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Abstract: With the rapid advancement of artificial intelligence technology, the complexity of data relationships has expanded from traditional
two—dimensional structures to multi~dimensional ones, posing significant challenges for conventional formal concept analysis in handling
multi—dimensional data. To address this issue, this paper proposes a fuzzy linguistic triadic concept analysis framework , aiming to meet the an-
alytical demands of complex multi-dimensional data in uncertain environments. First, by integrating linguistic term sets with triadic concept
analysis, this paper constructs a fuzzy linguistic triadic context. Based on the conditional concept—forming operator, this paper introduces an
algorithm for generating fuzzy linguistic triadic concepts. Second, this paper constructs a fuzzy linguistic triadic decision context and introduc-
es a rule extraction algorithm with confidence measures, enabling the discovery of more latent knowledge from multi—dimensional data. Final-
ly, by applying the RFM model to analyze Taobao user shopping behavior data, this paper validates the effectiveness and rationality of the pro-
posed method.
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HE RIEEN BB A RS o o N IER R,
EAE SR TIRM: QAP &>, Ws, >s; QA
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Table 1 The meaning of RFM indicators
F1 RFMIERE N

&t it R EBS
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JEER SRR B B ={ (a, B(a))la € B), Hth B(a) =
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WFK (B, C)MiwIF4E.
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iy BONE S = oS FL - TL(U, A, C, S, 1)

1.FL - TL(U,A, C,S,[) =0

2. FORBMEED C P(C)

3. FOR A% d. e D

4. 13 FBNE S HREIE AT 50,4, 8,1,)
5.1,=NI,

6. END

7. FORBMNE T HE L RER(UA,S,1,)
8.TF X = B8, B = X" THEN

9 (X,B) e FL - PL(U, A, S, 1))

10. END

11.IFD = BY, D = X*) THEN

12. FL - TL(U,A, C, S, 1) = FL - TL(U,A, C, S,1) U (X, B,D)

13. END

14. END

15. END
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O F A # W (4,.4,4,). (B.B.B,)eFL-
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Bl1 AT S RS A 25 AR R 9
FREE XA el N2 44 TRl 2= e B i iR L 7 32
TH PRI ORI REAL A 4 I B T — A EHIE e
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Table 2 Fuzzy linguistic triadic context (U, A, C, S, I )
*x2 EMIES=nE=(U.4.C.S.1)

¢y ) ‘3

(ll (lz as a; a2 aj al (lz a3

x, s So 5 5 s 5 Sy Sy Sy
Xy Sy So S Sy So1 Sy So1 So1 So1

X3 S S S S_y S_y S_y S S S

WRAEF L 1L ATHE (U, A, C, S, 1) TP A3 S T RIS &
=JoHEA

1 (2,205 (ayys, y{ag so){as, s, ).e,)

X1 XpX3Xy, <al,sl><a2,so><a3,.s‘o>,Cl)

s (ayss, ) ag s ){ass, ye,)

x5 {ayyso){ag s Y as so)sc;)

s {ayss, )y so){ass, ) eie,)

2y ayys; ) ag so)(asse), e ey)

x5 {ayyso){ag soy{asso)s e cy)

X XpX3Xy, <al,s,1><a2,s,1><a3,.s,1>,clczc3)
D, {ayss,){ays ) asys, ) eieres)

10 (o, 2,250, {ayos, ){ag s ){as s, ). D)

LR T DL B BT i R 18 5 A =0T A% .
TEVZRM TR 5 A& = ook b i) — 7 o) B2k b B35 A
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Fig. 1 Fuzzy linguistic concept triadic lattice
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WE ZJnRRTT R, (0,4, €, S, D AINU, D, €, S, )
SRABORIE S oo JFHAND =3,.¢,N C, = T,
AFID 53 531FR g 5% A T e R S s 4

EX14 &(U,A,C,,S,,1,D,C, S, J) AR F =
TTRRE R, HCC,KCC,. HXTY=UHY=D,1f
% (X.B.H)eFL-TL(U.A.C.S,.1). (Y.C.K) e FL -
TL(U,D,C,,S,,J), i3 X C Y, MF(X,B x H) — (Y, G x
K) ARRIE S = e id W B x H — G x K. 4
B 7 USRI 5 (U, A, C, S, 1, D, €, S, 1) H T3
ASTRIIE = — eI Q (V).

EX15 (U, A C,,S,,1,D,C,, S, J) HHERIES =
gL Pk KW OB . HCCLKCC, (X.B.H)eFL-
TL(U. A, C,.8,.1) A (Y.C.K) e FL - TL(U, D, Cy, Sy J)o
#HB X H— G x KR—PHRIET = oy e, iz
W EAFEE c(B x H— G, x K)(i = 1,2, --n, n R G
JRPERA K E AT

_ 8 Iy, N XI
¢(BxH— G xK)= i (13)
EZT#ES(E’ X H— C~,- X K) & XWT .
_ 8 Y, N XI
s(BxH— G xK)= m (14)
PR cov(B X H— éi x K)E R .
- . IH|
con(BxH— G xK)= 70 (15)

Hop YRR MRYTE(U, D, €, S, J) HER i DR MR
AR E SR EYE 6 R a8 P 0y S8 FE AR R Y
X4
k2 BOMIE T oo s P R

LTI BLOW B F5 = m ok R T =
(U,A,C,S,,1,D,Cp, Sy, )

i BRI S TR RN Q(U), BAE A

L.OU)=0

2.FOR(U,A, C,,S,,T)

3 HRHES L LS EI FL-TL(U, A, €, S, 1)

4. END

5.FOR (U, D, C,, S, J)

6. MBI 1188 FL-TL(U, D, C,, S,. J)

7. END

8.FOR #4~(X, B, H) e FL - TL(U, A, C,. S,.1)

9. FOR #4~(Y, 6. K) € FL - TL(U, D, C,. S, J)

10. IF XCY THEN

11.Q(0)=Q(U)UBxH— GxK

12. END
13. END

14. END

15.FOR BB x H— G x K e Q(U)
16. 4452 XS HFE(B x H — G, x K)

17.1F ¢(B x H — G, x K) THEN

18.0(U)=Q(U)-BxH— GxK

19. END

20. END

B2 AR SERE B BT A RS T SR O
IR TR 2R R H BTN B AR IS TR Al A
VER RSB MGG 1 BB = =0T b, I iU
W IURRE R (UA,CLS, 1D, Cy, Sy J)e Hor,
KIBVED = (e, e, ) RRATE SMIELMUCA M C, = (h,)
REBATFIWA GBS RIBES, =(s_, =1K,s, = F,s,=15
YN 3 R

Table 3 Fuzzy linguistic triadic decision context
(U,A,C,,S,,1,D,Cp, S, J)
R3 EMIEE=TREER(U,A,C,,S,,1,D,Cp, Sp, J)

¢, c, cy h,
a, a, a a, a, a a, a, as e e,
Xy 1 So 5 1 51 51 S-1 S S So S
X, 5 Sy s Sy SLy o SLy o S. o S. S sy o
EN 5 Sy s So s sy So 5 So 5 So
x, 5 So So 5 So 8 So s. s So Sy
x5 5 So s So So So o s 5 5 5

Xg Sy So S Sy So S So S0 So So S

RYEFE L 2, BUEF R BE A N 0.5, Bl BIE KT %
T 0.5 B b A7 2 M W, B IR = oo ORI R
(U, A, C, Sy 1,D, Cp, S,y J) T AR TE 5 — 0 Je 5 40 0]
FAFR.

FRAEAOWI 1 5 = o R 315t 2R e A T
7 it T 2 v S S T 2 (D B R T 2 A A v S S
AT LAHEWT B A TS T SO R (BAR T N
1), HA s A G500 A5 CEAF RN 0.5) 0 s 21 i B
W TSR BE S AR T 24T R HE T P 2R AR L
X —Z5GIE T Ak 08 A B AT R . R U
AR, BT S0 R FH ZINFEAS PR 36 IE |, AR SCRF AN B 3K
Soit i M, BRI R AT AT E B R A M
FIL ] R R

I VAR AF A TE B4 T R 43 A7 Ry (8] 30 3 ) S AR 1
T ICE s VT T 2RI L A AR 3 3 A SR
545U TR M G Iz S B g B AT DL AR
P DL Hrae Fr - 8k =01y 5 S0 9 2 4k B RO e Bk
A3 AT, AT E2 4 SRS A0 0 R S B T T SR s @
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Table 4 Fuzzy linguistic triadic decision rules when A=0.5

R4 A=05HEHAIES = TR KM

el BT 5 oo AN

{<al‘sl>‘ <a2,s]>, <“3v51>} x
€ {<e"80>u.0.17.m7)’ <62’3">(1.0.17,0.|7)} X hy
{<a1’30>’ <a2’31>' <‘13’3|>} X

1

2
o, —> 0. S ey S X h
€3 {<€1’ S'>(1.0.33‘0.17)’ <€Z’ \‘>(1,0.33.o,17)} !
{<(11,s0>, <az,s]>, <u3,so>} X
3
N ¢ X
C3 {<el’31>u,oe7.u.l7)’ <62’s”>(0.540v33,017)} hy
{<a1,s0>, <a2,sl>, <a3,su>} X
4
€16 {<e"s'>(1.n.33<0.33)’ <82’S°>(o.75.0.33.0.33)} X by
{<“1’3|>’ (a3:50)5 <a3,8|>} x
5
e —> ) ; X
€162 {<e""">(1.0.17.0.33)’ <62"S">(1.0.17‘0.33)} hy
{<“1’51>’ <az,s0>, <u3,sl>} X
6

ccc*’<e 3> <es> X h
162€3 { 120/ 4,017,005 V2 "1/ 1,017.05) !

3 EERRWYITARES

1 GE 0BG 53 BT 7 1R K 2 JRy BR T — 4 i A 5 e
718, XE DA WA 7R 221 4 B2 22 [A) Y N TR QIR AN A2 AR &
AR S 3 HCRA] FEL O A A 3 T P AT S R B A T S A6
0T BT IR AR AR SR AR DE R (B EEoE T kil k) B
ANAE I (] e = 8l 35 A AF DGR RRAE | >R 43 2 BE LIRS 7
KRBT 10 7 S B A MR BURFEAR AT 00 . Bk
BAEAEA TR DR T UG HIE 4R 09 20 AT REE A G T e e
EEAL G AT B QP 1D @ 1D @) 2%
SIID s @ A O T AL (WG i 38 .

2 7R 1A SO S TH P AT Sy B0H A 1% Ak EAE
0 BAES BT P AEAS R S5 AT R4 27 i AT R R
PLRAC T P iy s 4 0w o el T s 4 s 52 SR AL 20 By
REAE , XE LA SEAT A BT R 8 800 23 A, SOAR S0 | A RFMASE
ARIDLSE I W T B A7 40 B . REM RS AL R i)
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Fig.2 Data preprocessing framework
E2 HiEFALEELR
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Table 5 Fuzzy linguistic triadic context (U, A, C, S, 1)
RS BHIEE=TER(U.A,CS,1)

¢ ¢, cy cy
a,  a, ay; a a, ay; a, ay; a a, ay
x 5 5 Sy S.y S S S S S. s S8,
X, S, s Sy SLy o S.y S S S s 8 s s
Xy Sy S Sy S| So Sy S.y S. S S sy S
X4 Sy S1 S S S S S S S S S sy
x5 S, 5 Sy SLy Sy S.y Sy S. Sy S S8,

WA RS =0 R T RBEM RS = oM &
(U, A, C,S,T) N

1 (xwxs, (ayys Y ag s, )ass,),e,)
(0,225, (ayosy Y ages Y az, s, ).e,)
(2,25, <“1’3—1><a2"*1><“3’51>’02)
(x5, <a1’51><a2’50><“3’51>’c2)
(255, <“1’3—1><"2’3—1><“3’31>’03)
(20,25, <“1’5—1><‘12’30><“3’31>’C4)
(23, <“1’50><a2’571><“3’571>’°’102)
(02 {arr s )Mtz s, ) ans 1D eres)
(0s {apr s/ an sy W s, ) eres)

O o0 9 N N B W

10 (e Cares Yans Y ans,Deres)
1 (e (ares Mans Yans Dreres)
12 (x,, <“1’31><“z’31><“37371>*0204)
13 (2 {ayysy){ay s Y asg s, ), epey)
14 (v, (aress Yans Yans, ) crcs)
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19 (,%,%5%,%5, <a1,sl><a2,sl><a3,s,>,@)
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— I — 0 3K AT A kAR, B A AR o T A 12
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Jr AR T R RS A, 090 E RN AT Ry A
o, (HSEBRIG SEAT Ry HAE X 5D, e WA A W] ) e A T
Sbo EEXFRCME I, AT LSRN P AL S S O R
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P b 2 T3 B B 5 5 D A 7 it T DAY W 3K 5 | ik
Tho R SERT A B 2 PR TR A o, RO FE AR, T4
R R AE BAICR

4 £iE

TEAF B DY SR A B A I A 57 | A S0
B HAREEM =i S, 4R I T ERIE F ooy
Sre, HORNAURT LU P 35 18 DA R G 4 15 5, 1 RE S w5 2%
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AT T [ 5 AR AR AT & = oS iUk
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