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1981 — Feynman Imagined Quantum Computers

Richard Feynman
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1984 — Quantum Key Distribution

Charles Bennett

Gilles Brassard
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1994 — Shor’s Algorithm

970 = 2⇥ 5⇥ 97Given an integer, find its prime factors

Peter Shor
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1996 — Grover’s Algorithm
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2022 — Current State of Quantum Market
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Entanglement
A composite quantum state that cannot be written as a tensor product of two smaller 
quantum states is called entangled state
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Otherwise it is called separable or product state.

• Entangled systems share a common property, but we don't know which part has which 
share until we measure it.

• For example, two particles have a total (sum) spin of zero, but we don't know the spin of 
each individual particle before we measure it.
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Quantum Correlations

Alice Bob
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Quantum Correlations

Alice Bob

or
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Quantum Correlations

Alice Bob

or
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Quantum Correlations

<latexit sha1_base64="PsrjQ8wbFa261tCNSqTeSLdHe5g="></latexit>

| i = 1p
2


1
�1

�
=

1p
2
(|"i � |#i)

<latexit sha1_base64="RlYNppKK9/uEfeh33XAxvBu6HO4="></latexit>

|!i = 1p
2


1
1

�
=

1p
2
(|"i+ |#i)

<latexit sha1_base64="HkwiCn74o4tprwVcJE4+x5aasgw="></latexit>

|0i = |"i =

1
0

�

<latexit sha1_base64="z8YF0WWGa//9m/4fBvkXSQTj+WE="></latexit>

|1i = |#i =

0
1

�

<latexit sha1_base64="2lfymGr3ALq30IgbvhtAvf1yZFQ="></latexit>

|�i = 1p
2
(|01i+ |10i) = 1p

2

2

664

0
1
1
0

3

775

<latexit sha1_base64="j9y8TnkY1SKzUcAIVD9h6DHHK/0="></latexit>

=
1p
2
(|"#i+ |#"i)

<latexit sha1_base64="RfZGDNlYOyKKkwP+RxMVkgx+LJ8="></latexit>

|�i = 1p
2
(|!!i � |  i)

<latexit sha1_base64="12ky7TkuZiC+wRxJQbTNm0FVYaI="></latexit>

|�i = 1p
2


1
ı

�
=

1p
2
(|"i+ ı |#i)

<latexit sha1_base64="KukHhj5zw3o2aE+IrulfBHb4v4U="></latexit>

|⌦i = 1p
2


1
�ı

�
=

1p
2
(|"i � ı |#i)

<latexit sha1_base64="vO3S1cooYKstixd91JHGGBnUqmQ="></latexit>

|�i = �ıp
2
(|��i � |⌦⌦i)



Outline of the Presentation

• Milestones in Quantum Information

• Entanglement

• Quantum Cryptography



16

Cryptography

01101011100101Message 01101011100101Message

11010010010110+ Key 11010010010110+ Key
Public 

Channel
10111001110011Encrypted text 10111001110011Encrypted text

Alice Bob

• the same size as the message

• used only once

• random

• securely distributed ? Quantum Key Distribution

Secure communication if the key is:

C. E. Shannon, The Bell System Technical Journal (1949)
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Quantum Key Distribution
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C. H. Bennett, G. Brassard, N. D. Mermin, Phys. Rev. Lett. (1992)
A. K. Ekert, Phys. Rev. Lett. (1991)
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Quantum Key Distribution
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J. L. Park, Found. Phys. (1970)
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Quantum Key Distribution

No Cloning Theorem
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Quantum Key Distribution
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Conclusion

• Entanglement is a fundamental physical property

• Entanglement is used as a resource in quantum technology applications
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