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is now the largest one outside the US. It is known as a Centre 
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manufacturing. An investment of €20 million was made in the 
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a fun Maths initiative in November 2015.  
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Introduction
As you approach your front door, you activate the remote control in 
your key. The door unlocks and the lock sends messages to change 
the lights, the central heating, the television and your cooker. The hall 
lights, television, cooker and heating all turn on as you have previously 
programmed them to do. When you go in, you open the fridge and an 
announcement reminds you that you will be running out of eggs soon  
and tells you that it has put them on your shopping list. 

Is this scenario a piece of science fiction? Certainly not - it is a realistic 
scenario, made possible by a concept known as the Internet of Things 
(IoT). What you have in the house is a domestic IoT.

What is the Internet of Things?
Currently, most internet activity is the result of human interaction with 
a device such as a PC, laptop or smart phone. The term ‘Internet of 
Things’ applies to a situation in which many physical devices (things) are 
connected together and can communicate with each other. Theoretically, 
anything can be connected. This is why the IoT is often referred to as  
the Internet of Everything (IoE). However, in order to operate in the IoT, 
each device (thing) requires three charcteristics - a unique identity  
(called an ‘address’), the function of a ‘sensor’ and the ability to 
communicate with the other devices.

How do the devices communicate? 
In order to communicate, IoT devices have to connect with each other. 
This is accomplished over some form of network. Up to now a remote 
device would usually send its data to a data centre for processing.  
This data centre would be located somewhere in the internet or, as we 
now refer to it, the cloud. In an IoT scenario the data is often stored  
and analysed locally, in other words, at the ‘edge’ of the cloud.  
This is extremely useful in situations that need a rapid local response.  
For example, if an ambulance is taking a seriously injured accident victim 
to hospital across a busy town or city, a camera could detect the flashing 
light on the ambulance and then send messages to the traffic lights in 
order to ensure that the ambulance has a clear route to its destination.

This mode of communicating, storing and processing the data at the edge 
of the cloud is called fog computing, fog networking or just fogging.  
As well as being 
effective, it is also very 
efficient because it 
means that a lot of data 
does not have to be 
routed through longer 
internet links where it 
might be delayed. Delay 
in a telecommunications 
link is known as 
latency and it is easy 
to imagine how critical 
a delay could be in the 
ambulance example 
above. In order to 
achieve the required 
rapid communication, 
the IoT devices are 
often interconnected in 
a mesh network. 

What is a mesh network? 
The devices in a mesh network are all connected to each other and, 
therefore, can communicate directly with one another. This particular 
network architecture or topology means that the system can work 
effectively even if one device fails.

The links on the network could be provided by radio, cable or optical 
fibre. In your house the devices could connect by Wi-Fi, Bluetooth, 
computer cabling or even by the electrical power cabling. If your network 
is also connected to the internet, it is then operating on the edge or in the 
fog, as described earlier.

In order to operate in the internet each IoT device must have its own 
unique IP address. These addresses are structured according to a set 
of rules laid down by Internet Protocol Version 4 (IPv4). However, the 
number of devices connected to the internet is increasing dramatically. 
In order to accommodate this increase, a new version called IPv6 is 
currently being introduced.

What benefits will the IoT provide?
IoT devices are all fitted with advanced hardware and software that 
allows them to recognise certain conditions, record the data and then 
transmit it to other devices and also receive data from other devices. 
Many of these devices are called sensors because of their ability to 
recognise specific conditions or events, Sensors can be designed 
to detect almost anything. Some of the most common examples are 
pressure, sound, light, humidity, gas, motion, speed and weight. We are 
all familiar with the self check-out in supermarkets where the machine 
checks the weight and identity of purchases. If that machine is connected 
to others in the warehouse or elsewhere, it is part of the IoT.

In view of their capabilities, these devices are often referred to as ‘smart 
devices’. We are already hearing more about smart cities and smart 
homes and, of course, the smart phone is a very common example. 
A smart city could be equipped with thousands of remote sensors that 

report information on water leaks, public lighting, traffic congestion, litter 
and, indeed, anything that can be ‘sensed’. 

One of the most obvious areas to benefit from the IoT is the health 
service. Biosensors are capable of detecting serious biological 
conditions. A person with heart problems might have an implant sensor 
that monitors the level of cholesterol in the blood stream. This sensor 
could send a warning to the person’s home or the local doctor. Speed is 
often the essential feature of successful treatment in such cases and the 
IoT provides just that.

What EMC are doing?
Product development is much easier if developers can easily test their 
products in a situation that mirrors the real world of everyday users.  
An effective approach to this problem is to provide a testbed (sometimes 
called a test platform) which allows the developer to connect and trial 
their applications with other devices. 

EMC (in partnership with Vodafone and the Cork Institute of Technology) 
have developed such a testbed. This testbed project is called INFINITE, 
which stands for INternational Future INdustrial Internet TEstbed. 

The first INFINITE project under way is titled Bluelight. This will  
connect ambulances with hospitals, and provide live information on traffic 
patterns, road closures, and any other useful information to help the 
drivers to get to the hospital as quickly as possible. Smart traffic lights  
will play a part here. Hospital staff will also be kept up to date so they  
will know exactly when the ambulance will arrive and what they will  
need to do. 

The INFINITE project is recognised as leading edge and is a vivid 
illustration of how the IoT can provide essential social services and how 
technology pioneers such as EMC work to achieve this.
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The growth of IP addresses
An IP address is a series of binary numbers (ones and zeros).  
In IPv4 the address is 32 bits long. However, for ease of use, it is 
written in its decimal equivalent and represented as four numbers 
separated by full stops. For example, 168.159.211.157 is the 
EMC IP address. Since IPv4 is a 32 bit format, 232 (approximately 
4.3 billion) addresses are possible. This seems like a lot but the 
forecast is that, by 2020, some 50 billion devices will be connected 
to the Internet. 

IPv6 is a 128 bit format and, therefore can produce 2128 or 
3.4×1038 addresses. These addresses are then written as eight 
groups of hexadecimal numbers separated by colons. For 
example, the IPv6 version of the EMC address shown above is 
0:0:0:0:0:ffff:a89f:d39d.

Of course you do not need to remember these types of address 
formats because each address is associated with a readable web 
address, in this case www.emc.com. 

The internet of Things
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Did You Know?
• The term “Internet of Things” was coined by Kevin Ashton,  

at the Massachusetts Institute of Technology (MIT) in 1999.
• The term ‘fog computing’ was coined by Professor Salvatore 

Stolfo, at Columbia University, New York, in 2012.
• The concept of computer-enabled devices connecting 

with each other is known as M2M (machine to machine) 
communication.

• Over 50% of Internet connections are ‘things’.

Syllabus References
The main syllabus references for the lesson 
are:

Leaving Certificate Technology
• Information and Communications Technology 
• Computer Systems
• Data Communications and Computer Networks
• The Internet
• Electronics and Control - Sensors
• A Process of Design
• Making and Testing
The lesson can also be used effectively with Junior Certificate 
and during Transition Year.

Student Activities

1. For some decades many motor cars have been fitted with 
sensors and displays to indicate the vehicle speed, the fuel 
level, engine temperature, air temperature, engine oil level, 
brake pad wear, seat belt use (if the seat is occupied), door 
and window position etc.  
Today’s motor cars can have 100 or more sensors including 
air flow rate, type pressure, oxygen level in the exhaust and 
even atmospheric pressure. 
Inexpensive devices are available which can transmit the 
sensor values to a smart phone. 
Investigate one of these sensors. Find out how it works 
and summarise your findings in a poster or computer 
presentation. (If this is done as a class exercise then different 
groups could investigate different sensors.)

2. The seat belt sensor in a car sounds an alarm when various 
conditions are met:  
– the car is moving 
– the seat is occupied and 
– the seat belt is not in use. 
What kind of logic circuit could be used to meet these 
requirements.

3. Devise a way of detecting one of the following: 
– a car seat is occupied 
– the seat belt is not in use.

Biographical Notes
2015: The bicentenary of George Boole’s birth

George Boole (1815 –1864), mathematician, 
philosopher and logician was the first 
professor of mathematics at University 
College Cork (then Queen’s College). 

Like many innovations, the importance of this 
approach was not recognised until Claude 
Shannon at Massachusetts Institute of 
Technology, discovered Boole’s work and used it in his masters 
thesis in 1937. 

Boole was born in England where he received his primary 
education. His father helped develop his love of mathematics and 
although he learned Latin from a family friend, he was largely 
self taught. By his mid teens, he could speak French, German 
and Italian fluently. At the age of 16 he began teaching and at 
20 he opened his own school. From the age of 24 he published 
novel papers on mathematics. In 1849, at the age of 34, he was 
appointment professor at Queen’s College, Cork (now UCC). He 
published his most famous work (The Laws of Thought) in 1854. 
His analytical approach was based on a binary system and he 
invented the now familiar operators: AND, OR and NOT.

George Boole died in 1864 and is buried in St. Michael’s Church, 
Blackrock, Cork.

Learning Outcomes
On completion of this lesson, students should be able to: 

• Describe the concept of the ‘Internet of Things (IoT)’ 
• Explain the meaning of the term ‘fog computing’.
• Discuss some of the social and economic benefits that could 

come from development of the IoT.
• Outline the functionality required of an IoT device.
• Describe the difference between IPv4 and IPv6 addresses.
• Outline the role and product lines of the EMC Ireland Centre 

of Excellence.

General Learning Points 
These are additional relevant points which are 
used to extend knowledge and facilitate discussion.

• The Internet of Things (IoT) has been defined by International 
Telecommunications Union as ‘a global infrastructure for 
the information society, enabling advanced services by 
interconnecting (physical and virtual) things …’ (ITU-T Y.2060)

• INFINITE (INternational Future INdustrial Internet TEstbed) 
is the first large-scale project in Europe approved by the 
Industrial Internet Consortium (IIC). The Consortium is a  
global non-profit partnership of industry, government and 
academic institutions.

• The testbed platform is spread across three data centres  
at the EMC Ireland Centre of Excellence, Vodafone, and the  
Cork Internet eXchange. 

• Since all IoT devices will be identifiable, there is an ongoing 
debate about personal privacy and the requirement for 
‘permission-based’ systems.

True/False Questions

a) All communications between IoT devices are  
transmitted across the cloud.  T F

b) Latency is a measure of the frequency of a  
telecommunications signal. T F

c) Internet Protocol Version 4 will provide enough  
IP addresses for the future. T F

d) In a mesh network all devices are connected to each  
other. T F

e) A mesh topology is the only type of computer network  
architecture. T F

f) All devices connected to the IoT are sensors. T F
g) The fog is generally situated on the edge of the cloud. T F
h) WiFi or Bluetooth cannot be used in a domestic IoT. T F
i) Biosensors will be important to the provision of IoT fast  

response in critical health cases. T F
j) The INFINITE project called Bluelight is concerned  

with getting ambulances to hospital quickly. T F
Check your answers to these questions on www.sta.ie.

Revise The Terms
Can you recall the meaning of the following terms?  
Revising terminology is a powerful aid to recall and retention.
binary, biosensors, Bluelight, Bluetooth, cloud, data centre, decimal, 
fog computing, fog, networking, fogging, hardware, hexadecimal, 
INFINITE, internet of things (IoT), Internet of Everything (IoE),  
IP address, Internet Protocol Version 4 (IPv4), IPv6, latency, mesh 
network, network, optical fibre, sensors, software, testbed, test 
platform, topology, Wi-Fi.

Check the Glossary of terms for this lesson on www.sta.ie

Examination Questions 
Leaving Certificate Technology (HL) 2015, Q. 2 b

2(b) The Internet of Things (IoT) is already 
a key concept in the automation of 
systems such as self-driving cars.

 These systems rely on electronic 
equipment and GPS to guide them 
safely without colliding with other road 
users or objects.

(i) The Parksight 2.0® system is used to locate vacant parking 
spaces in congested cities and to relay this information 
to drivers. Suggest two technological systems that might 
contribute to this service.

(ii) Describe the function of the bumper radar system on a self-
driving car.

(iii) Identify two other electronic sensors that could be used in 
self-driving cars.

Junior Certificate Technology (HL) B, 2010, Q. 6 b

A NAND logic gate is a combination of two other logic gates. 
NAND gates can be combined to form other logic gates.

(i)  Name the two gates required to 
produce a NAND gate.

(ii)  Using a truth table identify the 
logic gate produced when two 
NAND gates are combined as shown.

Junior Certificate Technology (HL) A, 2010, Q. 6 b

Name the logic gate 
represented by the symbol 
shown and complete the 
truth table for that gate.

Leaving Certificate Technology (HL) 2013, Q. 2 b

(i)  Distinguish clearly between electrical conductors, insulators 
and semiconductors. Use examples to support your answer. 

(ii)  Draw the truth table for the logic circuit shown.

A B Y

1 1

0 1

A

B
Y

A

B
C
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IP address, Internet Protocol Version 4 (IPv4), IPv6, latency, mesh 
network, network, optical fibre, sensors, software, testbed, test 
platform, topology, Wi-Fi.

Check the Glossary of terms for this lesson on www.sta.ie

Examination Questions 
Leaving Certificate Technology (HL) 2015, Q. 2 b

2(b) The Internet of Things (IoT) is already 
a key concept in the automation of 
systems such as self-driving cars.

 These systems rely on electronic 
equipment and GPS to guide them 
safely without colliding with other road 
users or objects.

(i) The Parksight 2.0® system is used to locate vacant parking 
spaces in congested cities and to relay this information 
to drivers. Suggest two technological systems that might 
contribute to this service.

(ii) Describe the function of the bumper radar system on a self-
driving car.

(iii) Identify two other electronic sensors that could be used in 
self-driving cars.

Junior Certificate Technology (HL) B, 2010, Q. 6 b

A NAND logic gate is a combination of two other logic gates. 
NAND gates can be combined to form other logic gates.

(i)  Name the two gates required to 
produce a NAND gate.

(ii)  Using a truth table identify the 
logic gate produced when two 
NAND gates are combined as shown.

Junior Certificate Technology (HL) A, 2010, Q. 6 b

Name the logic gate 
represented by the symbol 
shown and complete the 
truth table for that gate.

Leaving Certificate Technology (HL) 2013, Q. 2 b

(i)  Distinguish clearly between electrical conductors, insulators 
and semiconductors. Use examples to support your answer. 

(ii)  Draw the truth table for the logic circuit shown.
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The Internet of Things

Did You Know?
• The term “Internet of Things” was coined by Kevin Ashton,  

at the Massachusetts Institute of Technology (MIT) in 1999.
• The term ‘fog computing’ was coined by Professor Salvatore 

Stolfo, at Columbia University, New York, in 2012.
• The concept of computer-enabled devices connecting 

with each other is known as M2M (machine to machine) 
communication.

• Over 50% of Internet connections are ‘things’.

Syllabus References
The main syllabus references for the lesson 
are:

Leaving Certificate Technology
• Information and Communications Technology 
• Computer Systems
• Data Communications and Computer Networks
• The Internet
• Electronics and Control - Sensors
• A Process of Design
• Making and Testing
The lesson can also be used effectively with Junior Certificate 
and during Transition Year.

Student Activities

1. For some decades many motor cars have been fitted with 
sensors and displays to indicate the vehicle speed, the fuel 
level, engine temperature, air temperature, engine oil level, 
brake pad wear, seat belt use (if the seat is occupied), door 
and window position etc.  
Today’s motor cars can have 100 or more sensors including 
air flow rate, type pressure, oxygen level in the exhaust and 
even atmospheric pressure. 
Inexpensive devices are available which can transmit the 
sensor values to a smart phone. 
Investigate one of these sensors. Find out how it works 
and summarise your findings in a poster or computer 
presentation. (If this is done as a class exercise then different 
groups could investigate different sensors.)

2. The seat belt sensor in a car sounds an alarm when various 
conditions are met:  
– the car is moving 
– the seat is occupied and 
– the seat belt is not in use. 
What kind of logic circuit could be used to meet these 
requirements.

3. Devise a way of detecting one of the following: 
– a car seat is occupied 
– the seat belt is not in use.

Biographical Notes
2015: The bicentenary of George Boole’s birth

George Boole (1815 –1864), mathematician, 
philosopher and logician was the first 
professor of mathematics at University 
College Cork (then Queen’s College). 

Like many innovations, the importance of this 
approach was not recognised until Claude 
Shannon at Massachusetts Institute of 
Technology, discovered Boole’s work and used it in his masters 
thesis in 1937. 

Boole was born in England where he received his primary 
education. His father helped develop his love of mathematics and 
although he learned Latin from a family friend, he was largely 
self taught. By his mid teens, he could speak French, German 
and Italian fluently. At the age of 16 he began teaching and at 
20 he opened his own school. From the age of 24 he published 
novel papers on mathematics. In 1849, at the age of 34, he was 
appointment professor at Queen’s College, Cork (now UCC). He 
published his most famous work (The Laws of Thought) in 1854. 
His analytical approach was based on a binary system and he 
invented the now familiar operators: AND, OR and NOT.

George Boole died in 1864 and is buried in St. Michael’s Church, 
Blackrock, Cork.

Learning Outcomes
On completion of this lesson, students should be able to: 

• Describe the concept of the ‘Internet of Things (IoT)’ 
• Explain the meaning of the term ‘fog computing’.
• Discuss some of the social and economic benefits that could 

come from development of the IoT.
• Outline the functionality required of an IoT device.
• Describe the difference between IPv4 and IPv6 addresses.
• Outline the role and product lines of the EMC Ireland Centre 

of Excellence.

General Learning Points 
These are additional relevant points which are 
used to extend knowledge and facilitate discussion.

• The Internet of Things (IoT) has been defined by International 
Telecommunications Union as ‘a global infrastructure for 
the information society, enabling advanced services by 
interconnecting (physical and virtual) things …’ (ITU-T Y.2060)

• INFINITE (INternational Future INdustrial Internet TEstbed) 
is the first large-scale project in Europe approved by the 
Industrial Internet Consortium (IIC). The Consortium is a  
global non-profit partnership of industry, government and 
academic institutions.

• The testbed platform is spread across three data centres  
at the EMC Ireland Centre of Excellence, Vodafone, and the  
Cork Internet eXchange. 

• Since all IoT devices will be identifiable, there is an ongoing 
debate about personal privacy and the requirement for 
‘permission-based’ systems.

True/False Questions

a) All communications between IoT devices are  
transmitted across the cloud.  T F

b) Latency is a measure of the frequency of a  
telecommunications signal. T F

c) Internet Protocol Version 4 will provide enough  
IP addresses for the future. T F

d) In a mesh network all devices are connected to each  
other. T F

e) A mesh topology is the only type of computer network  
architecture. T F

f) All devices connected to the IoT are sensors. T F
g) The fog is generally situated on the edge of the cloud. T F
h) WiFi or Bluetooth cannot be used in a domestic IoT. T F
i) Biosensors will be important to the provision of IoT fast  

response in critical health cases. T F
j) The INFINITE project called Bluelight is concerned  

with getting ambulances to hospital quickly. T F
Check your answers to these questions on www.sta.ie.

Revise The Terms
Can you recall the meaning of the following terms?  
Revising terminology is a powerful aid to recall and retention.
binary, biosensors, Bluelight, Bluetooth, cloud, data centre, decimal, 
fog computing, fog, networking, fogging, hardware, hexadecimal, 
INFINITE, internet of things (IoT), Internet of Everything (IoE),  
IP address, Internet Protocol Version 4 (IPv4), IPv6, latency, mesh 
network, network, optical fibre, sensors, software, testbed, test 
platform, topology, Wi-Fi.

Check the Glossary of terms for this lesson on www.sta.ie

Examination Questions 
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2(b) The Internet of Things (IoT) is already 
a key concept in the automation of 
systems such as self-driving cars.

 These systems rely on electronic 
equipment and GPS to guide them 
safely without colliding with other road 
users or objects.

(i) The Parksight 2.0® system is used to locate vacant parking 
spaces in congested cities and to relay this information 
to drivers. Suggest two technological systems that might 
contribute to this service.

(ii) Describe the function of the bumper radar system on a self-
driving car.

(iii) Identify two other electronic sensors that could be used in 
self-driving cars.
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A NAND logic gate is a combination of two other logic gates. 
NAND gates can be combined to form other logic gates.

(i)  Name the two gates required to 
produce a NAND gate.

(ii)  Using a truth table identify the 
logic gate produced when two 
NAND gates are combined as shown.
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Name the logic gate 
represented by the symbol 
shown and complete the 
truth table for that gate.
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(i)  Distinguish clearly between electrical conductors, insulators 
and semiconductors. Use examples to support your answer. 

(ii)  Draw the truth table for the logic circuit shown.
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