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LT RN AR RN S R, U BATTR R 48 R S5 R D RE UL K A5 B A 36 A6 S 25, F2ni )y
R AT B T 2 LSe35, B Ak e o 4 ehoik 5 P B AR 2 bl R R 5 () A2
Zerp Sl 7 AL DCRIN 8] 85 | T IR SR O S R MR A, A0 AT HER HLA Rt iR % 2K
R 2% (RIS 7 R, N H R A B MR R R, & AT ORE

R BT AR L R A R I 2% P RS T R G A, SR A DR R P, &R B AR
TIERANWTHR i LR 2% P s 15 . k3K A R e — 28 W 5 3, i 7y
BT W48 PR S5 AR5 FE SR VPG 19 R SR 0. 2T X 2% 3 4 NRFALE 0 48 30 8 Bt 5 S 75 T o T F 2 Ak, 40 =)
#n FEHC DO ootk DU EEdr e B2 R b R% U A AR, USSR B (R SN AE VR A
TR AR RIRYE, TTEIEM T2 ME 55, HEEE MBI, B iabn iE A RO
T RNFN. Oy T S BROX L R PR YE, BTSN SO R BT R 25 & 2 AR Ok, JEHAE S
JE TR AT AR B I, XA T ARSI N B AR A MLt T RS R ) ] I e AT
JE RG] XA DLAEAS SR . o RS ah SR R . Bk, 0 BER G b
AR RCHIFEE, LA A A 31 AR R 26 ep A AR T, AT SE R P44 5 RS2 ). Zhang
S5 SRR SR DN BT A ) e B A0 S ik, JF et 1 AR, AR R AR SRR IR
SAWA 75 AL Namtirtha 85 050 204 735 /B0 m B 4855 82, JF e L7 R =M1 O ek, @
5 FE R AR JE T A, BT U ATTRT DA SE AT AT R RO R RE AN . b &0 SR T RO e i
()P 4 P 246 7 A SO R, L 2R A JR) 8 XA R = 6 25 B2 7 R T REAE 4 R Y TR A R E B D O
B, B BEB T 3T w48 S AR SRR B A M 2% R R 7 L, 0S| R 51
B A0 — P & 22 e VERFAE 125 18 Q0 52 ORI TR 2R, 22 2 N T R 2% & 52
R, Curado 55 16 558 S I BEALIEE RGBS th T — Fh sk B AR, Yang 45 [17) 2%
T B BT AR A R A IR L R B A, et R R T oA 4 AL 2 S
B TR B TIA AR AN IR 75 s SR, 1A Zheng S5 181 R R rht R E ST LBE, FEAH]
HoRAT B E. Meng 45 1) MY s A BAR BTSSR B ST B B AE L AL KRB

S X BT VEAE VAT SRR ) 7 T IS T BN RN BUR, (8 2 Bk 5 1 T M2 s i
FAN G RHE. ORI A6 4ME BBk AR AL, (HARE S8 B Rk Y e B R Es e R i )
YER. AR SRA TG, B RS AL FRALE IR IR AL R R AL R, P DUAT R I8 i) 2 15 A% e A 4
SRR K, 4GSRSO AT SORM ] ARG E L e BT S A A TR
S TR AR AR AR 22, gl BT AR RSN ) R AL v AR U S (T sy TS T — L
HERE. AN, G567 R R B AL TR 2 RN s ) AR R 31, R P 45 6 n] LA Rl AR i
SR TERE. RS SIS REYE T, T RAE — @ REFE AR TH R AR I 2% v 52 715 R R o
B 124, Liu 55 28] ARYEAL 3G 30 ) AR W 25 R R TR I, FHRAEMIBR TUR LG HAT & 52501, DA
WU I 5. Qu &5 26 M A AR AT R B KB g N5 M Lok, 3R T BT S 0K - e - SR
(susceptible-infectious-susceptible, SIS) A RO T vk, Al &5 RB7ARYE ST ARAY, 2 & — B4R J& Y [
PRI AR 7705 i Yu 55 281 S T — PS54 A A] B AN (A e i AR RO R B, X
A LU0 ST 07T R AT IR AT HERY . Chen 55 91 Z3 b7 1 5200 75715 ;SAR SRR 2%, R IS 500 )= 0 A
TEAE R, SR T — P T 28 HUSRPE IR S0 7015 R 2R SR . LAk, 19 s 54T 8 IRl 15 BG4
B2 PPl 1 B R BRI . Chen 55 B0 | AL RIS 12 545 B AE T ml 5401 R R 1O
2, TIPS T U AIREIE . IR TR ER G & 1 AL 3N ) AR BRI R E) AR 3R 50 2R, 0 T PRk 79 s 5Y
mi) H A B 2
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PR FeT 2 W40 AL B R R AR AN AL 0 R R 0 R0

SR, 3R J7v2 R 2 e AR &0 3] s B 20 B Zh &AL 3, A0 1 [RIF &0 2 8] F 9% R0 A% FE 1
S BN s R PMEFAE VR . B U B B[R AT R A G R AT s 2 E B R I s,
WA 0 22 R AT Y R RN M AN R SR VPl 75 R MR ). AEI S Feh {3 B 1A% 38 32 O
T AL R 2 8] AR RS AR R 2 (A2 HAT N, BT, ARSCHE H — PPk T 2 [ 40 e 4% 1k B = A
FHIMFAE (multi-order neighbor propagation metrics and topological features, MNPMTF) 5200 /741
RN R LT REARLRE Y A B 5 ) ) B T =408 Jea 5 Rl P ) 408 J 4 )RR R R 2 | [RIBY20 E 1
RN S e AR08 JE 59 S )R A S5 015 B 7E1E B AR v, B20RE AL 3R 20 N 1 RS e 4% 4,
BV AR AR Ja 2 (R A 3G (FR i), Ja 8 W K IR AR R Z [ (A6 7 (4R)E BB ). A% 4k
a7 TAS BNIET s m) A7 BEIAN R B 040 J 15 s R 70, i T A% R A B 1 AR (R GO0 4B
FERERoN . S35 25 FRIX AL 7 5K, BERE T8 A TH YR O DTN 0 /5 052 /g, 3E M 78 SEBR M 25 h R B
H LA, BN, A BB (k 52) SUEUE I (b 5850 FsA G CRERE) g%
JFEONTT SR () B L2 RS

2 ERRIS A

RN AARBN 1B RE 27k, Beit T — Mol A RORI R T s, W T 2 AR s
P4 P S AN SRAMRFAE IR 520 9705 s U B9 (MNPMTE 505, IZEVELRARIA T 3 Ml JE 6 A i
R R AR AR A« &I R A AT LU R i Q08 s 9 S TE) (RS, SR PP Y R AR 7). R
PSR, 477 RO RR LR« 9 AT P B O L B R T ) 4 A R B i L 4T J 19 R )
RIS BRI, W] A5 s R 7 e

2.1 MNPMTF &%

4 G = (V,E) BREMEMMEL, Hd V| = N N EEE, |E| = M RIBESL T,(u) FoR
n B A0 a2, BP9 2E iRy sl R u SRR o I RES. P E R, Ta(u) =
{zn|(u, zy), dis(u, z,) = n}, FHH 2, REIEFT R w B n PrE8JET A, dis(u, z,) RETTE o M 2, Z 6]
(W B AR K. N T RN T AR . R AT R 2 8] R 0T S A 45 015 B, AR
HREHUT 3 A E X

EX1 B (propagation probability) /K2 RIEEH N, SBETT A o 2 RIETT AL w YL
FORESR, AT BEAL Y R [BALRR I T REPE. KON BEAE 5 RUR)FRE B G0, =59 sl B i 2 F e %
8/ BT DA 5 R 2 TR] PR e o 8 A2 SR 1 ) DS B DA B 2 FE Y w2 T s B AR (R B R
ZIE AL R itl, 355 o BEREEEE PP (2,1) RN

PP(z,1) = {ﬁ’ =h (1)

nuzBl, 1>2,

Hrf 8 = o x By FoRBIER, ny, RRTR w BT R o KRR RMEBACIEOR, | FoRmT A o A
v ZIA A AR, By FORIR IS P I BRI, HRIERON s, o A—AATHSHL K
2P AR R EAE SRR, B R B R AT A, It U GeR B AL SR
BIME o REAT S AEALIRIIRE TP AOBEE S DL, AT NGRS (5 S5 A8 W 48 o AL FR A B A% F R A LA
IV A EEAR N A5, EREMRA TR Y L B B R, AR R
T RAEAL R AT BT REIIIECE B A O, AT A T RERUNAE B AR IR IRk A i 1 OB AT PRI,
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Xof X 6T A EE AL B TR I 2 RS PR AR SRR, AR R 1) SUAEAS RERE BT ST AN [R5 2
DR e b ua o R TR e =N ET1= R 7 e S N W A B2 e N B 1 el EIREUSY 2 ORI S 8
A B TR s M 2 g5 RO Th B8, T 58 47 M B AA RN 3 BT 52 2 X 2% Hp (1945 EAR SR 72
EX2 (ABEEZE (neighbor overlap)) FEILSEHE T, A5 BANAEAFAF BB Bt 4, th AT e A

[F) e N2 T AT A 4. DRI, 25 e 1T o, A5 S8 T BEAE R TS n o (R &0 S X 28 rh b AT A5 4. IX AL FE AL 1)
AMUAE —ERE L LIl {5 B AR, Ty ELAE PR VR R i S 2RI, BT BT X 148
JEME )N 2, QR 2 9 RAE AR JE W 2% A B 2 50 R B AR 19 a5, RIS % R T e
) AR AL RS B ik, 9 TR M S T IR, SIS E RS Qyy B2 X5 S (A A K
FmiritirliE. A/ESL Q. FXA
— Cay

ko — 1+ ky—1—Cay’

Quy (2)

Horp by FORTR o W, Cpy RN o My IR B A LR B R, FEARJE M 45 b, A SRy Ay
A SRR Z, WIZRTR A fUBAREL, AT A R R, N TR S o AT /E
W 2 oo (5 S AR R 2, RS B AR AT & 2% A R A%, BRIHE X NO(x) AEJETT R 2 HIREfE
HB S, HARIRAE L h:
NO@, ) = S Quy+1, (3)
@Y€l (u)
Forb o,y RARRIRBJE P2 19 . I8 X — FEE AR, RE0S S 4 B AR Y R B A 285 S AL R
AL EAER, JCIRAED KA IR JE AR & W 2 (1 Ba v 72 I St Ji b 3 AN [) 418 J 10X 2% 22 T)
FRIBER A5 S AL SR BR AR T-15 2 A% 3R A B ARG R = AR B LR . PRt 51 NAT & 28 R PR AL 7
AR AT Ja X 2% e BRI 2R 58 B NS R AR R BR A, X TR N B AR S o0 00 B 2 DL AR AR B AR HE vh Ty
TSR 0 BAT B R S XSRS 75 R 1 AR AT X 2% R A BRI AR 1 v, B AR NS HE M 1
WA E L 5 ) DA RS B R R R TTER. BV S X X H BITE TR A — R AT
SEERA I R P T, DASE A AT A 23 M 52 2% X 2% b 45 B AR H L 7
EX3 (KHC #E) &k 58750k B3 & —FhmT BLIX 43 P 2% 2 5 B I 2 7k, AR AR 5
SRR R BR, AW 55 0 ST R AR R B R T R R RO AL B B R AL TR R
O, NIERAELEAS BAE RIS FE A T AR AL, b F8E0R —Fh 2 BET s AT SRR i oM s,
R b FEBORIRIZ s BIAL AT AR, B b AT RIIEERT b BEREBY RORAET IR
PV T = e A A S T RRAR, T RS R A, AR R IR R AN E R B LR
R DY, TR IERE T Re 2 BIBR M. A, TR s (R N OB B, RIS
B2 AR PR AL R BN W 2% PRIE, 19 R SRR R MOHE B AR I T . % 8 VRN, 48
H— s E AR (KHC Z2%0) RZNE AR B8 E S AL o BRSNS B AR 3R 2, 3

LA |
ks(z) x hindex(x)

1+ C@ (4)
Forp ks(z) FoRmT Rz 1) k 581H, hindex(z) F/n T A o 1) b F88UA, C(z) BT Al o WERERE
KHC ZH0NI G546 1R AT 1 i B (S B AR b R S SR 7). Gl 25525 8T s 220
ALE L SUSRE DL LA BAL IR AR, KHC RECH BT 50 4 M 3R 5 R A2 9 2 vh 1045 B AL Fd f
s ) OB A 10, I RE NS S0 A T PP A5 Y S X 2 b 1 E B JU AR EAERR T 2R ). KHC &R
LSt T — M LR EPERI TR PR T BIIR N AR X 2% 1 JZ IR G518 A5 BAE R R0 DAY (S B+

KHC(z) =
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S

Q Generating neighbor s SN e
, \ - N
networks / r r r \ /
L i i 2 s | L L \ ! MNPMTE(1)
| | I
.. O Calculating | : MNPMTF()
O distance matrix u, : | u; | MNPMTE(3)
O — : | | | MNPMTF@)
I [ l : |
Calculating topological | | \ \ _Nll\_l Ijl\_/lil'f‘sn_)_ = ,'l
features and determination of u, : : .
tunable parameter o values | ISummmg NPO of
,,,,,,,,,,,,,,,,,,,,,,,,,,,, - | |neighbor nodes
N I o
| / \
|
|
|
|
|
|
|
|

\ |

®. . O |

§\ o’ |
L | |

. o |

H-index Clustering coefficient // \
N

J

1 (MEHFE) MNPMTF E5iiE%E
Figure 1 (Color online) Framework diagram of MNPMTF algorithm

R EAER. B KHC RS 2 RS B e TEAANAE, k52 Em. b1
Hftrmn . RRRBUR, X RRE T I 02 S, FATIT mA B2 I v BT i, HLYT R (]
FPRINESARXIRR B, A A T15 B AEM 2% T iRIE AL 4.

LEE T R R AN ANRRAE, T DAE— D SR A o AR T R o ZRE 1Y,

NPO(u, x,1) = PP(x,1) x NO(z,1) x KHC(z). (5)

ST AR 2 RN 2 AL B IS5 A 1543 2 0. B T 2 TR R S 3 0, 35 55 i s ) 2%
WS, B AR R R R ECEVER TR S AR BRI, R R AE R R 2% b, 2 RS
N ) AP IR AR, (R AR S R ER RS B, O 7 BES R  p B 2 R Ay, AR
R R AR, [ I B G B A0 R AU SR B TS A, R R 5 18 1 B, 2 B 3
B2l 1 s s, A4 H a0 N MNPMTEF 52

r=3
MNPMTF(u) =Y > NPO(u,,1). (6)
=1 z€T; (u)

1 #5387 MNPMTF SEMESL. &5, EETME A SRS MRHE (k 52 h $RECRIER R
R C), FHRLE RO A KHC REL, X2 K RLEM 28, 5 ml i) 3h $h 4 R %8 5 me 47 46 B B0
L5 Z MR HNRAAE, AT DASHE 4 [0 M R IR 5T A 0 4 o 7 BRI AR VO, AT S A e £ G B
[FIB, A RS T B AR R AU e T PR AR B R A T AU AT R I 4. TR A AT SR N 4
Ja, SRS T ELAD R A S S LSRR (propagation probability, PP) 4R /& HE & (neighbor
overlap, NO). IXFEMUEE b A2, =401 s 7EAS EAL R AR B B S R Th B R I 5 L MITER,
(EALGESVFATAE B 11X — . W 25 RS B A8 5 7 AL M S AN S 2 B, MNPMTF 50955 41
MU PRl 7 R AR AR RE D, SR T R ) B R R .

Hk, SHER MR ETHEITTE, K KHC RE AERBMR AL S ESEAHL S, DR HAELSE
1393 NPO, XM 2R T AR EE 5 — B PR A MR AL B R L, PR RS i S AE )R IR I, 256
TR FIE AT DA SE A T M PSR A R 28 52 ). B SRR 1 SR A AR S T R SR B A 0 43 BT R
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E3% 1 MNPMTF 5%
BN M%EE G = (V,E);
1: MIEEAE R S5 (s B, T TS5 o BUE;
2: for all node u in V do
30 TFE A w B kSR, ks(u);
THETT A v 1 b 85U, hindex(u);
THEAT R w BERE R, C(u);

4
5
6: end for

7: for all node v in V do
8 MNPMTF (u) < 0;
9 for l=1tor do

10: AR R w BIRBJE % Ty (u);

11: for all node z € I';(u) do

12: THE DR W2 S 5 o AR IEREREE, PP (2, 0);

13: THEAD R M2 h B S o AR EHBRE, NO(z,1);
14: THEAT R ML 5 2 1) KHC, KHC(x);

15: THHAR RN I 8 2 NS84, NPO(u, z,1);
16: MNPMTF (u) <= MNPMTF(u) + NPO(u, z,1);

17: end for

18: end for

19: end for

20: FHRLMILE R MNPMTF (v) BT BT HET
M s emHEF SR {MNPMTF (u)|u € V}.

TR, I A RUONAE R AR 2% TR, 1 s RN 77 52 F AR JE T /S ECR. E I R A A R SR G
#3475, MNPMTF 553 47 25 18 19 s A8 W0 28 vh B A H RE 0 AN EE B4k, AT B e 17749 )R i 7 3R
HIHETE. MNPMTF S Dy ARSI E% 1 s,

2.2 BRENH

XFF45 I TERUE R N 4, 5 RSO N, (k) AP IRIEEE 11 1~5 47, THEMZE d BT
B k FefH, b FREEMERRBMERE ON). N TR ET AN 1 4R, 2 4R
H1 3 B4 & I ) 52 B, 1 Se T B 2% rh RN R ER B AR R, IR TN O(NlogN), K5 LASE %
fE ON) FHWAPEE/NTSET 3 My, bk, AR s 1 B ARE ML, 2 BralE e sl 3 fr
A8JE L2 E LN O(NlogN + N). 8K, i PP, NO il NPO I ZE A O((k)), O((k)%)
A O((k)), Fr LB 11~15 ATIIRHE 248 O((k)?). %& 1, MNPMTF Sk a) & 44 5 N
O(N +NlogN +N +N x (k)?*) &~ O(N (logN + (k)?)). X F RBMLK, (k) /N N, Fit MNPMTF
SRR DAL F T K FIBSERAS i ) 5.

3 SWRITEERS

3.1 HIEE

SEEGEI T 9 MR ESER M HHEE (Jazz, USAir, NS, EEC, Email, PB, Yeast, GrQc,
Router). 1, Jazz /& 83 15K F HIPMEM 4% USAir /23T NS 2 N4 RHEIRE KT
H1EMILS; EEC 8 T — AN KR ELRKIHBT 7T LA BIBLRS R 03 22 18] B L7~ BB A2 3L Email A& Universitat
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® 19 DESLMEREARFHE

Table 1 Nine data features of the real network®

Network IN| E| (d) (k) () Bun a
Jazz 198 2742 2.2350 27.6970 0.6174 0.0258
USAir 332 2126 2.7381 12.8072 0.6252 0.0225 0.5
NS 379 914 6.0419 4.8232 0.7412 0.1247 2.5
EEC 986 16687 2.5869 33.8479 0.4070 0.0132 2.5
Email 1133 10903 3.606 9.6247 0.2202 0.0535 1.5
PB 1222 16714 2.7375 27.3552 0.3203 0.0123 0.5
Yeast 2361 7182 4.3763 6.0839 0.1301 0.0548 1.5
GrQc 4158 13422 6.0494 6.456 0.5569 0.0556 2.5
Router 5022 6528 2.4922 6.4488 0.0116 0.0729 2.5

a) |IN| denotes the number of nodes, |E| denotes the number of edges, (d) denotes the average path strength length, (k)
denotes the average degree, (C') denotes the average clustering coefficient, S, denotes the propagation threshold, and «
denotes the optimal parameters of MNPMTF and SPC.

Rovira i Virgili IR T A 55 P 2 A0 B BB EFSE S 2% PB 2 36 [ BUR T & M 4% Yeast 42 4
eI BB A PO BAE 2% GrQe J2& arXiv I H T SR 1R AR 7 52 1 22 1 FL T RROC = 1A 7R
%%, Router & H YA RGN HERM 5 TR, IX L5 H8 42 mT LA http://snap.stanford.edu/data
A https://github.com/MLIF /Network-Data 3875, £ 1 /R TiX 9 DN EELMBHIEEN % SH
FHIE.
3.2 EHERZE

N T BAERTIR H MNPMTF SOARITERE, K 7 FEA AR EIEEAT L. e, £ 6 Fh
PSR MRS, A 1 MR AR SHEE. X 7 MERS R (1) T R A
2 SPC, 1% BT R S R SO A v S R B (2) AR TE L GORUE (K % HIC,
WA O R S AL B AE B A SR AR Fh A A A B R T SUBTE L G VA Y A
B (3) SudtE ORI KSGO, & B fEE Jyd Skl 2 b, B R A E
SRVT AL 28 o1y sl L (4) HE TR AN AR B MRS B RS DGO, ZAEE B Ry S R
JEVEAS B4R 8 A5 Bk 1 A (5) T RURIE BRI S LFIC, %0 M Ry
B FR) B L AR T BRI AT B R RV 9 s A S (6) T R ER S5 M AR A B ALSI, 5
12 71 2 18 55 A0 T s RUARABAEE DL RS s A7 B A5 R AT &Y sl BB (7) BEH O SE DC, 1%
5
725 0020 SR AT J 1 s e R 1 P EE

3.3 SR ESITMIERR
3.3.1 fRIBIEEY

0% — B — K E (susceptible-infectious-recovered, SIR) #EY, {EA— AN AL R BE AT
DUS IR 7 R A0 B A% H 0T UGB (3 B AL 3G, Bzt b W b B4 /N9 s R 0 3 RS, B
Gy (S) B (1) ARE (R) RE. EAERERE, N TIREWE R R RS SA R R B
RS RIR: AR 2 b, A — NI SRS, BT IR, TR Y S0 2 B (TR ).
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PG R R RILAL T S RS HIAT R, BABEROy 5. X, RN SOIRAESHAN TIRE. TR, 1
WET I RCRIKR S ROARE. AR, s ERERIMR 4 = 1. XA ERFEERRA 1A
AbF TREHIA FONIE. & F(t) Fondfe ¢ WFE] EAET TR RORZSH RT3 md o, BEoE I 1A AL,
WA o (1) 2 RS (7 Ll 1 RS IR, eI, B F FRos i e RS T F(t), EAREL 7 #1461 =
I 7). AEREA 28 hEAT 100 YSLE) SIR 7 FUBHUSEIG SR AP EE, USRS 2 LRI 46 711 5
AR

P SIR BEALRGBLth T e, LIk Uk i 2 SR A SIR ARAU 92 I FH 90 35 A% 3R A4S
ARSI, RS R b, B ShRg . HIK, SIR By WL PP Al T
H, TR T RS R R R B S 4, RGN E . B4, SIR B H)E FVE )z, 6
FEBAERE (5 AR UL S AS M s AL 553 5t TR, TERF 9005 ASR2 I Jg BT, SRA SIR B REA% kK
i 2 P AL FE I 5L

3.3.2 TFHEIR

TESEA A 4 FPFRAEVEAN FR AR FH T 5 SR SEER 45 SR PE .
(1) Kendall &% 7 & H T & W NEUT 52 8 A M ge e, e SO — B0 A —2
b2 (A2 5 B R B . Kendall 230 7 RER T

= 2(N07ND) (7)

N(N-1) "’

Hrp No ZoRn—EBEURE, Np FonA—S0u 80, N RS, Bk =, Bsca Eid sy
SEFP AR FIR A BT SIR AT BIRRZES F NP ERREm I HEA SR B, 1XP
AR @ MED I a; b RFIR. ARBRPINNBIE (a;,b:), (aj,b;) X741, 40k
WirE (ai — aj) (b — by) > 0, WIFRK AN 1% R — 205 A, WA AL (a5 — a;) (b — by) < 0, WFIR
A—BUAEIZARRR T, R B, RoR A S O HEA, — Bk, AR S b

(2) &5t Bt 3 A B 2L (comprehensive cumulative distribution function, CCDF) 1381 J& iy & 57k 1)
R X AT REST A R A LA, ATBLH UM AR

CCDF(r) = N_Z% (8)

Horp ny FoRFEHON o KT RACE. B2 R AR I HEA I, ARMEIX 731X 2875 i (5200 ) 22 57
Bt AT R A R, iR AR RE L AL+ [R5 AT m B Bb, A% HL K CCDF
ihk TR, REETP. #E 2, R —FEVE CCDF M4 T IEBate, MAFRZEIEN T R X 5
HE JTiB 5.

(3) BRI th R A B SRR 7 R X 23 RE T AN ) FE R KA R e, HARIA A 0N
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Figure 2 (Color online) Kendall coefficient 7 between the ranked list obtained by the MNPMTF algorithm and the actual

ranked list generated by the SIR simulation. p denotes the multiple of the network propagation threshold B,. a denotes
the adjustable parameter. (a) Jazz; (b) USAir; (c) NS; (d) EEC; (e) Email; (f) PB; (g) Yeast; (h) GrQc; (i) Router
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*2 9 MEXNELBIFESH o HEH MNPMTF BERTH « &

Table 2 Average 7 values of the MNPMTF algorithm calculated by different parameters a on nine real networks

a=0.5 a=1 a=15 a=2 a=2.5

Jazz 0.820978 0.828352 0.832088 0.833669 0.833283
USAir 0.786599 0.784697 0.783593 0.783128 0.783255
NS 0.683774 0.714496 0.736122 0.751986 0.761054
EEC 0.842535 0.843675 0.84392 0.84393 0.843935
Email 0.830804 0.835624 0.835736 0.834956 0.834068
PB 0.824736 0.824574 0.824473 0.824286 0.824164

Yeast 0.803446 0.809537 0.810515 0.810265 0.80961
GrQc 0.714194 0.726966 0.733444 0.736967 0.738834
Router 0.609924 0.621936 0.628275 0.631735 0.633668

*3 8 MEILRE 9 MR 7 &

Table 3 Average 7 values of eight algorithms in nine networks

Network SpC HIC KSGC LGC LFIC DC ALSI MNPMTF

Jazz 0.78310 0.82463 0.80098 0.78761 0.75590 0.78295 0.80593 0.83366
USAir 0.73575 0.78285 0.76065 0.73293 0.64703 0.72261 0.74628 0.78659
NS 0.66617 0.68638 0.70829 0.62488 0.65166 0.57556 0.62865 0.76105
EEC 0.82505 0.84157 0.83320 0.81769 0.79183 0.81688 0.82396 0.84393
Email 0.80807 0.82963 0.80135 0.78155 0.79327 0.77844 0.79329 0.83573
PB 0.80420 0.82382 0.81754 0.80410 0.79263 0.80925 0.81208 0.82473
Yeast 0.78836 0.80361 0.78650 0.73621 0.69503 0.70732 0.69556 0.81051
GrQc 0.71073 0.71771 0.71467 0.6483 0.65356 0.62711 0.64508 0.73883
Router 0.61457 0.59803 0.60736 0.52876 0.61681 0.39077 0.53506 0.63362

*4 8 MEILRE 9 MESIME LR BIEN

Table 4 Monotonicity of eight algorithms on nine real networks

Network SPC HIC KSGC LGC LFIC DC ALSI MNPMTF
Jazz 0.99897 0.99928 0.99928 0.99928 0.99887 0.96594 0.99928 0.99958
USAir 0.99413 0.99402 0.99500 0.99494 0.99410 0.76420 0.99403 0.99731
NS 0.99508 0.99508 0.99424 0.99508 0.99308 0.85858 0.99447 0.99807
EEC 0.99989 0.99970 0.99950 0.99989 0.99989 0.88736 0.99944 0.99996
Email 0.99986 0.99986 0.99985 0.99987 0.99988 0.95710 0.99984 0.99989
PB 0.99930 0.99926 0.99926 0.99956 0.99930 0.93284 0.99925 0.99970
Yeast 0.99682 0.99163 0.99682 0.99683 0.99671 0.73412 0.99671 0.99719
GrQc 0.99936 0.99811 0.99937 0.99939 0.99936 0.79160 0.99749 0.99951
Router 0.99594 0.86859 0.99676 0.99704 0.99639 0.28861 0.93866 0.99739

WRIIX TR, R 4 R T 8 FhEAAE 9 DML ERGHRIETESS R, JFXHREAS R4 A i
WVEAEREAT I, MR 4 thal DUE Y, MNPMTF S5 AEFrf W 2% b B S i R PR E. 1X R B
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Figure 3 (Color online) Kendall coefficient 7 between the ranked list obtained by the eight algorithms and the actual
ranked list generated by SIR simulation. p denotes the multiple of the network propagation threshold SBi,. (a) Jazz;
(b) USAir; (c) NS; (d) EEC; (e) Email; (f) PB; (g) Yeast; (h) GrQc; (i) Router
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Figure 4 (Color online) CCDF curves generated by eight algorithms in nine networks. (a) Jazz; (b) USAir; (¢) NS;
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Abstract How to quantitatively evaluate the influence of nodes in complex networks is an important research
topic because it helps to understand the structure and functionality of networks. Most existing methods
are primarily based on analyzing the network’s inherent topology, needing more comprehensive utilization of
propagation properties of multi-order neighboring nodes and topological information, significantly impacting
identifying influential nodes. To this end, this paper proposes an algorithm called multi-order neighbor
propagation metrics and topological features (MNPMTF) to effectively identify influential nodes in complex
networks. Firstly, the algorithm combines a propagation model and shortest paths to characterize the propagation
probability of neighboring nodes, thereby quantifying the likelihood of information spreading between nodes.
Secondly, the algorithm considers the neighbor overlap ratio among multi-order neighbors to form the neighbor
overlap degree, thereby quantifying the propagation paths of information in the neighbor network. Thirdly,
the algorithm utilizes the k-shell index, h-index, and clustering coefficient to form a new index called the
KHC coefficient, which describes the topological features of nodes. Finally, the algorithm integrates the
propagation probability, neighbor overlap degree, and topological features within a 3-order neighbor range
to evaluate the influence of nodes. Extensive experiments on nine entire networks demonstrate that the
proposed algorithm outperforms seven representative methods regarding ranking accuracy, effectiveness, and
discriminability, providing a new approach for assessing node influence in complex networks.

Keywords propagation probability, neighbor overlap, KHC coefficient, influential nodes, complex networks
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