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Grover’s Algorithm

∙ Quantum searching algorithm.

∙ 𝑛 qubits, 𝑁 = 2𝑛 states.

∙ 𝒪( 𝑁)

∙ Amplitude Amplification searches for 
multiple values, 𝑀.

∙ 𝒪( 𝑁/𝑀)

Principles of Quantum Artificial Intelligence: Quantum Problem Solving and Machine Learning, 

2nd Edition - Scientific Figure on ResearchGate. Available from: 

https://www.researchgate.net/figure/Lov-Kumar-Grover-originator-of-the-Grovers-search-

algorithm_fig4_342012452 Lov K. Grover
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Oracle ‘Multiples of’

∙ Quantum states as natural numbers

101 = 5

1001 = 9

0011 = 3

∙ Phase oracle for Amplitude Amplification

∙ Given number 𝑘 ∈ ℕ

∙ π-phase to numbers multiples of 𝑘



Oracle

‘Multiples of 3’



Algorithm for 

generating the Oracle

∙ Classical algorithm to build the ‘Multiples of’ Oracle.

∙ Input:

∙ Number of qubits: 𝑛

∙ 𝑘 ∈ ℕ

∙ Output:

∙ Quantum circuit which implements the oracle.

Al-Khwarizmi
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Idea inspiring the algorithm

𝑀 ∈ ℕ, 𝑀 =

𝑖=0

𝑚

𝑎𝑖 ⋅ 2
𝑖

23 = 101112 = 1 ⋅ 24 + 0 ⋅ 23 + 1 ⋅ 22 + 1 ⋅ 21 + 1 ⋅ 20



Idea inspiring the algorithm

𝑀 ∈ ℕ, 𝑀 =

𝑖=0

𝑚

𝑎𝑖 ⋅ 2
𝑖

23 = 101112 = 1 ⋅ 24 + 0 ⋅ 23 + 1 ⋅ 22 + 1 ⋅ 21 + 1 ⋅ 20

Is 23 multiple of 5? 23 ≡ 3 mod 5

23 = 101112



Idea inspiring the algorithm

𝑟𝑖 ≡ 2𝑖 𝑚𝑜𝑑 𝑘, 0 ≤ 𝑟𝑖 < 𝑘



Idea inspiring the algorithm

𝑟𝑖 ≡ 2𝑖 𝑚𝑜𝑑 𝑘, 0 ≤ 𝑟𝑖 < 𝑘
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Idea inspiring the algorithm

𝑟𝑖 ≡ 2𝑖 𝑚𝑜𝑑 𝑘, 0 ≤ 𝑟𝑖 < 𝑘

Power of 2

20 = 1
21 = 2
22 = 4
23 = 8
24 = 16
25 = 32
26 = 64

Remainder of 2i, 𝑘 = 5

𝑟0 = 1
𝑟1 = 2
𝑟2 = 4
𝑟3 = 3
𝑟4 = 1
𝑟5 = 2
𝑟6 = 4

For 23 = 101112

≡ 1 ⋅ 𝑟4 + 0 ⋅ 𝑟3 + 1 ⋅ 𝑟2 + 1 ⋅ 𝑟1 + 1 ⋅ 𝑟0

≡ 1 ⋅ 1 + 0 ⋅ 3 + 1 ⋅ 4 + 1 ⋅ 2 + 1 ⋅ 1

≡ 1 + 4 + 2 + 1

≡ 8 ≡ 3 𝑚𝑜𝑑 5

23



Idea inspiring the algorithm

𝑟𝑖 ≡ 2𝑖 𝑚𝑜𝑑 𝑘, 0 ≤ 𝑟𝑖 < 𝑘

Power of 2

20 = 1
21 = 2
22 = 4
23 = 8
24 = 16
25 = 32
26 = 64

Remainder of 2i, 𝑘 = 5

𝑟0 = 1
𝑟1 = 2
𝑟2 = 4
𝑟3 = 3
𝑟4 = 1
𝑟5 = 2
𝑟6 = 4

For 23 = 101112

≡ 3𝑚𝑜𝑑 523

For 25 = 110012

≡ 1 ⋅ 𝑟4 + 1 ⋅ 𝑟3 + 0 ⋅ 𝑟2 + 0 ⋅ 𝑟1 + 1 ⋅ 𝑟0

≡ 1 ⋅ 1 + 1 ⋅ 3 + 0 ⋅ 4 + 0 ⋅ 2 + 1 ⋅ 1

≡ 1 + 3 + 1

≡ 5 ≡ 0 𝑚𝑜𝑑 5

25



Idea inspiring the algorithm

𝑟𝑖 ≡ 2𝑖 𝑚𝑜𝑑 𝑘, 0 ≤ 𝑟𝑖 < 𝑘

Power of 2

20 = 1
21 = 2
22 = 4
23 = 8
24 = 16
25 = 32
26 = 64

Remainder of 2i, 𝑘 = 5

𝑟0 = 1
𝑟1 = 2
𝑟2 = 4
𝑟3 = 3
𝑟4 = 1
𝑟5 = 2
𝑟6 = 4

For 23 = 101112

≡ 3𝑚𝑜𝑑 523

For 25 = 110012

≡ 0𝑚𝑜𝑑 525



Building the quantum circuit



Example circuit: Multiples of 𝑘 = 5

𝑛 = 6, 𝑁 = 26 = 64, S = {0, 1, … , 62, 63}



Depth Analysis



Depth Analysis



Summary

• Presented ongoing research

• Multiples of oracle

• Algorithm for building the oracle given k

• Linear depth on the number of qubits 𝒪(𝑛)

• Classical computations 𝒪(𝑛)

• Code available: https://github.com/JSRivero/oracle-multiples

https://github.com/JSRivero/oracle-multiples


Future Work

• Creation of reusable quantum software for programmers

• Step in the creation of a bigger set of operations

• Explore other classical operations with integers

• Composable tools for creation of complex algorithms



Thank you for your 

attentiongithub.com/JSRivero

javier.sanchez@cenits.es
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