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Abstract

Based on the complex network structure under the Guassian model, the penalty term is consi-
dered as the seamless-L, penalty, and a new regularization model is proposed. The Minor-
ize-Maximization algorithm was used to construct the Minorization function of the proposed re-
gularization model, and then the Maxdet algorithm was used to solve the model. The model si-
multaneously performs model selection and parameter estimation. And the result is sparse. Nu-
merical simulation studies and examples of gene regulatory networks show that the model has
good parameter estimation and model selection effects.
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1 Perlman [6]47 i P2 AL AR <7 RSB 11— o BAS X M), FfAERE— 5 b R LI 48 B 45 X AT B 9% o 1%
5 VI R T X ME 5 FE . Meinshausen AT Buhlman [7]4H 7 72 i PR 1 B Besi T B A
(K773, T T30 Be K I v T B o %07 v A IR R R AN S AT FUR e B, TR 5 A e R R A
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TENFJ9 The seamless-Lo (SELO) [9]. 1% 1F NI tob 7 228 i -6 e A % £ 28 b 0 76 33047 SELO B 57
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C= —Z(x X) (X -X)

n;

SR REA 7 255605 S = nC/(n—1) #EAT V307 24 BRI it o BRIk, A= S TR S8 C it
1T HAE, YR M4EEIR K, %EF?S otz JFH, Mn>pif, FEESTRIEEMME, 4
FEFR TR AL E T L, DA B AT G T 45 R _ A B A Mg e i A A

Bk, i 5N Ly BN P @AT B AR M S E b T o ARSCESRR Ly IR0 SELO #5451, BuUEiE
XS Lo f&E T AL [10].
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BIC(4) = —log|A(4)| +tr {A(2)C)} + IognZe,,( A)Hdr, e, =0, Me =0; HAWESE =

NS AP IR:
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AT 2% AR RS R 15 5 huge £ 1) huge.generator 8504 1%, FT AR s i B AR A BEATLRR 7Y
F HLAE I R B ) B Hh 5 SR rp T 15 2112 B AR T BEATL A B A A B S L 7 206 0 . A SO BRE AR
9 n=200, 4% p 53R 15, 30, 50, 100. 43l bbAEASCHE H 1) 7%A Meinshausen & Buhlmann (mb)
Pt I IETEA R 4RO S8 TR ALE B IS L. F KL #5182 LA 2L FPR (false positive rate), TPR
(true positive rate){f N FAT IE WAL RS AE S TF AR e 2 B A0 R MR ARHE . ok, KL #32% & (KL loss)
N[14]:

KL=—Iog‘A‘+tr(Aﬁ:)—(—log|Z‘1|+ p)
FPR #1 TPR A:

FPR=FP/(FP+TN): TPR=TP/(TP+FN). J{rft, TPRiEA, FPR /Nt MR BT .
BG R T (& 1~42 4),
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Table1.p=15
F1p=15
model KL loss FPR TPR
SELO 0.22 0.116 0.875
mb 0.35 0.137 0.855
Table 2. p=30
F2.p=30
model KL loss FPR TPR
SELO 0.27 0.170 0.841
mb 0.40 0.193 0.824
Table 3. p=50
% 3.p=50
model KL loss FPR TPR
SELO 0.32 0.208 0.852
mb 0.45 0.220 0.807
Table 4. p=100
2 4.p=100
model KL loss FPR TPR
SELO 0.39 0.243 0.811
mb 0.53 0.254 0.738

PR B 1) B AR 1E e 50 B ik o BARR M AR B . RERSE R, AEAFRYEECR, SELO
ARG T mb VAR AR BRI S H UG T T T A R . HAE p=15 B, SELO Jvk FRTR 211
KL loss /)y, FPR & E|i )N, TPRIAFR K. FEE4ERIEIN, B KL loss {EA FPR {HZ# 4K, TPR
TEIZ TR, AHERSRUL, gSELO J7iiAia B (AR A S H i TH R 1. MZRE DL EEE R, AR
H ¥ gSELO J7 A A R UF IR ALE B S5 1T Ae

5. S5

AR SO L 0 T DA R S P 281) 2 A 8 4 0 2% PR St o o B R IR T Faith S5 IR SCEUE[15]. 1%
IR E TR R B — RG240 17, 163 FIRAERE, ZHFERATAI51483K T Escherichaia coil (E. coil)
YHPEAE 40 FIANFISEEE T, 153 FhER KB R RIA /KT, BRI RA M 45 A8 /R T 153 Bl R 7E B4
SE HSEIG TR T IS K. % 153 MR R 7, fEREFWMECRPAEEEEM. FHoAX5E
—ANAREEAE R, MERS T AR SOk R B E. coil T 153 LR 2 8] DA SEPRFAE AR R . &5
B 1R,

NHES G AR, RS AR MR ST AR SR R A R IR 153 AR DR 2 1A SERRAFAE I
W RANEG ARG R A SCHR A IE AR, Gt A8 A 8 R 15 2 1 2E W02 kb R B s
PR % 28 S A SCRR R R R B A 6 R I . DIRFIZE LT .

1) X AREHE R R R 2 A SERR R R RN O AT i, TR S R
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Figure 1. Actual regulatory relationships among
153 genes
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FLNE P B AR RS A R S H kT, B2 T T IR AR RS AR SO 48 Minorize-Maximization (MM)
SR Madex SRRz . BUARBAU IR 45 R R, AR A IENME LAY AE LE T Meinshausen &
Buhlmann (mb) /5%, KL loss {EF1 FPR{EEE /)N, TPRATE K. i B A SCHE H (1) 1E U A0 AR L 7E 2 2504k 10
BRSO A RIFIBER . Ba, Kz BN 2 E. coil 453 1 0 RSB 2, 45
FUH, AR SCHE A IE A AR i PR 2 T SI2 B A7 7 (1 T 458 96 R AP Il v 20 R, 0 B 7 VR AE R
BA R A& R

SE

[1] Kolaczyk, E.D. (2009) Statistical Analysis of Network Data. Springer Science + Business Media, Berlin.
https://doi.org/10.1007/978-0-387-88146-1

[2] Hand, D.J. (2010) Statistical Analysis of Network Data: Methods and Models by Eric D. Kolaczyk. International Sta-

DOI: 10.12677/aam.2019.89178 1528 IR Esid


https://doi.org/10.12677/aam.2019.89178
https://doi.org/10.1007/978-0-387-88146-1

SREGE, BN

tistical Review, 78, 134-159. https://doi.org/10.1111/j.1751-5823.2010.00109 2.x

[3] Dempster, A.P. (1972) Covariance Selection. Biometrika, 32, 95-108.
[4] Koller, D. and Friedman, N. (2012) Probabilistic Graphical Models: Principles and Techniques. The MIT Press, Cam-
bridge.
[6] FhEREs R A A v [D]: [l 22 A ). bl BiAS IR, 2014,
[6] Drton, M. and Perlman, M.D. (2004) Model Selection for Gaussian Concentration Graphs. Biometrika, 91, 591-602.
https://doi.org/10.1093/biomet/91.3.591
[7] Meinshausen, N. and Bihlmann, P. (2006) High-Dimensional Graphs and Variable Selection with the Lasso. The An-
nals of Statistics, 34, 1436-1462. https://doi.org/10.1214/009053606000000281
[8] Breiman, L. (1996) Heuristics of Instability and Stabilization in Model Selection. The Annals of Statistics, 24,
2350-2383. https://doi.org/10.1214/a0s/1032181158
[9] Dicker, L., Huang, B. and Lin, X. (2013) Variable Selection and Estimation with the Seamles-L, Penalty. Statistica Si-
nica, 23, 929-962. https://doi.org/10.5705/s5.2011.074
[10] Foster, D.P. and George, E.I. (1994) The Risk Inflation Criterion for Multiple Regression. The Annals of Statistics, 22,
1947-1975. https://doi.org/10.1214/a0s/1176325766
[11] Yuan, M. and Lin, Y. (2007) Model Selection and Estimation in the Gaussian Graphical Model. Biometrika, 94, 19-35.
https://doi.org/10.1093/biomet/asm018
[12] Lange, K., Hunter, D.R. and Yang, I. (2000) Optimization Transfer Using Surrogate Objective Functions. Journal of
Computational and Graphical Statistics, 9, 60-77. https://doi.org/10.2307/1390605
[13] Friedman, J., Hastie, T. and Tibshirani, R. (2008) Sparse Inverse Covariance Estimation with the Graphical Lasso. Bi-
ostatistics, 9, 432-441. https://doi.org/10.1093/biostatistics/kxm045
[14] Ravikumar, P., Raskutti, G., Wainwright, M.J., et al. (2011) High-Dimensional Covariance Estimation by Minimizing
L1-Penalized Log-Determinant. Electronic Journal of Statistics, 5, 935-980. https://doi.org/10.1214/11-EJS631
[15] Faith, J.J., Hayete, B., Thaden, J.T., et al. (2007) Large-Scale Mapping and Validation of Escherichia coil Transcrip-
tional Regulation from a Compendium of Expression Profiles. PLoS Biology, 5, 8.
https://doi.org/10.1371/journal.pbio.0050008
L !
LY
Hans Xl
HAS R B PFRTT 3K

1. TR B T : http://enki.net/, & o5 DU A “ 4 SR PR AL ZE CNKI SCHOLAR”, Bk#% 2 http://scholar.cnki.net/new,
FREHE N BN SRR S, BIA A
T CEBR” , THAIRMEERE: [ISSN], HAHATIISSN: 2324-7991, RPwl#if).

2. JEIT &N T http://enki.net/ THES “ IHAR AN E 7 BENFIM AR : http://www.cnki.net/old/, A M35EFE  [F b SOk & ”
BN, HMREEERMACE RS, B,

¥efgiE b hitp://www.hanspub.org/Submission.aspx
HATIME4E: aam@hanspub.org

DOI: 10.12677/aam.2019.89178 1529 IR Esid


https://doi.org/10.12677/aam.2019.89178
https://doi.org/10.1111/j.1751-5823.2010.00109_2.x
https://doi.org/10.1093/biomet/91.3.591
https://doi.org/10.1214/009053606000000281
https://doi.org/10.1214/aos/1032181158
https://doi.org/10.5705/ss.2011.074
https://doi.org/10.1214/aos/1176325766
https://doi.org/10.1093/biomet/asm018
https://doi.org/10.2307/1390605
https://doi.org/10.1093/biostatistics/kxm045
https://doi.org/10.1214/11-EJS631
https://doi.org/10.1371/journal.pbio.0050008
http://cnki.net/
http://scholar.cnki.net/new
http://cnki.net/
http://www.cnki.net/old/
http://www.hanspub.org/Submission.aspx
mailto:aam@hanspub.org

	Research on Regularization Model in Complex Network Structure
	Abstract
	Keywords
	正则化模型在复杂网络结构中的研究
	摘  要
	关键词
	1. 引言
	2. 正则化模型
	3. Maxdet算法与参数选择
	4. 数值模拟
	5. 实例分析
	6. 结论
	参考文献

