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 Basics of Quantum Computing

Outline

 AutoQ 1.0: A Quantum (Circuit) Verification Framework

 AutoQ 2.0: From Quantum Circuits to Quantum Programs

 Possible Improvement and Summary
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Basics of Quantum 
Computing
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A Classical Circuit
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Generalized to a Quantum Circuit
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𝒄0

(𝑐𝑖: amplitude) (𝑐𝑖
′: amplitude)

Dirac notation: 𝑐0 000 + 𝑐1 001 + 𝑐2 010 + 𝑐3 011 + 𝑐4 100 + 𝑐5 101 + 𝑐6 110 + 𝑐7 111

𝑡0 𝑡1 𝑡2 𝑡31 1 1

1 1 0

1 0 1

1 0 0

0 1 1

0 1 0

0 0 1

0 0 0

𝒄1

𝒄2

𝒄3

𝒄4

𝒄5

𝒄6

𝒄7

𝒄0
′

1 1 1

1 1 0

1 0 1

1 0 0

0 1 1

0 1 0

0 0 1

0 0 0

𝒄1
′

𝒄2
′

𝒄3
′

𝒄4
′

𝒄5
′

𝒄6
′

𝒄7
′



Classical States vs Quantum States
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𝑐0

𝑐1

𝑐2
𝑐3

𝑐4

𝑐5
𝑐6

𝑐7
which we call a “state vector” of dimension 23which is a binary string of length 3

(serving the role of an element in a vector/Hilbert space)

1 1 1

1 1 0

1 0 1

1 0 0

0 1 1

0 1 0

0 0 1

0 0 0



From Decision Trees’ Perspectives
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𝑐0

𝑐1

𝑐2
𝑐3

𝑐4

𝑐5
𝑐6

𝑐7

Dirac notation: 𝑐0 000 + 𝑐1 001 + 𝑐2 010 + 𝑐3 011 + 𝑐4 100 + 𝑐5 101 + 𝑐6 110 + 𝑐7 111

Motivation: To utilize the succinct tree-like model in POPL 2025.

A 3-bit quantum state.



A 3-bit quantum state.

8/69

Message 1: A quantum state is a decision tree.
𝑐0

𝑐1

𝑐2
𝑐3

𝑐4

𝑐5
𝑐6

𝑐7

Dirac notation: 𝑐0 000 + 𝑐1 001 + 𝑐2 010 + 𝑐3 011 + 𝑐4 100 + 𝑐5 101 + 𝑐6 110 + 𝑐7 111

From Decision Trees’ Perspectives



Quantum Gates = Tree Transformations

An example of applying an X (negation) gate on qubit 𝑥1.
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An example of applying an X (negation) gate on qubit 𝑥1.
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Message 2: A quantum gate is just a tree transformation.

Quantum Gates = Tree Transformations



Supported Quantum Gates
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https://github.com/fmlab-iis/AutoQ/

https://github.com/fmlab-iis/AutoQ/
https://github.com/fmlab-iis/AutoQ/
https://github.com/fmlab-iis/AutoQ/


AutoQ 1.0
Automata-based Quantum (Circuit) Verification 
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AutoQ 1.0 Automata-based Quantum Verification 

Precondition Circuit

A Hoare triple would be like …

?{ }1 0 0 1 1 0 0 −1

Postcondition

{ }
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Precondition Circuit

A Hoare triple would be like …

{ } ?

Set of quantum states

1 0 0 1 1 0 0 −1

Postcondition

{ }

AutoQ 1.0 Automata-based Quantum Verification 
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The definition of validness?



Precondition

A Hoare triple would be like …

{ }1 0 0 1

HFirst 
Qubit

Second 
Qubit Z

single-qubit gate

two-qubit gate

Third 
Qubit

three-qubit gate

Circuit

?

Postcondition

{ }1 0 0 −1

AutoQ 1.0 Automata-based Quantum Verification 
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A Hoare triple would be like …

Precondition

{ }1 0 0 1

H X H

{ }1 0 0 1 { }1

2

1

2

1

2

−1

2
{ }1

2

1

2

−1

2

1

2
{ }1 0 0 −1

Circuit

Z

AutoQ 1.0 Automata-based Quantum Verification 
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Postcondition

{ }1 0 0 −1



A Hoare triple is valid if …

1 0 0 −1

Postcondition

{ }

H X H

{ }1 0 1 { }1

2

1

2

1

2

−1

2
{ }1

2

1

2

−1

2

1

2
{ }1 0 0 −1

⊆

Precondition

{ }1 0 0 1

Circuit

Z

0

AutoQ 1.0 Automata-based Quantum Verification 
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Implementation



Precondition Circuit Postcondition{ } { }

1. A set of quantum states … but 

how?
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Precondition Circuit Postcondition{ } { }A set of quantum states … but how?

{ }
{ }S 2 5

A U T O Q

T A C A

some strings

Automata
(Word)

0 0
1

2

1

2
0 0

1

2

−1

2

0
1

2
0

1

2
0

1

2
0

−1

2
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Precondition Circuit Postcondition{ } { }

{ }

A set of quantum states … but how?

Level-Synchronized
Tree Automata

(Automata)

{ }
some strings

Automata
(Word) A U T O Q

S 2 5T A C A

0 0
1

2

1

2
0 0

1

2

−1

2

0
1

2
0

1

2
0

1

2
0

−1

2
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Precondition Circuit Postcondition{ } { }

{ }
A set of quantum states … but how?

Level-Synchronized
Tree Automata

𝑥2

𝑞+

𝑟+𝑟0

𝑥1

𝑝

𝑞+ 𝑞±
①

②
𝑥2

𝑞+

𝑟0𝑟+
①

𝑥2

𝑞±

𝑟±𝑟0
①

𝑥2

𝑞±

𝑟0𝑟±
②

𝑟0

0

②
①

𝑟+

1

2

②
①

𝑟±

1

2

①

𝑟±

−1

2

②

0 0
1

2

1

2
0 0

1

2

−1

2

0
1

2
0

1

2
0

1

2
0

−1

2
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How does such an automaton accept a tree?



Precondition Circuit Postcondition{ } { }

{ }
A set of quantum states … but how?

𝑥2

𝑞+

𝑟+𝑟0

𝑥1

𝑝

𝑞+ 𝑞±
①

②
𝑥2

𝑞+

𝑟0𝑟+
①

𝑥2

𝑞±

𝑟±𝑟0
①

𝑥2

𝑞±

𝑟0𝑟±
②

𝑟0

0

②
①

𝑟+

1

2

②
①

𝑟±

1

2

①

𝑟±

−1

2

②

0 0
1

2

1

2
0 0

1

2

−1

2

0
1

2
0

1

2
0

1

2
0

−1

2
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𝑞+ 𝑞±

𝑝
𝑥1

①

𝑥2

①

𝑟+

1

2

②
①

𝑥2

①

𝑟0

0

②
①

𝑟0

0

②
①

𝑟±

1

2
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Important: The same structure in many subtrees will be merged into 
one or more transitions for succinctness!

Precondition Circuit Postcondition{ } { }

{ }
A set of quantum states … but how?

Level-Synchronized
Tree Automata

𝑥2

𝑞+

𝑟+𝑟0

𝑥1

𝑝

𝑞+ 𝑞±
①

②
𝑥2

𝑞+

𝑟0𝑟+
①

𝑥2

𝑞±

𝑟±𝑟0
①

𝑥2

𝑞±

𝑟0𝑟±
②

𝑟0

0

②
①

𝑟+

1

2

②
①

𝑟±

1

2

①

𝑟±

−1

2

②

0 0
1

2

1

2
0 0

1

2

−1

2

0
1

2
0

1

2
0

1

2
0

−1

2
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Precondition Circuit Postcondition{ } { }

{ }
A set of quantum states … but how?

Level-Synchronized
Tree Automata

https://dl.acm.org/doi/10.1145/3704869

𝑥2

𝑞+

𝑟+𝑟0

𝑥1

𝑝

𝑞+ 𝑞±
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②
𝑥2

𝑞+

𝑟0𝑟+
①

𝑥2

𝑞±

𝑟±𝑟0
①

𝑥2

𝑞±

𝑟0𝑟±
②

𝑟0

0

②
①

𝑟+

1

2

②
①

𝑟±

1

2

①

𝑟±

−1

2

②

0 0
1

2

1

2
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1
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2

0
1

2
0

1

2
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2
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2
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https://dl.acm.org/doi/10.1145/3704868


Precondition Circuit Postcondition{ } { }

{ }
some strings

Automata
(Word) A U T O Q

{ }𝔸
𝐿 𝔸 =recognizes

A set of quantum states … but how?

S 2 5T A C A

Level-Synchronized
Tree Automata

0 0
1

2

1

2
0 0

1

2

−1

2

0
1

2
0

1

2
0

1

2
0

−1

2
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Precondition Circuit Postcondition{ } { }

2. Derive the set of quantum states
after executing the circuit …
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Precondition Circuit Postcondition{ } { }Algorithm for common quantum gates

𝔸 𝑔𝑎𝑡𝑒(𝔸)

{ }
𝑔𝑎𝑡𝑒( )

𝑔𝑎𝑡𝑒( ){ }

Level-Synchronized
Tree Automaton

Level-Synchronized
Tree Automaton
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{

Precondition Circuit Postcondition{ } { }Algorithm for common quantum gates

𝔸 𝑔𝑎𝑡𝑒(𝔸)

}
𝑔𝑎𝑡𝑒( )

𝑔𝑎𝑡𝑒( ){ }

Level-Synchronized
Tree Automaton

Level-Synchronized
Tree Automaton
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Precondition Circuit Postcondition{ } { }Algorithm for common quantum gates

𝔸 𝑋2(𝔸)

Level-Synchronized
Tree Automaton

Level-Synchronized
Tree Automaton
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𝑥2

𝑞+

𝑟+𝑟0

𝑥1

𝑝

𝑞+ 𝑞±
①

②
𝑥2

𝑞+

𝑟0𝑟+
①

𝑥2

𝑞±
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①
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②
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②
①
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②
①
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①
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①
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①
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①
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②
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①
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①
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②



A Hoare triple would be like …

Precondition

{ }1 0 0 1

H X H

{ }1 0 0 1 { }1

2

1

2

1

2

−1

2
{ }1

2

1

2

−1

2

1

2
{ }1 0 0 −1

1 0 0 −1

Circuit

Z

Postcondition

{ }
𝔸0 𝔸1 𝔸2 𝔸3

𝔸4

AutoQ 1.0 Automata-based Quantum Verification 

31/69



Precondition Circuit Postcondition{ } { }

3. Verify a Hoare triple …
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Precondition Circuit Postcondition{ } { }

𝐿(𝐶𝑖𝑟𝑐𝑢𝑖𝑡(𝔸𝑝𝑟𝑒)) = 𝐿(𝔸3) =

𝐿(𝔸𝑝𝑜𝑠𝑡) = 𝐿(𝔸4) =

language inclusion checking of
level-synchronized tree automata ?

To verify a Hoare triple …

1 0 0 −1

Postcondition

{ }

{ }1 0 0 −1

⊆
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+

+

AutoQ is
fully automated!
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AutoQ 2.0:
From Quantum Circuits to Quantum Programs
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Quantum 
Circuits

(AutoQ 1.0)

H1. quantum gates

Quantum 
Programs
(AutoQ 2.0)

1. quantum gates
2. branches
3. loops

36/69



Why measurement?

if (𝑀𝑞 = 𝑏) then {𝑃1} else {𝑃2}

while (𝑀𝑞 = 𝑏) do {𝑃}

37/69



Measurement

Case 1 - Measure all qubits together.

Case 2 - Measure only one qubit.

• if (𝑀𝑞 = 𝑏) then {𝑃1} else {𝑃2}

• while (𝑀𝑞 = 𝑏) do {𝑃}

38/69

𝑀1

𝑀2

𝑀3

𝑀2



Measurement – All Qubits Together
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• All possible outcomes =
000 , 001 , … , 110 , |111⟩

• P(outcome = |𝑖⟩) = 𝑐𝑖
2

• The resulting state = |𝑖⟩.

(𝑐𝑖: amplitude) (𝑝𝑖: probability)

𝑀1

𝑀2

𝑀3

𝒄0
2 = 5%

𝒄1
2 = 7%

𝒄2
2 = 1%

𝒄3
2 = 4%

𝒄4
2 = 6%

𝒄5
2 = 2%

𝒄6
2 = 5%

𝒄7
2 = 70%1 1 1

1 1 0

1 0 1

1 0 0

0 1 1

0 1 0

0 0 1

0 0 0



• All possible outcomes =
000 , 001 , … , 110 , |111⟩

• P(outcome = |𝑖⟩) = 𝑐𝑖
2

• The resulting state = |𝑖⟩.

Normalize the amplitudes such that the summation of all possible 
outcomes’ probabilities is still 1.

Measurement – All Qubits Together

40/69

𝑐0 𝑐1 𝑐2 𝑐3 𝑐4 𝑐5 𝑐6 𝑐7 0 0 0 0 0 0 0

(𝑐𝑖: amplitude) (𝑝𝑖: probability)

𝑀1

𝑀2

𝑀3

𝒄0
2 = 5%

𝒄1
2 = 7%

𝒄2
2 = 1%

𝒄3
2 = 4%

𝒄4
2 = 6%

𝒄5
2 = 2%

𝒄6
2 = 5%

𝒄7
2 = 70%1 1 1

1 1 0

1 0 1

1 0 0

0 1 1

0 1 0

0 0 1

0 0 0

𝑐6

|𝑐6|

(with amplitude normalization)
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No amplitude normalization in the implementation because:

1. Level-synchronized tree automata merge the same amplitude in different 
trees into one or more amplitude transitions. After a quantum measurement, 
one amplitude in different trees may have different scaling factors. We don’t 
even know what trees a particular transition belongs to, so it is infeasible to 
identify all scaling factors of an amplitude transition.

{ }
𝑟0

0

②
①

𝑟+

1

2

②
①

𝑟±

1

2

①

𝑟±

−1

2

②

0 0
1

2

1

2
0 0

1

2

−1

2

0
1

2
0

1

2
0

1

2
0

−1

2

Contribution 1 - No Amplitude Normalization
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No amplitude normalization in the implementation because:

1. Level-synchronized tree automata merge the same amplitude in different 
trees into one or more amplitude transitions. After a quantum measurement, 
one amplitude in different trees may have different scaling factors. We don’t 
even know what trees a particular transition belongs to, so it is infeasible to 
identify all scaling factors of an amplitude transition.

{ }
𝑟0

0

②
①

𝑟+

1

2

②
①

𝑟±

1

2

①

𝑟±

−1

2

②

0 0
1

2

1

2
0 0

1

2

−1

2

0
1

2
0

1

2
0

1

2
0

−1

2

−1

0

Contribution 1 - No Amplitude Normalization
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No amplitude normalization in the implementation because:

2. Even if this mechanism is feasible to implement, the resulting 
automaton may lack the succinctness because one amplitude transition 
may be transformed into many pieces with different scaling factors. 
Different amplitudes cannot be merged, so the size of automata may 
explode, drastically degrading the performance.

{ }
𝑟±

−1

2

②

0 0
1

2

1

2
0 0

1

2

−1

2

0
1

2
0

1

2
0

1

2
0

−1

2

?

−1

?

0

−1

0

Contribution 1 - No Amplitude Normalization
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No amplitude normalization in the implementation still works 
because each non-scaled tree intrinsically represents a normalized 
valid tree (the sum of probabilities is 1) with the unique positive real 
factor.

intrinsically represents

Contribution 1 - No Amplitude Normalization

𝑐0 𝑐1 𝑐2 𝑐3

𝑐0

𝑐0
2 + 𝑐1

2 + 𝑐2
2 + 𝑐3

2

𝑐1

𝑐0
2 + 𝑐1

2 + 𝑐2
2 + 𝑐3

2

𝑐2

𝑐0
2 + 𝑐1

2 + 𝑐2
2 + 𝑐3

2

𝑐3

𝑐0
2 + 𝑐1

2 + 𝑐2
2 + 𝑐3

2



• All possible outcomes =
000 , 001 , … , 110 , |111⟩

• P(outcome = |𝑖⟩) = 𝑐𝑖
2

• The resulting state = |𝑖⟩.

Measurement – All Qubits Together

45/69

(𝑐𝑖: amplitude) (𝑝𝑖: probability)

𝑀1

𝑀2

𝑀3

𝒄0
2 = 5%

𝒄1
2 = 7%

𝒄2
2 = 1%

𝒄3
2 = 4%

𝒄4
2 = 6%

𝒄5
2 = 2%

𝒄6
2 = 5%

𝒄7
2 = 70%1 1 1

1 1 0

1 0 1

1 0 0

0 1 1

0 1 0

0 0 1

0 0 0

𝑐0 𝑐1 𝑐2 𝑐3 𝑐4 𝑐5 𝑐6 𝑐7

(no amplitude normalization)

𝑐60 0 0 0 0 0 0



Measurement – Only One Qubit
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• All possible outcomes = 0 2, 1 2

• P(outcome = 𝑖 2) =
σ𝑥∈{0,1},

𝑦∈{0,1}

P(outcome = |𝑥𝑖𝑦⟩)

• The resulting state =

σ𝑥∈{0,1},

𝑦∈{0,1}

𝑐𝑥𝑖𝑦|𝑥𝑖𝑦⟩

P(outcome = 𝑖 2)
.

(normalization)

(𝑐𝑖: amplitude) (𝑝𝑖: probability)

𝑀2

𝒄0
2 = 5%

𝒄1
2 = 7%

𝒄2
2 = 1%

𝒄3
2 = 4%

𝒄4
2 = 6%

𝒄5
2 = 2%

𝒄6
2 = 5%

𝒄7
2 = 70%1 1 1

1 1 0

1 0 1

1 0 0

0 1 1

0 1 0

0 0 1

0 0 0



Measurement – Only One Qubit

47/69

• All possible outcomes = 0 2, 1 2

• P(outcome = 𝑖 2) =
σ𝑥∈{0,1},

𝑦∈{0,1}

P(outcome = |𝑥𝑖𝑦⟩)

• The resulting state =

σ𝑥∈{0,1},

𝑦∈{0,1}

𝑐𝑥𝑖𝑦|𝑥𝑖𝑦⟩

P(outcome = 𝑖 2)
.

(normalization)

(𝑐𝑖: amplitude) (𝑝𝑖: probability)

𝑀2

𝒄0
2 = 5%

𝒄1
2 = 7%

𝒄2
2 = 1%

𝒄3
2 = 4%

𝒄4
2 = 6%

𝒄5
2 = 2%

𝒄6
2 = 5%

𝒄7
2 = 70%1 1 1

1 1 0

1 0 1

1 0 0

0 1 1

0 1 0

0 0 1

0 0 0

𝑐0 𝑐1 𝑐2 𝑐3 𝑐4 𝑐5 𝑐6 𝑐7 𝑐0 𝑐1 0 0 𝑐4 𝑐5 0 0

(no amplitude normalization)



Execution Path Decided by Measurement

if (𝑀𝑞 = 𝑏) then {𝑃1} else {𝑃2}

while (𝑀𝑞 = 𝑏) do {𝑃}
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{ 0 0 𝑎0 𝑎1 }

if (𝑀𝑞 = 𝑏) then {𝑃1} else {𝑃2}

𝐿 𝔸1
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if (𝑀𝑞 = 𝑏) then {𝑃1} else {𝑃2}

{ 𝑎0

2

𝑎1

2

−𝑎1

2

−𝑎0

2
} { 0 0 𝑎0 𝑎1 }

𝐿 𝔸2
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if (𝑀𝑞 = 𝑏) then {𝑃1} else {𝑃2}

{ 𝑎0

2

𝑎1

2

−𝑎1

2

−𝑎0

2
}

if (𝑀1 = 0)
then {

𝑋1
}
else {
}

𝑎0

2

𝑎1

2
0 0 }{

𝐿 𝔸3−if−before
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if (𝑀𝑞 = 𝑏) then {𝑃1} else {𝑃2}

if (𝑀1 = 0)
then {

𝑋1
}
else {
}

𝑎0

2

𝑎1

2
0 0 }{

0 0
𝑎0

2

𝑎1

2
}{

𝐿 𝔸3−if−after
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if (𝑀𝑞 = 𝑏) then {𝑃1} else {𝑃2}

{ 𝑎0

2

𝑎1

2

−𝑎1

2

−𝑎0

2
}

if (𝑀1 = 0)
then {

𝑋1
}
else {
}

0 0
−𝑎1

2

−𝑎0

2
}{

𝐿 𝔸3−else
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0 0
𝑎0

2

𝑎1

2
{

if (𝑀1 = 0)
then {

𝑋1
}
else {
}

0 0
𝑎0

2

𝑎1

2
}{

if (𝑀𝑞 = 𝑏) then {𝑃1} else {𝑃2}

0 0
−𝑎1

2

−𝑎0

2
}{

0 0
−𝑎1

2

−𝑎0

2
}

𝐿 𝔸3
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if (𝑀1 = 0)
then {

𝑋1
}
else {
}

}{

if (𝑀𝑞 = 𝑏) then {𝑃1} else {𝑃2}

0 0
−𝑎1

2

−𝑎0

2
}{
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0 0
𝑎0

2

𝑎1

2

0 0
𝑎0

2

𝑎1

2
{

0 0
−𝑎1

2

−𝑎0

2
}

𝐿 𝔸3



Contribution 2 - Up-to-scaling Inclusion Checking 

1. Definition: 𝐿(𝔸) ⊆ 𝐿(𝔹) if for each tree 𝑞𝔸 in 𝐿(𝔸), there is 
another tree 𝑞𝔹 in 𝐿(𝔹) such that 𝑞𝔸 = 𝑟 ⋅ 𝑞𝔹 for some real 
number 𝑟 > 0.

𝐿(𝔸) 𝐿(𝔹)

2. See the paper for the implementation detail.

0 0
𝑎0

𝑟1

𝑎1

𝑟1
0 0

−𝑎1

𝑟2

−𝑎0

𝑟2

⊆
0 0 𝑎0 𝑎1 0 0 −𝑎1−𝑎0𝑢𝑡𝑠

https://arxiv.org/abs/2411.09121
56/69

https://arxiv.org/abs/2411.09121


while (𝑀𝑞 = 𝑏) do {𝑃}

{ 0 0 𝑎0 𝑎1 }
𝐿 𝔸1
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while (𝑀𝑞 = 𝑏) do {𝑃}

{ 0 0 𝑎0 𝑎1 }
{ 𝑎0

2

𝑎1

2

−𝑎1

2

−𝑎0

2
}

𝐿 𝔸2
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Step 1. Guess the loop invariant.

Step 2. Verify that the entry set is contained in the loop invariant.

while (𝑀𝑞 = 𝑏) do {𝑃}

{ 𝑎0

2

𝑎1

2

−𝑎1

2

−𝑎0

2
}

{ 𝑎0

2

𝑎1

2

−𝑎1

2

−𝑎0

2
}

⊆

𝐿 𝔸3
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while (𝑀𝑞 = 𝑏) do {𝑃}

{ 𝑎0

2

𝑎1

2

−𝑎1

2

−𝑎0

2
}

while (𝑀1 = 0)
do {

𝑋1; 𝐻1; 𝐶1𝑋2
}

{ 𝑎0

2

𝑎1

2
0 0 }

𝐿 𝔸4−before
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while (𝑀𝑞 = 𝑏) do {𝑃}

while (𝑀1 = 0)
do {

𝑋1; 𝐻1; 𝐶1𝑋2
}

{ }
{ 𝑎0

2

𝑎1

2

−𝑎1

2

−𝑎0

2
}

𝐿 𝔸4−after

𝑎0

2

𝑎1

2
0 0
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Step 3. Verify that the exit set is also

contained in the loop invariant.

while (𝑀𝑞 = 𝑏) do {𝑃}

while (𝑀1 = 0)
do {

𝑋1; 𝐻1; 𝐶1𝑋2
}{ 𝑎0

2

𝑎1

2

−𝑎1

2

−𝑎0

2
}

{ 𝑎0

2

𝑎1

2

−𝑎1

2

−𝑎0

2
}

⊆
62/69



The resulting set after Line 4 is exactly the postcondition.

This algorithm essentially applies the negative X gate on the 2nd qubit.

while (𝑀𝑞 = 𝑏) do {𝑃}

{ 𝑎0

2

𝑎1

2

−𝑎1

2

−𝑎0

2
}

{ 0 0
−𝑎1

2

−𝑎0

2
}

𝐿 𝔸4
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Quantum Algorithm Examples

• Weakly measured Grover’s search: no need to know the number of iterations
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Quantum Algorithm Examples

• Repeat-until-success: implement quantum
gates with while-loops.
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Quantum Algorithm Examples
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Possible Improvement

• Automatic synthesis of loop invariants.
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Takeaways: What You Should Know

 We propose a quantum verification framework with Hoare triples.

 We use level-synchronized tree 
automata to encode sets of 
quantum states and fully 
automate the framework.

 We extend the framework to additionally support branches and loops, which constitute
quantum programs.

 We bypass the need of normalizing the amplitudes and successfully develop the up-to-
scaling inclusion checking algorithm.
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THE END
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Quantum Algorithm Examples

• Weakly Measured Grover’s Search → no need for the number of iterations



Quantum Algorithm Examples

• Repeat-Until-Success
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