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Link prediction in global container shipping networks
based on a coupled similarity index

Yang Yanbin', Sun Ling’*, Ning Zhong'
(1. School of Management, Fudan University, Shanghai 200433, China;
2. College of Transport & Communications, Shanghai Maritime University, Shanghai 201306, China)

Abstract: Existing link prediction methods for maritime shipping networks primarily rely on single-dimensional network
structural information and fail to comprehensively account for multiple influencing factors. To address this limitation, a
coupled similarity index integrating multi-level information is proposed. Specifically, to incorporate the effects of practical
node attributes such as port operations, hinterland economic conditions, and maritime distances on link prediction,
similarity indices based on node realistic attributes are constructed. The predictive performance of 22 individual similarity
indices from four perspectives—local network structure, global network structure, quasi-local network structure, and node
realistic attributes—is evaluated using the Area Under the Curve ( AUC) metric. The index with the highest AUC value
from each perspective is then selected. Subsequently, weighted averaging and grid search are employed to determine the
optimal weight combination, thereby constructing the coupled similarity index with the highest predictive accuracy.
Experimental results on the global container shipping network demonstrate that the Resource Allocation (RA), Random
Walk with Restart (RWR) , Superposed Random Walk (SRW) , and Similarity based on Port Operations ( SPO) indices

achieve the best prediction performance within their respective perspectives. The proposed coupled similarity index
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significantly outperforms all individual indices. In particular, the relatively high weight assigned to the SPO index indicates

that node realistic attributes play a dominant role in link prediction. Furthermore, comparison with newly added shipping

routes in 2024 shows that the proposed method achieves a prediction accuracy of 45.48% , and the spatial distribution of

the predicted routes is highly consistent with the global shipping network pattern, thereby validating the effectiveness of the

proposed coupled similarity index.
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RERFEAAY I R B Sh 2 S BUERA BT
Sl M SRR AL, I AT R R IS A
MR, AR 1z W 4% rh F50I0 A 11 1] 1Y) 1% 4
s, AU B T8 78 DRSS ki I 28 1) AL R,
XA AT Al G BRI BEFE AL LA S L 5 TH PR AR i 2k
P 268 3 i 1l B RBCR AR R 8

BB TR Sy —Fh T O A W S5 1005 2, 1
TS A AR A T 5 0 1, O SR A P 2 T A E 5T
BTG — Kl i e e ke
I THAS R4 A 01 2% (i 1 S A8 s R G
FIVBR 5 U4 S 4508 2 o IR 5 1A X g 328 1) 4 %
O EE B TN 7 25 B 28 38 A0 o p b il
Ge %5 445 K-shell 3 J7 i, #2 H— R 5 etk 1
I A AH AL 45 AR (4 KS-Salton , KS-AA | KS-RA FI
KS-LRW ) , DA 0 4 # 44 £y B 53 B 42 BR A e A6 1 0 I
24 5K AT B H LA 1422 5 Yuan 251708 SO PR
TR GEAUTEFE ARG & , X AR — AR 1 0 AR 2 AR i i
W28 HEATHE BT X SERIFSE 32 AR ) 2% 45 4 J=
T P AR LI s ke SI2 it s 11 T/ 322 455 ) F00

BEAE WFFE TR, P28 719 1 110 30 S5 T 1 %o i i
SRS = T A S ) A 7 S S E A T e
ORI BE ISR AN AR RIS AR 2R, R 1T AL
VA OO 5 TR) 32 2 UM 52 (7 R 0000 K5 B2 ) 1Y)
SO, B v R B A S R R
X T 3 Al D 4% 1) 78 A S I, 7 TR ROk
WG LT AR T R E 7 vk, 1 ax 26 3 52 g 4,
A7 B TR T UI0RS FE 5 i SC 2D AR 4 454 5 4
SUBYE N R 2 AR RIPERE bR, TT X IX 2e 48 b i
AT I35, A AR T T BORS J3E  AR20 4825 78
WA KSR, ( Liquefied Natural Gas, LNG) 57 5 WX 2%
O g | A B 5 ) BORTE 2R R
F R FH BEATL AR PR 2 3031 F0 0 1) A 20k 5 7 T s 40
3, Zhu 250 2 e 195 B0 20 B B 2
BUSEIRIER , 45 0 28 251 J22 TR PO REMRL IR 4 s, S0 7
22 2 B AE R VT P 28 I R I ok L B S
R A SR, AT FNRS B2

ARV, 5L SRS R A B T4
ey TOUIN 7 A IR 4 ARG B2, (BT HE AR A i 00, AH G
WFFAECA B 2, H ik 2 X0 35 T A [ AR LM 46 b T

I IE 25 B FIEINRS B Y R S8 LLER

1) ARSCUL AR FA i 25 g T TE R 5, 1
A 2 AT S IS T 2 T AR A , T 20 A~
P 248 235 1) 22 T ) RH ARL PR 8 B 1 R 8 L 42 R A Ry 7
MR 3 DRI

2) J@ ik ROC £k 5 A A il Bl RY 1D AR
( Area Under Curve , AUC)HRZ S IL R TX 4 N2
T A AR s TN Ef 1 T D 2

3) A% JZ R AUC (B fiz K Y AR B 1 4R
B, 25 G TR 5 0 PO s 15 28051 , Ay s T H 8 e
HECEN AUC i) IR & AR LRSS B

4) FeTIZFE GRS ARSI , H- 5B R
SR AT REBI G 0 s 11 ] 1) 1% 4

AN SO T A BRI I 2% 1) R A 2 A
PRITUE 1 W] VAL BE 3, B 78 9 ¥ M Rfiiiz Al
DAL 28 R T P9 45 322 38 A% R $ (L BRI AR A8 15 55 2R
Z%,
T
1.1 $EERFNEE

G(V,E) N—ATorm Mg, Kb V o tuds N A
TR RS E NS A T RN R
KU=N(N-1)/2, %% PRI, A
RFEAERLI Y R (oo, y) WP RUE v, , IRIE 1%
AR BT A AR R B O AT HERY , o0 B m 1Y
5 OO BV A S T ZAR U A bR fre A AT BRI I 422 1Y
REP=PON

S PEAG LT AN [R) AR BI85 it T %) S0 4
JE,de bR G E BEALRI 2 IR B AN
£ E, IR E,NE, =D, E,UE, =E, JiH E,
NEFUE BT AN, By S VAL TR BE
B AUC PR PEAG AR bR, HR BN B, R HLAh
IR SEPRAEAE L, WA S-S UNE HRBEHLAR IR
— AR BT SO, B A AR LR S 1A, 2
E, T BEHLIE £ 1 1 1Y 0 (S i, e 1.0 73,
ZAIr AN 0.5 43, B EIRAFRE mok,
e 1.0 3By my, 12 0.5 43 KB R m, , )
AUCHH P it HH

m; +0.5m,

Pye = ——— (1)

m



100 B M R

55 49 55 4 )

AUC BUEMAEE T 1, Ui WZAR UM A e 2
HAHEI SN RE. iDL R 22 , T
LA T AT IR, FFE AUC A3 (EAE R iz Af L
PEFER 1) B 2 TG B i b 25 2R
1.2 WEEEHEmmEERER

TE 5 HIF AR 5% B RO I 5% v, 1) 24 25 4 443 B ) AR
LA A I FF 9 R 132 BT 1 2R de o R
FET S50 15 830 B AN [A], Do 28 45 ) J2 18 %) A+ Rl

B AT 20 53 oA I 2% Jrg B 445 A )2 T AR PR HE A L 42 )
45 A8 )25 T AR AL FE Aw R0 F R 5 R 2 T AR L PR
LT

1) M2 JRERE5 A0 2 AT b 2 2R 8 P R
BT R SO B AR R [ A 448 56 2 38w i 4
() &8 SR Y B R At ) AR I R 4 61
[ PRI ARLRA: o 8 DL 1 ey B 48+ )2 T R AR BL PR A
F54L[E 41 J& ( Common Neighbours, CN) | Salton 4§ f5
(Salton Index, SAI) . Jaccard 3§ 5 ( Jaccard Index,
JI) . Sorensen $§#5 ( Sorensen Index, SOI) | K & ¥ &
A H) 45+ 5 (Hub Promoted Index, HPI) . R ¥ 54
F48 Fr ( Hub Depressed Index, HDI) | 3 2 4 45 Fx
( Leicht-Holme-Newman Index, LHN1)  {4¢ & #:38
#7 ( Preferential Attachment Index, PA) (V. X4 Bl 1538
#r ( Adamic Adar Index, AA) Fl % I8 43 BC 38 #5
(Resource Allocation Index,RA)

2) WZ8A Ry A AR S T AR AU R AT - i S 45 A )
A28 AR LG L i, 235 25 T R AL B AR A L
PR A DR DIVPAL A . # IR 2 4 A4 J= T
AL HE PR A4 Katz $5 45 (Katz Index, KT) S
A58 — 45 %7 ( Leicht-Holme-Newman Index, LHN2 ) |
SEIy 38 b5t (a] ( Average Commute Time, ACT) (3T
BEDL % & 19 4% 5% A 8L 1 ( Cosine Based on L +,
Cos + ) \EE B BlHLUEE (Random Walk with Restart,
RWR) .SimRank #§#7 ( SimRank Index, SRI) Fl%E 4
FEMRFEHR ( Matrix Forest Index , MFI) ,

3) MZEA Ry ER A AL SR T AP FR B - 1% 2K 48 b
I TR EREE R RN 42 Ry 4 Ak 22 [a] 38 1 5 PR S [
DA B AR A B AT I 2 3 P o 220 T Y T 1 56
FRo AR HE R AR 48 45 (Local Path,LP) | J)
EBFEM LI E T8 R ( Local Random Walk , LRW ) Fl12Z i
1% J5) 518 Bl AL 3% £ 45 B ( Superposed Random Walk ,
SRW) .,

1.3 TRAXESZEEMENEER
S it PO 4% i B SO0 B SURRORSE 2 1 R TS
TR ME LA o 1 X 28 B8 A st P s f vy ot D0 g
Peo TESL MR, 15 A R34 422 1T AN 32 31
LREEAGRFE IR, I8 32T B SE JE A R R AE . 3

HRO14 TRISCHRL 1S T 46 W 11 iy AR e A Ak o T E
ST Y 2 T S R 1 2 () A B A 12 S o
A REECRMEERN R, SCIRL16 ] 15 AT
PR BRI s R B N R Z 145t AR
T, W 22 [ PR 2 A 230 08 5 A ] =2 1] g 2 [
AR JE AR BE L, B R A W [P 2 A3, % Ak
I FREE T B AL RE

fESESCHRL 10 ] SCHRE 11 AN SCHRL 14 JEWFSE R
A B 5| SR, AR SO SRR 1 i i iz B
B EUS T iz B AR TR b , 25 1 11 16 3t 22 55 1
VA28 I g A S 1 Y 22 DAL S A o

1) #0128 5 A U4 ( Similarity based on Port
Operation, SPO) 545 . 42 A At I 52 18+ AE B Oy i
WA IHE T A S Pris B R B, — RN, 2 51F
AL AR BEAE AN B £ | Ui BT s H AR 3R 1758 1+
R, T SRR Ry, DA SE T BRI 5 | A o 11 gy
£ U5k Ao B Ok UET R m B W v B 4 A F
Portcast i) Port Congestion Tracker {4,y 5 T 2022
AT H 12 TR 5 s 1A A A B 2R A 0 52 3
i, IR MBI A E D R AE . AR 2 AN HE T R
Seo A

A A

SPO,xy = XD ’ (2)

3(2) 1 :Spo, I x Ay ZIA Spo3A, FIA, 4
A Ly B AR ARSI B 5 D, Y A
Ay Z A ¥z 8RB, %8 36 T Netpas distance
AT,

2) W& 1 M 22 5% AH DL PE ( Similarity based on
Port Hinterland Economy, SPHE ) #5%5 . ¥ K i #1117
G R K B G s d R MERERE 1 . &
D LAl A T ISR 1 DI, HCs AN B AT B ek
RE I AN AR OV 0, T EL AT B8 A P 28 v 45 A
5 1S B ME AP A Bk 1T 2E I T sl 7 B X Y e
A 7= BH ( Gross Domestic Product, GDP) £z,
ARSCIAB AT S i K B A GDP Y %3 i) RUEE SR
FENTSY B4 Sk U5 F Harvard Dataverse ( hitps://
dataverse. harvard. edu/dataset. xhtml? persistentld =
doi:10. 7910/DVN/YGIVCD) . 3k 31 I s 11 i £ [X.
SRS 22 S T 0 S5 R 5 i, A SCEE T 4% U 11 830
100 km {15l A () BLAL AR 40 [R1XT D60 B, VR A
W I L BPIROL . AR 2 AW 11799 458 PAHE
IR

B. - B,
SPHE,xy = D . (3)

S(3) s Sy, H 1 5 x il y 22 A SPHE B, F1 B,
SR 5 i1y T 100 ke 35 R A0 B4




AR, 55 A AP AR T 2 BRSSO 45 B 5 00 101

RSB R1KT e
1.4 BEEHECEER

o £ v 4T R R T AN A B — PR R R 1Y
WINLR G 25 REAN R J2 T A AP E TR AR o ASSCHR
P 248 Jmy R 2 ) S T I 4 4 R 8 K 2 T L X 2824 Sy ¥
SR SR T LAY i PSS VR4 2 T A AR ISR AR
iR S A RIESR bR, TN

Sy = AS 0 A, +AS, 5+
(1 _/\1 _)\2 _)\3)595}/,4 (4)

L (4) .S, R LS SR Bh s #4 2 A PR FR b b
AUC F R — AL AR AR 1EL, A, e [0, 1] ) HALHE
S 2 K P25 42 JRy 45 4 J2= T Y AHAUPE 45 F b AUC B
REJA—SEFRE, A, € [0,1 - A, ] A HALFE S, ,
R4 e SR g 2 T AR A A R AUC Bk
A — AR ARAEL, A5 € [0, 1 = Ay = A, ] W AL
S, o AT PSR 2 T AR PR AR AUC B
REGH—HARFREL T - Ay = A, = A5 € [0, 1] AL
i, A — 5 AR B - KRIA— ARk

N SE B RS B AR B, AS SCHE T &AL
A IBETE L, BOE KN 0. 1, R 1 MRS 18 R0
WAL &, PR A Sy AN [ A 2H & 8 2 Uik i
Tt AUC B9 P-3IE. 2 B BE A DR A HE AR AR 1Y)
A BT, Sk B — R DT/ N B R R

2 AIRE R g W % BTN

2.1 WEHE
BT 2022 A4 ERAEAR A S R S8 (Automatic
Identification System, AIS) #1375 £ #5 Fll & 0 & 5] X
7, PRI AR A AN B 2V 5 B (5 2, TR A8 A
A—UEEIA I R B R 26 B U T G5 R ) 385
5 RAVE R — SIS B IC % . B M Pl aZ
100

095f= = = =
0.90F
0.85F =

HH

0.80

0.751

AUC

0.70
0.65F
0.60
0.551

0.50F

] PR 42 06 3R SCh A — MR AR AR S 11 A
MATZEWE O BN A HE T A 530 B Z Al fF7E—
FAiziEsE ik 1,

F I WS 2 X, A I R
TS SN AR 2 K B0 SE L, DT R e X 4%
SER AT IR PR . e, AR SO XA R T 4
— b PR B IR TR JE 2 XA I — A i
PP Ao 0 R FHS R T s A 1 s 48— A iR
YIS 5 35 50 PRRLAS ANV 1 1L s B 9 RS D7 Ll i
AR AR ORI B 0T R R . 28K
PR S AP RL ) , m A EdE— 2 581 N
P11 1 7 389 2534 11 10 T ) i ) 2% .

2.2 B—RUETEFRE B TN 43 4T

K A% B — AR DA HE BR o0 A BRAE S A 38 9 265
TFJ e s UM BT, F i  BR Grh 90% i R A
YIZRER ,10% R AR AL . HKFE 1 000 21 5 FL A 5
JITAS B 22 ] B — AH DL P 48 A 19 B % 0 AUC 4
R WL 1

SRR

1) 7 W 2% Joy R 2 4 J2 T ) AR AL P b e, JT 4
Bl SO $5 5 11F- 1 AUC {4 T 0. 700 0O, F
KRR s RA F8 R B A I 7, HOT-34 AUC {E 5
5 0.962 4, JE B H F 5 138 M A E R

2) TEMIYE 4R AR 2 T AL 5 A, R[]
T bR A TR BE A7 AE W s 22 50 SRI 8 R 1 AUC
E G, Xk 0. 491 8, FHUINIKS i 48 2% ; RWR 8451
AUC {3k 5] 0.959 2, Kz e da br h R L 1 7
25, VAR ) 4 235 0 SREAE 7y T 5 B s 1 o
k.

3) FE ML R ER S #4 J2  B AR AP R A, 3
bR AUC {37 T 0. 940 0, RIS . Hr,

| 1
L I % S—— =,
1 1

= = I
1 3@

&

HIH

Hlh+

-+

=

L

0.45

X 3 45 4 2 T PO R AU P A

CN SAI JI SOl HPI HDILHNI PA AA RA KI LHN2ACT Cost RWR SRI MFI LP LRW SRW SPO SPHE
W% REH R RS ML RHEHET 7R SIRE

AR RS bR AU TR AR

P BRI FR AR A BE B TN AUC 481K

Fig.1 Box plot of AUC values for link prediction using each single similarity index
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