
MRPI Lec1 by Elham Kashefi

Yuan YAO

15 January 2019

1 Introduction

1.1 Quantum Cloud

Figure 1: Schema for general quantum cloud

When taking about the quantum computer goes into business, limited by the
conditions like low-temperature, no influence by environment and etc., quantum
cloud is a choice for now to manipulate quantum computer by sending the data
from a classical client to the ”quantum server” in order to do some calculations.
Suppose that the data is represented by density matrix ρ or the wavefunction
|ψ〉 and the algorithm runned on the server is the operator Ω or U , the output
of this computation is U |ψ〉 for example.(See Figure 1)

Nowadays, there have are several companies that have achieved this service
with their quantum computer: e.g. IMB Q. Experience1 and Rigetti Quantum
Cloud Services2. Classical computer is considered as the client and there have

1https://quantumexperience.ng.bluemix.net/qx/experience
2https://medium.com/rigetti/introducing-rigetti-quantum-cloud-services-c6005729768c
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some high level language to translate the data from the left side to circuit
description in order to execute in the quantum computer.

However, all the service above arises an important problem: how to guaran-
tee the privacy of data/algo. processing?

1.2 Models of Quantum Computing

What is the most familiar to everyone about quantum computing is the model
of quantum circuit, which is an obvious model to see the real circuit in the
computer and how the information flow goes. However, there have lots of models
of quantum computing emphasizing different aspects:

Figure 2: Models of quantum computation

1.3 Universal blind quantum computation

It is a protocol which allows a client to have a server carry out a quantum com-
putation for her such that the client’s inputs, outputs and computation remain
perfectly private, and where she does not require any quantum computational
power or memory.3

Informally speaking, UBQC transforms computation presented in the form
of Figure 3 to a more secure protocol by utilising the QKD type link between
client and server.

3https://arxiv.org/pdf/0807.4154.pdf
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Figure 3: Universal blind quantum computing

2 Plan for this course

• Measurement-based Q.C. (New framework for universal Q.C.)

- Measurement Calculus with Syntax and Semantic

- Flow construction: from quantum circuit to MBQC

• Universal Blind Q.C.

- Quantum hiding in MBQC picture

- Quantum hiding in Circuit

- Classically hiding Quantum Circuit (Classical Blind Q.C.)

3 Measurement-Based Quantum Computing

3.1 Introduction to MBQC

Measurement-Based Quantum computing is also named as one-way Quantum
computing, cluster state Quantum computing or teleportation-based Quantum
computing, first introduced in 4. Different from the quantum circuit (see Fig-
ure 4(a)), which sends the input, calculates and measures at the end to get
the output, in MBQC computation is driven by the measurement in each step
(see Figure 4(b)). Moreover, in MBQC, the entire resource for computation
is provided by the entangled cluster state in which the system is initialized.
This implies, in particular, that the computational power of such a quantum
computer can be traced back entirely to the properties of its entangled resource
state, thereby offering a focused way of thinking about the nature and strength
of quantum computation. Therefor, the problem of an experimental realization
of a quantum computer is now reduced to the preparation of a specific multi-
particle state, and the ability to perform single-qubit measurements, offering

4https://arxiv.org/pdf/0910.1116.pdf
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Figure 4: Measurement-based Quantum Computation

practical advantages for certain physical set-ups. So we can summarize the high
level idea of MBQC:

|ψ〉input
embedded−→ |ψ̃〉 measure−→ |ψ〉output (1)

We prepare some qubits needed |ψ〉input and start with generic entangled

state |ψ̃〉. Then we do the single qubit measurement in every step to create the
different branch state and lead to the final result |ψ〉output. This process could
also be explained in the graph by Quantum Packman: From the Figure 5, (a)
is the beginning state, then we start to create entanglement between them (b).
(c) tells after the single qubit measured, all the entanglements related to this
qubit collapse and if we keep doing the measurement like (d), the qubit left is
our output. There have three components to describe an MBQC computation:

• Graph with input and output

• Measurement angle parameter

• Adapativity (order/cause-effet of measurement)

3.2 Measurement Calculus

Measurement Calculus uses a command sequence to represent the whole process.
1.
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Figure 5: Quantum Packman

3.2.1 Notations

Suppose that V is the vertex in our graph and the number of vertex is N
|V | = N . i is the index in the graph. So the basic notations are in the table
More information:

• Si is additive, we can do Si + Sj + ...

• s′ [Mα
i ]s equals to (−1)sα+ s′πmod2π.
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Symbol Definition Example
Ni New qubit |+〉
Eij Edge represents the entanglement between two qubits Control-Z
Mα
i Measurement command α ∈ [0, 2pi] |±α〉 = |0〉+ eiα|1〉
Si result of the measurement Si ∈ 0, 1
Ci Correction Xi or Zi

Table 1: Basic notations in Measurement Calculus

3.2.2 Measurement Pattern

• Definition:

Measurement Pattern(I,O, V, Commandsequence) over N qubits is de-
fined with set I,O, V ∈ 1, 2, ..., N (input,output,vertex) and the sequence
of commands A0A1...Ai...AM applied from right to left to signal satisfying
the following conditions:

- No commands depends on signal with no corresponds qubits

- No commands can be act on a qubit being measured

- No commands acts on the qubit not prepared unless its on input state

- Mi if and only if i 6∈ Output

Example 1: Wrong sequence of commands

[Mα
i ]S2M

π/2
3 E12N1N2N3 : S2 is the result of measurement on qubit 2,

here we do not have the value of S2 without M2;

E12M
π/2
1 N1N2: qubit 1 has been measured before, so E12 doesn’t work

anymore;

Command sequence does not contain the input qubit;

Example 2: Measurement pattern vs Hadamard gate

(1,2,(1,2),XS1
2 M0

1E12N2)

From this pattern we can get the information: there has one input qubit 1,
new qubit 2, entanglement between them, measure the qubit 1, correction
on the qubit 2, output qubit 2. The precise calculation steps are in Figure
6: Comparing the result from the figure 6 and the equation 2, they have the
same form (see Figure 7). [Advantages] It is like we open the Hadamard
gate and able to have access to further structure to provide us with further
toolkit for hiding the computaiton as we will see later.

H(a|0〉+ b|1〉) =
(a+ b)|0〉+ (a− b)|1〉√

2
(2)
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Figure 6: Measurement pattern to achieve a Hadamard Gate

Figure 7: Measurement pattern and Hadamard Gate

b Composition of Pattern

Sequential composition of patterns

We can compose patterns sequentially by making input of the second
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pattern equals output of the first pattern using relabeling, which means
that the interface between two patterns change to the same name and
relabel other qubit in the second one.

Exercise1: use the measurement pattern to explain why HH = I.

Exercise2: prove teleportation is the same as HH in graph.

Parallel composition of patterns

We need just guarantee that two patterns do not contain the same vertex
V1 ∪ V2 = ∅ and relabel them.

c MBQC - Semantics

Figure 8: Semantics of MBQC

Let P be a pattern with computation space V , inputs I, outputs O and
command sequence An...A1. To execute a pattern, one starts with some
input state q in HI, together with the empty outcome map ∅. The input
state q is then tensored with as many |+〉s as there are non-inputs in V
(the N commands), so as to obtain a state in the full space HV. Then
E,M and C commands in P are applied in sequence from right to left.
We can summarise the situation in the Figure 8.

A given pattern with sequence C0M0EVNI has the following semantic:
it’s the CPTP map Ωp =

∑
S ASρA

†
S .

d Determinism

If a pattern is strongly deterministic (all the branches of the computation
independent of the measurement outcomes are the same), then it realises
a unitary embedding.

e Universal pattern

Consider the following one-parameter family J(α):

J(α) :=
1√
2

[
1 eiα

1 −eiα
]

By adding the unitary operator controlled-Z(∧Z) with the parameterised
family J(α), on then obtains a set of generators for all unitary maps over
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×nC2. Both J(α) and ∧Z, have simple realisation in MBQC, using only
two qubits.

We can see already that the Pauli spin matrices, phase and Hadamard
operators can be described using only J(α):

X = J(π)J(0) H = J(0) Z = X = J(0)J(π) P (α) = J(0)J(α)

Any unitary operator U on C2 can be written: U = eiαJ(0)J(β)J(δ)J(γ),
for some α, β, δ, γ in R.

Theorem(Universality) The set {J(α),∧Z} generates all unitaries.

It is easy to verify that the following patterns implement our generators:

J(α) := XS1
2 M−α1 E12

∧Z := E12
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