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Further details about last 
lesson

You must invert the order of the reminders for the final binary number



Further details about last 
lesson
e
For instance, we want to obtain the value of -4

Then, we start from 4

Invert the 3 bits

Add 1

The first bit reveals if a number is positive or negative

Indeed, the range 
with k bits is 

halfed

[-2(k-1), +2(k-1)-1]

k = 3

[-4, 3]



Architecture
A microcontroller can be viewed as a small computer on a single chip.

Then, like any computer, it has the following elements:

◦ Control Processing Unit (CPU)

◦ Memory

◦ Input/Output interfaces

But everything is on a single chip!



Control Processing Unit (CPU)
The CPU is the real «brain» of a system. Every single operation that you
do with the computer is processed by the CPU.

Specifically, a CPU controls the following functions:

1. Instruction management

2. Data computation

3. Data memorization

4. Data transfer



CPU
To do that, the CPU continuosly executes the following 3 actions:

1. Fetch

The CPU gets the next intruction from the memory to execute it.

2. Decode

The CPU «understands» the nature of the instruction to determin what

operation should be taken.

3. Execute

After interpreting and getting data, the CPU executes the instruction.



CPU
These operation are grouped in a machine cycle.

How fast is a CPU to do these operations?
It depends, but we can define 2 key factors:

◦ Number of «operational units» of the CPU

◦ The number of «core» of a processor

◦ In this way, a CPU is able to parallelize the execution of instructions

◦ Frequency of the CPU

◦ How «fast» is the CPU to execute instructions

◦ Expressed in MHz, GHz, …



Memory
A memory is the place in which data are stored.

In a computer, there are 2 types of memory:

◦ Primary memory

◦ It includes the RAM and the ROM

◦ Usually it is very fast and small and located next to the processor

◦ RAM is volatile (data disappear when the power goes out)



Memory
◦ Secondary memory

◦ It includes HDD (Hard Disk) and SSD (Solid State Disk)

◦ Usually is slower than RAM/ROM

◦ It has a great capacity (1, 2, 8 TB vs 64, 128, 256 GB)

◦ It is usually located in an external separate storage device



Memory

https://www.enterprisestorageforum.com/imagesvr_ce/1818/ComputerMemory.png



Memory hierarchy
We can define a memory hierarchy based on the «speed» vs the «size» 
vs the «cost» of a memory.
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Memory hierarchy
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I/O devices
An I/O device is any hardware used by human operator or other systems 
to communicate with a computer.

The comunication is bi-directional:

◦ Sending data (output)

◦ Receiving data (input)

Examples:

◦ Mouse (input)

◦ Keyboard (input)

◦ Monitor (output)

• Printer (output)
• Scanner (input)



Bus
All these component are connected through one or more buses.

A bus is a communication system that transfers data between
components inside a computer, or even between computers.

Control Signals
(decode phase)

Addresses to retrieve
data and instructions

Data transfer



PC organization
We have seen the main elements that belong to a common computer 
architecture:

◦ CPU

◦ Memory

◦ I/O interfaces

But how are they organized to work together? 
(in particular the CPU and the memory)

◦ Von Neumann Architecture

◦ Harvard Architecture



von Neumann architecture
Also known as von Neumann model or Princeton architecture, is a 
computer architecture in which the memory stores both data and 
instructions.

Programs instructions and data are stored in the random-access memory
(RAM) of the system. This architecture is simpler that the Harvard 
architecture.



Harvard architecture
It is a computer architecture in which there is a separate storage and 
signal pathways (bus) for instructions and data.



Neumann vs Harvard
Recent processors use the von Neumann architecture but, for 
performance reasons, they usually have a separate processor caches for 
the instructions and data.

In this way they overcome the von Neumann bottleneck (a instruction
fetch and a data operation cannot occur at the same time) that limit the 
performance of the system.



Controller
The controller is the «brain» of the system, able to process input signals
and compute outputs.

In particular, here we analyze 3 different controllers:
◦ Arduino

◦ Raspberry Pi

◦ STM32



Arduino
It is an open-source embedded board.

Arduino UNO rev3 board has the following items:

◦ Microcontroller (ATmega328P 8 bit)

◦ Clock speed: 16 MHz

◦ 14 digital I/O pins (6 PWM outputs)

◦ 6 analog input pins

◦ Weight: 25g

◦ Length: 68mm

◦ Width: 53mm



Embedded board architectures
Let apply what we have seen to the embedded boards such as Arduino 
and similar.

I/O USB port

Microcontroller
(CPU)

ATmega328

Analogic inputs

Digital I/O

Power Jack

USB controller

Reset button

16MHz oscillator



Arduino microcontroller
Arduino microcontroller belongs to the AVR family.

AVR is a family of microcontrollers that have a modified Harvard 
architecture, where program and data are stored in separate physical 
memory systems that appear in different address spaces, but having the 
ability to read data items from program memory using special 
instructions.

Atmel's AVRs have a two-stage, single-level pipeline design. This means 
the next machine instruction is fetched as the current one is executing. 
Most instructions take just one or two clock cycles, making AVRs 
relatively fast among eight-bit microcontrollers.



Arduino memory
There are three pools of memory in the microcontroller used on avr-
based Arduino boards :

◦ Flash memory (program space), is where the Arduino sketch is stored.

◦ SRAM (static random-access memory) is where the sketch creates and 
manipulates variables when it runs.

◦ EEPROM is memory space that programmers can use to store long-term 
information.

The ATmega328 chip found on the Uno has the following amounts of 
memory:

◦ Flash  32k bytes (of which .5k is used for the bootloader)

◦ SRAM   2k bytes

◦ EEPROM 1k byte



Arduino memory
A real example:

char message[] = "I love IoT course";

puts 18 bytes into SRAM (each character takes a byte, plus the '\0' 
terminator). This might not seem like a lot, but it doesn't take long to get 
to 2048, especially if you have a large amount of text to send to a display, 
or a large lookup table, for example.

If you run out of SRAM, your program may fail in unexpected ways; it will 
appear to upload successfully, but not run, or run strangely. 



Arduino
Arduino board:

◦ It is suitable for IoT projects, due to its weight and size

◦ It operates at 5V and then it can be powered with a usb powerbank

◦ It can be equipped with specific shields

◦ Shield: it is a modular stackable circuit boards with extra 
functionality. They are plugged on the top of the board.

◦ Internet (ethernet) shield

◦ Bluetooth

◦ …

◦ https://www.arduino.cc/en/Main/arduinoShields

◦ It costs about 22€

https://www.arduino.cc/en/Main/arduinoShields


Arduino family
Arduino Nano

◦ It has more or less the same functionality of the Arduino but in a 
different package. 

◦ It lacks only a DC power jack and works with a mini-B USB cable 
instead of a standard one.



Arduino family
Arduino Micro

The Micro board is similar to the Arduino Leonardo in that the 
ATmega32U4 has built-in USB communication, eliminating the need for a 
secondary processor. This allows the Micro to appear to a connected 
computer as a mouse and keyboard, in addition to a virtual (CDC) 
serial/COM port.



Arduino family



Raspberry
Despite its similarity with the Arduino board, it is completely different.

It is not just a simple controller, with digital and analog input and 
outputs, but it is a sort of miniaturized computer.
Indeed, it has an operating system, the Raspberry Pi OS (previously 
called Raspbian)

Technical specs of the Raspberry Pi 4:
◦ Quad core Cortex-A72 (ARM v8) 64-bit SoC @ 1.5GHz.

◦ 2GB, 4GB or 8GB LPDDR4-3200 SDRAM (depending on model)

◦ 2.4 GHz and 5.0 GHz IEEE 802.11ac wireless

◦ Bluetooth 5.0

◦ Gigabit Ethernet

◦ 2 USB 3.0 ports; 2 USB 2.0 ports.



Raspberry Pi 4



Raspberry family
Raspberry Pi Zero W

◦ 802.11 b/g/n wireless LAN

◦ Bluetooth 4.1

◦ Bluetooth Low Energy (BLE)

◦ 1GHz, single-core CPU

◦ 512MB RAM

◦ 12€

Raspberry projects: https://projects.raspberrypi.org/en/projects/

https://projects.raspberrypi.org/en/projects/


Raspberry family



Raspberry Pi



Other controllers
STM32
STM32 is a family of 32-bit microcontroller 
integrated circuits by STMicroelectronics. 
The processor is a 32-bit ARM

◦ Low power

◦ High performance

ESP8266
◦ 80 MHz RISC microprocessor

◦ Wi-Fi microchip

◦ Very low price (5€ – 10€)



Programming with Arduino
Arduino has its Integrated Development Environment (IDE)

◦ https://www.arduino.cc/en/main/software

https://www.arduino.cc/en/main/software


Programming with Arduino
There are two main functions:

◦ Function setup
◦ executed only once

◦ Function loop
◦ continuously executed



Compiler
C/C++ compiler

Programming
Language

Compiler Binary Code



Programming with Arduino



Arduino Simulator
Tinkercad is a free online collection of software tools that help people all 
over the world think, create and make.

https://www.tinkercad.com

Arduino’s website hosts several tutorials and free stuff:

https://www.arduino.cc/en/Tutorial/HomePage

https://www.tinkercad.com/
https://www.arduino.cc/en/Tutorial/HomePage

