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Search Path 
Optimization



Same problem as other fields



Traveling Salesman problem



Add more hardware

Right ?



The power of exponents
2n*



And there are more fields that have this issue



New plan



New plan

Qubit can take value |0>, |1>, or both at once, 
a phenomenon known as superposition



Speed



Speed



Multi-Billion Investments





Pictures by Lars Plougmann / CC BY-SA 2.0



IBM Q

https://quantumexperience.ng.bluemix.net



“Quantum Accelerator card”

by Lars Plougmann / CC BY-SA 2.0 
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The Qubit in more detail



The Qubit in more detail

Angle Θ



M (Measurement Gate)



X Gate (Not)



H Gate (Hadamard)
H



One Qubit Gates
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Multiple Qubit Gates
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|0> |1>

Q2 |0> 50% 0%
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Grover (and other amplifications)

Original Amplitudes Negate Amplitude Average of all Amplitudes Flip all Amplitudes around Avg

Grover execution: informally !"#"$!



Q# Functions



Reversing on the real device
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Using the gates to describe

Phys. Rev. A 95, 032323 – Published 22 March 2017



Oracle Function

One Stair Two Stairs

Oracle (State)



Many hours and code lines later

Traditional Quantum
Naive O(!!) O( !!)
With effort O(2n*2n) O(( !)!)
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Low-Tech Solution



Conclusions



So be part of the quantum future !

Questions ?



Microsoft Q# (Operators)



Microsoft Q# (Driver)



Microsoft Q# (Emulated Run)



Microsoft Q# (Unit Test)



Microsoft Q# (VSTS Build)



Microsoft Q# (VSTS Test)



Production (IBM Q)



Production (Work in progress)



Production (Work in progress)
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Bitcoin Mining 101

SHA 256

SHA 256

Data NONCE + 1

00000000000101001001010010010101..OOOOOOOOOOOOO



SHA 256
A B C D E F G H

KT

WT

CH

∑1

E

Maj

A

∑2

A => B, C => D, F => G, G => H

x64
32 bits



Reduced Adder

A B

!"#$%&

Carry Sum
x1
1 bit

Oversimplified



Quantum Adder

A B
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Carry Sum

Waste



Quantum Adder



Adder Algorithm

A B

!"#$%&

0 ? 0 ?

Waste |0>



Inverted Adder Algorithm

A B

!"#$%&

0 ? 0 ?

Waste

|0> |0>

!"#$%&Super
Position

A B

|0> Waste

SHOR



Reverse Adder
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Reverse Adder

This is why you need to add 
Grover



SHA 256
A B C D E F G H

KT

WT

CH

∑1

E

Maj

A

∑2

A => B, C => D, F => G, G => H

x64
32 bits

Rinse and repeat



Dirty Adder (Not Reduced)



Tolifo Gate



Adder (Not Reduced)


