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Fig. 1. Framework of PDGNN. A network G consisting of 11 nodes and 11 edges is used as an example: (a) Three features of each

node in graph G are calculated and uesd as the feature vectors of each node, which form feature matrix X of graph G; (b) the fea-

ture matrix X and adjacency matrix A of the graph are used as the inputs of the model; (c) the graph neural network model with

two layers of SAGEConv is trained and the loss function is calculated. Based on the loss function, the model’s parameters are op-

timized. By using the trained model, the classification probabilities and predicted class of each node in the test set are output.
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Fig. 2. Local transmission tree for the infected node: (a) Local structure of the network. The red node is in I state and blue nodes
are in S state initially. (b)—(d) The generation of local transmission tree in a three-step SIR propagation. The dark orange, light or-
ange and yellow nodes in the graph are nodes infected in the first, second and third steps of transmission respectively. The gener-
ated local transmission tree in panel (d) consists of the red, dark orange, light orange and yellow nodes and the connecting edges
between them. The dashed lines indicate the connections between the local transmission tree and the remaining nodes, and the

number of connections is defined as the degree of the local transmission tree.
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e e NNV PRSI YD ES EE X NIUPS
FL(pt) = —a(1 — pr)7 log (py), (6)
Horpr o 72285 -, TR A R 26 5] 22 1)
B A5 S BUEE, py 2B TR0 T 0 288 0 B 00 M >
v e R B, TR X B S SR O
RFEARRERRE. (1 — p)Y TR A
AR, (o ASE A B AN 7 R O T fL TEAR S
Wy = 2 ISR XS BT R TE. RN, o B
BE ARSI AR R B, IR T T IH—
TRAbHR, A5 BT 2 AL E AR 1.
¥ 1% 2% (mean squared error, MSE) j&—#f
B [T U452 pR AR, T A B S o DO (i

{H=Z MY 22 5%, 5 LN
RS A

MSE = ; (yi — :)° . (7)
FEARSEI Y, v RN DMEARREREZ T, g
FERBIBRLN N i DA TR T OB T A T AR
#, n=2. 5| AMSE £E &R T TERFBAI 3K
PERE Y [F] I H L B 400k B2 A 45 5. Bk UG, Pt
RER g, ARRBRIXSIZ Y fUs T O s B
S T S AR e Mb s B g Z IR 25 R
R AT A5 SRR 2 5 7 R AL RS2 e ) S
FITEMER 3 28 0 Rl EORE A B Ak Ty R A

R PPA i 4R SR 10 S BT R PO R B, AE
2 S M TN T A B LR 4% B AT T ORISR
AL, SRR K], PDGNN 7E % 28 44 5G4
TR RIER P LA T2y O DT i FETRL
g 2] FITRBE 2 > W97 1k LA K BUAT P 22 ) 45 1Y
Ttk

3.1 HiE&E

AR Y 9 MU AR ALEE 2 5 M 4%
FER 7 A FLSEE AR A A T 1) TOAL R 2% 3X 9 A
M8 ALHE: 1) Musae chameleonP!: 4E3E B E
F U B R 2%, RN SO, SRR EANZ
[B] {9 AH BB £ 2) RouterB2: i i 4% 9 19 BB
W, 5 AR AR, PR X S K B A AR
s CH A 5 2 B AR IF A e B A 425 3) BlogsPl:
£ 2004 4F R RPER TR T, 1% 2 8] 5915 00
BRI 4) JazzP: BB AR E Z B A VE M 2%
5) Celegansi®l: 5l AT MR 2T 4%, Hop
AR M 2T, AR 2 T Z W] Y 5 i 42 fik;
6) Ca-netsciencel®: B2z SAEM 4, 0% T P4%
Bl R K S 1ER R, 7) CollegeMsgl:
IR JE R 27 BROSC A i — D EL A LA M 2%, i
(u,v) RAAHP wl P v % T —5KRBAHE
(HJ22); 8) SCEN1 fl SCFN2: & W) Tohr M
2. R LI TIX 9 DAY — LG PR

WATIRALRE G T A B 5| &) Z AL/
B/ MERER B, JEMEALRE D 1 S R
P 245 e B 28 A T R 8. TR

Be = 1/(k), (8)
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F1 9NMBMGTIHEE. | N| AR SR, | Bl ARG (k) IR REIIE, ke HZ IR, ¢ N

ML TR AR I, B M SIR AEHE T RE M1 & B
Table 1.

Statistical features of nine networks. |N| and |E| are the number of nodes and edges in the network respect-

ively, (k) is the average degree, kmax is the maximum degree, c is the average clustering coefficient, and 3¢ is the epidem-

ic threshold in SIR spreading.

w2k [N |E] (k) Emax c Be
Musae _chameleon 2277 31371 27. 555 732 0. 481 0. 036
Router 5022 6258 2. 492 106 0. 012 0. 401
Blogs 3982 6803 3. 417 189 0. 284 0. 293
Jazz 198 2742 27. 69 78 0. 242 0. 036
Celegans 295 2244 15. 214 116 0. 189 0. 066
Ca-netscience 379 914 4. 823 34 0. 741 0. 207
CollegeMsg 1893 13835 14. 62 255 0. 109 0. 068
SCF1 1000 2991 5. 982 99 0. 032 0. 167
SCF2 2000 8997 8. 997 43 0. 009 0. 111

FUrin () 67 25 v BT A 45 0 RO P2 8. 3 Az = Az, (10)

A TSR B, 1.8 47 B (I RE A A U b1 i AL 4 4L
BN OCHETY KA XA BE . R, TR SRIBCY (B bR 26
FIASAE PR R R B BLE N B = 186, 4R
ZHON KRR IR KU, RS AR 1]
2P RO R, DT AT LARE A R G 1Y K A AL
SR A7, () I g (LR 2 A% 4 15 51 TRk
e BRI, ARSI HOR R R e DL 1.

3.2 XEETTIE

R T 5ASCH Y PDGNN B8 A ke #f
T AT O O s PR A TR S LA
) FIVR JEE 27 2] DA e —Ffr B 1 [T 22 0 4% 1) A5 4
I ORI AR A B T k.

ERFZI (collective influence, CI) H.Cv: [0,
AR ARSZ ] O PR R — P R T Y S R S A MR Y
HLO PR bR, A 1 LA RO G, SRR 1Y
JRITIRERZE Y, 4551 B BSORIIK A &8 B s B
KAHEAT sy PO M. SRR TR

CL (1) = (ki — 1) Z (kj —1), (9)
jEOBall(i 1)

Horb ke 19 5 W BEEL, OBall(i, 1) 3278 LAY
PG, RN TR ERTE B RS (RIS
FOOBERT IR ARG, ke BKTE B s

FEE ] HO P (eigenvector centrality, EC).
FEAE ) i PO PR AR 1 S E B AR
THSWEERE, £ 5 AR R E g
FEARDC. REAE I G b O e SO LA RRAE ) B[]t
)it

Horpr A SR8 AR R, N RRHIE(E, o2& A X
N B ARRAE T] f. RE R A R B KA AE X B A SRR AIE
[ia) £ A 49 A FAARFAE: 1) o O

SZFEI ML (support vector machine, SVM).
SVM & — i 5 8 K [ o D D) g A = 2] Bk
5 1E TR BENS f i DX 43 AN R 28 500 E5 4 1) e fIE T
T T LS g b, BIALA A 5 PDGNN AH[A] #Y
FEAFARRE, (85 PDGNN AR bR 22 515 s
TESFRE 2 MR 2 LM X R, iS5 PDGNN
AHTR) Bt B 30 o0 A, S5e 20t 1 a7 ol
TR L N AR,

FEMLARMK (random forest, RF). B ML A2
— PP T IOR A R HES BB 2 S Ok, it
BEALEBERRIE FIFE AR T2, Y2 — PR m, Jf:
WL (O FAESE) RIS XT T S A E B A T T
. X resegrh, SRR A 5 PDGNN AH (A Y
FRAEE I, (5 PDGNN A [] B9 bR 28 2 > BRE
S5r& 2 MR LR, iS5 PDGNN
AR B A2 30 20 LA, e 28 1 s 5 ol
AL R R AR,

LCNNIL LCNN fdf 77 8 () — Bk &R FE S5 14 %
A AR AR, M BE FRu O PR H P8 ot 4
FiAE = AN R RUBE BARRAE, S RS9 A e 2 A
WIEAE, BIIET R ARl AL 1 H 5 8000 Sy
A, E BRI . 2ot B BUZ 4 s 343t 1k
JZJ5, LCNN A FH s o 22 00 4% 124 7 0] 051 5300045 o5
B FENE .

RCNNI. RONN Sy 4417 w4 2l 40 0 sy
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PR EIRURHIERE RS Be. RRAEHERE B i &R A
FeAgmike, s SCANR
Ag,jKuj7 i:O7j:1723"'7L_17
A} Kum .:1,2,"',L*1, .207
g = ot ! ’ (11)
kui7 i:j2071727"'7L_1a

Au

>
Horb K, NI 2 H s 8w . 280 2 B
ZH 2 M ik 2, RCNN il it — M2k 2
i YT R A s T TR

CGNNPL CGNN J&— 7 b 2 P 45 AR R |
T 5 I R T R A s )L A 3 v A .
X He S5 v, R AL ) B A R S5 PDGNN AH [R] 445
IR B AR 250 1, 5 PDGNN A [ i bR 25
S S RHIE SR Z N E 22 3B R R, JE
a3 FIFH 00 F0 D 25 R R B o 2 T R A S
PDGNN #H [l i B s £ 301 73 Lo 8], e b 1o 2
TR BT RN A3 A5 RNy .

3.3 ISR

J T Pl PDGNN FIRT E 7 3 ) S 4 o5
MHERA I, S FIASKE A PR AL 1Y S B RAHE R B A
[ F0 PR_AUC YE N PEAETEF5.

ASKG B R B T DA AR AL U S BT R
KERaTE, & XN

other cases,

M (p
s =1- Mcff((;)7
Horpr p BIFEAT SR (0< p < 1) M(p) R
R N 4, S0 28 S HE P AR R p B9
- SRR J1; Megr(p) 7 S PRl FE 5200
HEFFAERT p 0919 S - BERE 5200 ). e (p) 1AL T
SR OGRS TR (7% G B A 1R A4 1 5
FIBEERERE, e(p) B/ NUERH DCHET S B ERA .
HERAH R BN T B 2 D HEF P81 A
FeE. FETR N SCBE T 2 AT 55 B, A A i %
S ZVET Y 5 SR R A Z A — B,
TEIRM R BOE Lh

T(X,)Y) =

(12)

2(C — D)
nn—1)"
Ho XA Y RSN n 1Y 2 M9, CHF1 D4y
AFTR 2 AR 2Z ] — B0 FAR— O AL 4n
RX > X, V>V BX <X, <Y, W(X,Y)
(X, Y) 2 — 2 2Rk X, > X5, Y <Y 8k

(13)

Xi < X;, Y > Y, W (X, Y) F(X;,Y5) BA—3
X X = X; Y, =Y, W (X, V) f(X,Y;) BE
A —BOHI AR AR B0k 7 Bk F B B 7
SRS S SR R S — . 5 KA
KRB THET ) — 2k, REAS TAN AR 7E S
S HE T Ak PR
AR FIRA L2/ BRI S S8 E iR
R ST A, T B R AR i DGR
SRR, BRI T
TP
TP + FN’
Hop TP R EIEHIA5, FN BB GAG A% 7656
T S RBUES H, TP R g A I 51 h 56
BT S A SEPR O a5, 1T FIN RN S R O Y
S PR A A R TR R A DCEET SR A B
) Recall {B B MK B8 BEAS A BRI R K 2806
YT A, ATl A 1t T XSS
PR_AUC & —M& HZIA BB it
HIFE bR, B 7E AT S RIRIAE IE SOREAR Ho A9 ™ o 2 i
B A PERER L. PR-AUC 673 I ZEREAS il T
iR, 3 T OCHE T A R e A H X IE S
HRSHER I M B2 A 50, PR-AUC 1y L3
T PR 4L, i3 & BN R AE T /Y (recall, prec-
ision) sUE A TR LA B TRIAR. th 8ok
SEERLRES CRS BRI R R A5 ), HLimi R
K, UtBABIRNE Rkt e w4 (A R /Y[R s
WD TR (B R). KRR TR A SR
Precision = " Jif1 FP SR{EE GV, Fo
AR S 5 AR A R TR ) SRy Y S B
TEEETT SRS D, T R RS i AL
GV TR IR ANAER 26 5 32 “ 280 W s T, =
YR 0] BE TGRS WA RS () S BRAsCRs. flan, B4
TN i A S A A G ST AU B AR AR 5K v ) M
O HXFFINICE L. T PR-AUC JGiHE T
R BIRCR, BeNgkE fe B AT T B T R
2, WA TR ES A BRSO T S BRI PERE.

Recall = (14)

3.4 LA

PDGNN 3 F GraphSAGE ® & HL i, i H
PyTorch Geometric H'#J SAGEConv JZ 517
N 2k L R D7 A N PSR RN o (T ]
MY FR. i AR A Ok BB A1 SRR, R
HALWT:
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x; = Wiz, + Wy - meanje n ()25, (15)
Horbrap, 5219 50 IR IRRE 1] 5, o) R& RS
J5 BT RURRAE ) 5, Wy M W S ] 2 ) B AL R
R, %0750 5 B R AR AR JE 19 YRR
HEATER AR, N (i) Fon 19 80 i AR IR ARG,
mean;cay oy 2 X BT A0 5 8 945 G 3447 7

1% TR A A 4, BB E T sURAE Y
AR
1
mean;e N (i)Tj = INGD)| Z X, (16)
JEN (i)

e | N ()| &1 G BRI JE T SR
A A JE T SRR BT M 1Y SRR,
AT IR AE R T A B B IREE, 5% 18
T ETEMZE AL S H AT SRS L X
BIE R A 0T LT 5 R T A3 4B JE 0 AR i I % i
TP ALBR, FEFRATHIAT 55 o uE B2 5500

AR 35405 2 > SAGEConv JZ ¥4}
AT RURHIE AT SR 5 — R R MU A RRIE Y 4E S
66 4, I3 kA S 128 ZE Y v R R R
R T B 1k UG, FE T ARG R o A REAE
177 dropout Zb3. 25— 2R AN,
T ReLU 347G pREL, 51 AJEZRMEAR I L) 3 G A A
FIFEIRAE T, o T2 Rk 128 4Ef iR R, I
Sk AT A R B SAGECony X
BT L2 J—1k, o Oh % RRE A B R — B
A BT A p R Rz AR BE 7. Il ZRAs A
B, (PN 2R S bR % y AUEHE 2 )1 M
F W2 ARSI RN B B, AR AR 45 45 o5 d
2SI B o o e (T s B ey e S R L |
ST Adam RALES, 24 RIEE N 0.01, BGE
TR R B E S 0.001, NAEECRE N 200. H
TRy kAR G A, UGt B A T R L
il B RAEHLE TR patience fH2h 20, /%
BHCN 10, FEIEER IR 60%, 20% Fl 20% 1) H
B30 o3 RN | Sk AR AR . YIRS T
IR SHOE BT, Bk T A 2 b aE 711
PR A i 2 e, DU U FH T e AR M BE 1Y)
VAR, RN 2R B rh, B Y gk APk Rk 258
N = L e E IR U R R E R R ]| 2 R S =
fift R AT B B AR AR AR R S A7 4028, I
TN A A e, S E i Sigmoid PRER
AL

ez

Z

i
ZH
F

= E

3.5 SCIGEZR

AR T HE 0 R RITE A [R] I 2% | i) S
F UM MERE, IR S X O R T T AR FEARSE
b, b TR ORIEAL B IETE R AT SEPE, X AL
2> UREE S 2 RN R 22 I 28 ik, AU A
PR AT SE I A R LR ] 3 s 1 7 AN
TE 9 M RI48 E A PR EL.

PDGNN [ AN ) bR £ (E 7E 42708 0 25 rh I
T 0.065, &I PDGNN fE fE#f R S 1 . 72
Musae chameleon, Router, Jazz Fll Ca-netscience
a4 b, PDGNN {0 T HAWXS L7k, BB AE
fif YT TOUIN ) 2 v %) SC B Y R 7 Blogs £ 48 4
1, PDGNN 5 CI Mg fE k. #F Celegans $id
£ PDGNN 1£ p = 8% ZRIRIEA, ZFHA
100 PR BUE WARFF AL, 7E CollegeMsg ZUHE 5 1,
PDGNN 5 SVM JhfrfEJiik. 7 SCF1 B4k,
PDGNN [ R B 22 T CI, {HH AR 6 R 4UE 2
FHALT HAh 7 5. 7E SCF2 %045 4 ', PDGNN
R SR CGNN Fh iy HAh 7 280 24, HAHE
) o EU(EL PR AR AR B Y Bl B T PDGNN
FE TN R S AR R L | SR B 4 )R
FNEERE, AT B A W4 G R R, R A]
LA B Ayt TR0 DR 22 5 0 2% v g SC BT AL {E
HER A JE, BT SVM, CGNN Al PDGNN #iil
A &7 H R ARG 20%, DR ETE /N BSR4
Jazz, Celegans fll Ca-netscience I, p = 3%,
2% F1 2% 43 S1xk I A T 8 B — A BT A

TR, B RN IR DY s R S A T HE
2575 PG R T HEA W AHDCHE. 8] 4 R
THE 9L B AN D7 AR i 5 A R
5575 GG RE W ) HE P 22 18] 0 PR KA OC R AR
T B, FA Y A R HE R A B B HE R S
SSEBRARRE RE A T HE Y 2Z ] AR DGR . p FOR
LA SE. M p=5%, p=10%Hp=15%
i, PDGNN 7 Router, Blogs 1 Celegans %4z 5
R R KA C R, UM H PDGNN
HAFHY E AT SRR HE P8 — 3 1
AN, 7 Musae _chameleon, Jazz, Ca-netscience #ll
SCF1 ##la 4 I, PDGNN [RlFERRAS T 45 1 15 18
IRAHR REUE, 2P Ik T HAEAN R 25T 126
HE R BE

FE ROk, il 23 25 PE A 5 R Recall #l PR _
AUC RPEAL BT i RS 5 Hof = 53 2807 A
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-¢- CI -e- EC -m SVM -a- LCNN

-¥- RCNN

0.18f(b)
0.15
0.12
0.09
0.06
0.03

e(p)

0.1f
AN P
ol P e e sEon e )
0 005 010 0.15 0.20 0 005
- 0.12
0.05 Fry DU
0.04 |
I 0.08
_ 003} 4 / I
B N Q
= [ ¥ - =
0.02r [ AN\ e 0.04f

0 0.05

0.10  0.15

p

0.20

e(p)

-#- CGNN -+ PDGNN

0.30 F(c)
0.24
0.18
0.02 |
0.06

"

3 TATIEFEINMYG L ANK 6 sk E i 4 (a) Musae_chameleon; (b) Router; (c) Blogs; (d) Jazz; (e) Celegans; (f) Ca-

netscience; (g) CollegeMsg; (h) SCF1; (i) SCF2

Fig. 3. The imprecision function curves for seven methods in nine networks: (a) Musae_chameleon; (b) Router; (c) Blogs; (d) Jazz;
(e) Celegans; (f) Ca-netscience; (g) CollegeMsg; (h) SCF1; (i) SCF2.

2 ADTIETE O DL LR EIERE. TERTA IER D, RURSRIR B i 4R

Table 2.  Classification performance of the four methods in nine networks. Among all the results, we emphasize the best one

in bold.
Networks SVM CGNN RF PDGNN
Recall PR_AUC Recall PR_AUC Recall PR_AUC Recall PR_AUC
Musae_ chameleon 0 3603 0.3603 0 0.378 0 0.2667 0.9524 0.3991
Router 0.4048 0.7776 0.3864 0.603 0.4762 0.7714 1 0.8761
Blogs 0.5897 0.8095 0.4651 0.6582 0.3333 0.7134 1 0.9089
Jazz 0 1 0 0.1843 0.5 1 1 1
Celegans 0.6 0.75 0 0 0.2 0.3333 1 0.8889
Ca-netscience 0.1667 0.7452 0 0.1607 0 0.6389 1 1
CollegeMsg 0.1579 0.5673 0.125 0.2968 0.0526 0.6965 1 0.6431
SCF1 0.2 0.5741 0.6 0.7783 0.2 0.4792 1 0.9709
SCF2 0.4091 0.8158 0.2268 0.7653 0.1818 0.8002 1 0.8837

SCHET s UM S5 TP R, Hi e 2 AT ARSI
757 PDGNN 7E 8 MR 119 Recall {HF PR_
AUC 5855 T HAh 77k, 78 CollegeMsg H¥i 4
1, PDGNN Yy PR AUC {i W& AKX T B HL 2% k5
W, LR L AR A, NI S Jazz,
Ca-netscience il Celegans HVill 48 A9 SCHETY S 5L
AR AR AT K DB LA ST AU

K, Recall (EK 4 0. o1 TASSCHYIT kit 104
TR PR, AR T T OB )UAIRGIRE ST, AR
NSRS EAIRAS T AT 34 R

S S UE S Y B RN AN ) R R 6 A
SELUH r P ARE BT SO A PERE,

YL R FIYNGRAE LB 75288 & 5 JRR T 7RI

%
WEZ 4%

HRASLE, PDGNN J7 ik B AAE 6 sk EUE, Forp
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B CI mm EC SVM LCNN RCNN mm CGNN mm PDGNN
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3 S5 S
< 0.2t v T 03r
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0.5F 0.6}
: 0.5
0.4} 0.5} 4
2 o3} 2 o4} =0
" o2t " o3t v 0.3
0.1} 0.2} 0.2
ot 0.1p 0.1
1 1 1 0 O L1 L1 L1
p=10% p=15% p=20% p=10% p=15% p=20% p=10% p=15% p=20%

B4 TATIETE 9 WS BAS B0 T BT 5 S R R HE)Y 2 09 1 AR R AR OC R B SR AL R RE 1 HEIF AR p
B9 8 8 T35 (a) Musae_chameleon; (b) Router; (c) Blogs; (d) Jazz; (e) Celegans; (f) Ca-netscience; (g) CollegeMsg;
(h) SCF1; (i) SCF2

Fig. 4. Kendall’s 7 correlation between nodes’ importance and their real spreading influence under seven methods in nine networks.
The top ranked p nodes with the highest spreading influence are taken into calculation: (a) Musae chameleon; (b) Router;
(c) Blogs; (d) Jazz; (e) Celegans; (f) Ca-netscience; (g) CollegeMsg; (h) SCF1; (i) SCF2.

0.012 (a) 0.04 }
0.03}
0.010}
© © ©
% % T 0.02¢
0.008}
0.01}
0.006 I I I I I I I I I I I O
1.0 1.2 1.4 16 1.8 2.0 1.0 1.2 1.4 1.6 1.8 20 10 12 18 20
0.15 0.08
0.08} (d) (e)
0.06 } 010l 0.06 |
= .04} = = 0.04}
w w w
0.05 |
0.02 0.02}F
0 L " " 0 L. " 1 0
1.0 1.2 1.4 1.6 1.8 2.0 1.0 1.2 14 1.6 1.8 2.0 . T4 16 18 20
0.008 F 0.015 0.006 -
(g) (h) (i)
0.006 0.010} 0.004 }
= 0.004} = =
w w w
0.005 } 0.002}
0.002}
ol N N N N N Ot, N N N Ot N N N N N
1.0 1.2 1.4 1.6 1.8 2.0 1.0 1.2 1.4 1.6 1.8 2.0 1.0 1.2 1.4 16 1.8 2.0
« « «

Bl 5 AFERYLE R T PDGNN BB 5 AR 5 bR BUE . o Fn B8 WE B WAEE, p=5%, WGHELLH r=60% (a) Mu-
sae_ chameleon; (b) Router; (c) Blogs; (d) Jazz; (e) Celegans; (f) Ca-netscience; (g) CollegeMsg; (h) SCF1; (i) SCF2

Fig. 5. Imprecisions of PDGNN under different infection rates 8 = «f: . Other parameters are set as p = 5% , the training set frac-
tion r = 60% and recovery rate p = 1: (a) Musae chameleon; (b) Router; (c) Blogs; (d) Jazz; (e) Celegans; (f) Ca-netscience;
(g) CollegeMsg; (h) SCF1; (i) SCF2.
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integrating dynamic characteristics
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Abstract

Identifying the most influential nodes in the spreading process in complex networks is crucial in many
applications, such as accelerating the diffusion of information and suppressing the spread of viruses or rumors.
Existing methods of identifying influential spreaders have their limitations. Specifically speaking, classical
network centrality methods rely solely on local or global topology to predict node influence; traditional machine
learning and deep learning methods are not suitable for graph-structured data; existing graph neural network-
based methods neglect the dynamic characteristics of the propagation process itself. Researchers have pointed
out that the spreading influence of nodes not only depends on their structural location, but is also significantly
influenced by the dynamics of the spreading process itself. In this work, we propose a propagation dynamics
graph neural network (PDGNN) that integrates the dynamic features of the propagation process and the
structural features of nodes to identify influential nodes. Specifically speaking, based on the susceptible-infected-
recovered (SIR) propagation model, the dynamic infection features and potential infection capacity of nodes are
extracted from the epidemic spreading process. Then a high-dimensional feature vector of each node consisting
of the embedding and degree of its local transmission tree, as well as its dynamics-sensitive centrality is
constructed and used as the input to the graph neural network. To deal with the problem of imbalanced
numbers between critical nodes and non-critical nodes in training the model and optimizing the output, an
optimized loss function is designed, which combines focal loss with mean squared error. Experimental results in
two synthetic networks and seven real-world networks show that the PDGNN outperforms classical centrality
methods, traditional machine learning and deep learning-based methods, and existing graph neural network-
based methods in identifying influential nodes in the spreading process in complex networks. The performance
of PDGNN is robust when the infection rate and the size of the training set change. In a wide range of infection
rates, the proposed PDGNN can accurately identify influential spreaders. Despite the fact that the training set

accounts for 30% of the total dataset, the PDGNN has the smallest inaccuracy in all nine studied networks.
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