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What is a trend technology?
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Trend technologies

A trend is a change or development towards something new or different.

This means that trend technology will change our future.

e Artificial Intelligence (Al).
e Machine Learning (ML).
e Computer Vision.

e Computation.

e Control systems.

e Internet of Things (loT).

e Blockchain.
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Trend technologies - The digital transformation

Technology is changing our behaviours.
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Trend technologies - The digital transformation

Technology is changing our behaviours.
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Trend technologies - The digital transformation

Technology is changing our behaviours.
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Trend technologies - The digital transformation

Technology is changing our behaviours.
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Trend technologies - The digital transformation

NUMBER OF YEARS IT TOOK FOR EACH
PRODUCT TO REACH 50 MILLION USERS
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Trend technologies

A trend is a change or development towards something new or different.

This means that trend technology will change our future.
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Artificial Intelligence (Al)

Artificial
Intelligence

Learning
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Artificial Intelligence (Al)

Artificial intelligence (Al) is intelligence demonstrated by machines, as opposed to the natural

intelligence displayed by animals and humans.

P .
GLOBAL ARTIFICIAL INTELLIGENCE MARKET \J Tractica
Artificial Intelligence Revenue, World Markets: 2016-2025
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Artificial Intelligence - Machine Learning

Input Output
Rules

Traditional Answers _
Data algorithm
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Artificial Intelligence - Machine Learning

Traditional algorithms work by using rules defined by an expert.

Head is relatively small and a rounded wedge shape

(R - 2 .
Torso is long and substantial, neither oriental nor foreign
. Medium to large in size

Eyes are large, :
oval and ' .‘.f
set slightly A S N\ Very muscular, especially male

slanted

Strong chin

Boning is sturdy y . ‘,«w-

firm and
never delicate . J The tail is thick and even with
a rounded tip and of medium

: é length
Broad chest : " 2
' ' Coat is short to medium in

2 1 length, dense, luxurious,
\ ! close lying and soft and

silky to the touch. Patterns
are spotted or marbled

Large rounded paws with prominent knuckles Hind legs are longer than the forelegs
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Artificial Intelligence - Machine Learning

Input Output

Rules -~
Traditional Answers

Data algorithm

Rules

ML Rules
Answers |  Algorithm
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Artificial Intelligence - Machine Learning

ML algorithms work by using examples that attempt to capture the

knowledge that resides within them.
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Artificial Intelligence - Machine Learning

Machine learning (ML) is the study of computer algorithms that improve

automatically through experience (data examples).

Machine Learning
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Artificial Intelligence - Machine Learning

Machine learning (ML) is the study of computer algorithms that improve

automatically through experience (data examples).
Machine Learning
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Artificial Intelligence - Machine Learning

Supervised
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Data + Answers

Supervised learning is the machine learning task of learning a function that maps an input to an
output based on example data-answer pairs. It infers a function from labelled training data

consisting of a set of training examples.
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Artificial Intelligence - Machine Learning

Supervised Unsupervised
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Unsupervised learning is a machine learning task of learning patterns from unlabelled data. The
hope is that through mimicry, the machine is forced to build a compact internal representation of

its world.

N\ Universidad
///\\/// Francisco de Vitoria
Al UFV Madrid



Artificial Intelligence - Machine Learning

Supervised Unsupervised Reinforcement
O MDP
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Reinforcement learning (RL) is an area of machine learning concerned with how intelligent
agents ought to take actions (data) in an environment, defined by states, in order to maximize

the notion of cumulative reward.
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Artificial Intelligence - Machine Learning

AlphaGo

AlphaGo is the first player to defeat a human
ALPHAGO
professional Go player, the first to defeat a world Go

: — '\ Google DeepMind
champion, and is possibly the strongest Go player in the - 979 7 see® Sl i

world.

e Two players who play in turns.
e Black and white stones.

e Models based on human-machine interaction.

00:28:33)

There are 10 to 170 possible board

The player combines an advanced search tree with
deep neural networks. These networks take a
description of the board as input and process it through configurations in Go, far more than the
several different layers which contains millions of number of atoms in the known universe.
neuron.
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http://www.youtube.com/watch?v=WXuK6gekU1Y

Artificial Intelligence - Machine Learning

AlphaStar

AlphaStar is a reinforcement learning agent for tackling
the game of Starcraft Il. AlphaStar uses numerous types

of architecture to incorporate different types of

’ AlphaStar ‘

features:

e Observations of player and enemy units are

processed with a Transformer.

e Scatter connections are used to integrate spatial

and non-spatial information.

It is not possible to compute the maximum

e The temporal sequence of observations is
processed by a core LSTM. number actions in a Starcraft Il game.
e Minimap features are extracted with a Residual

Network.
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Artificial Intelligence - Machine Learning

Machines are slower than humans.

Mean APM

| B AlphaStar _ MaNa
277 390 AlphaStar
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Mean APM: Actions per minute on average.
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Guillermo
Nota adhesiva
APM = Actions Per Minute


Artificial Intelligence - Machine Learning

Input Networks Core Heads Output
E”Viﬁﬁ?;“ i > Function
Economics
info
Units info Em&% > Arguments
///\\:/// IL:Jrr;\r/g:g: ge Vitoria @ OFF-EXAM CONTENT

N\l UFV Madrid




Artificial Intelligence - Machine Learning
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AlphaStar League was trained based on next
configuration:

« 14 days

« 16 TPUs for each agent
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http://www.youtube.com/watch?v=lPERfjRaZug
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Computer Vision

Artificial
Intelligence

Learning

Computer
Vision
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Computer Vision

Computer vision is a field of artificial intelligence that trains computers to
interpret and understand the visual world by using images and videos from

cameras.
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Computer Vision

Artificial intelligence

Machine learning

natural natural
language language
processing generation
Deep
learning

computer image
vision recognition

Computer vision, in the context of computer vision, is the ability of machines to
understand (including being able to infer something about it) the input image and its
contents. Computer vision uses image processing algorithms to solve some of its

tasks.
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Computer Vision

Artificial intelligence

Machine learning

natural natural
language language
processing generation
Deep
learning

computer image
vision recognition

Image recognition, in the context of computer vision, is the ability of machines
to identify objects, places, people, ..., anything which is in the input image. Image
recognition uses image processing algorithms to solve some of its tasks.
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Computer Vision

A Convolutional Neural Network (ConvNet/CNN) is a Deep Learning
algorithm which can take in an input image, assign importance (learnable

features and biases) to various aspects/objects in the image and be able to

differentiate one from the other.

Fully
connected Output
layer

Convolution + Non Convolution + Non
linearity linearity

1
Il
[
[1

Fox
(0.05)

Pooling Pooling
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Computer Vision

was it done by a human?
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Computer Vision

real picture

Deep Neural

Input picture was it done by a human? NO
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Computer Vision

What more can we do using Computer vision?
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Computation

Cyber
Artificial security
Intelligence

Computing

Quantum
Computing

Edge

Mzl Computing

Computer
Vision

Cloud
Computing
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Computation - Cloud computing

Server
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Laptop Application
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Platform
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Cloud Computing
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Computation - Cloud computing

Cloud computing is the on-demand availability of computer system
resources, especially data storage and computing power, without

direct active management by the user.

- Pay for use as needed. .
- Global scale. e @.
. @ @
 Big Performance. @ —
@

- LAPTOP e @
SERVER CLOUD COMPUTING
SMARTPHONE @
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Computation - Cloud computing

Q
)
4

U.S. cloud computing market size, by end use, 2016 - 2027 (USD Billion)

94.2 1014
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2016 2017 2018 2018 2020 2021 2022 2023 2024 2025 2026 2027

mBFSI ® IT & Telecom = Retail & Consumer Goods ™ Manufacturing ® Energy & Utilities
m Healthcare = Media & Entertainment = Government & Public Sector = Others

Source: www.grandviewresearch.com
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Computation - Cloud computing

Public Cloud

Typically have massive
amounts of available space, : rewall and are utiliz
which translates into easy Q@ single organizatior
scalability. Recommended for B \
software development and L~ 0
collaborative projects. IIC)

‘\__l.(.--’

Types of Cloud
"ybr'd Cloud Deployment Community Cloud

Combine public clouds with A collaborative, multi-tenant
private clouds to allow the two platform used by several
platforms to interact seamlessly. - distinct organizations to share
Recommended for businesses the same applications. Users
balancing big data analytics with are typically operating within
strict data privacy regulations. the same industry or field.
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Computation - Edge computing

Internet of Things (IoT) connected devices installed base worldwide from 2015 to 2025
(in billions)

100

80 75.44

in billions
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Source Additional Information:

HE Worldwide; IHS: 2015 to 2016
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Computation - Edge computing

Edge computing is a distributed computing paradigm that brings computation
and data storage closer to the location where it is needed, to decrease response

times, save bandwidth and keep privacy.
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Computation - Edge computing

Edge computing is a distributed computing paradigm that brings
computation and data storage closer to the location where it is needed, to

improve response times, save bandwidth and keep privacy.

Intel NCS 2 Coral Edge TPU Jetson Nano Coral Edge
Accelerator Nvidia TPU Board

Price: $79.99 Price: $74.99 Price: $99.00 Price: $140.99

New cheap devices to run Machine Learning Inference on the edge
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Computation - Quamtum
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Computation - Quantum computing

Quantum computers are machines that use the properties of quantum physics to

store data and perform computations.

The basic unit of memory in quantum computers is a

quantum bit or qubit.
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Computation - Quantum computing

Quantum computing is the use of quantum phenomena such as

superposition and entanglement to perform computation.

 Quantum Superposition is a property of quantum systems to be in multiple

states at the same time until it is measured.

e Quantum entanglement is a physical phenomenon that occurs when a pair or a
group of particles is generated, interact, or share spatial proximity in a way such
that the quantum state of each particle of the pair or group cannot be described
independently of the state of the others, including when the particles are

separated by an enormous distance.
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Computation - Quantum computing

Qubits are made using physical systems, such as the spin of an electron or
the orientation of a photon.

A traditional computer needs three bits to represent any integer number between
0and 8

» A quantum computer of three qubits can represent every number between 0 and 8

at the same time. BITS QUBITS

@ « 3 s
[

e
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Computation - Quantum computing

Operations on qubits are performed using a mix of Matrix Multiplication, Complex

Numbers, and Quantum Logic Operators rather than the simple truth-functional operators
of Boolean Algebra.

1 Choose a specific 2 Run circuit on 3 Estimate quantum processor's fidelity, 4 Result: Quantum
quantum circuit quantum processor and determine cost of labor supremacy achieved

(Classical computation)

Is the cost to Archive bit strings
—» 8)8?18 > simulate too — Yes P 10010
o 10111 expensive? 00110

—

No 10111

o
=
(o
s |

% GB TB+ PB EB
o 0% | Sycamore
: : 11001 7 , Supremacy
! 01010 & £ regime
01111 % : o
Fidelity 2
H‘ b Hl R .. Calculate “score” §
& bit string — e =
Simplified probabilities S XEB Classically
tractable
\ J
25 53 75
Qubits
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Computation - Quantum computing

uantum supremacy or Quantum advantage is the goal of demonstrating
hat a programmable quantum device (quantum computer) can solve a
roblem that no classical computer can solve in any feasible amount of

ime.

Quantum Supremacy: A Test on the IBM Quantum Computer
Yash Palan,'* Bikash K. Behera>% ! and Prasanta K. Panigrahi® !
" Department of Physcs, Indian Institate o Science Edcation and Research Bhopal, Bhopal, Madhya Pradesh, India
Bika

wh's Quantum (OPC) Put. Lid., Balindi, Mohanpur 7412{6, Nadia, West Bengal, India

Indian Institute of Seience Education and Rescarch Kolkata, Mohanpur 741246, West Bengal, India

e e of schieving uantum supremacy by Googlo AT haerecelved 1 acelaim
s of ressachers I the il o qu . Here, we implement
‘bench marking procédurs ou tho IBM :||\1n|um computer and copart

irpose rough

the rosults obtained. The backend used for this

his oxperiment, wo observe an oxponen

are similar to ones obtained by Google Al we c o ¢
s, I Is pomibla to achiove quantun, supremacy oo THM

the n ,..\,m of
compu

1. INTRODUCTION classical scarch algorithm. These, aloug with other al-
gorithms indicated to the possibiity that quantum com-
puters might be better than classical computers in terms

N\ Universidad
///\\/// Francisco de Vitoria
Al UFV Madrid

https://www.nature.com

since Dentseh’s proposal about a quantum Tur-
ing machine, the idea of quar
conerete. This sparked an interest in the community to
search for possible methods of building such devices as
well as raising practical issues like decoherence and fault
tolerance of such a device. Hence, the birth of the field
of Quantum hforuation and Computation took place
Oe . many advances in this field, in both the-
Syt xperitnental arcas, have taken place. In the
tical arena, ideas like quantum teleportation'? and

m computation was made

theor
quantum superdense coding
that could be explored in practical quantum computation
a5 well as posing experimental challenges.

Many approaches have been undertaken for the cre-
ation of a working quantum computer. People have
tried quantum computation using trapped cold atoms
in a periodic potential. The advantage of such a
system is that there is very low decoherence”.  An-
other proposal consisted of using opties for creation
of a quantum computer®.  Other possibilities included
topological quantum computer?, NMR based quantum
computation'!, quantum computation using quantum
dots!®1* and many others. The present day quantum
computer at IBM is made up of superconducting qubits'
with as much as 53 qubits. Hence, a landmark
scievod i development of physcally relizable quatumn

The i o the dea of quastu suprernacy e i the
paper pablishd by Shor il Polysomst-Tina Alg>-
ithos fo Prme Factorzation and Disr
ona Quastum Computes® 3. In this paper, e outlined
the now famously known Shor’s algorithm for prime fac-
torization. Here, we s

increased the possibilities

one of the first instances where
 quaski compates b ablo 0 provde s spoedup whan
pared to the best classical algorithms. In fact, this
Tt s sble to provide anexponentia spoedup when
compared to the best lassical o
line rover's search algorithm!?, which also pro-
vides a square root speedup in comparison to the best

of the problems that can be solved on it. Quantum
supremacy is said 1o be achieved when a quantum com-
puter is said to have solved a problem which cannot be
solved by a classical computer (keeping practical consid-
erations in mind). The term was first coined by Proskill,

In the paper published by Google AI titled “Quan.
tum supremacy using a programmable superconducting
quantum supremacy had
o oo Th el e byt o ol s

gates Ry sample’s probability
distribution. In the experiment conducted by Google on
anged in a square lattice with a

1 It was estimated

that sampling the output probability distribution wo
require more than one petabyte of storage as well as high
computation time. They have demonstrated that despite
having a large amount of errors, they are able to sample
the distribution in 5 hours, which a supercomputer would
require at least 2.5 days.

Also, along with practical importance, establishing
quantum supremacy also has theoretical importance
Supremacy experiments directly refute the “Extended-
Chnreh-Turing thesis™ which states that classical com-
puters have the ability to simnlate any physical process
with a polynomial overhea

Tn this paper, we pesform cross catropy benchmarking
technique on the IBM quantum computer. This is done
by calculation of the fidelity and plotting its variation
with number of qubits and the depth of the circuit. By
depth, we refer to the mumber of times the circuit is re-
peated. Using this we verify that the results obtained by
Google Al and also show that a similar pattern is followed
by the IBM quantum computer. Hence, we can conclude,

uantum supremacy can bo

in Section
2,9 o Ut The GHtmts e el oty Ry
which is used for benchmarking purpose. In section 3.

/articles/s41586-019-1666-5



https://www.nature.com/articles/s41586-019-1666-5

