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Abstract

In order to recommend items of interest to users with minimal loss of recommendation, and avoid
the single recommendation standard based on the similarity of items in traditional recommenda-
tion system, this paper proposes a three-way decision recommendation system. On the basis of the
traditional recommendation system, the idea of three-way decision is introduced into it. Any item
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can be made the categories of recommended, delayed or not recommended according to the pop-
ularity of them. Finally, items with the maximum interestingness are recommended to a user. The
experimental results show that, compared with the traditional recommendation system, three de-
cision recommendation systems based on users and two decision recommendation systems based
on item, the item-based three-way decision recommendation system can improve the quality of
recommendation and minimize the total loss of the recommendation.
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1. 518

21 LA T REAERAS, AT H B2 A CPrih 20 E B SR S S AL RSO, It
RGHIB L 5E B MO T 5 TR AR R B i R, A SCIRAE T — R T I H HER: RS, Reb IR mdERy
R, MREEANE. LB HIUER, @A TIREZIHEREOR, W T F 2 RS, Hl
an: Amazon fMEALYI R HES: 2258 Netflix FORLSES: . Facebook AULFACHERE, 4 H kA M <3 i
e, BADJLE, 5. P R WS EA AR AR RS 2T I H MR RS — PR YE I
H Z IV ARAURE , FRARSE AT XA ORI H BB, 9 P 3R A AR SRTTIR T35 BT 9 Rkt
MREAE B h R E] A CBOGIRE B2 — R IR SR X TE B A FRUE A A rE B
P Yt — R AR R IR R S, THER: RIS A 1],

W ROHER: RGUA BT R IHERE, slRHER S AP i £ B A AU T [2]; 56T 3R HE
15, AZIHERE R GUM T B0 805 75 SR AR 5 1 U™ i TR BERHERZ U H [3]: IR AR RS, %k
HRGALLE S T LIRBINZMEOR, P AR M RG0SR TERE[4]: 2 T W R ER
HEFE RG], %A RGUAWAER: T A7 O R P HERE AR e (6] AL T 30T H 1A W [F) 1L e HE A R 5t
[7]e ASSCR LTI H IOHER: RGEHEAT I TE 04T

N T RALGHERE RGNS S BEAT T F HERE, SRR, ASOR = SR RB ARG N HERE
ARG, PRI T I0H MU AN S UG RE L 1 = SCRFHERE R GE. MEORRE SR BB 0 — A 5K[8], =3¢
DA T ZR ] T A SR IR A A VE R AL AT = SRS CAEAR 2 085 B DR, dnbr SR s
ML BE[9]. BUEHIE[10]. RERG[11])5F. HERKEEN[L2]H =SORBIAZE T I R R4, 155
THEFERG B i HLAR R IR/ S5 R SRS N[1S1HR Y 1 2 T IR = SCHE7E R 48, i IR BEAFAT
BB AR I HERE U IE B /)

ASCAERETIH (R RGN b, K =SOSR RGNS &, 78705 FEITH R AR R AN
RYPCURESE, I RS Bl METEUR, KD I H ROHERE . AR ANAETE A 70 e o 3t
TR 0 0 R SBRE, DRSHESE R TR . 3 e o L A 000 I HERA R, b iR AR, Ao
AR RIL B e/ o B r T Movielens BdiE 4R A F P uS LR IO VP70 B 6 HE 27 2R GE AT S0
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2. MXE2
21 ETEHKHEERS

IR (U L F) B P - BUH RS B RS [12], HP U ={u,u,,u ) RFTE P %S,
l={t, b, b, ) RITAETHEKES, F={f:Uxl >V} ZUx| EE5BRERES, WXHER
u el tiel, ny="f(u,t)eV EmA U MIHEt BFE, V ={012345] FIF/r{EEK. =0
FAMP u RETHWS, =0 R u SUHEWE Y. & 1AHTHP - BHFMEE RS-

Table 1. User-Itemrating information system (U, I, F)

#1. AP - TEEMEEREU, |, F)
t t, ty t, ts ts t; tg

Uy 5 3 0 4 4 4 0 0

Uy 0 1 0 3 0 1 3 2

Us 0 3 4 0 0 4 5 0

Ug 0 0 2 0 0 0 3 0

Us 3 2 1 2 0 2 0 1

g 1 FR, b, = f(Uut,) =3 U TR E & BT 3 40 1y = f(Up,) =0 Fm i u, %4
Ut KRS, BN Jo ) u T £, SCRRILRE T3 T 50 H Mot R4, HB O,
ST ARV, WA R AR TE AT 5T ORI, T 3 PR KR4
FOHIEE, PR AT P R

SPGB G 5t HBUELE O

N(t )N N(t,
Sij:‘ ()m ()" 1)
NN ()
SR, N(t)=u, <Ur, >0} ZRETH 4 A0 S A, [N ()] 2R A N () M3
P U, AP (OSGHEL]s
Qg = Z Sijli» )

ieP(ug )V (tj,n)

P(u ) =1t e I [r, > 0L AT u FEA BT H A,V (4,n) R RIS t BATLLEY n AMEART H 184
Bk 1. ST M0 RGN T [14]:
Bin: FIP - BHEAME B RS (U,1LF)
Wit AT U HERE R
SBIE 1 BHEARQ), HERNTE G RG BOARBAE s, . K RRIRIY n AT S
SR 2. RUEARR). TR u AHEE T t (006 g, -
SR 3 K PLRREKEN NS, KUK A,

2.2. ZXRE

FEX 1 [15] [16]8iIk U RoRAE A IR R IR G, RcUxU ZEXIE U SRR, il
apr = (U, R) Jy Pawlak I L& xeU , i2[x], ={yeU[(xy)e R} N x KTHMKR R IEM
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F. XU, a,Be(0l)H0<B<a<l, XM (a,B)- T LIS HE A:
apr(X)={xeU|P(X|[x],)2af,

= ®)
a1 (X)={x U IP(XI[4],)> A,

>
D

“hl e, (0,8) T IR EE A=A ATIT] [18] [19] [20]:

{XeU|P >a}

{XGU|ﬂ<P (X 1[x],) < } ()
NEG(M)(X):{XGU|P(X|[x]R)_,B}.

SCHRTLO) s T PR % B M3 e A A R I = S e, AT HEIBR o 8

B Q= {ay,0,) T s MRAHIRIES, A={a,a,} o5 m MIWHARIES, A(a|0,)%

TAREN o BEREUT A & (94515, P(o; | X) FRMER x FORE o PRI, WREIATA & 8512
K A[19]:

R(a 1) =Y 4(a 1@, )P (o, x). 5)

=1

ESIRAILB21], Q= (X, X} BAREEA(RT X ARET X), A={a,,a,.a,} TRTHE
o, BIRTARRARA, TEEZ, ERAIEL =N . BT RIRRT RSP E AL, 47
F Aop » Agp » A TSR B x A TRAS X (X € X )N, SREUTH @5« 85 ay M5 2B oy~ Auy «
Dy TG x A TARTS X (x X ), SREUATFN @, « 8+ ay BB 7 2 43t T 0 LA K B e

Table 2. Loss matrix

2. MKIEME

. R
7R
X X
a, Aop Aoy
aN ﬁ’BP /,lBN
aB ﬁ’NP /1NN

TR a, « ag . ay =FAT xs B B 2R 7 ) -
R(ae 1[x], ) = AeeP (X 1[X]5 )+ Zen P (X 1[X], ),
R(ag I[x], ) = ZeeP (X 1[X]; )+ Zen P (X 1[], ), (6)
R(ay 1[x],) = AP (X 1[X]q )+ 2w P(X° [[X]5)-

AR B /IR RSN, T B R INAT AR N B AT T 58, PIASA0 R SRS -

(P): # R(as I[x];) <R(as [[x];) #IR(as [[x];) < R(ay I ]R), Il x € POS(X) »

(B): ¥iR(as [[x],)<R(as|[x],) R(aB|[x] )<R(ay [[x],)+ M xeBND(X),

(N): # R(ay I[x],)<R(as I[x];) FIR(ay [[x];) < R(as[x],) » M xeNEG(X).
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BT P(X[x], )+ P(X°I[x]y) =1, EdHm A 5% P(X |[x], ) BRI 8L 4, (i, ) = P,B,N) %,
UEAh, I8 RIH 2 IR F YRR A K TIE IR 22 IR M BL,  HIXPIE #R/N T IR IR W A 45
s LA RFMIRR A KT BRI L R BP0, XA /N T RS2 AR E 8%, L,
R BRE /N FR 1 A2 [18]

App < Agp < Ayp,

A < gy < Apy - 0
A PSR AT AT LA e SR
(P): #P(X|[x];)za FP(X|[x],)27 M xePOS(X);
(B): # P(X|[x],)<a M P(X|[x],)= B, M xeBND(X):;
(N): # P(X|[x],)<BHFIP(X[[x];)<7. M xeNEG(X),
o
— Aon — e ,
(]’PN — Agy )"'(/IBP _ﬂ'PP)
Aen — Ay
ﬂ_(/’)’BN_){’NN)+ NP_/IBP), ©
_ Aoy — Ay
}/_(/IPN_;LNN)"'(ANP_/?*PP).
HIPR SR (B)FT A1 B < ¢ » RETTHI 45
ﬂ“BP_ﬂ'PP < ﬂ'NP_ﬂ'BP (9)

;l’PN _/,LBN A’BN _/INN .

HARDMAREG)RIHF0< f<y <a <1 FTRRFEMMP) (B) (N)A]#E— Lk H:

(PL): # P(X|[x],)2a, M xePOS(X);

(BL): # B<P(X|[x];)<a, MxeBND(X);

(N1): # P(X[[x];)<B» M xeNEG(X).
3. BT BN =X RREFERS

RIS IE R R G 5N =30k BAR, WS I E 1 =SSl R4, HHEMRS
b P A2 T I B8 i HER B PR AR HE R I R iR i k. Q= {W,W“} TR I H Z XA 2
MABHPREEE, A={ap,a5,ay | Rl . CEMHFMAMR R NE. £ 3 Gl TETHHK=
CTRAHERE R G0 A R

Table 3. Three-way decision recommendation system cost matrices

3 ZXORFEFRGIRKLIEN

I H RS
fiH B -
TUH S2YGRW) - TH A2 (W)
HERE( a) App o
SEIRHERE( ay) Aep e
AHEFE( ay ) Aye A
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Bl dy s A A SPIACRIA B BHEHERS . ERHEAER MR T+ A s A DHFR
T H AN HAAHERE , SEIR A AR B 45K
Mg =00, SR u TR (ap )y IEIRSETR (ag )BUANIERF (ay ) IUH t; X RLHIBIR IS5 -

o T 4) = 2P0 1T (1)) P 0 7, 1),
R(as 1T (1)) = 26 P (W 1T (t; )+ Zan P(WE T, (1)), (10)
R(ay 1T (1)) = 2P (W 1T (t; )+ A P(WE T, (1)),

Hrf, T (t)={t :ry =0,1, >0Hs; >S}

FTA I A, a3 0N

LR GARVETE t AR SBH P u SF I H &S, S &

m-1 m

_ Z'izl:gsij
ST (11)
P(W T, (1)) B 5 REA U t ALELET P u, PP 9050 H S 000 2
AR B/ AR R AN (P) s (B)~ (N) T A5-4n T~ L
(P2): #P(WIT, ()2 e, % u MEBAL
(B2): zgﬁ<P(W|T( ))<a, S PP U SEIRHEREA ¢
(N2): % P(W T (t,))< B, S u AHEFEIAL, .

HAHME o 1 g BUEA:
o= Aoy — Aey
(APN _AABN )"éﬁ*ep _APP) (12)
ﬂ — BN

(ﬂ'BN _ﬂ'NN )+(1NP _/’LBP).
Feal iy, “SCHORERE R N B ISR S A EEWAIT N, A={ap.ay}, Q:{W,W°}%@%§ti’ﬂi@
IR Z WG PIRASEE . & 4 25 72T 100 H 1Y = SR SEHER 0 R FE R -

Table 4. Two-way decision recommendation system cost matrices

F4 BETHEM_ORRHEERSE

T HRAS
Ih
G ZYGW)  SH A ZX(we )

j:’EZ%( aP) /1PP ﬂ'PN

Z:%Eﬁ(a,q ) Anp A
AR e/ AU RS (P (B) (N) RT 54 T AR
(P3): 5 P(W T, (t,))2y» WA u MBI, ,
(N3): % P(W T, (t,)) <y WA/ u AHMEFTH L, ,

R {Ey BUE -
Aoy — A

(13)
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ARG R FHN, RPEFETH 5, RAEAKQ), BT u XHERF I B E g JFIRAE M
B MR EINES Y, GEHUCHEA SERTR T E s DUSEHER S AT U, o
PRl 5305 5 BT 000 H i) = SC RS R G .
Table 5. Item-based three-way decisions recommend system algorithms

#=5 ETHMEM=XRREFRGEE
Hik2: ETHEHN=ZSXREEERGHE

N HP - BIAVEEE RS (U, LF)

Btk VAP u HEFETH t

PR L ARIEAKXQ) T HIH FARUL s, -

A2 R AR12), FHBURREAT I BE o M1

YR 3 ARG = SCORFRS R FRNR 7 u PR IUH ¢ RIS =3E, HERE, SERHER MAHES .
AR A HIUE t BARUE n ARV TUE t; Bkl =K.

AR5 WRIEAN(), WEMH o RIS BHEFETE t G g, .

AIR6: RGBS, RS 0, .

4. KWERR 3
4.1 WHESE

SRR A http://www.grouplens.org Mk $2 1) A FF MovieLens $4 48 (/7 %) RS PE 0 B0 4E) -
o2 1~5 B HE, 6040 44 H /7, 3706 HBHLEZANZ) 100 525 1F 70 4%, ASCBENLIE R 87.5% 1) HHfE
BEATUSR, HARMEIRIHTI, A SCEERELRIEE, it Edd, BARAE B BT EUES
Be[22], 19305 6 Frasids.

Table 6. Dataset

6. BiRE
BiEE i) at s ¥ | B8 RHRES%
MovieLens 6040 3706 1~5 20 0.8958

42. REFEMEITE

ASAEI AR AR AR, R T T 1= S PSR S AT 0 1 — S e
Gl M, 2T, RS U RO HORE G AR M, <T i, RS U RS
OB t, . 50T G BB, 3G, TP u I 0 ST B

T =t (14)

ot P(u) = ft, €111, >0} FERL U, WM 051 A 4.
S SR AR MR R R, FF A R AR o A DUK (23] HERE
AHER (25 — 8y ) 7 > SERHELE(R, — g ) AR — HEFE(8, — @, ) AHER > FERHERE(8, > 3, )
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WAL, # o 2T, WITH t RAZBAEESH U, SMEEE X ¢ AHER DGR, g ik, 1d
HNap —>ay . Hin, . TSR RSO AR H BRI H AR . SRS =SOSR R
GURIAR R B ] A LRI RN

E, = 4N +4

NP " ‘ap —>ay

BP nap —ag + j‘PN naN —ap + ﬁ’BN naN —ag " (15)

R, T TSRS, MR ER BURDUE PIE: 7 > AHETR (8, — ay ), AMER - HEfF(ay > a,)-
FRAE = SCORFHERE R GE 458 2K R0 P T A5 AR A7 1 2R -
E, = AN + Ao N (16)

NP " ‘ap —ay PN "ay —ap *

4.3. EfiEER

S R 78 7% % (COVERAGE).  #ERfi2 (PRECISION). 7 [A%(RECALL)FI F1 i 4 MNEM a3k L
R GIHERETERE -

1) 7 7 % (COVERAGE) v1 5 62 6 $IN 350 H 5 Bt A Al 0 H B B2, AT U7 4 Tl £ 4 1 2% .
COVERAGE Bk, Tl i &k s . A HEFES R ITE  h 4>, Il COVERAGE Wit 8 A A[1]:

COVERAGE = . 17
n

2) WK (PRECISION), ‘&FK/mH P4 — AN H BOGIaT fetE; AR (RECALL)ER /R —
AP BRI H BN, FLERREME, MR, dRE, FLETEARWE 7 Fix:

Table 7. Accuracy, Recall Rate, and F1 Value
F7.OEMBE. BEEMFLE

HEHE (P) BEZER) F1
PRECISION = —1 RECALL = —17 F-2PR
TP+FP TP+FN P+R

HAMRARPR UL AT % 8 Frn:

Table 8. Description of relevant metrics

7 8. EXIEtRILEA

il .
WA R ;
EFHEF(IE) TP FN TP+FN
SR
R (1) FP ™ FP+ TN
& TP +FP TN +FN
4.4. GERR7IHH

441, EFREN- X AERERGSETRENS TRERERGRE L
PR RGP ORI, S BT A (R 4 2k D R T 7 A 12 S
ok, BT IR AP E AR, B Ay = Ay =0, FLIERHEFER AN Agp = gy -
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WL, AT S =0.0764, Bl Ay = Ay =0, [EE Apy =0.9 13 T H IR R B IR HE 5L
SRR ASCRIETIUH 10 = SCRFHERE RGU S 3T 00 H ) = SCHRSHER RGP A48 40 R 00 E ik
K 9 fraw:

Table 9. Fixed 4., =0.9 recommendation loss

# 9. BEE 4, =0.9 HEFHE

E3
(ﬂ“PN J’NP) Ez
Agp =gy =018 A =45, =0225 A, =4, =027 A =4, =0315 A, =4,,=0.36
(0.9, 0.6) 730.26 915.525 1037.52 1134.45 1178.46 2231
(0.9, 0.5) 750.06 916.65 1037.97 1134.225 1177.56 2049
(0.9, 0.45) 757.62 922.5 1042.11 1136.655 1178.28 2049
(0.9,0.4) 765.9 925.875 1040.58 1130.22 1166.94 2047
(0.9, 0.36) 771.3 924.615 1032.66 1115.64 1145.7 2046

Table 10. Fixed 4,, =0.9 the number of error recommendations (errors) and delayed recommendations (delays) that result
from Item recommendations based on three decisions

3 10. BlIE Ay = 0.9 BHET = SORKRAYIN B R 4 BOIRIER (R) AL RHEF GER) I B &

Jop =gy =018 Agp =Ag, =0.225 A=Ay, =027 Ay =Jgy =0.315 Ay, =4, =0.36

(Zow+2e)

B R W mR W @R % EE ) ER
(0.9, 0.6) 206 3027 360 2629 536 2056 753 1450 923 966
(0.9,0.5) 215 3112 369 2614 545 2041 762 1435 932 951
(0.9, 0.45) 248 3074 402 2576 578 2003 795 1397 965 913

(0.9,0.4) 323 2965 477 2467 653 1894 870 1288 1040 804

(0.9, 0.36) 425 2817 579 2319 755 1746 972 1140 1142 656

I 9 BT LLIRES AT LUE Y, BT SR HERE R G AR AR R i T = SR HERE R G
AR, I = SRR RGN AR R LIS, M a =08, =031, HEFEHIKETH
e 010 AR P LR, BT I E 1) =30 R HER 2R G800 R HERE T H HE R A IR HERE T H A
a=08, p=03, FEHED. FIHASCEHILRENH R .

442 EEBEIH

WM EE T =SSR HEE R R 5L SR RGUIEATHEMREE . A%, F1 AE SRR, 78
X B LG T I H R RGN 1T-CF-SN, K3 100 B (1) = SC RS KRG AN IT-CF-ST, ¥
BT B =SOSR AR RN 1T-CF-SH, H4-5:T- 100 H 1) = SC R SR HEE R AR 1IT-CF-SL, n 3R
NI AN

WME LR, FETIHE K =S0REER RG(1T-CF-SL) 54403 T 0 H e RG(1T-CF-SN), T
R P =30 ik S HER R B (IT-CF-SH), £ T H 1) = S0tk S RS (IT-SF-ST) AL, ETHHM =
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PRI R G IME R W TS RS MR, 1R I T 000 H () = SCRSEHERE R GEHETENE

[E EBA R .
PRECSION RECALL
0.3 0.7
/\*\\,\N 0.6
0.25 —— 0.5
o2l T . 0.4
0.3
0.15 0.2
0.1 : T v e —0o—0o—0
0.1 0
10 30 50 70 90 110 130 150 170 190 10 30 50 70 90 110 130 150 170 190
~-IT-CF-SL - IT-CF-ST = IT-CF-SN + IT-CF-SH ~—[T-CF-SL —*—IT-CF-ST —*-IT-CF-SN - IT-CF-SH
(@) (b)
COVERAGE Fl
0.7 0.35
06| T S
: I S 03
0.5
04| — \\\\ 0.25 - D
0.2 .”x"“‘t—,,,;’t; .
0.1 e o o ¢+ o 015]  —o— —— e .
0 0.1
10 30 50 70 90 110 130 150 170 190 10 30 50 70 90 110 130 150 170 190
—o—IT-CF-SL—#— IT-CF-ST—#—IT-CF-SN-+ IT-CF-SH ——IT-CF-SL ——IT-CF-ST ——IT-CF-SN -~ IT-CF-SH
(©) (d)
Figure 1. Recommended system algorithm comparison. (a) Accuracy; (b) Recall; (c) Coverage; (d) F1 value
L EFERGEELR. ) BHE; (b) BEX; () BSFE; )FLE
4.43. HEFLR
AW id Ry “17 AP HEE R, PURERS, ROy 5 BiiiE, S5 Rk 11.
Table 11. Movie recommended by a user with id as “1”
F 11 AidA “1” WAFEEFNBEE
B id 2} -2 TREEREN PP B
1196 Star Wars: Episode V-The Empire Strikes Back (1980) | 3.4336
318 Shawshank Redemption, The (1994) HEFF 2.855
364 Lion King, The (1994) He#s 2.770
595 Beauty and the Beast (1991) e 2.608
1265 Groundhog Day (1993) | 2.334

5. &g
T M =i RS SRS RS, LT 0 E K = s R T 1=
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SRHMERE RGUMIEL, HEFRRSRE S vy, HLEE T 00 ) = SCORSRAERE R GE RE NG REARADURE vy B 32 WG R 30T H 77
. BT I = SCOSRAERE RGUESE S HEE LR AN, 8> TR HERZ (80, AT FRAIR 17 A 10
HEREBUR, (P AR IR 00 S

T8 H AR PR, ASCRB R T IH A LRI H (32 0GR, AR BE— 2 T AR s 25

H R AREAT = SR SRR 7, DR 45 R ARSI, TE BRI S MR R -
E&mHE

H % 3R 54 T B I H (61772019, 61603278).
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