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https://blogs.microsoft.com/bayarea/2019/10/08/understanding-quantum-computing-and-q/?_lrsc=dd64fb76-3b07-4299-b0a7-b7c397b00aed

Resources:

Microsoft quantum team

Study Group Tutorial (stay tuned)

Book: Quantum Computation and Quantum Information

Employee blog

Q# documentation http://docs.microsoft.com/quantum
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https://cloudblogs.microsoft.com/quantum/author/microsoft-quantum-team/
https://microsoft.sharepoint.com/teams/wwcquantumcomputing/Shared%20Documents/Quantum%20Computation%20and%20Quantum%20Information%20-%2010th%20Anniversary%20Edition.pdf
https://blogs.msdn.microsoft.com/uk_faculty_connection/2018/02/26/the-hitchhikers-guide-to-the-quantum-computing-and-q-blog/
https://nam06.safelinks.protection.outlook.com/?url=http%3A%2F%2Fdocs.microsoft.com%2Fquantum&data=02%7C01%7CKitty.Yeung%40microsoft.com%7C29071a1b22614fb9a5fc08d756671eb9%7C72f988bf86f141af91ab2d7cd011db47%7C1%7C0%7C637072873203036069&sdata=TcgDFSx31xZyVWqHazZYk%2BmL3eETZyZFtsmEbYZD9q0%3D&reserved=0

What is it?

Performing calculations
based on the laws of
quantum mechanics

1982: Feynman proposed the idea of creating
machines based on the laws of quantum
mechanics

1985: David Deutsch developed Quantum
Turing machine, showing that quantum
circuits are universal

1994: Peter Shor came up with a quantum
algorithm to factor very large numbers in
polynomial time

1997: Grover developed a quantum search
algorithm with O(v/N) complexity



Applications

* Algorithms

* Cryptography

e Quantum simulations



Quantum Computer Hardware

A bit of the action

In the race to build a quantum computer, companies are pursuing many types of quantum bits, or qubits, each with its own strengths and weaknesses.

* Trapped ions

Laser

Electron

Q

Vaca ncy—s

L]
*S duct :
u p e rCO n u C I n é Capacitors
=
. Laser
* Topological — C
Electron
Superconducting loops  Trapped ions Silicon quantum dots Topological qubits Diamond vacancies
A resistance-free current Electrically charged atoms, or These “artificial atoms” are Quasiparticles can be seen in A nitrogen atom and a vacancy
oscillates back and forth around  ions, have quantum energies made by adding an electron to the behavior of electrons add an electron to a diamond
acircuit loop. An injected that depend on the location of a small piece of pure silicon. channeled through semi- lattice. Its quantum spin state,
2 I I microwave signal excites the electrons. Tuned lasers cool Microwaves control the conductor structures.Their along with those of nearby
-leve SySte m current into super- and trap the ions, and put them electron’s quantum state. braided paths can encode carbon nuclei, can be
- position states. in superposition states. quantum information. controlled with light.
Superposition Lougestty (ssconds)
0.00005 >1000 0.03 N/A 10
Entanglement ..... R e R e R S R e R e
Logic success rate
99.9% ~99% N/A 99.2%
Interference WA B YRR
Number entangled
9 14 2 N/A 6
Company support
Google, IBM, Quantum Circuits ionQ Intel Microsoft, Bell Labs Quantum Diamond Technologies
¢ Pros
Fast working. Build on existing ~ Very stable. Highest achieved Stable. Build on existing Greatly reduce errors. Can operate at room
semiconductor industry. gate fidelities. semiconductor industry. temperature.
© Cons
Collapse easily and must be Slow operation. Many lasers Only a few entangled. Must be Existence not yet confirmed. Difficult to entangle.
kept cold are needed. kept cold.

M Note: Langevity is the record coherence time for a single qubit superposition state, logic success rate is the highest reported gate fidelity for logic operations on two qubits, and number entangled
S C | e n Ce, D eC 2 O 1 6, VO | 3 54, | S S U e 6 3 1 6 is the maximum number of qubits entangled and capable of performing two-gubit operations.



Alaser is used te suppress the jon’s
thermal motion in the trap, and to
control and measure the trapped ion.

electrode

Electrodes keep the beryllium
Jons inside a trap.

https://quantumoptics.at/en/mobile/en/news/72-scalable- https://sciencenode.org/spotlight/nobel-prize-goes-quantum-
multiparticle-entanglement-of-trapped-ions.html computing-pioneers.php

Trapped lon



https://sciencenode.org/spotlight/nobel-prize-goes-quantum-computing-pioneers.php
https://quantumoptics.at/en/mobile/en/news/72-scalable-multiparticle-entanglement-of-trapped-ions.html
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July 3, 2009 By Lisa Zyga, Phys.org



Superconducting guantum circuits
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John Martinis -> Google

http://iontrap.umd.edu/

Superconductors vs. Trapped lons


http://iontrap.umd.edu/
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Classical to quantum mechanical:

1. effective length of the circuit is smaller than the electron

scattering length in the circuit;

2. temperature is low enough: kT < hw, where k is the
Boltzmann constant, T is the temperature and w = VLC is

the natural frequency of the circuit.

SUPERCONDWULCTING
WaVE funciion
PHasSE DIFFEREACE



THE MARCH
TO ABSOLUTE ZERO

Dilution refrigerators Y -

QUBIT SIGNAL \ at each stage in
AMPLIFIER Al= the refrigerator in
One of two 1 order to protect
amplifying | f qubits from thermal
stages is cooled ) noise during the

to atemperature W ves e process of sending
of 4 Kelvin. MICROWAVE || control and readout

LINES BEGER
l i to the processor.

Inside Look
Quantum Computer

Harnessing the power of a quantum processor
requires maintaining constant temperatures near
absolute zero. Here's a look at how a dilution i d
refrigerator, made from more than 2,000 compo- — =
nents, exploits the mixing properties of two helium
isotopes to create such an environment.

800 MILLIKELVINS

The mixing chamber
I nn at the lowest part of
| I m the refrigerator pro-
SUPERCONDUCTING vides the necessary
COAXIAL LINES | | cooling power to bring

associated compo-
In order to mini- 282 1] = nents down to atem-
mize energy loss, CRYOGENIC | e perature of 15 mK —

’ | A the processor and

i MIXING
the cqaxml l!nes ISOLATORS CHAMBER colder than outer
that direct signals space.

between the first

and second 15 MILLIKELVIN

amplifying stages
are made out of
superconductors.

) \ Cryogenic isolators
QUANTUM — A enable qubit signals to
AMPLIFIERS | Al ) go forward while
" 8 preventing noise
from compromising
| CRYOPERM qubit quality.
SHIELD

Quantum amplifiers inside

of a magnetic shield cap- The quantum processor sits
ture and amplify processor inside a shield that protects it
readout signals while mini- from electromagnetic radiation
mizing noise. in order to preserve its quality.

http://www.research.ibm.com/ibm-q/learn/what-is-quantum-
computing/



http://www.research.ibm.com/ibm-q/learn/what-is-quantum-computing/

Topological quantum computer

Majorana Fermions — particle equals anti-particle
Fractional quantum Hall conductance
Low temperature in magnetic field

https://arxiv.org/pdf/cond-mat/0412343.pdf

Super-gate
Tunnad-gabe

Back-gale lunned-gate

Quantized Majorana Conductance

https://www.nature.com/articles/nature26142



https://www.nature.com/articles/nature26142
https://arxiv.org/pdf/cond-mat/0412343.pdf
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Q

e Installing QDK

 https://marketplace.visualstudio.com/items?itemName=quantum.De
vKit

e Visual Studio or Visual Studio Code

* Jupyter Notebook katas



https://docs.microsoft.com/en-us/quantum/quantum-installconfig?view=qsharp-preview
https://marketplace.visualstudio.com/items?itemName=quantum.DevKit
https://github.com/Microsoft/QuantumKatas#run-as-notebook

States — classical bits
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MULTIPLE CLASSICAL BITS OF "0"s Q “I's.

0-(). w-(©

Math insert - Tensor product

- (0o (-

How does tensor product @ work?

e G- (50 ()

Y1 X1)1
and

X0Y0Z0

) X0Y0Z1
X0 Yo 20\ _ (igﬁ?ﬁ\

(X1) ® (yl) ® (Zl) | X1YoZo

X1Y0Z1
X1Y120
X1Y1Z1

and so on.
) For example, the number 4 can be represented with a three-bit string 100.

- (0e()-

0= (Qa()-

We can write

= (e ()-

|4) = |100) = ((1)) ® ((1)) ® ((1)) -

PO OO OPFRP OO0 OO RO OO oK

(
(
(
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MATERIAL C(ROSS - SECTLON CIRCULT SYMBoL

ORALINV
GATE
( REGIZoN WITH
REGLON WITH MOSTLY MEGATIVE CHARGES
MOSTLY POSITIVE CHARGES Sounece
18 CLASSICAL CoMPUTERS , “0”s & ™Ml''s ARE ACHIEVED USING
\'TRANS‘LS'TOQS-' THEY ARE MADE OF LAYERS OF CONDULTORS, THE BWILDING
| CEMI-CONDUCTORS AVD INSULATORS. PEPENOIAG OV THE RlLocksS of
VOLTAGE APPLIED To THE GATE, ELECTRIC CURRENT CAN GUAN TUM
’ FLOW FROM SgURCE To DRAIN, oR NoT , THWUS . ACTING COMPUTERS
LLKE A SWITCH FLIPPING BETWEEN ON " oR TOFF", ARC. VERY
1> o> -
DIFFERENT.




Quantum bits — qubits

b\ ELTHER LANDING oN “HEADS" OR.

L ~TaIlS" 1S POSS1IBLE
— "HEADS" AND " TAILS"
ARE IN SUPERPOSITION -

W) = (}) = alo)+ b|1)

jaf? +|b]? = 1

A SPINNVING COIN 1S LIKE A QUBTT.

v = ()@ ()

ac

_ <ad>

—\ bc
bd

= ac|00) + ad|01) + bc|10) + bd|11)

lac|? + |ad|? + |bc|? + |bd|? =1



Superposition

MULTIPLE GUBLTS.

Superposition of states is the fundamental factor that’s making
guantum computing powerful. Because while a classical bit can
only be in either |0) or |1), a qubit can be in a state where |0)
and |1) coexist - a complex linear combination between |0) and
|1). Thus, if we make a computing system out of this quantum
phenomenon, we can have a single qubit that contains
information that two classical bits would be needed. With N
qubits, the system can compute 2N classical bits of information.



Dirac notation and wavefunction

Paul Dirac <

Physicist

Paul Adrien Maurice Dirac OM FRS was an English theoretical physicist
who is regarded as one of the most significant physicists of the 20th
century. Dirac made fundamental contributions to the early development
of both quantum mechanics and quantum electrodynamics. Wikipedia
Born: August 8, 1902, Bristol, United Kingdom

Died: October 20, 1984, Tallahassee, FL

Field: Theoretical physics

Spouse: Margit Wigner (m. 1937-1984)

Schrodinger equation has the form of a wave equation

h? _0¥(r,t)
——VYY(r,t)+V(r, O )¥(r,t) = ih——
2m ot

Therefore the solution Y(x) = Zcicpi(x)

is a linear combination

Of all the possible
wavefunctions 15 & @) wdx = Tie [17 ¢y00" ¢i(dx = g .

l

In Dirac notation, [) = X; ¢;|¢;) , where ¢; = (¢; [{) .

|¥) denotes “the state with wavefunction” ¥ (r, t)

P*(r,t) = (V]

j ()W) dx = (B[Y)



A qubit only has two “wavefunctions”
Y(x) = Zci¢i(x) Nature

lY) = (Z) = a|0) + b|1) Computing



manipulate qubit states (vectors)
through matrix multiplications

unitarity UTU = I

So that it is reversible and probabilities add up to 1

Math insert — unitary, adjoint or Hermitian conjugate

In math, unitarity means U'U = I, where [ is the identity matrix and the “+” symbol
(reads “dagger”) means adjoint or Hermitian conjugate of matrix U. It can be further written as
Ut = (U"T = (UT)*, where “T” denotes transpose and “*” complex conjugate:

u\"
) =w vy . Uy

Un
andifa = ag + iaq, then a* = ag — iay by definition. Therefore,

t * *
G =G &)



CNOT

Math insert - Matrix multiplication

Gates are N by N matrices that multiply to state with 2" vector elements. They follow

'1 0 0 0 the rules such that
0 1 O O a X ax +b
cvor =2 1 00 G DG =(Gia)
a b c\ x ax + by + cz
_0 0 1 0 (d e f)(y):(dx+e§/,+fz>’
g h i/\z gx +hy +iz
and so on.
1 0 0 0]/0 0
10 1 0 Oj[{0}Y_[O]_
cNoTi0y =g o o 1|l )=1g )= 11D
O 0 1 0]\ 1

Similarly, C|00) = [00),C|01) = |01) and C|11) = |10).



Circult representation

1 qubit 2 qubits
|4) |4)
|B)
CNOT
14) l\ |4)
|B) D |B D A)

3 qubits
|A4) |A)

|B) |B)

1C)

IN)

Target B controlled by A

N qubits
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Hadamard H
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V2 /2l 1
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= =100+ 1) = [+)

1 1

V2 V2 | /0
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2z 2
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Bloch sphere

H gate Arbitrary state

0 : 7
lY) = cos |0) + e sin— |1)

the states |0) and |1) are just two special cases with 6 = 0° and 180°, respectively.



Pauli gates

=[] ¢
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Pauli gates

)= 10)

~

[)=1)

Pauli X

XV Z
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r=[i o

¥(p) =i (7
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Pauli gates
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General rotation

In general, rotation gates, R, about an axis can be
described by the angles ¢ and 6:

. -eid)/z 0
RZ(¢) - i 0 e_i(l)/z_ )
] . 0]
COSE SII’IE
Ry (0) = .8 1K
—SIn— COS-—
i 2 2]
and
7] A
COS — lSINn —
_ 2 2
Rx(e) - o 9 9
I lSll’l2 COS 7 |

R, (5) Ry O)F; (~5).




General rotation

In general, rotation gates, R, about an axis can be
described by the angles ¢ and 6:

. -eid)/z 0
RZ(¢) - i 0 e_i(l)/z_ )
] . 0]
COSE SII’IE
Ry (0) = .8 1K
—SIn— COS-—
i 2 2]
and
7] A
COS — lSINn —
_ 2 2
Rx(e) - o 9 9
I lSll’l2 COS 7 |

R, (5) Ry O)F; (~5).

In fact, any arbitrary single quantum logic gate can be
decomposed into a series of rotation matrices:

0 9
0 ei2|| 6 6
_Sll’l 5 COS 2 |

with the only constraint on the gate being unitary. Here, e' is a
global phase shift that can be added without affecting the

behavior.



Hadamard revisit
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Why is quantum different?

‘o N qubits
1. Superposition 2N paths

Jooo10)

7
oA

N\
\ lo1001)

/ /i

/
[ . .
_ , = >
\ S S ————— Al NN\
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111111)
FALSE / OFF
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Classical states

> »l o 444/1842

Quantum states

B
A Beginner’s Guide to Quantum Computing
172,177 views

A
1BM IBM Research
Published on May 31,2017 SUBSCRIBE 27K



Measurement — not a gate

[Y) = cpo|00) + co1|01) + €c10]10) + c11]11)

R0TH HEAD AND TAZL M*AS“REMWTI ONLY ONE OUTCOME

ARG POSSIBLE CANNOT RETURN
To PREVIOWUS STATE

_ 2 2
P = |[cgol” + [co1l If first qubit is 0

’ n_ €00l00) +¢y1|01)
Y') = 7P

After measurement

Not reversible



Measurement

If we use the wavefunction approach, we can derive the
value we’d expect to measure for a large number of
measurements of a given observable, M. The expectation value
can be obtained as

(M) = (pIM|p) = X ;m;|c|?,

where m; is each measurement result of M, and |cj|2 = P(m;)
is the probability of getting result m;. Obtaining m; leaves the
system in the state |l/Jj). This unavoidable disturbance of the
system caused by the measurement process is often described

as a “collapse,” a “projection” or a “reduction” of the
wavefunction.



Generalized probability theory : .
-> forget about wavefuntions, ‘s(mamnsong
just look at probability

American computer scientist

Scott Joel Aaronson is an American theoretical computer scientist and
David J. Bruton Jr. Centennial Professor of Computer Science at the
University of Texas at Austin. His primary areas of research are quantum
computing and computational complexity theory. Wikipedia

Born: May 21, 1981 (age 37 years), Philadelphia, PA

1_ n 0 rm Nationality: American .
p , = Spouse: Dana Moshkovitz
i l CI ass i Ca I Books: Quantum Computing Since Demacritus

Known for: PostBQP, P versus NP problem, Boson sampling
Education: Cornell University, University of California, Berkeley

2-norm Vs 1-norm
2-norm

la;|? = _ https://www.scottaaronson.com/democritus/lec9.html
i Quantum mechanical

To read more rigorous mathematical derivations of the

Amplitude can be positive, negative or complex , _
axioms in modern quantum theory:

e https://arxiv.org/abs/quant-ph/0101012
e https://arxiv.org/abs/1011.6451
e https://arxiv.org/abs/quant-ph/0104088



https://www.scottaaronson.com/democritus/lec9.html
https://na01.safelinks.protection.outlook.com/?url=https://arxiv.org/abs/quant-ph/0101012&data=02|01||e6c373b510414df1dde208d61338d5e0|72f988bf86f141af91ab2d7cd011db47|1|0|636717532290977878&sdata=rnzSVxuIMdEji6msSqMJnSRV6k15EXJI1ssA5kMGZsI%3D&reserved=0
https://na01.safelinks.protection.outlook.com/?url=https://arxiv.org/abs/1011.6451&data=02|01||e6c373b510414df1dde208d61338d5e0|72f988bf86f141af91ab2d7cd011db47|1|0|636717532290987887&sdata=V8hp0DioUBdQVdKGZPwCvUlEDDuhrAtG9dibGdAXeuk%3D&reserved=0
https://na01.safelinks.protection.outlook.com/?url=https://arxiv.org/abs/quant-ph/0104088&data=02|01||e6c373b510414df1dde208d61338d5e0|72f988bf86f141af91ab2d7cd011db47|1|0|636717532290987887&sdata=ygy%2BEMrTnB4FTGShwLB4DWh7jz7BYR15Nn9Sk1DLqAk%3D&reserved=0

CONSTRACTIVE TNTERFERENCE

Interference

DESTRULTIVE INTERFEREAICE

2aVaVAYa

e

2 VaVAYa



CONSTRACTIVE TNTERFERENCE

Interference

DESTRULTIVE INTERFEREAICE

2aVaVAYa

e

Classical Quantum mechanical

P(C) =0.7x 0.8+ 0.3 x 0.1 = 0.59, or 59%. a. = V0.7 x V0.8 —v0.3 x V0.1

P(C) = |a.|* = 0.548, or 54.8%.



Entanglement

BY MEASURING ONE OF THE

ENTANGLED GURLITS , T khow
WHAT THE OTHER
QURATT woulD BE .

Bell states

|01)£|10) |00)+]11)
|pt) = =2 and |p*) = =

Take |¢*) as an example, upon measuring the first qubit, one obtains two possible results:

1. First qubitis O, get a state |¢p') = |00) with probability %.
2. First qubitis 1, get a state |¢"’) = |11) with probability %.

If the second qubit is measured, the result is the same as the above. This means that measuring
one qubit tells us what the other qubit is.



Entanglement

Math insert — entangled states cannot be factored back to individual qubits--------------

Remember in section 1.1, a two-qubit state can be obtained by doing a tensor product
of two individual one-qubit states. However, a Bell state cannot be factored back into
two individual qubits. For example,

=
=
5
Sl-o onl>

If we want to factor it back to two separate qubits as in (Z)@(;) , then this set of

equations need to be simultaneously satisfied

1 1 e . :
ac =+, ad =0,bc =0 and bd = 7 Unfortunately, it is impossible. This set of

equations has no solution. It can only be 50% chance of getting |00) = ((1))(8)(3) or
_ (0 0
111} = (1)®(1)'




Creating Bell states

|x) H
l |ﬁx,y> In Ot
|y) D 100y | (00} + [113)/v/2 = | o)

01) | (01} + |10}))/v2 = | By
110} | (|00} — [11})/v2 = |Fw)
11y | o1y — [10))/v2 = |8y)

Try proving this table



Greenberger — Horne — Zeilinger (GHZ) states

GHZ) ~1000) + |111)
simplest \/E
0O + 1)
IGHZ>general = \/E

Imagine there are N entangled qubits. Because they are
correlated, by measuring one qubit, we know the result of
another qubit. If N = 500, there are 2°% possible states in the
system - more than the number of atoms in the Universe. Yet if
they are all entangled, the Universe stores and calculates that
amount of data simultaneously. This is the power of Nature
that quantum computing utilizes.
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https://en.wikipedia.org/wiki/File:Superdense_coding.png
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https://en.wikipedia.org/wiki/File:Superdense_coding.png
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"""""""" e cend 10" she a0mfies a 7 5y = 100 =111
o send ‘10’, she applies a Z gate =
V2
For 11, she uses an iY gate or a Z * X gate ™) = 01) — 110)

V2


https://en.wikipedia.org/wiki/File:Superdense_coding.png

Teleportation e / \

OF THE PRE- ENTANH.FD
GUBITS

=H ) ® @ « CLASSICAL
D Xt—Z}— |4 INFO
@

AICE PANTS BB SHE ENTAAIGLES SHE MEASULIRES HER

= =

I

T

—
T
N

3‘

wu]
~
i n

T 0w ARouT HER TWO QUEITS NEW QAUBIT AND Teus
First two qubits Third qubit Alice tells Bob to Bod APPLIES GATE(S) 4 ®
00 [«|0) + B1)] do nothing ROSED ON ALICE'S
01 la|1) + £]0)] apply X RESULT . THIS TURNS
10 [a|0) — B|1)] apply Z HIS GUBIT INTO TE
11 [a|1) — B]0)] apply X and Z SOME STATE AS HEQ NEN ONE,




Teleportation

14y —{H f4—— |¢+>=|00>+|11>
1B) & V2
Let |[A") = a|0) + B|1)
e A4)1¢) = (al0) + 1)) 1221
14y —{H] &
1B) ——> =T§(a|000>+a|011>+ﬁ|100>+/3|111>).
1
CNOT|A")|p*) = ﬁ(oz|ooo> + |011) + B|110) + B[101))
4) ]

1
7 [100)(@l0) + B11)) +101)(al1) + 510))

|0)+1) |0)+]1) |0)—|1)
100) + a |11) + |10) +
+ [10)(a|0) — B|1)) + [11)(a|1) — B|OY)] [ ( V2 ) ( ) ( )

/f("”fz'”) 01)

ﬁl

4y —{H]

|B)

i n
WV

[ h
Y



THEGARAGE

Teleportation

A") [H] 1

E[IOO)(aIO)+BI1))+|01)(a|1)+ﬁ|0))
14) = H f+— +[10)(«|0) = BI1)) + [11)(al1) — BI0))]
|B) S
) - If the first qubit is 0, the state after measurement

becomes
14y —{H4—a a
1

e ~1100)(al0) + £11)) + [01)(a|1) + BION)]

If then another measurement is done on the second qubit and
it is O, the state becomes

~[100)(al0) + B11))] .

This also tells us that the third qubit is in state [a@|0) + ]1)].



A common mistake

A COMMON MISTAKE oN ENTANGLEMEAT

/\

TWo ENTANGLED
QUBITS SEPARATED o
FAR AWAY

. ) e

IF ONE CHANGES THE
OTHER ONE IMMEDIATLY CHANGES Too

X WRONG

TAFORMATION CANNOT TRAVEL
FASTER. THAN LIGHT

TNz,
S¢e PrAsE 3 @§

¥ %

ALZCE AND RO0B NAVE To EXCHANGE CLASSICAL
INFORMATLON (SLOWER THAN LEEWNT) TN THE
CPGE OF TELERORTATION . FOR ExOMMPLE .

https://guantumfactsheet.github.io/

n:Ac-c HAS ONE

cF THE PRE- E“TANH.GD
GUBLTS

€a. 1= (jopley +1091))

ALLCE ORSERVES
HER GUBTT AMD
SLES 10>, S0 ™E
SYSTEM 15 o) 16H
o NoT 1Y,
V|ECAWSE G- TUE
INITIAL STATE OF

“THE GQURLTS, 1€
ALICE KNOWS THAT ALICE MEASURES

®oB'S QUBLT IS o). (0), BOBS GuBL
° el MusT BE o).

1F BOB LOOKS AT HIS GUBIT,
WE WLLL BSERVE lo),
AND WILW KNOW THAT

ALTICE'S GUBIT IS 10),


https://quantumfactsheet.github.io/

Encryption

KEY: 1. 10,10, 1)... KeY: 10.10),10, ).

N3

They can’t communicate faster than light, but at least they can
communicate securely.



Q# exercise: option 1

No installation, web-based Jupyter Notebooks

* The Quantum Katas project (tutorials and exercises for learning
quantum computing) https://github.com/Microsoft/QuantumKatas



https://github.com/Microsoft/QuantumKatas

Q# exercise: option 2

Prerequisites

* Install VS Code and Quantum Development Kit extension according to
instructions

 The Quantum Katas project (tutorials and exercises for learning
quantum computing) https://github.com/Microsoft/QuantumKatas



https://docs.microsoft.com/en-us/quantum/quantum-installconfig?view=qsharp-preview
https://nam06.safelinks.protection.outlook.com/?url=https%3A%2F%2Fgithub.com%2FMicrosoft%2FQuantumKatas&data=02%7C01%7CKitty.Yeung%40microsoft.com%7C29071a1b22614fb9a5fc08d756671eb9%7C72f988bf86f141af91ab2d7cd011db47%7C1%7C0%7C637072873203016148&sdata=O9Dkr6Vv8ApwPq%2Faty784Zanub2ddytAqJaqoNslaOg%3D&reserved=0

Q# exercise: option 3

Prerequisites

* Please install Jupyter Notebooks and Q# following the instructions at
https://docs.microsoft.com/quantum/install-guidettdevelop-with-
jupyter-notebooks (any platform and any editor is fine)

 The Quantum Katas project (tutorials and exercises for learning
quantum computing) https://github.com/Microsoft/QuantumKatas



https://docs.microsoft.com/quantum/install-guide#develop-with-jupyter-notebooks
https://nam06.safelinks.protection.outlook.com/?url=https%3A%2F%2Fgithub.com%2FMicrosoft%2FQuantumKatas&data=02%7C01%7CKitty.Yeung%40microsoft.com%7C29071a1b22614fb9a5fc08d756671eb9%7C72f988bf86f141af91ab2d7cd011db47%7C1%7C0%7C637072873203016148&sdata=O9Dkr6Vv8ApwPq%2Faty784Zanub2ddytAqJaqoNslaOg%3D&reserved=0

Q# exercise: Single-qubit gates

1. Go to Basic Gates katas Task 1.1
2. Task 1.8

Q# exercise: Two-qubit gates
3. Task 2.1



Q# exercise: Superposition and Entanglement

1. Go to Superposition katas Task 4
2. Task 6
3. Try completing other tasks



Q# exercise: Measurement

1. Go to Measurement katas Task 1.1 r

2. 1.3
3. Try completing other tasks



Q# exercise: Teleportation

1. Go to Teleportation katas Task 1.1-1.7
2. Try completing other tasks
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