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ABSTRACT

A Design and Optimization of Fuzzy-Based Granular Model
Based on Hierarchical Structures and the Allocation of

Information Granules

Yeom, Chan-Uk

Advisor : Prof. Kwak, Keun Chang, Ph. D.
Dept. of Control and Instrumentation Eng.,
Graduate School of Chosun University

In this paper, we propose the design and optimization of a CGK-based
granular model (CGK-GM) based on the hierarchical structure and optimal
allocation of information granules. In general fuzzy clustering, the
Euclidean distance between the center of the cluster and each data is
calculated by considering the characteristics of the data in the input
space. A circle-shaped cluster is generated using the obtained Euclidean
distance. When the data are geometrical features, there is a problem that
the performance of fuzzy clustering decreases. To improve this problem,
GK(Gustafuson-Kessel) clustering is used to generate clusters that take
geometrical features into account. In the existing GK clustering, the
distance between the center of the cluster and the data is calculated using
the Mahalanobis distance in consideration of the characteristics of the data
in the input space. Using the Mahalanobis distance, a geometrical cluster is
created based on the center of the cluster. In this paper, we propose
context-based GK clustering that considers the output space from the

_ix_
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existing GK clustering. Since the existing GK clustering considers only the
input space, clusters are created using only the features of the input
space. On the other hand, context-based GK clustering can create clusters
more efficiently than conventional GK clustering because it considers the
characteristics of data in the output space as well as the input space.

The CGK-based granular model designed using the proposed CGK clustering
is an explanatory model that can create contextual information granules in
the output space and geometric information granules in the input space to
automatically generate rules and express them verbally. to design The
CGK-based granular model that automatically generates rules has a problem in
that the number of rules increases exponentially when processing large-scale
data. To solve this problem, the proposed CGK-based granular model and
general prediction models are combined in a hierarchical structure to design
an aggregated CGK-based granular model. In addition, in order to improve the
prediction performance of the hierarchical CGK-based granular model, one of
the optimization algorithms, the genetic algorithm, is used to optimize the
information granules to generate the optimal information granules, and use
this to optimize the CGK-based hierarchical structure. Design the granular
model .

To verify the validity of the proposed methods, we compare and analyze
the prediction performance with the existing particle model using the
prediction-related benchmarking database, the concrete compressive strength
database, the water purification plant coagulant dose database, and the
Boston housing price database. As a result of the experiment, the proposed
CGK-based granular model, the CGK-based granular model with an aggregated
structure, the optimized CGK-based granular model, and the CGK-based
granular model with the optimized aggregated structure showed better
prediction performance than the conventional granular model. confirmed what
was visible.
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IG Information Granules
GM Granular Model
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2 ==20lM Metchs g-el CeK J1gh X 2 (CeK-GM), EAHE 2 X2

CeK &A 2 (At & 2= zFstst xAstE CK g g 22
u]

(optimized CGK-GM), =& 3StE &HE Fx2 CGK I8t X 2 (optimized AGM)
o EtgHE E0olIgt)| <ol s ZO0HHM AEE= HXI0rY dioledolAel &2
A2lE 2= 2T GIOIEHMIOIA[73], EAE =& JtA HOIEHHIOIA[74], 2l
o+ STM SO COIEHUIOIA[75]E 0186t &g MM, A8 & &
HEAC HOHE NAHGHH HMetot= 4002 Xt 2SS CGK-GM, AGM, optimized

CGK-GM, optimized AGN2Z HJ|&HCE.

H 1& CloIEHIolA

Z4dcelE 25 25 HOolgHlolA= e Httist oA =&8& OOolH
HIOIAZ QUABACS == 1030, B2 == 92 2L UL, YEHE==
AMNHE, Ect0l i (fly ash), =cfd(blast furnace slag), =, JtA

sticizer), &2 =M, OIAl =X, A20IH s3¥H+= 232 E

SAE =8 It UoIEBIolA=E 2248 A2l =2 JtA0 et Gl 0IE Bl Ol

AZA FEO It FEQ Hd 2AS0l ZEON UCH QAQABHAS == 506,
A

B0 == 142 FEEHN UL P = UX Al € 121e HES(CRIM)
25,000 BLIIESE =ols HF=XNH2 HIES(N), HIAMAEXA0l FR6tD AU
= EXQ HIZ(INOUS), ZEAZ0l CHEt HOIB2=(CHAS), 10ppm & == LAGHAE
A(NOX), =& 1Dt2Y B 2o JH==(RM), 194049 OIM0l A=E ARFE9 H]
E(AGE), 52 EAE AFUEHNMKS H24 X==(0IS), LA 20X &
24 K==(RAD), 10,000 ZciE MAANIS(TAX), XXl Al & st WAL HIE
(PTRATIO), XXl Al & SMoIE(50)2 HIE(B), ZEH otAAHS2 HIE
(LSTAT)O0IH &8 += 2021 AR9 =8 JtA(MEDV)OICH.

A+ SEH FHE dOIEHHIOIA= SH=R0l 1,320,000 E2 2 E=+Xcldt
= NEA A E=Z0AM S0& COIEHolIAZ AABAS == 346, B2
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Collection @ chosun

H 6-1. HHAES 7SO MHs Ml EsXE
C
2 3 4 5 6
P
2 0 0 0 0 0
3 0 0 0 0 0
4 0.3165 0.3175 0.3191 0.3184 0.3191
5 0.4039 0.4184 0.4223 0.4175 0.4204
6 0.4031 0.4136 0.4183 0.4159 0.4276
H 6-2. HAHAEES RAHGHI 448 M2 X2
C
2 3 4 5 6
P
Z 0 0 0 0 0
3 0.0097 0.0093 0.0097 0.0093 0.0090
4 0.2931 0.2947 0.2953 0.2945 0.2948
5 0.3897 0.3962 0.3962 0.3946 0.3960
6 0.4022 0.4120 0.4183 0.4212 0.4230
— 48 —
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L
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MAEh COK-GM2l OIS &=s0ICH. 08 6.3. 2 CK-GM2l =



H 6-3. HHAEES I SotH MHE CK- GMel dsXIHE
C
2 3 4 5 6
P
2 0 0 0 0 0
3 0.0204 0.0204 0.0204 0.0205 0.0206
4 0.3328 0.3315 0.3308 0.3295 0.3315
5 0.4409 0.4379 0.4350 0.4350 0.4300
6 0.4618 0.4629 0.4700 0.4618 0.4606
H 6-4. HAHAEES FAUGHH A48t CK-GM2 dsXIH
C
2 3 4 5] 6
P
2 0 0 0 0 0
3 0.0295 0.0241 0.0282 0.0259 0.0233
4 0.3060 0.3070 0.3084 0.3070 0.3052
5 0.4182 0.4254 0.4183 0.4178 0.4162
6 0.4662 0.4640 0.4569 0.4466 0.4449
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H 6-5. HHAEE ZSotH Mdst AM2 EsKE
C
2 3 4 5 6
P
2 0 0 0 0 0
3 0.0201 0.0204 0.0203 0.0202 0.0203
4 0.3194 0.3221 0.3302 0.3315 0.3295
5 0.4548 0.4587 0.4548 0.4488 0.4637
6 0.5125 0.5149 0.5208 0.5184 0.5196
H 66. HAES ROUGHH ddet AM2 dsXH
C
2 3 4 5] 6
P
2 0 0 0 0 0
3 0.0481 0.0437 0.0446 0.0391 0.0451
4 0.3071 0.3023 0.3136 0.3187 0.3129
5 0.4344 0.4348 0.4380 0.4471 0.4418
6 0.4884 0.4981 0.4921 0.5074 0.5028
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SSHIoIEe =

8 6.5, AGMSl =2 2t AXl £ gt HIN(HFHAE PSS M4,
HEAES £ =6, A + =6)
— ESES —

Collection @ chosun



S 0.6

M
=

CH

ZSOoIEO

3

O 6.6. ZEOI0IE0 S AGMS ESXIHE(AHMAE ZSoHH M4,

HEAAES &~ =6, ZHAHS % =6)
H 67 2 HLAEE ZSotH MAHSH optimized CGK-GM2 0= A =010,
AESE ZFSOIH MHSH optimized AGM2l 0= A sO0ICH. E 6-9.

Z

o
&
x
@
=
10
I}
Jeoon

ol 38 Xt JIE2 HEHUA HEXA
6-10. 2 optimized AGMSl HE 2 XIF Of

$0 (K
e
=2

EpSEer XNE 20D A°H, =
N EFUJA=KXNE BHECH. O 6.7. 2 optimized COK-GM2l = gttt &
M &2 g BFD del, O 6.8. 2 HAsKEE 0|28 optimized

CaK-GMel 0= ds= 20=0. 8 6.9. = optimized AGM2l == gttt A Xl
=9 g2 2010 /JeH, 8 6.10. 2 dsAEE 0lZ¢8t optimized AGME
= ds= 20=0. A8 6.7. 2 &8 2125 0186t 2 ZAE 2
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tEl COK-GMel HsSXI=

Collection @ chosun

H 6-7. AHAES 7 SotH 48 = A
C
2 3 4 5 6
P
6 0.4497 0.4663 0.4781 0.4628 0.4687
H 6-8. HHEAES ISotH HHe z At AM EsXHE
C
2 3 4 5 6
P
6 0.5168 0.5241 0.5143 0.5252 0.5386
H 6-9. X3t CGK-GMel AHEAE x[H3L = AUOI0IEE gt =0l
plS le p23 p31 pSS p41 p43 pSl p53 pGl
71& | 17.8 | 2.3 | 33.3 | 17.8 | 48.9 | 33.3 | 64.4 | 48.9 | 79.9 | 64.4
HA || 17.7 | 1.6 | 33.2 | 182 | 48.2 | 34 64 | 49.9 | 80.6 | 65.1
H 6-10. = XHstE AGMl HEIAE Z|H3gt £ AOO0IEE &t &2l
p13 le p23 pSl p33 p41 p43 pSl pSS pﬁl
71% | 17.8 | 2.3 | 333 | 17.8 | 48.9 | 33.3 | 64.4 | 48.9 | 79.9 | 64.4
HA || 174 | 3.3 |33.2 | 185 | 479 | 34 | 64.5 | 49.6 | 789 | 65.1
— 57 —
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1.07 T T T T T T T T T
1.065 F 1
1.06 | 1
N3
H L i
21 1.085
K
1.05 F .
1.045 | .
104 1 1 1 1 1 1 1 1 1
0 5 10 15 20 25 30 35 40 45 50
MICH
2 6.12. X NSE AGM W S8 202|859 HegE
H 6-11. 2 23C2E &= 4= =9 Ag 20 EW=ECH HOIM 20l=
i@t 20| JI&E29 M HEAEZ ZSolH MHotD HEAEDI 6, 2HAEHI
62 [ ZZOIOIEON et EsKE 0] 0.42760! g &0ols £ Q. 2 ==
M= HIetel= 2Ol CGK-GM, AGM, optimized CGK-GM, optimized AGMSl 3=
HEIAES FSoIH MAE [ JI&9 GMEC 248 s ds5 E0ls 2is
Eolst £~ QRACOH KM ANEISE Eol xEE $HE o= 401 WA
H= A2 =olg %= QL.
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T 6-11. 232E &5 2= s & 21
5 A E
A 2ol
P/C st d o] E ASdolg
GM Uniform 6/6 0.4311 0.4276
CGK-GM Uniform 6/ 4 0.4743 0.4700
AGM Uniform 6/ 4 0.5287 0.5208
Optimized )
Uniform 6/6 0.4793 0.4781
CGK-GM
Optimized AGM Uniform 6/6 0.5367 0.5386
CIE2 8% SdH E0g 0= AEe 2UE BHE0. X 6-12. = &A
BIAEE ZSotH &8t JI&E M2 0l As0lH, & 6-183. 2 HEAEE &
HGHH MAHSH JIE M2 = As0ICH. O 6.13. 2 JIE Mo &= gt &
H &2 g2 B0 UCenH, O 6.14. = HSOO0IEHN st aMel s =
%= BH=0C
H 6-12. HEAEE A SolH MASH OGNS AsAHE
C
2 3 4 5 6
P
2 0 0 0 0 0
3 0 0 0 0 0
4 0.3314 0.3333 0.3333 0.3334 0.3334
5 0.4884 0.4942 0.4971 0.4972 0.4974
6 0.5618 0.5861 0.5861 0.5896 0.5896
— 62 —
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H 6-13. HEIAEE RHASHH MHsSH M2 dsXE
C
2 3 4 5 6
P
2 0 0 0 0 0
3 0.1602 0.1641 0.1577 0.1540 0.1568
4 0.4098 0.4129 0.4133 0.4144 0.4099
5 0.5301 0.5466 0.5373 0.5347 0.5346
6 0.5975 0.5952 0.6111 0.6064 0.6026
50 T T T T T T T u
---------- GM =2 3t
45| AR =%
+ 40
w0
5 35
I[3
% 30
0l0
K0 25
<+
&0
20
15
10 1 1 1 1 1 1 1 1
0 20 40 60 80 100 120 140 160
23S0 0IH2 %=
2 6.13. JI= GMel =& gt ANl &2 2t HIN(AEAE SHGHH MA,
HEIAEQ £ =6, 2HAHS £ = 4)
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ol

O 6.14. ZSCIOIEHM HEH GMe] A SXH(AHMAE KA
>

HERIAES] 4 =6, 2AHAH == = 4)

H 6-14. = HHEAES ZSotH dds CaK-GMel 0= &50l0H, HE 6-15.
= AYAEES FAGHH Mdst CK-GMel IS ds0ICH. 08 6.15. = CGK-GM2
=3 gt AN =8 gt B0 U0, 18 6.16. 2 4sXHEE 0l=st
CoK-GM2l U= ds= 20=0
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H 6-14. AHAEES ZSotH a8t CGK- M2l dsXIE
C
2 3 4 5 6
P
2 0 0 0 0 0
3 0 0 0 0 0
4 0.3333 0.3314 0.3314 0.3295 0.3333
5 0.4884 0.4884 0.4855 0.4942 0.4942
6 0.5584 0.5653 0.5723 0.5827 0.5827
H 6-15. HHAES FAHGHH ddst CK-GMel dsXH
C
2 3 4 5 6
P
2 0 0 0 0 0
3 0.1345 0.1038 0.1750 0.1535 0.1455
4 0.3964 0.4040 0.4100 0.4465 0.4529
5 0.5320 0.5429 0.5672 0.5382 0.5514
6 0.6029 0.6090 0.6264 0.6257 0.6059
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Oz 6.16. LZCIOIE THEH COK-GNS ASKIE(HEAE S50 M4,
AUAES £ =6, 2HAHO & = 4)

HEAES ZSotH 448 ANel o= 40, H 6-17.
SOICH. 08 6.17. 2 ANS =%
2 6.18. 2 dsXHEE 0188 AGM2

0x
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H 6-16. AHAES A SotH MAE AGMS dsXIHE
C
2 3 4 5 6
P
2 0 0 0 0 0
3 0 0 0 0 0
4 0.3333 0.3333 0.3314 0.3333 0.3314
5 0.4884 0.4913 0.4769 0.4913 0.4855
6 0.5861 0.5723 0.5792 0.5931 0.5861
H 6-17. AYAES SAGH 44E AN dS5XIE
C
2 3 4 5 6
P
2 0 0 0 0 0
3 0.2641 0.2710 0.2706 0.2635 0.2464
4 0.5263 0.5257 0.5043 0.5107 0.4629
5 0.6156 0.6045 0.5952 0.6053 0.5947
6 0.6471 0.6432 0.6611 0.6701 0.6535
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optimized CGK-GM2l 0l A =010,
optimized AGM2l
Hol= &Y 2AXF J1&29 HENOIA

W= gsoltt. =
optimized AGM2l EHE &
optimized CGK-GM2l

=
=
2 dskEE 0l8&

=
=
= dsXNHEE 0|28



I 6-18. AHAEES ZSolH MASH xHSIE COK-GMSl AsXIH
C
2 3 4 5 6
P
6 0.6295 0.6203 0.6379 0.6086 0.6479
H 6-19. HEAEE ZASotH MHS XHSIE AGMS EsXE
C
2 3 4 5 6
P
6 0.6473 0.6660 0.6543 0.6313 0.6820
H 6-20. = &3tE CGK-GMel HEIAE x| M3 = AMH0IEE gt &0l
p13 1’21 pzs -DSI pSS p41 p43 -b51 [753 -Dﬁl
71 || 16.8 | 13 20 | 16.8 | 23.1 | 20 | 26.7 | 23.1 | 50 | 26.7
HA | 158 | 13.7 | 19 | 17.2 | 22.7 | 19 | 274 | 24.1 | 496 | 26
T 6-21. ZEGIE AGMS| HEIAE x| X3F = AHOIES gt &0l
pls 1721 pzs p31 pSS Z)41 P43 P51 ﬁ53 pﬁl
71% | 16.8 | 13 | 19.8 | 16.8 | 22.8 | 19.8 | 26.7 | 22.8 | 50 | 26.7
HAA | 16.7 | 13.7 | 18.8 | 16.9 | 229 | 20 | 25.7 | 23.8 | 50.1 | 27.4
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H 6-22. = & SEH S0 s &8 20 20E0. B2 201 2|
ZO| (M2 HEAEE KAHGHH MAotD HEIAEDL 6, SHAEHI 42 M 2=
CIOIE{0ll CHet AsKIE g0l 0.61112 H=2 =olg £ U, 2 =20 A= HIet
ol= 20l CGK-GM, AGM, optimized CGK-GM, optimized AGMSl &HSR ZHEAEES
oSOt MAE [ JI=2 GMECH 2=t (i 852 20l A2 =olg = A
NSO optimized AGMS HEIAEE KAHGIH MAGHD HEAED 6, 2HAEHI}
62 M Z2=CIOIE0 Tist AsXIE gt0] 0.68202=2 JI& 246 s 52 &
Ol A2 =olg 2= ULH.

T 6-22. 3% SEM B0 W52 Ag 20
ATAE
Az =24
P/C st o] A=t o]H

GM Flexible 6/ 4 0.6100 0.6111
CGK-GM Flexible 6/ 4 0.6217 0.6264
AGM Flexible 6 /5 0.6641 0.6701

Optimized )
Flexible 6/6 0.6327 0.6479

CGK-GM

Optimized AGM Flexible 6/6 0.6743 0.6820

CIE22 BAH =8 I = &Eo Z2UE BEHECE X 6-23. 2 HEA
EE /SotH MAst JIE OGN 0l 8501, ¥ 6-24. = HEAEE KAGH
H MAHSE GM 0= As0ICH. O 6.25. = JI& N2 = 2t &H =2 gt
£ B0 /UM, O 6.26. 2 Z2SOIOIEM TSt JI=2 Mol dsXHE gt
= BHE0
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H 6-23. AYAEES ZSotH s M2 EskE
C
2 3 4 5 6
P
2 0 0 0 0 0
3 0 0 0 0 0
4 0.3149 0.3162 0.3175 0.3175 0.3162
5 0.4644 0.4644 0.4664 0.4644 0.4664
6 0.5383 0.5383 0.5431 0.5431 0.5360
H 6-24. AY9AES SAGHH 48 M2 EsKIHE
C
2 3 4 5] 6
P
2 0 0 0 0 0
3 0.0119 0.0132 0.0152 0.0163 0.0160
4 0.2885 0.2906 0.3011 0.2969 0.2960
5 0.4388 0.4389 0.4447 0.4456 0.4434
6 0.5180 0.5222 0.5340 0.56333 0.5292
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H 6-25. AHAEES ZSotH a8t CGK- M2l dsXIE
C
2 3 4 5 6
P
2 0 0 0 0 0
3 0 0 0 0 0
4 0.3175 0.3175 0.3162 0.3202 0.3188
5 0.4684 0.4644 0.4625 0.4723 0.4664
6 0.5431 0.5431 0.5478 0.5502 0.5502
H 6-26. HHAES FAHGHI ddet CGK-GM2| dsAIH
C
2 3 4 5] 6
P
2 0 0 0 0 0
3 0.0270 0.0252 0.0232 0.0239 0.0216
4 0.2705 0.3028 0.2862 0.3061 0.2984
5 0.4351 0.4476 0.4450 0.4452 0.4470
6 0.5220 0.5150 0.5397 0.5302 0.5115
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6-27. HAEAEES I SotH HHE AN dsXHE

2 3 4 5 6

0 0 0 0 0
0.0133 0.0132 0.0133 0.0133 0.0132
0.3368 0.3341 0.3355 0.3355 0.3368
0.4846 0.4906 0.4826 0.4886 0.4766
0.5599 0.5718 0.5694 0.5455 0.5671
6-28. AHAES FAHOHH dHdet AAMS &K

2 3 4 5] 6

0 0 0 0 0
0.0767 0.0720 0.0663 0.0677 0.0670
0.3346 0.3437 0.3377 0.3361 0.3236
0.4993 0.4853 0.4855 0.4920 0.4852
0.5669 0.5870 0.5807 0.5690 0.5614
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" 6.30. ZSCIOIEHM CHEH AGMSl ASKIH(HFHAE SAHGIH M4,

HEAEO = =6, BHAHS £ = 3)

H 6-29. = HEAEE ZSotH MASH optimized CGK-GMS O &S00,
H 6-30. 2 HHAEE ZSotH MAst optimized AGM2l Ol ASO0ICH =H
6-31. & optimized CGK-GM2 =23 2t0l =Moot F@E LRIt JI1ES SEHUA
HEAH zEHJAEAU=KE BE0HFLD UM, H 6-32. = optimized AGMS EHE &
oF A HSEJA=XE B0ECH O 6.31. 2 optimized CCK-GMS| &
gl AN &= g2 201 JA2H, 1OE 6.32. = HsSKNHE 088
optimized CGK-GM2l OIS ds2 20ECH. 18 6.33. 2 optimized AGM2Sl &
gl AM =28 g2 201 JA2H, 1OE 6.34. = HsSKNHE 088
optimized AGM2| OIS dss 20H=0
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Pl 8t XM ete CGK-GM2l dsXI=

H 6-29. AHAES #5060 of
C
2 3 4 5 6
p
6 0.5452 0.5707 0.5632 0.5733 0.5730
H 6-30. AHAEES #SotH ddst "t AN dsXHE
C
2 3 4 5 6
P
6 0.5918 0.5983 0.5973 0.5894 0.6069
H 6-31. = H3tel CK-GM2 HEIAE x| Mgt = HUOIO0IE=E gt &0l
p33 p41 p43 pSl p53 pﬁl

28 251 Dy D3

7)E 14 5 23 14 32 23 41 32 50 41

31 24 40 33 49 | 414

4 | 13.3 6 22.3 | 14.7

H 6-32. x&H3tE AGMl AHEAE XX £ AOOIEE gt =0l
plS le p23 pSl pSS Z)41 p43 p51 p53 pﬁl

7]& | 156 | 5.6 | 20.8 | 15.6 | 25.2 | 20.8 | 30.4 | 25.2 | 50 | 30.4

31.1

HA || 146 | 6.3 | 19.8 | 16.6 | 24.2 | 20.9 | 29.4 | 25.9 | 49
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