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Abstract

The key node identification method based on gravity model is a common type of identification
method, but this type of method has the following two shortcomings: the first is the single factor
considered when measuring “mass” of the node; the second is the high cost of required running time.
Therefore, this paper proposes an improved gravity model identification method by optimizing
these two shortcomings. Initially, “mass” of the node is measured by comprehensively considering
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the degree, the H-index centrality and the clustering coefficient, and the information entropy is used
to distinguish “mass” of the node. Then, the influence range of the node is being reconsidered to
reduce the runtime cost of the proposed method. Finally, the method proposed in this paper is com-
pared with six benchmark methods on eight datasets. Experimental results show that the proposed
method has obvious advantages in monotonicity, robustness and accuracy. The running time of the
proposed method in this paper can be reduced by 18.97% - 87.65% compared with the identifica-
tion method based on the gravity model.
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Table 1. Description of experiment environment
1 SERIFEEEL

ZHUI SHUA
BIERSG Windows 10
BITNAE 16.0 GB
rp oAb 7 2% Intel(R) Core(TM) i5-1135G7
WIEES Python 3.11

4.1 SKIOBAESE

ASCRHTUA R \NABEE Ay sSLie B 46, B Adjnoun [21]: /Nl CRERNBIE/R) SR 217 M4 1]
PRI Enron [22]: Z2AR2NT) 52 T2 [ B TS AE 3B iR M 4% ;. Netscience [21]: P48 R 458 b/ 2
Z A& R R ML Celegans [21]: F5HHBEAT L AR N4 ;. Crime [22]: B FRALZ A1 AR S A4 BT
JOHEMIZE s Email [23]: B 4Edr - R T RIS 01 2 1) 1) FL B EE@ RN 4% s Air [23]: B SE BB
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B KA AR R R LA % . Health [24]: 17 42 I B M PRI IS )\ AR A
W% 2 BiR, B, (co) RRMG TR KR

Table 2. The basic information of eight datasets

®2. )N BIEEHNERER

EIGES n m (d) {cc)
Adjnoun 112 425 2.5356 0.1728
Enron 143 623 2.9670 0.4339
Netscience 379 914 6.0419 0.7412
Celegans 453 2025 2.6638 0.6465
Crime 829 1473 5.0400 0.0058
Email 1133 5451 3.6060 0.2202
Air 1226 2408 5.9290 0.0675
Health 2539 10455 4.5594 0.1467
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fF)o M ARSI T 1, DU BT I 151X 73 e ik .
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5. SCISLER S

ARSI S 25 R i BRI, A Hle IRYE ST BRI, ERPE AT LS AT I
134T, 5 F RCREAR VO I VYA B 73 BEAT VELR A 74T

5.1. BiFMSHT

% 3 B T ORI ELE )\ R R R PEE, o, BN OESE E s A A RN
HR¥EZE 3 AT %0, BR T 7E Netscience B4 I, IGM J7ik 82 v] LB % i K S MR8, I HL7E Netscience
e ER R R R A T3 . KS J5ide — Pk T s BAE B R R R A 732, o ik
VPRI AR FAT s LR — 2, SBOZIEEA RS F IR i M A2 K. A 3 ATLL
MEER], MLLT KS 757k, HC Jik e T s X e ) B — Tt LEC AV HRE T4 5 H & 540
JET RS, T HIE T R T s AR JE BT RS L. BRI, LEC J7VERIT A A Re U1 Bk — P4
Ft, HHL7E Netscience 3l EHUS T Hm M APEE. CC ik R EEIE A KT 099, Ll KS
HAUHC J5ik, 5001 55 X 4 6 12 I . GC 7k [ %5 5& 135 s AL B A5 B2 (5 5, LGC )y
TRIFI 5 RS T A B B DLRAR T AT BRI ARAE B, WX PR TR I X 40 R A SR AR LA
. BTS2, METHAMASFIE, IGM J5ikI™s f X 7 68 /12 ok .

Table 3. Monotonicity values for seven methods on eight datasets

3. LHEEE/ \ N EERRH RN E

piEES M(CC) M(KS) M(HC) M(GC) M(LGC) M(LEC) M(IGM)
Adjnoun 0.9837 0.5990 0.8110 0.9990 0.9997 0.9994 0.9997
Enron 0.9872 0.7245 0.8331 0.9998 0.9998 0.9986 0.9998
Netscience 0.9928 0.6421 0.6825 0.9946 0.9950 0.9972 0.9950
Celegans 0.9900 0.6962 0.7331 0.9967 0.9983 0.9971 0.9986
Crime 0.9982 0.4327 0.5651 0.9990 0.9986 0.9836 0.9994
Email 0.9988 0.8088 0.8583 0.9999 0.9999 0.9986 0.9999

Air 0.9992 0.3772 0.4916 0.9992 0.9997 0.9912 0.9997
Health 0.9994 0.5245 0.7986 0.9999 0.9999 0.9994 0.9999

5.2. B

K1 gath 7 BB —E el e & E R 2, HA R R R s, AR EME. A
1 Ha ISR B, /R ZHE DL R, IGM 5 502 ml DU B K1) & MH, JUHZTE Adjnoun. Netscience
Crime 1 Air #4545 b, W UUE 2B R E . ERRIUNEIRSE B, BRI R X %A 1T
T VYN SR W S, AHLEARSK B IGM D7 EAR IB 2 BB L 1) . Bl Un{E Celegans $ii 5 b, 4#FRTHT 40%
EEAI 4T s, IGM TR A B R . R3E I 1 vk, ERZHIENT, HC JikikfsiEE 1 E
R KT I s O . BIAnTE Air BE4E B, U8R 20%~70%LL (15 sl , HC k3RS
1035 38 1 B B R R KT e OO LU DT VR o AR, GC AT LGC 7k 2 T el A&, ifi CC.
KS 1 LEC iX =M 7 VAR 48 T A2 2 5D 1. BIANYE Enron B4 1, MR FRTHT 50% LL 3 (15
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Figure 1. The changing curve of & value
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Figure 2. The changing curve of 7 value
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2 45 TR BT RS o AR 2, P BT R RS BRTT AU EL ], BN o fH.
2 W LIS 2], fE Adjnoun. Netscience. Crime I Air £#li4E I, IGM J5ik L& T LIS /M) «
fH. #4n, 7E Netscience R4 I, BRI ALLEIN 10%0f, IGM J7i3845 T & /Mi « i, H H 5K
Ko HZ A« H255 05963, 5K 1 i HLZEMl, HC.GC Al LGC J5ik & 2 T e A7 &, 1 CC.
KS Fl LEC IX =P ik it e 22 . RIEE L AIEE 2 wlkn, % —e bR i IGM ik il i p s f, R
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5.3. MBS

FEARSLI Y, EHURERI TSR BRI ET 20 AN OBV RGN 0, BRI B NLE 17
100 W, BB I FEIE IR (F (1)), % PRIEINE S RA R a6 3 i T 6
FOTEAE \A S 4 R ZE, RO b K, YRR RUE S, AR 3 AT LU ER 3],
IGM J5iBAE K2 S B0 Rl LARAHROR A (F (1)) 8, EPBERT IGM J5 3B i 15 s iRy ke i o 2 f i
(¥, HRY IGM JT7i il 01T RO SE AR . B0, {E Health $0#i4E b, IGM J7ik b eoxt 777
TERLR AR, JF HL5 B (F (1)) 2 M A2 8 507309 32, 116, 208, 286, 376, 378, 343, 263, 195,
129, AX R, 7ERZ HHHELE L, CCL GC A LGC J7ikiffy (F (1)) {ELA AT h [H] AL E - 7 Netscience
A1 Crime #ilg sk b, KS J5ikibUnl 4 st RUBSRE R SSH0, DONERZHAEIL T, KS Tk
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Figure 3. The changing curve of (F(t)) value
3. (F(1)) Bz

5.4. BITHIEI 4
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RABI T ORI\ RS LI RGBT E], 24T A AN RD . ARIEZE 4 AT, 1IGM JTAR
AT SR T A B, BY IGM T IS AT I [ AN i (1, AR HRARM . HC. KS A LEC Jf
ARRR LIS ATIN WA, H=FMIESE 1 AP LLN S, JR1, HC A KS J7i%k 75 silX 7 RE 11585 .
HHR CC. GC Ml LGC /511 silX 43R /bl HC I KS JvE5i, HIX = Fh 5 72 A AT Bk [ AE 0T S i B
mff. JuHAE CC Ml LGC Jrik, BUAEMNIHREHSHA T mix Al ) S B A2 K, X2 LUA S TR o
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Table 4. The running time of the seven methods on eight datasets
= 4. EMFEE/N\EERE ERITITRE

HiE4E cC KS HC GC LGC LEC IGM
Adjnoun 0.0286 0.0033 0.0041 0.0324 0.0341 0.0086 0.0203
Enron 0.0453 0.0057 0.0054 0.0453 0.0520 0.0120 0.0248
Netscience 0.1633 0.0216 0.0233 0.0987 0.2490 0.0315 0.0706
Celegans 0.4041 0.0108 0.0131 0.5080 0.6250 0.0422 0.2157
Crime 1.0309 0.0155 0.0165 0.4633 1.5494 0.0363 0.2169
Email 2.4928 0.0280 0.0337 1.9417 3.4798 0.0848 0.5733
Air 2.5880 0.0215 0.0250 0.6702 3.2100 0.0539 0.4368
Health 11.0311 0.0598 0.0722 3.5867 15.8230 0.1564 1.9547
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