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A three-way multi-attribute decision-making method with intuitionistic fuzzy
preference relationships based on additive consistency

YE Jing, ZHONG Yanru
(School of Computer Science and Information Security, Guilin University of Electronic Technology, Guilin 541004, China)

Abstract: The three-way decision model becomes an effective method to solve the multi-attribute decision problem by considering
the semantic relationship between the loss function and the decision matrix. With the increasing number of uncertain data faced in
real-world decision-making problems, traditional multi-attribute decision-making methods perform poorly in complex contexts. To
solve this problem, a three-way multi-attribute decision-making method with intuitionistic fuzzy preference relationships based on
additive consistency is proposed. Firstly, we give the intuitionistic fuzzy preference relationships based on additive consistency, the
preference relationships between different decision schemes is obtained, and the preference information in the matrix is used to cal-
culate the conditional probability under the background of the rough fuzzy set of decision theory. Then, considering the correlation
between the loss function and the intuitionistic fuzzy number, the relative loss function is used to find the relative loss and decision
threshold in the three decision models, and the decision scheme is classified and ranked by decision rules. Finally, the key steps of
the proposed method are briefly described, and the algorithm is applied to the classic supplier selection example, prove the feasibili-
ty and effectiveness of the model.
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PROR FIS SO S PSR R, P il e $2
HE 7 A b FRAYHESR, ST BRI FH W5 B 30 S AR 1 B 7
Z 71, HEE TR T HNE . B PR S
PITRAKJE, T IR IEMIRWH 53 2. =3
PR (three-way decision, faj # TWD) fll £ J& 1k Pt 9%
(multi-attribute decision-making, fij X MADM) J& Ht3K
Mg 2 NEENHKI T

TWD J2&— P Ak BN RE P Je 3 ) LAY RS, 7
PR BB R R AEE IR . ik —i4 4
H A PSR BRI ML RE £ (decision-theoretic rough sets, fij
Fx DTRS) J& X TWD #5 0 Blo & B fif B . DTRS
ALE 3N RS SR A, 3 6 I — S X
S 3 R . YT G AR R ST, X ek U A7
IPRTR; Vo A TH AR ST, REUE LS (PSR e fi T
AR, SRIBGEIR PR B RIE o 3K S —Fh 2S5 0BT
AR, 456 IS A TG AN E PR T A B4k > 15t

H I, X = SR iR R 5 T2 B4R TR AR 32K PR
BOMSCAERERDT b SCHRY DO 22 8 1 D3 14 £
FE R, ST T RS AR, I TR R Y A
SCHR™ FESCHR™ (R FE A 1 T B ASOR S5 A X
PARFERE, IE AR BE S T TWD #2328
SCHREY 38 o4 X [ (LB SR B = S s v, 4
PE T XA PR BT I . SCHR' Al Be ik B R T
R e R BV MRS SE AR B, A5 R4 b 1) T 3 U BLAR
fift (TOPSIS) J5 % X 7% 144 M 5 BEAT A RL AL 31 . 3¢
R 2 R EIRT SR T e A BRI A 18 P,
PR T PP TR S B AR

REZBUGOUT, Pk sk B0e h EUFR S L5017
i B, 78S B o LA Ak, BRI AT DAAF BARSOR B4 58 >k
RRALL B S SC, AN SCHR™ 78S 58 B R R 40
BRABN = ZE i Scik™ st 5| AE
HARERY AR, IR AR TRk DL
FARENEE . XBARIT] DI R 2 p ek o F
F L, X AE A T BRAG E

ZJRMHEPHR (MADM) T 2R & 24 1 PEO (X
PRI ZATHEY - FROL, R SR W 58 Sl i Sy
3o AEGE MADM Jrik o EEAR P ERIE K
J& b fhn, ScrEk™ f4E £ COPRAS(complex pro-
portion assessment method) J5 ¥ & —FP 4 = PEAN X5
FEARBCR M MADM Jrik ., SCiR™ i VIKOR J5 i/
— o 5 T AR SOVE B PR Oy i, R AR VAR N
MADM ' F- & i P, SCERMFUCOM(full con-
sistency method) 75 256 T o) HG A D), e 5 s 5
R — MR A PSR 45 R . SCk™ B CODAS
(combinative distance based assesment) J5 % AR g 1 B

AU Y B R MR C IR B Sy R i, IR T 2N
PRI ()

b Bt (5 BB Wi 2, YRR H 23 5 24, %
FATFF IR MADM 5 i 5 A8 MBS AT 456 -
— 7 TS 25 A R URE B2 A B SE ORI A1, Sk 2k
E OB AE A EE T i MADM 1, F1He i 2k ph
FEFERARN PR . SCERY™ i J2 S MADM [m) 85 | A
RN G2, FH T A B P AS A R B AN e ) R,
RERSIS 2 AT i PR ZE SR . U™ 254 VIKOR J5i
FFT T BRI TR, IR 5 R
BIFEE . 79— T S5 TR0 i 4 ¢ 2 i B
FE, SCHERN Y B T — R BT R SE MR i
K R BIBEAR PR T EE o SCERY W 563 F = Mgk
IR, TR T —FHARI R T

HET FRA AT, MADM FI TWD #5528 g3 45
BAYE T H ., MADM Al #§ & AE— £ @ Pk TWD
[A] %5, Bl MADM & TWD J4E4, IR T F1) H R A 1)
TWD AL fi# e MADM B30 i In @, H a5 s
1£ TWD Fl MADM H ¥ UG 8 Z iR . b T it —
LY AT E I T ) MADM W5, #5 Bhik s & 8
U A TR B AR, SCHRY 5T T T i
—HE B B AMIR A OC &R, R LA ) TWD 4%
KIAbH MADM [R5, (H 2, X Al 76 HOBE F T RS
EIRBEN, KRB R Ee AR5 T 5T X &R
(A PR SRE [] R

YT I, g5 AT A —EOE 0 BRI I -0
%+ TWD it H1 MADM JEAH, $2 H— B il gk
2, BT — S ) AR R R R =X 2R
PR T o 20T R BRI R I 56 R 10 = 3 Uik
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1.1 EREWE

BN BBEXRE— s A, — RN

W, WX A B AT R
A = {(x,u,(x),va(0)) | x € X} o (1)

XA BB A € X, uy(DERRTR BT
EEAMREE, WA NRIEEE; vi DERRTTREAAET
A R, AR A dE R R E . w(x)e[0,1],
v () € [0, 1T HIH RO <uy () + vy ()< 1

FE X 2 BB A x = (ua, v, T Y BEARLIE

FEN
I(x)=1—\/w, (2)

i H, A T AR 24 B R R x = (v,
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y=(u,v,), FHACHI(x) > I0) I, 7 7Ex >y o

I3 A 2 AN ESEEIE L = (v, y = (,,v,),

1%y
(Q)x = (u,,v,) EMERY = (v,,u,) 5 (3)
(xey=(1-1-u)l-u)vy); (4)
(i)x®y = (o, 1 —(1=v,)(1=v)); (5)
(iv)6x = (1 - (1 —u,)’,v"),0 > 0; (6)
VX' =w1-(1-v,)),0>0, (7)

BN AL X = (0, X0, -+, x, ) Y B0 AR D
U KR E X RR=(ry),,, H o H 5B 5K
riy = {0, X)), u(x, x),v(x, X)), 85 R = (wy,vy), 6=
1,2, ,ne uy 223 H x5 x R G RR BE, v, 7m T
I x50 o B AN D B R, il J R
0 <p+vy <Ly =vi, v =y,

#;;=V;i=0.5,i,j: 1,2,--+,n,

SEX 5 AEAE A H AR 0, X, o, HR
xo=(uyv),i= 1,2, n, ERERIINBCE Y ET (intu-
itionistic fuzzy weighted averaging, fi] FX IFWA) &
R

IFWA (x1, x5, ,X,) =

i=l i=1

12 =X3R%

BEU AT PRI AAE, A & SR 6 R ES 2
ICHN[x] = [x] = {y € UlxEy}. FTA%MAERESICH
U/E ={[x],|x € U}, Je- X SCR B il —Fh kil 4. IR A7
TEFHAA C U)RIBE R (0. f)W 4 1F0<f<a <],
VU7 MR 2R A o, B2 ATA T S AU L3 (0T 26
RN,

apr(A) = {x € U|P(Al[x]) > a;
apt(A) = {x € U| P(A|[x]) > B);

Horp, P(AIIXDPr(C | [xDFR7R AR x i 240 2 [x 1w T

S AR R FHBEE, JEHST 20 AL = T,
|- | TR HYIEEL
ST TR X, Pawlak HUBEAE™ i iEmR.
A R
POS(A)={xeU|PA|[x]) = a};
BND(A)={xeU|a>P(A|[x])>p) (9)

NEGA)={xeU|PA|[x])<pB};
R SRR A AR R g B (A 0 A S 2 T ]
DU R AR BIS IR . B AR 2 MRS A, Hoh
WEAFIR TR x e A RBA TR TR x ¢ AL AR

XN 3 NP {ap, ap, an}, 3 DU S IR L4
xR B9 53 28 8h 1V, RBI Je i 52 1R 9k 43 25 3] OF 35§
x € POS(A), i1 54 x € BND(A) il 7 1§, x € NEG(A)
S PURHEREINZR 1 R o HP: A, A Ml Aw i3
HFR SRR THEA AR, SR 3 P ap,a, Flay
FIARAT s 11T A, dpn Fl A 53 IR R AR B TR A,
A5 PR TR ap ap Rl an BOAAHT o MR 400 2% S R %) I 551
S(, ﬁ?’f/lpp/lm < Awp, AnAden < Apno

F1 BKRER
A A A€
ap App ApN
ag Agp ABN
an ANP ANN

FEF DU SR B, A EOR RIS T 1 2k
PRIEL:
R(ap | [x]) = A P(A | [x]) + Aex P (A | [x]);
R(ag | [x]) = Asp P(A | [x]) + Asn P (A° | [x])
R(ay | [x]) = 2w P (A | [x]) + AP (A | [xD);
Hr, R (a.|[x]) TR [x] AR GR B i a .
MR 452K BRI %L, - = P,B, N, il i DU F e s #3e, ml e
BT e I XU 2R S A
PEL T . 45 Ral[xD<R(as|[x]) H R(a|[x]) <
R(ay|[x]), AT#Fx € POS(A);
BHL W : # R(asllx]) < R(ap|[x]) H R(asl[x]) <
R(ay|[x]), Al #5x € BND(A);
NHL W) . #F Rlanl[x]) < R(ap|[x]) B R(axl[x]) <
R(a|[x]), Al 15x € NEG(A),
B T PAIXD + PA°IxD = 1, 4 3 2 (Apw = Apy)
(Axe = App) > (Agp — App) (Apy — ) Fll @ > IS, PR 5 R B
FR AT fRi 1k A
PURLIN: 25 P(A|[x]) > @, A]45 x € POS(A)
B'FILN: 78 < P(A|[x]) < @, A]f§x € BND(A)
NUHLI: %5 P(Al[x]) < B, A 15 x € NEG(A)
LG HS i A2 2

a

(10)

/lPN - /lBN

T Ay = Ap) + (Ap — App)”
ABN - /1NN
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/lPN - /1NN

B (/lPN - /INN) + (/INP - /IPP) °
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X ={x;, x5}, W B HEEE WA = (a,a, - ,a,)
PR 1A R x, R a T A AE— S VRN
fxa) = (@), u(xi, a,),v(x, a)) = Wy, vi) o FHHT, uy
FORFTEx @M a SRR, v FoR T R x X @ a,
MaAE R B E, u, €[0,1], v €[0,1], O<uy+ vi < 1,
i=1,2,---,n; k=1,2,--- ,m,

AN [F) & T 0 5 8 22 Tl L AR O 4 G R
RO =(r)), k=1,2,---,m, Hr, rl =g v)), u 3
INTE B PEa, T 7 58 X7 58 W R AP AR B, v RORTE
J& Pea T J7 5 x % 07 5 x, AN i F2 8wl € [0, 1],
v e[0,11,0<ul) +v)) < 1,i=1,2,--,n; j=1,2,--- ,n;
k=1,2,,m, WG 5B 1E OO0 € T8 P AL E 7] 5
w=w,w,y,-w,)", R0 w <1, ZW" =1, k=1,
2 ma 5y A N R AR R KR VA R B,
k=1,2,---,m,

£ MADM R 451, R® SRz (14 fin 78— S50 1) F
VOB B G R B P, A AE BIEE € [0.5, 1], XTI %
x € X, fFAEFM A0 o T EEBR WL C R b
MIE R ELORORIEL, A T AT L8R, RIS (2) X 5di:
HEATALEE, A2 LLF R4

DXl = (x; € X|I(r) > €}, R W x AT B i A2
S0 X, X IUR T B x €L

D)[xl = {(x, € X|1-E <) <&, B HHTH
Tl JE 2R A0 X, —FELE, J2 07 28 x Y E-ARLIRK

3xlg = (x, € X|10) < 1-&), £ W x59 T Fi A
T SRR x,, SR 2R B E-55 38

AR, A [T U [x ] U Lx5, = X, AT

W S FEUUR ARG, RO IR —SUM: i ELwAR
W FC R A, FAAE A E € [0.5,1], % Tx € X, Hé-

AR E SO
[xle, = {xj eXx|1-¢< I(Z wr) < _g} . (12)

LR, Tl 2 2R AR A T S R O 56 g 64
WK HF B IC R, i j=12,.n. LI, 45 H K
X/F ={[x ], |x, € X} 32755 MADM H i1 77 2% T
IR x 28, E AR Tk Al LS B AL & X P Ty
HpIE S

FERERG, S5 HEM0<B<a <1, X FHE
WIS D € ROX), HOETE-FMRIZERY LN HB0E SO

R,(D) = {xIP(Dllx], ) > B}
R, (D) = {xIP(Dl[x], ) > o} -

b, 75 % x OB R e Rl

D(xi)zl(zwkf(xhak))’iz1729"'ano (13)
FH LG P AT 07 8 2 ARy
> D)
yelxile
P(Dl[x]x, ) = (14)
( : “QE) |['x"]R§gg

T LT ST AR BSR4, R AN X
%153 M
POS(D) = {xIP(Dl[xlg, ) > e
BND(D) = {x| < P(Dl[x] Rg) <al;
NEG(D) = {xIP(Dl[x], ) <B}e

TERIRE RGN, B TORBORAFEARZ A0, 45155 bR
BOERF (02 1) iAHGHAARE TWD SR i s
ZH L, SCHRY e T ESEERIEE TWD P A
TR RE, AN 2 FR o

R2 EXRKIER

1 A Ac
ap App=0=(0,1) ApN = f(xi,ak) = (Vik, ig)
ag App = 0, f (xisar) = (1= (1= u)?, vig %) ApN = 0f (xiya) = (1= (1= vi) %, up%)

an Anp = f(xi,ax) = Uik, vir)

ANN =0=(0,1)

AR I AR BRI TE H , TA A 2
TN PR T B x € AR, BT % 5 FE B IE #0 (1) POS(D)
B, SANAT A AR AT T A A1 e 177 75 AR /0N, 1T LA
ZWEASTE, BRI fe /N B ELBE RO $io = (0, DIEf TR
7 A, A B SR 0 = (0,1) . 1T x = (u, AE R ¥
x € AR T B4y R BN L X R TR A NEG(D) 385 Hh Ay 6
PAE, FFFIR Aes [FIHRL, ARAE A2 S 3, VE R xAME, X
AT LA TR AR R Aon o Awe Al Apn AT 53 2 IE B A

o X R Z [T AR R, RS | AXUBS: 22516, %6 7R BND(D)
H AR R s . Horh, ELSEBORI B [ 115 2
FH (3~7)o

FTER 2, R Q) T REHE T IFWA TR
A T R I, PR (2) v i AR B X 3R
B PURAERE T AR R (R TR AL, DR BT 8
e AF BN REIE VEA T RN H A (%) SR B A R0 R e,
23R
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ap 0 I(I—H;;l(l—vl-j)wi,njzlu;;")

n ow; n oyw; n ow; n oyw;
ap I11- (1—u,~_,~) ’l_["ij 1 l—l_[(l—v,j) ’l—[uij

j=1 j=1 j=1 j=1
- wi “ Wi

anN I[l_n(l_vij) ’n”ij' 0

Jj=1 Jj=1

W 3 TR R AR AL (11), SRA87 % x 0
BB (@B y) . HETUEHM P, B2, N°, FHh 4%
PEREAR P (DI [x e, )5 5775 B8 (), A5 50 X8 ke
CIE I e St

P 45 P(DIlx e, ) > @, Wi x € POS(D);

BRI %, < P(Dllxle, ) < e, 1 x € BND(D);

) <B,, T x e NEG(D).

SZOCHRY B S, IR AL P . B, N, [
PIECENE SISl Tisiz 22

PRI XF FAE R 2 NIRRT Rxax €X, 4
o, <o, MIA T Bx LTI %x;

BRI XF FAEE 2R T B xoxeX, #
B: < By, WK xR T I %X

N RO X F AR & 2 AN Pe s O R oxx € X,
¥ <y, WK I R x Ak F 5% x, 0

22 RERSE

MR LA | BRI A 41, 452 AY ok 55 TR R IR
Fl 1R, BARERIT.
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v
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v
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v

GEVETE TS
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1)y Rl HE P R

L
1 FTRERRR R SRR E

1) X B GE A i 4 O R R RY = () k=1,
2, ,m, iRE (12) AT B EAMRIE, HE

i € [0.5, LRGSR L EATIR (. PR iR 4
952 S, RS (13) A5 J7 % x 00 o7 B RO 8 1k
D(x)., #Jm il i3 3 (14) 15 3] 5 2 x i 4 1 1 %
P(DI[x]g, )

2) X T bk 5 B IE H 4 SE B0 bR SR A B f(xaa),
(=12, mk=1,2,m), T H 2, {7 EEHH
B S B LRSS T ARG 2K R, st (8)
2 (2) X AR 26 R Bt B S EA TSR 4, 15 5 4
% 3 PR IE AR R AR

3) X T A 2) JIF 45 30 10 B A 40 2 S B, AR A 5
(1), AN EEA 7 %8 x Xk B (9 BB (@ B 7)o

4) X T Fex, IRARHIN P B N°, R H A 0
1) 18 1) & LEER P( Dl [x e, ). PA AT 3) 185119
B (@ B 7)), 158 x4 L

5) xf T 3) DRE e I‘Eﬂﬁ(a’nﬂi’%), HRPEFL
WP, B, N)AHFA 7 G o7 0 (R T PP HUAE,
EEtlyE Sl Ja L

3 LR

R0 R 456 ) A MADM 43135k B ) 228 B ) 8
R, B 71 F2% i H T F) A 7 06 2R, SR
SRR, A5 S EORRE R T4 X, al REA A
Wit o A T RRARA i as KU, 75 300 H AR &
T PRV OIS, NI 4 0 0 S IR R I R R TR R
iR, B PRI AR — 2D A o DRLIHGR I T Y
— BICPE A ELE ASR Bl G 2R = SO TR b PRS2
PN, a] (s e O i

3.1 SEI§

A Ml e P AR A A 1L R, A — 4L R
X = {0, G WE T 481k, EEAITF R AR N
A = (ay,ay,a3,a4,as), 730 TAER ETAY ™ S UESAR |
P B BER R IR ST SR A R AR O R XUR: PR
o HExTERME a T WIS E f(xna) = e, va),
i=1,2,3;k=1,2,--- 5015 4 FirR,

WA SEBRAR DX AS [RIPFAN FE AR B £ 8 £ 137 Ry



6 TR FRHE 2= 4 2023 4E x A
T4 REKERES
E S a a as as as
X1 (0.294 1,0.538 5) (0.292 5,0.486 5) (0.336 6,0.455 7) (0.421 1,0.482 4) (0.373 7,0.481 5)
x (0.196 1,0.615 4) (0.198 1,0.540 5) (0.267 3,0.582 3) (0.242 1,0.694 1) (0.252'5,0.617 3)

x3 (0.2745,0.538 5) (0.207 5,0.540 5)

(0.178 2,0.683 5)

(0.231 6,0.705 9) (0.191 9,0.679)

PEAT A AT, A5 25 T I 8 — SO A B A] fi 4
%%R(l)\ R(2)\ RG)\ R(‘”\ R(S)’ ﬁﬂj@ 5~9 Fﬁﬁo 5‘,&%
FEFE P AT (EAC R ) = (v, ) u R s TR P
a N7 xR TG % a I REEE, vy vy FoRTEE a,
N7 Bxx 5 R i) AN i b B, u) €0, 1],

k k k
vl €[0,1], 0<uf +vi) < 1,

x5 ETME-HEHNERRMETXRERD

RM X1 X2 X3
X1 (0.5,0.5) (0.6,0.2) (0.4,0.5)
X2 (0.2,0.6) (0.5,0.5) (0.3,0.4)
X3 (0.5,0.4) (0.4,0.3) (0.5,0.5)

&6 ETME-BMEMNEREMRETFXRR

R® X1 X2 X3
X1 (0.5,0.5) (0.6,0.2) (0.45,0.4)
X2 (0.2,0.6) (0.5,0.5) (0.35,0.2)
X3 (0.4,0.45) (0.2,0.35) (0.5,0.5)

®7 BTME-BMENERRMRETFXRRS

R® X1 X2 X3

X1 (0.5,0.5) (0.55,0.25) (0.65,0.1)
X2 (0.25,0.55) (0.5,0.5) (0.6,0.3)
X3 (0.1,0.65) (0.3,0.6) (0.5,0.5)

T AN, 4 DE A 45 FR B0 8 M A FEw = (0.2891,
0.2347,0.1837,0.1614,0.1311)", L K J@ 1 i AU A
g\ﬁgk = 020

D) BRI (12) f13k 5~9, ££=0.7, i85
A5 Zx I E-FIE:

[xl]Rﬁgg = {x,, %3},
[Xz][zﬁgg = {x, %3},
[xs]kﬁgg = {x1,%,%}0

Ext % 4, A (13) 152 B4 7 58 x 60 7 Ao A5
W B D(x):

D(x,) = 0.4139,
D(x,) = 0.3058,
D(x3) = 0.3037,

g5 b, ARASS (14) b, SR AT R x AN I £

AR
P(DI[x ], ) = 03588,

P(Dl[x.]x, ) = 03048,
P(Dllxle, ) =03411,

2) M T 4 PIBRIEFERE f(x,a), FET 3 2, 1T
SR L BEASOR KT DR SR B M R B P ARG G PR
FHE A (2)s (8) XIARR K R AL IR T R TR,
HRIINER 10 Frs iR G HUR I .

R10 BEEXREER

®8 ETME-BMENERRMRETFXRRD

R® X1 X2 X3

X1 (0.5,0.5) (0.8,0.1) (0.7,0.2)
X2 (0.1,0.8) (0.5,0.5) (0.55,0.4)
X3 (0.2,0.7) (0.4,0.55) (0.5,0.5)

®9 ETME-BMENERRMRETFXRRS

R® X1 X2 X3

X1 (0.5,0.5) (0.7,0.2) (0.65,0.2)
X2 (0.2,0.7) (0.5,0.5) (0.55,0.25)
X3 (0.2,0.65) (0.25,0.55) (0.5,0.5)

VES A* A
ap 0 0.547 5
x| ag 0.1352 0.154 1
ax 0.4309 0
ap 0 0.649 3
X ag 0.1418 0.1952
ax 0.3382 0
ap 0 0.743 2
x3 ag 0.155 6 0.247 4
an 0.2442 0

3) XF T3 10, A5 (11), 15BN FT A 5 XTI
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Bi 03426 0.498 5 0.736 3 PEIZETL
v 0.559 6 0.657 5 07527 WAL M A, ARk T 4 M SR B ) L,

4) HAR =S MNP . B2, N2, X LU AR AR
P(DIlxle,). A K B (cnye), 15 5 5 24 45 3
POS(A) = 0, BND(A) = {x,}, NEG(A) = {x,, X3}

5) MR, B, N, A 11 A
HE AT HE I LU, T 215 5 B O 45 01, R 12
B3

x12 BIEHFER

BI{E HEF 45 SCWIES FRITR
X] > X3 > X2 X1 X2
B X1 > X2 > X3 X1 X3
Y X1 > X2 > X3 X1 X3
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