


Very short hlstory of mlcrochlps

The power of Moore S Law

Alternative computing *

Analog computer, qubits, memristors, hybrid, DNA, neuromorphic
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Connection Machme yi / 5
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Lattlce Gauge Theory / Quantum Field Theory

History of the future

F




Heinz Nixdorf (1925 - 1986)
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German computer pioneer and entrepreneur \".’,‘
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Teach computing at school
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History of the future

Facts & Numbers

5,000 years - A “short” history of information
technology

6,000 m? exhibition space / 2.500 guided tours p.a.
Student labs / kids‘ lab

Library and archive

7 conference rooms / 700 m? auditorium with 400
seats

42 employees ' ;
Educational programs . 4
Cafeteria and restaurant with 240 seats : J
1000 events p.a. ) ¢

120,000 - 140,000 visitors p.a.
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Claude Shannon (1916 - 2001)
A Symbolic Analysis of Relay and Switching Circuits, MIT (

Information theory (1948): new “digital drug“

ALL information should be digitally encoded! l
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History of the future .




Summer 1957

| ASSE

‘integrated circuit®
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1959 First silicon chip for mass production "

Robert Noyce Fairchild Semiconductors
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Moore‘s Law 1965

Heinz Nixdorf MuseumsForum Paderb

Moore’s Law: The number of transistors on microchips doubles every two years [SHgIUE
Moore's law describes the empirical regularity that the number of transistors on integrated circuits doubles approximately every two years. in Data
This advancement is important for other aspects of technological progress in computing - such as praocessing speed or the price of computers.
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ENIAC - first electromc “computer

1946 energy consumptlon 175kW

3\
17,500 electronic vacuum tubes

Hand wired programs “room size“
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Amount of data produced daily (2023): 329 Million Terabytes

Videos account for over half of the internet traffic

Global annual internet traffic
Tracking Clean Energy Progress

—— P T

B
PB
EB
ZB
YB

terabyte
petabyte
exabyte
zettabyte
yottabyte

10" bytes
10" bytes

10" bytes
10?'bytes
10% bytes

2022

History of the future

International
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Energy Agency



Globale Energieproduktion

9,000 terawatt hours (TWh)

Produktion und Betrieb von IT werden bis/
2030 auf etwa 21 % ansteigen

M Networks (wireless and wired)
M Production of ICT

' Consumer devices (televisions,
computers, mobile phones)

M Data centres

Prof. Martin Ziegler (2021 HNF talk)

70 Bill. kWh per year to run the internet  _

2022: daily 5 bill. people online

0 ——— e ‘ - —
2010 2012 2014 2016 2018 2020 2022 2024 2026 2028 2030

2022: > 7,500 data centers worldwide
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Globale Energieproduktion

9,000 terawatt hours (TWh)

Produktion und Betrieb von IT werden bis/
2030 auf etwa 21 % ansteigen

M Networks (wireless and wired)
M Production of ICT

' Consumer devices (televisions,
computers, mobile phones)

M Data centres

Landauer-Limit (1961)

Bit-operation > 3 * 102" Joule g

2037 Total energy production

2022 2024 2026 2028 2030

3010 2012 2014 2016 2018 2020
worldwide needed for ICT sector
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Logic gates: core elements for digital computers

XOR gate with 5 transistors
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Solving Differential Equations with analog circuits
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Adding Numbers

Based on Kirchhoff‘s rules of circuits

Heinz Nixdorf MuseumsF



- i 15 - HistOryofthef '/’

/|
()

2. Alternative: Quantum Computing
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1998-2026 Physical qubit roadmap for quantum computer

(Source: Quantum Technologies 2021, Yole Développement, June 2021)

History The promise

Physical qubits

IMT

1000

100

2000-qubits 5000-qubits

1000-qubits

|

128-qubits
& 72-qubits (Bristlecone)
54(53)-qubits (Sycamore)

/S
7

49-qubits (Tangle Lake)

28-qubics

| 7-qubits
® | Z-qubits / .
® 7 Gubits ® 95_50bits ® | | -qubits
§ e ® 2_qubits
06 07 09 15 16 17 18 19 20

1998 2000
I (Institute for Quantum Computing, Perimeter Institute for Theoretical Physics, MIT)

2 (Los Alamos National lab)

3 (TU Munich)
4 (Oxford University, IBM, UC Berkeley, Stanford, MIT)

® | M qubits
@ I.O‘OO-qubits
HOO qubits ® 100 qubits
® 64 qubits
@ R&D - University @ PASQAL
@® Tundra @® Alibaba
@® D-Wave Intel
® M|SIS, Russia
’G_?’O:‘-’-IC ®psiQuantum
IBM ®\\ACOT
>
23 25 26
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4. Alternative: DNA pt e e |
. computing @ |6 \
|% reI0[CIRLC,
Data processing and in biological structy m%g
storage in biological structures™e .

9
iz

== i\

. O
5. Alternative: neuromorphic computing
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- Are we prepared for a d1gltal world without Moore‘s law?

Can we learn from nature how to bu1ld more energy eff1c1ent computers? |

1\

R. Feynman: The quantum world can only be simulated with quantum computers ;
11 | el 2| 10| LSRR
Research on alternatwe computing is making rapid progress -

\ |

Is transistor- based b1nary information processing holistic enough7
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Please visit Paderborn and the HNF soon




