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Fig. 1. The structure of MERA: (a) Binary MERA; (b) ternary MERA; (c) disentangling operator U; (d) isometric mapping W.
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Fig. 5. Quantum key distribution flowchart.
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Fig. 6. State table.
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Fig. 7. Relationship between quantum resource consump-

tion and demand in traditional versus MERA.
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1.0
- LN iz
R > L
&o4r MERAJR {os Pf»
M 5 =
mg% 3t 0.6 % S
£ g
T =
55 o} 104 B35
23 L
@ L 40.2 %
=
. . . . o
2 4 6 8 10
TR K

10 Bl TR IR REF  BR AR BEEON 1 2 10 BBkl
Fig. 10. Variation in quantum resource requirements as

average path length increases from 1 to 10.

7F I 1.0

—— (LA, K=4 .
i —— {407, K=5 &
& O iR, K=6 108 &
M3 |-=- MERAJR, K=4 g
I#3 5w MERAJR, K=5 log =2
= -=- MERAHHX, K=6 P B
ES 4} ko
Pl =
25 104 B
"8 3t R 2
RC <C
§ o e R ORP™
& -.-:::::.-::::::—o--o-—u-—.-—.—n-—'—- %J

1 L . . . . g
1000 1500 2000 2500 3000 3500
TR k/bit

1L PIREARBRECH 4, 5, 6 I, fi T BRI FE B R
AR
Fig. 11. Quantum resource variation with request volume at

average path lengths of 4, 5, and 6.
3) BRI FXT G FE AR
TSN ENK=4, p=0.95 ¢g=0095,
k=1024. ARIEE 12, {R65F%F MERA J5 % JLF

BA SZ 0. AR AT 140 B, R0 8RS b P
B B RE e “2 4 B A B, DT 5% 10 it e 25 B B
G T D B — N R IR % 5 2 DT I FE— 2
gExt, M MERA J5 2 R IHAE— Ui R4 f5 h iy —
07, NEBHEFE XS, Hi, 7R IRIR T, A
SCHY T R R B W AR B Filan, 7EiRIS R
10% B, ASCHIETA T 158960 XT2UZi. Ak, €] 13
JEIR T ARG R 5 7%, 8% Fl 9% B, PHFh 7
IRTEAR RN R & N THFE N T e IR AR AL I L.

L6 - 1.0
” OT —— 55070 i
= ; K
’EE:/ L4l MERAJR los F{E:
= =
B2 12t {06 %
‘D\‘]L’D ’ 3‘2’1‘
= {04
®a R =
RQ 0.8} <Q
8 {02 =
& 06 A
./: 1 1 1 1 0 2
2 4 6 8 10

R e /%

12 BRISFIN 1%—10% ZRFUAT, B i+ BE IR p AR
Fig. 12. Variation in quantum resource requirements as

error rate changes from 1% to 10%.

-
- 2000 3
g | 18K BER = 0.07 <
g 9N iR, BER = 0.08 1170 &
ﬁi: 4.0 - %53, BER = 0.09 11500 ;‘f
= S5
ﬂﬂgﬂ 2 3.5 t:.:*_'_p,zl;z::tct=l" {11250 M-
== 0 J
S 3.0F {1000 g
g .
= 25f J e
Z g 2.5 750 =
:}é\ 2.0k Ze- MERA 3%, BER = 0.071 500 “é
& 15¢ -=- MERAJH, BER =0.08]250
1.0 k2 , -=; MERAJ/3, BER =0.09 0 Eé
1000 1500 2000 2500 3000 3500 =

TR k/bit
K13 RIEER 1%, 8%, 9% B, B I FE g oK AR fk
1)1

Fig. 13. Quantum resource variation with request volume at
error rates of 7%, 8%, and 9%.

4) B I 2 9 I RN TR T RE O )

S B RRE WK =4, e =0.08, ¢ =0.95,
k=1024. R4 & 14, 55 52 20 0 U JE 8 T M 4%
W S B S, A2 B ELR Y B A T RE 1Y) 5
i), %5 B0 4 e o S M 2 A e B Ll R e
JH% 0] 980 A ) SR e, B S ] 4 A R R I
. BERE A9 T R T RN 2T 4 gt
BRI R RS R . A, i 15 Fis, FEAH
[ AT, MERA J7 4 9 98 IR I #E W & IK 1%
SR

230301-10


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 2 3R Acta Phys. Sin. Vol. 73, No. 23 (2024) 230301

—
(=}

—— &7
MERAJR | g

QW oo
oo w o
T

oo
<)
—

Qn/(10° ebit)
w
o
QM/(104 ebit)

(WIS EO ) R AT
N
(=)
o

MERA J7 R IH AR 2R

—
ot
T

70 75 80 85 90 95
HERR DL N p/ %%

(=)

P14 B2 40T SR T0% B 95% AR, BT B
IR K L
Fig. 14. Quantum resource variation as link entanglement

success rate ranges from 70% to 95%.

oy
o

-3

LB EY
—~—p=0.85 -=-p=0.85
[ ——p=0.90 -=- p=0.90
|~ p=0.95 -=-p=0.95

MERA R,

Qn/(10° ebit)
w > ot (o2}
QM/(104 ebit)

3]
T

]
" N = 8 -u -8 —g 8 g —F—F - g —F-F-F-u

GRS RER BT
MERA J7 R IH AR &R

: . . . . Jo
1000 1500 2000 2500 3000 3500
HEHIR /it

B 15 4 i 20 8 B3 R 4 B 85%, 90%, 95% R, T 7%
TR A b 3

Fig. 15. Quantum resource variation at link entanglement
success rates of 85%, 90%, and 95%.

5) UG A4 B ) N o IR T RE A5 )

TSR E NK =4, e=0.08, p=0.95,
k= 1024 . AT K265 5 I 2 98 1 ) 6 [m]
M P B A 28 1) R ), T o R A 1 AR
fea3 & 16 frs, HAHEZ T, B B 2 98 i )
RNF IE 1 M 28 R T R S I T A B . A RS
RTIE S A S 2 N R R B TR
K. Bl 17 IR T 782 98 38 3 i D1 R 85%, 90%
H195% B, R EEAEAR RIS K & T AN = T
PEIRAEAE L.

A I HE S AT L B, R4 AR R A
LY QAL TN)ZE | 2) G A8 480 1 ) 2R IR 38 X0 B R T A
A W E 5. BRI R BRSO | B
2 98 LTI AT L M 0 A 4 B ) BRI | SR A R
1o, i R e B 2 3G . [RIAs, e R [R] Y 4 3
M, ARSCH TR IR FE I AR FE Sk,
LR 2R 3N, AR SCH o i T e IR I 75
RIK TP, fE8 T RIEA RGN T, 483
(T I T R AR

4.0F - 0
- —— fE5 3 iz
& 35 MERAJR | g ‘éﬁ:
E@E ey
> 2
w S =
= 2.5 =2
S 04 B
= R 3
RS 20f <Q
8 | ot
E\' 1.5}F ‘\' 0-2 ;
, , , , , il
70 75 80 85 90 95

WPEAAEINE q/ %
16 29852 L1 70% B 95% AL AL I, BT T
B R 1 A
Fig. 16. Quantum resource variation as entanglement swap-

ping success rate ranges from 70% to 95%.

— - 1.0

gL M85 MERAJR -

iz ——q=0.85 -s-g=0.85 0.8 &
,SE:' 5L a=090 -+ ¢=0.90 : mﬂ;ﬁﬁ
= 7| --¢=0.95 -=-q=0.95 2
1 3 1 v 0.6 £%
=24t £z
(=) =
ES 4| 04 X<
A o= DY
R o <C

MB 2tk ‘aah b ngn-u-n-n-n-n 0.2 [

H [ = s ot e S ] m

=~ =

;L , , , , o
1000 1500 2000 2500 3000 3500
EPTK k/bit

Bl 17 S92 e iy 85%, 90%, 95% Hif, & F BRI
A

Fig. 17. Quantum resource variation at entanglement swap-
ping success rates of 85%, 90%, and 95%.

5.2 BARSH
52.1 HiERA

TE S-D Z A A B IR i MPS 251 F Lu AR
BEL, A AR AR XE LA 7R, N T itk
X — ] 8, A S g O G40 R 46 AR B R AR
MPS 25 45 0 5ot F ul /b B F R RS, X
Wby AR A BARSAET, AT LASE U K B
] () B TS0, AR, FEd AR 5 i 5 1 9 TR A
VI, Bk, M TEg Ik, Ak
TEAFf A - B 3
5.2.2  fEE AR K

AR5 B AL A G =4 B
ES-DXZ A= MPS &, HEREAES
MPS 2 H K ARG e FEdil#% 17 S-D X R &
[ 4, 3k Sy A3 1o A T AL i, AR
i, AR AL R R AL, R IR T R .
AR, ARSCXE W U AR R 405 T8 AL S A
JPA, TR B AL W A AR B S KR FRAIK T 1%

230301-11


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

Y] 32 2 3R Acta Phys. Sin. Vol. 73, No. 23 (2024)

230301

L) NS N T TN 2 W RPN e MEh AT E X =
MERA J5 &, PR HAZ By s AR B4 5 F MERA
Viko3

5.3 ZRE&MSH

ARSCHE B B Ak 51558 QKD
BARFF—, R E A L 2o, B
Pl T el g g IR A . 5458 QKD BMUH ],
ALy ARG TN 1 o o e R A O M 28 % 1) %2
SOy k. R, AT RGN T SR, fEi etk
5 T 5 IO R T A Bk AR sk EELEE A 4B VR T )
5 — R B e, TR RS
(MPS) BP-2 . 3 3 PR/ AT e B 73X S 1 o

SREMRAE SR RS, IR T SRR
4t

T, UMk AL 2 i 5 B (R4S MPS
AREE A8 BT 0 AR 3 K R AR 280, X — 5
KAEAESGE QKD PRSCT IIEAAE. SR Qi i sk
{5 B2 4L G B AL, 6 DR AN 32 57 W Jgi.
HIR, it AR 2 BOR BB, 57 W 2 4E LA
TN TE B R AR L R B, X 2048 1Y
WK, A MPS &% 256 16T, MERA &
W EECh 8, T AT [16, 64] KAL) 4. BB
R UECH 32 Wk, BIVE 7 W 2 © 3R 2 89 MPS
A, TR B B, AU X AR
R 1/8, SEAKEXT 32 IR 1/2%2 ) JLFANH]
FIE RN it 235 1.

BEAb, PSR SR 5 XU L5 MPS 4. A Bl
1EBIWTHAREL, & B % eS8 6, PRIER A k1Y
Lok AoV A AT, AR T b
RF I OE 8 HE S Ok 172, X A Bl 128 19 MPS
5, HRAE IR Ay 1/2128 | AP 6 = 128,
B MPS 2K B n > 128 | i 57 W 1) il SH A A%
I, BV 57 W & AR MPS 2%, AS DM B 48
JRARZS, 1 R4 IS B MERA 754 iU 4
AT T R ek

6 H %

JANN

AR SCER X LT 2] i QKD P8 H Y PR
FEMVEL, $2 T —FAAL T R, M B AT
MERA M2k 450 . w58 &8, il H MERA,
AFLLEE MPS o4 b FOE TS8O E T2, A 30K

TR AR IR R 2 . R o S A
ARG T ZeZBI; IR e Sy, it b
PR R4 s i 12 k. Oy 13 A [R) s 7
oK, AT SR 225 (AL B e iR bk
AIRTHE T, AU —N 3L MERA 25, Jf ot
X =2 AT M, BRI R B R .
BR AR b B, 5 Uk O EBT AR S MERA 2, DA sk
TN BT B IRIH AL, X — SRS R 21 28 R 2% o
JERATRE, PR B T X A S AR, T X
SCHE i 2 200 1) e S AT B | BRSO B
)35 B IR 2R A R

A BEE r Hr ASE R R, AN SCIERA 1 B 05
SAE D 2 ML 5 TSI O 1 ) 2 D A
A TR, ZTT W R T R R T %Y1
RIIFR, - FEE P TR AL T —F
IS AT SR

S 30k

1] Wootters W K, Zurek W H 1982 Nature 299 802
[2] Peev M, Pacher C, Alléaume R 2009 New J. Phys. 11 075001
[3] Dianati M, Alléaume R, Gagnaire M 2008 Security Commun.
Networks 1 57
[4] Aguado A, Lopez V, Lopez D 2019 IEEE Commun. Mag. 57
20
[5] Donetti L, Hurtado P I, Munoz M A 2005 Phys. Rev. Lett. 95
188701
6] Li Z, Xue K P, Li J 2023 IEEE Commun. Surv. Tutor. 25
2133
[7] Pant M, Krovi H, Towsley D 2019 npj Quantum Inf. 5 25
[8] Shi S, Zhang X, Qian C 2024 IEEE/ACM Trans. Netw. 32
2205
Li J, Wang M, Xue K P 2022 IEEE Trans. Commun. 70 6748
GuHY,LiZY 2024 IEEE/ACM Trans. Netw. 1 125
Ekert A 1991 Phys. Rev. Lett. 67 661
Bennett C H, Brassard G, Mermin N D 1992 Phys. Rev. Lett.
68 557
[13] LiC,Li T, LiuY X 2021 npj Quantum Inf. 7 10
[14] Lai H 2023 Acta Phys. Sin. 72 170301 (in Chinese) [#i£1 2023
YIHiEAR 72 170301]
[15] Kim Y H, Kulik S P, Shih Y 2001 Phys. Rev. Lett. 86 1370
[16] Cincio L, Dziarmaga J, Rams M M 2008 Phys. Rev. Lett. 100
240603
[17] Lai H, Pieprzyk J, Pan L 2022 Phys. Rev. A 106 052403
[18] Pirandola S, Garcia-Patrén R, Braunstein S L 2009 Phys.
Rev. Lett. 102 050503
[19] Pirandola S, Laurenza R, Ottaviani C 2017 Nat. Commun. 8
1500
[20] Wehner S, Elkouss D, Hanson R 2018 Science 362 9288
[21] Bernien H, Hensen B, Pfaff W 2013 Nature 497 86
[22] Olmschenk S, Matsukevich D N, Maunz P 2009 Science 323
486
[23] Pan J W, Bouwmeester D, Weinfurter H 1998 Phys. Rev.
Lett. 80 3891

230301-12


https://doi.org/10.1038/299802a0
https://doi.org/10.1038/299802a0
https://doi.org/10.1038/299802a0
https://doi.org/10.1038/299802a0
https://doi.org/10.1038/299802a0
https://doi.org/10.1038/299802a0
https://doi.org/10.1038/299802a0
https://doi.org/10.1088/1367-2630/11/7/075001
https://doi.org/10.1088/1367-2630/11/7/075001
https://doi.org/10.1088/1367-2630/11/7/075001
https://doi.org/10.1088/1367-2630/11/7/075001
https://doi.org/10.1088/1367-2630/11/7/075001
https://doi.org/10.1088/1367-2630/11/7/075001
https://doi.org/10.1088/1367-2630/11/7/075001
https://doi.org/10.1002/sec.13
https://doi.org/10.1002/sec.13
https://doi.org/10.1002/sec.13
https://doi.org/10.1002/sec.13
https://doi.org/10.1002/sec.13
https://doi.org/10.1002/sec.13
https://doi.org/10.1002/sec.13
https://doi.org/10.1002/sec.13
https://ieeexplore.ieee.org/abstract/document/8767074
https://ieeexplore.ieee.org/abstract/document/8767074
https://ieeexplore.ieee.org/abstract/document/8767074
https://ieeexplore.ieee.org/abstract/document/8767074
https://ieeexplore.ieee.org/abstract/document/8767074
https://ieeexplore.ieee.org/abstract/document/8767074
https://doi.org/10.1103/PhysRevLett.95.188701
https://doi.org/10.1103/PhysRevLett.95.188701
https://doi.org/10.1103/PhysRevLett.95.188701
https://doi.org/10.1103/PhysRevLett.95.188701
https://doi.org/10.1103/PhysRevLett.95.188701
https://doi.org/10.1103/PhysRevLett.95.188701
https://doi.org/10.1109/COMST.2023.3294240
https://doi.org/10.1109/COMST.2023.3294240
https://doi.org/10.1109/COMST.2023.3294240
https://doi.org/10.1109/COMST.2023.3294240
https://doi.org/10.1109/COMST.2023.3294240
https://doi.org/10.1109/COMST.2023.3294240
https://doi.org/10.1038/s41534-019-0139-x
https://doi.org/10.1038/s41534-019-0139-x
https://doi.org/10.1038/s41534-019-0139-x
https://doi.org/10.1038/s41534-019-0139-x
https://doi.org/10.1038/s41534-019-0139-x
https://doi.org/10.1038/s41534-019-0139-x
https://doi.org/10.1038/s41534-019-0139-x
https://doi.org/10.1109/TNET.2023.3343748
https://doi.org/10.1109/TNET.2023.3343748
https://doi.org/10.1109/TNET.2023.3343748
https://doi.org/10.1109/TNET.2023.3343748
https://doi.org/10.1109/TNET.2023.3343748
https://doi.org/10.1109/TNET.2023.3343748
https://doi.org/10.1109/TCOMM.2022.3200115
https://doi.org/10.1109/TCOMM.2022.3200115
https://doi.org/10.1109/TCOMM.2022.3200115
https://doi.org/10.1109/TCOMM.2022.3200115
https://doi.org/10.1109/TCOMM.2022.3200115
https://doi.org/10.1109/TCOMM.2022.3200115
https://doi.org/10.1109/TCOMM.2022.3200115
https://ieeexplore.ieee.org/abstract/document/10679782
https://ieeexplore.ieee.org/abstract/document/10679782
https://ieeexplore.ieee.org/abstract/document/10679782
https://ieeexplore.ieee.org/abstract/document/10679782
https://ieeexplore.ieee.org/abstract/document/10679782
https://ieeexplore.ieee.org/abstract/document/10679782
https://ieeexplore.ieee.org/abstract/document/10679782
https://doi.org/10.1103/PhysRevLett.67.661
https://doi.org/10.1103/PhysRevLett.67.661
https://doi.org/10.1103/PhysRevLett.67.661
https://doi.org/10.1103/PhysRevLett.67.661
https://doi.org/10.1103/PhysRevLett.67.661
https://doi.org/10.1103/PhysRevLett.67.661
https://doi.org/10.1103/PhysRevLett.67.661
https://doi.org/10.1103/PhysRevLett.68.557
https://doi.org/10.1103/PhysRevLett.68.557
https://doi.org/10.1103/PhysRevLett.68.557
https://doi.org/10.1103/PhysRevLett.68.557
https://doi.org/10.1103/PhysRevLett.68.557
https://doi.org/10.1103/PhysRevLett.68.557
https://doi.org/10.1038/s41534-020-00344-4
https://doi.org/10.1038/s41534-020-00344-4
https://doi.org/10.1038/s41534-020-00344-4
https://doi.org/10.1038/s41534-020-00344-4
https://doi.org/10.1038/s41534-020-00344-4
https://doi.org/10.1038/s41534-020-00344-4
https://doi.org/10.1038/s41534-020-00344-4
https://doi.org/10.7498/aps.72.20230589
https://doi.org/10.7498/aps.72.20230589
https://doi.org/10.7498/aps.72.20230589
https://doi.org/10.7498/aps.72.20230589
https://doi.org/10.7498/aps.72.20230589
https://doi.org/10.7498/aps.72.20230589
https://doi.org/10.7498/aps.72.20230589
https://doi.org/10.7498/aps.72.20230589
https://doi.org/10.7498/aps.72.20230589
https://doi.org/10.7498/aps.72.20230589
https://doi.org/10.7498/aps.72.20230589
https://doi.org/10.7498/aps.72.20230589
https://doi.org/10.7498/aps.72.20230589
https://doi.org/10.7498/aps.72.20230589
https://doi.org/10.1103/PhysRevLett.86.1370
https://doi.org/10.1103/PhysRevLett.86.1370
https://doi.org/10.1103/PhysRevLett.86.1370
https://doi.org/10.1103/PhysRevLett.86.1370
https://doi.org/10.1103/PhysRevLett.86.1370
https://doi.org/10.1103/PhysRevLett.86.1370
https://doi.org/10.1103/PhysRevLett.86.1370
https://doi.org/10.1103/PhysRevLett.100.240603
https://doi.org/10.1103/PhysRevLett.100.240603
https://doi.org/10.1103/PhysRevLett.100.240603
https://doi.org/10.1103/PhysRevLett.100.240603
https://doi.org/10.1103/PhysRevLett.100.240603
https://doi.org/10.1103/PhysRevLett.100.240603
https://doi.org/10.1103/PhysRevA.106.052403
https://doi.org/10.1103/PhysRevA.106.052403
https://doi.org/10.1103/PhysRevA.106.052403
https://doi.org/10.1103/PhysRevA.106.052403
https://doi.org/10.1103/PhysRevA.106.052403
https://doi.org/10.1103/PhysRevA.106.052403
https://doi.org/10.1103/PhysRevA.106.052403
https://doi.org/10.1103/PhysRevLett.102.050503
https://doi.org/10.1103/PhysRevLett.102.050503
https://doi.org/10.1103/PhysRevLett.102.050503
https://doi.org/10.1103/PhysRevLett.102.050503
https://doi.org/10.1103/PhysRevLett.102.050503
https://doi.org/10.1103/PhysRevLett.102.050503
https://doi.org/10.1103/PhysRevLett.102.050503
https://doi.org/10.1103/PhysRevLett.102.050503
https://doi.org/10.1038/s41467-017-01413-7
https://doi.org/10.1038/s41467-017-01413-7
https://doi.org/10.1038/s41467-017-01413-7
https://doi.org/10.1038/s41467-017-01413-7
https://doi.org/10.1038/s41467-017-01413-7
https://doi.org/10.1038/s41467-017-01413-7
https://doi.org/10.1126/science.aam9288
https://doi.org/10.1126/science.aam9288
https://doi.org/10.1126/science.aam9288
https://doi.org/10.1126/science.aam9288
https://doi.org/10.1126/science.aam9288
https://doi.org/10.1126/science.aam9288
https://doi.org/10.1126/science.aam9288
https://doi.org/10.1038/nature12016
https://doi.org/10.1038/nature12016
https://doi.org/10.1038/nature12016
https://doi.org/10.1038/nature12016
https://doi.org/10.1038/nature12016
https://doi.org/10.1038/nature12016
https://doi.org/10.1038/nature12016
https://doi.org/10.1126/science.1167209
https://doi.org/10.1126/science.1167209
https://doi.org/10.1126/science.1167209
https://doi.org/10.1126/science.1167209
https://doi.org/10.1126/science.1167209
https://doi.org/10.1126/science.1167209
https://doi.org/10.1103/PhysRevLett.80.3891
https://doi.org/10.1103/PhysRevLett.80.3891
https://doi.org/10.1103/PhysRevLett.80.3891
https://doi.org/10.1103/PhysRevLett.80.3891
https://doi.org/10.1103/PhysRevLett.80.3891
https://doi.org/10.1103/PhysRevLett.80.3891
https://doi.org/10.1103/PhysRevLett.80.3891
https://doi.org/10.1103/PhysRevLett.80.3891
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. 73, No. 23 (2024) 230301

[24] Bravyi S, Cross A W, Gambetta J M 2024 Nature 627 778 [33] Gisin N, Ribordy G, Tittel W 2002 Rev. Mod. Phys. 74 145
[25] Bersin E, Sutula M, Huan Y Q 2024 PRX Quantum 5 010303 [34] Wu X, Zhu W P, Yan J 2017 IEEE Trans. Veh. Technol. 66
[26] Fan R, Bao Y, Altman E 2024 PRX Quantum 5 020343 8223
[27] Zhang Q, Lai H, Pieprzyk J 2022 Phys. Rev. A 105 032439 [35] Bennett C H, Brassard G, Robert J M 1988 SIAM J. Comput.
[28] Lai H, Pieprzyk J, Pan L 2023 Sci. China Inf. Sci. 66 180510 17 210
[29] Shannon C E 1949 Bell Syst. Tech. J. 28 656 [36] Eibl M, Kiesel N, Bourennane M, et al. 2004 Phys. Rev. Lett.
[30] Orus R 2014 Ann. Phys. 349 117 92 077901
[31] Chen L Q, Zhao M N, Yu K L 2021 Quantum Inf. Process. 20 [37] Briegel H J, Raussendorf R 2001 Phys. Rev. Lett. 86 910
1 [38] Affleck I, Kennedy T, Lieb E H 2004 Condensed Matter Phys.
(32] Elkouss D, Martinez J, Lancho D 2010 IEEE Information Ezactly Soluble Models: Selecta Elliott (Berlin: Springer-
Theory Workshop on Information Theory Cairo, Egypt, Verlag) pp249-252
October 10-13, 2010 pl [39] Affleck I 1989 J. Phys. Condens. Matter 1 3047

Quantum network communication resource optimization
scheme based on multi-scale entanglement
renormalization ansatz’

Lai Hong#" Ren Li# Huang Zhong-Rui ~ Wan Lin-Chun

(School of Computer and Information Science, Southwest University, Chongging 400715, China)

( Received 2 October 2024; revised manuscript received 29 October 2024 )

Abstract

Quantum key distribution (QKD) is a pivotal technology in the field of secure communication by using the
principles of quantum mechanics to implement theoretically unbreakable encryption. However, QKD faces
significant challenges in achieving large-scale deployment. The primary hurdle lies in the scarcity of quantum
resources, especially entangled photon pairs, which are fundamental to protocols such as Ekert91. In traditional
QKD implementations, only a small potion of the generated entanglement pairs contribute to generating the
original key, resulting in lower efficiency and resource waste. Resolving this limitation is crucial to the
advancement and scalability of QKD networks.

This paper introduces an innovative approach to QKD by integrating the multiscale entanglement
renormalization ansatz (MERA), a technique which is originally developed for many-body quantum systems. By
utilizing MERA’s hierarchical structure, the proposed method not only improves the efficiency of entanglement
distribution but also reduces the consumption of quantum resources. Specifically, MERA compresses many-body
quantum states into lower-dimensional representations, allowing for the transmission and storage of
entanglement in a more efficient manner. This compression significantly reduces the number of qubits required,
optimizing both entanglement utilization and storage capacity in quantum networks.

To evaluate the performance of this method, we conduct simulations under standardized conditions. In the
simulation, a 1024-bit encryption request, an 8% error rate, an average path length of 4 hops in the quantum
network, and a 95% success rate for link entanglement generation and entanglement swapping operations are
assumed. These parameters reflect the real physical conditions in contemporary QKD networks. The results
demonstrate that compared with traditional QKD protocols, the MERA-based approach saves 124151 entangled
pairs, which is impressive. This significant reduction in resource consumption indicates the potential application
of MERA in improving the efficiency of QKD systems without sacrificing security. Importantly, the security of
the key exchange process remains intact, for the method inherently adheres to the principles of quantum
mechanics, particularly the no-cloning theorem and the use of randomness in the decompression layer.

Some conclusions can be drawn below. The MERA not only enhances the scalability of QKD by optimizing

quantum resource allocation, but also maintains the necessary security guarantees for practical cryptographic
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applications. By integrating MERA into existing QKD frameworks, we can significantly reduce the resource
overhead and make large-scale, secure quantum communication more feasible. These findings contribute a new
dimension to the field of quantum cryptography, indicating that advanced quantum many-body techniques like

MERA have the potential to unlock the full potential of quantum networks in real world.
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