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» 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 et
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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.

User’s
Instructions : :
Planning Digital || Perception
Modules Workspace Modules
Autonomy T
Control Sﬁsntcelénrs Actual
Modules Control Workspace
Automation
Sensory
Modules
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Why to study?

Applications in Control and Automation

Interfacing

Interfacing

Controllers Actuators

v

Interfacing

N

Sensors

Applications in Communication

Systems| |[Systems| |Systems| |Systems Systems| |Systems| |Systems

/0 1/0 1/0 /O | w wmwwww |I/O 1/0 1/0

I 1 0 J 0 I {

Serial Communication/Parallel Communication
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Block diagram of Computer with sub-units of CPU
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What to
learn?

* Programming
* Interfacing
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. « Data = {Values, Symbols, Addresses, Instructions}
Wh at ] S yo u r ro le? * Instructions = {Op Code + Addresses + Value/Symbol}

N
Applications/OS 0 — Algorithms (—— Problems

or Solutions to be solved

Languages C++, Java

EOR r3,r2,rl

= =
= A \
. : = 2 | You = Director of Program
Microarchitecture i = _ : 9
= < | Program = {Instructions}
* =
é

Gates :D_

Memory

Data

Transistors

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>. R -

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

OX5FFFFFFF
» Memory Data: Data Label/Name and Data Value. Peripheral
Memory Content 0x40000000
Ox3FFFFFFF
Data Memory Address SRAM
» To pay attention to <memory address> and <memory code>. hepa 0000
» Memory Address: Address Label/Name and Address Value. Cde
» Memory Code: Code Label/Name and Code Value. A BR000a0N0
Memory Content /
Instruction Memory Address Series of Instructions
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. TM4C123x Temperatures  85°C  105°C
orteX e [_Upio2s6Kerash |l preciion Osilator |
Modules o o a0 Mz
“
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» Configure Control Registers ( System Modules |
|
» Clear/Monitor Status Registers | Real-time JTAG _ JBL 2« Watchdog Timer
. . 2x Quadrature Encoder

» Read/Write Data Registers Inputs (S

16x PWM Outputs LDO Voltage Regulator
2x CAN 3x Analog Comparators

USB Full Speed | Temperature Sensor
‘ (Host/Device/0TG)

MOV RO, #0x11
MOV R1, #2560

» Instructions:

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

MVN R2, #4
» LDR <address of destination>, <source of value> MOVW R3, #0OxCODE
. . MOVT R3, #OxFEED

» STR <source of value>, <address of destination> MOV R4, R1

Word = 2 Bytes
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» Lecture 1: Basics of ARM Microcontroller

Input @
Legend

— Flow of d

— Flow of

— Flowr of instn

Block diagram of Computer with sub-units of TP
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» Basics of Brains

» Inventors of Digital Computers

» Family of ARM Microprocessors -

LLLLL

» Integrated Development Environment
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» Basics of Brains

Legend

——Flow of data
e—— Flow of control

s Flow of instruction

Elork diagram of Computer with sub-units of CPU

Creatsd by MUHAMMAD KAMRAN KHAN
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Example

» Person A tells person B: “Please read this question carefully and
give me the answer: what is the sum of 6 + 9?”. Explain the
mental activities of person B when she or he reads the question
and produce the answer.

What is the sum

» Answer:

Read and store the question
Interpret the meaning of instruction “+”
Read the operand 6

Read the operand 9

Do arithmetic operation of “add”

Store the result “15”

Synthesize the answer “The sum is 15”
Pronounce the answer

Wait and listen to the reply from person A

4 W

© 00 N oo A

Person B Person A
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Blueprint of Human Brain

Parietal lobe of
cerebral hemisphere

Corpus callosum
Fornix

Septum pellucidum

Interthalamic
adhesion
(intermediate
mass of thalamus)

Choroid plexus

Occipital lobe of
cerebral hemisphere

Thalamus
(encloses third ventricle)

‘ Posterior commissure
\\ ba B FAY

Frontal lobe
of cerebral
hemisphere

Interventricular \\ p oS y Pineal body/gland

foramen ( ‘ \\ B Y S ’n 'A (part of epithalamus)

Anterior — e C — — - Corpora

commissure \“‘ [I\ quadrigemina o i
g p Midbrain (Control Unit)

Hypothalamus ~ , = Cerebral

Optic chiasma
Pituitary gland

AW e W% aqueduct
’ | X #Arbor vitae
Temgorla:‘lob_e o|f1 ?\;/JE\”)?M Fourth ventricle
cerebral hemisphere
. I el
_

- Choroid plexus
Spinal cord ﬁ
[

Mammillary body

d’ ‘

orebellum

Pons Cerebellum

Medulla oblongata
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Characteristics of Human Brain+Mind

Is able to memorize past, present and future

Is able to capture input data

Is able to undertake operations with numbers

Is able to undertake operations with numbers/symbols
Is able to produce output data

Is able to control mental operations

Is able to control physical actions

Is able to communicate

Is able to learn human languages

Is able to learn machine languages

vV V.V vV vV vV vV v v v Y

Is able to learn new knowledge and new skills, etc.
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Example of Mental Activities

» Person A asks robot B the following question: “Is it lunch time
now?”. Explain the mental activities of robot B when it prepares

the reply.

» Answer:
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Blueprint of Machine’s Brain

Data
Instructions
Signals RA
Interrupts

ROM

Arithmeti Instruction EPROM
ALU Control Unit Memory

S
Operations

Instructions

Data

Data
Instructions
Signals
Interrupts

Addresses

{——> AddressBus <{——) DataBus <——> Signal Lines
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Characteristics of Machine’s Brain+Mind

Is able to memorize data (to use) and instructions (to do)

Is able to capture input data

Is able to undertake arithmetic operations with numbers

Is able to undertake logic operations with numbers/symbols
Is able to produce output data

Is able to control mental operations

Is able to control physical actions

Is able to communicate

Is able to learn human languages (future)

Is able to learn machine languages (future)

vV V.V vV vV vV vV v v v Y

Is able to learn new knowledge and new skills, etc. (future)
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Blueprints of Machine’s Brains

(a) Harvard architecture

program

memory

(ROM)
nonvolatile

‘ Gorge Boolev

(CPU) 1815 - 1864

[

(b) von Neumann architecture
central
processing unit
(CPU)
John von Neumann Alan Turing
1903 - 1957 1912 - 1954
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Blueprint of Harvard Architecture

: FF..FFg
copies of
instructions address >
A Instructions
cache a
EHEHS E Address bus
instructions ) - e
instructions
registers R
processor A
T A FR R Instructions/Data M
N\ accessed by the CPU
address data data :
address >
copies of
data
me mory
cache
00..004¢
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Blueprint of John von Neumann
ArCh]teCtu re Von Neumann“Ar»chitecture

Central Processing Unit

<+
Q\__
Datapath Control FSM - Input/Output

N\

FF..FF¢
registers
instructions
processor
dd instructions
address and data
copies of
instructions address
copies of
data
cache
;,:,:,:,:,:,:,:,:,:,:,:,:,:,:,:,:,:,:,:,:,:,:,:,:,:,E;E inStI"UCtionS ,:,:,:,:,:,:,:,:,:,:,:,:,:,:,:,:,:,:,:,:,:,:,:,:E 00"0016
and data
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» Inventors of Digital Computers

>

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



School of Mechanical & Aerospace Engineering

Who is the father of computer?

» The father of computer Is Charles Babbage.

English inventor

1791-1871

taught math at Cambridge
University

invented a viable mechanical
computer equivalent to
modern digital computers

s ¢
~.: B »>
1,
e sl
~ T / »
‘ AR
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George Boole

» Born 2 November
1815

» Died 8 December
1864

» Born in Lincoln,
Lincolnshire, England

» A mathematician and
philosopher, who
invented Boolean
logic - the basis of

odern digital
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John von Neumann

Born December 28, 1903
Died February 8, 1957

Born in Budapest,
Austria-Hungary

A mathematician who
made major
contributions to set
theory, functional
anaIKsis, guantum
mechanics, ergodic
theory, continuous
geometry, economics
and game theory,
computer science,
numerical analysis,

.idrodynamics and

v

>

v

v
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*:1968- ROBERT NOYCE- one of the
Inventors of integrated circuits founded the
INTEL.

*:1969- ARPANET is set up later becomes
INTERNET.

*1972-THE C programming language Is
developed at AT&T Bell Labs by Brian
Kerningham and Dennis Ritchie.

= UNIX is written at Bell Labs and become
the most portable operating system.
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MICROSOFT
& APPLE

INVENT THE PERSONAL
COMPUTER (PC)

In 1975 they were the first
computers in homes

Windows computer invented
by Bill Gates (Microsoft)

Apple computer by Steve
Jobs (Apple)

When will we see the emergence of Personal Robot?
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» Family of ARM Microprocessors

>

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



School of Mechanical & Aerospace Engineering

(RISC=Reduced Instruction Set Computer)

ARM: Advanced RISC Machines

» ARM Ltd was founded in 1990
» ARM Ltd is headquartered in Cambridge, UK

Huge Range of Applications

£ =2 ‘ﬂ
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ARM Family

» Cortex-M Series: for microcontroller applications
» Cortex-R Series: for real-time applications

» Cortex-A Series: for advanced applications

Classic Embedded Application

ARM Processors Cortex Processors (COTeEX Processors

oo r

B 2
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Example of Applications ...

r

Cortex®-M processors ortex®-R processors Cortex®-A processors

MCU + DSP

> “Ranos
Smallest footprmt/ lowest power Highest performance / real-time Highest performance
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Evolution of ARM Family

Armv9 CPUs: Foundation for Total Compute Solutiens

Premium performance and efficiency for next-generation devices ‘& o
: O -
m . T, e % WY - o{\z'—\—
First Armv9 generation, 5 i
high-efficiency “LITTLE”
CPU

Backbone to : Latest Armv9
Armv9 CPU N ’ : flagship CPU,
solution ; ultimate performance
scalability ’

FirstvArmv9 “big” CPU
balanced for
performance and

efficiency

Confidential © 2021 Arm Limited

34



Evolution of ARM Family (continued)

Powering the Next Level of Mobile Gaming and Beyond

Empowering high quality, longer visual experiences across a range of consumer devices

Perfect balance of
performance &
efficiency

Most performant
entry-level GPU

Highest
performing GPU
for better, longer
entertainment

© 2021 Arm Limited




School of Mechanical & Aerospace Engineering

Evolution of ARM Cortex-M Series

wol
b\e "Cx\\te
o
o
. a2 ,A“d C
Q
o ARMCORTEX'

Processor Technology

Cortex-M3

Performance efficiency
Lowest power
Outstanding energy
efficiency

Lowest cost

Low area

‘8/16-bit’ Traditional application space

ARMCORTEX

Processor Technology

Digital Signal Control (DSC)

Feature rich connectivity

ARMCORTEX'

Processor Technology

Cortex-M7

Cortex-M4

1,
iy

~
-
-

CoreMark
per MHz

Maximum DSC Performance
Flexible Memory System
Cache, TCM, AXI,ECC

Double & Single Precision FP

Processor with DSP
Accelerated SIMD
Floating point (FP)

Digital Signal Control application space

*16/32-bit’ Traditional application space
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Example:
Cortex-M4

ARM Cortex M4

ARM Cortex M3

ARM Cortex MO+

WIC Interface

DSP +SIMD + Floating Point

Performance Efficiency
Feature Rich

Lowest Power
Energy Efficient

Lowest Cost
Low Power
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Example:
Cortex-M7

(Learning, Teachi

STM32 F7 BLOCK DIAGRAM

Chrom-ART Accelerator™

ART Accelerator™

1.2V regu gt‘gr
POR/PD D
Xtal oscillators

32 kHz + 4 ~26 MHz

Internal RC oscillators
32 kHz + 16 MHz

PLL
Clock control
RTC/AWU
1x SysTick timer

2x watchdogs
7 . (independent and wmdow)

82/114/140/168 I/0s

orl g

Cache I/D 4+4 Kbytes

ARM Cortex-M7
200 MHz

Floating point unit (FPU)
Nested vector

interrupt
controller &VIC)

Synchronized AC timer

5x 16-bit timers
2x 32-bit timers

3x 16-bit timers
LP timer

JTAG/SW debug/ETM

AX| and Multi-AHB
bus matrix

SDES AES 258 GCM CCM 16-channel DMA

True random number
, generator (RNG) !

SHA-1, SHA-256, MD5,
‘ HMAC

Up to 1-Mbyte single
‘ bank F1ash ;

320-Kbyte SRAM +
16-Kbyte [TCM RAM

FMC/SRAM/NOR/NAND/
SDRAM

Dual Quad SPI

96-byte + 4-Kbyte
backup SRAM

1024 OTP bytes

TFI’ LCD contmller
HDMI-CEC
Camera interface
4x SPI, 3x I2S, 4x I2C

Ethernet MAC 10/100
with IEEE 1588

2x CAN 2.0B
1x USB 2.0 OTG FS/HS
1x USB 2.0 OTG FS

1x SDMMC

4x USART + 4 UART
LIN, smartcard, IrDA,
modem control

2x SAl
(Serial audio interface)
SPDIF input x4

20hamel2x12 bit DAC

3x 12-bit ADC
24 channels / 2.4 MSPS

Temperature sensor
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ARM’s Worldwide Partners
U&N"I"I;E:.Zg:INGDOM

@ Blackburn SWEDEN
/(F Maidenhead ‘ ,§7 Lund

<

-\/v—’

GERMANY | =
Munich

R N hl—\ L_. l\—j
/ FRANCE ﬁg&
i Paris
CALIFORNIA A l“
Senqerne|

N

Irvine \ Sophia Antipolis
San Jose ‘ B e
San Diego
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ARM’s Development Boards

@

:f:freescale‘ ""P ey
Kyys |
FUjiTSU St nuvoTon

@ ENERGY’ Ny & Atmel

@ §;SYPRESS T
SILICON LABS feitars (Inflneon

tW TOSHIBA & Microsemi
DEVICES Houre PP sonix

DEVICES
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Example: Tiva C Series TM4C123G

° o FPU: Floating-point Unit
Temperatures 85°C | 105°C
TM4C1 23X ' : : - MPU: Multi-core Processing Unit

ARM®
Cortex®-M4

Memory

Up to 256 KB Flash
Up to 32 KB SRAM
2 KB EEPROM

| Power & Clocking

Precision Oscillator
RTC Battery-Backed Hibernate

Up to 80 MHz

|
SWD/T

System Modules
6x 32-bit Timer/PWM/CCP |

DMA (32 ch)

6x 64-bit Timer/PWM/CCP
Systick Timer

2x Watchdog Timer

Debug
Real-time JTAG |

Control Peripherals Comms Peripherals
2x Quadrature Encoder 8x UART
Inputs 4 SSI/SPI

16x PWM Outputs 6x IC

2x CAN

USB Full Speed
(Host/Device/0TG)

Analog
2x 12ch, 12-bit ADCs,
1MSPS
LDO Voltage Regulator
3x Analog Comparators
Temperature Sensor
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b EK-TM4C123GXL

LaunchPads

C2000

Lt Project Zero: Your First Project

Connected _
LaunchPads Introduction

Hercules Note that the video below uses the Stellaris LM4F120 LaunchPad, but the content
LaunchPads of the video is equally applicable to the Tiva TM4C123G LaunchPad.

Stellaris® LaunchPad

* ARM*® Cortex ™.-M4F
64-pin BOMHz LM4F120H5QR

« On-board USB ICDI
(InCircuit Debug Interface)

# Micro AB USB Device port
* Device/ICDI power switch

* BoosterPack XL pi also supports
existing BoosterPacks

# 2 user pushbuttons

* Reset button

# 3 user LEDs (1 tri-color device)
* Current measurement test points
* 16MHz Main Oscillator crystal

# 32kHz Real Time Clock crystal

* 3.3V regulator

« Support for multiple IDEs:

embedded ,,\.,\h ARM [} [KEIL
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Example of ARM for Vision

DM6443/6 Video-Imaging

Coprocessor (VICP)

ARM DSP

Video Processing Subsystem
Front End

Subsystem || Subsystem Sicdgo Controller " TsogramaA.
ARM926EJ-S C64x+™ DSP Back End
300 MHz 600 MHz
CPU Core D M 6446
EE <= -
3 & — P-Based SOC
Switched Central Resource (SCR) ‘

4

Peripherals Connectivity System

USB EMAC
EDMA 20 Jvuyna | With General | Watchdog

PHY MDIO Purpose| Timer

Timer
Sefial inifaces Program/Data Storage
Audio
2 DOR2 | Async EMIFI| ATA! ,
s;::I ﬂ UART Controller NAND! | Compact MMDC'
(160/32b) | Smarthedia | Flash | S
B = DM6446
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Example of ARM for Speech

Voice MCU —
Microphone A .
A :
i-Fi
Cortex M4F Core
(200MHz Max)
Codec | 4¢—p Serial IF
Speaker | q— Sensor, etc.
D . Switch BEMS
pSRAM
Voice
32.768kHz Recognition
Dat
FLASH RAM Ethernet e
2MB 256KB
MET TFT Panel
Button —p Text Display
of Voice
DAC Command
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ARM'’s Software Development Tools

» Keil www.keil.com

» Energia www.energia.nu

» Code Composer Studio IDE www.ti.com/ccs

Tools by ARM
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ARM Cortex is RISC architecture

» ARM is a RISC architecture (RISC=Reduced Instruction Set Computer)
» [ISA stands for Instruction Set Architecture which are innate

» RISC stands for Reduced Instruction Set Computer -

» Most instructions execute in a single cycle <4
» ARM Instruction Set is 32-bit <
» Thumb Instruction Set is 16/32-bit Joure

» ARM is a 32-bit load-store architecture <mm
» 8 bits are called a Byte 4 Instructions/Data

accessed hy the CPU

L4

16 bits or two bytes are called a Halfword

32 bits or four bytes are called a Word

64 bits or eight bytes are called Double-word

vV v v Vv

The only memory accesses are loads and stores <4
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ARM Cortex is 32-bit microcontroller

» Architecture of ARM7TDMI Processor (Similar to Cortex M Series’)

ABES > > Address
incrementer

__> Address register < Thcrementer

P
ﬂ BIGEND
- < MCIK
:> Register bank QM <« nglvgll'
Inst ti L » N
MASI[1:0
Decode stage > [1:0]

4 ISYNC
A - '
llL.' i 4 ,: . Instruction :Vl\ = nIRQ
ioli ecompression
— _ - & RESET
Read data é\
MRE
<: register b & _Q
\  32BitAlU  / : T = o5

€— ABORT
Barrel
shifter <:
Write data
|:" > - nOPC
&,
DBE

n Cw
nCcw

=

- NTRANS
WAV, .
register
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ARM Cortex supports System mode and User
mode

» ARM Core has seven basic modes

—

0
8 Supervisor Entered on reset and when a Supervisor call instruction (SVC) is »n
@) (SvC) executed %
% FlQ Entered when a high priority (fast) interrupt is raised §
o — W, xe
."C:)_ IRQ Entered when a normal priority interrupt is raised T D
(@)
8 Abort Used to handle memory access violations @D
X S
LLJ Undef Used to handle undefined instructions D:_
Re -1 System N ~ Privileged mode using the same registers as User mode
[ 4 -
‘. | User I l\'llode under which most Applications / OS tasks run <—

- -
e, _,e_-—-—-

Unprivileged Mode —
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ARM Cortex has over 16 registers

» ARM Core has a large number of registers | SPSR: Saved Program Status Register
CPSR: Current Program Status Register

User

System
r0

i x1

| x2

r3

FIQ IRQ SvC Undef Abort

|
|
|
|
|
| | User
| | mode
I | x0-x7,
| r4d I | r15, User User User User
I =5 I' | ana mode mode mode mode Thumb state
- I | cpsr r0-rl2, r0-rl2, r0-rl2, r0-ri2, Low registers
= . r1s, rls, r1s, r1s,
i x7 : and and and and
|
|
|
|
|
|
|
|
|
|
|
|

= coer: [N coex: (I coar (W cper |
r9

rl0
rll
rl3 (sp) rl3 (sp)
rld (lr) rld (1lr)
| cpsr I
‘. ,’ spsr spsr

Note: System mode uses the User mode register set SP Stack Pointer
LR: Link Register

Thumb state
High registers

rl2

rl3 (sp)
rld (lr)

rl5 (pc)

- e en e e e e e e e e e e e e e e e e e e e e e e - e
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ARM Cortex could serve
as microcontroller

» ARM supports Application Profile
» Memory Manage Unit (MMU)

» Highest performance at lowest power consumption _
Instructions/Data

1 d by the CPU
» Trust zone for a safe and extensible system accesseq Dy The

» ARM supports Real-time Profile

» Memory Protection Unit (MPU)

» Low latency and predictability of real-time needs

» Tightly coupled memory for fast and deterministic access
» ARM supports Microcontroller Profile <

» Lowest gate count entry point

» Deterministic and predictable behaviour

» Deeply embedded use
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ARM has two internal buses

» The ARM Advanced Microcontroller Bus Architecture (AMBA) is an open-standard,
on-chip interconnect specification for the connection and management of functional
blocks in system-on-a-chip (SoC) designs. It facilitates development of multi-
processor designs with large numbers of controllers and peripherals.

Clocks and
Reset Controller

ARM

Processor core “

AMBA AXI

AMBA APB

ARM based SoC

APB = Advanced Peripheral Bus AHB = Advanced High-performance Bus
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ARM Cortex supports Fast Interrupt Request

» An FIQ is just a higher priority interrupt request, that is prioritized by disabling IRQ
and other FIQ handlers during request servicing. Therefore, no other interrupts can
occur during the processing of the active FIQ interrupt.

(FIQ = Fast Interrupt Request)

Clocks and
Reset Controller

ARM

Processor core “

DEBUG

AMBA AXI

AMBA APB

ARM based SoC

APB = Advanced Peripheral Bus AHB = Advanced High-performance Bus
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ARM Cortex supports Direct Memory Access

» Direct memory access (DMA) is a feature of microprocessor systems that allows
certain hardware subsystems to access main system memory such as RAM (Random
Access Memory) independently of the central processing unit (CPU).

ﬁ-
ARM
Processor core ” s ”
:
B -
APB
a ” Bridge
< =
g 4
z
<
Custom
Peripherals I ARM based SoC

APB = Advanced Peripheral Bus AHB = Advanced High-performance Bus
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ARM Cortex includes Debug Port ® IDE

» JTAG (Joint Test Action Group) specifies the use of a dedicated debug port
implementing a serial communications interface for low-overhead access without
requiring direct external access to the system address and data buses.

Clocks and
Reset Controller

ARM

Processor core ”

DEBUG

AMBA AXI

AMBA APB

Custom ”

APB = Advanced Peripheral Bus AHB = Advanced High-performance Bus
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» Integrated Development Environment
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What is IDE

» IDE stands for integration development environment which consists of a graphical
user interface and a set of software tools so as to facilitate users to translate their
solutions into computational flows to be executed by a microcontroller.

Clocks and
Reset Controller

ARM

Processor core ”

AMBA AXI

AMBA APB

Custom ”

APB = Advanced Peripheral Bus AHB = Advanced High-performance Bus
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Landscape of Software Development

5 — Algorithms (—— Problems

Applications/OS or Solutions to be solved
Languages C++, Java

EOR r3,r2,rl
ISA BEQ Table

Microarchitecture \ﬁ

Gates :D_

Transistors ':

8-bit Data Bus

16-hit Addrecss Bus

Memory

Data
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Typical Types of Application Software

Sequence Conditional While-loop
v <
Block 1
¥ Block 1 Block 2
Block 2 o¢ o¢ Block
¢ | ,1‘ I
Parallel i) Distributed Interrupt-driven concurrent
Fork Trigger
YT et
vV V¥ Initl Init2 Init T
‘ B
Join ¥ ¥ ¥ ¥ Bodyl Body2 ody Y Rarin i
) interrupt
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From Algorithms to Flowcharts

Example of Solutions in an Electric Toaster

/ Input from

switch

/ Output heat /
15 on Too cold

J"
Input toast
temperature

toast < desired

Start Not pressed

Pressed

Cook | | m—

toast > desired

Output heat
1s off

Computational Flows
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From Flowcharts to Programs

___________________________

: Clock
.@ i 5 7 <
A void SysTick Handler (void) { ./ PORTA = [
’.I, i PORTA = PORTA"0x01; «—E . / PORTA"] |
Input n from/ g b< > { .
PORTB — _ _
i void main (void) { < A
'L ! unsigned long n;
i while (1) {
n=(n/4)+12 C n = PORTB; < B
T n = (n/4)+12; «—C
v i PORTD = n; < D
Output n to } ’
PORTD b L
| !

Computational Flows
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From Programs to Executions

File Edit View Project Flash Debug Peripherals Tools SVCS Window Help
I NSEH@| 4 @B|9c|e@o|® BB R EE/EE & Hae@ - o elF) R
HBolvoe o s |[IRsEHI-O)3-8-0- 8- -
Registers R [ Disassembl ,
Register [ Value || 000000000  E3R00011 MOV RO, #0x00000011 -
= 0x00000004 EI1A01080 MOV R1,RO,LSL #1
T RO 00000011 0x00000008 EI1A02081 MOV R2,R1,LSL #1
R (00000022 [40x0000000C EAFFFFFE B 0x0000000C
R2 00000044 0x00000010 00000000 ANDEQ RO, RO, RO
R3 (00000000 0x00000014 00000000 ANDEQ RO, RO, RO
Ra (00000000 0x00000018 00000000 ANDEQ RO, RO, RO
RS (00000000 0x0000001C 00000000 ANDEQ RO, RO, RO
RE 00000000 0x00000020 00000000 ANDEQ RO, RO, RO
R7 00000000 0x00000024 00000000 ANDEQ RO, RO, RO
: 0x00000028 00000000 ANDEQ RO, RO, RO t t' I FI
R8 x00000000 m
RO (00000000 0x0000002C 00000000 ANDEQ RO, RO, RO CO pu a |Ona OWS =
R10 (00000000 0x00000030 00000000 ANDEQ RO, RO, RO b
R11 (00000000 <l k
“R12 x00000000 &
progls v X
. R13(SP) x00000000 Q |
.~ R14(LR) (0x00000000 1 AREA progl, CODE, READONLY
. RI5(C) (x0000000C 2 ENTRY
| CPSR (x000000D3 3
f SPSR (00000000 4 MOV r0, #0x11 ; load initial value
i e 5 LSL r1, r0, #1 ; shift 1 bit
G ¥ 6 I8ShL r2, r1, #1. ; shift 1 bit
s = 7
[+ Abort 8 stop B stop ; stop program
Undefined S
Intemal 10 END C t tl I FI
E] Project | & Registers | < LI 4
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» Basics of Brains

» Inventors of Digital Computers

» Family of ARM Microprocessors -

LLLLL

» Integrated Development Environment
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TECHNOLOGICAL Design. Machi Control and Intell
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“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

Thank You for Listening!
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