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Adaptive group consensus decision-making method with

dynamic update of attribute weights
PANG Jifang', HOU Zhiguo', SONG Peng’, ZHANG Chao'

(1. School of Computer and Information Technology, Shanxi University, Taiyuan 030006; 2. School of Economics and Management,
Shanxi University, Taiyuan 030006, China)

Abstract: To improve the quality, efficiency, and interpretability of heterogeneous multi-attribute group decision mak-
ing in an uncertain linguistic environment, an adaptive group consensus decision-making method with dynamic update
of attribute weights is proposed. It first defines the conversion functions between uncertain linguistic variables and medi-
an values, and develops the multi-level consensus measures, then calculates the initial weights of attributes by establish-
ing a bi-objective optimization model, and further establishes the group consensus automatic reaching rules and attrib-
ute weight dynamic update mechanism to achieve accurate positioning and automatic modification of the values to be
adjusted, further improving the level of group consensus while optimizing attribute weights. Furthermore, for the group
decision matrix that has reached consensus, the median values in the matrix are first converted into corresponding uncer-
tain linguistic variables by using the conversion function, and then the optimized attribute weight and the uncertain lin-
guistic weighted average operator (ULWA) are used to calculate the overall evaluation results, and the alternatives are
ranked and selected by using the dominance index. Finally, the effectiveness and feasibility of the proposed method are
verified through the case of supplier selection and experimental comparative analysis. The proposed method has the
characteristics of wide application scope, high consensus efficiency, flexibility, practicality, and strong interpretation,
which provides an effective approach for solving multi-attribute group decision-making problems in complex environ-
ments.

Keywords: heterogeneous multi-attribute group decision-making; uncertain linguistic variable; conversion function;

multi-level consensus measure; attribute weight; bi-objective optimization; adaptive consensus model; interpretability
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Fig. 1 Process of adaptive group consensus decision-making method with dynamic update of attribute weights
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Frvbtr o e, a Wit R 55 5 i | ax W) T 55
JEAS | a  BERIRTRE TS | a5 BALRREE asTh &
JERTSF . LR RMBIE T ARIEEA S={s=M 2,

K3 ERHBHHRKRERER

Table 3 Decision matrix R3 given by expert 3

PIES

si=MR 2, =2, =K%, s=—M, ss=8 I, a1 @ a4 as
Sl sy F so=HF o 5 SR A B 5 wo besl Dmssl lsedd D]
EE YRR SR 1~5 iR, x [s65 571 [s5, 561 [s7, s8] [s6 s8]
£1 EReBHWAZEER! X3 [s1,52] [s2,53] [s3,55] [s4,56]
Table 1 Decision matrix R! given by expert ¢; X4 [s3,55] [s5,57] [54,85] [s1,82]
IS a @ a3 as as xs [s6,57] [54,55] [54,55] [s5, 561
X [s1,s2]  [s6.s7]1  [ss.s6]  [s3,84]1  [s6,57]
S b A 4
xo Lsessl [sesrl [sss]  [sasel  [sa,ss] R4 EReMHNRRIEER
Table 4 Decision matrix R* given by expert ¢,
X5 [s6-s7]  [s4,55]1  [sa,86]  [s3,83]  [s6,97]
ﬁ% aj as ag
X6 [s0,s2]1  [ss.s6]  [ss,s6]  [sa,86]  [s6,57]
X1 [s6,s7] [s6, s8] [s6,57]
R 2 EReEHBIRKERER? X [s6, 58] [53,54] [54,55]
Table 2 Decision matrix R? given by expert ¢, X3 [54,57] [54,55] [53,54]
7‘5‘% a as ay ds X4 [SI’SZ] [SS’SS] [S4,S5]
X2 [s3,54] [s4,55] [s5,56] [s4,55] X6 [s1,s2] [s4, 5] [s4,s5]
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Table5 Decision matrix RS given by expert es R B B g A B L L R L TR
YIS ap a a3 as FelE, &6 MUA T & LRERT Bl AE
x1 [s6,57] [s6,57] [s6, 571 [s2,53] T T VEANE S e X R 1 o (B (B m (31" ) 5
xo sl Dsssl o Dswssh o Lsass] WY, SRIF, AR (4) L () IFERIIE I L K%
X Lol Issosel  Dssosel o Lsasss] SR BE G (e Ep) W32 TR T ARG IR, F 7{VAM T
o bk sk bl sl s gy e bR A, BRI (6) I

X6 [s1,s2] [s4, 5] [s4,55] [ss, 6]

Y & 1k éﬁ;j\:iﬂgGE?)(Eij) , WL 8,

F 6 FH R LHPETNES B E R Em(S] ) 3 BB ()

Table 6 Median value m(fﬁljgo)) and width value w(§l}.‘j) corresponding to the initial evaluation value Effjo) of alternative x|
. ap ap az ag as
PN hIEE SRR PPOME PIME SEREE YPUME rhIEE SERE WA e SEREME PPOME hIAME SRR

e [s1,s21 15 0.5 I[se.s71 6.5 0.5 [ss.s6]1 5.5 0.5 [s3,541 35 0.5 [s6.s71 6.5 0.5
() —_— —_— —_— —_ —_ —_ —_ _ —_ —_ —_— — —_— — —
e3 [se.s81 7 1 [s7,s8]1 7.5 0.5 — — —  Is3,s41 35 0.5 [s6.s71 6.5 0.5
ey [s6.571 65 05 — — —  [s6:s81 7 1 [s6.57]1 65 05 — — —
es [s6.571 65 05 [s6s71 65 05 [s6%7]1 65 05 — — —  [s2,:31 25 05

£7 WARNERRLIREG) (@, E))

Table 7 Initial expert-level consensus GE?) (en.Eij)

UES LR ap a a3 a4 as

el 0.516 0.958 0.896 0.875 0.833
e — — — — —

X1 e3 0.797 0917 — 0.875 0.833
e4 0.828 — 0917 0.75 —

es 0.828 0.958 0.938 — 0.667

el 0.813 0.833 0.958 0.891 0.896

e — 0.792 0.958 0.891 0.896

X2 e3 0.896 0.875 — 0.766 0.792
e4 0.875 — 0917 0.859 —
es — — —_— — —
el —_— — — — —

e — 0.875 0917 0.938 0.938

X3 e3 0.792 0.75 — 0.958 0.938
e4 0.708 — 0.958 0.938 —

es 0.833 0.875 0.958 — 0.958

TE IR ISR R iR/ ME, T IR

#8 MANBEALIREG E)

Table 8 Initial attribute-level consensus Gl(.?)(E,- )

UES

aj a as as as
X1 0.742 0.944 0.917 0.833 0.778
X2 0.861 0.833 0.944 0.852 0.861
X3 0.778 0.833 0.944 0.945 0.945
X4 0.861 0.972 0.972 0.972 0.833
X5 0.833 0.976 0.945 0.917 0.945
X6 0.972 0.944 0.945 0.945 0.944

e, AR (8) L (9) KA (M-1) 8 &
PRI AL E D, DL 9, BEAL(M-1) Hh i L 4l
HFB=0.5,

D A TR B Ay A1 By AVEZ N I 0 S 12\
FERMEG = 0.9, Fie KB E Ay = 61

255 N 1 JE A R DL 9, 45 R X R 1 T
FHILHEF WK 10, HER 10 ATH, 280 2 5 iR
JG, £ F TR ACER I8 B T I 1 Rk
o 311G T AR I AR R R B FEXT R 8 T
FAE BHEMLRE,
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Table 9 Comprehensive weight ‘r;/l) of attribute in each Table 11  Information to be adjusted in each round
round B TRE IR LRE Gk
R a @ s a6 AP = (ar), (B =fer),
0 0.237 0.187 0.199 0.196 0.181 0 _ (0) 1(0) 2(0) 4(0)
0 {xl,XZ,XS} A2 _{02}’ E {62} {Sll ,S22 7531 }
I 0253 0182 0199 0189  0.177 A ~ fa) E(O) (ea)
2 0.255 0.182 0.199 0.183 0.181 {A(ll) = {as), {E(l) fes),
{5(1) 3(1)}
15 524
bl Aoy B = e

F10 FROARFHIREGCY(x))
Table 10 Alternative-level consensus G@W(x;) in each
round

#ww GV GV(x) GP(x3) GW(xg) GW(xs) GWD(xp)

0 0839 0.871 0.884 0921 0919 0951
1 0.883 0.888 0915 0919 0917 0951
2 0919 0904 0915 0919 0917 0.952

TE IR AR T R B 0.9 Ty B

AT, FHARmED) = > m(s“”)/ |E;|
e,€E;;

A1 T 50 210 7 e 6 9 7 5%
<3mErtum{am<s;?>zfmj@m)@a%iﬁ%ﬁﬁ Wi
BV O 0 2 5 e M B R, T2 12,
i %EE{EMZW?_,)/IEUI, B A% W f
3025, e

R12 BENAHEETREER R

Table 12 Group uncertain linguistic decision matrix R
ai a as as as
IE ANHfE N AN E N AHE N AWE e
il E E S U g N
IGNE] IGRE] IZERE] IZERE] IZERE]
X1 6344 0.625 [s6:s71 6833 05 [s7.871 6333 0.667 [s6.571 45 05 [s4.55] 6.056 0.5  [56,56]
X2 6 0.667 [se.s6¢] 5722 0.5 [ss.s6] 4.167 0.5 [s4,54]  5.156 0.625 [s5.s5] 5.333 0.667 [s5,56]
x3 2389 0833 [s2.83]1 45 05 [s4551 4167 05 [s4.54] 4 0.667 [s4,s4] 45 0833 [s4,55]
x4 2333 0.667 [52.831  5.667 0.667 [ss.s6] 5333 0.333 [ss.56] 4.667 0.667 [s4.s5]1 3.5 0.5 [s3,54]
xs 5.5 0833 [ss.s6] 4375 0.625 [s4,551 5333 0.667 [s5.55] 4 0.333 [s4,54]1 5875 0.625 [s6,56]
X6 1333 0.667 [s1.s2]1 4833 0.5 [ss.ss]1 4875 0.625 [s5.s5]1 5 0.667 [ss.ss1 5833 0.5  [56.56]
R 13 G T T EX N ZEE TEM 4 R M AT T . & 14 25 T A SO 5 3CHK [16]
K EHE, Hoh, R X R, o flasx JRIER R BRI AS
r“ HRUF?, xa s XXM 255 VRN FE«“— MBI R 14 2WMAEBSIHRELE R
£13 BUREESR Table 14 Comparison of decision results obtained by two
methods
Table 13 Final decision results
- ZEATEMME P TT BRI
e e ERIORE AT "
TR GEVE . g HEy ES ! Xk ik
HE A g SCHR[16] ARSI [16] AT [16] AT
x1 [55.816»56.453] [s65 561 F i 0764 1
x1 [52.62,84321[52.77,542] 0.573 0.577 o 0.924
xz [55.056555.419] [s5,55] (BT 507 0.654 2
xy [522,55011[52.61,54391 0.584 0.576 Jo 0.916
x3  [53.49,54.108] [53,54] [2s,—M] 0475 6
x3 [5231,54371[52.6,53.99] 0.551 0.547 g 0.906
x4 [53.69,5469] [s4,55] [ 34 0523 5
x4 [51.83,5371105227,54.06] 0.465 0.525 Jc 0.902
x5 [54816555253] [s5,585] [T 3547 0.629 3
xe [s4.161,54.416] [54554] [, —M&] 0.536 4 RS T 2 Bl EE R LAY 3L IR EE AR AL

4 MR E BN

T UL SCTT i 0, 5 5 30K [16]

PEE IR A B 7 B HE 7 45

Hi ¢ 15 A AL 2 %ﬂFﬁ/tiTﬁmxl%nxzﬂ’ﬂﬁFf?ﬁ
FEARTA] o 3% 32802 K R 2 Ahoy ik BT R FH B9 I8 e it
B A BE A IR F] 5 3CHR [16] AH
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FE, 7 SCRT 4R J7 1 I B 48 U A, R [ R DN,
HAEWS PR UESE D T7 % T BT REACHR BE 1 2113 5 Y
IEPUKF-, P, 15 21 6 e S 25 R s & 31 Al
FE o BeAh, SCHR [16] 77 A BR T [F) A4 22 J 1 b e
SRRNRR, T AS SCHT 3 75 12 B 2 TN B S ™3z o
IR PERCE A5 RIS I | JER
BINTT R MEE G PR ELDE R 5 AN T7 IR AR SO ik
SRS SCRRPEAT 5 M LB AT, L3 16 Fra .

R15 2HMAFENRAERRH AR RHFER
Table 15 Iteration rounds, number of adjustments and

ranking results corresponding to the two meth-

ods
I AR P ETRREAE HEHETAS
jC%Tk[l6] 5 40 Xp > X1 > X3 > X4
AR5 4 14 X1 > Xp > X3 > X4

& 16 HEXFELLBESHT

Table 16 Comparative analysis with related methods

T R EEra SERTE e R AT
wikps) BoRsE semmekn TSRS S i
TR @
*
5 #KiE (3] kB, Sk, SEUTVE. 3 TIE A IO £ W EOR A

B B AN T S8 SR AT AE 22 S I AN E T
T 22 Jm PR AR DR SR AL, R SCHR Y — o PR A Bl
A HUHT Y IS R AR SR T %, IR YR
12 i PR T 30 0 S A0 B R S LB B, B T
FETTIE A R SEHIE . A SO 7 15 RERS I
bR T N vE b BE A R (EL, T S A BB
o, B TG T HRCR L RIS L i
BV 5 S5 L, DSR2 20 PR B R 1 22 T P A DR
R UL TR AR . T2 ai SRR
At 2 W45, iR A AN [R]85 | AN [ L B2 A 3
Bl ERERCEIF RIS A EVESIES AN
AT
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