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det (S�1) (7)

w Ov}=Qi |}=v=wD XN=W u}@ |x]@=Q xm u; p}rO x@ Cpm Ov}=Qi |}=v=wD XN=W QO
`@=D u}}aD |=Q@ pwtat |=yVwQ R= xO=iDU= u}=Q@=v@ 'CU= |]NQ}e |R=i C=Oy=Wt
xHQO `@=D xr=kt u}= QO "CU}v Q}PBu=mt= Ov}=Qi |}=v=wD XN=W C} w[a |xHQO
[24]w}r w w=m \UwD xOW x�=Q= swyit T=U=Q@ Cpm Ov}=Qi |}=v=wD XN=W C} w[a
Ov}=Qi |}=v=wD XN=W |v}tND C} w[a |xHQO `@=D u}}aD |=Q@ "CU= xOW x@U=Lt
QO "OwW|t xO=iDU= s=o xU QO w [13]'u=Q=mty w |wUwt \UwD xOW x�=Q= VwQ R=
swO s=o QO "OwW|t u}}aD 8 |x]@=Q T=U=Q@ C=Oy=Wt |=yVQ@ � � pw= s=o
|R=Uxv}y@ `@=wD R= xO=iDU= =@ Ov}=Qi |}=v=wD XN=W |=yVQ@ � � u}}=B w q=@ OwOL
R= xO=iDU= =@ Ov}=Qi |}=v=wD XN=W u}}=B OL � K]U Qy |=Q@ "OwW|t x@U=Lt
K]U QO OwN u}}=B w q=@ OL u}@ C=Oy=Wt xm |t=ovy 'XN=W u}= |R=Uxv}tm
=@ � K]U QO Ov}=Qi |}=v=wD XN=W |q=@ OL u}vJty "OwW|t x@U=Lt 'CU= �
OwN u}}=B w q=@ OwOL u}@ C=Oy=Wt xm |t=ovy Ov}=Qi |}=v=wDXN=W |R=Uxv}W}@
|=yXN=W C} w[a |xHQO `@=wD swU s=o QO "OwW|t u}}aD OvDUy � K]U QO
|=yVQ@ � � |q=@ w u}}=B OwOL "OwW|t u}}aD =yVQ@ � �T=U=Q@ Ov}=Qi |}=v=wD
"OwW|t x@U=Lt 10 w 9 \@=wQ R= xO=iDU= =@ ?}DQDx@ Cpm Ov}=Qi |}=v=wD XN=W
11 |x]@=Q CQwYx@ Cpm Ov}=Qi |}=v=wD XN=W C} w[a |xHQO `@=D u}vJty

%OwW|t h} QaD
(Xij)�=

h
(Xij)L� ; (Xij)

U
�

i
=min:xij

n
xij 2xj�: ~Xij (xij)��

o
;

max:xij
n
xij 2 xj�: ~Xij (xij) � �

o
(8)

(Ĉpm)L� = min :266664
Qk
i=1 (USLi � LSLi)Qk

i=1

  
~�Xi+

r
�2
k;�: det(S�1

i )
det(S�1)

!
�
 

~�Xi�
r

�2
k;�: det(S�1

i )
det(S�1)

!!
377775

1
k

(Xij)L� � Xij � (Xij)U� (9)

(Ĉpm)U� = max :266664
Qk
i=1 (USLi � LSLi)Qk

i=1

  
~�Xi+

r
�2
k;�: det(S�1

i )
det(S�1)

!
�
 

~�Xi�
r

�2
k;�: det(S�1

i )
det(S�1)

!!
377775

1
�

(Xij)L� � Xij � (Xij)U� (10)

� ~Cpm

�
Ĉpm

�
=

8>>>>>>><>>>>>>>:
L
�
Ĉpm

�
;

�
Ĉpm

�L
0
� Ĉpm �

�
Ĉpm

�L
1

1;
�
Ĉpm

�L
1
� Ĉpm �

�
Ĉpm

�U
1

R
�
Ĉpm

�
;

�
Ĉpm

�U
1
� Ĉpm �

�
Ĉpm

�U
0

(11)

XN=WC} w[a xHQO `@=DCU=Q wAJ `@=wD?}DQDx@R�Ĉpm� w L
�
Ĉpm

�
"OvDUy � ~Cpm Ov}=Qi |}=v=wD

x=Qtyx@ OvwW|t xOR u}tND uw}UQoQ w u}ov=}t |=yVwQ =@ xDiQ CUO R= |=yxO=O
|i}m |=yxYNWt u}@ |oDU@ty ?} Q[ hrDNt Q}O=kt |wQ C}U=UL p}rLD
u=Wv sHvB VN@ QO |OOa p=Ft R= xO=iDU= =@ 'xDiQ CUO R= |=yxO=O OYQO w
x�=Q= |D; C=ar=]t |=Q@ C=O=yvW}B w |Q}oxH}Dv u=}=B QO u}vJty "CU= xOW xO=O

"CU= xOW

xQ}eDtOvJ Ov}=Qi |}=v=wD XN=W "2
w |Q=} QyW \UwD xOW x�=Q= XN=W 'xQ}eDtOvJ Ov}=Qi |}=v=wD |=yXN=W R= |m}
p}O@D Ov}=Qi |x}L=v w Tv=QrwD |x}L=v ?Uv R= Cpm XN=W "CU= [3]u=Q=mty

%OwW|t x@U=Lt xDi=}

Cpm =

"Qk
i=1 (USLi � LSLi)Qk
i=1(UPLi � LPLi)

# 1
k

(1)

=@ xm OvDUy Ov}=Qi |q=@ w u}}=B OwOL ?}DQDx@ UPLi w LPLi x]@=Q u}= QO
%OwW|t x@U=Lt 3 w 2 \@=wQ R= xO=iDU=

LPLi = Ui �
s
�2
�;k: det

�
��1
i
�

det (��1) (2)

UPLi = Ui +

s
�2
�;k:det

�
��1
i
�

det (��1) (3)

R= xDiQoQ@ |U} QD=t �i w i xQ=tW |i}m |xYNWt u}ov=}t Ui \@=wQ u}= QO
xOW hPL i |xQ=tW uwDU w Q]U u; QO xm CU= Tv=} Q=wwm � Tv=} Q=w T} QD=t

"CU=

|R=i |xQ}eDtOvJ Ov}=Qi |}=v=wD XN=W "1"2
xm |t=ovy "OvDU}v |a]k O=Oa= |i}m |=yxYNWt Q}O=kt xQ=wty |ak=w |=}vO QO
|=yxO=O CQwYx@ C=Oy=Wt Q=Okt =}CU= j}kOQ}e Ov}=Qil} R= xDiQoQ@ C=Oy=Wt
,qwtat xm OwW|t xO=iDU= C=Oy=Wt u=}@ |=Q@ |R=i O=Oa= R= 'OwW|t u=}@ |v=@ R
"OvwW|t xDiQo Q_v QO |FrFt O=Oa= CQwYx@ |oO=U Qw_vtx@ ẁ[wt C=}@O= QO
"OwW|t xO=iDU= |FrFt |R=i O=Oa= R= ẁ[wt C=}@O= =@ =DU=Qsy R}v xr=kt u}= QO
|}xkvRwP |R=i O=Oa= x@ |DL=Qx@ =Q xr=kt u}= QO xOW x�=Q= |=yVwQ u=wD|t xJQo =
s=j |xOy=Wt Q=Okt xm CU= |FrFt |R=i OOa l} ~Xij OwW ZQi Qo = "O=O s}taD
%O=O u=Wv 4 |x]@=Q CQwYx@ =Q u; u=wD|t 'OyO|t u=Wv =Q s=i |i}m xYNWt
~Xij = (Xl

ij ;X
m
ij ;X

u
ij) (4)

x@U=Lt 5 |x]@=Q R= xQ}eDtOvJ |R=i |=yxO=O |=Q@ Cpm Ov}=Qi |}=v=wD XN=W
"OwW|t

~̂Cpm =

"Qk
i=1 (USLi � LSLi)Qk
i=1(U ~̂PLi � L ~̂PLi)

# 1
k

(5)

%OwW|t x@U=Lt 7 w 6 \@=wQ R= xO=iDU= =@ ?}DQDx@ L ~̂PLi w U ~̂PLi Q}O=kt

U ~̂PLi = ~�Xi +

s
�2
�;k: det

�
S�1
i
�

det (S�1) (6)
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@=@ xDiQ CUO R= |xO=O |v}tND Q=Okt C} w[a |xHQO `@=D 'uw}UQoQ VwQ QO
|}=v=wD |=yXN=W C} w[a |xHQO `@=D u}}aD |=Q@ xOW x�=Q= VwQ R= xO=iDU=
u}tND |=yVQ@ � � |q=@ w u}}=B OwOL VwQ u}= QO "OwW|t x@U=Lt Ov}=Qi

%OwW|t u}}aD 19 w 18 \@=wQ R= xO=iDU= =@ ?}DQD x@ xDiQ CUO R= |xO=O�
X̂1k

�L
�

= min :�̂+ �̂X2k

�̂ =

P
j

(X1j � �X1)(X2j � �X2)P
j

(X2j � �X2)2

�̂ = �X1 � �̂ �X2

(Xij)L� � Xij � (Xij)U� (18)�
X̂1k

�U
�

= max :�̂+ �̂X2k

�̂ =

P
j

(X1j � �X1)(X2j � �X2)P
j

(X2j � �X2)2

�̂ = �X1 � �̂ �X2

(Xij)L� � Xij � (Xij)U� (19)�
~X2k
�
�
=
h
(X2k)L� ; (X2k)U�

i xDiQ CUOR= |xO=O |v}tND Q=Okt |=yVQ@ � �
CUO R= xO=O pw= |i}m |xYNWt xm OvQ=O OQ@ Q=m |t=ovy 19 w 18 \@=wQ "CU=

"OW=@ xDiQ

|=yxO=O u}tND |O=yvW}B |=yVwQ w j}kLD |x}wQ "4
|R=i |xDiQ CUO R=

u}tND QO |O=yvW}B |=yVwQ |UQQ@ Qw_vtx@ j}kLD |x} wQ =OD@= VN@ u}= QO
Cpm |R=i |xQ}eDtwO Ov}=Qi |}=v=wD XN=W QO |R=i |xDiQ CUO R= |=yxO=O
Qw_vtx@ uw}UQoQ w u}ov=}t VwQ wO |xaUwD xt=O= QO TBU "CU= xOW K} QWD

"CU= xOW x�=Q= |R=i OQm} wQ =@ xDiQ CUO R= |=yxO=O u}tND

j}kLD |x} wQ "1"4
u}tND QO |O=yvW}B |=yVwQ |UQQ@ Qw_vtx@ j}kLD |=ys=o VN@ u}= QO
|=yxO=O Qw[L QO Ov}=Qi |}=v=wD XN=W MU=B p}rLD w xDiQ CUO R= C=Oy=Wt
xDiQ CUO R= |=yxO=O OYQO w |oDU@ty ?}=Q[ uDiQo Q_v QO =@ xDiQ CUO R=

"CU= xOW x�=Q= 2 pmW QO
|Q}PB Q}F-=D u; QO xm CU= |]}=QW u} QDy@ |@=} RQ= xOW x�=Q= |x} wQ R= hOy
xO}UQ OwNCr=L u} QDsm x@ xDiQCUO R= |=yxO=O Qw[L R= Ov}=Qi |}=v=wDXN=W
w OW=@ K}LY |@=} RQ= l} Ov}=Qi |}=v=wD R= xOW xOQw;Q@ Q=Okt w �p;xO}= Cr=L�
CUO R= |=yxO=O Qw[L Crax@ Ov}=Qi |}=v=wD R= \re |=yOQw;Q@ lU} Q xH}DvQO

"OwW xv}tm xDiQ

(POS) C=QP `=tDH= sD} Qwor= "2"4
xU R= QF-=Dt Q=QmD Qy QO �CaQU Q=OQ@� xQP CmQL CyH C=QP `=tDH= sD} Qwor= QO
s=i |xQP xm |v=mt u} QDy@ |va} (pki ) 7|YNW |xQ]=N u} QDy@ "1 %CU= pt=a

Cr=L QO xDiQ CUO R= |=yxO=O u}tND |=yVwQ "3
|a]k

xDiQ CUO R= |=yxO=O u}tND Qw_vtx@ uw}UQoQ w u}ov=}t VwQ wO VN@ u}= QO
u}tND Qw_vtx@ VwQ u} QDy@ ?=NDv= =yVwQ u}= |x�=Q= R= hOy "CU= xOW x�=Q=
xOW xOR u}tND Ov}=Qi |}=v=wD XN=W u}@ hqDN= "CU= xDiQ CUO R= |=yxO=O
Qw[L sOa Cr=L QO Ov}=Qi |}=v=wD XN=W w 'xDiQ CUO R= |=yxO=O Qw[L QO
u}tND QO VwQ u} QDpw@k p@=k |UQQ@ |=Q@ |Q=}at u=wvax@ xDiQCUO R= |=yxO=O

"OwW|t ?wULt xDiQ CUO R= |=yxO=O

u}ov=}t VwQ "1"3
CUO R= |=yxO=O |=Q@ |v} Ro}=H u=wvax@ OwHwt C=Oy=Wt u}ov=}t VwQ u}= QO
u}ov=}t 'OwW |krD xOWto Xij |xOy=Wt Qo = ?}DQD u}O@ "OwW|t |krD xDiQ
R= |xO=O R= |OQw;Q@ u=wvax@ ( �Xi) i xQ=tW |i}m |xYNWt QO OwHwt C=Oy=Wt

"OwW|t xO=iDU= xDiQ CUO

uw}UQoQ VwQ "2"3
xO=iDU= xDiQ CUO R= |=yxO=O u}tND Qw_vtx@ uw}UQoQ |xrO=at R= VwQ u}=
MU=B Q}eDt u=wvax@X2 =yv; QO 'OvW=@ C=Oy=Wt R= |Q=OQ@ (X1; X2) Qo = "Ovm|t
Q=Okt l} xQ=wty OwW|t ZQi "OwW|t xDiQo Q_v QO pkDUt Q}eDt u=wvax@ X1 w
uw}UQoQ \N ?}W VwQ u}= QO "OW=@ xDiQ CUO R= (X1; X2) C=Oy=Wt Q=OQ@ R=

%OwW|t xOR u}tND 12 |x]@=Q R= xO=iDU= =@ (�̂)

�̂ = Sx1x2
Sx1x1

(12)

x@U=Lt p@=k 14 w 13 \@=wQ j} Q] R= ?}DQDx@ Sx1x1w Sx1x2 Q}O=kt u; QO xm
%CU=

Sx1x2 =
X
j

(X1j � �X1)(X2j � �X2) (13)

Sx1x1 =
X
j

(X1j � �X1)2 (14)

%OwW|t OQw;Q@ 15 |x]@=Q Q= xO=iDU= =@ (�̂) uw}UQoQ \N -=O@t R= ZQa
�̂ = �X2 � �̂ �X1 (15)

u}tND p@=k 16 |x]@=Q R= xO=iDU= =@ 'OwW ZQi xDiQ CUO R= xOy=Wt X2j Qo =
%CU=

X̂2j = �̂+ �̂X1j (16)

|R=i |xDiQ CUO R= |=yxO=O u}tND |O=yvW}B |=yVwQ "3"3
CQwYx@ uw}UQoQ w u}ov=}t VwQ R= xO=iDU= =@ xDiQCUO R= C=Oy=Wt |R=i Q}O=kt
OQw;Q@ Q=Okt Ov=|FrFt |R=i O=Oa= C=Oy=Wt xm |t=ovy "OwW|t xOR u}tND |R=i

%OwW|t x@U=Lt 17 |x]@=Q R= xDiQ CUO R= |=yxO=O |xOW
~�X =

 Pn
j=1 X

l
ij

n
;
Pn
j=1 X

m
ij

n
;
Pn
j=1 X

u
ij

n

!
(17)
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xQ=t
W'

33
�1

|xQ
wO'

�13
96

u=DU
@=D�

h}
QW

C}
Q}Ot

w`}
=vY

|U
Ovyt

"C=QP `=tDH= |R=Uxv}y@ sD} Qwor= Ov}=Qi "3 pmW

|OOa p=Ft "5
QO xDiQ CUO R= |=yxO=O u}tND |=yVwQ |xaUwD w j}kLD |x} wQ u=}@ R= Oa@
u}tND |=yVwQ OQmrta |UQQ@ |=Q@ |OOa p=Ft VN@ u}= QO '|R=i \}Lt
|R=i |xQ}eDtwO Ov}=Qi |}=v=wD XN=W OQmrta Q@ |R=i xDiQ CUO R= |=yxO=O
xDiQoQ@ |FrFt |R=i O=Oa= |i}m |=yxYNWt Q}O=kt OwW|t ZQi "CU= xOW x�=Q=
|R=i Tv=} Q=wwm Tv=} Q=w T} QD=t w u}ov=}t Q=OQ@ =@ xQ}eDtwO p=tQv `} RwD l} R=
T} QD=t xm OwW|t ZQi xr=ktu}= QO|oDU@ty?} Q[ QF=|@=} RQ= Qw_vtx@ "OvDUy
|i}m |=yxYNWtTv=} Q=w�CU= Q@=Q@ |oDU@tyT} QD=t =@Tv=} Q=wwm �Tv=} Q=w
xOy=Wt CU}@ =@ |}xvwtv xm OwW|t ZQi [20]"�CU= xOW xDiQo Q_v QO 1 Q@=Q@
Tv=} Q=wwm Tv=} Q=w T} QD=t w [5 8] u}ov=}t Q=OQ@ =@ xQ}eDtwO p=tQv Ov}=Qi R=
O=Oa= O}rwD |=Q@ TBU "CU= xOW O}rwD � = 0 25; 0 5; 0 75

" 1 �

� 1
#

[0 1 0 2] xR=@ QO CN=wvm} `} RwD |=Q=O |xO=O 'C=Oy=Wt O=OaD x@ |FrFt |R=i
"OwW|t sm =yv; R= w xi=[= xQ}eDtwO p=tQv `} RwD |=Q=O C=Oy=Wt x@ w OwW|t O}rwD
R= C=Oy=Wt OvW=@ �25 w �15 '�5 xDiQ CUOR= |=yxO=O OYQO xm |t=ovy
Q}O=kt w OwW|t xOR u}tND uw}UQoQ w u}ov=}t VwQ wO R= xO=iDU= =@ xDiQ CUO
Ov}=Qi |}=v=wD XN=W Q}O=kt w xOW xDiQ CUO R= |=yxO=O u} Ro}=H xOt; CUOx@
w pw= |i}m |=yxYNWt |=Q@ q=@ w u}}=B |vi |xYNWt OwOL "OwW|t x@U=Lt
|R=Ux}@W C=aiO O=OaD "CU= [4 2 11 7] w [2 3 9 9] =@ Q@=Q@ ?}DQDx@ swO
|irDNt Q}O=kt uDiQo Q_v QO =@ Ov}=Qi |}=v=wD XN=W Q}O=kt "CU= Q=@ 1000
Q=Okt "CU= xOW x@U=Lt xDiQ CUO R= |=yxO=O OYQO w |oDU@ty ?} Q[ R=
CUO R= |=yxO=O OwHw sOa Cr=L QO Cpm |R=i Ov}=Qi |}=v=wD XN=W u}ov=}t
"CU= xOW xO=O u=Wv 2 pwOH QO |oDU@ty ?} Q[ hrDNt Q}O=kt |=R=x@ xDiQ

"j}kLD |x}wQ "2 pmW

"C=QP `=tDH= sD} Qwor= |=yQDt=Q=B "1 pwOH
C=QP C}atH k w c2 c1 QDt=Q=B

30 300 1 2 2 Q=Okt

|v=mt u} QDy@ |va} (pkg) 8|atH |xQ]=N u} QDy@ "2 &CU= xOQm =O}B s=k Q=QmD =D
QO CmQL x@ p}=tD |va} (�ki ) 9|UQv}= "3 &Ov=xOQm =O}B s=k Q=QmD =D C=QP s=tD xm
s=k+ 1 Q=QmD QO s=i |xQP C}akwt w CaQU |=yQ=OQ@ 'u}=Q@=v@ "|r@k Q=QmD CyH

%OwW|t |v=UQRwQx@ 21 w 20 \@=wQ R= xO=iDU= =@ ?}DQDx@

�k+1
i = w�ki + c1r1

�
pki � xki

�
+ c2r2

�
pkg � xki

�
(20)

xk+1
i = xki + �k+1

i (21)

?} Q[ '|UQv}= ?} Q[ hQat ?}DQDx@ c2 w c1 'w |=yQ}eDt '21 w 20 \@=wQ QO
w r1 u}vJty "OvDUy C@Ft Q}O=kt =@ |atH |Q}oO=} ?} Q[ w |YNW |Q}oO=}
=y u; Q=Okt xm OvDUy [0; 1] xR=@ QO CN=wvm} `} RwD =@ |iO=YD Q}O=kt hQat r2

"Ow@ Oy=wN Cw=iDt Q=QmD Qy QO
sD} Qwor= Ov}=Qi "CU= xOW xO=O u=Wv 1 pwOH QO xr=kt u}= QO =yQDt=Q=B Q}O=kt

"CU= xOW xO=O u=Wv 3 pmW QO R}v C=QP `=tDH= |R=Uxv}y@
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"xDiQ CUO R= |=yxO=O u}tND |=yVwQ xU}=kt |=Q@ |HwR t uwtR; "4 pmW

CtUk u}= QO "�4 pmW� OwW xO=iDU= uw}UQoQ VwQ R= CU= QDy@ xDiQ CUO R=
|}=v=wDXN=W Q}O=kt uw}UQoQ w u}ov=}t |=yVwQ OQmrta Q@ xvwtv QF= |UQQ@ |=Q@
|oDU@ty ?} Q[ xm |t=ovy '100 w 60 '40 |xvwtv xR=Ov= |=Q@ Cpm Ov}=Qi
5 pwOH QO w x@U=Lt 'OW=@ �15 Q@=Q@ xDiQ CUO R= |=yxO=O OYQO w 0 25 Q@=Q@

"CU= xOW xO=O u=Wv
u}tND |=yVwQ xvwtv xR=Ov= V}=Ri= =@ '5 pwOH R= pY=L G}=Dv T=U=Q@
xm |t=ovy uw}UQoQ VwQ u}vJty "OvQ=O |QDy@ OQmrta xDiQ CUOR= |=yxO=O
"CU= Q=OQwNQ@ u}ov=}t VwQ x@C@Uv |QDy@ OQmrta R= O@=}|tV}=Ri= xvwtv xR=Ov=
R= |=yxO=O u}tND |=yVwQ OQmrta Q@ C=Oy=Wt uOw@ |R=i u=R}t QF= |UQQ@ |=Q@
C=Oy=Wt O=OaD x@ [0 25 0 35] CN=wvm} `} RwD R= |iO=YD O=Oa= xDiQ CUO
sm =yv; R= w `tH xOW O}rwD |xQ}eDtwO p=tQv `} RwD |=Q=O O=Oa= =@ w OvwW|t O}rwD
"OwW|t p@k p=Ft x@ C@Uv QDnQR@ |R=i O=Oa= O}rwD ?@U Qt= u}= xm 'OwW|t
|=yxO=O OwHw sOa Cr=L QO Cpm |R=i Ov}=Qi |}=v=wD XN=W u}ov=}t Q=Okt
Q}O=kt "CU= (0 8957; 1 1422; 1 5185) =@ Q@=Q@ Cr=L u}= QO xDiQ CUO R=
VwQ x@ xDiQ CUO R= |=yxO=O xm |t=ovy Cpm Ov}=Qi |}=v=wD XN=W u}ov=}t
sOa Cr=L QO XN=W Q=Okt =D xrY=i u}ov=}t w OwW|t OQw;Q@ uw}UQoQ w u}ov=}t
|oDU@ty ?} Q[ w �15 xDiQ CUO R= xO=O OYQO |=Q@ xDiQ CUO R= xO=O OwHw

"CU= xOW xO=O u=Wv 6 pwOH QO 0 25
|}=Q=m C=Oy=Wt uOw@ |R=i u=R}t V}=Ri= =@ 6 pwOH R= pY=L G}=Dv T=U=Q@
u}@ |xrY=i Qo}O CQ=@ax@ "O@=}|t Vy=m xDiQ CUO R= |=yxO=O OQw;Q@ |=yVwQ
xDiQ CUO R= |=yxO=O OwHw sOa w OwHw Cr=L QO Ov}=Qi |}=v=wD XN=W OQw;Q@

"O@=}|t V}=Ri=

|D; C=O=yvW}B w |Q}oxH}Dv "6
|}=v=wD VHvU |=Q@ |Q=}at u=wvax@ (Cpm) Ov}=Qi |}=v=wD XN=W Q=DWwv u}= QO
QO u}vJty w |R=i C}a]k sOa \}Lt QO 'u=} QDWt |=yxDU=wN u}t-=D QO Ov}=Qi
R= |=yxO=O u}tND Qw_vtx@ "CiQo Q=Qk |@=} RQ= OQwt 'xDiQ CUO R= |=yxO=O Qw[L
QF= u}vJty "OW xO=iDU= |R=i uw}UQoQ w u}ov=}t |=yVwQ R= |R=i |xDiQ CUO
QO =@ (Cpm) Ov}=Qi |}=v=wD XN=W OQmrta Q@ |R=i xDiQ CUO R= |=yxO=O u}tND
OQwt |oDU@ty ?}=Q[ w xDiQ CUO R= |=yxO=O OYQO hrDNt Q}O=kt uDiQo Q_v
C@Uv uw}UQoQ VwQ xm O=O u=Wv |R=Ux}@W R= pY=L G}=Dv "CiQo Q=Qk |UQQ@
u}vJty "OQ=O |QDy@ OQmrta 'xDiQ CUO R= |=yxO=O u}tND QO u}ov=}t VwQ x@
R= |=yxO=O OQw;Q@ QO uw}UQoQ w u}ov=}t |=yVwQ |}=Q=m 'xvwtv xR=Ov= V}=Ri= =@
x@U=Lt Ov}=Qi |}=v=wD XN=W u}@ |xrY=i u}=Q@=v@ "O@=}|t V}=Ri= xDiQ CUO
"O@=}|t Vy=m xDiQ CUO R= |xO=O OwHw w pt=m |=yxO=O OwHw Cr=L QO xOW
|=yxO=O u}tND |=yVwQ |}=Q=m 'C=Oy=Wt uOw@ |R=i |xHQO V}=Ri= =@ u}vJty

"O@=}|t Vy=m xDiQ CUO R=

|=yxO=O OwHw sOa Cr=L QO ~̂Cpm |R=i Ov}=Qi |}=v=wD XN=W u}ov=}t "2 pwOH
"xDiQ CUO R=

� XN=W
(1 0057; 1 1422; 1 3093) 0 25

~̂Cpm(1 0075; 1 1447; 1 3128) 0 5
(1 0097; 1 1478; 1 3172) 0 75

Q=Okt V}=Ri= =@ ~̂Cpm Ov}=Qi |}=v=wD XN=W Q}O=kt 2 pwOH G}=Dv T=U=Q@
|R=i Ov}=Qi |}=v=wD XN=W u}ov=}t Q}O=kt "O@=}|t V}=Ri= |oDU@ty ?} Q[
|i}m |xYNWt 'swO |i}m |xYNWt Q}O=kt R= |NQ@ |=R=x@ xm |Dr=L QO Cpm
pwOH u}= QO "CU= xOW xO=O u=Wv 3 pwOH QO 'CU}v OwHwt u; x@ xDU@=w pw=
R= |=yxO=O OYQO |=Q@ hrDNt Q}O=kt |=R=x@ u}ov=}t VwQ =@ xDiQ CUO R= Q}O=kt
|}=v=wD |=yXN=W u}tND u}@ l} QDt |xrY=i "OwW|t xOR u}tND xDiQ CUO
xDiQ CUO R= |=yxO=O OwHw sOa w xDiQ CUO R= |=yxO=O OwHw Cr=L QO Ov}=Qi

[25]%OwW|t u}}aD 22 |x]@=Q R=

D
�

~A; ~B
�

=

24 1Z
0

�
L�1(A)� L�1(B)

�2

+
1Z

0

�
R�1(A)�R�1(B)

�2
351 2

(22)

"Ov=|FrFt |R=i O=Oa= ~B(x) = (d; e; f) w ~A(x) = (a; b; c) u; QO xm
`@=wD CU=Q w AJ Twmat `@=wD R�1(A)(R�1(B)) w L�1(A)(L�1(B))

R�1(A) w L�1(A) "OvDUy ~A(x)( ~B(x)) |R=i O=Oa= C} w[a |xHQO
"OvwW|t h} QaD 24 w 23 \@=wQ j@=]t

L�1(A) = a+ (b� a)y (23)

R�1(A) = c+ (b� c)y (24)

CUO R= |=yxO=O OwHw sOa Cr=L QO Ov}=Qi |}=v=wD XN=W Q=Okt u}@ pY=wi
w xOW x@U=Lt 22 |x]@=Q R= xO=iDU= =@ xDiQ CUO R= |=yxO=O OwHw w 'xDiQ

"CU= xOW xO=O u=Wv 3 pwOH QO pY=wi u}= |xv}W}@ w xv}tm 'u}ov=}t
CUO R= |=yxO=O OYQO V}=Ri= =@ 3 pwOH QO xOW xO=O u=Wv G}=Dv T=U=Q@
OwHw sOa w OwHw Cr=L QO Ov}=Qi |}=v=wD XN=W Q}O=kt u}@ |xrY=i 'xDiQ
CUO R= |=yxO=O OYQO V}=Ri= =@ u}=Q@=v@ "O@=}|t V}=Ri= xDiQ CUO R= |=yxO=O

"O@=}|t Vy=m xDiQ CUO R= |=yxO=O u}tND QO u}ov=}t VwQ |}=Q=m xDiQ
|xrY=i xv}W}@ w xv}tm 'u}ov=}t '( ~̂Cpm) |R=i Ov}=Qi |}=v=wD XN=W Q}O=kt
xDiQ CUO R= |=yxO=O OwHw sOa w OwHw Cr=L QO Ov}=Qi |}=v=wD XN=W u}@
R= |=yxO=O xm |t=ovy 'xDiQ CUO R= |=yxO=O OYQO hrDNt Q}O=kt |=R=x@ ��
xOW xO=O u=Wv 4 pwOH QO �� OwW|t xOR u}tND uw}UQoQ VwQ =@ xDiQ CUO

"CU=
u}ov=}t G}=Dv T=U=Q@ xDiQ CUO R= |=yxO=O u}tND |=yVwQ |xU}=kt |=Q@
OYQO w |oDU@ty ?} Q[ Q}O=kt =Q} R OwW|t xO=iDU= |HwR t uwtR; R= 'xrY=i
VwQ wO R= pY=L xrY=i u}ov=}t Q}O=kt |oDU@=w Ea=@ xDiQ CUO R= |=yxO=O
'CU= � = 0 05 K]U QO 0 046 Q@=Q@ uwtR; u}= |=Q@ 10 P VRQ= "OvwW|t
|=yxO=O OQw;Q@ |=Q@ &CU= Q=O=vat uw}UQoQ w u}ov=}t VwQ wO u=}t hqDN= u}=Q@=v@
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Ovyt "u}ov=}t VwQ =@ xDiQ CUO R= |=yxO=O u}tND w xDiQ CUO R= |=yxO=O OwHw CQwY QO ~̂Cpm |R=i Ov}=Qi |}=v=wD XN=W "3 pwOH

Ov}=Qi |}=v=wD XN=W u}@ |xrY=i
|}=v=wD XN=W Q}O=kt u}ov=}t OYQO

�
xDiQ CUO R= |=yxO=O OwHw Cr=L QO

Ov}=Qi R= |=yxO=OxDiQ CUO R= |=yxO=O OwHw sOa w xDiQ CUOQFm =OL u}ov=}t pk=OL
1 1955 0 2280 0 0009 (1 0173; 1 1563; 1 3265) 5
1 1985 0 2340 0 0010 (1 0356; 1 1766; 1 3483) 15 0 25
1 2958 0 2594 0 0019 (1 0657; 1 2151; 1 3977) 25
1 3353 0 2452 0 0008 (1 0186; 1 1581; 1 3292) 5
1 3825 0 2531 0 0027 (1 0377; 1 1796; 1 3526) 15 0 5
1 6109 0 2802 0 0026 (1 0678; 1 2180; 1 4018) 25
1 4082 0 2742 0 0008 (1 0205; 1 1610; 1 3334) 5
1 4504 0 2848 0 0022 (1 0406; 1 1839; 1 3594) 15 0 75
2 0177 0 3138 0 0017 (1 0702; 1 2215; 1 4018) 25

"uw}UQoQ VwQ =@ xDiQ CUO R= |=yxO=O u}tND w xDiQ CUO R= |=yxO=O OwHw CQwY QO ~̂Cpm |R=i Ov}=Qi |}=v=wD XN=W "4 pwOH
Ov}=Qi |}=v=wD XN=W u}@ |xrY=i

|}=v=wD XN=W Q}O=kt u}ov=}t OYQO
�

xDiQ CUO R= |=yxO=O OwHw Cr=L QO
Ov}=Qi R= |=yxO=OxDiQ CUO R= |=yxO=O OwHw sOa w xDiQ CUOQFm =OL u}ov=}t pk=OL

1 1986 0 2279 0 0008 (1 0118; 1 1545; 1 3263) 5
1 1701 0 2306 0 0019 (1 0356; 1 1658; 1 3443) 15 0 25
1 2624 0 2511 0 0044 (1 0330; 1 2005; 1 3934) 25

1 3353 0 2452 0 0008 (1 0089; 1 1538; 1 3280) 5
1 3415 0 2477 0 0044 (1 0036; 1 1636; 1 3444) 15 0 5
1 6109 0 2802 0 0026 (1 0148; 1 1890; 1 3901) 25

1 4066 0 2738 0 0009 (1 0153; 1 1519; 1 3298) 5
1 2705 0 2765 0 0041 (0 9880; 1 1502; 1 3416) 15 0 75
1 6905 0 2943 0 0051 (0 9891; 1 1687; 1 3792) 25

"u}ov=}t VwQ x@ xDiQ CUO R= xO=O u}tND w xDiQ CUO R= |=yxO=O OwHw Cr=L QO ~̂Cpm Ov}=Qi |}=v=wD XN=W u}tND Q@ xvwtv xR=Ov= QF= |UQQ@ "5 pwOH
xrY=i xDiQ CUO R= xO=O OwHw pt=m |=yxO=O n VwQ

0 2340 (1 0356; 1 1766; 1 3483) (1 0057; 1 1422; 1 3093) 20

u}ov=}t0 1698 (1 0227; 1 1555; 1 3144) (1 9884; 1 1156; 0 2687) 40
0 1375 (1 0242; 1 1559; 1 3128) (1 9862; 1 1117; 0 2622) 60
0 1115 (1 0203; 1 1477; 1 2996) (1 9837; 1 1054; 0 2513) 100

0 2306 (1 0356; 1 1658; 1 3443) (1 0057; 1 1422; 1 3093) 20

uw}UQoQ0 1664 (1 0069; 1 1490; 1 3127) (1 9884; 1 1156; 0 2687) 40
0 1344 (1 0107; 1 1508; 1 3119) (1 9862; 1 1117; 0 2622) 60
0 1088 (1 0086; 1 1438; 1 2991) (1 9837; 1 1054; 0 2513) 100
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UQQ

@|R=Uxv}W}@ VwQ uwJty xDiQCUO R= |=yxO=O u}tND |=yVwQ Q}=U|UQQ@
XN=W OQmrta Q@ xDiQ CUO R= |=yxO=O QF= |UQQ@ u}vJty w |Q=_Dv= VRQ=
xDiQo Q_v QO |R=i CQwYx@ R}v |vi |xYNWt OwOL xm |t=ovy Ov}=Qi |}=v=wD

"OwW|t O=yvW}B |D; C=k}kLD u=wvax@ CU= xOW

"xDiQ CUO R= |=yxO=O OQw;Q@ Q@ C=Oy=Wt uOw@ |R=i u=R}t QF= |UQQ@ "6 pwOH
xrY=i u}ov=}t Ov}=Qi |}=v=wD XN=W u}ov=}t VwQ

0 2578 (0 8851; 1 1766; 1 5631) u}ov=}t
0 2571 (0 9211; 1 1691; 1 5631) uw}UQoQ

=yCWwv=B
1. general linear model
2. non-structured
3. univariate
4. block-wise
5. �le matching
6. particle swarm optimization
7. personal best
8. global best
9. inertia
10. P-value
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