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Abstract

Compared with single-layer networks, network models under multi-layer topology can reflect dif-

CHERERE

NESIH: BRE, Wi, HEY, WP, R8I 2RI MBI ). s S Bk, 2024, 12(3):
433-437. DOI: 10.12677/iae.2024.123055


https://www.hanspub.org/journal/iae
https://doi.org/10.12677/iae.2024.123055
https://doi.org/10.12677/iae.2024.123055
https://www.hanspub.org/

iy

-

%

ferent types of connection patterns and dynamic processes. Based on the current status of control
of network models under multi-layer topology, this paper presents the latest theoretical results of
control based on network models under multi-layer topology, including optimization of multi-
layer network control and optimization of multi-layer network control. In addition, the identifica-
tion method of key nodes in multi-layer networks, internal and external synchronization of net-
work models under multi-layer topology, limited fixed time synchronization, and network syn-
chronization with noise interference are introduced. Finally, the key issues that need to be solved
in the field of multi-layer network control are proposed in order to promote continuous develop-
ment and breakthroughs in this field.
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1. 5|

BEEE S BOR S N TR R R, WG R2 AR TR, EEAEROR, ek, e
], N REETT AT Z KRNI [1]-[4]. BUSEH SR th R 2% R G0l H BoA A R R &SR s &l e,
90 268 A6 0 T DUAR 0 S U SERRAIE . 2R, AE R 2 RAR G AR R AR AR AR, X e Un] DA 2
TR DGR L N (A AR A AR R R S 2R 1 . IS RGBHE AT REMERE R, N T HERXF “2
J27 FHIE, DR EERATN B/ ARG EAE, FEEE TR TRREMM AL R RS, I Z 11 f#
iR, BRRMA AR RGRKGOC R, AAAEERIBRIE. ARG, 2RI TR
LR 5 N DX — BRI, B AV AT DL AN [F) S Y (e QRN B o 2, 0 HL AT LS R i it
Srifr ARl AEIRATRES MR G AT & AR RSt 5 E MRZ MBI RERALE, 22
ARG T AR B TEAR R b . R B R M Pt . 22 2 2 F il e A0 5 T A B
WRHEAT S 4

2. ZEMBLERHRIL

iR NIDES o 2l Pive Qe A L P S IR A SO W Rl o /B e D = U N 1
B A BRI AR AR A . I T AR AR RORIT ST IR ek . DO R R
WA EBEA HIER R, AT BN E, YO SR E R . AR, 0 T B A R 2% R
Yo XFPITBAEN A, R . SCIR[S]E R T MO B HE R SR, AR Y R R A A e
B 7GR L R, BRI R . E B R DRI SRR S U 4 AR X 5. AR, AE
BRERER R AL T, RIGEE T OEEE, NI T S A R il 5 . 15
FRE R M AR B, KA — MR RN . i VA REA I 21 i 2 ) A% 45
s HYHEE MR R R AR, BRI AT R R 4 o 7 DL BSOS 2R T (1 5 Rl 1 4% AN S St
FRER M2 EHEATISEIAEN], S5HARTTEMLEL, Pt K77 AR R A 2. SCHR[6]Y & T VoteRank 77
2 FEH T AT R AT & i G B WVoteRank 7 ik, B ERR R AR R T 1 BhARIAT 2 BhAR
s, DL E DR 2% b BAT REM 0 75 o [RIIPRE SR R 7 iy e 3 T AR 2%, AE 2> BT AR R
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AN g M ) ST S B AR AN S B B b, R TR R s WVoteRank J7vE S AT (1 H O PR FE R V(N
BB AR B BRI FE AL h $8ECF1INAL VoteRank) k4T 1 14 B LA

TER T BEAR I 5, SCBR[7TR3E T R TR A0AE 500 )75 s 4 R G5 H R AL (GSM),  iZ AR AL E 5 18
T R BTy, SRR TN REM G A R m ). PR T GSM, R« 5 I Gtk
57 WRSRIEAG HRE . AR T Profit Leader. H-Index. Hyperlink Induced Topic Search. Improved
K-shell Hybrid. Density Centrality . Extended Cluster Coefficient Ranking Measure 2 22 fil v S 1 A 2,
PAPPAl GSM (1R o S Ja T -GAN SRSt SRR AN & B 22 S B 5% I 2% DA S AN [R] 1) 6 44 B8 SR AT
SEAG . RIMAE VA SR I BT ST T, GSM B REAL TR ik . SCRR[8] T T —Fp 2 T 5 B B A2 11
DRER RO T, B T AR R SR VA (R, ey R B AR SR A R
IR, i I S AR5 AL A R

BETRFAE ) 2 (1 77 VAN 9 70T e I o R B ey L AR 49 s (5 B e o SCHR[O] M i 52 24 45 1) 1 SR
fE, BT RN R A E SO TR VR TR R R0 B RT LA I 4 R e 1 A o
FATIR 53 T8 o2 (A S5 20 o " ) ) 2 A0 o SR8 2R B ) LE RO T4 557 5 28 2R B 67 3ok s 1Y o5 ) 4
R, B O R S 1 R T AR R . R N TSR AT S R4 b, K TRt TS
BEEET Gy - Y - K (SIR) A G J& - IR (SRR (AN [F) rhoe BE WU D7 VEEAT 1 HE . 1l SRk
PR 0 5 9255 oAt 7 A0 Bl EAT AR KA A . SCHR[L1017%5 R S min 1 s S B (O R 2R, 40 S i R 345 1B A
T RTEM A R B, PR T TR OB s iR 7% HC (Heat conduction) /7%, @i L AR AT
RERAE I 2 T T G 1R BB DN RO T R T HE R, R OB R

BT RUR BR AN AR 1) 7728 2 T B A R AT UL A 1 A5 DO 8% (14 225 R R Iy i 738 A SR VR ) D B R
IOH 2% 0002 R O D B KRR AU AL A R 52 A N 45 45 T E R BN A i AR (0 D B i o SCR [ L L AR D9 4% 4w R 0 0o
BORFFEAE I REA, $RH T 28T M B ) 28 BRI R LR, JRoR T JRATTN Y s h &S B2
P a4 52 381 FBE 50HH S Atk R O 2 THE AR 435 W) PR S o SRR [12] 975 T4 BRI 5 0 A0 3 45 ) 5 JE R B AR 3 A5
fEDUHIHEA (NTPR), $2 H T AR 17 s R AR E . BELL . 40 R 40 JE S E R k. —23
I FH BT H 0 r o BB B E 5 P S X 286 R ogh AT A, DAR 1A SR g BT A

3. ZEMEEHIML

Z RGBT MRS, RGEN, ZRERENE -85, FOVREREET 2 BARUR P
ERREBERER, HINE IR F 5 0K D ae b B IUE S A RAT N, RSN EE.
ZZMEFL 5 AZAAFNRIERGMFEY . KREMNESIMTED . BB PRI 0 ED . A RRIE
5 I [1) 9 4% [+ 25

TR R SR AR RGN 6], X RAWPIES 5 — IR R G HE T m — 8. Rl
FCIEIEL, (5 B HAR. N TR, @55 A E BEEMRH . SCR[I3IFER T WA A FRNRE RS0
MDA B REMBFR A RAMEES . FRERG Nl WA R
BN BTHEH R E T 1 R G0 E SOV R R G I B S R A . X MR
T EIE N AR IR F D R R, EHRIR T AR 5N 4k SRR R T A S RO B RS . SCHR[14)
P T — MR VR F S AR . B AR RATHE R — M Legendre 22 W AMEE AN 52 M 1)
BRI S . ARYE IEAC R BUE R, Legendre 2 TiaAE DME R /NI LR Z T AR s 3. (R,
BT AT DLEUARASER 22 G0 R 28 X 28 SR Al T RIAME A 1) R B A E . X — RN FE TR RS
MEHITFB, R K TR E N T ARG ik BOE AT VE RN

RGN IBEDT IR — A2 E WS FTE T S BIFEREAT R, BANERA BL 1) RS0 (A7 s ] LA
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SCIL RN D WU A BB IRI 2D o A9 0 A2 2SR A AR 8 I 2% S5 0 B 2 I 2% TR ) 3 2454, SR R o A
Arpze o2 A A A2 . SCHR[LS]WT FE 2 il A2 B BRI A ) N IR 2 1D . %R 5
HIZ RS, Fp TR BT R adLa, TRIZ RN AR, HARIE S AR & 1 IR & 48
o A FANTZ KA F 3452 0L EATZ M PR R EOR AR (. R o 1 — Mg B HLL,
FRAR S A I 23t b R R 2 BLR B4 1B L A SCRR[161R R 1 X2 2 % S AT A A AL BRI 77925, SIN T —
NS PE TR S MRS R Z2 52 o X PN S5 SR I BUE B B 7 3R M UER S E, CHGRAE R ARG
FAAERUN R SN ZE R IR LT o X B FEAHES) TR 18] AP BAR AR, 38 SERR I 48 e it St
THIMERNZSS.

iR P T P BRI 2% £ () 20 4 22 J2 190 2% 32 80 i 07 11 R 78 S A BT A 9 il SEBLRLB AT O o MRS T PR T
Mg RGHIATRIZ D), MR JE I A S B A M . e S P B I8 % m] DL e BE LS 3l 702
179 SCRRILTIRT TS 1 B SR vEPEsh (R0 S P8R IR GE 0 B bk B I N Fa 5 20 i SE I 45 45 1 Y 2
FEE R R BRIE T BENL M BORAT B @ N HEEN, B W TS R AR SR
TERGAE A WX ST E N T A REE 77 L SEOR @ AR ER0 . ST AR T &0
T3 IAE R 2 A [0 R (R L 7, 3R 5] 1 ) 2042 ) SR £ S B S o ) B B4 o SCRIR[18] 5% By
I AR A 5 SE IR AR Z A 75 BN A R A R0 I, SRt T S Ak i 2 ) SR SR SEBL R 2D A . Sl
TP Lyapunov-Krasovskii Bi&, PAZRPEREREA XML AT 1 — 288 ORATIL [F2D 78 70 26 Ao BT I
AT T ARZRAE N 25 R0 (2] B, 38 AR R 24 v (R S SR MU E VR B AL 1R B R

A7 IR [ 5 I 18] 199 2% [ 20 4 22 J2 W 46 i A 15 o ST R] 25 AT D 0 ek ) T DU 308 SE B 7 2217 150 AR A
SCHR[19]  ZERIFIE — S AT 2 LU SE B ARG 4oh 22 10X 2% 160 R 0 R0 [0 5 IF 1) [ 245 [ 8 5 A A S i 24
B, AT JFOR 10 2 LEGIRER RV E AP 22 N 28 05 0 — i &R 48 HLR, BRI Lyapunov B4k
AER BT BOR, FFE5 R R R S0E, @S0 7 — Sl i o, DLSEILT bk 5 48 3 A BRI TR) A
[E5 5 I 18] [/ 25 o SCHR[20]WF7E 1 FL A I A2 S P 50 MIAR AR 328 V1 e 20 0 2% (A IR I 5 B 1] ) 20 e Ao g
5 FE ) 5 PR TR B AW 2R SEAR TR 73 At g S IR S AT 82 R SRR, Ao R e M A e (i AR A e
PEXER ., XA TSRS RN, SN ERBUE R G R R4t 787k,

4. &

MZ RN T AR R ] (W TE LI, $hdhaitl . S . RS S Z RS
PHEVIRR . WTRZZHRIEEH T MR 0 REREMI R A EEZ L. RERK, ZEW
IR R AR SR, TN 2 PR S E . — 7T, B R LR REHOR AT R R,
PN ERGE L R TER ARG TEAELS, WA EEIE a2 RS, 5T, ZRM%
PHIEHARE . SCE AU LR A2 S A5 ] AT g 3t — PR R . ARSRIIWE T AT ASIE LR LA —
NGRS AR A, SiaBEE. B WEHBHEEZ DGR RR, RS2 R AR IR
s RN Z R AR S 1744708, 4B s Ja (B LRI A Eer s =20 R N
R BRI, DASON R 2RI I IR IRR 22 M8 A8 SEbr s P R 7y, e g
ARG BRI, MM, SR 2 R R .
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