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1 Error Due to Difference in Learning Sequence
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0.1 0.4 0.7 1.0 0.1 0.4 0.7 1.0 0.1 0.4 0.7 1.0
| 29.674 | 29.532 | 29.606 | 29.571 | 8.676 | 8.676 | 9.040 | 8.676 | 8.770 | 8.653 | 8.574 | 8.460
J7HU | 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
K | 30.131 | 30.070 | 30.133 | 30.087 | 9.035 | 9.035 | 9.046 | 9.035 | 11.339 | 10.803 | 11.093 | 9.574
/N | 29.384 | 29.403 | 29.399 | 29.426 | 8.171 | 8.171 | 9.034 | 8.171 | 8.171 | 7.809 | 7.902 | 7.699
35| 29.582 | 29.661 | 29.547 | 29.529 | 8.740 | 8.740 | 9.040 | 8.740 | 8.888 | 8.469 | 8.763 | 8.447
o J7HA | 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 | 636E-6 | 5.18E-5 | 1.37E-5
R K | 30.143 | 30.127 | 30.113 | 30.191 | 9.033 | 9.033 | 9.050 | 9.033 | 12.820 | 9.110 | 12.084 | 9.567
/N | 29.388 | 29.366 | 29.389 | 29.402 | 8.341 | 8.341 | 9.034 | 8.341 | 8.341 | 8.060 | 8.141 | 7.679
9| 29.551 | 29.572 | 29.651 | 29.587 | 8.721 | 8.721 | 9.039 | 8.721 | 8.978 | 8.742 | 8.499 | 8.583
JTHA | 4.74E-6 | 5.60E-6 | 8.84E-6 | 6.02E-6 | 4.64E-6 | 4.64E-6 | 135E-9 | 4.64E-6 | 1.40E-4 | 446E-5 | 123E-5 | 8.73E-5

HIIRCIE

T
B
b

LGNS

wE |
K | 30.151 | 30.114 | 30.130 | 30.140 | 9.036 | 9.036 | 9.048 | 9.036 | 15.075 | 11.812 | 9.627 | 13.370
/| 29.399 | 29.419 | 29.406 | 29.407 | 8.245 | 8.245 | 9.034 | 8.245 | 8.245 | 8.163 | 8.044 | 7.945
| 29.560 | 29.504 | 29.497 | 29.610 | 8.658 | 8.658 | 9.040 | 8.658 | 8.923 | 8.405 | 8.435 | 8.530
EE 7L | 4.15E-6 | 2.81E-6 | 1.81E-6 | 6.87E-6 | 4.75E-6 | 4.75E-6 | 1.22E-9 | 475E-6 | 1.14E-4 | 5.67E-6 | 9.26E-6 | 9.49E-6

K| 30.115 | 30.132 | 30.129 | 30.119 | 9.034 | 9.034 | 9.048 | 9.034 | 13.364 | 8.802 | 9.074 | 9.420
/N | 29.429 | 29.400 | 29.387 | 29.404 | 8.353 | 8.353 | 9.033 | 8.353 | 8.353 | 7.813 | 7.871 | 8.008
S| 29.805 | 29.657 | 29.528 | 29.522 | 8.619 | 8.619 | 9.039 | 8.619 | 8.674 | 8.693 | 8.530 | 8.516
VS S7HL | 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
AR %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
/N | 29.415 | 29.408 | 29.401 | 29.390 | 8.037 | 8.037 | 9.030 | 8.037 | 8.037 | 7.826 | 7.872 | 7.887
35| 29.553 | 29.604 | 29.499 | 29.532 | 8.688 | 8.688 | 9.039 | 8.688 | 9.092 | 8.738 | 8.476 | 8.456
S3HEL | 4.40E-6 | 6.99E-6 | 2.88E-6 | 3.93E-6 | 4.38E-6 | 438E-6 | 1.46E-9 | 438E-6 | 2.42E-4 | 4.85E-5 | 1.29E-5 | 6.98E-6
K | 30.111 | 30.126 | 30.153 | 30.131 | 9.041 | 9.041 | 9.046 | 9.041 | 16.094 | 11.644 | 9.538 | 8.968
N 29.415 | 29.390 | 29.361 | 29.384 | 8.271 | 8.271 | 9.032 | 8.271 | 8.271 | 8.043 | 7.938 | 7.826

ALEE

2 Comparison of Two Learning Sequences

T, K, fh i x1072

R . WIMMHEELE — B8 — Wit WIMMHEELE — B8 — Wit s BoEs
0.1 0.4 0.7 1.0 0.1 0.4 0.7 1.0

iy 9.030 9.030 9.038 9.054 8.676 8.527 8.505 8.442

e Sy 5.10E-13 631E-11 1.0SE-9 6.60E-9 6.03E-6 1LO4E-5 9.42E-6 9.09E-6
fnviibes

IoN 9.030 9.032 9.044 9.070 9.035 9.032 9.037 9.061

e/ 9.029 9.028 9.031 9.040 8.171 7.809 7.902 7.699

B2 9.030 9.030 9.038 9.052 8.740 8.467 8.624 8.429

s an:id 591E-13 3.66E-11 7.70E-10 6.42E-9 4.02E-6 6.04E-6 9.45E-6 1.06E-5
S ¥NFS

K 9.030 9.031 9.045 9.066 9.033 9.030 9.046 9.068

BN 9.029 9.029 9.032 9.037 8.341 8.060 8.141 7.679

g 9.030 9.030 9.038 9.051 8.721 8.615 8.472 8.439

mE ax:i 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

FUN 9.029 9.029 9.031 9.034 8.245 8.163 8.044 7.945

i 9.03 9.03 9.038 9.052 8.658 8.405 8.434 8.512

o Pai/ 7.89E-13 8.45E-11 1.21E-9 4.61E-9 475E-6 5.67E-6 9.10E-6 7.09E-6

R 9.030 9.033 9.048 9.063 9.034 8.802 9.035 9.069

FUN 9.029 9.029 9.033 9.038 8.353 7.813 7.871 8.008

iy 9.030 9.030 9.038 9.071 8.619 8.586 8.530 8.447

Vo SHL 3.67E-13 3.88E-11 9.69E-10 9.58E-7 6.02E-6 1.09E-5 7.97E-6 9.04E-6

HLEE K 9.030 9.032 9.045 9.597 9.042 9.031 9.023 9.063

FEZN 9.029 9.029 9.033 9.043 8.037 7.826 7.872 7.887

B2 9.030 9.030 9.038 9.051 8.688 8.588 8.455 8.456

Tk L 3.59E-13 4.80E-11 1.26E-9 3.68E-9 4.38E-6 791E-6 9.57E-6 6.98E-6

fON 9.030 9.032 9.048 9.065 9.041 9.031 9.046 8.968

e/ 9.029 9.029 9.032 9.041 8.271 8.043 7.938 7.826

W= K BHETEL TR 2R FE e LTRLT. V. JIFERD X ons oy TR, BRI O VIV DS

F7, MERIEF KoV THmT 2. R1IKBVTT, BF2  JROEHERHELTVWR2LWVWAEDT, Y7L UHRER
RUNER 4 OYARERICHHREEE 3258 L IEF 3 T TRREEHINTORVWEM THEIRE S L To iz e
lER 5 O EE T 2858, R, EF 1 OfERERRKE ZokVeEZIoN2. ZOMBEIE, T X — XL/ O RHEF
¥RETIHEOBETIEEL KT 2, HOPICHIARE @ 22RTHRT I ZARRETIEIRL, HATHRT IHA
BICHIFZAE T 2HEEIRE V. fIRIX, AR OR BHBREOFETHIDHI2 VRS, Thbb, WiFioEEIX
Z2PMHEIZ 0.29497~0.29805 TH b, BRIFEHFED 0.08619~ &L AL —LOMFRHEOREK L RS 2 5BEW. —J7, A1
0.09040 RIARAFEZ HFE D 0.08405~0.09092 & b d K& EEROBREMEE LML E¥E L KT 2 &, #itk
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# 3 Comparison between Initial Setting Methods
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B AR O DA IED/NZ V. Lh L, IREOTH
T, BIRERREEROFDPREN. FlZIR, BRIFHEED
H/NiE7413 0.08037~0.09034 TH H, A4 1Z 0.09033~
0.09050 TH b, 47HLiZ 8.92E-10~6.03E-6 TH %75, HithlF
R HEHOR/NEEZ 0.07679~0.08353 TH b, HAEA
1% 0.08802~0.16094 TH b, 73H#l 5.67E-6~2.42E-4 TH %
DT, BRI EEEOHPEAEDESLDENKEN. Zh
5OBM S, EFE 3 RIEF 5 OBRAAEOF D, MEIERF
| DY EZ ORI R EEE & D b EMNITIREI/NE
{2774 N—NEBBEIENTES. 52, TOEE
FNCHEZED/NE K 2 BEF 3 L EF 5 2 L=00% 2 T
H5. COUHREETH - TH, EF 5 OWHIERE %L
B iR R B O, EF 3 owHE
RESRIREE SRR E OBE LD /M. Ldio
T, SEEOEBIEFOHT, EF 5 OPMIMERE &I
BRI R HEENRD L VEH IR W 5. £33, %
FHEFZIEF 5 © L5E, 9HIERED b Zh2ho 8
BETo 30 ITOMEEEHEICOWT, PIHEBZE LMD
FEPEROTFICHEAKEE 0.05 Dt METHREREZRD
HEE «HITRLTED, 28, EF S5 ozhzho
FEBETO 30 BITOREFIIEOR/IMEL £ L DTRED
FEEZEITE LIERTH 5. BEHEE TOVHRELED T
WTIIERRADRD 5D, Wi EEETITERR
EHRRD LN o7z, —TF, 2EEETIE, YIHHREEDOR
EVHEICERRENRD SN, TRODMEDP S, FIWIE

EEDEWE, BETEHICHEEEX 20, FiFRE I
HEDFEREGZ TR, E72, BEREEANDHEIZLA
DREPHEICDHELREZ TS, 351, £4IZBWVWT
OIAMERE RS O D p E, N, BATREE -
BIFMEBROLED p EH2 S, YELD METHRTH S
B, OIHAMERLE > RIFEE Y O o p [HO BNV, K
12, MFRERBAIED 7 — ZARTERTFIE R CBEE L O WA E
E->BAEREE OO p HHED THIW., Zh s DR
D5, PIEMERED SHBRAREE OBRIET, 773 4 —H
KELFEFINTWBZbhb. Thbb, I TORIHE
T, 77 Y4 =L DB, BSOS I
DEREFONEGZ 2HEPKE L, FHFHRDO X N>y TR
D¥EIE, LLALV—LOWHIAEDOEERI RN WZ S,
Rz, MPEBRFRBY COWTHRT 5. R53FHIETFS5 0%
HEBRMTOMEVIHE L TEER L, 2FR¥E OREFSHE
CAEERT. £S5ICBVT, BAEE T, BEEEEED
B/MEE 2T O EERE T EHRED 0.4 D 0.09031 TH -
Jo. ZORI/PNEREREFIEE, 2 TOYRRELTHY
¥ 0.1 @ 0.09033~0.09036 TH - 7=. A FIED IR K
fEl%, 2 TOYIALLEELTHEFREDY 1.0 D 0.09054~0.09058
Thotz. £, DEHRE V. FEEERED 0.7 DBED, M
FPMEIFZRE L TS RE WV, AFEFL LTHID BT 7=
F—XTIE, 27 7 ADEDEIZ3.0-20=1.0 2 K->TWV
20T, ZhoOfR» S, BIEHMOS 70N bV EED¥E
REZ, 7 ABORBHEDED 172 &) /NS IR ET
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# 4 Comparison between Learning Processes

; " 0.1 0.4 0.7 1.0
DI sk pfa |HEW| pfE |HEME| pM |GEME| p#HE | AHENE

ek VIHHERRE — B 1.05E-155 * 6.01E-134 * 1.26E-118 * 2.78E-107 *

BIFRE — BRI EE | 1.15E-8 * 2.57E-9 # 2.25E-10 * 5.04E-12 *

s WIRERLE — BefHihe R 1.55E-158 * 8.92E-134 * 3.48E-118 * 1.31E-106 *

SAIK B — AR A HSE | 2.60E-9 * 5.21E-13 * 1.48E-11 # 3.33E-12 *

s VB E — RS 9.36E-74 * 7.17E-72 * 1.27E-73 * 5.50E-74 *

B E — B HYE | 1L11E-8 * 1.53E-8 * 8.46E-12 * 6.91E-12 *

Wik HIHERRE — RIS 6.10E-160 * 1.78E-137 * 2.35E-121 * 2.51E-108 *

HAHREE — Wi HSE | 3.40E-10 * 1.37E-14 * 8.08E-12 * 3.09E-12 *

25 2 E LBk VB E — RO 1.98E-38 * 2.00E-41 B 2.81E-41 * 4.33E-40 *

BIFEREE — iR HAE | 3.48E-10 * 5.27E-8 * 9.77E-11 * 4.53E-12 *

Mk WIHIERSE — Ry 1.37E-39 P 6.24E-45 * 2.20E-41 * 7.84E-44 *

RAFHREE — BRI ESE | 5.83E-10 * 2.28E-9 * 3.36E-11 * 2.74E-13 *

%5 Error by Learning Parameters and Initial Setting Methods

¥ x1072

i | mproe HIHEE BpEEEE R H A E eI
VIRRCEL | BUE 0.1 0.4 0.7 1.0 0.1 0.4 0.7 1.0 |01 | 04|07 |10/ 01 ] 04] 07| 10
@Rk S | 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
SPHL | 1.2E-32 | 1.2E-32 | 1.2E-32 | 1.2E-32 | 2.5E-12 | 7.8E-11 | 8.9E-10 | 5.4E-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
- 45 | 44.511 | 44.511 | 44.511 | 44.511 | 9.033 | 9.031 | 9.040 | 9.058 | 8.644 | 8.458 | 8.592 | 8.456 | 8.740 | 8.467 | 8.624 | 8.429
57\’55( 1.1E-31 1.1E-31 1.1E-31 1.1E-31 | 1.9E-12 | 9.6E-11 1.1E-9 | 7.2E-9 | 43E-5 | 1.1E-5 | 8.6E-5 | 1.6E-5 | 4.0E-6 | 6.0E-6 | 9.4E-6 | 1.1E-5
wk S | 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
HL | 24E-6 3.2E-6 2.5E-6 2.5E-6 | 42E-11 | 1.4E-10 | 1.3E-9 | 6.5E-9 | 1.4E-4 | 4.5E-5 | 1.2E-5 | 8.7E-5 | 4.6E-6 | 8.4E-6 | 8.0E-6 | 9.6E-6
s 45 | 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
E}Etﬁ ﬁf*ﬁﬁ( 49E-32 | 49E-32 | 49E-32 | 49E-32 | 2.7E-12 | 9.5E-11 1.2E-9 | 9.7E-9 | 1.1E-4 | 5.7E-6 | 9.3E-6 | 9.5E-6 | 4.8E-6 | 5.7E-6 | 9.1E-6 | 7.1E-6
752 | ¥ | 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
HLAGE THL | 74E-4 4.5E-4 4.8E-4 5.7E-4 1.2E-9 | 6.5E-11 | 14E-9 | S.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
. T | 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
EL%I& 5‘?%5( 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

eI NG. —7, WA HEE T, RETY LT, vIHREEOREAE R, WA, RKE) = (#

EA RN L 72 2 2B FE0Z 0.7 R 1.0 DBERZ V. BitkEH
TH2EBTIE, WiFEDRX Ny v TR RO > 7
b U ERHIIZHE T 5DT, BRSO HEBIIRIHET D X
Ny THBOYE RS BN EDZRERH Y, B
HoLE XD BN, KREREr T2 er#Rxns.
BB, THIHIEE ) CoWTH#ERT 5. R S5 OLKEE
BWT, EETHEI RN 12 2 YIRLE XX 0.08405 OBEE
ETH 2, WHAMERER T R O FHE O R/ MEITAFTIE
D 0.41550 TH Y, WAIED 044511 1ZZ UKDV T/NE W,
—F, WIMERER TR OB T IE O ROMEE B R
0.1 OEEIED 0.61713 TH Y, 7 5 AELIEHS Z TR T
KEWV, BEEYBEERIZOFRICET 3. Leh->T, i
ZFEO/N S WIEICHIIRCEE 2 MR 2 2, AL = &k
%= B = BRI = 7 7 RELEGE = Bk k5. ZOJE
&, 7—XKAFED & 7 — XM BIFROIEF £ —8 L TW»
3. %72, RA4CBWT, TRTOVHIRBETEEEST
LNTW, T — XEEFBLORMANERL R KB O VIHIERE—~ R
HEB OO p HIZHD TNV, F72, YIEE-RLE
A E OB D p % BT E R R B 2EE o Mg
D p ETHRET 2 &, BINERPRAIEZL, 77 REEBEREE
EEDBEPITNIWERR L. £, BEEED PR DX
WEERLEZ. TOHDMERDNS, F—XREFHFIEEH W
VIMIERE R, FEICHRICERTH 2 2 hbh b, R

v
o

0y
P

Bk, BEER) = (7 7 A8LBGL, LB0R) 725,

ME, BEF -2 F LT oRE LR EIZVARVA,
NS DENHRERD? S, NA =T X —ROFFHIEL, X
DEHBHL IR 5 2.

2z 35

ZCORERITEX, FHIERF O TR AR ETIERF
X, B 5 OFIIMERE >R E i By s T
Hb. BEFDOS V7N N RERTFIETFIR TR
B CHISRD X oy y TRIMEHE 5 LA K EL
R5. HIEHEDO X oy y TR OEE I LA L— LD
RO ER L BT 2 DR,

B OS 7N s R TE, EERRE S 7 A OH
JHMED 172 XD /NS REICRET 2 e RIS, %
7z, AR EYE T, FERENE S 7 2O IED
12 XD b RERMEITHRET 2 e RN 5.

EREE OBRFETFIEHED RN L 72 3 FIREIRKIETH 5. %
7z, T — R FR I HIHIERE >R A o fE ol
ZDPRELHMPLTEBY, 7= XRERFRIIEE RN
KEHTHZ VW2 5. YIiREROERAEERT L, (B
L, mRE) = (B3, BLERE) = (7 7 AELEGE, &LEE)
LiRb.

s WIHARLEILEDFE W, BFHAEICRELSEEEEZ, 2K
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o> > b U DEERDANEE L5 2, Bt X
Ny TEBOERIN - LVOMHFAE L 2 5.

5. &bDHIC

W TIE, BHRPHEEZHCFEUORER Y 72 1 #
FHDANA 78=08F X — RDBREHEIZ DWW THER L 7. BEE2
5, FERBCPEE, FEEFOREEZHS2ICL, K
SRR LB R 7 7 ABMOHIMED 12 2 L g WEE
% e REEIHRN AR E R 7 — XK TFIETH 5

b}

VEBPERERONG 2 ZHEPKEL, HHEHO X N
vy THERO¥BEO LAL—LOWEREOEKRIRNZ ¢ 2
{7z, LI L, KX TOBMET — 250563 LdTniEL &
LW RWDT, S, HaARnErBOMET—XEHWT
NAR=RITR—ROFFIEE IO T 2L & b,
T LINA R—RFT X —RDFENEETEP L, EBEDR
2= FREOEFNIICAL T, FHEROBHE T » 2 4 #HiwmD
JEFRTREME 2 MEES 2 D ED D 5.
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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 coefficients 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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