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# 1 Error Due to Difference in Learning Sequence
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0.1 04 | 07 10 | 01 | 04 0.7 10 | ol 04 | 07 1.0
F4 | 29.674 | 29.532 | 29.606 | 29.571 | 8.676 | 8.676 | 9.040 | 8.676 | 8.770 | 8.653 | 8.574 | 8.460
NI S | 8.90E-6 | 3.28E-6 | 6.53E-6 | 4.73E-6 | 6.03E-6 | 6.03E-6 | 8.92E-10 | 6.03E-6 | 2.99E-5 | 3.94E-5 | 3.03E-5 | 1.21E-5
© FK | 30.131 | 30.070 | 30.133 | 30.087 | 9.035 | 9.035 | 9.046 | 9.035 | 11.339 | 10.803 | 11.093 | 9.574
B/l | 29.384 | 2.9403 | 2.9399 | 29.426 | 8.171 | 8.171 | 9.034 | 8.171 | 8.171 | 7.809 | 7.902 | 7.699
F45 | 29.582 | 29.661 | 29.547 | 29.529 | 8.740 | 8.740 | 9.040 | 8.740 | 8.888 | 8.469 | 8.763 | 8.447
Bk 71 | 6.80E-6 | 7.50E-6 | 4.28E-6 | 4.00E-6 | 4.02E-6 | 4.02E-6 | 1.50E-9 | 4.02E-6 | 5.88E-5 | 6.36E-6 | 5.18E-5 | 1.37E-5
FK | 30143 | 30.127 | 30.113 | 30.191 | 9.033 | 9.033 | 9.050 | 9.033 | 12.820 | 9.110 | 12.084 | 9.567
B/ | 29.388 | 29.366 | 29.389 | 29.402 | 8.341 | 8.341 | 9.034 | 8.341 | 8.341 | 8.060 | 8.141 | 7.679
45| 29.551 | 29.572 | 29.651 | 29.587 | 8.721 | 8.721 | 9.039 | 8.721 | 8.978 | 8.742 | 8.499 | 8.583
A I3HL | 474E-6 | 5.60E-6 | 8.84E-6 | 6.02E-6 | 4.64E-6 | 4.64E-6 | 1.35E-9 | 4.64E-6 | 1.40E-4 | 446E-5 | 1.23E-5 | 8.73E-5
o 5K | 30151 | 30.114 | 30.130 | 30.140 | 9.036 | 9.036 | 9.048 | 9.036 | 15.075 | 11.812 | 9.627 | 13.370
T/l | 29.399 | 29.419 | 29.406 | 29.407 | 8.245 | 8.245 | 9.034 | 8.245 | 8.245 | 8.163 | 8.044 | 7.945
45 | 29.560 | 29.504 | 29.497 | 29.610 | 8.658 | 8.658 | 9.040 | 8.658 | 8.923 | 8.405 | 8.435 | 8.530
e S | 4.15E-6 | 2.81E-6 | 1.81E-6 | 6.87E-6 | 4.75E-6 | 4.75E-6 | 1.22E-9 | 4.75E-6 | 1.14E-4 | 5.67E-6 | 9.26E-6 | 9.49E-6
BEA | 30.115 | 30.132 | 30.129 | 30.119 | 9.034 | 9.034 | 9.048 | 9.034 | 13.364 | 8.802 | 9.074 | 9.420
T/ | 29.429 | 29.400 | 29.387 | 29.404 | 8.353 | 8.353 | 9.033 | 8.353 | 8.353 | 7.813 | 7.871 | 8.008
F49 | 29.805 | 29.657 | 29.528 | 29.522 | 8.619 | 8.619 | 9.039 | 8.619 | 8.674 | 8.693 | 8.530 | 8.516
77 R TP | 6.90E-5 | 1.44E-5 | 3.42E-6 | 3.72E-6 | 6.02E-6 | 6.02E-6 | 1.38E-9 | 6.02E-6 | 1.58E-5 | 3.91E-5 | 7.97E-6 | 2.80E-5
ALk | K| 34.015 | 31.212/{ 30.100 | 30.111 | 9.042 | 9.042 | 9.048 | 9.042 | 10.215 | 11.258 | 9.023 | 10.848
R/l | 29.415 | 29.408 | 29.401 | 29.390 | 8.037 | 8.037 | 9.030 | 8.037 | 8.037 | 7.826 | 7.872 | 7.887
F4g | 29.553 | 29.604 | 29.499 | 29.532 | 8.688 | 8.688 | 9.039 | 8.688 | 9.092 | 8.738 | 8.476 | 8.456
FLsk S | 4.40E-6 | 6.99E-6 | 2.88E-6 | 3.93E-6 | 4.38E-6 | 4.38E-6 | 1.46E-9 | 438E-6 | 2.42E-4 | 4.85E-5 | 1.29E-5 | 6.98E-6
FK | 30.111 | 30.126 | 30.153 | 30.131 | 9.041 | 9.041 | 9.046 | 9.041 |16.094 | 11.644 | 9.538 | 8.968
B/l | 29.415 | 29.390 | 29.361 | 29.384 | 8.271 | 8.271 | 9.032 | 8.271 | 8.271 | 8.043 | 7.938 | 7.826
# 2 Comparison of Two Learning Sequences
P, R, Fohx107?
N . PMERGE — BAFE — BifFREE OSMERGE — TAFHEE — BRI B
AL e
0.1 0.4 0.7 1.0 0.1 0.4 0.7 1.0
Rz 9.030 9.030 9.038 9.054 8.676 8.527 8.505 8.442
N L 5.10E-13 6.31E-11 1.05E-9 6.60E-9 6.03E-6 1.04E-5 9.42E-6 9.09E-6
Bk 9.030 9.032 9.044 9.070 9.035 9.032 9.037 9.061
Ed) 9.029 9.028 9.031 9.040 8.171 7.809 7.902 7.699
T 9.030 9.030 9.038 9.052 8.740 8.467 8.624 8.429
Bk Parid 591E-13 3.66E-11 7.70E-10 6.42E-9 4.02E-6 6.04E-6 9.45E-6 1.06E-5
TN 9.030 9.031 9.045 9.066 9.033 9.030 9.046 9.068
b 9.029 9.029 9.032 9.037 8.341 8.060 8.141 7.679
Ty 9.030 9.030 9.038 9.051 8.721 8.615 8.472 8.439
s a4 6.60E-13 4.04E-11 1.02E-9 7.56E-9 4.64E-6 8.40E-6 8.00E-6 9.55E-6
K 9.030 9.031 9.045 9.069 9.036 9.032 9.044 9.061
b 9.029 9.029 9.031 9.034 8.245 8.163 8.044 7.945
g 9.03 9.03 9.038 9.052 8.658 8.405 8.434 8.512
R S 7.89E-13 8.45E-11 1.21E-9 4.61E-9 4.715E-6 5.67E-6 9.10E-6 7.09E-6
EFN 9.030 9.033 9.048 9.063 9.034 8.802 9.035 9.069
/) 9.029 9.029 9.033 9.038 8.353 7.813 7.871 8.008
i 9.030 9.030 9.038 9.071 8.619 8.586 8.530 8.447
7 IR L 3.67E-13 3.88E-11 9.69E-10 9.58E-7 6.02E-6 1.09E-5 7.97E-6 9.04E-6
fik- S EON 9.030 9.032 9.045 9.597 9.042 9.031 9.023 9.063
5] 9.029 9.029 9.033 9.043 8.037 7.826 7.872 7.887
T 9.030 9.030 9.038 9.051 8.688 8.588 8.455 8.456
TG L 3.59E-13 4.80E-11 1.26E-9 3.68E-9 4.38E-6 7.91E-6 9.57E-6 6.98E-6
R 9.030 9.032 9.048 9.065 9.041 9.031 9.046 8.968
2/ 9.029 9.029 9.032 9.041 8.271 8.043 7.938 7.826

BL—UIC X BIRETFHME L e 2R E e L ORLT.
79, FRIEF) oW THwT 2. R1IKBWT, IHF2
K ONERF 4 OYIABLE I HitFE % 28 3 2 58 L EF 3 kU
R 5 O%REREFET 2546, KU, EF 1 Ok H
YR ETOBEOMEVIEE T 2 &, B S 2 YR E
BICHIFE 2220 3 2R R E V. FlZE, AiEREE oM
FEHMEIZ 0.29497~0.29805 TH b, %S D 0.08619~
0.09040 R RIAR L H2E D 0.08405~0.09092 & b bk &=
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oW EZLNE. ZORMBIX, TR —XZEMO R
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L LANLV—NLOWMHFAEBDER L RT3 H0R V. —F, FIH
BLE % OBATEE L iR EEE 2 RS 2 &, §itk
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# 3 Comparison between Initial Setting Methods
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PR B D JF R FEIED /N V. L L, BEREDE
TlX, FIRAHREFEOABPKEV. flZIX, HAHEEO
/iR #21d 0.08037~0.09034 TH b, H AKX 0.09033~
0.09050 TH H, ZrHENE 8.92B-10~6.03E-6 TH 275, HifklF
TR B D E/ iR EX 0.07679~0.08353 TH D, I Kiiz=
1% 0.08802~0.16094 TH b, 77HUL 5.67TE-6~2.42E-4 TH 3%
DT, WU EFEOHIBEDIESDENKREN. Zh
5OBED S, JEF 3 RIERFE 5 ORAHEE DA, HEEIERE
1 OYIARLE R ORI HYE & D REMTEEI/NX
{2774 N—NEBEZINTEL. X512, ZORE
MNCRREN/NZI K R ZIEF 3 LIEF 5 R L 7z0nK 2 T
H5. YOUMEEETH - TH, HF 5 OOIAEZE %L
A AR AR B OB E L, EHF 3 of1HE
RESBIEMEE AR EEOHE XD /X V. Lizdio
T, SHEOEBIEFOHT, EHF 5 OYIAHERE>BAHRYE
BB EEENRS FOVERELWR B, £31F, ¥
BIEFZIET 5 £ LHa, PIEMERED b ZhehoyEiE
FETo 30 MITOMEFEMEICOWT, FIHEEED ZH o
FEIEROFIRICEREKE0.05 Dt METHERERELRRD
7B EW « HIT/RLTED, 2fF8E, BFS5Sozhzho
FR\BETO 30 FITOREFEIHEOBR/MEE £ L DTRAED
FHEEFAELAERTH 2. BATHAE COPMREED T
BTIAERRENITD NP, iRt EEE TIIERR
EDRBDOLNR o Tz, —F, EERFEETE, YIHEEEBEEOR
FEEICHBRREDPRD SN, Zh s DOFBRL S, WA

BIEOEWE, BRI AEICEEL 525, #iREE I
HEVEERGZTVRV, %7z, BEHEENOEEILHE
DBRAEVEEICDHEREZTWS, X512, X41TBWVWT
WA E = RS DL D p fH, MUY, BEAHFEE -
BEMEBOLKD p EHr s, ¥YE03 t RETHRETH
B, WIHAERE >R E OO p HO /MW, K
12, MBRNEREAIED 7 — XARERF R CBLEE O 91 EZ
E-RIFEEE OO p EAMD ThEWV. Zh s OfHR
D5, GIHMERED SBRAREE OBRET, 779 4 L—h
KELEHIATWR Zebhd. Thbb, ZITOHE
BITIE, 774 V—NDEEZ, BEROS 7N b EE
DRRERADNGZ ZHEPKEL, WO X sy TR
DEEZ, LUAL— IV OWHBOEERI BN E WR 5.
Rz, MHEREE 2OV THERT 5. R5IIFAEIET S 0%
YRR TOMETIHE L 7EER L, 2FRYE OREFHHE
EARERT. RSICBOLT, BAAREE TR, EAEEED
B/MEE 2T O EE THEHREN 0.4 D 0.09031 TH -
Fo. FORITNIRBAEFEE, 2 TOYMYREETEY
FEA 0.1 @ 0.09033~0.09036 TH - 7=. = FHED R K
fE1%, 2 TOYHAREEL T EHREDY 1.0 D 0.09054~0.09058
Thotz. T, TEDBKREV. EEHRED 0.7 OGS
FEFEEIFRE D RE V. AHF Y UTERD FF 7 50E
F—XTIX, 2B ADED#IF3.0-20=10rE>TW
5DT, ThoDRED» S, B > 7N bV EE DY
B, 77 ABOEBEDED 172 & D /NS RIEICHRET
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%+ 4 Comparison between Learning Processes

; 0.1 0.4 0.7 1.0
IR s pfE | GREM| pfE |AEE| pME |HEME| pE | GHEME

S PIHHERE — BRAFTE LOSE-155 | % |6.01B-134|  |126E-118| = |278E-107| =«

oIk B — AR A HSE | 1.15E-8 * 2.57E-9 * 2.25E-10 # 5.04E-12 *

s VIHHERE — B 1.55E-158 * 8.92E-134 * 3.48E-118 * 1.31E-106 *

SRk BAFERER — BB EYE | 2.60E-9 * 5.21E-13 * 1.48E-11 * 3.33E-12 *

Bk HIHERRE — RIS 9.36E-74 * 7.17E-72 * 1.27E-73 * 5.50E-74 *

BFHREE — AR HSE | 1L11E-8 * 1.53E-8 * 8.46E-12 * 6.91E-12 *

. VIHMERRE — ROy 6.10E-160 | = 1.78E-137 * 2.35E-121 * 2.51E-108 *

BUEA BAFEER — AR S | 3.40E-10 * 1.37E-14 * 8.08E-12 * 3.09E-12 *

2 5 2 ARk HIHERRE — RIS 1.98E-38 * 2.00E-41 * 2.81E-41 * 4.33E-40 *

RAFHREE — BRI HSE | 3.48E-10 * 5.27E-8 * 9.77E-11 * 4.53E-12 *

0 VIHHERRE — RO 1.37E-39 * 6.24E-45 B 2.20E-41 B 7.84E-44 *

ARk BB — Wit HAYE | 5.83E-10 * 2.28E-9 * 3.36E-11 * 2.74E-13 *

5 Error by Learning Parameters and Initial Setting Methods

4 1 %1072

R FIRERE Bty R HAE E o
IR | B0E 0.1 0.4 0.7 1.0 0.1 0.4 0.7 1.0 [ 01 | 04 | 07 | 1.0 | 01 | 04 | 07 | 1.0
P 45 | 41.550 | 41.550 | 41.550 | 41.550 | 9.034 | 9.031 | 9.040 | 9.054 | 8.770 | 8.653 | 8.574 | 8.460 | 8.676 | 8.527 | 8.505 | 8.442
5HL | 1.2B-32 | 1.2E-32 | 1.2E-32 | 1.2E-32 | 2.5B-12 | 7.8E-11 | 8.9E-10 | 54E-9 | 3.0E-5 | 3.9E-5 | 3.0E-5 | 1.2E-5 | 6.0E-6 | 1.0E-5 | 9.4E-6 | 9.1E-6
N Y | 44511 | 44.511 | 44.511 | 44511 | 9.033 | 9.031 | 9.040 | 9.058 | 8.644 | 8.458 | 8.592 | 8.456 | 8.740 | 8.467 | 8.624 | 8.429
Kk SPHC | 1L1IE-31 | 1IE-31 | 1.1E-31 | LIE-31 | 1.9E-12 | 9.6E-11 | 1.IE-9 | 7.2E-9 | 43E-5 | 1.1E-5 | 8.6E-5 | 1.6E-5 | 4.0E-6 | 6.0E-6 | 9.4E-6 | 1.IE-5
was 45 | 56.287 | 56.293 | 56.251 | 56.247 | 9.035 | 9.031 | 9.039 | 9.055 | 8.978 | 8.742 | 8.499 | 8.583 | 8.721 | 8.615 | 8.472 | 8.439
o ﬁj\ﬁﬁl 2.4E-6 3.2E-6 2.5E-6 2.5E-6 | 42E-11 | 14E-10 | 1.3E-9 | 6.5E-9 | 14E-4 | 45E-5 | 1.2E-5 | 8.7E-5 | 4.6E-6 | 8.4E-6 | 8.0E-6 | 9.6E-6
Wk S | 56.348 | 56.348 | 56.348 | 56.348 | 9.033 | 9.031 | 9.040 | 9.056 | 8.923 | 8.405 | 8.435 | 8.530 | 8.658 | 8.405 | 8.434 | 8.512
SPHL | 4.9E-32 | 49E-32 | 4.9E-32 | 49E-32 | 2.7E-12 | 9.5E-11 | 1.2E-9 | 9.7E-9 | 1.IE-4 | 5.7E-6 | 9.3E-6 | 9.5E-6 | 4.8E-6 | 5.7E-6 | 9.1E-6 | 7.1E-6
& | ¥ | 59.820 | 59.509 | 60.064 | 59.622 | 9.036 | 9.031 | 9.039 |9.058 | 8.674 | 8.693 | 8.530 | 8.516 | 8.619 | 8.586 | 8.530 | 8.447
ﬁLﬁE 5?%5( 7.4E-4 4.5E-4 4.8E-4 5.7E-4 1.2E-9 | 6.5E-11 1.4E-9 | 5.5E-9 | 1.6E-5 | 3.9E-5 | 8.0E-6 | 2.8E-5 | 6.0E-6 | 1.1E-5 | 8.0E-6 | 9.0E-6
Lk S| 61.713 | 60.861 | 61.511 | 61.376 | 9.035 | 9.031 | 9.039 | 9.056 | 9.092 | 8.738 | 8.476 | 8.456 | 8.688 | 8.588 | 8.455 | 8.456
THL | 6.6E-4 2.7E-4 5.0E-4 3.6E-4 1.2E-9 | 1.0E-10 | 1.5E-9 | 6.5E-9 | 2.4E-4 | 4.8E-5 | 1.3E-5 | 7.0E-6 | 44E-6 | 7.9E-6 | 9.6E-6 | 7.0E-6
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HoGa &b Iy, KEREr 32 2 ehiEsns.
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FEHED /NS VIO EEZ X2 2, RFE = &K
% = BB = BEEIR = 7 7 RELEGE = LBtk k3. ZOJE
ik, 7—XKEMD» 67— 2 M BIFIROEF £ —H L TW»
3. k72, RAZBNT, TRXTOMMEBEETEREENRD
LN, T — XKFR ORANER R AKIE D WIHMER E %
WEBOED p 3D TNV, £z, PIIMERE %A
HEE OB D p % BAFEREE SRR A B o Hg
D p ETHRET 2 &, BIESPRAIEL, 7 7 AEBIERELE
HEED HEPITNSWEER L. F72, BEEERD R D/NX
WHEZR L. ZRODRRP S, 77— KEMFEEZ W
WIHERE R, ZEICHRNCERTH 2 2 hbh b, R

Bk, BEERR) = (7 7 AELBGE, BLEBIR) vk 5.

HE, BET—22806FT L TaRELR&ZITVR RN,
IO DFNFERD S, NANR=RFTX=RDOFFHEL, X
D EDHS D7 - 2.

o ZZTORERITE, FEIEF O TRD AR LEEIEF
&, WP 5 ORIEMERE >R E i s BeE T
H5. BERDOS I P BEETHIEE A TORNY
B CRIRRD X v Ny y TR E § 2 L AR EL
5. FIFHEDX Yoy y TEEOFER I LAL—LOM
TEEDER L RIS 2 R,

BIFERD > > 7L b Y EE T, EERBE S 7 AMOH
JHED 172 XD H/NSRMEICHET 2 Z e R, %
7o, RIRMFERREEAE TR, FERRE S 7 AB o hED
12 D bRERMECET 2 Z LRI NS.

EREE ORBAEEIEN RN 72 5 FIREIRKIETH 5. %
7z, T — RIS WIAERE > %R O FE TR
EPRESFEALTED, 77— XKEHFRIFEF RN
WEHTHZ WA 2. UIREEOFERHEEZ RT 2, (&
FE, BKIE) = (BEE, BUERE) > (7 7 AELEGE, SLEGE)
eiRB.

s IR EEDOE W, BEFHAEICKREIEERZEZ, 2K
DREAVHECOHEL X 2. FIEEEDE VD, %

915



HIRE & B (HARFIBEIEH 7 7 ¥ 1 #23E) Vol.31, No.6, pp.908-917 (2019)

oA

e

D> > 7L b VAR DA A 52, AR X
UNTy TEBO¥EE IV L OWEE Y 72 5.

5. &HDHIC

AT, BAEHEERWEEEMOGEA T » 2 4 #
FDANA =0T R =R DFFHEICOWTifkam L7z, BAER] 2
5, FEERLHREDR, FREFOREZHL»ICL, &
S RNRI IR F BRI 7 7 A OHIMED 12 2 LEWHEE T
% Z e R BN RI R W E R 7 — ZRERFIETDH
Z¥, RO, ARANREBNERFRIVIEHER E R IAE2E -
MRS EEETH D e 2Bz, £, RO > 7L
b UEEDRERP NG Z DENKE L, WIFERD X >
>y TEROEEIIL LAL— L OWHRBRDO BRI E N L %
B/, LHL, KX TOBET—&»B063LdHokELE
LIV RVWDT, 5%, RARELZROBET— &% H\WT
NAR=RIXA=RDFEFHELZ X HIHIET 2 & & BT,
T LN A R=F X=X DFEFHEEEI L, EEDS
X — VS HEOHEFNISHA LT, EEHEORBRE 7 » 2 4 HimD
B RTREME & MREE S 2 EDID 5.

> >
[,

E>3

=

2 X B

[1] L.A.Zadeh: Fuzzy Sets, Fuzzy Logic, Fuzzy Systems, World Sci-
entific Press (1996).

E.H.Mamdani: Application of Fuzzy Algorithms for Control of
Simple Dynamic Plant, Proc. of Institution of Electrical Engi-
neers, Vol.121, No.12, pp.1585-1588 (1974).
R RERFAD 7 7 2 4 Fl#E ISR,
#B, Vol.113, No.7, pp.466-473 (1993)
ok, b, BHR TV E B T 7 P4 HERO BB F 2 —
=V IFELREYEREADISH, HARZ 7 ¥ 1 % R3E, Vol4,
No.2, pp.379-388 (1992)

Y.Shi and M.Mizumoto: A learning algorithm for tuning fuzzy
inference rules, Proc. of 1999 IEEE International Fuzzy Systems
(FUZZ-IEEE1999), Vol.1, pp.378-382 (1999).

M.S.Chen: A Comparative Study of Learning Methods in Tun-
ing Parameters of Fuzzy Membership Functions, Proc. of 1999
IEEE International Conference on Systems, Man, and Cybernet-
ics (IEEE-SM(C99), Vol.3, pp.40-44 (1999).

Hite, 8 Mgy > o a#imERAVWEZ7 7Y 1 T E
BRI, HAY 72 4 2R3, Vol.2, No.3, pp.429-437
(1990)

AR, BiE, B D774 = lnieosx— 25, H
K7 7 1 %55, Vol.5, No.1, pp.74-84 (1993)

A, HE: 774 BN AT LTBI ANy TH
BoOFWE, > X7 sHlEERY25, Vol.10, No.5, pp.223-235
(1997)

BE, fadh, WE, BN SHoMRE W7 7Y 4
SNty NT—ZI2X %7 7Y 4 — O, FHIlEEHHIE
ERESCEE, Vol.32, No.3, pp.409-416 (1996)

C.FJuang and C.Y.Wang: A self-Generating Fuzzy System with
Ant and Particle Swarm Cooperative Optimization, Expert Sys-
tems with Applications, Vol.36, No.3, pp.5362-5370 (2009).
H.Habbi, M.Kidouche and M.Zelmat: Data-driven Fuzzy Models
for Nonlinear Identification of a Complex Heat Exchanger, Applied
Mathematical Modelling, Vol.35, pp.1470-1482 (2011).
H.Habbi, Y.Boudouaoui, D.Karaboga and C.Ozturk: Self-
generated Fuzzy Systems Design Using Artificial Bee Colony
Optimization, Information Sciences, Vol.295, pp.145-159 (2015).
[14] M.B.Gorzalczany and F.Rudzinski: Interpretable and Accu-

[2]

ERERM LS C

(3]

[4

—

[5

—_

[6

—

[7

—

[8

—

[9

—

[10] S
(11]

[12]

[13]

916

rate Medical Data Classification - A Multi-objective Genetic-
fuzzy Optimization Approach, Expert Systems with Applications,
Vol.71, pp.26-39 (2017).

(& bEHE]
T569-1095 KB bl i BALSFHT 2-1-1
BIPURZARFBE MG HMA IR b B

TEL: 072-690-2448

FAX: 072-690-2491

E-mail: ihaya@cbii.kutc.kansai-u.ac.jp
https://www.cbii.kutc.kansai-u.ac.jp

—F E B N

AT BB rrrean)

2019 FERPEREREE R 26, 2019 £
B R K EGR S IR FTRI A . B,
PR T 7 D 4 HERDANA R—RTFT X — KD
@, BXY, 73yt 2axy v
BTN ERE T — RO T 255

EHE. HANRERER 7 7 ¥ 4 ZRORE.

BeL nEs

w B ERH]

1981 4E KPR FFIL K2 T4 s TR 2r 2
%, ¥ v —7 () At 1985 £ KBTI K
' 2R PE T2 SRR B T2 S LRl HARR
BIET. MNTEREX BRFEAAFY=v
(BR)) B ZeiT 2 52 C, 1993 4EPR R KM
AR TR RN, 1997 R B
iz, 2004 £E X b B RER S IEREILRE
TEHREREEZ. 1997 FERiA—2 + 7V 7ML
K2 KES 18BEgEE, 1999 FKE AKX b >
KERZBE CNS 8IS, 2010 FKE R
2 b Y R¥ER¥BE CNS BB ZHZ . PikE &
EFAEHAOCEERETL, 77944 0K
TZx—A kB aRy b OHEMEEE
FoU, BIEEAT & R K — 2 MREE DO BT 28 I E TR,
T L. HARHIREE#R Y » D4 2 R2F 13
14 HEIRE, B 1SHaE. KEERETY
2 (IEEE-CIS), HAHIBEBR” 7» ¥ 4 ¥2,
HAMIRRIRR 2, HARREY S, HARER
DR O 2T AflEEREREORE.



HIRE & B (HARFIBEIEH 7 7 ¥ 1 #23E) Vol.31, No.6, pp.908-917 (2019)

Design Evaluation of Learning Type Fuzzy Inference Using Trapezoidal Membership Function
by
Honoka IRIE and Isao HAYASHI

Abstract:

Trapezoidal fuzzy inference is a general form of triangular fuzzy reasoning, that has proven to be effective at solving various
types of inference problems. When used as a clustering method, fuzzy inference allows for adjusting cluster boundaries with each
new datapoint. In trapezoidal fuzzy inference, both the membership function for the antecedent part and the singleton real value
of the consequent part need to be learned. However, in typical applications of fuzzy inference, there is not much discussion of the
appropriate way to construct fuzzy rules as a design problem. For example, when coding program, it is not clear how to determine
the learning coeflicients of the membership function and singleton, how to set their initial values, or how to schedule the learning
sequence of the various parts of fuzzy rules. In this paper, we frame the problem of parameter adjustment for fuzzy rules not as
a tuning problem but rather, as a design problem. We focus in particular on how to learn coefficients both for the membership
functions of the antecedent part and the singletons of the consequent part, how to set initial values, and how to determine the learning
sequence of consequent and antecedent parts. We start with a definition of trapezoidal fuzzy inference and introduce the steepest
descent method for adjusting fuzzy rules. Next, we propose six new methods for initializing parameters, and five ways to schedule
the learning sequence. We discuss the accuracy of the proposed design methods in light of quantitative evaluations performed on
sample datasets. g

Keywords: Trapezoidal Membership Function, Learning Type Fuzzy Inference, Hyperparameter, Design Evaluation, Significance
Test
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