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Research on Kernel Extreme Learning Machine Algorithm for Key
Node Identification in Aviation Network
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Abstract: Accurately identifying the key nodes of aviation network through technical means is of important theoretical
significance and reference value for the normal operation of aviation network in peacetime and defense and repair in war-
time. For this. a key node identification method based on kernel extreme learning machine is proposed. Firstly. the
comprehensive importance of nodes based on analytic hierarchy process (AHP) is evaluated. Then, three simple indices
are selected and the importance evaluation model is established based on the mapping relationship between simple indi-
ces and comprehensive importance of kernel extreme learning machine. Finally, the simulation is carried out with the
example of China-US air network. The simulation analysis of the American aviation network indicates that it can obtain
satisfactory identification effect for key nodes by only calculating the complex index value of 40 nodes, which reduces
the calculation complexity and improves the identification efficiency. This shows that it is effective and feasible to use
this method to identify the key nodes of aviation network.
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e s . Bif 1]
e L7/ [ Y 5 i
BBt ST 5 R i A 408 B R OCN)
BEAH RPNk JR EB A L )
. B R
b= Vil 4k i it N O(N
i BB i 26 3 s (N)
K-shell BT R AR R R i 2 4 22 O(N)

X ] A bR BEAT I — A
XTI R o AR

D — D(v;) — min D(v) (3)

" max D(v) — min D(v)
XFFA5 8 v B S, A K -shell {0 K, » f§([7]
FERYAR I, 28 B IEIR on A9 20 AT DL A Bl — > ) 2R
R $5 s (8

Dl Sl K.Y]
Dz Sg KSZ

x=| 77 4)
D, S, Ks,

KA X O on AT RUE A SR FT K-shell {5
.

2 TREHRENR

1652 2% I 45 4508, BRGSO vk R A
FEAE 2 W28 50 W 7 T A R G40 T i

Xif Ak 23 45 43 AT L Tk BT oot S
B AR R AL FE AR

R OPECO R M AT v SRR
WA BE, R RE R R, 2 o 5
AL AR S HE T AT o, AN AR v 19 CC L v,
Ko JBHE AU 0 A S A S B R
BF, BMEEALE n AT A T o, B b R Ty
IR 5 S B O A

di:

L S, %)
i

n—1“
7 d, BN R o, B T I 4% B ) 4 T
oo d; IEIECRT 8 SR B v, 1 CC

1 _ n—1
CC(i) = 7 Zd,.j

jFi
CCGHMER sv, MEHZIT M 45 o0, i B E 2,
AR Y R RN G B T R RO X e
2 Frw, il LU . 32 30T B LT o505 o BRORS o X

(6)

(a) 75

(b)H2 3T B2

Bl 2 PIRP 5 i BOR M L

Fig. 2 Comparison of the effects of two methods
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Table 2 Information about four complex indices
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ACI SRR HRITAY A7
1 Hartsfield Atlan  Chicago O’hare  Chicago O’ hare
2 Chicago O’ hare DFW DFW
3 DFW Hartsfield Atlan  Hartsfield Atlan
4 Stapleton San Francisco G. Bush
5 Los Angeles G. Bush San Francisco
6 Mec Carran MSP MSP
7 G. Bush Charlotte/Douglas Charlotte/Douglas
8  Charlotte/Douglas JFK JFK
9 PSH Mec Carran Mec Carran
10 Philadephia Anchorage Anchorage
11 DMW Lambert-St Louis Lambert-St Louis
12 MSP Bethel Stapleton
13 JFK Stapleton Bethel
14 Newark PSH DMW
15 San Francisco Salt Lake City PSH
16 Salt Lake City DMW Salt Lake City




16 iz TR

Lt R W12 %

M 3 AT LA . I3k 45 5 (T B4 bm 17 Al 45
FOHEA T 16 WAL T RS ACT LA 3 DA,
Ui A SO ¥ O B4 & BRI O, BT — 5 1
P PR IR SE R 5 B 2R bR P AR 4 R AR L8R &
PR OTE G R ILT — B AT LA R B
San Francisco 5 G. Bush ¥ & T Wi %, /5 JL4& WA
225, Ui KELM 9% 2 RUR BT, A o Pl
AR BT .

ST IR 38 L AR SOy N T
Il A TS 9 4% o K TP 2016 4F 199 A HAT & B
B R8T 3R T 1 S R R R JTC BRI S £ T O
Tt o i A L A s PN 2 A AR, o) 3K T A S ) 4%
7B RO . ZES i R AN 10 iR i
g I 2 R B HERR A 11 B, AT LA e
ZERTE B 5 TR BRI — 2

0.12
0.10
0.08

% 0.06
0.04
0.02

B 10 Sk rb i T A ) 4% G 2 8 St
Fig. 10 Parameter optimization process for China

aviation network

0.115
o110}
0.105 | 4
0100 || A/
?304095—/«:,/"3;\‘41\ N
& 0090F7 ‘°

0.085} b A Y
0.080 ‘I, ) / \ | \/

0.075F AVAYj N

WA

1L s 2R 5 R X L O [ A 2 T 2
Fig. 11 Comparison of test result and original value

(China aviation network)

(1) TR o A Kb o Ik | W46 % 1%
WX AT £R G R VA Ok T IR R

AR

[ 2 DB S 3L S e N T R R e 3 A T
MEBEMEN RS Mg BIREENA R,

(2) R KELM %) £ S 2B H 5 i H 45
P B RS DG R o % TR A AR 43 A AR R
i BRLFE bR o (o ] LASR A H 25 4 8 8 AT S HETY
fif D T AE G AE bR B — R 2 SR ALY Il B e T
S HET R IR REAR TR R AL A
TR E ], SR T A ot A mT AT

(3) S Hd 3R OR8] (] &1, A SCALAF 9T T
B HIL A 44 B A 28 X 8% A ok 1 F 5% v ] A4k
SLAR R AR BTN 7e S A RO B A A B A IR
A s I 2, LA T A 25 0 265 1) - R 48 L 7
5T,

5% 3k

[1] CORLEY HW, SHA D Y. Most vital links and nodes in
weighted networks[ ] ]. Operation Research Letters, 1982,
1(4) . 157-161.

[2] GOMEZB D, ENRIQUE G A. Centrality and power in so-
cial networks: a game theoretic approach[ J]. Mathematical
Social Sciences, 2003, 46(1) . 27-54.

[3] HE Nan, LI Deyi, GAN Wenyan, et al. Mining vital nodes
in complex networks [ J]. Computer Science, 2007, 34
(12): 1-5.

(4] BERHE, SR, XBBh. B2 4% v 4 T 22 I 19 1 A

Wegidrak 1], &G TAEMIE 59k, 2006, 26 (11).
79-83.
TAN Yuejin, WU Jun, DENG Hongzhong. Evaluation
method node importance based on node contraction in com-
plex networks[ J]. System Engineering Theory and Prac-
tice, 2006, 26(11): 79-83. (in Chinese)

(5] WRUE., skR Ky, B, . BT IR J W 46 1 SO 56
AR, RGRE S5ECE. 2010, 30(11): 1592-1596.
XIE Fenghong, ZHANG Dawei, HUANG Dan, et al. Key-
words extraction based on weighted complex network[]].
Journal of System Science and Mathematical Science, 2010,
30(11): 1592-1596. (in Chinese)

[6] CHEN Duanbing, LYU Linyuan, SHANG Mingsheng, et
al. Identifying influential nodes in complex networks[]].
Physica A, 2012, 391. 1777-1787.

[7] Efh, SRR, S8R, —Fh B T R FRRAE (1 I 25 15 f 8
MR AT RER T K% %), 2010, 50(5);
822-826.

WANG Jianwei, RONG Lili, GUO Tianzhu. A new meas-
ure method of network node importance based on local char-
acteristics[ J]. Journal of Dalian University of Technology.

2010, 50(5): 822-826. (in Chinese)



%1

S AR EES A N Y s DI R 47

[8]

9]

[10]

[11]

[12]

LIU Zhonghua, JIANG Cheng, WANG Juyun, et al. The
node importance in actual complex networks based on a
multi-attribute ranking method[ J]. Knowledge-Based Sys-
tems, 2015, 84: 56-66.

YING Haoyuan, JAISWAL A, HOLLSTEIN T, et al.
Deadlock-free generic routing algorithms for 3-dimension
networks-on-chip with reduced vertical link density topolo-
gies[J]. Journal of Systems Architecture, 2013, 59(7);
528-542.

EARE, e K. BORBOTIE R PEL)]. LMK
SR CHARFIEMD . 2006, 5(4): 500-504.

WANG Huazhong, YU Jinshou. Study on the kernel-based
methods and its model selection[ J]. Journal of Southern
Yangtze University (Natural Science Edition) , 2006, 5(4):
500-504. (in Chinese)

HUANG Guangbin, ZHOU Hongming, DING Xiaojian, et
al. Extreme learning machine for regression and multiclass
classification[ J]. TEEE Transactions on Systems, Man,
and Cybernetics, Part B (Cybernetics), 2012, 42(2): 513-
529.

CHENG Chi, TAY W P, HUANG Guangbin. Extreme
learning machines for intrusion detection[ CJ// The 2012
International Joint Conference on Neural Networks (IJC-

NN). Brisbane, QLD, Australia: IEEE, 2012. 10-15.

(131 Aemte, sk, s, %, AHP ob 056 B i — Sovk
Ko Bl k(] B i ek 50, 2017, 47(22) ¢ 189-
198.
YU Ganhua. ZHANG Yajie. HUANG Haijing. et al. A
new method for consistency test of judgment matrix in AHP
[J]. Mathematics in Practice and Theory, 2017, 47(22);
189-198. (in Chinese)

[14] Anon. Pajek’s list of network data sources[ EB/OL].
[2020-03-107. http:// vlado. fmf. uni-lj. si/pub/networks/
data/.

EE @I

FEEA979) B W+ Rz, EEOR G E
H5FR.

HRAQIT1—) B W B, FEWR T ELER
Ge R s A L

ANERIB (1981 —), L b, YRIR . FBEAFSE 7. a5 B
EEDH

RAR 1994 —), B L B R, RS . a P
il s E AL,

(4R35 : D #Ep)





