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HOW'S YOUR
QUANTUM COMPUTER
PROTOTYPE COMING

ALONG?

GREAT!

THE PROJECT EXISTS
IN A STMULTANEOUS
STATE OF BEING BOTH
TOTALLY SUCCESSFUL
AND NOT EVEN
STARTED.

Dilbert.com DilbertCartoonist@gmail.com
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CAN I

THATS

OBSERVE A TRICKY

IT?

QUESTION.
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30 qubits = 16 Gb
A0 gublits = 16 TD
50 qubits = 16 Pb

Exponential Scaling




Simulating 260 ‘qubits

requires.more memory than
there are atoms in the universe



Addressing classically intractable problems

Classical Quantum

billion
VEEIE seconds
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CAFFEINE MOLECULE

The fastest supercomputer
in the worla



Calculation Time

Age of the Universe

Classical
Computing

Number of Atoms

()

N\
Addressing classically intractable problems



Error Rate

Low

100 1000
()

10000

Number of Qubits
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All gubits are not created equal



Majorana Fermions

Predicted by Ettore Majorana
in 1937
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Inspiration

From “A topological
modular functor which is
universal for quantum
computation™

Talk given by

Michael Freedman at
“Mathematics of
Quantum Computation”,
MSRI, Feb. 2000

available online).
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Insulator:

Normal S-Wave
Superconductor:

Topological
Superconductor:
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Flectron Fractionalization Superposition
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Sailing into the Wind

https://en.wikipedia.org/wiki/Forces_on_sails

http://hayward.peirce.me/the-physics-of-sailing-ce-and-clr/



Box Qubits: 1 Qubit Measurements

I

Measure two Horizontally = M, \ , TS — —
) Scalable Designs for QuaSIpnrtlcle-l’onsotnng-l’rotected Topological Quantum Computation with
Measure two Vertically = M, MisjorausZey Madex

Torsten Karzig,' Christina Knapp,” Roman M. Lutchyn,' Parsa Bonderson," Matthew Hastings,' Chetan Nayak,'-*

M easure tWO D | a g Ona | |y = My Jason Alicea,** Karsten Flensberg.’ Stephan Plugge,™® Yuval Oreg,” Charles Marcus,” and Michael H. Freedman'-*




Richard Feynman:
"Shut up & calculate!”

Quantum 2.0:
"Shut up & engineer!”
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Quantum development tools components

Quantum
Programming
Language

Compiler

Abstract
S O — — — - ———————————————~
Tree

Quantum Hardware

,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,
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Toffoli
Simulator

7

CHP
Simulator

Local Azure Resource

Simulator Simulator Estimator




Quantum programming language

- Functional in flavor

- Visual Studio integration

- Quantum-specific features

- Extensive libraries, samples, and documentation

-2 Ty




Target machines

- State-of-the-Art Local Simulator

- Simulate 30 qubits in 16 GB
- Run locally on your PC

- State-of-the-Art Azure Simulator

- Simulate more than 40 qubits
- Run in Azure

- Resource Estimator

- Determine resource costs of quantum program
- Scale to large algorithms and numbers of qubits

- Quantum Hardware
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What about T gates?
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Surface codes: Towards practical large-scale quantum computation

Austin G, Fowler




Layout of T factory (DistillT)

DistillT: 1Q=65 2Q=100 LogQ=81 Frames=277

| Connect Dim Data Rows

Phys Qubits  Data Teleport  Block Tele  Par Tele Depth |
Rect 10x10 15/9 20/9 4%(9+9)=

-—— 18/13 25/13 | 4(13+13)=104
| Rect | a8 | Waf | 39 | 403 4031 | 4 GIe3)=248

| Dag | 30 | Haf | 26 | 1509 15/9 | 479+9)=72
| Diog | 208 | Half 343024 3624 404+24=192



Finding the ground state of Ferredoxin

Ferredoxin
Used in many metabolic reactions including
energy transport in photosynthesis
Classical algorithm Quantum algorithm 2012 Quantum algorithm 2015

INTRACTABLE BILLION YEARS HOUR
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Climate zelele Antibiotic
Change Production Resistance



Microsoft's Global Quantum Dream Team
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Backup Slides



Welcome to the
Quantum Age







Error Correction



Quantum Chemistry
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Ferredoxin (Fe,S,) used in many metabolic reactions
including energy transport in photosynthesis

Intractable on a classical computer

Assumed quantum scaling: ~24 billion years (N1 scaling)
First paper: ~ ~850 thousand years to solve (N° scaling)
Second paper: ~30 years to solve (N7 scaling)

Third paper:  ~5 days to solve (N> scaling)
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> Fourth paper:  ~1 hour to solve (N3,Z?> scaling)
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http://arxiv.org/abs/1312.1695
http://arxiv.org/abs/1403.1539
http://arxiv.org/abs/1406.4920
http://arxiv.org/abs/1410.8159

Microsoft’s unique approach

Revolutionary Bold investments and Scalable, end-to-end
topological approach a global team technology
Our For more than a decade, Our
brings theory to reality, we've made consistent IS
harnessing topological qubits investments and built the designed so you and your
that perform computations with developers can approach
longer and more consistently, collaboration across quantum computing right
with fewer errors. universities, industries, and away, with the ability to scale.

more.



Building for Scale
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Quantum programming language o

Visual Studio extensions
Quantum simulator on Azure
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