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Intuitionistic fuzzy statistic adjudging and decision-making
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Abstract: For fuzzy characteristics in statistic adjudging and decision-making, a method to handle intuitionistic fuzzy sets
is proposed in this paper. Firstly, the conception of intuitionistic fuzzy events probability is given. Then the conceptions
of intuitionistic fuzzy ¢-norm and s-norm are proposed, the characteristics of intuitionistic fuzzy events probability are
detailed and testified, and the theorems of multiplication, absolute probability and Bayes are described and proofed. Based
on the characteristics of intuitionistic fuzzy events probability and different types of information source, the techniques of
intuitionistic fuzzy statistic adjudging and decision-making are particularly analyzed. Finally, experiments on a problem of
investment show the effectiveness of the algorithms.
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358 1= * 5 * % 26 %
MIMEZE S TE] b LT o 3, P45t T IFE % 3) Ha< y i, H
lj/J/T\u %ﬁ/ﬁ Tl(IVZ) <L Tl(yaz)v Sl(I,Z) <L Sl(yvz);
X2 SRR, SIS ) H Ty, (1,0)) = 2, 8 (x,(0,1)) = .
PAFAEREHLYE, TR]ES 300 1 e SR AT A 0 iy A ROk %4 A,BEIFE (2), A= (pa,va), B= (up,vp), f&

I, AT LASCHR (8] 45 H (1) TFE Mk 0 St i, gSr T
WD 1) L BRI N 26 3118, R F B B A fift e ¢
T 5 PSR AR AR BDRIPE, TEGE TS T e B
et FIP S P ITE, JEIIE T I VE A R
2 ERBRI SRR R B AR i

EX 1 (EREB G B0 — RS,
HAT LR CEFIC N w0 = 1,2,--) & 2 _EIREHL
SRR, MR A BRI HAT— T A AT BEAL
FF AR Q P EEAE A w; 2 DR pa(w;) JE T
A, I CAFRBE va (wi) BB T A, I H pa(wi), va(w;)

[0 ” 0< MA(WI) + VA(wz) 1, WIFRBENLFAE A =

{{wi, pa(wi), va(wi))lwi € 2} EFEA R 2 _E K EGE
BORIAF, TR0 0 =0 (pa(wi), va(w;)) B (pa, va).

L ma(wi)=1— pa(wi) —va(w;) J TFE A L
FE, WR 74 (w;) =0, W) IFEiEﬂ'JC.?'J FE. [l IEF () %R
FEA 2= [0] 2 10— IFE 742

ENX 2 (EM%*@%@WJEZ/E) A6 X T AR
&, P:IFE (2)—0, WVAEIFE (2),w; € A.

1) 4 2 A AR, 354 P(w;) A w; TR, W
IFE A MR Ky

A) = [ZHA(%)P(%)7 1-

2) 4 0 KIES %ﬁ@%ﬁﬁﬁﬁ%ﬁﬁ%é
210 RAENHBIBENAL E, f(2) b o MR8 R
0, U TFE A FIRER N

)= [ [ mat f@)de, 1= [vaw f(2)da]. @)

XTTE&(Z) SCHR [8] 45t T — M, /Y

PA) = [ S(nale) +1 - va(@)f@)dz. 3)
1% AL T 3 A2 Kolmogorov MER 1 T3 P4 5.

EX 3IAF =M= MRED) G LNEH
<i, L ={z|z = (x1,22), 21,22 € [0,1], 21 + 22 < 1},
W Ve, y € Lz = (x1,22),y = (y1,42), Ha <y yIf,
(z1,22) <1 (y1,92) © 21 <Y1, 22 = Yo, M (L,<p) A58
4eH%. TFS FR ¢ B8 1% s Bk L _E AR 84 FLIo 2 A8 e e
SEA R T ICIB L, (1,0), (0,1) A AR LG, W)
Va,y,z € Lz = (x1,%2),y = (y1,Y2), 2 = (21, 22), BRI
T1,Sy : L x L— L, /2

1)T1($,Z/)

VA(wi)P(wi)] (1)

&Pﬁz

Tl (yv Jf),
);

SRR = B () B = AR (s H8E) AT, S 1 [0, 1)x
[0,1] — [0, 1], WIIFS [ ¢ B f s 1 55 4% G 1R ASER) ¢ A
Lo s B R 2R N Ti(A, B) = (T(pa, pg), S(va,vB)),
S1(A,B) = (S(pa, pp), T(va,vi)) FFAERE R AR ¢
Biles B, & A/, B/ €FE (2), WAY
TM(A/, By = max(pas, /),
SMA/ By = min(vy,,vg/),

TH(A/, B) = max(pas + pps — 1,0),
( /,B/) =min(vy, +vg/,1).
B TL(A/, B/ F1 SE (AL, BN JE I TFS f) ¢ 155
s 1%, |
T (A, B) = (T*(pa, pp), S*(va,vg)) =

(max(pa + pp —1,0),min(va + vp, 1));
ST(A, B) = (S"(pa, pp), T (va,vp)) =

(min(pa + pp, 1), max(va + v — 1,0)).

i1 W NFEARZE, P IFE (2)— 6, fi:
1) VAEIFE (£2), P(A) C [0,1];
2) P((I,O)) = [171]’P((0’ 1)) = [0’0]7
3)VAy, Ag, -+, Ap €IFE (2), AR TE (A, Aj) =
(O’l)ai’j = 1a2,"' , M, IJI\IJ
P(S{(A, Aj)) = P(A;) + P(4y).

i

T () =T (&nﬂ J).

nL L L

St (4:) = 5 (An, St )

4 TE(A) = (0, 1) 1, ﬁp(sL( )) :ZP(Al)
1=1 =1 i=1
WER 1) BARAOL.

2) A = (pa(wi), VA(wz)) =(1,0)=
juA w;) f(x)dx =1,
1- jl/A(wi)f(x)dx =1=
P((1,0)) = [1,1];
A= (paws), VA(‘%)) =(0,1) =
jﬂA w;) f(z)dz =0,
1- IVA(wi)f(:zr)dz =0=
P((0,1)) = [0,0].
3) VA1, Ay, -+, A, €IFE (12),
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T{(Ai, Aj)=(0,1) =

max(pa, +pa, —1,0) =0,

min(va, +va;,1) =1 =

pa, +ha;, S Liva, +va, 21=
min(pa, +pa;, 1) = pa, +pa;,
max(va, +va, —1,0) =va, +va;, — 1
P(ST (A1, A7) =

P(min(pa + pp,1),max(va + vp — 1,0)) =
P(pa, +pa;,va, +va; —1) =

[ [ G, + g, (@),

1= [ (a, +va, — D (@)da] =

[ [ (ea, + 1a,) ()

2— f (va, + I/Aj)f(x)dx] =

P(A) + P(4;).

[FIBE, 4 TE(A,) = (0,1) I,
=1

P(S1L1(Ai)) = ZP(Ai)~ 0
= i=1
AL, R A B e A5 K s 5, D T4 4 11
FE ML, | F1 O it 7™, SM, Tkt + IFE it %, | A
N #t2& TE, SE.
i 2 WO HNHEARTN, A, BEIFE(2),P :
IFE (2) =0, WAT:
1) A C B, ll P(A) < P(B);
2) P(AC) = 1 — P(A);
3) P(SE(A, B)) = P(4) + P(B) — P(TH(A, B))
UER 1) AC B=pia <pip,va >vp= [naf(z)de
éprf(x)dx, 1—jZ/Af(x)dx <1- jVBf(x)dx, HH
SCHIR [14] wJ 7593 DX ) i) L8732
A =[as,a"] < B = [bs,b"] & ay < by, a* < b7,
It EA
[I paf(z)de,l — fl/Af(x)dx} <
[IMBf(l”)dx, 1- ijf(x)dx} =
P(A) < P(B).
2) P(AC) = UuAf(x)dx, 1 quf(x)dx}, i
DY TRV EL R, A7
1— P(4) =
1,1 = [ [ paf(e)de, 1= [vaf(e)de] =

[ [var@)de,1— [ paf(@)de] = P(A).

HA
P(S{ (A, B)) + P(T{(A, B)) =

P(max(pua + pp —1,0),min(va + vp, 1))+

P(min(pa + g, 1), max(va + v — 1,0))
[ ma(ua +pp — 1,0)f(2)dz,

1~ [(min(va + vp, 1)f(x)dx} +

[ min(ua+ pp, 1) f(2)de,

1— jmaX(VA +vp — 1,0)f(3;)d$} _

[ (max(uea + s = 1,0) + min(ua+
np,1))f(x)dz, 2 — f(min(uA +ug, 1)+
max(vs + vp — 1, O))f(:v)dx] :

Yipa+pp<lva +vp =1, T

[ [0+ pa+ ) f (),
2~ [(1+va+vp = 1) f()de] =
P(A) + P(B);
Mpa+pp=1,va +vp <L, EREF
[ [t ps =14 Df (@),

2 — I(VA +vp+0)f(x)dz| =

P(A) + P(B). 0
AL — 2133
nL A _
P(st)
> P(A) =) P(TE (AL A))+
i=1 i<j
(T A).
i=1
TE X 4 (IFE 58 2 WFEARAE, A,
BEIFE (2), P : IFE(2)— 6, H:
1) 4 P(B) > [0,0], U7 IFE B B4 K& A 11 4
PER, IEF A 5% P(A|B) & X h
P(A|B) = P(T{ (A, B))/P(B); “4)
2) IR P(TE(A, B)) = P(A) - P(B), WHRH %
BRI A, B 2L, i P(A|B) = P(A).
EFE 1L EM) VA, Ay, -, A, € IFE(2)
HP(T%(AQ) >0, 15
=1

P(TH4)) -
P(A;) - P(Ay)A,) - ~-P(An| %LJ(AZ-)). )
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W By W%, D={dy,dy, - -, dpm} AT WA, BERZ A
P(A)) > P(TE(A, Ay)) > - > RGN ZES, DRI ItHEd;(1=1,2,

n—1 )ﬁ%é@ﬁ%ﬁﬁ FiAT A B BT, X = {21, 2o,

P<T1L (Av)) > P(ﬁL(Ai)) 2 0,
=1 =1
It BASR (5) A7 g 1R 45 A1 M 3 1A 2 3L, Tl R 42
VA yEAE I 3R B 1.

Mn =21, e 2 fE 4 n 55 (5) BT, i
WY n =k (5) T, B

k
P(TH(A40) = P(Ar) - PAsl ) -
WMn =k+ 10 A5

k+1

k—1

P(Ak| ;;1L1 (Ai)>7

p(a0) = P(1tan) - (| Thoa0) -
P(Ay) - P(Az]Ay)---
P4 TE () P (sl TE 1)) -

EH 2 (EMEANX) VA, -, A, €IFE (2), W
%TIL(A“A]) - (071)7P(Al) > Oai’j = 1727"' y T

% TAE (K IFE A C S:llL(Ai), f

ZP P(A|A;). (©6)
Uk
P(A) =
P(ri (A st(40)) = P( ;j(Tf(A, 4))) =
iP(TlL(A,A ZP P(A|A;). O
i=1

Eﬂs(ﬁlrﬂrﬁﬁ/\iﬁ) VA, -, A, €IFE (2), W
RTEA;,A5) = (0,1),P(4;) > 0,i,5 = 1,2,---,n
W FAER N IFE A C ST (A;), P(A)>0, i

PAAIPA)

ZP(AlAj)P(Aj)

P(4i]4) =

WEM By
ZP

HP(A)>0, EEJC(S)ﬂ](@ H
P(A;|A) =P(T{(Ai, A))/P(A) =
P(A;) - P(A]A;)/P(A).

3 HREBRIZGUHARE RE
HRE 22 g vt ) e by v S S AR, BT {S,
DaXv-P( ) U(djvsl)} I:F‘ S= {817827"'78n}%§

RIREMES, SHME—FREsG = 1,2,
n) s HIRFAFAEM —Ppis 00, RIFEAFAL, & —Fhbl

P(A|A)),

O

: ,zl} 1B AE B, KR — &G E (k=
1,2, 1) % AARRE s RAMER A58 m0; P(s;)
TR Wkﬁz A s WTRER MR, U(d;, si) & D x S
Lnﬁﬁmmﬁzjmﬂ% BRI, — M AR R R, BT AR
RN s; I, RITT % d; FTIRAS (R308RI 8 B 4E.
TR AR SR X MR, S AR E O SR
P b5 PSR 7 i,

1) MANE IS BRI, A LUR 3 Bl

D ARZS s BWARKE, & A(S) 72— S T IIBENL
FifHEE, VA, € A(S), B(D) 2—41 D T iuk 4L, VD,
€ B(D), WREUT 241 D, i, Jalpka RE 7 20 A2

UDy) = A,,.EA(g')I}%i,(eB(D) { djez];g SZ;T U(d;, S")}'

@RA& s; fAATRER A, & A(S) J&—41 S bl
Bl 4, VA, € A(S), B(D) & 41 D i) vk 5 45,
VD, € B(D), WREU5 %41 D, 1, J e REUR 5 %

Y2
U(D*) =
Ar€A S)D EB(D){d; s;‘ U(dj, si)P(si) }
@R s, A7 ATRERE, A TF(S) 2419 T i H

Ml D
41.Q, I,

WAL SR, VE, €IF(S),IF(D)
LB RO e S 4R, VQ, € TF(D), NIRRT %
NS PRI EPIE IVF

U(Qy)

max
F,€1F(S),Q, €IF (D)

2. D U@ F)

P(F)}.
Qy€IF(D) F,.€IF(S)

2) MIBINIIE BIE AL MBS, LT 2 R
s

ORE s; FAATRERE, & A(S) & —4L S 1k
Bl APE4E, VA, € A(S), B(D) & —41 D i vk S 4E,
VD, € B(D),C(X) & — 41 X 9 (138 n i 15 B 45,
VM), € C(X), WEREUT 41 D, b, g3 R I 7
RN

U(Dg| M) =

max
A,€A(S),D,€B(D),MeC(X)

X X X uwsr

(sife) }-
€My d;€Dg ;€A
@R s, AATRER A, A IF(S) & —4 S i H
e BE WL 4R, VE, € IF(S),IF(D) & —41 D
() B AR e 4R, O(X) 241 X H B in i 45 15
B, VM) € O(X), WERIUT A Qg I, FI P KL

—
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Q, €IF(D) = P(Nh|F ), U(Qq, F) B G it 5 &4 H, P(F.|Ny)
max T X R B BRIL SR, &
F,€IF(8),Q,€IF(D),M;,eC(X)
V3(Ni) = U(Dy|Ny) — U(Dy),
A X X X UQuEIPEm)} :
z €M), Q4€IF(D) F.€IF(S) Vi(Np) =U(Q g‘Nh) - U(Qg)

Hrp
P(F|ni) = P(wi|Fy) - P(F)/P(x),

(
P(E)=| Y nr,(s)P(s:)

s; €F, s;€F,
> P(m|F.)- P(F,).
F.eIF(S)

(’I”’Ir) (an )ﬁﬂ LVI‘ %Tﬁﬁ Hlll P(F |Nh)
sk X (AR SRR &
Vi(Mpy) = U(Dg|My) — U(Dy),
Va(My) = U(Qy|My) — U(Qy)
a3 A B NG R G 15 2 145 BE.
3) MBI AR SN BB A A I, AL R 2
PR
ORE s, Bl RERE, 2 A(S) &4 S 1kl

HLFHAE4E, VA, € A(S), B(D) 241 D ¥ It e S 4E,
VD, € B(D),TF(X) f&—41 X 38 i B 5 owi 15
B, VN, €IF (X)), WIRINTT R4 Dy I, J e R
Iy EINS

U(D}|Ny) =

max
A,€A(S),D,eB(D),N,€IF(X)

Y Y Y vdsPeiNg |
NLEIF(X)d;€Dgy s; €A,
,EEP: P(si|Nw) = P(Nulsi) - P(si)/P(N, )P(Nh) =
ZP Nh|SZ ) (Nh\sl)ﬁli VI‘%I
O s AR, A TR(S) 4L S hinT
AR B AL RS, VE,. € IF(S),IF(D) £ — 41D
1) T BB e S 4, VQ, € TR (D), TF(X) & — 4L X

(Y N ) L BB 15 BV B, VN, € TR(X), IR E T %6
41 D, I, FIPE R TT SN2
U(Qy|Nn) =

max
F,.€IF(S),Q,EIF(D),N), €IF(X)

Y X Yue.w

Nu€eIF(X) Q,€IF(D) F,€IF(S)
Hep
P(F,|Ny) = P(Ny|F;) - P(F,)/P(Ny),
[ > ur IREDY VFT(Si)P(Si)},
s;€Fy si€F,

PNy = Y P@Nu|F,) P(F,).
F.€IF(S)

P(F, |Nh)}

53 ) A BN AT (5 R S 45 2 A5 S A
4 N HRBI

SR [ A7 A A5 BB AT W AN R, X —
WA {S, D, X, P,UY. H: SARK BT B I H i
TR KR5S, S = {51,592, -+, 512}, IF(S)
= {Fy, Fy, F3} 0 S EIVESERMIR:, By oR Bt
AU SAH A7, Fy 30K “ il SR UK A4 4RIk 7,
Fy RoR “HiHRBUAH MR, 55 I AT MER P(s;) FI
YT F(r = 1,2,3) W30 8 FE 5 JE S 8 FE R B 0L & 1
D AR H BB T ST 5, QR ) /N TH #
P27, Qo s “ I B IR H LR 7, Q3 Fo“ ) KA
T H B, I o AR T T, 15 200 R
R U(Qq, Fr) W32, X ARZIE NI B0 RO (5 R s
4, IF(X) = {N1, Na, N3} A X (0 H 5 BOm ik,
Ny R BRI R, Ny Rom “ BRI K
BAAK”, Ny e “ B ISk 5 a7, il
AN )L T, AR PN, | F) W3R 3.
TN BRI T Q4 (9=1,2, 3) HEAT AW

®1 s SHHEP(s))5F,
WMREBESEREERY

FQ(Si)

Si Fl(si) F3(Si) P(SL)

s1 (1.00,0.00)
s2 (1.00,0.00)
ss (0.71,0.18)
sq (0.64,0.25)
ss (0.54,0.32)
s6 (0.39,043)
sz (0.00, 1.00)

(0.00, 1.00)  (0.00,1.00)  0.09
(0.00, 1.00)  (0.00,1.00)  0.08
(0.29,0.67)  (0.00,1.00)  0.09
(0.36,0.52)  (0.00,1.00)  0.09
(0.46,0.41)  (0.00,1.00)  0.07
(0.61,0.27)  (0.00,1.00)  0.08
(1.00,0.00)  (0.00,1.00)  0.08

ss (0.00,1.00) (0.82,0.07) (0.18,0.69)  0.09
Sg (0.00, 1.00)  (0.68,0.20)  (0.32,0.52) 0.07
sio  (0.00,1.00) (0.46,0.39) (0.54,0.33) 0.08
s11 (0.00,1.00) (0.00,1.00) (1.00,0.00)  0.09
s12 (0.00,1.00) (0.00,1.00) (1.00,0.00)  0.09
x2 FMEREREUQ, Fr)
F/Q Py F s
o, 90 110 120
Q- 0 150 200
Qs — 80 100 300

3 KHHE P(NL|F.)

P(Np|Fy) N1 N N3
I [0.61,0.84]  [0.19,0.32]  [0.07,0.19]
Py [0.23,0.40]  [0.58,0.73]  [0.16, 0.38]

Py [0.14,029]  [0.21,0.44]  [0.62, 0.79]
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Step 1: FHIER 1 Pren i Eidis, t
P(F) = | 3 i (s)P(s1),1= Y v, (s:) P(si)]

si€F,. s;€F,.
AR5
P(Fy)=[0.3713,0.4045], P(F2)=[0.3777,0.4411],
P(F3)=[0.2618,0.2951].

Step 2: HAEHK 3 rén (A, th A

P(Nh): Z P(Nh|FT)'P(Fr)7
F.€IF(S)
DL X T) 4 e
la,b] % [c,d] =

[min{ac, be, ad, bd}, max{ac, bc, ad, bd}],
A2
P(N;)=[0.3500,0.6018], P(Na)=[0.3447,0.5812),
P(N3)=[0.2487,0.4776].

Step 3: fi2 5 A =

P(F;|Ny) = P(Np|F;) - P(Fy)/P(Np),
DA DX 18] BB 3 [a, B)/[c, d] = [a/d, b/ c] T+ 5543 3 1)
FATF AN 4 P

Fz4 HEBINEHFEE P(F.|Ny)
P(Fr ‘Nh) Fy Fy F3
Ny [0.3764,0.9708]  [0.1172,0.3698]  [0.0432,0.2196]
No [0.1495,0.5119] [0.3769, 0.934 2] [0.104 0, 0.486 3]
N3 [0.0767, 0.308 5] [0.1151,0.2719] [0.3399, 0.937 4]

Step4: #4322 Jr 45 1) H s L & Step 3 745 21 11
P =Rty DS S N N M R S S 0]
TS FE 1k

U(Q1|Ny)=1[263.9,489.1], U(Q2|N,,)=[339,530.5],
U(Qs|Ny)=[318.4, 499).

R X TR) 5 L 3o v U4,

U(Q1|Nn) < U(Qs3|Np) < U(Q2|Nn),
PRLHER 7 26 Qo BV ) v 2R I H 5% .
5 4
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