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1965 Zadeh o] o3 £7/1% MAol&L AW 0EFY¢ E¢doz wAsgn §
2 UE AAYANY AFY 4 AHe HAEN Y¥ BAHAE ¢33 Y YooY ¥
Aase HAAYP] gy A A4S0 Eofrl M2 O AR 2ola U
2 EH HI =F o2 Laviolette$](1995) =& old] ¥ EE=E T ¥A4EF 4}
ole] & Aolgd B BHAFH . H B FAURAAEY WHEAE EFHL A &
£ ojxE HAol&e] FHL e B FopolAN BAFH EAIE dNY A ¥
Adrgio] ALHI U

HAMAANN A2 F2F Avjdle QFE AP A8e 7HEF FAGSHAY gz
IR A AA QA @ A48 &l Ad0Y ¥ dAse ANEE A W EE
FE FA7 B, ol Aol HAol8o] HFEN WAFE WIS A AEE W
HA E4 gL uiZz @ AL BP0 §olstuz FAEEY AREHY Y
gl Hd WP A2 FAHI U

agiy B d7dME AT BAHNER HAEE AWAHLE wdted UA ¥
A71Me BAR AR BAYYESE dE ALHE 243 ALY dHE A Y
2go] #std HAOE A Ee FEd L FAALE A¥MED AAE o3 AUgE A2
& HA AARYH 1 AHdTF R/ A8 @

1) ¥ A7 d7dotEy] 4% APAdel it SHHA L.
2) (712-714) A% 74N A3 Jag 158X, d7rAsa Ay $AYs RasF,
3) (712-702) AE A 8%E, ATFEAAIEEAGR N AAEL T Las.
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2. HAEAG HA ALY
2.1. HALFAR

WA, HAJY € ol g3 71849 o] FYJUYDE Fudn Ar[Me A
AARYE A W 4@ Adw 3] A% na g HXxx Ax 44 RY &8
E R EIAY (Convex subset)o 2 AFEHY 25U, zte HAIAYoln A=(ab,af)
R B EANUY, A71M L&FS

1 ,asx<b

R(—’f:jii)  b<x<b+ B, B0

ol @ L(-) 3 R(-)= [01] —[01]Y HIF7F &S50l L(0=R(0)=1 , L(1)=
R(1)=0 oltt. ol ¥ HAxAE LRY HAxAZG $23 g=b, L(-)=R(:) °|d U
HA AL F23 A=(q,0) 2 ENTG. ol HAxA sted 47 ALt @
of AHgHEH & A# AFAME 44 MAxAE dAez dta o 47 HAxA
A=(a,ap)9 2%

x—(a—a)

p ,a—asx<a
palx) = a+ﬁ-—x ,asx<a+ f
0 , elsewhere

olth. ol ¥ HMALALY AL AEFSF Pa( )T AAL QuiEin] HA HARY
g ddo2ME t-norm(triangular norm)€ € 4 . t-norm TE FZ [0,1]
A g Qa8 o T:H01] x [0,1)-[011¢ #FFEMH FYYH [T(TEy)z) =
TxT(y,2)], LBYE [T(xy) = T(yx)]& T Fsa v @gs: PeoldM BE xe{[0,1]4
d3td T(x,1)=x, T(x,0=0& =wx3:e ¥+ TE ¢ min(ab) , a‘b ,
max(0,a+b~1), 21831 Tu(a,b),

a b=1

TS a,b)={b ,a=1
0 , elsewhere

€ t-normE°l™ 53] Tulab) < T(a,b) < min(ab)d BAE %2 Y. Tw-norme
Hel A2§ HA ARY ALl A8 T-normol 97 HA&a ABY § C=Ad
B % & D=AQ®B & Zadehd &3 ¥3 (Zadeh's extension principhol 23] t}& 3 o]
A9 A4,

pc(2)= sup,—ysy TOAB(Y)), pp(2)= SUprer, TUAX)BB(Y)) .
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22 #HA YALY

HA AARYL FLHAFE U FAE & g€ 9 s dde2A Tanaka$)
(1982)] 3 £A=HYR 2 o]F 2 B dFEHAJt F2 Fussy Sets and Systemo] &
EHAY. AF7AA dFEHAE 2dy R5FAH Yol didd) £ Tanaka$)
(1982)°] 93 F&Ad5w HAxAQA HA ALYl &/ E ol 2l Tanaka(1987)e] £ 3
2de Zoy BEEA Wy g 7EE AA S, Sakawa®t Yano(1992)el £
ZL£Y50 EPUs 25 E HALAY 2dE AL By FHRAE GE ez
L% S At A Tanaka(1987) 2d¢ A/M&d gL 29,

Yi=APAxiDPAxD - DAy, i= 1,2, ,m

714 A;, 7=0,1,-,p, © HAEAL x;& EF HAXAI otd 4AFolt,
agln HAEAL RA(@®) & T-normFoAM minla,b)d AH&3ta ol 24
pc(2) = sup,— o ymin( pp(x), up(y)) & AHE3AT(e] QAL R o8N 7tF A F
ALg-EH oA ).

o] ol it olHME 7] Hsd VA A= 4§ FolEA(Chang® (1996) F}=).
YAY AuolM ude fgagyo HudedM der FAE gew AV #Y
e BHsaA v oY S ExAve AEI] 3G £ AW FH5
F7t HE AR EY g, & VA V¥R AlE, Yo, A, H2AEF d 8
of @3 enz AHI FFIHEVI/ 44 @9, 2 28L& FHUTH] BE
Pan izt Bt & FA4AF EAYHRY HA HARYE AMLsta &
Aagddg. a2y o A AAEYL Redden 3+ Woodall (1996)¢] XA R A Y
A3 AARYFAE oY WA REzST VEHLZ AFFHooF @ W] @Y o] £
AL BFFER A4 A&z 9.

Sakawa 9} Yano (1992)% Tanaka (1987) 2 €& gt} &4,

Y:"=AP(ARX)D - DB(A,8Xy), i=1,2,,n

CAQIlA, A, X; & EF HA<AElR Y, E BE HAL Y. &7M HA£AR
24, ¥4 ¢ TanakaZ ¥ ZA¢ FA4L Y FAF €209 F, minab)
norm & AHEEY HAxAR F4L 2 AV dARe g HAddE YE( Closed
form )2 WY2A Fevh( olFys (1991) 19 633 FA=x).

et o] Bl Ve A&Esro] Uy FEY e explicit form )v ZE& ¢
£3d vz 3¢ ¢ 93 = YENANY = gl

Hong # Lee ¥ Sakawa 9 Yano (1992) 9} 22 E¥¢ A& AT HALAL A4
€ min(ab) norm & AH§&A ¥ i Ty norme A& %Y. 2 olf+ Tw norm& AE
#u Y."7} HAY e Closed form )2 ZdolM vz dojd 4 317 dEo| &

A mYPA 2 Aol YEFAZ SujE 3 17] WEIH( Hong # Leed FX)
o]l 2g ol 8% AHITI 47NN FojAH.
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FAA AARYAHE BEAS} 2N A& ofd 2o YAW 2AE AT
2 ¥1 24Ae AT A4Re Hasse A2A42PWE 2 JBoE s
lom 29 Be Tt s ol8F 2Fol LAF o] FolH g adY WA
HARYL AN HAZYHE € 2 AR Al A2d FRE 98t W4y
B4ES $ALY BE AR P) FFE T2 A BN HA AARYL 2w
o SloiM BAN HAZYsE D AZolth Tanaka (1987)7F ALY 24 2Ry
& Folzl zold 2de FAN 428 HAXA V' ,i=1,2,,n 9 ARz

AEE UYetdE ¥ (B %9 §)€ A4 e $2AXNE Fohe Aol o] 2y
€ 71E2qeoz HYAHREASG 2L Fx& A Ho AEHIA ¥ 2AgE T
A 9. olg¥ 2433 BHE ¥IAM & W HANH Z¥H9 B FAF AAHa
i€t Tanaka (1987)9] At d7& 38 AWEA v ofefs} 2L ¥ 43
A& AL3HG.

Y:"=ADAxa®D - BAyx;,, i=1,2,,n
Q7N YL AE BU4d EF 4F SA<AZH o=449 dINE FALR
A;=(a,0) # ARG, 2W RAZAT QA A Vi =(Fria; 3] | 551 )
o WAMZ HAxA F1 ol AR AN Fold BEAEM HALA V&
Yi=(y,e)2A Y;'sbe 2o 289 24332 JA¢ & Jede & AR
3201zl a)# Axstarsl Vs ¥, o SlolM £%¥AE FolF h (threshold 3

PEY), 0KKL, & BANE Vel T V'S Pl Efsolo} Brke zdE
TIAZE AN (50 T Aol o] PUE AT oA AYAY £z 2
g & 9l

minimize ]=‘§’g | x5 a;
s.t. y; S)ga;x;—(l —h)e,~+(1—h)§ | 25| a;,
v 2 Bt (1-Re—1-B 3 | 5|

e #HA AARYL ;=0 HA AAASF FHA (Tanaka &4 Watada (1988) 9}
AT F2)E B71E st Y 2Ad H4HE JAHYNE dEFJo v 2
< FAE AR AARYANY I AGS AAEHA REHAY olAo] glti(Redden &
Woodall (1996) & =),

(i) ol® SYAFLFE ITHANY AAHN?

(ii) Y;" ¢ F3e] vix9 A Y, 9 T $AAN € & U&7 24 FEY $%

9] ol )?
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(i) ol FHEF gwol d@ FH5AF9 HEFY FAXN( A AAZWAN
£ EY|X=2x) )& o194 ¥ AN
Sakawa ¢ Yano (1992) A $19] EAME U@ dFL gid. @A FPA+F A
RAZY B} GuttE ZYE AL dAHE Y2 RYIAAE REAAQ a5-E A
@g o8¢ 255 EAE GFAG.
Hong# Leed] HA HARYNM FFAL otele AYAY A2 2%d F U4

minimize J= ’z“maxlsis’( lajlrs, | x5 @)
s.t.

¥i Slga;‘xii—(l—h)eﬁ'(l—h)mwclsisp( Lajl vs, | 251 @),
i Zlgaﬂi;"r(l“h)ei“(l"‘h)mxlsisp( Lajl rg, | 251 @)

A7 HAxEA A, X;E EF WA AgHALREcn:  A;=(a;,a)0ln
Xi=(x;, ry)elch.

4 AT

£ AANME Tanaka 9 Watada (1988)2] <A@ ¥ 31X Hong T Lee o] Z¥o] <%
243 A3 Tanaka 9 Watada ol A& vl 2zl g},

o2} AR Tanaka 8 Watada (1988)9] Al#|dF ARZAM Y, & &€ 4% A9
$&¢ BASE HAXA (v;,e)013 x; =& 7+ A 4 (output price index) / Y7+ A
4 (input price index) o3 7]EFEE 1975d¢lth. a3 x & HFAdA, xE 3H%F
4, xme AZY, vt AAIY, e AFAAY REoln.

(EDAA, e, & e,=9,X0.05° o# PE Aoz wadd & YAEE IHAx
Z7t obvth, WA vy, & RIA HATAZ 7] f3q d#Fo2 005& F3oq
30z HAEARY o2 AT,

gtol Al M43 TanakaZdel 93 ¢ 137 Age ¥ 24FFNE el gy
(Tanaka and Watada (1988)%=).

Ao=(626.0, 0), A1=(-150, 0), A2=(6.28, 0),
A3=(-6.32, 0.21), A4=(-185, 0), As=(1.28, 0).

a2y FYY A8 Y Moskowitz ¢ Kim (1993) & Zd3e ds 9. § HA
AARYAM e 2F3Y FAAM AAHAE AN 4% o7t 5 AT

Ao=(635.31, 0), A1=(-1.47, 0.02), A.=(6.85, 0),
As=(-6.83, 0.07), A4=(-187,0), As=(041, 0).
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(1)
Sample Year Input data Fuzzy
number i quarter X1 X2 X3 X4 Xs Yi=(yi ;& )(Yen)
Training 1 19790 1061 893 1116 833 891 (218.75, 10.94)
data 2 v 98.1 841 1044 780 888 (238.37, 11.92)
3 19801 89.2 76.7 1001 708 87.5 (243.38, 12.17)
4 I 9.8 71.1 95.9 713 817 (233.20, 11.66)
5 m 1017 689 927 70.4 805 (220.19, 11.01)
6 vV 1029 699 95.5 71.1 80.6 (210.76, 10.54)
7 1981 I 989 709 966 73.7 815 (205.44, 10.27)
8 I 94.4 704 954 748 834 (219.45, 10.99)
9 m 94.8 685  93.0 75.1 84.1 (231.80, 11.59)
10 v 98.1 68.8 93.4 75.5 838 (22493, 11.25)
11 1982 1 96.5 69.0 92.3 76.3 849 (233.05, 11.65)
12 I 96.1 68.6 897 1766. 854 (244.14, 1221)
13 m 939 682 86.8 76.2 85.1 (258.62, 12.93)
Checking 14 1982V 95.9 67.4 86.4 7.1 85.1 (26022, 13.01)
data 15 19830 1061 675 87.7 74.3 83.9 (235.67, 11.78)
FRzZ o] 2ol A 7€ FAA ALY HAAE oY o},
(¥£2) Analysis of Variance
Sum of Mean
Source DF Squares Square F Value Prob>F
Model 5 2378.30358  475.66072 14.164 0.0015
Error 7 235.07492 33.58213
Total 12 2613.37851
Root MSE 5.79501 R-square 0.9100
Dep Mean 229.41385 Adj R-sq 0.8458
C.V. 2.52601
Parameter Estimates
Parameter Standard T for HO:
Variable DF Estimate Error Parameter=0  Prob > |TJ
INTERCEP 1 351.700850 194.90889382 1.804 0.1141
X1 1 -0.796880 0.90495777 -0.881 0.4078
X2 1 3.877397 157602932 2.460 0.0435
X3 1 -4.670089 1.12480328 ~-4.152 0.0043
X4 1 -1.118851 1.06791382 -1.048 0.3296
X5 1 2437727 2.43685442 1.000 0.3505
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2y FAAE dE BAF 94 dADAA dd AP, X, Xy Xs® A
2 EFAR7 dEAHT 2 £AE 28 ¥ Aot 2y WA ARYAME
obF 3@ 7€l v ¥H F AAE w2 B4 Tanaka 9 Watada (1988) 2%
FAAE olg AFEd WY ¢ ZF 0 22 HALAI obd AFAog. A
o] Atdoe]l =W X FoiRo g BBIIEo E o83 TAHE o4 v ¢z HA
AAZYlE FHAE A& dFHoloF & HAA T

Hong % Leeol A& A¢E A JARY @ 25 FAXE &3 2ok o7|A
T ¥F XG;EE HARAY 7] 93 ry=x;%0.07 & AH88o ANHoz g
B A3e ot s 2

Ao=(475.85, 21.56), Ai1=(-1.92, 0.13), A:=(2.72, 0.19),
A3=(-3.55, 0.25), A=(0.03, 0.0), As=(0.95, 0.07).

FARAL AA HARAY FHAE 2L UdF Z& HUMdde @& FIHE WHE 9
St of Wy g3A Ae A9 4dWHo] glovz RN AN & U H
FAE (1494 1594 R5)o] & p=0.2¢] AP 7L vasf 2y

(%£3)
YAE 4% 73 FRHA g% 73t
14 (249.81, 270.63) (234.97, 269.39)
15 (226.25, 245.09) (21432, 249.26)

(E)AM HA LA Yy, "=(25228, 2151), Y;5°=(231.79, 21.84)s} 2o}, HA g 9%
Tol Y AY Fo] TYFH o sted 14UA AR Y FAE LEFZ Fo
vjojstutol R &3, A Hong 3 Leed HA HARZYL A Y U AHF nd
€ Aoz B#ddoyq. :

5. 4=

At AdTFE F89 Tanaka 9 Watada (1988) 2] A9 Hong 3 Lee ] 2o} 2%
238§ 4% B, ¥HA AARYL $EAE} dESHD AN Zde oA @
T4 HAAAAY 2 FAA AARYolEd v Ed ot R Hel @Y. £ E
ol 7tA] WAy ol&o] Ug AYUHA F& FHE By FAE ZGa T2y g4
g &Este wE BHIY FAHAAE AEATAM B AAY o= FxY 2AF Hole
Ax AHdolth. wabA 9A AARYAME ol EAHE] Yo2 HAH ¥
FAgR, FAGAEL A YHolEo] HEHG ze A ALY £+ e EAF
EA7IHY MY 9 58 A =2l & Aol
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Fuzzy linear regression model and its application
Sungho Lee#, Dug Hun Hong®

Abstract

Fuzzy linear regression model introduced by Tanaka et al. (1982) has been
proposed and developed as an alternative to statistical linear regressin when our
understanding of a phenomenon is imprecise or vague. In this paper we review
fuzzy linear regression model and its parameter estimation and examine its
strengths and weaknesses through case study. In addition another fuzzy linear
model is introduced and applied to an economic study.
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