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Instructions

Photons

• Has a full fault-tolerant 
quantum computer

• Has minimal quantum 
capabilities

SERVER

± 𝜃 =
1
2

|0⟩ ± 𝑒−𝑖𝜃|1⟩

CLIENT

Measurement outcomes 𝑺 = 𝟎, 𝟏 𝒌

Blind Quantum Computing allows a client to delegate a quantum computation to a 
server without revealing any information about it

Key Advan tag es :
• Clients can customize the circuit and choose what parts are blind vs non-blind: 

balancing security and efficiency

Bl in dne s s:
Density matrix that server sees, 

𝝆𝒐𝒖𝒕 = 𝟏
𝟐𝒌 σ𝑺 𝑪 𝜽, 𝑺 𝝆 𝒊𝒏 𝑪† 𝜽, 𝑺 , is 

independent of 𝜽

//

BLIND QUA NTUM  COMPUTING: HYBRID LIGHT -MATTER

Blind Gate Local Gate

Pauli Correction
• S ≡ One-time pad key
• Corrected on client 

side in post-processing

• Implemented 
locally on server side

• Must be Clifford to 
accommodate for 
Pauli correction

1. How to design circuits that:

• Obscure the sensitive 
information

• Minimize photonic 
overhead

• Preserve security despite 
partial blindness ”They probably want to run 

a path planning algorithm”

CLIENT

“I want to hide start & goal 
positions”

SERVER

CLIENT

PATH PLANNING WITH GROVER’S ALGORITHM

A parallel search over all possible solution states, with a feedback loop that amplifies the 
correct solution

State Preparation

𝜓 =
1
𝑁

෍
𝑥=0

𝑁−1

|𝑥⟩  = 
𝑆
𝑁 𝜔 +

𝑁 − 𝑆
𝑁 𝑣

Encode all 𝑵 candidate solutions (e.g. paths, configurations) into a quantum 
superposition state 

1. Grover Oracle 𝑼𝝎

Marks the correct solution

𝑓 𝑥 = ቊ1 If 𝑥 is a valid solution
0 otherwise 

• Is the path collision-free?
• Is the path within the map?
• Does the configuration reach the target?

𝑈𝜔 𝜓 = −1 𝑓 𝑥 𝑆
𝑁 𝜔 +

𝑁 − 𝑆
𝑁 𝑣

2. Grover Diffuser 𝑼𝝍

Amplify probability amplitude of the 
solution state 

𝑈𝜓 = 2|𝜓⟩⟨𝜓| − 𝐼

• Increases the probability of valid solutions
• Decreases the probability of invalid 

solutions𝑋

NOT AND XOR

|𝑞0⟩

|𝑞0⟩
|𝑞1⟩

|𝑞2⟩

|𝑞0⟩ |𝑞2⟩ = |𝑞0⟩ ⋅ 𝑞1 |𝑞2⟩ = |𝑞0⟩ ⊕ |𝑞1⟩

BO OLEA N LOGIC GA TES A S QUANTUM GATES

|𝑞0⟩
|𝑞1⟩

|𝑞2⟩

• 𝜔 = 1
𝑆

σ𝑥∈Ω |𝑥⟩ = superposition of all solution states 

• 𝑣 = 1
𝑁−𝑆

σ𝑥∉Ω |𝑥⟩ = superposition of all non-solution states 

• S = Ω  = number of solution states, Ω = set of all solution states

For at most

𝝅
𝟒

𝑵
𝑺

Fig 1: Geometric representation of Grover’s 
algorithm

BLIND TRASNFORMATION

1. Hiding Start Position

Initial 
position 

updated 
position 

Copying the initial 
position state

Modular arithmetic

2 Hiding Obstacle & Goal Position
Before After

Obstacle / goal 
at (01, 01)

Obstacle / goal 
at (01, 10)

Blind X gate

The server cannot 
distinguish whether 

an 𝑋 gate was actually 
applied!

GROV ER ORACLE

• Increments / 
decrements 
row, column 
indices by one

Move Maker

• Obstacle collision check
• Map boundary check

𝑜 = ෑ
𝑖=0

𝑛pos/2−1

𝑟𝑖 ⊕ 𝑦𝑖 ⋅ ෑ
𝑖=𝑛pos/2

𝑛pos−1

𝑟𝑖 ⊕ 𝑦𝑖

𝑟𝑖  = initial index, 𝑦𝑖  =  updated index

Move Validator

PROBLEM SETUP

rgoal

rstart

𝑁 ×  𝑁 grid map

00 01 10 11

00

01

10

11

• # of qubits :  𝑛pos =  2 ⋅ log2(𝑁)
• Position state :  |𝑟⟩ = |𝑟0𝑟1 … 𝑟𝑛−2𝑟𝑛−1⟩ 

row 
index

column 
index

• degrees of freedom :  𝑘
• # of qubits :  𝑛move  = log2(𝑘)
• movement state :  |𝑚⟩ = |𝑚0𝑚1 … 𝑚𝑛−2𝑚𝑛−1⟩ 

Position Register Movement Register

• Selects a valid move 

ri’ = 𝑟𝑖
′ = 𝑦𝑖 ⋅ 𝑜 ⋅ 𝑟𝑖 ⋅ 𝑜 , 0 ≤ 𝑖 ≤ 𝑛pos − 1

Move Selector

Goal Checker

• Checks if 
the goal 
position 
has been 
reached

𝐵{θ}

𝐵{θ}

Fig 2: Quantum circuit of a Move Maker block for a 4 × 4 grid map
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