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Name disambiguation method based on hyperbolic space feature fusion

WU Nannan', GUO Zehao', ZHAO Yiming', ZHEN Zixu', WANG Wenjun', LIU Yan’

(1. College of Intelligence and Computing, Tianjin University, Tianjin 300354, China; 2. School of Computer Science and Techno-
logy, Anhui University, Hefei 230039, China)

Abstract: In view of the challenge of name duplication and the increasingly serious influence of name ambiguity in tra-
ditional user influence analysis and other research, the impact of name ambiguity is becoming increasingly serious. This
paper proposes a network alignment model — geometry interaction network alignment (GINA) based on the fusion of hy-
perbolic space and Euclidean space features, fusing multiple spatial features. It effectively establishes a model to show
the main function of a network structure for name disambiguation. The fundamental idea of this paper is to simultan-
eously utilize both Euclidean space and hyperbolic space for network representation learning, aiming to capture network
structural information with distinct spatial characteristics. It employs cross-space network mapping and cross-space fea-
ture fusion to realize information exchange among different spaces and final network representation under the situations
of reducing loss of spatial mapping as far as possible, implements network alignment and further name disambiguation.
By performing network alignment based on the obtained representations, the paper accomplishes name disambiguation.
On real datasets, the Chinese paper co-authorship network, English paper co-authorship network, and the Chinese patent
co-authorship network are aligned in pair to construct the "Paper-Patent" empirical data network alignment dataset and
the "Chinese-English" empirical data network alignment dataset to carry out the test demonstration of GINA model in
two empirical scenarios for the identity recognition of the individuals with the same name and Chinese & foreign papers.
The results show that the precision in the hyperbolic space combined with the Euclidean space is at least 24.9% higher
than that in a single space, confirming effectiveness of the GINA method.

Keywords: name disambiguation; Euclidean space; hyperbolic space; network alignment; network representation learn-

ing; graph embedding; feature fusion; anchor link prediction

Wt IGO0 i g I, B R R A R PR AIBERI R, B TR 2 R A R TR R
HEHERREM. mTARRFIZ N X5 7B 2 s s A P e i (5 R T —
TIPRA o PEANTEIS SO AR R A Ll BT ST

Wofs H H#1:2022-09-15. M4 H ki B 88 : 2023-08-02. = - . N
EETE: T4 B4 T 58T H (2022-QY-218) R TARRE, 2 IR T AR5, HA
IS EE 1% . E-mail: 94516003 1@qq.com. 5 A [A) 27 2 1k 44 00 SCHk, AT S 2R AS [R] 2725 B

O (HBERGL 7 ) SR IR A


https://doi.org/10.11992/tis.202209029
mailto:945160031@qq.com

19 % 2 OBe

&4 2F <80«

FSCERRIAR [ — AN N r s, BEAG T 48 & STk
Cy A DRN LG R N e I A Y 53
St R By RE ], [ N A X i A T BT T —
RIN5E

1 42 9 B 2 i T 5% 085 SR AR DL T i N 44 0B
P, IR [R] B N 44 Fie St B 0 AN [ S A HE £ 7
a2, NITHE(E B A R b 4l 2L R 28 5 R L 24
A,

H HE WL 1 24 T B A DU JLFR: A
WG N5 3 TSR R A AT 0 42 01 05, il
X3 BE R B RRAE (N A9 %2 . E-mail , Bk
S5 ), XHREFEAT SR, HEBR JCOCHRAE, fn R RE
A B Bk (AN SR 25509 ) 15 BITH B 25 28 5 i 4
WS B T 3U0ME BOHEAT Ik 44 i ) it 2
FRRKZMAEF ML EATFRIE (s
B} . Freebase &5 ) 14 52 5 A9 ML 25, =8 AW
FROE, 45 B At B AT 43 2838 B B H Y 5
W 7 ) 2% 223 2 5T i 24U I WE A N PR
HH AT T 00 2 e 7 7 v ke HEAT T 4% Y RS
ol FH SCHR i i S AL I &%, ) FH 2% 2T 15 31 X 2% 3%
TNHABLE A TR B AT . H T S T vk 8
TR RR LG 2 ] v AT, PR BRI 25 () LA
WA U R R e, (A AR AR - 43 ] BR T LB A7 350%
ﬂ‘jw—[!‘[lllg]o

TE LSS, T 22 1 ) 2% 25 ) B L 5 22
W 24 45 K R AE, 0 Lee 251 Je W R Z R0l #82%

G,\‘
.O.
Q@
o @ 0.. s
@ fi
R
. A
y
® ., © i
@ (@}
(©)
G[

G

i
at

1
5

I P B B 27 o3 A ] RE A T R TR ER
IG5 8] I ; Guleehre 25 5 1 ) HAT W) fe FH D
BRI (Poincaré manifold ) %31 1 XUt & 1 &
JJHRAE . SCEUEM], TEARAETS 00T, B AR B AH
X A% G Bi LG 25 [R) A 7 AT LA B G 2 > O 4% 3%
7N, A B LT S SRR R O AR . X R
WA ] B — ) % 3R s 25 1 IO 4% 3R 7 JoT it R
R, DT 52 ) I 28 58 55 PEBE o BRI, AR SC LA [F]
23 (A R 28 3R R 27 2 VTR, B TR G 25
[B] FRAIE %) ) 28 Xof 57455780 ( geometry interaction net-
work alignment, GINA ), J& T Z IR M 2415 B, X 5
JEH G 2 Mg b iy B4 N BT SR
FEAE LR 405 h SGEEE T 4 A 5By
PUN A SR BT 1 AME SCE AU 2 4SS50
Yy s, RS TR B 58 W R A A 4 e LN 02 2 8
GAEM S, X E AR G S 0y AT

1 GINA # A

11 BN

TSR BAT I 48 08 55 5 1 R 25 (T B PR 45
[ W 245 7 o ) SR HEAT I 465 60 5%, AN REAR 45 Hi 4
P S AL B 2 rhE LA 2 IR S5 R A L, AR
PR 2 8] 3 TC kB0 M X o e — R R i 21
X — ZR B AR, AR S e A (] S TE] 45 B AE
B, R T RS 2228 [AVRRAE Y R 45 X0 R T GINA
GINA B RAEZR AN 1 B o

A 2R

G A G RYIR

@) o8 R

EE 2 2 T B
&
| o
& R4 %7

R PR 2 A Fr) 4B s S 2R

e. - 9
ooooo
oo

1 GINA BB EERIELE
Fig. 1 Overall framework of GINA model

CINA A = F il 4 N4 R 1) B REZ
A FRRF, BE2LMAME G MG, BT
[i] Fs 22 29 ) 4% 25 ] v %) 0 U] % g R0 )22 % 445 #A)

ik, AR B P90 28 A AN [R] J L] 25 ] b R A7 45
BRI 46 vh s s 1 4B s £ 8L, 7 B A0 A
R RR T 25 [ R AR 7S U 23 TR AR 7n o 2)



<81~ B, 55+ O U 223 TR AR R B k44 T BT 5

LIl

T G G 2 A~ R4 ik A 2R AR AR ) W 7 A5
8] 53l 5 2D W, 25 () o0 A 23 25 5, BRIt AR e A
STEE T s [a) B S, OB 2 A 2 114 IR R A ] TR
it 2 (B Bk A 4 3] R S 2 A () L An] 2 0] i 08 AE =5
B o 3) JEF Wi 2 )5 B9 2% dix A, AS BT X 4
AT 2% 118 I IR 25 ] 1) 288 ik AR UL 25 8] ) 28 i A
HATRLE, LARHE 2 A JU AT 28 (8] 2Z 8] 145 8 58 |,
REH AR IE B, 4 e, BT 5%
B 48 X6 FFAT: 55, A S — A 2 )2 BTAILR T
MAEE—XF K H GG AT 50 22 6] & 75 A7 A
BEERE

12 BFERRES]

AN TR) B JUART 28 8] X6 AN 7] 5 40 1) 3 e 78 3 T
22T o MR R 2 |- H, T iE AR R
BRI A0 BICHE 25 4 5 it Rl 2 [R) B R 3R 0 AR
b, 75 ) %% B 2 R AR AR A, B A O 1 2 5 R 9%
BE R, 6 A RRPPREE M B B A — R IR R
() i o T B S B v Y I % i A A [ e
T Z PP EERIFRAE, DR AR ST B 27 > T 2% B R IS
25 [A] R A 2 7 AR 23 8] ik A 26 78 K 4k HUA [7)
FRAE . 3 F 5L T 45 7R 5 2 1Y 48 % 5% 7 1k
AT A E A R 4 A BT R T YOG R R
I 45 1R 25 K0 45 8., 2 DA EE # I 45 Sk H bRk 2 2
DR 28 B i A R o 1 BN 2 ) R B 2 R R 5
& 258 B RR TG 23 0] J R AR S AR R, PR 7 ok A S
HF 2 0 T A A 28 R D 2 a] O it 2 [8) i 1) 2% ik
AT

BRECZ B MG H#RN A 48 7T DL R AR
P A TS SRR P XA SRy S8 R ik, T LA
JERNHERE ) FRn, X AR —AT x; R AW
FRAE o X AR A4 47—k

A=D:(A+DD: (1)
Ao 1B AR, De Rl b £ J3E A G

kT A B RG2S Ta] H ) ) 4 45 0 R, AR SC
o 20 N REE R B AT RS AR, B AR A
I 8 -

Z'=0(AZ"'W)) )
Kb W8 8 2 B BRI ZS (8| S 86 o () —
AR MR %L, W ReLU(Y) = max(0, -); Z' e R™4H
BRI EIAERE, AR Z = X; d N —
A R ABLERE . I ET RS s T — S
L H2 W R ol AN 1 S AR IO R JE Y AR R
NI 27 2] R 28 254

MR ZS (B LG RN A AU AR A5 ) W 48 7
X 23 1Al e i A 2R, {H R SRy BRCEG 253 i) o il
() FEARFRAE Cln 6 B Y in 2 | afe ik AR Se v A8 4 )

FE SR 235 18] o AS BB PR 5 AH 6] 00 0 T, BT DA G ik
FE XU 28 ] v B AT R B a0 Uk 253 8] 1Y)
Mabius i1 A AE A 45 5 fh e 4 e i e 3
DAL, — RS R R E RS 2 “ ks i) 2,
TR LG T AR IR TR EC 28 (], A SC R e
B e g B Wi S |, e =1{1,0,---,0) e H 3
7N HOFV Y S T R (0, (0,x)) = 0, A SCH H A
PATUILR S HEAER S % 05, L, (0, x,) 7T LAk
AT oH 8 — A 15, K LB 28 00 25 o] Je:
H’ = exp,(X) (3)

K rfrexp, & — > H8 BB BREL
HIL, XFF4HErML, —4~ (1 +1) = GCN
FE L 23 8] A AR BT A A R P I 5 A% 8
H'=0°(AGG (W, @ H"")) 4)

b WSS 1R AR 25 6] 2 800 1, @ 4 Xt
LA, AGG() AU 23 (8] 14 21 380 2R 5 44
o® () U AR LM R, 3R R A SCRE 4
I X LR E SCH S

1) R Ll P28 48+ R R 2 () ) 722 46 2 i i R
WA [ 0 R ¥ R S I, PR AR SO 0 KR 5 %
I SRS 2 S BB T Y S Pt A8 48 - B0 S X A ke
SR Ui 2 ) Hh 8 5 WS B U 23 ], SRS ARV A
()b A P R 4, P A EOW R 1 2 8] o A )
B UM T

Wy ®H = exp,(Wlog,(H)) &)

2) W PR A TR A s, B A 2L
i ik 3R A R AR ELAR JE 1 S5 R RURRAE AR B . Yy
)\5\ Vi Jﬁ ﬁjﬂ{ﬁ (Wj)je/\((i)gé/El\;'é El ,ﬁ\:QB }%' E/‘J 1%@
Djeniyo FARLT XM ZR P28 4, X 25 %E 1Y 0 2%
A Ceff, )y, 7R SCH R B AT e S 3 A D) 2k
23 [R], A FH 3% 42 AR L B 7 22 )22 R i ( multilay-
er perceptron, MLP) IR EA 12 Bl AL E, HAkTT
N EW

w;; = Softmax ey (MLP (logo(h,-) Hlogo(hj) )) (6)

AGG(h;) = exp,, ( Z W, ,1og,,,(h,.)] (7)

JEN()
3) WU AR S 1 PG pR R AR SCIH R AR S PR
T ok S R AR He, X FFE GCN Hh AR & 22, ] A
B 11 22 )22 I 25 3 15 Ry B2 X 6% -
o®(H) = exp,(o(log,(H))) (8)
Ko (O — LR FE PREL, W ReLU(+),
kR H AT (2) FE @) 1520 1
A, AL E o B R AR IE A R A R Mk
B3 P ME R 25 > IR 5 2548 o 7E X B A 4% i35 4T



519 % B OB A

S S <82

TURMEJE , R BRECAT LUSE L

Oembedding == Z [log r](z;‘rzj) +]0g p(hishj)]_
(vi,vj)EE
Z log 7(=z;z1) - Z log 7(=zjz¢)- )
weP() weP()

D log (=p(i b))~ ) log (=p(h;, )

VEP(v) wEP(v)

A () ATHE (v, v) FEAERE R Y BRI 23 [8]
sigmoid PRZ; p(h;, hy) =1/ =+ 1) A 15 XUy
235 (8] A AE I A RE R 1Y PR B « RS EG P(v) R
%%ﬁﬁ — & P(v) ~d}*, Horhd, s v B BE
3 3 A 7] JLAR] 2 [] ) ] 4 BRI 28 R 2 2

AT LA AR B 2% G N G 78 BR EG 23 [] v i 3
TRz, 2 AFERUM 22 [ S SRR H  HY
1.3 B = EBREf

T S A AR R 2 Mz B TR A
I i v gk e S 2 AN [ U A 2 ), R T SRS (]
RSO T AT RS A AR R B 25 5, 44 T S AR A
(R LA R R C i e 2 S S M, At 29 0R
B 2 TA) ) B A ) — S SR BRI R @), ]
G(-) B Fo i — A~ P 25 1 e A R B 2 5T — A )
ey as A A3 A v, IR 2 FoR o i AR AR5 )
52 T RREGAS [A] AR 5 8] 1 B 28 i AR, R
T BEARASE A e S 2R, AR SR RR EG 45 (] 5 A Z
Zfift FH K EG 2 () Bl S5, o Xl 23 0] i A JF H
JHORCly 23 8] e 55, o 43 J31) ke Sk 22 A ] 1) 98 7
25 (6],

W AR
ORI

VAL IA O: X f.' o
y SIWERE

(ot o/
P z{\Y

BRI T Wi 5

2 EEEmRS
Fig.2 Cross-space mapping

Xt ¥z Mz, A T 3k 1 Hoh — A 44 A
Z9F Hal i 2 2] — A WG ek 8 g() B o5 — A
2R AR 20 WS ZE T Z A [R) Y 2 ), S o 00 i
i FHE MR R EERE (0),V) € M AT 25 5] .

Ove= Y. |l&=¢z:T0), (10)
(v;‘,v;)eM

A -0 2 A R 28 A 7R Z 1] A BRR I 25
BIEFE, Tp N ¢u() RIS HL

[ B, A SC I H K B WS 2 A TR Y 25

o ANTRVAY R, X X0 2 ] 0 45 ik A Al

S [A] #E

X 25 1) e 55 oK () o LI 25 (1] IR S v i 26
LT3R (4), I FLIRIRE 8 a4l 1 2 o, ) Lt
73 0] ) BE 5 R g d A 51, LR AR
Owi=" Y dy(hly=u(hj;I') (11)
v V)eM
A 22 AR sREORT DLAS B i oS
S A B AR P K PR B
Oy = Oy + Oy (12)
%A R I /M B B 1 2 1] A B, fe
2T 4 A48 R ST BE HB 7E 4% 25 (Rl 4 A A
[F] £ 5 A A3 o
14 BZERE
FEAS B A B 5 1 2 25 Rl A KRR 20, 2!
MH H G, 281 [R5 B BRG] A8 25
AR INLE E R AEFNOES =W N e Do N DN |
23 [ PR A RN S TRl A o B TR0 23 [H] A
R IS HE H % 5 BRI 2 ] /) i A R oR #4728

IS

E:ﬁghmmemmmA%rﬁﬁnﬁ JE1] e
SF, 0 BRK LG 25 0] i B 58 XU 23 18] 25 7= A 5 K AR
mﬁklﬂﬁxﬁmhu% < ] g A R F
X H e G S 2 ) 2 7S R i O SR AT 8 (R A
G0 HAARUL, Ao R RA T M BK IG 23 8] F
fh=zs 8] 2 S B R G G MR B

S = Adlog,(H*)+(1-A)Z* (13)

T = Alog,(H") + (1 - )Z' (14)

ARSCAEH AN T — A8 S5, B flG 25 (A
FEN A RAE A [] JUAn] 25 (6] () ¥4 i T BEFR T 7
SRS Z 5, W AR ARNGE S 2 A 2
AS[A) 23 [a) 09 JLART AR AIE T L 25 DR I 0 25 1B) 9 )i
PERZERIME B o RIL, AR v A4S 216 5 H1L
D) 235 8 A5 TE 2 G 25 R R I 1Y) 2 7 I 245 114 e 24 T
KIRARRS M T,
1.5 sEsEREETm

I 8% XoF 55 1) B 2 B R T — X 55 5 (v, v,
v €G V€ G N — D liEERE, LA SCH B
TSR M — D F s . (Bl T HEE M
B SR R — %AE%AH%MQ¢%QJ%
iy B RIF 5t 2 W1 20 A B AT A e — SR R
I £ X 55 5 s AN I 2 R BR T A BR 89 A i X 55
o R T S s SRR, S AR R )
PR, ARSCE SR T M TER B S LT
B B M T v, RS DL BN A 3 T — S PR
BEHER AR U AR -

N,0) NN,

Sm@wgzNMWNM) (4



- 83 B, 55+ O U 223 TR AR R B k44 T BT 5

LIl

2 N ) BN, 53930 SR v R 4R T v i) 8 B
A, NODFING) 73 5] v RV <8 Fs o Pt B
W sim(-, ) AT LA R Al 2t vi R v AT BB A AH 1
T MR 3E A 7 5 YT A ) B sime R AT X I 25
W HEAT RN T o TR A — A W R s,
USR] o 2 Hh B 2 AN s SR T L2 R A 3R AT
YER BT IE, I8 A EAARA v fe s kB e
BT A

FEREAME IS, AR SCRIH — A2 )2 BBk
P 3 ) 51 45 -

p(0V, € Y)|sit;) = ReLUW [, + ) (16)
LA ] ] A AR B, wA b R4S
B, v ={(vev) e vevie v (viv) ¢ MY O T 7E Bl
BEREAE o TE g R AT SO A A B,
ATDASE) MR, BNZT SR A i, A
1 FH © 00 B 5l B R 4R MR 22 SUIRT AR S 61 2% bR 8K
SN 2 b A 50 2%, DI 2558 B i A RE B0 5 X
A R 8% ek A T LA A 381 DX 4% X6 55 ) e 4 Tl 445 2

2 EBREHER

2.1 HBEEHRK
211 R RAHKEELFEALNBEE

WO B A AR RS G R e OB
AR AL SCBHR A . H AR 27 B 4 50 B A
SAE SRR TC T B 5% [ SR B2 3k 4 FE R AE 5 0
PUE, 1 2000—2020 4F (B 4175 2 052 fr = 1 M 4%
AR FEHLA B 763 311 G AE SCECHE 8 A, H:
H AL G H SIS SC 335 140 4, S CIEC 428 171 o

R A A IR SCE R TR H A T 07 BRI, s (]
5 1980—2020 4F, ¥ M 4= [ 2 740 fr A A
i1+ 2 258 597 &id %,

2,12 HHHEE

LRV B s R T SR VB Ak SR
FI R 2 5, B Y e B A 7 J7 Bl . A SC
F2 B AR T ST R ECHE B B B R
1985—2020 4F, a5 T 4 [ 2 740 fr @& A% Skt
4206 687 25ic %

22 HEFALIE

A SO F 3R 3 AN EHE A AT B I U, X TE
RCECHE E AT b B, A CHR T B b 2 L B ] e %
BAMT LA BB 43 A 56 SRR S O, X 53 B
5 A ER i T g — .

M5 AR SCR 8 SCEUHR AR BRAE 5 2 55 1 17 )
gy, HF LU ST 8, RSOk A AR 2H R 4 T
H e SO v S08 S0 S 5 S0 ST TR EE 4
2, W EPR 2= Ae SO 5 A ARB R R e mH

SCIE SCBUIE A T o F AR SORE b B 5 E 4
o3 S SR S H AR B E & T H
WICEE . A ARBL 2R3 £ H S S0 SR L
e Sc & FIECHE , 66 3 2H B0 & B B A1 [
)% X LA B T ) o 2856

23 MEHE

FoF 2.2 AL FE A BN B, AR SCER R SR
ST S SCAEM 4 B0 SCAE M 45
I SCE SV 4545 3 AN, 3R AR K
TEAIA 13X 3 45 A e
231 P& L 3 b W A 1

ARSI T 1 420018 SCEUE 5 A R B
B4 H i oSGe SO R P SUE SCATEMN S Gao
AR SR R 26 241 50 T 1w T, ) S R ) S -

D) EIH IS SR, AR SCLIE SCEE A 4,
WICATERXRR i, Hob 3 SR Mo R A
FRIEMAE  FRFR2E Rk %, R AEX R
DL AR B

2) HEZAALIE SCHY, ARSI SCHE# K S
R, R R NI, 50 H I S A M
2 M4 Rk 5T H S SC—5

IR TELARLE 02, R CHER A M
LRI AU LA B AR [ i o — A B SR

At BRI, A SO EE TSGR TEM
% G, A5 3 144 640 EH AT 5 K 4 660 835
SR (U

ARSCIHETH 2 4 HARBL2E R 40 H 9308 3
B SR SCAAEM 4 Gy, FEA TIN5
SCHH 3 SRR, X TE T AR S5 — R S Sk
AR G/ NG 2B S, A NG SR

A A SRR, A SO R SCIE S A TE M
2% Gopy FU 5 1300 145 DEZ T I 6 506 572
SKEVER
232 FAIW&ME

ARSCIHETHE 3 AL e SO R B # S
LR EVEM L Gp_pp, H8EHLI 5 SR SCHTEM
R, LR AN S, KHAEXCR NG,
Horp o B M & R TR AL (R RN )
LR ARG, BN BAER R A VERE

A IR R, A SO SR R AR
% Gp_pp, T 75 2453 313 MEH 1745 I 13 248 894
SR (SUN
233 AT WL FMEFEIEE

A SCHE T SCE SCEE M4 | S S0 SCAEM
2% R R S A A 2% i SR RE b AR A S UE TR
KT 2 AW FEARE, 1AL TH
PEEME B .



519 % B OB A

S S ¢ <84

x1 MEXFHIEENERR
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