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Fig. 1. Types of QSS protocol.
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Fig. 2. Schematic of the polarization-entangled photon source!'”.
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Fig. 3. Two methods for achieving high-dimensional single-qudit QSS: (a) Using the orbital angular momentum of photons!*s);

(b) using the multi-arm Mach-Zehnder-like interferometer!*.
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REBA TR CV-QSS HLE R T 25 & 7E
H Ol SR B OO, X R A E B R
0. I B S 55 ST O IR 2 (8] AR A 7 2
JUASIAE, 155 W20 ) BUHE DA i e, o Y
H1 T CV-QSS 2R B2 5 H C AR (local
oscillator, LO) {5l i N L2 MFIE KL LG T K
, PIARIRAE S AR 2 o s # et 1) B s
2022 4F | Liao &5 [ 42 T — Fh J& T BI 4 BI H
(plug-and-play) 45 ¥4 59 F1 X0 AH ## i (dual-phase
modulation) S CV-QSS 74, ffFok iR [R] .
{H 3K 75 BEAE AN 32 A5 A () 2838 30 A5 A 8 i 1Y)
wES, TR ABIRTR. B Liao 5 B
HE—HTFAH LO (local LO, LLO) £ AR T
LLO-CVQSS %, MK T CV-QSS &4
HfEh LO S8 7T GEiE A2 £ Fh e (IR . Btk
ZAh, XT CV-QSS, T BT BB S I i, Ok
B H A2 53 0 {5 8 1 F M5 (channel excess
noises) 178 fINHF 23 1 85 BH 2 MR AL (7276791 FI|
A B g B AR [ B2 1) 2 i
PR Tk 18931, 43 & AT DA A R A 2 K 2R
(heterodyne detector) $£IRZANZ 5 FHWE L, IF
Hii T2 5808 TFHEENS (quantum
channel transmittance) {18 o ol 75 555 16 S
BTG RIS, QSS HY & % H R AL G IR
B ER . REE, RO R Ry JTR
B 22 B 5 b FRAR P AT LSS QSS Azl
B B %9 (conference key agreement) Y R i
Y. Richter 45 B WL HRE/R T — P HA R0
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FEHEME (quantum cryptoagility) Fl1 2 DI RET: A9
R, BB TER—F 5 LS E A a4
# (quantum digital signatures)® | #EZEAF i QSS
ANt 22 AR 7 QKD 3 o) FH ] — R A 2 Fp AN
[Fi] it 25 AL DM DL DT 480 1) 3R G R 2 o 3 A
LA A HIE.

24 EBFUEHENREMRE

51 QSS 2 FIHE 5 WA Sl il St f e 22
G R IR TR S R — o HURRE RS
W LE Ay, e oA A] SeRE e, & A TE
TS, ATATET AT A AR s 0 A BT, A
MRS LR g | AR, ] LIS 5
AR Sl A TG DN A 4 e 1 A T 3 B T et 1
SRR R L AR RS LE AR Y LB AT DAAS B 1 L
FRRAG A, AR T R R A R At T — B
(fF 18 [ A RS ER), MULIEE G &, A4S E
BHOE. XBRRERE B3RS T QSS &4t H
P EREE Y Rl l alll e b i 0 B o & A E A ol I 2 9
T FRCR. RIS Tl (AR R H IR
) BEOL T, RASRATREA 2 T s A
2021 5, Gu % "2 3Z ¥R 1] (round-robin) 2% 43 A%
QKD fixllz QKDY s &, #th 17— A
MRS = QSS PML, EIFR I QSS. ix
AP 1) NS RSN B F R TC AR A, O
HZHRGEWFTHY Pirandola-Laurenza-Ottaviani-
Banchi FLFR 04, 2R [0] QSS Hy T H: i M A 25 2L
T TR A A DL, A s, H
AT AR GE IR - 3G FE IR T A A B SR BR ] T HLSE R

[ Alice
N LAY
y r——F_I P -
[Laser

) “
AM Circ 3PBS

N H.

2 S QSS BIEGIRAR 439 Moty 45
i, H R R A A 0 SE R AR IFHEA TN AR
RIA] 345 22 A B = BRI AT LS i 48 Tt
Ky . AR O 88 AH TR QSS
S TE AWM T IR A I SE I RAE, IR A SE
PES A IBR R GUH R AN . 1 Qnsos Yoy 07
IS T 1981 A Bty 991 e 2 ot (1001 A
ey 10U S 1 o8 I o 15 & 1) 45 1 T 102 (side-
channel attacks) 2345 51815 R 4000 & 2P Al
R . I 1% £ T K (measurement-device-
independent, MDI) Y& F i85 £ A 103 @ 5] A
AMEAEMEE =T R PATIN i, A IS 2 i
el 1RG0 Bk o R IR R b B, Oy
MEE B T %8, 2015 48, Fu 4 104 42
T8 —4> MDI-QSS B i, FHlJ5 £ GHZ
AFNE YA P10 LT 6 48 2k A1 PNS
e KT, SE%E B anE 5 s, Bfs MDI-QSS
T B HIC g (100109 ) 322 232 A4 [110110) G dnfi 45 3] )
2k JE. R MDI-QSS A7 2fdf 2 28 95, (R
1R SCRATI IR 2 A T B S I 2 48 5 T
K. 2023 4R, Li 45 012 JeF ol i 7o gk 18 AT A
16, MDI-QKDM i == (8] 52 H (spatial multi-
plexing) Fl [ & W B E 5 T —Fh s s 2 9s
1) MDI-QSS. 4 {5 75 i 8 1 s, By i 4%
SR AR AR, IFAE /0 10 A8 AE 7 i1
LT FTRE X 28 1 )t -1 g AR 04, o 1 0 i
AN, ASESICIRRRE 23k (5 B 15 DR, Jak
Jir QSS Hy 2 Ak, SATHBR AT A SEPRAS 58 R 1Y

B D1H D1V D2H D2V 4
e 0 ® o

3PBS|  3PBS|

PC PC D3H
A N -

- | 4
Charlie %‘Att
A—
, PM
= - -_— -
Laser AM Circ 3PBS

Bl 5 MDI-QSS % f i /R Bl 1o
Fig. 5. Schematic of the MDI-QSS setup!!®4.
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LAY, 55 oK (device-independent, DI) [
QSS B iy o1 B AR S PR E R, BRI
DI-QSS MYPEREATISRBAIL, W AA R,

QSS MR T YR A B, A ) 2 1 - sy
FEAE ) 2 g 25 ok Je =2 2 A5 B (PR T 2 28 2 1

P AL A S RTEOR ZR AT SE B R ME

SEHIPERAR. A O TR AR A JEZS 9 QSS
PRBARAR R T, (06T FRTE SR EARIRYEL
TR RO A AR, O B R (5 e A 1S
Pe2Ese. TR, NPT A s U5 &,
AL QSS B it FF45 4 T H sy
S BORAEICET R 2% LA RIS, A4 i
I, FOGT MR TG 2 B 2N 250 K 1 %
S, AW T A 5 52 D T RO I
i M, A FRIE] MDI 45 J5 2 ol i DL
H5 QSS . AR Y QSS PN B 4
AR 1t AR 47138 XAk A0 PA S G 0 I o 25— R A
SR, PRI, BARITAEA, AR 1 & | 42
FAL i C 22 U — R 9 H 258 118129, (LR X T
2 ME B QSS kA S HE A H
WS RS, (AR S QSS PR
SEVE . R IERDCL IE R, BA B i S A
(B EAE R {5 R A AR L 2 U, 2 G 2S5 IR e
FEHE AR

3 ETHFEEMMTERF (QQ)

A B AR IR (QQ) MR IR IR e
AISE WA 2 F Bennett 55 20 75 1993 4F BT 4 i (1) 5
TRIBALRDS, Kk E B T8 FA 95 I8, v LIAE
A YR BAE LT RR AR B AL s
HENCE . QQ RIMT AN & 2 7 & T RRIBAE SR
— AN . 1999 4F, Hillery 25 11 fifi ] GHZ 45
Bell JLM 42 H T4~ QQ T %, Alice Hf AR M i
TG R L W AR HEL Bob Ml Charlie, {3414
B Z A — NBEUETE Alice Ab Bell il £ 25
AT — LR A5 S T X A A T,
I QQ WHAR Ky it 715 B0 %] (quantum infor-
mation splitting, QIS) &% i F & I 5 (quantum
state sharing, QSTS). A J7 B AK K 18 B # AR 1
TEOUT QQ HHXS M 58 L AR PRI R T 58 5 4k
T-MEZEFRES, BN TER, RENH
QQ WINELAE RIS, JJa o 2 g7 3k

2T T AR A E B TR, BUE QQ
I S U iR SR D U B S R
SHELEENIRE, 77 EZ R E BT S
ZT RSB R R TSR e, LA
BRI AE | A1 2 2 B AE 5 A, % BA H mAL
RITREMBEIL.

3.1 NMEEFERUBELERTZR

(k,n) TRy S8 08— HAT Xk M 1 A 2%
IR AE (k,n) NTBRITZE T, X TR 1Y
BURMUNZ 5580, S k2 TR kit ez
BRI ERGE RS, A VERAT LLSE e R 5
DT kS 5 H RS MR 4 U7 AT An] OC T
WIS B 1999 4E, Cleve 25 12 FIE LT QQ
Y (k,n) BRI IF TR T —Fh
A Rk 72, 5 oCk [11) FRE RS QQ S
FTFRIE TAE. R T |s) MYERE N s, 8
R ¢ 2 max(n, s) < ¢ < 2max(n, s), W& R
WF,, HhF=2Z,. Xf T seF, iPKETEs) %
R n MR

sy Y
CEFE e 1=s
H, Z2I0K po(t) 8 LN pe(t) = co +ert + -+
crh—1t" 7, BREL (co 01, cpm1) EFF L ARBR 20, 24,
o o PO F EE MR n AN, ok
Ty BN ZIATEFEA AR 2 b RYHBUE pe () -

AR B IE AL, AN]SR
BUREFAMBEA TR, IREIT & >n/2.
TE A 9ifid )5 4 R3S RS (k,n) HEH, AL
R RBAEY N E R, B R & M n =2k — 1.
TE (k, 2k — 1) [ TRR 7 28 Ry BEal_E 25y 4T LA 42
FEN Ak < n < 2k — 1%, AMBPE R GE
T — i, Cleve 58 12 45 W 1 5 S 75 24l
R LRI G

(k, k' n) BT %R (k,n) TTRRAG—Fh 551k,
TEHATIE I n B2 58 AT kXD E4S
HEMEGRIE T EVI NS, 0] ¥ XUUT#S
5B TEARIBUT AR 2 5 R, FA R 0 U T i o
T MEE . Y E =k — 18, R E
K (k,n) ITBR 77 %, Senthoor F1 Sarvepallil'?]
1E Cleve %5 12 TAERYIERE F Ay T —~38 F A0 8
fFmsE IR Iy %8, HAS G R IT M

|pc(x0);~~~apc(xn—1)>, (8)
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PRUETTRR 7 28, il 72 58 N E0E T 1 TR AR 38
SRR RIGEBAEBER NS 507, &M T
PR 3B A 80

TEE B T R 208, TR OLT, B
A TR RS TR EEH I som /b sl by, EEnet
AR JEA TR 2 o R TR e B RS, S e
TEAREFREILE T (dynamic quantum sec-
ret sharing, DQSS), HAF L 4 M5 B M 115
S AR R VPO AR A T L. DQSS
T CQHIE T H 2011 4F Yang 45 128 1 k42 4H
(9 (k, n) IIBRDT S8 P AT G R ML 2012 4F,
Jia 8¢ W1 JL T EIBHEAR, #2107 —F CQ 1 QQ
MBI ZE. A H ELRFESFE A & T el
PE, 5 R E BRI AE YRl o3 & i 5 4 K e A B
BOHACHRAH A THE RN A IR . 5 T B
R, TSN IO I A b — 44 I R i B B RA
TC7T B EL A 3. Sun 45 130 (5 F B I
PRASH CNOT ['J44E A Bell Jel &, REASTE fuiF
T P R AR R T R
PR i AR TO AT ] AR ZH B 53 Y i . {H B i
TAEIEARPHBRTF (n, n) BRI A9 5LH.

SRR RIBAEEH QQ H R,
2 0 25 P R M T O A B B S5 R T AR
RS2 R, H Hillery 55 10 LK, $2H8 TR E2 3T
AR g QQ Rt A 4E Bell 248 181155]
GHZ 45 (1156 a2 187] W 245 (98] 45 7RI s 7 58
TR R CE A RE KA B e 2R B R N T
A&, BREE M HA —E XS FRYE, X —2 7 %
WAFR A XS5 B3 H.

1E Hillery 45 M f 5809 GHZ SR, 10K
H Alice $— P11 GHZ & (Hrh 3K F a, b,
c 7 H Alice FI#ZUL#H Bob, Charlie £74) 55
FRTA [Y)a = a|0)a + B|1)a 4if, T1H

‘Ep> = ‘w>A & (|000>ab0 + |111>abc)

€
V2
_ % 19 aa(@]00)oe + B[11)4e)

+ [¥7) aa(@|00)6e — 811 )0c)

4 |B1) Aa(Bl00)pe + | 11)pe)

+107) aa(=B100)se + al11)sc)] ©)

&

) pe = % (100)aa % [11)aa)
B%) pa = % (01)aa £10)a0) . (10)

AL, it Alice XT A, a b F Bell i iy 25 5
A LABIARL 2 T A IRIETS S, HEsA 0 —N
1 Bob XM F A R EE 252, Charlie B 7]
PATHNE IEBAELE A & A0 T ks B R s

FHAS T HAB L 28577 %8, Bell & L HAHLT
B RTEPEFTRTHR RV, D842 T 7 S0 S 2 i i1
PRI AR, Li 45 13U 5 O FH 2 455 4 5 GHZ
FMEEITT n HS 5EX BT ARSI =
Jr%E, Yuan 55 B PN EPR X, i@ id Bell %
DU RIS A P B LU R P A, B RS S 2 F
FERR A =05 2423 5. Shi 45 039 254 Bell 8 H1
CNOT [ JH#4E, #H T —Fpmsi AR EHFEN 2
FEFALEFE, i n 2S5ELEWE T
FESIHYTT n A Bell 24T %5

W BE—KIX BT GHZ Sk a] g

1 .
(W)123 = 7m(|100> + v/ne?|010)

+v/n + 1e'?]001)). (11)

Hn 28, 0, ¢ ARAL. WA =142 4 JiF

0. HHET GHZ 75, W S EA T I 1 E ek, 76

ERAEBE DR TIE, W SR 4 0 ok 15 ff
Kl oy A g, A Zp B AH - 99 F) 2 4 4 2
Agrawal &5 M0 2L 252 T W & FRIEES.
Nie & 138 g — 204 th 72T W B EE =&
ARSI T = I R, 456 =0
T POARR - A K 2 0 1 2 SR S B A A, T
LS B AR . A 19T 5 R R B T
IR RIS, T T T RSN R
Py

3.2 IXMMOBEEFHEHERR
Gottesman!"!l FEF QQ 19 (k,n) TR TS, %I
X TR 0 A5 B A EMSGE R e, B b aT
DI TR R TR B i B THR S, 2 53
I3 BCAS [ i £ 0, DT S5 B0 52 2% 45 49 B A
FEELR. 2010 4F, Wang 55 12 fifi | —Fp 4 T L
RS |x) , AR T AEXT R El =15 B

160301-9


http://wulixb.iphy.ac.cn/CN/volumn/home.shtml#1
http://wulixb.iphy.ac.cn/CN/volumn/home.shtml#1
http://wulixb.iphy.ac.cn/CN/volumn/home.shtml#1
http://wulixb.iphy.ac.cn/CN/volumn/home.shtml#1
http://wulixb.iphy.ac.cn/CN/volumn/home.shtml#1
http://wulixb.iphy.ac.cn/CN/volumn/home.shtml#1
http://wulixb.iphy.ac.cn/CN/volumn/home.shtml#1
http://wulixb.iphy.ac.cn/CN/volumn/home.shtml#1
http://wulixb.iphy.ac.cn/CN/volumn/home.shtml#1
http://wulixb.iphy.ac.cn/CN/volumn/home.shtml#1

#) 32 % 3R Acta Phys. Sin. Vol. 74, No. 16 (2025) 160301

57 )2 B R % 2L 2 %2 (hierarchical quantum
sharing, HQSS), iX —Z @R %L 2% 183
Z 5 Z [0 A A F & PR R R Re gl 43, il ane
ElR T E R A B T2 W EA B
R, ARIFLBR BB A IS TE IR I it b
T AR EMESR . B AT SR T T 6 &
T RS DTN ¢ 5 LURE (¢ > 3) RS MU
5r)7 QQ 5. i Shukla 55 49 HE— 2B 45 T —
ANE n 7 BCE Th Sy R R A A = Y s
TE, BT 48T Q) B 4 8T HRES.
XLy IR R 2R A G SR SRRy IR 4
PR 53, AR 23 A AT R o T 6 s B 11
FAT, o pl 51 7RSI | RIS R AH DI 45
A, PRIHAY Y38 380 B 51 B AR TS S R % . 1E
TAYEAEXSFRIER 23R QQ T R A 7S HATR
SRIVERIRIE, 432 QQ T S AE SR &R 8 FI s — i)
A5 AR TG AR P HR AR

3.3 ETESHETFERUEHR=

KIS R —REE TR 2R T . X298
SRA R AR R, 2 H AT E PR A S
PAFHZ T B T AR —. BRI LFAl LIS B
A B2 T, BARBO R TIE AR R
TAFEAE A A 207 BT B AL E
S RIS Z . T RIS TR I
PR T Al T A BT, RIRELAE T 5%
P 25 DR SUER L B AR 2 94 SRR D g btk — 0T K
MREST. I 6 MM . BIERZE (I GHZ Z5).
RIE RS LIRS . 07 i RS AR R AR 2
() (b) (©)
‘ N
[\ [\

TN

(@) ©Q—@—@—

Bl6 ISR (a) &ML (b) BIREE; (o) RIE K
;5 () AR, () 4 s Kz

Fig. 6. Types of graph states: (a) Linear cluster state; (b) star-
shaped graph state; (c) tree-shaped graph state; (d) ring-
shaped graph state; (e) 2D square graph state.

RIS B B R EIE B R R T 4450 2 2%
Myef g, ST b, B E Qe EE S i T
DL R 2RI £ FIE BT IR 254, i 2% 1Y)
2 )2 A0 A M S EARCE R i

G —MLE n AN TBUSHEME G = (V, B),
Ho g LGV ={v}ErEFIL, BES
E = {ey; = (vi,v;)} Fon i F WFR Z RIAEAE 19 2
g BT T IR RIS 2 SOR |+) = (|0)+
11))/V2 2, XA AU B e Y &5 LR gt
72 ML CZ = diag(1,1,1, —1) #e4E, RIA[45
F| n BrEE:

G) =[] CZ+)*". (12)
ecE

IS AT DAE i R A oy i 2ok 3R, X Tl
SRR D DUR, HAE TR N

K; = XiZn@), (13)
Horp) NG £ G 5T S A 7E 0 EH1

P25  HARE T AT YA AE T FEME— B E , 1X
8 UL A PR ZS AN Bl P T

XiZni|G) = |G). (14)

TE RS BIPRUERESE |-, Markham 45 () 58 30 25
KIS TP RO TS AR M AR 215 B, W FeE 73R4T
PERR 300 RS Z [ A A5 A PR A TR RA AT
KIS 5 BT R SS UL

Br Lo SR AE T — N IUHERY EDE AL R AR 2
b, T BIAHSEEE 1 n] LRI X o 5P B A 74T B
UERARMIERSAE. PEREEE T Otr I T A R A
A AL SE PP AL TR o A O 3k DL TR i 4
R A 2 T T AR R S T R AR R
M3 BB RCE S i i A 1), A5 (1814
FE— DA T RS s A SR B T RS Y
AL E P A SR, SRS B, TR
FEALRIRESL T 25 A (5 B 5T AR
SEr AT LR AU HE i G2 — 19, Keet &5 190 3 — 2
U T LR R R PR 2SR A R R AR
THRFRIEZS, TSRS AT AL A e s
)45 AL, Sy M= o e 2 A 2 MR o B AL T
A HIRHESE.

RTEZER CQ IT R EAUE 57 2
AE VLT n] 5 R A
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Al g — B G = (V, B), IRAEHE
HELHBCV, fif33IDC B R D=1 mod 2 H
0dd(D) C B, MFRiZ T si%E B AA ik, H
H0dd(D) ={v eV ||Nw)ND|=1 mod 2}.

BT REIEN CQ IR RTEEMN, RENES
(BT AN 2 R s [l (0 46 ) A 0k UE B HL A 559
A XA (weak odd domination, WOD 42) 4.
WOD 4 iy 2 Ak 25 B R R S5 R TG, BRI fl
BAVEEA TCEARBUTAT TR (115 2.

WOD %: Mf7EC C V \ B, f#if§ B C 0dd(C)
if, 854 B WOD 4.

1EQQ T RMWIFET, HAE LS BTEWE
AU ) S5 AR 22 A, AN 1T o e D B A 451 4/
R BRENE N WOD . 4 — 1 n RS G =
(V, E), Gravier 5 19 25 QQ WM.

1) %, ok FHEHEFERE |¢) = al0)+
BIL) SR ) = a|Go) + B|Gh) , Hifr|Go) = 1G),
|G1) = Zv|G).

2) Gr K. ¥ ) AT LR R XTI S
5#.

3) SR EN. WS B ARNGEES, B
W2 e UiE v, B BRYAMNE V \ By WOD 4. Al
3C,D C Bfif§ V\ BC 0dd(C), |D|=1 mod 2,
H 0dd(D) C B.

S H5FHELEEEwe B FIREWT, WES
B\ {u} "EANS5EE A CHE T ILRHEES .
u BAME F— A4 B 1 R (o) + (1)) /v2, 54
& BHHIE IR B (1B + 1) MR T
oz, ot s = (V).
H U = (1)1 X p Zoaapy , FTLMFE] 0)0) ® |Go)
+6[1) ® |G1) .

e (o 0 ) o=
(—1)1%¢1 X Zy\oaaey » WA (a|0) + BI1)) ® |G) , B
BAESE 1A Loke DA

5 CQ HEARR, FFEEN QQ Jr 5l H &
ANTEEN, BIBR T 0 T Ui )k i B2AE B 4h,
FEAEH A B 5 7T R 23 #51 &8 40 OC TR %5 19 1% R
A DI 2 ) AR PR — IR — B R i
BRI (ko) TR TR, & &ML
R AL AE p, g € {0, IEN—IR—F %
B, RT3 o) = o|0) 4 BI1) M XP 2z 3#84E 5

A B BRSO S AR i T A alp)+
B(=1)7 |1 — p) BEATIEEE S R p, g Tl i 2 0L
B (k,n) TR R KRGS 58, Mk TR
BEE RS BRIR/N |B| > kB, WIKE p, g, UL
TTIR k12 58 BG4 TCIE R TR % AT
(TEEFSY

£ 3.1 2 RIE T I SCHERET 45 H i QQ
(k,n) MBRITZE, M S5 &R R, 207 %%
TE It -3 0 1~ AN B O PR Tk A ) . [R5 1%
TV T2 5580, DABRYERE ) i 1 LRy
AT LT R, (H PR RS BT A T
R SN pE. 7E i AN i) s e S H Ay il | R
TR EFEILE (k,n) [TRFRMTIR TR
2Bt k> 0.506n . H AT T RIS &
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a1 = (ain + appr1 + ON)/V2, (15)
do = (@i — agpr1 — ON)/V/2, (16)
as = agpra + ON™, (17)
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— T DA S BG S PR R IRIME. 2023 47, Chen 25 [158)
FI LT R A AE 78 U gl TR AT R (IR 7 PTA AR,
B TOCHEIBEOR, S TR E R (2,3) TR 4
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S5 106 A, Chen &5 1981 J7 S HE i A5 HOIE 305 A
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Fig. 7. Schematic of the (2, 3) threshold quantum informa-

tion secret sharing scheme for continuous variablel6%),
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Fig. 8. Schematic of the experimental setup for quantum information secret sharing of entangled states!'].
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Table 2.  Characteristics of different QSS schemes.
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Abstract

Quantum secret sharing (QSS), as a quantum extension of classical secret sharing, uses the basic principles
of quantum mechanics to share information safely among multiple parties, providing a new paradigm for
information security. As a key foundation for secure multiparty quantum communication and distributed
quantum computing, QSS has attracted considerable attention since its emergence. Currently, research in this
field includes both classical and quantum scenarios, and continuous progress has been made in both theoretical
and experimental aspects. This paper first reviews the current development of QSS for classical information. In
this regard, significant and parallel progress has been made in both discrete-variable QSS and continuous-
variable QSS. The QSS protocols for sharing classical information, from entangled states to single photons and
then to coherent light, have been continuously optimized to better utilize available resources and achieve more
efficient implementation under current technological conditions. Meanwhile, round-robin, measurement-device-
independent, and other protocols have been steadily improving the security of QSS. Next, one will focus on QSS
scheme for quantum secrets, which begins with the symmetry of access structures and introduces basic (k, n)
threshold protocols, dynamic schemes that support adaptive agent groups, and symmetric quantum information
splitting through entanglement. It further introduces hierarchical quantum secret sharing schemes for
asymmetric splitting of quantum information. Considering practical laboratory conditions of quantum states as
resources, an overall discussion is conducted on quantum secret sharing with graph states. Afterwards, the
design of a continuous-variable scheme for quantum secret sharing is outlined, and entanglement state sharing
and quantum teleportation between multiple senders and receivers are introduced. Finally, this review discusses
and outlines the future development directions of QSS, thereby inspiring readers to further study and explore
the relevant subjects.
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