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|=R=x@ |R=Uxv}y@ |R} Qxt=vQ@ 'OW=@ xDW=O |@U=vt |xv}y@ ?=wH �MU=B |=yQ}eDt
Q}eDt l} uO=OQ=Qk Q=@ Qy QO ?}DQD u}= x@ "OW Oy=wNv Q=QmD =y"i QDnQR@ Q}O=kt
CU= umtt =t= "OwW|t O}rwD O}=RQ}e w |Q=QmDQ}e |}=y?=wH 'hOy `@=D QO MU=B
'hOy `@=D QO Cw=iDt MU=B |=yQ}eDt uO=O Q=Qk |=R=x@ xOt; CUO x@ |=y?=wH
u=wva CLD |Qo}O |xrLQt x@ u}=Q@=v@ "OvW=@ sy x@ C@Uv \rUt |y=o w |Q=QmD

"CU= R=}v �\rUtQ}e |=y?=wH |Qop=@ Qe�

\rUtQ}e |=y?=wH |Qop=@ Qe �G
Ovv=t 'pw= |xrLQt QO %CU= xrLQt wO pt=W |Qop=@ Qe |O=yvW}B OQm} wQ QO
?=wH x=oQy 'l}DvS sD} Qwor= R= xO=iDU= =@ \rUtQ}e |=y?=wH O}rwD |xrLQt
|@U=vt |xv}y@ ?=wH =y"i QDu}}=B Kw]U |=R=x@ |�RH C}OwOLt VwQ R= pY=L
hPL =y"i QDnQR@ Kw]U Q}O=kt |=R=x@ xOt; CUO x@ |=y?=wH 'OW=@ xDW=O
QO |O=yvW}B OQm} wQ R= xO=iDU= =@ \rUtQ}e |=y?=wH O}rwD pL=Qt "OW Oy=wN
=@ u=Um} "i Kw]U =@ |=y?=wH 'swO |xrLQt QO "CU= xOW xO=O u=Wv 2 pmW
OW=@ QDsm p;xO}= Q=Okt R= u; hqDN= ẁtHt xm |@=wH w OvwW|t xU}=kt Qo}Om}
xO=O K}[wD |OOa p=Ft ?r=k QO xOWO=} pL=Qt 'xt=O= QO "OW Oy=wN ?=NDv=

"OwW|t

"|O=yvW}B OQm} wQ pL=Qt "2 pmW

O}rwD |=Q@ |�RH C}OwOLt VwQ R= xr=kt u}= QO 'OW xQ=W= R}v QDV}B xm u=vJ
VwQ |R=Uxv}y@ |R} Qxt=vQ@ "CU= xOW xO=iDU= \rUt Q}e |=y?=wH xawtHt

%CU= u}vJ |�RH C}OwOLt
Max ŷj(x) ŷi(x) � "i; i = 1; 2; :::; I; i 6= j

?OLt p�=Ut QO \rUtQ}e |=y?=wH |}=U=vW |}=v=wD 'VwQ u}= |=}=Rt R= |m}
\rUtQ}e |�RH C}OwOLt VwQ |=y?=wH 'Qo}O |wU R= [28]"CU= ?OLtQ}e w
xDW=Ov OwHw x 2 
 Qo = \ki w Qo = CU= h}a[ \rUt Q}e �x ?=wH "Ov=h}a[
?Um |=Q@ "OW=@ Q=QkQ@ ŷi(x) > ŷi(�x) xrO=at=v i = 1; 2; :::; I |=R=x@ xm OW=@
xOW KqY= |�RH C}OwOLt VwQ '|wk \rUtQ}e |=y?=wH uDi=} R= u=v}t]=
xOW KqY= |�RH C}OwOLt VwQ |R=Uxv}y@ |R} Qxt=vQ@ [23]"CU= xOW x�=Q=

%R= CU= CQ=@a
Max ŷi(x) + �

IX
i=1;i6=j

ŷi(x)

ŷi(x) � "i; i = 1; 2; :::; I; i 6= j (2)

[29]"CU= lJwm |i=m |xR=Ov=x@ C@Ft C@=F OOa � u; QO xm
\UwD MU=B |=yQ}eDt w |rQDvm pt=wa |x]@=Q pOt xm =Hv; R= 'xar=]t u}= QO
|=Q@ 'OQ=Ov OwHw |vw}UQoQ |xrO=at w OwW|t xDN=U |awvYt |@Ya |xm@W
xO=iDU= l}DvS sD} Qwor= R= |�RH C}OwOLt VwQ =@ \rUtQ}e |=y?=wH uDi=}
|ov}y@ |=yCyH |=Q=O MU=B |=yQ}eDt ,qwtat xNU=BOvJ p�=Ut QO "OwW|t
xm |rQDvm pt=wa R= |v}at K]U ,=@r=e 'p}rO u}tyx@ "OvO=[Dt |y=o w hrDNt

"OQ=Ov OwHw 'Ovm xv}y@ u=t-=wD =Q MU=B |=yQ}eDt |t=tD
|=yswRwtwQm =} |OwQw u=wvax@ MU=B |=yQ}eDt Q=Okt |O=yvW}B OQm} wQ QO
w q=@ OwOL u}@=t ,=tDL xm OvwW|t O}rwD |}xvwox@ w Ow@ Oy=wN l}DvS sD} Qwor=
'OwW =[Q= O}=@ ,=tDL xm |Qo}O C}OwOLt "OvQ}o Q=Qk Q_v OQwt MU=B |=yQ}eDt u}}=B
xrY=L *MU=B |=yQ}eDt Q_=vDt |rQDvm pt=wa uOw@|vOW |DQ=@ax@ =} pw@k OQwt
w Ovm|t Q}}eD " |�RH C}OwOLt =yvD l}DvS sD} Qwor= |=QH= Q=@ Qy QO "CU=
u}= QO "Ov=t|t C@=F |rQDvm pt=wa *uOw@|vOW *C}OwOLt w |R} Qxt=vQ@ hOy `@=D
u}}=B w q=@ OwOL u}}aD R}v w '|OwQw u=wvax@ MU=B |=yQ}eDt h} QaD p}rOx@ OQm} wQ
sD} Qwor= |=QH= Q=@ Qy QO 'MU=B |=yQ}eDt O}rwD Qw_vtx@ l}DvS sD} Qwor= |=Q@ C@=F
pt=wa xJv=vJ =t= "CU= Q=OQwNQ@ |@U=vt Q=Okt R= hOy `@=D |x}rw= Q=Okt l}DvS
QO |awvYt |@Ya |xm@W |HwQN w |OwQw ?}DQDx@ MU=B |=yQ}eDt w |rQDvm
uOQmxv}W}@ =@ |vOW |rQDvm pt=wa uDi=} l}DvS sD} Qwor= hOy 'OvwW xDiQo Q_v
MU=B |=yQ}eDt |=Q@ ?U=vt |=y?=wH uDi=} CQwY u}= QO &CU= hOy `@=D
Q=Okt Cr=L u}= QO xm CU= |y}O@ "CU= |}q=@ |wHwCUH u=tR hQY sRrDUt
pLt QO uOv=t u=mt= xH}DvQO w OwW ẁQW |Q=Okt Qy R= Ov=wD|t hOy `@=D |x}rw=
u=wvax@ ?}DQDx@ |rQDvm pt=wa w MU=B |=yQ}eDt xm CU= |Dr=L R= QDW}@ xv}y@
OQm} wQ QO 'Qo}O CQ=@ax@ "OvwWh} QaD |awvYt |@Ya |xm@W |HwQN w |OwQw
|OwQw xmCU= |Dr=L R= QDy@l}DvS sD} Qwor= QO hOy `@=D |x}rw= Q=Okt |O=yvW}B
QO l}DvS sD} Qwor= x@ |O=} R ltm OwN u}= w OvwW h} QaD ,=t}kDUt =y|HwQN w
u=Wv |OOa CQwYx@ ẁ[wt u}= xOW x�=Q= p=Ft QO "Ovm|t xv}y@ ?=wH uDi=}

"OwW|t xO=O
MU=B Q}eDt u}}=B w q=@ OL x@ =v@ i = 1; 2; :::; I; i 6= j |=R=x@ "i Q=Okt
\UwD MU=B |=yQ}eDt u}}=B w q=@ OwOL "OwW|t s}UkD Q_v OQwt Kw]U x@ s=i
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x}=t
v=Qo

h=@
WQi

Q}t=
w|

Q}W
@|

Oyt "MU=B |=yQ}eDt hOy w u}}=B w q=@ OwOL "5 pwOH
q=@ OL hOy u}}=B OL MU=B Q}eDt
195 190 185 Y1
195 185 170 Y2
195 185 170 Y3
195 190 185 Y4
195 185 170 Y5
195 185 170 Y6

uwRi= "OQ=Ov xOvQ}os}tYD |=Q@ |D}@ wr]t u}}=B OL R= QDsm =} q=@ OL R= QDW}@ MU=B
xrLQt l} 'OW=@v u}at MU=B |=yQ}eDt u}}=B w q=@ OwOL xm |OQ=wt QO 'u}= Q@

"OwW|t xi=[= sD} Qwor= QO =yu; u}tND |=Q@

\UwD MU=B |=yQ}eDt w |rQDvm pt=wa u}@ \@=wQ |}=U=vW "1"3
|awvYt |@Ya |xm@W

|=yQ}eDt ?}DQDx@ xm 'xm@W |HwQN w |OwQw uDiQo Q_v QO =@ xrLQt u}= QO
O=OaD w u=yvB |=yx}q O=OaD� hrDNt |=yQ=DN=U QO 'Ov=|rQDvm pt=wa w MU=B
VHvU Q=}at w xO}O VRwt; |awvYt |@Ya |xm@W '�=yu; QO Cw=iDt |=yuwQwv
w uwtR; |=yxO=O |=]N OYQO jr]tQOk u}ov=}t Q=DWwv u}= QO xm 'xm@W OQmrta
'CU= xOW u}}aD VRwt; |=yxO=O |=]N OYQO jr]tQOk u}ov=}t w |HvUQ=@Da=
Q=}at u}= Q=Okt u} QDsm |=Q=O Q=DN=U "OwW|t C@F w x@U=Lt Q=DN=U Qy |=Q@
'p=Ft u}= QO "OwW|t ?=NDv= |awvYt |@Ya |xm@W ?U=vt Q=DN=U u=wvax@
|=yx}q QO uwQwv 4 w 6 =@ ?}DQDx@ w u=yvB |x}q wO =@ |awvYt |@Ya |xm@W
"OwW|t ?=NDv= |awvYt |@Ya |xm@W?U=vt Q=DN=U u=wvax@ swO w pw= u=yvB
x@ =D OwW|t xO=O VRwt; xQ=@ wO xOW ?=NDv= Q=DN=U =@ xm@W '?=NDv= u}= R= TB
p=Ft QO "OUQ@ ?U=vt Q=DN=U ?=NDv= |xrLQt R= QDy@ OQmrta |Q}oxR=Ov= Q=}at
w uwtR; |=yxO=O |=]N OYQO jr]tQOk u}ov=}t 'xOW u}}aD Q=DN=U =@ 'xOW QmP
�8 03 VRwt; |=yxO=O |=]N OYQO jr]tQOk u}ov=}t w �8 54 |HvUQ=@Da=

"OvDUy

l}DvS sD} Qwor= R= xO=iDU= =@ \rUt Q}e |=y?=wH O}rwD "2"3
*u}}=B w q=@ OwOL x@ xHwD =@ =y"i Kw]U O}=@ =OD@= '\rUtQ}e |=y?=wH O}rwD |=Q@
"i Q}O=kt |=Q@ K]U xU '|OOa p=Ft u}= QO "OvwWXNWt 5 pwOH QO xOW u}}aD
K]U x@ C@Uv MU=B |=yQ}eDt |=Q@ xOW u}}aD OwOL =@ x=Qty xm xOW xDiQo Q_v QO
Q}O=kt Ov=wD|t u; Kw]U O=OaD xm OwW|t Qw;O=} "CU= xOW xOQw; 6 pwOH QO "i
'6 pwOH x@ xHwD=@ "Ovm ?=NDv= 'OwW|t XNWt Qop}rLD \UwD xm =Q |Qo}O
VwQ QO 'OQ}o Q=Qk 1 K]U QO "1 xm |DQwY QO pw= MU=B Q}eDt |=Q@ p=Ft |=Q@
Q=Okt Q@=Q@ ,=@} QkD MU=B Q}eDt u}= Q=Okt xm OQ=O OwHwC}OwOLt u}= |�RHC}OwOLt
Q=Okt 'OQ}o Q=Qk swO K]U QO "1 xm |v=tR w OW=@ �hOy R= 0 02 |xrY=i� hOy
QO xm |}=H =D OW=@ xDW=O hOy Q=Okt R= |QDW}@ xrY=i Ov=wD|t pw= MU=B Q}eDt
QO OwN |xOW u}}aD |xOwOLt QO \ki xm CU= |i=m MU=B Q}eDt "1 R= swU K]U
l} Qy 'pOt pL Q=@ Qy QO =y"i Kw]U Q}}eD =@ Qo}O CQ=@ax@ "OQ}o Q=Qk 5 pwOH
QO w OvW=@ xDW=O u=WhOy x@ C@Uv |Dw=iDt pY=wi Ovv=wD|t MU=B |=yQ}eDt R=
uQ=kD sOa p}rOx@ "O};|t CUO x@ \rUtQ}e ?=wH l} 'pOt pL Q=@ Qy |xH}Dv

|OOa p=Ft "3
QO uOQmsN Ov}=Qi x@ \w@ Qt 'xDiQo Q=Qk |UQQ@ OQwt [30]u}kkLt \UwD xm p=Ft u}=
%R= Ov=CQ=@a QwmPt |xr�Ut QO Q_v OQwt |rQDvm pt=wa "CU= |O=yxt}v `}=vY
u}vJty "(X3) =tQo Orwt lwr@ |=tO w '(X2) u=} QH |=tO '(X1) u=} QH MQv

%R= Ov=CQ=@a uwtR; MU=B |=yQ}eDt
&1 C}akwt QO xv}W}@ |=tO %Y1

&1 C}akwt QO x}rw= uOQmsN |=tO %Y2
&1 C}akwt QO |}=yv uOQmsN |=tO %Y3

&2 C}akwt QO xv}W}@ |=tO %Y4
&2 C}akwt QO x}rw= uOQm sN |=tO %Y5

"2 C}akwt QO |}=yv uOQm sN |=tO %Y6
C=W}=tR; |L=Q] |=Q@ umv@ � Tm =@ KQ] R= |rQDvm pt=wa Q}F-=D |UQQ@ |=Q@
QO xO=iDU= OQwt Kw]U Q=vm QO |rQDvm pt=wa C=YNWt "CU= xOW xO=iDU=

"CU= xOW xO=O u=Wv 4 pwOH QO =yV}=tR; G}=Dv w '3 pwOH
QDy@ QDl}ORv hOy x@ xJQy� ẁv R= MU=B |=yQ}eDt |t=tD 'p=Ft u}= QO
QO w xOW XNWt Ov}=Qi TOvyt \UwD u}}=B w q=@ OwOL w xOw@ �6�NTB�
|=yQ}eDt xm OyO|t u=Wv MU=B Q}eDt u}}=B w q=@ OL [30]"CU= xOW x�=Q= 5 pwOH

"umv@ � Tm =@ C=W}=tR; |L=Q] QO |rQDvm pt=wa C=YNWt "3 pwOH
K]U K]U OL=w pt=a s=v pt=a
q=@ u}}=B |rQDvm |rQDvm
120 40 ?amt Cwi OQ=Ov=DU= u=} QH MQv X1

(SCFM�) xk}kO QO
450 200 O=Qo |Dv=U xHQO u=} QH |=tO X2

350 150 O=Qo |Dv=U xHQO lwr@ |=tO X3
� standard cubic feet per minute

"C=W}=tR; G}=Dv "4 pwOH
Y6 Y5 Y4 Y3 Y2 Y1 X3 X2 X1
126 113 110 110 103 139 250 200 40
131 114 117 126 125 140 250 200 120
147 140 147 133 151 184 250 450 40
171 169 199 169 176 210 250 450 120
115 118 134 122 130 182 150 325 40
115 118 134 122 130 170 150 325 120
164 146 143 153 151 175 350 325 40
171 150 152 154 152 180 350 325 120
101 101 111 103 108 132 150 200 80
135 141 176 138 143 206 150 450 80
160 139 131 157 141 183 350 200 80
190 175 192 184 180 181 350 450 80
145 138 155 133 135 172 250 325 80
149 141 161 145 149 190 250 325 80
148 140 158 139 141 180 250 325 80
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"""QO
|rQ

Dvmp
t=wa

\rU
tQ}e

?}m
QD|

}=U=
vW"u; x@ C@Uv MU=B |=yQ}eDt OwOL w "i |=Q@ xOW h} QaD Kw]U "6 pwOH

"i K]U x@ C@Uv s=i MU=B Q}eDt OwOL Kw]U
6 MU=B Q}eDt 5 MU=B Q}eDt 4 MU=B Q}eDt 3 MU=B Q}eDt 2 MU=B Q}eDt 1 MU=B Q}eDt "i

[184 98 185 02] [184 98 185 02] [189 98 190 02] [184 98 185 02] [184 98 185 02] [189 98 190 02] 1
[177 5 190] [177 5 190] [�187 5 192 5] [177 5 190] [177 5 190] [187 5 192 5] 2
[170 195] [170 195] [185 195] [170 195] [170 195] [185 195] 3

"CU= xOW xO=O Q=Qk hOy `@=D QO pw= MU=B Q}eDt xm |v=tR 'O}=RQ}e |xOW O}rwD |=y?=wH "7 pwOH
MU=B Q}eDt Q=Okt |rQDvm |=yQ}eDt Q=Okt h}OQ

Y6 Y5 Y4 Y3 Y2 Y1 X3 X2 X1
193 92 170 75 190 185 185 190 324 82 449 16 89 3 1
189 96 170 82 194 81 185 185 190 314 41 449 38 93 19 2

...
...

...
...

...
...

...
...

...
...

185 185 194 07 179 36 170 190 347 61 449 96 86 26 21
185 185 192 5 173 38 170 190 343 56 449 97 85 71 22

'3 '1 K]U =yQ=QmD R= |m} QO CU= xDiQo Q=Qk hOy `@=D QO sQ=yJ MU=B Q}eDt xm
"CU= xOt; CUO x@ 6 =D 1 MU=B |=yQ}eDt |=R=x@ "i |=Q@ ?}DQDx@ 1 w 2 '3 '2
Q}eDt xm |v=tR 'CU= sHvB Q=QmD QO OwHwt ?=wH |w=Ut QDlJwm Kw]U u}=
Q}eDt uO=O Q=Qk R= pY=L ?=wH u}=Q@=v@ "CU= xDiQo Q=Qk hOy `@=D QO pw= MU=B
"i Kw]U =@ |=y?=wH 'swO |xrLQt QO "OwW|t hPL hOy `@=D QO pw= MU=B
p;xO}= Q=Okt R= u; hqDN= ẁtHt xm |@=wH w OvwW|t xU}=kt Qo}Om} =@ u=Um}
CLD 3 |x]@=Q QO 7p;xO}= Q=Okt R= hqDN= ẁtHt "OwW|t ?=NDv= OW=@ QDsm

"CU= xOW xO=O u=Wv SDT u=wva

SDT =
IX
i=1
jYi � Tij (3)

R= TB "CU= MU=B Q}eDt u}t=i hOy Q=Okt Ti w s=i MU=B Q=Okt Yi u; QO xm
MU=B |=yQ}eDt R= l} Qy uO=O Q=Qk R= pY=L xOt; CUO x@ ?=wH 538 |Qop=@ Qe
8 pwOH QO G}=Dv u}= xm Ov=t|t |k=@ \rUtQ}e ?=wH 17 =yvD 'hOy `@=D QO

"Ov=xOW xOQw;
=@ xQ=W= OQwt p=Ft R= pY=L G}=Dv '|O=yvW}B VwQ |}=Q=m |UQQ@ Qw_vtx@
G}=Dv 9 pwOH QO "CU= xOW xU}=kt u}kkLt Q}=U \UwD xOW x�=Q= |=yVwQ
xOW xO=O u=Wv xNU=BOvJ |xr�Ut u}= |R=Uxv}y@ QO C=ar=]t Q}=U R= pY=L
u=wvax@ ?=wH l} ,=iQY OwHwt u}W}B |=yVwQ xm CU= QmP x@ sRq "CU=
|}=U=vW x@ s=Ok= Q[=L VwQ xm |DQwY QO 'Ovm|t x�=Q= �xv}y@� KHQt ?=wH
ORv QDW}@ p=@kDU= R= xiOyOvJ |R=Uxv}y@ p�=Ut QO xm Ovm|t\rUtQ}e |=y?=wH
|=yhqDN= jr]tQOk ẁtHt pt=W 9 pwOH sQ=yJ uwDU "CU= Q=OQwNQ@ u}kkLt
CU= |vDio "CU= u=WQ_=vDt hOy Q=Okt R= xOt; CUO x@ xv}y@ MU=B |=yQ}eDt
�|O=yvW}B VwQ R= pY=L� \rUtQ}e |=y?=wH R= l} Qy l}miD x@ QwmPt Q=Okt
VwQ R= pY=L G}=Dv |xU}=kt "CU= xOW xO=O u=Wv 8 pwOH 11 uwDU QO
O}rwD \rUtQ}e |=y?=wH |t=tD QO xm OyO|tu=Wv C=ar=]t Q}=U w |O=yvW}B
MU=B |=yQ}eDt hqDN= jr]tQOk ẁtHt '|O=yvW}B VwQ R= xO=iDU= =@ xOW
QO 'OQ=O [31w30]u}kkLt R= |NQ@ OQm} wQ x@ C@Uv |QDsm Q=Okt hOy Q=Okt R=
3 x@ C@Uv \ki [16]Qo}O u}kkLt OQm} wQ R= pY=L |xv}y@ ?=wH 5 xm |r=L

u}= |xOW u}}aD OwOL '�5 pwOH� 6 w 5 '3 '2 MU=B |=yQ}eDt u}}=B w q=@ OwOL
"�6 pwOH� Ov=xOW u}}aD C@Uv u=ty x@ R}v "1 Kw]U x@ C@Uv =yQ}eDt

xm CU= lJwm |i=m |xR=Ov=x@ C@Ft C@=F OOa � 'OW xQ=W= QDV}B xm u=vJ
1 5�103 '� Q=Okt p=Ft u}= QO "Ovm|t u}t[D =Q |wk\rUt Q}e |=y?=wH O}rwD
xDiQoCQwY C}U=UL p}rLD G}=Dv R= xO=iDU= =@ Q=Okt u}= "CU= xOW xDiQo Q_v QO
Q_v OQwt p=Ft QO MU=B |=yQ}eDt T=}kt uDiQo Q_vQO =@ w [23]u}W}B C=ar=]t QO

"CU= xOW ?=NDv=
u; Q_=vDt " |=Q@ K]U 3 =yu; R= l} Qy |=R=x@ w 'MU=B Q}eDt 6 p=Ft u}= QO
pL O}=@ |R=Uxv}y@ |xr�Ut Q=@ 35 � 6 pm QO u}=Q@=v@ "OQ=O OwHw MU=B Q}eDt
`@=D QO pw= MU=B Q}eDt Qo = 'p=Ft |=Q@ "Ov=|i=[= pL C=aiO R= |Q=}U@ =t= 'OwW
|=R=x@ xJv=vJ 'OvQ}o Q=Qk C}OwOLt QO "i Kw]U x@ =v@ MU=B |=yQ}eDt Q}=U w hOy
|Lw]U |UQQ@ 'OW=@ �190� p;xO}= Q=Okt Q@=Q@ pw= MU=B Q}eDt =y"i QDu}}=B Kw]U
u}= x@ "OQ=Ov |DQwQ[ 'Ov=xOW |UQQ@ Kw]U |w=Ut =} QDnQR@ =yu; |t=tD xm "i R=
u=tR =D OwW|t |Q}owrH |i=[= w |Q=QmD |=yCr=L R= |Q=}U@ s=Hv= R= ?}DQD

"O@=} Vy=m xr�Ut pm pL
w 5 '4 '3 '2 '1 MU=B |=yQ}eDt xm |v=tR 'xOW xO=O C=L}[wD x@ xHwD =@
sD} Qwor= \UwD w xOW xO=O Q=Qk |�RH C}OwOLt VwQ |xr�Ut hOy `@=D QO 6
O}rwD O}=R Q}e ?=wH 71 w 176 '36 '42 '191 '22 ?}DQDx@ OvOW pL l}DvS
hOy `@=D QO pw= MU=B Q}eDt xm |v=tR xOW O}rwD |=y?=wH R= |NQ@ "CU= xOW

"CU= xOt; 7 pwOH QO 'CU= xDiQo Q=Qk

\rUtQ}e |=y?=wH |Qop=@ Qe "3"3
`@=D QO hrDNt MU=B |=yQ}eDt uO=O Q=Qk w hrDNt |=y"i =@ xr�Ut pL R= TB
s=Hv= sRrDUt =y?=wH u}= =t= &O};|t sy=Qi \rUtQ}e |=y?=wH R= |DUQyi 'hOy
|Qop=@ Qe |O=yvW}B OQm} wQ QO 'OW xQ=W= QDV}B xm u=vJ "Ov=x}iYD w |Qop=@ Qe
C}OwOLt VwQ R= pY=L ?=wH x=oQy 'pw= |xrLQt QO "CU= xrLQt wO pt=W
Q}O=kt |=R=x@ xOt; CUO x@ |=y?=wH 'OW=@ xv}y@ =y"i QDu}}=B Kw]U |=R=x@ |�RH
|v=tR |OOa p=Ft u}= pL QO 'p=Ft |=Q@ "OW Oy=wN hPL =y"i QDnQR@ Kw]U
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x}=t
v=Qo

h=@
WQi

Q}t=
w|

Q}W
@|

Oyt "|O=yvW}B OQm} wQ R= xO=iDU= =@ xOW O}rwD \rUtQ}e |=y?=wH "8 pwOH
MU=B Q}eDt Q=Okt h}OQ

SDT Y6 Y5 Y4 Y3 Y2 Y1 X3 X2 X1
23 17 193 92 170 75 190 185 185 190 324 82 449 19 89 3 1
27 22 190 170 191 54 179 32 185 190 307 49 449 77 92 83 2
36 9 185 170 195 170 185 188 1 289 16 450 96 2 3
23 84 187 93 185 192 48 185 170 04 193 47 349 99 448 93 87 07 4
29 12 185 185 192 5 173 38 170 190 343 56 449 99 85 7 5
23 45 189 17 170 11 194 39 185 185 190 311 46 450 93 81 6
30 63 190 170 04 190 174 33 185 190 302 63 450 92 2 7
22 31 186 75 184 98 194 99 185 01 170 83 191 37 349 98 449 87 86 88 8
21 58 189 96 177 5 191 61 185 177 5 190 01 341 5 449 67 86 65 9

22 192 99 178 49 190 185 177 5 190 345 82 448 86 86 27 10
25 32 190 177 5 190 179 69 177 5 190 336 92 449 82 86 29 11
19 33 185 01 173 19 190 185 177 51 190 01 329 55 449 89 88 46 12
35 82 195 185 194 78 171 47 177 5 190 341 57 449 89 86 09 13
25 35 188 41 185 190 02 177 91 170 17 190 01 349 48 450 85 73 14
27 7 185 02 177 49 194 95 177 27 177 5 190 324 36 449 99 89 43 15
18 31 185 181 64 190 02 185 01 170 1 189 99 349 24 449 89 86 16 16
22 27 185 184 98 195 182 75 170 190 349 5 449 41 86 76 17

"|OOa p=Ft |=Q@ C=ar=]t Q}=U R= pY=L xv}y@ G}=Dv "9 pwOH
D SDT (Y �1 ; Y �2 ; Y �3 ; Y �4 ; Y �5 ; Y �6 ) (X�1 ; X�2 ; X�3 ) OQm}wQ

0 42 29 2 (192 1; 184 1; 181; 193 7; 180 3; 171 2) (68 97; 370; 286 06) [16]

0 41 37 4 (187; 176 7; 173 8; 192 9; 174 2; 186 2) (74 55; 472 9; 332 75) [31]

0 3 42 1 (186; 174 5; 172; 192 6; 173; 185) (84 16; 450; 329 87) [30]

0 41 18 31 (189 99; 170 1; 185 01; 190 02; 181 64; 185) (86 76; 449 41; 349 5)

|O=yvW}B VwQ
|=y?=wH QO OwHwt ?=wH u} QDy@�

�SDT Q=Okt Q_v R= \rUtQ}e

0 69 19 33 (190 01; 177 51; 185; 190; 173 19; 185 01) (88 46; 449 89; 329 55)

|O=yvW}B VwQ
|=y?=wH QO OwHwt ?=wH u} QDy@�
�C}@ wr]t `@=D Q=Okt Q_v R= \rUtQ}e

[32]%CU=

di (ŷi(x))=

8>>>>>>><>>>>>>>:
0 ŷi (x) < Y min

i =} ŷi (x) > Y max
ih

ŷi�Ymin
i

Ti�Ymin
i

isi
Y min
i � ŷi (x) � Tih

Ymax
i �ŷi
Ymax
i �Ti

iti
Ti � ŷi (x) � Y max

i

1 ŷi (x) = Ti

(4)

QDO@ xOW O}rwD \rUtQ}e ?=wH 14 x@ C@Uv w QDy@ xOW O}rwD \rUtQ}e ?=wH
O}rwD w pL QO |O=yvW}B VwQ |}=Q=m |xOvyOu=Wv G}=Dv u}= |xU}=kt "CU=
CU= |Qo}O Q=}at C}@ wr]t `@=D "CU= xNU=BOvJ p�=Ut QO \rUtQ}e |=y?=wH
C}@ wr]t `@=D "CU= xOW xO=iDU= =yOQm} wQ R= pY=L G}=Dv |xU}=kt |=Q@ xm
di =@ xm Ovm|t p}O@D 1 w QiY u}@ T=}kt uwO@ |OOa x@ =Q MU=B Q}eDt Q=Okt
R= MU=B |=yQ}eDt |=Q@ C}@ wr]t `@=D "OwW|t xO=O u=Wv s=i MU=B Q}eDt |=Q@
xOW h} QaD 4 |x]@=Q CQwYx@ w �NTB� �QDy@ QDl}ORv hOy x@ xJQy� ẁv
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"""QO
|rQ

Dvmp
t=wa

\rU
tQ}e

?}m
QD|

}=U=
vW

|Q}oxH}Dv "4
|NU=B |=yQ}eDt s=tD u=tRty |R=Uxv}y@ ẁ[wt u} QDsyt xNU=BOvJ p�=Ut QO
|m} |xv}y@ CyH QO CmQL Qo}O CQ=@ax@ "OvO=[D QO Qo}Om} =@ ,qwtat xm CU=
"OW=@ Qo}O MU=B Q}eDt |ov}y@ CyH hqN QO CU= umtt MU=B |=yQ}eDt R=
QO "OW=@ QD?U=vt Ov=wD|t xOvQ}os}tYD x@ \rUtQ}e |=y?=wH x�=Q= wQu}= R=
xO=iDU= Qw_vt u}= |=Q@ |vw}UQoQ CqO=at R= C=}@O= QO OwHwt C=ar=]t ?re=
|@Ya |=yxm@W QDsm |=]N |xOvyOu=Wv |D=ar=]t xm |r=L QO 'CU= xOW
QO "CU= MU=B |=yQ}eDt w |rQDvm pt=wa u}@ |x]@=Q u}tND |=Q@ |awvYt
|=yQ}eDt u; |=y|OwQw xm � |awvYt |@Ya |xm@W R= xO=iDU= =@ 'Q=DWwv u}=
sD} Qwor= w |�RH C}OwOLt VwQ �OvOw@ |rQDvm pt=wa u; |=y|HwQN w 'MU=B
p=Ft l} |wQ |O=yvW}B VwQ "s}DN=OQB \rUtQ}e |=y?=wH O}rwD x@ l}DvS
Q_v OQwt p=Ft pL R= pY=L G}=Dv =@ u; R= pY=L G}=Dv w xOW s=Hv= |OOa
|O=yvW}B VwQ |}=Q=m |xOvyOu=Wv xrY=L G}=Dv &OW xU}=kt u}kkLt Q}=U \UwD
O}rwD R= pY=L G}=Dv xm |DQwYx@ =y"i Q}O=kt w Kw]U l}D=tDU}U ?=NDv= "CU=
KQ]t |D; C=k}kLD xv}tR u=wvax@ Ov=wD|t 'OWN@ Ow@y@ =Q \rUtQ}e |=y?=wH

"OwW

'q=@ w u}}=B OwOL ?}DQDx@ Y max
i w Y min

i 'C}@ wr]t `@=D di (ŷi(x)) u; QO xm
"CU= s=i MU=B Q}eDt ?wr]t K]U Ti w

hOy R= h=QLv= uOw@ |]N u=R}t |xOvyOu=Wv |awv x@ t w s 'jwi \@=wQ QO
|a@=D =@ ?wr]t Q=Okt R= h=QLv= 'OvW=@ 1 Q@=Q@ t w s Q}eDt wO Qy Qo = "OvDUy
Qakt Ea=@ ?}DQDx@ 1 x@ C@Uv Q}O=kt u}= Vy=m w V}=Ri= w OwW|t OQw;Q@ |]N
`}tHD |=Q@ =Q |UOvy u}ov=}t [33]uwDov} Qy "OwW|t OQw;Q@ `@=D uOW ?OLt w

"O=O O=yvW}B xv=o =OH C}@ wr]t `@=wD
C}@ wr]t `@=D Q=Okt 't w s Q}O=kt uO=O Q=Qk 1 Q@=Q@ w 4 |x]@=Q R= xO=iDU= =@
u=Wv 9 pwOH QO w xOt; CUO x@ |UOvy u}ov=}t \UwD �D� =yu; |xOW`}tHD
Q=Okt u} QDy@ xm xOt; CUO x@ \rUtQ}e |=y?=wH u}@ R= |@=wH "Ov=xOW xO=O
xm u=vJ "CU= xOW xO=O u=Wv R}v OQ=O =Q xOW `}tHD C}@ wr]t `@=D Q=Okt Q_v R=
C}@ wr]t `@=D R}v =yOQm} wQ Q}=U |xv}y@ ?=wH x@ C@Uv ?=wH u}= OwW|t xOy=Wt
uDiQo Q_v QO =@ xm OQm \=@vDU= u}vJ u=wD|t xU}=kt u}= R= "OQ=O |QDy@ |rm
\rUtQ}e |=y?=wH R= |m} sm CUO '=y?=wH |@=} RQ= |=Q@ Cw=iDt |=yQ=}at
Q}=U \UwD xOW x�=Q= KHQt ,=iQY ?=wH R= QDy@ =} '|w=Ut |Q=Okt xOt; CUO x@

"CW=O Oy=wN =yOQm} wQ

=yCWwv=B
1. "-constraint
2. mean absolute percentage error
3. larger the better
4. weighting method
5. weighted metrics method
6. nominal the best
7. sum of deviation from target
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