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Agenda

Why do you need it ?
Whatis it ?
How can | program it ?



How would a Quantum Computer improve your life ?
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Stuffed animal problem
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Stuffed animal problem
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Stuffed animal problem
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Same problem as other fields

. w

~»
-

Picture by Geralt / CCO Creative Commons



Traveling Salesman problem

O(2n*2")

Pictures by Saurabh harsh / CC BY-SA 3.0



Add more hardware

No problem,

Can scale using cloud
providers

amazon

web services™

Right ? = \ 1/

Logo’s by respectful owners / Licensed Use



The power of exponents

O(2n*2")

256 [ESH¥ 048 89 32768

Using 1000 machines, only makes it 65K
1000 times quicker,

if you're lucky




And there are more fields that have this issue

Art|f|C|aI Intelllgence
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Weather Predlctlon

DNA Simulati’ohs/



New plan

Quantum computing
The computer that uses Qubits



New plan

Quantum computing
The computer that uses Qubits

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



Speed

A Computer with N Qubits,
can be in a superposition of 2" logical states.



Speed

A Computer with N Qubits,
can be in a superposition of 2" logical states.

So can work with these at the same time.



Multi-Billion Investments

& Microsoft




What does a Quantum Computer look like ?
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QC Picture by by Lars Plougmann / CC BY-SA 2.0
Card Picture by Dave Fischer / CC BY-SA 3.0



Quantum Computing Worktlow

Traditional
Computer




Quantum Computing Worktlow
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Quantum Computing Worktlow
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Quantum Circuit Measurements

11100100




Quantum Computing Worktlow

Traditional
Computer

Quantum Circuit

Measurements
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The Qubit in more detail

Bloch Sphere
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The Qubit in more detail

|0> 0.75
11> 0.25

Bloch Sphere

Picture by IBM / Licensed Use



M (Measurement Gate)

Picture by I1BM / Licensed Use



X Gate (Not)
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H Gate (Hadamard)
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One Qubit Gates

X-Gate (Bit-flip, Not Gate)
Y-Gate
/-Gate (Phase flip)

H-Gate (Hadamard, Creates Superposition)
S-Gate, T-Gate (Phase shift)



Multiple Qubit Gates

CNOT (Controlled Not Gate)



Multiple Qubit Gates

CNOT (Controlled Not Gate)
| 0>



Multiple Qubit Gates

CNOT (Controlled Not Gate)
| 0>




Multiple Qubit Gates

CNOT (Controlled Not Gate)

|0> 50%
|0> |1> 50%
A Ql
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Multiple Qubit Gates

CNOT (Controlled Not Gate)
| 0>

|0> 50%
| 1> 50%

10> 100%

Q1

Q2



How can | program for this ?



Microsoft Q

Revealed at Ighite 2017
Microsoft Quantum (former Station Q)
Previously known as F# extension LIQUi|>

Microsoft Quantum labs and locations




Microsoft Q

New Progect

b Recent NET Framework 461 = Somt byt | Defaut
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DEMO




Grover (and other amplifications)

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

Grover execution: informally v/states



ReflectnonOracle user defined type

Namespace

Represents a reflection oracle O, where the inputs are

o The phase @ by which to rotate the reflected subspace
o The quba register on wivch to perform the given reflection

newtype ReflectionOracie = ((Double, Qubit(]) = () : Adjoint, Controlled);

AmpAmpByOracIe function

Namespace: Muorosoh

Standard Ampltude Ampification algorithm

function AmpAspByOracle (nIterations : Int, stateOracle : StateOracle, 1dxFlagQubit : Int) : (Qubit|] => () : Adjoint,
Controlled)




Reversing on the real device
Real vs Simulated forx +y =1

Quantum State: Computation Basis

Quantum State: Computation Basis
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Using the gates to describe

Optimized Traveling Salesman Problem 5 Cities:
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Details: Phys. Rev. A 95, 032323 — Published 22 March 2017



Oracle Function

One Stair Two Stairs



Many hours and code lines later

Traditional Quantum
Naive o(n!) o(vn!)

With effort  O(2n*2") O((x/n)!)




Stuffed animal solution
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Low-Tech Solution




Conclusions

Quantum Computing

Its not simple

But its powerful

It will change the world

Is currently unstable

Is cool to program for

One can use existing tooling

- I

And it works on real hardware ©



DOTNEXT

So be part of the quantum future |

Questions ?
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Rolf.Huisman@infosupport.com
@rlrhuisman

@t -[nfSupport

Professional Solid Inn




Microsoft Q# (Operators)

ﬂl QuantumMiner - Microsoft Visual Studio

File Edit View Project Build Debug Team Tools Test R
e - B~ WM 9~ ~ | Debug =~ AnyCPU

Operation.qs + X JUIVCRS IbmQx5.cs
namespace Quantum.Runner

3{

X0q|00}|

open Microsoft.Quantum.Primitive;
open Microsoft.Quantum.Canon;
open Microsoft.Quantum.Extensions.Math;

;210)dx3 359

operation Hadamar () : (Result)

body

{

mutable result = Zero;

using (qubits = Qubit[1])

{
H(qubits[@]);
set result = M(qubits[@]);
Reset(qubits[@]);

}

return result;




Microsoft Q# (Driver

’il QuantumMiner - Microsoft Visual Studio

File Edit View Project Build Debug Team Tools Test RTools Analyze
o - i el - T 7 IR «| Debug =~ AnyCPU « Runner

—— | -

2 Operation.gs Driver.cs & X QJlgle7eRes

E —-

o (=] Runner

;‘ - _ SOTT.Quantun A »_f":,‘,;; e

& using Microsoft.Quantum.Simulation.Simulators;
T using System;

=

]

e -Inamespace Quantum.Runner

{

public class Dri

{

static void Main(string[] args)

{

/var sim = new IbmQx5();
using (var sim = new Qu
{
for (int i = ©; i < 1000; i++)
{
var result = Hadamar.Run(sim).Result;
nsole.WriteLine(result);

le.ReadLine();




Microsoft Q# (Emulated Run

Operation.qs - IbmQx5.cs &

[} Runner

using Microsoft.Quantum.Simulation.Simulators;
using System;

namespace Quantum.Runner

{ .

|

C\Program Files\dotnet\dotnet.exe

public class
r

1

static

Autos




Microsoft Q# (Unit Test

) QuantumMines - Microsoh Vivsal Studse

File Ede View Project Buld Debug Team Toch Temtt RTeoh

Q- 3-8 * « Detvg +« Ay CPU o  Runner

Test Explocer * I X Testsgs & X Opershongs Drvvercy bl .co
sanespace Quantus. RusnerTest
open Nicrosoft . Quantus Prisitive;
open Mic AT . Quantus.Ca
open Quantue ., Runser;

operation AllocateQubitTest

{

asing (qs = Qudit[l])
|

Assert{[Paeiil],

on MadasarTest ()

sutable r = Hadasar();

§f(r 1o One BA r = Jore)




Microsoft Q# (VSTS Build

J Cryptc v Dastboards Code  Work  Deldand Release  Test Wi ®




Microsoft Q#t (VSTS Test
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Production (IBM Q
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Production (Work in progress

Operation.qs Drivercs 8 + X

<% Runner « | *1 Quantum.Runner.Drv

using Microsoft.Quantum.Simulation.Core;
using Microsoft.Quantum.Simulation.Sisulators;
using System;

® ° C:\Program Files\dotnet\dotnet.exe
- namespace Quantum.Runner

{

public class

{

static void Main(string[] args)
{
args = new string[] { "™ };
[Operati ) factory;
if (args.length != @)
{
factory = new I x2();

1
J
else
{

factory = new (

}

for (int i = 0; i < 10; i++)
f
1

var result = Had .Run(factor{s
le . WriteLine(result);




Production (Work in progress)

Quantum Results

Experiment #20180301220514

Device: Samulator

Quantum State: Computation Basis

Quantum Circuit

OPENQASM 2.0
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SHA 256
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32 bits

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






Quantum Adder




Quantum Adder

operation Adder (first: Bool, second: Bool) : (Result, Result)
{
body
{
mutable a = Zero;
mutable b = Zero;
using (qubits = Qubit[3])

{

let inA = qubits[e];
let inB = qubits[1];
let outA = qubits[2];

Data
if(first){ X(inA); }
if(second){ X(inB); }

perform addition in forward
CCNOT(inA, inB, outA);
let outB =« inB;

CNOT(inA, outB); 1 = ( One , Zero)
- - I e
Read 1 = (Zero une )
set = M A)s e ’~ g T
B (outA); 8 = ftZero Une)
set b = M(outB); ’
@ = (Zero, Zero)

‘Cleanup
Reset(qubits[@]);
Reset(qubits[1]);
Reset(qubits[2]);]

}

return (a,b);




Adder Algorithm
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Inverted Adder Algorithm




Reverse Adder

operation ReverseAdder (first: Bool, second: Bool) : (Result, Result, Result)
{
body
{
mutable a = Zero;
mutable b = Zero;
mutable error = Zero;
using (qubits = Qubit[3])
{

v/
t
<
|
N
)
- |
M
> |
-
m
~N
[Iy
3

let outA = qubits[e];
let cutB = qubits[1];
let inA = qubits[2];

D
40

//Data
if(first){ X(outA);
if(second){ X(outB);

1]
3
D
o
O
o B |
I

W/

? + 2 = 2(Zero, Zero, ne)
+ 2 = (Zero, One ero)

H(inA);“

-
L

perform addition

™~
N

ero)

CNOT(inA, outB); //XC
let inB = outB;
CCNOT(inA, inB, outA);

rno

/|
5

J
(44

I~

ne
10 )

J
-
=
m
~N
D

]
O =Rl Rl NN

|
—
l[:

|
(4]
2
J
D
-
ar

t
ot Y Y Yy
|

: = Zero, Zero, Zero)

/Read the ’
M(i o O Tar Tarn Tornmn )

set a = M(inA); + = Lero, Lero, Lero)

. M(in . B Fa -~ —— ar

set b = N(inB); + 7 = 8(0One, One, One)

set error = M(outA);

|

v/
Il
@
C
—
(1]

W I W R W W W W AW W)
f

fa N o Nno )

s, Une, One)
/Cleanup = ~ -~ - T ~
Cleanup + 2 = B(Zero Zero Zero)

Reset(qubits[@]);
Reset(qubits[1]);
Reset(qubits[2]);

return (a,b, error);




operation ReverseAdder (first: Bool, second: Bool) : (Result, Result, Result)
[

1

Reverse Adder

body

{

mutable a = Zero;
mutable b = Zero;
mutable error = Zero;
using (qubits = Qubit[3])
{
let outA = qubits[e];
let outB = qubits[1];
let inA = qubits[2];

'/Data

if(first){ X(outA); }
if(second){ X(outB);

nartor

CNOT(inA, outB)
let inB = outB;
CCNOT(inA, inB, outA);

/Read the outputs

set a = M(inA);
set b = M(inB);
set error = M(outA);

/Cleanup
Reset(qubits[@]);
Reset(qubits[1]);
Reset(qubits[2]);

3

J
return (a,b, error);

) ~ .~ 2 e ~ )
? 2 2(0One, One, Zero)
P e e e > =T
2 2 2(0One, One, Zero)
2 ? , One, ero)
2 ? Zero, Zero)
? ? Zero, Zero)
? 2 One, Zero)
2 2 One, Zero)
? ? ero, Zero)
s o=
? ? Zero, Zero)
? 2 ©(Zero, Zero, Zero)




Reverse Adder

operation ReverseAdder (first: Bool, second: Bool) : (Result, Result, Result)

I

1
body

{
mutable a = Zero;
mutable b = Zero;
mutable error = Zero;
using (qubits = Qubit[3])
{
let outA = qubits[e
let ocutB = qubits[1l
let inA = qubits[2]

1;
);
if(first){ X(outA);

if(second){ X(outB);

Put waste int

H(inA);

This is why you need to add
Grover

Reset(qubits[@]);
Reset(qubits[1]);
Reset(qubits[2]);

return (a,b, error);

? = 2(Zero, Zero, One)
? = 2(Zero, Zero, One)
? = 2(Zero, Zero, One)
? = 8(0One, One, One)
? = 8(One, One, One)
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A=>B,C=>D,F=>G,G=>H



Dirty Adder (Not Reduced)

Quantum State: Computation Basis

Quantum Circuit

OPENQASM 20




Tolifo Gate




Adder (Not Reduced)

Quantum State: Computation Basis sad CHY

Quantum Circuit

OPENQASM 2.0




