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Class structure

• Comics on Hackaday – Introduction to Quantum 
Computing every Wed & Sun

• 30 mins every Sun, one concept (theory, 
hardware, programming), Q&A

• Contribute to Q# documentation 
http://docs.microsoft.com/quantum

• Coding through Quantum Katas
https://github.com/Microsoft/QuantumKatas/

• Discuss in Hackaday project comments
throughout the week

• Take notes

https://hackaday.io/project/168554-introduction-to-quantum-computing
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
https://github.com/Microsoft/QuantumKatas/


Certificate 1

• Complete any one quantum katas

• Take a screenshot or photo

• Post on Twitter or LinkedIn

• Twitter: @KittyArtPhysics 
@MSFTQuantum @QSharpCommunity 
#QSharp #QuantumComputing #comics 
#physics

• LinkedIn: @Kitty Y. M Yeung 
#MSFTQuantum #QSharp 
#QuantumComputing #comics #physics



Quantum 
Algorithms

• Deutsch’s: determines if a function 𝑓𝑓(𝑥𝑥) is Balanced (𝑓𝑓(0) ≠ 𝑓𝑓(1), 
which is 1-to-1) or 

• Constant (𝑓𝑓 0 = 𝑓𝑓 1 , which is 2-to-1)

• Deutsch-Jozsa: a general case of Deutsch’s algorithm for n-qubits

• Grover’s: search for an item in an unordered list

• Simon’s: query complexity, solves the problem exponentially faster 
than any deterministic or probabilistic classical algorithm, finds 
repeats in a list

• Shor’s: given an integer N, find its prime factors

• http://quantumalgorithmzoo.org/

Can you come up with more useful algorithms?

https://en.wikipedia.org/wiki/Probabilistic_algorithms
http://quantumalgorithmzoo.org/


Quantum Oracle

• An oracle was usually a priest or a priestess through whom the gods 
were supposed to speak or prophesize.

• An oracle is a person or agency considered to provide wise and 
insightful counsel or prophetic predictions or precognition of the 
future, inspired by the gods. As such it is a form of divination.

• An oracle is a "black box" operation that is used as input to another 
algorithm

• represent classical functions which return real numbers instead of 
only a single bit

• quantum operations which implement certain classical functions

https://en.wikipedia.org/wiki/Oracle
https://en.wiktionary.org/wiki/agency
https://en.wikipedia.org/wiki/Prophecy
https://en.wikipedia.org/wiki/Prediction
https://en.wikipedia.org/wiki/Precognition
https://en.wikipedia.org/wiki/Divination




Oracles

𝒙𝒙 𝒚𝒚 = 𝒇𝒇 𝒙𝒙 = 𝒙𝒙 % 𝟒𝟒
0 0
1 1
2 2
3 3
4 0
5 1
6 2
7 3

𝐴𝐴† 𝑦𝑦 = 𝐴𝐴−1 𝑦𝑦 = 𝐴𝐴−1 𝐴𝐴𝑥𝑥 = 𝑥𝑥

Quantum needs unitary gates = reversible

Cannot exist for circuit on the left



Oracles

𝒙𝒙 𝒚𝒚 = 𝒇𝒇 𝒙𝒙 = 𝒙𝒙 % 𝟒𝟒
0 0
1 1
2 2
3 3
4 0
5 1
6 2
7 3

for 𝑥𝑥 = 3 = | ⟩011 , with 𝑦𝑦 initialized to 0 = | ⟩000

𝑈𝑈(|011⟩, |000⟩) = (|011⟩, |000⟩ ⨁ 𝑓𝑓(|011⟩)  =  (|011⟩, |000⟩ ⨁|011⟩) =  (|011⟩, |011⟩) 

𝑈𝑈(|111⟩, |000⟩) = (|111⟩, |000⟩ ⨁ 𝑓𝑓(|111⟩)  =  (|111⟩, |000⟩ ⨁|011⟩) =  (|111⟩, |011⟩) 

for 𝑥𝑥 = 7 = | ⟩111 , with 𝑦𝑦 initialized to 0 = | ⟩000

𝑈𝑈(|111⟩, |011⟩) = (|111⟩, |011⟩ ⨁ 𝑓𝑓(|111⟩)  =  (|111⟩, |011⟩ ⨁|011⟩) =  (|111⟩, |000⟩) 

𝑈𝑈(|111⟩, |000⟩) = (|111⟩, |000⟩ ⨁ 𝑓𝑓(|111⟩)  =  (|111⟩, |000⟩ ⨁|011⟩) =  (|111⟩, |011⟩) 



Oracles

𝒙𝒙 𝒚𝒚 = 𝒇𝒇 𝒙𝒙 = 𝒙𝒙 % 𝟒𝟒
0 0
1 1
2 2
3 3
4 0
5 1
6 2
7 3

for 𝑥𝑥 = 3 = | ⟩011 , with 𝑦𝑦 initialized to 0 = | ⟩000

𝑈𝑈(|011⟩, |000⟩) = (|011⟩, |000⟩ ⨁ 𝑓𝑓(|011⟩)  =  (|011⟩, |000⟩ ⨁|011⟩) =  (|011⟩, |011⟩) 

𝑈𝑈(|111⟩, |000⟩) = (|111⟩, |000⟩ ⨁ 𝑓𝑓(|111⟩)  =  (|111⟩, |000⟩ ⨁|011⟩) =  (|111⟩, |011⟩) 

for 𝑥𝑥 = 7 = | ⟩111 , with 𝑦𝑦 initialized to 0 = | ⟩000

𝑈𝑈(|111⟩, |011⟩) = (|111⟩, |011⟩ ⨁ 𝑓𝑓(|111⟩)  =  (|111⟩, |011⟩ ⨁|011⟩) =  (|111⟩, |000⟩) 

𝑈𝑈(|111⟩, |000⟩) = (|111⟩, |000⟩ ⨁ 𝑓𝑓(|111⟩)  =  (|111⟩, |000⟩ ⨁|011⟩) =  (|111⟩, |011⟩) 

𝑈𝑈 = 𝑈𝑈−1



Deutsch-Jozsa algorithm







Is a function balanced or constant?

http://dkopczyk.quantee.co.uk/deutschs-algorithm/

Classically

Balanced

Constant

http://dkopczyk.quantee.co.uk/deutschs-algorithm/


Deutsch’s algorithm (2-qubit version of 
Deutsch-Jozsa)



Deutsch’s algorithm

• Go to notes

𝑓𝑓 𝑥𝑥𝑥𝑥





𝒙𝒙 Constant 0: 𝒇𝒇 𝒙𝒙 = 𝟎𝟎
0 0
1 0



𝒙𝒙 Constant 0: 𝒇𝒇 𝒙𝒙 = 𝟎𝟎
0 0
1 0

| ⟩𝑥𝑥 | ⟩𝑦𝑦 𝑓𝑓(𝑥𝑥) | ⟩𝑦𝑦 ⨁𝑓𝑓(𝑥𝑥)
| ⟩0 | ⟩0 0 | ⟩0
| ⟩0 | ⟩1 0 | ⟩1
| ⟩1 | ⟩0 0 | ⟩0
| ⟩1 | ⟩1 0 | ⟩1

| ⟩𝑥𝑥 | ⟩𝑦𝑦 𝑓𝑓(𝑥𝑥) | ⟩𝑦𝑦 ⨁𝑓𝑓(𝑥𝑥)
| ⟩0 | ⟩0 1 | ⟩1
| ⟩0 | ⟩1 1 | ⟩0
| ⟩1 | ⟩0 1 | ⟩1
| ⟩1 | ⟩1 1 | ⟩0

| ⟩𝑥𝑥 | ⟩𝑦𝑦 𝑓𝑓(𝑥𝑥) | ⟩𝑦𝑦 ⨁𝑓𝑓(𝑥𝑥)
| ⟩0 | ⟩0 0 | ⟩0
| ⟩0 | ⟩1 0 | ⟩1
| ⟩1 | ⟩0 1 | ⟩1
| ⟩1 | ⟩1 1 | ⟩0

| ⟩𝑥𝑥 | ⟩𝑦𝑦 𝑓𝑓(𝑥𝑥) | ⟩𝑦𝑦 ⨁𝑓𝑓(𝑥𝑥)
| ⟩0 | ⟩0 1 | ⟩1
| ⟩0 | ⟩1 1 | ⟩0
| ⟩1 | ⟩0 0 | ⟩0
| ⟩1 | ⟩1 0 | ⟩1



Math insert – Proof of Deutsch’s algorithm for Constant black boxes-------------------------- 
 
The two-qubit system has an input |0⟩|0⟩. After applying X gate on the second qubit, the 
system changes to |0⟩|1⟩. Applying H gates on both the qubits brings the state to 
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 Applying the black box (applying |𝑥𝑥⟩|𝑦𝑦⟩ =>  |𝑥𝑥⟩|𝑦𝑦⨁𝑓𝑓(𝑥𝑥)⟩ on all the four parts 
in the superposition): 
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  (because 0⨁𝑓𝑓(0) = 𝑓𝑓(0) and 0⨁𝑓𝑓(1) = 𝑓𝑓(1)) 
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  (because 1⨁𝑓𝑓(0) = 𝑓𝑓(0) and 1⨁𝑓𝑓(1) = 𝑓𝑓(1)).                                   
 

 Let’s evaluate the above result if the black box is Constant 0 (𝑖𝑖. 𝑒𝑒 𝑓𝑓(0) = 0 and 
𝑓𝑓(1) = 0): 
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  Refactoring above: 
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  Now, apply H gate on the first qubit: 
|0⟩ ⊗ �|0⟩
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√2
�. 

We prove that if the given black box is Constant 0, executing the above circuit and 
measuring the first qubit will give 0. But we haven’t proven the converse - if we get 0 
after measuring the first qubit, does it mean that Constant 0 black box is used? 
So, let’s evaluate eq.(2.2.1) for Constant 1 (𝑖𝑖. 𝑒𝑒 𝑓𝑓(0) = 1 and 𝑓𝑓(1) = 1): 
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After refactoring: 
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Applying H gate on the first qubit: 

Now, apply H gate on the first qubit: 

|0⟩ ⊗ �|0⟩
√2
− |1⟩

√2
�. 

We prove that if the given black box is Constant 0, executing the above circuit and measuring the 
first qubit will give 0. But we haven’t proven the converse - if we get 0 after measuring the first 
qubit, does it mean that Constant 0 black box is used? 

So, let’s evaluate eq.(2.2.1) for Constant 1 (𝑖𝑖. 𝑒𝑒 𝑓𝑓(0) = 1 and 𝑓𝑓(1) = 1): 
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Applying H gate on the first qubit: 

 −|0⟩ ⊗ �|0⟩
√2
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�. 

Here, if we measure the first qubit, it is 100% certain that we will still get |0⟩, because probability 
is the square of the amplitude (-1 in this case). So, we just proved that if the given black box is 
Constant 1, executing the above circuit and measuring the first qubit will give 0. 

DO IT AT HOME!



Obtains result with corresponding probability
0 means Constant
1 means Balanced



Q# exercise:

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

• Tutorials
https://github.com/microsoft/QuantumKatas/tree/master/tutorials/ExploringDeutschJozsaAlgo
rithm

• DeutschJozsaAlgorithm
https://github.com/microsoft/QuantumKatas/tree/master/DeutschJozsaAlgorithm

• Documentation sample
https://github.com/microsoft/Quantum/tree/master/samples/getting-
started/simple-algorithms

https://github.com/Microsoft/QuantumKatas
https://github.com/microsoft/QuantumKatas/tree/master/tutorials/ExploringDeutschJozsaAlgorithm
https://github.com/microsoft/QuantumKatas/tree/master/DeutschJozsaAlgorithm
https://github.com/microsoft/Quantum/tree/master/samples/getting-started/simple-algorithms




Certificate 2

• 1. Who came up with the term 
“Quantum Oracle”?

• 2. Who is this on page 6? • 3. Who is this on page 26?
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