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The Method of Fuzzy Classification and Searching for Knowledge
Meshes Based on Information Granularity
YANG Ren-Zi*? YAN Hong-Sen*'3
Abstract To solve over-subjective retrieval method, repetition retrieval and operation of knowledge meshes in the

self-reconfiguration of knowledgeable manufacturing system, the method of fuzzy classification and searching based on
information granularity is proposed. The complexity of knowledge mesh solves the problem about the diversity of knowl-
edge mesh caused by self-reconfiguration computing. The similarity degree which considers the differences in three aspects
of quality, quantity and complexity has the characteristics of reflecting operation laws. The fuzzy clustering method of
knowledge mesh does not need the classes number, meanwhile the permutation about target knowledge mesh is obtained.
The search space is determined by centering at the clustering, which converts the problem from fine-grained space to

coarse-grained space.
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b % bl ANkiR#% 0.9638 0.8011 0.6571 0.6461 0.0669 0.7560 0.5579 0.8903 0.4875 0.5875 0.7697 0.3326 0.5195 0.5784 0.5277

HH b2 LU 0.8634 0.7472 0.7887 0.7697 0.0326 0.7413 0.6495 0.8525 0.4875 0.6875 0.8195 0.8784 0.6440 0.5530 0.6423

a HH ¢ 47 el ks 0.6178 0.6011 0.6087 0.8995 0.0784 0.8277 0.7963 0.6842 0.5625 0.4625 0.8440 0.6530 0.6940 0.6659 0.6124

el EE c2 WRIE 0.7550 0.5099 0.5455 0.9440 0.0530 0.8423 0.8963 0.7540 0.6625 0.5625 0.8940 0.7659 0.5989 0.5274 0.5491

ARG c3 YR EL 0.8204 0.4582 0.6091 0.9440 0.0659 0.9124 0.6205 0.7093 0.5776 0.5364 0.8989 0.6274 0.5684 0.6281 0.6349

d i d1 o E 0.5010 0.6611 0.6255 0.6989 0.0274 0.6491 0.5679 0.5326 0.4413 0.3495 0.6525 0.9697 0.6427 0.7660 0.6511

I d2 iR 0.7010 0.5611 0.6251 0.6684 0.0281 0.6349 0.6195 0.6784 0.5277 0.4963 0.6842 0.7195 0.8881 0.8277 0.9044

d3 = 0.6776 0.5236 0.7404 0.7427 0.0660 0.6511 0.7440 0.6530 0.5423 0.4963 0.7540 0.8440 0.9017 0.8365 0.9273

e W el WRRIE 0.6545 0.6057 0.7792 0.7881 0.0277 0.7444 0.6940 0.6659 0.9124 0.8205 0.6093 0.5940 0.5426 0.6319 0.6020

HH e2 FETIE 0.7545 0.6057 0.7375 0.8071 0.0365 0.8673 0.7989 0.7274 0.9491 0.8010 0.6525 0.7989 0.6697 0.6285 0.7361
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3c, 2d, e, 2by, by, 3c1, 3ca, 2¢3, 2dy, 2ds, 2d3, ey,
62}- Wo =Wy = W2+3 = W1+2+3-

WBUE \; = 1, log ML 2 W, THEEEE 1.2 79
gl (1) AEE 1.3 A gl (3). ZniR M TiRE
BLJE f(Wo, W) = (2 x 2 Wy BITZhEEE)/(Wo
MDA + W R Thie ). £ 2 15518
W) S BE L VLG BRI ST 2 vk R4 i3k 2 w4
G(Wiyar3) > G(Wiia) > G(Way3z) > G(Wy), 1M
VLHECRE4h 1, il Wiiois, Wita, Wais BRI
PRI RET K, HITRZHAKNT 1 SEE IR
RBOKT 1. 0 Wy, Wy, Wa EARFELL W, (R AREE
E/N, ARUCRELRE /N T 1, BEBEAT T AN RESE A DL RC (1)
R, R 2 BRI S, Wy KRG & 7 75K
PRIl 2 P 5 SRR AR I B % B AT R AT
RER VL IC IS, 52 et R BB 1 R Jn iR k.

3.2 FIRAXHRFEMIIRMIT O EINEER
U = 0.7800, W5 I TA Wil &8 o s 3/ T

T, FTEA Wy IS 5 H R I v 5. AALEE (13 45 &
e =10"% PEE 2.1 Fhmal (6) FI%E 2.2
I (7), AIE O ERAG AR R EE R, 73
W# 3~5.

H2 5, B 0 = 0.8700 I, B3Pk Ik
N Wy, Wig, Wo, Wy, Wis. Wy Bi5E I A4
B A, VERITE R, VPR L W, S
O SEUEE B, VR R Wy B E (M2 0k Bk B,
TSR, Wi Bl 3 AR Wis Bl K38
R R A, R RO P 10 AN
RAFI 5 K. RIS OTEAH IR SR B (13 7
FE o3 it b R AT S B, iy HL I AH AL 2 Bl 2R
FRUELH I D, Q(Wa) > Q(Wia) > Q(Wy)
> Q(Wr) > Q(Wis). WHH 2.3 Wiy (8) A=k
(9), B p =10, v = 8 x 1075, 24 6 = 0.8700 I, %
SRS KT I IR RS R A (YA T LR 6. 3K 6 i If L
e Wi R = e R Tk BA REEOEE
B, FF*. B 6 P T A 28 25 () P 1 AR i 4R

R2 BRI ILHC AR 28 e R AL

Table 2 Complexity degree, matching degree and complexity coefficient of each knowledge mesh
W1+2+3 W2+3 W1+2 W3 W2 Wl WO
SRR 117.3258 78.5175 82.4176 29.8974 38.0537 34.5943 59.6000
NI 1.0000 1.0000 1.0000 0.75 0.8462 0.8000 1.0000
SRR 1.9686 1.3174 1.3828 1.0000 1.0000 1.0000 1.0000
#3 0=0RKEHR
Table 3  Clustering results when 0 = 0
R% Wi W3 W3 Wy We Wz Wg Wy Wio Wi Wiz W13 Wig Wys e

# 1K 381.3701 63.3542 182.2824 893.7749 632.6256 240.9258 327.6538 57.4021 33.7003 586.5985 260.4690 152.7988 154.9141 180.0372 Wy

#4 0=08 EKRLER
Table 4  Clustering results when 6 = 0.8
RA Wy W3 W3 Wy We W Wy Wy Wio Wiy Wiz W13 Wig Wis i
¥ 1k 381.3701 63.3542 182.2824 893.7749 632.6256 240.9258 327.6538 57.4021 33.7003 586.5985 260.4690 152.7988 154.9141 180.0372 Wy

# 2k 299.8684 141.1103 2.2429 0.0000 28.8980 48.5514 198.1941 143.4518 122.2015 55.9445 424.7442 282.3961 212.8395 294.7367 Wjg
%3 W 73.0290 46.8342 0.0644 0.0000 3.5098 3.2495 32.4272 40.0245 13.5379 12.6753 0.0000 43.5224 14.3549 32.0015 Wy
a4 W 0.0000 0.1840 0.0015 0.0000 0.0028 0.0150 0.0007 3.2376 1.5094 0.0005 0.0000 1.6192 0.0915 0.5704 Wo
. -,
#5 0=0.8700 KRR
Table 5  Clustering results when 6 = 0.8700
A W1 Wa W3 Wy We W Wg Wo Wio Wi Wi W13 Wig Wis e
# 1k 381.3701 63.3542 182.2824 893.7749 632.6256 240.9258 327.6538 57.4021 33.7003 586.5985 260.4690 152.7988 154.9141 180.0372 Wy

¥ 2k 356.5447 185.1562 18.7258 0.0000 84.0204 76.5802 267.8350 173.1894 122.9895 150.8244 426.0107 305.7628 278.9412 336.4904 Wjq
¥ 3 kK 221.9136 245.5751 4.7872 0.0000 64.8634 15.1586 167.1228 258.9033 123.9391 98.5210 0.0000 223.0637 141.2152 198.9729 Wy
¥4k 86.7043 44.3770 0.1960 0.0000 11.4600 1.3227 45.4957 0.0000 11.9714 4.8012 0.0000 61.5481 19.9896 84.6767 Wy
05K 0.0000 0.1750 0.0022 0.0000 0.0245 0.0032 0.0066 0.0000 1.0606 0.0002 0.0000 4.3249 0.3263 8.1757 Wis
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Gk Wy, Wi, Wig, Wy, Wy, Wis, Wis. I HAL
i Sk 7S R IR PR ARG 38 DX ) B 2 B v — 2,
Wy SR A P i A e s TR B, )
R HR, 0 I IR A 2R DX ) 43 5l R [0.8091, 0.8995,
1.0000], [0.8911, 0.9440, 1.0000], [0.8911, 0.9440,
1.0000], e AT THA Sk T Ho A DX TR) R fi, i A 28 2 ]
[ BAE 2 5 SL R R AE 2 —— X K. R A A
EHP XX 5 AR T AL A AR, AT IR i
SEH PRI AE AR, 3 2 0 = 0.8700 %K
W (IR RY) 2 SRS 2R ) Th RE F 1

TE S, 26 P 10 S5 3K 29 o R AT A
R, AFBIREASTTSROT 6 R R S s AR, AR IR R
Wi, Waa, Wy, Wy, Wy, Wig, Wis, Wis, Wy, W, 1RH]
WX BATES MR RS, N R#AT A EA
“IE7 1 AR RS B &7 R R LA B s IR AR
W, AR [RIFE S AT A s O AR a2 B X
FhITEEDRAT B AR W (R B RE U AR R %, Tz
FETRLE o A IR B 5005, 24 0 = 0.8700 I, H P
HEAT b XK Rt vl 15 2] Wy, Wig, Wy, Wy, Wis, X
LAY E T IR R LR A 2 ) TR AR AE R AR AR

F£6 0 =0.8700 5 EISH LT N IR 2R 25 ]

Table 6  Search space corresponding to each clustering center when 6 = 0.8700
Wy Wia We Wi Wis
INUSi'E3 0.4174,0.6460,1 0.1106,0.3326,1 0.2377,0.4875,1 0.9289,0.9638,1 0.2785,0.5277,1
AnA=gi 0.5924,0.7697,1 0.7716,0.8784,1 0.2377,0.4875,1 0.7455,0.8634,1 0.4125,0.6423,1
A g 0.8091,0.8995,1 0.4264,0.6530,1 0.3164,0.5625,1 0.3817,0.6178,1 0.3750,0.6124,1
IR 2 0.8911,0.9440,1 0.5866,0.7659,1 0.4389,0.6625,1 0.5700,0.7550,1 0.3015,0.5491,1
YrkLE 0.8911,0.9440,1 0.3936,0.6274,1 0.3336,0.5776,1 0.6731,0.8204,1 0.4031,0.6349,1
T 0.4885,0.6989,1 0.9403,0.9697,1 0.1947,0.4413,1 0.2510,0.5010,1 0.4239,0.6511,1
SRR 0.4468,0.6684,1 0.5177,0.7195,1 0.2785,0.5277,1 0.4914,0.7010,1 0.8179,0.9044,1
R 0.5516,0.7427,1 0.7123,0.8440,1 0.2941,0.5423,1 0.4591,0.6776,1 0.8599,0.9273,1
P TES 0.6211,0.7881,1 0.3528,0.5940,1 0.8325,0.9124,1 0.4284,0.6545,1 0.3624,0.6020,1
TE ks 0.6514,0.8071,1 0.6382,0.7989,1 0.9008,0.9491,1 0.5693,0.7545,1 0.5418,0.7361,1

g Bt AFES

2| ivw e | on | B wsun s

i
£0RFE [ 2 3 = 5 3 T ) | L L2 )
v ™ 09830 (=1 0 8178 o s (Y=n 0,501 0.7 o 67 oe |
| no LR 0 gaTs 04625 0 58 0534 0395 0 4883 043 o0&
n o TeaT 0.8195 0.840 0,89 (¥ 0.8525 06842 0.T54 o MR bw
nz 0338 0 8784 0853 0. Temm 08274 0. 9897 0,715 0844 0w :
n: 0.51% 084 0.em 0598 [N 0 gt 0 gam 09017 0s
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Fig.3 The function interface of fuzzy classification and searching for knowledge mesh
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M, G Wiy, Whs, W08 BB E R I M, X
SH PR T EZRER, (T TP AEMR4
AL R S

3.3 X9 A%5 FCM #1 FRC & ARILLE 947

DAL A 20 TR 2 v R I 4 il JL 2K DA B i — 28
R o7 N i = ST R AN D S R E B T ST RPN N R
AN BE 5E 4 F A a2 I BUE R 7, T DL S S
WA 1) 43 2 5 R T ASORA SR 2R 10 O v, I TS SC
oo B C-39 M (FCM)MO! 530k A O 1 58 2%
(FRC)' S0k 47 LL#E40#T

FIH FCM X} 14 NRM (W B4 HEFTEE5,
PH B R B BROL R 2, BRG]  m = 1.25,
SYREA 5, 1A 10 R, RN 0.01, HILAFE R
B R B AL PR, 45 R L3R 7. Bk 7, R4l
W 3 FE Y HE T 0.9900, 14 AN%NTH M 45 2048 111
R4y, (RN R R TR N AR i S
(10 60 L ) AR PR . DL R AN S R R A T R AN 1
fify, Wiz 1 2K (SR B4 T [0.3495,0.8205]). EP
TSR HE AN, s 2 28 (A= 50 BE Jy TH (R36  E 0
AT X ) [0.8277,0.9440)), i 75 Bk — D E %
IR DG T H B 00 U R 53 75 B PR HE . it SR
J2 LI R 22 v S i R kg SR ot SRS AE A KSR
BB T L LA 52, 1K FOM JCIEAR Y1) n] 8.

5 FCM AN, § 7 AR R S I 2E 117 BRHH O TG
FHK (FRC) FILBEWAZ IS AR W IR AE, SR
FRC X 14 MR (W5 BRAM) BHTERE. KBk 1
HH T T R R A B AT LA, AR 14 x 14 1)
BOBI R FE R. 3K Ghaxs, Wi R =GoGT. L

HANBRIEST s — t B, t(x,y) = zy, s(z,y)
=z +y—ay. KHETEER LS R, )
RN 0.047, 5FHCH 5, 1B 500 K, 45 LK 8.
W JE FE KT 0.8500, ZRREE A5 S0 i &= 2% H] 1)
FITR B AL, AR BUREAN 288 v S Jag 82 vy 110
iFlWJ, ﬁ?ﬁ\ﬂﬂ W4, Wg, WIO, ng, W15, #K%K%E*ﬁ
V5 SR R R B s AL R FRC 892
A5 IR 5 26 2R R 3 5 BEREA T HE . 534k, FRC
g 0T 1V T A K BEAT Y LU AR, DRI B S
ORI .

4 g

Bti 5 25 b oG 1t IS RS I AN L, SR AL
b I A D R POIAEE 6 ey U7 S L R
B A TR oG 10t R A DS T b, Jan R A6
BRI A ZAAE R R T L. AR SC ML JE it B ) £ 2
FEH R A 2 2R SRR VA, R ITAN
S 4 RO P S, R R R R JE e R R 3R AT
R, LB p RANHE (0 H K. P RAESe ik
PRI, AN RN T R ARREATIE #E, K IEK
AN AR S IR 9 DA AT B 2O AR M IR B %
PERRAR, SEAT G Sebna k. Mk AU A 18 i
ERIULHC, 32 RE SR SR K TN S 2R R B F UL S
o H AR SRR I A2 2% P8 0 T A 81 R P A I A
) LRI T doe 284 B A B I DR AN — 5 3 4%
SROI I R B DA o iy (R AR Y, (HL A A R L8 5K
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Table 7

FCM clustering results

% W1 Wz W3 W4 Ws W7 WS W9

WlO Wll W12 W13 W14 W15 éﬂl—l:%

0.0000 0.0000 0.0000

—_

0.0000 1.0000 0.9998 0.0000 0.0000

0.0000 0.0000 0.0000 1.0000 1.0000 0.0022 0.0000 0.0000

0.0000 0.0000 0.0000 0.0000 0.0000 0.9975 0.0000 0.9999

0.0000 0.0000 0.0001 0.0000 0.0000 0.0001 0.0000 0.0001

[0 NG V]

0.9999 0.0000 0.0001 0.0000 0.0000 0.0001 1.0000 0.0000

0.9959 0.0000 0.0001
0.0000 1.0000 0.0003
0.0040 0.0000 0.0002
0.0001 0.0000 0.9994
0.0000 0.0000 0.0000

0.0000 0.0000 0.0000 Wa, W3, Wig

0.0000 0.0000 0.0000 Wy, We, Wiy

0.0000 0.0000 0.0000 Wz, W

1.0000 1.0000 1.0000 Wiz, Wi, Wia, Wis

0.0000 0.0000 0.0000 Wi, Ws

%8 FRC

Table 8

RREER

FRC clustering results

W11 Wi2 Wiq Wis HiR SR > 0.8500

% Wy

wr

Wg

Wy

Wio

W13

1 0.1702

2 0.5175

3 0.9944

4 0.6268

5 0.5537

0.5637 0.5736 0.0742 0.0183 0.3699

0.7183 0.7667 0.9258 0.8855 0.7891

0.7752 0.7730 0.4286 0.5813 0.5787

0.0000 0.4837 0.7069 0.6211 0.7860

0.7187 0.8152 0.6840 0.7109 0.7767

0.2054

0.5776

1.0000

0.6215

0.6047

0.4594
0.2087
0.4921
0.5449
0.9434

0.4704

0.2832

0.5379

0.4105

0.9645

0.1343

0.9197

0.6803

0.6208

0.5717

0.5890

0.5983

0.6921

0.8651

0.5042

0.9297

0.7276

0.6691

0.6702

0.6169

0.9032

0.7372

0.6775

0.6344

0.6197

0.9458
0.7222
0.6944
0.6731
0.6442

W13, Wia, W15 Wiz, Wig, Wis

Wy, We, Wz, W11 Wy, Wg, Wiy

Wy, Wa, Wg
Wiz
W3, Wy, Wi

Wy, Wy
Wiz
Wy, Wig




594 H | 1k

F {4

374

R BRSNS SR, R ITVE SR ]
2, 5 AR RIS AL, SCh Uik A T
JER AN K, FF AT DA 205G H RS J R R i i
RIHERY, T AR SR T VA TG B4 58 0 R, SR
R IR R SRR DL, AN REIE B 5C T SR I
e, IXREASCIEN T AR 2RI i1 5. H
X SRR 9 ) ) 58 35 PR MG TG JRE PR SR A5 75 2 B T
e,

B 3%

S 1. G(W) St R MR % XK B 40
U 7622 % TR S, 0 B A R 238 B A 2 5 A
RERIN, KSR 338 SR 2 (5 2

JERR. 1) GiE G(W) Je oo : NS0 ol pR 4. wean
WM W = {z1, 22, ,xn} FEITHM W = {z1,22, " , T,

Tot1} WITGE o WEZEECN a; (o > 0), Ny KpNE, § =

1,2, -,n+1 WA =c¢i, D1y ¢ =m.

G(W) — G(W) =

Z ¢ log (m + 1)
i—1 Gi

log ﬁ mt e " Cnt1 et
o \m + Cna1 t ¢ m+ Cnt1 + Cnt1

- ot o WA e
HT% ] P —m o e

Cn+1 N 4
— 2 <1, FILG(W) —G(W) <0.
M+ Cnt1 + Cnt1 — (W) W) =<

2) FHIE GW) =22 B R RKE. WHRN W =
{x1, T2, -+, xn} MERA W = {@1, 22, , 20} T 24
HZ BB NHM ai, @& >0, H a1 = kaa (k>1), & = o,
=2, n Moy =c¢i, p e =m, m=y o &=m
+ (k? — 1)61,

n+1
-3 elog (M0t 1)

i=1 v

<1, H

= “ m " ~ m
G(W) - G(W) = ;c log(c—i +1)— ; G 1og(57 +1)=

gi:2 m+ (k-1 + ¢ clm + (2k — 1)cr]Fe
m+ ¢; (m + 01)61 (kC1)kcl

Tt k—Deatea o 0 S ma 2k - Delrer

c1 c1
1+ L+ 2
C1 1
< <1
mo 2= T w0
ke k ke

3) H G(W) ZICEMNEA L EH) BRI R AT 50, 25
Z AR GO, SR RS R 25 S AN S A A 52 A% B 1Y i
FR M IR I8 AT AT AR, XIS G50 38 & Hior
(7. O

W 2. 1) HBe=1,0<sim(-) < 1. HHAYT
Vi, pwy) = fvi, W) =g(V,W) =1 I, sim(-) =1. 1K
'fX{ﬁ Hi, /Lw(vi)f(vi, W) =0 HTJ', SZT)’L() =0.

2) sim(-) 43 a%/l/(vy wi TR B Y R R,
g(V, W) I BT 326 ik bR £

3) WHRM U, V MW, H#W C U, g(V,U) = 1,
N} sim(V, W, Q) < sim(V,U,Q); & g(V,U + W) = 1,
max{sim(V, W, Q), sim(V,U,Q)} < sim(V,U + W, ), 4
B W C U, AEX P «= o, & g(V,U) =1, M
sim(V,U - W, Q) < sim(V,U,Q), ZHNH W = U, R~
TR “=" RO

IERR. 1) 8 T(-), s(-) FRAZE 1.3 1 (2),

sim(V, W, Q) =

(NW(vi)f(Ui7 W) + wzz - l’LW(vL)f(vlv W)w'?))
eg(V, W)

=

1=

Ho, 0 < pwoy) €1,0< f(oi, W) <1, g(V,W) > 1.
© 0 < (o) F (i, W) + Wl — (o) f (vi, W)wi =
pw (o) F (03, W) + (1= pow () f (03, W)y <

Bw o) S (i, W) + (1 = piw o) f (vi, W) = 1

S Me=10,0<sim() <1 (10)

pow (o) f (Vi, W) +wF = vy (o) f (v, W)wi = 1 Bl sim(-) = 1.
i, W) + wi — pw ;) f (03, W)w? = 0, W] sim(-) = 0.

2) WA pw ) f(0i, W) = ayvy, 0 < agpyy <1
0<1l—apn)<1,0<1 —w? <1, sim(V,W,Q) 7l
Ay vy, w2 R g(V, W) BRI 5L

J(WCU,(WNV)C(UNV), diyy < gy X
gV, U)=1,Fg(V,W) = 1. iari 2.2, /4l sim(V, W, Q)
<sm(V,U,Q). XKW CU+W, UCU+W,U-W
C U, JiTLh max{sim(V, W, Q), sim(V,U,Q)} < sim(V, U +
W, Q), sim(V,U - W,Q) < sim(V,U,Q). O
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