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Abstract

Deep Graph Neural Networks for Text Classification

As we move into the information age, we are surrounded by a large amount of
texts in the real world. It is a challenging problem to process these texts effectively
and extract the information we need. Benefit from the rapid development in text
mining, text classification has attracted a lot of attention from both academia and
industry and has made significant progress.

Text classification is a very classical and fundamental task in natural language
processing, which aims to assign the correct label to a given text and has been widely
used in various practical applications, such as question answering, topic classification,
and paper publication venue prediction. Compared with earlier rule-based text
classification methods, statistical-based text classification methods have better
accuracy and stability. However, they still rely heavily on manual feature engineering,
a process that requires rigorous processing or specialized domain knowledge and can
be time-consuming and costly. At the same time, these models do not take full
advantage of the extensive training data, as the relevant features are already defined in
advance. Recently, the emergence of deep learning has dramatically changed the field
of artificial intelligence. These deep learning methods can automatically model
complex features and produce semantic and contextual representations of text, thus
eliminating the tedious and complex manual feature design process. It has become the
dominant paradigm for natural language processing tasks, including text classification.
Although previous sequential-based deep learning models can capture semantic and
syntactic information in local sequences of consecutive words well and have made
impressive progress in text classification tasks, they still have some limitations. First,
they do not capture long-distance word interactions well, thus ignoring the global co-
occurrence information of these words. Second, they ignore the grammatical or

syntactic structure within the text, which is helpful for correctly understanding the



text.

Recently, graph neural networks (GNNs) are becoming a research hotspot due to
their powerful performance in handling complex structural data and relations. A series
of GNN-based models have achieved impressive performance in text classification
tasks. This work first investigates a specific application scenario of text classification,
I.e., paper publication venue prediction. For this application scenario, the previously
proposed models ignore the structural information inside the papers, using hand-
crafted features to represent the papers while missing those features that involve high-
level semantics. To address the above issues, this work proposes constructing
semantic graphs for each paper abstract and executing a dual attention message
passing neural network to obtain their discriminative paper abstract representations.
Extensive experimental results on relevant datasets show that the performance of the
proposed model is excellent, consistently outperforming existing baseline approaches.

Next, this work analyzes the drawbacks of previously proposed GNN-based text
classification models, i.e., they only consider the one-hop neighbors of words within
the text and suffer from oversmoothing problems if many GNN layers are stacked. To
address these limitations, this work proposes a deep graph attention diffusion model
for text classification tasks. Specifically, the model first uses attentional diffusion
techniques to widen the receptive field of words in the text, which can capture long-
range word interactions at each layer. In addition, to train a deeper network to extract
the hidden semantics of words, the model decouples the feature transformation and
feature propagation processes of GNNs, which can alleviate the oversmoothing
problem. The performance on a series of benchmark datasets demonstrates the

superiority of the model proposed in this work.

Keywords:

Graph Neural Network, Text classification, Paper-publication venue prediction
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8



F1E 4

MR R 7 AT T2 NSRRI . H2, XL 20 783 Z
SER, TR GX EE(E B G s A T M RE, U3 MERIRR

1.3 ASCSERHI TAE

AL FE LT T AT, RN A R AN R AR N s, B
WICRBIHFM, vk 1 — 5T B2 0 4 A R B TH RO e . LU0
IR SCA Iy RIXAZ BB FT IR, AR CE e T BB R, AR5
VT AT IR B AP BN S B8, fE 2 AN 4 RIS T
T

(1 WICKE i

AL T 4N VPALG (R, MR ¥ S A 5 514k 4 2k
9 B DA 3R B 2 (B IR AR A 2 A, T AR B S s B B R . RS,
" T AT B 2 D0  AT  1 97 E  vh A I  ERAE . LR, e
T 3V B A% 380 S R o BT () T SR AN AR AT G A, I i R e R X L
AR R A R E RN . A T RIS SR B 2 R ) 2 Rk, BB R Bk
3 R PR S HH A AR R SR T O R oML o BBen BT LA 2 S0 B 4 T
AN LA R T3 A B N AT SR, O Tt — DR, B4
K LIRS T 2 i BB OV RR 2. SR VPALG B AL7E =N ISCEE (¥ M 42
BRI 2 T 2 A R XA 1] R SR AR

(2) XA

AT T A4 DADGNN RS, T fiff v 2 1 5 T B Rh 28 X 245 (1)
PN i AR ST T Tl SN U RE WAL (€5 % SN N
HR AN B SRR SZ T, AT T DATE A — 2 R R B B SRR A L. eAh,
T YRR ) BT SUE U, ISR T TR 2 I 45 1R A 1 ARSI 4
SRR LR IR 2 BN o B, i R AL S AN Y s AL L3RS
FET I SRR R T 9020 fE— RIVIEMEEIRAE 15250 45 AR 7 42 H A A
A e o



F1E 4

1.4 WXHRZH:

AT R LG R FAR N o -

81 E, BRNMGASCRDRMP AT RAE S RIENHIR RN
H N I3 558 SOR RS P il O FE T S AN S 436 oK 9l [mD B 1 A I
FRANE SO R TRI BB FCBUIR, 48 HY Z Al AR AR S R RIE 7 m) A7 £E 14 Rk
B MIAS SCHRIRIT T N 28

%2 5, AEFENAPOIFERIEM, TR R KR AN
SR PR T P A 22 I 28 R4

% 3, ARETEAN LI ST R BT S T R 2 2 R
SCRR S PSR, AR R B Ry, R IR, TR LA
IBMERSYESUINNE- = Ry Wk iR e R Rk )

%4 &, ARNG WO T B REAT U SE,  E R ARSI AL
et BB, PRAEFEAR A SEIG B E . RN, AT 7RISR TR
S8 AN S B U

% 5 &, ARETEMN GBI S I R BTG AT B R I3 O
RSO IR AT B R AR, BISCAR IR, RRIEFe )=, AL
TfR)Z, GO RAL A 734

806 EH, ARG VAT EIERIY BN R SOR 0 R 50, %5
BRI ERE . LI EMILLAR A [N, AT R R,
TSI IE, AR, BANHIEAAE, FRIREET Al AL seas o

TR, AEHAT T TAERY, IHRIBESH .

S
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28 MXRERNE

2.1 EIMHEMBRT SRR

BIE A — PR 24 B E 4540, 5 AR s, AT PA40 7 R R R B S
FIFZ E ARG, WA s KN B AN 4 ik o 28 250090 bl TR B 2 o0 4
RN, V52 0 FE TR QAT A X T R B 3 B v (0745 sSRRAE DL SR 47
HAEH T FWAESS o BT AR . SOARTX R ) 1 X A S A A L, B A AN [
FIF AT RE A AN FIBCE AT R 5, R IX T S 2 MR E KRR, B
ANFE IR MRS [F] 43 A7, PRt B B A AR K S AR 48 I 48 A el HL R . ]
FHEE 28 it 2 AEIX PG 0 N I, B &R BN — AN 3 1) A1 58 K 1 T 5
FEZL,  FH T b BEAS KN (1) 1] 235 A Al o

NT B RR E WA ML, NHAALSEMHNGES . — AR LR
RNG=(V,E), HAV={v, - vINE={e, e} HExrE K HES
ML, fE5iNe e E MU R e = (v, v)» v,y eV o WIREG HE
A1, e A RE MR AR, A BT RO, B HA v, My, 22 (647 8
A, =18 A =1 WERIE G i BUA, W ERED AR RCE ;. iR & G
N, — BORUE R R AR, Bl A=A, WANEHEH
NW) ={v,|(v,v,) € E}FRT sy, AR5 4, H D=diag(D,,,--,D,,) &=
EG%E%%,Eﬁ%m=z%wi@hmw@ﬁ%ﬂﬁﬁ@%iﬁ%%iﬁ
B, HAMIESN 0. WREFHTSHEBIEMEX, HpXeR™ 2RI A
TEFERE, x, e RS2 i B BRARHFAE 7] &

T IRAT I B R 48 I 28 AT DLAR PR, 0 i) e 4 ] e 4 PR 4 AR 3 33
BRI N45 , T3a 1 6 X 2 I PS5 A B 1) B e UG R, P i G
FRAETT DO B o i (S S, BRI GRS 5 T R pRmE R . Sk B 4 4%
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YOI A S A% B 1) A EAE S I LB 0 SCEIG AR AR, DR AR I RE . 2 Atk
MR, R A TR, RE Wk, N7 75 R4 G35 e o
28 Mg RARR IR

2.2 TEBEMZM L

e Pl o 2 0 5 A R A JE R T I ), G v i P A R R A S e e L
{5578 % (Graph Fourier Transform) & S 1. 1 P8 B h 20 644 st T P iz 3 s
TR R FRVRAAE 23 il o 308 R R TR BB E SCR L=D-A, B RRIE— b
JER LR R A L=D"2LD 2 =1, -D?*AD 2, M| eR™ZHAIERE. H
TR B E — A 1 R B R TR R L RSB Y, TR R AT DB RRAE 43 iR
L=UAU", H A=diag(A, A, -4, ) € R™ & HRFAF(E L R ot e pe, Jf H
KRR E R 0=A, <A < <A = A o U={Uy, Uy, U FeR™ N2 FEAF
RS IS PR ARFALE: 170 0 2EL PSR R R o X AR T — A ) L 3 38 R 2 1) AR A0 1) & 7T LA
B IER A E], FAUU =1, PRI SeRRAE ) i nl DA A0 Ay P A L A
b (ERAERME S x BRI R R TPERR A f(x)=U"x, B
{8 B AR S M R 71 (x) = Ux, Hor xORAR A B R 4 3 B 15 5 .
P 8 EEL P 450 N P (435 5 B S5 280 b 6 R U — o P4 P 8 o 7 40 % ) AR A 7
OB R IERR A ] b B, B x RIEEES g 7EEI G R ISR AT LAk
5E LN

g% X=U(U g)O(U X)) =Ug,U X .oococccrccrcrcern (2.1)
Hr g, =diag(U'g) &~ HS 20 0 LRI AL I IR A o & Al il da e #h 42
EXAE R IR R R DXORAE T~ 28 0 I FR AN ]
Spectral CNNFO% g, =@ 421522 28, I H A LA ZE k2 1

k NMEERERZ, EERERERAART RN
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(k-1)

d
XE =c(D UeWU ' XE) j=1,2,--,d% (2.2)
i=1

ij

For XOD e R™ Rk -LEMABE S, FHFEXO=X. d“? f1d® 551
FEA AN FRE AR . O f& — At AT I ZR 2 U A 08 A 0 B 1 1 5 AR
#%. T Spectral CNN 75 25X B4 B 1 e FEREAT RF 0, e RIS TR =
ZREENOMN) , RWBLEWE, BRI T AR KB . ehh, %
A 2R ofp 2 5 (1 P R IR A B R A DR AN RE B2 A B B A H e TR A
g

N TR BT PR, ChebNetPU4 R UI b T 5k £ 550 (Chebyshev
polynomials) SKIL A Er EIUEB AR g, « RIMER AR AT EE T % 2 1o 1 2Rk 30 n

TR
0y =D BT (R o (2.3)
T,()=1 T()=x T(X)=2XT_ ;) =T, 5(X) ccovvvrrerrrcrrrrrc. (2.4)

ot A = 12 A=l . RHCGZEMEE R A [04 ], AR EES 5% 1%

(A%, A R RE D b6 B G B R AR e, (HRE R 5 A e[-11].

DRIk, 3 B e SR EIE A g, 1FAE IS 5 x B EG RARIE L 208

K K

g Xx=UQ OT(ANU X =" OT (L)X (2.5)
HAT(L)=UT AU, L=2L/A,, ], -
fE TN 2.3~2.5 HyFRIAA T, ARS8 s B K R i e a1, X4
SRR B AT LOM B AR K DL AR JE 7 5, B % WY R I ) 5
{55, F1 Spectral CNN AHELHE, ChebNet K5 & F % Fh al I ZR ) S EUFAK MK + 1,
e/ T B H o [RII, ChebNet AT EEHEAT BIR0 Hr 0r5E B I AR A1E 7 i
PRI ARG 7 RS R F I [) S5
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KA L B KAFE(E /N 25T 2, GCNPA4 4 =<2 fIK =1, #id—FriL
fel ChebNet ik — 2 BRI S 2 B2, A5 2.5 W] DLBE i AL -

g *s X =G, Ty (L)X+OT (L)X=(6y + OL)X oo, (2.6)
WA, ~2, ML=2L/A_ 1 =L-1, WA 263 LA URRA:
g*c X=(0,—6,(1, - L)X = (6, = 0,(D">AD™*)X w.eoorvvvvvrccrr. (2.7)
NTHE—BRADNGRZHE, GCN4A0=0,=-0,, WA 2.7 #FRRH:
¥ X=0(1 +D™2AD ™)X oo (2.8)

HF 1, +D " AD™? e[1,2], W HAEIREE S IR %G RV T A
A A RE 2 I AR MBEEE T I () AL O 1 oA 1), GCN 5N T

BN, BHp Y AD B0, +D?AD?, i D=D+I, M

A=A+, AR 28 ATLEE TN g*, x=0D AD  x. WHEHE—HFINE
L2 25 2 BRI B A, 1) GON iR & A R S F -

H= X%, 0y = G(AXO) oo (2.9)

Hei A=D AD EMERIA—LAHAERE, X RMAMERE S, © ALk
e

GCN i#iid—Br ChebNet ik, KORFHK 7B AT 22 IS &, WRAE
P BRI, MU EE AT 402 5. B GON HEHT4 A —
DT, (R 2 R B, RTT KB E R E, 1RT
CRIIES A

2.3 EBEMZM

T g P Ao e ] 2 A5 TR AR A 1] o 1 e 2 T R 2 ) 5 AR OB RR A
AR T B AW T BUR AL H . B RO AR Rk A 5 A 48 15 Al
I S AR Ly F AR RO o 32T SRS SR 20 ) e I P 22 P 2 A T
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% 2 % MAEAB

MPNNI3ISE ST B T2 iy Bl e 22 P 48 BT (¥ 4 —HE SR, A AESE 73 A
BB, BIVH B ISR B B 3 B B e vl BAR ISP Be B & AN A s 4L
TSR G R AN 5 R 8, AR R ] LRIy

(k+1) _ (k) (k)
mv _ZueN(v)Mk(XV ’Xu 7euv)

X\(/k+1) — Uk (X\(,k) ’ m6k+1))
Horbe, R ERIRAE, A i s 23 5 8T R s,

TR AR R IR 22 3 ke R A BT 2 )5 RES 13 275 L (K FERURT AR, IX THURFALE
BT —HPL 2% 2 T AT RO I T AEST . S EPAT GO LS5
I, e B PR e K B 2 ) (T R BUE OB S A, A
R AT AR -

U=REXY IVEVY) oo (2.11)

HrbufURG B E R R R, TEERRR, EE W R BR N IZEAT B A
At
WARFEE M, U AR MBI B AR RIZIE A2 )5, it al U BN IR 2 Bk

[ 2 8 P o 2 P £ A
GraphSAGEPY & —/MaE F I IE g% SIHESE, Refig R A AR IEE R, N
LRI MR D3 5 A0 25 A BT AR N R BhAh, PR R i 4 R T
REAZ AL AR R, o G 2 B R A 0 ORI, X R O L . R
GraphSAGE #& Hi AME Y H AR A AR E, 1A BT RURFE [ 2 14T =
S 59 AEH . BAAKYL, GraphSAGE HH Y K5 4 bR BRI 5 A5 50 37 bR S ZH AR
A RERN:
m{%, = AGGREGATE® (x{¥ 1u e N(v))
(9 UPDATEW (I mt y

N (v)
For N (W) 27 AT i v B 4 Jmy 408 J 759 s vy 38 S0 SR ] 5 s AR S5 5 itk & e
Moy &K B B k21 B AR SR80 1 mUR S R S

GATEPI g AT THI £ 4 B4 PP 228 o0 45 A58 2 g v a4 e FR) 408 8 B (HAH [ PO AL =
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% 2 % MAEAB

X AE R TR AN A AR JE T S i B, R e AR Y A AR B R
KHER SIHLEAF AR & SR T AR E. GAT MEERZE g LT

1 = o(S, dOWOREDY 219
HoREFIRLEEBIEEE, h® =x,, oW 2&Y HuflT Sv 2 MEE AGE,
AR T:

¥ =softmax(o(a’ W h® [ WORSOD) (2.14)

Hepa" WSO RATIIZISH, pfFE LeakyReLU #iF K%k, Softmax #1E

ek BB EE EAL T (0,1). A, GAT B 5| N2 ki & SIHLHI R 45
BRI FILRE 7 LR R0 F I SRR, BAfUT sy A 2.13 #on
R

1 <o
h® =o<5zq:12w ) WORED) (2.15)

Horb Q R ER ISk % . WX 2 S BRI HLIAG 2 BT R A AT T
FRAE T UG 27 i & IR [

2.4 AEING

A E FE A P AT e A S ES . O 1 SIS M R IR 2 e v R ) PR
WA, B d 7RSI E AR SRR, &N REA g 1
22 W28 (1R e I RE R AR MR A s e Jm A 4 1 Sl 52 2RS35 ST 1) 2 3
2 IR 2% 5T 1) i FR AT i TR A Y
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% 3 F ATHAAEREHNLLKEDHANEA

%3 E ETEMEMNKZRIRIORRGriiEE

R 2 BONAT I3 T8 B 27 20 IR SCR 3R 3 I Tt A5 3 4 FH o R 48 1) 246 B
HAGIANE N 28 A RO AR R Jo) FE L SUARAE S, DR A3 T i o) 4% S e 8 2 T
JEIBEERF FIME . BARERXAMES IR T 4RI, (HILE AR5 F 1A
Py soh R Z B BE MW, FEATURIIMHER. 1%k, BUiEe
AT, IXH BT IEMRER AR SO A B R, X RS HAE B AIANRE
W E A FH IR A IR . SR B SO, B TR AR
HOJRE IR, REWSIRAF MR BaR R . HLR, XSRS m g SORURE
(I8 AR AH SCIE, 55 0 T 5 30 [ 4% — MR SORS A 3 AN, T 2 i PR R A
BoW i\, &AM EIE S BRI A, #li1 Glove #1 BERT.
2 SCHRUESE,  BF (RN R SO AR AT BT, 3=, A4
HEATHX MR, BRI R S REI A K. RN, £ aEmih
REMRILHAERE H— NREGIAEE. FL, RS TII%5 2
AYIE LR . R, N LRGN AR TR RN 8], 1 H 252 2 A W
M. HET RRBTE, AR T —FE N VPALG HIMEAL, H AR At ST
TEHLRUTE A VR R RAAERAHEWT R R I i, AT R A B e (¥ T 1 e o

3.1 MHAUELE

SRR, TR P S A AR TR 25 B b N 4 AT 55, I LT A7
BRBIOW ST, BRI, A0 S EE | 8 e n K 3 1
WM. iEQ={x, v} RFRCHERES, Hohx BRI ENNE,
y, {00 TRIA R R BRI . EARERIE, A y 1T DY IF x B 5
SbRAEr R, TUGE E NG R . BE Q IR R . A
5 LB RN Q T STRER F L AT AT SO T A . R
P R U R 5D, R SCHR L VPALG A M Q 2 51 4 ki,
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% 3 F ATEWZER%GIETEKEGHHFTMER

AERR U, B SR BN R R R O R . AR e, R I TR UL
IV B A% 3 T R X T R R RN BEAT b, e B 0 R T AL A 1
FERE X B3] ()T R A R & B E A IR T 52 B AR i MU 2R R (1
T 25 R 5 HSEAR R B O bn 26 2 T8 A4 5K Bk, B H Ax ek H0n] LR
wan A 3.1 Pron:

E(H,Q),@)=%Z:£(fn(f¢(f®(6i))),yi) ................................. 3.1)
Hrp G AR i AT EM RS LK f,f,, fo 2 3RRETT. oAl 34k

PO FTEIASE R L e 3 T o LA A 1 32t A I T L B B AR . A
KR O SIS, SE R R R R A HE SR 3.1 PR, mEEMAT S
JEORMER 3.1 F. ETR, ASORMRE R, TR LR 1 B %%
AN T S AL B0 P S PR A TS H ) VPALG AR

- N
{xi };,T’ {G/‘ };'—1 {hiT }:-, 1 B {j’; }:»,:,
W < @ i
. < : | . KLdiv-loss
edge edge 7 : : I
. - attention attention ': = : crosfs-ent:opy
/ / E'R' E™n" F node : | / \
& ¢ | |(maxpooling maTq:?)oTing G attention | Lo - /" ¥ i
N o : - : {,V,' }ifl {yi }i—!
H) ah! 15
1 [
7 t | dat date ) i
K/ ! SREStS i K summation lsg,, :
/ & =)
1 d pass Nt
Layer 1 Layer T
Abstract graph : Attention message passing i Attention graph readout Prediction model
construction | ]
e i
3.1 VPALG HYE{RIELE.
A=
FRILEFEFSUA
e L]
n WZREE IR SO 2 H
I W R FTEE
d REp=v NG 35
X W E N
G=(V,E,H) e T
| T T
y {0, 1} Lz
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*x31 (ER) EEMNSHA

=) L]

M={W} T 2 5

@ ={W,w,} SETVE R T b L3 2 1 5 8
T SETVER I HURIO T A 1 2 3

O ={(W, W, »"")}, B TR ANHIKTE S 24

3.2 HEEME

H5HT BoW AR AR, VPALG Hfft— Ml E R IR AN 5 i X
B, DLt — 2Dl 3R 1A R 2% B Ph 4 4l i o AR T, BRI RNy S 1T
2T LR ] - B . R, RN E xR A B R R

G=(W,EH). B, VRRHIE x PR RT . ik, EeRMME
B PTA T RN TR AR, H R x SR AR AN SR MR AR S,
E, =1, fMA0. &J5, H=[h, - h,]" e R G IR T % (]

i Glove A1 BERT) 32154617 iR AN o EHAEERE, BARH =M
RIS AT L ZAIRIL, Wl 3.2 foR: (a) WA a2 E, ez
[EIAAAE R (b) AR Bl R0, W EAT I Z A7 AL S [ iR B )3 (c)
GRS A R AR S, W EATTZ [BAEE R R R A . AN, X =R EE A
J7 RS T A I B TR

(Y (Y (Y (Y (Y (Y

graph é——> neural graph é——— neural graph 7) neural
Q/ netw / netw /

ork ork / ork

(a) (b) (c)
32 =M EHEENREE . XKAMKRFIEFA, “graph neural network is
powerful”: (a) W[aElE; (b) BEE (fFE)D; (¢) BEEE (FHiED.

19



% 3 F ATHAAEREHNLLKEDHANEA

3.3 ETERINHINHEBELEZ

N7 B EE P g ASTT RN, BRPAT TR B AR . B
(1) A REAB R I A ] ) R A8 A R )9 SRR BB H bR RN . ARk
i, BMAAELIET B EAEREREE T A, XN RER BLRIR A
fo(E;H), @ ={(W:, Wy}, o Q0 FEAVRRIEHE FE T UG E 7S N E® =B,
H=H. 78 —Et, KX EhMH s Kb EETEERE S RA
Pt:[pii"'vp\tw]T’ ﬁﬂ/z}ﬁ 32)5)?%

p; =Maxpooling(E;h;™,--- Ej,hil), i=1-| V] (3.2)

Hort N R LR LR RN, B = [EL Ty B B4 R0 AL,

WAl R ME . LRSS - LE M SR TR, el AT
HRIR AN Y2 VEAR AR IR N HT softmax pRBGEAT 0 —HORSEBL, R R QT fr

7N

t t-1 t—1 . 0 _
gy =g e I Ve (3.3)
0, otherwise
exp(Ey) .
}j=M—J, i=1--|V] .
ZQ)(p(E}j) .......................................... .
-1

Horpr )7 FoR BRI, W, RSB R R AR S HL

R EH R REMN G, BRELESE A A2 30728 24 s 7 i
SRJ5 AT ReLU 0 R HodtAT AR 2k S8, A iRt~ 3K 3.5 A1 3.6 s

hi =7 WEh! + (L= 75 )WIP e (3.5)
hi =ReLU(h}), T=L[ V] (3.6)
HAP R E ReLU(x) =max(0,x) + W, RN {E 3 R INEME SRR BT ) %)

B2 by B SR . AR,y MR gl A AT . B
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IR R ] RAA R R AL, EE Rk AR e A 5 SR AR A AT
BAGRE . ZWME2U, MERBIEMm, WanEEER B L. £A
35 A, BMGIN TN SHL yf Fr AT Al DAL R R P OR35F = B 1
I HAVR T UERGAE KRB E T R ERER . AR, £a1 35 fEiLa%il
FAERAB S P LT AGIEPY, XERF RS I RRMRN . B4k,
TR S Y TR TR R 0 B AE R i W 2 a5 A R i S, A
SRR A R T B P AME

3.4 ETHERANHREELE

Gy BN HT =[N T SR S AT 5T 2 LR Bt
RPN E IR . T R UL YA RO, 2 BT T AR
R0, BRI P T R AU BRI, U T DL B O
VSR AN ITRCT S . UK, 0 7 P o P T L T s
M (HT), @={W,W}. H%, TE&HEaecRY il bhF AR5

Vo =tanh(WN!) e (3.7)

exp(V; -w.,) .
! & , :1’..., Y
ZI;}:ll exp(V, -W,) : R (3.8)

Hrh w2 NI RFIER IS H, w8k E, V2V RE
17
Hxk, mEEIRA g W B EONT SN IO EE,  tF R R A5 3.9

FoR:

0= AT (3.9)

3.5 HRAHME

AR SO EZ I AN R s, e T RO e SR I 2R HodE 4R
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Q={(g,,y)¥. . Fk, BRATLLEQ G ATMBR . BARY, A0k
WA £ (9), M={W HEANNTEEERNLIEZ . T4 g, XN
Uy, A A
Vi =sIgMmOoid(W,,g;) ....ooooovoiiiiiiins (3.10)
Horb W R IR B 1) 2 5 ) 5
BT, ASCHEEAS 9, My, Z 8] 458 2% R 0HE T8 D9 H A 3OS 8, 25t
PR SEF 240 (T, @, 0} 1 H b Hon:
Lo (1,0,0) =237 370y, 1099, + (=Y, )10g0—,) oo (3.11)
N L ER T LIRS E A2 AR ), AR SCAR AR I ZRER EX A
BEAT B ZR. BNGRINET LU IR Ok B2 S m B AR R DRSS, A R0h

R T 2 BT PRI RS SCRNE BT R 3R B3 BT AR SR B Il . — % Bk H A
PR % AT UL Kullback-Leibler (KL) #UE £ R:

1 .
L. (IL,®,0) = KL[Q|| P] = Ezizlz'jzlqij Iogy—‘ ....................... (3.12)
ij
He, QEZHBM/AA, PR METFIF 2. HilZGEAZ OB & 2%
FIAH TG P 3545 H b5 Q 1E N P As 2k i 15 2
W SREL H bR A Q I 77 XA AR B TN AR S o R AR 25 2 Wt it $2 1 1%
B BE R B TS 1o BRI g, S w2 s B

T, SR A — AR AT A o XA A A T DA B R A T
DI [ I S IR LA BE AR TI » AE SRy, S A LR AR 25 7 15 U AR 2507 1%
BOREUF . — M RER IR R B ARZE E K T K2 FUR s G E, &5
AR MR, BARZEI B AR A2 O B LTS, AR EREER
FERME . AR iR H xR ErT DOl B TR R R VR AT i ok, I HLBEALAL
SR M RE S A RO AL B RS I R B £
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3.6 AT/

AEE SR TG SRR PR — SCAR I FER SE bR 5 5 DA
IR R ARG o SRR N T R IX e GR e, AT TR 41 7T [ E B2 R
BRI R R, B TR L A BRI, BT R B Y R
ARSI JZ . VPALG E5Eiyid 1 = MR 2 B T8 e s oA g5 f e,
B A I R 7070 S A T B A R Q0 J 9 S A S 2, R R Y R 2 7
Tk A RV ST AR TR AN [ A () E . A e AR N R e R T
H N ZR 075 3R A3 I SR 080 e BLAS L 10 D b 2 Ak — 2D SR TR A R R B
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4.1 L EA

4.1.1 SERBHESE
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(2) CSJ: IZFHRAESE T 2007-2016 4F IMLR. TOIS. TPAMI % 28 Fiif
SRR 2 U AT S P R SCI 2 . B SR AR X 3516

(3) CSC: iZHIHAEEE T 2007 4% 2016 4 ICML. KDD FI NeurlPS ¢
VMR 37 N Z LW S B S . BRI

T 4.1 EERIEEMNSTH R

s FEHH KHEH AR Sk g E| FRLIE] R
PubMed 837782 1130 203.27 323194
CSJ 72800 28 156.94 37255
CSC 73744 37 153.60 37747
4.1.2 FeLpiim

T AR SCATI 00 1] BB SRS HE P A SCAR 0 KA R &R, BRITE SR 50

" https://www.ncbi.nIm.nih.gov/pmc/
24
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AL R T MG TR AT U, B SORIHE T T ARSI UK R
TR T VAN IR 2 S SCA 3 2K 5 i o BRI Rk an R .

SCRHER T T SRR T, AR ke LA ) i e AR R o N A A
AR DA ZR I B BIAR OGSO, AR R AR4E. (L QL. #
HBLSR Cquery likelihood, QL) #iA!ZEET Dirichlet V- Y R PERE1E 5 LAY
Z—: (2) BM25[%3]: —Fuft T~ A5 1) ] 119 0 — ZH SRS HEAT HE P 1 28 ST R 2R A
it

G RIHFTHERE Ji%: (1D VRS VA — Rl SCR RGBT S 1R AU
f5i%; (2) TMVRED o — il 10 I B 2 o) 32 U ALY - RRIUT IS 772 (3D
PRSUSY, i 4= J7 G5 H AT softmax |1 U 018 SR 37 BT K1 43 2505 1%

FETFIRE2IM % (1) fastText®4: —Fi@ il 15 n-gram i N $EHC
RFFEM T EXH, AER S Z R E N 3: (2) ELMo®l: —
ANl Bi-LSTM YIZRIIRFE B R SCHITRIR AR AY, e 28 (11] ) 22 AN [ X 25 )2
(i ) B R M H A . (3) BERT PO —ANEEFXUA Transformers 4244 (1) 7l
ZREF A, RATIG-MORTE SRR E M TS . X E, ARXEH bert-
base BLHAZ A, (4) Bi-LSTMI: LSTM f3 il iicA, [AIES I H bR 30q5 Rk
FEHUCAR T FHIIRFAE . (5) Pubmendert®l:  —ANFi] FH 2 B e 28 ) £ 12 B 47k 22
KRR SR RIGFTHEREAL, (6) MPADIT: — AT 2 RCCAR K (230 A
[FLRLE SCAME BRI M ASBE AL xFF AT A KL T, AXSHE R
W AHAEE SR, ARG RS R Ioh, XL RAE WA B UIZ R
OLUREHAT ISR, X T T T EIA RN 74, R — A TIZRE) Glove Al

A

4.1.3 PPMGTEAR

R T VAL S AL O R, AR SCRA T =M RAT PR e b, BLEE IR
i (Accuracy@K, Acc@K). “F3f8|%HE4 (Mean Recirocal Rank , MRR)
A FL 4% (Fl-score). UbAbh, AL R — 481K E (Optimized
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Precision, OP) KA &R /EAT-#1) PubMed HasE R HIMERE . 1E{(%, 9},
FoRMPRE L, MRFEAR I FE R I T

Acc@K: 1ZFEPrfr s B LR R T top-K Tl &5 578 &5 1tk
. e n] A AL Rk Ay

n
HAI() ZIEmEEG A Q) BB E R 1 top-K LR, £Lkd, K

FIHUE Y 1. 3. 5.
MRR: iZfEFrfiE 1 HEE R b TS SO R P T B 4% . e rT L
A

MRR=1S3" 1

P Zi:lmk(i) ................................................. 4.2)

Horb Rank(i)#7r §, AE MR SCH 2L x, AT 45 R P i HES

Fl-score: X2 —Fl/ 2N B b, W] LLTHT 00 45 SR (1 ks BE AT H
12, — ORI, ZARbR AT PRIy

Precision=—"=—  Recall=—2&—+— ... (4.3)

|
i=1 i=1

F1-score = 2xPrecisionxRecall (4.4)

Precision + Recall

HATP, FP. TNHFN R B B ECRA AR 1 K

OP: N T i @ BIAEA P B A vh R I, 22 i AR k8, Ase
KH T bR, ERINEE T R IEF M A R 2488w LAk
RIRA:

Z:Z‘,IJ-ZMIRE‘CEU|i —Recall, |
|ZL:1 Recall,
AR e TH SRR O S AR A IRl R, SRR AT R4,
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117 47 5 A R TN T A 2 T # T RN el R o B BE . A R AR
PubMed i#la 5 OP (145 R, DXy H A A SR AR P o
XFF AT DU AR, B R 0 MR B R B

4.1.4 LR TE

SIS % TAEMSLI IR SR, (1) #/ER%: Ubuntu 16.04.6;
(2) & Fk: Nvidia Titan XP 12G (3) Wf#: 512G (4) Python: 3.7.2 (5)
PyTorch: 1.6.0

SCIAATS: X TR EGESE, A SCHENAIEL 10% MR EAEARIESE, FFXT
TR B ELAT 5 a2 RAIE SRS o A SOH AN B i KK B8 N 300,
DRI AW 1)K 22 B A0 55 [ B3] 0 F 300 AN XL 300 AN BRI ik
KRBBEEE. H4h, BRI ED T 10 R4 G # 8 “UNK”.  VPALG 1)
FARSLI T B T . JEET, W BN L ONSHURNZEBE 1R/ 7 i E R
2. 212005 fLEK/NEE N 128; AdamUik A TRk, HApAHix
BRI S R AR E Y 10-3, SUREREN 10-4. XTHNE, EL%E
ZJGE N FBHLESF A, RIFLEEGH LR E N 0.5, ok, 75 E %R B
ATHRTTE IS, W S AT S L 5 YCERI H bR — 8 Wk Ik

4.2 SEIZER

4.2.1 AR

AR TR B =FP 5% VPALGhi. VPALGY, fIl VPALG 7E =AM d4E |
ik P AT T H . Acc@K. MRR. Fl-score fil OP f4h Rin#k
4.1, R 42 MR 43 Fin. WRFIERASORILFTEE I 75 1E Tl =44
JEEEF I Acc@K. MRR. Fl-score fl OP I3k GHt 40, XEW VPALG
TR RSLE VR SR R 3 B 000N 75 T AT 2 o el 2 AR OP mT LA 28 ML
T4 tH RS Y T DASE 47 M Ab BRSP4 1) B0 . ARSI VPALG SR B S it 14
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BEM SRR AN o B S0t A2 i [ B 3R 4 o AR 08 S B, AR
SCHE MR IR . 5 EARBRIAR L, 2R B0 AU R B AR R
RIHFTHIRE R . 58 /N RTETH BAR A L B B gl N 7 S VR = I pL
AR BE S R A 2 A0 R oSS B, iHAY AN EEENRR, ik
P50 R ARAG RN o BRI H AR 228 T SO B IR R R
H H ARG VR AW SRS R v R ZERAE,  FTLAIUSR T IR 45
FE=AHT VPALG BRI, AR B VPALGw 1 VPALG &L /2 L
VPALGh RILFELF. XFPILGRE TR iy,  ESREE A ) DAy 58 3115
RN RIRZ A5 R, (HH25 5 T s P i, B AN SRR
FACAZ T TovE X 4 o SRTAT, S pa] [ R A P DA 38 R X /N 1), SR 25 51
BIGAE T TR BB . RN AR R B T HA A B SL RIS . S5E%NE
R FTM 5IAR L, SO HER s (R QL AT BM25) HA 754 /1. SR,
BT URBE 2 S I T B AR T AR 1 e 2k . X SR BIVR 2 S QM E S 2] R
AETT T BRI . BeAh, FE T EIeh R M 2% A (R MPAD 1 VPALG)
R, UEWA T EIREE I 2 75 5 2] SCAREIE 7 THI (R I BE 77
xR 4.1 EMIERIE PubMed B IEEF X TF Acc@K. MRR. Fl-score 1 OP RYSL
WER, HPK=1,3,5,

PubMed
Model Acc@K
MRR F1-score OoP
1 3 5

QL 0.273 0.369 0.412 0.255 0.239 0.242
BM25 0.305 0.472 0.526 0.381 0.296 0.275
VRS 0.123 0.225 0.293 0.112 0.107 0.131
TMVR 0.193 0.266 0.332 0.153 0.221 0.193
PRS 0.292 0.454 0.515 0.333 0.320 0.261
fastText 0.399 0.586 0.664 0.413 0.407 0.342
ELMo 0.463 0.642 0.745 0.513 0.456 0.393
BERT 0.474 0.668 0.750 0.523 0.477 0.421
Bi-LSTM 0.511 0.700 0.757 0.539 0.499 0.429
Pubmender 0.497 0.705 0.780 0.579 0.501 0.426
MPAD 0.521 0.714 0.783 0.643 0.531 0.452
VPALGi 0.557 0.728 0.787 0.663 0.544 0.505
VPALGuw 0.579 0.746 0.808 0.681 0.567 0.533
VPALGut 0.578 0.748 0.807 0.679 0.574 0.521
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