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Variable Selection of Network-linked Data Based on ADMM Algorithm

FANG Jia-Jia, LI Yang, ZHENG Ze-Min
(Department of Statistics and Finance, School of Management, University of Science and Technology of China, Hefei 230026, China)

Abstract: With the development of science and technology, the application of network-linked data in statistical learning,
machine learning and other fields becomes increasingly common. In linear regression models, the current research on the
variable selection of network-linked data mainly focuses on the homogeneous samples, namely that the individual effects
of the samples are the same. In reality, however, the individual effects of most samples are heterogencous. As a result, the
neglect of the heterogeneity will lead to large deviations in the estimation and prediction of the models. Therefore, this
paper proposes a new variable selection method SNC to cope with the situation when there is group heterogeneity in
network-linked data. Using the network agglomeration effect, we éarry out a joint penalty for the difference between the
variable coefficient and the individual effect of the connected samples and solve the problem with ADMM algorithm, with
the convergence of the algorithm proved: The results of numerical simulation and example analysis show that this method
improves the accuracy of variable selection and reduces the prediction error.

Key words: network—iinked data; network agglomeration effect; group heterogeneity; variable selection; nonconvex

penalty

B & R EE SR K BE D, AN [R] 48 1) 2 #5 2 BLH AU BAE A, 20 SRR, 58T ML IRAT TR
W RIS, Vi 2 B 2 U A i M e ILwE Gt ik 3, 1 %% Facebook. MySpace il
T, Bl NFRRRWETL . EARRSCEFE MG LinkedIn JXFF 78 28 0 2 4 X AEIT 10 4 8] 52 3% 2)

O HEEWH: FREARRERS (12101584, 11601501, 11671374, 71731010, 71921001); o [H 1+ 5 8225 4> (2021TQ0326, 2021M703100); 2021 £EAHE
it L 5 RS 75 H
ORI ] 2021-03-21; A& BT [AT: 2021-04-21; K FHIS [A]: 2021-04-26; csa 728 Hi RIS [A]: 2021-12-17

Special Issue T iteZEik 11

© EREERREST  hup/iwww.c-s-a.org.en


http://www.c-s-a.org.cn/1003-3254/8247.html
http://www.c-s-a.org.cn/1003-3254/8247.html
mailto:cas@iscas.ac.cn
http://dx.doi.org/10.15888/j.cnki.csa.008247
http://www.c-s-a.org.cn

it E RGN

http://www.c-s-a.org.cn

20224F #5314 51

P, X FEINAE 5 T NATIX R0 2 B BT TR, X 2%
EEE SR Y ML 2L, 52 R 4 S LS A 4 A Y
f— MR AR 2, AT AR — AN,
RN G NI A, BEAh, A 7 b 0 2%
B TR f 45 45

LA 5% T 190 2% T P800 ORI 98 32 93 9 AN J7 T
— 7 THI & R T NS SR RIE 5E. 55— 7 THT 32 B A K
OB PSS B S ST T I &
G5B RIT L.

W 48 25 7 THT, o A IS Ak DCRGEI. A XA
TP TP B A AT SRR A 450, 105 T 46 B T
GEih sk, Horh— A DOR I 5503 R A 55 R P
A R REST X AR IR i A R e U RS O e X 1.

THEARARY [ 7 R S 5y — Ak XA i —

38 M 56 51 4052 0 o R X BB E 250, M
At 15 22 D5 0 VI R 1 A 0 el
HIE 40 S A 0 R 2, R T A 52 I 2
PRS- NS e SR

1252 BB EE BT T, — B0 579 AR 45
o A, NI AR, RO, A R o
BEHUSOSLBERC, b b A, e T

SR B R G 2 21 TR 2 U 2,
FA-F 32, 6T W4 S0 T B T 31 e 2
FSETE. IR, Asur S0 46 5 20 0 T 0
A0, A 99 40 4 R U B S5 A o T
S L Li S I S e L T A B A
Zhu 207 A Tang 281 44190 4 X5 B MO 5 1 9] I 08

FHEE G, A0 B I 4 3 4 i A o] DRV R o R T

. B R A, B IR ARG SN 5, e 2
B R ok 52 BB T 27 3 (8 ORTE, flL s 2R e o
FEAE R IN TUR(EE,, QA i A B 7 4 8 1 Bl 2
A B e PSR T A . K I 45 S B OO I8 A
BRI — MBI AR

ot 2R R VAR Y R v ) o A 1 4% G 1) i
/N AR AN IE LT DU M 6 A R AR g
A 27 15, 3B 7E H AR R E s i 78 1 oR AR PR A
R ) A 2 B AR A 5T SR B AN R, T A g i —
AT LASS A I A AR EE ™ 1 4k

M IR AT SRR R . LASSO. SN
PL K Dantzig Selector &, 82K ™ 1E 4k FIH 58 L& 1R
FER, 8 ER T A T R B, A I DU A

12 % +Z5iR Special Issue

AWM. Fan S8 H 7 — RN L 77 7%—SCAD
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E(e) =0, var(e) = o*1,,.
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Wil 07.0;
Hbs: AR IRAT 0.y Flp.
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#[n VX DTY +pH Ty - HT ()]
y D=8 T A p);
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If ,-('?1+1)=H9(m+1)_y(Vn+1)’ ”r(m+l>||<,]
then
(a:};:@:(a(rm1)’,},(m+1)"p(m+l));
Break;
Else
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End
End
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@)L AR 1B=Bollysg = 1,2,00;

(3) BTk % (MSE(@)): E(@ - a)%;

(4) L PH % (false positives, FP): B 524 [ 1 &1 4k
T A A5 A4

(5) 1B FH 14 % (false negatives, FN): 352 A 1E ] #)
B FHEI A 2 A5 ER) 1
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AR A e
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FE. B2 A R E By = (0.6,---,0.6,00)T, o = 0.3 AL
N———
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N T RCE A R PR A (B PR B RERE R A, 1A
F ER BENL BB AE fl— AN B = 100415 U R A
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BHATIET Y LASSO. MCP 1 SCAD 45 R ALk, SNC-
LASSO. SNC-MCP Fl SNC-SCAD #BH & i3 7 fitiit
FTRUI 5 22 . 1K 3% W5 oY) 2% i SR 2800 m N 7% 8 e R A
RUeh, AT DA AR RS I R A TR T RS

2 JEIR T IR T IRAE 100 ORISR T AR ik
PEVPALHRbR S AL AR DUE tH & IUEAR T, SNC 7%
) e 3R 2 R S B S 00 T YA R ) 8% g B ik
ITHEST I 7325, 48, SNC-MCP F1 SNC-SCAD #BE AL
T SNC-LASSO. Jt Hxf T BH % FP, 100 (A4 1,
SNC-LASSO 1] FP *F-¥J2y 15.41 (p=200) 1 17.21 (p=
500), 1 SNC-MCP 7354 0.05 (p=200) 1 0.3 (p=
500), SNC-SCAD 7374 1.06 (p=200) F1 0.2 (p=
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500), MCP 1 SCAD & & ik £ i A 14 Lk LASSO &
Ftm, FEZ BT LASSO KA k.
3.2 1&#l2

RN 1 A 5 SR 2 B 9 4% gt B 208 7 6 57 A % i 3%
A EE el T AR, I 2% gk SR AN T 5 40

FEHE B AN A 2 18] AR T SR IR 28 pyp A1 G, 452 T K3k
KI5 pp it SNC J7vE I AS e B Al v AT FL il 2%
SRz IR 2 e 5 1 A, AR R
fITE pp, = 5(0,0.02,0.2), R & & R EL seq(a, b, ¢) T
AR —HM a 2 b, [HFE N ¢ K41

L1 ARTET TG TR bR R
AT 5 5 AL TR bR T2 5% SR KU SL S T A I B T vk X 24 6 TR UM (AR S R U vk
> e LASSO MCP SCAD SNC-LASSO SNC-MCP SNC-SCAD
PE 0.694 9 0.4719 0.470 2 0.4197 0.2229 0.2247
Li-loss 2.1899 0.774 0 0.860 6 1.621 4 0.413%8 “'\i, 0.437 8
p=200 L-loss 0.5199 0.246 9 0.244 2 04431 0.1588 0.162 1
L -loss 0.250 3 0.134 7 0.129 3 02217 0.095 0 0.096 3
MSE(@) 0.398 1 0.397 4 0.397 4 101689 0.156 7 0.1575
PE 0.9219 0.466 4 0.468 5, 0.762 8 0.2855 0.208 1
v
Li-loss 3.1354 0.639 5 0.7419 24671 0.569 2 0.388 3
p=500 Ly-loss 0.688 7 0.229 7 0.2355 0.662 2 0.1912 0.1589
L -loss 03163, 0.138 8 0.1229 0.316 6 0.108 1 0.101 5
MSE(@) 04035 " 0.400 3 0.405 6 0.206 2 0.159 4 0.153 7
-
j " #2 ARFETARERTGIEIRES R
MI B2 AL TE R T 28 Bk SN S B R A 1k X 244 458 SR 0N T AR e B v
e A LASSO MCP SCAD SNC-LASSO SNC-MCP SNC-SCAD
FP 25.1 5.63 11.95 15.41 0.05 1.06

p=200 FN 0 0 0 0 0 0
F-score 0.446 7 0.784 1 0.6309 0.573 9 0.997 6 0.951 8
FP 35.97 2.78 6.7 0.762 8 0.285 5 0.208 1

=500 FN 0 0 0 0.03 0 0
F-score 0.359 8 0.8820 0.753 3 0.561 5 0.9442 \ 0.990 2

| %

Bl 1R 2 53 53l 7N 1 pp Yok U A 22 3 PSR
sz, AP AT DA HY, B pp B3 K, BRIV 25 1Y) it
AN 58, SNC J7 7 Re % B W R AR 0 45 2%, 72
Py =008 THa5E . B 2 Kompp X F 73 BRI RS,

FyOM U 75 3600 B A (1 AR B, p, = ORAE
AR 2 BT HEES R 73 SUEAREG. B p (1K,
Fy/0 B E K, TAPREHD, 75 py = 0.08 HHE 3 35 K
(7, JHEIT SNC 73225 B 56 PR (1) R T

1.0 |
1.0 | 08
0.8
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0.6 |
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m w 06 ¢ m
~ ~ ~
04
04 04 |
02 r 02 r 02 r
0 ke . . . . 0, . . . ! 0 bk . . . .
0 0.05 0.10 0.15 0.20 0 0.05 0.10 0.15 0.20 0 0.05 0.10 0.15 0.20
P P P»
(a) SNC-LASSO (b) SNC-MCP (c) SNC-SCAD
BT pp X THIUA 2 R 52 1
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k Py
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X

2 ppXt F-score El’bﬁﬁ“ﬁ

4 SEhREE A >

FRATHF T ) B S ER MBI K 5 F Teenagers Friends
and Lifestyle Study!*7. izlﬂiﬁﬁﬁjiﬁﬁé%%’/]‘fﬁﬁiﬁﬂ
PR AT B R BTN R B 2% 5 B B0 5 A S0 i
B B 8 PR — B, 5 /D AE I 3 22 20 5 % B 5 ),
PR SR A S A A5 I 24 2 () A7 AE 40 S o

Teenagers Friends and Lifestyle Study & 7EHfi € 7
/D ERIH 2 R A R ) PR AR AR SRS il sk T
3 AN ] JU(T, T, T BIEUE. FEASR E T 160 442275,
I A A LR Z IR (% 6 ) KEKE
SEREM S, B T 3 AN AR ACE W 2%, 2%
“17FKIR“best friend”, “2”FK 7~ “just a friend”, “0”FK I~
“no friend”, “10” R/~ KAL, AT 5242 2 18] (1) K
TH P 48 SRR I AR R PR AL

ASCAF B EX B 160 NMEEA, 40 ANRFIE

AHRAFGE S EER . AL R RN
A K SR JEE il 57 W JOH 6 155 1O, 25 BEARFAIE 2 TR ) 28 HAE H,
B AR S B9 250 A, FRATTH B A7 2 R A N 2%
I DA B IR O R R, T 7 D A
H & A RAT N EE A A1 73 )i B alcohol
tobacco #l cannabis 1 NN A &Y, XtT tobacco, JG
1 RIRMRHGT I, 2 RIRIERRBH, 3 RoREH IR
S, SCFRAN T FLIUGT A Sy S AR Y A

I 1) T B A I 2 an 18] 3 . AT A @R T
22 2 8] ) “best friendship” (245 “just a friend”F1“best
friend”). HR4FE ACTE 100 2% T ST AR FRHE B AR, 2427 i 27
A j 9 best friend”, WA;; =Aj;; =1, WA = 1.
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S AER alcohol. tobacco 1 cannabis 1 A B
AR R FU RS T D AR . WO AR B R R R
FEABEAL > B 1 I ZREEAIIRAE, B 558 100 VK. H
TAKIE B SO T S EORGE, RGBS
FIRET LA B PR B PE I B S Fa b, TR, = AT
417 SRR AR B B PN 7 THI R B8 UE SNC J7 V2 A R4k,

#* 3 B8 7 SNC J77% SNC-LASSO. SNC-MCP.
SNC-SCAD 5 7 ¥ 2% i 58 2% B T 1) A8 B 30k 458 07 1%
LASSO. MCP il SCAD X} & /DA R I M (B4 F
HH AR B DR R ) 1 T 45 2K, U\éﬁ;'%ﬁﬂﬂ PLE H SNC

P, A 3 AR Bt i T 1 A 0, 1 ¢
BRI 18 T A, B A MR RIUT A
TR DL, 725 57 AT A A A £ 25 5 4, 325 T
AR ZSORE A SRR 2, AT B IS 17 AN ) F3 000 R 2.

9T A Bk a2 H R AR R BE R R AR, T T AT
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