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We introduce a new three-party semi-quantum dialogue (3P-SQD) protocol that combines GHZ-state-based semi-
quantum communication, a Grover’s algorithm-driven 2-bit encoding scheme, and hypergraph-based access control. In
each round, the fully quantum participant Alice sends two bits, whereas the semi-quantum participants Bob and Charlie,
restricted to semi-quantum operations such as measurements in the computational basis and reflection, each transmit one bit.
The protocol incorporates probe state checking, Grover’s algorithm-based encoding, and hypergraph-based authorization.
It achieves information-theoretic security and controlled access, while preserving high message throughput and imposing

no additional requirements on the semi-quantum users.
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1. Introduction

Quantum communication has become a cornerstone tech-
nology for achieving information-theoretic security in the
quantum information era. The earliest protocols, most notably
BB841! and E91,[?] established the framework for quantum
key distribution (QKD),B! a seminal development that allows
two parties to share secret keys with security guaranteed at
the information-theoretic level, and has been extended to the
level of quantum communication networks.[*! As research
has progressed, the field has broadened to include more gen-
eral communication tasks. Quantum secure direct commu-
nication (QSDC)!"! has emerged as a key research direction.
Building on this, Long and his collaborators have advanced
QSDC toward practical, high-rate, and device-independent
secure communication, by introducing one-step transmission
schemes, measurement-device-independent architectures, and
hybrid entanglement-plus-single-photon implementations tai-
lored for large-scale network deployment.®-121" Currently,
quantum secret sharing (QSS)!!3! has progressed from its
original proposal to contemporary protocols that incorpo-
rate measurement-device-independent frameworks and versa-
tile access structures, including hypergraph-based construc-
tions, enabling scalable multi-user systems and fine-grained
control over authorization,14-17]

Most quantum communication protocols proposed in the
early days are based on the assumption that communication
participants possess full quantum capabilities, including multi-

[18] [19]

basis state preparation, entanglement manipulation,

and quantum measurement, 2! which can be technologi-
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cally demanding.*!! To relax these requirements, the concept
of semi-quantum communication was introduced.?”! In the
semi-quantum model, the quantum user Alice has access to
a quantum channel which starts at her lab, travels out, and
returns to her. The semi-quantum user Bob (also called a clas-
sical user) can access a portion of this channel. Thus, semi-
quantum protocols operate over a two-way quantum channel
where qubits, or other quantum carriers, travel first from the
quantum user to the classical user, then return to the quan-
tum user.!?®! Boyer ef al. in 2007 formalized the first semi-
quantum key distribution (SQKD).[>? The SQKD protocols
place a restriction on the classical user. More specifically, for
every qubit received, Bob may choose one of the following
five allowed operations:?*!

(1) Measure Perform a Z basis measurement on the in-
coming qubit.

(2) Prepare Prepare a state in the Z basis and transmit it
to Alice over the reverse channel.

(3) Measure and resend Perform a Z basis measurement
on the incoming qubit and then resend the result to Alice as a
Z basis qubit, i.e., send |0) if the measurement result is 0 and
[1) if it is 1. It is actually a combination of the measure and
prepare operations.

(4) Reflect Reflect the qubit back to Alice undisturbed.

(5) Permute Reorder the qubits received (or a subset of
qubits received) without otherwise disturbing them.

The first SQKD protocol proposed by Boyer et al. re-
stricted the semi-quantum users to measure and resend or re-

S. [22

flect operations.!??! Some typical SQKD protocols proposed in
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later studies reduce the requirements on participants by letting
classical users select different operations or by modifying the
qubits prepared by the quantum user. For example, measure
or reflect operations were selected in Ref. [24]. In Ref. [25],
the quantum user Alice only needs to prepare qubits in the
|+) states, compared to the four states of {|0),|1),|+),|—)} in
Ref. [22].

SQKD inherits core security foundations from traditional
QKD but evolves distinct characteristics tailored to its semi-
Both QKD and SQKD adhere to
information-theoretic unconditional security,1-*2>2% and in-

quantum architecture.

corporate noise tolerance mechanisms.>”l However, critical
differences emerge from SQKD’s asymmetric user model:
QKD requires both parties to possess full quantum capabili-
ties like state preparation and measurement,!!! while SQKD

22241 leading to dis-

restricts one user to classical operations,|
tinct robustness definitions. SQKD’s robustness mandates that
any eavesdropping attempt to gain information introduce de-

s,[221 which addresses the limitations of classical

tectable error
users. Regarding critical security considerations, SQKD has
been proven secure against coherent attacks through reduc-
tions to one-way quantum protocols and analyses of collec-
tive attacks.?®?° The finite-key effect is explicitly addressed
in practical SQKD research, with security proofs for medi-
ated protocols incorporating device imperfections and finite-
key analyses to ensure real-world applicability.[*"! For eaves-
dropper assumptions, SQKD follows the same model as QKD,
assuming an adversary bounded only by the laws of physics
(computationally unbounded, capable of arbitrary quantum
operations on the channel).[?>?’! Collectively, these security
characteristics position SQKD as a promising bridge between
classical and quantum cryptography, retaining unconditional
security while addressing practical deployment challenges.
The framework of SQKD was extended to two-party
quantum dialogue®*'34 by Shukla et al. in 2017,% which
is naturally called semi-quantum dialogue (SQD). Subsequent
research on SQD sought to refine the existing fully quantum
dialogue protocols by reducing the user’s quantum capacity
while maintaining security guarantees. Liu et al. designed a
single-photon-based SQD architecture that removed the need
for entanglement and complex quantum measurements. 6]
Pan et al. strengthened protocol robustness by employing
Bell state encoding and qubit reordering to counter intercept-
resend and entanglement-measurement attacks without in-
creasing user-side quantum requirements.3”! Within the two-
party setting, SQD protocols ensure bidirectional informa-
tion exchange through techniques such as channel-checking
states, encoding on single-photon or entangled carriers, and
error monitoring. However, additional optimizations, includ-
ing throughput improvements based on Grover’s algorithm-
style quantum encoding!*®3° and single-photon implemen-

tations tailored for classically limited devices, %! further en-
hance communication efficiency and practical deployability.
Building on these foundational developments, researchers
extended semi-quantum dialogue beyond the traditional two-
user setting to enable cooperative communication among
multiple parties. Early work includes the three-step semi-
quantum secure direct communication protocol introduced
by Zou et al,'*" followed by multi-party SQD schemes
and GHZ-based variants that exploit multipartite entangle-

[41,42

ment to support larger groups of users. | The functional-

ity of SQD was further broadened through mechanisms such

1.115-17

as hypergraph-based access contro I supervisory con-

(431 and authenticated semi-quantum key distri-

trol models,
bution protocols,**! which together enhanced both flexibil-
ity and security in practical use. However, these existing de-
signs still suffer from inherent constraints, like limited com-
munication capacity, insufficient support for coordinated in-
teractions among multiple users, and susceptibility to partic-
ipant impersonation, underscoring the need for a more pow-
erful framework. These issues naturally lead to the study of
three-party semi-quantum dialogue (3P-SQD), where preserv-
ing multipartite GHZ correlations over noisy channels and or-
chestrating joint security checks among semi-quantum users
pose additional challenges. The protocol of Zhou et al.,!*!
along with later improvements targeting higher transmission
efficiency and stronger identity authentication,*3! constitutes
an initial attempt to cope with these challenges. Yet, in the 3P-
SQD setting, several practical requirements are still not fully
satisfied: (i) enhancing the information rate per entangled state
to ensure protocol efficiency in real-world networks; and (ii)
enabling fine-grained and adaptable access control so that only
designated subsets of participants can reconstruct shared se-
crets, while others are denied access.

The present study tries to meet these requirements by in-
troducing a new 3P-SQD protocol that integrates GHZ state
correlation, Grover’s-algorithm-inspired 2-bit encoding to en-
hance throughput, and hypergraph-based access structures to
Two parties, Bob and Char-
lie, operate strictly in a semi-quantum manner, while the

enable flexible authorization.

fully quantum user Alice is responsible for generating entan-
glement, performing measurements, and conducting security
checks. The protocol provides higher efficiency and controlled
information recovery ability restricted to authorized subsets of
participants.

The remainder of this paper is organized as follows. In
Section 2 we introduce the theoretical background, participant
capabilities, quantum resources, and the hypergraph-based ac-
cess model used in our setting. In Section 3 we detail the pro-
posed three-party semi-quantum dialogue protocol and give
an example to illustrate it. In Section 4 we present the pseu-
docode representation of the protocol. In Section 5 we analyze

070306-2
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the correctness of the protocol. In Section 6 we analyze the
security from four aspects. In Section 7 we evaluate the com-
plexity and efficiency of our protocol. Finally, we conclude the
work and outline directions for future research in Section 8.

2. Preliminaries
2.1. Participants and semi-quantum roles

The proposed protocol involves three parties with hetero-
geneous quantum capabilities under the semi-quantum com-
munication model. Firstly, Alice is a fully quantum-capable
participant. She can prepare multipartite entangled states, in-
cluding GHZ states and ancillary Grover registers, perform
measurements in multiple bases (e.g., Z and X bases), and im-
plement single- and two-qubit quantum gates. Alice is also
responsible for inserting and detecting probe states.

We notice that some literature refers to the single-qubit
states adopted in channel security detection as decoy states[*?!
or decoy photons.* To avoid confusion with the concept of

“decoy states” in decoy-state QKD,[#0—8]

we adopt the term
“probe states” in this paper, which denote additional single-
qubit detection states inserted into transmission sequences ex-
clusively for channel eavesdropping detection.

Secondly, Bob and Charlie are semi-quantum participants
equipped with limited quantum functionality. Their operations
are restricted to measuring incoming qubits in the computa-
tional (Z) basis, reflecting qubits without disturbance, and re-
sending qubit sequences. This constrained operational model,
as introduced in semi-quantum communication,?2! substan-
tially reduces implementation complexity while preserving the
quantum correlations required for secure interactive communi-
cation.

Finally, two types of communication channels are as-
sumed. Quantum channels are used to transmit GHZ triplets,
probe states, and Grover-encoded ancillary qubits. For the cor-
rectness and security analysis developed in this work, these
channels are modeled as ideal noiseless channels. In practical
implementations, however, channel attenuation, decoherence,
detector dark counts, and imperfect optical alignment will in-
troduce additional losses and errors. These implementation-
related issues do not change the logical structure of the pro-
tocol, but they affect the achievable transmission distance,
the effective detection probability, and the tolerable error
threshold. An authenticated classical channel is employed
for publishing measurement outcomes, parity information, and
Grover decoding-related announcements, which prevents im-
personation attacks and ensures the integrity of public com-
munications.

2.2. Encoding and security resources

The quantum resources required in the protocol include:

(1) Grover registers To enhance information density, for
the i-th GHZ state, Alice locally prepares a 2-qubit register in
a uniform state

81 = 5100} + [01) +10) +11)) m

corresponding to the 2-bit message wa; € {00,01,10,11}.
The target state |wa ;) for Grover iteration is one of the four
computational basis states |wa;) € {|00),|01),|10),|11)}.
Grover iterations amplify the amplitude of the target state
starting from the superposition |S;), enabling deterministic de-
coding by authorized participants. 38

(2) Grover iteration and amplification process The
Grover iteration consists of two unitary operators U, , =
I —2|wa i) {wa,| and Us, = 2|5;)(S;| —I. The oracle U, , flips
the phase of the target state, and Us, performs reflection about
the mean amplitude. For a 2-qubit space, one Grover iteration
is sufficient to amplify the amplitude of the target basis state
to unity. For instance, if w; = 10, the oracle operation yields

—|x), x=10,
|x),  x#10,
resulting in the amplitude of |10) becoming —0.5 while oth-

ers remain 0.5. The diffusion operator Ug = 2|S)(S| — I then
reflects the state about the mean amplitude, raising the ampli-

Ui |x) = @

tude of |10) to approximately 1. Consequently, after a single
iteration, the output state is |w;), ensuring that Alice can de-
terministically encode each 2-bit message into the amplified
state. The gate realization of the composite operator Us, Uy, ,
is presented in Fig. 1.

la1) @ @ ’J_‘

[g2) @ @ 4]

EIRE
ENE

Fig. 1. Gate-level realization of the compositive operator Us,Ug, ; used in
the Grover amplification stage. For the 2-qubit register, this circuit imple-
ments Ug, = 2|S;)(Si| — 1 (up to a global phase), reflecting the current state
about the mean amplitude of the uniform superposition. Combined with

the oracle Uy, ;, it completes one Grover iteration and deterministically

amplifies the target basis state |wa ;).

(3) Probe states In addition to the GHZ states for en-
coding, probe states are used only for channel-disturbance de-
tection and are not used for message encoding. In the first
checking round, Alice randomly prepares probe states selected
from two mutually unbiased bases {|0),|1)} and {|+),|—)},
and inserts them into the traveling sequences sent to Bob and
Charlie.
constrained by the semi-quantum model, randomly prepare

In the second checking round, Bob and Charlie,

fresh probe states only from the computational basis {|0), |1)}.
These second-round probe states are inserted into the returned
sequences to check the integrity of the backward channels.

2.3. Hypergraph-based access structures

In classical secret sharing, an access structure defines
which subsets of participants are authorized to reconstruct the
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secret and which are not. Traditional access structures are typ-
ically represented by simple sets of authorized groups. How-
ever, as the number of participants and the relationships among
them grow, simple pairwise or threshold structures become in-
sufficient to describe complex multi-party authorization. To
address this, the concept of a hypergraph is introduced, where
each participant is represented as a vertex, and each hyper-
edge corresponds to an authorized subset of participants that
can jointly reconstruct a secret.[1316]

A hypergraph-based access structure (HBAS) in quan-
tum communication generalizes classical secret sharing by
mapping each quantum secret or message to one or more
hyperedges instead of a single subset. This model enables
flexible, hierarchical, and overlapping authorization relation-
ships among multiple participants, making it suitable for quan-
tum network environments involving multiple semi-quantum
users. For example, in a three-party scenario with partic-
ipants {A,B,C}, possible hyperedges may include {A,B},
{A,C}, and {A,B,C}, representing different authorized coali-
tions. Each hyperedge defines an independent access rule for
reconstructing a particular secret.

In this protocol, we adopt the HBAS framework!'”! to
manage access control for each 2-bit message encoded by the
fully quantum participant (Alice). Each message corresponds
to a specific hyperedge that determines which semi-quantum
participants are required for its recovery. Only members of the
corresponding hyperedge can combine their classical measure-
ment results with Alice’s public announcements to recover the
message, while any unauthorized subsets, even if they collude,
This
property provides both confidentiality and fine-grained access

cannot obtain complete information about the secret.

control in the semi-quantum setting.

2.4. Hypergraph-based access control

Following the HBAS framework, each encoded secret or
2-bit message in the proposed protocol is assigned to one au-
For the three-
party case, the set of possible authorized coalitions is

H={{A,B},{A,C},{A,B,C}}. 3)

thorized subset of participants (hyperedge).

Each H; € H defines which subset can reconstruct the mes-
sage. The access control operates as follows:

(1) Authorized access Participants belonging to a hyper-
edge H ; can jointly reconstruct the secret or 2-bit message by
combining their classical shares and Alice’s public announce-
ments. For example, if #; = {A,B}, only Alice and Bob to-
gether can recover the message.

(2) Unauthorized restrictions Any subset U/ ¢ H lacks
sufficient information to determine the secret, as missing clas-
sical shares or Grover-encoded data renders reconstruction im-
possible. For instance, Bob or Charlie alone cannot deduce the
message without Alice’s measurement outcomes.

(3) Flexible control HBAS provides hierarchical flexi-
bility, allowing the protocol designer to assign different hy-
peredges to different messages. Thus, one message may re-
quire cooperation between Alice and Bob, while another may
require all three participants, reflecting distinct authorization
levels.

(4) Integration with semi-quantum dialogue The
HBAS mechanism naturally integrates with the GHZ-based
semi-quantum dialogue and enforces access control with-
out increasing the quantum capability requirements for semi-
quantum users, since authorization is achieved purely through
classical correlations and the structure of hyperedges. Fig-
ure 2 illustrates the hypergraph-based access structure for the
three-party semi-quantum dialogue. In this figure, each node
denotes a participant in the protocol, while each ellipse rep-
resents an authorized hyperedge associated with a specific se-
cret message. The symbols w;, w;, and wy denote different
2-bit messages encoded by the fully quantum participant, each
of which is assigned to a particular hyperedge. The hyper-
edge labeled {A,B,C} corresponds to full cooperation among
all three parties, whereas the hyperedges {A,B} and {A,C}
represent partial authorized coalitions. Only participants be-
longing to the same hyperedge can jointly reconstruct the cor-
responding message, while any unauthorized subset is unable
to recover the secret.

Fig. 2. Hypergraph-based access structure for the three-party semi-
quantum dialogue.

In the present three-party setting, the adopted HBAS is
not introduced to increase the quantum capability require-
ments, but to provide an authorization model that cannot be ex-
pressed conveniently by simpler threshold-type rules. For ex-
ample, the authorized family H = {{A,B},{A,C},{A,B,C}}
allows Alice to collaborate either with Bob or with Charlie,
while excluding Bob—Charlie-only recovery. Such overlap-
ping but non-symmetric coalitions are difficult to represent by
a single threshold policy. A 2-out-of-3 threshold rule would
also authorize {B,C}, which is not desired here. Likewise,
tree-based access structures are more suitable for hierarchical
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authorization, but are less natural for the present overlapping-
coalition setting. Therefore, HBAS provides a more direct
and flexible representation of the intended access policy in this
protocol.

2.5. Security considerations

Before protocol execution, the following security as-
sumptions and considerations are made:

(1) Quantum channel security The GHZ states provide
the multipartite correlations required for dialogue and message
recovery, while the probe states serve as independent check-
ing states for the traveling sequences. Because the protocol
involves two-way transmission between Alice and the semi-
quantum participants, explicit probe checking is used to detect
eavesdropping and channel disturbance. If the observed error
rate exceeds the preset threshold, the protocol is aborted.

(2) Semi-quantum participant compliance Semi-
quantum participants (Bob and Charlie) are assumed to follow
the prescribed operations faithfully, namely, prepare a state in
the computational basis, measure in the computational basis
and resend, and reflect, hereafter abbreviated as M/R opera-
tions. Any deviation, whether intentional or caused by device
imperfections, can be detected by Alice through the consis-
tency of the GHZ correlations.

(3) Classical channel authentication All classical chan-
nels used for publishing measurement outcomes, parity infor-
mation, or Grover decoding hints are authenticated. This pre-
vents impersonation attacks and ensures integrity of the an-
nounced data.

(4) Probe state checking Randomly interleaved probe
states are used to test whether the traveling sequences have
been disturbed during transmission. In the first checking
round, Alice prepares probe states selected from the set
{]0),|1),]4+),]—)}. In the second checking round, Bob and
Charlie prepare probe states from the Z basis {|0),|1)}, which
is consistent with their semi-quantum capability restrictions
and is used to check the backward channels after message en-
coding.

3. Protocol description
3.1. Phase I: Preparation and first probe detection

In the first phase, the participants accomplish the prepara-
tion of GHZ states, particle distribution, and security detection
of forward channels. The details are as follows:

(1) GHZ state preparation Alice prepares N GHZ states
and partitions the qubits into three ordered sequences Sp =
[Pi(A),P2(A),....Py(A)], Sg = [P1(B),P2(B),...,Py(B)] and
Sc=[Pi(C),P(C),..., Py(C)], where P,(A), P,(B), and P,(C)
denote the first, second, and third qubits of the ith GHZ state,
respectively.

(2) First-round probe states insertion To check the for-
ward quantum channels, Alice randomly prepares 2n; probe
states selected from {|0),|1),|+),|—)}. She inserts n; probe
states into Sg and another n; into Sc, and records their po-
sitions, preparation bases, and initial states. For simplicity
and for comparison with existing GHZ-based three-party SQD
protocols, we take n; = N in this work.

(3) Transmission and semi-quantum operations on
first-round probes Alice sends the probe-interleaved se-
quences to Bob and Charlie. After Bob and Charlie confirm
receipt, Alice announces the positions of the probe states. Bob
and Charlie perform one of the following semi-quantum op-
erations on the received probe states: (a) Reflect: reflect the
qubit back to Alice without disturbance; or (b) Measure and
resend: measure the qubit in the computational (Z) basis and
resend the corresponding Z-basis state. After Alice receives
the returned probe states, Bob and Charlie announce their cho-
sen operations.

(4) First probe-state checking After receiving the re-
turned probe states, Alice checks them according to their
preparation bases and the operations announced by Bob and
Charlie. For a reflected probe state, Alice measures it in the
same basis as the preparation basis and compares the result
with the initial state. For a measure-and-resend probe state,
Alice measures the returned qubit in the Z basis and compares
her outcome with the measurement result announced by the
corresponding semi-quantum participant. Alice then computes

Number of inconsistent first-round probe outcomes

G

& =
! Total number of checked first-round probe states
If & > &y, the protocol is aborted. Otherwise, the protocol

proceeds to the message-encoding phase.

3.2. Phase II: Semi-quantum message encoding and sec-
ond probe detection

In the second phase, the semi-quantum participants com-
plete information encoding, and all participants jointly con-
duct security detection of the backward channels. The details
are as follows:

(1) Semi-quantum message encoding After passing the
first probe check, Bob and Charlie encode the secret bits mp ;
and mc; on the positions of P;(B) and P;(C), respectively. The
encoding operation follows the corresponding relationship be-
low:

0 — Reflect (R), 1 — Measure—Flip-Resend (M-flip). (5)

Specifically, to encode bit 1, the participant measures the qubit
in the computational (Z) basis, obtains r € {0, 1}, flips the re-
sult, and resends the opposite computational-basis state; to en-
code bit 0, the qubit is simply reflected. The local measure-
ment outcomes are recorded for later message recovery.
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(2) Second-round probe state insertion To detect eaves-
dropping on the backward quantum channels, Bob and Char-
lie each randomly prepare n; fresh probe states selected from
the computational basis {|0),|1) }. They randomly insert these
probe states into Sg and Sc and record the corresponding probe
positions and initial states. The resulting sequences are de-
noted by Sy and Sg, respectively. Bob and Charlie send Sg
and Si back to Alice. For simplicity, we take ny = N in this
work.

(3) Second probe-state checking After Alice confirms
that she has received Sia and S, Bob and Charlie announce the
positions and initial states of their second-round probe states.
Alice measures these probe states in the computational basis
and compares her measurement outcomes with the announced

initial states. She then computes

Number of inconsistent second-round probe outcomes
Total number of checked second-round probe states

(6)

& =

If & > &y, the protocol is aborted. Otherwise, Alice removes
the second-round probe states and accepts the remaining car-
rier states for the subsequent recovery stage.

(4) Message correlation assurance Due to the intrinsic
GHZ correlations, Alice can infer Bob and Charlie’s encoded
bits from her measurements, even though Bob and Charlie per-

form only limited semi-quantum operations.

3.3. Phase III: Grover-state encoding with hypergraph-
controlled masking

After the second probe detection is successfully passed,
Alice proceeds to encode her own 2-bit message in a quantum
form using a Grover register, while the GHZ correlations are
exploited to enforce hypergraph-based access control.

(1) GHZ measurement and correlation extraction Al-
ice measures her GHZ qubit in the computational basis and
records the triplet (ra ;, 78 i,7c,i) € {0,1}3, where g ; and rc;
are inferred from the returned sequences and GHZ correla-
tions.

(2) Grover state preparation Alice selects a 2-bit mes-
sage wa; € {00,01,10,11}, prepares a 2-qubit Grover reg-
ister |S;) in Eq. (1), applies one Grover iteration and ob-
tains |y;) = Us,Uy,,[Si) = |wa,), where |wa;) is one of
{]00),]01),]10),|11)} corresponding to Alice’s 2-bit message.

(3) Hypergraph-controlled masking operation Let
H; C {A,B,C} denote the authorized hyperedge for the i-
th round. Alice applies a controlled phase operation Uy;; =
A (rB’i’rC’i)7 on the Grover register, where Z is the Pauli-Z

operator acting on the Grover register. The control function

J, is defined as

B.is H;={A,B},
Jau,(reirei) = 4 rei, H; ={A,C}, 7)
rei®rci, Hj={A,B,C}.

This operation masks the Grover state in a manner that can
only be inverted by members of the authorized hyperedge.

(4) Public announcement Alice publicly announces the
GHZ type used in the i-th round, the hyperedge label #; and
the Grover decoding rule (i.e., the functional form of ff;.[j), but
does not reveal the values of rg ; or rc ;.

3.4. Phase IV: Local message recovery

In the final phase, the three participants recover the secret
information sent by others based on the hypergraph structure
and their respective authorities. The specific details are as fol-
lows:

(1) Recovery by authorized semi-quantum partici-
pants Consider an authorized participant U € H ;. Using their
locally obtained measurement outcome (e.g., rg,; for Bob or
rc,; for Charlie), participant U evaluates the control function
Ve (rB,i,rc,i) and applies the corresponding inverse phase cor-
rection to the Grover register. The participant then measures
the Grover register in the computational basis and determinis-
tically obtains wa ;. This recovery is entirely local and does
not require assistance from unauthorized parties.

(2) Failure of unauthorized participants Any partici-
pant U ¢ H ; lacks sufficient classical information to determine
ij(rB,,-, rc,i). As aresult, the reduced density matrix of the
Grover register from their perspective is

1
pu =3 (Iwaidwasl +Zlwai)wailZ), ®)

which yields a uniform outcome distribution over the com-
putational basis. Hence, the message wp; is information-
theoretically unrecoverable by any unauthorized subset.

(3) Recovery of semi-quantum messages by Alice Us-
ing her own measurement outcome rp ; and the GHZ corre-
lations, Alice deterministically infers the classical messages
mpg; and mc ; encoded by Bob and Charlie via the M/R opera-

tions.

3.5. Illustrative example

To illustrate the protocol workflow, consider two consec-
utive GHZ rounds, both using the standard tripartite entangled
state

1
V2
shared among Alice (A), Bob (B), and Charlie (C). The first
round corresponds to a full-access hyperedge H; = {A,B,C},

IGHZ) = —(]000) +|111)), ©)

while the second round involves a restricted hyperedge H, =
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{A,B}, meaning only Alice and Bob are authorized to recover
the secret message in that round. We illustrate the SQD pro-
cess in the following four steps.

Step 1: GHZ state preparation and first probe de-
tection Alice prepares the GHZ state in Eq. (9) and in-
terleaves first-round probe states randomly chosen from
{]0),|1),]4),|]—)} into Sp and Sc before transmission. Bob
and Charlie each perform random M or R operations on the
sampled probe states and return the sequences. For the re-
flected probe states, Alice measures them in their preparation
bases; for the measure-and-resend probe states, Alice mea-
sures them in the Z basis and compares her outcomes with
Bob’s or Charlie’s announced measurement results. Alice then
computes the first-stage error rate ;.

Step 2: Semi-quantum message encoding by Bob and
Charlie Bob encodes mp; = 1 using the M-flip operation,
i.e., he measures the received qubit in the Z basis, obtains
outcome rg, flips it (0 <> 1), and resends the qubit. Char-
lie encodes mc,;; = 0 by performing the reflection (R) oper-
ation without measurement. After the message encoding op-
eration, Bob and Charlie each randomly prepare second-round
probe states from the computational basis {|0),|1)} and in-
sert them into their returned sequences. Alice performs oper-
ations of second probe-state checking, which are described in
the phase II. She computes the second-stage error rate &. If
& < &, the returned carrier qubits are accepted for the subse-
quent Grover-state encoding and message-recovery stage; oth-
erwise, the communication is aborted.

Step 3: Grover encoding and message recovery un-
der full access Alice encodes her 2-bit message wa ;1 = 10
by applying one Grover iteration |y;) = Us, U, ,|S1) with
IS1) = (|00)+]01)+|10)+|11))/2. Suppose Alice’s measure-
ment result on the GHZ state is (ra.1,78,1,7c,1) = (0,1,0). The
parity and key are computed as

Pi=rpa1®rB1®rc) =1,
Ky = (ra1,m81®rc1) = (0,1). (10)

Alice publishes C1 = wa 1 ®K; = 10901 = 11. Since H1 =
{A,B,C}, all three participants can jointly reconstruct wa | =
10.

Step 4: Restricted hyperedge and selective access In
the next step, the authorized subset is Hy = {A,B}, while
Charlie is excluded from message recovery. Alice again pre-
pares the GHZ state in Eq. (9), inserts probe states, and ver-
ifies &1 < &;,. Bob encodes mp > = 0 by reflecting the qubit
(R), whereas Charlie performs normal reflection without be-
ing authorized to recover the message. Alice’s 2-bit message
for this step is wa » = 01. Assume Alice’s measurement result
is (ra2,rs2,7c2) = (1,1,1); she computes

Po=rar2®rgr®rco =1,
K> = (rap,re2®rc2) = (1,0), (11)

and publishes C; =wa » ®K> =01@ 10 = 11. Only Alice and
Bob can jointly compute

war2 =G oK, =113910=01, (12)

whereas Charlie alone cannot recover wa > due to insufficient
classical information.

For concreteness, Tables 1 and 2 are presented to enumer-
ate all message-recovery cases under the three authorized hy-
peredges {A,B}, {A,C}, and {A,B,C}, respectively, for the
initial state (|000) +|111))/+/2. For the hyperedges {A,B}
and {A,C}, the number of cases is 4 x 2 = 8, since Alice con-
tributes a 2-bit message and only one semi-quantum partici-
pant is involved in the authorized recovery. For the hyperedge
{A,B,C}, the number of cases is 4 x 2 X 2 = 16, since both
Bob and Charlie participate in the authorized recovery.

Table 1. Complete recovery cases for the authorized hyperedge {A,B}

and {A,C} under initial state |¥)apc = %(\OOO) + |111)) ABc, where
ARR is abbreviation of authorized recovery result.

Case WA mB; mMc; ARR Case WA MB,; Mc, ARR
1 00 0 - {AB}>00 1 00 - 0 {AC}—>00
2 00 1 - {AB}—=00 2 00 - 1 {AC}—=00
3 00 0 - {AB}—=01 3 01 - 0 {AC}—0l
4 01 1 - {AB}—=01 4 01 - 1 {AC}—o0l
5 10 0 - {AB}—=10 5 10 - 0 {AC}—10
6 10 1 - {AB}—=10 6 10 - 1 {AC}—10
7 11 0 - {AB}—=11 7 11 - 0 {AC =11
8 11 1 - {AB}—11 8 1 - 1 {AC}—11

Table 2. Complete recovery cases for the authorized hyperedge {A,B,C}
under the initial state |¥)apc = %(|OOO) +|111))aBc, where ARR is
abbreviation of authorized recovery result.

Case wa; mp; mc,; ARR Case wa; mg; mc.; ARR
1 00 0 0 {AB,C}—00 9 10 0 0 {AB,C}—10
2 00 0 1 {ABC}—00 10 10 0 1 {A,B,C}—10
3 00 1 0 {ABC}—00 11 10 1 0 {AB,C}—10
4 00 1 1 {A,B,C}—00 12 10 1 1 {A,B,C}—10
5 00 0 0 {ABC}—01 13 11 0 0 {AB,C}—11
6 01 0 1 {ABC}—01 14 11 0 1 {AB,C}—11
7 0 1 0 {ABC}—=01 15 11 1 0 {AB,C}—11
8 01 1 1 {A,B,C}—>01 16 11 1 1 {A,B,C} >11

4. Algorithm: Pseudocode representation

Algorithm 1 Three-party semi-quantum dialogue with
Grover’s algorithm based encoding.

Input: Alice’s messages {wA,i}ﬁvzl (each wp ; is a 2-bit mes-
sage encoded via Grover iteration), Bob’s messages {mBJ-}f.V: 15
Charlie’s messages {mc ;}Y ;.
Output: Recovered messages at all parties.
1: fori=1toN do
2: Alice prepares |GHZ,;), inserts first-round probe states
randomly chosen from {|0),|1),|+),|—)} into Sg and Sc,
and sends the sequences to Bob and Charlie
3: Bob/Charlie perform Reflect or Measure-and-Resend
operations on the first-round probe states
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Algorithm 1 Continued.

4:  Alice checks reflected probes in their preparation bases
and Measure-and-Resend probes in the Z basis, calculates
€1, and terminates if & > &y,

5: Bob/Charlie encode their classical message bits on
the remaining carrier qubits, insert second-round fresh Z-
basis probe states chosen from {|0),|1)}, and return the
updated sequences to Alice

6: After Alice confirms receipt, Bob/Charlie announce
the positions and initial states of the second-round probe
states; Alice measures them in the Z basis, calculates &,
and terminates if & > gy

7: Alice applies the Grover iteration |y;) = Us,Uy,, ,|Si)
on her 2-qubit register, where wp ; denotes her 2-bit mes-
sage (bil 7bi2)

8: Alice measures the GHZ qubits, computes the par-
ity P, constructs the key K;, and publishes C; = wa ; ® K;
together with P, and the GHZ type

9: Alice recovers mp ; and mc ;; Bob/Charlie recover wa ;
from the Grover-encoded state and the published informa-
tion

10: end for

5. Correctness analysis

The correctness of the protocol ensures that all legitimate
parties can recover each other’s messages with probability 1 in
the absence of eavesdropping or channel noise.

5.1. GHZ correlation consistency

For each round, Alice prepares one of the eight standard
tripartite GHZ basis states, which can be labeled by a three-bit
string (x,y,z) € {0,1}> as

1
V2
where x=x®1,y=y® 1 and 7 = z® 1. The three-bit string
(x,y,2) corresponds to |GHZ, ) and (%,5,Z) to |GHZ,,).

When Alice, Bob and Charlie measure their respective

IGHZ,,) = —= (|xvz) £157%)), (13)

qubits on the computational basis, the measurement outcome
(ra,i,rs,i rci) € {0, 1}3 must be one of the two classical bit
strings (x,y,z) or (X,¥,2), as determined by the intrinsic corre-
lations of the GHZ state.

Importantly, for both possible outcomes, the following
correlation identities hold:

1B,i®Brci=y>dz, (14)
rAiDrgiDrc; =xDydz. (15)

These relations depend only on the GHZ label (x,y,z) and are
independent of which computational basis component is ob-
tained in the measurement.

As a result, Alice can deterministically infer the com-
bined parity information of Bob and Charlie using the publicly
known GHZ label. This enables the construction of the round
key K; = (ra, r,i ®rc,), which is uniquely determined by
the GHZ correlations and the local measurement outcomes.

Consequently, the parity consistency and key construc-
tion in each round are guaranteed by the structure of the GHZ
basis itself, without requiring any additional hidden variables
or collapse indicators.

5.2. Grover encoding determinism

For a two-qubit register, a single Grover iteration satis-
fies |y;) = Us;Uy,,|Si) = [wai), so Alice’s two-bit symbol
is encoded determihistically in each round. As shown in the
preliminary analysis in Subsection 2.2, a single iteration in a
two-qubit system amplifies the target amplitude to 1, yielding
the deterministic output state |y;) = |w;). This ensures that
Alice’s Grover-encoded two-bit message can be recovered by
authorized participants with high probability while preserving
perfect distinguishability among the four message states.

5.3. Semi-quantum message recovery

Bob and Charlie recover Alice’s 2-bit message using w; =
CidKi=CiD(ra,, rsi®rc;). Given their own measure-
ment outcomes (rg;,rc,), Bob and Charlie can reconstruct
K; = (ra,, B, ®rc,;) and thus compute w; deterministically.
The GHZ correlations ensure that these values are consistent
across all parties.

5.4. Hypergraph access control correctness

For a secret associated with an authorized subset H ;, re-
covery requires

H; C {parties combining their classical shares}.  (16)

Only an authorized subset H (i.e., a set that contains all mem-
bers required by the access structure) can reconstruct the se-
cret. Any subset { that does not contain H; (equivalently
‘H;j € U) cannot recover the key, i.e., H ; £ U implies KY #K;,

and thus w; remains unrecoverable by U, i.e., Kl“ # K; implies

U

w{ is indeterminate.

6. Security analysis
6.1. Information-theoretic security

An external eavesdropper Eve only observes the pub-
lic announcement (C;,P,,GHZ type). Without access to
(rai,7B.i»¥C,i), the 2-bit message w; is perfectly masked by the
one-time pad K;; therefore, we have H (w; | C;) = H(w;), where
H is the Shannon entropy, implying information-theoretic se-
curity. This means that knowing the ciphertext C; provides no
information about the secret w;, i.e., the eavesdropper’s uncer-

tainty about w; remains maximal.

6.2. Intercept-resend attack

For the first checking round, the probe states are randomly
chosen from {|0),|1),|4),|—)}. If Eve measures and resends
a probe state in a randomly chosen basis, then any basis mis-
match may disturb the returned state and can be detected by
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Alice.
sures the returned qubit in the original preparation basis, so

In particular, for reflected probe states, Alice mea-

an intercept-measure-resend operation in the wrong basis in-
troduces a nonzero error probability. For measure-and-resend
probe states, Alice checks the consistency between her Z-
basis measurement outcome and the semi-quantum user’s an-
nounced Z-basis result. Therefore, as the number of checked
probes increases, the probability that Eve remains undetected
decreases exponentially.

For the second checking round, the probe states are
restricted to {|0),|1)}, because Bob and Charlie are semi-
quantum users. This round mainly checks the integrity of the
backward channels against replacement, tampering, and bit-
flip disturbances on the returned sequences.

6.3. Entanglement-measurement attack

The entanglement-measurement attack in this paper can
be analyzed by adopting the method in Ref. [45]. We assume
that an eavesdropper Eve employs the same entanglement at-
tack strategy in both the forward and backward channels. Eve
entangles her auxiliary qubits with the transmitted quantum
states, and intends to steal secret information by measuring her
own auxiliary qubits without being detected by the eavesdrop-
ping check. According to Ref. [45], if Eve attempts to evade
the two rounds of eavesdropping detection and obtain confi-
dential information, her entangling operation will inevitably
cause measurement deviations of Alice in the X basis or the
Z basis. Such deviations can be counted and identified dur-
ing the two eavesdropping detection processes. Therefore,
the proposed scheme can effectively resist the entanglement-
measurement attack.

6.4. Impersonation attack

Eve, attempting to impersonate Bob or Charlie, cannot
generate the correct classical shares without knowledge of the
GHZ initial states and local measurement results. Hypergraph
access control further restricts secret reconstruction to autho-
rized subsets only.

Overall, the proposed protocol simultaneously achieves
confidentiality, integrity, authentication, and effective eaves-
dropping detection. Alice’s 2-bit messages are perfectly pro-
tected by the one-time pad key K;, ensuring information-
theoretic confidentiality. Any attempt by an external eaves-
dropper or a dishonest participant to modify or inject quan-
tum states is detected with high probability through the two
rounds of probe state checking verification. Moreover, the
intrinsic correlations of the GHZ states, together with the
hypergraph-based access structure, prevent impersonation at-
tacks and unauthorized message recovery. Consequently, the
protocol provides a comprehensive level of security against
standard quantum attacks in the semi-quantum setting.

7. Complexity and efficiency

This section evaluates the proposed three-party semi-
quantum dialogue protocol from three aspects: information
throughput, quantum-operation cost, and probe-state over-
head. Finally, we compare our protocol with some recent
three-party semi-quantum protocols.

7.1. Information throughput

In each effective GHZ round, Alice encodes a 2-bit mes-
sage wa ; € {00,01,10,11} through the Grover-based register,
while Bob and Charlie each contribute one classical bit, de-
noted by mg; € {0,1} and mc; € {0,1}, respectively. Hence,
the total amount of information associated with one GHZ
group is Tguz = 2+ 1+ 1 = 4 bits. Accordingly, for N GHZ
groups, the cumulative throughput is Tio, = 4N bits.

For comparison, in the three-party semi-quantum dia-

1.,145] the quantum participant con-

logue protocol of Zhou et a
tributes one bit per GHZ round, and each semi-quantum par-
ticipant also contributes one bit, so the total throughput is 3N
bits for N GHZ rounds. In the present protocol, the Grover-
based encoding increases Alice’s contribution from one bit to
two bits, while the contributions of Bob and Charlie remain
unchanged. As a result, the total throughput increases from
3N to 4N bits, giving a relative gain of

4N —-3N 1
Ngain = T = g =~ 33.3%. (17)

7.2. Quantum operation cost

The additional quantum cost introduced in the present
scheme mainly arises from Alice’s Grover-based encoding
procedure. Since the Grover register contains two qubits, the
search space consists of four computational basis states. In this
case, a single Grover iteration is sufficient to drive the register
to the target basis state corresponding to Alice’s 2-bit message.
Therefore, the encoding cost on Alice’s side remains constant
per round and can be written as O(,/[S]) = 0(2) = O(1),
where |S| = 22 = 4 is the size of the search space.

By contrast, Bob and Charlie still perform only the stan-
dard semi-quantum operations, namely, measurement in the
Z basis, resend, and reflection. Thus, their operational cost re-
mains constant for each traveling qubit, namely, Oger; = O(1).

7.3. Probe-state overhead

Let n; denote the number of first-round probe states in-
serted into each forward traveling sequence, and n; denote
the number of second-round probe states inserted into each
returned sequence. In the first checking round, Alice pre-
pares n; probe states for the Alice-Bob channel and n; probe
states for the Alice—Charlie channel, where the probe states
are randomly chosen from {|0),|1),]+),|—)}. In the second
checking round, Bob and Charlie each prepare n, fresh Z-
basis probe states from {]0),|1)}. Thus, the total number of
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probe states is Npope = 211 + 2n2. For simplicity, we take
ny =ny = N, and hence Nyrope = 4N.

7.4. HBAS complexity and structural overhead

Besides improving authorization flexibility, the use of
HBAS introduces an additional structural overhead that should
be discussed explicitly. In the present three-party protocol,
however, this overhead remains modest.

First, the HBAS mechanism does not add any extra quan-
tum operations for the semi-quantum users. Bob and Char-
lie still perform only computational basis measurement, re-
flection, and sequence resending. The hypergraph policy af-
fects only Alice’s classical selection of the authorized hyper-
edge H; and the corresponding masking rule ij(eri, rc,i) €
{r.j, rci, rB.i P rc,i}, which requires only a constant-size clas-
sical computation in the three-party case.

Second, the additional communication overhead caused
by HBAS is also limited in the present setting. For each round,
Alice only needs to publish the label of the selected hyperedge
together with the corresponding decoding rule. Since the num-
ber of admissible hyperedges is || = 3, this policy overhead
is O(1) per round and is negligible compared with the quan-
tum transmission cost.

Third, from a structural viewpoint, the complexity of
HBAS grows with the number of authorized hyperedges. For
a general n-party extension, if the access family contains |H|
authorized hyperedges, then the policy-description cost scales
as O(|H]), and the classical coordination cost for a round is re-
lated to the size of the selected authorized subset. Therefore,

HBAS provides higher expressiveness at the price of increased
policy-management complexity when the access structure be-
comes large.

Nevertheless, this tradeoff is justified in the present pro-
tocol. A simple threshold structure cannot represent the autho-
rization family {{A,B},{A,C},{A,B,C}} without also al-
lowing undesired subsets such as {B,C}. Tree-based struc-
tures are better suited to strictly hierarchical authorization,
but are less natural for overlapping coalitions. By con-
trast, HBAS directly captures fine-grained, overlapping, and
message-dependent authorization requirements.

If one only needs a symmetric policy such as ¢-out-of-
n recovery, a threshold-based access structure would indeed
be lighter-weight. However, for the present selective-recovery
setting, HBAS achieves finer control without increasing the
quantum workload of the semi-quantum participants. De-
signing compressed or hybrid access-control models that pre-
serve this flexibility while reducing policy-management cost
for larger networks is an interesting direction for future work.

7.5. Comparison with recent three-party semi-quantum
protocols

To position the proposed protocol more clearly with re-
spect to recent related works, we compare it with representa-
tive three-party semi-quantum schemes that are closest to the
present setting. Since the efficiency definitions used in the lit-
erature are not fully uniform, the table below focuses on struc-
tural and operational features, while the detailed efficiency and
payload discussion is given in the text after the table.

Table 3. Comparison with representative recent three-party semi-quantum protocols.

Channel Checking Fine-grained K
Protocol . dfme Pattern SQ-user operations Check ecking Fine-graine &
utilization (1) states access advantage
Zhou et a1 50% Symmetric 3-party SQD Measure and prepare, reflect 2 rounds Yes No Baseline GHZ-SQD
Yang et al.#?] 40% Asymmetric 3-party ~ Measure and prepare, reorder 2 rounds Yes No Higher reported efficiency
Yang and Liu[*! 13% 3-party SQD Measure, reflect, prepare 1 round No No Strict SQ compliance
Zhang et al.P% 85.7% Symmetric 3-party SQD  GHZ-based SQ operations 2 rounds Yes No Dishonest-user robustness
4N payload Authorization-controlled
Ours payloa Hrhorzation-contolie Measure and resend, reflect 2 rounds Yes Yes 4N payload + HBAS
over N GHZ rounds 3-party SQD

Table 3 shows that recent three-party semi-quantum pro-
tocols emphasize different design goals, while their reported
channel-utilization values are not always defined under a fully
uniform convention. The protocol of Zhou et al.!*! is the most
direct GHZ-based three-party SQD baseline for the present
work, but it does not provide any message-dependent autho-

1.2 also consider a GHZ-

rization mechanism. Yang et a
based three-party semi-quantum setting and report a channel-
utilization value of 40%, but their focus is not on fine-grained
access control. Yang and Liul*"! emphasize strict compli-
ance with the semi-quantum model by removing probe pho-
tons and quantum memory, thereby reducing implementation

burden, although at the cost of a lower reported channel-

utilization value under their own metric. Zhang et al.'>°! im-
prove robustness against dishonest-participant attacks and re-
port a markedly higher utilization value, but still do not con-
sider hypergraph-based authorization.

By contrast, the present protocol is designed to combine
three properties simultaneously: (i) GHZ-based three-party
semi-quantum dialogue, (ii) fine-grained access control via
hypergraph-based access structures, and (iii) increased pay-
load at the fully quantum participant through Grover-based
2-bit encoding. Under the same GHZ-round viewpoint used
for direct comparison with Zhou et al.,!*! the useful message
payload increases from 3N bits to 4N bits over N GHZ rounds.
Hence, the relative payload gain is about 33.3%. Therefore,
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the main advantage of the proposed protocol is not merely a
higher channel-utilization value under one specific convention,
but a better combination of payload, authorization flexibility,
and semi-quantum implementability.

8. Conclusion

In this work, we have proposed a novel three-party semi-
quantum dialogue (3P-SQD) protocol that integrates GHZ-
based semi-quantum communication with Grover’s algorithm
encoding and hypergraph-inspired access control. Compared
to previous schemes such as Zhou et al.,[45] Ye and Ye,[?°! and
Shukla et al.,!*! the proposed protocol achieves several key
improvements.

First, it enhances information throughput by encoding
two bits per GHZ round using Grover iterations, while main-
taining minimal quantum requirements for semi-quantum par-
ticipants. In contrast, prior 3P-SQD protocols transmit only
one bit per GHZ round from the fully quantum participant,
limiting overall communication efficiency. Second, the in-
troduction of hypergraph-based access structures enables fine-
grained control over message recovery, ensuring that only au-
thorized subsets of participants can reconstruct specific in-
formation. Previous works relied largely on simpler access

(15.16] which offer less flexibility in controlling the

structures,
collaborative information flow. Third, the protocol preserves
robust security against standard quantum attacks, includ-
ing intercept-resend and entanglement-measurement strate-
gies, comparable to existing semi-quantum protocols. 2243

In addition to the above theoretical advantages, the pro-
tocol also has the potential for practical implementation. First
of all, the fully quantum user in our protocol needs to prepare
GHZ states as quantum channels. However, existing studies
show that GHZ states can be prepared and transmitted with
high fidelity in quantum networks. As early as 2010, Nee-
ley et al. introduced an experiment for generating GHZ states
using superconducting phase qubits in Ref. [51], with an ex-
perimental fidelity of approximately 62%. It was reported in
Ref. [52] that, in a quantum network where quantum nodes are
connected by one-meter-long superconducting coaxial cables,
single qubit transmission between superconducting quantum
nodes can be achieved with a fidelity of 91.1%, and GHZ states
can be deterministically prepared with a fidelity of 65.6%.
Therefore, we believe that the preparation of GHZ states by
fully quantum users in our protocol is practically feasible, and
the transmission of single qubits via quantum channels is ro-
bust against noise with low loss. Secondly, the introduction of
semi-quantum users turns our protocol into a two-way quan-
tum communication scheme. It has been shown, at least in
the theoretical scenario, that two-way channels can improve
the noise tolerance of protocols.>”] The channel security de-
tection in our protocol is similar to that in QSDC, which is

accomplished through two rounds of probe state detection. In
Ref. [53], researchers reported the implementation of a QSDC
scheme in a realistic environment with high noise and high
loss. The QSDC scheme can effectively send text messages
and reasonably sized image and sound files. Therefore, the
detection of channel security in our protocol is feasible for
implementation. Finally, the difficulty of this protocol lies in
the measure and resend operations adopted by semi-quantum
users. In a realistic environment, this would be implemented
through a photon detector which absorbs the photon and, so, to

“resend,” Bob would need to prepare a fresh photon, opening

[23,54,55

the door to multiple attacks. 1 Meanwhile, some studies

have reported semi-quantum communication schemes without
resend operations. 3%l Our future work will investigate how to
abandon the resend operation while still preserving the advan-
tages of the current scheme. Based on the above analysis, we
believe that the semi-quantum dialogue protocol proposed in
this paper is feasible for implementation.
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