
-5?DA?>B9=7� 5G9BC9=7� CA16693� 41C1� B>DA35B�
6>A�&,/*' "#� 3A9B9B� <1=175<5=C
8RdaVc�KR_�<YV]fhV

#2<?�� ;3�':1@>?=6.8�+B>?29>�$:46:22=6:4� .:1�*=;1@0?�#2>64:�
&52:?� -:6A2=>6?B� R_U�%8.:12=>�).72� '+B$�

<YV_e$� 7V]XZf^�

TRdaVc&gR_XYV]fhV5fXV_e&SV

>gR_R�HV^R_[d\Z

#2<?�� ;3�':1@>?=6.8�+B>?29>�$:46:22=6:4�.:1�*=;1@0?�#2>64:�
&52:?� -:6A2=>6?B� R_U�%8.:12=>�).72� '+B$�

<YV_e$� 7V]XZf^�

ZgR_R&dV^R_[d\Z5fXV_e&SV

 />?=.0?I+>29;9CH� 2581E9>A� F1B� 9<?13C54� B5E5A5;H� 2H� C85�
&,/*' "#� 851;C8� 3A9B9B!� .>� D=45ABC1=4� C85� 381=79=7� B9CD1C9>=��
3A9B9B�<1=175AB� =554� 1335BB� C>� 3A5492;5� 1=4� C9<5;H� 41C1!� *=� C89B�
?1?5A�� F5� ;>>:� 1C� C85� ?>C5=C91;� >6� CA16693� <1=175<5=C� 41C1� 6>A�
3A9B9B�<1=175<5=C!�05� ;9BC� C85�49665A5=C� 31C57>A95B� 1=4� CH?5B� >6�
CA16693�41C1�B>DA35B�1=4�?A>E945�1=�>E5AE95F�>6�8>F�?>;93H<1:5AB��
A5B51A38� 9=BC9CDC9>=B� 1=4� ?A9E1C5� 3><?1=95B� 31=� A5?DA?>B5� C859A�
41C1� C>� <>=9C>A� C85� 56653C� >6� C85� 3A9B9B� 1=4� C85� 133><?1=H9=7�
;>3:4>F=� <51BDA5B� >=� <>29;9CH� 2581E9>A!� (9=1;;H�� F5� 9;;DBCA1C5�
C89B� C8A>D78� CF>� DB5� 31B5B� 9=� C85� %5;791=� 39CH� >6� )85=C�� 1=4�
3>=3;D45�C81C�5G9BC9=7�9=6>A<1C9>=�6A><�3>==53C54�9=6A1BCAD3CDA5�
9=� B<1AC� 39C95B� 31=�25�@D93:;H� A5?DA?>B54�F9C8�<9=9<1;� 566>AC!

>&� >CIGD9J8I>DC

IYV�8DK>9%)1�YVR]eY�TcZdZd�UZdcfaeVU�eYV�^`SZ]Zej�SVYRgZ`c�

Z_� dVgVcR]�hRjd&� 9fcZ_X� eYV� ]`T\U`h_�^VRdfcVd$� aV`a]V�hVcV�

h`c\Z_X� Wc`^�Y`^V$� defUV_ed� hVcV�aRceZTZaReZ_X� Z_� V]VTec`_ZT�

T]RddVd$� R_U� RTc`dd� eYV� h`c]U� cVTcVReZ`_R]� RTeZgZeZVd� hVcV�

]Z^ZeVU&

IYVdV� ac`W`f_U� TYR_XVd� Z_�^`SZ]Zej� SVYRgZ`c� YRgV� deRceVU�

Z_eV_dV� UZdTfddZ`_d� `_� Y`h� X`gVc_^V_ed� TR_� ^R_RXV� eYV�

dZefReZ`_� R_U�hYRe� eYVj� T`f]U� U`� e`� _fUXV� eYV� ecR_da`ceReZ`_�

Z_Ufdecj� e`hRcUd� R�^`cV� dfdeRZ_RS]V� WfefcV� RWeVc� eYV� TcZdZd� Zd�

WZ_ZdYVU� P)%,Q&

E`]ZTj^R\Vcd� _VVU� RTTVdd� e`� TcVUZS]V� UReR� e`� dfaa`ce� eYVZc�

UVTZdZ`_d&� =`hVgVc$� Z_� eYV� TRdV� `W� R� TcZdZd$� dfTY� Rd� R� X]`SR]�

aR_UV^ZT$� eYZd� Z_W`c^ReZ`_� Zd� _`e� R]hRjd� VRdZ]j� R_U� cVRUZ]j�

RTTVddZS]V� e`� eYV^&� 7VTRfdV� eYV� RTfeV� _RefcV� `W� eYV� TcZdZd$

IYZd� h`c\�hRd� dfaa`ceVU� Sj� eYV� IBRRH� ac`[VTe$� cVR]ZkVU� Z_� T`]]RS`cReZ`_�
hZeY� eYV� TZej� `W� <YV_e&� IYV� ac`[VTe� aRce_Vcd� RcV� <YV_e� J_ZgVcdZej$� LRj]Rj$�
7V%B`SZ]V$�I`^I` $̂� 9V�HeRRedV�GfZeVc$� eYV�:fc`aVR_�ERddV_XVcd�;VUVcReZ`_�
R_U� BZ_e]RS� "@J� AVfgV_#$� IBRRH� Zd� T`%WZ_R_TVU� Sj� eYV� :fc`aVR_� GV%
XZ`_R]�R_U�9VgV]`a^V_e�;f_U�eYc`fXY�eYV�JcSR_�>__`gReZgV�6TeZ`_d�>_ZeZReZgV$�
hhh&fZR%Z_ZeZReZgV&Vf

6_XV]� ?&� A`aVk

#2<?�� ;3�':1@>?=6.8�+B>?29>�$:46:22=6:4� .:1�*=;1@0?�#2>64:�
&52:?� -:6A2=>6?B� R_U�%8.:12=>�).72� '+B$�

<YV_e$� 7V]XZf^

%.0@8?.1�12� ':42:62=6.� 2:�$820?=6061.1�j�";9<@?.06;:�
$>0@28.� +@<2=6;=�*;86?20:60.� 128�(6?;=.8�

<fRjRbfZ]$� :TfRU`c�

R_XV]&]`aVk5fXV_e&SV

HZUYRceR�<RfeR^R

#2<?�� ;3�':1@>?=6.8�+B>?29>�$:46:22=6:4�.:1�*=;1@0?�#2>64:�
&52:?� -:6A2=>6?B� R_U�%8.:12=>�).72� '+B$�

<YV_e$� 7V]XZf^�

dZUYRceR&XRfeR^R5fXV_e&SV

eZ^V]j� UReR� RTTVdd� Zd� `W�eYV� fe^`de� Z^a`ceR_TV$� R_U� eYVcVW`cV�

eYVcV� Zd� fdfR]]j� _`e� V_`fXY� eZ^V� e`� hRZe� W`c� eYV� afcTYRdV$�

VdeRS]ZdY^V_e�R_U�T`]]VTeZ`_� `W�_`gV]� UReR� d`fcTVd&

IYfd$� R� ^`cV� dfZeRS]V� `aeZ`_� Zd� e`� ]``\� W`c� UReR� eYRe� R�

TZej� `c� cVXZ`_� Zd� R]cVRUj� T`]]VTeZ_X� Rd� aRce� `W� Zed� ViZdeZ_X�

V_UVRg`cd&�IjaZTR]]j$� eYV�cVbfZcVU�Z_WcRdecfTefcV�e`�T`]]VTe�eYRe�

UReR� Zd� R]cVRUj� acVdV_e$� R_U� eYVcV� RcV� ViZdeZ_X� ac`TVddVd� W`c�

eYV� ^R_RXV^V_e$� gZdfR]ZkReZ`_� R_U� R_R]jdZd� `W� eYV� cVdf]eZ_X�

Z_W`c^ReZ`_&� H^Rce�TZeZVd� eYRe�RUYVcV�e`�eVTY_ZTR]�deR_URcUd� P-Q�

TR_�cRaZU]j�RURae�eYVZc�UReR�decVR^d&�;fceYVc^`cV$�ViZdeZ_X�UReR�

d`fcTVd� YRgV� eYV� RUgR_eRXV� eYRe� YZde`cZTR]� UReR� RcV� RgRZ]RS]V$�

hYZTY� V_RS]Vd� a`]ZTj^R\Vcd� R_U� TcZdZd� ^R_RXVcd� e`� T`^aRcV�

eYV� TfccV_e� dZefReZ`_� e`� R�SRdV]Z_V&

>_� eYZd� aRaVc$� hV� ]``\� daVTZWZTR]]j� Re� eYV� a`eV_eZR]� `W� UReR�

eYRe� Zd� XReYVcVU� W`c� ecRWWZT� ^R_RXV^V_e� R_U� eYV� a`eV_eZR]� e`�

cVafca`dV� Ze� e`hRcUd� TcZdZd�^R_RXV^V_e&

>>&� IG6;;>8�B6C6<:B:CI�96I6�HDJG8:H

9VaV_UZ_X� `_� eYV� dZkV� `W� R� TZej$� Ze�^Rj� YRgV� RTTVdd� e`� R�

]RcXVc�`c�d^R]]Vc�dV]VTeZ`_�`W�ecRWWZT�^R_RXV^V_e�UReR�d`fcTVd�

e`� dfaa`ce�UVTZdZ`_�^R\Z_X&�IYVdV�ecRWWZT�^R_RXV^V_e�TV_eVcd�

"IB8#$� R]`_X� hZeY� d`^V� `eYVc� UVaRce^V_ed� Z_� gRcZ`fd� TZej�

RU^Z_ZdecReZ`_� UVaRce^V_ed$� YRgV� RTTVdd� e`� R� hVR]eY� `W� UReR�

d`fcTVd� `_�Yf^R_�^`SZ]Zej$� ]`XZdeZTd$� R_U�eYV�V_gZc`_^V_e&� >_�

eYZd� dVTeZ`_$� hV� cVgZVh� W`fc� V^VcXZ_X� TReVX`cZVd� `W�^`SZ]Zej�

UReR� d`fcTVd� fdVU� Z_� IB8� P.Q&� LV� eYV_� `WWVc� ViR^a]Vd� `W�

Y`h� eYVdV� UReR� d`fcTVd� ac`gZUV� Z_dZXYe� Z_e`� eYV� VWWVTed� `W�

hZUVdacVRU�TcZdVd&

 �� ";::20?21� ?=.A282=>
DgVc� eYV� aRde� T`fa]V� `W� jVRcd$� Z_W`c^ReZ`_� XReYVcVU� Wc`^�

T`__VTeVU� ecRgV]Vcd� eYc`fXY� d^RceaY`_Vd� R_U� <CHH� "<]`SR]

1/0%)%/*0)%0*1,%('*(' +)&((�l*(*(�>:::

© IEEE 2020. This article is free to access and download, along with rights for full text and data mining, re-use and analysis



CRgZXReZ`_� HReV]]ZeV� HjdeV^#� ecRT\Vcd� YRd� SVT`^V� Z_TcVRd%

Z_X]j�Z^a`ceR_e�W`c�T`^^VcTZR]�afca`dVd$� cVdVRcTY$� R_U�a`]ZTj�

^R\Z_X&� 6XXcVXReVU� ^`SZ]Zej� ecRT\Z_X� UReR� Zd� R_� ViTV]]V_e�

d`fcTV� `W� Z_W`c^ReZ`_� `_� aV`a]Vpd� ecR_da`ceReZ`_� YRSZed$� R_U�

`cZXZ_%UVdeZ_ReZ`_�"D9#� Z_W`c^ReZ`_�`_�ecZad�W`c�VRTY�ecR_da`ce�

^`UV� P/$� 0Q&� IYVdV� RXXcVXReVU� ecRWWZT� W]`hd� RcV� Z_gR]fRS]V� e`�

ViR^Z_V� eYV� Z^aRTe� `W� TcZdZd%daVTZWZT� a`]ZTZVd� `_� a`af]ReZ`_�

^`SZ]Zej� aReeVc_d&� HVgVcR]� T`^^VcTZR]� V_eZeZVd� RTeZgV� Z_� eYZd�

U`^RZ_� YRgV� R]cVRUj� afS]ZdYVU� cVd`fcTVd� `_� Y`h� eYVZc� UReR�

dVed� T`f]U�SV�fdVU� e`�RddVdd� eYV� Z^aRTe�`W�TcZdVd� %� dfTY�Rd� eYV�

`_X`Z_X� aR_UV^ZT� %� `_� fcSR_�^`SZ]Zej&

;RTVS``\�YRd� acVgZ`fd]j� fdVU�acVTZdV� ]`TReZ`_� Z_W`c^ReZ`_�

XReYVcVU� Wc`^� eYVZc� d`TZR]� ^VUZR� Raad� e`� XV_VcReV� UVeRZ]VU�

UZdRdeVc� ^Rad� eYRe� `WWVc� Z_dZXYed� Z_e`� ]RcXV%dTR]V� a`af]ReZ`_�

^`gV^V_e� "Z&V&$� `_X`Z_X� VgRTfReZ`_d#$� a`hVc� RgRZ]RSZ]Zej$� R_U�

TV]]f]Rc�_Veh`c\�T`gVcRXV� P1Q&

B`SZ]V�aY`_V�_Veh`c\�`aVcRe`cd$� dfTY�Rd�9VfedTYV�IV]VT`^�

Z_� <Vc^R_j� P)(Q$� R]`_X� hZeY� D*� R_U�7cZeZdY� IV]VT`^� Z_� eYV�

J_ZeVU�@Z_XU`^$� YRgV� R]d`� `WWVcVU� dfaa`ce� Z_� T`^SReZ_X� eYV�

TcZdZd� Sj� TcVReZ_X� ^`gV^V_e� ^Rad� Wc`^� TR]]� UVeRZ]� cVT`cUd�

"89G#&

EVaV� 2?� .8�� YRgV� defUZVU� eYV� Z^aRTe�`W�cVdecZTeZ`_�^VRdfcVd�

`_� eYV�a`af]RTV� eYc`fXY� eYV�R_R]jdZd� `W�R� ]RcXV%dTR]V� UReR� dVe�

`W�XV`]`TReVU�d^RceaY`_V�fdVcd� P))Q&�JdZ_X�R�d^RceaY`_V�Raa$�

eYVj� T`]]VTeVU� UReR� Wc`^� )./&(((� fdVcd� Z_� >eR]j� deRceZ_X� `_�

;VScfRcj� **� `W� *(*(&� ;c`^� eYZd� Z_W`c^ReZ`_$� eYV� cVdVRcTYVcd�

UVcZgVU� dVgVcR]� Z_UZTRe`cd� dY`hZ_X� eYV� VWWVTeZgV_Vdd� `W� eYV�

Z_eVcgV_eZ`_�a`]ZTZVd&� ;`c�ViR^a]V$� eYVj� dY`h� eYV�cV]ReZgV�UZW%

WVcV_TV�`W�Z_T`^Z_X�ecRWWZT�e`�VRTY�`W�eYV�>eR]ZR_�ac`gZ_TVd�R_U�

R�cVUfTeZ`_� `W�daReZR]� cR_XV� W`c� Z_UZgZUfR]�^`SZ]Zej�aReeVc_d&

HZ^Z]Rc]j$� <``X]V� R_U� 6aa]V� YRgV� fdVU� eYVZc� T`__VTeVU�

ecRgV]Vc� Z_W`c^ReZ`_� e`� ac`gZUV� R_`_j^ZkVU� R_U� RXXcVXReVU�

Z_dZXYed�eYRe�TR_�YV]a�a`]ZTj^R\Vcd� eRZ]`c�eYVZc�UVTZdZ`_d�SRdVU�

`_� eYV� WVVUSRT\� ac`gZUVU� Sj� eYVdV� d`fcTVd� P)*$� )+Q&� IYVZc�

cVdf]ed� dY`h� eYRe� eYV�^`e`cZkVU� ecRWWZT� Z_eV_dZej� Z_� _f^Vc`fd�

]RcXV�R_U�^VUZf^%dZkVU�TZeZVd� Z_�:fc`aV�YRd�UVTcVRdVU�dZX_ZW%

ZTR_e]j� UfcZ_X� eYV� ]`T\U`h_&

7V%B`SZ]V$� e`XVeYVc� hZeY� eYV� ;]V^ZdY� _Vhd� RXV_Tj� KGI�

CLH� R_U�eYV�;]V^ZdY�IcRWWZT�8`_ec`]�8V_ecV$� fdVU�T`__VTeVU�

ecRgV]Vc� Z_W`c^ReZ`_� e`� VdeZ^ReV� eYV� Z^aRTe� `W� eYV� 8DK>9%�

)1� ]`T\U`h_� ^VRdfcVd� `_� ^`e`cZkVU� ecRWWZT� `_� eYV� ;]V^ZdY�

YZXYhRjd� P),Q&�IYVj�T`^aRcVU�eYV�_f^SVc�`W�`SdVcgVU�ecRWWZT�

[R^d�R_U�eYV�_f^SVc�`W�gVYZT]Vd�`_�BRcTY�1� "eYV�SRdV]Z_V#$� ).�

"WZcde�^VRdfcVd#$� R_U� *+� "]`T\U`h_� RTeZgV#&� LYZ]V� TRc� ecRWWZT�

UVTcVRdVU� Sj� R]^`de� .(� aVcTV_e$� eYVj� R]d`� cVa`ceVU� eYRe� eYV�

_f^SVc�`W�ecfT\d�XcVh�d]ZXYe]j&�IYV�RfeY`cd�cVaVReVU�eYZd�VWW`ce�

`_�BRj�)0$�hYZ]V�eYV�bfRcR_eZ_V�^VRdfcVd�hVcV�djdeV^ReZTR]]j�

cVUfTVU$�R_U�W`f_U�eYRe�RTeZgZej�]VgV]d�hVcV�XcRUfR]]j�T]Z^SZ_X�

RXRZ_� e`� eYV�acV%TcZdZd� SRdV]Z_V� P)-Q&

!�� ";::20?21�A256082>
8`__VTeVU� gVYZT]V� eVTY_`]`Xj� V_RS]Vd� TRcd$� SfdVd$� ecfT\d�

R_U� `eYVc� Z_WcRdecfTefcV� e`� dV_dV� eYVZc� V_gZc`_^V_e� R_U� T`^%

^f_ZTReV�hZeY�VRTY�`eYVc&�9ReR�Wc`^�T`__VTeVU�gVYZT]Vd�TR_�SV�

fdVWf]�Z_�RXXcVXReVU�W`c^&�6�]RcXV�WcRTeZ`_�`W�T`^^VcTZR]�TRcd�

R_U� TRc%dYRcZ_X� T`^aR_ZVd� YRgV� SfZ]e%Z_� ]`TReZ`_� R_U� RTeZgZej

ecRT\Vcd� W`c� W]VVe�^R_RXV^V_e&� IYZd� UReR� Zd� fdVWf]� e`�^`_Ze`c�

cVR]%eZ^V�]Z_\�daVVUd�R_U�e`�R_R]jkV�TYR_XVd�Z_�ecRWWZT�Z_eV_dZej�

Z_� TVceRZ_� RcVRd� UfcZ_X� R�TcZdZd&

I`^I`^$� R� 9feTY� ]`TReZ`_� eVTY_`]`Xj� T`^aR_j$� YRd� R_%

R]jkVU� ecRWWZT� aReeVc_d� XReYVcVU� Sj� eYVZc� Z_%gVYZT]V� <CHH�

_RgZXReZ`_� RZUd� e`� ecRT\� eYV� VWWVTe� `W� ]`T\U`h_d� Rc`f_U� eYV�

X]`SV� P).Q&

"�� ";::20?21� 6:3=.>?=@0?@=2
>IH� Z_WcRdecfTefcV� YRd� SVV_� eYV�acZ^Rcj� d`fcTV� `W�Z_W`c^R%

eZ`_� W`c�IB8� W`c�`gVc�+-�jVRcd�_`h&� HV_d`cd$� dfTY�Rd� gVYZT]V�

UVeVTeZ`_� R_U� T`f_eZ_X� djdeV^d� R_U� T]`dVU%TZcTfZe� eV]VgZdZ`_�

"88IK#� TR^VcRd$� V_RS]V� eYV� ecRWWZT�^R_RXVcd� e`�^`_Ze`c� eYV�

cVR]%eZ^V� ecRWWZT� dZefReZ`_� VWWZTZV_e]j&� LZeY� eYV� RUgV_e� `W� eYV�

>_eVc_Ve�`W�IYZ_Xd� ">`I#$� eYVdV� dV_d`cd� YRgV� deRceVU� e`� UV]ZgVc�

Z_TcVRdZ_X]j� cVR]%eZ^V$� ]RcXV%dTR]V� UReR� dVed&� 6� gRde� dV]VTeZ`_�

`W�eVTY_`]`XZVd� W`c�Rfe`^ReVU�gVYZT]V�T`f_eZ_X� ViZded$� dfTY�Rd�

ejaZTR]� Z_UfTeZgV�]``a� dV_d`cd$�^RX_VeZT�UVeVTe`cd$�^ZTc`hRgV�

cRURc� `c� Z_WcRcVU� dV_d`cd$� `c� VgV_� TR^VcRd� eYRe� fdV� RUgR_TVU�

^RTYZ_V� ]VRc_Z_X� eVTY_ZbfVd� W`c� gVYZT]V� UVeVTeZ`_&

BfTY� `W� eYZd� UReR� Zd� T`^a]V^V_eRcj� e`� `eYVc� UReR� Wc`^�

T`__VTeVU�ecRgV]Vcd�`c�T`__VTeVU�gVYZT]Vd&�7VTRfdV�`W�eYV�acZTV�

`W�Z_deR]]Z_X�eYV�dV_d`cd$� eYV�T`de�`W�T`__VTeVU�Z_WcRdecfTefcV�Zd�

YZXY� T`^aRcVU� e`� UReR� Wc`^�T`__VTeVU� ecRgV]Vcd� `c�T`__VTeVU�

gVYZT]Vd&� =`hVgVc$� Ze� YRd� eYV� RUgR_eRXV� `W� UV]ZgVcZ_X� YZXY]j�

RTTfcReV�Xc`f_U�ecfeY�Z_W`c^ReZ`_�`_�gVYZT]V�daVVUd�R_U�ecRWWZT�

Z_eV_dZej$�hYZTY�TR_�SV�fdVU�e`�TR]ZScReV�eYV�RXXcVXReVU�cVdf]ed�

Wc`^�`eYVc� ejaVd� `W�IB8� UReR� d`fcTVd&

9ReR� Wc`^�LZ;Z� R_U� 7]fVe``eY� dTR__Vcd$� hYZTY� YRgV� SVV_�

fdVU�acVgZ`fd]j� W`c�]`_X%eVc^�^`_Ze`cZ_X� `W�gZdZe`cd� e`� dY`ad�

R_U� e`fcZdeZT� Y`e� da`ed� P)/$� )0Q$� TR_� R]d`� SV� cVafca`dVU� e`�

^`_Ze`c� cVR]%eZ^V� SfdZ_Vdd� Z_� dY`aaZ_X� UZdecZTed&� 6fe`^ReVU�

djdeV^d�TR_�fdV�eYZd�Z_W`c^ReZ`_�e`�dV_U�R]Vced�e`�TZej�`WWZTZR]d$�

d`� eYRe�eYVj� TR_� eV^a`cRcZ]j� cVdecZTe�RTTVdd� e`�TVceRZ_�RcVRd� e`�

Rg`ZU�`gVcTc`hUZ_X&

#�� ,=.:>.0?6;:.8�1.?.
IcR_dRTeZ`_R]�UReR�UVdTcZSVd� TVceRZ_�VgV_ed� eYRe�YRaaV_VU�Re�

daVTZWZT� eZ^VdeR^ad&� >_� eYV�^`SZ]Zej� U`^RZ_$� eZT\VeZ_X� djdeV^�

UReR� Zd� T`_dZUVcVU� e`�SV� ecR_dRTeZ`_R]� UReR&

IZ^V%dVcZVd� Z_W`c^ReZ`_� Wc`^� eZT\VeZ_X�^RTYZ_Vd� Z_� afS]ZT�

aRc\Z_X� XRcRXVd� R_U� `_%decVVe� aRc\Z_X� k`_Vd� TR_� SV� R� _Vh�

d`fcTV�`W�Z_W`c^ReZ`_�Z_�TcZdZd�^R_RXV^V_e&�J_]Z\V�UReR�Wc`^�

deReZT� gVYZT]V� T`f_eVcd$� hYZTY�^VcV]j� T`_gVj� Z_W`c^ReZ`_� `_�

ecRWWZT� Z_eV_dZej$� aRc\Z_X� XRcRXV� R_U� `_%decVVe� aRc\Z_X� `TTf%

aR_Tj�UReR�TR_�R]d`�Z_W`c^�TcZdZd�^R_RXVcd� RS`fe�ecZa�UVdeZ_R%

eZ`_d� R_U� ecZa� afca`dVd&� IYV� eZT\VeZ_X� ^RTYZ_Vd� R_U� aRc\Z_X�

XRcRXVd� ejaZTR]]j� YRgV� XV`XcRaYZTR]� T``cUZ_ReVd� ReeRTYVU� e`�

eYV^$�R_U�hV�TR_�fdV�eYVdV�Rd�R�ac`ij�W`c�eYV�RTefR]�UVdeZ_ReZ`_�

`W�R� TRc� ecZa�hZeYZ_� eYV� TZej&

IYV�Z_TcVRdZ_X�a`af]RcZej�`W�dYRcVU�TRcd$�SZTjT]Vd$� R_U�deVad�

Z_� :fc`aVR_� fcSR_� RcVRd� ac`gZUVd� R_� RUUZeZ`_R]� `aa`cef_Zej�

W`c�^`_Ze`cZ_X� TYR_XVd� Z_�^`SZ]Zej�SVYRgZ`c�Z_�TRdV�`W�TcZdVd&�

IYVdV�gVYZT]Vd� ejaZTR]]j�RTT`^^`UReV�d`^V�W`c^�`W�cVR]%eZ^V�

]`TReZ`_� ecRT\Vc&� IYVdV� ]`TReZ`_� ecRT\Vcd$� R]`_X� hZeY� Z_W`c%

^ReZ`_� `_� eZT\VeZ_X� R_U� cVdVcgReZ`_d$� Zd� ejaZTR]]j� `_]j� fdVU



&1C57>AH '1C1� B>DA35 $E19;129;9CH

B`SZ]Zej� ecRT\Z_X� d^RceaY`_V� Raa
8`__VTeVU B`SZ]Zej� ecRT\Z_X�acZgReV� T`^aR_ZVd '
ecRgV]Vc 89G�ecRT\Z_X

H`TZR]�^VUZR '

8`__VTeVU
;]`ReZ_X� TRc�UReR� %� W]`hd '

gVYZT]V
;]`ReZ_X� TRc�UReR� %� daVVUd�
;]`ReZ_X� TRc�UReR� %� W]VVed

'

KVYZT]V� UVeVTeZ`_� djdeV^d� %� T`f_ed '
KVYZT]V� UVeVTeZ`_� djdeV^d� %� W]`hd '

8`__VTeVU 7Z\V� T`f_ed '
Z_WcRdecfTefcV EVUVdecZR_�T`f_ed '

:_gZc`_^V_eR]� dV_d`cd�
K*>'>*K� djdeV^d

'

DWW%decVVe�aRc\Z_X '
D_%decVVe�aRc\Z_X '

IcR_dRTeZ`_R] I`]]Z_X� UReR
UReR EfS]ZT� ecR_da`ce� eZT\VeZ_X�

HYRcVU�gVYZT]V� eZT\VeZ_X
HYRcVU�SZTjT]V� eZT\VeZ_X '

I67A:� >2� 6gRZ]RSZ]Zej� `W�`aVcReZ`_R]� ecRWWZT�^R_RXV^V_e�UReR�

d`fcTVd� Z_�<YV_e$� 7V]XZf^

Sj� eYV� dYRcZ_X� T`^aR_ZVd� W`c� SZ]]Z_X� R_U� W]VVe� ^R_RXV^V_e&�

=`hVgVc$� TcZdZd� ^R_RXVcd� TR_� bfZT\]j� cVafca`dV� Ze� e`hRcUd�

^`_Ze`cZ_X�^`SZ]Zej$� Rd� eYV� deRce�R_U�V_U�]`TReZ`_d$� R]`_X�hZeY�

gVYZT]V�cVdVcgReZ`_�eZ^Vd$� TR_�SV�fdVU�e`�SfZ]U�eZ^V%UVaV_UV_e�

`cZXZ_%UVdeZ_ReZ`_�^RecZTVd� W`c� VRTY� `W�eYVdV� ecR_da`ce�^`UVd&�

IYVdV�^RecZTVd� `WWVc� Z_dZXYe� Z_e`� hYV_� R_U�hYVcV� aV`a]V� RcV�

ecRgV]Z_X&

>>>&� 6 E EA >8 6 I >D C H � >C � < = :C I

IYV� 7V]XZR_� TZej� `W� <YV_e$� R� ^VUZf^%dZkVU� TZej� hZeY�

c`fXY]j� *.(&(((� Z_YRSZeR_ed$� Zd� `_V� `W� eYV� aZ]`ed� W`c� eYV�

IcRWWZT� BR_RXV^V_e� Rd� R� HVcgZTV� "IBRRH#� a]ReW`c^&� IYZd�

ac`[VTe� deRceVU� Z_� *()0� R_U� ac`gZUVd� R� _Vh� XV_VcReZ`_� `W�

Z_eVcRTeZgV� ecRWWZT�^R_RXV^V_e�URdYS`RcUd�W`c�ecRWWZT�`aVcRe`cd�

R_U� W`c� TZeZkV_d� P)1Q&� >e� ]VgVcRXVd� ViZdeZ_X� `aV_� daReZR]� UReR�

R]`_X� hZeY� UReR� WVVUd� Wc`^� T`^^VcTZR]� aRceZVd� e`� ac`gZUV� R_�

RWW`cURS]V� d`]feZ`_�W`c�d^R]]%� R_U�^VUZf^�dZkVU�TZeZVd� eYRe�RcV�

Z_eVcVdeVU� Z_� ac`WVddZ`_R]� ^`SZ]Zej� ^R_RXV^V_e&� *(� UZWWVcV_e�

UReR� d`fcTVd� hVcV� Z_T`ca`cReVU� W`c� <YV_e$� Z_T]fUZ_X� ecRWWZT�

Z_TZUV_ed� cVa`ceVU� Sj� LRkV� fdVcd$� eYV� cVR]%eZ^V� ]`TReZ`_� `W�

dYfee]V� SfdVd$� R_U� ]ZgV� RgRZ]RSZ]Zej� `W�SZTjT]V� R_U� TRc�aRc\Z_X�

WRTZ]ZeZVd&

LYZ]V� eYVdV�UReR� dVed$� df^^RcZkVU� Z_�IRS]V� >$�hVcV� Z_ZeZR]]j�

`_]j�XReYVcVU�W`c�ecRWWZT�^R_RXV^V_e�afca`dVd$� eYV�8DK>9%)1�

YVR]eY� TcZdZd� ac`gZUVU� R_� `aa`cef_Zej� e`� dVV� Y`h� eYV� TZej� `W�

<YV_e�TR_� cVafca`dV� eYV� UReR�d`fcTVd� W`c�^`cV�VWWVTeZgV�TcZdZd�

^R_RXV^V_e&� IYZd� dVTeZ`_�`WWVcd� eh`�fdV� TRdVd� Z]]fdecReZ_X� eYV�

a`eV_eZR]� `W�ecRWWZT� ^R_RXV^V_e� UReR� W`c� TcZdZd�^R_RXV^V_e&

-#� 8DD"OPNCCP�M?NHGKE

<YV_e� YRd� WZWeVV_� afS]ZT� TRc� aRc\Z_X� XRcRXVd� R_U� aRc\� !�

cZUV� WRTZ]ZeZVd� eYRe� `WWVc� cVR]%eZ^V� `TTfaR_Tj� UReR&� H`^V� `W�

eYVdV� aRc\Z_X� WRTZ]ZeZVd� RcV� `h_VU� Sj� eYV� TZej$� hYZ]V� `eYVcd�

RcV�^R_RXVU�Sj�T`^^VcTZR]�aRceZVd$�hY`� dYRcV� eYVZc�UReR�hZeY�

eYV� ecRWWZT� ^R_RXV^V_e� TV_eVc&� ;ZXfcV� )� dY`hd� eYRe� eYV� aRZU

;ZX&� )2� A`TReZ`_� `W�eYV� aRc\Z_X� XRcRXVd$� aRc\�!�cZUV� WRTZ]ZeZVd�

R_U� aVUVdecZR_� T`f_eVcd

aRc\Z_X� XRcRXVd� RcV� ]`TReVU� Z_� eYV� TZej� TV_eVc$� hYZ]V� eYV� WcVV�

aRc\�!� cZUVd� RcV� ]`TReVU�acZ^RcZ]j�`_� eYV�`fed\Zced� `W�eYV�TZej&

;ZXfcV�*�dY`hd�eYV�Vg`]feZ`_�`W�eYV�RgVcRXV�URZ]j�`TTfaR_Tj�

`W� R� dV]VTeZ`_� `W� eYVdV� aRc\Z_X� WRTZ]ZeZVd� Wc`^� ;VScfRcj� (0�

f_eZ]� ?f_V� )0&� IYV� WZcde�^VRdfcVd� eR\V_�Sj� eYV�7V]XZR_� WVUVcR]�

X`gVc_^V_e�SVTR^V�RTeZgV�`_�BRcTY� )(&�IYVdV�^Z]U�^VRdfcVd�

YRU�R�^Z_`c�VWWVTe�`_�eYV�aRc\Z_X�`TTfaR_Tj&�LYV_�eYV�dTY``]d�

T]`dVU�`_�BRcTY� ),$� eYZd� R]d`� cVUfTVU� eYV� RgVcRXV�`TTfaR_Tj&�

=`hVgVc$� hYV_� eYV� _Vie� hRgV� `W�^VRdfcVd� `cUVcVU� VgVcj`_V�

e`� deRj� Y`^V� R_U� `_]j� e`� ^R\V� VddV_eZR]� UZda]RTV^V_ed$� eYV�

`TTfaR_Tj�cReVd�`W�dVgVcR]�WRTZ]ZeZVd�Uc`a�dZX_ZWZTR_e]j&�IYV�TZej�

TV_eVc� aRc\Z_X� XRcRXVd$� dfTY� Rd� HZ_e%EZVeVcda]VZ_� R_U� GVVa$�

hVcV� RWWVTeVU� eYV�^`de$� Rd� dY`ad� R_U�h`c\a]RTVd�hVcV� T]`dVU$�

R_U� eYVcV�hRd� eYVcVW`cV� ]Zee]V� Z_TV_eZgV� e`� gZdZe� eYV� TZej� TV_eVc&�

DeYVcd$� dfTY� Rd� aRc\Z_X� I`]YfZd$� hVcV� SRcV]j� RWWVTeVU� Sj� eYV�

]`T\U`h_�^VRdfcVd� `c� dY`hVU� R�^`cV� XcRUfR]� UVT]Z_V&

.#� 9CBCOPNG?K� ALQKPCNO

HZ_TV�*().$�<YV_e�`h_d�WZWej�aVUVdecZR_�T`f_eVcd� ]`TReVU�Z_�

gRcZ`fd� a]RTVd� Z_� R_U� T]`dV� e`� eYV� TZej� TV_eVc� "dVV� ;ZXfcV� )#&�

IYV� Z_W`c^ReZ`_� XReYVcVU� Wc`^� eYVdV� dV_d`cd� hRd� `cZXZ_R]]j�

fdVU� e`� VgR]fReV� eYV� VWWVTe� `W� TYR_XVd� e`� eYV� TRc� TZcTf]ReZ`_�

a]R_�`_� eYV� _f^SVc�`W�gZdZe`cd� e`� dY`ad� R_U�cVdeRfcR_ed� Z_� eYV�

TRc%WcVV� TZej� TV_eVc$� Sfe� TR_� R]d`� SV� fdVU� Z_� TcZdZd� dZefReZ`_d�

W`c� Tc`hU�^R_RXV^V_e&

IYV� VWWVTe� `W� eYV� ]`T\U`h_� ^VRdfcVd� Zd� T]VRc]j� gZdZS]V� Z_�

;ZXfcV� +&� IYV� e`eR]� _f^SVc� `W� T`f_eVU� gZdZe`cd� Uc`ad� cRaZU]j�

e`�c`fXY]j�ehV_ej%WZgV�eY`fdR_U�aVc�URj�`_TV�eYV�dTY``]d�hVcV�

T]`dVU� R_U� `_]j� VddV_eZR]� UZda]RTV^V_ed� hVcV� R]]`hVU&� IYV�

gZdZe`c� _f^SVcd� Z_TcVRdV� XcRUfR]]j� Rd� eYV� cV%`aV_Z_X� aYRdVd�

ac`XcVdd$� Sfe� Rd� `W� ?f_V� )0� eYV� T`f_ed� RcV� deZ]]� dZX_ZWZTR_e]j�

]`hVc� eYR_� eYV� acV%TcZdZd� SRdV]Z_V&

>K&� 8 D C 8 A J H >D C

I`� dfaa`ce� dhZWe� R_U� W]ViZS]V� UVTZdZ`_� ^R\Z_X� Z_� eZ^Vd� `W�

TcZdVd$� a`]ZTj^R\Vcd� _VVU� RTTVdd� e`� TcVUZS]V� UReR� e`� dfaa`ce�

eYVZc� TY`ZTVd&� :iZdeZ_X� ecRWWZT� ^R_RXV^V_e� UReR� d`fcTVd� TR_�

ac`gZUV�dfTY�TfcReVU�Z_W`c^ReZ`_$�Rd�eYVdV�YRgV�SVV_�TR]ZScReVU



 ÀÁÂÃÀ
-<>:19

+7>?@�:41?A>4?�

026<<9?�3<?43�

*??4;@719� 37?=9124:4;@?�

/4�<=4;7;5�=61?4� !(�

/4�<=4;7;5�=61?4� ,) �

/4�<=4;7;5�=61?4�"�

/4�<=4;7;5�=61?4�#

;ZX&� *2� :g`]feZ`_� `W�eYV� RgVcRXV� URZ]j� `TTfaReZ`_� `W�R� dV]VTeZ`_� `W�aRc\Z_X� XRcRXVd� R_U�aRc\�!� cZUV� WRTZ]ZeZVd

!     

� �� '%   �Re�
T+
Df
B � %    `

3
�è
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