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Abstract

To address the challenges of information fusion and spatial modeling in high-dimensional fuzzy deci-
sion-making, this paper proposes a novel method that combines Triangular Intuitionistic Fuzzy Num-
bers (TIFNs) with the Plant Growth Simulation Algorithm (PGSA). First, expert evaluations are
mapped to points in high-dimensional space, achieving a structured representation of fuzzy infor-
mation. Subsequently, PGSA performs dynamic global search in the point cloud to determine the op-
timal aggregation point, thereby enabling intelligent fusion of heterogeneous fuzzy data. Experi-
mental results show that this method outperforms mainstream approaches across multiple evalua-
tion metrics, including weighted Hamming distance, correlation, information energy, and correlation
coefficient. This research provides a new technical path for intelligent solutions and theoretical ex-
pansion in high-dimensional fuzzy decision-making. The term “high-dimensional” in this paper pri-
marily refers to multi-attribute decision-making problems with attribute dimensions = 5, and the ex-
periments in this study are verified using five-dimensional space modeling as an example.
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Figure 1. Overview of the research process
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Figure 2. Optimal plane assembly point
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Figure 3. Schematic diagram of the PGSA principle
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Figure 4. Schematic diagram of germination points and morphogen concentration in PGSA
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Table 1. Decision matrix

1. RFEFERE
Al A2 A3 Aa
Cl1 (5.6, 6,7.5);0.7,0.1) ((6.4,7.5,8.2); 0.8,0.1) ((8, 8.6,9.4); 0.6, 0.2) ((5.5,6.5,7.4); 0.8,0.1)
C12 ((5.2,6.2,7.6); 0.6, 0.3) ((6.1,7.3,8.4); 0.6, 0.4) (5.6, 7.6, 8.5); 0.7, 0.2) (6.5, 7.6, 8.4); 0.5, 0.3)
C13 ((5.6,7.5,8.3);0.5,0.4) ((5.8, 6.8, 8.6); 0.5, 0.4) (6.8, 7.5, 8.5); 0.8, 0.1) (6.8, 7.5, 8.6); 0.6, 0.3)
Cl4 ((5.4,6.7,7.8); 0.8,0.1) ((6, 7.8, 8.8); 0.7, 0.2) ((8, 8.5,9.2); 0.7, 0.1) ((7.2,8.3,9.4); 0.7,0.2)
Cl15 (6.5, 7.2, 8.5); 0.6, 0.3) (7,8.2,9);0.7,0.1) ((8.2, 8.8, 9.6); 0.6, 0.3) (6.3, 7.7, 8.6); 0.6, 0.3)
C21 ((6.8,7.5, 8.6); 0.6, 0.2) ((6.5,7.6, 8.5); 0.6, 0.3) ((6.8,7.2,8.8);0.7,0.2) (7.3, 8.5,9.6); 0.7, 0.1)
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Figure 5. Aggregation visualization of the PGSA algorithm under four schemes
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_ a+2b+c. _a+2b+c.

S(a,b,c,u,v)= 2 r 2 v #3))

W% A4 RARMEN S, BEMRSRIERIEA S, MEME -
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&

(22)

A S RIS SRR S5 5 R T .
Q) EEERREE: HTH=E TIFN /AT & 1E B8 B A MRHE. feER, R\ITEMTE
TugEzS Iy o kT, FEREERE.
X BRI A = (@,byc ) » SUE BB AR A SO0
~ 1 2 2 2 2 2
E(A):g(a +b "+ u +v) (23)
CIREWIES Selioki o IWSR
Eyu =2 E() (24)

FARREA: H TN ESIEK TIFN 5 AR YE TIFN 78 TugE =23 i) o i 0y 1 — 8ok, @ R R 9%
UL B TeA ok A 4. BUEMOR, YIS & 45 RO R KR 1 SR A6 VP ) A5 1A R AL
ARGLABLEE ) 52 SN -

PR
cos(6) =5k:l—5 (25)
lef ZJ’k
k=1 k=1

b x = (a,.b,,¢,, 4,,v,) TR TA T = A LB TIFN 3£ H y = (a;.b,.¢,. 44;.v, ) %R J54A TINF.
EE G /NS WSE

Coa = 2.2 c05(6; ) (26)

i=l j=1

NIGUEA SR 7V A B, EH Lo SCER[1 L08R, JF5 8 T OF/ kT e s, s
BCFAAWA. BCFAAOWA. PFPDWA. PFPDWG [12]. &S| HREHFUT -

(1) RXTTH: Ay > 4, > 4, > 4

(2) BCFAAWA: 4, > 4, > 4, > 4,

(3) BCFAAOWA: 4, > 4, > 4, > 4,

(4) PFPDWA: 4, > A, > A, > 4,

(5) PFPDWG: 4, > 4, > 4, > 4,

Lt FEE, ARSCEFIHAR(20)~28), THE TIBHEEE AL FHOCHER. 5 BB AR S5 ¢ R EFI
MBS, FHUAZIE 2% FAm 5 B 5BV 2 B R Z R J7 In)— B ARG BomfE . Bkgs R
Wi 4 FE 7 Fios .

Table 4. Accuracy comparison results

4. FEEXLER

D H ,total p Ezotal Ctm‘al
proposed method 1.4213 0.7678 153.1085 3.9979
BCFAAWA 1.5145 0.7598 156.3598 3.8856
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BRE

gk
BCFAAOWA 1.4956 0.7649 157.6897 3.9478
PFPDWA 1.5677 0.7255 152.1345 3.9746
PFPDWG 1.5199 0.7487 153.0896 3.9854

[ proposed method [0 BCFAAWA [0 BCFAAOWA 0 PFPDWA 0 PrPOWG
[E7(a) $EHRAIEL: Dy rorar CHE/NEEEF) BE7(b) $EARRTEL: p CHEAHESF)

proposed method - 1.4213 - 0.7678

BCFAAWA

0.7598

BCFAAOWA 0.7649
PFPDWA 1.5677 0.7255
PFPDWG 1.5199 0.7487
1400 1425 1450 1475 1500 1525 1550 1.575 UM 07 078 0™ 07 076 07 078
IRERBEEF D, toral HHxiE p
E7(c) fahpdtbl: Eipm (HEAHET) E7(d) $E#Rxttl: Cigra GEEAMELF)

proposed method - 153. 1085 R 3.9979

156. 3598

BCFAAWA 3.8856

BOFAADWA 157, 6897 3.9478
PFPDWA 152, 1345 3.9746
PFPDWG 153. 0896 3.9854
; ; : ‘ ; : , : ; ; : ; . , :
152 153 154 155 156 157 158 3.850 3.875 3.900 3.925 3 950 3.975 4.000 4.025
EREREERE Erotal BERYA Cota

i BRERETRGIHMFESSHE GRE—®) . RAEERE T, Hth=RdAr. BeSTrERRE—R, SeAMETHE.

Figure 7. Comparison of indicators

& 7. fahRaf LR

MFe 4 5E 7 ATLVE, ARSCTEED AR B AL IR J AR O REC AL OV FEbs B3 T
XHLETTE, Fe RMIHAERT L X BN — Bk SRR S V75 T B AT W RS . BARAE(S B H e
RARR LR T A AL, HERN S, ASONEEREBETES TR -2 RSl 17 BT,
BE— PP T R G R A AT S SERR B AN E

6. HRSRKEIN

AP T —FhEE & = ELE B BU(TIFN) S ) A KRB SIR(PGSA) L K il R & J5i%,  LA#
REAERAIA T 2 J8 VERE A D5 b L SR L i B 5 Ak S A5 B R M. 1207 208 4 L 5P KL
Pami 2 ge L8], fE5 ) PGSA AR EE S, SKBL T ZUHBMIE BNl S RS S R & .

SIS, PRSI SO — B S SRR R SR AR B T DL R S A A T
Pk EENS . R AERELEEMAES T, PGSA MEhSMAELHLHIE Rk TR EHIRN
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