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Abstract: When solving complex multi-granularity decision-making problems, traditional three-way
decision models based on functions or relationships tend to ignore the multi-granularity characteristics of
information in reality and the limitations of the cognitive ability of decision makers. Based on it, this paper
proposes a multi-granularity intuitionistic fuzzy three-way decision model based on regret theory. Firstly, to
deal with complex calculation problems of intuitionistic fuzzy numbers, the ¢ operator is integrated with
intuitionistic fuzzy rough sets, a multi-granularity upper and lower approximation operator for intuitionistic
fuzzy rough sets is proposed, and the corresponding three-way decision rules are given. Secondly, to
integrate the cognitive characteristics of the decision-maker into the decision-making process, a multi-
granularity three-way sorting method under optimistic and pessimistic strategies is constructed based on the

regret theory. Finally, the effectiveness of the proposed model is verified by a group decision example of
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the competency assessment of “Chinese+ vocational” talents in international Chinese education, which
provides a new method for uncertain decision-making problems that integrate decision-maker risk
preferences in an intuitionistic fuzzy environment.

Key words: multi-granularity; intuitionistic fuzzy set; three-way decision; regret theory; three-way sorting
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Lxg,0.44,0.49>, <ag, 0.44, 045>}, B R4 I PEM(E 418 3~5 TR .

F3 LTERRIIMLRIMNTMNE
Table 3 Evaluation values of nine employees by expert R,

51T Vi Vs Vs Vi Vs

z (0.56,0.35) (0.51,0.38) (0.47,0.42) (0.48,0.41) (0.43,0.46)
z, (0.51,0.38) (0.43,0.46) (0.52,0.37) (0.51,0.38) (0.56,0.33)
«1‘3 (0.64,0.25) (0.57,0.32) (0.56,0.33) (0.63,0.27) (0.58,0.31)
z, (0.51,0.38) (0.58,0.31) (0.45,0.44) (0.48,0.41) (0.49,0.40)
z (0.42,0.48) (0.62,0.27) (0.42,0.47) (0.48,0.41) (0.49,0.40)
z (0.60,0.29) (0.62,0.27) (0.42,0.47) (0.48,0.41) (0.48,0.41)
x (0.47,0.42) (0.46,0.43) (0.43,0.46) (0.49,0.40) (0.45,0.44)
4 (0.54,0.36) (0.48,0.41) (0.42,0.47) (0.41,0.48) (0.48,0.42)
z (0.53,0.36) (0.45,0.44) (0.44,0.45) (0.49,0.40) (0.53,0.36)

R4 ERRMIMCRIMIEMNE

Table 4 Evaluation values of nine employees by expert R,

BT i Vs Vs Vi Vs
z (0.57,0.32) (0.52,0.37) (0.48,0.41) (0.49,0.40) (0.44,0.45)
z, (0.53,0.36) (0.45,0.44) (0.55,0.34) (0.53,0.36) (0.59,0.30)
z (0.64,0.25) (0.57,0.32) (0.56,0.33) (0.63,0.27) (0.58,0.31)
7 (0.49,0.40) (0.56,0.33) (0.44,0.46) (0.46,0.43) (0.47,0.42)
z (0.42,0.47) (0.63,0.26) (0.45,0.44) (0.59,0.30) (0.48,0.41)
7 (0.60,0.29) (0.62,0.27) (0.41,0.48) (0.48,0.41) (0.49,0.40)
z (0.47,0.42) (0.46,0.43) (0.43,0.46) (0.49,0.40) (0.45,0.44)
7 (0.54,0.36) (0.48,0.41) (0.42,0.47) (0.41,0.48) (0.48,0.42)
( ) ( ,0.45) ( ) ( A1) (0.52,0.37)

0.52,0.37 0.43,0.46

Ty
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Table 5 Evaluation values of nine employees by expert R,

BT B2 Y2 Vs Vi Vs

z (0.58,0.31) (0.53,0.36) (0.49,0.40) (0.50,0.39) (0.45,0.44)

z (0.52,0.38) (0.44,0.45) (0.53,0.36) (0.52,0.37) (0.57,0.32)

4 (0.62,0.27) (0.55,0.34) (0.55,0.34) (0.61,0.28) (0.56,0.33)

z, (0.51,0.38) (0.58,0.31) (0.45,0.44) (0.48,0.41) (0.49,0.40)

5 (0.43,0.46) (0.64,0.25) (0.46,0.43) (0.61,0.28) (0.49,0.40)

Zs (0.58,0.31) (0.60,0.29) (0.40,0.49) (0.46,0.43) (0.47,0.42)

z (0.48,0.41) (0.47,0.42) (0.44,0.45) (0.49,0.40) (0.45,0.44)

Z (0.55,0.34) (0.49,0.40) (0.43,0.46) (0.42,0.47) (0.49,0.40)

Z (0.51,0.38) (0.43,0.46) (0.42,0.47) (0.47,0.42) (0.51,0.39)

iﬂ:*/t_f jig%E%MRl MR \MR ﬁDT
My =
[(1.00,0.00) (0.81,0.17) (0.77,0.21) (0.84,0.14) (0.79,0.19) (0.82,0.16) (0.84,0.14) (0.83,0.15) (0.83,0.15)|
(0.81,0.17) (1.00,0.00) (0.79,0.19) (0.81,0.17) (0.77,0.21) (0.78,0.20) (0.82,0.16) (0.83,0.15) (0.84,0.14)
(0.77,0.21) (0.79,0.19) (1.00,0.00) (0.78,0.20) (0.77,0.21) (0.78,0.20) (0.74,0.24) (0.75,0.23) (0.77,0.21)
(0.84,0.14) (0.81,0.17) (0.78,0.20) (1.00,0.00) (0.82,0.16) (0.84,0.14) (0.83,0.15) (0.83,0.15) (0.83,0.15)
(0.79,0.19) (0.77,0.21) (0.77,0.21) (0.82,0.16) (1.00,0.00) (0.81,0.17) (0.80,0.18) (0.78,0.20) (0.79,0.19)
(0.82,0.16) (0.78,0.20) (0.78,0.20) (0.84,0.14) (0.81,0.17) (1.00,0.00) (0.80,0.18) (0.81,0.17) (0.81,0.17)
(0.84,0.14) (0.82,0.16) (0.74,0.24) (0.83,0.15) (0.80,0.18) (0.80,0.18) (1.00,0.00) (0.84,0.14) (0.84,0.14)
(0.83,0.15) (0.83,0.15) (0.75,0.23) (0.83,0.15) (0.78,0.20) (0.81,0.17) (0.84,0.14) (1.00,0.00) (0.84,0.14)
1(0.83,0.15) (0.84,0.14) (0.77,0.21) (0.83,0.15) (0.79,0.19) (0.81,0.17) (0.84,0.14) (0.84,0.14) (1.00,0.00) |
My =
[(1.00,0.00) (0.80,0.18) (0.78,0.20) (0.83,0.15) (0.79,0.19) (0.83,0.15) (0.83,0.15) (0.83,0.15) (0.82,0.16) |
(0.80,0.18) (1.00,0.00) (0.81,0.17) (0.79,0.19) (0.77,0.21) (0.77,0.21) (0.81,0.17) (0.80,0.18) (0.82,0.16)
(0.78,0.20) (0.81,0.17) (1.00,0.00) (0.76,0.22) (0.77,0.21) (0.78,0.20) (0.74,0.24) (0.77,0.21) (0.76,0.22)
(0.83,0.15) (0.79,0.19) (0.76,0.22) (1.00,0.00) (0.81,0.17) (0.83,0.15) (0.84,0.14) (0.84,0.14) (0.83,0.15)
(0.79,0.19) (0.77,0.21) (0.77,0.21) (0.81,0.17) (1.00,0.00) (0.81,0.17) (0.80,0.18) (0.78,0.20) (0.78,0.20)
(0.83,0.15) (0.77,0.21) (0.78,0.20) (0.83,0.15) (0.81,0.17) (1.00,0.00) (0.81,0.17) (0.82,0.16) (0.81,0.17)
(0.83,0.15) (0.81,0.17) (0.74,0.24) (0.84,0.14) (0.80,0.18) (0.81,0.17) (1.00,0.00) (0.84,0.14) (0.85,0.13)
(0.83,0.15) (0.80,0.18) (0.84,0.14) (0.84,0.14) (0.78,0.20) (0.82,0.16) (0.84,0.14) (1.00,0.00) (0.84,0.14)
1(0.82,0.16) (0.82,0.16) (0.83,0.15) (0.83,0.15) (0.78,0.20) (0.81,0.17) (0.85,0.13) (0.84,0.14) (1.00, 0.00) |
MR;:
[(1.00,0.00) (0.81,0.17) (0.81,0.17) (0.83,0.15) (0.79,0.19) (0.83,0.15) (0.83,0.15) (0.83,0.15) (0.81,0.17)]
(0.81,0.17) (1.00,0.00) (0.81,0.17) (0.81,0.17) (0.77,0.21) (0.77,0.21) (0.81,0.17) (0.80,0.18) (0.83,0.15)
(0.81,0.17) (0.81,0.17) (1.00,0.00) (0.79,0.19) (0.79,0.19) (0.78,0.20) (0.76,0.22) (0.77,0.21) (0.77,0.21)
(0.83,0.15) (0.81,0.17) (0.79,0.19) (1.00,0.00) (0.82,0.16) (0.84,0.14) (0.83,0.15) (0.83,0.15) (0.83,0.15)
(0.79,0.19) (0.77,0.21) (0.79,0.19) (0.82,0.16) (1.00,0.00) (0.79,0.19) (0.80,0.18) (0.78,0.20) (0.78,0.20)
(0.83,0.15) (0.77,0.21) (0.78,0.20) (0.84,0.14) (0.79,0.19) (1.00,0.00) (0.81,0.17) (0.83,0.15) (0.82,0.16)
(0.83,0.15) (0.81,0.17) (0.76,0.22) (0.83,0.15) (0.80,0.18) (0.81,0.17) (1.00,0.00) (0.83,0.15) (0.84,0.14)
(0.83,0.15) (0.80,0.18) (0.77,0.21) (0.83,0.15) (0.78,0.20) (0.83,0.15) (0.83,0.15) (1.00,0.00) (0.84,0.14)
1(0.81,0.17) (0.83,0.15) (0.77,0.21) (0.83,0.15) (0.78,0.20) (0.82,0.16) (0.84,0.14) (0.84,0.14) (1.00,0.00) |
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Table 6 Multi-granularity intuitionistic fuzzy rough sets

m mn o m X P
U ;R‘,’(Z) ;i(Z) ;Ruz) ;R,(Z)
7 (0.70,0.26) (0.63,0.33) (0.69,0.26) (0.64,0.34)
z (0.72,0.23) (0.66,0.29) (0.71,0.24) (0.66,0.29)
7, (0.77,0.19) (0.71,0.25) (0.76,0.20) (0.70,0.26)
Xy (0.66,0.30) (0.60,0.36) (0.65,0.31) (0.58,0.38)
7 (0.72,0.25) (0.65,0.32) (0.71,0.26) (0.65,0.32)
7 (0.69,0.27) (0.62,0.34) (0.68,0.27) (0.62,0.34)
7 (0.64,0.35) (0.51,0.48) (0.64,0.35) (0.49,0.50)
7 (0.62,0.34) (0.51,0.45) (0.62,0.34) (0.50,0.46)
7 (0.65,0.31) (0.53,0.43) (0.64,0.32) (0.52,0.44)

FIR2 M E S8 AIE L9 B DR SR AL U LA K (0 (R 23 1 L AN SR, SR 7 R . R AR

X%%H#J%X)th?&??ﬂiﬁﬁ%ﬂ]jﬂxz?Fﬂxg,ﬂﬁ/ii#lllﬂr POSiEjz ;@7 _I_.Eﬂ'i ﬁﬁ\,’\ﬂiﬂ]ﬁ‘

WX BI R DE S o T TG A SCHE A = ST HER 5 0 Table 7 Division of POS,BND and NEG

N X S AT HEY . X 45 SR A
S|SB QORI R T POS {22z} (22023}

BND {flvfml'wl's,fs} {J'bfﬁafb‘}

P AT 56 . HEoP | SRR 25 Sl i A (AR T -
NEG {17,18} {14’1771&19}

IR DR SR B0 M T B RAR AR S 44 DA i A 1y 2LAEL
{13 iR AR DT R T

7.90 6.37 9.54 6.03 3.60 847 510 6.97 6.36

6.35 4.19 7.61 7.91 9.56 9.05 4.84 543 4.18

Q=|529 681 7.50 4.35 452 4.52 3.98 3.71 3.86

5.48 6.46 9.23 5.01 8.58 5.12 5.57 3.44 5.24
413 7.96 8.00 5.43 5.38 5.37 4.39 5.24 6.30

I=[7.90 7.96 9.54 7.91 9.56 9.05 557 6.97 6.36]

WA AR (12~13) A 7 RO 4 B F RS M-k s 48 1 C.

[6.42 5.30 7.61 5.04 3.17 6.84 4,33 574 5.28
5.28 3.63 6.21 6.43 7.62 7.26 4.13 4.58 3.62
F=|448 562 6.13 3.75 3.89 2.88 3.46 3.25 3.37
4.62 5.36 7.39 4.26 6.92 4.35 4.69 3.04 4.44
13.58 6.47 6.50 4.58 4.55 4.54 3.79 4.44 5.24

[0.00 0.02 0.00 0.02 0.07 0.01 0.01 0.00 0.00
0.02 0.04 0.02 0.00 0.00 0.00 0.01 0.02 0.03
C=]0.03 0.01 0.02 0.04 0.06 0.07 0.02 0.04 0.03
0.03 0.02 0.01 0.03 0.01 0.05 0.00 0.04 0.01
L0.04 0.00 0.02 0.03 0.05 0.04 0.01 0.02 0.01
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FRS ARG (14) 38 1 RO B A B F ARG 5 -fok AR R =7
CHy BRI G R T HOWL 7R 25 A B TAE A TR & =
-5

PEN BRSO R RN R I HERE G2 Hl & 1R o fskL
FHAB JE 4 F RS M-k B 5 B Cnl A, W] — @ M T, 280 H (8
0N ) P 2 DR TN MR R O e T XU KL sk 2R R A
TE , PR SRR A8 P B/ | S 35O i B T 7R %R 1 R 28 A VAN
JRUIBS: 1 788 AR, 2 T 552 o 1 P 285 2R

BB/ MRAEX(15~17) 0@ 8 HAGE W £ 8 i . NN XX Exi

TR7 I T LR A VRN KU (B S 4N 9 iR . B R R T BT R

HER8 M = S 5 A5 B AR UL AL AR ST Fig.1 Perceived utility values of objects
MIHEF 25 3T under different employees

IR ey >0, > 25 > 20 >0, > 2y > X9 > X7 > T

AW x>0, > a2 a0, X, X, Xy > T

R B E S5 45 R A B 5 RUHE K AR SCr 2 45 i BUARL R HE P 5 (Technique for order prefer-
ence by similarity to an ideal solution, TOPSIS) i £ 35 F 1k (Weighted average algorithm, WAA)
VI R SCHiR [ 25-28 TH (R ik R AT X6 He 20 B, 25 SR an 3k 10 fir 7 o 1 3% 1O R AT, T T 32 240 ml 459 31 58 44 19 i
7, B P 58 25 AT AR 96 S PR AT SR I PR A 38 0 ik . M BRI PR A5 SR E |, A X L T vk 5 A 305 A 15 5
M AT G2 2oy, T 454 i T3

A A
S = N W A L NN X

Xo X Xy X

22 54k A0 TOPSIS 3 253 i 1 45 it ®8 RHEME
SCHR[ 2513 T g w5 SCEIR27 R T2 Table 8 Attribute weights
IR HEE A4 v 8] X 5 1 HE P 25 R s A J& P i Ve s Vs s

253 HTREEEENZERILBITE, (& 0.07 0.16 0.53 0.11 0.13
S e i 7 2 R A2 A

MWEAR R B, SCHk[ 2515 WAA Jr ik
[ 45 40 5 A SR L 5 RS T 1 —
HEF AR 8 W, A O T n S
}%Xﬂﬁﬂﬁzﬁﬁﬁwﬁ‘lrﬂﬁziﬁﬂ?% KEE 7.75 10.34 12.27 7.85 9.61 8.33 7.51 6.23 7.44

x9 ZEITFNRKEE

Table 9 Comprehensive evaluation of risk value

AR T HC Al D7 V5 Y B AR HE P 285 21— Btk £10 ATEXLEFEHRFER

HAAR B B F M inE 2R, K Table1o Sorting results of the proposed method and comparison
FHARER EFBE AAH —DHER methods

TR 2ZE R A WE A BA AR Rk S L

TR 22 5 3 o p<<0.01. N2 TOPSIS RO R T O R T T e
(a~D W H 2, Mz, o, AR B EER 2, WAA Ty T X X T X Ty T X
x5 M g A T E R 25 5, ooy B o, A B i SCHk[25] P T T e T S e
FXES A YE TOPSIS i1k \WAA SCHk[26] R O P T T S N e N
i SCHR[25] CHRT26 ] SCRR[ 27 JA S SCHR[27] T3 X e s X xS e S 2
k[ 28] 7V AE 2y 2, U B oy oo B 2y ) 25 SCHk[28] R PR S R N (P Pl e o
E@#U%L'—?j—‘%#ﬂﬂiﬁﬁﬁ*ﬁ@,ﬁﬂxa IR Xy > Xy > X5 > Ty > > Ty > Ty > T = Xy

R . HR M, TOPSIS 4 ¥ Sk AR Xy > Ty > X5 > T > X > Ty > X7 > X9 > T




514 R E B L Jowrnal of Data Acquisition and Processing Vol. 40, No. 2, 2025

—_
—_
—_
—_

0 0 0 0
L 4 a L =2 L a [ a
i 5] S B T
g i abe = g i abc ) Z i abc = g i abc
25 e £ e £ e £ e
= 4L s cde = 4t e cLece = 41 Cfce = 4t cde cae
| T i 30 de 3[ de
1F £ 1k £ 1k i 1k e
i o o e R A o o e A O A R OO A
AT R mT By
(al) Opt (a2) Pes (bl) Opt (b2) Pes
a) Comparison wit metho omparison wit] metho
C i ith TOPSIS hod b) C i ith WAA method
10 10 10 10
9t aa 9t 22 9t a 9t &
8r ~'%ab 8r %%) 8 bed i e}l}) 8bed a e
Tr abe - Ir ab 7 abe Jf Tr abe +
3 Obed o Ofbea 7° o S worr ®
e 2 - cde e 2 i cde freed 2 i cde cde e 2 i ~ cde cde
3| cde 3| cde 3k 1 3l T+
3 de 3 de 3 de 3 de
1 £ 1+ < it £ 1t £
A S U A A A A U o o o A OO P A R R O A R
BT BT BT BT
(cl) Opt (c2) Pes (d1) Opt (d2) Pes
(c) Comparison with method in Ref. [25] (d) Comparison with method in Ref. [26]
10 10 10 10
i a I a a [ a a i a
g i " a  ab 39; i I +ab g i I+ F b 2 5 . ab
Thea ° L 7} P T abe 2l Thha
ol I o Ofbed o Ofbed a6 1
== i i cde cde fnd i [ de cde #* 2 [ de cde = i i cde cde
3L T 3t f c’(_loe% 3tk I cde 3tk T
2f de 2t 5f 1 5[ de
1F £ 1k £ 1k L5 1F £
0% ;E,,E Y45 5Y V%% i‘ﬁ R T 05% gﬁis pow o A ;é,,ﬁ X % X X %
s 1L nL 1L
(el) Opt (e2) Pes (f1) Opt (£2) Pes
(e) Comparison with method in Ref. [27] (f) Comparison with method in Ref. [28]

P2 SR GBS T HE R — Bk 45 R X

Fig.2 Comparison of sorting consistency results under optimistic and pessimistic states
(25 JF03CHR[ 28 177 W6 NN 2o S e 28 s WA A J7 vk SCHRL 26 TR SCHR [ 27 107 35 LA KA SO IR g it f
Pt WAA I SCHRL25 ] SCHRL26 TR SCRR[ 27 10736 A KA SCT5 b 2, A/OR T 240

Hivk, R 2 R B B M 5% £ B0 (Spearman rank correlation coefficient, SRCC) 43 #r A [a] 7 5 19 HE ¥
ZE R Z Al A O 28, SRCC B AN

62”361?

SRCC=1——"—— (19)

n(n®—1)
P W RAM G d, = 7, — v, 2, TR G T B W T R 4y, FR 5 — RO e A e R
HE45 . 4 SRCC™>0.8 i, Bt I 0 Fit Jy 3 HF 7 45 SR 00 AT OG0 38 . AR SO0 i 5 Ay i 2 WL i

SRCCsan# 11 7R o

Zi Bl 5, TOPSIS Jr i WAA J7 i LA K SCRik [ 26 180 SCHk [ 28107 ¥k K % 18 vk 5 2 1Y 3 W0 2 3 fi
T FR R i SR (25 ) A SCik [ 27 107 s R 7 B —J64r . Mﬁ%mﬁg@@%a@ﬁmﬁ IRy
PEAL, HL 2 R T 3 U0 5 e R R O AR UL SR U R T R AT 22 ok B P S, HLA T A Y S B
M1E .
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Table 11 SRCCs of the proposed method and other methods

X AR AR TOPSIS WAA  SCiik[25]  SCiik[26] SCHR[27] SCHk[28]
SR 1 0.93 0.93 0.98 0.98 0.90 0.88 0.92
AR — 1 0.92 0.95 0.92 0.93 0.89 0.81

TOPSIS  — — 1 0.97 0.95 0.85 0.82 0.98
WAA — — — 1 0.97 0.92 0.90 0.93

CHk[25] — — — — 1 0.85 0.82 0.93

XHk[26] — — — - — 1 0.95 0.82

XHk[27]  — - — — — — 1 0.78

k(28] — — — — — — — 1

4 ZERiIF

AR SCEF X 22 R0 B R {5 R DR SR S HE R )R, 4 T — b TS e PG ) 2L B B R = 3
PORBEAL . HOE K 05 T S BB R R SR A A BRI T 2R RN A BRI MR 4R b R )
BT TS = SRS A TR SR ORI I R A R B o 20 PR TR TR M e A = S
Fp 7 i, T b B ke 30 i v DR SR B S S8 A PR (R X PG S R W, AR SO ik BE IUT R A Y T 3R
R ARSI i 8 T FE MBS 4 R, AT S RS H M H K. i T AR %8 T8 & 5 8
FRGE R R BRI 5 v K 25 FEOKE P 4R A0 9 i B 58 4815 8 AR 8, A S B 30 P ) 22 J P DA e SRS Y

S E 3k
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