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Abstract

Scalability, sparseness of data and cold start of users are the main problems faced by traditional
collaborative filtering recommendation algorithms. A collaborative filtering recommendation al-
gorithm based on matrix decomposition and Meanshift clustering was proposed. Firstly, the orig-
inal matrix was decomposed by singular value decomposition (SVD) method, and the original data
would be better reduced. Then Meanshift clustering applied to all items, and finally combined the
improved item-based collaborative filtering algorithm in the clustered categories to reduce the
search range of neighbors. This method not only improves the recommendation speed, but also
solves the user’s cold start problem and data sparse problem properly. Compared with the tradi-
tional item-based collaborative filtering algorithm, the MAE value of this method on MovieLens 1M
data set is reduced by 4.52%.
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—FE TS R Meanshift SRR P FLS SR EE: B B8 R IG5 & R E 28 (SVD) 5 i3
THREME, BT R GEBAR BT MY, SR /518 FlMeanshift (BEER) BN FTA YR HT R,
BEEFRRENRA T EESCENE TS O R IRER:, 405w SRR RERE. BER
{URE THFEEE, ERIFHMBERT PR BB AEIERBGRE, £MovieLens 1IMEIEE AL
FAEGRIZET Y 5K BB EMAEER L T 7 4.52%.
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1. 518

MATIAERAE — AR IR R < REHE” WA, BB BRI EORI HB A 57, A AT
TP T ARCR IR, (RIS s R 7 i R A5 R U . SR TR0 A b Pl R A S B, DR 0
X e B SRR T AT LE AR FE AT TR 8 A A s vl J oz — o TR e FH P o oK R ) B i) 8
AFt T AR R H O R EE R, EE R aEFH CER R RE, ER TS
G R AR I L B . RGN A, RS R IE F R PR IR 25
HORSE T REAER], $RAE T — A RE BRG] HERE RS H RTBON B IR AR RO U Rl
JEHEFE[2] (Collaborative Filtering, CF).

TR P B BCR AR AR e K T B IS, P B8 J8 3l el 3] A 17— AN B ™ L[] R
W75 A AR R R H R T H P B P SUE R, MEE TP R Eshin &, 5271 7 H
FU R S RS 1 — Fh 2 W R R R 20 ) B P v JR ShAE R0, SR MRHER BV AE
7 T B TG (R 1 V00 o 3T A [6] 86 A F 3 T(E AR 3R (10 F P 98 8 SIS, ANOCH 28 vk 1 L - 8 JE 3l ) i
WA T AR A UERR 2 o (R ILAEAR 2 F P SEAR) T B 1 B0 0 LR 0 T AR 7 2 B IR,
XL E T RZEUE LT FAVIEA 2 B B 7T ABEAT 204

B IS 2 S R R AT R A )RR [ 7R R L, IR E N AMB 2R RN R IR R RS S
P EE JEHEE A, SROGE S R HERE FVA R . Birtolo [8]55 4t T —FREE T HOMT C BME M S P
[k pEAEFE S, SLIRIE B A S R HERE T . Sarwar [958 42 H T 25T FH 7 1) k-means 5 [R] i JEHETE
S, RIFHIEGE ARG T H P P (R R SRR I PR R o XIS 92 AR [10]55 4 I 5 T 00 H SR 2810 Hp ] ik
JERE, ARERE TR RGN SN IR RO . AREE[11]5E R A 1T SVD SRR SRS B R e
FRER S THEER R, EF[12)5% @ SVD 5 K-means JE45G 1P RIS I8 R - FHER SR
ALEXT k-means G — R T B AT OE AEEL K FIREIVEN S, SRR IEFA YHEEE
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F]HE™ EL M TSRO

IR EHES: R G, TR BEE AT 2R E Y, ACBER A2 I, A2 0 TE N R0 TR W it
THFE AN B4 Fe SR A VAL 1) (108 BT » IV I [ 1355 3 1 T H 1) s PR 45 & = SR FE BOR AR ok 1 Hdfa b g v
ORI ARACLE P B i g KR [14] S50 L Xl S0 B R AEL I s i/ NERA AR R VG (VAR T T AR St R € 4
T SRR RE .

N TR R UL LRI P R B BER . TR A A, R SR R B I S AR i
SEBREBL, FATHR M T HERE 43 i A Meanshift 2828 (A IS 52R) IO RIS JE A 5005 . A e fE
TR ) — A RAFRFAE[15] o I FH Ay A8 70 i (SV D) IEAT RE K 0 i P LAAE B i st O B A S RS AR A 15
OUR, XEEEAT — e R LR RRE,  DLIA B8 I 18] L BRI R 2R FE A F K. Meanshift [16]5 2872
— R TR IR, Meanshift RS RATIRERM LR, PrELRATINRM Meanshift ZEIEAE
RN BRI — b BE A R A AR B 9o (RIS SRR 1 — b et (1 R L A5 AR (DA 5 B it AT W
] AARAAPE RE B, o AR L SR At EAT PP 20 FOOIAE A7 o KM 15 38R VR AN AT DU HE 77 45 A S8 4
(AR REYE, T L BE A5 G I S AR i o ) S B A 450

2. HXTIIE
2.1, [EREE X

il i R P S Y R R AR I T, BRI - R PE R R, H P RS
U = {U, Uy, Uy} FORIEAT m AL IR | =iy, by, -0, PRSI n DM, r FoR B2 AL u X
Yot i 1085 FUP - WP R R R, B RARRIETE 2 R s

rll . rlj . rln
Rmxn = ril rlj in
_rml rmj rmn i

22. G hEIIBHEZE

& 45 1 B[R] o U8 R E R B O =R 3, 4 il T A 4 1 1k [R] 5 98 (Content-Based  Collabora-
tive-Filtering) . %& T4 42 111 5[] 3 i (Neighborhood based Collaborative-Filtering) 1 5 - 45 % 1) By 5] 5
(Model-based Collaborative Filtering). J& 3T 4F 35 i 1 [m] 3 3 S0 9% T 2 (0 v 7] 3 4 (User-based
Collaborative Filtering)F13& 475 ()73 )33 Ji€ (Item-based Collaborative Filtering). -4 3sk 1 bip [ 1= I 1)
S A AR R E i R K 5 FH P B i R R BRI AR AL T FH P B AT HERE . T AR B [ I R A
EREIR LS SuR S UIP

(1) HEER P - PV H R

I 2 R RECE A P R R VRS, ETTRIE R - P PR R

(2) TWEH S AELE, FRIRIEAES.

sim(a,b) FRoR M2 Y5 a FPE: b IAIERLE, Hrha, b RRIZFHMARBYIE, R,, FIR,, 75l
RFEHZ X TY00 a, b M9, RARRMZD S a B2FE H P S 10 FHME, R ARENED
ah b RN FTE PR IME, R AREMZR S u S FRIFTE 0 FME. B rHE Tk
M iE A TUF, 530l

R L HLAFARABLRE «
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sim(a,b) = ———— (1)

Hofa, ZoRPndh a 7558 i 4EE .
A5 ARBLE (Cosine Similarity):

. ~\a-b
sim(a,b)=cos(a,b )= qa — )
&) ]
& 1E 4 3% M LU (Adjusted Cosine Similarity):
sim(a,b) = (R R (R R ®)

\/ZUGU u a _u )2 \/ZUEU (Ru,b - ﬁu )2

JZ /R #% Z % (Pearson correlation):

sim(a,b) = ZUEU(R”’i_ZRa)(R”’b “R) — 4
V(R =R E (R~ R,)

o AT YR EEIEEE, S HER R, sim(i,iq)i%ﬁﬁ’ﬂ%%pﬁn i SEEGTHEI,
FIARRM I ik T 2 A A (B) s ﬁﬁ%%nﬁ‘:‘zfﬂEI’J?FEU‘T%FTEE%?’WHM‘TH&‘%E‘J%%*’AJEW\U%?E
S EARD | FRIEATES | :{i1 iy q} Heint =
S|m(| |q) 1<q<n) )

(3) M PF5.
AR H AR 25 H AR it R e AR AR A v S F AR 6 E AR BT PE o T u X
| FRIPP o TIE,  E FH2  d  l [R) I DR S0t AT PP O, VP 0 8 O n A K (B) s

Ziqel Sim(i’iq)x(fwiq _F'q)

fi=T+ A (6)
3 a([sim o))
Hoh T R i i RIBTE H RFISPE58, P u X i, IPPoY
A T P B o ) o 8 SR AT PR T, IR o3 TR 2 O A (T s
a _T+ZUEU'Sim(u’UQ)X(quvi_Tuq) (7)

ru,i —lu R
Zueu,(‘sm(u,uq )‘)
AT, P RIFORIGE R P u AP u ST DS TSy, U RIS u IR ARG
(4) HEAT top-q .
TE T 52 PF 43y LAt _L e Y top-q BEAT HERE
3. BETF5ERES R Meanshift BXMNHEIEHEFE %
3.1 aFRENR

FEARZ TR 7 T 00, SVD A& H I RIAERE I 7152 —, SVD ARG ALAR 7388 P o 2502 3R FA i Pk
fI77 BN, A3 A o T ARSI AR SR, R AR ] T e Sk b . PR BRATT T 1 4R
P - Wi e R L, R SVD KSR =AMERE, Sr R e B AERE U, XPAARRE K
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AR o BRI - PR HERE R, AEHT SVD BEATHERE /R B AR Rk i A 5K (8) Fiam
R = U K I (8)

577 SVD HEATAR M AR J5 B A 8 L3 A B0 B A A K, o 3 ROk B
(R E ML o, FU LI AR d <m Hd <n o Bk T 00 o LIS R - AR
> BRI AR I A RO TR,

s = KgrgUnaRon I ©

mxd " *mxn " nxn
A @) M A K(9), FATAMAT LUK RAAE I 4E B B 220 d, RIS W] LASRAS S AT AT DA S S it
Y00 Z IR R AR B - PR BORERE Ly, IXH T T AT Aot e 2 T ot B e R DR B R B
U B SEARALLRE I 58 A AT 55

3.2. Meanshift &3

TS RO HHE , BEE I BB T E 3G 22, HETF 2R 48 (i L P ookl , BT LSRR 2K
J7 i JE FRREATHERE FL AT DLy AT e (AR RV ], TSR T RO L . AR, AR R R A
GFRER, T HARKRN A (H2 Meanshift ZEIC ARG AT B e 508 BARMES K, R/ E380E
%6 B R, IR ARG S TH 5. B ABATHUE ] Meanshift JERFLE 0 Bt 17 2K

BB = K RS, HAREARER G X = (X, Xy, X, | o X, SRS 2 AMFEAS s X B S, ()
i A2 LU N RIE(10) R R 10 a S, Hal DN — 2N H, 00 x IR 4E L ERIE X I

SH(X):<a|(a—x)(a—x)TsH2) (10)
UITRIEIX 7 MR R, A DA SAEXEL S, (x) o Hn] DLAS H I IS 1) 5 1 A HE Al SO
EaWAR
_1 9y _
MH (X) - m ZXZESH (XZ SX Xj (11)

R T AR X 3 B s AR ) R R AU, RS T ) SR SRR, FRAT I v A pR
HAE Meanshift 228 ) B AR TR A XN

x2

! oo (12)

N(x)=
() J2nB
ZEEARADMAR(12), FATT S ERE SN T B IEER R =T HA A

ol
M, (x) =

T

Forb p AR % B VEHEIN SRR, G(x) Nl m iz R Ba A2 S E ) 7l .

A VA2 s ()b (R s, SE TR SR R AT A N BL R T

(1) BEHLEH— 2 x bl SRJG A r R RE — AT, AEaiah s O . TR )& s
B DR A A2 2, AR

(2) FEIEAGERE T, x RIE R REIGEACRS 17 [T X8 R AR R AL 1 B v 2 2 ) DX (B B 25 s o

X=X,

-X (13)

X—X

4

H
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RECE 2 11 X35 -
() s H—EAWEE, B2 L R s BN R .

(5) MR Hud 1T T AL I B T AT IR
BIRBRPIIHAERIN AU, ERIATH BT LRI, JEHRFRRMEE R, BmaEE TR
AR RFADUIE 38 fi R AR I T DAGRAIE DA R A3 2 58 RO 2 R 55

3.3. BN EENEEE

FEAL G W [ i 8 S50 AR AU 2 B0 A 25 PR B IS (X — S R 3R, FOR T A ) oA 24
SEHER, DUORET RS AU . RIS AR, B — M VAN, R R PE AR AR EE AR ]
BV B L, DRy B A SR D A B HIRAS, AR BB VR . B DAIRATTET X 40 2Z 1A
FAACLE B 5, gt [a] Rl 3~ 25 8 1 2 o B IR A) B0 HERS , FRATVOMARME SRy — M B 38 BOR 2 T8,
TEICHE 5 AR N (I 7] 5 2 B0 PR 2y B ) ) Z2 (B RE B, FEReak slan A 0 (14) s

sim; (a,b)

=g "M 14
sim_(a,b) 14)

BRI TR 2 — R o MR LA AR R T . Herp T, AR AR S T HER I OIS TR, T AX
R Z BTV T, w AR KRR ECERE 2. 458G AN A4)E, BATTLAE 2
HE AR LR AF AR B BT R I ARk 300 R s
1

L+yX(a =)’

i B 2R IR R R BAT A T AE S B AR i T AE (S0 o B 5 HAR ) AR R AT, AR5
e URS E SR I A R AR I B LB ER S, IXA UG R T BRIy R R . R, 25 RS I [E]
(RIS AN A A SRR T DA SE DR (1 58 RAE R, A A5 Ho6 T HERR S5 SR T S 4F (e

3.4. YMIEITS T

FET Y [ P EE R AR AR A —H P RO A SR s, ARS8 X T AN FY)
PIPE o A — 8 AR, DR X 3R ATT 75 BT A F P 6 T3 i PR i, 3RAT TR AR % B Aw
FH P 6% H brd i 45 T REAR AL S D23k Tl H Fr 6T H AR S I PF43

B CARRAT 55 J K F o 2X(6) iR 47 1 23 T
3.5. ¥GmiESA

FE R R

BN P - ERE R, WEER RN BT ERHMAEEE d, HEEY S5
q. FEARFT U, BARHT u AR A SRECERE How, .

i HARAT u T A TUEE Sy, top-q HEZE A

MR 1 MIRGEIH - Vs vE o kR A X(8) (9)idH AT & FAE o iR ab B, RIS - VR HERE .

PR 2. BEERPIXT W - VEAr AR A S (13) AR s I AE VRS TS, RIS B 2 (R 2R3
JarIgE R, HHAT R

PR 3 MR (A5) Bk AW L LA AR U E BTt S dh i) 5 i@ S b 0 i AR AURE

sim; (a,b)= g (15)
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PSR EE/ LN MINEo SURIIE S

AYR 4. (ERGEAWEG RN L, I A 2(6) 2 T IV 73 B 5356 1 il i BEAT VP23 T
AYR5: R q B ALEEAT top-q R

4, LI RER D
4.1, SCIRIRER
SIS IRIE I B N6 1 Frw.

N

N

}
&

Table 1. Lab environment
< 1. SIS

TRtk 1 A JRA I B
0s Windows10, 64 fir
Python 3.7
JOBLIE Intel(R) Core(TM)i7-7500 CPU @ 2.7 GHz 2.90 GHz
RAM 8 GB

4.2. LGRS

A SE56 K F 172 Movielens 1M 45 4E (http:/fifles.grouplens.org/datasets/movielens/), Movielens #& 2%
L HEREEREE Y —, HPSTFZHP N2 EENTE IR H REAEEREEE R
MovieLens 1M $¥E4E 45 6040 17 7 A1 3883 FHLFZ LA & 1,000,209 2514y, FH 5 BRSO 1R 43 1178
FE4 1~5, 3558 5 MRS . % LR, Z1F5H 153 MovieLens 1M AR % BN -

1000209
6040 x 3883

BATATLAE H, MovieLens 1M [ HHE 25 B HL 8 /N o
4.3. VN IaER

P S AP TR A AP bR LA 44 0P 940 R 5 (MAE) . A AE TR T o,
Lor P U R U HIECSEVEAY, BRI U R | O TRIAESY, [T| IR A RS H . MAE
SR T SUBUNE A 15232, MAE 5 U2 5(16)

Zu,ieT

x100% ~ 4.26%

o
ri,J_ri,j|

MAE =
7]

(16)
TESEIG I RE TR MAE FR /N3 BH SN T 49 B 2 BUSPE 4y o ik B TR0 ()RS 52 5 vy o
B LB PPAN TN E 43 40, RS VE oo FHERE S SR AR AR v DL A 1K (Recall) SRiEAT &, AR
FOEFRTEME A FIE S SRR K I R E S B A SR AR R e R E S TUE.
BT TR ok, M, OAIRREEAR P e KBS, MO REER L AR ES, WH
(B fR T 5 A (A7) TR :
M, M|

M|

Recall =

17
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FE SRR A, 7 T S 0 K T 2 A B2 ) SRR AT
44 KWHE

TEAR RS R T ARG AT (R SEBO AR, FRATR AR AL 7 R4, Horp 700010 B S0 Al
SR8, 300 1 A E RS o 8 I BT A B TR SE B FRATTHE AR TR S 06 oK 5 (B R SR 2 ¥ B B8 T 2.2,
wﬁﬁi’y%m, TR ER BRFIE 158 SR AR RFAE (1) 35%, R 75451 65%[ R ARHRFIE . X THEFF B2 3A 14K
R¥EN 5, 10, 15, 20, 25, 30 FHATSLE, BANFEERSLIREEE TSR mimid DL Seie 3 8 it
TSR IR EIRIZE H ) MAE AT Recall PPAN 4R FRiEAT 5256 WFA

[T A T R AR AR SRRt AR SR IR BV E PR R, AR SCRT B HH IR 35 T 4R B 43 f A Meanshift 8251013
)3 JEHERE S (MMCCR) 5 1% Ge ) 234 T4 ¥ B[R] 3 918 550923 [17] 1BCF (Item-based Collaborative Filtering)
AIFET SVD [ b W A3 € 572 SIBCF (SVD-item-based Collaborative Filtering) it 475256 %} L

4.5. SKIREERIH

I s, A FEHERESE SRR MAE B BRATRT DM 1 R RRE: BEEHEEREN
WL, HFAEH SIBCF MHATHEESLIN, MAE FIES A/ NEAKR, fEHEFEREY L Mg 2 LT
[F#a#A . 5 SIBCF AN 142, IBCF FIASCATHEH Y1 MMCCF 7R 501 £ I, MAE {E 45 & HOk )N
BRI SS, ULHA TN RS B Ok R . A XL IBCF FIA ST I MMCCF, A T i W % <]
1 AfRAKEL, FEMEESERDR, @ik MAE X BT VR, MMCCF BT R 248 - IBCF.

0.78
0.77
0.76
0.75
0.74
=—BCF
0.73
== SIBFC

0.72

MAE

MMCCF
0.71

0.7

0.69
0 5 10 15 20 25 30
HEAFRCR A

Figure 1. The relationship between the recommended number of different algo-
rithms and MAE

1. FEIEZEWEERHES MAE XA

T EEMIE B AR T, TEARMHEIESE T, AR I MMCCF Xf L IBCF 1
SIBFC M3 MAE B I H 73 Eban sk 2 PR . AR UE AT IBCF, {#H MMCCF & £ 1§ MAE T
%7 4.52%, %IT SIBCF, {{i[fl MMCCF £ fiif3 MAE T[4 T 1.24%.

[ ) S5 A H 1] 2 A 3R AT DRI, RS 3 o] S5 = Fh BE AT HEFR 45 VP i %,
— PR A HEE R R R I [ BB A — PP BRAS, (ARG I i B = B A
—ERRREL EHSEA LR R A IR ROR P DU ) e AR o ] 2 AT LB MR AR AR
H ) MMCCF 57325 Eb T IBCF 11 SIBFC 1 Fh 5925 F 4 77 55 R AE 5256 485 SR v B 47
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Table 2. MMCCF improvement results on MAE values under different recommended quantities
# 2. MMCCF EREEFEHE T X T MAE EESER

HEAE BRI IBCF SIBCF
5 4.52% 0.27%
10 3.82% 0.54%
15 3.07% 0.82%
20 2.69% 0.69%
25 2.17% 0.55%
30 2.18% 1.24%
25
2

E MMCCF
cz
== SIBFC
== [BCF
0 5 10 15 20 25 30
A
Figure 2. The relationship between the recommended number of different algorithms
and Recall

2. FRIBEZNEFHES Recall X F

JE I 22 R SEG e SEBRT L SR FRATTRT AR B, A SC R H R Bk MMCCF i LB VPR Fe bt 47 17
iy, HAMEREAE— E R FEVLT IBCF A1 SIBFC. iXiEH] 1 A4 i A0 38 T4 B 40 i A Meanshift 2828
F P R pE A B B — e ML B, AT AR 1 52 O o S i 2, JF B3R AR &

5. &5RIE

T GEII AL JE S TEAEASREA RO AL BB AR B 17 FEURI D 7 ¥4 J3 2l i 7L, [ 727 ) i
A R i) R E . FRATT TR AKX R T R 2R Meanshift S0 R JEHERE SE, I AR RSy
fifE b SVD J5iA FUB MG ) MIRGE L W - PRMHERE, SRJE S AT T R B S (RS SRR )
A HEAT IR, HEM4E N AR R AOVE L, SRS A0 H AR it R 5 A2 ] — S A ek R R L F A AR
MR R B TESAT U LR, 5 J BEAT S 0P 23 T S5 B m] S 0 S AR S8 AR AR 55, [N ASC T H
SR A — B R A R R 1 v JR s AN R ) 1] AL

E&WE

AW H % H o B AR G (No. 61662028) [ 5 44 K 27 A= 618 81k Il 25 v &1 35 H 2 < (No.
201810407018) MV LA # B /T R AM 7001 H 2 4x(No. GJJ170518) %t Bl
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