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Separate Fuzzy Regression with Fuzzy Input and
Output*

Seunghoe Choil

Abstract

This paper shows that a response function for the center of fuzzy output may
not be the same as that for the spread in a fuzzy linear regression model and then
suggests a separate fuzzy regression model makes a distinction between response
functions of the center and the spread of fuzzy output. Also we use a least squares
method to estimate the separate fuzzy regression model and compare an accuracy of
proposed model with another fuzzy regression mode! developed by Diamond (1988)
and Kao and Chyu (2003).
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1. AE

ATl AAATAN LA BLE AR FEUS SIS A
o BAE AFINL, T Wso] H ARE o83 AJH 2R 2HeHT B4
+ & 3] AE A (regression analysis) O]E} st} A BN = %tﬁ o] IFgS
W= 2EUSE BAE 7] 93] 3] 7 2 3 (regression model)

y= f(z,0) +e

€ ol 88th JUIA 2E SHEF, yE FE5UT, 08 FART, & TAF 232 5}
1, f(z,0)E w3 gt 31—7‘3—5——1”]/‘1“ 78‘-&—}3‘}7“ E38 5 U= FEUTYR F
A4 Aol SAHA #AE BN wetA FHUSUY SEAFE A 4
4=(real number) 2 XY 4 YAYU Z2 F Hp7 EFAAYE @3 1S A5
ENEL IAARY S ATt of BTt

Zadeh (1965)+« cfujst R &8 EF oY FHES AEst7] 93t HA o] &L Al
obaty AF3He M, Tanaka 5 (1980, 1982)-2 # A 01%—% AR =438t HA
3] 28 (fuzzy regression model)

Y; = Ag + Aiz; (1.1)
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EALo2 2P 471N FYES ois D501 D IAAF i = (ai, b, 7o) 1r %
FERSYi = (i, by, 7y ) LrE LR-F Aol Th
LR-H A5 A = (a,la,72) 1R 2% 34 (membership function)&

Ly (a—l_—ﬁ) for z<a
pa(z) = { :
Ra (xT

a

a) for z>a
oli, GRFIHAA)FS La(Ra)E
La(0)=Ra(0)=1 & La(1)=Ra(1)=0

= UEF o) of LR-FHA|F A9 Aol 53, 9 r, & 742 LR-H A5 AY
AEN} LEZY Folg} gt} Wk Ly(z) = Ra(z) = 1 —2z°]9d LR-HA$ A 47
HATHL FED (a,la,70)r 2 20 EA ST}

HAFARE (L1)AMAE ST 2,9 ol S7150E 494 1.9 9&F7 ¢
% Zo] 3718t HAZFHARY ] g B A o] F7138) o9 22 EAE 3
25t7] 93t Chang® Ayyub (2001)2 3 AAG7F Aol EJ W47 LR-HAAF
Xi = (Ti,lz;,72,) LR T 22 HAZARHE S 2780

Y, =a0+ a1 X;. (12)

HAAZARY (1.1)F (1.2)& FA37 1519 o 74 P o] A A A Kaost
Chyu (2003), Savic¥} Pedryzc (1991), Z12] T Tanaka $(1989)2 A H H A4 =&
HAazlols XA A Q) Y-S $R 3 o) =3 Diamond 2} Korner (1997), Chang}
Ayyub (2001), 28] 2 Kim>} Bishu (1998)%= #3% 5 x| 49} &5 52|49 22 3
235 TAFA PHE AR

HAZARY (1.2)9) FAAFE HAF7) ofd Afolug EYPuss F4HHs
of thd £%53471 548 FH otk 28y} Kaog} Chyu (2003)7} AF3 A4 Y 9
AYALGNME FTHATL SRS 24585 Fuj7t QAR B A7 2A
gt =% HAIFARY (1.2)x AAFQA $5859 Zo tid k33471 4o of
o WSt A AT AL 5 Utk 2By 455 FA gl 3
ARGl Fo h& ) ARYN V=] YX3A] %=rh(Chen (2001)E FZ). LR-7)
A7 FE5AF FHT Zol A IS/ AANH{ES AR ALY S A=
AL F4E AAFIAREY FFHE AFT £ oz Y22 JRNIARFES 9
T+ d87 It

E =8dAE 345959 SRV LR-FHRA S0 3, 3 AAS7 A4 5A)3F
ALFY FAF Fol e g7t XA F2-E AT FH5EFY FA43
FA AT AR L FET SHAANI ARG S 2MSh H2AFHEE o235
HAANARZ L FASL A E 0] 83 B =894 AN SHARNIARF
’§ 24 & Daimond (1988) 2} Kao$} Chyu (2003)7} 3733 3 A3 A 28 3} 6| Z3hch,
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2. YA ARY

E ZoA e HAF FAMN 2L o83 SHAAIARYE L 433, HAAF
HE 0] &3} 11]°P% EYAANI ARG E FH 8= PP S 478

HAF A9 a-FEJTL 25859 Fgol ot 2 FY T HY oz HogHAL
LR-HAF Y9 a— -’F—’#%‘J"J Yi(a) = {z|py,(z) 2 a}& Tl yiol1, 483} L X
Zo| 2471, Ly ()9 ry Ry () Q) A7 [yi — by, Ly (@), v + 1y, Ry (@)] o) B2

Yi(@) = (33, by, Ly, (z), my. Ry (2))
s} Zo] BAY + Aok I LR-FA4 ;9 1-+EA 8 04238 22
Yi(1) = (3:,0,0) 2+ Yi(0) = (i, lyis Ty,)
olt}. et HA4Y a-FEFEL oS3 AXAARY (L.2)&
(yi, 1y L7} (@), 7 By (@) = (a0 + @124, 0100, L3} (@), 0174, R ()

o Zol BAY 4 Yt} o] AL FAE HAARI Y a—*’?—%@'ﬂ’q] sS4 4
@ A, 283 LEZE EAL 7187171 dXdtE AL ondd. 23y HA 59
%%‘J'?J— T A4S 947 4, a8y ia% Z3e tig FAAST} v
“—/\l X AL ottt g dAe AAIARG A A a-FEF TS SHH
F EF g FAZL REEA] XA kS-S RAET
OlAl 2.1 Freund (1992)= A @A A (Y;) 3 A FFHAZHX;) o thE BAE 2AS
%ot & 2.1-& Freund (1992)7} zﬂ/\la} A8 & LR-FH A5 A4 A T2 438 A8
olt}y. LR-H A 42l ¥;9] 2&434

Ly(z)=1-2°
s}

Nl

Ry,(z) = (1+7z)

olt}.
= 2100 ANE 24 (2,00 o AT ALY dobe

T L EE(UF) Bo) W Pt
ly, = 1.32 + 0.67l, (ry, = 1.57 + 0.67r5,)

ot} AL FE WS V9] ST Bol T 71&717H A SAHA Gt AL B
o), Sauol 0 345 2ol /12717 AN G A AAIA=T (122
A £ AS Abole] BAE AWHE AL ANAAZYY AL BAND 5
STk Wekd olsh 2L Aol ARe AANARYLS A7 B2t ek
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I 2.1: X34 Freund 9 A&

Xi = (miyl:l)iara:i)T le = (yivlyuryi)LR

(4,2.1,1.8)7 (31,3.03,1.9) .
(9,1.1,2.8)1 (58,2.43,1.5) .5
(10,2.9,1) (65,1.27,1.8) Lk
(14,2.8,2.2)7 (73,3.94,2.1) L
(4,2.8,1.2)r (37,3.64,1.9) 15
(7,1.1,2.3)7 (44,1.03,3.45) L

(12,2.7,1.7) 1 (60,3.31,1.95)
(22,2.9,2.5)1 (91,3.37,0.25) L5
(1,2,1.7)7 (21,4,0.25) .
(17,2,2.2)7 (84,2.2,5.3)Lr

35959 SYWE7 AA4A AANARYE 2] Asted B =RA
AAHAR YL AN

rlr

Y, = F(X;,0) + E; (2.1)

2} 22 = 5] A 3] A 2 3 (separate fuzzy regression model)-& A Z}3tc}. o 7| A F(X,,0)
= (f(X;,0),9(Xi, L), h(Xi, R)) g O1 3L E; = (es,le;,Te,)ppEe A LA OITE =8 &
£f9 g, 283 his AZMEF013 C = (co,¢1), L = (lo,h)F R = (ro,m1)NA ¢, i 2
2] r;i(i = 0,1)& 72t Aol
B folg, AR A ER AYolA lg=ro =08 1=l =r =a; S BF3H
=dHANARY (21)
Yi=a+aX; +E;

Bl #0lAY FEL rg #0012 e =l =r =101 SHHA

©
m
3
)
o2t
i
K
o

Y; = (co,lo,T0)Lr + 01X + E;

o} X gt &, AAIAARY (1.2) SEHAIALE (21)9 SET Avolnh B
=R NE B4 fohg 22T At BE MW Ao Az

EJ9AAREY (2.1)9 AAASE 23 Pl ot gotEA 44
A% Vo) 2485 E BED FAAF ) 25859 I Feolu 239 HA
£ 7.9 347 22 2339 Ak F HA5 V9 F(X;,0)9 2208 4749 5
Az 2oz F4F 0} k. ot F A Y Yi(0)% Fo(X:,0)9) A9t 5% HA A
E9) 0-523F E(0)9 2718 Fodae P02 SUANIAREL 34+
Q). o) & $)8 Kim3} Bishu (1988)7} A A& H2AFHH A5 S 22 8
23] 543k Savicy} Pedryze (1991)9] 22HA W8 & o] 8-31AL
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1A, SEHAIARY Y FA 3t ALAFFRZH (6, a)e
Z(yz —Cy — Clxi)2
i=1

€ HAZEH: WHoE 133, HAAFHE o83 FHs IAME 7 =
¢ z; 2} 8HA}

G+
20, EAHRAIARGEY QEZ AR Zo] U A2AFE2AZ (o, 11,70, 71)E
Z {(lyi —lo— lllli)Q + (ryi —To— lrlrzi)2}

& Hagsts PYUOE T, oA AXAARYS) F Fo NB ALAFSE
LR

lfji = - min{O, kz} + E) + Tllzcz 9‘}' T = max{O, k,} + 7/'\0 -+ ?17'2«;

o} 2ol B #A AZA ks = y; - Giolth

BE Uy, )i =1,...,0}% {(ry,ra)li = 1,...,n}& 0|83} 248 7R
g 1A 248 AN G = + G0l AL VA gomz 239
ANARY) B2 38 4% AeS SYHoIT 29 VR AA4F F
Aol MRAAA AR EASE 248 HA% Vo) LER(AE) Bo| 23
F HA5 FHETG AR(LEZ)o] AAE & Utk o9} 2L BAE A3
2339 SYANNARL ) RS 5017 A3ke] HAL AF(2EF) 2
I5.(r5.) & min{0, k;}(max{0,k;})& ol 83k 3 3tgich

239 A% Vol e A% 28% £, 293 4% Fo] @ 71 &717 dA 8
Ae=0=f=5¢% BEIY F3° AXIYALY

o
Y.=5 +51(2i, ey T ) LR = So + 51.X5

olth. J7A 8§y = (@o — min{0, k;} + &, max{0, k; } + do) ©| T}
o AAls £ 2.1904 AA R HARAAR e HAINARY S 3o

oA 2.2 AAHASA SYAS} LR-HASA S5 Aole] SYHAHAR
P 2N WS 35U S5 £5U4 $A Fus AR R =
2ol ANE SAAAAAZY G o831 T A4 Alole] AANBAE 24T 4 2
o}.

£ 2.10] 3017 A2 F4o) B HAANFEAF (,8) S THe T BT},

7 = 21.69 + 3.47z;



188

Seunghoe Choi

¥ 2.2: Freund®] At50)) tjsl =A%

Xi= (xi7l$i’rxi)T Y, = (@i’lﬁiarﬁi)LR
(4,2.1,1.8)r (35.57,4.59,2) L
(9,1.1,2.8)1 (52.92,1.03,9.02) Lr
(10,2.9,1)r (56.39,1.63,13.29) .
(14,2.8,2.2) (70.27,1.6,5.74)Lr
(4,2.8,1.2)r (35.57,1.6,3.76) LR
(7,1.1,2.3)r (45.98,2.43,2.13) .
(12,2.7,1.7)p (63.33,3.92,1.98).r
(22,2.9,2.5)7 (98.03,6.6,2.18) L g

(1,2,1.7)7 (25.16,4.27,1.98) L r
(17,2,2.2)r (80.68,1.33,6.53)Lr

F40) & AANE o) §3e] 238 HA5e F= o] @ AAE gL 2o

ly, = —min{0,k;} + 1.32 + 0.67,,,
ry; = {max{0,k;} + 1.57 + 0.24r,.

A7\ A k; = y; — 21.69 — 3.47x; 0] T}

o~

228 SYHANARYL o83l 248 4AHAS XSG LR-AAS T8 2
Az

3. AFARP 2 F{A

£ HoME 2204 24 SHHAAIARG o t e A2 AFFHEFE o] &3
FAE AAYIARG ) FFYE 2AH87] 918He Kim3} Bishu (1998) 71 Al A1 8 H =&
AHE3HaL, HAaAFHH HAFARE (1.2)2 ©]€3 Daimond (1988)9} Kao2} Chyu
(2003)2] 2} & =X FAE SHAANF ALY o g FFAL vl w3}

F349 HAAAALZ 9 F&FAHE vl 3t7] 139 Kim3 Bishu (1998)+& 42534
of B3t HEL ARl Kim#} Bishu (1998) ##" HX 4 V9 2433 HAA 4
Yol A8 % 25849 Ao gt AR oz e} go] BosAth

D ?) = [ lix(@) - ug, @iz,

-0

A AezRE 231 AAIARF T FFYE 2AE] H5t A=

MY, Y) =) m(Y,Y))
=1
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€ 3% 4 Aok 9714

e /j; lwy (2) — po, (z)ldz  for /_oo py, (z)dz < 1
m(Yi’Yi) = /_Z luy: () — py, (z)|dz

/ v, (z)dz
) —00

olth. = M(Y,Y)E B2 HA59 23 HA59 223849 T HAS5 Aol
Agel 4&g Tk A5 (3.1)9) gho] 00 e 4E 23E AAIARY ) AF
AL EUR & 5 Itk v A= FHE AAIAREY A4S = B1)E A
43t 493

Ol 3.1 Diamond (1988)+= A A (Y;) 3 7HAIST H(X;) ol T & BAE 2 A7)
A8t & 3.16] AAE AAHAFE o]&3td HAFHARY S FA3HA & 3.19
Fol7 zt5. o tig H A3 A=Y

for / by, (z)dz > 1

Y/ =a+bX; & Y?=A+bX;

€ $78}7) §5+9) Diamond (1988)= F HAIF Y/ (j = 1,2)9} a + bX;(A + bX;)Ato]
o A AFL 233 gL AH83H%c} Daimond (1988)7} 338 3484 A 1}
7HA% el g AR ARG L ofel} 2ok

Y} = 1.052 +0.147X;,
Y? = (1.201,0.18,0.18)r + 0.136 X;.

Diamond (1988)¢] A3+ 44| B LEFF 9% %, 23 FA) B
N2717 QAsHE A o uleh

F 3.1: Diamond9] A&

Xi= (mhlwmrﬂﬂi)T Y, = (yi’lyi7ryi)T

(21,4.2,2.1)7 (4,0.6,0.8)7
(15,2.25,2.25)7 (3,0.3,0.3)1
(15,1.5,2.25)7 | (3.5,0.35,0.35)7
(9,1.35,1.35)7 (2,0.4,0.4)r

(12,1.2,1.2)7 (3,0.3,0.45) 1

(18,3.6,1.8)r (3.5,0.35,0.7)7
(6,0.6,1.2)1 (2.5,0.25,0.38)7
(12,1.8,2.4)p (2.5,0.5,0.5)
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E32 #7389 HAIAALYY 3HA

Yi AYAH Hx
(Ve T8 [ (e T2) [l T
4 0.484 0.283 0.475
3 1.377 1.37 1.059
3.5 0.972 1.099 1.042
2 1.286 1.545 1.437
3 0.89 0.873 0.783
3.5 0.359 0.564 0.24
2.5 1.413 1.887 1.442
2.5 1.094 1.173 0.927
Total 7.875 8.794 7.405

B =RodA AXNE SHAANIAREY A YA T F3 T 7€
71 4A3HA ?%—— A 4 Atk £ 310 FolT AR FA A F2AFF
B (G0, 0)2 =4 2
279 HAx o] N G2 Lo U AFHE 0L 2oh

— min{0, k;} + 0.259 + 0.06l,,,
max{0, k;} + 0.401 + 0.046r,,.

ﬁ
<
]

A A k; =y; — 1.375 — 30.12z; °| T}

£ 319 FoI3 AR E 0|83t FAS HAAFARG e FHAAES 9|23}
f8 A= (3.1)F ol 83HAL & 328 AE B.1)E o839 vad SYHAINARY
7} Diamond (1988)2] HAZARF ) ¥ &AL HAET

Diamond (1988) 7} & & A 53 %% ol &3l A3 HAFARY (1.2)9 F&A
L 747} 7.8759) 8.7940| 11, H AAFF A FE 0] 83t FAT SHAXIARYY A
2L 740501t} o] A= HASF l %’:‘ﬂ#«l A Fo Qg WA E 5
Aoz FA%E Ao ¥ AFF £ Y& S HAEH

oflAl 3.2 = 3.3% Sakawa®} Yano (1992)7} S S5 A7) A4 HAFA
HARYL A7) A AN E AR I F 338 0|83k Sakawash Yano (1992)7}
248 A4 ARG

= (3.201,0.17,0.17)7 + (0.579,0.081, 0.08)7.X;

2} 2t} Kao%t Chyu (2003)x & 3.3 A|AA A5 T HARFE S A7) At
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I 3.3: Sakawa®} Yano?] A&

Xi = (@i o o) | Yi = Wir by, Ty )T
(2.0,0.5,0.5)7 (4,05,0.5)p
(3.5,0.5,0.5) (5.5,0.5,0.5)7
(5.5,1.0,1.0) (7.5,1.0,1.0)
(7.0,0.5,0.5) (6.5,0.5,0.5)1
(8.5,0.5,0.5)7 (8.0,0.5,0.5)
(10.5,0.5,0.5)7 | (8.0,1.0,1.0)1
(11.0,0.5,0.5)r | (10.5,0.5,0.5)r
(12.5,0.5,0.5) 1 (9.5,0.5,0.5)7

o HR 2 Fo st ALY FAE ©] &3 Kao} Chyu (2003)7F 38 5 A
AARY
Y} = 3.565 + 0.522X; + (—0.011,0.951,0.949)

2 249 A5 Trel 343 2o thet 71271 A AL dujch aBY F
3.390 AAIE HAA £ Zo 3 I AATY FAA AT 71717 AA S B
SES=S

Sakawa.$} Yano (1992), Kao%} Chyu (2003)7} o] &8 2tz o) o3 I ARH S 23
317] 93 SHRAASARY L o) §3A AALAFTH L o183t AT SHHAFA
239 F4d dE IJARYL

y; = 3.572 4+ 0.519z;
o 2o =3 231 HA5o) e B Zo| @ AL eFH 2ok

ly, = —min{0, k;} + I,

Ty, = maX{O,ki} + T,
A7NA k; =y; — 1.375 — 30.12z; ] t}.

E 342 A% (3.1)E o] 83l SHPHARIARY ] AFA S Sakawa} Yano (1992),
Kao®} Chyu (2003)7} A& SHASARZF L vlad Adolth. ALAFHES AL
o 2% SPAAIARF L HFAL 6.8330]|1L, HAZARY S o]-8F Sakawa}
Yano (1992), Kao%} Chyu (2003)2] 23| o3t 4842 217} 9.4317} 9.363°|t}. 7 A
42 FEWUTY 34T F AT IARYE A4 EFFHoE B ALY S
FA5E Ao A HAAARYET o FHYE 5 Y5S A2 EH §IF
4 Uth oA 3.17} A A] 3.28 T3t FAH FHFHAANIALF Y e BE HAF
ARgoz dwzlstr] A B =&lAM AANE SHAAGARG o hF TAH
A AAE ATt of gt
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E 34 F3" AAIARY ] B

Yi AEY A=

m(YVi, V) | m(¥:, V) | m(¥e, V)
4.0 0.633 0.974 0.684
5.5 0.453 0.702 0.154
7.5 1.613 1.683 1.645
6.5 1.165 1.111 0.767
8.5 0.770 0.848 0.596
8.0 1.977 1.603 1.189
10.5 1.368 1.508 1.156
9.5 1.452 0.934 0.642
Total 9.431 9.363 6.833

4 A

B ERAAE SYUSG $EU4T} HA4A HANARDNA B2 A%
A% S0 B N3FS7E AAHA L 5 ASS FASHYTE 29T F59
d 24P57 FYA5Y 2585 5YHolT, 248 HALY F4F B o)
&St N2 FRE SYAANIARYE 271030k SYARNN AR DL 23
37 95tel AaABEE 0§57, ¥ =2)A AXND A2 72| Diamond
(1988)S) KaoS} Chyu (2003)7} 33 % HAHAR YRt o AU 4 98¢ A
E5to] BAsgth g0z AR HAYARY ) B 3RYL K= A4 5
YRANARY el o FAH 4AL 47T Bast Aok

"D’E

of
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