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https://www.flickr.com/photos/mwichary/4376246859/
https://creativecommons.org/licenses/by/3.0/
https://collection.sciencemuseumgroup.org.uk/objects/co67823/portrait-of-ada-countess-of-lovelace-watercolour-drawing-portrait
https://creativecommons.org/publicdomain/zero/1.0/
https://creativecommons.org/publicdomain/zero/1.0/
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Integrated circuit by Ioan Sameli / CC BY-SA 2.0

Coin By AKS.9955 / CC BY-SA 4.0
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BBC Horizon – 1978
“Now the chips are down”

https://commons.wikimedia.org/w/index.php?curid=1248592
https://creativecommons.org/licenses/by-sa/2.0/deed.en
https://creativecommons.org/licenses/by-sa/2.0/deed.en
https://creativecommons.org/licenses/by-sa/2.0/deed.en
https://creativecommons.org/licenses/by-sa/2.0/deed.en
https://commons.wikimedia.org/w/index.php?curid=54746930


Periodic Table
by Keith Enevoldsen

CC BY-SA 4.0
https://elements.wlonk.com/ 5

https://commons.wikimedia.org/wiki/File:The_Periodic_Table_of_the_Elements,_in_pictures.png
https://creativecommons.org/licenses/by-sa/4.0/deed.en
https://creativecommons.org/licenses/by-sa/4.0/deed.en
https://creativecommons.org/licenses/by-sa/4.0/deed.en
https://creativecommons.org/licenses/by-sa/4.0/deed.en
https://elements.wlonk.com/


Periodic Table
by Keith Enevoldsen

CC BY-SA 4.0 6

https://commons.wikimedia.org/wiki/File:The_Periodic_Table_of_the_Elements,_in_pictures.png
https://creativecommons.org/licenses/by-sa/4.0/deed.en
https://creativecommons.org/licenses/by-sa/4.0/deed.en
https://creativecommons.org/licenses/by-sa/4.0/deed.en
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proton

Argon by Pumbaa & Greg Robson / CC-BY-SA-2.0-UK

Silicon by Greg Robson / CC-BY-SA-2.0-UK

Periodic Table by Keith Enevoldsen / CC BY-SA 4.0

HeliumCarbon

electron
neutron

Silicone by OttawaAC / CC BY-SA 3.0

Silicon by Enricoros /
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Silicone by Achim Hering / CC BY 3.0
Silicone by OttawaAC / CC BY-SA 3.0

https://commons.wikimedia.org/wiki/File:Electron_shell_de_018_Argon.svg
https://commons.wikimedia.org/wiki/Category:CC-BY-SA-2.0-UK
https://commons.wikimedia.org/wiki/Category:CC-BY-SA-2.0-UK
https://commons.wikimedia.org/wiki/Category:CC-BY-SA-2.0-UK
https://commons.wikimedia.org/wiki/Category:CC-BY-SA-2.0-UK
https://commons.wikimedia.org/wiki/Category:CC-BY-SA-2.0-UK
https://commons.wikimedia.org/wiki/Category:CC-BY-SA-2.0-UK
https://commons.wikimedia.org/wiki/Category:CC-BY-SA-2.0-UK
https://commons.wikimedia.org/wiki/Category:CC-BY-SA-2.0-UK
https://commons.wikimedia.org/wiki/Category:CC-BY-SA-2.0-UK
https://commons.wikimedia.org/wiki/File:Electron_shell_014_silicon.png
https://commons.wikimedia.org/wiki/Category:CC-BY-SA-2.0-UK
https://commons.wikimedia.org/wiki/Category:CC-BY-SA-2.0-UK
https://commons.wikimedia.org/wiki/Category:CC-BY-SA-2.0-UK
https://commons.wikimedia.org/wiki/Category:CC-BY-SA-2.0-UK
https://commons.wikimedia.org/wiki/Category:CC-BY-SA-2.0-UK
https://commons.wikimedia.org/wiki/Category:CC-BY-SA-2.0-UK
https://commons.wikimedia.org/wiki/Category:CC-BY-SA-2.0-UK
https://commons.wikimedia.org/wiki/Category:CC-BY-SA-2.0-UK
https://commons.wikimedia.org/wiki/Category:CC-BY-SA-2.0-UK
https://commons.wikimedia.org/wiki/File:The_Periodic_Table_of_the_Elements,_in_pictures.png
https://creativecommons.org/licenses/by-sa/4.0/deed.en
https://creativecommons.org/licenses/by-sa/4.0/deed.en
https://creativecommons.org/licenses/by-sa/4.0/deed.en
https://creativecommons.org/licenses/by-sa/4.0/deed.en
https://commons.wikimedia.org/w/index.php?curid=16176147
https://creativecommons.org/licenses/by-sa/3.0
https://creativecommons.org/licenses/by-sa/3.0
https://creativecommons.org/licenses/by-sa/3.0
https://en.wikipedia.org/wiki/File:SiliconCroda.jpg
https://commons.wikimedia.org/w/index.php?curid=3140696
https://creativecommons.org/licenses/by/3.0
https://creativecommons.org/licenses/by/3.0
https://commons.wikimedia.org/w/index.php?curid=16176218
https://creativecommons.org/licenses/by-sa/3.0
https://creativecommons.org/licenses/by-sa/3.0
https://creativecommons.org/licenses/by-sa/3.0
https://creativecommons.org/licenses/by-sa/3.0
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emitting

one way only!

doesn’t conduct

Diode
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Light diode (LED)
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transistors

1022 transistors in the world

(A CPU is a sea of transistors)trillions per person       trillions per second  

the observable universe as a computer



silicon
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Abundance of chemical elements in Earth's (continental) crust, by mass

oxygen

silicon

aluminium iron calcium

https://en.wikipedia.org/wiki/Abundance_of_elements_in_Earth
%27s_crust#List_of_abundance_by_element 22

sodium

https://en.wikipedia.org/wiki/Abundance_of_elements_in_Earth%27s_crust#List_of_abundance_by_element
https://en.wikipedia.org/wiki/Abundance_of_elements_in_Earth%27s_crust#List_of_abundance_by_element
https://en.wikipedia.org/wiki/Abundance_of_elements_in_Earth%27s_crust#List_of_abundance_by_element
https://en.wikipedia.org/wiki/Abundance_of_elements_in_Earth%27s_crust#List_of_abundance_by_element


silicon

crystal
sand

quartz

Czochralski process

Jan Czochralski

99.9999999%

1956

1915

23 Czochralski by Unknown Author / CC BY-SA

Silicon by Enricoros /

Growing a crystal by George E. Meyers /

Crystal by Intel Free Press / CC BY-SA 2.0

Wafer CC BY-SA

Wafer by Stahlkocher / CC BY-SA

Sand by Falkenpost / Pixabay

Quartz by alusruvi / CC0

http://histmag.org/jan-czochralski-tytan-chemii-13389
https://creativecommons.org/licenses/by-sa/3.0/
https://creativecommons.org/licenses/by-sa/3.0/
https://creativecommons.org/licenses/by-sa/3.0/
https://en.wikipedia.org/wiki/File:SiliconCroda.jpg
https://en.wikipedia.org/wiki/File:Silicon_grown_by_Czochralski_process_1956.jpg
https://commons.wikimedia.org/wiki/File:Silicon_Ingots_Bigger_These_Days.jpg
https://creativecommons.org/licenses/by-sa/2.0/
https://creativecommons.org/licenses/by-sa/2.0/
https://creativecommons.org/licenses/by-sa/2.0/
https://creativecommons.org/licenses/by-sa/2.0/
https://en.wikipedia.org/wiki/File:Wafer_2_Zoll_bis_8_Zoll_2.jpg
https://creativecommons.org/licenses/by-sa/3.0/deed.en
https://pixabay.com/photos/desert-sand-dunes-landscape-1654439/
https://pixabay.com/service/license-summary/
https://pixabay.com/photos/rock-crystal-clear-to-white-1603480/


https://www.google.com/search?udm=2&q=wafer 
(image search)
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https://www.google.com/search?udm=2&q=wafer
https://www.google.com/search?udm=2&q=wafer
https://www.google.com/search?udm=2&q=wafer
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Robert Noyce by Intel Free Press / CC BY-SA 2.0

1959

Photolithography

Etching

Chemical vapour
deposition

Robert Noyce

Fairchild
Intel
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https://en.wikipedia.org/wiki/Integrated_circuit#/media/File:Robert_Noyce_with_Motherboard_1959.png
https://creativecommons.org/licenses/by-sa/2.0
https://creativecommons.org/licenses/by-sa/2.0
https://creativecommons.org/licenses/by-sa/2.0
https://creativecommons.org/licenses/by-sa/2.0


https://en.wikipedia.org/wiki/Semiconductor_fabrication_plant
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https://en.wikipedia.org/wiki/Semiconductor_fabrication_plant


Apple, Nvidia, ARM, …

TSMC – Taiwan

ASML – Netherlands

https://www.google.com/search?udm=2&q=chip+fab 

semiconductor
makes the chips

fabless

makes the
machines that
make the chips

https://www.google.com/search?udm=2&q=ASML
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https://www.google.com/search?udm=2&q=chip+fab
https://www.google.com/search?udm=2&q=ASML


Lilienfeld / CC0

1926
Lilienfeld

Bipolar Junction Transistor / CC0

1947

Bardeen Shockley Brattain
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https://en.wikipedia.org/wiki/File:Julius_Edgar_Lilienfeld_(1881-1963).jpg
https://en.wikipedia.org/wiki/File:Bardeen_Shockley_Brattain_1948.JPG
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Magnetic tape

Hard disk drive

Long-term memory Short-term memory
RAM

Random-access memory
Memory
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Short-term memory
RAM

Random-access memory
MemoryCPU

Central-processing unit

+  −  ×  ÷



Memory
bits bytes

addresses

0
1
2
…
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Short-term memory
RAM

Random-access memory
MemoryCPU

Central-processing unit
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MemoryCPU

+  −  ×  ÷ +…

simple

• arbitrary
• complexwriting
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MemoryCPU
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simple

• arbitrary
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writing
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ENIAC



Programming the ENIAC

Eniac / CC0

1945
36

https://commons.wikimedia.org/wiki/File:Two_women_operating_ENIAC_(full_resolution).jpg
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Computer Brain

Local memory

Fast Parallel

Deterministic

Understandable

Unbelievably good at
following instructions

Low energy
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Y o r k 141,685

39?



addresses
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01000001

L o n d o n 8,866,180

Y o r k 141,685

C a m b r i d g 146,995e1,694,645,811

40
big enough?



Name by Rob Koster / CC BY-SA 3.0 41

https://commons.wikimedia.org/w/index.php?curid=25230696
https://creativecommons.org/licenses/by-sa/3.0/deed.en
https://creativecommons.org/licenses/by-sa/3.0/deed.en
https://creativecommons.org/licenses/by-sa/3.0/deed.en
https://creativecommons.org/licenses/by-sa/3.0/deed.en


Parallel
computers
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43Frontier by OLCF / CC BY 2.0

a + b

c + d

x + y + z

parallel

✘

Ray tracing by Tim Babb / CC BY-SA 4.0

Ray tracing

Searching
amino

acid

https://en.wikipedia.org/wiki/File:Frontier_Supercomputer_(2).jpg
https://creativecommons.org/licenses/by/2.0/deed.en
https://creativecommons.org/licenses/by/2.0/deed.en
https://commons.wikimedia.org/w/index.php?curid=3856908
https://creativecommons.org/licenses/by-sa/4.0/deed.en
https://creativecommons.org/licenses/by-sa/4.0/deed.en
https://creativecommons.org/licenses/by-sa/4.0/deed.en
https://creativecommons.org/licenses/by-sa/4.0/deed.en
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Sequential Parallel
• Our conscious thoughts

• 20th century computers

• Our subconscious

• The world



Moore’s Law by Max Roser, Hannah Ritchie / CC BY 4.0
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Moore’s Law

https://en.wikipedia.org/wiki/File:Moore%27s_Law_Transistor_Count_1970-2020.png
https://en.wikipedia.org/wiki/File:Moore%27s_Law_Transistor_Count_1970-2020.png
https://en.wikipedia.org/wiki/File:Moore%27s_Law_Transistor_Count_1970-2020.png
https://creativecommons.org/licenses/by/4.0/deed.en
https://creativecommons.org/licenses/by/4.0/deed.en
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20001970 2020
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201019901980
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100 MHz
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Overclocking by Rico Shen / CC BY-SA 3.0

−196 °C

47

https://commons.wikimedia.org/w/index.php?curid=3204385
http://creativecommons.org/licenses/by-sa/3.0/
http://creativecommons.org/licenses/by-sa/3.0/
http://creativecommons.org/licenses/by-sa/3.0/
http://creativecommons.org/licenses/by-sa/3.0/


4004 by Stelo.xyz, Pttn, or Thomas Nguyen / CC BY-SA 4.0

CPU from PickPik

Chip

Core Core

Core Core

Quad-core
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https://commons.wikimedia.org/w/index.php?curid=47684767
https://creativecommons.org/licenses/by-sa/4.0/deed.en
https://creativecommons.org/licenses/by-sa/4.0/deed.en
https://creativecommons.org/licenses/by-sa/4.0/deed.en
https://creativecommons.org/licenses/by-sa/4.0/deed.en
https://www.pickpik.com/amd-cpu-processor-microprocessor-hardware-chip-145353
https://www.pickpik.com/


CPU

Core Core

Core Core

Quad-core GPU

49

10,000 cores

https://www.google.com/search?q=nvidia+H100 

https://www.google.com/search?q=nvidia+H100
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