%36 % 49w 5= = 4 Vol. 36, No. 9
2016 4F 9 H ACTA OPTICA SINICA September, 2016

VESLAS i T8 Y100 R 2 4 PR Rk DA

£ B 9AW Iwa

WP R P 7 TR 2 BE . (g KJE 030006

FEE B SR T8 140k (CVQKD) {5 I 2 e 8 1 00 3L, 76 22 4R 8008 U 98 5 22 Y Bt I, R ) 3% &8 9% )
HEAL 22 43 AL 7 7k BT PR BT B 05 A AR B A A AR 56 (LDPO) 1%, JF 48 1 LDPC 1975 5 & & )7 ik, i — 4
P2 2 A MR BRSO R AR TS e b, B R TR B mIE . R (f B REW . EABK N
10}, W BB e L RE A AR 2 — 6 dB LLF , IR AR T 35 90.27 %0 3R EI B % % H1 0 0.22 kb/s. {5 B & i iE
BT 80 km, T LTI A RE K CVQKD R &M F IR .

K@ BT MR TEANS L SHBIRYMRS L AR IL, 24k, EEMT

FES %S 0431.2 XEFRIZAE A

doi: 10.3788/A0S201636.0927001

Optimizing Multidimensional Reconciliation Algorithm for
Continuous-Variable Quantum Key Distribution

Dou Lei Guo Dabo Wang Xiaokai

College of Physics and Electronic Engineering, Shanxi University, Taiyuan, Shanxi 030006, China

Abstract  For the problem of short communication distance in continuous-variable quantum key distribution
(CVQKD) protocol and on the basis of multidimensional reconciliation scheme, the low-density parity-check
(LDPC) codes with good degree distribution are designed using a continuous density evolution and differential
evolution method. The method of repeating LDPC codes is proposed as well, which further improves the efficiency
of multidimensional data coordination, effectively reduces the convergence signal-to-noise ratio threshold and extends
the secure range of communication distance. The simulation results indicate that when the block length is 10°, the
convergence signal-to-noise ratio can be less than —6 dB, and the data reconciliation efficiency can achieve 90.27%.
The amount of the extracted secure secret key is about 0.22 kb/s, and the secure range of communication distance
exceeds to 80 km, which means the distance can be effectively extended in CVQKD system.
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Fig. 1 Schematic diagram of multidimensional reconciliation algorithm
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Table 1 Optimized code parameters for BIAWGNC under 0.5 coding rate

o

d max 10 11 12 15 20 30 50
A 2max 0.27165 0.26269 0.25522 0.244446 0.23261 0.21306 0.18379
A, 0.25105 0.23882 0.24426 0.23802 0.21991 0.19606 0.17120
As 0.30938 0.29515 0.25907 0.20997 0.23328 0.24039 0.21053
Ay 0.00104 0.03261 0.01054 0.03492 0.02058 0 0.00273
As 0 0 0.05510 0.12015 0 0 0

As 0 0 0 0 0.08543 0.00228 0

Aq 0 0 0 0.01587 0.06540 0.05516 0.00009
Asg 0 0 0.01455 0 0 0.16602 0.15269
Ao 0 0 0 0 0 0.04088 0.09227
Ao 0.43853 0 0.01275 0 0 0.01064 0.02802
A 0 0.43342 0 0 0 0 0
A 0 0 0.40373 0 0 0 0
A 0 0 0 0.00480 0 0 0
Als 0 0 0 0.37627 0 0 0
Ay 0 0 0 0 0.08064 0 0
Az 0 0 0 0 0.22798 0 0
Asg 0 0 0 0 0 0.00221 0
A3 0 0 0 0 0 0.28636 0.07212
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09 0 0 0.01087 0.01987 0.34747 0.99101 0.33620
010 0 0 0 0 0.00399 0.00150 0.08883
on 0 0 0 0 0 0 0.27497
0" 0.9558 0.9572 0.9580 0.9622 0.9649 0.9690 0.9718
R 0.3927 0.3799 0.3727 0.3347 0.3104 0.2735 0.2485
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Table 2 Experimental results of eight dimensional reconciliation algorithm at different rates

Rate Rs /dB B /% Rate bit /(kb/s) Distance /km
0.2 —3.979 82.4 —21.83 69.90
0.25 —3.010 85.48 —14.34 65.05
0.3 —2.596 94.89 8.61 62.98
0.35 —1.549 91.44 0.19 57.75
0.4 —0.969 94.34 7.26 54.85
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Table 3 Experimental results of eight dimensional reconciliation algorithm at different rates after optimized design

Rate Re /dB 8/% Rate bit /(kb/s) Distance /km
0.2 —4.789 96.21 4.74 73.81
0.25 —3.605 95.59 3.88 68.02
0.3 —2.612 95.18 3.30 63.06
0.35 —1.746 94.76 2.70 58.73
0.4 —0.980 94.52 2.36 55.06
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Table 4 Experimental results of eight dimensional reconciliation algorithm with repetition of LDPC codes

Rate Ry /dB B/% Rate bit /(kb/s) Distance /km
0.2 —4.789 96.21 4.74 73.81
0.1 —7.798 90.27 0.22 88.99
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