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Knowledge Point Recommendation Method Based on Static and Dynamic Learning Demand
Perception
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(School of Computer Science and Technology, Xidian University, Xi’an 710071, China)

Abstract: With the rapid development of Internet information technologies, the explosive growth of online learning resources has caused
the problem of “information overload” and “learning disorientation”. In the absence of expert guidance, it is difficult for users to identify
their learning demands and select the appropriate content from the vast amount of learning resources. Educational domain recommendation
methods have received a lot of attention from researchers in recent years because they can provide personalized recommendations of
learning resources based on the historical learning behaviors of users. However, the existing educational domain recommendation methods

ignore the modeling of complex relationships among knowledge points in learning demand perception and fail to consider the dynamic
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changes of users’ learning demands, which leads to inaccurate learning resource recommendations. To address the above problems, this
study proposes a knowledge point recommendation method based on static and dynamic learning demand perception, which models users’
learning behaviors under complex knowledge association by combining static perception and dynamic perception. For static learning
demand perception, this study innovatively designs an attentional graph convolutional network based on the first-course-following meta-
path guidance of knowledge points, which can accurately capture users’ static learning demands at the fine-grained knowledge point level
by modeling the complex constraints of the first-course-following relationship between knowledge points and eliminating the interference
of other non-learning demand factors. For dynamic learning demand perception, the method aggregates knowledge point embeddings to
characterize users’ knowledge levels at different moments by taking courses as units and then uses a recurrent neural network to encode
users” knowledge level sequences, which can effectively explore the dynamic learning demands hidden in users’ knowledge level changes.
Finally, this study fuses the obtained static and dynamic learning demands, models the compatibility between static and dynamic learning
demands in the same framework, and promotes the complementarity of these two learning demands to achieve fine-grained and
personalized knowledge point recommendations. Experiments show that the proposed method can effectively perceive users’ learning
demands, provide personalized knowledge point recommendations on two publicly available datasets, and outperform the mainstream
recommendation methods in terms of various evaluation metrics.

Key words: knowledge point recommendation; knowledge perception; dynamicity modeling; learning demand integration
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JEIR T AN I TR WP P R L VR 2 23 AT D0 4, A 3 AN IR0 B sl 1 b i e B TR s BT, %
R SEAESS 1 B Bes 20 TR BESE STROG I LR AN IR, SR J5 1E5R 2 [ BEOE ot R KR 2% S HERE R IR 22 ),
FEH 3 B Bdt— 202 20 1 R TR R 2 S) HERA R R 25 55 B0 28 AR SR S, m] LA ) DA SE FGHEAE AR 48 S il
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By T FLBR. TR, B | oP 2L G HEARTE T A0 547 b U S A S . 25 4 0% S
RS S 8 5 L AR S AT, AT AT 25 S Bt 0740 A2 SE M AT, D
(102320 FLBR, TGl P 03 23 K, SBUH PR T RN I 7 SR AL 1 L K 5 F AR, e
P RIS TR, P AT Bt AP ST SRR 07k 2 M P P 547
oPLPTIRE STR, BURR I SCRBRIF0, 1 PP MR A3 A AR ) VIR 2%, M ITTBTI L
U RE AR,

- ~ ~
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! ST o — ,
—>i FHEE A 2% : %%%?Bg MapReduce i
| 1
| KIGH WERG | ERG | |
:\ ik she e | | s Anstig] |

1B 52 M 53 M B
Bl 1 o 2E 247 8w

S HrN A, FT B2 20 55 R B S A K2 2D SRS IR 2 20 K. R 102 I SRR 2 - B f
(K9 73 52 27 24T Dy Bt v 23 35 R 2% ST R R B IR 27 ) /SR AR IR Y P AR BRI IRI B B A 16 27 20470 AR B
HSR ALY >0 5 K6 T (K2 20 oK, JUAR i SR RREEI () K AN RRUE, 7 B2 RN TR G 2 1) 5618 i 4%
KRIKRARMZA. O T 5 AU AT AR, ASCH IS ML TR BB SR 48 OC R MGk A%, 51 T BRI 485t
R AT (K 3 S22 24T A AT S, LA SR 7 2 2047 D B R IO AR 22 D) AR 0 T3 & 02 2 oK, ok i 2
ST RPN R H AT B Rk, S BT AEAN TR I TR B A A OK-F I3 T sh 252240, O 1 8 stox et
AT AL, A5 RS P AN RIS T B Be 3 B R ARK PR AT 3 5 B, 98 SR AR P 2 8 208 o P 42 e TR 3 1
FRUKP RS BEAT Fe AR E, LU e T 27 IR Bh &2 S0 oK. i, i T S Ings & % g o > & i
5 2 it SRR, AN S RS A2 I A5 2 K P I &2 2 # SR S 3h A2 M Fa sRHAT b, DASRAS SN 4=t HL RS HE )
2 7R, S P PO I AR A 22 5 BRI HERE.

3 BETHSEHEEIFTREMPOMALRKEEFSE

3.1 RBEMTEE

ARG B3 T A L5 Bl A 20 T SRS (0 A U S HERE T AT VA 4, TEHESR I I 2 R,
FER AL ) TR B AR 2] T SR AR L LK S0 st A A B AR B, 2, vR T I0A 1 8 A 22
T IACK SR B B SR s RN DRI G R AE A AR B, AR BT AR A R B4 AR AIE, bk 7 2 2 fF AR o i
FREEHR A B G kS R ABRT B P 2 SRR, IR, A 3T T SR SR B I 1 S S T 448 R A TR E AT
G4k, SRR AN FUCERA2, 5 B Jo 8 SR 4k UG AR, 5] SRR SR M 4 T RS B A ST RN
FAERA SR AR, JLUR, BT AT 10 5 AT P R A 7 sk 2% 29 38 T AT 4 R B o 1K 2 30 75 SR 3, Gk
Z R P RO AE 2 X i R R I B A AR R A2 ) TSR KR . (R, Bl S T SR AR AR e LR
REE, TR A IR AL S IR AN TR RN 208, G i FH 7 7 58 U AN URAR 27 20 5 (R A UK SF, AR5 SR PG ER 22 ) 45
PRV T S AR P 25 I Bh AR 2 X T 3R, FRRE ARG 10 FH P Bl 2 S T SRR AN RIB 5 A8 2 2 T R IR N KTk
AT PHERS, SRAFLEG IO P 2 5 75 SRKI NZRIE; S, SR8 R0 o o AR A b 35 1 P 110 g 2 2% 2347k, R
P R 1A R 3 AR A TR ot 4 A 5 SR AT .

FERNR AR Y 50, AR R SR s USR8 D7 sk iR A8 12 SIAT . RSO U RoR 4R
A, KRR S ES, A o) FK) 2> 2R T S SO AR S BB B TN R S T RSN,
FH P SRR AT 2% 2 LSE U AU IR 27 30, WA SC A A AN VAR TR AL B I N s AR S SR R R AN R,
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JUu e U IR IN 1) 58 J Iy HE e (R e BRI i SR 5 22 ST P BRI 0 €, = {cls oo}, Hemh o s ™ w BT

SRR A2 S P AP e MR AR A, RIS ¢ TTERAE, m B0z AR AR & 2 I PP A E Sy m . [, £E
e 2B BT T REERANIR RANEAF ARG VF 2 PO LAt SR IR SR (AR B0 25) LU AN [ 2 fAo) 2
(B 22 Bh AT H IR AR, AN RIS SRS 2 8] R SR I R AT TRR 2 A ) R AR X SR 2 (8] (R ) R R R T 42
(1) SCAR IR, RS A U e SRR 2 > IR0V T 17, U0 SKE R i 92 5 DL B S S 2 T 1 0 S
WML R G AMEAEIIR SHEFEAE S5 7E T 0 A R IR M 2 G AR R4 & 24 281 C, EAT ER B, 4223 1T FO
FE22) 5K, PINAETS — I 2036 A2 H AR w22 I FR ARG et

learn_learn’!
> A
learn consist consist! learné !

liils
23]
R FR
> /9N
L FLP ik
" j [t SINTT
L] ) [5[3]0
- Course 1 A1iFKF
=y R ABUKY RENEOEERER
/83 s OO | >
4  [E[2[6l0 i
S {5 LR f!—_\é—JiA’-‘f; ;::r'/r Course 2 fTHIK - IR R ST IREL AR AL
— X HAR : AL . Top-K HEFEHZE
%
. 5 “H’i/J\FﬁF"{I"I .
L'ansis[rj eurnet e rrEncvm'is Course m KR BUA FREONS
®—U--2-0—® s
: g
- :
A ) TR Bl ) TR SRS T A R A0 A

2 HERS

301 ERASE ) TR

ANTR)F- S AT R HE 37 55, A B0 AU, B 02 SIAT g o RIS 2 T P (K2 X0 75 Rk LA B X 4, I
B, A DR AR AT, )2 3 75 SO0 F P 2 04T ke = SO L i An R S e R 4k O R KB IN, fE
R AR R 5| 5 T B S 4 T P S A TR N R (R, A BT ) R R IORS . IRk, AR SO TS

o ) it SRR, QU AR ARG HERAT 55 T S I A SIS B TR 48R R 512, BAER I R EIRM 4 G
M2 RS R EIR GRS G4k, A3 AP -Gy SRR SUm-URAR S, 0 H P 4

FH PRI 27 20 T R SE B S a2 . 5 ST 3 o, S 27 o0 i SR g B SRR AR AR ) 4 A DA S e B A%
TR R BB R A D IR,
3111 FRIERIEEAL
h T K SR AR 4 G 2B 1 22 0 SR ] 1) S A DR TR O 2R 28 A DRy A Py e N s, A SR FH P BAB R o
TR IERI AL, FEAEWT A A B AL 1S N BRFE AT AR b DA S SPGB AR R AE W 4 1.
(1) WAFIENIZATE. P B REERI SR Ak T SEEFE T A B4R ERT R Ak LA A S N AR TG A A 7 L —
D5 T, 25 BE B P A2 X kR rp LSRR A b 2% ) B s, DRIAR SOW F P 5 R 0 A8 BLAT A A FE P 9 2R, P
I PFAE fre MIERAIN 2 2K (1) PR
Juser =D Ay (1)
o, A, ARRH - A8 L ARHERR R, 25 F P AR AE S — T TURAR 027 SJ A8 BAT Ky, NIRRT Y FH P SRR 1 78
FAERAEA 1, TR 0. DEIR A, FIBERERE, BEARFEH R T 52k Hab o 28804 0, How Mk FioaE D, £on
5P ie UMIERIRFREL EAERE D i Fan 2458 (2) Fios:
D = diag(A,.) 2
Hrh, diag(-) Fmat AALERAE.
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710, 5 RE RV R A PR T A5 B AR L (e B PR AN B A AT (0 SR AL B A e
5] ELA BE B AT IR R R, BRI A SCSR ] Word2 Ve A2 BEANAR 55 44 FR IR A S SR A 3 BRERAE, 4R
ST BFAE froneep DIERAC I AT (3) FToR:
Seoncepr = Word2Vec (concept_name) 3)
1, concept_name RIS TR, Word2Vec(-) FRawKH Word2Vec i) [n) &40 77 2R SR U0 2 BREE A [7)
TR, BUATERAF AU A A AIE 1) 2=

R IIAE

learn_learn™! Faanal :::::‘rf
e_p--2 = DS

L Sl Q;HEH R :

RITTERARRHERISG L
ole_arntrjﬂnsisr mnsisEn' fearns HEEH : : :
- giif o
- >
S | wm o

[} T R WTUA 1L learn  consist. | DA

=X g ® = ZE

[ -

SRR 4%
> =
consist”" learn”" learn consist T H:H:' \l.
oS achd i |
Py

| lEmms

e | : G ] R
SR TE R ERIA8 L@ o gﬁ > ?"MM L) E

R IBE

RHERI L TR BB
3 AR O] R

(2) SNRTCEARF LI AR L.t T AN RSB SR Z (R A7 AE 2 Bl M RIROGRR, D T 0 BT A AL 2R B [ 5 # 9G 3R BA
I P02 20 it SROFHR AR T, A SCHE T S AR 4 G A R AZ LR R AT AT B AR R IR W AR K. S
TANRCEAR AT HERE AT B T 5E i MRS 5 ORIBE G A P I TR, e 2 A R R RSB A8 i 4R SCIBR
AR, AN IR v S IO 7 K27 ST 55K . 5 E8 B 5 K S i i) 246 (R S22 Pk, AR SRR YA SEAA T 77 2 [l RS R0 A
IR AR 2 A B AR TC AR DL RSB JE AR iR Te i e, Serp, A E AR TT R AR R AL AN ) R 20 S A2 [A] 1R STk
KA, JSAE I QR AR ER AR R AL PN FITR RS AR Z TR B S I 27 I HOBOR AR

AT AT AR, 130k [7) PO 740 O G BT T K 0 U S k(AN AR T

1

BARFBATA) . U S 2 g BRI TR TR U 20 k2 g (A PSR TR
AEIR ) U 2 p 2 o B g (WA P 2 S TR 4 SO R I TR B R R

U v 2 g AN PR T AN S RUR) X S G R HE 2 0 ST ALK TR, A S LUK 5
FTCER PRI AT A L ATREER AR ORI . L ITLBE T U 225 K 220 U g, A SCH B 0 uku , WG B %
uku Xof R TS AR AR R I A, A RN A 5K (4) Pioss:

A = AuAy, “)
Horb, Ay FoR P S0 R R A A A BAE R, 25 P g A7 AE S R Ky B2 SIS HAC %, WX Y TE 3R @y, € A
A1, N 0; AT, ROREFERE A, I BRI, Je T o A B TR AR AR I A o W uku 54 EE R
IRITCREE AR AR Ay, T A S (5) 3149

Auku :Auku +1 (5)
Forp, 1 3RoR AR, RIDRERE 12— A5 B HAZH B i By O oo s 300 1, Heon s 0. 21230 (5)
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THEESRAFIOAAT BRI I TG AR AR B Ay, , W AT (6) T3 A, (IEHIPE Dy, -
Dy, = diag(A ., 1) (6)
o, diag(r) RonsERERH AR, 1 3RR4A 1 fe, B EREFE D, 9 — AR5 B, B BT A 0 i 26 BT
FRR S IC XN AT A I AR, TSR T BRI ) G BR AR AR R B A, M ILSEAR
M Doy, , PTIE A (7) THERAT whu I TCEE AR AERE BE Py, , 1 TCEE AR AR A B 5 220] T 5| S B RUN S BAR
Fpun::S
Puw =Dyt AuuD,y, )
bt AR A8 ARG A R R ) L
X T Ae B JE AR AN AR, BT P S A A S A R T R P A ) Tk, I 3 SR A2 B A0
P2 TRV ZR RIS AR N 20 A BRI, DRIk, O 7 SR 0 P (02 ST R, A SCIE RIS 2 RSB B R 4 R
o3 A o Ak AN UG R A, LA AR P 2 AT A b R B P (K2 20 5 5R. A, A SO 1S (0 S8 ) 4k
SIRICHETR K 25 K, FI0 A kk , FoRAE )2 2 i B P AN AR S 2 1) (0 — 5618 R 4k 6 &R, 76 1% ek A2 rh A
SRS B S8 5 46 0% Z 2 8 T AN AT I 1), ARSI 9 DT ik 2 — 9 588 S5 4k AR T BE AR 1 5 I N BB 5 A T AN
HEAE )R, WA AERETR rp 5 | A6 — A IR S8 18 I 4 5% R AT B, TR B (K 264 i 4k 9% 3R DA R S iz 1) 1y et 2
AR (WA R 55 IR AE A SCR BRI S 7 1. — B S5 18 J5 4k A UG AR ek 54T [ JE B2 AE 1 JC I 42
ARPAIE Ay MR AR (8) Fis:
Ap=Au+I ®)
o, A R R S-S A K — B S A8 5 AR A48 5 B, A B K AT R B35 2R AR, 25 A A &y R R R &,
A RN A RNV, Ry SN ey 15 8RR, WK NG ER g, € A RN 1, BI04 0. T A (8) 3k
(RIS 1 3 BT 1R TG I A A o Ay, DU B I P J3E B D P50 T
Dy = diag(Ay 1) ©)
Hf, diag() RN M AAERAE, 1 R84 1 i, BRI Dy A — 0T 07 B, 280 B i 0 M 26 oo
B %0 ORI IR U T A5 AT S IBE (0 30 P B MR AT BRI 1) O R AR AT B P Ay B HL P
Dy, "L (10) VHE IS — M A6 18 J5 4R AR TGS A2 Kk R TG ARER AR AR BE Py , 40 B 42407 A 0 B Ji5 22T H
T51 FEGRIME BR AR
Py =D AuD (10)
3.1.1.2 JuEas rEE I EASR
N T RN G 2 (W A S SR AT AR, A SO %96 R Gong 25 A\ VR IR T 4R
SIS = A ARE Y, TEZAE LR AL EAN A 5 I NS SCER H W AR iU 2618 5 4k AR 6 42, R Hofh 22
P P A H KRG R, SR 5 25T 2 M AniiUc AR W UG A R AR AR FE 5 5 X 48 S0 0 P S 25 3 SR Ik
B JCE AR | I B B BUSE B AT e 2 5 | S A AR DL R B A S R L& AN 43
(1) JCHAR5 1 T BB BT (025 247 0 550 b 55 22 P2 TR S ik DB 22 Bz A 2 T 4 2% 1) S Ay S %
R, XL SR SC R T E 0T SUE B, A B TR R R U R R AT (A RS AT R TR AR R 2K
TSR [ AZ H T B AR AR G 1A, ARSCHAE O Joig 42 SRl EGFr v 4 i 1 2R S W 5B 18 5 gk ko ik 42,
TH I TR R S TR (R S84 5 4k DRIDE G ZR 24 SR 500 B T i 4 3 VR PR s, SR EDCHH 7 7 s AT 0 TR TR R A 2
MRk, Bk, o2 5] SRS B T28 3.1.1.1 W RIS H P BLR SR SR LA N AR IE IR AN RIS frer
P fronceps VE R BRI, SR FIFH A 3.1.1.1 5 sp A3 1028 AN UC B AR R E R FE (Pucw ~ Pt~ Puwe s Pucreu B
B Py ) ULBSEAE 5 G S URTC BE AR R AE R R Py A5 450305 10 V45 AR A 1 FH P -0 AT B 43 T BB AT A R AL 1, LA
A R SR 2 T ) A R BR R R T AN R GEE AR5 T SR g Bl B AR — B, BRIk, AT DLAR A e B fE
AR TCEAE Py B, X025 S SRR T E L R T A4, BT 0B 5 ka1 Py 91 5 2 )Z -GN
(K BALRE I A 2 (1) Fros:
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hig' = o (Pudiu W) (1
Horpr, plet FORTCERARHRFE Py 519 FAE 1+ 1 ZEGBUG R — AN S0 1P 8RR IECRHRARIL, o)
7R ReLU ARk M OG5, 14 KGRI M4 2500 bR, W RoRTE)Z 1IN T SEMIL 2 0 T I 2R S 40, AR
AR T S M AT RO TE AL, ELAR S 2 Il DAL ) S BONAE. 5, 7° FoRAERFER) iR ARt op
F B AU Y B REIERT AR IR AN RIL frer B Froneep - FIEE, AL TTEEAL 515 R I S IR N FRIA nl L =X (11) fr
R 2 2 B BUE BAL AR IR
Q) VER S R RRE. FIEBA M TTE AT | 3 B TRAT I SLAR IR A R IR 45 1 E1 RS BANIRD, R IR AN [R]
JUEE AR I TR BN ). DRI, Y 00 S A G AR S X AN [R) T B A2 5 | R A 110 SIE 7 ik N i SR VR T Lol sz
AR E BN, LASRAG B 2 TP 827 20 T SRR A 1L 5 A1 TR U AN R IR TR0 AN [F) SR v i
IR R ARG R R, B, TR, AR SR LUR P SO e R A R T AR B AR S
MPy = {uku, ucu, uctcu,uvu) , 13X T H P SER R 1 R R a il B A (12) Fios.
Vaaie = Y alrelr (12)

SO, vy BRI T MPy St T TR B R L SRR FE 5 360 IR 1L SE AR A3, BT

PURIA A SRR IEATIS: mp Fm MPy ety BRI —HTCHE ;)" = bzt FRAETEBAE mp 51 9 F L2014

BRI S ARSI ol FR B o mp REEOVE B BUE, VB BUERY 7 U AR (13) Bk
o = XV

(13)
D, expp(Wiel)

oo, wo R ATIRIRE B, p() 2o ARG s s [FIEL, T 5, AR SO DURIBUS ST 2 A1

548 S I TC AT HE A1 MPy = (ke k) , T ST A SE ROV R SRS R o BRI A (14) Bz

V= Z e’ (14

il v € E BORMAT T MPy S0 h AT 0B 06T 5 R RIS S0 AN I 5 HAHH S ST A S M A
15, BRI SR A SR RNt mp 7 MP S PRI S0 s &) = i) e IO B A% mp
519 F 2l BB A LSRRI o F3 T2 mp RV R RUE, R DB 577 2
A (15) Fios:
o = SOV is)
D exp(p(Wiel)

Horp, we R — NI IAMRESHL, p() RonAR MRS kL
3.1.2  BASH )R AR

FES SRR, TP 5 ) T RSB L A & 50K 3R T 3 AR, S5 2B R 3B I R i
ST, AT R HER TR A P I BhA 2 2 T 3K, SRS AR F P (MBS 2 o 75 3k h S0 45 3 11 2% ) %
Y5 OO R, AR T AR S TR BB ER, 15 AR AR A ) T SR A R SR AR I S i AR K, 6
FIAEE S R R I AN UK AR AT I BE, LIASHE T — I ZIH P sl A2 0 Tk, W SCE 4 R, s ) 7k
A AL P AL AR R i AN Bl A2 ) T RIS S IR,
3.1.2.1  FRAMRETOK S il

T RAEF AT, ASCRLR P2 S R AR A A S G, R AR S AU AR A, AR R ST
A S EABTHRAR I J R AR ZRIA, X AR R A A2 1A R OGS IO (1 1 N SR IR AT BSR4 B, BASK
P3P AR ) e S URER AR RS JEERTHIRARACE, A =X (16) k.
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J<]
1

i1 _ i
vknow]edge - Z eu,t (16)
i=

o, v TR w65 51 5500 o IEHTHI AR P, |oo| R MR ¢, h RIS SR, ¢, € E %R i
525 ST R M U SR OV ¢t TP NI N I, A SO 56010 01148 ke 2 2
PR T, JE5 18 P AR R 15 207 S0 A SCR SR B9 7 .

'
Cu

|
Viknowledge

el i~ el » GRU il

0=

i
CH

% amic
knowledge
Vuser

N
il A

PB4 B 5 TR
Bl 4 ghassd > ik

3.1.22  BhEE IR

F B I 2 T RSB L S ROKCE AR AT B0 A 84k, 0 T 1S3 7 24 S TR RIS A8, ASCK
FHEA BTGB ) R FR N4 P 2% RNN (recurrent neural network) 128 B3Sz gl &R 7K S 1 ) A g .
TERNAS T W RIZIE Y, w5k A I AR N 8 2 SRR 2% 3T 1 58 S5 UP AT HE e, SRA9 H 7 w %R
APZEATFI Viontedage = {v}mmdgc ..... Viowledge? v;j’nowledge} , m BRI w I IR B . HIR, AR SR RNN A
T (AR AR T T4 A PR BTG I 2 GRUP X A1 R 2 ST T8 Vinowteage BEATIT SN A i, L4 A5 ok P 4 2
2 (17) Piow:

h' = GRU (Viyouieqger B 17)

Hdr, p' RoR t W Z GRU BRI B OIR & fr i, GRU() Ron#HAT GRU IR FIAL R EE, ' Fon L—W %) GRU

FEFY () RamRAS T . ARJE, ASSC R 5 B 21 GRU R8RS A HE ) BRIk AR AE T P I8l & 2% S 75K, i a 2K (18)
FoR:

denamic ~ hm (18)

Fo, vgmamic A N2 S 5 RN RIL, m A H AR P ORI AU S22 SR HIC B, BIVZH P 27 20 (R 4
. HTE GRU HHAT 7 A5 25 A K i A5 v AR S0 21 B P A 1 B 12 20 T SR AR f, TEideml & AN TR FH P Ak
Z BRI 5, T A 2 3] 7 RIS P (6T U0 B 42 51 5 1) B B B AR AT Ll &5 A ] P A 2 T 11
B AIE 5, B UREA IR B A R IR AR 4 I TR oR, s T P 2 S SR N sh A& AR k. DRk, S T 3R89 3 A T FLAS v
(R F P 27 S0 5 3K, AR SORE IS 2 20 i SRR IR A 10 FH P S 27 S 75 SRR RIS v BN 2] T SR B ER
SRAFI BN 2F 3 T SRR AN R IE VAT BE Bz, LUSRAFRAE ) J fe 282 2] T R I i N2k 1) o, S A an 45X (19)
PR

Vuser = CONCat (vslatic ) vdynamic) ( 19)
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A, Voer I P2 T RIRNTEIE, concat (i, j) Fomxd & i f R j BT HHEERAE.
3.1.3  ERIs AR MR A il S AL 25

FET 0T P -S0R S 2 SIAT B 0 A, A ORI P 7R 2 SRR e 22 ST B AR S TR RS AT . 0
T R E AR, A2y AT A 3] At A B0 DR, O T B M B AR A T O REAE, A SO %5
KT bR TH 5 S2AT I A R (R R B A 7 ik U1, A% 7R T T P o e VR PR 2 S0 I Bk 2 PP 2 4 B, [+
I3 FH P 7 S A8 HAT A 3RAS IO P 2 ) T SRR AN 18 5 SN s i N R 4 78 BUAR BE AR SR, 17 Bh T2
JA B 5 BR AR B 1) ) . T A A ) T SR AR HORN Bl 45 2 20 T SR B R H SR AT I AR ke IR AR 1A
LR u 5 ) 5 SRR RIS, ARSI 24 AL B R I Mo il as 5 b, A=K (20) os:

Tk = XYk +Bu Vi W+ B Wk (20)

Hh, 7 HTNIREL, x, € RO KRR P IEER T, v, e RO RoRAVUS M ER 7, D ZBER TR,
Vuser A& BIAS 5 ) T SKRARBBTHR R0 P B 22 (M 5 ) T SR IRNTRIL, of € E RFRA Y ) T SRR H PR 1311
SR RN IE, W R W& TN AU LAY TKE v FH € BRES BAHRI R (R, B, FH B A2 RIS 4L 0 T
L2 LB R P IR AARIE AT b 5 MR (R 5 SR TR0, i LA 2 B e i 1) B b ek e SO 3K (21) B

Ul K]

. 1 — \2 u
n&knm;;(m—ru,k) + A(xally + yell, + el + [[#4]],) Q@1

JLrb r PP ORI R EESR 2 ST B, A (Illy + lyelly + el + [[#]],) Fom AT IE AL ARFE, AR TERIL S 4L 44
Jai, ASCRIBEHLBSEE N B 5K SR H b e b AL 25

4 = B

ARSCAEFLIHARAE AT 3 NS5, DU UEAR SO H B (4G 280 5 S 1k, S 3t tn

(1) S LSz 5 B AR I HEZE R RYSGE E ABGAIE FRAT 13t AR AR (104 2t 5 S b

(2) T R 6 BRAN TR P (B AR BT A T4 S S 0 ADPAG 25 AN AR GBI R 28R

(3) Z RIS SRR B 1) o SR A T T S 8 20 A A VEA AN [R) S 5 s i
4.1 HiEsE

AR 2020 4FE3CHR [35] B AT —ANRSS T MOOC AR FT I FFIE K R 55 MOOC Cube, %%
S 2 S R TR S 25 R AT B ok B T B AE 2k MOOC & B Sl FHFREE. R 0, %80 4 LA IH 5
TGy, g 2 AR AT R RN 3] W R PR 200 ok 5 AR AT R, R AR [R] SR TR (AR ORI, 1B AR AT R AR
EEE N AR TR B SRR T AR ST M B A 5 T SR AT E TR AR TR P R A SR A, AR S
% MOOCCube Fi 4 AR 2% )T 5 TTRH P e B, Bk 2 b, A SCAUAE 2= R T H AR E 51
AN R 2 GRS Hs 7 & AT 25, 2PN 4 42 73 7l b=t 4 MOOCCube-comp F1 MOOCCube-
mana. MOOCCube-comp Fl MOOCCube-mana PN E3i 42 K SR GE T 45 R 15 % RGeS R 0l in & 2 53 3 i
. AR SC SR TR P g JE — VR A ST I AR s AR R 4 D R A, A D A g TR H A, B AR N — B %)
(AT g 25 2 B AU S Ay JLUR, e () (BB 5 2 VAT ) I Al s SR S VB M IRF AR B R R AR I i
SR A2 S BARAE I GRER. LEVISRIE AR v, o T30 UE A2 rh (K B 1 T S48, A SR AR Fl— A 47 T S 4] LA AR 78 2]
K sErh, DRI RIS 25 18 F P 10 $7 S B RE mh. FE R DR v, A SCR R SE sh AN FH P 22 T s B 5
BEMLRAE A ) F7 TH S BEA T OGS, A 8557 100 AN SR ST H A, CAVPAAS S HETE R 1 .

2 MOOCCube Hl£E M) SRS HE A

BEES HJ R A il FIHA
MOOCCube-comp 8359 86 5084 189 4641
MOOCCube-mana 7118 193 7863 409 6648
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3 MOOCCube HHAE MAL IR ARG E B

LiEE S R PRFE- A0 BOH-URRE MR AR B S gk
MOOCCube-comp 55366 5806 240 49974 1912
MOOCCube-mana 30116 9346 726 76430 432

4.2 HEER

H T KA SR AT 7 iR T 20 LR — I O SR A, AR SCRAITEHERE RGP ) 2 A I B 2
FERRRATAL BT A R 7 v, kR B35 H fr T % HR (hit ratio)PY. H— (3T BRI 25 NDCG (normalized
discounted cumulative gain)®”**, L} 7 [0l Z Recall”.

(1) frh 2 HR: 45— M P R4 R A2 e 20— A P JIE2E 21l AR, S T2 P s, 4
Rar. arp RAORMER A R ar P I P RS P BB AR, arh R HR RN A S (22) Fk:
D TR, % 2)

U
Hh, URBHPES, \UIRAHP B R, BT u WSS R ANR S A, T, Fom S i 7w B8
AR RS, 1¢) HTa7n Tk AL, 2938 5 b ISR Uk N EUE ) 1, 750K 0.

Q) H— iR EFEE NDCG: & — R THEA RS abs, B % I8 T AR S MR 45 R AR L & h
I, T F 7w, AR top-p HERE 45 RVH SRR PG A 1 A0 IR RS 1 NDCG H, Hoat S A= (23)
ZIN

HR = (22)

Zp rel;

DCG, =1 log, (i+1)

IDCG, ~ ZRELp el
=l log,(i+1)

NDCG,, =

(23)

Horp, p FORAH BRI S KN A p MR AL, DCG, Fon p MR SRR BB, IDCG, FoR#
MBI R IR K DCG, . REL, XML b P HEAT 5 825 i % 20 I8 BLSE R AR s 22 I T rel AT i
TN B A S5 R, A ST A AR SRR T IR AR AR S A, ) rel, TAAE A 1, 75 MITRAE A 0, DAYTEAL
RGHEAF N T BN 5 ARG o IE H S HERE I MERA . S5 fEd BTy P B UE — (e i R 25 R AT SR A1 25 L3k
B NDCG bR b,

(3) BMIZE Recall: FRm—A 1 MBS S (AN S E RS AR, e SONHERE 45 AR s 4L & rh
AR ST SIS BOE S P LS ST I BT SN B B LR S P w, H R B Recall, VST ATA T (24)
Jir7R:

N,
Recall, = m (24)

o, N, RoR H B S S) 0 AR R IE R R, T, RN AR AR T T w B S AR R A (T
F R AE P F P 5828 ST IR BN R R B B85 0 BT P I A B 3R AT SRS 35 LLIR AR AN ) Recall ¥
PRV A,

BT LRIVEAS TR, A SO R IEFEE S K/ R S A1 10 4T dr =R HR. H— A3t R 25 NDCG
PLK BB Recall WFRARTHEL, LAVEASHERE F1 38 ST (R D 1 DA S A ka4
4.3 XfEbARHY

0T VAN A SO tH B (R R, AN SO T S AR G IHERE iy IR R TR LR BRSO AR Tk
HEAT Lo, ARS8 IR 7 VAL S50 5 0 13 R DB HE AR 2 TtemCF 232 WOV RS B2 ¥ G2 V43 5 10 POP.
WREES I R4 2 2 BN MLP, #5m2 EA BUP 28 W 4 HEFE AR Y LightGCNL  JERAE s &
AR AR BT ENMF . 5 T AR 52000 LU 2% (R 13 ) B4R A2 SimpleX. B0 E U7 7 4l 2T

© PEBEBPHIFST  hip:/www, jos. org. cn



Rk 5 AT HAELHES B RSN FRERHE % 4439

B0 R R B SRR B A 2 ACK Rec.

(1) AL SR Tk

TtemCF: TtemCF A5 OV T4 it WD E R A 740457 (10 28 B ) o it 8 0. 3 000 o A 400 S B o o
Wi 51 1) e (PR AR AL E 5 30490 it T (RO AR ADUREL I, P4 52 55 P D1 S A8 ELAT A v it RO R B d v R oty AR 1L 2
R, AT B A8 TtemCF AR HEAT T LL S5

POP: POP P2 —Fh LT G i1 1 773, 5 B0l ek e vH I 254 P i 10 4 Jo 32 WA R FEREA T top-k HEFF,
JZ i THEE RO I EEX . A S B 2 SEILK POP AR HEAT T L Sz 4.

(2) VR B2 ;R Tk

MLP: MLP B2 4 732 A F 1K 48 U 2 ST AR ARl o 22 2 I AT 25 s B0l & e 0, 2
7 SR A HAT A, e 9 P SR BEA AL HE RS, 25 IR 2 S HETE TS (W SRR TR . A SO ) B L SE TR
MLP AT 0] L SE 5.

LightGCN: LightGCN 575 ISR T 2E 47 37 50 T P4 B9 4 s b B2 UM F— R HE 4 5 AR 2 38k
W, AL T EE BRI RO R Ak 5k IR 5 T RIS BUERE AR A A AOR, b R A AR i PR A R
AR A S A B T TR ACAY https://github.com/gusyel1234/Light GCN-PyTorch #1475 Eb 525

ENMF: ENMF 588 U6 §7RPE 1R B 48 T — A v A (0 R B 20 A A 8 A 78 I AN U 4 i o 2 > o
L LAY, T A T5 AT AL, JEUUE T 3 Fot I DGR 7 VR0 DR ASE TR 52 A0 R 1) () IR0 I 1) 52 2% e AT
Pk A SCE B4 RecBole HESL O rp T ) AR AL 14 705 LE 5256

SimpleX: SimpleX HEHY PR T — P (9451 2% 5 5 CCL (cosine contrastive loss), 5 78 K AL IEAEAST 22 18]
AR, g5 ML R LT TRR 1 SRR AS A ARABUE . SimpleX F2&— 7t 25 YAt A3 1) B [ el i AR A0 A S A )
RecBole HESL O FFJ5 (¥ AL AT X L5250

(3) B SIS 752

ACKRec: ACKRec! B i FH 57 b A TR TG 40 5 | 535 T3 2 WLk 1 TR 36 A 9 %, A AN [ 54448 K R
s A P R R a2 3 R AR S H A O E 5 TR RI4RDD hitps://github.com/JockWang/ACKRec #EAT X L

T DL B BT E AR 2R A S A IR AN B BT A 9 58 SO 1 S B0 2R A TR, ZE AN Edi AR B AT A R
2, LU 8 A LU R de Dk . (E A R M2, 1T ACKRec #5524 UV 7F 2 B AR 26 1) MOOC #4E4E b5 F it
()3T KA JE 0 2% PR HERF AR B BEAT T AH R 48 AR B IRO6T B, JFUEW T ACKRec #E Y FRARHRE. PRI, A SCBAT
BT A A B % I HETE R H A0S EERE A A1 e v, I UE W AR SCH R 75 00T ACKRece BIV AT Ui I SC AR HY
FITTVEDE T R HE T Al 15 S5 09 45 ) HE AR A,

4.4 IFTLERIE ST

N T BAEASCHR RO B PEREL I, A B 7 4E MOOC Cube-comp Fll MOOCCube-mana P
SEHHEAE BT T HERRIURT LE. A SO 28 4.2 F5 R A G RN BE LARPPAG R RS (K TH S VAT AN A HE R
R 27 45 (K H8hR 5, 72 MOOCCube-comp AT MOOCCube-mana 4™ B SEE G F 10 S0 45 Rk 4 Fiox.

T4 ROR T AR BT 5 AN EE T A E IS B 4 B ISR RS EE G I, Horh, IR 45 AR 45 R
A TRIGFRIR AR EE R RHERIR 245 BRI R4 5 3, (K 4 ATARLUT — L6418,

T4, T RR S HEREAT 45, FEP AN SEUEBOR AR b, A SR H I3 TS 5 3 A 2% ) B SR IB A I TR s A
IEAE R 2BV EIAL T I L JVE, UE T A SCRH I VA AR E. e 42 R AR I Fas b, AR 7
EATEHEAA T 3 2 rh, RIS I 564 00 AR SRR I VA S BEAEE 3 AN 5T B, ARSCEIRTE SRR AR
HERATSS P oI AR SR B B 4RI e AR, i iR AL T e AR T 20 BB RN S AR5 R G iR B 4R
RE ENR RSB B IR AR OC RN 513, DARISRBEARSHE H 42 R IR S 27 20 75 5K 38 =, AR SCLAURAR O S A 3R & UR AR
AL RN R SR N B SRR AE F P AEAS RIS Z0 TR AR, TSR FH AR F 0 22 100 25 RSB H 7 AN [ I8 220 1) R
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K, BUER AN A A R 5 IR 7 IR Bl 2 2D it 3R 3 =, ASSCBETE T AN IHEZESC BRI 45 15 1
A 2 IS R Rl o, S BRATTII N, A SRS — N E RN HEREAT 55 R PR A 025 1 W 2 R R A T 2 Al
(K171, RENBAEAE P 28 IO DL s SE B 4D,

R4 PDEEE LR s AR

LACITE S f H AR HR@5 HR@10 Recall@5 Recall@10 NDCG@5 NDCG@10

ItemCF 0.0069 0.0486 0.0014 0.0049 0.0010 0.0039
POP 0.3154 0.3621 0.0374 0.0476 0.2147 0.2220

MLP 0.0067 0.1239 0.0013 0.0125 0.0012 0.0141
LightGCN 0.3701 0.4075 0.0640 0.0766 0.1566 0.1108
MOOCCube-comp ENMF 0.9397 0.9511 0.3781 0.5432 0.7649 0.6227
ACKRec 0.9694 0.9834 0.1141 0.3489 0.3864 0.8307

SimpleX 0.9768 0.9842 0.4423 0.6804 0.8782 0.7491
Ours 0.9843 0.9964 0.1473 0.5100 0.5038 0.9155

=T+ (%) 0.77 1.24 = - - 10.21
TtemCF 0.0216 0.1051 0.0043 0.0113 0.0040 0.0120
POP 0.1290 0.2386 0.0148 0.0260 0.0724 0.1054
MLP 0.0115 0.0613 0.0034 0.0100 0.0038 0.0114
LightGCN 0.9070 0.9249 0.0163 0.0309 0.7425 0.7138
MOOCCube-mana ENMF 0.8556 0.8882 0.2874 0.4135 0.5915 0.4844
ACKRec 0.8996 0.9618 0.1103 0.4565 0.3871 0.7279

SimpleX 0.8918 09161 0.3335 0.5016 0.6810 0.5733
Ours 0.9916 0.9998 0.1463 0.5017 0.4913 0.9068

I+ (%) 9.33 3.95 - 0.02 - 24.58

HR, BV 2 I HERE ik SimpleX. ENMF 5 LightGCN 7E 5T A #6845 L P REIL 4% Ge it 47 5 12
ItemCF 15 POP, KW T fE e 14 77532 IR T~ F 5 i35 7 S IR 17 M A A0 3R IA R 0 AN 2 1) 1l B, 8 P88 2% ) B S AE R
TG IR R B 2% SR GE R BT, BB AT RO H FH P 27 STAT 9 R IV AR E, B0 T VR B 27 ST HERE D5 R 11
SR AR 2, MLP HEFE IR USRS IR 8 2% SRR, (R HLME RE IO T 2L TS5 iH 6 POP J7vk. X th T
AN BUHTE S5 I BHE A7 AE S S R R IO 4, 5 A S04 it , MOOCCube-comp $HE 4 (K 504 7 1 b 74.24%, 1
MOCCube-mana $ i 45 (5 F i AR 55IE 87.07%. T MLP J7yE R 3 2 iR i e 2 A & 4 b, HLk
Z G I NEAMREAESH B 5 P 504G GRS g, WA B B A 5 1 17 5 R SO AN A T e v 1) POP J5 v T g

B, B T ASSCRR L R 7 0, Bl AU T BT ACKRec W JE B BAT 354 ) (477 PR B, 769 A Bodh g —
L 12 AMRFRGE R B LI IRbR AL AT 3. BhAb, T SR M LA R AU A U ikl R O AR
PR32 A, A SO0 T FH B R B 2 SIS (SimpleX. SNMEF H1 LightGCN) 5 #0 & A4 4% 1 (ACKRec
ARSCHE H PRRY) FEAN RIS 4 B HEREVE BRI AR (b R SR AT GE T XF L, Zeih 45 R 5 5% 5 B, B 5 Rorpin
FEPA KL LA R HR btk B 10 o LA (B 23 LEMERRRE T ), B R AR bR om PP R b, AR bR L. F |
P R85 0 THI R sl (L TR B BR R0 50%, WU 3R 7 i A 20 (K Fig b (BLAE P /N BB 45 B R IR e, A e i e bt —
AN AT ) — AN EAREE . BB S AL S IGeTH 4 T 5 — 5 T, A SCHE R (MBS AE AT VAL R bR 110 4R
FRAS AL BE RS (0 T AR /05 (T AR 5 50% LR B2 B0 . P39 45 bR AR AL IR BE (5T 48 b 08 € T AR/ (5 T AR 5
50% (11 EL A9 2E B9 10 3548 5 Fba 28 4 Y TRl (b e /s LU A1) 2 SR 5 K P9 222 B ) i P 5 B DX ) A 13589 A e/,
T T ASCHE R A S R AR M S A, HE— D U0AIE T AR SCHE H RO RS e Rk, S — T, MR T
T (R 2 IR, B0 AR A 5 V235 PR D 5 /N P b AR AR B o P8R b AR AR 5 5 Fie b AR Ak T, A
ST R, ACKRec A AR, 3R W T 208 Sk i HE 22 7 VA UG a2 b soh HAT AR AR e Sz Ak M
T FH () 3 25 SJAREAE B AR AP AE B o O S I 4R bn 45 S, (R AR 20E s AN IR B A 5 AN TR VP A b 389 H B
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Rtk 5 A THESHES

5 E R Sn b Snin B H 7 ok 4441

ANFEE AR DL, W] T T (R R R 2 STHEAE B R oA Rt i R 80 SO A7 . 2Rk 4 5 RS
SR 5 AR A5, L AU R A T T 2 2% S R U 1 SRR AL, 1 R RE S AR R B K 1 o o) BRI RE
T 14 T 5 P .

(=]

LA (%)

HR@5

LA (%)

S OO

eI (%)

100 100
90 90
80 80
70 70
60 6
50 5
4 4
30 30
20 20
10 2 10

0 0

HR@10  Recall@S Recall@10 NDCG@S NDCG@10 HR@S  HR@I0 Recall@S Recall@l0 NDCG@5 NDCG@10

= MOOCCube-comp ® MOOCCube-mana

= MOOCCube-comp = MOOCCube-mana

(a) Light GCN (b) ENMF

LAl (%)

100 100
90 90
80 4 80
70 70
60 60
50 50
40 40
30 4 30
20 20
10 10

0

0
HR@5  HR@10 Recall@5 Recall@10 NDCG@S NDCG@10 HR@5  HR@10 Recall@s Recall@10 NDCG@S NDCG@10
= MOOCCube-comp = MOOCCube-mana = MOOCCube-comp = MOOCCube-mana
(c) SimpleX (d) ACKRec
100
90
80
70
£ 60
= 50
5 40
30
20
10
0
HR@5  HR@10 Recall@5 Recall@l0 NDCG@5 NDCG@10
= MOOCCube-comp = MOOCCube-mana
(e) Ours
5 HEREPERERSE PR ELER
®5 EEIRE TR 4R (%)
b A LR - B
g 1 g2 SR e R AR i3 ARV S
MU — 25 TR@10  Recall@s _ Recall@10 NDCG@s  NDCG@io | HHRHIIE b
LightGCN  21.02 19.42 29.70 21.26 32.58 36.56 26.76 19.42-36.56
ENMF 2.34 1.71 6.81 6.78 6.39 6.25 5.05 1.71-6.81
SimpleX 2.27 1.79 7.01 7.56 6.32 6.65 5.27 1.79-7.56
ACKRec 1.87 0.56 0.85 6.68 0.05 3.30 222 0.05-6.68
Ours 0.18 0.09 0.17 0.41 0.63 0.24 0.29 0.09-0.63
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4.5 HRASLIE AR
ASTCAR PR T 1 2 5 B A 27 20 A5 SRR R A5 7 1k SR 25 RO P 2 S0AT D rp B AR I S M 3 2

JCEEAT, I U T e R AR B T S RN S AT AR B A R T B AR Al A 0T AR s B S 4RO R
B, LAAHER A 2 4 J) A 2% 2 755Kk @ ARSCLLIRAR N #7s, 2R G AN AR AL & 1R AR IR IR N SRR AE F P A
NI 22 R N ARTKAF, B 5 TNAIE B 28 100 20 A5 P AN (8] IS 20 5 K S B 2848 Ak, LR P AMAE R 8) 2527 2
F3K; @ BAREIGAR M4 et ik 2 R B S B P [ =, (R Z P A 22 d At e 07, MG & M 4838 T
JEHA B A AR K35 55, HITCIER IR RN Z [ S B RS 5, RSO T — /N — IAHE SN AR RN
PEIRPNE I 2% HEAT B2 A, LASRAT R IR L s A 2 S0 sk I Be 0. BRLLE, ARY EZRIEIX 3 ANEEAR AT s 4
FEPEREME . (T AN SCHE H AR 7E ACKRee #5700 1 (1) dcidh, BRI AR Hoks ACKRec 5 0 BEHERLRY, fific ok
BBN (backbone network). ¥§-7E BBN Z:fitli X 51 A AR GIH A48 A 98 4 BBN-+path; K- 7F BBN il 11X
FIANBARBLH S @R ) BBN+GRU; KRB @51, BIASCHR H B L Y Ours. K 6 JER
TAEPIA s A v RS Ie N L 4 IR

* 6 MOOCCube-comp HHRAE F ¥ Rl 46 45 R

LAETES %of EL AR A HR@5 HR@10 Recall@5 Recall@10 NDCG@5 NDCG@10

BBN 0.969 4 0.9834 0.1141 0.3489 0.3864 0.8307

MOOCCube-comp BBN-+path 0.9476 0.9922 0.0989 0.5109 0.3370 0.8038
BBN+GRU 0.9822 0.9952 0.1365 0.4812 0.4742 0.8895

Ours 0.9843 0.9964 0.1473 0.5100 0.5038 0.9155

BBN 0.8996 0.9618 0.1103 0.4565 0.3871 0.7279

MOOCCube-mana BBN-+path 0.9033 0.9693 0.1186 0.4558 0.3968 0.7290
BBN+GRU 0.9102 0.966 6 0.1372 0.4620 0.4816 0.7378

Ours 0.9916 0.9998 0.1463 0.5017 0.4913 0.9068

2%, Z5A 4K 6 1 BBN+path AR 44 5 BBN FEUEAR R 7E PR A Bdi 8 BT % e 45 SR T %11, BBN+path 4%
PR AAE 2K 2 SO VP A HR bR L3800 T BBN SEHERSTRY 5050F T A SCREARGHT i OIAT 2, BI3EF58 18/ 4k 5ot
PEAE S T R ) B B R AR A S0 A A 2] T SRR R AR ), AT RS B3 (8 . (A 2,
AR BAE MOOCCube-comp FHi4E R T HR@10 5 Recall@10 WiANTEHRLUAL, 725 B I 4 M ghsfl b
BBN-+path 25 AR (1) 1 G 34 WA T JEUERE 2 BBN, AR SCUA A 0] fE 2 t T A0 i 2 AR I A RO R TR T
S8 IR 4k E UG R 5 SR G AN A BT R, A S R A B 2 R A, TR SO 7 R R W A T
T AR —HE AR, AR SO AN B A TR AN R A B A S B A T BT, PR A AR S i A
TR 2, 7R IX B AR s 2 T 0] B8R TLAMSIIOC R, MRSe B G 406 R, i 4i1h, MOOCCube-mana (4 5 h
AR S AN S Bl 34.44 4, 1 MOOCCube-comp HEIMZ 53.97 4, H¥E 25 MOOCCube-
mana B34 B G5 TE 45 BB A, %S TSR] T MOOCCube-comp B 8 i il S B AN R R L 2
MOOCCube-mana FHE 4 7 AT A H AN C R BB £, T LALE W] 5618 5 4k ARC R A2 1 5 | 5 BB B T 16 75 Tk,
#4533 BBN+path 224 FE MOOCCube-comp i 1 A7 7E 5 4 VEAL FE bR AR T BBN SRR IS, A0k
X AP AU AN SR G R IR R BETE S LIRS B b, JLIR, B15R 6 RN, 7E A28 45 b BBN+GRU ZZ A #L
BTEFTE fabs LTGRO0 T2 MERE AL BBN, UEBH T A SCHEAR AT Al@I A 340k, BUER A SN IER A 2 (1 4 iR
R AL P AE 2 ) e85 — TR ANRZK T, Bl A6 PR A0 e I 23508 T P AUk sh 8B N 20 S sl
2 ) 5 R B TR TR MR IR R BRI Ak, RSOOSR £ BBN+GRU AR AR AH T A ER A BBN 1468
$2 T+ 7 T BBN+path A 4AR AL, iIX—IN R LW T FH P 0825 ) AR T a2 2 d sk B8 TR R et
BB Ui 7 P g ) TR m 2. B, AT — M R4E b, A SO 1 e B Ours 6T H W
fh¥EFE_E394 2t W T AR AR BBN+path 5 BBN+GRU, 33F T A SR BT S @I Rkt BRI e 1 7
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Rk 5 AT HELHES B RSN FRERHEF % 4443

(I 2 R L B Ao 1 SRAT B T AOR B BEHERE VR RE RS TT, AR T 0] B AR 0 46 L AR PR e 2 I 2% (g 4
G A B TR AN R AR AN, R E I — KT AR,
4.6 SO

N T AE RS AT (0 BE HATSUAN R 2 HO0 A R P BE RS0, AR SO0 T RESE R R HE 2 ORI BT
A AL SRR R BEAT IR 2, H i 2 AR SRR R A AN R S K U FL A, A SOV (2,3, 4]
TSR G 25 (KR, SEAR I AR IR N YEFEAE R 2R (10, 20, 30, 401 TRk HE i LA 4EREAE, ME LRGN [20, 50,
100, 150, 200] %2 ENR R IEAT AR A6 (K 1) B 5. ph TR i PR A, FLAE S A% 1 5 R A SC IR AL YA Bl
A& L3RI AR R R B % A, DRk, A1 L MOOC Cube-comp 4l £ b1 5256 25 L 0 3k 47 1+ 8. 16
MOOCCube-comp HHi e 1=, A SCHRE 1R R (1) due UL HERE P BEAE I AR A8 IR HON 3+ SEAR IR IR A YE I 30
SOV IEATAR A ) 1) B 4B S5 D S0 I HRE. 32 R OK, AR T0KE AN e R AN [R] 200 AR SCH H L f 5.

(1) BEERRIA LS 2K T BB 0 296 1) o B B 2 5 W BB A0S S5 K SR I 255 R AL 25 0 PR, Y22 1)
BRI RESAZ I SN 10 B A P ERFAE (MBI ), MU ST PR KR AL DRI, ASCAEH AR [2, 3, 4]
HHIT P B 0 208 J = O R R RE () LA Sy S50 4 R A P 6 s, B TSI A o 28 S KD IER, AR SCHR H R A
TR 6 VPR bR LIS A PERE S S BLSE L THA T R AT SEIG 45 AR T A5 AR 00 26 114 )2 A B TR ALt
BRI SOORTRAFAE, B e A%, )i, B 2 g, B R G R R R B 5% Z,
FIRESBIANBUSMATE R AL, TR T HEFE BRI PERE. KR 2 Ab, B R UM 25 2 850 38, BERL vt
SRS IR VAR v S TR I 25 1) ARt £ Bt 8 K. DRI, SR I 0 S5 o, SRR ) B 9 1 A P 5 AR oA
2 JZH S VS A L IR ) 7P Ji, AAE A I BT S 8AS T I A5 sme L PO A 1 e

0.990 — —o 0.6 0.503 846 1
0.984 328 269 0.99 :
v = X .
5 0.980 ® 0.96 S 03
£ 0975 £ 0.95
T 0.94 S 02
0.970 0.93 0.1
0.965 0.92 0
2 3 4 2 3 4 2 3 4
(a) BN 45 240 (b) BB RMR282 40 (c) BG4 )24k
0.94 0.915 544 45 0.6 0.147 260 25 0.6 0.509 992 36
o 092 0.14 ,/,/«\ o 05 ./.\.
= 0.90 v 0. 2
® ® 0.10 ® 0.4
0.88 =
S %6 S 0.08 =< 03
0 < 0.06 S 02
= 084 = 0.04 &
0.82 0.02 0.1
0.80 0 0
2 3 4 2 3 4 2 3 4
(d) EIERIZ 5 (e) BN 45 )2 4L () EGRIN 4 )25

6 [ R  % Z SRR E P i

(2) FARMTEAEIRANAE L. B TAERERE S 7 ik, SEAR (F P 5 R0TH ) IR AR RN A 5 2 53 M S0 fe 1)
S Nk, ASCEAE SR TE I [10, 20, 30, 40] AT FTSE A ARV 78 1N 4 BE TR P i (. szt 45 R i 7
FioR, B SEAAR BRIV TE i)\ 4 BE BOBUE AN TR, HEFERE AR 6 ANVPAhFAs LA s A PERE B EE AN IR A SR I 2%
FEARNYEBE IR Ky 30 B, AT B B AT £ dabn Bk B8, SEaG3R W T SEAA IRV AE IR N SR FE 25 5% )
SRR N R T ) S 1S A AR HE R RE . 3k /0N B P E i N A R RT REAE AT BRI A B AN AL, 3o DK RO 7 e N 4 R U T
BEA I NS Ah R P RRAE, 02 PR BE AL (V) Itk 8. DRIk, 76 B0 S (P23 b, B A (1 e 1 75 B SN [ 1)
TEAEARNZE P2 B LA SR A3 e AR R 4 1 e

(3) FNYLSERIENIZA AL I I 2.t T AR s M B Bk T oFE B R XUE R, SR Word2Vec J7 AR BRI AN
TR 1) 2 PR 48 /IR 2 O SUAE VAN T, 43 R Wi U R A R B R P, 308 T g i HE A AR 2 (¥ e BRIt
A SCARAESEHUE G [20, 50, 100, 150, 200] HHF5T AR SURFIERI A6 0 ) S 4E BB B PR RE RIS S0 45 SR <] 8
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Jtzs, AT H R R AT R 2 1 1 B2 P AN T AR K, AN SO § HH IR R B T AR AE 6 PRI SR bR B ZR e PERE 2 bl
Fpw, 2w EIEE I 100 2 )5, HR@S I HR@10 Fabrfeila VA4, ifi 34 4 AR brbtits 230 R R
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