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PR 4 5 L O R R B T 5

TR, F AT X HIR EETF

(CEROR=ZFRAR 22 Be, 2B 3T 230601)

FE. AR A B T R &0 R E R R P A, M imEf ke, &L T B K R #3 (picture fuzzy numbers,
PENs) 89 ik Aririkiz L, R THEBREF R EMHEN T 7RG RKM, /538 P 02469 PPNs 698 EFREZ L EN, o
M T 24 PPNs AT A5k kRS EFOARR, FREG 2L TFRREG T XBRIABAEME L 6T A
AR, B F ) AT IR S F A A A T AT

KEBIRE : B R ADM4E s AR Bk BT IR R AT KR A

FE 5K S TP391 XERIRRES A

SR B, B XA, 55 18 R ORI AR s AR IR S T IFE [ 7], LR R 253 (B4R ) ,2025,60( 1) :45-62.

Study on subtraction and division operations over picture fuzzy sets

MENG Weiwei, ZHENG Tingting * , LIU Junge, WU Xiaoyu
(School of Mathematical Sciences, Anhui University, Hefei 230601, Anhui, China)

Abstract: Aiming at the problem of the complete subtraction and division problems under picture fuzzy environments, the
subtraction and division operations of PFNs ( picture fuzzy numbers, PFNs) are defined by constructing equations for addition and
multiplication. Based on the nearest distances, the optimal solution of the equation is derived in various situations, and more
complete subtraction and division operation algorithms are obtained. The properties of the two newly defined operators and the mixed
operation of addition and multiplication are analyzed in detail. The two improved operators are extended in a pointwise manner to the
picture fuzzy set, and the essential properties are discussed. The applicability and feasibility of this operator is verified through
numerical analysis.

Key words: picture fuzzy set; linear programming; subtraction operation; division operation; pattern recognition
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A, Cuong 444 T PFSs H—2 0 R B X AEALE G2 H M0, SIS R IF LZMKbizHE
4, PR TR PRSs MAERUT T I0—RHESE , VP22 A E AT T HRRITSE, Bl Garg'™ St 41 T PFSs
ERIBCE AU LA T Jana 25" 5] A PFSs L) Dombi £ W% F; Ullah'"”) 443 T Maclaurin symmetric
mean REH T, AEXLESCED, ANURE TR Liz FEn, B 0He T eI (2, X
TG DL R AR SES R, FTLL, Wu S5 R T R T S A R R AR T, B?HH’WIETV%
FISERYERSE AT, B R, K A% picture fuzzy numbers, PENSs) b {02 A1 s iz B 1) T
SRR IREZN, EATX PFSs MHLS & R FISE bR AR A EE S L

HET, 7EHABI4E O 2H T —H Tk AIBRILE FRMFST, Chen' ™ F R Jo i i T 76 EL 56 A5
PEWE bR ILIES, HiX 2 ?FEFL%E%?M%%T\%L%E’J?EE’J&@ 1, Liao %" Farhadinia'"* 55 ff
I8 T BRI BU I FIBR A28, Gou 451 A 44 1 Meak B hr TSR 5 4 080k AR 8588, IE4h, Rani
25010 3 gt — S A PR 2R (AR D T A DX TR) R B Ik BRI B, Dul'7 B T B A AR B A ik
BBREE T Hiz B RE S Hoe &1, AT 2 A B e O BCRR AT LA i 987 Rk 12 R 454, (H 2% T PPN
U FIBR 2 BB IR o0 S LU /DY, 456 PENs AGERPE | XHEHEARR T | dik bRz B st
RAE L,

AT/ B REEF, Wik R & L PENs BYEE FIBR s F I8 T AR, 408 T
T I AE) 3 T R R DRE AR LT, AR R TCHORKE IR I, 45 B4R 4 1 T e s k),
FAAT 2 A4~ PFNs & A] LL3E b 202 Bk R ERE, OF LB SR 77 96 R 3] PESs [, B0 FIBR L5 i
PRI S I B CAATERY B R O ASARBLIN B SR 2 0 B2 AR BLIN BE FAR OC R B, Sk i
EF AT AT PR RS A

1 EAMA

1.1 BERE#ME

EX AP B U EE R ERIAE A

A=1{x,puy(x),my(x),v,(x)) lxe UL,

o, (x) o, (%) v, () 3R x 16 A PSR E B R BB, WL w, (), m,(x),v,(x) €
[0,1], py(x) +m, (x) +v,(x) <1, BRICZAM x 1E A FEHELIEICH p,(x)= 1, (x) =0, (x) =7, (x) o

1L0,={(x,0,0,1)IxeU}, 1,={(x,1,0,0)Ix€ U},

RITER W, K L=, m, v, B U ERE R BORIE, A U 1Y PENs UM% EH 0 =R,/ 6=
[e=uemve) g my v, €00,1], wetm+v, <11,

ENX 2P BEEE 2D PENs, 4=, m,,0,) s L=y 1y, v,) €0, MIEARR T5E LINF .

(1) £, <ol BHMH p,<p,, n,<n,, v,=v,;

(2) &,=4, MEACE L Z68,, {=6lss

(3) ¢, V&, =(max{pu,,u, | ,min{n, ,n,| min{y ,v,});

(4) £, Ng=(min{u,,pm,| ,min{n,,m,} ,maxiv, ,v,|);

(5) £1=<vy 000

T mF (O, <) ARSE &, R Wu S50 I DU 255 s BORTRS B R %51 AT PENs (19 7] 2%
VFIF 5L,

EX 3 WHERME A BRI = (u,m,v) € O, L L WARTRECS(L) BB 1 AR R H, (£) A
55 2 ANKERRREL HL(0) 433k

S()=p-v, H({)=ptv, H,({)=p+n+v,

MR E,,8,€ 0,47 S(L,)<S(L,), W <4345 S(4)=8(4,) W (a) X H () <H ({,), §,<{y; (b))
H\({)=H\({,) 4 H,({)=Hy(y) , & =847 Hy(¢)) <Hy(4) 5 4 <Eso

MR ¢, <, 8¢, =0, WA ¢, <, KFow,
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Wu NIRRT £ <00, W 2, <4, T ERE €O, ¥ 0,=(0,0,1)<{<1,=(1,0,0),(0,<)
K B — e 88 H

IEAh, XFF PENs Rz Bk s AR L, (HH R 23 Wl BEJC e @ R4 dstia . Wu 260 3R
T TR = AR PENs A Bz Bk, fRHIE T PRNs B SEAC I e i i+ 1 Bk

EX AN B =), L=y, my,,) €6, A0,

(1) &®8=(1=(1) (1) , (0,4, (Ma40,) =v,0y 00, 3

(2) £, ®L, =y iy, (0 400)) (mytpy) =ity , 1=(1=2)) (1-2,) ) ;

(3) A, =(1=(1u) ™, (b)) = )

(4) &1 =Cut, () ey 1=(1=0) %)

EX 5P EX U=1{x,x,, x| PAEE 2 DNERAERILE A B FIDHNE N

d(A,B)Z%Z (g () = (x) T+ 1, () =1 () T 1w, (x) —v(x) 1) o

1.2 Z&MEML
LRI ) S — A E bR eRESUR 2 SR A 1 R ek (R P A TR R, A 388 P R ) P R T A% Ay
PRI
min  z=cx
Ax=b,
" lx=o0,
Hr A & mxn FEFE,BKR m,e S on ZEAT 101 x O n HEFN ] 5 0] b R m RS )i,
XT ERFE, iCA=(B,N), Ho By m Bl 85l AN, 10 x=(x,,xy) ", €= (cp,ey) o FhR
HEIE AT M A4, W) R e PR (R RS540 1 47 ) A
min  z=cx
x,+B'Nx,=B'b,
$.t.4z240 « x,+(czB 'N—-cy)xy=c,B'b,
c; =0, cy=0,
A ,B'b=(b,,b,,-.,b,)" & mAEFIEE ¢ ;B 'N—cy=(zy,~Cy, 2y, ~Cxys 52y, —Cy ) FIHIK 2y, mCy, S
0(j=1,2,-,n), ¢;B"'b JETEIATREA AT AL B F AR s KL
W ERZHOIT R RECE TR, WL RAE R 55 X B B A A Y BEAC SR T 4G T
T XA LA T HE AP IR
(1) Z5ERI AR RHE AT AT A BEAS g, ARV 3 B
(2) A b=B"'b=0, W ILTH3H, BUATXIE AT AT ) HEAS fifp st 2 fre LA 5 A5 ) /%Bfmiinﬁii} <0,

A . 2e 1D N P Z,—¢C C(zi—c;
(3) FXFARI j,y, =0, WIS, Jﬁlﬁlﬂw_ﬁﬂﬁﬂﬁﬁ’%;ﬁmﬂ,é\: k=m_m{f "1y,<0¢
..rk J yrj

(4) Phy METHTEINE T, BEE(2),
2 PFNs % fn g vk 38 E R |

AR B R T R BR VA A3 IR I AN SRk i is G5 I R i R A R RE BRI S, AR R
TCHRAGHAFRAIG DL, WIS &GR0BT B /N U HE- S ) PENs 19y B k8 S ]
2.1 FIAMEMFEEEENFRE

Bz AU IMEB RS . MT = ,m v, L=y my,v,) €0, BFFER H AR 4R EIR FIHY
{=(u,m,v) €O MHHR ,®L=¢,, HEXL4, A



48 [T N = (S C = Y % 60 &
1=(1=py) (1) =y s
(my#v,) (p+v) —vyp=n,,
V,v=v,,
ptptr<l, O=su,n,v<l1,
KA T A 7 R AT DI PPN 0k 58, 4 ks e LanE
EX 6 Bl ={u,n,v), {={n,,m,,v,) A2 PFNs, Njikiz® e LN
<M1_M2’77|+V1 V|’£>, V—lsnlﬂjlsl_ﬂlsl;
{=¢,=1 1=, mytv, v, v, v, m,tv, 1-u, (1)
(0,0,1), HiAtb,
[FIFEHE, BRI T AT SR A L £, % =4, 1 ¢ filtds, W)
My =My,
(mytuy) () ~pop=m,,
1-(1-v,) (1-v)=v,,
ptptr<l, O=su,n,v<1,
KA X, #EH W A9 PENs BRIz B XL,
BT B =w,m,v), §=(m,,m,,v,) N 24> PENs, WIERILIZF N
,Li’771+,udI ,ul’vl—v2>’ /isnltulgl—vlgl;
§O00,= My Mty py 1-vy Mty 1o, (2)

(1,0,0), FHift

MR 1 %{,,0,, €0, A, >0,>0, A>0, LIRS
(1) {-0p={, {O14=;
(2) (=04, {OL=14;
(3) B {F1y, W 1o-L=1p;
(4) # {#04, M 0,0 =04;
(5) A(&1=L)= AL =AE,, (£,04,)" =108
(6) {1-0:=(£,08,)°, (1045L=(4-0,)°

v, mn,tv, 1-u,
MR 2 .0, (€0, 4,500, MEARGHLE < <

v, Mty 1w,
(1) 4 {=A,0=(A,=A,)¢;
(2) &,B(-8)=40s
(3) {,-(4-4,)=4,;
(4) ({i®,)-,=¢00

<1,

N N 0
MR 3 B ,,0.0€0,0,50,50, HUEHE <
W, M+, 1-v,

(1) {MOg=";

(2) (,®(4,08,)=4;

(3) £10(4,08,)=¢5;

(4) (£,®7,) 0L, =L,

MR 4 K,0,L€0, A >A,>0,0;

(1) st =t to, IR T Ty P T T
v, Mmtr, 1w, vy mytry lou,

UIRITR li<771+:“1 1-v,

"
(2) £,04,08,=¢,04,0¢,, MR < <I, — s —<s—'<1
Ky My, 1w, My Matus 1wy

=1;

’

9
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; vy mytyy Loy
(3) {4, D) =4-¢,-¢s, AR R —< S -
v mtr, -,
My Myt 1-v,
(4) §3®(£1®£2):§3®§1®§2’ MR E—<——< =1,
JTAR P T e
R A (2), BLE 4 AP R AR,
W FAESRAT, B (1) | (2) FTLAS B IFR Z3 B TH AR IR) i, o] LA 30488 TR 45 oA
G HGETE O BRI, TR EA—ERe R MR iR . LA 4REL0 PR R TR R 0 B
22 MEMEMXAEWERKREE
AT FHLAE LR IF 256 DU BE 2 4 1 (B R R sk AR s dz SR ) 543 B s BRARE 10
T HAHOCHE R
EX 8 B, €0, M, ZIMEMREZ 0 E LR
{l—fzzargmin d(fzeafafl) ’ fl @{2=argmin d(§2®§’§1) o
MERE (€O, EX {-1,=04, {O05=14,
R 1P SHMEE xeR, FEAEIENE o F1 8, 15 x=a-B, x| =a+B,
EX9 %, ¢, €0, N PEN LM EIEEE Xl

— 1_ 1_
§|_§2:<OVM1 Mz’{ov[mﬂll vl)} /\{Ov(l_vl)} /\{ov( Ml_vlj}’mvl/\ ,U«1>; (3)
1w, Mtv, v, v, 1-u, v, v, l-u,
1- 1- _
51652:<1/\“'/\ Vl,:ov("”l+“l_’“j} /\{ov(l_’“j} /\{ov( ”‘_’“j},ovy‘ V2>o (4)
I Mty My My 1-v, w, 1-v,
> A 0 S 0
1@&@Vﬁ?ﬂ“?620, EA%;w?Hélo

XA E SO G R, R R LR vk i
WA =d(L,DBL,4,), FRE -, WA RIAR, ML FECFEER (MP1) (A8,
(MP1) min f(p,m,v)= |ty —pt, =y |+, +awy +om, =0, 1+ v, v |
.t {,u,+n+1/$1,

<I;

’

wm,m,v=0,

AT 1, fE7E o, B,m,n,y, k=0, #i15
Q=B =ty oy~ o,
a+f= e, —pp, | S T
m-n=mm,+nv,+rn,-n,, = (m=n+n,)v,=(y=k+v,)7,
m+n= g, +nv,+vn,-n, 1, (n,#v,)v, '
Y—K=vV,~V,, _y—K+1/l
y+=lvw,-v, 1, " v,

T (MP1) [ REAE BT T A AR o) A8
(MP2) min z=a+B+m+n+y+k
=B~y ~0
1,
(m=n+m,)v,=(y=k+v,)n,
=

(n,+v,)v,

b

’

S.t. JY—Kkty,

=V,

v,

a—Btu, _:U’zL< m-n+n,)v,~(y-k+v,)n, L'Y—K‘H/] <]
1, (m+v,)v, )
a’B’m’n”y’KBOO

AT GIAFEARRAS R x, X, x, FIFAIBAR Y x,, (MP2) [R]REA] U4 T FIAR I 2

’
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(MP3) min z=a+B+m+n+y+x
==X, =~y iy,

1,
—mAn+x,+—x, =1,
v,

AL SE RS
s.t. () vy (a=B) + (1) v, (m=n) +(1-u,) (n,+v,) (y=k) = (1-u,) n,x;+x,
=0, (M, +v,) (o=, ) +(1=p,) [ (m,40,) (v,-v, ) —vom, ],
_B+/-"1_M2 (m=n+n)v,=(y=Kk+v,)n, 'y K+V1
1, * (n,+v,)v, vy
o,B,m,n,y,k,x, =0, x,=0, x;,=0, x,=0,
R T fEDEXAN R, 43 2 FE TR
B 1 4w, <, RIESRMEIER (MP3) | # FIRAR R RECE TR, WK 1 (A R
A N RIZpEAEE BAR R BRI ) o T o x, oxy oxg o, MENEEAE & 538 1 B4y IR N 4l =X
v,

(WF2), LITETR 2 #70HE, /Q"\BI:_/‘LI-FMZ?O’ Z72:"71_"72 .° by=v,=0, 5427’2(1_:“2)(772_771"'”2_

2

Vl) s A=V2<772+V2> (MZ_MI ) +( 1_M2> ( (772+V2) (Vz_Vl ) Vo ) o
Bl <py ORI BT

Table 1 Initial simplex tableau for u, <u,

FLAF H G| a B m Y K X X X3 x, FfR5 b
o -1 0 0 0 0 -1 0 0 0 M,
X, 0 0 -1 1 0 0 0 1 I 0 7,

vy
X3 0 0 0 0 -1 1 0 0 1 0 v,
Xy vy (Mtv,y) vy (mytwy) vy (1=wy) =, (1) (1=y) < (mptwy) =(1=py) < (my+9,) 0 0 =1+ (1-p,) 1 A
H 5% -1 -1 -1 -1 -1 -1 0 0 0 0 0

K2, Sp, FEIEN AR

Table 2 Canonical simplex tableau for u, <u,

HAES  « B m n Y K X Xy X3 Xy A1) b
a 1 -1 0 0 0 0 -1 0 0 0 ) T,
2 14
X, 0 0 -1 1 2 S 0 1 0 0 n,-1, —
v, v, v,
X3 0 0 0 0 -1 1 0 0 1 0 v,
Xy 0 0 vy (1=py) vy (1py) vy (1) -y (1) vy (mp4w,) 0 0 1 v, (1=p,) (my=m, +,-v))

g o -2 -1 -1 -1 -1 -1 0 0 0 L

B 1.1 %5 b,=0,b,=0, BIA35550 b=(b,,b,,b,,b,)" =0, W] %*ﬁ’iﬂzfﬁﬁﬁﬂ‘—f T, AT

(-, 41,,0,0,0,0,0) " (MP3) (Wi fiLfi, H:HbreREUE N ,u1+,u2,_f1?<0 — >zE(MP1)EI’JFﬁEﬁZ’rO
v, e
B vy(1=p,) (0= +v,-v) 20, uy <, ,m, 772*>OH—J‘ ¢i=¢,= <O —, )5

v, n,tv, v, v,

157 1.2 45 b,<0,b,=0, W m A0FE x, fENFEAAR B BILIZE 2 1Y v, ( =—1) N ETel T 3o 2, Wk 3,
23 VSR 2 MWy, N EICIH B IRG I aliiE R

Table 3 The simplex tableau obtained by removing the pivot element y,, from table 2

HEEY « B m n v K x, X, X, X, HA#5 b
oY 1 -1 0 O 0 0 -1 0 0 0 T,
v
%, 0 0 1 -l A 72 0 ., 0 0 .
v, v, v,
X 0 0 0 0 -1 | 0 0 Lo )
Y4 0 0 0 0 (T)2+V2)(1—M2) _(772+V2)(1_M2) Vz'(772+V2) (1_/1'2)’}2 0 1 (l_ﬂz)(nz*‘llz)(vz_vl)
(=, 4, ) vy 4m,v =1 v
g o -2 0 -2 —1—2 1+ M2 - -1 0 1 T VMY,

v, v, v,
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Y v,—v, =0 W, BIAR5 b= (b, by, by, b,) " =0, WIIATHEA R S AL FEA W AT A (MP3) 4 SR AL A%

14 14
7\%( _I'LI+/“L2 ,0,772 71_771 90’07O)T’J‘H§Hd"<O7O,71>%(MP1 ) E/‘JHEIi/ij%O
2

2
fi" VZ_V1<O HTJ‘,IJI\IJ K /f’E%E}le -x4 ’f/lfj?%z'iﬁﬁ, EI] [/Ji‘% 3 E/‘J y46( = _(772+V2) ( 1_,uf2> ) ﬁiﬁi&?‘?iﬁ?ﬁ%,
W3 4, WRIEFE 4,018 n,-n, =0 )& n,-7,<0,¥A115(0,0,1) K (MP1) I EAMLf#E .
F4 LR3I y, A FEICHZRIG I BRAER

Table 4 The simplex tableau obtained by removing the pivot element y,, from table 3

RS B m n Y K X X X3 Xy £f#5 b

a 1 -1 0 0 0 0 -1 0 0 0 b, HL,

m 0 0 1 -1 0 o0 2 ST S — -7,
1, 1V, (1=w,) (n,+v,)v,

x5 o 0 0 0 0 0 " "2 L v,

‘ 1, Ny, (1) (my+0,)

K o o0 0 0 -1 1 _ _ o - L v, v

1-p, 1V, (1-u,) (n,+v,) b
HEEL 0 2 0 -2 -2 0 -1 BT BT ey,
1, 1V, vy(1=u,) (my+v,)

14 14
PIBE, 5 v, (1) (=1, 4v,=v,) 20, <@y, -1, Vil<0 if,¢,-¢,=¢0,0,1 /\71>O
2 2

B% 1.3 4 b,=0, b,<0, Wy, JeEI0, BRE n AR x, BOVIIE, FILIER 2 19 y,(=-v, - (1-w,))
N ETCHAT EOCIH A MG TR S,
®5 LR 2 1y, A EICIHERGH AR

Table 5 The simplex tableau obtained by removing the pivot element y,, from table 2

HABREY o B m n y K X, X, X, x, LR b
« 1 -1 0 0 0 0 -1 0 0 0 4y ks
U n n,+v 1 U
X 0 0 0 0 1+— —(1+—2) S 1 0 (H—z) (v,=v))
£ v, 1, (1=py) v, v,
X 0 0 0 0 -1 | 0 0 1 0 v,
n,+v 1
n 0 0 -1 1 -1 1 -2 0 0 - v =y, -1,
1, (1) vy
Sl F K v, 1, 1
F 5% 0 -2 -2 0 =2 0 -1-— 0 0 | T/ P PRE AR )

1—,(L2 VZ( 1 M, )

Yy, -v, =0 0, B8] b= (b, ,b,,by,b,)" =0, M BLATRAG R B FEA T/, BT L (MP3) B el

v, v
R 0,0, =74, =1,0,0) ™ B (MPD) IR (0,117
2

My, v, <O B o P05 x, R A i BIRLFE S 1 e (= —( 1%) )R EITEHEAT T 5 AT T
6, MK 6,70k n,-n, =0 B n,-1,<0, (MP1) KR LAHHARZ(0,0,1),

14 14 14
Jﬂﬁ,% vy(1=p,) (n,—m,+v,-v,) <0, u, <, ,m, -1, 7120 H¢s§1_§2=<0,0\/ (1_71) o1 /\71>O

2 v, 2

&% 1.4 # b,<0, b,<0, % b,=min|b,} <0, r=2 0}, R[EIF 3, b=(b,,b,,b,,b,) =0, (MP1) iHx
{t%%05091>0 }":4HTJ‘, ﬁ[ﬁ]i“%5,b:(51,52,53,E4>T20,<MP1)E‘J%{jﬁﬁﬁ‘m%<o,o,l>,JJ:I:,%IV2<1_

M) (772_771+V2_V1)<0,M1<M2 M~ ?<0 HTJ‘, gl_é’2:<0,051> o
1B/ 2 Hiu, =w,, BHE(MP3), B LR AR TR REE TR Rp MWL 7, x,x,,x,x, BN

_ _ 14 _ _
FEAAR G KR T FA O IEN AP R 8, A b, =p,—u, =0, b,=m,-n, 71, by=v, =0, b,=v,[ (n,+v,) (1-

v,



52 R K % % M (B ¥ W 60 %5
Ml)_<771+vl ) ( 1_:“2) Jo
#6 LIRS v, b FICHE R HAiTE R
Table 6 The simplex tableau obtained by removing the pivot element y, from table 5
RS « B n Y K Xy Xy X3 Xy FA# 5 b
« 1 -1 0 0 0 0 -1 0 0 0 —y Ly
0 0 0 1 1 " " ! v,-v
K _ _ _ - - _
1, T, (1) (my+v,) b
x 0 0 0 0 0 0 " " T — v
} 1-w, n,tv, (1=uy) (,+v,) :
M v, U
n 0 0 -1 1 0 0 - 0O ———MmMM ]
1, T, vy(1=w,) (m,+v,) b
¥ v+, 1
FIEC o -2 =2 0 -2 0 -1- 0 0 —— My TN MY
1w, v,(1-p,)
£T o, MOV BLIEE
Table 7 Initial simplex tableau for u, >u,
FAT 5| a B m n Y K X X X3 x, FEfR5 b
X, -1 1 0 0 0 0 1 0 0 =y
0 0 -1 1 0 0 0 1 1, m
X, ”,
X 0 0 0 0 -1 1 0 0 1 0 v,
Xy Vz'(772+V2) vy (nytry) vy (1wy) v, (1-u,) (1—,“2)(7)2“/2) =(1=,) (my#v,) 0 -y (1=,) 1 A
FI 5% -1 -1 -1 -1 -1 -1 0 0 0 0 0
‘B‘E:Azyz(nzﬂjz) (=) + (1) [ (ytwy) (w,-v)) w31, 16
F8  p>u, BFAGIEN s gty %
Table 8 Canonicalsimplex tableau for u,>u,
%ﬁ%ﬁ” o B m n Y K X Xy X3 Xy %ﬁ?—ﬁﬂ b
X, -1 1 0 0 0 0 1 0 0 O My =L,
v
X 0 0 -1 1 i 1 0 o n,-n, —
v, v, v,
X3 0 0 0 0 -1 1 0o 0 1 o0 v,
Xy Vz(nz'H/z) _V2(772+V2) Vz(l_l"z) _Vz(l_l"z) Vz(l_/"'z) _Vz(l_/"‘z) 0 0 0 1 Vz[(772+V2)(1_:“1)_(771""/1)(1_:““2)]
H -1 -1 -1 -1 -1 -1 0 0 0 0 0
&/ 2.1 #7 b,=0, b,=0, BI4355) b= (b, ,b,,b, ,E)TBO,U'\'JIJWT%ZI—‘%EEWE%ZIRTH%O Mg
My =My MtV
AT (MP3) BB AEARE: (0,0,0,0,0,0) ™ ELARRL i EAR BN 0, FF DL, (= ULy B (MP1) Y
L, "myvy v, 7w,
52y K
L v, My, Mty vy
Hv, [ (n4vy) (1=py) =(my#+2,) (1,) 120, py =p,, -1, —=0, {,-4,=( , =)o
v, 1-u, 772+V2 v, 1y
15 2.2 # b,<0, b,=0, WH m 10 x, 1EAFEAZ G, BILIFE 8 1Y y,,( =—1) I EJCifTF o0 2=,
BETEI,
9 LIRSy A EITIHE PR LT L
Table 9 The simplex tableau obtained by removing the pivot element y,; from table 8
bl il a B m n v K X, X, X, X, A b
X, -1 1 0 0 0 0 1 0 0 0 My =,
m 0 0 1 -1 e - 0 -1 0 0 S
v, v, v,
X3 0 0 0 0 -1 1 0 0 1 0 v,
Xy Vz(nzﬂ/z) _Vz'(nz+yz) 0 0 (772+V2>(1_M2) _(7)2+V2)(1_M2) 0 Vz(l_ﬂvz) 0 1 (772+V2)[VZ(I_MI)_VI(I_HQ)]
v
R -1 -1 0 2 -1 T O | 1, —=,

v, v, vy
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H(my+v,) [v,(1-u,) -7, (l—uz) 1=0 i, V47351 b= (b, b, ,b,,b,) " =0, T LL(MP3) (15 IG5 FIXH

{F) 1 b PRSI A (e, ,uz,(),nz L 1,,0,0,0)" Flu, M2,¢55T<Mp1)ﬂﬁﬂi1inﬁ’$ﬁ<“1 Ly V—>O

él'(‘rm%)[Vz(l-ul)—vl(l-ﬂz)]w i, e AU x, Vﬁjﬂizliﬂ’rm BT 9 EI/J Yao( == (my+w,) (1=

1_
o)) WA EIE L (S 10, IR 10,7, o, 205k n, |, <0, BT EI(MPL) B el
2 1 1
R0,
(5 l_ﬂz

K10 LIR 9 By, b EICH EPAT R P alE R

Table 10 The simplex tableau obtained by removing the pivot element y,, from table 9

%’E%ﬁﬂ a B m n Y K X X, X3 Xy %%@J b
X, -1 1 0o 0 0 0 1 0 0 0 Moy =y
Ui Ui v Ui I-p
m . - 1 -1 0 0 0 ’ 0 Z e
L, I, 7,17, 2v,(m,+w,) (1,) I,
v v v 1 1+
X, 2 -2 0 0 0 0 0 2 1 M‘y2
I-p, I-p, 7,17, (m,+v,) (1-u,) 1w,
v v v 1 -
- = 00 -11 0 -— 0o —— v, ———v,
1-uw, 1-uw, n,tv, (mytvy) (1-u,) 1,
v,— v,-m, v,— v,— (vy=m,) (1=uy) +(my—v,y) (1)
IR —1- 27> A M 0 =2 =2 0 0 -1-2 Ui 0 27 ! -
I-u, 1-u, 1Y, Vz(l_ﬂz)(nz"'yz) Mo
. My vy T
é/‘Vz[(”72"'1/2)(1_:’~'Ll)_(771"'1/1)(1_/-"42)]20,:Uq =My, M~ <0EH‘ {i-(,= <1_ , ’;AI—M>D
2 2

'Idﬁzﬂ:g 23 % 17722()’Z;4<077FEEI(E yMﬂ\jjzﬁ %% X4 %jﬁ ,ﬁzj‘:"%zlg E. El]l//{%:{ 8 E/J )44( —_Vz( 1_
wy) ) A ETCHAT ETCIHES T TR 11,
F 11 DR8Iy, N FITTH B R RATIE R

Table 11 The simplex tableau obtained by removing the pivot element y,, from table 8

FAHT) o B m n y K XX X x, HA5) b
X, -1 1 0 0 0 0 1 0 0 0 B H
Nt Mty U] ] 1 I, v
x 2 i 00 1+ -1-2 0 1 0 (m%)( 1_71)
1=, 1, v, v, vy(1-p,) I, v,
X 0 0 0 0 -1 1 0 0 1 0 v,
n,tv n,tv 1 1-
n = 2 1 -1 1 0 0 0 - n,+v, L(my+r,)
1-u, 1-u, Vz( I_ILz) 1-uw,
» Mty Mty 1 1-p,
HPE -1-—— -1+ =2 0 -2 0 0 0 0 - M = (M)
I-p, 1-p, vy(1-u,) 2

1,
3 T (MP1) By AR5 312 (0,00, 3, +v, - (n2+vz)%,0,0)T 5

My -, l_M] vy v

< b b
I, 1w, v, v,

o

1 1 1 2 v yo—
S0 U R 119 v, ==1-0) WM 2 B (O, AR 2
1-u 1w My Mz 1,
12, ;]:E-TFE%% 12 S, —— 1 >() jz% n,~1M, 1 <0 (MP])E’]E&@‘E%%KIE< 1—,u >o
N v My =, I-p, v,
él7/2[('7724'1’2)(1_:"”1>_(771'|'V1)(1_:""2>:|<0’ By Sy, —=0 HTJ" 51_52:< 1- 0V ( _ -—),
v, 122 1 My Vs

/\ 1=,

v, l-u,

Yo
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F 12 PR 11y N FIOIH RGP el 3

Table 12 The simplex tableau obtained by removing the pivot element y,, from table 11

el @ B m n Yy K X X3 X3 Xy AR5 b
X -1 1 o 0 o0 0 1 0 0 0 J 1
v v, v 1 1w, v
K - : 0 0 -1 1 0 0 v, (7‘_;)
1-u, 1=, M2, (my+w,) (1-p,) l-u, v,
v v v 1 1
x : - 0 0 0 0 0 2 1 —hy,
1=, 1=, M, T, (mytv,y) (1-u,) 1-u,
v 1 1
n - 01 00 0 20— m=,
I-u, l-u, Myt vy(1-u,) 1-u,
+v +v 1 M
F 5% _1_”’72 = —1+b -2 0 -2 0 O 0 0 - 7]]+V1—7](7]2+V2)
1, l-u, v,(1-p,) 1-u,

1% 24 4 5,<0, b,<0,% b,=min{b,} <0, M r=2 it &% 9, W b=(b,,b,,b,,b,)" =0, (MP1)

E"J%ﬁlﬁ@%<ll_ P 0, W r=amb B 12, b= (b, by, by, b,)" =0, (MP1) MR A

P 7
e A b T2

b ’ > o
1-u, -,

(

>z Moy =y 1y

i'7’2[(”72"”’2)(1_#"“1)_<771"'7/1>(l_lu“z)]<0nuq2:“*2,"71_772 <0 ¢ ¢, = < = ’0’1_/-412

25 LR TEIE, 5 309 ZE Y,

1 % ¢=(0.4,0.2,0.3), ¢,=¢0.5,0.1,0.2), £,=(0.1,0.4,0.5), £,=¢0.3,0.1,0.5) ,
(-¢,=(0,0,1), (0O, =(0.8,0.075,0.125), ¢-{,=(0.33,0,0.6),
{0,=(1,0,0), ¢-¢(,=(0.14,0.23,0.60), (O,=(1,0,0),

MRS W0, WIS HBRAT .

(1) {-0p=¢, {O1g={;

(2) {={=04, {OL=14;

(3) %é’?ﬁl@, W 1o=¢=14;

(4) # {#0g, M 0,0f=04,

IERR MRAEE 9 Al X SR TR AR

MR 6 ¥{,,0,,0€0, 150, A, >A,>0, .

(1) A({1=8,)= AL =Ad,5 (2) (é,l@gz)/\:g\@gz)\;

(3) Ai-AL=(A=2,)¢; (4) gAl®§A2=§AI_A2;

(5) (£iBL,) =4, <E,;5 (6) (£,®L,) O, =5

(7) §1-8,=(£,08,) %5 (8) {104, =(4,-4,) "

ERR (1) A, =(1- (l_ﬂl (771+V) VlaV1> AL, =(1- (1_:“2) (772+V2) e ’V2> ]

( ) = (1) (m+v)"

(1) ’{Ov“ )}

(m,+ Vz) vV,
=) » A A 1= )
{ [1_)} {OV(< MI)A_VIA)}’]/\VIA/\( M1>A>,
(1=u,)" v, vy (1-m,)
I~ R
ov( i ”‘] {OV(I—DIJ}/\{O\/( ”“‘_”']},1/\V/\ “>
2TV, V) v, I, v, v, l-u,
A 1-
:<1—(1—ov j[{ov[ ”‘ ”‘J}/\{ov[pj}/\{ov( ad ”‘J} Ry /\ )A
1-u, n,+v, v, v, I, v, v, 1w,
1- A 1+ A
—[1/\"‘/\ ”‘J {1/\’“/\’“] b,
v, l-u, v, 1-u,

)o

A, =AL,=(0V

AL =8)= A<
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M LRSI AT, A (L, =E,)= AL =ML,
(2) WHERT(L) R A]HIE,
(3) HI(A,=A)d=(1=(1-p) ™2 (gtw) M2 —ptiThe pyhihe) |

Alz—A2§=<0v“‘“)M"(I“L)M,{ov (("’“’)M—”M)} /\{0V(1—Z2j} Mov ((I‘W'_V“)}’

(1-p)™ (ptp)* vt (1-p)* ph
vt (1)t
IATZAW>=<1—(1—M>/\1—/\2,(,r’+v>)n1-/\z_y/\1—)\2,VAI—).2>’
14 )"

PITLARTE A {=A08 = (A, =4,) ¢

(4) HHER(3) RIFEATE,

(5) %§1:<030’1>’ B]\[J(gl®§2>_§2:§2_§2=<0’0,1>zglo
(0,0,1), §2:<1,0,0>,<
(1,0,0), ¢,#(1,0,0),  "°

#7(0,0,1) <¢,<(1,0,0), B & 0<<p, <1, O<w, <1, W. % »,=0,u,=0, 0<v,<1, (£, ®L,)-{,=
<M2a(771+V1)772a0>_<M2,772,0>=<0,0,1><§1;¥[0<V2$1n“1=0a Osv, <1, D—I‘u(gl@éz)_§2:</-"2’(nl+yl)
(7]2+V2)—1/11/2,1/11/2>—<,LL2,7]2,V2>=<0,7}1,V|>=§|;§'[0S,u,2<1, v,=0, O<pu,<1, mu(f]®£2)‘§2:<ﬂl+ﬂz_
ity s (042, ,,0) =y 15,00 = (g, 0,1, ) <58 p, =1, v,=0, 0<p, <1, (£, ®¢,)-¢,=(1,0,0) -
<1,0,0>:<0a0s1><§1;—‘£‘0<V2$1, O<p, <1, mu<§1@§2>_§2:</-‘“1,771,’/1>=§10

25 EPNR  THIE(L, ©4,) -4, <{ .

(6) HHER(S) RIFEATIE,

(1) §=8=Cvamyey) =Py, M5 W)

- 1- 1-
(oo Gl b o (S )
1-v, Moty My M l-v, u, Koo 12,

won= (o o B o) afor ()
-v, Mty My M l-v, w, M, 1-v,
A£G -¢5=(£,04,)¢,

(8) YRR (7) [ BRI TE .

i T PENs ZUB45 4 % e B B AR S @ BE I I53 , DR e 7e Ah PROE 5 5 2 28 s, 2 ik — 26 0
KOSy 00 S A AT R A5 1, 25 I TR R B 2 s B R

%51:<0’011> ’Ij‘uj(gl@gz)_§2:{

. 1w, v,(1-w;) 1w,
L%{i:@-‘«i,niﬂ/i%§j=<Mj,77j,Vj>E@,)rllj/%\a<_”>=1/\7, 7(_’7)=Vi\/1/j\/7] ,B(Oiﬁ:l/\ /\
1w, 1, 1w,
v ni+Vi (O;) v; 1_/"(’1' (0;) Il I_Vi (O;) Mi(l_ /> (O;) i
—V =5, 8% =1 AN—AN—, =1 AN—AN—, ¥ V:MiijV B i 1A A
v, Mty v, L Ko 1=y 1=, 1=
{/“ﬁvni+l‘Li} ’ 5©0=1A _ViO
My Mty g

'E)ﬁ7 &gl,gze@, ljl\'JZ
(1> 52@(51_§2>Z§1’ ﬁn%{aﬁﬁ
vy(1-,)

(772+V2)B<012>_V1/\V2/\ =
1,

(2) £L,®(£,04,) <¢,, A

Mz( ]_Vl )
() B =y Ay A <mn;

1-v,
(3) gl_(§1_§2> Sgza ﬂn%{%ﬂ

oV (22 ) A0V (1y/@) | ATOV (1) V (1) -9 | <
B(Om
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(4) £,0(£,08,) =, , Ak 2

oV (3= )| MOV oy ) A0V (10 ¥ (1) ) | 2.
(1)

gz@(§1_§2)

- 1- 1-
=<M2,n2,yz>@<ov“‘ “ﬁ{ov(””'”’l ”]} /\{OV[l—Vj} /\{ov[ “L”lj}, AT “‘>
1, Ntv, v, ) I, v, v, 1,

1 v +v v,(1-,) v,(1-,)
=(u, Vi, (n,+v,) (1/\ :“1/\{1\/771 l}j—vl/\vz/\ : N Y - : >
1_/'1’2 v, m, +V2 1 M, 1 M,

1, 1,
<lu’l \/ILL2’(T]2+V )B(Olz)—v AyzAM’VI /\Vz/\v2( o )>
M

vy(1-u,)
Vg, m,v Avy A >’

1-p,

Vz(l_:ul) . 2 A .

I, TR A p=n, BTG B

v,(1-1,)
1

2

4 n= (772+V2)B(OIZ) —V /\Vz N

>><:U~1,771,V1> ’

<M1 \/Mz’n,Vl /\Vz A

JH:{ZEB(ZI—Q)ZKW
PERT(2) ((3) (4) [FIBEATHIE,

1 1 1 1
PEFR 7 H0(1) (2) .(3) - (4) - 0AE R R A 4o R A A, Wi e

v, mM,tv, I_MZ

<1 K, MR 7

<1 W}, e

1 1 1 1- 1
THICL) (3) B2 SRS B A AT DL AL R 2 B0 (2) L (3) st <

My Mty 1w,
1(2) . (4) W55 32O 1, BUR 23 3T AR AR 5T 3 19 (2) L (3) , I, M8 7 B9 (1) L (3) SRR 2
1(2) ((3) DR FEAN s P 7 B (2) (4) SRR 3 19(2) L (3) R4,
lﬁ)ﬁ- 8 &gl ’gz ’§3 € @9 U]\IJ:
(1) 51_52_§3=§1_§3_§2,ﬁn%7ﬁ/@

{ov (B(_m o )} /\{ov (1—5:2) )}

(-12) 6(—12)
ov ()
U/ERL TR l-py vy

o (32 o (5 o 554

mtY, v,

(2) £,04,04,=¢,04,0¢,, Uk L
(O12) (O12) (O12) (O12) (O12)
{ov (B -2 )} /\{ov (1-% )} /\{0\/ (51_]/3 —“M )}

>

N3t; Mg M3
(O3) (O3) (O3) (O13) (O13)
={ov (i%—“m )}/\{ov (1—“M2 )}/\{ov (51_1}2—"‘“2 )}

(3) §3_(é’1 @gz)zé}_gl_gz’ﬁn%‘zﬁfi

{0\/ (B(-31> _8(-31) )} /\{Ov (1_5(-31> )} /\{0\/ (?(-31)_5::1) )}

mtv, v, v, M

31V 3 3 1, 3
:{OV ((nl+vi])(yn2+vz) VI:I/Z )} /\{OV(l—:VJ} /\{OV ((1_,U~1>IL<L1—P«2) 1:1/2 )}’

(4) 536(51 ®§2):§3®§1©§2’ﬂu%iﬁi




51 A b, 45 R ORI A AR IE T 57

(O31) (O31)

3 3 (O31) (O31) (931)
{0\/ (:772+/-L2_aﬂz )= /\{0\/ (1_0[:“2 )} /\{0\/ (51_7’2 Mo )}

5+ M M - M
Z{Ov ((mwl)(nzwz) Mk )} A{Ov(l_ﬂluj} /\{Ov ((1—14)(1-1/2) My )}

HERR (1) 7eWi PR T  hitsE A,
ov“‘_“z { ( 1+”1_”1]} /\{ov(l_”l]} /\{ov(l_ o j} AT /\ >—<M3,n3,u3>
1-u, mtv, v, Vs 1_'U’2 V2 o 1

<
(-12) (-12) (-12)
<OVIL;11_IL::2 ILZ;-M::L> {0\/ (53"'7/3 57’3 )} /\{0\/ (1_57j3 )}

a( 12) 6( 12) v, l—I_Ll
A{Ov(l—m v, )}’1/\V2V3/\(1_Mz)(1_#3>>’

171 1 1 1 1_
OVM s : [77 +v _Vj=/\{0\/(1_j}/\{0\/( Vj: 1/\ /\ > (K2, M5 575)
7S n5tv; v Vs s vy Vs 1o

<
(=13) (=13) (=13)
OV (e (2 Gy )Y 050

a5 v, 1w,
/\{O l-u, v, )}’lAv2v3/\(1—Mz)(1—M3)>°
LR ], SR P 4 SR R RN AR SR T B AR A, HLAR 40 B e 205 ) I A5 R AR T ¢ -8, -¢,=¢, ¢4,
ey YA
PERT(2) ((3) . (4) [AIBEATIIE,

(:1_52_53

51_53_§2

1 1 1 1- 1
PEFE 8 10(1) .(2) .(3) .(4) RA07E T A 4 PE 20 A Ay, ARt e < T e P o

v, mtr, 1w,

vy 771+V1 1w,
1, — S
Vs 773"'”3 1=y

<UL BETR 8 10 (1) HO 5 38R 2 B 19, LA T LISE e b WE‘@“)‘%E,’%$

nte,  1-v, M 771+:“1 g
<s—=<I, — S ST HERT 8 (19(2) A9 A7 55 R2 UL I , ek il RUR A6y P 4 1
Mty 1w, M3 773+:U*3 1-v,
Vs _ 1-u
(25 < s B3 < 1 I PR 8 10(3) O SRR S 0, L T DAL R 4 19 (3) 5 A2
My 773"':““2

P 1::3$1Hﬂ*‘@f’ﬁgEﬁ(“)%"kamﬁmﬂﬁ SO AT LB A W PR 4 0 (4) . DI A 8 BY

(1) (2) .(3) () ZMRMETT 4 (1) . (2) (3) (4) IBEARTEST,

MRPEUER R PERT 8 1 (1) . (2) . (3) . (4) TET BB S5 T AU R O 1 . 2B, X 3 4~ &
Pl F A PENs 2 8] iz B R 475 RT AIRIS SRR 41 T A e S iR 2,

MR #¢,,0,€0,0;

(1) {i Ve =4 Ny

(2) £,V &, =, MR min{n, ,n,! =1,(i=1,2);

(3) {ING=L(i=1,2),

WERA (1) ¢, VG =(maxiup, u, |, minfg,,m, |, min{y, v, {), ¢ AL=(min{u, ,u,}, min{n, ,n,},
max{v,,v,} ), I S(L, VE,)=max {u, ,u, ) —min{v,,v,} =85, AN, =min{u, ,u, | -max{v,,v, |, %
S(LNVE)=88 NG WRBE w, =, v, =v,, B H (£, V) =H (L, NE) Hy)(E V)= H (LN .
gl V= NG,

PERR(2) (3) [RIFEATIE

TRV G A Vg 5T A RIS B, I A B ) ] 7 0 AR A B
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MR 10 K, ,L€0,0;
(1) (LiVE) O NG) =8,08,;
(2) (&N =6V EL) =45
R (1) (4, V) O NEG)=(1,0,0) =, 04,
(2) ({LAE)=(4,VE,)=(0,0,1) <450
B2 #¢,=(0.4,0.1,0.3), £,=(0.5,0,0.4), £,=(0.3,0.1,0.5) , )]
LB (L,-4,)=1{0.5,0,0.4)B(0,0.25,0.75) ={0.5,0.2,0.3) = (0.4,0.1,0.3) =¢,;
LR (L,04,)=1{0.5,0,0.4)®(0.8,0.2,0)=(0.4,0.1,0.4) <(0.4,0.1,0.3) =¢, ;
£ —(Z,-¢,)=140.4,0.1,0.3)-(0,0.25,0.75) ={0.4,0,0.4) <{0.5,0,0.4) =7, ;
£,0(L,®,)=(0.4,0.1,0.3) ©(0.8,0.2,0)=(0.5,0,0) >(0.5,0,0.4) =7, ;
{1=(,-4;,=¢,-¢,-(,=0,0,1);
{104,00,={,0¢,0,=(1,0,0);
(=4, ®L,)=4,-{,-(,=(0,0,1);
{0(4,®,)=¢(,0f,0f,=(1,0,0);
(VL) O NE)=(1,0,0) =£,0¢,=(0.8,0.2,0);
({1 NE)-(4,VE,)=40,0,1) <{,-¢,=(0,0.25,0.75) ,
zg b A AR 7.8 10 B SR A PR,
2.3 2 FE XKL

n,tv, [ Ay P/ P S SR

N - I
1 9 T, 4 R < < — <1, {-4,=¢ : :
v, mtv, l-u, I, m+v, v, v, Mo
vy My Mty ey VT,
<1W,8,00,=(—, o e
1-v, My Mytiy My 1-v,

"y
-, =) M <

7t

1,1,

S5

BT LAk, M (1) (2) BE s A —E RER RSB AR, aT ORI (3) ((4) #EATis 5,

R, 2R, (3) ((4)E (1) (2) —FEE A, FRANEE LR 1314,
# 13 AREDE kS T 1 A

Table 13 Comparison of subtraction operators in different forms

&=L
/%{4: A=y : : A= w
L\it(l) L\it(S)
vy Mty mtY, v v
By <phy, — S <1 (0,0,1) (0, -—,—)
v, M1y, Mty vV, V,
n,+v, v, m,+v v
i<ty <, <] (0,0,1) (0,0,1A=5)
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Table 14 Comparison of division operators in different forms
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(5) A(A-B)=2AA-AB, (A-B)"=A"-B";

(6) A\A=A,A=(A,-X,)A, AM-AM =AM,

(7) AOB°=(A-B)°, A°-B°=(AOB)*,
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Table 15 The results of pattern recognition using different methods
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Table 16 Weighted values between patients and disease symptoms
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B Ky K, K3 K, Ks
H, 0.3827 0.442 6 0.489 6 0.5415 0.640 9
H, 0.450 8 0.607 8 0.4419 0.5009 0.549 7
H, 0.400 8 0.4459 0.669 3 0.522 4 0.8772
H, 0.3420 0.458 4 0.6345 0.504 0 0.6103
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