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QUANTUM COMPUTING QUERY MODEL

• Quantum state: ۧ|𝜓

• Unitary transformations: 𝑈0, 𝑈1, … , 𝑈𝑇

• Quantum query transformation: 𝑄 on input 𝑥1, 𝑥2, … , 𝑥𝑁:

• 𝑄 ۧ|𝑥𝑖 → ۧ−1 𝑥𝑖|𝑥𝑖

• 𝑄 ۧ|𝑥𝑖 ۧ|𝑎 → ۧ|𝑥𝑖 ۧ|𝑎 ⊕ 𝑥𝑖

• ۧ|𝜓𝑒𝑛𝑑 = 𝑈𝑇𝑄𝑈𝑇−1𝑄…𝑈1𝑄𝑈0 ۧ|𝜓𝑠𝑡𝑎𝑟𝑡

• 𝑈𝑖 - doesn’t depend on input

• Counting the number of queries
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𝒒 = 𝟓

CIRCUIT EXAMPLE



QUANTUM COMPUTING: ALGORITHMS

• Grover’s search: Θ
𝑛

𝑘

• Element distinctness: Θ 𝑛
2

3

4



𝑄(𝑓, 𝑞)

• 𝑄(𝑓) but restrisctrion of max 𝑞 queries

• 𝑄 𝑓 ≤ 𝑄 𝑓, 𝑞 , but how much?

• 𝑄 𝑂𝑅 = 𝑁,𝑄 𝑂𝑅, 𝑞 = Θ
𝑁

𝑞



𝑄(𝑓, 𝑞) - IMPORTANCE

Depth of circuit (# of operations) – serious challenge (likely
for a long time in future)

• Noise

• Instability



RESULTS: 𝑄 𝑐𝑜𝑙𝑙𝑖𝑠𝑖𝑜𝑛, 𝑞

𝑂
𝑛

𝑞2
+ 3 𝑛 ⟹ 𝑂

𝑛

𝑞



RESULTS: 𝑄 𝐸𝐷, 𝑞

𝑄 𝐸𝐷, 𝑞 = 𝑂
𝑁2

𝑞2



RESULTS: Q 𝐴𝑁𝐷 ∘ 𝑂𝑅; 𝑞

𝑂
𝑁 ∗ 𝑀

𝑞
⟹ Θ

𝑁 ∗ 𝑀

𝑞



RESULTS: 𝑄 𝑘 𝑣𝑠 𝑘 + 1, 𝑞

Ω
𝑛

𝑞
+ 𝑛 ∗ 𝑘

෨𝑂
𝑛

𝑞
+ 𝑛 ∗ 𝑘



RESULTS: 𝑄 𝐴𝑁𝐷 − 𝑂𝑅 𝑡𝑟𝑒𝑒, 𝑞



RESULTS: 𝑄 𝐴𝑁𝐷 − 𝑂𝑅 𝑡𝑟𝑒𝑒, 𝑞

Ω
𝑁

𝑞
+ 𝑁

Regular with constant depth: Θ
𝑁

𝑞
+ 𝑁

Non-regular: 𝑂
𝑁

𝑞
∗ log𝑡 𝑁



RESULTS – LOWER BOUNDS

New and more universal approach – very hard to find!!!



FUTURE

• Finalize AND-OR trees

• Lower bounds

• Element distinctness /  quantum walk

• Montenaro algorithm for CSP

• Other problems???

• *Implementation on real quantum computer*



THANK YOU!
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