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ABSTRACT

This Paper, first, tries to optimize the output specifications with uncertain
characteristics. And then aims to solve the problem not only by making use of transformed
multiple regression equation which can yield objective function of output characteristics but
also by formulating developed multiple fuzzy goal programming using fuzzy set theory which can
treat uncertainty easily, and the efficiency of these techniques, will be also demonstrated
through a case study.

1. FR

BE A2 Ao AoiA uigtA 29 FAXNo] w7 flA YUY H5el FRAHULEY 42
& AP AL 4iAd F3# Aol v B sl &Y FAHA o, o] Baje
AT A el A Mel" 4 ok 2y oY #¥ Y7 18 Held of ol 5
218 el 2AREL FAXE DFHof 1= ol Le] o] Hr)l o)A B £F x| B
Al npajA Bcii13).

gz Az AR Fo] dERSLEL shil 23S AR f3A 2RAHSES THA s
ox, ol &AL W A F4A FAEL nEsfol Vrh obk £ Mot 7 oY
el A g3t =l 3ta VARNFLS THATE oA ojfo] A $ glon o]FL oln walx Urt
Y AAHA Yojq B od ¢ AHES UFAF)7] AT AN FolAYE B5eiA A
2 FENE2 vRIAY FEXNEE BYSA BFAFA BEste Zo| Apalolr) tipu rida S
ol d9¥ctd o of BRAYA o et '

metA £ dFoNE ERAT SAANEL HAs QA Ax B ot #AY KAs oo
2oz RS, olF dH 4 Ut WU HAstaal ot

2. 2E¥ B W5 R
2.1 HEDH TR

% ERYETHMEA Y BRG] M2 SUY ¥ BA6 iy s BEH oldY oEKS
F7Y 4 9A "ok 2y giEoR o] & AREC] [UA S AN U7 =8 g
of HEMMEIA HKB ME 3l )& KEREHNA BRYSSH ol 718 gL 71
3 BRREE BFEZ 71w e RE otk U WAl oMol BERE MES
AREMNL UEE TYHAN ERY BE U712 ol $ o3l FEaolth IaiM oy MBS s
2371 ANA BBREEZ BN thals ©&S) 358 BASH: [0,1]1410]2] 4452 F4Y «
HYEMNE 7HeT T AUE 9 5 Y& HE 2731 0] B} @A Udeletn ¢ 4 Q)
(4,7.8]. ol2i% ujojA T3 HE WEM = AWML Y}, 24 BFY F=E BA B
AHYEME 27X BRREEYS SHEFIREYD RES FU 733U S5 BEsidy ®
& U UE K fRME olF Hot AAAQ PHoes AWAENE BHIsE onjoiy o ¥
F& 1A Y}

¢ FUAECY FYAG YD

s FOCiR DBt wat}
e 1 1992, 10, 17.

¥4 : 1992, 10. 27.



60 HhFod - <l R . o] S5y

2.2 BORRLE RWAAN F FAtoly 72

EBREES 4NE A0 BEd249 AHYENE Zysno2t Zimmermann, ZysnoZ} IREY MEHE
B7t 718 wol #A =3 rh o] ¥HYUEE: FoF AR 12 olAHA AN axlelY Azl d(x)
2 EEE ERAEC].

.1
u(x) TF .00

A71M 8, (1) = 0 o|® 4(x) = 1 0, &,(x) = © o]&A p(x) = 0 ojc}. WHAEZ FH3E B
79 ERES 5717} vt & MAEN, BEEN BHEGEN VREREN S5 EMERER}
Qitl o] Fold MEEEE Zimsernann of oM BEY ANY EM At DZEA Na 3
Qom([6], Narasishans] SABM ANUU4SE EM(Lol BY 4 AE U WY 4 s
el @ESel AeH14].

v Oolol FRE ERES $4 BNV IR W HAE AAZ Yok 244
REENES GMY EM EEel MEMC MEHVN EEY EME HESL oA Al &
0] ERHOIE ANY =) WE ol Vel B/EMRE Bl Vol

M FR(ZD o ER(Z) Alelold 2 Em@EmEe] Y 4 ot HudERE ML)
A BBREESS 4K ERo A HER FAEMNY IHUYEKIES MEY Oy
H¥ ( interpolated membership function)ZA o] X|oj Ao} #ir},
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2 EEA EBA Tt =HEE [0,1]410]8 Ree HYA 3l ol&EE WHEM
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1
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Z¢ - Z°
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WA HRN WRL EM—(Bi-section)¥[15]2] ME2 HIEMk (convex programming)
o] HEZE U Lol HHER] o= WM (single variable)o] oyt —RFTHEMA K (one-
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2ty B HIE (Bolzano search plan) " ol2tax HajojArth o|RAE E@sta BERE 7|98l
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RERIE VEebdch
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A(2), R(3), R(4)2 WEYUCL

m (Zy) zjgsu Zi + Cy (2)

Sy = 2y (gg)—m (B )\ (3)
8141 — Bi4

Ciy = Sig(—giy0 ) + i (g,50 ) (4)

w(Z)E iHx) BRENel ot AN Peol 2R 0s wm(Zi) <1 ojth

ANM g Zi s gy . J=1.2,..., NiaolH, Sy BA(g )2 BA(gy) Alo]g]
71&71(slope), Ciyyt= #AA(Re 5102 B () Aol A w(Z) kel ZZmeolnt. o714
Ba(g 1)L BRREZES HEEMAY A BREY BEMon, KRalzy)d 2,7t
A 4+ A= 7R BEMHA I (ZNolet BEYTL  oloh HRE® (Z)o] otisiA m=x|
b ¢ 2 KR(s5)2t grt

(g, 1) —(Z¢ )

wm(Zy )=
¥ — 8

(=&, 4a) H gy ya)
(5)

ERIREEEC] HARBREMA] R cidel cisfy AMES LYY of 2
3t YL A2 WY & ded A, C EREEc dod F2dc” 2l &b

(g1, 4) —m(Z{)
Io.ll i 'Zi +
Ly ~ g1
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ojgded” 3= MAMMEE ELSE 4 Uth

webd & PRl AHxl BEIE A BAdk M8l BEHchold of B
BrekEe] HEfFA A keI ERiEE B-ANREERE AHE-3t=d 3l
AR )R BEY 4 glon, U AA(g)S & IR (A 2)dM A
8 ERMAM (upper bound value): Y22 HMENIT Y 4 d+= EXRMESE
ZojlA 713 BEAMY HEMIER 27t A2APE= MEME A BRaoldA
#E3A Bt

B 6 : SEHX| FREHMELE A(6)2 o] EA(LYTL

Min 'E Pi d;
i=1

s.t. BEFRIAS #HX
AX <b (6)

. 1
Z) +df - d = —————
w (Zy) ( s 1500

and d,d 20, REEiof thsld x20

A7) P FFISEEE (ranking method)o 2 MEYTL 22132 §,(2) =
bdZe®) — w(Z)12 3, w(Z)e BN BMEKS WvdEm w(Z)e F
o7 Eryel chyt A dEMelTh

1741 + 8 (0} BREEE7 mRslol € JAYS (2) HEKES Leh)
L Zolug THKES At gk dusiE U] FA o tiyt ERFEKE
£ 0.5 o318 grow ¥yicid, €AY uE § of o)A BBREEY &g
AE7t RW3lche A& B3t B4l ot AU sy A& AEA =23
sfo} ¢ Wadol Uehdcl &, A@AAIZ @R BFo] Jhey ¢ ELUE3LI
& vlehke &6 # i Aol U&FY Az iyt Helst 0.5 Bris &2 Ao
dAnew epgyt Zolch metd R(6)ollM 1/ {1 + &0} & Hele 0.5 04 1
atole] A4gto g Y 4 9rh.  Ax unXn {77, X= nx1 {751, bt nX1 {751,
d’, diEe MEM%olIH 4" - d” = 0 o|tlL
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3.1 e 43
Hardwood( {t=4} oak, u)F4l ocak) chip&2 Folg AAtsted f-4%e ¥ H4olrh o
Q222 v-gE EHH ol chipES WEF A4l HYAQY £ 2 Kamyr HF(digestor)of A
AZ|EolAr) ol WXL AAY Folr} ghFgoix| 7] f13lM 2AWEo] Uit 2] AF il
9loj A pulp: AMEO Z(output) 2 3} HC]
U E39 F0)7t KAHI] AsiME= B2 371A] {gR)7t glch
i)  K-number
ii) Burst-factor (3}g U=}
iii) Breaking length (@ &)
239 K-number= Kamyr RE H31& B0 g At £ 2 UMY BFAANY
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7 chipE& BESol "ol golA ol2le] oAz Fglrld, chipgol pesiA 23l¥€ Zo|
o, M2t K-numberd: lower7t © Zlo|rh o] 3 WL FHoAM Wl Zeog 1 gy, yd
of chipgol @ Azj7t Ertd K-number: high® Uehjejzich, 2@ g ©Aella X}
_’r_E]% A ® Zolth I K-numbert AN UelN AA3A RxIEojof 3= 71 228 Y
X o]},

th2 79 S4xEF2 BHEU Fold ZA=EE A3 Zolth. Hardwood chipgd vl &S 4
A 244" 4 qrh

RE ZAHSLES control @ 4 glon, AY &AY ¢+ Urh k2 YYHSs} TR &
YHSF FAstA UehlFa gl

231 25 W40l 4GX]

a4 1 (X,) Hardwood (%) 30 ~ 45

FH A (X)) AUN2E ¥ (°0) 160 ~ 180
(X3) 322 x WY (°0) 160 ~ 170
(X AL37Y™ (Kg/cn®) 20 ~ 4.0
(Xs) 2YE714™ (Kg/en®) 7.0 ~ 10.0
(Xs) B3z (NaOH) (%) 10.0 ~ 15.0
(X;) BHE (%) 18.0 ~ 30.0
(Xa) ¢Z=IAE (no) 7.0 ~ 10.0

E](AE) F42
(Y;) K-number 11.8 ~ 14,6
{(Y2) Burst-factor (¥}g Z %) close to 55 (g¢¢] #&)
(Y3) Breaking length (g%tA) close to 6.8 (Km)

$1¢] H#3.19) UE}yt Datal 159 E<QF D-pulp Co. oA &AY A& dolE} o]},

3.2 92N &4
TENW 249 Pz} et ol FHATL
Y, = 0.085X;, + 0.438X; + 0.174Xs + 0.620X, + 0.036Xs

- 3.235X¢ + 0.107X; + 2.417X3 - 80.544 ) (9)
Yz = 0.344X; + 0.925X; - 0.843X; + 6.476X, - 0,232

- 0.630Xs + 0.474X; - 7.011%s + 62.553 (10)
Y3 = - 0.028)(1 - 0. 063Xz + 0, 047X3 + 0. 049)(4 + 0,131X5

+ 0,189Xs - 0.062X; + 0.361Xs + 5.676 (11)

oM FE A AU ctEHAREAY YA AEA717] flshA gzt A2 He H¥o| U

X=X - 30, Xz': X2 - 160, X3 = X3 - 160
X=X -2, Xs = Xs - 7, Xs = Xs - 10
X7 = %X, - 18, Xs = Xs - 7

Y1'= Yl - 11.8, Yz‘= Yz ~ 50, Y3'= YJ -~ 5.8

HEH AEd 4 (9),(10), (11)ell RASNA Fel3iad
Y:"= 0.085X; "+ 0.438X, + 0.174X3"+ 0.620X, + 0.036X; "
- 3.235%s "+ 0.107% "+ 2. 417X "+ 19.713
Y2 = 0.344X; "+ 0.925X2 - 0.843X3 + 6.476X, - 0.232X;
-0.630Xs "+ 0.474X; - 7.011Xs '+ 50.476
Ys'= - 0.028X, - 0.063X, + 0.047X; + 0.049X, + 0.131Xs
+ 0.189%Xs "~ 0.062X; '+ 0.361Xs '+ 6.592

3.3 242 73
¢ EA Y, Y2©, Ya'A FolM Faent REE ALY A& 53 Y4 L(K-number), Zy(Burst-
factor), Zs(Breaking length)E Z}APct wals thR3 AYHos A3 sjuw



Zy(K-number) = 0,085X; "+ 0.438X; + 0.174X3 + 0.620X, "+ 0.036X5"
- 3.235Xs "+ 0.107X; "+ 2. 417X~

Z(Burst-factor) = 0.344X, "+ 0.925X, - 0.843X3 "+ 6.476X: - 0.232X;"
- 0.630Xs "+ 0.474X; - 7.011Xs"

Zs(Breaking length) = - 0,028X, - 0.063X; + 0.047X3 "+ 0.049X,"+ 0.131Xs"
+ 0.189Xs "~ 0.062%; "+ 0.361Xs"

G F2 thizt Yrh
X< 15 X2'<20, X3'<10, X, <2
Xs <3, Xe: <5, X' <12, %'<3
o] ZHE tiRA gAY Yo g g T3 vy Urh
Z;(K-number) = 14,921, Z,(Burst-factor) = 83.242, Zs(Breaking-length) = 6.348

a2 ¥ Az FE BAES Al A3A g = 14, g = 60, & = 6.8 A=A UFUc}
2 7Hdch q471A gie 7P3E 03] REXAE Yehdch
petd $12 FzhE JHAR JPEE dacEgees %% FAxe viest A

u2Zy)

0.006X, + 0.032X; + 0.013X3 + 0. 045X + 0. 003X5

- 0.236Xs + 0.008X; + 0.176Xa - 0,12

u:(z:) = 0.004)(, + 0.0IOXz - 0.009)(3 + 0.071){. - 0. 003X5
- 0.007Xs + 0,005X; - 0,077Xs - 0.12

i3(Z3) = - 0.006%; - 0.013X, + 0,010Xs + 0,010X, + 0,027Xs

+ 0.040Xs - 0.013X; + 0.074Xs - 0.34

3.4 OEHAREAY Y P48}
CIEHAJEAY Y dnziFol 2)3td H3. 12 vhe} Yol A3} Wl

Min pr (dh' + di") + pdz + pady

s.t.  0.006X; + 0.032X, + 0.013Xs + 0.045X, + 0.003Xs
- 0.236Xe + 0.008X; + 0.176Xs + " - &' = 0.84
0.004X;, + 0.010X; - 0.009X3 + 0.071X; - 0.003Xs
~ 0.007Xs + 0.005% - 0.077Xs + d” - do’ = 0.76
- 0.006X; - 0.013X, + 0.010X3 + 0.010X, + 0.027Xs
+ 0.040Xs - 0.013X; + 0.074¥s + da” - d3’ = 0,99

X] + d4- - d4‘ =15
Xz+ds -ds* =20
Xs+ds -dg =10
X4 + d1 - d1‘ =2
Xs +dg - da" =3
Xs + do” - do =5
X7 + dio - dio’ = 12
Xg + diy” - dn’ =3

0.085X;, + 0.438X, + 0,174Xy + 0.620X, + 0.036Xs
-3.235%g + 0.107X; + 2.417Xs + diz - di2” = 14
0.344X, + 0,925X; - 0,843Xs + 6.476X, - 0.232Xs
- 0. 630)(5 + 0. 474X7 - 7. OIIXQ + dm- - dn’ = 60

- 0.028X%; - 0.063X, + 0.047X; + 0.049X, + 0.131Xs
+ 0.189%s - 0,062%; + 0.361%s + di” - di’ = 6.8

X, .... Xs 2 0, dy', d" 2 0, i=l,

metd CHEHAIREAYYY TEE PR 329 Yrh
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3.2 AlAAUo n_Y

decision variables (X;) w(Zy) Zi(X)

Xy = 23,7116 m{Z;) = 0. 8957 Z){K-number) = 14,047

Xs = 8.5940 1uz(Z2) = 0.638 Z2(Burst-factor) = 69.393
Xs = 11,2322 ua(Z3) = 1.00 Za(Breaking length) = 6.84

3.5 AlAQT AR ¥4

BLES] FAelA Uehd Z2ANYH & Aol gy By g4 =&Y (5)of sl L2 Wy
deg iz B3P, Az E3PsE UGS 9oy, FHA HAPYSE 4GP X njAn
drh ol FHAl RS, REX] dAo £ARANo} Y& n|ste Zolvh. EY I AR
232 BAXIEL Asfol 2)5iA 71BH BEX(g)E (K-number, Burst factor, Breaking length)&
T8 &3 Qly.  wepd o]t AEo] EdtI e 2L HWE Az FHL BAxE o
A 713 BEANEFE S W qAARAEY 4 HY £& & ZIUYLEY Uid g
m(Z)E A WFHAFIAL Gt o)R-2 YAt FRatge] =P utE AY VHFAI| L Yo gl
gt dadelets & 4 Qlch

4. BB

2 BEHAY B%slolMY datA o] oY &2 VA Fuzzy A Y 0|24 A& YA
AR B AEL] EEHAEE HPsta L 3l tIENHAREAY YL LA JHEGHste 23 gl

2 AFRNE 1Y A& ZAZ A EHAY SFAE 2 EA4E Ko} A Al 9
3] A2 T HAIREAYYE /pUstolct

2 AFoA ALY CFHAREAHYLS AR PAe 2 HHEe it AHUYFES W
Y& AME3te] AP A7, ol & o83t ALY ntFAE F3tiat st Yot

2 4ol LW A E oA WHos AN ANES B EV/UY ARl i AF
A7t AT FEA S} o] FHof i AN PFE] AY YANUL B Frh o2 AW FEX
7t AL FHUIAA AFH UL 1P, BHBA oflFo] HA] AAUTIH o]Rof iy Aol LTHZ HA
s, o7jell iyt FHHPFEES UE2 24 AL AAALe] BHFHE UMY RojEch

22y 2 ATl AEE R HASEAYYL chRAAYAYYDE ciy o 317) gl H
AP AR EA O i A2 ojPrh EU 2 /1YL TURAAGAHNEF oy AL Uae] A
U oe dubdd 4F &, daA ALY dExo] YA REH AFE AR WY KT 24
FE AU girlh ole AxtEAARR] QX FE A7 def o R dichs Fdol dFYL AojEz
A sdd EAE otuu, ATUE YFY HAE Ad AeF Y oA ol=AUE 1 #AHo
wesich.

[

g 22 WHRRE: FREGH NES] Oy Au4d EKR BHARS BRNSE € 3
ZWNY HEHEDL @Rl € J Yo, REREREYN THEASS 715U BPAE 4 ¢
w2 BB BAHL 7hAMoF ¥ Zojrt
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