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Outline

 Lecture 1: Basics of ARM Microcontroller

 Lecture 2: ARM’s Memories

 Lecture 3: ARM’s Data Representation

 Lecture 4: ARM’s Programming

 Lecture 5: ARM’s Data Input/Output

 Lecture 6: ARM’s Data Processing



3(Learning, Teaching) <o> (Research, Innovation) <o> (Leadership, Service)

School of Mechanical & Aerospace Engineering

Remember your mission as MAE 

undergraduates …

You are here to grow your knowledge 

and skills so as to be able to design 

machines with controllable behaviors 

and hopefully in some intelligent 

ways.
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How to fulfill your mission?
 To apply learnt knowledge and skills into the implementation of the following 

universal blueprint underlying all the intelligent machines or systems.

Systems

Under 

Control

Actual

Workspace

Control

Modules

Sensory

Modules

Planning

Modules
Digital

Workspace

User’s 

Instructions

+
-

Perception

Modules

Automation

Autonomy
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Why to study?

Actuators

Sensors

Controllers

Serial Communication/Parallel Communication

I/O I/O I/O I/O I/O I/O I/O……

Interfacing
Interfacing

Interfacing

Applications in Communication

Applications in Control and Automation

Systems Systems Systems Systems Systems Systems Systems
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What to 
learn?

Microprocessor

Systems

Input
1. Digital Device Interface

2. Analogue Device Interface

3. Asynchronous Communication

4. Synchronous Communication

5. Digital Motion Sensor Interface

Machine Brain

1. ARM’s Architecture

2. ARM’s Memories

3. ARM’s Data Representation

4. ARM’s Programming

5. ARM’s Data Input/Output

6. ARM’s Data Processing 

Output
1. Digital Device Interface

2. Asynchronous Communication

3. Synchronous Communication

4. Digital Actuator Interface

5. Digital Motor Interface

• Programming

• Interfacing

Lecture Slides 2019 - onward/MA4832-Lecture XM (Course Briefing).pptx
Lecture Slides 2019 - onward/MA4832-Lecture XM (Course Briefing).pptx
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What is your role?

Opcode

Problems

to be solved

Algorithms

or Solutions

• Data = {Values, Symbols, Addresses, Instructions}

• Instructions = {Op Code + Addresses + Value/Symbol}

You = Director of Program

Program = {Instructions} 

Memory = {Address + Data/Instruction}
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How to learn?

 To understand data flows inside a microcontroller.

 To translate your solutions into data flows.

 To pay attention to <memory address> and <memory data>.

 Memory Address: Address Label/Name and Address Value.

 Memory Data: Data Label/Name and Data Value.

 To pay attention to <memory address> and <memory code>.

 Memory Address: Address Label/Name and Address Value.

 Memory Code: Code Label/Name and Code Value. 

Data Memory Address

Instruction Memory Address

Memory Content

Memory Content

Series of Instructions
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Example of Using I/O 

Modules

 Configure Control Registers

 Clear/Monitor Status Registers

 Read/Write Data Registers

 Instructions:

 MOV <address of destination>, <source of value>

 LDR <address of destination>, <source of value>

 STR <source of value>，<address of destination>

Word = 2 Bytes
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Today’s Lecture …

 Lecture 1: Basics of ARM Microcontroller

 Lecture 2: ARM’s Memories

 Lecture 3: ARM’s Data Representation

 Lecture 4: ARM’s Programming

 Lecture 5: ARM’s Data Input/Output

 Lecture 6: ARM’s Data Processing
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Design, Machine, Control and Intelligence

ARM’s Programming

Xie Ming, PhD (France)

http://personal.ntu.edu.sg/mmxie

MA4832
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Outline

 Nature of Programming

 Planning of Computations in Programming

 Allocation of Memory in Programming

 ARM Programming Tools

You = Director of Program

Program = {Instructions} 

Bit

Address

Two-dimensional Space

1. Memory Content

2. Memory Address

3. Memory Label
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Outline

 Nature of Programming

 Planning of Computations in Programming

 Allocation of Memory in Programming

 ARM Programming Tools

You = Director of Program

Program = {Instructions} 

Bit

Address

Two-dimensional Space

1. Memory Content

2. Memory Address

3. Memory Label
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Programming versus Writing

Programming

 You have a solution in mind

 You organize your solution

 You compose your program

 You test your program

 You deploy your program

Writing

 You have a story in mind

 You organize your story

 You compose your texts

 You proof-read your texts

 You publish your texts

Use of Programming Languages?        Use of Natural Languages?

Use of Keil                            Use of LaTex, Word
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How to organize your solution?

 Step 1: To plan arithmetic 

and/or logical 

computations underlying 

your solution

 Step 2: To allocate 

memory resources which 

are indispensable for the 

implementation of the 

planned computations.

FPU: Floating-Point Unit

MPU: Multi-core Processing Unit
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Example of doing x = (a + b) - c

Allocation of 

Memory

Planning of

Computations

ADR loads address to a register
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Opcode

Problems

to be solved

Algorithms

or Solutions

• Data = {Values, Symbols, Addresses, Instructions}

• Instructions = {Op Code + Addresses + Value/Symbol}

Memory = {Address + Data/Instruction}

You = Director of Program

Program = {Instructions} 

Role of Programmers: 

Planning and Allocation
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Opcode

Problems

to be solved

Algorithms

or Solutions

• Data = {Values, Symbols, Addresses, Instructions}

• Instructions = {Op Code + Addresses + Value/Symbol}

You = Director of Program

Program = {Instructions} 

Role of Microprocessors: 

Do Cycle-by-Cycle Executions

Memory = {Address + Data/Instruction}
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Outline

 Nature of Programming

 Planning of Computations in Programming

 Allocation of Memory in Programming

 ARM Programming Tools

You = Director of Program

Program = {Instructions} 

Bit

Address

Two-dimensional Space

1. Memory Content

2. Memory Address

3. Memory Label
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Procedure of Planning Computations

 Step 1: Describe your solution in the form of mathematics or logics.

 Step 2: Transform your solution into algorithms which consist of series of 

arithmetic and/or logical computations.

 Step 3: Draw flowcharts which interconnect arithmetic and/or logical 

computations in terms of their inputs and outputs.

 Step 4: Describe flowcharts with the use of a programming language.
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Example of Transforming Solution 

into Algorithm

𝑎𝑥2 + 𝑏𝑥 + 𝑐 = 0

𝑥1 =
−𝑏 + 𝑏2 − 4𝑎𝑐

2𝑎

𝑥2 =
−𝑏 − 𝑏2 − 4𝑎𝑐

2𝑎

𝑧 = 𝑦

𝑦 = 𝑏2 − 4𝑎𝑐

𝑥1 =
−𝑏 + 𝑧

2𝑎

𝑥2 =
−𝑏 − 𝑧

2𝑎

First do:

Then do:

Then do:

Then do:

Solution:                               Algorithm:
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Example of Flowchart 

Corresponding to Algorithm 

𝑦 = 𝑏2 − 4𝑎𝑐

If y < 0
YesNo

𝑥1 =
−𝑏 + 𝑧

2𝑎

𝑥2 =
−𝑏 − 𝑧

2𝑎

Results No Results

𝑦 = 𝑏2 − 4𝑎𝑐

𝑧 = 𝑦
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Example of Translation Flowchart 

into a Sequence of Instructions …
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More Example of Flowchart 

Corresponding to Algorithm 
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Outline

 Nature of Programming

 Planning of Computations in Programming

 Allocation of Memory in Programming

 ARM Programming Tools

You = Director of Program

Program = {Instructions} 

Bit

Address

Two-dimensional Space

1. Memory Content

2. Memory Address

3. Memory Label
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Motivation
 The hardware could support the concurrent running 

of multiple application programs.

 The ALU is being shared among these programs. This 

means that an application program has the full 

access to the ALU during the time when ALU is 

allocated to it.

 However, memory units are not shared in general.

 Hence, each application program must take care of 

memory allocation explicitly.

ALU is shared while memory is to be reserved

Bit

Address

Two-dimensional Space

1. Memory Content

2. Memory Address

3. Memory Label
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 Scenario 1: Allocation of memory for 

housing a program itself.

 Scenario 2: Allocation of memory for 

housing constants, parameters and 

variables of a program.

Scenario of Memory Allocation

GiB = Giga Byte

Bit

Address

Two-dimensional Space

1. Memory Content

2. Memory Address

3. Memory Label

mem32[address]: consider the memory as a vector
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Example of Memory Allocation

r0 = (a<<2)

r1 = (b & 152)

r1 = (a<<2) | (b & 152)

mem32[address]: consider the memory as a vector
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Outline

 Nature of Programming

 Planning of Computations in Programming

 Allocation of Memory in Programming

 ARM Programming Tools

You = Director of Program

Program = {Instructions} 

Bit

Address

Two-dimensional Space

1. Memory Content

2. Memory Address

3. Memory Label
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Overview

 Compiler:

 From .c files to .s files

 Assembler:

 From .s files to .o files

 Linker:

 From .o files to .exe files

 May be linked with .a files

IDE

You Are Here
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Assembler Directives for Memory 

Destination

SRAM: Data Only

CODE: Instructions/Data

• Short-term memory

• Working memory
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Examples .space reserves a block of bytes

M
a

c
h

in
e

 R
e

a
d

a
b

le

H
u

m
a

n
 R

e
a

d
a

b
le
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Assembler Directives for Data’s 

Memory Allocation
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Examples

; Reserve 128 bytes for pointer PAGE

; Reserve 4 bytes for pointer SYMPTR
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Assembler Directives for Controlling 

Conditional Computations
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Example

Memory for Data

Memory for Code
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Directive for Creating Reusable 

Block of Codes (i.e. MACRO)
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Example: x = a + b + c

Create a macro

Invoke or call a macro

Equivalent instructions
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Good News: Integrated 

Development Environment (Keil)
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Keil Directives for Allocating Memory 

to House Instructions/Data

 Format:

 Example: Allocating Memory for Code
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Keil Directive for Reusable 

Instructions (i.e. MACRO and MEND)

 The MACRO directive marks the start of the definition of a macro. Macro expansion 
terminates at the MEND directive.

 Format:

 MACRO

 {$label}  macroname{$cond} {$parameter{,$parameter}...}

      ; code

       MEND

 Example:
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Invocation of MACRO
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More 

Example
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Allocation of Constants or Parameters 

in Keil

 Format with SETS Directive: 

 {name} SETS value

 Example:

 mytext SETS “This is my text” ;

 Format with EQU Directive:

 {name} EQU value {, type}

 Example:

 temperature  EQU   25.6 ; 
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Formats of Numbers in Keil
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Frequently Used Keil’s Directives
Assembler User Guide: Directives Reference (keil.com)

The END directive informs the assembler that it has reached the end of a source file.

https://www.keil.com/support/man/docs/armasm/armasm_dom1361290000455.htm
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AREA
 The AREA directive instructs the assembler to assemble a new code or data 

section. 
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RN

 The RN directive defines a name for a specified register.

 Format:

 Example:

Allocation of (Additional) Memory Label
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EQU

 The EQU directive gives a symbolic name to a numeric constant, a 

register-relative value or a PC-relative value. 

 Format:

 Example:

Allocation of Memory Label
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ENTRY

 The ENTRY directive declares an entry point to a program.

 Example:

A program must have an entry point. You can specify an entry point in the following ways:
•Using the ENTRY directive in assembly language source code.

•Providng a main() function in C or C++ source code.
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DCB (i.e.  Declare 8-bit bytes)
 The DCB directive allocates one or more bytes of memory and 

defines the initial runtime contents of the memory. 

 Format:

 {label} DCB expression {, expression} …

 Example: Address  Value

Last Byte
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DCW (i.e. Declare 16-bit words)
 The DCW directive allocates one or more halfwords of memory, aligned on 

two-byte boundaries, and defines the initial runtime contents of the 
memory. DCWU is the same, except that the memory alignment is arbitrary.

 Format:

 {label} DCW{U} expression {, expression} …

 Example:
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DCD (i.e. Declare 32-bit words)
 The DCD directive allocates one or more words of memory, aligned on four-

byte boundaries, and defines the initial runtime contents of the 
memory. DCDU is the same, except that the memory alignment is arbitrary.

 Format:

 {label} DCD{U} expression {, expression} …

 Example:



55(Learning, Teaching) <o> (Research, Innovation) <o> (Leadership, Service)

School of Mechanical & Aerospace Engineering

ALIGN (i.e. Change offset of alignment)

 The ALIGN directive aligns the current location to a specified 

boundary .

 Format:

 Example

First DCB

Second DCB

ALIGN 4, 3 means: data size = 4 bytes, offset between two consecutive data = 3 bytes
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SPACE and FILL (i.e. allocate bytes)

 The SPACE directive reserves a zeroed block of memory. The FILL directive 

reserves a block of memory to fill with a given value. 

 Format:

 {label} SPACE expression

 {label} FILL expression {, value {, value-size in terms of byte}}

 Example:
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LTORG (i.e. Lookup-Table Organized)

 The LTORG directive instructs the assembler to assemble the current 
literal pool immediately. The assembler assembles the current literal pool 
at the end of every code section. The end of a code section is determined 
by the AREA directive at the beginning of the following section, or the 
end of the assembly.

 Example:

In computer science, and 

specifically in compiler and 

assembler design, a literal 

pool is a lookup table 

used to hold literals during 

assembly and execution.

The assembler uses literal 

pools to store some 

constant data in code 

sections.

Working memory of a function

(Literals mean “fixed and unchanging values”)
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Other Operations Offered by Keil
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Summary

 Nature of Programming

 Planning of Computations in Programming

 Allocation of Memory in Programming

 ARM Programming Tools

You = Director of Program

Program = {Instructions} 

Bit

Address

Two-dimensional Space

1. Memory Content

2. Memory Address

3. Memory Label
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Design, Machine, Control and Intelligence

Thank You for Listening!

“Ask not what your country can do for you – ask what you can do for 
your country,” - John F. Kennedy

“Do not think that you are needy – think that you are needed in the 
world”, - Manis Friedman

“Study will make you knowledgeable, resourceful, and hence more 
needed”, - Xie Ming


	Slide 1: Microprocessor Systems 
	Slide 2: Outline
	Slide 3: Remember your mission as MAE undergraduates …
	Slide 4: How to fulfill your mission?
	Slide 5: Why to study?
	Slide 6
	Slide 7
	Slide 8: What is your role?
	Slide 9: How to learn?
	Slide 10: Example of Using I/O Modules
	Slide 11: Today’s Lecture …
	Slide 12: ARM’s Programming 
	Slide 13: Outline
	Slide 14: Outline
	Slide 15: Programming versus Writing
	Slide 16: How to organize your solution?
	Slide 17: Example of doing x = (a + b) - c
	Slide 18: Role of Programmers:  Planning and Allocation
	Slide 19: Role of Microprocessors:  Do Cycle-by-Cycle Executions
	Slide 20: Outline
	Slide 21: Procedure of Planning Computations
	Slide 22: Example of Transforming Solution into Algorithm
	Slide 23: Example of Flowchart Corresponding to Algorithm 
	Slide 24: Example of Translation Flowchart into a Sequence of Instructions …
	Slide 25: More Example of Flowchart Corresponding to Algorithm 
	Slide 26: Outline
	Slide 27: Motivation
	Slide 28: Scenario of Memory Allocation
	Slide 29: Example of Memory Allocation
	Slide 30: Outline
	Slide 31: Overview
	Slide 32: Assembler Directives for Memory Destination
	Slide 33: Examples
	Slide 34: Assembler Directives for Data’s Memory Allocation
	Slide 35: Examples
	Slide 36: Assembler Directives for Controlling Conditional Computations
	Slide 37: Example
	Slide 38: Directive for Creating Reusable Block of Codes (i.e. MACRO)
	Slide 39: Example: x = a + b + c
	Slide 40: Good News: Integrated Development Environment (Keil)
	Slide 41: Keil Directives for Allocating Memory to House Instructions/Data
	Slide 42: Keil Directive for Reusable Instructions (i.e. MACRO and MEND)
	Slide 43: Invocation of MACRO
	Slide 44: More Example
	Slide 45: Allocation of Constants or Parameters in Keil
	Slide 46: Formats of Numbers in Keil
	Slide 47: Frequently Used Keil’s Directives
	Slide 48: AREA
	Slide 49: RN
	Slide 50: EQU
	Slide 51: ENTRY
	Slide 52: DCB (i.e.  Declare 8-bit bytes)
	Slide 53: DCW (i.e. Declare 16-bit words)
	Slide 54: DCD (i.e. Declare 32-bit words)
	Slide 55: ALIGN (i.e. Change offset of alignment)
	Slide 56: SPACE and FILL (i.e. allocate bytes)
	Slide 57: LTORG (i.e. Lookup-Table Organized)
	Slide 58: Other Operations Offered by Keil
	Slide 59: Summary
	Slide 60: Thank You for Listening!

