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Foreword

[SO (the International Organization for Standardization) and IEC (the International Electrotechnical
Commission) form the specialized system for worldwide standardization. National bodies that are
members of ISO or IEC participate in the development of International Standards through technical
committees established by the respective organization to deal with particular fields of technical activity.
ISO and IEC technical committees collaborate in fields of mutual interest. Other international organizations,

governmenta

1 and non-governmental, in liaison with ISO and IEC, also take part in the work.

The procedures used to develop this document and those intended for its further maintenance are described
in the ISO/IEC Directives, Part 1. In particular, the different approval criteria needed for the different types
of document should be noted. This document was drafted in accordance with the editorial rules of the 1ISO/

IEC Directive

s, Part 2 (see www.iso.org/directives or www.iec.ch/members experts/refdocs).
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Introduction

For most of computing history, the foundational hardware technology has been binary digital transistor
logic. In such digital systems, data and programs represented as binary classical digits (bits) are encoded
into physical transistors that have and can switch between two definite internal states: on and off. The field
of quantum computing introduces a new approach to the underlying computing hardware by shifting from
classical logic (“on” or “off”) to a quantum logic where the “quantum bits” or “qubits” (the simplest units
of quantum information) are encoded into physical registers that exhibit quantum-mechanical phenomena
such as superposition and entanglement.

This shift from the classical digital representation found in today’s conventional computers to a quantum
digital representation in tomorrow’s computers is expected to bring increases in computing power and new,
innovative software applications, allowing us to tackle more complex computational problems and carry
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Information technology — Quantum computing — Vocabulary

1 Scope

This document defines terms commonly used in the field of quantum computing. This document is applicable
to all types of organizations (e.g. commercial enterprises, government agencies, not-for-profit organizations)
to exchange quantum computing concepts.

2 Normative references

There are no jnormative references in this document.

3 Terms and definitions
[SO and [EC maintain terminology databases for use in standardization at-the following addregses:

— ISO Onlinje browsing platform: available at https://www.iso.org/obp

— IEC Electiropedia: available at https://www.electropedia.orgf.

3.1 Background

3.1.1

model
physical, mdthematical, or otherwise appropriate representation of a system, entity, phenomenon,
process or dgta

[SOURCE: ISQ/IEC 22989:2022, 3.1.23, logical’has been changed to appropriate]

3.1.2
model parameter
internal varigble of a model (3.1<)that affects how it computes its outputs

[SOURCE: ISQ/IEC 22989:2022,3.3.8]

3.1.3
machine learning
process of oftimizing model parameters (3.1.2) through computational techniques, such thaft the model's
behaviour reflectsthe data or experience

[SOURCE: ISO/IEC 22989:2022, 3.3.5]

3.14

simulator

device, computer program, or system that behaves or operates like a given system when provided a set of
controlled inputs

[SOURCE: ISO/IEC/IEEE 24765:2017, 3.3750]

© ISO/IEC 2024 - All rights reserved
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3.1.5
program
computer pr

ISO/IEC 4879:2024(en)

ogram

syntactic unit that conforms to the rules of a particular programming language (3.1.6) and that is composed
of declarations and statements or instructions needed to solve a certain function, task, or problem

[SOURCE: ISO/IEC 2382:2015, 2121374, modified — Notes to entry omitted]

3.1.6

programming language
artificial language for expressing programs (3.1.5)

[SOURCE: ISO/IEC 2382:2015, 2121374, modified — Notes to entry omitted]

3.1.7

programmin

designing, wi

[SOURCE: IS(
terms> omitt

3.1.8
coding
<computer pj

[SOURCE: IS

3.19
algorithm

process for computation, defined by a set of rules, that will.\yield a corresponding output

[SOURCE: ISQ

3.2 Quant

3.21
Hilbert spac
vector space
be defined

Note 1 to entr)
system (3.2.6)

Note 2 to entry]

3.2.2
operator
mathematical

g
iting, modifying, and testing of programs (3.1.5)

/IEC 2382:2015, 2121374, modified — Notes to entry and domain identifier
ed]

ogramming>process of expressing a program (3.1.5) in a programming language

/IEC 2382:2015, 2121374, modified — Notes to entry omitted]

/IEC 18031:2011, 3.1, modified — Definition was modified]

nm physics background

W

pquipped with an inner product operation which allows distances, angles and ve

': When used in theeontext of quantum physics (3.2.3), the space of quantum states (3.2.7
s described by a’complex Hilbert space, referred to as the state space.

All possibleguantum states can be represented as operators (3.2.2) on the quantum system

fundamental

3.1.6)

Ctor norms to

) of a quantum

s Hilbert space.

| enitity that transforms the elements of an input space to the elements of an outpiit space

Note 1 to entry: In quantum physics (3.2.3), simple operators can be mathematically represented by a matrix that acts
via matrix multiplication on vectors in a Hilbert space (3.2.1).

3.2.3

quantum physics

quantum mechanics
fundamental theory of physics, in which physical properties of systems are completely determined
by vectors in a complex Hilbert space (3.2.1) whose dynamics are determined by specific types of linear
transformations on that space

Note 1 to entry: There are many different formulations of quantum physics, but the specific linear transformations
allowed must all correctly describe stronger correlations than can arise in classical physics, such as those that are
probed by Bell and Kochen-Specker tests.

© ISO/IEC 2024 - All rights reserved
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Note 2 to entry: Measurement outcome probabilities are determined from the complex vectors, typically via the Born rule.

Note 3 to entry: Importantly, quantum physics is able to successfully describe the behaviour of light and matter in
operating regimes where classical theories of physics can break down, like ultrasmall sizes or energies or at low
temperatures.

Note 4 to entry: In the context of quantum computing (3.4.3), it is normally sufficient to consider quantum state
(3.2.7) evolution as being governed by the non-relativistic Schrodinger equation through the Hamiltonian (3.2.12), for
particles with mass, or the quantum electrodynamics formulation of Maxwell’s equations, for light. However, quantum
dynamics also includes broader contexts, such as the dynamics of relativistic systems, which are governed by the
Dirac equation.

3.2.4
quantum, adjective
making use of or arising from the laws of quantum physics (3.2.3) in an essential way

3.2.5
quantum, noun
discrete, finife, indivisible, and measurable unit of a physical property such as energy.

3.2.6

quantum sys
system whos
described by

tem
e properties are determined by the laws of quantum physics (3:2.3), and cannot lpe completely
just the laws of classical physics

3.2.7

quantum stgte

description o
of any measu

Note 1 to entr)
(3.2.2) in the d
operators.)

Note 2 to entry
basis of the Hi
and phase.

3.2.8
quantum suj
complex lined

3.29
basis states
members of g

Note 1 to enf]
superposition (

f the state of a quantum system (3.2.6) defining the probability distribution of poss
rement upon it

- A quantum state can be mathematically représented by a vector or, more generally, a d

omplex Hilbert space (3.2.1). (See Note 1 to entyy in quantum operator (3.2.11) for discus

: A quantum (3.2.4) wave-function is tHé/ymathematical representation of a quantum state
bert space. Wave-functions are often-defined over continuous parameters, such as positi

berposition
r combination of twe or more different quantum states (3.2.7)

set of quafitim states (3.2.7) which span the Hilbert space (3.2.1) of a quantum sys

ry: Any>quantum state in the Hilbert space can be written as a linear combinatio
3.2.8),)of basis states.

ble outcomes

bnsity operator
sion of density

in a particular
n, momentum

tem (3.2.6)

N, or quantum

Note 2 to entryrAsetof basisstates s oftenrchosernr to be comptete and orthomormmat-Tat1s; thesets

Hilbert space, and individual elements are orthogonal and normalised to length 1.

3.2.10

quantum entanglement
property of a quantum state (3.2.7) within a joint quantum system (3.2.6), consisting of at least two
subsystems, for which the quantum state cannot be described in terms of independent characteristics of its
individual constituents

© ISO/IEC 2024 - All rights reserved
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3.2.11
quantum operator
operator (3.2.2) that acts on quantum states (3.2.7) in Hilbert space (3.2.1)

Note 1 to entry: In quantum physics (3.2.3), non-pure (or mixed) states, which are classical statistical mixtures of
distinct pure quantum states, are represented by Hermitian density operators instead of complex vectors. Density
operators contain information about both coherences between the basis states (3.2.9) used to represent the quantum
state, and about the statistical distribution of those states.

3.2.12

Hamiltonian

<quantum physics>quantum operator (3.2.11) which determines the coherent evolution of a quantum
system (3.2.6)

Note 1 to entry

s Tha Hamiltanian anaratarvucnally oo
—re-rra oo peratot HH o

Note 2 to entry)

3.2.13
eigenstate
<quantum ph
for a complex

3.2.14
eigenvalue
<quantum pH
(3.2.11)

Note 1 to entry)

3.2.15
eigenspace
<quantum p
eigenvalue (3]

3.2.16
quantum mé
process that

Note 1 to entry
the physical pj

Note 2 to entry

3.2.17

projective m
quantum me
quantum stat|

1
o> »4

ysics>quantum state (3.2.7) left unchanged by the action of a quantuim operator (3
scaling factor

ysics>complex scaling factor corresponding to the eigenstate (3.2.13) of a quan

. Eigenvalues are real for Hermitian operators (3.2.2)and complex roots of unity for unit

nwysics>Hilbert space (3.2.1) spanned, by a set of eigenstates (3.2.13) that sha
2.14)

asurement
putputs a physical property.of a quantum state (3.2.7)

r: Quantum measurement usually involves interaction with a meter system which encode
operty.

: In quantum computing, quantum measurement is often modelled as a projective measur
easurement

isurement (3.2.16) for which instantaneously repeated measurements do no
e (3:277) achieved after an initial measurement

' The expectation value of the Hamiltonian gives the total energy for a particular quabtuim state.

.2.11), except

tum operator

ary operators.

re the same

s the output of

pment (3.2.17).

t change the

3.2.18

quantum coherence
existence or extent of unambiguous phase relationships between possible states of a quantum system (3.2.6)

Note 1 to entry: Quantum coherence in a quantum system is often defined between populations of different basis
states (3.2.9) in an individual quantum state (3.2.7) of that quantum system.

3.2.19

decoherence
loss or degradation of quantum coherence (3.2.18)

Note 1 to entry: Decoherence requires interaction between a quantum system (3.2.6) and environmental degrees of

freedom.

© ISO/IEC 2024 - All rights reserved
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3.2.20
coherence time
characteristic time scale for decoherence (3.2.19)

Note 1 to entry: Different measurement protocols can be designed to probe different types of decoherence (3.2.19), and
give rise to different complementary coherence times. Important examples of commonly used protocols are Ramsey,
Hahn echo and CMPG.

3.2.21

relaxation time

<quantum physics>characteristic time scale for decay from a non-equilibrium state to the steady state of a
quantum system (3.2.6)

Note 1 to entry: Relaxation commonly refers to decay from an excited state to a lower energy state as a result of
energy decay.

Note 2 to entry: The relaxation time constant is usually denoted by T; .

3.3 Quantpm information

3.31
quantum information
information qontained or encoded in a quantum state (3.2.7).

Note 1 to entry: Quantum information may be transformed via quantum (3:2:4)operations and processgs.

3.3.2
quantum enfoding
representatign of information in states of a quantum system.(3.2.6)

3.3.3
qubit
quantum system (3.2.6) with two basis states (3.2.9)

Note 1 to entry: Qubit stands for quantum (3.2.4) bit,
Note 2 to entry: Qubit is the smallest unit of quaritum information (3.3.1).

Note 3 to entrly: The Hilbert space (3.2.1) of a qubit is the space spanned by its two basis states. The|quantum state
(3.2.7) of a qubit can therefore be any quantum superposition (3.2.8) of these states.

Note 4 to entry: In practice, qubits are often realised as physical qubits (3.3.5) in many-state quantum §ystems where
the computatipnal information\is/stored in only two basis states (3.2.9).

Note 5 to entry: See also fogical qubit (3.3.7) and qudit (3.3.4).

Note 6 to entfy: By.“default, this document generally defines terms in relation to qubits, but these definitions can
usually also bg straightforwardly applied or generalised to the case of qudits (3.3.4).

3.34
qudit
quantum system (3.2.6) with basis states (3.2.9) where is an integer greater than or equal to two
Note 1 to entry: Qudit stands for quantum (3.2.4) dit or quantum -level system.

Note 2 to entry: Qudit is a -fold unit of quantum information (3.3.1).

Note 3 to entry: The Hilbert space (3.2.1) of a qudit is the space spanned by its basis states (3.2.9). The quantum state
(3.2.7) of a qudit can therefore be any quantum superposition (3.2.8) of these states.

Note 4 to entry: In practice, qudits are often realised as physical qudits (3.3.6) in many-state quantum systems where
the computational information is stored in only basis states.

Note 5 to entry: Qubit (3.3.3) is a special case of qudit in which “d” is equal to 2.

© ISO/IEC 2024 - All rights reserved
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Note 6 to entry: Qutrit is a special case of qudit in which “d” is equal to 3.
Note 7 to entry: See also logical qudit (3.3.4) and qubit (3.3.3).

3.3.5

physical qubit

individual tangible quantum system (3.2.6) that is used to encode the two basis states (3.2.9) of a qubit (3.3.3),
or one qubit of quantum information (3.3.1)

Note 1 to entry: Unlike a logical qubit (3.3.13), a physical qubit is usually “irreducible” in that it cannot be broken down
into multiple independent information-carrying components.

Note 2 to entry: A physical qubit is often realized (brought about in practice) by storing computational information
in a two-state subspace of a larger full Hilbert space (3.2.1), engineered to minimize interactions between the qubit

computational quantum states and other non-computational quantum states.

Note 3 to entr)
not be strictly

3.3.6
physical qud
individual ta
qudit (3.3.4)

Note 1 to entry
into multiple i

Note 2 to ent
information in

Note 3 to entry
not be strictly

3.3.7

logical qubif

qubit (3.3.3)
(3.2.2) defing

Note 1 to entry
quantum oper(

Note 2 to entr
requires that

3.3.8
logical qudit
qudit (3.3.4) ¢
defined with

dr one qudit of quantum information (3.3.1)

: In the scientific literature, a physical qubit is often just called a qubit, even thoughdts’s
two-dimensional.

it
hgible quantum system (3.2.6) that is used to encode the multipte, (d) basis stat:

- Unlike a logical qudit (3.3.4), a physical qudit is usually “irreducible” in that it cannot b
hdependent information-carrying components.

ry: A physical qudit is sometimes realised (brought<about in practice) by storing

: In the scientific literature, a physical qudit is often just called a qudit, even though its s
-dimensional.

encoded in a joint two-dimensipnal eigenspace (3.2.15) of one or more symme
d with a larger physical Hilbert'space (3.2.1)

: The two basis states (3.2(9) of the logical qubit Hilbert space are used to specify its logic3
tors (3.2.11).

y: Symmetry operators must have support across the entire Hilbert space (3.2.1). Mathe
he symmetry operators do not have a zero-eigenvalue (3.2.14) eigenspace (3.2.15).

ncoded in a joint d-dimensional eigenspace (3.2.15) of one or more symmetry op€
nadarger physical Hilbert space (3.2.1)

fate space may

bs (3.2.9) of a

b broken down

computational

a -state subspace of a larger full Hilbert space (3.2.1),.engineered to minimize interaction)s between the
qudit computational quantum states and other non-computational'quantum states.

fate space may

try operators

I, or canonical,

matically, this

rators (3.2.2)

Note 1 to entry: The d basis states (3.2.9) of the logical qudit Hilbert space (3.2.1) are used to specify its logical, or
canonical, quantum operators (3.2.11).

Note 2 to entry: Symmetry operators must have support across the entire Hilbert space (3.2.1). Mathematically, this
requires that the symmetry operators do not have a zero-eigenvalue (3.2.14) eigenspace (3.2.15).

3.39

logical operator
<quantum computing>canonical quantum operator (3.2.11) defined relative to logical qubit (3.3.7) or logical
qudit (3.3.8) basis states (3.2.9)

Note 1 to entry: For example, standard logical operators for a single qubit (3.3.3) are the logical X (bit-flip) and logical
Z (phase-flip) quantum gates (3.4.2).

© ISO/IEC 2024 - All rights reserved
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Note 2 to entry: In a classical computing context, a logical operator can refer to a logical gate, like a NAND or XOR.

3.3.10

state fidelity
measure of the similarity of two quantum states (3.2.7) that expresses the probability that one state will

pass a testto

identify as the other

Note 1 to entry: In quantum computing, state fidelities are often described in reference to an ideal or target state.

Note 2 to entry: Other mathematical definitions of state fidelity have been used over time, so care is required when
comparing reported fidelities.

3.3.11
fidelity
measure of

qimilm‘i‘ry hetween mathematical nhjp("rq defined via the state firiplifv (? 3

10) for their

appropriate s

3.3.12
process fide
fidelity (3.3.1

3.4 Quant
3.4.1

quantum information processing

quantum pr
process, algd
essential way

Note 1 to entr
and quantum 1

3.4.2
quantum ga
applied quant

Note 1 to entr
between input

Note 2 to entj
defining featy|
quantum gate

Note 3 to ent
system (3.2.6)

3.4.3
unitary gate|

tate-like representations

ity
|) between two quantum processes

im processing

hcessing
rithm or computation that stores and processes quantum information (3.3.1)
, properties such as quantum superposition (3.28) ‘and quantum entanglement (3.2

: Examples of common quantum processes wherefidelities are reported include quantu
neasurements (3.2.16).

e
um (3.2.4) operation that transforims input quantum states (3.2.7) into output qug

y: Individual quantum gates are-defined or characterised by the specific mathematical t
and output quantum states.

y: The processing ofquantum information (3.3.1) via a nontrivial sequence of quantu
re of circuit-based.-quantum computing (3.4.11). In the context of quantum circuits (3.4
usually act on adimited number of qubits (3.3.3).

y: In quantimiprocessors (3.4.8), quantum gates are often implemented via finite-dur
evolution-or.0operations that are activated by external controls, signals or components.

using, in an
.10)

m gates (3.4.2)

ntum states

ransformation

m gates is the
.5), individual

ation quantum

(2 AN that nracarunc tnnar e dy e hatvgnnn ayiantrn cfatrac (2 9 '7\

quantum gate

(2 =) oot prostrv et pPr oaHEetSHBetweeh gotrtca T ottt o (o7

Note 1 to entry: Unitary gates do not cause decoherence (3.2.19) of the quantum system (3.2.6).

3.4.4
gate fidelity

process fidelity (3.3.12) defined in relation to an ideal target quantum gate (3.4.2)

Note 1 to entry: In quantum computing, the ideal target quantum gate is usually a unitary gate (3.4.3).

3.4.5

quantum circuit
combination or sequence of quantum gates (3.4.2) and other operations

Note 1 to entry: Quantum circuits are usually designed to perform a more complex function than individual gates.

© ISO/IEC 2024 - All rights reserved
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Note 2 to entry: Examples of other operations in this context include quantum state (3.2.7) preparation and quantum
measurement (3.2.16).

3.4.6

quantum error correction
procedure to diagnose and correct errors in the constituent parts of a logical qubit (3.3.7) without measuring

any logically

encoded quantum information (3.3.1), by exploiting the logical qubit’s symmetries

Note 1 to entry: Typically, errors are caused by interactions with the environment or by inaccurate implementation of
quantum gates (3.4.2).

Note 2 to entry: Quantum error correction protocols can also be designed to work for -dimensional logical qudits

(3.3.8).

Note 3 to entry: The aim of quantum error correction is to reduce the sensitivity of quantum information (3.3.1)

encoded in a ld

3.4.7

quantum er}
procedure d¢
processor (3.4

Note 1 to entry
post-processin

Note 2 to entry
or fault-tolera
reduce quantu

3.4.8
quantum pr
tangible devi

3.4.9
quantum alg
algorithm (3.]

Note 1 to ent
quantum infor

Note 2 to entr)
For example, i
to be used dir]
processor, as 11

Note 3 to entry
result, for exa
quantum circu

3.4.10

gical qubit or logical qudit to errors and imperfections in its constituent parts.

'or mitigation
signed to ameliorate or partially compensate for errors, noise or their effects
.8) to reduce errors in its output or results

y: Quantum error mitigation can be implemented either during quaritum processor ru
g.

: Quantum error mitigation techniques are not always compatibté with quantum error co
ht quantum computing (3.4.11), but when they are, may fornt part of a suite of measur
n circuit (3.4.5) error rates to a level where they surpass.the threshold for full fault toler

hcessor
Ce that performs quantum information progessing (3.4.1)

orithm
|.9) for use on a quantum processor(3.4.8)

ry: Quantum algorithms oftenlincorporate aspects from both classical information p
nation processing (3.4.1).

- The output of a quantum algorithm as used in this definition is intended to be a very fl
[t could be the outcomeof a quantum measurement (3.2.16) of a quantum state (3.2.7),

ectly as a resouree.for further computation, or it could even just be the current state o
night be the case‘during ongoing quantum error-correction (3.4.6) of a logical quantum me

: Quantunialgorithms can be designed so that they need to be run multiple times to extra
mple, to.avercome noise or as a means to implement a target algorithm efficiently usin
ts (34.5).

In a quantum

h-time or data

'rection (3.4.6)
bs designed to
ince.

rocessing and

pxible concept.
the state itself
f the quantum
mory (3.4.29).

ct the required
o approximate

quantum computer
fully programmable quantum processor (3.4.8) that can implement or approximate any unitary dynamics
defined within its full Hilbert space (3.2.1)

Note 1 to entry: In circuit-based quantum computing (3.4.13), a quantum computer has access to a universal set of
quantum gates (3.4.2).

Note 2 to entry: Quantum computers most commonly use quantum information (3.3.1) encoded in qubits (3.3.3).

Note 3 to entry: A restricted or non-universal quantum computer belongs to the broader category of quantum
processors (3.4.8), which includes both universal and non-universal quantum computers, including examples such as

quantum simul

ators (3.4.22) and quantum annealers (3.4.31).
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3.4.11
quantum computing
computation that can be carried out on a quantum computer (3.4.10)

3.4.12

fault-tolerant quantum computing

quantum computing (3.4.11) that uses fault-tolerant quantum circuit (3.4.5) design principles that inhibit
individual errors from cascading through the computation in an unbounded manner

Note 1 to entry: When combined with quantum error correction (3.4.6), fault-tolerant quantum computing exhibits a
finite error threshold, relative to an error model, that is independent of computation size, below which arbitrarily long
computations can be carried out to arbitrarily good precision.

Note 2 to entry: Although the definition of fault- tolerant quantum computlng does not necessarlly need error
correction, it ig-co ageth h : o 3 Hanty pare required to
achieve full faylt tolerance.

3.4.13
circuit-base¢l quantum computing

gate-based quantum computing

archetypal mlodel of quantum computing (3.4.11) based on execution of quantum circuits (3.4.5)

3.4.14
one-way qudntum computing

measurement-based quantum computing
measuremenf-based model of quantum computing (3.4.11) executed by performing, on a highly entangled
resource statg, a sequence of single-qubit (3.3.3) quantum measuréements (3.2.16) and feedforwafd operations

Note 1 to entry: The resource state can be either prepared prior to:\commencement of the computation,
extended duripg computation from an initial resource state tozkeep ahead of the measurement ang
operations.

or continually
feed-forward

3.4.15
adiabatic quantum computing

Hamiltonian-based model of quantum computing (3.4.11) involving continuous and gradual ¢
quantum statp (3.2.7) towards a desired solution state

volution of a

3.4.16
topologica
model of quaptum computing (3.4.11) using topologically ordered quantum systems (3.2.6) with non-Abelian

excitations

Note 1 to entr
(3.2.7) with dg
manifold, and
manifolds, exc

Note 2 to entr}

lv]Luantum computing

ere quantum gatesy(3.4.2) are performed by braiding

: Topologically ordered quantum systems are usually associated with a gapped ground
generacy dependent on the topological properties (typically, a Betti number) of the und|
bapless edgé modes when boundaries are present. For example, in the case of two-dime
tations\are particle-like with anyonic statistics (anyons).

. Examples of non-Abelian anyons include quasiparticles in Majorana edge modes in 1D

quantum state
erlying spatial
hsional spatial

hanowires and

non-Abelian q
Abelian anyon

3.4.17

1anfum double Qpin-lnttirp madels Defects in surface-code quhit‘ (3.3 3) Iattices prnvidp
S.

quantum code
<quantum error>set of basis states (3.2.9) used to encode a logical qubit (3.3.7) or logical qudit (3.3.6) to
enable quantum error correction (3.4.6), suppression, detection or fault-tolerant quantum computing (3.4.16)

Note 1 to entry: [llustrative examples include repetition codes, surface codes and GKP codes.

3.4.18

quantum coding

<quantum er

ror>use of quantum codes (3.4.17) to protect quantum information (3.3.1)

an example of

Note 1 to entry: For use in quantum error correction (3.4.6), quantum communication (3.6.1) or quantum cryptography
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quantum coding
<fundamental quantum information theory>quantum encoding (3.3.2)

3.4.20

quantum coding
<quantum programming>coding (3.4.19) for a quantum processor (3.4.1)

3.4.21

quantum programming
<quantum software>programming (3.1.6) for a quantum processor (3.4.8)

3.4.22

quantum simulator

quantum e
<classical so
classical com

3.4.23

quantum sin
simulator (3
processor (3.1

3.4.24
digital quan
quantum simi

3.4.25

analogue qu
quantum em
quantum sim
quantum syst

Note 1 to enty

useful way thdt, for example, is not necessarily easily realizable in an underlying target quantum systern.

3.4.26

circuit-base
gate-based ¢
tangible devi

3.4.27
one-way qud
tangible devi

Note 1 to entr

uiator
'tware>simulator (3.1.4) of quantum circuits (3.4.5) or quantum systems (3:2¢6
puter program

hulator
1.4) of the dynamics of the model (3.1.1) for a complex target system usin
1.8)

fum simulator
lator (3.4.22) that uses discretised quantum circuits,(3:4.5)

hAntum simulator

ulator
ilator (3.4.23) whose dynamics directly nraps the full dynamics of a model (3.1.1
em (3.2.6)

y: An analogue quantum simulator jsdiormally designed to be tuned, controlled, and

]l quantum computer
uantum computer
Ce that performs circuit-based quantum computing (3.4.13)

ntum computer
Ce that performs one-way quantum computing (3.4.14)

y: In gliantum physics (3.2.3), adiabatic evolution is defined as evolution that is continuou

compared witlr the'instantaneous gap between energy eigenstates (3.2.13) of the time-dependent Hamil

) that uses a

g a quantum

) for a target

measured in a

s and gradual,
onian (3.2.12).

3.4.28
adiabatic qu

antum computer

tangible device that performs adiabatic quantum computing (3.4.15)

3.4.29

quantum memory
component of a device or quantum processor (3.4.8) that can store a quantum state (3.2.7) or quantum system

(3.2.6) for lat

er retrieval
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simulator
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device, computer program, or system that behaves or operates like a given system when provided a set of
controlled inputs

[SOURCE: ISO/IEC/IEEE 24765:2017, 3.3750]

3.4.31

quantum annealer
quantum processor (3.4.8) that exploits quantum (3.2.4) tunnelling induced as a result of slow, or adiabatic,
variation of its Hamiltonian (3.2.12) to find a minimum energy quantum state (3.2.7) that encodes solutions
to a discrete classical search or optimization problem

Note 1 to entry: The key principles of slow control-parameter evolution used in quantum annealing are similar to

those used in 3

3.4.32

coupler
<quantum haz
interaction b
processor (3.4

Note 1 to entr)
as the element
mode couplers
elements such

3.5 Quant

3.5.1
quantum sin
computationd

systems (3.2.6)

Note 1 to entr
sufficiently co
Hilbert space (|

Note 2 to entr
to enable scalé
mimic a target

Note 3 to entr]
chemistry, and

3.5.2
quantum mg

1 . . £ 4 4=
dlabDdatiC qudriurnt COmpuLirng (2.%.10 J.

rdware>hardware element, or part of a hardware element, designed\to conne
etween two or more parts of a quantum system (3.2.6), quantum (3.2.4) devic
.8)

- In quantum hardware, coupler elements can be both classical or_explicitly quantum in
operates to maintain quantum coherence (3.2.18). Examples include classical elements
in integrated photonics and capacitive couplers in superconducting microwave circuits|
as superconducting qubits (3.3.3) or resonators used as coupling buses.

um technologies

hulation
1] task that aims to calculate the staticcand dynamic physical properties of com

y: Quantum simulations only offer an advantage over classical computing if the quan
mplex, e.g. it has sufficiently manj_eonstituents or experiences complex dynamics in a su
B.2.1).

y: In the context of quantum computing (3.4.11), quantum simulation algorithms are typ
able, fault-tolerant simulations. Analogue quantum simulators engineer quantum syste
system, but do notachieve fault tolerant operation.

y: Example applications of quantum simulations include advanced materials manufactul
pharmaceutical design.

chinelearning

suite of com

utational tasks that combine concepts and tools from machine learning (3.1.3)

't and enable
P oI quantum

design, so long
fuch as optical
and quantum

blex quantum

fum system is
fficiently large

cally digitised
ms to directly

Iring, quantum

and quantum

algorithms (329)

Note 1 to entry: Within quantum (3.2.4) machine learning, four current distinct development directions are: (i)
quantum-assisted machine learning which uses quantum computers (3.4.10) to accelerate training and development
of models (3.1.1) for classical machine learning, (ii) quantum-enhanced machine learning, where quantum computers
accelerate a particular subroutine of a classical machine learning application, (iii) machine-learning-assisted quantum,
where classical machine learning is used to optimize compilation of quantum algorithms for hardware platforms,
and (iv) quantum-intrinsic machine learning where machine learning is inherently quantum such as quantum neural
networks and quantum support vector machines.
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3.5.3
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sampling algorithm
computational task that aims to produce output samples according to a given probability distribution

Note 1 to entry: Examples of quantum (3.2.4) sampling algorithms include quantum Gibbs sampling and quantum
Metropolis sampling.

Note 2 to entry: Applications of sampling algorithms include material science, quantum chemistry and cryptography.
Sampling algorithms are sometimes used to solve optimization (3.5.4) problems.

3.5.4

optimization
computational optimization task carried out via quantum information processing (3.4.1)

Note 1 to entr

v: Examples of quantum (3.2.4) optimization algorithms include quantum semidefinite

programming,

quantum combh
quantum eige
quantum adia

Note 2 to ent
optimization, {

3.5.5

linear systems solving

computation:

Note 1 to entr
business and s

Note 2 to enty

(Harrow, Hass|
(3.4.10).

3.5.6

search algorfithm

computation:
with the assi

Note 1 to entr
unstructured

!

inatorial optimization and quantum algorithms (3.4.9) for satisfiability problems. In additi
solvers, quantum approximate optimization algorithms (QAOA), quantum annealing 4
atic optimization, are typically used for cost-function minimisation and pattern matchin

ry: Potential end-user applications of quantum optimization algorithmsinclude fina
upply-chain optimization and scheduling optimization.

] task that outputs the vector solution which satisfies a specified system of linear

: Linear systems solving finds many applications across s¢ience, mathematics, enginee
ocial science.

y: The main quantum algorithm (3.4.9) for solving €quations of linear systems is knoy
idim and Lloyd) algorithm, and maps the solutipnonto the stored register state of a qua

] task that aims to find the inpufito a function that produces a specified outpy
tance of an auxiliary probabili§tic guessing algorithm

: Grover’s quantum (3.2.4) $eaich algorithm and the quantum amplitude amplification

heuristic), res

Note 2 to entfy: Grover’s quantum search algorithm can be applied to any problem in the compl
(nondeterministic polynomial time).

3.5.7

hidden subgfroup preblem
computationgl task- that aims to find a subgroup which is hidden by a given function
mathematicall group

tearch and heuristic searchjproblems (those which can access a probabilistic guessing
ectively, with a quadxatic speed-up over classical algorithms.

i

on, variational
lgorithms and

g.

hcial portfolio

equations

ing, medicine,

vn as the HHL

htum computer

t, potentially

gorithm solve
gorithm - the

pxity class NP

acting on a

Note 1 to entry: In the case a group is Abelian, hidden subgroup problems have efficient, i.e. polynomial time, solutions
by quantum algorithms (3.4.9).

Note 2 to entry: Efficient quantum algorithms to solve hidden subgroup problems provide an efficient way to break
a range of cryptosystems using quantum computers (3.4.10). Important examples including the Shor’s period finding
quantum algorithm which can efficiently factor semi-prime integers thus compromising the RSA encryption protocol,
and Shor’s discrete logarithm quantum algorithm which can efficiently break elliptic-curve cryptography.
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3.5.8
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boson sampling
model of quantum information processing (3.4.1) implementing a sampling algorithm (3.5.3) which generates
samples from a random unitary quantum circuit (3.4.5) operating on boson-like quantum systems (3.2.6)

Note 1 to entry: Boson sampling is not universal for quantum computing (3.4.11) and is not error correctable with
existing schemes.

Note 2 to entry: Bosons are particles that are indistinguishable under particle exchange.

Note 3 to entry: In the context of quantum computing, the most commonly used bosons are harmonic oscillator mode
excitations such as photons. Boson sampling is usually implemented with photons and linear optical circuits.

Note 4 to entry: Bosons are commonly used to encode qudit (3.3.4) quantum information (3.3.1).

Note 5 to entr
(3.3.3) quantu
computing. Sirj
universal quar

3.6 Relate

3.6.1
quantum co
communicati

Note 1 to entr

y: The random circuit sampling protocol implements a quantum random sampling algo
m information processors, and forms the basis of the first quantum supremacy experimetf
hilarly, boson sampling has been used as the basis for demonstrating quantum supremac
tum information processors.

d quantum technologies

munication
n that utilizes for information exchange quantum informatioriprocessing (3.4.1) in an|

V: Protocols that use classical information processing and transmission at all stages of c

like post-quantum cryptography, fit into the broader category of quantum-secure or quantum-safe c

rather than qul

3.6.2
quantum cry
cryptography

3.6.3

Antum communication.

rptography
r that utilizes quantum communication (8:6.1) in an essential way

quantum sepsor

tangible devi

Note 1 to entry
achieved with
by the sensor.

3.6.4

Ce that performs quantum sensing (3.6.4)

. A useful quantum sensorwould have the capacity to provide improved performance ov
A conventional sensor, and this improvement would arise from the quantum (3.2.4) prope

quantum sensing

process that

1ses quantum information processing (3.4.1) to measure a physical quantity of inte

rithm for qubit
ts in quantum
y in some non-

essential way

mmunication,
mmunication,

er what can be
rties exploited

rest
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