
Valeriu  Beiu 
 LAND OF THE GIANTS 
 

 … 
 

CHIPS 

EUROPEAN   UNION 
Structural  Instruments 

2014 − 2020 

Funded by the European Regional Development Fund (ERDF) through the Competitiveness Operational Program (COP) 2014-2020       BioCell-NanoART  ●  P-37-744  nr. 30/01.09.2016 



Valeriu  Beiu LAND OF THE GIANTS 
… AI CHIPS 

EUROPEAN   UNION 
Structural  Instruments 

2014 − 2020 

Funded by the European Regional Development Fund (ERDF) through the Competitiveness Operational Program (COP) 2014-2020       BioCell-NanoART  ●  P-37-744  nr. 30/01.09.2016 Jurassic World: Fallen Kingdom  ●  https://en.wikipedia.org/wiki/Jurassic_World:_Fallen_Kingdom  

https://en.wikipedia.org/wiki/Jurassic_World:_Fallen_Kingdom
https://en.wikipedia.org/wiki/Jurassic_World:_Fallen_Kingdom


3 

In
tl

. 
C
o
n
f.

 C
o
m

p
. 

C
o
m

m
. 

C
tr

l.
 (

IC
C
C
C
) 

 ●
  
O

ra
d
e
a
, 

R
o
m

a
n
ia

  
●

  
1
1
-1

5
 M

a
y
 2

0
2
0
 

Structure of the presentation 

• Intro  
 

• Part 1 AI from the early beginnings  
 

• Part 2 Follow the money  
 

• Part 3 AI hardware (growing land of the giant AI chips)  
• GPU Nvidia  https://www.nvidia.com/en-us/   

• TPU Google  https://ai.google/   

• IPU Graphcore https://www.graphcore.ai/   

• WSE Cerebras https://www.cerebras.net/   

• Quantum approach (Google, IBM, and many others)  
 

• Fast   … and, hopefully  … green  

https://www.nvidia.com/en-us/
https://www.nvidia.com/en-us/
https://www.nvidia.com/en-us/
https://www.nvidia.com/en-us/
https://ai.google/
https://ai.google/
https://www.graphcore.ai/
https://www.graphcore.ai/
https://www.cerebras.net/
https://www.cerebras.net/
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AI …  

    From  https://www.andreykurenkov.com/writing/ai/a-brief-history-of-game-ai/    

https://www.andreykurenkov.com/writing/ai/a-brief-history-of-game-ai/
https://www.andreykurenkov.com/writing/ai/a-brief-history-of-game-ai/
https://www.andreykurenkov.com/writing/ai/a-brief-history-of-game-ai/
https://www.andreykurenkov.com/writing/ai/a-brief-history-of-game-ai/
https://www.andreykurenkov.com/writing/ai/a-brief-history-of-game-ai/
https://www.andreykurenkov.com/writing/ai/a-brief-history-of-game-ai/
https://www.andreykurenkov.com/writing/ai/a-brief-history-of-game-ai/
https://www.andreykurenkov.com/writing/ai/a-brief-history-of-game-ai/
https://www.andreykurenkov.com/writing/ai/a-brief-history-of-game-ai/
https://www.andreykurenkov.com/writing/ai/a-brief-history-of-game-ai/
https://www.andreykurenkov.com/writing/ai/a-brief-history-of-game-ai/
https://www.andreykurenkov.com/writing/ai/a-brief-history-of-game-ai/
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“ 

” 

8th International Conference on Computers, Communications and Control (ICCCC2020)  ●  Online [Băile Felix, Oradea, Romania]  ●  11-15 May 2020 

As long as our brain is a mystery, the  
universe, the reflection of the structure  
of the brain will also be a mystery. 
 

       Mientras nuestro cerebro sea un  
       arcano, el Universo, reflejo de su  
       estructura, será también un misterio. 

Chapter IX: Con tendencias a la literatura y al arte  
Chácharas de café: Pensamientos, anécdotas y confidencias  
Imprenta y Librería de Nicolás Moya, Madrid, Spain, 1920 

Santiago Ramón y Cajal 

Nobel Prize in Physiology or Medicine (1906) 
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IBM Deep Blue 

See  https://en.wikipedia.org/wiki/Deep_Blue_(chess_computer)  

https://en.wikipedia.org/wiki/Deep_Blue_(chess_computer)
https://en.wikipedia.org/wiki/Deep_Blue_(chess_computer)
https://en.wikipedia.org/wiki/Deep_Blue_(chess_computer)
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IBM Watson, or …          Watts, son! 

See  https://en.wikipedia.org/wiki/Watson_(computer)  but also  https://spectrum.ieee.org/biomedical/diagnostics/how-ibm-watson-overpromised-and-underdelivered-on-ai-health-care  

https://en.wikipedia.org/wiki/Watson_(computer)
https://en.wikipedia.org/wiki/Watson_(computer)
https://spectrum.ieee.org/biomedical/diagnostics/how-ibm-watson-overpromised-and-underdelivered-on-ai-health-care
https://spectrum.ieee.org/biomedical/diagnostics/how-ibm-watson-overpromised-and-underdelivered-on-ai-health-care
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Heat (power) 
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Classification 

From  https://medium.com/@thegrigorian/rolling-in-the-deep-cnn-c8d3f7108c8c  

https://medium.com/@thegrigorian/rolling-in-the-deep-cnn-c8d3f7108c8c
https://medium.com/@thegrigorian/rolling-in-the-deep-cnn-c8d3f7108c8c
https://medium.com/@thegrigorian/rolling-in-the-deep-cnn-c8d3f7108c8c
https://medium.com/@thegrigorian/rolling-in-the-deep-cnn-c8d3f7108c8c
https://medium.com/@thegrigorian/rolling-in-the-deep-cnn-c8d3f7108c8c
https://medium.com/@thegrigorian/rolling-in-the-deep-cnn-c8d3f7108c8c
https://medium.com/@thegrigorian/rolling-in-the-deep-cnn-c8d3f7108c8c
https://medium.com/@thegrigorian/rolling-in-the-deep-cnn-c8d3f7108c8c
https://medium.com/@thegrigorian/rolling-in-the-deep-cnn-c8d3f7108c8c
https://medium.com/@thegrigorian/rolling-in-the-deep-cnn-c8d3f7108c8c
https://medium.com/@thegrigorian/rolling-in-the-deep-cnn-c8d3f7108c8c
https://medium.com/@thegrigorian/rolling-in-the-deep-cnn-c8d3f7108c8c
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From  http://playground.tensorflow.org/  

http://playground.tensorflow.org/
http://playground.tensorflow.org/
http://playground.tensorflow.org/
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On speech  … with Richard (Rick) Rashid    

See  https://www.youtube.com/watch?v=Nu-nlQqFCKg   

https://www.youtube.com/watch?v=Nu-nlQqFCKg
https://www.youtube.com/watch?v=Nu-nlQqFCKg
https://www.youtube.com/watch?v=Nu-nlQqFCKg
https://www.youtube.com/watch?v=Nu-nlQqFCKg
https://www.youtube.com/watch?v=Nu-nlQqFCKg
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From  https://www.youtube.com/watch?v=OVNXybMoavc    

https://www.youtube.com/watch?v=OVNXybMoavc
https://www.youtube.com/watch?v=OVNXybMoavc
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See  https://en.wikipedia.org/wiki/AlexNet  and  https://github.com/AntonioRoldan/Deep-learning-nd  

https://en.wikipedia.org/wiki/AlexNet
https://en.wikipedia.org/wiki/AlexNet
https://github.com/AntonioRoldan/Deep-learning-nd
https://github.com/AntonioRoldan/Deep-learning-nd
https://github.com/AntonioRoldan/Deep-learning-nd
https://github.com/AntonioRoldan/Deep-learning-nd
https://github.com/AntonioRoldan/Deep-learning-nd
https://github.com/AntonioRoldan/Deep-learning-nd
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AlexNet 

From  https://www.graphcore.ai/posts/what-does-machine-learning-look-like  

https://www.graphcore.ai/posts/what-does-machine-learning-look-like
https://www.graphcore.ai/posts/what-does-machine-learning-look-like
https://www.graphcore.ai/posts/what-does-machine-learning-look-like
https://www.graphcore.ai/posts/what-does-machine-learning-look-like
https://www.graphcore.ai/posts/what-does-machine-learning-look-like
https://www.graphcore.ai/posts/what-does-machine-learning-look-like
https://www.graphcore.ai/posts/what-does-machine-learning-look-like
https://www.graphcore.ai/posts/what-does-machine-learning-look-like
https://www.graphcore.ai/posts/what-does-machine-learning-look-like
https://www.graphcore.ai/posts/what-does-machine-learning-look-like
https://www.graphcore.ai/posts/what-does-machine-learning-look-like
https://www.graphcore.ai/posts/what-does-machine-learning-look-like
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See  https://en.wikipedia.org/wiki/AlphaGo   and  https://deepmind.com/research/case-studies/alphago-the-story-so-far  incl. https://www.youtube.com/watch?v=WXuK6gekU1Y   

https://en.wikipedia.org/wiki/AlphaGo
https://en.wikipedia.org/wiki/AlphaGo
https://deepmind.com/research/case-studies/alphago-the-story-so-far
https://deepmind.com/research/case-studies/alphago-the-story-so-far
https://deepmind.com/research/case-studies/alphago-the-story-so-far
https://deepmind.com/research/case-studies/alphago-the-story-so-far
https://deepmind.com/research/case-studies/alphago-the-story-so-far
https://deepmind.com/research/case-studies/alphago-the-story-so-far
https://deepmind.com/research/case-studies/alphago-the-story-so-far
https://deepmind.com/research/case-studies/alphago-the-story-so-far
https://deepmind.com/research/case-studies/alphago-the-story-so-far
https://deepmind.com/research/case-studies/alphago-the-story-so-far
https://deepmind.com/research/case-studies/alphago-the-story-so-far
https://deepmind.com/research/case-studies/alphago-the-story-so-far
https://www.youtube.com/watch?v=WXuK6gekU1Y
https://www.youtube.com/watch?v=WXuK6gekU1Y
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8th International Conference on Computers, Communications and Control (ICCCC2020)  ●  Online [Băile Felix, Oradea, Romania]  ●  11-15 May 2020 

The solution to  
 the mystery  
  is always inferior to  
   the mystery itself. 

The path toward understanding the brain is long, winding, and littered with 
dead ends. [“…”] As The Idea of the Brain demonstrates, the mysteries of the 
mind may not just be stranger than we suppose; they may be stranger than 
we can suppose. 

Jorge Luis Borges 

Received the first Prix Formentor (1961)  

h
tt

p
s:

/
/
p
ro

fi
le

b
o
o
k
s.

c
o
m

/
th

e
-i

d
e
a
-o

f-
th

e
-b

ra
in

-h
b
.h

tm
l 



18 

In
tl

. 
C
o
n
f.

 C
o
m

p
. 

C
o
m

m
. 

C
tr

l.
 (

IC
C
C
C
) 

 ●
  
O

ra
d
e
a
, 

R
o
m

a
n
ia

  
●

  
1
1
-1

5
 M

a
y
 2

0
2
0
 

See  https://cdn2.hubspot.net/hubfs/729091/assets/pdf/Graphcore%20Benchmarks%20April%202020.pdf  and  https://github.com/graphcore/examples  

ResNet50 (the new AlexNet) 

https://cdn2.hubspot.net/hubfs/729091/assets/pdf/Graphcore Benchmarks April 2020.pdf
https://cdn2.hubspot.net/hubfs/729091/assets/pdf/Graphcore Benchmarks April 2020.pdf
https://cdn2.hubspot.net/hubfs/729091/assets/pdf/Graphcore Benchmarks April 2020.pdf
https://github.com/graphcore/examples
https://github.com/graphcore/examples
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https://ai.google/  and  https://www.cbinsights.com/  

https://ai.google/
https://ai.google/
https://www.cbinsights.com/
https://www.cbinsights.com/
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Applications galore  

From  https://www.nvidia.com/en-gb/industries/  and  https://www.nvidia.com/en-us/deep-learning-ai/solutions/  

https://www.nvidia.com/en-gb/industries/
https://www.nvidia.com/en-gb/industries/
https://www.nvidia.com/en-gb/industries/
https://www.nvidia.com/en-gb/industries/
https://www.nvidia.com/en-us/deep-learning-ai/solutions/
https://www.nvidia.com/en-us/deep-learning-ai/solutions/
https://www.nvidia.com/en-us/deep-learning-ai/solutions/
https://www.nvidia.com/en-us/deep-learning-ai/solutions/
https://www.nvidia.com/en-us/deep-learning-ai/solutions/
https://www.nvidia.com/en-us/deep-learning-ai/solutions/
https://www.nvidia.com/en-us/deep-learning-ai/solutions/
https://www.nvidia.com/en-us/deep-learning-ai/solutions/
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   2017       Feb. 2019     Aug. 2019  
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https://www.cbinsights.com/ 

https://www.cbinsights.com/
https://www.cbinsights.com/
https://www.cbinsights.com/
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From  https://www.pwc.com/gx/en/issues/data-and-analytics/publications/artificial-intelligence-study.html  

https://www.pwc.com/gx/en/issues/data-and-analytics/publications/artificial-intelligence-study.html
https://www.pwc.com/gx/en/issues/data-and-analytics/publications/artificial-intelligence-study.html
https://www.pwc.com/gx/en/issues/data-and-analytics/publications/artificial-intelligence-study.html
https://www.pwc.com/gx/en/issues/data-and-analytics/publications/artificial-intelligence-study.html
https://www.pwc.com/gx/en/issues/data-and-analytics/publications/artificial-intelligence-study.html
https://www.pwc.com/gx/en/issues/data-and-analytics/publications/artificial-intelligence-study.html
https://www.pwc.com/gx/en/issues/data-and-analytics/publications/artificial-intelligence-study.html
https://www.pwc.com/gx/en/issues/data-and-analytics/publications/artificial-intelligence-study.html
https://www.pwc.com/gx/en/issues/data-and-analytics/publications/artificial-intelligence-study.html
https://www.pwc.com/gx/en/issues/data-and-analytics/publications/artificial-intelligence-study.html
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Europe 

https://www.cbinsights.com/  

https://www.cbinsights.com/
https://www.cbinsights.com/
https://www.cbinsights.com/
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… Asia-Pacific 

https://www.cbinsights.com/  

https://www.cbinsights.com/
https://www.cbinsights.com/
https://www.cbinsights.com/
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https://www.cbinsights.com/  

https://www.cbinsights.com/
https://www.cbinsights.com/
https://www.cbinsights.com/
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… here we go again  

From  https://www.quantamagazine.org/oxygen-and-stem-cells-reshaped-animals-during-the-cambrian-explosion-20180307/  

https://www.quantamagazine.org/oxygen-and-stem-cells-reshaped-animals-during-the-cambrian-explosion-20180307/
https://www.quantamagazine.org/oxygen-and-stem-cells-reshaped-animals-during-the-cambrian-explosion-20180307/
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2020 

https://www.cbinsights.com/  

https://www.cbinsights.com/
https://www.cbinsights.com/
https://www.cbinsights.com/


8th International Conference on Computers, Communications and Control (ICCCC2020)  ●  Online [Băile Felix, Oradea, Romania]  ●  11-15 May 2020 From  https://newsroom.intel.com/editorials/krzanich-the-future-of-automated-driving/ (see also https://www.intel.com/content/www/us/en/automotive/autonomous-vehicles.html)  

https://newsroom.intel.com/editorials/krzanich-the-future-of-automated-driving/
https://newsroom.intel.com/editorials/krzanich-the-future-of-automated-driving/
https://newsroom.intel.com/editorials/krzanich-the-future-of-automated-driving/
https://newsroom.intel.com/editorials/krzanich-the-future-of-automated-driving/
https://newsroom.intel.com/editorials/krzanich-the-future-of-automated-driving/
https://newsroom.intel.com/editorials/krzanich-the-future-of-automated-driving/
https://newsroom.intel.com/editorials/krzanich-the-future-of-automated-driving/
https://newsroom.intel.com/editorials/krzanich-the-future-of-automated-driving/
https://newsroom.intel.com/editorials/krzanich-the-future-of-automated-driving/
https://newsroom.intel.com/editorials/krzanich-the-future-of-automated-driving/
https://newsroom.intel.com/editorials/krzanich-the-future-of-automated-driving/
https://newsroom.intel.com/editorials/krzanich-the-future-of-automated-driving/
https://www.intel.com/content/www/us/en/automotive/autonomous-vehicles.html
https://www.intel.com/content/www/us/en/automotive/autonomous-vehicles.html
https://www.intel.com/content/www/us/en/automotive/autonomous-vehicles.html
https://www.intel.com/content/www/us/en/automotive/autonomous-vehicles.html
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IoT 

From various sources 
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2020 

https://www.cbinsights.com/  
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… recap 

From  https://nccavs-usergroups.avs.org/wp-content/uploads/TFUG2019/November2019/TFUG1119-4-AMAT-Chen.pdf  

https://nccavs-usergroups.avs.org/wp-content/uploads/TFUG2019/November2019/TFUG1119-4-AMAT-Chen.pdf
https://nccavs-usergroups.avs.org/wp-content/uploads/TFUG2019/November2019/TFUG1119-4-AMAT-Chen.pdf
https://nccavs-usergroups.avs.org/wp-content/uploads/TFUG2019/November2019/TFUG1119-4-AMAT-Chen.pdf
https://nccavs-usergroups.avs.org/wp-content/uploads/TFUG2019/November2019/TFUG1119-4-AMAT-Chen.pdf
https://nccavs-usergroups.avs.org/wp-content/uploads/TFUG2019/November2019/TFUG1119-4-AMAT-Chen.pdf
https://nccavs-usergroups.avs.org/wp-content/uploads/TFUG2019/November2019/TFUG1119-4-AMAT-Chen.pdf
https://nccavs-usergroups.avs.org/wp-content/uploads/TFUG2019/November2019/TFUG1119-4-AMAT-Chen.pdf
https://nccavs-usergroups.avs.org/wp-content/uploads/TFUG2019/November2019/TFUG1119-4-AMAT-Chen.pdf
https://nccavs-usergroups.avs.org/wp-content/uploads/TFUG2019/November2019/TFUG1119-4-AMAT-Chen.pdf
https://nccavs-usergroups.avs.org/wp-content/uploads/TFUG2019/November2019/TFUG1119-4-AMAT-Chen.pdf
https://nccavs-usergroups.avs.org/wp-content/uploads/TFUG2019/November2019/TFUG1119-4-AMAT-Chen.pdf
https://nccavs-usergroups.avs.org/wp-content/uploads/TFUG2019/November2019/TFUG1119-4-AMAT-Chen.pdf
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https://www.cbinsights.com/  

Currently @ $516M  

https://www.cbinsights.com/
https://www.cbinsights.com/
https://www.cbinsights.com/
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Modest beginnings: 2300 transistors 
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   From  https://cacm.acm.org/magazines/2019/2/234352-a-new-golden-age-for-computer-architecture/fulltext  

https://cacm.acm.org/magazines/2019/2/234352-a-new-golden-age-for-computer-architecture/fulltext
https://cacm.acm.org/magazines/2019/2/234352-a-new-golden-age-for-computer-architecture/fulltext
https://cacm.acm.org/magazines/2019/2/234352-a-new-golden-age-for-computer-architecture/fulltext
https://cacm.acm.org/magazines/2019/2/234352-a-new-golden-age-for-computer-architecture/fulltext
https://cacm.acm.org/magazines/2019/2/234352-a-new-golden-age-for-computer-architecture/fulltext
https://cacm.acm.org/magazines/2019/2/234352-a-new-golden-age-for-computer-architecture/fulltext
https://cacm.acm.org/magazines/2019/2/234352-a-new-golden-age-for-computer-architecture/fulltext
https://cacm.acm.org/magazines/2019/2/234352-a-new-golden-age-for-computer-architecture/fulltext
https://cacm.acm.org/magazines/2019/2/234352-a-new-golden-age-for-computer-architecture/fulltext
https://cacm.acm.org/magazines/2019/2/234352-a-new-golden-age-for-computer-architecture/fulltext
https://cacm.acm.org/magazines/2019/2/234352-a-new-golden-age-for-computer-architecture/fulltext
https://cacm.acm.org/magazines/2019/2/234352-a-new-golden-age-for-computer-architecture/fulltext
https://cacm.acm.org/magazines/2019/2/234352-a-new-golden-age-for-computer-architecture/fulltext
https://cacm.acm.org/magazines/2019/2/234352-a-new-golden-age-for-computer-architecture/fulltext
https://cacm.acm.org/magazines/2019/2/234352-a-new-golden-age-for-computer-architecture/fulltext
https://cacm.acm.org/magazines/2019/2/234352-a-new-golden-age-for-computer-architecture/fulltext
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Late 2015 

Create a new 
type of computer 
that can  

• proactively 
interpret and learn 
from data,  

• solve unfamiliar 
problems using 
what it has 
learned, and  

• operate with the 
energy efficiency 
of the human brain 

See http://www.nano.gov/futurecomputing  

http://www.nano.gov/futurecomputing
http://www.nano.gov/futurecomputing
http://www.nano.gov/futurecomputing


“ 

” 

8th International Conference on Computers, Communications and Control (ICCCC2020)  ●  Online [Băile Felix, Oradea, Romania]  ●  11-15 May 2020 

Until now we have been going the other way  
that is, in order to understand the brain we  
have to use the computer as a model of it.  
Perhaps it is time to reverse this reasoning:  
 

   To understand where we should  
   go with the computer, we should  
   look to the brain for some clues. 
 

IEEE Centenary “The Next 100 Years” -1984 

Robert Noyce 

Co-founder of Fairchild (1957) & Intel (1968) 
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Of μPs (CPUs) and (other) chips 

From  https://www.extremetech.com/computing/272096-3nm-process-node  

https://www.extremetech.com/computing/272096-3nm-process-node
https://www.extremetech.com/computing/272096-3nm-process-node
https://www.extremetech.com/computing/272096-3nm-process-node
https://www.extremetech.com/computing/272096-3nm-process-node
https://www.extremetech.com/computing/272096-3nm-process-node
https://www.extremetech.com/computing/272096-3nm-process-node
https://www.extremetech.com/computing/272096-3nm-process-node
https://www.extremetech.com/computing/272096-3nm-process-node
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From  https://www.intc.com/investor-relations/events-and-presentations/events-calendar/event-details/2019/Intel-Investor-Meeting-05-2019/default.aspx  

https://www.intc.com/investor-relations/events-and-presentations/events-calendar/event-details/2019/Intel-Investor-Meeting-05-2019/default.aspx
https://www.intc.com/investor-relations/events-and-presentations/events-calendar/event-details/2019/Intel-Investor-Meeting-05-2019/default.aspx
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https://www.intc.com/investor-relations/events-and-presentations/events-calendar/event-details/2019/Intel-Investor-Meeting-05-2019/default.aspx
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https://www.intc.com/investor-relations/events-and-presentations/events-calendar/event-details/2019/Intel-Investor-Meeting-05-2019/default.aspx
https://www.intc.com/investor-relations/events-and-presentations/events-calendar/event-details/2019/Intel-Investor-Meeting-05-2019/default.aspx
https://www.intc.com/investor-relations/events-and-presentations/events-calendar/event-details/2019/Intel-Investor-Meeting-05-2019/default.aspx
https://www.intc.com/investor-relations/events-and-presentations/events-calendar/event-details/2019/Intel-Investor-Meeting-05-2019/default.aspx
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https://www.intc.com/investor-relations/events-and-presentations/events-calendar/event-details/2019/Intel-Investor-Meeting-05-2019/default.aspx
https://www.intc.com/investor-relations/events-and-presentations/events-calendar/event-details/2019/Intel-Investor-Meeting-05-2019/default.aspx
https://www.intc.com/investor-relations/events-and-presentations/events-calendar/event-details/2019/Intel-Investor-Meeting-05-2019/default.aspx
https://www.intc.com/investor-relations/events-and-presentations/events-calendar/event-details/2019/Intel-Investor-Meeting-05-2019/default.aspx
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5nm (and about 10 billion US$)    

From  https://www.businesswire.com/news/home/20190416005394/en/Samsung-Successfully-Completes-5nm-EUV-Development-Greater  

https://www.businesswire.com/news/home/20190416005394/en/Samsung-Successfully-Completes-5nm-EUV-Development-Greater
https://www.businesswire.com/news/home/20190416005394/en/Samsung-Successfully-Completes-5nm-EUV-Development-Greater
https://www.businesswire.com/news/home/20190416005394/en/Samsung-Successfully-Completes-5nm-EUV-Development-Greater
https://www.businesswire.com/news/home/20190416005394/en/Samsung-Successfully-Completes-5nm-EUV-Development-Greater
https://www.businesswire.com/news/home/20190416005394/en/Samsung-Successfully-Completes-5nm-EUV-Development-Greater
https://www.businesswire.com/news/home/20190416005394/en/Samsung-Successfully-Completes-5nm-EUV-Development-Greater
https://www.businesswire.com/news/home/20190416005394/en/Samsung-Successfully-Completes-5nm-EUV-Development-Greater
https://www.businesswire.com/news/home/20190416005394/en/Samsung-Successfully-Completes-5nm-EUV-Development-Greater
https://www.businesswire.com/news/home/20190416005394/en/Samsung-Successfully-Completes-5nm-EUV-Development-Greater
https://www.businesswire.com/news/home/20190416005394/en/Samsung-Successfully-Completes-5nm-EUV-Development-Greater
https://www.businesswire.com/news/home/20190416005394/en/Samsung-Successfully-Completes-5nm-EUV-Development-Greater
https://www.businesswire.com/news/home/20190416005394/en/Samsung-Successfully-Completes-5nm-EUV-Development-Greater
https://www.businesswire.com/news/home/20190416005394/en/Samsung-Successfully-Completes-5nm-EUV-Development-Greater
https://www.businesswire.com/news/home/20190416005394/en/Samsung-Successfully-Completes-5nm-EUV-Development-Greater
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See  https://www.asml.com/en/products/euv-lithography-systems/twinscan-nxe3400c  

@ $120 M, 180 tons, 1 MW 

https://www.asml.com/en/products/euv-lithography-systems/twinscan-nxe3400c
https://www.asml.com/en/products/euv-lithography-systems/twinscan-nxe3400c
https://www.asml.com/en/products/euv-lithography-systems/twinscan-nxe3400c
https://www.asml.com/en/products/euv-lithography-systems/twinscan-nxe3400c
https://www.asml.com/en/products/euv-lithography-systems/twinscan-nxe3400c
https://www.asml.com/en/products/euv-lithography-systems/twinscan-nxe3400c
https://www.asml.com/en/products/euv-lithography-systems/twinscan-nxe3400c
https://www.asml.com/en/products/euv-lithography-systems/twinscan-nxe3400c


43 

In
tl

. 
C
o
n
f.

 C
o
m

p
. 

C
o
m

m
. 

C
tr

l.
 (

IC
C
C
C
) 

 ●
  
O

ra
d
e
a
, 

R
o
m

a
n
ia

  
●

  
1
1
-1

5
 M

a
y
 2

0
2
0
 



44 

In
tl

. 
C
o
n
f.

 C
o
m

p
. 

C
o
m

m
. 

C
tr

l.
 (

IC
C
C
C
) 

 ●
  
O

ra
d
e
a
, 

R
o
m

a
n
ia

  
●

  
1
1
-1

5
 M

a
y
 2

0
2
0
 



45 

In
tl

. 
C
o
n
f.

 C
o
m

p
. 

C
o
m

m
. 

C
tr

l.
 (

IC
C
C
C
) 

 ●
  
O

ra
d
e
a
, 

R
o
m

a
n
ia

  
●

  
1
1
-1

5
 M

a
y
 2

0
2
0
 

See  https://www.nvidia.com/en-us/  

https://www.nvidia.com/en-us/
https://www.nvidia.com/en-us/
https://www.nvidia.com/en-us/
https://www.nvidia.com/en-us/
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See  https://www.nvidia.com/en-us/  

https://www.nvidia.com/en-us/
https://www.nvidia.com/en-us/
https://www.nvidia.com/en-us/
https://www.nvidia.com/en-us/
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AMD, Wave (DPU), Habana 

See  https://www.amd.com/en, https://wavecomp.ai/ & https://habana.ai/  

https://www.amd.com/en
https://www.amd.com/en
https://wavecomp.ai/
https://wavecomp.ai/
https://habana.ai/
https://habana.ai/
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Google … TPU v2 

https://habana.ai/ 

See  https://cloud.google.com/tpu/  

https://cloud.google.com/tpu/
https://cloud.google.com/tpu/
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Google … Edge TPU 

See  https://cloud.google.com/edge-tpu   

https://cloud.google.com/edge-tpu
https://cloud.google.com/edge-tpu
https://cloud.google.com/edge-tpu
https://cloud.google.com/edge-tpu
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Google TPU v3   … water cooling 

See  https://cloud.google.com/tpu/  

https://cloud.google.com/tpu/
https://cloud.google.com/tpu/
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Nvidia GPUs: Summit (fastest!), Baidu, etc. 

See  https://en.wikipedia.org/wiki/Summit_(supercomputer)  &  http://www.baidu.com/ (search for GPU)  

https://en.wikipedia.org/wiki/Summit_(supercomputer)
https://en.wikipedia.org/wiki/Summit_(supercomputer)
https://en.wikipedia.org/wiki/Summit_(supercomputer)
http://www.baidu.com/
http://www.baidu.com/
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     Graphcore … IPU 

  See  https://www.graphcore.ai/     

https://www.graphcore.ai/
https://www.graphcore.ai/
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See  https://www.graphcore.ai/  

https://www.graphcore.ai/
https://www.graphcore.ai/
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Cerebras WSE    (Wafer-Scale Engine) 

  See  https://www.cerebras.net/      

https://www.cerebras.net/
https://www.cerebras.net/
https://www.cerebras.net/
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21.5×21.5 cm2 … 56× larger than the largest  

  See  https://www.cerebras.net/  as well as  watch?v=DdlbVLrw820  

https://www.cerebras.net/
https://www.cerebras.net/
https://www.cerebras.net/
https://www.youtube.com/watch?v=DdlbVLrw820
https://www.youtube.com/watch?v=DdlbVLrw820
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Cerebras workstation CS-1 

  See  https://www.cerebras.net/  as well as  watch?v=2Xq7_5HTk1I  

https://www.cerebras.net/
https://www.cerebras.net/
https://www.cerebras.net/
https://www.youtube.com/watch?v=2Xq7_5HTk1I
https://www.youtube.com/watch?v=2Xq7_5HTk1I
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Let’s peek inside 

  See  https://www.cerebras.net/  

https://www.cerebras.net/
https://www.cerebras.net/
https://www.cerebras.net/
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Any other options?  

  See  https://research.google/teams/applied-science/quantum/  &  https://en.wikipedia.org/wiki/Sycamore_processor  

https://research.google/teams/applied-science/quantum/
https://research.google/teams/applied-science/quantum/
https://research.google/teams/applied-science/quantum/
https://research.google/teams/applied-science/quantum/
https://en.wikipedia.org/wiki/Sycamore_processor
https://en.wikipedia.org/wiki/Sycamore_processor
https://en.wikipedia.org/wiki/Sycamore_processor
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From  https://discovery.princeton.edu/2019/12/09/quantum-computing-opens-new-realms-of-possibilities/  

https://discovery.princeton.edu/2019/12/09/quantum-computing-opens-new-realms-of-possibilities/
https://discovery.princeton.edu/2019/12/09/quantum-computing-opens-new-realms-of-possibilities/
https://discovery.princeton.edu/2019/12/09/quantum-computing-opens-new-realms-of-possibilities/
https://discovery.princeton.edu/2019/12/09/quantum-computing-opens-new-realms-of-possibilities/
https://discovery.princeton.edu/2019/12/09/quantum-computing-opens-new-realms-of-possibilities/
https://discovery.princeton.edu/2019/12/09/quantum-computing-opens-new-realms-of-possibilities/
https://discovery.princeton.edu/2019/12/09/quantum-computing-opens-new-realms-of-possibilities/
https://discovery.princeton.edu/2019/12/09/quantum-computing-opens-new-realms-of-possibilities/
https://discovery.princeton.edu/2019/12/09/quantum-computing-opens-new-realms-of-possibilities/
https://discovery.princeton.edu/2019/12/09/quantum-computing-opens-new-realms-of-possibilities/
https://discovery.princeton.edu/2019/12/09/quantum-computing-opens-new-realms-of-possibilities/
https://discovery.princeton.edu/2019/12/09/quantum-computing-opens-new-realms-of-possibilities/
https://discovery.princeton.edu/2019/12/09/quantum-computing-opens-new-realms-of-possibilities/
https://discovery.princeton.edu/2019/12/09/quantum-computing-opens-new-realms-of-possibilities/
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Early IBM “quantum” 3-bit sorter (1993 …) 

  D.M. Eigler et al., Information transport and computation in nanometre-scale structures, Phil. Trans. R. Soc. Lond. A 362(1819):1135–1147, Jun. 2004  (including the first 3 refs.) 
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https://www.cbinsights.com/  

https://www.cbinsights.com/
https://www.cbinsights.com/
https://www.cbinsights.com/
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https://www.cbinsights.com/  

https://www.cbinsights.com/
https://www.cbinsights.com/
https://www.cbinsights.com/
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https://www.ibm.com/quantum-computing/   

https://www.ibm.com/quantum-computing/
https://www.ibm.com/quantum-computing/
https://www.ibm.com/quantum-computing/
https://www.ibm.com/quantum-computing/
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IBM Q 
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Fast … and, hopefully … green   (low power) 

Noblesse oblige (alternatives) 
• With great power comes great responsibility* 

 

• With great size comes great power  
           consumption    

 

• With larger and larger chips comes …  
lower and lower power consumption  
1 MW  250 kW  15 kW  10 kW    

 

• … great, just that we still have a lot   
of work ahead (a long way to go)  
 1000 W  100 W  Brain 

 

Solution Power (W) 

Nvidia GPU 1,000,000 

Google TPU 250,000 

Graphcore IPU 25,000 

Quantum 25,000 

Cerebras WSE 15,000 

Pending 1,000 

Pending 100 

Brain 40 
* https://en.wikipedia.org/wiki/With_great_power_comes_great_responsibility , earlier versions  https://books.google.fr/books?id=D55aAAAAcAAJ&pg=PA72 (1793)  &  the Bible   

https://en.wikipedia.org/wiki/With_great_power_comes_great_responsibility
https://en.wikipedia.org/wiki/With_great_power_comes_great_responsibility
https://en.wikipedia.org/wiki/With_great_power_comes_great_responsibility
https://books.google.fr/books?id=D55aAAAAcAAJ&pg=PA72
https://books.google.fr/books?id=D55aAAAAcAAJ&pg=PA72
https://books.google.fr/books?id=D55aAAAAcAAJ&pg=PA72
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https://www.tomgauld.com/         https://en.wikipedia.org/wiki/Matt_Pritchett  

https://www.tomgauld.com/
https://www.tomgauld.com/
https://en.wikipedia.org/wiki/Matt_Pritchett
https://en.wikipedia.org/wiki/Matt_Pritchett
https://en.wikipedia.org/wiki/Matt_Pritchett
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