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Context
• [Economist 07]

– “Artificial Intelligence is associated with systems thathave all too often failed to live up to their promises.”
• [NY Times 21]

– “A.I. Here, There, Everywhere”









Outline
• What is AI?
• The History of AI
• The Recent Success of AI / Recent History of AI
• The Future: Challenges & Possibilities
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What is artificial intelligence?
thoughtvs.behavior

human-like vs. rational
Systems that thinklike humans Systems that thinkrationally

Systems that actrationallySystems that act likehumans



Ideal Rational Agent
“For each possible percept sequence,
an ideal rational agent does whatever action
is expected to maximize its performance measure
on the basis of evidence perceived so far
and built-in knowledge.''



AI Agents
ENVIRONM

ENT

Agents Effectors

Sensors

Learn utility function what action
should I do now?

What world was like

How happy
would I be?

what it’ll be like
if I do acts A1-An

Learn how world evolves
what world is
like now

Feedback

Learn what my actions do



What is AI?
• AI = make machines intelligent!

– Definition is very philosophical
• In practice: do (at least) whatever human brains can…possibly better or at par with humans

– Reasoning: play games, prove theorems
– Decision making: take actions towards a goal
– Expert tasks: financial trading, medical diagnosis
– Perception: understanding scenes or audio
– Communication: language

• AI is the brain behind any machine/system/robot
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I propose to consider the question:
“Can machines think?”

--Alan Turing, 1950

1950: Turing asks the question….



1956: A new field is born
• We propose that a 2 month,10 man study of artificialintelligence be carried outduring the summer of 1956 atDartmouth College inHanover, New Hampshire.
• - Dartmouth AI ProjectProposal; J. McCarthy et al.;Aug. 31, 1955.

http://www-formal.stanford.edu/jmc/history/dartmouth/dartmouth.html
http://www-formal.stanford.edu/jmc/history/dartmouth/dartmouth.html


1956-1966
• 1950: Turing Test for Machine Intelligence

• 1956: AI born at Dartmouth College Wrkshop

• 1964: Eliza – the chatbot psychotherapist

• 1966: Shakey – general purpose mobile robot



AI Winters
• 1974 – 1980: Winter #1

– Failure of MT
– negative results in Neural nets
– Poor speech understanding

• 1987 – 1993: Winter #2
– Decline of LISP
– Decline of specialized hardware for expert systems



1996: EQP proves that
Robbin’s Algebras are all boolean

[An Argonne lab program] has come up with a major mathematical
proof that would have been called creative if a human had thought of it.

-New York Times, December, 1996



1997: Deep Blue ends Human
Supremacy in Chess

I could feel human-level intelligence across the room
-Gary Kasparov, World Chess Champion (human)

vs.

In a few years, even a single victory
in a long series of games would be the triumph of human genius.

© Subbarao Kambhampati
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Success Story: Chess
Saying Deep Blue
doesn’t really think about
chess is like saying an
airplane doesn’t really fly
because it doesn’t flap
its wings.
– Drew McDermott“If it works, its not AI!”

Does Deep Blue use AI?



2005: Cars Drive Themselves

• Stanley and threeother cars drivethemselves over a132 milemountain road



2005: Cars Drive Themselves
• Stanley and three other cars drive themselvesover a 132 mile mountain road



2011: IBM’s Watson

And Ken Jennings pledges obeisance to the new Computer Overlords..
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Progress in AI: Image Understanding

Error on Object DetectionBefore Deep Learning 26%AlexNet (2012) 15%ZFNet (2013) 11%GoogleNet (2014) 7%ResNet (2015) 4%



Progress in AI: Audio Understanding



2016: AlphaGo



Generative AI



Novel Applications (Image  Text)



It is a close up of a sheep.

Novel Applications (Image  Text)



ArtisticApplications!
• Doodle toPainting!
• StyleTransfer
• ImageColorization
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https://arxiv.org/pdf/1603.08511.pdfhttps://arxiv.org/pdf/1603.01768.pdfhttps://github.com/jcjohnson/fast-neural-style

https://arxiv.org/pdf/1603.08511.pdf
https://arxiv.org/pdf/1603.01768.pdf


Novel Applications (Text  Image)
A brain riding a
rocketship heading
towards the moon.

A photo of a Corgi
dog riding a bike in
Times Square. It is
wearing sunglasses
and a beach hat.

An art gallery displaying
Monet paintings. The art
gallery is flooded. Robots
are going around the art
gallery using paddle boards.



Art Generation



Language Generation



What Changed?

Com
puta

tion Power Algorithms

Data

Deep LearningNeural networks



ML Before DL

Model(NB, SVM, CRF)
Supervised

Training
Data

Features

Optimize function
(LL, sqd error, margin…)

Learn feature weights



DL

Model(NB, SVM, CRF)
Supervised

Training
Data

Optimize function
(LL, sqd error, margin…)

Learn feature weights

Features



DL

Model(NB, SVM, CRF)Neural
Features

Optimize function
(LL, sqd error, margin…)

Learn feature weights

Supervised
Training

Data



DL

ModelNN= (NB, SVM, CRF,++++ feature discovery)
Neural

Features

Optimize function
(LL, sqd error, margin…)

Learn feature weights

Supervised
Training

Data
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DL

ModelNN= (NB, SVM, CRF,++++ feature discovery)
Neural

Features

Supervised
Training

Data

Optimize function
(LL, sqd error, margin…)

Learn feature weights



A Quick Tour on Building LLMs



Humans and Language
How was your day today?

My day was good. I gave a talk.

• Encoding: Input words are processed by the brain
– Words are discrete; brain processing uses signals (continuous)

• Reasoning: Brain performs internal reasoning to decide a response
• Decoding: Brain verbalizes the response one word at a time



Model #1: Generative NLP Paradigm

Transformer (Encoder)

how was your day today

Transformer (Decoder)

<s> my day was good

my day was good .



An Abstraction for SupervisedMachine Learning
Train DataD={(x,y)}

MLArchitecture

Trainer TrainedModel (M)

Mx
Usage

P(y|x)

Training



Data #1: Self-supervised Learning
• Convert general text on the Web into (huge) training data

• Linguistics is the ________
• Linguistics is the scientific _______
• Linguistics is the scientific study ________
• Linguistics is the scientific study of _________
• Linguistics is the scientific study of human _________

• scientific
• study
• of
• human
• language



Pre-Trained Language Models

Transformer (Decoder)

Linguistics is the<s>

w

Train parameterssuch that outputword is “scientific”with a highprobability



Model #2: Scaling Up! Larger Datasets; Larger Models

Transformer (Decoder)

Linguistics is the<s>

w

Transformer (Decoder)
Transformer (Decoder)

Transformer (Decoder)...
Train parameterssuch that outputword is “scientific”with a highprobability



[2020] GPT3
• caught people’s imagination worldwide

– give it prompt (instruction): it gave surprisinglycredible response
• … but had many many issues

– made loads of mistakes
– impolite
– racist/sexist;
– perpetuated stereotypes; gave out misinformation
– etc.



Prompting: A New Paradigm for AI
• Paradigm to access GPT4 (or any Very LLM)

– Instruction as Prompt
– In-Context Learning
– No fine-tuning/backpropagation

• Democratization of AI!
– No longer a very skilled interaction
– Anthropomorphization



Data #2: Massive Manual Annotation[2022] GPT3  GPT3.5 (backend of ChatGPT)

Figure from https://blog.bytebytego.com/p/ep-44-how-does-chatgpt-work



[2023] GPT4
GPT-4 is reportedly about ten times larger than GPT-
3, with 1.76 trillion parameters, according to leaked
reports.

GPT4 >> GPT3.5



Figure from medium.com

Open weight model



Figure from medium.com

Non-US open weight model



Figure from medium.com

Large Reasoning Model



[2024] Reasoning Models
• (q, a*)
• q  LLM  reasoning chains (thinking)  a
• Reward for the reasoning chain if a matches a*
• Trains the model to follow better thoughtchains for a given reasoning-oriented question,leading to better performance.



Deep Learning Strengths
• powerful representation
• compositional models ~similar to human brain
• features are induced in a task-specific way

– no need for hand-coded features
– not limited by human creativity

• universal representation across modalities

• data-hungry, compute-hungry
• lots of hyperparameters; results hard to reproduce
• uninterpretable – hard to debug/understand
• can‘t use existing models naturally

Deep Learning Weaknesses



“if it works it is not AI”  “its all AI”
• Perceptual Intelligence vs. Cognitive Intelligence

– Humans vs. AI
• Direct contact with users

– Anthropomorphization
• Mystery of success of AI remains

– humans still don’t understand how machines do it
• Speed of progress  lots of hype!
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Applications of AI



AI &Healthcare



• Diabetic Retinopathy

• Skin Cancer

Automated Diagnostics



Case Study: AlphaFold
• Predicts 3D structures of proteins
• AlphaFold 2.0 [2020]

– Scored > 90 for 2/3rd of proteins
• Specialized model trained onknown protein sequences andtheir 3D structures

– Local physics (energy refinement)applied at the last stage



Case Study: Drug Design



Halicin (MIT)
• Deep Learning to rank 104 known compounds for antibioticproperties and chemically tested top ones in wet lab
• A new compound discovered – it is structurally novel toexisting antiobiotics



Applications: Social Good
• Pest monitoring in cotton fields
• Baby weight and health monitoring
• Cough-based Covid/TB detection
• Automated disaster management
• Accessibility applications for visually impaired
• Machine translation in Indian languages
• …



Applications: Law Enforcement



Example: Law Enforcement
• Detect threats: Suspicious items; anomalous vehicles

– 65% drop in crime in Sea Point, South Africa
• Real-time crime tracking

– 27% drop in crime in Surat, Gujarat
• Predicting future crime spots

– 22% drop in residential burglaries in Tacoma, WA



Example: Judiciary
• Transcription of oral arguments
• Translation of judgments
• Legal research



Three (Extreme) Reactions to Recent AI Boom
• Denial: it is just statistics on steroids – not real intelligence!
• Dystopia: the world as we know it is going to end. What will happen to jobs?

• Euphoria: I can just sit back and let ChatGPT do everything for me
• Realism: understand the technology and work with it, where appropriate





Key Challenge: Robustness



Key Challenge: Data Bias





Key Challenge: Transparency



Key Challenge: Accountability
• Who/What is legally responsible?

– Company who designed the car
– Engineer who designed the ML algorithms
– Tester who tested the algorithms
– Owner who bought the car
– Driver who drove the car and gave training data



Key Challenge: Fairness



Key Challenge: Human-AI Interaction
• Defining the objective function

– “You should not see any dirt”
– “Have no dirt”
– “If there is dirt, clean the dirt”

• Cognitive Science + AI
– Understanding humans and communicating w them



Abdulrahman al-Omari
Abdul Rahman Alomari

Alomari
Al-Umari

Abdul Aziz Al-Omari
Alomari

Al-Umari

Mohamed Atta

Supervisor

Al-Qaeda

Member-of

Saudi Arabia

Attend-school

Imam Muhammad Ibn
Saud Islamic University

Nationality

Vero Beach,
Florida

City-of-residence
City-of-residence

JFK Airport

Employee-ofNationality

Florida
Flight School

Attend-school

Example: Identity Resolution



Ethical uses of AI
• Dynamite vs. bomb
• Intelligent weapons?

– reduce barrier to wars
– kill targeted people
– democratize weapons

• Automated doctor?



AI & Kids



Future of Work as per Leaders
• [Sam Altman] It is an AI bubble with a kernel of truth
• [Bill Gates] Within 10 years, AI will replace many doctors andteachers—humans won’t be needed ‘for most things’
• [Vinod Khosla] AI will take 80 percent of jobs in 5 years, advisesstudents to be generalists
• [Jensen Huang] AI works best as augmentation tool, capable ofautomating parts of a process, but remains dependent on peoplefor creative thinking, moral judgment and emotional intelligence.
• [Goeff Hinton] it's going to be a long time before it's as good atphysical manipulation. So a good bet would be to be a plumber.



Future of CS: Vibe Coding?
• Are software engineers redundant?
• [METR Report] developers accept less than 44% ofAI generations

– Expected: will decrease time by 24%
– Reality: increases time by 20%

• [MIT Report] 95% of current gen AI pilots failing
– Mismatched expectations (instant magic expected)
– Lack of talent for the right problem
– Bad integration… poor definition of success…



Future of Jobs
• AI (a few years ago)

– 40% of companies struggle to hire and retain datascientists
– 1/3rd of top 400 companies lack SoTA data analysis tools/personnel

• By 2045, 50% of jobs automated (McKinsey report)
– 78M+ new jobs created by 2030 (WEF report)
– Who is right? Both?



Complementary vs. Substitutive Skills
• Important Skills

– Critical Thinking: what is appropriate
– Creativity: joint brainstorming, aesthetics
– EQ/Communication/Narratives: social cues, storytelling, culturalnuance, social contexts
– Problem Framing/System thinking: defining problems
– Ethics/Accountability: what is fair/acceptable?

• Redundant Skills
– Routine cognition: data entry, bookkeeping, summarization
– Basic content generation
– Structured Analytical work: coding, translation
– Tier 1 customer support
– Basic quantitative analysis



AI & Education



Catch 22 in Future of Work
• Students’ abilities getting worse?
• Entry level jobs hit hardest
•  Career growth is tricky

– Leaders are not made on Day 1.





Some Global Indicators
• #5: Number of AIcompanies in the world
• #5: Number of AI jobs inthe world
• #10: Number of AIresearchers
• #13: Quality+quantity ofAI research
• #17: Governmental AIreadiness index
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• By 2050, develop a team of fully autonomous humanoidrobots that can win against the human world championteam in soccer.


