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Stuart Russell and Peter Norvig (2020), 
Artificial Intelligence: A Modern Approach, 

4th Edition, Pearson
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Source: Stuart Russell and Peter Norvig (2020), Artificial Intelligence: A Modern Approach, 4th Edition, Pearson

https://www.amazon.com/Artificial-Intelligence-A-Modern-Approach/dp/0134610997/

https://www.amazon.com/Artificial-Intelligence-A-Modern-Approach/dp/0134610997/


Eric Topol (2019),
Deep Medicine: 

How Artificial Intelligence Can Make Healthcare Human Again, 
Basic Books
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Source: Eric Topol (2019), Deep Medicine: How Artificial Intelligence Can Make Healthcare Human Again, Basic Books

https://www.amazon.com/Deep-Medicine-Artificial-Intelligence-Healthcare/dp/1541644638/

https://www.amazon.com/Deep-Medicine-Artificial-Intelligence-Healthcare/dp/1541644638/


Tom Lawry (2020), 
AI in Health: 

A Leader’s Guide to Winning in the New Age of Intelligent Health Systems, 
HIMSS Publishing
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https://www.amazon.com/Health-HIMSS-Book-Tom-Lawry/dp/0367333716/
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AI, Big Data, Cloud Computing
Evolution of Decision Support, 

Business Intelligence, and Analytics
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 Chapter 1  • An Overview of Business Intelligence, Analytics, and Data Science  39

Evolution of Computerized Decision Support  
to Analytics/Data Science

The timeline in Figure 1.8 shows the terminology used to describe analytics since the 
1970s. During the 1970s, the primary focus of information systems support for decision 
making focused on providing structured, periodic reports that a manager could use for 
decision making (or ignore them). Businesses began to create routine reports to inform 
decision makers (managers) about what had happened in the previous period (e.g., day, 
week, month, quarter). Although it was useful to know what had happened in the past, 
managers needed more than this: They needed a variety of reports at different levels 
of granularity to better understand and address changing needs and challenges of the 
business. These were usually called management information systems (MIS). In the early 
1970s, Scott-Morton first articulated the major concepts of DSS. He defined DSSs as “inter-
active computer-based systems, which help decision makers utilize data and models to 
solve unstructured problems” (Gorry and Scott-Morton, 1971). The following is another 
classic DSS definition, provided by Keen and Scott-Morton (1978):

Decision support systems couple the intellectual resources of individuals with the capabilities 
of the computer to improve the quality of decisions. It is a computer-based support system 
for management decision makers who deal with semistructured problems.

Note that the term decision support system, like management information system 
and several other terms in the field of IT, is a content-free expression (i.e., it means dif-
ferent things to different people). Therefore, there is no universally accepted definition 
of DSS.

During the early days of analytics, data was often obtained from the domain experts 
using manual processes (i.e., interviews and surveys) to build mathematical or knowledge-
based models to solve constrained optimization problems. The idea was to do the best 
with limited resources. Such decision support models were typically called operations 
research (OR). The problems that were too complex to solve optimally (using linear or 
nonlinear mathematical programming techniques) were tackled using heuristic methods 
such as simulation models. (We will introduce these as prescriptive analytics later in this 
chapter and in a bit more detail in Chapter 6.)

In the late 1970s and early 1980s, in addition to the mature OR models that were 
being used in many industries and government systems, a new and exciting line of mod-
els had emerged: rule-based expert systems. These systems promised to capture experts’ 
knowledge in a format that computers could process (via a collection of if–then–else rules 
or heuristics) so that these could be used for consultation much the same way that one 
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Artificial Intelligence (A.I.) Timeline 

8Source: https://digitalintelligencetoday.com/artificial-intelligence-timeline-infographic-from-eliza-to-tay-and-beyond/



The Rise of AI
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Source: DHL (2018), Artificial Intelligence in Logistics,  

http://www.globalhha.com/doclib/data/upload/doc_con/5e50c53c5bf67.pdf/

1.1  Origin & Definition of AI

Artificial intelligence (AI) is not new. The term was coined 

in 1956 by John McCarthy, a Stanford computer science 

professor who organized an academic conference on the 

topic at Dartmouth College in the summer of that year. 

The field of AI has gone through a series of boom-bust 

cycles since then, characterized by technological break-

throughs that stirred activity and excitement about the 

topic, followed by subsequent periods of disillusionment 

and disinterest known as 'AI Winters' as technical limita-

tions were discovered. As you can see in figure 1, today  

we are once again in an 'AI Spring'.

Artificial intelligence can be defined as human intelligence 

exhibited by machines; systems that approximate, mimic, 

replicate, automate, and eventually improve on human 

thinking. Throughout the past half-century a few key com-

ponents of AI were established as essential: the ability to 

perceive, understand, learn, problem solve, and reason. 

Countless working definitions of AI have been proposed 

over the years but the unifying thread in all of them is  

1 UNDERSTANDING ARTIFICIAL INTELLIGENCE

Understanding Artificial Intelligence 3

that computers with the right software can be used to 

solve the kind of problems that humans solve, interact 

with humans and the world as humans do, and create  

ideas like humans. In other words, while the mechanisms 

that give rise to AI are ‘artificial’, the intelligence to which 

AI is intended to approximate is indistinguishable from 

human intelligence. In the early days of the science, pro-

cessing inputs from the outside world required extensive 

programming, which limited early AI systems to a very 

narrow set of inputs and conditions. However since then, 

computer science has worked to advance the capability of 

AI-enabled computing systems.

Board games have long been a proving ground for AI 

research, as they typically involve a finite number of 

players, rules, objectives, and possible moves. This essen-

tially means that games – one by one, including checkers, 

backgammon, and even Jeopardy! to name a few – have 

been taken over by AI. Most famously, in 1997 IBM’s Deep 

Blue defeated Garry Kasparov, the then reigning world 

champion of chess. This trajectory persists with the ancient 

Chinese game of Go, and the defeat of reigning world 

champion Lee Sedol by DeepMind’s AlphaGo in March 2016.

Figure 1: An AI timeline; Source: Lavenda, D. / Marsden, P.

AI is born Focus on specific intelligence Focus on specific problems

The Turing Test
Dartmouth College conference
Information theory-digital signals
Symbolic reasoning

Expert systems & knowledge
Neural networks conceptualized
Optical character recognition
Speech recognition

Machine learning
Deep learning: pattern analysis & classification

Big data: large databases
Fast processors to crunch data

High-speed networks and connectivity

        AI Winter I AI Winter II

                    1964 
Eliza, the first chatbot 

is developed by Joseph 
Weizenbaum at MIT

1997
IBM's Deep Blue defeats 
Garry Kasparov, the world's 
reigning chess champion

Edward Feigenbaum  
develops the first  

Expert System,  
giving rebirth to AI

1975 – 1982

IBM's Watson Q&A machine wins Jeopardy! 
Apple integrates Siri, a personal voice  

assistant into the iPhone 

2011

2016
AlphaGo 
defeats Lee Sedol

1950 1960 1990 2010 2020

2000

19801970

2014
YouTube recognizes  
cats from videos

Dartmouth conference  
led by John McCarthy  

coins the term  
"artificial intelligence" 

1956

Real-world problems are complicated
   Facial recognition, translation 
   Combinatorial explosion

Limited computer processing power 
Limited database storage capacity

Limited network ability
Disappointing results: failure to achieve scale
Collapse of dedicated hardware vendors

THE RISE OF AI



Artificial Intelligence in Medicine

10Source: Vivek Kaul, Sarah Enslin, and Seth A. Gross (2020), "The history of artificial intelligence in medicine." Gastrointestinal endoscopy..
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Definition 
of 

Artificial Intelligence 
(A.I.) 
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Artificial Intelligence 

“… the science and 
engineering

of 
making 

intelligent machines” 
(John McCarthy, 1955)

13Source: https://digitalintelligencetoday.com/artificial-intelligence-defined-useful-list-of-popular-definitions-from-business-and-science/



Artificial Intelligence 

“… technology that 
thinks and acts 
like humans”

14Source: https://digitalintelligencetoday.com/artificial-intelligence-defined-useful-list-of-popular-definitions-from-business-and-science/



Artificial Intelligence 

“… intelligence
exhibited by machines

or software”
15Source: https://digitalintelligencetoday.com/artificial-intelligence-defined-useful-list-of-popular-definitions-from-business-and-science/



4 Approaches of AI
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Source: Stuart Russell and Peter Norvig (2020), Artificial Intelligence: A Modern Approach, 4th Edition, Pearson



4 Approaches of AI
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2.
Thinking Humanly: 

The Cognitive
Modeling Approach

3. 
Thinking Rationally:
The “Laws of Thought” 

Approach

1.
Acting Humanly:

The Turing Test 
Approach (1950)

4. 
Acting Rationally:

The Rational Agent 
Approach

Source: Stuart Russell and Peter Norvig (2020), Artificial Intelligence: A Modern Approach, 4th Edition, Pearson



AI Acting Humanly:
The Turing Test Approach

(Alan Turing, 1950)

• Knowledge Representation
• Automated Reasoning
• Machine Learning (ML)

– Deep Learning (DL)
• Computer Vision (Image, Video)
• Natural Language Processing (NLP)
• Robotics

18Source: Stuart Russell and Peter Norvig (2020), Artificial Intelligence: A Modern Approach, 4th Edition, Pearson



1. Artificial Intelligence

2. Problem Solving

3. Knowledge and Reasoning

4. Uncertain Knowledge and Reasoning

5. Learning

6. Communicating, Perceiving, and Acting

7. Philosophy and Ethics of AI

19Source: Stuart Russell and Peter Norvig (2020), Artificial Intelligence: A Modern Approach, 4th Edition, Pearson

Artificial Intelligence: 
A Modern Approach 



• Multiagent Decision Making
• Learning from Examples
• Learning Probabilistic Models
• Deep Learning

20Source: Stuart Russell and Peter Norvig (2020), Artificial Intelligence: A Modern Approach, 4th Edition, Pearson

Artificial Intelligence: 
5. Learning



• Reinforcement Learning
• Natural Language Processing
• Deep Learning for Natural Language 

Processing
• Robotics

21Source: Stuart Russell and Peter Norvig (2020), Artificial Intelligence: A Modern Approach, 4th Edition, Pearson

Artificial Intelligence: 
6. Communicating, Perceiving, and Acting



AI in Medicine
• AI algorithms now equal or exceed 

expert doctors at diagnosing many conditions, 
particularly when the diagnosis is based on 
images. 

• Examples:
– Alzheimer’s disease (Ding et al., 2018)
– Metastatic cancer (Liu et al., 2017; Esteva et al., 2017)

– Ophthalmic disease (Gulshan et al., 2016) 
– Skin diseases (Liu et al., 2019c)

22Source: Stuart Russell and Peter Norvig (2020), Artificial Intelligence: A Modern Approach, 4th Edition, Pearson



AI in Medicine
• A systematic review and meta-analysis (Liu et 

al., 2019a) found that the performance of AI 
programs, on average, was equivalent to health 
care professionals. 

• One current emphasis in medical AI is in 
facilitating human–machine partnerships. 
– For example, the LYNA system achieves 99.6% 

overall accuracy in diagnosing metastatic breast 
cancer—better than an unaided human expert—but 
the combination does better still (Liu et al., 2018; 
Steiner et al., 2018)..

23Source: Stuart Russell and Peter Norvig (2020), Artificial Intelligence: A Modern Approach, 4th Edition, Pearson



AI in Medicine
• The widespread adoption of these techniques is 

now limited not by diagnostic accuracy but by 
the need to demonstrate improvement in 
clinical outcomes and to ensure transparency, 
lack of bias, and data privacy (Topol, 2019). 

• In 2017, only two medical AI applications were 
approved by the FDA, but that increased to 12 
in 2018, and continues to rise.

24Source: Stuart Russell and Peter Norvig (2020), Artificial Intelligence: A Modern Approach, 4th Edition, Pearson



3 Machine Learning Algorithms

25Source: Enrico Galimberti, http://blogs.teradata.com/data-points/tree-machine-learning-algorithms/



Artificial Intelligence
Machine Learning & Deep Learning

26Source: https://blogs.nvidia.com/blog/2016/07/29/whats-difference-artificial-intelligence-machine-learning-deep-learning-ai/



AI, ML, DL

27Source: https://leonardoaraujosantos.gitbooks.io/artificial-inteligence/content/deep_learning.html

Artificial Intelligence (AI)

Machine Learning (ML)

Deep Learning (DL)
CNN

RNN LSTM GRU
GAN

Supervised 
Learning

Unsupervised 
Learning

Semi-supervised 
Learning

Reinforcement 
Learning



3 Machine Learning Algorithms

28Source: Enrico Galimberti, http://blogs.teradata.com/data-points/tree-machine-learning-algorithms/



Can a robot pass a university entrance exam?
Noriko Arai at TED2017

29
https://www.ted.com/talks/noriko_arai_can_a_robot_pass_a_university_entrance_exam

https://www.youtube.com/watch?v=XQZjkPyJ8KU

https://www.ted.com/talks/noriko_arai_can_a_robot_pass_a_university_entrance_exam
https://www.youtube.com/watch?v=XQZjkPyJ8KU


Machine Learning (ML) / Deep Learning (DL)

30
Source: Jesus Serrano-Guerrero, Jose A. Olivas, Francisco P. Romero, and Enrique Herrera-Viedma (2015), 

"Sentiment analysis: A review and comparative analysis of web services," Information Sciences, 311, pp. 18-38.
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Computer Vision: Image Classification,
Object Detection, 

Object Instance Segmentation

31
Source: DHL (2018), Artificial Intelligence in Logistics,  

http://www.globalhha.com/doclib/data/upload/doc_con/5e50c53c5bf67.pdf/



Computer Vision: Object Detection

32
Source: Li Liu, Wanli Ouyang, Xiaogang Wang, Paul Fieguth, Jie Chen, Xinwang Liu, and Matti Pietikäinen. "Deep learning for generic 

object detection: A survey." International journal of computer vision 128, no. 2 (2020): 261-318.



YOLOv4: 
Optimal Speed and Accuracy of Object Detection

33
Source: Alexey Bochkovskiy, Chien-Yao Wang, and Hong-Yuan Mark Liao. "YOLOv4: Optimal Speed and Accuracy of Object Detection." 

arXiv preprint arXiv:2004.10934 (2020).



Labelling strategies for different 
dental image modalities

34Source: Falk Schwendicke, Tatiana Golla, Martin Dreher, and Joachim Krois (2019). "Convolutional neural networks for dental image 
diagnostics: A scoping review." Journal of Dentistry 91 (2019): 103226.

Near Infrared-Light Transillumination



Scope and Performance of 
Artificial Intelligence Technology 

in Orthodontic Diagnosis, 
Treatment Planning, and 

Clinical Decision-making –
A Systematic Review

Journal of Dental Sciences (2020)

35

Source: 
Sanjeev B. Khanagar, Ali Al-Ehaideb, Satish Vishwanathaiah, Prabhadevi C. 

Maganur, Shankargouda Patil, Sachin Naik, Hosam A. Baeshen, and Sachin S. 
Sarode (2020). "Scope and performance of artificial intelligence technology in 

orthodontic diagnosis, treatment planning, and clinical decision-making-A systematic 
review." Journal of Dental Sciences.



Artificial Intelligence Technology in Orthodontic Diagnosis, 
Treatment Planning, and Clinical Decision-Making

36

Source: Sanjeev B. Khanagar, Ali Al-Ehaideb, Satish Vishwanathaiah, Prabhadevi C. Maganur, Shankargouda Patil, Sachin Naik, Hosam A. 
Baeshen, and Sachin S. Sarode (2020). "Scope and performance of artificial intelligence technology in orthodontic diagnosis, treatment 

planning, and clinical decision-making-A systematic review." Journal of Dental Sciences.



Artificial Intelligence Technology in Orthodontic Diagnosis, 
Treatment Planning, and Clinical Decision-Making
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Source: Sanjeev B. Khanagar, Ali Al-Ehaideb, Satish Vishwanathaiah, Prabhadevi C. Maganur, Shankargouda Patil, Sachin Naik, Hosam A. 
Baeshen, and Sachin S. Sarode (2020). "Scope and performance of artificial intelligence technology in orthodontic diagnosis, treatment 

planning, and clinical decision-making-A systematic review." Journal of Dental Sciences.



Artificial Intelligence Technology in Orthodontic Diagnosis, 
Treatment Planning, and Clinical Decision-Making
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Source: Sanjeev B. Khanagar, Ali Al-Ehaideb, Satish Vishwanathaiah, Prabhadevi C. Maganur, Shankargouda Patil, Sachin Naik, Hosam A. 
Baeshen, and Sachin S. Sarode (2020). "Scope and performance of artificial intelligence technology in orthodontic diagnosis, treatment 

planning, and clinical decision-making-A systematic review." Journal of Dental Sciences.



Artificial Intelligence Technology in Orthodontic Diagnosis, 
Treatment Planning, and Clinical Decision-Making
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Source: Sanjeev B. Khanagar, Ali Al-Ehaideb, Satish Vishwanathaiah, Prabhadevi C. Maganur, Shankargouda Patil, Sachin Naik, Hosam A. 
Baeshen, and Sachin S. Sarode (2020). "Scope and performance of artificial intelligence technology in orthodontic diagnosis, treatment 

planning, and clinical decision-making-A systematic review." Journal of Dental Sciences.



Comparing latest deep-CNN based systems for 
identifying cephalometric landmarks (Park et al., 2019)

• CNNs

• Comparing latest deep-CNN based systems for identifying 
cephalometric landmarks

• 283

• Landmarks

• Cephalometric radiographs

• Single Shot Multibox Detector (SSD)

• 5% higher accuracy with (YOLOv3) than Single (SSD)

• (+)Effective

• You-Only-Look-Once model outperformed in accuracy and 
computational time than the Shot Multibox Detector

• This model can be used in clinical practice for identifying the 
cephalometric landmarks

40

Source: Sanjeev B. Khanagar, Ali Al-Ehaideb, Satish Vishwanathaiah, Prabhadevi C. Maganur, Shankargouda Patil, Sachin Naik, Hosam A. 
Baeshen, and Sachin S. Sarode (2020). "Scope and performance of artificial intelligence technology in orthodontic diagnosis, treatment 

planning, and clinical decision-making-A systematic review." Journal of Dental Sciences.



Summary
• Artificial Intelligence
• Machine Learning 
• Deep Learning 
• AI in Oral Health Applications
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