
Welcome to Neuro 140!
Biological and Artificial Intelligence
We will start at 3:03pm

In the meantime, please type in the chat
what you think is  the most exciting 
success story for AI up to now 

Please interrupt and ask questions



The last machine we ever need to build

Let an ultraintelligent machine be defined as a machine that can far 
surpass all the intellectual activities of any man however clever. Since the 
design of machines is one of these intellectual activities, an ultraintelligent
machine could design even better machines; there would then 
unquestionably be an “intelligence explosion,” and the intelligence of man 

would be left far behind. Thus the first ultraintelligent
machine is the last invention that man need 
ever make . . 

I.J.Good, in  Speculations regarding the first  ultra-intelligent machine (1965)



The Turing test
Alan Turing

Turing, A. (1950). "Computing Machinery and Intelligence." Mind LIX(236): 433-460.

The Turing Test



The Turing test for vision
Alan Turing

Kreiman G. Biological and computer vision. Cambridge University Press 2021

The Turing Test



Intelligence is the greatest problem in science

Tomaso Poggio, MIT

If we understand the brain and we understand intelligence … we could find ways 
to make us smarter and to build smart machines to help us think

Intelligence

Mathematics

Physics

Social interactions

Education

Politics

Cure mental diseases

Security

Engineering applications



Rapid progress in AI



Emergent properties from simple operations

1. CONVolutional layer

2. NORMalization layer

3. RELU layer

4. POOL layer

5. Weight changes

6. Dropout

Neural Networks

7. Deep architectures



Deep convolutional networks



What can deep convolutional networks do?

What can’t deep convolutional networks do? 

2. Better at face recognition than “superrecognizers” and face 
forensic experts

6. Extension to other domains
7a. Speech recognition
7b. Sentiment analysis of short texts
7c. Decision-making in health care
7d. Automatic translation
7e. Predictive advertising
7f. Predicting earthquakes
7g. Predicting protein structure from aminoacid sequence

1. Classification of large image datasets

3. Better at diagnosing breast cancer than radiologists

4. Better than ophthalmologists at diagnosing diabetes of 
retinopathy. Also, can extract other information such as 
cardiovascular disease from images of the eye!

5. Classification of plants, galaxies, etc.

0. Handwritten digit recognition

A lot! 



State-of-the-art AI still fails at many tasks



State-of-the-art AI still fails at many tasks

Jacquot et al CVPR 2020UCF 101. Soomro et al 2012



State-of-the-art AI still fails at many tasks



The most powerful computational devices on Earth

an+bn=cn a,b,c>0 int and n>2

“… the great events of the world take place 
in the brain. It is in the brain, and the brain 
only, that the great sins of the world take 
place also.” Oscar Wilde



The most precious devices on Earth

Source: NIMH
https://www.nimh.nih.gov/health/statistics/mental-illness.shtml

Source: NAMI
https://www.nami.org/Learn-More/Mental-Health-By-the-Numbers



Biophysics of computation



It takes a village



What is the ”right” level of abstraction to discover neurobiological algorithms?

Fried, Rutishauser, Cerf, Kreiman, MIT Press 2014
Kreiman. Physics of Life Reviews 2004



Non-human animals are very intelligent and we should 
learn from them



Biological codes à Computational algorithms
David Hubel and Torsten Wiesel

Hubel, D. H. and T. N. Wiesel (1962). "Receptive fields, binocular interaction and
functional architecture in the cat's visual cortex." J Physiol 160: 106-154.



Neurobiological inspiration

1. Filtering operations (simple cells)

2. Normalization

3. Input-output curves

1. CONVolutional layer

2. NORMalization layer

3. RELU layer

4. Tolerance (complex cells) 4. POOL layer

5. Plasticity 5. Weight changes

6. Synaptic failures 6. Dropout

Biology Neural Networks

7. Hierarchical neuroanatomy 7. Deep architectures



Disruptive new technologies in Neuroscience

1. Circuit level diagrams

2. Recording the activity of many neurons

3. Causally interfering with neural activity



Disruptive Neuroscience: 1. Circuit diagrams

Jeff Lichtman

Kasthuri, N., et al. (2015). "Saturated Reconstruction of a Volume of 
Neocortex." Cell 162(3): 648-661.



Disruptive new technologies in Neuroscience

1. Circuit level diagrams

2. Recording the activity of many neurons

3. Causally interfering with neural activity



Disruptive Neuroscience: Listening to a concert of lots of neurons

Electrodes Imaging

1. Recording from many neurons simultaneously
2. Following neurons over prolonged periods of time Sur Lab at MIT

IMEC, Belgium

Fully integrated silicon probes for high-density recording of 
neural activity. Jun, Steinmetz, …, Harris. Nature 2017 Stringer et al Science 2019



Disruptive new technologies in Neuroscience

1. Circuit level diagrams

2. Recording the activity of many neurons

3. Causally interfering with neural activity



Disruptive Neuroscience: Causally interfering with neural activity

Ed Boyden

Millisecond-timescale, genetically targeted optical control of neural activity. 
Boyden, Zhang, Bamberg, Nagel, Deisseroth, Nature Neuroscience 2005



Consciousness
Francis Crick Christof Koch

Binocular rivalry



Ascribing feelings to machines

Do you take this robot …
NY Times 19Jan2019

The Tamagotchi effect Is it evil to push Atlas?



Perils of AI

1. Redistribution of jobs (akin to but perhaps larger than the Industrial Revolution)

2. Unlikely: Terminator-like scenarios

3. Military applications

4. To err is algorithmic (human too)

5. Biases in training data (note that humans have biases too)

6. Lack of “understanding” (note that we do not necessarily understand how humans make decisions either)

7. Social, mental, and political consequences of rapid changes in labor force

8. Rapid growth, faster than development of regulations



Robots don’t play soccer (yet)

GO 2015 Finals: Nao-Team versus B-Human Lionel Messi

Robocup 2019 Finals: Nao-Team versus B-Human 



Example challenge in AI: Understanding humor
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