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Abstract

As an effective model for data processing, the three-way decision has been widely applied to gra-
nular computing, concept lattices, and fuzzy mathematical theory since it was proposed. In partic-
ular, the combination with granular computing is a practical method for dealing with big data
problems. In this paper, a new composite function is established by triangular fuzzy numbers, and
the composite data is used to transform the text-type data appearing in the formal context. Then,
using the ideas of the three-way decisions and thresholds in fuzzy mathematics, the transformed
interval can be effectively enlarged or reduced. Finally, after repeated divisions, an interval divi-
sion suitable for the actual situation is obtained. According to the textual data partitioning model
proposed in this paper, a corresponding algorithm is proposed, and an example is used to prove
the feasibility and applicability of the algorithm.
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SRR (BWD) 2 Yao [1]7E 2009 S H o BT = S ik S AR — AT S AN SRR R A ) A 2
R, —SREMERY. TR, B, [FESEMEAEE] T2 2] [3] [4]. T VRS
Bt R4S G R Z B S R RGP AFRE NG EE, 2R ENIMEENT 2R, JFIE—H
BERUR[5] [6] B =SRS5S CARS TS &, BRI AE(E BA R B MR A ML, a5
W BB AN, AR08 T ek I T EEAR SR E B UK. =2 sk iyl i AR
A BRIy N =805y, R ER 7 RBUR R AR 5. BRI — S8R 7E N RN IX = 5B 43 i Z0H
ST, FIALE Yao [7] [8]FH T —Fh#Hi i) Three-way decision+ (BWD+)IERY, L=/ 2 [AI7EAE 5 N 1E
PR, HATRMAL, =SB AR, g% FTREE DA EEN. XN R
T EXUGRRRE

1965 4 Zaded [9] 3L FAn 5 B ACE D HEAE . BEE THENLI DU R 2, 75 SR EE (1 04 F Bk
PR, — e ORI 2 SR B =SOSR RS &, RIS Sep R Endi 4 2 SR [1017E 2 br
EREE R RFH R =%, BERERKRANEEDE, RGHER DA, DR R R
SRR, RS AE[LIH =S R SR AR S s G, R =SOSR, IFS BIRTh
IR . BHEEE[12] [13]7E =SOMb&dEnt b, $RH —Mobr BOME S I 328, R L T BRI S ik 50
&, S sepR.

E—NZREFERGT, AFEKEE TRV EER 2 B A, B4R A
SR B R EEEEE AR XA, ORI, RPN AR AN 7 2 bR =
APz T A EL A AL, a0 X (AR X TA) . B FAUME X AR R AR R G 1, AT 2 . (H2IX
EHUE . SCRTEHUE A R 2B (PPN AR 2 RN R R4 AN S 2, TRIHE B KRR T . eI A
X FEUE AN A R, SOAR RS B 0, R, R A BUE S IX A R S T £
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K, ASCRMEMIT, BT DU T OORRUE AT SR gkl 7, A A5 2 — AU E AL R 25 R
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R 5, AT BLEE A H B R — B AR R TR AR BEIX LA R T F) B AR AE A 15 100

SRMIAESEPRR A rf, S8 2 2B R TE e P E A E L. BLAnAE M S5 T TPt RE b, FE XS S
WA )G, TN R GEVF T XA R, S0 SCRMAUE AR . AN IR PR bR HE AN R
(0, A, AR MOSCRRE AR (O BE AL Rl 7 ZLE DG MBI . A & =S S EIECE SRR
JE RN, Rt 2240 FE AT 2 AR 48 v R B AR SCAR RO FE SR I R SRR S 1 35 0 2 23 NS [ A BRI RSB Y
e JZA D F G IR =B ot — 2Bk 7, WA B P # SRR 00 ASCRRH I =S, Eig
FEAEIE L b, IERAE N VEE b, AR LR G S A o B RS, ARk B RO

2. EEhmiR

ARG ARSI 5 2 B 52 SR A 2

B, WENMARRE TR RS EEZ KR,

SEX 2.1 [LIPJEAHE R K2 —P=4 K =(G,M, 1), Hri K AFANRIES, M FEEIER
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AL 22 [11] —ASCARREART R (G MW, T) . Hrh G A R4, MRS, W R R
HHES, TRENZAMN—A=0KER, B8 TcGxMxW, HHM Y vgeGmeM HHUH—
AN WeW iﬁ]‘&(g,m,W)ero

M TARBREERE R, @A ARRACIETE WA R 5, e SO Ul
B IXTA], ARG 2B = A RO R O S AR H R . P e SO A oy = A s e, 3a )
5 22 5E Uil NEG #4714 POS IR 43R IKIIA FHE S I A whs , whMe SR 7E TR RE S e

EX 2.3 [11] WA R g eGTERIEM, e M FRJRMMIC AW, W, eW o EHEE w; eW Bixt R
BHEAIN X ={P,N,B} . AR O<w; <w" BFJ&ET N B NEG; HJEIEM W' <w; <w” ifJ&T P,
Bl POS, HHARASJE T B B BET.

FR, OO E RS R, BT AT 1R s T TH AR

SEX 2.4 [9] 45 HBRGT 11, 0 X > [0,1] 5 x> a1, (X) » WIFK 2, BHRE —A> X BRI 2R Ao 0, BN AT
FIEREL  p, (X) FRA XX ARIRJRE .

RIEREL AT RIS e TR 8 THRTER u X U B — MRS RER R,
TR AR R AN B, B0k AN IXTRI [0, 1] B BB A Er 0, 1 IXPRERAA, Rz | T oA
WA “ AR .

FE 25 [9] ZE— MRk U, B4 U B EALXA [0, 1]/ — S 4, 1U 1 [0,1] 8 U BRI —AME
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R 2.6 [9] FIEL IR U b il— AR AR x e U, H — A8 p0(X) €[0,1] 5 2 5
(X)X U ISR, BN x 35 A

BEs A u 73 BB L R IRALERR, m OynT etk i RO, A BRI (s, m,u) &

KT B S foe RS J FE AR 58 SCHF

TN 27[9] WA F(X), MERA[01], iE(A), 2 A 2{X|A(X)2 A} Bk A, N AT A -8, ATk
RERACE. UL (A), 2 A 2{x|A(X)2 2}, T A, AR 2SR

X 2.8 [9] FARBEFN: B AY AD . AV e £(X) N n MREBEE, x eX , WAL
i={123n}, fEEREEAY (%)= max{A(l) (%) AP (%), A7 ()} > UK, AR T A

3. M AT RERE

MFEHA A RBEERE AT R, ARG I MOSCMEBEAC R . 2R =S sk 8
GBI R A & 1052 EBUNE AR RIBEAT IR, HABRITT G ZR I =)

3.1 EX

ME—NZREEE B RGEHIERNE S /R A B YR, 85 R = MO0 R BUOE S bR RIS,
—NRENJET AN EYE N BRI, IX ARG AR R BT . SERRTE L, SOARHIR f& LR
BOBI, AL To B REM I S . BT SCBR[O]HH4h th 1) = Aol ok B J5 15 B M A R 2 518
TR, TS R = AR RO R R A R BUE T

E X 3.1 WAFAENA = MRRIELW, = (s;,my,uy) » W, =(S,,my, Uy ) s Wy =(S5,my,Ug) » W, =(S,,m,,U,)
fE45 x €[0,1], 730t RS Ja 2 fn R

x/wM 0<x<wMt
(WM—X)/(WM —WML) w’t < x<w
W(x)= (WMR —x)/(WMR WML) w" < x<wMr
(WU—X)/(WU —WMR) w'r <x <wV

TFR AR A R 3

teak, 1) wMe = “C ARUEMRATAM A ¢+ 2) wM = “B ARfERIR T 3) wYR o= “A BRUEM R
R 5 4) w =1,

MAE 3L AT UG, Al HE DR HE T . 28 =FASFE RPN, BBEX =R A,
B, C. filtn, fEAEHWPHRRT, ANIET, BRI, COAANLH.
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1) WEEIHHE - DNRIBEN 1 RRBAPRICN a, BER - DRIBEON 1 MR BAFRLN b.
[0,a]=NEG, [b,1]=POS, (ab)=BET.

2) FEME U poR BB AR R BE, R4 & =S s BAR, AR BR[O, 1] X 18] 73 A =45
ity NEG, BET,POS Z Ji, TEML=Hf7r Bt ied@ gt R A S i 7 X S kil oy i e 2R, i85
PP 0 W 5 b A AT S 6 PR RO 225K

CLEM “¥%” 2 “f)a” Prabik, Kb b2 a8 ut 5 e, @i X b jar i) —
AN @ SR EUE s 1 F R =39y

SIS, BRI =AW DRSO AE R, ] DL R i, R
FRI TP SO R, A ZE R o Ao A o SR AV R 00 SCAR R A0 Sl A T4l oy 1
%, Adle T = — e ZEAMMK XA EIt. M=k e LR, aTEr—D
RNy, R At R 2, MADR A =S MRS O

3.3. BAISTMPYE LT IE

T SCARRLE 308 57 = AR B 5 BN S R

Hik 1 2EF 2 =45

BN UMW, W, W, W, = FABERIR B W(X), BB A, MR a , JEMED . i=12n, j=12,-,m;

#H: NEG,POS,BET,NEG,,POS,,BET, ;

Step0: #J4Hk NEG, =@, BET, =&,P0OS, =2, i=1,j=1;

Stepl: K XCAME RN = MBI W =(s,m,u), W,=(s,,myu,), Wy=(s;,my,u;)
W, =(s,,m,u,), HH0<s;,s,,s,,5, <1, 0<m,m,,m;,m, <1, 0<u,u,,u,u, <1;

Step2: FFUATHEATF& BB & AR, 4 SORMETE =MD BB 158 — SRR By 1 1S
AERRIC A a, B AR B 1S AR ARERIC A b, B I m A1 m, , T (a,b) < BET, , [0,a] < NEG, ,
[b,l]g POS, ;

Step3: W, 5W, I s (c,y,), W, 5W, IIZZRUCH(d,y,) s 18y =2 5 = AE0H s b 7E s
(c,y,) M2 A PRIL IS SRR ARRRIC A ¢ Bl e, s TERT(d, Y, ) P24 PRI 28 AR AL AR IE A d AT

Step3.1: % 0<i<min{y,y,} ™, c¢=c,c,=c,,d =d/,d,=d; ; 7% [c,c], KJ&EE
AY(W,)> A (W,)> 2, l[c],c]< NEG, : [c;,¢] 1, B AW (W, ) < A (W) , ##[0,c; ] NEG, - 4114, [d,d;]
i, gAY (W) > AY(W,)> 2, ##k[d,d;]c POS,: [di,d]H, AW (w,)< AV (W,), #[d],d]zPOS, -

HOo<A<min{y,y,} ¥, [0,c]=NEG,, [d;1]<POS,, (c.d;)cBET,:

Step3.2 : 4 max{y,y,}<A<1 B, ¢ =cc,=c;,d=d,d,=d; : £/ & [c),c] , HJ@
A? (W, )< AP (W,) <2, Mi[c),c]eNEG,, #[0,c/]c NEG, . £Aiik[d,dj]H, AP (W,)<A®(W,)<2,
#[d,d;]z POS,

Hmax{y,,y,} <A<1if, [0,c/]c NEG,, [c},d;]=BET,, [d;,1]< POS,:

Step33 : My, <A<y, B , ¢ =cc,=cy,d, =d/ d,=dy ; TE A& i [cic] , bR JE B
A% (W, )< A®(W,)< 2, #[clic] & NEG, : 4114 [d, dg], HsRJEE 2 < A® (w,) < A®(w,), #[d,d] < POS, :
fE[drd], REIE 2 < AP (W,) < AP (W,), #[dd]e POS, -

Wy, <A<y, i, [0,c/]c NEG,, [c/,d]<BET,, [d,1]cPOS,:

Step34 : My, <A<y, B, ¢ =c¢lc,=¢,d=d d,=d; ; 7 %I [c,
A< A (W,) < AW (W,), #[c},c]c NEG, s £ [ c,cp | ' RIBFE 2 < AY (W) < AD (W) ,
] d,dy ] SR AY (W) < AY(W,) <4, Hi2[d,d} |« POS, .

¢l R FE
E&[c,c§]¢ NEG, :
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iy, <A<y, [0,c]eNEG,, [cd;|<BET,, [d;.1]cPOS,;

Stepd: Hi<nff, i=i+1; FHM% Steps;

Step5: X4 j<mhf, j=j+1; 75 0N% Step6;

Step6: #iti NEG = NEG,, BET = BET,, POS = POS,, NEG,, BET,, POS,

ik 2 B= a8

BN BE {44, A Hdt=12s, A=|y,-y,|10, A4,=A4+A, NEG' Fl NEG" H:
NEG' < NEG" < NEG,; ;

#H: NEG,BET,POS ;

Step0: #liatbHt=1;

Stepl: AEUGIE 15

Step2: *|NEG'|<|NEG| &# [NEG”

Step3: #itli NEG,BET,POS .

H: NEG/EEUPZ S T8 L ATE 21 NEG, , &7 T2 H 7 X NEG iIX— #7017 3K

FERI Sy fE g, H A AI19 3] NEG, BET, POS =314, bR b, X =342 th F P oud o — 3 40 BR
TG R .

FELIiF PR B R . BRI M CORERET =, RN AR e A BT R . Xt
TARE R AT DL EIR kAR 2.

AT VI R ER VS D 0.3 I, AT LUK 2 i NEG! B #e il POS' , I H.|POS'|=0.3
Bl POS'=[0.7,1] . IEHWARIKIBME A, 5% 1 1 NEG, BET,, POS, , FHXXIr HEGEIFT &M
RIS . 4% POS MIZRANRING, A BIE AN, 5 S Hk K =355 B AN

HH P TREARR| D AR XA, FREAT LA BL BSR4 NEG! Bl BET il ik
WA [A] B BB A B 5 & 77 R I B R 4

3.4. BESHR

B G EAF R RRIE R “ A% IXERr I, [FIFERTBLA BL RS, K NEG' B 08 BET il ik
BRI T RE A BIRF & TR R RN 7y . AT =850 7e il —REIAIERTE. —REZRMERE D
fre =5 AR,

3.4.1. HEMIERY

vk R AR, 8 A [R] B BB 43 B =3, NS AT IS 4 B OK DB IR B P 75 22 .
R A IR R RISV 2 Ay A

B 1 R SURMEH = AR s ok, RE X = ABEGE T YIb Y E S BINEG,, BET, M
POS, o« SRJEIEEL—ANBIME A FFEAT 20 2 o HRAE 4 BUE AR 43 5055 L DU A [ i b 38 75 5, 72X B (1) 17
AR S B SR U G AT 43 2 o BT DU 1 TEAT BRD 9 AT DASS

EH 31 M NWIMERME A X SR =M BRI E S E, — AR E— R A W DR R
A% NEG' < NEG 5(# NEG < NEG” -

SEH 3.1 RNTHIL 2 . BEUIIIREL 2 BETEABRAPNEE A, RIHIE I B 3.1 [ IER 1 .

EM: 42 :@ I, XPRLAR S 1R — R AL, U K NEG o NEG, « 1R 2

BIfE A BUEIZL BT, A BEAE y,, y, PR, XPRIAGSEE 1R pss =, OO0, R RS NEG
DX TA] B Wy, B2 A BUESE = KTy, My, , B NEG XIS IRAELE /N o bt 5 BRAR A IZ 8 18 K,

>|NEG| I, HIk&id:; Bllt=t+1, F Step2;
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NEG (X [RZHTAENL /N, T30k 2 A RIFRE 2619 [NEG'| <|NEG| 2% |[NEG”| > |NEG| , #ul )5 —E A7
FE—ANRRE A X BE T 2 ZE R I R BE) [ NEG c NEG” , BUEfAE—MHERME A (1%
B AEL A BT A 5 JE SR IR /N BRI 1 NEG < NEG « 24 A4 IER — N IUE B KT 48 /N, [R) 3 mT DAA 2
—ANE A, SRR TR R = .

ZJa, B 2 ARYEXT NEG, BET 8 POS (W% HZEK, MEFExS 4 B B BOREEE 4i /N, U FH 092
1 EEBRM G RABERN =7

3.4.2. HEMSH

B, BERIE AR

S IERE o ral s, HVE 1 WA RE N O(nm), Hik 2 WEIREHN: O(s), Hh
max {s} :{L} .

[V = Ve

WO A E 2 O(mns) .

=, S5CHABRMLE:

EZR A S R RGEH, KB SCARME M 75500 FR— A 3R I R . AR SOk = SRk 1)
INEGIANCAERENRIR] . 52307, FIR B 3 200 DU R -

W =S EAR, RO TR GOTEAE U ERE A R, B X A — o N S . SRR

FERIAEE, WX N=84r, 1931 — MRS LRI JFEL—DME AR, =
WIS B SCAME U B BN K o 8 A 1281k, By KBS 4 /NRI 43 HE 3 — X ]
REME IR oK, RIGMIEEAE P BME, MImd RN HYEH .

3.5. 3Efi

NS H S S I SR R S PR R AR AP R

Bl 1. FERETGPI IS (B S VR A4 R PR BT D R SS &, « TR e, « EEAE e, . BE
MR%5 a, PUIUEAY, PUTOTAS R A s, —M Rroodts 527, & nlARHE SE R 6] e e
PRI A AR RV o PPN RS 5T B 10 R G0 0 fh i — AR PR, (HP & TR AR R
MR, TERARMIRS R EMA R T, RPN RHERRAC, RIYK POS IX 4y 1S Bl El & 4 /s
NEG HIVEl; 4°F &t T ol Frg R R 5 RO BET B/ 7E NEG, BET A1 POS =4 i b K.
WO P (R R Ma~F- 6 ) T AR B B 1) 75 BB I PP 0 =50

T HEYHEE G SR BRI UL SR — 7= SR VP 5 3, e 1.

ML LHTTBLEH, PR “—R”7 R “GRR7 RE. N TIREFENRYITEa, , 1 HIX(E
I FE P ATE 4K NEG #0 VE L, DLk Bt R e i) H .

b, ROUREFAOVHN A = At W= {BE, ik, fedit, WEY He: “BET =
W; =(0,0.2,0.4), “fFcfit” =W, =(0.3,05,0.7), “—#” =W;=(0.4,0.6,0.8), “Wifi=E"=W,=(0.6,08,1).

PRAEAERA K1) 5 SO SOAR LS SR A N B L (L 4 2).

BB, MBS ES IR EMG E M =ML TS E 1 = AEREER . T
[ab] XN, (ERAbRin b, MEriti, 4 x/wh =(w" —x)/(w" —wMe) . 8] x=cHisE s (c,y,).
Hy, =wW(c);

o (" <) )= (¥ —x) (o "), 50x=a

MR (d,y,), Hfy,=w(d). Hy#y,.
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Table 1. Original formal context
#=1 BEEAER

B VEAN a a, a, a,
b W —f& — & W
b, — K W Py —f&
b, W W — & —f&
b, BE G e — & G e
Table 2. Numeric formal context
=2 WERAER
A VEAN a, a, CR a,
b, [0.6,0.8, 1] [0.4,0.6,0.8] [0.4,0.6,0.8] [0.6,0.8,1]
b, [0.4,0.6,0.8] [0.6,0.8, 1] [0.6,0.8, 1] [0.4,0.6,0.8]
b, [0.6,0.8, 1] [0.6,0.8, 1] [0.4,0.6,0.8] [0.4,0.6,0.8]
b, [0,0.2,0.4] [0.3,05,0.7] [0.4,0.6,0.8] [0.3,0.5,0.7]
B2

o a c e

Figure 1. Collective representation of attribute

values in Table 2

1 |2 FRMENSEERE

Hh, 0=0,a=wM e=wM b=w"r 1=w".

ML FRRTRUE Y, et i i = A Roms] ol A — 0 Za] PARI VA 25 21— AN @ ik T i — B =42
ZEPUFEF . FRGETE S AR R, R = A R S B R, AR RS R R T
A, A RAE I 220 M 0 NEG, A RAEIERIATANAE Y POS; 4 [FIN J& TP s =420, ich

BET, SRJaXf BET iX— ¥/ #EAT /0 Hrdifl, FRHE SLhrtsiiss & BRI o)

B=0b, R, KA R RIRARARIC Y a, BE— MR IIRTARSRIC Y b, BRI RIS —
M R BRAARL N ¢ PAKRILN Y, Wy = “— 7 FIW, = “F5Gi” , = A1 sl B 22 s s Al
PRICN e KEUE — MR RIRAAIRC N d, HABARIE A Y, . HIEREIEGFTRIE ., 2 xe[0,a] 1,
X AAE A2 X —JE I PSR S T, T2 [0,a] < NEG s AP IE [b,1] < POS 1M a

5 b Z AR 53 FTE7C 9 BET, Bl (a,b)< BET -

BIL, RPESERRTGOL, TS MEE A(0<2<1).
M BUERBN, BIo<A<minly,y,} B, @ilE 2 fis.

wy=2, FE=ABH R EEEER[0,a] X LAY — DA IR ARIR L A ¢« BARFEL [a,c] )
£ W X — = f O R £ B E IRt w, ERERIBEERINZ, #ia,c]c NEG; i1, idy=4, {£
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=R BRI ER [d,b] XA ) E — NS s R AL ARIC Y d, [ EE [d,b] = POS .
Zib, H0<i<min{y,y,} i, [0,c]=NEG, [d1]cPOS, (c,d)cBET.
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