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Keil Development Tools for ARMKeil Development Tools for ARM

µVision3 Editor 
Project Management & Make Utility

µVision3 Editor 
Project Management & Make Utility

LibrariesLibraries

µVision3 DebuggerµVision3 Debugger

C CompilerC Compiler Macro AssemblerMacro Assembler

CPU & Peripheral
Simulation

CPU & Peripheral
Simulation

Keil ULINK
JTAG Adapter

Keil ULINK
JTAG Adapter

Linker / LocatorLinker / Locator

Integrated Development  Environment

Advanced RTX
Real-Time 

Operating System

Real-Time KernelReal-Time Kernel

TCP/IP Network Suite
TCP, UDP, PPP, and SLIP Interface

HTTP Server with CGI Scripting
Telnet Server, TFTP Server
SMTP Client, DNS Resolver

TCP/IP Network Suite
TCP, UDP, PPP, and SLIP Interface

HTTP Server with CGI Scripting
Telnet Server, TFTP Server
SMTP Client, DNS Resolver

Flash File SystemFlash File System

USB Device InterfaceUSB Device Interface

CAN InterfaceCAN Interface

Third Party 
Utilities

Software Version
Control System

Software Version
Control System

PC-LINT
intensive syntax check

with MISRA support

PC-LINT
intensive syntax check

with MISRA support

I-Logix Rhapsody
UML 2.0

I-Logix Rhapsody
UML 2.0

CAN Connector
for Device Simulation

CAN Connector
for Device Simulation

GUI Library 
with Display Simulation

GUI Library 
with Display Simulation

MATLAB/Simulink
Simulation Interface

MATLAB/Simulink
Simulation Interface



Software Design FlowSoftware Design Flow

µVision  IDE
Editor + 

Project Management

generate software:
source file *.c
header file *.h 
assembler code *.s

Compiler, Assembler, 
Linker, Locator

µVision Debugger
Simulator

Simulation: Software Test without Hardware
for detailed verification of Algorithms

ARM Target
User Hardware
or Eval Board

USB

JTAG

µVision Debugger
JTAG via ULINK

Flash Download
+ Debugging

JTAG Interface: Flash Programming
& Software/Hardware Integration Test



Simulation & JTAG DebuggingSimulation & JTAG Debugging
Simulation allows software testing with no hardware. Simulation provides quick test 
cycles, improves product quality, and enables reproducible regression tests.

Testing of situations that stop or 
even destroy real hardware is 
possible via simulation.

Embedded ICE not available in 
power down / idle mode

Power down and Idle mode fully 
simulated

Power down
Idle Mode

Simulation is 4 - 10 times slower 
than a high-speed ARM device, 
but timing accurate.

JTAG Debugging runs
real-time at full CPU speed.

Simulation is timing accurate and 
in correct relation to peripherals

Real-Time 
Debugging

Simulation for verification of 
specifications; JTAG debugging 
for real-world testing

Input signals provided by 
hardware and external test 
equipment

Input signal generation with script 
language; synchronized with 
program execution (single stepping)

Input Signal 
Patterns

ETM requires additional I/O pins; 
not available on some devices

Extended test features via ETM, 
but impossible via JTAG

Full timing & execution analysis
with Code Coverage, Trace, 
Timing  Profile, Logic Analyzer

Trace and 
Timing 
Analysis

Simulation allows detailed 
analysis of complex algorithms 
that interface to peripherals

Peripherals may not stop when 
a Breakpoint is reached

Simulated peripherals fully 
synchronized with program 
execution

Peripherals

Single-chip design has only 
Flash ROM for program code

Embedded ICE restrictions: 
only two execution/access 
breakpoints in Flash. Unlimited 
software breakpoints in RAM

Unlimited Breakpoint capabilities
including access, conditional and 
execution breakpoints

Breakpoints

ExplanationJTAG DebuggerSimulatorFeature



Choice of ARM CompilersChoice of ARM Compilers
The Keil µVision Debugger for ARM supports: GNU ARM toolchain, ARM 
ADS/RealView, and the Keil CARM Compiler. µVision makes it easy to 
operate all these tools with integrated Make and Tool Configuration Dialogs. 



µVision Device SimulationµVision Device Simulation

Complete Simulation

Many Standard Devices
Covers complex
peripherals:
ADC, DAC, EBI
Timers, and more.

Peripheral Dialogs

Simulation
JTAG Debugging

Expandable with 
User DLL’s



µVision Code CoverageµVision Code Coverage

Execution Statistics

Always Active for
Complete Project

Coverage Statistic at 
Module, C Source, and
Assembly Level

Instruction Status:
- not executed (grey)
- fully executed (green)
- skipped (orange)
- always taken (cyan) 

Multi-Session Coverage 
with Save / Restore



µVision Execution ProfilingµVision Execution Profiling

Timing Statistics

Always Active for
Complete Project

Shows how many times
each line of code has
executed

Shows Total Execution 
Time

Complete Statistics in 
Performance Analyzer
Window



Logic AnalyzerLogic Analyzer

Timing Analysis

Analog & Digitial
I/O Pins and Signals
Internal Variables

Exact Timing

Using Cursor Line
Tool-Tip Delta 
Information

Display Styles

Analog
Bit
State Change



Debug & Signal FunctionsDebug & Signal Functions

Built-In Functions
Text Output
User Queries
Analog Signal Generation

Signal Functions

Expand Command Set
C Macro Language
Trigger by Breakpoints
Output Analysis
Input Pattern Generation 

Background Execution
Time or Access triggered 
execution delays
Input Signal Generation

// Generate Sine Wave Signal on A/D Channel 0

signal void ADC0_Sine (void)  {
float volts;        // peak-to-peak voltage
float frequency;    // output frequency in Hz
float offset;       // voltage offset
float duration;     // duration in Seconds
float val;
long  i, end;  

volts     = 1.4;
offset    = 1.6;
frequency = 1800;
duration  = 0.1;

printf ("Sine Wave Signal on AD Channel 0.\n");

end = (duration * 100000);
for (i = 0 ; i < end; i++)  {

val = __sin (frequency * (((float) STATES) / CLOCK)
* 2 * 3.1415926);

AIN0 = (val * volts) + offset;
swatch (0.00001);             // in 10 uSec steps

}
}

µVision Simulation Template: A/D Input - Sine Wave Signal



Virtual Simulation RegistersVirtual Simulation Registers
Virtual Simulation Registers (VTREG) simulate CPU pins or communication 
channels. VTREG specify signals for a simulated piece of hardware. The command 
DIR VTREG lists all Virtual Simulation Registers.

The CPU clock frequency of the simulated device in Hz.CLOCK

The crystal frequency of the device as defined in the dialog Options – Target.XTAL

Output register of serial interface x. SxOUT

Enable baudrate timing. When 1, µVision simulates exact transmission timing with the 
current baudrate. When 0, serial transmission instant with infinite baudrate.

SxTIME

Analog output pin on the chip which is typically a D/A converter output.DAx

For communication peripherals such as UART, SSP, SPI, CAN, or I2C the simulator does 
not toggle the physical I/O pins. Instead the transmission is reflected in VTREGs which 
allows you to write signal functions for automated I/O.

SSPxx, 
SPIxx, 
CANxx,
I2Cxx

Input register of serial interface x. SxIN contains 0xFFFF when a value is processed.SxIN 

Input for voltage reference pinsxxVREF

Analog input pin on the chip which is typically an A/D converter input. AINx

A group of I/O pins for a port on the chip. For example, PORTA refers to all pins of 
PORTA. These registers allow you to simulate port I/O.

PORTx

DescriptionVTREG



VTREGs for CAN I/O SimuationVTREGs for CAN I/O Simuation
µVision provides VTREGs for controlling of serial communication (CAN, I2C, SSP, 
SPI). CAN I/O is simulated using the following VTREGs.

Set a performance factor that controls the simulated communication timing within µVision.CAN_TIMING

Represent maximal 8 data bytes of a CAN message for the current transferred object.CAN_B0 – 7

Set to the following values by the µVision simulator to simulate outgoing messages:
1: transmit the current message using a 11-bit identifier.
2: transmit the current message using a 29-bit identifier.
3: transmit a remote frame using a 11-bit identifier.
4: transmit a remote frame using a 29-bit identifier.

CAN_OUT

Set to the following values by user or debug functions to simulate incoming messages:
1: receive the current message using a 11-bit identifier.
2: receive the current message using a 29-bit identifier.
3: request a remote frame from the application program with matching 11-bit identifier.
4: request a remote frame from the application program with matching 29-bit identifier.

0xFF: simulate BUSOFF mode of the CAN controller.
0: cleared when the message has be processed by the µVision simulator. 

CAN_IN

Data length of the CAN message. Valid values for CAN_L are 0 – 8.CAN_L

11-bit or 29-bit CAN identifier of the currently transferred message. The ID size and 
message type is specified with the values in CAN_IN or CAN_OUT.

CAN_ID

DescriptionVTREG

www.keil.com/appnotes: several applications for CAN Bus Programming and Simulation



CAN Peripheral DialogsCAN Peripheral Dialogs

CAN Status 
Controller 
Hardware

CAN Monitor 
Shows Bus

Traffic



CAN I/O Simulation ScriptsCAN I/O Simulation Scripts

Available Soon

Simulation eliminates
complex Hardware by

CAN Monitor Window:
shows CAN Message I/O
Scripts for CAN Input 
and Output Messages

PEAK CAN Interface 
connects to real BUS

>CAN0ID = 0x4500 // message ID = 0x4500
>CAN0L = 2 // message length 2 bytes 
>CAN0B0 = 0x12 // message data byte 0 
>CAN0B1 = 0x34 // message data byte 1 
>CAN0IN = 2 // send message with 29-bit ID to application

/* 
* Print the last message sent by the controller 
*/

FUNC void CANmessage (void) {
switch (CAN0OUT) {

case 1: printf("\nSend 11-bit ID=%04X",    CANAID); break;
case 2: printf("\nSend 29-bit ID=%08X",    CANAID); break;
case 3: printf("\nRequest 11-bit ID=%04X", CANAID); return;
case 4: printf("\nRequest 29-bit ID=%08X", CANAID); return;

}
printf("\nMessage Length %d, Data: ", CAN0L);
printf("%X %X %X %X ", CAN0B0, CAN0B1, CAN0B2, CAN0B3);
printf(“%X %X %X %X\n", CAN0B4, CAN0B5, CAN0B6, CAN0B7);

}

// Set Breakpoint on CAN Output VTREG
BS WRITE CAN0OUT, 1, "CANmessage()" 

Send CAN Message to Application Program

Print CAN Messages Send from Application Program

Signal Functions

Automated Message 
Processing
Periodic CAN Messages



ULINK – USB / JTAG AdapterULINK – USB / JTAG Adapter

Flash Programming
Download, Verify, and Execute
Fast Download: 20KB / Second
Customized Programming Algorithms

Program Debugging
Single Stepping & Real-Time Execution
Examine Memory and CPU Registers
Flash and Software Breakpoints
Memory Access Breakpoints



MCB2100 Evaluation BoardMCB2100 Evaluation Board
Flexible and Easy-to-Use
Evaluation Board with:

LPC 2129 in Single Chip Design
Dual CAN Interface
Dual UART Interface
JTAG Interface
ETM optional
8 Status LED’s
Analog Inputs

Also available MCB2130
with LPC2138



ULINK Flash ProgrammingULINK Flash Programming

Configure under 
Options - Utilities

Fully Integrated into
Build Process

Preconfigured Algorithms
- on-chip Flash ROM
- selected Boards

User may add own
Program Algorithms



ARM Register Layout

User          FIQ           IRQ          SVC         ABT      UND   

ARM Architecture OverviewARM Architecture Overview

4 MByte Address Space
Two interrupt levels
Fast Interrupt with Registers
CPU modes with own stack 
Allows fast context switch for Real Time Operating Systems
Peripherals are mapped into linear address space 
On Philips devices: Vectored Interrupt Controller (VIC)
Load Store architecture with efficient pointer addressing
Compact 16-bit Instruction Set (Thumb)

Industry Standard 32Industry Standard 32--Bit Bit 
Architecture used by Architecture used by 
many Silicon Vendorsmany Silicon Vendors

CPU Highlights:CPU Highlights:

ARM Operating Modes:ARM Operating Modes:
__________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________ __________________________________________________________ 

User:  Normal execution state
FIQ: Fast Interrupt Mode
IRQ: Interrupt Mode
SVC:   Supervisor Mode (software interrupt)
ABT: Memory access failure
UND: Undefined instruction executed



Keil CARM CompilerKeil CARM Compiler

/*
* Atomic AND operation: *val &= mask
*/

U32 AImsk (U32 *val, U32 mask) arm swi(8) {
asm {MSR CPSR_c, #0xd3}    // disable FIQ
return (*val &= mask);

}

SWI Functions are protected by IRQ interrupts

The Keil CARM Compiler is optimized for Thumb mode. Compared to ARM native mode, 
Thumb code is 65% of the code size and executes 160% faster from a 16-bit memory system.
Thumb mode execution is even faster on most on-chip Flash ROM Microcontrollers.

Function In-lining removes call / return overhead and optimizes parameter passing.

In-line assembly with full variable access supports special ARM instructions in C.

RAM functions enable high-speed interrupt code and In-System Flash Programming.

Automatic ARM/Thumb interworking gives outstanding code density and CPU performance.

Locate variables and functions at C level to absolute memory addresses.

Function attributes for IRQ, FIQ, and Task (RTOS support) built into the C compiler.

Software Interrupt support built into the C compiler enables atomic instruction sequences.

// ARM function in RAM
void fastfunc (void)  arm ram {

flash[I] = buffer[I];
}

void mycode (void)  thumb {
fastfunc ();

}

Automatic ARM / Thumb Functions Interworking

CARM Overview:



Keil CARM Function In-LiningKeil CARM Function In-Lining
The Keil CARM Compiler performs optimizations at the Linker Level.  Function in-lining and 
register allocation is optimized across complete applications.  This optimization technology 
removes the overhead involved with Hardware Abstraction Layers (as used by UML).

extern inline void PortOut (int io, int pos, int v) {
switch (io)  {

case IO0:  if (v == OFF)  IOCLR0 |= pos;
else    IOSET0 |= pos; break;

case IO1: if (v == OFF)  IOCLR1 |= pos;
else           IOSET1 |= pos; break;

}
}

Generic physical I/O port routine

extern inline void LED (unsigned int no, int v)  {
if (no < 8)  PortOut (IO1, 1<<(no), v);
else  PortOut (IO0, 1<<(no-8), v);

} 

LED interface to physical I/O ports

void change_state (void)  {
LED (5, ON);
LED (12, OFF);

}

Function that changes LED status

Code with 
Function Inlining

void change_state (void)  {
LED (5, ON);
IOSET1 |= pos;

MOV     R2,#0x20
LDR     R0,[R15,#36] ; IOSET0
LDR     R1,[R0,#0x0]
ORR     R1,R2
STR     R1,[R0,#0x0]

LED (12, OFF);
IOCLR1 |= pos;

MOV     R2,#0x10
LDR     R0,[R15,#20] ; IOCLR1
LDR     R1,[R0,#0x0]
ORR     R1,R2
STR     R1,[R0,#0x0]
BX  R14

}

Generated Code

Global Function In-lining saves 
call overhead and reduces code size.



Keil CARM Compiler WarningsKeil CARM Compiler Warnings
The Keil CARM Compiler performs extensive program flow checking and syntax checking. 
CARM generates detailed warning messages for C source constructs that are likely to fail 
which helps you to minimize sporadic run-time problems.

struct t { int i; } *pt;
#define TSTVAL(v) ((v)&0x10)

int myfunc (unsigned int c1, int *p2)  {
int error, val;

*** warning: 'val': unreferenced local variable

if (TSTVAL(c1) & 0x20)  {
return -1;

}
*** warning C177: unreachable code

switch (c1)  {
case 1:  error = 0;  break;
case 2:  error = 1;  break;

}
if (p2)  error = getstring ();
pt = p2;

*** warning: '=': pointer to different objects
return error;

*** warning: value of 'error' possibly undefined
}

Warnings generated by Keil CARM

Mismatches in data types, pointers 
and function arguments. 

Use of un-initialized variables.

Dead code and dead assignments.

Unused variables, labels, functions.

Constant expressions in conditional 
statements.

Missing return values.

CARM generates Warnings for:

The Keil LARM Linker performs cross 
module data type checking and deletes 
unused functions from your program.

µVision even integrates PC-LINT for 
extensive syntax checking.



Keil CARM BenchmarksKeil CARM Benchmarks

Compiler Code Size Data Size 
Keil CARM 10330 Bytes 10256 Bytes 
GNU 36004 Bytes 11912 Bytes 
ARM ADS 22266 Bytes 10256 Bytes 
IAR 19892 Bytes 10269 Bytes 

0

10000

20000

30000

40000

Code Size

Compiler µSeconds
Keil CARM 25.4 
GNU 112.9 
ARM ADS 16.8 
IAR 24.4 
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Program Size Execution Time

Dhrystone 2.1 (Integer and String Operations)

Compiler Code Size Data Size 
Keil CARM 8492 Bytes 72 Bytes 
GNU 44428 Bytes 4768 Bytes 
ARM ADS 28516 Bytes 76 Bytes 
IAR 16316 Bytes 72 Bytes 

0

10000

20000

30000

40000

50000

Code Size

Compiler Seconds 
Keil CARM 0.195308
GNU 2.461430
ARM ADS 0.268623
IAR 0.635633
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2
2.5

3

Execution Time

Program Size Execution Time

Whetstone (Floating Point Operations)

The Run-Time Library of the Keil CARM Compiler is written mainly in Thumb mode and fits 
therefore embedded systems with limited memory resources. Most library functions are 
re-entrant which is essential for interrupt and multi-threading (RTOS) support.



ARM Software ConceptsARM Software Concepts
The ARM core requires a different mindset for embedded applications. ARM has just two 
interrrupt levels Standard (IRQ) and Fast (FIQ) interrupt but provides CPU modes with 
separate interrupt stacks for predictable stack requirements.

RTOS Application with Interrupts on ARM

Classic Embedded Application with nested Interrupts

Solution for simple Applications

Usage together with powerful multi-
level interrupt system

Stack Usage un-predictable

Running ‘main’ in End-less Loop

Allows to separate the application 
into tasks that run independent

Message passing eliminates critical 
shared memory buffers

Each Task has an own stack area

Interrupt communication with event 
flags and messages.

Using an Real-Time OS Kernel



Advanced RTX KernelAdvanced RTX Kernel

Create and delete tasks

Change Task Priorities

Task Management

Wait for multiple Events

Send Events from Tasks or Interrupt 
Functions

Event Flag Management

Efficient Resource Sharing
Semaphore Management

The Advanced RTX RTOS Kernel is a full-featured Real-Time Operating System with task 
priorities, round-robin, pre-emptive context switching, and support for multiple instances of the 
same task. Advanced RTX interfaces to I-Logix Rhapsody using the Willert UML Bridge.

Advanced RTX RTOS Kernel - Function Overview

Intertask Communication

Interface to Interrupt Functions

Mailbox Management

Task Lock / Unlock

System Functions

Thread-safe (usage even in ISR)

Deterministic reaction times

Fixed Memory Block Allocation

Task delays (timeout or interval)
Time Management

Timed invocation of Callback
Functions

User Timer Management



ARTX – TCP/IP NetworkingARTX – TCP/IP Networking

TCP/IP

UDP

Socket Interfaces

Ethernet

PPP (serial connection)

SLIP (dial-up line)

Physical Interfaces

The TCP/IP networking layer of Advanced RTX is a ground-up implementation designed for 
embedded applications. The networking layer helps you to create Internet or Intranet 
applications with UDP or TCP/IP protocol using Ethernet, PPP, or SLIP interfaces.

Advanced RTX Networking Layer - Function Overview

HTTP Web Server with CGI Scripting

Telnet Server

TFTP Server

SMTP Client

DNS Resolver

Standard Applications

Multiple Debug Levels:
- Errors only
- Complete status information

Outputs status information on UART 
interface

Debugging

Flexible networking function 
parameters

Configuration with the µVision 
Configuration Wizard

Configuration



Advanced RTX ExamplesAdvanced RTX Examples
Example Projects show basic configuration and help 
you to get started quickly. 
All examples run on Evaluation Boards.

Use basic RTOS kernel features: timeouts & signals.

Show task priorities and signal passing.

Using the Mailbox and Memory Allocation functions

Complete Traffic Light Controller with serial communication

RTOS Kernel Examples

TCP/IP Networking Examples (Run on Phytec PhyCore LPC229x Eval Board)

HTTP Server with Password Protection and CGI Scripting

Telnet Server shows a simple IP based command line interface

Using the DNS resolver that connects to host names.

Controlling with TCP/IP, UCP via Ethernet, SLIP or PPP link.

Shows sending of a dynamic message to an email address



Advanced RTX Task StatusAdvanced RTX Task Status
Review Task Status During Program Execution

System is not yet initialized

Init() task was executed.
Tasks and TCP/IP stack are 
initialized and running.



Advanced RTX SetupAdvanced RTX Setup
Easy Parameter Setup using the µVision Configuration Wizard

The µVision Configuration Wizard allows you to 
review and change all major parameters of the 

RTOS Kernel and the TCP/IP Layer.



Using the TCP/IP LayerUsing the TCP/IP Layer
TCP/IP may be used with and without the RTOS Kernel

Call timer_tick() in fixed intervals to generate TCP/IP timings
Poll the main_TcpNet function as often as possible

timer_tick () 
Called every 
100 ms using 
Interval wait

main_TcpNet () 
Called whenever no 
other task is ready



Advanced RTX ExamplesAdvanced RTX Examples
HTTP Server with CGI Interface

The HTTP server provides authentification and allows 
multiple sessions at the same time.
An CGI interface in the webserver allows to interact with 
your microcontroller hardware.



Get More InformationGet More Information

www.keil.com
Application Notes

Program Examples

Support Knowledgebase

Device Database

Discussion Forum
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