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Artificial Intelligence

Artificial Intelligence [Al] — Definition

» A system’s ability to correctly interpret external data, to learn from such
data and to use those learnings to achieve specific goals and tasks through
flexible adaptation [1]

 Science and Engineering of making intelligent machines [2]
* Any computer that passes Turing test [3]

* Turing Test ?

* Theory and development of computer systems capable of performing tasks
that historically required human intelligence, such as recognizing speech,
making decisions, and identifying patterns

* Programs that can sense, reason, act and adapt



Artificial Intelligence

Artificial Intelligence [Al] — Definition

e Al — study of how to make computers perform intelligent tasks that in
the past could only be performed by humans [4].

* Al - a multidisciplinary field with the capability of integrating
cognition, machine learning, emotion recognition , human computer
interaction, data storage and decision making.
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Which room has the computer? demonstrating intelligence*, but
not necessary!



Artificial Intelligence Development Timeline

Artificial Intelligence Development History Timeline
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 What is the position of Al in 2024 and beyond ?
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Source: Y Lu [5]

Time Events Country

The Initial Phase (1956-1980)

1950  Alan Turing published a landmark paper indicating that machine was UK
possible to be intelligent. The Turing Test was the first proposal in the
philosophy of Al

1956  The Dartmouth Conference in the United States gathered the first USA
researchers to determine the name and mission of Al. This event is the
starting point for Al.

1957  Frank Rosenblait, a psychologist at Cornell University, implemented a USA
neural network “perceptron”™.

1957  GPS (General Problem Solving) extended Wiener's feedback principle and
solved many problems.

1958 McCarthy developed LISP (List Processing) language. USA

1967  Waseda University launched the WABOT project in 1967 and assembled the Japan
first full-size smart humanoid wbot WABOT-1 in 1972,

1969  The International Federation of Artificial Intelligence was established in USA
Seattle, USA, and held its first meeting.

1974-1980, because of the limitation of computing and related techniques, Al was

under a low level of development.

The Industrialization Phase ( 1980-2000)

1980 Carnegie Mellon University designed an expert system called XCON for  USA
DEC and achieved great success

1982 Japan invested 850 million US dollars to develop Al computers. The goal is  Japan
to enable machines to think in the same way as human, achieving human-
computer interaction, language translation and image recognition.

1982 Physicist John Hopfield invented a neural network that could learn and USA
process information in new ways.

1986  The appearance of multi-layer neural networks and BP response
propagation algorithms improved the accuracy of automatic recognition.

1980-1987, companies around the world have adopted Al programs called

“expert systems”, and knowledge expression systems have become the focus of
mainstream Al research.

1988  The German Artificial Intelligence Research and Center was established. It Germany
is the world's largest non-profit Al research organization.

1997 The “Deep Blue” defeated the chess champion. After being influenced by  USA

Moore’s Law, computing power began to increase dramatically.
1987-1993, Al was under a low lkevel of development for the second time.
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The Explosion Phase ( 2000-)

2003  Garry Kasparov ties Deep Junior LISA
2003 Garry Kasparov tied X3D-FRITZ Germany
2005  Stanford’s robots automatically drove 131 miles on desert roads LTSA

2006  Hinton proposed an unsupervised learning traming method based on DBMN.  Canada
His doctrine prompied the academic community to begin in-depth
research in deep learning.
2011 IBM Waston defeated human. LUSA
2012  Deep learning has begun to be widely used in different fields.
2014  The “Tunng Test 2014™ organized by the Royal Society of England passed UK
the test for the first time,
2016 AlphaGo defeated former World Go Champion. LTSA

* Source: Y Lu [5]
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e Development Timeline

The Development of Al

Period

Events &Details

Source: Zang and Lu [6]

Founding period

The first golden age

The second golden
period

The third golden
period

In the summer of 1956, at an academic conference held at
Dartmouth University, several distinguished scientists
discussed how to make machines simulate intellizent.
MecCarthy first proposed the term artificial intellizence, which
gave birth to artificial intellivence. This emerging discipline.
Since the Dartmouth Conference, the emergence of expert
systems, such as the Bender Chemical Mass Spectrometry
System, MTCIN Disease Diagnosis and Treatment System, and
Hearsay-11 Language Understanding System, laid the
foundation for the practicality of this manual. operating.
intelligence. In the early days of artificial intellizence
research, the Massachusetts Institute of Technology, Carnegie
Mellon University, Stanford University, and other universities
established artificial intelligence laboratories and received
R&D funding from government agencies. In the late 1970s,
Feigenbaum proposed the concept of knowledge engineering.
Expert systems have developed rapidly, and their applications
have also produced huge benefits. However, a series of
problems such as the difficulty of obtaining knowledge from
expert systems gradually emersged, and artificial intelligence
entered the first trough.

The Hopfield neural network and BT training algorithm
proposed in 1982, set off a boom in the development of
artificial intellizence such as speech translation and speech
recognition. However, in the late 1990s, people thought that
artificial intelligence was still far from our social life.
Therefore, around 2000, artificial intelligence entered a
trough again.

From 2006 to now is a period of rapid development of
artificial intelligence. The rapid development is mainly due to
the widespread popularity of GPUs, and parallel processing
can be faster and more powerful. Another reason is the
unlimited expansion of storage capacity, which allows large-
scale access to data such as maps, pictures, text and data
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Timeline of images generated by artificial intelligence

These people don't exist. All images were generated by artificial intelligence.

. 2014 2015 2016
* The rise of Al over the years -
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The rise of Al over the years
Computing capacity — by counting FLOPS
Floating point operations per second

A FLOP is a floating-point operation; e.g. 3.1416 + 2.7182

Source: [2]

The rise of artificial intelligence over wiv rast o uvvauvs: ro wranins S
computation has increased, Al systems have become more powerful

The color indicates the domain of the Al system: @ Vision ® Games ® Drawing ® Language @ Other

Shown on the vertical axis is the training computation

p Minerva: built in 2022 and trained on 2.7 billion petaFLOP-.
that was used to train the Al systems. Minerva can solve complex mathematical problems at the college level.
PaLM: builtin 2022 and trained on 2.5 billion petaFLOP

10 billion petaFLOP PaLM can generate high-quality text, explain some jokes, cause & effect, and mare.
" t GPT-3: 2020; 314 million petaFLOP —

GPT-3 can produce high-quality text that is

often indistinguishable from human writing.

100 million petaFLOP

-E can generate

NEQ: 2021; 1.1 million petaFLOP
Recommendation systems like Facebook's NEO determine what you see on
your social media feed, online shopping, streaming services, and more.

1 million petaFLOP AlphaGo: 2016; 1.9 million petaFLOP
AlphaGo defeated 18-time champion Lee Sedol at the ancient and highly

complex board game Go. The best Go players are ho longer human.

AlphaFold: 2020; 100,000 petaFLOP
10,000 petaFLOP AlphaFold was a major advance toward selving the protein-folding problem in biology.

. MuZero: 2019; 48,000 petaFLOP ®
MuZero is a single system that achieved superhuman performance at Go,
chess, and shogi (Japanese chess) — all without ever being told the rules.
100 petaFLOP
P AlexNet: 2012; 470 petaFLOP—
A pivotal early “deep learning” system, or neural network with many layers, that
could recognize images of objects such as dogs and cars at near-human level.
1 petaFLOP = 1 quadrillion FLOP HPU o
Decision tree
10 trillion FLOP TD-Gammon: 1992; 18 trillion FLOP @ LsTMe L
TD- 4 mon at a high
ev ers of the time. ® LeNet-5
o ® RNN for speech
100 billion FLOP -
NetTalk: 1987; 81 billion FLOP @ @ ALVINN
NetTalk was able to learn to pronounce some English text by being given ® ZipCNN
text as input and matching it to phonetic transcriptions. Among its many
limitations, it did not perform the visual recognition of the text itself.
1 billion FLOP Pandemonium (Morse) ® System 11
Samuel Neural Checkers °
& ® Back-propagation
‘Neccognitrofn: 1;)80: 228 million FLOP !
10 million FLOP A precursor of modern vision systems. It could recagnize
handwritten Japanese characters and a few other patterns.
@ Fuzzy NN
@ Perceptron Mark I: builtin 1957/58; 695,000 FLOP
100,000 FLOP Regarded as the first artificial neural network, it could visually distinguish cards marked on the left side
4 from those marked on the right, but it could not learn to recognize many other types of patterns.
® ADALINE: built in 1960 and trained on around 2,900 FLOP
An early single-layer artificial neural network.
1,000 FLOP
® Theseus: built in 1950 and trained on around 40 floating point aperations (FLOP)
10 FLOP Theseus was a small robotic mouse, developed by Claude Shannon,
that could navigate a simple maze and remember its course.
Pre Deep Learning Era Deep Learning Era
lectronic computers Training computation grew in line with Moare's law, doubling roughly every 20 months. Increases in training computation

loped in the 1940s

lerated, doubling roughly
every 6 months.

1940 1950 I 1960 1970 1980 1990 2000 2010 2020

1956: The Dartmouth workshop on Al, often " 1997: Deep Blue beats world
seen as the beginning of the field of Al research chess champion Garry Kasparov




Drivers and technologies of Al

* Big Data

e Algorithms

* Machine learning

* Natural Language processing
* Computer vision

* Hardware



Drivers and technologies of Al

* Big Data
* Prerequisite of Al
* A core factor that promotes Al to improve recognition rate and accuracy
* Increased growth in data generation
* More comprehensive data — high dimensional data

* Algorithm

* Mathematical models designed to mimic human intelligence by learning from
data, recognize patterns, decision making and prediction.

* Speech recognition, semantic analysis, recommendation system etc.



Drivers and technologies of Al

* Machine learning (ML)

* Developing algorithms that enables learning, prediction or decision making
based on the given data, without being explicitly programmed.

e Types of problem solved using ML — Clustering, Classification, Prediction and
Dimensionality reduction

* Four categories of ML algorithm — Supervised Learning, unsupervised
learning, and reinforcement learning.
e Supervised learning
* Labelled data-> Model training-> Prediction ( Classification and Regression)
e Classification — prediction of output of discrete values
* Regression — prediction of output of continuous values



Drivers and technologies of Al

* Machine learning (ML)
* Unsupervised learning
* Clustering — data is grouped into different classes without any tags or labels
* Reinforcement learning

* Obtain rewards by interacting with environment, assessing the action quality at reward
levels, and then training the model.

Machine
Learning
Supervised Unsupervised Reinforcement
Learning Learning Learning

Model training with labelled data Model training with unlabelled data Model take actions in the environment then
received state updates and feedbacks

Classification Regression Clustering
--------- o
4 ° ® % Environmen t
A 0,/ e . ° /’
* ® ¥ ~ o o
| " A o’ =S °
* e S L4 °
LemTTT 7 i 5 & ® O | action | | feedback
s e A °
~3 [ )
0o o Trmmn—” / o O
| ° ; 4 ° Y ®
5 e 7 [ ® oo °
R ° e o Model
S @ ° Agent

J. Pengetal, 2021



Drivers and technologies of Al

* Natural Language processing

e Ability of computers to recognize and understand human text language.
e Natural language understanding (NLU) and natural language generation (NLG)

NLP

NLU NLG

I
I I [ I I I
Semantic Machine 2:;:;2? Sentiment Entity Text Summariza Dialogue Text to
Analysis Translation erelles analysis recognition generation tion system speech




Drivers and technologies of Al

* Computer vision
* Enable computers to mimic human vision

* |dentify and analyze images
* Facial recognition, object detection, image recognition and classification

e Hardware

 GPU (Powerful parallel computing power)
* Handle large matrix operation

* CPU

* Handle general purpose computing
* Memory, Storage devices, Network and storage infrastructure



Artificial Intelligence Applications




Artificial Intelligence Applications

Voice Assistant

Recommendation system

Basics of Recommendation Systems - Cankat Sarac (cankatsarac.com)
Chatbots

Self-driving car

e 5 Ways Self-Driving Cars Could Make Our World (And Our Lives) Better
(forbes.com)

 Facial recognition
* Smart home devices



https://cankatsarac.com/2022/02/23/basics-of-recommendation-systems/
https://www.forbes.com/sites/bernardmarr/2020/07/17/5-ways-self-driving-cars-could-make-our-world-and-our-lives-better/
https://www.forbes.com/sites/bernardmarr/2020/07/17/5-ways-self-driving-cars-could-make-our-world-and-our-lives-better/

Artificial Intelligence

 Weak and Strong Al

ANI

Artificial Narrow
Intelligence
aka
Weak Al

NARROW
CAPABILITY

Present

AGI

Artificial General
Intelligence
aka
Strong Al

GENERAL
CAPABILITY

ASI

Artificial Super
Intelligence
aka
Strong Al

TRANSCENDENT
CAPABILITY




Artificial Intelligence

e Weak Al or Narrow Al

* Designed to perform a specific task

* Applications : speech recognition; image processing; NLP

* Trained on a specific dataset and can provide answers based on that
* Eg: achatbot designed to answer customer service question

Designed to operate within a specific set of rules
e Cannot adapt to new situations or learn new tasks without being programmed

Easy design and implementation

Have all mental capabilities of humans or animals but are not alive.. No
conscious experience.

Model of a mind



Artificial Intelligence

 Strong Al or Artificial general intelligence (AGlI)

* Designed to mimic the cognitive abilities of a human being

e Correct simulation really a mind
Perform wide range of tasks instead of being limited to a specific set of tasks
Designed to learn and adapt to new situations
Designed to be self-aware and conscious (think, reason and make decisions)
Development of strong Al raises important ethical challenges



Artificial Intelligence

* Strong Al
* analyse data, make decision consciously to the extent that a person does.

* Properties of Strong Al (agreed by Al researchers)
* Making decisions, using strategies, solving puzzles and dealing with uncertainty
* Representation of knowledge, idea of reality
* Planning
e Strength of will
* Empathy; the ability to feel
* Wisdom, self motivation

* Current challenges

e defining consciousness ?
* Develop an algorithm that human being does not understand.
e Computing resources for processing an almost unlimited set of conditions



Artificial Intelligence

e Latest Trends

e 11 New Technologies in Al: All Trends of 2023-2024 (devabit.com)



https://devabit.com/blog/top-11-new-technologies-in-ai-exploring-the-latest-trends/

Reference

[1] A. Kaplan and M. Haenlein. A. Kaplan and M. Haenlein. Siri, siri, in my hand: Who'’s the fairest in the
land? on the interpretations, illustrations, and implications of artificial intelligence. Siri, siri, in my hand:
Who’s the fairest in the land? on the interpretations, illustrations, and implications of artificial
intelligence. Bus. Horiz. Bus. Horiz. 6262(1), pp. 15-25. pp. 15-25. 2019

[2] The brief history of artificial intelligence: the world has changed fast — what might be next?. Available:
https://ourworldindata.org/brief-history-of-ai.

[3] Alan Turing, "A Turing Computing Machinery and and Intelligence ," A QUARTERLY REVIEW OF
PSYCHOLOGY AND PHILOSOPHY.

[4] B. Huang, Y. Huan, L. Xu, L. Zheng, Z. Zou, Automated trading systems statistical and machine
learningmethods and hardware implementation: a survey, Enterprise Inf. Syst. 13 (1) (2019) 132-144.

[5]Y. Lu, "Artificial intelligence: a survey on evolution, models, applications and future trends," Journal of
Management Analytics, vol. 6, no. 1, pp.1, -02-06 2019. doi: 10.1080/23270012.2019.1570365

[6] C. Zhang and Y. Lu, "Study on artificial intelligence: The state of the art and future prospects," Journal of
Industrial Information Integration, vol. 23, -05-08 2021. doi: 10.1016/}.jii.2021.100224.

[6] J. Peng et al, "Machine Learning Techniques for Personalised Medicine Approaches in Immune-
Mediated Chronic Inflammatory Diseases: Applications and Challenges," Front. Pharmacol., vol. 12,
2021..DOI: 10.3389/fphar.2021.720694


https://ourworldindata.org/brief-history-of-ai.

	Artificial Intelligence and Machine Learning (ACCA6011)��Introduction to Artificial Intelligence
	Artificial Intelligence	
	Artificial Intelligence	
	Artificial Intelligence 	
	Artificial Intelligence Development Timeline 	
	Artificial Intelligence Development Timeline 	
	Artificial Intelligence Development Timeline 	
	Artificial Intelligence Development Timeline 	
	Artificial Intelligence Development Timeline	
	Artificial Intelligence Development Timeline	
	Drivers and technologies of AI	
	Drivers and technologies of AI	
	Drivers and technologies of AI	
	Drivers and technologies of AI	
	Drivers and technologies of AI	
	Drivers and technologies of AI	
	Artificial Intelligence Applications	
	Artificial Intelligence Applications	
	Artificial Intelligence	
	Artificial Intelligence	
	Artificial Intelligence	
	Artificial Intelligence	
	Artificial Intelligence	
	Reference

