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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
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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 Data Processing

Xie Ming, PhD (France)

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

MA4832
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Outline

 Computations, Status and Condition Codes

 Arithmetic Operations

 Logical Operations

 Control of Computational Condition

 Control of Computational Flow
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Outline

 Computations, Status and Condition Codes

 Arithmetic Operations

 Logical Operations

 Control of Computational Condition

 Control of Computational Flow
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Knowledge from Fourier Transform

 Any signal or function is the sum of sine functions
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Any sine function is the sum of 

arithmetic operations …
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Basic Types of Computations

Arithmetic

 x = y + z

 x = y - z

 x = y*y + y/z

 y = a*x + b

 etc

Logic

 A = B AND C

 A = B OR C

 A = B XOR C

 A = (B AND C) OR (C AND D)

 etc

=
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All digital computers have ALU 

(i.e. Arithmetic and Logic Unit)

Carry Bit from 

Previous Operation Carry Bit to Next 

Operation

Operand Operand

Current Program

Status Register
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CPSR: Current Program Status Register
 ARM Cortex Microcontrollers have a 32-bit Register:
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Condition 

Codes
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Outline

 Computations, Status and Condition Codes

 Arithmetic Operations

 Logical Operations

 Control of Computational Condition

 Control of Computational Flow
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All digital computers have ALU 

(i.e. Arithmetic and Logic Unit)

Carry Bit from 

Previous Operation Carry Bit to Next 

Operation

Operand Operand

Current Program

Status Register
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ADD

 Encoding
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Example
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ADC 

 Encoding

R1 R0

R3 R2

R5 R4

+
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Example

R1 R0

R3 R2

R5 R4

+
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SADD16

 Encoding

R3

R5

R3

+
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Example

; Load four bytes and R0 skips four bytes

; Store four bytes and R2 skips four bytes

; Load two bytes and R0 skips two bytes

; Store two bytes and R2 skips two bytes

R3

R5

R3

+

R3

R4

R3

+

; R5 = mem32[R1] then R1 = R1+4
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SUB

 Encoding

Borrow = NOT(Carry) = C - 1

R2

R1

R0

-
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Example

R2

R1

R0

-

R2 + C - 1

R1

R0

-
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SBC

 Encoding

Borrow = NOT(Carry) = C - 1
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Example

R1

R2

R0

-

R1 + C - 1

R2

R0

-

R1 + C - 1 R0

R3 R2

R5 R4

-
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SSUB16

 Encoding
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Example

s = [16 bits] + j [16 bits]
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MUL

 Encoding
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Example

(there is an overflow)

0xBEAD = 48813

0x157B5 = 87989

0x9B51 = 39761

0x100009B51 = 4295007057

With 

overflow

True 

Result
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UMULL

 Encoding
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MLA
 Encoding

y = a*x + b
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UDIV (Could Be Done with Shift)
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Shift Operators

y = 7; 32 – y = 25;  25 + 6 = 31

(0000000b31…b7) | (b6…b0 0…0)

Bit 31 does not shift
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Logic Shift Left
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Logic Shift Right
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Arithmetic 

Shift
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Shift Left versus Rotate Left
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Rotate Right

y = 7; 32 – y = 25;  25 + 6 = 31

(0000000b31…b7) | (b6…b0 0…0)

x >> y;  y=7
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Rotate Right Extended

…

31   30  29                                                    4     3    2    1    0

Perform 9-bit rotate-right

Perform 17-bit rotate-right

Perform 33-bit rotate-right
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Example
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Example of Shifting Data
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Example of Doing n! (factorial of n)

; 1*n*(n-1)*(n-2)*…*2*1

What is the value at r7? Answer:

1. Initial value: 1

2. After Loop 1: 1*n

3. After Loop 2: 1*n*(n-1)

4. After Loop 3: 1*n*(n-1)*(n-2)

5. After Final Loop: 1*n*(n-1)*(n-2)*…*2*1 
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Outline

 Computations, Status and Condition Codes

 Arithmetic Operations

 Logical Operations

 Control of Computational Condition

 Control of Computational Flow
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All digital computers have ALU 

(i.e. Arithmetic and Logic Unit)

Carry Bit from 

Previous Operation Carry Bit to Next 

Operation

Operand Operand

Current Program

Status Register
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AND

 Encoding

0 0 1 1 1 1 0 0 

1 0 1 0 1 0 1 0

0 0 1 0 1 0 0 0

AND
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Example R0 = 0000 0001 0001 0000

~R0 = 1111  1110 1110  1111

R1 = 0000 0000 0001 0001

R3 = 1010 1011 1100 1101

R2 = 0000 0000 0000 0001

R4 = 1010 1010 1100 1101
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ORR

 Encoding

0 0 1 1 1 1 0 0 

1 0 1 0 1 0 1 0

1 0 1 1 1 1 1 0

ORR
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Example R0 = 0000 0001 0001 0000

R1 = 0000 0000 0001 0001

R3 = 1010 1011 1100 1101

R2 = 0000 0001 0001 0001

R4 = 1010 1011 1101 1101
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EOR

 Encoding
How to implement bitwise Negation?
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Example R0 = 0000 0001 0001 0000

R1 = 0000 0000 0001 0001

R3 = 1010 1011 1100 1101

R2 = 0000 0001 0000 0001

R4 = 1010 1010 1101 1101
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BIC

 Encoding

(What does it mean by saying  “write 1 to clear a bit”?)

0 0 1 1 1 1 0 0 

1 0 1 0 1 0 1 0

0 0 0 1 0 1 0 0

BIC

The second operand contains the flags indicating the bits in the first operand to be cleared
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Outline

 Computations, Status and Condition Codes

 Arithmetic Operations

 Logical Operations

 Control of Computational Condition

 Control of Computational Flow
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All digital computers have ALU 

(i.e. Arithmetic and Logic Unit)

Carry Bit from 

Previous Operation Carry Bit to Next 

Operation

Operand Operand

Current Program

Status Register
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ARM Cortex Offers Four Instructions …
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CMP

 Encoding

If condition x < y 

do

{

 codes;

}

else

{

 codes;

}
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TEQ

 Encoding

If condition x < y 

do

{

 codes;

}

else

{

 codes;

}
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Outline

 Computations, Status and Condition Codes

 Arithmetic Operations

 Logical Operations

 Control of Computational Condition

 Control of Computational Flow
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A computational flow may consist of 

multiple sequences of instructions …

B

BL

B

BL

B

BL

Start a new 

sequence 

with return

Start a new 

sequence 

without return
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B (without return) or BL (with return)

 Encoding

BBL
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Examples
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Summary

 Computations, Status and Condition Codes

 Arithmetic Operations

 Logical Operations

 Control of Computational Condition

 Control of Computational Flow
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Happy Mid-Autumn Festival (2025.10.6)
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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
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