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Fig. 1. Example network illustration.
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W Z R B AR B s 1. hrRix— A2, &
SCR G BB AUE S G br, FHLATPAL Y sife
I £ T AR RE RN . 15 AR RE A MRESE 701 i) £ 2
WS S A E A B M, B B
WA SR 4 v B O E iR T B TE 4
JRi FE P S S e AL, A, SR
FERERR LT A M0 I W B O L A 1 s A A
Do 28 v EE LB Z A (R SR, ARSCE A 4R
IT—AL TR, 255 WA BE (k) |35 xR R
JEAH max (k;, k;) AR JRFPEE Sy Aifw2E 7%k (LDDC),
LT PO 45 1 S o, R TR A A s 5 2 B D 4%
TR E . SE T, M T OB R AE 5]
B (BGIM), HAZF:

H(i)H(j
BGIM(i) = NGCF (i) Z AAFij%
d,‘,j<R J
 {#)+LDDC
max(ki,kj) ’
LDDC = O'k,ocal/<klocal>7 <12)

Horb, BGIM(i) #x 15 1 i B E 2, NGCF(i)
W S BIEHN T, AAF,; NI E 5
PR 8 22 S = A i 5 | IR 22 2k (E, H (i)
I H (5) 43 19 05 0 B A5 5 0 A5 B, diy M
WA 5 2 AR AR, RS IR
R FE. LDDCIH A AN, B3R s e H
AU N (-2 BE 431 DU 21 a5 7 e 4T P 1
JE bR 2.

FEIZBERI T BGIM 25675 s B . NGCF
FAAF, 5IA T &REA—bHLUH, A5k T
S TR O 4% T g S A (AN A A [ L A
SRR IR T S BRI T | R AR A R | K
25 v B B B AR DA S R A LS | S 25 57,
P T — A BB W TTAG 52 2% I 2619 s ME R Y 5
TR, S, FRTOTIEIE T AR S BGIM A,
TE SN

BGIM_ (i) = ng oy BOIMG)”, (13)

Ho <~y <1, BNy (EBTR T4 & BGIM
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SN 7 040 R T R AR, IR Y y fEI 3 AL
JEN IR NE IO ARz 3E IR R A
[l e T AR, G2 280y i EAE 0.7—
0.9 HUFEFIN, LAt FAEdEAT RIS, B e
T P SRR AT R B

4 ZhhBHER

AT SR TR R R RE, B SEX A SO B Y
B 1 HE T S IR, SRS PRI E 8 N 4K 7E SIR
RN | AT FLA Y. XS A0dE: B s AR A
EAVEML Jazz, 3 FE P2 W 4% USAir, BRI
WAL B9 TR BEC W 4%, #t2 B R4
Email W45, BOAHERE M2 PB, LA H I M
2 2 BT M4 Router, #1328 BBl X 4% Facebooks,
FEE I S M4 Power. £ 1 71 H T X BB 2% 1Y
SEHRRAE, AAE M2 R A N W & B,
T RPEI R IR (d) W PR () L AR AE
RERE o MK ks 8 A5 BALREIRIE Bn LLAF
BALE R B NE 1T LIE S, &4 M4 AE T 55
B N SIS TR AR B 2 . PB
I 48 Fl Router /48 '€ 7R T 38R s R D 5L
R M LK ZEG 5 5%, T Jazz Fl Email 2% 07655
BB AR R BB EKR ks (H_LAEMABLH T AR[E
TR, XU 1 ZRE M A AR SO R T EE 1
WRXFREE, A By T 95 Uk HAEA [ €588 99 45 v 1436 H]
PRI RLE.

5 TEARVE
5.1 SIR #&H

F T VAT AR 2 A T LR RE T, A
K T 2 HLfr) SIR LAY (28.29] JE47 5256 SIR A5 A

S IZ TR A AR AL A A T o A
7 A 5 B3 P T IF 5 {5 S REORTI R B A% 47 S5 ]l
ARG 28 T Y R0 =R B (su-
sceptible, S). &Y (infected, I) YK (recovered,
R). S8erh, SIR AR BAR B E AN - #5E, 7EA
BRI RALBT B, 535 SRS TR 1 s E N
YR (1), Hp v fii b T o8k (S). 6 1
T R B FRATTIPAG A L4619 i TRIRS R
W vp JERGUIR ST s LI B L T A By JeIk
SRR ST A5 R, RS EG Y DI 1 KR
HREARE R), I HAHS S5 Efefkid e, 76
Pt F b, BRI IR E R LI A RS . R
e R o SR T 1 2 AR J 19 i, g
AR R — I T2 B A S YIRS, T SRR 9
ST R IR RS, ARG L PR B AT
L 2% TN BT R A, BT IR Y
PR R SARS.

TESHCE T, BMER B2 AL, T
E T IR R AR R I ) 2D 22 U G A8 T 1 S
B, N T B RS R A RE, B IEBUES % N
2K AT IR B B, TR B = (k) /(K2
Horr (k) 28 B, (k2) 9 2% ) -2
JE B0 LTI TR, S REAE A SOUL I 2] 14 1 i e
USSR, IR 1 BRI 19 i A KA
ARSI, R PRAIE— M, A SCHE T A S g h 48
—HE p=1.00, BUERYAT SAE— IS 5 24K
WA, SERGS AT G To "h AR S AG
P IREGARZS, 2% vp AR S50 46 16 R 2 JROIR
& AT SIR BRI AL R A, I il SRR E AR
BT R IBGE R(i) , B HAE NS 5 ROE G RE SR
B o T DRSS A5 R AR M S R R, A SR
FH T T D0 4 A Sl 24 ) e ) S 3 o 5 SR . ELAAR
M5, 0S8 D /NN (N < 1000),

1 SIS A MG
Table 1.  Basic topological features of the eight real networks.

Network N E (d) c (k) K Smax B Be
Jazz 198 2742 2.2350 0.6157 27.6969 29 0.0266 0.0547
USAir 332 2126 2.7381 0.6252 12.8072 26 0.0231 0.0487
EEC 986 16064 2.5869 0.4505 32.5842 34 0.0134 0.0191
Email 1133 5451 3.6060 0.2201 9.6222 11 0.0565 0.1187
PB 1222 16714 2.7375 0.3600 27.3552 36 0.0123 0.0246
Router 5022 6258 6.4488 0.0116 2.4922 7 0.0786 0.1266
Facebook 4039 88234 3.6925 0.6055 43.6910 115 0.0094 0.0164
Power 4941 6594 18.9892 0.0801 2.6691 5 0.3483 0.6016
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ASSLEGFHAT 1000 YALRERAL,; 1w F 15 S 2
AR R 4% (N > 1000 ), 5256 R BOE B> 2
800 YK, LAFEREAR A S 40 1 [ B PR R R 25 SR A 8K
PE. I 2L, IR S R R RE T, O
WO AR SRR RCRA8 bR, FH LS i
TE WAL 3G AR 5 I .

5.2 Kendall 13X R

R T VA AN )7 5 BRI i 5 S bR
HERE S Z [ A A, ARSCR AT Kendall Taul!
Z%0 (Kendall’s Tau rank correlation coefficient).
Kendall Tau & HU& — F i 125 70 > A8 18 22 (8] A ¢
PERAES B Gk, @ TP A HER SR Z
[ —2e. AEHEZ SR X AT Y, Kendall Tau
FE T nE LR
2(N, — Ny)
N(N -1)"
Hr, N Z2HEA SR T HITR BB N2
RO — B TR XA, BIFEHE4 511 3% Tk
AT AR TC R AT Ny A2 HE4 5136 B —
BT E R, BITEPI N HES 51 3R HES DU A1
RTTE X RPN HER SR T 25, 7= 1;
WERFERA—E, 7= —1; X5 -k
PR, 7=0.

T(R) = (14)

53 HEXHR
R T VPG AS TR P R VA A XA
BT ROR, SEg R T HROC R FEAR (mon-
otonicity index), IefE M(R) . *RH R 4508 M (R)
FH T — PP HEA T A 2 KRR S ERBASFE 15 1
PEREIX ATk, & — M i HE 24 5 kG B 1Y) B 24
. BAEOC R AR bR M (R) IE SR
2
M(R) = 1—mZNT(NT_1) , (15)
reR

Hoh, NJ2MZ s B8, N 2 B A MR
OPEE R SR, R RES. Wi
M(R), AT LA ORI 5 3502 75 RE A A 50
XA P ETA 19 5. 5 M(R) = 1, MFRi
AP T T A FE A O PR (E, HR TR EA
TERMIXITIE; 45 M(R) = 0, WZARPrA 17 5 4L
HAMFER O, #2075 2L X R
Ry H 2.

6 % I
6.1 /INAEFILE LG S5 R

FE /NS I 2 1) S 36 5 45 SR 4 A v, AT
1 R DGR R FH 2 R O MR AR EA T T 45
A PR, S EE o (DC). BT hb M (CO).
Bt (BC) IR G B4 (MDD) ., Gravity
Al Gravity+ 7 . Cywa. KSGC ik, VA MA SR
H ) BGIM Al BGIM+ 73k, 19 s i HAR Tl HEA
L% 2.

Rl T B P R 49 85 5 B A0 X,
I8 T He P ZT 05, (H S M2 1 1 B v 4 55,
BRI T 5 BALRRRE . M2 T, 3905 2 B
O, B SAME AT S T 2 R, A E
SRIEAETE ). FEJRi RS SRR T, 195 22
DR ] LA 7 o SR 2l P 2 B R et 1) SRy e Al
B HAE BAGHE 2 B T AR B [, wE DL i 24 K.
FHIC, 9 14 FE/NAMAR NS I d 2 L3 I 4%
Bty A B FAREEE B i A 1

A4 RS R s BRlE 7 T, BGIM Jrikid it
A AR 5 R E B, BRAE T A TS LA B
m, #£ KSGC Ml Cywg Fik, W7 3 MHEA T
T 14, BNE )R 5 )RS A M E, T
J 14 PRIREIT ) E B Ak A i SR AR A A AR,
XA ST AEAG G BE, 1905 6 MENIR R
PR I 45 249 ROHAL R M RE A2 B, HE 2 T LA 05 22

2 BT IIREAE/INIRE R 26 I A IR 15 SRR £ S

Table 2. Ranking information of some nodes obtained by various gravity models across seven networks.
Rank Gravity Gravity+ KSGC Cwa BGIM BGIM+ SIR
1 14 22 3 3 14 3 14
2 22 14 22 14 3 14 6
3 3 3 14 7 6 6 3
4 7 7 6 22 22 7 22
5 6 6 7 6 7 22 7
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Tt AL RE, R T SRR RE ). iy
FUT BAREAZL AR, (B G RE IR S A BRI 55 T H
HEREHAAE B A RE ST, BBt T WL, ZEPEAS Y S PERE
7 25 5 RV E ARG 2 .

PL EAr M8 3] T SIR, BGIM Al BGIM+J7 1%
FERIE (W36 2), #E—200EH T BGIM 5 BGIM+
P 3 1 5| 0 5 2 (B P PP 7 sl E S 5 T ) A A%
PERAERE. SRR, AR O PR7E T
B FR A DI E, T BGIM 5 BGIMA+ 7 ¥kl
LRGN R A E R ERRRE RS R v
71, FRBIEA T AR T SR TR T
R, JUHAR G 25T T R BB 34

6.2 HEMELWEERIN

SIR L3 S AL ) 465 57 55 7E 5 JEk (susce-
ptible) . /&4 (infected) FIPKE (recovered) —Ffk
AR BN HE AL, 18 ER (R RTE R 28 h 15 45 B A2
AT AT SR AL R B T B RE ] ). A SR
FH Kendall AHC R BUE f 45t ORI I 5 SIR
BRI ZE R Z R AH DGR, LIRS AN A 7 7R TR
SO AT T A . B Sce g R (WL 2) W]
M1, Degree, Closeness X 25| AL (40 G, G+,
Cwa, KSGC, BGIM il BGIM+) 5 SIR #AIHE#
R —E IEAHZE. SR, Betweenness A1 MDD [
FEOUWE AR, Ul AR 4 JR) AR R AR A
SR 7 AR 52 2 1 I 2% A2 A I S B

AR E, FEAF SRR M4, BGIM F
BGIMA-7 i FEEHEY 5 SIR BRI EE R
W3, R Ao A0 3 P P A . R A
FEAE T EATEY SOIPM P2 a5 18 T ML E |
BRI S AEXSFRG 1 TR, DA RE 6 T 4 1 b 221 )
TR AR s e . AT, BE RO
FEZE I U AR R o3 I 26 R B 7T, (LR I 2%
MY b, XA EE R X 40 S E ] R
T & MDD B AR =R G R A AR R,
LBJE T AR AR B FITAGAE B, SRMIAE 2R
2 e, HARONIDRG FE T T B 4R T X
RIS AR IR, G RN RO U S b
FRE R B 55 T, BBRTER 4 & (W Jazz,
Email) PRFF ARG E 192 B, (HAE S5 /& B 55 5
Y R 2& (4N Router) H, PRI BE A Y o (EL,

B4 R, RS TE PB M 4% rh 45 1 5 BGIM 4%
U, (HZE AT ML X4/ O e, H:
BRI T BGIM. A2 T, BGIM 5 BGIM+
FERUBLRR | SR B Ry B A% ) N 48 v R BT L 28
Hh, U T B0 o 26537 5 AL RE TS 7 s, LA
KB R T KSGO. 58 HARAS, X A 7 i e 1
T EAE B T SR R R, i85 A
51 746 TE AL Sh 1 215 a5 7 S 5 1 P9 46 e 118 5 il
FI43AT ol ST A5 AU B B M S — .

T BRI, DRGSR R T R fLRR
HEATH AR, FRE e e B — ] R A HER KB,
PR DA ) AT S U FRATTRE A A LA
(5 A A A it o, IR B AR X RN [ By — a,
B x 2)(FH a = 0.01), LLUEEAE BB e st
R R AL 2 B — o < O, $E
R FRRE N 0, BI [0, Bu x 2]. MAb, AiE—
HI6GIE BGIM 5 BGIMA-7E 22 il W 25 45 44 F 119 16
FIE, ARS8 K5 6.3 195 AT Facebook [ 45 Fl
Power M4 #E47 8 RS0 AOXT L ITAS . b AR &%
A N IAE R I T, REIETE MBS 5K 7
%5 SIR HEA AR HOAE T A 1.

MIEL 3 EE AT UL, FE R ZHM %, MLk
TR F A, BGIM 5 BGIM-+H14 511
FHOCHE, UEEH BAT TR B S BT R X7 i
FEVE A S AR ME. BRI OB TR Y5 |
J177%% (W Degree, Gravity, KSGC %) TEIR1E#
T W RE AR, (B Y AL 2805 20 40 G
(R, XTI R IR R N . SO R A,
RAEREET, A5 B AL R R T J5 1 A5 a1 24 4%
BRI, B R REL W, FFZX S
FA) 4 J iV aE 47 B 4 T Y 20 T YR A R R IR
(Cwa, BGIM, BGIM+) WTEA [A) A& 453 S 2
TEENREN, THE BGIM 5 BGIM+, 777
SBER L | G5 A 2 HAHEA T RE S
SIR MEHRESS AR B M4z, DL EEC M4 i,
YALRR R RS, BGIM+HR Pt fEE ik BGIM
FZRIN, Bt LA 4 e 3 T D B 5 IR 407
FLAREE I RE ). (HAR IR B IS, Cye IIBEFIE
O 2 R, 5 TR 58 oMy
AHE Y 5 5 AN T, BGIM 58 3 5 | A 254 3
25 2o R BOR BRIARAE ) it bR BERCR, fil
A9 A B A PPN SN UL T 4 1T, AR AE R
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(g) Facebook; (h) Power

0 0.04 0.08 0.12 0.16 0.20

B

(a) Jazz; (b) USAir; (c) EEC; (d) Email; (e) PB; (f) Router;

Fig. 3. Correlation between evaluation methods and SIR model under dynamic transmission rates: (a) Jazz; (b) USAir; (¢) EEC;
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(f) Router; (g) Facebook; (h) Power.
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Bi-dimensional gravity-influence model: Quantitative
assessment of node performance based on individual
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Abstract

In complex networks, the accurate assessing of node importance is essential for understanding critical
structures and optimizing dynamic processes. Traditional gravity-based methods often rely on local attributes or
global shortest paths, which exhibit limitations in heterogeneous networks due to insufficient differentiation of
node roles and their influences in different topologies. To address these challenges, we propose the bi-
dimensional gravity influence model (BGIM) and its enhanced version (BGIM+). These models introduce a
novel entropy-weighted gravity framework that integrates node information entropy, gravity correction factors,
and asymmetric attraction factors. By replacing degree centrality with information entropy, BGIM captures
nodes’ uncertainty and information richness, offering a more comprehensive view of their potential influence.

The gravity correction factor (NGCF) combines eigenvector centrality with network constraint coefficients
to balance global feature and local feature, while the asymmetric attraction factor (AAF) consider gravitational
asymmetry between core and peripheral nodes. This bi-dimensional method can evaluate the node importance in
more detail and solve the problem of imbalanced influence distribution in different network structures. A
normalization mechanism further enhances adaptability, thus ensuring robust performance in both sparse and
dense networks.

Extensive experiments on real-world (e.g., Jazz, USAir, Email, Router) and synthetic (LFR-generated)
networks validate the proposed models. The results demonstrate that BGIM and BGIM+ consistently
outperform classical methods (such as Degree, Closeness, and Betweenness centralities) in identifying critical
nodes and predicting their roles in propagation dynamics. In particular, BGIM+ exhibits superior performance
in networks with complex topology, achieving high correlation with SIR (Susceptible-Infected-Recovered) model
simulations under different propagation rates. Moreover, BGIM+ effectively balances the influences of local
hubs and global bridges, thus it is particularly suitable for heterogeneous networks.

This study highlights the significance of incorporating multidimensional features into gravity models for
accurate and robust node evaluation. The proposed model advances the development of complex network
analysis by providing a universal tool for identifying influential nodes indifferent applications, including
epidemic control, information dissemination, and infrastructure resilience. The applicability of BGIM in

temporal and dynamic network contexts will be explored in future, so as to further expand its application scope.
Keywords: complex networks, information entropy, gravity model, multidimensional features
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