Computer torténelem
1943-2019



Alan Turing’s mechanical computer used to break the Enigma code during WWiI|I

“I think there can be a world market for maybe five computers” — Thomas Watson,
CEO of IBM, 1943

o)

r B
y
1

ey

-

-]




e e
(B U RN

ey '.-,

e

}v}}ﬂ :-:r‘ < .....Jl Pll"'l.'

o - ||l|t||| .
Reypryly \ | : o . | -
Zlg=gyas ;

W&y iryyy ) LR

- |
. LT TSR
AT .‘ A '..E, ~' .‘ o

.t 5
‘_‘.',J._“r“:b‘-‘tb
AL : j
el vy 'l'~ s -

:
T Ve




. 13 EJ
‘ d .
ol -
& |- ¥
'o; ~‘ <

'o- - TP
o
'

LN e -y e
CHee <8 rom e
L B SRR W . BN

etir g
wiha
>
N
)

f I
g

K 4"‘._.
" P

TR

440\ | add

.‘.‘0‘#.'
L R

)

3

# giees’ g gy

f8aaslda

"R REFFEFE
.-ﬂ" TR ELE

Or'vﬂ‘“mvn‘av
‘™

Ye¥senn
"R R B R

-




g

In 1947, William Shockley led a Palo Alto-based team at Bell Labs that invented the
world's first amplifying semiconductor, the transistor. They won a Nobel Prize in physics.






Jonnek az oroszok...

During the cold war the launch of Sputnik-1 by the Soviet Union in 1957 both traumatized and
galvanized the United States. It shocked the U.S. into believing it was behind the Soviet Union
in innovation. In response, one of the many U.S. national initiatives (DARPA, NASA, Space Race,
etc.) to spur innovation was a new government agency to fund new companies. The Small
Business Investment Company (SBIC) Act in 1958 guaranteed that for every dollar a bank or
financial institution invested in a new company, the U.S. government would invest three (up to
$300,000.) So for every dollar that a fund invested, it would have four dollars to invest.



In 1956, William Shockley founds the Shockley Semiconductor Laboratory to produce
semiconductor-based transistors to replace vacuum tubes. In October 1957, 8 ‘traitors’
formed Fairchild, the first venture-funded startup of the Silicon Valley.




1ess ohockley Labs®

William Shockley,
gight others

Co-inventor of the transis-
tor, Shockley recruited
gight young men from
East Coast labs to develop
the technology. They left
because of Shockley's
grratic management style
and became the founding
cadre for the West Coast
semiconductor industry.

Tesz Fairchild
Semiconductor”

{From left) Gordon Moore,
Sheldon Roberts, Eugene
Kleiner, Robert MNoyce, Victor
Grinich, Julius Blank, Jean
Hoemi, lay Last

Founded by “The Traitorous
Eight" from Shockley, Fair-
child was the first company

It spawned more than 30
Silican Yalley companies,

including Intel, Advanced

1967 National

Semiconductor
Charles Sporck, two others

After leaving Fairchild,
Sporck ran Mational for 24
years, building it into a
giant in analog and

o work exclusively in silicon.

Micro Devices, and National.
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Lee Boysel, Jack Faith

to72 Kleiner Perking
Caufield & Byers

Eugene Kleiner

1961 oigneties”

{now Philips Semiconductar)
David Alison, David James,
Lionel Kattner, Mark
Weizsenstern, two others

. Gomputer
Microtechnology®

John Schroeder,
lack Schmidt, two others

Yoes Intel

Robert Moyee, Gordon Moore
The king of PC- micro-
processors, Intel i now the
[argest chip company in the
world, with revenues top-

1080 LS| Logic

Wilfred Carrigan

1oss AMD

W1 Sanders Il seven others

Flamboyant Sanders left
Fairchild to found this up-
and-down rival to Intel. The
SWIng is up right now.

‘1ss3 Gypress

T. 1. Rodgers, Lowell Turiff

digital chips. } o
i . . i ping $20 hillion. Mast Intel
| Yess Girrus I.Ilng 1973 oynertek’ execs stay on board instead |
¥ Linoar Michael Hackworth, Kam- Robert Schreiner, of launching startups. & 1081 OEE]
91 ran Elahian, five others R. Baringer, six others Gordon Campbell,
Tﬂﬂllllﬂlﬂg}' George Perleans
Robert Swan_sun, il . 1 . b
Robert Dobkin 1993 NeoMagic 1979 VLS| 1974 Lilog Y Chi oss Atmel
Kamran Elahian, Tﬂl}hﬂﬂlﬂgj‘ Federico Faggin, 1985 LIPS 1985 Atme
. Prakash Agarwal Jack Baletto, Ralph Ungermann & Tﬂﬂhﬂﬂlﬂgi&&' (George Pgrii{ﬂs.
15”3.3|H'J' o Dan Floyd, Gordon Camptell, Dado | | TSUNE-Ching Wu
emiconauctor L Gunnar Wetlesen 3 - Banatao, two others
James Dilkr, 1996 Planet Web Yosa Xilinx T
four others Kamran Elahian Bemard Vonderschmitt 1 1
1083 Wafer 7 R 93 1984 301X
- SIHIF. |ﬂlﬂ'gl’ﬂllﬂ 1986 Synaptics Fon Yara, Gordon Campbell,
1083 SDA SyStems” ames sooman Eli Harari FenuiofyFaggEL Carver Mead | | Dado Banatao | | Scott Sellers

At least 60 semiconductor companies have been founded in Silicon Valley between 1961
and 1972, mostly by former Fairchild engineers and managers.



Andrew Grove, founder of Intel in 1968




The first germanium chip consisting of
4 transistors + 3 resistors + 1 capacitor
Jack Kilby of Texas Instruments, 1958



N-MOS transistor
Gate

Source l Drain
_. .—

Gate
Drain

Silicon

Source !

Channel length: 12 micron -7 nm
Size of 1 silicon atom: 0.2 nm
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[d-Vg Characteristics 30 electron density for Vd=0.6
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Silicon

Researchers from IBM and Georgia Tech created a new speed record when they ran a
supercooled silicon-germanium transistor above 500 GHz at a temperature of 4.5 K.
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Intel® Core |7 4960X Processor Dle Detall
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Total number of transistors 1.86B Die size dimensions 15.0 mm x 17.1 mm [257 mm?]

** 15MB of cache is shared across all 6 cores (inte|>

*Other names and brands may be claimed as the property of others.
Copyright® 2013 Intel Corporation. All rights reserved.  Under embargo until 12:01am PT September 39, 2013




KLA Tencor cleanroom, 1990
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Ultra-clean pipeline, 2014



Sub-20 nm FinFET product line
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A fully assembled EUV system weighs approximately 100.000 kilograms
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® The cost of designing at 45nm and below is escalating

® Design starts at 45nm and below are growing at 75% CAGR
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LOGIC TRANSISTOR DENSITY

10nm

100 +
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Intel 10 nm hyper scaling features result in Transistor Density above 1T00MTr/mm?

Density
MTrimm2







Only 3 semiconductor foundries are currently
working on a 7nm process: Intel, Samsung,

TSMC.

What is next?



Konyves Kalman krt. 48-52
1971, szeptember 2 — 1979 november 8



A Kkutato és eszkoze. Kalman Sandor az elektronikus szamitogép
elott ¥




A1,2(t) A1,3(t) Al,4(t) A1,5(t)
A2,1(t) A2,2(t) A2,3(t) A2,4(t) A2,5(t) A2,6(t)
T() T() T() T()
A3,1(t) A3,2(t) A3,3(t) A3,4(t) A3,5(t) A3,6(t)
T() T() T() T()
A4,2(t) A4,3(t) A4,4(t) A4,5(t)

CODD: A2,3(t)= T[A2,3(t-1), A2,2(t-1), A1,3(t-1), A2,4(t-1), A3,3(t-1)]




Szilicium Volgy
1980-2019



Otlettdl a chip megvaldsitasig
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A1,2(t) A1,3(t) Al,4(t) Al1,5(t)
A2,1(t) A2,2(t) A2,3(t) A2,4(t) A2,5(t) A2,6(t)
T2,2() T2,3() T2,4() T2,5()
A3,1(t) A3,2(t) A3,3(t) A3,4(t) A3,5(t) A3,6(t)
T3,2() T3.3() T3,4() T3,5()
A4,2(t) A4,3(t) A4d,4(t) A4,5(t)

FPGA: A2,3(t)= T2,3[A2,3(t-1), A2,2(t-1), A1,3(t-1), A2,4(t-1), A3,3(t-1)]







A kvantumszamitogépekek alapjai

1. Ez bizony nem az amire gondolunk. Miért kell ez nekiink?

2. A kvantumszamitogépek matematikai modellje.

3. A klasszikus és a kvantum alapu felhasznaloi modellek
0Ssszehasonlitasa.

4. Miben rejlik a kvantumszamitogépek gyorsasaga?

5. Mi varhato 10 év mulva?



Atoms, electrons spin up or down in a magnetic field.
The direction of the magnetic field determines the
direction of the spin (clockwise or counterclockwise).




Now imagine spinning at a tilt. That ability is the heart
of superposition.







Quantum computers controll a
series of Qubits
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cryostat
temperature
0.014 K

-273.136 Celsius




CBIT

QUBIT













a0
/S> ={ 11 } Superposition state

}=a0{(1) }+a1{2 Va02+a{

Probability of S being in state /0> Probability of S being in state /1>



Data representation

a [a> ab /ab>
O O a0 0 00 a0*b0
1 1 al 1 01 a0*b1
2 10 al*b0
3 11 al*b1l
a0
Ja>= { 1 } a0? +al? =1
b0
/b>=1 1t b0* + b1 =1
0
fe>=1 4 | c0? +c1% =1

a0? * b0% + a0% « b1%2 + al? « b0%? + al? «b1%2 =1

N o o BN -, O

abc
000

001
010
011
100
101
110
111

/abc>
a0*b0*cO
a0*b0*cl
a0*b1*cO
a0*bl*cl
al*b0*cO
al*b0*cl
al*b1*cO
al*bl*cl






/abc> = |

a0=0.8,a1=0.6,b0=0.71,b1=0.71,c0=0, c1=1

[ a0*b0*cO |

a0*b0*c1
a0*b1*cO
a0*bl*c1l

al*b0*cO |

al*b0*cl
al*bl1*cO

abc
000

001
010
011
100
101
110
111

N o o BN -, O

al*bl*cl_
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0
0.57

0.57

0.42

0
0.42

abc

101

0.572 4+ 0.57% + 0.422+0.42%2 =1

32.5% 1,

N o o B WN R O

32.5% 3, 17.5% 5, 17.5% 7
0
0
a0=0,al=1,
0 bO=1,bl=0,
0 c0=0,cl=1
0
1 o 100% 5
0
0
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abcd

0000
0001
0010
0011
0100
0101
0110
0111
1000
1001
1010
1011
1100
1101
1110

f(x)
f(x)

1111 ———  f(x)

abcd
a0*b0*c0*d0
a0*b0*cO0*d1
a0*b0*c1*d0
a0*b0*cl*d1
a0*b1*c0*d0
a0*bl*cO*d1
a0*bl*c1*d0
a0*bl*cl*d1
al*b0*c0*d0
al*b0*cO0*d1
al*b0*c1*d0
al*b0*cl*d1l
al*b1*c0*d0
al*b1*cO0*d1
al*bl*c1*dO
al*bl*cl*d1

af(gx)
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0.25
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0.25
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0.25
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Operations on Qubits

a0 01
[a>= 11 X = 10 X GATE, NOT GATE, INVERTER GATE

. 01 a0 al
X*[a>=7? 1 0[1a1r [ 1 a0 ]

| =0 —{%]

|3} L1 |






H*/a>=7
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kY




" a0*b0 1000
_ | a0*b1
fab>=4 97 P-L cnoT=1{2 1 00 CONDITIONAL X GATE
al*b0 0001
. al*bl 0010
1 0 0 0 |[ a0*bO] " a0*b0
0 1 0 01} a0*bl _ | a0*b1
CNOT * /fab>="? ' . ol -
/ 000 1]|al*bo al*b1
0 0 1 0]Lal*bdl | al*b0)
a0 | a0 |
-_ al | t 1 a1l |
b0 " b0 bl
: ! D ) . Whenal!=0
| b1 | 01 | Whenal=0 { bO }




Jabc> = -

" a0b0cO |

a0b0c1
a0b1cO
aOblcl
alb0cO
albOcl
alblcO

] alblcl |

CCNOT * fabc> =7

CCNOT = -
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" a0b0cO |

a0b0c1
a0b1cO
aOblcl
alb0cO
albOcl
alblcO

] alblcl |

CONDITIONAL,
CONDITIONAL X GATE

" a0b0cO |

a0b0c1
a0b1cO
aOblcl
alb0cO
albOcl
alblcl

] alb1cO |




a0
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b0
bl

cO
cl
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|
|

a0
al

b0
bl

cO
cl

|
|

Whenal=0
orbl=0

Whenal!=0
&bl!=0



Quantum Parallelism

The power of quantum parallelism can be summarized in the
following matrix. We apply a unitary operation to manipulate qubit(s)
in one step (in practice, polynomial steps).

Since the number of components in the computational basis
increases exponentially with the number of qubits, the quantum

parallelism offers a possibility of computing f(x) with all valid values
of x simultaneously.

64 qubits = 2" = billion-billion computational bases

a, a, - a ||x| |4
Iy Gy Gy || K| d,
_anl un: anm_‘ _"-n_‘ _dn_

manipulate qubits in single step



CLASSICAL BITS QUBITS

QUBITS
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QUBITS ??

NO CLONING
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Qubit Communication

Andrea Morello at the University of New South Wales in Australia
and his colleagues have a new design for a qubit. It uses both the
nucleus and the electron of a phosphorus atom to create a single
qgubit inside a layer of silicon.

Qubits in silicon systems interact through electric fields, and
Morello’s team shows that it’s possible to extend the reach of those
electric fields by pulling the electron further away from the nucleus of
each atom.

By combining an electron and nucleus into one qubit, Morello and
his team think they’ve found a way to let qubits communicate over
distances of up to 500 nanometers. This could eventually make it
possible to create quantum computers with millions of qubits that
can simulate simple chemical reactions.



I'm smart enough to know that I'm

dumbp.

‘ -!
—Richard Feynman
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IBM Quantum computers:

https://gquantum-computing.ibm.com/

3 Quantum Algorithms:
https://www.nap.edu/read/25196/chapter/5

Interesting youtube:

https://www.youtube.com/watch?v=9blfVmrfruE&list=PL50XnIf)JxPDVFftJn9hk0Ouj3QBuXag5ph
&index=4&t=0s&app=desktop

https://www.youtube.com/watch?v=BcsdCMix1ns



https://www.youtube.com/watch?v=9blfVmrfruE&list=PL50XnIfJxPDVFftJn9hk0uj3QBuXag5ph&index=4&t=0s&app=desktop
https://www.youtube.com/watch?v=BcsdCMix1ns
https://quantum-computing.ibm.com/
https://www.nap.edu/read/25196/chapter/5

