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Abstract

As the number of online movies continues to increase and the time cost for users to
choose movies continues to rise, accurate recommendation algorithms have become an in-
evitable requirement. In order to address the scarcity and cold start problem of collaborative
filtering, researchers usually make use of side information, such as product attributes or social
networks as side information to assist the recommendation. The existing recommendation
algorithms that use knowledge graph as side information include embedding-based methods
and path-based methods, but both methods have some shortcomings. They do not make full
and effective use of the relevant information in the knowledge graph, and the accuracy of
recommendation is relatively low.

This paper designs and implements a recommendation algorithm based on Ripple Net-
work. The core of the Ripple Network algorithm is to use the idea that the ripples produced
by raindrops in real life continue to spread on the water surface to stimulate the spread of user
preferences. For each user, Ripple Network uses its past preference as a seed set in the knowl-
edge graph, and then continuously expands the user’ s preferences along the relationship path
in the knowledge graph, and then discovers his hierarchical potential interests concerning a
certain candidate item. Multiple “ripples” overlap to form the user preference distribution
in the knowledge graph. Compared with previous model results of CKE, DKN, PER, etc.,
the experimental results of this algorithm show better performance. Using this algorithm,
this paper designs and implements a recommendation system based on the movie knowledge
graph. The system includes administrator users and general users. The administrator can add,
edit and delete movies and users, and general users can browse, collect and purchase films.
The system can provide users with an efficient movie recommendation function, which is

convenient for users to choose movies that suit their preferences.

Keywords: Knowledge graph, recommendation system, Ripple Network, user preferences,

movie store
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Bl e, e OAERABE L2 AL RRNEER ™SS2 TN H, BT
Hmthae. mrl etk s .

EARZRGH, FIREE A S B ATETE Neodj H1, BT 1R EIEA & EI s
P, XFEHAA T Neodj 1E I PE A4S /i, AT LA B R A7 A9 PERE SCHF .

2.3.3 JEHHAR

K Z G4 Flask HESLAE MG 5 uitESL . Flask /2 —-> Python %% 5 [ 2 4 i
L, ERARE. M. RSN,

KRG % Flask #E4E 78 0 FIH T HAFRE . ATy R LA SO RKABRERIRE R, AR
G B SRARTT o

KRG R IZIRES e (REST) RS SRR P (CAPD AE NS i )
AL,

RIEIREH . (Representational State Transfer, REST) & —Fh3&T HTTP il
FIBAEAE AR REERIRER, Z P2 Roy Thomas Fielding 18 47F 2000 4E )18 116
g IR, H R e A RSP IT K . FEM S AL s . £oR
IR FE I T HSCR B (HTTP) —4HZR, ZhiUE—Fh i et )7 4k
WSS A LG AR . R A BRA MAR REEHFE RN (fRIFRY REST 80 RESTful) 1Y
I 28 Jik 55 o V25 7 v R A 48— B VR AR TR AR U ) RTER AR I 28 TR IR oK, X 26 %
S —HPE CHHRAE—3 L, FoRBRIRESHHIEME T Internet BIHRALRGIZ
(F)AH ELASE R G ) LR . 5 HAM SR AL i M 2% ik 55 (540 SOAP k55D AHEL, BT
TR B CoE X — AR RV 0] X 28 B2 U5

B TARGHEH T REST KU APL, A RGuRE 5 A A8 F 2 A7 Rk B8 T b
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B, (A AR 2R 4 S S R A B TR0 R 0 R A& 18 T AR AN [5] () i 55 2% 1 Ak 2 — i
FIFRPARIIER, $em T ARG REitE. HEN, 15557 REST X X
Pl 1, SR a8 B I SEIE T 1, (S 1 FR 8 FH 2 e B vy (B AR AT A G
HIF R TAE.
2.3.4 HimHEAR

KRG HT 5 Angular HEZE .

Angular GHFTE “Angular 2+”7 8¢ “Angular v2 & UL L) & —NFET TypeScript
Y FFUE R 2 S FHAESE, & FF K B Google ) Angular [4] A4S [F] it A AN N S HoAth
ANEYES . Angular 5845 WA R AFT K& 1) Angular]S 3496 5 1M K .

Angular 7 5 1F N MEAN AR —& 7. MEAN K48 MongoDB 47 /% |
Express.js M %5k 55 25 HEZE . Angular/Angular]S PL A Node.js ik 5251817 o

ANFT MEAN HiRER, RRGUEH ) “E” (47 Express.js W4 RS 2RIELL) &
#:49 7 Flask 25 AR 5523 HEZE

LA Angular HE2E, ARRFGEA DI BEAH N TT2E0 . [FII A Bh
T Angular Material Components B 7 20FFE, & RZGiHT4m UL fF &M R (Material
Design) .
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3.1 R

3.1.1 328y

W P 2 R AR 2R A P 3.1 s, R R R R P R R B P A B AR
PIREWT . HEW NS L— AP u fI—ANH5 o RN, M o 55 v 200
PR BRI . MR o 5, H R HLS V, & 7R E R4,
1117 J V53 R R TR (R 56 RIAE I N HEWRAE SE (k= 1,2,..., H)o —NEEWERIR
BTV, EBATR =JndH . RSN T 555 5 o FIN (AR
PO RORMIE USRI T HEE o P w RN (GERE), SEEAEREIHA
PR A AR R ORBRYO. &4, BHF v SHEE o IRARRHLE S R H

TRIHEZE 4,00
hFE H1Bk 28k FEHBE
z@ @% ---------- 3?7‘% a7
EwE s

il

B 3.1 U A 4% 1) B A A

Figure 3.1 The overall framework of the Ripple Network

3.1.2 M
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PR “BIHIERL” 5 “BUA%E « BERE D ME, ENZMBRZ “ DA% -
Pk R “PIHIEA” BSE. T CRBIRR 15 CBARE « BERE
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EE g

film.language

' . film.country : actor.film
film.rating
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B 3.2 AR B P “FTH IEAE” BORKIEERSE

Figure 3.2 Sets of ripples of “Forest Gump” in Knowledge Graph of movies
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PRI LLE N

EY = {t|(h,r,t) e GHh € EF '} k=1,2,..., H (3.1)

X GDH EL =V, = {v|yu = 1} P REF5E, nTUEER S o R E S
R4

FHOCSEARSE AT LA AE P 09 07 SE A i SEAE F1 R S () B AR g o 25 78 AH OGS
AR E S, DU 8 U w1 K BB R -

EX 2 QEWREL) 7 u i k BT LUEER AR B DL B i i
HIIH = JCA

SE={L(h,r,0)|(h,r,t) € GHh € EFY k=1,2,...,H (3.2)

“CHEMR” XA AR EREE: (1D XHZ AW AT AR E SR B, P A
SEAR A B (T AR S BR B AE R B b B Jom AL 3 . X — IR 3.2 s
(2) P I AE SR A 5 AR B oo 50 1) BBl & B3 Ok, 1 3.2 Wil
AR AR IR T RIS ki R

— MRS e AE BRI K G  Id AE h EE I A B RN AT RE R R . O T BRI AN ]
R
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(1) £EFCSAE AR R0AR P KRR SE AR TR s, OB e A 1 Nk
A A B

(2) fEHFEHERE I BRI SR, SR A W] AR H 72 17 S AR 5 (1 73 Sy LU/ i £
IR B vy SIS B (A R

(3) TR BEEL H B HAEKER R AR, BB 1 25 R BOE K se ik 2
7 R 2 AR B AR B RS 5

(4) FESER R L, BATTRT BARS A ] 5 K/ AR AR £R T AN 2 06 e B 10 e i S R A
M BEE— D gl N AR B W IR RS & — D AR E AR, JoH
FEARGE— (AR 2% B B A M TR 7 (9 70 S R A2 0
3.1.3 fREFHHL

FEARGEN PRI D8 3% o I I 2 S FH P S I T AE IR AR OR S it I A 170
FEIEYE X 2 Skrh, X R I i R E ) s WRE— NI, BRI R
(R IEAE OBy — A RR I R 728, O 5 I R R P A i) 42 5 A2 9 Jre
JHER RO A BLE (A4 S R 03 B R — A 00 iy (R0 TR AE A DR o AT S
P H R R 7 2R R A K T B3 BORBSMR I 3 i, Herh 24 “3Ei” ERER
FOAR U B E D as R a0 A o

K 3.1, B MEEHEA - MRARR v, v e R Hih d RRRAFRAE
MIYERT . RN A] DAL B SEAR M AL 04 L GRlyCARDT B SfE SR E 1R,
TS FEMR— AR TR0 B 1 T 507 AR TN 76 . 48 IR AN RS v AR
A1 Beikis e SL, A SE MRS = ol (hyy vy ¢ RIEHEE v LR =TT
PSR AL head; ILLEAN =TCH AP IISC R i KB E Y v MISEAR head; Z 18]I

KL
exp(vT R;h;)

Z(hmt)esb exp(vT Rh)
K R, € R™ 5 h;y € R 7352 R &R vy AT R hy BIRAGRIR o AHIKEE p; AL
NFAEFERE] R, TR v 595K hy Z B RIARLEE o [FJI3E R 5 115 BT IR
FORFEPEAETH FEEY v 5K by Z B RIFRBUBE I AN &, R Dy AN [R] 5t Ha 5 - S A0
Z A AR BEAE BA AN A R R A5 BN AT Re A B AR betn, “R0H e 5 “R3Ek
K7 AT HAA IR m ARBURE . AH e AT THE = B AR RS B BRI E 507 11 AT RE AT AR A7
B

NG R E, K SL i =JudH i R s iR YE v A5 20 AR U 2 i3 AT
IBGRA, 132 ol :

p; = softmax (v’ Rih;) = (3.3)

o= ), piti (34)

(hs,riti)ESL
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KB4t € RTZFL=JTHT IR A tio [ o) TN hilfsE vV, < T
HLES o 10 1 IR . 5 A I SRR, et P 22 L i 4 b R R
RN T AN A2 A5 B 2 0ok R s P O Atk 4 2 4. @id K 3.3) 53X (3.4),
P i N B RS (Rh78) BRI ERTRERE AT 7 — R 8L XN
R I 5 R ) D 3 R

HR BT LR N (3.3) Wi o BN o), FRATTAT DLEE A (i 47 B 1 7 DAAS 2
FUY 2 IRRNE 0f o PAEIRAE, e A IATR]T LR IZ I i 509 B H Bk FATTRT A
FRH PR S, = 1,..., Ho WHIATAT AR R FIAFRR N o), 0F, off -
I u kT H v BRI BTG & T RS A [ BT 545 21

w=o.+0>+-- o (3.5)

B i Ja— B R i S i e B TR 2 ATBR RIS, EX of AT SRR
R ALE, TRy tRJa — B N AT REAE (i A% 3 A RE R OB 1, AN REIR I 4
R RN . 2, AP HONS FLRZHRN AT 25 & DU Aa tE F0000 A4 P 6 R 5 SO
IR -

Yo = ((uT0) (3.6)

Her, ((z) = ﬁ & sigmoid %Y.

1+4exp

3.2 FAHIE

FE R X 46 S0 AT B AR Rl X (3.6) SR o B S RO IR 2 . {H
K, N TREHATE R ZR M it . P LR R R, W5
3.3 WHANE, RN R R T DOE S s R, LAk T, (B KR
AR AR R A2 75 2R 1R A

N TR R R AN R, BAVEH SR )5 SR Al vk 1757

BATH B Ar AL 2R R FRIEE G LA SRS TR T M0 T &
KU SH T

max p(T'|G, T) (3.7)

HPZH T 05 TIAERIRAN, &SRSk, RARMBRE. KGN TR
_p(,G,T)

TG, T) = o(G.T) o p(I) « p(GIT) . p(T]T, G) (3.8)

R DB a3, #£3K(3.8) 1, BT p(D) MEBRRSHABEHR . BATE p(T)
BONYMEN 0, J5 ZZ AN M5 Z2 5B R A 12 3 AT -

p(T) = N(0, A1) (3.9)

16



BT R A AR L iR 3

3 (3.8) IS “IURLE T MR 0 B BA RS BOE, BERFREIRM T Y

LB A B [ 7, AL T R B 7 TR TR VLR A . fE A

e, ATV P R T AR TR T T PR N 1 B AL B
pG0) = I e = [ NUwee—h"REAY  (3.10)

(h,rt)EEXRXE (h,rt)EEXRXE
A Iy € G WARE Ly, T 1 B0 00 F2T20(3.10) HHEgsE L, R E T ik
O\ R ) SIEAA O VT 43 R B i A 368 3o 2 v D PRS- SIS 0 T DAAE A [R] A o B ASE 28 T
Gi—. 3 (3.8) FMHE =TURAE I 5N EREMLR R, 7T LB RS A6 1)
2.
p(YIT,G) = J[ ¢ o). (1= v))' v (3.11)

(u,v)eY

Xt (3.8) WA £, FATAT T T A9 953 2K PR KL -

min L = —log(p(T|T, &) . p(G|T) . p(T))
= D ~(Wulog ((u"0) + (1 = yulog(l — ((u"v))))

(u,w)eY

)\2 )\1
+ 5 DI = ETREIG+ S(IVIE+ B3+ Y IR (3.12)

reRr reR
Hrep VA E XA B S SRR IRAR R L ARG TR KRR r hs S
A5 T 7> e 23K (3.12) TPER — U B A TR RE Y 5 p e v 19X 2 Al U 2 1) £
AZXNG, T IUER SRR R L DU N TR R ETRE Z T8 H)
WITiRZE, BJE I B IR A I A 2
HAEORME EXORIB RIS H T ZAATREN, DR EATAE A BEALAR S 5k
AR PR BORSR AT 2 8. SRR BT 50T 280 T 04555 pR B B 2 T
SEARIERAEAS B 10— /R S 435 LUE B SO R B SRS H T,

3.3 ot

3.3.1 TJfERENE

AR R IHERE R GE B TE R AT 4 P 25— IS, X Bhie T+ P
Xof A 45 SR ) R DA SO HERE RGBT . W HERR S R MR Il o R T AR S L B
M EE . RUONTER MR P 2 T AR B RE ) 6, DRI E SRt 7 — 3t T %0
RS P )00 R ERAS SR B R HERE 45 R Ak . bt 7EIE 3.2 émFX“$
MR S BOGER, T P BT R TR ARAE” EOGE. FUATERIR B
W e PR 5 CEARL NG ME, RRLEA, M it PR E “E%%
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AE—EAE. tean, R332 9, R AP SR R R, ikt R 5 =K
“SRERAE. EZAREE T, M BIHIEMA” 2] “TeRRE” BWNABRE: “FHIE
fE-US-SisRAE” 5 “BIH IEE-ZMl « DOl-se by R4, X IEZ i HE S KR .

3.4 TR
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P XTSRS =5 k. Hd, &G a2l 3883 2. H P AR 6040 25 LL K
1000209 26 FH 7 0 RS2 VR Bl . B S8k E=ad v, BdmEmi T 5, RIE
W RGP AR IR 4 V2 A

YRR ERE, ZKTE “HE2Es 1 JREdE” F I HR2 M Microsoft Satori H
FEIURH I 1) A B 1 5 S i) g e T 1
3.4.2 R4

FEAMA A, AR MRS RS LT BE A Ee

DKNU7E 27 fif [ #f R FI AEE WWW2018 2 AR B & —A 3 246}
BT S PE HAAESE, S0 B A5 S b A RN ) JZ2 T . DRON 2 H X653 [ A
RN BE— OB SRR, E AT B R B L SR R AN TR SRR

CKE!'®! 21 E KDD2016 4F kK £ M), HAMEMTIEEG R0 IEAE U, V il
=R L, YRR S H ARG BALE S, X EE R EEA: KA TransR H
RN BN RN B, B0 YA SR AN RN B R BCA Y S I E itk &5 B . R
F1 SDAE #7445 3 49) i 1 R P2 SCAS IR SCARVEIR AR 7R . SR A SCAE #3319 i A
KEUG RN R IR o

SHINE!SIW TR BE H i a8 K SN IE XN %, #H38 MZg RidFATHERE . HoONA -
Wi B A2 HAS B 20928 FF %1 i P B ER G NEEE

18



BT R A AR L iR 3

PERPZ'LK iR BEVEAE A4 B 5 B AT B 1 7 vk i LU A B LK B, X g At
BRI ik o LR H e B AR T DU HER RAUPREE AT S 7 ), (R R B d R AR
SN AT, AT NN R R

LibFMZL@& — AN iz A8 F 134 T IhRE I AE CTR 350 (1 7 i e

Wide&Deep 20 & —ANGE A LB VBRI HEFERL AL . JAUTF LibFM, AT . )
it S SER IR N RN E R AN
3.4.3 MAD R

ERER M, W BB H=2. RIELIn R, BRIBE LTIk mttse
H 2 BRI TH R A . AT BRI AR EE . PP S IALE, %R 6:2:2
MIELEE . SEIOREAT 5 Ik, THEERIE S AUC SR 5 BCFHAME .

3.4.4 G5

MR AL 3.1 PR, B ERER MG HE R VERE R e, HVKE Wide&Deep
S, UL AT AT LA S 40 R B AR B R A RS R ER Bh R . R IR 2
[1/& PER 3%, X 0] RE2 T T8 L Ju AR TE S HERE 7 TR AR IR 22

R 30 EXSBTNTHE B AUC FHERE

Table 3.1 AUC and ACC in interest prediction

Hqik AUC e
TV DX 2% 0.899 0.835
DKN 0.655 0.589
CKE 0.796 0.739
SHINE 0.778 0.732
LibFM 0.892 0.812

Wide&Deep 0.903 0.822
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4 HEHEERA

4.1 RGEAKRET

WiEg 2.3 Fh TR, ARRGAEH R EYER B “BRiESD 1 JREHE 7. IMDb S,
Horh IMDb 173 (1) £ 4 2 A8 € e Ab B 1 . f fe FEASE ) Python A XS Ei s i3k 47 4k
L, 35 A MongoDB F1 Neo4j.

KR G4 H MongoDB Fl1 Neodj /it . H A, MongoDB 1EAHER R AL 1H
2 NoSQL ##5 2, LARIGIRSE M 7 A7t I P 8l . B3 sl . Wig sl
W5, IR IR R I RE SCRE 5 AT 20 A0 ARGS9 R itk o T A2 LA &g 1 e 2 PR 1) ]
KA e Neodj mh,  TUAE i T3 B2 A0 A A s A IR S R

ARG )5 b fd A B Python %% 'S5 1) Flask HEZY, Flask HEZL R m M MIMAMELE, DL
EAYRIEE IR, AR RS i ) TR R 5 A i S

fE Flask 11, J&T REST XUt A42 APL LT3R 8], REST KUt& 815 AL API
1 J5 i APT FIFEE 5 R0 APT 458 FTE M 1.

KRG HT v AE FH Angular 7E N HT 56 X TTHESE . Angular #23% T TypeScript 1% 7T
HEZE, DIBEERAC A mT 25 F AR e T & FR . Angular AR RGUHAE T ALHRAL 1 X T2 15
i, MARRGAT W IZEIEW, 2 T4 . i, KRFEMERH T Angular BB AFE
( Angular Material Components), f3a1 T I, & RGIEFEM KT (Material Design) 15
5 RS E KASTEW T, BAMELEAmE. m sk SdER0E . ks
55

4.2 BHEERT

WIRETATIR, A %%t MongoDB H T A#fifi it F - Bt . A B AU . s i 4%,
1M Neodj E N mPERE MBS, FTAAMERIRERE . Neodj MIAAEIZ AR ., it
AMENH . LLUF U MongoDB H #4iE 147 it 77 e

ANFETF MySQL 255 2 BB 2, MongoDB 1F Jy3F 45 ¥ Ak 774 ) NoSQL ik
B, AR FISTIMS, i RAEE S OIS, RIESERETR g s (—
SEFERE EXF TR R BB E MR, TERFPAEME SRS (—EFE A EXF R T 58 R AYEL
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Tz M BEZ AR LG, HULT EL TSON S5 H SRR 7= Al 4514

CUR D9l Y P SR S BRS04, TP B P I SCRSAF A L P DS e A A 2
fED . RS B (BFERHES ID. PR i ED PR iR FR RS A B A
MIHERESIZR . CLIW K RS Bl JiE

{

_id: Integer,

password: String,

rating: Array([

{

movield: Integer,
rating: Integer,
timestamp: Integer

s

1),

recommendation: Array([Interger, ...]),
bought: Array([Interger, ...]),
wishlist: Array([Interger, ...])
}
PUR R SR B I BR 454, HAF S R Bl o, 8 B R B b B SO A i
PRGYID. We A AL P S AR .

{
_id: String,
password: String
3
PUN AR S AR 254, HLAF e S A el B, AR R & i ) SO A i 1R 3k
K
{

_id: String
+
DSPEEER-Z SSegiE (e EEA Y AP R 2 SSo U@ SRR LA DR Z2 [TIIELS
fris vEor BomAn. PRy AR, B R BRI A T BIASYE S R 5
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L eI, (IR, &R U5 [N U ST AR RO, TP A5 21 8 Y i
[HIESRSOF

{
_id: Integer,
title: String,
cover: String,
genres: Array([String, ...]),
price: Float,
ratingSum: Integer,
ratingCount: Integer,
trailer_image_url: String,
storyline: Array([String, ...]),
directors: Array([String, ...]1),
writers: Array([String, ...]),

actors: Array([String, ...]1),

4.3 RGDIRe LA
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(1) FRYBEALI S HER .
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Figure 4.1 Use case diagram for the system
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Figure 4.2 Index page for anonymous user
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Figure 4.3 Category page for anonymous user
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Figure 4.4 Movie details page for anonymous user
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Figure 4.5 Sign up page
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Figure 4.6 Rating page for movies
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Balto (1995) Animation, Children's §15.99 326 VA |
Cutthroat Island (1995) Action, Adventure, Romance  $9.99 2.46 VA |
Grumpier Old Men (1995) Comedy, Romance $19.99 3.02 VA |
Nixon (1995) Drama $15.09 3.54 VA |
Four Rooms (1995) Thriller §3.99 3.34 VA |
sense and Sensibility (1995) Drama, Romance $6.99 4.03 VN |
Ace Ventura: When Nature Calls (1995) Comedy $15.99 248 VA |
Waiting to Exhale (1995) Comedy, Drama $6.99 273 + 'i'
Money Train (1995) Action 53.99 2.54 7 'i'
Get Shorty (1995) Action, Comedy, Drama 53.99 3.62 V|

B 4.7 BE AL TE

Figure 4.7 Movie administration page
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Figure 4.8 Movie recommendation procedure
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