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Novel Orthogonal Fuzzy Clustering Algorithm Based on Hesitance Fuzzy Linguistic Term Sets
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(College of Mathematics and Informatics, Fujian Normal University, Fuzhou 350117, China)

Abstract: Hesitance Fuzzy Linguistic Term Sets (HFLTSs) allow decision makers to evaluate a property in several
possible linguistic terms. Recently, HFLTSs based fuzzy clustering analysis draws increasing attention, Considering that
the current fuzzy clustering algorithm based on HFLTSs still costs large computation, this study proposes a novel
orthogonal fuzzy clustering algorithm. Firstly, calculate the distance measures between sam[;ies to construct distance
measure matrix, and then calculate the matrix’s equivalent matrix. .Secondly,' cut therequivalent matrix according to its
confidence level to obtain the corresponding cutting matrix. Finally; obtain the clustering result based on the orthogonal
relationship between the column vectors of the eutting matrix. This algorithm has simple steps and low computational
complexity. It is also suitable for large-scale fuzzy clustering problems. At last, the feasibility and efficiency of this
algorithm are proved by a practical application with k-means clustering algorithm.
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0
0.4163
0.1454

0.3982
0.3892
0.2441
0.4054
0.1854
0.2303
0.4108
0.4163
0
0.2402
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0.0791
0.2394
0.0189
0.2163
0.1106
0.0861
0.2610
0.1454
0.2402
0
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YR 3. TSR R AR B DA A HE R

0 0.2274 0.0791 0.1983 0.1106 0.0861 0.2274 0.0486 0.2354 0.0791
0.2274 0 0.2146 0.2274 0.1762 0.2146 0.0533 0.2274 0.2146 0.2146
0.0791 0.2146 0 0.1983 0.0736 0.0506 0.1762 0.1158 0.1854 0.0189
0.1983 0.2274 0.1983 0 0.2163 0.2163 0.2593 0.1983 0.2303 0.1983
0.1106 0.1762 0.0736 0.2163 0 0.0736 0.1762 0.1454 0.1854 0.0736
0.0861 0.2146 0.0506 0.2163 0.0736 0 0.1762 0.1454 0.1854 0.0506
0.2274 0.0533 0.1762 0.2593 0.1762 0.1762 0 0.2593 0.1854 0.1762
0.0486 0.2274 0.1158 0.1983 0.1454 0.1454 0.2593 0 0.2402 0.0791
0.2354 0.2146 0.1854 0.2303 0.1854 0.1854 0.1854 0.2402 0 0.1854
0.0791 0.2146 0.0189 0.1983 0.0736 0.0506 0.1762 0.0791 0.1854 0

D2

0 0.1762 0.0791 0.1983 0.0791 0.0791 0.1762 0.0486 0.1854 0.0791
0.1762 0 0.1762 0.2146 0.1762 0.1762 0.0533 0.1762 0.1854 0.1762
0.0791 0.1762 0 0.1983 0.0736 0.0506 0.1762 0.0791 0.1854 0.0189
0.1983 0.2146 0.1983 0 0.1983 0.1983 0.1983 0.1983 0.1983 0.1983
0.0791 0.1762 0.0736 0.1983 0 0.0736 0.1762 0.0791 0.1854 0.0736
0.0791 0.1762 0.0506 0.1983 0.0736 0 0.1762 0.0791 0.1854 0.0506
0.1762 0.0533 0.1762 0.1983 0.1762 0.1762 0 0.1762 0.1854 0.1762
0.0486 0.1762 0.0791 0.1983 0.0791 0.0791 0.1762 0 0.1854 0.0791
0.1854 0.1854 0.1854 0.1983 0.1854 0.1854 0.1854 0.1854 0 0.1854
0.0791 0.1762 0.0189 0.1983 0.0736 0.0506 0.1762 0.0791 0.1854 0

0 0.1762 0.0791 0.1983 0.0791 0.0791 0.1762 0.0486 0.1854 0.0791
0.1762 0 0.1762 0.1983 0.1762 0.1762 0.0533 0.1762 0.1854 0.1762
0.0791 0.1762 0 0.1983 0.0736 0.0506 0.1762 0.0791 0.1854 0.0189
0.1983 0.1983 0.1983 0 0.1983 0.1983 0.1983 0.1983 0.1983 0.1983
0.0791 0.1762 0.0736 0.1983 0 0.0736 0.1762 0.0791 0.1854 0.0736
0.0791 0.1762 0.0506 0.1983 0.0736 0 0.1762 0.0791 0.1854 0.0506
0.1762 0.0533 0.1762 0.1983 0.1762 0.1762 0 0.1762 0.1854 0.1762
0.0486 0.1762 0.0791 0.1983 0.0791 0.0791 0.1762 0 0.1854 0.0791
0.1854 0.1854 0.1854 0.1983 0.1854 0.1854 0.1854 0.1854 0 0.1854
0.0791 0.1762 0.0189 0.1983 0.0736 0.0506 0.1762 0.0791 0.1854 0

0 0.1762 0.0791 0.1983 0.0791 0.0791 0.1762 0.0486 0.1854 0.0791
0.1762 0 0.1762 0.1983 0.1762 0.1762 0.0533 0.1762 0.1854 0.1762
0.0791 0.1762 0 0.1983 0.0736 0.0506 0.1762 0.0791 0.1854 0.0189
0.1983 0.1983 0.1983 0 0.1983 0.1983 0.1983 0.1983 0.1983 0.1983
0.0791 0.1762 0.0736 0.1983 0 0.0736 0.1762 0.0791 0.1854 0.0736
0.0791 0.1762 0.0506 0.1983 0.0736 0 0.1762 0.0791 0.1854 0.0506
0.1762 0.0533 0.1762 0.1983 0.1762 0.1762 0 0.1762 0.1854 0.1762
0.0486 0.1762 0.0791 0.1983 0.0791 0.0791 0.1762 0 0.1854 0.0791
0.1854 0.1854 0.1854 0.1983 0.1854 0.1854 0.1854 0.1854 0 0.1854
0.0791 0.1762 0.0189 0.1983 0.0736 0.0506 0.1762 0.0791 0.1854 0

D6 =

R LI AT SEE R FTRID!C = DS, FTLADS D% A 4. FZ IR MOREN/INR IR A DS i 3% 15 K
WAERE. FAE, SRJE XS BEAT VLIS 25X R A- DI HI AR R
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1242 = 0.19831, Bl 47 UIE], AR, K AN R RE AT LUK K PR AR T
1110111111 R
1110111111 REREL .
1 1101 1 1 111 IR 5. AV EVHE B B R — B EE— AR,
(1) (1) (1) (1) (1) (1) (1) (1) (1) (1) HIDy = (@1,@,--,@10), @) = (@1j,a2j,-+ ,@10))" . X AE
Dicovoss= | | | 01 1 1 1 1 1 BN AT AR RIS (. a)) = & @, TR
r1 10111111 (@ @) =& a; =0, WA HIXHAF [ 82 B KR,
1110111111 . e S , w
1110111111 XA FEARAGE T A E — AN, e, 4
1 110111111 A=0.19830F, (@4.@s5) = atas =0, H UL, FAK 4, py, I
i_’m — 0.048654', *izl—‘ 5, ps, Kﬁ%ﬁj‘jﬁ#% ?EJHSWJEIE, ?%?”Eé;’ééﬁ
1000000000 e . v. ‘
01 0000O0O0TO0O0 IR 6. LRI R R4 R AE N k-means HiE
8 8 (1) (1) 8 8 8 8 8 8 IRTUR A, Mt — 2D R M, JUF A SRR TR 4
00 0O010UO0UO0UO0TO0 BRIERATE. RN N 10 NSRRI R R E
D,_ = N N T N
AZ008671000 0001 0000 -l AR I R 40 2-9 AN G BT IO .
0000001000 Wr_ Obt YRk 2 O e ANEN 1. v
0 000000T100 Mk =90, BFEARD N 9 K, 404 Cr={p1},
000O0OOOOOT1DO Cy ={p2}, C3 ={p3,p10}, Ca ={pa}, C5 = {ps}, Cs = {ps},
0000000001 C7={p7},Cg = {ps}, Co = {po}.
D8 10 MNASFEI HOAE, kG EHEAT 10 kP)E, C3 = {p3, p1o}I BT A p3 M proff) 1 A
T 4 5 0 R s P 2 0 P R B DHEA T Z TR A, W T {{s0}{s-0.5, 5025, s0}{s0}{50,51.75, 52.5}{50}}
*3 IEATHIMIERRS
B NER R RRGER
10 0<1<0.0189 {p1}Ap2)Ap3bApab Apsh Ape)s (7). {pghs Aot P10}
9 0.0189 < 1 < 0.0486 {pihAp2}Ap3. Pro} Apat. Aps) Aps ) ip 7). {ps ) {po)
8 0.0486 < 1 < 0.0506 {p1, psh (P2} {p3, P10}, tpad, {psKtpe). (7} (o)
7 0.0506 < A <0.0533 {P1. s} A2}l p3, Pespio}. {pat. {ps} {p7}. {po}
6 0.0533 < 1<0.0736 {Ps. ps}tAp2, P71 {p3.P6. P10} P4}, {ps}. {po}
5 0.0736 < 1 < 0.0791 Ap1, pshAp2, p7).AP3. Ps, Pes P10}, {pat, {po)
4 0.0791 < 1<0.1762 ‘ {p1.P3.P5, D6, Ps. P10}, { P2, P71} P4}, {Po}
3 0.1762 <1 <0.1854 {P1,P2,P3, D5, D6, P7, P8, P10}, (P4}, {Po}
2 01854{/1‘301983 {pl7p2’p3’p57p6’p7’ps’p97p10}’{p4}
1 . 0.1983<a<1 {P1, P2, D3, P4, D5, D6, P75 P8, P9, P10}
THEAE— AMFEAS B2 2 8] ) BE 25 - d(p»,Cs) = 0.3829 d(p>,Co) = 0.3892
d(p1,C1) =0d(p1,Cy) =0.2274 d(p1,C3) = 0.0933 HUE AT, poJ& T Ca 3
d(p1,Cs) =0.2222 d(py,Cs) = 0.2578 d(p3,C1) =0.1158 d(p3,C») = 0.2707
d(p1,Ce) = 0.2354 d(p;,C7) = 0.3091 d(p3,C3) =0.0059
d(p1,Cg) =0.0486 d(p;,Cy) =0.3982 d(p3,Cy) =0.2355 d(p3,Cs) =0.0736
HHUIERT SN, pr 5 CRMBR B i/, Btk p & T C 35, d(p3,Cs) = 0.0506 d(p3,C7) = 0.2593
d(pz,Cl) =0.2274 d(pz,Cz) =0 d(pz,C3) =0.2513 d(p3,Cg) =0.1878 d(p3,C9) =0.2441
d(p2,C4) =0.6852 d(p>,Cs) = 0.2146 HHE AT RN, psJE T C32K;
d(p2,Ce) = 0.4478 d(p>,C7) = 0.0533 d(ps,C1) =0.2222 d(p4,C>) = 0.6852
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i H AR SN A

d(ps,C3) = 0.2217 d(ps,Cs) = 0 d(pa, Cs) = 0.4450

d(ps,Ce) = 0.2201 d(ps,C7) = 0.7788

d(ps,Cs) = 0.1983 d(pa, Co) = 0.4054

HHERT R, paJB T Ca 2K,

d(ps,Cy) = 0.2578 d(ps,C») = 0.2146

d(ps,C3) = 0.0886 d(ps,Cs) = 0.4450 d(ps,Cs) =0

d(ps,Ce) = 0.1132 d(ps,C7) = 0.1762

d(ps,Cs) = 0.3808 d(ps, Co) = 0.1854

HH LA, pslE T Cs3K;

d(pe,C1) = 0.2354 d(pe,C2) = 0.4478

d(pe, C3) = 0.0648 d(pe, C4) = 0.2201

d(pe,Cs) = 0.1132 d(pe, Ce) = 0 d(pe, C7) = 0.3945

d(pe,Cs) = 0.3134 d(pe, Co) = 0.2303

HH LA, peJE T Co 2K,

d(p7,C1) = 0.3091 d(p7,Ca) =0.0533

d(p7,C3) = 0.2581 d(pq,Cy) = 0.7787

d(p7,Cs) = 01762 d(p7,Ce) = 0.3945 d(p7,C7) = 0

d(p7,Cs) = 0.4915 d(p7,Co) = 0.4108

HERT %0, prJE T C2K;

d(ps,C1) = 0.0486 d(ps,C>) = 0.3829

d(ps,C3) = 0.1637 d(pg,Cs) = 0.1983

d(ps,Cs) = 0.3808 d(pg, Cs) = 0.3134

d(ps,C7) = 0.4915 d(ps,Cs) = 0 d(ps, Co) = 0.4163

FHUE AT %0, sl T CeK;

d(p10,C1) = 0.0933 d(p10,C>) = 0.2513

d(p10,C3) = 0.0067

d(p10,Ca) = 0.2217 d(p10,Cs) = 0.0886

d(p10,Ce) = 0.0648 d(p10,C7) = 0.2581

d(p10,Cs) = 0.1637 d(p1o, Co) = 0.2394

FIERAT A, prof& TGk '

KM k-means HATE KK L RN C={pi},
C2 = {p2}, C3 = {p3.p10}, C4 = {ps}, Cs = {ps}, Co = (ps),
C7 ={p7}, Cs = {ps}, Co = {po}, LLEEHI I LI A KA 2k
B, RRERGIER T —2 BRE R

[RIEEA] AAS B 29k 2 A HL 2-8 I Y k-means S 4E
R, R R, BIRAGERAIEAZ R R —3, F
BT AR SCHE R B 2 e . 5R0E 1 AR, SR
2 BTN AR MR B AL BT IEAS S B, BRI T U
SRR, A 7 SV e, SENIE N TR A B =K
L. g8 b, ASCHR R F HFLTSs f 15 A AR 52k
FLVRER A R AR, TR v, AR T AR A

RIFFALAE IBREE.

5 Mgk

T T 2K 5 7 A B BT 9 44,V 2 MM B K
BEEEL B, (FR S T HFLTSs HOBORI K 50k
M R, FELE VB 2 B 7 (O BRI, T HFLTSs 2 1
AT T L7 3% JEE AR R O = R, B A SO T
T 4 P AR FO RE T HELTSs 10 1 A0 B 5
Bk AT HFLTSs (25 SRS R I 2
SR, B TR A LA S (0 RS, 19 3R G IR
9 T BT S TR O A R, AR S i — A 5
[l #r k-means SVRIA SCHEHET T 3AE. ok , 7
T4 4 B 9T K5 % S 4 1 25 T LS P T 5 %2 3K
RUE = RVE, B E 5 RiE4E (PLTSs), LA A
T A% T LA SR R T R G — 25 B R
FI% 1.
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