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Three-Way Decision Model Based on Intuitionistic Fuzzy Similarity Relation
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Abstract: Intuitionistic fuzzy similarity relations cause the similarity degree between objects in the
intuitionistic fuzzy set too concentrated or the dissimilarity degree too high, leading to nreasonable
classification results, and when constructing intuitionistic fuzzy similarity relation, the similarity degree and
dissimilarity degree between objects are vulnerable to unimportant attributes. Therefore, a three-way
decision model based on intuitionistic fuzzy similarity relation is proposed according to the intuitionistic
fuzzy sets and the possibility theory. Firstly, the definitions of possibility measure and necessity measure
are given. Combining with the Hausdorff measure, a distance formula is constructed and its properties are
proved. The similarity degree and dissimilarity degree between objects in intuitionistic fuzzy sets are
defined, and a new intuitionistic fuzzy similarity relationship is constructed. Then, the (A,,4,)-cut set under
intuitionistic fuzzy similarity relation and the similar class under intuitionistic fuzzy (4,, 4,) -cut set are
defined, and the positive, negative and boundary fields of target set are further obtained. Finally, the
rationality and effectiveness of the proposed model are verified through UCI data sets and examples.
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degree; dissimilarity degree
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AT B I R T R %0 0 ARG B S IV 5 Garad 45V UBIESE TRT RE IR A BRI T 2 H
B etk 43 2 A ) 1 5 Gao %V IF 5 1 A6 B A ) B b IR AR R A0 SR A A A A, R 1 A
JEE IO T 485 R 2 A ) e M MR TR, A M S T8 1 R B 8 T 24 R 5 A A1 AR 2 A 2 1 P AU A K

FHARARAE ok 2 8 TR0 46 A BB R — > TSRO DT ST N 2, 0Nt D i A0 A 0L 38 2 & 7 >
O A B ST 2 — o Pan S5O — S B AT B4 AR K (B R T R R B X S
o B A AR S BE A R R (00 2 SR BT S B T D AR R — B B L AR R L BE , IR
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) 81 5 Gupta 2 76 b B g 55 1) A, AR RE A 39— S5ORI A B0 43 2 45 51 L B2 10 T — OB (1 15 BRI AH 1L
JEE RS BG L SE AROR B , O 4 B S BRI A DL 5 U B AR 45 G L 3R AR B RO R T 2 10 (R L )
G5 RN HER

SR R DL O AR R M SR 4 T — A EE RGBT S 5 ), mT LA AR A 22 [R] ) A B E HE AT A i A
Cha"* 72 75 HT A M DL BE 1 S 6 b L 42 T — BT AR IRLBE L T A 1 7 ARG 3R i e T 2 B L 4
JF 0 1) L5 Y ang 450 %d R 58 £ 0 S (8 P PR B3 ST 0- S AT LR L B AN T —FIORT AR IOC R O
it 2o DU Sy 2 S B A (LG AR M 1 = SR SRR, R R AL Ak A B E A — B R B . H
SRR AR DL 5C AR ) M T R B AR S B A TN P P A A e Y — A (R BRI R OR P R AL
A7 AR 56 2 0 88 B 2 S M IR B o R T SR B AR KDL 5 R 110 A 1 L, A B AR 4
A 57 BE AR ALUEE (9 4 BE W5 1 ARAULSG R B A 38 D 3k, 1 D7 ¥k S I 17 S5 UL T 1 R

BT 25 UKL AS 52 AR R e OB B2 B | Yao'  7E 2010 4R 48t 1 = S P SRR AL | O AL B B FE 6 oh
14 R SRR B Bt T — TR A AR . SR SR Y T AR AR — L DUDRE — e s R oy 3 AN B
f14 30 2, BIVIE 8 67 3R 0 B, 2 0 X B T R A FE A FAE IR PSR . SRR — AT B AN ZEIA
Pt il BB T IZ MR A RIS A Guo B R L —Fh S P S A SR B e 45 SRR
W] e SR A T 30 1 2 (5 R4 3 A ) 5 Qian 25T X BOMI DR A5 I8 AR 40, 4R 0 17 kT o AR A AL i L
AT AR B = S PR AR R T R B 6% LA S AR 0 R AR A 3R A5 B A 1 43 2K VE RE s Mondal 450 =
SRR EGAEEFEERETNZBIEIRRMASE S 2 T — B i) = 2 8 MR A AL 248 AT
Ree AR 1 XU 46 2% bR R 2 0L T L 25 R T R A 0 ORI XU, 25 fff ol 5 45 2R B A B 5 Wang
SN T A e SR AR [ 28 L A KRR Gt - 4 4 R RS RS MBS L 48 T BT A XU D B AR
R H TR B = SCH SRR R 2 18T DR SR 0 B D R AU A B T 0 T R SR R S
[

SCHRTL7 T B 1 7T B A 000 52 R0 AR B2 22 [8] 9 5€ 28, 7 T DX B ASH 4 v, AT 6 4 00 32 R0 A AL JE 2
BAE AR O B9, AT BE R I RE R LA AR R A R A R L AR BLBE T DU R P BRI R 2 B SE AR . AT
AE P AR B0 2 P R A0 4 22 18] A AR AL, 5% 22 S PR 4 v vl X0 B 0, OF EL 5 iR 1 48 P AR AL 32
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JI 36 A T SR AS G 0 AR AR A Il R, DA SCHR O T AT BE R ARBLRE B A5, X T AT REPEAR DL 5 B
G AR A 25 ) SC R ST LU D AR SCHE AT REME AR BLE 5 B A SR AR 4 L E L E RO nT ek
FHARLEE | FH 5P i 38 A0 11 SR Ja 52 A 41 3k P A B 45 B R Sk, AT BT 3t X 7 R 4 5 o

ERBEFE R AEAE AR - (1) T8 AU R AL S5E 2R X T B 58 A5 41 v Xk 5% ] A9 AR AR B2 i T 46
RSB o BEAE T LB 2E 5 (2) e L AR AR DL 5C ZR I, Xk G 18] (4 AR B2 FIAH 53 S5 75 o) 52 %)
S TS A% A R OB 5 (3) — 40 = S PR A B o D 0 9 T W I 11, ple 4 SR 45 5 2 B A Wy
RSN o BN I L ) T, AR AR R TSRO R AL G AR Y S PR SRR ) A 3 AR B L A 5
JE G B ELSE RO AL A, 45 21 ELSEROMI ¢ R F A9 (A, 4,) -8 SOL BRSO 4E (2, 2,) - #E T /Y
M . 205 FEdEAT SRR Jr i, SR 0 T SCRR [ 18 1% AR AR BL 2 R 43 14 D ik, T SCk [ 18] 32 222 1 Bt
L RS R ALLEE v, SR e 2 R SR TR 0 552 BB S T AR S L 3 SR AR B RE R AT BE TR BRI AN A 5, OF
T TSRO S A M SRR I L T8 3o T TR0 AR AT 106 2R A = S ple SRR SR W A B o A B 0D T
EWL R, O A A P EAT IR, e e 1 AR T P B0 LU R, AT B G M A BB 4R S 2 R Y
X o

1 EaxniR

1.1 EREHE

E X A0 &Uﬁ*/l\ﬁﬁﬁﬂﬁi%ﬁi,)”\ﬂUJ:E‘JE%T%W%%X%?S:{<I,ys(1‘),v5(1)>I€U},
Hipg(x): U~>[0,1]RRSHFBE vs(2): U>[0,1]1RRSHWAERBE . M FVeeU, H0<
us(x)+tvg(2)<1,ns(2) ASHMBIE 7 (2)=1—ps(x)—vs(x), Has(x)€[0,1]. RHMEEI,
(s (), v () ) RO SFE TR R BORI AR S S8 B B0 SRR (e v ) BT L FLAR (e, v ) ELSE R HL

EX 2" B S, TRHEHMU FAEE 24 HEBRES WS, TIE S XRMZRMT (1) SSTHH
’fl,\i’lVIEU,ﬂs(l')</17<(1)ﬁ_Vs(l‘)>V1<(I);(2)SUT:{<JT,#S(1‘)\/#T(I),Vs(I)/\VT(I)>VI€U};
(3) SN T={{apts (2 )N prr (@), vs (@ W g (2)) WV € U J5(4) S ={{a,v(x), pla))y 2 €R}.

TE X 3% S EHIAH LR sim (S, T )W 2 LA PEJT

(1) 0<<sim(S, T)<<1,0<S<<1,0<<T=<1,S+T<1; (2) sim(S,T)=(1,0) H S=T; (3)
sim(S, T)=sim(7T,S);(4) H#ST TS W, Ml sim(S, W)<<min(sim(S, T ), sim(T, W ),

FEX AR LS PITH IS =(U, AT, V, /)R EERMIE B RS, U AR A BRI B B A X 4
MES AT HIEM « IEEARES VIR MR E B0 H V={<x,/xa(f),v(,(x)>| VreU, 0<<
o)y (2)<1,p,(x)€[0,1],v,(x)€[0,1]},V, HIEE a B EMAERIBEBES (V,€V),
SUXAT—>VHERBERE N FYa€eAT,2€ UK f(x,a)E V0

X" WUMVIAARISE, & LA EMREE U X V EWEEEH 72PN U RV ZH
=T BB OC R IE N

I(I,y)Z{/x,(I,y),v,(x,y)‘JGU,yGV},Ver,yGV,IFR(UX V)
Hp g, UX V>[0,1L,v UX V[0, 1 IR0y (2, y)+ v (2, y) <1,IFR(UX V)ERU X V
AR G R A A
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1.2 =FZRKER

N 6022 T UL e S R Yao B T S K ok ®1 RETHH M % S S
R B EFARS.ETXHMART XL, hn= Table 1 Loss functions corresponding
{X,X(‘};E,j? ,;’E)‘(ﬁijj%%[(‘:{ap, an, aN},ap\aB\aNﬁ}ﬁ'J to different actions

# R x€POS(X), r€BND(X), 2€NEG(X), POS(X ), = AX f
BND(X )l NEG (X ) 45 51 2 H: 52 Je 9, 4 3 e o6 1 41 24 . o o

Ho MR AppApp Axp 27 FRIR 2 € X B EBENAT B apay . ay ax Ay A
R BRI A AR Apny A Ann S0 7R 2 € X OB 38
PE3IFPAT B AL R B . AN TR] B AT B R 452K R ’ﬁﬁlﬁﬂ%%lﬁﬁ
Ao BRI E A XK Rapll 2 )= P(X[[ 2 Je)+ 2 P(X [ 2 )5 R(ag|[x ])=
App P X|[I]R +ABNP X(|[IJR ;R aN|[I]R = AP X|[I]R +/1NNP X‘l[I}R)o

A DT i 30y 2 5 sk A RS 08 SR /I XU R0 4

FEZ M (PL) 45 R(ap| [ Jx) << R(ay|[ x R H.R(ap|[ 2 ]k )<< R(ay|[ 2 ), M2 & POS(X );

LRI (N 45 R(ap| [ J) < R(ap|[ 2 I ) H R(ay|[ 2 )< R(ay|[ 2 ), M x € NEG(X);

FERBI (B1) . R(ay|[ 2 k)<< R(ap|[ 2 R HR(ay|[ 2 k) < R(ay|[ 2 ]x),MxrEBND(X ),

B I (P2) s N P(X|[ 2 )= o, W 2 € POS(X);

SERFUN (B2) : 4 7 << P(X|[ . J)<a. U x € BND(X )3

A HI (N2) 5 P (X |[ 2 ] )< B, 9l 2 ENEG(X ).

Apn — Apn >

(AP\I_ABN)—’_(ABP_APP),B:(ABN_ANN)+(ANP_ABP)O
1.3 FIEEMER

FE X 7% P Nec R LB PR B, Plegess ol BB MEIN B2, VS € U, W Nec 1 Pl 2

(1) Nec(S)=1—PIt(S"), Hth S KR S AhE;

(2) Plt(|J,S; )= Sup, (PIt(S,))(i=1,2, ), Nec((] S, )= inf,(Nec(S,))(i= 1,2, - );

(3) 0=<<Nec(S)<<1,0<<Plt(S)<1;

(4) Plt(S)=Nec(S).
2 E TR E R B BRI E

AT AT RE A B e R L RO AE DL BE AR S G e OB e RO AT e M A 8L

EX8 WURNEEAMRISE,SHU L EEEMAE Vo U,SHHITE o 1902 B F1] g
PRI EE 49304« Necs (2 )= infus(x), Pltg(x)=sup(1l —vs(z))

EIE1 AEEBHIE L, ZHE B Nec A0 GBI E PleBA LT R

(1) AHRYE.VSEeU,0<<Necgs(x )<< Pltg(2)<< 1,

(2) BAPME. VS, TEU,SC T, 4 :Necs ()<< Nes;(x),inf us(x)<infp,(x),Plts ()< Plt;(x),
sup(1 —vg(x))<<sup(l—vp(2))s

(3) ® Jm M . VS, TeU, A : Plig(x)UPltp(x)=sup(l—vs(x))Vsup(l—vp(2)),
Necg(x )N Necr(x)=1inf( pus(x))Af( g (x))s

Apn — Ann

Horfr,a=
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(4) Necs(x)=1—Pltye(2),Plts(x)=1— Necg (x ),
EWT = (1), (2)F(3) 48 A5 Z ik W, w3 At (4) AR BTl F L UE R 4
Pltg(x)=1—Necg(x)=1—infps(x)=sup(1—pus(z)), Necg(x )=infug(x)=1—sup(1—
us(x))=1—Plig(x)
[A#, Plts (2 )=1— Necg (2 ), 8 Necg (2 ) Pltg (& ) /2 X8 B,
JH BT B2 7 2 221 D0 R0 AT R 1 0 3 L TR 4R 1 Y T RE 1 X 1] (Possibility necessity inter-
val, PNID) , i il Hausdorff B i 5 S E eSO 5 b WA PNTZ 8] YR 25, 285 5 1 PNTZ [ i A BLRE
Hausdorff J& & XN
H(E,F)=max(d(E,F),d(F,E)) (1D
XFALEWAX B E=[e, e, | F1 F=[ fi,f, ], Hausdorff £ i
H(E.F)=max{|e,— fi|. |e,— 13|} (2)
X9 ESHMTREREREMEU={x,1,, 2, LW EREME, ST a,eU, E XK
PNI Wy

E}

PNIg(x;)=[ Necs(x,), Plts(z;) J=[inf ps (x,), sup(1 — vs(z;)) ] (3)
PNI; (x,)=[Necy (), Pliy(,) J=Linf iz (2,), sup(1 — vy ()] )
PNIs€[0,1],PNI;€[0,1],PNIy={PNI4(x,): x,€ U},PNI; = {PNI,(x,): ;€ U}, PNIs fl PNI,

2 [8] ) Hausdor T 25

n

deH(PNIS,PNIT)ZEZH(PNIS(L),PNIT(J:,-)) (5)
n

i=1

EIE2 ¥ PNIg PNI; PNIy, Al fEtEIXE],S. T W R H M4 U £ 3414, d MITEW Al
FE 1 DX R) ) R, LW A2 AR PR

(1) AR 0<d(PNIg, PNI; )<< 1;

(2) d(PNIg, PNI;)= 0, PNIg= PNI;

(3) %FFRYE . d (PNIg, PNI; )= d (PNI;, PNIg);

(4) PNIg<PNI,<<PNIy,lll 4 (PNIg, PNI,)<<d (PNIg, PNIy, ),d (PNI,, PNI; )< d (PNIg, PNy, );

(5) =A% AT =R PN, PNI;, PNIy, A d (PNIg, PNIy, )<< d(PNIg, PNIy, )+ ¢ (PNI,, PNIy, ),

ERT 2 (1), (2) F1(3) AR 4l LA 5 wEWY L1 (5) AT fiy () UEHT, R L, (1), (2), (3) A (5) Tk Wi . iX
BN () A UE ] 2 #  IEB R

(4) & PNIg<<PNI;<{PNIy, 8 4 H(PNIg(x,;),PNIy(z,))=max {|Plts(z,)—Plty(x,)|,
[Necs(x;) — Necy (x;)|}; H(PNI;(x,;), PNIy (x;)) =max {|Plt;(x;) —Plty (z,)|, Necy(x;) —Necy (x;)]}
H(PNI (z; ),PNI;(z;))=max { |Plts (x, )— Plt;(z,)|, [Necs (&, )— Necy (x; )|}

M Pltg(x,) << Plty(2,)<< Plty (2,),Necs(2;)=Nec,(x,)= Necy (2,), HLAT 4 TN .

(a) #5 |Plts(2;)— Plty (x,)|=|Necg(x,)— Necy (x;)|, Wl H(PNIs(z;), PNIy(x,))=|Plts(z;)—
Plty (2;)], | Necs(x,)— Necy(z,)|<| Necs (2,)— Necy (,)|<| Plts (2,)— Plty (2,)], | Pltg(z,)—
PltT(x,»)|<max{|Plts(xi)*PltT(xi)L\PltT(x,.)*PltW(x,ﬂ}ﬁ\Plts(x,»)*PltW(xf)I, 4 : H(PNIg(x,),
PNI;(x;))<<H(PNIg(x,), PNIy(x;)), H(PNI;(x,), PNIy (2;)<<H(PNIg(x,), PNIy(x,)), &
dpniy (PNIg, PNI7) << dpyy (PNIg, PNIy ), dpgg ( PNT7, PNIy )<< dpyy ( PNIg, PNI, ).

(b) # |Pltg(ax;)— Plty (x;)|<<|Necs(x;)— Necy (x,)|, i (a) [d] BL 7] IE , dpny (PNIg, PNI; )<<
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dpngi (PNIg, PNTy ), dpng; ( PNTy, PNIy )<< dpagy ( PNIg, PNIy, ).

(¢) # [Plts(x;)— Plty (2,)|=[Necs (x;)— Necy (2,) |, W H(PNIs(z;), PNIy (x,)) =[Plts(z,)—

Plty (x;) [=| Plts (z,)— Plty (2, )+ Plty (2,)— Plty (,) |<<| Pltg (2, )= Plty () [+ | Plty (2, )— Plty (2,) |[=
ax{| Plts ()= Pty (2;)], | Necs (2,)— Necy ()]} + max {|Plt;(z,) — Plty (2,) |, [Necs(z,)—
Necy ()|} = H(PNIg(,), PNIy(2,))+H (PNI;(2,), PNIy (,))= dpi ( PNIg, PNIp )+ dpyys ( PNI,
PNIy) .

(d) 3 [Plts(z,)— Plty () |<[Necs(z,)— Necy (z,)[, #h (c) 7 # A Uk , H(PNIs(z,),
PNIy, (x,))<<H(PNI(z,), PNI; (x,))+ H(PNI; (z,), PNIy (2,)) = dpngs ( PNIg, PNI; )+ dipngs (PNI;, PNI, ),
8, dpag; (PNIg, PNIy )<< dpy; (PNIg, PN )4 dpygy (PNT7, PNIy, ).

%5 I ,PNIg<< PNI, << PNIy,, 18 dpu ( PNIg, PNIy, )= max { dpg; ( PNIg, PNI; ), dpag (PNI;, PNI )b

FEX 10 % PNIg PNI H WA AEE X 1), S 1 Tk EACHOBI 4 U= {2, 20, -, 2, ) PP
SRV X T A 2, € U R w, (1= 1,2, -+, 1), w0, = 1,36 H 0 < 10,< 1, PNI, Fl PNI, 2 [

=
A Hausdorff 5 25 h
d wpais (PNIg, PNI7) EwH PNI(z,), PNI;(z,)) (6)

H PNIg . PNI P/ BT 81 DX 8] A% A0 U BE i A

spai (PNIg, PNT; )= 1 — dypyy; (PNIg, PNI;) (7)
EX11 & Cuix—[0,1JMC,x—[0, 1 ML R VS € U, 25k 2
(1)C,(S)=1H1C,(S)=0 (8)
C,(S)= %(05+Plts( )— Pltge(2))
(2) 1 (9)
C,(S)= E(OS*Vecq( )+ Necge(x))

WRIFEXT(C,, C,) 0 BB ] R
3 ERRMAREERELNXR

55 235 v ORI R AT BE I 0 R A B B 32 ) Hausdorff B, @ U T BRI 4E S A T B 48 X
dpni (PNIg, PN ), JFUER] 7 30 BT A9 55 AR B B A A SCIR 8k U rhoxh G2 o Ry 76 S5 1 JB 2 T i A
LRSI, (&, y) A 5B DI, (2, y), 3 HAGRE T 2 A1y 1 1558 ORI AR LG 3R .

EX 12 LUS=(U,AT,V,f)HHEEEWE LR, UNAGRNISE,AT et o E5 A RE
GL.VRBENBESEE,fUXAT>V RELS R, V, A& o 09588 B R E SR 8 E B8 E S
(V,e V), Ba={f(z,a)| a€AT|My={f(y,a)| a€CAT} MGz yIE5&MHBEREAT FIER
BOWIE . f (2, )R f (y, @) WA SR oy TEFRMFIR T o N0 B SEBME , W o Ay CF A B AT E
B A AL ST, (o, y ) AU 5 DI, (2, v ) 53 510

1 flx,a)=f(y,a)

SI,(z,y)=
y min{1 —| Pt ()= Pt ()

(10)

,1*‘Nec‘1.(a)* Necy(a)‘} f(x,a)Zf(y,a)
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0 S(z,a)=f(y,a)
max{’Plt,( )— Plt, ( HNec a)— Necy(a)‘} flax,a)Zf(y,a)
EE3 HEBMIAUE SI, (2, y) il 2 F
(1) 0<<SL (2, y)<<1; (2) #FSI, (2, y)=1,Mx=1y;(3) SI,(x,y)=SI,(y,2);(4) FHx.y.z Wi
USSR, HaeCyC e, WS (2, 2)<min{SI,(x,y),SL(y,2)}

EHT AR E 8.9, B S UEW] (1) ((2)F1(3), 3% BAL S i (4) YUk o 72
(4) thE X897 4l ,d, .y (PNI,, PNI, )< d,;; (PNI,, PNL ),d, ., (PNI,, PNI, )<< d,.,; (PNI,, PNI,),

DI, (x,y)= (11)

s

max{| PIt, (a)— Plt,(a)], | Nec, (a)— Nec,(a)| |< max{|Plt, (a)— Plt.(a) |, | Nec, (a)— Nec. (a)]},

max{’Plty(a)— Plt.(a)|,

Ja)— Neczm)]}<max{|P1t,,(a>— Plt.(a)l, | Nec, (¢)— Nec.(a)]},
Frh, DI (x,2)=max{DI,(x,y),DI,(y,2)},SI,(x,z)<<min{SI,(x,y),SL(y,2)}c

EE4 ASUS=(U,AT,V,f) ij i A (5 B AR G iy g ichUrhéﬂfﬁﬂﬁ/\xT% Ya€ AT,
SI,(x,y) A DI, (x,y) 5 A X G oMy kT RBEBME o« 9MMEMMREE., SD(x,y)=
(SI,(x,y), DI, (2, y)), WA SR 2 Ay K F @M a 9 EEBIAHLIER .

UEBT AR AR L5, UEWINT G o iy J2 R T B Pk o 0 S BB LOC R GIE R B 40T .

(1) Va,yeU,SI,(z,y)=SI,(y,x2),DI,(x,y)=DI,(y,x )H.SI,(x,2)=1,DI, (x,2 )= 0,z =y,

(2) Va,yeU,SD, (x,y)=(SI,(x,y),DI,(x,y)), M E# 35 ,SI,(x,y)=S1,(y,2),DI,(x,y)=
DI (y,2), 4% SD, (x,y)=SD,(y,x)s

(3) 0<<SI,(x,y)<1, 0<DI(x,y)<1, & =y, 13 SI(x,y)+ DI (z,y)=1+0=1, %

r7Zy, 1% SIH(er,y)+Dlu(1f,y):max{‘Pltl.(a)*Phy(a)‘, ‘Necj.(a)*Necv\,(a)‘}+min{1*‘PltI(a)f

Plt,(a)

(a)*Necy(a)’}:max{‘ Plt, (a)—Plt, (a)|,

(@)= Nec, ()] |4+ 1—max{| Plt, (a)—

Plty(a)‘,|N€CI(a) — Nec_,(a)l} < 1. Frbh,SI(x,y),DI,(2,v),SD, (x,y) N E 5%

(4) #H 2, y, 2z it UEI’J34‘5@‘%,Hfgygz,SIa(I,z)<min{SI[,(I,y) SI(y }7%[]
SI(x,2)<<SI(x,y), SIL(x,z)<SI,(y,z), DI (x,2z)=DI(x,y), DL,(I,Z)}DIa(y,Z), 1%
SD (x,2)=SD, (x,y),SD, (x,2)=SD,(y,2)s

28+ ,SD,(z2,y)=(SI,(x,v),DI,(x,y)) A% 2y T @M a i B FRIATLLC R .

EX 13 LUS=(U,AT, V., )N HEEMELERE o My W IRB U PHEEN AL, U=
(a1, 25, 2, AT ={ay, as, -+, a,},¥(2,y)EUNa €EAT,w,(i=1,2, -+, n) K a B E , B 5 A A
KRN

SR(xyZZwSI z,y) zuDI(ry)

a€cAT a€AT
EX 14 WU={x, a5 -, 2,},AT={ay,as, -, a,},SR(x,y) >~ U L i B 5 B AH L R,
YA, €[00, 1JHWH R O< A + A< 1,4, =p,,=supC, (u(x,),v(x,)), =y, ,=infC,(ulz,),v(x,))
W) BB BRI AR B OG 2R SR R Y (4,,4,) A SR, LK
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SR, ., =1(x.y)=UX U] Zuwuaw>a,2wﬁunw<@} (12)
a€AT a€AT
AR ELBEREIAE (4, 4,) U T AARBLIE
[f}szeul,u:{ye U‘(I’y)ESRu,m} (13)
X5 LUS=(U,AT, V,f) N EBEBMEE RG, B Copes, ) 0 W PPN 845 00 K 19 EL AL

WA, 2,) R T AL, Copn i) & UL WP SEAR T 7 2R 0

_ ‘ [ ]SR(A!./Q) nEe }SR,AM’

( (14)
‘[I JSR(M.AZ)‘
4 ETEREMBEMUXRN=RFED
AR = S 1 SRR TR A e SR DU ke S AR ®2 ERAEHIRE 5K E R
BT ABFHMARES (X, XO) MEZ s R Table 2 Intuitive fuzzy risk loss matrix
BeE A LT 3 FNAT B (ap.ap. o) AR ML RN X X

k(23] BERAFRERBOR RS @ AT )y A=A v A )
L LTI B U K SRR f;xgﬂiyx f:xgﬂﬁfﬁ
BT iU AR 5k th 2 2 48 1 — R -
T D58 3 8 SRR (R S TR L A SC MR SR
LI 1 BE 43 BF 24056 BEMAT B G 3R (1) = % e el
EN16 A= (u(A) v(A) k=P, B,N; [ = P, N ) Jg de 4 % 7E BRI 25 F SR UK [ 45 3 9
PLAEBOBIAR B, 1 — v(Ay) 7% 5 LS JBE D 45 00 5000 A0, pe (A ) 6 7% 06 L2 E e 568 26 10438 2 1, A )
S R e S 0 75 DR R0, D00 R [ R 25 E 0 e O 4 A 4 RO S R SR BOAS [ A 30 1 XL 45 2
G () E LN

Gy(A)=(1 = h)pu(Ay)+ h(1—v(Ay)) (15)
=0 H WA BEREE G h=1H N RWMEEREHE
R4 B ose B KB H R R B G B B, A (e )< u(App) < p(Axp ),
V(A ) <<v(App )<< (App ), o Aan )<< (A ) << 2 (Apn ), v (Apn ) << v (A )<< w (A Do
FI ay . ap Flap BRI AE AT R R N
R(a|[ 2 Jspis )= G () PAX |2 Jyps )+ G (A ) POX |2 Tz 1) A=P.BLN - (16)
M = S PSR HRI AT LA ARAT A0 e S B )
B (P 45 R(ap|[ @ g 0) < RCap| L2 Jni) B RCap|l 2 g ) < Ran|[ 2 i 1)
| x € POS(X );
LI (ND) 35 R (an|[ 2 Jggan 1)< R Cap| L2 deaa) B RCad| L2 dgn i) S RCag| L a0
W xeNEG(X);
FERFIM (BL) :#5 x € U — POS(X )— NEG(X ), Ml x € BND(X ),
B2t P1N1 B AJ L3R4S 4R P 58 4 0



BN F AT ALY MK R = LR AAA 625

Hrp

fly =

B (P2) 45 P(X|[ 2 Jygn)) = @ HP(X| L2 dis )= 7. M2 € POS(X );
HEA R (N2) 5 POX| [ g0 B HPOX|[ 2 g, 0)< 7 M €NEG (X );

FERHLIN(B2) : 2 P (X |[ 2 Jir) = @ H POX| [ i) =B M2 € BND(X )

—_ (1= M)l apn)— (A )+ A6 (A )= ¥(Apy ) .
(1= ) o) — 1)+ 2 )— 2w D (A= v A )+ ¥(Ape)— v(Agp)

- (1= 1)) — 1)) H A A)— ¥(Ap) s
(1— M) o) — A (Ao )— e ) R0 )— (A )+ ¥ (Agp)— (Anp )

o (1= ) apn)— (A )+ RO An)— V() (o)
(1— o) — () 2CAxe)— 2 Cop )+ A A )— ¥ A ) W (App)— W(Anp))

AR L ASEA AR 010G 2R B0 - ) 8 R T 00 A O SO S, 4 AR T R A AL
SCPCR B ARG R R

Byl ETERENHEUXRN=XRREE

A HESENGEEREUS =(UAT,V.f),U={x,25,2,}, 38,4 ME. XU

B 4ES POS(X),BND(X ),NEG(X)

(1) HBEZHA LA, BB E Nec, (a), 1 BEHED B Plt, (a), LR ST, (2, y), M E DI, (x,y)
(2) TR A AHIC R SR (2, y) ( 2 w,;SI, (z,y) 2 w]»DIu(x,y))

€AT a€AT

(3) 3 50 o AE B BB (A, A T M0 2 [ g, =y EU[(20)€ESR, | H

> wSL(x,y)= A, > wDI(2,y)<2,

a€AT

a€AT

‘ [x ]szeu,.xg) nee st,‘

)
(5) $EA'J/\APPy/IBP,ANP,/IPWAB.\I’ANN’7+%:0‘ E ;
(6) if y << #<"a then

(4) RPN AR 9 (2)=

‘ [x JSR(/I A,

(7) if = a then 2, € POS(X)

(8) if p<< 5 and <"y then 2, ENEG (X )
(9) else x,€ BND(X)

(10) if a << f <<y then

(11) if =7y then 2, € POS(X)

(12) if p<< a then r, ENEG(X)

(13) else ;€ BND( X )

(14) if = max|a.3 | then z,€ POS(X )

(15) if<<min{B.y | then z,E NEG(X)
(16) else z,€ BND(X)
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(17)%i H POS(X ),BND(X ),NEG(X)

(18)end

S L HAEAL B ST, (2, v ) B 5B DI, (2, v ) W BF T SZ 22 8 O (mn ), 76 ELSEAER (21, 4,) -8
BT AR L2 [ Jspn ) BRI 24 B S O (), Nec, (a) Al Plt, (a) B 18] 5 2% BE 24 O(n), POS(X),
NEG (X ).BND (X )iy it [a] 5 22 B4 O (n), AR SL I IS A1 22 B 0 O (2n° + 2mn + 5n), B H O (n* ),

5 XBISH

AT — R F) I AR BUE BT 4R ) = S PSR R T AT M AT Rt . A 1R e N UCTHLAR 2% 2T B
P R T 6 AR A, I F A SCO7 vk VA T R 2R AT X B 23 B R 56 IE T SR AR R AT A9 T AT 1 A AR
P 5 55 2358 43 1) 22 00 SR U8 B AR SC AT 20 B8 95 45 SR AT S A A
5.1 HIEEXEESH

356 B 6 AR D R R A X B EE B A R RE R AT LU SR A M o B 4R A B AR P A B R
PEASEL X 28 8) B3R 3. oAk, X UT sk 6 A4 B R R AE AT AL B B X BROHE SR 00 RS S5 4 m o Y R 26
YRy HER SRS B KA L e /ME 5 80RO, X R AT 0 — Ak 5 MR 2 Dy A e g EAH AL
TR NG VA e A B, B L AT 0 — Ak YT AR R A BB R, A 2S8R VL A5 L 4r
HhAE 22 AT DA AL O B(E 11,0.75,0.5,0.25} 5 24 25 S ) BRI 1] 15 ok il iR A AR B, 50 TR JR A8 7 2F
T AL T fae Bl e fadt bl , R R 3, AT L E L {1 True, 0.6 True,0.2Truef . FTH L4 7 H A Win-
dows 10.Intel(R) Core(TM) i5-6500 CPU@3.2 GHz f1 8 GB A7 f9F- & | SC B, 4 B2 5 42 Python.

SIS OB A (A, ) B BUE 230 114, (1.0, 0.0) IT 1R 45 B8 A5 K0 0.05 AY IR 48 U sk 08 . % A,
wwﬂwmﬁﬁmeﬁ”ﬂmmﬁﬁﬁﬁ*ﬁ%ﬁﬁ%%éU¢w%¢ﬁmmﬁwﬁﬁ&ﬁ*,
52 BE W BUEE B A [0, 1] K AR S0 SClik[ 11,18 .21.,24 .25, 26 | B B 58 J7 178 i vE B 6 4~ 8k is 46 -
PEAT S8, g g5 B E VM E 2 B, Hodr B 1R 2 43 500 Sk 35 SOLRN A ) D 5 S5 A T A5 B Y B2 08 4
HHE,

X TR 2 BEAT AT, B0 R B N SR AR B B PR A O B G A, R O R . FE
[A — A4 b, 7R 7 ik AT A 2SR SR UL SR A5 1 T A R AR R b R T AR e SR A R R
B Bk RS AT, AR SC Ty R E Maternal health , Surveillance A1 Hev = B 48 b F 47 856 7y
T, AT LA 6 Fh 7 ik 0 B LR L S BRI XS R A D A AR B SR SR AR R L AR ST
7 78 Diabetes Fll Mines #14¢ T H:Ath 6 Fh 5 1k 4 28

ORGSR 0 KOt 2R T 1] —Fh 07 12 b 47 TR 3R ®3I ZRHIEERMIR

A e I wb TR NI I & L1 7 NI i [ 2o NI | Table 3 Description of experimental data sets

U PR A0 A St R — HE Y MR X RAH A
Maternal health SEL A 1013 6

i 22 R S R, A BB RN 2

A . Surveillance BE 67 7
3 G 22, W Afly 52 B AT L Ay RO UL #E 0, 0.5) Dishetes . . -
707 64 B S 0 T O Reisin s wn oo s
HET 0. 2 2, 1 IR R O T 1, A, B B 7 Hev o 615 L

WA O R0 B0 00 43 A R EL R A R 4 Mines JH B 338 4
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—— ER26] 7 e —t— SOR[26] ) —— THRR26]HE
X 0.60F = sxme 7L AR 0.60F = e #%0.60 F—— Axszﬁ’_,twr’r
H0.50f 7 1| Hosot / Ho50F 7 i
# 040 7| Eodof /i E 0401 74
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Fig.1 Dataset classification results under pessimistic decision-making condition
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(d) Raisin

& 2

1447 S5 2 7 2 A, R AL 3 R 2
(1,0) B IR BEAE S 0, 8 & i S AR g BE 2 Ak 1, 1 B8 S O, AR X 48 T [R] — AR 2R R, 24 HAY

R0 A B R 58 A A A HUR 7R FLSC RO A oh A7 1 1R 25 R 7 (1Y

XFERECT DS R — 4, RVRH LS B0 55 T X Rt . R, (A0, A) A TR Y R

g~
00(?50 0.60 0701080 090 1.00 00850 0.60 0701080 090 L

(e) Hev
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(f) Mines
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Fig.2 Dataset classification results under optimistic decision-making condition
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Xt S0 45 REHEAT AT, M A B BUEAEL0.7,1.0) , A, W B 7E (0.0, 0.3 JHsF, A% SCHE H 0 45 780 o 450 40 A5
BRI 2ERETT . FEIEIAY 6 U 4 B Y A B IREFEL0.9,1.0) , A, BYIRUETE (0, 0.1 JI , A SCT7 A
BT A 6 75 1 i B oA, R 43 B 30 S R e G b A SR BCR A o AR SCHR Y R AE S
OB K AR, (2, 2,) U T BOARABLZE 80 A U, 23 77 A A [ Y DR SR 45 2R, T DA — 7 7
JE B R 22
52 ETHEHREMBUXRNZZRREAN I EXENLRMNSHT

B 25 77 1 AR B S T B 2 AR AT X 7 i T ek B SR A AR DB g 4 A I A Al A A 7 R A
U O T SRR AR SCHR A = S P SR AR A AT AT T SCk [ 22 o i 7 o R R R RN
B AL 4E 1047 i 2RI LR oK R T IR BRI T B U = {21, 200 T3, 40 T, T L0 T Tga T10 ), X
FRET XCOFOR AT R Q= X, X ). X TR R R A 4R B AR KT R4
KA Ml 55 BE 1A Al BRI R A — A BERRE AT = {ay, az, as, ay ), 49N B AL 23 50 0 0.2,
0.22.0.36 1 0.2, AL E A W=1{0.22,0.22,0.36, 0.2} £/~ , K& R E h={0,0.37, 1}, M i 3 FAl
C= {2y X4, 5, X5, To ) B Gy A3 A SO AL BREE . B 5, 3 4 327 10448 7 7 04 B8 |
RS DA (B — A B0 RO B, 20 1) 4 455 SF Jas B A AR SR i

R4 0N HEFHSREFRR

Table 4 Multi standard information table for ten suppliers

U a, a, as n U a, a, as a,

T, (0.6,0.3) (0.2,0.4) (0.3,0.3) (0.1,0.5) K (0.1,0.8) (0.3,0.5) (0.2,0.4) (0.5,0.1)
x,  (0.4,0.5) (0.7,0.2) (0.6,0.4) (0.5,0.3) X, (0.4,0.5) (0.3,0.6) (0.4,0.2) (0.3,0.5)
xs  (0.5,0.3) (0.1,0.6) (0.4,0.2) (0.3,0.4) Ty (0.2,0.6) (0.6,0.3) (0.8,0.1) (0.4,0.2)
x,  (0.7,0.2) (0.9,0.1) (0.3,0.5) (0.8,0.2) T4 (0.3,0.4) (0.8,0.1) (0.5,0.4) (0.6,0.3)
x5 (0.6,0.1) (0.6,0.2) (0.3,0.3) (0.5,0.2) | x, (0.4,0.1) (0.1,0.3) (0.3,0.4) (0.5,0.5)

BB T REVEIX RS HFE . Z = ([ Nec ;, Plt, 1), o, 27 N Z 0055 B 1% Nec, = inf
Plt,; = sup(1 — v, ).
ZT:
[0.6,0.7][0.4,0.5][0.5,0.71[0.7,0.81[0.6,0.91[0.1,0.2][ 0.4,0.5][ 0.2,0.4 ][ 0.3,0.6 ][ 0.4,0.9 ]
[0.2,0.6][0.7,0.8]1[0.1,0.41[0.9,0.9][0.6,0.8][0.3,0.5][0.3,0.4][0.6,0.71[0.8,0.91[ 0.1, 0.7 ]
[0.3,0.7][0.6,0.61[0.4,0.81[0.3,0.51[0.3,0.71[0.2,0.6 ][ 0.4,0.81[0.8,0.91[0.5,0.6 1[ 0.3, 0.6 ]
[0.1,0.5][0.5,0.7][0.3,0.6 ][ 0.8,0.8 ][ 0.5,0.8 ][0.5,0.9][0.3,0.5][0.4,0.8 ][ 0.6,0.7 ][ 0.5,0.5 ]

£ T2 iFEOH R MMM R SR(x,.1,) ( > wS (2,2, >, wD,(2,.2,)],

a€AT a€AT

I,“,JC,,G U’ ajeAT, *H {U\E %E KZE : SI(I,,,,I”):

Z w]-SIL,(.r,,l,I,,)) *H#r%ﬁ% DI L s 1):

a€AT m X n

> w,DI(x,,2,)| o ALEWAEERIR 2,2, 0 E BRI R N SR (2, 2,)=(1,0), (m=

a€AT mXn

1,2,+++,10)s SR(x,,,x,) HBER R x,, w2, 10 B SCBORI AL &R, T o8 A R ST (2, x, ) FTAH



SR F.ATAHAREMMEMX ARG = L EREER 629
SEHMEDI(x,,2,) (m=(1,2,--,10),n=(1,2,--+,10)):

SI(x,,z,) (ZwSI xm,m) =
m X n

a€AT

[1.000 0.658 0.858 0.612 0.788 0.752 0.836 0.584 0.630 0.818]
0.658 1.000 0.712 0.722 0.762 0.662 0.800 0.806 0.900 0.632
0.858 0.712 1.000 0.572 0.770 0.714 0.892 0.640 0.670 0.778
0.612 0.722 0.572 1.000 0.780 0.640 0.594 0.564 0.778 0.662
0.788 0.762 0.770 0.780 1.000 0.724 0.728 0.668 0.798 0.750
0.752 0.662 0.714 0.640 0.724 1.000 0.760 0.654 0.654 0.686
0.836 0.800 0.892 0.594 0.728 0.760 1.000 0.686 0.736 0.734
0.584 0.806 0.640 0.564 0.668 0.654 0.686 1.000 0.764 0.540
0.630 0.900 0.670 0.778 0.798 0.654 0.736 0.764 1.000 0.668

00.818 0.632 0.778 0.662 0.750 0.686 0.734 0.540 0.668 1.000 |

DI(.Z',”’f”): Z 'Z,UjDIa(l'm,l'”) -

a€AT mXn

[0.000 0.342 0.142 0.388 0.212 0.248 0.164 0.416 0.370 0.182]
0.342 0.000 0.288 0.278 0.238 0.338 0.200 0.194 0.100 0.368
0.142 0.288 0.000 0.428 0.230 0.286 0.108 0.360 0.330 0.222
0.388 0.278 0.428 0.000 0.220 0.360 0.406 0.436 0.222 0.338
0.212 0.238 0.230 0.220 0.000 0.276 0.272 0.332 0.202 0.250
0.248 0.338 0.286 0.360 0.276 0.000 0.240 0.346 0.346 0.314
0.164 0.200 0.108 0.406 0.272 0.240 0.000 0.314 0.264 0.266
0.416 0.194 0.360 0.436 0.332 0.346 0.314 0.000 0.236 0.460
0.370 0.100 0.330 0.222 0.202 0.346 0.264 0.236 0.000 0.332

010.182 0.368 0.222 0.338 0.250 0.314 0.266 0.460 0.332 0.000 |

BE,3 WA =p,, =supC,(infulz, ), sup(1—v(x,)))=0.60,,=v, ,=inf C,(infu(x, ), sup(1—
v(x,))=0.30,
T4 T 2, (A, 2,)-BE T AL 2, Jseo.m=1,2, .10,

[I’lJSR(/II./I_,):{II’IS’15’16517’1‘10} [12JSR(A“AZ):{12913,f4,x5,f7,18,19}
[13}513(/11,/12):{11»352’13»15»I6a17v-7510} [14]SR(A,,AZ>:{f2’1'4v-755’19}
[ISJSIeuu,A,,):{Il»Iz’1"3’14»1?5716’1'%1“9’110} I:16]SR(A‘,AX):{II’IB"ZS’IG“ZW}
I:1‘7151?(/1“/12):{11’1‘2"erIS’IS’x%I%‘rlO} [1'8]9Ru A :{1'2,1'8s179}
[19}SRM./m:{12714’15»17»3?8’19} [xlo]qk (21.25) {11,13,13,16,1,,110}

HBS B, IEM R 9(2,,):p(2)=0.17,9(2,)=10.71,9(x5)=0.286,, (2, )=1,9(x;)=
0.333,9(25)=10.2,9(2;)=0.375,9(x3)=1,9(2,)=0.833,7(x,,)= 0.2,

HBR6 AL 54 Y RO B R A HE B, LA e (17~19) , 35 AE KU 3 R A A=0,
0.37, LI By B, X X 52 2, 78 505 0 e 556 A0 AR WL e 366 AR [ e 5 75T F AT 202

M hp=0R EEWEFREHFLE,a=0.75,=0.29, y=0.53 18 : POS(X )= {24, 25, Ty}
NEG (X )={x, x5, 26, T10}, BND( X )={x,, x5, 7 }o
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M p=0.37 B «=0.673, =032, y=052 % . x5 HEREMRERNER

POS(X):{VZZ,I4,J‘8,x9}, NEG (X )=/{xy, 23 T5, T10}» Table 5 Intuitionistic fuzzy loss cost
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