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Abstract: In quantum secret sharing (QSS), secret information was encoded onto quantum states by a secret dis-
tributor and distributed to participants, where decoding could only be achieved through cooperative efforts. Based
on the fundamental principles of quantum mechanics, QSS was theoretically recognized to possess the potential for
unconditional security, which established its status as a research hotspot in both academic and industrial communi-
ties. To systematically map the research lineage and developmental trends of QSS, comprehensive investigations
and in-depth analyses of QSS studies were conducted. Throughout the research process, QSS schemes were catego-

rized into two primary classes: discrete variable and continuous variable. The evolutionary trajectories of these two
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categories were elaborated in detail, with key features—including types of quantum states, categories of secrets,

threshold configurations, and verification methodologies—systematically summarized and compared across proto-

cols. Building on this foundation, forward-looking discussions regarding future development directions of QSS

were proposed, aligned with practical application requirements. It was concluded that future QSS technologies

should not only approach theoretical unconditional security in real-world implementations but also exhibit high op-

erational efficiency to enhance feasibility while meeting scalability demands for large-scale quantum network con-

struction. Furthermore, high practicality (adapting to diverse application scenarios), low-coupling universality (en-

abling modular design for improved flexibility), and cross-domain extensibility (integration with other technologi-

cal fields) were identified as critical developmental priorities. In addition, technical challenges related to the practi-

cal implementation of QSS were systematically examined. It was recognized that a scarcity of QSS schemes integrat-

ing both flexibility and universality persists. Other major challenges included high computational and communica-

tion overhead, as well as the absence of compatible and universal algorithms for secret splitting and reconstruction.
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Figure 4 Schematic diagram of CV sequential QSS scheme
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Figure 5 Multi-ring discrete modulation
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Fz1 QSSHEERMLE
Table 1 Summary of QSS schemes attributes

SCHR ffE (4> QSSFAM BT PA Yo B QSS TR oAl RPN
[12] 1999 DV AP E ZMER (2, 2)M(3, 3) g T
[24] 1999 DV RN BTH (2, 2) RS
[25] 1999 DV PN BYE (k, n) HIp S
[35] 2001 DV Y ZHEER (2, 2) LRI E
[30] 2004 DV RN ZHER (k, n) HIp
[36] 2005 DV AR ZMfER (2, 2) S IOUE
[41] 2005 DV LIS/ ZHER (5. 5) SEER G IE
[42] 2005 DV BT ZHER (n, n) HitHES
[45] 2005 DV A gEAs BETER (n, n) HIR S
[37] 2007 DV AP E ZMER (3. 3) S IAIE
[38] 2008 DV T 255 (4, 4 S IE
[32] 2008 DV EFIEN B (n, n)s (3, HF3, 5) g
[39] 2014 DV AR EoEe] (3. 4 S IE
[33] 2015 DV I E RN ZHER (2, 2) g
[40] 2016 DV Ay i (3. 3) SIS IOE
[34] 2023 DV LIS/ ZHER (n, m) HIp S
[46] 2023 DV TR ZMER (2, 2) SERGIGE
[47] 2024 DV T ZHER (2, 2) LB HAIE
[48] 2002 cv AP B HEA (k. n) HitHES
[49] 2003 Ccv 2gEF BTE (2, 3) R
[50] 2004 Ccv G BHYE (2, 3) SEER G IE
[51] 2013 cv s e (2, 3)M(3, 5) HipHES
[61] 2016 Ccv RN ZHER (2, 2) HIp S
[53] 2017 cv AR Z U5 R (k, n) H IS
[52] 2018 Ccv RN ZHER (3. 4) SEER UG IE
[54] 2019 cv FERRE ZHER (n, n) Wit
[55] 2020 Ccv AT ZHER (k, n) RS
[57] 2020 Ccv s 23N EYSY (n, n) FpHES:
[58] 2021 cv TR LI ZHEE (n, n) it S
[59] 2021 cv HF Z3 X055 (n. n) S
[56] 2022 cv TR ZHER (n, n) R T
[60] 2023 Ccv AT ZER (n, m) FLHE S

[62] 2025 6% piER L RPN (n, n) HigHES




54

BRAE. ETMEILER RS RE <11

FEANZET) S AR T 8] L7 HE B - QSS 5 %o

SRR, DVQSS A& i 54 $2 g 2R,
QSSHI AW A L LADVQSS A ¥ : CVQSS Bk
AV, R FEAESRAS TR T . fEE T
77T, QSS MR KA s, &8k ek
MR Gl & ) 1A, A RUPRIK 7 SRk
DL QSS IIMENE . JLEEARE R B T4 L fF
B, WEkETELZENT ZMAEA. £ QSS
ITRR A SEI b, "R Z S E R EWMARD
.

HARBIDVQSS /7 %, HHIZ RHAMESE
NETERME, FEHITETRETE. BESE
LB 7% . DVQSS MES A R 5 5250 IR
B, A H T A& N, SKIeieiETy
ZHWMZH5EHETEZR. X T CVQSS T %,
FHNETFSUMTENE, o7 EHERHY
gy R METASME LS, FHINE
FETHMEE; £QSSITMHRLH Ik, FHaE—
RO DL R I (k) TTRR 728, JEBALA (nyn) 1TTFRAFF
FNFE; HERER T RZ NI, Ziakst
BB AE FRIAH X LD

zi ERTiA, MuTQSSHE RANGFE L E A
A B, Bt — 85T 1 (kn) TR
QSS H WL IR oA s =, it — b
I QSS ARG M AN Z 5 HEHEWMHFHFIRA
Wt .

H QSS ML #ede th Lok, JLBEHRAR R AW 7
MW AR R .. iRt
QSS A AT M S gk, W 7C# M4k IR H — R 51
SOt R AR EAE S LRI, QSS KR
EILLT 3B ERE A

D) A tEREsamtb. REQSSHET & T H
FRAFHATY F RS, (H2H
AR K () PR R B T A A f sz, SR QSS
ARG LISt 224 . L, FAARIX S8 R &Kot
GAPERI R RO BB R R 5 M. N, Grice
S48 ¥ QSS 7 F T LA I RIS R T
Wik, RERA T RAM 22N

2) WATYEIZ DI T . MR Rl S S ) £
PNAER R, BEFE AN R BOET HTAEET
BB YL QSS; X kT i i il AH T

BHIQSS T mfa . ML T8
P A T G HAES 53 BRI, 5l
ARSI QSS 1 A R T M A itk
Ab, EEXTHTAS QSS R & H#EH A £t E
SRR A 5155 R M, A A3 3R AR
FEAE A 1) SE IR QSS e i ke 7 bk i) L. i 25 T
FLERN, QSSIHAT M S S AR 3 T B#
=T

3) MIBEAW Y . FHIQSSLM =5 #
HETAER, EFEEMNELORNBLRE
3, R EEET RO TR TR QSS T £A
Wi hi 2 58 NS ERR, i K & s
W24 BE5E | IR SR

& QSSAE LA E. AT PR AL T 1 B A5
THEKERE, (BAFIEE 2 SRR ) 8. 45
EARTHE IR, ARK QSS B K JE#a S T E AL
FELLR 3N 5T

1) LA . RSN A =t, 5%
A TIBNAF T REE2FINF R, MIHA
QSS 77 AR A F HIX LG o), F=E |4 T
HAENEREF N KRR QSS 77 RN H %
AR BIIRE, XFZHEREMABGRH,
Wik RG22 eV Z W, [FR, FFE&HH#RE
PENLE], SEIUAIRQSS I RIS, Ak
Erid R R AT A B AR UE, R T N %
Zfad. A, HRAXHRLESEESH KEM
IR ESIBR T R, B ORIRSE T+ QSS 8L H 1A
HeME -

2) Hod g g . H A E M ) QSS RGN
BBl IRREG Rt DA &5 & oK)
QSSTTZE MM, HE RS SE FHAERIUEE
MR ERS BT R E T 7RG R g A,
oy A% Gt 7 FAR R T = TS LI 2 TR
QSS, FEBLHE MG, EHEZR. K
K, QSS 1)K JE BLE T T B AR AR e [ i 4 ot 2
FE, NSl ARSI, R R EE
TR TSR, MR Rt o
KHIEHTEH

) ML . KM ILEH RO 2
R T oA Fer B A BRI AR V)RR AE IR
WIS A2, MR, QSS H iy Ei



e W2 5515 1.2 2 4

118

B i B, LR, RECH

8K QSS B T H 7 2 44 AU I LA B R
R, AHAK QSS W R T3 A it — 248 .
fldn, ATIRZFRHEBMH T EFIIRIME. &1
GARZIHEE IR, DRt
SR M, 3h QSS 7E £ B Sk 3 st b 1 VK
IR

£ QSS HISEPRHE AR SLILZ M, 4 HT A7) 1
ZHik, HARMRBLE LR 34N 7T

1) R REM: Hil, KZ%QSS T
FN(nn) ITRTTR, EXF&IHER S 2 535 6t
JiE BAF AR AT AR, 2 B AE B oA K
52, PREIRG] 77 RAEE RIS N B A
JEtk

2) THE SIS BRI FERCR . B QSS Y
SEAE LT 1) £ 5 0 e dok i e TR T R R R T A
EAE VIR [, TR = R e R A A 4 i
LR B IS, FEARPAT AL 5 -

3) BT AMFELZREAEAL. EWEE
TAEMQSS X, &iifF B NE &
Pt T, SR, E AT v AR e A AR

BTSSR SEM G, X —HARRAR K B
5 T AL 2 N o

EEP e

[1] GONG X Q, HU P, SHUM KW, et al. A zigzag-decodable ramp
secret sharing scheme[J]. IEEE Transactions on Information Foren-
sics and Security, 2018, 13(8): 1906-1916.

[2] KOMARGODSKI I, NAOR M, YOGEYV E. Secret-sharing for NP[J].
Journal of Cryptology, 2017, 30(2): 444-469.

[3] SHAMIR A. How to share a secret[J]. Communications of the
ACM, 1979, 22(11): 612-613.

[4] BLAKLEY G R. Safeguarding cryptographic keys[C]//Proceedings

—

of 1979 International Workshop on Managing Requirements Knowl-
edge. Piscataway:IEEE Press, 1979: 313-318.

[5] JACKSON W A, MARTIN K M. Perfect secret sharing schemes on

—_

five participants[J]. Designs, Codes and Cryptography, 1996, 9(3):
267-286.

[6] YANG C C, CHANG TY, HWANG M S. A (¢, n) multi-secret sharing
scheme[J]. Applied Mathematics and Computation, 2004, 151(2):
483-490.

[71 HUANG W T, LANGBERG M, KLIEWER J, et al. Communication
efficient secret sharing[J]. IEEE Transactions on Information

Theory, 2016, 62(12): 7195-7206.

[8] MARIANTONI M, WANG H, YAMAMOTO T, et al. Imple
-menting the quantum Von Neumann architecture with superconduct-
ing circuits[J]. Science, 2011, 334(6052): 61-65.

[91 BARENDS R, KELLY J, MEGRANT A, et al. Superconducting
quantum circuits at the surface code threshold for fault tolerance[J].
Nature, 2014, 508(7497): 500-503.

[10] JOHNSON M W, AMIN M H, GILDERT S, et al. Quantum anneal-

ing with manufactured spins[J]. Nature, 2011, 473(7346): 194-198.

[11] SHOR P W. Polynomial-time algorithms for prime factorization

and discrete logarithms on a quantum computer[J]. SIAM Review,

1999, 41(2): 303-332.

HILLERY M, BUZEK V, BERTHIAUME A. Quantum secret

sharing[J]. Physical Review A, 1999, 59(3): 1829-1834.

[13] YANG W, HUANG L, SHI R, et al. Secret sharing based on quan-

[12

tum Fourier transform[J]. Quantum Information Processing, 2013,
12(7):2465-2474.

[14] GREENBERGER D M. GHZ (Greenberger-Horne-Zeilinger)

theorem and GHZ states|M]//Compendium of quantum physics.
Heidelberg: Springer, 2009: 258-263.

[15] ERHARD M, MALIK M, KRENN M, et al. Experimental
greenberger-horne-zeilinger entanglement beyond qubits[J]. Nature
Photonics, 2018, 12(12): 759-764.

[16] LOUNIS B, ORRIT M. Single-photon sources[J]. Reports on
Progress in Physics, 2005, 68(5): 1129-1179.

[17] BULLER G S, COLLINS R J. Single-photon generation and detec-

tion[J]. Measurement Science and Technology, 2009, 21(1):
012002.

ZHANG W M, GILMORE R. Coherent states: theory and some
applications[J]. Reviews of Modern Physics, 1990, 62(4): 867-928.
SANDERS B C. Entangled coherent states[J]. Physical Review A,
1992, 45(9): 6811-6815.

QI B, EVANS P G, GRICE W P. Passive state preparation in the

[18

[19

[20

Gaussian-modulated coherent-states quantum key distribution[J].
Physical Review A, 2018, 97(1): 012317.

[21] BAI D Y, HUANG P, MA H, et al. Passive-state preparation in
continuous-variable  measurement-device-independent  quantum
key distribution[J]. Journal of Physics B: Atomic, Molecular and
Optical Physics, 2019, 52(13): 135502.

[22] OTTAVIANI C, WOOLLEY M J, EREMENTCHOUK M, et al.

Terahertz quantum cryptography[J]. IEEE Journal on Selected Ar-
eas in Communications, 2020, 38(3): 483-495.

[23] LIU X, ZHU C H, CHEN N, et al. Practical aspects of terahertz

wireless quantum key distribution in indoor environments[J].
Quantum Information Processing, 2018, 17(11): 1-20.

[24] KARLSSON A, KOASHI M, IMOTO N. Quantum entanglement

for secret sharing and secret splitting[J]. Physical Review A, 1999,
59(1): 162-168.

CLEVE R, GOTTESMAN D, LO H K. How to share a quantum
secret[J]. Physical Review Letters, 1999, 83(3): 648-651.

[25



5 4 W1 BRAE. ETMEILER RS RE <13

[26] GOTTESMAN D. Theory of quantum secret sharing[J]. Physical
Review A, 2000, 61(4): 042311.

[27] BENNETT C H, BRASSARD G. Quantum cryptography: public
key distribution and coin tossing[J]. Theoretical Computer Science,
2014, 560: 7-11.

[28] LO H K, CHAU H F, ARDEHALI M. Efficient quantum key dis-
tribution scheme and a proof of its unconditional security[J]. Jour-
nal of Cryptology, 2005, 18(2): 133-165.

[29] HWANG WY, KOH I G, HAN Y D. Quantum cryptography without
public announcement of bases[J]. Physics Letters A, 1998, 244(6):
489-494.

[30] XIAO L, LONG G L, DENG F G, et al. Efficient multi-party quan-
tum secret sharing schemes[J]. Physical Review A, 2004, 69(5):
052307.

[31] LU CY, ZHOU X Q, GUHNE O, et al. Experimental entanglement
of six photons in graph states[J]. Nature Physics, 2007, 3(2): 91-95.

[32] MARKHAM D, SANDERS B. Graph states for quantum secret
sharing[J]. Physical Review A, 2008, 78(4): 042309.

[33]1 FUY, YIN H L, CHEN T Y, et al. Long-distance measurement-
device-independent multiparty quantum communication[J]. Physi-
cal Review Letters, 2015, 114(9): 090501.

[34] LICL, FUY, LIU W B, et al. Breaking the rate-distance limitation
of measurement-device-independent quantum secret sharing[J].
Physical Review Research, 2023, 5(3): 033077.

[35] TITTEL W, ZBINDEN H, GISIN N. Experimental demonstration
of quantum secret sharing[J]. Physical Review A, 2001, 63(4):
042301.

[36] CHEN 'Y, ZHANG A, ZHAO Z, et al. Experimental quantum secret
sharing and third-man quantum cryptography[J]. Physical Review
Letters, 2005, 95(20): 200502.

[37] GAERTNER S, KURTSIEFER C, BOURENNANE M, et al. Ex-
perimental demonstration of four-party quantum secret sharing[J].
Physical Review Letters, 2007, 98(2): 020503.

[38] BOGDANSKI J, RAFIEI N, BOURENNANE M. Experimental
quantum secret sharing using telecommunication fiber[J]. Physical
Review A, 2008, 78(6): 062307.

[39] BELL B A, MARKHAM D, HERRERA-MARTI D A, et al. Ex-
perimental demonstration of graph-state quantum secret sharing[J].
Nature Communications, 2014, 5(1): 1-12.

[40] LU H, ZHANG Z, CHEN L K, et al. Secret sharing of a quantum
state[J]. Physical Review Letters, 2016, 117(3): 030501.

[41] SCHMID C, TROJEK P, BOURENNANE M, et al. Experimental
single qubit quantum secret sharing[J]. Physical Review Letters,
2005, 95(23): 230505.

[42] ZHANG Z, LI Y, MAN Z. Multiparty quantum secret sharing[J].
Physical Review A, 2005, 71(4): 044301.

[43] HE G P. Comment on experimental single qubit quantum secret
sharing[J]. Physical Review Letters, 2007, 98(2): 028901.

[44] HE G P, WANG Z D. Single qubit quantum secret sharing with im-

proved security[J]. Quantum Information & Computation, 2010,
10(1): 28-40.

DENG F G, LI X H, LI CY, et al. Multiparty quantum-state sharing
of an arbitrary two-particle state with Ein stein-Podolsky-Rosen
pairs[J]. Physical Review A, 2005, 72(4): 044301.

SHEN A, CAO X 'Y, WANG Y, et al. Experimental quantum secret
sharing based on phase encoding of coherent states[J]. Science
China Physics, Mechanics & Astronomy, 2023, 66(6): 260311.
WANG Y Z, SUN X R, CAO X Y, et al. Experimental coherent-
state quantum secret sharing with finite pulses[J]. Physical Review
Applied, 2024, 22(4): 044018.

TYC T, SANDERS B C. How to share a continuous-variable quan-
tum secret by optical interferometry[J]. Physical Review A, 2002,
65(4): 042310.

LANCE A M, SYMUL T, BOWEN W P, et al. Continuous variable
(2,3) threshold quantum secret sharing schemes[J]. New Journal of
Physics, 2003, 5(1): 4.

LANCE A, SYMUL T, BOWEN W, et al. Tripartite quantum state
sharing[J]. Physical Review Letters, 2004, 92(17): 177903.

LAU H, WEEDBROOK C. Quantum secret sharing with continu-
ous- variable cluster states[J]. Physical Review A, 2013, 88(4):
042313.

ZHOU Y, YU J, YAN Z, et al. Quantum secret sharing among four
players using multipartite bound entanglement of an optical field[J].
Physical Review Letters, 2018, 121(15):150502.

KOGIAS I, XIANG Y, HE Q, et al. Unconditional security of
entanglement-based continuous-variable quantum secret sharing[J].
Physical Review A, 2017, 95(1): 012315.

GRICE W P, QI B. Quantum secret sharing using weak coherent
states[J]. Physical Review A, 2019, 100(2): 022339.

WANG Y, JIA B, MAO Y, et al. Improving continuous variable
quantum secret sharing with weak coherent states[J]. Applied Sci-
ences, 2020, 10(7): 2411.

LIAO Q, LIU H, GONGYY, et al. Practical continuous-variable quan-
tum secret sharing using plug-and-play dual-phase modulation[J].
Optics Express, 2022, 30(3): 3876-3892.

WU X, WANG Y, HUANG D. Passive continuous-variable quan-
tum secret sharing using a thermal source[J]. Physical Review A,
2020, 101(2): 022301.

LIU C, ZHU C, LI Z, et al. Continuous-variable quantum secret
sharing based on thermal terahertz sources in inter-satellite wire-
less links[J]. Entropy, 2021, 23(9): 1223.

LIAO Q, LIU H, ZHU L, et al. Quantum secret sharing using dis-
cretely modulated coherent states[J]. Physical Review A, 2021,
103(3): 032410.

LIAO Q, LIU X, OU B, et al. Continuous-variable quantum secret
sharing based on multi-ring discrete modulation[J]. IEEE Transac-

tions on Communications, 2023, 71(10): 6051-6060.

[61] WU Y, ZHOU J, GONG X, et al. Continuous-variable



$14- WZs 515 B i #1145

measurement-device-independent multipartite quantum communica-

BHE (2000-), B, P LA, Wi
KREA LA, FERTT A AR R
HE.

tion[J]. Physical Review A, 2016, 93(2): 022325.
[62] LIAO Q, HUANG L, FEI Z, et al. Measurement-device-independent
continuous-variable quantum secret sharing[J]. Adv Quantum Tech-

nol, 2025, 8(8): 2400505.

(fEE &)

BEIR (1990-), 5, WKL A, 1H
g!’ +, IR KRR, EEPR RN
BEFREEE. IR L4,

FhEl (2000-), L, WMETFEN, W
MRS A, EER T N R TR

I

-
=
gy
/oy
\ 4 /!
!

Q el




