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Breakthrough in Smart Education: Course Recommendation System Based on Graph
Learning

DAI Jie, L1 Qing-Shan, CHU Hua, ZHOU Yang-Tao, YANG Wen-Yong, WEI Biao-Biao

(School of Computer Science and Technology, Xidian University, Xi’an 710071, China)

Abstract: With the rapid development of Internet technology, online course learning platforms like MOOCSs have gained wide popularity
in recent years. In order to facilitate the personalized smart education of “teach students in accordance with their aptitude”, artificial
intelligence technologies, represented by recommendation algorithms, have been widely focused by communities of academia and industry.
Although it has been successfully applied in e-commerce and other fields, the integration of recommendation algorithms into online
education scenarios still faces severe challenges: Existing algorithms are not competent in mining implicit interactives, guidance from
knowledge towards recommendation is not effective, and there are still few sights on practical recommendation system software.
Therefore, an intelligent course recommendation system is proposed for industrial scenarios, which includes: (1) an offline
recommendation engine based on graph convolutional neural network, modeling the “user-course” implicit interaction behavior as a
heterogeneous graph, and extracting course knowledge information to guide the model learning and training. Therefore, the relationship
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like “user-course-knowledge” can be fully and deeply mined; (2) an efficient online recommendation system prototype based on multi-
stage pipeline of “preprocess-recall-offline sort-online recommend-result fuse”. Besides quickly responding to course recommendation
requests, it can effectively alleviate the major obstacle to recommender systems, the cold start problem. Finally, based on a course
learning dataset from real platform, extensive experiments are conducted to show that the proposed offline recommendation engine is
competitive with other mainstream recommendation algorithms. And based on the analysis of two typical use cases, the usability of the
proposed online recommendation system when facing industrial needs is verified.

Key words: personalized education; graph convolutional network; online recommendation system; machine learning
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MRS, p, A REET R RHE YT L I &, aggregate(-) 2 TRAETT R ARAR I P 4 NGB B
CEYEBAINRTL), w, ABBUREJF LB RAE. XA SRR B SRS, RIS REA
W E] o A W RAE A B A2 . 5P R ETHEA R, X B AR B S AR R E A — 48 R
2.3.3  URFEHMERE S5 R B
FE SRS 0] v gk A e 4 ] 7 RAE [ AR IR RAE B 5, RA WP EA P o 5 v IR yy, i
R A X (13)Fin:
vy ={Pu a0, (13)
e, pr T u WA RAL R, g RURER v, MY IR A RAL 1 &
2.4 REN)IZK

ERIRIN SR B, SR DU 37 AN Ak R 7 451 25 66 £ (Bayesian personalized ranking)idk AT #1414k, LL2E 3]
R A i) - P2 4. BPR 2 HER R G0 70 8 0 — P B AR A 75 5, TR T o Ad 2 - F P 1R 43 1975 75, BPR
B B TR U Wi S B AL AL, A DG R e 2 30 (14) BT as:

Loss= . —Ino(y(u,i)=y(u, )+ A0 (14)

(ui,j)eO
Horr, O={(u,if)|(u,i)eR" (uj)eRIFRN BIRAT ARG EAR G, RTPHRA S HELZ I BT A, RERRH
WA EZH BTN, o) sigmoid AL, ORRFTA M INESEL, p& L2 IENLREL
[FEF, BRI Z IS IR, EERINGERE R I NME S dropout. 15 &L dropout. H:H, {5
B dropout T8I 2 M BXIIEHS, W CAHEZR p,,.. FENLEFH B — 215 BEHE; 24795 5 dropout 18 K12 BB
THEERE, W EAESR p,,, BEHL Z 7535053 46 FE 15 5
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3 EFMRKEIR

it 2 Tk s IRFRHERE oK, AR IR R T — B2 BRI KE. RER/KELET 5 NMEE
W, K KB e . BB A, RERE R LI RS 3, BT T B ARIE TR, Wk 3T
N, WK EAARRTE: (1) BEAEIRATE; (2) BT HHRS KPR [ (3) 5T 51 AL HEYE, (4) T A
RNVERIAELHETE, (B) B1XS 74 5 B Ri& it
BRI , . RN

|

i |

P!
ErEm \\\\‘\\\!!
S R % P!
X [

RRIERE N s |

|
i
SR Lr | B TV !
N — [ !
R | =Q | !
KL [ | P : !
""""" » ! !
L i !
P !

N |
________________ ARREAR | EBREMER! | EMEREE  SRESWH_

K3 T fEL U E R IR HERE K £
3.1 EmMiBEmALE
Bt SRR N B h B ARG R L e AU TS S, SR 2 A b i ) e SAT Y A b B
B R AE AL % P Ak PB4 IO A I S M 1 A
o EHULEMEWE Y R, — Mo =, HoE SOSUHG, BB R 2= R R
M2 IR T, R AT T R RO S AR B, E B Y R ER R ) 2 3 P

L =T > Sy b A
T =  Tonaure 92 ST K 4 (15)
0, T < T,iaae
o HESRURE, W STHORUY Py MBI R A AR, S SEM 001K [, B
B=T P R K (16)

T ARBE R ALK, T B AT BB R . i OB AR P IR IR AE HAT N, AT AR AT N
fAEL N 1, RAEILN 0; X TIRFEARASE R R ISCAE R, /AT R AN g i AL 2, R 52 it 3
SR BRSSO TR, R HL O 5 A 2 X 2% Ak B RE 08 A N FA) 1) B SR TR Bl SRR ST [ AL A AR B T
MIEFRZ, AT B BERT BRI Hgntt, 7% T2 word2vec 75 9% % Mg ft, L2 g bt
AL

RS L AR B, T AR B e\ i R RE 9 T 3 0 S S 28 0 2% 00 BRAT B R B i 5, BRVE BR TR 46 it
rhff e A R, R ORE 1A B TP G B S

3.2 BETHIRMIREZA[E

BEXTTAL B S (I8 Kt BT T T RAR > SR A L], SEEL T AR R RS g, E e RE T
BT I T B AR A0 58 L AC SRR BT LA, PR e a — B 1) v R A RS B 2R, WIS Al sk s
FORTEHE HEAT I, A3 2R O ST M R, SR ST, RE, T I AR, AR
AEHACKBEAT I A LR, 45 BN A2 AL SRR 4R, O R SO HETE S BRI
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1805 AR DY HERE Z GEAE Tl 0 5 FH I e AN AT A (3T, A5 () Aol 2 38 33 5 T IR 52 2 5 1 = % HL A
013 P A 2 R 4 1 9 ) T80 o LB o 20 4 4 1 49 [ DO dok sty 3 4 [ LA R A 70 A I 5 O,
SCHL T RS AR BRI D8 (E R RN R RE I S TR S IO 98, AN AT — R, BT DUE AR 2R i
o, A RIS A A R RS, T A 4k PR R T B B A I R Y R T S
3.3 ETRLSIEMELEE

544 0145 21 (¥ 58 HLACHR 102 Atk b, 3t nT LUK L N 2 BT IO A% O HERE 51 58, AT 28 T IR EE G AL ) 1
SRR TARM K R HAR IR, 7 E AT S HOR e R IEATH 5, AR L BRI 24T, #ont Bl AT
TRANE, BILE TV 6 RS ER SN, FE B Z0aqT. 2 R ST 7 20 N ) IR 1
SRIN, FLECERHG] 5 2R 0 f B, DA O/ ™ AR B ) A
3.4 HELIREHER

EEXE 0Bl R A, SR T AR NS, DAORAN S LR HE T 5 SRAER S M S I R E R, AT AR A
77 45 T 5 0 s b S B I S S S AR, DA RS 2R HETE A ON A R TR SE HAE SR AT 3 B Ak U
e, BB T 45 R . IR, AT S IRTHEES RGBS

B, RN 4 A58 (1) £ RGEHIRIG R P -1 28 Bl 808, B E Rkes 32 5]
BIZATITIR, B AT ZI KX B a) Y, PR AR A B (2) T E AR, f5Bh Spark S aAbdE
T B ST POGE BRI g, 73 30 P - R A [ (G 3 B TONME o; (3) 1R & IR IR, o P 28 B 1
TRARHEAT IR, Xt BOURFE AR T SUBME g, &5, W B g Rk T, itEAR W

Ry=y;+a;+p; (17)
o, Ry AHESRJE RO P i-URAR U HERBONE,  y) R0 SIS BRI HER A, o N i-URAR 7T LA
B IONAE, By X LI H1 YR BT R A
BEAb, I X T S B AT R T IR S B AT, B TR IR A M S R, R T
W& R HE. B E T
hl't[/.
Ry =Ry - 2hit,.,. (19
Hrh, ROAZERTTESEERMETE, Ry N E— P EAC IS HETE, hir, W i XFRER j 1A ik
B, hityax TR S HALR M BCRE. S M TETHEE, BRI S5 0.5 FETE, maE# TR
FRIEAAN B2 500, R 45 T 08 Mt b e A5 3 R .
35 HIHERME

EEXEE R A R ) R, TERK R B SN T MG R RL S A BEERAE. YA B B I R HEE R AT I
B R —, B TFREM R, P G e AE BAdSk, Jov R SR AR, TR v i 0 TR 25
JONE, ASCRR T HEAR A AL A SR, 1A R BN P IR AR, (E N AR A . o6
TN S5 RS A IR 45 2 18 LUl (9P 1, W B 33X cold, T LA

nzhresh h n[
C'Oldi — relu records records (19)

thresh
records

Hop, onl P AR B, nle R RS RSB, relu(-) TR R 4
FI P 078 T AR S0 T4 B S 7 I, BRI A R (O, /NEL, XU, % E T I
BENAR, [z, BHPRZEEILFEGE AN, HXRNE cold; B 0, M H CBIAHINNEL. £4)E3h%
H cold; (FHERE B, b B2 HEA PRAG 4 45 R B a0 F

Crred=Chirt Crate Crec (20)
Hoh, Cprea NI EAEHRIZES, Cpp NS R TTRIEES, HE af2; Crpe NETEIRIER S, S a/2; Coe N
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3.4 PR R AR B B S5 RS, S EH(1-a). Curn Crarer Cree B AN S BEATIRIE R, W1R
RIEBN R ZHMERF TN RACE, W e A HERE 45 Rt AT 5 TR 7 i b

RE, AP RFE M B AR ALK, P SR M HERE R T a8 AR AL HERE, B R
rR T RAE A R PR R AP A T B HACKE, PG 2B E I A AT 45 R ELE]
M P EAl R m TR R SIRERE, &2 E bR AR 58, 58 M TR . tt, it 45
RRbG, A TR P R B SR, B R A w6 R Dok SRR H st i R R

4 SEWEHH

AT B2 S BRI R A LR it 54 R, Bk E R 8% 7.
(1) FETESCRREEHEESE, X AN BT A MR S, TR O HES 5 B A HE =%
(2) ET st R0, s HERERK & m] P, Rl R LIRS SR OSBRI, ¥
JA By 1] 5 P A
41 TWIRESEIT
411 URFEY I EE SR
ASEIG T AR LR R A S R e ok B LI B IR BRI FE. BRTMARA T 24 H SANPRES 3]
ATFEIR S, MRS BRI A R S4E, T HAAFa“RRE RN I, AR EE
W55 2 — R RB AN T G IR, " B 8T F A R RS 4 Al R B 2 w5 gL IR R AR AE 2R 35 I, 55
YR AFEIELAAE ) R T REHLN . HEEWEE. SIE 5%, g, ERUWRERAIEE, &
AR, e, SRVEE. AR, RATGI T BRIEF &7 2020 45 4 H-2020 4 10 H /]
HITE 2R A0 22 ST B VR il g, WP 1000 247 iRFE 300 211, ZF“H P - A |1,
HREBIEE BT 17 224 2“F P -BRFE 5 ST 80E, SA8IERZ 08 4 MAZHSR WO 1Fie. %
MG, IR), KRG HE R 1.
R IR B RN
o HASH  RESHEH JoRidE WFRiE R WRKIERE e RS
BRI AR 1303 343 17 224 189 16 877 972 24
AL, BRI ERFEEAIILG 24 28, 0 00 E) Wk 2.

®2 RRERIHIMD

SIS EA S
1 15030  RFIEFI
2 15365 ki v
3 15607  {REGERFE

1E Tl s, SR+ m, S 7 RAUERTIR I HEE T VAT IR A R M I R I, X AT T MR
TEAEMBRL. BARH, 782407 W 20030 f 5 mt b, #iR A P EOAAS, WA HAR R AT TR, 15
P TR /N Bk FA B, 1ENFR S T4, LAUK IR TIE &4 75 77 v D s b 3% 55 6 i M il 338 B ) 12
412 BZHERE

AR O 5 5T DGL L. DGL & W ik AWS [ AT 2018 4 1F 30K A (IR FE 2 I HE SR, SRR
gk BIZ H B EHE M B B, AW A2 U BB, NEME W% & DT EAR AL T RIS

Krha Mz B, BERESFTENEHRRERN 1, RIBEN4EE RN 16, ABEENG, EEHITHE
AN T T P=0.5 §] dropout 2. R, DR T R A o B AR S O BRSO reLu SN Linear.
BRI BT, 1 H Adam LA 28 3EAT /M 2 20E VI 2R, FHEEEE MU 1 000 2%, Il ZREe X% 4 50.
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4.1.3 051X LR
KT 0SB L EE, EET 3 N BARBHEMMEMEHEIZEIE, 7752 MLP #2245 1) 5]
I PEEE . LightGCON #5825 I35 AU 2 W 28 2030 . MultiVAE 738 43 2 R W [7) 3o i 505,
o MLP: MLPRARIHI+43 32, R4 MAVRRE 2 SR 5. B 7 R A NB T2, MLP 789 (83 E T
ZAREZE, ATEIAAS50ERAE, sSEOFEEE,
e LGCN: LightGCNMI st 78 fl fo -1 H 42 . R PEAL4% P A 5 g 2., 22 T b B 5 4k ae
Yok 2SI AT H RAE, BAERHETESR,
o MVAEMLAR ) [ 4t 2% (VAE)Y & 2 At €, 31N 7 B 2 5Bl 48 (multinomial likelihood) () 4=
FRAR RS AT T UL HE W S B S Bk T, 5 RRHE TR T
4.1.4 HPATAGTEAR
N T I HEE LR YRR, EH T BANMERE RGE WL TR RS, 45 52 Precision Al NDCG.
e Precision@K tIMHEHE A AT K RIS R, H A Lbre B mE &S L,
e NDCG@K THH L #I K Mg RAIR, 5 A SLhRag Bid T H 513K Z 5.
SLUIEAT AR bR T E T A N N HLR, CPU i Intel i7-10875H, 8 #%0», 2.3 GHz LM, WEMKE N
DDR4, 16 GB A &.

42 B&S5|ELE
421 SEIGEER

7 5k 5 10k FEAN IO B IRFE 22 SIS0 4 b, S Eb T 3R Az O e 77 B B 5 oAb mr v HEZE Bk, JRIEI T
Precision@5. Precision@10. NDCG@5. NDCG@10 iX 4 Iifgkr, H ks H 3% 3.

®3 METE SIS

Precision@K NDCG@K
A A 5k 10k 5k 10k
HHERR | Prec@5 Prec@10 | Prec@5 Prec@10 | NDCG@5 NDCG@10 | NDCG@5 NDCG@10
MLP 04577 0.3622 | 0.4549  0.4204 0.976 7 0.9745 0.997 7 0.994 6
LGCN 0.0789  0.0745 | 01933  0.1708 0.8880 0.8701 0.935 2 0.929 8
MVAE 02062 0.1826 | 0.2848  0.2725 0.7379 0.7346 0.8208 0.8379
ours 02836 0.2697 | 0.6534  0.656 4 0.986 5 0.984 3 0.995 6 0.968 4

MEERFKFE, AR RS SRR, FEPM AR AR T, 5181 4 TR AR K 25 R B A Re i
FH ARG 5k 51 NDCG 55 10k 2% 511 Precision fEbr 2 5 —; AHLAMFBI T, HAE —HEZEA
L.

BEAL, FRATHHEDE 5] BT 0 ZHE W i e R R IR 7. IR AR TS OL R, 280 SR MU M 10k T B 22
5K B, BANFIVEMMERE S RS G PE TP, 7€ NDCG fatr T, 513 F R E &/, 7E Precision 845 T,
AR A TR REEH RIE T, (HZ 51 3R R FE T HEZ AU A, BMSRE, A SCRTHR A% O 5] S 7E T
15 25 0 s 2 i) R0 52 80 P A7 THT S /DS, R DR RSB I B
422 W

ASCHE A% O HERE 5] AR EL LA 3 B 3 5 IR AE MR LRI R

o U5, AFIEMBETNLZHENZEATNWFH: MLP 5 MVAE BB IREMIR. HJE

PSR INE BN BT R, HE TR E TR - E R — T B R PE) R e, &
HRSFHAMEXZTATAH, SBREERERAIWAGIEE. /TR, 2GS H -3
TR A OREE, A BT 4R FH B I RAE 2 =) 14 RE.

o A7, ARIIEMBLAETHMIRMIE FIEHBN THEF IR LGCN [FIFE{E H Bt & M 2498 T

CHP-RIET R Hdsk, HAREMEYIGMAUER T ID MMAmE, sh=z HMmMER, Fl2iReE
ARG BRI, ARI s RRE, LGCN kMR IR A AR A L et ik BB &, /T, &R
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RSB E BRSO R, B R AT RS E M r ik, ke e RiELER

43 FELZEFSH

R T B R AZ O HERE B BEHEAT LG, AR SOE X H R L M B K 28 IR R AR BAT T BB Hr. K
T2 R R R A AL P a8 B SR, IBAT UK RS RS 3] TR 5 TTHRFE. DU ISR
W LR T) . HESE AR ISR . AR SRV IE LI 3 N5 T 43 BT IR /K 28 5 B T I T3 5 7 SR iRl A
431 ZH 1 RHEZHM

T — AR HAC R BEF M, o RIFEGIHT. EH P R AR LR 4.

F4 THEFHH P ZEIR

A 1D WiE  HADSRE RS
189447792423374 24 103 5

ZH P R EIE 5 FhRFE G B DL SR N 24 TTIRFR(E B LK 5.
x5 HRELNZHER
WA | RESCEYE SibEERUE KA R EUAESY W ERIERI
X SRR E 6 4 4 9 1
SATEIAR, A% BT ORI R A DGR TR, XA MR E IR A O A IR EN 60%LL I &
THHGRFE & 30% 745, AR P SRR E N g Tk & ERERE A 1, B 5HMIEnREX
B, AR LA M 7S A
It AR AR HEIE RGR B ATHERR S5, 5 IRIESKRIV-EIIFER Oy 4.447 s, ELARFER 5L 3% 6.
#£6 KHEFH, 5 WHELEFENER

HERXH | LIk B2k BIW HAK BES5KX
HEFHFENS () | 4126 4437 4891 4179  4.602

HT 0 T S A 1 B () 8 SR FE R I SR AT 1 SR S, ARSI RS E A R AE, AT AAE
AN R MEE TR, H RSB Oy T b B PRI S5 &%, R HEREFE it — P4 J
W H BRI HETE 2 )RR AT 5 AR T,
RTOMEFFURIEAT 5 A1

WA | REH M TR F Y WSS BEAhBE B B AR 2 1
WRAE S P BB i PRIl B YN 3R AR A KGR EESES Ml ) R S S

X5 TR, FEM 3T TRE R G (REF THaa . BRI 2 #1. ZPXR4Ey), LKA 2
ITHRS 2 18 T AH 9C (P9 38 XU RG  90  BE 40 B G B0 1), 10 A/F D0 25030 gt 75 1) 1A 4% 0 4 2R O o W) S8 g o 39 4 227
g, UL AR HERIRIE S5 F P 2 S EAR R T S 3, XA T HEE R G R B R AR S R AR
. AR, BT AR EER, HKIEFEOE R AR B BRE, R A IRAR R AL AR B .
432 ZH2: W HREH P

LT —ALRFR A BRSBTS FF R M. T R AR AE B LR 8.

*8 HMBLIMFHF Z BN
ERID) W R HILRE R
1277507619430477824 11 34 2
Z A L R AR R S S BA B B R RR S R LR 9.
®9 WHEENZHER

WIS | ELUKM  EEER
ot o R AL 5 6
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FHETT IR, A P R B IS 8 R IRAE, X RIRFE S oG He il — o R T RES U2
MG —EE BEAEACRE, MR REIONE. LHIEFRE, ERRIERE I, A SRR L
BMm, X AE ST EAR I SO B, EHEE KRG A 5B R B E) )

B AR AR LHEE R AR BT HERR ), 5 UG K P FER O 4.413 s, BLARFERE &L L3 10.

10 IR 5 YCHERFHERT 5L
WERUE | 1k F2k FEIX OEAKR O FES5K
HEAERERT (s) | 4.223 4.401 4.669 4,582 4.190

LHMHH P PR R R VAR AN, I i TR e P 5 AN ) B R > B ARRE R
A A P

% H P8 B R SRR AT 5 B L 11,

11 HEFFIRFERT 5 Z1E N
IR REAWEE  ZMWITIERTT RIKEIELS W RERRER I NIRZU 20 %
PRAEE S TAE NIREEI P 3B e PR S AL TR k&

EAEEM R X5 NHERRREE, 38 110 R PRI AIRGER), /5 3 1T & miFor/mE st
AR, X2 ARG RS AN ARG 0, SRR, AR BRI S PG HE AR IR AR S
AR 2 S EARORFR T RA 2, Himx il M -, AR e g R 4 & I E I Ab 78 IR AR
433  HBIoF BT B4

B, TWRAXHFEERAERMER T, RFEAA LA IR & AR E AR 1A AL E R AR
XA 8 T B A 5| B x B 2038 HLIK A R8OR) F BL B SR 45 B I R L AR B

BEEEERRE, ZEFE M7 S5MEH 7 R SH br 2 AR TE AR, X BT 00 7 o 8 0
TR 50 DL S % Jit 2 5 5 A7 THD 50 1Y) 2% e

o FUMEIELFEMCFIFER S, L EMEH S AR B A b kR B A AR . XN

i L P % T A B ) S AR X RS, T S R A ] A
o MIMEFWARNBHENENME, T H /RIS LF U B 1 HAPEAG 27 =) J iR B AR, T Wi A 7 1)
S REZIE H AN ECHERR, X2 AR S B R T 22 AR
BJa, GEWMHARMEERP REHEES R RE, ACRHNEREREZGEN AN TR, 6k
545 2800 2 Tk 3% s R FE HERE 7R oK
o PRI HEFE R, B TUEL+BEL T RIS, BARATHAE NG ERAREILAR
Fii, AEL i 50 P S5 o )8 B ) BB PRAFAE 4.4 s I

o ANHIRESHMEFEARN. ARFERFEH R bl @232 HAT A B, 298 H P 3= T EAR, ORI HE
FHESEERERREN, MR BR#RTE

o T HMEMEM. X TRZEMBE. FEAEGHRNHT, ARGREEREBRILABIIE, s
B AEAN AL IR A VAL HE AN 2.

5 RESRE

NSRS S AL BE D FEEE, SRR R ERIE 2, Akt T — & Tk 5
WRTEHERE RS B S 5T, T BIGRIE W 23 S0, R - PR AR e s AT 9 s i
R R AR BN R B2 ST AR, Axiin 424 P -URAR- SR I B SR IC. 7E ML B AR B SR RO 2Rt 1, B it T
1 R 2 B BOHERE R K 2, AN RE 6 PR i N PR BRI 7717 5K, S REAT BT X Mk 1t 2 8 44> )3 B0 1) il ——HE A7 S
RN RERG 2 —, T TP AL, fE, BT RCSHIRAR S I 8R4, DU SRR R W] T A
HEFE 51 B e b 1, TR USR8 o3 T s 1 AE R4 7 R G ) 1k
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Ja 8, FATR ARG Tk FHETE FUK LR BT BRI, 6 AHERE R G AT s, AT L HEE 51 %, —T5
T 2 76 B4 9 b B3R 55 T B B0 1 T, SIS A i Bk O AT 0 g B, ) U7, AR BB BERE AT
BE N TR A R FORFEBE R, SCBLIR P S SN R BUE OOEAL. BT AR LRI R, &M NI 1] 2 3] B AR
R H AR FE AT, SEPUIS () 4EFE B SR URAR HE T, Xt AT S R A R0 R 22 2T 1) — SO L.
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