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“ON COMPUTABLE NUMBERS, WITH AN 
APPLICATION TO THE ENTSCHEIDUNGSPROBLEM”
Alan Turing  1936�
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A011011BC --> A011011B011011C
A101010BC --> A101010B101010C
A1011BC --> A1011B1011C
A101BC --> A101B101C
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l ��>Fetch /*���!2����0�3�*/
n ‘0’)�4.�&45’X’+�#� ���5Copy0+
 �	+�1
n ‘1’)�4.�&45’Y’+�#� ���5Copy1+
 �	+�1
n ‘B’)�4.�69;�� / &4��*2���5
 %�	+�1

l ��> Copy* /* :785’C’"�'!3/)	��$3�*/
n ‘C’��*2���5
 %�	+�1
n ‘C’)���"Copy0)�4.�&,��+’0’5�#�0���5

Mark0+
 �	+�1
n ‘C’)���"Copy1)�4.�&,��+’1’5�#�0���5

Mark1+
 �	+�1
l ��>Mark* /* ’C’5�#�0���5Back0 / Back1 +
 3� */<�=
l ��>Back* /* :785�’X’�3�-’Y’"�'!3/)�$�*/

n ‘X’, ‘Y’ ��*2�
+�'�1
n ‘X’)���"Back0)�4.�’X’,��+’0’5�#�0���5Fetch

+
 (�	+�'�1

n ‘Y’)���"Back1)�4.�’Y’,��+’1’5�#�0���5Fetch
+
 (�	+�'�1



A101BC --> A101B101C

Fetch:    A101BC

Copy1:    AX01B1

Mark1:    AX01B1C

Back1:    A101B1C

Fetch:    A101BC

Copy0:    A1Y1B10

Mark0:    A1Y1B10C

Back0:    A101B10C

Fetch:    A101B10C

Copy1:    A10XB101

Mark1:    A10XB101C

Back1:    A101B101C

Fetch:    A101B101C
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BB(1) = 1.
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BB(3) = 21
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steps and then halts!
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If computers that you build are quantum,
Then spies everywhere will all want ’em.
Our codes will all fail,
And they’ll read our email,
Till we get crypto that’s quantum, and daunt ’em.



BQP (Bounded-Error Quantum Polynomial-Time): The class 
of problems solvable efficiently by a quantum computer, 
defined by Bernstein and Vazirani in 1993

Shor 1994: Factoring integers is in BQP
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Nature�2015�11���� "The quantum source of space-time”
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Susskind "Entanglement and Complexity: Gravity and Quantum Mechanics"
https://goo.gl/J0wSkf
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