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Asymptotic theory of directed weighted networks under differential privacy
QIN Zhaolun, LUO Jing’
(College of Mathematics and Statistics, South-Central Minzu University, Wuhan 430074, China)

Abstract This study investigates the asymptotic distribution of linear combinations of parameter estimators in directed
weighted network model under differential privacy constraints. It is demonstrated that as the number of network vertices
increases, the linear combination of model parameter estimators converge to an asymptotic normal distribution, revealing
its asymptotic theory under differential privacy protection. Furthermore, numerical simulations validate the theoretical

effectiveness, providing novel theoretical tools and analytical methodologies for statistical inference of network data under

differential privacy protection.
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Tab. 1 Thec(é - 0*) means and variances (in parentheses )

n (173)(1og(log(n))) (1/4)(1og(n))"” 1/81og(n)
€=3
n=50,q=3 -0.0325[1.4771] -0.0387[1.4776 ] -0.0209( 1.4773 ]
n=100,q =3 -0.0171[ 1.4738] -0.0173[ 1.4739] -0.0177[ 1.4741]
n=200,q =3 0.0130[1.4725] 0.0145[1.4726 0.0098[1.4727]
n=50,q=6 0.0688[1.4793 ] 0.0833[1.4800] 0.0979(1.4798]
n=100,q =6 0.0430[ 1.4743 ] 0.0601[1.4743 ] 0.0654(1.4745]
n=200,q=6 0.0618[ 1.4725] 0.0551[1.4724] 0.0639(1.4724]
€=2
n=>504¢=3 -0.0274[1.4822] -0.0208[ 1.4834 ] -0.0354[1.4836 ]
n=100,q=3 -0.0155[1.4742] -0.0237(1.4743 ] -0.0242[ 1.4745]
n=200,q =3 0.0773[1.4726] -0.0081[1.4727] -0.0448[ 1.4727]
n=50,q=6 0.0810[ 1.4866 ] 0.1422[ 1.4884] 0.1138[1.4878]
n=100,q=6 0.0634[1.4755] 0.0963[ 1.4757] 0.0665[1.4759]
n=200,q=6 0.0140[ 1.4724] 0.0817[1.4726] 0.0523(1.4727]
€ = log(n)/n"
n=50,q=3 -0.0148[1.5040 ] -0.0111[1.5038] -0.0295[1.5043 ]
n=100,q =3 -0.0105[1.4749] -0.0285[1.4753 ] 0.0156[ 1.4755]
n=200,q=3 -0.0009[1.4728] -0.0234[1.4728] 0.0264[1.4730]
n=504=6 0.2332[1.5042] 0.3840[1.5069 ] 0.2752[1.5050]
n=100,q =6 0.0775[1.4775] 0.0585[1.4778] 0.1105[1.4785]
n=200,q=6 0.0044[1.4734] 0.1557(1.4735] 0.0774[1.4736]
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BAE MR H ARG 2 (8] ) 2 A R i R T
SRR AL ER T 0 T ) SRS i 5 B
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W AT Ta] IASURE Y v | - 3845 20 A 050 %) T g
7 (e = 3) B0 S H0G R 28508 LU R B AT b

&3 Macaques CESSAL

Fig. 3 Macaques network relationship diagram
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Tab.2 Macaques: Parameter estimators and their variances

AR i a b2 NG B FrifE2E
€=3

1 86 0.1801 0.0774 -1.6490 0.3676

29 80 0.1379 0.0800 6 -1.7087 0.3831

12 77 0.1217 0.0818 32 -0.5994 0.1394

4 66 0.0400 0.0875 11 -1.3794 0.2995

7 57 -0.0394 0.0949 13 -1.2552 0.2682

40 6 -1.4814 0.3834 41 -0.4694 0.1157

37 4 -1.6284 0.4287 55 -0.3164 0.0970

28 2 -1.8895 0.5094 43 -0.4434 0.1121

36 2 -1.8304 0.4895 40 -0.4854 0.1177

38 1 -1.9133 0.5193 51 -0.3612 0.1020
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