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Introduction: .IEI[jYs� jPI 
$6���ÂÊ d<[GIZQE P<h Q[EgI<hIG jPI [IIG N]g < Z]gI INNQEQI[j

PI<YjPE<gI hshjIZ ¥Q[ jIgZh ]N hj<NNQ[O <[G DIjjIg jIEP[QE<Y Q[Ng<hjgkEjkgI¦� $[I ]N jPI hshjIZ<jQE

q<sh ]N QZdg]pQ[O jPI INNQEQI[Es Qh j] IZdY]s jIYIZIGQEQ[I hIgpQEIh Q[� N]g Ir<ZdYI� Dkj []j YQZQjIG

j]� jPI <gI< ]N <EkjI IZIgOI[Es� Q[jI[hQpI E<gI� ]g dgIpI[jQ][� 0PQh hjkGs GIhEgQDIh gIEI[j d<jjIg[h Q[

dg]pQGQ[O jIYIZIGQEQ[I hIgpQEIh Ds hIYIEjIG jsdIh ]N PI<YjPE<gI dg]pQGIgh Q[ jPI 
vIEP .IdkDYQE <[G

jPI EP<YYI[OIh Qj d]hIh� 7I <[<YshI jPI dg]pQhQ][ ]N hIYIEjIG jIYIZIGQEQ[I hIgpQEIh Q[ GQ<DIj]Y]Os <[G

E<gGQ]Y]Os DIjqII[ ÃÁÂÁ <[G ÃÁÃÂ� <h jPIhI NQIYGh <YY]q jPI khI ]N PQOP�jIEP X
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]Dhj<EYIh D]jP ][ jPI dPshQEQ<[h� <[G d<jQI[jh� hQGIh ¥I�O�� Y<EX ]N �
0 hXQYYh� jPgI<j j] jPI hIEkgQjs ]N

d<jQI[jh� G<j<� Y<EX ]N X[]qYIGOI <D]kj jPI IrQhjQ[O ]djQ][h¦� �Q[<YYs� OQpI[ jPI gIhkYjh Ng]Z

E]Zd<g<jQpI <[<YshQh� jPI 
vIEP .IdkDYQE Qh DIPQ[G Q[ k[QNQIG Q[N]gZ<jQ][ jIEP[]Y]Os Q[Ng<hjgkEjkgI j]

dg]EIhh IYIEjg][QE PI<YjP gIE]gGh <[G hIEkgIYs jg<[hNIg G<j<� �kgjPIgZ]gI� OQpI[ jPI Y<jI <ddg]p<Y ]N

hdIEQ<Y jIYIZIGQEQ[I Y<q� Qj qQYY DI GQNNQEkYj j] OIj j] jPI YIpIY ]N �1 YI<GIgh Q[ jPQh NQIYG� hkEP <h�

�hj][Q<���I[Z<gX��]g�jPI�"IjPIgY<[Gh�

Discussion:
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Figure 1: �G]djQ][ ]N jPI �YIEjg][QE �I<YjP .IE]gGh ¥��.¦ Ds OI[Ig<Y dg<EjQjQ][Igh Q[ �kg]dI�
Á¿ÀÇ

/]kgEI���kjP]gh��EgI<jQ][�D<hIG�][�jPI��kg]dI<[�
]ZZQhhQ][�¥ÃÁÂÉ¦

"]jI� 0PI hE]gI gINYIEjh jPI hP<gI ]N OI[Ig<Y dg<EjQjQ][Igh qP] Q[GQE<jIG jPI N]YY]qQ[O hj<jI ]N ��. khI Q[ jPIQg

� PIQg
Ej







/j<gjQ[O hkZZIg ÃÁÃÂ� dPshQEQ<[h E<[



dg]pQGIgh hIEkgIYs� 0PQh hkOOIhjh jP<j �+ dg<EjQEIh G] []j NkYYs kjQYQhI jPI d]hhQDQYQjs ]N E]ZZk[QE<jQ][

qQjP�]jPIg�PI<YjPE<gI�dg]pQGIgh�

0PI IrjI[j ]N gIZ]jI E]ZZk[QE<jQ][ qQjP d<jQI[jh GIdI[Gh� <Z][O ]jPIgh� ][ jPI dg]pQGIg�h

Q[N]gZ<jQ][ hshjIZ� �]g Ir<ZdYI� Qj I[<DYIh jPI d<jQI[jh j] Q[hdIEj jPI YQhj ]N jPIQg dgIhEgQDIG

dP<gZ<EIkjQE<Yh Q[ Ç�ÄÚ ]N �+ dg<EjQEIh� $[Ys Q[ < ZQ[QZkZ ]N �+ dg<EjQEIh d<jQI[jh E<[ gIZ]jIYs

I[jIg ZI<hkgIZI[j gIE]gGh ¥I�I�ZI<ha抐　ZI



�[ ÃÁÃÁ� ][Ys Ä�ÈÚ ]N Q[GIdI[GI[j dg<EjQEIh ]N GI[jQhjh� Os[<IE]Y]OQhjh� <[G ]kjd<jQI[j hdIEQ<YQhjh

¥"ÞÂÂ�ÆÇÉ E]ZdYIjIG fkIhjQ][[<QgIh� gIhd][hI g<jIÞÈÇ�ÆÚ¦ dg]pQGIG gI<Y�jQZI pQGI] E][hkYj<jQ][h

qQjP d<jQI[jh� Z]gI]pIg� ][Ys Â�ÂÚ ]N jPIhI dg<EjQEIh I[O<OIG < d<jQI[j Q[ gIZ]jI Z][Qj]gQ[O hIgpQEI

]g gIZ]jI P]ZI E<gI� �]qIpIg� <h ZkEP <h ÃÇ�ÆÚ ]N jPIhI dg<EjQEIh khIG �
0 j] E]ZZk[QE<jI qQjP

]jPIg�dg]pQGIgh�

�[jIgIhjQ[OYs� [][I ]N jPI P]hdQj<Yh ¥"ÞÂÈÅ E]ZdYIjIG fkIhjQ][[<QgIh� gIhd][hI g<jIÞÊÇ�ÂÚ¦ XIIdh

d<jQI[jh� gIE]gGh NkYYs GQOQj<Y� "IpIgjPIYIhh� jPI d<dIg N]gZ Qh kjQYQhIG Ds ][Ys Ç�ÊÚ ]N P]hdQj<Yh�

�]hdQj<Yh G]ZQ[<jI Q[ E]ZZk[QE<jQ][ qQjP ]jPIg dg]pQGIgh� Q[EYkGQ[O Y<D]g<j]gQIh� <[G hP<gQ[O

Q[N]gZ<jQ][ hIEkgIYs� ÉÇ�ÃÚ ]N P]hdQj<Yh khI jPIQg IYIEjg][QE hshjIZ j] ]gGIg Y<D]g<j]gs jIhjh <[G

gIEIQpI jPI gIhkYjh� <[G ÈÇ�ÅÚ ]N P]hdQj<Yh gId]gjIG hP<gQ[O QZ<OIh ]g ]jPIg Q[N]gZ<jQ][ qQjP ]jPIg

dg]pQGIgh� $kj ]N jPI hjkGQIG dg]pQGIgh� P]hdQj<Yh <gI <Yh] YI<GQ[O Q[ I[O<OQ[O d<jQI[jh Q[ gIZ]jI

Z][Qj]gQ[O�¥ÂÃ�ÇÚ¦���pIgs�jI[jP�P]hdQj<Y�¥ÂÁ�ÄÚ¦�dg]pQGIG�gI<Y�jQZI�E][hkYj<jQ][h�Q[�ÃÁÃÁ�
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7I hkZZ<gQhI jPI dg]pQhQ][ ]N NQpI hIgpQEIh gIY<jIG j] jIYIZIGQEQ[I <[G khIG Q[ GQ<DIj]Y]Os ¥�QOkgI

Å¦� ¥Â¦ ¥6;+¦ �Qhj<[j �I<YjP 
][hkYj<jQ][ Ds <[ $kjd<jQI[j /dIEQ<YQhj� ¥Ã¦ .IdI<jIG 
][jQ[k]kh

�YkE]hI !][Qj]gQ[O 1hQ[O < /I[h]g� ¥Ä¦ +g]ND



Figure 4: "kZDIg ]N +IgN]gZ<[EIh ]N /IYIEjIG /IgpQEIh gIQZDkghIG Q[ �Q<DIj]Y]Os Ds jPI

vIEP��I[Ig<Y��I<YjP��[hkg<[EI��k[G��ÃÁÂÁ�ÃÁÃÂ

/]kgEI���<j<�dg]pQGIG�Ds�6;+�¥ÃÁÃÃ¦

"]jIh� $[Ys dIgN]gZ<[EIh dg]pQGIG Ds GQ<DIj]Y]OQhjh ¥hdIEQ<YQjs ÂÁÄ¦ <gI E][hQGIgIG� �h N]g jPI gIQZDkghIZI[j�

N]g Ir<ZdYI� Q[ ÃÁÃÂ� < jIYIdP][I E][hkYj<jQ][ ]N <[ <jjI[GQ[O dPshQEQ<[ Ds jPI d<jQI[j ¥E]GI ÁÊÆÂÄ¦ q<h

Ip<Yk<jIG <j ÉÈ d]Q[jh ¥D<hQE p<YkI Â�Â 
;��d]Q[j¦� <[G < N]YY]q�kd Ir<ZQ[<jQ][ Ds < GQ<DIj]Y]OQhj ¥E]GI ÂÄÁÃÄ¦

q<h�Ip<Yk<jIG�<j�ÃÂÁ�d]Q[jh�¥D<hQE�p<YkI�Â�ÁÆ�
;��d]Q[j¦�

�QOkgI Æ hP]qh jPI [kZDIg ]N dIgN]gZ<[EIh ]N NQpI jIYIZIGQEQ[I dIgN]gZ<[EIh khIG Q[ E<gGQ]Y]Os�

¥Â¦ ¥6;+¦ �Qhj<[j �I<YjP 
][hkYj<jQ][ Ds <[ $kjd<jQI[j /dIEQ<YQhj� ¥Ã¦ ÃÅ�P]kg 0IYIZIjgs !][Qj]gQ[O

$kjhQGI jPI �
1� ¥Ä¦ .IZ]jI !][Qj]gQ[O ]N +<jQI[jh qQjP +<EIZ<XIg <[G �ZdYIZI[j<DYI


<gGQ]pIgjIg��INQDgQYY<j]g� ¥Å¦ 0IYIZIjgQE �
� !][Qj]gQ[O ][ <[ $kjd<jQI[j �<hQh� ¥Æ¦ 0IYIdP][I


][hkYj<jQ][ ]N jPI �jjI[GQ[O +PshQEQ<[ Ds jPI +<jQI[j� <[G jPI [kZDIg ]N �]YY]q�kd �r<ZQ[<jQ][ Ds

< 
<gGQ]Y]OQhj� qPQEP Qh []j jIYIZIGQEQ[I hIgpQEI� 7I E<[ hII < hQZQY<g d<jjIg[ <h Q[ �QOkgI Å� qPIgI

jPIgI Qh < GIEgI<hQ[O jgI[G Q[ N]YY]q�kd Ir<ZQ[<jQ][h qPQYI jPIgI Qh <[ Q[EgI<hQ[O jgI[G Q[

jIYIZIGQEQ[I�hIgpQEIh�¥IrEIdj�ÃÅ�P]kg�jIYIZIjgs�Z][Qj]gQ[O�]kjhQGI�jPI��
1�hP]qQ[O�<�hj<DYI�jgI[G¦�

�h �<jjQ[I[Q Ij <Y� ¥ÃÁÃÂ¦ EY<QZ jIYIZIGQEQ[I hIgpQEIh E<[ PIYd gIGkEI jPI [kZDIg ]N G]Ej]g pQhQjh�

0PQh NQ[GQ[O E]kYG DI ][I ]N jPI IrdY<[<jQ][h N]g jPI GIEgI<hQ[O jgI[G Q[ N]YY]q�kd Ir<ZQ[<jQ][h Ds <

E<gGQ]Y]OQhj� �]qIpIg� jPIgI ZQOPj DI ]jPIg GgQpIgh� hkEP <h DIjjIg YQNIhjsYI� PI<YjPQIg N]]G� IjE� jP<j�

OQpI[ ]kg G<j<hIj� qI <gI []j <DYI j] NkYYs Ir<ZQ[I�ÂÇ 0] dkj jPI YIpIY ]N khQ[O jPI jIYIZIGQEQ[I

hIgpQEIh Q[ jPI 
vIEP .IdkDYQE Q[j] jPI Q[jIg[<jQ][<Y E][jIrj� jPI [Irj hIEjQ][ E]Zd<gIh jPI EkggI[j

hj<OI�]N�jPIhI�hIgpQEIh�<Eg]hh�NQpI��kg]dI<[�E]k[jgQIh�

ÂÇ �r<ZQ[Q[O�]N�]jPIg�GgQpIgh�Qh�<Yh]�DIs][G�jPI�hE]dI�]N�jPQh�hjkGs�

ÂÄ



Figure 5: "kZDIg ]N +IgN]gZ<[EIh ]N /IYIEjIG /IgpQEIh gIQZDkghIG Q[ 
<gGQ]Y]Os Ds jPI

vIEP��I[Ig<Y��I<YjP��[hkg<[EI��k[G��ÃÁÂÁ�ÃÁÃÂ

/]kgEI���<j<�dg]pQGIG�Ds�6;ᑰGI
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