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TR 2 2 B Pythagorean Bif]
FHLK 45 110 07 P 6 8 05 1
LA, FIAA AT, I

R 22 TEAL S (3 T B2 0 2R 2 3 PO R AT 40 T B 005 T 97 % 453000)

8 E 15 Pythagorean BUMWIHIRESE (0 JE A b . 25 S0 06 R 5 2R AR I T — A 3R T 00 5006 R i £ o
Pythagorean 15 R HLURE S A 7Y, Ot HE AT IR 52 8 JE 48 8 T R 35 X R 1Y Pythagorean £ B Kl B £ | Pythagorean B
FAE -, TR FL M BT ARG 8 T AR SR AR R By A #5406 R 19 £ ki BE Pythagorean BRI HLBE 48 4 AL, LU ) Py-
thagorean B WL B L - UE B T HLME o, B3 h 7 b Ak B iR B Akl 3% B & 0 IR AL SR B 28 ], W AR A AT
T YA B T H A Rk

KR 1 % & s Pythagorean BMI4E 5 2000 B HLRE 5 5 BRI 5 I 0T 3

FESES 0159 MHEKFRERD A X EHES :1000-2367(2025)03-0079-09

1982 4F , PAWLAK™ S L4 ) TOHURS B2 B8, 2 — Bl R AN RS o AN 58 3 RO 1 2 MR 80 T H, Af
Fil AR 4 LUK B AR TR A 2RO FLHEAT T HE T, A0 . P SR S U R R ST AR LSRG ORLRE A M M R
P TR TR MRS SR ik R LR AR AR T AR ML ) B A2 A AR B Iz L 4
FELRE £ D HC 22 5000 1 JR ASE AL 1 Sy FRURE JBE 3 AN I DA A 3R A % T D K ) 50 T DA DA 22 J22 ORI 22 ) J3E ) 02 ) A
A0 1) L HE AT 43 BT A 3L 045 00 O T 2L TR0 L QTAN A5 0D HURS 48 330 S R0 VAR AR 45 & L 3 1 T 2R
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A2 X JBVAEN AR L T BT O G AR I ARG B4 O FR LR A AR

ZADEH" 2 1 i B 5 (Tuzzy set, FS), ISR JE KA O R R T HA A R RLEE , 2800 T 2444 Can-
tor 5 “AE 0 B 17 A BRI ORI AR 1 58 1 SR AT E 5 B BRE ) W WF ARSI 15 SR T — DB iR AR
(B R 3Z BRSNS e 6] I 485 38 S 5 R0 SO B 28 B AT ANASSO VIS M T 1 5 B0 4E (intuitionistic fuzzy set,
IFS) iz BIE RIN E TRIEE 1 () SAERBIE v (1), £IE T X F W B SZFEA O, AT LB 4 i b f 75 e
Kl B E AW E P REBE O S5AERBIE v O WL 0= (2) +v (@)1 MR K51, bl 5 e 3k 1
B0 B AN E VERG N SRR TS AR SRR 0 RS S R L TR, SRR E AR R E Z MR T 1
1, L8 ASTR 4 T 1% 220 i 0 [R]R, Sk . Y AGER'™ 2 4 52 3k B T B 4 (Pythagorean fuzzy set, PFS), 5
HLE B SR AL, {H 2 Pythagorean B4R (14 Z5 A XT 9812 . iX {153 Pythagorean HUH) 52 Lb B 3o BRI 4R 05 B A
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1, 4% Pythagorean FSURI4E L EL 56 B 48 T 1y b B SC B ) B850 (%) BSOR 4 L Pythagorean FEM 8 — 20 48 5k %2
BT REWITRE BT Z TE AR BF9E # X% Pythagorean B AT T 7 2 MBFSE, BUS T 5 938
B0 R AR AR T RS 5k 5 38 U Y Pythagorean PRI, ZHANG %557 11 T 5 °F Py-
thagorean F5 5 45 37 A0 (L Bt (1 22 o D) e 5% 7 32, T 1E 4505 42 26 T Pythagorean BRI RN ACE 3 8 119
Z IR MEREPC R )y ik B A B R L RUBS: e 4 75 43 R BUFT Choquet B3 58 719 Pythagorean F UL 3% 7
e AR B IR A B T — AP AR 20 R B B ARG 5 B IS AU Pythagorean B TOPSIS 2, I & 5F %2 41
H T Pythagorean M FREE T 3L T 28 XA TOPSIS Y 22 v W gk 5 7 ik, W0 475 A 250220 $2 Y Pythagorean
W = SR AN SR T B TR O R 1Y Pythagorean M) = 3¢ P S 1Y 55 45, Pythagorean BRI
VB Ry B RO 4R 1 — R R L B T A R M R R N B 2 A5 B A D SR Tn) e AR BT A g o L RO AR
PythagoreanfSO W il 4R L 1 B hill B 25 S MBI R G 2R I T — A TIRHE LR Z R E Pythago-
rean F50H A RS AR AR A,

ZEg BRSO e MR T AR 4E | Pythagorean BRI A (0 B Al BEIE LU B A B 6 R AR E R L AR
J5i 5 ST Pythagorean BOMIR . 35H8 7 HoME L 42 0 T AE UL AR WA A 34 6 R A9 £ i JE Pythagorean 155 H HL
B4 A P RL, JFUE B HAH SCHE 5L e J5 45 & Pythagorean BRI | Pythagorean BOM I T B DL K A 345 5C & 1Y
Pythagorean BUMIMLREHE , 4 T —Ffor B2 28488 077, S e 338 7030600 SR UL P IR [R5 50 T $ Bt T S Ik 4.

1 EaismR

FEATT o AN A T BB AR 4 Al Pythagorean ASORI4E (1 3L R 58 SCRZ SE 0, O M 1 R 6 R TF
) Pythagorean B {5 B R 4.

EX TCHBEAEMAE U =P EFRE R =x ., (@), (@) |2 €U} B X EH—4H
PRI o () oy () € [0,1] 400 U ot F « J& T EHM4E T sRIE SR8 B, B o <
p () +v, () <1,Vx € Xor,(a)=1—p,(z)—v,(x) HU HILEK = X EHEBMWE T IR EE.Y—
MNTWEIMEE 2 € Xop, (2) +v, (x) =100 T B4R —HH .

TE X 2(Pythagorean BRI £ B U B — M AEA5 840, W X L AY—4> Pythagorean MM £ F /R N .

P={{z, P, (), (x))) | x €U},
Hrb, p, (), () € [0, 1] BFERU B IR XTPHRBESIHERBE, BHL 0=, () +v, <

L, (o) =1 =y () —v, () RARUPTERE 2 KT P ORBIE L p=Cu, v DRy, +v, <1,
M#Fx p A Pythagorean BRI %K.

EX 3P BB B, € PESX) . HALH A A JF KRB H T (DB SRV €Unp, (2) =<
pg, (), () =y, ()5 (DB =5V a € Uspr, (2) =py (1) y, (1) =y, (1)) ~ 1 = {{x,
vy (@)sp, () [ €U (DB U By = asp, () Vop, G, (@) Ay, (@) |2 €UpGIB NG, =
Hasp, ) Npy Gy () Voy, (2) |z € Uj.

EX 4P Ba=C(u,v,) 0= Cuyv,) e =, v.) N 34 Pythagorean S WZH T . (1)~ a =

oo )5(200 U ¢ = P(max{p,p.bomindy, v, 1) (300 @ ¢ =P Gy, sy, +v. —viv’ ) (Db N ¢ =
P (min{p, g} smax{v, . )3 (5)b P c=PCJp. +p’ —pip’ sy
EX 5™ B p=C(y,.v,) N Pythagorean BWI K. W p M5 REN s(p) =4, — v, i s(p) €
[—1.1].
EX 67 Faw=C(u, v, )= (p v I 2 Pythagorean BMIE BATRIF LR W T . (DR, >
pov, <v MaAw >k (D WMR p, <p, v, >y, Blw <<x;BG)WMRp, =p v, =v, BAow=xk.
B TSR O FR A T A% T S0 2 1 R X R A% 3 P L BR T TR A A RS A Y 8 Y L PR AE Py~

N3 o 1.
I —) <
;) T




% 34 BhAK.F R THRHEXLEZY S5 E Pythagorean A Ak £ 0945 B 2 F 7 % 81

thagorean BRI (Y 560t K S50 C R M BIE R How LnF.

EX T HS=W,A V. H Va2, €U, Va, € A, LK x,.x; 1EJEVEa, T XK Pythagorean
BB SR s f (xiva) =, )y, () f(xja) =4, (2, (2.

R ={(x,ox,) | f(xiva) =< f(x;.a0)sYa, € A} J Pythagorean BIMIE B RS LI R
R™ )={x; | (xix) €ER™Va, € A} HTER o WA Lol HHRX EMBRER, Tk
BEIP f (va) < [ a0Sp] @) —v) (@) <pl (@) —vl (@),

W T DA KR R 5 M B 5 L Pythagorean RO (] 2% 58 S5 8 B ISR BE RUIE R X0 O
oy 52, FEATT o E SCT BT Pythagorean BOUBIU  JFUE BT T HAH SCE BT, DAL )5 25 B o de A 2

E X 8(Pythagorean BN ¥ X ={x .2, .2,},SHX EMPFES, M| Pythagorean HMIH 4F .

E(S)=% 2((1—\%(1:,.)—&(11) DEEETN (D

MR 1 ¥ S.A.B € PFS(X) . W Pythagorean B A i & 4n T 14 it .

(DEMS)=0YHMNY Vo, € Xop () =0 (x.)=1;(2EA) =E(~ A);

(B EMS) =1HHMNYE Vo, € Xop(x) =v (x,) =03

(4) YA.B € PFS(X).ax € Xom,(a) =n, () 45 | pi (o) —v () [ pl (o) — v} o | )
E(A) =E(B);

(5) VA,B € PES(X).x € X, | p'(x) —vi(x) |=] pi(a) =) [ Hix, (x) =x,(x), N
E(A) =E(B).

MR (DREME: Vo, € X0<piG@)Hvi@) <1 BAr. () =1—pi(x)—vilx), | pilx)—
vile ) [ LB EGS) =000~ ps(a)—vile) D4as(e)= 01— pi(x) —vila) |[= 0ps(a) =
L) =08 pi(x) =00wi(a) =1l (x)=18HF p,(x,) =0.

WEM: Vo, € Xop(e) =08 p ()= LA —| pi(x)vi) D= iz, = 0.l ES) = 0.

(2)VA € PFS(X),A=(z .y, (x)sv, (x> ~A= (o, (), @) WA~ p’ @) —v @) D+
) =0—|vi(z) —p () D +x, () JFUEA) =E(~ A),

(DFME: Vo, € X.ES) =1, —| x2 ) —vie) D +ria) =240~ ) —
vile ) D =la(e) =L .ps(x ) =vi(e,) =0, (x,) =v (x;) =0.

WEM. Yo, € Xop(x) =v (x) =0, —| palz) —vilz) D =1as(z)=1—pi(x,) —
vilr ) =1L —| piCe ) —viCe) D +ri(e) =2 FU.ES) =1.

DO HAEEME T —| 1) (@) —v (@) =1~ p’ @) —v ) [WBLEA) = E(B).

(5)IEB i AR [A] ().

2 ETF Pythagorean iR#iHE E R &M AL E L FE

e PR IR b TR R R Y Pythagorean BOBTHLES 45 . DL K% S 0 L3060 2k BE AR 3G 2 1Y
Pythagorean BRI 45  iF B T HAH G HE: BT, 23T T 3 F Pythagorean fSURRLRE 45 1) 5 b7 B 18 £ 5387
2.1 ETFTMHEEXZER Pythagorean 1 FH #E &

EXY WUNESARIBE.R- Z2U EW—MHE LR (o], WIELEKHE. VP € PFSWU) R~
[f) Pythagorean BBIHLRE 40 FIE ML R~ (P) M EEM R (P) & XK.

R (P) ={{x sty ) (@) e (@) | 2 € UNR™ (P) = {{x s pti= o, (1) svz=p, (2)) | 2 € U,
o, HR=(p) () = yei[?]i;/‘ﬁ(y)’/lf:(m () = ygs[gﬁi#/’(y)’y’ﬁ””(x) - yES:E]P;;VP(y>,vI:(P)(x> -

inf v,(y),R™~ (P), R~ (P) 551N P #{#% & T #) Pythagorean BMPHURE 89 iRl (R (P),

y€lalg=

R~ (P)) #FH P 3K E T B9 Pythagorean OB HLEE4E.
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MR 2 E# R T B Pythagorean BUMPHUEE MR F. (D R- (U) =R (U) =U.R™ ($) =
R™ () =¢35(2R-(PYS PR (P); D WEBZA MR (SR QW HR (SR ;MR-
(~P)=~ (R (P)).R" (~ P)=~ (R (P)).

IERR (1) H 8 AT i 2 T

()R- (P) ={{x, inf ,u/)(y),

yelalg=

inf p, (y)<,up(r), Sup v (y)>v () W,R= (P) < P, F¥ P R~ (P),Jifbh, R-(P) =P

MSE: ], Lalp=

= (P).
Y B S A 18 1, () < g, () sw, (2) = v, (), IR™ (B SR- OB R (B SR (.
(4)/1&:“},)(1:): inf p,(y)= 6i[r‘ljf_wwp(y)zw(’v( 1nf v, (y))) =~ 6%up Gb_,(y))) =~

y€lalg= y

= MR (~ P) =~ (R~ (P)),lﬁllf%,Rf (~ Py — (R~ (P)).

Sup v, () 2 € U, P={xypu, (@), (@) | x € U, i

C inf v, (y)=p_

y€lzlp=
2.2 EBEXEREW LI E Pythagorean & THHE &
EN 10 HIS=W.,AT)=(A U P.,V,f) F—" Pythagorean B (EZH &% .U & — 1258

HLAESEAA={AA,, A} & m 4\}%@,R;‘f A MIEHR KR 2], ki Rar EXER, R SEL
K, VP ePFSW), HET A, MWRMWEZ R E PythagoreanT%*@H?FE*L%E’JTJ&M*HJ:JEUEX%%J?’?

@)

ER (P) Haopprn 0 @Dwu o G lax€ U},ERX P)={apu—0 @w___0o @)H|xeUj,
Z:]RA, @ Z:IRA‘, ® i=1 ' MRy MRy
= i=1 i=1

Hr, g o (I)—\/ inf ,up(y),um o (@=NA sup v,(y),
2 i=1yelalps Ry, (P i l;e[z],\T
= i=1

v (=N inf p, (3w __ o ()=V sup v,(y).

ERK P i=1 y€la —‘R'\ ZR/\ P i=1 ;Erz—‘R\
i=1 '

O

O
o n o . "
= ZR« (P) ZRA\, (p),mljﬁq(ZRA" (P),ZRA‘/ (P)) HRIMZHRE Pythagorean H5H AL
4 i—1 i=1 i=1

EX 11 % IS=W.AT)=(A U P.V.,f) A—4 Pythagorean BIMI LR (F B RS .U E—1TIEFT R

HWLAESEAS A={A A, A, 08 m AN, Rﬁ EA, E@ﬁti%ha‘é/%,[x]]?; Ex E?‘Q%Rf I
K,V P &€ PEFSW), HXT A, B:EM 2K Pythagorean BURIRLRE 45 /9 N 3 RURT L3 B2 Lo 5058

ZR Py = (aps 1 (v o (@) |z €U
> Rx, L Ry, (P
i=1 i=1

1

ZR* (P) = {{awpu_,

1 (@)sy 1 () | x eUy,
ZR\ Py ER;{" P
i=1

He, pw (Az‘):i\ inf p,(y)svm )(x)—\/ sup_v ()

DRy (P i=1 y€lalpg, L P i=1y€lalpg,
i =

m

L @ =V inf 4, (0w, @ =A sup v, (),

M
SRE (P =1 yelilry ERT ) i=1 y€lelry,
’]” 1 m ! m 1 m !
#DOR, (P)# DR, (P)JMFR(DIR, (P), > R, (P)) NAEMZKIE Pythagorean HHHL
1 i=1 i=1

IZFEIE 1 i& IS :(UvAT) :(A U P ’V’][) ﬂﬂ*/l\ Pythagorean*ﬁ*ﬁ%%{%;@\%/‘b 9U %*/I\i”fﬁi/b\iﬂji,

TR A=(ALA AL B m DRIELR, A WIEHER (o], BERAR, LHEHE,
Y P €PFSWU), T A, WZ K J¥ Pythagorean FWPRLUEE 4 A 40 T 4 5t

O

" o mo U m——
(D IR, Py = UR, (P). 2R, (P)= (R, (P);
i=1 [l B =1 i=
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1

(2)ZR* (P) = ﬂR* (P). ER* (P) = UR* (P);

i=1 i=1

e _ 0 _ 0 m ) m o0
(3)213:‘, (P, N P, = ZR;", (PO N ZR; <P2>,ZR; (P, UP) = DR, (P)U DR, (P.)s
i=1 i=1 i=1 i=1 i=1 i=1

PR o T TR o TR
W 2R, (PL N P = 2R, (PON 2R, (P»,2 R, (PLUP,) = 2R, (PO U DR, (P;
i=1 i=1 i=1 i=1 i=1 i=1

TR T, T o o o
(2R, (P UP) =2 R, (PO U IR, (P). 2R, (P, NP DR, (PN DR, (P.):
i=1 i=1 i=1 i=1 i=1 i=1

(6)DIR, (P, UP) =R, (PO U DR, (P2 R, (P, NP DR, (PN DR, (P);
i=1 i=1 i=1 i=1 i=1 i=1
O [0}

(7)2R§“(~ P) =~ (2R, (P),DJR, (~P)=~ (ZRj”w));
i=1 i=1 i=1 i=1

I 1
(& 2R, N~ Py =~ (IR, (P).2 R, (~P) =~ (ZRjil(P)).
i=1 i=1 i=1 i=1

R (D HE X514
pn o (x)= (} 1nf np(y) = U inf  pp (y),ui o = A sup v, (3 = sup v,(y)

lekq Py i=1y€[a RT i=1y€e IJRT Rx, P i=1y€[x] R, i= I\ELIJRT

m m

i=1

i

FiT LA ZR* (P)—UR (P, [, ZR (P):élRi(P).

(2)UEMT R R (1.

3 o =
( )#ER*((P]ﬂPﬁ(x) ;

m m

inf g, 1, (y) = VO inf p, (y) A 1nf tp, () =A (\:/1

1 y€la ]R i=1 yela ij yela] R* i

<

inf 4, (3, V inf e, (D)
yELxJR— i=1 yelx] R*

m m m

Vo () =N\ sup v, 5, (3)=AC sup v, (3)V sup v, (3)=V (A sup v, (y),

-0
ZR;I (PN Py i=1yela ]R i=1 yela] "X y€elx] R7 i=1y€la ]r
i=1

Aj i A; Aj

/\ sup v, (y)),

i=1 y€elx] R,

= 0] m i O m i O _ m i O m < o)
] ;RAi (P, N P = Z)RAE P N ZJRA’ (Pz),IEJEE,Z;RA’_ P, U P, = ;RAi (P U

m i O
2R, (P,
i=1

(4) . (5) L (6)UE B L FE [A] (3) AHALL.
(Do o )=V inf g () =V inf v,(3) =~ (~ (V inf v,(3))) =~ A

2R, (=P i=1 y€la wkf i=1 yela wkf i=1 yels qR,

m m

i=1

sup ,up(y)) =~ (;xi (}(m(x)),

yE[x ][ A
Aj
A i=1

m m m

Vi _o @)= A sup v_,(= A sup p,(y)=~C~C(\ sup pp(y)))ZN(V inf v,(y)=

ZR; (~ P i=1y€lalps i=1yelrles i= UGDR i=1yelalps
‘ . O 0] .

~<u7é - Py ZR Y~ Py =— (2R, (P, DR (~P)=—~ (2R (P)).
A; i=1 = ! i=1 ! — i

(8)TEWI I BRI (7).
2.3 EFHRBERE Pythagorean HHIHKS 5 0 B 404 132
RN 12 Pythagorean BB I J 45 Pythagorean B AT T I T 92 HE I3 16 Bk %6 77 T/ Py-

thagorean P45 #k$%i7 , ] Pythagorean #M4E A F1 B MG R R N .

N(A,B)zl—% DV i) =t ) [V () =i [ 7l e —ai () D, (@
i=1
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AHEIFERFFRCRHF R

2025 %

ARG LT 2 LAY Pythagorean B 4% . Pythagorean R I 3 B L 53 5¢ & 1Y Pythagorean AR AH
RE4E 25 AL TR I TR R Pythagorean BOMIFLRS 42 19 e obr B e 845 5%, BLARE BRANAk 1 iR,

1 JETIHA KRN Pythagorean HM HHLME 45 19 I
DAL JBE B PR AR vk

A Pythagorean Wi Bt 3R {5 B & & PFS = U,
AT V. ), A ={A A, , Ay, A},

s ORI T
BT MREE L9 AL R I Pythagorean BIH]

BB b FIERl (R- (P).R™ (P));
L¥2 HR, DR _.R, ®R_.R OR .
A Ay Ap Ay Ay Ag
Rjt @Ij;;
P

A5 E X 8 115 Pythagorean MK E(S);
XF B 3 4311 Pythagorean 581 4% 3 17 HE

thagorean $0HI ML % i BLHLRE % (DR, (P,

(@]

SIR. (PH.OOIR, (PR, (P
i=1 ! i=1 ! =1 !

1

(0]

n PR
BB6 M= >R (P)D >R, (P),N=
i=1 ! i=1 !

I

m

DR, (PY® DR, (P)A BMA, GMA, M,
; 5,

A, OM,A, ON,A, DN,A, ODN,A, O N;

BT OREE L 12 5 A={AL A, A A TESR
WL IR 28 T A N 3 B

BUE S MRAEAL R 7 h T, 1S

AR ML AR 2 A

¥ A% R R 5 00T B 5 AL 5
RS MRAEE X 10,11 H R W R W £k E Py- R R

3 ZBISH

BB G R WL B R A S Al SRR e E AR T L e A 1 2 5 25 E RS BT LAl
GEUR FE 5E AA GRSt XA SR FRT 5 FHT I8 T I — S8 kAR A A AR M 22 R T S A 2 VIR Bk
TEHAHE T LR R EREOR ML R O T ARl A — P R R R B S P E X AT T R GE L I
R T7 15 58 TG A0 AR PR BT OR3GO 2E 7 BE 1 2853 0020 B BOR S 00 B R A ) 2 25 AT
RANEF WL R E 4 FhRAT T3 ARAUAL 10 K20 )20k (A D — B L K23 235 (AL L Bl K
PEHEFEIE (A AR FEBE (A O RYESCIRL27 T & 0 AL AL AL AL ISR N3k 1 Bs.

% 1 AI;AZ ,A3,A,, m{tﬁ%
Tab.1 A,,A;,A;,A, dominance categories
%k [Ci]- [C.]® [Cs1® [ci- [Cs1® [Cs]™ [c.1® [Cs1™
Rl;l {e1) {crscoscat  Aerscaseascs)  {erseq) { crscascsscys {ciscascss {c1scoscsscas {c1scascss
C5+C65C75C8 ) CisCoscg) CesC75C8) Cyscg)
RIZ {ciscay Herscascuscrt {crsczscsscyl) {ea) {ciscascss {c1scaacsscas {cisciscry) {ciscasesscys
CisC5aCT) C54C64C7sC5 ) C54C75C8)
R; {e1) {cisczscsscy) Heiscgscy) {cisea) {c1scascsscas {ciscascss {c1scascsscas {ciscasc3,s
C55C6 qL‘7s('x} C4+C6 yL‘g) CgsCT M‘x) ('1708}
RT1 {cisczycq) {2} {c1sc24c5, {cascat {c1scascsscas {ciscascss {ciscascuscr) {ciscascss
ciscr) C54C54C74C8) CiaCiaCTacg) CisCracg)
31 ARHWEERSH
A1 OREE X 9 A RN Pythagorean BORMUHLAEEE MY | R IRl 038 2 Fiw.
AR 2 RN T SRR B SRS B B s & ST FUR.
AR 3 MRHEE X 8 i Pythagorean BRI , Al 15 A, LA, A, LA, FIM M :0.883 2.0.922 9.0.895 9.0.923 4.
A4 RS ER 3 h Pythagorean SO HEF 4R A E(A) <E(A,) <E(A,) <EA) 15

FRAURLEE N Ay BRI FEAUMAL b 1m) K30 2 206 L AT TR0 i 45 R 5278 SCRL27 ] R — 30 3]
TIZITERARNE DR AL A AL R AR —RE SO 22 S0 SR R RE R AT 1 AN R] 945 LRl 5 SR

i —~ 0
BB S HRE X 10,11, TR B KL Pythagorean BUBPHURESE 1 R BUHLES S (DR (P),
i=1 !
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Tab. 2 Upper and lower approximation of Pythagorean fuzzy rough sets for dominance relationships

b LFEM 1 c2 3 Cy Cs Co cr s
R;] (0.650,0.405) (0.650,0.405) (0.650,0.405) (0.650,0.405) (0.650,0.405) (0.650,0.405) (0.650,0.405) (0.650,0.405)
le (0.650,0.405) (0.578,0.463) (0.496,0.506) (0.625,0.428) (0.286,0.753) (0.354,0.695) (0.354,0.695) (0.403,0.645)

R; (0.650,0.405) (0.650,0.405) (0.650,0.405) (0.625,0.428) (0.650,0.405) (0.650,0.405) (0.650,0.405) (0.650,0.405)

(0.625,0.428) (

<

.432,0.600) (0.496,0.506) (0.625,0.428) (0.286,0.753) (0.286,0.753) (0.432,0.600) (0.286,0.753)

R;g (0.650,0.405) (0.650,0.405) (0.650,0.405) (0.650,0.405) (0.650,0.405) (0.650,0.405) (0.650,0.405) (0.650,0.405)
R; (0.650,0.405) (0.496,0.506) (0.496,0.506) (0.625,0.428) (0.286,0.753) (0.354,0.695) (0.354,0.695) (0.403,0.645)

(0.650,0.405) (

<

.578,0.463) (0.650,0.405) (0.625,0.428) (0.650,0.405) (0.650,0.405) (0.650,0.405) (0.650,0.405)

(0.578,0.463) (

j=}

.578,0.463) (0.432,0.600) (0.578,0.463) (0.286,0.753) (0.354,0.695) (0.432,0.600) (0.403,0.645)

F3 RMGEYZHE Pythagorean 12 # #8 #E 5

Tab. 3 Optimistic and pessimistic multi granularity Pythagorean fuzzy rough set

ELVFEM c1 [ c3 cu Cs Co c7 [
0
ZR" (p) (0.650,0.405) (0.578,0.463) (0.650,0.405) (0.625,0.428) (0.650,0.405) (0.650,0.405) (0.650,0.405) (0.650,0.405)

ZR; (p) (0.650,0.405) (0.578,0.463) (0.496,0.506) (0.625,0.428) (0.286,0.753) (0.354,0.695) (0.432,0.600) (0.403,0.645)

ER: (p) (€0.650,0.405) (0.650,0.405) (0.650.0.405) (0.650,0.405) (0.650,0.405) (0.650,0.405) (0.650,0.405) (0.650,0.405)
A

ZR‘:‘ (p) (0.578,0.463) (0.432,0.600) (0.432,0.600) (0.578,0.463) (0.286,0.753) (0.286,0.753) (0.354,0.695) (0.286,0.753)
- A

O (0] 71 I

L6 HE M= ER (P)@ER’ (P),N = ZR <P>@2R (P). A, DM, A, DM,

i=1 i=1 i=1 i=1

AAEMA4@MJL@NJM@NJ&@NJL@N}W%4%ﬁﬁ§7ﬁ%m$WWM§EEQ#
S Jm B I SR S2 TR,
£4 RN ENTEEESEREE

Tab. 4 Membership and non membership under optimistic and pessimistic conditions

M//AM c1 c2 C3 Cyq Cs Co c7 [&F]

M (0.816,0.164) (0.746,0.214) (0.751,0.205) (0.793,0.183) (0.685,0.305) (0.703,0.281) (0.728,0.243) (0.719,0.216)

N (0.784,0.188) (0.728.,0.243) (0.728,0.243) (0.784,0.188) (0.685,0.305) (0.685,0.305) (0.703,0.281) (0.685,0.305)

BT RIEE X 12018 A={A LA, A AR GBI Z R T RIS . i[5 A LA LAL LA TE
SRV IR 228 MR AR T A I T 43931 oM 00,720 7.,0.676 7,0.695 0,0.635 7;0.709 3.,0.701 7.,0.721 6.,0.674 0.

IR S MR IR 7 AR A AR IR 2 R B0 A R DR L A AR UL 22 R B TR A 0 ST R HE O
N(A ) >N(A) > NA,) > NA D IR Ry A WITE SR WL 26 B BRI Z sk #EALAL b a1 7KK 43
JEEXT AT T B0 e PORLEE S HR 45 R 5 225 SCER 27 ] rp i e B OR 35 — B, 7R UL 22 KL B T 19 i T
FEHEF A N (A > N(A) > N(A,) > NA D RRLEE R A, WA R Z b B BRI R W%k £ b 1)k
St % T R T LR AT T R

BB B B R
3.2 REFEIE S

H 22 SCHRL 21 ] 85 o Mk AR i 1 34 25 B R A5 3] SR 00 28 R0 B 0 W T B 4 R -y, = 0,604, y, =
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0.789,y:=0.761,y, =0.668, KWL 2 K7 & T AW T HE 5353 9 2 v, = 0,600, y, =0.775, 35 =0.793,y, =0.673.
WATR) D7 R W HE I 45 5 sk 5 s,
x5 AEAFEHFERE
Tab. 5 Sorting results of different methods

PSR HE 25 5 S REE PR A HE 25 5 /RS
XHA[16J(PFGHM(g (1) =In(2—1) /1)) y2>y3 >y >y Vo CHk[18] 77 Ve Y3y >y Ve
Hk[16J(PEGHM (g (1) =1nl/t)) 32>y >y >y ¥e R SR WL 2 L E A AP T g g O V2
SCik[21 ] 2 Y2y iy >y ye AR SR W 22 ok A R Y3y >y >y Vs

12 5 R0, SCHRL 16, 18 W 7 1 AR B R 25 SRR 2 — RR Y T SCRR L2 L IR AR 25 R HE P v o Ly 5 3CHR
(16, 18P HEFF 45 R AR, AT RESE SR 1A R 9 il & 557 B S 200 (R R AR S5 R AR . o AR SO 4R 07 T5 18
SR Z KL FE R B AR 25 SRR 5 275 SO IR B — B0 S U4 SRR o, UL T AR SO SR A 20 1) A P 5
APAT R AR SO $R AR L R R rp HE PR AR S R IR DT IR AN AR B A R s ORISR RO TN
[F] £ T 456 o 00 2R R 5 5 O e < SR I 4 2 1 OR [ HE 57 1) B 0L 22 b BE RS LR ) e PR 45 2R v, A R A A 1Y
TEFE L AN SR RS i G Y R IS 2 i SR [T 5 7 ) AR W 2 R BE R L T A B A R v R R A O T4
PR AT LUARE H A AU fin J- 12 5 0 e pIE e %

4 45 iE

28 ML REURE AR PRS2 EE T TE S C R B SR Al L SR O R A T A PR MRS A A AL Y 0 T Y
FEl . R L 7E Pythagorean fORHLRE B2 A 70 A Ll I W I B R 5 L KL Pythagorean 1R MRS 48 A0 45 &
P i TR A0 R B SR WL AL 22 KL B Pythagorean BOMIHLAE SEEC AL, 5 X T Pythagorean £ 4 . Pythago-
rean BOWIIG T B2 380 T I0 IR T BOVEA B R I, 5SS G R B ST S B HEAT TSRS AT IR T R A
A M I SR B AE 2 FORTR B B0 T 42 4 T S L 5. 4 5 7E XHE B Rl & i F 50 o S ik — 20 %
e VA EE X PF- 45 SR 1Y 5

MR B FhRR (DOI:10.16366/].cnki.1000-2367.2023.08.24.0001).
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Granularity selection method of multi-granularity Pythagorean fuzzy rough set based on dominance relationship

Xue Zhanao, Yang Mengli, Xin Xianwei, Zheng Yu, Sun Lin

(College of Computer and Information Engineering; Engineering Lab of Intelligence Business & Internet of Things.

Henan Normal University, Xinxiang 453007, China)

Abstract: In this paper, on the basis of the Pythagorean fuzzy rough set, combining dominance with multiple granulari-
tys a multi-granularity Pythagorean fuzzy rough set model based on dominance relationship was proposed, for studying. Firstly
giving the concept of dominance relationship Pythagorean fuzzy rough set and Pythagorean fuzzy entropy, discussing their prop-
erties, then, four models of multi-granularity Pythagorean fuzzy rough set of dominance relations under optimism and pessi-
mism are defined, and for Pythagorean fuzzy closeness, proving their properties, designing their optimal granularity selection

algorithm. Through the case of optimizing mining in Suichang Gold Mine, the effectiveness of the model was analyzed and verified.

Keywords: dominance relationship; Pythagorean fuzzy set; multi-granularity rough set; fuzzy entropy; closeness degree
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