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KLMNOKPN
QR STUSUVR WX YZRTWZ[\R ]UX^[XRWT _W`VV[WX [aWZ[UX b ^cUd
T[Zef gY]_b hi je[ke VRRlV W XUX^[XRWT f WS mTUf W VRZ Um
nRS RXnRXZ TWXnUf \WT[Wo^RV ZU [XnRSRXnRXZ _W`VV[WX TWXd
nUf \WT[Wo ^RV p b n[TRkZ f UZ[\WZ[UX Um ZeR Y]_b [V ZU RqZRXn
ZeR ST[Xk[SW^ kUfSUXRXZ WXW^rV[V gstb h je[ke ZTWXVmUTf V
W VRZ Um kUTTR^WZRn TWXnUf \WT[Wo ^RV [XZU `XkUTTR^WZRn g[XnRd
S RXnRXZ `S ZU VRkUXn UTnRTh TWXnUf \WT[Wo ^RV p bX Uo\[U`V
Wn\WXZWcR Um nRT[\[Xc [XnRSRXnRXZ kUfSUXRXZV [V ZeWZ jR
kWX V[f`^WZR W VZUkeWVZ[k STUkRVV Um nRS RXnRXZ f`^Z[\WT[d
WZR \WT[Wo^RV or VWfS^[Xc `X[\WT[WZR [XnRSRXnRXZ \WT[Wo ^RV p
ueR v`W^[Zr Um ZeR ZTWXVmUTf WZ[UX [V R\W^`WZRn or VZWZ[Vd
Z[kW^ ZRVZV UX ZeR w`^^oWkldxR[o^RT gwxh n[VZWXkR o RZjRRX
ZeR n[VZT[o`Z[UX Um ZeR ZTWXVmUTf Rn \WT[Wo ^RV ZeR VZWXnWTn
f`^Z[\WT[WZR _W`VV[WX n[VZT[o`Z[UX y gz { | h p ueR v`W^[Zr Um
ZeR V[f`^WZ[UXV [V R\W^`WZRn }~��������� ��� or ZeR VZWZ[VZ[kV
Um ZeR wx n[VZWXkRV o RZjRRX ZeR VWfS^R f RWX n[VZT[o`Z[UX
Um ZeR UT[c[XW^ VWfS^RV WXn ZeWZ Um ZeR V[f`^WZRn VWfS^RV p
�R\RTW^ X`f RT[kW^ RqWfS^RV [Xk^`n[Xc VrXZeRZ[k WXn TRW^d
^[mR [f WcR nWZWoWVRV VeUj ZeR kWSWo[^[Z[RV WXn ^[f [ZWZ[UXV
Um Y]_b p

�� ��NO���PN���
_[\RX � VWfS^RV Um W nRSRXnRXZ TWXnUf \RkZUT � Um � n[d
f RXV[UXV g� � � h i jR WTR [XZRTRVZRn [X TRVWfS^[Xc ZeR nRd
S RXnRXZ kUfSUXRXZV [X V`ke W jWr ZeWZ ZeR TRVWfS^Rn nWZW
WXn ZeR UoVRT\Rn VWfS^RV Uo Rr ZeR VWf R � d\WT[WZR n[VZT[o`d
Z[UX p YX ZeR kWVR Um UXR n[f RXV[UX gWV[nR mTUf ZeR nRSRXd
nRXkRh i ZeR k^WVV[kW^ o UUZVZTWS ��� �TWXnUf TRVWfS^[Xc j [Ze
TRS^WkRf RXZ� eWV o RRX W SUS`^WT keU[kR p bXUZeRT n[TRkZ[UX
[V ZU `VR kUS`^WV ��� i je[ke � U[X f`^Z[\WT[WZR n[VZT[o`Z[UXV
ZU ZeR[T UXRdn[f RXV[UXW^ f WTc[XW^ n[VZT[o`Z[UXV p YX ZeR e[ce
n[f RXV[UXW^ kWVR i eUjR\RT i o UZe f RZeUnV eW\R ^[f [ZWZ[UXV p
�X^r ^[XRWT fUnR^V eW\R oRRX `VRn [X oUUZVZTWS WXW^rVRV
��� i WXn ZeR kUS`^WdoWVRn W^cUT[Zef V WTR eWTn ZU WSS^r mUT
STUo^Rf V Um n[f RXV[UX cTRWZRT ZeWX � ��� p

YXnRSRXnRXZ^r mTUf ZeRVR TRVWfS^[Xc [nRWV i ZeR f RZeUn
Um YXnRSRXnRXZ tUfSUXRXZ bXW^rV[V gYtb h ��� eWV o RkUf R
\RTr SUS`^WT i [X SWTZ[k` ^WT i [X ZeR XR`TW^ XRZjUTl kUff`d
X[Zr ��� p ueR Uo� RkZ[\R Um Ytb [V ZU �Xn W ^[XRWT ZTWXVmUTd
f WZ[UX VU ZeWZ ZeR c[\RX TWXnUf \RkZUT kWX oR TRSTRVRXZRn
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�WV [XnRSRXnRXZ WV SUVV[o ^R p� ueR[T f UZ[\WZ[UXV UT[c[XW^d
^r kWf R mTUf ZeR STUo^Rf V Um o ^[Xn VU`TkR VRSWTWZ[UX WXn
o^[Xn nRkUX\U^`Z[UX gVRR R pc pi �Ç� mUT W kUfSTReRXV[\R TRd
\[Rj h p

QR STUSUVR W VZWZ[VZ[kW^ W^cUT[Zef kW^^Rn ZeR YZRTWZ[\R
]UX^[XRWT _W`VV[WX [aWZ[UX b ^cUT[Zef gY]_bh È WX RqZRXd
V[UX ZU stb p Y]_b ZT[RV ZU XUX^[XRWT^r ZTWXVmUTf W VRZ Um
kUTTR^WZRn TWXnUf \WT[Wo ^RV ZU ZeR VZWXnWTn f`^Z[\WT[WZR
_W`VV[WX y gz { | h i WZ W V[f [^WT kUfS`ZWZ[UXW^ kUVZ ZU stb i
[X WX WZZRfSZ ZU f [X[f [aR ZeR VZWZ[VZ[kW^ nRS RXnRXkR Wd
f UXc ZeR ZTWXVmUTf Rn kUUTn[XWZRV p ueR n[ÉRTRXkR o RZjRRX
Y]_b WXn Ytb ^[RV [X ZjU WVS RkZV i W^ZeU`ce oUZe VRRl
VZWZ[VZ[kW^^rd[XnRSRXnRXZ kUUTn[XWZR Vr VZRf V p Ê[TVZ i Y]_b
VRRlV W �Ë���� ��Ì ZTWXVmUTf jeRTRWV Ytb VRRlV W ^[XRWT UXR p
�RkUXn i ZeR fUZ[\WZ[UX Um Y]_b [V TRW^^r Ì�Í�ÎÏ ���Ð WXn
Í�Î~����Ë� TWZeRT ZeWX o^[Xn VU`TkR VRSWTWZ[UX WXn o^[Xn
nRkUX\U^`Z[UX p

ueRTR WTR ZjU SWTZV ZU Y]_b Ñ ZeR mUTjWTn WXn oWkld
jWTn STUkRVVRV p ueR mUTjWTn STUkRVV [ZRTWZ[\R^r ZTWXVmUTf V
W c[\RX VRZ Um nRS RXnRXZ TWXnUf \WT[Wo ^RV or Ñ �h WSS^r [Xc
stb ZU nRkUTTR^WZR ZeR TWXnUf kUfSUXRXZV Ò �h f WZke[Xc
ZeR[T UXRdn[f RXV[UXW^ f WTc[XW^ n[VZT[o`Z[UXV ZU ZeR VZWXd
nWTn _W`VV[WX n[VZT[o`Z[UX y gz { �h Ò WXn �h ZTWXVmUTf [Xc ZeR
kUfSUXRXZV ^[XRWT^r ZU [fSTU\R ZeR � U[XZ _W`VV[WX[Zrp bZ
RWke [ZRTWZ[UX i ZeR k^UVRXRVV Um ZeR TRV` ^Z[Xc ZTWXVmUTf Rn
\WT[Wo^RV ZU ZeR VZWXnWTn � U[XZ _W`VV[WX \WT[WZRV y gz { | h
[V keRklRn or VZWZ[VZ[kW^ ZRVZV R\W^`WZRn j [Ze ZeR RfS[T[kW^
sd\W^`R Um kRTZW[X n[VZWXkR f RWV`TRV V`ke WV ZeR w`^^oWkld
xR[o^RT n[VZWXkR i f`^Z[\WT[WZR VlRjXRVV i WXn l`TZUV[V p ueR
oWkljWTn STUkRVV cRXRTWZRV XRj VWfS^RV je[ke STRV`f Wo^r
UoRr ZeR VWf R n[VZT[o`Z[UX WV ZeR UT[c[XW^ VWfS^RV WZ U`T
n[VSUVW^ p �RkZ[UX � WXn � n[Vk`VV ZeRVR [X nRZW[^V p

Ó\W^`WZ[UX Um ZeR TRVWfS^RV UT V[f`^WZRn nWZW [V UmZRX
nUXR V`o� RkZ[\R^r or \[V`W^^r kUfSWT[Xc ZeRf j [Ze ZeR Ud
T[c [XW^ VWfS^RV p ue[V V`o� RkZ[\R R\W^`WZ[UX [V SWTZ[k`^WT^r
nUf [XWZ[Xc [X ZeR WTRW Um ZRqZ`TR fUnR^[Xc WXn V[f`^WZ[UX
gR pc pi �Ô� i �Õ�h p YX UTnRT ZU ËÖ× �Ø��� ��� R\W^`WZR ZeR V[f [^WT[Zr
gUT n[ÉRTRXkRh o RZjRRX ZeR UT[c[XW^ VWfS^RV WXn ZeR cRXd
RTWZRn TRVWfS^RV i jR `VR ZeR w`^^oWkldxR[o ^RT n[VZWXkR �Ù� i
je[ke [V V`ffWT[aRn [X �RkZ[UX � p

�`T fUZ[\WZ[UX ZU nR\R^US Y]_b ^[RV [X [f WcR fUnR^d
[Xc WXn V[f`^WZ[UX mTUf ZeR c[\RX VWfS^RV j [ZeU`Z lXUj ^d
RncR Um ZeR `XnRT^r [Xc ZT`R STUoWo[^[Zr fUnR^ p Ú UjR\RT i ZeR
fUVZ n[Û k`^Z STUo^Rf [X [f WcR fUnR^[Xc [V ZeR �k`TVR Um
n[f RXV[UXW^[Zrp� YX SWTZ[k` ^WT i W TR^[Wo ^R RVZ[f WZR Um STUod
Wo[^[Zr nRXV[Zr m`XkZ[UXV gSnm ÜVh Um e [ce n[f RXV[UXW^ nWZW
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mTUf W �X[ZR gWXn SUZRXZ[W^^r Vf W^^h X`foRT Um VWfS^RV WTR
eWTn ZU UoZW[X [X cRXRTW^ p b ^VU i Y]_b [ZVR^m [V W TR^WZ[\R^r
RqSRXV[\R W^cUT[Zef g[ pR pi W kUXVZWXZ f`^Z[S ^R Um ZeR kUVZ Um
stb hp ueRTRmUTR i o RmUTR WkZ`W^^r WSS^r [Xc Y]_b ZU [f WcR
VWfS^RV i jR XRRn ZU RÛ k[RXZ^r kUfSTRVV [f WcRV gn[f RXd
V[UX TRn`kZ[UX h p Ó[ZeRT stb UT jW\R^RZ ZTWXVmUTf V kWX oR
`VRn mUT Ze [V n[f RXV[UX TRn`kZ[UX p ÚUjR\RT i [Z [V [fSUTZWXd
Z ZU TRW^[aR ZeWZ stb Wke[R\RV UX^r nRkUTTR^WZ[UX WXn ZeR
jW\R^RZ ZTWXVmUTf V [X cRXRTW^ STUn`kR e[ce ^r VZWZ[VZ[kW^^r
nRSRXnRXZ kURÛ k[RXZV WkTUVV n[ÉRTRXZ VkW^RV �Ô� p g�RR �� �
WXn TRmRTRXkRV ZeRTR[X mUT f UTR WoU`Z VSWTV[Zr WXn VZWZ[VZ[d
kW^ [XnRSRXnRXkR ph

ueRTRmUTR i [Z nU`o^r f WlRV VRXVR ZU WSS^r Y]_b UX
ZeR kUfSTRVVRn TRSTRVRXZWZ[UXV Um ZeR UT[c[XW^ nWZW p ue[V
kUfSTRVV[UX VZTWZRcr [V W^jWrV RfS^UrRn [X Ze [V SWSRT [m ZeR
UT[c[XW^ n[f RXV[UX � RqkRRnV WoU`Z Çz p QR STRVRXZ V`ke WX
RqWfS^R [X �RkZ[UX Ç p
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xRZ � � g� � { � � � {�� h� oR W TWXnUf gkU^`fXh \RkZUT Um [Xd
ZRTRVZ i je[ke UoRrV W k`f`^WZ[\R n[VZT[o`Z[UX m`XkZ[UX gknm h
�� p xRZ � oR W TRW^[aWZ[UX gUT WX UoVRT\Rn \RTV[UX h Um Ze [V
TWXnUf \RkZUT p xRZ � nRXUZR ZeR knm Um ZeR VZWXnWTn � d
\WT[WZR _W`VV[WX n[VZT[o`Z[UX y gz { |� h i jeRTR |� [V ZeR �  �
[nRXZ[Zr f WZT[q p ueR Y]_b mUTjWTn STUkRVV kUXV[VZV Um ZeR
mU^^Uj [Xc VZRSV Ñ

g[h !" #$#%&#'( � )*+ � � WXn VRZ , � z p
g[[h -..&/ stb ZU ZeR [f WcRV i [ pR pi 0 � 1 �� )2+ i jeRTR 1

[V WX UTZeUcUXW^ f WZT[q mUT nRkUTTR^WZ[Xc � )2+ p
g[[[h 34%" 56748 9 � �: g0 h VU ZeWZ RWke Um ZeR � TWXnUf

\WT[WZRV 9 � g; � { � � � { ;� h� [V `X[mUTf ^r n[VZT[o`ZRn UX
ZeR [XZRT\W^ gz { �h p

g[\ h 34%" 56748 < � �=� g9 h VU ZeWZ RWke Um ZeR � TWXnUf
\WT[WZRV < � g> � { � � � { >� h� UoRrV ZeR VZWXnWTn _W`Vd
V[WX n[VZT[o`Z[UX y gz { �h p

g\ h 34%" 56748 ?< � @< ZeTU`ce W ^[XRWT US RTWZUT @ i V`ke
ZeWZ ?< UoRrV ZeR VZWXnWTn f`^Z[\WT[WZR _W`VV[WX n[Vd
ZT[o`Z[UX y gz { |� h p

g\[h AB(CD kUX\RTcRXkR ZU ZeR f`^Z[\WT[WZR _W`VV[WX n[Vd
ZT[o`Z[UX p Ym VWZ[VmWkZUTr kUX\RTcRXkR XUZ WZZW[XRn i
[XkTRf RXZ , i VRZ � )2+ � ?< i WXn cU ZU g[[h p

�ZRS g[\ h nURV XUZ c`WTWXZRR `V ZU STUn`kR Í���E�ÌE
Î~�����Ì���� _W`VV[WX TWXnUf \WT[WZRV y gz { |� h W^ZeU`ce
RWke f WTc[XW^ n[VZT[o`Z[UX [V ZeR VZWXnWTn _W`VV[WX y gz { �h p
ue[V [V jer jR XRRn ZU WSS^r ZeR ZTWXVmUTf WZ[UX Um �ZRS g\h
ZU f WlR ZeR TWXnUf \WT[WZRV f UTR ^[lR VZWXnWTn f`^Z[\WT[d
WZR _W`VV[WX p

ueR USRTWZUT @ [X �ZRS g\h [V UoZW[XRn or f [X[f [a[Xc
ZeR FG RTTUT o RZjRRX ZeR keWTWkZRT[VZ[k m`XkZ[UX Um ?< WXn
ZeWZ Um ZeR VZWXnWTn f`^Z[\WT[WZR _W`VV[WX y gz { |� h p �Rkd
Z[UX � nRVkT[o RV eUj ZU kUfS`ZR V`ke WX USRTWZUT @ [X
nRZW[^ p

ueR \WT[Wo ^RV ZTWXVmUTf Rn or @ fWr oR XR[ZeRT ZT` ^r
f`^Z[\WT[WZR _W`VV[WX XUT [XnRSRXnRXZ WZ W c[\RX [ZRTWZ[UX p
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Resampled Cigar by PCA
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Resampled Cigar by INGA
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Resampled Cigar by INGA

Ê[c`TR �Ñ H RVWfS^[Xc Um ZeR �k[cWT� nWZW or stb WXn Y] d
_b p tU`XZRTdk^U klj [VR mTUf ZeR ZUS ^RmZ Ñ �T[c[XW^ VWfS^RV Ò
H RVWfS^RV mTUf stb kUUTn[XWZRV Ò H RVWfS^RV or Y]_b Ò IRZ
WXUZeRT VRZ Um TRVWfS^RV or Y]_b p

QR Ze`V XRRn ZU [ZRTWZR U\RT ZeR ?< \WT[WZRV `XZ[^ ZeR f Wqd
[f`f kUTTR^WZ[UX Um ZeR kUfSUXRXZV Um ?< g[ pR pi ZeR V[aR Um
ZeR UÉdn[WcUXW^ kUfSUXRXZV Um ZeR kU\WT[WXkR f WZT[q Um ?< h
o RkUf RV ^RVV ZeWX W c[\RX ZU^RTWXkR J i WXn ZeR K UXZR tWT^U
RVZ[f WZRV Um ZeR f`^Z[\WT[WZR VlRjXRVV i l`TZUV[V i WXn XRcd
RXZTUSr ZRVZ Um f`^Z[\WT[WZR _W`VV[WX [Zr �Ù� TRWke VWZ[VmWkd
ZUTr ^R\R^V p �RkZ[UX � nRVkT[o RV ZeRVR \W^[nWZ[UX STUkRn`TRV
[X nRZW[^ p

� �� � ���K L��M���� �������

Q [Ze ZeR TRkUTnV Um ZeR Y]_b mUTjWTn STUkRVV g[ pR pi VZUTd
[Xc W^^ ZeR [XmUTf WZ[UX WoU`Z @ i �: mUT RWke [ZRTWZ[UXh i jR
kWX cU oWkljWTn Ñ VZWTZ[Xc mTUf ZeR Y]_b kURÛ k[RXZV i jR
kWX cRZ ZeR UT[c[XW^ VWfS^R � or TR\RTV[Xc ZeR mUTjWTn VZRSV
g[[hN g\ h p Ym jR WVV`f R ZeWZ ZeR �XW^ Y]_b kURÛ k[RXZV Uo Rr
ZeR VZWXnWTn f`^Z[\WT[WZR _W`VV[WX i [Z [V RWVr ZU cRXRTWZR
W XRj VRZ Um V`ke kURÛ k[RXZV p QR ZeRX kWX cU oWkljWTnd
V ZU VrXZeRV[aR ZeR nWZW [X ZeR VZWTZ[Xc kUUTn[XWZRV g[ pR pi
TRVWfS^[Xc h p

g[h O("(4%$( Y]_b kURÛ k[RXZV p
g[[h !"P(4$ W^^ ZeR [ZRTWZ[UXV Um ZeR Y]_b mUTjWTn STUkRVV

ZU VrXZeRV[aR ZeR nWZW [X ZeR VZWTZ[Xc kUUTn[XWZRV p
b ^ZeU`ce �RkZ[UX Ç j [^^ STRVRXZ VR\RTW^ WSS^[kWZ[UXV Um ZeR
Y]_b i [Z [V f UZ[\WZ[Xc ZU VeUj W V[fS^R RqWfS^R WZ Ze[V
SU[XZ p Ê [c`TR � n[VS^WrV nWZW cRXRTWZRn mTUf ZeR [XmWfU`V
�k[cWT� nWZW i ZjU Uo^[v`R^r U\RT^WSS[Xc o[\WT[WZR _W`VV[WX
n[VZT[o`Z[UXV p H RVWfS^[Xc Um Ze[V nWZW `XnRT ZeR stb kUUTd
n[XWZRV S RTmUTf V SUUT^r WXn mW[^V ZU kWSZ`TR ZeR ZjU k[cWT
VeWSRV p �X ZeR UZeRT eWXn i ZeR Y]_b V`kkRVVm` ^^r V[f`d
^WZRV Ze[V n[VZT[o`Z[UX g�RR �RkZ[UX Ç mUT ZeR v`WXZ[ZWZ[\R
WXW^rV[V Um Ze [V V[f`^WZ[UX h p
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bmZRT jR eW\R ZeR f WTc[XW^ _W`VV[WX \WT[Wo ^RV �� [X �ZRS
g[[[h Um ZeR Y]_b mUTjWTn STUkRVV i �ZRS g[\ h �XnV W ^[XRWT
ZTWXVmUTf @ VU ZeWZ ?� � @� k^UVR^r UoRrV ZeR VZWXnWTn
f`^Z[\WT[WZR _W`VV[WX n[VZT[o`Z[UX p ÚUj kWX jR �Xn V`ke
WX @  xRZ � g� �h � �= �� ��� oR ZeR keWTWkZRT[VZ[k m`XkZ[UX Um ��
WXn ^RZ � g@ ��h � � g��� � �� h � � g��� ��� h o R ZeR keWTWkZRT[VZ[k
m`XkZ[UX Um ?� p ueRX i jR nR�XR W kUVZ m`XkZ[UX i je[ke [V WX
FG RTTUT o RZjRRX ZeRVR ZjU keWTWkZRT[VZ[k m`XkZ[UXV Ñ

� g@ h �
������ g@ �� h �

� �! � � g� � h �����
G
� g�h

ueR USRTWZUT @ [V UoZW[XRn or f [X[f [a[Xc � g@ h p b
VZTW[ceZmUTjWTn jWr ZU f [X[f [aR g�h [V ZU `VR ZeR SRTZ`ToWd
Z[UX Um � g@ h WoU`Z @* i ZeR UTZeUcUXW^ f WZT[q `VRn [X stb
ZU nRkUTTR^WZR ZeR �� ÜV Ñ

@ � @* " #@ g�h
jeRTR #@ [V W S RTZ`ToWZ[UX f WZT[q j [Ze kUfSUXRXZV #$ �%je[ke WTR ZeR R^Rf RXZV UoZW[XRn mTUf ZeR uWr ^UT RqSWXV[UX
Um � g@ h WoU`Z @* i#� � �& =� g@* h ' (�( � g@* h { g�h
jeRTR )*)+ � g )*), �� { ) *), �� { ' ' ' { )*),-- h� i WXn & [V ZeR � G  � G
ÚRVV[WX f WZT[q i

& � ./0 )�*), ��) , �� ) � *) ,��) ,�� ' ' ' ) � *), ��) ,--ppp ppp ppp) �*) ,-- ) ,�� ) � *),-- ) , �� ' ' ' ) � *),-- ) ,--
123 �

b^ZeU`ce Ze[V S RTZ`ToWZ[UX [V VZTW[ceZmUTjWTn i UXR kWX RWVd
[^r VRR ZeWZ Ze[V o RkUf RV v`[kl^r [fSTWkZ[kW^ R\RX mUT f Und
RTWZR V[aRV Um � p

� �� � �94�� ��� � 4 �	�4 �<����	 � � g@ h
ueRTR [V WX Wnn[Z[UXW^ keW^^RXcR mUT X`f RT[kW^^r f [X [f [a[Xc
g�h \ [W ZeR SRTZ`ToWZ[UX [X g�h WXn g�h p xRZ `V �TVZ TRjT[ZR� g@ h [X g�h WV

� g@ h � 5 66666
� g@ �� h � � �! � � g�� h 66666

G 7� � ' ' ' 7�� � g�h

uU �Xn ZeR f [X[f [aRT @ ZU g�h i jR XRRn X`fRT[kW^ R\W^d
`WZ[UX Um oUZe g� h WXn g�h p uU SRTmUTf ZeRVR i jR `VR ZeR
_W`VV[WX v`WnTWZ`TR f RZeUn i [ pR pi W jR[ceZRn V`f Um ZeR [Xd
ZRcTWXn R\W^`WZRn WZ ZeR XUnRV �� 8% { 9 � �{ � � � {� { : � �{ � � � { ;
Um � i jeRTR ; [V ZeR TRv`[TRn X`foRT Um XUnRV p ue[V V`f
kWX oR jT[ZZRX WV

� g@ h < =%� 8>>>8%- ?% � 8>>>8% - 66666
� g@ �� � 8% � { � � � { �� 8% - h � � �! � � g�� 8% � h 66666

G
�

gÇh

ue[V WSSTUq [f WZ[UX [V W^VU `VRn ZU kUfS`ZR ZeR v`WXZ[d
Z[RV [X g�h p YX Ze [V STUo^Rf i jR `VR ZeR _W`VVdteRorVeR\
v`WnTWZ`TR f RZeUn i je[ke V[fS^r `VRV ZeR XUnRV � �Ç�Ù Ò
z Ò �Ç�Ù [X RWke n[f RXV[UX [X gÇh p ÊUT ZeR ZjUdn[f RXV[UXW^
kWVR i ZeR TRv`[TRn X`foRT Um XUnRV [V X [XR p ÊUT ZeR cRXRTd
W^ � n[f RXV[UXW^ kWVR i � � g� � { ' ' ' { �� h i jR XRRn �� XUnRV p
ue[V X`f RT[kW^ WSSTUWke [V WcW[X UX^r mRWV[o^R mUT Vf W^^ ZU
fUnRTWZR � p �XR TRWVUX [V ZeWZ ZeR ^[f [ZWZ[UX Um Y]uÓ_ÓH
X`foRTV [X ZeR kUfS`ZRT [V g�@ �h � � � � ���ÕÇ� " zz� je[ke
[V R\RX Vf W^^RT ZeWX � G* � � ��ÙÔÙ� " zz� g� � �zh p ueR
UZeRT TRWVUX [V ZeR tsA Z[f R Ñ [X ZeR kWVR Um � � �z n[f RXd
V[UXV i ZeR RVZ[f WZRn tsA Z[f R [V � pÕ� nWrV Ò mUT � � �zz i [Z
[V U`Z Um v`RVZ[UX p

YXVZRWn Um �Xn[Xc @ or cU[Xc ZeTU`ce ZeR �� XUnRV W^^
WZ UXkR i je[ke jR kW^^ ZeR TRc`^WT USZ[f [aWZ[UX STUkRVV i
jR `VR W Í�}~ ������ STUkRVV ZU �Xn @ �ÏÏ ÌËB �Î �����p ue[V
VRv`RXZ[W^ STUkRVV kUXV[VZV Um ZeR mU^^Uj [Xc VZRSV ÑC�	���� � M��� D xRZ �G � g� � { � G h� oR ZeR �TVZ ZjU kUf d
SUXRXZV Um � p Ê [Xn ZeR �  � f WZT[q @G � E$ �� $ �G$ G� $ GG F or
f [X[f [a[Xc ZeR kUVZ m`XkZ[UX gÇh `V[Xc ZeR TRc`^WT USZ[f [aWd
Z[UX STUkRVV p ueRX ZeR ZTWXVmUTf Rn \RkZUT ?�G � @ G �G eWV
W ZjUdn[f RXV[UXW^ n[VZT[o`Z[UX j [Ze f RWX aRTU WXn [nRXZ[Zr
kU\WT[WXkR f WZT[q pC��	��� � M��� G H I �D �XkR @J =� WXn ?�J =� WTR Uod
ZW[XRn i WSSRXn �J ZU ?�J =� ZU mUTf �J � g ?��J =� { �J h� �
g ?� � { ' ' ' { ?�J =� { �J h� p ueRX i ^UUl mUT ZeR ^[XRWT ZTWXVmUTf Wd
Z[UX j [Ze ZeR VS Rk[W^ VZT`kZ`TR ?@J � E |J =� z

��J =� $JJ F jeRTR
��J=� � g$J � { ' ' ' { $J 8J =�h p ueR ZTWXVmUTf Rn TWXnUf \Rkd
ZUT ?�J � ?@J �J ZeRX f [X[f [aRV

� g ?@J h �
������ g ?@J ��J h � J �! � � g�� h �����

G
{ gÔh

mUT je[ke jR f WlR ZeR WSSTUq [f WZ[UX� g ?@J ��J h � � g��� �K ��K h < � g��� �K L� ��K L� h� g���K �MK h {
jeRTR �J � g� � { ' ' ' { �J h� p ue[V [V ZeR N �� WVV`fSZ[UX i o`Z
[V TRWVUXWo^R o RkW`VR ?�J [V R\RXZ`W^^r RqSRkZRn ZU oR ZeR
VZWXnWTn f`^Z[\WT[WZR _W`VV[WX p ueR ^WVZ TUj \RkZUT ��J �
g��J=� { $JJ h Um ?@J [X gÔh kWX oR mU`Xn or f [X[f [a[Xc
?� g�J h � O� g���K )+ �K L� ��K L�P,KK MK +h � �= �� ��K OG � gÕh

�[XkR UX^r UXR keWTWkZRT[VZ[k \WT[Wo ^R �J [V [X\U^\Rn i jR
XRRn UX^r ZU �Xn �J or UXRdn[f RXV[UXW^ �dSU[XZ _W`VV[WX
v`WnTWZ`TR `V[Xc ZeR SRTZ`ToWZ[UX �J � �QJ " #�J [X W
V[f [^WT f WXXRT WV g�h i jeRTR �QJ � gz { z { ' ' ' { z { �h� p tUf d
o[X[Xc Ze[V USZ[f W^ �J j [Ze ZeR STR\[U`V @J=� i jR eW\R ZeRH  H USZ[f W^ ZTWXVmUTf WZ[UX f WZT[q j [Ze ZeR VZT`kZ`TR

@J � E@J =� z
��J =� $JJ F � gÙh

]UZR ZeR TR^WZ[UXVe [S ?�J � ?@J �J � @J g� � { ' ' ' { �J h� p
�RkZ[UX Ç nRfUXVZTWZRV ZeR \W^[n[Zr Um ZeR VRv`RXZ[W^ USZ[d
f [aWZ[UX STUkRVV or kUfSWT[Xc [Z j [Ze ZeR TRc`^WT USZ[f [aWd
Z[UX STUkRVV `V[Xc V[fS^R RqWfS^RV p ue[V VZRS [V TRS RWZRn
`XZ[^ H � � p ÊUT fUTR nRZW[^V i VRR ��z� p
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YX RVVRXkR i Y]_b o`[^nV W STUoWo[^[Zr fUnR^ Um ZeR `XnRT^rd
[Xc n[VZT[o`Z[UX mUT ZeR nWZW Um [XZRTRVZ p ue[V f UnR^ [V `VRn
ZU VrXZeRV[aR�V[f`^WZR XRj VWfS^RV i je[ke kWX oR `VRn mUT
W \WT[RZr Um [fSUTZWXZ ZWVlV i V`ke WV n[WcXUVZ[kV WXn k^WVd
V[�kWZ[UX p YZ [V ZeRX Um kT[Z[kW^ [fSUTZWXkR ZU lXUj ZeR
Wkk`TWkr Um U`T fUnR^ [X W v`WXZ[ZWZ[\R f WXXRT p

ueR w`^^oWkldxR[o ^RT gwxh n[VZWXkR ���� i W^VU lXUjX WV
ZeR TR^WZ[\R RXZTUSr UT kTUVVdRXZTUSri [V W f RWV`TR Um ZeR
n[ÉRTRXkR o RZjRRX ZjU STUoWo[^[Zr fUnR^V i WXn [V nR�XRn
WV ; g�� { �� h � � �� g9 h ^Uc �� )�+�� )� +

7
9 { jeRTR �� WXn �� WTR

ZjU Snm ÜV Um [XZRTRVZ p ueR wx n[VZWXkR o RZjRRX ZeR fUnd
R^ n[VZT[o`Z[UX WXn ZeR VZWXnWTn _W`VV[WX n[VZT[o`Z[UX [V
kW^^Rn ZeR XRcdRXZTUSrp QR `VR ZeR wx n[VZWXkR [X ZjU jWrV
[X Y]_b WXn [ZV WSS^[kWZ[UXV p �XR [V ZU keRkl ZeR k^UVRXRVV
Um ZeR ZTWXVmUTf Rn \WT[Wo ^RV ZU ZeR VZWXnWTn f`^Z[\WT[WZR
_W`VV[WX \WT[Wo^RV [X �ZRS g\ [h Um ZeR Y]_b mUTjWTn STUd
kRVV or RVZ[f WZ[Xc ZeR XRcdRXZTUSrp ueR UZeRT [V ZU v`WXZ[mr
ZeR k^UVRXRVV Um ZeR UoZW[XRn n[VZT[o`Z[UX WXn ZeR UT[c[XW^
`XlXUjX n[VZT[o`Z[UX \[W ZeR cRXRTWZRn TRVWfS^RV WXn ZeR
UT[c[XW^ UoVRT\Rn VWfS^RV p

ueR n[Û k`^Zr [X ZeRVR \W^[nWZ[UXV ^[RV [X ZeR RVZ[f Wd
Z[UX Um ZeR wx n[VZWXkR p �UXRV WXn �[oVUX ���� WXn tUfUX
��� [XnRSRXnRXZ^r VeUjRn ZeR XRcdRXZTUSr mUT WX `X[\WT[d
WZR TWXnUf \WT[Wo ^R kWX oR WSSTUq [f WZRn or W m`XkZ[UX Um
ZeR[T k`f`^WXZV `V[Xc WX ÓncRjUTZe RqSWXV[UX p ueR XRcd
RXZTUSr Ze`V kWX oR RVZ[f WZRn mTUf ZeR VWfS^R RVZ[f WZRV Um
ZeR kUTTRVSUXn[Xc k`f`^WXZV p ÊUT e[ceRT n[f RXV[UXW^ kWVd
RV i jR nRT[\Rn ZeR VWfS^R RVZ[f WZRV Um XRcdRXZTUSr WV jR^^
WV ZeUVR Um ZeR cRXRTW^ wx n[VZWXkRV o RZjRRX ZeR ZjU Snm ÜV
`V[Xc WX ÓncRjUTZe RqSWXV[UX [X �Ù� p

uU R\W^`WZR ZeR v`W^[Zr Um ZeR TRVWfS^RV `V[Xc ZeR wx
n[VZWXkR i ZeRTR [V VZ[^^ UXR STUo^Rf Ñ ueR ÓncRjUTZedoWVRn
RVZ[f WZ[UX Um ZeR wx n[VZWXkR UX^r WSS^[RV ZU n[VZT[o`Z[UXV
XUZ mWT mTUf _W`VV[WX �Ù� p Ú RXkR jR RVZ[f WZR ZeR wx n[Vd
ZWXkR Um ZeR ZeR VWfS^R f RWX n[VZT[o`Z[UXV TWZeRT ZeWX ZeR
n[VZT[o`Z[UXV Um ZeR UT[c[XW^ VWfS^RV WXn TRVWfS^RV p

	 � ����O�PK� ��K�
��M
QR XUj nRfUXVZTWZR ZeR kWSWo[^[Z[RV WXn ^[f [ZWZ[UXV Um Y]d
_b `V[Xc VR\RTW^ RqWfS^RV TWXc[Xc mTUf V[fS^R VrXZeRZ[k
VZUkeWVZ[k STUkRVVRV ZU W TRW^d^[mR [f WcR nWZWoWVR p b ^^ Um ZeR
V[f`^WZ[UXV `V[Xc Y]_b jUTl WV mU^^Uj V ÑCM��� � 	�����	� �
D tUfSTRVV ZeR UT[c[XW^ nWZW `V[Xc
stb gUT jW\R^RZV UT WXr UZeRT VSWTV[mr [Xc ZTWXVmUTf WZ[UX h pCM��� �D bSS^r Y]_b ZU cRXRTWZR XRj VWfS^RV TR^WZ[\R
ZU ZeR kUUTn[XWZRV `VRn [X �ZRS �pCM��� � 	�����	� �
D H UZWZR ZeR XRj VWfS^RV oWkl ZU
ZeR UT[c[XW^ g[ pR pi VZWXnWTnh kUUTn[XWZR Vr VZRf p

�ZRS � WXn � WTR XRkRVVWTr [m ZeR n[f RXV[UXW^[Zr Um ZeR Ud
T[c [XW^ nWZW [V e [ce gR pc pi � � Çzh p ueRVR VZRSV WTR XRkRVVWTr
[X ZeR RrR nWZWoWVR RqWfS^R o R^Uj p

	 ��� N������ �4 �	���	� � � ���� ���� �� 9���� �����	
� ��� ���9�	��� � ����4 �<����	 ��� ����
YX UTnRT ZU [X\RVZ[cWZR ZeR VZWo [^[Zr Um ZeR VRv`RXZ[W^ USZ[d
f [aWZ[UX STUkRVV n[Vk`VVRn [X �RkZ[UX � i jR kUXVZT`kZRn ZeR
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Ê[c`TR � Ñ ] RcdRXZTUSr Um ZeR TRc`^WT WXn VRv`RXZ[W^ USd
Z[f [aWZ[UX STUkRVVRV n`T[Xc ZeR �TVZ �z Y]_b [ZRTWZ[UXV p
H [ceZ �c`TR VeUj V ZeR n[ÉRTRXkR o RZjRRX ZeRVR ZjU XRcd
RXZTUSr \W^`RV p

ZeTRRdn[f RXV[UXW^ k[cWT nWZW g[ pR pi ZeTRR WX[VUZTUS [k _W`Vd
V[WX n[VZT[o`Z[UXV U\RT^WSS[Xc [X O @ h WV mU^^Uj V Ñ �h tTRd
WZR VWfS^RV Um ZeR TWXnUf \WT[Wo ^R � � g� � { � G { � @ h� j [Ze
� � � y gz { �h i � G � AX[m gz { �h i WXn � @ � _WffWg�h Ò �h bSd
S ^r ZeTRR n[ÉRTRXZ TUZWZ[UXV ����G 8* {��� ��G 8* {� * 8�� �G ZU �
g�� 8� TRSTRVRXZV W TUZWZ[UX j [Ze WXc^R � [X ZeR S^WXR VS Rkd
[�Rn or ZeR �TVZ ZjU kUUTn[XWZRV WXn WXc^R � [X ZeR S^WXR
VS Rk[�Rn or ZeR ^WVZ ZjU kUUTn[XWZRV [X O @ h Ò WXn �h tU^^WSVR
ZeTRR kUfSUXRXZV Um RWke TUZWZRn \RTV[UX Um ��� 8� �� ZU W
XRj kUUTn[XWZR � � i 9 � �{ � { � ZU kTRWZR W XRj TWXnUf \Rkd
ZUT � p ]Uj ZeR VWfS^RV Um � WTR U\RT^WSS[Xc Uo^[v`R^rp QR
keUVR � � � V[XkR jR TRW^^r jWXZRn ZU kUfSWTR ZeR SRTmUTd
f WXkR oRZjRRX ZeR VRv`RXZ[W^ WXn TRc`^WT USZ[f [aWZ[UX STUd
kRVVRV p ÊUT Ze [V � � � kWVR i ZeR TRc`^WT USZ[f [aWZ[UX STUkRVV
[V kUfS`ZWZ[UXW^^r mRWV[o ^R V[XkR [Z UX^r TRv`[TRV �Õ g� �@ h
_W`VVdteRorVeR\ v`WnTWZ`TR XUnRV p bV jR n[Vk`VVRn [X
�RkZ[UX � i ZeR XRcdRXZTUSr jWV `VRn ZU f RWV`TR ZeR n[Vd
ZWXkR o RZjRRX ZeR ZTWXVmUTf Rn \WT[Wo ^RV WXn ZeR VZWXnWTn
f`^Z[\WT[WZR _W`VV[WX p Ê[c`TR � VeUj V ZeR XRcdRXZTUSr Um
ZeR TRc`^WT WXn VRv`RXZ[W^ USZ[f [aWZ[UX STUkRVVRV n`T[Xc ZeR
�TVZ �z [ZRTWZ[UXV p ueR XRcdRXZTUSr n[ÉRTRXkR o RZjRRX ZeR
VRv`RXZ[W^ WXn TRc`^WT STUkRVVRV WTR RVVRXZ[W^^r cUXR WmZRT
�z [ZRTWZ[UXV p

	 �� � ���4� ��� �� �����	� ��� �	����	��	��
uU SRTmUTf ZeR ZRVZ Um ZeR VZWXnWTn f`^Z[\WT[WZR _W`VV[WXd
[Zr g[ pR pi Ze [V W^VU [fS^[RV ZeR ZRVZ Um [XnRSRXnRXkRh i jR `VR
ZeR K UXZR tWT^U f RZeUn ZU UoZW[X ZeR RfS[T[kW^ sd\W^`R Um
f`^Z[\WT[WZR VlRjXRVV WXn l`TZUV[V i WXn XRcdRXZTUSrp Ê[cd
`TR � VeUj V ZeRVR RfS[T[kW^ sd\W^`RV mUT ZeR k[cWT nWZW
g� � �h WXn RrR nWZW g� � Ç { �Ç { �Çh gVRR �`oVRkZ[UX Ç p�
mUT ZeR nRZW[^V Um ZeR RrR nWZWh p ueR f`^Z[\WT[WZR l`TZUV[V
WXn VlRjXRVV mUT y gz { |� h WTR � WXn z i TRVS RkZ[\R^rp ÊTUf
ZeRVR S ^UZV i jR f Wr kUXk^`nR ZeWZ ZeR Y]_b mUTjWTn STUd
kRVV V`kkRVVm`^^r ZTWXVmUTf V ZeR UT[c[XW^ TWXnUf \WT[Wo^RV
ZU [XnRSRXnRXZ VZWXnWTn _W`VV[WX \WT[Wo^RV j [Ze [X mU`T ZU
�\R [ZRTWZ[UXV p

	 �� � N�� �� �M� �������
ueR VS[lR STUkRVVÈ W^ZeU`ce [Z [V W \RTr V[fS^R VZUkeWVZ[k
STUkRVVÈ kWX oR `VRn ZU keRkl ZeR SRTmUTf WXkR Um ZeR \WT[d
U`V TRVWfS^[Xc�V[f`^WZ[UX ZRkeX[v`RV [X W \RTr k^RWT f WXd



249

0 2 4 6
0

0.2

0.4

0.6

0.8

1

INGA iteration

em
pi

ric
al

 P
−

va
lu

e

(1) 2−dim Cigar data
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(2) 5−dim eye data

m.skewness

Neg−entropy
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(3) 15−dim eye data

m.skewness
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(4) 25−dim eye data

m.skewness

Neg−entropy

m.kurtosis

Ê[c`TR � Ñ ÓfS[T[kW^ sd\W^`RV Um f`^Z[\WT[WZR l`TZUV[V i VlRj d
XRVV i WXn XRcdRXZTUSr Um ZeR Y]_b V[f`^WZ[UXV Um ZjUd
n[f RXV[UXW^ k[cWT nWZW WXn RrR nWZW j [Ze \WT[U`V kUfSTRVd
V[UX TWZRV g� � Ç { �Ç { �Çh p

XRT p b � dn[f RXV[UXW^ \RTV[UX Um Ze[V STUkRVV [V nRVkT[o Rn
WV mU^^Uj V Ñ � g� h � �� jeRTR � [V `X [mUTf ^r WXn TWXnUf ^r
keUVRX mTUf ZeR VRZ Um [XZRcRTV ��{ � � � {� � i WXn �2 [V V[fS^r
ZeR ,Ze VZWXnWTn oWV[V \RkZUT Um O � p �U i W `X[Z VS[lR [V
TWXnUf ^r Ve[mZ[Xc WfUXc ZeR ^UkWZ[UXV , � �{ � � � {� p YZ [V
lXUjX ZeWZ mUT � � � jR kWX UoZW[X ZeR [XnRSRXnRXZ kUUTn[d
XWZRV or W V[fS^R ^[XRWT ZTWXVmUTf WZ[UX g[X mWkZ i W �Ç nRcTRR
TUZWZ[UXh i o`Z mUT � � � XU ^[XRWT ZTWXVmUTf WZ[UX kWX STUd
\[nR ZeR [XnRSRXnRXZ kUUTn[XWZRV �� � p ueRTRmUTR i [Z [V \RTr
[XZRTRVZ[Xc ZU VRR eUj Y]_b SRTmUTf V mUT Ze[V STUkRVV j [Ze
\WT[U`V � p

Ê[c`TR � VeUj V ZeR TRV` ^ZV mUT � � � p YX Ze[V kWVR i Y]d
_b UoZW[XRn ZeR [XnRSRXnRXZ kUUTn[XWZRV S RTmRkZ^r WmZRT
UX ^r UXR [ZRTWZ[UX jeRTRWV TRVWfS^[Xc UX ZeR stb kUUTn[d
XWZRV mW[^Rn p QR XUZR ZeWZ W TRVWfS^[Xc VZTWZRcr `V[Xc ZeR
stb [V ZU Ñ �h uTWXVmUTf ZeR UT[c[XW^ VWfS^RV [XZU ZeR stb
kUUTn[XWZRV Ò �h H RVWfS^R RWke kUUTn[XWZR or kUfS`Z[Xc [Zd
V RfS[T[kW^ knm Ò WXn �h HUZWZR ZeR TRVWfS^RV oWkl ZU ZeR
UT[c[XW^ kUUTn[XWZRV p ue[V jUTlV [m ZeR UT[c[XW^ nWZW ZT` ^r
UoRr ZeR f`^Z[n[f RXV[UXW^ gkUTTR^WZRnh _W`VV[WX n[VZT[o`d
Z[UX Ò UX^r [X ZeWZ kWVR [V ZeR VRkUXn VZRS Um TRVWfS^[Xc RWke
kUUTn[XWZR � `VZ[�Rn p

Ê[c`TR � W^VU VeUj V e[VZUcTWf V WXn oUqS^UZV Um ZeR wx
n[VZWXkRV o RZjRRX ZeR UT[c[XW^ VWfS^RV WXn �zz TRVWfS^RV
or Y]_b WXn stb `V[Xc ZeR VWfS^R f RWX n[VZT[o`Z[UXV p
ueR ZeR f RWX wx n[VZWXkR o RZjRRX ZeR UT[c[XW^ WXn ZeR
Y]_b [V z ��Ù�Õ jeRTRWV ZeWZ Um ZeR stb [V � �zÙ�� i TRVS Rkd
Z[\R^rp gYm ZeR UT[c[XW^ VWfS^RV WXn ZeR TRVWfS^RV WTR n[Vd
ZT[o`ZRn [X RqWkZ^r ZeR VWf R f WXXRT i ZeRX ZeR wx n[VZWXkR
jU`^n oR z ph

ÊUT ZeR VS [lR STUkRVV Um � � �� i ZeR TRV` ^ZV WTR VeUjX
[X Ê[c`TR Ç p YX Ze[V kWVR i WmZRT ZjU [ZRTWZ[UXV Um Y]_b i
Ze[XcV n[n XUZ TRW^^r [fSTU\R p �XR kWX UoVRT\R ZeWZ Ñ �h
Y]_b kU`^n XUZ UoZW[X ZeR ZT` ^r [XnRSRXnRXZ kUUTn[XWZRV Ò
�h V[f`^WZ[UX oWVRn UX stb [V jUTVR ZeWX ZeWZ or Y]_b p
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Ê[c`TR � Ñ ueR VS [lR STUkRVV V[f`^WZ[UX g� � �h p ueR �TVZ
TUj mTUf ^RmZ ZU T[ceZ Ñ UT[c[XW^ VWfS^RV Ò TRVWfS^RV or Y] d
_b Ò TRVWfS^RV or stb p ueR VRkUXn TUj Ñ W e[VZUcTWf Um
wx n[VZWXkRV o RZjRRX ZeR UT[c[XW^ VWfS^RV WXn ZeR Y]_b
TRVWfS^RV Ò ZeR kUTTRVSUXn[Xc e[VZUcTWf mUT ZeR stb TRVWf d
S^RV Ò ZeR[T oUqS^UZV p

IRZ i ZeR wx n[VZWXkRV o RZjRRX ZeR UT[c[XW^ VWfS^RV WXn ZeR
Y]_b TRVWfS^RV g[ZV f RWX \W^`R � �Ç p��ÔÇh WTR f`ke k^UVRT
ZeWX ZeUVR o RZjRRX ZeR UT[c[XW^V WXn ZeR stb TRVWfS^RV
gZeR f RWX \W^`R � �� p�zh p

	 �� � �0� �4 ��� ����L���
ueR UT[c[XW^ RrR nWZWoWVR kUXZW[XV �zz [f WcRV Um V[aR ��  ��
S[qR^V p Ê [c`TR Ô kUfSWTRV ZeR V[f`^WZ[UXV or Y]_b WXn sd
tb p YX oUZe kWVRV i ZeR [f WcRV WTR �TVZ TRn`kRn ZU �Ç n[f RXd
V[UXV or stb p ueR V[f`^WZ[UXV or Y]_b WXn stb \[V`W^^r
^UUl V[f [^WT p ÚUjR\RT i jR kWX k^RWT^r VRR ZeR v`WXZ[ZWZ[\R
n[ÉRTRXkR UXkR jR kUfS`ZR ZeR wx n[VZWXkRV o RZjRRX ZeR
UT[c[XW^ VWfS^RV WXn ZeRVR V[f`^WZ[UXV p ueR f RWX wx n[Vd
ZWXkR o RZjRRX ZeR UT[c[XW^V WXn ZeR Y]_b V[f`^WZ[UXV [V
� ��ÕÙ � jeRTRWV ZeWZ o RZjRRX ZeR UT[c[XW^V WXn ZeR stb
V[f`^WZ[UXV [V �� �Ô��� p

� � P��P��M���
QR eW\R STRVRXZRn W XRj XUX^[XRWT W^cUT[Zef ZU VRRl VZWd
Z[VZ[kW^^r [XnRSRXnRXZ kUUTn[XWZRVÈ Y]_b p b^ZeU`ce Y]_b
nURV XUZ c`WTWXZRR ZU STUn`kR ZT` ^r [XnRSRXnRXZ kUUTn[d
XWZRV i jR eW\R nRfUXVZTWZRn ZeWZ ZeR Y]_bdoWVRn V[f`^Wd
Z[UXV Um ZeR nRSRXnRXZ \WT[Wo^RV WTR v`WXZ[ZWZ[\R^r V`SRT[d
UT ZU ZeR stbdoWVRn V[f`^WZ[UXV ZeTU`ce VR\RTW^ RqWfS^RV
TWXc[Xc mTUf VrXZeRZ[k VZUkeWVZ[k STUkRVVRV ZU W TRW^d^[mR RrR
[f WcR nWZWoWVR p QR W^VU nRfUXVZTWZRn ZeR [fSUTZWXkR Um
ZeR WkkRVV[o[^[Zr ZU ZeR n[VZT[o`Z[UXV Um ZeR wx n[VZWXkRV o Rd
ZjRRX ZeR UT[c[XW^ VWfS^RV WXn ZeR V[f`^WZRn VWfS^RV \[W
ZeR VWfS^R f RWX n[VZT[o`Z[UX V[XkR Ze [V [V UXR Um ZeR \RTr
mRj jWrV ZU f RWV`TR ZeR v`W^[Zr Um ZeR V[f`^WZ[UXV [X W
v`WXZ[ZWZ[\R f WXXRT p QR WTR k`TTRXZ^r kUfSWT[Xc ZeR SRTd
mUTf WXkR Um Y]_b j [Ze ZeWZ Um Ytb p
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Ê[c`TR Ç Ñ ueR VS[lR STUkRVV V[f`^WZ[UX g� � ��h p ueR �TVZ
TUj mTUf ^RmZ ZU T[ceZ Ñ UT[c [XW^ VWfS^RV Ò TRVWfS^RV or Y]d
_b Ò TRVWfS^RV or stb p ueR VRkUXn TUj Ñ W e[VZUcTWf Um
wx n[VZWXkRV o RZjRRX ZeR UT[c[XW^ VWfS^RV WXn ZeR Y]_b
TRVWfS^RV Ò ZeR kUTTRVSUXn[Xc e[VZUcTWf mUT ZeR stb TRVWf d
S^RV Ò ZeR[T oUqS^UZV p
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left:INGA; right:PCA

Ê[c`TR Ô Ñ �[f`^WZ[UXV Um ZeR RrR [f WcR nWZWoWVR or Y]_b
WXn stb p ueR �TVZ TUj mTUf ^RmZ ZU T[ceZ Ñ UT[c [XW^ [f WcR
VWfS^RV Ò ZeR[T ZUS �Ç stb WSSTUq[f WZ[UXV p ueR VRkUXn
TUj Ñ V[f`^WZRn RrRV or Y]_b Ò V[f`^WZRn RrRV or stb p ueR
Ze[Tn TUj Ñ W e[VZUcTWf Um wx n[VZWXkRV o RZjRRX ZeR UT[cd
[XW^V WXn Y]_b V[f`^WZ[UXV Ò ZeR kUTTRVSUXn[Xc e[VZUcTWf
mUT Y]_b Ò ZeR[T oUqS^UZV p
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��� b p � p �R^^ WXn u p � p �R� XUj Vl[ i �bX [XmUTf WZ[UXd
f Wq[f [aWZ[UX WSSTUWke ZU o^[Xn VRSWTWZ[UX WXn o^[Xn
nRkUX\U^`Z[UX i� 	 �~Ì�� �ËÎÏ ~����Ë� i \U^ p Õ i SS p ����N
��Ç� i ���Ç p

�Ç� � pdÊ p tWTnUVU i �� ^[Xn V[cXW^ VRSWTWZ[UX Ñ VZWZ[VZ[kW^
ST[Xk[S^RV i� � ÌËØ  ���� i \U^ p �z i SS p �zz�N �z�Ç i ���Ù p

�Ô� � p sUTZ[^^W WXn Ó p sp �[f UXkR^^[ i �uRqZ`TR fUnR^[Xc
WXn VrXZeRV[V `V[Xc � U[XZ VZWZ[VZ[kV Um kUfS^Rq jW\R^RZ
kURÛ k[RXZV p� YÓÓÓ QUTlVeUS UX �ZWZ[VZ[kW^ WXn tUf d
S`ZWZ[UXW^ ueRUT[RV Um � [V[UX i ÊUTZ tU^^[XV i t� i �`XR
��Xn ���� p
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H WXnUf �R^nV bXn K Wq[f`f ÓXZTUSrNuUjWTn W `X[d
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�Ù� � pd� p x [X i ] p �W[ZU i WXn H p b p xR\[XR i �ÓncRjUTZe Rqd
SWXV[UXV Um ZeR w`^^oWkldxR[o ^RT [XmUTf WZ[UX i� ZRke p
TRS pi � [\ [V[UX Um �ZWZ[VZ[kV i AX[\ p tW^[mUTX[W i � W\[V i
���� p V`of [ZZRn ZU � p bf RT p �ZWZ[VZ p b VVUk p

��� ] p �W[ZU WXn � p xWTVUX i ��SWTV[Zr \V VZWZ[VZ[kW^ [XnRd
S RXnRXkR mTUf W oRVZdoWV[V \[Rj SU[XZ p� YX STRSWTWd
Z[UX p

��z� � pd� p x[X i ] p �W[ZU i WXn H p b p xR\[XR i �bX [ZRTWZ[\R
XUX^[XRWT _W`VV[WX[aWZ[UX W^cUT[Zef WXn [ZV WSS^[kWd
Z[UXV p� YX STRSWTWZ[UX p
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