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About

This course

Course site
I Grading Component Weight Assessment Details Textbooks
Attendance & 10% Random roll calls, active class participation (speaking up, doing
Participation board exercises). 4 [= p—
Midterm Exam 40% Midterm test / assignment / essay. 3l AI
. A =L 2919 y A%y FUNDAMENTALS
Final Exam 50% Final examination / capstone project. i) - e
TOTAL 100% BUSINESS LEADERS v
Introduction
I Rule Category Detailed Policy Description to Al’t.lﬁCIal
Base Attendance Score  Students with full attendance but no active participation will receive a maximum lntelllgence
base score of 8.0/10 for this component. o
Participation Bonus Each instance of active participation (g,g., answering questions, doing exercises on the russer | Atificial lﬁf(_‘eifi'gehce
board) adds +0.25 points to the Attendance score. hos Kb e

Absence Penalty & Ban Random roll calls will be conducted. If a student is absent for more than 4 sessions,
their Attendance score will be 0, and they will NOT be eligible to take the Final
Exam.

Excess Point Transfer The maximum recorded Attendance score is 10.0. If a student's total attendance
points exceed 10.0, the excess points will be divided by 2 (50%) and added directly
to their Midterm Exam score.

Calculation Example Example:

- A student has full attendance (8.0 pts) and participates 10 times (10 x 0.25 = 2.5 pts).
- Total raw attendance = 10.5 pts.

- Final Attendance Score = 10.0 pts.

- The excess 0.5 points are halved (0.25) and added to the Midterm score.
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The Foundation of Al

What is Artificial Intelligence?

A field of computer science building Reasoning

systems capable of tasks requiring
human intelligence.

Artificial
Intelligence

Perception

The Original Definition (John McCarthy, 1955)

Problem-
solving

“The science and engineering of
making intelligent machines.”

1943 1955-56 1957
McCulloch—Pitts neuron Logic Theorist created Perceptron
(First mathematical (Newell & Simon) (Rosenblatt’s first
model of a neuron) machine learning model)
Y B Y O e O
" 85, ) \ 55, L&
1950 1956 1966
Turing Test proposed Dartmouth Workshop ELIZA
(Alan Turing) (Birth of the field; (Weizenbaum'’s first
MccCarthy coins Al) conversational chatbot)
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The Foundation of Al

Logic Theorist (1956)

- Widely considered the first .
artificial intelligence The Achievement
RNl Automatically proved 38 of .
the 52 theorems in chapter 2 Four Approaches to Defining Al
- Created by Allen Newell and of Principia Mathematica.
Herbert A. Simon. Human-centered

Note: In some cases, it found
shorter, more elegant proofs

than the original human @ Thinking Acting o
authors. @ )
2 Humanly Humanly §
g s
g Thinking Acting §

Rationally Rationally

Rationality-centered
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The Foundation of Al

Acting Humanly: The Imitation Game

Core Idea: A machine is intelligent :
if its behavior is indistinguishable "
from a human’s. @
L3 8 38— Human
: g il —
Turing replaced the vague question 1 £ S
“Can machines think?” with a s E2
measurable behavioral test. Interrogator - T
— %
O
! e 1 2%
Passing Condition: The = .E_ Machine
interrogator cannot reliabl P i i
s L -2 Passing the Turing Test
distinguish the machine from the g =
human better than random -
uessing.
9 9 1 Standard Turing Test Requirements:
1. Natural Language 2. Knowledge 3. Automated 4. Machine Learning:
Processing: Representation: Reasoning: Draw Adapt to new
Communicate in Store information and | | conclusions from circumstances and
human language. knowledge. stored data. detect patterns.

Total Turing Test Requirements (adds physical interaction):

5. Computer Vision: Perceive 6. Robotics: Manipulate and
objects. move objects.

Combined, these six capabilities encompass most of modern Al.
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The Foundation of Al

Thinking Humanly: Cognitive Science

Core Idea: Systems must Cogmtlve Science
not only produce the right
output, but do so using
human-like internal
) 9 2. 3. Brain
thought processes. Introspection Psychological imaging
Experiments

Observing . Observing
Merges computer models one's own t';';?;svlijgp i% neurological
from Al with experimental fﬁfj{;‘;g controlled y ng\gtEyG)
techniques from psychology. ' tasks. S Matching the Reasoning Trace

Example: The General Problem Solver Reaszl:ir:;r"l'race Reaxz?:;n'?race

(Newell & Simon).

o Match
Merely arriving at the correct answer - -
was insufficient.

The goal was to compare the trace of

reasoning steps between the machine - _IVEtc_h —
and human subjects.

A successful model must pass through

the exact same intermediate steps in the Match
same order as a human solving the same

problem.
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The Foundation of Al

Thinking Rationally: Laws of Thought

Core Idea: Thinking properly means adhering to normative logical rules that
guarantee true conclusions from true premises.

Origin: Aristotle’s formalization of “right thinking” via the Syllogism.

1 Major Premise: All humans are mortal.

2 Minor Premise: Socrates is a human.

The Logicist Tradition & Its Limits

3 Conclusion: Therefore, Socrates is mortal.

Aristotle —— Boole —— Frege/Peano —> Logicist Al

Validity relies on the structural form, independent of the specific content.

The Logicist Hope: Representing all knowledge in formal logic would
allow machines to automatically deduce correct conclusions.

1. Uncertain Knowledge 2. Combinatorial Explosion
Real-world knowledge is ambiguous. In practice, computing logical deductions
(e.g., ‘Birds usually fly,” but penguins do can exhaust system resources before
not). Formal logic demands absolute finding a solution, even if theoretically
true/false states. possible.
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The Foundation of Al

Acting Rationally: Intelligent Agents

Al

Percepts

(Sensors)

Actions
(Actuators)

Core |dea: Acting to achieve the best
expected outcome, regardless of human
similarity or perfect logical deduction.

Rational Agent: Chooses actions that

maximize a performance measure, based

on:

1. Performance measure (success
criteria)

2. Prior knowledge of the environment

3. Possible actions

4. Percept sequence (observations)

Trong-Nghia Nguyen



Al

The Foundation of Al

Summary & The Value Alignment Problem

Acting Humanly

Focus: Behavior

Benchmark: Turing Test

Thinking Humanly

Focus: Thought

Benchmark: Cognitive Science

Thinking Rationally

Focus: Thought

Benchmark: Formal Logic

Acting Rationally

Focus: Behavior

Benchmark: Rational Agents

The Danger of Perfect Rationality: If an agent optimizes for the wrong

performance measure, highly rational behavior becomes dangerous.
This is known as the Value Alignment Problem (Stuart Russell).
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Al

The History of Al

Expectations & Hype

Second Al Winter
(late-1980s/early-1990s)

First Al Winter
(mid-1970s)

Knowledge-Driven Systems Data-Driven Systems
(Hand-coded rules) (Machine/Deep Learning)

* Al history follows a recurring cycle of hype, unfulfilled expectations, and severe funding collapses (Al
Winters).

» Beneath these cycles lies a fundamental structural shift: moving from embedding human expertise to
extracting patterns from massive datasets.

Trong-Nghia Nguyen



The History of Al

Foundations & Symbolic Al Data-Driven &
Deep Learning
1943 1956 1958 1969 1983 2012 2016 2020+
N 0 O o — S :
S0~ (i () IP< 2 g s
/7 X g | :§\~Q{l&?t
McCulloch-Pitts  Dartmouth Lisp & Perceptrons Expert Systems  Bayesian NLP AlexNet wins  AlphaGo Generative
neuron Workshop Perceptron Mainstream Networks Matures ImageNet Al
— e
I I I
1950 1956 1966 1972-1980 1986 1997 2011 2014 2017
4
y 1.2 = 3
@ YD ) Slc
i O &) @'
= N L - =5
Turing Test Logic ELIZA DENDRAL, Back- Deep Blue Watson wins  DeepFace Transformer
Theorist MYCIN, propagation beats Kasparov  Jeopardy!
| XCON | _
Generative
& F dati
| Knowledge & Statistical Era I Mo :;:Ig ation
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The History of Al

Foundations & Symbolic Al

Phase 1: The Gestation of Al (1943-1955)

» 1943: McCulloch & Pitts propose
Weights the first artificial neuron; prove neural
networks can compute logical
functions.

Output » 1949: Hebb introduces Hebbian
Activation Hige learning for updating connection
Threshold weights.

Inputs

Summation
Node

« 1950: Turing proposes the Turing
Test, machine learning, and
reinforcement learning.

* 1951: Minsky & Edmonds construct
SNARC, the first neural-network
computer.

N

1943 1949 1950 1951

Al

Phase 2: The Birth of a Field (1956)

The Dartmouth Workshop The Logic Theorist
Organized by John McCarthy, Marvin Presented by Allen Newell and
Minsky, Claude Shannon, and Herbert Simon.

NS BFe eSO Recognized as the first true Al

Officially coins the term “Artificial program, capable of autonomously
Intelligence”. proving mathematical theorems.

Phase 3: Great Expectations (1952-1969)

Innovation Significance
General Problem Solver Simulates human problem-solving search.
Lisp (1958) John McCarthy's creation; dominates Al

programming for 30 years.

Frank Rosenblatt designs the first learnable

Perceptron (1958) neural model.

Checkers Program (1950) ﬁqr;t;;;nsealr::renli ra];hleves strong amateur-level

SHRDLU / ELIZA Demopstratt_es language understanding in limitec
domains (microworlds).

() -

1958 1959 1966
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The History of Al

Knowledge & Statistical Era
Phase 4: A Dose of Reality & The First Winter

(1966-1973) — Phase 5: Knowledge-Based Systems
=\ — (1969-1986)

";h"" [ [Knowledge Base] H [Inference Engine] H [Output]

= Z %‘:\ « Paradigm shift from general-purpose search to embedding deep, domain-specific human knowles
e

900000

— — — « DENDRAL: Infers molecular structures from mass spectrometry (first successful expert system).
« MYCIN: Diagnoses blood infections at expert levels, pioneering certainty factors for uncertainty.

« Early methods fail to scale from toy microworlds to complex, real-world problems. « XCON (R1): Saves DEC tens of millions annually, sparking a commercial boom in the early 1980s.
« Intractability (combinatorial explosion) halts general-purpose search algorithms. . . . . . .
« 1966: ALPAC report terminates machine translation funding due to systemic failures. « 1981: Japan'’s Fifth Generation project triggers a massive global Al investment race.
» 1969: Minsky & Papert publish Perceptrons, proving single-layer networks cannot solve m
the XOR problem. Neural network funding freezes. [Dj
1966 1969 . ’ v
o 1972-1980 1981 1983

Phase 6: The Connectionist Revival . iege
(1986-Present) Phase 7: Al Adopts the Scientific Method

(1987-Present)

Back-propagation of error.

 1986: The PDP group (Rumelhart,
+ Hidden layers Hinton, McClelland) rediscovers and
@) O popularizes the back-propagation
Input layer O ‘@) Output layer algorithm. @
o 8 8 O » Solves the limitations identified by
(@) = o O Minsky & Papert in 1969.
o O (@) O « Enables the successful training of @ @
o @) @) O multi-layer networks (hidden layers).
O o o @) « The field shifts toward rigorous mathematical foundations: statistics, decision theory, and
» Re-establishes Connectionism as a optimization.
@) (@) viable counterpoint to symbolic, + 1988: Judea Pearl introduces Bayesian networks, revolutionizing reasoning under uncertainty.
S O rule-based Al + The Rational Agent model emerges as a unifying framework across disciplines.
' « Focus moves to reproducible experiments, standardized benchmarks, and quantitative evaluation.

1988
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The History of Al

Data-Driven & Deep Learning => Gen Al

Phase 8: The Availability of Big Data (2001-Present) Phase 9: The Deep Learning « 2012: AlexNet (Krizhevsky,
Revolution (2011-Present) et ey

. dominance of deep
[Massive Web Datasets] % e
architecture (Attention is All

[GPU Compute Power] = 1 o s

Feed Forward recurrency, allowing
massive parallelization.

Performance Breakthroughs 307 st e o

Large Language Models

) ) . . Self-Attention (BERT, GPT
+ Al researchers realize that raw data matters just as much as algorithm design. variants).
« The unreasonable effectiveness of data drives a paradigm shift. * Generative Al booms into
) ) . mainstream commercial and
* Internet-scale accumulation of text, images, and user data provides the fuel Input creative use.
necessary to train highly parameterized models. mr—~"
g B @&
L L)
‘2“-_ 2012 2014 2017 2020+
N
| E—— =
2000
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The Categories of Al

Al, Machine Learning, and Deep Learning are
Nested Containments

Al: The broadest layer. Artificial Intelligence (Al)

Any technique making
machines behave

intelligently. ML: A subset of Al.

Machines learn rules from
data instead of explicit
Deep programming.
Learning
(DL)

Machine Learning (ML)

DL: A subset of ML.
Uses multi-layer deep
neural networks.

Al Trong-Nghia Nguyen



The Categories of Al

Artificial Intelligence (Al) Machine Learning (ML) Deep Learning (DL)
* Machines performing * Machines learning * Machine learning
tasks requiring patterns directly from data. executed via deep neural
intelligence. , e networks.
* Requires no explicit
* May rely on human- human-written rule * Internal representations
written rules and logic. programming. are built across many
. N o hidden layers.
* Examples include search e Utilizes statistical
algorithms and expert algorithms. * Features are learned
systems. automatically.

Al Trong-Nghia Nguyen




Axis 1: Classification by Data Modality

Al

The Categories of Al

)
©

Axis 2: Classification by Research Methodology

= . : () () () () () >
Computer Vision Natural Language Speech & Audio Signal Processing \ \J \ \ \
Processing (NLP)
Symbolic Al Statistical / Connectionist/  Neuro-Symbolic Evolutionary /
(GOFAI) Classical ML Deep Learning Swarm
Human-designed Learning statistical Multi-layer networks Combining neural Inspired by evolution
logic rules and patterns from data. learning own networks with and collective
symbols. (Moderate features. symbolic reasoning. behavior.
(High explainability) explainability) (Low explainability / (Moderate/high (Moderate
Black box) explainability) explainability)
Time Series Tabular / Structured Graph / Network Multimodal
Data Modality
(Vision, Language, Audio, Graph, Tabular)
The same data modality can Every real-world Al project
be attacked with drastically occupies a single coordinate on
different methodologies. this matrix.
‘ ) Methodology
(Symbolic — Classical ML — Deep Learning)

The same learning methodology
can generalize across entirely
different modalities.

Trong-Nghia Nguyen




Classification by
output objectives

Predictive /
Analytical Al

Al

The Categories of Al

Compresses rich input into Expands a compact input
a compact judgment. into a rich, novel output.

Learns conditional probability.

Calculates probability of label y
given input x.

Focuses on separating classes,
not understanding the whole.

Learns the underlying distribution.

Maps how the data is structured
as awhole.

Allows for sampling to produce
entirely new instances.

Trong-Nghia Nguyen



The Categories of Al

Predictive / Analytical Al

O /'A\\ //

Cancer Detection Image Generation

N

d e e o f*lb o
:/I\ Stock Forecasting Document Writing O A O_,,é ’
— o ) AN

Fraud Detection

Molecule Design

Al
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Al

The Categories of Al

A Non-Absolute Dichotomy

o Large Generative
Predictive Language aggregate
mechanism Models “ Dbehavior
(next token). long-f

(LLMSs) (long-form
content).

Generative models (knowing P(x,y)) can also
derive P(y|x) to perform classification.

Trong-Nghia Nguyen
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The Application of Al

Military & Economics
Defense & Finance

Al in Practice:
Applications

s Across Five
2 Critical Domains

Chemistry & Healthcare
Pharma

Physics

Trong-Nghia Nguyen



The Application of Al

Economics & Finance

Transaction Ledger

i -
paielm) £/

Approve Block

1118
1111
1111

Operates in milliseconds for networks like Visa/Mastercard.

Inflation

Time-Series . L/ P

Income

Predictive

- A2

Regressor Sentiment
g The marke_t Analysis: Cautious.
sentiment is Generative Summary: Market

) ) ) ) cautious ahead awaits central bank
Heavily regulated; applicants possess legal right to explanation. of the central LM decision, anticipating

bank meeting... low volatility.
Forecaster @ Position

+RL @ Sizing
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The Application of Al

Healthcare: Modality Scaling

o,
Image >
e g — A ﬂ
Severity Grade
(1-5)

Classifier

Population-level screening where specialists are scarce.

- Tl 55 ’%

NN NN g Graph Neural " l o

\o:’:lj)k“ NH Network H i

: /©/ azard/Toxicity
F Probability

Patient shows signs of
health

No prior history... ""dr

No prior history "2 .

previen: safe D”'""a - q Generative LM é
Prescribe...

Please

needed
Follow-up needed...

Follow-vP

Does the image

show any Multimodal ’
evidence of q
pulmonary System

embolism?
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The Application of Al

Healthcare: Modality Scaling

Medical Imaging Diagnosis: The Explainability Layer

LA 4
? —

iEts
Hit i

Chest Scan Data

&

Convolutional
Neural Network

¥
920 A) EXPLAINABI

Disease Probability
Score + Heatmap

A raw probability score is insufficient for a clinician. The heatmap translates a black-box decision into
a usable clinical insight by highlighting the exact anatomical region that drove the prediction.
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The Application of Al

Healthcare: Modality Scaling

Protein Structure Prediction: Dimensional Expansion
Dimensional Expansion

A-G-V-L-I-M-E-D-K-F-W-Y... [Deep Learning

System: AlphaFold]

Input: 1D Linear Sequence Output: 3D Folded Spatial Architecture

A striking example of algorithmic dimensional expansion, where a flat linear sequence
is translated directly into functional, three-dimensional spatial geometry.

Al Trong-Nghia Nguyen




The Application of Al

Physics: Acceleration & Discovery

21010
LHC Daté Input Physical Experimental Light Curve
l Parameters Input Measurements Input Data Input
Predictive Neural Search Anomaly
Classifier Network Algorithm Detector

¥ \ 4

Inherently
Interpretable:
The model
produces a formu
Rare Event Fast Approx Exoplanet a physicist can

Isolation (Higgs) Result Discovery actually read.

Millions of events/sec; Replaces computation hours
extreme class imbalance.  with inference milliseconds.
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The Application of Al

Physics: Acceleration & Discovery

Fusion Plasma Control: Al as an Actor

./’

Demonstrated by DeepMind and EPFL: Reinforcement
learning shifts Al from a predictive observer to a
continuous actor, maintaining plasma stability
through real-time magnetic coil manipulation.

Reinforcement
Learning Agent

Real-Time
Sensor Waveform

I T \
Q{Q

"r
—

Q)

V/A
A7
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The Application of Al

Chemistry & Drug Discovery

Solubility
Neural | ===l m
Network
Cardiac Risk Score

Drug-Target Interaction

De Novo Molecular Design This domain is distinctive: it pairs
generative models that propose
novel structures with predictive
models that filter them, running

endlessly in a closed loop.

P
0 o g
veotng i3 maa P

Retrosynthesis Planning
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The Application of Al

Chemistry & Drug Discovery

Accelerating Discovery: Loops and Funnels

Library of Millions of Compounds

Generative Model
(Proposes)

Predictive Model

(Filters)
Shortlist of Experimental Candidates
Drug discovery uniquely pairs generative and predictive Virtual screening reduces an otherwise intractable search
paradigms in a continuous, automated closed loop. space to a manageable shortlist of experimental candidates.
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The Application of Al

Chemistry & Drug Discovery

The Explainability Imperative in Pharma

The Toxicophore

A toxic prediction (e.g., hERG inhibition) is a dead end. Identifying the specific responsible substructure—the
toxicophore—converts an opaque probability score into actionable insight that guides molecular redesign.

Al Trong-Nghia Nguyen




The Application of Al

Military & Defense

Autonomous Systems Electronic Warfare

+ - Perception + Signal —A
-é RE Lotttol » / » Classifier » ﬁ:a:dryp?;(n
S® =]

Sensor stream

Cyber Defense Logistics & Wargaming
Anomaly ; Optimization WL oo 4

‘ Detector e /RL ‘ E’l;:?a
Intrusion Alert ' =} =]
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The Application of Al

Military & Defense
ISR and the Precondition of Oversight

ISR Pipeline

: Object ‘ 7 7
- , Detection » A
“EE : Network 2 &

Human
Operator

Explainability
Requirement

= y-":.

High-altitude ‘
imagery grid is

Satellite map

Lethal autonomous systems raise unresolved questions about accountability. Keeping a human in the decision
loop depends entirely on that operator’s ability to understand why the system recommended a target.
Explainability is not an academic nicety—it is the precondition for meaningful oversight.

Al Trong-Nghia Nguyen
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Careers in Al

Optimizes for Optimizes
Knowledge for Value
Focuses on the production Focuses on the production
of new knowledge, of shipped
foundational methodologies, products, scalable services,
and trained researchers. Academia Industry and business revenue.

The Al Field

A shared foundation of machine
learning, mathematics, and
computation.

Al Trong-Nghia Nguyen



Al

L[

Produce new knowledge
and train researchers.

El

Papers, patents,
dissertations, and graduates.

BS

Long horizons; tolerates
high-risk, uncertain
exploration.

Careers in Al

| Primary

\ Objective %

[

' 4 /’
[ , \
Deliverable /:

[ Time }

\ Horizon

'/’

S -

wo

Produce products,
services, and revenue.

74

Shipped products and
tangible business impact.

OF

Short-to-medium horizons;
favors feasibility and
immediate deployment.
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Careers in Al

Peer Reviewer

& Editor
Advantages: Intellectual Evaluates field-wide
freedom, Iong-term Professor Track =~ — conference and journal
theoretical influence, [Lecturer to FuII] ' M submissions.  ~

autonomy. Combines teaching, ~ ,/,/ ™~
research, and doctoral / /
Research supervision. 7/
i i Tollgate:
Smenﬂst Established
Conducts frontier Standing

research within an

Postdoctoral academic lab or institute.

Researcher

Builds a dedicated
publication record
toward a faculty position.

Tollgate: PhD +
Research/Teaching
Record

PhD Student

Conducts deep
research in one direction
and publishes.

Tollgate: PhD

| J Challenges: Grant \
Tollgate: PhD funding burdens,
continuous publication
| | pressure, limited
Tollgate: \compute.

Bachelor's/Master’s +
Research Proposal

Al Trong-Nghia Nguyen




Lo i

High autonomy; researchers
follow their own curiosity.

8 >0¢

Highly constrained
(with exceptions at a few
large institutions).

25 2
R

Mostly restricted to
public benchmark
datasets.

Al

Careers in Al

/ ~\
[ Freedom |

‘.\ of Topic |

\ P
N, o

/ N \ v
/Computational

—
7
’

. Resources |
\ /

7N

/ Data |

Access |
\\ /

,

|

246

Directed strictly toward
business and commercial needs.

Eead

Commands massively scaled,
state-of-the-art compute
infrastructure.

D

Holds proprietary,
real-world data at
massive scale.
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Careers in Al

- MLOps / ML ™
Infrastructure Engineer
Builds scaling infrastructure.
I . .. . Al Product Manager L
- > Applled Scientist Sets direction; blends Data Engineer p— o
5 Bridges researchand  pysiness judgment with - nT
- 9 coduct Judg Constructs big data ETL - =
= > p . technical literacy. pipelines. & -
s O - 2 =
= 7/ =
O o3 f I RO &
— o
S . L ! . | ® 3,
@ > Research Scientist Data Scientist Machine Learning  LLM Engineer o 3
o "E Requires PhD, publication Analyzes data, extracts Engineer Optimizes retrieval oo
~ record, frontier research business insights. Builds and deploys systems and agents. Q.
within a company. models into products.
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Careers in Al

slower early-career = baseline and equity

h/. 2
rowth., == upside.
g == llll P

Lower to moderate; . /’ Substantially higher
] Compensation /\/

“Publish or perish” and the Product deadlines,

= : C\
continual burden of éﬂ g‘::‘s'::rn; ’ / performance targets, and
securing grant funding. ( <O) delivery expectations.

Product impact, user
adoption, and internal
advancement.

Form of
Recognition

and citation impact

g’ Scholarly reputation
= ¢ metrics.

-
6
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Careers in Al

>

Industrial

. Academia

High autonomy, constrained Research Labs

resources. Exception vectors The rare exception

point slightly right for combining academic

large institutions. intellectual culture with
industrial resources.

Startups
Moderate autonomy, .
moderate/rented compute. Big Technology
Companies

Massive resources, low
autonomy—directed by
commercial needs.

Topic Autonomy (Low to High)

Computational Resources (Low to High)

Al Trong-Nghia Nguyen




Thank you!
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