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Abstract ; For the problem of poor performance of traditional similarity calculation when the user common rating is few or not,and the
traditional weighted slope one algorithm does not take into account the effect of item similarity on the prediction results when making the
prediction rating,a weighted slope one algorithm ( BCWSOA) based on Bhattacharyya coefficient is proposed. The algorithm is mainly
aimed at the above two problems. One is to use Bhattacharyya coefficient to improve the user similarity. Firstly, the local similarity is
calculated by the Pearson correlation coefficient, the global similarity is calculated by the Jaccard similarity and the user correlation is
analyzed by the Bhattacharyya coefficient which is used as a weighting factor to optimize the user’ s local similarity. Finally, the
parameter « is used to optimize the user’ s local similarity and the user’ s global similarity , thus the fusion similarity is obtained. The pa-
rameter « is used to highlight the different similarities in the fusion similarity weights. The other one is to improve the prediction score by
using the Bhattacharyya coefficient. Based on the impact of project similarity on prediction results, the similarity of items is calculated by
using the Bhattacharyya coefficient, which is used as a weight to improve the weighted slope one algorithm prediction score formula. Ex-
periments on MovieLens100k dataset show that compared with other algorithms, the accuracy of proposed BCWSOA is improved.

Key words: Bhattacharyya coefficient ; weighted slope one algorithm ;similarity ; BCWSOA ;rating prediction

0 51 &

fEG M ERE R R B A T NA ML A
R S e A AR A B R EsA
N BTz, EEAARERE T H P M T Y05 0 B R
1€ slope one 3 R —Fh LT S B ) 0k
Bk E RN AL S PATRCRE S, EEAMK R H T
A3 2L TRUIN 4 T X A A SR, JC I g b Ak 3
A . PRI 4 220 3 6 b A7 T etk B
2 NP 2 je P40 F P 50 o 0 4% A7 A R 4R

s HHA.2019-12-24 &[5 B #1:2020-04-24
E&TH . HEKARRAESE (71761028)

H—F AL slope one 7%, 1Z S P48 T TN A )
T /NS 2 N ) T Qi 2 X6 SR D 43 B4 B8 AT 3
F, P B R) 5 U8 53 s B T NA slope one %7K
ZEHAPSHPSRHE ST HEA S XR, Lik%S
N bR A B S5 NAL slope one ¥ MILE 4, il
i P AR SR 5 H AR P SRR K S4B AR
o408 FE XTI H Ao R AT T 5 ZE kA A N R
JET P ARRUBE 168 25 T 2 P 2% R AR Ak, H 35t A pR AR
5 &8 AR Bt inAY Slope one 359%: , #t— 4R = T

TEE R XM (1995-) , 2 B2 BFTE 07 0 (R B HERR 303 s A A, 280852, il iRYE R P07 1 Dy Ik I Pk TR



511 3

X 4 M55 | RlA B EG R B INAL Slope One 33 - 75 -

RS EE 5 SCHR[ 910 ] 7% 0T H AR AL X 45 3R 4 52 0
MRIEAHAE K USR5 b iy 50 B AL, sh S kB
AT A ARER, AR5 AR B B 35 H PEA I 22 |, B S
TR MEAS R A T 000 5 Py 2 55 A M am ad i P S 0
H @ AR LEE , 5T 7 & 2 - 00 H 28 B e 4 AL
K, IR IR 2 20048 2% 0 10k O] 4 R B2 F0I 5 Zhao
BN Bk = AR SEE AT 7RG 25 I8 A H
AEARLBE I K HLARAE Sy A A 1 il 45 3 N A slope one
Sk

RO AR B Y R R L [ P43
MR R, B IR A OC REO T M B HK 2% ; Jaccard
REAE B E 2 A A LR R, AN Re A 5 BAKVE 5y
BB 225+ . Bobadilia 55 A5 i HRIAT SRR B B2
AT S PR AR AL EE D £, A PeAZ SE A AR DL S DU 6, B T
ToU i A, {0 AR B A s T AR B R 2

PRIt , 32 SO AR BE THER 7 R kA 7 ek | 4 ) —Fh
FilG  R R B AR LS T+ )7 ¥ . B 56 Jaccard A
U T3 2 R AR U , Pearson A 3¢ R 503438 7 &3
ARARLRE , H H B IR SR B A P Ry SR ARBLEE |, 2K )5 F:
FIASE o BV BlG AR BUR 2R P AR, 248
o Y5 LRI LA S G b A8 5 %A R L T e AR RLBE v
B B FeEE R T R N H SR T R B DR
AL B HE P 2B /T K A P VR BAR P 348,
PR S0 P 3 H s 22, 5 45 A H s H
JFA B4 A INAY slope one 835 47343 T | /iy T30
E AREALEE X S0, 47 A 52 0, DT 0k FH O G &R 45 A
H AR RLEE s LA S ASCER X S0 3743 47 etk

1 JL# slope one &%
1.1 slope one &%k
slope one F kST —FPLPERIEY B f(x) =ax + b ,
AR E « BAE B f(x) , b 3 H B4 2 5
fH, W1 Wi, Wl U, X A B99FE5
F 1 A pPARB 4TS

TiH A B
U, 2 4
U, 5 1
U, 9 3

o, RYE U, LU XA B BT IR A B Z

ARz b L b= B 2) : A=5) __ | wiH

LS, f(x) =3 + (= 1) =2, 00 U, %F A B93E5 R
2 /\O

slope one FEI5 M TAEMFRUN T .

(1) 532

1 2 W B 22 B F

u/ - lLi

2 Nam(S,00) (1)
SOP, w u F AP G A S, (X) %
RIHIE © 5 0 PR NumV(S,(X)) 2
P

(2) Bl

A8 1 3 BT AR R0 T PR )
1 T4 B EL BRI J T4 A AT

1
———— ) Dev,; . 2
Nam( R,)% ev, +u, (2)

Horpr, Num(R,) SRR By FP I 2 it B A5
1.2 Weighted slope one & ;%

slope one BiEAUE T4, A H B A $oe
Y22 TR R R, X [ — A3 H P FH P8R
22 VTSI e 22 RORS B , DRL G R ST S FH P X 143 1)
S AT AL B B I B 2R

| D )(Devﬁ +u,) Num(S,(X))
P (u)] — i€ Num(R; (3)
Y, Num(S,(X))

ieNum(R,)

Devﬁ =

P(u)/. =

2 BRI INAY slope one &k
2.1 HHUEHEFAES T

B GARLEE T3 7 ik A A sE A E B IE A%
SEAARL RS B2 R b AH O 22 Jaccard AL

wTm MNP U=1{U0,,0,,-,U | Ala PMHIT=
UL, 1 R P -3 B P 56 B, P U, X
WH 1 A R, o BRI 2 R

&2 RAP-RAAFH

I, I I,
U, Ry, le Ry,
U R, R; R
U, R, R, R,,
(1) ARFXFRIE

AREZAHBLEE (cosine similarity ) FH 1] 42 3 1 (4 4% 5%
HFRARE 2R,

WA w o, 1, R FTA PR 0950 H 4,
R, R, AP w o X H i B9, WIBEASFH ) 6
ATAMLE R E AR

Y R, xR,
=

J 21, R x J 21, R
(2B IEATEARLLEE

T AL AR oK 2% R o B[ X 45 SR B 52,
B LA 7= A T A& IE 4% 5% M UL B (adjusted  cosine

(4)

Sim(u,v) =




<76 - HEPLH AR &R

530 &

similarity ) , 7% 75 18 B0l 22 10 P D 43 - 24 (8
AT R
> (R, -R)(R,-R)

Sim(u,v) = = — —
J;<m—&VxJ;<m—&Y
(5)
(3) B ARV BB

Jz SR #b AH ¢ 22 %X ( Pearson correlation coefficient,
PC) FH o i 1 Wi 28 i [A] RO AH SRR B B AE [ -1,
+1] 220, FHEAXWNT .

Simm( uw,v) =

> (R, -R)(R,-R)
iel,

T e
(6)
HA 1 AP o BEFEESES R, R, NS
w v SFE BTSN R, R, I w v ST
I H o M IE .,
(4)Jaccard FHLE
Jaccard AU AN R AR 8] 2 75 HAT LR RRAE
A EPE A EUE RN, AR AW .

, L,
Slmj_dc(u,v) —m (7)
Ho 1 1 RS w0 S EESRES .
(5) B A%,

[ [C % % ( Bhattacharyya coefficient, BC) """ 7&
o R LA R R ) S5 U FH A 22, mT LR R
AR PAHEYE, & p,(x) Fp,(x) FF—EHIX
] X ER PSR AR

BC(P,,P,) = 2 /b (2)py(x) (8)
Hrp, p (%) | p,(x) & V50 b 0 & HPF 2 Bl
P, P, il RR P w FUH P o B93F55, WA P w Al
JHP v 1 B IR R BB T AT

BC(u)= Y /(P (P,) (9)
S PO OV SRR P P, A
SR MU o AR 5 A5 OV 5

AR p, = 2L b (o) RIHPT u iF

n(u) >~
3R s GO I BECE , n(w) WA w PES I H
JET 65 8
WP w M H PR w =(2,3,0,1,1,4)7,
FHP o 330 H 3 R 0 =(1,0,3,2,1,5) ", TR 15
K0 ~5 2 R P w AR o fifi A B G R B0 A AR
LN .

mwm=§¢ﬁj@?=

Jsx sz selsnse
0+0=0.8 (10)
AR E SRR RE TR T7 VR B 3B, BB R b
AHOC 2R BTE B B ) 315301 BB 48 22 5 Jaccard AHAMLPE
IRTHEE T A R ARARLBE | (H =A% i ot H (8] (% 3 [m] ¢
fiE, A5 TEIF I BAE TN 5 A X HUE IE A X AR L
HRMAG AL [ PP 5 T R BOR A AT DATE £ 308 7 it o 1
SEARMRLEE 0 ELAT LA A P I . PRk, T T
UL TG AR Bk SO AR LB
2.2 fACETE R
2.1 3520 Hral g G AL R PR D O B
FEGEAI AT RE 22, AT 1 32 SR T 12 1 AR AR
A RN FR B, IF 5 Jaccard ARAUPESET T RlG 15 3
2T PORARLEE
5, B AN 5 R BOTH R P R AR, 24
Bl DR AR R 22, Bt AJH I IR R 80 B
FURRICHE KV 2 mm DR i A 21 J AR BLRE v A
AP R AR AR . A .
Sim,,,(u,v) = Sim _ (u,v) BC(u,v) (11)
HW, M Jaccard ARALPE 153042 Jm) AHBLRE , K DAk
14 Jry B AR BLEE A2 AR AL BE A TR G IR B S8 0, 2
B o BRI RS [FARABURE AR fe Z AR TP AR, 2
Faw/(II
Sim(u,v) = @Sim,, (u,v) + (1 - a)Sim, (u,v)
(12)
IR 28 A AR AT R 2 T P AR AL A K
LU

Sim_ (u,v) = aSim,, (u,v) +

(((((

(13)
2.3 FHES BBt
AR 2.2 35 A P AL, SR HES S
MNP PR i K A P i A SRR E S(K) s
MR s AR Hh i 8 T H AR H 4R = P it
B E AR H 5B s P P gr I E 8P 5 22
Dev, ;e fmi i i 22 5 H A5 F P #9972 AL slope
one FERE TN, AU
Z (Dev; + u,;)Num(S,(X))

P = ieS(K) 14
), > Num(S,(X)) ()

ieS(K)
T (14) th (LA 1 T P 5 00 45 3
BB % 1T F A B R B DAL 2654

Ik 325 it FARARLEE o 3350 J AR T3 %3




F

X 4 M55 | RlA B EG R B INAL Slope One 33 <77 -

A RRE, BAETHE A AT H AL ; SR )5 4k
HMARTREES S(K) HaT K AN4BJE BT I 5 & 4
P HARTE j 5408 H @ Z R HLLE BC(,
) s I ERE AT AR A I E AR Bl A S AR B AR
A (14) 5 LB T PE55 . ~=8anF .
Y. (Dev, +u,)Num(S,(X))BC(i,j)
P (u)] =iES(K)
D, Num(S,(X))BC(i,j)

ieS(K)

(15)

I AR ARLRE AR S B DR i A 380 ) 2 K
—J7 T AT LAF 55300 H A AL EE ARG T 25 SR 04 5 e, 30
FRHARLRE o Bk 2 (R IR 5 — T T 2% ] = Fn it H
ARBLEE | AT LA 45 2R B oy
2.4 HiERRE

AP -THPHEER S8 o BEHK .

i HARRP o XTBH @ IS

B BRINE .

R AR P -0 B RE R AR 4
BRI R IH AR E R

PR 2 R A R R (6) A PR
BRARRURE , X (7) THE A P A R AR

R 3 AT R ARB(X(9)) 7B ARG,
THEIH AL

A4 HEBE I PR B E KRR (6) 1
JRERAR L I 5(7) e mAHLUE S, R E S
oo MR G B R LB P ARLEE

ABR S AR AL IR 4 15 210 Fe 4 H AR RLEE KA
RLEE AT I 7 HEZ B BE 00 K ME R L P 4B & A
PIEES S(K) .

B 6 HALTR S MARIEES S(K) |, M AE I8
Ji PR A 3T H B 2E S 5000 5 A5 FH P s 550 5 /) 1F
o3 B E PR AP TR 3 iy I H AL I AR (14)
o B JE I (15) B0 R 2 H Aw P s 3 H Y
W,

3 XRERSHM
3.1 HIE&

K% H MovieLens %0 ¥% 4 #F 47 0 3% ( https.//
grouplens. org/datasets/movielens/) , 2 # F 7 4~ %%
943 HLEZ Ry 1 682 FB, M ILIE 4R 100 000 2%, PF4
TLHH 1 ~5 70 B iR s REE N 0. 063, K A4
LA 8 ¢ 2 AT A Xk R AT S
3.2 EMiERR

S AR Y TN B R CF 8 48 X 1% 25 ( mean
absolute error, MAE ) 134 77 ## {2 2% (root mean square
error, RMSE ) >k fiij i, 20 =CANF .

N

Z‘Pi_Ti,‘

MAE:ii—ﬁv——— (16)
Z} (P, -T)
B (17)
Hrp, pOoATONPES:, T, RS AL PRPEs, N R
MRS I ) S
3.3 ERASMERE
3.3.1 #HEAHH a KL
FERCHARBLEE I, 2 0G 3R B Ak B IR G A OC 2
BORAE ] sy AR RURE | FH Jaccard AHRUPE TR P 42
JRIAEABLRE | S5 S5 FEARRURE fil A5 B, 1 I 28 o SRR
A P Ry FRARABLEE RO P A Je AR BLEE . S48k a IR
I S S [ AR A S A DL EE TR AL S8 o X
BON[0.1,1], 2K 0.1, AR RS K M [ 10,
60] 25K H 10, FHEBRSEI 5 RGMEIAYE ¥ 6 A
[ 48 JE T AEBCE 2, 738 o LA M K B2 46X MAE
Al RMSE AYRZ0R , SEge 28 e 1 fE 2 frs

0.777
Ev— ]

h 4

0.776 1 /
0.775 1 v/v /
i v/ \ 7
0.774 1 ' v/
~

0. 773

RMSE =

MAE

0.772 T T T T T T T T T T
0.1 0.2 0.3 0.4 05 0.6 07 0.8 0.9 1.0

B
B1 REAK o MAE #%
0. 995
[Fr— RusE]

0.994
e //
0.993 g
= /
L 0.992
=
0.991 Y /

0. 990

0.1 0.2 0.3 0.4 ;;ﬁ;b 0.7 0.8 0.9 1.0
B2 RE A% a s RMSE # %%

ME 1 FIE 2 AT LIE H, MAE 11 RMSE [I{EFE 2
oo ¥ KMAL L, MBH « BUE N 0.5 i, MAE Al
RMSE Y3k B 5/ MA , U B BUAS I RO e, BRI, 78
FH P RRABLRE RCHE B30 vy, A JRy A A AL A 4 J) A+ R0
G E M SE o« BEHO0.5,



.78 - HEPLH AR &R

530 &

TERCHE RS T 408 S 5 A [R] 1 25 52 o i 45
S PRI 32 3G B[] 1) 908 B B0 A 7 ( K =10,
40,80,120,160,200,240,280,320) , 4 —/> K #4755
DRSS, B HIBOCT S (B ARy e A 4 2R, 2 1l 4 s K
it K 5 MAE 1 RMSE ¢ & K &l 3 FilE 4 s,

0.82
0.81
0. 80
0.79
2y 0-78 7
=
0.77
0.76
0.75
0.74
0.73 T T T T T T T T
0 40 80 120 160 200 240 280 320
LB K
B3 A E#E K5 MAE #% 4
1.06
—w— RMSE
1.04
1.02
2y 100
w2
=
0.98
V.
0. 96 \
0.94 \\V\v—viv—v
0.92 T T T T T T T T
0 40 80 120 160 200 240 280 320

SRR B K
H4 AREZF K5 RMSE #9% %

M3 I 4 BT LUE Bl <R R A K 13 £
MAE il RMSE #5635 1218 8 TR . B 7SR
S AU A I AT R A3 A A B D | s A Y R
2R R ; Bl 4B JE i AR T 2 | AT R A 253
Kbl 22 | 122 B W/ N 1 2 A i ik B A —BUE TR
FE o MEIT AT LU ) 248 a4 K =200 B, 5% 2 f
VAN =i R 2 7 9 125 = R o [ NP A 0 g 7
JEEEL A 200 BEATHIESE , ASALAT DLARTIE R4 ) 00 45
B A RE R AR S R B
3.3.2  AEEFAMA X 6y F okt

T AKX, LI 25 R S AEE RS, A
I IR R BOH T H AR LR B I A 2 5 4d AL
slope one FUM A H W ol i2E J5 1 0 23 28 5 R A
A PR 1 R e g 2 A X L, 25 R an sl 5 Fn gl
6 Fi7R .

MES FE 6 AT DL E Y e i 2 =y
MAE F1 RMSE {8 34 bt A i 7t i 28 {8 BB
UL PR R B o i) 2 =7 A AR B b AT D vy 93
K5EE

0. 746

—s— Rk Pl 2 U5

0. 744 - —o— SRl o AU

0. 742
L 0.740 A
. 738

. 736

7

0.732
1 2 3 4
S ICEL

B35 REFMAXE MAE 14

0.954
—m— RG24 ST
0.951 —o— uk P 28 B
0. 948 -
0. 945 -
m
L 0.942
(a4
0.939 -
0. 936 -
0.933 -
0. 930 T T T T
1 2 3 4
S UKL
H6 REFAMAX 4 RMSE 14
3.3.3 & EL A ket

FITH I R B0 LATER i Bl 1% 00 T 75 SR st it
SRARRLRE | $5 1 FH B I R B AL B R DG 2R 88, T 5
Jaccard AH2C F B Rl G 45 2 — BB B AR ARLRE 3H55 05
o AL 3.3, 1 WAL, FEAR LR LA I, 2o
0.5 B AT ARG Fe L] P ARBLEE s 7 4B s i K 24 200
TEOLT P00 45 2R G B OE , DR 220NN, Rt R
SR o BB N 0.5, SBJnEE K B O 200 4755450
W bt (9 55 1% ( BCWSOA) 55 Sk [ 18 ] o 2 F i #¢
slope one Fl1FH P b [ 2o 38 1) 4 #7531 (CF_WSOA ) |
Weighted slope one 5.  slope one #% FI3EF F 7 A%
PrF L U8 5 (UCF) #4788, i 5 48 77 4 MAE il
RMSE, SE5 45 R sl 7 FiEl 8 JioR .

0.79
0.78 * % —
0.77
0.76 1 ‘\’\,_‘\’

[sa]

=

=
0.75

e
0.74 \%
%— UCF \I\.\.
—e— SOA
0. 73 - [—®— WSOA
|—&— CF_WS0A
[—=— BCWSOA (&ilk)
0.72 7 T

T
4

2 3
2 Yok
B 7 RRFE A% MAE 4



ERIR X G MR L A A L R BN Slope One 5.9 - 79 -
1.00 [6] WI/NR,BREERL. £ T slope—one 557k i gk 1434 B4 L 78 Y
0.99 1 *—W\* PRI AT (1], B AL HAFSY, 2019,36 (4) -
0,98 1064-1067.
0074 [7] EBE, & #E . AL Slope one 15[ i UE #E
000 ] FRIEDIE[ )] AL RER SR 5E,2017,36(7) :138-141.
&= [8] Z#ki, 4= A ZM9WE. 5T INAL Slope One 1913 [ i %
" k\ﬁ AR 9] B P HIBFSE 2017 ,34(8) 12264~
004 WF \-\.\_ 2268,
0.939737 XE?QSOA [9] YE G B,ZHAO X Y. The K-Nearest neighbor slope one al-
0.92 +.BCWSUA(%.M . . . gorithm based on weighted user similarity and user tag[ C|//
' ’ gz %3&{% ! ’ 2018 Chinese control and decision conference ( CCDC).
A8 RF Akt RMSE 14 Shenyang: [ s. n. ],2018:3665-3670.
A 7 R 8 WTLLE 4S8 a H 0.5, 48R4 [10] SUN L,LI Y,MICHAEL E I. A slope one algorithm based
K %200 i, ik 1 BCWSOA ) MAE Fil RMSE {ii on iter.n activ.eness and uncertain neighbors [ C]//2017 .3rd
I H T b L %: S I Ll IEEE international conference on computer and communica-
N ’ tions (ICCC). Chengdu:IEEE,2017:2231-2235.
P L1 P9, ST, — RO & P 00 L 9 b 0 5
RSO S ST ], TR S PR, 2019,36 (2) 12—
4 BERIE 1.
TS A B I R B AL BE (AT i ik [12] BOBADILLA J,ORTEGA F,HERNANDO A. A collabora-
T H P REPER 20 5k F A i ) Bt R 2T HAH tive filtering similarity measure based on singularities[ J . In-
ABLJE XoF T3 F14) 52 , FH B B 22 502 4 0L s i A formation Processing & Management, 2012, 48 (2) ;204 —
slope one i, 5 HT AL slope one FIJH F 3 [A] it 217 . 4 o
B R R ( CF_WSOA) Weighted slope one Bk [13] ?HAO 7 ,7ZHANG J V\.fe1g.hted sloPe one. al.gor.lthm optimiza-
tion based on user similarity and item similarity [ C]//2018
slope one SRR P Y P ] o 59 (UCF) s 14th international conference on natural computation, fuzzy
ik, e EL R AR E AL slope one P A B AS systems and knowledge discovery (ICNC-FSKD ). Huangs-
5 38 Frdt s han: [ s.n. ],2018:34-39.
[14] FBAR, 2 AR P[] DB IV v B AR AL IR 1 7 1 P 5
BE K [ AL TR S8 H,2014,50(8 ) :147-149.
(1] EWry. Prlalad i e Bk Ko 58 [ D). I Fadh ok [15] PATRA B K,LAUNONEN R,OLLIKAINEN V et al. A ne-
2 .2019. wsimilarity measure using Bhattacharyya coefficient for col-
[2] LUMAUAG R G,SISON A M,MEDINA R P. An enhanced laborative filtering in sparse data[ J]. Knowledge—Based Sys-
recommendation algorithm based on modified user — based tems,2015,82:163-177.
collaborative filtering[ C]//2019 IEEE 4th international con- [16] & ETORREBMEBELRWPR SR AF[D].
ference on computer and communication systems (ICCCS). Jbat . db st Tolk K27 ,2017.
Singapore ; IEEE,2019 : 198-202. [17] @RoCHL, FaI7, 0, & —Fh 2 R R Bt ML Y
(3] Mk#E, £o0, W#E 4. BT R/ 2 K-means [T PRl SRS [T] . IHBHLE T 5 $T,2017,34(8) 265 -
PRI LR 5 R I 2018,28 (1) 1104~ 269.
107. [18] WANG P, QIAN Q, SHANG Z, et al. An recommendation

[4] B, BRI L, 55 . 5T QT U SR e AL i Slope
One BVLEHE[ I]. HHEAHLN FIBFSE,2019,36 (12) :3605 -
3609.

(5] X f, {7 4. —F etk Slope One Y24 ) HEFE B %
[J]. PUZEHR 2= 4 ,2017 ,22(4) :105-108.

algorithm based on weighted slope one algorithm and user—
based collaborative filtering[ C]//2016 Chinese control and
decision conference ( CCDC). Yinchuan: [ s. n. |, 2016;
2431-2434.



	计算机
	页 1

	计算机
	页 1


