ok, |

Lib-Mode; A75LSP
R.AM size:

TCE 060
RSerma: 005
CSema: 002

ME 020

Timer: 020

=]

=

Biytes: 17320 / 31363 Packets: 1280 /1516

38400 baud on COM 1 i
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embQS/IP

TTTTL] Embedded Software Solutions TCP/IP stack for embOS

Standard sockets interface e Non-blocking versions of all

High performance functions

. e Connections limi nl
Small footprint . ections ted only by
available memory
No configuration required . .
g q e Optional drivers for the most
Zero data copy for ultra fast common devices are available

performance e Support for driver side (hardware)

checksum computation

DNSc, TELNETs, DHCP

Optional: HTTP, FTP, SMTPc

Ethernet (IEEE 802.3)
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(4:1{clc]3:] Embedded Software Solutions

Journaling File system for FAT

Fail safe driver

Very small footprint, starting at 8KB
ROM / 1,6 KB RAM for a system
using RAM disk driver

Ready to use device drivers for:
Media Cards (CF, SD, MMC), IDE and
NOR/NAND flash

Ready to use sample projects
Highly configurable

Complete source code included
Any CPU can be used

Portable OS support

e Check Disk function

e FAT 12, FAT 16 and FAT 32 support

‘ WWW.segger.com E ¢

www.segger.com

SD

www.segger.com

CompactFlash™
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b/m Embedded Software Solutlons em U S B h OSt Sta C k

Middleware Control, bulk and interrupt transfers

emWin e Currently supported classes:

embOS MSD, HID, printer
embOS/IP e USB-2.0-High-speed

emFile

e Runs out of the box
emUSB

e Easytouse

e  Small memory footprint

Licensing
e extended error recovery

during device enumeration

e Hot plug and hot removal detection

e dynamical attachment/removal of a
USB Host Controller Driver

9. Juni 2009

Slide 56




bg

(ST Embedded Software Solutlons = 5 NC 5
Application
class | |5 ©
o -
g D D

USB Bus Driver API

USB Host Controller Driver
Hardware-specific

Hardware Abstraction Layer

Real-time Operating System

9109 1SOH gSNwsa

USB Host Controller
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(4:1{clc]3:] Embedded Software Solutions

emUSB device stack

available
MSD Component available

MSD-CDROM support

MSD supports any type of storage

incl. NAND
CDC component available

HID component available

Bulk communication component
with Windows kernel mode driver

Supports USB 1.1/2.0 devices
e |ISO/ANSI C source code
e Full/High speed support

e Target drivers for most popular USB
devices

e Start/test applications supplied

e No royalties

USB class drivers

MSD CDC HID

emUSB core

emUSB target driver
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Micripm

HC/OS-II
Embedded RTOS
uC/0S-MMU
uC/OS-MPU

HC/OS-11I
Embedded RTOS
Unlimited objects
Preemptive and Round-Robin Scheduling

HC/TCP-IP
Embedded TCP/IP v4 stack

DHCPc, DNSc, FTP, HTTPs, POP3c, SMTPc,
SNTPc,

TELNETSs, Shell

HC/USB-Host
HID, CDC, MSD, Audio, Printer Classes
OHCI, EHCI, UHCI

HC/USB-Device

Bulk-device stack

HID, MSD, CDROM Classes
HC/USB-OTG

HC/Bluetooth
SPP, RFCOMM, L2CAP and HCI layers

HC/CAN
CAN Framework
HC/CANopen I (Small Sensor Slave)

pC/Modbus
Master and/or Slave, RS-232C or RS-485
ASCII and/or RTU

HC/GUI
Embedded Graphical User Interface

HC/FS
Embedded File System
FAT32, Long Filenames
Many media drivers

pC/BuildingBlocks
Software time-of-day clock (LC/CLK)
Character-based LCD (uC/LCD)
Shell (uC/Shell)
CRC Calculation (UC/CRC)

HC/Probe
Run-time data monitor
Any CPU (8-, 16-, 32-, 64-bit or DSP)
Any compiler/linker (ELF or IEEE695)
Any interface (RS-232C, TCP/IP, USB, etc.)
With or without an RTOS



- A puC/0S-Il
MICI'I|.Im ° The Real-Time Kernel

Preemptive Multitasking
Supports up to 255 tasks and 255 priorities

Written in ANSI C

Highly portable
Ported to over 45 different CPU architectures

Scalable and ROMable
5K to 20K bytes code, 1K to 3K bytes data

Provides standard ‘services’ to the application
Semaphores, Mutexes, Queues, Task, Time, etc.

High Performance

. . www.Micrium.com
© 2009, Micripm, All Rights Reserved



- A puC/0S-Il
MICI'I|.Im ° The Real-Time Kernel

Used in 1000s of products all over the world

Book describing internals et 1

tion

Adopted by 100s of Colleges & Universities

Supports most of the MISRA C rules

Third Party Certified
FAA - DO178B Level A
FDA - 510(k)

IEC - 61508

DO-178B SOFTWARE CERTIFICATION LEVELS

Software that could cause or contribute to the failure of the
system resulting in a catastrophic failure condition.

Saftware that could cause or contribute to the failure of the
system resulting in a hazardaus o severe failure conditian,

[Pl >cftware that could cause or contribute to the failure of the
system resulting in 3 majar failure condition.

Software that could cause or contribute to the failure of the
systemn resulting in = miner failure condition,

Software that could cause er contribute to the failure of the

Lever E ]
system resulting in no effect on the system.

. . www.Micrium.com
© 2009, Micripm, All Rights Reserved



- HC/O0S-MPU
Mlcrll.lm - Memory Protection Unit Extension

Task memory space protection
Protect on task from corrupting another task’s data

Existing pC/OS-1l applications can be adapted easily

Used for Safety Critical Systems
DO178B, 510(k) and IEC-61508 certifications in progress

r 2
00000h § E | MPU Context # 1
é o S Process #1 E?}Readonly
100h 4 2 -\'_ thread # 1 \
z —_— - [ | Read / write
200h Z T
_______ = = thread # 2 .
= =
B H
= =
= 1
=1 =1
= =
ZHZ (" MPU Context #1 |
= . 1
_______ = A
z [ Process #2
FO0Oh 4= [ thread#3
e
=
FFFFh [
API
Core 05 Process # 0
| HARDWARE

L . www.Micrium.com
© 2009, Micripm, All Rights Reserved



Micripm

The TCP/IP Layer Reference Model uoer
data
1 1
1 1
1 1
Telnet, FTP, TFTP, HTTP, : :
. . BOOTP, DHCP, SNMP 1 1
5-6-7. Application I I
Sockets API 1 1
\ 4 A 4
| User Data ~ App User
h (Messages or Streams) > Header data
/_ 1 1
1 1
4. Transport ( TCP, UDP ) v ¥
Transport Protocol TCcP Application data
Messages > Header
3. Network l«——— TCPSegment
HC/TCP-l P -< IP, ARP, ICMP
\ 4 \ 4
1P TCP Application data
IP Datagrams
> Header Header
i IP Datagram
. —————— —_—
2. Data Link ( Ethernet, PPP,SLIP ) g
v v
Network-Specific Ethernet P TCP Application data Ethernet
rames Header Header Header Trailer
1. Device Drivers 14 20 20 4
. : : |<7 46 to 1500 bytes ~—————
Physical (hardware) ( AR DS )
L Ethernet Frame ;'
[ I
www.Micrium.com

© 2009, Micripm, All Rights Reserved



- A puC/TCP-IP
MICI’I'.Im ¢ The Embedded TCP/IP Stack

Clean room design
Based on RFCs
ANSI C
Use RTOS Services for performance guarantee

Application layer components:
DHCP (cienty, DNS (client),
FTP (lient and server), TFTP (client and server)
HTTP web server), SMTP lienty, POP3 (client),
SNTP (ciienyy, Telnet servery, Shell, Clock
More to come

L . www.Micrium.com
© 2009, Micripm, All Rights Reserved



- A puC/TCP-IP
MICI’I'.Im ¢ The Embedded TCP/IP Stack

Easy to Port:
Works with any RTOS (but needs an RTOS)
Works with most 32 bit CPUs
Works with any NIC
Free drivers
Small Footprint (Scalable: 75 to 120 Kbytes)
Efficient:
Critical sections kept to a minimum
Zero copy

Small and Large packet buffers
Efficient use of memory
Small and Large buffer size adjustable at compile time

© 2009, Micripm, All Rights Reserved

www.Micrium.com



END
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