
Archive of SID
�13

98
u=DU

tR�
'h}

QWC
}Q}O

tw
`}=v

Y
|U

Ovyt
�| :v

iC
W=O

O=}�
'13

7�1
29

"X
'2/

2|
xQ=t

W'
35

�1
|xQ

wO

R
es

ea
rc

h
N

ot
e|R} Qxt=vQ@ |x}=B Q@ |@}mQD pOt l} |x�=Q=

x@ MU=B K]U VwQ w |iO=YD |v=tQ;
C}i}m |=yxYNWt |R=Uxv}y@ Qw_vt

|Q=wDU= uDiQo Q_v QO =@
�Q=}O=DU=� � |R=HL u}UL x]

�Q=UtQo T}OQB� Q}@mQ}t= |DavY x=oWv=O '`}=vY |UOvyt |xOmWv=O
�OWQ= |U=vWQ� |wHWv=O� |}=UQ=B x}mR
Owr=v}@ |r=a VRwt; xUUwt '|DavY C} Q}Ot xwQo

x@ |@=}CUO sOa w CU= Q=R=@ syU V}=Ri= |=Q@ |Q=HD OQ@y=Q l} C}i}m RwQt= |=}vO QO
R= hPL w Q=R=@ syU Vy=m xH}Dv QO w |QDWt C}=[Q sOa uwJ |DqmWt x@ syt u}=

QO C}i}m |UOvyt x@ \w@ Qt EL=@t xRwQt= 'wQ u}= R= "OwW|t QHvt C@=kQ |=}vO
xOW x�=Q= |irDNt |=yVwQ xv}tR u}= QO "CU= Q=OQwNQ@ |}=RU x@ C}ty= R= CavY

Ov}=Qi l} |=yQ}eDt u}@ |x]@=Q xm |t=ovy &CU= MU=B K]U VwQ =yv; R= |m} xm CU=
R= 'OW=@ |OwQw |=yQ}eDt |xv}y@ C=t}_vD uDi=} x@ Ovtxkqa QoW}=tR; w OW=@v XNWt

R= VywSB u}= QO "OwW|t xO=iDU= Ov}=Qi |=yQDt=Q=B |R=Uxv}y@ |=Q@ MU=B K]U VwQ
pwYLt C}i}m |=yxYNWt |R=Uxv}y@ |=Q@ Q=wDU= |L=Q] OQm} wQ =@ MU=B K]U VwQ
|}=U=vW x@ O}=@ =OD@= QO xm |}xvwo x@ &CU= xOW xO=iDU= =yv; |wQ Q@ Q=PoQ}F-=D |=yQ}eDt w
CUO x@ w V}=tR; |L=Q] s=Hv= =@ TBU &CN=OQB MU=B |=yQ}eDt w |rQDvm |=yQ}eDt

"CN=OQB pOt |R=Uxv}y@ x@ Q_v OQwt uw}UQoQ CqO=at uOQw;

t.h.hejazi@aut.ac.ir
parsaei.z68@gmail.com

|v=tQ; |R} Qxt=vQ@ 'MU=B K]U VwQ '=yV}=tR; |L=Q] %|O}rm u=oS=w
"QDt=Q=B Q=wDU= |L=Q] '|iO=YD

xtOkt "1
C}=yv QO w OyO u=Wv OwN R= Q}}eD O=H}= pt=wa x@ C@Uv =Q C}U=UL pk=OL xm
|=}vO QO u}vJty "Ovm x[Qa u}}=B O}rwD |xv} Ry w ?wr]t C}i}m =@ |DqwYLt
uO}UQ |=Q@ xm |vat u}= x@ CU= |NU=BOvJ p�=Ut TvH R= p�=Ut QDW}@ |ak=w
x@ �MU=B� |HwQN Q}eDt u}OvJ pQDvm w |R=Uxv}y@ x@ C}i}m R= |@ wr]t K]U x@
O}rwD |=yOv}=Qi Ow@y@ |=Q@ |OOaDt |Q=t; |=yVwQ "CU= R=}v u=tRsy CQwY
"CU= 2 (DOE) =yV}=tR;|L=Q] VwQ '=yv; u} QDsyt R=|m} xmCU= xOW KQ]t
OvtiOy |D=Q}}eD =@ u; QO xm CU=yuwtR; R= |}xr=@vO |rm Qw] x@ =yV}=tR; |L=Q]
MU=B |=yQ}eDt QO xm =Q |D=Q}}eD p}qO u=wD@ xv=t=U =} Ov}=Qil} |OwQw |=yQ}eDt QO
|U=vWVwQ =yV}=tR; |L=Q] s}y=it R= |m} [1]"O=O X}NWD 'Ov};|t OwHw x@
|=Q@ |Q=t; w |[=} Q |=yVwQ R= |}xawtHt xm CU= 3 (RSM) MU=B K]U
Q}F-=D Q}eDt u}OvJ xr}Uw x@ MU=B Q}eDt l} xm CU= |r�=Ut p}rLD w uOQm pOt
hOy '|[=} Q Q}@aD l} QO [2]"CU= MU=B Q}eDt u}= uOQm xv}y@ hOy w OQ}PB|t
Q}eDt r xm CU= (X1; X2; :::; XK) pt=a Kw]U =} |D=}rta \}=QW uOQm =O}B
QO u=}t u}= QO "OwW|t xv}W}@ =} xv}tm xr�Ut ẁv x@ xDU@ (Y1; Y2; :::Yr) MU=B
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xOW x�=Q= |Q=wDU= uDiQo Q_v QO =@ C}i}m |=yxYNWt |R=Uxv}y@ Qw_vt x@ MU=B

%CU= Q} R KQW x@ xrLQt 7 pt=W VwQ u}= "CU=
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"OvwW|t xO=O u=Wv R = (R1; R2; :::; Rp)
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"OwW|t xDWwv |v=tQ; |R} Qxt=vQ@ CqO=at
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Xp

k=1 Wk(dk + d0k)

s: t :

R̂K + dk � d0k = Tk 8k = 1; 2; :::; p (4)

R̂K + dk = Tk 8k = 1; 2; ; :::; p (5)

R̂K + d0k = Tk 8k = 1; 2; ; :::; p
L < x < U (6)
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p@=k u; R= QDnQR@ Q}O=kt w OyO|t Q=Qk MU=B Q}eDt |=Q@ q=@ OL ,qwtat Cr=L
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QO '15 (LTB) CU= QDy@ OW=@ QDnQR@ MU=B Q}eDt Q=Okt xJ Qy 'MU=B Q}eDt
QDtm Q}O=kt w OwW|t xDiQo Q_v QO MU=B Q}eDt |=Q@ u}}=B OL,qwtat Cr=L u}=
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"OwW|t xDWwv |}xrLQtwO |iO=YD |R} Qxt=vQ@ T=U=
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xOt; CUO x@ |xv}y@ pt=a K]U ?}mQD xm OW XNWt VywSB u}= QO &OvOQm
x=Q R= |QDQwO |xrY=i QO w p;xO}= pL x=Q u} QDl}ORv Q=wDU= |L=Q] VwQ \UwD
� |v=tQ; |R} Qxt=vQ@ OQm} wQ l} [9]u=Q=mty w |v=[tQ "CU= |ivt p;xO}= pL
|=y?=wH s}y=it VwQ u}= QO "OvOQm O=yvW}B xNU=BOvJ |R=Uxv}y@ |=Q@ =QT}UB=D
xHwD =@ [10]x} w uJ "CU= xDiQo Q=Qk xO=iDU= OQwt |v}@V}B |=yxrY=i w\rUtQ}e
|@D=QtxrUrU OQm} wQ l} 'xv=owO MU=B CqmWt R= |D=P |@D=QtxrUrU Q=DN=U x@
pk=OL VwQ =@ |OQm} wQ u}vJ "OvO=O x�=Q= xv=owO MU=B Kw]U pOt |=Q@ |R}@
xOW xU}=kt |R=Ux}@W |=yxO=O w |ak=w |=yxO=O xawtHt wO R= xO=iDU= =@ C=a@ Qt
C=Q}}eD =@ |O}rwD |=yOv}=Qi QO Q=wDU= QDt=Q=B |L=Q] R= [11]wJ|�=Q w uq}@ "CU=
OvO=O O=yvW}B C=Q}}eD `@=vt Vy=m |=Q@ u} Ro}=H VwQ l} w OvOQm xO=iDU= q=@
|L=Q] \=kv u}@ |Q}PBPwiv `@=vt C=Q}}eD ?} Q[ R= xO=iDU= =@ 'X=N Qw] x@ w
xv}y@ |L=Q] |x} Q_v R= xO=iDU= =@ `@=vt u}= uOQ@ u}@ R= TB w OvOQm |}=U=vW =Q
MU=B Kw]U |R=Uxv}y@ [12]u=Q=mty w nv}O "OvDN=OQB |@ QHD ?wJQ=J uR=wD x@
u=Wv w OvOQm xO=iDU= |vRw |=]N `@ Qt u}ov=}t OQm} wQ R= =yv; &OvO=O s=Hv= =Q xv=owO
pOt [13]u=Q=mty w nv=y "OyO|t Ow@y@ =Q |R=Uxv}y@ VwQ 'OQm} wQ u}= xm OvO=O
=@ xr@=kt |=Q@ xiOyOvJ |Q=wDU= |R=Uxv}y@ VwQ T=U= Q@ =Q xv=owO MU=B K]U
Q=wDU= |L=Q] [14]uvml}r w |=U|D "OvO=O x�=Q= X=N xrwr |awv QO C}a]k sOa
|vD@t |R=i VwQ R= xO=iDU= =@ BGA wQm}t p}UvDU= A=J Ov}=Qi |=Q@ =Q =yQDt=Q=B
|@}mQD VwQ u}vJty w |Jwo =D VwQ =@ |R=Uxv}y@ w OvO=O s=Hv= |Jwo =D j]vt Q@
xm OW pY=L xH}Dv u}= w OvOW xU}=kt sy =@ l}DvS w |@Ya |=yxm@W sD} Qwor=
"OyO|t x�=Q= Qo}O VwQ wO R= QDy@ |O=yvW}B |R=i j]vt Q@ |vD@t |Jwo =D VwQ

|O=yvW}B VwQ "3
K}[wD QYDNt Qw] x@ |iO=YD |R} Qxt=vQ@ w |v=tQ; |R} Qxt=vQ@ VwQ VN@ u}= QO

"OwW|t xO=O
|xRwL QO |R} Qxt=vQ@ |=ypOt u} QDsyt R= |m} 11|v=tQ; |R} Qxt=vQ@
p�=Ut |=Q@ syt |r}rLD OQm} wQ l} pOt u}= "CU= 12xiOyOvJ |Q}os}tYD
Ov=xOW xO=O X}YND =yxYNWt s=tD x@ h=Oy= xm CU= |Dr=L QO |Q}os}tYD
"Ovvm xv}tm =Q Q_v OQwt h=Oy= jkLD sOa p=tDL= =D OvQ=O xkqa u=oOvQ}os}tYD w
?=wH u} QDy@ |wHDUH QO u=oOvQ}os}tYD xm |r=LQO =D OyO|t xR=H= pOt u}=
Q_v QO u=tRsy Qw] x@ h=Oy= R= |Q=}U@ 'Ov=|vOW |=y?=wH R= |}xawtHt u}@ R=

"OvwW xDiQo
|R=Uxv}y@ p�=Ut R= xDUO u; |R=UpOt x@ xmCU=|WwQ '|iO=YD |R} Qxt=vQ@
'VwQ u}= "OvwW|t ZQi |a]kQ}e 'xr�Ut |=yxO=O R= |NQ@ =yv; QO xm OR=OQB|t
Ovm|t O}rwD |QD|ak=w |=y?=wH ,qwtat |a]k |w} Q=vU lD VwQ =@ xU}=kt QO
u} QDG}=Q R= |m} "OyO|t VWwB =Q |a]k |=ypOt |=yOw@tm s}kDUt Qw] x@ w
u}= |oS} w u} QDsyt "CU= |}xrLQtwO |iO=YD |R} Qxt=vQ@ |=ypOt u} QDQwyWt w
pw= |xrLQt QO xOvQ}os}tYD xm CU= xrLQt =} xwQo wO x@ C=t}tYD s}UkD '=ypOt
|iO=YD |xak=w l} TBU '�pw= |xrLQt C=t}tYD� Ovm|t P=ND= =Q |t}tYD
s}tYD l} x=ou; "OQ=Po|t Q}F-=D pw= |xrLQt C=t}tYD OQmrta Q@ xm ODi=|t j=iD=
?wr]t=v C=Q}F-=D Ovm|t |aU xm OwW|t P=ND= �swO |xrLQt C=t}tYD� |DWoR=@
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"""|
R}Qx

t=vQ@
|x}

=BQ@
|@}

mQDp
Otl

}|
x�=Q=

|OQwt p=Ft "5
|UQQ@ w xO=O K}[wD |OQwt p=Ft l} =@ |O=yvW}B |U=vWVwQ CtUk u}= QO

"CU= xOW s=Hv= |DavY C=@v O}rwD Ov}=Qi |wQ Q@ VywSB u}= &OwW|t
%s} Q=O |rQDvm Q}eDt wO

Tm} Q@ =Q pwrLt QO OwHwt lWN xO=t Q=Okt%(X1) |HwQN |xQ}W Tm} Q@ ��
xDN=vW Tm} Q@ u=wva x@ xQ}W QO OwHwt QmW Q=Okt VywSB u}= QO "Ovt=v|t

"OwW|t
"(X2) xQ}W |x}rND s=ovy xv=NsQo |=tO ��

%CU= Q} R OQ=wt pt=W MU=B |=yQ}eDt w
w O}rwD V}=Ri= |DavY OL=w Qy hOy u} QD|rY= %(R1) C=@v |HwQN u=R}t ��
Q}PB s=Hv= O}rwD V}=Ri= =@ syt u}= xm CU= Q=@ QU |=yxv} Ry Vy=m xH}Dv QO
&OvQ=O C=@v |HwQN |wQ Q@ |}=RU x@ Q}F-=D xr=kt u}= QO |rQDvm Q}eDt wO w CU=
xv=NsQo QO xQ}W ?=wN u=tR COt xJ Qy %(R2)xv=NsQo QO |Q=Oyov u=tR ��
CNB C=aiO O=OaD w OQm xO=iDU= u=wD|t QDW}@ xv=NsQo C}iQ_ R= OW=@ QDx=Dwm

"OW Oy=wN QDW}@
w CU= u=} QDWt xHwD p@=k QDt=Q=B u=wva x@ C=@v R}=U w Q]k %(R3) C=@v Q]k ��
|xR=Ov= l} |=Q=O O}=@ w CU}v u=} QDWt ?wr]t O=} R Q]k =} sm Q]k |=Q=O C=@v
'OW s=Hv= xv=NQ=m VwQi OL=w R= xm |HvUQ_v x@ xHwD =@ xm OW=@ |YNWt

"CU= u=} QDWt ?wr]t QDt|Dv=U wO |xR=Ov=
\UwD xR=@ u}= xm CU= xOW O=H}= Q}eDt wO u}= C=Q}}eD OwOL T=U= Q@ V}=tR;
"CU= xDiQo Q=Qk Q_vOt u=W}= |x@ QHD w C=aq]= x@ xHwD =@ xv=NQ=m |vi Q_=v
|L=Q] Minitab Q=Ri=sQv QO xv=NsQo |=tO w Tm} Q@ OwOL uOQm OQ=w =@ TBU
'OW O=H}= Q_v OQwt OwOL x@ xHwD =@ V}=tR; 13 xm OQ}PB|t CQwY =yV}=tR;

%CU= xOt; 1 pwOH QO xm
C=Q}eD |xR=@ pt=wa

�1 1 pQDvm p@=k
77 79 5 X1 Tm} Q@
35 45 X2xv=NsQo |=tO

xO=iDU= R2 u}}aD ?} Q[ Q=Okt w Tv=} Q=w p}rLD R= pOt CLY |UQQ@ |=Q@
CU= �89 85 Q@=Q@ u; Q=Okt OwW|t x_Lqt 2 pwOH QO xm Qw] u=ty "OwW|t
|}q=@ CLY R= w xO=O VWwB =Q =yxO=O OYQO 89 85 pOt OyO|t u=Wv xm

"CU= Q=OQwNQ@
%O};|t CUO x@ C=@v |HwQN Q}eDt |=Q@ MU=B K]U |xrO=at CtUk u}= QO
R1(x) = B0 +B1x1 +B2x21

&CU= OYQO 98 58 Q@=Q@ xv=NsQo QO |Q=Oyov u=tR COt Q}eDt |=Q@ R2 Q=Okt
"OyO VWwB =Q =yxO=O OYQO 95 85 CU= xDUv=wD pOt |va}

%CU= Q} R CQwY x@ u; MU=B K]U |xrO=at w
R2(x) = B3B4x1 +B5x2B6x21 +B7x1x2

|va} &CU= OYQO 94 47 Q@=Q@ C=@v Q]k Q}eDt |=Q@ R2 Q=Okt u}vJty w
"OyO VWwB =Q=yxO=O OYQO 94 47 CU= xDUv=wD pOt

|R=Uxv}y@ |=yQ=Ri=sQv\UwD pOt |q=@ Q=}U@ pL u=tRCra x@ %w} Q=vUVy=m "6
T} QD=t uOQw;CUO x@VwQ w OwW|t xO=iDU=Tv=} Q=wwm �Tv=} Q=wT} QD=t R=

%CU= Q} R KQW x@ Tv=} Q=wwm � Tv=} Q=w
[16]%CU= Q} R CQwY x@ xv=oOvJ uw}UQoQ ?}=Q[ C=a@ Qt u} QDtm |=yOQw;Q@
B = (X 0X)�1X 0Y

X =

0BBBBB@
1 x11 x12 ::: x1k
1 x21 x22 ::: x2k
::: ::: ::: ::: :::

1 xn1 xn2 ::: xnk

1CCCCCA

B =

0BBBBBBBBBB@

b�0b�1
:

:

:c�K

1CCCCCCCCCCA
Y =

0BBBBBBBBBB@

y1
y2
:

:

:

yn

1CCCCCCCCCCA
(7)

s=t[v= x@ '=yxZwQit Q}O=kt R= ?mQt ,=U=U= n� (k + 1) T} QD=t l}X
n � n1 T} QD=t l} Y "OvwW Qw_vt R}v C@=F CqtH =D CU=y 1 uwDU
R= ?mQt k � 1 T} QD=t l} B w CU=yy xOW xOy=Wt |=yQ=Okt R= ?mQt

"CU= uw}UQoQ ?}=Q[ C=a@ Qt u} QDtm |=yOQw;Q@
"CU= X 0X Twmat (X 0X)�1 w X xO=yv=QD X 0 xOW QmP pwtQi j@=]t w
xm |Qw] x@ 'OvDUy Yi pkDUt |iO=YD Q}eDt n R= |]N |}=y?}mQD =y b�t
%|va} 'Ov=?} Q==v |}=yQoOQw;Q@ =yv; xwqa x@ "OvDUy p=tQv `} RwD |=Q=O =y b�t OwN
E(cB1) = �i i = 0; 1; 2; :::; k (8)

%R= Ov=CQ=@a =yv; |=yTv=} Q=w w
V ar(cBl) = cii�2 i = 0; 1; 2; :::; k (9)

QO xm CU= (X 0X)�1 T} QD=t s=j uwDU w s=i Q]U |x}=QO cii =Hu}= QO
"Ovvm|t Q=}DN= =Q 0; 1; :::; k Q}O=kt j w i u;

[16]%CU= Q=QkQ@ Q} R |x]@=Q T} QD=t pm |=Q@ |rm CQwY x@
V ar(cBt) = (X 0X)�1�2

(10)

|=ypOt pL |=yQ=Ri=sQv \UwD pY=L Cq=L s=tD pL uOw@ Q@u=tR Cra x@
OwW|t xO=iDU=Tv=} Q=wwm �Tv=} Q=wT} QD=t R= '|R=Uxv}y@ C=}rta QO j}kLD

"CU= jwi |x]@=Q j@=]t xm
CUO x@ Minitab Q=Ri=sQv xO=iDU= =@ X T} QD=t pwtQi u}= x@ xHwD =@
xHwD =@ w Ovm|t XNWt =Q ?}=Q[ Q}=U =@ ?} Q[ Qy u}@ |x]@=Q w O};|t
\UwD w CU= MU=B Q}eDt Qy Q=}at h=QLv= hQat R}v � Q=Okt pwtQi x@
T} QD=t |[=} Q C=}rta s=Hv= R= TB w OwW|t XNWt Minitab Q=Ri=sQv
xO=iDU= =@ TBU "OwW|t pY=L MU=B Q}eDt Qy |=Q@ Tv=} Q=wwm � Tv=} Q=w
|=yxO=O MU=B Q}eDt Qy ?}=Q[ u}ov=}t w Tv=} Q=wwm � Tv=} Q=w T} QD=t R=

"OwW|t O=H}= |iO=YD
|R=Uxv}y@ |=yQ=Ri=sQv QO u; pL w xOW O=H}= pOt T=U= Q@ %pOt |R=Uxv}y@ "7

"O};|t CUO x@ |rQDvm |=yQ}eDt |xv}y@ Q}O=kt
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2 2

|xQ
=tW

'35
�1|

xQwO
'�1

39
8u

=DUt
R�h

}QW
C}

Q}Ot
w`}

=vY
|U

Ovyt "=yV}=tR; |HwQN T=U= Q@ MU=B |=yQ}eDt G}=Dv "1 pwOH
R3 R2 R1 X2 X1 xQ=tW

�C=@v Q]k� �|Q=Oyov u=tR� �C=@v |HwQN� �x}rND |=tO� �Tm} Q@� V}=tR;
2 3 46 45 35 79 5 1
1 8 118 31 55 40 76 48 2
1 9 67 39 7 40 78 25 3
1 7 120 36 45 77 4
1 9 69 5 39 28 40 78 25 5
2 0 70 34 5 40 78 25 6
1 9 68 34 3 40 78 25 7
1 8 75 38 47 78 25 8
2 1 55 47 45 79 5 9
2 7 48 55 40 80 01 10
1 9 63 37 33 78 25 11
2 0 71 37 38 40 78 25 12
1 8 93 5 35 2 35 77 13

"|HwQN Q}eDt |=Q@ pOt G}=Dv |xYqN "2 pwOH
S R� sq R� sq(adj) R� sq(pred)

�2 21867 �89 85 �87 82 �75 90

"C=@v |HwQN MU=B Q}eDt x@ \w@ Qt =yQ}eDt ?}=Q[ "3 pwOH
Term Cofe SE Cofe T � V alue P � V alue V IF

constant 37 267 0 801 46 51 0 000
Brix 6 745 0 784 8 60 0 000 1 00

Brix�Brix 3 181 0 834 3 8 0 000 1 00

R= Q}eDt u}= w CU= C=@v Q]k MU=B Q}eDt x@ \w@ Qt C}OwOLt swU C}OwOLt
"CU= ?wr]t=v Q_v OQwt Q=Okt R= QDtm sy w QDW}@ sy |DQ=@a x@ &CU= NTB ẁv
u=Wv =Q xv=NsQo |=tO w Tm} Q@ |rQDvm |=yQ}eDt OwOL R}v QN; C}OwOLt wO

"OvyO|t
xOW xO}UQB MU=B Q}eDt Qy uRw xv=NQ=m Q}Ot Q_v R= xO=iDU= =@ VywSB u}= QO

"CU=
0 45 � C=@v |HwQN MU=B Q}eDt uRw
0 35 � ?=wN u=tR MU=B Q}eDt uRw

0 2 � C=@v Q]k MU=B Q}eDt uRw
xv=NQ=m Q}Ot w |vi Q_=v Q_v x@ xHwD =@ R}v MU=B Q}eDt Qy |v=tQ; Q=Okt |xQ=@ QO

%CU= xOW xDiQo Q_v QO Q} R Q}O=kt
&sQowr}m 40 � p}D=B Qy R= C=@v |HwQN |v=tQ; Q=Okt

&Ca=U 60 � xv=NsQo QO |Q=Oyov w ?=wN u=tR |v=tQ; Q=Okt
&QDt|Dv=U 2 � C=@v Q]k |v=tQ; Q=Okt

'OvwW OL=w uwO@ O}=@ u=tQ; R= h=QLv= |=yQ}eDt ?}=Q[ xmu}= x@ xHwD =@
"OwW s}UkD Q}eDt u=ty u=tQ; Q=Okt Q@ O}=@ ?}=Q[

%Ow@ Oy=wN Q} R CQwY x@ pOt xH}Dv QO

%OwW|t xDWwv Q} R CQwY x@ 3 pwOH ?}=Q[ R= xO=iDU= =@ MU=B K]U |xrO=at w
R3(x) = B8B9x1 +B10x2 +B11x21 +B12x22

%Ow@ Oy=wN Q} R CQwY x@ pOt |v=tQ; |R} Qxt=vQ@ |rm pmW j@=]t
Min� w1d1 + w2d2 + w3(d31 + d32)

B0 +B1x1 +B2x21 � d1 = T1

B3 +B4x1 +B5x2 +B6x21 +B7x1x2 + d2 = T2

B8 +B9x1 +B10x2 +B11x21 +B12x22 + d31 � d32

= T3 � 1 � x1 � 1
�1 � x2 � 1 (11)

R= Q}eDt u}= w CU= C=@v |HwQN MU=B Q}eDt x@ \w@ Qt C}OwOLt pw= C}OwOLt
"CU= QDy@ 'OW=@ QDW}@ Q}eDt u}= Q=Okt xJ Qy |DQ=@a x@ &CU= LTB ẁv

xv=NsQo QO |Q=Oyov u=tR COtMU=B Q}eDt x@ \w@ QtC}OwOLt swOC}OwOLt
'OW=@ QDtm Q}eDt u}= Q=Okt xJ Qy |DQ=@a x@ &CU= STB ẁv R= Q}eDt u}= w CU=

"CU= QDy@
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"""|
R}Qx

t=vQ@
|x}

=BQ@
|@}

mQDp
Otl

}|
x�=Q="pL u=tR w hOy `@=D Q=Okt T=U= Q@ |iO=YD O=Oa= O=OaD |xU}=kt "4 pwOH

pL u=tR |v}tND u=tR pL u=tR Q=Okt Q=Okt `@=D Q=Okt O=OaD O=Oa= O=OaD
�RwQ� �x}v=F� �x}v=F� X2 X1 hOy w} Q=vU |iO=YD
1 6 � 139841 1 0 689 �0 010 8192 2

314 9 27215786 46 � � � � 1594323 3
241179 1 20837932825 � � � � 1220703125 5

:

:

:

Bn0 +Bn1 x1 +Bn2 x21 � dn1 = 40
Bn3 +Bn4 x1 +Bn5 x2 +Bn6 x21 +Bn7 x1x2

+dn2 = 60
Bn8 +Bn9 x1 +Bn10x2 + bn11x21 +Bn12x22

+dn31 � dn32 = 2 (13)

Qy Tv=} Q=w w u}ov=}t T=U= Q@ |iO=YD OOa 2 ?} Q[ Qy |=Q@ pw= |xrLQt QO
x@ xHwD =@ =yw} Q=vU O=OaD Cr=L u}= QO O};|t CUO x@ uw}UQoQ xrO=at QO ?} Q[
Q_v QO |iO=YD OOa 3 TBU w OW Oy=wN 213 Q@=Q@ OQ=O OwHw ?} Q[ 13 xmu}=
O=OaD ?}DQD u}ty x@ w OwW|t pY=L 313 Q@=Q@ =yw} Q=vU O=OaD w OwW|t xDiQo
\UwD hOy `@=D Q=Okt w pL u=tR w xO=O V}=Ri= =Q ?} Q[ Qy |=Q@ |iO=YD O=Oa=

"O};|t CUO x@ GAMS Q=Ri=sQv
`@=D Q=Okt w xOW xDiQo Q_v QO |iO=YD O=Oa= O=OaD u}@ xU}=kt 4 pwOH QO

%CU= xOt; Q=Ri=sQv \UwD pL u=tR w hOy
Q}O=kt w CU= �0 010 Q@=Q@ hOy `@=D Q=Okt 'OwW|t x_Lqt xm Qw] u=ty

%CU= Q} R KQW x@ |rQDvm |=yQ}eDt
u; |xv}y@ Q=Okt 'Tm} Q@ Q}eDt |=Q@ x}rw= h} QaD j@] xH}Dv QO X1 = 0=689

"CU= 79 11 Q@=Q@
=tO |xv}y@ Q=Okt 'xv=NsQo |=tO Q}eDt |=Q@ x}rw= h} QaD j@] xH}Dv QO X2 = 1

"CU= xHQO 45 Q@=Q@
xm |DQwY QO q=@ Q=}U@ pL u=tR Cra x@ 'OwW|t x_Lqt xm Qw] u=ty
R= CQwY u}= QO w CU}v |k]vt pOt pL OW=@ 2 R= QDW}@ |iO=YD O=Oa= O=OaD

"OwW|t xO=iDU= Tv=} Q=wwm � Tv=} Q=w T} QD=t

Tv=} Q=wwm � Tv=} Q=w T} QD=t R= xO=iDU= =@ pOt pL "5"1
?}=Q[ u}ov=}t R= xO=iDU= =@ ?} Q[ Qy |=Q@ |iO=YD |=yxvwtv Cr=L u}= QO
CUO x@ |iO=YD O=Oa= Q}eDt Qy Tv=} Q=wwm � Tv=} Q=w T} QD=t w MU=B Q}eDt Qy

"C=@v |HwQN Q}eDt |=Q@ Tv=} Q=wwm � Tv=} Q=w T} QD=t "5 pwOH
B2 B1 B0

�0 42804 0 0 642065 B0
0 0 615314 0 B1

0 69557 0 �0 42804 B2

Min = �0=01125d1 + 0=00583d2 + 0=1(d31 + d32)

B0 +B1x1 +B2x21 � d1 = 40
B3 +B4x1B5x2 +B6x21 +B7x1x2 + d2 = 60
B8 +B9x1 +B10x2 +B11x21 +B12x22 + d31 � d32 = 2
�1 � x1 � 1
�1 � x2 � 1 (12)

T=U= Q@ pOt O}=@ xrLQt u}= QO &OW s=Hv= |v=tQ; |R} Qxt=vQ@ pmW x@ |R=UpOt
"O}; CUO x@ |iO=YD |R} Qxt=vQ@

hrDNt |=yw} Q=vU O}=@ |iO=YD Cr=L QO 'OW xO=O K}[wD ,q@k xm Qw] u=ty
|=Q@ pOt |}xrLQtwO |iO=YD |R} Qxt=vQ@ VwQ x@ xHwD =@ w OwW xDWwv pOt |=Q@
w hOy `@=D Q=Okt Q_v R= G}=Dv w OwW|t xDWwv GAMS Q=Ri=sQv QO =yw} Q=vU s=tD
w xU}=kt ?}=Q[ |=Q@ xOW xDiQo Q_v QO |iO=YD O=Oa= O=OaD x@ C@Uv pL u=tR

"OwW|t |UQQ@
Min1=m13[(�0=01125d11 + 0=00583d12 + 0=1(d131 + d132))

+(�0=01125d21 + 0=00583d22 + 0=1(d231 + d232)) + :::

+(�0=01125dn1 + 0=00583dn2 + 0=1(dn31 + dn32))]

�1 � x1 � 1� 1 � x2 � 1
B10 +B11x1 +B12x21 � d11 = 40
B13 +B14x1 +B15x2 +B16x21 +B17x1x2

+d12 = 60
B18 +B19x1 +B110x2 +B111x21 +B112x22

+d131 � d132 = 2
B20 +B21x1 +B22x21 + d21 = 40
B23 +B24x1 +B25x2 +B26x21 +B27x1x2

+d22 = 60
B28 +B29x1 +B210x2 +B211x21 +B212x22

+d231 � d232 = 2
B30 +B31x1 +B32x21 � d31 = 40
B33 +B34x1 +B35x2 +B36x21 +B37x1x2

+d32 = 60
B38 +B39x1 +B310x2 +B311x21 +B312x22

+d331 � d332 = 2
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Ovyt "xv=NsQo QO |Q=Oyov u=tR COt Q}eDt |=Q@ Tv=} Q=wwm � Tv=} Q=w T} QD=t "6 pwOH
B7 B6 B5 B4 B3
0 �1 00275907 4=17843� 10�13 0 1 504138605 B3
0 0 0 1 44147 0 B4
0 �2=7832� 10�17 1 441469794 0 4=17843� 10�13 B5
0 1 629483489 �2=7832� 10�17 0 �1 00275907 B6

2 882932 0 0 0 0 B7

"C=@v Q]k Q}eDt |=Q@ Tv=} Q=wwm � Tv=} Q=w T} QD=t "7 pwOH
B12 B11 B10 B9 B8

0 000578315 �0 000578315 �3=21� 10�20 0 0 001157 B8
0 0 0 0 000723 0 B9

�1=60515� 10�20 �1=60515� 10�20 0 000722895 0 �3=21� 10�20 B10
0 000108434 0 000831327 �1=60515� 10�20 0 �0 00058 B11
0 000831327 0 000108434 �1=60515� 10�20 0 �0 00058 B12

"pL u=tR w hOy `@=D Q=Okt T=U= Q@ |iO=YD O=Oa= O=OaD |xU}=kt "8 pwOH
pL u=tR Q=Okt Q=Okt `@=D Q=Okt O=OaD O=Oa= O=OaD
�x}v=F� X2 X1 hOy w} Q=vU |iO=YD

4 1 0 601 �0 021 8 2
6 1 0 683 �0 018 27 3
8 1 0 764 �0 020 125 5

888 1 0 689 �0 018 1000 10
4020 1 1 �0 021 3375 15

"pL u=tR T=U= Q@ Cr=LwO |xU}=kt "9 pwOH
pL u=tR w} Q=vU O=OaD O=Oa= O=OaD

�x}v=F� 2 Cr=L �x}v=F� 1 Cr=L 2 Cr=L 1 Cr=L |iO=YD
5 139841 23 = 8 213 = 8192 2
6 27215786 46 33 = 27 313 = 1594323 3
8 20837932825 53 = 125 513 = 1220703125 5

434 � 103 = 1000 1013 10
4020 � 153 = 3375 1513 15

xm |DQwY QO pw= Cr=L QO xmu}= x@ xHwD =@ "CU= xOt; Q=Ri=sQv \UwD �x}v=F� pL
u}= C=@U=Lt 'CUq=@ Q=}U@ u; pL u=tR OW=@ QDW}@ w 3 |iO=YD O=Oa= O=OaD

"CU= |v}tND CQwY x@ pwOH

|Q}oxH}Dv "6
|R=Uxv}y@ |=Q@ Q=wDU= |L=Q] OQm} wQ =@ MU=B K]U VwQ R= xar=]t u}= QO

x@ xHwD =@ 'OwW O=H}= ?} Q[ Qy |=Q@ |iO=YD OOa 2 Qo = xm |DQwY x@ &O};|t
|iO=YD O=Oa= O=OaD Qo = w 23 =@ Q@=Q@ w} Q=vU O=OaD 'OQ=O OwHw MU=B Q}eDt 3 xmu}=

�7�5 pw=OH� "OW Oy=wN 33 Q@=Q@ w} Q=vU O=OaD 'OW=@ 3
T} QD=t R= xm |DQwY QO � hrDNt |iO=YD O=Oa= O=OaD |=Q@ 8 pwOH QO
'hOy `@=D Q}O=kt � OwW xO=iDU= pL u=tR Vy=m |=Q@ Tv=} Q=wwm � Tv=} Q=w
xOW xU}=kt Qo}Om} =@ pY=L Q}O=kt w xOt; CUO x@ pL u=tR w '|rQDvm |=yQ}eDt
=yw} Q=vU s=tD uDiQo Q_v QO =@ pw= Cr=L u}@ |xU}=kt 9 pwOH QO u}vJty "CU=
u=tR ^=Lr R= Tv=} Q=wwm � Tv=} Q=w T} QD=t uDiQo Q_v QO x@ xHwD =@ swO Cr=L w
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x�=Q=|=Q@ |irDNt |=yVwQ w xDiQo Q=Qk u=kkLt xHwD OQwt Q=}U@ Q}N= |=yp=U QO

xDN=OQB u; x@ V}B |=yVN@ QO xm CU= xOW x�=Q= hrDNt O=Qi= \UwD u; |=QH=
"OW

%OwW|t x�=Q= |D; C=ar=]t |=Q@ |}=yO=yvW}B xt=O= QO
O=yvW}B 'Ov=|Q}oxR=Ov= p@=k w |:tm ẁv R= MU=B |=yQ}eDt Q[=L VywSB QO "1

&OvwW |UQQ@ R}v |i}m MU=B |=yQ}eDt xOv}; |=yVywSB QO OwW|t
xOW xDiQo Q_v QO O}rwD Ov}=Qi Q@ pQDvm p@=k Q=PoQF= |=yQ}eDt VywSB u}= QO "2
=yv; pQDvm xm sL=Rt |=yQ}eDt QF= |D; C=k}kLD QO OwW|t O=yvW}B "CU=

&OwW xDiQo Q_v QO R}v CU= Q@ xv} Ry w pmWt
T} QD=t R= |R=Uxv}y@ Q=Ri=sQv \UwD pOt pL u=tR Vy=m |=Q@ VywSB u}= QO "3
QO xm OwW|t O=yvW}B &OW xO=iDU= MU=B Q}eDt Qy |=Q@ Tv=} Q=wwm � Tv=} Q=w
Q_vhQY pOt ?}=Q[ s=tD Tv=} Q=wwm � Tv=} Q=w T} QD=t R= Qo}O |=yVywSB
p@=k CQwYx@ pL u=tR CQwY u}= QO &OwW xO=iDU= MU=B |=yQ}eDt O=OaD R=

"O@=}|t Vy=m |yHwD

|v=tQ; |R} Qxt=vQ@ pmW x@ pY=L pOt w OW xO=iDU= C}i}m |=yxYNWt
=@ xrLQt Qy QO pOt pL R= TB "Ot; CUO x@ |}xrLQtwO Cr=L QO |iO=YD
O=OaD V}=Ri= ?Hwt uw}UQoQ CqO=at ?}=Q[ |iO=YD O=Oa= O=OaD V}=Ri=
u=tR Q}otWJ V}=Ri= xH}Dv QO w pOt |=yC}OwOLt w =yw} Q=vU 'Cq=L
xO=iDU= Tv=} Q=wwm � Tv=} Q=w T} QD=t R= pL u=tR Vy=m Qw_vt x@ &OW pL

"OW

|D; C=ar=]t |=Q@ |}=yO=yvW}B "7
syU x@ |@=}CUO |=Q@ |O}rwD |=yxv=NQ=m w =yu=tR=U 'RwQt= |D@=kQ \}Lt QO
V}=Ri= |=Q@ xv} Rysm p=L u}a QO w ?U=vt |y=Q uDi=} p=@vO x@ Q=R=@ QO QDV}@
R= |m} "OvyO V}=Ri= =Q u=} QDWt C}=[Q =D OvDUy OwN CqwYLt C}i}m
OQm} wQ u}= xm CU= Q=wDU= |L=Q] R= xO=iDU= 'C}i}m V}=Ri= xv} Rysm |=yVwQ

=yCWwv=B
1. response variable
2. design of experiments
3. response surface methodology
4. noise factor
5. squared-error loss function
6. signal to noise ratio
7. dual response surface
8. location e�ect
9. dispersion e�ect
10. single response approach
11. goal programming (GP)
12. Multi objective decision making
13. nominal the best
14. smaller the better
15. larger the better
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